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PREFACE 

The Post-Conference volume of the proceeding~ is the record of additIOnal 

IIlvited and ontributed papt'r\ prese nted at the eighth AS l a n -P~cific Weed Science 

Society Conferenle held Jt West -End Hotel, Bangalore. India. on November 

22-29. 1981. Thl ~ volume In clude s Wdcome address, Inaugural address. Keynote 

address. Presidenllal remarb. report of the conferen ce. recommendations of the 

conference. minutes of th t' meetings of General Business Committee Jnd the 

Executive Committee of' the SoClC~ry. lISt of Chairmen an d Co-chair;"en of 

Sessions. members of AP',X'SS executive and Industry-sustalll ing members as well 

as list of delegate s attendlllg the confe rence from various countrie ~ with their 

addressc~ so as to help maintain contact among parti cipa nts. 

It is a pleasure for me to pl ace on re co rd the sustai ned assistance received from 

my young friend s Mr. T. V. Ramac handra Pra~a d of the Weed Control Project of 

the UniverSity of Agri ( ultural SCiences. GKVK. Bangalorc dnd Mr. N . Gopala­

krishnJ. formerly of the UAS Publi cJ llons and presently a t th e Nationa l Institute 

of Mental Health and Neuro S('Jences. Bang~ lorc. 

The procecdlllgs of 1981 and thi s 2nd volume are available at US $ 35 

(Rs .2501-) and US S 15 (Rs. 100) I inclu~lve of postal and pa ckage charges - Vol. I 

& II US S 40 (Rs . 3001-)] from the 

Organising Secretary, 

8th Conference of the Asian-Pa cific Weed Science Society 

159, I Cross. Vasanthanagar, 

Bangalore 560052. INDIA. 

78, III Cross Road, 

Gavipuram Extension, 

Bangalore 560019 

B. V. Venk.!ta Rao 

Editor 
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WELCOME ADDRESS 

Dr. N. G. Pc:rur, 
ChaIrman, OrgfJnll1rt)l, Comml llff, 8tIJ COli! of APWSS. 

His Excellency the Governor of KarnJtakJ Shn Govind Nara in. 
Dr. H . R. Araken, President, A ~:d n -Pa cific Weed Science Sotiety (APW5S). 
Or. O . P. Gautam, Dir('(!or-Gene ral, In dian Counul of' Agicultural 
Research, Dr. S. Mat sul1JkJ , Pre ~ Jdent, InternJtloll .d Weed ~(.Ience Society, 
Dr. K. Kmhnamurthy, Oll:{JJmJOg SetretJr-Y. O J. t· . p.ldhYJY, Vile­
President (I W ), Member\ of th e APW~~. Mem bl'r\ of' the Indian Socie ty 
of W eed uence (ISWS), Member~ of the lou l or~.III"IIl~ lom mlttn:. 
DistingUIshed Delegate to the 8th Conferenll' 01 the AP'W "".D I)?,llltJrh·' 
and SCIentists of the variOUS Governm ent .Ind PrI\'.1t (' I n~tJtutlon., .Ind 
Orgal1lsattOns, Representa tive of the Press and A 11 -llIdlJ R.ldlo , Ot her 
DistingUIshed Guests. [Jd les and Gentlemen. 

I comlder it In unique privIlege to extend J w.lTm weitome to you all :t' 
the inaugural function of the 8th ContereJ1(c ot the APWSS . 

It is kind of Shn Govind NJrJln. HJS Exu~l l em)' the GovernoJ ot" 
Karnataka. to eI cecd to our request to grace the 0 Cd 1011 Jnd to inaugurate 
the conferenle . I extend .I very cordlell ""deome to him. on behalf of th l 
organiser\ of the conference Jnd on my own. 

Dr. H . R. Araken. the ChairmJn for thiS mornlllg ~esslon. I~ tht' mJ1 1I 
architect of this conlerenle . We would like to express our app recl.ltl on to 
him and to the Executive of the APW S for deuding to ht,ld Ih Eighth 
Conference at Bangalore . Dr. Araken dlthough plJced .11 New Delill. 
frequently visited Bangdlorc .Ind provided gUlda lllc in the Or~a nl\at ld n of 
the conference. \Xle extend to him J vcry wum weitome 

Dr. O. p , Gautam, th e D,reLlor-G enerJI, Indiall Coumil 01 Agmultural 
Research, New Del hi. although returned from 1m fomgn tnp only J few J.J)'~ 
ago, has been able to spare hi ~ valuable time and be With u\ thl\ morning to 
address .It the inauguraI5es\ion . W e are grJteful to him for thi., and extend .I 
very warm welcome. 

There has been a spontan eou response 10 our requesh from weed 
scientists of severa l countn e~ and many States in India . Delegates from 17 
foreign countries, namely, Australia , CanJdd. UK, We~1 Germany . 
Indonesia, Italy. Japan, Nepa l, New ZeaIdnd. Paki tJn, Philippines. BJII).:la 
Desh, Malaysia, Singapore, Sri Lanka. Thai land and United tdt e, of 
America, have come for the Conference. About 11'5 delegate, from .lbro.ld 
and about 163 delegates from va ri ou~ States in India .Ire pJrti cip.lting in the 
conferen e. Another 20 interested associate delegates, student del ega tes and 
farmer delegates have al 0 come to attend the conference. Most heartily we 
welcome them all . 

My colleagues 10 the Organising Committee have taken mu h trouble 
and have made elaborate arrangements to receive the delegates, house them 
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properly in this garden city of Bi-ngaloft and to look arrer their comforts 
during their stay here. BJn~alore City has tine weather dunng this parr of the 
year. Both mid .. <:onferen e Jnd post<onfereme tours and viSIts to places of 
interest in BaogaJore City h'H'e been planned for the brnefit of the' delegates. 
I am sure the delegates will enioy their stay in Bangalore and protlt by their 
paniciparion in the conference. 

The different techoi al sessions of the conference are organised to cover 
the diverse fields of weed lenee. 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 theIT help in 
organi~ing the conference. We extend a warm welcome to them through their 
representatives who are attending the meet. 

Many distinguished gue ts, representatives of the Press and the Alii ndia 
Radio have readily responded to our invitation and we heartily welcome 
them all. 
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INAUGURAL ADDRESS 

Shri Govind Narain, 
His Excelkncy, /hr Governor of Kama/aka, Bangalore. India and Chief Guest 

Dr. H. R. Arakeri, Dr. N. G. Perur, Dr. O . P. Gautam, Dr. S. 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 Scientists, Distinguished Guests, Ladies and 
Gentlemen, 

1 deem it 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 encoun tered by the 
farmers. 

Crop production is dependent on ~he biogenetic potential of the crop, 
bioeco ystem of the soil and the environment . Of the seveal constraints in 
production, weeds con ~ titute a major one, causing considerable loss and 
frustatlOn to the farmer . The problem of weeds and their control is as old as 
agricul ture. The weed problem has. of late, assumed serious proportions and 
has become aggravat ed as man intensified his efforts in maximising 
production to meet the demands of the increasing population. New 
problems are arismg every year as the newer technology generated tended to 
mollify the bioecosy\lem and the environment. 

Of the total estimated loss caused by pests, insect ,di~ease and weeds in 
the world agriculture, weeds alone cause one third of the loss, amounting to 
about 2S billion dollars. In recent years, owing to large scale escalation 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 is a serious challenge to be able to raise a crop 
successfully and profitably too. Control of weeds is 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 fores'ts. 

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. 
1n 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 large 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 is of paramount importance to tackle this world wide weed problem 
with a consortium-approach· of scientists drawn from Agricultural 



Universities, N.uional In titutes and In ternational OrgJnlsallom. I am 
hoping that the paniClpatmg weed l"lentlm will give ~ome thought to the 
development of tntegrated method~ of weed ,on trol (or VJflOU !> rop' .1Jld 
situations . In addition. sClentJ ts should make afe u e of herbicide, with 
least possible haz.ard and .111.))' the JPprehen iom In the mll1d, oflhe public. 

FrIend, I have putforth ,orne of my ~[rd~ thou~h[ , before thl" Jugust 
gJtherIng. MJybe, I might hJve mdde some observJtlon which to you would 
appear imple and ommon pldce. But I am not an expen and I have only 
pia ed before you the layman\ pomt of view. ! am gre.ltly impre,\ed With the 
rapId strides that SClen e has mJde. I am eq ually aWdre oftht exu: lknt work 
be1l1g done by you Jnd others In your lhmen fIelds. but It 1\ my anxiety to ~ee 
that lhl ~ clen tdic gathenng will beJr fruutul result~, wh lth " rO"lok on ly 
when a rechnolog~ relevant to the need of the farmer, e'pelf.lIly tlil' .1\ crJge 
unskilled farmer I generated and taken to hiS field s to en ,lolt- Im11 10 
adopt the same With eJse . 

I would Itke to expre~s my deep apprel1Jtlon for tht opportunity glWr1 to 
me to share some of my Ih ought !> WJlh you Jnd Il1 )J),wglJT,Ju xh,\ 1"lL'll/cd 

conference, which I do now with great plea\Ufl and I .11'0 WI'}! \ our 
deliberation full success. 



KEYNOTE ADDRESS 

Dr. O. P. Gaulam, 
Dtm tOT GOtfm{. { lIdlllll COIIIIO! o( , ·I.~n (II!llIrn{ R. I' ,\("(/fch . 

.\'("71' Ddhl , {lIdlll 

Your Excellency the Governor of Karnataka, Dr. H. R. Arakeri , 
Dr. N. G. Perur. Dr. S. M.1tsunaka. Dr. K. Krishnamurthy, Members of the 
Organisin~ Com mittee, D r~tJngur ~ hed Delegates. Ladi es and Gentlemen, 

I c n\ider II a grea t pnvdege .lnd honour to h.lve the opportunity to 
p.HtIClp.lte In tim lI1JugurJI tunllion Jnd to Jddre\\ th" 8th Confere nce of 
t III A ~IJn-P dcdil Weed ~llcnc e So lety. Weed \( Iente I~ nOt the area of my 
\pl· lIdll~Jtlon. ,lnd therefore. I speak wIth ~ome ~ense of hesi tatIon to this 
~.rI.1X~' of weed \ lenee ~re(lJ lr s t s who have J\sembled here from drfferen t 
P,lfh of Ihe wmld. A\ d prote\siona l agronomIst. however. I have had alway~ 
an mll.ltr Int('ll·\ t 111 th t: Jevelopment o(wCt'd \llenlC re\e.1flh an d edu callon 
111 th 'l()Un try I-rr~t. J\ the Head of th t: Dlvl\lon ot Ag.ronomy of the Indian 
Agfltu itllul Rnearth In\lItute, New Deihl I hJd the 0PP0rluni ty of 
org.:nlr,rng perhJP\ the tir\! WeeJ ~uente ~eLtron In the toun try III tile 
1950, . l ,lIer, In my lap.lclty J\ th e Deputy Dircllor General (Ed ucJtlon) In 
the Indl.ln Counnl of Agrr ultu rJI Rc\cJrch. I had th e re\pol1\1brl lt y to 
tin'd0l' tht: nelt(,\\Jr:-' II1frJ\trul(u rl.' for weed 'lienle rc\carlh at th e vanou\ 
.\glll ulturJI nlverSltlC\ and I AR Rc\c.m.h I n\lltutc\ .;\ w, J\ the D Irec tor 
Gl'lll·I JI. ICAR. the ,uh,ell of' weed \lICllle tontlnuc~ to he of Immcn~e 
Internt .IIlJ ulmmt lOl1ll'rn to mt: pJrtllul.lrly In vIew ot thc \lgnlfir.ll1Ce 
weed lon trol h,l\ .I\\umed In the Il1tcn\IVC agric ultural programme\ .Ind the 
fast changing \O(l(l-economlc mrll eu III the country in recent} ( .lr\. I klVC. 

th erefore, chmen to ~peak to you on thiS o('(a~lon on th e \db)ec t of my 
turrellt conccrn the Development of Weed SCience Research Jn d Ed uca ti on 
III India dnd-, he Fu t u re Outlook. 

Weed Problcm~ 
Weed, luve hec n J probclm for man e\'l.'l "nle he look to domestication 

of plants, Jnd therefore, weed management eems to be as old as agnculture 
itself. There are over 25.000 pldr~t species in the world . Of these, about 250 
have become importJnl wced ~ in dgri ulture dnd non-agri cultural system. 
Weeds occur in ultivJl t:d crop~. in aqu.ltic ~y~tems, fore~ts, plantation crops 
and non-crop .lfCJS. They cause enormous losses and suffering 10 human 
beings by way of reduction of crop f ield and quality. wa tage f human 
energy and re\ource Jnd incredsed expenditure to alleViate the problems 
caused by them. Many of these weeds are per istent, perennial, 
pernicious, parasitic. obnoxious and hard to control. They also ca use health 
hazards to human be ings as w~ have recently witne sed with weeds like 
Parthtnium hysterophortl.l and Poison I vy (Rhus radicans) . 

In addition to oirect reduction in crop yields through competition for 
nutrition, soil moisture and unlight, 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 Saivinia orcllUzta impede flow of water in irrigation and 
drainage channels and even cause flooding and edimentation . Fish culture is 
also affected due to aquatic weeds. The irrigation cheme 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! 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 la tl y 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 dowl~ for da ys together 
to weed their fields with hand implements. With the advent ofline sowmg, a 
number of mechanical devices and bullock-drawn implements are being 
increasingly used for inter-cu1ture and weeding. In some \ituations. as many 
as 20% of the man-days of crop production are spent in hand-weeding. In 
recent years, however, labour is becoming increasingly scarce and expensive. 
Increased literacy, migration from villages to urban area and changes in 
social life in villages. particularly the changing role of women in society, are 
fast contributing to labour shortage at the farm l~vel. The result is that 
whatever labour is available, it is utilised in most case~ 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 
method is being increasingly adopted. It would appear that weed science is 
no more synonymous with either manual and mechanical methods or with 
herbicide u e. 

Herbicidal consumption in India is only about 6.5% of the pesticide 
consumption compared to 40-So% in the more advanced countries. The 
difference becomes even more glaring when we realize that pesticide 
consumption itself is low (only 430 g/ha) in India compared to 11000 g/ha in 
Japan. I nsecticides always take a bigger share in developing countries over 
herbicide because human /a nimallabour is cheap; the damage due to insects ' 
is more conspicuous than that due to weeds and there is 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 clever states to monitor the weed flora of 
major regions in the country and the relative feasibility, efficiency aOl.! 
economics of the various herbicides. About the same time, Plantation Crops 
Research Institutes like T oklai began to experiment with herbicides. Today 
tea plantations ac ount for 6o% of total herbicidal use in India. It was in the 
fiftie s that a full -fledged Weed Control Section was established in the 
Agronomy Division of IARI for the first time. 

A number of agncultural universities and institutes have since developed 
research and development programmes and are maJor contributors towards 
weed research today 111 India . 0 far, sc reening 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 competition. 

The ' latest effort to strengthen weed research in I ndia is represented by 
the AIl-I ndia Coordinated Re earch Programme on Weed Control which 
ICAR has undertaken at fourteen locations in different agro-climatic zones 
of the country. In 1968, the I ndian Society of Weed Science was established 
and the first number of the INDlAN JOURNAL OF WEED SCIENCE 
published by thiS Society came out in 1969. 

In the last decade, substantial work has been done to identify 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 inter-cropped with cereals not only improve soil fertility 
but also suppress weeds. Also, use of proper inter-row spacing to facilitate 
inter-cultivation helps to eliminate weeds. For the control of parasitic weed, 
trap or false crops have been identified. 



U e of selective herbicides to eliminate mNph logr .llly \1m dar weed, III 

crops like wheat, p.addy. etc., has gained Importolmc In relent \"c.m .1111.l 

found u eful in Increa 109 the productIon AI,o use of hcrlmlll ,:" I 
control of problematIc weeds in everal c rop~ IOcludln~ tca 1\ le.lIly 
en ourol~lIlg . 

Future Re earch Trend in India 
Herbicide technology would be an area of continuing concern to us since 

it ha the potential to become an mtegral part of the ever-changmg agro­
te hnological situation in India. 

Resear h In weed bIology should probe for a better under tanding of 
survival mechanisms of seed dormancy in annual weed, dormancy-apical 
dominance relationships of dormant buds and shoots in perennial weed. 
population slufts under the influence of oil climate and habitJt dunge . 
Such re earch should help Identify most vulnerable tage to develop habitat 
management practlces for synchronized germination of weed seeds and to 
identIfy chemIcals to induce dormancy of weed seeds until they lose VIJbdtty 
or prevent the fertiliz.atlon of weed flowers . imilar work need, to be done on 
aquatic weeds and plants of forest environment. udies be mJde on the 
effects of vegetation decomposItion produ t to so I on growth of weed, . 

Weed competition I maximum during the act!Vl growth qagc dnd thIS 
critical period varies from crop to crop and from one weed spe(Je~ to JJ1other. 
Identification of these cntlcal periods and economic th re hold level~ of we d 
competition helps \0 choosing appropriate herblCld<s (10 mixture, or In 

rotations) or weed control practices for economl~ing n the cmt at weed 
control programme. Crop yield losses at different degrees of weed 
competitions and weed control methods should al 0 be determined. 

The whole field of alltlopathy is coming up. Aim should be to identify 
allelopathic weed and crop species and chemical products which affect 
growth of other species in plant communities. Efforts ~hould be made to 
incorporate the alldopathic compounds into crop plant~ 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 agriculturt cropping. Weed 
control has been worked out hitherto for a specific crop. With the n", 
intensive and diversified cropping patterns such as relay, companion and 
mixed cropping, the present concept of controlling weed 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 componem of 
such an integrated system wherever possible. [n devising integrated strategy 
for weed control, several elements will have to be suitably adjusted t.g. 
finding ways to short circuit the high reproductive capacity of weed seeds and 
preventing their reproduction; reducing longevity of weed eeds; 
interrupting regeneration and movement of weed seeds and to stop 
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reintroduction of weed . Ince multiple ,md inter-croppln~ I~ a unique 
teature of! ndian agnculture . tim a~pe('( ofw('ed tOntrol rl' ~earch should luve 
thc hlghe~t pnority. 

I ntere t 111 b/()-colllro/It'r/1f10/0P;V 1\ II1Cre.I~IIl!!- .l~ the problems ari\tn~ from 
IIlLlI\ nmlnate u~e of modem pe\tllIdc\ .11(' beloming more widely 
.lppreclated. 

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, uch as weed infested forest areas, commercial 
plantations, reservoirs, public waterways etc. Integrating natural enemies 
IOta a control programme IS a relatively new area of study ,lOd more attention 
may be paid to agricultural and aquatic weeds. When properly developed, the 
Integrated programme should provide weed control ompatlble with 
ecosy tern, besides the method being imple, heap dnd easy to adopt. 

Equally ImportJnt .1,,' "udlc, on the (ompJtibdity cl" II1\CLtiClde\ Jn d 
weedlClde to redure rl,(, 0pCrJlrOnai lmt and time reqUired for crop 
protection . 

Our ~(Ientlq\ nced to \lTC', on the \tudies on re~ldual and persi~tent 
efle t~ of herbICIdes on ~od Jnd food produ lts. There IS need to strengthen 
the work on effects of weedlcidc on the soi l mlcroflora and fauna . Lastly, 
tlte u\e of 'tlmul.ltlt Jnd inhibItors for weed ~eed germination needs to be 
explored ket'pll1g In view the S Ul ce~ achieved in stimulattn~ germination of 
Slrrgl1 eed\ with Ih,' u\e of Ethylene gas. 

MentIon may be made of th e posslbilJty of using weeds like water 
hYJ(lnrh for bIO-gd" produUlOll. mJnufacture of p.lper pulp, board, mat s and 
hou~e rooh Jnd J\ a protelll ,ource for non-ruminant anlmal~ and as a ~ource 
of nitrogen and po t .I~\ium tor soil and mulching material for weed control 
and conserving soil moimlre. ueh research directed to make 'wealth from 
waste' is highly relevant to ountnes like India. 

Basic research i ~ needed to understand the absorption. translocation and 
ac~ion mechani m\ of herblclde\ as well as tran formation and degradation­
pathway in plants and soil. uch work requires ophisticated fa ilitie which 
we must create in the ountry . We mu t st udy how variations in adaptive 
climatic and biotic factors result in differential modes of action and 
degradation pattern . 

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 phy iological .lOd morphological differences affecting selectivity; 
and (c) under tanding the interaction effects of adjuvants. surfactants, 
solubilizers, antidotes and herbicide. 

Arother area of gre,lt importance in basic research is that related to 
herbicide persistence, re~idues and residual effects and would require use of 
techniques such as bIoassay, alorimetry, spectrophotometry and 
chromatography. 
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Breeding resistant varieties of sorghum. tobacco and millets against 
parasitic weeds such as Stnga and Orobanche. was taken up long b ck in this 
country but attempts have not been very suc essful. Besides, breeding as the 
cheapest and safest approach. germination- timulant effects of ethylene have 
also been tried. 

T Olucity of herbicides in field economy of energy through herbicides, 
conservation tillage and chemical fallows offer po slbilnies of double 
cropp mg. 

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

Using natural enemies of weed species is the most fascinating area of 
work which bolds out considerable promise for the future but more research 
is needed to understand the nature of host~plant ~pecificity . We would find 
out economic feasibility of using snails and he rbivorou fish to ontrol 
aquatic weeds. 

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

There have been instances when second generation problem 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 programme's 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 durabality 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 droplet6 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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i-eveis, a few courses are taught on weed science and there are less students 
working on weed science for their degree programme. Also, the nu~ber 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. Weare 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 technic.!.l 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 farme rs' fields . 

In order to facilitate adoption of weed control technologies, it is 
absolutely essen{1aJ to work auf the cost-benefit ratio based on a detailed 
sOClo~conomic analysis . 

Ladies and gentlemen, I look forward to very fruitful deliberations in 
thl~ Conference and wish the conference all success. Once again, I 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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PRE IDENTIAL ADDRESS 

Dr. H. R. Arakcri, 
PrtSitlrnl, AS/PII-Paofil Wad 1/1'//(( . (}Of/)l. A,l.rr/ru/lural 

S(lmt/s/S Rrcrultmrnt Board, Barakhamha Road. "'lfmal TowtT, 
Srw De/l" 110001. Illdla . 

Hi EXlellen y the Governor of Karnataka Shri Govind Narain, 
Dr.O . P. Gautam, Dr. 1\. G. Perur, Dr .. M.ltSunaka, Dr. K. Krishnamurthy, 
M mbers 0 the APW ."I , .llId I~ W~, Di~tingul\hed DelegJtes, Ladies and 
Gentlemen, 

The A~lan -P,l(.JfIL \'( ' n ·d \Llt'l1lt ~o(iel)' Ie, 14 ycare, old with Its tirs! 
JOI('II hange held allhe t.J\I ·WC\{ Cenlre 111 Honolulu In 1967. It I ~ Jctively 
engaged In It ' lHeer ut ,('r'Vlll' Jnd progre\s of knowledge In weed ~uence 
Whldl 1\ of vllal Import.ll1ll' 111 mt dern ag.nlulture. It ha\ endeavoured to 
fUM her the ob)clI ot till' .... llll!.'ty ot promotlllg knowlcdge through eXlhange 
ot IdeJc, .Ind mtormJtlon among different \lIentlst~ Illvolved In weed 
Clen e, parllcularly thc A\lcln -PaLlfic RegIOn . Hitherto 7 interchange 

blannuals were held earlier at Phd'pplnec, (2nd), MalaY~I.! (3rd), NewZealand 
(4th), Jap.!n (Sth), Indone\la (6th) ,md Au tralia (7th). 

I am happy that the 8th lonference of the A ian-Pacific Weed Science 
Society IS being held In Bangalore, IndlJ . The theme of this onferencl is 
'PerennIal weeds in nopped 1.lnd, ,Ind unw.!nted vegetation in non-cropped 
lands' . The \ubJeu\ tor dlC,LU~c,l on Include Biology of weeds, Allelopdthy of 
weeds, New herbicides and appltdnces, Physiology of weeds and herbicides, 
Herbicide residue and their interac;tions, Weed control in field and 
plantation crop, Obnoxious and aquatic weeds and their control, and allied 
aspects. 

I deem it a-privilege to extend a cordial welcome to all the visiting foreign 
delegates and my Indian colleagues who have g.ahered here to participate in 
the 7-day long deltberations of the conference. I am confident that their 
efforts will lead to beneficial exchange of ideas among the cientifi fraternity 
and thu~ contribute and enltgh ten on many problems confronting SCientists 
and farmers in weed management. 

I thank the Japan Association for the Advancement of Phytoregulators 
OAPR) and Indian Council of Agricultural Research for their financial help 
in organising this 8th conference. I n addition, everal herbicide firms have 
helped in various way and I am thankful to them. Such an interdependent 
help is essential for proper development of weed s ience in our region. 

APWSS has entered the stage of healthy adolescence and I am sure it 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 I am sure worthy 
recommendations arising out of the various conference deliberations will be 
useful to farming community. 
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CROP PRODUCTION IN INDIA 

H. R. ARAKERI 
President (APWSS) and Chairman. 
Agri ultural Scientists Recruitment Board. 

Nirmal Tower. Barakhamba Road, New Delhi-I 10001, 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 . Agriculture and trade in India , as in 
other ancient countries. witnessed a boom 
much earher than in the devc:loped 
countries of today . India being a pastoral 
country before agriculture started, deve­
lopment of crops and animals took place 
concurrently leading to varymg types of 
mixed farming systems that we see now in 
different parts of the country. Irrigated 
agriculture also developed sut.cessfully 
si nce irrigation has been an ancient art in 
the country . In some parts, monumental 
Irrigation works were executed as early as 
1st century A. D . 

The revolution as a re~ ult of applica­
tion of sCience to agriculture. in the 
middle of th.e last century in some parts of 
the world, however. by-passed many an­
cient countries including India . The need 
for -application of re earch to agricultural 
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 
cemury. Although initiation of action 
programmes towards this end can be 
traced to the events that took place in 
1870s in pursuance of various recom men­
dations. Departments of Agriculture, 
however, were firmly established only 10 

1901. 

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 
Agriculture in 1926 to examine and report 
on the conditions of agriculture and rural 
economy in India. The Commission 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 1929. 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 .esearch and transmit 
them through extension organisations. In 
spite of the various efforts made to achieve 
these objectives of improving the agricul­
tural situation, the production level re­
mained almost stagnant during the first 
half of the century. 

The country which was an exporter of 
some agricultural 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 remain 
unsatisfactory, until the introduction of 
new technology consisting of fertilizer re­
sponsive varieties in tbt middle of the de-

UIf'V ' ""'" 0111 At'lIIIIc:'UL' JIUL SCIENCES 
UJoI'VI" ' In LI III.,IIV 

G· j Oa82 
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be identified and removed. Even the fo­

rests oue not very productive. While forest 

contribute just about 1.5 per cent to the 

GNP as against about 45 per ent from 

zrable land, the contribution from the 

area put to other uses IS almost nil. The 

~cope for increasmg the productivity of 

Ihe 55 per cent of the land not under cuI 11-

vatlon is tremendous. The land that IS re­

m,lInmg 10 J degraded condition at pres­

ent ha to be recl.lImed and put to better 

use. In hoft, it need to be recognised that 

at pre,ent the yields of various cultivated 

crops are low and the use of uncu!tlvdled 

land IS most lOefficlenl. The endeavour. 

therefore. has to be to develop an appro­

pnate land u I.' plan for eve!)' hectare of 

land in the count!)'. 
The cltmatl conditiOns III mmt parts 

of the country are such that it IS pOSSIble 

to practise multiple cropplOg wherever 

water re ,ources are available . In some parts 

where the r;unfall IS spread over a longer 

period. double ropping is a common 

practice With the avallablhty of hort 

duration varieties of vanous trOpS, the 

cope fo r extendlOg the area under double 

cropping has become IIlcrea IOgly brigh-

ter: In the penod 1950-51 to 1970-7 1. the 

Jrea brou~ht under double cropplllg ha 

mcred~ed trom 18 MhJ 10 26 Mha. With 

the empha'i ,11 the natlon .. 1 level on 10-

crease III the area under Imga(lon. the 

scope for double ropplOg would further 

Improve. Thus. Ihe gross sown Jr(,J I> It­
kely to III lea I.' COnlllluou\ly Jhhough 

the scope for IIlcrea~lOg nel sown areol I~ 

\ 'el), much lImIted (Table 1) . Th,s would 

prOVide good ,cope for IOcreJ\lOg the area 

under rops like ot! eed\ and puhes and 

t,he productIOn of these ha gollned para­

mount Import.lnce . 

T .lble 1 : L.lnd Ulll'iJtlOn p,merm - A D 19 5 Jnd A D . 2{)()() 

CI.l Slficdllon IQ70 - i l I '85(MhJ) A.O 2000 

I) Area under 10re\1 bOO 70.0 70.0 

2) ArcJ nOl a\'iulJble for ~UIIlVJIIOn 45 .4 54.0 56.0 

I) Area under non-dgfllultural u\e\ Illl 21.5 2bO 

II) Ba rren dnd unlulcurable land 1'12 12.5 .10.0 

3) Olher un l uluv.lted I.md extiudlOg f~lIow land 33.8 12,.5 29.0 

I) PerAlanem Pd~ture~ and other grazing I.nd 13 .3 J 1.0 15 .0 

u) Land under ml~cdl.lOeou~ tree crop~ 

and groves nOI Induded In nel dreol sown 4,4 0 5.0 

til) Culturable wa~lr Ib.1 5 9.0 

4) Fallow land 19.7 Ib 5 13.0 

i) Olher than current folilowl 8.b 7 f) 50 
II} Current 1001Iow\ 11.1 9.; 8.0 

5) Net area sown 140.4 145.0 150.0 

6) Gross area )own 105 .0 180.0 200.0 

1) T ota. reponing area 305.3 318.0 118.0 

8) Area for which no relurns exlSl 22.7 10.0 10.0 

9) Total geographical area 328.0 328.0 328.0 

• A. prO,tC lCO by NJuon;oJ (,ommlsuon on Agflculrur. 1976. 
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There is a tremendous cope for im­
provlOg the land u c efficiency by bringing 
Jbout changes in the present cropping pat­
lans. In va r areas there is a ml fit in the 
rhythm of crops and the rhythm of soi l 
mOl ture supply. uch situations have to 
be Identlfic.'d and Improvemc.'nts suggeslc.'d 
with due regard to agronomic and so io­
~lOnOml( conside rations. 

India ha~ been an agncultural country 
In the POlst ;lnd wtll conttnue to be \0 to 

the future. although Its Industnal d('vclop­
mellt h.lS bun qUite spectacular to rece nt 
yt.", Presently. population depending on 
agmulture ha~ been as high as 70 per cent 
(Table 2) and Sl luatlon IS lakel y to be so 
evcn In 2000 A. D . Th(' populat ion was 
238 m In 1901 and It In(fea~ed to 36 1 min 
1~52 (Table 3). The growth rate was le ss 
th,1O 10 per cOl earil(' r [0 1930~ Jnd WJ~ 

l.ble 3 Population !:towth 111 Inul,1 1901 10 1981. 

UndiVided India 

YCJr Decennial 

less than 15 per cent during 19305 and 
19405 and in the early part of 19505, 
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 
lOOOm. 

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

Table 2: Classification of workers In I ndl3 as in 
1971. 

elm of Total workers 010 10 10lal 
worker~ mllhon workers 

CUlllv310rs 78 .3 43 .3 

Agmulrural 
labourer- 47.5 2b.3 

Other ~orkerl 54.7 30.3 

TOlal worker~ \80.5 \00.0 

Indian Union 

Decmrual 
POpubllon growth rale 
(million) 

Population growth rate 
(m""on) (per cent) (per cent) 

1'101 283 .9 238.3 

I'll I 303.0 (+) c.73 252.0 (+) 5.75 

Inl 305.7 1+) 0.89 25 \ .3 (-) 0.31 · 

1'13 1 33S. 1 (+) lO.bO 278.9 (+) \ }'OO 

1'141 3R9.0 (+) \ 5.05 318.6 (+) 14 .22 

I 'lSi 3b l .0 (+) 13 .3 \ 

1'10\ 439.2 (+) 21.51 

1'171 548.2 (+) 24 .80 

1~81 b!!3 .!! (+) 24.75 

( <O'u, 01 I ndlJ P.lprr I of 14X I 
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Table 4 : Population and net ~re" sown -Indi;!n Unton. 

Year 
PopulatJon Net .Ire.l sown Per capIta net 
(m,ll,on) 

1931 278.9 

1941 318.5 

1951 36).0 

1'~61 43Q.I 

1965 479.0 

1966 489.6 

1967 500 -I 

1968 511.6 

1969 523.1 

1970 534.8 

1971 547.0 

1972 -58.6 

19 1 683 .8 

.. sum~d 

The net uea sown was about JOO Mha 

in 1931 and it has increased to 140 Mha In 
1942 (Table 4). The Increase In net .uea 

sown has been sub tanual dunng the 

19405 and 19505 and even In the first half 

of 1960s. It was dunng the war and post­

war periods that vanous attempt) 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 productlv. 

ity. Per capita net area sown has come 

(MhJ) area sown (hoi) 

97.9 0.35 

98.3 0.31 

118.2 0.33 

133.2 0.30 

138.1 0.29 

136.3 0.28 

137.3 0.27 

139.9 0.27 

137.6 0.26 

138.7 0.26 

140.4 0.26 

1394 0.25 

140.0' 0.20 

down from 0.35 ha In 193 J to 0.20 hOi in 

1981. 
India is a Lountry of small farmers and 

it will continue to remain so for a long 
time to comt because of continued pres­

sure of population on land (Table 5). 

SOILS 
Sods ot 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 rypes mountainous and 

Table 5 : D,stribution of agncuhural holdmgs accordmg to ~IU. 

S,ze/Class 
No. of holdmgs Ave r<lge SIze of 

Percentage 
(In mIllion) operation holding 

1970.7 1 1976.77 1970-71 1976·77 1970.71 1976.77 

Marginal (Below I hal 36.20 44 .53 50.9 54.6 0.40 0.39 

Small (Between 1-2 hal 13.43 14.70 18.9 18.0 1.44 1.42 

SemI-medium (Between 2·4 hal 10.68 11.64 15.0 14 .3 2.81 2.78 
Medium (Between 4·10 hOi) 7.93 • 8.21 11.2 10.1 6.08 6.04 
Large (10 ha and above) 2.77 2.44 4.0 3.0 18.14 17.53 

Total 71.01 81.52 100.0 100.0 2.30 2.00 

PerlCnl<lgc 
dccruse III 

1976·77 over 
1970-71 

2.50 

1.39 

1.07 

0.66 

3.36 

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 Iunds of 

soils IS given below : 

Alluvl~1 142.5 

Bbck Ml . .l 

R~d 49. 

Dc'en 14.b 

IJlcTlte> 121 

Other, 4'1 ~ 

Alluvtal sods Include deltaic alluvi­
vum, lJIt.Heou .. ~IIUVldl ~oll dnd aho 

coastal ~ands. Thl\ f()rm~ the most Impor­
tant sad group of the country. The alluvtJI 

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 is accumulation 
of Iunnful sodtum salts. Vast areas of the 

northern part of country extending from 
Rajasthan to West Bengal, arc covered by 

these soils. They occur in parts of Orissa, 
Assam and Gujarat also. These soils are 

found in the valleys of major rivers in cen­
tral and south India too. Alluvial soils arc 
mostly deficient in nitrogen and in some 
place in phosphorus, zinc and also Iron. 
Wheat, maIZe, paddy, gram and sugarcane 
arc 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 pans of Andhra 
Pradesh, Tamil Nadu and Orissa . They are 
also found in patches in West Bengal, 
Bihar. Uttar Pradesh and Rajasthan. 
Owing to considerable variatIon in their 
depths, they are called shallow, medium or 
deep black soils. The fertility status also 

vanes from very poor to nch . Vanety of 

crops arc grown both under fil.lnfed and 

under Img..lIed tondltlons. Deep oils .ue 

well ~ulted for lrOp\ that can efliCtently 

use \toled mOI\turr Cotton. ~orghum. 

whe .lt Jild \afflower .lfe Important lIOP 

gro .... n under ratnfed (ondlllOm. In \hal­

low ,lOd medIum blJt" \olh puhe~. od 

seeds and cereals predominate . 
Red od occur In the ~outhern put 

of th t' country 1.(. . tn T dmd Nadu. 

Karnal.lka and Andhra Prade~h . They ap­

pear In pam of Madhya Pradesh. BIhar 
and Omsa also. They are found In small 

patches In West Bengal. Uttar Pradesh and 
RJjasthJ n. Thr lr drpth and krtdlty vant's 

Ir m pl.ll e to placr. VJnou~ ktnds 0 crop .. 
are grown mo\d y In ralllY ~eason trom 

June to cptember. They .He Ideally ~ulled 
for cultlvdtlon ot dlftercnt crop~ under 

Irngatlon. 
Latente and latentl ~oils are found in 

heavy rainldll arras In Madhya Pradesh, 

Krrala. Karnataka. Andhra Pradesh. 
Assam. Biha r and Onssa. They are highly 

leached soils and arr. thereforr . defiCIent 
in all Ihe th ree lmIJor nutnenl clements 

and also in " me and magne~la. Occur­
rence of defi llrncy of some mlcronu­
trients IS also J common feature . Soi ls In 

the valleys are nch whert' nee and sugar­

cane are raised . Plantation .crops are raIsed 
in the elevated areas as well as in valleys 

(depending on Ihr spread of rainy prflod 

and avatlabtlilY of Irngatlon facilities). 

Desen soils are observed mostly in 

western Rajasthan and in small parts of 

Haryana. Punjab and Gujarat. They are 

sandy and poor in fenillty. These soi l arc 

subiect to wind erosion. Salinity and alka­

linity arr common fratures of thrsr oils 

panicularly In low lying areas. Water is 

scarce and salty. These are calcareous and 

are poor III plant nutrients especially 

nitrogen. 
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Other oils include saline and alkaline, 

peaty and mountainous and hilly soils. 

Mountainous and hilly soils arc rich in or­

ganic matter. Peaty soils are obtained in 

humid reglom of West Bengal, nonh Bi­

har and in pans of Uttar Pradesh and in 

Tolmil Nadu. They arc usually aCidi c and 
ddi lent 10 bases. 

CLIMATE 
The- cli mate is diverse and vanes grea­

tely 10 dl erent parts of India , espeCIally 
WIth regard to magnItude Jnd d,\trrbut,on 

of ramfall. Although slmrlar varrab lilty 
and dIversity IS obse rved In temperature 

and other elements of IImate in wInter 
and summer months, the conditions pre­

valhng during the ramy months from June 
to September are amazingly uniform . This 

rainY peTlod known as khan! season is the 
most important from the tand POlOt of 
crop cultIvation. I n winter season, known 
as Tabl, crops are raised on tored moisture 

or under Irrigation. In ummer season cul ­
tivatton of crops IS pOSSIble only under ir­

rrgation. 
The Himalayas and the western and 

eastern ghats flanking the outhern penin­

sula on both sides , are responsible to a 
very great extent for ramfall in India . But 

for these mountain ranges which help in 

condensation of rain bearing clouds (barri­
us) India would have been a rainless des­

ert. The south west monsoon rains begin­

ning from June are ca used 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 i.e., in the months of July and Au­
gust. They may continue to occur but 

less frequently in the month of September 
and they are usually weak. The south west 

monsoon ceases by the end of September. 
The eastern parts continue to get rains 
even in O ctober. South west pan, how­
ever, receives raim primarily from north 

east monsoon In November and 
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 
which are quite destructive on some occa­

sIons. Snowfall in the hills and light rams 
In the plains dunng the winter months 
from November to April occur because of 

western depressions. They move in from 
west and pass through the nonhern 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 meful or 

damaging depending upon the period of 

occurrence. Hailstorms ca use heavy 

damage to standi'1g crops in some 

parts. 

There IS considerable variability 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 .IS much as 

1000 to 1050 cm per annum as against less 
than 10 cm in the western parts. The con­

trast is striking not only in total amounts 
but also in distribution . 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) une to Sep­

tember. During this period 80 per cent of 

the total rainfall is received in the country. 

It is not the total rainfall but 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
oual 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 rainf~ll patterns 

vis-a-vis cropping patterns have been 
adopted by the National CommiSSIOn on 

Agriculture : 

(i) Rainfall greater than 30 cm per 
month for at least three consecutive 
months would be suitable for grow­

ing paddy. 
(ii) 20 to 30 cm per month for at least 

three consecutive months for crops 
like maize. 

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

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

(v) Rainfall of 5 em per month is not of 

much significance for crop produc­
tion. 

The monthly amounts over the enUre 

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 ,md the number of 

months in a year receiving such amounts 

is indicated by the numerical subscript. A3 
means the rainfall is 30 em 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 arc as given 
below: 

(i) February to May-Only 10 per cem 
of the geographical area of the coun­

try gets more than 10 cm for a 

month. 75 per cent gets less than 5 
em per month and 15 per cent,S to 

10 cm during May. 

(ii) June to September- This is the prin­
cipal rainy period. Patterns vary 

quite a bit and 80 per cent of the 
rainfall is received dunng this 

period. 

(iii) Octobcr-January - Dunng this 
period 45 per cent of the area is 
under E type I . t . , no month has even 

5 cm of rainfall. 30 per cent mo tly 
10 As am 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 eastern 

State~ 

The distribution of gross cropped area 

in different maJor rainfall zones IS given In 

Table 6. These 32 maJor patterns each 

covering mo re 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 

IOto four broad diVISions as given be}ow 
(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 em 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 pattern zoncs. 

No. consecuuvc 
Gross cropped area 

Ramfall (percentage of 
months all India) 

E,(E,)E, No. month with 2.73 

10 cm or more 

June/Sept. C, 5.04 

July/Aug. C , /June/S ept. C, 1- 2 8.94 

July B, C , 2 1.87 

July B, 2 0.92 

June C,I 3 413 16.90 

July B, C, 3 8.72 

June C , B, C, 4 3.33 

June B. /B3 4/3 2.53 

July A, B, C, 3 l.39 

June C, A, B, A, 4 4.07 

July A, , 3 2.44 

June C, A, , 4 3.50 

June C , A, B, 04 7.57 

June B, A, B, 4 7.15 

October C, 2 1.34 

September C, 2 0.98 

September C3 3 0.93 

August C, 4 1.86 

August C, B, C, 5 0.67 

June C. I B3 O ct. C , 4/5 2.60 

June B./Ba O ct. , 415 0.S8 

June B, A, B, C, 5 0.89 

June A,/Aa O ct.C , 5 0.71 

May C, B, A, B, C , 6 2.59 

May C, B3 C, 5 1.37 

April C, A, June A. /A3 O ct.C, 7/S 0.66 

Apnl C, B, June A. /Aa 
Oct. A, B, 718 0.59 

April C, A, June A,/Aa O ct.C, 7 1.14 

May C, Sept. C, 0.65 

May C, August C3 0.50 

June C. 0.12 
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_j 
Fig. 3: Raanfall 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 
ra,"fall sufficient to support millets, 
grasses dnd trees. witch over 10 fodder 
Jnd the crops in these areas would be be­
nefi lal. It IS these areas which need spe­
Cial attention With regard to providing of 
Imgallon fat.JlllJe~ . 

IRRIGATION 
W ater I~ another resource which the 

~ounlry ha~ In good measure. Various esti­
mdte~ have been made to know the water 
re ource of the country . The latest estim ­
ate made by the NatIOnal CommlSSiC'n on 
A!(T1.uhurr show~ that the country re­
(C'lve~ about 400 M ham of rain water an­
nually . Out of thiS, about 125 Mham of 
water I ~ used dire tly for transpiration by 
vegetation. Of the remaining 270 Mham, 
II IS pOSSIble to harness only 105 Mham 
for Irngatlon - 70 mill ion surface water 
and 35 millton ground water. 

Reali 109 the Importance of irrigation 
In Indian dgntulture . (omtructlon of water 
storage system, on J r.lnge \ .l Ie began 10 

the ~ cond quarter of the 1.1St entury . The 
great famines that occurred In ~ ucce slon 
during the last quarter of the las t cen tury 
led to the development of protective irri­
gation systems 10 famine prone areas . 
Minor irrigation works like small tanks 
and wells have been in 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 i.t., 28.2 Mha. After 
partition it came down to 20. During the 

last three decades irrigation 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 irrigated 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 limited, 
the same is enormous in the States like 
Uttar Pradesh, Bihar and Punjab. Ground 
water is tapped through open wells or 
tubewells. Tubewells may be deep or shal­
low. While shallow tubewells are mostly 
Individuall y owned, the deep ones are 
constru ted and operated by the state . The 
number of well s dug has risen from 3.64 
millton in 1956 to 7.78 million In 1978- 80 
and large number of them are fitted with 
mechanica l water lifting devices . Electrical 
pumpsets are becoming increasingly popu­
lar in recent years. There were 261,000 irri­
gation tubewells in the country including 
15000 State owned in 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 discha rge of 1,35,000 
l lh and irrigate about 80 to 100 ha of 
gross area. Shallow tubewells give a dis­
charge of 30,000 litres per hour and 
irrigate about 4 to 8 ha. In S01ne 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. 

Irrigation projects implemented to 
supply surface water for crops are 
classified as major, medium or minor 
depending on the capital cost and area 
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irrigated. There is considerable scope for 
developing and utilising the surface water 
reSOUKes in some regions while it is 
meagre in others. In plains, such projects 
cost much less lOitially and arc easy to 
operate as compared to those in hjlly 
terrain. There is considerable possibility 
for improving the irrigation efficiency by 
adopting different measures like lining of 
canals, streamlinjng distribution and 
mechanjsm of application, land shaplOg 
and better cropping and cultivation pian. 
Ultimate percentage of gross irrigated area 
to gross area sown is estimated to be as 

Table 7 : ImgatloD poteDual In dlfferenr St.ates. 

SutelUmon 
~ of gross Imgated area to 

Territory 
gross sown area 

1970-71 ZOOO' Z025' 

Andhra Pradesh 32 44 58 
Assam (includmg 

MlZoram) 21 43 66 
Bihar 24 64 82 
Guiarat 13 30 34 
Haryana 45 62 64 

Himachal Pradesh 7 10 17 
Jammu & ~shmlf 33 60 70 
~mauk.a l3 31 41 
Kerala 21 50 81 
Madhya Pradesh 7 22 32 
Maharashtra' 9 21 26 
Mampur 40 50 60 

Meghalaya 20 25 25 
Nagaland 12 35 45 
Orissa 24 42 64 

Punjab 25 83 85 
Rajasthan 15 29 31 
Tamil Nadu 46 43 42 
Tripura 7 2S 40 
Utur Pradesh 36 67 84 
West Bengal 21 54 61 
Union Territory 24 40 43 
Allln~ 23 42 5i 
• As projected by the National Commission on 
Apiculture (NeAl 1976. 

high as 85 in Punjab and 84 in Uttar 
Pradesh as against only 17 in Hima­
chal Pradesh and 26 in Maharasbtra 
(Table 7). 

CROPS 
The djvefSlty in climatic and soil con­

ditions enable cultivation of a variety of 
crops in the country . Different types of 
cropping systems arc in vogue 10 different 
parts of the country. The mixed cropping 
systems practised dUTlng early periods of 
agricultural development as an insurance 
agams! vaganes of raInfall and Incidence 
of pests and diseases have gIven place to 
SCIentifically evolved Inter, companion 
and relay croppm8 systems. MultIple crop­
pmg practices are becoming widespread all 
over the country especially in irrigated 
are,as. Ratoonmg 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 sh:ft from crop production 
as a means of subsistence to commercial 
production. 

The Nattona l Commission on Agricul ­
ture has made In-depth analySIS of the 
cropping pattern \ prevalent in different 
parts of the country. The crop is indicated 
by letters like Pd, Wand G for paddy. 
wheat and gram and subscript number I, 
2, 3 and 4 indicate the extent of coverage 
I.e., 70 per cent or more, 50 to 70 per cent, 
30 to 50 per cent and 10 to 30 per cent re­
spectively. LlG4 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 Natio~al Com­
mission on Agriculture are as many as 177 
(Table 8). 
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Foot!uRins 
Foodgrain crops occupy at present as 

mut:h as 75 per cent of the total grass 
cropped area. This groop includes caeaIs li1a: 
whelt and barley grown in rabi season, 
rice, sorghum, pearl millet and finger mil­
let and a large number of small millets 
grown in /charif and various ltinds of pulses 
grown in d ifferent seasons. There is no 
room for increasing the total area under 
these crops because of increasing demand 
for other ltinds of crops, but there is consi­
derable pO$s~bility for increasing the pro­
ductivity levels which are quite low at 
present . 

Wheat is an important crop of the 
north western region of the coun tty al­
though it is grown all over except in 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 -411 to 22.2 Mha and 1.6 t /ha in 
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 importan t 
rabi crops. Barley gi\'es reasonable yields 
even under low fertility si tuations and it is 
resistant to alkaline 'and saline conditions. 

Table 8 : All IndJa cropping patterns. 

Predominating No. of 
crops pattem~ 

Paddy (Pd) 30 

Jowar Ithllri/OK) 17 

Jowar ,abj Or) 13 
Bajra (S) 20 
Maize (M) 12 
IUgi (R) 7 

Small millets (Mt) 7 

Wheat (W) 19 
Barley (Sa) 3 

Rice is 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 1978- 79. Area has also in­
creased from 30 to 40 Mha. The analysis 
ca rried out by tbe National Commission 
on Agri culture indicates that there is scope 
and need to reduce the area under rice in 
the tracts where the rainfall is not sufficient 
in and irrigation facilities are not adequate. 
T ota] reduction in area suggested is about 
6 Mha. There is good scope in raising the 
productivity level by increasing the area un­
der higb yidding varieties coupled with 
more efficient available agro-technjques the 
ones likely to be developed in future. 

Ma ize, sorghum, pearl millet, finger 
millet and other small millets accounts for 
40 per cent of the area under kharif crops 
and are distributed allover the country. 
Maize is grown mainly in moderately high 
rainfall areas. Other millets are grown 
even in heavy rainfall zones. There is 

Predominating N o. of 
crops patterns 

Gram (G) 7 

Other pulses (Pu) 7 

Groundnut (Gn) 9 

Other oilseeds (0) 1 
Cotton (C) 16 
Fodder (F) 2 
Fruits (Fr) 2 
Potato (Pt) 

Tobacco (To) 2 
Plantation (L) 2 
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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 arabi cro in the northern 
aJJuviaJ belt. It is already popular as a rllbi 
crop in the Deccan plateau. Neither the 
need nor the scope for increasing the area 
under sorghum and pearl millet arc 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 f2 tlha. Similar scope 
exists in the case of pearl rniUet and finger 
millet. Increasing attention needs to be fo­
cussed on other small millets to realise their 
fuU potential under varying situations. 

Pulses arc an Important source of pro­
tein especially to the vegetarian popula­
tion. Some of them form important items 
in livestock fccd . Impornnt pulses arc 
pigeon pea, chickpea, cowpea, blackgram, 
greengram and horsegram. They arc grown 
mainly as mixed crops although some of 
them are grown as sole crops both in !than] 
and rabl seasons. Recent investigations 
have brought out the possibility of cultiva­
tion of these pulses ~uring summer under ir­
rigation country over. PuJscs occupy at pres­
ent an area of 22 Mha and yield level is just 
about half tlha. Plgeonpca and chiclcpea, are 
the most important pulse crops of the coun­
try. While pigeonpea IS grown over most 
part of the country in !than], gram is res­
tricted to cooler regions in rabi seasons. 

OilsutiJ 

Oilseed crops have been important in 
the agricultural economy of our country 
since long and large quantities of seed 
were being exported earlier. Eve:n now a si­
zeable quantity of cake:s are: exported. 
Groundnut, bra~s icas, sesamum, safflower 
and niger yie:ld edible oils whil linseed 

and castor yield industrial oil. In recent 
years, soya bean 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 
we:1I into the situations where other crops 
are not profitable. 

Groundnut is a major oilsee:d 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 tbe areas of 
production and adopting of improved 
practices. Similar cope exists for improv­
ing the yield level of other oilseed crops 
too. lncreasing attention is being paid to cas­
tor StDCC 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 011-
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 resoning to 
large-scale impons. Even in future, unless 
earnest effons are made: to improve pro­
ductivity of existing crops, introduction of 
new crops like soyabcan and sunflower in 
suitable areas it will be difficult to meet 
the increasing demand for this important 
food anicle . 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 mcrease 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 impornnt states are in 
the alluvial plai", in the north and in the 
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sourthern 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 
is tremendous . The area as well as average 
yield can be doubled and thus obtain four­

fold increase In productIon In the country 
by 2000 A. D . cope for cultivation of 

other sugar Yldding crops IJke sugarbeet 
OInd sorghums are limited. 

Tobacco 

TobOicco is an ImportOlnr commercIal 
crop of the country. IndIa ranks third 

among the maior tobacco growmg coun­
nes and fourth as far as production of 
flue -cured tobacco IS concerned. Tobacco 
lone of the major foreign exchange eam-

109 commodIty. The main tates growing 
thIs crop are Andhra Pradesh, Karnataka 

and Guiarat accounting for 80 per cen t of 
area and production . It IS al 0 grown in 
some northern tates and in Tamil Nadu 
ID South. It IS a ramfed 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 IDternal 

consumption . 

Fibtr Crops 

Cotton is bemg grown in the country 

from ancient umes. The spurt m otton 

production, however, came with the mtro­
duction of new world types so as to obtain 

cotton for export. Although IndIa export ­
ed lint and imported texttles for a long pe­

riod in the past and remained importer of 
long staple type in the immediate past. In 

recent years, it has transformed Itself in.to 

exporter of textiles and also to ~ome extent 
raw cotton. ThIS took plJ e WIth the int ro· 
duction of otton hybnds. IndiJ IS 

probably the only country where inter­

specific and intra-specific hybrids were 
evolved and are grown commercially. 
Even then the IQng range demands show 
that concerted efforts are necessary to 

increase production so as to meet the 
increasi~g internal demands and also 
improve export. The percentage area 
under irrigated corton has to be increased 
from present levrol of 16 to 65 of the 
total area under cotton. It would be advan· 

tageous to replace dryland cotton with 
some other appropriate crop like saf­

flower in c<:ntral India where the Yields are 
qUite low. 

Bast fibre crops grown in IndIa inC­

lude Jute, mesta, sunnhemp, flax and 
dgase. Ramie has been introduced in rec­
ent year~ . More than 90 per cent of jute 

area is covered 10 the easter:1 States like 
West Bengal, BIhar, Assam, Meghalaya, 
Mlzoram and Tnpura . West Bengal ac­

LOuots for more than 50 per cen t of the to­
tal area. There is need to improve irnga­
lion facilities for iute to increase and stabi­
lise its production. About 50 per cent of 
the area under mesta is also concen trated 

In (he eastern Statesof West Bengal, Bihar, 
Assam and Orissa. It is po si ble to tep up 
Its Yield potential by about 50 per cent at 

ledst. IntenSified effons are necessary to 

raise and stabilise the production of vari ­

ous fibre trops. It IS only then th2t it 
would be possible to meet IOcreaslOg 

natIOnal as well as export demands. 

HORTICULTURAL AND 
PLANTATION CROPS 

The diverse agro-c ltmalic conditions 
prevaillDg in different parts of the country 

prOVide ample opportunitle for the 
(ultivatlon of a large v,lIIety of fruits, 

vegetables, pldntatlOn crops, Spl es, 

medicmal and ornamental plants. It is 

e timated that these crops cover an area of 
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out, to appropriate locahties like hill, 
plains, fiver beds, around cities and urban 

areas, etc. Careful selection of centres of 
production will go a long way 10 stre<lm­

lining the activIties con emed With bUild­

ing up needed infrastructure support at 
least cost and effort. 

Tube r crops ot the wuntry mclude 

potato, sweet-potato. tapioca and yam. 
These product upplement cereals as they 
are nch In carbohydrate. Po~slbtlltle5 of 

putting them to tndustrlal uses are .11 0 

bnght. ome of the products 10 raw form 

or 10 the processed form tor Industnal uses 
could be exported . 

PoUto IS grown all over the COUntry 

except Ir. warm and humid regions. Culll­
vanon of pocato IS oncentrated. 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, 10 aphid-free season, even com­
bined with cold storage facihtles, 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 
JOcreaslOg with the avatlabiltty of new va­

netles \ulted to different agro-ciimatlc 

conditions prevatlmg 10 different parts of 

the country. The yield level which was at 

10 tfha, I~ also Improving. [t IS pomble to 

treble the area and double the average pro­

ductivity by 2000 A. D. 

While major area under sweet-potato IS 

to be found in Bihar, Uttar Pradesh and 

Onssa, it is grown and consumed all over the 

country on small-scale. Tapioca IS concen­

trated at present 10 Kerala and it is spreading 

to other warm and humid areas gradually. Its 

industrial use is maximum in Tamil Nadu. 

Bulb Crops 

The peninsula part of the country is 

the maIO oman producing region . 

Maharashtra is the most Important m thl~ 
regard . Garltc IS grown In the .:entral pun 

mcluding M.1dhYJ Pradesh Jnd GUlara t . 
mce these products Jre omumed all 

over India the production 1\ reqUired to be 

IOcreased to meet the n 109 tnternal de­
mands and also for export for which there 
I demand 10 the neighbOUring countnes 

10 ludlng middle east. 

PfOfS and Condlmrnts 

Vanous kmds of spices and condi­
ments like ginger. turmen Jnd chillies are 
grown as spe laltsed crops 10 \u llable and 

can entrated pockets for su pplYing to 
other consuming areas WlIhln the oumry . 
They arc grown. however. on small scale 
all over. 

Plantation C,.0pJ 

Large number of plantation crops .Ire 

grown 10 Ihe COUnlry. The mosl Important 
of them are tea. coffee, pepper. rubber, ca­
shewnut. CO(OnUI, arecanul and COCOJ . 

There are mdlcatlons that I( IS po~slblt: to 
grow od palm. cloves dnd nUlmeg aha. 

Total demand for rubber IS pldced at 
J.5 mt In 2000 A. D . Half of I( IS estImated 

to be to the form of natural rubber. Kerala 
accounts for more than 90 per cent of the 

country's area and production. RemamlOg 

area IS 10 Kama taka. otl and climatic con­

ditions prevailing 10 north easte rn region 

and eilstem coast are also suitable for rub­

ber to addition to west coast . Thus there is 

scope for extendmg 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 



PROC. 8TH ASIAN·PACIFIC WEED SCI SOC. CONF 1981 II VOL. 

so and attempts arc 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 

tates account for more than 90 per cent 

of arecanut area and producllon . Coconut, 

however. IS spread over Tamil Nadu. 

Karnataka and Andhra Pradesh 10 addition 

to Kerala which has nearly 70 per cent of 

the area . Both of them are grown in other 

States like West Bengal and Onssa also. 

The need for Increasing the area under 
these crops is not ImmlOent but there IS 

scope for increasmg the productivity and 

th llS meet the JOcreasmg demands in fu­

tlm: years. 

Tea and coffee are rwo important 

foreign exchange earning products. J ndia 

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 producllon tJrget set for 

1985 IS 750 mkg. Coffee IS grown Irr 

southern S tate~ of Karnataka, Kerala and 

Tamil Nadu . About 60 per cent of the area 

is in Karnataka . It is grown to a very small 

extent 10 Assam. Andhra Pradesh, 

Maharashtra and Orissa also. About 1.5 to 

2 per cent of the world trade is contributed 

by Indian Coffee and it occupies 12th 

place . Coffee exports touched an all time 

record of 30,000 t 10 1975- 76. 

Fodder Crops 

Agricultural by-products mainly of 

cereals and pulses sustain the majority of 

livestock including cattle and buffal(%s 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 wecd~ has 

served as a supplement in a big way. 

Animal population has gone on increasing 
Without any restnction . Only very recently 

the trend for stabilisation is noticed. 

Fodder resource being limited. the animals 
are underfed and they suffer from 

mainutrlllon . One of the important 

measures suggested slOce 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 

malnutrltlon, increased dttentJon IS being 

paid to livestock development In the 

country. This would become possible only 

when there is increased availability of fod­

der and feed material. 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 10 addition to Improving 

the Supply of feed from forests and other 

un .ultivated are,lS. 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 b(' 

undenaken for the purpose of meeting the 

increased demands for vegetable oils. 

SericlIllure 

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 
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Jndja towards silk is still small. It IS just 
about 10 per cent although the conditions 

are favourable Eor its expansion throughout 
the country. At present Kamataka con In­

butes 82 per cent of mulberry silk. Other im­

portant States are West Bengal and Jammu 
and Kashmir contributing 15 and 1. per cent 
respectively. While eri and muga silk are 
concentrated in Assam, tassar IS commonly 
produced in Madhya Prndesh 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 overnll production of va-

nous .. gric:uhun! produC11 I tremendous. 
High Inc:l of produ tiyiry C4n ~ 
ach,e\fed pro\"ded atu:mpt are nude to 

grow the crops most SUited to the locality 

and adopt o1ppropnate cultivation plan as 

recommended (rom time to time ba ed on 
relevant research. There IS a need for large­
scale changes In the allocatton of arellS for 

different crops. Major changes In the sug­
gested .1Iocallon as recommended by the 
National CommiSSion on Agnculture ue 
given In Tables 9 and 10, 

INPUTS 
Subsistence farming as practised in 

India almost untjl the middle of thIS cen-

Table 9 ; AIIOGIrion of arca (gross) In 2000 A. D .. 

Area (Mh.1) PrOjected 
Crop 

pre~ent prOjected 
tmgated 

area (Mha) ----
2 3 4 

Rice 37.54 32.00 24.00 

Wheat 18.OJ 17.55 14,90 

Other cere.als 45.57 48.50 6.99 

pulses 2215 25.00 5.37 ----
Toral foodgrain~ 123.27 123,05 51.26 

Oilseeds 16.34 24.50 S.10 

Sugarbeer 0.50 0.50 

Sugarcane 259 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 fibres 0.493 0.525 0.21 

T oral commerc~1 crop~ 28.253 43.575 19.51 ----
Vegerables and miscella-

neous field crops 3.268 8.798 4.485 

fruits 1.80 4.00 1.25 --- -. __ ._--
Total plantation crops 2.317 2,876 1.00 

Fodders 6,91 16.50 6,50 

Grand total 165.818 198.799 84.005 

• A, prOJected by N.uonal Comm;SJlon on Agncu!ture. 
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tury needed very few inputs from outside. 

Farmer produced and preserved his own 

seeds. Farm yard manure helped in main­

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. 1930~ and 1940s. Although steps 

were initiated for bnnging about improve­

ment in the agricultural scene of the coun­

try through better seeds. fertilisers. che mi­

cals and improved Implements dunng the 

lst half of the century , it is only during 

the last three decades after the 2nd World 

War that there has been cha nge in the 

attitudes and programmes. The real 

step up took place only in the middle of 

1960s when high yieldmg varieties were 

mtroduced . 

Seeds 
Farmers 10 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 quantities of seeds of im­

proved varieties. Although there has been 

tremendous improvement in the si tuation 

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 ar\" m a position to shoulder the 

re sponsi bility of producing and delivering 

any kind as required . Mechani sm and or­

ganisations for procuring. processing. 

stori ng and marketing of seed produced by 

farmers as per plan are still to be built up 

to the required extent. The task to be per­

formed in this regard is gigantic. 

It has been estimated that to cover 

about 80 per cen t of the sown area with 

Table 10 : Present and prOjected ~rea ~llocatJon 10 dIfferent uops and YIeld J..-ve!s. 

Area D..-crease 
YIeld (I!ha) Crop (M dl1on hecldres) or 

1970-71 2000 A. D. Increase 1970-71 2000 A. D. 

Rlce 37.54 32.00 - 5.54 1.11 3.04 
Barley 2.58 5.50 + 2.92 1.03 7.97 
Malle 5.80 9.00 + 3.20 }.05 2.65 
Small millets 4.68 2.00 . - 2.68 0.38 0.75 
Pulses 22.15 22.00 + 2.85 0.32 1.50 
GroundnUI 7.23 9.00 + 1.77 0.78 1.50 
Safflower 0.59 2.00 + 1.41 0.24 0.50 
Soya bean }.OO +1.00 }.OO 

Sunflower 1.50 + 1.50 1.00 
Sugarcane 2.59 5.00 + 2.41 49.00 82.00 
Cotton 7.60 11.50 + 3.90 0.12 0.46 
Fruits 1.80 4.00 + 2.20 
Potato 0.49 1.50 + ),01 9.00 20.00 
Vegetables 0.90 4.00 + 3.10 20.00 
Fodder crops 6.91 16.50 + 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 eeds to be bandied 
would be about 2.5 mt . As many as 30,000 
centIes would be required to be orgamsed 
for storage and distribution of eeds. 
Millions of mall farmers will be requlf('d 
to be organised to produce eed . ome 
headway has been made with regard to few 
hybrids of sorghum, maize, cotton, etc. 
There is still much that IS remaimng to be 
done to place the seed industry on sound 
footing . ThiS mdustry will provide ample 
scope for employment 10 rural areas . 

Fertl/ism and ChmtlClliJ 

Other important inputs required for 
increastng production of vanous crops are 
fertilisers and chemicals. It is estimated 
that fertilisers and chemicals required to 
support agncultural development pro­
grammes by 2000 A. D. would be 16 mt 
and 300,000 of vanouS technical 
materials respectively as agam t 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 d2mage caused to djfferent crops 
in different parts are under way. Weed 
control is attempted mamly 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 cenain 
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 required quantities of fertilisers 
and chemicals Will have to be produced 
and distributed . At pre~ent the production 
10 the country I . hort of requirement. 
Organlsmg production and distribution of 
these mputs I again not a La k of small 
magnitude . 

POflJ(r, /",pkmmts and TooiJ 

Farm power and Improved imple­
ments are the other Important mputs . In 
spite of large number of animals and 
human power. timely cultivation I hm­
dered In many pans of the countrv for 
want of adequate power. Power availability 
IS so low as 0.1 H .P. to 0.2 H .P. per hectare 
in many parts as olgainst the optimum re­
quirement of 0.5 to 0.8 H .P. Additional 
power is reqUIred to be prOVided 10 a selec­
tive manner with cue and tn such a way 
that employment opportunities would be 
enhanced further becau e of Increase tn 

the (a) areol 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 IS no other way but to bring about 
selective mechanisation. Even In respect 

of improved implements and tools the po­
sition is not much different. Only 10 per 
cent of the ploughs are of improved type. 
Vast areas 10 the nonhern parts of the 
country are sown by broadcast method. 
Use of modem 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 opportunitie~ in rural areas. 

Finance 

Transformation of agriculture from a 
subsistence level to a commercial proposi-
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tion, is not possible without in reased in· 
vestment. The credit needs are therefore, 
increasing continuous ly . Efforts to intro· 
du e institutional financing system 
through co-operatives in place of age-old 
source of money lender~ began as early as 
1904. In 1950 only 3 per cent of the total 
borrowinp of the farmers was through co­
operatives. Major commercial banb were 
nationalised in 1969. Lending by banks 
which was only Rs . 50 million increased to 
Rs . 2.36 billion In 197 I. The rotal ImtnU!I­
ondl kndmg reached d level of R~. 15.37 
billIOn 'n 1973-74 .Ind to about Rs . 20 bil­
lIOn 10 1980- SI . ThiS level would be re­
qUired to be raised to R\. 200 billIOn by 
the end of the century. 

Markr/mg 

It is bemg Increasingly realised that It 
IS not sufficient If attentIOn IS paid only to 
;noriu,lIon aspects. MarketIng aspects are 
becoming more and more crilical especial­
ly to small farmers . Organisations will 
hdve to be built (or pooling, processmg 
and marketmg of various kinds of agricul­
tural produce. About 30 thousand market­
mg cen tres will have to be developed sui­
tably with hooling, medical. banking 
dnd other SOCial ervice fa ilities. Thi 
would help in checking the movement of 
rural population to metropolitan entres 
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 appli cation 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 sui table organisations to 
render the services. AgriculturJI Research 
Jnd Edu Jllondl In~tltullom ~et up al­
ready will h.J"C to be Lonllnuously streng­
thened \0 thJt there will be regular now ot' 
trained manpowcr Jnd relevant re~eJr(h 

re~ults . 

The counlry ha\ J(hlf;,ved \lgnificJnt 
progre\\ 111 IOLTCd\lng production of vari­
OU\ (omm(ldltle~ dUTIng the last 20 years 
(Table I I) . There 1\ stdl J 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 
Agnrulture are given 10 Table 12. 

The questIon is nor whether the country 
ha~ the potential and resources' for produc­
ing what is needed but it is whether it will be 
possible to build the organisations for ser­
ving agriculture with a determmatlon to use 

the avaIlable resources which are more than 
sufficient to meet the nt:eds. In short. the 

challenges before the country are those con­
nected with building and using the orgarusa­

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 creation~ and maintenance of 
needed climate for encouraging production. 
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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 
Internallonal Crops Resea r h I nstltute: for the: Semi-Arid Tropics 
OCRI AT). Patancheru P.O., Andhra Pradesh - 502 324, India . 

ABSTRACT 
Weed rc,e~r(h 1\ an InrqtrJI pjrr of ICRISAT', farming sy,rems research that al ms to develop Im­

proved ')'Iteml for the Imall farmer of 11m lied meanl . lnltlal studIes Harted In 1975 IndIcated thJt In the 
IncI~n eml ·And TropI(\ the !.lrmer', level of weed ~ontro l was mually ,atlSfactory for hr' trJdlllOndl 
'y'tc rnl. but It Wa, lomluded that he would re<pond to better weed control meJl ures tfthey were part ot 
ImproVl·d Jnd morc remunewj"c W\lem, 'iome dlpeCtS of the ICRISAT rcsean·h Jrc described to III us­
rralr fl(lw the ( ropplng 'YltCll1 It,e1f mav he manIpulated to Impnrve weed ton trol. Some c\'ldc ntt II 
prelented on the pmllhlc hendit, of ,mother crOPl. and lome example, drc gIven of the role that herbl­
llde\ tould pia)' In Improved 'Yl teml. 

INTRODUCTION 
ICRl AT Wdl among the first of the 

InternatIOnal Jgrrtul tural research centres 
to gtve formal recogni ti on In its mandate 
to the need 10 lupplement research on in­
dividual rops with research on farming 
syHeml. ThI S resedrch ,lJms to develop 
te hnologles that an.' more productive. 
more stable and soclo-economica lly vi­
ab le:. and it is prrmanly committed to 
helping the small farme r of limited means. 
It IS multidisciplinary in nature and holist­
IC 10 It s approach. It overs a wide range of 
actiVItieS from Base Data Analysis, 
through On-Center Research to On-Farm 
Research. 

Base Data Analysis consists of the 
compilation, synthesis and analysis of 
available data 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 Into promising technologies i~ 

exammed on an operational scale. On­
Farm Resed rch involves the further eVJlu<l ­
tlon of promising technologic in a "rcal­
world" farming situation, and it provides 
important feed back to the On-Center Re­
sea rch. As an integral part 0 farming 
systems research, weed research follows 
this same general pattern and it is within 
this framework that it is briefly discussed 
here . 

BASE DATA ANALYSIS 
From its inception in 1975, the weed 

research program was initially involved in 
a series of agro-economic on-farm investi ­
gations with the objectives of I) 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 
payoff from additional weed control 
(Shetty. 1980). 

These studies showed that in the In­
dian Semi-Arid Tropics farmer's weed con­
trol practices were ba,sed on rational consi-
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der.lllon 10 that the level of hI weed con­
trol mput were largely determmed by the 
expected level of return from tho e Inputs 
(Bmswanger and Shetty, 1977). Thu crop 
th.1t were likel)' to gIve a good )'Ield re­
spon e were usuoilly well weeded while 
those likely to gIVe a poor response were 
often neglected . " was concluded from 
these studIes that the farmer:s level of 
weed control Wool appropnate (or the farm­
Ing systems that he prJ tl cd. However. 
Bmswanger dnd Shetty al 0 conSIdered 
that the farmer would accept mcreased 
weed (ln trol measures II these were an 10-

legral part of Improved and more remune­
ratl\'e farmmg systems. Thus a pnmary ob­
Jective of weed re earch at leRI AT I to 
determme what weed management prac­
tlces .Ire sUlle-:! to the Improved farming 
systems bemg developed. and espeCially 
how these practices arc best Integrated 
wllh other components such as crop vane­
ry. ropping system~, machinery. tillage 
practices, fertdl!)' ievel, land and water 
management practices, and pest and diS­
ease management. 

ON-CENTER RESEARCH 
It is not the objectIve of thIS paper to 

give a detaIled descnpllon of the On- Cen­
ter Research, but rather to dlustrate the 
lund of approach that IS being used. As 
examples, some bnef 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 

JCR1 AT center ate DIS'tlln. (Iliam Pers., 

CelOSIa arsrnltll L. •• md C'YI'""s ,0Iln"I,,1 
L.. 10 term of weed blomJ~ , but their re­
l.ltlve ImportJn c (holnge\ with the rel.lllvc 

proportions of the two lTOP . A\ the pro­
portion of groundnut tncreol(e~. CYfffN! 

dccrease:' m.lrkedly. DI.I~IIi1"a tnuea e a 
httk. dnd CrlOI,., mue.l~e mJrkedl" . fhe 
~hJrp In red C 10 CdOHlI I~ Jttrlbuted 11"1 

the Jbillty 01 thI S t.lll , lompc.'tlll\'(.' wC'ed to 
domrn,lIl' the groulldnut tdnop),. Thc dC' ­
crease 10 CYfrrliJ on the other h~nd I~ .It1n­
bUled 10 the \hort statu re of thIS weed and 
the severt' ~hddrng (dused bv the ground­
nut I..anopy . upplementary ~tudlc~ on­
ducred with artdiuJI !>hades also con­
firmed the extreme shade SenSitiVIty of 
(yprruJ compared to \eveTdl other weed . 
The\(' findrng( emphame how speCIfic the 
weed problem mJY be to d partll ular trOp­
ping system dnd th,1I In the ~asc of Inter­
cropplOg systems. which are so Important 
for the small f.rrmefS of the eml-And 
TropiCS. the problem may be comlderably 
modified by the relative proponlOO\ of the 
omponent crops. 

The intercropptng system .Iso serves 
as a good example of how the croppmg 
system Itself may be chosen to Improve 
weed control. Studies have shown that 10 

plgeonpea. a naturally slow-growing crop 
and a poor competitor ~gamst weeds. the 
weed mfestation can be reduced by 50-
75% with the Introduction of IOtercrops 
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 
pigeon pea situation the improved control 
IS 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 IS U ually mu h more competitive 
than the plgeonpea Itself. In other IOIer­
eroppang ystems. \u h as the millet / 
groundnut one menlloned above. total 
population pre sure IS not Jnerea ed be­
ca u\e the antrodu lion or Incru\e 10 one 
omponent crop I 0 'set by <In equivalent 

dccre:.He: In Ihe other Thu the \everlty of 
w("('d problems In thesC' syslem\ I ~ uwally 
ITIIl"T mC'dIOlte betwC'C'n the: probJem5 ot the 
r~' rc:ctlve \olc O OP\. and largely depen­
dent on the rc:l.tllve proponlOm of the c: 

l TOpS. 
The Imponan(e of high plant popula­

tlon~ has also been explOltcd In a 'smo­
ther-c rop' sy~tem developed at ICRISAT. 
Early matunng trOpS of cowpea I Vigna 

un.,;ul ( UUzla (L.) Walp.J or mungbean IV. 
I,ld:ala (L.) WdezekJ have been added 
between th e- normal -spaced rows of cereJI 
~o le: crop) or cerealJPlgeonpe:a mtercrops. 
Result~ indIcated that this could reduce 
weeding costs by savlOg on one hand 
weeding. Funhermore. the mdln LfOP Yield 
wa not ~lgnlficJntly affe ted and the 
smother crop gave J small additional yield 
(ShellY. 1979). 

Another aspect of increased plant 
populatIOn that has been studied IS to re­
duce the within-row weeds by Increasing 
the within-row competi tIOn from the rop . 
For this purpose crops were grown in wide r 
rows bu t the optim um plan t popula tion 
per uni t area was still maintained by de~ 
reasing the within-row spacing. In sorg­

hum it was found tha t the common 45 cm 
width can be Increased to 67.5 cm. and in 
some seasons to 90 cm without significant 
loss in grai n Yie ld. Widening the rows has 
an additional advantage that the f3Jmers 
can IOtercult ivate more effectively with 
the local implements like blade harrows. It 
was further observed that in these wider 
row widths the addit ion of a smother crop 
was likely to affect sorghum yields and. as 

lIldicated earlier. it could ~ave on the costs 
of Interrow weeding. 

HerbIcIdes : On-Farm Studies (Bins­
wanger ~nd Shetry, 1977) showed that 
there IS limited potentia I for herbicide use 
on ramfed crops m eXlstmg systems of the 

AT areas of India because of cost consi­
derattons as well as the possible decrease 
in the Income opportunities for the land­
Icsl female labour. However, in improved 
sy~tems where the potential returns to Im­
proved weed control are high. herbICide 
u~e may be feaSible In those situations 
where cultural control methods can be dli'­
fi ult. An example of such d situation i~ 

the Improved farming system developed at 
ICRISAT for the deep black soils of the 
Indian eml-Arid Tropl s in medium to 
high rainfall dTeas . In these dreas the land 
15 traditIonally left tallow during the ramy 
season and c rop~ are grown during the 
post-ralOY period on tored moisture. 
The~c lod ~ hJVC J 50- 600/0 content of 
montmordlonltc clay and their malar 
'problem IS limited workabiltty dunng the 
rain} seJson; thiS restTlct~ the oppollUnity 
for timely weed control either by cull iva­
tion or hand weed mg. An alternative sys­
tem i~ the use of pre-emergence herbi­
cides and thus a Ilmited screening program 
has been conducted to identify those most 
sUllable. A further fea tu re of the same 
farming system is a minimum ti llage con­

cept for establishing the post-rai ny season 
rup. Thus by red ucing the conventional 

ti llage operations by using a herbicide, soil 
moisture onserva tion 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 3 ge nera l point. ICRlSAT expen­
ments with herbicides have shown that 
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while herbic:ides gIVe good ontrol of 

s.usceptibLe weeds such as Ct/lltll' .~ltA 
L. on the red soils or BrllchianR mwformu 
Grj eb. on the black oils, this an leOid to 
the proliferation of other weeds such a 
Cypmis rOIIl,,411$ L. and CY1fodon hctykm 
Pen. The more practical weed manage­
ment systems have thus been hown to be 
relativdy low do es of herbicides com­
bined with orne measure of hand weeding 
and interculture to ensure the control of 
both susceptible and resistant weed spC'cle 
(Rao, 1980). 
OpmltiollaJ rtJtllTch : An important feature 
of the ICRISAT weed research program i 
the testing of promi ing weed manage­
ment options on a large scale to determine 
o~rational and economic feasibility. Cur­
tently, three different management sys­
tems ate being teseed 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 l} a 
hand weeding system (two weedings in the 
rainy season crop and one in the post-

• 1 I . II "'01.. 

C-~ n TOp 

and onc In the po t·wn lc nne),) a 
smother crop sy rem In the r in :se son 
crop .md b.lnd ~«dJn ,as in 2). Re uh 
from the J 9 ()..8 J 5('.1 n (T 1blt J tndlc.lt. 
ed that for a sequent,.&) :roppin l~m of 

m.111t folio 'ed b)' hlckpc.o..a. the h;and 
eedmg and herbl(;lde ba ed y rems g"ve 

lugher oel relurn than tbe m thcr crop 
sy tern, largely be '"'~ thl 1.1 t )'$t('m re­
duct'd maIze yield" In a sorghum/ pi eon­
~a intercropping stem. ho evcr, the 
herbicide ba~d sysrt'm and the mother 
crop systt'm g.lve hlght t nel return. III 
t'ach of the systems, eedy check and 
wet'd free tre.atmcntl were included for 
comparison. In lhi . year 5 lund eedlD&t 
were required to keep the plots weed rc(. 
Interestingly. the weed free treatment gave 
tbe highest ntt return~ mdlCOllmg that In 
this particulu lea on, even hIgher weeding 

input than used In the treatment "as sull 
economic. 

Table 1. Effect of dtfftrmt weed management systtm~ on crop Yields and net rerums from operatlo.,a} ~I(' 
trials on deep black ~ils at ICRISAT centtr 1980-81. 

Sequential croppmg systcm lotercroppmg system 

Maize Chickpea Ntt rcrums Sorghum Pigconpca Net n:tum 
(kglba) (kglba} (Rs /ha) (kgllu) (kglb.ll) (Rsllu) 

Weedy check 2869 245 3686 1699 654 2974 

Weed fru 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 
sys~m 

Mung 3411 (132)" 260 4333 2676 (105) 886 4266 

Cowpea 3583 (156) 365 4874 2934 (171) 735 4"265 

~ Fisun:s in parentheses tndlca~ the smothet crop YIelds 10 kgIha 
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FUTURE EMPHASIS 
With the exception of the farm sur­

veys for Base Data Analysis, 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 Mreal-world" situation of the 
farmer. 
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STUDIES ON WEED CONTROL IN RICE IN INDIA 

H. K. PANDE, G. B. MANNA, 
8. T. S. MOORTHY and C. S. PATEL 
Central Rice Re earch Institute, Cutlack - 753 006, India 

ABSTRACT 
A reView of (he work done In I ndla In (he pd ~ t 25 yeAr' on (rOP weed (ompC!ltlnn, chemICal and 

tult ura l weed ton trol mea~ure' for different Iystem ~ of l ulturc ·/IZ . • direct sown crop on ralnfed 
upland low !dnd, puddle ,eeded JIIJ trdfaplanted trO P' IS (overed In th" paper. 

) cudle, on uplJ.nd rile revedl that pre-emergent use 01 buta chlor. benchlocarb , nltroren dnd 
plperopho~ 1 dlmethametryn at I .'\ (0 ] kg l . l. / ha e(tec tlvci y co nlrol weed population . An Integra ted ap· 
proJlh 01 tCJmolnl!1g herbludel With mJnual or mechanICa l operation IS howevef, Impefdtlve to dtcru (' 
tull benefit of the,e mpuI\ I t may br noted that SJtUfJIed lo ll mOi sture (ond,tlon, Immedlatei v Jfler dp­
pll( JIIOn 01 t hele herblude, leJd , 10 ' Cllll ldefabk redu( fl on In (fO P >lJlld . However, po,t ·emefgenr use 
of proPJnll doe, not tnl'olve Iuch mk. 

Rrlponl(,\ 01 puddle \uded and lTampLlIlred r,a 10 tnes(' nab" 'U CI ellner J\ gran ule or EC lor· 
Inulatlon . even Jt hallrhe fdle ult'd In upland rll t ' .He often compafaolc 10 manual wccdlng The \Cope 
tur u',lng phell(}x\' hubl( "leI like 2,4 ·0 N,) 1' . Et Jnd M c.r A at D. S k~ a.1. h,1 I' howcv(' r, IImllcJ 10 

(f,lIl1pIJnled II(C I' Of (I)nlfolllli/t 'rdgr> and dltOf, wllh ddded dd\'JnlJ!(e ()f th elT rdJtlH low tOil Jnd 

a\',IIIJOlllll' 
IlIfr'dllJtWI) on Ihr confrol 1l1CJ,Urr, lor J hHlJd 'pr, lfum wt'cd fluIJ COIHfllullng 'ubmrJ~ed. 

,· mrl!'t'lI .l1Id t]odlln!( Iype, 111 dHfll 'own low lanJ 11«1) (june l11dclrquJte .1n d mOft' dfoft, Jre need,d 
II I tim due,IlUII 

INTRODUCTION 
Several Invc\ugatlom hJve been 

ea rned out 10 I ndlOl 10 the last 25 year~ on 
different aspect~ of weed cant rol 10 nte, 
wl1lCh le.ld to an rndepth under\t ~ nding of 
the problem and recommend.ltloll specf!'­
it to different agTo-e(m)'~It'lm of nee cui · 
tun'. In this paper, these sc.)[[ert'd and 
fragmentary information ha~ been summa · 
rised . 

DISCUSSION 

(a) Dirtc/ SOW" upland ria 

Severe weed competition IS ti'u: malar 
constraint Ifmiting the productivity of thi s 
crop which occupies about 200/0 of the to­
tal area 10 this country. Yield losses due to 
weeds range from 43 to 84% (Pi llai and 
Rao, 1974; Rao e/ al., ) 977). Studies on 

crop weed comperf[1on reve.11 rhJt the 
grd r~y weed ~ espeCially Erhlflo,hlofl ((Ilonum 

Link pla ya prrdominant role over others 
la u~ln g ('omlderable nutrtent depletion to 
the tune of 24 to 37 kg N, 5.1 kg P and 
48.7 kg K!ha (M ukhopadhya y N al., 1972; 
Kakati and Manl, 1977) during first 30 to 
45 days after sowing, which is the most cri ­
tl al period for rop-weed competition 
(Nair (/ al., 1975). 

r) I njlu(N(( of agrorromll prar/raJ all wad 
tnCldOl((: Weed weight increases though 
number de rc,'scs when nitrogen level is 
lI1creased from 0 to 90 kg N!ha (Kakatt and 
Manr , 1977). Higher weed incidenct is re­
corded under wider inter row spacing of 
60 cm (Pillai and Sreedevi, 1980) while a 
loser spa ing of 15 cm is found ideal both 

for rop growth and weed suppression 
(Pande r/ ai., 1974). 



PIlOC. rTH "SIAN"'''CIFIC WEED I OC. CONF 1981 "VOL. 

il) Mtchanica/ (onlrol ",taSl/rn : Mechanical 
weedmg with different tools / Implements 
(su h as wheel hoe, hand hoes and paddy 
weeders) is observed to give proml Ing re-
ults ( ingh (I al .• 1976) . 

Iii) Cbtml(a! control mraJM,rs: Pre- owmg 
application of 2,4-D (2,4 -Dichloro ­
phenoxy-acetic-acid) or M.C.P.A. (4-chI0-
ro-2 methyl phenoxy acetic aCId) at 
2.Z4 kg .1.1 .1ha followed by one hcemg gives 
8~ control of weeds (MISR and Roy. 
1971). While pre~mergence application of 
bUlachlor (N-mutoxy methyl - chloro-Z'-
6 -dlethyl acetanilide) at 1.5 to 3 kg a.i.lha 
give faIr weed control (Bhan r( al., 1972; 

Manna, 1971; Roy and Ram. 1977) . Slml­
l.arl)', b9 to 78% weed control is achieved 
wllh pre~mergence appitcauon of thlO­
bencarb (S --~-chloro-benzyl diethyl thlo­
ca rbamate) under Cultack condition (Rao 
r( al., 1977). Such efficacy has been noted 
With nmofen (2,4-dichlor-4' OItro-dlphe­
nyl ether) applied at 2 to 4 kg a.l.lha 
(Dubey r( al., 1980) . 

Other expenmental chemicals like: .lVI­
rosan (piperophos + dlmethametryn), dl ­
nurimine (N' N' diethyl-2.6-dimtro-4-4 
trifluoro methyl-m-phenylenediamine), 
piperophos / 2.4-D IPE and preforan (4-
nllrophenyl 2-nttro-4-tnfluoro--methyl 
phenyl ether), molinate (S-ethyl NN-hexa 
methylinethiocarb.lmate), oxadiazon (5-
tenbutyl-3 (Z,4-dichloro-5 isopropoxy 
phenyl) -1,3.4 -oxadiazol-2 -one), pendime­
thalin (N -I-ether propyl) 3,4-dimethyl-
2,6-dinitro-benzenamine) and USB 3153 
(Z.4-dinitro-N3 

- NJ 
- dipropyl-6 (trif-

luoro-methyl) - 1,3-benzenediamine) at 
doses upto 3 kg a.i .lha are found to be ef­
fective for control in upland rice . 

PosHmergence herbicides like propa­
nil (3,4-dichloropropionilide) and 2,4-D 
compounds are reponed to control weeds 
reasonably well. Propanil at 2 kg a,i.lha 
suppressed graminaceous weeds when 

applied 10 day after rice germmation 
(MJnna and Choudhurv. 1966) . Post­
emergen e application of 2,4-0 or 
M.C.P.A. at Z kga .I.lha IX weeks after sow­
mg (Vacchant and Choudhury, 1955) i 
ob erved to be effective agamst sedges 
(c,}'prrUS ma L.), while theIr .tppllCdtlon In 
comblnatton with propanll et e t\ broad 
pectrum weed control II1clud1l1g ~r.l ses 

(Pande (( a1.. 1966) . 
Effective control of weed~ under thl~ 

ondmon has also been a(hlC~ved through 
combined pre-sowing applll.1tlOn of Z.4-D 
(1.5 kg a.1. 'hal or bUIJlhlor (0.5 kg a.l.lha) 
with poo;t-emergence appll atlOn of propa­
nil at 2kga.l. lha (Pa tro and To\h, 1973; 

IOgh (( al., 1977) . 
EffiCIency 0 ertaln herbiCides like 

propantl (2 .2 kga.l. lha) and M.C .r .B. (4 -
(4-chloro 2 methyl phenoxy) butYriC aCId) 
at 0.5 kga ... na 1\ enhdnced when applIed 
with 3 to 4Q.o olullon of urea (T O\h, 1 (177) . 

iv) TOXI(lf)' prohlrm! : There CXl\t\ .In ad­
verse interaction effett ot prc-cm('rgence 
herbICides With sod mOIsture qatu\. COin­
CIdence of heavy ra II1fa II Immediately alter 
pre~mergen e appii .'IliOn of herbiCides 
like dlnltramlne, butachlor, aVlro~an, ben­
thiocarb and mlrofen affects the germina­
tion of the crop conSiderably (Rao (( al., 

1977). AdditIon of organIc maller reduces 
the toXiCHy caused by 1.4 -D (Pan de (( al .. 

1966). 

(b) Pllddk sudrd rtC( 

Weed problem in thiS system IS subs­
tantially lower than that in dry seeded 
uplands though higher than that in trans­
planted crop. An yield loss of 30 to 35010 is 
caused due to weeds under thi s system 
(Pillai and Rao, 1974). Weed~ such as Cy­
pUliS difformis L. Fimbristylis mr/lacta Vahl., 
Scirplls mMcrona(IIS, Sphenoc/rQ zrylallica and 
Llldwigia parvijlora are of common occur­
rence (Moorthy, 1980) and the mo t criti-
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cal period of crop weed competition is ob­
served to be the first 3 weeks after sowing 
(Dubey (I al .. 1977) . 

i) InJlumct of agronomIc practices on weed 
in(idma : It is noted that broadcasting 
more seed (80 kg/ha) or dibbling reduces 
weeds and nutnent depletion (Rdma 
Moorthy ff al., 1974). Based on 3not her re­
port, it 15 known that a seed rate of 
40 kg/ha under chemical weeding and 
60 kg/ha under manual weeding are ideal 
for better Yields (Dawood rt aI., 1974) . 

/I) Chrmlcal (onlrol mra.lurr~: An effectIve 
ontrol of weed\ with pre-emergence gra­

nular herblclde~ su h J\ butJehlor, nltro­
fen. aVlrosdn. thlObem . .Hb. plperophos ' 
2,4 -0 IPE applied at 0.5 to 1.5 kga.l. /ha 
ha been reported by several workel S 

(Subbdlah dnd MoralhJn. 1975; Sreedhar 
rt al. , 197b) . 

However post-emergence control of 
we(.o Involve spray application of propa­
nd at 3 kg a. i.lha (Manna. 1971) . Further 
work reveals the fc:aslbdllY 01 (QrHrolllllg 
weeds (sedges and dlcot~) uSing propanil .11 

1 to 1.5 kga.I./ha combll1ed with 2,4-0 Na .II 
0.5 kg a.I ./ha or 3% urea solulJon (Mann.) Jnd 
Dubey, 1973; Dubey tl al .• 1977). 

/II) Toxl(l~y problrm; : Butachlor and oxa­
diazon a re reported to a use 50/0 l rop mor­
tality Without affe ting the final yield. 
Dichlormate (3,4-dlchlorobenzyl methyl 
ca rbamate) caused bleached papery whIte 
leaves. There are also repon of tOXICity 
due [0 other experimental chemicals such 
as oxadiazon, avirosan, TCE styrene elc 
tried in various creening trials conducted 
in Ihe counlry. 

Varietal tolerance to herbicides 
depend on their morphology, physiology, 
cdaphic and climatic factor. herbicide rate, 
water absorption after sowing, germination 
and embryo growth. A number of rice 
varieties have been classified for their sus­
ceptibility and tolerance to butachlor, 

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

(c) Transplanud ria 
The mInimum weed menJCC caused 111 

thl~ system a~ compared to dircCI seeded 
nee. may be attnbuted to the a~e gap bet­
ween transplanted and emerg1l1g weeds. 
Ba~ed on a large number of multilocall­
onal trials. the YIeld lo~~e\ turn out to be 
Is - 2QO/o (Pillal and Rao. 1 (174) , whtle the 
depiction of nutnents by weed\ ranges 
from 4.2 to 11 .8 kg N. 0.8 to 1.3 kg P 2nd 
6.9 10 13 .6 kg K/ha (Kakali and Mal11, 
J 977) . MdrntJlJ1lng weed Iree tOndltlOn 
UptO three weeks Jfter plallltng IS ob,crved 
to be necessary lor obtainIng eCOn01TIIl 
YIeld (Mohamed All (I al .. 1977). 

I) Preparalory lilla/!,e: Mtnimum lillage IS 
beneficI.!1 In heavy sods where puddling 1\ 

unde~lrJble dnd tn waterlogged field 
where ploughtn~ IS diffi ult. Paraquat . 
when 'prJyed at 1.5 to 2 kg/ha con trols Jil 
the vegetarton by de\SICJliOn (Ranglah (I 

al., 1975) and Ihu\ formll1g .111 es\en!lal 
component of minimum ldla!(e. 

II) A: rdlfllll(lll (onlrol ml'l1.<lIl'(, : In lIne 
planted crop work1l1g of J,}panese rOlary 
weeder whIch IIl(Qrporates fertilizer 
beSides uprooling of weeds IS considered 
to be an accepted practic e (Vacchanl (I at., 
1963) . 

III) CIJ(llII ccll (O lilrol melhod,: Herbicides 
Itke 2.4 -0 compounds and propanil when 
used as po t-emergence sprays control 
weeds effectively . pray applIcation of 
2.4 -0 .II 0.5 kg J .i .lha is found 10 be quite 
effective for weed control (especia ll y 
sedges and dicOls) involving least expendi­
ture (P,Jlel and Moorthy. 1980) . Besides 
efficiency of M.C.P.A . at 2 kga.i./ha ap­
plied 4 to 6 weeks after planting is report­
ed (Vacchan (I al., 1963). Similarly effici­
ency of propanil (3 kg a.i./ha) when the 
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weeds are at 2 to 3 leaf stage IS ob erved 

( ubbaiah and Sree R.1ngasomy. 197 ). 

Be ides easlnes of appitcatlon, the 

granular herbicide VIZ., mtrofen, butach­

lor and others have been observed to be 

more effective than spray application 

of propanil In both weed control Jnd grain 

Yield. Based on a number 01 studle , gra­

nular forms of buuchlor, tillobencarb, aVI­

rosan, nmofen, blfenox (methyl S-(2.4-dl­

chloro phenoxy) -2-OI trobenzo,lle), moltn­

ate and pendlmethalin h.1ve been Identi­

fied to be promISIng. The broad ~pectrum 

weed control I~ also observed with the ap­

pltcatlon of herbiCides Itke buuchlor, 

thlobencarb and Plperophos OIl -QIIoo 01 

their recommended rate when combined 

with 2,4-0 IPE In the formulated granular 

product (Ptllal. 1977). 

IV) 5_yntrgull( antagonu/I( 1/((IJ of hrrblCldrl 

fir/d,ur InS((II(/dr mlx/ur(\ : Mixed appuca­

tlon of proparul .. nd butachlor at 2.5 kg a.l. 'ha 

With 3% urea solution enhances the herbiCI­

dal dllcacy ( aniuldn (I aI., 1974). 

The phytotoxIc tty caused by the use of 

propanil and parathIOn seems to be related 
with the vanetal differences (Dubey (I al., 
1977). An tncrease With tnterval of applica­

tion of propanil and carbaryl helps reduc­

tion of the phytotOXICity (Sharma (I aI., 
1980). To the contrary, such adverse tme-

raction is not ohserved with butachlor, 

nitrofen and bentazon (3-lsopropyl (I H)­

benzo-2,1,3-thladiaztn-4-one 2,2-dl-oxi­

de) when combtned with carbofuran and 

phorate (Mukhopadhyay and Sen, 1977). 

(d) Dmcl sttdtd low land riet 

At the initial stages, the: field condi­

tion of low land rice: resemble) that of di-

rect- eeded upland and suppons the Inlld­

ence of grasses, edges and diCOh. , ubse­

quent water logging coupled with Impedd­

ed drainage lead to the 0 cum'nce 01 ty­

pical aquatic weeds Itke hara sp .. .'VllfllA 
sp., H_ydroka zr:),lanl(a, Mono hona f1uglna­
lIS, Impomaa sp. etc. posing problem of 

their control be ause: of the stagnam 

WOlter. 

The research IIlformatlon IS In.ldequ­

ate du t' to the complexity of the J~ro-lTO­

system Involved . 

I) Cuillanl m(/IJodJ : The traditional b,as, 
ystem of ultlvatlon involving broadcast 

dry \eed~ng and sub~equent operation of 

country plough when the eedllngs attain a 

height of about 25 to 30 cm effects panlal 

thinning and rCJsondble weed control 

(Blsen and Patel, 1973) . However the diS­

,ldvantagt' ot \uch traditIOnal system IS 

that the producllvl~' IS lowered due to ina ­

dequate ~tJnd of the crop (Sahu and Bhat ­

tacharya, 1964) . 

/I) Chrml(al mrlhods: Post-emergence ap­

pltc3t10n of propantl at 3 kga.l.l ha, 

M .C.P.A . or 2,4-0 at 1.68 kga .t.lha con­

trol maJority of the grasses, sedge and di­

cots at the initial ~tages when remains free 
from tandmg water (Sahu and Bhattacha­

rya, 1964; Blscn and Patel, 1973) . Floating 

and filamentous algor and Cham sp. are 

observed to be controlled by copper 

sulphate 10 to 12 kga _i.l ha (Dutta and 

BanerJee, 1980). Sodium pentachlorophen­

ate and PCP at 2.5 to 4.4 kg a.i.l ha are 

observed to have con trolled Niltlla sp. 

and Char-a sp . effectively (M ukherjee, 

1972), ",hill' Nlljas sp. by using 2,4-0 

at 0.5 kg a.i.lha (Manna and Dubey, 

1972). 
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ABSTRACT 
The wt"cd\ prevdlilng 111 ,1bund~l1le 111 nature have been ~ In le ttme Immemortal, II1dlspelHJble 

basIc raw maten.!l In the preparalton' 01 ayurvt"dll lormul,Htc\ . 

By and lHge, the,e medllll)e\ have been fo und to be ,uctel\ lul In malntJtnlng and restonng the 

human hCJilh 111 J nJtur.tl way . These weed, grow under led't tare and even under extreme and v.Hled 

dlmdtll londttlom They Jrc on thc verge of alute Slarttty tn the market. 

The quanttty of the wceds. used as medlune In ay urvedlc pharmaceu t llJ I tndu,tnes are InC,e,I \ II1!; 

lonstan tly and procunng Ihem has become a problem . Th" IS matnl y due to Ih e (act that the plJnt 

based raw marerlal, tJnnot bt" ob tained at dll plate, dnd al all times . Owtng 10 sCdfnty 111 the tomcxt o t 

ht"avy dem.nd. wb,ltlut(' \ ot poorer 4ua1try and ddu lrcr.lfton, drc rampdnt. 

INTRODUCTION 
The u\e of herb~ as J souru~ of drug 111 

Ihe prOle" of upkeeplng heJlth wa, an 
Integral fJllor tn the indigenous prJLtlte 
of medrllne which In Ihe rt lent year, has 
found ,I new tWI\! due to the amv.l1 01 

' landdTd met hod~ III I he UlllVJllOn , col­
b lion. \lOrage and quality lontro!' Due 
to econom ic rea\ons a very large number 
of weed ~ have been left out of sCien tifi c 
~crU!ln y leaVing weeds as J problem 10 th.e 
.Jgnc ultural field~ . Olle can never deny the 
u lefulne~\ of these weeds a ~ a sour e of 
medICine. Eradica ti on of weeds ca n never 
\o lve the problem integrally and therefore 
J systematic under tanding of the: problem 
and the appllc3110n of stra tc:gie ~ to regula­
me r ultlvallon of the weed~ may prove 
very economi ca l. We: would .It the first 
I!1stan (.e assess qualitauvely the role of 
weeds as a ~ource of mc:dl ine, later, we 
quantitatively focus the ommercial 
viability, market demand for weeds and 

finally envisage methods to satisfy the 
need of weed as raw material in pharma­
ceutical industries . 

(a) U: 'udl tll tl 50ur(/' uf Iffc'dlllNt'-qutll,lllfl1If 

(IB.-Hmen l 

Weed~ haVing popular market whose 
pharmJwl gicJ I u ~cfulne ss .IS medicine 
known are ~hown In Table 1. Pam berng 
u~ed vary from the whole pl'lIlt to seed, 
fruits , root s, tuber~ etc. The pharmacologi­
ca l action of these weeds is a proven re ­
sea rch ca rried out In the unrversi ti es, 
national institutes and various national 
and multinational pharmace uti cal compa­
OIes. I ndigenous medical practice identi­

fied the u~efulness of these weeds in 
course of experic:n e and a~ such a very ex­
haustive list of weeds ca n be monopoly of 
a preparation but has a specia l signific­
ance. The originations of the chool of 
Indian medici ne had formulated and tan­
dardized every prescription ba jng on their 
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expenence. A practlllOner or a manufac­

turer must work wltflln the IndlCallOn 

prescribed In the JnCltnt text. 

I n our surve} we found out qUlle .1 

number of weeds as .In lnE:redlent In mdnv 

uch ~tdndard pn:pardtlOns. Table 3 glve~ J 

hst of standard prepdrdtlons manufactured 

by the ph.lrmaceullc.ll compJnle~ Weeds 

like Borrhalwltl dif/ll i a. TrfblliMI irffo(rfl . 

olanuM 1;Q1IthoOUFliM .Ire used extensively. 

y~lcm.1tll Inve l1gdtlOn of drugs used 

In I ndlan medi CI ne In I ndlJ on modem 

sue,tific hnes started 30 years ago A 

number of ImpOrlJllt medlc lllal plants 

pres nbed by V JldYJS dnd H.1klms have 

been IIIvestlg.ued. the lonslltUents hdve 

been eXdmlned. phumdcologlcJI action of 

the active pnnClples wo rked out on .lIIlmal 

expenment,HI')n dnd preparation m.1de 

have been tned In hmpltals. It IS onlv by 

thorough enquiry thJt the ments of these 

drugs can be pro\'(:d and 3 demand created 

for them not onl y In I ndla but also III 

other parts of the world Table 4 gives a 

list of weeds used a medICinal plants. It IS 

Important to note that quite a vanety of 

activity can be seen among the few select­

ed for presentation. They are bemg used as 

cmmetlcs. InsectiCides. hypotensive rubl­

tiClent and even III cardlo-vascular di­

seases . The extraction of active pnnclples 

from these natural sources Involve sophiS ­

ticated technology . 

(b) CommtTCIal viability of fI1ttds 

I n cultivation of drug Yle ldlOg herbs. 

weeds have the follOWing advantages : 

i) [t affords a valuable method of control 

of the purity of the product. 

ii) The process of col lection. drying, stor­

age can be adequately controlled In farm s 

and plantations With trained workers, 

iii) Improvement of the drug by the con­

trol or Improvements of certain factor of 

cultivation, 

IV) Production of drult by Improvements 

tn CUitlVdttOI1 en,ure' J rl'~uIJr Jnd (ons­

tant ,uppl\' dnd hdp brcdkdown monopo­

Ite . .Ind 

v) CUit"'.lllOI1 of dru~~ 111 proxlmlry to 

worklllg pIJ((' tor m.lnUfJl turl" of Galenl­

"JI~ I~ often a d"tlnct .ldvJntd!!1" espcClJlly 

ior mdklll~ trl:'~h ~reen I"xtrJl t\ . The frl"sh 

drug .In be taken dlrC' l th Irom the field 

Into the factory Inr 100mcdlJtr u'e pre­

venting d~tenor.\\lOn . 

It IS Imponant to undrf\land thdt ~y~ ­

temallc undentdndlllg of pldnt breeding 

.lnd \Clc:nllfic control of tht CUlllv,lIlon. 

collection. dryln~ and ~torJ~(, of drug' wdl 

do mu h to Improve the qUolltty of the me­

dltdment\ denved from them (Trea ~ e and 

Ev.lllS. 1 (172). The next few dC(.Idc~ Me go­

Ill!! to be the era 01 ndturdl produus . LJr~e 

number of naturdlly o(eumng spe:Cle' are 

under thorough InVe\tlgdtlom. both on 

the tradlll onai and modem method, . The 

( omumpllo n of weeds as raw mateTldl for 

preparation of drup has been Incre,,~ed by 

many folds and today It IS a millIOn rupC'e\ 

busllless III the stat.e of Karnataka alone: . 

Tables 5 and 6 gI ve tht' names of the Im ­

portant pharmaceutical companies who 

are the potential buyers of these weeds in 

tht' stat e of Karna taka Jnd an anttclpa ted 

an nual comumptton of \ome weed, In 

KamatAlka in 1981 . The figures are based on 

the consumption of these weeds by the State 

and private enterprises in the yesteryears. 

(e) Mnhods 10 rrgulartS( wrtd u1Ju,iabl"!y 
and dU(ribu( /On 

A number of sugge sti ons (ould be 

made to ~o lve the: problem of ~carcity and 

Improper dlstnbu tton of medicinally useful 

weeds for ayurvedlc physician and pharmaceu­

tical compal1les. [tiS Important at the OUt et to 

launch a programme to educate the faaners 

about the medlcmal 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 fa r­
mer Instead of burn ing or burying the 
weed I, dumps them In the Society and gets 
money. The oClety III turn IS approac hed 
by the Industries and rndlvlduals for their 
need~ . Society sh.lll have adequate staff to 
identify the weeds. sorth hem. store proper­
ly and mJlnt3JO herbana of all the weeds 
Jvallable In that particular area. 

Thirdl y, Idenllficatlon of certain re ­
mote <lreal away from agncultura l lands 
lor rhe LUlllv.lIJon of weeds. As weeds can 
I/.row u'1d rr extreme climatic cond lt lon~ , 

the que~ tJ o n of adequate water supply, fer­
tili ze r does not arise and therefore wtth 
mlllimal Jvarlabrllty of resources the 
ob)ell can be achieved. Consldenng proti ­
tabllit y farmel\ ~ hould be advlced to cul ­
tlVolte: \om~ weed\ as lommcrclal crops on 
J 1,lrge scale. 

Fourthly , an Inter dlsclpiJnary pla t­
form With ayurvedll ~clentJsts I~ necessary 
for an Integral understanding of the prob­
lem and to obt.lIn a knowledge of the Im­
portdnce of weeds . 

Frnally, JOteJlslfying the botanical sur­
vey and pharmacognostic study of the 
weeds III the best pOSSible way enables the 
Identtficatlon of newer herbs dnd newer re­
medIes from natural resources. Plenty of 
data IS already avai lable In Indigenous 
medicine which need thorough probe and 
test the validity of the allegatiOns on striC I 
SCientific lines. 

DISCUSSION 
C ultiva tion of medici nal 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 coll ect­
ing wild plants will therefore tend to in­
crease until a plant is reached at which it 
becomes more economic to cultivate 

them. The sprea d of agriculture in all parts 
of the worl d IS steadily decreasing the 
amoun t of wild untouched vegetation and 
II also InvolVing the del iberate descrucri on 
of mediCinal plants, either because of the 
risk of poi~oning resulting (rom their pres­
ence on the agricultural land as in the case 
of Belledonna Or because they are trouble­
some, easily clissmeated as JI) the case of 
Dandelron. Tht fac t that many medi cinal 
plants OClur ~ al tered sparcely throughout 
a mixed vege tation also provides a strong 
Incentive (or cultivation which completely 
removes the diffic ulty of find ing and re­
cogni sing the correct plants and in most 
c a ~e re s ult~ In J more economic produc­
tion of drug. 

Dunng recent yean chemists have 
syntheSIsed potent remed ies such as Arse ­
meal s Jnd An ti malarial compounds which 
have proved effective In the treatment of 
protozoal dl~edse and su lphonamides use­
ful in the treatment of bacterial diseases. 
AntibiotiC drugs have revolutionised the 
treatment of bacterial and ri ck('ttsial 
di seases . DI~eases whi ch were considered 
IIlcurable a few yean ago are now cured by 
thcrr u~e . But then why indigenous drugs) 
Bntish Journal 'The Practi ti oner' answers 
Ihls question sayll1g "the wi se and expe­
rien cd cl inlci.1Il never spurrs an old wi fe's 
tal e until he has good eVidence in doing 
~o~. The lo re of the count ry ment is built 
upon the expe rience of gene ration , often 
of entun es and the data upon whi ch it is 
baloed have often been obtained at a pri ce 
rn human Irves which no modern researc h 
worker would ever dream of considering. 
I t is particul arly appropriate at the present 
moment when the pharma ceutical compa­
nies of the world are emitting an uneasing 

flow of new syntheti c 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 erpentlna, 

Coatis coinensla, Ruta graveolens etc. 

The Idea of launching .I o-<lperatlve 

ociety for weed collection and dlStnbu­

tion would help solve the problem of 

acute scarcity of those weeds. Presently 

practising phYSICians and small companies 

depend on the fore t ontrdctor~ for 

weeds. The procedure I as follow : 

The contractor who gets a part of the 

forest for lease from the Government sells 

the Items like wood etc ., to the concerning 

Industn~s . The weeds are collected and 

sold In the market at a very high pnce and 

It I difficult to get a regut.u supply of 

weeds of a standard quality at reasonable 

pnce. Formation of a SOCiety as suggested 

in the paper m.ay help and solve thiS prob­

lem. 

We finally embark on the Idea that a 

systematic understanding and research on 

mediCinally useful weeds IS the need of 

the hour. Any attempt to eradicate species 

can only cause ecological Imbalance 

which can aggravate and not allevldte the 

problem. 

CONCLUSION 
The weeds are a very good source of 

raw matenal. hence a systcm.lllc unders­

tandang of the problem of weed cOIn only 

help to olve the hortdge 01 weeds which 

as we have een 15 belJlS used In dlmost all 

the ayurvedl plurmaceutll.ll preparation 

dnd .Ire a good sour e of dCllve angredlenls 

for the needs at .I modern phdrmJ eU!1 al 

andustry . Tr.ildllionally weeds pl ayed .In 

Important role as medlcane but In the l.tt­
ter part of the history II ran anlO obliVion 

for very obVIOUS elonomlC red\Om. It 1\ 

Important to launch rural programmes to 

educate tarmers not to tredt weed~ .1\ a me­
n.tce but as a source 01 Income. 
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Table 4: W«ds" medl lIul pl<lnts 10 western ~y tern of medlClOe. 

"me of the weed 

1. V tTlUnmt vmdr 

2. J\.~yn{1l aspIntifol'll 

3. RII",o: mspMs 

4 ChntOpod,"", amlrrowldrs 

5 Pb)'/O/Jl"{1l "",en, "ftJI 

b C~bJo"'Mm m~' 

8rIlJfl." alba 

Brasslfa "'srll 

9 

10 PIlJfljlOfll /lfCllnlalll 

II CPrrum. IfIatMWII", 

12 .'lporynMJII ,annal"n"", 

13 .1po,ynMm andro.uw,,,/ol,ll'" 

14 . Asdqlla finacll 

15. Asdrpl/JJ /MNroS;I 

lb. 'rmp/r)'IIIm olfianabs 

17. ~ 'rrlKna hastala 

Ill. MarrMh,ll", wlgarr 

19 Mmlh" p'p"rtla 

20 Men/h. f'la/a 

21 D,Uur" stra",ontum 

22 . SoumM", ((lrolmenu 

23 SoJa"" ", JMkamanc 

24 D,gIlaliJ purplaea 

25. VubasclI'" IhobJMS 

2b. Arhl/Ju ","kfobll'" 

27 Gm,Jelta JJ{lIrrOSJa 

28. Inll14 hrlmlMm 

29. LlUlllea scanola 

30. La..tllCa v"osa 

31. TanlUo/lllm 'lJ1I/garr 

32. Taraxacllm olficmak 

33. TMSJ,lago faifarc 

Put used 

Root stociu 

LCilves & tops 

Roots 

Frull~ & tops 

Roots", bernes 

Entll~ pl.ant 

eed~ & rootS 

Root, 

rOp\ 

Frum 

Root~ 

Roots 

Roots 

Roots 

Root~ 

Leilves '" top, 

lCilVCI & 

tlowenng tops 

- dlllo ­

Leaves '" seeds 

RIpe bcmes 

Young 

br"nchletl 

Leilves 

Flowers & Ic.OIves 

Tops 

Leaves & 

f10wenng tops 

Roots 

LcllfJts 

Ll/l'lJtS 

Leaves & 

f10wenng tops 

Rootl 

Leaves & roolS 

Ph"rm"cologlCill property use 

AlkaloIds uc hypotemlve sced\ 
.l 10 ecuClde 

Tnrcrpcncs 

AnthroqulOonuc\ glycmld('\ 

Anthelmcntll 

For dyelOg. lont"l0 ~poOlm 

Alk.llold sp . .nelnc m.lI~C"l 

Rublfeucnt\ & counter Irmellt 

Gcr.lnlum 011. pertumery, u)untcr 

Irntent 

FI.l\'onc-C - l.lYl oSldes . .lllliold, 

I ndl~enou\ PO''''tI 
C.lrdl.l, IOnl( 

C.l,d,.l' tole 

(. JI ~Ill)lrd~" ldrdlOJlllVe 

(. JrdloJtllvC 

CJIl!(IrOIl 'IImul~nI (urCide 

~1I()nt(l1n1 

HJrmon~ lIke. pU"I~mrdth~tI, 

JllIOn 

V"IJlllc 011\. counter Imunt 

Cuunter Irnt~nl 

C.lrmlll.ltlv~ 

Skclcul mu~dc rcl.lunt 

- dmo -

- dltlo -

C~rdlo tonll 

C~rdlo t01l1l 

Volatile oll~, perfume & losmelll 

For bronchltll & asthma 

IImulJnt 

Treatment of molta fever 

- dll1o -

Vol all Ie oils, counter Irntant 

Trulmenl of molta fever. antib,ot,c 

T reatmenl of cancer 
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T dble 5 : N~mts of the lmponanl pharmaceutical industries III IUmataka incorporating different weeds m 
Ihelr formulations. 

SI. N~me o(lhe ompany Place 
No. 

I. The Hlm~bya Drug CompAny Bangalore 

2. Dhootpape'shwar Limited Bangalore 

3. The ~advaIJr~~hala Pnv~te Limited Naniangud 
4, The' Nutan Ayurveda K.uYdlaYd Pnvate Limited Bllapur 

S The Taranathd Ra,oushadhl Work.l Pnvate Limited Chdunaga lur 

II ceth,ua!!hdVd V dldyalhJla MYlore 

7 Government Cenlral PhJTmdcy Bangalore 

8. Amnlt Phdrmdcculluls BelgJum 

9 5 N. Pilndlt'~ The Mysore Ayurvcdll Pharmat y MYlore 

10. Indomed Llbomonc' MYI()fc 

11 The Iklll Kamaldo Ccntral A ..Irvedll Pharmaty Limited My'ore 

12. Swadc~hl Ou~haJhJ BhJndar KUn).ll 

I J IndlJn PharmdtClItt<.11 Company Udup. 

14 Bharat Phannilt\ ~outh C.'IlJr.1 

15 Mak., w('1 PharmdteutltJ!\ BJn~Jlore 

10 5dgar fllJrmd,CUlildl, BJn~Jlorc 

17 Ide.1 I ndlgcl)()u, PhannJtcutlt •• I, PrlVJte Limited flwI'Jlorc 

18. PharmJlCUlltJI DI\"'")11 oj ChJlIlICI Intcrn .• tlonal My'ore 
19, ('('crhd C(lmpany Mywre 

20 ~n('ndl PhJrmJl CUIIL,I, KJnl'Jlorc 

2i. Karnat.lk.i Ayurved Vld'JpecrhJ I'h.lTm.llY flelg •• um 

22 "IanleevlIll l'hJrmalcutllJI, H.1I1~Jlorc 

51. 
Appl'()".mJtc 

MJlkc. rJrr 
No. 

Name oj the wced lOt1lUmpUon 
Ih ' k~ II I 198 I 

In k~ 

1. PhyUan(h~s ntrlm & Plryllant/JlII urmarlll 30.000 5.00 

2. Da/~ra alba & Dalura slramomum 20.000 S.OO 

3. BrrrhtUl'lJla aifJUla 20.000 1200 

4. CrnlrUa OJla1/(11 20,000 10.00 

5. Echpta alba 10.000 5.00 

b. S,aa (araifoba & S,aa rhomblfal1a 15.000 12.00 

7. Vr/ I'IJt'fla lllanlOlaf) 10,000 10.00 

8. Solanum malrum & Solallum rallihocarpum 10.000 10.00 

9. Tflbulus lermlns 5,000 8.00 

10. CYPtrilS rolUl1QNS 4,500 8.00 

II. FNmana paroiflora 500 8.00 

12 . Slsdi malcum 500 4.00 

• Excludes resular coruuJllpuon by lhe indlgtnou. mcdic~1 practitiont~ 
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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 IS about two and a third times as big as 

Indja but It~ populoltion is only 15 mil­

hons, a mue 2.2 per cent of the popula­

lion of India. The diversity of the climate 

throughout Austraha. from tropical and 

sub-tropical 10 extremely arid. with annual 

ramfall varymg from more than 2500 mm 

10 Jess than 200 mm, of essenllally summer 

or wmter or erratic dIStributIon, leads 10 a 

great d,versity of weeds many of which are 

Important in other parts of the Asian-Pa­

cili... region. 

Research on weeds began In last ce ntu­

ry a\ In most ountne. with identifica· 
lion. ThiS work was done essentially by 

Government Botanists and ama teurs, often 
churchmen who interested themselves in 

natural history. The early journals of the 
various State Departments of Agri culture 
provide much descri ptive 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 bter grew into the Common­
wealth Scientific and Resea rch Organisa­
tion (C.S.I.R.O), there were reports on 
prickly pear (Opunlia slrirla Haw.) 
(Cleland, 1919) and water hyacinth (Eich­
hornia crassipes Solms.) (Mackinnon, J 9 J 9). 

The early interest in prickly pear. which 
occupied millions of hOI led to the exciting 

story of control by the moth CarlolJlaslis 
cae/orum. 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: 

(I) the control of a form of skeleton 

weed (Chondri& juncea Ledeb) by a rust 

fU:lgus, PlIccmia chondriUina. Unfortunate­

ly other forms of skeleton weed resistant 

to the particular race of the Fungu s used 
are now Increasing. 

(2) the control of H arrisia cactus 
(Enourrus marlinil) , after relea se of three 

Insects, a stem-boring beetle, Aleidion arei­
cola, a mealy bug, Hypogeococcus jestn-ianus 
and a stem-boring weevil , Erioureophaga 
humcridens. 

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 (Hyperi­
cum pnforatum) have often been ineffective 

due to different environmental conditions 
and/ or inappropriate species of insects. 

Current interest in biologica l control 

includes work against the aquatic weeds, 

alligator weed (A Ilernanlhera philoxeroides), 
water hyacinth and Salvinia molesta and 

parthenium weed (parlhenium kysttrophorus 
L.) important in Queensland 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 

cat tle. The principles of control of such 

weeds developed in Australia should be 

easily applicable else",:here. In many cases 
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the best weOlpons we have for control of 

pasture weeds are succes ful pOi ture spe­
cies - for uample the annual ubterra­
neOin clover (Tnfolll,m SI,htl'fTantlim L.) for 

the cootrol of I. John's wort (Stening. 

1933; Moore and ushmon:. 1942). peren­
nial grasses OInd lucerne for the control of 

thistles (Michael 196801.. 1968b) and the 

sub-tropicOlI species DtsmoJ,"m spp. and 
MIlCTOPliiJlI'" aITop"'Pllrtll", for the control 
of Agtrattnll adtflopborll. 

mce the development of 2,4-0 
(2,4-dlchloro phenoxy OIcetlc aCId) and 

MCPA (4-chloro-2 methyl phenoxy acetic 
aCid) after the second World War there 

has been much emphaSIS In Auslrahan 

weed research on the control of crop and 
other weeds by herbiCIdes . But such work 
is essentially of a regIonal nature . The long 

use of herbICIdes has led to changtng 
patterns in weed populations 015 elsewhere . 

Some attention IS bemg gaven to problems 
of herbiCidal reSIStance of weeds and to 
differentul susceptibility of crop culuvars. 

Because of the great use of herbICides over 
wide areas much attention has been dIrect­

ed in Australia to techniques of spraytng, 
with much emphasis on aenal spraying. 

DetOliled work on the mode of acuon 
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 

phcnoxy)-phcnoxy) propionate) and pro­

metryn (2,4-bis (isopropylamino)-6-me­

thyl thio-l.3.S tnazine) is of special inte­

rest . Combinations of these two ~erbi ­

cides, applied separately, have given better 

yields of pigeon pea (Cajanlts cajan L.) and 

carrots (DaucIIs carDia 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 ydney 

usmg a very SImple technique for testing 
the selectrvlty of different herbiCides, 

uSIng different oncentrattons of herbI­

CIde applted to eeds In Petri dlshe and 

measunng their effect on root ~nd shoot 
growth of seedhngs. The findings of su h 

slmplc cxperlments hJvC been confirrne'd 

m pot studies m the glasshous~ and m 
field studlcs wlrh J range of crop SpCCICS. 

ThiS tethnlque IS certalDly worthy of 
senous Jttenllon 10 othcr parts of the: 

ASlan -Pa lfie region where' ~cdilles are 

limited. 
Recent studies. largely theOrrllcal , on 

tl.e spread of weeds (Auld and Coote. 
)980; Menz (I al .. 19 0- 1) and blorco­
nomic models (Auld rt ai .• 1979) may lead 

to a much belle:r understandmg of the po­

tential and slgmficance of weeds In the 
general agncultural economy of any oun­
try. Crop-weed denSity studlC~s are also 

under current review. 

Until retrnt yean, by far thr greatrr 

emphaSIS III weed-rescarch ID Australia was 

on weeds of the: more temperate part s of 

Australia, relevant only to hmlled areas of 

the Asian-Pacific regIOn, notably New Ze,A ­

land and Japan and perhaps pans of 

Northern India . But today more and more 

emphasis IS bemg directed towards prob­

lemi lD the sub-tropical and tropical ar~as. 

Overall, too little 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 begmnmg 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 pecial in tc~re t in weeds resea rch 
IS In problems of Identification. It IS pleas­
Ing to note that recenlly more In terest is 
being shown by taxonomists In weed 
genera . A notab le con tri buti on IS an ac­
wunt of tht' Important weedy genus Sola; 
1/llm In Austr~ l la by Symon (1981 ). I 
pre~entC'd .I p"pC'r on tht' taxonomy and 
dl~trlbullon of E(hUl(}th/ou at the Interna­
ti ona l RI(C' RC' sC'arc h Imtltutc / lnternatl -
0 11.11 WcC'd (1cnce SO(lel)' Rice Weed 

ontrol I)n(cren e 10 eptC'mber thiS 
ve:-Jr and trU\1 t1)Jt the Proceeding, of the 
Confe ren(c Will ~oon be:- dvadable for gen-

eral dis tribution. Forthe Seventh APWSS 
Conference in Sydney in 1979 I prepared, 
with financial support from Japan Asso­
ciation for the Advancement of Phyto­
Reg ulators (JAPR), a working li st of weeds 
of the Asian-Pacifi c Region. It is to be 
hoped that wi th furthcr constructive criti c­
ism, a more sa ti sfy ing lis t will be prepared , 
which would be of grea t use to weeds 
workers anywhc re in the Asian-Pacific 
regIOn. Without proper identifica tion 
of weeds, rea l communica tion between 
weed~ workers In the region, is di ffi cult 
mdecd. 
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THE STATUS OF WEEDS IN NEW ZEALAND 
AGRICULTURE 

T. I. COX, A. RAHMAN, A. I. POPAY and L. D. BASCAND 
Research Division. Ministry of Agriculture and Fisheries. New Zealand. 

ABSTRACT 
New Ze~bnd ~gtJ uhure can be (har~clemed ~s predomInantly pastoral but wIth a dIversIty of 

u~blt ~nd honltultural LrOp\ \utled 10 a temperate t1lm.lte with a sub-trop llal northern fnnge . Weed 

problem' arc lOrre pondlngly wide-ranging .lnd ulu~lIy the worst weeds arc adventlvc species which 

have adapted eaSily 10 10 .. I ,OIls ~nd c1lm~ t e Pa\tor~lland II being lOnllnuou;ly Improved by techni­

ques whl h Indude vegewlon managemenl and direct I hemltal tOntrol of weed, although much of the 

large ared Involved IS Inattenlblc and dlfficuh to trcat Est.lbl"hed tUhlvaled lropplng area; arc gene­

r~lIy IUbjeli to regular herbl(lde treatmentl and In lomc 'peuaillt crops very lophl;ucated spray pro­

gramme, ue uled A number 01 annual ~nd pereunlJI rropl are expanding to lake advantage of export 

nurket' and the preparation of new land brang' nev. wced problems. usually peren",al peCles anocla ted 

with the preYIOUI p.lIIUrC 

AI the trend 01 (fOP d,ver\lliutlon 10ntlnuC\ 10 Ihe weed lontrol requIrement be. o mel more com­

plex A (ontlllulng reloanlC on hcrbluJes " Inevitable but there II abo d growIng .lppreClauon of the 

need 10 Integrate hemll~1 "eed 10lllrol wllh ,ound lultural praClIle In order 10 malnt.lln robust and 

l ml·cffiClent lfOPPInF- 'y\lcm, 

INTRODUCTION 
The main Islands of ew Zealand lie 

between 340 OInd 470 S 10 the outh Pa cdi c. 

Just south of the sub-tropt OIl htgh pressure 

belt . The Lllmate II temperate but 10 al 

vanatlons are on Iderable slOce the om­

brned length bf the North and the outh 

Islands I~ over 1.600!un and .1 chalO of 

high mountains from south-west to north­

east through the length of the country pro­

duces marked climatic contrasts from east 

to west. 

Average preCipitation in the main agri ­

cultural areas i 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 varia tion according to eason and alti ­
tude . The winter are mild enough to 
allow sheep and cattle to graze out ide all 
year round. M uch of the country has at 

least 2,000 hr of sunshine a year. with a 

rang~ of 1.700 hr to outhland to 2.400 hr 

10 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 rypes with a 

high proportton of allophane clays in the 

North Island . oil organic matter content 

IS often 5% or higher (Burney rt aI .• 1975). 
Fertilisers, especially phosphatic and potass­

ic. are widely used. In 1977- 78 about six 

million ha of pasture was top-<lres ed with 

nearly half of the total amount applied by 

alt . 

I n a lima te of few temperature ex­

tremes. generally adequate rainfa ll al­

though topograpby is a major limjting 
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fllctor. Two thirds of the totiLlland area of 
27 million ha arc farmed and about 95% 
of these ue devoted to grazing sheep and 
cattle. About 3.2 million ha ~re flat 
enough for cultivation and provide most 
of the dairy production. creal. ar1lble and 
horticultural crops as well a some me,l.I 
and wool; field and horticultural crops 
o cupy approximately 0.9 million ha . 
Productive exotic fore ts on land of vary-
109 topogr.1phy, occupy about 0.74 million 
ha (New Zeal.and OffiCIal Yearbook, 
1979). 

Pastoral products prOVide ~bout 71% 
of New Zealand's total export e .• mmgs. 
The pastoral economy IS based on year 
round grazing of sheep and cattle, With a 
mlmmum of supplementary feeding. Most 
Improved pastures are sown With perenmal 
ryegrass and white dover which produce 
thear best Yields In spnng, early summer 
and ;autumn. Cocksfoot and red and sub­
terranean clovers are also sown. After the 
first year or so. sown pastures usu;ally deve­
lop into mixed aSSOClatiom of several 
species. 

Most of the cropping IS undertaken to 
provide supplementary fodder for animals. 
Only 1% of the total cultivated area IS 
used for foo4 crops for direct human con­
sumption (Clandge, 1972). Apart from 
market gardens, few farms arc used solely 
for cropping. Two thlfds of field crops are 
grown in the South Island. The mam crops 
arc wheat (96,300 hal, barley (74,400 ha). 
oats (16,800ha), peas (16,8ooha) and POta­
toes (10,000 hal . Maize (28,600 hal for 
grain production. IS restncted by climate 
to the North Island. Lucerne and fodder 
crops arc grown prinCipally to supplement 
pastures during summer and winter. 
respectively. 

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

port or proces Ing pro pects - su h as 
kiWifruit, asparagu and grapes - expand 
IOto new area~. Are,ls of proces cropping, 
market gudens, or hards and nursenes 
occupy ~n estlm;ated 70,000 ha, with veget ­
able crops (vining pe;as, beans. sweetcom, 
brd \1(,)5 ~nd onions) and pip ~nd tone 
hUll olcupymg the large t .He.H. 

ORIGIN AND DEVELOPMENT 
OF WEED FLORA 

There arc about 1.1 00 plant spe les re­
g~rded .is weed, In • ew Zeal.lOd (Healy, 
1969) and the e OIre mostly advc:nllve . The 
very (ew n.Ulve or endemIC specle~ of Im­
portance are largely restricted to low fertll­
II)' grasslands under high rainfall, mdl­
genous tu\sock gras l;and and aquatic habi­
tats. Thus. the development of weed floras 
of ar~ble land and Improved pastures has 
been d direct result of European settle­
ment dUTlng the last cen tury dnd a half. 

A Wide range of herbaceous and 
woodv plant~ of diverse botanical rc:lauon­
ship Jnd geographical Orlglll h.l\ been 
IDtroduced. New \peCTeS hdv(' establl~hed 
In many different ways but there 1\ little 
doubt that most have been Inlloduccd as 
ImpUrilieS In tommercl.al \eed lot~ ;and 
spread by farm machinery (Healy, 1952. 
1969). It IS remark;able that In the )hort 
hiStory of New Zealand agriculture species 
reprcsenutlve of many regIOns of the 
world have become estabh~hed. often in as 
gre.lI abundance as in their country of 
onglO. A large proportion of the intro­
duced wetds are of European ongin and 
whalst many have arrived directly from 
Europe, others have been IDtroduced 
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 usc in New Zea-
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land was prc cntcd at the 4th A~ian Pacdic 
Weed clcnce OCICry Conference (Healy. 
1973). 

WEEDS OF PA TURf LAND 
Plan!' whIch occur In pa\tures are re­

garded as weed~ for vanou~ reasom and 
Ml' hard to define .ldl'quately . They may 
l.lU\(.' phY\l(al damdgl' or be tOXlt or unpa­
IJt.}ole to .Inlmah (Connor. J 977) or they 
mJY (ompC'te Will! other paqurl' \pC'cles. 
ThC'y .lr(.' Qtten grasses or lC'gumes whIch 
pro\lde u\eful tood for ~tolk In partl ul.u 
dlm,llc,. 'olh Jnd management ~y\tem' but 
lJ11 Or rcpldll·d by better 'PC'lIC' If ~0J! fertil­
It) Jnt! gr.1I1111:\ mJnagement Jrc Improv("d. 

''>l rub weed, are partllularly senous a\ 
thq .HC' unpJIJtable and loln form dense 
tover Jnd thus render land totJlly unpro­
dU(\lve I he maIO speCIes JOvolved arc PI(­

ndl/lm {IIINt/mlim var. fHII/mlllm, LrplOJpfr­
mNm spp, DtJ(tl"o toumatall . () t/Sli l J{opa · 
TtlII , Via (IirapatU.I, Raja rubtgtnoJa and 
RllbuJ jrU(UOlul . I n the South Island It IS 
e~tJmatrd that (.. J2!l,o 01 farmable land IS 

lovered In sc.rub weeds. wIth comequ("nt 
lost cJrrylng cap;lCIIY of 3.5 mtllJOn Sto k 
units. 

Once strub weeds have be:tome e tab­
Itshe:d they must be de.ned before the: 
land coin betome productIve agaIn. <:rub 
cleanng IS expensIve. HerbICides are u cd 
extensIvely. often sprayed by aircraft. and 
mechaOl OIl OInd manual me:thods OIre also 
rmployed. Once the land is leared. it is 
very important that vigorous pasture IS ("5-

tabltshed quickly and that regular. con­
trolled graztng IS camed out. Grazing not 
only hc:lps to maintain a competitive pas­
ture but al 0 provide control of new scrub 
weed s("edllngs. 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 escaped grazing. 

• limited to the outh 1.I.nd 

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

Herbaceous weed speCIes in pastures 
vary according to cltmate. pasture fertility 
and grazing management. Control of 
poisonous specJ(:s. for example Homtrra 
rol/lna and Stn((fO jacobata IS often subsi­
dl~rd by the government. Ranllnclll1l5 spp 
dnd CaronoplIJ dtllymlls which are common 
on pastures can cause taInt In daIry pro­
ducts . Hordrllm spp. and some species of 
8romll5 produce seeds which can senously 
affect pelt qualtty and growth rates of 
stock and It has been estimated that the 
growth of J()Ofo of the country's lamb 
populatIon IS depressed by H. murinum 
tnfestallons (Hartley and Atkinson. 1972). 

Many weed species do Imle direct 
harm to stock but. bemg unpalatable. oc­
cupy valuable pasture spac(". Among these 
are several thIStles (CtrS/1~m aromsr, C. 1)U/­

garr, Carduus nutans. C. p_yrnorrpha/us. C. 
tfnuiflam and t[ybllm marianum). rushes 
U"nr"J Spp). sedge'S (Cartx pp. Cyprrus 
spp) and docks (Rum(x spp). Of these only 
CtTJtum arumS( has been shown to reduce 
to k producllon (Hartley and James. 

1979) but there is onsiderable scope for 
detailed inveslIgJtions of the effects of 
other weeds . 

It IS not edSY for annual or biennial 
weeds to establish in a dense. vigorous 
sward and invaSIOn of many weed occurs 
as a r("sult of weakness In grazing manage­
ment - ovrf-grazing in dry summers or 
treading damage during wet winter condi­
tion. Management te: hniques often 
reduce the incidence of herbaceous weeds 
but the herbicides commonly used. 
MCPA and 2,4-0. are also damaging to 
clovers. As a result. their use sometimes 
harms the pasture while controlling the 
weeds . 
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Table 1; Estimated COSIS of wetds to New ZuIOlnd agncuhure. as 10 I produruvc: 
opportunrty. 

Gross CO'I 
Co I.U % of 

OUtpUI- of weed 
Sm Sm 

gro outpUl 

Pastoral f.mntnl,t 1.454 32.0 2.2 

(scrub lJ.3) 

(hel"hlcclou 8.7) 

Arabic: f.trmJIIg 140 10.8 7,4 

Horticulture: 103 S.I 5.0 
Tow 1.703 47.9 1.8 

• From AlV'cuhur.a1 QlUlitS 1'175·70. Olli".1 Rtport 01 Nt ... Z ... I.nd Dcp.nmtnl 01 
S[~t)Stl (.s.. 

Estimates of lost llgncultural produc­
tion caused by pasture weeds lire shown in 
Table 1. 

WEEDS OF CULTIVATED LAND 
Common annual weeds of cultivated 

land include A maranlbltJ pOfl1tllji. AfJC1tlta 
fallta, CapJeUa bllrsa-paslon's, Chmopotilltm 
aibNm. Corono • dulymltJ. Crepts capiUaris. 
Fltmana mllralis, Plantago iAnuo/ala. Poa 
antllta. Po/ygonllm aviCliiAre. P. convo/vllills. 
P. p~rsi,ana, POrilliaul okraaa. SmeClo 
vlIIgam, Siknl officina/is. Soumllm nlgT1lm. 
SP(Tgu/a aTfJC1tsu, StlUana mld,a and Vero­
nica arvlflSis. 

In warmer northem areas particularly. 
a group of grasses are troublesome, includ­
ing Bromlls IInioloitks, Digitaria ~angllmalis. 
Echinochloa 'Tlts-gaoi. EkliJint indica. Pani­
cum dicholomijllJrllm. Paspa/llm di/atalum, P. 
paspa/oidts and Setaria vtrticil/ata. 

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 19 x 108 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 loe per ha. The 
highest number of weeds between twenty 
and thirty species germinated in early 

spring seedbeds but greater total weights 
were obtalOed from fewer specIes ID mId 
to late spring seedbeds. 

When cultivation occurs 10 late spring 
and early summer. espeCially In warmer 
northem areas, annual grasses become 
more Important (Matthew~, 1975) . In gen­
eral, when weed populations are very high 
only a few specie£ domtnate at any ttme . If 
these arc removed by cultivallon or che­
mical means other species may take over if 
better suited to the prevaJllDg conditions. 
The ~equential emergence of weed conti­
nues well into the summer in most parts of 
the country . 

Perennial species such as Achi/ka miDt­
folzllm. Agropyron rtprns. CiTSIum aTfJC1tSt, 
Rumex spp and Trifolium repltll can be 
troublesome weeds in annual crop and 
arc 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. COl1volvuills arvlnsis 
often invades perennial crops from waste 
areas. 

Although there are herbicide recom­
mendations for all commonly grown 
crops, new weed problems constantly ari e 
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 secd and 

oil ecd rape crops. The total costS, in 

terms of potential yield not realised is 
probably more than S 10 million a year 

(fable 1). 
WlIh few exceptlom commercially­

grown annual horticultural crops rely 
heavily on che:mlcal we:ed control pro­

gr~mmes. Much of the: ve:ge:table: cropping 

small -scale and diverse: and, a WIth 

arable crops, wecd control efliCle:ncy tends 
10 be variable . However, 10 Ihe hands of 

specialist growers some crops. for e:xample 
oniom and guile. arc grown very success­

fully under chemICal wced con lrol rcglmes 
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 I QIlIo 

(peas) and 20% (tomatoe or asparagus) . 

Fruit cropping usually implies limited soil 

disturbance and a low incide:nce of annual 
weeds, with perenOial wee:ds spot-treated. 

The: proportionate COSt of weed control may 

be around 3% of the total production cost. 

The complexity of crop type:s and pro­
duction systems makes it difficult to es­
timate lost yicld pote:ntial but even set 
very conservatively, it represents a loss of 

S 5.1 million (Table: 1) . 
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WEED CONTROL IN MALAYSIA 

TEO CHIN HUA T 
Dow Chemical Pacific Ltd., Kuala Lumpur, Malaysia. 

ABSTRACT 
Pr~uC:llon of_rubber and p~'m 01' In M~bysl~ IS being ~smted by herbludes. Herbludes worth 

M S 110M (US S 48M) <lC ounud fOI 85% oltht tot<ll pestl(ldel used In the wunlry and have en,lbled 

72% of the cultIva ted JCTeage to be pl<lnlcd with rubber and oil p<llm . I"'fna/Il rylmdrull. a noxIous grass 

IS controll~d by d<llapon <lnd glyphoute Puspa.I"", (onJII~a./IJ"' . Ollochloll nodola and Mtltanra (orda/a.lre 
malor ... eed~ . Constant <lnd repc<lted usage of the same herbICides h~s resultcd In the ,ucceHlon of thc 

flou by new wecd\ often morc dlfTicuh to conlrol economlc~lIy . Paraqual. 2.4-D and thclr mixtures 

with other herbl Ide\ ue Widely used ag"IOs1 the Wide variety of weeds present. Trtdopyr. <I broadle.1 

herbiCide. selective to 011 pillm IS to be IIltrodutcd . End-users often do not have adequ~te Ic.nowledge 

<lbout the chemiC I, III uuge <lnd ~<lfe handling, L.bel\ ue seldom comulted. More dilllent apphcillion 

metho(h .re envl\<lgcd for the future 

INTRODUCTION 
In MalaYSia, panlcularly In rubber and 

oil palm cu ltivation, herbiCIdes have 
replaced manual weed ontrol method. 
Rubber and 011 palm (3.3M ha) comprISe 
71% of the arei utiltzed for agnculture 
ind consume 80 to 90% of the herbiCides 
used annually. In fa t, Without the use of 
herbiCides, much of the efrons Invested 
IOtO developing improved vanetles would 
not have been translited IOto higher 
yields. 

Rice is the th ird 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 2,4-0, however. 
are gradually becoming more widely used . 
Other crops growh on a ubstantial 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 intensivej 

agriculture, perennial crops in the early 
stages occupy very little of Ihe cultivated 
area . Rubber 10 its first two years of plant-
109 0 upy about 1 ()O(o of the land. Thu~, 
in the early years, perenOial crops offer in­
signtflcant competition against the weeds. 
Even after matunty, the crop occupies 
only 25 to 35% of the land leaving J large 
proponion of the area exposed to weeds. 
Keepmg the ground totally free of weeds is 
not normill practice . Areas u ually kept 
frcc of weeds are the tapping ?aths a)ong­
side rubber trees and the circles and har­
vester's paths of oil palm. I nter-row weed 
control is 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. 

l",ptrata cylindn'ca or lalang is the 

worst weed. I ts 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 e­
coodary jungles for new planting. If left 
unchecked, it will tl}rive and recolonise 



12 PROC .TH A IAN PACIFt WEED CI OC C NF I' I II V01.. 

ehminaung .. II other vegeutlon. Being 

shade tolerant, It cOIn also be found under 

mature crop with clOSing (anople . I n a 

year, M S 30 to 40M is pent on herblclde~ 
to control this weed. 

PaspaiJlm (01l]Ilga/um, Olloch/oa nodosa 
and M,lt.anill cordllill are the Ite mter-row 

weeds of the plOlntation crop . P. conJllga· 
I"m is common on mland laght oils whIle 
O. 1IodoslJ is confined on heOlvler 011 neilt 
the coast. Single stands of these weeds an 

be found on exposed land. More often one 
of these will be dommant weed 10 as OCId. ­

tlon wl(h other common weed, the type 

and composition be 109 dependent on the 
CfOP phase and the le\·(1 of mOinOigement . 
AxonoplIJ (OmprtJJIlS, Paspa/Ilm (ommrrso­
nil. Cynodon tUz(~ylo", DIK'lana marxmala, 
Ekllsmt mdull, Borrma lAlfolla, Agrralilm 
(onyzoldtJ. Pamjlora /trllda and sedges are 

common components under the mature 
crops. In the mature crops with closing ca­

nopies, ferns like rphrokplJ bmrrola and 

S/moch/4na paillSlns and other shade toler­

ant weeds predominate. HerbiCides cost­

Ing M S 70 to 80M IS spent on controlling 

these general weeds annually and the cost 

IS increasing. 

The constant and repeated applICation 

of the same he~bicldes has caused the rege­

neration of new weeds flora often more 
difficult to control. /sb4mum mlilicum and 

Brachillna mlil/ca are two such gusses 
which have taken over from Ollo(hloa In 

some low-lYing sods on the coast. ImdOif 

Iy, introduced exotic plants such ,u 

CkidmfLa hlTla and A syslasilJ coroman­
tkl,ana are DOW Widespread in south 

MalaYSia where the mdlgenous flora once 
domiruted. Cordia CllraJSafJlCa a popu­

lar hedge plant now colonlses vast acreages 

under coconut. Some members of the Zin­
gibrrllCl4 and CalAdium spp. are 

acknowledged economic weeds in some 

estates. 

Plltfllfla r"as(ololdts and Ca/opogo",,,,,, 
ctrTII/Illm which .Ire mJlntOlmed 01 legume 

over crop need to be confined to the 10-

teHow . Their vlgorou growth e pe 100IIy 
Pllrrtlrla en roa hlng into the plantmg 

rows and Ir Ie , compete and trOingle the 
rop. ElipalOTlllm odorlJlllm, AtlrlA,sloma ma­

lAbalhTlcllm, C/lldm"a hITIIl, FICIIS gross"lA­
noadts. Bndrba monoICa and La1llll1la 
camara are some of the shrub vegetation 

which compete and obstruct field 

operOlllons 10 plantations. Although not 
Widespread, these can become obnoXIOUS 

when left unchecked. Control I attained 

from phenoxy herbiCides unles when 
found under sensitive crops ..... here manual 

methods IS re oned to. 

HERBICIDES USED IN 
PLANT A TIONS 

Smallholders cultivating 2.1 ha of 
land or less arc now the ma,or users of 
herbiCides In a 1978 '79 survey, there were 

235,410 sm.lllhoJders, 1,261 small estates 

and 797 larger estates uSing hemicals for 
weed control. The use of herbicides IS ex­
pected to Increase as Industrial develop­

ments in the country compete ..... llh agn ­
culture for labour availablhry . 

A wide range of herbiCIdes IS available. 

Reahslng that no single herbiCide Will con­

trol all weeds, two or three herbiCides are 

usually used together. Both lank mixtures 

and premIxed formulallons ,'Ire common. 

Dalapon and glyphosate are both 

broad spectrum grass herbIcides. but in 

view of their cost, are uttllSed 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 reponed to en­

hance its activity), MSMA, sodium chlor­

ate 2,4-0 and pidoram. 
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Tnclopyr (3. 5. 6-lnchloro-2-pyridinyl 

oxy-aceuc a Id) IS the latest herbicide to 

be antroduced InlO the country. The only 

broadleaf nerblClde selective on ot! palm 

of all ages. tf controls a WIder vanety 

of weeds than 2.4 -0 . CltuJtmla htrta and 

Ttlraara w:mtims whIch have been found 

dl ICUIt to control economically by 

phenoxy herb. Ides easIly succ umb to tra -

lop>'r. 
Ametryn. atrazlne. dlCamba. meto­

lachlor and oxyfluorfen are utIlised for 

pre-emergent weed control dunng legume 

cover establtshment. Effica y of these pre ­

emergence herbl Ides generally do not ex­

tend beyond 16 weeks followtng applica ­

tion and to maintain the legumes In the 

weed free condition. manual labour IS 

nece sary . Glvphosate. paraquat and para­

quat-dluron mn:tures are now begannrng to 

substitute the manual weedang. 

The choice of whICh herbiCIde to use 

IS gUIded foremost by cost, weed flora and 

control duratIon expected. In relatively 

open conditions where weed growth IS 

most vigorous. control periods an eXc'!sS of 

3 to 4 months are seldom obtaaned from a 

slOgle applicatIon of any herbICIde at 

economic rates. Thus during the early 

stages of the crop, :\ to 4 applications of 

herbicide annually arc necessary. As the 

control penod lengthens with ancreasing 

shade prOVided by the growing crop. the 

number of applications made each year re ­

duces until the crop reaches the replanting 

stage . 

PROBLEMS WFfH HERBICIDES 
Chemical weed control In Malaysia 

began when odium arsenite was intro­

duced in the early 19305. 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 arc expensive and more selective 

by l.omparison. 

Ignorance of Ihe activity of these new­

er herbiCIdes IS prevalent among end-users, 

espeCIally the ~mal1holders. DespIte the 

detailed product labelling required by re­

tently Introduced M alaYSIan registration 

laws. herbICIde abuse by end-users re­

maans. Thus, it 15 nOI surprisi ng to find an 

end-user uSing a concoction of contact 
and transloca t.ed herbi CI de such as para­

quat and dal.1pon to control lalang when 

only dalapon on Its own gives better con­

trol at a chea per cost. 

The: Importance: of nozzles In deter­

manlng the spray qualtty needs no e:mpha­

Sl5 but IS frequently disregaTd~d by end ­

u~ers . 

Planters In gene:ral are: also not too 

aware of the changrng we:ed population. 

GIven a partI cular recommendation for a 

partICular weed si tuation and he:ang con­

vanced by the results, they Will continue 

with the praCllce. This often results /0 the 

rc.'genc:ratJon of resIstant weeds which 

could be more expensive to eradicate than 

the earlier populatIon . 

Lables on the products arc very often 
not consulte:d pnor to usage . Complaints 

of poor performances by the herbicides are 

frequently traced to under dosage. This is 

quite rampant with commodity products 

such as 2,4-0 amine which is sold under 

several labels, each containing different 

levels of active ingredien t. Similarly, the 

safe handling precautions given on the la­

bels are seldom enforced. 

Herbi ides in Malaysia are a very luca­

rative S 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 law regulating import and 
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registration of pesticide have been intro­

duced to curb this practice . 

RESEARCH AND FUTURE 
OUTLOOK 

Labout shortage will be th~ most 1m· 
portant faclOr limiting weed control in 

Malaysiot Already . power sprayers, Ul V 
techniques and more effiCient h~rblclde) 

are being investigated to overcom~ thiS cons· 

mint. The successful adilptation of these me­

thods for weed control and their acceptance 

by planters and smallholders will be the chal­

lenge of w~d researchers in Malaysia. 
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HIGHLIGHTS OF WEED SCIENCE RESEARCH IN 
THE UNITED STATES 

R. K. NISHIMOTO 
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ABSTRACT 
Some highJJShu of weed sCience research 10 the U .. ue prc:sented to illustrate the range of invest i­

prion. be,,,, conducted .. These include new herbICides. tnazine reSIStance and iu mechatmm of action, 
triazine rCSlJtan C II a basiS for sdectJon and breeding. biological control of wcech UJin& insccu and 
plant pathQleOJ. nC'W equlpmC'nt such as the rope-wick applicator, EPTC (S~thyl dipropylthiocarbam­
ate) coated r.«ds for weed control, ethylene stimulated gennmallon of Sm,. ilJilll.i,. (L.) O . Kuntte, 
witchwced. lecdl. Ind some resulu of a lons-tenn agroccosyuems study. 

INTRODUCTION 
This paper highlights the weed SCIence 

research in the U.S. In deference to limit ­
ed time and space . only a few of many 
highlights which I consider Interesting can 
be presented. This d~s not imply that 
other Important discoveries not men­
lioned here are considered less significant . 

NEW HERBICIDES 
New herbicides have provided the ba­

sis for modern weed control technology in 
the U.S. during the last 30 years . Effective 
herbicide use patterns allow the use of mo­
dified row spacings. planting configura­
tions and plant populations. Diverse 
agr~cosystems arc developing as a result 
of herbicide technology. Systems like mi­
nimum and no-tillage have increased be­
cause of the effectiveness of certain kinds 
of herbicides. 

New herbicide chemistry with its di f­
fe rent u es and selectivities continues to 
be an extremely important part of weed 
research programs of private industries 
and institutions in tbe U.S. Probably every 
state in the U.S . devotes pan of their weed 
research propam to identify .ppropri~te 

herbicides, rates, timing, and combina­
tions to obtaIn control of weeds in their 
respective cropping systems. 

Increased government regulation of 
agncultural chemicals in the U.S. has re­
sulted rn fewer uses as well as limiting the 
number of new herbicides. Further. indus­
try efforts for new herbicides has been 
malDly directed to large-acreage crops; 
minor crops receive rdatively little atten­
tion from industry. In states like Hawaii 
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 
r S-(2-chlor0-4-(trifluoromethyl) phenoxy)-
2-nitrobenzoic acid}. oxyfluorfen (2-chIo­
ro-1-( 3 -ethoxy-4 -ni trophcnoxy)4-( lOfl uo­
romethyl)benzene]. diclofop . (2-{4-(2.4-
dichlorophenoxy)phenoxy) propanoic acidJ. 
sethoxydim (2-( l-(ethoxyimino) butyl)-5-
(2( ethylthio) propyl J -3 -hydroxy-2-cydohe 
xen-toOne] . 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 c~ntrol problems. 
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TRIAZINE RESISTANCE AND 
ITS MECHANISM OF ACTION 

Vanabillty in response of population 
of a crop species to tnazme herbiCides has 
been known for many years . Although Zra 
",ays L, com, IS known to be generally to­
lerant to atrume (2-chlor0-4-{ethylaml­

no)-6,isopropyi.tmmo)+rnuLI'le1 and SI­
mazine (2-chlor0-4,6-bls{ etbylamtno)-s­
tnutneJ. some mbreds respond differently 
(Andersen, 1964), and a MisSISSippI selec­
!Jon of the tnbred Itne GT 112 was suscep­
tible (Eason. 1971; Grogan rl ai., 1963) . 
Differences 10 biotype su cepublltues to 
tnazme~ have been noted for Lin,,'" .mla· 
lusl",,,m L., flaJt (Andersen and Behrens, 

1967). GJyCtn( "'IU (L.) Merr., soybe.ln 
(Andersen, 1969). Sorghll'" blcolor (L.) 
Moench, orghum (Wiese and Qumby. 
1969). Sacchanlm L. hybnds. sugarcane 
(Osgood (I ai., 1969), and CIICltmlS Sal11111J 
L.. cucumber (Werner and Putnam, 1979). 

ReSistance charactenstlcs tn popula­
tions of weed s~cles to triaztnes or other 
herbICides might be expected to occur 10 

normal populations of weeds; continued 
use of a herbiCide selects for the resistant 
strains. Ryan (1970) tn Washtngton found 
SmtClo vlt/gam L.. common groundsel. to 
tolerate atraZlne or slmaztne In a nursery 
where atraztne was used once or twIce a 
year for 10 years. S. vlt/gam from a ~ource 
where tnazmes were not continuously 
used Wai susceptible. 

Other species found to be resistant to 
the mutnes were Amaranlhlts rtlrojk­
XIIS l.. red root pigweed. Chtnopod,ltm 
aIbltm L., lambsquarters, AmbrOSIa arltml' 
sli/oua L.. common ragweed. B,asslca cam­
ptSlris L., wtld turnip. and Chtnopod,ltm 
slnelltm Roth var. glaltcophy/lum (Allen) 
Wahl.. late-flowenng goosefoot (Bandeen 
(I a/., 1979) . However, some or all of the 

A . relrofttXIiS mdlcated to be resistant were 
Amaranlhus hybridus L., smooth pigweed, 

and/ or A",aTlmlhlls po1iJt/1I . Wats .• Po· 
well amaranth (Ahrens tl al.. 1981). 

Su ceptible blotypcs of . vlIlgans and 
AmaralflhllJ spp. were more ompt'tltlve 
than the resist;}nt biotype .1 mantfested 
In lower dry matter production by resis· 
tant blotypes (Radosevich. 1979) . ThIS re­
duced capacIty for carbon fixation by the 
remunt biotype may be due to a less effic· 
lent electron transpon system re~ulung 

from a modification of the herbICide bmd-
109 site on the thylalcOid membr.lne ( Ims 
rl ai .. 1981). 

In tnvestlgatlng the nature of resIs­
tance. R.tdosevlch and Appleby (1973) 
found that both blotypes of . flNiga"J abo 
sorbed simume equally well and did not 
metabolize II; 0 to 90% of the C" actlv· 
Ity was Identified a Si maltne . DltTerences 
tn response to SlmaZlne could not be .Utn· 
buted to differences In uptake or metabol · 
Ism. Later, simtiu conduslom were ob· 
tamed with Inazme resistant and suscep­
tible C. a/bNm (Jensen rl aI, 1979) . ThIS 
mechanism of re ISlan e 1\ dtflerent than 
preViously found for '(nazlne reSISlan(.c an 
grasse~. where the followlOg mechanIsms 

are recognIzed : a) benzoxaztnone (2,4-
dlhydroxy.7-methoxy-l, 4·benzoxaztne·3· 
one) cat.1lyzed non-cnzymatlc dechlonna· 
tlon accompanIed by subHltutlon of a 
hydroxyl group III the 2-posltlon (Hamtl­
Ion and Moreland, 1962; Hamlllon, 1964), 
b) production of a peptide (glutathione) 

conJugate (Shimabukuro tl ai .. 1971) . 

When chloroplasts were: Isolated from 
S. vulgarIS, Amaranthus spp. and C. album. 
Hill reaCtIon actIVity of reSlStant·type 

chloroplasts was not inhibited by atrazme, 

but was inhiblle:d In susceptible·type chlo­
roplasts (Radosevich. 1979) . A structural 

or conformatIonal change associated with 
the thylakold membrane could be re pon­

Sible (or the differences in susceptible and 

resistant type (Radosevich. 1979) . 
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Arntzen tl aJ., (1981) proposed that ape­

cific polypeptide create the binding site 

for the triazmes and IS 10 ated on the re­

ducing side of photo ystem II. The poly­

peptide IS urrently bemg characterized. 

TRlAZINE RESISTANCE AS A 
BASIS FOR SELECTION AND 
BREEDING 

Considerable re earch has been con­

ducted on pe les re ~ l s tan e to tnaZlne 

hrrblCldes by a number of ,"vestlgator~ 10 

the u.s. and t'lsewhere . Some h~d \ugges t­

ed that this resl~tolnce molY be a SOUTt r fOT 

st'le tlon ,lnd breedmg long before re\IS­

tan e of weed~ to tnallne herbiCides was 

documen ted 10 the Itterature . 

Presently. SClenmts 10 Ontario. 

Can~d" have tran ferred tra nlne resistance 

from Brass/ta nap"J L.. annua l rapeseed , to 

BraSSI(11 nap"s L. (Napobra sica group). 

blcnna~1 rutabaga . uSlOg the tnazlOe rcSlS­

tant B. naplts a~ the female puen t and 

cro sing It with B. nap".! (Napobras Ica 

group) commercial cultlvan . everal ba k· 

crosses have been made re ulting In bien­

nial B. napMS (NapobraSSl('~ group) geno­

types that arc traazlOe re$lstant . Further 

ba kcrosses are needed to produce a com­

mercially acce'ptable cultlvars with triaZine 

resistance. 

In other Canadian studies. trlal-Ine re­

sistance was tran ferred from B . ramprJ/m 

to B. camptstTlS cv. Candle. thus permitting 

the u e of atrazine at 0.74 kg ha I to pro­

vide excellent control of Thlaspi arvrnsr L., 
field pennycre s, preViously not controlled 

by other herbicides (Kirkland, 1980) . 
However, atrazine at these rates cau ed 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 elec­

tion programs have long considered herbi-

cide tolerance as an integral part of their 

selection pressure . The Hawaii Sugar Plan­

ters Association recognized that Saccharum 

hybrids responded differently to arne­

tryne [2-(ethylamino)-4- (isopropylamino)-

6-(methylthio)-s-triazine J (Osgood tl al. , 

1969), a~d 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 urac.!s. 

Their urrent sc reenang procedure is 

to apply ametryne at 9 kg h~ I Without sur­

factant or at 4.5 kg ha I With surfactant 

Z mth after plantlllg (R. V. O~good, per­

\onal tommu nlca tl on. 1981) . Plot s are 

evaluated 3 wk after application and ob­

~erved.later for recovery. Sance ~ome cultl­

vars recover rapIdly from ametryne IOIUry , 

more emphaSIS IS placed on chrolll e dele­

ten ous effects an the vanet)' selecllon 

proceH. 

BIOLOGICAL CONTROL 
In re ent years, greater attention has 

been focu~sed on bIo logIca l control of 

weed . Despite past u(ces~es, break­

throughs In thiS area appear less frequently 

than 10 o th er control area , A re t:nt Im­

portdnt development i the' usc of (.'Imo­

pharyngodol7 Id,lla Val.. Chanese gra scarp, 

for on trol of aquatic werd vegetation . 

Another aquatl weed, Allemanlhaa 

ph,/oxfToldrs (Mart.) Gnseb.. alligator­

weed, has been partially controlled by the 

Introduction of a flea beetle Agmclu hygro­
phda Selman & Vogt, and a moth Voglia 

mallo, Pastrana (Maddox r/ al., ) 97 I) . 

There appears to be increased interest 

in the use of plant pathogenic organisms 

for biological control of weeds. In Hawaii. 

Trujillo (1976) introduced CtrcosportliA 
agerilinat n.s. for the control of Agen·tina 

riparia (Regel) K. & ~., Hamakua pama-
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Irani. 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 appropriate. This intro­
duction apparently resulted in a sc:lf-perpe­
tuating pathogen population a5 in classical 
control interactions between Insect Intro­

ductions and weeds. 
Researchers In Florida have demons­

tr<lted that a race of Pbylopblbora Cltropb­
thora (Sm. and Sm.) Leon effectively con· 
uolled Mormria adora/a Lind!., milkweed 
vine, in citrus (Burnett (I a1., 1973). The 
orpnism was originally lSOlated from a 
dying M. odoratll plant in Florida. It 
appeus that this P. a"trophthora - M. odo­
,AIIl 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 conllol of AtJChy­
nomtnt vlrgini'll (L) 8.S.P., nonhern 101Ot­
vetch, in OryZJl sa/iva l., nee, by aerial 

appltouons of an anthracnose fungus Col­
ktotrj,hum glorosponodrs f. sp. Il(sclrynomrnr 
(Darnel tt al., 1973) . ThiS organism was 
originally found anfectlng A . v lTgimea In 
the O. sdtlva fields of Arkansas. A com­
mercial company in the U .S. IS developIng 

the commercial use of thiS fungus for A . 
virginiea conuol. 

NEW EQUIPMENT 
Perhaps the discovery of glyphosate 

[N -(pbosphonomethyl).glyclOeJ has spurred 
innovative developments in equipment. Tbe 
excellent translocation of glyphosate coupled 
with the broad spectrum of species suscepti­

bility provided opporturuties for control of 
problem weed species, if g1yphosate could be 
applied to the weed and not to the crop. 

Tbe recirculating sprayer developed by 

McWhorter (1970) was highly effective 

in applying glypho ate to tall weed.s grow­
ing above crop canopies. resultang ID ex­

cellent control and little to no rop IDIUry. 
This applicator disper es horizontal 
streams of spray soluraon above the crop 
canopy to tali-grOWing weeds and calChes 
spray solution nOI Intercepted by the 
weeds and recirculates II through the spray 
tank. Thus, thIS mechamsm minimize 
loss of spray material JO the appllcallon 
process, and has rapidly adopted by farm­
ers in the U.S. 

Some years later, Dale (1978) of the 
same laboratory reponed on a ropewlck 

applicator to apply systemIC herbiCides to 
",,'eeds growtng either above or below the 
canopy of row-crops. 

The rope-Wick consIsts of braided ny· 
Ion strands which transfer herbiCide solu­
tion to the weeds by phy~ ical contact as 
the WIck IS moved through the field . Her­
bicide solution on the Wick IS rc:plerusbed 
by capillarity from a reservoir. Since only 
emerged weeds receive the herbICide solu­
tion, vety lanle herblcld~ is u~ed unless a 
dense populauon of weeds exist. Reports 
from farmers andicate that It is nOt un­
common to cover 60 ha of G. max With 
1 kg a.e. of glyphosate and obtain excellent 
control. 

The rope-Wick appltcator can be 
mounted on tractors or can be hand-car­
ned. Several designs have been made and 

many individual grower& constru t their 

own rope wicks. Fields were first treated 
with Tope-wick applicators in 1978, and by 

1980 an estimated 8 to 10 millaon ha in the 
U.S . were treated with rope-wick applica­
tors. 

Many other modificatiom 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 (Wy I! and Habstritt, 1977). This 
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resulu in better wetting than the rope 
wICk, but less than the recirculating 

sprayer. 
The pnnclple behind these wIck and 

wIper applicatIons IS not new. as farmers 
prevlOusl wrapped theIr spray boom 
WIth burlap or sponge rubber and wiped 
theIr tali-grOWing weeds with thiS system 

USI08 2.4-D( (2.4-dlchlorophenoxy) .lCWC 

acid) as Ihe herbiCide . However. dnpptng 
often causcd crop Inlury with 11'11) practIce. 

2.4 -D w~x bn wcrc constructed to climln­
ate dnpping and other problems; but these 
wax bars are no longer marketed for row 

crops. 
The simph Ity of the rope-wIck apph­

cator and OIppropnate herbICIdes to go 
with It should result In many opponunl 
tiCS for contro:hng weeds that prevIOusly 

did not eXI.t . 

AN INNOVATIVE TECHNIQUE 
Somc Innoutive Irchmques of Im­

provmg crop dcctlvlty to hcrblcldes have 

been establIShed WIth localtzed appli a­
tions of activated arbon and by plug 

planting. Also. heml .11 antagonists for 
EPIC (-ethyl dlpropylthlocarbamate) 
and butylate ( -cthyl dllsobutylthlo ar­

bamate) for Z . m~ys .md chloroacetamides 
for . bir%r have been developed. 

Daw\on devc:loped an Innovative 
technique when~ he coa ted eeds of Med, ­
cago salIVa L.. alfalfa, (198la) and Phaseo/us 
vulgarIS L., bean. (1981b) With EPTC in 
lime or gyp um. These matenals arc com­
mon amen for R)Jlzoblum inoculum. 

When 0.2 mg of EPTC was JPplied per M . 
saflfJa seed and the e sown in rows J cm 
apan. control of sus epuble species was 
obtained in a band approximately 5 cm 
wide. These treated eeds ould be stored 
in clo cd container for 1 yr and the sam~ 
result was obtained. When eeds were 
evenly own by hand at 14 to 25 kg ha-I

• 

complete control of Lolium prrtn"e L. 
ryegrass. was obtained. However. because 
of the difficulry in achieving even distribu­
lion and a umform depth of 1 cm in 
practice. weed conlSol was usually incom­
plete. 

By estimating the area of M . sativa 

eed at 2 mml. Dawson calculated that the 
rale of EPTC that the M. satifJa seed was 

expo~ed to at seeding time was about 250 
times Ihe normal rate of applICation. In his 
cxpenments al 4 kg ha I. seeds were 
exposed to 1000 leg ha I if applied uni­
formly and incorporated in the field . 

Funher studies indICated that emerg­
ing seedlings of M . saliva are extremely 
tolerant to EPTC. nongerminated M . sa­

liva seed IS practically Immune to EPTC. 
and EPIC 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. sativa to 
EPIC . 

EPIC was also applied to P. fJMlgaris 

seeds .... hlCh were seed~d 4 cm deep and 
J cm apart in the row. Under these condi­
tions. Echtnochloa crMs-galh (L.) Beauv .• bar­
nyardgrass. was controlled in bands 10 to 
12 cm wide . The deeper seeding with P. 
vlligam 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 0 herbicides where equip­

ment. water. and orner necessary items 
may be unavailJble. 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) discove~d that ethylene stimulated 
gernunation of SlnKa Iwallra (L.) O . 
Kuntze. wttchweed seed . Followmg ger­
mination. S. aSiatira must attach to a ho t 

or starve. 
Ethylene apphed at 0.4 to I. I kg ha I 

induced S. IISlmlca seed germlOatlon In the 
field (Eplee. 1975). One appitcatlon of 
ethylene was delivered approxJm.1tely 
20 em below the sOIl surface by a field 
injector re ultlng ID 90% gerrnlOatlon of 
S. aslaUra seeds and their subsequent 
starntJon. ThIS program is now pan of 
the S. asiatica eradIcation program; sev­
eral thousand ha m Nonh and outh 
Carohna have been tre~ted with ethylene 

gas. 

AGROECOSYSTEMS STUDY 
Long-term studies dcahng WIth herbI­

CIde and cultural controls for several crop­
pmg systems are being conducted ( hfe 
and Wu. 1975). Weed seed populations 
are mOOltored; m several croppmg systems 
only 12 of 30 weed species remamed after 

6 yr of cropping. Regardless of the weed 
control mea ure u ed. best YIelds of Z. 
mayJ. G. max. and Tntl 11m a(JtlfJllm L., 
wheat. were obtamed when grown m rota­
tion rather th~n ontlnuously Of the 
weed control me~ urn used. rotational 
herbl Ide u~e resulted 10 the highest 
YIeld . No herbICide reSIdue bUildup was 
noted WIth any of the herbICide treacment 
after b years. Other studIes on soil orga­
OIsms are bemg conducted on these plots 

(Chlo and Sanborn, 1978). 
These are lust a few highlights of the 

many accomplishments 10 weed sCIence 
and technology 10 the U. . Though many 
I')terestlng aspects such as alieiopathlC 
relationships. modelling weed and crop 
growth dynamICS, relationship of weeds 
with other pest organtsms. weed competi­

tion studies. mechanisms of herbiCIdal 
action, transloc~tlon and metabolism, her­
blClde-soll and IOteractJons, have not been 
discussed here. It IS hoped that this pre­
sents a broad perspective of weed science 
research 10 the country. 
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HIGHLIGHT OF WEED SCIENCE WORK IN 
INDONESIA 

MOHAMAD SOERJANI 
Center for tudles of the Environment and Human Resources. 
UnlversJl)' of IndoneSia. Jalan Salemba 4. Jaluna. IndoneSIa . 

ABSTRACT 
The hl!thh~hts of weed sllenc~ work m I ndonesla are briefly revtC:wed to over the history of weed 

sCIf:nce ;and rc ent developments In cducatlon and training, rese~rch , colbborallon, pubhcatlon, cltten­

Slon work, regul.llion and agrolhemltal development. The pro PCLt of futurc trends of weed sClcnce dc­

vdopmenr " also briefly pr~,enred W ccd sCIence has been oHi(lally of Ie red In some universllles since 

the 1970'", while tralnmg In weed Illenc(' hal been (ondu(led by lome unlverWles, research institutes, 

.md by rht W ccd $Clcncr ~otlcry of J ndone"a. W ccd SCienct rcseaT( h slIlI cmphall/C5 chemical con­
trol, thc study of weed flora III vanoul areal, the elOph:'slology 01 tht lrop-weed Iystem, bIOlogical con­
lrol and ulll,Tallon 01 wceds for vanous purpoS~\ 

INTRODUCTION 
Sneral revlC:w articles concerning 

weed SCIenCe development have already 
been publtshed (Soel')am (/ al.. 1971; 50er­
jani. 1973, 1977 and 1978). while pro­
spects of weed (mcludlng aquallc weed) 
management 10 I ndonesia have also been 
discussed (Socl')ani and Trrtarahard;a 
1971; Soel')anl and AlIS, 1979; Soenani (/ 
ai.. 1976, 1977; Kasno (/ al.. 1979; Wi­
dyanlo and SQerjani. 1980; Soer;ani , 1979, 
1980 and 1981). This paper attempts to 
briefly highlight more recent weed science 
worle in Indonesia. 

RESEARCH 
T lIXonomy and inwnlory 

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 (Baclter. 1928-1934). This book in fact 
covers almost all weeds inJava. and is stiU con­
sidered as a rich source of information per­
taining to weed taxonomy and identification. 

Other modem up-to-date general flo­
ras are Flora of Java (Backer and Bakhul­
zen van den Bnnk 1963- 1968) and Flora 
Maleslana whIch Irregularly appears 10 se­
paure volumes (van Stcems, 1951). 

Illustrated weed floras recently pub­
hshed, tnclude weeds tn plantations with 
colour photographs by Sudarsan and Rifai 
(1975). weeds to rice fields with attractive 
drawings by Sundaru (/ al. (1976), a more 
extensive book on aquallc weeds in Sou­
theast Asia by Pancho and $oerjani (1978) 
and weed flora of highland horticulture in 

Java by Everaans (1981) . 

The latest work on weed flora in I ndones­

ian rice cultivation will cover 250 illustrated 
weed flora, including information on their 

ecophysiology. agricultural importance and 
control. and will be published jointly by BIO­

TROP and the Royal Tropical I nstitute as a r~ 
suit ofBIOTROP-NUFFIC five years of colla­

boration. The work reponed by Wicaksana 

(1979) described the possibly more easy and 

accurate method ofCypcraceae seedling iden­
tification by examining the remaining peri­
carps still attached to ,the seedlings. 
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BIOTROP at 0 plans to produc~ Weed 
Sp~cle Identific~tion heets (weed I): 

loose heets of Illustration dnd de­

cnpllon of Import~nt weed ~peCies 10 four 
I~ngu.tges (Engll h,lndonemn M.Jl.1y I~n, 

T~g~log .lOd Th~i) . 

Wttd ((OP~)'flo'ogy 

\'t'eed clOphYSlOlogy forms .tn .tre.t of 
study wh llh may Yield v.tluOlble IOfomu­
tlon for the selection and the ~rformance 
of Justified pr.tctlces 10 weed management . 
The recent work 10 the biology of weeds 
includes ecophyslology of Important weed 
species and the systems 10 which they oc­
cur. Factors taken into account 10 thIS stu­
dies e.g. growth requirements of crops .tnd 
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 dis~rsal 
of the propagules as well as their establi­
shment. 

Much attenlJon has also been paid to 
the biology of alang-alang ''''peTala cylmd. 
nClt (socl'Jaol loc. cit; Eussen. 1981; de 
Groot. 1979). Sahnma ",oksla (Nguyen, 
1979). and purple nutsedge CyPtTIIJ rollin­
dllJ (SIerra. 1979; M~ngunsukardlo. 1979) . 
Information on VUIOUS i1~pects have been 
gathered, e.g_ reproductJon of thiS ~pe{les. 
Its growth under vanous condItions. m 

Impact on the associated plant speCIes. 
allelopathlc mechanisms, and the effect of 
control practices. Other species of weeds 

much studied are wOlterhyacinth (O)alli. 

1979; T alatala and So~rJani, 1975; Sastrou­
tomo (I al .• 1978), Panullm rtpens. Paspa-
111m conjllgalum, Ptnntu/llm polyslarh/on. 
water lettuce (Pisl,a slral/oles) , Slnga IUlta 

and Agtralilm conyzoltirs (Sastroutomo. 
1979; Eussen, 1981). The degree of compe­

titiveness of the followlOg species was 

studied and reported by Pons (1979) i.e . 

Echinochloa CTIIsgalli. E. colona, C. inll, c. 

dtjformll. C. pllDJIIS. F""lms lu hllorll­
/IJ. orp"J )1I11(OIlI(J. i1nd Ekorh ns (On · 

gnla 

Chrmnal onlrol 
Although mo t weed control practices 

ue done manually. the recent actlvl!le In 

weed s lence research hilve emphaSized on 
heml .11 control. Resear h on chemical 

control 10 nce fields ,wd other food crop 
arc done malOly to select herbicides SUII­

able for certam agn:recosystem In particu­
lar are~s, due to differences of ultural 
practices. crop Vilnetles planted and prob­
lems of weeds (Sundaru. 1979; U tomo and 
Mercado. 1979; Pane and Sundaru. 1981 ; 
Utomo. 1981). At present the falT(lers arc 
practISIng the use of 2,4-0 amlnC, 2.4-0 
butylester. MCPA. thlObencarb + 2.4-0. 
oudluon, and buuchlor for lOundated 
nce fields . 

In con trolling weeds In corn thc com­
mon practice IS to use atrazlOe, paraquat, 
and glyphosate . Paraquat and glyphosate 
are limitedly used .. Iso (or cassava, while 

~Iachlor and oxadlazon are used for soy­
bean. HerbiCides still under further inves­
tIgation by various rese~rchl'rs, e.g. bu ­

tachlor for upland rice: and soybean and 
dlclofop methyl soybean. 

FollowlOg the past herbl(.lde selection 
tnals. the present commonly used herbi ­
CIdes for plantation crops are dalapon, pa­
raquat. paracol . glyphosate and 2,4-0, 
mainly for rubber and otlpalm. Glyphos­

ate and dalapon are used 10 controlling 
alang-alang 10 several plantation crops of 
rubber. co oa and ollpalm (T;ltrosudlrd;o 
(/ al., 1980; Uswandl and Angudi, 1980; 

Anef and Sutomo. 1980) . The current 
widely studied new herbicide IS fusilade 

25 EC for post-cmergencc: appbcation to 
control g.rass weeds in inter-row crops of 

rubber and other perennial plantation 

crops. 
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The: UltlV.lll n mClhod~ are: bued on 

the m dl I allon 0 environmental condi­
tion , In whl h the modlticd envIronmen­
tal conditio ns are sUitable for the: crops 

.I nd not for the unwanted n~turally occur­
nng plants. ThIS may consist of sOil prepa­
ration. Irng,itlon. rype of crop planting. 
m.llOtt:nanLt: of the crop . rotation, mul­
tiple trOpplng. Inter-row trapping and the 
u e of annual cash uop or ground coven 

n plantatlon crops. These methods may 
ffectlve:ly contnbute to the proper mana-

~ement of weeds In any crop planted. In 
tlce fields, the most Important culllvOIllon 
method to control weed eed germination 
and growth IS the conllnuous Inundallon 
through irrigation. Therefore, tn n e field 
,uea with lack of Imgatlon, the wee:d 
problem 15 more severe than In Irrigated 
fields . 

(n some 10Lahlles the farmer \ conve rt 
the rice field Into sugarc.me plantation 
penodlCally. With thiS rotation, the pres· 
ence of certain weed species. e.g. Monocho­

nil tJttg",alu, F,mbruty[u spp., M IITS1/e1l crt­

nlllil and L,mnochllrtJ .fowll may be 

reduced. 

The ust: of ground covers like Crntro­

Stmll pltbtsuns. Calopogonlltm mltcltnoltks. 

Psophocllrplts palltstns wh ich can be fed to 
livestock on lit utes a good wet:d control 
practl e in some plantation in addition to 
preventing the: harmful e ects of a clean 
culture. In young rubber and other young 

plantation crops the cash cropping system 

usi ng maize, cas ava, peanut, etc. is used. 

There are two rea ons 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 

cropping systems have been investigated, 
I.e . the perennial crop (coffee) based crop­
ping system, in which after the third year 
no more food Inter-row crops arc planted, 
and the food crop based cropping system. 
The food crops, namely corn, upland rice • 
cassava, 'sorghum, peanut, and ricebean 
arc mixed planted. Intercropped or se­
quentially planted (Suryatna and McIn­
tosh, 1980) . Another Similar method using 
mechaOlzed cult ivation methods is cur­
rently bemg Investigated which is aimed 
m,unly at the control of aJang-alang in the 
area (Sembmng and Supardja, 1981). 

Blologtcal conlrol 

Research Into biologIcal control me­
thods of weeds In Indonesia was reviewed 
by Ma,ngund ihard,o (I975) and Kasno el 

ill. ( 1979). 

Efforts In the biologICal control of 
weeds are stili 10 theH Initial stage in Indo­
nesia . The Introductlon of Dactyloptlls lo­

mmloslts from Australia into Sulawesi in 
1935 10 control Opltnlla spp brought re­
sults In four years . It was the first attempt 
at thiS type of ontrol. Other efforts were 

the introduction of lace bug (Ttltontmia 

scrllpltlosa). grass carp (Cttnopharyngodon 

Ide/III), and the mottled waterhyacinth wee­
vil (Nrochtltnll tlchhornlllt). in the integrat­

ed effort to control Lantllna camllra, Hyd­

rilIa wrl"ilJata 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 
yean, however, till recently there have 

been no promising agents that have the 
potential to control important weeds in 
Indonesia . Most of them arc species with a 

wide host range. PrOXtnNS hen"ia is consi­
dered as a specific feeder on Pislill straliotes 

but it only has a low damaging potential. 
To maximize this low potential it is advis­

able to integrate biol.ogical control with 
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other agents or other control effons 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 
Myrotbtci ... rorih. and N. nchbo",illl to 
control waterhy.acinth demODSu.ated a bet­

ter result tban the usc of anyone of them 
alone. 

UliliuJiolt 

The attirude toward the utiliza60n of 
"eeds is hMl un 1fJIt bmtfil fro", It problmt. 
Although this is not always feasible, there 
is. however, a need to consider appropnatt' 
approaches to problem solvlOg, since All 
problmt; sbolild ht. in tht' first instance. 
TJiew-d ItS opportllnit;es. 

So far, species of weeds investigated 
for their possible utilization are: waterhya­
cinth. Salvin;a ",olu/a and alang-alang. 

The recent approach is to make usc of 
the plant matt' rial for mushroom culture, 
biogas productIon, paper pulp productIOn, 
"atu purification. and also as ft'rtiliZt'r, 
animal feed and handicrafts. 

Tht' petioles of watt'rhyacinth can be 
properly used as a bedding material for 
tropic.aJ mushroom, VolfJar;e9.a fJO/vacea. 
yielding. approxirn.atdy 25% (250 g of 
mushroom out of 1 kg dried petlolt's) 
(Soerjani, 1980, 1981; Widyanto and Soer­

jani, 1980). 

Siogas c.an be produced from frt'sh 
material of w.aterhyacinth, i.e. 370 I of bio­

gas with 69% methane gas can be pro­

duced (Soerjani. 1980, 1981) . 

Potential u~, of waterhy.acinth, .alang­
alang, Panicum rtpms and Scirpus grossus as 

.paper pulp matcrial have been investigated. 
The results showed that alang-alang material 
is the best source for paper pulp (Judodibroto 

tl ai .• 1979; Socrjani, 1980, 1981). 
Polluted water may be purified to 

some extent by the high absorption capa-

bility of waterhya 10th. The plants arc 

able to absorb hc<lVY metals such as Cd. 

Hg, Ni. and other m<lterial ', e .I . NO" 
NH •• PO •• Na. 5102 and (Widyanto, 

1979). 

HERBICIDE MANAGEMENT 
R(gMiafton 

Aiming at the most desirable and opti­
mal use of herbicidt's With a minimal risk 
to the human health and the environment, 
the distribution. storage and usage of pes­
tJcidt' have bet'n regulated by the Govt'r­
nmen! Regulation no. 7- 1973 . The rt'gu­
tert'd pesticides followtng the procedutt' 
set forth by the regulation Wlll be an­
nounced through a ·whltt' list" IS ued re­
gularly by the Mimstry of Agriculture . In 
the present book published by the Pesti ­
cide Commission, thert' is a li st of 286 for­
mulations of pt'stlcides. 57 (01 19 .9%) ate 
formulations of herbiCides (Table 1). 

As compared to tht' earlier figure. 
there weft' only 20 herbicides registered in 
IndoneSIa In 1977 (Soerjanl 1/ al., 1977). 

Industrial drotlopmmt 
HerbiCIde: mduswal development in 

Indonesia is still in its early stage. Tht' first 
steps towards producing herbicides ID In­
donesia were taken some: ten years ago. but 
production until now has remained only at 
the formulation stages. 

Table 1: List of replered fonnulations of 
pesticides in [ndonesia (1980) 

Number of Pcr 
Pesricidts regislered 

formulations 
cent 

1 nsccticides 124 43.4 

Herbicides 57 19.9 

Fungicides 57 19.9 

Othcn 38 13.3 

Surfactant, ttc. 10 3.5 

286 100 
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Th~ permlttC'd lo rmui.lt cd herbICIde, 
III 1'179 tlO lOIHlltUle onh l'i lormula­
(10m, or If 7l1n of (he WIJI 12M formu/Jted 
pt\lllIde~ 11 .Ibk 2). PCrml\\IOn 10 manu­
f.llture the\(' herbillde\ WJ' ~IJnlcd 10 U 

lomp~nles . 

The: number 01 ne" permitted lormu­
I.lllnrH dttcpled In the lll80 1 '181 pCrlod 
WJ\ itmlted 1(1 only ,evcn new 10rmul,l-
110m dnd produllion itttll,n wnc: ~Ivcn 
10 lour lomp,lnln. 

FUTURE TRENDS AND 
CONCLUSION 

In Indone\l~ J~fllultur.l1 pl.llII(C~ are 

\ 1111 loabour rnlc:mlve, Ih t' rcforc weed con­
trol effom are m.llnly pcrtormed n101nudl ­
Iy. However, ~In(e the laoour dl~lrIbullon 
1\ Imbalan<.ed. therc arc dlca, with le,~ la ­
bour lor manual wecdlng. Tim I~ true In 
planl3110n crop~, but It Jho Olcurs In 

some area~ of annual crops. e.g. rice lield . 
Therefore, the solutIOn of the weed prob­
lem may vary from regIOn to region .lnd 
from time to ttme. 

Comldwng the fau Ihal agriculture 
only cover~ SOfo of the total land area, the 
present burden, already approaching 7()OIo 
of the tarryrng capatity of I he agnc~ltur31 
land, is somewhat on Ihe critllJI ~ide. 

rtf :>:, ..... pl',rn' IIl'J 
to rrnul .lllon, 

I..CIl\ 
( I"KO l'illl ) 

"I( h 

l o -l 

11.7 

I \ \ 

100 

1 hc:rclorc. If Ihe OVtlJIl wei I ,lit o j the 
larmcr~ ("llIlh 1\ 7()1'u llt'the lOLll populJ ­
lion) 1\ 10 be \It'Jdrly cnhJntcd, the: mOIl 
Important option, Me: 

J To rnUC.lle' the t.HrYln~ Up.H.IIY oithe 
prell'lll ol~rIl ultur,,1 l.lnd ,!feJ Thll wrll 
requ lrt' J lot 01 etlCl~\, Inlludln!,: herbl­
(Ide'. 

b. 10 open new J!,:lIlul tur.11 land Jnd re­
UI\lrrbulC tht' populJlloJI. Thl\ requlTc, 
dfillcnty Wflldl molY In turn JI~o le ­
qUire tht· UH' of more enc:rgy. 11)( ludlllg 
herbillde'" 

rhcrdore. III IUlure nJtlOnJI dcvelop. 
menl, the role of wcc:d \L lenle I' eXpt'l tcd 
10 InCrCJlC. Th" I~ J prere4ullllc to the 
bJl.lllllng of the development of .II I 

(omponcnts In JgntultprJI produ(!I .)Il . 111 

pJrtltulJr a~n(ulturJI edULJlIon .1Ilt! 
rralnll1g. 

There IS aho an IllcrCJ~II1!!- lOl1lCl1l 101 

the cntlcal !>IIUJIIOn of the qu,lllty 01 the 
envITonment. The Iuturc InUCdS(' 111 the 
use oi energy lor wec:d management, 
in Iuding the me of more herblride or 
.lny other methods of weed (onlrol, will 
require in reJ~ing Wisdom by .111 con­
cerned. Thi~ place~ Ihe role of educatIon· 
rn the forefront of future development of 
w('c:d SCIences. 
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WEED COMPETITION IN UPLAND RICE 

HIDAYAT UTOMO 
Tr Pll,ll r('~t Biology Program. BIOTR P. 
P.O Ho, 17. Bogor, Indonem. 

AS TRACT 
In order to obum the Infornutlon of ""eed tompttltlon In uplAnd rite. '\omc experlmenh wcre car­

tied QUI JI BIOrROP. Bo!!or.lndoncllol The "'pdlC OltUpAtlOn" Jnd "rcpldlemelll ,enc," lonlepI de­

vdoped from de Wilt were u'ed to dC\cflbe the u'mpicx of environmental fJlIof\ IhJl afkll 10 the 

plJnl !!rowlh pertorm.lntcs Jnd 1I11erdtll01l hetween weed 'pet In JnJ uplJlld nlt' l ror 

INTRODUCTION 
Agmuitufal fields may be regarded .1, 

.HtlfiCl<lll) eStablished .lnd matntalned 
e sy\tem~ In which man trte~ to adapt the 
enVlfonment .1~ mUlh as po.,\lblc to the 
bcnefit of thc rop pl.lIlt tn ordcr to Jttlln 

01 m.lXlmum Yield of the (rop ( ocrldnl (I 

al., 19 1). FurthcI the requmment of the 
('\tOlbbhed Jnd malntollncd c(O'y'tem wt!1 
depend on the ~rowth requirement of 
crop~ . To e\tablash u h.ln eco\ystem. the: 
\lte of condl(loo~ are fir\t mJcic \ultable 
for crops. Thl~ may be ttl the form~ 01 re­
moving 01 the eXisting vegetJtlon, Site pre­
p.Hallon, establashment of Img.lllon and 
applalJtlon of themllJls. 

After planting penod. the crop~ then 
grow together with non-crop ~peCies. 

I n up land file ecosystem the rop IS 

In troduced as soon a, the envIronm ental 
conditIon with respec t to avai lable sot! 
mOIstu re are favourab le durmg the peri od 
of Tl ee growth. After 01 1 prepara llon ri c~ 

seeds are directly planted, broad as ted or 
drr ll ed In hstl or row . inc( in upland 
rice culture there t ~ no ri e tramplantlng 
syste m therefore heavy weed infes tatlons 
occur. Both crop :lnd weeds are living or­
gaOisms, capable of establishmg a commun­
ity. In this connection this paper is intended 
to di cu their response, and interactions. 

COMPETITION 
The main laclor of tompetllJon IS 

.11Iually bJ~ed on the e~ologllal manIpula­
tion bv both LTOp and wecd~ . Au ordang to 
A\pInJIl and Millhorpc (Z!md.lhl. 1980). 
plJnt (wecd Jnd trop) dunng ~rowth will 
modil)' the environment Mound them ,lOd 
the modil'led enVlrOnmellt In lurn 
It1fluente\ the growth 01 lomlltuent 

plant' . 
The {ondl{lon c\ldbh\hed of ~ulh arca 

Jtter IJnd prepdTJtlOtl dpp,lTl' ntly .,ul·table 
for bo th the (rop Jnd n)Jn), non-crop 
plant specle~ ,lOd the vegetation wlll be 
composed of J trOp and J non-uop pLln t 
( CrjaOI (I al., 1981). The non- rop plant 
<;peCIt:~ He c1asstficj .1\ weed a ~oon as 
IIld'Callon exm thaI they hamper crop ger­
mlnd llon, developmen t. ~rowlh dnd Yield 
In one way or the othe r. 

The kind and nu mber of weed peCles, 
wh l h (,stablish III an ecosy tern, depends 
on the compOS itIon 01 Ihe prev tous eXist­
tng vegeta tion on th,lt ,tie and on t he 
ompO~ I{l on of the surroundang vegeta­

(Ion. DUring and after . Ite prepara(lon, 
weed spe les will start to Inhab it the si te. 

When the crop is IIltrodu cd both com­
ponents of the vegetation, the weed and 
rop omponent, are uti lizing mainly the 
ame environmental factors for their 
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growth performance . As soon as these fac­

tors are not sufficient to support (helt op­

timal growth performances. the competi­

tIon starts. 

The degree of ompetition will \'ary 

a cording to th(' plant speCIes, plant densI­

ties, distnbution and durallon of plolnt 

existing In that eco yst('m (Blea dolle, In 

Zimdahl, 1980), whIle dlmallc and edaph­
IC condition serve as modifiers. 

To determine the compt'tltlon bet­

Wt'en plants (crop and weed) all enVlron­

menul factors contributing to the growth 
performance of plants molY be Involved . 

The term ·space- embraces all enVHon· 

mental tactors, e.g_ I1ght, water dnd nu­

Wtllt fOf which the pecles compete; and 

furthermofe II Coln descnbe the difficulty 

to tvaluolle the md"'ldu,,1 Mgnlficantc ot' 

the e factors 10 [he process of compell ­

CIon . 

In a certain enVironment, the Yield 

of a plant growing may be represented 

by: 

where 

0= ~OM 
B2.+ 1 

o IS the "clUal yield, Z is the density of 

owmg; OM is the maximum yield 

which IS obtamed at high plant densI­

ties and B is the space occupation oc-

Weeds 

cupu:d by .. sangle plant gro Ing .alone 

(de Witt, 1900). 

The YIeld OM I iltt.llned when [he 

;H'llil"ble sp.ace IS completely occupIed by 

the population. At lower den IIle the pa­

pulation occupies a relative pol e. 

R =_Q_=~· 
OM B.Z . + 1 ' 

where R I rel.Hlve sp.a e cup.llJon . 

FACTORS AFFECTING WEED 
COMPETITION IN UPLAND 
RlCE 

orne f.lc[ofs affecting plant compell­
lion h.1ve been tudlC~d IOlelHlvC'iy b)' \t'\' ­

eral re\eJrcher . One of the more 'ub~tJn ­

five recent expJan.1flom of the ,urn of the 
factors en(ountered by an JI1dlvldudl 

plant h.l\ been s(hemJIIC.llly oudllled 

by Bleasd.1le (Zlmd.lhl, 1980) (Fig , 1) 

Some envl ronment.al factor\ III con­

nection With Ihe weed {ompetltlon In 

upland rice at BIOTROJ>, Bogor. Indone­

si.a . They dedi wllh the denmle of plant 

(both ('fOp and weeds) • _species of weed and 

ecologICal facton such .1\ nutrient s tatU~ In 

the <;OIl or level of nitrogen added to the ~OIL 

Effiel of planl drnS/(y 
Ba sed on [he plant densIty, weed com ­

petllion th.lt affect crop yield, can be re-

pedes 

Densities 

Distribution 

Duration 

(wuding) 

Densilles 

Other crop 

Distribution 

Duration 

(thinning) 

Modified by edaphic 
and climatic conditions 

The degree 0 

competition 
encountered 
by an indivi ­
dual plant Plants of 

some species 

FIg. 1 : Schemallc diagram deplCllng the compellllon encountered by an indiVidual pia", . 
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Fig. 2 : A "helMuc sigmold,ll rdallonshlp de· 
pt ung the effect 01 tncre~stng weed denSity on 
rop YIeld. 

2 

1 

prescmed by 01 schcm.J tt sigmoidal rei · 

tlonship (Fig. 2) . However In thc same spc· .., 
nc:s, Idee In upland rice ItSelf, the IOWI· -

(om petition may 0 cur according to thc 

densities applaed . Eusscn (1981a) has tned 

to obtain Information on a possible nega· 
tlve etfect of high plant densities on grain 

Yield of upland nee. The studies were 

made under glasshouse condition at BIO­

TROP, Bogor, IndoneSia . It was found that 

no negative effect of plant densi ties on 

grain yield could be observed in the broad· 

cast SituatIon up to seed rates of 

280kg/ha. But when situated In hill seed-

ed rice the grain Yield decreased when sc:c:d 

rates exceeded values equalling to 

140 kg/ ha . 

Considering the value of space 0 cu- :? 
pied by plant, the conclusion is 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 

15 plants/ pot, equal to 60 and 

200 kgl ha with the ame planting patterns 

(Fig. 3). 

In a replacement experiment done at 

BIOTROP, Eussen (1981b) reported that a 

series of densities of Agtral"", conyzojiJes 
L, ranging from 1 to 32 plants/pot re-

B 
t 

(g/pot) 

B 
r 

" 

.f 
../ 
Il 

SO 

S() 

(g , :ot) / 

_I 
• 

1 (l 11 

I n() p.U 

Ftg. 3 : pa e occupied by thc plant as function of 
timr for hill ceded (.) and broadcast seeded (x) 
rice. 
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T .,blt 1 Elle" of A fonyZOIl/(J densllll~s on "odd 
of upland nee. 

A. conyzolde 
YIeld Per cent 

densIties 
g 'pol r('ducllon 

(PI~n' pot) 

0 10.0 0 

1 130 1 .7 

2 11 5 28 1 

4 103 40.0 

75 53 1 

10 5.5 71 

32 5.5 71 

' oCt I plan' PO' IS tqulvaltn, '0 32 plan .. m' 

duced ,h(' gram YIeld of upland nce vOIr. 

Blcol by 19 to 72% (Table 1). 

Eussen and Hadl (1981) showed an c:(­

f('ct of DIKtlana (lllans Pers . to nce gram 

YIeld . When D. (/hans pre ent at iI densIty 

of 1 pJ.mtl pot the gmn Yield of nce 

grown at iI densIty of 2 plants/ pot was re­

duced by 62%. 

b. Wwl sptcus 

orne competition studIes were car­

ned-out at SIOTROP With some Impor­

tant specIes of weed e.g. Dlplana spp., P()­

rophyUllm rlldaak Cass., Crolon htrlllS, DIU' 

tyloClnllllm IUgypll llm L., Cyptrlls rOIMndlls 

L., etc. 

The competition vaned according to 

the pecles and it was determmed by cal­

cula ting the space occupIed by the specIes 

based on de W itt method. 

DIp lana cilians displayed higher rate 

of space occupation than D. flm:m cm s and 

D. ltnlala when grown from the seed 

W hen grown from the cutting, space occu­

pation of D. ciira,;s w~s dc:layed until 55 

DAS (Eussc:n and Salen, 1981). In a repla­

cement series the competition was also de­

termined under greenhouse condition. It 
showed that rice grown later than D. cilia­
,;S started to grow at the same time as one 

plant 0 n e ilppCilred abou t equally com­

petlllve to one plant of Dlgllana. 

Poropbyllllm rlldtrau ;I common speclc~ 

m upland arc~. WolS .Ilso studl('d to know 

Ihe Olbihty In occupyang the . p.! e. It WOlS 

found IhOlI Ihe rdle of spilce occup.lIIon of 

thl~ pJ.ant speclcs was low pl.!nl densltlcs. 

AI these low dCn\lu('s. some elTe I of the 

oal nitrogen level on roo I dry mallcr was 

obs('rved (Eusscn .!nd Mildcn.!n. 1981) . AI 

a densIty 0 2 plolnt pot Ihl species re · 

tarded Ihe tiller fOrmJllOn of me Oil 

60DAS and .Ifterwards reduced the grJIO 

Ylc:ld by 5~. When the denmy o( thl\ 

species was 32 plant~ pOI. the c eCl .. p . 

pear('d .II 30DA and rcduccd thc gr.un 

Yield of n e by 91% (Eu scn and Manoyo. 

1981) . 

Holm (I al. (1977) considered Darty/or­
Irnllim lUg1pllum as a we cd of secondary 

Importance on a world boilSl5 . An e eet of 

P . .egyptlllm on nce slan('d to become VIS­

Ibie on nc(' IJller production from 30DA 

Itself (at denSIty of 1 plant pOI) Thc re­

duction of Ihe gram YIeld w .. s recorded ,II 

75% Olnd 10% by the-<iensllI(,s of 32 OInd 1 

plant / pot . 

fhe SpCCII~S lIke C. rOllindllJ, whICh IS 

recognized as Ihe world worst weed (Holm 

tl ai .• 1977). reduced the graIn YIeld of nce 

by 33% and 93% at soal wllhout fertdlzer 

of 1 and 32 plants/ pol. AI 100kgN / ha 

thiS reduction was 43% and 93% respecti­

vely. The reduction In gram Yield was 

mainly caused by 01 decrease In the number 

of grOli n . due to a reductIon In panicle 

numbers. 

c. Dlirallon of '/Duds pr(u nl 111 Ihe uosYJum 

The duration of weeds present o n the 

field , often considered as the maximum 

period o f 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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I n upland n e conditions, Mercado (1979) 
stated that the crni al period for weed 
control 10 upland rice is 40 days after 
planting. A field expenment was carried 
OUI at SIOTROP expenmental station to 

obtam 10 ormiltlon on the e ect of 
weeding llme on the competltton beTWeen 
weed\ and upland nee (. ebayang, 1980) . 

The weed tOmpOSlllon found in the 
fu:ld were: M l"'O$a pudlca, M . ,,",isa. Agt­

rallutf ronyzolda. Porophvlbl'" rutkraiL 
Cas ., D'glI<lfla spp. and other gra ses. 

At the levels of 100kgN / ha the gram 
Yield of nce grown wtth weeding at 20.40, 
60 and ODA ,and wlthoul weedmg were 
ompared to no weeds plot. The r('ducllon 

of nee gram Yield ovel no weeds plot were 
19, 16, 39, 5 and 99Oto, re'pe tlvely In d 

gret'nhou e condttlon F UH('n and Zulfadlt 
(1981) al 0 arned out an expertment for 

the ame purp 'e to obtam Informallon 
on the e CCI of time dnd duration of (om ­
petition between w('ed, Jnd upl.lnd Tiel' . 

The weed ~pe Ie, u\ed were M ,,,,0 a tnlllla, 

Agffollim ron)'zold,'.I, [>orophv/Jllm rlldrra/( 

and D'gllarta fUll (Turn ) 

When no nmogen Wd\ applted. redut · 
tlon of grain Yield due to weeds Hafted at 
o and 40 or more DA . or when \tarted be ­

fore 20DA and Ic-ft unltl] 10 day\. When 
nmogen was applted. weed~ whl h stJrted 
at ODA deueased gram ytc: ld when they 
were allowed 10 )IJY for 40 DA. or longer; 
or when they started 3t 40DA or ea rl 
and are left unltl 110 DAS (Flg.4). 

d. Envjronmmlal condlllon jarlors 

There are many enVlTonmenta l fac tor 
that will serve as modifier In the pro e:S5 of 
competition. However, the Ie:veb of nutrition 
in the soil can be: the mOM important factors . 

In an experiment onducte:d in glass 
hou e at BIOTROP by using water culture 
solution. Eus en and U romo (1981) found 
that nitrogen should be present between 30 

grain fiel .l 
(g/rnt ) 

lO r 

5 

10 

5 

I ') 

:; 

5d 

gr11n .vi 11 
( b ,.h) t ) 

5 t) 

g r3 i '1 ~ . i e Ie: 
I g / j1 ' : J 

50 In D \S 

Fig. 4 : Grain Yield of nee as affected by the ueat ­
ment~ . • weed prescnt from 0 DA until time 
Indi ated. 0 weed prcscnt from indica ted timc 
unul 110 DA 

and 70 DA in order to assure d grain 
Yield not deViating from plants grown con­
tinuously on nitrogen containing culture 
solution . The weed control. therefore, can 
be based on th is matter. It is in-line with 
Sebayang (1980). that TWO time of weeding 
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m field condition of upland tier at 20 and 

40DAS was satisfactory to control w~ed . 

The N levels In the soil will affect the 

degree of weed competitton. In upl.lOd 

nce, inc~ase in N ferulizer will c .. use 10-

crea ed uptake by CyPtntl rol""dllJ 

(Obfor in Mercado, 1979). Weeds grow 

~tter under adequate levels of nutnent 

thus malting them more competitIve 

ag .. mst the crop. 

In other expenment Eussen and Zul­

fadJI (1981) have proved th .. t to the we of 

100 to 300 kg i ha the reduction of nce 

gram YIeld due to weed w .. s 75%. ThIS 

reduction appeared to ~ tnde~nde:nt on 

the levels of nitrogen. Therefore It can 

~ noted tbat weed control becomes 

more imperative when fertilization I 

practiced. 

CONCLUSION 
Gram YIeld reduction due to weed tn 

upland rice bas ~en quite enormous, be­
ing 78% in Philippines (Mercado, 1979) 

and 70 to 80% in IndoneSia (Syam and 

Effendi, 1977). 

Funher It is imperative that space oc­

cupatIon of tbe weed should be as low as 

possible therefore it will be beneficial for 

the CTOp. According to Soc:prapto (1980) 

to get the maximum production appeared 

to ~ a seed rate of lOOkg/ ha. The species 

of plant, either crop plaJlt or weed, Will 

influence the competition oc urred in the 

crop-weed sy tern . Morphologically, the 

crop plant with tall vigorou and faster 

rate 10 growth will have abIlity to compete 

with the weed. 

DUTallon of weed occurred tn the 

weed-crop sy tern pl2Ys an Imponant role. 

ometlmes the farmers believe that remov-

109 weed ilny time dunng the growtng sea-

on of crop solve the problem . ThiS IS 

not correct, stOce the corre t time of weed 

removal produce a comp .. rable Yield of 

crop. As proved by Eussen and Zulfadli 

(1981) that two weedmg at 35-40DA and 

5(}-60 DA are necessary to OIvold the 

gram Yield loss at lOOkgN / ha. 

PnnClpally, the application of ferttltz­

er should be directed to the benefit of the 

crops. However, weeds in crop-weed sys­

tem WIll take advanuge 10 uptaktng the 

nutnent, and 10 certalO condition be:come 

more: compellllve to the crops. Therefore, 

to make the fertilizer applICatIOn effiCIent, 

weeds should be controlle:d. 
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TUDIES ON RICE WEED COMPETITION UNDER 
DIFFERENT METHODS OF RICE CULTIVATION 

AND WEED CONTROL 

R. P. INGH and G. L. HARMA 
Dc:p,Hlmenl of Agronomy. I mlilule of Agncu ltu ral St1ente~ 
B.1nOlras Hindu UniverSity. VarnJ~I·22 1 005. India . 

AB TRACT 
I'ldd expellmell1, wele ,undulled III nH)I)'Olln 1'17'1 .lId 1'180.11 Bdndrd' HlI1du Unlver\lIY. Vatd ' 

n~". lndl~. with three method, oj lI(e luIIIV.I!IOI1 Jnd tell weed l("Hrol Iredtments . 

1 he m.lJ(lmUOl I(r.llll \' 11'1..1 l<., r('lorded under IfJnlplJnted 1n('lhod lollow('d b)' dittO seeded 

Ipuddle.!) Jnd ,,):nllil.lnth lower III d,rnl ,eeded dr\' (ondnlon oWlnll to lorrc~pondlng IntreJ,e 111 

... ted dr)' l11~tlcr. mort dcplclllll1 of nutrient, bv wced~ dnd le~s uPIJh by Ihe uop BUIJthJlol 110 Z 
~g h •• propJnd Z U kg hJ .Irrd IhlObctI,Jrb 2 kg hJ wtre Ihe mO\1 cfkttlvc hcrbrude, In lhcLkmg the 

"'ccd growlh ~nd I1UIf)CIII dcpl(,11011 Thc,c rrl'.Hmcn1\ produlcd gTdln }'Icld romparJble 10 hJnd 

wteded tr(,.Ilmen! Weed dn mailer .lnd nur<lent rcmo\'JI by weed, ,howed PO,III"C rd.ltlot\,hlp. 

INTRODUCTION 
Among the V.lnou, fauors rc~pomlble 

for low Ylcld 01 upland me, wced, are Im­
ponant. Gopalaknshn.l Plllal and Rao 
(1974) reported that the per lent Yield 
losse\ dUe" 10 wced, In direct ~eedtng under 
dry (ondltlon. direci scecill1g under 
puddled (ondltlon Jnd IramplJntlng me­
Ihod~ .Ire 50010, 30-35% and 2oola. re~pe tl ­
vely . The timely removal of weed~. 

through hand wecdtng which I~ largely 
~dopted by farmers. 1\ rather dlffitu lt due 
10 unav,lIlabili ty and high tO~1 of Idbour. 
Therefore. I he present expenmenl was 
planned to study the nee-weed ompeti ­
tlon under differc:nt methods of nee ulll ­
va t ion and 10 lind out uit ab le herbiCide 
to ubdue weed growth. 

MATERIAL AND METHODS 
Field experiments were ca rried OUI 

with rice cultivar Cauvery at the Re!Carch 
Farm of the I nstitule of Agri ultural 
Sciences, Banaras Hindu \)niver ity, 
Varanasi, India for mon oon easons of 

1979 Jnd 1980. The expenmcnr was laid out 
111 ~plit plot de\lgn keepll1g the three sowing 
methods III mJIIl plots and len weed control 
treatment In sub plot~ (Table I) . 

Crop WJ\ ,own III Ilne~ 25 t m apart 
u~lng 100 kg ~c:ed ha . The direct sowing 
under dry ,1I1d puddled tOnd ll iom WJ 

done on July 12 and July 14 dunng 1979 
Jnd onJuly 2 JndJuly 4 In 1980. respecti ­
vely. Transpl.lntJng WJ\ done on Augusl 8 
and Ju ly 22 In the year 1979 and 1980. re­
spe lively. At last ploughing puddling fer­
Ill i7t'r was applied at the rate of 60 N. 60 
P ,o ~ and 60 K,O kg/ ha . The remaining 60 
kg N f ha wa top dressed 111 two equa I 
sp lit s. viz., at Illlering and at pani Ie initia­
tion tage. The "quid formulations were ap­
plied with a foot sprayer while the granules 
were broad sted uniformly mixing With dry 
soi l. Nutnent uptake by weeds and crop was 
estimated at harvest stage. 

RESULTS AND DISCUSSION 
The prominent weed species were Cy­

nodon dartylon (L.) P.ers., Echinochloa ( 010-
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Table 1 : Effw 0 pbnunt. m(thod~ and w(cd (olllrol on w~d dry I1l.lller produ u nand N. p. K depleuon 
by weed 

Trc.ltmcm~ 

tnrIlf!. ",tl/rod, 

Dnect \owmg fdr.·) 

DlreCl SOVo"1ng 
(puddled) 

Tun pl.lOled 

CD (p=OOS) 

tr'tttf .-0,,1,01 Irtal'lrrt1f /J 

kgtu 
+ But.lchlor IEC) 2 

+ But.Khlor IG) I 

+ ttrogen 2 

... 2,4-0 IG) 

t 1.4-0 (EC) 

tMCPA I 

t Thto~n(ub 2 

t Prop.aml Z 

Handweeded 

Unweeded control 

(C. 0 (P= 0.05) 

Dr. m.lUer w~d 

II: m!' 

210.2 

Ib() 'I 

100. 

10 'I 

IIb.O 

107.9 

1473 

2232 

21S ~ 

2190 

129A 

113 7 

43.5 

zn 1 

103 

19 0 

179.-1 

135 

41> 

0_7 

0 1> .1 

915 

11'1 -

1875 

184 4 

I 2.8 

10 .2 

100 1 

3b .7 

321>.3 

126 

2'1.30 

H20 

IUO 

1 0 

17 'I() 

1b b() 

2030 

23 40 

2400 

2425 

1780 

18 b() 

840 

401 30 

II 

"lIm (L) Link, CypmlJ rOfllndus (L) Pers., 
Flmbnstylu mliraaa V <IhL, Euphorbia hlrfa 
L, Corchorus acufanguills L, Ecitpfa alba 

Hanak., Phylumfhlls ntru" L, A mmama 

bamj"a L and Comm~/ma bmghaluws L 
The direct sown crop ha.d mvtlmum weed 

dry matter, while It was mimmum In tra ns· 

planted crop (Table 1) . Puddlmg reduced 

the weeds. Thus transplanted crop pro­

duced maXImum gram, followed by dIrect. 

sown with puddling and lower In dIrect 

sown under dry condillons (Table 2) . 

All the herbicides and handweedlOg 

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 

. utnents depictJon b>' wced\ (~ hJ I) 

N r K 

1980 

22.8 

17. 

'1.0 

1.3 

lJ.b 

131 

15.11 

191 

18 b 

II! 7 

138 

)]'1 

b3 

.34.3 

I 3 

90 

td 

3 I 

01 

SO 
4. 

U 

78 

!l0 

11.0 

5-1 

-l8 

Z9 
q 5 

03 

19 0 

7 1 

45 

2 I 

0.2 

3.3 

3 I 

39 

td 

04 

0.5 

H 

3 I 
12 

79 

05 

27.9 

17 :-

103 

10 

1'i .Z 

13.3 
17 1 

12'i 

ZZ q 

22 'I 

It> I 

150 

59 

35 .0 

011 

1980 

238 

15.t> 

82 

1 :; 

12 f> 

107 

141 

1'1'1 

204 

205 

138 

12 b 

3.l! 

31 b 

0'1 

wer ... thlObencarb and propantl . The phenoxy 

group of herbICIde were le~s effect Ive In con­

trollmg the weeds and gave YIelds ~ltgh tly su­
penor to unweeded control. 

Method~ of planting had slgnlfic.lnt 
vanatlon In N, P and K depleuon by 

weeds . The maxImum depletIon of N, P 

and K was recorded in dIrect sown crop 

under dry condillon, wh ile minImum was 

10 transplanting. The direct sowing under 

puddled condItIon was Intermediate. Nu­

trients deplellon 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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Tabl~ 2 : Eift'cl of planung m~lhods and w~ed control on grain YIeld and N, P, K uptak~ by ric~ 

TrutmenlS 

,!""In.( Iffnh"d. 

Olrcu ,own (dry) 

Dlrell 'own (puddled) 

1 rAmplJllIeU 

. D IP.d) (l~J 

U rtd .o",wl l'toJl",OI/I, 

~ hA 

BUI~<hIOl d C) 1. 

ButA<hlur (,' 1 

:-.ollrotCIl 2 

2.4·0 (C) 

.?A 0 (FCI 
\i( I'A 

1 hl<lht-n<Jrb 2-

PrupAlll1 1. 

HAlld .... ~edcu 

Unwccded l(lIIlrol 

C 0 (r.-OOS) 

Cram YII:ld 
(kjjh~) 

1979 

931> 

lbS5 
Jo-lO 

4\1> 

2775 
271:1~ 

2400 

19 10 
1'150 

l'n9 

21>74 

1'lZ4 

3065 
1701 

lSZ 

1980 

20ll 

.\()()() 

-11 75 

323 

3412 

3~75 

30S0 

2425 
1575 

2537 

3325 
3562 

4050 
ZU7 

100 

th~r ob\erv~d that thc apphtatton 01 butach· 
lor (EC or G) and propanll were \upenor to 
othen In redUCing depletion of nutrients. The 
nflrofcn oind thlobencarb were on p.lf dnd ~u· 
penor to phenoxy group ot herbiCIdes. 

Uptake pattern of N, P and K In crop 
under the trratments wa~ )U\t reverse to 

1979 

21>.4 

742 

96 () 

S3 

74.4 

71.0 

1>4 .0 

H.I 

54.7 

55.b 

70.!l 

75.3 

8tl.2 
4Cj 0 

I 7 

N 
Nutnents uptakt' (kg/ha) 

P K --- - ----------
ICj80 

6J 4 

'119 

104 I 

OJ 

98.7 

9i 0 

III () 

70 <; 

74.7 

704 

94.4 

101.t> 

IIO.S 

b6J 

1>.4 

1979 1980 1979 

8.3 19.00 26.7 

Ifl I> 24 nO 73.7 

24. 'i J2.00 94.4 

0.8 0.70 5.0 

1\1 .0 29A2 78.7 

18 7 28.60 75.6 

165 24.80 64 .2 

1-13 210Q 51>.8 

14 I 22.50 580 

14 .7 20.50 58.1 

18.3 27.30 73.0 

1'1.6 29.40 78.9 

2!.J 31.80 88.9 

14.!! 

Ob 

1700 48.9 

1.20 2.8 

1980 

72.0 

100.8 

113.1 

3.3 

109.0 

109.0 

88.6 

79.3 

82.8 

77.5 

108.3 

106.2 

122.3 

73.2 

3.0 

the depIction of these nutrients 10 weeds 
(Table 2). Transplanllng .and weed control 
treatments. VIZ .• hand weed 109. butachlor. 
propal'lJl and thlObencarb resulted 10 maxI · 
mum uptake 01 these nutrients by f1ce, as 
observed by RethJnJm and SJnkar.an 
( 1974). 

LITERATURE CITED 
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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 TRlNIDAD2 
INational Crop Prote tlon Center, UPLB, Los Banos 
Laguna 3720. Philippines. 
2Mmistry of AgrICulture , RegIOnal Crop Protection Center 
Pili, Camanne~ ur, Phlllppme . 

AS TRACT 
Ooe 111011. (omp~fln!t IHm~f~ ... ·red <oolrol pra tl l(~\ Jod IOl eg rat ed wred co~tro l pfJCtlte \ 10 

upl~nd file .. ~, .. ondul ted ~ I IOUI 1(llolIIOI)\ 10 the Phillpp lOe, . Trea tment, oml~ted of weedy Jnd w~ed 

tree dlelk,. cutJthlor ( ~bu{().\> mel hyl) · 2-lh l oro ~ , o'-d lclhylacel .mtildcl .II 2 .0 k~ a.U ha· 1 dlo ne . 

bUI~(hlol ~ t 2 Odlld 1.0 k!t.l I hoi I plu, ol1e hJ l1 u wrcdll1g, dnd the f~rmers' pf~ C (l(e . GenerJlly. Slglll ­

Itt~ot \' Itld dltlcrentc, did ntll Ol\ t be l ween In) IrrJ tmcnl\ In which lundwecdmg w~ s u ~cd . The lllg· 

her folie II I hUIA,'II,lr wllhllullunc.lwad lng redulcd r(lp UldIlOn ~ o(gras\ sprues but re~ulted In J weed 

popubllon shrte f(lw~rd\ hroJdlcJf 'pel Ie' BU1 A,h lo r .I I eit her the hrgher or low rAte plus onc 

h.lod .. eedlll!t Ylrtd, W('IC' nOI "!:Odj'oIlI rl y lower rhA o weed free <heck. II Jppe.m IhJI high 

y,rld\ lJn be Jthlc\'ed .. hen u\lng a labou r IOl emlve weed <ontro l pf~ C lt Ce of ~eVefJI ( ulrlvaltom Jnd 

handweec.lIOI\\ . It lime .Ind lallour Jrr (Olll lr .1 lnl '. ,10 appir l Jtron of buuchlor ( ould ellml11Jl e 

.til polt -plAnt (uitl\JII()O\ Jnd \ub\tJnll~l l y ft' du(c hJndwt'Cdlllg tlmel or trt'q ucnClcs; o r upland m e 

t~rm rr\ 

INTRODUCTION 
Y,eld losse\ In upl.lOd nce comlJtut­

Ing 11 "0 a t the tOlal JrCol under flU' due to 
weeds h.lve been repon ed J ~ high 3 \ 70 10 

83% (VeS" (/ al., 1907; Madnd (/ til., 
1972) . Upland nee farmers (.1nnot take ad­
vantage of Import.lnt weed control pra -
lI ces uch a puddltng .:md flooding whl h 
arc used by lowland farmers . Post-plant 
cultiv.ltions and handweeding arc the most 
common weed control practi e5 used by 
upland nce growers an the Philippines. A 
single handweeding has been reported to 
lake about 300 man hour 11.1 -1 (DeDatta 
and Ross. J 975) and many upland farmer 
weed their fields IWO or three tim . If 
labour 0 ts continue 10 increase or labour 
availability decreases. weed may be ome 
the major constraint to upland ri e farm-

e r~. Herbl ide use ha gamed little aeceptan e 
by upland farmers, the major reasons being 
the hlg.h tOsts, the Irregular market supply of 
herbi Ide\ and the lack of mformation on 
how to orrectly u~e them. 

The in reasang u e of'drought tolerant 
varieties With higher Yield potential Ie· 
cuses attenllon on the effectivene of 
weed management pra ti es as J serious 
factor In upland nee area . I n the 1980 wet 
season trial were established to test a package 
of ahernJtive weed control practice in 
upland nee that molY provide upland nee 
farmers wi th option of weed control me­
thod suited to their specific constraints. 

MATERIAL AND METHODS 
One trial was established on farmer' 

fields in two provin .es of the Philippines. 
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Three tn~1 were located 10 Batanga 
:n T .In.luan, Cuen a and Bauan. The other 
wa located 10 C;lmarinc_ Sur at Sta. 

Elena. 
Traditional l.lOd preparation, whlc:h 

consisted of two to three animal plowln~~ 
and several .I01mal harrowlOg~ pnor to 
planting was practiced at all loca(lons. 
Seed of UPL-RI-5, J newly-released upland 
vanery, W.l5 broddca~ted at the r.ttt ot" 100 
kg ' h.l- I . AI all tlm'(' Bat.Jn~a, ~m~ the 
seed was broadcJ.st and then harrowed IOto 

furrows prenou.ly lormed by a IJlhao, .In 
animal-drawn cultiVator. In Cam,wlles 

ur, the broad ast seed W.lS plowed under 
with .I moldboard plow. 

Fertilizer was applied at the rate of 
60N,20P,05 kg/ ha with 16N,20 P,O, 
appl;ed basally, 21 kg N topdressed at 21 
days seeding (OAS) and 23 kg N top­
dressed at panicle initation. The experi­
mental plot.s were arranged In a rando­
mized complete block design With four 
replacillions. Plot Mze was 3 by 10m. 
Butachlor was sprayed as a blanket pre­
emergence application within 5 DAS. A 
lcnapsack sprayer, fitted With a 3-nozzle 
1.5 meter boom, delivering approximately 
280 l!ha was used. Weed counts and weed 
control ratings by speCle and crop inJUry 

r,lIIng~ wc:re 100ken 2 to 3 times dunng the 
course of the expenment. Weed weights 

were taken at h"rve~t. 

The fan!ler' wt't'd control practices 
vaned from onr locoltlotl 10 ,mother 

(T"ble II. 
Thr \1 weed lonlrollre .. tment~ werr me­

ludt-d Jt each 1000ation (Table 2) In ..... eed free 
,hC'rk, 2 10 3 IlJndwrrdlllg~ were made. 

RE ULTS AND 01 CU JON 
The: hlgh("q vlrld WJ' oblJlned by the 

BJtJn~a' IJrmer,. where ,ad WJ\ broad­
(3\( .lI1d hJrrowed IOtO row" .lllowlOg for 
po~t -pIJnl cultlvallon, (Table 2) . By com­
PJrl'llll • .1t tJ . Elel1J, where the \eed wa\ 
not hJffOWed InlO rOW\, .lnd posl -plJnt 
culrl"JllOrlI W(,fe nOI done, r:dd, wt:re 
lower. ",n·d populJllon, Jnd weed W(lghl~ 
oIt hJrve'l Wert· IlIgher ,HId pc:rennl.ll 

w(ed~, ~Udl J~ C r/,,,u.r,r 'petles d nd 
()'nodon dildy/on (L.) Pers. were mo[e pre­
valent. 

At two 10l.11l0m, Bauan and t.l , 
Elena. ~lgnllil.lnt dlll('rellle~ In crop 
Yields did not C:Xlst b(twec:n Ire.lImen!\ In 
whltl. h.lIldwcedlllg \\d'I pra tiled . At 
three I Ot,III O!1\. bU(dLhlor plus one lund­
weed 109 gave Yields comparable to weed 
free lheck, 

LOI. .. llon Post -pl,lO! weed ' (lotml practlle\ 

Bau:ln, SaLlng.u 

CucnC3. Batllng'" 

T;JnalLln, Batao~$ 

Sta. Elena. Camanne! Sur 

ont lurmwIOg follo,,'cd by three (uJuvJuons dunng 14-.35 DAS 
plu\ one handwccdmg at 21 DA.S . 

two hafTowlng' and two luhao cultivation- dUring 14-41 DAS 
with three handwcedmg) ~t 31, 53 and 80 DAS. 

one: Irth .. o cultIvatIon Jt 14 DAS followed by twO handwec:dlOgll 
at 27 and 3':1 DA~ . 

2,4·D JPpll~a"ol1 at 23 DAS and two handwcedmgs at 14 and 
29 DAS. 
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Table 2: Gram Yields at I % mOl rure (leg h~·l) or n'e ar four locations. 

Trulmc:nl 
Lo allon 

B~u~n Cuenca Tanauan Sta. Elena 

Wc:cd Irc:r ch«k 3186~ 3956 .1 4605 ab 3482 a 

2 Bur~chlOi 2.0 kg a.l .l ha 211 2 db 1927 3600 btd 2146 b 
Bur .. ,hlor 2 0 Ie,: a I ha+ 

handwtedlOj: 3361 J 3863 J 4600ab 3457 J 

4 Buu,hlor 1 0 kg a I h .. + 

h"ndwcedlnlt 3103 d 3302 b 47b5 a 313h 

5 Fanncr'\ prJCul(' Jo50d 3989 J 3528 cd 296 1 a 
b Wred) lhc( k 1450 b 344 d 2753 d 842 c 

M .. ", on ~ ",lumll 1011"",«1 b, the ,'me lrttrr Joe lIot "~nofil.ndy dollerent .0 the 5"'v level " .. ordtng 10 Dune.n·, 
M uluplt R..n~e '''1 

Butachlor at 2.0 kg h~ .1lone resul ted III a 
"'ted populatIon shIft towards bro.ldleaf 
~p(,Cles, maInly Cr/oslO orgtnllo L, ipomrra 
In/oba L , Cleome rUlido~perma DC. .l nd 
Commdllla[(~ speues. At two locations, 
B<lll"n .1Od T anaU.ln, Yleld\ from these 
plou wert not slgnlfit.;antly higher than the 
weedy check. In CuencJ and ~t.l. Elena. 
where gras~ .and sedge populallons were high, 
the nee Yields from the weedy thelk were: slg­
ntfl .andy lower than butachlor dlone. 

Except at Sta. Elena. thc total number 
of grass speclcs in the weedy check were 
Significantly higher than the number of 
grass species tn the burachlor-treated plots 
(Table 3) . Handweeding in butachlor plots 
did not Signifi cantly decrease the grass 
weeds. In Cuen a, plots with the low rare 
of butachlor had a signifi cantly higher 
number of grass species due to a large po­
pulat :on of Echtnochloa colona (L.) Link as 
compared to plots with a high rate of bu-

1 ~hle 3 1 oLlI number (11 !:r,ol\\ weed, (L) Jnd predumtnant broJdlcaf weed. (D) per 0.5 m2 pnor to hand-
weed Ill!; of bUtJlhlor plot, 

BJuan CUCnlJ TanJuan l d. ElcnJ 

Treatment 31 DA'> 55 DA 40 DAS 42 DAS 

(, D G D G D G D 

I W ccd free l hee k (lJ OJ OJ 03 0.1 Od OJ OJ 

2 BUIJ(.hlor 2.0 kit 
01 .1.1 hd 10 b 4J II b 11 b, l ~b 16 b 9 b 28 l d 

3. ButJlhlor 2.0 kg 
a.1./ ha + hand 
weedll1& 10 b 34 17 be 14 2Jb 12 b 6 b 11 b 

4. BULlchlor 1.0 leg 
a. l.l ha + h .. nd 
weedlOg 11 b 51 28 13 6 b 36 b 5 b 21 c 

5. Farmer'S practice 4 b 12 b 1 a Oa 24 25 b 7 b 44 de 

6. Weedy check 20 132 d 97 d 7 b 31 25 b 9 b 47 c 

An"lyS!> of vo"antt and mt~n .epJrOIlOn done 011 dUJ trJIu tonn,'u tn l.o~ (X + I) . 
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t~chlor. The domln.lnt gra s specie found 
.11 all Baung.ls location were E. (%nd and 

Eklll'1f' mtiwl L. Gzrtn. 
Generally. rate of butdchlor applt .I. 

lion did not afTe t the number of bro.ld­
leaf pecleS. Only In Bauan and u . Elena 

there were Ignrfic.lnt difference bC'tween 
the broadlCdI popuiJtlons of the weedy 
checks .Ind the other tre.llmenl . The .Ir­

mer-<ooperator In t.a . Elena contra ted 

or an outSide custom application of 2,4-0 
.at 21 DA . The wced control rcsull wcre 

poor. the dl crences 10 the broadluf p0-

pulations In Ihe f.lrmen' pr.lcllce piau .Ind 
thc weedy check were not Igmfi ani . 

But.lchlor at 2.0 kg ha reduced thc h.lnd· 
,,'eedlng time from one-chlrd to .llmost 

onc-balf of the ume requIred when butachlor 

was .applted a. 1.0 kg; ha. At TWO locallons. 
Cucnca and T ~uan. the handweed10g times 

for the rugh rate of butachlor were slgmficant­
ly lower (31.3 and 36.8 hrs/ ha respectIvely 
than the bandwecding times for the low rate 

(61.1 and 57.6 hrs/ ha). The higher rate of 

buuchlor, though, TtUy not result 10 substan­
tial savmgs to the fanner, would double the 

cost of the cherrucal inputs from P J 14.52 to 

P 229.041 hOI (US S 14.32 to S 28.63) but re­
sulted in only an average saVIng of 44.5 man 

hrs/ ha in handweeding ume. Crop In)ury was 
not found at eIther rolle of bUl.1chlor. 

CONCLUSION 
The 1980 results mdlcate that at the 

pre~ent time herbICIde use by the upland 

n e f.lrmer m.ly be .In elonoml ally n ky 

alternative . Farmer' prJ lice which In -

lude ~everal po~t-pl.lnt me h.tnu.al CUItI\'<I­
tlOns olnd .It leol t two handweedtng\ gave 

Yield that were not Iplllilointl ' lower 

than the weed tree hecb or the but.llhlor 
plot plus one h.lOdwudmg. The}e hIgh 

Yield were obt.llned .11 'he expen e of two 
post-plant CUltlv.Ulon and two or three 

h.lndweedlOgs . It appc.m th.lI the l.abour· 
IntenMve f.lrmer· pr.lcllce\ will continue 

to predomm.lte unlll the lJ.rllty or lost 01 

labour become more expen ,\'e tholn .liter· 

n.au\'e Integr.lIed or chemll.al control me.l · 

~ures. The nsk a~sollJtt'd wllh u~lOg herbl' 
lldes would decreJ~e II tlmc: and labour 

become mOllor constr.llnrs 10 (he tdrmcr 

.Ind hiS usual ultl\';ltlom .and hJndwee­
dings would be ellher delayed or Impos­

Sible to complete . 
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CROP WEED COMPETITION STUDIES IN 
SORGHUM UNDER DIFFERENT MANAGEMENT 

PRACTICES 

M. KONDAP' and B. G. BATHKAL2 
I. Agncultur.J1 RC,'\earch Instltutc , Andhra Pradesh Agricultural University, 

Hyderabad - 500030, India . 

2. A~n ultural College , PunJab Rao Knshl Vld ya laya (PKV), Akola, India . 

ABSTRACT 
Two expC'rrmenr, wcrc wndu(ted ~r r .K.V. CJmpuI. Akola durrng mOnloon 1975 dnd 1976 10 

kno'" (rJ[ll~1 \r~~e 01 wced (onlrol In sorghum cuillvoirl under dlflC'renl Jgronomlc praUltCI. T'he lim 
txpcrrmcOl wnlllltd 01 d,tfuC'nr wud Iru and no weedlllE; pt'nod) In C H-5 and CSV -3 of lor~h um 

l rop and Ihe I('(ond expenmenl aho of ~lmJbr I)'pr lompHed In ,ela lion to four feru lll}' Icvels under 

ralnled as well as under Jrngaled tondJlJon,. 
Cnllu1 pcnod of crop weed competition of the sorghum was between 15 to 30 days from sowing. The 

gwn obwned ... as82 and 76 per cent of the weed free period till harvest m 1975 and 1976 t'OIsonsrespcctlvcly. 

Tht' C H-S cuillvar wa~ found to be supenor to CSV -3 III gram YIeld and weed o mpetltlon. The dry matter 

production of wce& was !>('Veral nmes hIgher than that of crop upto 60 days and later on ~e~ trend was observed. 

I he weed dl'\' moltlc' Ill( rN,cd with .nl .eJ,e In len rlll\ level wh, c h Ind'lJ led thaI I he higher Yield, 

01 lorghum could 1101 be mJlnlJlned by \Imph II1cre,1\lnf: Ihe nltro[!cn level 111 the prClcnte of wecd, . 

The wced, were Joulld to he ~ood ab,orhel' 01 tnOl\(urc tlull Ihe ClOP Ihul aflecllng Ihe crop Yield . 

INTRODUCTION 
Weed have alwdY~ been Js~o"ated 

with sorghum and the damage they Juse 
depends upon \peCleS, durJtion and den­
wy. InCIdence of \tnga alone cau\ed a rc­
du lion In the gram of sorghum by 750/0 

(Nilgur ({ at., 1962; Rao, 1978) and milk 
weed (A r!rpltu ~Y.li(a) (Evett s and Burn~ 
side, 1973). ankaran and Damodaran 
(1974) recorded that ~orghum crop require 
30 da ys weed free period from sowing for 
getti ng optimum Yield. rivastava and 
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-

PU \, Ak la dUring monsoon 1975 and 
1976. ThiS stud }' ompmed of 2 field trials 
O.le maIO and the second subsidiary. 

I. rudle on Ihe critIcal period of 
(fOp weed competition in so rghum 
with two different cultivars (Main). 

2. Studies on the effects of different 
weeding intervals on sorghum grain 
YIeld in relation to different fertil­
ity levels under rainfed and irrigat­
ed conditions (subsidiary) . 

Both the experiments were laid out in 
a plit plot design with 4 and 3 replications 
in 1st and 2nd experiment respectively. 
Treatment details are given in Table (1 & 3). 

RESULTS AND DISCUSSION 
Main exptriment 

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 d,cot. whereas In 

1976 cason 23 specie, belonging to .!>ame 
12 families were observed. Amongst them 
8 and 15 were belon~lng to monocot and 
d,col f.lmlt.e~ re~pcctlvely . 

Among't the 22 spetIC~ < found In 1975 
\eJ~on, eight ~peCle\ VIZ ., CyanollS flXtf/IIW. 

Co"t",rlma b(flghalmw, C)'"f/od(ll/ dorly/otl, 
C'/OJla Ilrgf11ltl1. E uphorJ,tll hlr/(I. Irtgll 111-

/(./ and LaXII.lra ",olIH contnbuled Ihe: ma­
Jor weed populJ!lon with den\ltr of 67.5. 
lOA. 14 .5, 90.4, 23 .3, 11> .8. 10.8 and 
50.1 01' re'pel {lvely . Where.}, In 1976 \CJ­

\on. II spelle) VI7 ., C. d.IIII'Htl. C. "rIIl/h,l . 

lrruu. Brachlana rruajomflS. Dtg11ana san­

K"manlts, C. arg(11/(I1. E. hma, S. Luten and 
L molill were dommant weeds with popula­
tlon demit)' 0159.5.37.4.15.8.17.212.6. 
11.6. 48.4. 22.1. 14.6 m' re\peCII\'t'ly . 

The 101.11 dry mattcr plOduutOn of' 
weeds III re.ued grddUJlly with the ad­
vance In age upttl 1)0 75 (by, after \owlIlg 
II) the no wecdmg Irc,Hment 'ene, dnd 
then It dccllOt'd grJduall\' Oil 60th UJY 10 

W, O' Thl\ may be due to the CJrly mJtur· 
It\· of some 01 the weed, or b}' ,heddlng of 
Ic:ave~ elc. by 60th dJ\' However In weed 
tree treatment ,enc, Ilke W" W2 , W3 dnd 
W~ the dry molller production of weeds 
continued to In(rea~e till 90th day. The 
rate 01 dry matter produclloll WJ~ maxi· 
mum between 30th .lnd 45th d.lY of the 
trop-age III no wecdmg treatment se nes 
whereas Ifl weed free \eries t reatmen! likr 
W I It wa~ between 60th and 75th and In 

W 2 and W 3 it was between 75th and 90th 
day. These trends were ammon In both 
the sea~ons. 

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

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

in the ~econd year () 976), the dry matter 
production of weeds was higher in CSV-3 
than the CSH-5 at all stages except on 
90th day (Table I) . This indicates the smo­
thering effect of CSH- 5 on weeds. 

During 1975. when the plots were kept 
weed free uptO lim IS, 30,45 and 60 days, 
reduction 10 gram yield of 30.5, 18.0, 5.0 · 
and 3.2% respectively was observed as 
compared to weed free ttll harvest 
(Table 2). By keeping the plots weedy upto 
first 15,30,45, 60 days dnd till harvest, re­
du tl on In gran Yield wa~ observed to the 
extent of 3.4, 20.1, 36.8, 4l.0 and '48.6% 
rnpettlv~ly. In 1976 season also simllar 
Irend~ were ob\erved. However. the reduc­
tion In gr.lln Yield was of greater magni­
tude .1\ ompJreu to 1975 seawn. 

The\c result, md,cJted that by allow­
Ing the weeds to (ompere for fir~t 15 days 

1 able 2 ("JII1 ylcld at \or):hum Ik!! hal d' 

II1tlu~11l cd by w~ed\ ,wd weed tree penod~ 

1 rCJlmCnl' 1975 1970 

\l (rd /rr( /<lr 

1-1.\115 JJ)" (W,) 3493 302& 
FITsl 30 d.1Y, ('J(' ?) 4121 3400 
F,r" 45 dJY, I W J) 4775 ~.lIO 

Fml 00 day' (W.) 4802 4200 
Till hJr"eq (W~) 501& 4538 

,\'0 u'rrtitnl( for 

15 day\ (We) 4855 43 72 

30 dJ '\ (W , ) 40J5 2949 
.:15 day~ (Ws) 3175 2749 
60 dJy~ (Wg) 2907 231 I 

Till hJrve'l (W 'O) 2588 2123 

Clllt/var.' 

511 - 5 (V,) 4845 367') 

CSH - 3 IV?) 3127 3141 
C.D. (P = 0.05) 
W ceding jlllcrv~ls 397 373 
Cultlvars )68 130 

lnter~clion ".s slgnlficlml .t 5% leYeI in 197& 
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Table 3 : Dry matler production of wccds tn gl m' a.s affected by dl erenl trnlmenll 

1975 sc~son 1976 ('uon 

Trcatm('nts 30 60 
(days) 

Wml,,,, ItIInv4b 

W('ed frcc for 30 days (W.l 10.25 

W ccd free for 60 da s (W,) 

Wccd free 1111 h~rvesl ,) 

o weeding forlO days (W.l 19.38 

No wcedmg for 60 days (W~) 18.75 103.00 

No .. eedlDg lill harvcst (W.) 17.88 94 .38 

Mea..,'l 18.67 69.21 

Fmiluy kwh 

N P K 
25 12.5 12.5 (F,l 13.67 38.17 

50 25.0 25 .0 (F,) 17.00 4 .50 

75 37.5 37.5 (Fa) 14.49 83 .49 

100 50.0 50.0 (F.) 29.50 106.67 

Mean 18.67 69.21 

MOlJ/wre reS'",es 

Imgaled 18.17 79.59 

Ramfcd 19.17 5 .84 

Ihe losss was 3.6%, but when weed~ were 

allowed to grow further for ~nother 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 penod of 30 days after sowing 

appeared 10 be criucal for weed compell­

tion in both the varieties of sorghum, as 

observed by Sank2ran and Damodaran 

( 1974). 

The CSH-5 was superior to CSV-3 

and did not differ much for vanous weed­

free or weedy periods. 

Subsidiary (xptrimtnt 

The dry matter production of weeds 

increased with Increase In fertility levels 

and the maximum dry matter was recorded 

at a fertilizer dose of 100 N, 50 P and 

50 K kg/ ha (F.). The rate of dry matter pro-

90 30 60 90 
MUD 

(day) 
Mean 

53.25 31.75 87S 51.3 30.07 

.50 8.50 .00 8.00 

19.3 1775 17.75 

60. 8 17.13 77 .50 47.67 

187.25 99 .84 18.13 109.50 157.88 95 .17 

3.00 56 .96 17.67 65.25 72.42 3972 

43 .00 31 .61 9. 4 30.67 3800 26 .17 

7400 46.50 13.17 34.17 bO 67 36.00 

79.50 59.16 .900 91.50 8.67 66.39 

135.50 90.56 28 .67 104.67 10234 7856 

83 .00 17. 7 65 .25 72.42 

85.25 61 .00 17.50 64 25 71 75 51 17 

8074 52.92 17. 3 66.25 7309 52 .39 

ductlon was maximum -between 3011'1 .1nd 
60th day and fertility level betwecn FJ 

and F., and F2 and F3 an 1975 and 1976 
and 1976 ea50n, respectlvciy (Table 3) . 

The dry m.mer productton of weed~ 

under Irngated condition wa~ more a~ 

compared to "unfed condllJon In 1975 
season, but was Similar In 1976. This mdl­

cates that weeds absorb good amount of 
mOisture even under bmlted moisture 
supply and can equal the dry matter pro­
duction to the Icvel of the Irrigated condi­
tion. 

The perusal of data on weed dry mat­
ter al various fertility levels ~howed that 
weeds gave higher dry mailer even al 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 (kgl ha) as affected by different treatments. 

Fcrtllaty Weeding antervals (W) 
Mean Irvels (kg! hal (F) W, W, W3 W. Ws W6 

1975 

N P K 
2S 12.5 12.5 (F,) 3121 3232 3409 2151 2404 1945 2710 
50 25 25 (F2l 5385 3845 5042 3739 2830 2500 3800 
75 37.5 375 (F31 5385 5848 5752 4212 3252 2933 4564 
100 50 50 (FJ 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 333 1 4191 2442 2144 1897 2784 

F, 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 ZOO 402 

Mo,.rur. "'3,m .. d,Atrtd "~n' 't.nlly to 1 "7~ only Olhrr '01,"<1100; Wtrt 001 Slgmfitanr. 

Results of sorghum grain Yield in J 975 
and 1976 are presented in Table 4. As the 
trend was same. the results are discussed 
averaged over two years. Grain yield in­
creased significan tly with increase in fertil­
Ity levels. except being non-significant bet­
ween F3 and F4 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 till 
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 in comparison to weed free till har­
vest. This indicated that severe competi­
tion existed for first 30 days of sowing, 
conftrming the earlier ftndings 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 yields. 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 resulting in lower 
yield . 
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CRITICAL STAGE FOR WEED COMPETITION IN 
SOYBEAN, GROUNDNUT AND MAIZE 

K. KRI HNAMURTHY, B. RAJU , v. C. REDDY 
and K. KENCHAIAH 
Alllndi~ Co-ordlll~ted Re\ear h Progrdmme on Weed Control 
UnJver~lIy of Agricultural S[lence~, GKVK 

B.1ngalore-560 065, I ndld . 

ABSTRACT 
i:.xpC'rfmCOl\ '" ere, ollduued dunu!( klJl1t/j 1978 Jlld 197" 011 red Sdlldy loa m ,011\ to kno'" the CflU ­

tJI prrloJ ot "'("cd tllmpelltlOIi III lO)beall I (,bUilt ma .. IL ) Mernll] . g,roundnul lA Tad//, ~ypoglCa L.) 

J ll d mJ11r (/tll map I ). \X ' ced tree pcnou, "ere tompJred Wllh the normal pracllce and unweeded 

(onITol <'oyneJn Jud mJIU need d wecd trer pellod 01 fir'l .10 10 40 day' of ,owing 10 oblaln hlghcr 

~rJIO. while Iltoundnul need, 40 10 50 dJ)' 01 '<''''Ing. Furrhcr. dll' cll ll tal. penod of crop "'ccd 

<ompCllllon \'Jtlcd dependln~ on the plant t'pC . itl )!.round nut . 131 1-8-18 beln~ ,cmHpreadlng In IIaturc 

reduled weed )l,tO"th 111,111 CICll type I MV -Z. "Imll.ltl" lo\\el wccd dry wel~hl WJ\ observed In Del tan 

101111 mJlle Jnd KI1'> It> '" HI 'ovbedl1 . r hul. plJnl' wlln beller lovn"~c of tJIlOpy JPpeared to le,~ en 

wc('d j:lowth Weed \\1mpetltlOll reduLcd dry mJltCI prodUtllOIl pldnt. dry matter d, ~ tflbutlo ll to 

Clonoml( part (In ,0ybcJn dnd mdlle). pod, plallt I In ,oybcan). I(rJII" tob (111 m.Il I.e) and Individual 

!,IJln welj:hl (In ,O\hedl1 Jnd mdl/e) Br"de,. weed tOmpetll lOn reduled Ihe I1l1rollcn Yield In lhe\e 

crop, 
orm~l prJl lILe (If h(.lnn!, follo"ed nl hand wecdll1~ 011 30 to 35 dan altel Ie\< Il1g 10 ~oybean and 

!!IOUndnul need, a ,upplemcn t~ 1 weedll1~ dunn!, early phale of trOP growth . 111 malu such effc((~ wa~ 

IIOt ob,erved 

INTRODUCTI ON 
Wecd\ au e s('vere competltton to 

( rop~ whIch lower the Yield . Lo~s('\ cJused 

by weed\ to the c rop~ vary wllh In temilY, 

nature of weeds dnd ,tage of the TOp 

growth. Based upon these actors, weed' 

rop competition ha been estima ted to re­

duce the YIeld of corn by 33 to 72% 

(Nlzamuddtn and Reh man. 1%0), 18 to 

52% In groud nn ut (Kulka rn i (I a/" 19(3) 
and II to S()OM in oybean (B han, 1976). 

Funher. weed crop com petr tl on in ea rl y 

stage of crop growth is ha rm ful to rops. 

T herefore fid d studi es were planned to 

know the cri tica l period of weed competi­

tion in oybea n. groundnut, m ize and the 

relationship of p lant types on weed 

competition . 

MATERIAL AND METHODS 
The experimcnt\ were conducted dur­

IIlg kbarr./ 1978 .lnd 1979 on red sandy 

loam oi l of average fe rt ility . The trea t­

ments consisted of two varietie in each 

rop compared at differe nt weed free pe­

nods (treatmen t de tai ls in Ta ble 1). These 

treatments were compared wi th the nor­

mal p ra tice (ha:ing fo llowed by hand 

weed ing 0 11 30 to 35 DAS) and unweeded 

ontrol. A common dose of ferti lizer of 

25 kg/ ha eac h of N , P20 & and K20 in soy­

bea n, 25N, 50 P20 & and 25 K20 kg/ ha in 

groundnut and lOON , 50 P~O e and 25 K20 
kg/ ha in maiu were applied. A commo n , 
row spa ings of30 cm with 10 cm between 

plants in soybea n, groundnut and 30 em 

between plants in rows kept apart at 60 em 
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Tal'lle 1: EIl«1 of different w«d frer IXno..l\ on }'Itld (~ h~) 01 \m !lean. j:roundnur ~ 1It: mJllc j:elloIYpC\ 
dunng /tft",nj 197 .Il1d 1'17'1 

~eed Yield 01 poJ yield 01 Gr.lln yield 01 

Tre~tmrllt> ,o~·bc.ln !!round llut Ol.lll(, 

1'178 1'179 1'178 1<l7q 1478 1'179 

'tr"tr'l m prnClib f or (ml 

20 cUy~ 55 ~5t1 r 1:111- 37.? tI 15'13 
30 - IIOS '113 11 7 <l"8 -1 '; 11/1 1955 
-10 " 10 OJ lOS!> 14 0 13hZ .IO" I! lObtl 

SO . III ! 105-1 15 7 ~ I.lS<I .14'1 !041 
b() " 111 - 10 \5 It> 5 1-1"':' 4dl7 21" 1 
70 . 4U5'1 l .lllh 

omul j'fJlllH 1012 tlS4 ,10 ;21 441" 22" :' 
\),I«d hr~ Ihroul(houl 11" ,1 '144 1594 1-1 :'1:1 " HU! 2~(j :, 

U nwttded d 14:d . "1'1 500 '"" , - 3711 .ll i h 14\" 
C. D. ,p= 0 05, .>4; lot! 41<) JUO ;-.. ., 

"t~, 

\ 'lln('lI~' 

V, <l IS· - tlIIJ )(),,- - 10(17' 422h.l 1'1 , '1-
V2 Q2SJ 93 I' IO"'7J i(k • 4154" l l h'i·1 

V, ,, J " 1 dmOlt - 11 .. [..1 ••• , d ... ,,\ l,,-I IO 'O,he. ,. r M\' ·2., d 1111 ·/1 I II '" ~h lunJ"ut . .. ' ,J 0 (. .&, h"l Id.u J l) t,~J 
.01 ". m .. u e_ ''"\ pt''l.if\'.C'' h 

70 d." ,,-<,cd trce In mJ l1 e 0. h 
Tr~.um("ru "'\·('r .a~C'\ foUo."cd b\ lhC' ,""me ItuC"r IndhJIC' I,Oll'\'~' t ...... '\ c J( ,y~'l It .. d 

In m.Ule were followed. The plot sizes 

were 3.0 m x 3.0 m In soybean. gro undnut 

and 6.0 m x 3.0 m In maize. For convenl­

encc, the data o n YIeld lOmp0nl:nI\ and 

weed dry weight fo r Ithan/ 1979 are 

presenled. 

RESULTS AND DISCUSSION 
SoybtIJlI 

Between vaneties, KHS 36-4 was supe­

rior to Hardee With regard to seed yield 

(Table I) mainly ~causc of bener yield 

components (Table 2) . K.HS -36-4 besides 

possessing higher dry matter (4 .3 gl plant) 

also had sigmficantly higher dry mailer 

distribution to seeds (72.4% ) indicating 

higher efficiency in converting dry matter 

to economic seeds than Hardee n.B 
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-36~ on 53rd 

DA ' thdn H J rdc(' I ndllJ t ln~ V,I'I I(' I .1I 

d dlereme In ~mot henn~ wecd ~r(lw t h 

(T able 3) . 

1m TCJ' IIl ~ Ihe wccd tree peTIOli upl n 

30 to 40 ddy\ fnueJ\('d grJ l1I pcld Sl~n f tf ' 

cand y due to Im p rove men t In till' 

Yield I pbnt owrn~ [0 lOuc.hc:d num be l 0 1 

pods pl an t. Bnld e~. It Improved the dry 

ma tter produ Ltl o n/ planl dnd percent d ry 

marter drstnbutlo n HIIO seeds whI ch 

enhanced 100 seed weIght . Weed free pc· 

riod beyond 40 days dId not Improve 

yield . ThiS indicates eliminatIng weed 

competition during initial 40 days 

Improved the pOlenliatlity of Iht' plant 10 

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 (-O.56H-) than at harvest 
(-0.51 .... ). 
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T ~bll! 2 : Effect 01 dillerenr weed free perrods on yield components of soybean, groundnul and maiz~ geno-
types dunng ltiJanj 1979 

Soyb~~n Groudnut Maize 

Treatment Seed No. of 
100 seed 

Pod 
Podsl 100 GratO 

1000 grain 
Yltld podst Yleld t kemal YIeld I 

gt pbnl pbnl 
WI (g) 

pbnl (8) 
plant 

WI (8) plant (8) 
weight (g) 

fX 'mlfr(( pmotls 
fo, first 

20 dJY~ b 74 2656 12 .00 6.45 6.40 23.04 94.2 220 
30 · 843 ~O . 33 12.00 10.35 7.78 25.29 104.7 225 
40 · 8.58 .l000 12.41 12.51 953 25.29 103 .0 26S 
50 · .9 78 32.23 13 .25 11.41 11 .50 25.33 115.7 247 

60 · 8.75 30.b6 13.41 12.33 9.55 27.41 115 .3 238 
70 · IIS.O 246 
Norm~J pr~lllle b 90 25 .89 12 .74 5.82 7.23 25.33 125.3 252 
Weed (rt'c 

throughout 9 .0~ 2S 41 13 .79 11.35 10. 15 27.10 11.4.3 231 
, Inweeded l heck S)9 20.36 11.37 3.1>8 5.07 20040 52,8 196 

CO (P - 0051 180 4.20 1.49 2.38 4.14 1.12 14 .5 18 

\ './rIf(IfJ 

V, 6.80" 24 .56' 13 Sib 8.53· 7.08· 20.69· 105.3 J 232· 

V, 19.10" 31.54 b 11.43' 9.95b 9.72b 29 .llb 108.6' 240' 

Table 3 EHect of dIfferent penod~ an weed competItion on wced dr)' weIght of soybean, groundnut and 
maIze genotypc\ ~ 0.5 m') dunng /Wanj 1979 

Soybedn Groundnut Malu 
TreOltment\ 

530AS At hJrvest 65 DA At harvest 60 DA At harvl!st 

Wrttl jru pmoth 

jor ,fim 

20 dOlYS 6.35 (39.6) 7.95 (62.7) 8.44 ( 70.33) 7.74 (59.4) 6.21 (38.0) 8.27 ( 67.7) 

30 · 4.79 (I2.2) 5.50 (29.6) 4.66 ( 20.85) 6.47 (4 1.9) 4.00 (15.3) 6.97 \ 48.2) 

40 · 3.18 ( 9.3) 4:70 (21.7) 5.58 ( 12.15) 5.18 (26.2) 2.87 ( 7.4) 5.5 I ( 29.8) 

50 · 1.00 (00.0) 4.30 (18.0) 2.53 ( 5.50) 4.74 (21.9) 1.79 ( 2.3) 4.56 ( 20.0) 

60 · 1.00 (00.0) 3.22 6( 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) 

NOnTIJIl 
practice 4.45 (19.2) 5.78 (32.8) 4.62 ( 20.55) 6.2 1 (38.5) 2.67 ( 6.2) 5.97 ( 34 .5) 

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

Weedy che It 9.27 (85.4) 9.48 (90.1) 11.53 (273.25) 8.87 (78.2) 8.27 (68.1) 10.11 (101.1) 

CD. (p - O.05) 0.49 0.77 0.57 0.53 0.31 N.S. 

Vane/its 
V, 3.99· (23.3) 5.23" (26.3) 4.87' ( 69.78) 5.W(37 .7) 3.W(17.2) 5.60· I 37.6) 

V2 3.W(20.7) 5.24· (26.4) 4.W ( 31.23) 5.47· (33 .9) 3.28" (13 .3) 5.5}" ( 35.4) 

Dati analy..,d uSlng;;+"1 tr~n.rormacion. values within the parench(5(' "r( onglO.1 Ii~ures. 
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G rOl"IIb,1l1 

B~tw~en V.1rieu~s, BH-8-18 produc~d 

slightly more pod yield th.lO TMV-2 due 

to more pods plant and higher 100 seed 

weight. Added to tim, total dry matter 

produ (Ion was .. Iso higher 111 BH-8-1S 

(21.5 g plant) than TMV - 2 ! 13. g plant) . 

The better expres Ion of BH - -IS In }·Ield 

component~ "a~ due to low('r weed dry 

weIght a, J r~sult of lo\\"er we~d numb('r p.1rtJ­

cularly monocotS nghl from earl)" penod of 

crop growth. BH- - 18 bemg ~ml-<rect 

mig"! h.we suppressed the weed growth .1Ild 

eventually had b~tt~r expression of growth 

.md Yield. V;' hlle TMV -2 bemg erect did not 

appear 10 have suppre\\ the weed growth . 

Among weed free penod\, plot kept 

weed free rur first 40 days gave higher pod 

Yield whl h "'as compdfolble to pod Yield 
In weed free penod b~yond thiS penod. 

ThiS indlc.at~s that groundnut needs a 

weed free period of first 40 days of sowmg 

for realismg higher pod Yield. Increasing 

w~ed free penod Increased pods l plant due 

to more branches plant and 100 seed 

weight due to more dry matter production. 

All this Improvement was due to dimlna­

tion of weed competition as eVident from 

significantly lower weed popul.won parti­

cularly monocots. Weed competItion cur­

taded plant growth by reducing plant dry 

matter which reduced the pod\ , plant and 

100 seed weight. ThiS IIldlca(e~ that weed 

competition curt.uls both sink number 

and sink size 10 groundnut. 

MalZt 

Deccan 101 perfonned better than 

Dect.an hybrid mainly due to superior 

Yield c?mponena which was a reflection 

of lower weed population as well 01> weed 

dry weight indicating the differences In 

plant stature and leaf alignment. Deccan 

101 IS reported to have Wider leaf ared 

above the cob and more leaf angle than 

Deccan hybrid . Perhaps due to better co­

veuge of land by the folia[.c. the weed dry 

weight as well as weed population WJ low­

er III Deccan 101 dun Deccan hybnd . Re ­

ducing the wced dry weight II1creJ~ed the 

plant performance in temu of both 

blOlo!,:1 .11 Yield (tOlal dry IllJtter produl­

(Ion) and economl }' Ield (,eed Yield) J\ 

eVident from Slglllfl( Jnt ICLJtlOIl,hIP ob­

served between grJll1 yre-ld plant With 

wced dry matter on 53rd dd)" (- 0.61 ) and 

.1I harv('~t (-0.33 ' ). lotal plant dry matter 

wllh weed dry maner at har",,\! (- 0.70H ). 

I n("fea~ed gram Yleh.l duc to weed fm: 

penod WdS duC' to higher ralll Yield plJnt 

owmg 10 more cob. plant wllh hlghcr 

seeds of IJr~er SIZC . Tim higher gram ~e:ed 

weight wa perhap~ due to higher dry mat­

(er producllon piJnt a~ J II:\ull of reduu~d 

weed competition as eVident from lower 

weed dry matter. 

The: lOul amount of N removed by 

malI( gram wa~ 105.8 kg ha when the crop 

was weed free throughout. On lhe other hand 

when the plot was kept w('edy throughout, 

the N content In the gra;m/ha wa~ 53.4 kg. ~I­
mllarly. the total N cOntent m the: pod~ of 

ground nut m wee:dy and weed free plot~ wert"' 

4.5 and b8.6 kg , hd rc~pcctlvely. I n ~oybcJn, 

the total N content In the: gralO~ 10 the weedy 

and weed free trCJtmerm were 5.5 and 50.6 
ktr.tha respectively. ThiS nidlt.Jtcs weed lOm­

petition reduced the nitrogen yu::ld 111 these: 

crops. 

For getting higher Yield, soybean Jnd 

maize need a weed free for first 30 to 40 

dJ)'~ of sowing alld groundnut 40 to SO 
day\ of ,owing. Crop weed competition 

vaned depending on the: plant type be\lde~ 

II reduced the protem .Yleld of soybean, 

groundnut and maize. 
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STUDIES ON NITROGEN ECONOMY IN WHEAT 
THROUGH EFFICIENT USE OF WEED CONTROL 

MEASURES 

K. RA THI and A. N. TEW ARI 
C. . Azad U nlverstty of Agrtculture & Technology 
Kanpur - 208 002. I ndl3 . 

ABSTRACT 
In A lidd Inve\tlg~tlon In 1978 and 1979 at Kanpur.lndI3, II was revealed that the application of 

methahenzthla/uron 1.4 kgl hoi after twO dap of ~owlIIg provided an excellent weed control including 
{,lrala", ",mor Ret7 . ~nd Chm0l'0dlli", album L. without any phytotoxIC effect on wheat crop. Metoxuron 

I 0 kg ha ai 30-day stage of (rop ,howed cent per cent mortallry of Pha/am minor and other broad· 

leaved weed\ "'lIh a \lIgllllnJury to wheat crop which recovered Wllhll1 a week. Both the herbICides. gave 

13% and 11% more Yield than weedy check and h.lI1d weeded crop. respectively. Grilln production at 
80 kg N hoi. In the absel1(e of weed (manual or themllal weeding) was as high as ob t3med with the appli. 

callon 01120 ~ NI hi! In the weedy check. The economn opllmum levels orN for mcthabenzthlazuron, me· 

tOJluron and h.lI1d weeded were omputed 10 be IOb.8. 90.4 and 106.4 kg/ hOI respectively. 

INTRODUCTION 
Weeds growing tn association with the 

rop surptngly utilize considerable 
amoun t of nutrients and deprives the op­
portunity of' the crop to eliCIt thm yield 
potential. The National Coordtnation 
Committee on efficient use of inputs stat· 
ed tn Delhi dUring Apri l, 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. 

MATERIAL AND METHODS 
A field investigation was arried out at 

Student' Instruct ional Farm ofC. . Azad 
University of Agriculture and Technology, 
Kanpur, Uttar Pradesh, India during winter 
!978 and 1979. The treatments were com­
pared in plit-plot design replicated thrice, 
lceeping four weed management practices 

viz., weedy check, manual weeding (once) 
by K hllrpi, methabenzthiazuron [ l-{benzo­

thiazol·2·y l )·1, 3-dimethylureaJ 1.4 kg/ ha 
and metoxuron [N·(3-Chlr0-4·methoX}'· 
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 ea rly maturing 
wheat cultiva r K·816 was sown on Dec. 

20 to 1978 and Dec.25 in 1979 after giving 
pre · owing irrigation. The seeds were 
drilled behind country plough at 20 cm in· 

ter·spaces. Entire dose of 80 kg P 20 51 ha 

through single superphosphate dnd 40 kg 

K20 / ha through muriate of potash along 

with 50010 of N was placed in furrows 

through seeding spout fitted with country 

plough. The remaining N was top-dressed 

after first irrigation. 

The soil of the experimental site was 

sandy loam in texture, low in N, medium 

in P and fairly rich in K. Methabenztbia· 

zuron was sprayed as pre-c:mergence two 

days after sowing (DAS) whereas metoxu-
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T~le 1: Weed dry matter )'leld (kgllQ) at 70 DAS 
as mfluenced by weed m~~gement and N-Ievels 

T~atments 

W'wJ _qtrtrntJ (.) 

Weedy check 

Methabc:nzthl.uuron 

Metoxuron 

Hand Weeding (once) 

C . D. (p=O.05) 

N-Iro/n.. ltUhll ( J 
o 
40 

80 

120 

160 

C. D. (p=0.05) 

Dry matter 
1978 

879 

256 

6 

60 

73 

177 

218 

309 

430 

440 

b5 

kg/lu 
1979 

1181 

Ib8 

75 

65 

78 

I 6 

2&7 

374 

460 

573 

132 

ron was applied at post-emergence 30 

DAS. BAKPAK sprayer fiucd wl[h WFN-

78 nozzle was used wllh a solution of 1000 

11lu to pre-emcrgencc: and 600 I/ ha to post­
emergence pray.ObsclVation on weed num­
ber and dry matter were made from the: ran­
domly located quadrates each m' in aU plots. 

RESULTS AND DISCUSSION 
Wud Hlldics 

Among weed species. Phakms ",inor 

Retz., was predominent constituting 65% 

of weed intensity. Other species obsclVed 

wcre Ana,galJu a1TJ(1lSlS L. (13.05%). Chrno­

pod/II", albll", L. (7.52%), S",bma pmall/odp 

(6 .19%), SprrgltJp jaJlu Krause: (3 .98%); M(­
iii DINS ablA Dc:sr. (2.43%) and Asphod~"ls u­

fllli/oillU Cavan (1.99Ofo). Cynodall dllery/otl 

(L) Pers., was also found in patches in some of 

the tratments during 1979. 

The dry m.ltter accumuJ.ltlon of weeds 

was remarkably extenuated due: to the her­

bicidal application (T dble 2). Apph allon 

of methabenzthinuron and metoxuron 

proved quite effective ag.unst P. ",mor 

along with broad leaved weeds and regis-

Table 2 : Grain )'Ield of whcat (kglb.1) .15 mfluenced by weed management and_N-lcveh 

Wec:d management 
practJcc:s (W) 

Wec:dy check 
Methabcnzthlazuron 

(1.4 kgllu) 
Mctoxuron (I Icg.I ha) 
Manual wUdlOg lonee) 
Mcan 

C.D. (P= 0.5) 

Weedy check 

Metlubc:ozthiuuron 
( 1.4! kgf ha) 

M cfoxuron (I Icg.I hoa) 

Ma~J weeding (once) 

Mean 

C.D. (P-0.05) 

0 

916 

1366 
1533 
1166 
1245 
W 
219 

560 

978 

1080 

855 

868 
W 

195 

40 

1066 

2133 
2216 
1600 
1754 

1385 

1830 

2063 

1580 

1714 

N 
143 

Nlttogen{kglha) ~ 

80 120 

1978 
1583 2250 

3050 3133 
2950 2866 
2383 2910 
2491 2864 

N WxN 
224 248 

1979 

2321 2695 

2830 2715 

2755 2525 

2685 2434 
2647 2592 

WxN N"W 
287 325 

160 

2816 

3080 
2816 
2533 
2811 

NxW 

468 

1710 

2545 

2421 

2283 

2239 

Mcan 

1785 

2552 
2476 
2118 

1734 

2179 
2169 

1967 
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lered ht:rbi idal efficit:ncy > 9()01o. Phalaris 
plants at 2-3 leaf ~tage be ame flaccid 
which finJlly dried up followed the appli­
Collion of metoxuron. Death of dieOl 
weeds d~ well 3S P"ala'/.I W;J~ dccompllshed 
in about 10 days. The crop foliage ex­
pressed eJfly phytotOXIClry to metoxuron 
which was detoxified rapidly and reco­
vered wlthm a week. Manual weeding 
(once) could not be proved ~ucce~\ful like 
chemllal due to the morphological ~Imi ­

lanty between nop Jl1d Phalam plant~ par­
IIcularly 10 anlra~pa es of crop rows. Ap­
pllcallon of varying levds of N Jed to a Ji­
near lIl e n:a e 10 dry matter content during 
both yeJrs of IIlVesogalion. 

The Interacllon between weed manJ­
gement Jnd levels of nitrogen was found 
significant dUring both yean. It w.u ob­
served :hat dry matter content of weeds 
wa spectdcularl) high at all levels of N 111 

weedy check a~ compared to treated plots 
dUring enore spJn of 1I1ve5tlgJtlon. 

Effrrt on gram .yrrld 

The applicJtlon of methabenzthlJw­
ron 1.4 kg/ ha dnd mecoxuron 1.0 kg/ ha re­
gistered 130/0 more Yield than weedy check 
and 11Ofo more than manual weedlllg plots 
(Table 3) . The higher YH:Jd In herbicide 
treated plot WJS due to better control of 

weeds including Pha/aris minor. The yield 
obtained under manual weeded plots was 
significantly lower as compared to treated 
plot owing to lack of elimination of mor­
phologically simi lar Pha/ari.! plants 
completely particularly from intraspaces. 
Appliction of N reglStered a corresponding 
increase in gram Yield upto 120 kg N I ha 
dUring 1978 and 80 kg N/ ha during 1979. 
Beyond these level the response ceased. 

The interaction between weed control 
me.lSUle~ and level of N was found signi­
ficant dunng both the years. Grain pro­
duction at 80 kg N/ ha in the absence of 
weed~ (chemical and manuJI) was a~ high 
as that received under high level of N (120 
kg/ ha) m the pre~en(e of wced~ (weedy 
check). 

Rrsponsr jllne/lol1 

The regressIon between doses of N 
and grain Yield of wheat was worked out 
sep.IrJtely for each weed management 
prac.t! es on the baSIS of mean data of two 
years (Table 3) . The response W.1S quadrat­
IC in nature . The equations computed 
suggested a better re ponse to N under 
treated plot due to the effective weed 
lontrol. 

Metoxuron (1.0 kg/ hal ~howed the 
maximum response to N applicd'ion fol-

Table 3 : RegreSSion equatlom. N optima ~nd rc~ponse per kg of nitrogen III dlflerent weed mand!\emCIlI 
prdCIILe\ 

Weed managemenl Re!lre~Slon equation N optlmJ 
Respome 
(kg gwnl 

(kg N/ llJ) 
per kg ofN 

Weedy heck y = 8.79+ 9.44x - 1.25x2 126.8 20.98 
M ethabenZlhl.lzuron 

(1.4 kg/ hal y>= 11.20+ 12.26x-2.01,,2 106.8 27 .99 
Meloxuron (I kg/ hal y = 13.02 + 1 0.86x - I . 92x2 9b.4 29.43 
Manual weed 109 (once) y = 12 . .lS + 10.99x - 1.78x2 106.4 27.45 

Note : Purchase price of N and >ale price of wheit grain have been conSidered al Rs. 04 .501 kg and Rs. 1201100 kg 
respewvely. 



III 

lowrd by methabenzthinuron (1.4 kg/ hal 
and manual weeding (once). Economic 
optimum doses of N w('rr computed to be 
106.8 kg, %.4 kg, 106.4, and 126.8 kgl 
ha respecuvdy for mcthabenzthi.u.uron. 

metoxuron, m.IOUOli werdlng and weedy 
check. Thus, a savang of about 20 to 
30 kg N/ ha could be made through herbi· 
cldes in companson to weedy check In 
wheat. 
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NUTRIENT REQUIREMENTS FOR RAINFED AND 
IRRIGATED GROUNDNUT UNDER DIFFERENT 

LEVELS OF WEED MANAGEMENT 

M. S. SOUNDARA RAJAN, L. G. K. NAlDU, T. SESHAIAH and 
G. H. SANKARA REDDI 
Department of Agronomy, Tlrupati Campus, Andhra Pradesh A.gricultural 

University. India . 

ABSTRACT 
lutnenl requlrement~ to produ(e ~ qUintal of groundnut pods under ramfed and Irrlgaled condl' 

tlons vaned wlddy due 10 dIfferent levd~ of weed management. NPK requIrement under rainfed condi­
tlom to produce J qUIntal of p d~ wa~ 18.5 .2 .34 and b.40 kg under unweeded conditIons and 7.01. 0.56 
and 1.26 kg under weed (ree condltlons. I nan Irrt!\Jtcd nop the NPK requirement per qUintal of pods 
was 5.04, 1.06 and 2.71 kg without weedIng and 4.49. O.') J and 1.59 kg with weeding. Manual or cheml­
tal weedIng were equ.dly effectIve. NutrIent, produ([Jve dfiuency was hlgh<'r due to weeding under 
dryland LOndltlolH dun under ImgJled londlllOos emphamlllg the need for etlectlve weed control 
under drvland LO"ldltIOns. 

INTRODUCTION 
EffiCient weed control I~ an es~entlal 

prc requl~ite for Incre3Stng crop productlv­

Ity . Groundnut (ArQchu hypO"fQ L.) crop 

removes 63.0 N, 4.8 P and 38.2 K kg for 
every one tonne of unshelled nut and two 

tons ofhaulm (CollinS and Morns, 1941). 

Weeds are major competitors for nutrients 

and efficient weed control increases rop 

yields (Mani, 1973) . The nutrient require­

ments for rainfed and irrigated groundnut 
under different leve!~ of weed manage­

ment was studied from the data of two ex­

periments conducted at the Tirupati Cam­
pus of Andhra Prade h 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) 977. The fir t experiment 
was primarily designed to study the crop­

weed competition effects on rainfed 

groundnut (Naldu, 1977) and the second 

on the etTect of presowing, pre~mergence 

and post-emergen e weed control methods 

In Irngated groundnut (Seshaiah, 1978) . 

The NPK uptake by the crop and weeds 

was calcu lated and for the purpose of this 

paper only the data rc:levant to NPK 

uptake by the crop and weeds in un­
weeded and weed free environment are 

presented. 

RE ULTS AND DISCUS ION 
The data relating to pod, haulm yield 

and NPK uptake: by the crop and weed 

and nutflent requirements to produce one: 

quintal of pods in unweeded and wee:d free: 

crop under rai!1fed and irrigated condi­

tions are presented in Table 1. 

Nitrogen require:ments to produce a 

quintal of pod was highest followed by K 

and least for P irrespective of weed mana­

gement both under rainfed and irri~ted 

conditions. Nitrogen requirement to pro­

duce a quintal of pods under rainfed con-
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dition in a weedy crop (where weed dry 
matter wa 3,050 kg/ha) was 18.5 kg and 
the ~ame quantity of pods could be pro­
duced with only 7.01 kg ofN in weed free 
crop (where the weed dry matter was 512 
kg/ha) which amounts 10 an increase in 
effi iency by 263%. In Irrigated crop the 
nitrogen requirement W3\ 5.04 kg under 
weedy condition (where weed dry matter 
was ].123 kg /hal and 4.49 kg under weed 
frec: condition (where weed dry matter was 

101 kg /hal glVtng an efTicu:ncy of 112%. 
The requirement of phosphorus under 
untrngated conditIon In weedy crop was 
2.34 kg as against 0.56 kg In weed free crop 
giVing a.n efficlC:ncy of 421Ofo whereas 
under Irngated ondltlon It Wl~ 1.06 kg 
under weedy conditt on and 0.91 kg under 
weed fret" (Ond,IlOn resuitlng tn dn effiCI­
ency 0: 116%. The potassi um requirement 
unuer rall1fC'n conditIOn W3\ 6AO kg for J 

qUintal 01 pOC! under wc~.:iy lUllUlliun and 
1.26 kg under weed frec {ond,tlon gIvIng 
an efTi lency of 507oto . This was 2.7 1 kg 

and 1.59 kg respectively for weedy and 
weed free irrigated crop giving an effici­
ency of 17()fJ/o . Manual weeding or chemi­
cal weeding gave almost the same effici­
ency (Table I), provided the weed control 
by herbicides was satisfactory. 

The study indicated that productive 
efficiency of nutrients is 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 d lesser magni ­
tude under irrigated condition . A great 

emphJsis " therefore nece sary on tho­
rough weeding 111 groundnut crop under 
ralllfed ondltlon when costly ferttliscrs 
are used . I nCldentdlly this study indica ted 
d pOSSIble reason for the conflicting re­
sponses of groundnut for NPK fertilization 
under rainfed ondinon . Thorough weed­
Ing or Otilerwl~e seem to have greater inf­
luenle 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. HIVA HANKAR. S. SHANTHARAM and 
K. KRISHNAMURTHY 
Univer ity of Agricultur;ll clences. Hebbal , 

Bang.llore- 560024. India . 

ABSTRACT 
!~ tield 'nvest'g~t,on w~, {~rned OUI ro ,tudy the krtrl,zer dnd herb,c,d"I,nteract,om on sari m,cro· 

b,~1 po1'ul~t,on ~nd nutrient upl.lke by <oybean trop .Ind weeds under recommended and 75% recom­

mended krt,IIler5 III tomb,nallon w,th (our weed control treatments . 

The b~cten~l. fungal ~nd ~ttlnomy(ele, POpulalion were aftelled (omldcrably upto 45th day after 

'prJV'Ilj\. alathlor and metnbuzln . The two hcrblude, dId not appear to have any adverse effccI on the 

mIL rohl~1 populatlom an ~ub\equent penod . There were no s'glllficant differences In m,crob,al popula­

tion when treatt"d wllh reLOmmended and 75% (the recommended dose offert dizer UplO 30th day. At 

45th day. 7~"'" of re(Ommended do,e had hlgh~r population 0 bactem and Jctinom yce tes. ln general, 

fungal populatIon W~\ IIlhlblled u1'to 45th day of rhe rop III both rh e levels Jnd re overed at harvest. 

UptJke 01 , P,O& and K,O w~, higher III rhe recommended dose offertdizer compared to 75Ofo of 
fertilllCr dme In all the rre~tment\ Herbltidaltreatments greatly In reased the uptake of nutnents by 

the (fOP even UptO 500.0 more than the (ontrol. Th" trend was Inferred to be because of the fact that the 

herbiCIdal lrlatment\ reduted the weed flora cflectlvely and thus reduced the uptake of nutrients by the 

weed, proporllonately 

INTRODUCTION 
W eed infestati on re uillng 10 competI ­

tion WIth the (rop for nutrients, water and 

light is one of the Important faClors bring­

ing down the soybean yields. Effective 

control of weeds ca n 31~o minimise the use 

of costly input of fertilizers on the one 

hand and enhance the upuke 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 po!,ulation as well 

as on the nodulation of the pulses. Milika 

tt al. (1972) reported that alachlor applied 

before sowing tended to inhibit nodula­

tion and root growth. While Baltazar 

(1976) noticed that soybean pi nts sown 

directly after trifl uralin incorporation at 

I to 2 kg/ ha had few nodules and only 

negligible amoun t of N fixed. However, 

V clev and Rankov (1977) observed no 

s ub~tantial or las t ing changes in soil biolo­

gical activity with metribuzin at 0 .75 kg/ 

ha . The present investiga tion was carried 

out to study the uptake of nutrients by 

crop and weeds and to evaluate the ferti ­

lizer and herbicidal Interaction at the re­

commended and 75010 of the recommend­

ed dose of fertilizers on soi l microbial 

population and nodulation characteristics 

in soybean. 

MATERIAL AND METHODS 
The field experiment was conducted at 

the Main Research S.tation, University of 

Agricultural Sciences, Hebbal, Bangalore 



IoU PltOC ITH ASIAN.pACIFIC "ElID CI oc. CO F 19'1." VOL. 

Table I: Uptake of nutncnts by w«d (kgth;l);md soybean (~h .. ) 01 affected by dIfferent w('ed ontrol 
methods ~I ""0 levels 0 fendll'l'n 

Weeds Crop 
T re;lunents 

K,zO P20~ K,zO N P,O, 

lX'wi ro",roI "ulhcdJ 
Un .. -eeded control 31.56 15.27 70.93 106.5b 18.8 46.)4 

H.md ",«dmg twice (20 

lit 40 DAS) 19.14 12.7b 49.45 145.99 29.13 71.20 

Ab hlor 2.5 kg ;u. hoi 13.47 9.05 -13.67 145.85 2 .71 70.18 

Mc:tribuzin 1.0 kg .1.1.1 hOi 15.87 9.00 50.85 139 . .10 2 .24 b9.02 

C. D. (p = 0.05) J .J2 J.37 -1 .14 3.16 0.34 0.84 

Ftrli/arr Intrls 

Recommended dose 21.5 12.22 55.45 137.71 26.5 1 64 .63 

7~ Recommended 18.44 10.82 52.00 131.13 26.03 b3.63 

C. D . (P = 0.05) U5 2.'13 223 0.14 O.b{) 

Inl~nCbon dlffcrtd ~IJnlli~nlJy ~l SA. Ir"d In .. II th~ .boYt u.., •. 
Rrcomlmnd~d dO'-'gt 1\ r .5 ~ ~~ch of N. Pz05 And 1<,0 tu 

during summer 1979 on a red s.1ndy loam 
havmg a pH of 5.7 and with low status of 
organic carbon (0.23%). available 

N (O.0109Qoo) and P205 (0.001%). The eIght 
treatments (fable 1) were repeated four 
time~ 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 

RhizoblNm was planted in rows 30 em apan 
with a 10 em spacing between plants. Fe r­
tilizers as per the treatment <;chedule were 
applied at the time of sowing. 

Data on nodule count and dry weight 
of nodules of ~oybeans. grain yield and 
other attributes of the crop were collected. 

Soil microbial populations were estima ted 

by dilution plate method (Alle n. 1953). 
Crop and weed samples collected for dry 

matter estimation were used for nutrient 
uptake studies. 

RESULTS AND DISCUSSION 
The predominant mooocot weeds in 

the experiment.<ll si te were Cynodon ti(uty­
Ion Pers. CYPtTMS rolNndNs L.. Echinochloa 

(%nlo" L.. SrtaTla "Iall(a Beauv., and 
DactyloCltnlNm ~pllllm P. The dico! weed 
were AcanthoJprrmllm hlSp,d'llm DC., Ama­
ranthlls 'IImd,s L.. AdryranthtJ aSpfTI1 L., 
B,dtnJ pdosa L., Ellphorbla hIT/a L.. LfNCaJ 
aspml Sprrng .. PhyllA_nthus ntTNTI L.. PorlN­
laca o/erQ((a Land TTldax procNmbrns L 

EjJtCI of weeds on Iht Nptalu of nutr;rnts 

Weed flora with the recommended 
dose of fertilizers bemg more, absorbed 

Igmficantly higher Nand K,O than those 
under 75010 of the recommended dose of 

femlizers (Table 1). The loss of nutrients 

due to weeds was as high as 32 N. 15 P205 
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 100010 N, 66% P20& and 40010 
K20 was observed compared to those ob­
tainable in weed control treatments by 

herbicides. 

Uptake of nutrients by the crop was 
significan tly higher under the recommend­
ed doses of fertilizers than with constraint 
level of 75% of the recommended dose 
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Table 2; NoduJe numbtr and dry weigh I (gJplant) of soybean in relation to weed 
control treatment at two levels of fertilizer.. 

Days after sowmg 

Treatments Nodules Dry weight 

20 40 20 40 

Wml (on/rol mt/haJJ 

Unweeded control 19.38 25.38 17.69 118.33 

H.lnd weeding twice 19.13 26.50 19.07 129.34 

Alachlor 2.5 kg/ ha 15.63 19.00 10.26 92.66 

MetnbuzlO (,0 kgf ha 8.63 15.75 805 95.46 

C D. (P "'" 0.05) 2.81 4.50 2.53 13.14 

Fmt/lZh inl(ls 

Recommended dmc IS 13 20.50 13.73 107.45 

75% of relommended 16.25 22.81 13 .80 110.44 

C . D . (P - 0.05) 

Inttnl<t.on d.ffcrtd \tgntfi,.ntiy 2t <;% ,n .11 the <os .. 

(Table 1) . Thl was due to availability of 
more nutllenls at higher fertility levels . 
Uplake of the nutnenls by the crop was 
also higher with weed control treatments 
than found with weedy chedu. The two 
herbicides effected an overall effiCIency by 
mcreasing the N uptake by about 40% and 
p,O& and K,O uptake by about 55%. 
Hamed (1977) reported that proper weed 
conlrol increased the N uptake from 29 to 
65 kg N / ha . While Mathan tl al.(l976) ob­
served IOcrea e in exchangeable K in the 
sod With the u e 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. Correlation 
studies indicated a negative relationship bet­

ween N, P20e and K20 uptake by the crop 
and weed (-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. 

Effiet of htrbicidts on nodl/liztion 

Nodule counts and dry matter weight 

of nodules were unaffected by fertilizer le­
veh. 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
buzill drastically reduced both the number 
and dry weight of nodules. On the 20th 
day after ~owlng the dry weight of nodules 
in hand weeded treatment wa~ 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 3{)o{o 

increase in hand weeded plots over the 
herbicidal treatments. Milika (( al. (1972) 
also reported that alae hi or 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 dty weight of nodules. 

Effiet of htrbicidts on. microbial populations 

Herbicides alachlor and metribuzin 
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Fi&. 1 : Bacterial (X lIf Ig of dry soil) fungal and actinomycetes population (X loa Ig of dey soil) as affect­
ed by weed control methods and fertiUur leveb. 
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1 ~bl~ 3 ' Gwn yrdd of \oybl.'~n (kgl hJ) In reldllon 10 weed antral rrearml.'nr l .II twO level , o( fertili zers 

Fenlbzcr do~e (F) 
Wel.'d (onlrol melhod, (w) 

Recommended 75010 Recommended 
Mean 

Unw('('dcd (onlrol 

1 t~nd wel.'dlflJ( Jt 20 ~nd 40 !by' 

~hcr 10"'lOg 

Pre emergente ~pp"c~lllIn of 

JI~lhl · " 2.5 kg ~ I h. 
I'rc- emcrj:clttc ~ppbl~tlon uf 

mctrl~u71O ~t 1 0 Ir.jI. J I hJ 
Mt'.n 

( o (1' - (lOS) 'J( 

3.' 

dra\IIl.llly redu ced the bJctenJI populJ-
1I0n\ between the 151h and 45th dJy alter 
sprJY dnd the fungal and d tlnom),cl.' tes 
populatlonl betw('en th(' 15th Jnd 30th 
day .liter thc lrmy (Fig. I). Thl' IndieJ ted 
th,1( ImmedlJtely .ilter herblClde Jppl ltd­
lion, ml(roblJI populations In the lOti re­
ceived .I set bdCk bel.lU\C of the dl~turbe d 
\011 them".!1 environment. Thl\ \ct back 
was however OVertomc by \otl mitro-orga­
nism, later Jnd they ' tarled growing nor­
m.!lIy . Mctnbu71n .I ttected the ,ot! mltrO­
flora more th.ln .1 1.1 hlor. Rankov Jnd 
Velev ( 1976) ob~crved ~ l m tl .H res ults with 
me tnbuzl n with concent ra ti on of mora 
lhan 3.5 mg a.1. per 100 g of .l lluVIJI mea­
dow sorl inhibiting the propaga tion of sot! 
rnl cro-orga nlsm\ fo r J short whil e. Enkrna 
and Va il ell ( 1974) on the other hand 
found thaI alachlor did not adversely affect 
bacterial. ac tinomycetes and fungal popula­
tions but tended (0 increa~e lht' bacterial po­
pulation . The present studies thus indicated 
that herbicides affe ted the propagation of 
soil micro-organisms adversely in the initial 
stages but the effect was overcome soon. 

dmt' dost' 

1293 1290 1292 

1978 1937 1958 

1974 194 1 1958 

1932 1919 1926 
17'14 1772 

F Wx F 

~"'I 46 

The eHe t of h e rbic ide~ on nodulation 
III ~oybe.! n s, sorl microbia l POpul.!lions 
Jnd the uptake of nutnents could be fur­
ther ,udged trom the Yield dJta summa­
med III TdblJ." 3. Weed control treatments 
prov ided ~ I gn i fican tl y higher yields over 
I hO~t wllh no control measure~. There was 
J d rJ~ tl c reducti on In yield by over 5()% if 
wced~ were not checked by ei ther hand 
weedJJ1g or through herbic ides. Severe 
l.ompe tJl JOn fo r nutri ent s With the crop 
leJdln~ to loss of nutri ents could be 
omldered .IS the mJln reason for such a 

drJHil redU ClIon In yie ld in the treatments 
Without weed contro l. Though nodul ation 
and ~o rl mluobl,) 1 populat ions were affec t­
ed by herbi Cides in the intll.!1 stage of the 
CfOp. these were not rdlected in the yie ld 
of ~o)'b('a n s. How('ver, further inves ti ga­
tiom Me nceded 10 eVJ luate the ext ent 10 

whl(.: h nIt roge nase ac tivity of the nodules 
wa ~ affected by herbicidal application. 
Herbicides were however. largely helpful 
in eliminating ompetition for nutrients 
by the weeds and in improving the fertiliz ­
er use efficiency . 
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CHEMICAL CONTROL OF WEEDS IN SUGARCANE 

T. R. RINIVASAN" P. RETHINAM2, K. M. NAIDU' and 
S. MICHAEL RAJ1 
I. ugarcOine Breeding Institute, Coimbatore, Tamil Nadu, India. 

2. Central Plantation Crops Resea rch Institute, Irinjalakuda, Kerala , India. 

ABSTRACT 
Su~~rl~nr produlllon 1\ br~r1y mOutncrd by early II" enng and growlh whIch is affected by com­

petitIon through weed, Wllh Incred"n,\\ (O~t of labour and paucity of lime, chemI cal weed control is 

btl mlO~ popular !iowevcI. the hcrbludn are 10 be used cautiously especIa lly at the proper time and 

dm~,\\e deptndtng 011 the VJtJet) bJ~ed on tolerance ludy conducted elsewhere. There was slg,nificant 

neg~IJ\'e J~ 0 IJlton bel"een weed dry mailer and une 3t1rrbUles. For highest cane produ clton a weed 

tree erwltonmcnt 101 oil leJ~1 btl dJ)'\ " J must II hd been observed lhal many V3rrcll el are sens~ive to 
even J ,IIghl hIgher dmc . ror sugarcane. III gener.l. u,e of aiachlor al 1.5 kg. a.l. / ha or atrazine at 

20 J I lu cellll 10 he mmt cfre,llve Jnd ('cononllcai Many vanct lC\ did lIot germlllatc when applied 

"lIh d,uron eV<'1I JI IO"cr dOle . 

INTRODUCTION 
Th(' agronomic J~pecl\ of su~arcane 

produulOn Jr(' dlft'cdy IOflu(,flc('d by 

weed <.ompelllion II h.u been estIma ted 

Ihat weed comp('tllion causes 15% 10 10 

the production 01 wgolftane. Dunng eJrly 

stage, weeds take advantage 0 sod fen')­

Ity, space and mOI~ture aV;l1lable III the 

SOIl and In evere weed competitIon ultIm­

ate 10i\ 10 Yield might touch 50%. With 
Ihe IOtenstv(' cu lttvatlon of (rops, and la­

bour becoming car c, th(' us(' of herbi ­

CIde hOi become more Important in the 

commercial agflculrure. ugucane, has 

been reponed to be tolerant to many of 

the herbicides. However, the tolerance and 

respon e to Oil hemi .11 used as a herbicide de­

pend upon several character uch as crop, Vd ­

riety, soil condition, tage of appli ation etc. 

A brief report of the work done on weed con­

trol in ugarcane is pre ented in this paper. 

MATERIAL AND METHODS 
Various experiment conducted at 

the Sugarcane Breeding institute, 

COlmba tore fro m 1972-73 are grouped be­
low: 

(a) SludlfJ on ~rop wad rompr/llion and 
IIJJrHmml of 10jJ due 10 wreds 

The experiment was carried out with 

the variety Co 6304 in a sandy loam soil 

dUring 1977-78. The treatments consisted 
of unw('ecied che k, weed free environ­

ment for the first 21, 36, 51, 66, 81 and 96 

days. All the plots were giv('n uniform 

weeding at 1 DOth day and the crop was 

earthed up after the ferrili er application . 

The effect of weed competition on tiller­

ing, cane yield and sucrose percent were 

as essed. 

(b) Varielal lo/aana 10 herbicides 

The experiment was laid out 10 split 

plot design with three replications. The 

main plot treatments were unweeded 

check, atrazine (Gosaprim 80 WP) ,at 2.4 

and 9.6 kga .i.l ha. , and diuron (Karmax 

80WP) at 2.4 and 9 .6~ga.i .l ha . Ten varie­

ties viz., Co 281, Co 449, Co 527, Co 658, 
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Table 1 : Effecl of mIen II o weed COmpetition on tiller producllon 
and ~ne Itld 

',X' ted dry 
Tre,lImenl mattel 

kg h<l 

Unwcedcd (onlrol 

W ted her for 

fir I 21 d~y$ 70 b 

· 30 d<l)' 6380 

· 5 1 d~\'s 4308 

· bl> dJ)'S 2b b 

I dolys 2305 

· 9b days IbI> 
C.D. (P=O.OS) 194 

Co 997, Co 1158, Co 1103. Co 1340, 
C062174 and BO 17 were tried as sub plot 
treatments. The herbiCides were applied .1S 

pre emergence on third day .1fter planting 

of sugarC.lne crop. The toleran e of the Vol· 

netles to the herbiCides at twO Ie · 
vels was assessed by recording the fin.ll 

Cine YIeld .lnd qualsty. 

(c) Suttnln& hcrblCldts for 'lDttQ mana&crntn/ 
Duong 1977-79, newer herbiCIdes 

VIZ.. .llachlor (2.5 kg a.1.I h.1), dosamme 

(5.0 kg .1.1. / h<l). TBA WIth 2,4·0. fluch · 
loralln (2.5 kg .1.1 .1 hi) were studied 

along with atr3zlne 2.0 kg! ha at 

Coimb.Hore and Amaravathl Co-op. Sugar 

Factory area . At Coimbatore the 5011 typt 

was loamy with adequate Img.ltlon faclli' 
ties. The crop was raiSed dUring the main 

seasons 1977- 78 and 78- 79 WIth vanety 

Co 6304 in RHD WIth three replicatlom. 

The trial 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 weedmg. 

Tillen C<lnt Ulfo~r 

ha 'ltld pel lCOI 

'00 I h.l )Ullt 

7b.8 14.3 

670 110.3 14.4 

848 4 b 15 I 

93t> 85 I IS 4 

I3b8 lIbS Ib I 

1408 903 16 II 

ISb 94 .3 Ib .o 

17 b .. ~ <i 

RESULTS AND DISCU ION 
(a) Crop wad (omprilllOft 

The: mdlor we:eds ob erved In 'u~r~Jne 
field were: .idrrrafttkJ aspn-t.I L, Tnilll';'nna par· 

iJJacAJlnlm L.. AIJmumihtra uhmJlItt ( ' mnh). 
G)7IJvuJrDpj/J g)'OnaTuJra L. . .Ind A(I.Uyl'ha IIId,(a 

L (10 dlCots); C_YfJmIJ roilmdllj L. and ()",oJon 

diurylon Pers. (among mono(Ot~) . 

Wt'C.'d compC:llllon ('.1u~e:d <.omlda­

able Yield IOHe~ (f"ble 1). The lo~, u 
m.1lOly due 10 restriction on the: tiller pro· 

ductlon . Tallenng In ~ug.m. ane: although a 

genetIc factor IS al~o largely lOiluen(.eu by 

environmental factOrs, such as Itght and 

tempe:rollure . Due to smothering effect of 
the weed TT/anlh~ma porlulacas/rllm L.. the 

light penetr,lllon on the: germinated shoOH 

as well as micro climatic temperature IS 
lowered which resulted '" poor ullerlng. 
Although sucrose: per cent JUICe: WdS not 
affec.ted significantly, there 15 IndICatiOn 
of better Juice quality by kc:epmg field 
weed free, dunng the early part of the crop 
growth. Thus, sugarcane needs .1 weed free pe­
riod of 66 days after planting for better Yield. 

(b) Rtlalionship b~/Wetn popliiallon and witd 
dry malta with yitlJ and Ifuality of cant 

The data on the weed dry matter, 
weed population and yield from the trial 
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, ~ble 2 : Keiallomhlp of weed number and weed dry mAHer with cane attributes 

C~ne .unbule 
Correlation Regression 
coefficient equation 

Weed Jllnbute 

~. ced Ilumber m' M,lI~ble lanes/ h. 

LJne YIeld tlh" 
~Ul ro,e per cent Juice 

SugJr YIeld I/ ha 

W red dry mJIICI k~ hJ 

on the sUitability of vanous herbicides 
werc used to worlc out correlatron coeffi­
Cients and rcgresslon equJtlon (Table 2). 

BOlh wud number dnd wCl.'d dry m;J[­
ter showl.'d nl.'gJllve rclatromhlp wuh mrl ­
lJble ( .1111.' \, l,lne Yield, SU(fme per cent 
IUlte ~nu ,ugar Yield. run her better rela­
(lomhlp WJ S observed With weed dry mat­
tcr than wecd number. The results have 
shown <.ic:Jriy that the suppression of 
'proullng Jnd ,ubH'quenr growth of weeds 
u~lng pre ~ mergenLC~ herbICides were more 
dfiuent tlun Jllowlng the weeds to grow 
Jnd thelT removal by hand weedIng. 

(t) DtJlrrtnllalloluanu oj sugarea,/( vanrllr.\ 
/(/ hrr/,/(/dfJ 

D.ltJ on cane YIeld and \ucro e per 
lent IUlle as rnfluel1ced by the herb, ide 
rrc~OI tmenl\ of the lell vdrielles st udIed arc." 
presented In T Jble 3. Signifi ant differ­
ente ,n tJne y,eld wa~ observed among the 
sugarcane v.Hlcties under ditTerent treat­
ments . Both low and high doses of diuron 
reduced the cane YIeld significantly in 
C028l. C0449. C0658. Co 1158. Co 62174, 
Co 1340, and high dose only in Co 997 
and BO 17. Atrazine reduced the ane 
YIeld significantly in Co 1340, Co 62174 
and Co 997 at both the doses. The Yield of 
Co 1158 was reduced on ly at higher dose. 
Varieties Co 527 and Co 1163 were f",und 
to be tolerant to both atrazine and diuron 

(x,) - 0.6490' 101.78 - 0.2130 x, 

()(.J - 0.6965 '· 144.23 - 0.3712 )(~ 

(x:l) - 0.3953" 48 .35 - 0.3953 X3 

(x.) - 0.0900 

x, - 0.6060" 90.93 - 0.0300 X, 

X2 - 0.6590" 149.05 - 0.1785 X2 

x] - 0.7017" 16.74 - 0.0079 X3 

x. - 0.5078 • 13.67 - 0.0036 x. 

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

(d) Srr((ffing brrblcidr$ for 1<!trd mafzagent(fi/ 

The results of the eval uation of newer 
herbicides made during 1977- 81 arc 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 
do~amlOe, TBA With 2,4-0 and f1uchlora­
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 rndlable anes was not af­
fected much by the use of herbicides . Hig­
hest cane yie ld of 103.6 t l ha was obtained 
in the case of weed control treatments 
with alachlor followed by hand weeding 
and atrazine which were 011 par. In the 
present study, alach lor and atrazine 
proved better and the farmer is neither 
Jvailable 10 I ndia nor manufactured. The 
next choice of using pre-emergent herl?i­
cide ,s only .1trazine. At the redu ed do-
ages of 2.0 kg J.i.l ha. compared to previ­

ous year's study, there was no a'dverse ef­
fe t on the crop and at the amI.' time. 
there was equally better ootrol of weeds. 
Simazine and atrazin,e have proved to be 
highly selective and lonE; las ting in the 
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Table 4 : Effe t o( different herbIcIdes on weed control and cane yield 

Gcrmlna· Tillers 
Weed dry MllIable Cane 

Sucrose 
Trealmenl$ lion % OOt ha 

malter canes yield 
% 

kg/ha OO/ha t / ha 

Alachlor 2.5 kzt ha 66.0 1'666 686 1126 103.6 18.86 

AtrUlne 2.0 58 .0 1566 756 1031 96.8 17.96 

DosamlOe 5.0 51.0 B26 1438 938 90 .8 17.B 

TBA+2.4 ·0 50.0 1368 1600 968 90.3 17.86 

2.4 ·0+ TBA 48 .0 1306 1368 1036 91.3 17.91 

Fluchlor.alln 2.5 kglha 48.0 1368 2036 987 86.8 16.60 

H~nd weedlOg 65 .0 1613 2368 1146 101.3 17.90 

CD(P - 0.05) N 372 212 NS 6.8 NS 

Table 5 Ef ect of ( en.t1O herbICIdes on cane YIeld Jnd quality 

Cane 
Treatment girth 

(em) 

1 OlOlIramlOe (EC) .tl 0.96 kgt ha 2.9 

2. 0.72 2.8 

3. 0.48 2.8 

4 OlOllramlOe (G) 0.48 2.7 

5. 0.96 3.0 

6. T.B .A. 8.00 3.0 

7. 10.00 2.8 

8. 12 .00 2.6 

9. Hand weed 109 (twO at 
35 and 70 days 2.8 

C .D . (p - 0 .05) NS 

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 
oil and variety CoC 671. There was effective 

control of aU the weeds including Parlhenium 
which was a mena e in the area for the pa t 
five years. The total cost of the chemical at the 
dosage adopted worked out to R . 300/- per ha 
excluding application cost. Still it seems to be 
a better one compared to hand weeding, 
which costs Rs.360/- per ha. 

Millable Sucrose Cane 
canes % Yield 

'OOt ha JUIce t t ha 

1104 15.76 78.1 

995 14 .39 80.6 

984 16.96 80.3 

1032 15.74 81.3 

1028 16.87 83.6 

838 16.73 78.3 

1028 15.41 78 .6 

1013 16.49 69.3 

1312 18.67 88.1 

144 1.40 11.9 

It has been reported by Lyons and 
Whitting (1965) that surface applied pre­
emergence herbicides arc erratic under fur­
row irrigation with only occasional rainfall 
and mechanical incorporation has en­
hanced their efficiency under these condi­
tions. Recent trials comparing granular 
and spray applications under different me­
thods of incorporation have indicated that 
granular formulations are as effective or in 
rno t cases more effective with rotQtiller 
type incorporation than similar applica­
tions of sprays. A similar ~tudy was also 
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conducted.11 Om Institute dUI1ng 1977-78 
with dinitrarnmc a gr.1nul.lr applic<1tion 
and compared with spr.1)' appli ation of 
the s.me chemical as well as TBA and 
band weeding. With the variety Co 6806 
it was observed that there was reduchon In 

YIeld by application of the e herbicides 
comp.1red to hand wet'dtng. There was re­
duction In Ih(' su rose per cenl lUI (' .II o. 
Hence I( can be concluded IhJI the e two 
heml Oils Jre nOI pra tlGllly SUI(.Iblc for 

IhlS vanety of sugJrC.1ne. 

LITERATURE CITED 
lyons,) . M . .Ind ""hlttlng. F. L . 191.15 . In~orporatt'd pf(-cm~rf.~n(t grJnulAr hnbilldc, 011 v(~tl~blc 

crops. W~(d\ 13 ' 242- 245 . 
TaJ~rt. R. E. ~nd FI~I(h .. l. O . H . (<1M, Inolctlon of 'Im.llinC .and ~trJlm( III Ihe field ~' C'('d, 

12 ' 33-36. 



rROC JTH ASIAN ""eIFI I!I:O 

TUDIES ON THE WEED PROBLEMS OF CASSAVA­
LEGUME INTER-CROPPING SYSTEMS 

P. K. A HQKAN, K. UDHAKARA and 
R. VIKRAMAN NAIR 
College of Hortl ulture. P. 0 VellOlnlkkara. T nc:hur - 680634. India. 

AB TRACT 
A In~1 on Ihe C ~~~~\'~ legume InlelUOpPlnl\ WJ' condu. ted 111 Ihc Idteml( \011\ In the high rainfall 

(2800 mm Har) tr~lt ot Krr"l~ The elle( t of (IVC IqtUmll10U\ 1I11ercrop' of ldllJVa VIZ .. cowpea. 

~roundnut. bl~tkl:r~m. j:leen!tr~m JnJ \oybeJn 011 the IIdlUle. InlemllV dnd populJllon of w(NII were 

,Iud led. ,omp.artng with J ,ole lIDr of IJ"d\'J The mdln I ror ~nd Interl.ror' WCIC plJnlcd slmult~ · 

neou,h JnJ the n.atUlc (If wred n()fJ Jnd weed lI1!el1\ltY II. Jlfferent plot, were recorded IWO mOnlh, JI· 
tel pl~nIJl1g 1 he ,",ccd, wlleltcd wcrc .deI1lIf'cJ. groupeu Jnd oven dned 

The rCluh, ,hmoed thJt IOtell ropplnt: With le~umCl. rl:duled the Inlen~lly of weed, In (JI'J\'.I In 

~encr~1 Co'"'pe.a ~nd hl~I"~IJm wcrc mo\( dkl.llvc 111 ~m()lhcnl1!\ the wcedl. whole glOundnut .Ind 

pccnj:r~m werc modcr~tc Another IlllerC'tlll~ oh,er\'.1I101l W,l\ thdt III all the InlCrlropred field, mono· 

101 ,",'rcd~ prcdulT'lllJled whcre~\ In the (ontral. dllOI weed, predomln~lcd AboUI 770.0 CO'I of weeLlIO!\ 

I JII he ,.ved b) ,"'ertrappong. bC\fde~ obtJlntrl): .ldd,IJOIIJI ):10" IIlwmc of R, . 403 to RI 1758 " per 

IlJ In .HUVJ ""1111 'n"·pe~. !lrouodnu:. hlJI kgrdlll Jod peeopam 

INTRODUCTION 
CdS\OlVOl (Man/hoi fll'u/rn/Il rant]) tl d 

the:OIp ~ource of cdrl->nhydrarc\ 10 mOH of 
thc Iropl e.;)1 countrlcs. Thc slow growtng 
n.1ture: of the crop and IU ~pam: anopy 
dUring the: 10111.11 growlh phase leaves 
plenty of light encouraJ(mg ~everal types 
of wecd~ 10 nourish 10 the tnterspaces. Un· 
tontrolled weed growth w.n found to re­
duce: root yield In "mava by 40 to 68% 
(A kobondu. 1980). Recent report from the: 
I nlernatlonal In tJtute 0 T ropi 31 Agricul­
ture (liT A. J 979) ind,cates the possibility 
of checking the: weed growth in cassava 
gardens by intercropping. The present stu­
dy examines the nature and magnItude of 
crop·weed ompetiuon in five cassava· 
legume in(ercropping ystems. 

MA TERIAL AND METHOD 
The trial wa conducted at the College 

of Horticulture, Vellanikkara, T richur on 

1.1ICflte sod With the: .lnnual ratnfall of 
2800 mm. Five (a~sJv.l-!egume tntercrop· 
ptng ~ystt.:ms were compared wllh sole 
lTOP ot C3 S.W'!. The lntcrerop were ow­
ped, (V. Kanakamanl I Vlgl/a ungu/CuJillil (L) 

Walp]. groundnut, v. TMV-2 (ArachIS hy· 

pO/!,(t1 L.). bl" kgram v. T-9 I Vigna mungo 

(L.) Hepper] . grcengram v. Madhira 
I Vigna mdlala (L.) W ilezekJ, soybean cv. 
EC . 39821 I Grycint' max (l.) Merrill]. M •• 
a tall, comparOltlvely non-branching varie­
ty of as. ava wa u ed for the tudy. The 
experiment wa laid out in randomized 
blo k de ign with four replications. The 
plot size wa~ 5A m 5A m. Cassava was 
planted on mounds at a pacing of 90 m 
x 90 cm. Cowpea was planted in single row 
in between cassava rows. at a distance of 15 
m. The other four intercrops were raised 

in double row between assava providing 
a pacing of 20 cm xl 5 cm. The main crop 
and the intercrop w~re planted on the 
arne day in May. Cassava. received N. 
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n plots. 

First wmit~ Second weed.", 

TrutmenlJ 
Dicol MonOCOt Tow Women Total Women Tow cost of 

cLtys cLtys ~ng. Rs wt 

~va+cowpa 30J 39.1 69.4 3~ 6.3 32.00 

Casgva + poundnul bO.5 130.4 190.9 11 1l.3 2 93.00 

Casgva + bbckgram 24.0 61.9 85.9 6 19.5 2 56.00 

Casgva + ~ngram 96. 97.7 194.5 10 33.5 2 84.00 

Cns.Jva + so)'bem 168.3 100.3 268.6 IS I .5 161.00 

Cusava sole crop 212.3 133.5 3-45.8 17 107.5 9 182.00 

C. D. (P= 0.05) 56.3 N.s. 111.6 47J 

C05I 0( I wormn <by I~ IU. 7 . 

p,os and K,o, 75 kg each ha - 1, while 
tbe in!ercrops received 10 kg N ha - I and 
20kg each ha - I ofP70 a and K~.ln addl ­
Hon, a uniform dose: of farm yard manure 
was applied at 12.5 t ha - 1. 

W eed ~mples were collected from 
one sq m randomly before first and second 
weedmgs. at twO months and three and a 

half months afte~ plantmg rcspectlvdy. 
The dry weight of monaco! and dico! 
weeds were recorded separatc:ly. At second 
weeding, slOce the weed population was 
too low. the dry matter of dlcot and mo­
nacol weeds were studied together. 

The time taken by a labourer to weed 
each plot was recorded and the cost of 
weeding 10 each intercropping systems was 
worked out. The mam crop was harvested 
ten months after planting and fresh weight 
of tubers from each plot was recorded 
separately. The economics of the cropping 
sy tems were worked out. 

RESULTS AND DISCUSSION 
The following weeds were collect­

cd from the experimental area and identi­
fied. 

Brad!iaria ramosa (Linn.) Stapf. Cyno­
Jon tiActylon Pen. Daclywctmium ~gyplium 
L .• EUI4JJnt i"dica Gznn. /schlCml4m arista-
111m Linn., Ltptochwa jiliformis R & S, Pani-

CIIm rrpots Linn. (Poacez), Cypmt1 rOIIl"JII1 
L., CyprrllJ mil LIDn. (Cyperacez). TnJIU 
prorllmbnu L.. V(7"1fomll emmll Les ., VICoa 
f"dfCll D .C ., Emilfll sonchifo{Jll D .C.(Astera­
ceae), DtJIfU)4111m InJloTllm D. C ., M,,,,osa 
p,",1UI L. (Leguminosz),·Adryr4lltbtS IUptrll 
L, AU(7"1flUflbtTll ItssUts Sr., A",II­

ran/hts "maiJ L. (Amaranthacez). Ellphor­
b,ll htrtll Lmn., Phylumthts nmln LlDn. (Eu­

phorblacez), SlIlA rhomhifoull LlDn., S. 
IlClltll Burm. (Malvacez). and Seopana dlll­
CIS LlDn. (Scrophulari2cez) . 

None of tbe weed species was found 
to be specific to any of the cropping 
sy tems tested. There was marked reduc­
tion in the production of dry matter in 
weeds when cassna was inter-cropped 
with anyone 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 fir t 
weedjng. When dicou and monocots were 
considered separately, it was found tha't 
the growth of dicot weeds was suppressed 
by all the intercropping treatments except 
cassava-soybean and cassava-greenfram 
combinations. While 61% of the total dry 
matter produced by weeds came from di­
cou in sole crop plou, it was only 28 and 
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r.blt 2: Economics 0 vil.j~gume mltrcroppmg systems. 

Cassava 
Yldd of Pnee Equlvaltnt 

Total 
Coslof 

Profit Tre.afmenu <q hi 1) 
lntercrop Cas~va Imercrops (Rs) 

cultivation 
(Rs) (kg ha 1) (IU) (~) (Rs) 

Cu~va + owpca 19726 586 7890 1758 9648 4691 4957 
C.Us.1v.a + groundnul 1972f> 879 7890 1758 9648 5029 4619 
Ca s.1Vil+ bl.a~kgum 1972(> 538 7890 1614 9504 4715 4789 
CiISSiIViI + greengr.am 19726 115 7890 403 8293 4560 3733 
Cil5s.1Va + soybun 19726 7890 7890 4453 3437 
CiI\\.1Vil sole crop 19726 7890 7890 4256 3634 

Cuuv. AI R. 0 40 k«. Sl~< r.m .nd <owpc' >t Rt 300/ 11&. Groundnul .. R> 2.00 11&. Gre<ngr.m >1 R>. 3.50/ 11&. 

50% In plot\ growing cowpea, groundnut 
and blackgr.1m a5 IOtercrops. 

The labour requirement (or weeding 
plou under different Intercropping 
systems vant'd conSiderably (Table ) . 
Among different intercroppmg systems, 
the labour requirement for weeding 
... assavil-cowpea and cas ava-black~ram 
cropping systems were very low, 3.5 
and 6 women d"ys respectively, as com­
pared to ) 7 required for the sole crop 
of cassava. For the second weeding also, 
the IOtercropped 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 yield of 586, 879, 538 and lIS kg 
ha- I were obtained from the in tercrops 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
P(a. blackgram, groundnut and greengram 
was reduced by 80, 75, 45 and 22% respec-

tlvely at two months after planting. Evi­
dently, of all the legumes tested, co'Vpea 
proved to be the most effective Intercrop 
in smothering weeds in cassava fields. 
I nillal fast rate of growth ;:nd consequent 
coverage of the interspaces by this crop in 
a short time would hav.e made it 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 establi hment 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 mono ots (Table 2) . This 
may perhap 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 dif\erent 
cassava-legume intercropping systems 
showed that consid~rable saving can be 
made by intercropping. The second weed-
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ing to assava fields may even be dtspensed With 
by interoopping With cowpea or blackgram. 
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EFFECT OF GLYPHOSATE ON AMMONIFICATION, 
NITRIFICATION AND DEHYDROGENASE ACTIVITY 
OF A PLANTATION CROP SOIL AMENDED WITH 

DIFFERENT ORGANIC CHEMICALS AND 
GROUNDNUT CAKE 

JATINDER INGH and T. K. SIDDARAME GOWDA 
Dep,Htmcnt of Agncultural MicrobIOlogy, UnIversity of Agncultural Sciences, 
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ABSTRACT 
GI)1)hOS~IC I -(phosphonomethyl) glyunel Jt 0.10.100 dnd IOOOppm InlOrporattd to J pldn­

(dtlOn (fOP ~0I1 wllh and without ureJ, -serve lOdtt'd urea. ure ...... Ith S% groundnul lake or benomyi 

(100 ppm) WJS IOtUbdted for observing the (hdngc~ 10 the rdte of JmmoOlficdtlOn . nltrolofllJtlOn, nllll· 

(iC.lIIOn dnd dehydrogend\c .1 tlvlty 10 the \od for a pellod of 56 day' . 

Glypho~.ue J( ~Il thc tOnlcntr.ltlOm either alone or III comb(OatlolH had no \Ignlf"dnt eifel( 011 

dmmoOlficdtlon dod nllnfiC3t(OO There WJI no 1'!:OIfitJnI ddferenle 10 the dth)'drogenJle dt'tlVlty 111 

.111 concentrdllOm of glypho'3le Ifrespe live of V3110U, amendments . Ilo ..... ('ver. \everal foldl Inuea,ed 

ActiVity of dehydrollcnuc with groundnut cake than thc treatmcnts with · 'ervc plu\ glypholJtc or 

wllh different wnlCntrdllOm of gJyphmatc alorJ(' WJS obscrved. A funllUl. J'rnlfllhum 'P hal bcen found 

10 utlhzt gJrphouic as a \ole sourle of cdrbon Jnd phosphorus. 

INTRODUCTION 
Glyphosate 15 a post emergence, non­

JClecuve herbicide which appears excep­

tionally promlsmg for perennial weed con­

trol. It is becoming most popular In tea 

plantations and al 0 to ontrol of peren­

nial weeds 1(1 field crops. It undergoes . 

rapid Inactivation to sot! by orption to 

clay, organIc maller and sub equent degra ­

dation to CO2 (Rueppel cl al., J 977) . As it 

is a non-volatile and highly oluble in wat­

er it is known to re.ldily bound to kaoli ­

nite, illtte and bentOnite clay, charcoa l 

and muck. Fe H + and AI "'+ satura ted 

clays, and organic matter ad orb more gly­

pho ate . Glyphosate mobility in the soil is 

limited by pH, pho phate leve l and soil 

type, and found to have co-metabolism in 

soil (Spranckle el al., 1975). The degrada­

tion rate was found to vary in different soil 

.lnd It was primanly due to ml robtal. Car­

bon ubstr;ite amendments faIled to subs­

tanllall y tncrea~e the degradation rates in 

different sods haVing low degrad,ltion 

rates (M oshier and Penner, 1978). 
Howc:ver, no reportc:d tnformatlon I 

available on I!~ bc:havlOu~ tn Indian itua­

!tons. It IS Important to know It effect o n 

soil beneficIal mi roorgani sms . This paper 

prc:sents th l" effec! of glyphos.lte on am­

monifi ca llon , nitrifica tion, and soi l biolo­

gical activities in term of dehydrogena e 

ac t ivity in a offee plant.Hion soi l with va­

riOUS organic amendments under tropical 

Ind ian situations. 

MATERIAL AND METHODS 
Top 15 m soil of a coffee plantation 

(Chi kmag lur, Karnataka tate. pH 8.2) 

was collected and used for this study 
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under laboratory conditions. At room tem­
~rature, 250 g of 2 mm eived oil was in­
cub:lted in pl:l tic pots (22_5 em x 1 em) 
with lids conaining four pm hole for gas 
exchange. All the treatments were replicat­
ed twice. The treatments included were 

I) soil :llone, 
2) oil + 1.25 g ure:l, 
3) 2 + 10 ppm glypho ate (V M), 
4) 2 + lOOppm gl)tphosate, 

5) 2 1000 ppm glyphosate. 
6) so" + 1.25 g urea cO:lted With N-

serve 100 ppm IW), 
7) 6 + 10ppm glyphosate. 
8) 6 + 100 ppm glyphosate. 
9) 6 + lOOOppm glyphos.ue, 

10) soil + 1.25 g urea + 5% groundnut 
calce. 

II) 10 + 10ppm glyphosate. 
12) 10 + lOOppm glyphosate, 
13) 10 + 1000 ppm glyphosate and 
14) SOil + 1.25 g urea + benomyl 

lOOppm + 10ppm glyphosate_ 

Commercial formulatJon of glyphm­
ate (36 EC) and benomyl (50 wp) was ustd 
on active ingredient baSIS. After thorough 

mixing of each SOil with above treatment 
the soil was moistened and IOcubated at 
60% water holding capacity. The soil 

samples were drawn at ~riodical intervals 

and analysed. Dehydrogenase activity 

(DHA) in the samples was estimated 

as described by Casida tl aI. (1964). 

NH.-N, N02-N, N03-N were determined 

colorimetrically. 

RESULTS AND DISCUSSION 
Significant change in the dehydroge­

nase activity (DHA) of the soil at all con­

centrations of g1yphosate studied with or 

without N -serve was not observed (Fig. I). 
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 sjgnificant change from 

that of treatment receiving glyphosate 
alone (10 ppm) . 

T en fold an rea c an DHA In all the 
concentrations of glypho ate with ground­
nut calce was ob erved. Funher. mUlmum 
DHA was re orded at 7th day (30 fold an­
creue) in all the above treatments. there­
after, It steeply decrea ed ull 28 days. I nte­
resungly, g1yphosate at 1000 ppm WIth 
groundnut (:lke showed a second peak of 

IOcreased DHA which consistently In­
crea cd even up to 56 day . 

Glyphosate at different concentrations 
tried Individually or 10 comblOation' with 

-serve. GN calee or w;th benomyl ha9 no 
Slgnaficant change 10 the rate of ammoOlfi­
cation (Fig. 2). Similarly at no stage of 
IDcubation penod N0 2 -N was detected 10 

:lny cue of the treatments . 
There W:lS no slgnlf,cant change 10 the 

03-N content In all the treatment com­
blO:ltions tned With glypho ate except 
with 1000 ppm. The latter. wllh and 
wllhout N -serve showed decrease 10 

NOl - N throughout the penod of IOcuba­
tion {Fig. 3) . 

The overall respiratory actiVity of the 
soil. :IS determined by the DHA. which re­
presents the net effect of vanous metabol­
ic proces es talong place 10 the microbial 

cells. showed no marked change With the 

glyphosate individually at different con­

centrations or In combination with N ­

serve, or ground nut cake or With fungicide 

benomyl. This indicates the compatibility 

of the herbicide with the :lbove :lgricultu­

rOIl chemic:lls and organIC substances. Ho­

wever, J 0 to 30 folds increase in dehyd­

rogenase :lctivity :It different incubation 

periods with groundnut cake irrespective 

of glyphosate is due to increased availabil­

ity of organic nutrients which h~s in­

creased the heterotrophic microbi:ll activ­

ity in the $o:l. But. increased dehydroge­

nase activity after 28 days, only with 
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1000 ppm glyphoS4te plu sroundnut caKe 
IS perhaps due to the domman e of .I 

glyphosate utilJZ1ng fungus PNllnlllll1" p. 
as ociated with other microorgani ms . The 
fungus wu found to uullze glyphosatc.l .l 

sole cubon or phosphorus ource when 
grown In pure culture on Cupecb.Dolt 
funpl broth. MIcrobial degr;Jd;Jtlon of 
g1yphosale to CO, IS lenown to t;JKe place 
tn SOil Wlthin 20 d.lYs (Mo hler ;Jnd 
Penner, 1978). Therefore, the Incre.15ed 
DHA may be due to the increued aVOJII.l· 
biljty of nutrients from glyphosate also. In 
general the soil used was poor to OItn· 

ficauon although ammoOificauon wa 
quite rapid. The reductJon In 0 3 , con· 
tent in all the treatments irrespective of 
glyphoS.tte IS .lunbuted to ImmoblllzalJOn 
due to heterotrophIC mIcrobial activity. 

But the m.lrked decruse in NOs·N With 
1000 ppm gI phosate with and WIthout 

. erve or groundnut cake mw! be 
due to mcrea ed heterotrophic microbial 
.1 IIVlty. 

In conclUSion glyphosate IS qUlle safe 
WIth rcg.ard to tot.11 biological .lCtlvlty 0 

the 011 10 term of dchydrogena e activity 
.1nd ammoOlfic.oIIJon even .11 very high 

onccntr.lllons re ommended as herbl ' 
Clde. Glypho ,He IS degraded easily by 
mlcroorg.tOlsms. 
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INCREASING CORN AND CASSAVA PRODUCTION 
IN ALANG-ALANG AREA 

HAMDAN PANE and M. SUNDARU 
Centr,}1 Research Institute tor Food Crops 

Jalan Merdek.t 99, Bogor, IndoneSIa . 

ABSTRACT 
Two expenmenl) were (OndUlied In Subdana Sub- lallon, Lampung durang wei season 1980-

19 I . t\'er~1 method, of Ialbge ~nd weed cOlllrol were \tudled on com. It was found Ihal lirap ullage 
(using glypho5.lle 4 (prod hoi oInd plowed along the rows) gave good result . A 24% increase 10 Yield was 
obulOed comp~red wllh convenllon~I I III.lge . Alrulne at a douge: of 2.4 kg/ ha aClive applied al 1 day 
after sowing was mosl dlellive Ih~n other tre.ltmenu . In ~nother experament several weed control me­
thods were te,ted on lolSS,IV,l Dlrelt applit~lIon of glyphos.1te at the rate of31 prod / ha In between rows 
of c.nuva <II I and 3 months after planllng (MAP), respecllvely. y lC~l ded the highest fresh weight of tub­
ers ~mong weed ontrol methods tested. HIgh vleld w~s also harvested from Ihe plou whIch were hand 
",'ceded ome ~t I MAP Fb . g1}'pho'~le 31 prod/ h.1 ,II 3 MAP. These trc;Hmenl 10 rca cd cassava Yield 
over handwcC'dC'd plots . It "' .II oIlso found IhoillaS),IVa lult lv~ r Adlra 2 (wllh branches) and Lu ilivar Adlra 
I (wlIh no brolnlhe'l had Yldd 10 ses .Ibout 71% and 82%, respecllvely, whi ch wcre caused by weed 
competition. 

INTRODUCTION 
Alang-a lang ( ogon) area IS mostly 10-

cOlted in red yellow podsollk soil. This oil 
has low pH, poor pLlOt nutrient content , 
low organic matter and susceptible to ero­

sion. The whole area 10 the country covers 
about 15 million ha. Glypho ate and dala­
pon have been used to kill alang-alang 
which will produce a mulch of deold trash. 
And crops seeds are sown through the 
mulch (Ismail (/ al., 1981; Mock and 
Erbach, 1977; Terry, 198J). 

The reduction in yield o( corn was 
40% due to weed competition (Nieto. 
1970). At present, triazine herbicides 
are widely used for control of most preval­
ent broadleaf weed and gra ses in this 
crop. 

In Indonesia ca ava is mainly con-
umed as the major part of the diet and 

rest a cattle feed. Cassava i normally 
grown in less fertile oil with minimum in­
put, using non improved varieties and tra-

dltlonal cu ltivation which give very low 
yield. Manual weeding usually absorbs (or 
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-emergen e herbicides 
(Centre for Overseas Pest Research, 
1978) . 

These trials were condu ted to study 
the possibility of increasing om and 

cas ava 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 eason 1980·1981. Soil type of this 
location was red yellow podzoli and 
mo tly covered with alang-alang (/mperata 
cylindriCll). 
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Table I: Dry wttd ~Ighl (& m') as Mfccled by weed conlrol, pl;}nI pacInI.! .nd 1I11.JIlC method 10 com. 

Gnl Broadle.1 wecru 
Method of weed 

NOfffi.J1 uU.gc lOp \1lujtc SlOp IIlIage 
coorrol 

75140 75x20 15x40 75120 75140 75120 15x40 75s20 

Unwceded 204 b 281 e 53. 9g,b 3001 79 b 37 a 17. 

Weeded £wICe 21 .nd 
42DAS 5. 14. 13. 7. I. I. I. 1. 

AllUme, 2 4 kg 
u ./ Iu, I OM 29. 101.b 19. o. O. 37.b I. 2. 

Thlobmarb/Pr~ 
meuync 4.4 kg b .• .1 
410M 180 b 109 be 13. 121 b I.h 51.b 5. 8. 

Mungban mlcr-
croppmg 190 b 41.1 20.1 41.1b 29. 1. ! 1. Ih 

Me.Jn 122 122 23 55 15 35 11 8 

In 0 column. _om tollO"'"d by. common I~UtI m: nOll',mfitontl¥ d,tf~lC:nI" Iht ~ Itvd b. OMIl T OMRf b.a~d on 
Innlfonmd dolO 

prayed WIth Pll'houtt J I prod lu J _c: bc:lorc: pl.nun, ond plo",~d .Ion, Ihe fOW'I 

T .blc 2 Planl helghl at 0() OM (em) .lnd },cld o( com ~ .ifcctC'd by mClhod~ ol .. ccd control, pl.n! 'p4(1ng 
.nd nll.ge methods 

PI.OI height Y lcld I lu. ---Method of weed 
conrrol 

NOfffi.JJ ullagc Slnp ull.ge NOfffi.J1 IIII.ge Stnp ulugc 

75x40 75x20 75140 

Unwceded 175.1 18ba 193. 

W ceded twICe 21 and 
420AS 17b. 199.1 204. 

AtrRmc,2.4 kg 
•. J.lIu. 1 OAS 191. 199. 197.1 

Th,obcnurb/ Prc-
mctrync 4.4 kg b.aJ 
ha, I OAS 18h 189 a 190.1 

Mungbc.n mtcr-
cropplllg 163 a 188a 187 a 

Mean 178 c 192 b 194 

1. Effect oj fIIud control, plAnt spacmg and 
tilLzge methodJ on (om yltld. 

This tnal was laid out in a spilt-spilt 
plot design with three replications. MaIO 
plot wa~ tillage methods. plant spacmgs as 
sub plots and wecd control methods as 
sub-sub plots (Table 1). 

Plot size was 4 m x 6 m. The plant 
spaclOg was 75 em x 40 cm with two plants 
per-hill and eom variety H-6 was used. 

b 

75120 75 x40 75lr. 20 75 x40 75120 

-
203. I.b. 3.hb 2.5 . 4.1. 

215. 2.0.1 4.3. 28. 4 b. 

218. 2.5 . 4.2 ab 34.1 4.h 

209.1 1.1. 3.0ab 25.1 4.0.1 

199. 1 1 a 2.1 b 2.4 • 3.3a 

209. 1.8d 3.4 b 2.7 ( 4.1 a 

Ferullzers of 45 N + 45 P ,Oe + 50 K,O 
kg/h. were applied as basal and 90 kg N/ ha 
was given at one month after sowlOg. 

Assessments of dry weight. plant height 
and Yield were observed dunng the tnat. 

2. Effict of wml control on the grofllth a"d 
yit/J oj cllJsava cIIIJIVar Adira J and'rldira 2 

An cxpc,iment was arranged in a split 
plot dcsign with three replications. Culti-
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T~ble 3 : Dry WN"d weight (,1m') as dfccted by weed control In cassava culuvar Adlra 1 and Adira 
2 ~t 6 MAP, 

Method of weed ontrol 
Adlra I 

UnwccdeJ 603 c 

Weeded twICe, 1 ~nd 3 MAP 266 b<d 

Paraquat 0,5 kg ~ . I J ha. I ~nd 
J MAP 526 de 

Glypho-.llc J I prodl ha, 1 ~nd 
3 MAP 41 ~ 

Weeded I MAP lb. puaqu~t 0.5 kt 
~ . I .l ha . 3 MAP 14hbc 

\1; ' eeded I MAP lb. glyphosate 3 I 
prod / h~. 3 MAP 132~b 

A. lachlor 4 I prod , h.J. 1 II T tb. 
p.!raqu;u 0,5 kg ,1.1 ha ~t 3 MAP 3SJ 

Me .. n 304 a 

vOirs were pur In ,he mOiln plot OInd severOiI 

methods of weed control In the: sub splots 
(Table 3) . It WOlS replicated thrC'e times. 
plOI sIZe was 5 m x 6 m and plant spacing 
WOlS 100 cm x 100 cm, 

Fertlltzers gIVen were 30 N + 30 p,O& + 
15 K~O kg! ha a5 basal apphcauon. 60 N + 35 
K'lO kg/ ha were applied at 60 days .1fter 
plantmg. Pest OInd disease control were done 
to protect pl.mts damage. Dry weed weight, 
plant height and yield data were recorded. 

RESULTS AND DISCU SION 
1. Effiel of wud conlro/.;, p/4nl spllcing and 
llllllge melhods on corn yltld 

It hlld been observed that few sedges 
Were found in the experimental plots after 

killing alang-alang. Dominant grasses and 
broadleaf weeds in the plots were Imperil/a 
cylindriCil L., Digitarill sllngliinairs L., Poly­
("as amllunll, Synttirellil nodiflora, Crown 
htrtlls L, Phillllnlhtls nirtln' L.. Spyge/ill Iln­
Ihelmilt, and Borrena i4tijo/ill. The popula­

tion of grasses was higher than that of 

broadleaf weeds. 
The methods of tmage affected the 

weed infestation and the strip tillage had 

~d 

Gru'Cs Broadleaf weeds 

Adlra 2 Adlra 1 Adlra 2 

481 cd 983 91 a 

IS2 be 87 a 633 

266 cd 59~ II a 

21 a 653 9a 

193 be 4h 22 a 

oSab lua 31 a 

621 e 27 a S5 a 

257 J 57 a 40 .. 

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 (on ervatlon especially to protect the 
sot! ero~lon. 

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
me 2.4 kg a.i.I "a at 1 day after sowing gave 
good result. Both gras es 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. 
Plam 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" : Plant he~t ;at 60 OM and )'leld 0 QUaV<) cult~r Awra J and Adlra 2 as ;afi'tckd b method of 
ttd control. 

Pbnt helghl (em) Yield t / h~ 
Method of ~ conuol 

Adlra I 

UnWttdcd. 141 c 
Weeded (WICC, I olnd) MAP 19hb 

P~raqwt 0.5 ~ .LI. h.i, I olOd 
3 MAP 188ab 

GlyphOSollC 3 I prod 4 I a.nd 
3 MAP 20h 

Wttded I MAP lb. paraqwI 0.5 kg 
u h.i,3 MAP ISlab 

W ceded I MAP lb. &lyphOSolte 3 I 
prod l ha. ) MAP 17hb 

AU hlor .. I prod bol, I HST lb. 
p;traquat 0.5 kg a.a.l hol at 3 MAP 168bc 

Mean 179 be 

ttllagl" than thOSl" 10 normal ullage. Plant 
hl"lght on 75 cm x 20 cm spacing was 
highl"r than tho l" In thl" 75 cm x 40 cm 
plants. This IS dUl" to Intl"r competition 
bt"tween the com plants. Thl" plant height 
was also unaffected by the methods of 
weed control. Howl"ver, In the plot which 
was tre:.atl"d wllh atrazine thl" pl.ant heIght 
was rdativdy higher than that of other 
plots (T abll" 2). 

The hlghl"st Yldd was obtarned in the 
plots with strip tillage while: in ,he: plots of 
normal tillagl" was 24% lower in Yield than 
in the strip tjllage. 

The same plant population but differ­
ent in plant spacing resulted significant 
differl"nce in yield. It was observed that 
the yield of 7S em x 20 em was about 4()O(o 
higher than the yield obtained for 75 cm x 
40 em. Wider plant spacing had al 0 

affected the yield. It appears that there 
was greater inter competition among 
the com plants when planted two 
plants/hill at 75 em x 40 cm spacing 
than one plant/hill at 75 cm x 20em 
spacing. 

Adlr.J 2 Adlra I Adlra 2 

9 b 29 4.6 b 

127.1b 15.8olb J5.7, 

12bolb 124 abc 12.2ab 

146. 20.7.& 198. 

1.33 a Ib.)a 13.7 a 

Dba 18.2a 179.1 

99b 5.9 b... 10.8ab 

124 b 13 2.a 135.& 

2. Effie/ of 'It1ttd con/rol on {hr grtJ1I'/h and 
/hr yuld of (IlJStlVa oll/Ivar A dITa I and 
AdITa 2 

The: maJor we:ed$ were Impaa/a rylmd­
nca L., IschlCmlln {Imgrtns( L.. BO"'TIII 
Uz/ifolIa L., Spygtlta an/helmla, S:yntdrtlla 
nodif1cra Czrtn., EJipalOTlllm odorala, Cro­
ton h,rlils and PhyUanlblis ntTII" . Sedge~ 

were found very few. 
Cassava c;ultivar Adlra 1 has no 

branch while uluv<lr Adlra 2 h<ls 
branches. It was observe~ that the plots 
with cultivar Adira 2 had lesser weed rnfes­
tatlon. The branches of cultivar Adira 2 
had shaded the soil surface and suppressed 
the growth of weeds, especially alang-alang 
which is sensitive to hading. 

In methods of weed control, glyphosate 
3 I prod/ ha at 1 and 3 months after planting 
(MAP) controUed weeds significantly. Similar 
result was found in the plots that hand weed­
ed once at 1 MAP followed by (fb.) praying 
of glyphosate 3/ prod/ha at 3 MAP. And us­
ing either paraquat 2.5 1 prod/hOI or alachlor 
4 I prod/ha were not able to suppress the 
growth of weeds IT able 3\. 
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The method of weed control affected 
the growth of plant. In the plots with 
alachlor 4 I prod/ha, 1 dAY after planting 
lb. paraquat 2.5 I prod/ha at 3 MAP was 
umllar to unweedcd plot& where the plants 
grew tunted. In other plots plant was not 
~Igmficantly affected by weed control me­
thods. However, 10 the plots treated With 
glypho ate 3 I prod / ha at 1 and 3 MAP, 
cassava grew vIgorously for the cultlvars 
Adlra 1 or Adlra 2 (Table 4) . 

The hlghe t weight of fresh tuber~ was 
harvested In the plots whl h was treated 
Wllh glyphosatc 3 I prodl hOi at 1 and 3 
MAP. High Ylcld was also obulned In the 
plots which were weeded once .11 1 MAP 
fh. glyphosate 3 , prod / ha al 3 MAP. 
These tre.umenu ~ve better )'ldd than in the 
plots weeded twice at 1 and 3 MAP. The plots 
treated twt\:e by p.traquat or weeded once fb. 
paraquat and application of alachlor fh para­
quat did not control the growth of uistmg 
weeds and consequently YIelds were low. 

The two cuillvars used had different 
competttlon .. blhty . Cultivar Adira 2 had 
greater competitive .1bJiity th.1n culuvar 
Adlr.) I. Culuvar Adira 2 and cuillvar 

Adira 1 had reduction in yield 71% and 
82%, respectively, due to the competition 
of weeds. 

CONCLUSIONS 
Stnp tillage (using glyphosate 4 I 

prodl hOI and plowed along the rows) in 
alang-alang area gave better corn yield 
than that in the conventional tillage. Yield 
increase wa~ about 24%. This method of 
tillage could be pracused to minimize soil . 
erOSion, espeCIally In red yellow podzolic 
SOIl. Atrazlne 2.4 kg a.l .l ha can be used as 
an alternate for hand~eeding in terms of 
weed control. Mungbcan intercropping 
with corn was also able to reduce weed in­
festatton. 

Cassava cult,var Adira 2 has greater 
competitive abdity than culrivar Adira J. 
Direct spray of glyphosate 3 I prod/ ha in 
between rows of cassava at 1 and 3 months 
after planting and handweeding once a 
month after planting th. glyphosate 3 I 
prod l ha at 3 months after planting were 
better and gave higher yields than hand­
weeded tWI e at 1 and 3 months after 
pl .. nting. 
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INVESTIGATIONS OF VARIOUS HERBICIDES FOR 
AQUATIC WEED CONTROL 

WILLIAM T. HALLER and T. RAMAPRABHU 
Cente r for Aquatic W eeds. Univer Ity of Flonda 
Gai nesville. Florida - 326 11 

ABSTRACT 
Field tn~ls carned out dunng thr all of 1980 indicated !lut water ""cs (Nymphtra odorala) could br 

ontloUed by Isopropylene glypho .ate (N-(phosphonomethyl glYCIne) at b kg/ ha, 2.4 -0 + O lcamba 4 
k. h~ ~nd MCPA (MClhykhlorophenoxyuetll alld) 4 kg/ ha. W ~Ier milfOiI (Myrtoplr,//um lptCalum) 

~nd w~tcr pcnnywor1 Ut,droror,k "",brl14la) were aho conrrollrd by glypho>a le 3 k~ / h,l and B.IOVd 720 
rClpcC'IIYcly Woller fern A70lla caroltnl<ln<l wa~ onlrolkd by dlquat I b,7- dlhydrodtpyndo ( 1.2- 2.1-c) 
pyrulnedlum Ion I 3 , h • . The control of submerged weed fl.,drl/la fl(rlrrdfala Ro,ylr by dlqu~ 1 and (OP­

per In combmOlllon, dlpol~mum endotlul salt and copper arc aho bndly diS us~cd . 

[NTRODUCTION \ 
The control 0 aq uallc weed~ by the 

use of herbl Ides to re lalm o r maintain 
cu lt ivable freshwa ter plays an Important 
role in the economy of fis heri es, Irriga tio n. 
agnculture. recreallon and publ ic hea lth . 
Alt hough conttC?1 of aqu:l tl c weeds I occa­
sionally attempted by o ther means like 
manual, mechaOlca l and biological. the 
chemicals st ill form the mainstay of large­
sca le control operations and economic be­
nefits. During the recent yea rs however 
concern (or environment<ll impact and re­
gulations imposed on wide-scale usc of 
herbicides have limited the number of 
ch~mical s available (or control. In order to 
increa e their effectiveness the appli ation 

techD iqu~ • formulation methods have to 
be improved and control recommenda­

tion are no longer general and broad­

based. The specific control of ome of the 
aquatic we~ds by a few chemiCllls which 

have shown encouraging re ults are des­

cribed in this paper. The trials were cllrried 

out while the junior author was working at 

the Centre for Aquatic Weeds. Unjversity 

of Florida. Gainesville on an on~ year Re-

search Progra mme under the lORe Re­
~ea rch A SOCla te Award . 

SPRAYING OPERATIONS AND 
METHODS 

Spraying operation wen: ca rried out 
by hel icopter :l nd ai r-boat fo r surface 
weeds and trailing hoses for submerged 
weeds. The treatments were made in 
marked plots of IDS m x 18 m in a large 
swamp infested with water lilies, milfoi l. 
water shield (Brasstnia schrrberi) and a 
variety of other weeds also. A po nd co­
vered with A zolla caroli'niana and a long 
channel with water- pennywort (Hy droco­

fylr umbelLa/a) and spikeru hes (E/locharis) 
were also treated. Hydri ll a was treated in a 
small lake divided into 4 to 5 ha areas for 

separate treatments. 

The helicopter was provided with a 

micro-foil pray boom approximately 6 m 

long so that it could make 3 trips to cover 

each o( the 18 m wide plots . Half to one 

galion of herbicide was taken to spray at 3 

to 6 kg/ ha in 75 to 150 I of water for-each 

plot. The requisite quantity of spray olu­

tion was carried each time ' to spray over 
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two duplicate plot. A profe ional herbi­
cide applic.llor carried out the praYing 
operation. 

Tbe .lir-bo:lI had a water pump (3.5 
hp) that could draw in w~ter from the lake 
~nd a manifold fixture connected to the 
pump helped to drolw 10 the heml.tJ al 0 

from .t stpar.lte tank and both Wolter <lnd 
chemical ,He mixed before delivery from 
the pump. A spray gun IS attached to the 
pump by a polythenc tublOg. The pump 
delivered at the rate of 38 Limin. and t.he 
spra)' volume was vaned from 1425 to 
23751/ ha. 

The application of chemICals on sub­
merged wetd5 wa acrueved J:>y me<lns of 
weighted tralltng hoses (3.6 to 4.5 m) long 
from .l honzontal boom connected to the 
watef pump in the boat. The chemical and 
water wert milled in a separate tank in or­
der to facilitate mixing a hublclde carner 
substance also. Tlu: hose could sink to the 
bottom by short G.I . pipe sections at the 
ends. ChemICals used were dlqu,u 4.5 kg 
a. t.! ha to comblOation with 3-6 kg Cu hOI. 
Similarly endothall (as Aquathol K) was 
tried 10 another plot at the rate of 35.5 kg 
a.i.lha in combination with 3.6 kg Cu / h.t. 
Copper was supplied 10 the chelated form 
(CutTine) for treatments. The herbicide 
carrier (N alaquatlc) was mixed at 61 / 380 I 
of spray mixture. It IS visc<H:lastJc 
polymeric compound heavier than water 
and has to be properly mlXed by agitation 

in the spray tank before delivering the 

mixture. 

A granular formulation of endothal 

(Mono-N,N~jmetbylalkylamine salt) ca­

mmercially sold as H ydout pellets was al50 

used in an area of 0.4 ha on Hydrilla at the 

rate of about 25 kg a.i.l ha by mounting a 

fertilizer granule applicator at the bow of 

the boat and scaterring the pellets uni­

fonnly over the water surface so that the 

pellets could sink to the bottom and 

lowly release the phyta-toxic mllte­
rial. 

The effe ts and control of weed by 
the herbicide were evaluated on a 0 to 10 
s .tIe in whICh 0 wa considered a no con­
trol and 10 .as 100% control. Pia without 
any treatments served as control for com­
p.an on. 

CONTROL OF FLOATING 
WEEDS 

The control of A zoUa carolmiana was 
tudied 10 a small pond about 0.21 ha In 

.uea covered with the weed over the sur­
face and In mOISt SOIl near the marglO.s. As 
the plants were uslly d.uurbed by the aIr­
boat and escape the spray they were dnven 

to the penphery of the pond b}' the prop­
wash and sprayi?8 was earned our (rom 
the central cleared zone all .tround the 
pond. Olquat was used at 3 kgl ha and the 
spray was dehvered tn a tangential flat­
cone with neuher too flOe nor too coarse 
droplets. The plants were !cilled within a 

week after treatment lnd the pond .... '.ts 
cleared of weeds. No fi h moruhty due to 
oxygen depletion was noted as decaYing 
we.:ds were confin('d to the peripheral 

zone and open wafer areas was present in 
the center. 

CONTROL OF EMERGENT 
WEEDS 

The effects of spraying on water lilies, 
milfoil, spike-rushes and grasses {PaniCllm 

spp .• > in field plots evaluated four weeks 

after treatment showed extensive damage 

and evidence of control by some of he 

herbicides against specific weeds at certain 

rates whjle other chemicals and doses were 

not so effective 60 the same or other 

weeds. Water lilies could be controlled by 

i opropylene glyphosate (Round-up) at 6 
kg/ha giving 110 to lO()O/o control. 2,4-0+ 
Oicamba (SaDve! 720) also showed effee-
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live control on WOller lilies al 6 kg! hOi gIv­

ing aboul Iht' ame extent of control. Re­
~ults obt.lIned with MCPA .11 6 kg! ha were 

not 0 ambctory Olht'r herbICIde VIZ .. 
2.4-DP (2.4-d,,·hloroprop,onll aCId). 

EmuhilmlOt' (E - 3). low vol.illJle ester of 

2.4-D and WeedJr 64 tried at 4 and 6 kg/ 

ha al 0 wert' no! effective. Among the 
other weed\ mllfoll which was prest'n! in 

ome of the plOIS could be controlled by 

glypho ate at 3 kgl hOI and above Weedar 

64 and EmulsamlOe 3 at 4 and 6 kgl ha reo 

spe lively. The e e t of other chemIcals 

could nOI be .asse eu as the weed was not 
pre ent to a large extent In the other plots. 

Ekoci1am appeared to be susceptible to 

2A·DP at 6 kg/ ha and Weedar 64 and 
Emulsamlne 3 to whl h they were exposed 

10 a few plot dId not seem to have much 
e ect. The e ect of Weedar 64 agalOst 

nr4stma was sallsfa tory as It gave 80010 

(001:01 at b kg ' hoi compared to less th.ln 
50% comrol wllh MCPA and 2.4-DP. PIcke­

rel weed. Ponftdma sp appeared to be well 

controlled by 2.4-DP at 6 kg/ ha rather than 

by MCPA or Weedar 64 at the same ratc. 

In another field tnal. water pennywon 

10 a channel (0.24 hal was controlled wilh 

Banvel 720 14.25 11 ha . plkerushes al 0 

pre ent In tht' channel could be controlled 

by diquat at 2.5 kg/ hOi . 

CONTROL OF SUBMERGED 
WEEDS 

Control of Hydrilla vtrtiril/afa using 

diquat 4.5 kg a.i.lha and Copper 3.6 kg 

a.l.lha and Aquathol K (dipotassium salt 

of Endothal 40.3%) 35.5 kg a.i.l ha and 

copper 3.6 kga.i.lha was achieved in 4 to 

5 ha plots of a large lake (Pearl lake 23 ha). 

The application wa made by the deep 

water injection mt'thod using trailing 

ho es. Nalaquatic - a commercia l polymer 
compound wa al 0 combined in the treat­

ment mixture to place the toxic chemicals 

ncar the target weed, as the formulation 
was heavier than water and formed a 

mayoOlse like consIStency. ThiS was found 

to be ad~antageous also be <luse the treat­

ment could be madt' regardless of the 
depth instead of treallng the entire volume 
of water. 

Endothal Mono (N, N-dfmt'lhylalkal. 

IOe salt of endothal 22.4%) pellets applied 

at the rate of 25.3 kg a.1.I ha in a 0.4 ha plot 

of the lake also easily controlled Hydri~ 

as the herbICIde was slowly released by the 

pellets and got absorbed by the plants . 

HYDRlLLA CONTROL BY 
DRA WDOWN OPERATIONS 

The growth of H_vdrilla was controlled 
to a conSIderable extent in a large water 

body, the Rodman reservoir which extend­

ed over thousands of a res. by a novt'l me­

thod of watt'r levt'l 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 10 the !lfe cy Ie of the 

plant and disappeart'd after producing a 

new plant. the first drawdown was carried 

out in late winter to indu e tht' tubers to 

germinate and the lOp sod was allowed to 

dry up killing the newly sprouting plants. 
This was followed by a second drawdown 

also in the next year $tartmg 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 immediatt'ly 

due to lack of water. This was an essential 

operation and the first one was more opti­

onal. The two operation together consti­

tuted a reliablt' method of controlling the 

growth of Hydril/a 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 avail .. ble regis­
tered chemiclas but tbe herbicides ap­
peued to have some selectivity with re­
gard to the dose and the weed. Tbis 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 tbat weed would be better rather than 
killing all the plant life present . Both dl­
quat and endothal were !mown to have reo 
I3cively !"thOr! half-life and were used ex­
tensively for the control of floaung and 
submerged weeds. The synergistic effects 
of using these chemicals in combinalJon 
with copper have earlier reported to be 
successful (Sutton and Blackburn. 1971; 
Haller and Sutton, 1973; Gangstad, 1978). 
The new formulation of gJyphosate ap­
peared to be particularly SUitable for the 
control of water lilies as reported by 
Riemer and W cIleer (1974) also. 

The modem approach to treatment of 
submerged weeds is to place the chemical 

as closely as pose ible to the target weed ra­
ther than cbargtog tbe whole water volume 
and diluting the chemical. This was 
achieved by means of the trailang ho es 
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 tl fl./. (1974) and has been 
more usefully adapted by the addit.ion of 
polymer compounds in the treatment mit­
tures. This type of treatment not only in­
c.rea ed the preciSion of application but 
also reduced the cost of application and 
ensured safety to fim. Similarly, the granu­
br formulations Improved the efficacy of 
releasing the herbiCIde material with .1 
marglO of s,afety and easiness of .1pplica· 
rion. 
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EFFICACY OF PARAQUAT FOR CONTROL OF 
SUBMERGED WEEDS 

S. PAT AIK and K. M. DAS 
Centr~ 1 Inland Fishene Re earch St~tion. Cutl~ck. India . 

AB TRACT 
The noxIous IUbmerged weeds J / yd,.,//tl flt'rtJ(ll/tlll1 C~JP" Val/mur/a s("a/IJ L., Na/aJ I11d/(1I (W leld.) 

Ch~m. ~nd (.rr"loph.,UIiIfl d,mrrJIi" : LIOn .. ~re WJdt'ly dJ~tnbuted wJlh fluuu.l lIOg deosJly In pOlld~ 

l~U\lOg IOterferelle e with hlh e ultule pr~tlltC J n I~boutory experlmentl p.l'~quat ( 1.1 ' -dlmethyl-4, 4'­

btpyndtllium ult) W~\ lound 10 be rHewvc 111 killing lhe wred\ ~I 4 mg I In 8 10 12 day~ . In field 

tn,,1s the \,Ame wc:ed ~ oecumn): 111 mixed lI1'nl~lIon (oule! be de~red (93 ·98%) wllh 3 to 4 m!1-/ lln two 

wt'e \ . 

The problemJ 01 maH decomroslllon followll1!; treUmenl and \ubsequenl rise of nutnenl levd In 
water are cons.dered. elonomlll of c1e~rance and dTect of them.",1 on bIOtiC commun.ty of the pond 

ue d.s us ed 

INTRODUCTION 
ExceSSive growth of aquatic weeds arc 

un de Irable a they seriously limit the op­
timum usc of the waler resources. Of the 
vanous cate ory of waler plants the sub­
merged ones ~re far more di ICUIt to clear 
than others. Conventional methods of re­
moving the weed by manua l or mechani­
cal meam have become quite costly. 
Hence. control by use of herbicides has 
drawn con Iderable attenllon to recent 
years . Paraquat have been advocated for 
con trol of submerged weeds (Blackburn 
and Weldon. 1964; Sllvo, 1968) . The pres­
ent study was undertaken to as e5S the use­

fulne s of paraquat for control of sub· 
merged weeds in fish ponds and study it 

effect on the biotic community of the 

water body. 

MATERIAL AND METHODS 
In laboratory trials submergrd weeds 

like H. vertiClUata, V. spiralis, N. indica and 

C. dr",,,sK,,, grown in eanhern gaptla. glass 

jars and pia tic pools (I m diameter) hav­
ing oil ba e were trrated with different 

doses of paraquat (Gra",oxonr 20%) . The 
herbiCide was tested for toxiCIty on finger­
lings (85-122 mm) of fish Cirrhinus mri­
gala (hami lton) and zooplankton collect­
ed fr m Killa fish farm and kept in glass 
jars of 10 / capacity . 

I n field tnals mixed association of 2 
or 3 of the: above weeds were treated with 
eff'l.cllve doses ascertained from yard 
trials. For proper distribution the chemi­
cal diluted In clear water (500Ilha) was 
sprayed over the pond surface by a foot­
pump prayer. 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. fJtrliciUala. 
C. demtmun. N. indica and V. spiralis. 

RESULTS AND DISCUSSION 
Laboratory trials 

The dose of 4 mg/ J and above fully 

killed V. spira/is in ro days, whereas H. 
'lJtrticiUata, C. de",trsK", and N. indica 



170 I"IlOC .TH ASIA ·PAClFlC UD Cl SOC CONI' 1911 II VOL. 

required 3 mg/ l for fujI clearance in 8 days 
(T able 1). 10 case of partial kill there was 
regeneration from left over viable plant re­
main in 3 to '1 weeks . The dJSsolved oX)'­
gen in tbe treated jan before treatment 
was 6.2 co .0 mgll. The same drop~d to 
0.2 to 0.4 mg/ l by the third day after treat­
ment. 1n all trials plants kept as control 
were heal!.hy. 

In the first mal arried out with plilnts 
grown in plastic pools, a mixed Infestation 
of H. fJUticiliAtll, V. spir4/is and N. i"dica 
was fully cleared with paraquilt at 4 mg/I 
and above in 12 days (Table 1). In the se­
cond trial mixed infesution of H. vtriW/­

bull. N . indlCll and C. dNlfmlUlf wen fully 
deared with 4 mg/I ID 10 d~ys . In both 
trials regeneration of plants from the left 
over viable remains were noticed in pools 
of partial kill. In c:x~nmental pools dis­
solved oxygen was 6.4 to 8.6 mgl l before 
tre:atment. The same decnased to 0.4 to 
1.6 mg/I by thud 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 ~riod. 

Ln toxicity tesU umed out WIth 
C. tnri~a/4 no mortality was recorded with 
tried doses of 2 to 6 mg! I during 72 hours 
when the room temper-Hure was 30.8° C. 

Glass jars containing 51 of pond water. 
were stocked with zooplankton composed 
of KuaulIA. Moinll, Cycwps and Diaplo",us 
and treated with 1,2,3 and 4 mg/I of para­
quat_ In 36 hr all the organisms were killed 

and doses 3 and 4 mg/I in the order of Mo­
;nll, K""IeIJa. Cyclops and DiapIO",UJ. In 
jars treated with 2 and 1 mg/) and control 

no mort21ity of any of !.he fotm5 were re­
corded. 

Field Trials 
In second and third trials, 90'¥0 and 

70% clearance were obuined with doses 3 

and 2 mgJI respectively. In the third trial 
pond there was regenerallon from left over 
Vlable plant remains. The soil pH. water 
pH and.. total i1lblinity recorded little 
change in two week~ after treatment (fable 
2) . However the di solved oxygen in the 
treated ponds dropped from the toitla! 
value of 7.2-9.6 mg to 1.4 - 3.0mg/ l by 
third day but Increased to 6.4 - 8.0 mgl l in 
two weeks. The PO.-P of water .lIsa record­
ed substantial increase by fwO weeks after 
treatmem. 

The existing fishes c_.,pri1J11S Cllrp.O 
llOnzus. ClanllJ "111,,"hIl1 (linnzus). Co;­
bSIl jasclIJltl (Bloch). Ch.,,,nll j'llneta/lls 

(Bloch) and C. SInIlIIiS (Bloch) present In 

the trealed pond.s wefe not affected by the 
treatment . The plankton organISms record­
ed before treatment were Volvo.x, Ptd,as­
I,.."" Sy"tJra. Cyclops. CypriJ. 8rarhlO"lIs. 
D'aplO11f1tJ and Mom" in considerable 
numbers (average 214 / 1) di!oappeared fol­
lowmg treatment . However three weeks af­
ler. plankton forms Eugkna, A "ah.cna, Pt­
d"lJITkm. Spirogyra.. Ktraitlla. Cye/ops. D,ap­
lom"s and Nallpb/ 10 compara tively large 
numbers (average 364 / 1) were recorded 10 

the ponds. Regeneratton tests conducted 
by putting fresh plant of Lt",na and SpiTO­
dtlla 10 treated ponds showed that para­
quat actlvlty in the water is lost by 12 
~ys. 

The cost of clearance ranged from 
Rs. 2316/- to Rs. 30761- per ha metre water 
area (30 to 40 kg of herbicide at Rs.76/­
and 6 men days at R .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 4 gil 
cleared these weeds in two weeks. It was 
also observed that V. spiralis required 
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Table 1 : Effect of different dose of par.lquat submerged weeds in labomolY lrials. 

No. of cxpt .. Date Herbicide % kill 
and contamer Au temp. Weed fpeCle$ mgl l by wt . Remarks 

18.1.78 H. wrtui/Uu4 1.0 65 Regener.llion 
Gamla 27·C from left 

over parts 

2.0 85 

3.0 100 Kill in 10 days 
No regener.ltion 

4.0 )00 

2 124.78 V. Jpmuu 2.0 60 Regcner.ltion 
Gla.s jar 30·C from root slock 

3.0 80 

4.0 100 Kill in 10 days 
No rcgencralio;] 

5.0 100 

U.O No InII 

3 10.7.78 C drmln.", 1.0 70 Left over parts 

GLu. lar 29 · C viable. 
Regeneration. 

2.0 80 

3.0 100 Kill III 8 days. 
No regeneration 

4.0 100 

0 0 No kill. 

4 12.5.79 N . ".du. 2.0 75 Left over parts 

Gamla 31 ·C viable 

3.0 100 Kill in 8 days. 
No regeneration. 

4.0 100 

0.0 No kill. 

5 24 .5.79 H. fltrtlcilJ4ta 3.0 75 Regeneration from 

Plastic pool 31 °C V. spi,alis left over pans 

N. i"d" a 4.0 100 Kill in 10 
days. No re-
generation. 

S.O 100 

0.0 No tall. 

6 22.8.79 H. fJtTtici/Uu4 2.0 80 Regeneration from 

Pla$ljc pool left over parts. 

28°C C. lkmmll'" 3.0 90 Kill in 10 days. 
No regeneration. 

N. i"dici4 4.0 100 . 

0.0 No 1cilI. 
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slightly higher dose than other weeds. 
Pahula ({ al. (1973) observed Gramoxont 

lpar.lqual) 5 mg/mllo be effectIve agalnsl 
H. wrf/(/iUlfa . In field rnals clearance of 
90% and above can be onsldered dfec­
tlve as the lefl over weeds can easlly be re­
moved by netllng. 

From the pre~ent tnals II IS clear that 
fishes present ;He not.l e ted by the Ire.lt­
ment. The tOltlUly test Wllh fingerlmgs of 
C. mngaUt OIlso confirm the s.lme (La­
wren e (I Ill., 1963; Sdvo. 1968). As ob­
served from labor,Hory In.lh loopLlnkton 
can tolerate upto 2 mg I of pUOIqual. J n 
the field )!udy. though the plankton or­
gOlOl\m5 disappeared wah 3~ mg/ l they 
reappc.tred OIf er two weeks With gre<llcr 
densIty .Ina drlTenng lompOSlIron. 3S ob­
served by 511"0 (196 I. 

It "'<1\ observed that some vegeullve 
bud~ (tunous) .olIld root \lot-k of some 
<lquOltlc pl.1nts which remOiln embedded 111 

mud ~urfa(e rem.un unaffected by the 
treOitmenl. As p.lraqu.H 1\ known to be 
rOlpldly .Ibsorbed by c101}' and organic 

particles, plant parts in bottom mud might 
not get the required concentration for its 
kill. 

CONCLUSION 
Par<lquat bemg highly water soluble is 

easy to apply. However its greatest disad­
vantage IS that It cannot be used in ponds 
havmg 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 AL VINIA WEED DEPOSITS IN THE INSHORE 

WATERS OFF COCHIN 

V. KUNJUKRlSHNA PILLAl, V. CHANDRIKA, 
C. P. GOPINATHAN. A. RAGHUNATHAN and 
P. V. RAMACHANDRAN NAIR 
Cenml Marine Fjshene~ Re earch Institute, Cochin - b82 018, 
Kuala, IndIa . 

AB TRACT 
The problcm 01 pollutIon from )<lh","ll wccd hA' bccn AIIr~ttlng tooslderJblc .rrentlon JO tillS re­

Jlon or thc Ilost fWO detade~ The spont.tnc:ous gro~th of this weed (hokmg the w~terways, lakes and 

estu.tnc:s dUring the momoon and po\t-monsoon ~ea ons hal belome .t menace. The Immediate effect 

oi the preadang weeds IS the phy Ilaf mterterenLC In the aquatll enVironment affecllng the fishmg 

opeullons on .... ell a the mland navlgallon, whl( h naturally allract more allentlon . Although there 

were a fr<ro' r('poru on the eflell of 54/fll"' • .II a blologlul pollutant. there II no mform.lllon a~ to Its ef­

fect on the ceo ystem and the Iavmg reSOUrles of the loshore waters . 

The paper presents the results of mvestlg.lIlom on the short-tnm u well a~ long-term 

e eelS of weed depoSIts In the Ifuhore areas ofT Co hm durang 1916-78. D.tld mclude hyd­

rographll properties, dmnbulloll of benthll population, pnmary produtt!vlty and OIlso mlcroblologi­

COIl aspettlo 

The peraod of weed deposition tam Immedl ttly .ther the onset of monsoon cason and ontl­

nue 1111 January Along wlIh the flood waters enormou\ quanti lie of Sa/fllTl/a re.tch the estuanne 

aren As soon a the weeds ome Illto contact wllh the ulme water they start to decay. The tidal move­

ment bnngs Ihe malor PUI of them 10 the Inshore ueas and the de ayed weeds ell Ie to the botrom In 

large quanlllles. TIm proless lonllnues 1111 January-F~bru~ry. How~ver, the p~~k peTlod 1$ b~tw~~n 

OClober-J~nu~ry. Thu phenomenon anv~TI;lbly result In a decrease In d,ssolved oxygen conlents of 

the benthiC uea . The ompar.tllvely low rale of pnmary productIOn observed in the waters of the 

benthl region dUTlng tht~ peTlod .Iong with hIgh dark fixation rndlCate abnormal conditions prevad-

109 there . The long-term (ffe IS ;lppear to be the interference on the benthiC population, ~speClally the 

filter feeding anJm~ls 

Nine genera of b<lctena In the weed depo$lls were Isolated <1nd the morphologi ai, blocheml al 

and phySIOlogl al characters of representative isolates and their seasonal abundan e wer~ studied. Th~ 

vallety and number of genera In the weed depOSits were maxtmum III the post-monsoon sea on and 

aney dunn the mon oon e~son. Three m~jor mlcro-orgaOisms - ba tena, fungi and .lctlnomy etes 

ab orbed in the Salv,,,,a detritus nch sedIment were re orded in all the three easons. The association 

o th~ micro-organl m5 with th~ decaying weed indicates the role of ml robenthos In the organic ycle 

In the shore water ofT Cothin. 

Although the e efTc: IS appear to be seasonal in nature, the phenomena continues every year with 

cyclic regularity. The: pOSSIble environment damage and its onsequences to the ecosystem in general 

and to the fishery of this area in particular arc al 0 di cus cd. 



I'I\OC ITH .\:>IAN.pACIFlC WEED SCI OC. ON" 1911 II VOL. 

I~' 
{ 

? \ 
( 

I 
!Om 20m 

I 'Fm 
\ 

\ _ 12 \ <l . 11 \ 

I.Al \.10 \ U"I ( 

\ I \ z I 1O Cl 

(' 
\_8 \ en .,.", 

Cl 

lCC - ~ ~ 

\ · 4 

« 

. ~ 

76· 

Fig. 1 Map ,bowing the area invtltlg:ated ind the station position •. 



PROC CTH " IAN.p"UFIC .... EEO S I OC CONf 1~81 II VOL 117 

INTRODUCTION 
Th~ mol SIV~ growth and subs~qu~nt 

proliferation of the aqu.ltJ( w~ed ahllnla 

",ol~JflJ M IIchell hoils become ol mena (! In 
the fivers, b .. dcwalers and Ill~hore 4rea~ of 
Kcrala ( outh we 1 (00151 of IndIa) for the 
last eyC'ral yC'ars . F.:Imlly alvlnlacex 
(pterydophytol) tonmu of two molln liVing 
gener.:l . a/tllnla and /'llolJII The plants are 
Inhabltant~ of tropH.al fre\h waler~ . It IS a 
r~e floattng hydrophyte and the stem IS J 

branch~d rh,zomC' .lIt.11nmg J lC'ngth 01 
olbout 10 cm. The method of reproduction 
IS both by vegC't.Hfve .lod H'xual method~ . 

However, the: (hId melhod of propJgatlon 
I~ by vegC'toltJ\'e meam . Tim paper dCJh 
with the results of lOyC'sug.lllom (;ondu( t­
ed to ,AS~e\ the adverse efIeus. If any ot 
the luge qu.40wles of weed on the liVing 
resourles 01 the Inshore .uedS 01 Coc hill . 

MATERJAL AND METHOD 
DUring 197b-77 samples were colle l­

ed from three st.Ulom 011 depth~ 10,20 .lOd 

30 m .:Ind '" ]978 from 12 'tallons JO J 

gnd of four U.:Insecls .11 the respective 
depths of 10, 20 and )0 m. Thc st.ltlon po­
sitIon <He given In Fig. 1. Water sample 
werc collect~d trom surface and boltom 
.lnd an.llysed or sOilinHY. dIssolved oxygC'n 
and nutnents by standard methods. 
Dredge samples were ollccted during a 
dredge of 45 cm x 12 cm size and grab 
sampl~s by a Van- Veen type grab of 0 .05 

m' and analysed for the bent hI .luna. 
Primary productiVIty of the Woller rom the 
surface as well as Just above the benthic re­
gIon was estimated by C" method. For the 
mIcrobiological studies. surface water 
samples for bactenal assay were collected 
in a sterile 250 cc glass bottles in a eptic 
conditions. Sediment samples were col· 
l~ct~d by using a grab. Central portion W3S 

collected in sterile petri dishes using a,ste­
rile spatula and transported to the labora-

tory. Analyses were tamed out within 30 

hrs. The ~"mple~ were: ke:pt at 4°C until 
the time of analysi~. Autoclaved sea water 
WJ5 u~ed for makIng senal dtlutlons. Wat ­
cr and sedllnent samples were SUItably dI­
luted and plated on ZoBelh "medium 
2210"; Kurters Agar and Martins Rose 
bengal agJr for the enumeratIOn of bacte­
ria. auinomycclcs and fungi respcCllvely. 
All the zymogenous bactena were i~olated 
tn thcl( selC'ctlve medlJ In ~ullable dIlu­
tions . Colonies were counted aher the re­
~pctllve Incubation penod at RT. The gener­
Il da~'lficatlon ot b.l('lenall~olate~ was done 
du;ordmg 10 J modified scheme of U 10 1-
MIDU and KJ)'u)'oshl Al~o tn 1962. 

RE ULT 
H)'droxrtl{')~)' 

1 n general, the hydrographlt parameters 
!Ike water lempC'rature, ~alll1lty. dl5~0lved 

ollygC'n <lnd nutnents did not show much va­
natlom except for the very low dis~olyed 

oxygen vdlues retarded at the benthIC regIOns 
dUring the months 01 Janu.HY, July and 0-

vember 1976, which COinCIded With the pres­
e:ote of he.lvy weed deposlIs to the lOshore 
area. However, thIS feature was not noticed 
dunng 1978. The extremely low values ot'dis 
~olvcd oxygen were recorded dunng J alluary 
197b. July and November 1977 (Table 1) 
whl h cOIllClded WIth the presen e of decay­
Ing weeds at the benthIC areas and is possibly 
due to the high rate of organIC decomposition 
in the area at the rc:spe live ~tations. ince the 
rate of weed depOSItion and degree of decom­
position arc not consl tent and also consider­
ing the effect of water currents, It is rather dif­
ficult to mterpret such variations in hydro­
graphic parameters. However, it i observed 
that in the mon oon and post-monsoon ea­
sons the bea he extending to several ki.lome­
teTs to south of Cochin arc seen densely co­
vered with decayed weed masses indicating 
the effect of southward after currents. 



171 I'llOC aTH AS1AN~ACll'lC 'I 6ED SCI OC CONF 1911 II VOL 

T.ablr 1: HydrographlCill pUaml'lell oft'Cochm ~t 10.20 and 30 m dunllgJanu~ry . July and Novembtr 
(197b. n & 78) 

Penod P .1l.meteD Sln . I lem 11 20 m III )0 m 

J;,mlW)' '76 Temptr-.. ture S 19.0 · C 29.5 ·C 28.5 ·C 

B 28.5 28 4 28.0 

S..Jmuy % S 1.2.5 30.5 18.0 

B 1 .7 300 28 .5 

D. olC}'gen 101 I ;US I'N 2.28 

B 1.<18 I I 1.23 

July '76 Temper.ltu(t~ · C S l8.5 1810 
B ltd 2~50 

·.a1lmt), ~ ~ )4 ."'" .15 .j.! 

B 35.0 34 10 

D.olC}'gen ml 1 ~ 3.04 -100 

B 342 -10 

ovembtr '71:: T emper-nur • • C ~ 2<150 2 .70 2Q.20 

B 2850 2 20 2S.80 

~lmIlY~ ~ J.J72 3486 .12 .53 
B 34. b 34.23 3416 

o oxygen ml I ~ 4 .14 3.'14 370 

B 400 4.30 3 SO 

Jilnuary '77 Temperature 'C 19.0 2'U 2'1.5 

B 28.S 28.5 287 

Sallmty I\oy S 31.1 31.10. 325 

B 3230 30.88 330 

D.olC}'gen ml 1 5 HI 3.94 4.2 

B 4 II 3.90 3.0 

July '77 Temperature C S 26.5 25)0 

B 26.0 25 .00 

S"hmr) 0,., S 12.48 IUO 
B 3280 31.60 

D. oxygen ml I S 4.94 4.96 

B 2.42 250 

Novembtr '77 Tc:mpc:rOlture ·C S 30.0 30.0 30.50 

B 29.5 29.0 28.50 
Sahmty 0", S 31.7 31.0 3 1.10 

B 33 .9 35. 10 35. 15 
D. cuyg.cn mil l S 278 3.75 3.8 1 

B 2.40 2.73 1.51 

)muary '78 Tempc:r~ture · C S 29. 1 29.5 29.5 

B 28.0 27.8 27.8 
SalmJlY (10 S 32. 1 32 .0 3 1. 5 

B 34.0 34.0 34.0 
D. oxygen mill S 4.30 5.0 4.7 

B 3.6 4.2 4.0 

S - )urf,,, •. B - BOllom 
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Table 2 : Benthic producllon and dark a~S1milatlon ratio during the pre-mon)oon pcnod In the Inshore area 
ofCochlll 

Month, t No. 8cnthll production Dark i1sslmaiallon 
Dark aS$lmllation 

rauo 

JC178 J~nuary 3.66 

4.23 

febru~r}' 3.38 

M~rth J 3.38 

4 3.10 

Apn! 1 40 

1. 4.54 

.1 3 19 

4 3.32 

5 2 qq 

Pn",ary prodltrllfJlty 

Pnmary productIvIt y data collected 

dunng J 976, J 977 and J 978 by C" me · 

th"d showed th.1t the rate ot productJOn at 

the surface byers In tht' area was uniform · 

Iy high comp,Hed dl the benthiC region, 

(Surface: 55 125 mg C / m3 /hr; Benthic : 

10 mg CI m3 / hr) . One Interesting feature 

obst'rved was that at tertaln periods. espe-

8.67 2.36 

5.95 1.40 

13.61 4.02 

603 I. 78 

6.8t 2. 19 

11 .89 2.97 

6.42 1.41 

5.38 1.68 

b.21 1.87 

3.70 1.23 

clally during January-A pnl J 978, high 

dark fixatIOn rates were observed In cOi n ­

Cidence with the presence of heavy weed 

deposi ts at the bottom (Table 2) . 

Brnrh,( fauna 

Qualitative distribution pattern of the 

benthiC biomass for the period 1976-77 is 

given in Table 3. Although the data do not 

T ~b!c 3 Abundante ofbcnthK blon14~\ 011 10 m offCod, m ISample~ lOlIected With a dredge (45 em x 12 em) 
lowed tor 15 mll1utc~1 

Croup\ 
1'17b 1977 

!.Il1on 
Jail . M~r. Apr. MolY July Aug. Nov. Dec. Jan. Feb. Mar. Ma} July 

Squilla sp. 3 3 1 

C ynoglo)\u\ sp. 2 7 2 

Crabs 2 6 

cl.cOld sp . 2 2 5 

C~5tropods 103 45 8 10 14 2 85 15 7 

Denc~lrum sp. 5 300 

TUreleUJ ~p . 25 4 24 13 15 6 38 14 

Blv.llve~ 2 4 15 116 3 120 5 14 2 

Murell sp. 45 

Nudlbranclu 2 

Echroid sp. 12 

Echinoderms )0 5 5 II 2 

Po!ychztes 5 
Acetes sp. 5 
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provide a full rcpresent.1tlon of the ben­
tnos due to the inherent hmllallons of tne 
dredge sampling, it gIves .1 geneuJ picture 
about the distnbutlon and abundan{.e of 

maJOr groups in the Inshore areas. COnsPICU­
ous absence of fIlter fe«ling orgarusms Lake 
the bIValve moUuscs dunng monsoon IS pro­
bably due to the physJClJ rusturbance to them 
by the ceUulose depoSits accumulated dunng 
the dlSlntegr;1!10n of the deaylOg weeds. Be­
sides, the dominance of polychzte wonm 
a.nd moUuscs such as TellIna met whlch arc 
mdicative of abnormal COnditIOns. 

Mii70btolo~cal SIIuJus 

Mlcroblolopcal srurues were carned out 

duringJanuary to October 1978 on})'. The oc­
currence of zymogenous bacterial pattern i.s 
glve.n In Fig. 2 along with lOW bactenal popu­
lation. The monthly tow bactenal count per 
ml of sea water vaned witrun 3 very lamlted 

range IndJcaung the eXistence of a airly 
constant '('vel of population In the surface 
waters ,1Od in the detritusrich sediments . 
The total bacterial population ranged from 
99.36x l(f 10 265.32x 108/g an Ihe sea W.Jt­
er and In the edlments from 137.2 x lOti to 
232.6 x 106

, ml; q genera of bacten.a be­
longing to SIX families VIZ., Nels$enacez 
(25~); P eudomonadacez (10%); Vlbno­
n.1cez (25%); Nlcrococc.J ez (5~): Bacll ­
Iacez (5%) .Jnd Enterob"cter1.1cez (25%) 
.Jnd Contamanants (5%) were found .mo­
cl.lled with the we~d deposits. AllaitS(IJ(!, 
PJ~Mdomo"aJ and Vtbno occurrt'd an .lbun­

dance In .111 Ih~ three seasons. There was 
no markt'd pattern of dlStnbutlon .lmong 
the mlcroflora, bUI all the zymogenous 
mlc.roflora exnlblted the: maxImO! In the 
post-monsoon p~riod. The Intef-r~buon­

sblp of dlfferen! microbIal flor.l IS given In 

Table 4. From the present investigatIon, It 

Table: 4 : O ccurrence of nucroilori and their mlcr-rcl,lIlOruhlp In the surface- Wile-r Ind sedlmenls III Iho: 
inshore ;area of Cochm 

Imcr-rcl.lIJomh.p befWce-n 
dlffcreOl mKrOOOrJ 

Months Biclena ACllnomy(e-I() Fungi 
I(f ml 10" ml 1000 / mi B · F B : A F A 

J;mu .. ry SR 'J<J .36 Z1.63 Z8 .34 3.50 4 . 5~ 1.31 
SO 145.60 42.81 8.75 16.04 3 40 0.20 

Febru.uy SR IbO.b(} 28.46 44.63 3.73 5.85 1.56 
SO 197.00 56.46 16.40 IZ .OI 3.48 0.Z9 

March SR 107.33 32.50 18.40 5.89 3.30 0.56 
SO 11 6.83 62.04 24 .50 4.76 1.86 0.39 

Apnl 
May R 137.40 40.40 19.48 7.05 3.40 0.48 

SO 152.66 80.10 22.46 6.79 1.90 0.18 

June- R 158.60 31 .80 25.36 6.25 4.98 0.79 
SO 140.80 64.74 18.46 7.b2 2.17 0.28 

July SR 186.60 44.32 60.42 3.08 4.21 1.36 
SO 166.40 72.16 37.20 4.47 2.30 0.51 

August SR 265.32 66.16 66.16 4.01 4.01 1.00 
SO 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 
SO 212.86 66.16 22.62 9.91 3.21 0.34 

October SR 256.40 52.62 71.64 3.57 4.87 1.36 
SO 232.64 82.06 32.20 7.22 2.83 0.39 

5R- Surf~cc. SO -5ed.mcnll. 8-8~clrrn, A - Acunomy,clrs. F- Fun" 
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IS evident that manne microbes playa sig­
nificant role in blodegndation of water 
weed like SahJllfla. Bacteria Isol.ned from 
sea Wilter is equally Virulent in the bioche­
mical activity when compued to the bllc­

leria isobted from thl.' sediment. FungJ 
and actinomyc..etes were found to be onl)' 
secondary dislOtegr.uors of org.lnlC matter 
in the manne environment. 

DISCUSSIO 
The vast apanse of fresh and br.lckJSh 

water areas available in this region pro­

vides an ideal situ.ltlon for the aqU.ltlc 
plants such as SairJlma to grow .and flour­
Ish. The process is .1ccc:lerated by the pres­
ence of excess nutnents. especially phos­
phate reaching the backwaters [rom thl.' 
adjacent agncultural lands through nvers 
and streams. These nutrients promote the 
growth of water plants which are often li­
mited by a natural ~hortagl.' of nutrients. 
ConSIdering the ecological pecuitanues of 
thl area, and the availtblltty of plenty of 
watef resources in the form of nveTS. lakes 
and backwaters, the weed growth .lnd sub­

~qucnt problems caused by it arc of great 
Significance. 

The effect of thiS phenoml.'na on the 
aquatic resource in general and on the fI­
shl.'ries III panrcular is of conslderabll.' Inte­
reSL The weeds utilize most of the avad­

able nutrients thus restricting the survival 

and growth of other u.scfuJ plants and ani­

mals. Funher. the free usc: of water ways IS 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 

atent. The floating weeds interferes with the 

operation of fIShing gears like stake nm and 

dip nm in the estuarine areas and also inter­

feres with the trawl nel operations in the in­

shore fishing areas. As soon as the weeds 

come into contact with saline water they tan 
to decay and eventually settles at the bottom. 

The presenl observations agree with 
the prevIOus report on the ecology of a/· 
vima in estuanne waters of Co hin in cer­
wn a pects by Gop.dOln and Nair (1975). 
They stated that the density of faun.l of 

thl.' level botlom under the wecd molt IS 

consider.lbly poort'r than the open .lrea 
and the oxygen level of bottom waters in 
the weed covered are,n was 2.82 mi l l 

where.tS that of .Jd;acent open waters was' 

4.31 mill in November. The pre$enl re­
cord of very low oxygen sC.lle weed dt'posl ­

IJon at the boltom probably expl,"ns that 
the same condmom were prevOliilng in the 
!Oshore wolters 011 th.u llme. 

There IS prOlclically no Iflform.lluon on 
the dIe.:! of SlIitJima .and Its decomposI ­

tion products on the ecosystem. When the 
"'eed flOOlts on the surface .as a compact 
mOlSS it prevents \fertlC.J1 mlxlflg. shade out 
the phytoplankton and allow Increase 10 

free CO, and consequent decrease in pH . 
With the subsequent seullOg and decay rtf 
the weeds the pH In he sc;.diment tend to 
rise . Present studies on pnmary productiV­
ity at the benthiC area re '/ealed that high 
dark fluuon values (upto 1000l0) are pres­
ent on several occasions. I n normal sea 
water the dark fixation due to chzmosyn­
thellc bactena IS usually found to vary bel­

ween 1- 2%, but as reported by Nielsen 

and Jensen (1957) it 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 

rdative dark {julion exceedmg 100% is at­

tained for a six. hour e.xpcnment. It IS like· 

Iy that the high bacterial population gene­

rated by the decaying weeds when enc­

losed in a bottle with C'· showed elthorbi­

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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il AkaltJ:fnN and Puudomoflas In Ihe ~edi­
men!' wllh a hIgh rolte of degradation po­
tentlill iI~ eVidenced by theIr bIOchemical 
iI tlVIlIeS I a slgndicant factor. 

The Ii hery a tim area IS (ompmed of 
bOlh pelagic a well J\ benthiC groups, of 
whICh \hnmps domlnJte In Ihe landings to 
a great extent. T he.' period of weed de.'posl ­
ilon In IhC' Inshorr Mea I~ In thC' period 
June )olnU.lry whllh 1\ repe.lIed every yedr. 
ThC' ('ffeu 01 we eo depO\IIIOn "I Ihe In­
shore HCJ on Ihc IrvlOS re\ouru" 1\ nOl 

yet full), undcr 100d. HowevC'r. Ihe pheno­
menon I~ of ,orne \ignllic.ll)ee \lnce the 
momoon ~e.l\on 1\ Ihc perIOd of br(,e.'dmg 
01 mmt of the tommerClally Import.!nl 
specle\ In thr\t' ""dtC'r\ Any d,~turl)Jmr In 
the e(O\Y\lem ddvcr\ely affect the oIell\'I­
tle\ of the nrgant\ms. The effr( I of weed 

drpo .. it~ on the benthic population ap­
pran to be transitional. Since the pheno­
mena IS repeated every year for a long 
time. It is quite possible that Ihere will be 
a shlfl In thc patlern of benthll popula­
lion by the replacement of a remtant 
group in the benthit area of the Imhore 
waters of this region which can. in the long 
run. even alter the food cham relationship . 
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CONTROL OF IMPERATA CYLINDRICA WITH 
ASULAM/DALAPON COMBINATION: 

OBSERVATION ON THE EFFECT OF PLANT 
SIZE AND SHADING 

KULADILOKRAT and U. SUWUNNAMEK 
Agronomy Department. Kasetsart University. Bangkok. Thailand. 

ABSTRACT 
Thret flrld tr.ptnmenH on a~ulam l d~lapon LOmbtOatlon for wnlrol of lal~ng II mpuata rylmdrJ(a 

It ) Beauv ) wtre condulled Ifl mId - 1980 In Ch;lnlabun, Tlldlland . The 16rmulaled LOmbmatlons as 
ARD 13 11 0112 .86 + 4 29.4 + band 4 57 + 6 08 kg a.I. ha of dsulam and dalapon rtspeCllvely were ap· 
pltcd 10 Ihe young plaO!, n.tur.lly grown under ;lpprOl.lmalely 7~ rubber ~hade and 10 Ihe malure 
plant\ n,lIur;;allv !(rOWn In the open . It was found thaI to Ihe lim 3 monlhs alllhe comb,"~uons provIded 
• qUlle tomplete tOnlrol of I. lang In both 10ca!lOm At 240 days alter IreatmeO! the mature plants In the 
('pen produced regrowlh 5010 bO'loo of the overall acea whtle less thdn J()O,-o of rCJ:(cowth was observed 
wllh the youn~ers under ,hade. 

The unk mix lombmallom of Hulam dalapon respeulvel} at Ihe rale~ 2 + 7.5.2 + 10 and 3 + 10 kg 
a I ha on the 'oung pia lit' under ,h. de ~ho resulted III the s~me degree of lOlllrol and regrowth ofl3-
I.n~ althcse of Ihe ARD 13 31 tOmblnallom , The regrowth pt'rcellldge of Ihe youngers under shade 
WaS lohjChlly le\\ Ih.n Iho<e of the youngen In Ihe open Overall regrowlh 01 Ihe young planl to the 
Open experiment ob\erved at 240 day, alter apphl.lllOn sh!\hll y eueeded 10010. 

INTRODUCTION 
The pa kage product, asulam (methyl 

iulfanilyl carbamate)/dalapon(2.2- di chlo­
roproplonlC a id). applied as the tan k mix. 
ha been old In the 10 al market ~i nce 

1979. The omblnatlon ,was also reported 
effective against lalang Ilmptrala cylmdrrca 
(L.) Beauv,] under field condition In Ma­
laysia (Hill and Ingran, 1980) and Thai ­
land (Suwannaketnikom. 1980) , 

In 1980 the combination, under the 
ode 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 sti ll rather ex­
pensive and the cost can be lowered ac­
cording to the ob ervation when applied 
as the tank mix. Objectives of the studies 
are to ob erve the efficacy of a ulaml dala-

pon combina tion applied as ARD 13/ 31 
and as the lank mix for control of the na­
turally grown lalang at the young and full 
gTown growth tages and when the plants 
grown under shade and open conditions, 

MA TERlAL AND METHODS 
Three experiments were conducted in 

Chantburi, a hot and humid region in the 
east coast, 330 km to the ea t from Bang­

kok during July 1980 and May 1981. Rain­
fall usually occurs quite heavily in mid­
April to May and July to September. Th,e 
areas of pure and quite uniform stands of 
lalan8 were elected for the experiments 
under different conditions. The experi­
mental plots were arranged in randofllized 
complete block design. Each plot accom­
modated 3 fixed quadra't , 50 by 50 cm, by 
using 25 cm long stakes pegged into the 
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soil. Stands of lalang In each qu.adrat were 
counted before and periodically after the 

herbicide apphcallon. Herbicide were ap­

plJed through a knapsack. spra)'tr equipped 

with a SJngle flood Jet nozzle (lip TK 2) 

dl charging 1,000 L ha I .at .1 pressure of 

2.12 kg cm -!. 

The herblcid.11 dTectlvene s was tva­

luated .1t 0, 60. 90, 120. 150 and I 0 days 
OIfttr .Jpph atlon (OM) by ountlng plant 

regrowth In the 'qu.ldut: At 240 days after 

appitcatJon as e sment wtre made by 
Visual ob en'allon of the percenl.Jge of 

overall regrowth 10 the plou. 

Details of each expenment were de cnbed below : 

Pbnt h~~ght (em) 

~dul1! (lie) 

PIO! SIU 1'TI1) 

Quadrats (50 by 50 em) 
per plot 

Rcph .lllOns 

T)'pc 01 comb mol lion 
and rates (k8 a I ha) 
of .1.Sulam + d.ll1pon) 

Apphcauon d.ll~ 

Expenm~nI 1 

Y ounj!: pbnl\. 
Under 7 s~dl' 

0 - 120 

70 
31 

3 

~ 

.I) ARD 13 31 
2.80+ 4.2" 
4 + 0 

4.57+ obS 

b) Tank mix 

2 + 7 S 

2 +10 

3 +10 

July 2 . 1980 

RESULTS AND DISCUSSION 
The effects of asulaml dalapon combi­

nation as ARD 13 / 3 I at 3 rates on lalang 
are shown 10 T .able I. At 90 d.1Ys after ap­
plication (OM) of asulam / dalapon tht' ef­
fect on the younger plants 10 7()q<o $hade 
were more or less SImilar 10 the mature 

plants In the o~n condItion. In all treat­
ment 10 both conditions, regrowth oc­
curred mostly tn 2 to 50~ of the iottlal p0-

pulation (Table 1). On the younger 10 

shade the regrowth percentage was main­
tained at this level even at 180 days after 
application whereas the percentage went 

up to about 10 (al medium and high rates) 

to 20 (Oil low rale) on the mature plants in 
the open. The differences were even more 

Expcnmcnl II 

Maturl' plolnh. 
In open 

140 - 1 0 

o 
.hS 

3 

3 

ARD 13 31 
286+429 
4 0 

4 .57+ (l .0 

Jul~ 30. 1980 

ElllXnmcnl III 

Young pl"nl\. 
In op<:n 

0 - Izn 
o 

h5 

3 

3 

Tank mix 
2.5 + 75 
2. S ... 10 

3 10 

cpt 8. 1980 

dearly dIstinguI shed at 240 day, after .1p­

phcatlon. As the mature plants In the open 

produced about SO to 60% regrowth the 

young plants 10 shade pr.duced only les\ 
than 10% regrowth of over21!. 

Young pl.lnls were mort' affected by 

the ARD 13 / 3 I compared 10 the m.lture 

pl2nts, as observed by Ivens (1976) on Im­
prrala rylmtirua with dal.1pon ,lOd glypho~­

ate . Asulam IS more dependent on the 
slage of growth than dal2pon or glyphos­

ate, as the herbicide absorpllon depends 

on the nature of le2f surface whIch vary as 

the plant ages. Young leaves may have an 

incomplete W2X deposit and may retain 

more spray than the mature foliage (Fryer 

and Evans, 1970). Shading.1S no doubt 
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TabJe 2: Effect of ;asubmJdaI;apon as ta.nlr: mIX combinatIOn on the young pbnts u.nder shade and In the open 
condiuon. 

Trntme.nt 
qu../ ba 

Regrowth. as % Overall 
Imn.aJ of InJtJ~1 s~nd3 rrgrowth % 

uanw~uadrat -----------------------~-------

&pm_II 

Planu uDder 70 ~ sh"de 
AsubnllcUbpon l;ank mIX 

2 + 7 '5 

2 + 10 

3 + 10 

Dmpoo 10+81 

C O. (1' .. 0.05) 

Exptn_r U/ 

PI"nu In the open 

AsuLam lcUbpon uu RUJI 

2.5+ 7.5 

2.5 10 

3 + 10 

Dabpon 10 s.mpc appl. 

e 0 W-0-05) 

1':) t> 

20.0 

lO.t> 

U .8 

N.5. 

02.3 

50.0 

54.3 

(,3 .7 

another factor contributing to the dIffer­
ent responses of the plants to the herbi­
cide applied in both conditions. Treat­
ments of asulaml dalapon as tank mix ;at 

2.0+ 7.5. 2.0+ 10 and 3 + 10 kg a.l .l ha I 
on younger planes u.nder shade were found 
as effective on lalang u those of ARD 
13 / 31 [probably even more (Table 2)1. It 
wouJd 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 eo 3 to 4 at 150 
days while the plants under shade showed 
only very small increase at 180 DAA. At 

90 OM 180 OM 240 OM 

0.3 ° HI 

09 10 < 10 

0.0 00 10 

1.0 0 .2 < 10 

:-. . ~ :-: .S 

90 OM ISO DA. ... 240 DM 

I.J 3.Q 127 

1.7 31 133 
2.2 12.3 11 .0 

td 121 3\ I 
1":, 

240 da)·s the plants III the o~n gave 
about 12% regrowth wherea~ the one~ 

under shade produced less than I~ 
regrowth from the overall VIsual observa ­
lion . 

Anyway it can be noted the plants un­
der shade were: more sensitive to the tank 
mix of asulaml dalapon combination when 
comp.Hed with the plants in the open. 
even though the dIfference was not much. 

Lalang plants in full sunligh t were found 
to produce three times as much total dry 
weight and leaf area as those in 56% full 
sunltght and twenty times as much as 

those In 11% full light after 89 days of 
growing (Petterson. 1980). AI 0 relative 
humidity and light (Bukovac. 1976) might 
favour directly or indirectly the chemical 
absorption to the planLS under shade. 

From the three experiments it can be 
concluded that application of asulam/da-
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lapon combin.ltion needs more specific 

!Imlllg to obtatrl A long run control of la­

l.Ulg, ompared to glyphosate. The plants 

hou ld be youn~ and really an ac tive stage . 
The plants under ~hade are more sensitive 

10 the hemlcah. 
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BIOLOGY OF PARTHENIUM HYSTEROPHORUS 
LINN. AND ITS ALLELOPATHIC EFFECT ON 

SUCCEEDING CROPS 

T. V. MUNIYAPPA and K. KRlSHNAMURTHY 
Un1\'er Ity 01 Agn ultural Clel1(e~. H ebbal. Bangalore - 560024 . 1 ndia. 

ABSTRACT 
In J POlt ulture Iludy conduded dunn~ monsoon 1971:>-77 ;11 Hebbal on Ihe bIology of Parlhmlum 

;')',I"opl'(lrIO 1 JIln .11 ..... 1' oh,erved IhJllhe !(rowth Jnd ~pre~d of the weed was low UplO 751h day from 

~('rmllutloll (Imelle \lJ~c) dnd Ihl' \IJltC JppeJred to be vulnerable for easy chemICal control. From thl ~ 

'tJ"e on"drol. dry WCI"hl lI)ucased ton"llcntiy upto IbSlh day due to II1 credse JIl plant spread In lerm ~ 

,,1 \ClondJI') orJutit(,1 dnd leJ£ produl(l()n . Added to rhll, flower produclJon also In(feJ cd from 75th 

dJ\ to 2 lOr h dJ) 1 he .... ad growth 1/1 rerm~ of leaf number Jnd br.wchel ceased ar 1 b5rh day after 

cmerltcntc, bUI ,ollllnucd wltb flower prociucIJon. Number of .Iceds/ pbnt Inueased from 75th 

dJ\ (0'\) 10 22~lh dJ\ (22,538) . Dry I1lJtrel d"rnbulJoll In dIfferent plant pans at different ~tagcs arc 

0", u\\ed . 

The ~1Ic1oPJthlt clletl of I'arlnrnlum un lutteedlng field trop' was studlcd through thc pre-sowlllg 

JIl('orporAllon of powdered l',lrlhfntUm plant Into the sod Generally In orporation reduced the germl ' 

n~tlon Jnd Itloy.th of pullel more than (creal, Though Ihe ~ermlndlJOn ofpJddy. oats and barley was 

n(lt Afletted. further !trowth wu rcduted tOlhlderably. All the lidd ,rops show~d a drastIC rcductlon ,n 

pl~nl dry wCI~ht Tht' Icdu~!Jon In dry wClght v..1\ IdlclIcJ through reduction jl) root length. numbcrof 

IC~H\. "lIet\ or nrointhcI Jnd plant heIght. 1 he Ilud}' dl,CJ brou!(ht out that the plJnt growth decrcJscd 

" 'llh ~dv~",e In growth, IOdlldlll1g tOlllJnucc] IIllllb'IIOII. 

INTRODUCTION 
PorlhrnrNm hys{rropborus Lmn. belong~ 

to the famJly Astcraceae. The weed 111 !I ~ 

introdu lion of 2'h decades, has spread to 
all parts. of the country a~d IS present in 
varytng propomons au tng alarm to the 
publi and more so to the ultivators in se­
Ie ted patches. The weed is seen growing 
throughout the year and produces about 
20,000 seeds/ plant /yea r. However, syste­
matic attempt ha not been made to study 
the biology of weed. There is OIl 0 an indi­
ca tion that the weed contains water S(J­

luble inhibitors like P-coumaric acid and 
affei a id which retards the glowth of 

the crop . In thi ~ Investigation , an attempt 
hOI been made to know the effect of incor­
poration of the weed on the su ceeding 
rops. 

MATERIAL AND METHODS 
A potculture experiment on biology 

of P. l~ys{(Tophorus was conducted for seven 
and half months from lst May, 1976 at Heb­
bal. A POt size of 32 em x 35 em wi~h 20 kg 
red sandy soil was used for raising four plants 
in each pot. The design followed was RED 
with five replications. Fifteen fortnightly in­
terval samples were taken from 15th upto 225 
days after sowing to note the growth and 
multiplication of weed. The samples were t.l­

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 poteulture, study on pre­
sowing incorporation of Parthtnium dried 
powdered leaves, stem and flower was 
done during winter 1976. Thirteen crops 
like finger millet (Eltusint coracana 
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T ahle 1: Dry m.atler accumulation ( planl) and dlStribullon ~1IiIo to 101011) in dlffl'rent pLmt puu 
ID P.,u"" .... . It different growth nages. 

Days Dry ",eight plant 
mer 
SOWlnll 

tc.m LC.l1 Flo .. cr Tot.)1 

15 0.07 (83.33)" 0.01 11b.(7) 0.00 I 0.(0) 0.08 

)0 0.27 (53.30) 0.24 (46.70) 0.00 ( 0.00) 0.51 

45 0.4«> (32040) 0.95 (6b.90) 001 ( 0.70) ).42 

00 056 121.JII) I. 92 (1«>.41) 003 ( 1.101 2.51 

75 2. 18 (30.60) 3.35 (5b.20) O.,U ( 7.20) 5.96 

90 1 J.b() (51 .55) 390 (17.33) 7.00 (31 12) 22.50 

105 14.35154.13) 4 .00 (15 .0 ) .10 (30.7111 1b51 

120 20.96 (50.98) 4.87 (13 .25) 10.'15 tZ'U1) 31> 78 

135 2250(57. -I ) 5 10 (13.11) 1130 1l'10S) II! lID 

150 24 o 14(159) 530110 i7) 19,50,3'1.04) 4'120 

165 23.30 (42.03) 5.bO (10 10) 2b.54 (47 .87) 55.44 

180 22.30 Hl.o ) 502 ( '1 .3 ) lb . I (48 (4) 53 .S0 

195 .20.90 (44 .0S) ·US t 8.75) 22.40 ,-li .W) 01 7" • 

llO 16.59 147.05) 2.311 ( bb9) 10.31 (411.2b) 3S 1b 

ll5 12.80 (49.23) 0.20 ( 0.77) 13.00 (50.00) Ib 00 

CD. (p = 0.05) 2.71 0.'11 

• Ft~Ulu on lht p.u.lnlh .. ." .r. ptl ,eM 10 loui. 

Gaertn.), barley (Hordeum vu/gart L.). wheat 
(Tril;elml IUSliflJlm L), oat~ (Avtna salIva 

L). paddy (Oryuz Jill/va L.), sorghum (Sorg­
hum bie%r L.). malzc (Zta ma_)'J L.) (ce· 

reals). soybean [Gb'on( max (l.) MeriU]. 
groundnut (ArachIS h:!pogta L.). greengflm 
VWUl rad,alll L). blaekgram (VIgna mungo L.). 
eowpea (VIgna u"f1l,cuJ.a1ll L). and french­
bean (PhaseoUts vulgaris L.) (pulses). were 
grown undcr norma) conditions as well as In 

Parlhmlllm incorporated pots. The desIgn 

RBO with three replications was followed. 

The pots of 42 em x 42 cm WIth 28 kg 

red sandy soil were used for fhli study. FIf­

ty gr.1DlS of dned Parthrfllum powder (entire 

plant) was added to each POt 15 days prior 
to sowing of the crops. Water was added to 

these POlS once in 4 days prior to sowing. 

Fifty seed! of each crop were sown in each 

pot well spread over. The recommended 
dosage of fertilizer as applicable ro these 

3 12 423 

crops were applted to both tre~ted .1nd un· 
ueated polS 011 sowang. 

RESULTS AND DISCUSSION 
BIology 

The weed growth followed 'S' shaped 

growth as 10 other ~pec le s (Tilble 1). The 

weed dry weight showed ,),gradual IOcrease 

upto 75th day due to ~Iow growth of the 

weed as (.'vlden t (rom low Increa~e 10 plant 
hClght and leaf productIOn (Table 2) . Then 

onward~ dry mi1tter increa~ed Coml\lently 

upto 165th day COinciding WIth rapid rate 

of licnescence o j leave\ . Thc Incred~C In 

dry matter/ plant was nearly four-fold bel· 

ween 75 and 90 days mainly due to Ill ' 

crease in secondary branc.hes (nearly b 

times more). green leaves/ plant (2'1'1 tJme~ 

more), flowersl p!anl (18 times more) and 
seeds/ plant (55 times more) . At thl ~ pe­
riod. increase in plant spread was almo~t 
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Table 2 : Growlh and mulupitcatlon of Parlhtntllm at different growth stages. 

Days after Pl~nt Branches/ plant 

sowlllg height. em Pnmary Se ondary 

15 0.8 

30 2.0 

45 9.3 2.6 

60 13.2 3.2 1.8 

75 44 .4 10.1 6.0 

90 77.1 11.1 35 .8 

105 78.2 11.4 42.7 

120 78.7 11.4 4b . l 

135 87.8 11.5 49 .5 

150 '15 .2 11 7 54 .9 

165 1104 130 54 .2 

180 1113 13 .7 54 .6 

195 111.5 13.9 54 .5 

210 111 .3 13.8 54 .3 

225 I J 1.0 13.9 54 .4 

C D. \P - O 05) 8.8 1.7 9.9 

two fold due to Increase In secondary 

bra nchest pia nt. 
Prior to 75th day, the relative increase 

in total dry welghl although meagre, was 
approXImately two fold . Similarly, faster 

weed growth after bolting with numerous 

branches and flower productlon has been 

reported by Kanchan (1977) under Banga · 

lore conditions. The conStstenr increase in 
weed dry weight in stages after 90 days 

upto 165th day was due to accumulation 

of dry matter 10 stem. leaves (slightly) and 
flowers ( onslderably). 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 thi s period, increa e in dry matter 
of flowers (18 times) was due to increa cd 

flower production and seedsl 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 part exceeded the weight of 

Leaves / plant Flowers/ plant Seeds/ 

Green Dned Green Dned plant 

4.1 

7.7 

11.2 10 

15 .4 18 

52 .2 70 16 65 

123.0 14.7 1271 858 3579 

136.3 40.6 1318 1554 6478 

194 .7 57 .0 1999 1962 8183 

518 .8 65 .0 1285 2400 10008 

528 .0 88.3 1172 2896 12077 

211.5 262.4 1007 4313 11986 

132.5 B4.8 708 4677 19501 

57 .3 96.3 677 S106 21292 

14.4 14 .6 434 5389 22474 

0.8 1.4 244 5405 22538 

86.4 30.0 324 919 3831 

other parts and this characteristic oj the 

weed leads to abundant seed production. 

Flowering was observed from 45th day 

onwards and the rate of flowering was 

slight lOitidlly upto 75th day . Then 

onwards, flower production increased 

onsiderably upto 225 days after sowing 

with Ie s rate after 120th day. Simtlarly 

Hasler (1976) observed flowenng from 4th 
week onwards until senescence 10 about 15 

weeks (105 days) under Queensland condi­
tions. 

Stem constitute larger fraction of the 
dry matter both during early pha e of the 

weed growth while. distribution of dry-mat­

ter into leaves showed an increase up to 
60th day oinciding with the initiation of 

flower . After the flower production, dry 
matter di tribution 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 eed production, seeds! 
plant increa cd from 65 on 75th day to 
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22.538 on 225th day comclding with com­
plere m;llUrtty (Table 2). This gregarious 
nature of the weed helps In the production 
of numerous \eeds and colontse the area 
by periodICal germln,ltlon. The ea rlter stu­
dies though not systematic m knowmg the 
~eed production potentlJI. how(.'vel. lOdl ­
c.lted Volrylng \eed production of 2000 to 
20,000 p(;mt ' year (Ho)mant and Pr.lbha­
ora CIty, 1973; Manl (I al .• 1 'J76) . 

The study mdlcated slow rd te of 
growth of the "' eed upto 75 th dJy (COin­
Ciding boltlOg tage) whlLh mJke ~ Jny at ­
tempt It' kill lim weed easl(~r. 

Allrlopal/", rJjrrl 
Pre-sowing incorporation of l'arfhrt/ ­

II"" powder relatively le~sened the germi­
nation of pulst-) than cere.b. besides re­
du Ing the dry weight plAnt (T Jble 3). 

Thl~ ml~ht be ,lltrtbuted to InlfeJ\eJ Inltl­
bltlon due to presence of wJteHol uble 
growth InhlbllOr\ In the Pllrfht'lllum . .1) 

potnted OU t by KJn han (1977). 

Barley. OJts. wheat and finger millet 
though had f.mly higher germination In 
Parlhollum Illcorporated pot. faded In dry 
weight . Thl) rC'du t tion In dry weight was 
reflected more through reduction in num­
ber of leaves/ planl Jnd number of tlilersl 
plant rather than rC'duction In plant height 
aou root length. Paddy had moderate ger­
mination with conSiderable reduclton in 
dry weight as refle ted through reduction 
in number of leaves! plant, number of till ­
CI'$ I 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 germinalton. 
ThiS emphaSizes the differential allelopathic 
effect of Parlh(nlum on field crops. 

With advance: in crop growth. the in­
hibition effect on plant height, root 
length, number of leave~ 1 plant and plant 
dry weight continued tndlcJtlng continued 
pre)ente of growth Inhlbllors and , or rei­
e.l\e of trlhlbitor~. Similar II1dlCJtlOn of contt­
nued stunted growth of crops hJS also been 
at-served due to the presence of inhibitors 
trom the ['arl/Utl/llm (Kanchan, 1977) . 

CONCLUSION 
Parlhol/llm kYjlfrophorus showed slow 

growth Upto 75th d,lY after sowmg cOIl1C1ding 
with the flowenng stJge and any efFort direct­
ed to kill the weed Will be easier at thl~ stage. 
Plant produlcd flowers profu ely and seeds to 
the extent of 22.538! pl 'lIlt III 225 day) of ltv­
Ill!!, unde:r pOlculture condluon. The plant 
pmses~ allelopathK effect on the field rops 
bemg the ~ame more 111 pul~es than in cereals. 
If tield prevlou Iy II1fe ted IS used for owing 
the e uop~ . Both germmatlon and growth 
were affected differenttally depending on the 
field crop. 
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ALLELOPATHIC POTENTIAL OF ECHINOPS 
ECHINATUS ROXB. 

P. K. )HA and D. N. SEN 
Labor3tory of Plant E ology, Botany Department 
Unlver rty of Jodhpur, Jodhpur - 342 DOl, IndIa . 

ABSTRACT 
[;.}.",ops (,hma/us Roxb I~ ~ wInter ~ea~on weed of north I ndla. but II appcars In the wei \ea~on In 

Indian ~nd lone. where It ~ho perenn~tes b)' roolsto,k\ . The weed produce\ the allelopdthlC cffeus III 

the licld. wh"h redu e Ihe growlh ~lId YIeld of pearl mIllet (Pmrl/J(/um ("vphotdrum RIch.) and sesamum 

( (hlmU", ",d,fum L.) (rops. The dTe t of ;Iqueous eXira ts of le~f. slem Jnd rool of the weed has been 

Sluclled On Ihe gcrmlll~llOn of Iced and sudJlnlC growth o( pearl mlilel and \e\amum. The order of mhl­

b,t Ion W;l~ stem > root .> le~f PolHtty of the alicia heml(~ W;l\ dctcrmtncd by cxtrJlltng pam of weed In 

dl erent \Olventl (petroleum ether, benzene. thl"ro(orm. dletone, ethanol. methanol and water) In 

(Ield, maxImum ,nh,bitIOn W;l\ relorded In pe,HI mdlet where the weed biomasl was carl'er buTted. 

while burnt blom;l s of the weed Intreased the YIeld of these lrops. 

INTRODUCTION 
E hmops (I hrnafus Roxb. (Family: 

Astera ez) IS one of the most common 
weeds of wInter ~e.ison, but it appears in 
the wet eason 10 I ndlan and zone where It 

Oil 0 perenn,ltes by rootsto k~ U ha and 
en, 1981). It IS a herb and a well placed 

plant IS 1-2 m 10 hetght. It IS spreading 
very fast from fallow, uncared and waste 
places to cultivated fields (Bhandari and 
en, 1979). Sarma (1974) has reported its 

allelopathic effe t and J ha and Sen (1981) 
have stated that the dry plant parts of this 
weed crea te tOXIC effects on plants of the 
next crop. 

The preseO! study wa conducted to 
investigate the allelopathi interference of 
E. (china/us with two main crops of arid 
zone viz., pearl millet and se amum under 
laboratory and field conditions. 

MATERIAL AND METHODS 
Ten grams of air-dried matc: . OIls of 

leaf, stem and root of E. (chinatus Roxb. 
were ground eparately with) 00 ml of dis-

tilled water .lnd stored for 24 hr at soc. 
The filtrates obtained from these were ta­
ken as stock aqueous extrdct~ and VJnou~ 
dilutions of 1, 3, S dnd 1 ()O'O were prepared. 
The sc:cd~ of pearl millet and se amum 
were kept for germination In sterilized 
petri di~he~ 10 wpll ate, hned With filter 
paper whIch was mOIMened with dIfferent 
on entration of aqueou, extra I or WIth 

di tilled water fOI control. The numb!"r of 
seeds kept for gC'rrnlnatlon in each petn 
di h was 10. under room temperature of28 
± 2°e and Itght intensIty of 1000 Ix . The 
observation were recorded after 48 hr for 
pearl millet and 72 hr for sesamum for 
percentage seed germination, and linear 
growth of the radl Ie and hypocotyl. 

Different organic olvents (petroleum 
ether, benzene, chloroform, acetone, etha­
nol, methanol and water) were u cd for de­
termining the polarity of allc:lochemic _ 
Ten gram of dry matter of different parts of 
each weed wa extracted ~n the e organi 01-
vents separately and su ce sively for 24 hr 
and seed of se amum were u ed for bioa say. 
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T ~bk 1 : Elfttt ol"qu~ t1.tJatU nom root, tern and I~f of E.. "blll./tdOn the ~ec<i g,crtmnatlon and l1Oc"r 
~h of s~dJIII~ (em) <lher ~ he Ul ~rl mtUet .Ind 711 hr III ~I."!o<lmum 

eODem- PC.lrl millet eS.lmum 
Punt ----

U.lUOll ~ Rildlde "H ~-pocotyl ~ R~dl Ie Hypocot)'1 
~ru (-.,) t:c:rmm.mon length length Gerlmrutlon kngth lengrh 

CODuol o.o:!: !I.bO 2.33 :::010 2.13 0.35 %I>:!:S.77 3.73 0.23 1.50 .021> 

"b.b:t5.n 2.33 :tOlD 2.3H020 100.0· 0.00 o Q) "0 11 1.20 :to.05 

Root J 7b.b±5.77 2 II) ::to.3Z 2.20 :1:0.20 1000 .0.00 0.93::t0 II Ut> 0.05 

5 700±3.33 2.00:t0 20 100::0.10 1j().0 1000 063 :to.23 I 03 :to.05 

10 70.0:::3.30 173 zO.20 1.10:=0.20 'I() 0::: 10.00 0.36 0 .28 O.bOrO IS 
----

I 7b.b±3.33 2.00±0.!J 1.b!):t051 93 .3:t577 013 050 1.53 0.05 

lern 3 71>.b ± 5.77 2.20:::010 I 73 :to.32 Ij().O:t 3 35 o 5.l :to. II 1.00 0.11 

S 71>.b±3.33 2.\1):2:0.32 1.5b:t:0.0; <)(}O 3.35 050:t0.10 I 031!:0 \I 

10 73.3-=.5.77 200::0.20 173 :::0.30 6.6::t 3.31 0 .21::005 000:2:0.00 
--- --

I 60.0_3.35 2.00±O.20 

Lar 3 oO.O± 333 2.03±0.-l1 

5 lIb .b:t:5 77 2.90:::0.90 

10 70.0::b.l)b 2.bO:tObb 

Tht" alldopathlc eneci or E. ((hmaIIlJ 

~t field le\'c1 was also tt"SI~d In plot\ of 4 m 
by 4 m. Three sets of plot\ w~rc prcpared : 
(i) with buned biomas$, (ii) with burnt bIO­
mass, and (iii) without b,om.m of E. Ub" 
nalllS, as control. The crops In J ndian ~nd 
zone are totally dept"nd~nt on r~lOfall 

which is enremely emile. Pre~ent t"xperi­
mene in field was carried out under noltuul 
s~mi arid climauc condiuom. Immediate­
ly aft~r first cain In July, the crop seeds 
were own in the plots. Different growth 
parameters and crop yield were m~asured 
at the time of harvesting when the crops 
wete about 3 months old. 

RESULTS 
Extracts of different concentrations of 

E. tcbrnailis exhibited inhibition of radjcl~ 
and hypocotyl growth. The percentage of 

seed germinat.ion also decreas~d io both 
the crop, except in sesamum where 1 aDd 
3% root extracts promoted it. Maximum 
inhibition in sesamum was recorded in 

1.3bxO.32 90.0::: 3.35 2.03 015 1.1>11 0.010 

I ~:t0. 10 b 1>1:3.31 1.23 :t 0.25 I 10::0.10 

2.l0:t0.ll> 8bb:t3JI o Qt>~O.2'i 08b::: 0 I, 

2.23:: 0.32 Ib.I)::::.) 77 043:::005 070:::010 

srem extract followed by leaf and root ex· 
tracts. Rddlclt: Icngth tn ~C~.lmum wa~ 

highly reduced a comp~!ed with hypo(o­
tyl length. but In pt"arl millet Ihc degree of 
inhIbItion 10 ~~edllOgs was kS~Cf than ~e­
samum. Leaf extract of weed w.H found to 
b(" promoung (or pt"arl mIllet &~edllOgs u­
cept at 10% LOncentrallon (Table I). 

Extracts of different p~m of E. uhma­
tll~ 10 different organl solvents exhibited 
variatIon In allelop.Jthl~ efTecu on seed­
hng~ of S. rndl(um. In separate extracts, 
maXlmum IOhlhltlon of sudlsng~ was 
caused In water extract followed by petro­
leum ether, ethanol, methanol , acetone, 
benzene and chloroform. I n successive ex­
tracts, maxim\Jm Inhibrtion was recorded 
in methanol followed by water. ethanol. 
petroleum ether, acetone. chloroform and 
benzene (Tabid). 

Crop husbandry practice revealed that 
buried biomass of this weed inhibited in 
both the ctops and yield was also reduced 
by 50% pearl millet and 320/0 in scasmum 
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T .ble 2 . Effect of E. uh",alMs extracted separately and su cesslvdy in different organic solvents on the 
seedlmg growth (cm) of seumum after 72 hr. 

epuatc extuctlon Successive extraction 
Org.aOl Le~f tern Root Leaf tern Root 
solvents ----

~d. Hypo. ~d. Hypo. Rad. Hypo. Road . Hypo. Rad. Hypo. Rad . Hypo. 

Pt'troleum 0.36 053 2 10 130 2.30 1.20 0.67 0.86 2.16 1.83 2.50 1.63 
ctht'r O.OS 0.11 t o 75 0.17 :1:0.20 :t o 10 :to.05 :to. 11 0.75 0.40 ±0.20 :to.25 

Benzene 2.90 1.80 4.13 2.00 3.16 1.50 2.80 1.93 3.56 2.26 3.27 2.13 

0.10 ± 0.20 0.32 0.40 :1:0.35 :i:0.26 0.34 ±0.20 :1:0.32 :to.25 :1:0.20 :1:0.35 

Chloroform 3.16 1.46 3.36 1.76 2.73 1.50 3.03 1.87 2.16 2.00 3.13 2.20 
040 :10.40 :1: 1.26 :1: 0.15 :;t o.23 :1:0.20 :to.05 ::1:0.20 ±0.72 ±OA5 ±0.70 ±0.26 

Acetone 286 11>0 2.46 1.83 340 1.80 2.10 1.73 2.73 1.80 2.23 2.03 

:! 098 0.17 :t 0.55 ± 0.41> ± 0.36 0.17 0.30 ±O. II ± 0.68 ±0.50 ±O.SO ±O.IS 

Elh~nol 076 080 0.13 0.56 I .n 1.53 1.23 1.70 0.26 0.7b 1.83 1.93 
() OS 0.17 0.05 0.05 U 6b 0.15 :to.45 0.26 0.05 0.11 ± 0.37 ±O.SI 

Methanol 093 086 1.36 1.46 0.90 1.33 0.40 1.10 0.36 0.80 0.33 1.43 

0: I - O. O~ .. 0.23 ± 0.20 0.45 :to.28 :to.02 ± 0.26 ±0.25 _ 0.20 :t o.05 ± O. IS 

\X; ~tCI (J 21> 0.7U 1.43 1.36 0.80 1.03 0.50 1.40 0.76 0.93 I.bO 2.37 

.tOOS TO 10 0.51 .. 0.30 0.36 ±0.25 I O.17 0.10 ±0.45 ±0.20 ± 0.34 ±0.05 

Control 2.80 I 6b 2.80 1.66 

0.32 ± 0.35 ±O.32 ±Q.35 

T~blc 3 Alldop~thll IOnuenu~s of E f(hmalllS on different yide parameters of pearl millet and sesamum. 

Allc:lop,,uhlt PI~nt height Ear length No. of ears No. of tdiersl 
00 IOcredse or 

Yield kg / ha decrea~e 10 
trulments (em) (em) plaut pldnt Yield 

Pearl millet 
only 104.4:t 12.5 20.3±3.9 3.3:1: 1.1 5.20:t 1.1 303 30 

Pculmillel+ 
weed 
bun~ 60.0±27.4 17.5:1:2.7 1.8:1: 0.8 4.0 ± ),0 152 ± 17 -49.8 

Purl millet + 
weedbumt 105.2 :1:20.0 19.5 :1: 3.4 3.0± 0.7 4.0 ± ),0 354.± 34 + 16.8 

Plant height Pod length No. of pods I 
No. 0 % lOerCdse or 

bran hest Yield kg/ ila decrease In 
(em) (em) plant plJnt Yield 

c:samum 
only 74.0:1: 13.8 2.48:1:0.38 20.4± 10.4 3.57:1: 1.8 247:1:35 

Se amum+ 
weed 
buried 62.5± 9.9 2.23±0.24 19,5± 3.7 4.4 ± l.l 166 :j:3 1 - 32.4 

Se ;amum+ 
weed burnt 85 ,7:1: 9.3 2.50±0.3 19.5± 6.5 3.0± 1.0 239:1: 18 - 3.2 
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(Table 3). Burnt biomass of the same weed 
in flt!ld either inc.reased the growth para­
meters or were at par with control. An 

increa e In yield of ~arl miUet by 17% 
was re oroed, while 10 ca e of $C amum + 
burnt biom~s$ it was ne.arly equal to 

control. 

DISCUSSIO 
£. ~~h"'IlIIlJ also posses e5 hlgb alldo­

p.uhic potenti.1lity and its differcnt p.ans 
exhibit varying influence on different 
crops. Even the degree of inhibition IS dif­
ferent to different organ of the s.1me plant. 
During the present study. II was found that 
the radlclt' growth was anhlblted more 
t~n hypocotyl In both the crops. SImIlar­
ly. Ashraf and Sen (1978) ha\'e also ob­
uined differenlJal behaViour of Ct/OJ/Il liT' 

~"Itll L. In fields with ~arl millet and se­
samum and they cxtended the expbnalJon 
that plants IOteC.lct dlfTerently with e.lch 
other. Further. extr.lcts of E, (Chlnll/IIJ 

reduced the eed germInation maximum 
upto 25 In pearl millet .lnd 21~ in 
sesamum. a observed by Sarma (1974) in 

A'lP"01lt ",(XICIl1la L. 
For the chemial nature of inhibitors. 

different extracts from organJC solvents 
produced some facts which need funher 
experimentation. Datta and Challef}ee 
(1980) ruled out the presence of large 

molecules like ~Ctlns. polysaccharides or 
proteJns In inhibitors soluble in alcohol. 

Sen (I al. (J 96 ) have reported presence of 

hentriacont.lne (C3 ,H&J. hentriacanunol 

(C3IH~O), B-amynan (CaoH&<P) and 

lupeol (C:J-I&<P) soluble m alcohol. In 
the present ca~e, inhibttors are $Oluble in 

ethanol and methanol. Inhibition from 

petroleum ether extract indiates prescnce 

of some fatty substances. Less effect of 

chloroform extract on bioassay attributes 

non- olubility of inhibitors specially 411· 
kaloids. In ucce sive u.tracts the inhibi· 

tors get du olved more: in • polnicular 
soh'ent and 0 tht degJCc of mhibition 
reduces towards high polarity olvents. 
This scem onc of the rca ons for less 
inhibItion in W.lt('r extra t of succes Ive 

than sepuate extraction. BenefiCl.l1 ef· 
fects of allelocheml ) .are 011 0 envl OIged 
which get dl solved in chloroform .lnd 
benzene. 

Minlmlzatton of los es due to alldo­
pathic action IS po sible If crop hu b.mdry 
practices be emploYt'd. ~en (1979) has at ­
tnbuted th.u the t'ffect of burnt blom.lss of 
/lfJ'gojtTa (orti101l1l Heyne. D/~tTa ",.",all1 
Man. and c,mt",u cal/oHH w;u far better 

than buned biomass on the growth of 
pearl millet. Present re ult favour the usc 
of burnt blomas~ of E. ((hmalIlS, which 

could not only reduce the allelopatillsm. 
but abo Increases the YIeld of pearl mIllet 
and sesamum. 

In conduslon. thc bloas ays used 10 

test the alleioparhlC potcnllallty of E. 
(chinalllS confirm the presence of growth 
tnhibitors produced by Ihe ~xtra(.u a, well 

as by the decomposition of organ" resl­
ducs. Extracts of stem malenal IS found to 
be more toxic than other pans to both the 
crops whIch may be considered as the 
repository of inhiblror~. The allelop.athic 
mechanir.m allows this wced to compete 
advantageously with other weed~ and 
pollutes the soil system. Therefore. It is 
recommended here to use burnt 

biomass of this weed in field to over­

come allclopathic effect and for better 

yield. 
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EEFECT OF PARTHENIN AND 2,4-D ON THE 
GROWTH OF RYE 

N. KHO LA, KULDEEP SING H and 
N. OBTI 

ReglOn~1 Re~e.m.h L~boratory (C [R). Canal Road, 
).Immu-Tawl- 180001. India. 

ABSTRACT 
I'IIr1kPfIIl", /rysf"ophonlS L.. IS notonous for ItS he~lth and agricultural hazard In I ndla now and I, 

being lOve Ulated from VUIOU\ ~ngle\ for ItS conlrol. Panhenln I; the malor WOSllluwt rc\ponslble (or 

11\ ~Il!:rgy ~nd ~Ildopalhlc dlecis and ,hows promise as d growth Inhibitor ~nd Interacts with dUXInS and 

growth rcgul~ton Pre enl siudy IS one morc step toward, the lonflrmatlon of sUlh properll!:'. Twenty 

Ii\'(' \ced~ calh of Ryc (.sad}' l,r(a}r) wcre so~ked (nr 24 hr In dlffcrenl (OIl(CrHrdllom 01 2.4-D (2.4-

dlc hlorophenoxy,l( etl( aCId). p~nhcnln and thClr tOmbl:1allOn along wtlh a blank water (On lrol. All the 

three Heatmer,H progressively denea cd pcrcent~ge germination. PanheClln under the tombinallon 

trealment neutrallu'd \lIghtly the IOXIC elieel of 2.4-D. Panhenln alone did nOI Jllect the morphology 

01 the lecdltng\ but 2,4·D and 2,4-D plu, puthenln trCJtmclH' aftetted adversely 2.4-D lJu'ed certain 

morphogenll. abnorm~lIlICs Both IIller lorm.ltlon Jnd root ,hoot dry weight were JIlt-lied by 2.4-D 

And 2,4·D plu\ parthcnm Although the Inhlbltorv elfell of tomblnatlOn tlNtmcnt wa' exerted at the 

lame lonu.'ntrallon. AI In th.1I of 2.4-D diane. hUI Jt higher lontentrJllons PJfthcllln 1\ able In 

nClllral"c It. 

INTRODUCTION 
The blOloglLdl .1lttVIlY of the .Iqueou~ 

IcchJtc\ from ledve~ dnd flower' of Pllr­

''',"11'''1 ,,),s/(rtlphoru~ L.. WJ~ rcported by 
Lak~hml RaJan (1973), and ukhadd (1975) 
attrtbuted their growth inhibitory effect to 
polr1hentn. (affet( aud and P - (oumanc 
aCId . Comparattve studle~ with other 
growth regulators and inhibtlors were ta­
ken up with parthenin later to as ess its rela­
live strength as a growth inhibitor and it was 
found to behave as an antiaUXin (Khosla (I 
al,. 1980). Be ide. to get a still broader view 
of it.~ biological activity as a growth inhibItor, 
present study w undc:rtaken which describes 
the comparative e ect of 2,4-0 and parthe­
nm 00 the growth of rye (5. urtab). 

MATERIAL AND METHODS 
Twentyfive seeds of rye were oaked 

for 24 hr In different concentrations 

(0.025 . . 0.05, 0.1. O.'i. 1.0 2.5 and 5.0 
mg/ ml) of 2.4-D, p.mhenin and 2,4-D plus 
p.1rthenin. A bIJnk-w.lter control was also 
\et, along with CJ h rc:pItCJllon. Experi­
ment W3~ run In three rcplic.w: . These 
seeds were subsequently Wd hed and ~own 
in 30 m plots with sot! Jnd manure in 
2 : I rallo. The plots were irriga ted pertodi­
cally when requ ired . Observations were 
made after 50 days with regJrd to germina­
tion (%). number of tillers. dry weight~ of 
shoots and rOOIS, and morphological ab­
normalities Induced in the seedlings. 

RESULTS AND DISCUSSION 
Parthenin at 0.025 mg/ ml concentra­

tion did not affect the germina tion but at 
higher concentrations there was a progres­
ive decrt~a e in ge rmination rate which 

became significant at 0.5- 5.0 mg/ ml con­
centrations. Lakshmi Rajan p 973} had 
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found a decrease of 0- mer 20-40 hr of 
tJUtmenl With parthenin to ",heat. Accord­
ing to Khosu and ob(l (19 I). pmhe:nm 411 

2- 3 mglml became: let~ or mo t of the dI­
cotyledons studied and 0.8 mg/ml for b,uley. 

2,4-0 alone and m combtniltlon With 
panhenlO caused a gfildual decrea e In ger­
mmarion With Incruse 10 the concentra­
tion . md "'as significant ~t 0.0' mg in 
combin~tjon rod 0.5 mg I ml 10 2.4-0 
alone. Germination did not occur in 2,4-0 
alone at 2.5 mg and 2,4-0 plus p.tnhenm 
at 5.0 mg ml. Onyamag.tr ~nd Khosla 
( 1968) have observed IOhibition of germl­
n~tjon of Cam a tora l., ArhyranlhtJ asprra 
L. .md RNrlba INbrrosa L seeds With 2,4-0 
and ascribed II due to f .. ilure of cell diVI ­
sion and cxtenslon of the embryo celh 
WlthlD the seed. 

ParthenlO alone was 1('55 effeC!lY(' In 

checking germination eompafiluvdy than 
2.4-0 and 2,4-D plus panh('nin. Funher, 
2,4-0 ;u 1.0 mgl ml strongly IOtllblted the 

germmation ilnd at 2.5 - 5.0 mglml II be­
came lethal. Whereas. only 5.0 mgl ml of 
combination tre.ltment became I('thal to 

germmation. Th15 !Ddlcates the presence 
of parthenin in combinallon treatment at 
2.5 mgl ml is responsible for nculralizlOg 
the lethal effect of 2,4-0. 

Morphology of the seedlinp was also 
not affected by panhenrn but with 2,4-0 
and combination treatments leaves were 
variously abnormal. These abnormalities 

include fusion, onion-like leaf formation 

besides narrow leaves. This was perhap 

due to continued growth of the apical me­

riltem and failure of lateral men tem de­

vc:Jopmenl. In vanoul cases only tip of lhe 

leaf was open re embling a spear thereby, 

indicating a partial fusion . Such fu ed 

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 dl ercntial growth and somt-llme 
pierced through Ihese leav(' . They were 
usually not e p~nded and iorm('d looped 
structure. The percentage of such abnor­
m~1 seedlings increased with IOcrease 10 

then concentr,won . tt W.1 10.0. 16.6,70.0 
and 100% al 0.05. 0.1. 0 .5 .lnd 1.0 mgt ml 
respectively of 2.4-D trulmeOl . BUI 10 the 
combmatlon trc.ltment Ihe e values were 
Ompar.lllvc:ly les be .lUSt" of the presence 

of panhenm. The percenugc of olbnorm,d 

plants here was 4.5, 21.0, 35.0 50.0 and 
b()Qt, at 0.05. 0 .1, 0.5, 1.0 and 2.5 mgl ml 

respectively. 

Tiller formation m the pl.lOt was nOI 
affected b)' panhenlO. But with 2.4 -0 .at 

0.025 mg I ml an !D( rease 10 the: number of 

tillers, root ~nd shoot drv weight wa~ ob­
served .md thl IOcrC.l~e was Ignlheant In 

the Iauer two characters. At higher (on­
( ('ntratJons, progressive dccreas!' was ob­

sen'ed, being SlgOlfil.lnt In tillers ilnd root 
dry weight at 0.1 mg, and \ hoot dry weight 
at 0.5 mg ml. In the cOglblO3tion ueal ­
ment also .t progressive de:ue~~e w;u found 
and the trend was Similar to 2,4-0 alone 
treatment . Root and hoot dry weight, 
though decreased with increase 10 concen· 

tratlons of O. J to 0.5 mg. the decrease was 
Significant at .l .0 mg In rOOI dry weight 

<lnd 2.5 mg/ ml in shoot dry weight . 

CONCLUSION 
Panhenin affected the germination 

and rool / shoot dry weight comparatively 
at bigber concentfillions to that of 2,4-0 
and combination treatments, whereas. par­
thenin did not affe~t tillers and their 

morphology. OnJy 2,4-0 at 0.025 mgl mt 
concentration increased rootl shoot dry 
weight but in combination treatment such 
effects were not found because of the 

pre ence of parthenin in the treatmen t. 
Significant reduction of all growth pro­
cesses was induced at the saritel level of 
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combination treatment. 2,4-0 at 2.5-5.0 
mg/ ml. became lethal but in combination 
trtatment this effect was obser.'ed only at 
5.0 mg/ mt. AI 2.5 mg/ ml of combination. 
tbe lethal effects wen~ counteracted due to 
the presence of panhenin. Tbese observations 

show parthemn has an antiaux.in activIty. 
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REPORT OF THE EIGHTH CONFERENCE OF THE 

ASIAN-PACIFIC WEED SCIENCE SOCIETY 

Z07 

The eighth conference of the ASian-PaCIfic W eed SClC~nce Society (APWSS) was 
held (rom November 22 to 29, 1981 at West -End Hotel, Bangalore, India . The 
conferenc.e W.l\ organised by the I ndlan Society of Weed Science (ISWS) and the 
University of Agncultural lIences (UAS), Bangalore with the co-operatlon of the 
Karnauk~ State Department of AgTiculture. Indian Counctl of Agricultural 
Rc.-~e.lr h, Indl.ln Imtltutlon of Agricultural Technologists and the Government of 
Indld, on beh~lf of the APWSS . The theme of the conference wa~ 'Perennial weeds in 
lrop-Iolnd .Ind unwallted vc.-getatlon III cropped lands' . 

To condutl the th conference at Bangalore, membcr~ of the Organising 
Committee euabh\hed In 1980 were drawn from Indldn SOCIety of Weed cience. 
U.A .. , K.trn.ltJk.t Stdte DepJftment of "\gnculture, Government of I ndla. Indian 
Counul 01 AgncuhurJI Research dnd Indldn Institution of Agri ultural 
Te,hnologl\(~ . Dr. R. DW.lrakJndth. WJ~ the Ch,lIrm.ln of the Committee lill 
5-9-19 ; when Dr. . G. Perur \u cedcd him. Dr. K. Knshnamurthy wa~ nommJted 
.1S Contt'lcnce ecret.:lry, Mr. K. Shdnk.H, a~ Treasurer and the Dlrcetor of 
Agmulture .1\ Deputy Chalflmn . Dr. T. V. Sampath, lomed at the later ~tage as 
Deput)' Ch,mmoln. The two years of progr.lmming and pl.1nnll1g work for the 
lonlcrence W.l\ assisted by the other org.lnlsmg committee memben such a~ Dr. 
U. C. Upoldh)'JY, Dr. K. C. N.lg. Prof. B. V. VellkJtd Rao, M r. B.}. NanlUndappJ, Dr. 
5. R, Ch.lOdwekhJr.uJh, Mr. T. V. RJrTWthandra PrJsJd. Mr S.llil Singh.!l. Dr. 
~. v R. ShellY, Dr. H . . Gtll, Dr. K. A. )allhal. Dr. S. K. Mukhop.ldhyay, Dr. 
H. K. Pande, Mr. B. Venk.1taswamy and Dr. K. D. Paharia. In addition, members of 
sub-commlttee~ like programme, pub" allon, reception and tr,lt1~portation. and 
tou~ ,lt1d ho~pllalllY, have also hc:lped in various way~ in conducting of the conference. 
The help rendered by the office secretaries Mr, Mohamed Ayaz Ahmed and Mr. ·B. V. 
Ram2 Iyengar, needs appreciation. Dr. H. R. Arakeri, President (APWSS - 1979-8 1) was 
the mall1 archltect III guiding the Organising Committee member~ 111 VJrlOU ways. 

Registration o( delegates to the conferen e 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 countri es. participated in the 
dehberation of the confe ren e: The participants. coun trywi e were Japan-4I, 
Au tra"a-3, UK-6. U A-8, MalaYSla-7, Indonesia-lO, Thailand-7, Pakistan-I, Bangia 
De5h-1, Sri Lanka-2. Nepal-I. Phillppines-8. West Germany-4. New Zea I ,lIld-4 , 
Canada-l, I taly-2. Singapore-5, and India-l78. From India, farmers and students al 0 

participated in the conference, besides spouses (rom foreign countries. 

The onference was inaugurated by His Excellency Governor of Karnataka. Mr. 
Govind Narain on Monday, 23rd November, 1981 at 1000 hr .It the Chowdaiah 
Memorial Hall, Bangalore. Inaugural session was attended by delegales, dignitaries 
or Govt. Deputments and Organisations. Office bearers of the APW S, 
I$W$, Faculty ofUAS, and other distinguished guests. Dr. N. G. Perur, Chairman. 



1 PROC .rH A 11. ' .pAl.IF1C '" liED Kt OC CO F ,. I "VOL 

Org.lOl ing Comminee welcomed the g.uherrng followed by the Inaugural addres 
by Mr. GovlI\d NU<lin. Dr. O. P. Gaut.lm. DIrector General.ICAR. New Delhi 10 III 

keynote olddre~ stft ed the need for esubli hmelll ofNationolllnstllult on Weed 
Rese.nch In order to fo tel the dc:velopmem of Weed Clenee 10 I ndla . Dr. 
S. Matsunalca, President. International Weed Science OClety introduced the 

oIctivities of the oclety dnd rc:quested the weed ClenllSt!> to venrure upon new 
technology to wmbJI weed menJce. Dr. H . R. ArdKen. Pre Ident. APW S. deJltng 
with the gene IS of the ooet)'. omphmented the members on the adllevement 01 

the sOCiety In a !>hort ~PJn of 14 yean. He aLo reque~ted the member~ to help In 
strt:ngthemng the OClety. The 1I1.1ugurai e ~Ion arne 10 a close with l Vote of thanks 
by Dr. K. Kn hnamurthy. Conference e rel3l)', 

DUring the .:ontc-rence deliberations of four dap from 23rd to 27th November 
1981. 120 re!>eJr h p3per~ were pre ented under 14 technical se ' Ions ndmely - (a) ,n-, 
vlled pJper ; (b) paper of genc-rJI IIltere~t; (c) new herbiCides OInd JPpltanle~; (d) 
weed control In nce; (e) whe.1(; (t, plantJtlon crops; (gl sorghum, m~lzc-. puhe~ Jnd 
mtercrop ; (h) banana. Ollon, potJto, sugarbeet and ~ug.ucOlne; (I) biology of weeds; 
(j) physiology of weeds and herbludes; (k) allelopathy of weeds; (I) htrblCld~s 

reSIdues and interaction; (m) aquatic weeds and theH control; and (n) obnoxlOu 
weeds and IhC-lr ontrol. Ealh tethnl .II ses~lOn WH dbl)' conducted br .I Ch.lIrmdn 
with the assistance of a Co-Cbairman. There was sufficient rime for active and useful 

IOterOictiom among the partlClp.Ulng delegates. F 100111 y, In a session on 27th 
November 1981. 'General diSCUSSIon on expenences useful to I ndi~'. vartous 
problems relating 10 I ndlan situation were discussed at length. Based on the 
discussion~. several r~commendauolls were made: for thc: over.lll dc,¥c:lopment of 
weed science actIVItIes tn ASian-PaCIfic regron 10 general and Indra III parti cular. 

A MId-conference tOur was arrdnged on 25th November J 981. which included 
VISitS to the VAS BotJnlcal Gardens. GKVK. Bangalore; Indian ImUiute of 
HonlCultural Research , Hesarghaua; Screelllng Iflals on herbICides of the Alkali & 

Chemical Corporation of India Ltd .• Begur. l~do-Amencan Hybrid Seeds Centre. 
BangAlor~ and Ban;)na demomtratlon plot III T alaghattapura . Again on 28th 
November 1981. 015 pou-conference tour. delegates who could not attend on 25th 
November, were shown round th~ above places. In addllion. Interested delegates 
were taken to places of toum! interest like - Mysore, Bnndavan Gardens. 

Sravanabdagola. Belur and Halebld on both the days by the official travel agent, 

Two entertainment programm<;s were arranged III the evenings for the benefit~ 
of the delegatcs. On 22nd November 1981 at 1900 hr dunng conference dlOner at the 
West-End HOld, Bangalore. Mr. eshadri of MICO, Bangalore presented an 

excellent sltde ~how about Karnataka with the background of) ndian classical music. 

The All Indu Radio artistes exhibited percussion instruments display. Again on 24th 

November, 1981 between 1900 to 2030 hr dance-ballet by Prabhat Kalavida ru was 

exhibited at Chowdaiah Memorial Hall, Bangalore. for the benefit of the 
conference delegates. Thi~ included presentation of th~ well known itl!m~ of 
indian classical dance like Mohim Bhasmasura, Shi la Balilceyaru. Mantpuri, Rasa 
Leela and Bhagavad Glta. The delegates appreciated the excellent performance 

of the artistes. 
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The Executive Commulee meClln~ of APW~S wa\ held .It 1800 hr on .l3rd 
November I'HII In Iht' We !-f' nd lI olel Jnd Ihe ('ener,11 Body meclln~ of APWS~ 
Wd' held on n ih 1981 .I I In4 5 hr wit h the mdu li on of ncw office bCdrl:r\, 

On 25 th November 1981. the dJy (Jf mld-(onfer('IKe lour, annual toni ('rt'l1Lt' of 
the Inul,}n ~()lI(,'ty of 'Vv t'cu ~lIent< .. ,lid GenetJI Rudy m cling to eku new offill: 
be.HC'f\ dud Ihe work\llOP of AlllndlJ CoordlnJ ted Re\carch Prol;:ramme on Weed 

()f1twl l(l thdl~ OUt IUlur,' re'c.!rth prol!.rJmmCl, wcre: held (Cllll lIrrt'nt I\" 

I .IdlC' programme Wd' .11'0 .IrIJnged I,)r Iht' 'pou'co. of tht, dl'lq~.lIn to klt'P 
them ellg.l)!t'd for tht' Pt'TlOU of Ihe lonlerenle "I he: help rellJncu bl .i11 Ih(l\(' 
(ontcfIled In thl' progr.lllll1H' 1\ Jll..nowll"u)!cd 

A P'C" tlllllcrcmt' w.l\ hdJ on 21!th !'\OH'l11hu 14111 .11 4 15 hr III ,ht' l10Jru 
ROllm of Ihe \X'('\I Fnd 11 011,1 10 ond Oil tht IOIlIl'T(,lhl OUll om, 

lht l oilierc nl r l Cllldlllkd WII h ,I V(lie 01 I h.1 11 k, Iw I he ( on I c rc nt t' 'll'( rt·!.11') Dr 

1\ "r"hn.lnlunhy, who npcc\\('u ''''lcrt' IhJnk\ un beh.111 01 Ihl' OI)!.IIlI"nl;: 
c..Olllllllll('(" to .111 Ih.,\(· (Indn'ldUJh, tH)!.If.I'.JIIOlH. 1I1\111Uln .Jnd lnuu\lrlt\) wlw 

IlC'lpe:'u In \'.1fIllU' ~.IPJlI"t:\ 10 (ondultlllg titl' UlI1tc:rCIIl(" 

AsslSun e provIded by the oliowlIlg orgaOl~atlons 111 arranging lunchs to the 
Jelt'~dl(,\ ~on'flbur('J III J b,g WJ~ "' mJkwg ,he lonlccCllle J gre.lI ,Ulll'\\, ( I) M \, 
M()n'~nICl Ch,'n1lldh ot Indl,l Ltd, 1C\l. Deihl. Cln Llrd No\'cmhcl [4111; 12) M \, 
L oronlJndcll nd.l)! ProUUl I \ (I') ltd ,. M Jdr." 011 24th. 'ovl'mbcr; ( ~) M , A~rollllHC 
J td" B.Ill~Jlor(· .!fld A I kJ II &. (. hc III " JI Corr(lr J 11(111 tlf InJ'J LId" HJ II/-!.dore. (In 
:!blh oVl'mbt'r; Jnd (4) M , Pt'\lIudn ludl,1 Lid .. UUJlrUr Jnti I\uml.ll (_ III:ml(.11 
lIlOU'11') (ll 1 tU .IJpJII. I'" 17lh !'\ov('rnt.cr [481 III JdUliIOn, M "I1.1\'(·r, lnJI., 
ltd, RomoJ\ ho\teti Iumll to the dd(')!,lIn of tile IndlJIl '>(JUC' tl' of \X'n'd 'lll(,llll' 
on 25th November 1981. The Committee expres~es Its gra titude to all of them , 

In honour 01 till p.lIl1l1p.IIIIlg ul·lq;.1I0 1(1 Ihl' Inlt·rn.llIon.11 ((lIIIl'fl'lhl' (1)[ Iht' 
111\1 time:' III lnJ'J. (,OV('f1,II,('nt 01 ",lrIlJt.lk.1 honourt'o Ihl' Jdl'/-!.lIn bl hO"ln!; 
Ihelll J pre\lll;:llJU' · ... I AIl: DlNNI'R ' l1l12nrh 0iOl(' rnbn 1481. ,II I\lIll1.II,llvlIP.I . 
BJII!;Jlorc Dr, M, O('qJI1I (lIlJone:'''J) IhJ llknllhl SIJIl' ('\)\l'fnnll'lI t (Ill hl'h.tlf 01 

the Jc:lCI;:JI(,\ , 

The Orgarusmg Committee expresses ItS si ncere thanks to the Japanese 
As oelatlon for Photo-Regulators for plovlding S 1000 to defray (hc initIal 
expendIture of the conference, Thanks arc due to financial a slstance of Rs, 30,000 
extended by the Indian Council of Agricultural Research, New Delhi , MI s, Kumial 
Chemical Industry Co. Ltd"Japan for Rs, 25 ,0001- and the University of Agncultural 
SCiences, Bangalore, for Rs. IO,OOO/-. Thanks arc also due to M i s, Hoe h t 
Pharmaceutical Limited, Bombay, Cyanamid India Limited, Bombay, Bharat 
Pulvensing Mills Pvt. Ltd" Bombay, Coromandelindag Products (P) Ltd" Madras 
and Spencer International Hotel Ltd., Madras, for providing advertisements. 

The Organising Committee thanks the Government of I ndia for permitting to 
hold the Eighth Conferen e at Bang lore and to grant VISA to th~ participating 
delegates from abroad. pecial thanks should go to Organismg Committee members 
and Volunteers who toiled day in and day out towards uccess of the Conference. 



210 I'R ITH ASIA .,pAOFIC WEEO SO be. CONf I I. II VOL 

Alo peci<11 recognition should go to Prof. S . V. Venbta R<1o, and the members of 
PublicatJon and Programme Committee for their excellent job in handling the 
editmg and pontmg of the proceedings. The committee al 0 thank Dr. R. 
Dwara.kinath, for guidance during the initial suges, as the Chainnan of the 
Organising CommIttee. 

All the confcrenle work w,n held in the We~t-End Hotd, B;1ngalorc: . The co­
operiluon .md the help rendered In vanous ways b)' the authontle of the Hotel ue 
placed on record .and the Orgolntsing Committee l'xpreu theIr deC'p en C' of 
apprecjatlon 10 the manolgement 10 this regard . Imllul. lOaugural and l ultural 
programme of the onference was . .ilrranged .ilt the Chowd.lIJh Ml'mofl.ll HJII. 
Sologalore. The Mandgement made: dn ex.ellent arrangement tor the lOnduli of thc: 
confcrence Acttvllies and the Organtsmg Committee: th,mk them for Ihe 'arne . 

The OrganISIng Committee gratcfully acknowled~e the help (xtended In VJflOU~ 

capacities to Ihls conference br AIR INDIA, Indian AlrllOe~. ute BOInk of Indl.l. 
Post and T degr.aph Depanment. Bangalore Tclcphonc:~. ITA World Tr""cls (Indl;!) 
Pnva.tc: Ltd .. Bangalore, T ravc:l Corpor.iltJOn of J ndla, BoIllg.llore. 1 ndlan I nstltUtc of 

Horticultural Research, Bangalore, Alkali and ChemicaJ Corporation o(lndia Ltd., 
Bangalore, Iodo-Amcncan Hybrid Seeds. BangaJore, Mis. Raja Power Press, 
Bangalorc:. Apsara Pnnters. Banplore. Pacpnnt (p) Ltd., Bangalore, Police aumon­
ties, All India Radio, Dooradarshan, various press representatives. Coffce Board, 
KHan Electncah. othcr Indus!nal Orgdnl,atlons and InstllutJollS. ThJnh .are also 
due to M ' $ . Hoechst Phumaccuucals IndIa Ltd., Bombay for presenting brief lHC' 

to thc ddegilles and prOViding bus for transpomuon of delegates. 
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PROC EDINGS OF THE SESSION XII - 'GENERAL 

01 CUSS IONS ON EXPERIENCES USEFUL TO INDIA' 

HELD AT THE EIGHTH CONFERENCE OF THE ASIAN­

PACIFIC WEED CIENCE OCIETY 

Vrnll( ' WEST l:.ND HOTEL. BANGALORE 
Dalr 27- 11 -19 1 Tlm( : 1445 to I biS Hrs 

Cham"an . Dr. · .lntl~go R. Oblen (Phtllpplnes) 
Cn Cham"an : Dr K. KnshnJmurthy (Indld) 

RappOrltllr : Dr. Y. . Panch;al (Ind ia) 

There WolS 01 Itvdy ;and good dedI of ~eneral dlscu'~lon wherein all partlcipalll\ 
took pHt In th(' dl~CU\\lon on m.ltlt'r~ dl~ ' us~ed al vanou\ \t'\\IOns . PartlClpJnts from 
all the (ountnt'\ IncludlnF.lndl3 gavt' Iht'lr Idt'')s and thought\ for overall upltftment 
of weert sCIence 10 the ASIan-Pacific regions and more particularly 10 India . Based on 
Iht' vanous pOints su~e tt'd .Jnd trom tilt' sum up of the vanous technIcal ses\lons 
(16 se\Slom mcludlng thiS session). dl1d after continued del,berations. tollowll1g 
recommend;atlom emerged oI t the lontiuslon of the 8th Conferen e. 

Rl:.COMMENDATION!> : 

1. Knowledge on the pt'rtod ot crop wet'd (ompelllion !n many crops IS essen­
tial. Nct'd to Idclltlfy weed ~pellfic or pldnt type rdatlonshlp with crop weed 
ompetltlon . 

2. Then' IS 3 need to develop In tegra tcd weed control chedule for field. planta­
tion and orthard crops lI1c1uding aq uatic wt'eds. 

3. I ndl3 has more number of wo rs t weeds. More !nten Ive research IS needed to 

develop easy, effective and e(.onoml 011 methods of weed ontrolll1 re pect 
of more problcmatic weeds Itke water hyaCInth. nutgrass. C_ynodol1 da{~}'lon, 

Parlhrnlllm, Oxa/is, CUmtla, Slr/ga, Eltpalortltm. wtld oat .Imperala rylrndrtca, 
Sorghltm halepnrse. PhaJart:s minor. 

4. Further work needs to be done on the util ity of planllng densi ty and compet ­
ing legume for weed control 10 wide pol ed ((OPS as seen 111 b.mana. 

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 purpo e, for bio­
gas production, as green manure, use for impairing fertility in rats or antipol­
lution tools. 
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7. More work needs to be done on the inhibitory eflect or .. llelop.lIhle effect of 

weeds. 

\1t' orL. may ~ intensified on the mode of tramlO<..~tlon of herbicides 111 crops 
or weeds and on the reslSl~nce problems 10 rop .lOd weed to herbiCIdes. 

9. Er~dlcatlon of problematic weed 10 public aredS· 

to. Weed control In low r.lInfall areas be taken up . 

11 I ntegr.ned method of weed control for perennial weeds. 

12. U~e oi ~Iow rdc.he herbludes tor the (ontrol ot pcrcnruoll .... ecd~. 

13. Mode 01 ol tlon ot herbl Ides mol) be studied In c.roP\ .lOd .... eed~ . 

I~. Government should take more responsibility In Itgislolllon of problem.lIIc 
weeds 

15 Farmers be gnen subSidy ior u)e 01 herbiCides . 

10. Co t benetit Jnoll~ I may be done to popul.mse the u~e 01 hcrbl"de~. 

17. He:rblCld.l1 Inte:ra tlOns be: tudle:d In a prope:r way to reduce: Its lmt Jnd 
pollution . 

. V e:~e:tatlon In the: fIeld I\, chanpn1, due: to mtmductlon of l\\y.n ,Ic:ld\{\~ 
v.melle:~, thl~ mJ}' be: kept In View .and studies be t.l en up lur etfelllH .... eed 
conuol and m.llntalnlng SOIl Ie:mlit) . 

19-. He:rblCld.l1 appllcallons ~hou1d always be: Kcomp.aole:d by hc:rblclde reSidue 
e:stlmate:s In soli and crop. 

20. Replace: tht' non~dlblt' weeds wllh edible wc:ed\ sO tholt more use: could be: 
made of weeds 

21. \1t'eed ~ut'n_e eciuc.allon be: ~[f(~ngthcned. SUlt.able traming programrne\ 
mol) bc: dra .... n up to cre:.ate .;a ..... Heness about tne m.lgnltucie 01 .... e:ed plOblcm 
to e:xtenslon workers .lOd farmc::s. 

22. There IS nced tor grealer degree of Irlc."ractlon among all concerned on 
weeds .and hc:rblcldes- SCientists, Industry, e:xtenslon per\om. 

23. Prep.lre useful proJects .lnd send lor PL 4 0 suppon thlough I.CA.R 

24. Need lor conunultY of pe:rsons to be In weed sCIC:na as J IIle time c.!reer and 
not to change to other subJe:cts. 

25. Canals, tanks etc., be kept clean from aquatIC weeds by mechaOical methods 
and I or bIOlogIcal methods. 

26. There 15 nee:d for N.lllonal Institute of We:ed SCience: in India . 



CHAIRMEN AND CO-CHAIRMEN OF THE ESSIONS 

S(H,,,,, nil'r T(lru ChfllrmtiH ( '0 ("fit r",{1II 

1& ':: .'-11.111 I nVII('d pJp('r\ II. R A r Jkt fI K. C N.l)! 

X (Indl.l) (lndl.l) 

H. R ArJltrt ~ . M.JI\uIIJlJ 
(! ndld) OJpJn) 

II & nll!!1 N('w Hnhl A K ~clb P. LJIl)!e1uddrkl" 

VIA 24.11.81 lltlC\ &. App- (UK) (Germany) 

ItJIH(,' 

III A 24 II 81 \'( cl'd (. ont - " "- Dc DdltJ H K PJndc 
TOI In Rllt (Ph:itpplnt' " (f ndlJ) 

III B 24 .11.111 rhy\lolo)!\' oj I., M.lt,unJkJ K Uekl 
\,( ' ('('J, &. Iler (I.lp.1n) (lJpJn) 
hllldl" 

1\' A 24 ,11.R1 P.lPcr' ot Plott! \X.'. MILh,ll'i Aldn F. DUl·t\lh 
(,cncr.11 I ntl' rr'l (Au'rr.llt.\) (UIIA) 

IV B 24 I III I A:JelO)1olthy M. I.,undJru V. " . Manl 
01 \'(/ ('('J, (I nuonl'\IJ) Indld 

VA 24 .11 81 \'('('('d COlli \'(I II . V J nd(,T1 Born H " . Cdl 
rol In \'(' he.ll ( JnJtlJ) Ind l,l 

VB 24.11.I!1 Weed (.Ol1t · R. K. N"hlmoro C . Boomrrr.tt 
101 In rl.InIJ · (USA) (Th.IIIJnd) 

lion Crop~ 

VI B 24 .11.81 Herbludn Y. . PanchJI ~ . Sank.lrJn (lnd IJ) 
Resldu(', &. (IndIJ) IndlJ 

I nterJctlom 

VII A 24.11.81 Weed COnt- R. N . AndeMn U. C. Upadhyay 
rol in . orghum. (liSA) (Indl") 
Malle, Pul,es &. 

Inter crop' 

VII B 26. 11 .81 Biology or T . I. Cox Leo E. Bendixen 
We('d~ (N('w Zeal.\nd) (USA) 

VIII A 26.11.81 Aqualtcweeds M . oeqanl Margaret Anne Ward 
&IXA &. their control (Indone ia) (UK) 
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Stu/on D.'r Top,!" Cbalrmlln Co-cham"an 

VIliS 2b. ) 1.81 Weed Control W. T . Parsons S. anbr~n 

10 Bolnana, (Auslrais.t) (I nd,a) 
Couon, Potato. 
SugarbeC't & 

SugJfCdnC' 

XI 27. 11.81 ObnoXJous U. Suw<Jnnamek AI.tn E. Deutsch 
Weeds & then (Thailand) (USA) 
control 

XII 27.11.81 General Dis· S.tnllago R. Ob,C'n K. Knshnamurthy 
cusslon on (Philippines) (India) 
ExpenencC's U SC'-
ful to Inwa 
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LIST OF DELEGATES 

AU T RAUA 
I MI lI~l. P W . Oep.nmenl of A"onomy 8< Horticultural SClener. Unlvonlry of Sydney. Sydney. 

N W 2006 
PARS NS. WILLIAM. VermIn 8< No_,ou. Weedl OUlruCllon Board. Oep.nmenl of C,own L.nds 

urvey. T,e .. ury PI"e. Mrlboume 3002 
3 PA ON . J M. (A'.<XII .. d.le~'le) Add,e .. IS above 

ANAOA 
4 VA DE BORN . WILLIAM HI:.NRY. DepHtmen, of I'I.n, S"en(e. Unlve .. "y of Albenl. 

Edmonlon. Alben. 

ENGLAND 
GREATHE.AD. D J . ommonwuhh In .. "u .. of B,olollI<ol Com,ol. Impenal College. Sllwood 
Puk. A"OI. 8e' SI. 57 I'Y 

~ HILL. DOUGLAS . M.y 8< Bok .. Lid. Ong .. Runl,h Slo"on. Fyfield Ro.d . On~' . Encx eMS 
OHW 

7 10 ES . R G . Shell In'e,n,"onol a I.,d. hdl Centr< . London SE I 7NA 
snit . ASHOK. K .. ICI PI.n, P'OIeClIOn D,vu,on . Fernhu,u. H"lemere . )urrey . GU 27 Sjl:. 

'I VEERA EKARA I'ONNAN. May 8< B.lte, Lid. On~o, R .... r<h ~'.IIon . Fyficld Rood. En .. CM 5 
OHW 

10 WARD, MARGARET ANNE. Cen ... for OVe"u, Pe .. Rn .. ,ch. ollege Hou'e , W"Shu Lone. 
l nnd"n W8 55) 

WE T G RMANY 
11 BIERI GER. HEMANN G . Hach .. Almensesellsduh. D~230. F'onkfun 1M) 80. POII(och 800320 
12 lUES LING UI.RlCH. 8ASF Altuengebdhch.ft Lanow. Vcu,thuullon. Pmltoch 220 D-()703. 

Llmburllc,mol 
13 LANGElUDDUKl:. PETER. H<r< hit. Akllcnjtebelhchah. Rmebu,o. bllO Fraokfun (MI 80. 

1'011 OIl h 800320 
14 MARTI US HARTWIG. T F .. Rotlanlillec J. b2JJ Kelkhclm/ TS 

INooNE JA 
15 ARJF ANWAR. Mon .. nlo Rep 0 'Ce. Wuma Kossoro Fi ll . Jalon M Thom"n 53 . Joun. 
16. I CHAN A .• I HIDAYAT UTOMO . 810trop, JI. Roy. Tllu,. KM b P 0 80x 17. 80go1 
17 IR HARAHAP NIZWAR HAKlM. PT IC I P<IUCId.> Indonnl. ,j 1 jend. udnm.n 57. P. O . 80_lIS8. 

jaun. 
18. IR ISMAIL TATA . .PT ICI Pw,uda Indon ..... J I lend. Sudnman 57. P O. Bo. 2158. I.ltana 
19 IR OTONG HIRAWAN. A"acultu ,e ConSlruCllon Co Ltd .. Medon Office. 3S-C. jl -Pcrnl~tt .. n 

Beru, P 0 801 529, M.dan 
20 MA NGOENS(EKARjO (EPADIYO. 8alal penelollan. Pc,krbun~n M ed~n. P. 0 BOI 104. Medan 
21 MA SU DARU. C .R.I.F.C .. jalan Mcrdeu, '1'1 Bogo, 
22 MOHAMED (ERIANI. Centrr (0' Envoronmcnlal Iud, ... UnaVrnllles IndoneSIa. J I ~I.mb.i 4 

Jak.n •. Indonesl' 
ll. PANE HAMADAN. Bogo, Ru. Inn"ute for Food Crops. J I Merdelta 99. 80gor 
24. TJITROS(EDIRD)O S(EKISMAN . 810TROP. P. B. No. 17. BOlO ' 

JAPAN 
25. AKlfT U TAMOrU. Ib.,alt, Ag. Ellp. la o cl o J.A.P.R. · 
26. A ANO KOSABURO. Toyama Ag. Exp. St • . , cia J.A.P.R. 
27. C HIKURA SHOJI . Gukuoka Ag. Elp. S .... C h,kugo Bran h, ci a J.A.P.R 
28. FUKUKJ KAZUHIDE . K,I u, Tomu C heml ~I. Inc .• t l o J .A.P R. 
29. FURUKAWA SASAMU . 508' Ag. Exp. St •.. 10j .A.P.R. 
lO. HAnORI TADAYUKI. MIE Ag. Ellp. 511 . • cia J.A.P.R. 
31. HAYA AKA TOSHIMA A. Monaanlo Japan Ltd .• clo J .A.P.R. 
32. HORI CHIKAO. NaSino Nanshan A,. Exp. ta .• clo ) .A.P.R. 
33. IlZUKA SEIITI. hituolta AS. Exp. St... 10 ) .A.P.R. 
34 . IMAI EIICHI, fuku.hlm. Ag. Exp. St • . , cia }.A.P.R. 
35. ISOBE KUNIO. Hodopy. C hemICal Co. ltd.. 10 j .A.P.R . 

• JAPR- The Japan AaIociatlon for Advancement of PhytO- Regulato .... Shokucbo- Biela., 1-2lHi. TlltOh. 
faltoh-Ku. Tokyo. 
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3". KAZUYUKI ITOII. CtD .... At-' E~p .. t.a .. Konosu , $.,~m. l"S 
.17 KElt'" ALBlRT. D. Mon~n1o l.ap!" L.a. cro 80. ISsg. Tolryo. I ()().II I 
,l. KIMVRJ. FUMIO. I<h,h ••• S.n~v(' K."h. ltd. < 0 J 1..1' R 
JQ KOB.""A HI !>OOICHI. "'''",n Chtm".1 Indu'lnr, lw. , (> '.A.I' R 
40 KO\iAI. KOICHIRO. F.,uh, .. t Altflfuhur., Konl. L',n"r ,,,. a •• Lt H,,..,h •. auk. 
41 Kt:R.IHAR." TO HIMIT~U. Rrpr~'tnc~IIVt Ibn,:kok Olloet. lIoUu} Lhtm'HI Indu .. ", ('0 • ,d. 

M'hu, Su,ldlll,:O-;" 2. -1-2. N,honbnhl HonJli(>ku-Cho. Chou·Ku, Tok>o 10\ 
~.z MAT\ll\fOrO HI!>AO. Kum.mnlo Am.akuu Alt hp 'iu. C " , A r R 
-13 M"'T~L :-<AK .... HOOICHI. F.,ul" of A~n(uhur<, Kot>. L'n ... tt< •• ~, "",d.·Ku. K"h. ",-
H MICHIHIKO TAMH. ... SHI. ~hll<o~u G.aUIO l'ntvr"",·. Dcp.nmtlll otBIOI()~' .lId \t trd., Bunkv" 

c:: ho ZC'lI'U"-C 11\. K ..... . 
-1<; Mil h, I .... ME AU EN. Monunto I.p.n ltd. C 1'.0 Bo. 15SS, T.,ho. 100·'11 
.. ~ ML'R. .. "_OSO I\l'''IEO. M"".k. ."'" Ftl' Srn. l 0 I ... r R 
~; ML'ROZO'O M ....... Ta~HI. F\lk"uu "lIr hI' 5"'''''1. 0' A r R 
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GENERAL BUSINESS MEETING AND EXECUTIVE 
COMMITTEE MEETING OF THE ASIAN-PACIFIC 

WEED SCIENCE OCIETY 

November 27,1981-4.20 p.m. 
Bangalore, India 

1. Rr",arlu fro", Inr l'rwdtnl 

223 

a. Weare In the final stage of the Conference. I hope everything went on to the 
sa tisfaction of all. If there are any lapses I will own them and credit fo r all suc­
cess Will go fO the OrgaOlzlng Committee and host of workers. I t would be em­
barasslng If I mention any of them by name, hence I abstain from doing so. 

b. I lake thl~ opportunity of th.lniclnl,t the Executive Committee ml'mber~ who 
rendered timely "S~t5tance In org.lnl71Og thl~ conferemc. peCtal thanks arc 
due to Or. Nishimoto. eeretary and Treasurer for prompt re\ponse~ (or my 
qu('nc~ from lime to time . 

C. Many country's organizations lilce New Zealand Soclery have sent their greet­
tog and good wishes, whIch I am very happy to convey to you. 

d. Durtng the last 2 years there were no spC'clJI commlltees. ltrlcd 10 collcct50me 
information abOutlhe weed ~l luallOns 111 different Stltes In I ndla and In dlffer­
enllOuntne~ In the ref1,lon . lnformdllon IS ~Illllllcomplcte. Attempts arc bemg 
made to pubhsh tht' same In 2 p.Ht~ . Work I bemg done by Dr. Shan. 

e. It IS retommended Ihal a maximum ot olboul 100 p.lper\ be allowed for a 4-d.lY 
conferente . 

2. P. Michel reported that the 71h Conference: Proceedings will be available from 
him at U . . S 10.00. 

3. terrlary and Trrasurrr'.f Rrporl. Tht' oCICty .has a baldn c of 5872.58. 

Through Ihe efforts of the APWSS Newsletter Editor P. MOlooka. 5 New letters 
wt(e produced and dlStnbuted Sin e the last conference In Australi.). The Eduor IS 

sull haVing dl Iculty in obtaining new from the members. He urges your partici­
pation. All Newsletler were en t by air and the Exe utive Committee member 
redistributed these within their respective countries. 

The ociety has 191 finan i31 ordi nary' members and 7 industry ustaining 
members. The industry su talnlng membe~ are : An om dn . Bhd (Malaysia), 
Dow C hemica l Pacific (Hong Kong). Dupont (Australia Ltd.), Hoe hst (Germa­
ny), Kumlal C hemica l Industry (Japan), Monsanto Agricultural Products Co. 
(USA), Elanco Product Co. (USA) . Their generou financial as istance and sup­
port were acknowledged. 

The ecretary D. Plucknetl re igned hi s po t a he has been in Washington DC 
during the la t few years. The frea urer also submitted hi s resignatiqn as the Secre­
tariat includes the ecretary and Treasurer. The Treasurer indicated a desi re to 
move the Secretariat permanently to A ia, possibly the Philippines. However as 
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(he next conferen e w,1I be held in the Phihppme ,I( w .. ~ thought to be .In mop­

portune tlme to do so. 

At the Executive Committee Meeung, sever .. 1 requests for funds Were approvcd.1' 
follows : 1) 1.000 for the FAO IW Workshop.Rome epremberb-IO.19 2. 
The workshop,~ de~lgncd to develop J manuJI on weed slieOlc for the In, ucvt'-

10pc'd countries. The requt'st was mOide by L. MJtthews. 2) S 1,000 (0 the o rg.1nJI ­

mg Commlut'e of the qth APWS Conference to defrJY mlllJI cxpen.,e, lor the 

9th APW ' . Coolercn~e In M.lOIIJ . 3) Prondc up to 2.00010 Ihe 81h AI'\Y, .... ~ 

Conieren e OrgdOlsmg Committee If they need JddltlonJllund, for Ihe 2nd \'l) ' 

lume of the Procc('dmp. (The j'3pJnese A,> OCI.lIIOIl lor Phyto-R(.'gul~tof\ pl()\"ld . 

cd the OrgJfIlzlOg Commlttec "'Ith 1.000 10 uclrdY IOlllal expcll\es 01 Iht Kth 

Contert"nc..t') . The gencrJI body agreed on thc\e expendllurc, 

4. Con t1tutlonoll chdngc wcrc propo\cd In Augu~1 I q 1 VI,) the AP\x SS (.'",",Ielln 

.IS follows : 

A. Current Con,>ufUtion: Item 7. Executlvc Committee 

(i) Pre idem 

(II) V,ce-Presldent 
(Iii, ecret.lry 
(IV) Honorary Treasurer 

!") Immediate Past Presldcnt 
(VI) IX Other members. 

The Executive c...ommltlt"e ~hall ha,e pow~r to .. ppomt new m~mber' 10 fill 
any casu.!.1 vacmc}" and shJII ha\'~ powt"r to co-opt not more Ih.1I1 three: other 
members . 

PropOla! jor Iff1ll 7. 

Add : "With the eXlCplJOn oi the Otficers (I) through (v) of the 50(l('ty. not 

more than one national of Jny member I.ountry 1\ ehglbl~ for deOlOn to 
the Executive Commlllec." 

B. Current ConstllUtlon: Item 20. Subscnpllons. , 
The biennial subscnptlon which IS due 3t the beglOlOg of the finJnu,I1 year dnd 
which shall includc all pnvileges ,"eluding a copy of the pro("ccdlllgs of tilJl 
year, shall be S 8.00 or such sum a~ may be deCIded from time to time at any 
blenOlal or special meellng, The fee for Hudent members would be holl lhat for 

ordin.l.ry members. Non-members may be ildmltted to conference on .1 dally 

fcc which ma)' be deCided by the Executive Committee. 

PropOlai JOT Iltm 20. 

Delete: "includlOg .1 copy of the Proceedings of that year," In the first sen­
tence of Item 20. 

The proposed changes Wefe approved by the general body. 

5. PreSident Dr. Arakcri thanked Don Pluckneu for hiS services as Secretary of the 
Society. 
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6. lelllon of Ofli er\ . (1982-1983) . The followln!!. werr: nomlnJted and rJetted to 
the r('~pe live oflite\ : 

Pr('\ldent : B. L. MerlJUO 
Vile Pre\ldent · VJtdnt untd 19R5 lonfereme \Ite Jnd hmt lonfirmcu. 
~etretJI')' . R. K. N 1,llImoto 
fre.l)urC'1 : P. MOlOo)..J 

EXelU(IVe Membcr\ . 

I) T. I. ox CNcw 7e.II,lnd) 
II) M. II. Lambert (PJllfll 1,IJnd,) 

III) P W. Mldl.l el CAu,trJIiJ) 

1\' ) ... M.It,uIlJI..J 'U!(gC'\!l'U tOI IJp.ln (wdl be \ on firn1ed b) Ihe J,lpJn ~(}llCty of 

'IX' eeu "'lIen, (0) 

v) ~oe)..l\mJn I plr<l,ol'duUIO 'U):!!l' \ll'U for IIlU nnC\I.1 (wdl bl' lontirmed b,' Ihe 
'IX ' ceu "'UC'IlU: "(llll' l~ ot I nuon('\IJ) 

\,1) Prc\lucnl or unlg!ll'c ot 'IX ' n 'u ~lIcnl(' ~Olll' 1\ ot TllJdJnd 

L. M;&thews suggested th;& t members be co-opted In outh Korea and ChinJ, Con­
slder;&ble dl'lu sion on the composition and number of executive members oe­
curn·d. M. Oerl;&nl proposed that Execullve members be chosen on the bam of 
Ic;&def> III tOpiC to be fo ussed on .It the next conferences (I.e .• nee. ereals. weed 
biology, etc.) . After some dl~ USSlon, It was agreed that members should be presi ­
dcnt~ or deslgneC\ of APW affiliate societies or have strong suppOrt of affiliate 
SOCle(le~. 

7. M ~ocqdnl W.l\ nomlll.lIcd .1\ Honorary Member of Ihe APW~ by L. MJtlhew\ 
tor provlulIlg \ounu and eflellive leadership In develoPIIl!( weed \\I(:IllC rn Inuo­
IlC\lJ .1110 ~outheJ\I A\lol . The nOmU1Jtlon Wd\ JPpro\'ru . 

8 10th ·ollfcrenu: . 

New Zealand h.1S provided an IIlvilation to host the APWS Conference in 1985. 
However. T. I. Cox indicated that they would prefer that other countries, which 
holV!: not yet had an opportunity to hO\1 the APWSS Confercl1l e. TllJdJnd WJ\ 

\uggc\tcd. L. Matthew\ \ugge\tcd that , outh Kore.1 or hlll.1 he: lomloercd. ~ . 

MJl\unJkJ IIldle.lted that the 10th IS ImportJnt ~ymbohCJlly ,llld 'H ,IWJII ,houlu 
be the Sltc . '. Mal\Utlolkd wdl (omldcr ~uggestlOm. mJkc lOnIJ((~ Jnu pro\' ldc J 
recommendJtlon . 

9. On behalf of Pre Ident B. L. MerCJdo. bien mVlled Ihe APW~S to MJnda. 
Phdlppme\ dUring November 28 - December 2. 1983. for tht' 9th Conrerel111~. 
The Ijr~1 cmulJr W.l5 dl5tnbuled dUring the 81h Conferelllc. He urged mcmb('r~ 
to send ~ugge lIon\ of important dlst.u~sion tOpl to the organlzlIlg ommlttee\ 
Cha irman B. L. Mer ado. . Oblen dnd K. Moody aho ~crve on thiS committee. 

Eighteen members were pre ent at the bu ines meeting. 

The meeting wa adjourned at 5.30 p.m . 
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PROCEEDINGS OF THE EIGHTH CONFERENCE OF 
THE ASIAN-PACIFIC WEED SCIENCE SOCIETY 

CONFERENCE, 1981 (VOL. I) 

ERRATA 

1'48t I. PUll I. L"" 2 
Re~d ~i '4 IlIt) of the !endller tOmumptlon Jn d b80 " of the lo t.1 pr<,dullion of food gralO~ 

P'W I. Pllrll J. L"" .j 

Re~d ~ j, ' thls lOue~se, Jmounllng 10 427 kg hJ of gTJIO" l4 1)rrhwhdc. MJrket pOlenllal predlcllom' 

I'II.lt J, It"mdlll'lon. PIl'Il J. Unt Itnt 

Rl'~d ~ j, ·An on ., 19b7' 

p. I . I",roth lion. I'''rll 5, LInt J 

Otlele ''''hkhdoom CI JI , 1974 ' 

P'W 4. utnllt." (.//(t/ 

RCJd JI 'Anonymous, I 9b 7' 

1'4f:t J 4. Tllhv J 

KCJd JI'L~O (P-OOS1, L,O (p-OOS) for Mun~bcJn ntld I~ 0.21 

1'41.' I s. T Ilhlr 1 

Add LSD (p- 0.05) - 021 Jnd ~ 1 hlf j!rJIO )' Irld hd Jnd pods pbnl Odell" ~ for weed 
OM h. 

I'~ 17. AbJ/la't. Ltnt 'I 

RCJd ~fter '0 .7 100 S' J' 'k!! hJ ~ppcJrcd ('P1101JI I", ,,,nlrol of wdd OJ II 10 crop 10' 

I'fW 28, Tahir I 

Rc~d JI ' MJlhcIl EC 0.7) b days Jltl'r \owln!!' 

I'at,( .11, 7 ahl, 4, Lmt II 

Read J\ under 20 OA~, TOIJI No. '6 1O .. ICJd of o' 
I'fW 57 I"trot/NII/tln, I'llra 2, LIff( 9 

ReJd J\ '( Nlihlmolo ~ nd Y CC, 1980). Early JpplllJIIOn of ulu ron Wl're IOJUriOUS (RomJnow,ki (I Ill., 
1972) Thui 

P4f:t 75, Tahir 2 
RCJd JI 'q l hJ lOuead of gl ha' 

PtW 83, Para 2, Lilt( JJ 

Re~d JS 'RI. 916/ ha ' 

Pug( 86, Tahir I 

Re~d ~ ~ '40 days w('cd frce afler OW 109' for TS 

Past 86, r ahlr I 

In T6 - shift the valucs against the corrcct columns 

Pau 87, I'llra 5, Lmr 8 
,Read u '16.07 q / ha ' IOstead of 16,07 a. i.l ha 

PtW 87, Parll 5, Lin, 14 
Rcad as 'applica tion of alrazine Ikg/a.i.l ha + post-cmcrgencc apph ation of 2,4·0' 
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P,«, 92.. /With. PM'" I. Lilt( I 
Rc:.d liS 'In 197& ~I P~I.mpl:r, C-li1S' 

P~ 95. T aI.W 5. COOt"''' 5, l..ntt 6 
Re.ad .u '3 .1' 

p. J 14. C6pIIO" (or F« I 

Th~ ~t.l\dmg HOp on dry W~I~hl Jnd Ih~ top to t~lI () for I "":/V' p,'pulmol1' glOwn In three 10' 
e.1I10n< 

P-w If 6. C4/'II011 Jvr F~ 2 

Ac.:umul.allon 01 nl[ro~c:n .nd pho\phorus by r ,r,Wl/"l' POpul.alll)n\ 

P~ 1/7. T abk J. lrul [uu 

hlh the "alue\ by onc column lor lOrre([ re.admg 

P~ 1Z1. iaJI 111ft of tiN T ~bl( 

RC.oId J\ ' ,1&..,alJ<", (oI'tJzmdd losu.ad of ' Ageratum ConyzOld(~ g~tum' 

P"lf 123. T abk 2, CoIN"'lf 4, LlIft 10 

Omit parqu.it .md \hllt 100 In Column 7 to Column 

P'W 121. I4sI Iliff 
Re.id oIS • A,ralJ<", .dltyzolJid for AC 

P'W J 4-J. T aPt, I. CoIlt"'" 1 

Remove a 10 Jrd .tnd 5th Imes 

PI1.I.f /46. TaI.W I 
Read as '1,21.1' 

PII(,'t J 50. T abk 1. Lllff I. wi (oUt",,, 
Read a.s ·e~·OOI4x 

P'W /58. Tabu 1. Iou / 

Read as 'Extract' 

P'W 162. Tab" 1. 
Read as 'Cardltus " .. lalli' 

Pa.(t 1 62. TaP{, I, Cob",,,, 1, lint if 

Read .as '19108 instead 19018' 

Pagt 164. colf(hiJ/fJ1fJ, wi 11It( 

Read .as '.til but the far western areu appe.lr climatically SUluble for' 

P4f! 165. L,,,t 1, /J()pklh/ 

ReOid a~ .1 An Index ... hleh '"tegTaleS lIght, thermal and mOISture mdlces for a ddincd period 

Pagr 17110 /73 

Read a\ 'pann~l1fid ,"\le~d of prnn.tufied ~nd up for spp' 

Pagr 172 

Omll 'dllnenslom . . . . . .. the regIon' before 'Results and DiSCUSSIOn' 

fagt 179, Para 2, LiM 13 

Read ~s ' (he growth and development of broad leaf w('('ds as well . The dIfferences in the heIght of 
C. alblt",. 

Pat.t ZOO. Para 2. LfIt, 5 
Delete 'Mom . . . " lhe ,eeds' 

Pagr 202, Para 7, Ltnt 8 

~ad as '0.02 instead 0.22' 
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rfIJ:r ! J(), Cy'ftlJfIIl JilJ'l'IlfI", LI1I( 17 

RCJd ~) 'S t~te , Al(fI(.uitur(' prJctf( t"s rn the bnd' 

fltW 221, T"blr 5, I /11( II, <1,[11"," 5 

Add I c ,1IId \hdl other valuC'\ 1M ,0rrCll rcadm!> 

flll,ll,r l.ll, i<m,1lJ, IIUI 1/11( 

Re~d .I, '1800" for 188 m' 

f'1lI.( 21>2, Tahir 4, 8ar/,y 1978, L/If( 8 

R(~d a, '42 0 ,"'Icad of 4,0 

PUlI'17.1 

RC'~d a~ 'WONG PHUI WENG' 

f'~ 28.1, Tilh/r I, (0111",11 1, 111I( 9 

Re~d a, 'Glyphoutt~ alont' 4.0 kg/ ha' 

f'-w 188, {'ur" J. 1./fIr 7 

Read ~I 'Th(' sr3111 number pcr and thou'lnd gram wClght ,n:hl.alcd' 

fa.!' 288, Para J, Lttlr 10 

Odele 'I,atron was' 

''''gr Z 89, COl1JIIJlQlIJ, Ll1u 5 

Re~d J\ 'atl'Vlty with Mrlg.l parasl!lS3tJon, while chlorophyll cr, ntent' 

""If .119, ,'.-faimal mid Mfrbods, L/fU 1 
Read a, '1']0 35' 30" - 1 ']031>' 02" N 

Pili.( .130 

Od('te 'pH,} 3' 

"W 349, RLJIIIIJ alld DlJoml(m. Lllu 16 

RC4d al 'Pulhcn,n for Patthen,um 

r~r 37J. /fbllra<l. /..JlIr 6 

RCJd ~, 'GA3 , KNOa, 1M 

f't«r 398. Para 1, Lint 6 

23; 

RCAd J~ 'Hctlt J(.,d : water (4: 1.5 top layct) . II· butanol : 2M NH.OH (I : I) and II·butanol : 

Pag, 428, RfJMlll, {'''Ta I, Llllr 10 

Omit 'as compared to . . ... , . over 91>%)' 

Pagf 434, RtSMllJ alld Dt1CMWOII, I4s/ Imr 

Read ~s . cucmtla I for the. activity agalllu' 

Pagt 449 

Link 'CH (CH,)~' to C III the structural formula 

P4f,( 466. Tahir 3, 90 DATI DAS, 1975, LI1I( II 

Read as ') 13.6 IIIstead lit,.)' 
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