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INTERCHANGE SUMMARY

The first “Asian-Pacific Weed Inter-
change” conference convened on June 12,
1967, at the University of Hawaii, Honolulu,
and terminated on the island of Kauai on
June 22. The meeting was co-sponsored by
the East-West Center’s Institute for Techni-
cal Interchange and the College of Tropical
Agriculture, University of Hawaii. There
were 87 university, government agency and
chemical company participants in attend-
ance from the following countries and ter-
ritonies: India, Thailand, Japan, Philippines,
Malaysia, Pakistan, Indonesia, Taiwan, New
Zealand, Western Samoa, American Samoa,
New Guinea, Cook Islands, Tonga, Okinawa,
New Caledonia, New Hebrides, Fiji, U. S.
Trust Territory of the Paciflic, United King-
dom, West Germany, Hawaii and mainland

United States, The Interchange consisted of
the presentation of oral papers, panel dis-
cussions, field trips and work shops.

All participants showed a keen inter-
est in the weed problems of the Asian-
Pacific area and shared readily in relating
their experiences with others, By far, the
excellent exchange of information between
industry and government personnel was
most appreciated, All participants agreed
that this close working relationship should
be conlinued in order fo best serve the
needs for the development of weed science
in the Asian-Pacific area,

The Interchange established the press-
ing need for weed science in the Asan-
Pacilic area, and at the workshop meetings
on the istand of Kauwai an organization,
“Asian-Pacific Weed Science Society™, was
formed to facilitate the interchange of cur-
rent weed conirol information and to pro-
mote research in weed science. The follow-
ing interim officers were named lo lead the

society:
Chairman:  Dr. Marcos Vega
University of Philippines
Secretary:  Dr. R. Romanowski
University ol Hawaii
Coordinators:
Asian region — Dr, S. Matsunaka

National Institute of
Agricultural Science, Japan
Pacific region - Mr. Kenneih Newton
South Pacific Commision
Dr, Joe Antognini
Stauffer Chemical Co.,
U.S.A.

Industry ~

We are all indebted to Vice Chancel-
lor Y. Baron Goto of the East-West Center
and Dean C. Peairs Wilson of the College of
Tropical Agriculture for their excellent sup-
port of the program, It is with great pleasure
that we forward this proceedings of the
meeting.

Program Committee:
H, F, Chay

D. L. Plucknett

R. {Z Romanowski
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GENERAL SESSION

WELCOME TO THE WEED CONFERENCE

Thomas H. Hamilton I

It is, of course, customary for the
president to give an address of welcome to
visitors to the campus, It Seems unneces-
sary, for if you were not welcome you
would not have been invited. But I suppose
such occasions do call for the presence of
an administrative shill.

But I should like to do a little more
than simply welcome you this moming,
for, as T pointed out to Dean Wilson, I stand
firmly opposed to weeds. But really you
have, within the subject matter of your
conference, what to me is a fascinating
example of how one cannot predict ihe
eventual practizality of what starts out as
simply a scientist’s curiosity. The subject
matter of your conference is one of the
pest bits of evidence I know that it is futile
to try to delineate strictly between basic,
or pure, research and applied research.

The value of chemicals to be used in
chemical weed control probably excceds a
hundred million dollars, and these chemicals
are used to treat probably from 40 to 50
miilion acres of crop land, The financial
return to the nation's farmers, in terms of
labor saving due to the use of chemical
weed control, may indeed now be approach-
ing a half billion dollars, This means that
the dollar return per year from this single
contribution of plant research would exceed
the cost of all basic plant research conduct-
ed in this country during its entire history.
Thus, it seems to me that the practicality
of this development, as measured in the
usual terms of dollars and cents, certainly
hus been established. Now it would seem of
interest to inquire into the history of this
development with the objective of leamning
how it came about,

Everyone is familiar with the re-
sponse of plants to light and to gravity.
For example, a potted plant grown indoors
inclines it leaves and grows toward the light.
Similazly, if a potted plant be laid on its
side, it will be found that the top will
straighten itsell and grow up, and the roots
will renew their growth in the soil and grow

IPresident, University of Hawaii

down. Such obsetvations were made by
Charles Darwin, a liberally educated man,
as early as 1880. He also showed that
removal of the root or shoot tip precluded
the response. Darwin wrote, “We must,
therefore, conclude that when seedlings are
frecly exposed to a lateral light, some
influence is transmitted from the upper to
the lower part, causing the latter to bend.”
The truth of this statement was emphasized
by Boysen Jensen in 1910 who showed that
the stimulus could be transmitted actoss a
wound gap, Thus, if the tip ol a stimulated,
decapitated plant were replaced, normsl
bending would ensue.

From these primitive experiments it
was concluded that the growth controlling
substance was produced in the top and dif-
fused downward, controlling the growth of
the lower portion of the shoot,

The question next arose as to wheth-
er this growth controlling substance was a
stable chemical entity which could be
isolated from plants and reapplied to other
plants. This question was answered very
effectively and simply by F. W. Went,
who showed in 1926 that if a plant tip
were placed upon a gelatin block, the
growth substance would diffuse out into
the gelatin. If subsequently the gelatin
block were placed on a decapitated plani,
normal growth would ensue.

These studies were culminated in the
isolation by Kogl, Haagen-Smit and Erxleben
in 1934 of one of the plant growth
substances and its identification as indole-3-
acetic acid (IAA).

From 1934 until 1939-1940 the plant
growth hormone remained a laboratory
curiosity. Indole acetic acid proved to bea
difficult compound to work with under
other than laboratory canditions, It wasan
cxpensive and rather delicate chemical. A
knowledge of the sturcture of JAA sugges-
ted, however, that other much less experr
sive and more stable chemicals might have
a similar action. These hopes proved justi-
fied.,

During the period of 1939 to 1941
there gradually arose the concept that the

plant growth hormones might prove to be a
potent substance for killing plants, growing
themselves to death, as it were. About 1940,
and this period is somewhat vague because
of wartime security restrictions which had
been imposed, Kraus and Zimmerman in
this country, and Templeman, Stade, Black-
man, Nuttal and other workers in England,
began tests of materials with plant growth
regulating activity as plant poisons,

It soon became apparent that not all
plants were equally sensitive, and thus some
weedy plants could be selectively killed
without harming crop plants, particularly
the grass and cereal grain crops.

These developments remained war-
time secrets until about 1945 when the
chemical weed control industry was bom.
It is this infant of some twenty-two years
which has now grown into the multimillion
dollar industry which I spoke of previously.

Now, several points are to be stressed.
First, the original researches were prompted
solely by the curosity of scientists, by
their desire to explam something of what
controlied plant growth—and curiosity about
the world is basic to education, Secondly,
early researches, and indeed those until
1947, were done almost entirely under
laboratory and greenhouse conditions with
the objective of finding out as much as
possible of the plant growth regulators
without regard to their economic feasibility.
They were, in short, researches of such a
long range and basic type that no industry
could or would support them. Even govern-
ment laboratories, subject as they are to
pressures from growers to answer immediate
problems, were unable to conduct them.
The research advances could only have
occurred in the university research labora-
tories. They could have been initiated only
in the liberal tradition.

And 50 you see, weeds are something
very special to me, for it has given me an
example 1 have used many times to demon-
strate the importance of basic research, the
necessity to bless simple scientific curiosity,
and the values of liberal education.

1 trust you will have an exce'lent
meeting.

- e e
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i MEETING THE WORLD FOOD CRISIS THROUGH WEED CONTROL
|

' Spark M. Matsunaga!

It is with extreme pleasure that I
address you this morning, for as we Jook to
the situation in the Middle East and in
South-East Asia, it seems that what we_sve
doing here today in an international inter-
change, in an atmosphere of friendship for
mutual betterment, is in the nature of a
small miracle. It is my fervent hope that
through conferences such as this, where men
of different nations gather together for the
resolution of common problems, we who
pride ourselves es belonging to the highest
order of the animal kingdom may some day
disprove Plato’s observation that only the
dead have seen the last of wars,

Aside from the battles against each
other, mankind today is engaged in a race
between the jncrease in the world’s popu-
lation and the increase in food produvetion,
and according to experts we are losing the
race, This is not to say that the total world
food production is decreasing, for in fact,
while the production of food in many of
1he developing regions has fallen slightly in
recent years, the total world food produc-
tion hasbeen on the increase. But the popu-

lation is increasing so rapidly that the per
‘capita increase in food is not keeping up
with population growth, and many coun-
iries have less food per person today than
they had a few years ago, even though they
have actually increased their food produc-
tion,

It is highly important, therefore, that
every effort be exerted towards increasing
iour world food production, One avenue of
approach is through weed control, which
is basic to agricultural development in any
part of this earth, and you are to be
commended for your participation in this
far-sighted conference,

The scientific advances since World
War II have created so many new opportu-
nities, opened so many new doors, that we
need to stop to consider if we are taking the
best possible advantage of these oppartuni-
ties . . . or, if we are faking advantage of
them at all,

We need to take a hard, calculating
leok at weed control to see if we are utiliz-
?ﬂg known technology to the fullest extent

1
Unlted States Congressman from Hawaii

possible. We need o look at it from the
standpoinl of the special problems and
opportunities that exist in this part of
the world.

I do not believe anyone would deny
that weed control is 2 necessary factor in
agricultural development. We may go so far
asto say that without it, no nation can build
the kind of dynamic agriculture that is
needed to produce food for the ever increas
ing numbers of peaple,

Throughout the world, there are
more than 30,000 species ot weeds. About
1,800 of these cause serions economic
losses each vear, Anywhere from 50 1o 200
commonly infest and damage the major
food crops of the world.

Scientists in the U.S. Department nf
Agriculture tell me that weeds cause a 30-
percent drop in vields of maize in tropical
countrivs of the world,

In India, weeds reduce production of
food crops from 30 to 100 percent. This is
one of the major causes of low crop yields
in that country.

In Japan, 191 weed species reported-
ly harm rice yields, and 30 of them cause
serious damages,

No matter where it is, scientists tell
us that it is essential to control all weeds in
the protection of 8 major crop, even thaugh
some of them mey not be very dense
because the uncontrolled species may other-
wise become dominant and eventually de-
stroy the crop.

The question is; What kind of con-
trol do we use?

Recent tests on rice in five Asian
countries have shown that although hand-
weeding returns the greatest yields, it is
expensive and impractical where labor must
be hired, By far, the cheapest and most
efficient weed control in terms of rice pro-
duced per dollar invested, was a single
application of an experimental herbicide.

In comparing good cultural practices
with chemical control in rice fields in the
Philippines and in West Pakistan, chemical
control increased yields by nearly 50 per-
cent. If this increase is-typical of those
that may be expected in other arcas, then
the use of herbicides for selective control of
weeds in rice could have a significant impact
on world rice production,

Perhaps the most dramatic example

of how successfully herbicides can be used
in rice production is to be found in Califor-
nia, Only 7% manhours per acre are re-
quired to grow rice these, as compared with
400 to 900 manhours in many other parts
of the waild, In litile more than 10 years,
yields in California have risen from 2,500
to over 5,000 pounds per acre. The increase
in yields and in efficiency of production can
be attribuied to many things such as pood
soil and climate, sbundance of watez, and
long-established reliance on research results,
but the primary factors were efficient weed
control methods and mechanization, Cur-
rently, propanil is being widely vsed as a
postemergence herbicide to control water-
grass and other weeds in rice. This particular
chemical has only recently come into use in
Japan and in some areas of Southeast Asia,

Japan, with its highly advanced agri-
culture, has also cut its labor needs for pro-
ducing rice. Use of herbicides enabled a 30
percent drop in manpower requirements.

In effect, the use of herbicides repre-
sents an added production tool or substitute
for other sources'pf energy for increasing
farming efficiency. Many countries have
adequate labor, it is true, to do the neces-
sary weeding by hand, And in these coun-
tries, chemical weed control is very low in
priority. If, however, the weeds were con-
trolled chemically and the labor devoted
instead to improving irrigation - a prime
factor in rice productien — yields could be
increased further. Moreover, the labor re-
leased from hand-weeding could be used to
apply fertilizer, and to plant and culfivate
additional land to rice, thus increasing the
food supply. This holds true for other crops
as well as rice,

Herbicides have helped bring about
what one scientist in the 1.5, Department of
Agriculture callsa "'second-generation break-
through" in production efficiency — that is,
the increase in yields and quelitydue to im-
proved weed control methods now provides
an opportunity for a new research cycle
involving all phases of agricultural produc-
tion, which can result in still greater accom-
plishments,

Tumingto my own State of Hawaii,
there are many critical weed problerms here
that continue to hamper efficient produc-
tion, Unfortunately, many of the desirable
weather conditions that result in high pro-
ductivity also result in heavy weed growth,
The moderate year-round temperature en
courages year-round growih of weeds, Wide
variations in rainfall encourage the growth
of widely differing species. This varying
rainfall pattern has the added disadvantage



of complicating the use of chemical and
other weed control measures.

Each of the diverss crops grown here
— such as sugar care, pineappls, coffee,
vegetable crops, forage crops, macedamia
nuts, and omamentals — requires spedific
cultural practices, and specialized weed
control measures,

Frequently, the same herbicides that
do so well in the continental U,S, will not
give the same results here. They may give
poor and uneconomical control, or actually
cause serious imjury to the crop being
treated,

So, in choosing the weapons we need
to control weeds in Hawaii, we must con-
sider a combination of factors — wnuspal
climate, rainfall, soils, weed populations,
and crops,

Growers here are concerned with a
vast number of annual and perennial broad-
feafed weeds and weed-grasses involving
many plant families, genera, and species.
The perennial grasses and sedges, such as
bermudagrass, Johnsongrass, tall panicum,
torpedograss, Hiloprass, green kyllinga, and
field sedge are the rost difficult to handie,
as they spread very rapidly and resist effec-
tive control

The cost of control is high, Recent
figures show that about 12 percent of the
cost of producing coffee can be attributed
to weed control, Sugar cane growers spend
about $8 million each year to control
weeds in their fields, Many vine crops,
such ss cucumbers and watermelons, can-
not be grown without herbicides, as the
dense ground vines will permit litile or no
tillage. That we here in Hawaii have con-
gidered the problem of weed control ve1y
seriously is evidenced to some degree by
the employment of eight full-time experts
and twenty-five part-time researchers in this
area by the government and private industry,

Now, what cbout the adequacy of
present weed control methods in Hawaii?
I believe our experiences here can be related
to other areas in the Asian-Pacific region,

Effective chemical and biological me-
thods of controlling certain weeds in the
major agronomic crops have been developed.
A wide variety of chemical compounds ere
ndw being used rather successfully on sugar
cane plantings. Advances have been made
in controliing weeds in pineapples, end in
coffee and macadamia nuts. Many new
herbicides are useful in controlling weeds in
vegetable plantings, particularly in tomatoes,
cucumbers, lettuce, and sweet com,

Regardless of the method used, how-

ever, it is difficult to control weeds selec-
tively year after year, There is a natoral
tendency for tolerant strains and species
to increase in population sfter continual
herbicide usage,

For example, use of herbicides to
control annual weeds in sugar cane may
release weeds like Johnsongrass or nutsedge
from competition. The newer species then
pose an acute problem, end we need to
begin the control process all over again.

The same patfern is found in the
growing tesistance of prickly peat cactus
plants fo a disease thet is pormally used
to control them. The few scattered resis-
tant strains will undoubtedly multiply and
the undesirable plants may once again be-
come a serious problem.

Consequently, continuous research
is necessary to hold the ground already
gained and to develop new knowledge and
practices to meet the changing needs of
agiculture, not only here in Hawaii, but
throughout the Asian-Pacific area. Educs-
tional programs are essential too, to keep
growers continuously informed of the newest
developments that may affect their npera-
tions. And obviously, regulatory programs
are essential to keep serious weed problems
from spreading from one area to another.

A source of congiderable pride to
me 15 the advances that the Hawaii Agricul-
tural Experimeni Station located at the
University of Hawaii have been making on
the specialized problems of weed control
in Hawaii. Under the direction of D1. Roman
Romeanowski and Mr, Yukio Nakagawa, for
example, a vegetable herbicide screening pro-
gram was initiated in 1962 at five branch
experiment stations typical of the major
vegetable prowing areas of the State, Vast
amounts of information have been accumu-
lated, and the results are being disseminated
contimously by the Hawail Cooperative
Extension Service, Growers here are con-
stantly urged to werk closely with their
county agents in developing successful her-
bicide programs,

The sugar cane industry here has con-
ducted some excellent research of its own
on problems of weed control. Much credit
goes to Dr. Noel 5. Hanson, former head of
Weed Science Research and Dr. Wayne H.
Hilton, present head of Weed Research at
the Experiment Station of the Hawaiian
Sugar Planters’ Association. Dr, Hanson and
his colleagues have made major contribu-
tions in developing specialized techniques
for distributing herbicides.

Many pew opporiunities are opening

wp for future advances. The Agrcultaral

Research Service — the main research sgency evider
in the U, S, Department of Agriculture — iz may ¢
involved in many of the basic studies leading oides :
to improved ways of controlling weeds. :’alﬂla:
Much of this work can be adapted to the .40
special needs of our part of the world,

Work is underway fo increase not t!‘e b
only the effectiveness, but also the safety of single
herbicide application, New mefhods of devel
application may make it possible to reduce weed
the amount of herbicide needed for contro] and t
through more accurate concentration on the sucha
weeds themselves, and &

One sprayer, now under development, irrigat
is designed to recover and reuse the herbi- plant
cide that misses the weeds, Another avoids witho
drift by applying the herbicide with foam. trol w
Still another utilizes wax bars impregoated  fertili
with 2,4-D and trailed above lowgrowing respor
crops to contact only the taller weeds.

Basic studies on how plantsgrowand  ©F tht
how herbicides get into plants and act on rice
them will contribute towards much greates tion
selectivity of weed control. Herbicides of Incide
much greater sophistication are in the pro- the Pl
cess of being developed, as well as systems  Intern
for rotating herbicide use so that weeds can exact]
be controlled without building up harmful ~amou?

are be

residues in the soil.

Research on the nature of plant dos-
mancy could lead to some rather interesting produ
new ways of using chemicals on weeds. Pmd}"
Chemicals could, perhaps, caus all weed earlier
seeds in the sofl to germinate &t the same lenges
time for fast and easy control. They could forinc
extend the dormancy of weed seeds until the w
they lose viability, Or they may be used to food :
prevent fertilization of weed fowem, or °f %!
interfere with the ability of weeds to tol- tion i
erate drought or low temperatures, year,

Scientists in the U. S, Department of world
Agriculture are also trying to find ways to  cemtw
extend the effectiveness of cultivation and  Withir
crop rotation to be used along with chemi- feed :
cal controls, Weed diseases are being stndied
as one method of biological control. The -BrOW:
use of snails and fish, like Hawaii's weed- food
eating carp, is also under investigation. -only

Current studies will provide a much *,“_ fi
petter understanding of the effects of re- 281C!
peated use of herbicides on crop growth and suffic;
on the physical end biological condition of d
the soils, Scientists know, for example, | 210!

{hat some preemergence herbicides mii?vzth

make plants more susceptible to min?f; o.rd
root diseases . . . and that the interaction m
. and E

among herbicides, insecticides, and fangi-,

. . . .. vind o
cides can increase susceptibility to mjury.: thi
On the other hand, scientists also have * s ef

t
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evidence that crop tolernce to herbicides
| mey sometimes be improved where fungi-
1 cides are used. A clarification of the chemi-
ca.l and biochemical relationships involved

will contribute toward betier use of her-
bmdes.

One point to remember in discussing
the future of weed control is that it cannot
single-handedly raise the level of agricultural
development. For greatest effectiveness,
weed control must be propetly infegrated
gnd balanced with other production ajds,

such as improved varieties, control of insects

"and diseases, mechanization, fertilizers, and

irrigation, It would be folly, for example, to

:plant and irrigate an improved crop variety

without teking the necesmty steps to con-
trol weeds, insects, and disesses . . . or to
fertilize 8 crop that cannot give a proper
response,

An example is in India, where one
of the main needs is a stilfer, nonlodging
rice that will not fall down when fertiliza-
tion rates are raised to increase yields.
Incidentally, a new variely developed in
the Philippines under the direction of the
International Rice Research Institute has
exactly this desired characteristic, Sizeable
amounts of the varjety — known as IR-8 ~
are being test-grown in India,

This need for integrating desirable
production practices to achieve greater food
production cannot be overstressed, As stated
earlier, agriculture faces tremendous chal-
lenges in meeting Future demands for food
for increasing numers of peaple throughout
the world, The appalling fact is that wosld
food supply is increasing at an average rate
of only 1 percent a year, while the popula-
tion is growing by more than 1.8 percent a
year. At this mte, the population of the
world will be doubled by the end of the
century, We can expect 6 billion people
within 33 years, And we cannot adequately
feed 3 billion people tc lay,

The most realistic answer to {his
-gowing world food crisis is not transferring
food from one nation to another — this is
only a temporary remedy — but for the
fors fortunate nations to develop a strong
agricultural economy and greater self-

growth and “Sufficiency in food production,

:ondition of
r example,
bicides can '
to certain
: interaction

and fungi- end

y to injury.
s also have

I believe the so-called developing
nations must exert every effort to work
IWith the technologically-advenced nations
in order to adapt new ideas and techniques
to improve their agriculture. Many public
private agencies in the United States
ind other countries are now cooperating in
is effort,

Agricultural scientists and technicians

from the U, §., for example, are working in
39 countries to help them develop the edu-
cation, credit, coopemtives, and research
institutions needed for modem farming,
Special cooperative research projects ere
underway within many of these countries
to help them solve longstanding bagiers to
food production. Numerous projects are
underway in the U, S. to develop special
high-protein foods that people in these na-
tions can readily leam to like. Thousands
of foture agricultugal leaders are being
trained in the U. 8, to assume the all-
important job of building their own agricul-
ture. Approximately 600 rescarch projects

conducted by scientists in many of the
developing nations under terms of Public
Law 4B0, the Food for Peace Act, have
some application to problems of increasing
food production, Only last vear an amend-

ment to thislaw which I offered wasadopted
by the U. §, Congress to establish a research
center for tropical and sub-tropical agricul-
ture, It is hoped that this center will be
situated in Haweil and will include weed
control as part of its program.

The technology for development is
available, We are eager and willing to coop-
erate w_’ith those needing assistance. But the
initiative must come from the developing
nations themselves.

All of these pations have many prob-
lems that require special attention. But, at
the same time, they cannot overlook the
urgent need for weed control in establishing
a basis for feeding their growing millions,
I am convinced thet such research will pro-
vide some of the mast significant opportuni-
ties for future advances in agriculture,

I bid you good luck and wish you
the preatest of success in your deliberations,

ROLE OF EAST—WEST CENTER IN ASIA AND THE PACIFIC

Y. Baron Gol‘oJF

Let me begin by telling you some-
thing about the East-West Center, which is
one of a number of unusual activities you
will find at the University of Hawaii,

The Center — which is barcly six
years old ~ is a new and experimental de-
parture in international education. ks under-
lying purpose is to increase understanding
among nations through cross-cultural inter-
change in an academic setting. The people
who come here to study and participate in
the varions Center programs also undertake
an obligation to engage in cross-cultural
activity, to learn more about one another.
In this way, we hope oves the years to make
some contribution 1o the development of a
more peaceful world,

You should understand that the Cen-
ter itself does not grant degrees and it has
no faculty. Those whe come here under
grants actually study at the University under-
members of the university faculty, and the
degrees they eam are awarded by the uni-
versity.

The Center itself is the device by
which participants are invited, by which
special programs are developed and by
which cross-cultural interchange is facilitated,

The Center, then, is a cooperative

1Vice Chancelloz, Institute for Technical
Interchange, East-Wesi Center

effort. The United States Congress appro-
priates the operating funds — almost six
millien dollars a year and the University of
Hawaii provides the academic instruction.

This past academic year people have
come to the Center from 30 countries in
Asia and the Pacific as well as [rom the
United States. The students who come to
the Center are chosen on a basis of roughiy
two Asians to one American — the ides, of
course, being interchange among cultures,

Geographically, the activities of the
Center extend to es far as Afghanistan and
include all of Asia except for Communist
China and Russia,

Now, then, a few words about how
the Center is organized, We start with three
main institutes — the Institute of Advanced
Projects, the Institute of Student Interchange
and my own Institute of Technical Inter-
change,

In Advanced Projects we have usually
40 to 50 sepior scholars who come here for
varying periods of time to write, to conduct
research and to participate in seminars.

In the Institute of Student interchange
we have approximately 600 students who
primarily work for master’s degrees,

In addition to the institutes we also
have the East-West Center librarv which is
developing a superb Asia collection. And we
also have the Press, which imports and ex-
poris books between America and Asia and



also occasionally publishes the work of
senior scholars in residence here.

Detailed information about these ac-
tivities can be found in the literature which

has been given to you. | would like now to
discuss the functions of my own Institute,
which, with the university’s coliege of trop-
ical agriculture, is co-spomsoring this weed
control program.

My institute — called ITI for short —
provides approximately 350 grants a year for
practical non-degree technical training in five
major fields. These are government and ad-
ministration, women's career development,
health and medical technology, education
and communication and economic develop-
ment,

The programs under these headings
are designed for the interchanging of skills.
The guideline is “interchange”. We do not,
let me emphasize, appioach this in the spirit
of Americans training others in a one-way
situation. The flow 15 in both directions.
Asians, Pacific [slanders, Americans of
Eusopeans — whoever has anything useful or
beiter to share — is welcomed to our pro-
grams.

By the same token, no one is required
to accept what is offered by others. No one
funks out, just so long as they are sincere in
their participation.

I hope that you will participate in
this weed control program on this basis —
with the idea that information must flow in
two directions.

Now, we have two major kinds of
training programs. One kind is the Hawaii-
based, such as the one m which you are
involved, and can run anywhere from afew
days to an entire year.

The other type of program is field
training. These programs are held away from
Hawaii, either in Asia or the Pacific. Suppose
there is a particular problem to be solved.
We look for an area locaied nearest to the
center of the problem and the population
alfected. Then ITI selects a team of qualified
individuals to mount the training program in
the field.

These teams may not even have
Americans on them; or they may be mixed.

For example, if we should like to
hold a field treining program in weed cor
trol next year, let us say in Bogor, Indonesia,
we would select a team and send it there.
Individuals interested in weed control or
involved in it would be invited to come to
Bogor to participate.

The advarnitage of holding such a pro-
gram in Bogor or Bangkok or wherever 2

particular problem exists is that more peaple
can participale because it is less expensive
than bringing people to Hawail.

In ¢closing, I wish to call your atter-
tion to fhe presence at this program of re-
presentatives of commercial firms. This is
something new and, [ am sure, of potentially
great benefit.

~ [ hope that the commercial represen-
tatives will share their ideas and reactions
freely with us — and, who knows, perthaps

out of this program will come a super weed-
killer.

CGood luck to all of you. While in
Hawaii, spend some fime enjoying ovr aloha

spirit and our hospitality. But I have to give
you one word of cauiion: please do nat take
off and go swimming during the hours when
activities are scheduled. Thisis the time when
the sharks are the most vicious — so keep
{he schedule during these critical hours.,

THE COLLEGE OF TROPICAL AGRICULTURE AS AN
INTERNATIONAL RESEARCH AND TRAINING CENTER

C. Peairs WitsanI

There i, loday, a world [ood crisis in
the sense thal a large proportion of the
world's population is afflicted with hunger,
malnutrition and the threat of starvation.
There is every indication that the crisis will
become worse in the decades ahead, Robert
Ewell has said, “It seems unlikely that stable
governments can be maintained in countries
where 2 lazge part of the population is starv-
ing. This is the biggest, most fundamental
and mast nearly insoluble problem that has
ever confronted the human race.”

President Johnson has said, ‘‘Hunger
poisons the mind, It saps the body. It de-
stroys hope, It is the natural enemy of every
man on earth. I propose that the United
Siates lead the world on a war against
hunger.”

The current and evolving world food
crisesmust be attacked both from the stand-
point of increasing the rate of food produc-
tion, The most promising means of achieving
increased food production is through re-
search and education to develop and put
into use improved agricultural technology.

Most of the agricultural research in
this world has been conducted in the tem-
perate zones — in North America, Europe,
Japan, Australis and New Zesland. Most of
the hungry people of the world are in the
tropical areas of the world — Southern Asia,
Affica, Latin America. And, if is in the areas
where the people are that most of the in-
crease in food production must take place,
To be sure there will continue to be ship-
menis of food from certain temperate zone
areas to tropical areas but under the best of
circumstances the volume will be small in

1 Degn and Direclor, College of Tropical Agriculture,
University of Hawaii

relation to the total need. What is desper-
ately needed is to make the tropical areas of
the world more productive. This means that
there must be increased emphasis and in-
creased effectiveness of research and educa-
tion in the tropics.

1t seems to me that we have been
terribly slow to recognize the fact that it is

not possible to transfer directly the tem-
perate zone agricultural technology to the
tropics and make it work, Even though that
fact is now generally accepted, we are ter-
fbly slow in doing anything sbout it.
Secretary Freeman said two years ago:
“First there is need for more applied reseazch
— taking what is known and what is available
in developed areas, And, second, there needs
to be more specialized tropical research,”
He also said, “I'm speaking of the needs for
applied research - research to adapt varie-
ties of important staple food crops to local
environments, research to identify and de-
velop control measures for tropical insects
and diseases.” Dr, Byron Shaw said: “We
must start from scratch, in many areas, to
learn the secrets of trupical and sub-tropical
soils and the demands of exotic crops.
F. F. Hill, Ford Foundation said; "It is my
considered view that a major roadblock to
progress toward increased food production
in developing regions of the world has been
the lack of substantially improved produc-
tion technology suitable for use in the trop-
ics and sub-tropics.”

The College of Tropical Agriculture,
University of Hawaii, is one of the two ag-
ricultural colleges in the United States
located in the tropics. The other is Puerto
Rico. The Coliege of Tropical Agriculture
here at the Universily of Hawaii is not as
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large or as old, or as presigious as the
Agricuitural Colleges of Camell or Wis-
consin or Minnesota but I submit it has
more knowledge of Tropical Soils, Trop-
jcal Crops, Tiopical Entomology, Tropical
Plant Pathology, than all three of them put
together! Those institutions, Jocated as
near to the Arctic Circle as to the Tropic of
Cancer, must find it difficult and expensive
to simulate tropical conditions in a biotron,

We in Hawaii have all the outdoors to work
in. It is known that, in spite of the relatively
small geographical area of our Islands, . ur
soils are representative of hundreds of thou-
sands of square miles of soils throughout
the tropics. I say this with some degree of

confidence even though some soils experts
in USDA say Hawaiian soils must be differ-
ent because they are so productive, I'll
tell you why they are productive — it is
because we understand them and this per-
mits superior management. It is manage-
ment that makes them productive, Many of
our erops are the same as in other tropical
regions of the world. Varieties and hybrids
adapted to Hawaii's soils, rainfall, temper-
ture, day-length, light intensity and resis-
tance to our insects and diseases are more
likely to be adapted to other areas in the
tropics than varieties and hybrids adapred
to the mid-West, We are confident that in-
vestment in research in tropical agriculture
by international, national and commercial
agencies will be less costly and more mean-
ingful than dmilar investments at mainland
institutions, Although President Johnson has
said it is our Nation's policy to lead the
world in & war on hunger and although the
Congress has passed the Food for Peace
Act authorizing research in tropical and
sub-tropical agriculture, no funds have been
eppropriated nor has the College of Tropical
Agriculture been asked to participate in
planning such research,

Up to this point I have been speaking
primarily of research in Tropical Apriculture

+ a4t the University of Hawail, I would like to

say something about training and education.

,—c Not only does the College of Tropical

\griculfure |

Agriculture have an environment similar to
the areas needing research, we also have
other attributes which favor Hawaii as a
training and education base. We have geo-
graphical progirmity. Hawaii is 2500 miles
closer than the West Coast and 6000 miles
closer than the Atlantic Seaboard.

In addition, Hawaii has a cultural
proximity not even approached by any part
of the mainland. More than hall our popu-

lation looks to Asia and the Pacific rather
than to Europe as the place of their ances-
tral origin. There is, in Hawaii, a measure of
interest, concern and empathy for the people
of Asia and the Pacific not found in other
parts of the United States,

The College of Tropical Agriculture
has 130 graduate and undergraduate students
from foreign lands, Most of these students
come from Southeast Asia and the Pacific.
About 90 are praduate students pursuing
the Master’s degree or Ph.D. degree, A sig-
nificant proportion of these students come
on Fast-West Center grants. These studen.s
hopelully will complete their degrees and
return to their home-land to contribute to
the agricultural development of Lheir
country.

An increasing proportion of the un-
dergraduate and graduate students from
Hawaii and the mainland are preparing rfor
careers in intemational agriculture. In the
past the United States has staifed its inter-
national agriculiural programs with person-
nel who were not initially trained for that
purpose, They were trained as agriculturists

for work in their local state, If my analysis
of the situation is correct, we will need a
large number of agriculturists over a long
period of years ahead. This suggests that we
should be training students for careers in
international egriculture. It suggests that
heavy emphasis should be on Tropical Agri-
culture, Hence, we are experimenting with
lechniques and programs that will motivate
studcnts for such careers and provide educa-
tional experiences that will be somewhat
typical of the kinds of situations that will

face them on their job,

In addition to the degree programs
described abeve, our faculty is also engaged

in non-degree short-course training programs
in cooperation with the Institute for Tech-
nical Interchange of the East-West Center,
In some cases the trainees are brought to
Hawaii and in other cases our faculty is
sent out to other countries for the training
program,

Finally, our faculty participates in
training programs for Y. S. personnel going
abroed, This includes Peace Corps Volun-
teers, AID personnel and others, Many in-
dividuals and small groups from USDA,
AID, Foundations, U, S. Universities and
others stop by for a few hours to a few days
to learn something about Tropical Agricul-
ture,

We fee! that in the past the oppor-
tunity fo use Hawaii as a base for research
and education in tropical agriculture has
not been fully exploited, Qur tropical en-
vironment, our,Iesearch base, our pro-
fessional staff and facilities, our location at
the crossroads of the Pacific all enhance
the possbility of making preater use of
Hawaii as a research and education base,
This particular conference will hopefully
lead to others, We think we have some-
thing on weed control to offer to our
visitors; we think we have something to
learn from our visitors. We think it can

be a valuable contribution to agricultural
development,

I suppose that all the activities that
are undertaken to produce food and fiber
crops, none are more costly than eliminating
or controlling unwanted plants that compete
with crop phnts for water, nutrients and
sunlight. Anything we can do to improve
the technology of weed control will reduce
costs and increase productivity of economic
crops. In the two wecks we will be together
I hope we may leam from each other. This
will have made it a successful conference,



PRESENT AND FUTURE WEED RESEARCH PROGRAMS OF THE
COLLEGE OF TROPICAL AGRICULTURE

G. Donald Sherman!

Present research in weed control at
the College of Tropicel-Agriculture of the
University of Hawail includes studies in both
basic and applied ficlds. It is becoming
more and more imperative that weed re-
search be expanded in Hawaii. First the need
is due to the incieased costs and the di-
minishing supply of farm labor which pract-
cally mandates that methods of weed control
be developed to reduce labor input Weed
control by mechanical, chemical and bio-
logical methods offers & solution to this
problem, and our programs emphasize the
development of research in these areas.

Secondly, our preseni and planned
research programs will emphasize ous role in
developing control methods which can be
applied and utilized in the tropical regions
of the world. Our findings can be applied
over much of the tropics and especially in
areas where food production is 8 serious
problem and where population density is
very high.

It is not necessary to remind you that
a weed is an unwanted plant, Its survival is
due to it capacity to compete. One of the
remarkable examples of a weed's competitive
capability was clearly demonsirated in an
experiment where radioactive phosphorus
was applied to a pot confaining one of
Hawait's bauxitic soils with a legume plant
and a common noxious weed plant growing
in it. The latter was capable of taking up the
radioactive phosphorus and the legume was
anly able to take up a very small fraction
of the mdioactive phosphorus. This is only
one example of a weed's adaptation for
gurvival and there are many others such as
prolific seed production with or without
seed coating for protection to prolong its
germination life span. These characteristics
and many others provide a means of com-
petitive survival.

The research in Hawaii can be divided
inte six areas, namely: (1) screening of
chemicals to establish and identify effective
herbicides for tropicat weed plants and to
determine their tolerance toherbicides under
our tropical climatic conditions; (2) basic
research in the nature of the physiological
action of herbicides on plants; (3) develop-

1associale Director, Hawail Agricultural Experiment
Station, Callege of Tropical Agriculture, University of
Hawaii.

ment of methods of application of herbi-
cides; (4) crop and plant management
systems to improve the desired plants’
competitive growth capacity; (5) basic re-
search in the decomposition, absorption
and movement of herbicides in soils of
different mineralogical composition which
are commonly found in tropical fegions;
and, (6) biological control through intro-
duction of natural and restricted pests of
weed plant:. These programs are conducted
in the fields of agronomy, horticulture, plant
physiology, botany, engineering, biochem-
istry, and entorsology.

In the screening end identification of
chemical herbicides the apronomists and
horticulturists have developed & profitable
joint cooperative program with Oregon State
University. In this program chemicals are
tested for their herbicidal properties for
control of a large number of weed plants
common to tropical regions. Their herbick
dal properties are jdentified and the plant
tolerance limits are determined. Another
section of this program involves the Food
and Drug clearance of (hese materials so
that chemicals providing control can be
recommended to our farmers.

The basic research program in physic-
logical actions of herbicides in plants needs
a greater stimulation in its activities, The
work to date has been limited to a few
well established herbicides.

The agronomists of our College have
placed considerable emphasis on the develop-
ment of methods of application of herbicides
to first reduce the costs and secondly to re-
claim rough lands for crop production,
pasture development, and improvement of
forest species composition and reforestation.
The utilization of aerial application of
hesbicides for brush cleargnce or rough land
has been one of our major developments
in this prograni.

Agronomic management of a crop or
desired plant can lead to a control of some
weed pests, A good example of this is
control of crab grass in lawns by frequent
application of nitrogen fertilizer and with-
holding phosphorus fertilizer. The latter
enhances the competitive capability of crab
grass. Of course, the elimination of crab
grass will be hastened with the application
of a herbicide in this management practice.

Important differences of the action
of herbicides have been observed on soils of
different mineralogical composition. There -
is @ wider range of mineral compoxition in
the soils commeon to the tropical regions due
to the major role minerel decomposition
and leaching play in tropical soil formation.
Tropical soils are characterized by whole
series of secondary minerals ranging from
hydrous micas, the 2:1 swelling alumino-
silicate clay minerals, minerals of the kaolin
group, amorphus silicate clay and oxide
minerals, and the crystalline oxides of
aluminum, iron, and titanium. Because of
the intensive weathering and strong in-
fluence of secondary mineral development
in soil formation, parent material plays a
very minor role in soil properties. Likewise
the dominance of secondary mineral con-
stitvents has Jessened the role that organic
matter plays in overall soll properties.
Hawaii has a wide range of soils common
to vast areas of the tropics as soils are
formed under § to 500 inches of anpual
rainfall. In addition a wide range of tropi-
cal soil development ocecurs because of
the sange in time during which materials
have been exposed to the soil forming
process;~recent volcanic deposition to old
eurth surfaces of 9 to 10 million yeass.
Studies are being made on the adsorption,
movement, and decomposition of pesti-
cide chemicals in typical mineral soils com-
mon to tropical regions. Herbicides are
included in these studies.

Hawaii has utilized the introduction
of insects to control lantana and cacti
with very successful results. Such introduc-
fion requires extensive studies of both the
insect and the host plant so as to ascertain
the limits of the activities of the introduced
insect.

The future weed research program
will take advantage of the unique potition
of Haweii as a natural laborstory. The
islands possess within distances of 200
miles climatic zones and soil types common

to vast areas of the tropical regions. It has;
a broad range of economic and exotic’

plants which are common to a whole
range of tropical regiops of the world
Since a wide range of environmental com-

ditions occurs within a compact area of

Hawaii, our research program will be ex-
panded to conduct research on weed corr
trol for the entire tropical world. The
islands should not only become the center
for tesearch for weed control for the tropi
cal tegions but also the research center for
tropical agriculture. This center should also
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the action

on soils of ¥ offer college training at both the under-
don. There |§ graduate and graduate levels, In addition
position in f both industrial and technical training should
tegions due & be offered so as t¢ improve the productive
Jmposition §§ capacity of agriculture in the tropicai world.
formation, One cannot overemphasize the im-

by whole Eﬁl portance of a tropical research center to the
t field of food production in the tropics. As

1ging from L

g alumino- | a result of research at the Hawaii Agricul-
" the kaglin [ tural Experiment Station the methodology
and oxide k& was developed for agricultural crop manage-
oxides of f ment and the adoption of these methods
Because of [} has raised the yields of the economic crops
strong in. [§ to among the highest in the world. In the
svelopment J past 20 years yields have been doubled for

ial plays a
s. Likewise

such crops as sugar cane, coffee, pineapples,
corn and many other crops. If the tech-
nology developed in Hawaii were applied
in other areas of the tropics it would be safe
to say a 5O per cent increase in the world
food supply could be envisioned.

In conclusion it is research and leader-

" ship which will increase the productive

capacily of tropical agriculture, be it weed
control, fertility management or crop im-
provement A ressarch facility in the Hawai-
ian Islands dedicated to the solution of the
problems would make a real contribulion
to social, economic, and scientific improve-
ment of life in the tropics.
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tion to oid Although weed control is basic to all

lion years. agriculture, most of the research and nearly
adsorption, “ all of the adoption of specialized implements
. of pesii- [ and chemicals for weed control has been
| soils com. ;: limited to the temperate zone of Europe,
bicides are l1| North America and similar regions until
< very recently. Weed problems under tem-

perate zone agriculture are a major factor in

ntroduction limiting the production of rood, feed and
and cacti ¥ fiber crops and much of the common sgri-
h introduc-}? cultural production practices have been
>f both theg based on the need for weed control, In
to ascertain B OFder to effectively utilize the wide array
introduced & f new agricultural technology developed
#§ by agricultural research scientists it has

& been necessary to utilize vastly improved

h program i Weed control practices. Unless weed com-
ue posiﬁm'r-‘ petition is eliminated, it is not possible to
atory. Theg PN the full yield potential of newly
s of 2007 9eveloped crop varieties with high quality,
yes common 118N Yielding capability and disease resist-
gions. It hasgy ¢ “’_hich are designed for production
and exotic fr; under high levels of fertility, adequate water

Witliam R. Furtick’

Je:: TOm irrigation or rainfall and which are
o a whole; i i
the world || ¥EPt free of insect pests with insecticides,
mental cor- .| :flthllsh the competition from weeds has
act area of] b““ Tecognized as an important problem
will be ex-| tY fa.t.‘mers since the beginning of agricul-
s wead cor-J8 t“fe. 1t has only been since World War 11
world, The "2t concenirated effort has been made

M1
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ot the tropi- easity and Director, Oregon State University/AID
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to thoroughly determine the importance of
weed control in agricultural production in
the temperate zone areas, As a new genera-
tion of weed cantrol research scientists has
arisen to take their place among the many
diverse agricultural specialists, they have
found that weeds were a much more impor-
tant factor limiting food production and
utilization of new technology than had been
generally realized by agronomists. As a
wide array of new implements and chemi-
cals were developed to bring about precise
and selective removal of weeds in most
temperate zone crops, the results were
quickly recognized by commercial farmers
and there has been a rapid adoption of the
new technology during the past ten years in
Europe and North America. This is most
readily iliustrated by the fact that ten
years ago herbicides represented a rela-
tively small percent of the total sales for
the world pesticide industry, During this
ten year period the sales growth of herbi-
cides has been enormous in relation to the
growth of insecticides and fungicides which
has also been substantial, The degree of rec-
ognition farmers have given the weed con-
trol field is illustrated by the fact that her-
bicides surpassed insecticides in importance
in the pesticide industry during the past
year, This occurred in spite of the fact that
in the period since the close of World War 11
there has been a dramatic growth in the use
of organic insecticides, not only in the tem-

perate zone of North America and Europe,
but aelso on a world-wide bass, There has
also been a very large increase in the use of
fungicides and other disease control agents
particularly in the tropical and semi-tropical
areas. The use of insecticides and fungicides
has become a standard practice even in
many areas of so-called subsislence agricul-
ture in the tropics as wefl as temperate zone
agricultural regions during the past ten
years, In spite of this general acceptance of
insecticides and fungicides in the tropics,
the use of herbicides and specialized weed
control equipment in fropical regions has
not paralleled the rapid acceptance of the
other pesticides. Il has cnly been in the
past two or three years that any appreciable
quantity of herbicides has been marketed
in the tropical regions. The use of herbicides
still represents only a [tactional quantity
compared (o insecticides and [(ungicides,
This lack of widespread use has no relation-
ship to the problems weeds represent under
tropical and semi-tropical agricultural condi-
tions.

The rather substantial research effort
on the value of weed control in tempezate
zone crops has resulted in a wealth of data
on the losses to agriculiure as a result of
weed encroachment, Unlortunately there
has not been this same level of effart in
the tropical and semi-iropical areas and it
Is not possible to quote 2 wide range of
studies that indicate weeds represent a
given loss to tropical and semi-tropical
agriculture, All of us who have been asso-
ciated with weed control in {emperate
climate areas and have also had experience
in tropical and semi-tropical agriculture,
recognize that weeds play a much more
important role in limiting crop production
under tropical and semi-tropical conditions
than in temperate zone climates, My reason
for dwelling on the imporiance of weed
control ih the temperate zone is to drama-
tize the enormous impartance of weed con-
trol in tropical agriculture where the number
and diversity of weed problems are much
greater than under temperale zone condi-
tions and weeds present a problem over a
much longer period of the year or in many
types of tropics on a full year basis, If the
losses from weeds under temperate zone
conditions can be considered enormous,
there Is probably no good way of [fully
expressing the total importance in tropical
and semi-tropical agriculiure other than to
say it is frequently limiting effective agri-
cultural production.



It is impossible to generalize the
problems weeds present in tropical and semi-
tropical agriculture because you are mot
talking about a single type of agriculture.
As you all readily realize, you cannot deal
with the tropics as an entity from an agri-
cultural standpoint because there is an un-
believable diversity in the climates, soils,
topography, cultural traditions and econo-
mic resources involved in the tropic regions.
The diversity is so much greater than the
temperate zone that they cannot even be
considered on a similar basis, Perhaps one
of the most discouraging aspects of trying
to clearly outline the problems of weeds in
tropical and semi-tropical agriculture is that
the only thing that exceeds the diversity of
the problems under tropical conditions is
the void of information available for many
of the tropicai production regions.

There is general recognition in the
temperate zone regions that the research
efforts in weed control have been com-
pletely inadequate to even particlly assess
the losses, identify the problems and dem-
onstrate the value of solutions for the
weed problems of temperate zone agricul-
ture, The weed research scientists in North
America can most readily be identified
through their membership in the Weed
Science Society of America which is a
professicnal organization of weed research
workers in the United States and Canada
with some membership [rom other areas of
the world, There are over 1000 members of
this Society that are working in the United
States and Caneda, Similar societies in
Europe have at least an additional 1000
members. When you add to these workers
in the Soviet Union and Eastem Europe,
New Zealand and the iemperate zone areas
of Australin and other temperate zone
regions, it would appear safe to assume
there are between 3000 and 50G0 scientif-
ically' trained staff working in the weed
comtrol field for the temperate Zone regions,
This Pacific-Asian Conference represents a
majority of the weed control workers in
the tropical regions outside of Latin Amer-
ica and Africa, I have spent substantial
periods in the tropical areas of Latin Amer-
jca and know probably all of the weed
research staff in tropical South America.
Adding all the tropical regions together
perhaps 100 trained professionals in weed
science for the tropics would be an opti-
mistic number, If the assumption is correct
that the efforts devoted to weed science in
the temperate zone have been far too small
to accurately assess the problem and bring

ghout adequate solutions in spite of the
elforts of several thousand trained pro-
fessionsls, then it is readily apparent that
little information is availzble in the tropical
regions of the world which have much
more serious weed problems with much
greater diversity of climates, cTops, weeds,
and cultures, The 100 or less workers conld
hardly make a start in assessing the problem.

With this background let us examine,
in more detail, the importance of weed con-
trol in tropic and sub-tropic agriculture.
Perhaps the biggest single factor in the
importance in weed control in tropic and
sab-tropic regions is the fact that weeds are
such a major factor in limiting crop produc-
tion. This assumes enormous importance
with the present pending world food crisis
which is particularly evident in those na-
tions which lie in the tropics, In order to
adequately discuss the importance of weed
control, it must be emphasized that although
weed control is basic to agricultural produc-
tion it is an intricately related part of agri-
cultural produciion technology in that weed
control alonz will not solve the problems of
any segment of agriculturc but without
weed control agricultura) production prob-
lems cannot readily be solved either, This
is to szy, that weed control and all other
improved ugricultural technology must work
together as intricately inter-related parts of

a whole in order to bring about optimum
production. Crop yield will be maximum
only when all production factots are opti-
mum. The basic production factors in agri-
culture can be summarized as crop vatiety,
fertilizer types and rates, soil conditions,
water, spacing, climatic factorms, disease
and insect control, and weed control. Now,
glthongh I am listing weed control last, it
does not indicate its relative importance;
since without weed control optimum condi-
tions for any one of the other factors re-
quired for maximum production would
have little effect in improving yield. In
fact, without weed control improvement in
any of the other factors might frequently
cause yield reduction, This can most readily
be demonstrated in most tropical condi-
tions where under heavy weed pressure
increased fertilization of crops without ade-
quate weed control may bring substantial
yield reductions becguse the weeds respond
readily to the fertilizer and their competi-
tion with the crop is substantially increased
and more than offsets the improved con-
ditions [rom added Fertility, So far there
has been little effort devoted to developing
vareties that couple high yield capacity

with their ability to compete with weeds, .
Very frequently you have the choice o
crop varleties with high yield potentiaj ¢

under weedfree conditions that may be
relatively low yielding if they must com-
pete with weeds compared to other varieties
which may be the best yielding variety be.
cause they are more competitive with weeds,
but are completely inferior under weed-free
conditions, Often iniroduction of new high
yielding varieties developed in weed-free
nurseries will result in yield reduction under
commetcial conditions because they are
less competitive with weeds than the oldes
varieties with Jess inherent yield potential,
The same ilustrations could be utilized
with supplemental imigation, closer row
spacing or higher plant populations, intro-
duction of disease resisiant plants or any of
the other production factors,

Perhaps the best illustration of these
inter-relationships can be found with rice,
particularly upland rice in which there is no
weed controi through flooding. This can be
clearly illustrated by the following statement
from the Philippine International Rice Re-
search Institute’s 1965 Annual Report which
says on page 227: “An importent ieason
for low yields of most upland rice is the
absence of effective low-cost weed conizol,

A few varieties will produce yields nearly
equal to those of flooded rice but many of
the shert statured or low tillering types
will be outgrown and overtopped by weeds
especially undez high fertility conditions.
Hand weeding is effective and widely prac-
ticed but the cost of human labor is high,
and the rice production returns are low.
Mechanical methods are used effectively
only in cousse textured soils and are seldom
good enough to permit maximum yields,
Effective chemica! measures could greatly
increase the return to Jabor and manage-
ment and entirely change the outlook far
upland rice,” In the same Annual Reporl
the problem was illustrated where three
hesbicides were compared with hand weed-
ing and no weeding on a drilled planting of
rice, Without any weeding the average yield
was 575 kilograms of grain per hectare while
with hand weeding the yield was 3,943
kilograms per hectare or a gain of three and
one-half times, The best herbicide treatment
gave a yield of 3,500 kilograms per hectare
or almost the equivalent of hand weeding.
Although it is possible to find a number of
research results which indicate that through
the use of hand weeding or the introduction
of herbicides under tropical agricultural
conditions, dramatic yicld increases can be
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obtained, very little data ere available, 1

z choice ¢ challenge all of you here today to heip

d potentia] : { weed control in the
determing the role of weed co

1at may be tropics. One of your prime considerations

must com P

in the future should be to determine the
. " yield potential of tropical crops made
) vagiety et possible by the introduction of effective
with weeds, weed control measures and coupling them
e1 weed-free wilh improvements in all of the other pro-
of new highil duction fastors. To put this more clearly:
1 weed-free| | you can conitrol the weeds satisfactority
tetion under, with chemicals or improved mechanical
e they areyl ieans, what can be done urder the weed-
n the older . p environment to utilize high yielding
d potentia[.;' vareties under optimum fertility and opti-
be uﬁﬁzedi,? mum jrrigation, soil management, disease
closer row ft control and insect control practices? These
tions, intro-" .1 the answers that I have been unable to
wsorany of g4 in my travels in many tropical areas,
Although these answers on production po-
tential are enormously important in the
tion of these long term problem of solving the food needs
d with rice, 3o tropical areas, great improvements in
*h there is no production can be demonstrated through
- This can be improved weed control without bringing
2 SLIEMENL ) other production Factors up to optimun,
nal Rice Re- oo increaes resulting from improved
teport which _.oq control alone would be enough to
rtant 18850 1 ore than solve the current food needs and
1 rice is the bring about an agricultuzal surplns produc-
eed control - .o many tropical areas,

rields mearly . ottt
but many of It must be recognized that improv-

Iering typess ing the weed control in many tropical areas
ed by weeds is fraught with many difficulties, We have

conditions, little knowledge of problems that might be
widely prac- created if major adoption of herbicides or
abor is high, mechanization for weed control were to
s are low, . occur in most areas, Some of the potential
I effectively.: prohlemslcan be listed, but their real im-
1 are seldom portance is only speculation, The following
num yieIds.': me some of the major questions I would
ould greatly Pke %o heve you consider in determining the
ind manage- implications of weed control in the tropics:

outlook for 1, Can the modern herbicides and equip-
nual Reporl ment_be elfectively introduced into
where three 7 “primitive or subsistence agriculture and

-hand weed-  whal effect would their use have on land
1 planting of tenuze, and commercialization of agri-
iverage yield ©  culture?

ectare while 2. What are the erosion problems that a

| was 3,943 weed-[ree environment would create in
of three and fow or plantation crop production in the
de treatment  humid tropies?

s per hectare 3 What changes in basic agricultural prac-
wnd weeding.  tices could or would have to be made in
anumberof  &weed-free environment?

that through 4. Would complete weed control capability

introduction ~ ™M2ke changes possible in the stash-burn
agricultusal subsistence agricuftural practices of some
eases can be  humid tropics?

5. Can methods be worked out to prevent
disastrous erosion, maintain nutrient
cycling and soil quality on a perma-
nent basis by a planned manipulation of
crop ecology which may be accom-
plished with selective chemicals?

6. What wounid be the impact on the local
community if herbicides and mechani-
zatjon eliminated muck of the need for
hand labor?

7. How would increased production or
changes in the cost of production of va-
vious crops affect the local economy?

8. How would increased food supplies af-
fect population trends?

9. What effect would the reduced need for
labor have on the individual family in-
cluding desire for children and family
social structure?

Although the questions raised cover
broad areas of agronomy, economics and
anthropology, they are still basic to the
problem. [ feel confident that the major
question is not “will herbicides and mech-
anization become a major factor in the
tropics” but when and how rapidly will this
occur, My guess is that the speed will be
much greater than will permit adequate re-
search on any of the questions ] have raised,
I hope this conference can stimulate action
that will help increase the rate at which
needed answers are obtained,

I know the broad questions that have

just been raised are the hardest ones to ans-
wer, This does not mean that they are the
only ones that must be approached, as many
technical problems of weed control must be
solved before the broad questions become
involved. In some regards I may have sound-
ed as if modern methods are already avail-
able to solve all weed problems of the trop-
ics. Actually only a bare start has been
made in this direction. However, I have had
2 chance to follow very closely the recent
discoveries in herbicides, equipment and
basic research and I feel solutions to most
of the major weed problems of the tropics
can be rapidly found.

The almost total substitution of
chemicals for labor in weed control on
sugar cane and pineapple in Hawaii the past
few years illustrates this probability.

Products already known will selec-
tively remove most annual weeds in nearly
every commercial crop. The biggest un-
solved problems are some of the serious
perennial weeds, particularly nutsedges, Op-
perus 5p. and mary perennial grasses, Re-
cent discoveries may soon solve these prob-
lems. Extensive research will be necessary
to adapt these new discoveries to the va-
riety of conditions found in the tropics,
The specific problems and some of the
promising solutions in the various crops will
be expiored in detail during the conference,
I hope this will stimulate an increased eflort
at solving the weed problems of the tropics.

A PRACTICAL APPROACH TO WEED CONTROL IN THE SOUTH

WEST PACIFIC

A. H. Cates!

The more technical we become in the
advanced countries, the wider grows the gap
between ourselves and the peasani farmer
in the under-developed regions,

It has been claimed in Palestine, that
agriculture has progressed in the course of
40 years from methods practically identical
with those practised in the days of the Bible
to modern farming based on intensification,
diversification, mechanisation and speciali-
zation,

Our system of agriculture in the
Pacific Island territories, until 10 years ago,

1galss Director, Lane’s PTY, Limited, Suva, Fiji

with some notable exceptions, could cer-
fainly be described as something from the
Old Testament. Perhaps later, one section
of it will be known as the “cane knife
period",

Within a decade tremendous strides
have been made with the introduction of
agricultural chemicals, And here lies a pit-
fall, Many planters, seeing the almost mirac-
ulous effects of herbicides, are assuming
they are the be-all and end-all of their weed
problems. No thought is given to the careful
husbandry which stili is a ‘must’ even with
herbicides, if any sort of long-term results
are_fo be obtained,
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The progress {rom primitive to inten-
give agriculture must always be headed by
agricultural research. This research, how-
ever, will remain 2 dead letter urless ap-
propriate methods for translating the results
obtained into agricultural practice are de-
veloped.

There are few things more incon-
gruous than having an up-to-date experi-
mental station surrounded by a primitive
agricultural community. While there is every
justification for the experiment station to
be ane or iwo jumps ahead in equipment
and method when compared with those
used by the farming community it is de-
signed to serve, it is futile if the gap be-
tween the two coniinues to widen instead
of becoming narmower.

Close links between research and the
forming community are essential, and this
is where the extension worker becomes the
logical link. He is the one who [irst must try
out new ideas, resulting {rom research, un-
der normal farming practice, angd it is be
who brings the problems of the farmer to
the notice of the research worker.

Both the research worker and the &x-
tension officer may be fully qualified and
excellent technical men, but both must be
on guard constantly not to let their superior
knowledge, or their desire to improve this
knowledge, interfere with the work they are
designated to cammy out, i.e. to get theirideas
across to a peasant farmer in the simple type
of language he understands.

It is a fact in agriculture, as in all
sciences, over-education can be almost as
big 2 danger as under-education.

Let it also be noted no-ome ever
loses dignity by having dirty hands. It can
well be that research officers and extension
workets, considering themselves technical
men, are loathe to get out in (he ficld to
demonstrate their knowledge to farmers
who understand Httle else but practical
demonstrations.

The average farmer or planter in the
South Pacific area knows hittle about active
ingredients, or the difference between hor-
mone weedkillers, pre-plant, pleemergence
and post emergence herbicides. These must
be demonstrated and explained to himina
simple fashion, The farmer should also be
familjar with measurements and amounts of
herbicide per gallon, in order for him to
have confidence in the manner in which the
chemical works.

To this end, in Fiji, Mr. T. L. Mune,
Weeds Officer (now retired) with the De-
partment of Agriculture devised the follow-
ing local herbicide measures. The measure

table was published widely through the De-
pariment of Agriculture, md now the
majority of our farming population is aware
of it.

1 fluid cunce 1 McCallum's whisky
boltle top

2 fluid ounces Capstan or Champion 2
oz tobaceo tin filled
up to the first Ting

4 fluid ounces Craven A Cutdy Cut 2

. oz tobacco tin

5 fluid ounces State Express 2 0Z
tobacco tin

10 fluid ounces S Cigarette tin

3 gallons of water 1 Rega ot other large
knapsack sprayer

2 pallons of water 1 Standard small
knapsack Sprayer

40 gallons per acte 14 arge sprayexs full

40 gallons per acre 20 small sprayers fult

80 galions per acre 27 large sprayers full

80 gallons per acre 40 small sprayers [ull

Trade formulations af the hormone
weedkillers containing 3.6 Ib of acid equiv-
alent per gallon and applied as a dilute solu-
tion in B0 gallons of water per acre, are
usually mixed from the following measures:

Ib acid
per acre

0.6
1.2
18
24
3.6

Fluid ounces of formulation
diluted in 3 gallons water

[- G VLR - B

These mixtures may work out a little
more then required, but as far as farmers
are concemed they are all that is wanted
and are therefore satisfactory. Other lermi-
tories could well follow this lead giving at-
tention to simple, familiar types of meas
ures with which their people are well
acquainted,

One of the mejor problems {oday is
the vast number of new products gppearing
on the market, This epplies particularly to
the pre-emergence and post-emergence
groups, as well as foliar and soil treatments.

In many instances, timing of applica-
tion and soil conditions 8§ well as rainfall
play a major part in the effective use of
these products, Unless the farmer under-
stands all facets of these iypes of applica-
tions it is useless for him to attempt their
use.

It should be remembered also, sel-
dom has he the equipment required to in-
porporate many of these materials according
to instructions from the hesbicide manufac-
turer. Here again, practical demonstrations

and

of these chemicals, and explanations in 43 mar

simple, easy language, given on the farm

itself, are the best methods of teaching the gro"

farmer.
A most impartant factor in the in-
struction to the formula is the use of A
sprayer whatever its type. Visual aids, as
well as practical demonstrations, are most
helpful in this type of instruction, Quantity
per acre etc, must be explained and demon-

strated thoroughly.
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In the Pacific area threc types of we

sprayers are most commonly used:
The Knapsack Sprayer which is de-

- col

oot

signed to meet the requirements of the small fra
farmer, These machines are strongly made, by

simple to operate, and will give good service
for years if properly maintained. :

The Misting Machine which is motor-
ised and which is excellent for the more
sophisticated farmer. To get the besi out of
these machines, proper instruction on their
use is esseatial, They are of immense value
on hilly country, but at the same time the
machines should always be operated down-
hidl.

The Pdwer Sprayer which is tractor
mounted is a machine used mainly on large
holdings and plentations by labour under
supervision.

It should be remembered that proper

selection ard then proper usé of a sprayer is
just as essential a3 the proper selection of
the herbicide which is to be applied.

Areas of high rainfall and high hv-
midity, have profific growth rates of weeds.

B oA oo =

Problems of their control are largely tied up i

with the long protracted seeding period not

governed by well-defined seasons. Short,
sudden downfalls of tropical rain can nullify, |
the effect of a recently sprayed area. 4

The choice of a particular hesbicidi :
which will stand up to these conditions, phy -
the use of & suitable surfactant or wetting
agent, is essential under these conditiont
Water alone is 2 poor wetting agent. This isi -
problem for the research worker and extetr
sion officer for very little work has been -
done to date. #

1 would now like to touch briefly of
some of the major crops of the South Wesl’
Pacifiic in relation to their weed problems.

COCONUTS

Coconuts are grown under the mor®
favourable conditions of soil and climate;
and they do not present severe competitios
to scrub lype undergrowth, Consequenily,
the weeds of coconut plantations are many

el
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& and varied according usually to the previous
ations in 4 mansgement history of the plantation.
n the farm In badly managed situations, gueva

teaching thel rows to the exclusion of other weeds. In
the areas overgrazed by goats, fern (which
s quite unpalatable to stock) becomes
& completely dominant, In plantations where
i grazing by cattle and goats used as weeders

' hasoccurred, Iantana, guaya seedlings, hibis-
e Q“"“““YH] cus burr, biue rat's tail, kaumoce, mile-a-
and demon-? minute, efc. are el problems,

ol With the exception of fem, all other
ee types ofj ;weeds listed are hormone sensitive, It is
ad: i congidered the objective of grassing the

vhich is de-; cocenut plantations and producing meat
of the smaﬂ&[ | from them as well as copra, can be achieved

ongly made,E: py the following:

good serviceF! 8. Removing the standing cover of
. £ weeds by the use of hormones,
ch is motor. !, b. Introducing prasses as soon as the
ot the more!" weed top growth dies and admits
2 best out of sulficient light.

ion on their c. Fencing into areas so that rota-
mense value tional grazing may be carried
me time the

out. Qver-grazing should at all

Tated down- times be avoided,
) d. Maintenance spraying to control
?h 15 i, the 1egeneration of difficult weeds
inly on largei_ such as guava and to prevent the
abour under; ingress of other wecds.
.! This technique must be demonstrated
| that proper .
[a sprayer is before progress is made,
ﬂIFPt 4 of It is surprising to note, the planters
::;c on who have quite large numbers of cattle, and
iy . who are so ilkinformed about the ecology
wnd high hu}
tes of wee ds. of grass and grass animal relationships, when
eel tied g™ 2 understanding of these principles is essen-
T yno q nop tial if their objective is to be obtained,
18 pe With all the technical information at

sons. Short,
the planfer's di
mca.nnnlhfy planf sduposaltoday,nmsﬂllnmazmg

to find the number who expect to apply a
hormone weedkiller and see the results the
followmg day,

This lack of understanding of the
basic principles of weed control is wide-
spreed right throughout the South West
Pacific, Many planters still feel that weedi-
cides should be the complete solution in
themselves to their weed problems, No
thought 15 given to plantation management

nd good farming to which weedkillers are
purely an adjunct,
The coconut industry is second only
Sugar in Fiji’s annual agricultural wealth,
:Yet 00 crop has had such a constant need
Iior- ‘more efficient weed control,
The history of the coconut industry
deg the more isg history of ineffective methods of weed
and climate, ®°ntrol throughout jts development,
: competltloﬂ Before the land was settled it was in
‘onsequently, heavy bush or taif reeds, When the bush was
ons are manf cut diffeulty wag experienced in obtaining
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a clean burn becawse of the high rainfall,
This added to the trials of the planter, as
poor burns meant great masses of logs and
stumps giving protection to secondary
growth and weeds, This giuation prevailed
for the first Five to ten years of the young
plantations development.

It was little better where reeds domi-
nated the land, for as fast as topgrowth was
removed, the rontr sent up new shoots,
Until the last decade there was no improve-
ment in plantation weeding. The cane knife
was the chief weeding tool end over the
years hundreds of thousaads of man-hours
have been wasted in once or twice a year
slashing,

This treatment, at its best, was only
4 means of removing unsghtly top-growth,
it had no effect on the roats of the weeds.
To many of the weeds il appeared to be
actually beneficial and it encouraged their
Spread and density,

Many planters became discouraged
and considered money spent on weeding as
moriey lost, and stowly reduced their weed
control operations to slashing every two or
three years. This aititude towards weed
control has passed from father to son, and
weeds have become aceepted 83 part of the
plantation. This is the greatest problem to
overcome in the weeding of plantations,
and planters must be persuaded that they
cannot efford NOT to weed,

No methods of weed control can be
successful without the support of a regular
weeding programe, involving ihe general
management of the plantation.

Weed control is an important part of
plantation work, and must be planned with
care, making full uge of the most effective
methods, directed at the destruction of the
growing weed, and the weed seeds in the
soil,

SUGAR CANE

This is the country's biggest income-
earnier, as well as being the best organized
and technically served industry in Fiji.

The important weeds in sugar cane
are: Ipomoea, Keumoce, Wild Passionfruit,
Prickly Cucumber and Johnson's Grass, In
many cane areas it is Johnson Grass which
poses the most serious problem,

Johnson Grass is widely known
throughout the Pacific. It is controlled in
some areas with the use of Dowpon.

FPre-emergent control is practised on
S.P.S.M. estates onty, using 2,4-D Ester or
24,5-T — sometimes a mixture of both,

None of the substituted Uteas such
as Monwron, Diuron etc. are used owing to
cost.

No individual farmer in Fiji uses pre-
planting or pre-emergent methods, although
a large percentage do use post-emergent
treatment using mainly 2,4-D Ester. Post-
emergent as well as pre-emergent procedures
are followed on estates,

NUT GRASS

This weed is kept under control in
Yyoung cane on the estrtes with 2,4-D Ester,

During the last few years the number
and variety of chemical herbicides for use
in cane have shown a rapid expansion. The
possible applications of some of the more
tecently available have not yet been explored
due mainly to lack of S.P.5.M. staif and
poor prices received for sugar,

However, it seems very likely that
these, and others yet to come, will provide
the answers to many weeds exhibiting
resistance to present chemical herbiciaes,

Some of the newer products will
doubtless provide more efficient means of
control of weeds which are, at present,
attacked with well-known chemicals,

Although the new materials are, on
the whole, more expensive per pound than
the older types at present in use, as detnand
for the new products increases and markets
grow, it can be expected that costs will be
reduced.

Arother point to consider, is many
of the newer herbicides provide longer
Iasting control than do the older materials,
and despite higher costs per pound, are
actually cheaper in use because of the lesser
number of applications or quantities of
material required for the same result,

BANANAS

It hag been rightly stated on many
occasions that bananas and weeds do not
mix. Weed infestations are particularly
serious for the banana plant because of its
shallow rooting habit which suffers severely
with weed competition.

Until recently banana production
came from “ranching” (unmanaged plant-
ings) rather than from farming. However,
over the last 3 years in Tonga, Samoa and
Fiji plantation farming is being practised,

In Samoa arsenic is used extensively
for weeding banana plantations. It is used
in Tonga to a limited extent and not at all
in Fiji as a result of a mutual agreement
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between the Department of Agriculture and
importers.

Arsenic is still the cheapest general
purpose weedicide for use in banana planta-
tions, giving quick, spectacular results which
appeal to the farmer in areas where it is
used.

‘The main objection to arsenic is its
danger to humans and stock. Cases of
cattle poisoning have occurred both in
Tonga and Samoa.

The Colonial Development Corpora-
tion managed plantations in Fiji use Para-
quat exclusively. Individual Fijian farmers
still hand-weed with the cane knife at
irregular intervals.

Pananas are grown under widely
verying cultural practices in different lo-
calities, The number, vigour and species of
weeds are influenced by locality, soil, pre-
vious cropping history and weed control
methods.

No standard weed control pro-
gramme, therefore, will suit all circumstances
and each grower must become familiar with
the principles of weed control and plan his
OWN programme,

RICE

This crop, more than any other in
the Pacific, shows the ravages of lack of
proper weeding. The average yield in Fiji is
16 cwt of padi to ihe acre on wetland rice
(non irrigated). On dryland rice, yield is
even lower.

Main weeds in rice in Fiji are Goat
Weed, Jungle Rice, Bamyard grass, Para
Grass, Sedges, Tar Weed and Sensitive Plant.

Materials such asM.C.P.A. and 24-D
Ester are used by some of the more pro-
gressive farmers. New products such as Stam
F-34 are being used by the research stations
with excellent results. However, to the
average farmer producing 16 cwt of padi
to the acre the costs of such materials are
out of the question.

Weather conditions often hamper the
use of all materials where correct time of
application is essential

The successful attack on the prob-
lems of hunger and want which the Western
world has done much to overcome, must
now be transferred to the under-developed
countries,

Western world farmers judged by
productivity standards have shown the rest
of the world that their output per man or
per acre per unit of livestock has put them
very near the top of the table. They have
done this by learning new ideas, using new

machinery and methods, as well as fectilizers
with major emphasis on crop production
and protection.

As one travels through the S. Ww.
Pacific area as 1 do, one ig appelied at the
tack of land use where scrub end bush
abound in place of well-cultivated pastures
and food crops.

it is to the research worker and ex-
tension workez that the memmoth responsi-_
bility lies to educate and train farmers of
the Pacific.

APPENDIX

COMMON WEEDS OF FI1JI AND
SUGGESTED METHODS OF CONTROL

CHINESE BURR
{Triumfetta rhomboidea Jacq.)

A fairly common weed in wet zones
of Vanua Levu which often is mistaken for
Hibitcus Burr. It is resistant to 24D as
ester and amine formulations, but can be
controlled by slashing or rolling followed
with the spraying of the stems and regrowih
as soon as it appears with an ester formula-
tion of 2,4,5-Trichlorophenoxy acetic acid
at the rate of 3.5 Ibs acid equivalent per
acre in eighty gallons of fresh water.

FERN

(Nephrolepis exalfata {Linn.} Schott) is
common in many parts of Fiji. 1t is a minor
weed of coconut plantations, It has proved
resistant to ell the selective herbicides and is
not segiously damaged by contact chemicals.
Slashing with chain slashers or crushing with
heavy rollers followed by the sowing of
degirable grounds covers has proved an
effective control if regularly applied over
one of two years,

GUAVA

(Psidium guajava Linn,) is a major weed
throughout the coconut plantations. [t
grows in dense thickets to & height of ten t0
twenty feet and competes with the coconut
palms for the plant food of the soil reducing
plantation production in terms of copra and
beef. It is a weed of overstocking and inef-
fective control methods, and, back year
after year becomes very difficalt to kill even
with herbicides.

Although guava is difficult to con-
trol, treated comrectly it is not impossible,
Young seedling plants up to two or three
feet in height can be effectively confrolled
by cutting off three or four inches below

the ground surface and pressing the sod back
{o cover the cutrootin the soil. With a sharp
spade in stone free soil it is posdble for one
man to remove up to 200 plants in an
eight hour working day. This method iy
more sultable far the small plantation than
for the large estates where labour costs are
high. On arable lands guava can be removed
with the aid of heavy machinery followed
by ploughing and the sowing of a useful
ground cover.

Chemical Control:  Seedlings and
young plants up to two feet in height are
effectively controlled by spraying .51
acid equivelent per acre of 2,4,5-chlore-
phenoxy acetic acid s an ester formulation
diluted in 80 gallons of water, The large
amount of water is necessary to wet the
Jeaves and stems and the coverage is further
improved by using pressures of 250 pound
per square inch, The wetting of the stems is
an important part of chemical control as
the herbicide must be placed over the whole
plant to kill all growing points and prevent
suckering.

As guaya grows it develops a high
degree of resistance to water based foliage
sprays and changes have to be made in the
method of application.

Cutting the trees off at ground level
and applying a mixture of 3.5 Ibs a.e. or 2,
4,5, T ester diluted in 30 gallons of diesel
fuel oil to the freshly cut stumps and all
exposed roots is an effective control

As an alternative, the above mixiur
may be applied as a fine spray or with 1
paint brush to the stems of trees from
ground level to & height of three feet, with
out cutting. Aslong as all of the bark in tht
treated area is covered with the mixture the
tree will die. 2,4,5-T ester kills slowly and
it may take up to 6 months for the guava i
die.

HIBISCUS BURR {Urena lobata Linn.] ist
wide-spread weed throughout the Fiji Istands
This weed shows a preference for good welt
drained soils inveding the better lands of the
plantations. It isnot 3 difficult weed to cor
trol as it is readily susceptible to ihe fok
lowing herbicides applied at the rate o
21b a.e, per acre diluted in water and appliet
as o fine spray to the leaves and stems -1
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methyl-4-chlorophenoxyacetic acid, 2,44E

chlorophenoxyacetic acid 8s an amine salt,

MINT WEED (Hyptis pectinata Linn) 1

wide-spread through the high rainfall ares -
growing in dense thickets to 2 height of 1~

h‘!!mw



1a 40 12 feet, and it is 8 most undesirable plant
¢ for ony in coconut plantations. However, it is easily
ts in ap controlled by spraying with 2 Ibs a.c. of any
ethod g r the following herbicides:

/ Z_methyl-d,-chlorophenoxyacetic acid and
costs a.teff the amine or ester formulations of 2,4-di
Temovedl| .lorophenoxy acetic acid.
foliowegt:
8 usehilld y ANTANA (Lantana camara Linn.) is a ma-
il jor problem on many coconut plantations
F which has been aided in its spread by over-
Lings and,ii slocking. The dense t.luckets increase the
¥ cost of copra production and it possesses
g 3.5 I certain toxic properties which cause poi-
S-chlor i soning and death when grazed .by livestock.
Uprooting is an effective control as
1 Jong as the complete root system is removed
» wet thel| from the soil, as broken roots are capable
% of sending up new top growth.

In sites where it is possible to oper-
ate farm machinery, the growing plants can
be grubbed out mechanically and the re-
prowth sprayed. This is an effective method
of control. Lantana is resistant to the ester
formulations of 2,4-D and 2,4,5-T but readily
ps a high susceptible to the amine formulations of
ed foiiager 2 4-dichlorophenoxyacetic scid applied at
ade in the!| the rate of 4 fo 5 pounds acid equivalent per

v acre diluted in water. The spray mixture

aund kmi! -shoulc! wet both the leaves and canes. 'I‘h%s
sa.e.orz;‘* is an important pa.tt of the cont_rol as tlus
s of dieselgi is another weed which has growing points
ps and 41| spread the full length of the canes. The
| herbicides can be applied without pre-
.1 treatment but the degree of control is
ve mnflm;"; greatly improved if the weed is first crashed
or with 1;; or slashed and the spray applied when there
s ﬁfm i i8 plenty of fresh new leaf,

feet,.wnlr‘!’? Of the newer herbicides, the following
bark in thig commercial mixtures have given effective
nixture the oonprf:

slowly andf
be guava &5 1.

50 pound,
& Slems iy
:ontrol as
the whaie
1d prevemt

rol.

4,amino — 3,6 5-trichloropicolinic acid
0.5 Ibs a.¢, 2,4-dichlorophenoxyacetic
ecid as an emine. 2 Ibs a.e, per acre,

52 4,amino — 3,6,5-trichloropicolinic acid
t Linn.j 84 0.75 Ibs a.e. 2,4 5-trichlorophenoxya-

s aads

F 1M

v 43

+ Fiji 1sland: cetic acid as an amine 2.0 Ibs a.c. per
¢ good wel . acfe,
tandsof tf.  These herbicides were diluted in water

reed to cor and applied with and without pretreatment
to the fok} at the rate of 80 gallons of spray mixture
the rate of | PEracre.

and aPP]ied;'.f Both treatments gave a complete kill
d stems - ?r': of lantana when the spraying was carried out
acid, 2,44 with Rega knapsack sprayers at a pressure
amine salt. - of approximately 25 Ibs per square inch,

Except to allow better coverage and
ta Linn) ! free movement through the thickets, there
-ainfall are# 3PPEATs to be no advantage in pre-treating
height of ! the lantana with these herbicides,

,mmnm

TOBACCO WEED {(Elephantopus mollis H.
B.K.) is v comparatively new weed to the
coconut industry which can be controlled
by spraying with 2 Ibs acid equivalent of
2.4-dichlorophenoxyacetic acid as an ester
or amine formulation,

NAVUA SEDGE (Cyperus aromaticus {Rid-

ley] Mattf. & Kukenth} A vigorous and

aggressive weed of the coastal districts and
river valleys of many islands of Fiji. In ag-
ricultural and plantation lands it competes
with the crop plants for the available mineral
nutrients, waier and sunlight, reducing pro-
duction in terms of crop yields, and it is a
potential breeding place for rats, msect pests
and plant disesses,

Control: Strict control measures with regard

to stock, seed and even planting material
from infected areas should be enforced.

Several chemicals will effectively control
Navua sedge if correctly apolied, The most
successful is the ester formulation of 4 chlo-
rophenoxyacetic acid plus sodium chlorate,
These two herbicides are mixed together at
the rate of 4 Ib a.e. of 4 C.P.A. plus 2 lbs
zodium chlorate 100% diluted in 80 gallons
of water. As the sedge matures and sets
seed this mixture has to be increased uging
up to 8 Ibs n.e, of 4-C.P.A. plus 2 Ibs sodium
chlorate diluted in 80 gallons of water per
acre.

BLUE RAT’S TAIL

{Stachytarpheta wrticaefolia Vahl)
KAUMOCE

{Cassia tora Linn,}
MILE—-A—-MINUTE

{Mikania micrantha H.B.K.)
NUT GRASS 15

{Cyperus rotundus Linn.}
WILD PASSIONFRUIT OR STINKING
PASSION FLOWER

{Passiflora foetida Linn,)
PRICKLY CUCUMBER

{Coccinea cordifolia {Linn.) Cogn.)
JOHNSON'S GRASS

{Sorghum halepense (Linn,) Pers.)
SENSITIVE GRASS

{Mimosa pudica Linn.,}
GOAT WEED

{Ageratum conyzoides Linn.;

Ageratum houstonicnum Mill.)
BARNYARD GRASS

{Echinochloa crus-galli (Linn.) Beauv.,

and E. colonum (Linn.) Link).
PARA GRASS

{Brachiariz murice (Forsk.) Stapf).
TAR WEED ,

{Cuphea carthagenesis (Jacq.) Macbr.)

ACKNOWLEDGEMENTS:
J. W, Parham B.Sc., Botanist, Dept,
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T. L. Mune, Weed Control Officer,
Dept,. of Agricutture, Fiji (Retired).

Heavy infestation in a coconut grove in Hawaii. Weeds create serious management problems
in copra plantations throughout the Aslan-Pacific region,
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WEEDS AND WEED CONTROL BY CHEMICALS IN TAIWAN

Wei-huai Homgl

Weed control by chemicals was totally
unknown 1o Taiwan farmers some 13 years
ago. Hand weeding or tillage by animal-
drawn cultivators were widely practiced by
smali-farm tillers because labor could be
readily provided by the farmers themselves,
Up to today hand weeding is still the popular
means for controlling weeds in individual
farms. Only in such large farms like sugar
cane plantations, tillage by mechanical cul:
tivators was used. But where and when farm
labor shortage became a problem, big farms
such as the Taiwan Sugar Corporation, or
the farms owned by the Taiwan Pineapple
Corperation, have attempted to use herbi-
cides in place of the traditional method of
hand weeding, not only for the reason of re-
ducing the cost of labor but also for the
facl that weeding by hired laborers was
usually far from being adequate io prevent
regrowth of weeds that took away soil nu-
trients and resulted in a decrease of crop
yield. Recently, the multiple cropping meth-
ods promoted by the Govemnment and
adopted by the farmers have kept the latter
busy in farming almost the entire year,
consequently more and more farmers are
using herbicides, As a result, there is an
increasing use of chemicals for weed control.

COMMON WEEDS OF FARMSIN TAIWAN
More than 170 species of weeds
belonging to more than 46 genera have been
found in Taiwan farmland planted to rice
and major dryland food crops. A compre-
hengive study on the botanical classification
and description of the weeds based on a
survey of the regional distribution and inves-
tigation on the occurrence of individual
species was completed in 1963 under & joint
project supported by the Joint Commission
on Rural Reconstruction (JCRR), in cooper-
ation with the National Teiwan University,
various district agricultural improvement
stafions and the Seed Testing Laboratory of
the Provincial Department of Agriculture and
Forestry (PDAF). It covered a total of 595
sampling sites in the rice fields, each with an
area of 5 [eet by 40 feet in Taipei, Hsinchu,
Taichung and Kaohsiung, and 383 sampling
sites in the dryland crop Gelds, each with an
area of 8 feet by 40 feet in Taichung and

18pecialist, Piant Indusiry Division, Joinl Commission
on Rural Reconstruction, Taiwen, Republic of Chine.

Tainan, For those rice fields in the Taichung
area where one winter crop was usually
grown after two crops of rice, weed samples
were separately collected from a total of 111
sampling sites in those fields planited 1o
different winter crops such as wheat, sweet
potato, flax, iobacco, potato, soybean, rape,
etc., depending on the rotational prectices in

dryland farms were based on different kin, ‘
of crops planted on them. The results of the
survey on weeds of farms are summarized as
follows:

A. Rice crop

Ninety-two species belonging to 31
genera, and 73 species belonging to 25 geners
were found in the first and second rice crop
respectively in the Taipei, Hsinchu, Taichung
and Kachsiung areas Table 1 lists the

most common weeds listed in the order
of decreasing frequency of occurrence.

Table 1. Common Weeds In Rice Field (in order of decreasing importance).
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15t rice crop:

Echinochloa crus-galli Beauv, Gramineae Annual Tpe, Heh, Tch, thl
Monochaoria vaginalis Presl, Pontederiaceae Annual Tpe, Heh, Tch, Khg
Cyperus difformis Linn. Cyperaceae Annual ©'  Hch, Tch, Khe
Lindernia pyxidaria All Scrophulariaceae  Annual Hch, Tch, Khg
Sagittaria sagittifoliu Lour. Alismataceae Perennial  Tpe, Heh, Khg

(= Sagitaria trifolia Linn.}

Fimbristylis miliacea (Linn) Vahl Cyperaceae Annual Tpe, Heh, Tch
Eleocharis acicularis R. & 8. Cyperaceae Annual ‘Tpe, Hch, Tch
Eclipta prostrata (L.) Linn. Compaositae Annual Tch, Khg

(= Eclipta alba Hassk.)

Rotala indica (Willd.) Koehne Lythraceae Annual Heh, Khg

Lindernia cordifolia Merx. Scrophulariaccae  Annual Tch

Kyllinga brevifolia Rottb. Cyperaceae Perennial  Tpe

Rotala rotundifolic Koehne Lythraceae Perennial  Tpe

Scirpus wallichii Nees. Cyperaceae Perennial  Khg

Dopatorium junceum Hamilt. Scrophulariaceas  Annual Tch

Marsilea quadrifolia Linn. Marsileaceae Perennial  Tpe, Khg

2nd rice crop:

Monochoria vaginalis Presl, See above See above  Tpe, Hch, Tch, Khg
Echinochloa crus-galli Beauv. " * Tpe, Heh, Tch, Khg
Fimbristylis miliacea (Linn) VahlL " » Tpe, Heh, Tch, Khg
Rotala indica (Willd.) Koehne " " Tpe, Hch, Khg
Marsilea quadrifolia Linn. " " Tpe, Hch, Khg
Sagittaria sagittifolia Lour. " " Tpe, Hch, Khg
Cyperus difformis Linn. " ” Tch, Khg

Eclipta prosirata (L.} Linn. " ” Tch, Khg
Lindernia pyxidaria All. ” " Tch, Khg i
Lindernia cordifolia Merr. " ” Tpe, Tch

Ludwigia prostrata Roxb. Oenctheraceae Annual Tpe, Hch
Dapatorium junceuny Hamilt, See above See above  Tch

Juncius prismatocarpus R. Br. Juncaceae Annual Tpe

Alternanthera sessilis R. Br. Amaranthaceae Annual Tch

Cyperus rotundus Linn. Cyperaceae Perennial  Khg

1 Tpe: Taipei; Hoh: Hsinchu; Tch: Taichunt; Khg: Keohsiung,



Siister Crops in Taichung Rice Field

" A total of 49 species belonging to 16
results of fjill ganera were found in the rice fields planted
& 4o various winter crops after two crops of
%o tn the Taichung ares Table 2 lists
the most common weeds in the order of
decreasing frequency of occurrence.

flerent ki

110 25 genedfl) ¢, Dryland Crops in Tainan Area

ond rice crol A total of 63 species belong to 26
hu, Taichungl} geners was found in the dryland crop fields
{  planted to peanut, sweet potato, soybean,
Al jute, dryland rice, rape, etc. in the Tainan
{larea. Table 3 lists most common weeds
i tisted in the order of decreasing frequency
of occurrence.

bl EXPERIMENTS ON WEED CONTROL BY
| CHEMICALS

In Taiwan, chemical weed control was
ity i {irst started on sugarcane plantations in 1951
) and, a few years later, on pineapple fields.
Experiments on the use of herbicides in rice
! fields in 1950's were cccasionally conducted
at various district agricuilural improvement
Khg i stations without satisfactory results mainly
{ due to the lack of suitable chemicals at that

Khg : .
Khg Lume It was notuntil 1963 when‘the need of
» chemical weed control for the rice field was
s keenly felt in those places where the village

(R

T'ch, Khg!
Ich, Khg

;‘::: jilabor was of comparatively high cost and
tometimes insufficient during the busy
!;Imonths the weed control by newer herbi-
5 Gides had proved sucoessful and rewarding.
 Trial use of herbicides on dryland food crops
<began in 1963 but was only practised to a
limited extent.
Rice crop

In 1964-65, a number of herbicides
ore widely tested for weed control in rice
lelds at verious agricultural experiment
Tch, Khg Wstations and district agricultural improve-
Teh, Khy ent stations under JCRR support. Results
Tch, Khg EOtined from the experiments in Taipei,
Khg N aichung, Kaohsiung, Hualien and Taitung

Khg imay be summarized as follows:
Khg L TOK(2,4-dich]orophenyl—4-nitrophe—

nyl ether) applied at a rate of 30 kg
of 5% granules per hectare § to 7
days after transplanting of rice plants
for 1st crop 3 to 5 days after trans-
Planting for 2nd crop with irrigation
water maintained at z depth of 3
centimeters for 3 to 5 days after
application of the chemical was effec-
tive in controlling Echinochioa crus.
8all, Monachoria vaginalis, Eleochar-
&8 acicularis for 30 to 40 days, and
partially effective for the control of

ST A WG S
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Table 2. Common weeds in winter crop field after two crops of rice (in order of

decreasing importance).

Species

Wheat:
Chenopodium ficifolium Sm.

Stellariz aquatica (Linn.) Scop.

Tulygonum hydropiper Linn.
(= Polygonum blume Mersn.)

Gnaphalium indicum Linn.

Mazus japonicus 0. Kuntze

Tobacco:

Chenopodium ficifoltum Sm.
Stellaris aquatica (Linn.) Scop.
Awmaranthus spinosus Linn.
Gnaphalium indicum Linn,
FPolygonum hydropiper Linn.
Paspalum conjugatum Berg,
Mazus japonicus O. Kuntze

Sweet potato:
Chenopodium ficifolium Sm.
Stellaria aguatica (Linn.) Scop,

Alopecurus aequalis Sobol. var.

amurensis (Komar.} Ohwi.

(= Alopecurus geniculatus Linn.)

Gnaphdlium indicum Linn,

Rape:

Chenopodium ficifolium Sm.
Stellaria aquatica (Linn.) Scop.
Polygonum hydropiper Linn.
Alopecurus aequalis Sobol.
Mazus faponicus 0. Kuntze
Graphalium indicum Linn,

Flax:

Mazus japenicus O. Kuntze
Stellarig aquatica (Linn.) Scop,
Polygonum hydropiper Linn.
Chemopodium ficifolium Sm.
Eclipta prostrata (L.) Linn.
Gnaphalivm indicum Linn.

Potato:

Stellaria aquatica (Linn.) Scop.
Chenopodium ficifolium Sm.
Alopecurus sequalis Sobol,
Polygonum hydropiper Linn.

Famity

Chenopodiaceae
Caryophyllaceae
Polygonaceae

Compositae
Scrophmlariaceae

See above

"
Amarapthaceae
See above

1
Gramineae
See above

See above

"

Gramineas

See above

Chenopodiaceae
Caryophyliaceae
Polygonaceae
Gramineae
Scrophulariaceae
Compositae

See above

n

”
Compositae
See above

See above

Annual/
Perznnial

Annual
Perennial
Annual

Annual
Annual

See above
n
Annual
See above
™
Perennial
See above

See above

Annual

See above

Annual
Perennial
Annual
Annual
Annual
Annual

Annual
See above

See above

"
"
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Cyperus difformis, but ineffective
against Marsilea quadrifolia. No phy-
totoxicity was noticed under the
treatment conditions, This herbicide
is suitable for use in many types of
paddy soils in Taiwan. The yield of
rice in the treated field was 10 to
35% higher than that of the control,
or 10% less to about the same in
comparison with that by hand weed-
ing (usually 3 times for 1st crop and
2 times for 2nd crop). For those
established weeds and Marsilea qua-
drifolia which could not be controlled
by the chemical, it was recommended
that weeding should be done at the
time of land preparation.

. Casoron (2, &-Dichlorobenzonitrile}

applied at a rate of 2 kg of 50% WP
per hectare § to 7 days after trans-

planting of rice plants with irmigation
water kept at a depth of 3 centime-
ters for 2 to 3 days after the herbi-
cidal application gave good control
of Echinochloa crus-galfi, Monochoia
vaginalis,  Eleocharis acicularis,
Cyperus difformis and many other
weeds except Marsilea quadrifolia.
However, some phytotoxicity over
the young rice plants was observed
in case the soil was too sandy to hold
enough irrigation water in the field.
The yicld of rice in the ireated field
was 17 to 40% more than that of the
control o nearly the same es that
by usual hand weeding.

. Glenbar (Thiomethyl ester of 2,3,

5, 6-tetrachloro-4-carbomethoxybes-
zoic acid) applied at a mte of 13
liters of 12% EC per hectare 3 to 5
days after transplanting of rice with
irrigation water kept at 3 to 5 centi-
meters deep for 3 to 5 days after the
herbicidal application was effective
against Echinochloa crus-galli Eleo
charis acicularis up to 40 days, and
Fairly effective against Cyperus dif-
formis. Like TOK and Casoron, this
chemical was ineffective against Mar-
silea quadrifolia. The yield of rice in
the treated field was 5 to 15% less
than that by hand weeding. Phyto-
toxicity was mever noticed at the
ahove-mentioned rate when imigation
water in the treated field was not
adequately maintained.

. Ordram (S-ethyl hexahydro-1 H-aze-

pine-1-carbothioate) applied at 2 rate
of 6.5 liters of 71.3% EC per hectare
14 days after iransplanting of rice
plants with irrigation water kept at a

Table 3. Common weeds in dryland crop feld (in order of decreasing importance]).

Species

Peanut, spring-planting after rice:
Echinochloa colona (L.} Link.
Echinochloa crus-gaili Besuv.
Digitaria serices (Honde) Honda
Eleusine indica Gaertn.

Physalis anguiate Linn.
Amaranthus viridis Linn.
Cyperus rotundus Linn.

Peanut, spring-plenting after miscellaneous food crops:

Digitaria sericea {Honda) Honda
Echinochloa colona (L.} Link.
FEleusine indica Gaertn.

Cyperus rotundus Linn.
Amgranthus viridis Linn,
Physalis angulata Linn.
Euphorbie hirta Linn.
Echinochloe crus-zalli Beauv.

Peanut, fall-pianting:
Echinochloa colona (L) Link.
Digitaria sericeu (Honda) Honda
Eleusine indica Gaertn.
Echinochloa crus-galli Beauv.
Amaranthus viridis Linn,
Cyperus rotundus Linn.

Sweet potato, after rice:
Cyperus rotundus Linn.
Chenopidium ficifolium Sm.
Physalis angulate Linn,

Eleusine indica Geertn.
Echinochloa crus-golli Beauv.
Digitaria sericea (Honda) Honda
Amaranthus viridis Linn.
Echinochloa colona (L.) Link.
Portulaca oleracea Linn.

Sweet potato, after dryland crop:

Eleusine indice Gaertn.
Digitaria sericea (Honda) Honda
Amaranthus viridis Linn.
Echinochloa Colona (L.) Link.
Echinochloa crus-golli Beauv.
Portulaca oleracea Linn,

Soybean:

Digitaria sericea (Honda) Honda
Physalis angulata Linn.

Eleusine indica Gaertn.
Echinochlog colona (L.) Link.
Chenopodium ficifolivm Sm.
Echinochloa crus-golli Beauv.

Annual] ©
Family Perennial
Gramiieae Annual
Gramnineae Arnual
Gramineae Annual
Gramineae Annual
Solanaceae Annual
Amaranthaceae Annual
Cyperaceae Perennial
See above See above
Euphorbiaceae Annual
See abave See above
ot
See above Ses above
See above See above
Chenopodiaceae Annual
See above See abov
Portulacaceae Annual
Graminecae Annual
(Gramineae Annual
Amaranthaceae Annudl 5
Gramineee Annual
Gramineae Annuel
Portulacaczae Annual ~
;
See above See abovl_l
Solanacese Annual |
See above See abovt
Chenopodiaceae Annual |
See above See abov

Continued on page 19
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Annual/
Perennial

Annual
Annual
Annual
Annual
Annual
An: ual

Perennia] i

Annual

See above

See shove

Annual
Annual
Annual
Annual
Annuel
Annual

.ﬂ'

81 Amaranithus viridis Linn.

i

See atow.

Annual

Annual

See ghaw

See abow

¥

]

2. Portuloca oleraces Linn.

E Fieusine indica Gsertm,

: Echinochloa crus-galli Beauy.

¥ Digitaria sericea {(Honda) Honda
B imaunthus viridis Linn,

Table 3 fcontinued from page 18)

Species

Dryland rice:
Echinochloa colona (L.} Link.
Pycreus polystachus Beauv.

Cyperus rotundus Linn,

Jute:

Digitaria serices (Honda) Honda

Cyperus rotundus Linn.
Pycreus polystachus Beauv.

Rapz:

Echinochloa colona (L.} Link.
Eleusine tndica Gaertn,

Digitaria sericea (Honda) Honda
Portulaca oleracea Linn,
Euphorbiz Mirta Linn.

Digitaria violsscens Link.

depth of 3 to 5 centimeters after
epplication of the hezbicide was very
effective against Echinochlos crus.
galli and gave a good comtrol of
Portulaca oleracea, Marsilea quadri-
Jolia, Monochoria vaginalis without
noficesble adverse effects on rice
Browth, but was partially effective
aginst Eleocharis aciculeris, The
¥ild of rice in the treated field was
5 to 10% more than that by hand
weeding, If the herbicide was applied
at a rate higher than 6.5 liters per
hectare 7 days after transplanting,
young rice plants showed stunting at
the early stage, but recovered after
210 3 weeks,

5.PCP or Pancom (PCP sodjum salt
13.4% and 2-methyl4-chlorophe-
Toxyacetic acid ally! ester 1.2%)
ipplied at a rate of 30 kg of PCP
sodium salt 25% granules of Pancom
Branules per hectare 7 days after
transplanting of rice plants for 1st
@op or 4 days after transplanting
for 2nd crop with immigation water
kept at a depth of 3 centimeters for
10 days after the application of
herbicide gave 2 fairly good control

el9 E?

Annual/
Family Perennial
See above See above
Cyperaceae Annual
See above See above
Cyperaceae Perennial
See above See gbove
See above See above
Euphorbiaceae Annual
Gramineae Annuval

against Echinochloa crus-galli, Elco-
charis acicularis, Cyperus difformis,
Monochoria vaginalis, The rice yield

in treated field was 20% less to about
the same as compared with that by

hand weeding, Their use is limited in
those places where the problem of
figh poison is jnvolved,

6. For 2 good control of barnyard grass
in the rice field, emphasis has been
placed on the control of the grassin
the nursery bed, because the grass is
usually carried over with young rice
plants during the process of trans
planting. It was found that Glenbar
applied at a rate of 15 liters of 11%
EC per hectare right after rice seeds
were sowed and the soils were cover-
ed with a layer of wood ashes pro-
duced a satisfactory control, Stam
( 3 4-dichloropropionanilide): applied
in two equal portions of 2 kiters of
35% EC per hectare when the first
two leaves of rice plant appeared and
then at the time 3 to 5 days after the
first application of herbicide was
also effective. However, young rice
plants of the 2nd crop might be
injured =t a temperature higher than

26 degress Centigrade, Therefore,
Stam was recommended for use only
in the 1st rice arop,

B. Sugarcane

Sedium salt of 2,4-D was the first
herbicide tested and recommended for gen-
eral use in sugarcane fields, One pre-emer-
Bence application at a rate of 3 kg per.
hectare followed by 2 o 3 post-emergence
applications of 2 kg/ha, each at an interval
of one month during the first 5 months of
cane growth and before cane leaves were
closed in was usually satisfactory for con-
trol of broadleaves, especially nut grass,
Diuron ((3+(3,4-dichlorophenyl)-1,1-dimeth-
ylurea) or atrazine {2-chloro-4-isopropyl-
amino-6-ethylamino-s-triazine) wes found to
be effective in controlling all broadieaves
and most graminaceous weeds for 2 to 3
months with least danger of phytotoxicity
to germinating cane seedlings when used as
pre-emergence application at rate of 3 kg of
diuron 8G% WP per hectare or § kg of
atrazine 50% WP per hectare. These two
herbicides were less effective in controlling
Cyperus rofundus, Panicum repens and
Cynodon dactylon at the afore-mentioned
rates and usually so in preventing deep-
seated roots of nut sedges and old thizomes
of perennials from sending out new shoots
Iater. To control  variety of weeds and to
save cost of the chemicals used, either
diuron at 2 kg/ha. or atrazine at 3 kg/ha, has
been used in combination with 2,4-D sodium
salt at 2 kgfha. in recent years, Sugarcane
yields obtained from chemical weed control
on the Taiwan Sugar Corporation-owned
farms were about 10% more than that by

hand weeding, There might be erratic results
in the yleld of cape from chemical weed
control due to too much ar too little rainfall
after application of the herbicide, soil types
or other factors influencing the effectiveness
of herbicide,
C. Pineapple

Diuron and atrazine were also found
effective in controlling weeds on pineapple
plantations by the band treatment st rates
of 1.5 kg/ha, and 3 kg/fha,, respectively. For
orchards with newly planted pineapple, the
doses of both chemicals may be doubled, A
3-year spray program using these chemicals
for weed control in newly planted orchards
has been worked out,

D, Dryland crops
TOK and PCP sodium salt applied at
rites of 6 to 8 liters of 25% EC per hectare
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and 12 to 15 kg of 86% powder per hectare
respectively after sowing and before germ-
ination of sceds were found effective in con-
trolling Portulace oleracea, Eleusine indica
and Echinochloa crus-golli in peanut, s0¥-
bean and sorghum fields, but partially effec-
tive against Digitaria violoscens, Because PCP
was effective for about 3 weeks, one addi
tional application of the same rate at about
25 days after the first application was needed
for & better control of Portulaca oleracea and
Eleusine indica, No phytotoxicity was no-
ticed under the treatment conditions for both

chemicals.
The afore-mentioned herbicides have

been recommended by the Government for
genersl use after they were proved satis-
factory in the control of weeds. New herbi-
cides currently under feld frials include
Trifturalin (1Ii,fhlom-2,6-d.initr0-N,N-dipm~
pylp-toluidine), MO (2,4,6—I:ichlomphenyl-
4'.nitrophenyl ether), 0Cs-21799 (2,(4-
chioro-O-tolyloxy) N-methoxyacetamide, an
experimental  herbicide of the Velsicol
Chemical Cotp., SWEP (methyl(3,4-dich-
lorophenyl) carbamate), Eptam (ethyl N,N-
di-n-propyl thiolcarbamate), etc.,, among
which MO, trifluralin and 00821799 show-
ed good control of bamnyerd grass in the rice
field,

SOME GENERAL PRINCIPLES OF WEED CONTROL

Arnold P. Appleby!

The task of discussing general prir-
ciples of weed control is a difficult and com-
plex one and certainly cannot be accom-
plished in a thirty-minute presentation.
Therefore, 1 propose to discuss weed control
in general terms and then cite some general
principles as examples, recognizing that a
great number of ideas and concepts are
being omitted.

There are & number of definitions
for a weed, but perhaps the most widely
used one is that & weed is “‘a plant out of
place” or “a plant growing where it is not
wanted™, For the more poetically inclined,
a definition has been advanced by Emerson
that a weed is " plant whose virtues have
not yet been discovered™. Weed contxol is
the process of reducing the undesirable
effect of weeds to a minimum. It is accom-
plished by adjusting the environmeant to
make it as unsuitable for weed growth as
possible. This is an important puint and one
that weed control workers in general should
recognize more fully. All to0 often,weed
control is camied out by one single method
rather than recognizing that our main ob-
jective is to manipulate the environment of
the weeds. This can be accomplished physi-
cally (tillage, fre, flooding, smothering),
culturally {crop rotation, smother crops),
biclogically, or chemically. Generally a com-
bination of these methods is more desirable

1 axsociate Professor, Faom Crops Department, Oregon
State University.

and more effective than any one method
used zione.

An example of what may be com
sidered a principle involved in physical
weed control would be that young leaves
use food from the rcots for a considerable
time after emergence and therefore help
deplete the root reserves. Therefore, cult-
vation should be delayed until the carbo-
hydrate flow from the roois ceases and
the leaves begin to manufacture enough

- ( ARBOHYDRATE

food to start replenishing the root re
serves. Therefore, with most perennial weeds,
{illage 10 to 14 days after emergence it
more effective in casbohydrte starvation”
than tillage immediately efter emesgence,

An important concept in biological
weed control is that the weed population
and the insect population undergo cycley
Often the weed population will decreass
rapidly until many of the insect predaton
have starved; then often the weed populs
tion will increase rapidly for a short period
of time until the insect population ha
puflt back up. These cycles generally wil
continue until the weed population hm
mare or less stabilized at a low level. .

Herbicide selectivity is the result of
a chemical reaching and disrupting a vita
function in one plant and mot in another,
Selectivity may depend on many mech
anical, physical, chemical, or metabolic as
pects, Some examples of these aspects ar
as follows:

4

1. Directed placement of the spray. The
weed plants are contacted by the Spray
but the crop jﬂa.nts are not.

2. Differential wetting of the leaf surface.
Mustard can be conirolled selectively
in peas with contact herbicides because
the pea leaves are wexy and the spray
solution is noi retained on the leaves
The mustard leaves are much less waxy,
allowing the herbicide to penetrate the
leha.t' surface and kill the plant,

CraRvATION-

Yourg leaves use food from

the voots: help deplete the

voot reserves-

Right

Too carly

Too late

Yo culhvale time

Pl

3, De

Fig.

. F
Fig. 1. Cultivation for depletion of root reserves should be delayed until the catbohydrate =
flow from the rrots ceases and the lea~es begin ta manufacture food.



e root 1 3, Depth of rooting, Many ennual weeds

whereas the weeds are unable to break
down atrazine quickly enough to pre-

5. Activation of herbicide. Pigweed can be
controlled in seedling elfalfa with 2,4-DB
because the pigweed breaks down the
non-toxic 2,4-DB to toxic 2,4-D. Alfalfa
does not possess sufficient enzymes to
make this conversior; therefore, little or
no 2,4-D is forined and the alfalfa plant

o = WANY LAWMER (T

nnial wee can be controlled in established alfalfa
pergence § with simezine because the alfalfa roots vent their death.
: starvation exiend below the area of high gmazine
BILETEENSE concentration. The annual weeds are
n biological,  ieq directly in the simazine-treated
population. 4 ond are destroyed,
ergo cycles] 4, Dilferential decomposition of herbicides.
All decresiz.  \opy weeds can be controlled selec-
ct plﬂd.urm:E tively in com with atrazine because the
reed popules o detoxifies the atrazine very rapidly remains healthy.
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CHEMICAL AND PHYSICAL ATTRACTION BETWEEN

THE HERBICIDE AND SOIL PARTICLES.

HERBICIDE

the carboh}'dﬂ’F 8. 3. Herbicide adsorption on soil is an important process which greatly influences

herbicidal activity,

Selectivity does not only exist be-
tween crops and weeds but also between
various species of weeds themselves, This
fact can cause some very important éco-
logical shifts when using herbicides in a
mixed population of weeds. Often certain
species of weeds are not controlled by a
particular herbicide and may become dom-
inant when competition from other weeds
is removed. This process may give rise to
monocultures of weeds which may be mare
troublesome than the original population.
This can be a particularly serious problem
in tropical areas where weed growth and
reproduction is mapid. Te counteract un-
desirable shifts in the weed population,
crop rotations with new cultural practices
can sometimes be used to prevent any par-
ticular species from becoming dominant. As
more effective and selective herbicides be-
come available, herbicide rotations become
more feasible, that i3, using one herbicide
one season and a secand herbicide the fol-
lowing season. Combinations of two or
more herbicides can also help prevent un-
controlled weeds from becoming dominant.
An undesirable shift in plant population is
one of the hazards of using herbicides with-
out proper regard for ecological principles,

Many other aspects of herbicide use
will be discussed by other speakers at this
conference, As an example of factors and
information that must be considered in
usging herbicides, let us consider the process
of absorption of a herbicide into a plant
leaf. Although this process sounds rather
simple, it is really a rather complex proce-
dure, We must remember that leaves are not
especially effective as absorbing organs, as
ure rools, A number of very effective soil-
active herbicides are ineffective when applied
to the foliage. Care must be exercised when
using follage-applied herbicides to meet all
of the many requirements in guiding the
herbicide molecules through the plant cuti-
cle. Environmental conditions such as tem-
perature and humidity before and after
spraying, herbicide formulation, volume of
carrier, surfactants, etc,, can all have a con-
siderable influence on the performence of
foliage-applied materials.

Herbicides can enter the plant leal
either through the stomates or through the
cuticle. We will consider only cuticular
entry in this discussion. We will turn our
attention now to the nature of this cuticle
and the pathways a herbicide can follow
in its journey from the leaf surface to the
translocaling iissue within the leaf. The
cuticle and outer wall of the epidermal
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cells consist of four materials: waxes, pec-
tin, cellulose, and cutin. The properties of
these materials directly influence the manner
in which a herbicide can penetrate the leaf,
Waxes are oilsoluble (tipophilic) and are
readily penetrated by many organic sol
vents, but generally resist water. Pectins
and cellulose are hydrophilic; i.e., they can
absorb water or other polar materials. Cu-
tin is a sort of hybrid material that is partly
oil-soluble and partly water-soluble. It can
act as a binding agent between the lipo-
philic wax and the hydrophilic pectins and
cellulose. It would seem at first glance that
o water-soluble herbicide would have a very
difficult time getiing into the plant leaf
because of the wax barrier. Fortunately,
however, this waxy layer generally has many
cracks, insect punctures, mechanical in-
juries, etc. Also, some areas of the waxy
layer are impregnated with cutin which has
the ability to absorb a certain amount of
water, offering a pathway for the water-
soluble herbicide to tzavel in passing through
the waxy bamier. Pectins and cellulose can
likewise absorb water, causing them to
swell and allowing a much easier pepetra-
tion of water-soluble herbicides, This par-
tially explains why greater activity is oftea
observed with water-soluble herbicides un-
der high humidity conditions. Qil-soluble
herbicides can move through the cuticle pri-
marily through the waxes and oilscluble
part of the cutin. Water-soluble herbicides,
then, transverse an “equeous™ route and
oilsoluble herbicides follow a *'lipoidal”
route.

Many important principles involving
the use of herbicides are concerned with
interactions between the herbicide and soil
Soil adsorption is the chemical and physical

INFLUENCE OF SOIL MOISTURE
ON SOl ADSQRPTION

MOIST _SOjL

WATER. COMPETES WITH
HERBICIDE FoR ADSQRPTION
SITES ON Sei

T Feidy
©F WATEL

HERmKIDE CAl EVARRATE
Ok BE (EAGHED DouWNwWARD,

heid-4

ALt

DRY SoiL

HERBICIDE CAM TEe ADSQRAED
DIRECTLY ond 3014,

TR

HERBIIDE REMAINS Q&)
soIie

Fig, 4. When herbicides are spplied to moist soil, adsorption is often less rapid bec;ause of
competition with water for adsorption sites than when application is made to dry soil,

attraction between the herbicide and soil
particles. This is an extremely important
process in the soil and one which we must
pay 2 considerable amount of attention to
in using herbicides intelligently, Several
factors influence adsorption to a certain
extent. Organic matter, soil texture, and
type of clay are all imporient, We now
think that soil moisture may have a con-
siderable influence on soil adsorption. When
herbicides are applied to moist soil, waier
competes with the herbicide for adsorption
sites on the soil particles. The herbicide is
not adsorbed as tightly and can evaporate or
be leached downward, When the herbicide
iz applied to dry soil, adsorption seems to

be more rapid apd complete, thereby pre
venting loss and resulting in greater weed
control, This seems particularly importani

with uracil herbicides, Of course, if adsorp

tion is so complete that weeds are unabk

to gbsorb the herbicide, poorer weed con

tro may result,

This has been a rapid and incomplaft
discussion of a few concepts and principle
of weed control. There are many other arey
that could have been discussed if time per
mitted, A great deal remains to be leemei
about the principles of weed control. Aswe
leamn more about these principles and puf.
them into use, our success in controllias"
undesirable plants will increase.

(3
i+
i
¥
F.
|
?

T TR

T TR R 2

TEH AT AN M
- 7

APl

AJ

pyrid
pAaxX
jse 1
agrict
brief!
uing
consi
done
work
areas
herbi
coun
unde
the p

GEN

tive

follo

follc
end
obse

§ /8%



1ED

cause of
ioil,

ereby pre,
ater weed
importam;
if adsorpl.
are unable'*

E'.

weed con:

|
ncompleulij
principle;
other arest’
f time pt:r-fI
be leamed:
trol Aswe
¢ and pu§
sontrolling

ELTERT T TT

T R e

23408

NEW HERBICIDES FOR TROPICS AND SUBTROPICS

A PROMISING NEW HERBICIDE FOR TROPICAL AGRICULTURE

A J Watsonand A. W. Swezey!

A new herbicide, 2,3,5-trichloro-4-
pyridinol, known under the trademark
DAXTRON , hasshown considerable prom-
ise for certain uses related to tropical
agriculture. This is a progress report and
briefly summarizes results obtained to date
using & potassium malt formulation. While a
considerable amount of research has been
done on each of the crops discussed, more
work is needed in the specific geographical
areas of intended use. To date DAXTRON
herbicide has not been registered in any
country for commarcial use, but work is
underway to obtain the necessary data for
the more promising uses.

GENERAL BIOLOGICAL ACTIVITY

Daxtron herbicide is a highly ac-
tive systemic weed killer that is absorbed
end tranglocated by both roots and foliage,
Algo, confact activity is usually apparent
following foliar applications. Chlorosis oc-
curs on the new growth of many plant species
following either soil or foliar applications
and is reversible at sub-lethal dosages. This
observation suggests that a possible mecha-
nism of action is interference with chloro-
phyll synthesis and also indicates that at
least some plants may have a means of
detoxifying the compound.

DAXTRON herbicide has a broad
spectrum of activity, It is especially e.fec-
live on most grass species and controls many
broadleaved weeds as well, Used alone or
in combination with a more active broad-
leaved weed killer such as 4-amino 3,5,6-
trichloropicolinic acid (TORDON  herbi-
cide}, it s vseful for complete vegetation
contro] in nonerop areas (3).

This herbicide is also useful selec-
tively in certain crops such as sugarcane and

Peanuts. These crops will tolerate rates
e

1 .
Contribuiion from Bioproducts Depariment, The Dow
Chenical Company, Midland, Michigan.

L

applied pre-emergence that are effective for
residual control of most annual weed spe-
cies, Certain other crops such as bananas,
coconut, Affican oil palm, rubber and
possibly coffee and pineapple are tolerant
to directed sprays of the herbicide. With
established plantings of these crops, rates of
0.4 to 2 IbfA may be used safely as
directed sprays. These dosages normally
control the weeds that are present and pro-
vide residual pre-emergence control of an-
rals for a perind of two or three months.

Dosage required for effective weed
control varies considerably with species and
method of use. For example, rates of 0.4 to
1.5 IbfA are effective when applied pre-
emergence or early posiemergence on most
annual species while established perennial
prasses may require 2,01b/A or more, Certain
established perennial grasses such as bermu-
dagrass (Cynodon dacrylonj and johnson-
grass (Sorghum halepense L) are more
resistant to the compound and require
rates of 10 Ib/A or more in single appli-
cations for good control,

Weed response to Daxiron herbicide
also vardes considerably with stage and
rate of growth of the plants when sprayed.
Best control is obtained when weeds are
young and actively growing, Conversely,
poor results can be expected from applica-
tions made to mature, drouth stressed
weeds, M appears this herbicide is not
readily absorbed through leaves or trans-
located well under these droughty con-
ditions,

BEHAVIOR IN SOIL

While DAXTRON herbicide is mod-
erately persistent in soil, it is subject to
both leaching and microbial decomposition,
Since it is water soluble, rate of leaching is
dependent largely upon amount and distri-
bution of rainfall and soil texture, Labora-
tory leaching studies have demonstrated
that it is not strongly sorbed by clay or
organic matter,

Microbial breakdown proceeds rela-
tively slowly under most field conditions.

Rate of decomposition is closely related to
the microbial activity level in the soil,

Field studies in Mississippi and Co-
lombia indicate that in areas of moderate
rainfall there should be little or no residual
carry over after 12 months in most tropical
soils from applications of 2 Ib/A or less, A
considerable faster rate of loss would be
expected in tropical areas having higher rain-
Gl —

CROP USES

This herbicide has shown consider-
able promise for use in ceriain crops impor-
tant to tropical agriculture, A brief reszme
of the field studies copducted to date
follows:

Sugarcane

Field trials have been conducted with
sugarcane in Louisiana, Florida, Jamaica,
Puerto Rico, Trinidad, Colombia and Hawaii.
Studies have involved pre-emergence appli-
cations to plant cane, pre-einergence to
ratoon cane after hacvest and a limited
number of post-emergence directed trials,

Typical prelémergence weed control
data from tests conducted on loam to
clay loam soils in the Cauca Valley of
Colombia are presenied in Table 1, Excel
lent residual contral of annual grasses repre-
sented by the genera Eleusine, Echinochloa,
Setaria, Panicum, and Digiteriz was obtain-
ed for periods of 90 to 120 days with rates
of 1.0 Ib or more per acre, Residual control
of broadleaved weeds was considered com-
mercially acceptable in some but not in all
tests, The broadleaved weed genera Euphor-
biz and Commelina often survived treatment
with DAXTRON herbicide. Further research
is needed to determine the best program,
including combinations of herbicides, to
handle the tolerant broadleaved species. No
injury or growth reduction of the cane was
apparent in eny of these experiments on
loam to loam clay soils typical of most
cane growing areas of Colombia.

Pre-emergence trials on plant cane
were conducted also on very light sandy
loam soil near Cali, Colombia, As the data
in Table 2 indicate, excellent control of
annual grasses (mostly Eleusine indica) was
obtained For as long as 100 days with 1,0
Ib/A or more. Chlorosis of the crop was
observed in these experiments on sandy
loam soil. Little or no chlorosis developed
at rates of 1.0 Ib/A or less, however, with
2.0 Ib/A a moderate amount was observed
and it persisted for about three months. The
crop was harvested 12 months after plant-
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ing. Yield of raw cane and sugar was as
shown in Table 2, Significant yield increases
were obteined with DAXTRON at 0.5 or
1.0 IbfA but the two pound rate wes injur-

jous, This resuit in light sandy loam was in

direct contrast fo the lack of injury or
chiorosis where DAXTRON was used in the
loam soils typical of most cane growing
areas of Colombia,

Post-emergence directed sprays heve
been evaluated in a limited number of trials
in the Cauca Valley. In one experiment with
plant cane 3 to 4 feet tall, a directed spray
was applied to the entire area between the
rows including the lowes leaves and stems of
the sugarcane. Goosegss (Fleusine indica)
in flower was the major weed present, Rates
used were 1,25, 2.5 and 5,0 IbfA.

Excellent kill of goosegrass was ob-
tained within 15 days with all dosages, Burm
of the lower leaves of the cane was observed
with all treatments, Chlorosis of the cane
was observed with all rates and ranged from
slight at 1.25 1bfA to severe at 5.0 1b/A.
Leafl discoloration appeared about 15 days
after spraying and persisted about two
months at the lowest rafe,

The crop was harvested six months
alter applying the herbicide, Yield data are
presented in Table 3, While yields were low
due to early harvest, the daia indicate that
rates of 2,5 IbfA or less were not deterimen-
tal to yield of cane or sugar but the 5 pound

rate was injurious, Weed competition was
not a factor detrimental to yield.

During 1965 and 1966 DAXTRON
herbicide was eveluated for weed control in
sugarcane in Trinidad at the Tate and Lyle
Central Agricultural Research Station, Work-
ing mainly on heavy soils, Davies (1,2) has
reported excellent residual control of both
annual grasses and broadleaved weeds with
pre-emergence applications of 1 to 2 ibfA in
plant cane with little or no injury to the
crop (Table 4). Combinations of 0.5 to 1.0
pound of DAXTRON plus 0.5 Ib/A of
TORDON hperbicide have given good pre-
emergence control of most annual species
for a period of three to four months. Over-
all post-emergence applications at 1 to 2
Ib/A to ratoon cane also provided good weed
controt but caused severe temporary chlo-
rosis of the cane.

Results on Louisiana sugarcane for
the control of johnsongrass seedlings {Sorg-
hum halepense L.),the major weed problem
in that area, have been especially promising.
Used alone or in combination with TOR-
DON herbicide applied pre-emergence to
plant cane in the fall or pre-emergence in

Table 1. Weed control with pre-emergence hexbicides in plant cane growing in clay loam soil,
Canca Valley, Colombia, 1966.

Untreated

DAXTRON

diuron

atrazine

b/A

0.5
1.0
15
3.0

3.0

Percent ground cover-days after application

58 Days
Anmal® Broadleaved(®)
Grasses Weeds
42 54
2 30
0 14
0 8
2 B
10 4

(s) Grass genera: Eleusine, Echinochloa, Panicum and Digitaria.
{b) Broadleaved wecd genera: Euphorbia, Solanum, Commelina and Sida,

Table 2. Control of Eleusine indica with prc-emergence herbicides and yield of plant cane

grown in sandy loam scil, Cali, Colombia, 1966.

Untreated
DAXTRON

diuron

atrazine

LSD 1%

Teble 3. Sugarcane yield following directed postemergance applications of Daxiron to plant;

/A

0.5
1.0
2.0

2.0
3.0

2.0
3.0

cane growing in sandy loam soil. Cali, Colombia, 1966.

Untreated
DAXTRON

/A

1.25
2.5
5.0

Cane
T/A

42,0

38.1
44.2
34.1

Sugar (%)
in Raw Cane

7.18

B.56
8.07
7.15

Percent Ground Cover
After After
48 Days 100 Days
100 100

4 34
] 10
2 10
8 66
0 40
pL 100
20 14

Yield

Brix
15.25

16.65
15.97
15.77

Yield

Cane
T/A
28.6

TL.4**
74,1%%
4%.3

77.5%
60,4%*

65.4%*
66.5%%

3.2

Purity
%)

80,98

81.40
80.00
78.99
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oam soil,

6 Days
lixed (a&b;

Teeds i

100
52
34
28
24
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|
4
SusﬂIE
T/A |
3.27 |

3.26
3.57
2.65

Table 4. Results expressed as percent ground cover* with pre-emergance herbicides
in plant cane growing in Freeport clay soil, Trinidad.

Waterloo Estate 60a Waterloo Savannah 1
Number of Days Number of Days
Rate Active After Application Aliter Application
Ingredient
ibfA 111 129 47 111
Untreated - 33 80 10 60
' N 05 7 20 7 13
DAXTRO 10 3 17 0 7
2.0 0 3 0 7
DAXTRON 1.0 0 0 0 5
+
TORDON 0.5
TORDON 0.5 3 7 10 27
atrazine 2.5 10 20 0 13
Accumulated rainfall (inches) 126 16.9 2.0 12.6

*Dominant weed species was the perennial grass Sporobolus indicus.

early spring to plant or ratoon cane has
given good control of seedling johnsongrass
and most annual species without injury to
the crop. Combinations of DAXTRON and

© TORDON at the broadcust rate of 1.51b/A

of each have been safe and effective in
Louisiana and are under intensive study at
this time. These epplications are made as
over-the-row band treatments covering one-
third of the arza and, therefore, one-third of
the above dosage is applied per crop acre.

in Hawaii, good control of annual
grusses and broadleaved weeds has been
obtained with pre-emergence applications of
1 to 2 IbfA. Residually, Daxtron herbi
cide has been more effective on grasses than
troadleaved weeds. Injury ratings reported
were dight to moderate at the lower dosage
levels, Presumably thiswas a chlorosis effect,
No yinld data have been reported, From the
data obtained elsewhere it appears that
chlerngis may be more pronounced in cane
grown in highly leachable Hawaiian soils
than in heavy soils typical of many other
CGane growing areas,

In summary, Daxtron shows con-
siserable promise for pre-emergence use in
fugarcane even though some temporary
chlorosis may occur on coarse textured
soils, Qverall post-emergence sprays proba-
bly are too injurious to the crop. Further
Wotk is needed to determine the feasibility
of directed post-emergence applications, In
0me areas resistant broadleaved weeds may
Prove troublesome and combinations with

Other herbicides may be needed to handle
them,

Bananas

Bananas have exhibited very good
tolerance in tests conducted in Colombia,
Jamaicz, Guadeloupe and Hawail

In one Colombian test, conducted on
sandy loam soil near Cali, Dextron herbi-
cide was applied pre-emergence to the weeds
at rates of 0.5 to 2,0 /A as a dirscted
ground spray under five month old Gros
Michel banenas. Effective residual control
of annual weeds was obtained for 143 days
with 1.0 IbfA. Slight temporary chlorosis
was observed on a few leaves with the 2,0
Ib/A treatment. Fruit development and
plant growth, as observed 112 days efter
spraying, appeared normal with all treat-
ments,

In Jamaica and Guadeloupe rates of
1.0 to 2.0 Ib/A applied under bananas have
given excellent control of ennual broad-
leaved weeds and grasses for two to three
months without any apparent injury to the
arop. The more tolerant weed species en-
countered in these countries were Pas-
palum conjugatum, Commeling diffusa, Ipo-
moea spp,, Panicum purpurascens and Tra-
descantia fluminensis,

African Qil Paim and Coconut

Preliminary crop tolerance trials have
been conducted at Cali, Colombia on 3-year
old African oil palm and coconut growing
in sandy loam soil in which applications were
uiade as a directed spray around the base of
the plants, No chlorosis or adverse growth
effects occurred at 4.5 Ib/A, the highest rate
applied. In preemergence applications an-
nual grasses were controlled for 90 days at

rates of 0.75 Ib/A or more, Post-emergence
treatment at 1.5 Ib/A applied as a directed
epray to annual grasses in the tillering stage
pravided good control for 54 days, The 3.0
Io/A mte gave good control for three
months,

Colfee

The tolerance of 3-month old coffez
plants of the Colombian Typica and Caturra
varieties to directed sprays was studied ina
preliminary trial at Cali, Colombia, These
plants were grown insandyloam soil under
platano shade. Both varieties responded sim-
ilarly. One pound per acre caused only a
trace of chlorosis, while higher rates resulted
in moderately chlorotic leaves, Further
Tesearch i3 needed to determine whether
DAXTRON herbicide can be used safely in
this crop,

Peanuts

Daxtron herbicide hzs been eval-
uated in the major peanut growing areas of
the United States and intensive studies are
continuing, Very ‘promising results have
been obtained with pre-emergence applica-
tions of 0.4 to 0.5 Ib/A for the control of
aniusl weeds, Slight to mederste temporary
chlorosis of the peanuts has been observed
in some trials, However, piants have recov-
efed completely within two to four weeks
after emergence and yields have not been
reduced.

Pineapple

Tolerance trials have been conducted
in Colombia, Puerto Rico and Hawai. Some
varjeties appear tolerant to overall sprays
soon after planting of rates up to 2.0 Ib/A.
Higher mtes as direcled sprays have been
tolerated well. Further research is wamranted
with preplant, overall and directed applica-
tions, Differences in varietal respnnse should
be investigated Further,

Rubber

Hevea rubber trees are very tolerant
to Daxtron herbicide applied as a direp-
ted spray. It not only kills existing vegeta-
tion but prevents re-establishment of seed-
lings for several weeks, A program worked
out in Malaya consisting of an initial appli-
cation of 2.0 Ib/A followed by one or two
follow-up applications at the same dosage
at intervals of three to four months has
given good control of most species for o
12-menth period. Some of the more tole. ant
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genera encountered include Lygodium, Glei-
chenia, Scleria and Paspatum, The sddition
of TORDON herbicide at 0,2 Ib/A has
significantly increased the control of broad-
leaved species. Further research is needed,

SUMMARY

A new herbicide, 2,3,5-trichloro-4-
pyridinol has shown considerable promise
for use in tropical agriculture, At rates of 3
to 20 IbfA it is a broad spectrum herbicide
and has utility for general vegetation con-
trol in noncop areas. Crops which have
been found tolerant to rates of 0.5 to 2.0
Ib/A applied pre-emergence, preplanting or

as directed sprays include sugarcane, pes-
nuts, bapanas, African oil palm, coconut,
rubber, pineapple and coffee. Research is
contiming for all of these uses.
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‘GRAMOXONE’ : ITS PROPERTIES AND PLACE IN ASIAN

AGRICULTURE
G. A Wm‘m'mrJF

‘Gramoxone' contains paraquat, 1,1’
-dimethyl 4,4'-dipyridylium dichloride, a
weedkiller discovered by L.CI Ltd. and is
now used in Asia on a large scale as a gen-
eral herbicide for tree row weeding in
Malayan rubber plantations, ‘Gramoxone’
has, however, a number of properties which
make possible its use in a wide range of
techniques, from aquatic weed control, crop
desiccation and selective weeding in legumes,
to its application for pre-planting weed con-
trol in a variety of crops, replacing all or
some of the cultivations normally carried
out for this purpose, In Asia weeds often
present a severe limitation to agricullural
production and improved, economic meth-
ods for their control are urgently required,
To determine where ‘Gramoxone’ can best
assist in this problem its particular proper-
ties need to be considered,

TOXICOLOGY

The undiluted formuletion of ‘Gra-
moxone’ has an acute oral toxicity (LD50)
to rats of 633 mgfkg, while that of a spray
solution of 2 pints in 20 gallons is 52,4
g/kg, Provided that reasonable precautions
are used in handling the concentrate, the
chemical is therefore one of low toxicity
that can be handled safely by untrained
operators,

Lontribuiton from Plant Protection Limited, Fern-
hurst, England,

Used at normal rates, ‘Gramoxone’
is harmless to fish, and can be used for
mquatic weed control, while cattle have
safely grazed for 4 weeks treated pastue
camrying initially 400 ppm of ‘Gramoxone’
residue, [n these animals very low levels of
paraquat were detected in the urine, and
relatively high levels in the feces, indicaling
very poor absorption from the gut.

ACTIVITY

‘Gramoxone’ is meinly dependent
upon light, chlorophyll and oxygen for its
activity, indicating that the photosynthetic
process of plant is involved. After its absorp-
tion into the plant a stepwise reduction takes
place giving a free bipyridyl radical which is
then reoxidised by molecular oxygen leading
to the formation of peroxide radicals or hy-
drogen peroxide by a series of chain reac-
tions; it is these peroxide units which are
thought to produce the characteristically
rapid toxic effect of ‘Gramoxone’, obvious
within a few hours of application. Some
similar but much slower killing reaction can
be associated with the respiratory action.

As a consequence of this moede of
action ‘Gramoxone' has a much slower effect
during the dark, and, more importantly, will
not affect brown bark and corky or lignified
tissue, The chemical can accordingly be
sprayed quite safely on the brown stems of
plants and trees, a safety factor of great
importance,

i
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Modemn research is producing man h“:;ii:
types of residual soil-acting herbicides thy Malay:
are of particular value in one-crop Systei;” Jomir
and where sophisticated farmers are con:' Jatter,
cemed. However, most Asian farmers ay ey -
not sophisticated in the use of agricultury’ 2501
chemicals, and many of the more producié.; wffic
tive areas grow a variety of creps. Undef applic
these circumstances, and particularly beax.'h 05 1
ing in mind the generally small sizc of indii _ g¢
vidual holdings where every square yard;‘: Jogice
needs to be kept under cultivation, anyll 4riput
chemical that is to be introduced needs tfff ot 1
have a very high safety factor with regard¥i .0 s
to residual effects, ‘Gramoxone’ is such zt‘
chemical for three particular reasons,
‘Gramoxcne’ is generally spplied atl;*l ‘Gran
about 0.5 1b ai, per acre and a portion of numt
this applied chemical is decomposed by the A
action of sunlight on the leaf surface befors
it ever reaches the soil. In bright sunlight
as much as two thirds of the applied para

PHOTOCHEMICAL DECOMPQSITION
AND INACTIVATION

quat can be decomposed in the time takep THE!
for the weeds to wither and disintegrate inte sv%l;:
the ground, the end products being carbar: o, o
dioxide, methylamine (which is found na

urally in plants) and N-methyl quaf.emn:}'i, el
isonicotinic acid (abbreviated to QINA). T :
lastis a substance of very low toxicity whic]E large
is decomposed very rapidly in soil EE ’;‘B‘:

In the United Kingdom it has bees!|

found that successive annual sprays of 1 |k i
acre of paraquat have not led to any increas i !mve
in the levels of paraquat in the soil. This || msta

must be at least partially due to micro-bis-
logical decomposition, since it is believed
that soil adsorbed material is not decom
posed photochemically, there are no losses
by volatilisation; and leaching losses mre
small due to adsorption in the soil. Paraqua
contains 11% of nitrogen and a large number
of bacteria have been found capableof de

composing small amounts of the chemicil, s
A common soil yeast, Lipomyces starkeyi & ﬁ
particularly efficient, decomposing the pars- ho
quat to give nitrate and carbon dioxide a3 at:
end products. fa

The thizd and greatest safeguard in

t Y Cha
the use of ‘Gramoxone’ is the very large

. . . val
capacity of normal mineral soils to adsorb an
and inactivate paraquat, On contact with it
the soil, either directly or by transfer from

. In:
sprayed and dead vegefation, the pars- In
quat jons are almost immediately adsorbed @ :
onto the soil particles and then with timé .

. b s tim
move into positions within the clay complex alte
where they are so strongly bound that only and
boiling with sulphuric acid will displace acn

them.



ITION Laboratory tests have been carmied
out on two soil types common in Asia, a low
hmic gley soil of the Selangor series, and a
1cing mn Jateritic sofl of the Malacca series, both from
sicides th Malays. The clay mineral of the former is
ap #ystem dominantly montmorillonite and of the
s are oo

. | [atter, kaolinite, and it has been shown that
armers 'LLyr they will respectively insctivate 1600 and
. 250 Ibjacre of paraquat in their surface inch,

re prody sufficient to accomodate 3200 and 500
ips. Und applications of ‘Gramoxone’ at the rate of
Jarly beas 0.5 Ib.adifacze. Allowing for photochemi-
ize of ind cal decomposition after spraying, microbio-
uare yarq logical decomposition and mechanical dis-
ition, any tribution down the soil profils, it is evident
d needs (gl 44¢ risks of residual toxicity developing in
#ith the soil are negligible,

is such ¢ With its rapid and effective action
s, against all green tissue, and its safety in use,
applied ‘Gramoxone' has wide application in a

portion &7 1 mber of techniques and many crops in

sed by the Asia,

ace befop

it sunlight

alied parz

ime takey THE USE OF '‘GRAMOXONE' IN
CONYENTIONAL METHODS OF

e CONTROL

Plauntation crops.
b ‘Gramoxone’ is used to a mejor
| extentin the rubber plantations of Malaysia,
largely for weed control along the tree rows
in young rubber, The chemical is proving to
be an economic and safe atemative to sodj-
um arsenife and a number of techniques
! have been developed to widen its use. For
. [ instance, in mature rubber applications of
| 1%2 pints of Gramoxone per acre should
| give mtidfactory weed control In young
| rubber, however, the greater light intensity
§ both permits more vigorous weed growth
and elso quickens the speed of action of the
‘Gramoxone’, abbreviating the peried of
leal’ absorption and lessening overall kill
i Underthese circumstances the stoloniforous
st Pospalum confugatum shows 1apid
Tegeneration and czn become g dominant,
! troublesome weed. Paspalum conjugatum is,
however, sensitive to Weedazol TI, applied
. 2t 4 pintsfacre, and it has been found that
if & aublethal dose of 2 pints/acre of this
chemical is applied followed after an inter-
vl of 3 weeks by ‘Gramoxone® at 2 pints/
8cte, then a prolonged control of 3-4 months
is achieved (Headford, 1966, Beilis, 1966).
In smilar fashion, although the ubiquitous
Imperata eylindrica can be rapidly, desic-
@ted by ‘Gramoxone’, repeated applica-

vith time "
complex [l O™ e required for eradication and an
that only { tive technique, developed in Malaya

®d Thailand, is to first spray with 8 lbs,/
| 3¢ of dalapon in 80 gallons of water then

follow afier a 4 weeks’ interval with 'Gra-
moxone’ et 2 pints in 40 gallonfacre, The
Iatter technique is effective and more eco-
nornic than the generalty accepted recom-
mendation of 15-20 Ibs/acze of dalapon in
100-120 gallons of water,

With its safety towards brown bark
‘Gramoxone' can be used safely in rubber,
almost from the time of planting onwards
and this property may lead to the develop-
ment of low cost, extensive planting of
rubber, In this system the only land prepara-
tion will be to clear strips through the exist-
ing vegetation, the rubber will be planted,
and thereafter the only maintenance will be
to keep the weed sufficiently in check with
‘Gramoxone' to prevent any limitation on
tree growth. Sufficient levels of fertilizer
can be added to compensate for any defi-
ciencies of the natural vegetation compared
with the legume covers normally planted,
end the method may prove attractive to
authorities faced with the problem of re-
planting large areas of rubber quickly and
cheaply.

In addition to rubber, 'Gramoxone’
on its own, or in mixture or sequence with
tranglocated herbicides, is now commonly
used in oil palm in Malaysia, in citrs in
Japan, tea in India and Ceylon, and bananas
and hard fruits in Australasia,

The chemical may also prove to be g
useful tool in the Philippine sugar cane
plantations following its use in Mauritius and
the West Indies, In plant cane ‘Gramoxone’
can be applied overail at 1 - 2 pints/acre a
few daysbefore cane emergence, and is often
used in mixture with MCPA or residual
herbicides for inter row weed control using
low drift equipment,

Smaliholding food crops.

In Asia food crops are grown under
a variety of conditions, ranging from the
most primitive form of shifting cultivation
in cleared jungle, to intensive irrigated bed
culture of vegetables grown for nearby cash
markets, The low productivity of the former
will not permit use of chemicals, but in the
latter system fertilizers, insecticides and
fungicides are in common use, Weeds are
generally kept under control by hand meth-
ods but as living standards improve lzbour
costs will rise and there will be an increasing
need for herbicides. This position hasalready
been reached in certain parts of Malaya
where farmers are now using ‘Gramoxone’
to spray beds clear of weeds before sowing
each crop of vegetables,

In 8 nomber of countries attempt
are being made to raise food production by
clearing jungle in large, state-aided schemes,
and settling people into the erea to grow
paddy rice, maize, sorghum, vegetables and
other crops. With minimal mechanical
assistance these people face a forbidding
task in attempting to build up a productive
agriculture; one of their biggest problems is
to maintain control of invading weeds and
with Imperata cylindrice ever present they
cannot be envied. Experience in Africa and
Asia shows that one family can only main-
tain less than 5 acres weed free and in useful
production, placing an automatic restriction
on their prospects for improvement. To pro-
vide these settlers with adequate conven-
tional cultivation equipment for pre- ana
post-planting weed control wouid involve
immense capital expenditure, and probably
be beyond Government resources. Knapsack
sprayers and the non-residual "Gramoxone’
could, however, te supplied for a much
lower cost, and yet be a powerful tool for
the farmer.

‘Gramoxone_‘l could be used for pre-
plant weed control, eliminating some or ali
of the cultivations normally camied out for
this purpose and so permitting available
machinery to operate over greater acreages.
The chemical could then also be used for
post-planting weed contro]l using shielded
low drift spray nozzles. In maize and
sorghum, particularly, work in Europe and
the Americas is showing that ‘Gramoxone’
can be safely applied inter-row, using shield-
ed sprayers, once the plants have reached a
height of 18 inches and their base is pro-
tected by dry leaf sheaths,

Aquatic weeds,

In most Asian countries aquatic
weeds present a problem in both natural
and artificial waterways, reducing the de-
livery of imigation water and interfering
with drainage, and fishing resources. Since
any adverse effects they may have on crop
production are not easily assessed, and since
Governmental action is required to institute
eflective, integrated control measures, it is
only in extreme cases that anything has
been done ebout this problem, In Ceylon,
Salvinia auriculata has been a pest for some
time, infesting irrigation “tanks” and paddy
fields and ‘Gramoxone® has been used effec-
tively in official spraying programmes to
control the weed. A similar problem exists
in Kerala, India, but elsewhere the water
hyacinth, Eichornia crassipes, and water
lettuce, Pistia stratiotes, present the major
floating weed problem. These, and emergent
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weeds such as Phragmites, Typha and Cyp-
erus spp., 43 well 85 certin submerged
weeds and algae can all be controlled by
‘Gramoxone’,

Before eny effective action against
these weed preblems can be expected on a
national scale, however, surveys will be
needed to determine the extent to which
aop production is affectsd, in order to jus-
tify the costs of necessary control measures.
It must also be accepted that these contrel
measires will need to include not only the
initial spraying, but a long-continued period
of surveillance by resident spray teams to
prevent any serious regeneration.

THE USE OF ‘GRAMOXONE' FOR
CROP DESICCATION

With its very rapid action on the
green leaf and limited translocation ‘Gra-
moxone’ and its sister chemical ‘Reglone’
(diquat) are most effective desiccants, In
Latin America where mechanical rice har-
vesting is somelimes interfered with by bad
weather ‘Reglone’ has been used to desiccate
the standing crop; provided that the crop is
then picked up within a few days of spray-
ing, end is not subjected to [requent re-
wetting, an improved harvest results.

In sugar cane ‘Gramoxone’ can be
used to desiccaie the came to facilitate
burning prior to mechanical harvesting. In
a related technique, Nickell and Tanimoto
(1964) have found thet spraying with
‘Reglone’ at the time of flower initiation
will check the cane and prevent it flowering;
the cant then resumes vegetative growth
and an improved yield of suger results,
Spraying with a low rate of 'Gramoxone’
will also give tassel control and this tech-
nique is presently being studied in the
Philippines, Mexico, Peru and other coun-
tries.

In Europe and America the bipyridyls
are used for the desiccation of potalo
haulms at harvest, cotton defoliation and
desiccation, and the desiccation of seed
crops prior to harvest, All these uses are
linked to mechanical harvesting methods
and perhaps of greater relevance to the
immediate Asian gtuation is the use of
‘Gramoxone’ to assist in the replanting of
old pineapples, Normally on larger estates
the old bulky vegetation is chopped and in-
corporated into the ground with the help
of massive machinery, but this is not possible
on the smaller holdings, An effective alter-
native, however, is to desiccate the old
plants with ‘Gramoxone’ applied at 4 pints/
acre and burn off end replant. In Formosa
this technique is enabling the farmer to

speed his replanting and meke more effec-
tive use of the limjted ground aveilable to

him,

THE USE OF '‘GRAMOXONE' IN
MINIMAL CULTIVATION TECHNIQUES

Wheat. In many places in Asia and
Australasia, cereal crop production is limited
by the time available for cultivation. In
Western Australia for instance, the land is
cultivated and seeded during the short rain-
fall *breaks’ of that area, and in a very short
‘break’ only a limited amount of land can
be prepared for planting. Under these con-
ditions any increase in the rate of land pre-
paration automatically meansincreased arop
acreage and yield, and minimal cultivation
techniques are now being developed to meet
the situation. In these techniques the flush
of weeds germinating on the ‘break’ are
eradicated by an application of ‘Gramoxone’
and then wheat is slot seeded directly into
the uneultivated soil.

Rice. In Queensland slot-seeding is also
being carried out in rice cultivation, with
pre-sowing and pre-emergence grass weeds
kept under control by grazing with sheep.
There would seem to be no reason why this
technique should not also be wseful else-
where in Asia, where the soil type is suitable,
with ‘Gramexone’ being used for weed con-
trol in place of the sheep.

The most convincing advances in this
direction are found in Japan where ‘Gramo-
xone' i3 being used to eradicate Alopecurus
spp. and Eleocharis spp. weeds priot to roto-
vation and seeding. The Central Rice Re-
search Institute at Konusu has shown that
following treaiment with ‘Gramoxone’ it is
possible to reduce the number of cultiva-
tions required to make a dry seed bed from
as many as 3—4 rotovations, depending on
the weed dengity, to only one.

The vse of ‘Gramoxone’ as an aid to
cultivation is now being officially recom-
mended for weed control prior to the for-
mation of nursery beds in the Hokuriki,
TokatKinki and Chugoku districts, and it
is easy to visualise the extension of the
principle to the crop as a whole.

In the less advanced rice growing
areas of Ada the need for improved methods
of Iand preparation is even greater than in
Japan. Several Governments are straining
their resources to provide the tractors and
implements thought to be necessary for
adequate land preparation and yet, when

it is considered that the main single reason
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far cultiveting the land s that of weed cor. b
trol, one wonders whether these represent
the best and only tools? There are in fact “_
many reasons for [eeling that chenuca[‘b-
herbicides, and particularly ‘Gramozxone’, : |
can partially or wholly replace this mechan. |
jcal requirement and are likely to play ag
increasingly velvable role in zice cuitivation
in the future.

Two examples can be quoted whzch&
illustrate the time and labour saving advan.
tages of the chemical techmiqoe, In certain®}
parts of Malaya paddy farmers also own;;é
rubber smallholdings or find part-time em.;;
ployment on rubber or oil palm plantations}u:
One method of preparing the ficlds foil
planting entails slashing of the weeds, fol{f
lowed by flooding for a period of 35
weeks during which the elashed weeds 1ot
The weeds are then maked on to the bunds"
and paddy seedlings are transplanted inte
the soil without further treatment. To leave
their normal employment for this arduous
work is not attractive and hired labour can,
be expensive. An alfernative, cheaper me
thod has been demonstrated in which weed
growth is first désiccated by an application)
of 'Gramoxone' then bumt off after 3—5|
days following which the field is flooded)
and paddy seedlings immediately truns
planted. This technique can be completed
in a week and presents positive and imme-
diate advantages over the old method,

The second example comes from
Ceylon, where the farmers are now ahesdl
of the research worker in developing the
technique, a tribute to its great potential

killing the Salviniz the chemical has alw
killed other weeds and greatly facilitated
subsequent cultivation of the feld. This hal
been taken advantage of at Bombuwels
Rice Research Station in the Wet Zone af
Ceylon where the manager, for two sut
cessive crops in 1966, sprayed his emtint
station of some 20 acres with ‘Gramoxone',
trod the dead vegetation imto the flonded
soil with the buffaloes, and then broadca
geaded his paddy. Post phmting condition!
were superior to those normally achieved
following two ploughings and a *puddling’.

The two major advantages of tif
chemical technique are the saving of cub
tivation time, which can effectively lead ¥
the use of longer duration varieties ané
greater flexibility in the cropping schedult
and a saving of the excessive pre-plantitd
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water usige with normal methods of land

I tion.
re in fagy Chemical techniques of iand prep-
chemical @ o jation in rice cultivation are now being
maxoms’ actively developed in Ceylon, Malaya, Japan
smechanf¥ o g the Philippines. If their early promise
3 play w1 opds good it may be that we can leapfrog
ultivatiog the clumsy mechanical age when brute
farce combats intractable ground condi-
ed whichfll  tions, and use instead an efficient, modern
ng advin tool more suited to the problems and the
Inec farmers concerned. In his batile to control
also oy weeds end grow satisfactory crops under, at
-time eme times, arduous climatic conditions, the Asian
antation farmer has so far been able to rely only on
Gelds his own hands, his buffaloes oz the infre-
eeds, fal quent tracior, The task, coupled with fack
| of 3-5
reeds ol
he bundy
nted intp

s ard urm-lr
tbour can}
'2PET e |
rich weed|

W. J. Hughes — R. H. Schieferstein!

INTRODUCTION

SD 11831 is a new herbicide de-
veloped by Shell that is being sold as
PLANAVIN® Herbicide.2 Chemically it is

4-(methylsutfonyl)-2,6-diniiro-N,N-dipropyl

163 from aniline, having the following structure:
3w ahesd 00 N02
ping thi \ }‘
potential .
i CHy-S @ N(CH,CH,CH),
thsidy NO,

terwa
i;:: SD 11831 forms rectangular prism-

well type arystals and in the pure state is kight
hay ale golden-orange in color with a melting point
acilitated®  OF 151-1529C. The vapor pressure is very
This hs low, being Jess than 1.5 X 106 mm of
imbuwelll  METOUY 2t 259C. At this temperature the
Zone water solubility is 0.6 ppm. Solubility in
WolEh acetone is 36%, dimethy! sulfoxide 33%,
- and 2-nitropropane 25%, SD 11831 is poor-
e ly soluble in_ common hydrocarbons, alcohol
+ ok sed end aromatic solvents, It is currently being
sl :011:) :sda 75% wettflble powder, although a
andiior evaluartledl?er gallon liquid suspension is being
achieved —
ddiing', l  Contebution from Agricultural Research Division,
s of the Shell Development Company, Modesto, Californla,
g of cur 2s““l’les.l‘or tenting ln the United States, Hawaii and
y lead ! Comk;n Rice can be obtained from: Shell Chemical
sties and 1002%' ¥ 110 Siat Street, New York, New York
schedol

3D°ﬂxes ure fn derms of active ingredient,

of incentive, has been perhaps too much
for him o exert additional effort over that
required fo obiain a subsistence living.
However, as his demands grow, stimulated
by oufside pressures, he will need to increase
his productivity and in the absence of
massive mechanisation will tumn fo chemicat
herbicides to ease his work, The use of
‘Gramoxone’ in this type of farming is stitt
at the early development stage but seems
certain to expand,
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SD 11831 — A NEW HERBICIDE FROM SHELL

Field Performance

5D 11831 has been evaluated the past
three seasons by many cooperators in many
types of pre-emergence treatments, In sandy
soils, rates of 0.5 Ib/A3 have given good
weed contral; 0.75-1 lofA have penerally
given effective weed control on loamy type
soils throughout the cotton belt in the United
States, Weeds in heavier textured soils that
are reasonably low in organic matter ( 5%)
have required 1-1.5 1bfA, while the black
soils in the North Central region of the U.S.
mey require rates greater than 2-3 1b/A. This
increased rate requirement is due in part to
absorption by the organic matter making less
of the applied dosage available, Also, these
soils appear fo have a greater capacity for
inactivation of the herbicide through bio-
degradation. The chemical has generally been
most effective when incorporated in the sur-
face inch of soil, Deeper incorporation has
tended to reduce effectiveness at the lower
rates, probably due to dilution in {he soil,
Normal cultivation with sweeps or chisel

shanks that stir rather than invert the soil
has not affected herbicidal activity. In fact,
cultivation can remove tolerant broadleaved
species which, when cut off and brought up
into the treated zone, fail to re-establsh even
under ideal moisture conditions,
Pre-emergence surface applications
have, at times, been as effective as preplant
incorporated treatments, Their effectiveness

appears to comelate with the interval between
chemical epplication and the first rain, Rain,
no doubt, canses shallow penetration, but
also eppreciably lowers surface soil temper-
atures and thus prevents or delayslossesfrom
the soil. In areas and sezsons where rains are
frequent, SD 11831 may be effectively used
without mechanical incorporation, Overhead
sprinkling has also been sufficient to incor-
porate the chemical,

SD 11831 has been registered for use
on cotton, soybeans and turf, and registration
is proceeding for its use on other large seeded
legumes, transplanted crops and safflower,

A 1966 test on drilled rice in Arkansas
may be of interest, SD 11831 was applied at
the time of drilling, then flushed with water
to insure uniform germination, Excellent
watergrass control was obtained at I 1bfA,
and although temporary stunt was observed
at 2 1bfA, no seduction in yield occurred.
Excelient results have been reported from
Japan where PLANAYIN herbicide has been
used on paddy rice.

Crop Tolerance

The selective tolerance of SD 11831
by various crops and cerlain weeds can
result from a degree of inkerent physiolog-
ical or biochemical tolerance or simply from
escape due to immobility of this compound
in the soil. Beans (pinto variety) grow nor-
mally in 12 ppm of SD 11831 mixed through-
out a sandy loam soil. Grape cutlings have
also shown a high degree of inhereni toler-
ance, Several varieties have been found to
100t normally in treated soil (van Overbeek,
in press), These appear to be examples of
binchemical selectivity.

Seeds having well-developed embryos
with large numbers of unexpanded cells in
the radicle can, upon germination, make con-
siderable root growth without further cell
division. This can put the root tip out of
the zone of the chemical in soil where it can
subsequently make normal growth. Cotton
and soybeans, for example, have this capac-
ity in addition to some inherent tolerance.
There is an apparent time lag for the oot to
be affected. Even at very high concentra-
tions, under optimum growth conditions,
one to three days may be required to arrest
o0t tip growth, During such a period in the
field, a cotton or soybean root could elon-
pgate aporeciably and escape the chemical if
incorporation is not too deep, This appears
to be the result of the time required for the
herbicide to dilfuse to the meristematic cells
and to accumulate in effective concentra-
tions, When conditions for root growth are
optimum, it is possible for root tips of
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larger diameter Hterally to grow away from
or outrun the herbicide. If, however, low
temperatures greatly reduce growth rate and
bio-inactivation rate in the root cortex tissue,
inhibitory concentrations may accumulate
in the meristem czlls of normally resistant
root tips. In most species, including many
tolerant ones, SD 11821 stops lateral roots
before they get started, This results in the
socalled “‘root-pruning” of laterals in the
soil zone where the herbicide is present.

Since SD 11831 is effective even
when resiricted to a shallow zone at the
soil surface and does not leach readily, it
can be nsed safely on most deep-secded,
transplanted and established perennial crops,
even though they may be inherently very
sensitive. In these cases the depth of incor-
poration should be governed by the depth
of the crop seed placement or the weeds
that might be present in the case of the
established crops.

Some creps in which SD 11831 is

potentially useful are:

Cotfon Lima beans
Soybeans Various crucifers
Peanuts Blackeye peas
Safflower English peas
Alfalfa Watermelons
Field beans Rice

Carrots Caneberries
Red Clover Tree crops
Potatoes Turf

Bell peppers Nursery stock
Sweet potatoes Tohacco
Grapes

HERBICIDAL ACTIVITY

The mode of action of SD 11831
appears to be the inhibition of plant cell
division, Species vary considermbly in the
concentrations required to inhibit root
growth. Wheat root growth, which is inher-
ently quite sensitive, is completely inhibited
by 6 X 108 M SD 11831 in solution culture,
This is approximately 0.02 ppm. More tol-
erant gpecies require higher concentrations
for inhibition end, as with cotton, may
show & time lag for the onset of inhibition.

Cell elongation does not appear to
be inhibited by SD 11831, On the contrary,
a swelling appears at the tips of affected
roots in most species. Although histological
examination shows large cells in what is nor-
mally the meristematic region, further work
iemains to elucidaie the mode of action.

As the previoms attention given 1o
root growth would imply, SD 11831 is pri-
marily a pre-emezgence herbicide, Since it is
active on cell dividon, it must be placed in
the zone where the weed seeds germinate and
growth starts in order to be effective, Most
weedy grasses are highly sensitive. Some of
the species most easily controlled are water-
grass, Eckinochloa crusgalli; crabgrass, Digt-
taria sp.; foxtsils, Setariz sp.; witchgrass,
Penicum capillare; apnual bluegrass, Poa
annue; and ennval ryegrass, Lolium multi-
florum, Under ideal conditions in sandy soils
these species are controlled et rates of 0,25
Ib/A and less. For practical purposes, how-
ever, 0.5 to 1 Ib/A will be required, Many
broadleaf species are also controlled as
seedlings at these mtes. Thess include fiddle-
neck, Amsinckin douglasiona; cusly. dock,
Rumex crispus; plantains, Plantago sp.;dead
nettle, Lamium emplexicaule; tull mallow,
Melva nicaeensis; and purslane, Portulaca
oleracea, Species having a little tolerance and
requiring 0.75 to 2 IbfA {or control are
downy brome, Bromus tectorum; wild oats,
Avena fatua; pigweed, Amaranthus sp.;lambs-
quarters, Chenopodium album, prickly let-
tuce, Lactuca scariols; shepherdspurse, Cap-
sella bursa-pastoris; groundsel, Senecio
vulgaris; knotweed, Polygonum aviculare;
cress, Lepidium sp.;and others,

Weeds not adequately controlled at
dosages of 1-2 IbfA include certain night-
shades, Solanum sp.; mustards, Brassica sp.;
smartweeds, Polygonum sp.;ragweed, Ambro-
da artemisifolia; and velvetleal, Abutilon
theophrasti, Esteblished perennial weeds and
deep germinating species such as cocklebur,
Xanthium pennsylvanicum, are also resistant,

When sprayed postemergence on the
foliage of plants, SD 11831 canses temporary
stunting, The recovery of shoot bud growth
would indicate thet the initial dose taken up
by the meristem js detoxified and not re-
plenished by translocation from the rest of
the plant, Post-emergence applications appear
to be effective only on crabgrass seedlings.
IF the application is made to voung seedlings
in the two-leaf stage with undeveloped roots,
development is completely arrested and the
seedlings eventually die.

SOIL RELATIONSHIPS

Understanding the action of pre-
emergence herbicides in the soil has recently
been greatly aided by messurement of cer-
tain physicochemical parameters. The par-
tition coefficient (Kp) of a chemical between
soil and water has been sludied for some
time (Sherbumne et al, 1954); results varied

widely between soils and were of limi
value, When, however, the distribution
efficient between soil organic matter apg
water (Kp (om/w) wes studied, it w 4
found that there was litlle change in the 1{;2
{om/w) of non-ionic compounds in soﬂ_
ranging from 0,25% to 40% organic matty
(Lambert et al, 1965). With SD 11831, th
Kp (om/w) has been found to be in th
1ange of 400 to 500 compared to about 7
for diuron. The leaching rate and applic,
tion rate requirement of a compound .,
dependent in the main on this distributio i
ratio, It is thus useful in predicting perfom;t
ance in soil where organic maiter and watu?
contents are known, ¥

Leaching rate varies imversely wiQ%;;
KP (om/w) and thus SD 11831 is not readi;¥
displaced by percolating water, It has be
found to move only about ¥ inchina sandg;
loam soil with 1% organic matter with thm
inches of applied water, This i compared y
3.3 inches movement of divron. SD 1183
would be expected to leach even less in sof
of higher organic content. This property &
important to “escape selectivity” and
herbicidal activation requirements.

The application rate required for :I
given response is a direct function of Kp
{om/w) and thus higher rates would I
required in high organic soils, Tests han
shown that on a peat soil, {he rate requind}|
is over four times that on a sandy loam will
1% organic matter,

The persistence of any pre-emergen:
herbicide in the soil is important both fre
the standpoint of length of period of wes
control and possible camy-over into subed
quent crops. Under moist soil conditice
during the cropping season im Cakif
half of SD 11831 is lost from the soil in
days. Disappearance rates for SD 11831 hx
been found to vary with both temperatis
and moisture content of the soil, In an =i
dried soil stored at 22°C, half of the ches
cal was lost in 54 days.

Loss of a corpound from the soil
face is an important consideration for pef
emergence soil active compounds Fasig
which can contribute to such loss are ¥oi
tility, photo decomposition, thermal dect
position, and water vapor co-distillatic
Half of SD 11831 was lost after seven di
in tests under high sunlignt conditions If
California in which daytime soil suri
temperatures were greater than 559C.
other tests under similar conditions, ¥
leying incorporation by four days reduc?
somewhat, the effectiveness of 0.75 b
applications on a sandy loam soil. In &
same tests, treatments with incorperatifs
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: matter ponditionis Were More severe than would be
died, f . vered in normal use practicesin most
nge in th ﬂm timing of incorporation should not
nds jn be even this critical. Because of its low vola-
TgRNIc gy tility, vapor loss would not be expected to
D 11831, (8 contribute greatly to the loss of SD 11831
to be in & from the surface of the soil. However, all of
lmdamm. ¥ “the other factors mentioned appear to be
)r:;muﬂﬁh implicated in the loss of this compound.
5 digtrihgu® Thus, in the absence of rair‘l, mechan-ica:
i ration is necessary to insure agains
::IIE 5 2:01?; of chemical from the soil surface.
Based on these considerations one
wersely can see that the period of effectiveness
is not regs@ obtained with SD 11831 will vary with the
It has rate of application as well as the climatic
ch in ik and soil factors. Prevention of weed estab-
ter with fishment for two to three months has been
T obtained with 0.75 IbfA applications. Re-
:;g"ﬁ: garding carry-over. in California mid-
'n.lessin September applications of 3 IbfA injured
5 propert | barley planted the following March 23,
fiti'“ an: J while 1 Ib/A caused no adverse cffect,
ats, Neither rate of application affected sugar

beets planted six weeks later on May 7.Ina
smdy loam soil, spring applied treatments
of 1 IbfA and under had no detectable effect
on barley seeded in the fall following disking,
Two and 4 Ib/A appiications, however,
injored the barley. In a similar test applica-
tlons as high as 2 IbfA had no adverse effect

IN VEGETABLES

I.:Antagnini]

The thiocarbamate herbicides were

firt seported on by Antognini, et ay (1) for
~PHHEIREnCe and post-emergence grass and

e Weed control in a number of
Yegetable, forage and agronomic crops, This
B%p of herbiciges Possesses two very
‘j‘;ﬂ_"ﬂ'ﬁ:hues. First, activity is greatly
: «AMtognini, et al (3), Antognini (4 R
W et al (27), svnith (soil

1;

Manage;, Bicultural F
ment, Staufer gy,
Californs

e

; ield Research and Develop-
emical Company, Mountain View,

on com planted a year later following a fall
disking and normel seed bed preparation.
Four [bfA treatments seriously stunted the
com roots, Thus, for crops treated in the
spring, with the summer season for dissi-
pation, carry-over from reasonable dosages
should not be a problem,

Awailable data suggest that SD 11831
will not present any hazard to man of ani-
mals. The acute oral LDgq for both mice
and rats is greater than 5000 mgfke. Per-
cutaneous acute toxicity to albino rabbits
is greater than 2000 mg/kg. Five fish species,
bluegill, gambusia, goldfish, trout, and sil-
ver salmon, tolerated suspensions of 20 ppm
for 48 hours, This is much higher than its
solubility in water., No adverse effects are
appazent in long term toxicology sludies
with rats and dogs currently under way.
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THIOCARBAMATE HERBICIDES FOR WEED CONTROL

incorporation and soil subsurface applica-
tions compared to soil surface applications.
With soil incorporation and soil subsurface
applications results are uniform over a wide
range of soil and climatic conditions because
activity is not dependent upon overhead wa-
ter to move the chemical into the required
soil zone as is the case with soil surface
applications, The second unique feature is
that the thiocarbamates are highly active in
controlling nutgrass (Cyperus spp.) Antog-
nini et al (2), Bandeen (8), Cialone (13},
Jordan, et al (26), Rahn (29}, Rahn (30),
Shadbolt (35}, Trevett, et al (37), and

quackgrass (Agropyron repens) Antognini,
et al (2}, Carter (10), Everett, et al (19),
Furtick, et al (21), Meggitt {28).

Tolerance of craps to pre-plant soil
incorporated applications is quite specific
for each of the thiocarbamates, All estab-
lished crops, (6" ~ 12” high when crops are
direct seeded or after new growth has started
in the case of transplanting) however, are
highly tolerant to all thiocarbamates.

Tables 1, 2,3, 4 and 5 summarize the
compound designations, chemical identities,
crop tolerances, weeds controlled anu rates
of application of four thiocarbamate her-
bicides which are used or shortly will be used
commercially in various vegetables,

Germination conditions must exist
soon after (1-2 weeky application for con-
trol of annual broadleaves.

All prasses growing from seed fol-
lowing treatment are contrdlled,

In most cases the grasses will germi-
nate, emerge through the soil and develop
one or two true leaves before being con-
trolled. Germination conditions need not
exist soon after 3pplication for control of
annual grasses,

_Single applications at selective rates
will result in seasonal control. For eradica-
tion 3 to 4 successive yearly applications of
of selective rates or single applications of a
non-selective rate (12-18 Ibs./acre) are re-
quired.

For control of these weeds, the soil
must be thoroughly worked prior to appli-

cation to destroy existing stands,

METHODS OF APPLICATION

Depending upon the crop, method of
culture and timing of application, various
methods of application may be used to in-
corporate Eptam into the soil, The permis-
sible interval between application and incor-
poration is determined by the soil moisture.
If the soil is moist, ncorporation must be
done within minutes following application,
If the soil is drv at {ime of application and
remains dry following application, i.e. no
rainfall or heavy dew, incorporation can be
delayed for hours or days,

There are five basic ways in which the
thiocarbamates can be placed into the top
2-3" zone of soil,

1. Discs, or harrow (Pre-plant Appli-
cations): The number of discings or harrow-
ings required for proper incorporation will
vary with soil type, tilth and maisture, With
high forward speeds one discing or 3 har-
rowings are sufficient,

2. Power driven and ground driven
rotary tillers (Pre-plant Applications or Post-
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emergence Crop Applications); This type of
unit can be used for either broadcast or band
applications pre-plant or for between the
row applications at lay-by.

i, Cultivation equipment (Post-
emergence Crop Applications): Various lypes
of cultivation equipment, if properly used
are satisfactory for incorporation at lay-by
in such crops as potatoes, Ilnicki, et al, (24}
Sawyer, et al (32), Sawyer, et al (33},
Sawyer, et al (34).

4, Subsurface application (At-planting
or Post-emergence Crop Applications): Spe-
cial equipment to inject or layer the thio-
carbamates into the soil can be used, Ball
(7), McWhorter (27). Injection equipment
is designed to place the chemical 1%" deep
with 3" between injection points, With ap-
plication at seeding, the drill row is centered
between injection points. The layering equip-
ment places the chemical 3" deep. With all
types of sub-surface equipment, cither band
or broadeast applications can be made.

5. lzrigation water application:

(a) Foliowing soil surface appli-
cations —~ Overhead irrigation is
aneffective means of incorporating
pre-emergence applications in-
to the soil, The irrigation must fol-
low application within the permis-
sible interval determined by soil
moisture and the amount of irri-
gation should penetrate the soil no
less than 3" and no more than 6",
(b} As a carrier for the chemical —
The thiocarbamates 2re effective
when applied in either overhead
or furrow irrigation water, When
used in overhead imrigation, the
depth of soil penetration of the
water should be to a minimum of
3” and a2 maximum of 6", With
furrow irrigation, the chemical
should be metered into the water
for the entire period that the
water i$ running.

CROP DATA
Sweet and Field Corn, Eptam

Eptam can be used successfully in
corn, Bandeen (8), Chilcote, et al (11), Free-
man {20) and Slife (36), if the corn is seeded
shallow as found by Dewald, et al (17}, Jor-
dan, et sl (25), Waidrep, et al (38). Dewald,
et al (17) found that the main area of Eptam
absorption resuliing in phytotoxicity to the
com plant was the stem tissue between the
seed and the soil surface, This area is re-
ferred to as the "first internode™ or “epi-
cotv]”, Field experimental data confirmed
greenhouse and laboratory findings (Table 6).

Table 1. Compound Designations.
Compound Letter Experiinenta)
Trade Name Common Name Designation Compound No,
Eptam® - EPTC R-1608
Tillam® - - PEBC R-2061 i
Ro-Neet® -— - R-2063
Sutan TM - _— R-1910 E
®, TM = Trademarks of Stauffer Chemical Coinpany 7
Table 2. Chemical Identities. E
Compound Chemical Name Chemical Structure v
. 9 Ve a7
Eptam S-ethyl dipropylthiocarbamate CoHSCN
C3Hq
. nColls
Tillam S-propyl butylethylthiocarbamate C3H7SCN C
C4H9 '
9 _Collg
Ro-Neet S-cthyl ethyleyclohexylethyl C4H4SCN N
thiocarbamate &
Y
Sutan S-ethyl diisobutylthiocarbamate CoH SSCN
* CH,CH (CHq)y |
Irish Potatoes, Eptam Table 3. Vegetable Crops Tolerant to

Applications to Irish potatoes can be
made pre-plant, at emergence and post-
emergence up through lay-by by soil incor-
poration applications or irrigaticn applice-
tions. Both nutgrass and quackgrass have
been effectively controlled in potatoes and
various studies, Rahn, et al (30), Sawyer, et
al (33), have shown Epiam to have no effect
on potato yields, quality and storage.

Beans, Eptam

All Phasoelus vulgaris beans are tol-
erant to pre-plant applications of Eptam,
Chubb (12), Crabtree (14), Dawson, et a]
(15), Dawson, et al (16), Dickerson, et al
(18), Hartman, et al (23} and Trevett, et al
(37). The two main kinds of beans covered
are dry beans and green (snap) beans.
(Tables 7, 8 and 9).

Table Beets and Tomatoes — TILLAM

Tillam may be applied pre-plant in-
corporated on both direct seeded and trans-
plant tomatoss, Ashton (5), Ashton (6),
Hamson (22) and Ross, et al (31), and on
table beets (Crabtree 14),

E. Spinach — RO-NEET

Pre-plant soil incorporated applica-
tions have been used on spinach grown for
seed as well as spinach grown for the fresh
market and processing,

{Phaseolus vulgaris)
*beans, green or snap
{Phaseolus vulgaris)
*potato, Irish
{Solanum ruberosum}
*corn, sweet (Zea mays)
*potato, sweet
{Ipomoea batatis)
*tomatoes, seeded
{Lycopersicon spp.}
*tomatoes, transplant
Lycopersicon spp.)
*Fheets, table
{Beta vulgaris)
*#spinach
{Spinacia oleracea)
**corn, sweet (Zea mays)

Pre-plant Soil Application, ;
|
COMPOUND  CROP h
Epiam *beans, dry ¢
;

Tillam

Ro-Neet

Suian

*Registered use in the United States.
**Registration in United States pending.

F. Field and Sweet Corn — SUTAN
Sutan can be used as a preplasl

incorporated treatment on corn regardles i

of the seeding depth of the corn.

Table 4.
A, Annt
COMM!

chickw
henbilf
1lambsq
momin
ang
nettlele
netile,
stin
nightst
pightst
pigwee
pigwee

pigwee
purslal
shephe
spurge

B. Am
Major
COMD

barley
barley
bluep
CSIAr,
crabg
crabg
foxta
foxta
foxta
foxta
John
(f
jungl
loveg
oats,
oats,
nbb

C.P
CO}

Ben
Joh
nuty
nut,
qua



A COMMON NAME

henbit (deadnettle)

lambsquarter
momingglory,
annual
nettleleaf goosefoot
- ding
pightshede, black
nightshade, hairy
pigweed, prostrate
pigweed, redroot
pigweed, rough
lg purslane
shepherdspurse
3 spurge, spotted
p,
B. Annual grasses:
CH (CH 4y Major grasses are:
CH {CH3); % COMMON NAME
@ badey, foxtail
int to barley, volunieer
bluegrass, annual
CROATYETASS
crabgrass, hairy
crabgrass, smeoth
foxtail, giant
raris) foxtail, green
31 snap foxtail, millet
raris) foxtail, yellow
Johnsongrass
Tosum) (from seed)
Zea mays| jungterice
: B lovegaun
tis} oats, volunteer
ded oats, wild
spp.) rabbitfoot grass
nsplant
spp.) sandbur
watergrass
(barnyardgrass)
wheat, volunteer
cea) witchgrass
Zea mays)
Hates, G Pereanial Weeds:
pending. COMMON NAME
Bermudagrass
= | B ohnsongrass
Mitgrass, purple
? pre-plent :::iass, yellow
n regardled grass

(couchgrass)

SCIENTIFIC NAME

chickweed, common Stellaria media

Lamium amplexicaule
Chenopodium album
Impomea purpuree

Chenopodium murale
Urtica urens

Solanum nigrum
Solantum villosum
Amaranthus graecizans
Amzranthus
retroflexus
Amaranthus hybridus
Portulaca oleracea
Capsella bursa-pastoris
Euphorbia maculata

SCIENTIFIC NAME

Hordeum jabutum
Hordeum spp.

Poa annia

Phalaris spp.
Digitaria sanquinalis
Digitaria ischaemum
Setaria faberii
Sataria virldis
Setaria italica
Setaria glauca
Sorghum halepense

Echinochloa colunum

Eragrostis spp.

Avena sativa

Avena fatue

Polypogon
manspeliensis

Cenchrus pauciflorus

Echinoshloa spp.

Triticum sativum
Panicum capillare

SCIENTIFIC NAME

Cynodon dactylon
Sorghum halepense
Cyperus rotundus
Cyperus esculentus
Agropyron repens

Table 5. Rates of application.

COMPOUND WEEDS CONTROLLED LBS./A
Eptam annual grasses and nuigrass 1-3
annua)] hroadleaves 3
quackgrass, johnsongrass and Bermudagrass 4
Tillam annual grasses 3
annual hroadleaves, nutgrass, quackgrzss,
Johnsongrass and Bermudagrass 4
Ro-Neet annual grasses 3
annual broadleaves, nutgrass, quackgrass,
Johnsongrass and Bermudagrass 4
Sutan annual grasses 3
annual troadleaves, nutgrass, quackgrags,
Johnsongrass and Bermudagrass 4
Table 6. Com injury as influenced by depth of sowing.
EPTAM-LBS/A DEPTH OF SEEDING CORN PLANTS INJURED
3 1% 0.7%
3 24 35.0%
6 4 2.2%
6 2% 42,0%

o
Table 7. Pre-plant incorporated application (6 1bs./A) on snapbeans!

BEAN YIELD % WEED CONTROL (SEFT. 9)
TREATMENT (JULY 8) LBS/A NUTGRASS BROADLEAVES
Eptam only 5046 92 30
Eptam + one hoeing 6457 95 83
One hoeing ini 5 33
Check 1624 0
Irevett (37)
Table 8. Treatment applications to dry beans!
YEAR TREATMENT LBS./A OF DRY BEANS
1958 Eptam 3 ibs.fA 2,908
Handweeded 2,548
Not weeded 811
1960 Eptam 3 Ibs,/A 2,531
Hand weeded 2,673
Not weeded 345
1961 Eptam 3 Tbs./A 2,946
Hand weeded 2,756
Not weeded 1,446
IDawson (16)

Table 9. Eptam applications to dry beans!

TREATMENT
Eptam 3 ibs,/A
Eptam 4 Ibs./A
Check
(Mechanical cultivation)

1Hartman (23)

LBS./A OF DRY BEANS

2,117
2,370

1,785
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MITSUI'S NEW HERBICIDE “MO”

Takayuki Inouel

In Japan PCP has been extensively
used as an effective herbicide in paddy fields.
However, ils high toxicity to fish and
mollsks caused the farmers to look for a
new herbicide which was less toxic to fish
and mollusks and yet effective on the
control of weeds in paddy fields. For many
years our company has continued to conduct
research and development work for a low
fish-toxic herbicide which would replace
PCP. We synthesized a number of chemical
compounds and have conducted basic tests
on them since 1958. In 1963 we suc-
ceeded in discovering several herbicidal com-
pounds with less toxicity to fish, and
developed them as herbicides, Among these
compounds 2,4,6-trichloropheny}-4'-nitro-
phenylether proved to have low fish-toxicity
on official tests, and it was registered in
1965 as an herbicide whose designation was
CNP and trade name MO, In that year we
began {o merket MO herbicide formulated
gs granules which contained 7% active ingre-
dient, Since then the sales of MO herbicide
have been rapidly increasing and in 1967
4,800 tons of MO granular were uged in
paddy fields because the following features
were recognized by farmers.

FEATURES OF MO HERBICIDE
1. Outstanding Weeding Effect

MO is a nonhormonal, contact soil
treatment herbicide, used most effectively
21 a pre- and post-emergence herbicide to
weeds in primary growth stage in paddy
Tields.

2. Complete Safety to Rice Plant

Since MO moves very little in soil and
is absorbed very glightly by the 100ts,
tcs plants are very tolerant to MO and
it can be applied under any soil, water-
leakage or weather condition. In addition,
MO can be safely used regardless of the
temperature because it shows very little
Visiations in activity depending upon the
temperature,

3. Low Toxicity

Because MO s extremely low in tox-

1ty to man, animals, fish and mollusks, no
%__;

1
Mawsger of Agricultursl Chemicals Research Labora-

m[ Mitasi Chemical Industry Co., Lid., Tokyo,

special precautions are required for use, Re-
sults of toxicology tests are shown in the
following data. _

(1) Test of toxicity on men and beasts
(Abstract of the test result by Kyushu
University).

8} Test of LDgq
Mouse LDg by percutancous ad-
ministration 11,800 mgfkg
Mouse LDgq by transpesitoneal
administration 4,500 mg/kg
Rat LD by oral administration
administration 10,800 mg/kg
b) Test of chronic toxicity
No remarkable effect was observed
when the drug was administered to
rats for 30 days at daily doses of
10 mg. From the above result, MO
may be classified as “practically
non-toxic” according to the toxic-
terms of Hodge and Sterver,

(2} Test of toxicity on fishes (Abstract of

the test resulted oy Nagoya Univer-

gity).

The toxicity was measured in carp

following the method of Dondroif,

et al, (1951).
Test  Average Average TLm

Herbicide length weight {48 hrs.)
MO 68cm 43g 290 ppm
PCP 68cm 43g 0.285ppm
(Control)

From the sbove result, it may be
concluded that the toxicity of MO
to fishes is very low.

4, High Stability

As MO is a chemically siable and non-
volatile compound, its herbicidal effect re-
mains over a relatively long period. When
used in paddy fields, MO can control weeds
for as long as 2530 days,

MO can be mixed with other agricul-
tural chemicals or fertilizers, because it is
neither reactive nor explosive, MO mixtures
with BHC, MCP, DBN or prometryne have
been developed and marketed.

Physico-chemical properties of MO are
as follows:
Chemical Name:  2,4,6-trichlorophenyl<4’

-nitrophenylether

Structural Formula;

ct
c1 Q o-@Noz
C1

Molecular Formula: C12H6CI3N03

Molecular Weight: 318.55
Color and Form:  Yellow-brown crystal
line powder

Specific Gravity: D3° 1.6243D}20 1.4082

Melting Point: 107°C

Solubility: Soluble easzily in ben-
zene and trichloroethyl-
ene. Sohble sightly in
alcohols, hardly in wa-
ter,

5. Easy to Use

AsMO is odorless, harmless to the skin
and does not require drying of paddy fields
before application, it can be used easily by
anyone,

MO, with the above-mentioned su-
perior features, is available in granular or
emulsifiable conceptrate forms. MO granular
containing 7% active ingredient is suitable for
use in peddy fields. In tmnsplanted cultiva-
tion, bamyard grass and other annual weeds
are controlled by applying 3—4 kg of MO
granular per 10 are at the period of 1-3 days
before ar 2-6 days after transplanting, In
direct sowing cultivation, 3—4 kg of MO
granilar per 10 are may be applied at the
period that weeds are in the primary growth
stage after watering,

PRECAUTIONS FOR USE IN RICE

1, Spray the herbicide until the period of
gimple leaf of barnyard grass, as it is ef-
fective by applying in the period from
before weed germination through primary
growth,

2. Spmy the herbicide evenly at (he state of
filled water in the paddy. Water depth
should be maintained 3 cm or more for
3—4 days at least, Do not expose the field
surface. Avoid losing water or overflow,
Maintain the state of filled water, if the
herbicide is applied before rice trans
planting,

3. Avoid applying the herblcide in the re-
gion where the water fall depth is larger,
when the herbicide is applied before rice
transplanting.

4, If the herbicide is applied after watering
in dry field (direct sowing) culture, re-
move the existing weeds in the period of
dry field, and spray the herbicide as soon
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as possible after filling the paddy with
water,

5. Pay attention to spraying the herbicide at
the period of abundant weed growth. The
amount of the herbicide may be increased
according to circumstances.

6. Do not apply the herbicide when the
seedling is weak, or the rice plant is
moistened by morning dew or rain,

PRECAUTIONS FOR USE IN OTHER
CROPS

The herbicide should be sealed up and
stored in a dry, cold and dark place.

MO emulsifiable concentrate, contain-
ing 20% active ingredient, may be used effec-
tively to protect sobyean, rape, cabbage,
lettuce, carrot, burdock and other crops or
vegetables against weeds in dry field culture,

1250-1500 cc per 10 are of MO emul-
sifiable concentrate diluted with 70-100

- liters of water should be sprayed over the en-

tire soil surface after seeding, o1 sprayed on
the soil between ridges after implanting.

A. Special Precautions
1. As for soil covering (about 2-3 cm)
after seeding, use the soil ground as

finely as possible, and press lightly.

. In that herbicide injury may occur in

case of applying at the germinating
period of rice, spray the herbicide at
3—4 days before germination.

. Avoid applying the herbicide in the

field where drainage is poor, and when
high rainfall is anticipated after spray-
ing, as herbicide injury may occur.

. The effect may be inferior sometimes

at the recommended rates for weeds
as Stellaria media end Stellaria ulgi-
a054.

. After using the sprayer, wash it well

with water.
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WEED CONTROL IN RICE

COMPETITION BETWEEN RICE PLANTS AND WEEDS

Masao Arai?

Weeds cause serious losses, direct or
indirect, in the production of crops, It is
often pointed out that agriculture is a fight
pguinst weeds. The most serious damage to
rice by weeds is the decrease of grain yields.
It is very important fo make clear how
weeds damage crops in order fo practice
weed control and utilize herbicides reason-
ably and economically.

Weeds adversely affect enviconmental
conditions such as temperatvre or aeration
needed for growth of crops, or harbor plant
disease and insect pests which damage the
crops. However, the main effect of weeds on
crops is the inhibition of growth because of
competition for light, nutrition and water.

Since 1955, we have been waorking to
clariiv how weeds do damage in rice cui-
true, This report is on the mechanism of
competilion between the rice plant and a
few kinds of weeds and on the analysis of
damage to the rice plant.

COMPETITION MECHANISM AMONG
DIFFERENT WEED COMMUNITIES IN
TRANSPLANTED RICE CULTURE

(1} When competition begins:

When two or more planis are growing
together, they generally compete with each
other for water, nutrients or light. However,
We can ignore the competition for water in
peddy rice culture.

The compefition between the rice
plant and weeds for light and nutrition does
not begin at the early growth stage of trans-
planted rice. Experiments have shown that
at the early growth stage, the weight of rice
Plants was the same in no-weed and in weedy
?lots and the total weight of rice and weeds
™ the weedy plot was more than in the no-
Weed check. It would appear from the re-
!m!ls of several experiments that the most
citical period without competition between
wﬂnd weeds is about 20 days after

Ll
Chiel, Weeg Conty

ol Laboralory No. 1, Central Agri
Blllmlll Experime v o

nt Station, Konosu, Saitama, Japan.

transplanting, depending upon the kinds and
density of weeds. Afterwards, as rice plants
and weeds grew, the competition between
them gradually became greater.

(2) The competition for light:

The extent of competition [or light
between rice planis and weeds was depend-
ent upon the growth rate at the early stage,
and on the form and height of the weeds.

AMonochoria vaginelis and tootheup
{Rotala indica} are short plants. Barnyard-
grass {Echinochloa cus-gaili) is as tall as the
rice plant. A sedge which is called Tama-
gayatsuri (Cyperus difformis) in Japan, is
between these two groups. In speed of
growth, Monochoria is the fastest followed
by sedge and bamyardgrass, respectively,

These differences in the height and
growth rate of weeds had a great influence
in competitior: for light as shown in Fig. 1.
As Monochoria and toothcup were never
taller than the rice plants throughout all
stages of growth there was little competition
for light in the weedy plot A in which the
weeds were mainly these short weeds. At 40
days after transplanting, at the end of July,
the intensity of illuminetion in the middle
layer in the weedy plot A was about 50% of
the open air, almost the same as in the no-
weed check. Moreover, the ratio of weight
between the rice plant and the weeds in plot
A was the same at the beginning of August
and at the end of July.

On the other hand, the case of the
weedy plot B consisting mainly of barnyard-
grass, however, thete was serions competi-
tion for light. The height of barnyardgrass
which had emerged just after transplanting
caught up with the height of rice plants at
about 20-40 days after emergence, and
overtook the rice at the maturing stage. Asa
result, in this community, the intensity of il-
lumination of the middle layer was 25% of
the open air, half as much as the no-weed
cheek. In addition, as the bamyardgrass has
a fast rate of growth even in the later:growth
stage, the ratio of rice plants in total com-
munity weight in the plot B was clearly less

at the end of August than at the beginning
of July.

To summarize, in the case of the short
weeds such as Monochorz and toothcup,
the competition for light was negligible,
while in the tall weeds like bamnyardgrass it
was serious, especially in the late stage of
mowih.

(3) Competition for nitrogen nutrition:

The extent of competition for nutri-
tion between rice plants and weeds was
delermined by the amount of nitrogen ab-
sorbed by weeds and the root distribution
of weeds.

Fig. 2 shows the periodical changes
of nitrogen concentration in typical lowland
weeds and rice plants grown in the fields,
The nifrogen concentralion in barnyard-
grass was relatively low, almost the same
level as rice plants. Monochoria and tooth-
cup, however, showed a high content of
nitrogen, about twice as much as the rice
plants. Then, the influence of weeds on the
weight of rice plagts per unit weight of dry
matter of weeds was greater in the case of
Monochoria than that of barnyardgrass.
This fact indicated thar the competition for
nitrogen-nuirition per unit weight in Mono-
choria and toothcup, which had high nitro-
gen conients, was graater than in bamyard-
grass,

However, the amount of growth per
individual of barnyardgrass at maturing stage
was about 60-80 times as much as Mono-
choria and toothcup. Accordingly, the com-
petition for nitrogen per individual of barn-
yardgrass was by far greater than Monochoria
and tootheup,

Table 1 shows the contents of am-
monium nitrogen in soil. This experiment
is the same as shown in Fig. 1. The amount
of ammoninm nitrogen in the soil of the
weedy plot decreased remarkably. That is,
in weedy plot A consisting mainly of Mono-
choriz and toothcup, the roots of which
are distributed in the upper layer of soil,
there was little ammonium nitrogen in the
upper layer of soil. On the other hand, in
weedy plot B consisting mainly of barn-
yardgrass, the roots of which are distr-
buted throughout the soil, there was litile
ammonizm nitrogen in both the upper and
lower layers of soil.

Since the roots of the rice plant are
distributed in all layers of the soil, the com-
petition between rice plants and bamyard-
grass for nitrogen nutrition was much greater
than in the case of rice and Monochoria or
toctheup.

37



EE B8 S A RS ST <O [P -

[‘. " il ek . T e = = ara = -

..-.-—..h_-.._ I --u'lu..—.ﬂlln-. Pum ATTENIHMIULCS PR =S JO SINPONIE PPRERS ~§ “Hig

aumgeo ] spoow [N

{5'81 X §@8F) zW? TSEL tad (B) 1HOIIM HS3HA
uebi0 o118YIuAs030Yyd-UON ueBi0 oneyzuAsoloyd aueld eald D sPoIM I

(5°B¥ X §'8F) zwo ggeZ 4ad (B)  LHSIIM HSIHA

007 1] sz s
1

uebi0 2118YIVASOIOY4-UON uefiiQ 18YIUASOIOYH

00T 0 9 0S5
— 0
[ 1 ox
g 101d Apasp g 101d Apa3p
1 08
T T 4] I
m m
() o
T I
4 3
W 10Id Apaam Q ¥ 30|4 AP3ap ov ]
= 2
| 5 5
= 1 08 =
@ A
1 —
— _ 3 (=)
_ _ \ = 2

i 0
1 1
== =
spaaps ON , Spa3p ON ”

08

001 0s 0 001 0s o

{8ul] paans) Ayisuaiun 3ybi| Jo Juadiad {auyy paaana) Ajisuagul 3ybi| Jo Juadsayg

38



a0}

As mentioned above, the extent of
competition for nutrition was decided by
the nutrient concentration of weeds, the
growth of the individual weeds, the distri-
bution of the root system and the perodical
changes of these,

It may be penezally concluded that
the competition between rice plants and
bamnyardgrass, a lerge plant with a deep root
system, is very great while the competition
between rice plants and Monochoria or
toothcup, which are small plants with a
shallow oot system, is not as great.

AN ANALYSIS OF THE DAMAGE TO
RICE PLANTS BY WEEDS OF DIFFERENT
COMMUNITIES IN TRANSPLANTED

RICE CULTURE

(1) The relationship between kinds
of weeds and the extent of damage on rice
plants:

The decrease in yields of both rice
Plants and rice grains {per 100 g of dry mai-
ter of weeds at maturing stage) was almost
the same among Monochorie, toothcup and
sedge. In the case of bamnyardgrass it was
sy than the former three weeds.

The rice grain yield was composed of
the number of panicles and average weight
Per panicle, The decrease of rice grain yield
by Monochoria, toothcup and sedge, was
“sed only by the reduction of number of
Pinicles, However, in the case of bamyard-
Brass, the decrease in rice yield was caused
mdffie Teduction both in number of panicles

1N &verage panicle weight.

Fim- L. 5

Transplanted

Fig. 2. Periodical changes of nitrogen concentration within plants.

Table 1. Contents of ammonium nitrogen in soil.

g 3.0 N
c g : H
53
£ / N\ Monochoria
z /
= 20 }
E P Kikashi
N ikashigusa
o S
1.0 —— o e
—_—
Barnyardgrass
0 1 1 1
Aug. 1 Sept. 1 Oct. §

Dates Plots Ammonium Nitrogen -

(mg/dry soil 100g)

Upper Lower

Layer Layer Brengs

(0- 5cm) | (5-10cm)
July 18 No Weed 0.78 0.64 0.71
A 0.26 0.36 0.31
(33)* Weedy p 0.20 0.19 0.20
Aug. 3 No Weed 0.20 0.07 0.13
A 0.15 0.00 0.07
(49)* Weedy p 0.12 0.00 0.06

*days after transplanting

Table 2. Decreased percentage of the components contributing to grain yield by weeds.

Weeds Grain | Number | Number of | Percentage | Weight
Yield of Spikelets of Ripened | of 1,000
Panicles | per Panicle Grains Kernels
Monochoria 123 | 12,6 45 4.4 0.8
Barnyardgrass | 10.0 74 15 1.2 4.1

3!
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Fig. 3. Relationship beiween rice yield and weed weight at the matured stage.

From the difference of weed damage
on the rice plant, weeds are divided into
two groups; one is classed with bamyard-
geass, the other consist of Monochoria,
toothcup and sedge. As mentioned above,
bamyardgrass has a marked effect on average
weight per panicle. This mey be caused by
the severe competition for light and nutri-
ents between rice plants and bamyerdgrass
even up to the rpening stage.

(2) Difference of damege on the
components contributing to rice grain yield
between bamyardgrass and Monocheria:

As mentioned above, bamyardgrass
and Monochoria are very different in the
mechanism of competition with rice plants.
Table 2 shows the difference of the influence
on the components contribuling to rice
grain yields. The grain yield was determined
by the following four componenis: (1) the
number of panicles per unit eres, (2) the
number of spiklets per panicles, (3) the per-
centage of ripened grains, and (4) the weight
of 1,000 keinels. Though these components
are associated with each other, they were
determined in the following order: the first
was the number of panicles determined on
or about the 10th day after the maximum

number of tillers stags; the second was the
number of spikelets per panicle determined
approximately the fifth day before the head-
ing date; and the percentage of ripened grains
was determined about 35 days after heading.

As shown in Table 2, the number of
panicles was greatly decreased by weeds,
but there was little influence on the weight
of 1,000 kemels. Moreover, the number of
spikelets per panicle was often decreased by
Monochoria when the paddy field abounded
with them, but in this case the number of
ripened hulls was almost the same as the non-
weeded plots because of the increase in the
percentage of ripened grains, since the num-
ber of ripened hulls was the product of the
number of spikelets per panicle and the per-
centage ripened. Furthermore, bamyardgrass
influenced even the number of spikelets per
panicle and the percentage of ripened grains,
which were determined after the number of
panicles.

As stated in the section on the mech-
anism of competition, these results were due
to the difference of growth habit and mech-
anism of competition for light and nutrients
among dilferent weeds, [n the case of Mono-
choria, the height of which was lower than

rice and early growth of which was moie
rapid, competition for nutrients was more
dominant than for light, especially in the
early prowth stage, so the number of pank |
cles of rice determined at eardy growth |
stage was decreased. On the other hand, com
petition between barnyardgrass, which is as
tall as the rice plant and which grows slowly,
was greatest until the later growth stage of
the rice plant. Consequently, there was m
influence not only on the number of pank
cles but also on the number of spikelets per
panicle and the percentage of ripened grainy,
which were determined at the later growth
stage. '

RELATIONSHIP BETWEEN THE
YIELDS OF WEEDS AND RICE IN
TRANSPLANTED CULTURE

As described above, the mechanism of
competition with the rice plant is very dif
ferent between barnyardgrass and Monocho
ria, Their effect on rice grain yield was found
to be different irom each other as follows:

(1) The decreased rate of rice grain

yield per number of weed plants was higher |

in barnyardgrass than in Monochoria, because |

MO!
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i orass showed high competition for
st r nutrients throughout the growth

e (2) When the density of weeds, barn-
i - . or Monochoria, became higher, the

ition of that species became severe,

:ﬂ,ﬁ:: cases, the decreased rate of rice

.I‘.ﬂi"-' yields per number of weeds became
yery low, .

(3) The relationship between the

welghit of weed and the rice grain yield was

15 follows:
if tice gral
§ was highsf

iria, hecads

Hnear at the matured stage. The rate of de-
create of rice yield was somewhat larger in
Monochoria than bamyerdgrass. The high
mitrogen content in Monocheria may be one

of the reasons for this phenomenon (Fig. 3).

COMPARISON OF WEED DAMAGE
BETWEEN DIRECT-SOWED AND
TRANSPLANTED RICE CULTURE

Direct-sowing of rice plants resulted
in weed emergence at almost the same time
as the rice piants, hence their competition
for nutrients and light was severe even at
the early growth stage. Thus the decrease in
rice grain yield per number of weeds was
larger in the direct-sowed than in the trans-
planted method.

MODE OF ACTION OF HERBICIDES FOR RICE CULTURE

Shooichi Matsunaka!

In Japan, the vse of herbicides has
been increasing as shown in Fig. 1. After
World Wer II, hormonal herbicides were in-
froduced into Japan by the United States for
troadleaf weed control in paddy fields, The
dmount of hormonal herbicides used in-
freased gradually. In 1957, pentachloro-
Phenol (PCP) was found to be useful for

transplanted rice culture, and the area of
e e

]ﬂ“ﬂ. The 6th Lsboralory of Pimnt Physiology,

N -
ional Intitute of Agriculturst Sciences, Konosu,

Japan

PCP-sprayed paddy field increased tremen-
dously, PCP has a high toxicity to fish, so
troubles were encountered at the time of
heavy ruins, In the districts having a possi-
bility of fish problems, new herbicides hav-
ing low toxicity to fish are now being used,

In addition to PCP end hormonal
herbicides, propanil, diphenylethers, dichlo-
benil or chlorothiamid, and sriazines
are being used for weed control in rice cul-
ture in Japan.

In this report, both the mode of ac-
tion and the mechanism of seleclivity of
these herbicides will be discussed.

15 '—
wi Hormonal
124D, MCPA4, atc. ]

05

HERBICIDE-APPLIED
PADDY FIELD (million ha)

i
B
g
B

Fig. 1. Annval caanges in atea of herbi-
cide-applied paddy Geld in Japsn.

INHIBITION OF ENERGY
FORMATION (PCP)

PCP inhibits the energy formation in
aerobic organisms. The mechanism of big-
iogical enerpr formation in zerobic organisms
conrists of se-called electron transport sys-
tems and oxidative phosphorylation. Elect-
rons delivered from the respiratory substrates
such as malic acid; succinic acid, etc. will be
transferred to oxygen and water level through
these electron transport systems, coenzyme
I, Ravoprotein, ubiquinone and cytochromes,
The difference in enerpy between respiratory
substrates and oxygen during this electron
trip will be converted into biological chemi-
cal energy, adenosine-triphosphate (ATP)
through the mechanism of oxidative phos-
phorylaiion,

So-called uncouplers inhibit the for-
mation of ATP in oxidative phosphorylation,
Using the mitochondria from cauliflower,
the author found that PCP decreased the
P:0 mtio in oxidative phosphorylationl).
This means PCP may inhihit the oxidative
phosphorylation even in higher plant mito-
chondria. PCP is one of the uncouplers as
well as 2,4-dinitro-phencl, DNC, DNBF end
others,

As 2 famous biochemical phenome-
non, the velocity of respiration, Oq-uplake,
is regulated by both the concentration of
adenosinediphosphete (ADP) and inorganic
phosphate (P;). If ATP is used as an energy
source for biosynthesis, protoplasmic move-
ment, ion uptake, etc., ATP should be con-
verted to ADP. Then the high concentration
of ADP in cells will be a signal of the low
level of ATP or biological energy. So, the
phenomenon that the high concentration of
ADP will accelerate respiration to increase
ATP, seems to be very reasonable. Now if we
put the uncouplers such as PCP into this
regulation mechanism, they inhibit the for-
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mation of ATP, so the concentration of
ADP will be high, end respiration will be
accelerated, This relationship was found in
the experiment using excised rice plant rools
as shown in Fig. 2.1
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Fig. 2. Effect of PCP on Oj-uptake of
rice roots (1).

The respiration of rice plant rools was
accelerated 165% by the presence of PCE in
3 x 10°5M. It shouid be noted that this cor-
centration occurs in paddy fields.1)

PCP shows the inhibition of energy
formation and acts on a number of eerobic
organisms, not only weeds but also fish,
snails, shell-fish or even microorganisms.
However, PCP does not show any damage on
transplanted rice plants. How is this discrep-
aney explained? The first factor is the granu-
lar form of this herbicide does not remain
on the foliage of rice plants. Other important
factors are the adsorption of PCP on soil

particles and the safely located EIOWIDE
point of transplanted rice plants.

DISTURBANCE OF HORMONAL
REGULATION (2,4-D or MCPA)

The second herbicide to be discussed
is the hormore type. Five hormonal herbi
cides, 2,4D, MCPA, MCFB, MCPP (meco-
pro), and MCPCA are used in Japan. The
fifth one, MCPCA (2-methyk4-chloropl=z.-
oxyaceto-o-chioroanilide, trade name: ma
pica) was develaped in Japan.

The mode of action of these hormor-
al herbicides depends upon the hormonal
action, that is, the disturbance of normal
hormonal regulstion. However, even the
final and primary mode of action of auxin
itself is not yet known. Many biochemical
and physiological changes by auxin have
been reportEd.z) Among them, the effect of
these plant kormones on DNA or RNA action
seems to be the most important one from a
standpoint of modern molecular biology.

On a fechnical base, the mechanism
of the important selectivity of 24D and
others between monocotyledons and di
cotyledons would be more important. As
shown by As.hton?’), the velocity of the
translocation of 2,4-D is much faster in di-
cotyledons than in monocotyledons. This
difference seems to be one of the mechar
isins of the physiological selectivity as will
be shown later and as presented by Osgood
in this meeﬁng.4)

[NHIBITION OF PHOTOSYNTHESIS
(PROMETRYNE)

When the primary action of a herbi
cide is the inhibition of phatosynthesis of
weeds, the following three conditions should

Fig. 3. PCP-granular herbicide in transplanted rice culture,

be fulfilled:
1. Inhibition of COpfixstion or Oy,

heustion, ‘
2. Slow herbicidal activity, because the ¢

fect should be in carbohydrate starvatioy
3, Recovery from the herbicidal sympton

ty the artificial supply of sugars.
The herbicides having all of these conditioy,
are s-triazines, phenylureas and substitutsi
uracils. In this group, only prometryne, ong
of s-triazines, is used in rice eulture in Japay,
The mode of action of this herbicide is th

inhibition of photosynthesis,
Respiration Fhotosynthesis
Simm égrredoxin _n‘:“_
MAD  NADP
le INP Fl =02
Flavoprotein
: |
OyLb System Rastoquinme
) Cytbg
AP \ / /T
P .
0=
CylC Pyt f 1
Cyt.a Criorophyll &
Carotenaids -
. System T “7 |
Light .
Herbicides

o o

Light

Fig. 4. Electron transpart systems in res-
piration and photosynthesis.

In Fig. 4, the electron transport sy¢
iem in photosynthesis is shown. As mesr
tioned above, in respiration the electron fio¥
between the respiratory substrates and oxy*
gen can yield the high energy scurce, ATR.
In the case of photosynthesis, the solar lighl
attacks the chloroplast pigments such ® [}
chlorophylls or carotenoids, md excites i
electron to a high energy level. As the resull
of the down hill reaction of electron betweed |
plastquinone and chlorophyll a5 or pigment
700, chloroplast can get ATP as an encrsy
source and NADPH, the reduced form of &
enzyme 11 as the reductive farce. Both ATP |

and NADPH will be the necessary materish
for the CO,-fixation. The above-mentioned
herbicides inhibit the lower part of systed g
11 of the electron transport system in phot¢ ¢
synthesis. So the Hill reaction, Og-exhav® |
tion in the presence of some kinds o A
oxidants by illumination, is also inhibited bY |
these herbicides. '
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DRASTIC ACTION ON INTRACELLULAR
COMPONENTS (PROPANIL)

Propanil can inhibit both the Hill re-
action and photosynthesis, but we can not
say thai the mode of action of this herbicide
i in the inhibition of photosynthesis, be-
cause the herbicidal symptom appears two
days after the spraying, The real mode of
action of propanil seems o be a more drastic
one upon intracellular components although
the fine mechanism is not clear yel.

On the other hand, the mechanism of
selectivity of this miracle herbicide is clari-
fied to some extent.

The mechanism of the selectivity has
at least two factors; one is the susceptibility
of intraceilular components of bamyardgrass
{Echinochloa crus-gatli var. oryzicola) and
other weeds. Intracellular components of
rice plants are tolerant to propanil in this
poini. The other mechanism is the inactiva-
tion of propanil by the hydrolyzing enzyme
of rice plants. As shown in Fig. 5, the re-
covery of the activities of phatosynthesis
and tzanspiration of rice plants were found
in our laboratory.

The hydrolyzing enzyme has been
studied to some extent by McRaes), Adachi
et a1.6), and Ishizuka et al. ™), Adachi et 41,5}
reporied the distribution of this enzyme,
which showed that the activity was high in
rice plant and crabgrass (Digitaria adscend-
ens} while in monochoria {Monocheria vag-
inalis) and barnyardgrass it was nil or very
low.,

ol —aa
o /4
_g 80' O.I'I-
14,
L '
m‘j;‘-' —
. 7
2% 120
100 S
t;{,) . ﬂ —
e 1°l0
2 gpd &
5 .
B ¥y &—ARice
g 0 ;&V 0o *—sBarnyard
- L o
0 — ;i::ql 5, —¥i:zDeath
[
D omt % 5 dom

Fig. 5. Recovery of photosynthesis and
tanspiration in rice plants,

It is a welkknown fect that some in-
secticides accelerate the damage on rice
plants by propanil. This fact ean be explained
from the standpoint of enzyme chemistry,
Adachi et aL) showed the inhibition of the
inactivation of propanil by the enzyme in
the presence of insecticides, carbaryl or
dipterex.

As a result of these researches, one
side of the mechanism of the selectivity of
propanil may be illusirated as shown in Fig.
6. Propanil is inactivated by hydrolysis into
3,4dichioroaniline and propionic acid, On
the other hand, an insecticide, for example
carbazyl, inhibits the inactivation of the en-
zyme which results in damage to the rice

The inactivated product, 3,4-dichlore-
aniline {DCA) has almost no herbicidal ac-
tivity, and we found that 3,4-dichloroaniline
has very low imhibitory activity on the Hill
reaction as shown in Fig. 7.

Selectivity of herbicides would be
classified into three groups, ecological (time
lag or difference in location), physiological
(difference in permeability and transloca-
tion), and biochemical (zctivation, inactiva-
tion and difference in attack sites) selectiv-
ities. PCP, 2,4D and MCPA, end propanil
are good examples of ecological, physiolog-
ical and biochemical selectivities, respec-
tively.

o H
N-EC,H N o
Inactivation ~ HO(": H
- -
l [Hydrolysing Enzyme ;l Pmp%]ig
Propanil Inhibition 3,4-Dichloreaniline

Carbaryl etc.

{ Insecticides )

for crabgrass control
WIDAC (in citrus orchard )

Fig. 6. Inactivation of propanil in higher plants.
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Fig, 7. Hill reaction.

planis. However, this mechanism was util-
ized for crabgrass control in citrus orchard
by WYDAC consisting of propanil and car-
baryl as reported at another section in this
meeting.s) .

ACTIVATION BY LIGHT NIP (TOK) AND
CNP

The last herbicide to be discussed is
diphenylether compound as shown in Table
1. A number of diphenylether compounds
has been tested for a long time in Yapen.
Now NIP (TOK) and CNP (MO) are being
utilized for soil treatment in transplanted
rice fields by farmers. Even in the diphenyl-
ether groups of compounds, HE-314 shows
different properties as shown in table 1.
These special properties themselves may be
positively utilized for another purpose in
rice culture,

NIP or CNF, and other diphenylether
compounds having ortho position substitu-
ticns seem to be activated in the cells with
light energy.

In Table 2, the oral toxicities of her-

bicides are shown. It shows that the mode of

action has avery important relationship with
the oral toxicities to rat. For the require-
ment of low toxicity herbicides, the former
two groups, photosynthesis inhibitors and
diphenylether compounds, may be recom
mended.
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Table 1. Some properties of diphenylether herbicides.
Requirament | Selectivity | infibiticn
0 |ReeRin |Ereece
& Banyard-
grass
Oyl o | + | + | -
cl -
; NIP{TOK)
|
cm{}-o—@-m)2 + + —_
Cl -
CNP{MO)
Ol | — | ++ | +
C
" HE-34
L
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PREPLANT AND POST-EMERGENCE WEED
CONTROL IN RICE WITH ORDRAM R !

J. Antognini 2

Ordram is a selective herbicide which
has been used commercially for grass control
under various rice growing cultures for the
past 3 yeass, Ordram was tested under the
code number R-4572 and the common name
assigned to it by the Weed Society of Amer-
jca is molinate.

1Registered trademark, Stauffer Chemical Company

2 Manager, Agticultursl Field Research and Develop-

ment, Stauffer Chemical Company, Mountain View,
California,

Chemically it is S-Ethyl hexahydro-1-
H - azepine-1-carbothioate:

il

C H SCN
25

The technical material is a liquid with
a water solubility of 900 ppm, an acuie oral
LD to male albino rats of 720 mgfkg and
an acute dermat LDgp to albino rabbits of
greater than 10,000 mg/kg. The LCyq values
on galdfish (Cyrirnus carpio) and sunfish
{Leponis macrochirus) following a 96 hour

Table 2, Oral toxicities of herbicides

Attack Point Herbicides RatLD 5
mg/kg wt
simazine 5,000
prometryne 3,750
photo- diuron 3,600
synthesis bromacil 3,400
(propanil) 1,384
activation NIP (TOK) 3,580
by light CNP (MO) 10,800
hormonal 24D 500
MCPA 700
PCP 210
energy DNC 26
formation DNBP 40
TPCL (organic 109
tin)

cide and Technique, No. 14, 1922 (1966) l
I Properties of ihe enzyme conceming hy
dralysis of propanil in rice plmt tissue,, ibid,
Na, 15, 11-14 (1966).

7. Iihizuka, K. and S, Mitsi: Axilide degrading
enzymesr Abstracls, Ann. Meeting of Ap
Chem. Soc. Japan, p. 62,(1966).

8. Hisada, T.: Selective conlact hersicide for ciim
archards, (his proceedings (1967

exposure are 30 ppm and 29 ppm respectiv
ly. The LCgq value for mallard ducks {Ans
platyrhynchos) in a 5 day feeding study
greater than 13,000 ppm.

APPLICATION METHODS AND TIMING
Ordram can be applied in various wi!
depending upon the type of sice cultus
timing of application, equipment availabk
and formulation available. Applications &
be sifely made with either air or groan!
equipment. Ground applications can be s
by hand, as well as with tractor equiprenh
ot by broadcasting the granulars by hand
is commonly done in seeding grains, The!
methods of application apply 1o both B
pre-plant and post-emergence methods o
application discussed. In addition to sl
to the applicator, Ordram is also safe to fis
and wildlife, Seaman, et.al. (14) co
and analyzed water samples following F*
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ACRES
TREATED

18 Center of treated area
18  Center of treated area
36  Spillway out of treated fields
25  Center of treated arez
50 Center of treated area

des thia 1. Water samples from fields treated with Crdram.
RatIp
mikg FORMULATION

3,000 1 Liquid

3,750 ) Granular

3,600 1 Liquid & Granular

3,400 3 Liquid

1.3y 2 Granular

g Liquid & Granular

L A;e- of 5 water samples.

plant epplications of 3 Ibs.facre of Ordram
and found that initial effluent samples from
three treated fields contained less than 0.4
ppm. n subsequent samples the concentra-
tjon decreased rapidly with time and became
undetzctable (less than Sppb) after 3 weeks
of Mow from each of the felds,

Data on water samples obtained by
Omr and Senjor (11) in Calitornia with post-
emergence applications at 3 1bs.jacre to the
nrface of flood water are presented in
Table L.

The differences in resuhs between
experiments can probably be accounted for
by differences in size of fields, water depths
and water flow rates between the two exper-
imental areas,

With both the pre-plant and post-
emergence applications, the concentrations
of Ordram found in the fields and in the
drain waters were well below levels found to
be toxic to fish and wildlife,
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Pre-Plant

Pre-plant soil incorporated and non-
incorporated applications of liquid or gran-
ulr farmulations are effective on shallow
weded (%” or less), water seeded and trans-
Panted rice (1), (2), (3), (5), (6), (8), (9),
(12, (13), (15), (16), (17).

If the soil is dry at time of application
ind no rainfall or heavy dews are expected
between application and flooding, no soil

TIMING
Tious wayt
se culiur,
t availsbk

wations ¢ ol

or groud icorporation s necessary Antonelli (2),
1 bomade | T0ler (9) and Sarfaty (13),

quipment If moisture is expected prior to flood-
sy handss || & soil incorporation by discing or harrow-
iins, Thee | ™8 must be carried out prior to occurrence
» both (b ol the moisture, [£, however, the soil is inoist
ethods of

| to safely
iafe to fid

collected
ywing pre

75 3/10 mile downstream
from spillway out of field,

at time of application, the Ordram must be
incorporated to the soil immediately
following application, In the cars of ground
cquipment, this can best be accomnlithed by
mounting the application equipment (liquid
and granular) in front of the disc or harrow
so that application and incorporation are
done in one operation, If airplane application
is used where soil incorporation is necessary
the acreage treated per day should not exceed
the area which can be covered by incerpora-
tion equipment the same day that application
is made,

Following pre-plant applications the
rice can be seeded or transplanted as soon as
the field is in the proper condition for
shallow drilling, water seeding or transplani-
ing of the rice. Tolerance of rice to these
applications is greater than 2 times the rate
required for contro] of grasses,

Post-emergence

Application following the emergence
of grasses has been successful with all types
of rice culture involving deep drilled, shallow
drilled, water seeded and transpianted rice
(2), 3), 4, (9. (7), (8), (9), (13}, Where
rice i8 seeded it is approximately the same
size as the grasses when application is made,
but this is not necessary.

There have been reports (Sarfaty 13)
that post-emergence Ordram applications to
flooding have been successful, In general,
however, this type of application has resulted
invariable grass control. Uniformly excellent
grass control has been obtained with applica-
tions made to the swrface of flood water
when watergrass size ranged from %" to 10"
high tillering (Smith 15). This has been con-

CONC. ppm* = INTERVALS

AFTER APPLICATION

0 2%hrs, 5 his. 2 days
1.78 1.12 —— 0.68
0.96 1.29 —_— 0.73
—_— ——— e 0.74
1.64 S 2,39 0.68
2.71 3.93 — 0.19
—_— —_— —_ 0.22

firmed by Stauffer Research and by commer-
cial applications and Antomelli et.al, (2),
Baker (3), Fischer, et.al, (5), Moomaw (7),
Morse & Oelke (8), Sarfaty (13), Following
post-emergence applications on iop of the
flood water it is important that the field
remauin fiooded until after the watergrass
dies which is 4-7 days for small grass and up
to 34 weeks lor large tillering grass, There-
fore, there are three important reasons for
making treatment when watergrass 15 small,
First, if the field needs io be drained to
apply fertilizer o1 to conserve water, it can
be done in a shorier period following appli-
cation. Along the small iine, if the flood
water is lost eccidentally shortly following
application, the control will be better when
the prass is smailer at time of treatment,
Second, the effect of competition on the rice
is eliminated sooner than if large grass was
treated. Third, in areas where water temp-
eratures are very high such as in Mexico,
submerging the rice for more than a few days
will result in severe injury or death of the
small rice seedlings. Another important fac-
tor to consider in regard to timing is that if
both the rice and grasses are emerged from
the mud, but not from the water, either the
liquid or granular formulation can be vsed
because application is made to a water sur-
face, When application is made after the rice
and grasses have emerged through the water,
the granular formulation is more effective,
This is due to the fact that the granular

particles fall through the emerged leaves
and settle into the mud where needed
for weed control rather than being held
on the leaves as would be the case with a
spray application as shown in Table 2 by
Dewald (4),
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Table 2 Texas Experiment 1966 (1, 2, 3).

% Control
Ordram Early Application Late Application
Formulation LBS./A Watergrass 34" High Watergrass 8-10" High
Liquid 3 99 50
Granular 3 99 85

IType of Application — Post-flood post-cmergence by airplane. Early and late application.

2Depth of Flood Water — 4 to 5"
3watergrass Population — Heavy

Table 3 Fischer, Swain and Boerema (5)

Chemical LBS.fA
Ordram 3

3

6

6
Propanil 3

4

5
Untreated 0

Table 4 Moomaw, Navaro and Tauro (7)

Chemicals Kgha

propanil 3
MCPA 1

propanil + MCPA 3+1

molinate (Ordram)

+ MCPA 5+1

no weeding

Table 5 Mueller and Oelke (9)

Chemical LBS.fA
Ordram 2

3
propanil [

6

6
control 0

Method of Application

Post-emergence-Field not flooded*
Post-emergence-Field fllooded**
Post-emergence-Field not fooded*
Post-emergence-Field fiooded**
Post-emergence-Field not flocded*
Post-emergence-Field not flooded**
Post-emergence-Field not flooded**

*3 weeks after seeding
*45 weeks after seeding

Days After Planting

20
25
20 (propanil-35 (MCPA)

3 (Ordcam)—45 (MCPA)

Method of Application

pre-plant incorporated
pre-plant incorporated
29 days after seeding
37 days after seeding
51 days after seeding

—

Yield
LBS.fA

7548
7642
7638
8031
8325
597
6307
1348

Mean
Yield Kg/ha

4704
2806
4415

4511
1605

Paddy Rice
LBS./A

3940
4820
3100
3500
2960
1830

RATES OF APPLICATION

Pre-plant applications

The standard rate of application
gardless of formulation is 3 1bs. per acy!
In situations where application condi
are goad, 2 2 b, per acre rate is sulficiy
for control of the more susceptible
such as Echinochloa spp. and Digitaria ipy
Under adverse application conditions a my
of 4 Ibjacre may be required. In many
where 2 or 3 Ibfacre results in poor contrg)
is due to an excessive depth of incorp
{decper than 1 to 2"),

Post-emergence applications

With post-emergence post-flood api;
cations the rate required is 2 to 3 Thiam
depending upon the formulation and Hemiy
of application, The 2 Ibfacre rate is
with either formulation if application §
made 2 Ibfacre-rate is adequate with iz
granular formulation, but the 3 1b/facre s
is required with the liquid (ommulition
Under all condifions the 3 ib. mate is »
quired for control of Leptochloa spp. i
Cyperus spp.

WEEDS CONTROLLED
In both pre-plant-and post-cmerpean
applications the following weeds have beey
controlled:
watergrass — Echinochloa crusgalli
watergrass — Panicum crusgalli
Brachiaria — Brachiare platyphylla
sprangletop — Leptochloa penicoides
crabgrass — Digitaria spp.
Umbrella sedge — Cyperus Spp.
hoorahgrass — Fimbristylis miliacea

YIELD DATA

Representative yield data obtained ¥
various research workers are presented 8
Tables 3 to 8.

MATURITY

Dewald (4) has found in commerd
size experiments that Ordram applied poit
emergence on the flood water resulted #
rice maturity 7 to 10 days ahead of recti
mended propanil applications, Yields o
the experiments with each chemical applé
at 3 Ib.facre are contained in Table 9. T¥
data show that yield was not sacrificed [
earlier maturity.

!

201 rates in this paper axe given in terms of B¥
active ingredient,

Table 6 }

Year

1962

1963

Table 7
Chemical

Qrdram
control
Qrdram
propanil

Conlrol

Table 8

Chemica

Ordram

Table 9
CHEMI

Ordram
Propani



iacea

Yable 6 Mueller and Oelke (10)

Yot Chemical LBS./A Method of Application
1962 Ordram 3 pre-plant
6 pre-plant
0
1963 Ordram 1 pre-plant
3 pre-plant
5 pre-plant
0
Table 7 Sarfaty (13)
Chemical LBS./A Method of Application
Ordram 2 post-emergence on top of 2nd imig.
4 post-emergence on top of 2nd irrig.
6 post-emergence on top of 2nd irrig,
conirol 0
Ordram 3 post-emergence on dry bay ahead of Nooding
4 posi-emergence on dry bay ahead of flooding
propanil 3 posi-emergence on dry bay ahead of fiooding
5 past-emergence on dry bay ahead of flooding
Control -

Table 8 Velmorugu (17)

Chemica! LBS./A Method of Application
Ordram 0 (unweeded)
1 pre-plant incorporated
2 pre-plant incorporated
0 (unweeded)
1 pre-plant not incorporated
2 pre-plant not incorporated
0 (clean weeded)
Teble 9 Yield — Barrels Per Acre
CHEMICAL EXP.NO. 1 EXP. NO. 2 EXP. NO. 3
Ordram 438 32 30
Propanil 33.6 26 26

Paddy Rice
LBS./A

4600
4670
4120
3160
3470
3350
2540

LBS./A

3610
5870
5776
1514
6605
4526
2603
3360
1894

Paddy Rice
LBS.JA

5216
7336
T136
5536
7568
5536
6800

EXP. NO. 4

37
24
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DEVELOPMENT IN THE USE OF GRANULES AND MIXTURES
OF HERBICIDES FOR RICE CULTURE IN JAPAN

Kenji Nodd!

Weed control has been the most labor-
ious but indispensable operation for sound
crop production, It has been said in Japan
that the proper cultivation of a crop should
begin with a fight against weeds on the arable
land. However, in recent years. the weed
control progcam has been conspicuously
changed with the inroduction of chemical
control methods which saved s great amount
of labor. In Japan, this change was outstand-
ing in weed control for paddy rice produc-
tion. Tables 1 and 2 indicate the number of
farmers using herbicides and the acreage and
percent of fields in which herbicides were
applied. According to ihese statistics, it Is
clear that herbicide use for paddy rice pro-
duction is the largest.

We can vsually classify rice culture in
Japan into three types: transplanted, dry
seeded and water seeded rice, Table 3 indi-
cates the estimated acreage and percent of
every cultural method or season. The trans-
planted culture in ordinary season is abso-
lutely superior, amounting to as much as 92
percent of the total acreage. Thus, I will
concentrate my atfention on paddy trans
planted rice culture in Japan and proceed
with this paper.

GENERAL ASPECTS OF RICE CULTURE
AND WEED CONTROL

Japan stretches elong a south-north
direction, and rice cultivation procedures
and seasons therefore differ considerably by
regions from south to north. However, it is
assumed that the essential growing patiem
of rice plants is basically alike throughout
all of Japan, 1 will cite an example of the
rice growing pattem from the warmer re-
gion of Japan. As shown in Fig. 1, the life
history generally consists of four stages;
nursery, tillering, panicle formation, and
final ripening. Weed control operations must,
by all means, be done by the end of the
tillering stage, since the damage to rice plants
by competition with weeds is most severe
at this time,

Weed control programs for paddy rice
production in Jspan could be distinguished
as three types until now, as shown in Fig. 1.

Before the introduction of foliage-
applied herbicides like 2,4-D, the following

1Chief, Weed Coniol Laboralory, Kyushu Agricul-
tural Experiment Station, MAF, Japan.

operations made up a typical weed control
program: thorough soil preparatior: before
transplanting of rice seedling, precise water
flooding to 3-5 cm depth, hand weeding
soon after transplanting, two or three me-
chenical weedings, and one or two hand
weedings of barnyardgrass.

After about 1950, as foliage-applied
herbicides such as 2,4-D, MCPA, and MCPB

Table 1. Nambez of farmers using herbicides for crop production in Japan.

Crops Total No.

of farmers
Lowlandrce. . . . . . 4935
Uplandrice . . . . . . 786
Wheatand barley . . . . 3345
Potate . . . . . . . 4303
Vegetables . . . . . . 5234
Froits . . « - - -« 927
Mulbemyandtea . . . . 783
QOthers .. . . . 3Bls

Li7nit thousand ha.; Data are from MAF Statistics, 1964,

Table 2. Estimated acreage and percent of crops felds with herbicides use in Japan.

Crops Total
acrease

Lowland rice Soil-applicd . 3123.0

Foliage-applied . 3123.0

Total . . 3123.0
Uplandrice . . . . . . 1324
Wheatand barley . . . . 960.8
SweetPotato, . . . . . 2569
Iishpotate . . . . . . 2125
Beans. . . . . . . . 4193
Com . . . « « « + = 30.1
Sugarcape . . . . . . 13.0
Rape . . . . . + « - 85.4
Peanut . . . . . . . 66.5
Vegetables . . . . . . 6219
Froits. . . . . . . . 3512
Mulberry and teatrees . . . 2123
Matrush . . . . . . . 9.3

1{jnit thousand ha,, Star is total of soil end foliage applied fields, Data are from
“Japan Association for the Advancement of Photo-regulators™.

Table 3. Estimated acreage (1,000 ha) for lowland rice production in Japan, 1964.

Culture methods

Transplanted culture R
Ordinary season .
Early season .
Direct seeded culture ce
Dry seeded
Water seeded
Total .

were introduced, the mechanical weedi
operation at about the end of the tilleri,
stage came to be replaced by herbicig
application.

Furthermore, the development of FCp
as a soil-applied herbicide in 1959 eliminateg
not only mechanical weeding but also hang
weeding just after transplanting, by whig
the labor requirement for weed control wy
reduced by about 50 percent. This introdug
tion of a soil-applied herbicide has producey
a revolutionary change in the weed conirg
program for paddy rice production in Japag,

Thus the application of herbicides
has been expanding more rapidly in paddy

1
No. with herbi- Per
cides use cent
3633 73.6
202 25.7
500 15.0
34 0.8
142 2.7
43 4.7
60 7.6
180 4.7

1
Acreage Percent
of use

1674.3 53.6
629.0 20,1
2303.3 " 73.7
95.5 72.1
188.4 19.6
10.8 4,2
0.5 0.2
20.7 4.9
0.8 2.1
0.5 1.9
0.4 0.5
8.9 13.4
30.0 4.8
13.6 3.9
57 2.7
2.6 28.0

Acreage Percent
31129 99.58
2884.5 92.27
218.4 731
13.1 0.42
8.3 0.27
4.8 0.15
3126.0 100.00

amemens seHHpasesd s EREERREEBER



*sgie fields than in other crop fields. I would

e o cite several factors contributing to
'ﬁﬂl apnnOﬂ«

{, Herbicide applications are especially ef-
fectiveand stable on paddy fields in com-
pination with cultural methods such as
soil preparation and water flooding

9 In Japan, Tice raisinE is generally more
highly evalvated than other main crops,
so {kat the investment of money for rice
production is readily accepted.

3, The weeding operation in rice fields in
summer is so hard that {he rce growers
gre very anxious to free themselves from
this particular operation by the use of
herbicides.

4, Sound rice production is becoming im-
possible without employing labor-saving
methods, because of a serions lack of
labor in agriculture,

On the other hand, in addition to the
mailers above, I would suggest that the co-
operative development of the creation of
granudar formulation and the establishment
of proper usage techniques applicable to
paddy fields have contributed very much fo
the nation-wide practical eppiication of
herbicides. I would then like to explain some
festured aspects of herbicide application
practices for paddy rice production in Japan,
taking as a focus the granular and mixed
herbicides.

GRANULAR FORMULATIONS OF
FOLJIAGE-APPLIED HERBICIDES

In Japan, the practice of 2,4-D appli-
cation es & foliage-applied herbicide at a
middle stage of rice growing was started with
sodium formulations followed by amine salts
in 1950. Both herbicides were very effective
against broadleaf weeds, but they had some
fmults, being somewhat inconvenient in spray-
ing operations since they must be sprayed
afier complete drainage of water, and were
likely to cause a slight phytotoxicity be-
Cause of overhead application on rice and
weed plants, Accordingly, in order to remove
the former inconvenience, an ethylester
type which could be applied in water was
developed, and in order to avoid the latter
faull, 2 granular formulation was created.
The ethylester wettable and its granule for
€ach of MCPA and MCPB were also made up
for the same reason as in 2,4D. Conse-
fuently, the use of these herbicides became
VeIy easy and contributed to labor-saving.
Fenm‘uy speaking, 2,4-D has been applied
I the southern part of Japan, and MCPA
2d MCPB in the northesn part or in the
®% of early season rice culture. Table 4

nursery L tillaring & mnidef. & I ripening &
g
g g
£ s
£ @
= H
a3 =
June ]
] I Corn H
g A R A : weeding labor, hesfha
£ § —!H—M-MLM-LH L Before 1950, . . .506
] Voo :
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Fig. 1. Life history of rice and weed control sequence.

Table 4. Estimated acreage (1,000 ha) of the use of phenoxy herbicides in Japan, 1966.

Herbicides Salt Formulation Acreage Percent
24-D Sodium Wettable . 70 1.9
24D Dimethylamine Liguid. . 176 19.8
2,4-D Ethylester Liguid. . 144 16.2
24D Ethylester Granule . 186 209
MCPA Sodium Wettable . 43 4.8
MCPA Ethylester Liquid . 8 9.6
MCPA Ethylester Granule . 155 174
MCPB Ethylester Liquid 04 0.0
MCPB Ethylester Granule 30 34
(Total acreage used) 889.4 100,0

indicates the present status of the usage of
phenoxy type herbicides as a foliage appli-
cation. Fig. 2 shows a frend that indicates
2,4-D is more suitable in southern pre-
fectures.

Itis basically supposed that the killing
ability of granules might be poor in com-
parison with wettable or amine liquid, be-
canse of lower contact activity against the
plant body. However, as shown in Table 5,
there should be no essential difference in

aciual fields between the control ability of
2,4-D pranules on weeds immersed in water
and of the wettable formulation sprayed
efter drainage. It was, furthermore, made
clear that the control ability of granule is
herdly essociated with the degree of distd-
bution uniformity, because this is due to a
quality of granules to easily diffuse into
water and act uniformly against the surface
of plants. It is thus concluded that 2,4-D
granules pose no problem for application by
hand alone or by hand-operated applicator,

. /"\o__o

I
1
i o
3 80
]
§ Dens: 4.6 kgha
j Sprayia: 30th day alter
kil trarplanling
Hokkimlie Ak Axch Sharbrit
“ " L L L L | . .
Trrule hogata Hvago S
L, O f—— EOUTT

Fig. 2. Regional differences of phytotoxicity

with 2,4-D on rice plants (joint study, 1949),



Table 5. Controlling effect of 24-D to broadleaf weeds (Aral and Miyahara, 1963)1.

Plots Formulation Applied cond. Number Weight
Chek., . . . . . . B 111 100

2,4D-sodiumm  Wettable Drainage . . . L9 1.0
2,4-D-ethylester Liquid Flooding . 182 6.5
2,4-D-ethylester Granule Flooding . 11.7 5.6

values are percent to check. Dose is 400g per ha as acid. Broad leal weeds are Mono-
choria vaginalis, Rotals indica, and Dopatrium junceurmn.

—

Table 6. Acreage (1,000 ha,) of PCP usage for paddy rice production in Japan.

1964 1966
Total acreage .. 3156 100% 3129 100%
Acreage with PCP usag 1165 37 1224 39
with wettable 80 7 196 16
with granule 1085 93 1028 84

Table 7. Relationship between size of PCP granule and injury on rice plants (Arai and Miyahara,
1963).

Dose Range of grains Uniform Urn-uniform
kg/ha diameter application application
mm

1.5 050-075 . . . . . . .. . .. 04 1.7
075 -L00 . . . . . . .. ... 14 3.9
100 - 125 3.6 9.4
125 - 150 3.9 9.4

10,0 050 -075 . . . . ., . . ... L7 4.6
0.75 - 1,00 32 7.0
160 - 125 . . . . . . . . . . . 44 136
L2 =150 . . . . . . . . . .. 83 20.9

1Va1u§s are percent 91' the sum of dead, and partially = dead plants to all used. Uniform and
unumfom_'n applications have 0 and 10%, and 20 and 30% in degree of increase or decrease of
dose applied, respectively.

Table 8, Lesser toxic herbicides to fish and their estimated acreage (1,000 ha.} of use for paddy
rice production in Japan in 1966.

Common name Formulation Chemical name Acreage
MCPCA Granule 2-methyl-4d-chlorophenoxy

aceto-o-chloroanilide , . . . 75
NIP Granule 2,4-dichloro-4"-nitro

diphenylether . . . . 122
CNP Granule 2,4 ,6-trichloro-4™-nitro

diphenylether . . . . . . 81
Prometryne Granuile 2-methylmercapto-4,6-bis

(isopropylamino)-s-triazine . . 78
DBN Wettable 2,6-dichlorobenzonitrile . . o—
DBN Granule 2,6-dichlorobenzonitrile . . . 16
DCBN Weitable 2,6-dichlorothiobenzamide —_
DCBN Granule 2,6-dichlorothiobenzamide —

if the growing stage of weeds has not &
vanced above the water surface level,

GRANULAR FORMULATION OF PCP
AS A SOIL-AFPLIED HERBICIDE

PCP acts very effectively to kill weed
seeds or juvenile weed seedlings and iy
practical application as a soil-applied herbi-
cide got its start around 1959, by which 5
revolutionary change has been brought 15
the weed control program for paddy rice
fields in Jaj an. However, PCP causes severe
injury to rice seedlings when sprayed from
overhead, because it has an acute action
property. The development of the granuls
formulation was then sirongly required in
order to avoid this phytotoxicity.

As seen in Table 6, the use of PCP hay
spread most widely in paddy rice fields and
liow amounts to about 40 per cent of the
total acreage. Among the PCP formulations,
the granular form has a 90 per cent usage
factor.

Although the PCP pranule may not
cause acute injury to rice seedlings, a slight
chlorosis of leaves through the basal part
of the leaf sheath, rarely resulting in com-
plete death, is sometimes found. Such «
phenomenon is likely to occur when applied
under unfavorable environments such as high
temperatures, excessive sunshine just after
application, uneven granule distribution in
unsound rice seedlings grown with too much
nitrogen fertilizer, or under limited sunlight
in the nursery.

Experiments have been conducted to
study the phytotoxicity of PCP granules
The size of the granule, as seen in Table 7,
has no influence on killing ability of weads,
but apparently does on the incidence of
phytotoxicity to rice plants, The distribu-
tion of granules applied on the soil surface
under water is also distinctly related to the
occurrenice of phytotoxicity. On the other
hand, the quantity of carrier for creating
granules is more or less related, but not to
any great extent. Finally, T should conclude
that an uniform application is most impor-
tant in the case of PCP granules in order to
avoid phytotoxicity, being different than
the granules of foliage type herbicides such
as 2,4-D and MCPA.

DEVELOPMENT OF LESSER TOXIC
HERBICIDES

Since 1959, the use of PCP has been
on the increase year after year, but a serious
problem caused by its high animal toxicity
occurred with respect to fisheries in 1962
That is, when heavy rains occurred right after
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. tion of FCP, this chemical flowed
appllcanon . - .
ato rivers and seas in great quantities killing
gish. From 1962 to 1963, the damage was
gaious in the warmer regions of Japan,

erefore, the development of new herbi-
cdes with less toxicity to fish and shelk-fish
wasUIBeﬂﬂY required as a substitute for PCP
ganules. .
As a result of extensive and coopera-
tive studies throughout Japan, several useful
perbicides, as indicated in Table 8, were de-
veloped. They are alt granular formulations
except for the wettable powder forms of
DBN (dichiobenil} and DCBN (ihiobenza-
mide). NI (Tok), CNP, and prometryne
act essentially on the shoot and leaf, conse-
quently they are not available for ovethead
gpplications as emulsions or wettable formu-
fations. On the other hand, NIP and CNP
were highly evaluated for their low level of
action by roots.

MCPCA, DBN, and DCBN showed
litlle or no contact aciion; however tney
were formulated in granules for the purpose
of {acilitating the operation of application.
As for DBN and DCBN, two formuiations
of wettable powder granules were developed,
but they are not always similar in soil be-
havior so their effectiveness as an herbicide
seems to differ to some extent

Generally speaking, the herbicide from
the granule moves in a greater quantity into
the soll and has a longer residual activity.
It is therefore more potent in its killing
power a5 well as in its harmful effect on
rice plants.

Table 9 indicates the sction proper-
ties and soil behavior of main herbicides as
PCP and lesser toxic herbicides. The total
acreage of use for lesser toxic herbicides
has increased very rapidly and amounted
to about 370 thonsand hectares in 1966,
as seen in Table 8. Because the use of PCP
in some arees is prohibited by the Kyushu
prefectural government, less toxic herbicide
use is estimated at about 80 per cent. Thus,
at present the damage to fish and shell-fish
from the use of PCP has declined greatly.

DEVELOPMENT OF HERBICIDE
MIXTURES

PCP and lesser toxic herbicides are all
Very effective in controlling annual common
Weeds when properly applied, but are not al-
¥ays useful against all kinds of weeds or
%ainst older stages of weeds. For example,
1 300n as Fig. 3, PCP is ineffective on barn-
Yatdgrass (Echinochioa Crusgalli var. Orizi-
“la) of over 1 ieaf stage, or on all stages of
Yender spikerush (Elocharis acicularis), NIP
W CNP ae also peculiarly ineffestive

Table 9. Soil behavior and action properties of several herbicides (Noda, 1962-65)1.

Herbicides Movemeat into soil Residue
ACL HAS

PCP 8 M Short
MCPCA M G Middle?
NIP Vs S Middle
CNP — A Middle
Prometryne S S-M Long
DBN S G Middle
DCBN G G Middle

1S:small, M:middle, VS:very small, G:great.

Action Response to
by shoot high temp.,
Severe Middle
Small-No Great-Middle
Severe Small

Severe Small
Middle Great

No Small-No

No ~  SmaltNo

ACL:altuvial clay Ioam, HAS: humic allophene soil,

Table 10. Mixtured herbicides registered and their estimated acreage (1,000 ha.) of use in 1966.

Commeon name Formulation Component Acreage
PCP.MCP Granule PCP-Na+2-methyl-4-chlorophenoxy acetic acid allylester . 467
PCP.MCPB Granule PCP-Na+4-(2-methyl-d-chlorophenoxy) butyricacid . . 58
PCP.MCPP Granule PCP-Na+2-(2-methyl-4-chlorophenoxy) propionic acid . 6
NIP.MCP Granule NIP+2-methyl-4-chloraphenoxy acetic acid ethylester | -—_
CNP.MCP Granule CNP+2-methyl-4-chlorophenoxy acetic acid ethylester . 9
PCP.DBN Granule PCP-Na+2,é-dichlorobenzenitrile | .. 1
PCP.DCBN Granule  PCP-Na+2,6-dichlorothiobenzamide . 12
24D.ATA Wettable 24D+3-amino-1,2,4-triazole 29
PCP.DBN.MCPB Granule PCP-Na+DBN+MCBP 9

WM pop MCP wip | one) ™ | pa ipcen
Echl::t:}:g: :.T:-m"; OlAlslm!BlA A
et B e 6w e anx
Rotala indica ® o0 0o e O w
Dopatrium Juncewm o o o 0 o o
Monochoria vaginalis e m 8 B 0O
Eloocharis schicularis Aiein|o A, LR

@ vary srong B suon

O intrrmadia A Weak

Fig. 3, Selective action of soil — applied herbicides to weeds (Kyushu Agr, Exp. Sta., 1962-66).

against Monochoria vaginalis and slender
spikerush. In order to eliminate such faults,
mixtures of two or three herbicides having
dilferent properties should be utilized. Along
such lines, several mixtures were created, as
indicated in Table 10. Most of them are for-
mulated in granules, and were developed as
soil-applied herbicides to control not only
annual weeds but also perennial weeds like
slender spikerush in paddy rice fields.
However, one component of these
mixtures, the phenoxy or nitril type herbi-
cide, moves easily into the soil. It is there-
fore likely to cause injury to rice seedlings
in comparison with an original single appli-

cation of soil-applied herbicides such as PCP,
NIP, and CNP. The use of these mixtures
should be more or less limited to the areas
of paddy fields where the leakage of imiga-
tion water is less and perennial weeds like
Slender spikerush prevail. At present, PCP.
MCP and PCP.MCPB have been used very
much; they were developed earlier.

A mixture, ATA.2,4-D, was recently
developed for the purpose of controlling
slender spikerush by means of foliage ap-
plication after harvesting rice plants. This
mixture is more effective than single appli-
cations of ATA and 2,4-D; its action property
seems to be somewhat synergistic.
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Fig. 4. Control spectrum for growing stages of barnyardgrass (Noda and Ozawsa, 1964).

CONCLUSION AND FUTURE APPROACH

As described above, the practice of
herbicide applicaticn for weed control in
Japan has been pushed forward sometimes
gradually and sometimes rapidly to the pre-
sent time with the creation of granular and
mixed herbicides and the development of
their application techniques. However, the
present know-how we have in Japan has by
no means satisfied rice growers, and an ur-
gent need for e better weed control program
remains. I should like to present an epproach
to future programs of weed control in Japan.
1. The present soil-applied herbicides are

generally effective against weeds only
at cerlain limited stages; that is, they
have & “namow spectrum” for growing
stages of weeds, Fig. 4 summarizes our
experiment on control spectrum for
growing steges of barnyardgrass. All
herbicides were used, but propanil was
found to be poor against more than the
oneleaf stage. Rice growem are thug
anxious to have better herbicides with
broader spectruma.

2. As herbicides effective against only an
mal weeds have been used year afier
year, the infestation of perennial weeds
has been gradually becoming serious
Therefore, new herbicides which are
effective against both annual and peren-
nial weeds and which cause no injury
due to the long residual activity to rice
plants are especially desired for future
use,

3. At present in Japan, two applications of
herbicides are customary in paddy rice
fields, but o simple weed conirol pro-
gram is required and should be valuable
to save labor in rice production. For
this reason, it is necessary to reduce the
number of epplications. In order effec
tively to control weeds with single appli-
cations of herbicides, it is necessary to
develop herbicides with longer residuel
contre! btut without phytotoricity to
rice due to the downward movement of
the herbicides until late in the growing
SEason.

MCPCA AND EARLY PADDY FIELD RICE HERBICIDE

K. Shigezanel

The history of paddy field herbicides
in Japan originates in 1950 when 2, 4-D was
first introduced foltowed shortly by MCP.
Employment of 2, 4-D or MCP in sequence
for many years in paddy Felds 30 to 40 days
after transplanting showed remarkable con-
trol of annual broadleaf weeds (such as
Monochoria vaginalis, Sagittaria pygmaea,

1Chief Research Chemist, [shihera Sangyo Kaisha Ltd.,
Tokya, Japan

Lindernia pyxidaris, etc,). However, this
caused a change in the weed community and
promoted the predominance of Echinochloe
crusgalli (barnyardgrass). Researchers of the
Ministry of Agriculture and Forestry, univer-
sities, and private enterprises in Japan ex-
erted their efforts to cope with the situation
and completed 8 method of controlling barn-
yardgrass with PCP in 1957,

Because barnyardgrass is quite resist-
ant to chemicals morphologically as well as

histologically, high rates of chemicals have g
be applied on this weed in its advanced sy,
but this naturally also causes chemical day,]
age to the rice plant. 1
Under the circumstances, in order ¢,
controlbarnyardgrass it is necessary to epphy ¥
chemical control measures at the mog §
susceptible stage of the grass, which is @
seed germination. The chemical used for gy, |
purpose should have seed-killing activity y
well as a short residual effect. Fortunately _'
PCP possesses these two properties, Ag,
practical control method, PCP cam be uieq ]
preemergence to the grass before or afty §
trensplanting rice so as to kill barnysrd %
grass at its germinating stage.
In the event of PCP treatment befop
transplanting, the chemical will soon decoy,.
pose and rice can then be planted. With pos. §
transplant treatment, the possible chemica) )
damage to rice plants was avojded by using
granulated PGP, Through the introduction of |
PCP, weed control in paddy fields in Japan
underwent a substantial change in that PCp
was used pre-emergence in an early stage of E
rice cultivation while the usage of 2,4-D, 30 &
to 40 days after transplanting, declined tou
great degree. '
The practical vsage of PCP in paddy [
fields proved thut even an old chemical
could be used successfully, depending upos ¥
the degree of research work done even amidd ¢
development of various new chemicals, Thus, §
the establishment of the weed control system §
wherein PCP was used in early stage of riee §
cultivation and phenoxy herbicides in latia §
stage contributed greatly to the chemicd |
weeding of paddy fields in Japan (Fig. 1),

Weed Control g

1 P
Y Herbicide l Waedear _\‘Herbicide/

PCP 2.4.D
§0~100 MCP
griare 4grfare
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i 1 |
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) 16 30 o 4o
Day
Hertacide
2.4:.D.MCP~PCP
Method

Folisge Treal-Sol Treal
Eslabiished Weed Conlral Sysiem
PCP 2 4.D WCP
Hand Rotary Weedsr
No More Hang Wesdng

Fig. 1. Weed control method in piddf
field in Japan (after 1959).
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However, PCP is not a super-chemical,

It stil! has many disadvantages:

g, PCP is stimulative and tends to chap
hands upon usage and will cause sneezing.

b, It has fish-toxicity.

¢. It will not control Eleocharis acicularis,
which i$ 2 second dominant weed in
paddy fields.

d. In spite of a rather large quantity used,
the residual effect does not last Jong and
therefore treatmentwith PCP once during
the season will not be sufficient for the
purpose,

Under these circumstances, the tech-
nical stalf of Ishihara Sangyo in an effort to
mive these disadvantages of PCP, and to
develop a second early stage paddy field
herbicide, conducied research leading to the
development of MAPICA granular (MCPCA).

DEVELOPMENT OF MAPICA
GRANULAR

A necessary property which a pre-
emergence herbicide should possess is seed-
killing activity. In accordence with our “Ex-
imination method for seed-killing activity by
ditferent concentrations,"l PCP can com-
pletely kil germinating seed of bamyardgrass
{2 representative in graminaceous weeds) at
10 ppm and germinating seed of mung bean
(1 tepresentative in broad-leaf plants) at 50
Ppm. However, when 2,4-D or MCP were
¢ompared against these results, both 2,4-D
ind MCP showed the same results at as Jow a
concentration s 1 ppm. Accordingly, it can
be said that phenoxy herbicides are superior
10 PCP in seed-killing activity (Fig, 2).

Yy exumination meihod developed by Ishihara Sangyo
n which germinaling seeds of barnyardgrass ( a repre-
*nlative in graminaceous weeds) and mung bean (a
'fl"!!nlaliw in broad-leal plants) are treated with
differeny concentrations of & test chemical in order to
*‘frmine aclivities of the chemical through the obser-
Tation of germination and rooting of the test plants,

Seed Killing Test with POP; 2,4-D'& MoP

EEEaE T ‘.J-‘.“"‘
[

Fig. 2. Seedkilling test with PCP, 2,4-D and MCP,

Various properties of phenoxy herbi-
cides can be enumerated as follows:
a. Seed-killing activity. (used pre-emergence)

High
b. Effect when used as a foliage treatment
High
c. Residual effect Long
d. Lezaching Large

As explained above, phenoxy herbi-
cides when used pre-emergence in the early
stage of rice cultivation would produce
better control effects than PCP on weed
seeds 8t their germinating stage, However,
due to the properties mentioned in (b} and
(d), it is very clear that phenoxy herbicides
would affect rice plants through both leaves/
stems and roots and, further, due to the long
residual effect as evidenced in (c), would
certainly cause damage to rice plants for a
long period.

Through these observations, our tech-
nical statf thought it would be possible that
phenoxy herbicides could be used success-
fully as an early stage herbicide in paddy
fields if we could maintain their seed-killing
activity and long residual effect and, on the
other hand, preclude or minimize their phy-
totoxic property through leaves/stems which
constitutes a bottle neck in the case of an
early stage usage, and also their inherent

2,4-1
-o=cl

-Na -Fe -AL

1o o--

Fig. 4. Leaching in soil.

izttt v

2.4-D or MCP Derivatives

CH,COOM
i }—CI {or CH))
o L. M=Metal
& CH.COR
é—ﬁ [or CH,]
& #.8.R=Amine, Anilina
Fig. 3. 2,4-D or MCP derivatives.

leaching property. Accordingly, we launched
forth on research under & (heme of “Research
for the usage of phenoxy herbicides in an
early stage of rice cultivation,”

Many aresearch report is submitted in
which structure of molecules would be at-
tributable to the activity of phenoxy herbi-
cides. However, inasmuch as practical form-
ulations are of salts, esters, amides etc,, as
shown in Fig. 3, we changed M and R into
several forms so as to synthesize several de-
rivatives and study their leaching property
and phytotoxic property when they were
used on leaves and stems.

As to M, re<valuation was made on
metallic salts such as Na, Fe, Al, studied
previously during our research process of
Aqua 2,4-D, a development of our own, and
at the same time R was examined in the
forms of amide, anilide etc, These exam-
inations revealed that metallic salts, con-
trary to our expectations, did not exhibit any
decrease in leaching property but amides and
anilides compared with Na and ester showed
very little leaching (Fig, 4).

In view of the test results obtained, M
was abandoned and the study was centered
on R, More than 10 formulations of amides
and anilides were synthesized and tested as
pre-emergence herbicides on simulated paddy
fields at their early stage in pots (15,000
are)2. Having confirmed that amides and
anilides are effective when used preemer-
gence in imigated paddy fields, we syn-
thesized several hundred substituted amides

21 are =0.01 bectare,

]

=-o-cl Bt -
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Fig. 5. Seed killing test,
Table 1. Seedkilling activity with 2,4-D derivatives.

2.+ - 50% inhibition
3 ---100% inhibition

Derivatives M.P. Actwity
1ppm 10pgm- 100ppm

(2,4-Dichlorophenoxy acetyl)

-aniline 111-112 1 1 2
-o-carboxyaniline 221222 1 2 3
-o-chloroaniline 125-126 1 2 3
-m-chloroaniline v 130-133 1 1 2
-p-chloroaniline 162-164 1 1 2
-3,4-dichloroaniline 170-173 1 1 1
-2,5-dichloroaniline 182-184 1 1 1
-2,4,5-trichloroaniline 218-220 1 1 1
-o~toluidine 140-142 1 1 2
-m-oluidine 117119 1 1 2
-p-toluidine 149-152 1 2 3
-o-nitroaniline 170-173 1 1 -
-m-nitroaniline 210-213 1 1 -
-p-nitroariline 196-200 - 2 -
-ureg 188-190 2 3 3
-triethanolamine 123124 1 1 3
-d-naphthylamine 163-165 1 1 1
-b-naphthylamine 165-170 1 1 1
-o-aminophenol 232-233 1 1 -
-m-aminopheno} 190-192 - 2 -
2,4D 139-140 2 3 3
* 1---- Non-active

2: - - - 50% inhibition
3- - - - 100% inhibition
Table 2. Seedkilling activity with MCP derivatives.
Derivatives M.P. Activity
| (2-Methyl-4-chlorophenoxy acety]) m———mm—n 1ppm 10ppm 100ppm
-aniline 131-132 3 3 3
-o-chloroaniline 114-115 3 3 3
-m-chloroaniline 108-110 3 3l 3
-p-chloroaniline 140-143 3 3 3
-o-toluidine 128-130 2 3 3
-p-toluidine 134-136 3 3 3
-2,5-dichloroaniline 170-172 1 1 1
-2,4,5-ttichloroaniline 205-206 1 1 1
-o-mitroaniline 176-178 1 1 1
-m-nitroaniline 175-178 1 2 3
-p-nitroaniline 195-200 1 1 2
3-aminophenol 120-123 1 1 2
-m-aminophenol 174-115 3 3 3
-urea 208-210 2 3 3
MCP - Na 118-119 3 3 3

* 1..-- Non-active

and snilides of halogenated allyloxy
ylic acid and these were sibjected 1o SCree,|
ing tests,

Seed-killing tests were conducted wiy
many synthesized compounds (see Fig, ;
and Tables 1 and 2). Through these tests y,
leamed that 2,4-D derivatives upon amidif;,
cation tend to decrease their sesd-kill; _
activity whilst a majority of MCP derivativg
exhibited very little decrease in the activil:,.'
Furiher, both of the derivatives clearly gy
hibited a decrease in seed-killing activiy
when R substituent counted more than 2,

The results of foliage treatment tes;
obtained in pots (110,000 are) indicatey
MCPCA was less effective than the sodiys
salt of 2,4-D in foliage treatments (Fig. 6).

1, 157

CEECK NOPOA P

Fig. 6. Leaf treatment test with MCPCA

g

Wagner pots (1/5,000 are) were used
for the tests in which 3 cm/8 hrs, waier
leaching was used, Soils of different layen
were sampled and tested against bamnyanl
grass, The results showed clearly that (be
leaching property of these compomnds wa:
decreased and that leaching of ali substituted -
amides-and anilides was less than half of tht
comresponding salts.

Pots (1/10,000 are) were used fur
residual effect tests, Soils sampled after:
certain time were tested against mung beer |
The results showed ‘that residual effects ef
these compounds lasted equal or longer thm
corresponding salts. Some of the compoundi
appeared shorter in residual activity but thi
appeared to be so when their seed-killind
activity was not large, :

T e

Through various tests such as seed
killing, foliage treatment, leaching and &
sidual effect, the substituted amide and
anilide compounds were determined as h#?
ing practical value, Of all of these, O-chlor®
anilide was decided as the most desir
compound in the light of activity (especslll
secd-killing activity) and economics T
MCPCA was selected. -



Fig. 7. Survived weeds in pot, 30 days after
treatment.
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Fig. 8. Effect of MCPCA on rice plant.

The treatment of MCPCA in trans-
planted pady fields in comcrete plots
(1™ x 1™) resulted in excellent weed conirol
and yet no damage on rice plants was ob-
served (Fig. 7 and 8). In practical field tests,
MCPCA also showed remarkable weed con-
trol,

As originally aimed, through decreas
ing the effect of foliage treatment and
leaching, we were able to prevent MCPCA
from attacking plants from both leaves and
stems as well as roots, and further we were
successful in maintaining a residual effect,

On the ‘other hand, however, ils sced-
killing activity is somewhat weak. This can
be overcome, however, by using higher con-
centrations in rather shallower treaiment
layers as compared with phenoxy herbicides
(Fig. 9). The characteristics of MCPCA are

The practical methods of application
in Japan are by hand, aerial and mechanical
means, Application shonld be made as shown
in Table 5.

35

MCP-Na MCPCA

Damage
\f\ /

Damage\:-‘ a

/ No Damage

No Damage

Fig. 9. MCPCA results compared to phenoxy

described in Tables 3 and 4. herbicides,
Table 3. Characteristics of MCPCA Granular,
Physical and Chemical Properties
Appearance whitish fine granular
Active ingredient
: 2-methyl4-chlorophenoxyaceto-o-chloroanilide 21.5%
Inert ingredient 91.5%
Characteristics of Active Ingredient
Molecular wt. 310.2
Meiting point 112-113¢C
Solubility =~ Water  :below lppmat 25C
Organic solvent : easy
Toxicity Acute oral LD to mouse 2,560mg/Kg
Acute  TLM to fish 1.7ppm

Table 4. MCPCA herbicidal properties; weeds susceptible to MCPCA.

Herbicidal Properties
Persistence in soil
Leaching in soil
Time of application
Absorption by foliage
Influence of temp.

Susceptible weeds
Echinochloa crusgalii (L.} Beauv.

long

little

Susceptible at germination stage of weeds
very slow

More effective in warmer condition

Eleocharis acicularis Romer ¢t Schultes

Cyperus difformis L.

Eichornia crassipes (Mart.) solms
Elatine triandra Schk,
Monochoria vaginalis Presl.

Table 5. Application of MCPCA.

Standard Method of Application
Rate per ha.
Time of application

Soil
Application

30 Kg granules

Germinating stage of weeds (4 7 days after
transplanting)

SL-C

under flooded condition
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SUMMARY

MCPCA wes highlighted i 1963 as
the first herbicide originally developed in
Japar, It has low toxicity to fish. As an early
stage paddy [lield herbicide, MAPICA is
steadily gajning and contributing to the de-

velopment of agriculture in Japan.

Being stimulated by the development
of MAPICA granular, 2 domestic herbicide,
other manufacturers in Japan are also com-
ing up with their own producis. This trend
will certainly contribute to the advancement
of Japanese agriculture,

PRE AND POST EMERGENCE WEED KILLERS FOR RICE

E. L, Chandler!

The use of broadleaf weed killers of
the phenoxy type in rice continues in large
volume in the United States and iy expand-
ing in usage in Central America, Not only
are formulations improved, but better equip-
ment now mekes excellent weed control and
safe weed control possible, A new develop-
ment in 2,4-D hag led to wide spread usage
especially in areas where sensitive crops are
grown near tice farms, This development, 2
formulation of Duomeen, allows phenoxies
to be applied without fear of vapors emitting
and causing damage to sensitive crops. While
the major reason for formulating this oily
type of amine was to prevent volatility, it
soon became apparent that this specific ma-
terial, N-Oleyl 1,3-proplenediamine salt of
2 A-Dichlorophenoxyacetic acid, had addi-
tional advantages on some very difficult-to-
kill weeds. It is lipid soluble and very tena-
cious, which ellows for excellent penetration
and translocation in the weed plant without
the tissue burning which is often obtained
with esters. The standard water soluble a-
mines do not give as much initial burm to the
weed plant as do esters, but neither do they
penetrate and give as good a kill on major

lelgcr, Technical Service, Diamond Alkali Com-
pany, Ohio, U,S.A,

deep rooted perennial weeds, The action of
DACAMINE, which is the present registered
trademark for this specific Duomeen, is
usually much slower than that obtained with
the ester forms of 2,4-D, but actually gives
more fotal absorption and kill of perennial
weeds,

There have been 2 number of other
cil soluble amines tested by the Diamond
Alkali Company and cther American Com-
panies, but most of them ere of the primary
amine type and these oily primary amines
give inferior weed control compared to the
Duomeens. The standard esters as well as
MCP, are aiso being used widely in some
parts of the United States and Central Amer-
ica where inter-cropping is not a problem.
These materials are continuing to give good
to excellent control of the standard ennual
and perennial broadleaf weeds.

The dimethyl ester of tetrachloro-
terephthalic acid (DACTHAL) was long ago
found to be highly effective against many of
the annual grasses and against some of the
most important genera of weeds plaguing
agriculture. Included in the highly sensitive
weeds to Dacthal are: Portulsca oleraces,
Chenopodium album, Amaranthus spp. Eu-
phorbia spp, and Richardia scabra. Inter-
mediate to good control has often been
obtained on Kochiz spp. Polygonum Penn-
sylvarieum and Tribulus terresiris, as well as
certain solanaceaous species. Early work by

Dr. Arai in Japan, and Dr. Moomaw of the
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International Rice Research Institute in ths f§ 5
Phitippines indicated that Dacthal might met
be an effective and safe weed killer for cer e
tain types of rice culture, Cultural practies | bec
and economics discouraged the development and
of Dacthal during its early inception, bul und
improved economics should open the dox fare
for use in certain types of Hce culture, There i
is a mew interest developing and reseamh fan
workers are encouraged (o re-evaluate DAG it
THAL at its lower cost, Intensive woek hu. :;u
been started by workers in Central Amera '
and the resulis are outstanding, Even @ gD
countries such as Guatemala, Nicaragua, B )
Salvador and Costa Rica,with their diffice L
economic situations, Dacthal is now beit i
used commercially and the large growen of :;
rice are extremely pleased with their results may

In these areas, rice is of the upland typeas
is not for the major part flood rrigated ]
Dacthal is uged as a surface application #
the rate of approximately 9 pounds of 75
active material per acre (approximately 1f
Kilograms/ha.). Most of the weed species #|
Central America are controlled by Dacthl
because they are the type mentioned p
viously in this paper.

There is in Central America & o
siderable amount of propanil used and som¢
of the large rice growers have switched fro®
this material to DACTHAL. For the mai®
part they have dome this with their o
rescarch and development. The Diamond
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i Company has comsequently become
interested in the use of DACTHAL in
o mnsplﬂﬂfed rice and in all upland rice. We
received some reports of damage in
wedod flooded rice in Arkapsas, and more
sesearch i needed with this type of culture.

Regardless of the weed killer used,
thereisa great deal of interest developing in

y thickeners as an additive, These new
materials not only reduce Joss of spray due
tp duft, but stick the active ingredient on
{he treated plant and are giving increased
efficacy. The Diamond Alkali spray gel ma-
{eriel s called DACAGINR, This material is
¢ dry grenular botanical mixture and is
,pﬁnkled into the spray tank after [lling
with water. Approximately 4.6 pounds (2.8
kilograms) is added per 100 gallons of spray
wlution, The resultant mixture flows freely
end pumps easily but is preatly ihickened as
it emetges from the spray nozzie orifice. The
shearing action of the passage through the
orifice increases, strangely enoogh, the vis-
cosity of this solution. The resultant mixture
is a flowable gel which can be sprayed from
all conventional equipment. Fine screens
md nozzles must not be used for the masier
saeen and nozzles (screens should be 50
mesh or larger). This materizl is semi-com-
ercial but research is continuing with it
becanse of its added efficacy to pesticides,
and to all types of weed killers, ingecticides
and wop defoliants,

It was discussed during this Con-
ference that although economics are impor-
tant, research workers should basically look
at the merits of materials for what they can
weomplish, If usage proves to be good and
elfective, greater chemical capacity can great-
Iy reduce the cost of nearly any pesticide,
DDT, which sold during its first few years at

. dpmroximately six to eight times its current

market price. This same phenomenon oc-
cmed with the phenoxy herbicides and
will continue no doubt in the marketing of
miny of the new herbicides.

WEED CONTROL IN RICE

H. L. Vincent!

Rice is the major food crop of Asia,
For centuries, rice has been grown in tropical
Agia under conditions of minimum man-
agement, Attempts to keep production in-
creasing at a rate equal to population growth
have been mainly through increased planting
areas and not through significant increases
in yields per unit erea, Examples of average
yields (tons per hectare) for the period
1960-1962 are as follows: India—1.5, Pakis
tan—1.6, Buma-1,65, Thailand—1.4, Indo-
negia—1.9, and the Philippines—1,1. During
the same time, the average yleld in Japan
was 4,8, United States—3,9, and Australia
—-6.3.

It was my pleasure to be closely
associated with the rice industry from 1960
to 1966 in the United States specifically in
the upper Mississippi Delta Region of Arkan-
sa3 and Mississippi, During this period, area
rice acreage increased from 384,000 to
477,000 acres and production increased from
4.4 to 5.5 tons per hectare, an increase of
25%. This increase in yield per unit area was
achieved mainly through utilization of an
effective herbicide program in combination
with optimum fertilization.

The importance of weed control re-
search in rice and subsequent utilization of
this knowledge can be a major factor in
improving living standards in all areas of the

Iechnical Service and Development, Upjohn Inter-
national, Inc, Kalamazoo, Michigan.

world, Despite the importance of weed con-
trol in rice, or any other field crop for that
matter, yields are determined by a series of
production factors and conditions, When
these production factors are optimum, yields
will be maximum. Dr. 8.J. Wortman reviewed
these factors at the Weed Society of America
meeting in Washington D.C. on February
13.16, 1967, in a speech entitled, “The Crop
Productior: Equation.” In his talk, Dr. Wort-
man pointed out that production factors such
as variety, fertilizer types and rates, soil con-
ditions, water, spacing, climate, disease and
insect control, and weed control must be
optimum in order to attain maximum yields,
If any of the factors are less than optimum,
yield will be reduced ~ in fact, if any factor
in the “equation" has a value of zero, the
resulting yield may be zero, In your tropical
areas where frost dates are not a problem as
they are in the temperate zone, you may
have to modify this formula to obtain maxi-
mum yield per day the cop is in the field
rather than total yield per crop season, thus
obtaining a higher total yield per year,

There was a natural tendency of na-
tions with relatively high rice yields to offer
assistance to lower producing nations with
the obvious solutions — increase fertilization,
initiate weed, pest and disease control pro-
grams, This was just not the case. For ex-
ample, the rice variety Peta responds to
nitrogen levels about 30 kg, per hectare with
steadily declining unit yields (Fig, 1). The
addition of other improvement practices with
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this widely accepted native variety was o
qually futile, Introduction of Japanese rice
varieties when introduced into the tropics,
did not have grain qualities acceptable to
local tastes. In addition, lack of gram dor-
mancy may cause the seeds to sprout in the

58 panicle if there are rains at harvest, Similarly,
the varieties developed in the United States
did not adapt to tropical conditions except
in areas where direct seeding was feasible.
They did not prove suitable for transplant-
ing, the normal planting practice in many
{ropical areas,

It becomes apparent then that we as
weed workers, in order to develop a suitable
rice herbicide, must be a part of the over-all
rice improvement project in our area. We can
often be influental in the direction of such a
project. For inslance, we may allow the
breeders of upland varjeties to utilize thick
stands of an upright variety il we can assure
him that economic wccd contra) is available
and will allow utilization of such a variety. In
peddy areas, we ma: be able to allow the

1w I—

Im 1onhat

YIELD

n

in selecting varieties for specific needs,

The importance of weeds in reducing
tice yields is startling, For example, working
with Dr. R, J. Smith, USDA-Stuttgart, Ar-
kansas, we determined that one bamyard-
grass plant (Echinochloa crusgaile) per square
foot reduced rice yields significantly enough
to justify the application of an effective
herbicide costing $15.00 per acre and still
give the grower a good economic return
on his investment based on United States
rice prices in 1964. Prior to the introduc-
tion of selective grass herbicides suitable for
rice, a grass infestation of one plant per
square foot of area seemed insignificant to
growers,

Another statement on the importance
of weed control in upland rice is taken from
the 1965 Annual Report (8, p 227) of the
International Rice Research Institute located
southwest of Manila,

An important reason for low yields of
most upland rice is the absence of ef
fective, low cost weed vontrol. A few

s
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NITROGEN APPLIED [kg/hal

Fig. 1. Response to nitrogen of four rice varieties, 1966 dry season, Intemstional Rice

Research Institute,

agronomist to utilize better fertilizafion and
water management practices if we can show
an economic method of weed control to
substitute for cultural methods of control-
ling a prass species such as Echinochloa
cusgalli, In ateas where water seeding is
practiced and verieties are adaptable to high
water management, the development of se-
lective herbicides to prevent aquatic weeds
and algae gives the breeder maximum leeway

varieties will produce yields nearly
equal to those of flooded rice, but
many of the shori-statured or low-
tillering types will be outgrown and
over topped by weeds, especlally un-
der high fertility conditions, Hand
weeding is effective and widely prac-
ticed but the cost of human labor is
high and rice production returns are
used effectively only in corase-tex-

tursd soils and are seldom pgogy
enough to permit maximum yields
Effective chemical: mesasures couly
greatly increase the retums to labe
and management snd entirely changy
the outlook for upland rice,

Resuits of a wet season weed COnly
experiment given in the same annual
vividly illustrate the problem and the Oppay

tunities, Three herbicides were COMpay EVAI
with no treatment at all, With no Wweeding IN LC
a drilled planting, the average yield W s
kilograms of grain per hectare and with by
weeding, the yield was 3,943 kllogram“
hectare, The three hand weedings =i MR

an average of 280 men-hours per hetia,
With the use of one of the herbicides,
yield was 3,500 kilograms per hectare, 1,
utility of herbicides in Asia or any othsr iy
growing area will depend upon their effy,

tiveness and safety and upon their goq T
relative to hand labor, The higher the yisy evaluatic
potential the more likely it is that e |  weed cc
economic control of weeds will be achievyy |  iments
through herbicides, years (1'
I consider herbicides 2 major tool iy experimi
producing increased rice per unit of land i relative «
all areas, As a commercial agronomist eg mate, OC
ployed by a major company doing herbicid The che;
research, every effort will be made to di be seen i
cover new selective herbicides capable of
controlling economic weed species, We wil MATER

make every effort to utilize the producise Al

our research to improve the economic prog lowland
ress and human well being of people grow the Phili
ing rice end utilizing rice as a major ingred COmmon
ent in their diet, area wer
The real job in utilizing the produd brietylis
of government and private research Lesis Momochc
your resourcefulness as weed workers -1t and Sp/
adapting new products and practices suitebk hm'adlea'
for the rice industry in your area, An awar mainly L
tatrum

ness of products and practices from afl arest
of the world is essential for the efficient pe- L

formence of your work, An increasiyg Jwir plowing
ness of improved application technique htier of
makes available herbicides more effectit “Dapog”
Improved cultural practices and utilization ed (25 x
of improved plant characteristics are ess 4x5
tial in reducing weed pests, Many effect® another
herbicides are already available and I each plo
increasing emphasis on rice research mal! Ft
our job a challenging one indeed. done in
J— f2agon 1
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IN LOWLAND RICE

This report deseribes results from the
evaluation of Glenbar, TOK and Treflan for
weed conirol in Jowland rice. Four exper-
iments conducted over a period of two
years (1965 and 1966) are involved. A fifth
experiment reports on a season’s trial on the
relative effectiveness of IThara Chlos, Moli-
nate, OCS-21799, TX-1120 and UC-22463.
The chemical nature of the herbicides may
be seen in Table 6.

MATERIALS AND METHODS
Allexperiments were conducted at the
lowliand rice fields of the University of
the Philippines, College of Agriculture, The
common Sedges found in the experimental
wea were: Cyperus iria, C. difformis, Fim-
brictylis miliacea and Scirpus mucronatus.
Monochoria vaginalis, Jussizea suffroticosa
bnd Sphenoclea zeylamice comprised the
brosdleaved species. The grass weeds were
mainly Leptochloa chinensis, Paspabum dife-
tatrum and Echinochloa crusgalli,

Land preparation consisted of one
Howing followed by 2 or 3 harrowings; the
litier operation utilized & “comb-harrow™.
“Dapog” rice seedlings were then transplant-
&d (25 x 30 cm) in plots measuring 2 x 5 or
4 X 5 m, Plots were separated from one
tnother by small dikes constructed around
each plot.

For a dry season crop, transplanting is
done in January or February, while a wet
%4500 crop commences in July or August,

———

lAI!'Btml Professor and Instructors, respectively, College
of Agisulture, University of the Phiippines, College,

nd yield
Lagan, Fhilippines.

Rice Re

M.R. Vega,J.D. Onaand F. L. Punzalan!

EVALUATION OF HERBICIDES FOR WEED CONTROL -

Harvesting is done in May or June and
November or December for a dry and wet
season crop, respectively.

RESULTS AND DISCUSSION

A summary of the results from an
experiment carried out during the wet season
of 1965 is presented in Table 1. The experi-
ment consisted of separate trials evaluating
different concentrations of Glenbar, TOK
and Treflan applied at different dates after
transplanting, Two concentrations (1 and 2
kg/Ha) and two dates of application (5 and
10 days after transplanting) were tried with
Glenbar and Treflan. TOK. was applied at 2
or 4 kg/Ha just before or 5 days after trans-

planting. The treatments presented in Table
1 are the better treatments found in the
experiment,

The effectiveness of different concen-
trations of Glenbar, TOK and Treflan applied
at different times was again tested during
the dry season crop of 1966. Results are
surnmarized in Table 2, An additional con-
centration (4 kgfHa) for Glenbar and Treftan
was included, For Glenbar and Treflan, a
follow-up treatment of either % kg/Ha 2,4-D
or one hendweeding was made, while hand-
weeding was the only subsequent treatment
for TOK. These follow-up treatments were
designed to corirol the weeds that survived
the basic herbiclde treatment, In the experi-
ment the weeds started to germinate about
10 days after transplanting, The emergence
of the grass weeds propagated from seeds was
effectively prevented by 1 or 2 kg/Ha of
cither Glenbar or Treflan, The sedges and

the broadleaved weeds were however not as
susceptible to the above herbicide treatments.

They were controlled by % kg/Ha of 2,4-D
amine applied at 40 days after transplanting,
Grasses from seeds, sedges and broadleaved
weeds were susceptible to 2 to 4 kefHa TOK
broadeast either at transplanting or 5 days
after transplanting provided there was about
2 inches of water in the paddy. Paspafum
dilatatum, a “‘creeper” propagated from
stems and rhizomes, was very tolerant to all
the herbicide treatments. The only effect
noted cn this species was slight stunting and
a delay in their spread. Among the herbi-
cides used only TOK caused phytotoxicity
on rice plants. The portion of the older

Rice showing effect of weed control with propanil. Left, 6.72 kg per hectare of
propanil gave complete control of Echinochloa colonum. Right, note heavy

growth of grass weeds.
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leaves in contact with the “TOK-contem-

Table 1. Field evaluation of Glenbar, TOX and Treftan for weed control in lowland rice,

inated” imigation on water rotted, causing wet season, 1965, Rice varety — BPI-76. 2—?;
collapse of these leaves. Injury to the rice e e =
plants was greater among the plants treated TREATMENT ‘;'ml:
with 4 kg/Ha TOK at transplanting than a(:;[{a) GI
among those treated 5 days after transplant- GLENBAR
ing. TOK at 2 kg/Ha applied at planting was 1 kg/Ha at 10 days! 3345
least injurious, Grain yields from the Glen- 2 kg/Ha at 10 days 4100
bar-treated plots receiving the additional Handweeded Check 4006
spray of 24D were about twice that from Unweeded Check 2697
unweeded plots, When the Glenbar plots ——
were weeded instead of being sprayed with TOK :
2,4-D, grain yield was further increased. This 2 kg/Ha just before planting 2254
Jatter observation is due to the presence of 4 kg/Ha just before planting 1978 5
the resistant grass P. dilatatum in the experi- 4 kgfHa at 5 days 2758
mental area, Even without any additional Handweeded Check 2155
treatment TOK brought about increases in Unweeded Check 911
grain yield over the conftrol. A far greater —_—
increase was however obtained when an ad-
ditional weeding was done. Regardless of the TREFLAN
additional freatment given Treflan brought 1 kgfHa at 10 days 4941 —T]'-i
about substantial increases in grain yield 2 kgfHa at 10 days 4696
compared to the yield from unweeded plots, Handweeded Check 4383
But as in the case of Glenbar and TOK in- Unweeded Check 4362
crease in grain yield was greater ameng the 1 . !
Treflan plots given an additional weeding Daysafter transpianting.
than among those sprayed with 2,4-D. Again
. Ha
Table 2, The effectiveness of Glenbar, TOK and Treflan for weed control in lowland rice, dry season, 1966, Un
TREATMENT Dry weight of Weeds Grain
10 sq m. 0.1 sq. Yield -
Main Herbicide Additional at 27 at 71 (Kg/Ha
days days Table «
——
Kg/Ha Days TE
GLENBAR: -
1/2 10 1/2 kg 24D 30 4540
1/2 10 1 weeding 585 4925
1 10 1/2kg 24D 30 4228 L
1 10 1 weeding 241 5721
2 10 1/2kg2,4D 27 4130 2
2 10 1 weeding 224 5959
3
TOK:
2 0 - 38 3655
2 0 1 weeding 316 5722 4,
4 0 — 55 3220
4 0 1 weeding 256 5090
4 5 — 30 3184
4 5 1 weeding 193 5358
TREFLAN:
1/2 10 1/2 kg 24D 50 3873
1/2 10 1 weeding 467 5672
1 10 1/2 kg 24D 43 4380
1 10 1 weeding 389 5672
2 10 1/2kg2.4-D 33 4808
2 10 1 weeding 106 516l
Handweeded _— 3 times 6114
Unweeded -— —_ 1209 104 2450

HDS 5 = 218




. ;l‘;ble 3. The relative effectiveness of applying Glenbar, TOK and Treflan either before

this observation is attributed to the presence

ice, araftera handweeding, wet season, 1966. of the tolerant gtass weed P, dilatatum,
NT Man-days to . .
— TREATMENT weed a hectare Yield Two other experiments were con-
) (8 hrfday) (Kg/Ha) ducted (wet season, 1966 end dry season,
: GLENBAR: 1967) to further evaluate Glenbar, TOK and
Y 2 kefHa at 10 days — 4287 Treflan. Previous studies have shown that
5 +1f2kgfHa 2,4-D at eithera 2,4-D spray or a handweeding should
3 30 days follow a Glenbar or Treflan application, A 2,
5 2 kg/Ha at 10 days 31,8 4740 4-D spray is sufficient (where resistant grass
7 + 1 handweeding at species like P, dilatatum are sbsent) to con-
— 25 days trol smrviving sedges and dicotyledonous
3 Handweeding at 20 days 242 4766 weeds, The Glenbar or Treflan spray should
+ Glenbar, 2 ka/Ha at SR
1 30 days be followed by handweeding if resistant
3 —_— gmss weeds are present, An application of
: Tof‘kg e — - - TOK should be followed by handweeding
5 ! + 1 handweeding at : where ms}stant grass weeds are present, In
1 25 days lowland rice the younger/smaller weeds are
—_— Handweeding at 20 days 23,2 5202 less difficult to remove. The process of weed-
+TOK, 4 kg/Ha at ing a lowland rice fieid involves “burying™
25 days the weeds into the mud. In including the
E TREFLAN: treatments where handweeding preceded the
) 1 kg/Ha at 10 days . 4907 Glenbar, TOK or Treflan treatments two ad-
: +1/2 kg/Ha 24D at vantages may be realized: (1) fewer man-
2 30 days days required to weed a unit area, and
1 kg/Haat 10 days 16.9 4967 {2) since the herbicides will be applied later,
* 1 handweeding at tesidual effect may be expected to remain
;5 d:} s direat 20d 2043 4973 further into the crop season,
andweeding a ays X . .
+ Treflan, 1 ko/Ha at Data obtamec.l from the two experi-
30 days raents are presented in Tables 3 and 4. There
Handweeded, 3 times — 4336 was very little variation in the number of
Unweeded . 2876 man-days to weed the plots (1966 experi-
———
1 HSD s = 1955
Ha )
Table 4. The relutive effectiveness of Glenbar, TOK and Trefian sprayed either before or after a handweeding, dry season, 1967,
TREA Effect on Dry weight (g) of
——ﬂ? the crop Dry wt. of weeds per 625 sq. cm. (g)1 Echinochloa ¢rus-
) Yield galli per 18 sq.
. meter?
) (Kg/Ma) Sedges Grasses Broadleaved TOTAL
3 1. TOK, 4 kg/Ha at 5 days 5307 6.2 6.7 0.2 131 337
l $ 1 Hw at 25 days
) 2. Hw at 20 days + TOK, 6010 3.5 0 27 6.2 155
? 4 kgfHa at 25 days
—_— 3. Glenbar, 2 kg/Ha at 6138 117 0.2 6.5 18.4 107
10 days + 1 Hw at
i 25 days
) 4. Hw at 20 days + Glenbar, 5848 12.7 1.0 L5 15.2 118
) 2 kg/Ha at 30 days
) 3. Glenbar, 2 kg/Ha at 10 5248 2.0 14.5 0.2 16.7 646
1 days +2,4.D, 1/2
3 kgfHa at 30 days
—_ 6. Treflan, 1 kg/Ha at 10 5859 16.0 0.5 1.0 17.5 108
days+ 1 Hw at 25 days
3 7. Hw at 20 days + Treflan, 5668 18.5 2.0 3.0 23.2 206
) I kgfHa at 30 days
) 8. Treflan, 1 kg/Ha at 10 6126 2.2 8.0 0 10.2 267
2 days+2,4.D, 1/2
] kgfHa at 30 days
1 9. Handweeded 3 times 6181 0.7 0 0 0.7 5
! 10. Unweeded 5115 20.2 15.2 4.0 39.4 604
)

| LSD (.05) = 677
Taken at 70 days after transplanting. 2Dry weight at harvest.



ment) prior to the application of the berbi-
cides: 24.2, 23,2 and 20,3 man-days per hec-
tare for tha plots to be treated with Glenbar,
TOK and Treflan, respectively, However,
there were big differences in man-days re-
quired to weed the plots when weeding was
done after herbicide application, It took
31.1 man-days per hectare fo weed the Glen-
bar-treated plots; 21,1 for TOK-treated plois,
and 16.9 for Treflan-treated plots These
data were taken as a reflection of the extent
of control of susceptible species and inhibi-
tion of growth and development af the re-
sistant species brought about by the respec-
tive herbicide treatment.

The yield daia from the 1966 experi-
ment were as expected. All trestments in-
volving three herbicides immensely increased
grain. yietd over the unweeded control. Also,
yields from these plots compared favorably
with the handweeded control In the 1967
test, grain yield comparable to that from
plots handweeded thrice were obtained from
plots that were; (1) handweeded at 20 days
plus TOK (4 kgfHa) at 25 days; (2) Glenbar
(2 kg/Ha) at 10 days plus handweeding at 25
days and (3) Treflan (1 kg/Ha) at 10 days
plus 2,4D (4 kg/Ha) at 30 days. The low
yield obtained from plots treated with TOK
&t § days and then handweeded at 25 days
was due to aop injury. The low yield from
plots sprayed with Glenbar at 10 days plus
24D at 30 days was dus to sufficient
grass contral.

In the preliminary field screening of
Thara Chlos, Molinate, OCS-21799, TX-1120
and UC-22463 sprayed at different rates and
times after transplanting the following herbi-
cide treatments are worth furtherevaluation:
1 to 2 kg/Ha of OCS-21799 and TX-1120
applied 10 days after transplanting and 2 to
4 kg/Ha of Molinate at 5 days after trans-
planting (Table 5).

SUMMARY

1. The paper reports the results of
four experiments, carried cver a period of
two years (1965 and 1966), designed to
evaluate the effectiveness of Glenbar, TOK
and Treflan for weed control in lowland rice.
Results from a preliminary field screening of
five “newer" herbicides are included.

2, Results strongly suggest the follow-
ing herbicide treatments to be suitable for
weed control in lowland rice:

a, Glenbar: 1-2 kg/Ha at about 10
days after transplanting. In the absence of
resistant grass species (those propagated veg-
tatively), % kg/Ha 2.4-D should be applied
at about 30 days after transplanting to con-
trot surviving sedges and broadleaved weeds,
In the presence of resistant grass species, the

Table 5. Field screening of herbicides for lowland rice, dry season, 1967.

Herbicide Kg/Ha Days Applied! A“"I‘:;g‘i’;g‘“ 553?1. k
[HARA CHLOS 5 5 twice 4855
[ 5 twice 4669
B 5 twice 4917
5 10 twice 4884
6 10 twice 4518
8 10 twice 4451
MOLINATE: 2 5 one 5105
3 5 one 4934
q 5 one 5206
2 10 one 5119
3 10 one 4903
4 10 one 4680
0CS-21799: 1 h] none
2 5 none
1 10 none
2 10 none
TX-1120 /2 5 one
1 5 one
1f2 10 one
1 10 one
2 i0 none
Handweeded Check - - —
Unweeded Check - - _—
UC-22463: 4 5 twice
[ b twice
B 5 twice
4 10 twice
6 10 twice
8 10 twice
Handweeded Check - —_ —_
Unweeded Check - - —_

lDays after planting when herbicide treatment was applied.

Table 6. Chemical nature of herbicides evaluated for weed control in lowland rice.

Glenbar . 0,5-dimethy] tetrachlorothioterephthalate
Treflan . . . . . . trfluoro-2, 6-dinitro-N, N-dipropyl-p-toluidine
™K . . . . . . . Zd4dichlorophenyl-4-nitrophenyl cther

Thara Chlos . Pentachlorophenol - 16% + methyl chlorophenoxy
propionic acid - 0.75%

Molinate . Ethyl-1-hexamethyleneimine carbothiolate

0CSs-21799 . 2-{4-chloro-0-tolyloxy)-N-methoxy acetamide

TX-1120 ., 1 part 0,S-dimethyl tetrachlorothioterephthalate +
2 parts methy}-2,3,5,6-tetrackloro-N-methoxy-N-
methyl terephthalamate

UC-22463 3,4 plus 2,3-dichlorobenzyl methylcarbamate

Glenbar spray should be followed by one
handweeding about a month after transplant-
ing,

b, TOK: 2 kg/Ha at transplanting,
or 4 kgfHa at about 5 days after transplant-
ing, These treatments (especially the latter)
are likely to cause injury to the rice plants,
In areas where resistant grass species are
present 2 handweeding has to inevitably
follow the TOK application. In such aseasa
better treatment might be to handweed at
about 20 days and apply TOK at about 25
days.

c. Treflan: 1 kgfHa sprayed at 10
days after transplanting, The Treflan spray

should be followed by either % keg/Ha 2,4
or handweeding, The 2,4-D spray is sulfi
cient (where resistant grass species like 2
dilatatum ere absent) to control survivil§
sedges and dicotyledonous weeds. The Tre
flan should be followed by handweeding¥
resistant grass weeds are present.

3, It must be emphasized that Gleab¥
and Treflan are more effective when 51:)Pli"l
before the weeds emerge, This fact must b
taken into consideration in using 10 déf*
after transplanting as a guide for proper ¥
of application,

4. Further evaluation of 0CS-217%:
TX-1120 and Molinate is suggested.
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N UPLAND RICE

H.R. Vega, J. D. Ona and E. C. Paller, Jr.!

In the Philippines the average yield
per hectare of upland rice is 788 kg. While
{he reasons behind the very low yield per
gnit area are numerous, principal among
{hem is the weed problem. The experiments
perein reported include a two-year field
entuation of herbicides (1965 and 1966)
for weed control in upland rice,

MATERIALS AND METHODS

Three experiments are involved. Two
of the experiments evaluated the effective-
ness of Glenbar, Treflan and WL-9385-D; the
third was a study of the efficacy of three
“newer herbicides”, TX-1120, SD-11831 and
(0CS-21799 as pre- or past-emergence sprays.
The chemical nature of these herbicides are:

GLENBAR
0,5-Dimethyl tetrachlorothioterephthalate
TREFLAN

, o -trifleoro-2,6-dinitro-N,N-dipropyl-p-
toluidine
WL-9385-D
}azido-4-ethylamino-6-t-butylamino-
¥iriazine
0Cs-21799
H4chloro-o-tolyloxy)-N-methoxy acetamide
SD-11831
4methylsulfonyl})-2,6-dinitre-N, N-dipropyk
riline
TX-1120
1 part 0,5-dimethyl tetrachlorothiotereph-
thalate + 2 parts methyl-2,3,5,6-tetrachloro-
Nmethoxy-N-methy] terephthalamate

All experiments were conducted in
the upland fields of the Central Experiment
Station, University of the Philippines. The
xil in the station is classified as Lipa clay
lam, The predominant weed species in the
®xperimental area were: R ottboellia exaltate
L1, Digitaris sanguinatis (L.} Scop., Eleusine
ndica (L) Gaertn,, Echinochloa colonum
(L) Link, Ipomoea triloba L. Celosia ar-
Eateq 1., Amarenthus spinosus L. and
Operus rotundus L.

EVALUATION OF HERBICIDES FOR WEED CONTROL

Evaluation of Glenbar, Treflon and
WL-9385-D. On the basis of results obtained
from greenhouse tests performed in 1964, it
was decided to study the performance of
these three herbicides under field conditions
In the 1965 test, upland rice variety Palawan
was drilled at the rate of 77 kg per hectare.
The field was then subdivided into 2x 5 m
plots. A completely randomized block de-
sign with four replications was used. The
experiment involved different concentrations
and times of applications of the herbicides,
All Glenbar and Treflan plots were sprayed
with % kg/Ha 2,4-D amine as a supplemen-
tary treatment one month after planting.
The best herbicide treatments from the 1965
experiment was further cvaluated in 1966
using larger plots (6 x 23 m). As the experi-
ment progressed it was decided to impose
additional weeding operations upon the basic
herbicide treatment. The final treatments
may be seen in Table 4.

In both crop seasons, 90 kg NfHa
was applied in three equal portions at plant-
ing, 30 and 60 days after planting. The
insecticides Sevin and endrin were applicd
at intervals during the season.

Evaluation of TX-1120, SD-11831
and OCS-21799. The experiment was design-
ed as a preliminary field screening for three
newer herbicides that became available for
the 1966 crop season. Each herbicide was
applied as a pre-emergence spray (2 days
after planting) and as a post-emergence (12
days after planting). At each application date
three concentrations were used, namely: 0.6,
1.1 and 2.2 kg/Ha. The plots treated with
pre-emergence sprays of TX-1120 were given
a follow-up spray of 0.6 kg/Ha 2,4-D one
month alter planting.

RESULTS AND DISCUSSION

Evaluation of Glenbar, Treflan and
WL-9385-D. During ihe 1965 crop season
some weed species notably I Trilobe have
started to germinate 4 days after planting
the rice seeds. By the time the herbicide
application at 8 days was made many of the
weed seedlings have emerged. Table 1 pre-
sents data on the effectiveness of three con-
centrations of Glenbar applied at three dif-
ferent dates. Glenbar is more toxic to the

weeds when applied pre-emergence. Taking
the average of all concentrations applied at
cach treatment date, reduction in weed pop-
ulation at 20 days after planting was 61,1,
27.7 and 22.2 percent for sprayings done at
1, 4 and 8 days after planting, respectively.
Grass weeds are much more susceptible to
Glenbar than are the sedges and the broad-
leaved (dicotyledonous) weeds, When treat-

ment was done at 1 day after planting, Glen-
bar reduced grass weed population by 84 per-
cent (average of 3 concentrations); the corre-
sponding figuce for sedges and broadleaved
weeds taken together was only 30 percent.
Neone of the treatments caused any visible
adverss effect on the rice plants. When
applied either at 1 or 4 days after planting
all threc rates of Glenbar significantly in-
creased yield over that from the unweeded
check plots. However, only plots sprayed
with 2 kgfHa at 1 day after planting plus %
kg/Ha 2,4-D at 30 days gave yields statisti
cally comparable to the yields from hand-
weeded plots,

A summary of the data on the eval-
uation of Treflan it presented in Table 2.
Treflan is best applied before the weed seeds
germinate, For instance, at 20 days after
planting an average reduction in weed pop-
ulation of 68 percent was recorded when
spraying was done at planiing. On the other
hand, weed population was reduced to only
55 percent when the herbicide was applied
4 days after planting. The grass weeds are
more susceptible to Treflan than are the
broadleaved weeds and the sedges. Among
the plots treated at 1 day, the grass weed
population was 88 percent (average of two
rates of applications) less than that present
in the unsprayed plots; the corresponding
figure for the sedges and broadleaved weeds
was 55 percent, Numerous workers advocate
the incorporation of Treflan, In this experi-
ment, no added advantage was derived from
incorporation, While there is evidence that
incorporation may have resulted in better
weed control, the yield data did not reflect
this added advantage of incorporating Treflan
into the soil It is deduced that the weeds
were sufficiently controlled even without
incorporation. Data on rainfall may help
explain the phenomenon, A 0.24 inch rain
fell about five hours after spraying; and
0.46, 0.69, 0.12 and 0.04 inch two days
before and after planting, respectively. The
rains, especially those that fell shortly after
spraying, must have accomplished what in-
corporation was supposed to accomplish,
Highest yield was obtained when 1 kgfHa
Treflan was sprayed without incorporation
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immediately after planting, followed by %
kg/Ha 2,4-D at one month after planting.

Table 3 presents data from the exper-
ment on the relative effectiveness of two
concentrations of WL-9385-D applied at
three different stages of rice growth, While
Glenbar and Treflan were more effective
when applied prior to germination of wead
seeds, it is evident that WL-9385-D is more
potent when sprayed at the time the weed
seedlings have started to emerge, Spraying
done at 4 days after planting corresponded
to this latter stage of weed development.
Taking the two concentrations 3/4 end 1 kg/
Ha as one, the herbicide reduced weed pop-
ulation by 43 percent when {reatment was
at 1 day. Reduction was as much as 77 per-
cent when treatment was at 4 days. The
yield data suggest that 0.75 kg/Ha was just
effective kg/Ha.

Further evaluation of Glenbar, Treflan
and WL-9485-D. The best Glenbar, Treflan
and WL-9385-D treatments found in the 1965
test were the basic herbicide treatments
applied in the 1966 experiment. A summary
of the data obtained from the study are pre-
sented in Table 4. Within each plot given
the basic herbicide treatment, 1/3 was weed-
ed twice during the season; another was
sprayed with 1/2 kg/Ha 2,4-D at one month
after planting; while the last third of the
plot was not given any additional treatment,

Treflan inhibited the germination of
the rice seeds. This inhibition is reflected by
the data on stand count taken 23 days after
planting when a 59 percent reduction in
stand was noted. In the 1965 test the same
conceniration of Treflan did not cause such
phytotoxicity. The 1966 observation may
be due to the occurrence of heavy rains
shortly after herbicide application; e.g, 0,06,
0,70 and 0.22 inch fell af 1, 2 and 3 days
aller planting, respectively, Apparently, the
herbicide was leached down to the leve] of
the root zone of the crop. The tips of the
first two leaves of rice seedlings treated with
WL-9385-D turned brown and soon dried-up.
The extent of drying was however only up
to about 1/3 of the leaves; furthermore, the
younger leaves and those that emerged sub-
sequently were all normal, This slight tox-
icity to the crop was oply temporary and did
not affect subsequent growth and develop-
ment of the rice plants. Glenbar did not
cause any apparent injury to the rce.

The trend of grain yield among the
Trellan and Glenbar plots was similar. Both
herbicides apnlied at the same rate and time

Table 1. Field evaluation of herbicides for upland rice: Glenbar. (Palawan. 1965)

TREATMENT

Days after
planting

Stam F- 4+ 2,4-D
Handweeded Check
Unweeded Check

KgfHa

0.5
1.0
2.0

0.5
1.0
20

0.5
L0
2.0

EFFECT ON WEEDS
No. per 20 x 50 cm. at
20 days after planting
¢! 5 B TOTAL
LB-L5 45 8.8
1.5 21 44 8.0
14 05 3.6 5.5
53 38 28 1.9
45 33 14 9.9
20 40 21 8.1
8.5 46 4.0 17.1
8.5 25 34 14.4
74 1.0 21 10.5
3.8 20 32 9.0
0 0 0 0
10.1 34 46 18.1

Dry Weight

at harvest

(/0.5 sq.
meter)

104.75
28.75
14.75

S8.75
54,15
63.00

291,25
295.25
257.00
133.50

8.00
455,00

ig = grass weeds; & = sedges; B = dicot weeds. Grain yield - HSD 0.05 = 966

Table 2. Field evaluation of herbicides for upland rice: Trefian (1965)1

TREATMENT

1 kg/Ha at planting
incorporated

1 kg/Ha at planting
not incorporated

2 kg/Ha at planting
incorporated

2 kglHa at planting
not incorporated

1 kg/Ha 4 days after
planting

2 kg/Ha days after
planting

Stam F-34 +2,4-D

Handweeded Check

Unweeded Check

EFFECT ON WEEDS
No. per 20 x 50 cm. at
20 days after planting
G2 § B TOTAL
1.0 25 61 9.6
19 06 7.6 10.1
05 49 4.6 10,0
1.1 39 5.8 10.8
33 36 B4 15.3
1.5 2.1 84 12.0
12.8 60 5.6 24.4
83103 40 22.6
12.5 5.6 125 30.6

Dry Weight
at harvest

(g/0.5 sq.
meter)

13.75
20.25
33.00
23.75
34.00

5.25

170.25

0.75
199.25

ncorporation of Treflan was done with the use of a Japanese rotary weeder.

2G = grass weeds; S = sedges; B = dicot weeds. Grain yield HSD 0.05 = 605.
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Vield of

grein
Kgftin)

1903
1991
174
1816
1539

1697

669
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TREATMENT

pays after
plaﬂﬁﬂg

Stam F-34 + 2,4-D

Handweeded Check
Unweeded Check

1G = prass weeds; S = sedges; B = dicot weeds Grain

yield HSD 0.05 = 523

Table 4. The effectiveness of Glenbar, Treflan and WL-9385-D for weed control in upland rice (1966)

EFFECT ON WEEDS
No. per 20 x 50 ¢cm. at
Kg/Ha 20 days after planting
¢! s B TOTAL
0.75 8.0 65 100 24.5
1.0 7.1 1.3 118 26.2
0.75 45 40 50 13.5
1.0 1.8 28 20 6.6
0.5 - - - -
1.0 - .
9.8 16.0 226 48.4
4.1 103 45 18.9
10.1 153 19.0 44.4

TREATMENT
Mzin Treatment Additional
1 kgfHa Treflan -
at planting 2 weedings
YK kg/Ha 2.4-D
2kg/Ha Glenbar -
at planting 2 weedings
¥ kg/Ha 2,4-D
314 kg/Ha -
WL-9385-D 2 weedings
at 4 days %kg/Ha 2,4-D
afiet planting
Handweedad 2 weedings
3 weedings
2 weedings +
Y kg/Ha 2,4-D
Unweeded Check -

EFFECT ON THE WEEDS
Weed counts{2500 sq. cm.
Gl s B TOTAL
42 255 3.5 33.2
100 102 27 22.9
8.7 12,0 0.7 21.4
0 0 0 0
410 42 265 91.7

< gable 3. Field evaluation of herbicides for upland rice: WL-9385-D (1965)

Dry Weight
at harvest

(g/0.5 sq.
meter)

26.43
19.65

20.25
9.50

100.50
87.00
194,50
5.50
244.00

Ig= Erass weeds; S = sedges; B = dicot weeds. Grain yield HSD 0.05 = 523.

Yield of

grain

(Kg/Ha)

836
1326

2083
1995

1061
1453
342
2733
n

Dry Weight
/30 x 100

§q. om.
87.7

230.7

102.2

36.0

244.0

of application used seemed capable of re-
placing only one handweeding, In the experi-
ment, low yields obtained from plots treated
with Glenbar alone was attributed to insuf-
ficient weed control; howcver, the reason
behind low yields from comesponding Tre-
flan plots was the adverse effect of this
herbicide on the germination of the crop.
WL-9385-D has shown very satisfactory per-
formance as a herbicide for upland rice for
the past two crop seasons (1965 and 1966).
While an additional treatment was not deem-
ed necessary during the 1965 test, in the
1966 test the use of 2,4-D at % kg/Ha as a
follow=up spray proved advantageous. Such
an observation is attributed to the less favor-
able environmental conditions for rice growih
in this season which may have resulted in
greater competition {rom the surviving weed
species, The surviving weed species were
mainly those susceptible to the chlorophe-
noxies,

EFFECT ON THE CROP
Stand count Grain Yield
2500 sq, cm, {Kg/Ha)

47.0 380

1042

951

109.0 Iz
1041

954

96.2 944
1213

1129

107.2 929
1020

1273

94.7 210
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Evalustion of TX-1120, SD-11831 and
0CS-21799. Data gathered from the expet:
ment are sammarized in Table 5. SD-11831
and TX-1120, sprayed pre-emergence, ¥
pecially the former, were very effective in
preventing the germination of grass weeds.
A count taken at 30 days after planting
showed that at 1.1 keg/Ha, reduction in
grass weed population was 57 and 77 per
cent, respectively. With 0CS-21799a 2.2 kg
/Ha rate was needed to reduce grass weeds
68 percent; at this concentration, however,
inhibition of rice emergence was practically
100 percent. SD-11831 was likewise quite
effective in inhibiting the emergence of
broadleaved weeds and sedges, TX-1120 was
not es potent against the latter group of
weeds; the supplemental 2,4-D spray was
mainly to control the surviving sedges and
broadleaved weeds, A pre-emergence applica-
tion of TX-1120 2. 0.6 kg/Ha plus a post-
emergence spray of % kgfHa 2,4-D gave
yields comparable to plots handweeded three
times. Considering the yieid dala, only Li
kg/Ha of SD-11831 proved effective, 0.6 kg/
Ha did not provide sufficient weed control,
while 2.2 kg/Ha was too foxic to the rice
plants.

Only OCS-21799 proved fairly effec-
tive as & post-emergence spray. This herbi-
cide, even at the lowest concentration used
in the experiment (0.6 kg/Hg), was sulli-
ciently toxic to the sedges and broadleaved
weeds, It was, however, not as effective
against the grass weeds. Yields from the OCS
31799 reated plots were comparable to the
yields from plots handweeded three times,

SUMMARY

1. Two experiments which evaluated
the effectiveness of Glenbar, Treflan and WL
.9385-D for weed control in upland rice are
reported, A preliminary feld screening of
TX-1120, SD-11831 and OCS-21799 is like-
wise described.

9. For two seasons, WL-9385-D has
very satisfactory performance as a pre-emer-
gence herbicide for upland rice, A subsequent

Table 5. The effects of TX-1120, SD-11831 and OCS-21793 on weeds and yield of upland rice WE
(1966)
No. of weeds per 2500 sq. cm. Dry Weight Yield Ro)
TREATMENT  (Kg/Ha) at (Kg/ty)
gl 5 B TOTAL harvest
A. Pre-emergence 0.6 55 14.0 8.1 28.2 2222 1213 tior
TX-1120 11 40 167 85 292 1020 1175 eve:
2.2 37 145 62 244 103.7 1365 con
SD-11831 0.6 22 80 17 1718 251.0 835 duc
1.1 0.5 7.0 20 9.5 123.5 oy @
2.2 0.2 67 35 104 1412 137 ;’ﬂ
[
0Cs-21799 0.6 140 980 65 295 360.2 382 e
1.1 40 177 41 264 343.2 25 @
2.2 55 25 1.0 90 239.2 433
B. Post-emergence
TX-1120 0.6 9.5 16.7 31.9 265.7 417 Tl
11 1.2 112 110 334 222.5 375
2.2 105 13.0 127 362 199.7 566
SD-11831 0.6 50 112 41 209 243.5 753
1.1 107 100 40 47 196.7 382 {
2.2 170 57 140 367 418.5 m
ocs-21799 0.6 107 51 5 119 162.5 1126
1.1 77 55 00 127 153.5 1203
2.2 132 00 00 132 113.5 1030 .
1
Unweeded - 175 160 165  50.0 353.2 278 i
Weeded - - - - - 5.5 1351

1= grass weeds; § = sedges; B = dicot weeds.

24D spray al about 2 month afier planting
may proved advantageous where the WL-
9385-D treatment did not sufficiently inhibit
emergence of broadleaved weeds and sedges.

3, Glenbar at 2 kg/Ha end Treflan at
1 kg/Ha apparently can only replice one
handweeding. Because of its toxic effect on
rice germination, Treflan should be used in
upland rice with care.

4. In a preliminary field screening tris)
a pre-emergence spray of SD-11831 at 11
ke/Ha and of TX-11202t 0.6, 1.1 or 220
Ha are promising treatments for weed cotr
trol in upland rice. The latter herbicie
should be followed by a % kg/Ha of 240
(or MCP) at about a month after planting
Of the three herbicides tested, oniy ocs
21799 proved suitable as a post-emesgenc®
herbicide for upland rice,

P |
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Weeds reduce the potential produc-
ion of rice in the United States—the damage
even exceeds that from diseases and insects
combined (Table 1). Weeds reduce rice pro-
duction by 17 percent as compared with 11
percent for both diseases and insects, Annual
Josses caused by weeds in the United States
sice fields and the cost of their control ap-
p-oxi:nated $70 million duging 1951-1960

(Table 2).

p CONTROL IN RICE IN THE UNITED STATES

Both cultural and chemical methods
of controlling weeds are integral parts of rice
production. Cultural methods include use
of weed-[ree crop seed, rotating crops, level-
ing land, tillage of seedbeds before seeding
the crop, selecting seeding methods that re-
duce weed problems, and managing water
and Fertilizer properly. When cultural meth-
ods do not control weeds effectively, herbi-
cides can be used advantageously. However,

Table 1. Estimated average annual losses in rice in the United States due to pests, 1951-60

Pest Reduction
Percent
Weeds 17
Diseases 7
[asects 4

Losses from potential producliorll

Quantity Value

1,000 cwt 1,000 dollars
7,200 45,700
3,900 18,800
2,200 10,700

1 osses taken from USDA Agricultural Handbook 291, Losses in Agricutture, 1965.

Table 2, Estimated average annual losses in
e due to weeds and cost of controlling
them by cultural and chemical methods in
the United States, 1951-60.

Type of loss Value of loss]
1,000 dollars
Production 45,700
Cultural methods of control 23,100
Chemical methods of control 900
Total 69,700

1
Losses taken from USDA Handbook 291,
Losses in Agriculture, 1965.

TR

IRE!HIch Agronomist, Crops Research Dividon, Agri-
tlturel Research Service, 1.8, Department of Agricul-

' In cooperation with the Arkansas Agricultural Ex-
Periment §iation, Stutigart, Arkansas, USA.

combinations of cultural and chemical prac-

tices, such as are used by most commereial
rice growers in the United States, are more

effective than either practice used alone,

In this paper, I will emphasize the
interdependence and interrelations of cul-
tural and chemicals methods of weed con-

trol in rice production.

THE WEED PROBLEM

Weeds compete with rice for light,
nutrients, water, and other growth require-
ments, They reduce grain yields, lower the
market value of the crop by reducing quality,
and increase the cost of production, harves-
ting, drying, and cleaning.

Bamya:dgmss2 is the most common
and troublesome weed in rice in the United
States, Others are listed in Table 3,

Both terrestrial and aquatic weeds
infest rice. Terrestrial weeds usually germi-
nate before the rive is flooded or while it is

25 cientific names of weeds are given in Table 3.

drained, but they may grow and reproduce
in flooded soil. Representative terrestrial
weeds are bamnyardgrass, curly indigo, Mexi-
can-weed, and sesbania, Aquatic weeds usual-
ly germinate, grow, and reproduce in flooded
soil. Common aquatic weeds in rice fields are
ducksalad, redstem, waterhyssop, and some
sedges.

Losses caused by weeds in rice are im-
portant in determining kow much can be
profitably expended for control If the cost
of controlling the weed exceeds the increase
in income from controliing the weed, then
the weed control practice will be of little
benefit,

We have collected data on yield losses
caused by certain weeds, Good stands of rice
compete better than poor stands with barn-
yardgrass. For example, 1 prass plant per
square foot in a rice stand of 3 plants per
square foot recduced yields 57 percent. The
same grass stand in a rice stand of 31 plants
per square foot reduced yields only 25 per-
cent, Experiments show that 1 barnyardgrass
plant per square foot competing with a good
stand of rice reduced rice yields enough to
warrant cost of control with hezbicides,

Experiments at Stuttgart, Arkansas,
showed that bamyardgrass competed signif-
icantly with rice during the early stages of
rice development, For example, barnyard-
grass competing with rice for about 7 weeks
reduced xice yields about 40 percent; com-
petition for even 3 weeks reduced rice yields
about 10 percent. Therefore, this weed
should be controlled as soon after emergence
as possible, Bamyardgrass is now controlled
with herbicides during the first 2 weeks after
emergence,

Sesbania and curly indigo compete
seriously only after they overtop the crop at
about 12 weeks after emergence. In experi-
ments at Stutigart, Arkansas, both weeds
competing with rice during the heading and
grain formation stages reduced yields about
20 percent as compared to G to 10 percent
for competition vp to that stage, Because
these weeds are usually controlled with phe-
noxy herbicides 5 to 10 weeks after rice
emergence, they do not affect rice yields
greatly, Both weeds should be controlled,
however, before panicles emerge,

CULTURAL METHODS OF WEED
CONTROL

Weed-Free Crop Seeds

Planting weed-infesting crop seed is
one of the major ways by which clean fields
become infested with weeds, Red rice, 2
serious weed in rice fields, is spread largely
by using rice seed contaminated with grains
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Table 3. Common rice field weeds and their susceptitifity to control by herbicides. ot 4
sariou
Weed Herbicide and control
soybe
Common name Scientific name propanil molinate 24D MCPA 2,4,5-T silvex :lra:E
68 soybes
Arrowhead Sagittaria L. spp. Poor Poar Good Good Good Good combi
Barnyardgrass Echinochloa Beauv. spp. Excellent  Excellent  Poor Paoor Poor Poor emers
Beakrush Rhynchospora corniculata (Lam.) Gray Fair Poor Good Good Good Good Broad
Brachiaria Brachiaria platyphylla (Griseb,) Nash Excellent  Fair Poor Poor Poor Poor ;’::
Bulrush Scirpus L. spp. Poor Poor Poor Poor Pior Poor aich
Burhead Echinodorus cordifolius (L.) Griseb. Poor Poor Excellent  Excellent  Excellent  Excellsg anda
Cattail Typha L. spp. Poor Poor Fair Fair Fair Fair
Crabgrass Digitaria Heist. spp. Excellent  Excellent  Poor Poor Poor Poor row ¢
Curly indigo Aeschynomene virginica (L) BS.P. Good  Poor Fair Fair Excellent  Exceliy :;s",
Ducksalad Heteranthera R, & P. spp. Poor Poor Excellent  Fair Fair Fair wee:ls
Fimbristylis Fimbristylis Vahl spp, Excellent  Poor Excellent Lxcelient  Excellent  Excellen succe!
Gooseweed Sphenoclea zeylanica Gaertn. Paor Poor Fair Fair Fair Fair must!
Jointed flatsedge Cyperus articulatus L. Poor Poor Fair Fair Fair Fair
Knotgrass Paspalum L. spp. Fair Poor Poor Poor Poor Poo. :rnei:;
Mexican-weed Caperonia castaneaefolia (L.} St. Hil. Poor Poor Fair Fair Good Good practi
Morningglory Inonoea L. spp. Poor Poor Excelient  Excellent  Excellent  Excellen emerg
Paragrass Panicum purpurascens Raddi Excellent  Good Poor Poor Poor Poor I pastw
Red rice Oryza sativa L. Poor Poor Poor Foor Poor Poor weeds
Redstem Ammannia L, spp. Poor Poor Excellent  Excellent  Excellent  Excellenl molia
Sesbania Sesbania exaltata (Raf.) Cory Good Poor Excellent  Fair Excellent  Excellent ::tnn
Smartweed Polygonus L. spp. Poor Poor Fair Fair Fair Fair @ops
Spikerush Eleocharis R. Br. spp. Good Good Good Good Good Good
Sprangletop Leptochloa Beauv. spp. Fair Good Paor Poor Poor Poor Land ]
Texas-millet Panicum texanum Buckl. Excellent Good Poor Poor Poor Poor
Umbrellasedge Cyperus L. spp. Fair Poor Good Good Good Good :t;;c:
Waterhyssop Baropa rotundifolia (Michx.) Wettst, Poor Poor Excellent Excellent  Excellent  Excellel gram,
Waterplantain Alisma trivigle Pursh Poor Poar Excellent  Excellent  Good Good ridges
Waterprimrose Jussigea L., spp. Poor Poor Fair Fair Fair Fair
in low
Excellent—One application at normal rates kills 80 to 100% of the weeds. Normal rates for propanil, 3 1b/A; molinate, 3 Ib/A; phenoxy quate.
herbicides, 1 IbjA. seshar
Good-One application at rates higher than normal kills 60 to 80% of the weeds ;reml:
Fair—Weed is not controlled selectively in ree, but car. be controlled with high rates or with repeated applications on levees and in canals and k
where rice injury is not important. high :
Poor—Weed is not controlled even at high rates. :vm :
elI
reduo
of red rice, Other weeds, such as sesbania, with prapanilg, and control of curly indigo, the rotation practiced. In Louisiana and Tex ofwe
curly indigo, barnyardgrass, Mexican-weed, sesbania, Mexican-weed, umbrellasedge, as, native pastures are often poozly drained weeds
and beakrush, are also spread through use of spikerushes, beakrush, and other broadleaf Poor drainage favors growth of perenn'ﬂl Tevel
weed-contaminated rice seed. After weeds and sedge weeds with phenoxy herbicides, weeds such as spikerush and jointed flatseds®- 245.
infest a rice field they are difficult to control. can reduce weed seed content of rice, Rice following native pastures may be & W’eedn
The use of herbicides to control weeds fested with these two perennial weeds. Im W eedl
in the rice crop helps in the production of ptoved pastures, which are well drained, indi '
weed-free crop seed. Control of barnyard- Crop Rotations heavily fertilized, do not have the M m;g(
grass, brachiaria, and other annual grasses Properly managed rotations are im- weeds as native pastures. Heavy mfe?tnthﬂ' cuntsn
3Chemical rames of herbicides ae given in Tablo 4 portant for.we-ed .con.trol. The occurrence of of barnyardgrass are associated with 6 Gides,
' aweed species in rice is often associated with grown in a rotation after improved pastw®
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ot the problein of perennial weeds is jess
gﬂousinthiSmtaﬁon than in native pastures.

In Arkansas, rice-soybean-oat or rice-
soybean rotations reduce infestations of barn-

. ardgrass, sesbania, curiy indigo and duck-

alsd, Weeds in 2 soybean crop in a rice-
mybgan-oat rotation can be controlled by
combinations of cultural practices with pre-
emergence and postemergence herbicides,
proadieaf weeds in the oat crop can be con-
trolled with phenoxy herbicides, and summer
pallowing after oat harvest controls weeds
sich as bamyardgrass, red rice, sesbania,
and curly indigo.

Rotations of rice with an unirrigated
sow crop (such as safflower} or with fallow
are valuable in California for controlling cat-
ails, bulrush, spikerush, and other perennial
weeds with large rootstocks. For fallow to
aiccessfully control these weeds, the soil
must be dried to a depth of 12 inches,

The combination of crop rotations
and herbicides is more effective in controlling
weeds in all creps in the rotation than either
practice used alone. Preemergence and poat-
emergence herbicides applied on row and
pasture crops rotated with rice atso reduce
weeds in the rice arop. Likewise, propanil,
molinate, and phenoxy herbicides used to
control grass, broadleaf, and sedge weeds in
the rice crop reduce weed infestations in
crops rotated with rice,

Land Leveling and Levee Construction

Land leveling, combined with con-
firuction of levees to permit uniform depth
of flood, is important in a weed control pro-
gram, The land should be free of hummocks,
ridges, sloughs, and hellows,

Aquatic weeds are most numerous
in low areas where surface drainage is inade-
quate, Other weeds, incloding bamyardgrass,
tesbania, and curly indigo, may be more
®rious on ridges where water does not cover
the land adequately, Therefore, land leveling
end levee construction, to eliminate low and
kigh areas in the rice field, and to maintain
410 B inches of water, reduce weeds, More-
over, leveled land requires fewer levees which
teduces places for the growth and reproduc-
o weeds,

Herbicides reduce problems with
%eeds on rice fields with improper land
Ieveling and levee construction. Silvex, 2,4-D,
24,5, and MCPA control aquatic and sedge
¥eeds associated with low or wet areas,
'_Wﬁl’rds such as barnyardgrass, sesbania, curly
digo, and momingglory growing on high
e2s in the rice paddy or on levees may be

::;ﬁolled with propanil and phenoxy herbi-
s

Seedbed Preparation

Elimination of weeds is a primary
goal in preparing seedbeds, The seedbed may
be prepared in many ways—-plowing, disk-
ing, hamrowing, rotary tilling, and combina-
tion methods, The best method to use de-
pends on the soil, rotation, previous crop,
seeding method, and perhaps other condi-
tions. Regardiess of the method used, prep-
aration of the seedbed should eliminate all
weed growth up to the time of seeding rice.

Thorough seedbed preparation heips
to control all weeds hat infest rice fields,
and increases the effectiveness of herbicides
used after the rice crop germinates and
emerges. Killing established weeds during
seedbed preparation reduces the problem to
weeds which must either germinate from
seed, or emerge from root or stem parts after
the rice is seeded. These younger weeds are
very susceptible to herbicides during the
early part of the rice-growing season.

Seeding

The method of seeding influences
weed problems, Barnyardgrass associated
with drllseeded or dry-broadcast-seeded
rice is difficult to conirol by culwral or
mechanical methods, Water-seeding, initiated
in California to control barnyardgrass, re-
duces problems with annual grasses, In
Louisiana pre-sprouted rice seeds are sown
in the water with aerial equipment on a
well prepared and smoothed-in-the-water
seedbed; then in 1 or 2 days the rice field is
drained, This method of seeding reduces
barnyardgrassinfestations; and draining soon
after sowing helps control aquatic weeds such
as ducksaled, waterhyssop, and redstem.

Herbicides are essential 1o effective
control of weeds that may develop under
any seeding method, Propanil controls an-
nual grasses that may infest dry-seeded rice,
and phenoxy herbicides control broadleaf,
sedge, and equatic weeds that may develop
in water-seeded rice.

Water Management

Fiooding rice 1o a depth of 4 to 8
inches when it is in the seedling stage helps
control barnyardgrass and other annual
grasses. The bamyardgrass should be in the
1- to 3-leaf stages, and water should remain
on the field 1 to 3 weeks to kill it. High wa-
ter temperatures (95%F or above) facilitate
control of annual grasses, presumably because
of the low oxygen content of warm water.
Rice plants may be weakened by deep water
and prolonged flooding. Also deep flooding
of young rice when the water temperature
exceeds 95°F may scald and kill the rice,

Moreover, rice growing on calcarcous or
slkaline soil may be killed if flooded in the
cardy stages of growth Early flooding to
control grass weeds, therefore, has a narrow
margin of seleclivity and must be used with
caution. Herbicides can be effective where
water management practices fail to control
weeds,

In a field experiment in California,
barnyardgrass and spikerush were Tontrolled
in water-seeded rice by continuous flooding
to a depth of 6 inches Where the water was
Iowered from 6 to 3 inches at 2 weeks after
planting, bamnyardgrass infested the plots;
when the water was lowered at 4 weeks,
barnyerdgrass was controlled but spikerush
invaded the plots. Where deep water cannot
be maintained on the rce for extended
periods, herbicides can be used to control
weeds, If barnyardgrass develops after water
has been lowered or drained from rice fields,
it can be controlled with propanil. If spike-
rush develops, it can be controlled with
phznoxy herbicides,

Timely and thorough draiaing of the
water from rice fields helps control algae,
Draining the water as soon as green areas of
slgal growth appear on the soil followed by
altermate re-flooding and draining unti! the
rice plants are 12 to 18 inches tall reduces
algal growth. Howevar, alternate flooding
and draining may ellow annual grasses to
serminate and infest the rice field. Propanil
can be used to control these annual grasses,

Herbicides may be combined advan-
tageously with water management practices,
Such combination practices are changing
water management practices in the United
States A deep-water culture may be changed
ic g shellow-water cubure where effective
herbicides are available, Rice seedlings grown
in a shallow-water cutture are stronger and
can compete better with weeds, Moreover,
rice produces higher yields if growm in
shallow water. A shallow-water culture used
jointly with chemical weed control offers
unusual opportunity for conserving water

and lowering the cost of rice production,

Fertilizer Management

Phosphate or nitrogen applied directly
to rice stimulates growth of many weeds,
including barnyardgrass, ducksalad, and algee.
But potash applied directly to rice apparently
has little or no effect on growth of weeds.

Time and method of applying phos-
phate are very important when barnyardgrass
and other grass-weed seeds infest rice fields
in the southern Uniled States. Phosphate
applied before dry-seeding rice stimulates
growth of young grass plants, Where fields
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have a history of severe infestations of bam-
yardgrass, phosphate should be apphied to a
crop in the rotation other than rice or applied
just before early flooding of rice,

Where zpplied phosphate has stimu-
Iated weed growth, propanil and phenoxy
herbicides can reduce the weed infestations.
Herbicides, therefore, are important in alle-
viating weed problems caused by improper
applications of fertilizer.

Early to mid-season applications of
nitrogen are often advantsgeous in the ab-
sence ol grass weeds, However, if barnyard-
grass is present, nitrogen applied early will
stimulate grass growth and emhance weed
competition. Herbicides, therefore, are heip-
ful if nitrogen is to be applied early. Con-
tralling barnyardgrass and other annual
grasses with propenil, permits timely appli-
cation of nitrogen during the early growth
stages of rice,

CHEMICAL METHODE QF WEED

CONTROL

Chemical control of hroadleal weeds
in rice began with the use of 2,4-D in the
late 1940%. In 1966, about half of the rice
crop in the United States was sprayed with
phenoxy herbicides to control aquatic, broad-
leaf, and sedge weads,

CIPC, which fails to contro! broadleaf
weeds, was used in 1960 and 1961 in Arkan-
sas to control grass weeds in rice, Critical re-
quirements for effective gras-weed contrel
without crop injury restricted its use to a
small acreage,

In 1959, experiments in Arkansas
with propanil indicated that it effectr~';
controlled certain young annual grass and
broadleaf weeds in rice, Rice farmers, in
cooperative trials with commercial chemical
companies, used propanil in commercial
fields on about 20,000 acres in 1961. In
1962, propanil was recommended by the
Agricultural Extension Servize in rice-
growing States and farmers treaied approxi-
mately 15 percent of the rice acreage (Table
5). Since 1961, the use of propanil by com-
mercial rice growers has steadily increased
to about 80 percent of the total acreage,
Moreover, per-acre yields of rice have in-
creased by epproximately 900 Ib/A since
the advent of propanil (Table 5). This in-
crease in yield is valued at about $85 million
for the rice industry in the United States,

Better control of weeds, although nat
solely responsible, was a vital factor in bring-
ing about this phenomenal increase in yields,
Also herbicides, properly used, facilitate
good management of other rice production
practices,

Controlling Grass and Broadleaf Weeds

In the United States high yields are
essential to the profitable production of
rice. The cost of components of production—
land, iabor, machinery, fertilizer, and pesd-
cides—is high, Therefore, the farmer must
make a high yield to stay in business, Herbi-
cides that will control grass, broadleaf, and
other weeds in the early growing season are
essential to profitable production,

Propanil

Propanil controls many grass, broad-
leaf, sedge, and aquatic weeds in rice (Table
3). It controls weeds most effectively when
they are in the early wvegetative stages of
growth.

Propanil is a selective postemergence
herbicide, but fails to control weeds that
germinate and emerge after treatment. Rates
of 3 to 5 pounds per acre control weeds 2 to
3 inches tall effectively. It is effective on
weeds that grow rapidly, but not on weeds
that grow slowly because of dry soil or low
tempesatures. lrrigation before treatment,
or delaying treatment until after tempera-
turesrise stimulate weed growth and increasa
the susceptibility of weeds If delays in
treating permit stunted grass weeds to reach
the 4- or 5-leaf stage, rates of 5 to 6 IbfA
may be required for good control.

Propanil is usuelly applied, in about
10 gallons per acre of water solution, with
fixed-wing or helicopter 2erial spray equip-
ment. Because propanil is absorbed by the
folisge of the weed plants, the spray must
cover the foliage completely. Moreover, in
water-seeded rice, the imrigation water must
be lowered or drained to expose the weeds to
the spray. Because propanil affords no
preemergence or residual control of weeds,
flooding the rice field 2 to 4 days after
treatment is required to prevent more weeds
from germinating and emerging,

Propanil and pestemergence insecti-
cides such as carbaryl,” parathion, and
methyl parathion applied to rice within 14
days of each other may injure rice and reduce
stands, Chlorinated hydrocarbon insecticides
such as endrin, dieldrin, aldrin, and DDT,
interact less with propanil on rice than car-
bamate or phosphate insecticides, but con-
siderable yellowing and burning of the rice
foliage may result. These less toxic insecti-
cides may be applied safely 7 days before or
after a propanil treatment, Rice that has had
an aldrin seed treatment may be sprayed
safely with propanil

4Chemical names of inseclivides are given in Table 4.

Propanil-preemergence herbicide mixtupey
Since propamil affords no Tesidny
conirol of weeds, new herbicides or Corghy,
nations are needed, to control both EMerpeg
weeds and those which germinate for

weeks after treatment, so that flooding afyy

Ireatment need not be as early as wiiy, o
panil. Moreover, early flooding may ot
advisable for rice grown on calcareous o
alkaline soils since it may be damaged sey;,
ously i flooded continuously when {iy
plants are small.

Halfrate mixtures of propanil oy
the residual herbicides 0-93, D63,
D-37, applied when the largest weeds o
% to 1 inch tall, controlled emerged Weady
end those that germinated for about §
weeks after treatment. Hence, mixtures of
propanil and a residual herbicide, whey
applied before all weeds emerged controlly
weeds as well as propanil when applied afier
all weeds emerped. Mixtures had an addeq
advantage over propanil in that they cop
trolled germinating weeds for several weeks
afier treatment and eliminated the requip.
ment of early flcoding after treatment, Suzh
residual weed control should be usefu in rice
grown on calcareous or alkaline soils, or i
other rice that cannot be flooded soon afler
it is treated with a herbicide.

Molinate

Molinate, a new herbicide, genenfly
controls barnyard prass as well as propani;
in cool weather it is more effective thn
propanil. Incorporated in the soil at 3 A
before planting water-seeded rice, or post
emergence after flooding dry-seeded rice, 2
controls bamyardgrass without injuring rice
significantly.

Applied postemergen ce after floodiay,
it controls grass in the 2- and 4eaf stage, il
flooding is continued for about 1 week. Good
control of grass in the tillering stage requirs
continuous flooding for 2 to 3 weeks, Mol
nate, applied postemergence, does uot cot
trol weeds on the levees. Postemergent
propanil or a dark-plastic covering or (e

levees will control weeds. Levees of phaste
sheets supported by stakes eliminate sof
levees and areas for growth of weeds, Mo
nate controlled some grass, broadleaf, 3
sedge weeds less than propanil (Tzble 3
It comrolled barnyardgrass when the flord
was held for 1 week and then drained o
3 weeks; however, rice felds drained for
weeks became infested with barnyardgras-

The residual weed control that mof
nate offers, and its effectiveness during
rods of cool temperatures, should be impa*
tant in a weed control program.
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fiing Broadleaf Weeds with Phenoxy

e phenoxy herbicides (2,4-D, MCPA,
T, and silvex), applied postemergence,
frol most broadleaf, aquatic, and many

weeds that infest rice. They do not

\ ' qerial equipment, either as amine or low-
_;n; ester formulations, at % to 1%
_ounds acid equivalent per acre. The rate
Jirends on the weed Species and stage of

"‘Fw:'h of the rice.

Tl af irewith of rice
~ The stage of growth greatly mfluences
“ff response of rice plants to phenoxy her-
biddes Very young rice (from emergence to
§ werks after emergence) is injured severely
@ killed by phenoxy herbicides at rates re-
quired to control weeds. Rice treated in the
wrly-tillering, late-jointing, booting, or head-
ng siages may be seriously inhibited, Rice in
{he lale-tillering to early-joinling stages is
psually not injured by phenoxy herbicides.
For mid-season varieties (Bluebonnet 50,
Siarbonnet), this “tolerant” stage usually
pecurs B to 10 weeks after emergence; 7 to 9
weeks for short-season varieties (Nato, Nova
§6), and 5 to 6 weeks for very-short-season
virieties (Belle Patna, Bluebelle, Vegold), In
1 b-year investigation at Stuttgart, Arkansas,
24D applied at 3 and 2 pounds per acre to
gee in the early-tillering and booting stapes
of growth, reduced rice yields about 17 per-
oeat, Yields were not affected, howaver, if
the rice was treated in the Mate-tillering or
eatly-jointing stages of growih,

&ind of phenoxy herbicide

Rice responds differently to post-
emergence application of phenoxy herbi-
¢ldes. MCPA is less toxic than 2,4-D, espe-
thlly when applied during the early stages of

Mol gowth. When mid-season varieties of rice
cor w4 to 8 weeks old, 2,4,5-T and silvex are
ence " Is phytotoxic than 2,4-D or MCPA. Silvex
1 the d 2,4,5-T did not reduce yields when ap-
jastic Plied at early- and Iate-tillering and jointing

sl stiges of growth, but they reduced yields
ol ¥hen applied at the booting stage. Ail these
and ﬁli!bicides reduce yields severely when ap-
s 9 Plied during the booting and heading stages.
Jood Phenoxy herbicides may cause vege-
i for ative malformation in rice. Rice treated with
for 4 34D at the early-tillering stage grew tubular
158 Eaves and malformed panicles; but rice
noli feated with MCPA, 2,4,5-T, and silvex at
g pe e same stage appeared normal. All these
1por icides applied at any stage may injure

Toots moderately to severely; may cause the

rice plant to tum dark preen soon after
spraying if applied to early-tillering rice; or
cause chlorosis and yellowing if applied to
booting or heading rice.

Weeds respond differently to 2,4-D,
MCPA, 2,4,5-T, and silvex (Table 3). For
example, sesbania is very susceptible to
2,4-D and 2,4,5-T, but curly indigo is sorne-
what resistant to 2,4-D and susceptible 1o
2,4,5-T. Ducksalad, however, is more sus-
ceptible to 24-D than to 2,4,5-T. Where
several species of weeds varying in suscepti-
bility to a herbicide are present, mixtures of
phenoxy herbicides may be used effectively.
Mixtures of 2,4D and 2,4,5-T are often more
effective than either herbicide used alone.

In Southem rice-growing areas,aquatic
weeds, such as ducksalad, waterhyssop, and
tedstem, may become a serious problem
before rice reaches the “tolerant” stage.
Silvex or 2,4,5-T controis these weeds safely
when the rice is in the early-tillering stage or
4 to 6 weeks old. At this stage, silvex and
2.4,5-T should not be applied at more than
1 pourd per acre and 2,4-D should not be
applied at all, At rates of % to 1 pound per
acre, 2, 4, 5T and silvex will not control
ducksalad completely. Where ducksalad is
abundant, a second treatment with 2, 4-D
at 1 pound per acre may be required when
the rice reaches the “tolerant” stage of
growth.

Method of seeding and water manage ment

When phenoxy herbicides are applied
at % to 1% pounds per acre during the “tol-
erant” stage, method of seeding and water
management usuaily do nof influence the re-
sponse of rice to these herbicides. Seeding
method and water management may signifi-
cantly affect the response if the herbicides are
applied in the “susceptible stages," especially
rice 3 to 6 weeks old. When water-seeded rice
3 to 6 weeks old is to be sprayed with phen-
oxy herbicides , a shaltow flood on the rice
field reduces damage to the rice, The stage
of rice development at the time of applying
phenoxy herbicides, however, is much more
important than seeding method or water man-
agement,

Water management may affect the re-
sponse of weeds to phenoxy herbicides, If wa-
ter covers low-growing aquatic weeds such as
ducksalad, redstem, and waterhyssop at spray-
ing time, the weeds may not be controiled be-
cause the herbicide does not contact the

weeds adequately, If weeds are growing slow-
ly because of dry soil or for other reasons,
they may not be controlled, The water

should be drained from the field no more
than 3 to 6 days before spraying to insure
enough soil moisture for rapid growth of
weeds.

Nitrogen management

When phenoxy herbicides are applied
at the “tolerant” stage of rice, nitrogen appli-
cations should be carefully timed to avoid
injury to rice. Rice may % injured if the
nitrogen is applied 10 to 15 days before or
10 to 15 days after the herbicide.

At Stutigart, Arkansas, application of
nitrogen 15 days before the herbicides sti-
mulated growth of rice in 4 or 5 days. By the
time herbicides were applied, rice was green
and growing rapidly. The herbicide caused
chlorosis and reduced yieids. The rice was
not injured if nitzogen was applied either §
days before or 5 days after the herbicide,
but yields were reduced about 20 percent
when nitrogen was applied 15 days after
applying 2, 4-D or 2, 4, 5-T in the “tolerant™
or late-tillering stage.

Phenoxy herbicides injured and killed
rice roots, but nitrogen stimulated growth of
new roots. If nitrogen stimulated roots
within 5 days of the herbicide application, the
new 1oots compensated for those injered
by the herbicidesduring a fime when the rice
plants could utilize nitrogen efficiently. How-
ever, root stimulation by nitrogen 15 days
after herbicide treatment occurred after the
rice plants could utilize nitrogen effectively.

Controlling Aquatic Weeds
With New Experimenial Herbicides

Control of aquatic weeds with potassium
azide’

Ducksalad, redstem and waterhyssop
are troublesome aquatic weeds in rice that
cannot be controlled selectively during the
early growing season (before rice is 4 or 5§
weeks old) with propanil or phenoxy herbi
cides, Seeds of these weeds perminate as soon
as rice fields are flooded; therefore, they
compete more with water-seeded than with
dry-seeded rice. However, gince the advent
of propanil to confrol grass weeds, aquatic
weeds have become more troublesome in
dry-seeded rice. Where propanil is used to
control grasses, nitrogen, which stimulates
growth of aquatic weeds and enhances their
competition with rice, is applied early in the
growing season, Draining, followed by thor-

SPotassium azide is very poisonous to man and ani
mals, Also it can combine with copper and iead
compaunds to form & violent explosive, It should be
handled only by compelent, tmined personnel even
in research.
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ough field drying, and the delayed applica-
tion of nitrogen, help control aquatic weeds,
but are not always effective, New effective
herbicides, which can be applied during the
early growing season, are needed.

In experiments in the Southern rice
area, potassium azide, at 3 or 4 pounds per
acre was applied into the flood 15 to 20
days after seeding rice in water. Many weeds
less than 2 inches tall, such as ducksalad,
waterhyssop, redstem, spikerush, and fim-
bristylis, were controlled without injury to
the rice, However, watethyssop and spike-
rush were less susceptible than the others,
Rice yields were increased when potassium
azide was used o control weeds,

Potassium ezide persisted in the flood-
ed soil for about 2 weeks after treatment.
Hence, good stands of rice were required
to prevent aquatic weeds fiom re-infesting
rice after the herbicide dissipated. Potassium
azide did not injure seedling rice growing
in a favorable envitonment. but it injured
rice seedlings growing in an adverse environ-
ment. Rice growing on calcareous or alkaline
soil3 during periods of cool temperatures
was especially susceptible. Drillseeded rice
appeared more suscepiible than water-seeded
rice, and was injured by early postemergence
applications of potassium azide. This new
herbicide combined with good cultural prac-
tices should help control eatly-season agua-
tic weeds in rice,

Control of algae

Algae that infest rice fields include
filamentous blue-green genera of Anabaena,
Lyngbya, and Phormidium, and {ilamentouns
green genera of Pithophore, Hydrodictyon,
Spirogyra, and Zygnema,

Algae develop in colonies in the sur-
face of the soil after germination of spores
in or on the soil. Gelatinous material round
the algal filaments collects liberated gases in
bubblesin the algal colonies, When sufficient
gas accumulates, small sections of algae risc
to the water surface where they continue to
grow. Saon the algal sections unite to form a
solid mass on the water, The bottom of the
floating layer of algae is a gelatinous mass
covered with soil, but the surface dries to a
tough film upon exposure to air, Young
rice plants are pulled down into the water or
mud by the algae, and rice stands are re-
duced. Even if plants are not pulled down,
new leaves and tillers cannot penetrate the
algae, Plants sometimes decay when they are
in contact with the algae, probably from
infestation by fungi and bacteria in the algal
growth,

Table 4. Common, chemical, and trade! names of herbicides? and insecticides.

Chemical name

1,2,3,4,10,10-hexachloro-1,4,42,5,8,82-hexahydro-1 4.

endo, exo-5,8-dimethanonaphthalene

Caommon name or

designation Trade Name
aldrin
B-60 Brestan 60
carbaryl Sevin
Circ Chloro IPC
p97 CP-31497
D63 Sindone
D9 Sindone B
DDT
dieldrin
endrin
KNy Kazide
MCFA
methy] parathion
molinate Ordram
0-93 0Cs-21693
parathion
propanil RoguefStam
silvex
24D
245T

IMention or omission of any chemical by trade name implies neither endorsement nor criticim
by either the U.S. Department of Agriculture or the Arkansas Agricultural Experiment Station
Trade names are given solely for purposes of chemical identification.

20f the herbicides discussed in this report only propanil, molinate, 2,4-D, 2,4,5-T, MCPA, md
silvex are registered for use on rice in the United States as of April 1, 1967.

triphenyl tin acetate

1-naphthyl N-methylcarbamate

isopropyl N-(3-chlorophenyl) carbamate
paratestrory butylphenyl-2-cyanovinylsulfone ;
1-1-dimethyl-4,6-diisopropyl-5(7)-indanyl ethyl kelop,
1,1,4-trimethyl-6-isopropyl-5(7)-indanyl ethyl ketone
1,1,1-trichloro-2, 2-bis(chlorophenyl)ethane
1,2,3.4,10,10-hexachloro-6,7-epoxy-1,4,48,5,6,7,8 8¢
octahydro-1,4-endo, exo-5,8-dimethanonaphthalene
1,2,3,4,10, 1(-hexachloro-6,7-epoxy-1,4,4a,5,6,7,8 8z
octahydro-1,4-endo, ende-5,3-dimethanonapthalene 1
potassium azide

2-methyl-4-chlorophenoxyacetic acid
0,0-dimethyl-0-p-nitrophenyl phosphorothioate
S-ethyl hexahydro-1 H-azepine-1-carhothioate
methyl-2,3,5,6-tetrachloro-N-methoxy-N-methylere
phthalamate

0,0-diethyl-C-p-nitrophenyl phosphorothioate

3* 4'-dichloropropionanilide
2-(2,4,5-trichlorophenoxy )propionic acid
2,4-dichlorophenoxyacetic acid
2,4,5-trichlorophenoxyacetic acid

Development of algae is usually rather
rapid and varies with soil, water, and en-
vironmental conditions, Algae are generally
most prevalent on heavy clay soils, but can
be a problem on silt loams. High soil phos-

phorus and nitrogen levels augment algae
development; broadcast preplanting appli-
cations of these elements stimulate elgae.
Temperatures of the water and air, combined
with light intensity, probably influence algal
development more than anything else, Blue-
green algae usually occur in abundance only
during warm months when temperatures
are B5 to 100 F, and when light intensity is
high, as during periods of clear skies. High

mineral content in the water also stimulates
algae.

Although cultural methods such ¥
dry-seeding, draining, rotations, and prop |
fertilizer management are the predomins®
practices used for control of aigse, certed
experimental herbicides control algae efet
ively. The herbicides, CP-97 at 3 to 6 poud
peracre and B-60 at 1% to 4 pounds petidh
applied into the flood between formetit
and flotation of algal colones, control® |
blue-green and green aigae without injui®
rice. These herbicides failed to control ol |
aquatic, grass, broadleaf, and sedge
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puble 5. Rice acreage treated with propanil

snd rouh rice yields in the United
Siafes, 1959-66.
Rice acreage
treated with Per acre yield
Year pmpa.nil1 ol rough rice?
percent pounds
1959 0 3,380
1960 0 3420
1961 1 3410
1962 15 3,730
1963 50 3,970
1964 60 4,100
1965 75 4,270
1966 80 4,350

Yestimates based on reports by Agricultural
Extension Services in rice producing states
and by chemical companies that manufac-

ture propantl,

JYr'elds for 1958-65 taken from US. Dept.
Agr. Agricultural Statistics, 1965; yield for
1966 is from U.S. Dept. Agr. FR 2-66, 1966
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RICE WEED CONTROL IN TAIWAN

W. L. Chang!

Rice is one of the most important
crops grown in Taiwan. It is the staple food
of the local populace and it has by far the
largest acreage amonq all arops, OF the 889,
563 hectares of cultivated land in Taiwan,
abcut 60,34% or 536,772 hectares are used
for the cultivation of rice. The total planted
area of rice in 1966 was 788,635 hectares,
producing 2,379,661 M. T. of brown rice,
Of the total production, 1,103,426 M. T. of
brown rice were produced in the first or
spring crop with planted area of 339,745
hectares and the second or fall crop produced
1,275,235 M. T. of brown rice with 448,890
hectares of land.

The total rice productior in Taiwan
has been increasing at an annual rate of more
than 50,000 M, T. of brown rice during the
past several years. This remarkable achieve-
ment can be largely atiributed to the increase
in the vnit area yield of rice which is one of
the highest in the world, According to the
FAQ Production Year Book (1965 Edition),
Taiwan produced 3,894 kg of paddy rice
per hectare which was only second to Japan
(5,150 kg/ha) among main rice producing
countries in Asia, Since Taiwan produces
two crops of rice a year, it is more reasonable
to count the unit area yield to 7,788 kg/ha,
It means that, in a sense, Taiwan has a greater
unit area production per year than Spain, the
highest yielding country in the world pro-
ducing 6,210 kgfha in 1965, The high unit
area production of rice in Taiwan is due to
meny interrelated factors such as the im-
provement of itrgation, the increased use of
chemical fertilizers, the development of
better varieties and adoption of improved
cultural practices. Of course, an effective
weed control program in rice has also con-
tributed greatly to the higher unit area pro-
duction. The purpose of this paper is to
introduce cultural methods used to control
weeds in rice and to discuss possibilities on
the use of herbicides in paddy fields of
Taiwan.

1 gronomist, Chiayf Agriculiural Experiment Station,
TARI, Chiayi, Taiwan,

MOST COMMON WEEDS IN PADDY
FIELDS

An island-wide survey of the distd-
bution of weeds on the cultivated land in
western Taiwan was made in 1961 under the
sponsorship of the Joint Commission on
Rural Reconstruction, The results of the
survey show that there are 108 species, be-
longing to 68 genera, and 37 families in
paddy fields, Among them, a total of 92
species, belonging to 59 genera, 31 families
were found in the first or spring crop season
whereas 73 species, belonging to 40 genera,
25 families were found in fbe second or fall
crop seasan. The most serious weeds which
cause losses in rice include: Mowochoria
raginalis (L.} Presel., Echinochloa crusgalli
(L.) Beauv., Cyperus difformis L., Lindernia
cordifolia Merx., Eleochoris acicularis L.,

Dopatorium junceurn Hamilt,, Mosilea quad-
rifolia L., Fimbristylis miliacez Vahl, and
Rotala indica (Willd.) Koehne,

Most weeds in paddy fields of Taiwan
are of hydro- and hygrophytic types which
usually occur in spring and summer seasons,
and they are largely of annual weeds propa-
ating exclusively from seeds except Marsilea
quadrifolia and a few others which are of
perennial weeds propagating not only from
sceds but also from vegetative organs such
as rhizome, bulb and stolon. The kinds and
distribution of weeds differ with districts
depending upon the natural environmental
conditions such as climate and soils as well
a5 artificial environmental conditions such as
cultural practices and cropping system, Rice
yield will decrease markedly if paudy fields
are left unweeded, It was observed that non-
weeded plots showed yield reductions of
19.3%in comparison with hand-weeded plots
in the second crop of 1964 at Chiayi Agri-
culture] Expetiment Station,

CULTURAL PRACTICES USED TO
CONTROL WEEDS IN PADDY FIELDS

Up to the present time, weeds in
paddy fields of Taiwan ere controlled en-
tirely by cultural practices and herbicides
are used in paddy fields only for experi-
mental purposes, (see Figures 1 to 5), Major
cultural practices commonly employed for
weed control in paddy fields are summarized
below:
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Figure 1. The field is usualiy
tilled immediately after harvest
of the previous crop by water-
buflalo-drawn plows.

Figure 2. After two or three
plowings and hamowings, the
land is leveled.

Figure 3. Up to the present
time, hand weeding is still the
most popular means of rice
weed control in Taiwan,




Figure 4. When the soil surface
is too hard to do hand weeding,
a smail hand-operated rotary
paddy cultivator is used.

Figure 5. Herbicides may become an effective means of rice weed control in Taiwan in the
Tear future,

Use of dean rice seeds

Weeds mixed with rice seeds are the
primazy source of weed infestation in the
nursery and in the paddy fGeld. In order to
reduce this damage, seed farms are required
to be maintained weed free and certified
seeds with satisfactory purity approved by
the certifying agency are recommended for
farmers in their planting.

Rotation with upland crops

In single-cropping fields, rice is usyally
rotated with other upland crops like sweet
potato, peanuf, soybean, and others. Wheat
and tobacco can also be grown after the
second crop of rice and vegetables, like
melons are grown between the first and the
second crops of rice in double<zopping
fields, By growing upland crops in paddy
fields, the infestation of certain hydro- and
hygrophytic weeds can be reduced.

Good preparation of nursery and paddy
field

The field is usually tilled immediately
after the harvest of the previous crop to
kill weeds grown on the soil surface by
plowing them under the ground. Two or
three plowings are usually made prior to
seeding or transplanting to reduce weed
infestation. The remaining weed plants are
also removed from the field before sowing
or transplanting,

Weeding and roguing in the numsery

Seedbeds are frequently weeded dur-
ing the nursery stage. Emphasis is placed on
the .eradication of barnyardgrass, Bakanae,
and off-type seedlings. To make weeding
and roguing easy in the nursery, the seedbed
is prepared in stops with a width of 1,2
meter in any convenient length, and a 30-
cm ditch is also made between the two seed-
beds,

Weeding in the paddy field

In Taiwan, weeding in the paddy field
is customarily accompanied with intertillage,
even though it has long been proved that the
effect of a combined practice of “inter{illage
and weeding” is largely that of weeding and
the effect of interfillage per se is quite
negligible. Farmers usually practice weeding
and intertillage 3 to 4 timesin the first crop
and 2 to 3 times in the second crop during
the growing period of rice, The first weed-
ing and intertillage is done at about 15 days
after transplanting in the [rst crop and 10
days in the second crop, then it is carried out
once every 10 and 7 days in the first and the
second crops of rice, respectively, The time-
to-weed one hectare of paddy field once is
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estimated to be about 100 man-hours ar 10
work-days,

Weeding and intertillage is usually
done by hand except in Southern Taiwan
where it is done by the use of feet, In case
the soil surface is too hard to do weading
and intertillage by hand, a small hand oper-
ated rotary paddy cultivator is some times
used. Water is drained one day before weed-
ing and top-dressing of fertilizers is gonaraily
made on the day of weeding and intertillage.

Roguing in the paddy feld

It has been shown that one or two
bamyardgrass plants grown with three rice
seedlings in a hill will reduce rice yield by
55.4% and 67.6%,respectively, if the barm-
yardgrass is pulled out at 50 days after trans-
planting, In order to reduce damage caused
by barnyardgrass mix-planted with rice seed-
lings in a hill, farmers are urged to inspect
their paddy fields frequently to pull out all
the barnyardgrass as soon as possible. I is
also desirable to clean off-type rice out of
the paddy feld.

Water management in the paddy field

Weed competition with rice is gen-
erally more sericus during the early slage of
rice growth when the rice plant s still small
and sufficient space is available for weed
infestation. Thus, it is necessary to keep
water in the field at a depth of about 3 cm
during the first 20 to 30 days after the trans-
planting to prevent the emezgence of weeds,
Weed problems are particularly serious in
the area where the so called “Rotational
Irrigation™ is practiced simply because con-
tinuous flooding of fields in the early
stage of rice growth is not available, After
the maximum tillering stage when the open
space between rows and hills can be covered
by tice leaves, control of weeds by water
flooding is no longer needed,

HERBICIDES RECOMMENDED FOR
COMMERCIAL USE

The Departmient of Agriculture and
Forestry of the Taiwan Provincizl Govern-
ment has recommended one and four herbi-
cides for controlling weeds in the nursery
and in the paddy field, respectively, based
on the experimental results obtained at
various agricultural experiment stations, Ex-
perimental results indicated that Glenbar
formulated in 12% emulsifiable concentrate
can provide good contrel of barnyardgrass
and other weeds not only in the nursery but
also in the paddy field, when applied at the
rate of 12 to 15 liters per hectare, [t is
sprayed on the seedbed right after the sow-
ing in the nursery; whereas in the paddy
field, it is sprayed at 4 to § and 3 to 4 days

after transplanting in the first and the
second crops, 1espectively. The effect of
Glenbar has been shown to last as long as 30
days after its application.

TOK formulated in 5% granule can
be applied only in the paddy field. It is
broadcast on the paddy field by hand at the
rate of 30 kilograms per hectare at 5 to 7
and 3 to 5 days after transplanting in the first
and the second crops, respectively. Water
should be kept in the feld at the depih of 3
em when TOK application is made and the
field should remain flooded for at least 3
days to improve the effect of the chemical.
TOK can control most of the important
weeds in the paddy feld except Cyperus
difforntis L. and Marsilea quadrifolic L.

Casoron in 50% wettable powder for-
mulation is also recommended for use only
in the field. It is sprayed at the rate of 2
kilograms per heetare at 5 to 7and 3 to 5
days after transplanting in the first and the
second crops, respectively. The field should
have shallow water of about 3 cm in depth
when Casoron application is made and the
field should be flooded for 2 to 3 days after
its application. Casoron does not control
large weeds and Mearsilea quadrifolia L. PCP
and Pamcon in 25% and 14.6% granular
formulations, respectively, applied at the
rate of 30 kilograms per heclare are also
effective in controlling weeds in the paddy
field, For these two chemicals, continuous
Aooding of the field for at least 10 days is
Tiecessary.

Propanil which has been intensively
studied in Taiwan for the past few years
fails to appear on the list of recommended
herbicides presumably due fo its unstable
performance in the second crop of rice when
monscon climate prevails and also to the
occurrence of rice injury when propanil
interacls with insecticides such as organic
phosphate chemicals.

Cost of weeding by hand and by chemical

It is estimated that to obtain good
weed control for one hectare of paddy field
by hand weeding, 400 man-hours or 40 work-
days are needed in the first crop and 200
man-hours or 30 work-days in the second
one. Since the current labor cost for hand
weeding is about NT$ 25 or US$ 0.625 per
man-day, it costs nearly NT$ 1,000 or US$
25 and NT$ 750 or US§$ 18.75 per hectare
by hand weeding in the first and the second
crops, respectively. Meanwhile, current price
figures indicate that the costs of herbicides
recommended for commercial use in the

paddy field are estimaied to range frop
NT$ 820 or US$ 20.50 per hectare fy;
Casoron to NT$ 900 ar US$ 22.50 per he,,
tare for TOK. It appears that chemical weeg
control is mot necesmuily more expensiy,
than hand weeding. However, labor requireg
for hand weeding is mostly supplied by fap,
ly members of the farmer and paid labor

quite limited, As cost of production fo, 3

transplanted rice in Taiwan is already highe,
than in other crops, rice farmers may be yp,

willing to further increase their costs of pr.

duction by accepting chemical weed conirg],
This is the main reason why all paddy fielg
in Taiwan are still controlled by culingy
methods even though chemicals for cop

trolling weeds are already available. If thy

costs of chemical weed control can be re
duced to less than NT$ 400 or US$ 10 pe;
hectare, chances of acceptance by rice fam.
ers seem great, It appears practical that (he
first and the second hand weedings thay
usually require more labor because of severe
weed infestations, are to be replaced by one
application of certain chemicals which i 15
be lollowed by one hand weeding fo take
care of the weeds spared by the chemical

SUMMARY

Weced problems in transplanted rics in
Taiwan are similar to those of the other
tropical countres. Although considerble
amounts of time have been Spent in Screen
ing herbicides for use in rice, weeding in
paddy fields is still done largely by hand in
Taiwan. Since the maority of rice farmen
own only small farms with sufficient family
labor, there is no urgent necessity to rely o
chemicals for weed control in paddy fields
At the same time, most chemicels are mor
or less toxic to rice plants and farmers m
reluctant to use chemicals at the expens o
reducing unit area production of paddv ric

However, ckemical weed control undoubted
ly will be accepted by rice farmers if male: 3

jals that are excellent in controlling weeds
low toxicity to rice, cheap and simple
application are available. In view of thessid
progress in industrial development Taiwid
has witnessed in recent years, the supply &
farm labor is bound to decrease in the c0I
ing days, and the demand for chemicals

control weeds in rice will increse i F&-

portion to the decreese in the supply of £
labor. More studies are therefore necess”
in Taiwan to screen more herbicides [
possible use and to develop new cheric®
cultural methods of controlling weeds I
transplanted rice.
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G A Watson!

Plantation agriculture in Asia is pass-
ing through a period of considerable change,
spumed on the one hand by the neci to
provide empleyment for grawing populations
pnd raise national incomes, large aress of
jungle are being brought into plantatios
cultivaiion mainly in Government subsidised
development schemes. On the other hand,
in some countries, the need to avoid complete
reliance on the major crop, rubber, is result-
ing in signifivant acreages of rubber being
replaced with the currently more profitable
oil patm. In all situations the need to pro-
duce quality crops at a price competitive
with other sources, and particularly with
synihetic materials, is forcing the authori-
lies concerned to adopt the most efficient
methods of management.

Perhaps this is seen most clearly in
West Malaysia, where it is estimated that
aver the years 1959 - 1970 estate acreage of
nibber will fall sightly (rom 1,950,000 acres
to 1,910,000 acres while the acreage in
wmall-holdings will rise from 1,841,000 acres
to 2,536,000 acres {Rubber Research Insti-
tole, Malaya, 1961). Over the same period,
consequent on the use of high yielding ma-
letial, total rubber production will increase
by some 50%.

Concurrently with these changes in
mbber cultivation the West Malaysian plant-
ing industry, public and private, has raised
ils acreage of oil palm from approximately
130,000 acres in 1960 to 250,000 acies in
1966, and expects o reach the 400,000
&re mark by 1970, On a smaller scale
these changes are paralleled by events in
Sabah and Sarawak, while in Indonesia a
Major rehabilitation of the 4,500,000 acre
Tbber industry cannot be long delayed.
Ih Thailand the Government has already in-
Hitated a rehabilitation programme for its

—

1.
Auiiant Manager, 0.D.D. Plant Protection Lid.,
Exglang,

WEED CONTROL IN AGRONOMIC CROPS, PASTURES AND BRUSHLANDS

CHANGES IN ASIAN PLANTATION AGRICULTURE
_ND THE USE OF ‘GRAMOXONE’

one million acre rubber industry and, in In-
dia, where indigenous rubber production is
particularly valuable in saving foreign ex-
change, new planting developments are tak-
ing place in the Andaman Islands.

As [ar as rubber is concerned these
developments are taking place in the shadow
of rising production of synthetic rubber
snd a falling price, In 1960 the mean Singa-
pore price for natural rubber was M $1.08
and this has fallen steadily, bedevilled by
stockpile releases, to 56 centsin 1966, little
maore than the cost of productjon of the less
efficient plantations. In other crops the
story is similar: palm oil preducers must
compete with low cost production in Africa
and with otiter vegetable vils including soya
bean oil, a crop that can be completely
mechanised and with consequently low la-
bor requirements, the abaca of the Philip-
pines must compete with synthetic fibers
while the sugar cane industry faces over-
production and the imposition of produc-
tion quotas,

To keep vigorously in business all
these plantation industries must cut their
costs to the bone and maintenance of the
plantation itself comes under close scrutiny.
For optimum economy the crop plant needs
to have a high yield capacity, and to be
giown under conditions conductive to opti-
mum growth and yield; a reasonable soil,
appropriate fertilisers and the application of
any necessary pesticide program should en-
sure good growth, while proper weed control
will eliminate excessive competition for
water and nutrients by other plants.

WEED CONTROL AND MANAGEMENT

It can be said correctly 1hat in some
territories, but by no means all, the cheap-
est method of weed control is still by hand.
To accept blindly this simple conclusion
would be, however, to ignore a number of
important management problems. Hand

weeding often causes soil compaction, ero-
sion and plant damage, but there are prob-
lems extending beyond immediate agro-
nomic matters, On estates hand labor involves
hidden costs, with housing, health, educa-
tion and malemity welfare often the respon-
sibility of the estate; in certain areas labor
may be difficult to hold at the time of pad-
dy planting, often the time of maximum
weed growth; in Ceylon tea plantations the
laborer will prefer to undertake the betier
paid and more congenial group activity of
plucking rather than solitary weeding, while
in Malaya the young man leaving Estate
school feels he can do better than earn his
living by scraping weeds from the surface of
the soil Over and above these points are
the gencrally increasing cost of labor and
the relatively decreasing cost of weed killing
chemicals (Barlow and Ng. 1966),

Faced with this combination of eco-
nomic and management problems there has
been a move away from the use of large
gangs of hand weeders to the employment
of small teams of mea eqitipped with knap-
sack sprayers and herbicides appropriate to
the problem in hand, Men permanently en-
gaged on this work can be regarded as hav-
ing a particular skill deserving of higher pay
and prestige than the hand weeder; he can
operate faster and more efficiently than the
hand weeder and will be a permanent [eature
of the plantation industry, On estates he may
be on the permanent estate stalf orx be in the
employ of a weeding contractor; in Govem-
ment development schemes he is almost cer-
tain to be employed by a contractor until
such time as a resident labor force is estab-
lished, With the permanent need for weed
control that exists in these territories one
can envisage such contracting teams develop-
ing considerable expertise in the type of
chemical and equipment to be used for any
particular situation, but such development
is as yet only in the ensly stages,

THE REPLACEMENT OF
SODIUM ARSENITE

The changing pattern of Asian planta-
tion agriculiure js also extending to herbi-
cide usage in the field. What is appropriate
for Tubber may not be so for oil palm
which, for instance, is so sensitive to growth
regulators as to prohibit their use in this
crop. The greatest change in herbicide usage
is, however, likely to come about by the
eventual disappearance [rom use of sodium
arsenite.

Sodium arsenite has been the cheap-
est, most generally elfective herbicide used
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in the past with some 8,000 tons per annum
being imported into Malaysia alone for nse
largely in the rubber and oil palm planta-
tions, Tt is, however, very toxic, a constant
liability in use either because of contamina-
tion of drinking water, the death of cattle
grazing on sprayed vegetation, inducement of
severe dermatitis in the sprayer operators, or
because of damage to the crop plant. Be-
cause of these various hazards tie Malaysian
Government and plantation industry have
been actively developing cheap and effec-
tive alternatives to sodium arsenite, und con-
sequent on the progress achieved (Rubber
Research Institute, Malaya, 1966) the Gov-
emment now proposes to bar the chemical
completely from use as from March, 1969,
This will necessitate all estates and weeding
contractors becoming familiar with the use of
alternative chemicals among which, and of
major importance, is ‘Gramoxone’,

First introduced into Malaysia in
1961 ‘Gramoxone’ has received widespread
acceptance in {he rubber and oil palm indus-
tries and is now used at the rate of several
hundred thousand litres per annum in that
territory. Advantages in its favor over other
replacements for sodium arsenite are several.
Its great activity means that only a small
bulk of material needs to be taken into the
field, and that only low volumes of water are
required for its application, down fo 10 gal-
lonsfacre with normal equipment, facts that
reduce iis cost of application and are of par-
ticular importance in difficult termain. Its
safety to the bark of young trees, and in-
activation in the soil, mean that even with
unskilled labor no harm can come to the
crop plant, while its speed of action ensures
immediate elimination of weed competition
with the crop.

A property of major importance is the
rainfastness of ‘Gramoxone’. When sprayed
onto plants the paraquat ion is immediately
absorbed onto the leaf surface and rapidly
moves inte the plant (Brian, 1967). Even if
light rain is falling at the time of spraying a
good degree of effectiveness will be obtained,
while during the monsoons less than 2 hours
need elapse between spraying and rain for the
full herbicidal effect to be obtained,

With this combination of properties
‘Gramoxone’ is a valuable chemical wher-
ever weed control is required. It has, for in-
stance, been adopted on a large scale in the
tea plantations of Ceylon and India, where
it has be2n shown that a team of three men,
each equipped with a knapsack sprayer and
using ‘Gramoxone’, can chemically weed an
area twice or threc times as large as that

1

TABLE 1 Generalized recommendations for ‘Gramoxone’ ~ usage in Asian plantation crop e
vt
Weeds Crop and situation Rates of application/acre 3/ z
Mixed grasses All crops; particelarly 1 - 2 pints ‘Gramoxone’, au
effective where some depending on population s
shade is present. density. plan
Grasses with 1 pint "Weedazol' TL, 2 has
Paspalum followed 4 weeks later by ani
conjugatum 1 - 2 pints ‘Gramoxone’. g
dominant All crops, particularly wee
where weed growth is L
Grasses with vigorous in absence of 2 - 4 1bs. dalapon followed =
P. commersonii, shade. 4 weeks Iater by 1 - 2 pints THE
Digitaria spp. ‘Gramaxone’. ‘GRA
dominant
Grasses mixed All crops except ol 1 - 2 pinis ‘Gramoxone’ use |
with broadleaved palm. with 0.5 pint 2,4-D amine InX
weeds; cover epe:
plants including velog
Pueraria jugar
phaseoloides lo b
xone
Mikania All crops, including 2 pints ‘Gramoxone’ in
cordata oil paim. 10 gallons watex.
Imperata All crops in light- 2 pints ‘Gramoxone’ in
cylindrica medium shade. 40 gallons waler, followed
at monthly intervals by
spot spraying with 1 pint WEE
‘Gramoxone’ in 20 gallons
Sheet “lalang’ in the Either as above or: Amai
open 6 - 8 Ibs, dalapon in
B0 gallons water,

1'Gramoxone’ contains paraquat and is the registered Trade Name of Piant Protection Lid,
subsidiary of Imperial Chemical Industries Ltd.

2'Weedazol' TL centains aminotriazole and is the registered Trade Name of Amchem Frods=

Inc.

31n 20 galions water per acte, except whete otherwise stated.

4Conaining 6 tbs. a.e./U.S. gallon.

covered when using traditiomal hoeing or
slashing, This releases 3 to § men for other
work, 2 great advantage in the peak plucking
period, In Malaysian rubber estates current
trials in young rubber are showing that the
use of ‘Gramoxecne’ weeding methods re-
quires only one quarter of the labor required
for hand weeding, and may open the way to
low cost plantings, Elsewhere the chemical is

followed 4 weeks later
with 2 pints ‘Gramoxone’
in 40 gallons water.

being used in the pepper plantutios!?
Sarawak and is likely to find goigplants
the Hawaiian and Philippine sugat P*3
tions. In sugar cane it has been 9%
that residuals give incomplete weed ¢SS
by leaving certain resistunt qmcde.w:whﬂ
and often control is so brief that 8 '
herbicidal spray is required to clean % 3
area before came closure, In these 455
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L a8 ‘Gramoxone’ has been found to be
. effective and preferable to weed oils,
+d at 1 - 2 pintsfacre between the rows.

ramoxone’ contact on young cane can

severe apparent damage, but provided
sproying is done before the six-leaf stage the

t recovers completely; Gosmell (1964)
bas i1 fact shown that despite initial damage
g applicetion of & pints/acre of ‘Gramoxone'

£~ eventuglly better yield than did hand

weedad plots. In older cane, just before clo-
= qure, the brown stem sheaf will prevent dam-
—-ge to the cane by *Gramoxone’.

THE CONTINUING DEVELOPMENT OF

. {GRAMOXONE’

Naturally since its introduction the
e of ‘Gramoxone’ has undergope changes,
In Malaysian plantations it was found that
repeated use of ‘Gramoxone’ led fo the de-
velopment of infestations of Paspalum con-
fugotum. The answer to this problem proved
fo be the sequential application of 'Gramo-
yone' follewing ‘Weedazol' TL and, in the

case of other grasses, of dalapon (Table 1).
In work against lalang (Tmperata cylindrica)
the use of ‘Gramoxone’ on its own has in the
past proved to be rather expensve, but ap-
plied in sequence following 6 - 8 1bs,facre
of dalapon it has been found to give effec-
tive control at a lower cost than the con-
ventional application of 15 - 20 lbsfacre
dalapon, _
In the developing oil palm plantations
of Malaysia the creeping Mikania cordata
is a widespread problem: unable to use the
normally recommended 2,4-D, ‘Gramoxone'
applied at 2 pints/acre in 10 gallons of wat-
er has, however, proved an efficient and safe
alternative. In many sitvations involving mix-
tures of grasses with broad-leaved weeds, the
overall efficiency of ‘Gramoxone’ spraying
has been impraved by applying the chemical
In mixture with 2,4-D or MCPA. The mix-
ture of ‘Gramoxone’ with MCPA is likely
to prove of particular value in sugar cane as
a pre-and post-emergence spray, the ‘Gram-

WEED CONTROL IN WHEAT AND BARLEY

Amold P. App!ebyf

The outlook for weed control in
wheat and barley is changing rapidly, New
‘urieties and new management practices are
@xpanding the possibilities of these crops in
two ways: (1) geographical expansion and

) higher yields, As an example of geo-

prephical expansion, Rockefeller feams in
Mexico, Guatemals, and Colombia have
(Geveloped wheat varieties that are well
thpled to tropical and sub-tropical ereas.
New wheat varietics are being developed in
hany other countries such as Pakistan and
India, Although wheat is often congdered a
temperate crop, it is rapidly becoming a
mjor crop in many tropical areas,

Yields of these two crops, especially
Wheat, are increasing very rapidly. In the
Becific Northwest area of the United States
¥ields of gver 12,000 kilograms per hectare
bave been obtained. Yields of 6,000 to 8,000
Hlograms per hectare are common. This
—————

e .
Atiochaie Professor, Farm Crops Department, Oregon
University,

means that some old ideas of economics in
regard to weed control in wheat are no longer
true. Ten years age an investment of $2.00
to $3.00 per hectare would have been con-
sidered maximum for weed control in many
areas. Now growers are spending up to
$12.00 to $16,00 per hectare for weed con-
trol in wheat. A grower cannot afford to pay
a high price for herbicides to obtaim a 30%
yield increase when his crop normally yields
1,000 kilograms per hectare. However, an
enlirely different situation exists when he
can obtain a 30% yield increase of 2 wheat
variety that normally yields 6,000 to 8,000
kilograms per hectare,

A considerable number of herbicides
have been used for weed control in wheat
and barley, I will briefly discuss some of the
more important compounds and somc new
herbicides that appear promising for this
purpose,

Herbicides used for broadleaf control
include a series of phenoxy herbicides, di-
camba (2-methoxy-3,6-dichlorobenzoic acid)

oxone’ climinating existing vegetation and
the MCPA providing some residual activity
at a low cost.

Current recommendations for the use
of *Gramoxone’ are given in Table 1. At the
same time a continuous programme of de-
velopment of ‘Gramoxone’ goes on, with
effectiveness of the chemical being improved
by the use of new wetting systems and
other adjuvants. Like the spraying team,
‘Gramoxone’ is likely to prove a permanent
feature of the plantation scene,
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bromoxynil (3,5-dibromo-4-hydroxy benzo-
nitrile), diuron (3(3,4-dichlorophenyl)-1,1-
dimethylurea), linuron (3-(3,4-dichlorophe-
nyl)-1-methoxy-1-methylures), and GS 14260
(2-tert butylamino-4-ethylamino-6-methylth-
10-§-trizaine). Compounds used for grass con-
trol imclude diuron, linuron, GS 14260,
diallste (§-2,3-dichloroallyl-N-N-diisopropyl-
thiolcarbamate), triallate (8-2,3,3-trichloro-
allyl-N, N-diisopropylthiclcarbamate), and
barban (4-chloro-2-butynyl m <chlorocarba-
nilate},

The phenoxy herbicides are still the
most widely used compounds for broadleaf
weed control in small grains, This class of
herbicides includes 2,4-D, MCPA, 2,4,5-T,
mecoprop(MCPP), dichlorprop (2,4-DP), sil-
vex (2,4,5-TP) and other miscellaneous phe-
noxys. Stage of growth of the grain plants is
important in determining correct time of
application of the nhenoxy herbicides. In
spring grains, the seedlings plants are quite
sensitive and may be easly killed up to the
three-leaf stage of growth, From the three-
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leaf to the five-leafl stage, the head or ear
primordia ere developing. Applications of
phenoxys during this time may result in a
considerable amount of deformity in the
head znd severe reductions in yicld. The
safest time of application on spring grains is
from the five-leaf stage to the onset of joint-
ing. The timing requirements in winter grains
are somewhat different since the develop-
ment of the plant depends on certain tem-
perature conditions which may vary from
one year to the next. In general, winter
grains are quite sensitive during the seedling
stage and reach a rather tolerant condition
after they have become fully tillered. The
optimum tme to spray is after the grain is
fully tillered but before the jointing stage.
Applications after jointing (when stem nodes
appear above the soil level) and through the
heading and flowering stages can result in
severe reductions in yield. The plants again
become resistant at about the soft-dough
stage of the prain.

Several forms of phenoxy herbicides
have been used for weed control in grain
crops. These include the water soluble amine,
the high volatile esters, the low volatile esters,
and the newer oil-soluble amines. In most
cases the phenoxy herbicides offer the most
economical approach to broadleaf control
in cereal crops. However, in many areas the
encroachment of weeds which are resistant
to phenoxy herbicides or the proximity of
desirable plants susceptible to drift of the
phenoxy compounds has necessitated the use
of other types of herbicides,

Dicamba is an example of a herbicide
that controls many 2,4-D resistant weeds,
such as Polygonum spp., Rumex spp., Agros-
temma spp., Lamium spp., etc. However,
gince it is not effective on several species
which are susceptible to phenoxy herbicides,
such as Brossica, it is often used in combina-
tion with a phenoxy herbicide, The combina-
tion has been very successful in many areas.
Since ezch herbicide controls different weed
species, the combination has resulted 1n
broad spectrum broadleaf control.

Bromoxynil controls a large number
of annual broadleal weed species and has a
wide margin of safety on grain crops even in
the scedling stage, This is particularly help-
ful when ecarly germinating weeds are com-
peting severely with the grain but when the
grain is foo small to be sprayed with phenoxy
type materials, Bromoxynil is primarily a
contact herbicide and must be applied while
the weeds are still small. It is relatively
ineffective on large weeds or on perennial
weerls,

Diuron, linuron, and GS 14260 are
all sojlactive herbicides that control a wide
variety of annual broadleaf weeds as well as
many annual grsses, They can be applied
pre-emergence to the weeds, therefore effec-
tively eliminating any competition during the
life cycle of the grai crop. Diuron and
linuson have been used primarily in winter
grains but promising results have also been
obtained from their use on spring grains,
although spring grains have less tolerance to
these materials.

Diallate, triallate, and barban have
been used primarily for wild oat control.
Diallate and triallate are volatile materials
which must be incorporated into the soil
immediately after application prior to plant-
ing to the grain. Barban is most effective
when it is applied postemergence to wild
oats in the two-leal stage.

Several promising compounds and
practives have not been discussed. For en-
ample, the use of paraquat for preparing a
seedbed chemiically rather than mechanically
has a great deal of merit and is being studied
intengively in the U. S.and in Europe, Time
does not permit a discussion of such new

WEED CONTROL IN CORN: EFFECTIVENESS OF SOME
HERBICIDES APPLIED SINGLY AND IN COMBINATION

M. R. Vegaand E. C. Paller, Jr.!

2-chloro-4-ethylamino-6-isopropylam-
ino-s-triszine (atrazine) is at present probably
that most suitable herbicide for pre-emer-
gence weed control in corn. Since any chem-
jeal used as a herbicide has its limitation
with regard to the weeds that it can con-
trol, the continued use of atrazine may lead
to the rapid multiplication of weed species
tolerant to this herbicide, There are known
cases of such a phenomenon, eg. the con-
tinyed use of diuron in suger cane areas has
brought the problem of species tolerant to
this herbicide; such as Erecthites hieracifolia
in Hawail and Plantago lanceolaa in Mauri
tjus. This difficulty can be solved by a mix-
ture of diuron and atrazine, since these two
weed species are susceptible to the latter

Lascistant Professor and Instructor, respectively,
College of Agriculture, Universily of the Philippines,
College, Laguna, Philippines.

practices and compounds. By the next meey, MATE]
ing of this group perhaps many of they, .
techniques and herbicides will be in "“F iment 1
scale commercial use. season
Ex
SUMMARY 67123::‘
[n summary, there are some thoughys 1
that 1 would particularly like to leave wi Hybrid
you today: (1) Weed control in wheat apg planted
barley is big business in the world, Cop. plant p
panies are searching for new herbicides o UPCA "
use in these crops and are competing for perimer
these markets, (2) The phenoxy he-bicide plots al
have been useful in the past and are still very per ha.
widely used for weed control in wheat ang applied
barley, However, other compounds ar noy other h:

available that are effective on spedes fhy 1

phenoxys fail to control, Many of these ney 2and 3
compounds also overcome the drift hazay times il
that the phenoxy herhicides present. () The sign. T}
economics of weed control in grain crops i gpplied
changing rapidly. More and more gowers ae
realizing that if they can spend $5.00 and
receive hack $30,00 to $40.00 in increaswd Table 1
production, they have indeed made a good . :
investment, The possibility of much highes in the st
yielding grain crops now makes it much more L Atraz
feasible to invest a larger amouat for werd | e
control. This will undoubtedly be te in .
many other crops in the future, 2.Cp-31
’ ||
3, Amib
b
4. 0C-2:
b
5. Trefla
N
6. Glenb
5:
herbicide. Thus two of the possibiewaysi b
obviate such a problem: 1) the contiseed 1. Alilo;
evaluation of other herbicides which mif 2 I
be applied singly in “rotation” with atrazit%
and 2) the use of these other herbicides 1
combination with atrazine, The use of 60
herbicides “in rotation®” with atrazine M RESULY
minimize the rapid multiplicaticn of tokeniil Experim
species, In mixing herbicides the abjectied 4 T
to broaden the spectrum of weed conitt 0t in
without endargering crop safefy. SuiP™ S Basoend;
that herbicides A and B were applied ¥73 _ﬂ"mﬂf
arately on a weed population mede up o % S .hﬂu e
weed species, If 15 species were fouod 344 e ol
ceptible only to B; theoretically nmiI“"“ - T
A and B will result in the control of %5 ﬁﬂ tres
species, S
The experiments reported be® ™ . E
part of a study undertaken to & Mher he
{Betary ¢

“newer” herbicides applied singly
combination,



TERIALS AND METHODS

Two experiments are reported. Exper-
ant No. 1 was conducted during the wet
e of 1966 (June to September) and
: iment No. 2 in the dry season of 1966-
'"ﬂ (October 1966 to January 1967).
In the first experiment Philippine

f::; gybrid 1d x Carribean Yellow Flint was
ad plnted in plots measuring 2,25 x 3 m. at a
I glant popuiaicn of about 60,000 per ha
for gPCA Var. 1 was utilized in the second ex-
for gnt. The corn was planted in 4 x 4 m,
™ glod also at a population of about 60,000
oy | ha. In each experiment 90 KgfHa N was
and gpplied; ¥ of the amount at planting and the
oW gthet half about a month after plmting,

hat The treatments are outlined in Tables
Tew 7 and 3. Each treatment was replicated four
ard fimes in 2 randomized compleie block de-
(he gign, The chemical nature of the herbicides
iy spplied may be seen in Table 1.

are

and

sed Table 1. Chemical nature of herbicides used
in the study.

1, Atrazine (At) — 2-chloro4-ethylamino-6-

md isopropylamino-s-triazine.
o 2,CP-31393 (CP) — Ramrod; N-isopropyk
_ alpha-chloroacetamide
3, Amiben (Am) ~ 3-amino-2,5-dichloro-
benzoic acid
4.UC-22463 (UC) — 3,4 plus 2,3+dichloro-
benzyl methylcarbamate
§. Treflan (Tn) — trifluoro-2,6-dinitro-N,
N-dipropyl-p-toluidine
6. Glenbar (Glen) — thiomethylester of 2,3,
5,6-tetrachloro-4-carbomethony
Ho benzoic acid
ued 1. Afalon — 3-(4-dichlorophenyl)-1-methoxy-
nay l-methylurea
ine,
sin
her
uld RESULTS AND DISCUSSION
anl Experiment 1, Wet Season, 1966
eis The more abundant weed species pre-
irol %1t in the experimental area arranged in a
o descending order of predominance were:
e Beusine indica; Cyperus rotundus, Rott-
0 Yoeliia exaltata, Ipomoea triloba and Portu-
s kas olergeea,
sof Table 2 shows the effects of the herbi-
ol “‘15 treatments on the weeds and on com
Yield,
are Except for Treflan applied singly, all
laii: Other herbicide treatments gave very satis-

0ry control of the grass weed species. It
Soulg he pointed out however that even

Table 2. The effect of six herbicides applied singly and in combination on weed population
30 days after planting and on com yield, Experiment No. 1.

Treatment! Number of weeds (Ave. of 4 reps)

(Kg/Hsa of Weed Groups Total Yield,

herbicide) Grasses Sedges Broadleaved Kg/Ha 21
Weeded - - - - 4780
Unweeded 43.2 41.0 3.2 874 3039
At-3 2.1 11.0 0 13.7 3751
At-2 - 4.2 21.0 0 25.2 3732
CP-4 6.0 30.2 2.0 38.2 3143
At+CP(2+1) 5.0 18.5 .0 23.5 3737
At+CP(2+2) 5.7 7.5 0 13.2 4040
At+CP(2+4) 2.0 23.7 0.2 25.9 3436
Am -2 6.5 35.0 2.2 43.7 3055
AM - 4 0.2 32.2 0.7 31 2006
At+Am (2+1) 4,0 9.7 0 13.7 3948
At+Am (2+2) 2.5 20.2 0 227 3377
At+Am (2+4) 3.0 17.0 0.2 20.2 3265
uc -4 8.5 19.5 2.5 303 3367
At+UC(2+1) 27 40.0 0.2 42.9 4142
At+UC(2+2) 8.7 39.0 20 49.7 4010
At+UC(2+4) 5.0 135 0.2 18.7 3522
Tn-1 17.2 335 2.7 534 3876
Tn-2 21.7 21.5 1.5 447 2804
At+Tn(2+1) 9.2 1.7 1.0 219 3879
At+Tn(2+2) 1.7 25.7 0 354 3704
Glen — 2 9.7 37.0 2.0 48.7 3313
Glen - 3 13.7 32.7 3.0 49.4 3670
At+ Glen (2+2) 6.2 18.5 0.2 24.9 3878

1A11 treatments applied 2 days after planting.

the relaiively unsatisfactory Treflan treat-
ments caused about 50 per cent reduction in
grass weed population.

The response of Cyperus rotundus
{nutgrass) to the treaimenis presents an
interesting case, While we do not consider
nutgrass a very serious weed problem in com,
its response to some of the herbicide treat-
ments illustrate one of the advantages that
could be obtained from the use of herbicide
mixtures, None of the herbicides used singly
gave a very satisfactory control of this weed
species; however when Atrazine plus Amiben
(2 + 1 KGfHa) or Atrazine plus Ramrod (2 +
2 Kg/Ha) was used nutgrass population was

immensely reduced. Apparently as far as
this species is concerned a mixture of Atra-
zine plus Amiben or Ramrod is much more
effective than any of these herbicides applied

alone, For instance at 30 days after planting
the nutgrass population in the unweeded

plots was 41 per cent 50 x 50 cm. Atrazine
at 2 Kg/Ha reduced nutgrass population by
48 per cent while 2 Kg/Ha Amiben caused a
reduction in nutgrass population of only 15
per cent, On the other hand a mixture of
Atrazine and Amiben (2 + 1) reduced the
population of this weed species by 76 per
cent. The apparent loss of effectiveness on
nutgrass when a higher concentration of
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either Amiben or Ramrod was mixed with
Atrazine can not be [ully explained, It is
pertitient to mention however that other
workers have found that in mixing herbi-
cides, vnless the right proportion of the
components of the mixture is used, no
benefit would be derived from such a mix-
ture,

In the experiment the number of
dicot weeds was not sufficient for this group
of weed species to be considered a big prob-
lem,

The weeds reduced com vield by
about 36 per cent (4780 Kg/Ha for weeded
plots and 3039 Kg/Ha for unweeded plots),
The highest yield obtained from a herbicide
treated plot (Atrazine and UC-22643 (2 + 1
Kg/Ha) was 4142 Kg/Ha; this is about 87 per
cent of the yield from the weeded check.
The other herbicide treatments in this cate-
gory are Atrazine plus UC-22643 (2 + 2 Kgf
Ha; Atrazine plus Ramrod (2 + KgfHa); and
Atrazine plus Amiben (2 + | KgfHa). The
yield from these better treatmentis woere
R4, 84 and B2 per cent of the yield from
weeded plots, respectively. It is intezesting to
note that these better treatments were mix-
tures of Atrazine with other herbicides, The

Table 3. The effects of the herbicide treatments on the weeds and yield of com, Experiment No. 2.

—

yield from the “standard treatment” of
Atrazine (3 KgfHa) was 78 per cent of the
yield from the weeded plots.

Expeximent 2. Dry season, 1966-67

The predominant weed species in the
order of their prevalence were R. Exalfara,
E, indica, Amaranthus spinosus, . triloba
and C rofundus,

Table 3 shows the effects of the herbi-
cide treatments on the weeds and on corn
yield.

The yield from the handweeded and
unweeded plots were 4144 and 2153 KgfHa
respectively or a reduction in yield due to
weeds or about 47 per cent. The yield from
plots given the standard herbicide treatment
(Atrazine - 3.4 Kg/Ha) was 3215 Kg/Ha
which i3 77 per cent of that obtained [rom
the handweeded plots.

Afalon (1.1 KgfHa) appli:d at 30
days after planting resulted in a very -atis-
lactory control of grasses and broadleaved
weeds. The yield from Afalon treated plots
was 89 per cent of the handweeded plots
and about 12 per cent greater than that
[rom Atrazine (3.4 Kg/Ha) treated plots.

Treflan at 1,1 Kg/Ha also gave satis-
factory controi of the weeds; the yieid from

1
TREATMENT ) No. aer 50x 5(; cm
8 G B Total ] G B
Weeded - - - - - - .
Unweeded 335 29.5 13.0 76.0 1.0 40,2 35.2
Atrazine-3 18,5 18.2 0 36.7 0.5 69.5 0
Atrazine-2 17.2 17,0 0 34.2 547 1.7 0.5
Ramrod4 302 16.2 3.7 501 1.2 412 6.5
At+Ram (2 +2) 26.2 7.7 0 339 3.2 53.0 0
Glenbar - 3 212 13.7 2.1 43.6 2.0 46,2 2.0
At+Glen(2+2) 9.5 7.0 0 16.5 3.0 212 0
Treflan- 1 20.7 2,0 1.2 239 2.7 11.5 15.5
At+ Tref 2+ 1) 18.2 1.7 0 19.9 4.0 37.8 0
UC-22463 -1 21.2 12,5 4.7 44.4 2.0 43,5 11.7
At+UC(2+1) 13,7 5.0 0 18.7 32 330 0.5
At+UC(2+2) 1.7 31 0 214 7.0 32.5 1.2
Amiben - 2 142 8.7 3.2 26.1 0.5 67.7 10.7
At+Am(2+1) 20.2 11.2 0 14 1.5 552 ¢
Afalon - 1 (Post) 385 30.7 10.0 79.2 3.5 16.2 0
1 Taken 30 days after planting
2 Taken 2 days before harvesting
335 - Sedges
4G - Grasses

5B - Broadieaves

2
Wt. per 50 x 50 cm (gm)

Treflan-trested plots was comparable to the
yield from the standard Atrazine-tregiey
plots.

The better herbicide combinaﬁom

observed were Atrazine + Ramrod (2,2+29 |

Kg/Ha) and Atrazine + Glenbar (2.2 + 3 2
KgfHa). Weed counts at 30 days after plapy,
ing showed that the combination of Atraziy,

and Glenbar reduced the same by 73§ P

cent. The yields obtained from these treys,
ments were 76 and 81 per cent of the yigy
from handweeded plots respectively, They

combinations have consistently showed gnog

results during the last two seasons,

Atrazine plus UC-22463 at the twp |
rates used can sufficiently control grass ang -

broadleaved weeds, However, in the exper.
ment the yields from these combinations
were much lower than that from 3.4 Kg/Hg
of Atrazine, The Atrazine-UC22463 comy.
bination seems to perform better during 3
wet season CIop.

The weed species present at harvest
were mostly grasses, With the exception of
the unweeded plots and those sprayec with
1.1 KgfHa of Afalon, the grass weed species
present at harvest was R. exaltata, While the

weed population was less in herbicide treated

Total

76.4
70.0
71.9
54.9
56.2
57.2
30.2
29,7
41.8
512
417
40,7
78.9
56.7
19.7

industx
trol en




1tiong

dng a

arvest
on of

wilh
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ilots, the surviving weeds developed into

= _rovigarous plants. This may be the reason

=hy the good treatments failed to equal the
.. 14 [rom handweeded plots.

SUMMARY

1. The effectiveness of Atrazine, Ami-
pen, Glenbar, Ramrod, Treflan, UC-22463
anil Afalon applied singly was studied, The
effoctiveness of the other six herbicides in
rombination With Atrazine was also tested.

A STUDY OF VARIABILITY

HW Hitton!

Since abeut 1940 the Hawaijian sugar
industry has been committed tc weed con-
trol entirely by chemical means, The reasons
for using chemical herbicides rather than
mechanical cultivation or hand hoeing are:
libor economics, rocky, hilly land where
coitivation is difficult, large-estate year-
ound farming where aircraft spraying is
feasible, 2 wide variety of constantly germi-
nating seed and perennial species for which
mochanical means would give only shori-

* term control, a permeable soil not requiring

frequent disking, and a system of deep

Gitches and furrows in the irrigated felds,

taking them inaccessible to machines Since
we imigate about 50% of the total land in
figarcane which receives less than 75 inches
of annual mainfall, and since fertilization of
figreane is heavy, all the land under culti-
fation is subject to continuous, rapid weed
powth,
We rely on the airplane (irrigated
Ueas), the tractor (unirrigated areas), and the
Pessurized hand knapsack (all areas) for
tistribution of the chemical herbicides in the
Belds, ditches, roads, and other treated areas.
are about 225,000 acres of sugarcane

b Hewsii, of which half, or 112,000 aces, is
ested each year, Chemical weed conirol
?ﬁhe treated fields from planting or ratoon-
Tgto close-in (lay-by) averages about $45-50
BT acre, for a total annual cost of some
35,000’000’ about 6% of the value of ihe
..'-"——_

Iy .
Chemist, Head Chemisiry Department, Hawaiian
Planters' Association

2. Afalon (1,1 Kg/Ha) as a directed
postemergence spray applied at about a
month after planting proved a vexy promis-
ing herbicide treatment for corn,

3. The combination of Atrazine +
Ramrod (2.2 + 2,2 KgfHa) and Atrazine +
Glenbar (2.2 + 2.2 Kg/Ha) have consistently
shown good results for two seasons.

4, Yield from plots treated with 1 Kg/
Ha Treflan was for two seasons comparable
to that from plots sprayed with 3 Kg/Ha
Atrazine,

"HERBICIDES FOR SUGARCANE IN HAWAII:

1aw sugar crop. Almost two-thirds of this
cost is for chemicals, 308 is labor cost and
5-10% machinery and equipment, Chemical
cost has increased considerably in the past
10-15 years as a result of shifts to newer
herbicides and practices, but at substantial
savings of labor, so the total cost has re-
mained stable or actually decreased. The
rising cost and scarcity of labor, particu-
larly for carrying the hand knapsacks, and
the ceiling on sugar prices force us to con-
tinue to search for improved methods and
practices of weed control. Qur efforts have
been mainly in improvements in mechani-
cal application, improved pre-emergence sced-
ling control, and improved control or eradi-
cation of individual perennial species which
require repeated treatment, Ideally we would
like to be assured of complete weed control
with one application, instead of the average
of three treatments at present, but there are
no herbicides capable of this degree of con-
trol, and field conditions make ideal con-
trol difficult even for the best herbicides.

Chemical weed control presents a
complex study in variability: variability of
performance between herbicides, variability
of the performance of a single herbicide
from place to place and time to time, and
varigbility in crop tolerance between indi-
vidual vazicties and between locations where
one or more varieties are planted. Most of
this discussion will be concerned with the
subject of variability, for several reasons.
One: it exists, and we must understand it

to cope with it. Two: it is useless to discuss
chemical weed control without considering
the range and magnitude of variability, Three:
it js useless to try to adapt the practices of
one area to another without a thorough
knowledge of the conditions in both areas,
For example, there are very good reasons
why the weed control practices in sugarcane
in Hawdii, Louisiana, and Florida are totally
different. It is my personal belief that not
much of what I can tell you about our prac-
tices will be of direct value in your own area,
but we can hope to consider the variable
factors which influence either the practice
or the chemical herbicide used.

Economics must be the first consid-
eration, including chemicals, labor, equip-
ment, and overhead costs for altemate prac-
tices. Unfortunately, trial and emor is re-
quired to find the preferred practice for a
given part of the world. Many sugarcane
planters prefer to use cuitivation, with chemi-
cals as an occasional supplement for speciat
preblems, A switch to total chemical control
requires 2 complete consideration of the
effects of crop culture without cultivation —
economic and agronomic. Crop injury from
chemicals, or from cultivation, may reduce
yields if the injury is severe enough or near
harvest age. This risk may make certain prac-
tices preferable whatever the cost of alter-
natives,

The type of desited weed control is
a factor not easy to assess, We all recog-
nize that weeds compete for sunlight, water,
space, and nutrient with the crop, Some
weeds, like vines and rhizomatous perenni-
als, may compete so setiously as to cause to-
tal crop loss if allowed to grow, yet others
are only esthetically unwelcome, We in Ha-
waii have come to expect near-total control,
or bare ground, until the cyop shades out the
soil at 4-6 months, preventing further growth,
We do not try to conirol nutsedge (Cyperus
spp.} in most areas because the cost of do-
ing 50 exceeds the advantages.

Two approaches to chemical weed
control are used for sugarcane, with some
overlapping: soil applications to prevent
seedling growth, and foliar treatment of
emerged weeds. We use predominantly soil
treatment (with foliar treatment only where
necessary), Louisiana has used mainly foliar
herbicides, and Florida finds cultivation pre-
ferable in their even, flat fields. The long-
residual “‘broad-spectrum” soil-applied herbi-
cides — diuron, atrazine, and ametryne —
provide (for us) maximum control of the
greatest number of weeds in their most
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vulnerable seedling stages, The best for imi-
pated areas in Hawaii is ametryne while
diuron is superior for unirrigated high-rain-
fall fields.

WEED CONTROL PERFORMANCE
FACTORS

Weed control performance of the soil-
applied (preemergence) herbicides is ex-
tremely variable under our conditions even
though the practice has become widely ac-
cepted. Over a period of years we have i
dentified the following factors which con-
tribute to the variable performance:

1. Soils diifer in adsorptive capacity,
reversibly adsorbing 70-95% of the applied
herbicide in topsoils, and 5-50% in subsoils.
Adsorption is due mainly to soil organic mat-
ter, and to carbon from pre-hacvest buming
of the crop leaves, The high adsorption pre-
vents leaching and crop injury from diuron,
except in exposed subsoils or sandy soil,
but requires greater rates of chemical treat-
ment to maintain an active level lethal to
germinating seed,

2, Water and soils are interdependent.
Optimur weed control requires that the top
few inches of soil remain moist to keep the
herbicide active, Such conditions are not
common even with irrigation, although our
poorest control is in unirrigated areas dur-
ing drought. Water-table levels may be im-
portant factoss for some locations,

3. Each chemical has a performance
pattern characteristic of the chemical, the
soils, available water, and weed species. The
differences in Hawaii are considerable with
10 to 200 inches of annual rainfall, 4 variety
of soil types related to geologic age and cli-
mate, and the often-curious patterns of weed
populations with water, soil, or temperature
(due to elevations from sea level to 3,000
feet),

4. No chemical is completeiy non-
selective to all species. We find such a wide
mixture of grasses and broadleaves in most
fields that the chemicals with broadest con-
trol of all species do the best job, It may also

be of interest that combination of two or
more herbicides are generally of little value

here for pre-emergence use, unless both are
of the non-selective type and unless each
component is present at an amount more or
less optimum if it were used alone. For ex-
ample, diuron + ametryne at (2 + 2) Ibfacre
doesnot compare well with 4 Ib/acre of each
used alone, However, combinationsat (3 + 3)
lbfacre and especially (4 + 4) Ibfacre per-
form increasingly well compared with 6 or 8
Ibjacre of the single product.

5. Cubtural practices vary widely, and
to a large extent determine the field condi-
tions for weed growth or Jierbicide perfor-
mance. Such things as plowing depth, cult-
ivation, harrowing or planting, replant in
ratoon felds, irrigation method and timing,
fertilization, and many others, influence the
timing of weed control operations, the soil
structure, disturbance of soil, of seed in the
sol, and of any pre-emergence chemical
treatment, the conservation of soil moisture,
and the vigor of the crop and of the weed
population,

6. Human and mechanical errors in
application constitute yet another source of
variability. Part of this error complex can be
recognized and minimized — such as uneven
aircraft applications, overlapping patterns,
wind drift, nozzle erosion or plugging, etc.,
but 2 part will remain the variation from un-
known causes. Training and supervision of
spraying operations are often critical factors
even after all other conditions are considered;
their lack may result in failure of the herbi-
cide or, worse, injury to the crop.

One further variabie is the crop vari-
ety. Each variety of sugarcane shows a dif-
ference in tolerance to most herbicides. These
differences are basic to the variety, as they
accur when the plants are grown in nutrient
solution as well as in the field. Susceptible
varietiesabsorb the herbicide at a faster rate,
perhaps differences in transpiration rate are
responsible for the observed effects, In the
field we must also recognize the effects of
water, soil, climate, nutrient status, and cul-
tural practices on the differential response
of sugarcane varieties to herbicides. These
effects are superimposed on the inherent
varietal susceptibility.

BASIC PHILOSOPHY

Jur basic philosophy in chemical
herbicide iesting, as an approach to dealing
with the problems of variability, is to try ta
select those materials or practices which
most readily fit the largest numbers of plan-
tation situations, individual variations from
this basis can be taken care of cooperatively
with the mdividual plantations, Selection of
improved herbicides or practices is based on
replicated small plot observation experiments
repeated as often as possible in as many
varied locations as possible. Evaluation of
both chemical performance and crop toler-
ance is made in comparison with standard
herbicides—diuron, atrazine, and ametryne—
included in each test, Without the standards
the tests are v:orthless.

For our conditions, and I emphagp,
only for our conditions, the triazine hert,
cides such as atrazine, ametryne, atatoml
(GS-14254, and others provide the maximuy,
pre-emergence weed control combined wip,
maximum aop tolerance. The substituiag
greas, diuron and monuron, also have vajy,
in certain locations, particularly for unim;,
gated sugarcane. Although there are varjer:
differences, sugarcane is more tolerant of the
triazines than of any other potent hexhicide.
because it can metnbolize the friazines ¢,
non-toxic compounds, In contrast, the b
stituted uracils, pyridines, and even ureas dq
not show the same degree of selectivity, ang
crop injury occurs with considerable fie.
quency from the first two groups.

SUGARCANE INJURY

Sugarcane injury from herbicides may
appear as a leaf burn, general leaf chlorag
or chlorosis of margins and tip, stalk da
formity (usually epinasty), or stunting with
or without other visible symntoms. Unless
injury is severc, the effects are usually re-
versible, that is, the crop recovers in appear-
ance and growth. Permanent shortening of
one or more nodes may result; whether vk
elds of sugar are decreased will depend on
severity of injury, on ihe time from injury
to harvest, and on the general field condi-
tions for vigorous growth and rapid recovery.
We have not seen any instances of yield
losses from normal use of chemical heibi-
cides.

Chemicals and practices for post-em-
ergence weed control tend, at the present, to
consist of treatments of diuron + dalapon
[(5 + 5) Ibfacre + 0.25% surfactant] or of
ametryne (5 Ib/acre), which control perennk
al species, any escapes or regrowth from the
pre-emergence treatment, and et the same
time leave @ soil-residual material for any
seed germination occurring after the treat-
ment, Some use, though decreasing, is stil
made of pentachlorophenol (PCP) in ofl,
24D, and STCA, and minor amounts of
2,4,5-T and silvex are used for special spe-
cies, Of the newer experimental products
only picloram (Tordon) shows possbility
for control of some special vine and brush
species.

Much more could be said of cond
tions peculiar to sugarcane culture in Hawai
However, it should be evident that I believ®
there is no substitute in another country of
set of conditions for a program of trial and
error covering the range of variable condk
tions and possible methods of weed control
There is no key to instant success. We have
evolved a system of chemical weed conteol
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which works remarkable well, but it must go
on evolving as new materials appear and as
gconomics change. A survey of the planta-
tion programs will all show systems in tran-
sition, containing practices from the past as
well as the present, and with considerable
interest in possible future changes,

Many improvemenis could be made
in herbicides and practices. For example, we
should be able to kill seed in soil before it
germinates, or kill perennials as they appear
through the soil, or control nutsedge, or
xill perennials with just ope treatment, As
yet no one has a better answer than chemi-
cil weed control for those places where
labor cost is high or where mechanical means

cannot be used for some reason,

Weed control by chemical means de-
pends on a complex set of interrelated fac-
tors, all of which must be at least partially
understood before commercial practice will
be successful. We try, in our program in
Hawaii, to maintain close contact and co-
operation with the plantation personnel, to
plan an inlelligent tfesting program with
their problems as a guide, and to evaluate
the program in terms of the greatest bene-
fit to the sugar industry. The purpose of this
paper was fo try to show that we can benefit
our own industty most by understanding
the variability within it; we can benefit
yours only by comparison with your own
canditions,

PRELIMINARY STUDY ONN CHEMICAL WEED CONTROL IN
SUGAR CANE INTERCROFPED WITH

SOYBEANS AND PEANUTS!

Sheng Y. Peng and Wen B. Sze?

For intensive utilization of arable land
a2 result of population increase, inter-
cropping systems of sugar cane with a short-
stason bean crop ora cereal have prevailed in
recent years, India is another country where
smilar cultivation systems are known to
exist, but ro chemical weed control pro-
pams of intercropping were found in the
literature, Although the programs of appiy-
ing diuron or atrazine in combination with
14D sodium salt as pre-emergence treat-
ments on sugar can have been widely-used
for years in this region, a progeam suitable
to an intercropping system is still not devel-
oped. There are some interesting problems
when chemical methods of weed control are
tied for an intercropping system in which
o morphologically different crops are
Erown in association, The differential toler-
Ince of crop plants to herbicides and their
Yaried biological competition against weeds
©n be mentioned as examples.

To test the tolerance of individual

Plants of sugar cane, soybeans and peanuts

lcomp]ellon of this research praject is through assist-
Ame from the National Council on Seience Develop-
Ment, Tajwan, China,

2
:‘!.TOnOmisl and Assistant Agronomist, Taiwan Sugar
Experiment Sta tion, Tainan, Taiwan, China,

to a range of new herbicides, an experiment
with pot-cultured plantswas reported by the
authors (1). The possible altenatives for
chemical weeding in such z complex system
of cane were also pre-discussed in another
article (2). This paper presents a discussion
of results of a preliminary investigation
(mitiated in August of 1965) on the possible
use of chemical herbicides to control weeds
in two intercropping sysiems of sugar cane
with soybeans and peanuts. For acquiring
more information, an ordinary non-inter-
cropped system of cane was also placed
within the frame work of the experimental

design,

RESULTS

An experiment was conducted to
evaluate fourteen chemical herbicides (2,4-D,
diuron, Hyvar X, linuron, paraquat, dalapon,
amiben, fenac, MCPA, Butyrac, TOX E-25,

afalon, sesone, and atrazine) in combination
with times of application (broadcast pre-

emergence, directed postemergence, and
hand-weeding) and certain cultivation types
of sugar cane, The cultivation types of cane
{9 in total) were formed according to wheth-
er cane was interplanted with peanuts or
soybeans or none at all In different planting

times, A total of 28 treatments was thus
formed and arranged in field layout accord-
ing to a mndomized complete block design
(see Tables 1 and 2).

In the group of directed post-emer-
gence applications (DPA), all ireatments
showed excellent results of weed control
compared with hand-weeding and the stand-
ard pre-emergence application with diuron
and 2,4-D (at 2 + 2 kgfha), All treatments
showed no adverse effects on cane plants but
rendered severe damage to intercrops except
the teatment in which the compounds
peraquat, dalapon and 2,4-D (at 21 + Skg+
2kg per hectare) were used to treat cane in
DPA and soybeans were intersowed later,
Due to the late planting time, seed yield of
soybeans in this treatment was not obtained
though the bean plants grew normally.

In the group of pre-emergence hand-
applications in which different chemicals
were used to treat either cane (in furrows)
or intercrops (on ridges), the associations
of fenac-amiben (3kg + 31. per ha), afalon-
TOK E-25 {3kg + 10L per ha), and atrazine-
sesone (3 + 3.5 kgfha) were good for cane
interaropped with peanuts or seybeans and
comparably good yields of these inter-
crops were produced. But due to their mild
herbicidal activity the efficacy of weed con-
trol was only as good as hand-weeding, The
association of linuron-MCPA was also useli)
for cane-peanut but not for cane-soybean
intercropping systems,

TOK E-25 could be also used in a
broadeast pre-emergence application (at 20
L/ha) to treat sugar cane intercropped with
peanuts, This treatment not only provided
good weed control but also resuited in the
highest yield of peanuts,

DISCUSSION

In southem parts of Taiwan where
cane is grown tor sugar manufacturing, zbout
80% of the annual 2,000 mm rainfall is con-
centrated in the months from June through
early September. This uneven distribution
of rainfall through the year has been a major
obstruction to extending chemical weed
control programs for cuitivating cane, Some-
times & torrential rain shortly after a pre-
emergence application of herbicides may
wash the chemicals from the field before
soil adsorption of the herbicide, Even though
mixture of diuron and 2,4-D at 2 + 2 kg/ha
for pre-emergence treatment has been rec-
ommended for more efficient weed control,

cane growers are thus hesitative to use the
more expensive but reliable diuron during
the rainy season. Instesd 2,4-D sodium salt

85



(LY

dlone is used widely because of ils cheap-
ness, Successfu] weed control in most cases,
therefore, is not obtained due to the kmited
nge of diuron, A new technique of utilizing
some herbicides in directed post-emergence
applications (DPA) seems promising because
of the comparably excellent results of weed

control achieved. A sophisticated mixing of
various herbicides to perform contact, trans-

locative es well as residual activities in

one application or combined applications,

is the objective of planning such applications.
By using this technique the hesbicides can be
sprayed onto weeds under cane plants when
the monsoon period is just over, Unpredicted

loss of expensive herbicides in ordinary pre-
emergence applications during the monsoon
period can thus be avoided, However, before
the DPA method is practiced it is necessary
to use a dose of 2,4-D (2kg/ha) as a pre-

emergence spray for subduing the onrush
of seed-germinated annuals which generally
ocour after preparation of the fields. An
improved method in which 2 pre-emergence
spray of diuron and 2,4-D in 30 ¢m bands on
fumows alone followed by DPA in 90 cm
bands on ridges is worthy of mention. By
this method the loss of herbicides by wash-
ing of unpredicted torrents can bé redeced
io one-fourth when compared with overall
applications with the same mixture of herbi-
cides in a pre-emesgence treatment. After
furrows have been pre-treated in this way,
the DPA on ridges is so facilitated as to re-
duce the danger of contacting tops of cane
seedlings by close sprays. Chemicals as
Hyvar-X or paraquat tested in this way may
cause severe damage to cane seedlings if they
are sprayed indiscriminately, A slight degree
of phytotoxicity may be incurred by lower
leaves of young cane contacted by fume

drifts from the DPA treatment. But in all
cases the affected plants soon totally recover.

The DPA treatment is therefore useful to
serve as a supplementary method for weed
control in autumn-planting cane if bad
weather has fafled the pre-emergence applica-
tions. In DPA studies herbicides such as
Hyvar-X linuron, paraguat and dalapon,
which provide efficient control of most
annals did not provide satisfactory control
unless 2,4-D was added to the spray mix-
ture, 2,4-D serves to reduce infestation of
Cyperus rotundus which even heavy dosages
of strong soil sterilants as the uracils could
not prevent regermination of the deep-seated
perennial tubers in the soil.

Four alternative methods of applying
herbicides can be vsed for an intercropping
system in which a short-season bean crop or
one of the cereals is prown between sows of

Table 1. Interaopping types of sugarcane (cane in [urrows; peanuts or soybeans on ridges),

Crops planted in
3st Aug. 30th Sept. 16th Nov.
Types (1 moath later) (1% month Ity
A Cane - -
B Peanuts Cane
C Cane and Peanuts -
D Cane Peanuts -
E Cane - Peanuts
F Soybeans Cane -
G Cane and Soybeans - -
H Cane Soybeans -
I Cane - Soybeans
Table 2. Treatment combinations.
Intercropping typa]
Numter Types of Applications of Herbicides ol cane treated
0 Non-sprayed (hand-weeding 4 times) A, C,D,GH
Broadeast pre-emergence diuron + 2,4-D (2 + 2 kg/ha) A,DH
2 Broadeast pre-emergence 2,4-D (2 kg/ha) and Directed AE 1
post-emergence Hyvar X + 2,4-D (2 + 2 kg/ha)
3 Broadcast pre-emergence 2,4-D (2 kgfha) and Directed AE I
post-emergence linuron + 2,4-D (3 + 2 kg/ha)
4 Broadcast pre-emergence 2,4-D (2 kg/ha} and Directed AE 1
post-emergence Gramoxone W + dalapon + 2,4-D
(2L + 5kg + 2kg/ha)
5 Band-sprayed, ridges pre-emergence amiben (3 Lfha) B,F
furrows pre-emergence fenac (3 kg/ha)
6 Rand-sprayed, ridges post-emergence MCPA (2 L/ha) B,F
fummows pre-emergence linuron (3 kg/ha)
7 Band-sprayed, ridges post-emergence Butyrac (SL/ha) C,G
furrows pre-emergence diuron (2 kgfha)
8 Band-sprayed, ridges pre-emergence TOK E-25 (10 I./ha) C,G
furrows pre-emergence afalon (3 kgfha)
9 Band-sprayed, ridges pre-emergence sesone (3.5 kg/ha) C,G
[urrows pre-emergence atrazine (3 kg/ha)
10 Broadcast pre-emergence TOK E-25 (20 Lfha) C

15ee Table I for descrintion of intercropping combinations.

young established cane, Firstly, the intercrop
is drilled on ridges after the residual effect
of herbicides that have been sprayed as
broadcast pre-emergents for cane have di-
minished. This method for interplanted pea-
nuts or soybeans has not been successful in
Tajwzn because residues of diuron are still
harmful to germination of these susceptible
crops even ane month after application.
Other mild herbicides as atrazine or afalon

may be hopeful and should be tried in the
same way to test the hypothesis of (B
‘nethod,

Secondly, two different groups o
herbicides can be used in band-applicatio®
for efther cane or intercrops. Since band
application {s separable in this case, time of
sowing intercrops relative to cane may be o
justed to find the best association for beih
crops. This method is more feasible 142
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lates)

others because suitable herbicides recom-
mended for special bean crops or cereals to
be intersowed are easily found in markets.
phytotoxicity usuatly on the part of inter-
gops can be decreased to the least extent
owing to no direct interference from those
compounds sprayed on cane. After settling
Jdown on ridges the casual fume drifts or per-
haps the lateral dilfusion in soils from those

trong toxicants being band-sprayed on cane

could be detrimental to the later growth of
iter-ops. Such combinations as fenac-ami-
ben, 2falon-TOK E-25 and atrazine-sesone
thus are less toxic than linuron-MCPA and
dinron-Butyrac when susceptibility of inter-
aops is concerned. As revealed by separate
cbservations of percent weed control either
on tidges or in furmrows, furrow-sprayed
finuron and diuron are more toxic than the
other chemicals, Therefore, when this meih
od of applying dilferent herbicides as band-
sprays is employed for weed contrel in an
intercropping system, a mild preemergent
for cane skould be used.

The third method is lo delay sowing
ol intercrops a length of time after a directed
post-emergence application of herbicides has
been made for cane. Since a DPA should be
made usually 20-30 days after planting cane,
lhe posiponement of sowing intercrops
would involve problems of photoperiodism.
It was shown in the experiment that sowing
soybeans one-half month after cane which
was later treated by a DPA mixture of para-
quat + datapon + 2,4-D (at 2L + 5kg + 2kg

et hectare) showed no adverse effect on

bean plants, No harvest of seeds was oblain-
ed, however, owing to failure of flowering.
This method should be tried egain in early-
planting cane from the standpoint of eff-
cient weed control.

The fourth alternative is to make a
broadcast preemergence application with
some herbicides for both principal and sub-
sidiary crops planted at the same time,_This
could be the most convenient way of con-
trolling weeds for n intercropping system il
satisfactory herbicides are available, TOK E-
25 (at 20 Lfha) seems to fulfill this purpose
because it not only produces good weed con-
trol but shows the least elfect on sugar cane
and soybeans,

In an intercropping system of sugar
cane, the growth of both crop plants is
mumually influenced by biological comnpeti-
tion. Herbicidal effect may play a part in
the influencing forces if the intercropping
system is treated by herbicides for weed con-
tiol, Although evidence has shown that the
combined influence on tillering of cane
gradually terminates Ffollowing harvest of
inter-crops and plowing of field ridges, just
how much and how far each component of
influencing forces would play is not known
due to the limitation of experimental evi-
dence. An experiment with a factorial design
intended to determine how much and how
far such factors as inter-crops, weeds, as
well a5 herbicides could affect the growth of
cane plants is underway, It shall serve asa
critical trial for a reasonable solution of the
problems involved,

SUMMARY

Cane yield was not influenced by any
herbicidal effects of all the compounds tested
but evidently by the cultivating conditions.
The influencing forces (herbicidal effects and
biological competition [rom inter-crops) were
found to effect the tillering of cane only dur-
ing the early five months of cane growing
when inter-crops were still in field. Follow-
ing harvest of inter-crops and plowing of
plot ridges, the influence gradually termi-
nated. In the case of plant height of cane,
this character showed larger variations ama.ig
treatments which f{luctvated from month
to month through a great part of the grow-
ing season. It indicated its susceptibility to
influence of environments on plots which
were difficult to determin. with the design
of this experiment,
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TRIFLURALIN FOR PRE-EMERGENCE WEED CONTROL

IN SUGARCANE

C. Van der Schans!

Trifluralin® (a,3,5-trifluoro-2,6dinitro
-N,N-dipropyl-p-toluidein) has proved to be
a selective soil incorporated pre-emergence
herbicide of exceptional quality, It is regis-
tered for use on many crops in the United
States and other areas of the world, Plant
species found to be tolerant to trifluralin
include many of the major crops of the
world,

CROPS TOLERANT TO TRIFLURALIN
(TREFLAN)

Cotton Rice (transplant)

Fruit, nut trees Soybeans

[rish Potatoes Sugar beets
{postplant) (postplant)

Ornamentals Sugar cane

(postplant)

Peanuts Vepetables

(Spanish, bunch)

(A complete list of crop registrations
can be found on the current product label),
Extensive field research is being conducted
at the present time on many other crops to
detetmine the herbicidal efficacy and safety
of trifluralin,

Following is a list of weed which are
sensitive to trifluralin when it is incorporated
into the soil at recommended application
rates;

IMPORTANT WEEDS CONTROLLED
BY TRIFLURALIN

Foxtail Setaria spp
Goosegrass Eleusine Indica
Johnsongrass Sorghum halepense
(from seed)
Jungle-rice Echinochloa colonum
Panicum, fall Panicum dichotomis
florum
Panicum, Texas  Panicum texanum
Sandbur Cenchrus spp
Shattercene Sorghum vulgare
Sprangletop Leptochloa spp
Stinkgrass Eragrostis
cilianensis
Witchgrass Panicum capitlare

Susceptible Broadleaves

Carelessweed Atnaranthus palmeri
Carpetweed Mollugo verticillata
Chickweed, Stellaria media
common
Goosefoot Chenopodium spp
Knotweed Polygonum spp
Kochia Kochia scoparia
Lambsquarters Chenopodium album
Nettle, burning Urtica urens
Pigweed Amaranthus spp
Puncturevine Tribulus terrestris
Purslane Portulaca oleracea
Pusley, Florida Richardia scabra
Thistle, Russian  Selsolz kali

Trifluralin is recommended at rates of

Treflan

Susceptible Grasses

Common Name

Barnyardgrass

Scientific Names
Echinochloa crusgailf

Bluegrass, annual  Pog annua
Brachiariz Brachigria spp
Brome, downy Bromus tectorum
Cheat Bromus secalinus
Crabgrass Digitaria spp
Crowfootgrass Dactyloctenium
aegyplium

IField Research Coordinator, Contribution of EHi Lilly
and Company, Greenfield Laboratories, Greenlield,

Indiana,

*Treflan: the registered trademark for Elarco Prod-

ucts triffuzalin,

3.5 to 1 pound of active ingredient per
acre (0.5 - 0.9 kilogram/hectare) depending
on the soil fype. The accumulation of re-
search data on the behevior of trifluralin in
different geographical locations has made it
possible to establish an application rate to
fit the cropping practices in specific areas of
the world.

Scil incorporation improves the per-
formance of trifluralin in several ways:

1. An effective concentration of triflur-
alin throughout the zone of weed
seed germination is established.

2. It provides weed conirol for alonger
duration than a surface spray, This is
of particular importance for a long
season crop such as sugar cane.

3. Less triflurelin is required when it 3
soil incorporated ithan when appliey
as a surface spray.

4, Rainfall or over-head trrigation 5,
not needed to move the herbicide iy,
the soil.

Trifluralin can be incorporated With
the tandem disc, the rolling cultivator, gg
PTO-driven equipme=: such as rotary tillery,
These implements should pulverize
clods and mix the herbicide thoroughly wig,
the soil. The proper tillage depth for inco;.
poration equipment varies with the sofl ag
the tool employed, but a depth of lesy fhyy
two inches may resuit in ematic weed o,
trol, Whenever possible, epplication ag
incorporation should be combined in ,
single cperation for maximum effectivenes,

MATERIAL AND METHODS

Trifluzalin was evaluated during the
1965-1966 growing seasons for pre-emer
gence weed control in sugar cane. Additiorsl
experiments were established this year (o
obtain more information about crop toler
ance and herbicidal activity. Expeximents
were conducted in the United Stales, Aus
tralia and Southeast Asia on a wide range of
soil types using different varieties and apph-
cation rates. An emulsifiable concentrate
(EC) formulation of trifluralin was applied
as a soil incorporated, pre-emergence, pre-
plant or postplant spray to plant cane. 0a
ratoon cane it was applied as a pastphnt
soil incorporated application. The studits
included different methods of incorportion
which could be adapted to various regions
Either the rolling cultivator or the powa-
driven rotary tiller was used for soil fucar
poration,

A similar design was used in all er-
periments and all treatments were replicated
34 times. Piot sizes varied in the different
experiments but were approximately 600,
fl.

RESULTS

Table 1 presents data from an &
periment in which a comparison was madt
between preplant and postplant applicstio®®
to plant cane,

This experiment dermonstrated that!

postplant application of trifluralin was ¥ |

effective and safe herbicidal treatment [
new plantings of sugar cane, Preplant apel
cations resulted in moderate to severe Y
to the sugar cane. Reduced weed cof
with preplant applications may have
due to untreated soil being brought e
surface during the planting operation.
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The date in Table 2 represents the
ge weed control ratings and crop imjury

- patings obtained in 11 experiments. Tri-

quralin was applied in the fall as a postplant
il incorporated treatment at I, 2, 3 and
4 1b/A to plant cane. In general applications
wee made on the same day as planting
jjowever, some were delayed for as long as
12 days. Application and incorporation were
sccomplished in a single operation.

These experiments demonstrate that
postplant soil incorporated treatments of
frifluralin to fall planted suga: cane are
effective and safe at rates of 1 to 4 bfA.
There was no apparent injury to the sugar
carie as a result of the incorporation appara-
fus used,

Studies established to determine the
effect of trifluralin on ratoon cane sub-
stantiate the results obtained with plant
cane, Table 3 illustrates the results from
{wo experiments where trifluralin was ap-
plied at rates of 1, 2, and 3 1b/A to the third
mtoon crop. Crop residues were present
in all plots, and some of this material was
incorporated into the soil.

Crop trash remaining after harvest
did not have a detrimental effect on the
theroughness of incorporation. In one of the
experiments it was noted that the incorpora-
tion operation stimulated the growth of the
cane, and at midseason the sugarcane in
the treated plot was 10 to 20 inches taller
than cane in the control plots. Weed control
was excellent and there was no epparent in-
jury to third year ratoon cane as a result
of treatments.

Additional experiments were estab-
lished to study the effect of triflurulin on
the crop vigor end yield of sugarcane, Table
4 is the summary of data obtained form ex-
periments involving plant cane grown in
Louisiana and Florida.

Grass and broadleaf weed control was
excellent with all rates of trifluralin used in
these experiments. The herbicide did not
injure seed cane and cane tonnage was higher
in the trifluzalin treatments than in the
tontrol. Sugarcane quality, as determined
by percent sucrose and Brix ratings, was
ot affected by trifluralin.

Experiments involving Ffall and spring
epplications were conducted in Louisiana
during the 1966-1967 crop seasons. Repeat
tpplications of trifluralin at the recom-
mended rate resulted in commercially ac-
teptable pre-emergence weed control of
Winier weeds, Johnsongrass seedlings, and
Summer grasses. These treatments did not
"duce the number of plants per acre or
esult in crop injury.

Table 1. A comparison between preplant end postplant applications of trifluralin,

Weed Control Rating? Crop Injury

TREATMENT Rate Grasses? Broadleaves® Ratingd
TREFLAN 4 EC 1 PoPI® 9.2 7.8 0

2 PoPl 9,7 8.3 0

3 PoPl 9,7 8.8 0
TREFLAN 4EC 15 ppif 9.0 5.0 8

3 PP 9.9 8.5 6
Control 0 0 0 0

@Weed Control Rating (-10: 0 = zero % control; 10 = 100% control

Beanarygrass (Phalaris sp.), little barley (Hordeum pusiltum Nutt.)

Ccomnmon chickweed, henbit

dCrop Injury Rating 0-10: 0 = no injury; 1-3 - slight; 4-6 = moderate; 79 = severe; 10 = death
€PoPl - postplant soil incorporation with 2 power-driven tiller.

IPPI - preplant soil incorporation with a power-driven tiller,

Table 2, Trifluralin applied as a postplant soil incorporated herbicide to fall planted sugarcane.

Weed Control Rating? Crop Injury
TREATMENT Rate {Lb/A) Grasses Broadleaves Rating
TREFLAN 4 EC 1 PoPI® 9.5 (7)d 8.8 (I0) 0
2 PoPi 9.9 (D 923 (10) 0
3 PoPI 9.9 (5 96 @ 0
4 PoPl 10,0 (1 10.0 (1) 0
Control 0 0 (11 ¢ (11) 0

&Weed Control Rating 0-10: 0 = zero % control; 10 = 100% control

bCrop Injury Rating 0-10: 0 = no injury; 1-3 - slight; 4-6 = moderate; 7-9 = severe; 10 = death
CPoPi - postplant soil incorporation with a power-driven tiller

dNumber of experiments in which observations were made

‘Table 3. Elfect of trflucalin on third-year ratoon cane.

Weed Control Rating? Crop Injury
TREATMENT Rate (Lb/fA) Grasses? Broadleaves® Ratingd
TREFLAN 4EC 1 PoPI® 9.9 2.3 1]
2 PoPl 9.8 94 0
3 PoFl 10.0 9.5 0
Control 0 0 0 ]

dWeed Control Rating (-10: 0 = zero % control; 10 = 100% control

bBrachiaria; goosegrass, crabgrass, barnyard grass

CPigweed, clammy groundcherry

dcrop Injury Rating: 0-10: 0 = no injury; 1-3 = slight; 4-6 = moderate; 7-9 = severe; 10 = death
€PoP] - postplant soil incorporaticn with a rolling cultivitor
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CONCLUSIONS

The data presented here have led to
the following recommendation for the use
of trifluralin in sugarcane. In the United
States iflurelin should be applied in the
fall or spring to either plant cane or ratoon
cane, It should be applied at the recom-
mended 1ate and soil incorporated as a
postplant, pre-emergence herbicide. Triflura-
lin should not be applied to soils con-
taining more than 10% organic matter.
Trifluralin can be applied anytime after
planting or ratooning the cane up to the
time the young settlings are 6-10 inches
tall. Care should be exercised so that the
incorporation implements do not damage
seed pieces or the established crowns of the
ratoan cane.

In areas where cane is planted above
the furrow, the seed bed should be firmed
or relled prior to the applicaticn and in-
corporation of 1irifluralin. When trifluralin
is applied to ratoon cane, crop residue should
be removed by burning prior to harvest, or
by shaving the beds prior to application. The
old beds should be tilled to a depth of 2 o
3 inches prer to incorporation to allow
adequate mixing of the soil.

Experiments conducted in Ausiralia
during 1965-1966 have substantiated the
results reported in this paper, and an ap-

WEED CONTROL IN TARO

(Colocasia esculenta L. Schott)

D. L. Plucknett, D. F., Saiki, P. §. Motooka!

Although tare (Colocasia esculenta
L. Schott) is one of man's oldest crop plants,
little has been done to improve the cultural
techniques in growing the crop. Taro, a
member of the Arojd family, is grown com-
mercially in Hawaii on a small scale, mostly
under submerged conditions in the costal
valleys, Most operations are carried out by
hand labor, and costs of production are
steadily rising, As a result, many farmers
are leaving the industry because hand plant-
ing and harvesting in paddy culture is diffi-
cult and often distasteful,

L pgsociate Agronomist, Assistant in Agronomy, and

Junior Agronomist, Hawaii Agricultura! Experiment
Station,

Table 4. Effect of trifluralin on the crop vigor and yield of sugarcane

TREATMENT Rate (Lb/A)  Yield®T/A  PercentSucrose  Brix Ratingb
TREFLAN 4EC 1PoPI® 29.8 127 227

2 PoPl 29.0 134 228

3 PoPI 25.7 o ——-
Contral ) 21.6 127 227

Values for Yield and Percent sucrose are data from Experiment JB6-3
YData from experiment LG6-13, refractive index values represent apparent percentage solid
matier as determined by an Atago hand refractometer. These values parallel but do not equal

sucrose content of cane mice.

CPoPI is postplant soil incorporation with a rolling cultivator

plication for the registration of trifluralin

on sugarcane has been submitted to that

government, Ar experimental permit has

been applied for in the United States, and

large scale field trials should be possible

in 1967,

SUMMARY

1. These experiments indicate that the con-
trol of grasses and broadleaf weeds was

Over the years cuitsiderable interest
has been shown in producing taro as a non-
allergenic specialty food for babies and pex-
sons suffering from gastro-intestinal dis-
orders. In order for an expansion of the
industry to occur, however, the crop must
be mechanijzed and modemized, and its cul
ture must be shifted from paddy to either
Furrow-irrigated or upland conditions. With
a shift from paddy to systems such as inter-
mittent flooding or furrow-imigation, mech-
anized planters and root harvesters could be
adapted for use in taro, Without an adequate
weed control method, however, such im-
provements cannot take place,

Weed control in taro is difficult
because of the growth cycle of the crop.

excellent with all postplant ireatments
of trifluratin.

2. Preplant soil incorporated applications
caused a reduction in germination, in-
kibition in growth and moderate to
severe injury to the sugarcane.

3. All postpiant applications of trillurslin
were safe to sugarcane and did not
reduce tonnage or percent sucrose.

Mewly planted taro is most'suwsoeptible o
weed competition during the first three ar
four months when growth of the foliage i
just beginning and when little canopy exists.
By the fourth month, the crop grows tal
and & heavy leaf canopy develops which
shades out weeds. As the crop matures,
however, the leal canopy recedes as succes
sive leaves which arise become smalles, &
sulting in a more favorable environment for
weed growth. The mature stage of the crop
is also especially susceptible to severe yieh
reductions due to weeds since this is the
most active starch storage period.

In wetland or paddy conditions weed
control is less difficult than in upland cor
ditions because soime weed control is affGrded
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. [looding. If good weed control in wetland
yro can be obtained duting the farst three

— monflis of the crop, a good yield usvally will

pesult because shading and flooding suppress
aeeds for most of the remainder of the crop

joid. At present, most taro growersemploy
directed contact oil sprays and hand weeding
for weed control.

In upland taro, weed control is a
problem throughout the cropping period.
shading becomes less important in suppress-
fng weeds because plant spacings are wider,
fotal growth and resultant canopy are some-
times reduced because of insufficient mois-
fure, and physical methods of weed control
mch as flooding are not possible. Since
mechanical weeding is impractical and labor
cosls make handweeding uneconomic, it is
spparent that herbicides must be employed
for upland taro weed control.

Kasasian (1967} has studied chemical
weed control in taro. He found pre-emer-
gence applications of ametryne, prometryne,
prometone, neburon, amiben, TCA, and
dalapon caused no injury, but atrazine,
smazine, divron and ferac caused some
wnjury to taro,

A list of common weeds in taro fields
is presented in Table 1. This list is repre-
sentative for wetland taro, but no list is sub-
mitted for upland taro since little is grown in
the state, It is safe to say, however, that im-
pertant weeds in upland taro are those which
are troublesome in vegetable fields,

EXPERIMENTAL RESULTS
Upland Taro Experiments

Herbicides used in the tests on upland
taro on Kavai with little or no injury were:
benefin, trifluralin, dacthal, sodium azide,
potassium azide, bensulide, CIPC, EPIC,
firazine, promeiryne, prometone, and ame-
tryne, (Furtick, et. al., 1965).

Results of two experiments are pre-
sented in Table 2, These herbicides were
plied as directed sprays after transplanting,
Trifluralin gives best grass control in upland
tonditions,but is not effective against most
broadleaf weeds, However, trifluralin has

{ &ven § to 10 weeks of weed control in &

Hanamaulu silty clay (Humic Latosol) and
2 Uaoa silty clay loam (Alluvial Soil) when
ipplied after planting as a pre-emergence
pray to the weeds. For good control retreat-
ment would be necessary at about 2 month
intervals throughout the life of the crop. At
Kavai Branch Station, trifluralin applied

Table 1, Some problem weeds in wetland tarol.

Pacific azolla, azolla fern {Azolla filiculoides)
bermudagrass, manienie, mghiki (Cynoden dactylon)
junglerice (Echinochloa colonum)

barnyardgrass (Echinochloa crusgaili)

paragrass, panicumgrass, California grass (Brachiaria mutica, syn. Panicum purpurascens)
sour paspalum, Hilo grass (Paspalum conjugatum)

green kyltingz (Cyperus brevifolius} 91
marsh cyperus (Cyperus javanicus)

twoleaf fimbzy stylis, tall fringe-rush (Fimbnistylis diphylla)
bulrush (Scirpus sp.}-

spreading dayflower, honohono (Commelina diffusa)
arrowhead (Sagittaria sagittaefolia)

egeria, waterweed (Egeria densa, syn. Elodea densa)
waterlettuce (Pistia stratiofes)

waterhyacinth (Eichhomia crassipes)

pickerel weed (Monochoria vaginalis)

tarweed cuphea (Cuphea carthagenensis)

primose willow, kamole (Jussiaea suffruticosa)
parrotfesther (Myriophyllum brasiliense)

Asiatic pennywort (Centella asiatica)

white thunbergia (Thunbergia fragrans)

tropic ageratum (Ageratum conyzoides)

yerba-de-tago, false daisy (Eclipta alba)

INames of weeds are listed according to the standardized list, Weed Society of America (1966).

Table 2. Herbicide experiments on upland taro, Island of Kauai. 1963,

Kauai Branch Station, Wailua Kilauea Sugar Company, Ltd.
Kilauea
Rate (a.i.) broadleaf grass
Treatment Kgha  crop weeds crop weeds weeds
Diphenamid 2,24 1 2 1 2 2
4.48 1 3.7 1.5 1 1
Trifluralin 112 1 44 1 4 3
CDAA 448 1 34 1 3.4 2
CDEC 448 1.3 2,7 1 34 2.4
6.73 1 3 1 34 2
G 32292 224 2 7 1 3 2
448 2 4 1.6 4 2
Atrazine 2.24 33 4.7 2 3 14
3.3 3.6 5 4 44 1.4
CDAA-(granuies) 1.12 1 24 1 2.7 3
CDEC-granules) 6.73 1 33 1 34 24

lRATING SCALE, AVERAGE OF 4 REPLICATIONS
Crop Weeds

1. no injury 1. no control

2. slight injury 2. slight control

3. moderate injury 3. moderate control
4, severe injury 4, good control

3. killed 5. killed



Weeds in taro cause most seri-
cus losses when plants are
small and shading is minimal
(note left). At right, propanil
was used at 6.72 kg per heo-
tare,

Taro grown in paddy suffers
little from weeds affer 3 or 4
months when the leaf canopy
forms,

In upland taro a combination
of polyethylene strip-mulching
and pre-emergence herbicides
may prove most satisfactory.
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L miciilly up to B.9 kilograms per hec-
4 .. (kg/ha) gave no injury even when spray-
2 'nm planfs with mature leaves,

Prometryne at 2.24 kg/ha has given
{lent weed control for about 3 months
e applied as a pre-emergence spray just
ﬂ'ln‘ transplanting. This rate produces some
! imal chlorosis of the taro leaves, but
i m chlorosis disappears [ater in the cropping
.1 Ametryne at low rates also appears
"ﬂv(,;ctivr for weed control in upland taro,
- pulch bed pianting of taro with black plastic
s has been used and good weed control
”5 peen achieved. The main problem was
| Lijure of suckers to emerge because of trap-
“eing Wnd shading by the plastic mulch,

‘weflind Taro Experiments

. In 1964, a herbicide experiment was
pstablished at Kauai Branch Station within
{eraces especially constructed for submerged
ko culture, The results of this test are
H sown in Table 3. Best weed control was
gven by propanil, ametryne, and prometone,
Propanil is a contact herbicide and is
tpplied over both crop and weeds as a post-
emagence treatment. For best resuits, weed
thould be allowed to grow to neara 5 cm.
helghit before spraying, The paddy should be
drgined prior to treatment in order to obtain
“mruimum  herbicide coverage, and two or
three days should pass before flooding again.
Il the field must be flocded at time of apph-
afim, water depth should be adjusted to
| g maximum exposure of weeds to the con-
kel spray,
Prometone and other preemergence
Ehrbicides must be applied on the soil sur-
ke, 5o the paddy must be drained prior to
“testment. Prometone at 3.36 Kg/ha can be
ihﬂ:ied around the base of the plants and
|r!_'ﬂ give.control for 4-5 months even after
'ﬁ:\uﬂhg is resumed,

SUMMARY

Chemical weed control in taro is
Miential i the industry is to be modernized.
Under mproved management, existing low-
81 valleys could be converted from paddy
" intermittent flooding or furrow irrigation,
Ut allowing mechanized planting and har-
Feiting,

Most promising herbicides in low-
&l taro are; propanil, prometone, ameryne,
"¢ TOK. In upland taro trifturalin, prome-
yme, and ametryne have provided good
¥eed control with little injury to the crop.
Biack plastic mulch bed plantings

Table 3. Yields and weed control ratings of wetland taro herbicide experiment, Kauai Branch

Station, 19641
Herbicide,
active ingredient

Kg/ha
Check 0
Propanil 3.36
Ametryne 3.36
Frometryne B0 W 3.36
Prometone 25 E 3.36
TOE-10G 3.36
L.S.D, at 0.05

yield, fresh corms,

Metric tonsfha Weed Control Raltings2
6.08
11.93
11.52
5.22
16.70
17.69
1.27

Wh th b b

YFertilizer applied per hectare acre preplant; 2.26 metric tons/lime and N 168, P 560, K 224
kilograms, Flots 2.44 x 6.40 m., plants spaced 0.61 m. x 0.61 m., herbicide treatments
replicated 3 times. Crop harvested 5/11/65, crop period — 16.5 months,

Y=no control, 5=complete control; ratings made 3/9/64,

provided pood weed control under upland
conditions, but emergence of suckers was
hampered by shading and trapping by the
plastic mulch.
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BIOLOGICAL CONTROL OF WEEDS IN HAWAII

Harry K, Nakao!

Approximately 97% f the weeds in
Huwaii are exotic and these species have
succeeded in alfaining that status because
the natural ecological balance of the flora
was disturbed, And today, weed control is
one of the most important cultural practices
in Hawaiian agriculture, Weeds are costing
the agricultural industries millions of dollars
annually in reduced yields and control
measures,

The rapid development of new herhj-
cides, most of them specific, has presented
the agriculturist today with a wide array of
material from which to choose, In addition,

lEntomcilc:gist, State Department of Agriculture,
Hewaii,

there have been extensive improvements in
methods of applying herbicides. With the
improvements i methods of application,
chemical control of weeds is possible in
almost all situations, However, in pastures
where the return from the land is low,
chemical or mechanical control may be
uneconomical,

Of Hawaii's total of 4,100,000 acres,
about 1% million acres are devoted to cattle
raising, but much of this is marginal land
and in most cases heavily infested by weeds,
With low productivity and rising costs,
tanchers have long been concerned with the
problem of weed control and rely heavily on
biological means for an economical and
effective solution. It is in this area that
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biological control of weeds has had its most
spectacular successes.

The first record of biological control
of a weed pest was the work done in 1902
by Perkins and Koebels in Hawaii on the
verbenaceous plant, Lantuns comara var.
aculeats Moldenke, Introduced into the
Hawaiian Islands in 1858 as an omamental,
it escaped cuitivation and soon became 2
serious pest of pasture lands,

The original search for insect enemies
of lantana was carried out in Mexico and
Central America and 23 species were iniro-
duced but only 8 became established: the
lantana seed fly, Ophiomyia lantange (Frog-
gatt); the lantana lace bug, Teleonemia
scrupulosa Stal; the tortricid moth, Epinotia
lantana Busck; the lantapa plume moth,
Platyptilia pusillidactyla {Walker); the lan-
tana leaf miner, Cremastobombycia lantanel-
lo Busck; the lantana gall fly, Eufreta
xanthocheeta Alrich; the lasger lantana
butterfly, Strymon echion L. and the smaller
lantana butterfly, Strymon bazochi gund-
lachiznus (Bates). These introductions greatly
curtailed the spread but failed to exert
sufficient stress to effectively control lan-
tana,

In 1952 the lantana project was
reactivated and the search for additional
enemies resulted in the successful intro-
duction of six species, bring all parts of the
plant under attack.

Since these introductions were made,
striking control of this aggressive range weed
has been noted. Continuous depredation by
the lantana stick caterpillar, Catabena esula
Druce from California (1955); the lantana
leaf tier, Syngamnia haemorrhoidalis Guenee
from Cuba and Florida (1956) and most im-
portant, the lantana defoliator caterpillar,
Hypeng strigata Febricius from Kenya, Africa
{1957) has resulted in severe dieback of
lantana, particularly in areas with less than
40 inches of rainfall,

The most promising introduction is
the destructive stem and root boring lan-
tana cerambycid, Plagiohammus spinipennis
Thomson, Introduced from Mexico in 1959,
it is well established on the idand of Hawaii
and control lantana in the wetter areas
appears promising. Heavy girdling, resulting
in dieback and, often, collapse of stems have
been observed.

Progress by two leaf-mining beetle,
Octotoma scrabripennis Guerin-Meneville
(1959} and the Brazilian hispid, Uroplata
girardi Pic (1961) has been very encouraging
lo date,

Another notable project is the control
ol Eupatorium adenophorum Spreng., com-

monly known as “pamakani” Pamakani is
Hewaiian, meaning wind blown, because of
the manner in which the buoyant seeds are
disseminated, It is a fast growing tropical
American shrob and was frst introduced
into Hawaii as an ornamental at Ulnpalakau,
Maui, in 1860. Subsequently, it spread mapid-
ly and thousands of acres of valnable range-
land became overgrown with this pest.
Between 1920 and 1948, considerable time
and money were spent in mechanical clear-
ing of infested land, H, T, Osbom in 1924
listed insects he found associated with pama-
kani in preliminary investigations in Mexico
and recommended biological control of this
range pest in Hawaii but no action was taken
at that time,

In 1945 the Eupatorium gall fly, Fro-
cecidochares utilis Stone was introduced
from Mexico. The maturing larvae of this fly
causes [ormation of galls and ihe resulting
damage to the plant reduces the stem and
foliar growth and seed production. The re-
peated atiacks finally reduce the vigor of the
plant to & point where it dies. Where the fly
is abundant, not only are practically ail the
shoots attacked but are also attacked a num-
ber of times during their growth and most of
the galls are compound ones.

This stem gall fly established itself
readily and within 2 decade brought about
such effective control of pamakani that
ranchers consider the problem solved and no
longer apply centrol measures,

A more receni project is the control
of tree cactus, Opuntia megacantha Salm-
Dyck generally known as “panini” in Hawaii,
It was introduced from Mexico in 1809 asa
forage plant for the arid regions.

By 1930 the ranchers, especially on
the island of Hawaii, were alarmed at the
rapid spread of cactus which covered the low-
lands almost solidly in many areas and was

moving into valuable pasture lands at the

higher elevations.

Following Australia's early successes,
the biological control of this range pest was
seriously considered in 1943. However, this
was opposed by some ranchers who felt that
cactus was an asset in times of droughts and
it took years to overcome this opposition.

In 1949 a program to import insect
enemies of cactus from California and Texas
was initiated. Seven species were introduced
but failed to become established.

Leamning of the unsuccessful results
in Hawaii, the Australian Government rec-
ommended the introduction of the cactus
moth, Cectoblastis cactorum (Berg) (1950)
which had produced such excellent results
in Queensland. Also recommended were

the cactus trunk borer, Arch
funestus Thomson {1951) and the cacty,
mealybug, Dactylopius confitsus Cockeryy

(1950). These species became establisheq

readily and the dense stands of cactus in th,

lowlands have been eradicated in most agey,

on Hawazii. Control of cactus at the highe,

elevations, predominantly the white frujteg

variety which is resistant to attack of the

introdizced insect enemies, has been some.

what slower,

At about the same time control meg.
sures were directed towards a polygonacecys
weed, Emex spinosa Campd. which was taf.
ing over fairly large arcas of pastureland on
Parker Ranch on ihe island of Hawaii, This
plant is native o the Mediterranean basin
and is thought to have been accidentally
introduced with grass seeds from Avstralia,
It is a sprawling annual herb producing seeds
enclosed in a spiny burr that are spread by
grazing animals and {o some extent by rain
water.

Early attempts at control were {em-
porary measures and included hoeing out as
many plants as possible before they produced
seeds. Later, in heavily infested areas the
ground was plowed and Kikuyu grass planted
to suppress the emex,

In 1950, investigations were conduct-
ed in Ialy and Sicily to study the insects
associated with emex. In Sicily, a weeri
was found infesting stems of emex but il
was also reported attacking beans and there
fore was considered an unsafe introduction.

In 1956, after learning that another
species of emex, Emex gustralis Steinh, wai

present in Africa and Australia, the setrch
for insect enemies was continued in South
Alfrica. Exploration in South Africa resulted
in the discovery of the stem boring weevi,
Apion antiquum var, harcynize Hubenthal
Releases were made at Parker Ranch in 1957
and it proved to be & very effective control
agent, Within three years, large patches of
emex wure being Xilled off and replaced by
forage grasses, Ranch agriculturists estimated
that as a result of biological control the
ranch saved $5,000 annually that would
have been expended in labor and materil
for emex control.

Apion antiguum was also released on
Maui and is now well established and exerl-
ing considerable stress on emex.

Two other weevils, Apion violeceum
Gyllenhall from Portugal and A. meofelix
Warner from North Africa, were introduced
in 1962 and if these become established,
more effective control of emex in the drief
areas is expected.

The most recent accomplishment i
the control of puncture vine, There are t¥0
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;. o pecies present in Hawaii — the true puncture
2ty | cine, Tribulus terrestris L. and the native
= nhu, Tribulus cistoides L. Both species are

o

1,,3::3 gmilar in appearance. Nohu is native to the
nihe -wurmer parts of the North Pacific and in
aregy ‘Hwaii is prevalent along the beaches on the
igher jpeward side of the islands. The low spread-
tited ing growth forms a thick mat, hence the

f the qamé nohu, which means “carpet weed” in
ome. - pgwaiinn. Tribulus terrestris is thought to

have been introduced with imported seeds,
meg- This species has been reported only from

teany - (he islands of Kauaj and Maui and showed
5 {ak. giery indication of becoming a serious pest,
i on | pypecially in cultivated areas.

Ty The late Jim Holloway, USDA Ento-
bagin meologist, during his visit to Hawaii in 1962
Mally suggested the introduction of the puncture
ralia, vine seed weevil, Microlarinus lareynii (Jac-

seeds 1 quelin du Val} and the stem weevil, Micro-

search Of the agicultural endeavors in the
South | Slate of Hawaii, the beef and dairy cattle
sulted ¥ “industries rank third in economic importance,
j| * #cond only to sugar and pineapple. More
nthal than 304,000 hectares of a total land area
of slightly more than 1,640,000 hectares are
ontrol W devoted to pasture. (unpublished data, Uni-
Yersity of Hawaii).

ed by Despite the salience of this industry

mated 'II in Hawaii, there has been very little work

o the §] fome in pasture and range weed control

would  §| ®*cept for a flurry of activity shortly after
4

the introduction of 2,4-D and 2,4,5-T, and
I continuing efforts of the State Depart-
Meat of Agiculture in biological control
- bd noxious weed control,
Presented in this paper are some of

reum the mogt serious or potentially serious range
ofallax td pasture weeds of Hawaii and the total
duced Wmagement program approach to weed
jshed, bontroi that is being taken by the Hawaii

Agricultural Experiment Station,

| ]Ilnim- Agronomist, Associnte Agronomist and Assist-
1l ™ in Agronomy, Howaii Agricultural Experiment
g Sltiop,

P.S. Motcoka, D. L. Pluckrett, D. F. Saikil

effective in control of puncture vine in
California, Subsequently, the seed weevil
was released on Keuai in 1962 and it became
established in a short time. Within a year it
was effectively destroying 75% of the seed
crop.

In 1963, the stem weevil was iniro-
duced and in three months, was well estab-
lished, Within two years all existing growth
‘of puncture vine in West Kauai was destioyed
by the work of this weevil; even seedlings
were attached and killed back.

Both weevils were released an Oahu
and Mavi in 1964 and are duplicating the
excellent control observed on Kauai, These
weevils also attack the native nohu,

It is too early to evaluate the e{fec-
tiveness of contro] by these weevils but com-
plete control of puncture vine appears very
likely.

veevil _ WEED PROBLEMS OF PASTURES AND RANGES IN HAWAII

BACKGROQUND

In oxder to appreciate the weed
problems of pastures and ranges in Hawaii,
two significant points must be acknowl-
edged: first, the Pacific Ocean was an
effective bamier to the movement of planis,
animals, and men; secondly, several climatic
zones exist on each major island,

Isolation of Hawaii

The isolation of the Hawaiian archi-
pelago resulted in colonization by only a
few plants so that at the time of Captain
Cook’s discovery of Hawaii there were only
an estimated 1,200 plant species of which
over 1,000 were endemic (1),

With the advent of the white man in
1778, the native flora was subjected to a
barrage of abuses: land was cleared, timber
logged, animals released :pon plants that
evolved without prazing and very signifi-
cantly, hundreds of foreign species were
introduced, Today in Hawaii, the landscape
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is composed of over- 2,000 exotic plants,
Every major weed species was introduced
and plants of wide origin are commonly
found in a single association,

While it is difficult enough to find an
herbicide effective against a range of species,
the heterogeniety of Hawaiian plant popu-
lations confoends the problem even more,

Vegetation Zones

Although small in ares, Hawaii has
distinct climatic zones which were recogni-
zed by its original Polynesian inhabitants
and which were reflected in their system of
land division, In this system each chief was
awarded a pie-shaped wedge of land that
extended from the coase to the mountain
top in order that he might have access to
the sea for fishing, the lowlands for taro
production, the upland slopes for planting
sweet potato and the forests for logging
timber (3).

Very simply, the climatic zones of
Hawaii result from the interaction between
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the 4radewinds and the land masses. On the
open Pacific Ocean, rainfall is only about
500 mm per year (5). When moistore-laden
tradewinds meet the mountzinous islands
however, orographic rainfall results from the
subsequent upward movement of the air
masses, Generally then, rainfall increases
with elevation until the point of maximum
condensation, Temperature generally de-
aeases with increases in elevation and this
also is of significance in plant distribution.

SOME SERIOUS WEEDY PESTS OF
PASTURES AND RANGES

In 1967 a survey was conducted
among ranchers running 50 or more head to
determine their major weed problems. From
early returns of questionaires, it is evident
that ranchers are eager to help and to receive
help in the study and control of weeds.
Major weeds listed were as follows:

Guava - (Psidium guajave L.)

A shrub which grows into a small tree,
guava is probably the most common woody
pest in Hawaii, In a 1952 survey, guava was
said to cover 90% of all areas on which
weed control was practiced (12). It is found
on all islands below 760 m elevation where
rainfall is at least 760 mm.

Guava was introduced from Central
America for its froit which is vsed commer-
cially to make jams, jellies and fruit juices.
The yellow, pink-fleshed fruit with many
hard seeds is eaten by birds and animals,
and guava is thus disseminated, This tough
woody shrub will sprout readily from roots
left efter mechanical clearing operutions.
According to the Department of Agiculture,
guava infests 310,000 hectares in this state
(2).

Lantena (Lanotons camara L.)

Lantena was introduced as an oma-
mental in 1858 and with the help of binds,
now covers 179,000 hectares (2).

This thomy, woody shrub was the
first plant subjected to biological weed
control, beginning about the tumn of the
century; nonetheless, it is still considered
one of the most serious weeds in Zones B
and C - (See Table 1 for zone descriptions).

Hamekua pamekani (Eupatorium
riparium Regel)

After gugva, Hamakua pamakani is the
major compleint of ranchers on the island of
Hawaii. It is a low shrub and a prolific
preducer of wind born seed. Very adapta-
ble, it is found in moist areas of all altitudes
up to aboul 2,140 m and covers 53,500
hectares on Maui and Hawaii, mostly on
Hawaii (2).

A larger relative of this weed shrub,
pamakani or Maui pamakanifE. adenophorum
Spreng.) is equally adaptsble and is found
in similar climate zones as E. riparium.
Maui pamakani is found mostly on Molokai

(2).

Brezi! peppertree (Schinus terebinthifolius
Raddi).

An omamenial from Brazil, this wooly
shrub produces clusters of bright red berries
that make attractive Christmas wreaths and
dry arrangements, and therefore is called
Christmas berry in Hawaii. Thus, people
collecting the berries for omamental uses
and birds feeding on them account for the
dispersal of the weed, One rancher considers
it potentially more noxious than guava.
Approximately 42,500 hectares are affected
by this plant, It is common in Zones B and
Cy (2.

Table 1, Vegetation zones of Hawaii (13).

Hairy fesbane [Pluchea odorata (L.)
Cass.)

Anaccidental infroduction from
ical America, this large, freely bmlching
shrub is very adaptable and thrives in g
areas except the very dry areas and the very
high altitudes. It grows as well in marshe,
and saline soils as on typical agricultural sojls

Kipu-kai Ranch reports that this weeq
and e close relative, indian fleabane (Plucke,
indica (L.) Less.) are their most serious weed,
for they grow in inaccessible places gy
mountainsides and produce an inex.1austibjs
supply of windborne seed. Although cow
ering only 20,600 hectares at present (2),
this weed threatens to become more widely
distributed.

Java plum (Eugeniz cuminii (L)
Druce). Syn E. jartbolana Lam,

A tiree introduced from Africa for its
fruit, Java plum is found on all islands in the
low, moist areas and is very common aloag
stream beds, It has proved resistant to severa]
brush and tres herbicides,

Uoee {Stcchytarpheta sp.)

Very similar in appearance and dis
tribution, S. jamaicensis (L.} Vahl, and §,
cayennensis (L. C. Rich} Vahl, are commonly
found in the moist areas of the low and
middle altitudes, Since their introduction
from tropical Amerca, they have spread
over 238,000 hectares (2).

Benks melastoma (Melastoma mal
abathricum (L.)

Found only on the igland of Hawati
and Kauai, melastome was introduced asan
omamental in 1909 (6). Altheugh this shrub
is reportedly resistant to hormonal herbic-

Approximate Approximate
Altitude Rainfall
Zone Phase Limits (m) Limits, (mm) Natural cover Land Use
A 300 508 Xerophytic shrub with coastal ~ Mostly Sugar Cane
fringe of trees
B 900 508-1,000 Xerophytic shrub with some Sugar Cane
frees in upper part
C 1 750 1,000-1,500  Mixed open forest and shrubs  Suger Cane & Pineappl®
2 750-1,200 Mixed open forest Pineapple & Dry range
D 1 450 1,500 Shrub end closed forest Renge, poor grasses
2 Variable 1,500 Closed forest Mostly forest
3 1,200 to less Open forest Forest water - shed
than 2,100
E 1 1,200-2,100 Open forest and shrub Dry range — Waste
2 2,100-3,050 1,300 Mainly upland open shrub Waste
. 3 3,050 No seed-bearing plants Waste

7 Yowth of'
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tplication of silvex at 8,96 kg per hectare in split applications; burning the dead vegetation;
Bowth of tegumes and grasses after aerial seeding and fertilizer treat:nents.

des, excellent response to silvex has been
abtained, although two or more applications
are required for complete kill (8),

A heavy seeder, melastoma is spead
rapidly by birds that feed on its fruit. It
infests 15,400 hecteres of land of which

3,240 is on Kauai,
Other important weedy Melastoma-
ceae found in Hawaii are: -

M. decemfidum Roxb. - Hawaii; Tibouchina
semidecandra (Schrank and Mari.) Cogn, -
Kauai, Hawaii; and Clidemnia hirta (L.) D, Don
- Oahu (11).

Downy Rosemyrtle (Rhodomyrtus
tomentos (Ait.JHassk.)

Originally from Southeast Asia, Rho-
domyrtus was intreduced to Kauai in 1909
(6), and later on Hawaii. Solid stands of this
shrub now cover 2,420 hectares in the
Kilohana crater area of Kauai (2), Like
melastoma, this plant favors Zones D; and
Da and is spread by birds.

Blackbemy {Rubus penetrans Bailcy)

A rambling spiny shrub, blackberry
was introduced at the tumm of the century
from the continental United States for its
fruit, It grows aggressively in the upper
altitades of Zones C and D on the four
largest Hewaiien islands. About 17,500 hec-
tares of land, moeily on Hawaii and Kauai,
are infested (2}

Firebush (Myriea faya Ait.)

Introduced from the Azores by Por-
tuguese immigrants, firebush is a freely
branching shrub or tree with small red
berries on which binds feed. Found on
each of the four mejor islands, it is a most
serious pest in the Hamakua area of the
island of Hawaii where it was first intro-
duced. It cavers almost 7,300 hectares of
the low and middle phases of Zones C and
and D on that island (2).

Sourgrass (Trichachne insularis

L.} Nees)

Accidentally introduced from Puerto
Rico, sourgrass is a serious pest of the dry
areas on Molokai and Qahu, It is found on
all islands and infests 33,900 hectares:
20,200 hectares on Molokai and 12,300
hectares on Oahu {2).

Cat's claw (Caesalpinio sepigria Roxb.)

A rambling, thorny leguminous shrub
from southeast Asia of recent introduction,
this pest is mast serious on Hawaii and Kauai,
It is found in the low moist areas, Zones C 1
and D5 (2).
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A MANAGEMENT APPROACH
TO WEED CONTROL

The most significant contribution that
can be made in the problem of pasture and
range weed control is in the development of
a total management program in which weed
control is an integral segment,

Very often, weed control is a treai-
ment of a symptom of a deficiency in man-
agement practice, as for instance, where
overgrazing results in brush infestation.
Under such a condition weed control with-
out controlled grazing is futile, Thus, control
of weedsin such a situation merely creates a
vacuum which invites reinfestation nnless
management is improved. On the other
hand, maintenance of vigorous forage stands
prevents most weed problems in pastures
and ranges. By logical extension of this
reasoning then, a pasture and range weed
control program may be defined as the
conversion of weedy vegetation to productive
forage slands, although conversion is usually
associated only with lund severely infested
with brush.

Conversion is accomplished by favor-
ing the growth of forages by such practices
as fertilization, controlled grazing reseeding
and by suppressing the growth of weed
species by any method or combination of
methods most effective under a given set of
conditions. The following methods might be
applies:

Herbicidal Treatment

Efficacy of herbicides depends upon
the species and variability of species being
tvated. Hawaii tests (9, 10) have shown
wide differences of susceptibility between
species. Therefore, mixtures or sequential
applications of different herbicides offer
much promise for progress,

For some vegetation mixtures might
well yicld synergistic effects,

Response to methods of herbicidal
treatment varies of course. Generally, indi-
vidual treatments such as drenching, injec-
tion or basal sprays are more effective than

blanket treatments sech as mist blowing
and aerial spraying.

Individual treatments generally are
favorable for effective kill in small infesta-
tions or in the case of infestations of occa-
sional large shrubs or lrees. However, in dense
brush stands over lage areas or rough
terrain, blanket freatment must be employed,
Certaiply, in many areas of the world with
large acreages to be treated, aerial treatment
would be the only feasible method of
herbicide treatment,

In short the problems with herbicides
are; what kind, what rates, what mixtures,
and what method of application,

Buming

Under certain conditions, burning
offers the most convenient and eeonomical
means of weed suppression, For example,
Gorse (Ulex europaeus L) (7) and false
staghom fern {Dicranopteris finearis) (Burm.)
Underw.) burn readily and initial clearing of
these by burning should be effective. On
Kauai, where there are hundreds of hectares
of staghorn fern, burning has been found
the most effective means of clearing such
land. In fact, if it is to be seeded, removal of
the trash is necessary and buming in this
instance serves a dual purpose, control and
clearing (8).

Mechanical

At this time, stands of large shrubs
or small trees would almost certainly require
mechanical forme of clearing as they are
resistant to herbicides. Herbicides which
work best with young growth would then be
most effective for maintenance of control.

Using a tolal program approach, a
brush control experiment is being conducted
on the Kauai Branch Station (8). This
experiment utilizes an integrated program of
control, clearing and conversion to pasture.
The test area, formerly a pasture but since
overgrown with brush, was treated with 2
applications of 4.45 Kg silvex per hectare
spaced 8 months apart; burned, and fertiliz-
ed and seeded by air, Satisfactory forage
establishment has been achieved. The re-
maining objective is ta develop this land

into a productive pasture using controlleq
grazing, additional fertilization, spot trag;.
ment or whatever else that might promot,
the convession.
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Vegetable crops in Hawaii are grown
“lygely by farmers of Japanese ancestry.
8 There dre approximately 720 vegetable farms
which comprise a total of 3,200 acres. The
* many small farms averaging 4% acres in size
\ e located on the islands of Hawaii, Kauai,
Db, Maui and Molokai. Many of the cool
season vegetables are grown on the island of
Hawail and Maui at elevations of 3,000 to
4,000 feet and the produce is shipped via
ocean barges to the population center which
islocated in Honojulu on the island of Qahu.
Essentially all of the remaining vegetables
\ary grown at elevations of 40 to 800 feet, In
 eddition to the variable climates resulting
" fim the differing elevations, severat dif-
-fmnl soil types are used for growing vege-
“tahle crops. Silty clay soils are the predomi-
| nent soil types used in vegetable culture;
l however, some vegetables are also grown on
soils, crushed lava rock varying in size
from small particles to six inches in dizmeter
A i coral sands. Either overhead sprinkler or
. ow imigation is used on most farms.
~Lssentially, all farms have large sized tractors
bt because of the small Limited size of the
Mields, tractor cultivation is accomplished
Mharpely with the use of small gasoline driven
“hand tractors. Many weeds are still removed
: ;ﬂlf the conventional hand and tractor meth-
but chemical weed control is rapidly
Ycoming a necessary tool of culture and
Jmnhhuntely 60% of the total vegetable
l‘-‘mge is treated with herbicides, often in
I- wmbination with tractor and hand methods,
Chemical weed control with vegetable
tops first came into use in Hawaii in the
‘mid-194()'s. Pentachlorophenol mixed with
W, emulsifiers and water was one of the
first chemical mixtures to be used as a direc-
®d spray around growing vegetable crops.
This mixture was commonly used on sugar
@ne and pineapple plantations; subsequently
—

Ussaciate Professor and Associate Specialisi in Horlr
“Murz respectively; Department of Horficulture,
ersity of Hawaii,

f “#. R. Romanowski, Jr. and Y. NakagawaI

. . WEED CONTROL IN HORTICULTURAL CROPS

" (HEMICAL WEED CONTROL WITH VEGETABLE CROPS

the vegetable growers also adopted its use,
Baron Goto reported in 1957 st the Fourth
Annval Hawsaii Weed Conference that only
a few herbicides were then used in vegeiable
crops. He noted hat peniachlorophenol
activated of! emulsion or DNBP was used
for weed control in beans, aromatic solvents
for post-emergence weéd control in carrots
and celery, potassium cyanate for post-
emergence weed control in onions and DNBP
for preemergence control in sweet corn.
Vegadex (CDEC) was introduced as a pre-
emergence herbicide into the islands in the
late 1350's and rapidly developed into one
of the most used herbicides in vegetable
crops. In the last three years several herbi-
cides have been introduced as evidenced by
the information contained in Tsble 1. At
present Vegadex and Dacthal (DCPA) are
used to the greatest extent in vegetable cul-
ture in Hawaii,

The University of Hawaii, Cooperative
Extension Service originally preferred to
keep the number of recommended herbicides
down to e minimum in order fo avoid con-
fusion on the smaller farms, but it was soon
found out that the many varying weed spe-
cies, edaphic and ecological conditions neces-
sitated the use of several herbicides. Tolerant
weed species have been ome of the most
challenging" problem areas in the use of
chemicals. Results from the vegetable weed
research program which wasinitiated in 1961
immediately predicted that one of the most
complex variables in chemical weed control
with vegetable crops in Hawaii would be the
many differing weed species, Table 2 con-
tains a list of the weed species which are
commonly found on vegetable farms. It
should be noted that the 41 weed species
represent a total of 16 different families,
Becauss of this great diversily in numbers of
families under tropical condifions, it can
immediately be concluded that a single her-
bicide often will not control all of the
weeds in a given field on a farm. This can be
illustrated by the data contained in Table 3.

An experiment was conducled at the Waima-
nalo Experimental Farm which is located on
the island of Oahu to study the weed selec-
tivity of commercially important herbicides,
At 50 days after treatment it was evident
that some weed species were tolerant to the
chemicals under test and equally important
the data showed that the above ground popu-
lations of tolerant weed species were present
in numbers in excess of the check treatment.
Similar observations have been made on
growexs’ fields in Hawaii on several occasions
namely, that affer ome or two cropping
cycles the repeated use of a given herbicide
converted farms over to a monoculture of
weeds which were sometimes more trouble-
some than the original weed population, For
example, the data in Table 3 show that the
above ground Cyperus rofundus population
was lower in the check than in the chemi-
cally treated plots, This limited stand of nui-
sedge wasatiributed to the weed competition
from the native weed population. The data
from the chemically treated plots also ilus
trate that the successful removal of undesir-
able weed species resulted in greater nutsedge
populations. The nutsedge population has
increased on some vegetable farms in Hawaii
since chemical weed control has come into
prominence, but continual trials are under-
way to assist in overcoming this problem
with chemicals such 2s EPTC, PEBC and
others, Also, 1 continual rotation of herbi-
cides on a given field is recommended when-
ever possible to overcome a build-up of
monocultures of folerant weed species to a
specific herbicide,

Soil factors were also found {o in-
fluence the activity of herbicides in Hawaiian
vegetable culture, In general, many of the
soil applied pre-¢mergence herbicides showed
similar crop selectivities to those reported in
the temperate regions, This was especially
true when soil organic matter was taken into
cousideration, It is common knowledge that
soils high in organic matter adsorb certain
herbicides making them relatively inactive as
regards plant phytotoxicity. Many soils used
for vegetable culture in Hawaii contain from
4 to 10% organic matter and often the re-
duced effectiveness of soil applied herbicides
can be attributed to the high soil organic
matier. Itis also suspected that the inorganic
fraction of some fine volcanic ash soils adsorb
certain herbicides,

Since vegetable weed control data are
somewhat limited under tropical conditions,
a series of performance trials were estab-
lished under varying climatic conditions in
Hawaii. As expected the herbicids results

9t




Weed control in celery: left,
dacthal, 9 Ib. per acre; right,
prometryne, 2 Ib. per acre.

Weed controlin tomatoes: left,
note weeds; right, trifluralin,
4 Ib. per acre applied over the
plants.
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“ahle 1. Herbicides presently being recommended foz use with vegetable crops in Hawaii.l

Herbicide Crops

i & alnap-3 (NPA, Sodium salt} Cucumber, cantaloupe and watermelon.

* promutic oil Between row weeding for most widely spaced vegetables.

Atrazine (G-30027) Sweet corn

palan (benefin) Lettuce

Chioza-IPC (C.ILP.C.) Carrots and cnion transplants. _

. precthal (DCPA) Onions, green beans, daikon, turnip, mustard greens, Chinese cabbage and transplants of onions,
broceoli, cauliflower, head cabbage, sweet potatoes, egeplant,peppers and tomatoes, At 4 to 6
weeks after seeding cucumbers, cantaloupes, zucchini squash and watermelons, and at 2 to 3
weeks after seeding Jettuce.

Gymid 80W (diphenamid) or Enide 50W Peanuts and tansplants of peppers, tomatoes and sweet potatoes.

Eptzm (EPTC) Green beans

Lorox (linuron) Carrots, sweet corn and Irish potatoes,

Meihyl bromide General use in seed beds for most crops except camations and onions; also used on a field scale
by some growers,

Petroleum solvents (Stoddard solvent and others) Carrots and celery.

Premerge or Sinox PE (DNPB, amine) Peanuts, green beans, lima beans and Irish potatoes.

Randox (CDAA)
Ramrod (CP 31393)
Tillam (PEBC)

TOK E-25 (nitrofen)

Treflan (trifluralin)

Vegadex (CDEC)

Ipetails on the use of the herbicides listed in Table 1 are contained in University
No. 421 “A Guide to Chemical Weed Control in Vegetable Crops in Hawaii,”

Scientific Name

Sweet corn, peas and transplants of onions and sweet potatoes.

Sweet com
Transplant tomatoes

Carrots, mustard cabbage, Chinese cabbage and transplants of broeeoli, cauliflower, head cab-

bage and celery.

Green beans, lima beans, soybeans and transplants of broccoli, cauliflower, head cabbage, pep-

pers and tomatoes.

Green beans, lima beans, sweet corn, lettuce, soybeans, mustard greens, dajkon, turnips, cucum-
bers, cantaloupes, zucchini squash and transplants of broccoli, cauliflowes, head cabbage and

celery,

Table 2. Weed species which are commonly found on Hawaiian vegetable farms.

Common Name

of Hawaii, College of Tropical Agriculture Extension Circular

Family

- Amaranthus dubious (A, hybridus) amaranth, spleen Amaranthaceae
Amaranthus spinosus amaranth, spiny Amaranthaceae
Amaronthus viridus amaranth, slender Amaranthaceae
Bidens pilom var, pilose spanish needle Compositae
Cenclrus echinatus sand bur Gramineae
Chenopodium album lamb’s quarters Chenopodiaceae
Chioris inflata fingergrass, swollen Gramineae
Coronopus didymus swinecress Cruciferae
Qrotalaria mucronata rattle pod, smooth Leguminoze
Cuphea carthagenensis tarweed Lythraceae
Cynodon dactyion bermuda grass; manienie Gramineae
Cyperus brevifolius kyllinga, green Cyperaceae
Cyperus keyllingia kyllinga, white Cyperaceae
Cyperus rotundus nut grass Cyperaceae
Daturg stramonium jimson weed Solanaceae
Digitaria pruriens crabgrass, dender Gramineae

Digitaria pseudo-ischaemum crabgrass, creeping Gramineae
Ethinocholoa colonum rice grass, jungle Gramineae
Bleusing indica wire grass Graminese
Emilia sonchifolia flora’s paint brush; pualele, red Compositae
Eragrostis pectinacen love grass, pectinate Gramineae
Euphorbia hirta spurge, garden Euphorbiaceae
Buphorbia th yhiifolia spurge, thyme-leafed Euphorbiaceae
Galinsoga parviflora galinsoga Compositae




Table 2 (cont.)
Scientific Name

Malva pervifiora

Medicago hispida

Merremia aegyptia

Nicandra physalodes

Oxalis corniculata

Oxalis martiona

Phyllanthus niruri

Portulaca oleracea

Richardia brasiliensis {R. scabra)
Setaria lutescens

Setaria verticillata

Solanum nodilflorum or {Solanum nigrum)
Sonchus oleraceus

Stachys arvensis

Stachytarpheta cayannensis
Tricholaena repens

Xanthium saccharatum

from the high elevation locations, 3,000 to
4,000 feet, comelated well with those ob-
tained in many femperate regions of the
world. [t is relatively easy to transpose rec-
ommendations from temperate regions to
those of high elevation locations in Hawaii
when soil organic matter and differing weed
species are considered. One of the most con-
sistent differences at the low elevation lo-
cations, 20 to 800 fect, was the moderale
to severe crop phytotoxicity experienced
when applying aver-the-plant broadcast spray
applications. The University of Hawaii, Co-
operative Extension Service is conservative
when making over-the-plant broadcast spray
recommendations in the high temperature
jow elevation areas. The enhanced crop
phytotoxicities can be explained partially by
the established principle that herbicide up-
take and movement within the plant is
more rapid under high temperatures and
humidities, but several other factors could
be involved in that crops grown at low ele-
vations are very soft and succulent when
compared to the same plant species grown
at higher elevations.

Table 3. Number of weeds per square foot at 50 days after treatment application, Waimanalo Experimental Farm.

No, of Weeds/sq. ft,

TREATMENTS Elensine  Setaria  Phyllanthus Solanum  Portulaca  Gelinsoga  Cyperus
(pounds per acre) indica verticillata niruri nodiflorum  oleracea  parviflora  rotundus
1. Check (no treatment} 0.5 0.6 14 6.3 6.5 1.5 1.3

2. Trifluzalin 4 Ibs, (soil incorp.) 0.0 0.0 0.1 0.0 0.0 0.1 155

3, Diphenamid 6 Ibs. 0.0 0.0 0.2 164 0.0 0.0 45

4, Prometryne 4 lbs. 0.0 0.0 0.0 0.0 0.0 0.0 29,5

5, Diuron 4 ibs. 0.0 0.2 0.0 0.0 0.1 0.0 222

6. Dacthal 10.5 lbs. 0.0 0.0 0.5 0.0 0.0 4.0 9.0
L.SD. 5% {1%) 02(.03) 0.3(0.4) n.s. L 18(5.4) 2.1{(3.0) 2.4(3.4) 11.5(16.3)

Common Name

cheese weed, pink
clover, bur

morning glory, haixy
apple of peru

sorrel, yellow flower
sorrel, pink flower
phyllanthus weed
plgweed; purslane
richardia

foxtail, yellow
foxtail, bristly
popolo

pualele; sow thistle
stagger weed
vervain, false; joee
natal redtop
cocklebur; kikania

The above variables were discussed
primarily to illusirate some of the observa-
tions gained from the Hawaii vegetable her-
bicide program. It is hopeful that this infor-
mation can alse find application in other
Asian-Pacific areas. Hawaii researchers have
had to rely heavily on the results obtained
in temperate regions of the world in estab-
lishing the program because of linited data
in the tropics, It was found that many of the
same herbicides can be used under tropical
conditions when adjustments are made for
the differing edaphic and ecological condi-
tions. Also, it was emphasized that weed
selectivity performance daia are considered
as one of the most im portant variables to be
studied under tropical and subtropical con-
ditions.

Hawaii vegetable growers are now
enjoying the use of herbicides on 60% of
their acreage and it can safely be predicted
that this will eventually inclede most of the
acreage even though the complexities are
numerous when an agricultural community
of 720 farms grow 35 different vegetable
crops on 2 limited acreage of 3,200 acres.

Family

Malvaceae
Leguminosae
Convolvulaceae
Solamaceae
Oxalidaceae
Oxalidaceae
Euphorbiaceae
Portulacacese
Rubiaceae
Gramineae
Gramineae
Solanaceae
Compositae
Labiatae
Verbenaceae
Gramineae
Composilae

RELATED LITERATURE*

1. Romanowski, R. R., Ir,, J. 5. Tanaks, D. L.
Plucknelt and D. D. F. Williams, 1963. Tomalo
{Lycopersicon esculentum] herbicide screening
trials in Hawaii. Tech. Prog. Rpt. No. 136, Haw,
Agr. Fxpl. Sta. 25 pp.

2.  Romanowski, R. R., Jr. and J. S. Tanaka. 1965.
An evalualion of herbicides for use with cu-
cumbers (Cuctimis sativus) and watermelons
{Citrullus vulgaris} in Hawail. Tech. Prog. Rpl.
No. 144, Haw. Agr. Expt. Sta. 32 pp.

3,  RomapowikiR. R, Jr. and J. §, Tanake 1965,
Secondary herbicide screening trisly with legu-
minous vegetable crops in Hawail Tech. Prog.
RpL No. 146. Haw. Agr. ExpL Sta, 24 pp.

4, Pomanowski, R. R, Jis, J. S. Tamaka and
tnd P. . Tto. 1967, Rerbicide evaluation studies
with celery {Apium graveolens var. dulce),
lettuce {Latuea safiva), and crucifers (Brasvica
spp.) in Hawsii. Tech. Prog. Rpt. 156. Hew.
Apgr. Expl. Sta. 39 pp.

$. Nekagwa, Y. and R. R. Romanowski, J1. 1967.
A guide 1o chemical weed control in vegetable
crops in Hawail, Coop. Ext. Cir. 421. 17 pp.

* Copies of the sbove are svallable from the College of
Tropical Agticulture, Publications Department, Uni+
yerdty of Hawaii, Honolulu, Hawil,

is na
becor
sently
grow!
State:
in lar
food
accen
use is
fruit.

subse:
toes i
delica
shipm
tance
of pr
inten:
this i
1oes i
is gras
hand}
ities.

proce

CUL1

tomat
many
centr:
to thi
incres
mech;
tional
incres
contit



L Chambe'rs"

12

Tomato, Lycopersicum esculentum,
";5 patwe to South America but has now
ecome established around ihe world. Pre-
; gy an estimated two million acres are
1 -wn One-fourth of these are in the United
| . jzs. Although tomatoes are not consumed
i ege quantities, they are an important
Ctil because they are used to enchance or
| cnuate the flavor of many foods. This
S is typical for both fresh and processed
Fait.

~ Because of the nature of use and the
gisequent Small quantities required, toma-
ines command a high price per unit. Their
delicate and perishable nature prohibits

LD L,
Tomalo gipment of fresh tomatoes for long dis-
Creening gnees. These factors led o concentration

8 Hiw, i of production near larpe markets and to
4 ikensive culture methods. The extreme of

:-31:9::: fhls is the greenhouse produclion of toma-
tlons {4 in many areas, However, this situation
% Rpt jsguduilly changing due to greatly improved
L 1965, _ \;\_mai]ng techniques and transportation facil-
ith kege ‘iz, There also has been a shift to more
4. Prog. “mrecessing because of greater convenience.
.

¥ studies 4 (ULTURAL PRACTICES

dulce), The production pattem evolving in
:”::: (bmato culture is directly analogous to

ny other crops. Production is being con-

. 1967. “tuntrated in a few areas most uniquely suited
egelable 8 thiy crop. Individual grower’s acreages are
' ing; labor costs are being reduced by
Tollege of u:ﬂz:tmn. Other costs including addi-
rent, Uni- inputs of fertilizers and pesticides are

- ereasing, Indications are that this shift will
= -' tinue. However, in considering tomato
ol eontrol today, we must desl with the
mary varying types of management and the
ﬂﬂeﬂm intensities of production. This pap-
® discusses production practices in the
United States, but the principles are appli
uhle lo other areas. The following discus
Wit will point up some of the cultural
| l‘-‘lclmeu which have an important influence
i the weed control program in tomatoes.

| Traditionally, tomatoes were estab-
“Sted by starting plants in a greenhouse
% cold frame and iransplanting in the field

Becent developments in planting, harvesting,
-‘-‘_‘—|_

"H"ﬂ of Herbicide Research and Development, The
“I'}ﬂl‘:ll‘.u-hpa.uy Kalamazoo, Michigzn,

izED CONTROL IN TOMATOES

plant breeding, and weed control have made
possible seeding tomatces directly in the
field. Indications are that in the future pear-
ly all tomatoes grown for processing will be
esiablished by direct seeding, There will
continue to be transplanted tomatoes grown
for fresh mar:et as long as early harvest
commands 2 premium price. Of course this
situation may change as advances occur in
handling and shipping.

In considering tomato weed control
in general, an important factor is the method
of establishment, direct seeding or trans
planting.

" All processing tomaltoes are grown
in the “bush” {ype culturc. That is, the
plants are grown without support. Many
fresh market tomatoes arc trained on trel-
lises.

Mechanized harvest of tomatoes for
processing is almost complete. However, the
technique is such that heavy weed infesia-
tions cannol be tolerated. This indicates a
requirement for good, late-season control.

Disease problems affect weed control
in two ways. First, since toniatoes are sus
ceptible to a number of diseases including
soil-borne pathogens such as Fusarium and
Verticillium, rotation isused to aid in disease
control. This can be an advantage if the
grower maintains good weed control in the
rotational crops. However, too often weed
control is neglected and the result is a weed
buildup with which one must cope in pro-
ducing the tomato crop.

The second point concerning disease
can be summarized in the statement, “It &
easier to prevent or control disease in a
weed-free field.” .

Many tomato fields receive irmrigation
either as the major source of water or to
supplement rainfall Judicious use of irrige-
tion water can assist weed control whereas
failure to consider this factor can aggravate
the problem.

Tomato cuiture stresses good soil pre-
paration. This is true whether establishment
is by direct seeding or transplanting. How-
ever, the weed control advantage of good
seedbed preparation is more than offset by
the fact that tomatoes are slow to establish
and remain poor competitors throughout the
season.

CHEMICAL CONTROL

No attempt will be made to cover
exhaustively the work with all tomato herbi-
cides. Rather, those considered most impor-
tant will be discussed.

Diphenamid

The outstanding herbicide for toma-
toes today is diphenamid, N,N-dimethyl-2,
2-diphenylacetamide, Both direct seeded and
transplanted tomatoes have shown excellent
tolerance to this compound. Limited work
on this special problem indicates that toma-
to plants have a true physiological tolerance
to diphenamid. The flexibility of diphena-
mid has permitted the growers considerable
freedom in fitting the chemical into their
production program. This herbicide can be
applied post-emergence to ihe tomatoes pro-
viding all weeds are destroyed prior to treat-
ment. Layby treatments either directed or
topical can be used if the area has not been
treated previously or if it is necessary to ex-
tend the weed control season.

Perhaps the greatest problem with di-
phenamid resuits from the physiological se-
lectivity mentioned previcusly, The result is
lack of adequate control of weeds closely
related to tomatoes, especiafly those in the
Solanaceqe family.

It has also been noted that diphena-
mid may provide a residual that will injure
certain cover crops, especially small grains,
In practice, this has not been 2 serious pro-
blem.

Pebulate

Chemically, pebulate is S-propyl bu-
tylethylthiocarbamate. It finds wide utility
where nutsedge (Cyperus spp.) is a problem.
As with other thiocarbamates, pebulate re-
quires incorporation immediately after appli-
cation. This tends to restrict usage to pre-
plant applications. The residual control with
pebulate is often not sufficient for the full
season, The characteristics of this material
have led to a combination treatment with
diphenamid in areas where nutsedge is a pro-
blem.

Trifluralin

Trifluralin, a,a,a-rilluoro-2,6-dinitro
-N,N-dipropyl-p-toluidine, hes found wide
vsage in many crops. Two important charac-
teristics which influence use of this chemi-
cal are volatility, which necessitates immedi-
ate incorporation, and strong adsorption to
soil particles, Because it is strongly adsorbed,
there is little tendency for this herbicide to
leach. This facilitates protection of the crop
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by proper placement of the herbicide and
permits use in crops where true physiologi-
cal tolerance does not exist. Trifluralin is
best suited for treating transplants. This
herbicide cannot be safely applied on di-
rect-seeded tomatoes at planting; however.
it can be used after they are established, bui
there is the problem of incorporation and of
weed control during the critical period of
establishment, -

Amiben
Amiben is 3-amino-2,5-dichloroben-

zoic acid which may be used on tomato
transplants if applied in the granular form.

- However, it has only marginal selectivity,

even when used in this manner.

Solan

Solan is 3’-chloro-2-methyl-p-valero-
toluidide. It is the only post-emergence com-

WEED CONTROL IN CITRUS
A, H, Lange and B. E. Day!

Weed losses and controlling weeds in
citrus costs California growers an estimated
$23,000,000 per year (16). The control of
weeds is essential in the production of citrus
The cost of controlling weeds varies greatly
from one citrus growing area to another de-
pending on the seil, the predominant weed
species, and the age of the orchard, as well
as other cultural practices and environmental
fectors,

Of the many methods of weed con-
trol only tillage, mowing, and chemical
treatments are widely used in citrus. Culti
vation is always to some extent a cover
cropping method gince each cultivation is
soon followed by a new crop of weeds. Long-
term reduction of annual weed populations
can be achieved by cultivating frequently
enough to destroy weeds before they produce
seed, The cultivation schedule should be
based on preventing seed-production by the
earliest maturing species present and is best
determined by inspection rather than by
following a fixed schedule.

Cultivation at proper time intervals
can ultimately kill deeprooted perennial

YExtension Weed Control Specialist and Chairman,
respectively, Depariment of Horlicultural Science,
Universily of Culifornia, Riverside.

pound which has been commercially used in
tomato weed control. As can be appreciated
from previous comments, a post-emergence
material which has little soil residual in of
limited wiility in tomatoes. The slow grow-
ing, poorly competitive crop requires repeat
applications to provide a sufficient period
of control.

SUMMARY

Efficient, economical production of
tomatoes requires a good weed control pro-
gram, There are severel herbicides available
but consideration of cultura practices is
important in their use. To be most success-
ful, the weed control program should com-
bine chemicals with cultural practices which
are aimed at more effective weed control.

weeds by exhanstion of their underground
food reserves. Simple perennials ere often
killed in a season by this process. More com-
plex, deeprooted weeds with rhizomes,
tubers or bulbs with large food reserves are
killed only after a rigorously maintained
program of cultivation of two or more years
duration, Experiments have shown thatabout
sixteen cultivations are required to control
bindweed (Convolvulus arvensis) (15).

Infrequent cultivations provide tem-
porary relief from weeds but contribute to
the build-up of weed populations by in-
creaging the number of buried weed sseds
and distributed cuttings, tubers and buibs.
Infrequent cultivation spreads andinvigorates
perennial weeds by annual weed control and
leads to the establishment of solid stands of
aggressive resistant species,

Weed control by mowing is effective
only against tall-growing species. Where this
method is the only means of weed control,
low-growing spreading species are given an
overwhelming competitive advantage and the
orchard goes rapidly to a solid stand of
perennial turfgrass.

There has heen much progress in the
discovery, development, and practical use of
herbicides in recent years and these materials
have found a place in citrus culture, There

are more than 100 commercially avajlghy,
herbicides marketed in some thousands o
brands, combinations and formulations, 3
trus is relatively tolerant to aschard applie,.
tions of many herbicides (1,2,3,4,5,6,7),

The trees need not be directly toleray
to Foliage applications of contact and foljar
systemic herbicides since thesc chemicals
can be selectively applied to weed growth
with only minor drift or accidental wetting
of the tree foliage, Use of foliar herbicide
always results in some degree of soil cop.
tamination and it is through this means that
tree injury is most likely to occur. For
exemple, when dalapon is applied to the
foliage of grasses in orchards it can become
Ieached into the soil reaching a concentration
of 1 to 2 gpm in the root zone of the tress
causing leaf and fruit drop. With proper ap-
plication the only hazard in the use of Ferbi-
cides in archards is through the soil. For this
reason the testing of herbicides for orchard
use is a matter of determining the resistance
of citrus to soil applications whether or not
normal treatments are foliar sprays or direct
soil applications,

Contact herbicides were the first to
be widely used in citras orchards. Some
California orchards have been maintained
weed free with contact herbicides for years
with no evident detrimental effects on ihe
trees, Weed oil, fortified weed oil, diquet,
paraquat, DMA (disodium methanearsonate),
and cacodylic acid are contact sprays thal
have been used in citrus orchards without
showing injury to the trees. Certain petro-
leum ols, both straight and fortified, are the
least selective of all herbicides and are rels
tively inexpensive in California. For thes:
reasons they are the only general comiact
hesbicides widely employed in citrus ot
chards. Use of paraquat and cacodylic acid
have shown increasing promise for citrus.
DMA and other organic arsenicals particu-
larly MSMA (monosodium acid methane-
arsonate) have controlled certain perennial
pgrasses péﬂicularly Johnsongrass (Sorghum
halepense) and Paspalum spp.

Orchard weed control programs may
be based entirely on spraying with contact
chemicals, although this method is no longet
in widespread use, Under this procedure, the
orchard soil is Iaid wp in final form and suc-
cessive crops of weeds are sprayed down
soon after emergence and before the earliesl
maturing species produces seed. The objec
tives are to prevent seeding of all species, Kill
perennials through exhaustion of food
serves and ultimately exhaust the seed supply
in the soil surface. As spraying continues
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praying can be discontinued and the oc-
i aeasional weed that appears can be eliminated
.- by spot spraying, hoeing, or hand pulting,
8 The success of the program is to some extent
[ gependent upon controlling closely adjacent
ged sources such as roadsides, fence rows,
¥ gitchbanks, and nearby cropland,

Once this spray program is established
Ihe grower must entirely abandon cultive
B[ ~tion as a soil management procedure, A Jarge
il population of buried sced remains viable in
“the soil for many years. Cultivation retums
“these to the surface and the effects of pre-
| yious sprayings is largely lost,
y Weed control by contact sprays is
| more expensive initially than maintaining
cultivation buf results in lower weed control
costs over the long term (13).
Weed control programs based on con-
trol programs based on contact sprays have
| the advantage that they are not soil or cli
mate dependent and are applicable to essen-
3| lially all citrus growing districts throughout
3] the world. In California this procedure,
formerly widespread, is now largely limited
it to the Coachella Valley, This area has ex-
| eeptionally light soils with low adsorptive
K capacity for herbicides and frequent flood
gl imigation which cause soil treatments with
residual herbicides to be both hazardous to
dtrus trees and of only limited effectiveness
on weeds.
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o 3 Soil-residual herbicides are g relatively
the 3 recentdevelopment. Widespread usage began
1 2 ij | with the employment of monuron in citrus
est fif.in California in 1955 (6). Herbicides of this
act ‘t iype are becoming the most widely used
[ ’ groups in citrus culture,

< il Citrus is more or less resistant to soil
W W spplications of the substituted urea, triazine,
o M gy uracil herbicides, W1 ether or not this re-
o tistance is sufficient for selective use of these
nial hechicides in orchards is determined by local
um U wil and climatic conditions and the nature
31 of the weed populations present.

Soil-active herbicides are picked up
by roots of plants. Selectivity is based on
] ¢ amount of chemical absorbed by the
§i oots, plant age, and physiological ioler-
8l ®ce, The soil conditions that contribute to
kiectivity of these herbicides are mnot
|| tearly understood but appear to be related
o the capacity of the soil to absorb a
Partion of the chemical. Variations in dos-
|| 8¢ required to control weeds or injure
dirus are not fully predictable on the basis
of available soil surveys although attempts

to make such correlations have been exten-
sive in California. Organic matter, and to a
less extent mineral colloids, absorb herbici-
des (8) maintaining an equilibrium concen-
tration in the soil solution in the upper one
to two inches i many soils, Seedling weeds
germinate in the zone of greatest concentra-
tion of the herbicides and are killed while
the decper-lying roots of the trees receive
subtoxic dosages. This, conpled with some
degree of natural resistance of citrus, is the
basis of the selectivity of monuren, diuron,
simazine, bromacil, terbacil and related soil-
applied herbicides,

In sofls of low adsorptive capacity
frequent heavy applications are needed to
maintain herbicidal concentrations in the
soil surface, More rapid leaching of the
compeunds under these soil condiiions may
lead to excessive concentrations in the root
zone of the trees. This has been observed in
the sandy soils of Florida by Ryan and
Dretchman (14) and ir California’s Coachella
Valley. On light-colored, sandy soils rates
of substituted urea and triazine herbicides
that gave good weed control and injured
citrus trees.

The control of weeds in young or-
chards and in sandy soils is being studied
presently in several of the citrus growing
areas of California, A number of new
herbjcides show promise for the selective

control of weeds in the propagation of
yeung citrus plantings, One of the herbi-
cides recenfly registered for use in non-
bearing citrus showing promise is trifluralin
(Treflan). Incorporated et a depth of two
inches, it controls a wide spectrum of
weeds with excellent safety to citrus,

In California tratzine, substituted urea
and uracil herbicides are sprayed on the soil
after the orchard is cultivated and ridged to
to final form and before weeds emerge,
Rainfall or sprinkler imrigation is required to
carry the herbicide into the zone where weed
seeds germinate, The dosage required to kiil
weeds is lowest when the weeds are young
and increases as plants grow older. Usually
24 /A of monuron, simazine, diuron,
bromacil or terbacil are sufficient to control
Susceptible weed species in imigated arid
soils, Higher rates may be needed in humid
areas with different soil types. Spraying is
repeated on an annual or biennial schedule
until the weed seeds in the germination zone
are depleted. Thereafter, spot spraying, hoe-
ing, or pulling of weeds may suffice for
control. Supplemental spraying of contact

or translocated herbicides is required for
control of resistant weeds,

Translocated systemic herbicides may
be used to control annual weeds and spot
imfestations of perennjul weeds, In general,
citrug is mot sufficiently tolerant to present-
ly available systemic herbicides to permit
their archard-wide use at the rates required
to cont==. perennial weeds. 2,4-D is an ex-
ception. This herbicide is effective for sup-
pression of field bindweed and other ms
ceptible species at rates up to one pound
per acre avoiding direct spraying or excessive
duift to the trees. We have seen no injury to
mature citrug at rates up to 8 pounds per
acre in single or cumulative doses wher pro-
pedy spplied. However, severe injury has
ocoured on young citrus at rates of two or
more pounds per acre,

Dalapon has been used for bermuda-
grass, Johnsongrass, and other perennisl
grasses when it was sparingly applied to 2
limited area in the root zone of individual
frees and irmpation delayed as long as
possible. The rate was kept at the minimum
level required to control the perennial weeds,
Overdosage, excessive spray run-off to the
soil, treatment in sandy soils and immediate
heavy irrigation may cause tree injury.

Amino triszole has bean used in
citros orchards at rates up to sbout six
pounds per acre without evident injury to
orchards. This effective herbicide is exten-
sively used in some citrus production areas
of the world, usually in combination with
simazine, It is not used in the United States
for this purpose because of regulstory
unctions,

Except for weed oils, control based
on use of a gingle herbicide hes not been
successful, The urea, triazine, and urecil
herbicides control a broad spectrum of wead
species but recistant species exist. These are
often rare and inconspicucus in the orcherd
flora when treatment is initiated and weed
control is judged to be complete. However,
iIf not initially present, certain euphorbias,
composites and a variety of perennials, once
introduced, thrive free of competition and
ultimately teke over the orchard.

Species build vp can be prevented by
alternating herbicides. Spotted spurge (Eu-
phorbia suping) in California is resistant to
all three classes of soil residual herbicides
end is normally controlled by occasional
spot ieratment with petroleum oil With
normal vigilance reinvasion by resistant spe-
cies is usually not serious.
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Non-cultivation based on contact
sprays has been practiced to some extent in
citros orchards in Californis for about 40
years, Since the development of soil-acting
herbicides more than a decade ago this
management procedure has extended to
about three-fourths of the 250,000 acres of
citrus in California, including nearly all of
the orchards in which soil treatments can be
safely and effectively applied, The practice
has successfully extended to some degree
into other arid-land citrus productiondistricts
of the world, It has not been gererally suc-
cessful in humid regions for reasons that are
only partially understood, Much higher rates
of simazine and diuron are necessary for
annual weed control in soils Smilar to those
found here in Hawaii and under mose
tropical conditions.

The general value of non-cultivation
as a horticeltural practice in citrus has not
been widely studied. Jones et al. (10) have
shown that it can lead to siriking increases
in yield, Net soil water infake increased
after conversion from tillage to nontillage.
Fruit from nontilled plots compared with
cover<cropped plots was larger with lower
Brix, lower in perceniage of juice, a higher
Brix/acid ratio ond a thinner peel. How
generally we can apply their study is not
known. Based on observetion, it is widely
believed that non-cultivation is beneficial
because of increased yield, improved quality
earlier maturity, improved water penetra-
tion, less soil exosion, reduced fertilizer use,
reduced rodent damage to trees, reduced
root injury from tillage equipment, and re-
duced frost hazard (9,10,13). Leyden (11,
12) reported reduced frost hazard with tem-
peratures 2-3° C wammer in non-cultivated
orchards on cold winter nights, Non tillage
is widely employed for these and other rea-
sons, but largely because of greater conven-
ience and economy of orchard management.

Effective weed control programs ut
lize sll applicable methods. The best com-
bination varies from orchard to orchard
depending upon weed flora, soil and climatic
conditions and the degree of weed contral
needed. Where suitable, soil-active herbicides
are used to control weeds originating from
seed and as such are the basic treatment in
the program, Contact or translocated herbi
cides are always necessary as supplemental
treatments to control resistant annuals and
established perennials. Cultivation and mow-
ing are used where herbicides cannot be
used. Weed should be controlled in ad-
jacent land areas and around structures and
ditches in the orchard to reduce sources of
reinfestation, Such programs will reduce the
expense of orchard maintenance, increase
elficiency of operations, and sppear to
penerally benefit the trees.

Weed control is a community venture
and should extend across property lines and
include adjacent and intervening noncrop
areas. Weed control measures are most
effective when applied throughout an entire
agricultural district.
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: Tadashi Hisada!

Recently herbicides have been used in
citrus orchards to save labour, but an effec-
tive selective herbicide has not been discov-
ered. The new herbicide developed by our
lboratory has many characteristics for cit-
s orchards. 1 would like to report why we
bave come to develop this specific herbicide.

In Japan at present the following cit-
s is grown: Satsuma orange, Satsuma man-
darine, Yapanese summer orange, ard other
dtrus fruits. The acreage of citrus orchards
in 1965 was approximately 150,000 liectares.
Generally, citrus orchards are distributes on
doping ground along the coast of South-
wesl Japan.

Recently there is a trend toward
“sod culture™ rather than “clean culture™ in
view of climatic conditicns and methods of
culture. That is, “sod culture” is able tosup-
ply the organic matter to prevent soil ero-
sion during rainy seasons. In “sod culiure”,
3 or 4 mowings are required during the sum-
mer season, and there are problems in con-
trolling weeds,

The following are some principles
which must be considered when using her-
bicides in citrus orchards:

1. Instead of mowing, we use a her-
bicide in the expectation that weeds may
not be eradicated completely; the grass
thould be regenerated afier treatment for
weed control, and the duration of effect is
expected for 40 to 60 days,

2. The herbicide itself must be very
tflective. In order to prevent soil erosion,
the treatment for weed control should be
made after the rainy season. This means that
the herbicide would be used against fully-
rown weeds. The vicissitude of weeds in the
orchard and height of summer weeds is given
in Fig. 1, and Fig. 2, using crabgrass (Digi-
iariz adscendens Henr.) as the typical weeds.

In Figure 1, the vertical axis shows
height of grass, and the horizontal axis date,
and a dotted line depicts spring weeds while
4 solid line depicis summer weeds. The con-
ol of summer weeds is more important
than that of spring weeds, because summer
“Weady attain the highest growth under high

IOhief Research Chemisi, Hodogaya Chemical Com-
Pany, Tokyo, Japan.

ECTIVE CONTACT HERBICIDE FOR CITRUS ORCHARDS

temperature condition. As shown in Fig. 2,
these weeds germinate in late spring, grow
during June, reach the maximum height in
July and begin to wilt in September, In this
ase, grass heights are about 60 to 80 cm.
and occasionally may reach one meter early
in July when the rainy season has finished.
3, Herbicide itself must be selective.
Even if the herbicide is sprayed on the cit-
rus trees directly, it should be nor-toxic
because citrus trees usually are planted on
sloping ground, and it is impossible to avoid
the citrus trees under windy conditions.
Morcover, the height of the young citrus

{Grass Hoight)

trees and the height of the weeds to be con-
trolled in the nursery garden are very close;
therefore, good selectivity is required in
this case.

The new herbicide WYDAC contains
two components as active ingredients. One
is 3 4-dichlorophenyt propionanilide (DCPA),
which is used in rice culture, This compound

CID NHCOC,Hj;
cl

is generally known as propanil and sold un-
der trade names of Siam, Rogue, Sulcopul,
and DCPA. The other component is 1-Naph-
thyl N-methyl carbamate, which is an insec-
ticide known as Carbaryl, Sevin, or Denapon,

7\

\__// 0CONHCH,

Figure 1. Vicisitude of weeds in citrus orchard.
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{Grass Height)
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Figure 2. Height of crabgrass (Digitaria adscendens Henr,)

e, b

A st it i B

107




108

In Japan this insecticide is used generally
for control of greenrice leathopper (Nepho-
tertix cincticeps Uhler) and brown planthop-
per (Nilaparvata lugens Stal) in rice fields
from May to August. The most interesting
thing here is that the combination of the
herbicide with an insecticide was found more
effective than just the weed killer.

When propanil and Carbaryl were ap-
plied in dce felds, the phylotoxicity was
accelerated all the more; however, single ap-
plication of propenil did not show phyto-
1loxicity under normal conditions. Since we
have recognized this unique severe phyto-
toxicity through the use of propamil and
Carbaryi at the same time, we tested many
pesticides with propanil to find the syner-
gistic action of phytotoxicity. As a result,
we found that the following chemicals had
synergistic phytotoxicity:

a) Carbamate compound:

1-Naphthyl N-methyl carbamate

2-Naphthyl N-methyl carbamate
b) Organo phosphorous compound:

0,0-diethyl O-dnitrophenyl phosphorothi-

oate

0,0-dimethyl 0-3-methyl 4-nilrophenyl

phosphorothioate
For example, synergistic action of 1-Naph-
thy]l N-methyl carbamate is shown in Fig. 3.
The vertical axis shows ED value, that is
100% means complete control, and 0%
means no effect. The horizontal axis shows
the concentration of active ingredient, the
sigmoid curved solid line shows propanil
only, whereas the dotted line curve shows
a mixture of 5 to 1 ratio of propanil and
Carbaryl. There is a striking difference be-
tween propanil only and propani plus Car-
baryl. That is, propanil shows complete con-
trol at 6%, on the other hand propanil plus
Carbaryl shows complete control at around
1%.

Fonnerly, the selective action of pro-
panil for rice plants was studied by many
workers. According to the latest report
(Adachi, 1965), the selective action of pro-
panil for weed control in rice fields is
caused by the enzyme conceming hydro-
lysis of propanil in rice plant tissues They
concluded by use of tissue homogenates of
rice plants, that DCPA (3,4-dichlorophenyl
propionanilide} is hydrolyzed to 3,4-di-
chloroanilin and propionic acid distinctly,
but the homogenates of barnyardgrass and
other weeds which are controlled by pro-
panil have low DCPA decomposing agtivity.

oDmmx Hy— O Q NH, + €H,CO0K

s} [yl

(%)
- 1001 - % % o=t
*
: /
g so- +
< ; Propanll
-g = / X Carbaryl
B 60 / propanil
§ 40 +
[+]
§
(14
1] L 1 1 L
64 06 0.8 2 4 6 B8 %
CONCENTRATION OF PROPANIL
(active ingradient)
Figure 2. Synergistic action of Carbaryl for rice plant. (3 to 4 leaf stage).
TABLE 1. Decomposing activity of homogenate.
DCPA
Plant Species 24 hr. 48 hr,
Barnyard grass {Echinochioa crusgelli) 58 ug 36 pg
Asiatic dayflower {Commelia communis] 44 34
Pinkweed (Polygonum longisetum) 59 57
Rice 19 10
(by Adachi, 1965)
TABLE 2. Influence of pesticide for DCPA decomposition activity.
Added
Pesticide Pesticide Propanil DCA
no added - Jg 125 pg 103 pg
PMA 200 125 88
BHC 200 125 82
Carbaryl 200 125 5
(by Adachi, 1966)
TABLE 3. Herbicidal effect for crabgrass (grass height 50-60 em.).
Dosage active ingredient Degree of
Name per 10 acre Eflectiveness Response
Piopanil 500g 3 survivel of weeds which
Propanil + Carbaryl 500g+100g 10 grew vigorously
completely killed
Sodium cyanate 3000 g 4

The effect of weed control rated from 0 to 10 scale, 0 is no effect and 10 is complete kill.

Table 1 shows the inactivation of propanil
by the tissue homogenates of different
plents. 62.5 pg of propanil was mixed with
tissue homopgenate and the amount of pro-
panil undecomposed was analyzed after 24
hours and 48 hours. Adachi assumed that
the selectivity of propanil is due to the

&

enzyme to hydrolyze propanil. Table 2
shows the influence of pesticides on the
activity of the enzyme to hydrolyze pre-
panil. 125 pg of propanil was mixed with
tissue homogenate of rice plant and the
decomposed product (3,4-dichioroaniline)
DCA was analyzed after 24 hours

s et

P Ly P e

o

T ——

P

ac
a!
mi
Wi
cit

Ta

Al

Ta
Bir
la

Hi

Jm

g g




| dachi assumed that Carbaryl & probably
\peting as an inhibitor of this hydrolyzing
|| enzymie. As shown in the resulis, there is
s significant relationship between the enzy-
matical studies and the practical spray test.
‘Wi We studied the activity of the new herbi-
| cide. Generally 3,4-dichlorophenyl prapion-

Table 4. Influence of herbicide on citrus tree.

anilide shows high effect against the young
stage of weeds, and the highest effect is
expected by spraying at the 2-4 leaf siage,
but it does not show any effect against old
weeds. On the contrary, the new herbicide
shows high activity against many species of
weeds, even if the grass height is above 60

em. and fresh grass weight is over 3 kg/m. As
shown in Table 3, crabgrass which is very
difficuit to control by propani] in this case
was completely conirolled by adding Car-
baryl to propanil Furthermore, we have
found that the new herbicide has interesting
selective action for some woody species.
Generally this herbicide does not harm cer-
tain plants which contain waxy substance in

Herhicide - the epidermis of the leaves; citrus is very
Dosage tolerant of this herbicide. The results for
Name a.i.gf10a. Observation selective action of this herbicide are given
§ DCPA + Carbaryl 250+ 50 Defoliation and chlorosis were not observed. in Table 4 and 5.
500+ 100 Moreover we are studying mechanism
@ Sodium cyanate 4,000 5 days after treatment, 95% of total leaves but at present it is not clear. We infer as
-' were defoliated. follows: Firstly, the selective action of this
3 Diquat 150 34 days after treatment, ell leaves were herbicide will depend on the difference in its
| defoliated. penetration between cirtus trecs and weeds,
ATA 450 10 days after treatment, chlorosis was Secondly, it will depend on the difference in
observed. its detoxication aciivity between citrus trees
d weeds. )
Each herbicide was diluted to 150 liter/10a. and sprayed. ane wee
Table 5. Damage to woody plants.
Common Name Scientific Name Degree of Damage | Observation
Pine Pinus densiflora Seib. et Zuce. -2 Normal
Larch Larix leptolepsis Gold, Xto++++ Colored dark gray,
4+ defoliated, killed
Himalayan ceder Cedrus deodara Loud, - Normal
Cryptomeria Cryptomeria japonica D. Don. - Normal
White ceder Chamaecyparis obtuss Endl. - Normal
uniper Juniperus chinensis var, - Normal
Saragenti, -
Dk Quercus myrsimagfolia Blume. ++ Colored dark-green,
) + defoliated at a vouch.
“Pasania oak Cestenopsis cuspidata Schottky. +++4to+++ Colored dark-green,
- ++to+ defoliated, killed.
N Camellia Camellia japonica L. - Normal
Bane-tree Platanus acerifolia Willd, +4++tot+ New leavee killed, old
3 ++ Jeaves partially killed
Cherry Prunus yedoensis Matsum. ++
+
Rose Bay Rhododenddron indicum Sweet, 4 Colored dark-green,
: + + partw.lly killed.
A lpanese Aucyba Aucuba japonica Thunb, - Normal
Spindle tree Eunymus japonicas Thunb, + Defoliated at a touch,
3 + partially killed.
Holley Tlex crenata Thunb. - Normal
T°'f“-ya Torreya nucifera Sieb. et Zucc. - Normal
j Mandarine Citrus Unshiu MANC. - Normal
J Panese summer Citrus Natsudaidai HAYATA. u Normal
................... killed 2upper <+ e ee ... LO%solution;
........... severc damage lower ...........05%solotion (asactive ingredient)
............. moderately
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WEED CONTROL IN COFFEE

AND MACADAMIA ORCHARDS IN HAWAII

Edward T. Fukunagal

Although chemicals to control weeds
have been used for special purposes in Ha
wail since the early 1900's, weed control in
coffee and macadamia orchards was done
entirely by mechanical meihods until the
early 1930's, The change-over from mechan-
ical to chemical weed control was slow, how-
ever, in spite of the fact that sugar planta-
tions in Hawaii began using chemicals to
control weeds quite extensively by the mid-
1930's. Not until the U.S. entry into World
War 11, when labor became scarce and high
priced did chemical weed control become
well established in colfee and macadamia
orchards. By the end of the war, all colfee
and macadamia growers were using herbi-
cides exclusively or partially to control
weeds.

Chemical weed control not only re-
duced weeding cosis, but alsc made it pos-
sible to grow coffee and macadamia nuis on
stightly weathered lava lands or lands which
are extremeiy stony. The advent of the buli-
dozer greatly facilitated ciearing heavily for-
ested lava lands which are extremely rough.
Adequate weed control is impussible by
mechanical methods on such lands and the
use of herbicides is the only ecomomical
method of weed control. Coffee and macz
damia plantings made after World War II in
Hawaii are almost entirely on lava lands
Since chemical weed control is necessary on
such lands, a great effort was made to develop
suitable herbicides. At present, weed conr
trol in coffee and macadamir orchards of
Hawaii is done entirely by chenical means,

During the early stages of chemical
weed control, coffee and macadamia growers
relied entirely on chemicals developed by
the sugar and pineapple industries. The
zarliest herbicide used in quantity was the
so-called “self boiling” concentrate. This
concentrate was prepared on each farm by
placing measured amounts of caustic soda
and white arsenic (arsenic trioxide) in the
bottom of a suitable container and adding a
measured amount of water to the two
ingredients. The reaction of white arsenic

'Horticuitutist, Kona Branch Sietion, University of
Hawaii.

with caustic soda liberated sufficient heat te
cause the solution to boil, hence the name.
This concentrate was diluted with water be-
fore using.

The preparation of self boiling con-
centrates on the farm entailed considerable
danger and difficulty. The concentrate often
splattered during preparation and caustic
soda caked during sitorage. Besause of this,
the preparation of self boiling concentrates
on the farm ceased as soon as factory pre-
pared liquid concentrates became available.

The active ingredient in these early
herbicides was sodium arsenite. The um
desirability of using arsenicals continuously
in iarge quantities on the same land is well
known and sugar plantations, which were
using arsenical herbicides during the 1930’
and early 1940's began, to look for other
herbicides or means to permit the use of
less arsenic without reducing the efficacy of
the herbicide.

Some plantations began adding sodi
um chiorate to the arsenic herbicide to cut
down on the amount of arsenic necessary.
During the late 1930's sodium pentachloro-
phenate (NePCF) begen to replace sodium
chlorate as an additive to the sodium arsenite.
NaPCP was then called “activator” since it
was thought that it made the herbicide more
active.

Petroleum oils were known to be good
herbicides, but were not acceptable be-
cause of their high cost. It was then found
that an economical herbicide could be pre-
pared by adding NaPCP to an emulsion of
diesel oil. This was the most important herbi
cide in the sugar and pineapple plantations
during the mid 1940’s. The sugar plantations
prepared an emulsion concentrate called
“CADE” which was an abreviation of “‘con-
centrated, activated, diesel-oil emulsion”.
CADE was diluted in water before using.

Various types of peiroleum products
were tested during the mid 1940's, and it
was found hat aromatic oils were more
active as herbicides than aliphatic oils. Diesel
oil consists mainly of aliphatic oils. It was
also found that oils with a high proportion
of aromatic compounds would dissolve
pentachlorophencl (PCE).

PCP has several nolable ﬂd\f&ntages
over NaPCP., PCP is cheaper with longer
residval action, and is less irritating thag
NaPCP. There have been many insianceg
where persons allergic to NaPCP copyg
handle PCP withoul adverse effects.

The only disadvantage of PCP is i,
insolubility in_water. It must therelore, be
dissalved in aromatic oil first before the gj
is emulsified. PCP does not dissolve readily
in cold aromatic oil, but it dissolves readily
when the oil is heated to about 60°C, A¢
first, coffee and macadamia growers made
their own PCP in aromatic oil solutions op
the farm using makeshift heating devices—
usually a 55-gallon drum placed over a crude
wood buming stove. However as factory-
prepared PCP-aromatic oil concentraies be-
came generally available, farmers gradually
stopped preparing their own solutions. Tha
factory prepared PCP solutions also con-
1ained a “built-in” emulsifier. This increased
the cost, but the convenience of using these
prepared solutions outweighted the economy
of home-made products so (hat farmers soon
turned to the prepared product.

Emulsifiers for emulsifying diesel oil
and later the home-made PCP-aromstic oil
solutions presented problems during the
years immediately following World War iL
Suitable emulsifying agents were not readily
obtainable. Soaps were used at one time
and a soap making factory was esiablished in
Hilo to supply this need. Soaps do not dis
solve readily in cold waler, however, and
had to be dissolved eithes a day or two be-
fore using or dissolved in hot water. This
was a cumbersome process and its use soon
became & thing of the past as other more
readily soluble emulsifying agents became
available. War surplus salt water soaps be-
came available for a fraction of their actual
cost for a time and were used while the
supply lasted. The sap of the ameu fern
{Sadleria cyatheoides) wes also used at one
time. A factory to extract the sap from (his
fern was established in Hilo and supplied
emulsifiers to farmers and plantations for 2
few years.

PCP-aromatic oil emulsions continued
to be used in coffee orchards, but lesls
proved that oils sprayed on macadamia nuts
penetrated the shell and were absorbed by
the kernel imparting a bitter taste to fhe
kemel even when the outer husk was intact
Its use was therefore restricted to youns
non-bearing orchards. At present PCP is
prohibited in macadamia orchards.

The changeover from arsenicals 1@
“aetivated” oil emulsions was difficull. AT
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senivals, especially when factory prepared
concentrates were used, were easier to pre-

‘pare and considerably cheaper. Farmers
‘were therelore quite reluctant to change
- herbicides in spite of the efforts of the Ex-

{ension Service and Experiment Station.
However, the passage of the Pesticide Chem-
jeals Amendment to the Federal Food, Drag
and Cosmetic Act, coramonly known as the
Miller Law, which became effective in 1956,
forced farmers to abandon the use of arsen-
ical herbicides in food crops. Pesticide dealers
of Hawaii cooperated by refusiny, to sell ar-
senicals to farmers. Farmers were, ihus,
forced to change to petroleum oils which
could be vsed under a grandfather clause in
the pesticide regulation drawn up under the
Miller Law.

Under the provisions of the Miller
Law, each pesticije must be cleared before
wse on any crop, Obtwining clearance was a
problem since no laboratory facilities existed
in Hawaii to do the necessary chemical
analyses [or general agricultural crops other
than sirgar and pineapple. The cooneration
of the manufacturer of the herbicide was
necessary. This was easy to obtain for crops
like coffee, where although the acreage in
Hawaii was limited, the world coffee acreage
wis considerable. There were only a few
thousand acres of macadamia nuts, hence
pesticide manufacturers were reluctant to
speed thousands of dollars 1o clear a pesticide
when the potential use of the material was
timited to macadamia orchards, In the case
ol the PCP manufactured by several dif-
forent manufacturers, no single menufacturer
was willing to expend the necessary money
lo do the required analyses and legal work.

Dalapon was the first herbicide cleared
for coffee and macadamia orchards. The

manufactures of the herbicide agreed to do

the laboratory and legal work neceszary for
Hearange of this herbicide on coffee but
feclined to do this for macadamia. Conse-
fuently, the largest macadamia nut grower
it the time hired a mainland laboratory to do
lhe analyses. The manufacturer of the herbi-
ide, however, did the legal work. Dalapon
Wit cleared for use in both coffez and
Macadamia orchards in 1961,

Stmilar work was carried out to clear
atrazine, imazine, diuron, and paraguat for
coffee and macadamia nut orchards. All
field work on coffee was done by Exper-
ment Slation personnel, while the field work
on macadamia nut was done by both Experi-
ment Station and private industry personnel.
At present, atrazine, simazine, diuron and
dalapon are cleared for use in macadamia
orchards while dalapon and PCP (in aromatic
oil} are cleared for coffee orchards. Paraquat
is now cleared for non-bearing orchards and
it is hoped that in the near future it will be
cleared for bearing orchards as well.

Several other herbicides have proven
effective in coffee and macadamia orchards,
but clearances have not been attempted be-
cause of questionable economic factors and
the lack of any real need. Any new herbicide
to be cleared must be morz economical than
material already in use, in addition to being
eflective,

Many problems and difficulties have
been encountered in herbicide elearance
work. One is the small acreage of crops like
macadamia nut, The potential use of the
material on these crops is limited and manu-
facturers are reluctant to spend large sums
of money to obtain clearance. The recently
established analytical laboratory for pesti-
cide residue analyses in Hawaii should re-
move this difficulty.

Although PCP-aromatic oil emulsion
was developed for weed control in Hawaii, it
could not be cleaved because none of the
several manufacturers was willing to under-
take the necessary clearance work, It was,
however, cleared for coffee orchards else-
where.

Many of the chemicals used were new
and suitable analytical methods had not been
established for all crops. Methods for isolat-
ing the chemical ingredient from the pro-
duct for analysis sometimes differ from crap
to crop, For example, amitrole was found
to be an excellent herbiside to control cer-
tain weeds which resist herbicides cleared
for use in coffee orchards. Coffee trees
proved much more tolerant to amitrole than
macadamia trees and many other crops on

which it was tested. Since no analytical
method had been developed for determining
amitrole content in coffee beans, the manu-
facturer awarded a grant to the Hawaii Agri-
cultural Experiment Station to develop a
method and do the analyses. A completely
satisfactory method could not be developed
within the limited grant because of an inter-
fering substance in the coffee bean, The
widely publicized “cranberry scare” occurred
while the work was still in progress and all
work with amitrole on coffee was dropped.

Herbicides have become more specific,
not only as to the type of weeds controlled
a5 well as tolerance of the various crops to
each specific chemical, Diuron, for example,
is relatively safe to use in macadamia or-
chards, but coffee irees are somewhat more
sensitive to this herbicide. Because of this,
no attempt has been made to clear this herbi-
cide for coffee.

Weather conditions also affect the
efficacy of the herbicide. Toa much rain
reduces the effectiveness of certain herbi-
cides while others are not cffective unless
the soil surface is moist. Hence the effec-
liveness of certain types of herbicides vares
according to the season. One herbicide may
often be reported very effective in one area
while this same herbicide on the same crop
in another area may be appreciably less
effective,

Chemical weed control has become
very efficient in recent years. Not only the
aclual herbicide but also the surfactants
have greatly improved so that material pre-
viously considered strictly a pre-emergence
herbicide will kill existing weeds when prop-
erly combined with suitable surfactants, Be-
fore pre-emergence herbicides became avai
lable, coffee and macadamia orchards had
to be sprayed 4 to 6 times during the year
to keep the weeds under reasonable control,
Macadamia orchards can now be kept com-
p:etely weed-free for all practical considera-
tions with only iwo blanket spraying of
herbicide combinations per year.

The term "weed control” in such
cases seems to be obsolete. The area of com-
plete weed eradication or completely clean
culture may soon be in the offing.
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WEED CONTROL IN BANANAS AND PAPAYAS IN HAWAII

Joseph A. Crozier, Jr. and R, R. Romanowski, Jrl

Banana {Muse sp.) and papaya (Carica
papavs! are important crops in Hawail In
1965, together, they comprised almost 80
perceni of the acreage of fresh fruit grown
in Hawaii, which represented 15 percent of
the acreage devoted to diversified crops ex-
cluding the two major crops, sugar cane and
pineapple. The fotal acreage of banana and
papaya reported that year was approximately
931 hectares, divided almost equally between
the two crops. From this acreage, however,
$1,833,000 was produced for the farmers of
Hawaii, representing about 15 percent of the
total value of diversified crop production in
Hawaii (1), Diversified crops include vege-
tables, melons, fruits, coffee, macadamia
nuts, and taro.

Research in chemical weed control on
these crops was initiated Dy the College of
Tropical Agriculture of the University of
Hawaii in 1962 (3). At that time very few
herbicides were registered for use with the
FDA (Federal Food and Drug Administra-
don) with either of these crops. Dalapon
was registered for grass control in bananas.
Aromatic oil was the only herbicide regis-
tered for use with papayas. Both herbicides
however, left Jarge paps in the weed control
picture in Hawaii.

Among those herbicides included in
the initial screening trials in Hawaii were
ametryne, atrezine, amitrole, 55 AR oil,
bromecil, dalapon, diquat, diuron, EPTC,
linuron, MSMA, norea, paraquat, prome-
tryne, PCP (Na), pyriclor, PEBC, picloram,
trifluralin, and various combinations of sev-
eral of these (2). Not all were tried on both
crops but the early trials Jed to subsequent
tests of the more promising herbicides. From
the outset, it was found that certain of the
above herbicides were extremely toxic to the
crops under consideration. For example,
bromacil and picloram caused severe injury
to bananas even at low dosages and can now

be considered for use as eradicants where
diseases have become a problem or for situa-
tions where bananas are no longer desired (2).
Even with other herbicides such as atrazine,
widely used on many crops in Hawaii, severe
marginal buming occurred with bananes at
rates of 3,3 to 8.3 kg/ha. This led to a sev-

L sssistant and Associate Horticullurists, respectively,
Hawnii Agricultural Experiment Station.

era months delay in harvesting and seriously
reduced yields, Paraquat at rates of 1.1 to
2,2kgfha. as well as other contact herbicides
caused injury on young banana plants when
spray drifted on the leaves. This injury
caused squnting but the plants recovered
as the new leaves developed. Older banana
plants were not affected as the sloughted
leaves protected the base of the planis. A
mote severe reaction ocourred when pars
quat was applied to young papaya trees with
green bark on the trunks. The trunks were
severely injured by the spray drift and the

- damaged tissue permitied fungi, bacteria and

insects to enter and soon the young trees
collapsed. With the older trees in which bark
had toughened this problem was negligible.

Even with diuron, 2 herbicide which
gave very good perfermance in both crops,
some problems were encountered on sub-
soils which hed just been freshly excavated
(2). With bananas a definite chlorosis and
stunting of the plant occurred. In papaya, a
veinal chlorosis occurred within several days
after treatment cn all the leaves present at
the time of application, The new leaves
failed to exhibit {his striking paitern. Again
the soil pattern was similar to the gituation
which occurred with the banana,

Some of the sbove problems have
been overcome by different methods such
as wrapping the trunks of the young papaya
plants to protect them from drift of the con-
tact herbicidss, and avoiding shallow, fresh-
ly excavated sub-soil for both crops, Never-
theless, certain problems continue to con-
front the researcher in Hawail, Approxi-
mately BO percent of the papaya acreage in
Hawaii is grown on lava rock-soil complexes
with the remainder being grown on mineral
soils of volcanic origin which are greatly
weathered and leached by frequent rains.
These factors have necessitated the search
for herbicides with post-emergence activity.

The decision was made to develop at

least one or two chemicals if possible which
would do the best job for the longest period
of time with both crops, After the first ser-
ies of screening trigls, the decision was
made to continue to work with paraquat,
diuron on both crops and ametryne on ba-
nana only.

It must be pointed out that several
other herbicides were satisfactory in both

weed control and safety on the crops by
due o the concern for cleatance of one of
the most promising herbicides, the decisioy
was made to concentrate on the aboyg
mentioned chemicals.

All of the herbicides were applied g5
spray mixes with water as the diluent i
back-mounted fiberglass tanks pressured with
nitrogen gas. The spray was directed to the
base of the plants at 90 liters of spray mix
per hectare,

The herbicides tested (particularly
diuron) were often applied more frequently
than necessary for adequate weed control i
facilitate FDA registration requirements.

The weed data were recorded using
a subjective rating scale based on the toler
ance to the herbicides for each weed species
found uniformly in the plots (See Table 1.)

Complete data for all the banana
trials are found in the appendix of refer-
ance (3).

A general summary of the relative
tolerance of the weeds to post emergence
applications of the above mentioned herbi-
cides is found in Table 1. The results from
three screening trials on both banana and
papaya for the past five years showed that
diuron at 2.2 to 4.5 kgfha, plus surfactant
gave excellent results both pre- and post-
emergance for periods from thme to six
months follow-application with most weeds
listed in Table 1. Occassionally,a veinal
chlorosis was observed in oboth crops, but
particularly in papaya, and seemed to bere
lated to the organic matter in the soil and
still needs to be further investigated. This
effect was observed when sub-soil aress were
spreyed as compared to lack of symptoms
when edequate top-soil was present.

Paraquat at rate of 1.1 kg/ha. plus
surfactant gave very good control of these
weeds, in both crops fcr | eriods from one 0
three months, Table 1. Young papaya plents

. should be protected to prevent contact irr

jury to tender stems and foliage.

Ametryne at rates of 4.5 to 9.0 kg/ha
showed considerable promise in bananas for
perieds up to four months and appears to be
gafe on young plants in mineral soils, It was
noted that one troublesome weed specieh
button-weed, was resistant to ametryne and
the plots soon became a monoculture of
this weed, Table 1. However, good control
was obtained with other weed species which
were not easily controlled by diuron.

Studies are currently in progress %0
that ametryne and paragquat can be registe
at the enliest possible date vith bearing

L

Ay

Table

Chem

Ameh
Diura
Paraqu

Chemi

Diuros
Paraqu

liyeed

23¢ien

3Tht: I

Table |
Herbici

Aromai

Diuron

SN T e - s T

Trial 1y
Ametry

Surf:

1”rrial T



Tuble 1. General summary of the relative tolerancel of the weedsZ to postemergence applications of the herbicides.
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Tom Jungle ricegrass (Echinocholoa colonum) fine Jeaved celery (Apium tenuifolium)

and lovegrass (Eragrostis pectinaceae] purslane (Portulaca oleraceq)
that nuisedge (Cyperus rotunduus) smooth amaranth (A maranthus hybridis)
tant sandbur (Cenclrus echinatus) Spanish needle (Bidens pilosa)
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Table 2. Suggested guide for chemical weed control with bananas in Hawaii,
plus Rate
hese Herbicide (Commercial product) Remarks
::n: Aromatic oii 375 to 935 1/ha. Use lower rate on small weeds. Be careful of bleaching fruits from vapors.

4 I Dalapon 8.9 to 14.5 kg/ha, Apply before grass heading stage in 750 to 935 1/ha. of spray mix. Do not apply more than 29 kg/ha,
‘ per year,

Dinron plus 4.5 t0 5.6 kg/ha, Apply only after the plants are established and keep away from tle base of newly set plants, Treat
gha surfactant cautiously on lighter soils, Apply as a basal spray either as a pre-emergence treatment (no surfactant)
s for in 375 1/ha. of spray mix, or as a post-emergence treatment on em erged weeds (with surfactant) in
obe 750 to 935 1/ha, of spray mix, Use 0;5 to 1 liter of X-77 surfactant per 375 liters of spray mix ox
- was equivalent. Do not apply more than 13 kg/ha. of diuron per year. Do not plant other crops in the
wcies ) i area for two years after last treatment,

: J Trial Use

s Ametryne 5.6 to 11,2 kg/ha, Apply immediately after setting plants or any time thereafter, Apply as a basal spray either as a

® of pre-emergence treatment in 375 1fha. of spray mix or as a post-emergence treatment on emerged

ntrol weeds in 750 to 935 1/ha. of spray mix. Apply ametryne at 3 to 4 month intervals as necessary,

hich Paraquat plus 2.3 to 4.6 1/ha, Apply as a basal spray to emerged weeds in 750 to 935 1/ha. of spray mix. Use 0.5 to 1.0 liter of
surfactant X-77 surfactant per 375 liters of spray mix or the cquivalent of non-<ionjc spreader-sticker, Registered

55 S0 | for use only in non-bearing plantations.

tered |

aring i 1Trial Use: Ametryne and Paraquat shouid be used only on an experimental bags until Federal registration is obtained (discard treated fruit).




Table 3. Suggested guide for chemical weed control with papays in Hawail

Rate
Herbicide (Commetcial Product)
Paraquat plus 2.3 to 4.6 1/ha.
surfactant

Pentachlorophenol 4.5 to 11,2 ke/ha,

(PCP)
Petroleum solvents 375 to 935 1/ha

bananas, Paraquat is now registered for use
in non-bearing banana and papaya planta-
tions.

Dalapon which was one of the few
berbicides registered for use with bananas
gave adequate control of grasses but did not
control broadleaf weeds. Aromatic oil is
still being used by the small growers as a
cleanup contact spray but may bleach fruits
from the vapo:s and should be used with
care.

Suggested guides for chemical weed
control in Hawaii, based on the current
investigations, are presented for bananas in
Tabie Z, and for papayas in Table 3.

Remarks
Apply as a directed spray to emerged weeds in 750 to 935 1/ha. of spray mix. Use 0.5 to 1.0 Fter of
.77 surfactant per 375 liters spray mix or equivatent of a non-onic spreader-sticker. Spray contact
on green succulent trunk may cause injury. Use on non bearing trees only.
Dissolve PCP in arom atic oil and add water to which an emulsifier has been added. Generally, 450
grams of PCP is mixed with 16 Liters of petroleum solvent, Do not apply after fruits start to form.
Apply as directed spray to small weeds on an as needed basis.

-
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Top: Banana, young planta-
tion, Shows importance of
weed control early in life of
crop. Note ametryne 4 1b. per
acre in the center compared to
untreated cK at left. Center:
Papaya herbicide test, Note at
lelt, Diuron used at 8 Ib. per
acre; note at right, untreated
control area, Right: Papaya
When weeds are not controlled
in papaya, plants become un-
thrifty, disease sets in and
death occurs. Note vigorous
trees at rear where weeds have
been controlled by chemicals,
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SOIL AND HERBICIDE PHYSIOLOGY

SOIL FACTORS PERTINENT TO CHEMICAL WEED CONTROL!

R. E. Green I

If one word were to be used to char-
acterize seils in Hawaii, the word "variable”
would be appropriate. Although Hawaiian
soils are all derived from lava and ash of
similar chemical composition, differences in
nainfall, temperaiure, drainage, and age have
resulied in widely different soils over rela-
tively short distances. Under rain-forest con-
ditions the weathering is so rapid that one
car seldom determine, Tor oldei soils wheth-
er the parent material was lava or ash. On
leeward slopes approaching the ocean, where
low rainfall conditions prevail, there appears
te be little change in the lava which covered
the land several hundred years ago. More
recent ash depasits in relatively dry regions
have weathered extensively because of their
small particle size and associated high surface
area. Accompanying the widely different
degrees of weathering and resulting mineral-
ogies are a wide range of nrganic matter
contents. A more detailed description of
organic matter will be covered by Mr.Suehisa.

Hawaii is certainly not unique in its
soil variability. High temperatures and widely
different amounts of rainfall over short
distances are characteristic of much of the
Asian-Pacific area, Since soils are not inert,
but provide chemically and biologically ac-
tive envitonments for added chemicals, we
Should all be concerned with soil variability,
In general, tropical soils zre l=ss fertile than
lemperate-region soils due to the loss of
Dutrients through rapid weathering, but they

d ¥¢ more reaclive in terms of their capa-

Gty to immobilize and degrade applied
Pesticides, Although numerous soil factors
e important to plant growth and thus are
Pertinent to weed control, I will restrict my
Present discussion to the principle Factors
tffecting the concentration of herbicide in
the soil solution and herbicide transport to
the plant root.

lAlsi;u,m Professor of Soil Science, Agronomy and
Soil Science Department, University of Hewai, Hono-
\ Hawaii,

HERBICIDES IN SOILS

Soil-applied, pre-emergence herbicides
generally reach the soil in aqueous solution
a5 a low volume spray. If the sprayed herti-
cide Is not incorporated mechanically or
moved into the soil by irrigation or rainfall
il may remain on the surface, especially
under dry conditions. In order to simplify a
description of the soilherbicide system, let
us presently consider the herbicide to be
uniformly distributed in a shallow surface
layer of soii, perhaps 5 cm deep. We are
primarily interested in knowing what hap-
pens to the herbicide in the soil, that is,
what pathways of loss or immobilization
affect the efficiency of 2 chemical as a herhi-
cide. A diagramatic description of herbicide
equilibrium in the soilplant-water system is
shown in Figure 1. At the center of the
whole system is the “chemical in solution”;
this phase is thc fraction that plants can
absorb through raofs or through the cmerg-
ing hypocotyl or epicotyl. Studies to deter-
mine the phytotoxic concentrations of herbi-
cides in soluticn with young seedlings of
important crop and weed species are basic to
an understanding of the variable effecls of
different chemicals on different soils. If we
know what concentration of ach chemical is
necessary in the soil solution to provide
adequate toxicity for specific weed species,
and if we understand the soibherbicide
equilibrium well enough to predict the herbi-

! UNDISSOLVED !
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BY PLANTS

cide concentration in solution, then we
should be able to estimate with reasonable
accuracy the required quantity of herbicide
to apply for weed controi over a given
period of time.

In Figure 1, the various pathways of
herbicide removal from solution phase or,
conversely, herbicide retumn to the solution
phase are shown by the minus or ples
signs adjacent to the arrows designating
the pathways, The phenomena of most
interest for tropical soils are adsorption and
degradatign, since these represent the pIoc-
esses which are most active in conirolling
the concentration in solution when a given
quantity of herbicide is applied 1o the soil.
Adsarption is generally reversible, as shown
in the diagram, so it does not represent a loss
of chemical from the system, Degradation
constitutes a continual loss of herbicide fram
the solution phase until the chemical reaches
a concentration below the level necessary
for effective weed control. The characteristics
of adsorption 2nd degradation on Haveafian
soils will be discussed in more detail by Mr.
Seuhisa and Mr. Obien, respectively.

In addition to the chemical which is
adsorbed on the soil and that which is de-
graded, some chemical is generally adsorbed
(taken uwp) by the plant, The other two
phases, undissolved and leached herbicide,
shown by dashed rectangles in Figure 1,
are possible avenues of loss or temporary
immobilization which vary in importance,
depending on the nature of the compound,
the soil, and environmental factors,

The disposition of the chemical in the
soil, then, is described diagrammatically in
Figure 1. The dynamic nature of the sp-called
“equilibrium™ between phases should be
emphasized, since under most conditions
the system is constantly changing. In fact,
the word “equilibrium™ can be used here
only in 2 loose sense to describe the de-
pendence of one phase on another in an
extremely transient system.

ABSORBED

_ CHEMICAL N
DEGRADED — IN SOLUTION - ADSORBED
R ;

| LEACHED
! BEYOND ROOTS

Fig, 1. Herbicide equilibrium in the soil- lant-water system.
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UTILITY OF ADSORFTION
MEASUREMENTS

Adsorption of organic pesticides in
soils can be defined as the accumulation of
the chemical at ihe colloid surface which is
in contict with the solution. Adsorbed
molecules are in equilibrium with molecules
in solution, and a number of factors affect
this equilibrium. The mechanism of adsorp-
tion is far too complex to discuss here; in
fact, it veries considerably for diflerent
combinations of chemicals and soil consti-
tuents. However, one can obtain a meaning-
ful measurement of the adsorptive capacity
of a given soil for a given herbicide without
a knowledge of the nature of the forces
involved, Aqueous solutions of a herbicide
at different initial concentrations are equili-
brated with known yuantities of soil, and
then the post-adsorption concentration of
chemical in solution is measured. The amount
adsorbed is calculated from the difference
between the initial and equilibrated solution
concentrations. The results obtained can be
plotted as illustrated in Figure 2. The plot
of adsorbed chemical against concentration
in the equilibrated solution is called an
adsorpiion isotherm (that is, measurements
of adsorption at different concentration but
at the same temperature), In Figure 2 the
solid line is a linear isotherm with a slope
of 10, or as the dizgram shows, 10 units of
chemical are adsorbed on the soil for a unit
concentration in solution. The dashed line
labelled K = 1.0 represents a soil with low
adsorption - only 1 unit of chemical is
adsorbed at unit eoncentration in solution.
Thus, in this illustration, one soil is shown
to have 10 times the adsorptive capacity of
another soil. This indicates that the quantity
of applied chemical required to provide a
given herbicide concentration in solution
might be 10 times greater on the soil with
high adsorption than on the soil with the low
adsorptive capacity. The adsorption meas-
urement, therefore has immense predictive
value for new herbicide materials under
investigation for use on the wide range of
soils encountered in the Asian-Pacific area.

EFFECT OF SOIL WATER CONTENT

Having some appreciation of the im-
portance of adsorption, we can go on to in-
vestigate the effect of variations in soil water
content on the availability of soil-applied
herbicides for uptake by plants. Consider
first the effect of soil water content on the
concentration of herbicide in the soil solu-

K= 10.0

QUANTITY OF CHEMICAL ADSORBED

\ 1 |

0 -~
0 | 2

3 4 5

CONCENTRATION OF CHEMICAL IN SOLUTION

Fig. 2. Linear adsorption isotherms for two soils with different adsorptive capacities,
Soils with high adsorption require more herbicide for effective weed control than soils with

low adsorption,
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Fig, 3. Herbidde concentration in the soil solution depends on both adsorption and the
soil-water content, Black circles represent adsorbed molecules. White circles represent

solote molecules.

tion. Figure 3 shows three diagrams of the
same soil pore at three degrees of wetness -
saturated at the left and nearly empty at
the right. The solid black dots represent
adsorbed herbicide molecules and the open
circles represent herbicide in solution. As
the soil dries, the total number of molecules
in the system (adsorbed plus solute) stays
the same, but the volume of solution de-
creases, The decrease in solution volume is
accompanied by an incregse in concentration
which, according to Figure 2, would cause
an increase in the amount of herbicide ad-
sorbed. This process is illustrated by an
increase in the ratio of dots to circles going
from left to right in Figure 3. If the soil has
a high adscrptive capacity the change in
solution volume with drying will be 2ccom-

panied by a small change in solution concen-
wration, since the “excess” molecules are
adsorbed, If there were no adsorption, the
solution concentration would be inversely
related to water content, This qualitative
description of the effect of adsorption and
water content on the concentration in sol
tion can be expressed quantitatively &
follows:
C=0Q/(K+W)
where C is the herbicide concentration in
solution, ug herbicide per g solution:
Qis the quantity of herbicide applied,
g herbicide per g soil;
K is the slope of the lincar adsorption
isotherm;
W is the fractional water contenb
g waler per g soil.

solu

hert
L,
nov
that



SO0IL SOLUTON ., . .

k.-
_——

(]

WATER MOVEMENT

DECREASED WATER CONTENT
CAUSES SLOW MOVEMENT OF

herbicide adsorption,

Forexample, il the quantity applied is 5 pg/g,
il K has a value of 1, and if the water con-
fent is 25 per ceat, then the concentration
of herbicide in solution should be 4 ug per
gram of solution, that is, 5/(1 + .25). Meas-
urements in our laboratory have shown that
predictions of solution concentrations based
onsimple adsorption measurements are quite
4 sccurate. The example above illustrates an
mporieat point concerning the effect of
B, witer content variations: if the value of K is
g large, variations in W will effect little change
Kin C, but if K is small, variation in W will
% cause relatively large changes in C, Thus, the
effect of water content variations on the
8 concentration of herbicide in solution is
dependent on the amount of adsorption,
The concentration of herbicide in
" #lution is not the only factor controlling
W phytotoxicity. Since the uptake of some
& herbicides is closely related to transpiration
¥ (1), which in tum is controlled by water
; movement to plant roots, it appears likely
: thut herbicide uptake may be restricted at

WATER CONTENT

Fig. 4. Expected depe

... BUT IS ACCOMPANIED BY
AN INCREASE IN SOLUTION
CONCENTRATION.

EXPECTED RESULT: SO0IL-WATER
YARIATIONS AFFECT HERBICIDE
UFTAKE MOST ON 30ILS WITH

HIGH ADSORPTION.

-
=

v

SOLUTION CUNCENTRATION

HERBICIDE AT ROOT

-
WATER CONTENT

low water contents when movement to plant
100ts is reduced. Such an effect has been
suggested by the experimental data of Geiss:
buhler et ai. (2}. The diagrams in Figure 4
illustrate the way in which varations in soil
water content might be expected to alfect
herbicide uptake by plants. Graph A shows
that the rate of water movement increases as
the water content increases. Graph B illus-
trates how the concentration of herbicide in
the soil solution is dependent on both the
extent of adsorption and the water content.
The product of the volume of soil solution
moved (Graph A) and the concentration of
herbicide in the soil solution (Graph B),
gives the quantity of herbicide moved to the
plant root (Graph C). The conclusion from
Graph C is that soil water content variations
may elter herbicide effectiveness more on
soils with high adsorption than on soils with
low adsorption. Thus both concentration and
rate of transport are important factors related
to soil water content.

WATER CONTENT

ndence of herbicide uptake by plant roots on soil-water changes and

CONCLUSIONS

The wide variation in the soils of the
Asian-Pacific area will necessitate a charac-
terization of soil properties pertinent to
herbicide equilibriz and uptake. Adsorption
and degradation of herbicides should receive
particular attention. The nature of water
movement in soils is important to herbicide
movement to roots and will nced to be char-
acterized before the effects of water content
on herbicide effectiveness can be assessed in
specific soils,
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SOME ASPECTS OF ATRAZINE DEGRADATION IN SOILS

8. R. Obien!

Herbicides are subject to various ave-
nues of loss when they come in contact with
the soil. These losses are mainly due to
leaching, erosion by water and wind, vola-
tilization, photodecomposition, and degrad-
ation may occur through biological processes
carried out by plants and microorganisms,
and by chemical processes such as oxidation,
reduction, hydrolysis, and hydration. This
paper will deal mainly with degradation as
it occurs in soils. Several experiments on
atrazine degradation are presenied here,

Degradation refers lo the decay,
decomposition, inactivation or decrease in
phytotoxicity of a complex material due to
structural alteration, and complexing or
conjugation with organic-inorganic consti-
tuents, Exceptions to this definition are
those cases in which the degradation pro-
ducts are as active as, or more active than,
the applied parent compounds, as exsmpli-
fied by 2,4-dichlorophenoxybutyric acid
(2,4-DB) in plants and by 2,4-dichlorophe-
noxyethyl sulfate (sesone) in soils, In plants,
the inactive 2,4-DB is beta-oxidized into
the active 2,4-dichlorophenoxyacetic acid
(2,4D) compound. Similarly, sesone is hy-
drolyzed in moist soils to 2,4-dichloro-
phenoxyethanol, which is further oxidized
to 2,4-D. Further degradation of 2,4-D will
result in complete inactivation, thus satisfy-
ing the above definition.

Data on herbicide degradation are
important because they yield information
on: (3) length of effective weed control,
(b) residue toxicity on crops, sand (c)
environmental pollution. Studies were there-
fore undertaken to understand the basic
behavior of particular herbicides in specific
sail types, and to make some estimates of
their activities in relation to crops and weeds.

REVIEW OF LITERATURE

Herbicides known as the striazines
were first synthesized in the laboratory of
the Geigy Chemical Co. in Switzerland.
Simazine, which is 2-chlorod, 6-bis (ethy}
amino)-s-triazine, was synthesized in 1955

1 Tunlor Agronomist, Deparimen! of Agronomy and
Soil Science, Universily of Hawail.

and Geld tested in the United States in
1956. It was the first triazine to be released
for extensive use in agricultiire. Another tri
azine, 2-chloro-4-ethylamino-6-isopropyla-
mino-s-triazine (atrazine), was released in
1958 and has become important in agricuk
ture and industry. Since then, many other
triazine herbicides have been introduced for
weed control in various crops.

Degradation in plants.

The triazines are generally taken up
through the roots, translocated through the
transpirational stream to the leaves where
their phytotoxic effects are exeried by
blocking photosynthesis. Resistant plants
such as com (6,11) and Coix lecrymajobi
(6) are capable of metabolizing tne triazines
into the inactive hydroxy analog. Other
plants degrade them by deaikylation or
removal of the side chains (13,14). Carbon
dioxide i known to be released from the
side chain carbons, followed by cleavage of
the ring, and again the release of carbon
dioxide (1I).

Microbizl degradation in soils.

Degradation can occur even before
the herbicide is absorbed by the plants from
the soil solution, If this happens, the con-
centration of herbicide solution may become
insufTicient for effective weed control. Con-
versely, if degradation does notoccur, or
occurs very dowly, the residue remaining in
the soil may damage succeeding susceptible
crops,

Triazine compounds are degraded in
soils by microbial and chemical mechanisms
(4). Some species of fungi were found to
grow in culture solutions containing sima-
zine (2); furthezmore, it was shown that the
fungi made use of the nitrogen of the
simazine molecule if a supplementary source
of carbon was present in the subsizate (5).
Evidence of the microbial effect was also
shown in the early evolution of C1402 from
ring-labeled simazine incubated in soils (12},
Evolution of 01402 from the side chains,
but not from the ring, was also noted in
later studies (3,8,9). Hence, it was proposed
that dealkylation, and subsequently dea-
mination, was the pathway of simazine
degradation in soils (9). This pathway in
soils, which differs from the hydroxylation

pathway in higher plants (11), was dete;.
mined from experiments with Aspergiifys
fumigatus. A similar dealkylation mechanigy
for atrazine has since been demonstrated i
mature pea plants, sorghum, soybeans apq
wheat (13,14). Hydroxyatrazine was pot
identified as one of the metabolites (13),

Chemical degradation in soils.

Rates of C1402 evolution from micrg-.
bial degradation experiments were inade-
quate to account for rapid decreases in
residual activities (15). Alternatvely, chem.
ical hydrolysis of simazine or atrazine to
the hydroxy-analog was found to be the
major pathway of degradation in seils (1,10,
15}, Both sterile and nonsterile soils incu-
bated for 3 - 4 weeks yielded hydroxy-
atrazine which accounted for about 20 per-
cent of C14 activity (15). There obsarvations
suggest that: (a} microorganisms are not
critically important in atrazine hydrolysis,
and (b) the formation of the hydroxy-
metabolite is the rate limiting slep in atrazine
degradation. Degradation followed First-order
kinetics in soilfree, sterilized soil, and per-
fusion systems (1).

EXPERIMENTAL AFPROACHES TO THE
STUDY OF DEGRADATION

Various types of experiments can be
conducted to determine herbicide degrad
ation in soils, Some of these are as follows;

1. Measure residual concentrations
in sterilized and nonsierilized soils. The
herbicide is incubated in sterilized and nos-
sterilized soils, and the residue is measured
at time intervals either by chemical analysis
or by a bioassay test.

2. Measure the amount of CO;
evolved during incubation of the herbicide
gither from soil or culture solution media.

3. Grow isolated microorganisms in
herbicide-treated media and determine their
growth, or the change in the herbicide con-
centrations.

4. Identify metabolites. Extracts of
treated sanples are analyzed, measured, and
identified for possible metabolites by chre-
matographic analysis, scintillation counting,
spectrophotometry, or other techniques
Pathways of degradations may also be ®-
vealed through these studies,

5.  Study the influences of soil
properties. The influences of organic mattes,
amount of clay, mineralogy, pH, tempera-
ture, moisture and other properties can often
be determined by quantitatively relating
these properties to the measures of degr
dation outlined above.
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HigXPERIMENTS AND RESULTS

X ’ Degradation of atrazine is being stud-
diied under Hawaiian soil conditions to assess
|| the importance of microbial and chemical
degradation mechznisms in relation to soil
properties and existing fieid practices, Atra-
gne was incubated in solution and soil
media, and ihe residues were measured by
{using some of the approaches enumerated
thove.

Carbon dioxide evolution

AtrazineC14 (17.38 ug) was incy-
bated in 30 g Kapaa soil (55 Percent mois-
ture) in a tightly stoppered Erlenmeyer
flask (500 mi). C140; was absorbed by 2N
N2OH in a small glass vial placed inside the
flagk. The data, expressed as ug atrazine re-
covered within nine days, showed rapid in-
| ereases in the amount of 140 evolved in
| one to two days (Table 1), The Iecovery in
subsequent measurements gradually decreas
! ed to an almost insignificant amount, This
{liesult suggests that the Cl40; measure-
ments did nat account for increases losses
pin C14 activity (Table 2) which would be
expected with time. The two culture sys
tems (A and B) were used to determine the
efficiency of collecting samples at different
intervals.

|| Culture Solution

Kapaa soil extracts were added to
basal salt media (8) containing 10 and 100
lppm of uniabeled atrazine, Succinate and
INaNO3 were used as supplementary sources
of carbon and nitrogen, respectively. After
27 days the cultures were filtered through
Whatmen filter No. 12. The atrazine con-
tentrations in filtrates were measured with
1 DU spectrophotometer (263 mu). Degra-
detion was highest in the soil extract + basal
alt trestment: 6.0 ppm and 17.3 Ppmn atra-
zine were lost from 10 and 100 ppm cultures,
mipectively. The amount of atrazine lost
Was progressively less with the following
dditives to the soil extract + basal salt
media: NaN03, succinate, and NaN03 +
Succinate. These results indicate that atra-
Zine is g likely source of both N and C for
| microorganisms in the absence of other
lmrces.

|

bolation of Microorganisms

Extracts of Kapaa soil were incubated
|0 sterile agar media containing atrazine,
The following fungi were identified: Peni.
cillium humiti, P, chrysegenum, P. spicaria,
Cadosporium sp., Mucor sp. Circinella sim-
Plex, Trichoderma lignorum, T. viride, Asper-
V8illus sp. and Monocitlium . .

Tale L. Amount of atrazine (ug) recovered based from C140, evolved from Kapaa soil

cultures (27 C)
Days after treatment Percent
Culture Total Residual
1 2 4 5 9
A 0.172 0114 0.134 0.015 0.015 0.450 97.41
B - 0.354 0.155 - 0.031 0.540 96.89

Table 2. Percent atrazine-C'14 remeining in three soils after incubation (30 C) for 10 and

60 days.
Atrzine: 10 days
applied:
ppmw Khpana Molokai
1 59 79

10 64 80

50 68 89
Degradation in three nonsterilized soils

Atrazipe-C14 was incubated for 10,
30 and 60 days in four soils. Methanoi-
extractable C14 ypg measured by liquid
scintillation. Data at 10 and 0 days (table
2} show clearly the rapid decrease in 14
concentrations with time; the decrease for
soils was in the order, Kapaa==Kaipoioi=
Molokai soils,

The Kapaa and Molokai soils are
somewhat similar mineralogically (principally
Kaclinite and hydrated oxides of iron and
aluminum), but they differ widely in pH
and orgenic matter conteat, the Kapaa
having the lower PH (4.6) and one of the
higher organic matter contents (10%). The
Kaipoioi soil is derived from ash, contains
principa’ly moncrystalline minerals and has
extremely high organic matter content (29%)
and siightly acidic pH (5.4). The numerous
diverse properties of these soils make it
difficult to identify relationships between
degradation and specific soil properties.

Degradation in Kapaa soil sterilized with
gamma radiation.

Kapaa soil was subjected to 3,000 Kr
gamma radiation (Co-60), treated with 10
Ppmw atrazine, and incubated for 43 days
at -10, 30 and 50 C. Nonsterilized soil was
included as the control. The 1esults shown
in Table 3 are cléar evidences that degradation

60 days
Kaipoioi Kapas Molokai Kaipoioi
68 22 39 29
71 24 44 32
77 it 51 33

Table 3. Percent methanol-extractable atra-
zine-C14 43 days after incubation

in Kapaa soil.
Temperature  Sterilized  Nonsterlized
c (Co-60)
-10 86 88
30 kh] 36
50 10 7

occurred in both sierilived and nonsteri-
lized soils. Furthermore, degradation in-
creased with increase in temperature, In
view of the occurrence of degradation under
conditions unfavorable for microbial activity,
such as sterilization and high temperature,
a chemical pathway fox degradation of atra-
zine in the soils is apparent,

DISCUSSION AND CONCLUSION
Evidence presented in the above ex-
periments, points out both microbial and
chemical pathways of atrazine degradation
in soils. However, the negligible amount of

C14rewvered from 01402 evolution, which
decreased with time, and the high mate of
loss in extractable Cl4 in soils sterilized
by gamma irradiation reveal the chemical
nature of atrazine degradation.

The diverse properties of the soils
used in the above experiments make it
difficult to identify relationships between
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degradation and specific soil properties.
Atiempts are being made in cur boratory
to study such relationships. Armstrong et al
(1) found in Wisconsin that etrazine de-
gradation was dependent on pH; hydrolysis
occurred both under acid and alkaline con-
ditions,
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ATRAZINE ADSORPTION BY SEVERAL HAWATIAN SOILS IN

RELATION TO ORGANIC MATTER CONTENT

By Robert H. Suchisal

The dlose relationship between herbi-
cide adsorption and soil organic matter con-
tent has been reported by many investigators
(5,8,9,10). However, predicting the extent
of adsorption by organic matter content
alone has been hampered by the diversity of
organic constituents found in soils. It is
believed that humified matter forms com-
plexes with inorganic soil materials (3,4).
The physical and chemical properties of
organo-inorganic complexes differ from or-
ganic matter per se.

Organic matter provides sites for
herbicide adsorption leading to partial in-
activation of the chemical. In cases where the
sail orgapic matter content is relatively high,
as in many of our tropical soils, certain
herbicides must be applied in larger amounts
in order to satisfy the adsorption capacity
and yet achieve an adequate period of
weed control, Phytotoxicity of a soilapplied
herbicidal chemical is closely related to its
concenization in the soil solution. Adsorp-
fion by the soil ;emoves herbicide from
solution and is, therefore, a key factor in-
fluencing the effectiveriess of herbicides.

Atrazine is a triazine herbicide now
prominently used in corn, pineapple, sugar-
cane, fruit crops, and as an industrial soil
sterilant. [n recent years, considerable atten-
tion has bean given to the adsorption and
degradation of the triazines in relation to
soil properties, Adsorption of this group of
herbicides by soil has been clearly established
23 being mainly due to organic matter. Ak
though the mineralogicat properties of soils
are important in herbicide adsorption in
arcas where ihe organic matter content is
fairly low, our atteniion will be focused on
only the organic fraction and the role it im-
parts in atrazine adsorption.,

Twelve surface soils representing 2
wide cross-seclion of Hawaiian soils were
selected for this study. The organic matter
content of these soils is generally higher than
in soils found in the Continental United
States, ranging from 1.9 to 30.7%. The pH of
these soils is generally below neutrality,
commonly i the rnge from 4 to 6,

1yr. Soil Scientist, Huwail Agricultursl Experiment
Station, University of Hawaii, Honolulu, Hawaii,

The atrazine adsosption er distriby.
tion coefficient, K, was obtained by equik-
brating the soils with Cl4-labeled atrazine
solution for 2 hours. The difference in
atrazine concentration before and after
equilibration was attributed to adsorption,
The K4 Is referred to as the emount of
herbicide (in pg) adsorbed on 1 g of oven-
dry sofl which is in equilibriom with o
1 ug/mi solution of the herbicide.

Triazine adsorption is an equilibrium
process which closely follows the Freudlich
equation, Le., the logarithm of the quantity
adsorbed is linearly related to the logarithm
of solution concentration, The inagnitude
of adsorption which is expressed by the
proportionality constant Ky reflects the
adsorpiive capacity of the adsorbent.

It is understood that many factors
influence triazine adsorption processes. For
example, as the temperature increases, ad-
sorption decreases. Adsorption is also pH-de-
pendent, increasing as the pH decreases, The
adsorption process is also influenced by the
nature of the edsorbent,ie., the kind of
clay minerals that predominate in the soil
Moisture content may also be impaoriant, as
herbicide concentration end solubility are
dependent on the amount of soil solution.

The relationship between arganic mat-
ter content and atrazine adsorption of
several Hawaiian surfece soils is shown in
Fig. 1. The corelation coefficient of 0.895
indicates a highly significant relationship
considering that the soils are of quite diverse
origin, Velcanic ash soils generally contain
high amounts of organic matter, Variation
in atrazine adsorption in soils having similar
quantities of organic matter is probably due
to the nature of the organic matter. It may
be decomposed or humified to various de-
grees. The organic matter in many cases may
complex with clay minerals, especially in
volcanic ash soils, leaving less surface avail
able for herbicide adsorption on beth or
ganicmatter and clay particles. The Luslualel
soil contains predominantly montmerilloni
tic clay but adsorbed very little atrazin®,
which apparently reflects its low organic
matter content,

Although there have been numerous
reporls concerning the relationship betweed
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trizzine adsorption and total soil organic
mafter content, several workers have sug-
gested that only a fraction of the total or-
ganic matter is involved in adsorption (6,7).
We have so far been unsuccessful in deter-
,:amining only the so-called “active” fraction
;{iof the organic matter. Presumably, under
§ practical triazine herbicide application, only
{13 small portion of the soil surface adsorbs
# herbicide. -
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Fig. 1. Relationship between organic matter
wntent and atrazine adsorption of severa]
llawaiian surface soils,

The variation in atrezine adsorption
by Kaipoioi profile samples iz shown in
Table 1. This soil is ash-derived and contains
predominently non-ctystalline minerals, Al
though the organic matter content in the
mbseils is relatively high, the Ky value
decreases considerably with depth. One
wenld anticipate a high degree of adsorption
even in the subsoil by virtue of the high
wrganic matter content, but this was not
the case, This indicates the less reactive na-
tire of the organic matter of the subsoils,
due possbly to the complex formation
between organic metter and inorganic min -
erals,

Tible 1. Atrazine adsorption by Kaipoioi
pofile,

Depth Organic Matter K
(in) & d
03 28.6 7,34
6 15.5 2.30
1013 24.6 174
116 26.4 136
Il15:22 23.6 1.52
I12:25 21.7 1.58
3642 19.6 145

(4249 1.3 0.89

A relationship between pH and atra-
zine adsorption of these soils was observed
(Fig. 2). Several investigators have reporfed
on the inverse relationship between triazine
adsorption and pH (2,8), Adsorption is high-
er at lower pH, especially below pH 6, Such
adsorptive behavior as influenced by pH
should be taken into consideration when
atrazine application is part of a liming o1
fertilization program, Lime incorporated
into acid soils initially has a pH greater than
neutrality until an equilibrium isestablished,
Atrazine applied with lime may "¢ less ed-
sorbed resulting in a higher concentration in
the soil solution which in tum may result in
unexpected plant injury.

Figure 3 shows the effect of pH on
alrazine edsorption in six Hawsilan soils.
The Kaipoioi, Kula, and Molokai soils showed
dramatic changes in adsorption when the
pH was adjusted to various levels. Kapaa and
Lualualei soils showed only a slight increase
in adsorption with decreasing pH.

Soil acidity apparently influences at-
razine equilibria in two ways First, H-
bonding between atrazine and organic matter
functional groups such as carboxyls, carbon-
yls, and amido groups is promoted (11),
Secondly, chemical hydrolysis of atrazine to
hydroxyatrazine, an inactive analog, occurs,

Recent reports have suggesied enhanced.

mactivation of atrazme by chemical hydrol-
ysis in the presence of organic natter and at
low pH {1},
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Fig. 2. Relationship between pH and atra-
zine adsorption of several Hawaiian surface
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Fig. 3. Effect of pH on atrazine adsorption
by six Hawaiian soils,

In conclusion, atrazine adsorption by
Hawaiian soils was found to be affected by
organic matter content and pH. Adsorption
increased as organic matter content increased
and pH decreased. These soil factors are of
practical consideration when atrazine is in-
cluded in a weed control program,
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THE EFFECT OF ARSONATES AND PARAQUAT ON NUTSEDGE
(CYPERUS ROTUNDUS L) CONTROL!

Umpom Suwunnamek and R. R. Romanowski, Jr. 2

The effectiveness of arsonates and
paraquat applied at different times of the
day to nutsedge was evaluated [rom August
1966 to June 1967 at the Manoa and Wai-
manalo Experimental Farms in Hawaii. The
herbicides used in the experiments were
MSMA (monosodium acid methanearsonate),
DSMA (disodium acid methenearsonate),
DMAA (dimethylarsenic acid), paraquat (1:
1-dimethyl4,4'-dipyridylium cation) and ar-
omatic oil {Standard Oil Company 55AR) as
the check treatment. The subtreatments con-
sisted of different times of application which
were made in the moming (8 to 9 am.)},
noon (1 to 2 p.m.) and evening (5 to 6 p.m.).
The application rates of the herbicides were
arsonates (MSMA, DSMA and DMAA) 6 lbs.
active/acre plus .2% (V/V) X-77 surfactant,
paraquat 2 Ibs. activefacre plus 2% X-77 and
aromatic oil at 80 gallons per acre. The
treatments were arranged in a randomized
split plot experiment with 4 replications for

1Baged on pert of u thesis submifted by the senior
suthor for the degree of Master of Scienee, Department
of Horticulture, Undversty of Hawaii

2Graduste Amistant and Asociste Professer, respec:
tively, Depariment of Horticulture, Univertity of
Hawaii.

main plots (herbicide treatments) which
were further subdivided into 10 x 10foot
subplots (lime of application). Repeat appli-
cations were made at approximately six-week
intervals from October 13, 1966 to May 28,
1967. The esults of the studies are sum-
marized as follows:

1. MSMA was found to be the most
effective for nuisedge control when
repeated applications were made. The
population rsduction of nutsedge in
the morning and noon ireatments
was 80% to B5% after 5 applications
were made over an 8 month period
when compared to the oil treatment.

2. The results obtained with DSMA re-
quire additional studies in that the
compound gave comparable resulis to
MSMA at the Manoa Campus Farm,
but significantly less nutsedge con-
trol than MSMA at the Waimanalo
Experimentul Farm.

3. DMAA appeared to be a promising
compound for future nutsedge control
studies based on the results from lwo
applications.

4. Paraquat gave comparable control (o
aromatic oil (check treatment) in the
long term effects and this was not
considered commercially acceptable.

There were differences between time

bayane, J. Collaid and Intestece Sci. 22:73).
230.

of day applications with paraquat and MSMA.
Evening applications of paraquat resulted
in slower tegrowth than moming or noon
applicalions. However, the resulis between
time of application were not greatly different
when viewed at the end of each 6 week
interval, Nevertheless, this observed diffes-

ence should be explored further in orchard
crops which have more shaded contitions

In contrast to paraquat, MSMA was found to
be less phytotoxic to nutsedge when applice-
tions were marde in the evening than in the
marning or at noon. The population reduc-
tions difference was especially noticeable in
the long term effect and it is recommended
that MSMA and related compounds bs
applied whenever possible in the moming or
early afternoon of a given day.

Results from greenhouse leaf trans
Jocation studies with Cl44abeled paraguat
and MSMA agreed somewhat with field per-
formance data, There was slightly more
basipetal movement of paraquat in the
evening treatments than in either morning 07
noon treatments. On the contrary, MSMA
translocation was decreased when applied in
the evening as compared to more tran®
location in the morning and noon applice
tions. No movement to the tubers Was
observed with either C14%abeled paraquat
or MSMA under the conditions of the
experiments.
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DORMANCY. GROWTH INHIBITION, AND TUBERIZATION OF NUTSEDGE
(CYPERUS ROTUNDUS L) AS AFFECTED BY PHOTOPERIODS

G. Berger! | B. E. Day?

_—

Nutsedge, a perennial weed causing
great damage to agriculture, has a highly
developed underground partion of rhizomes
and tuber chains, which in temperate cli-
mates remain mostly darmant throughout
the year. Ability of nutsedge tubers to
remain dormant represents a high degree of
adaptation to environmental conditions. Dor-
{| mancy poses particular problems in weed

control, since dormant organs are hard to

| eradicate by any agricultural means.
Internal and external factors control-
ling dormancy of nutsedge were studied. A
: number of growth inhibitors were isolated
from foliage and growing tubers, but none

IR esearch Department, Velsicol Chemical Company,

Chicagn, Minois.

II:bq:iu'tri'mrl.l of Horticultural Seiences, University of
i California, Riverside, California.

Dimethy}-2,3,5,6-tetrachloroterephth-
ilate (DCPA) is a preemergent herbicide
recommended for the control of many grasses
ind broadleaved weeds in vegetable crops,
lurf, ornamentals and some agronomie crops
!guwn for seed. In Hawaii DCPA has given

exczllent weed control in 2 number of loca-
iﬁﬂm. but has been selective on a number of
troublesome weed species, e.g., Flora's paint-
trush (Emilia sonchifolia), galinsoga (Galin-
¥iga parviflora), swinecress {Coronopus di-
yemuy), Spanish needle (Bidens pilosa) and
imson weed (Datura stramonium). If the
iesistant species are present on a farm where

8430 an part of a thesis submilted by the senior
Yuthar for the degree of Masier of Science, Department
HHortfeul tisre, University of Hawaii,

"DEA Fellow and Associate Professor, respec-
ety Department of Horticulture, University of
Hywgly

from dommant tubers, The major inhibitor,
identified as salicylic acid{o-hydroxybenzoic
acid), was jsolated from foliage, and per-
formed highest growth inhibition. Other
isolated growth inhibitors showed Iess activ-
ity and were not studied.,

Salicylic acid was isolated from foli-
age by extractions with B0 per cent ethanol.
The crude extract was purified by carrying
residues throngh numerous solvents, Separa-
tion of the organic acids was based on
partition between aqueous solutions and
organic selvents at different pH values, The
final acidic residue was further separated by
ascending paper chromatography, Identifica-
tion of the acidic growth inhibitor (salicylic
acid ) was achieved by the following tests:
color reactions with diazotized sulfanilic
acid and dizzotized p-pitro aniline, ultra-
violet fluorescence properties, activation and
fluorescence wavelengths, and R. f. values

SUSCEPTIBLE COTYLEDON-STAGE WEED SPECIES|

I Robert V., Osgood and R. R. Romanowski, Jr.2

DCPA is used, a shift in the weed population
to these species can be expected due to
their resistance and a lack of other weed
competition.

Schuldt and Limpel (1962) reported
that it was not possible to predict which
weed or crop species would be susceptible
to DCPA. In general, however, even those
weeds and crops which were susceptible as
germinating seeds were tolerant when past
the cotyledon stage of development. Schuidt,
Limpel and Lamont (1960} stated that DCPA
was relatively inert when applied to the foli-
age of crops making it especially useful for
lay-by treatment. McKinley (1965) reported
that DCPA did not inhibit the germination
of annual ryegrass (Lolium multiflorum),
but was highly toxic to the emerging coleop-
tiles,

-

in numerous solvent systems, Relative fhyo-
rescence intensity was used for quantitative
demonstration of salicylic acid i the exts-
acts,

Bioassay studies were performed that
demonstrated growth inhibitory properties
of salicylic acid.

Short (10-hour} and long (18-hour)
photoperiods were applied to nutsedge,
Short photoperiods induced flowering and
tuber production, stimulated formation of
salicylic acid, inhibited bud growth of tubers,
and reduced foliage growth, causing it to
grow horizontally. Long photoperiods in-
hibited Flowering, recuced tuber production
and formation of salicylic acid, enhanced
tuber bud growth, and induced vertical foliage
growth,

Salicylic acid is suggested to be the
major cause of seasonal dormancy of nut-

sedge.

I THE PHYTOTOXICITY, SITE OF UPTAKE AND TRANSLOCATION OF DCPA IN RESISTANT AND

Utter {(1960) proposed that DCPA was
absorbed by the coleoptiles, rather than the
roots of emerging grass seedlings. Limpel
(1965) confirmed that the major site of
DCPA uptake by Malian millet was through
the shoot as it emerged through the soil

Limpel (1965) summarized the trans-
location studies carried out with labeled
DCPA on tolerant crop plants at Boyce
Thompson Institute for Plant Research Inc.
as follows: When DCPA was applied to the
soil, little, if any, was found in the serial
parts of the plants and DCPA remained
where applied when placed as drops of
aqueous suspension or when dissolved in
methyl cellosolve, Crafts and Yamaguchi
(1964) reported that DCPA moved only
slightly in bean and barley when applied to
the foliage. Bayer, Hoffman and Foy (1965)
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studied the absorption and translocation of
labeled DCPA in resistant alfalfa and the
susceptible parasitic weed, dodder, and foumd
only limited movement of the herbicde in
both species, All the Literature reviewed has
stressed the immobility of DCPA; however,
in most of the studies plants beyond the
cotyledon stage of development were used.
Since DCPA is 4 pre-emergent hecbicide,
active after permination but before the
emergence of the true leaves, it was pro-
posed that the phytotoxicity, uptake and
translocation of DCPA should be studied
with plants at the cotyledon stage of devel-
opment.

MATERIALS AND METHODS

Phytotoxicity studies. A study was
made of the effect of DCPA on hypacotyl
and root elongation of two susceptible
species, spiny amaranth (A maranthus spino-
sus) and pursiane (Portulace oleracea), and
two registant species, Flora’s paintbrush
(Emilia sonchifoliz} and Spanish needle
(Bidens pilosa). Seeds were pre-germinated
in covered petri dishes on filter paper which
was soaked with 5 ml of nutrient sotion.
Tust after emergence of the primary root,
10 sedlings were transferred to each of §
petri dishes which were lined with a double
layer of filter paper. The susceptible species
were treated with 1, 5, 10, and 50 ppm of
DCPA in 5 ml of nutrient solution, while
the resistent species were treated with 1,000
or 3,000, 5,000, 7,000, and 10,000 ppm.
Since DCPA is rather insoluble in water (the
solubility is less thean .5 ppm), applications
were made as aqueous Suspensions, Each
treatment was replicated three times end
after the treatments were applied the petri
dishes were placed in the dark at 24°C. for
72 hours. In order {o asssy the phytotoxi-
city of DCPA, root and hypocotyl measur-
ments of the treated seedlings were made and
compared with check treatments.

Uptake and translocation studies, The
site of uptake and translocation of DCPA-
cl4 was studied using resistant and sus-
ceptible weed species at the cotyledon stage
of development. Conclusions were based on
interpretation of radioautographs. The spe-
cies studied were susceptible purslane and
spiny amaranth and resistant galinsoga and
Flora's paintbrush. DCPA-C14 dissolved in
methyl cellosolve (having a specific activity
of 0285 ucful) was applied to the coty-
ledons, hypocotyls or roots of the above
species. One ul of DCPAC14 was applied to
the hypocotyland cotyledon while 5 ul were

Table 1. The effect of DCPA on the hypocotyl elongation of susceptible and resistant weeq

species.

Species

Spiny
Amaranth

Purslane

Flora's
paintbrush

Spanish
needle

DCPA
Concentration
(ppm)

1
5
10
50

0
1
5
10
50

0
3000
5000
7000

10600

0
1000
3000
7000

10000

* Average value for 30 hypocotyls.

#*}Means with same letter are not significantly different at 5% level (Ducan's test).

Average
Hypocotyl
Length (mm)

19.7¢ av**
122 a

74 b
6.8 b
56 b

111
8.2
6.7 a
6.4 ab
58 b

30.2
25.2
22.0
16.8
12.8

[~ -

52.1
49.5
50.0
45.0
433

[ )

Percent

of
Check

100.0
61.7
37.3
344
28.4

100.0
73.2
60.7
57.9
5L9

100.0
83.4
72.8
35.6
42.4

100.0
94.8
95.8
86.2
83.0

Percent
Inhibition

0.0
383
62.7
65.6
1.6

0.0
26.8
39.3
42.1
48.1

0.0
16.6
27.2
44.4
576

0.0
5.2
4.2
13.8
17.0

Table 2. The effect of DCPA on root elongation in susceptible and resistant weed species,

Species

Spiny
Amaranth

Purslane

Flora's

paintbrush

Spanish
needle

DCPA

Concentration

{ppm)

0
1
5
10
50

0
1
5
10
50

0
3000
5000
7000

10000

0
1000
3000
7000

10000

*Average value for ten roots.

*¥Means with same letter are not significantly dillerent 5% level {Duncan’s test).

Average
Hypocotyl
Length (mm)

10.3*
8.6
6.9
6.0 a**
34 a

5.6
49
42
4.1
3.3

21.0
2.3
29.9
29.9
28.7

[~ - R

[T T I I

24.4
23.9
26.5
25.6
26.7

[T T R R ]

Percent

of

Check

100.0
83.8
61.7
56.3
52.2

100.0
88.8
76.6
13.6
59.7

100.0
119.6
110.7
110.7
106.3

100.0

98.0
108.6
104.0
109.4

Percenl
Inhibition

0.0
16.7
323
4117
41,8

0.0
12
224
164
40.3

0.0
-19.6
-10.7
-10.7
-63

0.0
2.0
- 86
- 4.9
- 94

Ta

Tab

pair
Spé:
Flai
pain
Spir

Flor
pain
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Table 3. Site of uptake and translocation of DCPA-C!4 in pursiane and galinsoga.

Purslane

Galinsoga

1Sub_uectma ratings:

Subjective ﬂtinp1
(24 hours alter treatment}
Part Treated Part Rated
Hypocotyl Cotyledon
hypocoty] *xxnl ek
cotyledon e bk
oot * *
check 0 0
hypocotyl L A
cotyledon * e
root ¥ 0
check 0 0

0-no image, ¥-trace image, **-low image, ***-moderate image,
*#**.intense image.

ZAverage of four replications.

Table 4. Site of uptake and translocation of DCPA-C14 in spiny amaranth and flora’s

paintbrusl..

Flora's
paintbrush

Spiny amaranth

Flora’s
paintbrush

lSub_lectr'.re ratings:

Subjective rating,sl

(12 hours after treatment)

Part Treated Part Rated
Hypocotyl Cotyledon

hypocoty! *wwel bk
cotyledon * hkn
root 0 0
check 0 0
hypocotyl bl *
cotyledon 0 b
root 0 *
check 0 0

(36 hours after treatment)
hypocotyl xxxE adk
cotyledon * s
root 1] 0
check 0 0

0-no image, *-trace image, **-low image, ***-moderate { image,
***+*.intense image.

zAverage of three replications.

Root
kh

ik

L1

EEL L]

Root

(=T BN =N -] o oo

Ei 1]

applied to the roots via the nutrient solu-
tion, Four replications were made of each of
the purslane and galinsoga treatment while
three replications were made of the spiny
amaranth and Flore’s paintbrush treatments,
Purslane and galinsoga were harvesied at 24
hours after treatment and spiny amaranth
and Flom's paintbrush were harvested at 12
and 3¢ hours after treatment, After har-
vesting the plants were prepared for radio-
autography by separating the plant parts
(hypocotyls, cotyledons and roots) so that
no translocation could occur during the
drying and pressing processes, The dried-
pressed plants were radioautographed on
non-sareen X-ray film for one week, The
images were rated subjectively as follows:
O- no image, *- trace image, **- low
image, ***- moderate image, and *¥*%.
intense image.

RESULTS AND DISCUSSION

Phytotoxicity studies. The data which
show the effect of DCPA on hypocoty! ard
oot elongation of susceptible and resistant
cotyledon stage weed species are given in
Tables 1and 2. Spiny amaranth and purslane
hypocotyls were inhibited by 40% at approx-
imately 1 and 5 ppm, respectively, Greater
than 7,000 ppm were necessary to inhibit
the hypocotyls of Flora’s paintbrush by 40%
and Spanish needle hypocotyls were not
inhibited significantly at a concentration of
10,000 ppm. Roots of all the species were
inhibited less by DCPA than were hypocotyls,
Spiny amaranth and purslane roots were
inhibited by 40% at approximately 10 and
50 ppm, respectively, Roots of the resistant
species, Flora’s paintbrush end Spanish nee-
dle, were not sigmificently inhibited at
10,000 ppm, The data show a wide 1ange of
tolerance between species aud between or-
gans of the same species, Those species which
were found to be tolerant in the field were
found to be tolerant in the laboratory;
likewise, those species susceptible in the
field were susceptible in the laboratory.
Hypocotyls were found fo be more sensi-
tive to DCPA than roots.

Uptake and transiocation. The sub-
jective data showing the site of uptake and
degree of translocation of DCPA-C14 in
resistent and susceptible species are given in
Tables 3 and 4. Purslane data indicated
that all the treated plant parts absorbed

approximately equal amounts of DCPA,

but the tracer which was absorbed by the
hypocotyl moved to the other plant parts
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* mere readily than that which was applied to

the cotyledons and the roots. DCI’A-C14
translocation in galinsoga was similar to that
which occurred in purslane. The pattern of
DCPA-C14 translocation in susceptible spiny
amaranth and resistant Flora’s paintbrush
are given in Table 4. In this experiment one
group of plants was harvested at 12 hours
after treatment and another group at 36
hours after treatment. In Flora's paintb';ush,
at both harvest times, DCPA-C14 was sb-
sorbed to the same extent by hypocotyls
and cotyledons, however, the pcpacl4
absorbed by the hypocotyl readily moved
into the cotyledon while that which was
absorbed by the cotyledon moved only in
trace amounts to the hypocotyl DCI'A-C14
absorbed by the root did not move to
gither the hypocotyl or the cotyledons. In
spiny amaranth DCPA-C14 moved in only
trace amounts to the cotyledon when the
hypocotyl was treated. No movement of
tracer occurred when cotyledons were treated
and only a trace amount moved into the coty-
ledon when the roots were treated. Trace
amounts detected may be artifacts because
one of the control plants produced a slight
image on the X-ray film indicating contam-
mation of raidoactivity.

Since susceptible and resistant species
in both experiments absorbed and trans-

Jocated similar amounts of DCPAC4, it
appears that these processes are not impor-
tant mechanisms of selectivity. DCPA was

found to be highly mobile in the acropetal
direction when applied to the hypocotyl of
all the species studied with the exception of
spiny amaranth, Roots were shown to absorb
DCPA but very little was translocated to the
other plant parts, These appeared to be a

a block to DCPA translocation at the point
of attachment of oot and hypocotyl. It was
shown with pursiane and galinsoga that DCPA
could move freely into the root when th:
hypocotyls were treated; hence, there is
good evidence for phlocm as well as xylem
movement,

SUMMARY

The phytotoxicity, site of uptake
and trandocation of DCPA were studied
in both resistant and susceptible weed species
at the cotyledon stage of development.
Satisfactory bioassays forDCPA phytoactiv-
ity were developed using root and hypocaotyl
elongation as criteria. Hypocotyls of all the
species were more susceplible to DCPA than
were roots, DCPA-CML was absorbed by
cotyledons, hypocotyls and roats; however,
translocation to other parts occurred pri-
marily when the hypocotyl was treated.
DCPA was quite mobile in cotyledon stage

weeds, primarily in the acropetal directiop,
when hypocotyls were treated but not wheq
roats were treated.

It is proposed that the above gyj)
appearance, before eventual death, of certain
dicotyledonous weeds and cIOpS treated
under field conditions wilh pre-emergeice
applications of DCPA may be the resull of
hypocotyl uptake with subsequent trap
location to the site of action within the
plant,
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gherblmdes for their most efficent use:

L T

GENERAL PAPERS

Yukio Nakegawa and Yukio Kitagawa]

In the relatively new field of Weed
Science, the job of the Extension Service

rectly interpreting the research resutis and
-disseminating these results in such a manner
that the [armers and general public will
use the herbicides properly to their bencfit:
(2) reporting the problems encountered in

f the field with the use of herbicides such as
resistani weed specics, crop phytoxicity and
soil residue problems for research consider-
ation where neaded.

In the dissemination of the research
results to the fanmers and general public
much effort must be expended in demon-
stratm, the correct usage of the herbicidal
chemicals which require precision application
methods for best results,

&
! becomes increasingly important in (1) cor-

The following points should be con-
sidered in teaching the correct ussge of

Install demonstration plots at
experimental farms and/or private farms and
conduct field days or meetings to show the
benelicial results of herbicides used properly.

2. Demonstrate proper calibmtion of
application equipment and the importance
of precision application of herbicides for
best results, This point cannot be over
emphasized because precision application of
chemicals Las not been too critical a factor
in the use of inse:ticidal, fungicidal, nema-

i tocidal and fertilizer application with which
!; most farmers are familiar, Most herbicides
* require very small amounts applied at a

praper time uniformly over a given area of
adequately prepared soil for good weed
control, with a slight overdose causing crop
damage and underdose showing poor weed
control and waste of money.

3. Demonstrate proper cleaning and
maintenance of application equipment to

prevent crop injury or contamination from

Lassociate Specialist end Associate County Agent,
- tespectively, Universily ol Hawaii.

i\

i THE ROLE OF THE EXTENSION SERVICE IN WEED SCIENCE

herbicidal residees in the equipment (clean
out nozzles and screens, and flush out tank
pump and hoset with proper cleaning mate-
rial and water), It is better to keep herbi-
cide sprayers separate from spmayers used
for insecticidal-fungicidal uses especially if
hormone type of herbicides are used.

4, Teach growers to recognize the
weed species on their farms and to select
the proper herbicide for their control. This
involves the selection of herbicides registered
for use on the crop being grown to reduce
the possibility of illegal residues on the
harvested crops and also to avoid possible
cop damage, Then the herbicide which
shows the best control for the weed species
present with the least phytotoxic effect to
the crop should be selested. For example,
on a crop of tomatoes for which both
dyphenamid and DCPA (Dacthal) are regis-
for nse, if the preveiling weed species are
those of the solanaceous type, it would be
better to use DCPA since dyphenamid will
give a poor contsol of this type of weeds.

5. Make the farmers aware of the
importance of small scale test applications
of the herbicide intended for use to determi-
ne the degree of weed control obtainable
and aop phytoxicity under their soil and
climate conditions and application tech-
nique. Failure to do this may result in a
wagte of time and money from poor weed
conirol and/for crop damage.

6. Make the farmers aware of the
potential hazards from the misuse of herbi-
cides as follows:

4. Crop damage to neighboring crops
from highly volatile hormone type
herbicides such as 2,4-D.

b. Damage to succeeding Sensitive
crops from herbicides with long
soil residual action applied to pre-
ceding tolerant crops such as
diuron, atrazine, and others applied
to pineapples and com, followed
by beans, tomatoes, lettuce, efc.,
within a short space of time.

c. Proper mixing and application of
herbicides to prevent injury to

persons mixing and applying her-

bicides.

Proper storage and disposal of

empty containers and excess her-

bicidal spray materials to prevent
accidental poisoning of children
and to prevent contamination of
soil, water and air for wildlife and
fauna conservation. All full or
partially filled herbicide contain-
ers without labels or legible labels
should be disposed of by deep
burial Allempty containers should
be disposed of by deep burial and
preferably not reused unless ef-

fectively decontaminated (for 2,

4D or other hormone lypes of

herbicides special decontamina-
tion treatments are usually nec-

essary). All excess herbicide mix-

ture disposal and spray tank flush-

ing should be done only in one
remole non-cropped area away

[rom irrigation canals or natural

waterways to reduce contamina-

tion of water and soil.

e. Keep a record of application as to
date applied, crop grown and field
used on for reference especially
if herbicides with long soil residual
effects are used to prevent future
damage to susceptible crops that
may be planted, also to measure
build up in soil. After use of
herbicides the weed population
will most likely change, thereby
necessitating the change of herbi-
cide or the mixing of herbicides
for controlling the new predom-
inant weed species. This infor-
mation should be called to the
attention of researchers to work
on newer herbicides for the con-
trol of these species of weeds and
for registration for legal use on
the crops grown. Soil residue
problems, resistant weed species,
etc. should all be reported to
researchers if research is needed
for answers.

B
h

Farmers must be made to understand
that no one herbicide will control all of the
weed species found on most farms, and
they must learn to apply herbicides cor-
rectly for best results. If herbicidal use is
not benefiting a grower, he should be advised
to stop use and resort fe mechanical or
hand weeding.
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Field day for farmers to observe results of herbicide research on vegetable crops. This field day was co-spansored by

INDUSTRIAL HERBICIDE USE SURVEY FOR THE ASIAN-PACIFIC AREA

R. R. Romanowski Jr., W. R. Furtickand R, V. OsgoausiJT

Several months before the Asian-Pacif-
ic Weed Interchange meetings began, it was
decided to survey the world herbicide in-
dustcy to inventory their present and pro-
posed activities in the area under considera
ticn. An attempt was made to determine the
number of personnel engeged in sales and
development as well as industries” views re-
lating to the present and future potential
use of herbicides. The following three ques-
tions were asked of the major companies
whe are ective or intend to be active in the
Asian-Pacific area:

1. Number of man years devoted to
sales and development work with
herbicides in Asian-Pacific area?

a) 1967

b) Estimated by 1970

¢) Estimated by 1975

2. Most important Factors limiting ex-
pansion?

3. Crops on which there is substantial
herbicide usage?

a) At present

b) Probable in 1970

¢) Probable in 1975

The results of the survey reported in
Tables 1 and 2 are enlightening. Twelve
major companies reporied, representing a

Lassociate Professor, University of Hawaii, Professor,
Oregon Siale University, and NDEA Fellow, Univer-
sity of Hawail, respectively.

fair cross section of world industry. One of
the most interesting observations was the
number of personnel engaged in sales and
development work. The total figures show
that the twelve companies are devoting 115
man years to the sales and development of
herbicides in the Asian-Pacific area in 1967.
Even more impiessive are the projected
figures of 206 and 292 man years for 1970
and 1975, respectively. Admittedly these
figures represent only a few companies,
nevertheless, they clearly show the enthu-
sissm expressed by industry for the potential
use of herbicides The commenis presented
from industry in Table 1 describing the
limiting factors for expangion of herbicide
usage Are strikingly similar when compared
on a company basit. Economics and educe-
tion stand out as the most important limiting
factors. These facts reveal the tremendous
impetus which must be given to improving
and expanding research, extension and teach-
ing activities by government and private
organizations in weed science in the Asian-
Pacific area. The limiting factors for ex-
pansion imply that agricultural economiocs,
rural sociology and related fields must be
called on to assistin developing weed science
in addition to the more obvious technical
and advisory needs.

The guidelines which can be establish-
ed by the data presented in Table 2 will

undoubtedly be of value in directing weed
research programs end related activities. A
question was presented to each company
asking for a listing of the crops on which
there is presently a substantial usage of
herbicides and to furlher speculate en the
1970 and 1975 usage factor. Rice and suger
cane appear to be the two primary crops
which are commanding a major portion of
today's herbicide market in the Asian-Pacific
area. Rubber, wheat, pasture and fruit crops
also include a modest portion of today's
market as expressed by the reporting Com-
panies. Further growth potentials exist for
many crops, hut vegetable crops appear to be
of major concern. In a sense the daia
presented in Table 2 are somewhat in-
complete; however, daw on use factors are
limiting for the Asian-Pacific area and this
clearly shows the need for well coordinated
attempts to improve on statistical compilz-
tions for future needs.

It should be noted that this survey
was merely an attempt to accumulate gen-
eral facts and figures which might provide
useful information. The most revealing fact
was that industry already is actively engaged
in expanding the use of herbicides and the
immediate future will present many chak
lenges for industry and government per
sonnel to work together to further develop
weed science in the Asian-Pacific area.
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COMPANY 1967
1 7
2 10
3 8
4 1
5 3
6 5
7 7

L ,

L

i

y

4 9 2

3

:

S 10 1

i

P 6
12 33

" TOTAL: 115

1

PERSONNEL
(Men Years)
Estimated

1570
12

25

50

10

10

23

48

206

1975
13

72

30

15

25

10

14

65

292

COMMENTS ON PCTENTIAL
USE OF HEREICIDES

Increased herbicide usage will
be needed to increase food
preduction in the Asian-Pacific
area

Good potential for use of
herbicides in Asian-Pacific
area,

Asian-Pacific area is expected to
be major growth area for inter-
national growth plans.

If prices for commodities improve
there will be increased use of
herbicides in Asian-Pacific area.

Increased need for food supplies
will zesult in greater herbicide

usage.

Depending on rew products lor
expansion in Asian-Pacific area,

Table 1. Number of man years devoted to sales and development in the Asian-Parific area. (12 compenies reporting).

LIMITING FACTORS
FOR EXPANSION

a} economics of hand labor
b) credit source

o) tradition

d) equipment

a) the cost of herbicides

a) economics

b) education

c¢) cheap labor

d) lack of trained persons
e} lack of extension

a) lack of credit
b} crop marketing problems

) high cost of chemicals

b) small acreages

c) lack of education about
weed control,

a} lack of good extenstion

b) lack of tech. krowledge

c) lack of incentive to
increase production

d) foreign exchange
difficulties

a) toxicity
b) cost

a) stable world prices
lacking

8) high cost of chemicals

b) competition from
countries where there is
a lower cost of production

a} clearance of
herbicides for new crops

4) cheap hand labor
except in Japan.
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Table 2. Number of companies reporting on a crop basis the present and potential use of herbicides AC
in Asian-Pacific area (12 companies reporting).
D.F
No. of Companies
Present Probable Probable
130 Crop 1967 1970 1975 Total
Cacao I 1 .
- Cocanuts 1 I g of !
Coffee 1 1 2 7 TR
Conifers 1 1 ipan
Cotton 1 1 2 3 were
their
Fruits (general) 1 2 3 areas
1. apple 1 - 1 g 1
2. banana 2 1 3 ¥
3. citrus 1 1 2 g
4. papaya 1 1
5. pineapple 2 2 3
6. strawberry 1 1 “ the
Gruins and cereals {general) i 3 were
1. barley 1 1
2. corn 1 1 2 4 fist ¢
3. sorghum 1 1 hope
4, wheat 3 2 5 thel
Macadamia nuts 1 1 l::li‘j
Oil palm 2 1 1 4 Asa
Pastures (general) k) 1 4
1. alfalfa (luceme) 2 2 IA:
2. clover 1 1 | Agron
3. brassicas (rape) 2 1 3 “
Pulses (general) 1 1
1. peanut i 2 3
2. soybean 1 i 2 4
Rice 8 1 9 3
Root crops 1 1 2
Rubber 4 4
Sugar cane 6 1 7
Sugarbeets 1
Tea 2 1 4
Vegetables (general) 2 4 s i
1. potato 1 1 3
i
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A CHECKLIST OF IMPORTANT WEEDS IN THE ASIAN-PACIFIC REGION

D. F. Saiki, D. L. Plucknett and P. S. Motooka

In order to establish the importance Table 1. Wasteland, range, pasture, and orchard weeds.

of individual weeds in the Asian-Pacific

-

SRREIES Yo e YN oM 1

region, all interested persons and partic-

ipants in the Asian-Pacific Weed Interchange -
were asked to list ihe important weeds of vi E p 'g glg
their country or area. Three major ecological =} g % glw o P 5 » % & é
areas were separated: ] E 5-&5‘3 HEINEEBEEE E:
Table 1, Wasteland, range, pasture and HHEEREEEE BRI RREIHEE
orchard weeds, S B LT e L E T A AL P4 E e
Table 2, Upland crop weeds. . .
Table 3. Lowland and aquatic weeds. Acama.f.ameyanfl X ~ X
Ariemisia vulgaris x
Although nor all persons responded, - -
the weeds of 17 countries or major areas Asclepla-is‘curas.smtlca X
were presented, Caes':alplma Spiagp
In spite of the fact that this check- Cassia tfm_
list cannot _be regarded as complete, it is the C!lu.ndnllajum‘:ea
hope of the authors that this ist can form Cirsium arversis
the basis o, an enlarged and complete check- le"md?“dl:"m rggrans
list for the future. Certainly it should help ChdemuE hlm_l
to identify the more important weeds of the /Commelina dxfﬁ.lsa
Asian and Pacific areas, Cyperus aromaticus
Cyrostemma calendula
‘] Cytisus scoparius
Emex australis
Erodium botrys
Erodinvm muschatum
Eugenia cuminu
Eupatorium sp.
Hordeum leporinum
Hyptis pectinata
Imperata cylindrica X
/Indigofera sp, X
Lantana camara b
Melaleuca lencadendra X
Melastoma malabathricum
Mimosa invisa
Myrica faya
QOcimum sp.
Opuntia sp.
Pseudoelephantopus spicatus
Psidium guajava
Rose rubiginosa
Rubus fruticosus
Schinus terebinthifoliug
Sida sp,
Solanum torvum
Stachytarpheta sp. X
Trichachne insularis X
Ulex europaeus X
Urena lobata X
Xanthium pungens
{Xanthium strumarium




Table 2. Upland crop weeds.

Hawali

Western U. S.

Japan

Philippines

Taiwan

Australia

Indonesia

New Zealand

Ceylon

Thailand

Maiaysia

Fiji

New Guinea

Qkinawa

New Caledonia

Westerm Samoa

Cook Islands

Ageratuma conyzoides

-

"

E
E

]

Ageratum houstonianum

F]

ES

Amaranthus ascendens

Amaranthus hybridus

maranthus retroflexus
g Amaranthus spinosus

Bidens pilosa

Brachiaria mutica

Cenchrus echinatus

J-Ehenopodium album

A A ]

Chenopodivm ficifolium

¢ WChenopodium murale

Convolvulvulus arvensis

Crotalaria muironata

Crotalaria striata

Cuphea carthagenensis

jCynodon dactylon

_Cyperus rotundus

EA R AR

/Dactyloctenium aegyptium

Datura stramonium

{/Digitaria adscendeus

Digitaria sp.

Eleusine indica

¢ Euphorbia geniculata

Euphorbia hirta

AR B L k]

Festuca arundinacea

Hordeum murinum

Ipomoea hardwickii

Ipomoea obscura

Ipomoea friloba

Lactuca indica

Leptochloa panicea

Lindernia anagallis

Lindemia cordifolia

Mikania cordata

Mikania micrantha

Mimosa pudica

Oxalis sp.

Panicum repens

Paspalum conjugatum

Paspatum dilatatum

Paspalum urvillei

Passiflora foetida

Portulaca oleracea

ERENE IR R R

Sagina japonica

Setaria pallidifusca

Setaria verticillaia

Seiaria viridis

Solanum nigram

Sorghum halepense

Stachys arvensis

Stellaria sp.

Synedrelia nodiflora

wd
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Table 3. Lowland and squatic weeds,

I

Hawaii

Western U. S.
Japan

Philippines
Taiwan

Australia

New Zealand

Thailand
Ceylon

Ammania coccinea

_ﬂﬁlonesin

Malaysia

Fiji

New Guinea
Okinawa

New Caledonia
Western Samoa

Cook Isiands

133

Althernanthera sp.

Azolla flicutoides

Cy sems difformis

AR S

£

Cyperus iria

E]

Cyperus microiria

Dopathrium munceum

L K

Echinochloa colonum

Echinochloa crusgalli

Eclipta alba

Eichhomia crassipes

A AR A

Elatine triandra

Lquisetum arvense

Fimbrisiylis sp.

Glyceria fluitans

Glyceria maxima

Hydrilla verticillata

Hydrodictyon reticulatum

[pomoea aquatica

Ischaemum muticum

Ischaemum rugosum

Juncus sp.

Jussizea prostrata

Jussiaea suffruticosa

Lindernia sp.

Marsilea crenata

Marzsilea quadrifolia

Monochoria vaginalis

Myriophyllum sp.

Nymphea stellata

Pistia stratiotes

Polygonum sp.

Potamogeton sp.

Rotala indica

Segittaria sp.

Salvinia sp.

Spirodela polymrhiza
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THE CONTRIBUTION OF THE WEED RESEARCH ORGANIZATION OF GREAT BRITAIN TO
TROPICAL WEED CONTROL PROBLEMS

S. D. Hocombeand E. C. 8. Littlel

This is a short review of the overseas
c~-aponent of the work of the Weed Research
Organization, The first part gives a general
description of the Institute and its functions
as regards information, travel and liaison.
The second part describes the laboratory
reseazch work concerned with overseas crops,
weeds and soils, Further information can be
obtained by writing to the Director, Weed
Research Organization, Begbroke Hill, Kid-
lington, Oxford, England. Copies are avail-
able of the annual report of the Station for
those who are interested.

DESCRIPTION AND FUNCTIONS

The Weed Research Organization
{W.R.0.) is an Institute of the Agricultural
Research Council under the Ministry of
Education and Science. It is thus one of the
team of research stations controlled by the
Council to serve the necds of agriculture in
Britain. The Station occupies 288 acres of
which some 240 acres are available for
experimental work and field scale crop
production—in rotation. The Headquarters
is in the original 17th century farm build-
ings. Modern laboratories, glasshouses and
other facilities have been added, There is a
staff of about 100 of which some 25 are
graduates, The technical work of the Insti-
tute is arranged as follows:

Weed Science Department —

Evaluation Section

Chemistry Section

Botany Section

Microbiology Section

Weed Control Department —

Agronomy Section

Horticulture Section

Aquatic Weeds Project

Projects on long-term effects of

herbicides on soil
Active interest is also taken in overseas
problems and W.R.Q., like some other In-
stitutes in Britain, receives a substantial
annual grant from the Ministry of Overseas
Development. This finance supports: a) re-
search into tropical weed control problems,
b) the exchange of information, c} come-

15(alT, Overseas Liaison Officer, Weed Research
Onganization, Oxlord, England.

spondence with and personal visits to work-
ers overseas to give advice and, where pos
sible, assistance to workers in countries
needing help to tackle their weed control
problems.

In many countries the traditional
methods of hand-weeding, using relatively
cheap labour, are changing. Prices of labour
are rising and fewer, people are willing to
undertake the heavy work of manual weed
control, Mareover, revolutionary advances in
aop production methods are possible when
herbicides are used. There is an increasing
need for the adoption of modern techniques,

As weed control by chemicals be-
comes more comnlex with increasing num-
bers of new compounds and mixtures, agri-
culturalists in many countries, without as
yet elaborate weed research facilities of
their own, are realising the need to draw on
the assistance and advice available elsewhere,
At WR.O. many of the scientific staff,
including the Director, have themselves at
times worked in tropical countries on weed
research, There is ihus a useflul stock of
expetience to draw on when planning and
carrying out the work which the Ministry
of Overseas Development supporis.

INFORMATION AND LIAISON

W.R.0. receives many enquiries by
correspondence from all over the world from
people seeking advice, comments on pro-
posed experimenis (and on their results),
literature information, reprints or requests
for copies of papers, Many overseas visitors
make a point of cailing to discuss their work
and problems, some for day visits only, others
for much longer. A limited number of weed
specialists from overseas can be accommo-
dated at W.R.Q. to undertake post graduate
research work, specialized training or a re-
search project for a higher degree (Ph.D.,
M.Phil., M.Sc.) at Reading University,

Two intemnational journals on weed
contral are prepared at W.R.0O. Weed Ab-
stracts surveys a large proportion of the
world’s literature on weed control, It is
published by the Commonwealth Agricul-
tural Bureaux, and for its preparation large
numbers of journals are taken for scrutiny
and many reprints are collected and filed.

Increasing numbers of workers from overseas
are finding it useful to tap this store of in-
formation which is readily accessible through
a detailed system of cross-indexing.

The other international journal js
known all over the world as PANS, Section
C, on weed control, is also prepared at
W.R.O., but it is published by the Ministry of
Overseas Development. The policy of this
journal is to provide up-todate, readable
articles on developments in all aspects ¢
weed science throughout the world. PANY
( provides not only a source of information
to weed research workers everywhere but
also a convenient vehicle for publishing the
results of their work, Progress reports are
welcomed, The joumal is additionally popu-
la1 becavse the British Ministry of Overseas
Development will supply it (and its com-
panion journals Sections A and B on insecti-
cides and fungicides respectively) free to
scientific workers in official institutions and
educational establishments in developing
countries.

There is an overseas liaison officer
(Dr. E. C. S. Little) stationed at Begbroke
Hili who carries out a considerable pro-
gramme of travel, which in the last 4 years
has taken him to about 40 countres, Jour-
nies have been made round Africa, the
Caribbean and Central America, and South
America, These tours have enabled many
people interested in weed research to be-
come more aware of the work being done
at W.R.O, and elsewhere both through per-
sonal contact and from public lectures
given &t many placer visited. It is hoped
that suck visits will enable existing contacts
to be strengthened and will encourage the
development of collaborative research pro-
jects cartied out jointly by local specialists
and by W.R.O.

Reciprocally it has been stimulaling
for the traveiler to see for himself some of
the problems that have to be faced and to
have the opportunity to establish contacts
on behalf of his colleagues in England. It is
evident that travel of this type will become
increasingly important to maintain and de-
velop the service to international progress in
weed science which W.R.O. can give, The
next series of visits are planned to include
a number of countries in Asi.
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RESEARCH

Ir addition to acting as a liaison
centre and a base for the dissemination
of generalised information on matters of
weed control W.R.O, also produces, as a
result of its own research programmes, re-
sults which are of direct interest overseas.
Many of these results arise from the pro-
gramme of the Evaluation Section of the
Weed Science Department, The function of
this Section is to examine the capabilities
and properties of the new candicate herbi-
cides which are released by Industry in
many parts of the world. The herbicides
involved are usnally received near the time

hen the manufacturer first decides to pro-

wl with ther commercial development,
Approximately 30 new compounds have
been received annually over the last few
years. The Section carries out experiments
both in the field and in the glasshouses and
laboratories with which the Orgainzation is
provided, The evaluation work camied ont
in the laboratory and glasshouses has thice
major objectives. The first experiment with
2 newly-received compound aims to assess
its level of activity when applied in various
ways to the root or shoot of gix widely dif-

" ferent species, two of which are perennials,

ito
acts
It is
yme
de-
isin
The
ude

. Promising results here lead to a second

phase, in which pre-emergence or post-emer-
gence selectivity is examined over a wide
range of annual crops and weeds. In addi-
tion there may also be susceptibility tests on
perennial species, Over a quarter of the

' crops and weeds involved in {his second

phase of the glasshouse programme are of
tropical or sub-tropical origin. The third
major aim of the programme is to find out
the influence of environmental factors on
the performance of new herbicides, so that
the behaviour of these chemicals in future
field trials may be predicted or interpreted.
The techniques used in the early part
of the evalvation process are now well
established so that this work is on a routine

| basis, Where possible the results are recorded

directly onto punched cards and analysed by
computez. Techniques for the third phase
are in many cases still under development,
but it is intended, eventually, to reduce
them to routine procedures.

The relevance of this evaluation work

" to problems of tropical weed control can

be judged from the fact that the 50 or so
species involved in the glasshouse selectivity
tests include maize, sorghum, rice, cotton,
groundnut, pyrethrum, tobacco, Eleusine
indica, Digitoria sanguinalis, Eupatorium o-

doratum, Portulaca oleracea, Cyperus rotun-
dus and Cynondon dectylon, The 28 species
involved in the newly-developed miscepti-
bility fests for perennial weeds include the
two perennials listed above, together with
Cyperus esculentus, Digitaria sealarum, Pen-
nisetum clandestinum, Imperata cylindrica,
Sorghum halapense and Oxalis latifolia,

In additie~ to providing thess work-
ing overseas with imformation on the reaction
of these particular species to many new
herbicides the Evaluation Section also pro-
duces information which is of value to
workersalike in lemperate as well as tropical
climates For example, information on the
relafive activity of a new herbicide when
applied to the root or shoot of the growing
plant, on the effect of placement at different
positions in the soil, or on the rate and pat-
tem of herbicide leaching in response to
different infiltration rates comes into this
broader category. Some work has also been
done to establish the general relevance of
principles which were initially worked out
from data obtained under temperate condi-
tions. Thus the relevance of much of the
work done by the Chemistry Section of
W.R.0. on the adsorption of herbicides by
soils was widened by the inclusion of several
East Africen soils in the programme, It was
confirned that the same relationship be-
tween organic carbon content and adsorp-
tive capacity which exists for many temperate
soils also existed for this selection of tropicat
soils (Hance, 1965),

As soon as possible after they are
obtained the results of standard activity and
selectivity tests camied out by the Evalua-
tion Section appear in W.R.O. Intemal
Reports. These reports are intended to pro-
vide other W.R.0. Sections with data from
which to plan their own programmes, but are
also sent to a number of herbicide speciatists
in other Official research ozganizations.
These include workers in Israel, Canada,
Australia, New Zealand, The Gambis, Nigeria,
Tanzania, Swaziland, Kenya, Sambia, Jamai-
ca, Trinidad, Mexico and Malaysia, Internal
Reports are not formal publications, but
selected aspects of the evaluation work may
subsequently be summarized in formal papers
{e.g. Holly and Holroyd, 1963; Holly et af
1966; Hocombe ef al, 1966).

The suggestions for field trals in-
clided in W.R.O. Internal Reports continue
to provide co-operators overseas with a
source of independent information for use
in planning their trdals, In addition, the
first W.R.O0. teporf on 2 new compound in-
cludes the manufacturer’s address and a

summary of the manufecturer’s own trial
suggestions,

As well as sending early resufts to
co-operators on a 'not-for-publication’ basis
the Evaluation Section of the W.R.O. at-
tempts, either through direct contact or
via the Overseas Liaison Qfficer, to obtain,
the results of fhe co-operator’s subsequent
trals in exchange, W.R.Q, data are aiso
exchanged with groups in the U.S.A, and
Europe who are running similar glasshouse
and field evalvation programmes with new
herbicides. In this way a dossier of informa-
tion—much of it not yet published—is col-
lected about each new compound, ensuring
that at up-to-date picture is atways available,

The Overseas Officer of W.R.0. has
also been able to take part in some research
on problems with an overseas interest. This
work has included studies involving new
methods of applying herbicides from the
air, in narrow precisely defined bands, as a
method of ireating weeds in wate: channels
with minimum drift and without the need
for additives (Little, et al, 1964; Robson,
et al., 1966; Robson, 1966). These methods
which have been developed in collaboration
with the Tropical Pesticide Reszarch Unit
could also be used for the application of
molluscicides,

In the glasshouses at Begbroke Hill
the overseas officer has carried out some
important tropical water weeds such as wa-
ter hyacinth (Fickhornia crassipes), Selvinia
auriculata, and water lettuce (Pistiz strati-
otes). This work has emphasised the need
for those who are troubled with these weeds
on important water storage areas to estimate
the loss in water caused by them and thus to
judge how much effort and money should
be spent on their control The water con-
tent of these species has also been studied as
a contribution to their assessment for pos
sible utilization. The results have been
published in PANS C (Little and Henson,
1967).
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ASIAN PACIFIC WEED CONTROL INTERCHANGE - WORKSHOP

Recommendations from the Work-
shop held June 22nd., 1967 on the improve-
ment of Weed Control in the Pacific area,
K. Newton, Chairman.

The Workshop recommends that:

1. The Asian Pacific Weed Science Soct
ety be formed with the object of
promotirg a free exchange of techni-
~al information on weed control pro-
blems in the Asian Pacific area,

2. A survey be made of all territories in
the South Pacific Region with the
object of providing information on
major crops, crop areas and crop
economics, mejor associated weed
problems, current weed control re-
search, and the potential for use of
herbicides on an economic basis,

3. An approach be mede to sgencies
sach as the East-West Center, Food
and Agriculture Organizetion, United
Nations Development Programme and
the University of Hawail, requesting
assistance in the appointment of a
specialist or a post-graduate student
to carry out this survey and that
industry be invited to support this
request.

4,  Administrations in the South Pacific
be requested to desimnate for each
territory an officer who will be re-
sponsible within the territory for co-
operation with the South Pacific
Commission and an Aslan Pacific Weed
Science Society on technical assist-
ance and clearing house activities.

5. The East-West Center, in cooperation
with the South Paciiic Coramission,

WEED PROBLEMS OF PAPUA AND NEW GUINEAI

D.R. Petty?

On a— agronomic basis the present
crop culture of the territory can be divided
broadly into lowland crops- coconuts, cocoa,
rubber, robusta coffee and peanuts and high-
lands crop - Arabica coffes, with emphasis
being towards further diversification. Tea is
grown on a plantation scale, pyrethrum by
indigenous farmers on small blocks, while
essential oils and pasture expension are being
investigated.

1 presented in a Panel Discussion: “Some important
problems which need immediate atiention in weed
control in areas of the South Pacific”.

2 Agronomist, Highlands Agricultural Experiment Sta-
ton, Aiyura E.H.D, New Guinea.

'WEEDS IN MAJOR CROFS

Weeds of economic importance asso-
ciated with the major crops are as follows:
Copra. - Imperata cylindrica

Mimosa invisa MART
Mimosa pudica LINN
Passiflora foetida LINN

Probably the greatest problem is re-
growth of Imperata on newly cleared land.
Although Dr. Barnes and Dr. G. Watson
showed some informative slides yesterday
concerming control of vegetation under coco-
nuts, they emphasized the “clean weeding”
or weed elimination method of weed control,
whereas our present economy must rely on
the concept of suppressing weed prowth

9.  Robsan, T.0,, Littls, E.C.S,, Johnson, D.R, and
Hill, RF. (1966) A new techelque for the
sccurats applicatior of herbicldes to dreinage
chmnels with negligible spray drift Weed Res,
6 (3): 254-66,

10. Robson, T.O. (1966) Further progreas with
the aerdsl spplication of sgqueons sohutions of
dalspon to driinage ditches, Proc. Bih Bril.
Weed Control Conf, 598-9.

organize at the extension officer level,
a weed contro] training programine in
the South Pacific Region in 1969.

6.  The East-West Center, in cooperation
with the South Pacific Commission,
agsist temritories, on request, with the
training in Hawaii of weed cortrol
personnel,

7. Temiioriesin the South Pacific Region
give consideration to the extra cur-
ricula training in weed control of
students who are studying at agricul-
tural schools and colleges either mside
or outside the region.

8.  The Asian Pacific Weed Science Soci-
ety in cooperation with the East-West
Center examine the feasibility of the
publication of an Asian Pacific Weed
Science Newsletter.

sufficiently to justify cost and would thus
involve basal application only. Under the
high rinfall and temperature conditions
encountered neither 2,2 DPA nor paraquat
heve sufficiently long effect to be an eco
nomic proposition. ’

Cocor- Imperata cylindrica

Paspalum conjugatum

Leucaena leucocephala (glauca)

Control of Paspalum can be effected

by parquat but depending on season the
rapid regrowth often renders the treatment
uneconomical. The Leucaena, used as &
shade crop in young cocoa, needs to be
thinned and removed as the canopy closes.
Varying resvits using 2,4,5,-T have been
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obtained with fritled cuts but a more reliable
procedure needs investigation.

| Rubber - Mimosa invisa MART
i Mimosa pudica LINN
Basal application is again the only
economic herbicidal practice possible and use
of paraquat has been pracliced to some ex-
tent.

Peanuts - Portulaca oleracea

Euphorbia geniculata

Tridax procumbens

Cleome viscosa

Eleusine indica

Brachiaria reptans

Because of preferential trade agree-

ments this is the only crop presently grown
in New Guinea where economics warrant a
pre-emergent and total coverage post-
emergent herbicide technique, The economi-
cally most important species are Portulsca
and Euphorbis. Some swccess has been
obtained with CIPC, linuron and the sub-
stituted triazines, however variable the rain-
fall and soils, particularly the former, have
produced such a variability of results that no
specific recommendations have been made.

Arabica Coffee -
Paspalum conjugatum
Paspalum longifolum
Cynodon dactylon
Echinochloa crusgalli
Eclipta valerianifiora
Amarathus blitum
Commeling sp.

Although clean cultivation is the ideal,
economic considerations are limiting because
it takes repeated application of 2,2-DPA to
remove the perennial grasses and causes e
population shilt to Commeling and broad-
leaved weeds. Pre-emergent trials using a
wide range of substituted triazines and ureas
have produced enconraging, though varying,
results because of rainfall variability.

Control of Pteridum sp and Sida sp in

pasture by chemical means has not been .

attempted because to date pasture manage-
ment has proved adequate.

Although Lantana sp, Eichhornia cras-
sipes, Opuntia spps., and Psidum guaava huve
been declared noxjous plants they have not
ag yet become major economic problems as
they have in other islands of the Pacific.
Finally, our most rapidly spreading weed,
and one which still requires considerable
research throughout the world, is Trichachne
insularis, which will become a major problem
in both improved and unimproved pastures.

WEED PROBLEMS OF FLJI 1

N. P. Patel 2

One of the most important problem
weeds in Fiji is Cyperus aromaticus; locally
known as Navua Sedge.

Cyperus aromaticus is a major prob-
lem in pastores, This weed is gpread mainly
by cattle, furm machinery and implements.
Loss is not serious in cultivated land because
rotation of rice with other crops makes con-
trol effective. Cultivation elso destroys this
weed and gives good control, but it is an ex-
pensive method. Cultivation can not be
carried out an hilly lend where most of the
pastures are established. Digging and burying
clumps of the weed by manual labor is effec-
tive but very expensive.

Reganling chemical control, many
chemicals have been tried but none of these
have given 100 per cent control. Generally,
chemicals kill above-ground parts but re-
growth occors from underground parts. Soil
residual herbicides have also been tried, but
they do not give complete eradication. When
soil residual herbicides are applied they kill
both pasture grasses and Cyperus aromaticus,
and as pasture grasses are slower to recover
than Cyperus aromaticus the problem of its
control comes up again,

IPresenied in a Panel Discusion: Some Imporiant
Problems Which Need Immedint= Attention in Weed
Contral in Areas of the Soqth Pacific,

ZWeed contral officer, Koromivia Ressarch Station,
Departnent of Agricalture, Nausor, Fifl

The main crops ot i1 are sugarcane,
coconuts, rice, banenas, root crops (Dalo,

Tapioca) and vegetables,

The major weeds found in Fiji are:
Fsidium guajava Linn.
Clidemiga hirte (Linn.) D. Don.
Urena lobata Linn.
Mimosa invisa Mart.

Acacia farnesiana Willd.
Xonthium pungens Walker
Elephantopus mollis H.B.K.
Solanum torvum Swarlz
Lantana camara Linn,
Hyptis pectinata fLinn.) Poit.
Sorghum halepense (Linn.) Pers.
Ischaemum rugosum Salisb.

Ageratuin conyzoides Linn.

Cyperus rotundus Line.
Cuphea carthagenesis (Jacy.) Machr.
Mimosa pudica Linn,
Paspalum conjugntum Berg.
Echirochloa colonum {Linn.) Link
Setaria pallidifusca {Schum.) Staff
and Hubbard
Brachiaria mutica (Forsk) Stapf.

Some of the above lisied weeds ace
serious on culiivated land and some of them
are found in pasture land.

The cost of labor varies from F.L0—
2-2/hour to F.L0-3-5/hour. ie. F.L0-17
—4/day to F.ZL1~7-8{day. Labor costs are
high and as a result chemical weed control
is becoming more populer ameng Fiji
farmers.
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