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PREFACE

The Post-Conference volume of the proceedings is the record of additional
invited and contributed papers presented at the eighth Asian-Pacific Weed Science
Society Conference held at West-End Hotel, Bangalore, India, on November
22-29, 1981. This volume includes Welcome address, Inaugural address, Keynote
address, Presidential remarks, report of the conference, recommendations of the
conference, minutes of the meetings of General Business Committee and the
Executive Committee of the Society, list of Chairmen and Co-chairmen of
Sessions, members of APWSS executive and Industry-sustaining members as well
as list of delegates attending the conference from various countries with their
addresses so as to help maintain contact among participants.

It is a pleasure for me to place on record the sustained assistance received from
my young friends Mr. T. V. Ramachandra Prasad of the Weed Control Project of
the University of Agricultural Sciences, GKVK, Bangalore and Mr. N.Gopala-
krishna, formerly of the UAS Publications and presently at the National Institute
of Mental Health and Neuro Sciences, Bangalore.

The proceedings of 1981 and this 2nd volume are available at US $35
(Rs.250/-) and US $ 15 (Rs. 100) [inclusive of postal and package charges — Vol. |
& 11 US $40 (Rs.300/)] from the

Organising Secretary,

8th Conference of the Asian-Pacific Weed Science Society

159, I Cross, Vasanthanagar,

Bangalore 560052, INDIA.

B. V. Venkata Rao

78, 111 Cross Road, Editor
Gavipuram Extension,
Bangalore 560019
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WELCOME ADDRESS

Dr. N. G. Perur,
Chairman. Organiang Commuttee, 8th Conf. of APWSS.

His Excellency the Governor of Karnataka Shr Govind Narain,
Dr. H. R. Araker, President, Asian-Pacitic Weed Science Society (APWSS),
Dr. O. P. Gautam, Dircctor-General, Indian Counal ot Agicultural
Research, Dr. S. Matsunaka, President, International Weed Science Society,
Dr. K. Knshnamurthy, Organising Secretary, Di. U C. Upadhyay, Vice-
President (ISWS), Members of the APWSS, Members of the Indian Society
of Weed Science (ISWS), Members of the local orgamsing commautte
Distinguished Delegates to the 8th Conference ot the APW NS, Dignitanes
and Scientists of the various Government and Private Institutions and
Organisations, Representatives of the Press and Allllndia Rudio, Other
Distinguished Guests, [ adies and Gentlemen,

I consider it an umique privilege to extend a warm welcome to you all o
the inaugural tunction of the 8th Conterence ot the APWSS.

It is kind of Shn Govind Narain, His Excellency the Governor of
Karnataka. to acceed to our request to grace the occasion and to maugurate
the conference. I extend a very cordial welcome to him, on behalt of the
organisers of the conterence and on my own.

Dr. H. R. Arakeri, the Chairman for this morning session, v the mai
architect of this conterence. We would like to express our appreciation to
him and to the Exccutive of the APWSS for deciding to held its Eighth
Conference at Bangalore. Dr. Araken although placed at New Declhi,
frequently visited Bangalore and provided guidance in the organisation of
the conference. We extend to hum a very warm welconse

Dr. O. P. Gautam, the Director-General, Indian Counail ot Agricultural
Research, New Delhi, although returned from his foraign trip only a tew days
ago, has been able to spare his valuable time and be with us this morning to
address at the inaugural session. We are gratetul to him tor this and extend a
very warm welcome.

There has been a spontancous response to our requests trom weed
scientists of several countries and many States in India. Delegates tfrom 17
foreign countries, namely, Australia, Canada, UK, West Germany,
Indonesia, Italy, Japan, Nepal, New Zealand, Pakistan, Philippines. Bangla
Desh, Malaysia, Singapore, S Lanka, Thailand and United States ot
Amenica, have come for the Conference. About 115 delegates from abroad
and about 163 delegates trom various States in India are participating 1n the
conference. Another 20 interested associate delegates, student delegates and
farmer delegates have also come to attend the conference. Most heartily we
welcome them all.

My colleagues 1n the Organising Committee have taken much trouble
and have made elaborate urrangements to receive the delegates, house them
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properly in this garden city of Bangalore and to look after thgit comforts
during their stay here. Bangalore City has fine weather during this part of the
year. Both mid-conference and post-conference tours and visits to places of
interest in Bangalore City have been planned for the benefit of the delegates.

I am sure the delegates will enjoy their stay in Bangalore and profit by their

participation in the conference.

The different technical sessions of the conference are organised to cover
the diverse fields of weed science. I am sure the rich knowledge and
experience of all the participating delegates will help the deliberations of the
conference, leading to useful results.

Many private firms and organisations have extended their help in
organising the conference. We extend a warm welcome to them through their
representatives who are attending the meet.

Many distinguished guests, representatives of the Press and the All India
Radio have readily responded to our invitation and we heartily welcome
them all.
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INAUGURAL ADDRESS

Shri Govind Narain,
His Excellency, the Governor of Karnataka, Bangalore, India and Chicf Guest

Dr.H.R. Arakers, Dr. N. G. Perur, Dr. O. P. Gautam, Dr. §. Matsunaka,
Dr. K. Krishnamurthy, Dr. U. C. Upadhyay, Members of the Asian-Pacific
Weed Science Society (APWSS), Members of Indian Society of Weed
Science (ISWS), Learned Scienusts, Distinguished Guests, Ladies and
Gentlemen,

I deem 1t a privilege to be with you this morning to inaugurate this
important conference which has brought here eminent scientists from the
different parts of the world for important and serious scientific discussions
and to find out practical solutions to the problem encountered by the
farmers.

Crop production 1s dependent on *he biogenetic potential of the crop,
bioecosystem of the soil and the environment. Of the seveal constraints in
production, weeds constitute a major one, causing considerable loss and
frustation to the farmer. The problem of weeds and their control is as old as
agriculture. The weed problem has, of late, assumed serious proportions and
has become aggravated as man intensified his efforts in maximising
production to meet the demands of the increasing population. New
problems are arising every year as the newcer technology generated tended to
mollify the bioecosystem and the environment.

Of the total estimated loss caused by pests, insects, diseases and weeds in
the world agriculture, weeds alone cause one third of the Jos., amounting to
about 25 billion dollars. In recent years, owing to large scale escalauon of
costs in petroleum products coupled with the well known energy crisis, the
problem has been aggravated further by the increase in the cost of inputs in
agriculture. For us now, it 1s a serious challenge to be able to raise a crop
successfully and profitably too. Control of weeds 1s of course needed in
cultivated fields but we also need to suppress the unwarranted and unwanted
vegetation in other areas such as the banks of rivers, canals and drains,
roadsides, grazing areas and forests.

In the process of domesticating the useful plants and in a bid to increase
the production, several methods of control of weeds are in vogue depending
on the situation. More recent research and technological development in
weed control have been the use of chemicals to control unwanted vegetation.
In many cases, crop substitution and adoption of some agronomic practices
reduce the weed problem. Utility of host specific biotic agents in salvage of
problematic weeds on a Jarge area without altering the bioecosystem and in
recent years, use of integrated methods of weed control appeared to brighten
the prospects of increasing production by minimising the weed menace.

It 1s of paramount importance to tackle this world wide weed problem
with a consortium-approach- of scientists drawn from Agricultural
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Universities, National Institutes and International Organisations. 1 am
hoping that the participating weed scientists will give some thought to the
development of integrated methods of weed control for various crops and
situations. In addition, scientists should make safe use of herbicides with
least possible hazards and allay the apprehensions in the minds of the public.

Friends, I have puttorth some ot my stray thoughts betore this august
gathering. Maybe, I might have made some observations which to you would
appear simple and common place. But I am not an expert and 1 have only
placed before you the layman’s point of view. [ am greatly impressed with the
rapid strides that science has made. I am equally aware of the excellent work
being done by you and others in your chosen fields, but it i« my anxiety to see
that this scientific gathering will bear fruittul results, which 1s possible only
when a technology relevant to the needs of the tarmer, especially the average
unskilled farmer 1s generated and taken to his fields to enable him 1o
adopt the same with ease.

[ would like to express my deep appreciation for the opportunity given to
me to share some of my thoughts with you and 10 1naugurate this talented
conference, which I do now with great pleasurc and 1 also wish vour
deliberations full success.
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KEYNOTE ADDRESS

Dr. O. P. Gautam,
Director General, (ndian Cowicl of Apriculturid Research,
New Delfe. [ndia

Your Excellency the Governor of Karnataka, Dr. H. R. Araken,
Dr N. G. Perur, Dr. §. Mutsunaka, Dr. K. Knshnamurthy, Members of the
Organising Committee, Distinguistied Delegates, Ladies and Gentlemen,

I consider it a great privilege and honour to have the opportunity to
participate i this inaugural tunction and to address this 8th Conference of’
the Astan-Pacitic Weed Science Society. Weed science 1s not the area of my
specialisation, and thercetore, | speak with some sense of hesitation to this
calaxy ot weed science specialists who have assembled here trom difterent
parts of the world. As a professional agronomist, however, [ have had alwavs
an innate interest in the development ot weed sarence research and education
1 th ~ country. First, as the Head of the Division of Agronomy of the Indian
Agricuitural Research Institute, New Delhi 1 ohad the opportunity of
organising perhaps the tirst Weed Science Section i the country in the
1950s. Later, in my capacity as the Deputy Director General (Educationy in
the Indian Counall ot Agncultural Research, | had the responsibility to
develop the neccessary infrastructure tor weed saience research at the vanous
Agncultural Umiversities and ICAR Research Institutes, Now, as the Director
Goneral, TCAR, the subject of weed science continues to be of immense
mnterest and utmost concern to me particulardy in view ot the signiticance
weed control has assumed in the intenvive agneultural programmes and the
tast changing socto-cconomic milieu m the country in recent vears. | have,
theretore, ¢hosen to speak to you on this occasion on the subject of my
current concern th Development of Weed Science Rescarch and Education
in India and the Future Qutlook.

Weed Problems

Weeds have been a probelm tor man ever since he took to domestication
of plants, and therefore, weed management seems to be as old as agriculture
itselt. There are over 25.000 plant species in the world. Of these, about 250
have become important weeds in agriculture and non-agncultural system.
Weeds occur in cultivated crops, in aquatic systems, torests, plantation crops
and non-crop areas. They cause enormous losses and sutfenng to human
bemgs by wav of reduction of crop yiclds and quality, wastage of human
energy and resources and increased expenditure to alleviate the problems
caused by them. Many of these weeds are persistent, perenmal,
pernicious, parasitic, obnoxious and hard to control. They also cause health
hazards to human beings as we have recently witnessed with weeds like
Parthenium hysteropboris and Poison vy (Rhus radicans).

In addition to dircct reduction in crop yields through competition for
nutrition, soil moisture and sunlight, weeds indirectly reduce the yield
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potential by serving as alternate hosts to a number of crop pests. Weeds like
water hyacinth and Sa/vinia orculata impede flow of water in irrigation and
drainage channels and even cause flooding and sedimentation. Fish culture is
also affected due to aquatic weeds. The irrigation scheme on the Chambal
river which was designed to command 1.4 million acres was choked by weeds
in the first five years and the flow is reported to have been reduced by as
much as 80 per cent.

Weed problems vary from crop to crop, region to region and farm to
farm. Also, the spectrum may vary with soil types. The effect of weeds on
crop growth is the worst in arid and semi arid regions where soil moisture is
the limiting factor. As weeds often have a higher rate of growth initially, they
compete very effectively with the crops in early stages of growth. Above all,
in the context of new agricultural strategy of raising high-yielding varieties of
crops with high inputs of water and fertilizer, the weed menace has to be
checked in time. The very purpose of improved technology, which is to
maximise the crop yield, will be defeated if the weeds are not checked in early
stages of their growth.

Development of Weed Control Technology

The earliest of the methods to control weeds was the physical method -
manual or mechanical. Starting with hand-weeding, weed control has gone
through a number of stages in its evolution — use of hand tools, hoes, animal-
drawn implements, cultural, chemical, biological methods and lastly in-
tegrated weed management. The manual or mechanical methods continue to
be the mainstay in weed control in field and plantation crops even today. It is
a common sight in India that men and women stoop down for days together
to weed their fields with hand implements. With the advent of line sowing, a
number of mechanical devices and bullock-drawn implements are being
increasingly used for inter-culture and weeding. In some situations, as many
as 20% of the man-days of crop production are spent in hand-weeding. In
recent years, however, labour 1s becoming increasingly scarce and expensive.
Increased literacy, migration from villages to urban areas and changes in
social life in villages, particularly the changing role of women in society, are
fast contributing to labour shortage at the farm level. The result is that
whatever labour is available, it 1s utilised in most cases for other farm
operations at the expense of weed control.

There is no doubt that physical methods of weed control are
cumbersome and time consuming. At times, soil and climatic conditions
may not permit the use of implements. It is under these conditions that
herbicide use has potential even in a country like India.

Chemical weed control, except in plantation crops like tea and lately in
intensive farming areas such as in Punjab for crops like wheat and rice and in
Gujarat for onions and cumin, has still a long way to go by way of common
usage. Biological control methods have so far been restricted to control
perennial weeds in non-agricultural lands. With the development of varieties
with specific canopy characteristics and with the cost of inputs going up, an
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integrated approach to use herbicides to complement the cultural
methods is being increasingly adopted. It would appear that weed science is
no more synonymous with either manual and mechanical methods or with
herbicide use.

Herbicidal consumption in India is only about 6.5% of the pesticide
consumption compared to 40-50% in the more advanced countries. The
difference becomes even more glaring when we realize that pesticide
consumption itself 1s low (only 430 g/ha) in India compared to 11000 g/ha in
Japan. Insecticides always take a bigger share in developing countries over
herbicides because human/animal labour is cheap; the damage due to insects
1s more conspicuous than that due to weeds and there 1s lack of simple, safe
and economic herbicides.

Development of Weed Research in India

As early as 1952, ICAR launched Co-ordinated Weed Control Scheme
on wheat, rice and sugarcane in elever states to monitor the weed flora of
major regions in the country and the relative feasibility, efficiency and
economics of the various herbicides. About the same tine, Plantation Crops
Research Institutes like Toklai began to experimient with herbicides. Today
tea plantations account for 60% of total herbicidal use in India. It was in the
fifties that a full-fledged Weed Control Section was established in the
Agronomy Division of IARI for the first time.

A number of agricultural universities and institutes have since developed
research and development programmes and are major contributors towards
weed research today in India. So far, screening and selection of herbicides for
particular crops seem to be the major concern of most of the institutions.
Comparatively little attention has been given to herbicide physiology,
residue analysis, integrated weed management, adjuvants and antidotes,
spraying equipment and weed biology and compe tinion.

The'latest effort to strengthen weed research in India 1s represented by
the All-India Coordinated Research Programme on Weed Control which
ICAR has undertaken at fourteen locations in different agro-chmatic zones
of the country. In 1968, the Indian Society of Weed Science was established
and the first number of the INDIAN JOURNAL OF WEED SCIENCE
published by this Society came out 1n 1969.

In the last decade, substantial work has been done to identfy weed
management practices in wheat, paddy, sorghum, maize, pulses, plantation
crops, etc. in India.

In a number of cases, crop substitution and adoption of suitable
agronomic practices have helped to eliminate the weed competition. Quick-
growing crops having quick canopy coverage often suppress weed growth.
Likewise, legumes intercropped with cereals not only improve soll fertility
but also suppress weed:. Also, use of proper inter-row spacing to facilitate
intercultivation helps to eliminate weeds. For the control of parasitic weed,
trap or false crops have been identified.
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Use of selective herbicides to eliminate morphologically similar weeds in
crops like wheat, paddy, etc., has gained importance in recent vears and
found useful in increasing the production. Also use of herbicidec )
control of problematic weeds in several crops including tea s really
encouraging.

Future Research Trends in India

Herbicide technology would be an area of continuing concern to us since
it has the potential to become an integral part of the ever-changing agro-
technological situation in India.

Research in weed biology should probe for a better understanding of
survival mechanisms of seed dormancy in annual weeds, dormancy-apical
dominance relationships of dormant buds and shoots in perennial weeds,
population shifts under the influence of soil, climate and habitat changes.
Such research should help identify most vulnerable stage to develop habitat
management practices for synchronized germination of weed seeds and to
identify chemicals to induce dormancy of weed seeds until they lose viability
or prevent the fertilization of weed flowers. Similar work needs to be done on
aquatic weeds and plants of forest environment. Studies be made on the
effects of vegetation decomposition products in soil on growth of weeds.

Weed competition 1s maximum during the active growth stage and this
critical period vanes from crop to crop and from one weed species to another,
Identification of these critical periods and economic threshold levels of weed
competition helps in choosing appropniate herbicides (1in mixtures or n
rotations) or weed control practices for economising on the cost of weed
control programme. Crop yield losses at different degrees of weed
competitions and weed control methods should al$o be determined.

The whole field of allelopathy is coming up. Aim should be to identify
allelopathic weed and crop species and chemical products which affect
growth of othér species in plant communities. Efforts should be made to
incorporate the allelopathic compounds into crop plants through breeding
so that crops may produce their own natural herbicides.

Weed control is not synonym with chemical control. This concept needs
change and research needs to be intensified to find answers to problems
which are emerging from intensive and multiple agriculture cropping. Weed
control has been worked out hitherto for a specific crop. With the new
intensive and diversified cropping patterns such as relay, companion and
mixed cropping, the present concept of controlling weeds in a single crop has
to give place to integrated weed management for the entire cropping system
including appropriate mixes of mechanical, cultural and chemical control
methods. Biological methods of weed control can also form a component of
such an integrated system wherever possible. In devising integrated strategy
for weed control, several elements will have to be suitably adjusted e.g.
finding ways to short circuit the high reproductive capacity of weed seeds and
preventing their reproduction; reducing longevity of weed seeds;
interrupting regeneration and movement of weed seeds and to stop
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reintroduction of weeds. Since multiple and inter~cropping 1 a unique
teature of Indian agriculture, this aspect of weed control research should have
the highest priority.

Interest in bro-control technology 15 mcreasing as the problems arising from
imdiscnminate use of modern pestiades are becoming more widely
appreciated.

Unlike herbicide use, biological weed control method aims not at
immediate control but on the long term suppression of weeds. Also, some
weed problems are better suited for biological control rather than mechanical
or herbicidal control methods, such as weed infested forest areas, commercial
plantations, reservoirs, public waterways etc. Integrating natural enemies
into a control programme 1s a relatively new area of study and more attention
may be paid to agricultural and aquatic weeds. When properly developed, the
integrated programme should provide weed control compatible with
ecosystem, besides the method being simple, cheap and easy to adopt.

Equally important are «tudies on the compatibility ot insecticides and
weedicides to reduce the operational cost and tme required tor crop
protection.

Our scientists need to stress on the studies on residual and persistent
eftects of herbicides on soil and food products. There 15 need to strengthen
the work on eftects of weedicides on the soil microflora and fauna. Lastly,
the use of stimulant and inhibitors for weed seed germination needs to be
explored keeping in view the success achieved in stimulating germination of
Striga seeds with the use of Ethylene gas.

Mention mav be made of the possibility of using weeds like water
hyacinth tor bio-gas production, manutacture ot paper pulp, board, mats and
house roots and as a protemn source tor non-ruminant animals and as a source
of nitrogen and potassium for soil and mulching material for weed control
and conserving soil moisture. Such research directed to make ‘wealth from
waste’ is highly relevant to countrnes like India.

Basic research is needed to understand the absorption, translocation and
action mechanisms of herbicides as well as transformation and degradation-
pathways in plants and soil. Such work requires sophisticated facilities which
we must create in the country. We must study how vanations in adaptive
climatic and biotic factors result in differential modes of action and
degradation patterns.

Other areas of research related to herbicidal selectivity are (a) de-
termination of the role of detoxification mechanisms in plants; (b) elucida-
tion of the physiological and morphological differences affecting selectivity;
and (<) understanding the interaction effects of adjuvants, surfactants,
solubilizers, antidotvs and herbicides.

Arother area of great importance in basic research is that related to
herbicide persistence, residues and residual effects and would require use of
techniques such as bioassay, calorimetry, spectrophotometry and
chromatography.
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Breeding resistant varieties of sorghum, tobacco and millets against
parasitic weeds such as Striga and Orobanche was taken up long back in this
country but attempts have not been very successful. Besides, breeding as the
cheapest and safest approach, germination-stimulant effects of ethylene have
also been tried.

Toxicity of herbicides in field economy of energy through herbicides,
conservation tillage and chemical fallows offer possibilities of double
cropping.

Most work in the past was limited to insect parasites and predators. We
should now explore possibilities with pathogenic micro-organisms and
perhaps try combination of insects and pathogens. A proper insect can serve
as a disease vector for the pathogens to enter.

Using natural enemies of weed species is the most fascinating area of
work which holds out considerable promise for the future but more research
1s needed to understand the nature of host-plant specificity. We would find
out economic feasibility of using snails and herbivorous fish to control
aquatic weeds.

Lest the continuous use of herbicides should have harmful side effects,
there 1s need to determine the long term effects of different weed control
programmes, of crop production practices and habitat management system
on weed problem such as weed persistence, effects of herbicidal use on soil
microbial activities and on the physical, chemical and biological
characteristics of soils.

There have been instances when second generation problems have
appeared leading to shifts in weed flora due to continuous use of the same
herbicide. Weed scientists should keep pace with such shifts and should be
able to modify weed control programmes suitably. More research needs to be
done on the role of micro-organisms in breaking seed dormancy of weeds
and vegetative, propagules.

Research effort in the past on the development of suitable herbicidal applica-
tion equipment has been rather feeble in India. Therefore, research needs to be
strengthened for the development of suitable sprayers, spray nozzles, and gra-
nule applicators. Effort should be directed to enhance durability and reduce cost
of spraying equipment. We need nozzles which reduce drift hazards by control-
ling droplet size, pressure and discharge rate, etc.

We are aware that elsewhere controlled droplet applicators with spinning
discs having fluted edges have been developed to produce smaller droplets.
Recirculating sprayers have been developed to practically eliminate all drifts
so that no herbicide falls on soil directly. Sprayers are also being developed
elsewhere which produce electrostatic charges on droplets which when
released are attracted to plant surface only. We in India must take note of this
advanced technology.

Education and Transfer of Technology Programmes

Weed Science at present forms part of the Agronomy Divisions at the
various Agricultural Universities. At both post-graduate and under-graduate
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tevels, a few courses are taught on weed science and there are less students
working on weed science for their degree programme. Also, the number of
scientists devoting full time to weed science research is extremely limited
(about 40 in 1978). In the context of the intensification of Indian
agriculture (adopting of high-yielding varieties, package of improved
agronomic practices and protection measures), weed control is becoming a
serious limiting factor and a matter of national concern. We are accordingly
giving serious thought to have a National Weed Research Centre mainly to
devote itself to more basic and mission-oriented research and to provide the
necessary technical back-stopping to nationwide programmes of applied
research on weeds.

It would appear that weed control technology is comparatively more
complex, more costly and not as simple as adoption of a variety or use of a
fertiliser. The major factor in the way of adoption of modern weed science
technology in India seems to be the limited supply of weed scientists and
trained weed science extension workers to carry out location-specific research
and demonstrations on farmers’ fields.

In order to facilitate adoption of weed control technologies, it is
absolutely essential to work out the cost-benefit ratio based on a detailed
socio-economic analysis.

Ladies and gentlemen, 1 look forward to very fruitful deliberations in
this Conference and wish the conference all success. Once again, [ thank the
organisers for giving me this opportunity to participate in the
Conference. I wish all the distinguished delegates a very pleasant and
comfortable stay in India.
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PRESIDENTIAL ADDRESS

Dr. H. R. Araken,
President, Asian-Pacific Weed Science Soceety, Agricudtural
Sctentists Recruitment Board, Barakhamba Road. Nirmal Tower.
New Delbr - 110001, India.

His Excellency the Governor of Karnataka Shri Govind Narain,
Dr. O.P.Gautam, Dr. N. G. Perur, Dr. §. Matsunaka, Dr. K. Krishnamurthy,
Members of the APWSS and ISWS, Distinguished Delegates, Ladies and
Gentlemen,

The Asan-Paatic Weed Saence Society 1s 14 vears old with ats first
mterchange held at the Fast-West Centre mn Honolulu i 1967, 1t 1s actively
engaged i ats career ot service and progress ot knowledge m weed science
which 15 of vital importance i modern agnculture. Tt has endeavoured to
turther the abject of the Soaety of promoung knowledge through exchange
of 1deas and intormation among different saentsts involved i weed
sctence, particularly the Asuan-Pacific Region. Hitherto 7 interchange
biannuals were held earlier at Philippines (2nd), Malavsia (3rd), New Zealand
(4th), Japan (5th), Indonesia (6th) and Australia (7th).

I am happy that the 8th conference of the Asian-Pacific Weed Science
Society 1s being held in Bangalore, India. The theme of this conference s
‘Perennial weeds in cropped lands and unwanted vegetation in non-cropped
lands’. The subjects tor discussion include Brology of weeds, Allelopathy of
weeds, New herbicides and appliances, Physiology of weeds and herbicides,
Herbicide residues and their interacions. Weed control in field and
plantation crops, Obnoxious and aquatic weeds and their control, and allied
aspects.

[ deem it a-privilege to extend a cordial welcome to all the visiting foreign
delegates and my Indian colleagues who have gathered here to participate in
the 7-day long deliberations of the conference. | am confident that thetr
efforts will lead to beneficial exchange of ideas among the scientific fraternity
and thus contribute and enlighten on many problems contronting scientists
and farmers in weed management,

I thank the Japan Association for the Advancement of Phytoregulators
(JAPR) and Indian Council of Agricultural Research for their financial help
in organising this 8th conference. In addition, several herbicide firms have
helped in various ways and I am thankful to them. Such an interdependent
help s essential for proper development of weed science in our region.

APWSS has entered the stage of healthy adolescence and I am sure 1t will
reach very soon vigorous purposeful adulthood. Let us all strive towards
strengthening the Society for its legitimate leadership role in the years ahead.

I wish the conference a great success and | am sure worthy
recommendations arising out of the various conference deliberations will be
useful to farming communiry.
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CROP PRODUCTION IN INDIA

H. R. ARAKERI
President (APWSS) and Chairman,

Agricultural Scientists Recruitment Board,

Nirmal Tower, Barakhamba Road, New Delhi-110 001, India.

Agriculture is said to have its roots in
the innovations that took place in differ-
ent parts of the world about 10,000 years
ago. Present day agriculture in India, as el-
sewhere, has evolved itself through the
ages. Agnculture and trade in India, as in
other ancient countries, witnessed a boom
much earlier than in the developed
countries of today. India being a pastoral
country before agriculture started, deve-
lopment of crops and amimals took place
concurrently leading to varying types of
mixed farming systems that we see now in
different parts of the country. Irrigated
agriculture also developed successfully
since irrigation has been an ancient art in
the country. In some parts, monumental
irrigation works were executed as early as
Ist century A. D.

The revolution as a result of applica-
tion of science to agnculture, in the
middle of the last century in some parts of
the world, however, by-passed many an-
cient countries including India. The need
for “application of research to agncultural
problems™ was stressed by the successive
commissions and committees appointed
to examine and report on the recurring
famine situations in the country from time
to time before the close of the last
century. Although 1nitiation of action
programmes towards this end can be
traced to the events that took place in
1870s in pursuance of various recommen-
Departments
however, were firmly established only 1n
1901,

dations, of Agriculture,

Developments leading to the setting
up of Agricultural Research Institutes and
Colleges took place in the first decade of
the century. The significant landmark, how-
ever, can be said to be that of the ap-
pointment of the Royal Commission on
Agnculture 1n 1926 to examine and report
on the conditions of agriculture and rural
cconomy in India. The Commuission in its
report of 1928, made recommendations of
far-reaching consequences. In pursuance
of the same the Indian Council of Agricul-
tural Research charged with the responsi-
bility of stimulating, initiating and coordi-
nating agricultural research in the country
was set-up in [929. It also made specific
recommendations to bring about improve-
ments in the working of the departments
and to create environment enabling farm-
ers to put into practice the new knowledge
gained through research and transmt
them through extension organisations. In
spite of the vanous efforts made to achieve
these objectives of improving the agncul-
tural situation, the production level re-
mained almost stagnant during the first
half of the century.

The country which was an exporter of
some agnicultural commodities in the
beginning of the century became a net
importer by 1947 when it achieved inde-
pendence. In spite of increased attention
during the planning era initiated since
1950, the situation continued to femain
unsatisfactory, until the introduction of
new technology consisting of fertilizer re-
sponstve varieties in tht middle of the de-
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be identified and removed. Even the fo-
rests are not very productive. While forests
contribute just about 1.5 per cent to the
GNP as against about 45 per cent from
zrable land, the contribution from the
area put to other uses is almost nil. The
scope for increasing the productivity of
the 55 per cent of the land not under culu-
vation 1s tremendous. The land that 1s re-
maining in a degraded condition at pres-
ent has to be reclaimed and put to better
use. In short, it needs to be recognised that
at present the yields of various cultivated
crops are low and the use of uncultivated
land is most inefficient. The endeavour,
therefore, has to be to develop an appro-
priate land use plan for every hectare of
land in the country.

The climatic conditions in most parts
of the country are such that it 1s possible
to practise multiple cropping wherever

PROC. §TH ASIAN-PACIFIC WEED SCI SOC. CONF. 1981 11 VOL.

water resources are available. In some parts
where the rainfall is spread over a longer
period, double cropping is a common
practice. With the availability of short
duration varieties of varnious crops, the
scope for extending the area under double
cropping has become increasingly brigh-
ter: [n the period 1950-51 to 1970-71, the
area brought under double cropping has
increased trom 18 Mha to 26 Mha. With
the emphasis at the national level on in-
crease in the area under irngation, the
scope for double cropping would further
improve. Thus, the gross sown area 1s h-
kely to increase continuously although
the scope for increasing net sown area 1s
very much limited (Table 1). This would
provide good scope for increasing the area
under crops like oilseeds and pulses and
the production of these has gained para-
mount importance.

Table 1: Land utihisation patterns—A. D. 1985 and A. D. 2000

Classification 1970-71 1785 (Mha) A.D. 2000
1) Area under forest 66.0 70.0 70.0
2) Area not available for cultivation 454 54.0 56.0
1) Area under non-agnicultural uses 16.2 21.5 26.0
1) Barren and unculturable land 29.2 2.5 30.0
3) Other uncultivated land excluding fallow land 338 32.5 29.0
1) Permanent pastures and other grazing land 133 14.0 15.0

1) Land under miscellaneous tree crops

and groves not included n net area sown 44 5.0 5.0
1) Culturable waste 16.1 : 115 9.0
4) Fallow land 19.7 165 13.0
1) Other than current tallows 8.6 70 5.0
11) Current fallows 14 8 | 95 8.0
5) Net area sown 140.4 145.0 150.0
6) Gross area sown 165.0 180.0 200.0
7) Tota: reporting area 305.3 318.0 318.0
8) Area for which no returns exist 22.7 10.0 10.0
9) Total geographical area 328.0 328.0 328.0

* As projected by Nanonal Commussion on Agniculture 1976,
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There is a tremendous scope for im-
proving the land use efficiency by bringing
about changes in the present cropping pat-
terns. In vast areas there i1s a misfit in the
rhythm of crops and the rhythm of soil
mousture supply. Such situations have to
be 1dentified and improvements suggested
with due regard to agronomic and socio-
cconomic considerations.

India has been an agncultural country
in the past and will continue to be so n
the future, although its industrial develop-
ment has been quite spectacular in recent
years. Presently, population depending on
agriculture has been as high as 70 per cent
(Table 2) and situation 1s likely to be so
even 1n 2000 A.D. The population was
238 man 1901 and 1t increased to 361 m in
1952 (Table 3). The growth rate was less
than 10 per cent earlier to 1930s and was

Lable 3¢ Population growth i Ind 1901 to 1981

less than 15 per cent during 1930s and
1940s and in the early part of 1950s,
since then, the growth rate has been
about 2.5 per cent per annum. As per
the 1981 census, the population is
684 m and by 2000 A.D. it may be about
1000 m.

The net area sown was about 100 Mha
m 1931 and it has increased to 140 Mha in

Table 2: Classificaton of workers in India as in
1971.

Class of Total workers % to toual
workers million workers
Culuvators 78.3 43.3
Agncultural

labourers 47.5 26.3
Other workers 54.7 30.3
Toul workers 180.5 100.0

Undivided India

indian Union

(mullion) (per cent) (mitlion) (per cent)
1901 2839 = 238.3 -
1911 303.0 (+) ©.73 252.0 (+) 575
1921 305.7 (+) .89 251.3 (=) 031
1931 338.1 (+) 10,60 278.9 (+) 11.00
1941 389.0 (+) 1508 318.6 -+ 14.22
1951 36l 0 (+) 13.31
1961 439.2 t+) 21.51
1971 548.2 (+) 24.80
1981 o838 (+) 2475

Census of India Paper | at 1981
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Table 4 : Population and net area sown— Indian Union.

Year Populanion Net area sown Per capita net
(mullion) (Mha) area sown (ha)
1931 278.9 97.9 0.35
1941 3185 98.3 0.31
1951 361.0 118.2 0.33
1961 439.1 1332 0.30
1965 479.0 138.1 0.29
1966 489.6 136.3 0.28
1967 500.4 137.3 0.27
1968 5ile 139.9 027
1969 523.1 137.6 0.26
1970 534.8 138.7 0.26
1971 547.0 1404 0.26
1972 558.6 1394 0.25
1981 683.8 140.0" 0.20
" assumed

The net area sown was about 100 Mha
in 1931 and it has increased to 140 Mha in
1942 (Table 4). The increase in net area
sown has been substantial during the
1940s and 1950s and even in the first half
of 1960s. It was during the war and post-
war periods that vanous attempts were
made to increase food production to cope
with the needs of the increasing popula-
tion. Increased production came in a large
measure due to increase in area and to a
small extent due to increase in productiv-
ity. Per capita net area sown has come

down from 0.35 ha in 1931 to 0.20 ha in
1981.

India 1s a country of small farmers and
it will continue to remain so for a long
time to come because of continued pres-
sure of population on land (Table 5).

SOILS

Soils of India vary widely in the fertil-
ity status as well as properties (Fig. 2).
They have been classified into eight
groups, namely, alluvial, black, red, late-
rites and lateritic types mountainous and

Table 5: Distribution of agricultural holdings according 1o size.

No. of holdings

Percentage
Average size of 8

: i } Percentage decrease in
Size/Class (in million) & operation holding
197071 197677 177071 197677 oa001 197677 197677 over
1970-71
Marginal (Below 1 ha) 36.20 4453 50.9 54.6 0.40 0.39 2.50
Small (Between 1-2 ha) 13.43 14.70 18.9 18.0 1.44 1.42 1.39
Semi-medium (Between 2-4 ha) 10.68  11.64 15.0 14.3 2.81 2.78 1.07
Medium (Between 4-10 ha) 793° 821 11.2 10.1 6.08 6.04 0.66
Large (10 ha and above) 2.77 244 4.0 3.0 18.14 17.53 3.36
Total 71.01 8152 100.0  100.0 2.30 2.00 13.04
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Fig. 2: Soils of India.
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hilly, desert, saline and alkaline and peaty.
The areas covered under different kinds of
soils 1s given below:

Mayor sotls Area i milion ba

Alluvial 1425
Black 60.3
Red 498
Desert 14.6
Latertes 12.1
Others 49.5

Total 3288

Alluvial soils include deltaic alluvi-
vum, calcareous alluvial soils and also
coastal sands. This torms the most impor-
tant soil group of the country, The alluvial
soils differ greatly in consistency and tex-
ture, ranging from sand through silt and
loam to heavy clay some with poor drain-
age. In some places there 1s accumulation
of harmful sodium salts. Vast areas of the
northern part of country extending from
Rajasthan to West Bengal, are covered by
these soils. They occur in parts of Onissa,
Assam and Gujarat also. These soils are
found in the valleys of major rivers in cen-
tral and south India too. Alluwvial soils are
mostly deficient in nitrogen and in some
place in phosphorus, zinc and also iron.
Wheat, maize, paddy, gram and sugarcane
are the important crops grown under
rainfed as well as irngated conditions.

Black cotton soils, which according to
present soil taxonomy come under
vertisols, are found to occur extensively in
Madhya Pradesh, Maharashtra, northern
parts of Karnataka and in parts of Andhra
Pradesh, Tamil Nadu and Orissa. They are
also found in patches in West Bengal,
Bihar, Uttar Pradesh and Rajasthan.
Owing to considerable vanation in their
depths, they are called shallow, medium or
deep black soils. The fertility status also

varies from very poor to rnich. Varety of
crops are grown both under rainfed and
under irngated conditions. Deep soils are
well suited tor crops that can efficiently
use stored moisture. Cotton, sorghum,
wheat and safflower are important crops
grown under rainfed conditions. In shal-
low and medium black soils pulses, o1l
seeds and cereals predominate.

Red soils occur in the southern parts
of the country re, in Tamil Nadu,
Karnataka and Andhra Pradesh. They ap-
pear in parts of Madhya Pradesh, Bihar
and Onssa also. They are found 1n small
patches in West Bengal, Uttar Pradesh and
Rajasthan. Their depth and fertility vares
trom place to place. Various kinds of crops
are grown mostly in rainy season from
June to September. They are 1deally suited
for culuvation ot different crops under
irrigation.

Laterite and lateritic soils are found in
heavy rainfall areas in Madhya Pradesh,
Kerala, Karnataka, Andhra Pradesh,
Assam, Bihar and Orissa. They are highly
leached soils and are, therefore, deficient
in all the three major nutrient elements
and also in lime and magnesia. Occur-
rence of deficiency of some micronu-
trients 1s also o common feature. Soils in
the valleys are rich where rice and sugar-
cane are raised. Plantation crops are raised
in the elevated areas as well as in valleys
(depending on the spread of rainy period
and availability of irngation facilities).

Desert soils are observed mostly in
western Rajasthan and in small parts of
Haryana, Punjab and Gujarat. They are
sandy and poor in fertility. These soils are
subject to wind erosion. Salinity and alka-
linity are common features of these soils
particularly in low lying areas. Water is
scarce and salty. These are calcareous and
are poor 1n plant nutrients especially
nitrogen.
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Other soils include saline and alkaline,
peaty and mountainous and hilly soils.
Mountainous and hilly sotls are rich in or-
ganic matier. Peaty soils are obtained in
humid regions of West Bengal, north Bi-
har and in parts of Uttar Pradesh and in
Tamil Nadu. They are usually acidic and
deficient in bases.

CLIMATE

The chimate 1s diverse and vares grea-
tely in different parts of India, especially
with regard to magnitude and distribution
of rainfall. Although similar vanability
and diversity 1s observed in temperature
and other elements of climate in winter
and summer months, the conditions pre-
vailing during the rainy months from June
to September are amazingly uniform. This
rainy period known as kharif season is the

most important from the stand point of

crop cultivation. In winter season, known
as rabi, crops are raised on stored moisture
or under irngation. In summer season cul-
tivation of crops 1s possible only under ir-
rigation.

The Himalayas and the western and
eastern ghats tlanking the southern penin-
sula on both sides, are responsible to a
very great extent for rawnfall in India. But
for these mountain ranges which help in
condensation of rain buaring clouds (barri-
ers) India would have been a rainless des-
ert. The south west monsoon rains begin-
ning from June are caused due to depres-
sions and cyclonic storms. These depres-
sions or low pressure areas originate in or
pass through the head of bay of Bengal
and travel through the sub-continent in a
north westerly or westerly direction. De-
pressions start occurring from June on-
wards and they may occur three or four
times a month during the active monsoon
period f.e., in the months of July and Au-
gust. They may continue to occur but

23

less frequently in the month of September
and they are usvally weak. The south west
monsoon ceases by the end of September.
The eastern parts continue to get rains
even in October. South west part, how-
ever, receives rains primarily from north
east  monsoon  1n
December.

The cyclones formed in the bay of
Bengal and Arabian sea between April and
June and October and December are
responsible for storms in the coastal areas

November and

which are quite destructive on some occa-
stons. Snowfall in the hills and hght rains
in the plains durning the winter months
from November to April occur because of
western depressions. They move n from
west and pass through the northern parts
of the country right up to Assam. These
showers although small in amounts are
useful to rabr crops in the northern parts
of the country. They may be uweful or
damaging depending upon the period of
occurrence. heavy
some

Hailstorms  cause

damages to standing crops in
parts.

There 1s considerabie vanability in the
total amounts and distribution of rainfall
in different parts of the country. The areas
in the extreme east receive heaviest rainfall
in the world amounting to as much as
1000 te 1050 cm per annum as against less
than 10 ¢m in the western parts. The con-
trast 1s striking not only in total amounts
but also in distnbution. In some areas
rains occur through major part of the year
and in some parts they occur only for few
days in a year. Major parts of the country
however, receives rainfall from June to Sep-
tember. During this period 80 per cent of
the total rainfall 1s received in the country.

It 15 not the total rainfall bur the dis-
tribution of rainfall during the periods of
growth of different crops that is of primary
concern for success in agriculture. The stu-
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dy of rainfall data over a period of more
than 50 years indicate that there is consi-
derable variability in the magnitude of an-
pual as well as monthly rainfall. Monthly
rainfall variability is as high as 40 to 50 per
cent even in the heavy rainfall months of

July and August.

The duration of most of the field
crops ranges from 100 to 130 days in some
cases up to 180-210 days. The following li-
mits for studying the rainfall patterns
vis-a-vis cropping patterns have been
adopted by the National Commission on
Agriculture :

(1) Rainfall greater than 30 cm per
month for at least three consecutive
months would be suitable for grow-
ing paddy.

(11) 20 to 30 cm per month for at least
three consecutive months for crops
like maize.

(1) 10 to 20 cm per month for three
consecutive months for crops like
pearl millet, sorghum and ragi.

(iv) 5 to 10 cm for crops which are low
water requiring, like grasses.

(v) Rainfall of 5 cm per month is not of
much significance for crop produc-
tion.

The monthly amounts over the entire
year are codified to analyse and delineate
the rainfall regions in the country. The
letters, A, B, C, D, E indicate the limits of
rainfall given above and the number of
months in a year receiving such amounts
is indicated by the numerical subscript. A,
means the rainfall is 30 cm and above for
three months. Using the codified formulz
the country has been delineated into 62
rainfall regions having 174 rainfall
patterns. The salient features are as given
below :

(1) February to May—Only 10 per cent
of the geographical area of the coun-
try gets more than 10 c¢m for a

month. 75 per cent gets less than 5
cm per month and 15 per cent, 5 to
10 cm dunng May.

(1) June to September— This is the prin-
cipal rainy period. Patterns vary
quite a bit and 80 per cent of the
rainfall is received during this
period.

(i11)) October—January —During this
period 45 per cent of the area is
under E type 7.c., no month has even
5 cm of rainfall. 30 per cent mostly
in Assam and south, gets 5 to 10 cm
during October. Fifteen per cent gets
10 to 20 ¢cm per month mostly in
east coast and north
States.

castern

The distribution of gross cropped area
in different major rainfall zones 1s given in
Table 6. These 32 major patterns each
covering more than half a per cent oc-
cupy together more than 95 per cent of
the gross sown area in the country.
The country however can be divided
into four broad divisions as given below
(Fig. 3):

(1) Heavy — ‘A’ type for at least
3 months.

(2) High medium — ‘A’ type at least for
one month or ‘B’
type for two months.

(3) Low medium — More than ‘C’ type
for at least 3
months

(4) Low — ‘C’ type for one or
two months only or
less.

In spite of the fact that there is consi-
derable variation in amounts and distribu-
tion of rainfall throughout the country, a
happy feature is that more than 75 per
cent of the country’s area receives at least
10 to 20 ¢cm of rainfall per month conti-
nuously for three months in a year. This
pattern of rainfall is more than sufficient
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Table 6: Area covered in major rainfall partern zones.

Gross cropped area

Ranfall No. consecutve (percentage of
months all Indsa)
EJ(EJE, No. month with 2.73
10 ¢m or more

June/Sept. C, I 5.04
July/Aug. C,/June/Sept. C, 1-2 8.94
July B, C, 2 1.87
July B, 2 0.92
June C,/C4 473 16.90
July B, C, 3 8.72
June C, B, C,4 4 3.33
June B,/B, 4/3 253
July A, B, C, 3 1.39
June C, A, B, A, 4 4.07
July A; C, 3 2.44
june C, A, C, 4 3.50
June C, A; B, 4 7.57
June B, A; B, 4 7.15
October C, 2 1.34
September C, 2 0.98
September C, 3 0.93
August C, 4 [.86
August C, B, C, 5 0.67
June C/B; Oct. C, 4/5 2.60
June By/B; Oct.C, 4/5 0.88
June B, A; B, C, 5 0.89
June Ay/A; Oct. C, 5 0.71
May C, B, A; B, C, 6 2.59
May C, B; C, 5 1.37
Aprl C, A, June Ay/A,; Oct.C, 7/8 0.66
Apnl C, B, June Ay/A, ‘

Oct. A B, 7/8 0.59
April C, A, June Ay/Ay Oct.C, 7 .14
May C; Sept. C, - 0.65
May C, August C, - 0.50
June C, - 0.12
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H{Q/? Medium Kainfall

Low Mediurm Kamfall

o

Fig. 3: Rainfall pattern in India.
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to support at least one crop in a year. A
large measure of stability could be intro-
duced through measures for water conser-
vation and crop planning in relation to
possible water availability. In the remain-
ing 25 per cent, major part receives the
ramnfall  suthicient to  support  millets,
grasses and trees. Switch over to fodder
and the crops in these areas would be be-
neficial. [t 1s these areas which need spe-

cial attention with regard to providing of

irngation faclities.

IRRIGATION

Water 15 another resource which the
country has in good measure. Various esti-
mates have been made to know the water
resource of the country. The [atest estim-
ate made by the National Commuissicn on
Agnuulture shows that the country re-
ceives about 400 Mham ot rain water an-
nually. Out of this, about 125 Mham of
water 1s used directly for transpiration by
vegetation. Ot the remaining 270 Mham,
it 15 paossible to harness only 105 Mham
for irngation—70 million surface water
and 35 million ground water.

Realising the importance of irngation
in Indian agriculture, construction of water
storage systems on a range scale began in
the second quarter of the last century. The
great famines that occurred 1n succession
dunng the last quarter of the last century
led to the development of protective frri-
gation systems 1n famine pronc areas.
Minor irngation works like small tanks
and wells have been n vogue from early
times in the private sector. They, however,
started receiving attention and support
through public sector as part of plan pro-
grammes.

The extent of area under irrigation in
undivided India in 1947 was 24 per cent of
the cultivated area 1., 282 Mha. After
partition it came down to 20. Durning the

last three decades irngation received conti-
nuous support. The gross irrigated area
which was 23 Mha (16 surface + 7 ground
water) in 1951 has now reached the level
of 55 Mha. There is scope to bring an
additional area of 50 Mha under irrigation.
As projected by the National Commission
on Agriculture, the gross irngated area
could be 110 Mha (70 surface + 40 ground
water) by 2025 A.D.

Ground water resources vary from
place to place. While the scope in hilly
states like Himachal Pradesh is hmited,
the same 1s enormous in the States like
Uttar Pradesh, Bihar and Punjab. Ground
water 15 tapped through open wells or
tubewells. Tubewells may be deep or shal-
fow. While shallow tubewells are mostly
individually owned, the deep ones are
constructed and operated by the state. The
number of wells dug has risen from 3.64
mitlion tn 1956 ta 7.78 million 1n 1978-80
and large number of them are fitted with
mechamical water lifting devices. Electrical
pumpsets are becoming increasingly popu-
lar it recent years. There were 261,000 irri-
gation tubewells in the country including
15000 State owned tn 1971. In 1979-80,
the number has risen to 2,146,00 including
36,000 deep ones. State owned tubewells
give on an average a discliarge of 1,35,000
I/b and irngate about 80 to 100 ha of
gross area. Shallow tubewells give a dis-
charge of 30,000 lires per hour and
irrigate about 4 to 8 ha. In some regions of
the country there has been over exploita-
tion of ground water, resulting in perman-
ent lowering of water table. This situation
has necessitated taking up legal measures
to control the exploitation of ground
water.

Imgation projects
supply
classified as major, medium or minor
depending on the capital cost and area

implemented to

surface water for crops are
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irrigated. There is considerable scope for
developing and utilising the surface water
resources in some regions while it is
meagre in others. In plains, such projects
cost much less initially and are easy to
operate as compared to those in hilly
terrain. There is considerable possibility
for improving the irrigation efficiency by
adopting different measures like lining of
canals, streamlining distribution and
mechanism of application, land shaping
and better cropping and cultivation plan.
Ultimate percentage of gross irrigated area
to gross area sown is estimated to be as

Table 7: Imgation potental in different States.

% of gross imgated area to

State/Union
Temtory o m',‘ o .
1970-71  2000* 2025

Andhra Pradesh 32 44 58
Assam (including

Mizoram) 21 43 66
Bihar 24 64 82
Gujarat 13 30 34
Haryana 45 62 64
Himachal Pradesh 7 10 17
Jammu & Kashmir 33 60 70
Kamataka 13 31 41
Kerala 2] 50 81
Madhya Pradesh 7 22 32
Maharashtra 9 22 26
Manipur 40 50 60
Meghalaya 20 25 25
Nagaland 12 35 45
Onissa 24 42 64
Punjab 25 83 85
Rajasthan 15 29 31
Tamil Nadu 46 43 42
Trpura 7 25 40
Uttar Pradesh 36 67 84
West Bengal 21 54 61
Union Territory 24 40 43
All India 23 42 52

*As projected by the National Commission on
Agriculture (NCA) 1976.

high as 85 in Punjab and 84 in Uttar
Pradesh as against only 17 in Hima-
chal Pradesh and 26 in Maharashtra

(Table 7).
CROPS

The diversity in climatic and soil con-
ditions enable cultivation of a variety of
crops in the country. Different types of
cropping systems are in vogue in different
parts of the country. The mixed cropping
systems practised during early periods of
agricultural development as an insurance
against vagaries of rainfall and incidence
of pests and diseases have given place to
scientifically evolved inter, companion
and relay cropping systems. Multiple crop-
ping practices are becoming widespread all
over the country especially in irngated
areas. Ratooning of certain crops is in
practice since long. Improvements are be-
ing recommended for adoption for many
crops with advantage. In general, there has
been a gradual shift from crop production
as a means of subsistence to commercial
production.

The National Commission on Agricul-
ture has made in-depth analysis of the
cropping patterns prevalent in different
parts of the country. The crop 1s indicated
by letters like Pd, W and G for paddy,
wheat and gram and subscript number 1,
2, 3 and 4 indicate the extent of coverage
t.e., 70 per cent or more, 50 to 70 per cent,
30 to 50 per cent and 10 to 30 per cent re-
spectively. L1G4 would mean that wheat is
grown over more than 70 per cent of the
area and gram over 10 to 30 per cent.
Similarly, Pd4 W4B4G4 would indicate
that all the four crops are grown over an
area of 10 to 30 per cent of the gross
cropped area. The number of cropping
patterns identified by the National Com-
mission on Agriculture are as many as 177

(Table 8).
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Foodgrains

Foodgrain crops occupy at present as
much as 75 per cent of the total grass
cropped area This group includes cereals like
wheat and barley grown in rabi season,
rice, sorghum, pearl millet and finger mil-
let and a large number of small millets
grown in kharif and various kinds of pulses
grown in different seasons. There is no
room for increasing the total area under
these crops because of increasing demand
for other kinds of crops, but there 1s consi-
derable possibility for increasing the pro-
ductivity levels which are quite low at
present.

Wheat is an important crop of the
north western region of the country al-
though 1t 1s grown all over except 1n eas-
tern and southern parts which are warm
and humid. The area and yield-levels have
increased from 8.4 Mha and 0.6 t/ha in
1947 -48 to 22.2 Mha and 1.6 t/ha n
1978-79. With the introduction of dwarf
varieties, cultivation of wheat has spread

to non-traditional areas in the east, like
West Bengal and Assam with high level of

yields. Barley and oats are other important
rabi crops. Barley gives reasonable yields
even under low fertility situations and 1t 1s
resistant to alkaline and saline conditions.

Tahle 8: All India cropping patterns.

Rice 1s the main cereal crop of the
country. Despite large area under this,
there has been a concern about its self-
sufficiency in the country since long. Only
in recent years, with increasing popularity
rice cultivation in non-traditional areas in
the north western parts of the country,
that sizeable quantity of rice grain is
getting into buffer stock. Rice production
has increased from about 23 mt in 1949~
50 to 53 mt in [978-79. Area has also in-
creased from 30 to 40 Mha. The analysis
carned out by the National Commission
on Agriculture indicates that there 1s scope
and need to reduce the area under rice in
the tracts where the rainfall i1s not sufficient
in and rrrigation facilities are not adequate.
Total reduction in area suggested is about
6 Mha. There 15 good scope in raising the
productivity level by increasing the area un-
der high vielding varieties coupled with
more efficient available agro~techniques the
ones likely to be developed in future.

Maize, sorghum, pearl millet, finger
millet and other small millets accounts for
40 per cent of the area under kbarif crops
and are distributed all over the country.
Maize is grown mainly in moderately high
rainfail areas. Other millets are grown
even in heavy rainfall zones. There 1s

Predominating No. of
crops patterns
Paddy (Pd) 30
Jowar kharyf (JK) 17
Jowar rabi (Jr) 13
Bajra (B) 20
Maize (M) 12
Rag: (R) 7
Small millets (Mt) 7
Wheat (W) 19
Barley (Ba) 3

No. of
pattemns

Predominating
crops

Gram (G)

Other pulses (Pu)
Groundnut (Gn)
Other oilseeds (O)
Cotron (C)
Fodder (F)

Fruits (Fr)

Potato (P1)
Tabaceo (To)
Plantation (L)

—_—
NN~ N RO e O N
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scope for increasing the area of maize by
about 6 Mha in addition to the existing
and it can be grown in all seasons. Recent
studies have shown that it can be grown
successfully as a rabi cro in the northern
alluvial belt. It is already popular as a rab;
crop in the Deccan plateau. Neither the
need nor the scope for increasing the area
under sorghum and pearl millet are limited
but productivity has to be enhanced in order
to meet the increasing demand for the same
as a source of food and animal feed. Sorg-
hum yields can be raised from the present
low level of about 1/2 t/ha. Similar scope
exists in the case of pearl millet and finger
millet. Increasing attention needs to be fo-
cussed on other small millets to realise their
full potential under varying situations.
Pulses are an important source of pro-
tein especially to the vegetarian popula-
tion. Some of them form important items
in livestock feed. Important pulses are
pigeonpea, chickpea, cowpea, blackgram,
greengram and horsegram. They are grown
mainly as mixed crops although some of
them are grown as sole crops both in kbarif
and rab: seasons. Recent investigations
have brought out the possibility of cultiva-
tion of these pulses during summer under ir-
rigation country over. Pulses occupy at pres-
ent an area of 22 Mha and yield level is just
about half t/ha. Pigeonpea and chickpea, are
the most important pulse crops of the coun-
try. While pigeonpea is grown over most
part of the country in kbarif, gram is res-
tricted to cooler regions in rabi seasons,

Oilseeds

Oilseed crops have been important in
the agricultural economy of our country
since long and large quantities of seed
were being exported earlier. Even now a si-
zeable quantity of cakes are exported.
Groundnut, brassicas, sesamum, safflower
and niger yield edible oils whil linseed

and castor yield industrial oil. In recent
years, soyabean and sunflower are provid-
ing acceptable edible oil in certain parts of
the country. There is a good future for
these two new oilseed crops since they fit
well into the situations where other crops
are not profitable.

Groundnut is a major oilseed crop of
the country. The national average yield
has gone down from 1.2 t/ha in 1920 to
0.78 t/ha. Yield level can be raised to 1.5
t/ha by suitable allocation in the areas of
production and adopting of improved
practices. Similar scope exists for improv-
ing the yield level of other oilseed crops
too. Increasing attention is being paid to cas-
tor since India happens to be the second lar-
gest producer of this oil in the world.

In spite of the fact that there is good
scope for increasing the production of oil-
seeds in the country, it has not been pos-
sible to become self-sufficient in this es-
sential commodity so far. The demands at
present are being met by resorting to
large-scale imports. Even in future, unless
earnest efforts are made to improve pro-
ductivity of existing crops, introduction of
new crops like soyabean and sunflower in
suitable areas it will be difficult to meet
the increasing demand for this important
food article. In addition, other sources like
different kinds of oil bearing products like
cotton-seed, rice bran, maize, products
from trees and shrubs, should be exploited
to increase over all production of this
commodity.

Sugarcane

Sugarcane is the most important sugar
yielding crop in the country. It is grown all
over the country except in extreme north
and high hills. Uttar Pradesh accounts for
half the ara but only 40 per cent of the
production. Other important states are in
the alluvial plains in the north and in the
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sourthem parts. In contrast, the crop area
in southern states is low but the yield le-
vels are quite high. Though the concen-
tration of area under sugarcane is quite
high in the northern States, yields are low.
The potential for increasing area as also
productivity in other parts of the country
1s tremendous. The area as well as average
yield can be doubled and thus obtain four-
fold increase 1n production 1n the country

by 2000 A.D. Scope for cultivation of

other sugar yielding crops like sugarbeet
and sorghums are limited.

Tobacco

Tobacco s an important commercial
crop of the country. India ranks third
among the major tobacco growing coun-

ries and fourth as far as production of

flue-cured tobacco 1s concerned. Tobacco
is one of the major foreign exchange earn-
ing commodity. The main States growing
this crop are Andhra Pradesh, Karnataka

and Gujarat accounting for 80 per cent of

area and production. It 1s also grown n
some northern States and in Tamil Nadu
in South. It is a rainted as well as an
irngated crop. There is need and scope for
increasing the production of this com-
modity for export as well as for internal
consumption.

Fiber Crops

Cotton is being grown n the country
from ancient times. The spurt 1n cotton
production, however, came with the mtro-
duction of new world types so as to obtain
cotton for export. Although India expon-
ed lint and imported textiles for 2 long pe-
riod in the past and remained importer of
long staple type in the immediate past. In
recent years, it has transformed itself sato
exporter of textiles and also to some ¢xtent
raw cotton. This took place with the intro-
duction of cotton hybnds. Indu s

probably the only country where inter-
specific and intra .pecific hybrids were
evolved and are grown commercially.
Even then the long range demands show
that concerted efforts are necessary to
increase production so as to meet the
increasing internal demands and also
export. The
under 1rrigated cotton has to be increased
from present level of 16 to 65 of the
total area under cotton. It would be advan-

improve percentage area

tageous to replace dryland cotton with
some other appropriate crop like saf-
flower in central India where the yields are
quite low.

Bast hibro crops grown in India inc-
lude jute, mesta, sunnhemp, flax and
agase. Ramie has been introduced in rec-
ent years. More than 90 per v ent of jute
area 1s covered in the eastern States like
West Bengal, Brhar, Assam, Meghalaya,
Mizoram and Trnpura. West Bengal ac-
counts for more than 50 per cent of the to-
tal area. There 15 need to improve irnga-
tion facilities tor jute to increase and stab-
lise its production. About 50 per cent of
the area under mesta is also concentrated
in the castern Statesof West Bengal, Bihar,
Assam and Onissa. It is possible to step up
its yield potential by about 50 per cent at
least. Intensified efforts are necessary to
raise and stabilise the production of van-
ous fibre crops. {t 1s only then that 1t
would be possible to meet increasing
national as well as export demands.

HORTICULTURAL AND
PLANTATION CROPS

The diverse agro-chimatic conditions
prevailing i ditferent parts of the country
provide ample opportunities for the
cultivation of u large variety of fruits,
vegetables, plantanon  crops, spices,
medicinal and ornamental plants. It s

estimated that these crops cover an area of
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out, to appropriate localities like hills,
plains, river beds, around cities and urban
areas, etc. Careful selection of centres of
production will go a long way in stream-
lining the activities concerned with build-
ing up needed infrastructure support at
least cost and effort.

Tuber crops of the country include
potato, sweet-potato, tapioca and yam.
These products supplement cereals as they
are nich in carbohydrate. Possibilities of
putting them to industnal uses are also
bright. Some of the products in raw form
or in the processed form tor industnal uses
could be exported.

Potato 1s grown all over the country
except in warm and humid regions. Culti-
vation of potato 1s concentrated, however,
in Uttar Pradesh, Bihar and West Bengal.
Himachal Pradesh is an important produc-
er of seed potato. With the development
of new technique of growing the seed crop
in plains, in aphid-free season, even com-
bined with cold storage facilities, the area
is getting dispersed all over the potato
growing regions of the country. The area
which was 0.5 Mha in 1970-71 is gradually
increasing with the availability of new va-
neties suited to different agro-climatic
conditions prevailing in different parts of
the country. The yield level which was at
10 t/ha, 15 also improving. It is possible to
treble the area and double the average pro-
ductivity by 2000 A.D.

While major area under sweet-potato 1s
to be found in Bihar, Uttar Pradesh and
Onissa, it is grown and consumed all over the
country on small-scale. Tapioca is concen-
trated at present in Kerala and it 1s spreading
to other warm and humid areas gradually. Its
industrial use 1s maximum in Tamil Nadu.

Bulb Crops

The peninsula part of the country is
the main onion producing region.

Maharashtra is the most important in this
regard. Garlic 1s grown in the central parts
including Madhya Pradesh and Gujarat.
Since these products are consumed all
over India the production s required to be
increased to meet the nsing internal de-
mands and also for export for which there
1s demand 1n the neighbouning countnes
including middle east.

Species and Condiments

Vanious kinds of spices and condi-
ments like ginger, turmeric and chillies are
grown as specialised crops in suitable and
concentrated pockets for supplying to
other consuming areas within the country.
They are grown, however, on small scale
all over.

Plantation Crops

Large number of plantation crops are
grown in the country. The most important
of them are tea, coffee, pepper, rubber, ca-
shewnut, coconut, arecanut and cocoa.
There are indications that it 1s possible to
grow o1l palm, cloves and nutmeg also.

Total demand for rubber is placed at
1.5 mt 1n 2000 A. D. Half of 1t 1s estimated
to be in the form of natural rubber.Kerala
accounts for more than 90 per cent of the
country’s area and production. Remaining
area 1s in Karnataka. Sotl and climatic con-
ditions prevailing in north eastern region
and eastern coast are also suitable for rub-
ber in addition to west coast. Thus there is
scope for extending the area.

India’s share of world’s total export of
cashew ranges from 70 to 90 per cent.
India, however, imports as much from
African countries as it produces within.
With the development of processing facili-
ties in African countries, need for increas-
ing the production within the country has
become imminent to feed the processing
factories in full. The scope exists for doing
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so and attempts are under way in this
regard through private as well as public
sector ventures.

While production and consumption
of arecanut is largely confined to Indian
subcontinent, coconut is an international
crop. Kerala, Karnataka and north eastern
States account for more than 90 per cent
of arecanut area and production. Coconut,
however, 1s spread over Tamil Naduy,
Karnataka and Andhra Pradesh in addition
to Kerala which has nearly 70 per cent of
the area. Both of them are grown in other
States like West Bengal and Onissa also.
The need for increasing the area under
these crops is not imminent but there is
scope for increasing the productivity and
thus meet the increasing demands in fu-
ture years.

Tea and coftee are two important
foreign exchange earning products. India
is the leading country in tea production
and it is exporting to about 80 different
countries of the world. Tea production is
concentrated in north eastern and sou-
thern parts of the country. Tea industry
provides employment to about a million
persons. The production target set for
1985 1s 750 mkg. Coffee 1s grown inf®
southern States of Karnataka, Kerala and
Tamil Nadu. About 60 per cent of the area
1s in Karnataka. It is grown to a very small
extent in Assam, Andhra Pradesh,
Maharashtra and Orissa also. About 1.5 to
2 per cent of the world trade 1s contributed
by Indian Coffee and it occupies 12th
place. Coffee exports touched an all time
record of 30,000 t in 1975-76.

Fodder Crops

Agricultural by-products mainly of
cereals and pulses sustain the majority of
livestock including cattle and buffalces in
India. The forage material obtained
through grazing and harvest from unculti-

vated areas including forest and from the
cultivated areas in the form of weeds has
served as a supplement in a big way.
Animal population has gone on increasing
without any restriction. Only very recently
the trend for stabilisation is noticed.
Fodder resource being limited, the animals
are underfed and they suffer from
malnutrition. One of the important
measures suggested since the middle of the
last century has been the improvement
of feeding standards to increase the
production of animal products especially
that of milk.

With the emphasis on increasing the
availability of animal products with a view
to improving the nutritional standards of
vast majority of population suffering from
malnutrition, increased attention 1s being
paid to livestock development in the
country. This would become possible only
when there is increased availability of fod-
der and feed matenal. At present the area
put under specific fodder crops is just
about 6 to 7 Mha. The area under fodder
crops would be required to be increased to
at least 16 Mha in addition to improving
the supply of feed from forests and other
uncultivated areas. This will be in addition
to increased quantities of traditional by-
products of grain crops. Sufficient quanti-
ties of feed in the form of cakes of ground-
nut and other edible oilseeds would also
become available as a result of improve-
ment in the production of these crops be-
cause of the measures programmed to be
undertaken for the purpose of meeting the
increased demands for vegetable oils.

Sericulture

Sericulture is another activity which
depends on crops like mulberry and cas-
tor. India produces all the four kinds of
silks although dominating one is that de-
pending on mulberry. Contribution from



India towards silk is still small. It is just
about 10 per cent although the conditions
are favourable for its expansion throughout
the country. At present Karnataka contn-
butes 82 per cent of mulberry silk. Other im-
portant States are West Bengal and Jammu
and Kashmir contributing 15 and 2 per cent
respectively. While eri and muga silk are
concentrated in Assam, tassar 1s commonly
produced in Madhya Pradesh and Bihar. The
scope for extending employment opportuni-
ties through sericulture is also considerable.

GENERAL
In summary, it can be said that scope
for increasing the overall production of va-
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rious agricultural products is tremendous.
High levels of productivity can be
achieved provided attempts are made to
grow the crops most suited to the locality
and adopt appropnate cultivation plan as
recommended from time to time based on
relevant research. There 1s a need for large-
scale changes in the allocation of areas for
different crops. Major changes in the sug-
gested allocation as recommended by the
National Commission on Agnculture are
given 1n Tables 9 and 10.

INPUTS

Subsistence farming as practised in
India almost until the middle of this cen-

Table 9: Allocation of area (gross) in 2000 A.D.*

Area (Mha) Projected
Crop present projected "‘Zs&;:‘)
1 23 a4
Rice 37.54 32.00 24.00
Wheat 18.0Md 17.55 14.90
Other cereals 45.57 48.50 6.99
pulses N 215 25.00 5.37
Tota foodgrains 227 1305 51z
Oilseeds 16.34 24.50 5.10
Sugarbeet - 0.50 0.50
Sugarcane 2.59 5.00 5.00
Tobacco 0.45 0.55 0.40
Cotton 7.60 11.50 7.50
Jute 0.78 1.00 0.80
Other bast ﬁb_r_cg_‘ - 0.493 ~0.525 0.21
Total commcrculA crops 28.253 43.575 19.51
Vegetables and muscella-
neous field crops 3.268 8.798 4.485
fruits 180 400 125
Total plantation crops 2317 2.876 1.00
Fodders 691 1650 6.50
Grand total 165.818 198.799 84.005

*As projected by National Commission on Agnculture.
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tury needed very few inputs from outside.
Farmer produced and preserved his own
seeds. Farm yard manure helped in mam-
tain.ng soil fertility at a certain minimum
level. Pest and disease control has been
through biological sources. Implements
and tools were fabricated by the local arti-
sans using the locally available timber.
Iron pieces for shodding the implements
and some hand tools were the main inputs
obtained from outside. The situation was
not much different even in the decades of
1920s, 1930s and 1940s. Although steps
were initiated for bringing about improve-
ment in the agncultural scene of the coun-
try through better seeds, fertilisers, chem-
cals and improved implements during the
Ist half of the century, it 1s only durnng
the last three decades after the 2nd World
War that there has been change in the
attitudes  and  programmes. The  real
step up took place only in the middle of
1960s when high yielding varieties were
introduced.

Seeds

Farmers in India know the value of
good seeds since long. Commercial organi-
sations, however, came into existence only
during 1960s. In the early period, Gover-
nment organisations produced and distri-
buted small gquantities of seeds of im-
proved varieties. Although there has been
tremendous improvement in the situation
with regard to production and supply of
seeds of various kinds it cannot be said
that the structure does match the needs. A
redeeming feature, however, is that farm-
ers have learnt the art of seed production
and they are 1n a position to shoulder the
responsibility of producing and delivering
any kind as required. Mechanism and or-
ganisations for procuring, processing,
storing and marketing of seed produced by
farmers as per plan are still to be built up
to the required extent. The task ta be per-
formed in this regard 1s gigantic.

It has been estimated that to cover
about 80 per cent of the sown area with

Table 10 : Present and projected area allocation to ditferent crops and yield levels.

Area

Crop (Million hectares)
1970-71 2000 A.D.

Rice 37.54 32.00
Barley 2.58 5.50
Maize 5.80 9.00
Small millets 4.68 2.00
Pulses 22.15 22.00
Groundnut 7.23 9.00
Sattlower 0.59 2.00
Soyabean - 1.00
Sunflower -~ 1.50
Sugarcane 2.59 5.00
Cotton 7.60 11.50
Fruits 1.80 4.00
Potato 0.49 1.50
Vegetables 0.90 4.00

Fodder crops 6.91 16.50

D“;““ Yield (t/ha)
Increase 1970-71 2000 A.D.
— 5.54 1.11 3.04
+2.92 1.03 7.97
+ 3.20 1.05 2.65
— 2.68 0.38 0.75
+ 2.85 0.32 1.50
+ 1.77 0.78 1.50
+ 1.41 0.24 0.50
+ 1.00 - 1.00
+ 1.50 - 1.00
+ 241 49.00 82.00
+3.90 0.12 0.46
+2.20 - -
+ 1.01 9.00 20.00
+3.10 - 20.00
+ 9.59 = -
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quality seeds every year it would be neces-
sary to put 2.5 Mha of land under seed
crops. The quantity of seeds to be handled
would be about 2.5 mt. As many as 30,000
centres would be required to be organised
for storage and distnbution of seeds.
Millions of small farmers will be required
to be organised to produce seeds. Some
headway has been made with regard to few
hybrids of sorghum, maize, cotton, etc.
There is still much that is remaining to be
done to place the seed industry on sound
footing. This industry will provide ample
scope for employment 1n rural areas.

Fertilisers and Chemicals

Other important inputs required for
increasing production of various crops are
fertilisers and chemicals. It is estimated
that fertilisers and chemicals required to
support agricultural development pro-
grammes by 2000 A.D. would be 16 mt
and 300,000 t of various technical
materials respectively as against the
present level of consumption of 5 mt and
50,000 t.

Weeds cause heavy damage to crops in
many parts of the country. Studies to as-
sess the damage caused to different crops
in different parts are under way. Weed
control is attempted mainly through ma-
nual labour using hand tools and with ani-
mal drawn implements. Use of chemicals
although started since 1950 the quantity of
herbicides used in the country at present is
as meagre as 1500 t. It is only in recent
years that the use of chemicals is becom-
ing inevitable for controlling certain
weeds like wild oats and Phalaris species in
wheat in northern India. Use of chemicals
is also popular in plantation belts. With
the increase in wages and scarcity of
labour during certain periods use of che-
micals would become increasingly popular
in future. Even then chemical method

may just supplement but not supplant
other methods.

The fequired quantities of fertilisers
and chemicals will have to be produced
and distributed. At present the production
in the country 1s short of requirement.
Organising production and distribution of
these inputs is again not a task of small
magnitude.

Power, Implements and Tools

Farm power and improved imple-
ments are the other important inputs. In
spite of large number of animals and
human power, timely cultivation is hin-
dered in many parts of the country for
want of adequate power. Power availability
1s so low as 0.1 H.P. to 0.2 H.P. per hectare
In many parts as against the optimum re-
quirement of 0.5 to 0.8 H.P. Additional
power is required to be provided in a selec-
tive manner with care and in such a way
that employment opportunities would be
enhanced further because of increase in
the (a) area under multiple cropping, (b) in
the area under irrigation and (c) in the
quantity of farm produce to be handle
due to increased yields because of timely
and proper cultivation. This means that
there 1s no other way but to bring about
selective mechanisation. Even in respect
of improved implements and tools the po-
sition 1s not much different. Only 10 per
cent of the ploughs are of improved type.
Vast areas in the northern parts of the
country are sown by broadcast method.
Use of modern implements and tools in
place of traditional ones will reduce drud-
gery and improve efficiency. In this activ-
ity also there is scope for increasing em-
ployment opportunities in rural areas.

Finance
Transformation of agriculture from a
subsistence level to a commercial proposi-
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tion, is not possible without increased in-
vestment. The credit needs are therefore,
increasing continuously. Efforts to intro-
duce institutional financing  system
through co-operatives in place of age-old
source of money lenders began as early as
1904. In 1950 only 3 per cent of the total
borrowings of the farmers was through co-
operatives. Major commercial banks were
nationalised in 1969. Lending by banks
which was only Rs. 50 million increased to
Rs. 2.36 billion in 1971. The total instituti-
onal lending reached a level of Rs.15.37
billion 'n 1973-74 and to about Rs. 20 bil-
lion in 1980-81. This level would be re-
quired to be raised to Rs.200 billion by
the end of the century.

Marketing

It 1s being increasingly realised that 1t
1s not sufficient if attention is paid only to
production aspects. Marketing aspects are
becoming more and more critical especial-
ly to small farmers. Organisations will
have to be built for pooling, processing
and marketing of vanous kinds of agricul-
tural produce. About 30 thousand market-
ing centres will have to be developed sui-
tably with schooling, medical, banking
and other social service facilities. This
would help in checking the movement of
rural population to metropolitan centres
in search of employment.

CONCLUSION

The country has vast natural as well as
human resources. Agricultural develop-
ment is a complicated and long drawn out
process. It has roots in research laborato-
ries and experimental farms and ends in

the application of technology developed
on the fields of farmers. Production will
increase to the extent farmers are enabled
to adopt new technology as and when it
becomes available along with the needed
supplies and services. This is possible only
through building suitable organisations to
render the services. Agricultural Research
and Educational Institutions set up al-
ready will have to be continuously streng-
thened so that there will be regular flow of’
tratned manpower and relevant research
results.

The country has achieved significant
progress in increasing production of vari-
ous commodities during the last 20 years
(Table 11). There 1s still a long way to go
in the direction of achieving the national
goal of banishing poverty and of providing
the minimum needs for bettering the quality
of life of a vast population of the country is
reached. The levels of production of differ-
ent commodities required to be achieved as
projected by the National Commission on
Agriculture are given in Table 12.

The question 1s not whether the country
has the potential and resources for produc-
ing what 1s needed but it is whether it will be
possible to build the organisations for ser-
ving agnculture with a determination to use
the available resources which are more than
sufficient to meet the needs. In short, the
challenges before the country are those con-
nected with building and using the organisa-
tions required for developing and conveying
the needed appropriate technology and for
servicing agriculture in the matter of mana-
gement of supply of inputs and outputs
along with creations and maintenance of
needed climate for encouraging production.
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Table 12. Aggregate gross demand®* for selected agricultural cdmmodities

(million tonnes except where otherwise specitied)

Tusl 1 VOl

ltems 1971

2000 A.D.

Low ' High Low High
Foodgrams 1079 150.3 162.9 205.3 225.1
Sugar & gur 1.5 16.9 21.2 24.0 29.9
Vegetable oils 1.2 5.3 6.0 83 142
Coton cothing

tmullion bales)

(in terms ol raw cotton) 5.9 81 129 to4 17.2
Milk 21.7 314 44.2 494 64.4
Fygs (i mullion) 6.040.0 10,2170 15,972.0 [7.419.0 28.513.0
Meat 0.7 11 14 lo 2.1
Fish 1.8 2.8 34 4.0 5.5

A progected by Natonal C omminaon an Agnculiure

I hiese are exclusive of expornt demand
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WEED RESEARCH : A COMPONENT OF ICRISAT’S
FARMING SYSTEMS RESEARCH PROGRAM

M. NATARAJAN, S. V. R. SHETTY and R. W. Willey

International Crops Research Institute for the Semi-Arid Tropics
(ICRISAT), Patancheru P.O., Andhra Pradesh—502 324, India.

ABSTRACT

Weed research s an integral part of ICRISAT's farmuing systems research that aims to develop im-

proved systems tor the small tarmer of hmited means. Initial studies started in 1975 indicated that in the

Incran Semi-And Tropics the tarmer's level of weed control was usually satisfactory for his tradinonal

systems, but it was concluded that he would respond to better weed control measures if they were part ot

improved and mare remunerative systems. Same aspects of the [ICRISAT research are described to ius-

trate how the cropping system itself may be manipulated to improve weed control. Some evidence 1s

presented on the possible benefits of smother crops, and some examples are given of the role that herbi-

cides could play in improved systems.

INTRODUCTION

ICRISAT was among the first of the
international agricultural research centres
to give formal recognitton 1n its mandate
to the need to supplement research on in-
dividual crops with research on farming
systems. This research aims to develop
technologies that are moare productive,
more stable and socio-economically vi-
able, and 1t is primarily commuitted to
helping the small farmer ot limited means.
It 1s multidisciplinary in nature and holist-
1¢ 10 1ts approach. It covers a wide range of
Analysis,
through On-Center Research to On-Farm
Research.

Base Data Analysis consists of the
compilation, synthesis and analysis of

activities from Base Data

available d.ita to determine research priori-
ties and strategies and much of this work is
carried out as farm surveys. On-Center Re-
search examines those components of re-
search that have important implications in
technology development; research on in-
dividual components is often carried out
in small plots but the integration of com-

ponents inta promusing technologies s
examined on an operational scale. On-
Farm Research involves the further evalua-
tion of promising technologies in a “real-
world” farming situation, and 1t provides
important feed back to the On-Center Re-
search. As an integral part of farming
systems research, weed research follows
this same general pattern and 1t 1s within
this framework that 1t is briefly discussed
here.

BASE DATA ANALYSIS

From its inception in 1975, the weed
research program was mnitially involved in
a series of agro-economic on-farm investi-
gations with the objectives of 1) evaluat-
ing the efficiency of farmers’ own methods
of weed control, 2) investigating whether
alternate and improved methods of weed
control were feasible and 3) assessing the
pay off from additional weed control
(Shetty, 1980).

These studies showed that in the In-
dian Semi-Arid Tropics farmer's weed con-
trol practices were based on rational consi-



o] PROC. §TH ASIAN-PACIFIC WEED SCI. SOC. CONF. 198111 VOL.

derations in that the level of his weed con-
trol inputs were largely determined by the
expected level of returns from those inputs
(Binswanger and Shetty, 1977). Thus crops
that were likely to give a good yield re-
sponse were usually well weeded while
those likely to give a poor response were
often neglected. It was concluded from
these studies that the farmer's level of
weed control was appropriate for the farm-
ing systems that he practuised. However,
Binswanger and Shetty also considered
that the farmer would accept increased
weed control measures if these were an 1n-
tegral part of improved and more remune-
rative farming systems. Thus a primary ob-
jective of weed research at ICRISAT 1s to
determine what weed management prac-
tices are suited to the improved farming
systems being developed, and especially
how these practices are best integrated
with other components such as crop vane-
ty, cropping systems, machinery, tillage
practices, fertility level, land and water
management practices, and pest and dis-
ease management.

ON-CENTER RESEARCH

It i1s not the objective of this paper to
give a detailed description of the On-Cen-
ter Research, but rather to illustrate the
kind of approach that i1s being used. As
examples, some brief comments will be
made on the importance of cropping
system, on the possible role of herbi-
cides, and on some of the operational
research.

Cropping systems : The cropping systems of
the small farmer of the Semi-Arid Tropics
are complex and varied, and each may
have its own weed problem and may re-
quire its own solution. This is well illus-
trated by some studies in millet/groundnut
intercropping (Shetty and Rao, 1981).
The dominant weeds in this system at

ICRISAT center are Digitania ciliaris Pers.,
Celosia argentea L., and Cyperns rotundus
L., in terms of weed biomass, but their re-
lative importance changes with the relative
proportions of the two crops. As the pro-
portion of groundnut increases, Cyperus
decreases markedly, Digitaria increases a
little, and Celosta increases markedly. The
sharp increase in Celosia 1s attnbuted to
the ability of this tall, competitive weed to
dominate the groundnut canopy. The de-
crease in Cyperus on the other hand 1s attni-
buted to the short stature of this weed and
the severe shading caused by the ground-
nut canopy. Supplementary studies con-
ducted with artificial shades also con-
firmed the extreme shade sensitivity of
Cyperus compared to several other weeds.
These findings emphasise how specific the
weed problem may be to a particular crop-
ping system and that in the case of inter-
cropping systems, which are so important
for the small farmers of the Semi-And
Tropics, the problem may be considerably
modified by the relative proportions of the
component Ccrops.

The intercropping system also serves
as a good example of how the cropping
system itself may be chosen to improve
weed control. Studies have shown that in
pigeonpea, a naturally slow-growing crop
and a poor competitor 4gainst weeds, the
weed infestation can be reduced by 50-
75% with the introduction of intercrops
such as cereals or low-canopy legumes
(Rao and Shetty, 1976); indeed this is well
known by farmers and the pigeonpea crop
is very commonly intercropped. However,
it should not be thought that intercrop-
ping always improves weed control. In the
pigeonpea situation the improved control
1s brought about by the fact that the inter-
crop provides an additional population of
plants so that the total population pressure
on weeds is increased; moreover, the inter-
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crop 1s usually much more competitive
than the pigeonpea itself. In other inter-
cropping systems, such as the millet/
groundnut one mentioned above, total
population pressure 1s not increased be-
cause the introduction or increase 1n one
component crop 1s offset by an equivalent
decrease in the other. Thus the seventy of
weed problems in these systems 1s usually
intermediate between the problems ot the
respective sole crops, and largely depen-
dent on the relative proportions of these
LTops.

The importance of high plant popula-
tons has also been exploited in a ‘smo-
ther-crop’ system developed at ICRISAT.
Early maturing crops of cowpea [Vigna
unguiculata (L.) Walp.] or mungbean [V.
rad:ata (L.) Wilezek] have been added
between the normal-spaced rows ot cereal
sole crops or cereal/pigeonpea intercrops.
Results indicated that this could reduce
weeding costs by saving on one hand
weeding. Furthermore, the main crop yield
was not signiticantly aftected and the
smother crop gave a small additional yield
(Shetry, 1979).

Another aspect of increased plant
population that has been studied is to re-
duce the within-row weeds by increasing
the within-row competition from the crop.
For this purpose crops were grown in wider
rows but the optimum plant population
per unit area was still maintained by de-
creasing the within-row spacing. In sorg-
hum it was found that the common 45 ¢m
width can be increased to 67.5 cm, and in
some seasons to 90 ¢m without significant
loss in grain yield. Widening the rows has
an additional advantage that the farmers
can intercultivate more effecuvely with
the local implements like blade harrows. [t
was further observed that in these wider
row widths the addition of a smother crop
was likely to affect sorghum yields and, as

indicated earlier, it could save on rhe costs
of interrow weeding.

Herbicides: On-Farm  Studies (Bins-
wanger and Shetty, 1977) showed that
there 1s limited potential for herbicide use
on rainfed crops in existing systems of the
SAT areas of India because of cost consi-
derations as well as the possible decrease
i the income oppartunities for the land-
less female labour. However, in improved
systems where the potential retums to im-
proved weed control are high, herbade
use may be feasible 1n those situations
where cultural control methods can be dif-
ficult. An example of such a situation 1s
the improved farming system developed at
ICRISAT for the deep black sails of the
indian Semi-And Tropics in medwum to
high rainfall areas. In these areas the land
is traditionally left tallow during the rainy
season and crops are grown during the
post-rainy period on stored mosture.
These soils have a 50-60% content of
their
‘problem 1s limited workability during the

montmorillonite  clay and major
rainy season; this restricts the oppoitunity
for mely weed control either by cultiva-
tion or hand weeding. An alternative sys-
tem 1v the use of pre-emergence herbr-
cides and thus o limited screening program
has been conducted to identify those most
suitable. A further teature of the same
farming system is a mimmum tillage con-
cept for establishing the post-rainy season
cruop. Thus by reducing the conventional
tillage operations by using a herbicide, soil
moisture conservation can be improved
and the gap between harvesting of the
rainy season crop and sowing of the post-
rainy season crop can be minimised; both
these features help towards greater assur-
ance of establishment of the post-rainy
season Crop.

As a gencral point, ICRISAT expern-
ments with herbicides have shown that
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while herbicides give good control of
susceptible weeds such as Celosia argentea
L. on the red soils or Brachiaria eruciform:s
Griseb. on the black soils, this can lead to
the proliferation of other weeds such as
Cyperus rotundus L. and Cynodon dactylon
Pers. The more practical weed manage-
ment systems have thus been shown to be
relatively low doses of herbicides com-
bined with some measure of hand weeding
and interculture to ensure the control of
both susceptible and resistant weed species
(Rao, 1980).

Operational research: An important feature
of the ICRISAT weed research program is
the testing of promising weed manage-
ment options on a large scale to determine
operational and economic feasibility. Cur-
rently, three different management sys-
tems are being tested on the operational
watersheds on the deep black soils as part
of a package of improved land and
water management and improved crop-
ping systems. These three systems are 1) a
hand weeding system (two weedings in the
rainy season crop and one in the post-

PROC. §TH ASIAN-PACIFIC WEED SCIL. SOC. CONF. 1981, It v

rainy season crop), 2) a herbicide based
system (a pre-emergence herbicide at the
beginning of the ramy season crop with
one hand weeding 1n the rainy season crop
and one 1n the post-rainy season one), 3) a
smother crop system in the rainy season
crop and hand weeding as in 2). Results
from the 1980-81 season (Table 1) indicat-
ed that for a sequential cropping system of
maize followed by chickpea the hand
weeding and herbicide based systems gave
higher net returns than the smother crop
system, largely because thys last system re-
duced maize yields. In a sorghum/pigeon-
pea intercropping system, however, the
herbicide based system and the smother
crop system gave highest net returns. In
cach of the systems, weedy check and
weed free treatments were included for
comparison. In this year 5 hand weedings
were required to keep the plots weed free.
Interestingly, the weed free treatment gave
the highest net returns indicating that n
this particular season, even higher weeding
input than used in the treatment was still
economic.

Table 1. Effect of different weed management systems on crop yields and net returns from operational scale

trials on deep black sotls at ICRISAT center 1980-81.

Sequential cropping system Intercropping system
Maize Chickpea  Net retums  Sorghum Pigeonpea  Net retum
(kg/ha) (kg/ha) (Rs/ha) (kg/ha) (kg/ha) (Rs/ha)
Weedy check 2869 245 3686 1699 654 2974
Weed free 5307 512 6340 3841 1143 5213
Hand weeding
system 4142 361 5022 2995 749 3874
Herbicide
system 4321 415 5118 3080 936 4274
Smother crop
system
Mung 3411 (132)* 260 4333 2676 (105) 886 4266
Cowpea 3583 (156) 365 4874 2934 (171) 735 4265

* Figures in parentheses indicate the smother crop yields in kg/ha
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FUTURE EMPHASIS

With the exception of the farm sur-
veys for Base Data Analyss, weed research
at ICRISAT to date has been confined to
On-Center studies. These studies will con-
tinue to be an important part of the pro-
gram, especially those that seek to exploit
the natural competitiveness of the crop or

cropping system. Herbicide use for specif-
ic situations will also continue to be
explored. However, it is intended that
successful testing of weed management
systems on an operational scale at
ICRISAT center will lead to further test-
ing in the “real-world” situation of the
farmer.
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STUDIES ON WEED CONTROL IN RICE IN INDIA

H. K. PANDE, G. B. MANNA, '
B. T. S. MOORTHY and C. S. PATEL

Central Rice Research Institute, Cuttack - 753 006, India

ABSTRACT

A review of the work done in India in the past 25 years on crop weed competition, chemical and
cultural weed control measures for different systems of culture viz., direct sown crop on rainfed
upland/low land, puddle seeded and transplanted crops 1s covered in this paper.

Studies on upland rice reveal that pre-emergent use of butachlor, benthiocarb, nitrofen and
piperophos/dimethametryn at 1.5 to 3 kg a.1./ ha eftectively control weed population. An integrated ap-
proach of combintng herbicides with manual or mechanical operation ts however, imperative to atcrue
full benetit of these inputs. It may be noted that saturated soil moisture condition, immediatelv after ap-
plication of these herbicides leads to considerable reduction in crop stand. However, post-emergent use
of propamil does not involve such nsk.

Responses of puddle seeded and transplanted rice 1o these herbicides either as granule or EC for-
mulation. even at half the rate used 1n upland nce are often comparable to manual weeding. The scope
tor waung phenoxy herbicides like 2,4-D Na o EE and M.C.P.A_at 0.5 kg a.1. ha1s however, hmited 1o
transplanted nice for controlling sedges and dicots with added advantage of their relative Jow cost and
availability

Intoimanion on the control measures for a broad spectrum weed flora constituting submerged,
emerged and floating types in direct sown low land nice is quite inadequate and more efforts are needcd

in this direction

INTRODUCTION

Several investigations have been
carried out in India in the last 25 years on
different aspects of weed control in rice,
which lead to an indepth understanding of
the problem and recommendations specif-

ic to different agro-ecosystems of rice cul-

ture. In this paper, these scattered and.

fragmentary information has been summa-
rised.

DISCUSSION

(@) Direct sown upland rice

Severe weed competition is the major
constraint limiting the productivity of this
crop which occupies about 20% of the to-
tal area in this country. Yield losses due to
weeds range from 43 to 84% (Pillai and
Rao, 1974; Rao et al., 1977). Studies on

crop weed competition reveal that the
grassy weeds especially Echinochloa colonum
Link play a predominant role over others
causing considerable nutrient depletion to
the tune of 24 to 37kg N, 5.1kg P and
48.7 kg K/ha (Mukhopadhyay er al., 1972
Kakati and Mani, 1977) dunng first 30 to
45 days after sowing, which 1s the most cri-
tical period for crop-weed competition
(Nair et al., 1975).

1) Influence of agromomuc practices on weed
mcrdence: Weed weight increases though
number decreases when nitrogen level is
increased from 0 to 90 kg N/ha (Kakati and
Mani, 1977). Higher weed incidence is re-
corded under wider inter row spacing of
60cm (Pillai and Sreedevi, 1980) while a
closer spacing of 15 cm is found ideal both
for crop growth and weed suppression
(Pande er al., 1974).
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11) Mechanical control measures: Mechanical
weeding with different tools/implements
(such as wheel hoes, hand hoes and paddy
weeders) is observed to give promising re-
sults (Singh et al, 1976).

1) Chemical control measures: Pre-sowing
application of 24-D (2,4-Dichloro-
phenoxy-acetic-acid) or M.C.P.A. (4-chlo-
ro-2 methyl phenoxy acetic acid) at
2.24 kg a.1./ha followed by one heeing gives
80% control of weeds (Misra and Roy,
1971). While pre-emergence application of
butachlor (N-mutoxy methyl — chloro-2'-
6'-diethyl acetanilide) at 1.5 to 3kga.i./ha
gives fair weed control (Bhan er al,, 1972;
Manna, 1971; Roy and Ram, 1977). Simi-
larly, 69 to 78% weed control is achieved
with pre-emergence application of thio-
bencarb (S-4-chloro-benzyl diethyl thio-
carbamate) under Cuttack condition (Rao
et al., 1977). Such efficacy has been noted
with nitrofen (2,4-dichlor-4' nitro-diphe-
nyl ether) applied at 2 to 4kga.i/ha
(Dubey et al., 1980).

Other experimental chemicals like avi-
rosan (piperophos + dimethametryn), di-
nitnimine (N N’ diethyl-2,6-dinitro-4-4
trifluoro  methyl-m-phenylenediamine),
piperophos/2,4-D IPE and preforan (4-
nitrophenyl  2-nitro-4-trifluoro--methyl
phenyl ether), molinate (S-ethyl NN-hexa
methylinethiocarbamate), oxadiazon (5-
tertbutyl-3  (2,4-dichloro-5 isopropoxy
phenyl)-1,3,4-oxadiazol-2-one), pendime-
thalin (N-1-ether propyl) 3,4-dimethyl-
2,6-dinitro-benzenamine) and USB 3153
(2,4-dinitro-N? - N° - dipropyl-6 (trif-
luoro-methyl)-1,3-benzenediamine) at
doses upto 3 kga.i./ha are found to be ef-
fective for control in upland rice.

Post-emergence herbicides like propa-
nil (3,4-dichloropropionilide) and 2,4-D
compounds are reported to control weeds
reasonably well. Propanil at 2kga.i./ha
suppressed graminaceous weeds when

applied 10 days after rice germination
(Manna and Choudhurv, 1966). Post-
emergence applicaon of 24-D or
M.C.P.A. at 2 kga.i./ha six weeks after sow-
ing (Vacchani and Choudhury, 1955) 1s
observed to be effective against sedges
(Cyperus tria L.), while their application 1n
combination with proparnul etfects broad
spectrum weed control including grasses
(Pande e al., 1966).

Effective control of weeds under this
condition has also been achieved through
combined pre-sowing application of 2,4-D
(1.5kga.1./ha) or butachlor (0.5 kga.i./ha)
with post-emergence application of propa-
nil at 2kga.i./ha (Patro and Tosh, 1973;
Singh e al., 1977).

Efficiency of certain herbicides like
propanil (2.2 kga.i./ha) and M.CP.B. (4-
(4-chloro 2 methyl phenoxy) butync acid)
at 0.5kga.i./ha 1s enhanced when applied
with 3 to 4% solution of urea (Tosh, 1977).
tv) Toxicity problems: There exists an ad-
verse interaction effect of pre-emergence
herbicides with soil moisture status, Coin-
cidence of heavy rainfall immediately after
pre-emergence apphcation of herbicides
like dinitramine, butachlor, avirosan, ben-
thiocarb and nitrofen affects the germina-
tion of the crop considerably (Rao e al.,
1977). Addition of organic matter reduces
the toxicity caused by 2,4-D (Pande ¢ al.,
1966).

(b) Puddle seeded rice

Weed problem in this system 1s subs-
tantially lower than that in dry seeded
uplands though higher than that in trans-
planted crop. An yield loss of 30 to 35% is
caused due to weeds under this system
(Pillai and Rao, 1974). Weeds such as Cy-
perus difformis L, Fimbristylis miliacea Vahl.,
Scirpus mucronatus, Sphenoclea zeylanica and
Ludwigia parviflora are of common occur-
rence (Moorthy, 1980) and the most criti-
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cal period of crop weed competition is ob-
served to be the first 3 weeks after sowing
(Dubey e al, 1977).

i) Influence of agronomic practices on weed
icidence: 1t 1s noted that broadcasting
more seed (80 kg/ha) or dibbling reduces
weeds and depletion (Rama
Moorthy et al., 1974). Based on another re-
port, it 1s known that a sced rate of

nutrient

40kg/ha under chemical weeding and
60 kg/ha under manual weeding are ideal
tor better yields (Dawood er al., 1974).
1) Chemucal control measures: An effective
control of weeds with pre-emergence gra-
nular herbicides such as butachlor, nitro-
fen, avirosan, thiobencarb, piperophos
2.4-D IPE apphied at 0.5 to 1.5kga.1./ha
ha been reported by several workers
(Subbarah and Morachan, 1975; Sreedhar
et al, 1976).

However post-emergence control of

wecd involves spray application of propa-
nil at 3kgaa./ha (Manna, 1971). Further
work reveals the fteasibdity ot controlling
weeds (sedges and dicots) using propanil at
1 to 1.5kga.1./ha combined with 2.4-D Na at
0.5 kg a.1./ha or 3% urea solution (Manna and
Dubey, 1973; Dubey et al., 1977).

1) Toxucity problems: Butachlor and oxa-
diazon are reported to cause 5% crop mor-
tality without affecting the final yield.
Dichlormate (3,4-dichlorobenzyl methyl
carbamate) caused bleached papery white
leaves. There are also reports of toxicity
due to other experimental chemicals such
as oxadiazon, avirosan, TCE styrene etc
tried 1n various screeming trials conducted
in the country.

tolerance  to  herbicides
depends on their morphology, physiology,
edaphic and climatic factor, herbicide rate,

Varietal

water absorption after sowing, germination
and embryo growth. A number of rnice
vaneties have been classified for their sus-
ceptibility and tolerance to butachlor,

benthiocarb and propanil (Sankaran and
Mohamed Ali, 1974; Mohamed Ali and
Sankaran, 1976).

(¢) Traniplanted rice

The minumum weed menace caused in
this system as compared to direct seeded
rice, may be attributed to the age gap bet-
ween transplanted and emerging weeds.
Based on a large number of multlocati-
onal trials, the yield losses turn out to be
15-20% (Pillar and Rao, 1974), while the
depletion of nutrients by weeds ranges
from 4.2 to 11.8kg N, 0.8 to 1.3kg I and
6.9 to 13.6kg K/ha (Kakati and Mani,
1977). Mamtaiming weed tree condition
upto three weeks after planting 1s observed
to be necessary tor obtaiming economic
vield (Mohamed Aly o al, 1977).
1) Preparatory tdlage: Mimmum ullage 1<
beneticial in heavy soils where puddiing 1
frelds
where ploughing s difficult. Paraquat,

undesirable and i waterlogged
when spraved at 1.5 to 2 kg/ha conteals all
the vegetation by dessication (Rangiah o
al., 1975) and thus torming an essential
component of mimmmum Ullage.

) Mechanical control measirev: In hine
planted crop working of Japanese rotary
weeder  which  incorporates  fertilizer
besides uprooting ot weeds v considered
to be an accepted practice (Vaccham e af.,
1963).

1) Chemical control methods - Herhicides
like 2,4-D compounds and propanil when
used as post-cmergenve  sprays  control
weeds effectively. Spray application of
2,4-D at 0.5kg a.i./ha is tound to be quute
effective for weed control (especially
sedges and dicots) involving Jeast expendi-
ture (Patel and Moorthy, 1980). Besides
efficiency of M.CP.A. at 2kga.a/ha ap-
plied 4 to 6 weeks after planting s report-
ed (Vacchan et al., 1963). Similarly effici-

ency of propanil (3kga.i./ha) when the
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weeds are at 2 to 3 leaf stage is observed
(Subbaiah and Sree Rangasomy, 1978).

Besides easiness of application, the
granular herbicides viz., nitrofen, butach-
lor and others have been observed to be
more effective than spray application
of propanil in both weed control and grain
yield. Based on a number ot studies, gra-
nular forms of butachlor, thiobencarb, avi-
rosan, nitrofen, bifenox (methyl 5-(2.4-di-
chloro phenoxy)-2-nitrobenzoate), molin-
ate and pendimethalin have been identi-
fied to be promising. The broad spectrum
weed control 15 also observed with the ap-
plication of herbicides like butachlor,
thiobencarb and piperophos at 50% ot
their recommended rate when combined
with 2,4-D IPE in the formulated granular
product (Pillai, 1977).
1v) Synergistic/ antagonistic effects of herbicide/
Serttlizer/ insecticide mixtures: Mixed applica-
tion of propanil and butachlor at 2.5 kg a.1./ha
with 3% urea solution enhances the herbici-
dal efficacy (Sankaran er al., 1974).

The phytotoxicity caused by the use of
propanil and parathion seems to be related
with the varietal differences (Dubey er al.,
1977). An increase with interval of applica-
tion of propanil and carbaryl helps reduc-
tion of the phytotoxicity (Sharma et al,
1980). To the contrary, such adverse inte-
raction is not observed with butachlor,
nitrofen and bentazon (3-isopropyl (IH)-
benzo-2,1,3-thiadiazin-4-one  2,2-di-oxi-
de) when combined with carbofuran and
phorate (Mukhopadhyay and Sen, 1977).

(d) Direct seeded low land rice
At the initial stages, the field condi-
tion of low land rice resembles that of di-

rect-seeded upland and supports the incid-
ence of grasses, sedges and dicots. Subse-
quent water logging coupled with impedd-
ed drainage leads to the occurrence of ty-
pical aquatic weeds like Chara sp., Nutella
sp., Hydrolea zeylanica, Monochoria vagina-
Iis, Impomaa sp. etc. posing problem of
their control because of the stagnant
water.

The research information 1s inadequ-
ate due to the complexity of the agro-cco-
system involved.

1) Cultural methods: The traditional brast
system of cultivation involving broadcast
dry seeding and subsequent operation of
country ;;lough when the seedlings attain a
height of about 25 to 30 cm effects partial
thinning and reasonable weed control
(Bisen and Patel, 1973). However the dis-
advantage of such traditional system 1s
that the productivity 1s lowered due to 1na-
dequate stand of the crop (Sahu and Bhat-
tacharya, 1964).

11) Chemical methods: Post-emergence ap-
plication of propamil at 3kga../ha,
M.CP.A. or 24-D at 1.68kga.i./ha con-
trol majority of the grasses, sedges and di-
cots at the initial stages when remains free
from standing water {Sahu and Bhattacha-
rya, 1964; Bisen and Patel, 1973). Floating
and filamentous algx and Chara sp. are
observed to be controlled by copper
sulphate 10 to 12kga.i./ha (Dutta and
Banerjee, 1980). Sodium pentachlorophen-
ate and PCP at 2.5 to 4.4kga.i./ha are
observed to have controlled Nitella sp.
and Chara sp. effectively (Mukherjee,
1972), while Najas sp. by using 2,4-D
at 0.5 kg a.i./ha (Manna and Dubey,
1972).
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ABSTRACT

The weeds prevailing i abundance in nature have been since time immemonal, indispensable

basic raw matenial in the preparation ot ayurvedic tormulanes
By and large, these medicines have been tound to be successtul in maintaining and restoring the

human health in 4 natural way. These weeds grow under least care and even under extreme and varnied

chimatic conditions. They are on the verge of acute scarcity in the market.

The quanuty of the weeds, used as medicine in ayurvedic pharmaceutical industries are increasing

constantly and procuring them has become a problem. This 1s mainly due to the fact that the plant
based raw marertals cannot be obtarned at all places and acall umes. Owing to scarcity in the conteat ot

heavy demand, substitutes af poarer quality and adulteratians are rampant.

INTRODUCTION

['he use of herbs as a source of drug in
the process of upkeeping health was an
integral tactor in the indigenous practice
of medicine which in the recent years has
tound a new twist due to the armval ot
standard methods i the culuvauon, col-
lection, storage and quality control. Due
to economic reasons a very large number
of weeds have been left out of scientific
scrutiny leaving weeds as a problem in the
agricultural fields. One can never deny the
usefulness of these weeds as a source of
medicine. Eradication of weeds can never
solve the problem integrally and therefore
a systematic understanding of the problem
and rthe application of strategies to regula-
nse cultivation of the weeds may prove
very economical, We would at the first
instance assess qualitatively the role of
weeds as a source of medicine, later, we
quantitatively  tocus the commercual
viability, market demand for weeds and

finally envisage methods to satisfy the
need of weed as raw matenial in pharma-
ceuncal industries.

ta) Weeds as a source of medicine-qualitative
assessment

Weeds having popular market whose
pharmacological usetulness as medicine
known are shown in Table 1. Parts being
used vary trom the whole plants to seeds,
fruits, roots, tubers etc. The pharmacolog-
cal wtion of these weeds 15 a proven re-
sear [t carrted out in the universitics,
national mstitutes and various national
and multinational pharmaceutical compa-
nies. Indigenous medical practice 1denti-
hied the usetulness ot these weeds in
course of experience and as such a very ex-
haustive list of weeds can be monopoly of
a preparation but has a special signific-
ance. The originations of the school of
Indian medicine had formulated and stan-
dardized every prescription basing on their



56 PROC. 8TH ASIAN-PACIFIC WEED SCI SOC CONF 1981 11 VoI

experience. A practitioner or a manufac-
turer must work within the indications
prescribed in the ancient text.

In our survey we found out quite a
number of weeds as an ingredient in many
such standard preparations. Table 3 gives a
list of standard preparations manufactured
by the pharmaceutical companies. Weeds
like Boerhaawvia diffusa, Tribulus terrestris,
Solanum xanthocarpum are used extensively.

Systematic investigation of drugs used
in Indian medicine in India on modern
scientific lines started 30 years ago. A
number of important medicinal plants
prescribed by Vaidyas and Hakims have
been investigated, the constituents have
been examined, pharmacological action of
the active principles worked out on animal
expenmentation and preparation made
have been tried in hospitals. It 1s only by
thorough enquiry that the ments of these
drugs can be proved and a demand created
for them not only in India but also in
other parts of the world. Table 4 gives a
list of weeds used as medicinal plants. It 1s
important to note that quite a vanety of
activity can be seen among the few select-
ed for presentation. They are being used as
cosmetics, insecticides, hypotensive rubi-
ficient and even in cardio-vascular di-
seases. The extraction of active principles
from these natural sources involve sophis-
ticated technology.

(b) Commercial viability of weeds
In cultivation of drug yielding herbs,

weeds have the following advantages:

1) It affords a valuable method of control
of the purity of the product,

1) The process of collection, drying, stor-
age can be adequately controlled in farms
and plantations with trained workers,
1ni) Improvement of the drug by the con-
trol or improvements of certain factors of
cultivation,

iv) Production of drug by improvements
in cultivation ensures a regular and cons-
tant supply and help breakdown monopo-
lies, and

v) Cultivaton of drugs in proximity to
working place for manutacture of Galeni-
cals 15 often a distinct advantage especially
for making fresh green extracts. The fresh
drug can be taken directly trom the ficld
mto the factory for immediate use pre-
venting detenioration.

It 1s important to understand that sys-
tematic understanding of plant breeding
and saientific control of the cultivation,
collection, drying and storage of drugs will
do much to improve the quality of the me-
dicaments derived from them (Trease and
Evans, 1972). The next few decades are go-
ing to be the era of natural products. Large
number of naturally occurning species are
under thorough investigations, both on
the traditional and modern methods. The
consumption of weeds as raw matenal for
preparation of drugs has been increased by
many folds and today it is a million supees
business 1n the state of Karnataka alone.
Tables 5 and 6 give the names of the im-
portant pharmaceutical companies who
are the potential buyers of these weeds in
the state of Karnataka and an anticipated
annual consumption of some weeds In
Karnataka in 1981. The figures are based on
the consumption of these weeds by the State
and private enterprises in the yesteryears.

(c) Methods to regularise weed availability
and distribution

A number of suggestions could be
made to solve the problem of scarcity and
improper distribution of medicinally useful
weeds for ayurvedic physician and pharmaceu-
tical companies, [t 1s important at the outset to
launch a programme to educate the farmers
about the medicinal properties of weeds and its
value as a raw material.
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Formation of co-operative society
will be the next step whereby every far-
mer instead of burning or burying the
weeds, dumps them in the Society and gets
money. The Society 1n turn 1s approached
by the industnes and individuals for their
needs. Society shall have adequate staff to
identify the weeds, sorth hem, store proper-
ly and maintain herbania of all the weeds
available in that particular area.

Thirdly, 1dentification of certain re-
mote areas away from agricultural lands
tor the cultivanon of weeds. As weeds can
grow under extreme chimatic conditions,
the question of adequate water supply, ter-
ulizer does not anse and therefore with
mimimal availability of resources the
object can be achieved. Considering profi-
tabihty farmers should be adviced to cul-
tivate some weeds as commercial crops on
a large scale

Fourthly, an inter disciplinary plat-
torm with ayurvedic scientists 1s necessary
tor an integral understanding ot the prob-
lem and to obtain a knowledge of the im-
portance of weeds.

Finally, intensifying the botanical sur-
vey and pharmacognostic study of the
weeds 1n the best possible way enables the
identification of newer herbs and newer re-
medies from natural resources. Plenty of
data 1s already available in indigenous
medicine which needs thorough probe and
test the validity of the allegations on strict
saentific lines.

DISCUSSION

Culuvation of medicinal plants will
tend to increase for various reasons mostly
economic in character. One important fac-
tor is the gradual decrease in the supply of
cheap manual labour. The cost of collect-
ing wild plants will therefore tend to in-
crease until a plant is reached at which 1t
becomes to cultivate

more economic

them. The spread of agriculture in all parts
of the world i« steadily decreasing the
amount of wild untouched vegetation and
18 also tnvatving the deliberate destruction
of medicinal plants, either because of the
risk of poisoning resulting from their pres-
ence on the agricultural land as in the case
of Belledonna or because they are trouble-
some, easily dissmeated as in the case of
Dandelion. The fact that many medicinal
plants occur scattered sparcely throughout
a mixed vegetation also provides a strong
incentive tor cultivation which completely
removes the difficulty of finding and re-
cognising the correct plants and 1n most
case results in a more economic produc-
ton of drug.

During recent years chemists have
synthesised potent remedies such as Arse-
nicals and Antimalarial compounds which
have proved effective in the treatment of
protozoal disease and sulphonamides use-
ful in the treatment of bacterial diseases.
Antibiotic drugs have revolutiomsed the
bacterial and
diseases. Diseases which were considered

treatment  of rickéttsial
incurable a few years ago are now cured by
their use. But then why indigenous drugs?
British Journal *The Practitioner’” answers
this question saying “the wise and expe-
rienced clincian never spurrs an old wife’s
tale untl he has good evidence i1 doing
v0”. The lore of the countryment is built
upon the experience of generation, often
of centuries and the data upon which 1t is
based have often been obtained at a price
in human lives which no modern research
worker would ever dream of considenng.
It 1y particularly appropnate at the present
moment when the pharmaceutical compa-
nies of the world are emitting an uneasing
flow of new synthetic drugs, that attention
should be turned to the possible remedies
that may be found among indigenous
weeds of this and other countries. We
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could cite a number of such interesting re-
sults based on indigenous drug research
like, Ammi Vasaaga, Rauwolfia serpentina,
Cootis coinensia, Ruta graveolens etc.

The idea of launching a co-operauive
society for weed collection and distnibu-
tion would help solve the problem of
acute scarcity of those weeds. Presently
practising physicians and small companies
depend on the forest contractors for
weeds. The procedure 1s as follows:

The contractor who gets a part of the
forest for lease from the Government sells
the items like wood etc., to the concerning
industnies. The weeds are collected and
sold in the market at a very ligh price and
it 1s difficult to get a regular supply of
weeds of a standard quality at reasonable
price. Formation of a society as suggested
in the paper may help and solve this prob-
lem.

We finally embark on the idea that a
systematic understanding and research on
medicinally useful weeds 1s the need of
the hour. Any attempt to eradicate species
can only cause ecological imbalance

which can aggravate and not alleviate the
problem.

CONCLUSION

The weeds are a very good source of
raw matenal, hence a systematic unders-
tanding of the problem of weeds can only
help to solve the shortage of weeds which
as we have seen 1s being used in almost all
the ayurvedic pharmaceutical preparations
and are a good source of active ingredients
for the needs of a modern pharmaceutical
industry. Traditionally weeds played an
important role as medicine but in the lat-
ter part of the history it ran into oblivion
for very obvious economic reasons. It 1s
important to launch rural programmes to
educate tarmers not to treat weeds as a me-
nace but as a source of income.
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(Table 1 Contd.)

W_r Latin name Famuly

1 2 3
57.  Celosia argentea Amaranthacex

(Celosia cristata)
58.  Amaranthus mindis - ditto
59.  Chenopodium album Chenopodiacex
60.  Portulaca oleracea Portulacacex
61.  Cleome icosandra Cappandacex
(Cleome viscosa)

62.  Vius tfoha Vitacex
63.  Zuizyphus nummulana Rhamnacex
64.  Seseli indicum umbellifera
65.  Meliotus indica Leguminosz
66.  Sesbamia aculeata ~ditto -
67.  Ammannma baccifera Lythracex
68.  Calotropis gigantea Asclepradacex
69.  Trichodesma indicum Boraginacex
70.  Rungia repens Acanthacex
71.  Celsia coromandeliana Scrophulanacex
72.  Physatis mimima Solanacex
73.  Lippia nodiflora Verbenacex
74.  Spermaca hispida Rubiacex
75.  Blumea lacera Asteracex

Sansknt name

(Ayievadic e Part used  Important uses
4 5 6

Mayurashikha Flowers Astningent, duarthaea, excessive menstrual discharge
Seeds demulcent, paintul mictuntion, cough & cysentery

Tanduliya Leaves ' Emolhent, scorpion sting, snake bite

Vastuk Plant Laxative, anthelmentic

Lonmika Plant Retrigerant, alterative, liver diseases, scurvy

Arkakanta Leaves & Rubetacient, vesicant, sudonfic in ulcers & earache,
Seeds carmative, anthelmentic

Surasa Plant Anenorrhaea, fever, catarrh, sprain & rheumatism

Bhubadan Fruit Cooling, astringent

Vanayavani Seeds Stimulant, carminative, stomachic, anthelmentic

Vanamethika Seeds Useful in bowel complaints, infantile diarrheea

Jayanu Seeds Ringworm and skin diseases

Agnigarva Leaves Rheumatic pains, fevers & skin diseases

Arka Leaves, Root bark in dysentary, tincture of leaves in intermittent
Root, fever, latex as purgative
Bark Latex

Surasa Plant Diuretic, paste of the root applied to swelling in the joints

Parpatha Plant Fever & cough & as vermifuge

Bhutakeshi Leaves Sedative, useful in diarrhaea & dysentery

Lakshmipriya Plant Tonic, diuretic, purgative

Vashira Plant Ferbnfuge, diuretic

Madanaghant Seeds Stimulant

Kukuradru Plant Bitter, Antipyretic
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Table 4: Weeds as medicinal plants in western system of medicine.

SL

No. Name of the weed Part used Pharmacological property/uses
1. Veratrum winde Root stocks Alkaloids are hypotensive seeds
as msecnhade
2. Mynca asplensfolia Leaves & tops Trterpenes
3. Rumex crispus Roots Anthroquinonues glycosides
4. Chenopodium ambrosoudes Fruits & tops Anthelmentic
5. Phytolacca americana Roots & bernes For dyeing, contain saponins
6.  Chelrdonium mayor Enure plant Alkalod sparteine analgesic
7. Brassia alba :
Seeds & roots Rubifecients & counter irntent
8.  Brassua mgra _
9. Geranom maculatum Roots Geramum oil, perfumery, counter
irtent
10.  Passiflora mcarnata Tops Flavone-C-Glycosides, alkaloids
11, Comum maculatum Fruits Indigenous poson
12.  Apocynum cannabimum Roots Cardiac tonic
13.  Apocynum androsaem:folium Roots Cardiac toic
14.  Asclepra synaca Roots Carenohides, cardioactive
15.  Asdepras tuberosa Roots Cardioactive
16.  Symphyuom officinalis Roots Ganghon sumulant (ureide
allontoin)
17. Verbena hastata Tops Harmone like, parasympathetic
achon
18.  Marrubium vulgare Leaves & tops Volaule oils, counter irntant
19.  Mentha piperetia Leaves & Counter irmtant
flowering tops
20.  Memth. prata - ditto - Carminative
21.  Datura stramonium Leaves & seeds Skeletal muscle relaxant
22.  Solanum carolinense Ripe berries - ditto -
23, Solanum dulcamane Young -~ ditto -
branchlets
24.  Dugualis purpurea Leaves Cardio tonic
25, Verbaseum thobsus Flowers & leaves Cardio tonic
26.  Achillea millefolium Tops Volatile oils, perfume & cosmetic
27.  Grndela squrrossa Leaves & For bronchitis & asthma
flowening tops
28.  Inula helenium Roots Stumulant
29.  Lactuca scariola Leaves Treatment of molta fever
30. Lactuca wrosa Leaves - ditto -
31.  Tanacotium vulgare Leaves & Volatile oils, counter irntant
flowering tops
32.  Taraxacum officinale Roots Treatment of molta fever, antibiotic
33, Tussilago farfare Leaves & roots Treatment of cancer
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Table 5: Names of the important pharmaceutical industries in Karnataka incorporating different weeds 1n
their formulations.

SL

No. Name of the company Place
1. The Himalaya Drug Company Bangalore
2. Dhootpapeshwar Limited Bangalore
3. The Sadvaidyashala Private Limited Nanjangud
4 I'he Nutan Ayurveda Karvalaya Private Limited Bijapur
5 The Taranatha Rasoushadhi Works Private Limited Chikmugalur
6. Seetharaghava Vaidyashala Mysare
7. Government Central Pharmacy Bangalore
8. Amrut Pharmaceutrcals Belgaum
9. S.N. Pandit’s The Mysore Ayurvedic Pharmacy Mysore
10.  Indomed Laboratories Mysaore
11, The Nikila Karnataka Central Avarvedic Pharmacy Limuted Mysore
12, Swadeshs Qushadha Bhandar Kunjal
[3.  Indun Pharmaceuucal Company Udupr
14, Bharat Pharmacy South Canara
15 Makswel Pharmaceuticals Bangalore
16, Sagar Pharmaceuncals Bangalore
17. ldeal Indigenous Pharmaceuticals Private Limited Bangalore
18.  Pharmaceunical Division of Chanbes International My.ore
19 Geetha Company My-ore
20 Frends Pharmaceuticals Bangalore
21, Karnataka Avurved Vidvapeetha Pharmacy Belgaum
22 Samjeeviru Pharmaceuticals Bangalore
[able 6: Annual consumpuion of some weeds by the avurvedic pharmaceuncal industnies ot Karnataka
ol Name of the weed ﬁw‘:l'::::l;:?:\l; Aafial wle
No. Ry kg 1n 1981
in ky
1. Phyllanthus mirurt & Phyllanthus urinaria 30.000 5.00
2. Datura alba & Datura stramonium 20,000 5.00
3. Barhaama diffusa 20.000 12.00
4. Centella asiaticu 20,000 10.00
5. Edipta alba 10.000 5.00
o.  Sida cardifolia & Sida rhombiiolia 15.000 12.00
7. Vewwenia zizamorde, 10,000 1100
8. Solanum indicum & Solanum vanthocarpum 10,000 10,00
9. Tribulus tervestris 5.000 8.00
W0, Cyperus rotundus 4,500 8.00
1. Fumara paruifiora 500 .00
12, Seselt indicum 500 1.00

* Excludes regular consumption by the indigenous medical practinoners
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WEED RESEARCH IN AUSTRALIA RELATED TO
PROBLEMS IN THE ASIAN-PACIFIC REGION

P. W. MICHAEL

Department of Agronomy and Horticultural Science, Faculty of Agriculture,

University of Sydney, N.S.W . Australia 2006.

Australia with an area of 7.7 million
ha 1s about two and a third times as big as
India but its population 1s only 15 mil-
lions, a mere 2.2 per cent of the popula-
tion of India. The diversity of the climate
throughout Australia, from tropical and
sub-tropical to extremely and, with annual
rainfall varying from more than 2500 mm
to less than 200 mm, of essentially summer
or winter or erratic distnbution, leads to a
great diversity of weeds many of which are
important in other parts of the Asian-Pa-
cific region.

Research on weeds began in last centu-
ry as 1n most countries, with identifica-
tnon. This work was done essentially by
Government Botanists and amateurs, often
churchmen who interested themselves in
natural history. The early journals of the
various State Departments of Agriculture
provide much descriptive information on
weeds. In the first Australia-wide scientific
journal devoted to agricultural problems —
“Science and Industry®, the official jour-
nal of the Institute of Science and Indus-
try, which later grew into the Common-
wealth Scientific and Research Organisa-
tion (C.S.I.R.O), there were reports on
prickly pear (Opunmtia stricta Haw)
(Cleland, 1919) and water hyacinth (Eich-
hornia crassipes Solms.) (Mackinnon, 1919).
The early interest in prickly pear, which
occupred millions of ha led to the exciting
story of control by the moth Cactoblastis
cactorum. The great success of biological
control of prickly pear has led to a great
emphasis on biological control of weeds in

Australia. Work done in Australia is of de-
cided relevance to the whole Asian-Pacific
region. Other examples of successful con-
trol include:

(1) the control of a form of skeleton
weed (Chondrilla juncea l.edeb) by a ru
fuagus, Puccinia chondrillina. Unfortunate-
ly other forms of skeleton weed resistant
to the particular race of the fungus used
are now increasing.

(2) the
(Eriocereus martinii), after release of three

control of Harrisza cactus
insects, a stem-bonng beetle, Alcidion ceret-
cola, a mealy bug, Hypogeococcus festerianus
and a stem-boring weevil, Eriocereophaga
humeridens.

Attempts at control of various weeds
using insects successful elsewhere in the
world — for example, Chrysomelid beetles
for the control of St. John’s wort (Hyper:-
cum perforatum) have often been ineffective
due to different environmental conditions
and/or inappropriate species of insects.

Current interest in biological control
includes work against the aquatic weeds,
alligator weed (Alternanthera philoxeroides),
water hyacinth and Salfvima molesta and
parthenium weed (Parthenium hysterophorus
L) important in Quecnsland and so abun-
dant here in Karnataka.

Much of the emphasis on research in
weed control in Australia has been on
weeds of pastures used for sheep and
cattle. The principles of contro] of such
weeds developed in Austraha should be
easily applicable elsewhere. In many cases
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the best weapons we have for control of
pasture weeds are successful pasture spe-
cies — for example the annual subterra-
nean clover (Trifolium subterrancum L.) for
the control of St. John's wort (Stening,
1933; Moore and Gishmore, 1942), peren-
nial grasses and lucerne for the control of
thistles (Michael 1968a, 1968b) and the
sub-tropical species Desmodium spp. and
Macroptilium atropurpuresm for the control
of Ageratina adenophora.

Since the development of 24-D
(2,4-dichloro phenoxy acetic acid) and
MCPA (4-chloro-2 methyl phenoxy acetic
acid) after the second World War there
has been much emphasis 1n Australian
weed research on the control of crop and
other weeds by herbicides. But such work
1s essentially of a regional nature. The long
use of herbicides has led to changing
patterns in weed populations as elsewhere.
Some attention is being given to problems
of herbicidal resistance of weeds and to
differential susceptibility of crop cultivars.
Because of the great use of herbicides over
wide areas much attention has been direct-
ed in Australia to techniques of spraying,
with much emphasis on aenal spraying.

Detailed work on the mode of action
of herbicides and mechanisms of selectiv-
ity have been' very much neglected in
Australian research. Recent work done in
the Department of Agronomy and Horti-
cultural Science, University of Sydney on
interactions of the herbicides diclofop-
methyl (methyl 2-[4+2,4-dichloro
phenoxy)-phenoxy] propionate) and pro-
metryn (2,4-bis (isopropylamino)-6-me-
thyl thio-1,3,5 triazine) is of special inte-
rest. Combinations of these two herbi-
cides, applied separately, have given better
yields of pigeon pea (Cajanus cajan L.) and
carrots (Daucus carota L.) than either herbi-
cide used alone. The better yields cannot
be attributed solely to the effect of both

herbicides on weed control. Much work
has been done at the University of Sydney
using a very simple technique for testing
the selectivity of different herbicides,
using different concentrations of herbi-
cides applied to seeds in Petri dishes and
measuning their effect on root and shoot
growth of seedlings. The findings of such
simple experiments have been confirmed
in pot studies in the glasshouse and in
field studies with a range of crop species.
This technique 1s certainly worthy of
serious attention in other parts of the
Asian-Pacific region where facilines are
limited.

Recent studies, largely theoretical, on
the spread of weeds (Auld and Coote,
1980; Menz et al., 1980-81) and bioeco-
nomic models (Auld er al., 1979) may lead
to a much better understanding of the po-
tential and significance of weeds in the
general agnicultural economy of any coun-
try. Crop-weed density studies are also
under current review.

Until recent years, by far the greater
emphasis in weed-research in Australia was
on weeds of the more temperate parts of
Australia, relevant only to limited areas of
the Asian-Pacific region, notably New Zca-
land and Japan and perhaps parts of
Northern India. But today more and more
emphasis 1s being directed towards prob-
lems in the sub-tropical and tropical areas.

Overall, too hittle emphasis has been
placed on biological studies on the com-
mon weeds of cropping, especially of
summer crops, whether irngated or
rainfed. As mentioned at the beginning of
my paper there is a great diversity of weed
species in Australia and it is to be hoped
that further studies on identification,
distribution and biology of weedy genera
are occurring in Australia and common to
many parts of the Asian-Pacific region may
be rewarding.
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My special interest in weeds research
1s in problems of 1dentification. It is pleas-
ing to note that recently more interest is
beng shown by taxonomists in weed
genera. A notable contribution 1s an ac-
count of the important weedy genus Sola-
num in Australia by Symon (1981). I
presented a paper on the taxonomy and
distibution of Echmochloa at the Interna-
uonal Rice Research Institute/ Internati-
onal Weed Science Society Rice Weed
Control Conference in September this
vear and trust that the Proceedings of the

Conterence will soon be available for gen-

eral distribution. Forthe Seventh APWSS
Conference 1n Sydney in 1979 [ prepared,
with financial support from Japan Asso-
ciation for the Advancement of Phyto-
Regulators (JAPR), a working hst of weeds
of the Asian-Pacific Region. It is to be
hoped that with further constructive critic-
ism, a more satisfying list will be prepared,
which would be of great use to weeds
workers anywhere in the Asian-Pacific
Without proper

of weeds, real communication between

regron. identification

weeds workers i the region, 1s difficult

indeed.
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THE STATUS OF WEEDS IN NEW ZEALAND
AGRICULTURE
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Research Division, Ministry of Agriculture and Fishernies, New Zealand.

ABSTRACT

New Zealand agnculture can be charactensed as predominantly pastoral but with a diversity of
arable and horticultural crops suited to a temperate climate with a sub-tropical northern fringe. Weed
problems are correspondingly wide-ranging and usually the worst weeds are adventive species which
have adapted easily to local soils and climate. Pastoral land 1s being continuously improved by techni-
ques which include vegetation management and direct chemical control of weeds although much of the
large area involved 1s inaccessible and difficult to treat. Established cultivated cropping areas are gene-
rally subject to regular herbicide treatments and in some specialist crops very sophisticated spray pro-
grammes are used. A number ot annual and perennial crops are expanding to take advantage of export
markets and the preparation of new land brings new weed problems, usually perenmal species associated
with the previous pasture

As the trend of crop diversification continues so the weed control requirement becomes more com-
plex. A continuing reliance on herbicides 1s inevitable but there 1s also a growing appreciation of the
need to integrate chemical weed control with sound cultural practice 1n order to maintain robust and

cost-eflicient cropping systems

INTRODUCTION

The main 1slands of New Zealand lie
between 34°and 47°S in the South Pacific,
just south of the sub-tropical high pressure
belt. The climate is temperate but local
variations are considerable since the com-
bined length bf the North and the South
Islands is over 1,600km and a chain of
high mountains from south-west to north-
cast through the length of the country pro-
duces marked climatic contrasts from east
to west.

Average precipitation in the main agni-
cultural areas 1s between 600 and
2,000 mm. Mean temperatures at sea level
range between 9.4°C in the South and
15°C in the North, but there is consider-
able variation according to season and alti-
tude. The winters are mild enough to
allow sheep and cattle to graze outside all
year round. Much of the country has at
least 2,000 hr of sunshine a year, with a

range of 1,700 hr in Southland to 2,400 hr
in the Nelson, Hawkes Bay and Bay of
Plenty regions.

About three-quarters of the land is
mountainous or steep and broken hill
country and much of the remainder con-
sists of elevated plateaux or gravelly river
terraces. Nearly 85% of the land is more
than 200 m above sea-level.

For its size, New Zealand has an
unusually wide range of soil types with a
high proportion of allophane clays in the
North Island. Soil organic matter content
is often 5% or higher (Burney et al., 1975).
Fertilisers, especially phosphatic and potass-
ic, are widely used. In 1977-78 about six
million ha of pasture was top-dressed with
nearly half of the total amount applied by
air,

In a climate of few temperature ex-
tremes, generally adequate rainfall al-
though topography is a major limiting
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factor. Two thirds of the total land area of
27 million ha are farmed and about 95%
of these are devoted to grazing sheep and
cattle. About 3.2 million ha are flat
enough for cultivation and provide most
of the dairy production, cereals, arable and
horticultural crops as well as some meat
and wool; field and horticultural crops
occupy approximately 0.9 million ha.
Productive exotic forests on land of vary-
ing topography, occupy about 0.74 million
ha (New Zealand Official Yearbook,
1979).

Pastoral products provide about 71%
-of New Zealand's total export earnings.
The pastoral economy 1s based on year
round grazing of sheep and cattle, with a
minimum of supplementary feeding. Most
improved pastures are sown with perenmal
ryegrass and white clover which produce
their best yields in spring, early summer
and autumn. Cocksfoot and red and sub-
terranean clovers are also sown. After the
first year or so, sown pastures usually deve-
lop into mixed associations of several
species.

Most of the cropping 1s undertaken to
provide supplementary fodder for animals.
Only 1% of the total cultivated area 1s
used for food crops for direct human con-
sumption (Claridge, 1972). Apart from
market gardens, few farms are used solely
for cropping. Two thirds of field crops are
grown in the South Island. The main crops
are wheat (96,300 ha), barley (74,400 ha),
oats (16,800 ha), peas (16,800 ha) and pota-
toes (10,000 ha). Maize (28,600ha) for
grain production, is restricted by climate
to the North Island. Lucerne and fodder
crops are grown principally to supplement
pastures during summer and winter,
respectively.

A diverse range of horticultural crops
is grown, usually on smallholdings. The
pattern is changing as those with good ex-

port or processing prospects — such as
kiwifruit, asparagus and grapes — expand
into new areas. Areas of process cropping,
market gardens, orchards and nursernes
occupy an estimated 70,000 ha, with veget-
able crops (vining peas, beans, sweetcorn,
brassicas and onions) and pip and stone
fruits occupying the largest areas.

ORIGIN AND DEVELOPMENT
OF WEED FLORA

There are about 1,100 plant species re-
garded as weeds in New Zealand (Healy,
1969) and these are mostly adventive. The
very few native or endemic species of im-
portance are largely restricted to low fertil-
ity grasslands under high rainfall, indi-
genous tussock grassland and aquatic habi-
tats. Thus, the development of weed floras
of arable land and improved pastures has
been a direct result of European settle-
ment during the last century and a half.

A wide range of herbaceous and
woody plants of diverse botanical relation-
ship and geographical ongin has been
introduced. New specres have established
in many different ways but there 15 hittle
doubt that most have been introduced as
impunties in commercial seed lots and
spread by farm machinery (Healy, 1952,
1969). It 1s remarkable that in the short
history of New Zealand agnculture species
representative of many regions of the
world have become established, often in as
great abundance as in their country of
ongin. A large proportion of the intro-
duced weeds are of European ornigin and
whilst many have arnived directly from
Europe, others have been introduced
indirectly via North and South Amenca,
Africa, Australia and Asia, along with
other weeds originating in these conti-
nents.

A comprehensive summary of weed
species according to land use in New Zea-
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land was presented at the 4th Asian Pacific
Weed Science Society Conference (Healy,
1973).

WEEDS OF PASTURE LAND

Plants which occur in pastures are re-
garded as weeds for various reasons and
are hard to define adequately. They may
cause physical damage or be toxic or unpa-
latable to animals (Connor, 1977) or they
may compete with other pasture species.
They are often grasses or legumes which
provide useful food for stock 1n particular
chmates, soils and management systems but
can be replaced by better species if soil fertil-
ity and grazing management are improved.

Scrub weeds are particularly serious as
they are unpalatable and can form dense
cover and thus render land totally unpro-
ductive, The main species involved are Pre-
ridium aquilinum var. esculentum, Leptosper-
mum spp, Discaria toumatou ™, Cylisus scopa-
rius, Ulex curopaeus, Rosa rubiginosa and
Rubus fruticosus. In the South Island 1t 1s
estmated that ¢. 12% of farmable land 1s
covered in scrub weeds, with consequent
lost carrying capacity of 3.5 million stock
units.

Once scrub weeds have become estab-
lished they must be cleared before the
land can become productive again. Scrub
clearing 15 expensive. Herbicides are used
extensively, often sprayed by aircraft, and
mechanical and manual methods are also
employed. Once the land is cleared, it s
very important that vigorous pasture is es-
tablished quickly and that regular, con-
trolled grazing 1s carried out. Grazing not
only helps to maintain a competitive pas-
ture but also provides control of new scrub
weed seedlings, which are usually palat-
able when young. Even if the pasture ma-
nagement is adequate, herbicides may still
be needed to kill regrowing stumps and
new plants which have esca;;ed grazing.
* Limited to the South Island

Some scrub weeds, notably Coriaria
sp, are poisonous to stock; others form
thorny thickets in which sheep can
become entangled.

Herbaceous weed species in pastures
vary according to chimate, pasture fertility
and grazing management. Control of
poisonous species, for example Homeria
collina and Senecio jacobaea 1s often subsi-
dised by the government. Ranunculus spp
and Coronopus didymus which are common
on pastures can cause taint in datry pro-
ducts. Hordeum spp. and some species of
Bromus produce seeds which can seriously
affect pelt quality and growth rates of
stock and it has been estimated that the
growth of 10% of the country’s lamb
population 1s depressed by H. murinum
infestations (Hartley and Atkinson, 1972).

Many weed species do little direct
harm to stock but, being unpalatable, oc-
cupy valuable pasture space. Among these
are several thistles (Cirsium arvense, C. vul-
gare, Carduus nutans, C. pycnocephalus, C.
tenutfloris and Silybum marianum), rushes
(Juncus spp), sedges (Carex spp, Cyperus
spp) and docks (Rumex spp). Of these only
Cirstum arvense has been shown to reduce
stock production (Hartley and James,
1979) but there is considerable scope for
detailed investigations of the effects of
other weeds.

[t 1s not easy for annual or biennial
weeds to establish in a dense, vigorous
sward and invasion of many weeds occurs
as a result of weakness 1n grazing manage-
ment — over-grazing in dry summers or
treading damage during wet winter condi-
tions. Management techniques often
reduce the incidence of herbaceous weeds
but the herbicides commonly used,
MCPA and 2,4-D, are also damaging to
clovers. As a result, their use sometimes
harms the pasture while controlling the
weeds. '
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Table 1: Esumated costs of weeds to New Zealand agnculture, as lost productive

opportunity.
O?l:::.:(' of;:cs:ds paipeliion
$m $m {IOss output
Pastoral farming 1,454 320 2.2
(scrub 23.3)
(herbaceious 8.7)
Arable farming 146 10.8 7.4
Horticulture 103 5.1 5.0
Toral 1,703 47.9 28

* From Agncultural Stausucs 1975-76, Official Report ot New Zealand Department of

Staustics.

Estimates of lost agncultural produc-
tion caused by pasture weeds are shown in
Table 1.

WEEDS OF CULTIVATED LAND

Common annual weeds of cultivated
land include Amaranthus powellss, Avenua
fatua, Capsella bursa-pastoris, Chenopodium
album, Corono“ didymus, Crepis capillaris,
Fumaria muralis, Plantago lanceolata, Poa
annua, Polygonum aviculare, P. convolvulus,
P. persicaria, Portulaca oleracea, Senecio
vulganis, Silene officinalis, Solanum nigrum,
Spergula arvensis, Stellanna media and Vero-
nica arvensis.

In warmer northern areas particularly,
a group of grasses are troublesome, includ-
ing Bromus unioloides, Digitaria sanguinalis,
Echinochloa crus-galli, Eleusine indica, Pani-
cum dichotomiflorum, Paspalum dilatatum, P.
paspaloides and Setaria verticillata.

Recent studies of annual weed germi-
nation in cultivated seedbeds (Cox, 1977)
have shown how populations vary during
the months of spring and early summer.
Weed population peaks of 19x10° seed-
lings per ha have been recorded on regu-
larly cropped land at Levin where it has
been estimated that the total viable seed
population is about 250x 10° per ha. The
highest number of weeds between twenty
and thirty species germinated in early

spning seedbeds but greater total weights
were obtained from fewer species in mud
to late spring seedbeds.

When cultivation occurs in late spring
and early summer, especially in warmer
northern areas, annual grasses become
more important (Matthews, 1975). In gen-
eral, when weed populations are very high
only a few species dominate at any time. If
these are removed by cultivation or che-
mical means other species may take over if
better suited to the prevailing conditions.
The sequential emergence of weeds conti-
nues well into the summer in most parts of
the country.

Perennial species such as Achillea mille-
Sfolium, Agropyron repens, Cirsium arvense,
Rumex spp and Trifolium repens can be
troublesome weeds in annual crops and
are also common in perennial crops, such
as apples, bush and cane fruit, and aspara-
gus. The incidence of these species is often
a consequence of poor land preparation
from previous pasture. Convolvulus arvensis
often invades perennial crops from waste
areas.

Although there are herbicide recom-
mendations for all commonly grown
crops, new weed problems constantly arise
and it is difficult to predict which species
are going to become future problems; the
control of ‘new’ problem weeds can also
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be expensive. It is estimated that weed
control measures are effective in 75-
80% of maize and potato crops but
only in 20% of oats, ryegrass seed and
oilseed rape crops. The total costs, in
terms of potential yield not realised is
probably more than $10 million a year
(Table 1).

With few exceptions commercially-
grown annual horticultural crops rely
heavily on chemical weed control pro-
grammes. Much of the vegetable cropping
1s small-scale and diverse and, as with
arable crops, weed control efficiency tends
to be vanable. However, in the hands of
specialist growers some crops, for example
onitons and garlic, are grown very success-
fully under chemical weed control regimes
of five or more separate herbicide applica-
tions.

The proportionate cost of weed con-
trol in the production of vegetable crops is
estimated to range between about 10%
(peas) and 20% (tomatoes or asparagus).
Frait cropping usually implies limited soil
disturbance and a low incidence of annual
weeds, with perennial weeds spot-treated.
The proportionate cost of weed control may
be around 3% of the total production cost.

The complexity of crop types and pro-
duction systems makes it difficult to es-
timate lost yield potential but even set
very conservatively, it represents a loss of
$5.1 milhon (Table 1).
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WEED CONTROL IN MALAYSIA

TEO CHIN HUAT

Dow Chemical Pacific Ltd., Kuala Lumpur, Malaysia.

ABSTRACT

Production of rubber and palm o1l in Malaysia is being assisted by herbicides. Herbicides worth
M $ 110M(US $ 48M) accounted for 85% of the total pestiaides used in the country and have enabled
72% of the cultivated acreage to be planted with rubber and oil palm. Imperata cylindrica, a noxious grass
1s comrollfd by dalapon and glyphosate. Paspalum conjugatum, Ottochloa nodosa and Mikanta cordata are
major weeds. Constant and repeated usage of the same herbicides has resulted in the succession of the
flora by new weeds often more difficult to control economically. Paraquat, 2,4-D and their mixtures
with other herbicides are widely used against the wide vanety of weeds present. Triclopyr, a broadieat
herbicide, selective 1o o1l palm 1s to be introduced. End-users often do not have adequate knowledge
about the chemical, 1ts usage and safe handling. Labels are seldom consulted. More etficient application

methods are envisaged for the future.

INTRODUCTION

In Maiaysia, particularly in rubber and
oill palm cultivation, herbicides have
replaced manual weed control method.
Rubber and oil palm (3.3M ha) comprise
71% of the area utilized for agniculture
and consume 80 to 90% of the herbicides
used annually. In fact, without the use of
herbicides, much of the efforts invested
into developing improved varnieties would
not have been translated into higher
yields.

Rice is the third major crop and the
only field crop grown extensively. Grown

mainly for local consumption, the com-

mon method of weed control is handweed-
ing. Herbicides, mainly 2,4-D, however,
are gradually becoming more widely used.
Other crops growh on a substantial scale
in the country are cocoa, pepper and coco-
nut but usage of herbicides on these crops
is limited at present.

WEEDS IN PLANTATIONS

The climate of Malaysia while being
good for perennial crop cultivation is also
ideal for weed growth. Unlike ‘intensive)

agriculture, perennial crops in the early
stages occupy very hittle of the cultivated
area. Rubber in its first two years of plant-
ing occupy about 10% of the land. Thus,
in the early years, perennial crops offer in-
significant competition against the weeds.
Even after matunty, the crop occupies
only 25 to 35% of the land leaving a large
proportion of the area exposed to weeds.
Keeping the ground totally free of weeds is
not normal practice. Areas usually kept
free of weeds are the tapping paths along-
side rubber trees and the circles and har-
vester's paths of oil palm. Inter-row weed
control 1s required only when legume cov-
ers need to be maintained during the early
phase of the crop and when noxious weeds
or very dense weed growth occur.
Imperata cylindrica or lalang is the
worst weed. Its vigorous growth makes it a
very difficult grass to eradicate. Its pres-
ence is never tolerated in well-managed
estates but is still frequently found in
small holdings. The lalang problem can be
especially acute in land cleared from se-
condary jungles for new planting. If left
unchecked, it will thrive and recolonise
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eliminating all other vegetation. Being
shade tolerant, it can also be found under
mature crops with closing canopies. In a
year, M$ 30 to 40M s spent on herbicides
to control this weed.

Paspalum compugatum, Ottochloa nodosa
and Mikania cordata are the key inter-row
weeds of the plantation crops. P. conjxga-
tum is common on inland light soils while
0. nodosa is confined on heavier soils near
the coast. Single stands of these weeds can
be found on exposed land. More often one
of these will be dominant weed 1n associa-
tion with other common weeds, the type
and composition being dependent on the
crop phase and the leve! of management.
Axonopus compressus, Paspalum commerso-
nis, Cynodon dactylon, Digitaria marginata,
Elexsine indica, Borrena latifolia, Ageratum
conyzoides, Passiflora fatida and sedges are
common components under the mature
crops. In the mature crops with closing ca-
nopies, ferns like Nephrolepis biserrota and
Stenochlana palustris and other shade toler-
ant weeds predominate. Herbicides cost-
ing M $ 70 to 80M is spent on controlling
these general weeds annually and the cost
1S Increasing.

The constant and repeated application
of the same herbicides has caused the rege-
neration of new weeds flora often more
difficult to control. Ishamum muticum and
Brachiaria mutica are two such grasses
which have taken over from Ottochloa in
some low-lying soils on the coast. Similar
ly, introduced exotic plants such as
Cleidemia hirta and  Asystasia coroman-
deliana are now widespread in south
Malaysia where the indigenous flora once
dominated. Cordia curassavica a popu-
lar hedge plant now colonises vast acreages
under coconut. Some members of the Zin-
giberacce  and  Caladium  spp.  are
acknowledged economic weeds in some
estates,

Puceraria phaseoloides and Calopogonium
carulewm which are maintained as legume
cover crops need to be confined to the in-
ter-rows. Their vigorous growth especially
Pucraria encroaching into the planting
rows and circles, compete and strangle the
crop. Eupatorium odoratum, Melastoma ma-
labathricum, Clerdemia birta, Ficus grossula-
rioades, Bridella monorca and Lantana
camara are some of the shrub vegetation
which  compete and obstruct field
operations in plantations. Although not
widespread, these can become obnoxious
when left unchecked. Control 1s attained
from phenoxy herbicides unless when
found under sensitive crops where manual
methods 1s resorted to.

HERBICIDES USED IN
PLANTATIONS

Smallholders cultivating 2.1 ha of
land or less are now the major users of
herbicides. In a 1978/79 survey, there were
235,410 smallholders, 1,261 small estates
and 797 larger estates using chemicals for
weed control. The use of herbicides 1s ex-
pected to increase as industrial develop-
ments in the country compete with agn-
culture for labour availability.

A wide range of herbicides is available.
Realising that no single herbicide will con-
trol all weeds, two or three herbicides are
usually used together. Both tank mixtures
and premixed formulations are common.

Dalapon and glyphosate are both
broad spectrum grass herbicides, but in
view of their cost, are utilised almost exc-
lusively for lalang control. Paraquat is the
most widely used dessicant against general
weeds. Properly used, it is tolerated by
most crops. Although used alone against
grasses, its most popular use is in mixtures
with Diuron (which is reported to en-
hance its activity), MSMA, sodium chlor-
ate 2,4-D and picloram.
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Tnclopyr (3, 5, 6-trichloro-2-pyridinyl
oxy-acetic acid) 1s the latest herbicide to
be introduced into the country. The only
broadleaf nerbicide selective on oil palm
of all ages, 1t controls a wider variety
of weeds than 2,4-D. Cleidemia hirta and
Tetracera scandens which have been found
difficult to economically by
phenoxy herbicides easily succumb to tric-
lopyr.

Ametryn, atrazine, dicamba, meto-
lachlor and oxyfluorfen are utilised for
pre-emergent weed control during legume
cover establishment. Efficacy of these pre-
emergence herbicides generally do not ex-
tend beyond 16 weeks following applica-
tion and to maintain the legumes in the
weed free condition, manual labour is
necessary. Glvphosate, paraquat and para-
quat-diuron mixtures are now beginning to
substitute the manual weeding.

The choice of which herbicide to use
1s guided foremost by cost, weed flora and
control duration expected. In relatively
open conditions where weed growth is
most vigorous, control periods in excess of
3 to 4 months are seldom obtained from a
single application of any herbicide at
economic rates. Thus during the early
stages of the crop, 3 to 4 applications of
herbicide annually are necessary. As the
control period lengthens with increasing
shade provided by the growing crop, the
number of applications made each year re-
duces until the crop reaches the replanting
stage.

control

PROBLEMS WITH HERBICIDES

Chemical weed control in Malaysia
began when sodium arsenite was intro-
duced in the early 1930s. Until 1976 when
it was banned, sodium arsenite was the
most economical herbicide and a panacea
for all weed problems encountered in rub-
ber and oil palm. The herbicides currently

available are expensive and more selective
by comparison.

Ignorance of the activity of these new-
er herbicides 1s prevalent among end-users,
especially the smallholders. Despite the
detailed product labelling required by re-
cently introduced Malaysian registration
laws, herbicide abuse by end-users re-
mains. Thus, it 15 not surprising to find an
end-user using a concoction of contact
and translocated herbicide such as para-
quat and dalapon to control lalang when
only dalapon on its own gives better con-
trol at a cheaper cost.

The importance of nozzles in deter-
mining the spray quality needs no empha-
sis but 1s frequently disregarded by end-
users.

Planters in general are also not too
aware of the changing weed population.
Given a particular recommendation for a
particular weed situation and being con-
vinced by the results, they will continue
with the practice. This often results in the
regeneration of resistant weeds which
could be more expensive to eradicate than
the earlier population.

Lables on the products are very often
not consulted prior to usage. Complaints
of poor performances by the herbicides are
frequently traced to under dosage. This is
quite rampant with commodity products
such as 2,4-D amine which is sold under
several labels, each containing different
levels of active ingredient. Similarly, the
safe handling precautions given on the la-
bels are seldom enforced.

Herbicides in Malaysia are a very luca-
rative $ 130M business. This has attracted
many dubious manufacturers producing
imitation and adulterated products. Unsu-
specting purchasers, attracted by the
cheaper prices of such herbicides usually
end up paying more for their weed control
costs. Stringent laws regulating import and
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registration of pesticides have been intro-
duced to curb this pracuce.

RESEARCH AND FUTURE
OUTLOOK

Labour shortage will be the most im-
portant factor limiung weed control in
Malaysiz. Already, power sprayers, ULV
techniques and more efficient herbicides
are being investigated to overcome this cons-

traint. The successful adaptation of these me-
thods for weed control and their acceptance
by planters and smallholders will be the chal-
lenge of weed researchers 1n Malaysia.
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HIGHLIGHTS OF WEED SCIENCE RESEARCH IN
THE UNITED STATES

R. K. NISHIMOTO

Departmeat of Horticulture, University of Hawaii, 3190 Maile Way,

Honolulu, Hawan 96822 US.A.

ABSTRACT

Some highlights of weed science research in the U.S. are presented to illustrate the range of investi-
gations being conducted. These include new herbicides, trnazine resistance and its mechanism of action,
tnazine resistance as a basis for selection and breeding, biological control of weeds using insects and
plant pathogens, new equipment such as the rope-wick applicator, EPTC (S-ethyl dipropylthiocarbam-
ate) coated seeds for weed control, ethylene stimulated germination of Striga asiatica (L.) O. Kuntze,
witchweed, seeds, and some results of a long-term agroecosystems study.

INTRODUCTION

Thus paper highlights the weed science
research in the U.S. In deference to limit-
ed ume and space, only a few of many
highlights which I consider interesting can
be presented. This does not imply that
other important discoveries not men-
tioned here are considered less significant.

NEW HERBICIDES

New herbicides have provided the ba-
sis for modern weed control technology 1n
the U.S. dunng the last 30 years. Effective
herbicide use patterns allow the use of mo-
dified row spacings, planting configura-
tions and plant populations. Diverse
agroecosystems are developing as a result
of herbicide technology. Systems like mi-
nimum and no-tillage have increased be-
cause of the cffectiveness of certain kinds
of herbicides.

New herbicide chemistry with s dif-
ferent uses and selectivities continues to
be an extremely important part of weed
research programs of private industries
and institutions in the U.S. Probably every
state in the U.S. devotes pan of their weed

rescarch program to identify appropriate

- romethyl)benzene],

|

herbicides, rates, uming, and combina-
tions to obtain control of weeds in their
respective cropping systems.

Increased government regulation of
agricultural chemicals in the U.S. has re-
sulted tn fewer uses as well as limiting the
number of new herbicides. Further, indus-
try efforts for new herbicides has been
mainly directed to large-acreage crops;
minor crops receive relatively hittle atten-
tion from industry. In states hike Hawaiz
where these minor crops are the important
crops, the university does much of the de-
velopmental research.

Several of the new herbicides now be-
ing developed have new modes of action
or selectivities. These include acifluorfen
[ 5{2-chloro4{triflucromethyl) phenoxy)-
2-nitrobenzoic acid], oxyfluorfen [2<chlo-
ro-1-(3-ethoxy-4-nitrophenoxy)-4 trifluo-
diclofop [2442.4-
dichlorophenoxy)phenoxy) propanoic acd],

| sethoxydim [2+1+ethoxyimino) butyl)-5-

[2(ethylthio) propyl]-3-hydroxy-2-cyclohe
xen-1-one], 3,6-dichloropicolinic acid, etc.
It is expected that these materials and oth-
ers still to be discovered will solve many of
our difficult weed control problems.
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TRIAZINE RESISTANCE AND
ITS MECHANISM OF ACTION

Vanability in response of population
of a crop species to triazine herbicides has
been known for many years. Although Zea
mays L., corn, 1s known to be generally to-
lerant to atrazine [2-chloro-4{ethylami-
no)-6{isopropylamino)-s-tniazine] and si-
mazine  [2-chloro4,6-bis(ethylamino)-s-
triazine], some inbreds respond differently
(Andersen, 1964), and a Mississippi selec-
tion of the inbred line GT 112 was suscep-
tible (Eastin, 1971; Grogan er al, 1963).
Differences in biotype suscepubilities to
triazines have been noted for Linum usita-
tissomum L., flax (Andersen and Behrens,
1967), Glycime max (L) Merr., soybean
(Andersen, 1969), Sorghum bicolor (L.)
Moench, sorghum (Wiese and Quinby,
1969), Saccharum L. hybnds, sugarcane
(Osgood et al., 1969), and Cucumis satrvus
L., cucumber (Werner and Putnam, 1979).

Resistance charactenstics in popula-
tions of weed species to triazines or other
herbicides might be expected to occur in
normal populations of weeds; continued
use of a herbicide selects for the resistant
strains. Ryan (1970) in Washington found
Senecio vulganis L., common groundsel, to
tolerate atrazine or simazine in a nursery
where atrazine was used once or twice a
year for 10 years. S. vulgaris from a source
where triazines were not continuously
used was susceptible.

Other species found to be resistant to
the triazines were Amaranthus retrofle-
xus L., redroot pigweed, Chenopodium
album L., lambsquarters, Ambrosia artem:-
sifolia L., common ragweed, Brassica cam-
pestris L., wild turmip, and Chenopodium
strictum Roth var. glaucophyllum (Allen)
Wahl.. late-flowering goosefoot (Bandeen
et al., 1979). However, some or all of the
A. retroflexus indicated to be resistant were
Amaranthus hybridus L., smooth pigweed,

and/or Amaranthus powelit S. Wats., Po-
well amaranth (Ahrens er al, 1981).

Susceptible biotypes of §. vulgaris and
Amaranthus spp. were more competitive
than the resistant biotypes as manifested
in lower dry matter production by resis-
tant biotypes (Radosevich, 1979). This re-
duced capacity for carbon fixation by the
resistant biotype may be due to a less effic-
ient electron transport system resulting
from a modification of the herbicide bind-
ing site on the thylakoid membrane (Sims
et al., 1981).

In investigating the nature of resis-
tance, Radosevich and Appleby (1973)
found that both biotypes of S. vulgar:s ab-
sorbed simazine equally well and did not
metabolize 1t; 80 to 90% of the C'* activ-
ity was identified as simazine. Differences
in response to simazine could not be attn-
buted to differences in uptake or metabol-
tsm. Later, similar conclusions were ob-
tained with tnazine resistant and suscep-
tible C. album (Jensen et al, 1979). This
mechanism of resistange 15 different than
previously found for 4nazine resistance in
grasses, where the following mechanisms
are recognized: a) benzoxazinone (2,4-
dihydroxy-7-methoxy-1, 4-benzoxazine-3-
one) catalyzed non-enzymatic dechlorina-
tion accompanied by substitution of a
hydroxyl group in the 2-position (Hamuil-
ton and Moreland, 1962; Hamilton, 1964),
b) production of a peptide (glutathione)
conjugate (Shimabukuro er al, 1971).

When chloroplasts were 1solated from
S. wvulganis, Amaranthus spp. and C. album,
Hill reaction activity of resistant-type
chloroplasts was not inhibited by atrazine,
but was inhibited in susceptible-type chlo-
roplasts (Radosevich, 1979). A structural
or conformational change associated with
the thylakoid membrane could be respon-
sible for the differences in susceptible and
resistant  types (Radosevich, 1979).
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Amtzen ef al., (1981) proposed that a spe-
cific polypeptide creates the binding site
for the triazines and 1s located on the re-
ducing side of photosystem Il. The poly-
peptide 1s currently being characterized.

TRIAZINE RESISTANCE AS A
BASIS FOR SELECTION AND
BREEDING

Considerable research has been con-
ducted on species resistance to triazine
herbicides by a number of investigators 1n
the U.S. and elsewhere. Some had suggest-
ed that this resistance may be a source for
selection and breeding long before resis-
tance of weeds to tnazine herbicides was
documented 1n the literature.

Presently, Ontarnio,
Canada have transferred trniazine resistance
from Brassica napus L., annual rapeseed, to
Brassica napus L. (Napobrassica group),
biennial rutabaga, using the tniazine resis-
tant B. mapus as the female parent and
crossing 1t with B. napus (Napobrassica
group) commercial cultivars. Several back-
crosses have been made resulting in bien-
mal B. napus (Napobrassica group) geno-
types that are tnazine resistant. Further
backcrosses are needed to produce a com-
mercially acceptable cultivars with triazine
resistance.

In other Canadian studies, tnazine re-
sistance was transferred from B. campestris
to B. campestris cv. Candle, thus permutting
the use of atrazine at 0.74kgha ! to pro-
vide excellent control of Thlaspi arvense L.,
field pennycress, previously not controlled
by other herbicides (Kirkland, 1980).
However, atrazine at these rates caused re-
sidual carryover to succeeding cereals; stu-
dies are continuing.

Breeding and selection for triazine re-
sistance may now be intensified as a result
of these studies. Some breeding and selec-
tion programs have long considered herbi-

scientists n

cide tolerance as an integral part of their
selection pressure. The Hawait Sugar Plan-
ters Association recognized that Saccharum
hybrids responded differently to ame-
tryne [2-(ethylamino)-4- (isopropylamino)-
6-(methylthio)-s-triazine] (Osgood et al,
1969), and now they routinely screen all
new seedlings and clones to ametryne as
part of their selection pressure. They have
noted that tolerance to ametryne is corre-
lated with tolerance to other triazines,
ureas and uracils.

Their current screening procedure is
to apply ametryne at 9 kg ha ' without sur-
factant or at 4.5kgha ' with surfactant
2mth after planting (R. V. Osgood, per-
sonal communication, 1981). Plots are
evaluated 3wk after application and ob-
served.ater for recovery. Since some culti-
vars recover rapidly from ametryne injury,
more emphasis 1s placed on chronic dele-
terious effects 1n the vanety selection
process.

BIOLOGICAL CONTROL

In recent years, greater attention has
been focussed on biological control of
weeds. Despite past break-
throughs in this area appear less frequently
than in other control areas. A recent 1m-
portant development is the use of Cteno-
pharyngodon 1della Val., Chinese grass carp,
for control of aquatic weed vegetation.

Another aquatic weed, Alternanthera
philoxeroides  (Mart.) Gnseb., alhgator-
weed, has been partially controlled by the
introduction of a fleabeetle Agesicles hygro-
phila Selman & Vogt, and a moth Vogtia
mallo; Pastrana (Maddox er al, 1971).

There appears to be increased interest
in the use of plant pathogenic organisms
for biological control of weeds. In Hawaii,
Trujillo (1976) introduced Cercosporella
ageritinae n.s. for the control of Ageritina
riparia (Regel) K. & R., Hamakua pama-

successes,



kani. The organism was released during
late 1975 and early 1976. Excellent control
of this weed resulted from about 450 to
2000 m elevation, where conditions for pa-
thogenicity were appropnate. This intro-
duction apparently resulted in a self-perpe-
tuating pathogen population as in classical
control interactions between insect intro-
ductions and weeds.

Researchers in Flonda have demons-
trated that a race of Phytophthora citroph-
thora (Sm. and Sm.) Leon effectively con-
trolled Morrema odorata Lindl., milkweed
vine, in citrus (Burnett e al, 1973). The
organism was orginally solated from a
dying M. odorata plant in Flonda. It
appears that this P. atrophthora — M. odo-
rata relationship may also be self-perpe-
tuating.

The use of plant pathogens as a myco-
herbicide also appear to be a promising
area. For example, scientists in Arkansas
have obtained excellent control of Aeschy-
nomene virginica (L.) B.S.P., northern joint-
vetch, in Onza sativa L., nice, by aenal
applications of an anthracnose fungus Col-
letotrichum gloeosporiodes {. sp. aeschynomene
(Daniel et al, 1973). This organism was
onginally found infecting A. wirgimica 1n
the O. sativa fields of Arkansas. A com-
mercial company in the U.S. is developing
the commercial use of this fungus for A.
virginica control.

NEW EQUIPMENT

Perhaps the discovery of glyphosate
[N {phosphonomethyl)glycine] has spurred
innovative developments in equipment. The
excellent translocation of glyphosate coupled
with the broad spectrum of species suscepti-
bility provided opportunities for control of
problem weed species, if glyphosate could be
applied to the weed and not to the crop.

The recirculating sprayer developed by
McWhorter (1970) was highly effective
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in applying glyphosate to tall weeds grow-
ing above crop canopies, resulting 1n ex-
cellent control and little to no crop injury.
This  applicator  disperses  hornizontal
streams of spray solution above the crop
canopy to tall-growing weeds and catches
spray solution not intercepted by the
weeds and recirculates it through the spray
tank. Thus, this mechanism minimizes
loss of spray matenal in the application
process, and has rapidly adopted by farm-
ers in the U.S.

Some years later, Dale (1978) of the
same laboratory reported on a ropewick
applicator to apply systemic herbicides to
weeds growing cither above or below the
canopy of row-crops.

The rope-wick consists of braided ny-
lon strands which transfer herbicide solu-
tion to the weeds by physical contact as
the wick 1s moved through the field. Her-
bicide solution on the wick 1s repiemished
by capillanity from a reservoir. Since only
emerged weeds receive the herbicide solu-
tion, very hittle herbicidé is used unless a
dense population of weeds exist. Reports
from farmers indicate that it is not un-
common to cover 60ha of G. max with
1 kg a.c. of glyphosate and obtain excellent
control.

The rope-wick applicator can be
mounted on tractors or can be hand-car-
nied. Several designs have been made and
many individual growers construct their
own rope wicks. Fields were first treated
with rope-wick applicators in 1978, and by
1980 an estimated 8 to 10 million ha in the
US. were treated with rope-wick applica-
tors.

Many other modifications to the rope
wick concept developed. For example,
roller wipers constructed with an absorb-
ing pad of carpet move counter-clockwise
to the direction of the tractor move-
ment (Wyse and Habstritt, 1977). This
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results in better wetting than the rope
wick, but less than the recirculating
sprayer.

The principle behind these wick and
wiper applications 1s not new, as farmers
previously wrapped their spray booms
with burlap or sponge rubber and wiped
their tall-growing weeds with this ‘system
using 2,4-D((2,4-dichlorophenoxy) acetic
acid) as the herbicide. However, dripping
often caused crop injury with this practice.
2,4-D wgx bars were constructed to elimin-
ate dripping and other problems; but these
wax bars are no longer marketed for row
crops.

The simphcity of the rope-wick appli-
cator and appropnate herbicides to go
with 1t should result in many opportuni
ties for controlling weeds that previously
did not exist.

AN INNOVATIVE TECHNIQUE

Some innovative techniques of im-
proving crop selectivity to herbicides have
been established with localized applica-
tions of activated carbon and by plug
planting. Also, chemical antagonists for
EPTC (S-ethyl dipropylthiocarbamate)
and butylate (S-ethyl dusobutylthiocar-
bamate) for Z. mays and chloroacetamides
for S. bicolor have been developed.
innovative

Dawson developed an

technique where he coated seeds of Medi-

cago sativa L., alfalfa, (1981a) and Phaseolus
wulgaris L., bean, (1981b) with EPTC in
lime or gypsum. These materials are com-
mon carriers for Rpwzobium inoculum.
When 0.2 mg of EPTC was applied per M.
sativa seed and these sown in rows 1cm
apart, control of susceptible species was
obtained in a band approximately 5cm
wide. These treated seeds could be stored
in closed containers for 1yr and the same
result was obtained. When seeds were
evenly sown by hand at 14 to 25kgha”’,

L1

complete control of Lolium perenne L.,
ryegrass, was obtained. However, because
of the difficulty in achieving even distribu-
tion and a uniform depth of 1cm in
practice, weed control was usually incom-
plete.

By estimating the area of M. sativa
seed at 2mm?, Dawson calculated that the
rate of EPTC that the M. sativa seed was
exposed to at seeding time was about 250
times the normal rate of application. In his
experiments at 4kgha ', seeds were
exposed to 1000kgha ' if applied uni-
formly and incorporated in the field.

Further studies indicated that emerg-
ing seedlings of M. sativa are extremely
tolerant to EPTC, nongerminated M. sa-
tiva seed 1s practically immune to EPTC,
and EPTC diffuses rapidly from the seed
to the band of soil where weeds are con-
trolled. All these factors contribute to the
extremely high tolerance of M. satrva to
EPTC.

EPTC was also applied to P. vulgaris
seeds which were seedtd 4cm deep and
3 cm apart in the row. Under these condi-
tions, Echinochloa crus-galli (L.) Beauv., bar-
nyardgrass, was controlled in bands 10 to
[2cm wide. The deeper seeding with P.
vulgarts probably caused better distribu-
tion of EPTC laterally and hence a wider
band of weeds was controlled.

This technique appears to have much
promise for use of herbicides where equip-
ment, water, and other necessary items
may be unavailable. It could be used as an
aid to subsequent hand-weeding or per-
haps with wiper or rope-wick applications
as discussed earlier.

APPLICATION OF WEED
BIOLOGY

Studies on weed biology have provid-
ed the basis for more effective control of
weed species. For example, Egley and Dale
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(1970) discovered that ethylene stimulated
germination of Striga asiatica (L) O.
Kuntze, witchweed seeds. Following ger-
mination, §. astatica must attach to a host
or starve.

Ethylene applied at 0.4 to 1.1kgha !
induced S. asiatica seed germination 1n the
field (Eplee, 1975). One application of
ethylene was delivered approximately
20cm below the soil surface by a field
injector resulting in 90% germination of
S.asiatica seeds and their subsequent
starvation. This program is now part of
the §. asiatica eradication program; sev-
eral thousand ha in North and South
Carolina have been treated with ethylene

gas.
AGROECOSYSTEMS STUDY

Long-term studies dealing with herbi-
aide and cultural controls for several crop-
ping systems are being conducted (Slife
and Wax, 1975). Weed seed populations
are monitored; 1n several cropping systems
only 12 of 30 weed species remained after

6yr of cropping. Regardless of the weed
control measure used, best yields of Z.
mays, G. max, and Triticum aestivum L.,
wheat, were obtained when grown in rota-
tion rather than continuously. Of the
weed control measures used, rotational
herbicide use resulted 1n the highest
yields. No herbicide residue buildup was
noted with any of the herbicide treatments
after 6 years. Other studies on soil orga-
nisms are being conducted on these plots
(Chio and Sanborn, 1978).

These are just a few highlights of the
many accomplishments in weed science
and technology in the U.S. Though many
imteresting aspects such as allelopathic
relationships, modelling weed and crop
growth dynamics, relationships of weeds
with other pest organisms, weed competi-
tion studies, mechanisms of herbicidal
action, translocation and metabolism, her-
bicide-soil and interactions, have not been
discussed here. It 1s hoped that this pre-
sents a broad perspective of weed science
research 1n the country.
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ABSTRACT

The highlights of weed science work in Indonesia are briefly reviewed to cover the history of weed
science and recent developments in education and training, research, collaboration, publication, exten-

sion work, regulation and agrochemical development. The prospect of future trends of weed science de-

velopment is also briefly presented. Weed science has been othicially oftered 1n some universities since

the 1970's, while training 1n weed science has been conducted by some universities, research institutes,

and by the Weed Science Soaiety of Indonesia. Weed science research sull emphasizes chemical con-

trol, the study of weed flora in various areas, the ecophsiology of the crop-weed system, biological con-

trol and utithzation of weeds far vanous purposes

INTRODUCTION

Several
weed science development have already
been published (Soenant et al,, 1971; Soer-
jani, 1973, 1977 and 1978), while pro-
spects of weed (including aquatic weed)
management in Indonesia have also been
discussed (Soenani and Tirtarahardja
1971; Soenani and Azis, 1979; Soenani ef
al., 1976, 1977, Kasno et al., 1979; Wi-
dyanto and Saqerjani, 1980; Soernani, 1979,
1980 and 1981). This paper attempts to
briefly highlight more recent weed science

review articles concerning

work in Indonesia.

RESEARCH

Taxonomy and imventory

The extreme importance of correct
identification of weed species was first rea-
lised by Koorders (1890), and resulted in a
very few publications, e.g. weed flora in tea
(Backer and van Slooten (1924) and in sugar-
cane (Backer, 1928-1934). This book in fact
covers almost all weeds in Java, and ss still con-
~ sidered as a rich source of information per-
taining to weed taxonomy and identification.

Other modern up-to-date general flo-
ras are Flora of Java (Backer and Bakhui-
zen van den Brink 1963-1968) and Flora
Malesiana which irregularly appears in se-
parate volumes (van Steems, 1951).

[lfustrated weed floras recently pub-
lished, include weeds in plantations with
colour photographs by Sudarsan and Rifai
(1975), weeds 1n nice fields with attractive
drawings by Sundaru er al. (1976), a more
extensive book on aquatic weeds in Sou-
theast Asia by Pancho and Soerjani (1978)
and weed flora of highland hortrculture in
Java by Everaants (1981).

The latest work on weed flora in Indones-
1an nce cultivation will cover 250 illustrated
weed flora, including information on their
ecophysiology, agncultural importance and
control, and will be published jointly by B1O-
TROP and the Royal Tropical Institute as a re-
sult of BIOTROP-NUFFIC five years of colla-
boration. The work reported by Wicaksana
(1979) described the possibly more easy and
accurate method of Cyperaceae seedling iden-
tification by examining the remaining pen-
carps still attached to the seedlings.
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BIOTROP also plans to produce Weed
Species Identification Sheets (weed SIS):
loose sheets of illustration and des-
cription of important weed species 1n four
languages (English, Indonesian’Malaysian,
Tagalog and Thai).

Weed ecophysiology

Weed ecophysiology torms an area of
study which may yield valuable informa-
tion for the selection and the performance
of justified practices in weed management.
The recent work in the biology of weeds
includes ecophysiology of important weed
species and the systems in which they oc-
cur. Factors taken into account in this stu-
dies e.g. growth requirements of crops and
weeds, the relationships between the de-
gree of occurrence and the degree of the
effect of weeds on crop yield, generative
and vegetative reproduction, and dispersal
of the propagules as well as their establi-
shment.

Much attention has also been paid to
the biology of alang-alang /mperata cylind-
rica (soenani loc.cit; Eussen, 1981; de
Groot, 1979), Salvimia molesta (Nguyen,
1979), and purple nutsedge Cyperus rotun-
dus (Sierra, 1979, Mangunsukardjo, 1979).
Information on various aspects have been
gathered, e.g. reproduction of this species,
its growth under varnious conditions, its
impact on the associated plant species,
allelopathic mechanisms, and the effect of
control practices. Other species of weeds
much studied are waterhyacinth (Djalil,
1979; Talatala and Sognani, 1975; Sastrou-
tomo et al., 1978), Panicum repens, Paspa-
lum comugatum, Pennisetum polystachion,
water lettuce (Pistia stratiotes), Striga lutea
and Ageratum conyzoides (Sastroutomo,
1979; Eussen, 1981). The degree of compe-
titiveness of the following species was
studied and reported by Pons (1979) i.e.
Echinochloa crusgalls, E. colona, C. iria, C.

difformis, C. pilosxs, Fimbristylis littora-
lis, Scirpus juncoides, and Eleochanis con-
gesta.

Chemucal control

Although most weed control practices
are done manually, the recent activities in
weed science research have emphasized on
chemical control. Research on chemical
control in nice fields and other food crops
are done mainly to select herbicides suit-
able for certain agro-ecosystem in particu-
lar areas, due to differences of cultural
practices, crop varieties planted and prob-
lems of weeds (Sundaru, 1979; Utomo and
Mercado, 1979; Pane and Sundaru, 1981;
Utomo, 1981). At present the farmers are
practising the use of 2,4-D amine, 2,4-D
butylester, MCPA, thiobencarb + 2.4-D,
oxadiazon, and butachlor for inundated
nce fields.

In controlling weeds in corn the com-
mon practice Is to use atrazine, paraquat,
and glyphosate. Paraquat and glyphosate
are limitedly used also for cassava, while
alachlor and oxadiazon are used for soy-
bean. Herbicides still under further inves-
tigation by vanous researchers, e.g. bu-
tachlor for upland rice and soybean and
diclofop methyl soybean.

Following the past herbicide selection
trials, the present commonly used herbi-
cides for plantation crops are dalapon, pa-
raquat, paracol, glyphosate and 2,4-D,
mainly for rubber and oilpalm. Glyphos-
ate and dalapon are used in controlling
alang-alang in several plantation crops of
rubber, cocoa and oilpalm (Tyitrosudirdjo
et al., 1980; Uswandi and Angudi, 1980;
Arnef and Sutomo, 1980). The current
widely studied new herbicide 1s fusilade
25EC for post-emergence application to
control grass weeds in inter-row crops of
rubber and other perennial plantation
crops.
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Cultrvation methods

The cultivaton methods are based on
the modification of environmental condi-
tions, tn which the modified environmen-
tal conditions are suitable for the crops
and not for the unwanted naturally occur-
ning plants. This may consist of soil prepa-
ration, irrigation, type of crop planting,
maintenance of the crops, rotation, mul-
tiple cropping, inter-row cropping and the
use of annual cash crop or ground covers
n plantation crops. These methods may
ffectively contnbute to the proper mana-
gement of weeds in any crop planted. In
nce fields, the most important cultivation
method to control weed seed germination
and growth 1s the continuous inundation
through irmgation. Therefore, in nce field
areas with lack of irngation, the weed
problem 1s more severe than in irngated
fields.

In some localiues the farmers convert
the rice field into sugarcane plantation
peniodically. With this rotation, the pres-
ence of certain weed species, ¢.g. Monocho-
ria vaginalis, Fimbristylis spp., Marsilea cre-
nata and Limnocharis flava may be
reduced.

The use of ground covers like Centro-
sema pubescens, Calopogonium mucunoudes,
Psophocarpus palustris which can be fed to
livestock constitutes a good weed control
practice in some plantation in addition to
preventing the harmful effects of a clean
culture. In young rubber and other young
plantation crops the cash cropping system
using maize, cassava, peanut, etc. is used.
There are two reasons for employing this
method. One is to optimise land utiliza-
tion and the other is to reduce weed infes-
tation.

Recent investigation to develop the
best techniques for controlling weeds
through agricultural methods has been
done in various transmigration Sites. Two

9%

cropping systems have been investigated,

re. the perennial crop (coffee) based crop-

ping system, in which after the third year
no more food inter-row crops are planted,
and the food crop based cropping system.
The food crops, namely corn, upland rice,
cassava, sorghum, peanut, and ricebean

are mixed planted, intercropped or se-
quentially planted (Suryatna and Mcln-
tosh, 1980). Another similar method using
mechamzed cultivation methods is cur-
rently being investigated which is aimed
mainly at the control of alang-alang in the
arca (Sembiring and Supardja, 1981).

Biological control

Research into biological control me-
thods of weeds in Indonesia was reviewed
by Mapngundihardjo (1975) and Kasno et
al. (1979).

Efforts in the biological control of
weeds are still in their initial stage in Indo-
nesia. The introduction of Dactylopxs to-
mentosus from Australia into Sulawesi in
1935 to control Opuntia spp brought re-
sults in four years. It was the first attempt
at this type of control. Other efforts were
the introduction of lace bug (Teleonemia
scrupulosa), grass carp (Ctenopharyngodon
idella), and the mottled waterhyacinth wee-
vil (Neochetina eichhormiae), in the integrat-
ed effort to control Lantana camara, Hyd-
rilla verticillata as well as other aquatic
weeds and waterhyacinth respectively. Ef-
forts to find out indigenous insects and
fungi have also been carried out for several
years, however, till recently there have
been no promising agents that have the
potential to control important weeds in
Indonesia. Most of them are species with a
wide host range. Proxenus bennia is consi-
dered as a specific feeder on Pistia stratiotes
but it only has a low damaging potential.
To maximize this low potential it is advis-
able to integrate biological control with
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other agents or other control efforts such
as mechanical and chemical methods. Pre-
liminary studies done under laboratory
condition showed interesting results, e.g.
the combination of the use of a fungus
Myrothecium roridum and N. eichhorniace to
control waterhyacinth demonstrated a bet-
ter result than the use of any one of them
alone.

Utilization

The attitude toward the utilization of
weeds is bow can we benefit from a problem.
Although this 1s not always feasible, there
is, however, a need to consider appropriate
approaches to problem solving, since al/
problems showld be, in the first instance,
viewed as opportxnities.

So far, species of weeds investigated
for their possible utilization are: waterhya-
cinth, Salvimia molesta and alang-alang.

The recent approach is to make use of
the plant matenal for mushroom culture,
biogas production, paper pulp production,
water punfication, and also as fertilizer,
animal feed and handicrafts.

The petioles of waterhyacinth can be
properly used as a bedding matenal for
tropical mushroom, Volvariella volvacea,
yielding approximately 25% (250g of
mushroom out of 1lkg dried petioles)
(Soerjani, 1980, 1981; Widyanto and Soer-
jani, 1980).

Biogas can be produced from fresh
matenal of waterhyacinth, i.e. 3701 of bio-
gas with 69% methane gas can be pro-
duced (Soerjani, 1980, 1981).

Potential uses of waterhyacinth, alang-
alang, Panicum repens and Scirpus grossus as
paper pulp material have been investigated.
The results showed that alang-alang material
is the best source for paper pulp (Judodibroto
et al., 1979; Soerjani, 1980, 1981).

Polluted water may be purified to
some extent by the high absorption capa-

bility of waterhyacinth. The plants are
able to absorb heavy metals such as Cd,
Hg, Ni, and other matenals, e.g. NO,,
NH,, PO,, Na, 510, and S (Widyanto,
1979).

HERBICIDE MANAGEMENT

Regulation

Aiming at the most desirable and opti-
mal use of herbicides with a minimal nsk
to the human health and the environment,
the distnbution, storage and usage of pes-
ticide have been regulated by the Gover-
nment Regulation no.7-1973. The regis-
tered pesticides following the procedure
set forth by the regulation will be an-
nounced through a “white list” issued re-
gularly by the Mimistry of Agniculture. In
the present book published by the Pesti-
cide Commuission, there is a list of 286 for-
mulations of pesticides, 57 (or 19.9%) are
formulations of herbicides (Table 1).

As compared to the carlier figure,
there were only 20 herbicides registered in
Indonesia in 1977 (Soenani e al., 1977).
Industrial development

Herbicide industnal development in
Indonesia is still in its early stage. The first
steps towards producing herbicides in In-
donesia were taken some ten years ago, but
production until now has remained only at
the formulation stages.

Table 1: List of registered formulations of
pesticides in Indonesia (1980)

N Number of Per
Pesticides registered
formulations cent
Insecticides 124 43.4
Herbicides 57 19.9
Fungicides 57 19.9
Others 38 13.3
Surfactant, etc. 10 3.5
286 100
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Table 2 Permitted formulated pestiaides (1979-80 and 1980-81)

Number ot N :
New permitte
Pestiide permutted Per
e formulations et tormulations
(1979 1980y (1980 1981)
Insecucides 75 58 6 5
Fungicides 21 16.4
Herbiaides 15 11.7 i
Surfactants, ete
Orthers 17 13.3 |
128 100 7

The permitted formulated herbraides
im 1979-80 constitute only 15 formula-
tions, or [ 1.7% of the total 128 formulated
pestiaides (Table 2). Permission to manu-
tacture these herbiaides was granted to 13
companes.

The number of new permitted formu-
lations accepted in the 1980-1981 penod
was himited to only seven new tormula-
uons and production hcenses were given
to four companies.

FUTURE TRENDS AND
CONCLUSION

In Indonesia agncultural practices are
sull labour intensive, therefore weed con-
trol efforts are mainly performed manual-
ly. However, since the labour distnbution
1s imbalanced, there are areas with less la-
bour for manual weeding. This 1s true 1n
plantation crops, but 1t also occurs in
some areas of annual crops, ¢.g. rice fields.
Therefore, the solution of the weed prob-
lem may vary from region to region and
from time to time.

Considening the fact that agnculture
only covers 8% of the total land area, the
present burden, already approaching 70%
of the carrying capacity of the agric.ultural
land, is somewhat on the critical side.

Theretore, 1t the overall weltare ot the
tarmers (which 15 70% ot 'the total popula-
ton}) 1s to be steadily enhanced, the most
important options are:

a. To increase the carrying capacity of the
present agnicultural land area. This will
require a lot of energy, including herbi-
(ldl"'.

b. To open new agncultural land and re-
distnbute the population. This requires
efficiency which may in turn also re-
quire the use ot more energy, including
herbicides.

Theretore, 1n tuture national develop-
ment, the role of weed science 1s expected
to increase. This 1s a prerequisite to the
balancing of the development of all
companents tn agncultural production. in
particular  agricultural
traintng.

education and

There 1s also an increasing concern for
the cnitical situation of the quality of the
environment. The tuture increase in the
use of energy for weed management,
including the use of more herbicides or
any other methods of weed control, will
require increasing wisdom by all con-
cerned. This places the role of education:
in the forefront of future development of
weed sciences.
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WEED COMPETITION IN UPLAND RICE

IS HIDAYAT UTOMO
Tropical Pest Biology Program, BIOTROP,
P.O. Box 17, Bogor, Indonesia.

ABSTRACT

In order to obtain the information of weed competition 1n upland rnice,some experiments were car-

nied out at BIOTROP, Bogor, Indonesia. The “space occupation™ and “replacement senes™ concept de-

veloped from de Wirt were used to describe the complex of environmental factors that atfect to the

plant growth performances and interaction between weed species and upland rice crop,

INTRODUCTION

Agncultural fields may be regarded as
artificially  established and maintained
ecosystems in which man tnes to adapt the
environment as much as possible to the
benefit of the crop plant in order to attain
a maximum yield of the crop (Soenani et
al., 1981). Further the requirement of the
established and maintained ecosystem will
depend on the growth requirement of
crops. To establish such an ecosystem, the
site of conditions are first made suitable
tor crops. This may be in the torms of re-
moving of the existing vegetation, site pre-
paration, establishment of irngation and
apphcation of chemicals.

After planting peniod, the crops then
grow together with non-crop species.

In upland rice ecosystem the crop 1s
introduced as soon as the environmental
condition with respect to available soil
moisture are favourable during the period
of rice growth. After soil preparation rice
seeds are directly planted, broadcasted or
drilled in hills or rows. Since in upland
rice culture there 1s no rice transplanting
system therefore heavy weed infestations
occur. Both crop and weeds are living or-
gamisms, capable of establishing a commun-
ity. In this connection this paper is intended
to discuss their response, and interactions.

COMPETITION

The main factor of competition is
actually based on the ecological manipula-
tion by both crop and weeds. According to
Aspinall and Milthorpe (Z:mdahl, 1980),
plant (weed and crop) dunng growth will
modtty the environment around them and
the modified
influences  the

environment mn turn

growth ot constituent
plants.

The condition established of such area
atter land preparation apparently suitable
tor both the crop and many non-crop
plant species and the vegetaton will be
composed of a crop and a non-crop plant
(Soenani et al., 1981). The non-crop plant
species are classified as weeds as soon as
indication exits that they hamper crop ger-
mination, development, growth and yield
in one way or the other.

The kind and number of weed species,
which establish 1n an ecosystem, depends
on the composition of the previous exist-
ing vegetation on that site and on the
composition of the surrounding vegeta-
tion. Duning and after site preparation,
weed species will start to inhabit the site.
When the crop is introduced both com-
ponents of the vegetation, the weed and
crop component, are utilizing mainly the
same environmental factors for their
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growth performances. As soon as these fac-
tors are not sufficient to support their op-
timal growth performances, the competi-
tion starts.

The degree of competition will vary
according to the plant species, plant densi-
ties, distnbution and duration of plant
existing 1n that ecosystem (Bleasdale,
Zimdahl, 1980), while climatic and edaph-
ic condition serve as modifiers.

To determine the competition bet-
ween plants (crop and weed) all environ-
mental factors contributing to the growth
performances of plants may be involved.
The term “space™ embraces all environ-
mental tactors, e.g. hght, water and nu-
trient for which the species compete; and
turthermore it can describe the difficulty
to evaluate the individual significance of
these factors in the process of competi-
tion.

In a certain environment, the yield
of a plant growing may be represented
by:

_  BZ
~ BZ.+1
where
0 1s the actual yield, Z 1s the density of
sowing; OM is the maximum yield
which 1s obtained at high plant densi-
ties and B 1s the space occupation oc-

cupied by a single plant growing alone

(de Watt, 1960).

The yield OM 1s attained when the
available space 1s completely occupied by
the population. At lower densities the po-
pulation occupies a relative space.

_ 0 _ BZ
T OM  BZ.+1°

where RS s relative space occupation.

RS

FACTORS AFFECTING WEED
COMPETITION IN UPLAND
RICE

Some factors atfecting plant competi-
tion have been studied intensively by sev-
eral researchers. One of the more substan-
tive recent explanations of the sum of the
factors encountered by an individual
plant has been schematically outlined
by Bleasdale (Zimdahl, 1980) (Fig. 1).

Some environmental factors in con-
nection with the weed competition in
upland nice at BIOTROP, Bogor, Indone-
sia. They deal with the densities of plant
(both crop and weeds), species of weed and
ecological factors such as nutnent status in
the soil or level of nitrogen added to the soil.

Effect of plant density
Based on the plant density, weed com-
petition that affect crop yield, can be re-

— Species |
— Densities ‘
— Distnbution |~ Weeds
— Duration The degree of
[weeding) Modified by edaphic .
= Densities and climatic conditions CECHRS m.j.
— Other crop by an indivi-
— Distribution | Plants of dual plant
— Duration some species
(thinning)

Fig. 1 : Schematic diagram depicting the competition encountered by an individual plant.
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Fig. 2: A schemauc sigmoidal relationship de-
picting the effect of increasing weed density on
crop yield.

presented by a schematic sigmoidal rel-
uonship (Fig. 2). However in the same spe-
cies, like in upland rice itself, the intra-
competition may occur according to the
densities apphied. Eussen (1981a) has tried
to obtain information on a possible nega-
uve etfect of high plant densities on grain
yield of upland nce. The studies were
made under glasshouse condition at BIO-
TROP, Bogor, Indonesia. It was found that
no negative effect of plant densities on
grain yield could be observed in the broad-
cast situatton up to seed rates of
280 kg/ ha. But when situated in hill seed-
ed rice the grain yield decreased when seed
rates exceeded values equalling to
140 kg/ ha.

Considering the value of space occu- >
pied by plant, the conclusion i1s almost the
same. Eussen and Utomo (1981) observed
same space occupation by rice under both
hill  seeded and broadcast seeded
conditions at two plant densities (3 and 1
15 plants/pot, equal to 60 and
200 kg/ha with the same planting patterns
{Fig. 3).

In a replacement experiment done at
BIOTROP, Eussen (1981b) reported that a
series of densities of Ageratum conyzoides
L, ranging from 1 to 32 plants/pot re-

103
B
t
(g/por)
F .3
A/=
= - a
50 100
3
1
(x/pot)
[
X
() Lito
S
A .

50 LGO DAS

Fig. 3 : Space occupied by the plant as function of
nme for hill seeded (.) and broadcast seeded (x)
rice.
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Table 1 : Effect of A. comyzoides densities on yield
of upland nce.

A. conyzoides

deisisiog Yield Per cent
(Plants/pot) g/pot  reduction
0 16.0 0

1 13.0 18.7

2 11.5 28.1

4 103 40.6

8 7.5 53.1

16 5.5 71.8

32 5.5 71.8

Note: | plant pot is equivalent to 32 plants' m’

duced the grain yield of upland rice var.
Bicol by 19 to 72% (Table 1).

Eussen and Hadi (1981) showed an ef-
fect of Digitania cilianis Pers. to rice grain
yield. When D. ciliaris present at a density
of 1 plant/pot the grain yield of nce
grown at a density of 2 plants/pot was re-
duced by 62%.

b. Weed species

Some competition studies were car-
ned-out at BIOTROP with some impor-
tant species of weed e.g. Digitaria spp., Po-
rophyllum ruderale Cass., Croton hirtus, Dac-
tyloctenium acgyptium L., Cyperus rotundus
L., etc.

The competition varied according to
the species and it was determined by cal-
culating the space occupied by the species
based on de Witt method.

Digitaria ciliaris displayed higher rate
of space occupation than D. fuscencens and
D. ternata when grown from the seed
When grown from the cutting, space occu-
pation of D. cliaris was delayed until 55
DAS (Eussen and Balen, 1981). In a repla-
cement series the competition was also de-
termined under greenhouse condition. It
showed that rice grown later than D. cilia-
ris started to grow at the same time as one

plant of rice appeared about equally com-
petitive to one plant of Digitarna.

Porophyllum ruderale a common species
in upland area, was also studied to know
the ability 1in occupying the space. It was
found that the rate of space occupation of
this plant species was low plant densities.
At these low densities, some effect of the
soil nitrogen level on root dry matter was
observed (Eussen and Madenan, 1981). At
a density of 2 plants/pot this species re-
tarded the uller formation of nce at
60DAS and afterwards reduced the grain
yield by 50%. When the density of this
species was 32 plants/pot, the effect ap-
peared at 30DAS and reduced the grain
yield of nce by 91% (Eussen and Martoyo,
1981).

Holm et al. (1977) considered Dactyloc-
tenium aegyptium as a weed of secondary
importance on a world basis. An effect of
P. agyptium on rice started to become vis-
ible on nce tiller production from 30 DAS
itself (at density of 1 plant/pot). The re-
duction of the grain yield was recorded at
75% and 10% by the-densities of 32 and 1
plant/pot.

The species like C. rotundus, which 1s
recognized as the world worst weed (Holm
et al., 1977), reduced the grain yield of rice
by 33% and 93% at soil without fertilizer
of 1 and 32 plants/pot. At 100kgN/ha
this reduction was 43% and 93% respecti-
vely. The reduction in grain yield was
mainly caused by a decrease in the number
of grain, due to a reduction in panicle
numbers.

c. Duration of weeds present in the ecosystem

The duration of weeds present on the
field, often considered as the maximum
period of weeds that can be tolerated
without affecting the yield of crops. There-
fore, it is dealing with critical period of
weed control in a certain crop cultivation.
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In upland rice conditions, Mercado (1979)
stated that the cntical period for weed
control 1n upland rice is 40 days after
planting. A field experiment was carried
out at BIOTROP experimental station to
obtain the effect of
weeding time on the competition between
weeds and upland rice (Sebayang, 1980).
The weed composition found in the
field were: Mimosa pudica, M. invisa, Age-
conyzordes, Porophyllum  ruderale
Cass., Diguitaria spp. and other grasses.
At the levels of 100kg N/ha the grain
yield of rice grown with weeding at 20, 40,
60 and 80 DAS, and without weeding were
compared to no weeds plot. The reduction
of nice grain yield over no weeds plot were
19, 16, 39, 5 and 99%, respectively In a
greenhouse condition Eussen and Zulfadh
(1981) also carned out an experiment for
the same purpose to obtain information

information on

ratum

on the effect of time and duration of com-
petiion between weeds and upland rnice.
The weed species used were Mimosa invisa,
Ageratum conyzoides, Porophyllum ruderale
and Digitaria fuscencens.

When no nitrogen was applied, reduc-
tion of grain yield due to weeds started at
0 and 40 or more DAS or when started be-
fore 20DAS and left unt) 110 days. When
nitrogen was applied, weeds which started
at 0DAS decreased grain yield when they
were allowed to stay for 40 DAS or longer,
or when they started at 40DAS or early
and are left unul 110DAS (Fig. 4).

d. Environmental condition factors

There are many environmental factors
that will serve as modifier in the process of
competition. However, the levels of nutrition
in the soil can be the most important factors.

In an experiment conducted in glass
house at BIOTROP by using water culture
solution, Eussen and Utomo (1981) found
that nitrogen should be present between 30

grain yield

(g/pot)
NO
10
5
L e
30 100

grain yiell
1'101')

(8

5
50 100
grain vield
|g/p.‘7!
N2
10 2
51
50 100 DAS

Fig. 4: Grain yield of rice as affected by the treat-
ments. ® weed present from 0 DAS until time
indicated, O weed present from indicated time
unul 110 DAS.

and 70DAS in order to assure a grain
yield not deviating from plants grown con-
tinuously on nitrogen containing culture
solution. The weed control, therefore, can
be based on this matter. It 1s in-line with
Sebayang (1980), that two time of weeding



106 PROC. 8TH ASIAN-PACIFIC WEED SCI. SOC. CONF. 1981 11 VOL

in field condition of upland rice at 20 and
40 DAS was satisfactory to control wged.

The N levels in the soil will affect the
degree of weed competition. In upland
rice, increase in N fertilizer will cause in-
creased N uptake by Cyperus rotundus
(Okafor in Mercado, 1979). Weeds grow
better under adequate levels of nutrients
thus making them more competitive
against the crop.

In other experiment Eussen and Zul-
fadli (1981) have proved that in the rate of
100 to 300 kg N/ha the reduction of rice
grain yield due to weed was 75%. Thus
reduction appeared to be independent on
the levels of nitrogen. Therefore it can
be noted that weed control becomes
more imperative when fertilization 1s
practiced.

CONCLUSION

Grain yield reduction due to weed in
upland rice has been quite enormous, be-
ing 78% in Philippines (Mercado, 1979)
and 70 to 80% in Indonesia (Syam and
Effendi, 1977).

Further it 1s imperative that space oc-
cupation of the weed should be as low as
possible therefore it will be beneficial for
the crop. According to Soeprapto (1980)
to get the maximum production appeared
to be a seed rate of 100kg/ha. The species

of plant, either crop plant or weed, will
influence the competition occurred in the
crop-weed system. Morphologically, the
crop plant with tall vigorous and faster
rate in growth will have ability to compete
with the weed.

Duration of weed occurred in the
weed-crop system plays an important role.
Sometimes the farmers believe that remov-
ing weed any time during the growing sea-
son of crops solves the problem. This 1s
not correct, since the correct ime of weed
removal produces a comparable yield of
crop. As proved by Eussen and Zulfadl
(1981) that two weeding at 35-40 DAS and
50-60DAS are necessary to avoid the
grain yield loss at 100kgN/ha.

Principally, the application of fertiliz-
er should be directed to the benefit of the
crops. However, weeds in crop-weed sys-
tem will take advantage in uptaking the
nutrient, and 1n certain condition become
more competitive to the crops. Therefore,
to make the fertilizer application efficient,
weeds should be controlled.
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STUDIES ON RICE WEED COMPETITION UNDER
DIFFERENT METHODS OF RICE CULTIVATION
AND WEED CONTROL
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ABSTRACT

Field expeniments were conducted in monsoon 1979 and 1980 at Banaras Hindu University, Vara-

nast, India, with three methods of nice cultivation and ten weed control treatments,

The maximum grain yield was recorded under transplanted method tollowed by direct seeded

(puddled) and sigmificantly lower in direct seeded dry condition owing to corresponding increase in

weed dry matter, more depletion of nutnients by weeds and less uptake by the crop. Butachalor 1 to 2

kg ha, propanil 2.0 kg ha and thiobencarb 2 kg ha were the most ettective herbicides in checking the

weed growth and nutnent depletion. These treatments produced gramn yield comparable 1o hand

weeded treaiment. Weed dry matter and nutuent removal by weeds showed positive relanonship.

INTRODUCTION

Among the vanous factors responsible
for low yield of upland rice, weeds are im-
portant. Gopalaknshna Pillai and Rao
(1974) reported that the per cent yield
losses due to weeds in direct seeding under
dry condition, direct sceding under
puddled condition and transplanting me-
thods are 50%, 30-35% and 20%, respecti-
vely. The umely removal of weeds,
through hand weeding which 1s largely
adopted by farmers, 1s rather difficult due
to unavailability and high cost of labour.
Therefore, the present experiment was
planned to study the rice-weed competi-
tion under different methods of rice culti-
vation and to find out suitable herbicide
to subdue weed growth.

MATERIAL AND METHODS

Field experiments were carried out
with rice cultivar Cauvery at the Research
Farm of the Institute of Agricultural
Sciences, Banaras Hindu University,
Varanasi, India for monsoon seasons of

1979 and 1980. The experiment was laid out
in sphit plot design keeping the three sowing
methods in main plots and ten weed control
treatments 1n sub plots (Table 1).

Crop was sown 1n hnes 25 ¢m apart
using 100 kg seed/ha. The direct sowing
under dry and puddled conditions was
done on July 12 and July 14 dunng 1979
and on July 2 and July 4 in 1980, respecti-
vely. Transplanting was done on August 8
and July 22 in the year 1979 and 1980, re-
spectively. At last ploughing/ puddling fer-
ulizer was applied at the rate of 60 N, 60
P,0. and 60 K,O kg/ha. The remaining 60
kg N/ha was top dressed in two equal
splits, viz., at ullering and at panicle initia-
tion stage. The hquid formulations were ap-
plied with a foot sprayer while the granules
were broadcasted uniformly mixing with dry
soil. Nutrients uptake by weeds and crop was
estimated at harvest stage.

RESULTS AND DISCUSSION

The prominent weed species were Cy-
nodon dactylon (L.) Pers., Echinochloa colo-
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Table 1: Effect of planting methods and weed control on weed dry matter production and N, P, K depletion
by weeds.

Dry matter weeds Nutnents depletion by weeds (kg ha 1)
(g m?) N P K

Treatments 7 v - o
1979 1980 1979 1980 1979 1980 1979 1980

Sowng methods
Direct sowing (dry) 216.2 179.9 29.30 228 9.0 7.1 279 238
Direct sowing

(puddied) 160.9 135.8 23.20 17.8 6.3 45 17.5 15.6
Transplanted 100.8 840 12.20 9.0 31 2.1 10.3 8.2
C.D. (P=0.05) 109 0.7 1.80 1.3 0.1 0.2 1.0 1.5
Weed control treatments

kg/ha
+ Butachlor (EC) 2 116.0 9.2 17.90 13.6 5.0 33 15.2 126
+ Butachlor (G) 1 107.9 92.5 16.60 13.1 48 31 133 10.7
+ Nitrogen 2 1473 119.7 20.30 158 5.5 39 17.1 14.1
+24D (G) 1 2232 187.5 23.40 19.1 7.8 6.2 22.5 199
t24-D (EC) I 215.7 1844 24.00 18.6 8.0 b4 229 204
+MCPA 1 219.0 182.8 24.25 18.7 8.0 6.5 229 20.5
+ Thiobencarb 2 129.4 108.2 17.80 13.8 54 38 16.1 13.8
1 Propanil 2 113.7 100.1 18.60 139 48 31 150 12.6
Handweeded 435 36.7 8.40 6.3 29 1.2 59 38
Unweeded control 277.1 3263 44.30 343 9.5 7.9 350 36
(C. D (P=0.05) 10.3 12.6 1.18 1.3 03 0.5 09 0.9

+ Pre-emergence, 4-DAS/DAP  + Post-emergence, 20-DAS DAP

were thiobencarb and propanil. The phenoxy
group of herbicides were less effective in con-

num (L.) Link, Cyperus rotundus (L.) Pers.,
Fimbristylis miliacea Vahl., Euphorbia hirta

L., Corchorus acutangulus 1., Eclipta alba
Hassak., Phyllanthus niruri L., Ammania
baccifera L. and Commelina benghalensis L.
The direct sown crop had maximum weed
dry matter, while it was minimum in trans-
planted crop (Table 1). Puddling reduced
the weeds. Thus transplanted crop pro-

duced maximum grain, followed by direct

sown with puddling and lower in direct
sown under dry conditions (Table 2).
All the herbicides and handweeding
treatments significantly lowered weeds dry
matter and gave yields more than un-
checked control. Butachlor (EC or G) was
superior to other herbicides. The next best
herbicides both in yields and weed control

trolling the weeds and gave yields shghtly su-
perior to unweeded control.

Methods of planting had significant
vanation in N, P and K depletion by
weeds. The maximum depletion of N, P
and K was recorded in direct sown crop
under dry condition, while minimum was
in transplanting. The direct sowing under
puddled condition was intermediate. Nu-
trients depletion corresponded to the dry
matter of weeds indicating the positive re-
lationship between them.

Among the weed control treatments,
the maximum depletion of nutrients was
observed in unweeded control and mini-
mum in hand weeded control. It was fur-
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Table 2: Effect of planting methods and weed control on grain yield and N, P, K uptake by rice

Grain yield

Nutrients uptake (kg/ha)

Treatments (kg ha) N P K

1979 1980 1979 1980 1979 1980 1979 1980
Sowing methods
Direct sown (dry) 936 2012 26.4 63.4 83  19.00 267 72.0
Direct sown (puddled) 2655 3000 74.2 919 18.6 24.60 73.7 100.8
Transplanted 3640 4175 96.0 1043 245 3200 944  113.1
C.D. (P=0.05 436 323 53 0.3 0.8 0.70 5.0 33
Weed comtrol reatments,

kg ha

Butachlor (EC) 2 2775 3412 74.4 98.7 190 2942 787  109.0
Butachlor (G 1 2769 3575 71.0 97.0 18.7 28.60 75.6 109.0
Nitroten 2 2400 3050 64.0 81.0 16.5 2480 642 88.6
24D (G) | 1910 2425 54.3 70.5 14.3 21.04 56.8 79.3
24D (EC) 1 1950 2575 54.7 74.7 141 2250 58.0 82.8
MCPA 1 1939 2537 55.6 70.4 14.7 2050  58.1 77.5
Thiobencarb 2 2674 3325 70.8 94.4 18.3 27.30 73.6 108.3
Propanil 2 2924 3562 75.3 101.6 196 2940 789 1062
Handweeded 3065 4050 86.2 1105 213 31.80 889 1223
Unweeded control 1702 2137 49.0 66.3 14.8 17.00 489 73.2
C.D.(P=0.05) 252 260 1.7 6.4 0.6 1.20 2.8 3.0

ther observed that the application of butach-
lor (EC or G) and propamil were supenor to
others in reducing depletion of nutnents. The
nitrofen and thiobencarb were on par and su-
perior to phenoxy group of herbicides.
Uptake pattern of N, P and K in crop
under the treatments was just reverse to

the depletion of these nutrients in weeds
(Table 2). Transplanting and weed control
treatments, viz., hand weeding, butachlor,
propamyl and thiobencarb resulted in maxi-
mum uptake of these nutrients by rice, as
observed by Rethinam and Sankaran
(1974).
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EVALUATION OF TRADITIONAL AND
INTEGRATED WEED CONTROL APPROACHES IN
UPLAND RICE IN THE PHILIPPINES

C. E. MUNROE', A. R. SAMIANO', D. T. O’BRIEN'

and E. C. DELA TRINIDAD?

INational Crop Protection Center, UPLB, Los Bafos

Laguna 3720, Philippines.

ZMinistry of Agriculture, Regional Crop Protection Center

Pili, Camarines Sur, Philippines.

ABSTRACT

One tnal, companng farmers’ weed control practices and integrated weed control practices in
upland nce was conducted at tour locanions in the Philippines. Treatments consisted of weedy and weed
tree checks, butachlor [N<butoxymethylj-2-chloro 2, 6'-diethylacetanilide] at 2.0 kg a.1./ha*! alone,
butachlor at 2.0 and 1.0 kg a.1. ha'! plus one handweeding, and the farmers’ practice. Generally, sigm-
ficant yield ditferences did not exist between any treatments in which handweeding was used. The hig-
her rate of butachlor without handweeding reduced populations of grass species but resulted 1n a weed
population shift towards broadleat species. Butachlor at either the higher or low rate plus one
handweeding yields were not significantly Jower than weed free check. It appears that high
yields can be achieved when using a labour intensive weed control practice of several cultivations and
handweedings. If tme and labour are constraints, an apphication of butachlor could eliminate
all post-plant cultivanions and substanually reduce handweeding umes or frcqucnucs't'or upland nce

farmers

INTRODUCTION

Yield losses in upland nce constitut-
ing 11% of the total area under nice due to
weeds have been reported as high as 70 to
83% (Vega et al, 1967, Madnd et al,
1972). Upland rice farmers cannot take ad-

vantage of important weed control prac-

tices such as puddling and flooding which
are used by lowland farmers. Post-plant
cultivations and handweeding are the most
common weed control practices used by
upland rice growers in the Philippines. A
single handweeding has been reported to
take about 300 man hours ha-! (DeDatta
and Ross, 1975) and many upland farmers
weed their fields two or three times. If
labour costs continue to increase or labour
availability decreases, weeds may become
the major constraint to upland’rice farm-

ers. Herbicide use has gained little acceptance
by upland farmers, the major reasons being
the high costs, the irregular market supply of
herbicides and the lack of information on
how to correctly use them.

The increasing use ofrdrought tolerant
varieties with higher yield potential fo-
cuses attention on the effectiveness of
weed management practices as a serious
factor in upland nice areas. In the 1980 wet
season trials were established to test a package
of alternative weed control practices in
upland nce that may provide upland nce
farmers with options of weed control me-
thods suited to their specific constraints.

MATERIAL AND METHODS

One tnal was established on farmers’
fields in two provinces of the Philippines.
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Three trials were located in Batangas
at Tanauan, Cuenca and Bauan. The other
was located in Camarines Sur at Sta.
Elena.

Traditional land preparation, which
consisted of two to three anmimal plowings
and several amimal harrowings prior to
planting was practiced at all locanons.
Seed of UPL-Ri-5, a newly-released upland
vanety, was broadcasted at the rate of 100
kg/ha-l. Ar all three Batangas sites the
seed was broadcast and then harrowed into
furrows previously tormed by a lithao, an
animal-drawn culuvator. In Camarines
Sur, the broadcast seed was plowed under
with 2 moldboard plow.

Fertilizer was applied at the rate of
60N,20P,0, kg/ha with 16N,20 P,0O4
applied basaily, 21 kg N topdressed at 21
days seeding (DAS) and 23 kg N top-
dressed at panicle initation. The experi-
mental plots were arranged in a rando-
mized complete block design with four
replications. Plot size was 3 by 10 m.
Butachlor was sprayed as a blanket pre-
emergence application within 5 DAS. A
knapsack sprayer, fitted with a 3-nozzle
1.5 meter boom, delivering approximately
280 I/ha was used. Weed counts and weed
control ratings by specic and crop injury

ratings were taken 2 to 3 times dunng the
course of the expenment. Weed weights
were taken at harvest.

The farmers' weed control practices
varied from one locauon to another
(Table 1).

The six weed control treatments were inc-
luded at each location (Table 2). In weed free

check, 2 to 3 handweedings were made.,

RESULTS AND DISCUSSION
The highest vield was obtained by the

Batangas tarmers, where seed was broad-
cast and harrowed 1nto rows, allowing for
post-plant cultivations (Table 2). By com-
panson, at Sta. Elena, where the seed was
not harrowed tnto rows, and post-plant
cultivauons were not done, yields were
lower, weed populations and weed weights
at harvest were higher and perennmial
Cyperacea species and
Cynodon dactylon (L..) Pers. were more pre-
valent.

weeds, such as

At two locauons, Bauan and Sta.
Elena, differences 1n crop
yields did not exist between treatments in
which handweeding was practiced. At
three locations, butachlor plus one hand-
weeding gave yields comparable to weed
free checks.

sigmificant

Table 1: Farmens” weed control practices at tour locanons

Location

Post-plant weed control practices

Bauan, Batangas

one harrowing followed by three cultivations dunng 14-35 DAS

plus one handweeding at 21 DAS.

Cuenca, Batangas

two harrowings and two lithao cultivations during 1441 DAS

with three handweedings at 31, 53 and 80 DAS.

Tanauan, Batangas

Sta. Elena, Camanines Sur
29 DAS.

one lithao cultivatnion at 14 DAS followed by two handweedings
at 27 and 39 DAS.

24-D apphication at 23 DAS and two handweedings at 14 and
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Table 2: Gram yields at 14% mousture (kg ha'!) of nce at four locations.

Treatment lescation
Bauan Cuenca Tanauan Sta. Elena

1. Weed free check 3186a 3956a 4605 ab 3482a
2. Butachlor 2.0 kg a.1./ha 2112ab 1927 « 3600 bed 2146 b
3. Butachlor 2.0 kg a.1./ha+

handweeding 336l1a 3863a 4600 ab 3457 a
4. Butachlor 1.0 kg a1 ha+

handweeding 3103a 3302 b 47652 3137a
5. Farmer's practice 3650a 3989a 3528 «od 2961 a
6. Weedy check 1450 b 344 d 2753 d 842 «¢

Means in 4 column followed by the same letter are not significantly different at the 5% level according to Duncan’s

Multiple Range test

Butachlor at 2.0 kg/ha alone resulted in a
weed population shift towards broadleaf
species, mainly Celosia argentia L., Ipomaa
triloba 1., Cleome rutidosperma DC. and
Commelinacea species. At two locations,
Bavan and Tanauan, yields from these
plots were not significantly higher than the
weedy check. In Cuenca and Sta. Elena,
where grass and sedge populations were high,
the nce yields from the weedy check were sig-
nificantly lower than butachlor alone.

Except at Sta. Elena, the total number
of grass species in the weedy check were
significantly higher than the number of
grass species in the butachlor-treated plots
(Table 3). Handweeding in butachlor plots
did not significantly decrease the grass
weeds. In Cuenca, plots with the low rate
of butachlor had a significantly higher
number of grass species due to a large po-
pulation of Echinochloa colona (L.) Link as
compared to plots with a high rate of bu-

Table 3: Total number of grass weeds (G) and predominant broadleaf weeds (D) per 0.5 m? prior to hand-

weeding of butachlor plots

Bauan Cuenca Tanauan Sta. Elena
Treatment 31 DAS 55 DAS 40 DAS 42 DAS
G D G D G D G D
1. Weed free check 0a Oa 0a Oa 0a Oa 0a 0a
2. Butachlor 2.0 kg
a1/ ha 10 b 48 < 11 b 11 b 1ab leb 9b 28 «d
3. Butachlor 2.0 kg
a.1./ha+ hand
weeding 10 b 34 ¢ 17 be 14 ¢ 2ab 12b 6b 11b
4. Butachlor 1.0 kg
a.i./ha+ hand
weeding 11 b 51 ¢ 28 ¢ 13 ¢ b 3b 5b 21 ¢
\
5. Farmer's practice 4b 12 b 0a 24 ¢ 25b 7b 44 de
6. Weedy check 20 ¢ 132 d 927 d 7b 31 ¢ 25b 9b 47 e

Analysis of vanance and mean separation done on data transtormed to Log (X + 1).
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tachlor. The dominant grass species found
at all Batangas locations were E. colona and
Eleusine indica L. Gartn.

Generally, rates of butachlor applica-
tion did not affect the number of broad-
leaf species. Only in Bauan and Sta. Elena
there were significant differences between
the broadleaf populations of the weedy
checks and the other treatments. The far-
mer-cooperator in Sta. Elena contracted
for an outside custom application of 2,4-D
at 21 DAS. The weed control results were
poor, the differences in the broadleaf po-
pulations in the farmers’ practice plots and
the weedy check were not significant.
Butachlor at 2.0 kg/ha reduced the hand-
weeding time from one-third to almost
one-half of the time required when butachlor
was applied ai 1.0 kg/ha. At two locations,
Cuenca and Tanauan, the handweeding umes
for the high rate of butachlor were significant-
ly lower (31.3 and 36.8 hrs/ha respectively
than the handweeding times for the low rate
(61.1 and 57.6 hrs/ha). The higher rate of
butachlor, though, may not result in substan-
tial savings to the farmer, would double the
cost of the chemical inputs from P 114.52 to
P229.04/ ha (US$14.32 to $28.63) but re-
sulted in only an average saving of 44.5 man
hrs/ha in handweeding time. Crop mnjury was
not found at either rate of butachlor.

CONCLUSION

The 1980 results indicate that at the
present time herbicide use by the upland

rice farmer may be an economically nsky
alternative. Farmers’ practices which inc-
lude several post-plant mechanical culuva-
tions and at least two handweedings gave
yields that were not sigmficantly lower
than the weed free checks or the butachlor
plots plus one handweeding. These high
yields were obtained at the expense of two
post-plant cultivations and two or three
handweedings. It appears that the labour-
intensive farmers’ practices will continue
to predominate unul the scarcity or cost of
labour becomes more expensive than alter-
native integrated or chemical control mea-
sures. The nisk associated with using herbi-
cides would decrease if tme and labour
become major constraints to the farmer
and his usual cultivations and handwee-
dings would be either delayed or impos-
sible to complete.
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ABSTRACT

Two expennments were conducted at P.K.V. Campus, Akola during monsoon 1975 and 1976 to
know cnitical stage of weed control in sorghum cultivars under different agronomic practices. The first
expeniment consisted of different weed free and no weeding periods in CSH-5 and CSV-3 of sorghum
crop and the second expenment also of similar type compared 1n relation to four fertility levels under
rainted as well as under irngated conditions.

Cntical penod of crop weed competition of the sorghum was between 15 to 30 days from sowing. The
grain obtained was 82 and 76 per cent of the weed free period till harvest in 1975 and 1976 seasons respectively.
The CSH-5 cultivar was found to be supenor to CSV-3 in grain yield and weed competition. The dry matter
production of weed: was several times higher than that of crop upto 60 days and later on reverse trend was observed.

I'he weed dry matter increased with increase in fertility level which indicated that the higher yields
of sorghum could not be maintained by simply increasing the nitrogen level in the presence of weeds.
The weeds were tound to be good absorbers of moisture than the Giop thus affecting the crop yield,

pus, Akola during monsoon 1975 and

1976. This study compnised of 2 field tnals
oae main and the second subsidiary.

1. Studies on the critical period of

crop weed competition in sorghum

with two different cultivars (Main).

INTRODUCTION

Weeds have always been associated
with sorghum and the damage they cause
depends upon species, duration and den-
sity. Incidence of striga alone caused a re-
duction in the grain of sorghum by 75%
(Nagur et al, 1962; Rao, 1978) and milk 2. Studies on the effects of different
weed (Asclepias sysica) (Evetts and Burn- weeding intervals on sorghum grain
side, 1973). Sankaran and Damodaran yield in relation to different fertil-
(1974) recorded that sorghum crop require ity levels under rainfed and irrigat-
30 days weed free period from sowing for ed conditions (subsidiary).

getting optimum yield. Srivastava and Both the experiments were laid out in

Gosh (1973) found positive correlation
between weed growth with increase in row
spacing and nitrogen level in hybrid sorg-
hum.

MATERIAL AND METHODS
The experiments were conducted at
C.R.S., Punjabrao Krishi Vidyapeeth Cam-

a sphit plot design with 4 and 3 replications
in Ist and 2nd experiments respectively.
Treatment details are given in Table (1 & 3).

RESULTS AND DISCUSSION

Main experiment
In the first experiment in 1975 season,
22 species belonging to 12 families were
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found, out of which 7 were monocots and
rest of them (15) were dicot, whereas in
1976 season 23 species belonging to same
12 families were observed. Amongst them
8 and 15 were belonging to monocot and
dicot families respectively.

Amongst the 22 species found in 1975
season, eight species viz., Cyanotss axillaris,
Commelina benghalensis, Cynodon dactylon,
Celosia argentea, Euphorbia hirta, Siriga lu-
tea and Lagasca mollis contnibuted the ma-
jor weed population with density of 67.5,
30.4, 145, 904, 23.3, 16.8, 10.8 and
50.1'm? respectively. Whereas in 1976 sea-
son, 11 species viz., C. axillans, C. bengha-
lensts, Brachiaria eruciformis, Digitaria san-
guinanlis, C. argentea, E. hirta, S. Lutea and
L. mollrs were dominant weeds with popula-
uon density ot 59.5, 37.4, 15.8, 17.2 12.6,
11.6, 48.4. 22.1, 14.6/m’ respectively,

The total dry matter production of
weeds increased gradually with the ad-
vance in age upto 60-75 days after sowing
in the no weeding treatment senes and
then 1t dechined gradually on 60th day in
W,o. This may be due to the carly matur-

ity of some of the weeds or by shedding of

leaves etc. by 60th day. However in weed
free treatment series hike W,, W, W, and
W, the dry matter production of weeds
continued to increase till 90th day. The
rate of dry matter production was maxi-

mum between 30th and 45th day of the

crop-age in no weeding treatment series
whereas in weed free series treatments Jike
W, it was between 6oth and 75th and in
W, and W, it was between 75th and 90th
day. These trends were common in both
the seasons.

The ratio of the dry matter produced
by the weeds to that produced by crop was
five times greater on 30th day.

In 1975, the differences in dry matter
production of weeds in relation to cultivar
was not found to be consistent. However,

in the second year (1976), the dry matter
production of weeds was higher in CSV-3
than the CSH-5 at all stages except on
90th day (Table 1). This indicates the smo-
thering eftect of CSH-5 on weeds.
During 1975, when the plots were kept
weed free upto first 15, 30, 45 and 60 days,
reduction in grain yield of 30.5, 18.0, 5.0.
and 3.2% respectively was observed as
compared to weed free tll harvest
(Table 2). By keeping the plots weedy upto
first 15, 30, 45, 60 days and till harvest, re-
duction in gran yield was observed to the
extent of 3.4, 20.1, 36.8, 41.0 and 48.6%
respectively. In 1976 season also similar
trends were observed. However, the reduc-
tton in grain yield was of greater magni-
tude as compared to 1975 season.
These results indicated that by allow-
ing the weeds to compete for first 15 days

Table 2: Grain vield of sorghum (kg/ ha) as
mfluenced by weedy and weed free periods

Treatments 1975 1976

Weed frec for

Fist 15 days (W) 3493 3026
First 30 days (W) 4121 3466
First 45 days (Wy) 4775 4310
First 60 days (W) 4862 4260
Till harvest (W) 5016 4538
No weeding for )
15 days (W) 4855 4372
30 days (W) 4015 2949
45 days (W) 3175 2749
60 days (W) 2967 2311
Till harvest (W) 2588 2123
Cultroars

CSH-5. V) 4845 3679
CSH-3 (V,) 3127 3141
C.D. (P=0.05)

Weeding intervals 397 373
Cultivars 168 130

Interaction was significant at 5% level in 1976
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Table 3: Dry matter production of weeds in g/m® as affected by different treatments

1975 season

1976 scason

Treatments 30 60 90 Mean 30 60 9% Mean
(days) (days)
Weeding mtervals
Weed free for 30 days (W,) - 1025 53.25 31.75 - 8.75 51.38 30.07
Weed free for 60 days (W,) - - 8.50 8.50 — - 8.00 8.00
Weed free till harvest (W) - - - - - - - -
No weeding for 30 days (W) 1938 - - 1938 1775 - - 17.75
No weeding for 60 days (Wy) 18.75 103.00 - 6088 17.13 7750 - 47.67
No weeding till harvest (W) 17.88 9438 187.25 99.84 18.13 109.50 157.88 95.17
Mean 18.67 69.21 83.00 5696 17.67 6525 7242 39.72
Fertility levels
N P K
25 12.5 125 (F) 13.67 38.17 43.00 31.61 9.84 30.67 38.00 26.17
50 250 250 (Fy 17.00 4850 74.00 46.50 13.17 34.17 60.67 36.00
75 375 375  (Fy 1449 8349 7950 59.16 19.00 91.50° 88.67 66.39
100 500 500 (F) 29.50 106.67 135.50 90.56 28.67 104.67 102.34 78.56
Mean 18.67 6921 83.00 -~ 17.67 6525 7242 -
Moisture regimes
Irmgated 18.17 79.59 85.25 61.00 17.50 6425 71.75 51.17
Rainfed 19.17 58.84 80.74 5292 1783 6625 73.09 52.39

the losss was 3.6%, but when weeds were
allowed to grow further for another 15
days (i.e. upto 30th day), the reduction was
24.4%. This drastic reduction was due to
severe competition offered by weeds.
Hence, this period of 30 days after sowing
appeared to be critical for weed competi-
tion in both the varieties of sorghum, as
observed by Sankaran and Damodaran
(1974).

The CSH-5 was supenor to CSV-3
and did not differ much for various weed-
free or weedy periods.

Subsidiary experiment

The dry matter production of weeds
increased with increase in fertility levels
and the maximum dry matter was recorded
at a fertilizer dose of 100N, 50P and
50K kg/ ha (F,). The rate of dry matter pro-

duction was maximum “between 30th and
60th day and fertility levels between F,
and F,, and F; and F; 1n 1975 and 1976
and 1976 season, respectively (Table 3).

The dry matter production of weeds
under irngated condition was more as
compared to rainfed condition 1n 1975
season, but was similar in 1976. This indi-
cates that weeds absorb good amount of
moisture even under limited moisture
supply and can equal the dry matter pro-
duction to the level of the irngated condi-
tion.

The perusal of data on weed dry mat-
ter at various fertility levels showed that
weeds gave higher dry matter even at hig-
her fertility levels both under irrgated and
rainfed conditions. Thus, weeds utilise nu-
trients and offer better competition to the
crop, as opined by Staniforth and Weber
(1956).
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Table 4: Grain yield of sorghum (kg/ha) as affected by different treatments.

Fertlity

Weeding intervals (W)

== Mean
levels (kg/ha) (F) w, w, W, w, W, W,
1975
N P K
25 12.5 12.5 (F\) 3121 3232 3409 2151 2404 1945 2710
50 25 25 (Fy) 5385 3845 5042 3739 2830 2500 3800
75 375 375 (Fa 5385 S848 5752 4212 3252 2933 4564
100 50 50 (Fo) 5344 5970 5773 4949 3440 2994 4742
Mean 4833 4698 4994 3763 2981 2592
C.D. (P=0.05) F W FxW
655 477 950
1976
F, 2442 2703 3156 1928 1801 1670 2283
F; 2717 3331 4191 2442 2144 1897 2784
Fa 3320 4140 4644 2524 2662 2288 3263
F. 3468 4655 5082 3018 2342 2425 3532
Mean 2987 3707 4268 2478 2287 2070
C.D. (P=0.05) F W FxW
108 200 402

Mousture regimes differed significantly 1in 1976 only. Other interactions were not significant.

Results of sorghum grain yield in 1975
and 1976 are presented in Table 4. As the
trend was same, the results are discussed
averaged over two years. Grain yield in-
creased significantly with increase in ferul-
ity levels, except being non-significant be t-
ween F, and F, in 1975. The grain yield of
irrigated sorghum was significantly more
than (3162 kg/ha) non-irrigated sorghum
(2768 kg/ha) only in 1976 season. The
plots kept weed free for first 30, 60 and tll
harvest gave 67.7, 0.3 and 98.7% increase
in rain yield as compared to no weeding
till harvest. On the other hand, 37.6%,
43.1% and 49.6% reduction in sorghum
grain yield was observed due to no weed-
ing upto 30, 60 and upto harvest respecti-

vely tn comparison to weed free till har-
vest. This indicated that severe competi-
tion existed for first 30 days of sowing,
confirming the earlier findings in the first
experiment.

The interaction between fertility levels
and weeding intervals was significant. The
increase in fertility levels coupled with
increase in weed free period recorded
higher vyields, whereas at the higher
fertility levels accompanied by lesser
weed free period gave lower yield. This
result indicated that even at higher fertili-
sation, weeds compete strongly for essen-
tial nutrients and suppress the growth
of sorghum crop lower
yield.

resulting 1n
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CRITICAL STAGE FOR WEED COMPETITION IN
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ABSTRACT

Experiments were conducted dunng kharif 1978 and 1979 o red sandy loam soils to know the criti-
cal penod of weed competition in soybean [Glycne max (L) Mernll|, groundnut (Araciis hypogaa L.)
and maize (Zea mays 1), Weed tree penious were compared with the normal practice and unweeded
control. Soybean and maize need a weed free peniod of first 30 1o 40 days of sowing to obtain higher
grain, while groundnut needs 40 to 50 days of sowing. Further, this critical period of crop weed
competition vaned depending on the plant type. [n groundnut. BH-8-18 being semi-spreading i nature
reduced weed growth than erect type TMV-2. Similarly lower weed dry weight was observed in Deccan
101 1n maize and KHS 364 1n soybean. Thus, plants with better coverage of canopy appeared to lessen
weed growth. Weed competition reduced dry matter production/ plant, dry matter distnbution to
cconomic part (1in soybean and maize), pods’/plant (in soybean), grains cob (1n maize) and individual
giain weight (in soybean and maize). Besides, weed competition reduced the nitrogen yield in these
crops

Normal practice of haing followed by hand weeding on 30 to 35 days after sowing in soybean and
groundnut needs a supplemental weeding during early phase of crop growth. In maize such effects was

not observed.

INTRODUCTION

Weeds cause severe competition to
crops which lower the yield. Losses caused
by weeds to the crops vary with intensity,
nature of weeds and stage of the crop
growth. Based upon these factors, weed’
crop competition has been estimated to re-
duce the yield of corn by 33 to 72%
(Nizamuddin and Rehman, 19e0), 18 to
52% in groudnnut (Kulkarni er al, 1963)
and 11 to 50% in soybean (Bhan, 1976).
Further, weed crop competition in early
stages of crop growth is harmful to crops.
Therefore field studies were planned to
know the critical period of weed competi-
tion in soybean, groundnut, maize and the
relationship of plant types on weed
competition.

MATERIAL AND METHODS
The experiments were conducted dur-
ing kharif 1978 and 1979 on red sandy
loam soil of average fertility. The treat-
ments consisted of two varieties in each
crop compared at different weed free pe-
rods (treatment details in Table 1). These
treatments were compared with the nor-
mal practice (haeing followed by hand
weeding on 30 to 35 DAS) and unweeded
control. A common dose of fertilizer of
25 kg/ha each of N, P,O, and K,O 1n soy-
bean, 25N, 50 P,0O, and 25 K,O kg/ha in
groundnut and 100N, 50 P,O, and 25 K,O
kg/ha in maize were applied. A common
row spacings of 30 cm with 10 cm between
plants in soybean, groundnut and 30 cm
between plants in rows kept apart at 60 cm



124 PROC. 8TH ASIAN-PACIFIC WEED SC1 SOC. CONF 1981 11 VOI

Table 1: Effect of different weed free penoas on yield (kg/ ha) of soybean, groundnut and maize genotypes

dunng kbarif 1978 and 1979

Seed yield of

Pod vield ot Gram yield of

Treatments soybean groundnut maize

1978 1979 1478 1979 1978 1979
Weed free periods for first
20 days 855 750 378 o87 3720 1593
30 T 1108 o913 1178 978 4288 1955
40 " 1089 1056 1480 1362 4008 2066
50 " 12 1054 1575 1359 juag 2041
60 ~ 117 1035 1685 1495 4087 2391
0 " . - - 4059 2386
Normal practice 1012 654 Sle 521 15 2255
Weed tree throughout 1173 944 1594 1458 5108 2505
Unweeded check 519 500 72 378 3356 1436
C.D.(P=0.05 345 108 419 300 NS ohd
Varieties
vV, 915 788 10674 10074 42264 19594
vV, 9284 938° 10774 10684 4154 21694

V,audVadenote — Hardee and Kt {5304 1nsov bean,
i0] 1 mawze, respectively
70 days weed free in maize o ly

ITMV -2 a0:d BH-8-18 00 groundnut, and Deccas hybod and Deccss

Treatment averages tollowed by the same letter indiate non-signiticai e at ¥ fevel

in maize were followed. The plot sizes
were 3.0 mx 3.0 m in soybean, groundnut
and 6.0 mx3.0 m in maize. For conveni-
ence, the data on yield components and
weed dry weight for kbarf 1979 are
presented.

RESULTS AND DISCUSSION

Soybean

Between varieties, KHS 36-4 was supe-
rior to Hardee with regard to seed yield
(Table 1) mainly because of better yield
components (Table 2). KHS-36-4 besides
possessing higher dry matter (4.3 g/plant)
also had significantly higher dry matter
distribution to seeds (72.4%) indicating
higher efficiency in converting dry matter
to economic seeds than Hardee 13.8
g/plant and 69.4%). However, lower 100
seed weight than Hardee may be due to li-
mitation of sink size. Further, weed dry
weight was lower in KHS-364 on 53rd

DAS than Hardee
difference 1n smothening weed growth
(Table 3). i

Increasing the weed free penod upro

indicating  vamietal

30 to 40 days increased grain yield signiti-
cantly improvement  1n
yield/plant owing o increased number of
pods/plant. Besides, 1t 1ithproved the dry
matter production/plant and percent dry
matter  distribution seeds  which
enhanced 100 seed weight. Weed free pe-
nod beyond 40 days did not improve

due to the

into

yield. This indicates eliminating weed
competition during initial 40  days
improved the potennatlity of the plant to
produce more dry matter and improve the
efficiency of the plant by way of
increasing the sink size. This is evident
from the higher negative relationship
between dry matter on 53rd day with seed
yield/plant  (-0.56"*) than at harvest
(<0.517%).
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Table 2 : Effect of different weed free periods on yield components of soybean, groundnut and maize geno-
types dunng kbarif 1979

Soybean Groudnut Maize
Treatments fesd  No.of 100 seed Bod Pods/ %0 Can 1000 grain
yield  pods/ wt (8) yield/ faré kernal yield/ ioht
g/plant  plant plant (g) PRRE o (g) plant (g) weight (g)

Weed free periods

for first
20 days 6.74 26.56 12.00 6.45 6.40 23.04 94.2 220
3o " 843 30.33 12.00 10.35 7.78 25.29 104.7 225
40 " 8.58 30.00 12.41 12.51 9.53 2529 103.0 268
50 " 5.78 32.23 13.25 11.41 11.50 2533 115.7 247
60 ~ 8.75 30.66 13.41 12.33 9.55 2741 115.3 238
70 " - - - - - - 118.0 246
Normal practice 690 25.89 12.74 5.82 7.23 2533 125.3 252
Weed free

throughout 9.05 2841 13.79 11.35 10,15 27.10 114.3 231
' Inweeded check 5.39 20.36 11.37 J.68 5.07 2040 52.8 196
C.D.(P=0.05) 1.80 4.20 1.49 2.38 4.14 1.12 14.5 18
Varieties
Vv, 6.80¢  24.56° 13.81b 8.534 7.084 20.69¢ 105.3% 2322
v, 19.10b  31.54b  11.432 9950 9.72b 29.11b  108.6° 240°

Table 3 : Effect of different penods in weed comp.cnnon on weed dry weight of soybean, groundnut and
maize genotypes (g/0.5 m?) during kbarif 1979

Soybean Groundnut Maize

Freauments 53 DAS At harvest 65 DAS At harvest 60 DAS At harvest
Weed free pertods

Jor first
20 days 635 (39.6) 7.95 (62.7) 844 ( 70.33) 7.74 (594) 621 (38.0) 827 ( 67.7)
30 " 4.79 (12.2) 5.50 (29.6) 4.66 ( 20.85) 6.47 (41.9) 4.00 (15.3) 6.97 ( 48.2)
40 " 3.18 (19.3) 470 (21.7) 5.58 ( 12.15) 5.18 (26.2) 2.87 ( 7.4) 5.51 ( 29.8)
50 " 1.00 (00.0) 4.30 (18.0) 253 ( 5.50) 4.74 (21.9) 1.79 ( 2.3) 4.56 ( 20.0)
60 " 1.00 (00.0) 3.22 o 9.5) 1.50 ( 1.35) 4.61 (20.6) 1.00 (00.0) 4.10 ( 16.4)
70 " - - ~ - 1.00 (00.0) 3.54 ( 12.8)
Normal

practice 445 (19.2) 578 (32.8) 4.62 ( 20.55) 6.21 (38.5) 267 ( 6.2) 597 ( 345)

Weed free
throughout  1.00 (00.0) 1.00 (00.0) 100 ( 00.0 ) 1.00 (00.0) 1.00 (00.0) 1.00 (00.0)

Weedy check  9.27 (85.4) 9.48 (90.1) 11.53 (273.25) 8.87 (78.2) 8.27 (68.1) lg.llsl (101.1)

C.D.(P=0.05) 0.49 0.77 0.57 0.53 0.31

Varieties

v, 3.99%(233) 5.23%(263) 4.87°( 69.78) 5.74%(37.7) 3.35%(17.2)  5.60%¢ 37.6)
Vv, 3.76°(20.7) 5.24%(26.4) 4.59°( 31.23) 547°(33.9) 3.28%(13.3)  5.513( 354)

Data analysed using v'x + 1 transformation, values within the parentheses are onginal figures.
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Groundnut

Between varnieties, BH-8-18 produced
slightly more pod yield than TMV-2 due
to more pods/plant and higher 100 seed
weight. Added to this, total dry matter
production was also higher in BH-8-18
(21.5g/plant) than TMV-2 (13.8g plany).
The better expression of BH-8-18 1n yield
components was due to lower weed dry
weight as a result of lower weed number paru-
cularly monocots nght from early penod of
crop growth. BH-8-18 being semi-erect
might have suppressed the weed growth and
eventually had better expression of growth
and yield. While TMV-2 being erect did not
appear to have suppress the weed growth.

Among weed free peniods, plot kept
weed free for first 40 days gave higher pod
yield which was comparable to pod yield
in weed free period beyond this penod.
This indicates that groundnut needs a
weed free period of first 40 days of sowing
for realising higher pod yield. Increasing
weed free penod increased pods/ plant due
to more branches/plant and 100 seed
weight due to more dry matter production.
All this improvement was due to elimina-
tion of weed competition as evident from
significantly lower weed population parti-
cularly monocots. Weed competition cur-
tailed plant growth by reducing plant dry
matter which reduced the pods/plant and
100 seed weight. This indicates that weed
competition curtails both sink number
and sink size in groundnut.

Maize

Deccan 101 performed better than
Deccan hybrid mainly due to superior
yield components which was a reflection
of lower weed population as well as weed
dry weight indicating the differences in
plant stature and leaf alignment. Deccan
101 1s reported to have wider leaf area
above the cob and more leaf angle than

Deccan hybrid. Perhaps due to better co-
verage of land by the foliage, the weed dry
weight as well as weed population was low-
er in Deccan 101 than Deccan hybnd. Re-
ducing the weed dry weight increased the
plant performance in terms of both
biological yield (total dry matter produc-
tion) and economic yield (seed yield) as
evident from significant relauonship ob-
served between grain yield plant with
weed dry matter on 53rd day (-0.61"") and
at harvest (-0.33%), total plant dry matter
with weed dry matter at harvest (-0.70%%).

Increased grain yield due to weed free
period was due to higher grain yield’ plant
owing to more cobs/plant with higher
seeds of larger size. This higher grain sced
weight was perhaps due to higher dry mat-
ter production/ plant as a result of reduced
weed competition as evident from lower
weed dry matter.

The total amount of N removed by
maize grain was 105.8 kg/ha when the crop
was weed free throughout. On the other hand
when the plot was kept weedy throughout,
the N content in the grains/ha was 53.4 kg. Si-
milarly, the total N content in the pods of
groundnut in weedy and weed free plots were
4.5 and 68.6 kg ha respectively. In soybean,
the total N content in the grains in the weedy
and weed free treatments were 5.5 and 50.6
kg/ha respectively. This ifdicates weed com-
peution reduced the nitrogen yield in these
crops.

For getting higher yield, soybean and
maize need a weed free for first 30 to 40
days of sowing and groundnut 40 to 50
days of sowing. Crop weed competition
vaned depending on the plant type besides
it reduced the protein yield of soybean,
groundnut and maize.
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STUDIES ON NITROGEN ECONOMY IN WHEAT
THROUGH EFFICIENT USE OF WEED CONTROL
MEASURES
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Kanpur - 208 002, India.

ABSTRACT

In a field investigation in 1978 and 1979 at Kanpur, India, it was revealed that the application of
methabenzthiazuron 1.4 kg/ ha after two days of sowing provided an excellent weed control including
Phalaris mmor Retz. and Chenopodium album L. without any phytotoxic effect on wheat crop. Metoxuron
1.0kg/ha at 30-day stage of crop showed cent per cent mortality of Phalaris minor and other broad-
leaved weeds with a shight injury to wheat crop which recovered within a week. Both the herbicides, gave
13% and 11% more yicid than weedy check and hand weeded crop, respectively. Grain production at
80 kg N/ha, in the absence of weed (manual or chemical weeding) was as high as obtained with the appli-
cation of 120 kg N/ha in the weedy check. The economic opumum levels of N for methabenzthiazuron, me-
toxuron and hand weeded were computed 1o be 106.8, 96.4 and 106.4 kg/ha respectively.

INTRODUCTION

Weeds growing in association with the
crop  surpingly  utilize
amount of nutrients and deprives the op-
portunity of the crop to elicit their yield
potential. The National Coordination
Committee on efficient use of inputs stat-
ed in Delhi during April, 1974 that weeds
take about 30-40% plant nutrients applied
to the crops (Dryden and Krishnamurthy,
1977). This indicated the possibility of
saving substantial amount of nutrients
through efficient weed management. The
present investigation was attempted in this
direction in wheat.

considerable

MATERIAL AND METHODS

A field investigation was carried out at
Student’s Instructional Farm of C. S. Azad
University of Agriculture and Technology,
Kanpur, Uttar Pradesh, India during winter
1978 and 1979. The treatments were com-
pared in split-plot design replicated thrice,
keeping four weed management practices

viz., weedy check, manual weeding (once)
by Khurp:, methabenzthiazuron [1{benzo-
thiazol-2-y1)-1, 3-dimethylurea] 1.4 kg/ha
and metoxuron [N-(3-Chlro4-methoxy-
phenyl)-N,N-dimethylurea) 1 kg/ha in
main plots and five levels of N through
urea namely 0, 40, 80, 120 and 160 kg
N/ha in subplots. An early maturing
wheat cultivar K-816 was sown on Dec.
20 1n 1978 and Dec.25 in 1979 after giving
pre-sowing irrigation. The seeds were
drilled behind country plough at 20 cm in-
ter-spaces. Entire dose of 80 kg P,Os/ha
through single superphosphate and 40 kg
K,O/ha through muriate of potash along
with 50% of N was placed in furrows
through seeding spout fitted with country
plough. The remaining N was top-dressed
after first irngation.

The soil of the experimental site was
sandy loam in texture, low in N, medium
in P and fairly rich in K. Methabenzthia-
zuron was sprayed as pre-emergence two
days after sowing (DAS) whereas metoxu-
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Table 1: Weed dry matter yield (kg/ ha) at 70 DAS
as influenced by weed management and N-levels

Dry matter kg/ha
A—— 1978 1979
Weed management (w)
Weedy check 879 1181
Methabenzthiazuron 256 168
Metoxuron 65 75
Hand Weeding (once) 60 65
C.D. (P=0.05 73 78
N-levies, kg/ba (N)
0 177 186
40 218 267
80 309 374
120 430 460
160 440 573
C.D. (P=0.05) 65 132

Interaction was significant in both the years

ron was applied at post-emergence 30
DAS. BAKPAK sprayer fitted with WFN-
78 nozzle was used with a solution of 1000

1/ha to pre-emergence and 600 I/ha to post-
emergence spray. Observations on weed num-
ber and dry matter were made from the ran-
domly located quadrates each m? in all plots.

RESULTS AND DISCUSSION
Weed studtes

Among weed species, Phalaris minor
Retz., was predominent constituting 65%
of weed intensity. Other species observed
were Anagallis arvensis L. (13.05%), Cheno-
podium album L. (7.52%), Sinberia pinatifoda
(6.19%), Spergula fallax Krause (3.98%), Me-
lilotus abla Desr. (2.43%) and Asphodelus te-
nuifolius Cavan (1.99%). Cynodan dactylon
(L.) Pers., was also found in patches in some of
the treatments during 1979.

The dry matter accumulation of weeds
was remarkably extenuated due to the her-
bicidal application (Table 2). Application
of methabenzthiazuron and metoxuron
proved quite effective against P. munor
along with broadleaved weeds and regis-

Table 2: Grain yield of wheat (kg/ha) as influenced by weed management and N-levels

Weed management Nitrogen (kg/ha) (N)
practices (W) 0 40 80 120 160 Mean
1978

Weedy check 916 1066 1583 2250 2816 1785
Methabenzthiazuron

(1.4 kg/ha) 1366 2133 3050 3133 3080 2552
Metoxuron (1 kg/ha) 1533 2216 2950 2866 2816 2476
Manual weeding (once) 1166 1600 2383 2910 2533 2118
Mean 1245 1754 2491 2864 2811

w N WxN NxW
CD. (P=0.5) 219 224 248 468
1979

Weedy check 560 1385 2321 2695 1710 1734
Methabenzthiazuron

(1.4/kg/ ha) 978 1830 2830 2715 2545 2179
Metoxuron (1 kg/ha) 1080 2063 2755 2525 2421 2169
Manual weeding (ance) 855 1580 2685 2434 2283 1967
Mean 868 1714 2647 2592 2239

w N WxN NxW

C.D. (P=0.05) 195 143 287 325
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tered herbicidal efficiency > 90%. Phalaris
plants at 2-3 leaf stage became flaccid
which finally dried up followed the appli-
cation of metoxuron. Death of dicot
weeds as well as Phalaris was accomplished
in about 10 days. The crop foliage ex-
pressed early phytotoxicity to metoxuron
which was detoxified rapidly and reco-
vered within a week. Manual weeding
(once) could not be proved successful like
chemical due to the morphological simi-
lanity between crop and Phalaris plants par-
ticularly in intraspaces of crop rows. Ap-
plication of varying levels of N led to a li-
near increase in dry matter content during
both years of investigation.

The interaction between weed mana-
gement and levels of nitrogen was found
significant during both years. It was ob-
served that dry matter content of weeds
was spectacularly high at all levels of N in
weedy check as compared to treated plots
during entire span of investigation.

Effect on gramn yield

The application of methabenzthiazu-
ron 1.4 kg/ha and metoxuron 1.0 kg/ ha re-
gistered 13% more yield than weedy check
and 11% more than manual weeding plots
(Table 3). The higher yield in herbicide
treated plot was due to better control of

weeds including Phalaris minor. The yield
obtained under manual weeded plots was
significantly lower as compared to treated
plot owing to lack of elimination of mor-
phologically Phalaris  plants
completely particularly from intraspaces.
Appliction of N registered a corresponding
increase in grain yield upto 120 kg N/ha
during 1978 and 80 kg N/ha during 1979.
Beyond these levels the response ceased.

The interaction between weed control
measures and level of N was found signi-
ficant during both the years. Grain pro-
duction at 80 kg N/ha in the absence of
weeds (chemical and manual) was as high
as that received under high level of N (120
kg/ha) in the presence of weeds (weedy
check).

similar

Response function

The regression between doses of N
and grain yield of wheat was worked out
separately for each weed management
practices on the basis of mean data of two
years (Table 3). The response was quadrat-
ic in nature. The equations computed
suggested a better response to N under
treated plot due to the effective weed
control.

Metoxuron (1.0 kg/ha) showed the
maximum response to N application fol-

Table 3: Regression equations, N optima and response per kg of nitrogen in different weed management

PTJCHCCS
. Response
Weed management Regression equation N optima (kg grain)
(kg N/ha) per kg of N
Weedy check y= B.79+ 9.44x—1.25x" 126.8 20.98
Methabenzthiazuron
(1.4 kg/ha) y = 11.20+ 12.26x—2.01%* 106.8 27.99
Metoxuron (1 kg/ha) y = 13.02+ 10.86x— 1.92x" 96.4 2943
Manual weeding (once) y = 12.25+ 10.99x— 1.78x* 106.4 2745

Note : Purchase price of N and sale price of wheat grain have been considered at Rs. 4.50/kg and Rs. 120/ 100 kg

respectively.
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lowed by methabenzthiazuron (1.4 kg/ha)
and manual weeding (once). Economic
optimum doses of N were computed to be
106.8 kg, 96.4 kg, 106.4, and 126.8 kg
ha respectively for methabenzthiazuron,

metoxuron, manual weeding and weedy
check. Thus, a saving of about 20 to
30 kg N/ha could be made through herbi-
cides 1n comparison to weedy check 1n
wheat.
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NUTRIENT REQUIREMENTS FOR RAINFED AND
IRRIGATED GROUNDNUT UNDER DIFFERENT
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ABSTRACT

Nutnient requirements to produce a quintal of groundnut pods under rainfed and irrigated cond-

nions varied widely due to different levels ot weed management. NPK requirement under rainfed condi-

tons to produce a quintal of pods was 18.5, 2.34 and 6.40 kg under unweeded conditions and 7.01, 0.56

and 1.26 kg under weed free conditions. In an irngated crop the NPK requirement per quintal of pods
was 5.04, 1.06 and 2.71 kg without weeding and 4.49, 0.91 and .59 kg with weeding. Manual or chemi-
cal weeding were equally eftective. Nutrients’ productive etficiency was higher due to weeding under

dryland conditons than under srngated conditions emphasising the need for etfective weed control

under drvland conditions.

INTRODUCTION

Efficient weed control 15 an essential
prerequisite for increasing crop productiv-
ity. Groundnut (Arachis hypogea 1.) crop
removes 63.0 N, 4.8 P and 38.2 K kg tor
every one tonne of unshelled nuts and two
tons of haulm (Collins and Morns, 1941).
Weeds are major competitors for nutrients
and efficient weed control increases crop
yields (Mani, 1973). The nutrient require-
ments for rainfed and irrigated groundnut
under different levels of weed manage-
ment was studied from the data of two ex-
periments conducted at the Tirupati Cam-
pus of Andhra Pradesh Agricultural Uni-
versity, India.

MATERIAL AND METHODS

The experiments were conducted on
TMV 2 spanish groundnut one in rainfed
in monsoon 1975 and the other in irrigat-
ed in summer 1977. The first experiment
was primarily designed to study the crop-

weed competition effects on rainfed

groundnut (Natdu, 1977) and the second
on the etfect of presowing, pre-emergence
and post-emergence weed control methods
in arnigated groundnut (Seshaiah, 1978).
The NPK uptake by the crop and weeds
was calculated and for the purpose of this
paper only the data relevant to NPK
uptake by the crop and weeds in un-
weeded and weed free environment are
presented.

RESULTS AND DISCUSSION

The data relating to pod, haulm yield
and NPK uptake by the crop and weeds
and nutrient requirements to produce one
quintal of pads in unweeded and weed free
crop under rainted and irnigated condi-
tions are presented tn Table 1.

Nitrogen requirements to produce a
quintal of pod was highest followed by K
and least for P irrespective of weed mana-
gement both under rainfed and irngated
conditions. Nitrogen requirement 1o pro-
duce a quintal of pods under rainfed con-
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dition in a weedy crop (where weed dry
matter was 3,050 kg/ha) was 18.5 kg and
the same quantity of pods could be pro-
duced with only 7.01 kg of N in weed free
crop (where the weed dry matter was 512
kg/ha) which amounts to an increase in
efficiency by 263%. In irrigated crop the
nitrogen requirement was 5.04 kg under
weedy condition (where weed dry matter
was 1,123 kg/ha) and 4.49 kg under weed
free condition (where weed dry matter was
101 kg/ha) giving an efficiency of 112%.
The requirement of phosphorus under
unirrigated condition in weedy crop was
2.34 kg as aganst 0.56 kg in weed free crop
giving an efficiency of 421% whereas
under irrigated condition 1t was 1.06 kg
under weedy condition and 0.91 kg under
weed free condition resulting in an effici-
ency of [16%. The potassium requirement
under rainfed condition was 6.40 kg for a
quintai of pod under weedy condinon and
1.26 kg under weed tree condition giving
an efficiency of 507%. This was 2.71 kg

and 1.59 kg respectively for weedy and
weed free irrigated crop giving an effici-
ency of 170%. Manual weeding or chemi-
cal weeding gave almost the same effici-
ency (Table 1), provided the weed control
by herbicides was satisfactory.

The study indicated that productive
efficiency of nutrients 1s enhanced consi-
derably by the removal of weeds. The pro-
ductive efficiency in weed free environ-
ment was very high under rainfed condi-
tions for K followed by P and N. The same
trend was seen though to a lesser magni-
tude under irrigated condition. A great
emphasis 15 therefore necessary on tho-
rough weeding in groundnut crop under
rainfed condition when costly fertilisers
are used. Incidentally this study indicated
a possible reason for the conflicting re-
sponses of groundnut for NPK fertilization
under rainfed condition. Thorough weed-
ing or otherwise seem to have greater inf-
luence on the efficiency of the crop to uti-
lise nutrients.
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EFFECT OF FERTILIZER AND HERBICIDAL INTER-
ACTIONS ON SOIL MICROBIAL POPULATION
AND NUTRIENT UPTAKE BY SOYBEANS

K. SHIVASHANKAR, S. SHANTHARAM and

K. KRISHNAMURTHY
University of Agricultural Sciences, Hebbal,
Bangalore — 560 024, India.

ABSTRACT

A hield investigation was carried out 1o study the tertilizer and herbiaidal interactions on soil micro-
bial population and nutrient uptake by soybean crop and weeds under recommended and 75% recom-
mended fertilizers in combination with four weed control treatments.

The bactenal, fungal and actinomycetes populaiion were aftected considerably upto 45th day after
spraying, alachlor and metribuzin. The two herbicides did not appear to have any adverse effect on the
microbial populations in subsequent period. There were no significant differences in microbial popula-
non when treated with recommended and 75% of the recommended dose of fertilizer upto 30th day. At
45th day, 75% of recommended dose had higher population of bacteria and actinomycetes. In general,
fungal population was inhibited upto 45th day ot the crop in both the levels and recovered at harvest.

Uptake ot N, P,0, and K,O was higher in the reccommended dose of fertilizer compared to 75% of
fertihzer dose 1n all the treatments. Herbiaidal treatments greatly increased the uptake of nutrients by
the crop even upta 50% more than the control. This trend was inferred to be because of the fact that the
herbicidal treatments reduced the weed flora effecuively and thus reduced the uptake of nutrients by the

weeds proportionately

INTRODUCTION

Weed infestation resulting in competi-
tion with the crop tor nutrients, water and
light 1s one of the important factors bring-
ing down the soybean yields. Eftective
control of weeds can also minimise the use
of costly input of fertilizers on the one
hand and enhance the uptake of nutrients
by the crop on the other. However, pre-
emergence application of herbicides to
control weeds may have secondary influ-
ence on the microbial population as well
as on the nodulation of the pulses. Milika
et al. (1972) reported that alachlor applied
before sowing tended to inhibit nodula-
tion and root growth. While Baltazar
(1976) noticed that soybean plunts sown
directly after trifluralin incorporation at

1 to 2 kg/ha had few nodules and only
negligible amount of N fixed. However,
Velev and Rankov (1977) observed no
substantial or lasting changes in soil biolo-
gical activity with metribuzin at 0.75 kg/
ha. The present investigation was carned
out to study the uptake of nutrients by
crop and weeds and to evaluate the feru-
lizer and herbicidal interactions at the re-
commended and 75% of the recommend-
ed dose of fertilizers on soil microbial
population and nodulation characteristics
in soybean.

MATERIAL AND METHODS
The field experiment was conducted at

the Main Research Station, University of

Agricultural Sciences, Hebbal, Bangalore
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Table 1: Uptake of nutrients by weeds (kg/ha) and soybean (kg/ha) as affected by different weed control

methods at two levels of ferulizers

Weeds Crop
Treatments
N P04 K0 N P,04 K,O

Weed comtrol methods
Unweeded control 31.56 15.27 70.93 106.56 18.88 46.14
Hand weeding twice (20

& 40 DAS) 19.i4 12.7¢ 49.45 145.99 29.13 71.20
Alachlor 2.5 kg a.../ha 13.47 9.05 43.67 145.85 28.71 70.18
Metnbuzin 1.0 kg a.1./ha 15.87 9.00 50.85 139.30 28.24 69.02
C.D.(P=0.05 332 337 4.14 316 0.34 0.84
Fertilizer levels
Recommended dose 21.58 12.22 55.45 137.71 26.51 64.63
75% Recommended 18.44 10.82 52.00 131.13 26.03 63.63
C.D. (P=0.05 235 - 293 223 0.24 0.60

Interaction differed sigmficantly at 5% level in all the above cases.
Recommended dosage 18 37.5 kg each of N, P,Og and K;O ha

dunng summer 1979 on a red sandy loam
having a pH of 5.7 and with low status of
organic  carbon  (0.23%), available
N (0.0109%) and P,0O5 (0.001%). The eight
treatments (Table 1) were repeated four
times in a Randomized Block Design. The
pre-emergence application of alachlor and
metribuzin was done a day after sowing.
Hardee variety of soybean treated with
Rbizobium was planted in rows 30 cm apart
with a 10 cm spacing between plants. Fer-
tilizers as per the treatment schedule were
applied at the time of sowing.

Data on nodule count and dry weight
of nodules of soybeans, grain yield and
other attributes of the crop were collected.
Soil microbial populations were estimated
by dilution plate method (Allen, 1953).
Crop and weed samples collected for dry
matter estimation were used for nutrient
uptake studies.

RESULTS AND DISCUSSION
The predominant monocot weeds in

the experimental site were Cynodon dacty-

lon Pers. Cyperus rotundus L., Echinochloa

colonum L., Sctarta glauca Beauv., and
Dactyloctenium agyptium P. The dicot weeds
were Acanthospermum hispidium DC., Ama-
ranthus wvinidis L., Achyranthes aspera L.,
Bidens pilosa L., Eupborbia hirta L., Lexcas
aspera Spreng., Phyllanthus niruri L., Portu-
laca oleracea L. and Tridax procumbens 1.

Effect of weeds on the uptake of nutrients

Weed flora with the recommended
dose of fertilizers being more, absorbed
significantly higher N and K;O than those
under 75% of the recommended dose of
fertilizers (Table 1). The loss of nutrients
due to weeds was as high as 32 N, 15 P,O¢
and 71 K,O kg/ha. It could be inferred
that without proper weed control enor-
mous loss of nutrients to the extent of
more than 100% N, 66% P,Os and 40%
K,O was observed compared to those ob-
tainable in weed control treatments by
herbicides.

Uptake of nutrients by the crop was
significantly higher under the recommend-
ed doses of fertilizers than with constraint
level of 75% of the recommended dose
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Table 2: Nodule number and dry weight (g/plant) of soybean in relation to weed
control treatments at two levels of fertilizers

Days after sowing

Treatments Nodules Dry weight

20 40 20 40
Weed control methods
Unweeded control 19.38 25.38 17.69 118.33
Hand weeding twice 19.13 26.50 19.07 129.34
Alachlor 2.5 kg/ha 15.63 19.00 10.26 92.66
Metnbuzin 1.0 kg/ha 8.63 15.75 8.05 95.46
C. D. (P = 0.05) 2.81 4.50 2.53 13.14
Fertilizer levels
Recommended dose 15.13 20.50 13.73 107.45
75% of recommended 16.25 22.81 13.80 110.44

C.D. (P = 0.05) -

Interaction differed aignificantly at 5% in all the cases

(Table 1). This was due to availability of
more nutnents at higher fernhity levels.
Uptake of the nutrients by the crop was
also higher with weed control treatments
than found with weedy checks. The two
herbicides effected an overall efficiency by
increasing the N uptake by about 40% and
P,0s and K,O uptake by about 55%.
Hamed (1977) reported that proper weed
control increased the N uptake from 29 to
65 kg N/ha. While Mathan er al(1976) ob-
served increase in exchangeable K in the
soil with the use of higher doses of alach-
lor. In the present investigation too, in-
creased uptake of nutrients by the crop
was a direct consequence of less weed com-
petition and better root growth. Carrelation
studies indicated a negative relationship bet-
ween N, P,Oy and K,O uptake by the crop
and weeds (-0.637*, -0.383* and -0.840"*).
Thus, increase in nutrient uptake by the soy-
bean crop was due to decrease in nutrient up-
take by the weeds indicating improved ferti-
lizer use efficiency by efficient weed control.

Effect of herbicides on nodulation
Nodule counts and dry matter weight

of nodules were unaffected by fertilizer le-
vels. There were also no differences bet-
ween unweeded control and hand weeding
in nodule numbers but the dry weight of
nodules was higher in hand weeded plots
(Table 2). Herbicides, particularly metri-
buzin drastically reduced both the number
and dry weight of nodules. On the 20th
day after sowing the dry weight of nodules
in hand weeded treatment was nearly two
fold that of the herbicidal treatments. On
the 40th day, this difference was narrowed
down and there was just an improvement
in dry weight of nodules with about 30%
increase in hand weeded plots over the
herbicidal treatments. Milika er al (1972)
also reported that alachlor applied before
sowing tended to inhibit nodulation and
root growth. These data indicate that an
important process of symbiotic nitrogen
fixation is initially affected through pre-
emergence application of herbicides but
with time there appears to be a good re-
covery in the dry weight of nodules.

Effect of herbicides on microbial populations
Herbicides alachlor and metribuzin
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Table 3: Gramn yield of soybean (kg/haj in relanon 1o weed control treatments at two levels of fertilizers

Fertilizer dose (F)

Weed control methods (W) 7ﬁi¥cc0mm:ndcd 75% Recommended e
dose dose

Unweeded control 1293 1290 1292
Hand weeding at 20 and 40 days

afrer sowing 1978 1937 1958
Pre-emergence apphcation of

alachl v 2.5 kg aa/ha 1974 1941 1958
Pre-emergence application of

metribuzin at 1.0 kg a.i./ha 1932 1919 1926
Mean 1794 1772
C.D (P=0.05) W F W xF

33 NS 46

drastically reduced the bactenal popula-
tions between the 15th and 45th day after
spray and the fungal and actinomycetes
populations between the 15th and 30th
day after the spray (Fig. 1). This indicated
that immediately after herbicide apphca-
tion, microbal populations in the soil re-
ceived a set back because of the disturbed
soil chemical environment. This set back
was however overcome by soil micro-orga-
nisms later and they started growing nor-
mally. Metribuzin atfected the soil micro-
flora more than alachlor. Rankov and
Velev (1976) observed similar results with
metribuzin with concentration of more
than 3.5 mg a.i. per 100 g of alluvial mea-
dow soil inhibiting the propagation of soil
micro-organisms for a short while. Enkina
and Vasilev (1974) on the other hand
found that alachlor did not adversely affect
bactenial, actinomycetes and fungal popula-
tions but tended to increase the bactenal po-
pulation. The present studies thus indicated
that herbicides affected the propagation of
soil micro-organisms adversely in the initial
stages but the effect was overcome soon.

The effect of herbicides on nodulation
in soybeans, soil microbial populations
and the uptake of nutrients could be fur-
ther judged from the yield data summa-
nsed in Table 3. Weed control treatments
provided significantly higher yields over
those with no control measures. There was
a drastic reduction in yield by over 509% if
weeds were not checked by either hand
weeding or through herbicides. Severe
competition for nutrnients with the crop
leading to loss of nutrients could be
considered as the main reason for such a
drastic reduction in yield in the treatments
without weed control. Though nodulation
and soil microbial populations were affect-
ed by herbicides in the initial stage of the
crop, these were not retlected in the yield
of soybeans. However, turther investiga-
tions are needed to evaluate the extent to
which nitrogenase activity of the nodules
was affected by herbicidal application.
Herbicides were however, largely helpful
in eliminating competition for nutrients
by the weeds and in improving the fertiliz-
er use efficiency.
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CHEMICAL CONTROL OF WEEDS IN SUGARCANE
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ABSTRACT

Sugarcane production is largely influenced by early tillering and growth which is affected by com-
petion through weeds. With increasing cost of labour and paucity of time, chemical weed control is
becoming popular. However, the herbicides are to be used cautiously especially at the proper time and
dosage depending on the vanety based on tolerance study conducted elsewhere. There was significant
negative association between weed dry matter and cane attributes. For highest cane production a weed
tree environment tor at least 66 days 1s a must. It has been observed that many varieties are sensitive to
even a shght higher dose. For sugarcane, in general, use of alachlor at 2.5kg. a.1./ha or atrazine at
2.0a.1./ha seems to be most effective and economiical. Many varieties did not germinate when applied

with duron even at lower dose.

INTRODUCTION

The agronomic aspects of sugarcane
production are directly influenced by
weed competition. It has been estimated
that weed competition causes 15% loss in
the production of sugarcane. During early
stage, weeds take advantage of soil fertil-
iy, space and moisture available in the
soil and in severe weed competition ultim-
ate loss in yreld might touch 50%. With
the intensive cultivation of crops, and la-
bour becoming scarce, the use of herbi-
cides has become more important in the
commercial agriculture. Sugarcane, has
been reported to be tolerant to many of
the herbicides. However, the tolerance and
response to a chemical used as a herbicide de-
pend upon several characters such as crop, va-
riety, soil condition, stage of application etc.
A brief report of the work done on weed con-
trol in sugarcane is presented in this paper.

MATERIAL AND METHODS

Various experiments conducted at
the  Sugarcane  Breeding Institute,

Coimbatore from 1972-73 are grouped be-
low:

(a) Studses on crop weed competition and
assessment of loss due to weeds

The 'med out with
the variety Co 6304 in a sandy loam soil
during 1977-78. The treatments consisted
of unweeded check, weed free environ-
ment for the first 21, 36, 51, 66, 81 and 96
days. All the plots were given uniform
weeding at 100th day and the crop was
earthed up after the fertiliser application.
The effect of weed competition on tiller-
ing, cane yield and sucrose percent were
assessed.

(b) Varietal tolerance to herbicides

The experiment was laid out in split
plot design with three replications. The
main plot treatments were unweeded
check, atrazine (Gosaprim 80 WP) at 2.4
and 9.6kga.i./ha., and diuron (Karmax
80WP) at 2.4 and 9.6 kga.i./ha. Ten varie-
ties viz., Co 281, Co 449, Co 527, Co 658,
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Table 1: Effect of intensity of weed competition on tiller production

and cane yield

Weed dry Tillers Cane  Sucrose

Treatment matter /ha yeld  per cent
kg/ha 00 t/ ha juce
Unweeded control 8608 668 70.8 14.3

Weed free for

first 21 days 7686 670 80.3 14.4
" 3o days 6386 848 84.6 15.1
® 51 days 4308 936 85.1 154
" b6 days 2686 1368 86.8 6.1
" 81 days 2365 1468 90.3 16.9
" 96 days 1668 1568 943 16.6
C.D. (P=0.05) 194 178 6.3 NS

Co 997, Co 1158, Co 1163, Co 1340,
Co0 62174 and BO 17 were tried as sub plot
treatments. The herbicides were applied as
pre emergence on third day after planting
of sugarcane crop. The tolerance of the va-
neties to the herbicides at two le-
vels was assessed by recording the final
cane yield and quality,

(c) Screeming herbicides for weed management

During 1977-79, newer herbicides
viz., alachlor (2.5kga.i./ha), dosamine
(5.0 kg a.t./ha), TBA with 24-D, fluch-
loralin (2.5 kg a.a./ha) were studied
along with atrazine 2.0kg/ha at
Coimbatore and Amaravathi Co-op. Sugar
Factory area. At Coimbatore the soil type
was loamy with adequate irrigation facili-
ties. The crop was raised duning the main
seasons 1977-78 and 78-79 with varety
Co 6304 in RBD with three replications.

The tnial was repeated at Amaravathi
Sugar Factory area during 1977-78
main season and special seasons of 1977
and 78 with variety Co 6304. Simulta-
neously, granular formulations of dini-
tramine was compared with emulsified
form in a separate trial. It was also
compared with TBA application and
hand weeding.

RESULTS AND DISCUSSION

(a) Crop weed competition

The major weeds observed 1n sugarcane
field were Achyranthes aspera L., Trnanthema por-
tulacastrum L., Alternanthera echmata (Smith),
Gynandropsts gyonandra |.., and Acabypha mdua
L. (in dicots); Cyperus rotsndus L. and Cynodon
dactylon Pers. (among monocots).

Weed compettion caused consider-
able yield losses (Table 1). The loss 1s
mainly due to restnction on the tller pro-
duction. Thllenng in sugarcane although a
genetic factor is also largely influenced by
environmental factors, such as light and
temperature. Due to smothering effect of
the weed Trianthema portulacastrum L., the
light penetration on the germinated shoots
as well as micro climatic temperature s
lowered which resulted in poor ullenng.
Although sucrose per cent juice was not
affected significantly, there 1s indication
of better juice quality by keeping field
weed free, during the early part of the crop
growth. Thus, sugarcane needs a weed free pe-
niod of 66 days after planting for better yield.

(b) Relationship between population and weed

dry matter with yield and quality of cane
The data on the weed dry matter,

weed population and yield from the trial
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Table 2: Relanionship of weed number and weed dry matter with cane attributes

Weed attnibute

Weed number/m?

Weed dry matter kg'ha

Canie: sktsibiite Correlation chrcs‘sion
coefficient equation
Millable canes/ha (x,) -0.6490" 101.78 -0.2130 x,
Cane yield t/ha (xy) -0.6965"" 144.23-0.3712 x,
Sucrose per cent juice (xa) -0.3953" 48.35-0.3953 x,
Sugar yield t/ha (X4) -0.0900 -
X, - 0.6060* 90.93 - 0.0300 x,
Xz -0.6590"" 149.05-0.1785 x,
X4 -0.7017** 16.74 - 0.0079 x4
X4 -0.5078"" 13.67-0.0036 x4

on the suitability of vanous herbicides
were used to work out correlation coeffi-
cients and regression equation (Table 2).
Both weed number and weed dry mar-
ter showed negative relationship with mil-
lable canes, cane yield, sucrose per cent
juice and sugar yield. Further better rela-
tionship was observed with weed dry mat-
ter than weed number. The results have
shown clearly that the suppression of
sprouting and subsequent growth of weeds
using pre emergence herbicides were more
efficient than allowing the weeds to grow
and their removal by hand weeding.

(¢) Differential tolerance of sugarcane varieties
to herbicides

Data on cane yield and sucrose per
cent juice as influenced by the herbicide
treatments of the ten vaneties studied are
presented in Table 3. Significant differ-
ence in cane yield was observed among the
sugarcane vaneties under ditferent treat-
ments. Both low and high doses of diuron
reduced the cane yield significantly in
Co281,Co0449,Co658,Co 1158,Co0 62174,
Co 1340, and high dose only in Co 997
and BO 17. Atrazine reduced the cane
yield significantly in Co 1340, Co62174
and Co 997 at both the doses. The yield of
Co 1158 was reduced only at higher dose.
Varieties Co 527 and Co 1163 were found
to be tolerant to both atrazine and diuron

while variety Co 281 was tolerant to atraz-
ine. Thus varieties showed differeptial
response to herbicides as in other crops.

(d) Screening herbicides for weed management

The results of the evaluation of newer
herbicides made during 1977-81 are pre-
sented in Tables 4 and 5. None of the her-
bicides had any adverse effect on the ini-
tial germination of sugarcane (Table 4).
However, tiller production was reduced in
dosamine, TBA with 2,4-D and fluchlora-
lin. This was mainly due to lesser activity
of the chemicals on the weed growth as
could be seen from the increased dry mat-
ter of weeds in these treatments. However,
the number of millable canes was not af-
fected much by the use of herbicides. Hig-
hest cane yield of 103.6 t/ha was obtained
in the case of weed control treatments
with alachlor followed by hand weeding
and atrazine which were on par. In the
present study, alachlor and atrazine
proved better and the farmer is neither
available in India nor manufactured. The
next choice of using pre-emergent herbi-
cide is only atrazine. At the reduced do-
sages of 2.0 kga.i./ha, compared to previ-
ous year's study, there was no adverse ef-
fect on the crop and at the same time,
there was equally better control of weeds.
Simazine and atrazine have proved to be
highly selective and long lasting in the
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Table 4: Effect of different herbicides on weed control and cane yield

hon® 00w e, 00/ha  t/ha b
Alachlor 2.5 kg/ha 66.0 1666 686 1126 103.6 18.86
Atrazine 2.0 58.0 1566 756 1031 96.8 17.96
Dosamine 5.0 51.0 1326 1438 938 90.8 17.13
TBA+2. 4D = 50.0 1368 1600 968 90.3 17.86
2.4-D+TBA . 48.0 1306 1368 1036 91.3 17.91
Fluchloralin 2.5 kg/ha 48.0 1368 2036 987 86.8 16.60
Hand weeding 65.0 1613 2368 1146 101.3 17.90
CD (P=0.05) NS 372 212 NS 6.8 NS
Table 5: Effect of certain herbicides on cane yield and quality
Cane Millable Sucrose Cane
Treatment girth canes % Yield
(cm) 00/ ha juice t/ha
1. Dinitramine (EC) at 0.96 kg/ ha 29 1104 15.76 78.1
2. . 072 . 2.8 995 14.39 80.6
3 - 048 . 2.8 984 16.96 80.3
4. Dinitramine (G) 0.48 ., 2.7 1032 15.74 81.3
5. - 09 . 3.0 1028 16.87 83.6
6. TBA. 8.00 . 3.0 838 16.73 78.3
7 . 10.00 . 2.8 1028 15.41 78.6
. 1200 . 2.6 1013 16.49 69.3
9. Hand weeding (two at
35 and 70 days 2.8 1312 18.67 88.1
C.D. (P=0.05) NS 144 1.40 11.9

control of weeds (Talbert and Fletchal,
1964). This is one of the advantages when
used in sugarcane crop. Based on the expe-
rience at the Institute farm, this was com-
mercially used in private farm with heavy
soil and variety CoC 671. There was effective
control of all the weeds including Parthenium
which was a menace in the area for the past
five years. The total cost of the chemical at the
dosage adopted worked out toRs. 300/- perha
excluding application cost. $till it seems to be
a better one compared to hand weeding,
which costs Rs. 360/~ per ha.

It has been reported by Lyons and
Whitting (1965) that surface applied pre-
emergence herbicides are erratic under fur-
row irrigation with only occasional rainfall
and mechanical incorporation has en-
hanced their efficiency under these condi-
tions. Recent tnals comparing granular
and spray applications under different me-
thods of incorporation have indicated that
granular formulations are as effective or in
most cases more effective with rototiller
type incorporation than similar applica-
tions of sprays. A similar study was also
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conducted at this Institute dunng 1977-78
with dinitramine as granular application
and compared with spray application of
the same chemical as well as TBA and
hand weeding. With the vanety Co 6806
it was observed that there was reduction 1n

yield by application of these herbicides
compared to hand weeding. There was re-
duction 1n the sucrose per cent juice also.
Hence 1t can be concluded that these two
chemicals are not pracucally suitable for
this vanety of sugarcanc.
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STUDIES ON THE WEED PROBLEMS OF CASSAVA-
LEGUME INTER-CROPPING SYSTEMS

P. K. ASHOKAN, K. SUDHAKARA and
R. VIKRAMAN NAIR

College of Horticulture, P. O. Vellanikkara, Trichur- 680634, India.

ABSTRACT

A tnal on the Cassava-legume intercropping was conducted in the lateniuc soils in the high rainfall
(2800 mm/year) tract of Kerala. The effect of five leguminous intercrops of cassava viz., cowpea,
groundnut, blackgram, greengram and soybean on the nature, intensity and population of weeds were
studied, companng with a sole crop of cassava. The mamn crop and intercrops were planted simulta-
neously and the nature of weed flora and weed intensity in different plots were recorded two months af-
ter planting. The weeds collected were 1dennfied, grouped and oven dned.

The results showed that intercropping with legumes, reduced the intensity of weeds in cassava in
general. Cowpea and blackgram were most effective in smothenng the weeds, while groundnut and
greengram were moderate. Another interesting observation was that in all the intercropped fields mono-
cot weeds predominated whereas in the control, dicot weeds predominated. About 77% cost of weeding
can be saved by intercropping, besides obtaining additional gross tncome of Rs. 403/ to Rs. 1758/- per

ha in cassava with cowpea, groundnui, blackgram and greengram.

INTRODUCTION

Cassava (Manihot esculenta Crantz) 15 a
cheap source of carbohydrates in most of
the tropical countries. The slow growing
nature of the crop and its sparse canopy
durning the 1nmitial growth phase leaves
plenty of light encouraging several types
of weeds to flourish in the interspaces. Un-

controlled weed growth was found to re-

duce root yield 1n cassava by 40 to 68%
(Akobondu, 1980). Recent report from the
International Institute of Tropical Agncul-
ture (IITA, 1979) indicates the possibility
of checking the weed growth in cassava
gardens by intercropping. The present stu-
dy examines the nature and magnitude of
crop-weed competition in five cassava-
legume intercropping systems.

MATERIAL AND METHODS

The trial was conducted at the College
of Horticulture, Vellanikkara, Trichur on

latenite soil with the annual rainfall of
2800 mm. Five cassava-legume intercrop-
ping systems were compared with sole
crop ot cassava. The intercrops were cow-
pea, cv. Kanakamani | Vigna unguiculata (L)
Walp], groundnut, cv. TMV-2 (Arachis hy-
pogea L), blackgram cv. T-9 |Vigna mungo
(L) Hepper], greengram cv. Madhira
|Vigna radiata (L) Wilezek], soybean cv.
EC. 39821 [Ghycine max (1) Merrill]. M,,
a tall, comparatively non-branching varie-
ty of cassava was used for the study. The
experiment was laid out in randomized
block design with four replications. The
plot size was 54m x 54 m. Cassava was
planted on mounds at a spacing of 90 cm
x 90 cm. Cowpea was planted in single row
in between cassava rows, at a distance of 15
cm. The other four intercrops were raised
in double rows between cassava providing
a spacing of 20 cmx 15 cm. The main crop
and the intercrops were planted on the
same day in May. Cassava. received N,
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Table 1: Effect of intercrops on weed dry matter (kg ha~!) and cost of weeding ha~! in cassava plots.

First weeding Second weeding

Treatments . Women Total Women Totalcostof

Dicor  Monocot  Total days o days o, Bs
Cassava + cowpea 303 39.1 69.4 3% 6.3 1 32.00
Cassava + groundnut 60.5 130.4 190.9 11 223 2 93.00
Cassava + blackgram 240 61.9 859 6 19.5 2 56.00
Cassava + greengram 96.8 97.7 1945 10 335 2 84.00
Cassava + soybean 168.3 100.3 268.6 15 108.5 8 161.00
Cassava sole crop 2123 133.5 3458 17 107.5 9 182.00
C.D. (P=0.05 56.3 NS. 111.6 - 473 - -

Cost of | women day 1s Rs. 7/-

PO, and K, O, 75 kg each ha-!, while
the intercrops received 10 kg N ha-! and
20 kg each ha-! of P,O, and K,O. In add:-
tion, a uniform dose of farm yard manure
was applied at 12.5tha-1.

Weed samples were collected from
one sqm randomly before first and second
weedings, at two months and three and a
half months after planting respectively.
The dry weight of monocot and dicot
weeds were recorded separately. At second
weeding, since the weed population was
too low, the dry matter of dicot and mo-
nocot weeds were studied together.

The time taken by a labourer to weed
each plot was recorded and the cost of
weeding in each intercropping systems was
worked out. The main crop was harvested
ten months after planting and fresh weight
of tubers from each plot was recorded
separately. The economics of the cropping
systems were worked out.

RESULTS AND DISCUSSION

The following weeds were collect-
ed from the experimental area and identi-
fied.

Brachiaria ramosa (Linn.) Stapf, Cyno-
don dactylon Pers, Dactyloctenium agyptium
L., Eleusine indica Gzrtn, Ischamum arista-
tum Linn., Leptochloa filiformis R& S, Pani-

cum repens Linn. (Poacexz), Cyperus rotundus
L., Cyperus iria Linn. (Cyperacex), Tridax
procumbens L., Vermomia cineria Less., Vicoa
indica D.C., Emilia sonchifolia D.C (Astera-
ceae), Desmodium triflorum D. C., Mimosa
pudica L. (Leguminosz), Achyrantbes aspera
L., Aiternantbera  sessiles  Br., Ama-
ranthes vindis L. (Amaranthacez), Euphor-
bia hirta Linn., Phyllanthes niruri Linn. (Eu-
phorbiacez), Sida rhombifolia Linn., S.
acuta Burm. (Malvacez), and Scoparia dul-
as Linn. (Scrophulanacez).

None of the weed species was found
to be specific to any of the cropping
systems tested. There was marked reduc-
tion in the production of dry matter in
weeds when cassava was inter-cropped
with any one of the legumes except soy-
bean (Table 1). Cassava-cowpea combina-
tion proved to be the most effective in in-
hibiting the weed growth. Weed growth in
terms of dry matter production at second
weeding was very much less than at first
weeding. When dicots and monocots were
considered separately, it was found that
the growth of dicot weeds was suppressed
by all the intercropping treatments except
cassava-soybean and cassava-greengram
combinations. While 61% of the total dry
matter produced by weeds came from di-
cots in sole crop plots, it was only 28 and
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Table 2: Economics of cassava-legume intercropping systems.

151

Price Equivalent
Treatments Caterty lzl‘:rl:r:;s C q] Toal cu(I::::u?:n Panki
ha! assava  Intercrops Rs
(kg ) (kg ha'') Rs) (R¢) (Rs) (Rs) (Rs)
Cassava + cowpea 19726 586 7890 1758 9648 4691 4957
Cassava + groundnut 19726 879 7890 1758 9648 5029 4619
Cassava+ blackgram 19726 538 7890 1614 9504 4715 4789
Cassava + greengram 19726 115 7890 403 8293 4560 3733
Cassava + soybean 19726 - 7890 - 7890 4453 3437
Cassava sole crop 19726 - 7890 - 7890 4256 3634

Cassava at Rs. 0 40/kg,  Blackgram and cowpea at Rs. 3.00/ kg, GroundnutatRs. 2.00/kg, Greengram at Rs. 3.50/ kg.

50% in plots growing cowpea, groundnut
and blackgram as intercrops.

The labour requirement for weeding
plots under different intercropping
systems vaned considerably (Table 1).
Among different intercropping systems,

the labour requirement for weeding
cassava-cowpea and  cassava-blackgram
cropping systems were very low, 3.5

and 6 women days respectively, as com-
pared to 17 required for the sole crop
of cassava. For the second weeding also,
the intercropped plots except that of
soybean required less labour as compared
to sole crop plot of cassava. Of all the
combinations, intercropping with cowpea
brought the cost of weeding to the
minimum.

Intercropping did not affect the yield
of cassava tubers (Table 2). Besides, ad-
ditional yields of 586, 879, 538 and 115 kg
ha- ! were obtained from the intercrops of
cowpea, groundnut, blackgram and green-
gram respectively.

Intercropping with legumes like cow-
pea, groundnut, blackgram and greengram
controlled the weed growth in cassava
plots to varying degrees. As compared to
sole crop plots, dry matter accumulation
in weeds in plots intercropped with cow-
pea, blackgram, groundnut and greengram
was reduced by 80, 75, 45 and 22% respec-

tively at two months after planting. Evi-
dently, of all the legumes tested, cowpea
proved to be the most effective intercrop
in smothering weeds in cassava fields.
Initial fast rate of growth and consequent
coverage of the interspaces by this crop in
a short time would have made 1t difficult
for the weeds to come up. On the other
hand, groundnut, a slow growing crop was
not as effective as cowpea or blackgram in
suppressing the weeds. The poor growth of
greengram and poor establishment of soy-
bean due to the heavy rains at germina-
tion, explain the comparatively high weed
infestation in plots cropped to greengram
and soybean.

The results also indicated that legume
intercrops  suppressed the dicot weeds
more than the monocots (Table 2). This
may perhaps be due to the increased com-
petition between legumes and dicot weeds
resulting from their morphological simila-
rities. The fresh tuber yield of cassava was
not adversely affected by intercropping,
indicating thereby these intercrops exploit
only the interspaces left unutilized by the
main crop.

A comparison of the labour cost in-
volved in weeding operation of different
cassava-legume  intercropping  systems
showed that consid¢rable saving can be
made by intercropping. The second weed-
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ing in cassava fields may even be dispensed wath
by intercropping with cowpea or blackgram.
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EFFECT OF GLYPHOSATE ON AMMONIFICATION,
NITRIFICATION AND DEHYDROGENASE ACTIVITY
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GROUNDNUT CAKE
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ABSTRACT

Glyphosate | N-(phosphonomethyl) glycine] at 0, 10, 100 and 1000 ppm incorporated to a plan-
tation crop soil with and without urea, N-serve coated urea, urea with 5% groundnut cake or benomyl
(100 ppm) was incubated for observing the changes in the rate of ammonification. nitrosofication, nitn-
fication and dehydrogenase activity in the soil for a penod of 56 days.

Glyphosate at all the concentrations either alone or in combinations had no significant effect on
ammonification and nitrification. There was no significant difference in the dehydrogenase activity in
all concentrations of glyphosate irrespective of vanous amendments. However, several folds increased
activaty of dehydrogenase with groundnut cake than the treatments with N-serve plus glyphosate or
with different concentrations of glyphosate alone was observed. A fungus, Penscillium sp has been found

to utilize glyphosate as a sole source of carbon and phosphorus.

INTRODUCTION

Glyphosate 1s a post emergence, non-
selective herbicide which appears excep-
tonally promising for perennial weed con-
trol. It is becoming most popular in tea
plantations and also in control of peren-

nial weeds in field crops. It undergoes.

rapid 1nactivation in soil by sorption to
clay, organic matter and subsequent degra-
dation to CO, (Rueppel ef al., 1977). As it
is a non-volatile and highly soluble in wat-
er it is known to readily bound to kaoli-
nite, illite and bentonite clay, charcoal
and muck. Fe*** and Al*** saturated
clays, and organic matter adsorb more gly-
phosate. Glyphosate mobility in the soil is
limited by pH, phosphate level and soil
type, and found to have co-metabolism in
soil (Spranckle et al., 1975). The degrada-
tion rate was found to vary in different soil

and i1t was primanly due to microbial. Car-
bon substrate amendments failed to subs-
tantially increase the degradation rates in
different soils having low degradation
rates (Moshier and Penner, 1978).

However, no reported information is
available on its behavioug 1n Indian situa-
tions. It 1s important to know 1ts effect on
soil beneficial microorganisms. This paper
presents the effect of glyphosate on am-
monification, nitrification, and soil biolo-
gical activities in terms of dehydrogenase
activity in a coffee plantation soil with va-
rious organic amendments under tropical
Indian situations.

MATERIAL AND METHODS

Top 15cm soil of a coffee plantation
(Chickmagalur, Karnataka State, pH 8.2)
was collected and used for this study
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under laboratory conditions. At room tem-
perature, 250 g of 2 mm seived soil was in-
cubated in plastic pots (22.5cm x 18 cm)
with lids containing four pin holes for gas
exchange. All the treatments were replicat-
ed twice. The treatments included were
1) soil alone,
2) soil + 1.25g urea,
3) 2 + 10ppm glyphosate (V/M),
4) 2 + 100ppm glyphosate,
5) 2 + 1000 ppm glyphosate,
6) soil + 1.25g urea coated with N-
serve 100 ppm (W/W),
7) 6 + 10ppm glyphosate,
8) 6 + 100 ppm glyphosate,
9) 6 + 1000 ppm glyphosate,
10) soil + 1.25 g urea + 5% groundnut
cake,
11) 10 + 10ppm glyphosate,
12) 10 + 100 ppm glyphosate,
13) 10 + 1000 ppm glyphosate and
14) soil + 1.25g urea + benomyl
100ppm + 10ppm glyphosate.
Commercial formulation of glyphos-
ate (36 EC) and benomyl (50 wp) was used
on active ingredient basis. After thorough
mixing of each soil with above treatment
the soil was moistened and incubated at
60% water holding capacity. The soil
samples were drawn at periodical intervals
and analysed. Dehydrogenase activity
(DHA) in the samples was estimated
as described by Casida e al (1964).
NH,-N, NO,-N, NO;-N were determined
colorimetrically.

RESULTS AND DISCUSSION

Significant change in the dehydroge-
nase activity (DHA) of the soil at all con-
centrations of glyphosate studied with or
without N-serve was not observed (Fig. 1).
A combination of glyphosate at 10 ppm
and benomyl at 100 ppm showed inhibito-
ry effect on DHA till 28 days only. There-
after there was no significant change from

that of treatment receiving glyphosate
alone (10 ppm).

Ten fold increase in DHA 1in all the
concentrations of glyphosate with ground-
nut cake was observed. Further, maximum
DHA was recorded at 7th day (30 fold in-
crease) in all the above treatments, there-
after, it steeply decreased till 28 days. Inte-
restingly, glyphosate at 1000ppm with
groundnut cake showed a second peak of
increased DHA which consistently in-
creased even upto 56 days.

Glyphosate at different concentrations
tried individually or in combination with
N-serve, GN cake or with benomyl had no
significant change in the rate of ammonifi-
cation (Fig.2). Similarly at no stage of
incubation period NO,-N was detected in
any case of the treatments.

There was no significant change in the
NO,-N content in all the treatment com-
binations tried with glyphosate except
with 1000ppm. The latter, with and
without N-serve showed decrease in
NOj- N throughout the penod of incuba-
tion (Fig. 3).

The overall respiratory activity of the
soil, as determined by the DHA, which re-
presents the net effect of vanous metabol-
ic processes taking place in the microbial
cells, showed no marked change with the
glyphosate individually at different con-
centrations or in combination with N-
serve, or groundnut cake or with fungicide
benomyl. This indicates the compatibility
of the herbicide with the above agricultu-
ral chemicals and organic substances. Ho-
wever, 10 to 30 folds increase in dehyd-
rogenase activity at different incubation
periods with groundnut cake irrespective
of glyphosate is due to increased availabil-
ity of organic nutrients which hgs in-
creased the heterotrophic microbial activ-
ity in the soil. But, increased dehydroge-
nase activity after 28 days, only with
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1000 ppm glyphosate plus groundnut cake
is perhaps due to the dominance of a
glyphosate utilizing fungus Pemicillium sp.
associated with other microorganisms. The
fungus was found to utilize glyphosate as a
sole carbon or phosphorus source when
grown in pure culture on Czapecks-Dox
fungal broth. Microbial degradation of
glyphosate to CO, 1s known to take place
in soil within 20 days (Moshier and
Penner, 1978). Therefore, the increased
DHA may be due to the increased availa-
bility of nutrients from glyphosate also. In
general the soil used was poor in nmitri-
fication although ammonification was
quite rapid. The reduction in NO;-N con-
tent in all the treatments irrespective of
glyphosate 1s artnibuted to immobilization
due to heterotrophic microbial activity.

But the marked decrease in NO4-N with
1000 ppm glyphosate with and without
N-serve or groundnut cake must be
due to increased heterotrophic microbial
activity.

In conclusion glyphosate 1s quite safe
with regard to total biological activity of
the soil in terms of dehydrogenase activity
and ammonification even at very high
concentrations recommended as  herbi-
cide. Glyphosate 1s degraded easily by
miCcroorganisms.
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INCREASING CORN AND CASSAVA PRODUCTION
IN ALANG-ALANG AREA

HAMDAN PANE and M. SUNDARU

Central Research Insutute for Food Crops
Jalan Merdeka 99, Bogor, Indonesia.

ABSTRACT

Two expenments were conducted in Sukadana Sub-Station, Lampung during wet season 1980-
1981. Several methods of tillage and weed control were studied on corn. It was found that strip tillage
(using glyphosate 4/ prod/ ha and plowed along the rows) gave good result. A 24% increase in yield was
obtained compared with conventional ullage. Atrazine at a dosage of 2.4 kg/ha active applied at 1 day
after sowing was most effective than other treatments. In another experiment several weed control me-
thods were tested on cassava. Direct application of glyphosate at the rate of 3/ prod/ha in between rows
of cassava at 1 and 3 months after planting (MAP), respectively, yielded the highest fresh weight of tub-
ers among weed control methods tested. High vield was also harvested from the plots which were hand
weeded once at | MAP Fb. glyphosate 3/ prod/ha at 3 MAP. These treatment increazed cassava yield
over handweeded plots. [t was also found that cassava cultivar Adira 2 (with branches) and cultivar Adira
1 (with no branches; had yield losses about 71% and 82%, respectively, which were caused by weed

competition,

INTRODUCTION

Alang-alang (cogon) area 1s mostly lo-
cated in red yellow podsolik soil. This sol
has low pH, poor plant nutrnient content,
low organic matter and susceptible to ero-
sion. The whole area in the country covers
about 15 million ha. Glyphosate and dala-
pon have been used to kill alang-alang
which will produce a mulch of dead trash.
And crops seeds are sown through the
mulch (Ismail et al, 1981; Mock and
Erbach, 1977; Terry, 1981).

The reduction in yield of corn was
40% due to weed competition (Nieto,
1970). At present, triazine herbicides
are widely used for control of most preval-
ent broadieaf weeds and grasses in this
crop.

In Indonesia cassava is mainly con-
sumed as the major part of the diet and
rest as cattle feed. Cassava is normally
grown in less fertile soil with minimum in-
put, using non improved varieties and tra-

ditional cultivation which give very low
yield. Manual weeding usually absorbs for
about one third of the total labour used in
raising this crop. Chemical weed control
with paraquat and glyphosate have also
been developed as an interrow weeding
besides other pre-emergence herbicides
(Centre  for Owverseas Pest Research,
1978).

These tnals were conducted to study
the possibility of increasing cormn and
cassava production especially in alang-
alang area to support the govern-
ment program to fulfill national food
need.

MATERIAL AND METHODS

The experiments were conducted at
Sukadana Sub Station, Lampung during
the wet season 1980-1981. Soil type of this
location was red yellow podzolic and
mostly covered with alang-alang (/mperata
oylindrica).



160 PROC. §TH ASIAN-PACIFIC WEED SCi. SOC. CONF. 1981 1l VOL.

Table 1: Dry weed weight (g/m?) as affected by weed control, plant spacing and tillage method in com.

Grasses Broadleaf weeds
::n el of yowad Normal ullage Stnp ullage Normal tllage Strip ullage
75x40 75x20 75x40 75x20 75x40  75x20 75x40 75x20

Unweeded 204 b 287 ¢ S3a 98 ab 30a 79 b 37a 17a
Weeded twice 21 and

42 DAS 5a 14a 13a 7a la la la la
Atrazine, 2.4 kg

ai’/ha, 1 DAS 29a 101 ab 19a 6a 0a 37ab la 2a
Thiobencarb/Pre-

metryne 4.4 kgb.a./

ha, 1 DAS 180 b 169 be 13a 121 b 13a 51ab 5a 8a
Mungbean inter-

cropping 190 b 41a 26a 41ab 29a 7a tla 13a

Mean 122 122 23 55 15 35 1 8

In a column, means followed by 2 common letter are not significantly different at the 5% level by DMRT. DMRT based on
transformed data.
Sprayed with glyphosate 3 1 prod/ha 3 weeks before plantung and plowed along the rows

Table 2 : Plant height at 60 DAS (¢m) and yield of corn as affected by methods of weed control, plant spacing
and tillage methods.

Plant height Yield t/ha
::n trol ot weed Normal nllage Stnp ullage Normal ullage . Stnp ullage
75x40 75x20 75x40 75x20 75x40 75x20 75x40 75x20
Unweeded 1752 1862 1932 203a  l.éa 33ab 252 4da
Weeded twice 21 and
42 DAS 176a 199a 204a 215a 20a 43a 2.8a 46a
Atrazine, 2.4 kg
a../ha, 1 DAS 191a 195a 197a 218a 25a 42ab  34a 4.7a
Thiobencarb/Pre-
metryne 4.4 kgb.a./
ha, 1 DAS 187a 18932 1902 209a 17a 3.0ab 25a 4.0a
Mungbean inter-
cropping 163a 1882 187a 199a  I.la 21b 24a 33a
Mean 178 ¢ 192 b 194 b 209a 1.8d 34 b 27¢ 4.1a

Fertillizers of 45N +45 P,04+ 50 K,0O
kg/ha were applied as basal and 90 kg N/ha
was given at one month after sowing.
Assessments of dry weight, plant height
and yield were observed during the trial.

1. Effect of weed control, plant spacing and
tillage methods on corn yicld.

This tnal was laid out in a split-split
plot design with three replications. Main
plot was tillage methods, plant spacings as
sub plots and weed control methods as

sub-sub plots (Table 1). 2. Effect of weed control on the growth and

Plot size was 4 mx6 m. The plant
spacing was 75 cm x40 cm with two plants
per-hill and corn variety H-6 was used.

yield of cassava cultivar Adira 1 and Yidira 2
An expeiiment was arranged in a split
piot design with three replications. Culti-
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Table 3: Dry weed weight (g/m?) as affected by weed control in cassava cultvar Adira 1 and Adira

2 at 6 MAP.
Grasses Broadleaf weeds
Method of weed control : -
Adira 1 Adira 2 Adira 1 Adira 2
Unweeded 6603 e 481 «d 98a 9la
Weeded twice, 1 and 3 MAP 266 bed 152 bc 87a 63a
Paraquat 0.5 kg a.i./ha, 1 and
3 MAP 526 de 266 «d 59a 11a
Glyphosate 3 / prod/ha, 1 and
3 MAP 41a 21a 65a 9a
Weeded | MAP fb. paraquat 0.5 kg
a.r/ha, 3 MAP 149 abc 193 bc 42a 22a
Weeded | MAP fb. glyphosate 3 /
prod/ha, 3 MAP 132ab 65ab 20a 3la
Alachlor 4 | prod/ha, 1 HST ftb.
paraquat 0.5 kg a.1./ha at 3 MAP 353 o 621 e 27a 55a
Mean 304a 257 a 57a 40a

vars were put in the main plot and several
methods of weed control in the sub splots
(Table 3). It was replicated three times,
plot size was 5 mx6 m and plant spacing
was 100 cmx 100 cm.

Fertilizers given were 30 N + 30 P,Og +
15 K;O kg/ha as basal application. 60 N + 35
K,O kg/ha were applied at 60 days after
planting. Pest and disease control were done
to protect plants damage. Dry weed weight,
plant height and yield data were recorded.

RESULTS AND DISCUSSION
1. Effect of weed controls, plant spacing and
tillage methods on corn yield

It had been observed that few sedges
were found in the experimental plots after
killing alang-alang. Dominant grasses and
broadleaf weeds in the plots were /mperata
cylindrica L., Digitaria sanguinalis L., Poly-
treas amauna, Synedrella nodiflora, Croton
hirtus L., Phillanthus niruri L., Spygelia an-
thelmia, and Borreria latifolia. The popula-
tion of grasses was higher than that of
broadleaf weeds.

The methods of tillage affected the
weed infestation and the strip tillage had

less weed population than that on the nor-
mal ullage. It seems that the mulch of
dead trash suppressed the growth of weeds
at the same time. It can also be used as a
soil conservation especially to protect the
soil erosion,

Plant spacing was not able to control
the weeds growth and the dry weight of
weeds was almost similar,

In terms of weed control, using atraz-
ine 2.4 kga.i./ha at 1 day after sowing gave
good result. Both grasses and broadleaf
weeds did not differ si;niﬁcantly com-
pared to weeded twice.

The dry weight of weeds in the plot of
mungbean intercropping was lower than in
the unweeded plot. Mungbean which had
rapid growth was able to reduce weed in-
festation in the plots, while Saturn
(Thiobencarb/prometryne) was not effec-
tive to control weeds (Table 1).

Visual observations to evaluate the
growth of corn in the field showed no dif-
ference between normal and strip tillage.
Plant height was also unaffected by tillage,
but there was a tendency that plants grow-
ing better when the soil was tilled by strip
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Table 4 : Plant height at 60 DAP and yield of cassava cultivar Adira | and Adira 2 as affected by methods of

weed control.
Plant height (cm) Yield t/ha
Method of weed ol
con Adira 1 Adira 2 Adira | Adira 2
Unweeded 141 ¢ 98 b 29 ¢ 46 b
Weeded twice, 1 and 3 MAP 195ab 127ab 15.8ab 15.7a
Paraquat 0.5 kg a.1.7ha, 1 and
3 MAP 188ab 126 ab 12.4abc 12.2ab
Glyphosate 3 / prod/ha, 1 and
3 MAP 202a 146a 207a 198a
Weeded | MAP fb. paraquat 0.5 kg
a../ha, 3 MAP 182ab 133a le.3a 13.7a
Weeded | MAP fb. glyphosate 3 /
prod/ha, 3 MAP 178ab 136a 18.2a 17.9a
Alachlor 4 | prod/ha, 1 HST fb.
paraquat 0.5 kg a.i./ba at 3 MAP 168 be 9 b 5.9 bc 10.8ab
Mean 179 be 124 b 13.2a 135a

tillage than those in normal tillage. Plant
height on 75cm x 20cm spacing was
higher than those in the 75cm x 40cm
plants. This is due to inter competition
between the corn plants. The plant height
was also unaffected by the methods of
weed control. However, in the plot which
was treated with atrazine the plant height
was relatively higher than that of other
plots (Table 2).

The highest yield was obtained in the
plots with strip tillage while in the plots of
normal tillage was 24% lower in yield than
in the strip tillage.

The same plant population but differ-
ent in plant spacing resulted significant
difference in yield. It was observed that
the yield of 75 cm x 20 cm was about 40%
higher than the yield obtained for 75 cm x
40cm. Wider plant spacing had also
affected the yield. It appears that there
was greater inter competition among
the cormm plants when planted two
plants/hill at 75 cm x 40cm spacing
than one plant/hill at 75cm x 20cm
spacing.

2. Effect of weed control on the growth and
the yield of cassava cultivar Adira | and
Adira 2

The major weeds were Imperata cylind-
rica L., Ischamun timorense L., Borreria
latifolia L., Spygelia anthelmia, Synedrella
nodiflora Gzrtn., Expatorium odorata, Cro-
ton hirtus and Phyllantbus niruri. Sedges
were found very few.

Cassava cultivar Adira 1 has no
branch while Adira 2 has
branches. It was observed that the plots
with cultivar Adira 2 had lesser weed infes-
tation. The branches of cultivar Adira 2
had shaded the soil surface and suppressed
the growth of weeds, especially alang-alang
which is sensitive to shading.

In methods of weed control, glyphosate
3 [ prod/ha at 1 and 3 months after planting
(MAP) controlled weeds significantly. Similar
result was found in the plots that handweed-
ed once at 1 MAP followed by (fb.) spraying
of glyphosate 3 / prod/ha at 3 MAP. And us-
ing either paraquat 2.5 1 prod/ha or alachlor
4 I prod/ha were not able (o suppress the
growth of weeds (Table 3).

cultivar
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The methods of weed control affected
the growth of plants. In the plots with
alachlor 4 / prod/ha, 1 day after planting
fb. paraquat 2.5 / prod/ha at 3 MAP was
similar to unweeded plots where the plants
grew stunted. In other plots plant was not
significantly affected by weed control me-
thods. However, in the plots treated with
glyphosate 3 { prod/ha at 1 and 3 MAP,
cassava grew vigorously for the cultivars
Adira 1 or Adira 2 (Table 4).

The highest weight of fresh tubers was
harvested in the plots which was treated
with glyphosate 3 / prod/ha at 1 and 3
MAP. High yield was also obtained in the
plots which were weeded once at 1 MAP
fb. glyphosate 3 / prod/ha at 3 MAP.
These treatments gave better yield than in the
plots weeded twice at 1 and 3 MAP. The plots
treated twice by paraquat or weeded once fb.
paraquat and apphlication of alachlor fb para-
quat did not control the growth of existing
weeds and consequently yields were low.

The two cultivars used had different
competition ability. Cultivar Adira 2 had
greater competitive ability than cultivar
Adira 1. Culuvar Adira 2 and culuvar

Adira 1 had reduction in yield 71% and
82%, respectively, due to the competition
of weeds.

CONCLUSIONS

Strip tillage (using glyphosate 4 [/
prod/ha and plowed along the rows) in
alang-alang area gave better corn yield
than that in the conventional tillage. Yield
increase was about 24%. This method of
tillage could be practised to minimize soils
erosion, especially in red yellow podzolic
soil. Atrazine 2.4 kg a.i./ha can be used as
an alternate for handweeding in terms of
weed control. Mungbean intercropping
with corn was also able to reduce weed in-
festation.

Cassava cultivar Adira 2 has greater
competitive ability than cultivar Adira 1.
Direct spray of glyphosate 3 / prod/ha in
between rows of cassava at 1 and 3 months
after planting and handweeding once a
month after planting fb. glyphosate 3 /
prod/ha at 3 months after planting were
better and gave higher yields than hand-
weeded twice at 1 and 3 months after
planting.
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INVESTIGATIONS OF VARIOUS HERBICIDES FOR
AQUATIC WEED CONTROL

WILLIAM T. HALLER and T. RAMAPRABHU
Center for Aquatic Weeds, University of Florida
Gainesville, Flonda - 32611

ABSTRACT

Field tnals carned out during the fall of 1980 indicated that water lilies (Nymphaa odorata) could be
controlled by 1sopropylene glyphosate (N-(phosphonomethyl glycine) at 6 kg/ha, 2,4-D + Dicamba 4
kg’ ha and MCPA (Methylchlorophenoxyacetic acid) 4 kg/ha. Water mulfoil (Myriophyllum spicatum)
and water pennywort (Hydrocotyle umbellata) were also controlled by glyphosate 3 kg/ ha and Banvel 720
respectively. Water fern Azolla caroliniana was controlled by diquat {6,7-dihydrodipyrido (1.2- 2,1-)
pyrazinedium ion| 3 kg/ ha. The control of submerged weed Hydrilla verticillata Royle by diquat and cop-

per in combination, dipotassium endothal salt and copper are also briefly discussed.

INTRODUCTION

The control of aquatic weeds by the
use of herbicides to reclaim or maintain
cultivable freshwaters plays an important
role in the economy of fishenes, irrigation,
agniculture, recreation and public health.
Although control of aquatic weeds 1s occa-
sionally attempted by other means like
manual, mechanical and biological, the
chemicals still form the mainstay of large-
scale control operations and economic be-
nefits, During the recent years however
concern for environmental impact and re-

gulations imposed on wide-scale use of

herbicides have limited the number of
chemicals available for control. In order to
increase their effectiveness the application
techniques, formulation methods have to
be improved and control recommenda-
tions are no longer general and broad-
based. The specific control of some of the
aquatic weeds by a few chemicals which
have shown encouraging results are des-
cribed in this paper. The trials were carried
out while the junior author was working at
the Centre for Aquatic Weeds, University
of Florida, Gainesville on an one year Re-

search Programme under the IDRC Re-
search Associate Award.

SPRAYING OPERATIONS AND
METHODS

Spraying operations were carried out
by helicopter and air-boat for surface
weeds and trailing hoses for submerged
weeds. The treatments were made in
marked plots of 105m x 18 m in a large
swamp infested with water lilies, milfoul,
water shield (Brassemia schreberiy and a
variety of other weeds also. A pond co-
vered with Azolla caroliniana and a long
channel with water-pennywort (Hydroco-
tyle umbellata) and spikerushes (Eleocharis)
were also treated. Hydrilla was treated in a
small lake divided into 4 to 5 ha areas for
separate treatments,

The helicopter was provided with a
micro-foil spray boom approximately 6 m
long so that it could make 3 trips to cover
cach of the 18 m wide plots. Half to one
gallon of herbicide was taken to spray at 3
to 6 kg/ha in 75 to 1501 of water for-each
plot. The requisite quantity of spray solu-
tion was carried each time to spray over
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two duplicate plots. A professional herbi-
cide applicator carried out the spraying
operation.

The air-boat had a water pump (3.5
hp) that could draw in water from the lake
and a manifold fixture connected to the
pump helped to draw in the chemical also
from a separate tank and both water and
chemical are mixed before delivery from
the pump. A spray gun is attached to the
pump by a polythene tubing. The pump
delivered at the rate of 38 1/min. and the
spray volume was vaned from 1425 to
23751/ ha.

The application of chemicals on sub-
merged weeds was achieved by means of
weighted trailing hoses (3.6 to 4.5 m) long
from a honzontal boom connected to the
water pump n the boat. The chemical and
water were mixed in a separate tank in or-
der to facilitate mixing a herbicide carner
substance also. The hoses could sink to the
bottom by short G.I. pipe sections at the
ends. Chemicals used were diquat 4.5kg
a.1./ha in combination with 3.6 kg Cu/ ha.
Similarly endothall (as Aquathol K) was
tried in another plot at the rate of 35.5kg
a.1./ha in combination with 3.6 kg Cu/ha.
Copper was supplied in the chelated form
(Cutrine) for treatments. The herbicide
carrier (Nalaguatic) was mixed at 61/3801
of spray mixture. It 1s visco-elastic
polymeric compound heavier than water
and has to be properly mixed by agitation
in the spray tank before delivering the
mixture.

A granular formulation of endothal
(Mono-N, N-dimethylalkylamine salt) co-
mmercially sold as Hydout pellets was also
used in an area of 0.4 ha on Hydrilla at the
rate of about 25kga.i./ha by mounting a
fertilizer granule applicator at the bow of
the boat and scaterring the pellets uni-
formly over the water surface so that the
pellets could sink to the bottom and

slowly release the phyto-toxic mate-
nal.

The effects and control of weeds by
the herbicides were evaluated on a 0 to 10
scale in which 0 was considered as no con-
trol and 10 as 100% control. Plots without
any treatments served as control for com-

parnson.

CONTROL OF FLOATING
WEEDS

The control of Azolla caroliniana was
studied 1n a small pond about 0.21 ha in
area covered with the weed over the sur-
face and 1n moist so1l near the margins. As
the plants were easily disturbed by the air-
boat and escape the spray they were dnven
to the penphery of the pond by the prop-
wash and spraying was carned out from
the central cleared zone all around the
pond. Diquat was used at 3kg/ha and the
spray was delivered mn a tangenual flat-
cone with neither too fine nor too coarse
droplets. The plants were killed within a
week after treatment ind the pond was
cleared of weeds. No fish mortahity due to
oxygen depletion was noted as decaying
weeds were confined to the penpheral
zone and open water areas was present in
the center.

CONTROL OF EMERGENT
WEEDS

The effects of spraying on water lilies,
milfoil, spike-rushes and grasses (Panicum
spp.,) in field plots evaluated four weeks
after treatment showed extensive damage
and evidence of control by some of the
herbicides against specific weeds at certain
rates while other chemicals and doses were
not so effective 6n the same or other
weeds. Water lilies could be controlled by
isopropylene glyphosate (Round-up) at 6
kg/ha giving 80 to 100% control. 2,4-D +
Dicamba (Banvel 720) also showed effec-
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tive control on water lilies at 6 kg/ha giv-
ing about the same extent of control. Re-
sults obtained with MCPA at 6 kg/ha were
not so satistactory. Other herbicides viz.,
2,4-DP  (2,4-dichloropropionic  acid),
Emulsamine (E-3), low volatile ester of
2.4-D and Weedar 64 tried at 4 and 6 kg/
ha also were not effective. Among the
other weeds milfoil which was present in
some of the plots could be controlled by
glyphosate at 3kg/ha and above Weedar
64 and Emulsamine 3 at 4 and 6 kg/ha re-
spectively. The effect of other chemicals
could not be assessed as the weed was not
present to a large extent in the other plots.
Eleocharis appeared to be susceptible to
24-DP at 6kg/ha and Weedar 64 and
Emulsamine 3 to which they were exposed
in a few plots did not seem to have much
effect. The effect of Weedar 64 against
Brasenia was satisfactory as it gave 80%
control at 6 kg/ha compared to less than
50% control with MCPA and 2,4-DP. Picke-
rel weed, Pontederia sp appeared to be well
controlled by 2,4-DP at 6 kg/ha rather than
by MCPA or Weedar 64 at the same rate.

In another field tnal, water pennywort
in a channel (0.24 ha) was controlled with
Banvel 720 14.251/ha. Spikerushes also
present in the channel could be controlled
by diquat at 2.5kg/ha.

CONTROL OF SUBMERGED
WEEDS

Control of Hydrilla verticillata using
diquat 4.5kga.i./ha and Copper3d.6kg
a.i./ha and Aquathol K (dipotassium salt
of Endothal 40.3%) 35.5kga.i.’ha and
copper 3.6 kga.i./ha was achieved in 4 to
5 ha plots of a large lake (Pearl lake 23 ha).
The application was made by the deep
water injection method using trailing
hoses. Nalaquatic — a commercial polymer
compound was also combined in the treat-
ment mixture to place the toxic chemicals

near the target weed, as the formulation
was heavier than water and formed a
mayonise like consistency. This was found
to be advantageous also because the treat-
ment could be made regardless of the
depth instead of treating the entire volume
of water.

Endothal Mono (N, N-dimethylalkal-
ine salt of endothal 22.4%) pellets applied
at the rate of 25.3kga.1./ha in a 0.4 ha plot
of the lake also easily controlled Hydrilla
as the herbicide was slowly released by the
pellets and got absorbed by the plants.

HYDRILLA CONTROL BY
DRAWDOWN OPERATIONS

The growth of Hydrilla was controlled
to a considerable extent in a large water
body, the Rodman reservoir which extend-
ed over thousands of acres, by a novel me-
thod of water level fluctuation based on an
understanding of the reproductive biology
of the weed. As the Hydrilla tubers which
are the main source of infestation germi-
nated only once in the hife cycle of the
plant and disappeared after producing a
new plant, the first drawdown was carned
out in late winter to induce the tubers to
germinate and the top soil was allowed to
dry up killing the newly sprouting plants.
This was followed by a second drawdown
also in the next year startmg from October
before new tubers were formed and any
old tubers remaining in the soil were ei-
ther prevented from germinating or the
newly sprouted plants died immediately
due to lack of water. This was an essential
operation and the first one was more opti-
onal. The two operations together consti-
tuted a reliable method of controlling the
growth of Hydrilla in a large waterbody.

DISCUSSION

The field trials described above indi-
cated that specific weed problems could
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be tackled by some of the available regis-
tered chemiclas but the herbicides ap-
peared to have some selectivity with re-
gard to the dose and the weed. This was
helpful in a way to avoid total elimination
of plants some of which were beneficial to
the ecosystem. When a single weed was
causing the problem it was found to con-
trol that weed would be better rather than
killing all the plant life present. Both di-
quat and endothal were known to have re-
latively short half-life and were used ex-
tensively for the control of floating and
submerged weeds. The synergistic effects
of using these chemicals in. combination
with copper have earlier reported to be
successful (Sutton and Blackburn, 1971;
Haller and Sutton, 1973; Gangstad, 1978).
The new formulation of glyphosate ap-
peared to be particularly suitable for the
control of water lilies as reported by
Riemer and Welker (1974) also.

The modern approach to treatment of
submerged weeds is to place the chemical

as closely as possible to the target weed ra-
ther than charging the whole water volume
and diluting the chemical. This was
achieved by means of the trailing hoses
which could be kept well below the water
surface by the weighted ends and moving
the boat slowly. The bottom placement
technique was first  developed by
McClintock ef al. (1974) and has been
more usefully adapted by the addition of
polymer compounds in the treatment mix-
tures. This type of treatment not only in-
creased the precision of application but
also reduced the cost of application and
ensured safety to fish. Similarly, the granu-
lar formulations improved the efficacy of
releasing the herbicide matenal with a
margin of safety and easiness of applica-
tion.
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EFFICACY OF PARAQUAT FOR CONTROL OF
SUBMERGED WEEDS

S. PATNAIK and K. M. DAS

Central Inland Fisheries Research Station, Cuttack, India.

ABSTRACT

The noxious submerged weeds Hydrilla verticillata Casp., Vallisneria spiralis L., Najas indica (Wield.)
Cham. and Ceratophyllum demersum Linn., are widely distnbuted with fluctuatng density in ponds
causing interference with fish culture pracuce. In laboratory experiments paraquat (1,1'-dimethyl-4, 4'-
bipyndimium salt) was found to be cffective in kilhing the weeds at4mg/| in 8 to 12 days. In field
tnals the same weeds occurning in mixed infestation could be cleared (93-98%) with 3 to 4 mg/1 in two

weeks.

The problems of mass decomposition following treatment and subsequent rise of nutrient level in
water are considered. Economucs of clearance and effect of chemical on biotic community of the pond

are discussed.

INTRODUCTION

Excessive growth of aquatic weeds are
undesirable as they seniously limit the op-
timum use of the water resources. Of the
vanous category of water plants the sub-
merged ones are far more difficult to clear
than others. Conventional methods of re-
moving the weeds by manual or mechani-
cal means have become quite costly.
Hence, control by use of herbicides has
drawn considerable attention in recent
years. Paraquat have been advocated for
control of submerged weeds (Blackburn
and Weldon, 1964; Silvo, 1968). The pres-
ent study was undertaken to assess the use-
fulness of paraquat for control of sub-
merged weeds in fish ponds and study its
effect on the biotic community of the
water body.

MATERIAL AND METHODS

In laboratory trials submerged weeds
like H. wverticillata, V. spiralis, N. indica and
C. demersum grown in earthern gamla, glass
jars and plastic pools (1 m diameter) hav-
ing soil base were treated with different

doses of paraquat (Gramoxone 20%). The
herbicide was tested for toxicity on finger-
lings (85-122 mm) of fish Cirrhinus mri-
gala (hamilton) and zooplankton collect-
ed from Killa fish farm and kept in glass
jars of 10/ capacity.

In field tnals mixed association of 2
or 3 of the above weeds were treated with
effcctive doses ascertained from yard
trials. For proper distribution the chemi-
cal diluted in clear water (5001/ha) was
sprayed over the pond surface by a foot-
pump sprayer. The soil water and plank-
ton of the treated ponds were collected
before and after the treatment to study the
change. In all, four field trials were
carried out in fish farm ponds of area
0.024 to 0.036 ha having mixed infestation
of submerged weeds like H. wverticillata,
C.demersum, N. indica and V. spiralis.

RESULTS AND DISCUSSION
Laboratory trials

The dose of 4mg/l and above fully
killed V. spiralis in 10 days, whereas H.
verticillata, C. demersum and N. indica
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required 3 mg/| for full clearance in 8 days
(Table 1). In case of partial kill there was
regeneration from left over viable plant re-
mains in 3 to 4 weeks. The dissolved oxy-
gen in the treated jars before treatment
was 6.2 to 8.0mg/l. The same dropped to
0.2 to 0.4 mg/1 by the third day after treat-
ment. In all tnals plants kept as control
were healthy.

In the first tnial carried out with plants
grown in plastic pools, 2 mixed infestation
of H. verticillata, V. spiralis and N. mdica
was fully cleared with paraquat at 4 mg/|
and above in 12 days (Table 1). In the se-
cond tnal mixed infestation of H. vertical-
lata, N. indica and C. demersum were fully
cleared with 4mg/1 in 10 days. In both
trials regeneration of plants from the left
over viable remains were noticed in pools
of partial kill. In experimental pools dis-
solved oxygen was 6.4 to 8.6 mg/| before
treatment. {he same decreased to 0.4 to
1.6 mg/| by third day after treatment and
subsequently increased to 3.6 to 5.4 mg/l
by 21 days. In control pools, there was no
change in condition of plant or water dur-
ing the same period.

In toxicity tests carried out with
C. mrigala no mortality was recorded with
tried doses of 2 to 6 mg/| during 72 hours
when the room temperature was 30.8°C.

Glass jars containing 5| of pond water,
were stocked with zooplankton composed
of Keratella, Moina, Cyclops and Diaptomus
and treated with 1, 2, 3 and 4 mg/| of para-
quat. In 36 hr all the organisms were killed
and doses 3 and 4 mg/] in the order of Mo-
ina, Keratella, Cyclops and Diaptomus. In
jars treated with 2 and 1 mg/1 and control
no mortality of any of the forms were re-
corded.

Field Trials
In second and third tnials, 90% and
70% clearance were obtained with doses 3

and 2mgA respectively. In the third trial
pond there was regeneration from left over
viable plant remains. The soil pH, water
pH and total alkalinity recorded little
change in two weeks after treatment (Table
2). However the dissolved oxygen in the
treated ponds dropped from the initial
value of 7.2-9.6 mg to 1.4-3.0mg/l by
third day but increased to 6.4 - 8.0 mg/l in
two weeks. The PO,-P of water also record-
ed substantial increase by two weeks after
treatment.

The existing fishes Cyprinus carpio
Linnzus, Clarias batrachus (Linnzus), Cos-
lisa fascata (Bloch), Channa functatus
(Bloch) and C. strarus (Bloch) present in
the treated ponds were not affected by the
treatment. The plankton organisms record-
ed before treatment were Volvox, Pedias-
trum, Synedra, Cyclops, Cypris, Brachionus,
Diaptomus and Moma n considerable
numbers (average 214/1) disappeared fol-
lowing treatment. However three weeks af-
ter, plankton forms Euglena, Anabana, Pe-
diastrum, Spirogyra, Keratella, Cyclops, Diap-
tomus and Naupli: in comparatively large
numbers (average 364/1) were recorded in
the ponds. Regeneration tests conducted
by putting fresh plants of Lemna and Spiro-
della 1n treated ponds showed that para-
quat activity in the water is lost by 12
days.

The cost of clearance ranged from
Rs.2316/- to Rs. 3076/- per ha metre water
area (30 to 40 kg of herbicide at Rs.76/-
and 6 men days at Rs. 6/-). This looks hig-
her compared to manual clearance cost of
Rs.960/- mentioned by Philipose (1968).
In small areas where no other method is
possible, clearance by paraquat can be
tried.

Thus from laboratory and field trials,
it was evident that paraquat at 3 to 4g/1
cleared these weeds in two weeks. It was
also observed that V. spiralis required
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Table 1: Effect of different doses of paraquat submerged weeds in laboratory trials.

No. of expt. ___Date Herbicide % kill
and container Air temp. Weed species mg/1 by wt. Remarks
1 18.1.78  H. vertiallata 1.0 65  Regeneration
Gamla 27°C from left
over parts
2.0 85 "
3.0 100 Kill in 10 days
No regeneration
4.0 100 "
2 12.4.78 V. sprralis 2.0 60  Regeneration
Glass jar 30°C from root stock
3.0 80 "
4.0 100 Kill in 10 days
No regeneration
5.0 100 "
0.0 - No kill
3 16.7.78  C. demersum 1.0 70 Left over pans
Glass jar 29°C viable.
Regeneration.
2.0 80 "
3.0 100 Kill in 8 days.
No regeneration
4.0 100 "
00 - No kill.
4 12579  N. mdica 2.0 75 Left over parts
Gamla 31°C viable
3.0 100 Kill in 8 days.
No regeneranon.
4.0 100 "
0.0 - No kill.
5 24579  H. vernallata 3.0 75  Regeneration from
Plastic pool 31°C V. sprralis left over parts
N. mdica 4.0 100 Killin 10
days. No re-
generation.
5.0 100 "
0.0 - No kill.
6 228.79  H. wrhiallata 2.0 80  Regeneration from
Plastic pool left over parts.
28°C  C. demersum 3.0 %0  Kill in 10 days.
No regenenation.
N. indiia 4.0 100 - "

0.0 - No kill.
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slightly higher dose than other weeds.
Pahuja er al (1973) observed Gramoxone
(paraquat) 5 mg/m) to be effective against
H. wverticillata. In field tnals clearance of
90% and above can be considered effec-
tive as the left over weeds can easily be re-
moved by netting.

From the present tnals it 1s clear that
fishes present are not affected by the treat-
ment. The toxicity test with fingerlings of
C. mngala also confirm the same (La-
wrence e al, 1963; Silvo, 1968). As ob-
served from laboratory tnals zooplankton
can tolerate upto 2mg/l of paraguat. In
the field study, though the plankton or-
ganisms disappeared with 3-4 mg/l they
reappeared after two weeks with greater
density and diffenng composition, as ob-
served by Silvo (1968).

It was observed that some vegetative
buds (turious) and root stock of some
aquatic plants which remain embedded in
mud surface remain unaffected by the
treatment. As paraquat 1s known to be
rapidly absorbed by clay and organic

particles, plant parts in bottom mud might
not get the required concentration for its
kill.

CONCLUSION

Paraquat being highly water soluble is
casy to apply. However its greatest disad-
vantage is that it cannot be used in ponds
having suspended silt or organic matter.
But most of the weed ponds have clear
water, hence the chemical can be safely
applied. Though the recommended doses
are safe for fish, assessment of the long
range toxicity risk to humans, fish and
other wild life need to be further investi-
gated.
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INVESTIGATIONS ON THE ECOLOGICAL EFFECTS
OF SALVINIA WEED DEPOSITS IN THE INSHORE
WATERS OFF COCHIN

V. KUNJUKRISHNA PILLAI, V. CHANDRIKA,
C. P. GOPINATHAN, A. RAGHUNATHAN and
P. V. RAMACHANDRAN NAIR

Central Marine Fishenes Research Institute, Cochin - 682 018,
Kerala, India.

ABSTRACT

The problem of pollution from Salvmia weed has been attracting considerable attention in this re-
gion for the last two decades. The spontancous growth of this weed choking the waterways, lakes and
estuaries duning the monsoon and post-monsoon seasons has become a menace. The immediate effect
of the spreading weeds 1s the physical interference 1n the aquatic environment affecuing the fishing
operations as well as the inland navigation, which naturally attracts more attention. Although there
were a few reports on the effect of Salvima as a biological pollutant, there 1s no information as to its ef-
fect on the ecosystem and the living resources of the inshore waters.

The paper presents the results of investigations on the short-term as well as long-term
effects of weed deposits in the inshore areas off Cochin duning 1976-78. Data include hyd-
rographic properties, distnbution of benthic population, primary productivity and also microbiologi-
cal aspects.

The period of weed deposition starts immediately after the onset of monsoon season and conti-
nues till January. Along with the flood waters enormous quantities of Salvimia reach the estuanine
areas. As soon as the weeds come into contact with the saline water they start to decay. The udal move-
ment brings the major part of them to the inshore areas and the decayed weeds settle to the botrom 1n
large quantinies. This process continues nll January-February. However, the peak perniod is between
October-January. This phenomenon invanably results in a decrease 1n dissolved oxygen contents of
the benthic area. The comparatively low rate of primary production observed in the waters of the
benthic region during this period along with high dark fixation indicate abnormal conditions prevail-
ing there. The long-term effects appear to be the interference on the benthic population, especially the
filter feeding amimals.

Nine genera of bactena in the weed deposits were isolated and the morphological, biochemical
and physiological characters of representative isolates and their seasonal abundance were studied. The
vanety and number of genera in the weed deposits were maximum in the post-monsoon season and
scanty duning the monsoon season. Three major micro-organisms — bacteria, fungi and actinomycetes
absorbed in the Salvima detritus rich sediments were recorded in all the three seasons. The association
of the micro-organisms with the decaying weed indicates the role of microbenthos in the organic cycle
in the shore waters off Cochin.

Although these effects appear to be seasonal in nature, the phenomena continues every year with
cyclic regularity. The possible environment damage and its consequences to the ecosystem in general
and to the fishery of this area in particular are also discussed.
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INTRODUCTION

The massive growth and subsequent
proliferation of the aquatic weed Salvinia
molesta Mitchell has become a menace in
the nivers, backwaters and inshore areas of
Kerala (south west coast of India) for the
years.
(pterydophyta) consists of two main living
genera: Salvima and Azolla. The plants are
inhabitants of tropical fresh waters. It 1s a
free floating hydrophyte and the stem 15 a
branched rhizome attaiming a length of
about 10 cm. The method of reproduction
1s both by vegetative and sexual methods.
However, the chief method of propagation
1s by vegetative means. This paper deals
with the results of investigations conduct-
ed to assess the adverse cffects, if any of
the large quantities of weed on the living
resources of the inshore areas of Cochin.

last  several Family Salviniacez

MATERIAL AND METHODS

Durning 1976-77 samples were collect-
ed from three stations at depths 10, 20 and
30 m and 1n 1978 from 12 stations in a
gnd of four transects at the respective
depths of 10, 20 and 30 m. The station po-
siions are given 1n Fig. 1. Water samples
were collected from surface and bottom
and analysed for salinity, dissolved oxygen
and nutrients by standard methods.
Dredge samples were collected during a
dredge of 45cm x 12cm size and grab
samples by a Van-Veen type grab of 0.05
m? and analysed for the benthic fauna.
Primary productivity of the water from the
surface as well as just above the benthic re-
gion was estimated by C'* method. For the
microbiological studies, surface water
samples for bacterial assay were collected
in a sterile 250 cc glass bottles in aseptic
conditions. Sediment samples were col-
lected by using a grab. Central portion was
collected in sterile petridishes using a,ste-
rile spatula and transported to the labora-

tory. Analyses were carried out within 30
hrs. The sampies were kept at 4°C until
the time of analysis. Autoclaved sea water
was used for making senal dilutions. Wat-
er and sediment samples were suitably di-
luted and plated on ZoBells “medium
2216"; Kurters Agar and Maruns Rose
bengal agar for the enumeration of bacte-
na, actinomycetes and fung) respectively.
All the zymogenous bactena were isolated
m their selecive media in surtable dilu-
tions. Colonies were counted after the re-
spective tncubation period at RT. The gener-
ic classification of bactenial isolates was done
according to a modified scheme of USIO SI-
MIDU and Kayuyoshi Aiso in 1962.

RESULTS
Hydrography

In general, the hydrographic parameters
like water temperature, salinity, dissolved
oxygen and nutnents did not show much va-
nations except for the very low dissolved
oxygen values recorded at the benthic regions
durning the months of January, July and No-
vember 1976, which coincided with the pres-
ence of heavy weed deposits in the inshore
area. However, this feature was not nouced
duning 1978. The extremely low values of dis
solved oxygen were recorded during January
1976, July and November 1977 (Table 1)

~ which coincided with the presence of decay-

ing weeds at the benthic areas and 15 possibly
due to the high rate of organic decomposition
in the area at the respective stations. Since the
rate of weed deposition and degree of decom-
position are not consistent and also consider-
ing the effect of water currents, it is rather dif-
ficult to interpret such vanatons in hydro-
graphic parameters. However, it 1s observed
that in the monsoon and post-monsoon sea-
sons the beaches extending to several kilome-
ters to south of Cochin are seen densely co-
vered with decayed weed masses indicating
the effect of southward after currents.
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Table 1: Hydrographical parameters off Cochin at 10, 20 and 30 m dunng January, July and November
(1970. 77 & 78)

Penod Parameters Stns. [1Cm 1l 20m Il 30m
January ‘76 Temperature S 290 °C 29.5 °C 28.5 °C
B 28.5 284 28.0
Saliity % S 22.5 30.5 28.0
B 28.7 300 28.5
D.oxygenml1 2.35 1.94 2.28
B 1.98 .81 1.23
July 76 Temperature °C S 285 28.20 -
' B 26.5 25.50 -
Salinity % S 34.67 3534 -
B 350 410 -
D.oxygenml 1 S Jed 460 -
B 342 40 -
November “7¢ Temperature *C S 29.50 28.70 29.20
B 28.50 28.20 28.80
Sahinity % 5 3472 3486 32.53
B 34 86 34.23 3416
D oxygenml 1 $S 414 394 370
B 4.00 4.30 3.80
January '77 Temperature °C S 290 29.2 29.5
B 285 285 28.7
Salinity % S 32.18 3210 325
B 32.30 30.88 330
D.oxygen ml/1 S 391 394 4.2
B 4.11 3.9%0 3.0
July *77 Temperature °C S 26.5 25.50 -
B 26.0 25.00 -
Salimiry % S 12.48 18.80 -
B 32.80 3Le0 -
D.oxygen ml/l S 4.94 4.96 -
B 2.42 2.50 -
November *77 Temperature <C S 30.0 30.0 30.50
B 29.5 29.0 28.50
Salinity % S 327 32,0 3110
B 339 35.10 35.15
D.oxygen mi/1  § 278 3.75 3.81
B 2.40 273 1.51
January "78 Temperature °C  § 29.1 29.5 29.5
B 28.0 27.8 27.8
Salinity % S 32.1 320 31.5
B 340 34.0 34.0
D.oxygen ml/1 S 4.30 5.0 4.7
B 3.6 4.2 4.0

S = Surface, B = Bottom
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Table 2 : Benthic production and dark assimilation ratic during the pre-monsoon period in the inshore area

of Cochin
Months St. No. Benthic production Dark assimilation Dack a:::::)“lmon
1978 January ] 3.66 8.67 2.36
3 4.23 5.95 1.40
February 1 3.38 13.61 4.02
March 3 3.38 6.03 1.78
4 3.10 6.81 2.19
Apnl | 4.0 11.89 297
2 4.54 6.42 1.41
3 319 5.38 .68
4 332 6.21 1.87
5 2.99 370 1.23

Primary productivity

Primary productivity data collected
duning 1976, 1977 and 1978 by C'* me-
thod showed that the rate of production at
the surface layers in the area was uniform-
ly high compared at the benthic region,
(Surface: 55-125mg C/m*/hr; Benthic:
10mg C/m*/hr). One interesting feature
observed was that at certain periods, espe-

cially during January-April 1978, high
dark fixation rates were observed in coin-
cidence with the presence of heavy weed
deposits at the bottom (Table 2).

Benthic fauna

Qualitative distribution pattern of the
benthic biomass for the period 1976-77 is
given in Table 3. Although the data do not

Table 3 - Abundance of benthic biomass at 10 m off Cochin [Samples collected with a dredge (45 cm x 12 cm)

towed tor 15 minutes)

1976
Jan. Mar. Apr. May July Aug. Nov. Dec. Jan. Feb. Mar. May July

Stanon Groups

1977

[ Squilla sp. 1 1
Cynoglossus sp. I I 1
Crabs 2
Scienid sp. 2
Gastropods 103 45 8
Dentalium sp. 5
Tureteua cp. 25 4
Bivalves 2 4 15 116
Murex sp.

Nudibranchs

Echroid sp. 12

Echinoderms 10 5
Polychutes 5 1

Acetes sp.

I 3 3 1
1 2 7 2
1 6
5
1 14 2 8 15 7
1 300
1 13 15 6 38 14
1 120 5 14 2
45
1
5 1 11 2
5
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provide a full representation of the ben-
thos due to the inherent limitations of the
dredge sampling, it gives a general picture
about the distnbution and abundance of
major groups in the inshore areas. Conspicu-
ous absence of filter feeding organisms like
the bivalve molluscs dunng monsoon s pro-
bably due to the physical disturbance to them
by the cellulose deposits accumulated dunng
the disintegration of the decaying weeds. Be-
sides, the dominance of polychxte worms
and molluscs such as Tellina met which are
indicative of abnormal conditions.

Moicrobological studies

Microbiological studies were carned out
dunng January to October 1978 only. The oc-
currence of zymogenous bactenal pattern is
given in Fig. 2 along with total bactenal popu-
lation. The monthly total bactenal count per
ml of sea water vaned within a very limited

range indicating the existence of a fairly
constant level of population in the surface
waters and in the detritusrich sediments.
The total bactenal population ranged from
99.36 x 10° to 265.32x 10°/g in the sea wat-
er and in the sediments from 137.2x10° to
232.6 x 10°/ml; 9 genera of bactena be-
longing to six families viz., Neissenacex
(25%) ; Pseudomonadacex (10%); Vibno-
nacex (25%) ; Nicrococcacez (5%) ; Bacil-
lacex (5%) and Enterobactenacez (25%)
and Contaminants (5%) were found asso-
ciated with the weed deposits. Alcaligenes,
Psexdomonas and Vibrio occurred in abun-
dance 1n all the three seasons. There was
no marked pattern of distnbution among
the mucroflora, but all the zymogenous
microflora exhibited the maxima in the
post-monsoon period. The inter-relation-
ship of different microbial flora 1s given in
Table 4. From the present investigation, it

Table 4: Occurrence of microflora and their inter-relationship 1n the surface water and sediments in the

inshore area of Cochin

Inter-relauvonship between
differen. microflora

Months Bactena Actinomycetes Fungi
10°/ml 10°/ml 10°/ml B F B:A F A
January SR 99.36 21.63 28.34 3.50 4.59 1.31
SD 145.60 42.81 8.75 16.64 340 0.20
February SR 166.60 28.46 4463 373 5.85 1.56
SD 197.00 56.46 16.40 12.01 348 0.29
March SR 107.33 32.50 18.40 5.89 330 0.56
SD 116.83 62.64 24.50 4.76 1.86 0.39
Apnl - - - - - - -
May SR 137.40 40.40 19.48 7.05 340 0.48
SD 152.66 80.10 22.46 6.79 1.90 0.28
June SR 158.60 31.80 25.36 6.25 4.98 0.79
SD 140.80 64.74 18.46 7.62 2.17 0.28
July SR 186.60 44.32 60.42 3.08 4.21 1.36
SD 166.40 72.16 37.20 447 2.30 0.51
August SR 265.32 66.16 66.16 4.01 4.01 1.00
SD 137.16 68.28 24.50 5.59 2.00 0.35
September SR 252.60 64.20 63.21 3.99 3.93 0.98
SD 212.86 66.16 22.62 9.91 321 0.34
October SR 256.40 52.62 71.64 3.57 4.87 1.36
SD 232.64 82.06 32.20 7.22 2.83 0.39
SR = Surface, SD = Sediments, B = Bactena, A= Acunomycetes, F=Fung
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is evident that manne microbes play a sig-
nificant role in biodegradation of water
weeds like Safvrmia. Bactena isolated from
sea water is equally virulent in the bioche-
mical activity when compared to the bac-
teria isolated from the sediment. Fung
and actinomycetes were found to be only
secondary disintegrators of organic matter
in the manne environment.

DISCUSSION

The vast expanse of fresh and brackish
water areas available in this region pro-
vides an ideal situation for the aquatic
plants such as Safuina to grow and flour-
1sh. The process is accelerated by the pres-
ence of excess nutnents, especially phos-
phate reaching the backwaters from the
adjacent agncultural lands through nvers
and streams. These nutnients promote the
growth of water plants which are often li-
mited by a natural shortage of nutnents.
Considering the ecological peculianities of
this area, and the availability of plenty of
water resources in the form of nivers, lakes
and backwaters, the weed growth and sub-
sequent problems caused by it are of great
significance.

The effect of this phenomena on the
aquatic resource in general and on the fi-
shenies in particular is of considerable inte-
rest. The weeds utilize most of the avail-
able nutrients thus restricting the survival
and growth of other useful plants and ani-
mals. Further, the free use of water ways s dis-
turbed and also the flow of water is reduced.
When they remain as a thick mat, the pene-
tration of light is reduced to a considerable
extent. The floating weeds interferes with the
operation of fishing gears like stake nets and
dip nets in the estuarine areas and also inter-
feres with the trawl net operations in the in-
shore fishing areas. As soon as the weeds
come into contact with saline water they start
to decay and eventually settles at the bottom.

The present observations agree with
the previous reports on the ecology of Sal-
vima in estuarine waters of Cochin in cer-
tain aspects by Gopalan and Nair (1975).
They stated that the density of fauna of
the level bottom under the weed mat 1s
considerably poorer than the open area
and the oxygen level of bottom waters 1n
the weed covered areas was 2.82ml/|
whereas that of adjacent open waters was’
431 ml/l in November. The present re-
cord of very low oxygen scale weed deposi-
yon at the bottom probably explains that
the same conditions were prevailing in the
inshore waters at that time.

There 1s practically no information on
the effect of Salvimia and its decomposi-
tion products on the ecosystem. When the
weed floats on the surface as a compact
mass it prevents vertical mixing, shade out
the phytoplankton and allow increase in
free CO, and consequent decrease in pH.
With the subsequent settling and decay of
the weeds the pH in the sediment tend to
nise. Present studies on pnimary productiv-
ity at the benthic area revealed that high
dark fixation values (upto 100%) are pres-
ent on several occasions. In normal sea
water the dark fixation due to chxmosyn-
thetic bacteria 1s usually found to vary bet-
ween 1-2%, but as reported by Nielsen
and Jensen (1957) 1t can be as high as 5%
in certain specialised ecosystems. Nielsen
(1960) has shown that dark fixation by
bactena tend to ascend rapidly instead of
reaching a saturation plateau thereby the
relative dark fixation exceeding 100% is at-
tained for a six hour experiment. It is like-
ly that the high bacterial population gene-
rated by the decaying weeds when enc-
losed in a bottle with C'* showed exhorbi-
tantly high values as compared to phyto-
plankton production measured from the
sea surface waters. The occurrence of
zrobic chitin decomposing bacteria such
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as Alcaligenes and Psendomonas in the sedi-
ments with a high rate of degradation po-
tential as evidenced by their biochemical
activities 1s a significant factor.

The fishery of this area is composed of
both pelagic as well as benthic groups, of
which shnmps dominate in the landings to
a great extent. The period of weed deposi-
tion in the inshore area is in the period
June-January which 1s repeated every year.
The effect of weed deposition at the in-
shore area on the hving resources 1s not
yet fully understood. However, the pheno-
menon 1s of some significance since the
monsoon season is the penod of breeding
of most of the commeraially important
species in these waters. Any disturbance in
the ecosystem adversely aftect the activi-
ties of the orgamisms. The effect of weed

deposits on the benthic population ap-
pears to be transitional. Since the pheno-
mena is repeated every year for a long
time, it is quite possible that there will be
a shift in the pattern of benthic popula-
tion by the replacement of a resistant
group in the benthic area of the inshore
waters of this region which can, in the long
run, even alter the food chain relationship.
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CONTROL OF IMPERATA CYLINDRICA WITH
ASULAM/DALAPON COMBINATION :
- OBSERVATION ON THE EFFECT OF PLANT
SIZE AND SHADING

S. KULADILOKRAT and U. SUWUNNAMEK

Agronomy Department, Kasetsart University, Bangkok, Thailand.

ABSTRACT

Three field experiments on asulam/dalapon combination for control of lalang [Imperata cylindrica
(L) Beauv.] were conducted in mid— 1980 1n Chantabun, Thailand. The tormulated combinations as
ARD 13/31 at 2.86+4.29,4+ 6 and 4.57 + 6.68 kg a.1./ ha of asulam and dalapon respectively were ap-
phied to the young plants naturally grown under approximately 709% rubber shade and to the mature
plants naturally grown in the open. It was found thatin the first 3 months all the combinations provided
a quite complete control of lalang in both locations. At 240 days after treatment the mature plantsin the
open produced regrowth 50 to 60% of the overall area while less than 10% of regrowth was observed
with the youngers under shade.

The tank mix combinanions of asulam/dalapon respectively at the rates 2+ 7.5, 2+ 10and 3+ 10 kg
a 1./ha on the young plants under shade also resulted in the same degree of control and regrowth of la-
lang as these of the ARD 1331 combinations. The regrowth percentage of the youngers under shade
was shghtly less than those of the youngers in the open. Overall regrowth of the young plants in the

open experiment observed at 240 days after apphication slightly exceeded 10%.

INTRODUCTION

The package product, asulam (methyl
sulfanilyl carbamate)/dalapon(2,2-dichlo-
ropropionic acid), applied as the tank mix,
has been sold in the local market since
1979. The combination was also reported
effective against lalang (/mperata cylindrica
(L.) Beauv.] under field condition in Ma-
laysia (Hill and Ingran, 1980) and Thai-
land (Suwannaketnikom, 1980).

In 1980 the combination, under the
code name ARD 13/31, was formulated as
the mixed compound and has been mar-
keting for the control of lalang in Malay-
sia. From the economic point of view, in
Thailand, the chemical is still rather ex-
pensive and the cost can be lowered ac-
cording to the observation when applied
as the tank mix. Objectives of the studies
are to observe the efficacy of asulam/dala-

pon combination applied as ARD 13/31
and as the tank mix for control of the na-
turally grown lalang at the young and full
grown growth stages and when the plants
grown under shade and open conditions.

MATERIAL AND METHODS

Three experiments were conducted in
Chantburi, a hot and humid region in the
east coast, 330km to the east from Bang-
kok during July 1980 and May 1981. Rain-
fall usually occurs quite heavily in mid-
April to May and July to September. The
areas of pure and quite uniform stands of
lalang were selected for the experiments
under different conditions. The experi-
mental plots were arranged in randomized
complete block design. Each plot accom-
miodated 3 fixed quadrats, 50 by 50 cm, by
using 25 cm long stakes pegged into the



soil. Stands of lalang in each quadrat were
counted before and peniodically after the
herbicide application. Herbicides were ap-
plied through a knapsack sprayer equipped
with a single flood jet nozzle (up TK 2)
discharging 1,000L ha-! at a pressure of
2.12kg cm-2.

Details of each experiment
Expenment |

" Young plants,
Under 700 shade

Plant height (cm) 80 - 120
Shading (%) 70
Plot size (m?) Ix8
Quadrats (50 by 50 cm)
per plot 3
Replications 4
Type of combinaton a) ARD 13/31
and rates (kg a.1 /ha) 286+ 429
of asulam + dalapon) 4 + 0
457+ 6.68
b) Tank mix
2 + 75
2 +10
3 +10
Application date July 28, 1980

RESULTS AND DISCUSSION

The effects of asulam/dalapon combi-
nation as ARD 13/31 at 3 rates on lalang
are shown in Table 1. At 90 days after ap-
plication (DAA) of asulam/dalapon the ef-
fects on the younger plants in 70% shade
were more or less similar to the mature
plants in the open condition. In all treat-
ment in both conditions, regrowth oc-
curred mostly in 2 to 5% of the initial po-
pulation (Table 1). On the youngers in
shade the regrowth percentage was main-
tained at this level even at 180 days after
application whereas the percentage went
up to about 10 (at medium and high rates)
to 20 (at low rate) on the mature plants in
the open. The differences were even more

PROC. §TH ASIAN-PACIFIC WEED SC1. SOC. CONF. 198111 VOL

The herbicidal effectiveness was eva-
luated at 0, 60, 90, 120, 150 and 180 days
after application (DAA) by counting plant
regrowth in the ‘quadrat.” At 240 days after
application assessments were made by
visual observation of the percentage of
overall regrowth in the plots.

were descnbed below:
Expenment Il Expenment Il

Mature plants, Young plants,

In open In open
140 - 180 80 - 120
0 0
3x5 Ixs
3 3
3 3
ARD 13/31 Tank mix
286+4.29 25+ 75
4 <+ 25+10
457+ b6.68 3 +10

July 30, 1980 Sept. 8, 1980

clearly distinguished at 240 days after ap-
plication. As the mature plants in the open
produced about 50 to 60% regrowth the
young plants in shade preduced only less
than 10% regrowth of overall.

Young plants were more affected by
the ARD 13/31 compared to the mature
plants, as observed by Ivens (1976) on Im-
perata cylindrica with dalapon and glyphos-
ate. Asulam 1s more dependent on the
stage of growth than dalapen or glyphos-
ate, as the herbicide absorption depends
on the nature of leaf surface which vary as
the plant ages. Young leaves may have an
incomplete wax deposit and may retain
more spray than the mature fohage (Fryer
and Evans, 1970). Shading is no doubt
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Table 2 : Effect of asulam/ dalapon as tank mix combination on the young plants under shade and in the open

condition.
_ Regrowth, as % Overall
Treatment Initial of initial stands regrowth %
kg ai/ba sundvquadaat —DAA 180DAA 240 DAA
Experrment |
Plants under 70 % shade
Asulam/dalapon tank mix

2 + 75 19.6 03 08 <10

2 +10 20.06 0.9 10 <10

3 +10 20.6 0.0 0.0 < 10
Dalapon  10+8' 228 1.0 02 <10
C.D. (P=0.05) NS, NS N.$ NS
Emml Ml
Plants in the open 90 DAA 150 DAA 240 DAA
Asulam/dalapon tank mux

25+ 75 62.3 13 39 12.7

25+10 50.0 1.7 31 13.3

3 +10 543 22 12.3 11.0
Dalapon 10 single appl. 63.7 63 12,1 3
C.D. (P=0.05) NS. NS. NS. NS

1" Sphit apphcation 2 weeks apart

another factor contributing to the differ-
ent responses of the plants to the herbi-
cide applied in both conditions. Treat-
ments of asulam/dalapon as tank mix at
2.0+75, 20410 and 3+ 10 kg a.i./ha!
on younger plants under shade were found
as effective on lalang as those of ARD
13/31 [probably even more (Table 2)]. It
would probably be justified enough to
compare the tank mix combination effects
on lalang under shade and in the open
even through some rates of asulam were
slightly different.

At 90 DAA on the young plants under
shade, regrowth occurred about 1 % com-
pared with slightly more than 1 % on the
young plants in the open (Table 2). The re-
growth percentage of the plants in the
open was increased up to 3 to 4 at 150
days while the plants under shade showed
only very small increase at 180 DAA. At

240 days the plants in the open gave
about 12% regrowth whercas the ones
under shade produced less than 10%
regrowth from the overall visual observa-
tion.

Anyway it can be noted the plants un-
der shade were more sensitive to the tank
mix of asulam/dalapon combination when
compared with the plants in the open,
even though the difference was not much.
Lalang plants in full sunlight were found
to produce three times as much total dry
weight and leaf area as those in 56% full
sunlight and twenty times as much as
those in 11% full light after 89 days of
growing (Petterson, 1980). Also relative
humidity and light (Bukovac, 1976) might
favour directly or indirectly the chemical
absorption to the plants under shade.

From the three experiments it can be
concluded that application of asulam/da-
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lapon combination needs more specific
tuming to obtain a long run control of la-
lang, compared to glyphosate. The plants
should be young and really in acuve stage.
The plants under shade are more sensitive
to the chemicals.
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BIOLOGY OF PARTHENIUM HYSTEROPHORUS
LINN. AND ITS ALLELOPATHIC EFFECT ON
SUCCEEDING CROPS

T.V. MUNIYAPPA and K. KRISHNAMURTHY
University of Agncultural Sciences, Hebbal, Bangalore - 560 024, India.

ABSTRACT

In a potculture study conducted during monsoon 1976-77 at Hebbal on the biology of Parthentum
frysterophorus Linn., it was observed that the growth and spread of the weed was low upto 75th day from
germination (rosette stage) and this stage appeared to be vulnerable for easy chemical control. From this
stage onwards, dry weight increased consistently upto 165th day due to increase in plant spread in terms
of secondary branches and leaf production. Added to this, flower production also increased from 75th
day to 210th day. The weed growth in terms of leat number and branches ceased at 165th day after
emergence, but continued with flower production. Number of seeds/plant increased from 75th
day (65) to 225th day (22,538). Dry matter distnbution in different plant parts at different stages are
discussed,

The allelopathic eftect of Parthenium on succeeding field crops was studied through the pre-sowing
incorporation of powdered Parthenium plant into the soil. Generally incorporation reduced the germi-
nation and growth of pulses more than cereals. Though the germination of paddy, oats and barley was
not affected, turther growth was reduced considerably. All the field crops showed a drastic reduction in
plant dry weight. The reduction in dry weight was reflected through reduction in root length, number of
leaves, tillers or branches and plant height. The study also brought out that the plant growth decreased

with advance in growth, indicating contnued inhibition.

ANTRODUCTION

Parthenium hysteropborus Linn. belongs
to the family Asteraceae. The weed in its
introduction of 2% decades, has spread to

all parts.of the country and is present in

varying proportions causing alarm to the
public and more so to the cultivators in se-
lected patches. The weed is seen growing
throughout the year and produces about
20,000 seeds/plant/year. However, syste-
matic attempt has not been made to study
the biology of weed. There is also an indi-
cation that the weed contains water so-
luble inhibitors like P-coumaric acid and
caffeic acid which retards the growth of
the crop. In this investigation, an attempt
has been made to know the effect of incor-
poration of the weed on the succeeding
crops.

MATERIAL AND METHODS

A potculture experiment on biology
of P. hysterophorus was conducted for seven
and half months from st May, 1976 at Heb-
bal. A pot size of 32 cm x 35cm with 20 kg
red sandy soil was used for raising four plants
in each pot. The design followed was RBD
with five replications. Fifteen fortnightly in-
terval samples were taken from [5th upto 225
days after sowing to note the growth and
multiplication of weed. The samples were ta-
ken upto 225 days only, as no further in-
crease in dry matter was seen and there was
some dessication of the plant.

In another potculture, study on pre-
sowing incorporation of Parthenium dried
powdered leaves, stem and flower was
done during winter 1976. Thirteen crops
like finger millet (Eleusine coracana
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Table 1: Dry matter accumulation (g/plant) and distribution (% to total) in different plant parts

in Parthemium at different growth stages.

Days Dry weight plant
‘ﬁ" Stem Leat Flower Total
sowing
15 0.07 (83.33)" 0.01 (10.067) 0.00 ( C.00) 0.08
30 0.27 (53.30) 0.24 (46.70) 0.00 ( 0.00) 0.51
45 0.46 (32.40) 0.95 (66.90) 0.01 ( 0.70) 1.42
60 0.56 (22.39) 1.92 (7e.41) 0.03 ( 1.200 2.51
75 2.18 (36.60) 3.35 (56.20) 0.43 ( 7.20) 5.9
90 11.60 (51.55) 3.90 (17.33) 7.00 (31.12) 22.50
105 14.35 (54.13) 4.00 (15.08) 8.16 (30.79) 26.51
120 20.96 (56.98) 4.87 (13.25) 10.95 (29.77) 36.78
135 22.50 (57.84) 5.10 (13.11) 11.30 (29.05) 38 90
150 24.40 (4959 5.30 {10.77) 19.50 (39.04) 49.20
165 23.30 (42.03) 5.60 (10.10) 26.54 (47.87) 55.44
180 22.30 (41.68) 5.02 ( 9.38) 26.18 (48.949) 53.50
195 20.90 (44.05) 4.15 ( 8.75) 22.40 (47.20) 47 .45
210 16.59 (47.05) 2.36 ( 6.69) 16.31 (46.26) 35.26
225 12.80 (49.23) 0.20 ( 0.77) 13.00 (50.00) 26.00
C.D. (P=0.05) 2.71 0.91 312 4.23

* Figures in the parantheses are per cent to toual.

Gaertn.), barley (Hordeum vulgare L.), wheat
(Triticum aestrowm L.), oats (Avena sativa
L.), paddy (Oryza sativa L.), sorghum (Sorg-
hum bicolor 1.), maize (Zea mays L) (ce-
reals), soybean [Glycine max (L) Menll],
groundnut (Arachis hypogea L), greengram
Vigna radiata 1), blackgram (Vigna mungo L),
cowpea (Vigna unguiculata 1.), and french-
bean (Phaseolus wulgaris L) (pulses), were
grown under normal conditions as well as in
Parthemium incorporated pots. The design
RBD with three replications was followed.

The pots of 42cm x 42 cm with 28 kg
red sandy soil were used for this study. Fif-
ty grams of dnied Parthemium powder (entire
plant) was added to each pot 15 days prior
to sowing of the crops. Water was added to
these pots once in 4 days pror to sowing.
Fifty seeds of each crop were sown in each
pot well spread over. The recommended
dosage of fertilizer as applicable to these

crops were applied to both treated and un-
treated pots at sowing.

RESULTS AND DISCUSSION

Biology

The weed growth followed ‘S* shaped
growth as in other species (Table 1). The
weed dry weight showed argradual increase
upto 75th day due to slow growth of the
weed as evident from low increase in plant
height and leaf production (Table 2). Then
onwards dry matter increased consistently
upto 165th day coinciding with rapid rate
of senescence of leaves. The increase in
dry matter/ plant was nearly four-fold bet-
ween 75 and 90 days mainly due to in-
crease in secondary branches (nearly 6
times more), green leaves/plant (22 times
more), flowers/plant (18 times more) and
seeds/ plant (55 times more). At this pe-
riod, increase in plant spread was almost
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Table 2: Growth and multiplication of Parthenium at different growth stages.

Days after Plant Branches/plant Leaves/plant Flowers/plant Seeds/
sowing height, cm  primary Secondary Green Dried Green Dried  plant
15 0.8 - - 4.1 — - - -
30 2.0 - - 7.7 - - - -
45 9.3 2.6 - 11.2 - 10 - L
60 13.2 3.2 1.8 15.4 - 18 - e
75 444 10.1 6.0 52.2 - 70 16 65
90 77.1 11.1 35.8 123.0 14.7 1271 858 3579
105 78.2 11.4 42.7 136.3 40.6 1318 1554 6478
120 78.7 11.4 46.1 194.7 57.0 1999 1962 8183
135 87.8 115 49.5 518.8 65.0 1285 2400 10008
150 95.2 11.7 54.9 528.0 88.3 1 172 2896 12077
165 1104 13.0 54.2 211.5 262.4 1007 4313 17986
180 111.3 13.7 54.6 132.5 3348 708 4677 19501
195 111.5 13.9 54.5 57.3 96.3 677 5106 21292
210 111.3 13.8 54.3 14.4 14.6 434 5389 22474
225 111.0 13.9 54.4 0.8 1.4 244 5405 22538
C.D.(P=0.05 8.8 1.7 9.9 86.4 30.6 324 919 3831

two fold due to increase in secondary
branches/plant.

Prior to 75th day, the relative increase
in total dry weight although meagre, was
approximately two fold. Similarly, faster
weed growth after bolting with numerous
branches and flower production has been
reported by Kanchan (1977) under Banga-
lore conditions. The consistent increase in
weed dry weight in stages after 90 days
upto 165th day was due to accumulation
of dry matter in stem, leaves (slightly) and
flowers (considerably). This increase in dry
matter accumulation of stem and leaf was
due to increase in plant height and plant
spread owing to increase in number of
branches (largely secondary branches).
During this period, increase in dry matter
of flowers (18 times) was due to increased
flower production and seeds/plant. The
dry weight showed a decline from 165th
day onwards mainly due to increase in rate
of senescence of leaves and curtailed green
flower production. Further, the dry weight
of the floral parts exceeded the weight of

other parts and this characteristic of the
weed leads to abundant seed production.

Flowering was observed from 45th day
onwards and the rate of flowering was
slight initially upto 75th day. Then
onwards, flower production increased
considerably upto 225 days after sowing
with less rate after 120th day. Similarly
Hasler (1976) observed flowering from 4th
week onwards until senescence in about 15
weeks (105 days) under Queensland condi-
tions.

Stem constitute larger fraction of the
dry matter both during early phase of the
weed growth while distribution of dry-mat-
ter into leaves showed an increase upto
60th day coinciding with the initiation of
flowers, After the flower production, dry
matter distribution to leaves decreased
considerably, while the dry matter distri-
bution to stem did not alter much. The
dry matter distribution to flower increased
linearly upto 225th day (Table 1).

With regard to seed production, seeds/
plant increased from 65 on 75th day to
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22,538 on 225th day coinciding with com-
plete matunty (Table2). This gregarious
nature of the weed helps in the production
of numerous seeds and colonise the area
by periodical germination. The earlier stu-
dies though not systematic in knowing the
seed production potential, however, indi-
cated varying seed production of 2000 to
20,000/ plant/year (Hosmani and Prabha-
kara Setty, 1973; Mani et al., 1976).

The study indicated slow rate of
growth of the weed upto 75th day (coin-
ading bolting stage) which makes any at-
tempt to kill this weed ecasier.

Allelopathic effect

Pre-sowing incorporation of Parthen-
wm powder relatively lessened the germi-
nation of pulses than cereals, besides re-
ducing the dry weight/plant (Table 3).
This might be attributed to increased inhi-
bition due to presence of water-soluble
growth inhibitors in the Parthenium, as
pointed out by Kanchan (1977).

Barley, oats, wheat and finger millet
though had fairly higher germination in
Parthentum mcorporated pot, failed in dry
weight. This reduction in dry weight was
reflected more through reduction in num-
ber of leaves/plant and number of tillers/
plant rather than reduction in plant height
anu root length. Paddy had moderate ger-
mination with considerable reduction in
dry weight as reflected through reduction
in number of leaves/plant, number of till-
ers/plant, plant height and root length.
Cowpea had the least germination but the

growth was better than others, though lower
than control. Sorghum had relatively more
adverse effect on dry weight than maize, even
though both were similar in germination.
This emphasizes the differential allelopathic
cffect of Parthenium on field crops.

With advance in crop growth, the in-
hibition effect on plant height, root
length, number of leaves/plant and plant
dry weight continued indicating continued
presence of growth inhibitors and/or rel-
case of inhibitors. Similar indication of conti-
nued stunted growth of crops has also been
observed due to the presence of inhibitors
trom the Parthenium (Kanchan, 1977).

CONCLUSION

Parthenium hysterophorus showed slow
growth upto 75th day after sowing coinaiding
with the tflowering stage and any effort direct-
ed 1o kill the weed will be easier at this stage.
Plant produced flowers profusely and seeds to
the extent of 22,538/ plant i 225 days of liv-
ing under potculture condition. The plant
possess allelopathic effect on the field crops
being the same more in pulses than in cereals,
if field previously infested is used for sowing
these crops. Both germination and growth
were affected differentially depending on the
field crop.
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ALLELOPATHIC POTENTIAL OF ECHINOPS
ECHINATUS ROXB.

P. K. JHA and D. N. SEN

Laboratory of Plant Ecology, Botany Department
University of Jodhpur, Jodhpur - 342 001, India.

ABSTRACT

Echinops echinatus Roxb. 1s a winter season weed of north India, but it appears in the wet season in

Indian and zone, where 1t also perennates by rootstocks. The weed produces the allelopathic effects in
the field, which reduce the growth and yield of pearl millet (Pennisetum typhoideum Rich.) and sesamum
(Sesamum mdicum L) crops. The effect of aqueous extracts of leaf, stem and root of the weed has been
studsed on the germination of seed and seedling growth of pear] millet and sesamum. The order of inhi-

bition was stem > root > leaf. Polanity of the allelochemics was determined by extracting parts of weed in
different solvents (petroleum cther, benzene, chloroform, acetone, ethanol, methanol and water). In
field, maximum inhibition was recorded in pearl millet where the weed biomass was earlier buned,
while burnt biomass of the weed increased the yield of these crops.

INTRODUCTION

Echinops Roxb. (Family:
Asteracez) 15 one of the most common
weeds of winter season, but 1t appears in
the wet season in Indian arid zone where 1t
also perennates by rootstocks (Jha and
Sen, 1981). It is a herb and a well placed
plant 1s 1-2 m in height. It is spreading
very fast from fallow, uncared and waste
places to cultivated fields (Bhandan and
Sen, 1979). Sarma (1974) has reported its
allelopathic effect and Jha and Sen (1981)
have stated that the dry plant parts of this
weed create toxic effects on plants of the
next crop.

The present study was conducted to
investigate the allelopathic interference of
E. echinatus with two main crops of ard
zone viz., pearl millet and sesamum under
laboratory and field conditions,

echinatus

MATERIAL AND METHODS

Ten grams of air-dried materials of
leaf, stem and root of E. echinatus Roxb.
were ground separately with 100 ml of dis-

tilled water and stored for 24 hr at 5°C.
The filtrates obtained from these were ta-
ken as stock aqueous extracts and various
dilutions of 1, 3, 5 and 10% were prepared.
The seeds of pearl millet and sesamum
were kept for germination in sterilized
petri dishes in tnplicate, lined with filter
paper which was moistened with different
concentrations of aqueous extracts or with
distilled water for control. The number of
seeds kept for germination in each petn
dish was 10, under room temperature of 28
+2°C and hght intensity of 1000 1x. The
observations were recorded after 48 hr for
pearl millet and 72 hr for sesamum for
percentage seed germination, and linear
growth of the radicle and hypocotyl.
Different organic solvents (petroleum
ether, benzene, chloroform, acetone, etha-
nol, methanol and water) were used for de-
termining the polarity of allelochemics.
Ten grams of dry matter of different parts of
each weed was extracted in these organic sol-
vents separately and successively for 24 hr
and seed of sesamum were used for bioassay.
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Table 1: Effect of aqueous extracts from root, stem and leaf of £. echmatus on the seed germunation and linear
growth of seedlings (cm) after 48 hr in pearl mullet and 78 hr in sesamum

Concen- Pearl mullet Sesamum

Pant  aon e Radce  Fhpoonl | % Radcke  Hypocon

pasty (%) gernunation  length length  Germunation  length length
Control 800566 2332020 2131035 966577 373023 15010.26
1 766577 233x020 233020 10002000 093*0.11 1.26=0.05
Root 3 7662577 216x032 226020 10002000 0932011 126x0.05
5 700333 2002020 160020 9001000 063+023 1032005
10 700+330 1.73+020 1702020 9001000 036+028 0.66*0.15
1 76.6+333 200:023 le6=x051 933577 073+050 1.53+0.05
Stem 3 7662577 2202010 1732032 90.0+3.35 0532011 1.00x0.11
5 7664333 2163032 1562005 900+335 0502010 103¢0.1}
10 7334577 200+020 1.73+030 86.6%331 0232005 0602000
1 6662335 200£020 236032 90.0+335 203x0.15 le6x040
Leaf 3 60.0+£333 203x041 19%0=0.10 866+331 1232025 1.10%0.10
5 6662577 29 09 220026 8662331 09 =025 086=015
10 7006066 266066 223+032 7662577 043%005 0.70x0.10

The allelopathic efiect of £. echinatus
at field level was also tested in plots of 4m
by 4 m. Three sets of plots were prepared :
(1) with buried biomass, (1) with burnt bio-
mass, and (111) without biomass of E. echi-
natus, as control. The crops in Indian and
zone are totally dependent on rainfall
which is extremely erratic. Present expen-
ment in field was carried out under natural
semi and climatic conditions. Immediate-
ly after first rain in July, the crop seeds
were sown in the plots. Different growth
parameters and crop yield were measured
at the time of harvesting when the crops
were about 3 months old.

RESULTS

Extracts of different concentrations of
E. echinatus exhibited inhibition of radicle
and hypocotyl growth. The percentage of
seed germination also decreased in both
the crops, except in sesamum where 1 and
3% root extracts promoted it. Maximum
inhibition in sesamum was recorded in

stem extract followed by leaf and root ex-
tracts. Radicle length in sesamum was
highly reduced as compared with hypoco-
tyl length, but in pearl millet the degree of
inhibition 1n seedlings was lesser than se-
samum. Leaf extract of weed was found to
be promoting for pearl millet seedlings ex-
cept at 10% concentration (Table 1).

Extracts of different parts of E. echina-
tus in different organic solvents exhibited
variation 1n allelopathic effects on seed-
lings of S. tndicum. In separate extracts,
maximum inhibition of seedlings was
caused in water extract followed by petro-
leum ether, ethanol, methanol, acetone,
benzene and chloroform. In successive ex-
tracts, maximum inhibition was recorded
in methanol followed by water, ethanol,
petroleum ether, acetone, chloroform and
benzene (Table2).

Crop husbandry practice revealed that
buried biomass of this weed inhibjted in
both the crops and yield was also reduced
by 50% pearl millet and 32% in seasmum
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Table 2: Effect of E. echimatus extracted separately and successively in different organic solvents on the
seedling growth (cm) of sesamum after 72 hr.

Organic

Separate extraction

Successive extraction

Leaf Stem Root Leaf Stem Root

solvents e e e

Rad. Hypo. Rad. Hypo. Rad. Hypo. Rad. Hypo. Rad. Hypo. Rad. Hypo.
Petroleum 036 053 210 130 230 120 067 08 216 183 250 163
ether +0.05 +0.11 +£0.75 £0.17 £0.20 £0.10 +£0.05 £0.11 +£0.75 £0.40 +0.20 +0.25
Benzene 29 180 413 200 316 150 280 193 356 226 327 213

+0.10 £0.20 +0.32 +0.40 +0.35 +0.26 +0.34 +0.20 +0.32 +0.25 +0.20 +0.35
Chloroform  3.16 146 336 176 273 150 3.03 187 216 200 313 220

+040 2040 +1.26 £0.15 +0.23 +0.20 +£0.05 +£0.20 £0.72 £0.45 +0.70 +0.26
Acetone 286 160 246 1.83 340 180 210 173 273 1.80 223 203

+098 +0.17 £0.55 046 +036 +0.17 £030 £0.11 +£0.68 +0.50 +0.50 £0.15
Ethanol 076 080 013 05 135 153 123 170 02 076 183 193

+0.05 +£0.17 £0.05 £0.05 +0.66 +0.15 £045 +0.26 +0.05 +0.15 £0.37 £0.51
Methanol 093 086 136 146 09 133 040 1.10 036 080 033 143

+0.11 £0.05 £0.23 +0.20 +045 £0.28 +0.02 £0.26 +0.25 +0.20 £0.05 £0.15
Water 026 070 143 1.36  0.80 1.03 050 140 076 093 1.0 237

+0.05 £0.10 2051 +0.30 +036 +025 +0.17 #0.10 £0.45 +0.20 +0.39 +0.05
Control 2.80 l.6e 2.80 l.66

+0.32 £0.35 +0.32 +0.35

Table 3: Allelopathic influences of E. echmatus on different yield parameters of pearl millet and sesamum.

9% Increase or

Allelopathic  Plant height  Ear length  No. of ears/  No. of tillers/  y,.14 kg/ha  decrease in
treatments (cm) {cm) plant plant vield
Pearl mullet

only 104.4+125 20.3%39 33+ 1.1 5.20+1.1 303 +30 -
Pearl millet +

weed

buned 60.0+27.4 17.5%2.7 1.8+ 0.8 4.0 +1.0 152+17 —49.8
Pearl mullet +

weedburnt  105.2+20.0 19.5%3.4 3.0+ 0.7 4.0 £1.0 354+ 34 +16.8

; No. of % increase or
Plant height Pod ‘lcngth No. 1[ pods/ | hess  Yield kg/ha  decrease in
(em) (cm) pias plant yield

Sesamum

only 74.0+13.8 248%+038 204%104 3.57+1.8 247+ 35 -
Sesamum +

weed

buried 625+ 99 223+024 195+ 3.7 44 +1.1 166+ 31 -324
Sesamum +

weed burnt 85.7+ 93 2.50+0.3 195+ 6.5 3.0+1.0 239+ 18 - 32
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(Table 3). Burnt biomass of the same weed
in field either increased the growth para-
meters or were at par with control. An
increase in yield of pearl millet by 17%
was recorded, while in case of sesamum +
burnt biomass it was nearly equal to
control.

DISCUSSION

E. echmatus also possesses high allelo-
pathic potentiality and its different parts
exhibit varying influence on different
crops. Even the degree of inhibition 1s dif-
ferent to different organ of the same plant.
During the present study, it was found that
the radicle growth was inhibited more
than hypocotyl in both the crops. Simular-
ly, Ashraf and Sen (1978) have also ob-
tained differential behaviour of Celosia ar-
gentea L., in fields with pearl millet and se-
samum and they extended the explanation
that plants interact differently with each
other. Further, extracts of E. echinatus
reduced the seed germination maximum
upto 25 in pearl mullet and 21% i
sesamum, as observed by Sarma (1974) in
Argemone mexicana L.

For the chemical nature of inhibitors,
different extracts from organic solvents
produced some facts which need further
expenimentation. Datta and Chattenee
(1980) ruled out the presence of large
molecules like pectins, polysaccharides or
proteins in inhibitors soluble in alcohol.
Sen er al. (1968) have reported presence of
hentriacontane (Cj,Hgs), hentriacantanol
(C3;HgO), B-amynan (CaHegO) and
lupeol (CiHsgO) soluble in alcohol. In
the present case, inhibitors are soluble in
ethanol and methanol. Inhibition from
petroleum ether extract indicates presence
of some fatty substances. Less effect of
chloroform extract on bioassay attributes
non-solubility of inhibitors specially al-
kaloids. In successive extracts the inhibi-

tors get dissolved more in a particular
solvent and so the degree of inhibition
reduces towards high polanty solvents.
This seems one of the reasons for less
inhibition in water extract of successive
than separate extraction. Beneficial ef-
fects of allelochemics are also envisaged
which get dissolved in chloroform and
benzene.

Minimization of losses due to allelo-
pathic action 1s possible if crop husbandry
practices be employed. Sen (1979) has at-
tributed that the effect of burnt biomass of
Ind:gofera cordifolia Heyne, Digera muricata
Mart. and Cucumus callosus was far better
than bunied biomass on the growth of
pearl millet. Present results favour the use
of burnt biomass of E. echinarus, which
could not only reduce the allelopathism,
but also increases the yield of pearl mullet
and sesamum.

In conclusion, the bioassays used to
test the allelopathic potentiality of E.
echinatus confirm the presence of growth
inhibitors produced by the extracts as well
as by the decomposition of organic resi-
dues. Extracts of stem matenal 1s found to
be more toxic than other parts to both the
crops which may be considered as the
repository of inhibitors. The allelopathic
mechanism allows this weed to compete
advantageously with other weeds and
pollutes the soil system. Therefore, it is
recommended here to use bumt
biomass of this weed in field to over-
come allelopathic effect and for better
yield.
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EEFECT OF PARTHENIN AND 2,4-D ON THE
GROWTH OF RYE

S. N. KHOSLA, KULDEEP SINGH and
S. N. SOBTI

Regional Research Laboratory (CSIR), Canal Road,
Jammu-Tawi - 180001, India.

ABSTRACT

Parthenium hysterophorus L., 1s notorious for its health and agncultural hazards in India now and is
being invesugated from vanous angles for its control. Parthenin is the major constituent responsible for
its allergy and allelopathic effects and shows promise as a growth inhibitor and interacts with auxins and
growth regulators. Present study 1s one more step towards the confirmation of such properties. Twenty
five seeds cach of Rye (Secale cereale) were soaked for 24 hr in different concentrations of 2,4-D (2,4-
dichlorophenoxyacetic acid), parthenin and their combination along with a blank water control. All the
three treatments progressively decreased percentage germination. Parthenin under the combination
treatment neutralised shightly the toxic effect of 2,4-D. Parthenin alone did not affect the morphology
of the seedhings but 2,4-D and 2,4-D plus parthenin treatments atfected adversely. 2,4-D caused certain
morphogenic abnormalities. Both tiller formation and root/ shoot dry weight were aftected by 2,4-D
and 2,4-D plus parthenin. Although the inhibitory eftect of combination treatment was exerted at the
same concentration, as in that of 2,4-D alone, but at higher concentrations parthenin 1s able to

neutralise it

INTRODUCTION

The biological activity of the aqueous
lechates from leaves and flowers of Par-
themum hysterophorus L., was reported by
Lakshmi Rajan (1973), and Sukhada (1975)
attributed their growth inhibitory effect to

parthenin, caffeic acid and P — coumaric

acid. Comparative studies with other
growth regulators and inhibitors were ta-
ken up with parthenin later to assess its rela-
tive strength as a growth inhibitor and it was
found to behave as an antiauxin (Khosla e
al., 1980). Besides, to get a still broader view
of its biological activity as a growth inhibitor,
present study was undertaken which describes
the comparative effects of 2,4-D and parthe-
nin on the growth of rye (S. cereale).

MATERIAL AND METHODS

Twentyfive seeds of rye were soaked
for 24hr in different concentrations

(0.025,.0.05, 0.1, 0.5, 1.0 2.5 and 5.0
mg/ml) ot 2,4-D, parthenin and 2,4-D plus
parthenin. A blank-water control was also
set, along with each replication. Experi-
ment was run in three replicates. These
seeds were subsequently washed and sown
in 30 cm plots with soil and manure in
2:1 ratio. The plots were irfigated periodi-
cally when required. Observations were
made after 50 days with regard to germina-
tion (%), number of tillers, dry weights of
shoots and roots, and morphological ab-
normalities induced in the seedlings.

RESULTS AND DISCUSSION

Parthenin at 0.025 mg/ml concentra-
tion did not affect the germination but at
higher concentrations there was a progres-
sive decrease in germination rate which
became significant at 0.5-5.0 mg/ml con-
centrations. Lakshmi Rajan (1973) had
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found a decrease of 80-90% after 20-40 hr of
treatment with parthenin in wheat. Accord-
ing to Khosla and Sobt (1981), parthenin at
2-3 mg/ml became lethal for most of the di-
cotyledons studied and 0.8 mg/ml for barley.

24D alone and in combination with
parthenin caused a gradual decrease in ger-
mination with increase in the concentra-
tions, and was significant at 0.05mg in
combination and 0.5mg/ml in 24-D
alone. Germination did not occur in 2,4-D
alone at 2.5mg and 2,4-D plus parthenin
at 5.0 mg/ml. Dnyansagar and Khosla
(1968) have observed inhibition of germi-
nation of Cassia tora L., Achyranthes aspera
L. and Ruellia tuberosa L. seeds with 2,4-D
and ascribed 1t due to failure of cell divi-
sion and extension of the embryo cells
within the seed.

Parthenin alone was less effective in
checking germination comparatively than
2,4-D and 2,4-D plus parthenin. Further,
2,4-D at 1.0 mg/ml strongly inhibited the
germination and at 2.5-5.0mg/ml it be-
came lethal. Whereas, only 5.0mg/ml of
combination treatment became lethal to
germination. This indicates the presence
of parthenin in combination trcatment at
2.5 mg/ml is responsible for neutralizing
the lethal effect of 2,4-D.

Morphology of the seedlings was also
not affected by parthenin but with 2,4-D
and combination treatments leaves were
variously abnormal. These abnormalities
include fusion, onion-like leaf formation
besides narrow leaves. This was perhaps
due to continued growth of the apical me-
ristem and failure of lateral meristem de-
velopment. In various cases only tip of the
leaf was open resembling a spear thereby,
indicating a partial fusion. Such fused
leaves have been referred to as a result of
connations (Dnyanasagar and Khosla,
1969). Leaves formed subsequent to these
leaves were contorted which may be due

to differential growth and some-times
prerced through these leaves. They were
usually not expanded and formed looped
structures. The percentage of such abnor-
mal seedlings increased with increase in
their concentrations. It was 10.0, 16.6, 70.0
and 100% at 0.05, 0.1, 0.5 and 1.0 mg/ml
respectively of 2,4-D treatment. But in the
combination treatment these values were
comparatively less because of the presence
of parthenin. The percentage of abnormal
plants here was 4.5, 21.0, 35.0 50.0 and
60% at 0.05, 0.1, 0.5, 1.0 and 2.5 mg/ml
respectively.

Tiller formation in the plants was not
affected by parthenin. But with 2,4-D at
0.025 mg/ ml an increase in the number of
tillers, root and shoot dry weight was ob-
served and this increase was sigmficant n
the latter two characters. At higher con-
centrations, progressive decrease was ob-
served, being significant in tillers and root
dry weight at 0.1 mg, and shoot dry weight
at 0.5 mg/ml. In the combination treat-
ment also a progressive decrease was found
and the trend was similar to 2,4-D alone
treatment. Root and shoot dry weight,
though decreased with increase in concen-
trations of 0.1 to 0.5 mg, the decrease was
significant at 1.0mg in root dry weight
and 2.5mg/ml in shoot dry weight.

CONCLUSION

Parthenin affected the germination
and root/shoot dry weight comparatively
at higher concentrations to that of 2,4-D
and combination treatments, whereas, par-
thenin did not affect tillers and their
morphology. Only 2,4-D at 0.025 mg/ml
concentration increased root/shoot dry
weight but in combination treatment such
effects were not found because of the
presence of parthenin in the treatment.
Significant reduction of all growth pro-
cesses was induced at the samel level of
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combination treatment. 2,4-D at 2.5-5.0 show parthenin has an antauxin actinty.
mg/ml became lethal but in combination

treatment this effect was observed only at ACKNOWLEDGEMENTS

5.0 mg/ml. At 2.5 mg/ml of combination, The authors are highly grateful to the
the lethal effects were counteracted due to Director, Dr. C. K. Atal for providing the
the presence of parthenin. These observations faciliies and a keen interest 1n the subject.
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REPORT OF THE EIGHTH CONFERENCE OF THE
ASIAN-PACIFIC WEED SCIENCE SOCIETY

The eighth conference of the Asian-Pacific Weed Science Society (APWSS) was
held from November 22 to 29, 1981 at West-End Hotel, Bangalore, India. The
conference was organised by the Indian Society of Weed Science (ISWS) and the
University of Agncultural Sciences (UAS), Bangalore with the co-operation of the
Karnataka State Department of Agriculture, Indian Council of Agricultural
Research, Indian Institution of Agricultural Technologists and the Government of
India, on behalf of the APWSS. The theme of the conference was ‘Perennial weeds in
crop-land and unwanted vegetation in cropped lands’.

To conduct the 8th conference at Bangalore, members of the Organising
Commuttee established in 1980 were drawn trom Indian Society of Weed Science,
U.AS., Karnataka State Department of Agriculture, Government of India, Indian
Council of Agncultural Research and Indian Institution of Agricultural
Technologists. Dr. R. Dwarakinath, was the Chairman of the Committee ull
5-9-1981 when Dr. N. G. Perur suceeded him. Dr. K. Knshnamurthy was nominated
as Conterence Secretary, Mr. K. Shankar, as Treasurer and the Director of
Agnculture as Deputy Chairman. Dr. T. V. Sampath, joined at the later stage as
Deputy Chairman. The two years of programming and planning work for the
conference was assisted by the other organising committee members such as Dr.,
U.C. Upadhyay, Dr. K. C. Nag, Prof. B. V. Venkata Rao, Mr. B.]. Nanjundappa, Dr.
S. R. Chandrasekharaiah, Mr. T. V. Ramachandra Prasad, Mr Sahl Singhal, Dr.
S.V.R. Shetty, Dr. H. S. Gill, Dr. K. A. Jalihal, Dr. S. K. Mukhopadhyay, Dr.
H.K.Pande, Mr. B. Venkataswamy and Dr. K. D. Pahara. In addition, members of
sub-commuttees like programme, publication, reception and transportation, and
tours and hospitality, have also helped in various ways in conducting of the conference.
The help rendered by the office secretaries Mr. Mohamed Ayaz Ahmed and Mr. B. V.
Rama Iyengar, needs appreciation. Dr. H. R. Arakeni, President (APWSS — 1979-81) was
the main architect in guiding the Organising Committee members in various ways.

Registration of delegates to the conference commenced on Sunday, 22nd
November at 1330 hr and was continued upto 1730 hr on Tuesday, 24th November
1981. Of the 311 delegates registered, 290 from 18 countries, participated in the
deliberations of the conference. The participants, countrywise were Japan-41,
Australia-3, UK-6, USA-8, Malaysia-7, Indonesia-10, Thailand-7, Pakistan-1, Bangla
Desh-1, Sri Lanka-2, Nepal-1, Philippines-8, West Germany-4, New Zealand-4,
Canada-1, Italy-2, Singapore-5, and India-178. From India, farmers and students also
participated in the conference, besides spouses from foreign countries.

The conference was inaugurated by His Excellency Governor of Karnataka, Mr.
Govind Narain on Monday, 23rd November, 1981 at 1000 hr at the Chowdaiah
Memorial Hall, Bangalore. Inaugural session was attended by delegates, dignitaries
of Govt. Departments and Organisations, Office bearers of the APWSS,
ISWS, Faculty of UAS, and other distinguished guests. Dr. N. G. Perur, Chairman,
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Organising Committee welcomed the gathening followed by the Inaugural address

by Mr. Govind Narain. Dr. O. P. Gautam, Director General, ICAR, New Delht in his
keynote address stressed the need for establishment of National Institute on Weed
Research in order to foster the development of Weed Science in India. Dr.
S. Matsunaka, President, International Weed Science Society introduced the
activities of the society and requested the weed scientists to venture upon new
technology to combat weed menace. Dr. H. R. Araken, President, APWSS, dealing
with the genesis of the society, complimented the members on the achievement of
the society 1n a short span of 14 years. He also requested the members to help in
strengthening the society. The inaugural sesston came to a close with a vote ot thanks
by Dr. K. Knshnamurthy, Conterence Secretary.

During the conterence deliberations of four days from 23rd to 27th November
1981, 120 research papers were presented under 14 technical sessions namely — (a) in-,
vited papers; (b) papers of general interest; (c) new herbicides and apphances; (d)
weed control in rice; (¢) wheat; (f) plantation crops; (g) sorghum, maize, pulses and
intercrops; (h) banana, cotton, potato, sugarbeet and sugarcane; (1) biology of weeds;
(1) physiology of weeds and herbicides; (k) allelopathy of weeds; (1) herbiaides
residues and interactions; (m) aquatic weeds and their control; and (n) obnoxious
weeds and their control. Each technical session was ably conducted by a Chairman
with the assistance of a Co-Chairman. There was sufficient time for active and useful
interactions among the participating delegates. Finally, 1n a session on 27th
November 1981, ‘General discussion on experiences useful to India’, various
problems relating to Indian situation were discussed at length. Based on the
discussions, several recommendations were made for the overall development of
weed science activities 1n Asian-Pacific region in general and India in particular,

A mid-conference tour was arranged on 25th November 1981, which included
visits to the UAS Botanical Gardens, GKVK, Bangalore; Indian Insutute of
Horticultural Research, Hesarghatta; Screening trials on herbicides of the Alkali &
Chemical Corporation of India Ltd., Begur, Indo-American Hybrid Seeds Centre,
Bangalore and Banana demonstration plot in Talaghattapura. Again on 28th
November 1981, as post-conference tour, delegates who could not attend on 25th
November, were shown round the above places. In addition, interested delegates
were taken to places of tourist interest like — Mysore, Brindavan Gardens,
Sravanabelagola, Belur and Halebid on both the days by the official travel agents.

Two entertainment programmes were arranged in the evenings for the benefits
of the delegates. On 22nd November 1981 at 1900 hr during conference dinner at the
West-End Hotel, Bangalore, Mr. Seshadri of MICO, Bangalore presented an
excellent slide show about Karnataka with the background of Indian classical music.
The All India Radio artistes exhibited percussion instruments display. Again on 24th
November, 1981 between 1900 to 2030 hr dance-ballet by Prabhat Kalavidaru was
exhibited at Chowdaiah Memorial Hall, Bangalore, for the benefit of the
conference delegates. This included presentation of the well known items of
Indian classical dance like Mohini Bhasmasura, Shila Balikeyaru, Manipuri, Rasa
Leela and Bhagavad Gita. The delegates appreciated the excellent performance
of the artistes.
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The Exccutive Committee meeting of APWSS was held at 1800 hr on 23rd
November 1981 in the West-End Hotel and the General Body mecting ot APWSS
was held on 27th 1981 at 1645 hr with the induction of new oftice bearers.

On 25th November 1981, the day of mid-conference tour, annual conference of
the Indian Society of Weed Science and General Body meeting to elect new office
bearers and the workshop of All India Coordinated Research Programme on Weed
Control to chalk out future research programmes, were held concurrently.

Ladies programme was also arranged for the spouses of the delegates 1o keep
them engaged for the penod of the conterence. The help rendered by all those
concerned 1n this programme 1s acknowledged

A press conference was held on 28th November 1981 at 915 hr in the Board
Room of the West End Hotel to bnet on the conterence outcome.

The conterence concluded with a vote ot thanks by the Conterence Secretary Dr.
K. Krshnamurthy, who expressed sincere thanks on behalt of the Organising
Comnuttee to all those (individuals, orgarasations, institutes and Industrics) who
helped 1n vanous capacaities in conducting this conterence.

Assistance provided by the foliowing organisations in arranging lunchs to the
delegates contributed tn a big way in making the conterence a great success. (1) M/ s,
Monsanto Chemicals of India Ltd., New Delhi, on 23rd November 1981; (2) M /s,
Coromandel Indag Products (P) Ltd., Madras on 24th November; (3) M 5. Agromore
Lid., Bangalore and Alkali & Chenucal Corporation of India Ltd., Bangalore, on
26th November; and (4) M 5. Pesuaides India Ltd., Udaipur and Kumiair Chemical
Industry Co. Ltd., Japan, on 27th November 1981. In addinon, M 5. Bavers India
Ltd., Bombay hosted lunch to the delegates of the Indian Society of Weed Saence
on 25th November 1981. The Commuttee expresses its gratitude to all of them.

In honour ot the parnapaung delegates to this International Conterence tor the
tirst time 1n India, Government ot Karnataka honoured the delegates by hostung
them a presugious 'STATE DINNER" on 26th November 1981, at Kumara Krupa,
Bangalore. Dr. M. Soerjani (Indonesia) thanked the State Government on behalt of
the delegates.

The Organising Committee expresses its sincere thanks to the Japanese
Association for Photo-Regulators for providing $ 1000 to defray ¢he initial
expenditure of the conference. Thanks are due to financial assistance of Rs. 30,000
extended by the Indian Council of Agricultural Research, New Delhi, M/s. Kumiai
Chemical Industry Co. Ltd., Japan for Rs. 25,000/~ and the University of Agricultural
Sciences, Bangalore, for Rs.10,000/-. Thanks are also due to M/s. Hoechst
Pharmaceuticals Limited, Bombay, Cyanamid India Limited, Bombay, Bharat
Pulvenssing Mills Pvt. Ltd., Bombay, Coromandel Indag Products (P) Ltd., Madras
and Spencer International Hotels Ltd., Madras, for providing advertisements.

The Organising Committee thanks the Government of India for permitting to
hold the Eighth Conference at Bangalore and to grant VISA to the participating
delegates from abroad. Special thanks should go to Organising Committee members
and Volunteers who toiled day in and day out towards success of the Conference.
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Also special recognition should go to Prof. B. V. Venkata Rao, and the members of
Publication and Programme Committee for their excellent job in handling the
editing and printing of the proceedings. The committee also thank Dr. R.
Dwarakinath, for guidance during the initial stages, as the Chairman of the
Organising Commuittee.

All the conference work was held in the West-End Hotel, Bangalore. The co-
operation and the help rendered in vanous ways by the authorities of the Hotel are
placed on record and the Orgamising Commuttee express their deep sense of
appreciation to the management in this regard. Simularly, inaugural and cultural
programme of the conference was arranged at the Chowdaiah Memonal Hall,
Bangalore. The Management made an excellent arrangement for the conduct of the
conference activities and the Organising Committee thank them for the same.

The Organising Committee gratefully acknowledge the help extended in vanous
capacities to this conference by AIR INDIA, Indian Airlines, State Bank of India,
Post and Telegraph Department, Bangalore Telephones, SITA World Travels (India)
Private Ltd., Bangalore, Travel Corporation of India, Bangalore, Indian Institute of
Horticultural Research, Bangalore, Alkali and Chemical Corporation of India Ltd.,
Bangalore, Indo-Amencan Hybnd Seeds, Bangalore, M/s. Raja Power Press,
Bangalore, Apsara Pninters, Bangalore, Pacpnint (P) Ltd., Bangalore, Police authon-
ties, All India Radio, Dooradarshan, vanous press representatives, Coffee Board,
Kiran Electricals, other Industrial Organisations and Institutions. Thanks are also
due to M/s. Hoechst Pharmaceunicals India Ltd., Bombay for presenting brief cases
to the delegates and providing bus for transportation of delegates.
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PROCEEDINGS OF THE SESSION XII —‘GENERAL
DISCUSSIONS ON EXPERIENCES USEFUL TO INDIA’
HELD AT THE EIGHTH CONFERENCE OF THE ASIAN-
PACIFIC WEED SCIENCE SOCIETY

Venue : WEST END HOTEL, BANGALORE
Date - 27-11-1981 Time: 1445 to 1615 Hrs

Chatrman : Dr. Santiago R. Obien (Philippines)
Co-Charrman : Dr. K. Knshnamurthy (India)
Rapporteur : Dr. Y. C. Panchal (India)

There was a lively and good deal of general discussion wherein all participants
took part in the discussion on matters discussed at various sessions. Participants from
all the countnies including India gave their ideas and thoughts for overall upliftment
of weed science in the Asian-Pacific regions and more particularly in India. Based on
the vanous points suggested and trom the sum up of the vanous technical sessions
(16 sessions including this session), and after continued deliberations, tollowing
recommendations emerged at the conclusion of the 8th Conference.

RECOMMENDATIONS :

1. Knowledge on the period of crop weed competition in many crops is essen-
tial. Need toidentify weed specific or plant type relationship with crop weed
competition.

2. There 1sa need to develop integrated weed control schedule for field, planta-
tion and orchard crops including aquatic weeds.

3. India has more number of worst weeds. More intensive research 1s needed to
develop casy, effective and economical methods of weed control in respect
of more problematic weeds like water hyacinth, nutgrass, Cynodon dactylon,
Parthenium, Oxalis, Cuscuta, Striga, Eupatorium, wild oats, Imperata cylindrica,
Sorghum halepense, Phalaris minor.

4. Further work needs to be done on the utility of planting density and compet-
ing legumes for weed control in wide spaced crops as seen in banana.

5. Research needs to be geared up on knowing the physiological changes in
crop plants or weeds due to herbicidal applications. Use of additives for
increased herbicidal efficiency needs more attention. Further basic
studies are needed on physiology of weeds and herbicides from all
approaches.

6. Attention may be paid on the utility of weeds for medicinal purpose, for bio-
gas production, as green manure, use for impairing fertility in rats or antipol-
lution tools.
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. More work needs to be done on the inhibitory effect or allelopathic effect of

weeds.

. Work may be intensified on the mode of translocation of herbicides in crops

or weeds and on the resistance problems in crops and weeds to herbicides.

. Eradication of problematic weeds in public areas.

Weed control in low rainfall areas be taken up.

Integrated method of weed control for perennial weeds.

Use of slow release herbicides for the control of perenmial weeds.

Mode of action of herbicides may be studied in crops and weeds.
Government should take more responsibility in legislation of problematic
weeds.

Farmers be given subsidy for use of herbicides.

Cost benefit analysis may be done to populanse the use of herbicides.
Herbicidal interactions be studied in a proper way to reduce its cost and
pollution.

Vegetation n the field s changing due to introduction of high yielding
varieties, this may be kept in view and studies be taken up for effective weed
control and maintaining soil ferulity.

Herbicidal applications should always be accompanied by herbicide residue
estimates in soil and crop.

Replace the non-edible weeds with edible weeds so that more use could be
made of weeds.

Weed Science education be strengthened. Suitable training programmes
may be drawn up to create awareness about the magnitude of weed problem
to extension workers and farmers.

There is need tor greater degree of interaction among all concerned on
weeds and herbicides— scientists, industry, extension persons.

Prepare useful projects and send for PL 480 support through [.C.A.R.
Need for continuity of persons to be in weed science as a life ime careerand
not to change to other subjects.

Canals, tanks etc., be kept clean from aquatic weeds by mechanical methods
and/or biological methods.

There 1s need for National Institute of Weed Science in India.
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CHAIRMEN AND CO-CHAIRMEN OF THE SESSIONS

Sesston

| &
X

1l &
VI A

1A

1B

IV A
IV B
VA

VB

VI B

VII A

VII B

VIII A
&IXA

Date

23.11.81

23.11.81
24.11.81

24.11.81

24.11.81

24.11.81

24.11.81

24.11.81

24.11.81

24.11.81

24.11.81

26.11.81

26.11.81

Topic Charrman
Invited papers  H. R. Araken
(India)
H. R. Arakens
(India)
New Herb- A. K. Seth
cides & App-  (UK)
hances
Weed Cont- S. K. De Datta
rol in Rice (Philippines)
Physiology ot S. Matsunaka
Weeds & Her-  (Japan)
bicides
Papers of Peter W. Michael
General Interest (Australia)
Allelopathy M. Sundaru
of Weeds (Indonesia)
Weed Cont- W.H. Vanden Born
rol in Wheat (Canada)
Weed Cont- R. K. Nishimoto
rol in Planta- (USA)
tion Crops
Herbicides Y. C. Panchal
Residues & (India)
Interactions
Weed Cont- R. N. Andersen
rol in Sorghum, (USA)
Maize, Pulses &
Inter crops
Biology of T. 1. Cox
Weeds * (New Zealand)
Aquaticweeds M. Soerjani
& their control  (Indonesia)

Co-charrman

K. C. Nag
(India)

S. Matsunaka
(Japan)

P. Langeluddeke
(Germany)

H. K. Pande
(India)

K. Ueki
(Japan)

Alan E. Duetsch
(USA)

V.S Mam
India

H. S. Gill
India

C. Boonsnrat

(Thailand)

S. Sankaran (India)
India

U. C. Upadhyay
(India)

Leo E. Bendixen

(USA)

Margaret Anne Ward
(UK)
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Session Date Topi Chatrman Co-chairman
VIII B 26.11.81 Weed Control W. T. Parsons S. Sankaran
in Banana, (Australia) {India)
Cotton, Potato,
Sugarbeet &
Sugarcane
XI  27.11.81 Obnoxious U. Suwannamek Alan E. Deutsch
Weeds & their  (Thailand) (USA)
control

XII  27.11.81 General Dis- Santiago R. Obien K. Krnshnamurthy
cussion on (Phihppines) (India)
Expenences Use-
ful to India




PROC. §TH ASIAN-PACIFIC WEED SC1. SOC. CONF. 1981. Il VOL 215

LIST OF DELEGATES

AUSTRALIA
1. MICHEL, P. W., Department of Agronomy & Horticultural Science, University of Sydney, Sydney,
NSW 2006
2. PARSONS, WILLIAM, Vermin & Noxious Weeds Destruction Board, Department of Crown Lands
Survey, Treasury Place, Melbourne 3002
3. PARSONS, |. M_, (Associate delegate) Address as above

CANADA
4. VANDEN BORN, WILLIAM HENRY, Department of Plant Science, University of Albena,
Edmonton, Alberta

ENGLAND
5. GREATHEAD, D. J.. Commonwealth Institute of Biological Control, Impenal College, Silwood
Park, Ascot, Berks SL 57 PY
& HILL, DOUGLAS, May & Baker Ltd., Ongar Research Stanon, Fyfield Road, Ongar, Essex CM5
OHW
7. JONES, R. G., Shell International Co. Ltd., Shell Centre, London SE1 7NA
8. SETH, ASHOK, K., IC] Plant Protection Division, Fernhurst, Haslemere, Surrey, GU 27 SJE
9. VEERASEKARAN PONNAN, May & Baker Ltd., Ongar Research Station, Fyficld Road, Essex CM 5§
OHW
10. WARD, MARGARET ANNE, Centre for Overseas Pest Research, College House, Wrnights Lane,
London W8 58

WEST GERMANY
11. BIERINGER, HEMANN G, Haechst Aktengesellschaft, D-6230, Frankfurt (M) 80, Postfach 800320

12. KIESSLING ULRICH, BASF Akuengebellschaft Lanow, Veuschsstation, Postfach 220. D-6703,
Limburgermot

13. LANGELUDDUKE PETER, Heachst, Akuengebellschaft, Reiseburo, 6230 Frankfurt (M) 80,
Postfasch 800320

14. MARTIUS HARTWIG, T. F., Rothintallee 3, 6233 Kelkheim/TS

INDONESIA
15. ARIF ANWAR, Monsanto Rep. Office, Wisma Kosgoro F/11, Jalan M Thamnn 53, Jakarta

16. ISCHAN A_, IS HIDAYAT UTOMO, Biotrop, J1, Raya Tajur, KM 6 P. O. Box 17, Bogor

17. IR HARAHAP NIZWAR HAKIM, PT ICI Pesticida Indonesia, )1 Jend, Sudniman 57, P. O, Box 2158,
Jakara

18. IR ISMAIL TATA, PT IC] Pesnicsda Indonesia, J1 Jend. Sudnman 57, P. O. Box 2158, Jakarta

19. IR OTONG HIRAWAN, Agnculture Construction Co. Ltd., Medan Office, 38-C, J1-Permiagaan
Beru, P. O. Box. 529, Medan

20. MANGOENSEKARJO SEPADIYO, Balai penelitian, Perkebunan Medan, P. O. Box 104, Medan

21. MAS SUNDARU, C.RILF.C., Jalan Merdeka, 99 Bogor

22. MOHAMED S(ERJANI, Centre for Environmental Studies, Universines Indonesia, )1 Salemba 4
Jakarta, Indonesia

23. PANE HAMADAN, Bogor Res. Institute for Food Crops, J1 Merdeka 99, Bogor

24. TJITROSGEDIRDJO SCEKISMAN, BIOTROP, P. B. No. 17, Bogor

JAPAN
25. AKUTSU TAMOTSU, Ibaraki Ag. Exp. Sta. /0 JAPR.*

26. ASANO KOSABURO, Toyama Ag. Exp. Sta,, c/o J.AP.R.
27. CHIKURA SHOJI, Gukuoka Ag. Exp. Sta., Chikugo Branch, c/o0 [ APR.
28. FUKUKI KAZUHIDE, Kitsui Toatsu Chemicals Inc., ¢/o JAPR.
29. FURUKAWA SASAMU, Saga Ag. Exp. Sta., c/o J.LAPR.
30. HATTORI TADAYUKI, MIE Ag. Exp. Sta., ¢c/o0 J.AP.R.
31. HAYASAKA TOSHIMASA, Monsanto Japan Ltd., c/o JAP.R.
32. HORI CHIKAO, Nagano Nanshin Ag. Exp. Sta,, c/0 J.LAPR. .
33. IIZUKA SEIITI, Shizuoka Ag. Exp. Sta., c/o J.AP.R,
34. IMAI ENICHI, Fukushima Ag. Exp. Sta., c/o JLAP.R.
. ISOBE KUNIO, Hodogaya Chemical Co. Ltd., c/o J.A.P.R,

#Ag":h; jlpm Association for Advancement of Phyto— Regulators, Shokucho— Bidg., 1-26-6, Taitoh,
ai
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36.
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39,
40
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45
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57.
58.
59.
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62
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65.
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KAZUYUKI ITOH, Central Agr. Exp. Sta., Konosu, Saitama 365

KERN ALBERT, D, Monsanto lapzn Ltd., CPO Box 1558, Tokyo, 100-91

KIMURA FUMIO, Ishihara Sangye Kaisha Lid., ¢ 0 JAPR

KOBAYASH!I SOOICHI, Nissan Chemcal Industnies Ltd., « o JAPR

KOMAIL, KOICHIRO, Faculty of Agniculture, Kinki Untversity Owakx Higashi, Osaka
KURIHARA TOSHIMITSU, Representative Bangkok Ottice, Hokko Chemical Industry Co. Ltd.,
Mt Building No. 2, 4-2, Nthonbash: Hongoku-Cho, Chou-Ku, Tokye 103

MATSUMOTO HISAO. Kumamoto Amakusa Ag. Exp. Sta., cro JAPR

MATSUNAKA, SHOOICHI, Faculty of Agnculture, Kobe University, Nada-Ku, Kobe 657
MICHIHIKO TAKAHASHI, Shikoku Gauin University, Department of Biology and Weeds, Bunkyo
Cho Zentsup-City, Kagawa

MILES, JAMES ALLEN. Monsanto lapan Lid., C.P.O. Box 1558, Tokyo, 100-91

MURAKOSO KUMEO, Mivazaki Agr. Exp. Stn, o LAPR

MUROZONO MASATOSHI, Fukouka Agr. Exp Station, « o JAPR.

NAKAGAWA KYOIIRO, Okavama University, 20-1 Chuo 2-Chome Kurashiki, 710
NAKANO AKINOBU, Wakavama Agr Exp. Sta. c/o JAPR

NISHIMURA TOSHIYUKI, Nagasak: Agr. Exp. Sta.. ¢ o JAPR

OKI, YOKO, Institute for Agr. and Biological Sci., Okavama University. Kurashiky, 710
ONODERA KEN, Showa Denko Co. [td., ¢ o JAPR

OTOBE ITSUO, Outa Agr. Tech. Centre, ¢ 0 JAPR

SHIMOJIMA HISAO, ¢ o JAPR.

SONEHARA MASAYOSHI, Zenkoku, Noson Kyoku Kvokar Co [id., ¢ o LAPR

SUZUKI TERUMARO, 20-15, Estuku 3-Chome Supnami-Ku, Tokyo 110

TAKABAYASHI, MINORL', Nationa! Kyushu Agr. Exp. Sta., Chikugo Fukoka Perfecture 833
TSUJ1 TAKEO, 1-1-231, Nanyrocho, Up City, Kyoto

UCHIMURA TIKARA. Kogoshima Agr Exp Sta., Kumage Branch, ;o JAPR

UEKI, KUNIKAZU, Weed Science Laboratory, Faculty of Agnculture, Kyoto 606

YAMADA TAKAYASU. Sankyo Co Lid., ¢ 0 JAPR

YAMAZAK! KAZUMI. Mons<anto fapan Lid., c'oa JAFPR
YAMAUCHI SANIJI, Kumiai Chemical Industry Co. Ltd , c'o JAPR
YAMAZAKI] KAZUHIKO, Hokkaido Donan Agr. Exp. Sta., c/o JAPR,
YASUI KAZUMI, Nihon Tokushu Novaku Seizo Ltd., ¢'0o JAPR

MALAYSIA

66.
67.
68.
69.

70.
71
72.

CHIN, H. F., Department of Agronomy, University of Pertanian, Malaysia Serdang, Selangor
LIMJIT KIM, ICl Agniculture Res. Centre, Bemban-Malacca

LOKE CHEE PIN, Ancom Con BHO, P.O. Box 465, Kuala Lumpur

MOHAMED ALI, SEBUDDIN. B., Department of Agronomy, University of Pertanian, Malaysia,
Serdang, Selangor

NG KWANG YEW, Bayer (Malavsia), SDN BHD, P.O, Box. No. 2170, Kuala Lumpur

WONG, PHUI WENG, Monsanto Malaysia SDB BHD, 116, Jalan Semangat, Petling Jaya, Seiangor
YOONG SIEW CHEONG, Bayer (Malaysia) SDN BHD, P. O. Box No. 2170, Kuala Lumpur

NEW ZEALAND

73. COX, T. I, Horticultural Research Centre, Private Bag, Levin

74. KERR ROBYN MERLE, Horticultural Rescarch Centre, Private Bag, Levin

75. POPAY, ALAN IAN, ¢/o Mimnstry of Agnic. & Fisheries, Private Bag, Palmerston North

76. RAHMAN, ANISUR, Ruakura Agncultural Research Centre, Private Bag, Hamilton

PAKISTAN

77. QURESHI, M. S., Dow Chemicals Pacific Ltd., 38/B, Block 6, P.E.CH.S., Karach129

PHILIPPINES

78. BONGOLAN FEDERICO FABROS, Philippmes Australian Development, P.O. Box 01, Pagadian
City, Zamboanba, Del Sur

79. DANILO RODRIGUEZ, Philippines Australian Developnment, P. O. Box 01, Pagadian City,
Zamboanba, Del Sur

80. DE DATTA, S. K., Head, Department of Agronomy, LR.R.L., P.O. Box No. 933, Manila

81. MERCADO, G. L., Monsanto, Los Banos, Laguna

82. MUNRG, Clifford Earl, National Crop Protection Centre, UPLB College, Laguna 3720
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83. SANTIAGO R. Obien, Director, Philippines Tobacco Research Training Centre, Maniano Marcos
State University, Batac, llocos Norte

84. VICENTE GARNICA [R., Philippines Australian Development, P. O. Bax 01, Pagadian Caty,
Zamboanba, Del Sur

85 WELLS | GREGOR, Research Agronomust, Philippines Australian Development, P, O. Box 01,
Pagadian City, Zamboanba, Del Sur

SINGAPORE
86. ARCEO LEON, M., Monsanto Singapore Co, 26th Floor, Chittord Centre

87 ASAMI TAKESHI, 16-01, Lihotitho Rise Ridgewood, Mt Stnar Road, 1027

88 SCHMALZI KARI JOHANN, Monsanto Singapore Co. Pyt Lid., 26th Floor, Clitford Centre, 0104

89. SCHUMACHER RICHARD, WILLIAM, Monsante Singapore Co. Pyt Ltd., 26th Floor, Chittord
Centre, 0104

90 WOLF, JOSEPH RAYMOND, P O Box 253, Jurong Town, Post Oftice lurong

SRILANKA
9] PERERA CALLISTUS, 5., Monsanto, St. {ves Lady Macatumes Drive, Nuwara Eliva

92 WEERAKOON WILFRED LIONEL, Research O#ficer, 7, Spathodea Avenue, Colombo-5

THAILAND

91 BOONSRIRAT CHARUCK, Senior Otficer Rubber Research Centre ot Thaland, Haadyai,
Oongkla Province

94 CHUNTUMA ARAK, Junmior Officer, Rubber Rescarch Centre of Thailand, Haadyai, Oongkla
Province

95 KETAVAN PRADERM, Stauffer Chemical Co ., 180, Rajroong St., Bangkok

96 MANEESA (Aswociate delegate) Address as above

97 NANTA BOONRAT, Monsanto Thailand Ltd., 120, Silom Road, Bangkok

98 PONGPONRATN PAOPONG, Dow Chermical Thailand Ltd |, 3223, Sukumwvit Road, P.O. Box No.
11-6, Bangna, Bangkok

99 SUWUNNAMEK, UMPRON, Department of Agronomy, Kosertsart University, Bangkok

UNITED STATES OF AMERICA

100 ANDERSEN ROBERT NEILS, 1771, City Heights Drive, St. Paul, Minnesota 55117

101 BARNES DONALD LEE, Monsanto Company, 800 N Lindbergh Boulevard, St. Lous, Missoun,
63166

102. BENDIXEN, LEO E., 1885, Neil Ave. Mall, Columbus, Ohio 43210

103 BISWAS, P. K., P. O. Box 704, Tuskegee, Alabama 36083

104. COMES, RICHARD D., USDA/ARS, Prosser, Washington

105. DEUTSCH ALLAN, E., International Plant Protection Centre, Oregon State University, Corvallis,
OR 97331

106. DUSEJA, D., Tennessee State University, 3500, Centennial Boulevard, Nashville, Tennessee 37203

107. NISHIMOTO, ROY K., Department of Hortrculture, University of Hawau, 3190, Maile Way,

Honolulu, Hawan 96822

BANGLA DESH
108. ABDUL GAFFER, M., Bangla Desh Agnicultural University, Mymensingh

NEPAL
109. PANDEY GOVINDA PRASAD, Asst. Agronomist, Ministry of Agriculture, Khatmandu

ITALY
110. LES J. MATHEWS, FAO, AGPP, Rome
111. JEAN R. MATHEWS (Associate delegate), Address as above.

INDIA

112. AGARWAL, L. R., M/s Knishi Rasayan, Bihar, 324, Palace Upper Orchards, Bangalore 560 080,
Karnataka

113. AGNIHOTRI, B. S., Monsanto Chemicals of India, 318, Asaf Ali Road, New Delhi 110002

114, ALBUQURQUE, M. ], Sandoz (India) Ltd., Agrochemicals Division, Dr. Anpie Besant Road,
Worli, Bombay 400 025, Maharashtra

115. AMITAVA BASU, Dupont, W-26, Greater Kailash, New Delhi 110048

116. ANANDALWAR, T. R., Lecturer, Government College of Indian Medicine, Bangalore 560 009,
Karnataka
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148.

149.
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ARAKERI, H. R, President, AP WSS and Ch Agncultural Scientists Recruitment Board,
1202, Nirmal Tower, 26, Barakhamba Road, New Delhi 110001

BALAKRISHNE GOWDA, Instructor in Botany, Department of Botany, Basic Sciences and
Humanities College, GKVK, Bangalore 560065, Kamnataka

BANSAL, G. L., Asst. Physiologist (Weed Control), Department of Agronomy & Agrometeorology,
HPKV.V  Palampur 176 062, Himachal Pradesh

BAROOAH, S. R, Director, Research and Development, Motilal Pesticides (India) Lid., 305,
Manjusha, 57, Nehru Place, New Delh: 110019

BHAN, V. M, Professor of Weed Science, Department of Agronomy, Haryana Agncultural
Umiversity, Hissar 125004, Haryana

BISEN CHETRAM, Agronomist, Department of Agronomy, ] N.K.V.V_ Jabalpur 482 004, Madhya
Pradesh

BISWAS, D. K., S-2 (Agronomy, Weed Control), Jute Agncultural Research Institute,
Barrackpore 643 101, West Bengal

BORAIAH, G.. Associate Professor of Botany, University of Agncultural Sciences, GKVK,
Bangalore 560045, Kamataka

CHACKO, E. K., Natonal Fellow (ICAR), Indian Institute of Horticultural Research, Bangalore-
560080, Karnataka

CHANDRASEKHARAIAH, S. R., Admunuistrator, Cada Cagvery Bauin, Public Offices,
Mysore 570001, Karnataka

CHAUHAN, HARISH VARDANSING, Indofil Chemicals Ltd., 201, Hotel Ambassador, Sujan
Singh Park, New Delhi 110003

DAMOR, U. M., Professor of Agronomy, B. A. College of Agnculture, Anand 388110, Gujarat
DANGI, MADAN, Pesucides India, Udaisagar Road, P. B. No. 20, Udaipur 313 001, Rajasthan
DAS, T. K., Associate Professor of Animal Nutntion, Veteninary College, Hebbal, Bangalore 560 024,
Kamataka

DAVID, B. V., Director, Research and Development, Coromandel Indag Products (P) Ltd., 204,
Kaisons House, 84, Nehru Place, New Delhi 110019

DAYAKAR YADAYV, Instructor in Botany, Department of Botany, Basic Sciences and Humanities
College, CKVK, Bangalore 560045, Karnataka )
DESHPANDE, K. S., Head. PG Botany Department, Science College, Nanded 431602,
Maharashtra

. DHANRAJ, R.E., Alkali & Chemical Corporation of India Ltd., 19/1, 3rd Cross, csi Compound,

Bangalore 560027, Karnataka

DHARI KAWAL, Product Development Manager, Hindusthan Insecucides Ltd., Hans Bhavan,
Wing-1, Ground Floor, Bahadur Shah Zafar Marg, New Delhi-110002

DHARNE, C. G, Product Development Manager, Bayers India Ltd., Express Towers, Nannman
Point, Bombay 400021, Maharashtra

DODLA BALABHASKARA CHOUDARY, Indofil Chemcals Lid., 1-9-295/4, Vidyanagar,
Hyderabad 500 004, Andhra Pradesh

FREDRICH S. JAMES, Managing Director, Coromandel Indag Products (P) Ltd., Sudarsan
Buildings, 14, Whites Road, Madras 600014, Tamil Nadu

FRISEN, G., All India Co-ordinated Research Project on Dryland Agriculture, Amberpet,
Hyderabad 500013, Andhra Pradesh

GAMBHIR, OM PRAKASH, 13, Rani Ka Bagh (Behind S.B.1.), Amnitsar 143001, Punjab
GAUTAM, K. C., Division of Agronomy, [.LAR.l.,, New Delhi 110012

GAUTAM, O. P, Director-General, Indian Council of Agncultural Research, Knshi Bhavan, New
Delh:i 110001

GHOSH, M. 5., Development Officer, R& D, Eastern Region, Indofil Chemicals Ltd., 34, Circus
Avenue, Calcutta 700017, West Bengal

. GILL, H. §., Senior Agronomist-cum-Head, Department of Agronomy, Punjab Agricultural

University, Ludhiana 141 004, Punjab

GOUR, CHARAN TOSH, Weed Research Officer, Ornissa Umiversity of Agniculture and
Technology, Bhubaneshwar 751 003, Orissa

GOYAL, S. S., Motilal Pesticides India Led., 305, Manjusha, 57, Nehru Place, New Delhi 110019
GUPTA MEERA, Entomologist, Central Biological Control Station, C.P.P.T.I. Campus,
Rajendranagar, Hyderabad 500 030, Andhra Pradesh

GUPTA, M. V. Dharamsi Morani Chemical Co. Ltd. Pmpcc(Clumbcn, 317/21,Dr. D. N. Road,
Bombay 400001, Maharashtra

HOSMANI, M. M., Assoc. Professor of Agronomy, College of Agniculture, Dharwad-580 005, Karnataka

150. JAGANNATHA RAO, C. B., Agro-Biology Division, Pest Control India Private Ld.. Nishat'

Building, 6, Lady Curzon Road, Bangalore 560001, Karnataka
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177.

178.
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182.

183.

JAIN, §. C., Agronomist (Cotton), College of Agniculture, Indore 452001, Madhya Pradesh
JALIHAL, K. A, Director of Extension, University of Agncultural Sciences, Hebbal,
Bangalore 560 024, Karnataka

KAKATI NARENDRANATH, Department ot Agronomy, Assam Agricultural University,
Jorhat 785013, Assam '

KATYAL, S. K., Extension Specialist (Agronomy), Haryana Agricultural University, Hissar 125 004,
Haryana

KAVALAPPA, B N, Jr Residue Chemist, Department of Chemistry and Soils, Agricultural College,
Hebbal, Bangalore 560024, Karnataka

KHANDAL VIJAYAKUMAR SATYANARAYAN, M & B (India) Ltd., May Baker House, P. O. Box
9150, Bombay 400025, Maharashtra

KHOSLA. S N, Regional Rescarch Lab , Canal Road, Jammu Taw: 180001, Jammu & Kashmir
KONDAP, § M., Depanment of Agronomy, College of Agnculture, APAU., Raendranagar,
Hyderabad 500030, Andhra Pradesh

KORWAR, G R, Dryland Agnculture Research Project, 1.C.AR., Amberpet, 2-2-58/60,
Hyderabad 500013, Andhra Pradesh

KRISHNAMURTHY, G.V.GG, Saenust S-1 (Pathology), Central Tobacco Research Institute,
Rajamundry 533 105, Andhra Pradesh

KRISHNAMURTHY, H. S.. Nocil, Jayalakshmi Estate, 8, Haddows Road, Madras 600 006, Tamil Nadu
KRISHNAMURTHY, K, Director of Research, University of Agncultural Science:., G K.V.K.
Campus, Bangalore 560 065, Karnataka

KRISHNA SASTRY, K. S, Professor of Crop Physiology, University of Agncultural Sciences,
GRVK, Bangalore 560 065, Kamataka

KULSHRESHTA GITA, Division of Agncultural Chemicals, LA R.L, New Delhi 110012
KURUP BALAGOPALA, K, Manager, Pudukad Estate, Cochin Malabar Estate and Industnes,
Palapilly 680 304, Trichur Distna, Kerala

LAL, GIRDHARI, Product Development Specialist, Hindusthan Insecticides Ltd., Regional Sales
Ottice, North D-2, Panchavati Azadpur, New Delhi

LALL, M, Weed Speaiahist, Central Plant Protection Traiming Insutute, Rajendranagar,
Hyderabad 500030, Andhra Pradesh

LEELA, D., Indian Insutute of Horticultural Research, 255, P. U. Orchards, Sadasivanagar,
Bangalore 560 080, Karnataka

LINGARA] URS, C, Additional Director of Agnculture, Seshadn Road, Bangalore 560001,
Karnataka

MADHAVAN NAIR, K P, Assoc. Professor of Agronomy, College of Agriculture, Vellayant,
Trnivandrum 695 522, Kerala

MAJUMDAR, |. C., BASF India Ltd., Agro-Chemicals Dn., 501, New Delhi House, 27, Barakhamba
Road, New Delhi 110001

MANI, JACOB, c'o M. N. MANI, Kuppakayam Estate, Kuppakayam P. O., Mundakayam 686 513,
Kerala

MANI, V_ 5., Semior Saienust, Division of Agronomy, LAR.I., New Delhi 110012

MANNA, G B, Sentor Scienust (Agronomy), Central Rice Research Institute, Cuttack 753 006
Orissa

MANTOO, MOTILAL, 2, Bhupendranagar Road, Patiala 147 001, Punjab

MARIRAJU, H., Asst. Agncultural Officer (PP), Department of Agnculture, Seshadn Road,
Bangalore 560001, Karnataka

MEISHRI, T. G., ¢/0 Trivedi, G. O., Agronomy Department, B. A. College of Agriculture, Anand
Campus, Anand 388 110, Guarat

MHATRE, M. A., Dharamsi Morarji Chemicals Co. Ltd., Prospect Chambers, 317/21, D. N. Road,
Bombay 400001, Maharashtra

. MITTRA, B. N., Agricultural Engineering Department, Indian Institute of Technology,

Kharagpur 731 302, West Bengal

MODGAL, §. C., Professor and Head, Department of Agronomy, Himachal Pradesh Agricultural
University, Palampur 176 062, Himachal Pradesh

MOHAN RAO, H. N., Voltas Ltd., Agro-Industrial Products Division, 19 ]J. N. Heredia Marg,
Bombay 400038, Maharashtra

MOOKERJEE AJIT LAL, Technical Manager, Cynamid India Ltd., 54, D-2, Dr. Annie Besant Road,
Worli, Bombay 400025, Maharashtra ,

MUDIPALLI SOUNDARARAJAN, SRINIVASAN, Agronomist, Training and Extension, N.AR.P,,
S.V. Agricultural College, Tirupathi, Andhra Pradesh

. MUKHERJEE, A. K., Director-Marketing, Pesticides India, National Highway No. 8, Chandala

Talav, P.O., Narol, Ahmedabad 382 405 Gujarat
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MUKHOPADHYAY, §. K., Professor and Principal, College ot Agnculture, Palli Sisksha Sadana,
Viswa Bharathi, Snimiketan 731236, West Bengal

MUNIYAPPA, T. V., Asst. Professor of Agronomy, Agnicultural College, Hebbal, Bangalore 560 024,
Karnataka

MUSTAFEE, T. P, BASF India Ltd, 501, New Delhi House, 27, Barakhamba Road, New
Dein 110001

NAG, K. C., Vice-Chairman & Managing Director, Karnataka Insectncides & Fungiades Pyt Led |
77/5, Nandidurg Road, Bangalore 560 046

NAGARAJA RAO, B. R, Managig Director, Mysore Investments Farms and Industries Pyt Lid |
11201, Nagappa Block, Bangalore 560021

. NALAMWAR. R. V., University Head, Department of Agronomy, P K V., Akola 444001,

Maharashtra

NANKAR, J. T.. Cotton Agronomist & Potato Coordinator, Marathwada Agncultural Universiry,
Parbhani 431 402, Maharashtra

NANJAPPA. H V., Ciba-Geigy of India Ltd , A-9, UAS Statf Quarters, Hebbal, Bangalore-560024,
Kamataka

NANJUNDAIAH, B. N.. Marketing Manager. Mascot Agro-Chemicals Pyt Led | 93, 111 Phase,
Peenya Industnal Area, Bangalore 560058, Karnataka

NANJUNDAPPA, B |, Administrative Officer, University of Agncultural Scrences, GKV K
Campus, Bangalore 560065, Karnataka

NARAYANA RAO, A, Asst. Plant Pathologist, Orlseeds Section, Agricultural Research Stution,
Rajendranagar, Hyderabad 560030, Andhra Pradesh

NATARAJAN, Muthusanigan, FS.R P, ICRISAT, Patancheru P O. 502324, Andhra Pradesh
NEGI, N. S., Monsanto Chemicals of India Led, 3-8, Asat Al Road, New Delhi-110002
NENE, S. R, Alkali & Chemical Corporation of India Ltd., 19 1. Il Cross, C.5.1 Compound,
Bangaloe-560027, Karnataka

PANCHAL. Y. C_, Protessor of Crop Physiology, Agnicultural College, Dharwad 580 005, Karnataka
PANDE PRABHU NATH, Pesucides India, 504, Mansarovar, %0, Nehru Place, New Defhi - 100019
PANDEY, JITENDRA, Semior Agronomist-cum-Assoc. Prot. (Weed Science). Depantment of
Agronomy, Tirhut College of Agniculture, Dholi, Muzzattarpur 843 121, Bibar

PANDE, H. K., Director, Central Rice Research Institute, Cuttack 753 006, Orissa

PATEL, H. S., Assoc. Protessor ot Agronomy, N. M. College ot Agnculture, G. A. U., Navasan,
Guarar

PATEL.P. T., Gwarat Agnicultural Umiversity, Shahibag Near Datnala, Ahmedabad 380004, Gujarat
PATEL. R. B., N. M. College of Agnculture, Gujarat Agncultural University, Navsan, Guiarat
PATEL,R_R_, Research Scientist (Dry Farming), Guiarat Agncultural University, Sardar Knishy Nagar,
Dantiwada 385 506, Gujarat

PATIL, J. R., Associate Professor of Agronomy, Mahatma Phule Knishi Vishvavidyalaya, Rahun,
Ahmednagar Dist., Maharashtra

PATIL, V. L., National Orgamic Chemical Industries Ltd., Mafatlal Centre, Nartman Point, Bombay
400021, Maharashtra

PATNAIK, S., Scientist, Central Inland Fishenes Rescarch Station, Kanika Road, Cuttack 753 008,
Onissa

PEEDIAKAL JOY JOHN, Associate Professor, College of Horticulture, Department of Entomology,
Vellanikkara, P. O., Trichur 680561, Kerala

PERUR, N. G., Vice-Chancellor, Umiversity of Agncultural Sciences, G.K.V.K. Campus,
Bangalore 560 065, Karnataka

PHADKE, ABHAY DATTATRAY, Rhodia (UK) Limited, MAYBAKER House, Worls,
Bombay 400 025, Maharashtra

PRAKASH, H. S., Manager (Pesucides), Karnataka Agro-Industries, Hebbal, Bangalore 560024,
Karnataka

PUROHIT, S. P., Paushak Limited, Alembic Road, Baroda 390003, Gujarat

RAGHURAMAN, T. V., Marketing Manager, Coromandel Indag Products (P) Ltd., Sudarshan
Buildings, 14, Whites Road, Madras 600014, Tamil Nadu.

RAHMAN, FAZLUR, ‘Sampatneer’, Club Road, Jorhat 785001, Assam

RAM ANAND, S., Haechst Pharmaceuncals Lid., P. O. Box 11123, Bombay 400021, Maharashtra
RAMACHANDRA PRASAD, T. V., Junior Agronomust 1/C., AL.C.R.P. on Weed Control, Univ.
Agrl. Sai., GKVK, Bangalore 560065, Karnataka

RAMAKRISHNAN, L., R & D Manager, Ag. Chem. Division, Indofil Chemicals Ltd., Nirlon House,
Dr. Annie Besant Road, Worli, Bombay 400025, Maharashtra
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RAMAMOORTHI, K., Sandoz (India) Lid., Field Rescarch Group, 9/36, Nanjappa Road,
Coumbatore 641018, Tanmul Nadu

RAMA PRABHU, T, Saientst 5-2, Central Inland Fishenes Research Sub Station, Kannika Road,
Cuttack 753 001, Onssa

RANGARAO, N, Zonal Manager, Pesucides India, 4-2-25, First Lane, Ramannapet, Guntur 522 007,
Andhra Fradesh

RAO, C. H. N., Pesucides india, Coimbatore, Tamil Nadu

RAO, V. 5., Toklai Expenimental Station, Tea Research Association, Jorhat, Assam 785 008, Assam
RAO, T. BHASKAR, Regional Sales Manager (South), Hindusthan Insecticides Ltd., 5-9-86,
Chappel Road, Hyderabad, Andhra Pradesh

RAO, K N, Weed Speciaiist, Agncultural College, Bapatla 522 101, Guniur Dist, Andhra Pradesh
RAY, B, Alkali & Chemical Corporation ot India Led., Hamilton House, Block-A, Connaught
Place, New Delhi 110001

REDDY, B. N., Saientist, Director of Oulseeds Kescarch, Rajendranagar, Hyderabad 500 030, Andhra
Pradesh

RETHINAM, P, Saentist §-2 (Agronomy). Central Plantation Crops Rescarch Institute, Ficld
Stanon, Intjalakuda 680121, Trichur Distnct, Kerala

SABHARWAL, C K, D/31-1, Industrial Area, Mcerut Road, Ghaziabad, Unar Pradesh

SALIL SINGHAL, Pesticides India Lrd., P. B. No 20, Udaisagar Road, Udaipur 313 001, Rajasthan ,
SAMPATH, T V., Director ot Agnculture in Karnataka, Seshadn Road, Bangalore 560001,
Karnataka

SAMUEL JAMES CHARLES, Technical Manager, Pest Control (India) Ltd., 28, Errabalu Chetty
Street, Madras 600001, Tamil Nadu

SANRKARAN, 5., Professor & Head, Department of Agronomy, T N. Agricultural University,
Coimbatore 0641 003, Tamil Nadu

SARASWATH, V. N, Head of Division of Agronomy, Jute Agncultural Research Insutute,
Barrakpore 743 101, West Bengal

SHARMA, V. 5., Hindusthan Lever Limited, 165 66 Backbay Reclamation, Bombay 400020,
Maharashtra

SATHASIVAN, K., Monsanio Chemicals ot India Ltd., ¢/ 0 Vetrivel Mandram, Gobichettypalyam,
Y. N 638452, Tamil Nadu

SHAH, M. R., 2, Tube Park, Ganeshkhind Road, Punc 411005, Maharashtra

SHAH, VACHAN, M., 2, Tube Park, Ganeshkhind Road, Pune 411005, Maharashtra
SHANKAR, K, Technical Adviser, Panchajanya Enterpnises, 159, First Cross, Vasanthanagar, P. B.
No. 153, Bangalore 560052, Kainataka

SHANKAR, K. M, Aut Professor (Weed Countrol), Coilege of Fishenes, Mangalore 575 002,
Karnataka

SHARMA, ., Asst. Agronomist (Oilseeds), University ot Udarpur, Agnicultural Research Station,
Durgapur, farpur 302015, Rajasthan

SHARMA, N N, Professor & Chairman, Department ot Agronomy, Rajendra Agnicultural
Univeraty, Dholi, P. O., Muzzatarpur Dist., Bihar

SHARMA, V. 5., Botanist & Head ot Division, UPASI Tea Rescarch Institute, Cinchona 642 106,
Tamil Nadu

SHETTY, B. S., Agromore Ltd., Mysore Road, Bangalore 560026, Karnataka

SHETTY, M. B., Paushak Limited, Bank of India Building, 11, Kempegowda Road,
Bangalore 500 009, Kamataka

SHIVASHANKAR, K., Associate Protessor of Agronomy, Agncultural College, Hebbal,
Bangalore 560 024, Karnataka

SIDDARAME GOWDA, T. K., Semior Microbiologist, OMD Scheme, Department of
Microbiology, GKVK, Bangalore 560 065, Karnataka

SINGH, J. N., Associate Professor of Agronomy, G. B. Pant University of Agnculture and
Technology, H. P. Krishi Viswa Vidyalaya, Palampur 176 002, Himachal Pradesh

SINGH, GOVINDRA, Associate Professor of Agronomy, G. B. Pant University of Agnculture and
Technology, Pantnagar 263 145, Nainital Dist., Uttar Pradesh

SINGH, KRISHNA KUMAR, Associate Professor, Dept. of Agronomy and Agrometeorology, H. P.
Krishi Visva Vidyalaya Palampur 176 062, Himachal Pradesh
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GENERAL BUSINESS MEETING AND EXECUTIVE
COMMITTEE MEETING OF THE ASIAN-PACIFIC
WEED SCIENCE SOCIETY

November 27, 1981 —4.20 p.m.
Bangalore, India

1. Remarks from the President

a. We are in the final stage of the Conference. I hope everything went on to the
satisfaction of all. If there are any lapses | will own them and credit for all suc-
cess will go to the Organizing Committee and host of workers. It would be em-
barassing if | mention any of them by name, hence [ abstain from doing so.

b. I take this opportunity of thanking the Executive Committee members who
rendered timely assistance in organizing this conference. Special thanks are
due to Dr. Nishimoto, Secretary and Treasurer for prompt responses for my
quernes from time to time.

¢. Many country’s organizations like New Zealand Society have sent their greet-
ing and good wishes, which 1 am very happy to convey to you.

d. Dunng the last 2 years there were no special committees. | tried to collect some
information about the weed situations in different States in India and in differ-
ent countries in the region. Information 1s still incomplete. Attempts are being
made to publish the same in 2 parts. Work 15 being done by Dr. Bhan.

e. It1s recommended that a maximum of gbout 100 papers be allowed for a 4-day
conterence.

2. P. Michel reported that the 7th Conference Proceedings will be available from
him at U.S. § 10.00.

3. Secretary and Treasurer’s Report. The Society has a balance of § 5872.58.
Through the efforts of the APWSS Newsletter Editor P. Motooka, 5 Newsletters
were produced and distnibuted since the last conference in Australia. The Editoris
still having difficulty in obtaining news from the members. He urges your partici-
pation. All Newsletters were sent by air and the Executive Committee members
redistributed these within their respective countries.

The Society has 191 financial ordinary’ members and 7 industry sustaining
members. The industry sustaining members are: Ancom Sdn. Bhd (Malaysia),
Dow Chemical Pacific (Hong Kong), Dupont (Australia Ltd.), Hoechst (Germa-
ny), Kumiai Chemical Industry (Japan), Monsanto Agricultural Products Co.
(USA), Elanco Products Co. (USA). Their generous financial assistance and sup-
port were acknowledged.

The Secretary D. Plucknett resigned his post as he has been in Washington DC
during the last few years. The treasurer also submitted his resignation as the Secre-
tariat includes the Secretary and Treasurer. The Treasurer indicated a desire to
move the Secretariat permanently to Asia, possibly the Philippines. However as
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the next conference will be held in the Philippines, it was thought to be an inop-
portune time to do so.

At the Executive Committee Meeting, several requests for funds were approved as
follows: 1) $ 1,000 for the FAO/IWSS Workshop, Rome September 6-10, 1982.
The workshop 1s designed to develop a manual on weed science tor the less deve-
loped countnies. The request was made by L. Matthews. 2) § 1,000 to the Organiz-
ing Commuttee of the 9th APWSS Conference to defray initial expenses tor the
9th APWSS Conference in Mamila. 3) Provide up to $ 2,000 to the 8th APWSS
Conterence Organising Commuttee 1f they need additional funds tor the 2nd vo-
lume of the Proceedings. (The Japanese Association tor Phyto-Regulators provid-
ed the Organmizing Commuittee with $ 1,000 to defray initial expenses of the 8th
Conterence). The general body agreed on these expenditures.

. Constitutional changes were proposed in August 1981 via the APWSS Newslerter

as follows :

A. Current Constitution : ltem 7. Executive Commuttee

(1) President
(1) Vice-President
(1i1) Secretary
(1v) Honorary Treasurer
(v) Immediate Past President
(vt) Six Other members.

The Executive Commuttee shall have power to appoint new mgmbers to fill
any casual vacancy and shall have power to co-opt not more than three other
members.

Proposal for tem 7.

Add: “With the exception of the Officers (1) through (v) of the Society, not
more than one national of any member country s ehigible for election to
the Executive Commuttee.”

B. Current Constitution : ltem 20. Subscriptions.

The biennial subscription which is due at the begining of the financial yearand
which shall include all privileges including a copy of the proceedings of that
year, shall be $ 8.00 or such sum as may be decided from time to time at any
biennial or special meeting. The fee for student members would be half that for
ordinary members. Non-members may be admutted to conferences on a daily
fee which may be decided by the Executive Committee.

Proposal for Item 20.

Delete: “including a copy of the Proceedings of that year,” in the first sen-
tence of Item 20.

The proposed changes were approved by the general body.

President Dr. Arakeri thanked Don Plucknett for his services as Secretary of the
Society.
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6. Election of Officers. (1982-1983). The following were nominated and elected to
the respective offices:
President : B. L. Mercado
Vice President : Vacant until 1985 conference site and host confirmed.
Secretary - R. K. Nishimoto
Treasurer : P. Motooka
Executive Members
1) T. 1. Cox (New Zealand)
n) M. H. Lambert (Pacific Islands)
m) P W. Michael (Austraha)
) S. Matsunaka suggested for Japan (will be contirmed by the Japan Society of

Weed Science)
v) Sockisman Tptrosoedirdjo suggested for Indonesia (will be confirmed by the
Weed Saence Society of Indonesia)

vi) President or designee of Weed Saience Society of Thailand.
L. Mathews suggested that members be co-opted in South Korea and China. Con-
siderable discussion on the composition and number of executive members oc-
curred. M. Soerani proposed that Executive members be chosen on the basis of
leaders in topics to be focussed on at the next conferences (i.¢., rice, cereals, weed
biology, etc.). After some discussion, it was agreed that members should be presi-
dents or designees of APWSS affiliate societies or have strong support of affiliate
societies.

7. M. Soerjant was nominated as Honorary Member of the APWSS by L. Matthews
for providing sound and effective leadership in developing weed science in Indo-
nesia and Southeast Asia. The nomination was approved.

8. 10th Conference.
New Zealand has provided an invitation to host the APWSS Conference in 1985.
However, T. I. Cox indicated that they would prefer that other countries, which
have not yet had an opportunity to host the APWSS Conference. Thailand was
suggested. L. Matthews suggested that South Korea or China be considered. S.
Matsunaka indicated that the 10th is important symbolically and Hawan should
be the site. S. Matsunaka will consider suggestions, make contacts and provide a
recommendation.

9. On behalf of President B, L. Mercado, S. Obien invited the APWSS to Manila,
Philippines during November 28 - December 2, 1983, for the 9th Contference.
The first circular was distnbuted duning the 8th Conference. He urged members
to send suggestions of important discussion topics to the organizing committee’s
Chairman B. L. Mercado. S. Obien and K. Moody also serve on this committee.

Eighteen members were present at the business meeting.

The meeting was adjourned at 5?30 p.m.
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1982-83 APWSS EXECUTIVE COMMITTEE

President

B I Mercado

Dept. ot Agronomy

College of Agniculture
University of the Philippines
at Los Banos

College, Laguna, Philippines

Treasure:

P Motooka
P O Box 208
Kealakckua
HI 96750, USA

Australia

P W Michael

Dept ot Agronomy and Horu-
cultural Sarence

University ot Svdney

Svdnev NS, W Austrahia 2006

New Zealand

I I Cox

Hortcultural Research Centre
Private Bag

Levin, New Zealand

Indonesia

Sockisman Tputrosoedirdjo’
BIOTROP, P. B. No. 17

Bogor, Indonesia

Secrelary

R K. Nishimoto

Dcp( ot Horticulture
University ot Hawan
1190 Masle Way
Honolulu, Hawan 96822
L SA

Past Previdont

H R, Araken

Charrman

Agncultural Saientists Recruitment
Board, Nirmual Tower

Barakhamba Road

New Delhin 110001, Indha~

lapan

S. Matsunaka 2
Faculty ot Agniculrure -

Kobe University, Rokkoda
Nada-ku, Kobe 657, Japan

Pacific Isiands

M. H. Lambert
South Paafic Commission
B. P. D5, Noumea, Cedex-

R,
oA

New Caledonia <

Thailand

President or Devignee,
Weed Science Society of
Thatland

* Subject 1o contirmatian by the respecuve weed science societies
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81 —82 APWSS INDUSTRY SUSTAINING MEMBERS

Ancom Sdn. Berhad

Dow Chemical Paaific Ltd.
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Heaechst

Kumiai Chemical Industry Co. Ltd
Monsanto Company
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PROCEEDINGS OF THE EIGHTH CONFERENCE OF
THE ASIAN-PACIFIC WEED SCIENCE SOCIETY
CONFERENCE, 1981 (VOL. I)

ERRATA

Page 1, Para 1. Line 2
Read as "48% of the terulizer consumption and 68% ot the rotal production of food grains
Page 1, Para 3, Linc 4
Read as “this increase, amounting to 427 kg ha of grain is worthwhile. Market potential predictions
Page 1, Introduction, Para 1, last line
Read as "Anon., 1967
Page |, Introduction, Para 5, Line 3
Delete ‘Makhdoom et al., 1974
Page 4, Lucrature Cited
Read as *Anonymous, 1967
Page 14, Table |
Read as “LSD (P=0.05); LSD (P=0.05) tor Mungbean vield 1s 0.2}
Page 15, Table 2

Add LSD (P=0.05) — 0.21 and 5.3 tor gran yield ha and pods plant. Delete *NS for weed
DM 'ha

Page 17, Abstract, Line 9
Read atter *0.7 1o 0.8" as 'kg ha appeared optimal tor control of wild cats i crop sn’
Page 28, Table |
Read as *Machetc EC 0.75 6 days atter sowing’
lage 31, Tabic 4, Line 11
Read as under 20 DAS, Total No. *6 instead of
lage 57 Imtroduction, Para 2, Line 9

Read as '(Nishimoto and Yee, 1980). Early application ot diuron were injurious (Romanowski ez al.,
1972). Thus

Page 75, Table 2

Read as *q/ha instead of g/ha’
Page 83, Para 2, Line 33

Read as "Rs. 916/ha’
Page 86, Table |

Read as '40 days weed free after sowing’ for T5
Page 86, Table |

In Té — shift the values against the correct columns
Page 87, Para 5, Line §

Read as *16.07 g/ha’ instead of 16.07 a.i./ha

Page 87, Para 5, Line 14
Read as ‘application ot atrazine 1kg/a.i./ha + post<mergence application of 2,4-D
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Page 92, Results, Para I, Line |

Read as ‘In 1976 at Palampur, C-228"
Page 95. Tabic 5. Colmn 5. Lime 6

Read as '3.1*
Page 114. Caption jor Fig |

The standing crop as dry weight and the top to ratio tor £ raoipes populations grown in three lo-
cations

Page 116, Capuon for Fig. 2
Accumulation of nitrogen and phosphorus by £ crassipes populations
Page 117. Table 3. last linc
Shitt the values by one column tor correct reading
Page 122, last lme of the Table
Read as " Ageratum comyzoides' instead of "Ageratum Conyzoides gatum’
Page 23, Tabic 2, Column 4, Line 10
Omuit parquat and shift 100 1in Column 7 to Column 8
Page 123, iast line
Read as “Agrratum comyzowdes’ tor AC
Page 144. Table 1. Column |
Remove a 1in 3rd and 5th lines
Page 146, Table |
Read as ‘22 2.1
Page 150, Table 2, Lime |, last colummn
Read as 'e0:0014x
Page 158, Table 3, lme |
Read as ‘Extract’
Page 162, Tabie 1,
Read as ‘Carduus nutans'

Page 162, Table 1, Column 3, Iime 4

Read as “19108 instead 19018
Page 164, conclusions, last line

Read as “all but the tar western areas appear climatcally suitable for’
Page 165, Line 3, Isopieth!

Read as ‘! An index which integrates light, thermal and moisture indices for a defined period
Page 171 1o 173

Read as *pinnatifid instead of pinnatified and ssp for spp’
Page 172

Omit "dimensions ....... the region’ before ‘Results and Discussion’
Page 179, Para 2, Lme 13

Read as ‘the growth and development of broad leaf weeds as well. The differences in the heght of
C. album.

Page 200, Para 2, Lme §
Delete ‘Moust ... the seeds’

Page 202, Para 7, Line 8
Read as *0.02 instead 0.22’
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Dage 210. Cynodon dactylon, Line |7
Read as *State. Agriculture practices in the land’
Page 223, Table S, Line 11, column 5
Add 1 ¢ and shift other values for correct reading
Page 233, Results, lavi fime
Read as *1800%" for 188 m?
Page 262, Table 4. Barley 1978, Line 8
Read as '42 0 instead of 4.0
Page 273
Read as "WONG PHUI WENG'
Page 283, Table 1. column 1, lme 9
Read as ‘Glyphosate alone 4. 0kg/ha'
Page 288, Para 3. Lme 7
Read as ‘The grain number per and thousind grain weight indicated’
Page 288, lara 3. Lime 10
Delete “tation was'
Page 289, Conclusions, Line 5
Read as “activity with stniga parasiusation, while chlorophyll content’
Page 129, Material and Methods. Line 2
Read as "17935'30" — 17°36' 02" N
Page 330
Delete “para 3°
Page 349, Resudts and Discusston, Line 16
Read as ‘Parthenin for Parthenium
Page 371, Abstract, Line 6
Read as "'GA,, KNO;, [AA
Page 398, Para 2, Linc 6

FARY

Read as "acetic aaid : water (4: 1.5 top layer), n-butanol : 2M NH,OH (1 : 1) and w-butanol

Page 428, Results, Para 1, Line 10
Omut ‘as compared to ....... over 96%)’

Page 434, Results and Discusston, last line
Read as ‘essential for the acuvity against’
Page 449
Link ‘CH (CHj)s' to C 1n the structural formula

Page 466, Table 3, 90 DAT 'DAS, 1975, Line 11
Read as '113.6 instead 116.3"
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Figures for Page 102

Fig. 1: Influence of herbicide on grain yield n
nce (USA 1978)

UNTREATED  PRODUCT & PRODUCT = PROLUCT A-P

wull 2

35 TRIALS BENTAZON PR AN L

SOURCE : RESEARCH REPOR™ SwSS. 197¢

CUMULATED FREQUENCY 2

40
30
20

10

o

Fig. 2: Activity of Bentazon + MCPA against

Cyperus difformis in companison to Bentazon in

nce

X (1 PRODUCTS

86 BENTAZON 4.0 L/WA "
8 e BENTAZON » MCPA

3.0 L/HAT
B0  sasee BENTAZON * M(PA
4.0 L/HA®
ASSES T EFFICACY
1 100
2 99.9 - 97.5
3 97.4 - 95.0
4 = O}
2up EVALUATION g :;g ~ :; g
NUMEEP (F DATAS: 4% & 84.9 - 75.0
— S —— ‘ - 7 74.9 - 65.0
1 2 3 4 5 6 78 9 R 64.9 - 32.5
9 2.4 - 0
CLASSES

" FORMULATED PRODUCT



PROY

KTH ASIAN PACIFIC WEED SCI SOC CONF 1981 11 VOL

Figures for Page 388
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Fig. 1: Representative gas-chromatograms of
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column: 5% OV-17 chromosolb w, column
temp.: 180°C. Detector: FID, Carrier gas: Ny

—_———— - -— 4 B _.‘ _—
is

A 4
o
" Lri'\'v
- ‘x by
Y 4 \

237

‘ . ’ A\
L L)
s lur-:-nrnn Cyporens
v b
O'J‘\ o \"'
‘iuwm cyperenone

Fig. 2: Passible biosynthetic
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Fig. 3 : Qualitative and quantitative variation in
sesquiterpenes of purple nutsedge tubers.
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