Preface
Weeds are one of the major biotic constraints in agricultural production.
As per the available estimates, these cause up to one third of the total losses in
yield, besides impairing produce quality and various kinds of health and
environmental hazards. Despite development and adoption of weed
management technologies, the weed infestations are virtually increasing. This is
due to adoption of high-input and intensive cropping systems; neglect and
discontinuation of some of the traditional practices like intercropping, mulching
and crop rotations involving legumes; shift in weed flora due to adoption of fixed
cropping systems and management practices including herbicides; development
of herbicide resistance in weeds e.g. Phalaris minor in the 1990s; growing menace of
wild rice in many states and Orobanche in mustard-growing areas; invasion by
alien weeds like Parthenium, Lantana, Ageratum, Chromolaena, Mikania in many parts of the country;
impending climate change favouring more aggressive growth of weed species; and herbicide residue
hazards. This indicates that weeds problems are dynamic in nature, requiring continuous monitoring and
refinement of management strategies for alleviating their adverse effects on agricultural productivity and
environmental health.
In view of the emerging concerns and challenges in agricultural production particularly with respect
to weed infestation, the Directorate has reorganized its research and development programmes in the XII
Plan starting from 2012-13. Focused and multi-disciplinary research programmes have been formulated to
address these challenges and developing location-specific weed management strategies aimed at increasing
productivity and input-use efficiency, while reducing costs and environmental hazards. The first research
programme on 'Development of sustainable weed management practices in diversified cropping systems' addresses
issues of weed management in conservation agriculture systems; adoption of systems approach with
emphasis on horticultural, rainfed and organic farming systems; improving use-efficiency of water,
nutrients and other resources through weed management; and efficient spraying techniques for low-volume
high-potency herbicide molecules and mechanical tools for weed management. The second research
programme on 'Weed dynamics and management in the context of climate change and herbicide resistance' focuses
on the effect of CO2 and temperature on crop-weed associations, biochemical and physiological aspects of
herbicide resistance development in weeds, and weed risk analysis and development of weed seed
standards. Some weed species have assumed serious proportions in different parts of the country, and are
causing havoc to agricultural production, biodiversity and environment. It has been proposed to launch the
third research programme on 'Biology and management of problem weeds in cropped and non-cropped areas' such
as wild rice, Ageratum, Cyperus, Phalaris, Echinochloa, Alternanthera, and parasitic weeds like Orobanche in
cropped lands; Lantana, Parthenium, Chromolaena, and Mikania in non-crop lands; and water hyacinth and
Pistia in aquatic bodies. Herbicides are becoming increasingly popular because of their high efficacy and
increasing shortages of labour in almost all parts of the country, but there may be some concerns with respect
to their residues and effect on environment. Accordingly, the fourth research programme on environmental
aspects of herbicides focuses on 'Monitoring, degradation and mitigation of herbicide residues and other pollutants
in the environment'. An important programme in farmer participatory mode has been launched on 'On-farm
research and demonstration of weed management technologies, and impact assessment, in which all the scientists of
the Directorate are involved. Each scientist is devoting 60-70% of his time for research work, and 15-20% time
each for training/teaching and extension-oriented on-farm research.

The Directorate needs to expand its reach and show visibility and impact all over the country
through effective collaborations, networks and partnerships with various agencies including international
organizations. Besides strengthening the existing collaboration with 22 centres of AICRP on Weed Control,
linkages with other SAUs and ICAR institutes, particularly those dealing with field / cash crops and
horticultural crops have been established. Awareness programmes on the serious problem weeds such as the
one on Parthenium have been organized in association with state department of agriculture and other
agencies. The Directorate has also served as a nodal centre for training on weed management to different
stakeholders.
All India Coordinated Research Project on Weed Control has focused on location-specific problems
to generate technologies for improving productivity and resource-use efficiency. Major weed species of the
states have been identified, and their biology and management investigated in greater depth. The areas
infested with serious problem weeds like Orobanche, Ageratum, Lantana, Phalaris, wild rice, and an emerging
invasive weed, Ambrosia psilostachya need special attention.
SFC document for XII plan of the Directorate has been prepared considering the emerging issues in
Indian agriculture with respect to weed management, developing sound weed management strategies for
meeting these challenges, effective collaboration and linkages with other institutions in order to increase the
visibility and impact of our technologies, modernizing existing infrastructure of the building, laboratories
and research farm.
I am highly thankful to Dr. S. Ayyappan, Director General (ICAR) and Secretary DARE for his
special interest, and providing constructive criticism and visionary thoughts for strengthening the activities
of this Directorate. I am equally grateful to Dr. A.K. Singh, former Deputy Director General (Natural
Resource Management), ICAR and Dr. A.K. Sikka, Deputy Director General (NRM); Dr. J.C. Dagar, former
Assistant Director General (Agronomy and Agroforestry) and Dr. B. Mohan Kumar, Assistant Director
General (Agronomy and Agroforestry), ICAR for their kind consideration, generous support and critical
inputs. I express my sincere gratitude to all the staff members of the Directorate for their help and
cooperation.
This report presents the work done and activities organised at the Directorate during the period
from April 2012 to March 2013. I shall appreciate comments and suggestions for further improvement and
strengthening of our programmes.

Date : 30 May, 2013

(A.R. Sharma)
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o"kZ 2012&13 ds nkSjku funs'kky; us vuqla/kku ds
varxZr [kjirokj izca/ku gsrq viukbZ xbZ cgq&vk;keh vuqla/kku
dk;ZØeksa ds ek/;e ls fofHkUUk 'kkdukf'k;ksa ds mi;ksx] muds
yEcs le; rd mi;ksx djus ds izHkko] 'kkdukf'k;ksa ds izHkko
c<kus ,oa mudk Hkwfe esa vo'ks"k lacaf/kr vuqla/kku] Qlypdz ls
[kjirokjksa esa cnyko] tyok;q ifjorZu dk Qly&[kjirokj
izfrLi/kkZ] dhVksa ,oa tSo&'kkdukf'k;ksa }kjk [kjirokjksa dk
tSodh; fu;a=.k vkfn 'kkkfey gSA lkFk gh lkFk [kjirokjksa dh
o`f) rFkk fodkl ,ao ikfjfLFkfrd&dkf;Zdh ls lacaf/kr
vuqqla/kku Hkh fd;k x;kA funs'kky; us bl lky Hkh xktj?kkl
dks [kkus okys eSfDldu chVy dk iwjs Hkkjr esa izHkkoh rkSj ij
foLRkkj ,oa forj.k tkjh j[kkA blds vykok] funs'kky; us
mUur [kjirokj izca/ku rduhdksa dk dbZ fdlkuksa ds iz{ks=ksa ij
ijh{k.k] izn'kZu] izf'k{k.k ,oa fdlku esyk vk;ksftr fd, x;sA

[kijrokjksa ds 'kq"d inkFkZ ,oa la[;k esa vFkZiw.kZ deh ikbZ
xbZ vkSj 4-84 Vu@gs- dh mit izkIr gqbZA /kku esa] u=tu]
QkLQksjl ,oa iksVk'k ds lkFk 'kkduk'kh dk mi;ksx djus
ls mit ohMh psd ¼1-48 Vu@gs-½ dh vis{kk 3-26 Vu izfr
gs- izkIr gqbZA
VekVj dh Qly esa xkscj dh [kkn ds lkFk dkyh ikWyhFkhu
dk mi;ksx djus ls [kjirokjksa dh la[;k ,oa muds 'kq"d
inkFkZ esa izHkkoh deh ntZ dh xbZ rFkk VekVj dh mit ohMh
psd ¼2-59 Vu@gs-½ dh rqyuk esa vf/kd ¼23-9 Vu@gs-½
izkIr gqbZA ogha fHk.Mh dh Qly esa mDr mipkj ds lkFk
2 fuankbZ djus ls [kjirokjksa dk izHkkoh fu;a=.k izkIr gqvk
rFkk ohMh psd dh vis{kk rhu xquk T;knk mit izkIr gqbZA
●
lks;kchu esa] besftFkkik;j dks vadqj.k i'pkr 'kkdukf'k;ksa
ds lkFk ,oa Dyksjheqjku dk mi;ksx djus ls laok vkSj eksFkk
dk 60 fnu ij izHkkoh fu;a=.k ds lkFk fuankbZ dh vis{kk
vf/kd mit izkIr gqbZA besftFkkik;j vkSj bekt+keksDl ds
feJ.k dh 60 xzk@gs- ek=k dk mi;ksx djus ls Hkh
[kjirokjksa dk izHkkoh fu;a=.k ntZ gqvkA
●
/kku dh Qly esa isUMhfeFkkfyu dhs 1000 xzk@gs- dh nj ls
cqokbZ ds Ik'pkr~ fdUrq vadqj.k iwoZ rFkk fclik;jhcsd 25
xzk@gs- dh ek=k vFkok ,d fuankbZ cqokbZ ds 25 fnu ckn
mi;ksx djus ls [kjirokjksa dk la[;k esa deh ,oa mit esa
vFkZiw.kZ c<+ksRrjh ntZ dh xbZA
●
Pkus dh Qly esa isUMhfeFkkfyu ds 38-7 izfr'kr lh- ,lfu#i.k dh 700 xzk@gs- dh nj ls vadqj.k iwoZ ,oa
besftFkkik;j dh 75 xzk@gs- ds mi;ksx ls mit esa vFkZiw.kZ
c<+ksRrjh ntZ dh xbZA
●
ykSdh dh Qly esa [kjirokj ls yxHkx 40 izfr'kr rd dk
mit esa uqdlku ntZ fd;k x;kA buds izHkkoh fu;a=.k gsrq
gsykslYQ;wjku ds 120 xzk@gs- vFkok isUMhfeFkkfyu ds 700
xzk@gs- dh nj ls mi;ksx ls [kjirokjksa ds lkFk&lkFk eksFkk
dk Hkh izHkkoh fu;a=.k ns[kk x;k vkSj mit esa vFkZiw.kZ 40
izfr'kr rd dh c<+ksRrjh ntZ dh xbZA
●
,d vU; ijh{k.k esa ik;k x;k fd /kku esa laok ds 15 ikS/ks
izfr oxZehVj ds ?kuRo ls /kku dh mit esa 40 izfr'kr rd
dk mit esa uqdlku ntZ fd;k x;kA tcfd lks;kchu esa
;g uqdlku mlh [kjirokj ds 20 ikS/ks izfr oxZehVj ds
?kuRo gksus ls Hkh 18 izfr'kr uqdlku ntZ fd;k x;kA xsagw es
Qsysfjl ds 75 ikS/ks izfr oxZehVj esa ;g uqdlku 10 izfr'kr
jgkA blh Qly esa taxyh tbZ ¼15 ikS/ks@oxZ ehVj½ ls ;g
uqdlku 37 izfr'kr ntZ fd;k x;kA
●

bl o"kZ ds nkSjku eqq[; vuqla/kku ifj.kke bl izdkj gSa%

fofo/k Qly iz.kkyh esa nh?kZdkfyd [kjirokj izca/ku
rduhdksa dk fodkl
/kku&xsgaw Qly pØ esa] /kku esa [kjirokj ls yxHkx 44
izfr'kr rd dk mit esa uqdlku ntZ fd;k x;kA bUgsa
fu;af=r djus gsrq fclik;fjcsd lksfM;e dk 25 xzke
lfdz; rRo izfr gs- dh nj ls mi;ksx djus ls [kijrokjksa
dk izHkkoh fu;a=.k ntZ fd;k x;k rFkk mit esa 44 izfr'kr
dh o`f/n ntZ dh xbZ A ogha xsgwa dh Qly esa] DyksfMuksQki +
2]4&Mh ds mi;ksx ls taxyh tbZ] Phalaris minor dh
la[;k esa vFkZiw.kZ deh ntZ dh xbZA

●

/kku&pus Qly pØ esa [kjirokjksa dks fu;af=r djus gsrq
fclik;fjcsd&lksfM;e dk mi;ksx djus ls ohMh psd dh
rqyuk esa [kijrokjksa ds 'kq"d inkFkZ ,oa la[;k esa Øe'k% 79
,oa 94 izfr'kr dh deh vkadh xbZ ,oa 4-60 Vu@gs- dh
mit izkIr gqbZA tcfd fQukDlkizki + 2]4&Mh eksFkk dqy
ds ikS/kks dks fu;af=r djus esa vizHkkoh ik;k x;kA pus dh
Qly esa [kjirokjksa ds vfrdze.k ls mit esa 86 izfr'kr
dh deh vkadh xbZA bUgs fo'ks"k #i ls taxyh tbZ dks
fu;af=r djus gsrq Doht+syksQki dk mi;ksx gkFk ls funkabZ
ds rqY; ik;k x;kA ijUrq ;g 'kkduk'kh isUMhfeFkkfyu dh
vis{kk Medicago hispida, Chenopodium album ,oa
Cichorium intybus dks fu;af=r djus esa vlQy jgkA

●

dkcZfud [kjirokj izca/ku ds varxZr /kku&xsgwa ds Qly
pØ dh xsgwa dh Qly esa] 50 izfr'kr xkscj dh [kkn +
50 izfr'kr u=tu] QkLQksjl ,oa iksVk'k dks DyksfMuksQki
60 xzk@gs- + ,d fuankbZ ds lkFk nsus ls 60 fnu ij

●

i

Tkyok;q ifjorZu ds nkSj esa [kjirokj xfrdh o
izca/ku rFkk 'kkduk'kh izfrjks/kdrk

Qlyh; ,oa xSj&Qlyh; {ks=kSsa esa TkfVy [kjirokj
dk thofoKku ,oa izca/ku

vuqla/kku dk;kZsa ls irk pyk gS fd vkus okys le; esa
tyok;q ifjorZu ds dkj.k [kjirokjksa dh leL;k vkSj
vf/kd tfVy gks tk;sxhA
●
mPp dkcZZu MkbZvkDlkbM lka/kzrk ewax dh Qly rFkk mlesa
Ikk;s tkus okys [kjirokjksa Brachiaria reptans ,oa
Eragrostis diarrhena dh c<+okj dks c<+krk gSA
rqyukRed n`f"V ls mPp dkcZu MkbZvkDlkbZM dk ykHk
[kjirokjksa dks vf/kd gksrk gSA vr% vkus okys le; esa
tcfd dkcZu MkbZvkDlkbZM dh lka/kzrk dk c<+uk fuf'pr
ekuk tk jgk gS] [kjirokjksa dks Qlyksa dh vis{kk vf/kd
ykHk gksxkA lkFk gh lkFk vkilh izfrLi/kkZ c<+us ds dkj.k
Qlyksas dks gkfu gksxhA
●
mPp dkcZu MkbZvkDlkbZM lka/kzrk ij mxk;s x;s xktj ?kkl
dh ifRr;ksa ls izkIr vo'ks"k (allelochemical crude
extract) dk iz;ksx 'kkduk'kh ds :Ik esa tyh; [kjirokjksa

[kjirokj :ih /kku ds 112 le:iksa ds fofHkUu y{k.kksa dk
v/;;u djus ij muesa vkil esa fofHkUurk ikbZ xbZA /kku
cksus ds 60 fnu ckn muds ok"iksRltZu vkSj iRrh ds
rkieku esa mYys[kuh; vUrj ik;k x;kA /kku ds 112
le:iksa ds rwM ¼vku½ dk fujh{k.k djus Ikj muds 68
le:iksa ds jax vkSj yEckbZ esa fofHkUu izdkj ds varj ik;s
x;s A
●
Xokfy;j vkSj Hkjriqj esa ^vksjkscSadh^ ¼xqfM;k] xtk] Bksdj]
HkqbZQksM+½ ls xzflr feV~Vh ds uewuksa esa VªkbZdksMjek]
¶;wlsfj;e] ikbfFk;e] isfuflfy;e ,oa ,lijftyl uke
dh QQawnsa ikbZ xbZA bu QQwanksa ls dksf'kdk fofgu lRr ds
lao/kZu ds fy, vkyw 'kdZjk vkSj vkyw MsDVªksl ds 'kksjcs esa
QQwanksa dk vPNk fodkl gqvkA
●
vksjkscSadh ds iks"kd ikS/ks ¼ljlksa½ ds vadqj.k vkSj laØe.k dk
v/;;u djus ij Kkr gqvk fd vadqj.k ds fy, 2&3 eghus
dh vuqdwyu vof/k dh vko';drk iM+rh gSA HkqbZQksM+ dk
ljlksa ds cksusa ds 40&50 fnu ckn vadqj.k gksrk gSA nks
ljlksa ds ikS/kksa ls vf/kdre HkqbZQksM+ ds ukS ikS/ksa dk vadqj.k
gksrs ik;k x;kA xeyksa esa v/;;u ds nkSjku ;g Hkh ik;k
x;k fd HkqbZQksM+ dk vadqj.k lHkh xeyksa esa ,d leku u
gksdj fofHkUu izdkj gqvkA
●
ljlksa dh ^^jksguh^^ vkSj ^^,u-vkj-lh-Mh-vkj- 2^^ uke dh
iztkfr;ka HkqbZQksM+ ds izfr laosnu'khy ikbZ xbZaA
●
losZ{k.kksa ls Kkr gqvk fd NRrhlx<+ jkT; ds txnyiqj
ftys esa Chromolaena odorata uke dk [kjirokj cgqr
rsth ls vius iSj ilkj jgk gSA tcfd ,d n'kd igys ogka
bl [kjirokj dk ukeksfu'kku rd u FkkA FkksM+s ls le; esa
gh bl [kjirokj dk QSyko ogka ds taxyksa] lM+d ds
fdukjs] lkeqnkf;d vkSj catj Hkwfe esa gks x;k gSA txnyiqj
ls jk;iqj tkus okys jk"Vªh; ekxZ ij ;g fiNys o"kksZa esa rsth
ls QSyk gSA bl [kjirokj ds tSodh; fu;a=.k ds fy;s
uoEcj 2011 esa yxHkx 3000 xkaB cukus okys dhV dks ogka
NksM+s x;s ij vHkh rd bl dhV dh ogka ij o`f) ugha ns[kh
xbZA
●
tcyiqj vkSj vkl&ikl rkykcksa ds losZ{k.k djus ij
xqykSvk rkykc esa tyxksHkh ;k tyh; lykn (Pistia
strateotis) dk Hkh"k.k izdksi ik;k x;kA bl tyh;
[kjirokj us rkykc dks iwjh rjg ls <d fy;kA tcyiqj esa
bl izdkj ds tyh; [kjirokj dk ;g igyk vkØe.k ekuk
tk jgk gSA

●

●

(Eichhornia crassipes, Pistia stratiotes, Azolla
pinnata, Spirodela pollyrrhiza) ij djus ls irk pyk

fd mPp dkcZu MkbZvkDlkbZM ds dkj.k 'kkduk'kh {kerk ij
dksbZ vuqdwy vlj ugh iM+rkA
●
blds vfrfjDr ;g Hkh irk pyk fd xktj?kkl dh ifRr;ksa
esa ik;s tkus okys eq[; 'kkduk'kh rRo fQuksfyDl ,oa
Vjfiuk;M~l dh ek=k lkekU; dh vis{kk mPp dkcZu
MkbZvkDlkbZM ij mxk;s x;s ikS/kksa esa vf/kd gqbZA
●
mPp dkcZu MkbZvkDlkbZM lka/kzrk ij xktj?kkl dh c<+okj
lkekU; dkcZu MkbZvkDlkbZM lka/kzrk dh vis{kk vf/kd gksrh
gqbZA
xktj?kkl dh ifRr;ksa ls izkIr ?kksy (allelochemical
crude extract) 0-1 izfr'kr /kku rFkk rSjus tyh;
[kjirokjksa ds fy, ?kkrd fl) gqvkA

●

ysUVkuk dh ifRr;ksa ls izkIr ?kksy (allelochemical
crude extract) 0-50 izfr'kr dh lka/kzrk esa /kku vkSj 0-25
izfr'kr lka/kzrk esa gkbZfMªyk ds fy, ?kkrd ik;k x;kA

●

viarum dh ifRr;ks a ls iz k Ir
(allelochemical crude extract) dk ?kksy /kku o

●
Solanum

tyh; [kjirokjksa ds fy, 0-1&0-5 izfr'kr dh lka/kzrk esa
?kkrd ik;k x;kA
,d ,slk ifjj{kd (preservative) dk fodkl fd;k tk
jgk gS tks Qlyksa ,oa [kjirokjksa ds chtksa dk lkekU;
rkidze ij 20 o"kZ ls Hkh vf/kd le; rd lqjf{kr j[k
ldrk gSA

●

ii
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i;kZoj.k esa 'kkduk'kh vo'ks"kksa ,oa iznw"kdksa dh
fuxjkuh] v/kerk ,oa mudk ?kVko

mi;ksx ÅtkZ ds L=ksr ds :i esa djrs gSa ,oa vi?kfVr
inkFkksZa dk fQj ls vi?kVu djds dbZ :ikUrfjr ,oa
vi?kfVr inkFkZ cukrs gSa] ,oa bu vi?kfVr inkFkksZa dk
mi;ksx iqu% ÅtkZ ds L=ksr ds :i esa djrk gSA
●
feV~Vh ,oa lhlk ds Åij lYQkslY¶;wjku dks lw;Z ds
vYVªkok;ysV fofdj.k }kjk fo'ys"k.k ,oa fo'ysf"kr fd;k
x;k ,oa fo'ysf"kr inkFkZ dks dkye dzksesVksxzkQh vkSj Vh,y-lh- }kjk i`Fkd djds ,y-lh-,e-,l-@,e-,l- }kjk
fu/kkZj.k fd;k x;k ,oa ik;k x;k fd lYQkslY¶;wjku
dk fo'ys"k.k lYQksukby&;wfj;k fczt foHkktu ,oa
lyQksukby ,ekbM ca/ku foHkktu }kjk gksrk gSA
●
iz{ks= dh feV~Vh ls nks QQwanksa VªkbZdksMjek fofjM vkSj
DykMksLiksfj;kl gkjcsjke dks vyx fd;k x;kA QQwanksa ds
lyQkslY¶;wjku ds foHkktu }kjk 2& ,feuks&4]
6&MkbfeFk‚fDl fifjfefMu] 2&bFkkby lYQksukby
bfeMktks ¼1]2&,½ fifjfefMu&3&lYQksuk;kbM] ,u&
¼4]6&MkbfeFkkfDl fifjfefMu&2&vkby½&,u&gkbMªksfDl
;wfj;k ,oa ,u] ,u&fcl ¼4]6& MkbfeFkkfDl
fifjfefMu&2&vkby½ ;wfj;k vkfn inkFkZ izkIr gq;sA
●
flapkbZ ds ikuh ls E;wdj fifjQjfel vkSj ,lijftyl
¶ysol&uked nks QQwan feys tks lYQkslY¶;wjku dk
foHkktu] 2&,feuks&4] 6&MkbZfeFkkfDl fifjfefMu]
2&bFkkby lyQksfuy bfjMktks ¼1]2&,½
fifjfefMu&3&lYQksukby] ,u& ¼4]6&MkbfeFkkfDl
fifjfefMu&2&vkby½ ;w f j;k] ,u] ,u&fcl
¼4]6&MkbfeFkkfDl fijfefMukby½ ;wfj;k uked inkFkZ
cukrs gSaA
●
feV~Vh esa g~;wfed ,flM nks rjhdksa ls vkxZfud inkFkZ dk
lw;Z ds vYVªkok;ysV fofdj.k }kjk vi?kVu djrs gSaA
lk/kkj.kr% g~;wfed ,flM inkFkZ dh lw;Z ds vYVªkok;ysV
fofdj.k }kjk vi?kVu izfdz;k dks c<+krs gSaA ysfdu g~;wfed
,flM izsfVykDyksj dh lw;Z ds vYVªkok;ysV fofdj.k }kjk
vi?kVu izfdz;k dks jksd nsrs gSaA bl izdkj izsfVykDyksj ds
fy, g~;wfed ,flM lqj{kk dop dk dke djrs gSaA
●
vif'k"V ty ls tM+ /kkrw ¼dSMfe;e ,oa lhlk½ gVkus esa
ujdV ikS/kksa ds mi;ksx ij vk/kkfjr rduhd dkjxj ik;h
xbZA bl rduhd esa ikuh ds jax ds cnyko ds lkFk&lkFk
ukbVsªV dh ek=k Hkh de gqbZ ftldk mi;ksx ikSaM okVj dh
DokfyVh ds j[kj[kko ds fy, Hkh mi;qDr ekuk x;kA
●
fofHkUu [kjirokjksa ds v/;;u esa ik;k x;k fd ujdV
¼vj.Mks½ ds ikS/kksa us T;knk ek=k esa lhlk dk vo'kks"k.k fd;k
¼104-8 fe-xzk-@fd-½ rFkk vo'kksf"kr lhlk dks tM+ ls ruk
esa LFkkukarfjr fd;kA vU; ouLifr;ksa esa Vk;Qk ,oa cp
}kjk lhlk dk vo'kks"k.k T;knkrj tM+ esa gh ik;k x;kA

'kkdukf'k;ksa dh fLFkjrk dk e`nk] ikuh ,oa vU; xSj y{kh;
thoksa ij /kku vk/kkfjr Qlyksa esa v/;;u fd;k x;kA
ihuksDL;wye] ikbjstkslY¶;wjku-bFkkby ,oa izhVhykDyksj
dks dze'k% 25] 25 ,oa 750 xzke@gs- dh nj ls /kku dh
Qly ds vadqj.k ds i'pkr~ fNM+dko fd;k x;k rkfd bu
jlk;uksa dk e`nk esa vi?kVu ,oa vo'ks"kksa dh ek=k dk
fu/kkZj.k ,oa Qly] e`nk ,oa ikuh ij foijhr izHkkoksa dk
v/;;u fd;k tk ldsA jlk;uksa ds vo'ks"kksa dk fu/kkZj.k
,p-ih-,y-lh ;a= }kjk fd;k x;kA ikbjstkslY¶;wjku ,oa
izhVhykDyksj jlk;uksa ds vo'ks"kksa dh ek=k 0-0595 ,oa 0-714
µg/g Lizs ds dqN ?kaVksa ds i'pkr~ ikbZ xbZ tks fd 30 fnuksa
ds i'pkr~ 0-0103 ,oa 0-017 µg/g jg xbZA 90 fnuksa ds
i'pkr~ bu jlk;uksa dh e`nk esa ek=k dze'k% 0-001 µg/g
,oa 0-003 µg/g ikbZ xbZA e`nk esa ikbjstkslY¶;wjku ,oa
izhVhykDyksj dh v/kZ vk;q dze'k% 8-02 ,oa 13-08 fnu ikbZ
xbZA

●

dkjQsUVªktksu jlk;u dh xsgwa dh Qly dh feV~Vh esa 90
fnuksa ds i'pkr~ 0-001 µg/g ek=k ntZ dh xbZA

●

[kjhQ ds ekSle esa izhfVykDyksj] ikbjstkslY¶;wjku ,oa
fiuksDlwye 'kkdukf'k;ksa dh /kku dh Qly esa fNM+dko ds
ckn ;s jlk;u o"kkZ ty ds lkFk cgdj ikl dssa ikuh ds VSad
esa pys x;s ftlls jlk;uksa dh fo"kkDrrk ds dkj.k dbZ
eNfy;ksa dh e`R;q gks xbZA eNfy;ksa esa izhfVykDyksj dh ek=k
0-063 ,oa 0-010 µg/g 30 ,oa 60 fnuksa ds Ik'pkr~ ikbZ xbZ]
,oa 60 fnuksa ds i'pkr~ ikbjstkslY¶;wjku vo'ks"kksa dh ek=k
fu/kkZj.k ek=k 0-001 µg/g ls de ikbZ xbZA

●

e`nk eas ikbZ tkus okyh QQwanksa tSls fd ,lijftyl ¶ysol
,oa ,lijftyl ukbtj] isuhlhfy;e dz;kstsue ,oa
vYVjusfj;k vYVjusVk dh 'kkduk'kh jlk;uksa tSls fd
ikbjstkslY¶;wjku ,oa ihuksDlwye dh e`nk esas vi?kVu dh
{kerk dk v/;;u fd;k x;kA v/;;u ds nkSjku ;g ik;k
x;k fd ,lijftyl ¶ysol ,oa ,lijftyl ukbtj
ihuksDlwye dks /kku dh Qly dh e`nk esa vPNs ls vi?kfVr
dj ldrs gSa, ,oa vi?kVu dh izfdz;k }kjk bu jlk;uksa dks
dbZ fo'ysf"kr@:ikUrfjr ljy inkFkksZa esa vi?kfVr dj
nrss gAS tcfd iushlhfy;e Ø;kt
s use dh ikbjstkslY¶;wjku
dks :ikUrfjr izfØ;k }kjk ljy vi?kfVr inkFkksZ esa cnyus
dh {kerk Øe'k% ,lijftyl ukbtj] ,oa vYVjusfj;k
vYVjusVk ls vf/kd gSA ftlds dkj.k isuhlhfy;e
dz;kstsue lYQksukby&;wfj;k fczt dks rksM+dj budk

●
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[kjirokj izca/ku rduhdksa dk Ikz{ks= 'kks/k o izn'kZu
rFkk muds izHkko dk ewY;kadu

dk p;u fd;k x;k tgka ij fdlkuksa dks mUur rduhfd;ksa
dh de tkudkjh FkhA izR;sd LFkku ij lHkh oxksZa ds 7&8
fdlkuksa dk p;u fd;k x;kA
●
/kku dh Qly esa] fdlkuksa ds iz{ks= esa dqy 30 izn'kZu
fd;s x;sA Dyksfjeqjku + fclik;fjcsd & lksfM;e ds lkFk
esVlY¶;wjku ;k 2]4&Mh dk mi;ksx djus ls pkSMh iRrh
okys [kjirokjksa ds lkFk laok dk izHkkoh fu;a=.k ntZ fd;k
x;kA ogha laok xzflr {ks= esa dsoy fclik;fjcsd lksfM;e
dsk 25 xzk izfr gs dh nj ls mi;ksx djus ls izHkkoh fu;a=.k
ntZ fd;k x;k A
●
Lkks;kchu dh Qly esa] fdlkuksa ds iz{ks= esa dqy 20 izn'kZu
fd;s x;sA beSftFkkik;j 100 xzk@gs- dk mi;ksx djus ls
T;knkrj [kjirokjksa dk izHkkoh fu;a=.k ntZ fd;k x;k rFkk
ogha ` 11400 izfr gs- dk ykHkka'k izkIr gqvkA
●
eDds dh Qly esa 8 iz{ks= 'kks/k ,oa izn'kZu ¼[kqDde] jkuhiqj]
iM+fj;k ,oa dq.Me½ fd;s x;sA ,Vªkftu dk 1-0 fdxzk izfr
gs- + ,d gkFk dh funkbZ 30 fnu ckn djus ls T;knkrj
[kjirokjksa ij izHkkoh fu;a=.k ntZ fd;k x;k rFkk ` 13126
izfr gs- dh vf/kd vk; eDds esa izkIr gqbZA

xsagw dh Qly esa] fdlkuksa ds iz{ks= esa dqy 35 izn'kZu fd;s
x;sA fet+kslYQ;wjku+&vk;MkslYQ;wjku dks 18 xzke @gs,oa DyksfMuksQki 60 xzk@gs ++ esVlYQ;wjku 4 xzk@gs- dh
nj ls mi;ksx djus ls [kjirokjksa dk izHkkoh fu;a=.k ,oa `
13500@gs- dk vf/kd ykHk izkIr gqvkA
●
Pkus ,oa ljlksa dh Qly esa] fdlkuksa ds iz{ks= esa dqy 10
izn'kZu fd;s x;sA isUMhfeFkkfyu ds 38-7 izfr'kr lh ,l
dks 800 xzk izfr gs- dh nj ls mi;ksx djus ls [kjirokjksa
dk izHkkoh fu;a=.k ,oa Øe'k% ` 10530 vkSj 11415 dk izfr
gs- vf/kd ykHk izkIr gqvkA
●
^QkeZl QLVZ izksxzke^ dks /;ku esa j[krs gq, iz{ks= 'kks/k vkSj
izn'kZu esa vkSj rhozrk ykus gsrq [kjhQ 2012 esa ,d ubZ
ifj;kstuk 'kq: dh xbZ ftldk /;s; mUur [kjriokj
izca/ku rduhfd;ksa dk fdlkuksa ds iz{ks= ij ewY;kadu vkSj
Mh-MCY;w-,l-vkj- }kjk fodflr rduhdksa dk fdlkuksa }kjk
Lohdj.k djuk FkkA mUur rduhdksa dks viukus ls fdlkuksa
dh vkfFkZd ,oa lkekftd n'kk esa lq/kkj laHko gSA
●
[kjhQ 2012&13 esa iz{ks= 'kks/k ,oe~ izn'kZu gsrq 6 LFkkuksa
¼e>ksyh] cu[ksM+h] iukxj] 'kgiqjk] xkslyiqj vkSj dq.Me½
●
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EXECUTIVE SUMMARY
79 and 94% over weedy check, respectively.
However, application of fenoxaprop + 2,4-D
failed to reduce the population of Cyperus iria.
Maximum number of effective tillers/m row (51),
grain weight/panicle (3.7 g) and grain yield (4.60
t/ha) were recorded with bispyribac-sodium. In
chickpea, presence of weeds throughout the
growing season caused 86% reduction in seed
yield. Application of quizalofop acted similarly
as hand weeding, causing significant reduction in
density of Avena sterilis over weedy check.
However, it failed to check emergence of M.
hispida, C. album and C. intybus compared to
pendimethalin and oxyfluorfen. Significantly
lower population of M. hispida, C. album and C.
intybus was recorded with pendimethalin and
oxyfluorfen.

Directorate has achieved its targets during
2012-13 in research and transfer of technology. The
major research areas were development of sustainable
weed management practices in diversified cropping
systems, weed dynamics and management under the
regime of climate change and herbicide resistance;
biology and management of problematic weeds in
cropped and non-cropped areas; monitoring,
degradation and mitigation of herbicide residues and
other pollutants in the environment; and on-farm
research and demonstration of weed management
technologies and impact assessment. The programme
on popularization of biocontrol of Parthenium
through Mexican beetle was continued throughout
the country. In addition, collaboration was made with
ICAR institutes and SAUs to contain location-specific
weed problems and develop effective linkages.
Several on-farm trials and field demonstrations were
taken up on weed management technologies, besides
awareness campaigns, trainings, and Kisan Mela to
educate farmers and end-users.

●
Stand

establishment techniques in direct-seeded
rice did not influence total weed population and
weed dry biomass at 60 DAS. However,
significantly lower weed dry biomass production
was recorded with transplanted rice, which
produced higher grain yield.

Major research achievements are summarized
below:

●
In rice–wheat

cropping system, application of
50% FYM + 50% NPK along with clodinafop @ 60
g/ha fb one manual weeding significantly
reduced the weed density and weed dry biomass
at 60 DAT in wheat. Wheat grain yield was
significantly higher (4.84 t/ha) under NPK +
herbicide. In rice, grain yield was the highest
under NPK + herbicide (3.26 t/ha), followed by
that under FYM @ 10 t/ha + Sesbania
incorporation at 30 DAS (2.79 t/ha) and 50% FYM
+ 50% NPK + herbicide fb 1 hand weeding at 25
DAS (2.61 t/ha).

Development of sustainable weed management
practices in diversified cropping systems
●
In rice-wheat cropping system, presence of weeds

throughout growing season caused 44%
reduction in grain yield in rice. Application of
bispyribac-sodium @ 25 g/ha significantly
reduced the population of Echinochloa colona
(90%), Cyperus iria (97%), Commelina communis
(98%) and Caesulia axillaris (58%) over weedy
check and recorded 28% higher effective tillers/m
row length and 44% higher grain yield over
weedy check. In wheat, application of clodinafop
+ 2,4-D caused significant reduction in Avena
sterilis, Phalaris minor and Physalis minima,
whereas the lowest populations of Cichorium
intybus, Medicago hispida and Chenopodium album
were recorded with sulfosulfuron.

●
In okra-tomato

cropping system, in tomato, the
lowest weed density and biomass were recorded
under FYM + black polythene mulch. The highest
tomato yield was also recorded under FYM with
black polythene mulch (23.9 t/ha) as compared to
control (2.59 t/ha). In okra, the lowest weed
density and biomass were recorded under FYM +
black polythene mulch fb FYM + 2 manual
weeding. The highest pod yield of okra was

●
In rice-chickpea

cropping system, application of
bispyribac-sodium in rice caused significant
reduction in weed density and weed biomass by
v

density of Avena ludoviciana even at 15/m2 caused
significant reduction in grain yield by 36.9%.

recorded under FYM + black polythene (13.84
t/ha), which was about 3 times more than control
(3.84 t/ha).

Weed dynamics and management under the
regime of climate change and herbicide
resistance

●
In soybean,

application of imazethapyr in
combination with pre-emergence (PE) herbicides
and sole application of chlorimuron-ethyl
effectively reduced the biomass of Echinochloa
colona and Cyperus rotundus at 60 DAS and
produced maximum seed yield (1.54 t/ha) which
was at par to two manual weeding (1.69 t/ha) and
metribuzin (PE) @ 500 g/ha fb imazethapyr @ 100
g/ha (1.47 t/ha). Combination of imazethapyr +
imazamox @ 60 g/ha proved more effective in
decreasing weed population and weed biomass
than other treatments. The per cent increase in
seed yield in weed-free and under the treatment
of imazethapyr + imazamox was 518 and 497%,
respectively.

●
Research

has shown that weed problems would
become more intense due to vulnerability to
global climate changes. Differential response of
plants to changing climatic factors would make
weed management a more complex preposition.

●
Enrichment

of atmospheric CO2 had a positive
effect on overall growth of greengram plants as
well as weed species. Promotion in growth at
elevated CO2 could be attributed to higher dry
matter accumulation in above-ground parts.
Increase in dry matter accumulation at elevated
CO2 was 19.5% in greengram, 90.8% in Brachiaria
reptans and 75.6% Eragrostis diarrhena as
compared to that at ambient CO2. Rate of
photosynthesis and instantaneous water-use
efficiency increased, while stomatal conductance
and rate of transpiration decreased in greengram,
Brachiaria reptans and Eragrostis diarrhena at
elevated CO2 as compared to that at ambient CO2.

●
In

direct-seeded rice, application of
pendimethalin @ 1.0 kg/ha, followed by
bispyribac-sodium at 25 g/ha or manual weeding
at 25 DAS caused reduction of weed density and
dry weight and produced the highest grain yield
at par with 3 hand weedings.

●
In chickpea,

the highest seed yield was recorded
in pendimethalin 38.7% CS @ 700 g/ha, followed
imazethapyr. Post-emergence application of
imazethapyr @ 75 g/ha caused slight injury to
chickpea but the crop recovered subsequently.

●
Fate

of phytotoxic secondary metabolites
(including allelochemicals) in Parthenium
hysterophorus leaves was studied under elevated
CO2. Parthenium leaves were sampled from its
stands grown at ambient and elevated CO2 (550 ±
50 ppm). Leaf residues were evaluated for
herbicidal activity on five floating weeds, viz.
Eichhornia crassipes, Pistia stratiotes, Azolla pinnata,
Spirodela polyrrhiza and Lemna pausicostata; and
four submerged weeds, viz. Hydrilla verticillata,
Ceratophylum demersum, Najas graminea and
Potamogeton crispus. Results showed almost
similar phytotoxicity in the leaf residues obtained
from plants grown in both the CO2 regimes.

●
In bottle

gourd, weeds caused 40% fruit yield
reduction. Application of halosulfuron @ 120
g/ha and pendimethalin @ 700 g/ha reduced the
overall weed population and population of
Cyperus iria to a greater extent. The yield obtained
with pendimethalin @ 700 g/ha was 40% more
than unweeded control.

critical density (15 plants/m 2) of
Echinochloa caused significant reduction in plant
growth and its parameters which reduced the
grain yield of rice by 40%. In case of soybean,
presence of the same weed i.e. Echinochloa with
critical density of 20 plants/ m2 caused significant
reduction in seed yield (18.4%). In wheat, Phalaris
minor (75/m2) caused significant reduction in
grain yield by 10%. On the other hand, a critical

●
In rice,

leaves are known to have
phytotoxicity on floating and submerged aquatic
weeds, have phenolics (mostly water soluble) and
terpenoids (water insoluble) as major phytotoxic
constituents. Leaves of plants grown under
elevated CO2 had much higher (5.5% w/w)

●
Parthenium
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collected from in and around Gwalior and
Bharatpur. For extracting cell-free culture extracts
from the microbes, PD and PS broths were found
to give more robust growth of the fungi.

phenolics than those grown at ambient CO2 (3.4%
w/w).
●
Elevated

CO2 enhanced growth of Parthenium
hysterophorus. There was higher defoliation by
beetles coupled with reduction in plant height as
compared to control after 25 days of exposure.

●
Studies

on germination of Orobanche and process
of infection and estimation of systemic resistance
in the host plant (mustard) showed that Orobanche
required a conditioning period of 2-3 months in
the pots kept in the containment chamber.
Orobanche emergence was recorded after 40-45
DAS of mustard and a maximum number of 9
flowering stalks per pot of two mustard plants
were recorded. Orobanche germination was very
erratic, and there was no emergence in many of
the treatments.

●
Parthenium leaf allelochemical crude was lethal to

rice as well as to aquatic weeds, viz. floating weed
Pistia stratiotes and submerged aquatic weeds
Hydrilla verticillata and Ceratophylum demersum at
and above 0.1% (w/v).
●
Lantana leaf allelochemical crude was lethal to rice

seedlings at and above 0.5%, whereas Pistia
stratiotes, though inhibited, was not killed by
it even up to 1%. However, Hydrilla verticillata
and Ceratophylum demersum were killed at and
above 0.25%.

odorata, a problematic weed of
Western Ghats, Karnataka and Tamil Nadu was
not found in Baster area of Chhattisgarh about a
decade back. However, in a short span, it has
invaded large areas of forest, community and
waste lands in and around Jagdalpur. This weed
is spreading fast on road sides from Jagdalpur to
Raipur. To manage this weed using biological
means, about 3000 galls infested with gall fly
(Cecidocharus connexa) were collected from
Bengaluru and released during November 2011.
So far, bioagent has not established in the released
area.

●
Chromolaena

viarum leaf allelochemical was lethal to
rice seedlings and submerged aquatic weed
Hydrilla verticillata at and above 0.1%, to
Ceratophylum demersum at and above 0.25%, and to
Pistia stratiotes at and above 0.5%. Solanum viarum
seed allelochemical crude was lethal to rice and
submerged aquatic weeds at and above 0.1%.
However, it was lethal to Pistia stratiotes at and
above 0.25%.

●
Solanum

●
A preservative

has been developed to extend the
longevity of crop and weed seeds by more than
two decades at ambient temperature.

●
During

survey in and around Jabalpur, severe
infestation of Pistia stratiotes was recorded in
'Gulaua pond'. The weed covered the pond
completely. This invasion was considered first
time in the Jabalpur at such large scale.

Biology and management of problematic weeds
in cropped and non-cropped areas
●
Characterization

of 112 weedy rice accessions
revealed significant morphological variation
amongst them and with control at both 45 and 60
DAS. Significant variation was observed in
transpiration and leaf-air temperature difference
at 60 DAS among weedy rice accessions and with
control. Sixty-eight of 111 accessions were awned
with varying color and length of awn. Awn length
was found to vary between 0.8 cm and 7.8 cm.

Monitoring, degradation and mitigation of
herbicide residues and other pollutants in the
environment
●
Persistence

of herbicides in soil and water, and
their effect on non-target organisms was
evaluated in rice-based cropping system.
Penoxsulam, pyrazosulfuron-ethyl and
pretilachlor was applied at 25, 25 and 750 g/ha in
rice crop. Initially, 0.0595 and 0.714 µg/g residues
of pyrazosulfuron-ethyl and pretilachlor were
found in rice soil, which dissipated to 0.0103 and
0.017 µg/g at 30 days. At 90 days, the residues of

sp., Fusarium sp., Pythium sp.,
Penicillium sp. and Aspergillus sp. infested with
Orobanche were identified from the soil samples

●
Trichoderma
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pyrazosulfuron-ethyl and pretilachlor were
<0.001 and 0.003 µg/g in soil. Half-life of
pyrazosulfuron-ethyl and pretilachlor was found
to be 8.02 and 13.08 days. In wheat, carfentrazone
residues were dissipated to 0.001 µg/g after 90
days.

4,6-dimethoxypyrimidine, 2-ethylsulfonyl
imidazo{1,2-a}pyridine-3-sulfonamide, N-(4,6dimethoxypyrimidin-2-yl)urea, N-(4,6dimethoxypyrimidin-2-yl)-N'-hydroxyurea, N,
N'-bis(4,6-dimethoxypyrimidin-2-yl)urea and N(4,6-dimethoxypyrimidin)- N'-(4-hydroxy-6methoxypyrimidin-2-yl)urea.

●
Fish

mortality and toxicity symptoms were
recorded initially in the pond where herbicides
entered through runoff water in rainy season.
Residues of pretilachlor, 0.063 and 0.010 µg/g
were found in fishes at 30 and 60 days; and 0.0056
µg/g pyrazosulfuron-ethyl residues were found
in fishes at 30 days, while residues were below
detection limit (<0.001 µg/g) at 60 days.

●
Humic

acid imparted quenching effect to protect
pretilachlor from sunlight. Pretilachlor itself
could absorb UV-fraction of sunlight undergoing
phototransformation. But the polymers of humic
acid in its vicinity acted as sunscreen for
pretilachlor. Presence of humic acid favoured the
cleavage of amide linkage of acetanilide group.
Products were formed due to deacylation,
dechlorination, cleavage of ether linkage,
hydroxylation on N-ether chain, and C-C bond
cleavage.

flavus and A. niger were found more
effective to degrade penoxsulam, resulting in
more number of degradation products.
Penicillium chrysogenum was found to be more
effective to degrade pyrazosulfuron-ethyl in the
soil as compared to A. niger and Alternaria
alternata by the cleavage of sulfonylurea bridge,
resulting in formation of two major metabolites
which further cleaved to several minor products.

●
Aspergillus

wetland system showed its
usefulness for removal of heavy metals (Cd and
Pb) from industrial drain water prior to irrigation
use. Reduction of nitrate in treated water has
implications for protection of pond water quality
where aquaculture is practiced. There was drastic
change in the colour of treated water after its
treatment as compared to untreated waste water.

●
Arundo-based

●
Sulfosulfuron

was irradiated on soil and innert
glass surface, and the generated photoproducts
were isolated by column chromatography and
preparative TLC. The structure of the products
was elucidated by mass spectrum from LCMS/MS. A similar experiment was carried out on
glass surface. In both cases, the routes of
degradation were the cleavage of sulfonyl-urea
bridge and the cleavage of sulphonamide linkage.

●
Higher

Pb content was recorded in shoots of
Arundo donax (104.8 mg/kg), followed by Vetiveria
zizinoides (56.8 mg/kg), Typha latifolia (38.3
mg/kg) and Acorus colamus (20.9 mg/kg). Higher
Pb transfer factor (from root to shoot) was
observed in case of Vetiveria zizinoides (2.22). At
the higher levels (200-400 ppm), most of Pb
accumulation by Arundo donax and Typha latifiolia
and Acorus calamus was retained in their roots.

viride and Cladosporium herbarum
were identified as sulfosulfuron degrading
fungi from soil and the degradation products
from media and soil were: 2-amino-4,6dimethoxypyrimidine, 2-ethylsulfonyl imidazo
{1,2-a}pyridine-3-sulfonamide, N-(4,6dimethoxypyrimidin-2-yl)urea,
N-(4,6dimethoxypyrimidin-2-yl)-N'-hydroxyurea and
N, N'-bis(4,6-dimethoxypyrimidin-2-yl)urea.

●
Trichoderma

On-farm research and demonstration of weed
management technologies and impact
assessment
●
In wheat,

35 demonstrations were laid out on
farmers' fields in three locations (Panagar, Sihora
and Patan) around Jabalpur on post-emergence
application of clodinafop @ 60 g + metsulfuron @
4 g/ha, mesosulfuron + iodosulfuron @ 18 g/ha,
clodinafop @ 60 g/ha, sulfosulfuron +
metsulfuron @ 32 g/ha in wheat crop. Application

piriformis and Aspergillus flavus were
identified as sulfosulfuron degrading fungi from
irrigation water, and the degradation products
from media and irrigation water were: 2-amino-

●
Mucor
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of mesosulfuron + iodosulfuron and clodinafop +
metsulfuron gave broad-spectrum weed control
and additional benefit of ` 13,500 per ha.

weed management technologies were laid out in
rice, soybean and maize during rainy season.
●
In rice,

35 demonstrations (Bhamki, Kisrod
villages of Shahpura locality, Amna, Bankhedi
and Paudi villages of Gosalpur and Mahangwa,
Baher of Panagar locality) were carried out in
direct-seeded rice on bisbyribac-sodium alone or
followed by chlorimuron + metsulfuron / 2,4-D,
and bensulfuron + pretilachlor. Results showed
that in Echinochloa colona dominated areas,
bisbyribac-sodium should be used. In areas
where there was infestation of broadleaved
weeds also along with Echinochloa colona,
application of chlorimuron + metsulfuron/2,4-D
should be applied one week after bisbyribacsodium.

●
In chickpea

(Mahangwa, Padariya and Bharda
villages) and mustard (Tagar, Mahangwa and
Umariya villages), 10 demonstrations (5 each)
were conducted on pre-emergence application of
pendimethalin (stomp-xtra) @ 800 g/ha and
mechanical weeding (hoeing) at 30 DAS.
Pendimethalin effectively controlled weeds and
gave higher weed control efficiency (WCE 59%)
with additional benefit of ` 10,530 and ` 11,415
per ha, respectively.

●
A programme

was initiated from rainy season
2012 to transfer as well as to evaluate the
improved weed management technologies at the
farmers' field in and around Jabalpur district. The
aim of this programme was to enhance adoption
level of weed management technologies with
simultaneous increase in productivity as well as
improvement in the socio-economic conditions of
the farmers in a sustainable manner.

●
In soybean

(Pola and Dhora villages of Majholi
locality), 12 demonstrations were undertaken.
Application of imazethapyr gave broadspectrum weed control and higher benefit of
` 11,400 per ha.

●
In maize

(Khukham, Ranipur and Padaria
villages of Kundam locality), 8 on-farm
evaluation and demonstrations were conducted.
Pre-emergence application of atrazine @ 1.0
kg/ha followed by one hand weeding at 30 DAS
was most effective, and gave additional benefit of
` 13,126 per ha.

●
Six

localities (Majholi, Bankhedi, Panagar,
Shahpura, Gosalpur and Kundam) with no
technical knowhow in terms of existing weed
management practices were selected and
subsequently 7-8 farmers representing all section
of farmers were selected randomly in each
locality. OFR/demonstration using improved
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2. RESEARCH PROGRAMME - 1
DEVELOPMENT OF SUSTAINABLE WEED MANAGEMENT PRACTICES IN
DIVERSIFIED CROPPING SYSTEMS
Weeds are dynamic in nature and keep
changing with crops and cropping systems,
cultivation practices, environment and other
production factors. Despite development of effective
weed management practices over the years, weed
problems have increased with high-input agriculture
and growing of high-yielding dwarf varieties. This
necessitates continuous monitoring and upscaling of
weed management strategies on a long-term basis.
Conservation agriculture is being talked of as a new
paradigm in resource management research but
weeds are a serious problem in such systems. There
are increasing instances of herbicide residues hazards
Sub-programmes
1.1.Weed management
under long-term
conservation
agriculture systems

1.2. Systems approach to
weed management

1.3. Improving input-use
efficiency through
weed management

on following crops; therefore, their use has to be
investigated in a systems perspective. Weed
management practices strongly influence useefficiency of other production factors like water,
nutrients, etc. Further, herbicide-use efficiency is also
greatly influenced by adjuvants as well as other
pesticides. In recent years, several low-dose highpotency herbicide molecules have become available,
for which, spraying machines and techniques need to
be standardized. This research programme has been
undertaken to address these issues and develop
sustainable weed management practices in
diversified cropping systems.

Experiments
1.1.1. Continuous use of herbicides on weed dynamics and
crop productivity in direct-seeded rice-wheat
cropping system
1.1.2. Continuous use of herbicides on weed dynamics
and crop productivity in direct-seeded ricechickpea cropping system
1.1.3. Weed management in rice-based cropping systems
under conservation agriculture

1.1.4. Effect of crop establishment methods and weed
management practices on growth and yield of rice
under rice-wheat cropping system
1.2.1. Effect of organic weed management practices in
rice–wheat cropping system
1.2.2. Effect of organic weed management practices in
soybean–wheat cropping system
1.2.3. Effect of organic weed management practices in
okra-tomato cropping system
1.3.1. Long-term effect of herbicides on nodulation in
soybean and blackgram
1.3.2. Weed management studies in soybean
1.3.3. Bioefficacy of fluazifop + fomasafen mixture in
soybean
1.3.4. Efficacy of post-emergence herbicides with and
without surfactant in soybean
1.3.5. Herbicide combinations for control of complex
weed flora in direct-seeded rice
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1.3.6. Evaluation of post-emergence herbicides in chickpea Anil Dixit

1.4. Standardization of
spraying techniques
and mechanical tools
for weed management
Exploratory trials

1.3.7. Efficacy of post-emergence herbicides in wheat
under high weed pressure
1.3.8. Effect of herbicides for weed management in bottle
gourd

Anil Dixit

1.4.1. Evaluation of spray application techniques
for weed management in crops

H.S. Bisen and
V.P. Singh

Anil Dixit

i.

Effect of different weed management practices on
performance of greengram

Raghwendra Singh,
Dibakar Ghosh and
A.R. Sharma

ii.

Impact of weed management practices on
performance of zero-till summer legumes after
wheat

Raghwendra Singh,
Dibakar Ghosh and
A.R. Sharma

iii.

Performance of sesame during post-rainy season
under different weed management practices

Raghwendra Singh,
Dibakar Ghosh and
A.R. Sharma

iv.

Influence of crop establishment practices, green
manuring and weed control measures on yield of
rice

Raghwendra Singh,
Dibakar Ghosh and
A.R. Sharma

v.

Exploratory trial on weed management in cotton

Raghwendra Singh,
Dibakar Ghosh and
A.R. Sharma

2.1. Weed management under long-term
conservation agriculture systems

Dominant weeds in the field were: Echinochloa
colona, Alternanthera sessilis, Commelina communis,
Physalis minima, Caesulia axillaris, and Cyprus iria
during rainy season. All the weed control treatments
reduced the total weed density and weed dry biomass
production significantly over weedy check. Weed
dynamics in direct-seeded rice was significantly
influenced by weed control treatments. Application of
bispyribac-sodium @ 25 g/ha significantly reduced
the population of E. colona (90%), C. iria (97%), C.
communis (98%) and Caesulia axillaris (58%) over
weedy check. However, application of cyhalofopbutyl failed to check the growth of C. iria, A. sessilis,
and C. communis but significantly reduced the
population of E. colona by 96% over weedy check
(Table 1). Application of bispyribac-sodium
significantly reduced the weed density (96%) and
weed biomass (95%) over cyhalofop-butyl (Figure 1).

2.1.1. Continuous use of herbicides on weed
dynamics and crop productivity in direct-seeded rice
- wheat cropping system
A field study was initiated from June, 2010
and continued during rainy season of 2012 to
investigate the impact of continuous use of the same
herbicide over a period of time on weed dynamics and
soil health in direct-seeded rice - wheat cropping
system. The experiment comprised of treatment
combinations consisting of bispyribac-sodium @ 25
g/ha as post-emergence (20 DAS), cyhalofop-butyl @
90 g/ha as pre-emergence and one HW at 30 DAS
along with weedy check in direct-seeded rice (DSR) as
main plot treatments, which were superimposed by
post-emergence application (25 DAS) of isoproturon
@ 1500 g/ha, sulfosulfuron @ 25 g/ha and clodinafop
@ 60 g + 2,4-D @ 500 g/ha, one HW at 30 DAS and
weedy check in wheat as sub-plot treatments. The
experiment was laid out in split-plot design with 3
replications.

Growth parameters of rice, viz. plant height
and leaf area index were not influenced significantly
due to various weed control treatments. However, the
highest reduction in leaf area index due to weed
7

infestation was recorded in weedy plots, followed by
cyhalofop-butyl treated plots. The least reduction in
leaf area index was seen in bispyribac-sodium treated
plots. The highest effective tillers/m row length and
grain yield of rice were obtained in the bispyribacsodium treated plots. Application of bispyribacsodium recorded 28% higher effective tillers/m row
length and 44% higher grain yield over weedy check.
The lowest grain yield of rice (2.35 t/ha) was obtained
under weedy check (Table 2). Presence of weeds
throughout growing season caused 44% reduction in
grain yield. The preceding treatments applied in
wheat did not influence the weed flora distribution
and weed biomass production in rice.

with sulfosulfuron. Application of isoproturon failed
to check growth of A. sterilis and P. minor, but was very
effective against C. intybus and C. album. Clodinafop +
2,4-D caused 53 and 64% reduction in total weed
population and weed dry biomass, respectively over
weedy check. This was followed by application of
sulfosulfuron. Both the herbicide treatments, viz.
sulphosulfuron and clodinafop + 2,4-D were effective
in reducing population of almost all weed species and
weed biomass production (Table 3). Presence of
weeds throughout the growing season caused 31%
reduction in yield. The grain yield recorded with
application of sulfosulfuron was 21 and 31% higher
than isoproturon and weedy check, respectively.
Preceding treatments applied to rice did not influence
the weed distribution, crop growth, yield attributes
and grain yield of wheat (Table 4).

Phalaris minor and Avena ludoviciana among
grassy weeds, and Chenopodium album, Medicago
hispida, Physalis minima and Cichorium intybus among
broad-leaved weeds were dominant in wheat during
winter season of 2011-12. All the treatments
significantly reduced the emergence of all weed
species, except C. intybus. Application of clodinafop +
2,4-D caused significant reduction in A. sterilis, P.
minor and P. minima, whereas the lowest populations
of C. intybus, M. hispida and C. album were recorded

Soil samples were collected at maturity of
wheat 2011-12, and were analysed for pH, EC, organic
C, available N and P content. No significant effect of
the applied herbicides was recorded on the observed
soil parameters so far, i.e. after completion of the
second cycle of the experiment.

Table 1: Weed density (no./m2) dynamics in rice as influenced by continuous use of herbicides
under direct-seeded rice - wheat system (2012)
Treatment
(applied to rice)

Bispyribac-sodium
Cyhalofop-butyl
Hand weeding
Weedy check
LSD (P=0.05)

Cyprus
iria

1.7 (2.4)
9.5 (89.8)
5.2 (26.5)
9.5 (89.8)
2.8

Echinoch- Alternanloa
thera
colona
sessilis

1.1 (0.7)
1.5 (1.8)
3.5 (11.8)
7.1 (49.9)
2.8

Commelina
communis

Physalis
minima

Caesulia
axillaris

Total

0.8 (0.1)
2.4 (5.3)
0.9 (0.3)
2.3 (4.8)
0.6

0.7 (0.0)
1.1 (0.7)
0.7 (0.0)
1.2 (0.9)
0.1

1 (0.5)
1.6 (2.1)
1.4 (1.46)
1.3 (1.2)
0.6

2.2 (4.3)
10.4 (103.2)
6.7 (44.4)
12.5 (155.8)
3.7

0.9 (0.3)
1.4 (1.46)
1.1 (0.7)
1.0 (0.5)
0.4

*Data subjected to √x+0.5 transformation. Values in parentheses are original.

Table 2:

Growth and yield of rice as influenced by continuous use of herbicides under direct-seeded rice wheat system (2012)

Treatment
(applied to rice)

Bispyribac-sodium
Cyhalofop-butyl
Hand weeding
Weedy check
LSD (P=0.05)

Plant
height
(cm)

LAI

Panicles/m
row

Grains/
panicle

57.2
60.0
56.6
57.1
3.6

3.4
2.8
2.3
2.0
1.6

53.8
48.0
49.3
39.0
5.4

159.0
157.6
154.8
149.1
26.0
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Grain
weight/
panicle
(g)
4.0
3.8
3.9
4.0
0.9

100grain
weight
(g)
2.5
2.4
2.5
2.6
0.3

Grain
yield
(t/ha)
4.18
3.59
3.62
2.25
0.32
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Table 3:

Weed density (no./m2) in wheat as influenced by continuous use of
herbicides under direct-seeded rice - wheat system (2011-12)

Treatment
(applied to wheat)
Sulfosulfuron
Clodinafop fb 2,4-D
Isoproturon
Hand weeding
Weedy check
LSD (P=0.05)

Avena
Phalaris
ludoviciana minor
2.34
(4.98)
5.91
(34.43)
7.94
(61.91)
5.92
(34.54)
7.24
(51.92)
1.50

0.88
(0.27)
1.82
(2.81)
2.19
(4.30)
2.34
(4.98)
3.74
(13.48)
1.07

Chichoriu
m intybus
1.19
(0.92)
2.44
(5.46)
0.82
(0.17)
1.26
(1.09)
1.38
(1.40)
0.71

Medicago Cheno
hispida podium
album
3.36
(10.79)
2.21
(4.38)
3.49
(11.68)
2.84
(7.57)
5.65
(31.42)
1.46

1.18
(0.89)
1.60
(2.06)
0.71
(0.00)
2.14
(4.08)
2.67
(6.62)
0.88

Physalis
minima

Total

2.25
(4.56)
0.75
(0.06)
0.71
(0.00)
1.45
(1.60)
0.89
(0.29)
0.60

5.30
(27.60)
7.60
(57.26)
9.48
(89.37)
8.06
(64.46)
11.35
(128.32)
1.60

*Data subjected to √x+0.5 transformation. Values in parentheses are original.

T1
T2
T3
T4
T5

Direct -seeded rice
Bispyribac-sodium
Cyhalofop-butyl
Hand weeding
Weedy Check

Wheat
Sulfosulfuron
Clodinafop + 2,4-D
Isoproturon
Hand weeding
Weedy check

Figure 1: Weed biomass as influenced by continuous use of herbicides under
direct-seeded rice - wheat cropping system

Table 4: Yield attributes of wheat as influenced by continuous use of herbicides under
direct-seeded rice - wheat system (2011-12)
Treatment
(applied to wheat)
Sulfosulfuron
Clodinafop + 2,4-D
Isoproturon
Hand weeding
Weedy check
LSD (P=0.05)

Spike
length
(cm)
13.8
14.8
13.7
14.3
13.8
1.0

Spikes/m
row

Grains/
spike

98.6
96.9
86.4
86.7
77.3
8.7

51.0
49.4
49.0
50.5
47.0
2.99

2.1.2. Continuous use of herbicides on weed
dynamics and crop productivity in directseeded rice - chickpea cropping system

Grain
weight/
spike (g)
2.3
2.2
2.2
2.2
2.1
0.2

100-grain
weight (g)

Grain yield
(t/ha)

4.51
4.40
4.36
4.54
4.41
0.25

5.37
5.87
4.62
4.91
4.05
0.54

DAS), fenoxaprop @ 60 g fb 2,4-D @ 500 g/ha as postemergence (20 and 30 DAS) and one hand weeding at
30 DAS along with weedy check in direct-seeded rice
(DSR) as main plot treatments. These treatments were
superimposed with pendimethalin @ 1250 g/ha as
pre-emergence, oxyfluorfen @ 200 g/ha as preemergence, quizalofop @ 60 g/ha as post-emergence,
one hand weeding at 30 DAS and weedy check in

A field trial was initiated from June 2010 and
continued in 2011-12 to evaluate continuous use of
commonly-applied herbicides in direct-seeded ricechickpea cropping system. Treatment consisted of
bispyribac-sodium @ 25 g/ha as post-emergence (20
9

chickpea. The experiment was laid out in split-plot
design with an aim to study the long-term impact of
continuous use of herbicides on weed seed bank,
weed dynamics and crop productivity.
Dominant weeds in the third cycle of
experimentation were: Echinochloa colona, Ischaemum
rugosum, Commelina communis and Caesulia axillaris in
rice. All weed control treatments influenced density
and distribution of weed flora. Application of
bispyribac-sodium and fenoxaprop + 2,4-D caused
significant reduction in density of most of the weed
species over weedy check. However, application of
fenoxaprop + 2,4-D failed to reduce the population of
C. iria. The lowest weed density and weed biomass
were recorded with bispyribac-sodium, which caused
79 and 94% reduction in total weed density and
biomass production, respectively over weedy check
(Table 5, Figure 2).
The reduction in leaf area index of rice due to
weeds was higher under weedy check as compared to
bispyribac-sodium treated plots. Maximum number
of effective tillers/m row (51), grain weight/panicle
(3.7 g) and grain yield (4.60 t/ha) were recorded with
bispyribac-sodium. Application of fenoxaprop + 2,4D resulted in less grains/panicle and grain yield by 13
and 20% than bispyribac-sodium. The lowest effective
tillers/m row length (43), grains/panicle (125) and
grain yield (2.82 t/ha) were recorded under weedy
check (Table 6). The preceding treatments applied in
wheat did not influence the weed flora distribution
and biomass production.
Avena ludoviciana and Phalaris minor among
grassy weeds, and Medicago hispida, Chenopodium
album and Cichorium intybus among broadleaved
weeds were dominant in chickpea. Quizalofop being

at par with hand weeding caused reduction in density
of Avena sterilis over rest of the treatments. However,
it failed to check emergence of M. hispida, C. album and
C. intybus compared to pendimethalin and
oxyfluorfen. Significantly lower population of M.
hispida, C. album and C. intybus were recorded with
pendimethalin and oxyfluorfen. None of the
herbicides was found effective against P. minor
(Table 7). Hand weeding resulted in the lowest total
weed population and dry biomass, followed by
quizalofop.
Presence of weeds throughout the growing
season caused 86% reduction in seed yield of
chickpea. The highest yield attributes, viz.
pods/plant, 100-seed weight, seed weight/plant and
seed yield of chickpea was recorded with hand
weeding, which were significantly higher than rest of
the treatments. Application of quizalofop resulted in
higher yield attributes and seed yield. The lowest
yield attributes and seed yield were recorded under
weedy check and pendimethalin, respectively
(Table 8).
Observations on nodulation in chickpea were
recorded at 50 DAS. No significant residual effect of
the weed control treatments given to the preceding
rice was noticed on nodulation in chickpea grown
during subsequent winter season. However,
significant differences among the weed control
treatments given to the chickpea were noticed in terms
of nodule count and nodule dry matter production.
Both these parameters were depressed due to
pendimethalin application as compared to hand
weeding. Application of oxyfluorfen and quizalofop,
however, did not show any adverse effect on chickpea
nodulation (Table 9).

Table 5: Weed density (no./m2) in rice as influenced by continuous use of herbicides under direct seeded rice - chickpea system (2012)
Treatment
(applied to rice)

Echinochloa
colona

Cyprus
iria

Alternanthera Commelina
sessilis
communis

Ischaemum Caesulia
rugosum
sp.

Ammania
bacifera

Total

Bispyribacsodium
Fenoxaprop
fb 2,4 -D
Hand
weeding
Weedy check

1.5
(1.8)
0.8
(0.1)
2.1
(3.9)
7.2
(51.3)

2.8
(5.8)
7.7
(58.8)
4.1
(16.3)
10.1
(101.6)

0.7
(0.0)
0.7
(0.0)
1.0
(0.5)
0.9
(0.3)

0.7
(0.0)
0.7
(0.0)
0.7
(0.0)
2.0
(3.5)

0.7
(0.0)
0.8
(0.1)
1.0
(0.5)
1.7
(2.39)

0.7
(0.0)
0.7
(0.0)
0.8
(0.1)
0.9
(0.3)

0.7
(0.0)
0.7
(0.0)
0.8
(0.1)
0.8
(0.1)

3.2
(9.7)
7.8
(60.3)
4.8
(22.5)
12.8
(163.3)

LSD (P=0.05)

1.1

1.3

0.3

0.3

-0.6

0.2

0.2

1.6

*Data subjected to √x+0.5 transformation. Values in parentheses are original.
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Table 6:

Growth and yield of rice as influenced by continuous use of herbicides under
direct-seeded rice - chickpea system (2012)

Treatment
(applied to rice)

Bispyribac-sodium
Fenoxaprop fb 2,4-D
Hand weeding
Weedy check
LSD (P=0.05)

Plant
height
(cm)

LAI

Panicles/m
row

Grains/
panicle

62.0
60.0
60.0
62.0
5.2

2.6
2.4
2.3
2.1
0.3

51.0
52.0
51.0
43.0
5.4

150.1
129.8
136.7
125.3
37.3

Grain
weight/
panicle
(g)
3.7
3.3
3.6
3.3
0.8

100grain
weight
(g)
2.7
2.7
2.6
2.5
0.2

Grain
yield
(t/ha)
4.60
3.68
3.66
2.82
0. 57

Table 7: Weed density (no./m2) in chickpea as influenced by continuous use of herbicides
under direct-seeded rice - chickpea system (2011-12)
Treatment
(applied to chickpea)
Pendimethalin
Oxyfluorfen
Quizalofop
Hand weeding
Weedy check
LSD (P=0.05)

A.
ludoviciana
29.0 (840.5)*
27.6 (761.3)
11.4 (129.5)
11.7 (136.4)
29.8 (887.5)
2.4

M.
hispida
4.1 (16.3)
3.0 (8.5)
8.4 (70.1)
2.3 (4.8)
5.2 (26.5)
1.7

P. minor

C. album

C. intybus

Total

1.8 (2.7)
1. 5 (1.8)
2.6 (6.3)
2.4 (5.2)
2.0 (3.5)
0.9

1.4 (1.5)
5.9 (34.3)
10.7 (114.0)
4.0 (15.5)
5.0 (24.5)
1.8

2.0 (3.5)
2.3 (4.8)
4.9 (23.5)
1.8 (2.7)
3.0 (8.5)
1.1

29.6 (875.7)
28.8 (828.8)
19.3 (372.0)
13.1 (171.1)
29. 6 (875.7)
3.2

*Data subjected to √x+0.5 transformation. Values in parentheses are original.

Table 8: Growth and yield of chickpea as influenced by continuous use of herbicides under
direct-seeded rice - chickpea system (2011-12)
Treatment
(applied to chickpea)
Pendimethalin
Oxyfluorfen
Quizalofop
Hand weeding
Weedy check
LSD (P=0.05)

Branches/
plant

Pods/
plant

Seeds/
pod

3.0
3.1
3.4
5.8
2.9
1.00

14.3
15.6
17.7
32.5
13.9
5.1

1.7
1.6
1.6
1.7
1.5
0.2

Seed
weight/
plant (g)
2.9
3.5
3.7
6.0
2.6
1.5

100-seed
weight (g)
15.4
16.2
16.2
15.0
14.9
1.6

Seed
yield
(kg/ha)
173
265
532
1237
167
120

Table 9: Nodulation in chickpea as influenced by continuous use of herbicides under directseeded rice - chickpea system (2011-12)
Treatment
(applied to rice) (A)

Hand weeding
Weedy check
Bispyribac-sodium
Fenoxaprop
Mean
LSD (P=0.05)
Hand weeding
Weedy check
Bispyribac-sodium
Fenoxaprop
Mean
LSD (P=0.05)

Treatment (applied to chickpea) (B)
Oxyfluorfen
Quizalofop
Hand
Weedy
weeding
check
Nodule count (no./plant)
30
33
37
41
30
26
30
38
31
27
30
40
46
47
43
26
33
33
34
30
28
34
39
38
33
For comparing A means: NS
For comparing B means: 6
A x B : Within row
: 12
Within column
: NS
Nodule dry matter (mg/plant)
32
58
61
68
52
52
53
82
73
46
50
62
68
70
70
50
57
55
58
47
46
57
67
67
54
For comparing A means : NS
For comparing B means : 13
A x B : Within row
: 27
Within column
: NS
Pendimethalin
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Mean

34
30
41
31

54
61
64
53

2

Weed biomass (g/m )

Figure 2: Weed biomass as influenced by continuous
use of herbicides under direct-seeded rice chickpea cropping system

2.1.3. Weed management in rice-based cropping
systems under conservation agriculture
A long-term field experiment on the effect of
crop establishment techniques and weed management
under conservation agriculture was initiated from
April, 2012 with the objectives to monitor weed
dynamics, crop productivity, herbicide residues, C-

sequestration, physico-chemical and biological
properties of soil under rice-based cropping systems.
Treatments consisting of rice crop establishment
under direct seeding and transplanting with or
without Sesbania brown manuring and previous crop
residue, followed by wheat, mustard, chickpea and
maize during winter season with or without rice
residue under zero and conventional tillage, and
greengram during summer under zero tillage with
and without previous crop residues. Weed control
measures involving continuous or rotational use of a
crop-specific herbicide and integrated weed
management were followed. During first cropping
cycle, different crop establishment techniques in DSR
did not influence the total weed population and weed
dry biomass at 60 DAS. However, significantly lower
weed dry biomass production was recorded with
transplanted rice, which produced higher grain yield
(Table 10 and 11). Being the first crop, rice was sown
under conventional tilled condition in treatments, and
overall weed infestation was less due to continuous
submergence during the season.

Table 10: Weed growth and grain yield of rice as influenced by different tillage systems and
weed management measures (2012)
Treatment

Weed
population
(no./m2)

Weed dry
biomass
(g/m2)

Grain
yield
(t/ha)

CT (DSR) + S – CT (wheat) – ZT (greengram)
CT (DSR) + R + S – CT (wheat) + R – ZT
(greengram) + R
ZT (DSR) + S – ZT (wheat) – ZT (greengram)
ZT (DSR) + R + S – ZT (wheat) + R – ZT
(greengram) + R
TPR – CT (wheat)
LSD (P=0.05)
Weed management

15.11
11.78

18.04
15.74

4.40
4.22

13.33
11.89

21.13
17.66

4.38
4.13

18.67
4.07

8.76
6.43

5.07
0.52

Weedy check
Continuous bispyribac + pre-sowing nonselective herbicides in ZT

21.06
11.60

23.82
12.13

3.96
4.63

Herbicide rotation
LSD (P=0.05)

9.80
4.68

12.86
3.82

4.72
0.64

Tillage and crop establishment

DSR – direct-seeded rice, TPR – transplanted rice, S – Sesbania brown manuring, CT – conventional tillage,
ZT – zero tillage, R – residue
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Table 11: Weed growth and grain yield of rice as influenced by different crop establishment techniques and
weed management measures (2012)
Weed dry biomass (g/m2 )

Grain
yield (t/ha)

12.48

17.96

4.20

CT(DSR) + R + S – CT (mustard / chickpea / winter
maize) – ZT (greengram) + R

10.81

16.76

4.13

ZT (DSR) + S – ZT (mustard / chickpea / winter
maize) – ZT (greengram)

12.22

21.50

4.27

ZT(DSR) + R + S – ZT (mustard / chickpea / winter
maize) - ZT (greengram) + R

11.55

24.01

4.15

22.96
3.54

5.89
5.88

4.44
NS

17.95
13.20

29.4
12.36

3.78
4.44

Recommended herbicide + manual / mechanical weeding

10.87

9.86

4.49

LSD (P=0.05)

4.03

4.77

0.50

Treatment

Weed
population (no./m2)

Tillage and crop establishment
CT (DSR) + S – CT (mustard / chickpea / winter
maize) – ZT (greengram)

TPR – CT (mustard / chickpea / winter maize)
LSD (P=0.05)
Weed management
Weedy check
Recommended herbicide + pre-sowing nonselective herbicides in ZT

DSR – direct-seeded rice, TPR – transplanted rice, S – Sesbania brown manuring, CT – conventional tillage, ZT – zero tillage, R – residue

2.1.4. Effect of crop establishment methods and
weed management practices on growth and yield of
rice - wheat cropping system

(bispyribac-sodium @ 25 g/ha), bispyribac-sodium @
25 g/ha + 1 manual weeding at 20 DAS/ DAT and 2
manual weedings at 20 and 45 DAS/DAT with three
replications.

An experiment was conducted to study the effect
of crop establishment methods and weed
management techniques on weeds and productivity
of rice-wheat system. The experiment was initiated
from rainy season, 2012 in split-plot design with four
main treatments, viz. transplanting (TP), puddled
broadcast sowing with sprouted seed (PBSR), directseeded rice (DSR) and System of Rice Intensification
(SRI); and 4 sub-plot treatments of weed
management, viz. weedy check, herbicide alone

Results showed that grain yield of rice under SRI
(4.65 t/ha) was significantly higher than all other
treatments (Table 12). Further, maximum yield was
recorded with 2 manual weedings (4.37 t/ha), which
was at par with bispyribac-sodium + manual weeding
(4.14 t/ha). Interaction also revealed maximum yield
of 5.17 t/ha with SRI and bispyribac + manual
weeding.

Table 12: Grain yield of rice (t/ha) under different crop establishment and weed management
practices (2012)
Crop establishment
methods
TP
PBSR
DSR
SRI
Mean
LSD (P=0.05)
Crop establishment : 0.41

Weedy
check
2.78
3.14
2.47
3.99
3.10

Weed management practices
BispyribacBispyribac +
Two manual
sodium
manual weeding
weedings
3.77
4.29
4.42
3.95
3.93
4.82
2.77
3.17
3.40
4.58
5.17
4.86
3.77
4.14
4.37

Weed management : 0.34
13

Interaction : 0.68

Mean
3.81
3.96
2.95
4.65
3.84

After harvest of rice, wheat was grown
during winter season 2011-12 to study the effect of
crop establishment practices of rice under low and
high weed pressure. The experiment was designed in
spilt-split plot, comprising of main treatments
(transplanting (TP), puddled broadcast sowing with
sprouted seed (PBSR), direct-seeded rice (DSR) and
System of Rice Intensification (SRI) during rainy
season), sub-treatments (conventional tillage and
zero tillage in wheat), and sub-sub treatments
(mesosulfuron + iodosulfuron and weedy check).

and Medicago hispida. Preceding treatments of crop
establishment to rice did not have any significant
effect on wheat yield and infestation of weeds. There
was no significant difference between CT and ZT
treatments in wheat on yield and attributing characters
(Table 13). The weed infestation was comparatively
more in ZT as compared to CT. Since weed infestation
was very less, the weed management practices
showed no significant difference on yield but
mesosulfuron + iodosulfuron recorded less infestation
of weeds as compared to weedy check.

Weed infestation in the experimental field
was very less, with some species of Avena ludoviciana

Table 13: Effect of crop establishment practices of rice and tillage and weed management practices in
wheat on growth and yield of wheat (2011-12)
Treatment

Plant height
(cm)

Spike length
with awn
(cm)

No. of
spikes/m2

No. of grains
/spike

Total weed dry
weight at 60
DAS (g/m2)

Grain
yield
(t/ha)

92.3
93.1
92.6
90.5
NS

16.8
17.8
16.6
16.9
NS

292
312
307
300
NS

56.8
56.3
55.8
58.9
NS

2.76
3.72
3.96
3.96
NS

6.45
6.45
6.19
6.14
NS

92.7
91.5
NS

16.7
17.3
0.49

317
289
NS

57.3
56.6
NS

1.88
5.43
0.27

6.35
6.28
NS

91.7

16.8

311

56.99

1.20

6.34

92.5
NS

17.1
NS

298
NS

57.0
NS

2.50
0.27

6.29
NS

Treatments to rice
Transplanting
PBSR
DSR
SRI
LSD (P=0.05)
Treatments to wheat
CT
ZT
LSD (P=0.05)
Treatments to wheat
Mesosulfuron +
iodosulfuron
Weedy check
LSD (P=0.05)

2.2. System-based approach to weed
management

minor, Medicago denticulata and Chenopodium album,
Cichorium intybus, Vicia sativa and Physalis minima.
Application of 50% FYM + 50% NPK along with
clodinafop @ 60 g/ha fb 1 hand weeding significantly
reduced the weed density and weed dry biomass at 60
DAT (Table 14). Wheat grain yield was significantly
higher (4.84 t/ha) under NPK + herbicide (T6) than
other treatments. Treatments T5, T7 and T3 resulted in
grain yield at par with each other but higher than T1,
T2, T4 and control. It was interesting to note that
application of FYM @ 10 t/ha + berseem intercrop (T3)
recorded yields at par with T5, T6 and T7 treatments
due to combined effect of better crop nutrition and
weed control.

Field experiments in fixed plots initiated in
2010 to evaluate organic weed management practices
in direct-seeded rice–wheat, soybean–wheat,
okra–tomato cropping systems were continued
during winter season 2011-12 and rainy season 2012.
2.2.1. Effect of organic weed management practices
in rice–wheat cropping system
Wheat
In winter season (2011–12), wheat was grown
in sequence with rice. Major weed flora were: Phalaris
14
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Table 14: Effect of treatments on weed density, weed dry biomass at 60 DAS, yield
attributes and yield of wheat (2011-12)
Treatment
T1
T2
T3
T4
T5
T6
T7
T8

Weed
Weed dry
density (no./m2) biomass (g/m2)

Spikes/m2 Grain yield
(t/ha)

FYM @ 10 t/ha + stale seedbed
fb 1 HW at 25 DAS
FYM @ 10 t/ha + stale seedbed
fb reduced spacing (15 cm)
FYM @ 10 t/ha + berseem intercropping

6.7 (45)

3.5 (12)

385

2.03

7.1 (51)

4.6 (21)

769

2.34

4.8 (24)

1.8 (3)

492

4.08

FYM @ 10 t/ha + mechanical
weeding 25 and 45 DAS
FYM @ 10 t/ha + 2 hand
weedings at 25 and 45 DAS
Recommended NPK (120-6040 kg/ha) + herbicide
50% FYM + 50% NPK +
herbicide fb 1 hand weeding at 25 DAS
Unweeded / unfertilized control

5.7 (32)

2.8 (8)

440

2.56

3.7 (13)

1.5 (1.7)

451

4.19

5.1 (25)

1.9 (3)

475

4.84

1.4 (3)

0.7 (0)

492

4.09

7.9 (64)

4.1 (16)

380

1.74

1.6

0.8

104

0.49

LSD (P=0.05)

*Weed data subjected to x+0.5 transformation. Original values are in parentheses.

Rice

1.48 t/ha. The rice grain yield in general was low due
to complete submergence at intial stages of growth
and moisture stress at grain filling.

During rainy season (2012), direct-seeded rice
was grown. Major weed flora were: Cyperus iria,
Commelina benghalensis, Echinochloa colona,
Alternanthera sessilis and Caesulia axillaris. Results
revealed that treatments, viz. T5, T6, T7, T3, T2 and T1
recorded lower weed densities compared to T4 and T8.
Weed dry biomass was lowest in T5, T6 and T7. Grain
yield was the highest under NPK + herbicide (3.26
t/ha), followed by that under FYM @ 10 t/ha +
Sesbania incorporation 30 DAS (2.79 t/ha) and 50%
FYM + 50% NPK + herbicide fb 1 hand weeding at 25
DAS (2.61 t/ha) (Table 15). Unweeded control yielded

A view of experimental crop of rice

Table 15: Effect of treatments on weed density and biomass at 60 DAS, and grain yield of
direct-seeded rice (2012)
Treatment
T1
T2
T3
T4
T5
T6
T7
T8

Weed density
(no./m2)

Weed dry
biomass (g/m2)

Panicles/m2

Grain yield
(t/ha)

FYM @ 10 t/ha + stale seedbed
fb 1 HW at 25 DAS
FYM @ 10 t/ha + stale seedbed
fb reduced spacing (15 cm)
FYM @ 10 t/ha + Sesbania
incorporation 30 DAS
FYM @ 10 t/ha + mechanical
weeding 25 and 45 DAS
FYM @ 10 t/ha + 2 hand
weeding 25 and 45 DAS
Recommended NPK (80-40-20)
kg/ha + herbicide
50% FYM + 50% NPK + herbicide fb 1
hand weeding at 25 DAS

4.4 (18.7)*

3.2 (9.8)

259

2.40

3.9 (15.2)

4.1 (17.1)

273

1.82

3.3 (10.7)

3.1 (9.6)

268

2.79

7.2 (54.0)

3.2 (10.5)

219

2.03

3.1 (9.2)

1.8 (2.8)

259

2.57

3.2 (10.0)

2.6 (6.9)

265

3.26

3.3 (10.5)

2.8 (7.7)

253

2.61

Unweeded / unfertilized control
LSD (P=0.05)

9.7 (99.5)
1.7

8.7 (75.7)
1.2

138
33

1.48
0.38

*Weed data subjected to x+0.5 transformation. Original values are in parentheses.
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2.2.2. Effect of organic weed management practices
in soybean–wheat cropping system

NPK + 50% FYM and herbicide + 1 hand weeding
(35.0/m2) fb FYM + stale-seedbed and 1 hand weeding
(39.0/m2) as compared to control (365/m2). Wheat
grain yield was significantly higher (6.18 t/ha) under
NPK + herbicide (T 6 ) than other treatments.
Treatments T5, T7 and T3 resulted in grain yield at par
with each other but higher than T1, T2, T4 and control
(Table 16).

Wheat
During winter season (2011-12), wheat was
grown after soybean. Major weed flora were: Medicago
denticulata, Cichorium sp., Chenopodium album ,Vicia
sativa P.minor, Rumex sp. and Lathyrus sativa. The
lowest weed population was recorded under 50%

Table 16: Effect of treatments on weed density and biomass at 60 DAS, and yield of wheat (2011-12)
Treatment

T1
T2
T3
T4
T5
T6
T7

T8

FYM @ 10 t/ha + stale seedbed
fb 1 HW at 25 DAS
FYM @ 10 t/ha + stale seedbed
fb reduced spacing (15 cm)
FYM @ 10 t/ha + berseem
intercropping
FYM @ 10 t/ha + mechanical
weeding 25 and 45 DAS
FYM @ 10 t/ha + 2 hand
weeding 25 and 45 DAS
Recommended NPK (120-6040) kg/ha + herbicide
50% FYM + 50% NPK+
herbicide fb 1 hand weeding
at 25 DAS
Unweeded / unfertilized
control
LSD (P=0.05)

Weed
density
(no./m2)
6.2 (39)*

Weed dry
biomass
(g/m2)
1.6 (2)

Plant height at
maturity
(cm)
93.9

Panicles/
m2
553

Grain
yield
(t/ha)
2.69

7.9 (63)

2.7 (7)

88.5

798

2.83

7.5 (58)

4.8 (25)

93.2

477

5.02

10.7 (114)

6.7 (48)

89.7

432

3.21

8.9 (80)

2.4 (5)

86.8

488

5.32

8.9 (79)

3.5 (14)

96.7

509

6.18

5.8 (35)

2.5 (6)

91.2

505

5.25

18.5 (365)

10.1 (108)

91.0

421

2.04

3.0

1.9

8.1

108

0.74

*Weed data subjected to x+0.5 transformation. Original values are in parentheses.

Soybean
Soybean was grown after wheat during rainy
season, 2012. Major weed flora were: Echinochloa
colona, Commelina benghalensis, Cyperus iria,
Phyllanthus niruri, and Dinebra sp. The lowest weed
density and biomass were recorded under T7, T5, T6
and T3 as compared to control (Table 17). Seed yield of
soybean was comparable among FYM + stalebed +
HW (2.33 t/ha), FYM + 2 hand weedings (2.27 t/ha),
FYM + Sesbania incorporation (2.20 t/ha), 50% FYM +
50% NPK+ herbicide fb 1 hand weeding (2.19 t/ha)
while control yielded 0.86 t/ha.

A view of experimental crop of soybean
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Table 17: Effect of treatments on weed density and biomass at 60 DAS, and seed yield of soybean (2012)
Treatment
T1
T2
T3
T4
T5
T6
T7
T8

Weed density
(no./m 2)

Weed dry
biomass (g/m2 )

Pods/plant

Seed yield
(t/ha)

7.7 (61.8)*

4.9 (25.8)

105

2.33

6.5 (43.8)

10.5 (109.2)

79

1.46

4.4 (18.8)

3.9 (17.6)

101

2.20

6.2 (38.2)

11.5 (133.1)

81

1.15

3.7 (14.3)

1.8 (2.8)

104

2.27

3.8 (14.5)

6.4 (44.3)

92

1.82

3.2 (9.8)

2.2 (4.4)

102

2.19

8.1 (65.8)

14.0 (196.6)

42

0.86

1.6

1.7

34

0.21

FYM @ 10 t/ha + stale seed
bed fb 1 HW at 25 DAS
FYM @ 10 t/ha + stale seedbed
fb reduced spacing (30 cm)
FYM @ 10 t/ha + Sesbania
incorporation 30 DAS
FYM @ 10 t/ha + mechanical
weeding at 25 and 45 DAS
FYM @ 10 t/ha + 2 hand
weedings at 25 and 45 DAS
Recommended NPK (3040-20) kg/ha + herbicide
50% FYM + 50% NPK+ herbicide
fb 1 hand weeding at 25 DAS
Unweeded / unfertilized control
LSD (P=0.05)

*Weed data subjected to x+0.5 transformation. Original values are in parentheses.

2.2.3. Effect of organic weed management practices
in okra–tomato cropping system
Tomato
Tomato was grown after okra during winter
season 2011–12. Major weed flora were: Medicago
denticulata, Cichorium intybus, Physalis minima,
Chenopodium album, Paspaladium sp. and Vicia sativa.

Results revealed that the lowest weed density and
biomass were recorded under FYM + black polythene
mulch. The highest tomato yield was also recorded
under FYM with black polythene mulch (23.9 t/ha),
which was at par with T7 (22.7 t/ha) as compared to
control (2.59 t/ha) (Table 18). The very low fruit yields
in T1, T3 and T4 were due to heavy weed infestation.

Table 18: Effect of treatments on weed density and biomass at 60 DAS and yield of tomato (2011–12)
Treatment

Weed density
(no./m2)

Weed dry biomass
(g/m2)

Fruit yield
(t/ha)

T1
T2

FYM @ 10 t/ha + stale seedbed
FYM @ 10 t/ha + black polythene mulch

11.2 (127)*
0.7 (0)

4.9 (25)
0.7 (0)

6.82
23.87

T3
T4
T5

FYM @ 10 t/ha + straw mulch
FYM @ 10 t/ha + radish intercrop
FYM @ 10 t/ha + 2 hand weedings at
25 and 45 DAS
Recommended NPK (120-60-40)
kg/ha + herbicide
50% FYM + 50% NPK+ herbicide fb 1
hand weeding at 45 DAS
Unweeded / unfertilized control
LSD (P=0.05)

10.3 (106)
11.9 (145)
9.4 (89)

3.7 (14)
7.9 (71)
4.5 (21)

6.59
4.53
19.08

9.9 (102)

5.2 (27)

14.27

9.1 (84)

2.4 (5)

22.71

16.8 (290)
3.2

12.3 (153)
2.8

2.59
3.31

T6
T7
T8

*Weed data subjected to x+0.5 transformation. Original values are in parentheses.

Okra

weed density and biomass were recorded under FYM
+ black polythene mulch fb FYM + 2 HW (Table 19).
The highest pod yield of okra was recorded under
FYM + black polythene (13.84 t/ha), which was about
3 times more than control (3.84 t/ha).

Okra was grown after tomato during rainy
season, 2012. Major weed flora were: Commelina
benghalensis, Echinochloa colona, Cyperus iria, Dinebra
sp, Phyllanthus niruri and Physalis minima. The lowest
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Table 19: Effect of treatments on weed density and biomass at 60 DAS, and yield of okra (2012)
Treatment

Weed density
(no./m2)
12.5 (156.6)*
0.7 (0.0)

Weed dry biomass
(g/m2)
10.1 (103.3)
0.7 (0.0)

Pod yield
(t/ha)
2.43
13.84

9.9 (100.4)
5.7 (33.9)

9.54
9.29

T1
T2

FYM @ 10 t/ha + stale seedbed
FYM @ 10 t/ha + black polythene mulch

T3
T4

FYM 10 t/ha + straw mulch
FYM 10 t/ha + Sesbania intercrop in situ mulch at 30 DAS

8.8 (77.7)
7.7 (61.0)

T5

FYM @ 10 t/ha + 2 hand weeding at 25 and 45 DAS

6.3 (39.0)

1.8 (3.0)

10.64

T6

Recommended NPK (120-60-40) kg/ha + herbicide

8.3 (54.3)

12.0 (149.2)

8.62

T7

50% FYM + 50% NPK+ herbicide fb 1 hand weeding at 45 DAS

7.4 (54.3)

4.0 (16.9)

12.79

T8

Unweeded / unfertilized control
LSD (P=0.05)

14.9 (227.0)
2.1

13.1 (171.2)
2.4

3.84
2.1

*Weed data subjected to x+0.5 transformation. Original values are in parentheses.

It was noted that the population of Echinochloa colona
was negligible in the plots receiving application of
quizalofop and fenoxaprop every year, and it was
significantly lower than the count recorded in
imazethapyr treated plots. However, both quizalofop
and fenoxaprop failed to control Cyperus iria. The
population of C. iria in quizalofop and fenoxaprop
treated plots was significantly higher than rest of the
treatments including weedy plots. Further, the
population of E. colona was inversely related with the
population count of C. iria in soybean. The population
of Phylanthus niruri and also the total weed count were
not affected by any of given herbicide treatments. All
the herbicide treatments showed significantly lower
weed dry matter production at 40 DAS compared to
weedy control. Due to heavy pressure of weeds,
weedy check showed the lowest crop growth as well
as nodulation at 40 DAS (Table 20). Compared to 2
HWs, none of the herbicide treatments showed any
depressing effect on count and dry matter of nodule in
soybean, indicating that the tested herbicides are safe
from the soybean-Rhizobium symbiosis point of view
(Figure 3).

A view of experiment crop of okra under organic weed management

2.3. Improving input-use efficiency through
efficient weed management
2.3.1. Long-term effect of herbicides on nodulation
in soybean and blackgram
Long-term field experiments were initiated
during rainy season 2010 to study the effect of
herbicides on symbiotic N2 fixation in soybean and
blackgram.
In soybean, treatments comprised of 2 hand
weedings, repeated as well as rotated application of
quizalofop (50 g/ha), imazethapyr (100 g/ha) and
fenoxaprop (100 g/ha), and weedy check. Soybean
var. 'JS-9560' was sown in the last week of June, 2012.

Table 20: Long-term effect of herbicides on weed infestation in soybean at 40 DAS (2012)
Treatment

Imazethapyr
Fenoxaprop
Quizalofop
Herbicide rotation*
2 HWs
Weedy

Weed count/m2
EchinoCyperus Phylanchloa
thus
iria
colona
niruri
6.2 (38)** 6.5 (43)
4.7 (23)
2.2 (35)
12.1 (158) 5.7 (43)
0.7 (0)
12.5 (163) 5.0 (31)
6.9 (52)
6.2 (46)
5.4 (29)
6.9 (50)
4.5 (27)
3.9 (16)
9.8 (99)
9.9 (99)
6.6 (52)
2.5
4.4
NS

Total

10.7 (116)
15.9 (263)
14.9 (227)
12.0 (147)
10.3 (107)
16.4 (270)
3.9

Weed
dry
matter
(g/m2)
3.7 (14)
3.8 (14)
3.4 (12)
2.7 (7)
2.3 (5)
7.5 (57)
1.3

Nodule
count/
plant
37.8
36.8
32.1
36.8
36.2
23.9
7.6

Soybean growth
Root dry
Shoot dry
matter
matter
(g/plant)
(g/plant)
0.25
2.18
0.27
2.21
0.24
1.88
0.31
2.35
0.31
2.32
0.16
1.24
0.06
0.59

LSD (P=0.05)
*Received imazethapyr in the current year. **Data subjected to x+0.5 transformation. Original values are in parentheses.
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In blackgram, treatments comprised of
repeated as well as rotational application of
quizalofop (50 g/ha, PO), clodinafop (60 g/ha, PO)
and pendimethalin (1000 g/ha, PE), 2 HWs and
weedy check. Blackgram var. 'ATU-1' was sown in the
last week of June, 2012. All the herbicide treatments
significantly reduced the population of E. colona and
total weed dry matter production. However, no
suppressing effect of herbicides was noticed on C. iria
and P. niruri count. Overall, pendimethalin showed
the lowest total weed count and nodulation among
the applied weed control measures. Compared to
HWs, no adverse effect of clodinafop and quizalofop
was noticed on blackgram nodulation (Table 21).

Figure 3 :

Effect of long-term herbicide application on
nodulation in soybean at 40 DAS

Table 21:Long-term effect of herbicides on weed infestation and nodulation in blackgram at 40 DAS (2012)
Treatment

Pendimethalin
Clodinafop
Quizalofop
Herbicide rotation*
2 HWs
Weedy

LSD (P=0.05)

Echinochloa
colona
3.1 (12)**
3.0 (24)
0.7 (0)
3.3 (17)
6.1 (48)
13.0 (172)
4.7

Weed count/m2
Cyperus
Phylanthus
iria
niruri
9.8 (107)
8.9 (80)
19.4 (376)
8.9 (82)
16.7 (278)
8.8 (77)
11.9 (141)
9.3 (88)
9.8 (101)
7.8 (62)
10.9 (119)
8.4
3.4
NS

Total
14.5 (214)
22.7 (514)
19.6 (386)
16.8 (283)
15.0 (231)
19.3
3.4

Weed dry
matter (g/m2)
5.31 (29)
4.97 (24)
4.24 (18)
5.29 (30)
2.99 (9)
9.16
1.82

Nodules/
plant
54.4
70.3
67.0
72.9
63.8
53.7
9.9

*Received imazethapyr in the current year. **Data subjected to x+0.5 transformation. Original values are in parentheses.

2.3.2. Weed management studies in soybean
A field trial on integrated weed management
in soybean was conducted during rainy season 2012 in
randomized complete block design replicated three
times. Area of each plot was 22.5 m2. Ten treatments
were: T1 – pendimethalin-xtra (pre-emergence, PE) @
750 g/ha fb imazethapyr @ 100 g/ha at 30 DAS, T2 –
pendimethalin-xtra (PE) @ 750 g/ha fb chlorimuronethyl @ 9 g/ha at 25 DAS, T3 – metribuzin (PE) @ 500
g/ha fb imazethapyr @ 100 g/ha at 30 DAS, T4 –
metribuzin (PE) @ 500 g/ha fb chlorimuron-ethyl @ 9
g/ha at 25 DAS, T5 – imazethapyr @ 100 g/ha at 30
DAS, T6 – imazethapyr @ 150 g/ha at 30 DAS, T7 –
chlorimuron-ethyl @ 9 g/ha at 25 DAS, T8 –
chlorimuron-ethyl @ 13.5 g/ha at 25 DAS, T9 – 2 HWs
at 25 DAS and 45 DAS, T10 – weedy check.

Paspaladium flavidum. Pre-emergence herbicides were
less effective to suppress the population of C. rotundus
at 25 DAS. Imazethapyr in combination with PE
herbicides and sole application of chlorimuron-ethyl
effectively reduced the biomass of C. rotundus at 60
DAS as compared to sole application of imazethapyr.
Dry weight of E. colona was effectively reduced by
imazethapyr and chlorimuron-ethyl in combination
with PE herbicides and sole application of
imazethapyr at higher dose (150 g/ha), but sole
application of chlorimuron-ethyl was not effective to
control E. colona at 60 DAS. All the weed control
measures significantly reduced total weed population
and dry weight at 60 DAS as compare to weedy check.
Maximum yield was recorded with 2 hand weedings
(1.69 t/ha), which was at par with imazethapyr @ 150
g/ha (1.54 t/ha) and metribuzin (PE) @ 500 g/ha fb
imazethapyr @ 100 g/ha (1.47 t/ha) (Table 22).

Major weed flora were: Cyperus rotundus,
Echinochloa colona, Physalis minima, Phyllanthus niruri,
Macardonia procumbens, Dinebra retroflexa and
19

Table 22: Effect of weed management practices on weed density and dry weight, and soybean yield (2012)
Treatment

C. rotundus at
25 DAS (no./m2)

Dry weight
of C. rotundus
at 60 DAS (g/m2)
1.33

Dry weight of
E. colona at
60 DAS (g/m2)

Total weed
population
at
60 DAS (no./m2)

Total weed
dry weight at
60 DAS (g/m2)

Seed
yield
(t/ha)

T1

4.97 (24.7)

8.40

7.32 (53.3)

12.85

1.13

T2

5.74 (32.7)

0.88

14.53

9.53 (90.7)

20.57

1.17

T3

6.05 (36.7)

1.13

4.67

9.19 (85.3)

10.52

1.47

T4

5.50 (30.7)

0.22

17.47

7.84 (64.0)

20.64

1.13

T5

8.24 (68.0)

2.13

43.33

12.71 (161.3)

61.20

1.11

T6

6.62 (47.3)

3.30

6.87

11.02 (121.3)

17.20

1.54

T7

7.53 (56.7)

0.29

46.93

12.44 (158.7)

69.42

0.98

T8

7.53 (56.7)

1.60

50.53

12.63 (161.3)

71.20

0.93

T9

5.55 (31.3)

0.53

4.86

9.12 (85.3)

12.15

1.69

T10

8.95 (82.7)

1.53

63.01

16.08 (258.7)

80.23

0.68

1.69

23.61

29.85

0.40

LSD (P=0.05)

2.24

2.68

*Weed density data were subjected to x + 0.5 transformation. Original values are shown in parentheses.

Unweeded control

the post-emergence herbicides, imazethapyr +
imazamox @ 60 g/ha proved more effective in
decreasing weed population and weed biomass than
other treatments. Application of imazethapyr @ 100
g/ha was found at par with tank-mix application of
chlorimuron + quizalofop-p-ethyl in reducing the dry
weight production of total weeds (Table 23). There
was no difference in application of adjuvant with all
the herbicides. Weed-free check gave maximum seed
yield of 1002 kg/ha as against only 162 kg/ha under
unweeded control. The weed-free treatment was
found superior to all weed control treatments, except
imazethapyr + imazamox @ 60 g/ha as postemergence which was at par with each other. The per
cent increase in seed yield due to weed-free and
imazethapyr + imazamox was 518 and 497%. On the
basis of visual observation on 0-10 point scale, none of
the herbicide was found phytotoxic.

Pre-emergence pendimethalin

2.3.3. Efficacy of post-emergence herbicides with
and without surfactant in soybean
Bioefficacy of post-emergence herbicides
with and without surfactant was studied in soybean
during rainy season 2012. Weed flora were dominated
by: Echinochloa colona, Commelina benghalensis,
Phyllanthus niruri and Euphorbia geniculata. All the
weed control treatments significantly reduced the dry
weight of complex weed flora, although they differed
in their effect on monocot and dicot weeds. Among

Table 23: Effect of treatments on weed population, weed biomass and seed yield of soybean (2012)
Treatment

Dose
(g/ha)

Weed population
(no./m2)

Weed dry
weight (g/m2)

Imazethapyr
Chlorimuron + quizalofop
Chlorimuron + fenoxaprop-p-ethyl
Imazethapyr + imazamox
Imazethapyr + APSA 80
Chlorimuron + quizalofop + APSA 80
Chlorimuron + fenoxaprop-p-ethyl + APSA 80
Imazethapyr + imazamox + APSA 80
2 hand weedings
Weedy check
LSD (P=0.05)

100
6+50
6+100
60
75
4+40
4+80
40

5.3 (28)*
5.8 (33)
5.3 (28)
4.7 (22)
6.1 (37)
7.2 (51)
5.9 (35)
5.2 (27)
3.0 (9)
6.8 (46)
0.8

18
44
28
15
17
26
19
20
4
136
18

Seed yield
(kg/ha)
799
622
807
967
703
599
745
887
1002
162
112

*Weed density data were subjected to x + 0.5 transformation. Original values are shown in parentheses.
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2.3.4. Herbicides combinations for control of
complex weed flora in direct-seeded rice

mechanical weedings applied at 20, 40 and 60 DAS.
Application of pendimethalin @ 1.0 kg/ha, followed
by bispyribac-sodium at 25 g/ha and manual
weeding at 25 DAS caused reduction of weed density
and dry weight. The highest grain yield was achieved
with weed-free (3 hand weedings), mechanical
weeding thrice and pendimethalin @ 1.0 kg/ha,
followed by bispyribac-sodium and hand weeding at
25 DAS. The yield obtained under these treatments
increased by 40% over weedy check due to lower
weed competition.

An investigation was planned to study the
bio-efficacy of combination of herbicides against
weed complex and their effect on growth and yield of
direct-seeded rice. The weed flora consisted of
Echinochloa colona, Commelina benghalensis,
Alternanthera sesillis, Physalis minima, Caesulia
auxillaris and Cyperus iria. All the weed control
treatments significantly reduced the weed population
and biomass over weedy check (Table 24). Minimum
weed count and biomass were recorded under three

Table 24: Effect of weed control treatments on weed count and biomass, and grain yield of rice (2012)
Treatment

Dose (g/ha)

Time of application

Weed count
(no./m2)

Weed dry
weight
(g/m2)
37
30

Grain yield
(t/ha)

Bispyribac-sodium
Pendimethalin fb bispyribac

25
700 fb 25

20 DAS (3-4 leaf stage)
0-2 fb 25 DAS

2.7 (7)*
2.9 (8)

Oxadiargyl fb bispyribac
Pyrazosulfuron fb bispyribac
Pendimethalin fb bispyribac fb
manual weeding
Pendimethalin fb manual
weeding
Bispyribac + (chlorimuron +
metsulfuron)
Three mechanical weedings
(cono / rotary weeder)

100 /25
20/25
700 fb 25
700

0-2 fb 25 DAS
0-3 fb 25 DAS
0-2 fb 20DAS (3 -4 leaf
stage) fb 45 DAS
0-2 fb 25 -30d

2.9 (8)
2.9 (8)
1.9 (4)

53
12

3.31
3.63
3.60

1.9 (4)

9

3.44

20 + 4

20 DAS

3.0 (9)

15

3.82

-

20, 40, 60 DAS

0.99 (1)

8

4.10

HW at 20, 40 and 60 DAS

-

-

0.71 (0)

-

4.00

Weedy check

-

-

5.3 (28)

110

2.52

0.8

13

0.73

LSD (P=0.05)

3.30
3.53

*Weed density data were subjected to x + 0.5 transformation. Original values are shown in parentheses.

2.3.5. Evaluation of post-emergence herbicides in
chickpea

treatment recorded the highest values of pod/plant,
100-grain weight and grain yield, followed by preemergence application of pendimethalin-xtra. The
highest seed yield of chickpea was recorded in
pendimethalin 38.7% CS @ 700 g/ha, followed
imazethapyr (Table 25). The lowest yield was
recorded with chlorimuron-ethyl due to its
phytotoxicity on chickpea. Post-emergence
application of imazethapyr @ 75 g/ha caused slight
injury to chickpea but the crop recovered
subsequently.

A total of 10 treatments comprising various
doses of imazethapyr, chlorimuron + quizalofop,
ready-mix combination of saflufenacil 17.8% +
imazethapyr 50.2% and pendimethalin 38.7% CS
along with weed-free and weedy check were
evaluated during rabi in randomized block design
replicated thrice. Major weed flora consisted of
Chenopodium album, Phalaris minor, Cichorium intybus,
Medicago denticulate and Physalis minima. Weed-free
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Table 25:Effect of treatment on weed density, weed biomass and seed yield of chickpea (2011-12)
Treatment

Dose
(g/ha)

Weed
count
(no./m2)

Imazethapyr
Imazethapyr
Chlorimuron + quizalofop

60
75
3+40

3.8 (14.3)*
2.7 (7.0)
3.7 (13.6)

Weed
dry
weight
(g/m2)
18
5
10

Pods/
plant

Seeds/
plant

Test
weight
(g)

Seed
yield
(t/ha)

23.2
27.0
21.3

27.1
33.3
23.0

18.7
20.2
16.7

2.64
2.84
2.20

Chlorimuron + quizalofop

4+50

4.3 (18.3)

11

21.6

24.7

17.2

1.93

Chlorimuron + quizalofop

6+75

3.3 (11.0)

7

20.3

21.6

18.3

1.30

Pendimethalin xtra
Saflufenacil + imazethapyr

700
85

3.1 (9.6)
4.3 (18.6)

8
17

28.2
23.3

31.3
29.1

20.5
17.5

3.04
2.57

Saflufenacil + imazethapyr

102

3.8 (14.0)

13

25.0

31.8

17.8

2.61

2 HWs
Unweeded control
LSD (P=0.05)

750
-

2.7 (7.0)
7.3 (53.0)
0.32

2
31
5

27.0
16.2
4.7

29.0
20.4
8.6

19.6
17.3
1.3

3.21
0.99
0.40

*Weed density data were subjected to x + 0.5 transformation. Original values are shown in parentheses.

2.3.6. Efficacy of post-emergence herbicides in
wheat under high weed pressure
A field experiment was conducted during
winter season 2011-12 to evaluate the efficacy of premix combination of mesosulfuro + iodosulfuron,
metsulfuron + sulfosulfuron, carfentrazon +
sulfosulfuron, penoxsulum + cyhalofop with alone
application of pinoxaden, clodinafop, sulfosulfuron
and carfentrazon along with weed-free and weedy
check. All weed control treatments significantly
reduced the population and dry weight of weeds over
weedy check. Pre-mix combination of mesosulfuron +

iodosulfuron and penoxsulum + cyhalofop provided
effective control of Avena ludoviciana, Medicago
denticulata, Cichorium intybus, Phalaris minor, Physalis
minima and Chenopodium album. All the weed control
treatments brought out a significant effect on yield of
wheat crop as compared to control (Table 26). The
reduction of grain yield in weedy check was 62% as
compared to weed-free. The highest grain yield (5.17
t/ha) was obtained in weed-free, followed by
mesosulfuron + iodosulfuron and penoxsulum +
cyhalofop as post-emergence.

Table 26: Effect of treatments on weed count and dry weight, and grain yield of wheat (2011-12)
Treatment

Dose
(g/ha)

Weed count
(no./m2)

Clodinafop
Clodinafop + 2,4-D
Pinoxaden
Sulfosulfuron
Metsulfuron + carfentrazon
Metsulfuron + 0.2% NIS
Carfentarzon + sulfosulfuron
Mesosulfuron + sulfosulfuron
Mesosulfuron + iodosulfuron
Penoxsulum + cyhalofop
Carfentrazon
2 hand weedings
Untreated control
LSD (P=0.05)

60
60+500
75
25
25
700
45
40
400
105
25
750
-

4.4 (19.3)*
5.1 (26.0)
6.0 (36.0)
6.6 (43.6)
6.1 (37.6)
6.1 (37.0)
6.3 (40.3)
5.6 (31.6)
4.8 (23.3)
4.8 (23.3)
5.7 (32.3)
2.4 (5.6)
8.9 (79.3)
0.32

Weed dry
weight
(g/m2)
19
15
29
30
52
39
44
25
12
13
38
9
91
12

*Weed density data were subjected to x + 0.5 transformation. Original values are shown in parentheses.
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Grain yield
(t/ha)
3.25
3.96
2.76
2.80
2.37
2.89
2.70
3.73
4.70
4.60
2.82
5.17
1.94
0.70
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2.3.7. Effect of herbicides for weed management in
bottle gourd

2.4. Standardization of spraying techniques and
mechanical tools for weed management

An experiment was carried out on summer
bottle gourd (April–June, 2012) with eight treatments,
viz. halosulfuron @ 60 and 120 g/ha compared with
imazethapyr @ 60 and 75g/ha, pendimethalin (38.7%
CS) @ 700 g/ha as pre-emergence along with 2 hand
weeding and weedy check. There was a significant
reduction in weed count due to application of
herbicides compared with untreated control (Table
27). Application of halosulfuron @ 120 g/ha reduced
the population of Cyperus iria to a greater extent as
comp a r e d t o ot h e r t r e a t me n t s. H ow e v e r ,
pendimethalin @ 700 g/ha reduced the overall weed
population compared to other treatments. The
reduction in weed population under pendimethalin
was superior to imazethapyr and halosulfuron. A
similar trend was observed in weed dry weight.

2.4.1. Evaluation of spray application techniques for
weed management in crops
Spraying techniques are broadly classified as
high volume, medium high volume, low volume, very
low volume and ultra low volume according to total
volume of spray solution to be applied per unit of
ground area (Table 28). High volume spraying
technique is used commonly in herbicide applications
besides other pesticides. Studies were carried out to
evaluate the different spray application techniques for
herbicides used in field crops as detailed below:
Table 28 : Different spraying application techniques
according to volume of spray applied in
field crops
Spraying
techniques

Loss in fruit yield of bottle gourd due to
weeds was estaimated to be 40%. The yield obtained
with pendimethalin @ 700 g/ha was 40% more than
unweeded control, and on par with 2 hand weedings.
No visual symptoms of injury or phytotoxicity were
observed under halosulfuron @ 60 and 120 g/ha but at
240 g/ha slight phytotoxicity was observed.
Imazethapyr was phytotoxic @ 75 g/ha. It was
concluded that halosulfuron @ 120 g/ha controlled
Cyperus iria effectively in bottle gourd. However,
pendimethalin @ 700 g/ha resulted in the lowest
weed infestation and registered the highest fruit
yield.

High volume spraying

Halosulfuron
Halosulfuron
Halosulfuron
Imazethapyr
Imazethapyr
Pendimethalin
38.7% CS
2 HWs
Weedy check
LSD(P=0.05)

Dose
(kg/ha)

Weed count
(no./m2)

60
120
240
60
75
700

13.22 (175)*
11.21 (127)
10.30 (108)
13.37 (178)
12.55 (160)
4.80 (24)

225
166
128
223
172
38

9.90
16.60
10.60
3.70
5.02
20.03

-

4.70 (22)
14.62 (215)
2.12

33
237
14

20.80
8.01
3.72

Medium high volume spraying

300

200 to 400 crops

Low volume spraying

200

125-200

Medium low volume spraying

100

50-125

Very low volume spraying

40-50

5-50

No control measures

-

-

Weed free

-

-

To achieve desired spray volume to be
applied, different spraying nozzles were tested in
laboratory for their discharge rate, operating
pressure, swath width, speed of operation. Brass fan
nozzles, floodjet/flat fan nozzles and HDP fan nozzle
(of different coloured tips) were tested (Figure 3) and
data is given in Table 29.

Table 27: Effect of treatments on weed count, weed
biomass and yield of bottle gourd (2012)
Treatment

Volume Recommended
rate
spraying volume
(l/ha)
for /field crops
(l/ha)
400
Above 400 for crops

Weed dry
Fruit yield
(t/ha)
weight (g/m2)

Figure 4: Hydraulic spray nozzles used in different
spraying treatments

*Weed count data were subjected to x+0.5 transformation.
Original values are shown in parentheses.
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Table 29: Discharge rate, liquid pressure, swath
width and speed of operation attained
with different spray nozzles during
spraying operation
Nozzle type

Discharge
rate
(cc/min)

Liquid
pressure
(psi)

Fan nozzle (HDP)
orange tip

250

10

60

40

Fan nozzle (HDP)
blue tip

434

10-15

65

38-40

Fan nozzle (brass)
60675

674

10

75

40

Flat fan nozzle
(brass)

856

15

70

40

Spinning disc
atomizer

41

Atmospheric
pressure

35

32

1.0 l/ha at different spraying treatments (volumes of
spray representing different spray application
techniques). Results indicated that herbicide
imazethapyr was effective in all the spray volumes
applied in different treatments compared to no
control treatment, and reduced the weed count by
44.5-56.4% and weed dry weight by 43.7-49.9%
(Table 30). The very low volume application by
spinning disc atomizer at 40 l/ha was found equally
effective when comparing the weed control efficiency
to that with low volume, medium high volume and
high volume sprayings treatment carried out by
knapsack sprayer using different fan nozzles and
floodjet (flat-fan) nozzle. The weed control efficiency
achieved in different spraying treatments was found
highly significant compared to no weed control
measure. The yield of soybean varied from 2.35-3.14
t/ha, with higher yields of 2.78-3.14 t/ha in
imazethapyr treatments.

Swath Speed of
width operation
(cm)
(m/min)

A field experiment was carried out having 7
treatments with 3 replications in randomized block
design The herbicide imazethapyr was applied in
soybean for its weeding efficacy at application rate of

Table 30 :Weed control efficiency and seed yield of soybean in different spraying treatments (2012)

Spraying technique
High volume spraying
Medium high volume spraying
Low volume spraying
Medium low volume spraying
Very low volume spraying
No control measures
Weed free
LSD (P=0.05)

Spray volume
(l/ha)
100
200
300
400
40
-

Weed control efficiency (%)
Weed count
Dry weight
46.5
45.9
56.4
49.9
49.1
43.7
53.4
45.5
44.5
49.1
0.0
0.0
74.3
76.3
24.2
6.04

It was concluded that formulation of
imazethapyr should be improved upon by
supplements i.e. adjuvant and spreader. It is possible
that herbicide is effective in all the spray volumes
applied from 40-400 l/ha representing different spray
application techniques.

Seed yield
(t/ha)
2.96
2.96
3.14
3.07
2.78
2.35
3.01
0.42

on growth and yield of greengram cv. 'SML 668'. The
dominant weed species were: Cyperus rotundus,
Convolvulus arvensis, Physalis minima and Dinebra
retroflexa. Significantly higher yield (491 kg/ha) and
number of pods and branches/plant were obtained
from two hand weedings, followed by postemergence application (20 DAS) of imazethapyr @100
g/ha (Table 31). There was heavy infestation of white
fly and yellow mosaic virus in the field, which resulted
in poor yield of greengram.

Exploratory trials
(i) Effect of different weed management practices
on performance of greengram
An exploratory trial was conducted during
summer season of 2012 to see the effect of herbicides
24
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Table 31: Growth and yield of greengram cv. 'SML
668' as influenced by different weed
management practices (2012)
Treatment

Imazethapyr
@ 100 g/ha
Quizalofop
@ 50 g/ha
Two hand
weedings
Weedy check
LSD (P=0.05)

Plant
height
(cm)
35.3

Branches
/plant

Pods/
plant

Yield
(kg/ha)

4.00

13.5

427

36.7

3.22

10.8

359

37.6

4.99

14.1

491

38.3
NS

3.11
1.3

9.6
3.9

343
47

Table 33: Effect of different weed management
practices on blackgram (2012)
Treatment

Imazethapyr
@ 100 g/ha
Quizalofop
@ 50 g/ha
One HW
Weedy check
LSD (P=0.05)

An exploratory trial was conducted with
three summer legumes, viz. greengram, cowpea, and
dhiancha during summer season of 2012. These crops
were sown on 13 April, 2012 under zero-till condition
after wheat harvest. Four weed control treatments
were applied, viz. imazethapyr @ 100 g/ha at 20 DAS,
quizalofop @ 50 g/ha at 20 DAS, one hand weeding
and weedy check.

Treatment

Imazethapyr
@ 100 g/ha
Quizalofop @
50 g/ha
One HW
Weedy check
LSD (P=0.05)

Imazethapyr
@ 100 g/ha
Quizalofop @
50 g/ha
One HW

LAI

2.70

Estimated
seed yield
(kg/ha)
650

0.77

19.0

6.22

2.60

554

0.58

19.9

8.78

2.79

671

Weedy check

0.72

19.0

6.00

2.39

445

LSD (P=0.05)

NS

NS

1.27

0.3

118

6.78

1.64

280

0.89
0.74
NS

12.1
12.4
NS

7.22
6.78
NS

1.90
1.24
0.37

385
269
53

Root Plant Branches/ LAI Estimated
weight height
plant
yield
(g)
(cm)
(kg/ha)
2.48
25.43
8.11
1.82
764
2.04

23.02

7.33

1.65

675

2.43
2.34
NS

33.18
25.44
NS

10.00
8.67
NS

1.98
1.52
0.11

822
571
165

(iii) Performance of sesame during post-rainy
season under different weed management practices
A trial was conducted during post-rainy
season of 2012 to explore the possibility of growing
sesame with pre- and post-emergence herbicides.
Three sesame varieties were sown on 22 September,
2012 and 5 weed management practices were
followed. Dominant weed flora were: Cyperus
rotundus, Convolvulus arvensis, Physalis minima,
Amaranthus viridis and Dinebra retroflexa. There was no
significant difference among sesame varieties but
weed management options differed with respect to
growth and yield performance. The lowest weed dry
weight was observed in quizalofop treated plot. Preemergence herbicides, viz. pendimethalin,
metribuzin and imazethapyr showed good control on
weeds but there was adverse effect of metribuzin and
imazythapyr on germination and growth of sesame
(Table 35). Pendimethalin also reduced crop growth

Table 32: Effect of different weed management
practices on greengram (2012)
Plant Branches/
height
plant
(cm)
21.9
8.11

11.1

Table 34: Effect of different weed management
practices on cowpea (2012)

Greengram: Weed control measures did not affect
significantly root weight and plant height (Table 32).
Maximum number of branches/plant, LAI, plant dry
weight and seed yield (671 kg/ha) were recorded with
one hand weeding, followed by imazethapyr.

Root
weight
(g)
0.77

0.73

Cowpea: Leaf area index, plant dry weight and yield
of cowpea were significantly affected by weed
management practices. Maximum pod yield was
recorded with one hand weeding (822 kg/ha),
followed by imazethapyr @ 100 g/ha (764 kg/ha)
(Table 34).

(ii) Impact of weed management practices on
performance of zero-till summer legumes after wheat

Treatment

Root Plant Branches LAI Estimated
weight height /plant
yield
(g)
(cm)
(kg/ha)
0.77
11.3
7.56
1.66
319

Blackgram: Weed management treatments
significantly affected LAI, plant dry weight and yield
(Table 33). The maximum LAI, plant dry weight and
seed yield were observed with one hand weeding,
followed by imazethapyr @ 100 g/ha, and both of
them were significantly superior to other treatments.
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management in DSR with residue incorporation and
ZT with residue mulch. It was observed that better
weed suppression was found with ZT with residue
mulch as compared with DSR with residue
incorporation.

Table 35: Weed growth and yield of sesame
varieties as affected by weed control
measures (2012)
Treatment

Plant Branches/ Weed
Weed dry weight (g)
Grain
height
plant
cover
40 DAS
At harvest yield
(cm)
at 40 Grassy BLW
(kg/ha)
Total
DAS

(v) Exploratory trial on weed management in cotton

Varieties
‘RT-127’

44.8

3.75

0.80

20.4

2.0

34.8

365

‘MT-75’

48.8

3.67

0.68

22.5

2.5

36.9

300

‘TKG-22’

50.1

3.39

0.65

15.5

2.6

40.7

299

LSD (P=0.05)

NS

NS

NS

NS

NS

NS

-

Metribuzin @
500 g/ha
Pendimethalin
@ 750 g/ha
Imazethapyr
@ 75 g/ha
Quizalofop @
50 g/ha
Weedy check

38.9

4.27

0.81

13.9

0.9

48.9

-

50.8

3.76

0.87

11.4

4.3

14.1

-

47.2

4.09

0.44

17.4

4.3

43.2

-

59.8

2.93

0.40

6.2

1.1

17.1

367

42.7

2.96

1.02

48.4

1.1

64.2

296

LSD (P=0.05)

NS

NS

0.37

11.4

1.6

9.8

-

This trial was conducted on Bt cotton during
rainy season 2012. Cotton was sown on 26 May and
herbicides, viz. pendimethalin @ 1.0 kg/ha as preemergence, quizalofop @ 50 g/ha and fenoxaprop @
60 g/ha at 45 DAS and directed spray of glyphosate
were tried. Dominant weed species were: Echinochloa
colona, Cyperus rotundus, Cyperus tenuispica, Cyperus
iria, Alternanthera spp., Commelina benghalensis and
Abutilon indicum The number of bolls per plant
ranged from 12-35, seed cotton weight per boll from
3.5-5.2 g and seed per ball 25-36. Seed cotton yield was
up to 2.9 t/ha. Application of pendimethalin resulted
in efficient control of all weed species during early
stages except Commelina benghalensis. Post-emergence
application of quizalofop and fenoxaprop controlled
grassy weeds effectively without any adverse effect
on cotton. Directed spray of glyphosate with hood
was better than that with wick applicator.

Weed management

and delayed flowering as compared with quizalofop.
Due to early onset of winter, the harvestable yield was
obtained with only quizalofop and weedy check. The
maximum seed yield (365 kg/ha) was observed with
variety 'RT-127'.
(iv) Influence of crop establishment practices, green
manuring and weed control measures on yield of
rice
An exploratory trial was conducted to observe
the performance of zero-till direct-seeded rice, green
manuring with Sesbania and weed control measures
during rainy season 2012. Rice crop was established
through transplanting, direct seeding with residue
incorporation and zero-till with residue mulch. Green
manure crops of sunhemp and Sesbania were also
grown and weed management practices included
brown manuring in direct-seeded and zero-till rice,
and pretilachlor, bispyribac-sodium + metsulfuron
methyl + chlorimuron-ethyl, bispyribac alone and
weedy check. The field was heavily infested with
diverse weed flora mainly Echinochloa colona, Cyperus
rotundus, Cyperus iria, Alternanthera spp. and
Commelina benghalensis. Maximum yield of rice was
obtained with transplanting followed by (DSR) directseeded rice after sunnhemp. Bispyribac-sodium +
metsulfuron-methyl + chlorimuron-ethyl resulted in
higher yield. Grain yield obtained in weedy check
with transplanting was at par with best weed

Cotton at an early stage

Harvesting of seed cotton
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3. RESEARCH PROGRAMME - 2
WEED DYNAMICS AND MANAGEMENT UNDER THE REGIME OF CLIMATE
CHANGE AND HERBICIDE RESISTANCE
Problems of weed management are becoming
more intense due to vulnerability to global climate
changes. Differential response of plants to changing
climatic factors makes weed management a complex
proposition. With changes in the temperature and
rainfall pattern, vegetation over a region is facing new
phase of competition for survival. It is assumed that
the vegetation tolerating high temperature, drought
and having high CO2-use efficiency would perform
better than other species. Behaviour of crop-weed
interactions including reproductive success with
Sub-programmes
2.1. Effect of climate
change on cropweed
interactions,
herbicide activity
and bioagents
2.2. Physiological and
molecular basis
of herbicide
resistance
development in
weeds and
evaluation of
herbicide tolerant
crops
2.3. Development of
weed seed
identification
tools and weed
risk analysis
Others

changing climatic regimes is poorly understood. In
addition, sustained selection pressures due to
repeated use of herbicide and/or herbicides with
similar sites of action prompt recurrence of herbicide
resistance in weeds. This research programme has
been initiated to understand complex behaviour of the
weeds including development of herbicide resistance
under the regime of climate change. This will help in
development of strategies for efficient weed
management in the changing climate scenario.

Experiments
2.1.1. Impact of elevated CO2 on greengram and associated
weeds: physiological and biochemical aspects

Associates
Bhumesh Kumar
and Meenal Rathore

2.1.2. Effect of elevated CO2 on herbicidal activity of
Parthenium leaves

D.K. Pandey and
Bhumesh Kumar

2.1.3. Effect of elevated CO2 on damage potential of
Zygogramma bicolorata
2.2.1. Tolerance to bispyribac in Echinochloaspecies

Sushil Kumar and
Bhumesh Kumar
D.K. Pandey and
Bhumesh Kumar
D.K. Pandey and
Bhumesh Kumar

2.2.2. Herbicide tolerance in common rainy season weeds
against glyphosate

2.3.1. Germination of seeds immersed in the liquid
preservative
2.3.2. Germination of Chenopodium album seeds aged for
different durations
i.

ii.
iii.

Relative phytotoxicity of allelochemical crude of
Parthenium leaf and inflorescence on rice and
representative aquatic weeds
Relative phytotoxicity of allelochemical crude of
Lantana leaf on rice and representative aquatic weeds
Relative phytotoxicity of allelochemical crude of
Solanum viarum leaf and seed on rice and representative
aquatic weeds
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D.K. Pandey
D.K. Pandey

D.K. Pandey

D.K. Pandey
D.K. Pandey

upregulated at elevated CO2 in all the three species,
thus appeared to be high CO2 specific. Species and
stage specific differences in protein profiles were
observed in response to elevated CO2.

3.1. Effect of climate change on crop-weed
interactions, herbicide activity and bioagents
3.1.1. Impact of elevated CO2 on greengram and
associated weeds: physiological and biochemical
aspects

Activity of catalase, superoxide dismutase,
ascorbate peroxidase and glutathione reductase
decreased in mungbean but increased in B. reptans and
E. diarrhena at elevated CO2 as compared to that at
ambient CO2. As a small variation, activity of
glutathione peroxidase decreased at elevated CO2 as
compared to that at ambient CO2 level in mungbean,
while no such decrease was observed in B. reptans and
Eragrostis diarrhena. On the other hand, activity of
guaiacol peroxidase decreased at elevated CO2 as
compared to ambient CO2 level irrespective of the
species. Important point emerged from the results
was that weed species (Brachiaria reptans and
Eragrostis diarrhena) possessed higher activity of all the
antioxidant enzymes constitutively as well as at
elevated CO2 as compared to mungbean (Figure 3).

Effect of elevated CO2 on summer mungbean
and weed species (Brachiaria reptans and Eragrostis
diarrhena) was studied in Free Air CO2 Enrichment
(FACE) facility. Plants of the above three species were
exposed to ambient CO2 (385±5 ppm) and elevated
CO2 (550±50 ppm) from emergence to maturity of
mungbean.
Results showed that enrichment of
atmospheric CO2 had a positive effect on overall
growth of mungbean plants as well as weed species.
Promotion in growth at elevated CO2 could be
attributed to the higher dry matter accumulation to
above ground parts (Figure 1A). Increase in dry
matter accumulation at elevated CO2 was 19.5% in
mungbean, 90.8% in B. reptans and 75.6% E. diarrhena
as compared to that at ambient CO2. Rate of
photosynthesis (Figure 1B) and instantaneous wateruse efficiency (Figure 1C) increased, while stomatal
conductance (Figure 1D) and rate of transpiration
(Figure 1E) decreased in mungbean, B. reptans and E.
diarrhena at elevated CO2 as compared to that at
ambient CO2. Exposure of plants to elevated CO2 had a
positive effect on activity of carbonic anhydrase in all
the three species (mungbean, Brachiaria reptans and
Eragrostis diarrhena). However, increase in carbonic
anhydrase activity at elevated CO2 was more in two
weed species as compared to mungbean (Figure 1F)
and may be a contributing factor to the observed
higher rates of photosynthesis at elevated CO2. CO2
enrichment treatment led to differential pattern of
peptide when resolved on 10% SDS-PAGE (Figure 2).
It was found that among three species, Eragrostis
diarrhena showed least number of bands (peptides).
Upregulation of a high molecular weight (≈200 kDa)
peptide in mungbean while a down regulation of this
peptide in Brachiaria reptans was evident from protein
profile. Similarly, a 68 kDa peptide was found to be

Activity of nitrate reductase increased in
mungbean and two weed species at elevated CO2 as
compared to that at ambient CO2 level. At elevated
CO2 , increase in nitrate reductase activity figured 14.1,
16.9 and 18.6% in mungbean, B. reptans and E.
diarrhena, respectively (Figure 4A). Enrichment of
atmospheric CO2 resulted in a considerable decrease
(11.7%) in seed yield of mungbean (Figure 4B). In
developing as well as maturity stage, seed protein
content decreased at elevated CO2 as compared that at
ambient CO2. At 28 days after pod initiation, a
decrease of 0.7% in seed protein was noticed (Figure
4C). On the other hand, exposure of mungbean plants
to elevated CO2 resulted in an increase in total
carbohydrates content in developing seeds as well as
developed seeds. An increase of 3.1% in seed
carbohydrates was noticed at 28 days of pod initiation
(Figure 4D). Results showed that in addition to
decrease in yield, enrichment of atmospheric CO2 can
potentially lower the quality of mungbean seed with
diminished protein content and enhanced
carbohydrates content.
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Figure 1:

Effect of elevated CO2 on dry matter (A), photosynthesis (B), stomatal conductance (C), transpiration (D),
instantaneous water use efficiency (E) and activity of carbonic anhydrase (F) in Vigna radiata and associated
weeds (B. reptans and E. diarrhena) at 42 days after treatment

Figure 2:

Effect of elevated CO2 on SDS-protein profile in Vigna radiata and associated
weeds (B. reptans and E. diarrhena) at 42 days after treatment
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Figure 3: Effect of elevated CO2 on activity of catalase (A), superoxide dismutase (B), guaiacol peroxidase (C),
ascorabte peroxidase (D), glutathione peroxidase (E) and glutathione reductase (F) in Vigna radiata and
associated weeds (B. reptans and E. diarrhena) at 42 days after treatment

Figure 4: Effect of elevated CO2 on activity of nitrate reductase (A), seed yield (B), seed protein content (C) and
seed carbohydrate content (D) in mungbean
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3.1.2. Effect of elevated CO2 on herbicidal activity of
Parthenium leaves

coupled with reduction in plant height as compared to
control after 25 days of exposure (Figure 5A, 5B).

An experiment was planned to understand
fate of phytotoxic secondary metabolites (including
allelochemicals) in Parthenium hysterophorus leaves
under changing climatic regimes involving elevated
CO2. Parthenium leaves were sampled from its stands
grown at ambient and elevated (550±50 ppm CO2)
during rainy season, 2012. The leaves were quickly
washed; blot dried and further dried under the shade.
The dry matter was powdered to pass through an 80
mesh sieve (0.178 mm). The leaf residue was
evaluated for herbicidal activity on five floating
weeds, viz. Eichhornia crassipes, Pistia stratiotes, Azolla
pinnata, Spirodela polyrrhiza and Lemna pausicostata;
and four submerged weeds, viz. Hydrilla verticillata,
Ceratophylum demersum, Najas graminea and
Potamogeton crispus. Results showed almost similar
phytotoxicity in the leaf residues obtained from
plants grown in the CO2 regimes.

Figure 5A: Effect of Zygograma bicolorata on Parthenium under
elevated (left) and control situations (right)
2
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Height (cm)
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42.5

40
20
0

Parthenium leaves have phenolics (mostly
water soluble) and terpenoids (water insoluble) as
major phytotoxic constituents implicated in its
interactions with other species in its environment.
Hence, the leaf samples from the plants grown in the
CO2 regimes were analysed for the phenolics using
tannic acid (Sigma, USA) as a standard by Folin Denis
Reagent method. Results showed that the leaves of
plants grown in the elevated CO2 had significantly
higher phenolics (5.46%, w/w) than those grown at
ambient CO2 (3.40%; LSD 0.19, P<0.05).

Ambient CO2
without bioagent

Ambient CO2 with
Elevated CO2 Elevated CO2 with
bioagent
without bioagent
bioagent

Figure 5B: Parthenium density and height under elevated
and non-elevated CO2 at 30 days after sowing

3.2. Physiological and molecular basis of
herbicide resistance development in weeds and
evaluation of herbicide tolerant crops
3.2.1. Tolerance to bispyribac in Echinochloa species
Echinochloa crusgalli, Echinochloa colona and
Echinochloa glabrascens obtained from Jabalpur,
Pantnagar and Anand were tested for bispyribac
tolerance (10% w/v, SC). The weeds were sown in 20
cm apart rows (2 x 2 m plots) and bispyribac was
sprayed at pre-flowering stage at x (25 g/ha), 2x, and
4x levels. Mortality of the treated plants and
phytotoxicity were monitored. Some of the plants
showed tolerance to the herbicide. Seeds from the
plants withstanding the herbicide have been obtained
to repeat the experiment in the next year to ascertain
status of herbicide resistance in the weed.

3.1.3. Effect of elevated CO2 on damage potential of
Zygogramma bicolorata
An experiment was conducted to find out the
effectiveness of bioagent Zygogramma bicolorata
against Parthenium under elevated CO2 (550±10 ppm).
The seeds of Parthenium (2 g each) were shown in the
Open Top Chambers (OTC) with and without
elevated CO2. The whole area of OTC was divided
into four equal parts and Parthenium population was
counted from each part by quadrate (0.25 m2).
Observations on plant height and flowers were
recorded at 30 and 45 days. Adults of Z. bicolorata (150
no.) were released at 20 DAS in each OTC. Results
revealed that elevated CO2 enhanced growth of
Parthenium. There was higher defoliation by beetles

3.2.2. Herbicide tolerance in common rainy season
weeds against glyphosate
Rainy season weeds, viz. Ageratum conyzoides,
Alternanthera sessilis, Caesulia auxillaris, Cassia sericea,
Cassia tora, Cichorium intybus, Corchorus trilocularis,
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Commelina benghalensis, Commelina communis,
Corchorus capsularis, Corchorus olitorius, Cyperus
difformis, Cyperus esculentus, Cyperus iria, Cyperus
rotundus, Dactyloctenium aegyptium, Digitaria
sanguinalia, Dinebra retroflexa, Echinochloa colona,
Echinochloa crusgalli, Echinoclhoa glabrascens, Eclypta
alba, Eleusine indica, Euphorbia geniculata, Ipomoea
hederacea, Ischaemum rugosum, Ligacia molis, Malachra
capitata, Malvasturm coromandelianum, Phyllanthus
niruri, Physalis minima, Setaria glauca, Phyllanthus
urinaria, Sida acuta and Malachra corchorifolia were
sown (30 cm apart in rows) in microplots (2 x 2 m) in
June, 2012. The rows were sprayed with x (2 kg/ha),
2x and 4x glyphosate (isopropyl-amine salt, 41% w/w
SL, Monsanto) before flowering in August and
observed for phytotoxicity and mortality. All the
weeds were killed in 15-20 days. Preliminary findings
showed no indication of development of glyphosate
resistance in the rainy season weeds included in the
study.

Table 1: Germination of seeds immersed in the
liquid preservative for more than two
decades
Species

Parthenium hysterphorus*
Cassia tora*
Cassia sericea*
Chenopodium album*
Phalaris minor*
Echinochloa crusgalli*
Cichorium intybus*
Rumex dentatus*
Melilotus alba*
Wheat*
Pea*
Lentil*
Mustard*
French bean**
Cowpea**
Finger millet**
Rice**
Grain amaranth**
Vegetable amaranth**

3.3. Development of weed seed identification
tools and weed risk analysis
3.3.1. Germination of seeds immersed in liquid
preservative
Evaluation of potential of the liquid seed
preservative - an entirely new concept developed for
extending longevity of crop and weed seeds at
ambient temperature - was undertaken. Results
showed potential of the preservative for extending
longevity of seeds by more than two decades at
ambient temperatures (Table 1).

Germination in the dark at
300C unless otherwise
specified in 2012 (%)
0
95±5 (20 C)
97±1 (scarified)
99±1 (scarified)
0
60±1.5 (15/25 C)
0
86±1 (18 C)
87±3.2
77±10
88±2 (15/250C)
91±1
77
96
94±3
98±1
100
71
100
42±2
95±5
98±2

* and **, 1992 and 1989 seeds, respectively. The values are means of
three replications ± SD. The values without SD are based on single
observation

Table 2: Germination (after 20 days in each case) of
Chenopodium album seeds (aged for
different durations) at different
temperatures in the dark

3.3.2. Germination of Chenopodium album seeds
aged for different durations
(a) Alternating temperature facilitating germination
Chenopodium album seeds aged for different
durations (0-10 years) at ambient temperatures did
not germinate at 30°C in the dark. Subsequent
incubation at 15/25°C (day/night) for another 20 days
promoted germination especially in the seeds aged for
1-3 years. Similarly, the seeds failed to show
germination at 25°C but again exposure to 15/25°C
(day/night) for another 20 days promoted
germination in some seed lots. Germination was
highest in the seed lot aged for 3 years. Thus,
alternating temperatures 15/25 0 C promoted
germination, and this probably has bearing on the
emergence of the weed under field conditions (Table 2).

0

Seed
age
(years)

30 C
(A)

0
1
2
3
4
5
7
10

0
0
0
0
0
0
0
0

0

Temperature C
0
A followed
25 C
0
by 15/25 C
(B)
(night/day)
3?
4
13?
7
13?
6
46?
7
4?
2
2?
3
0
0

0
0
0
0
0
0
0
0

B followed
0
by 15/25 C
(night/day)
2?
3
8?
4
3?
3
18?
8
0
0
0
0

(b) Promotion of Chenopodium album seed
germination by temperature and KNO3
One mM KNO3 was ineffective in promoting
germination of seeds of Chenopodium album (Table 3).
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Five mM KNO3 slightly improved germination of
seeds at 15/25°C over the temperature alone.
However, maximum promotions of germination of the
seeds were at 10 mM KNO3 in combination with the

alternating temperatures. The germination
improvement was consistent with all ageing seed lots,
except in the seeds of higher age which might have lost
viability.

Table 3: Effect of KNO3 and temperature on germination (20 days after initiation of imbibition) of
Chenopodium album seeds (aged for different durations) in the dark
Seed age
(years)

1 mM KNO3
At 250C
(A)

0
1
2
3
4
5
7
10

3?
0*
2?
2
0
0
0
0
0
0

A followed
by 15/250C
(d/n)
0
4?
3
63?
3
3?
5
0
0
0
0

5 mM KNO3
At 250C
(B)
2?
3
0
2?
3
0
0
0
0
0

B followed
by 15/250C
(d/n)
1?
2
13?
10
43?
20
59?
4
0
1?
2
0
0

10 mM KNO3
At 250C
(C)
1?
2
1?
2
0
3?
0
0
0
0
0

C followed
by 15/250C
(d/n)
14?
4
56?
19
75?
13
63?
5
5?
6
1?
2
0
0

15/250C
(d/n)
53?
4
72?
15
96?
2
87?
12
5?
2
0
0
0

*Values are means of three replications ± SD

Others

inflorescence had higher toxicity to rice than to the
aquatic weeds.

(i)
Relative phytotoxicity of allelochemical
crude of Parthenium leaf and inflorescence on rice
and representative aquatic weeds

(ii)
Relative phytotoxicity of allelochemical
crude of Lantana leaf on rice and representative
aquatic weeds

Allelochemical crude from the plant parts of
Parthenium was obtained by soaking in water at 1%
(w/v) for 24 hours with occasional stirring, allowing
moisture to settle, decanting the solution and
evaporating at ambient temperatures. The
allelochemical crude was suspended in water at 0.05,
0.10, 0.25, 0.75 and 1.0% (dry w/v) and pre-weighed
aquatic weeds or rice (var. 'Kranti') seedlings (20 days
old) were placed in the suspensions with controls and
incubated outdoors. Phytotoxicity and biomass were
monitored.

Lantana leaf allelochemical crude was lethal to
rice seedlings at and above 0.5%, whereas Pistia
stratiotes, though inhibited, was not killed by it even
up to 1%. However, Hydrilla verticillata and
Ceratophylum demersum were killed at and above
0.25%.
(iii)
Relative phytotoxicity of allelochemical
crude of Solanum viarum leaf and seed on rice and
representative aquatic weeds
Solanum viarum leaf allelochemical was lethal
to rice seedlings and submerged aquatic weed Hydrilla
verticillata at and above 0.1%, to Ceratophylum
demersum at and above 0.25%, and to Pistia stratiotes at
and above 0.5%. Solanum viarum seed allelochemical
crude was lethal to rice and submerged aquatic weeds
at and above 0.1%. However, it was lethal to Pistia
stratiotes at and above 0.25%.

Parthenium leaf allelochemical crude was
lethal to rice as well as aquatic weeds, viz. floating
weed Pistia stratiotes and submerged aquatic weeds
Hydrilla verticillata and Ceratophylum demersum at and
above 0.1% (w/v). Parthenium inflorescence
allelochemical crude was lethal to rice seedlings at as
low as 0.1%. However, it was not lethal to the aquatic
weeds at 0.1%, but was lethal at and above 0.25%.
Thus, the allelochemical crude of Parthenium
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4. RESEARCH PROGRAMME - 3
BIOLOGY AND MANAGEMENT OF PROBLEMATIC WEEDS IN CROPPED AND
NON-CROPPED AREAS
adenophorum, Chromolaena odorata, Saccharum
spontaneum, Mikania micrantha, etc. have become the
weeds of national importance. In aquatic situations,
troublesome weeds like water hyacinth, alligator
weed, Pistia stratiotes, Ipomoea aquatica, etc. have
gained the status of worst weeds. Further, submerged
weeds like Hydrilla verticillata is a big menace in
aquatic situations. This weed-specific research
programme has been taken up to study biology and
management of such problematic weeds.

Some of the weeds have assumed serious
proportions in cropped and non-cropped situations.
The weeds like wild oat (Avena fatua), canary grass
(Phalaris minor). lambsquarters (Chenopodium sp.)
Cyperus rotundus, field bind weed (Convolvulus
arvensis), Echinochloa spp., weedy rice, Orobanche,
Cuscuta, etc. are well known problematic weeds in
different cropping situations. In non-cropped
situations also, the weeds like Parthenium
hysterophorus, Lantana camara, Eupatorium
Sub-programme

Experiments

Associates

3.1. Biology and management
of problematic weeds in
cropped areas

3.1.1. Characterization of weedy rice biosimilars

Meenal Rathore,
Raghwendra Singh,
Bhumesh Kumar and
Dibakar Ghosh

3.1.2. Incidence of Orobanche on different varieties of mustard

C. Kannan

3.2. Biology and management
of problematic weeds in
non - cropped areas

3.2.1. Integrated management of Chromolaena odorata

Sushil Kumar

3.3. Biology and management
of aquatic weeds

3.3.1. Integrated management of Pistia stratiotes

Sushil Kumkar,
Shobha Sondhia and
Yogita Gharade

3.3.2. Effect of inoculation of Alternaria alternata and
A. eichhorniae in water hyacinth on fishes

C. Kannan

4.1. Biology and management of problematic
weeds in cropped areas

pink collar or a black collar (3). Auricles were largely
greenish in the accessions but some (6) were pink in
colour while others were black (6). Variations in the
physiological parmeters assessed were also visible.
Plant height and tiller number were observed 45 and
60 DAS. The adjusted mean table generated after
statistical analysis in ABD for plant height at 60 DAS
revealed grouping of the accessions studied in to 13
groups with 9 of 10 controls to fall into a single group
along with 21 weedy rice accessions. The other control
grouped with T42 weedy rice accession. There were 8
groups that had a single member each and they were
all weedy rice. This represents high variation amongst
weedy rice for plant height (Table 1). Observations
were analyzed for significant variation amongst
weedy rice accessions and with checks using
statistical programmes. The analysis revealed that :

4.1.1. Characterization of weedy rice biosimilars
A total of 112 weedy rice accessions collected
from 8 states of India and 6 lines of wild rice were
sown by DSR in experimental field along with 10
cultivated rice varieties in an augmented block
design. Morphological parameters, viz. tiller color,
presence of ligule, auricle color, collar color, plant
height, tiller number; and physiological parameters
using IRGA were observed and documented at 45
DAS. Ligule was present in all rice biotypes. Majority
of the weedy rice (78 accessions) had green tillers
while a few (26 accessions) had pink ones. Notable
variation in auricle and collar colour was visible. The
collar was mostly green while few accessions (7) had a
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there was significant morphological variation
amongst weedy rice accessions and with control
at both 45 and 60 DAS;

coefficients were calculated using average linkage
method of Cluster Analysis procedure. The
dendrogram developed shows that at 80% variability
the accessions were grouped into three clusters and
two independent accessions, namely 23 and 55
(Figure 1, 2). The clustering pattern of weedy rice
accessions indicated high variability between the
three clusters generated and the independent
accessions. The dendrogram also suggested weedy
rice accessions of cluster 2 to be more close to
cultivated rice and those in cluster 3 to be more close
to the wild O. rufipogon. Accessions falling in cluster 1
and accession no. 23 need to be further assessed for
genetic diversity amongst themselves and with
cultivated/wild rice by molecular fingerprinting.

●

significant variation in transpiration rate
(Figure 1) and leaf-air temperature difference at
60 DAS among weedy rice accessions and with
control; and

●

there was no significant difference in SPAD
values at 45 and 60 DAS.

●

Continuous data of 49 accessions of weedy
rice biosimilars collected from Central India, 5
cultivated rice and 2 wild rice species were analyzed
using Cluster Analysis procedure of statistical
package SAS 9.3 (SAS Institute Inc.). Dissimilarity

Table 1: Means of plant height at 60 DAS and the groups into which they fall as revealed by statistical
analysis. Control C2 and weedy rice T42 fall into same group(G) shown in red.
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Rice accessions
Figure 1 : Graph of mean average values of transpiration rate in rice accessions studied. C: cultivated rice, T:
weedy rice. The weedy rice accession T67 recorded highest value of transpiration rate while T79
recorded the lowest value.

Figure 2: Tree dendrogram generated based on dissimilarity coefficient. C1: Weedy Rice accessions (WR)
C2: WR, 'Kranti', 'Mahamaya', 'IR 64' C3: WR, O. rufipogon, 'PB-1', 'IR 64'

36

Annual Report 2012-13

microbes by soaking the seeds with spore suspension
of the isolated microbes. Similarly, fungicide Ridomil*
(metalaxyl 0.01%) and salicylic acid (0.01%) were
included for seed treatments. Soil drenching of
microbes and chemicals were done on 30, 45 and 60
DAS. Results indicated that Orobanche emergence was
recorded after 40-45 DAS of mustard, and a maximum
number of 9 flowering stalks per pot of two mustard
plants were recorded. Orobanche germination was
very erratic, and there was no emergence in many of
the treatments.

The weedy rice grains harvested were
assessed for awn traits. 68 of 111 accessions were
awned with varying color and length of awn (Figure
3). Awn length was found to vary between 0.8 cm
(T28b) and 8 cm (T74)

4.1.2. Incidence of Orobanche on different varieties
of mustard
Brown awn

Black awn

Straw awn

All 12 varieties of mustard, viz. 'Coral 437', 'R.
Suflan', 'NRCHB-506', 'Maya', 'Rohini', 'NRCHB-101',
'Pusa Jaikisan', 'NDRE-7', 'Pitambari', 'GM-3',
'NRCDR-2', and 'PBR-357' were found susceptible to
Orobanche. Orobanche stalks were recorded in range of
2-28 per pot. The varieties 'Rohini' and 'NRCDR-2'
were found to have maximum number of stalk/pot
(25-28), while the varieties 'Pusa Jaikisan' and
'Pitambari' were found to have lowest number of
stalk/pot (2-7).

Figure 3:Grain of weedy rice having brown, black, straw
coloured awns

Total genomic DNA of the weedy rice
biosimilars accessions, wild rice and cultivated rice
varieties was extracted using DNEasy Midi kit of
Qiagen and stored for further use. The cultivated rice
JR 201 d a weedy rice accession were used to
standardize the SSR protocol in present lab conditions
(Figure 4).

4.2. Biology and management of problematic
weeds in non-cropped areas
4.2.1. Integrated management of Chromolaena
odorata

J: JR 201

W: weedy rice

M: 100 bp marker

Chromolaena odorata, a problematic weed of
Western Ghats, Karnataka and Tamil Nadu was not
found in Baster area of Chhattisgarh about a decade
back. However, in a short span, it has invaded large
areas of forest, community and waste lands in and
around Jagdalpur. It was observed that weed is
spreading fast on road side leading from Jagdalpur to
Raipur.

P: Protocols

Figure 4: A 3% agarose gel revealing amplification in
different protocols tested (P) using two test
samples

To manage this weed by biological means,
about 3000 galls infested with gall fly (Cecidocharus
connexa) collected from Bengaluru were released
during November, 2011. Survey done during
December, 2012 did not reveal the establishment of
bioagents at the released sites. The reason of failure in
establishment of bioagent in the released area may be
due to the fire during May 2012, which might have
killed the developing bioagents in the area. Therefore,
again during December, 2012, about 1500 infested
galls have been collected and released in the three
different sites of Jagdalpur.

4.1.2. Bio-efficiency screening and estimation of
induced systemic resistance
An experiment was conducted to study the
germination of Orobanche, and process of infection
and estimation of systemic resistance in the host plant
(mustard). It was observed that Orobanche required a
conditioning period of 2-3 months in the pots kept in
the containment chamber. The host seed were sown
after treatment with the isolated antagonistic
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An attempt to make vermicompost from this
weed biomass revealed that good quality
vermicompost can also be made from this weed. There
was fast decomposition of the weed and earthworms
released started to produce the vermicompost within
a short time.
Severe infestation of Choromolaena odorata
on road side and vacant land

A severely infested pond by Pistia stratiotes
(a single plant in the inset)

4.3.2. Effect of inoculation of Alternaria alternata
and A. eichhorniae in water hyacinth on fishes
About 15 fingerlings ('Rohu') were
introduced in tanks containing 10 water hyacinth
plants. After 5 days of acclimatization period in the
tanks, Alternaria alternata and A. eichhorniae were
sprayed on water hyacinth. Tanks with only water
hyacinth and fishes were maintained as control. It
was observed that both fungi did not have any effect
on fish health.

A gall fly emerged from the galls (in inset)
made on Chromolaena odorata twigs

4.3. Biology and management of aquatic weeds
4.3.1. Integrated management of Pistia stratiotes
Pistia stratiotes, a problematic weed of aquatic
bodies is found throughout India. In India, no work
has been done on management of Pistia by herbicides
and their effect on water quality, residue and fish
mortality, besides its management by biological
means. Therefore, this experiment was planned to
address the immediate need of its management
through various methods like biological, chemical,
mechanical and even by way of utilization.
A survey was made to find out the occurrence
and infestation of Pistia strateotis in and around
Jabalpur. The weed infestation was found in many
small water bodies besides severe infestation in a big
pond (Gulaua). The infestation was so severe that the
weed had formed a dense mat over the entire water
surface of the pond. Earlier, this weed was found only
in a small corner and never occurred in such
abundance during last 20 years. Hence, this was
considered a recent invasion in such a large area in
Jabalpur.
Initial survey for search of native bioagent
revealed the mild attack by lepidopteran larvae and
aphids. But none of the insect species was found hostspecific. Both the species were of polyphagous nature.

Healthy fishes collected after 2 months of trial

Rohu fingerling kept for acclimatization
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5. RESEARCH PROGRAMME - 4
MONITORING, DEGRADATION AND MITIGATION OF HERBICIDE RESIDUES
AND OTHER POLLUTANTS IN THE ENVIRONMENT
ground water. Thus, a project on monitoring,
degradation and mitigation of herbicide residues and
other pollutants in the environment was initiated.
Crop, water and soil samples were evaluated to see
persistence and bio-accumulation of various
herbicides in fishes and crops under field conditions.

Persistence of herbicide residues is of great
concern as their presence in the soil may not only
damage the sensitive succeeding crops but also
adversely affect human and animal health. Due to rain
and irrigation, the persisting residues are likely to
move towards sub-surface soil and contaminate
Sub-programmes
4.1. Impact of
herbicides in soil,
water and nontargeted
organisms and
herbicide
mitigation
measures

4.2. Degradation of
herbicides in the
environment

4.3. Bio-remediation
of pollutants
using terrestrial /
aquatic weeds

Experiments
4.1.1. Dissipation of herbicides during rice growing season

Associates
Shobha Sondhia

4.1.2. Dissipation of herbicides in soil during wheat growing
season

Shobha Sondhia

4.1.3. Effect of herbicides on water quality and fish mortality
in ponds
4.1.4. Evaluation of major degradation products of
pyrazosulfuron and penoxsulum in soil by LC-MS/MS
4.1.5. Major degradation products of penoxsulam obtained
from the degradation by Aspergillus flavus in soil
4.1.6. Major degradation products of penoxsulam obtained by
Aspergillus niger in soil by LC-MS/MS
4.1.7. Evaluation of risk of ground water contamination by
continuous use of herbicides
4.1.8. Adsorption behaviour of cyhalofop-p-butyl in sandy-clay
loam and clayey soil
4.1.9. Herbicide residues in direct-seeded rice-based cropping
system
4.2.1. Phototransformation of herbicides on leaf cuticle surface
and environment
4.2.2. Photolysis of propaquizafop in water and soil
4.2.3. Photolysis of sulfosulfuron in soil
4.3.1. Efficacy of terrestrial weed species for treatment of drain
water in phytoremediation facility
4.3.2. Evaluation of terrestrial weed species for lead tolerance
and accumulation

5.1. Impact of herbicides in soil, water and nontarget organisms and herbicide mitigation
measures

Shobha Sondhia
Shobha Sondhia
Shobha Sondhia
Shobha Sondhia
Shobha Sondhia
Shobha Sondhia
Shobha Sondhia
P.P. Choudhury
P.P. Choudhury
P.P. Choudhury
P.J. Khankhane
P.J. Khankhane

were applied at 25, 25 and 750 g/ha, respectively
during rainy season, 2012 to rice and carfentrazone,
pinoxaden and fenoxaprop-p-ethyl at 100, 25 and 100
g/ha, respectively were applied to wheat in winter
season.

Persistence of herbicides in soil and water,
and their effect on non-target organisms were
evaluated in rice-based cropping system.
Penoxsulam, pyrazosulfuron-ethyl and pretilachlor

Herbicide dissipation was determined in
water, soil and fishes at different time intervals.
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30 days. At 90 days, the residues of pyrazosulfuronethyl and pretilachlor were <0.001 and 0.003 µg/g in
soil (Table 1). Half-lives of pyrazosulfuron-ethyl and
pretilachlor were found to be 8.02 and 13.08 days
(Table 2). Dissipation patterns of pyrazosulfuronethyl and pretilachlor in soil are presented in
Figure 1.
At 10 days, 0.033 and 0.025 µg/mL residues of
pyrazosulfuron-ethyl and pretilachlor, respectively
were found in pond water, which dissipated to 0.0167
and 0.016 µg/mL at 20 days. Residues of
pyrazosulfuron-ethyl were below <0.001 µg/mL after
30 days. However, 0.0044 µg/mL pretilachlor
residues were detected at 30 days which were found
below <0.001 µg/mL after 60 days in pond water
(Table 2). In the fishes, 0.0056 and 0.063 µg/g residues
of pyrazosulfuron-ethyl and pretilachlor, respectively
were found after 30 days. At 60 days, pyrazosulfuronethyl and pretilachlor residues in fishes were <0.001
and 0.010 µg/g, respectively. Residues of
pyrazosulfuron-ethyl were found 0.116, and 0.036
µg/g in green plant at 1 and 20 days, while the
residues of pretilachlor (0.92, 0.063, 0.051 µg/g) were
found in plants at 1, 20 and 30 days, respectively. The
residue was below detection limit (<0.001 µg/g) at 60
days. Pyrazosulfuron-ethyl residue was not found in
grain and straw at harvest.

Herbicide residues in soil, rice, wheat and water at 0,
15, 30, 60, 90 and 120 days were evaluated. Water and
fish samples were collected after herbicide application
and rain event in rainy season, and after flood
irrigation in winter season from 0 to 100 days. Effect of
herbicides on fish mortality and water quality was
also evaluated. All samples were processed and
analyzed for residues by HPLC.
5.1.1. Dissipation of herbicides during rice growing
season
Initially 0.0595 and 0.714 µg/g residues of
pyrazosulfuron-ethyl and pretilachlor were found in
rice soil, which dissipated to 0.00103 and 0.017 µg/g at

Figure 1: Dissipation of pyrazosulfuron-ethyl and
pretilachlor residues in soil (rainy season, 2012)

Table 1: Residues (µg/g) of pyrazosulfuron-ethyl and pretilachlor in water
(rainy season, 2012)
Days after
application
10
20
30
60
90

Residues (µg/g)
Water
Young rice plant
PyrazosulfuronPretilachlor
PyrazosulfuronPretilachlor
ethyl
ethyl
0.0330
0.0250
0.116
0.092
0.0167
0.0160
<0.001
0.0044
0.036
0.063
<0.001
<0.001
<0.001
0.051
<0.001
<0.001
-

Table 2: Rate kinetics, R2 and half-life of herbicides in soil during rainy and
winter season
Season/ herbicides
Rainy season 2012
Pyrazosulfuron-ethyl

Rate kinetics equation

R2

Half-life (days)

y = - 0.020x + 0.773

0.93

8.02

y = - 0.023x + 0.773

0.90

13.08

Carfentrazone

y = - 0.030x + 1.646

0.94

10.03

Pinoxaden

y = - 0.051x + 1.795

0.90

5.90

Fenoxaprop-p-ethyl

y = - 0.081x + 1.480

0.99

7.39

Pretilachlor
Winter season 2012-13
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5.1.2. Dissipation of herbicides in soil during wheat
growing season

pinoxaden and fenoxaprop-p-ethyl. TDS was slightly
increased (275 to 253 mg/L) and DO was found to vary
from 7.0 to 12.0. Herbicidal treatments did not alter
water quality significantly. pH of the pond water
varied from 7.2 to 7.85, while EC varied from 648 to 805
µS/cm during the period from 0-90 days (Table
4 and 5).

Dissipation of herbicides in soil of wheat field
followed first order rate kinetics. Residues of
fenoxaprop-p-ethyl, carfentrazone and pinoxaden
were found below detection limit from fishes
collected from ponds at 90 days. Carfentrazone
residues were dissipated to 0.001 µg/g after 90 days.
Regression equation and half life of fenoxaprop-pethyl, carfentrazone and pinoxaden in wheat soil are
presented in Table 2.

Table 3: Residues of herbicides in fish (µg/g)
Days after
application
30
60
100

Pyrazosulfuron-ethyl

Pretilachlor

0.0056
<0.001
<0.001

0.063
0.010
<0.01

y= -0.081x + 1.480
2
R = 0.998, Fenoxaprop-ethyl

log concentration

log concentration

log concentration

Fish mortality and toxicity symptoms were
recorded initially in the pond where herbicides
entered through runoff water (Figure 3). Residues of
pretilachlor, 0.063, and 0.010 µg/g were found in
fishes at 30 and 60 days; and 0.0056 µg/g
pyrazosulfuron-ethyl residues were found in fishes at
30 days afterwards residues were below detection
limit (<0.001 µg/g) at 60 days (Table 3).

Days after application

Figure 2: Dissipation of herbicides in soil
during wheat-growing season

5.1.3. Effect of herbicides on water quality and fish
mortality in ponds
There was slight increase in pH (7.6-8.1) and
EC (287-395 µS/cm) of pond water receiving runoff
due to flood irrigation in wheat. The increase was
higher where carfentrazone was applied, followed by

Fish toxicity and mortality in ponds during rainy season, 2012
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Table 4:Changes in pH and EC of the soil due to herbicide application in rice (rainy
season, 2012)
Days

Control
EC
(µS/cm)
7.55
64.7
7.35
72.4
7.75
50.8
7.90
52.5
7.40
69.6
7.30
43.2
7.25
102.2
pH

0
5
10
20
30
60
90

Pretilachlor
pH
EC
(µS/cm)
7.15
58.8
7.30
50.6
7.50
59.1
7.65
44.6
7.95
45.2
7.20
58.0
7.05
66.2

Penoxsulam
pH
EC
(µS/cm)
7.50
45.0
7.40
47.0
7.45
36.8
7.50
35.0
7.50
52.6
6.40
69.3
7.60
55.8

Pyrazosulfuron-ethyl
pH
EC
(µS/cm)
7.60
79.2
7.45
70.0
7.40
31.1
7.35
74.6
7.50
51.6
6.75
55.6
6.95
41.2

Table 5: Change in pH and EC of the pond water due to herbicide application in
rice (rainy season, 2012)
Days

Control
pH

0
5
10
20
30
60
90

7.30
7.45
7.70
7.35
8.05
7.20
7.10

EC
(µS/cm)
675
692
650
617
394
381
519

Pretilachlor
pH
EC
(µS/cm)
7.15
656
7.30
742
7.50
670
7.65
654
7.95
403
7.20
591
7.05
553

5.1.4. Evaluation of major degradation products of
pyrazosulfuron and penoxsulum in soil by LCMS/MS

Penoxsulam
pH
EC
(µS/cm)
7.30
648
7.40
650
6.55
635
6.55
632
6.50
542
6.65
529
7.00
503

Pyrazosulfuron-ethyl
pH
EC
(µS/cm)
7.05
778
7.30
805
7.50
725
7.60
728
7.85
497
7.10
636
7.15
426

Four major degradation products of
penoxsulam in field soil were : 1,2,4 triazolo-[1,5c]pyrimidin-2 amine, 5,8 dicarboxylic acid (I); 2-(2,2difluoroethoxy) -6 (trifluromethyl)
benzenesulfonamide (IV); 3-[[[2-(2,2-difluoroethoxy)N-[1,2,4] triazole [1,5c]-6-trifluromethyl) benzene
sulfonamide carboxylate m/z (Figure 4).

Metabolites of pyrazosulfuron-ethyl and
penoxsulam were detected from soil and pond water
which were identified by LC/MS/MS. Three major
products of pyrazosulfuron-ethyl with [M+H]+ ions at
m/z 386 (I), 234 (II) , 205 (III) and 156 (V) were detected
from rice field. These were identified as ethyl-5-[(4,6dimethoxypyrimidin-2-ylcarbamoyl)sulfamoyl]-1methylpyrazole-4-carboxylic acid; ethyl 1-methyl-5sulfamyl-1H-pyazole-4-carboxylate and 4,6dimethoxypyrimidin-2-amine, 1-methyl-5-sulfamyl1H-pyazole-4-carboxylic acid (Figure 3).

Figure 4: Transformation products of penoxsulam in soil

Figure 3: Major degradation products of
pyrazosulfuron-ethyl in soil
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5.1.5. Major degradation products of penoxsulam
obtained by Aspergillus flavus in soil

chrysogenum was found to be more effective to
degrade pyrazosulfuron-ethyl in soil as compared to
A. niger and A. alternate by the cleavage of sulfonylurea
bridge, resulting in the formation of two major
metabolites which further cleaved to several minor
products.

Five metabolites of penoxsulam degradaed
by Aspergillus flavus were identified by LC/MS/MS
from field soil of rice crop as: methyl 3-[[[2-(2,2difluoroethoxy)-6-(trifluromethyl) phenyl]
sulfonyl]amino]-1H-1,2,4 triazole 5-carboxylate m/z
373 (I); 5-hydroxyl, 8- methoxy 1,2,4 triazolo-[1,5c]pyrimidin-2 amine
(III); 1,2,4 triazolo-[1,5c]pyrimidin-2 amine, 5, 8 dicarboxylic acid (I); 2-(2,2difluoroethoxy) -6 (trifluromethyl)
benzenesulfonamide (IV); 5,8 dimethoxy 1,2,4
triazolo-[1,5-c]pyrimidin-2 amine (II) and 2-(2,2difluoroethoxy)-N-1H-1,2,4 triazole 3-yl-6
(trifluromethyl)benzenesulfonamide (V) (Figure 5).

5.1.7. Evaluation of risk of ground water
contamination by continuous use of herbicides
An experiment was conducted to study the
mobility and leaching potential of herbicide under
natural rainfall conditions in lysimeter made of
cement of 1, 2, and 3 m. Pyrazosulfuron-ethyl was
sprayed at 25 and 50 g/ha to the lysimeter under field
conditions, and allowed to receive natural rain
(approximately 1300 mm). Soil samples up to 0-25, 2550, 50-75, 75-100, 100-125, 125-150, 150-175, 175-200,
and 200-225 cm depth were collected and analyzed by
HPLC to see the movement of pyrazosulfuron-ethyl
in soil and to predict possible risk of ground water
contamination through herbicide. Leachates were
also collected and analyzed to see the movement of
pyrazosulfuron-ethyl. Pyrazosulfuron-ethyl residues
were detected from leachates of 1 m lysimeter as
compared to 2 and 3 m lysemeter. There was increase
in pH (7.20 to 8.65) of soil and leachates after
pyrazosulfuron-ethyl application, while the EC in
leachates was decreased with passage of time
(Table 6).

Figure 5: Transformation products of penoxsulam
obtained by Aspergillus niger in soil

Residues were higher in surface soil and
detected up to 50 cm in 1 m depth lysimeter. However,
the residues and metabolites of pyrazosulfuron-ethyl
were found up to 100 and 150 cm in 2 and 3 m depth
lysimeter. There was increase in pH of leachates from
7.20 to 8.60 after pyrazosulfuron application, which
showed movement of residues and their major
metabolites at various depths. Changes in EC and pH
due to pyrazosulfuron-ethyl in soil columns and
leachates are presented in Table 6.

5.1.6. Major degradation products of penoxsulam
obtained by Aspergillus niger in soil by LC-MS/MS
Four metabolites of penoxsulam were
identified from soil inoculated with by Aspergillus
niger: Methyl 3-[[[2-(2,2-difluoroethoxy)-6(trifluromethyl) phenyl]sulfonyl]amino]-1H-1,2,4
triazole 5-carboxylate m/z 373 (I); 5,8 dimethoxy 1,2,4
triazolo-[1,5-c]pyrimidin-2 amine m/z 179(II); 2-(2,2difluoroethoxy)-6-(trifluromethyl) phenyl]
sulfonyl]amino]-1H-1,2,4 triazole 5-carboxylic acid
m/z 365 (III) and 5,8 dimethoxy 1,2,4 triazolo-[1,5c]pyrimidine 2 yl sulfamic acid m/z 195 (IV).

Pyrazosulfuron metabolites were found in
soil, and water after 10 days, and these were in higher
quantity after 20 days as compared to pyrazosulfuron.
Two major metabolites were identified as ethyl-5[(4,6-dimethoxypyrimidin-2-ylcarbamoyl)
sulfamoyl]-1- methylpyrazole-4-carboxylic acid;
ethyl 1-methyl-5-sulfamyl-1H-pyazole-4carboxylate.

The cleavage of sulfonamide bridge of
penoxulam by chemical and microbial action resulted
in the formation of major transformation products.
Aspergillus flavus and A. niger were found to be more
effective to degrade penoxsulam, resulting in more
number of degradation products. Penicillium
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Table 6: Changes in EC due to pyrazosulfuron-ethyl application in leachates (rainy season 2012)
Treatment

EC (µS/cm)
T1
1m
T2
T1
2m
T2
T1
3m
T2
pH
T1
1m
T2
T1
2m
T2
T1
3m
T2

Date of sampling
July
17

6

9

1975
2000
1654
901
NL
NL

1721
1970
1660
1994
1812
2170

7.2
7.8
7.2
7.5
NL
NL

7.5
7.9
7.3
7.6
7.15
7.1

23

30

6

13

1356
1730
1504
1650
NL
1298

1006
1009
1412
1470
NL
1543

673
628
1019
1026
NL
1751

1065
1375
970
1001
NL
NL

687
768
656
644
NL
960

7.6
7.8
7.2
7.5
NL
7.6

7.8
7.9
7.6
7.8
NL
7.6

7.8
8.2
7.8
8.0
NL
7.3

7.9
8.0
8.1
8.4
NL
NL

7.6
7.7
7.4
7.4
NL
7.0

Residues of pyrazosulfuron-ethyl at various
soil depths in 1 m lysimeter at 0-50 cm depths after 1 to
30-days were found to be 0.039 to 0.0059 µg/g at upper
depth, 0.027 to 0.006 µg/g at 0-25 cm depth. In the 2
and 3 m depth soil lysimeters, 0.058 to 0.0046 µg/g

August
17

September
1
22

21

27

958
1033
845
891
NL
NL

833
873
652.5
770
NL
950

538
1041
732
754
NL
NL

626
667
570
705
NL
NL

547
757
395
410
NL
NL

7.7
7.9
7.6
7.7
NL
NL

8.2
8.65
8.35
8.6
NL
7.5

8.2
8.4
8.3
8.5
NL
NL

8.4
8.5
8.5
8.7
NL
NL

7.2
7.3
7.6
7.8
NL
NL

pyrazosulfuron-ethyl residues were detected. In 3 m
depth lysimeter, amount of pyrazosulfuron residues
were 0.0223 to 0.003 µg/g at upper depth.
Pyrazosulfuron-ethyl residues were below detection
limit in lower depth in 3 m lysimeter (Table 7).

Table 7: Residues of pyrazosulfuron-ethyl in soil at various depths in lysimeter of 1-3 m depths
Depths

Residues of pyrazosulfuron-ethyl at various depths (µg/g)
1-day
2m
3m
0.058 0.044

1m
0.0223

3-day
2m
3m
0.0210 0.025

10-day
1m 2m
3m 1m
0.016 0.0189 0.020 0.0059

Upper

1m
0.039

0-25
25-50
50-75

0.027 0.053 0.023 0.0212 0.0127 0.022 0.010 0.0125
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.067 0.079
<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.012 0.049

30-day
2m
3m
0.0046 0.003

1m
0.0015

60-day
2m
3m
0.0010 0.0010

0.0060
0.0072
0.093 0.0073

0.0068
0.0088
0.0154

0.004

0.0031 0.0042 0.0034 0.0022 <0.001 <0.001 <0.001

75-100

-

-

-

-

0.059

0.025

0.0050

0.0037

<0.001 <0.001 <0.001

100-125

-

-

-

-

0.066

0.059

0.0025

0.0043

<0.001 <0.001

125-150

-

-

-

-

0.029

0057

<0.001 0.0039

<0.001 0.0019

<0.001 0.0068

<0.001 <0.001

150-175

-

-

0.029

175-200

-

-

<0.001

<0.001

<0.001

200-225

-

-

<0.001

<0.001

<0.001

5.1.8. Adsorption behaviour of cyhalofop-p-butyl in
sandy-clay loam and clayey soil

soil : water ratio (w/v) using different concentrations
(0, 0.5, 1, 2, 5, 10, 20 ppm) of cyhalofop-p-butyl in the
glass centrifuge tube. Blank (without soil) sample
containing 25 ml of CaCl2 solution of cyhalofop-p-

Cyhalofop-p-butyl adsorption was
determined using batch equilibrium method at 1 : 25
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butyl served as control. The Koc values were calculated
by normalizing adsorption constant Kd with organic C
content of the sorbate.

Table 9: Herbicide residues (µg/g) in soil and
chickpea samples
Matrix

Adsorption isotherm indicated that
cyhalofop-p-butyl was highly adsorbed in clayey than
sandy-clay loam. Adsorption coefficient (Kf) was high
in clayey soil (13.39), whereas it was low in sandy clay
(Kf=2.26). The value of 1/n (slope) <1 indicated nonlinear relationship between herbicide concentration
and adsorption, and can be characterized as L type
isotherm. The L type adsorption isotherm showed that
clayey soil had high affinity to cyhalofop-p-butyl. A
significant correlation between Kf and organic C
content indicated major role of organic C content for
cyhalofop-p-butyl adsorption in different soil. The Koc
value ranged from 265.9 and 2092.2 in sandy-clay
loam and clayey soil, respectively (Table 8).
Table 8:

Soil type

1/n

R2

Kd

Koc

0.162

0.915

1.38

265.88

y = 0.299x - 1.127 13.39 0.299
R² = 0.952

0.952

11.48 2092.18

Kf

Sandy-clay Y = 0.162x - 0.355 2.26
loam
R² = 0.915
Clayey

Soil

0.011

0.002

<0.001

Grain

0.020

<0.001

<0.001

Straw

0.008

<0.001

<0.003

At harvest, residues of cyhalofop-p-butyl,
bispyribac-sodium and fenoxaprop-p-ethyl in rice soil
were 0.004, <0.01, and <0.001 µg/g, respectively. In
rice, the respective herbicide residue was: 0.001, <0.01
and 0.006 µg/g in grain, and 0.025, <0.01 and <0.001
µg/g in straw samples (Table 10).
Table 10: Herbicide residues in soil and chickpea
plant samples
Matrix Cyhalofop-p-butyl Bispyribac- Fenoxaprop-p-ethyl
sodium

Kf (Fruendlich constant), Kd (Coefficient of
determination), 1/n (slope) and K oc
(organic C constant) values of cyhalofopp-butyl in sandy clay loam and clayey soil
Equation

Pendimethalin Quizalofop-p-ethyl Oxyfluorfen

Soil
Grain
Straw

0.004
0.001
0.025

<0.01
<0.01
<0.01

<0.001
0.006
<0.001

5.2. Degradation of herbicide in the
environment
5.2.1. Phototransformation of herbicides on leaf
cuticle surface and environment
To investigate phototransformation of 2,4-D
on leaf cuticle surface, experiments were conducted
on thin-film of cutin under sunlight. After irradiation,
the degradates were extracted in suitable solvents,
processed and analyzed by LC-MS/MS and GCMS/MS.

5.1.9. Herbicides residues in direct-seeded ricebased cropping system
Wheat and rice plants were collected at
maturity and analyzed by HPLC to see persistence of
pendimethalin (1.25 kg/ha), oxyfluorfen (0.20 kg/ha)
and quizalofop-p-ethyl (0.60 kg/ha) residues in
chickpea; and cyhalofop (90 g/ha), bispyribac (25
g/ha) and fenoxaprop-p-ethyl (60 g/ha) in rice. At
harvest, the residues of pendimethalin, oxyfluorfen
and quizalofop-p-ethyl in chickpea soil were: 0.011,
0.002 and <0.001 µg/g, respectively. In chickpea seeds
and straw, 0.020 and 0.008 µg/g residues of
pendimethalin were found. However, quizalofop-pethyl and oxyfluorfen residues were found to be
<0.001 and 0.003 µg/g, respectively in grains and
straw (Table 9).

5.2.2. Photolysis of propaquizafop in water and soil
To investigate the phototransformation of
propaquizatop, an experiment was conducted in
aqueous phase and on soil under sunlight. The major
photoproducts were isolated by column
chromatography and preparative TLC. The structure
of the products was elucidated by mass spectrum
from LC-MS/MS (Figure 6).
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5.3. Bio-remediation of pollutants using
terrestrial / aquatic weeds
5.3.1. Efficacy of terrestrial weed species for
treatment of drain water

Figure 6:

An investigation was carried out to test the
efficacy of weed-based phytoremediation system
using Arundo donax for remediation of heavy metals
in industrial drain water. The constructed wetland
system consisted of pre-treatment overhead settling
zone and treatment zone having three pairs of
sequential tanks (3 m x 2 m x 0.75 m). The fast growing
Arundo was planted hydroponically in first pair of
tanks and in angular gravel media in surface and
sub-surface tanks. The polluted water from waste
water carrying drain was injected into pre-treatment
overhead tanks, and after settling of solid particles at
bottom, the water was directed to sequential
treatment tanks for treatment. Water samples
collected from the system were analyzed for nitrates,
phosphates and different heavy metals at outlet point
of sedimentation, hydroponic, surface and subsurface tanks after treatment.

Phototransformation of propaquizafop in soil
and water

5.2.3. Photolysis of sulfosulfuron in soil

It was observed that extensive root system
was developed in hydroponically grown tanks and
the plant roots were also entangled with angular
gravels in surface and sub-surface tanks. As compared
to untreated drain water, the concentration of iron,
cadmium, lead and nitrate was reduced to the extent
of 68.2, 51.4, 76.9 and 88.4%, respectively in treated
water collected from the outlet of last pair of
sequential tanks (Table 11). Lower efficacy of
phosphorus (46.3%) was observed in treated water.
The concentrations of iron as 403, 507 and 407.3 ppm
and cadmium as 4.7, 0.20 and 0.80 ppm were
observed in Arundo plant grown under sequential
tanks of hydroponics, surface and subsurface tanks,
respectively.

Sulfosulfuron was irradiated on soil and
innert glass surface, and the generated photoproducts
were isolated by column chromatography and
preparative TLC. The structure of the products was
elucidated by mass spectrum from LC-MS/MS. A
similar experiment was carried out on glass surface. In
both cases, the routes of degradation were the
cleavage of sulfonyl-urea bridge and the cleavage of
sulphonyl-amide linkage (Figure 7).

Table 11: Changes in contaminants of drain water treated
in Arundo-based phytoremediation system
Treatment

pH

Concentration (ppm)
Fe

Sedimentation
Tank I (hydroponics)

Figure 7: Photoproducts of sulfosulfuron on soil surface
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Cd

Pb

NO 3

PO4

7.45
7.35

1.66
1.25

0.0062 0.036
0.0051 0.025

19.5
9.4

2.72
1.90

Tank II (surface tank)
7.32
Tank III (sub-surface tank) 7.25
Waste water (untreated)
7.60
Efficiency (%)
-

0.92
0.55
1.73
68.2

0.0048 0.001
0.0036 0.009
0.007 0.039
51.42 76.9

8.8
2.3
20.3
88.4

1.71
1.56
2.91
46.3
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Having reduced the pollutant concentration
in treated water, Arundo-based wetland system has
indicated its usefulness for removal of heavy metals
(Cd and Pb) in industrial drain water prior to
irrigation use. Reduction of nitrate in treated water
also has implications for protection of pond water
quality where aquaculture is practiced. The drastic
change in the colour of treated water after its treatment
was observed as compared to untreated waste water.

Waste water carrying drain

5.3.2. Evaluation of terrestrial weed species for lead
tolerance and accumulation
A pot experiment was carried out to evaluate
the potential of four plant species, viz. Vetiveria
zizinoides, Typha latifolia, Acorus calamus and Arundo
donax exposed to different Pb levels, viz. 0, 25, 100, 200
and 400 ppm. Significant differences among plant
species were observed with regard to lead removal.
Results indicated two to three times higher Pb content
in shoots of Arundo donax (104.8 mg/kg), followed by
Vetiveria ziznoides (56.8 mg/kg), Typha latifolia (38.3
mg/kg ) and Acorus colamus (20.9 mg/kg ). Higher Pb
transfer factor (from root to shoot) was observed in
case of Vetiveria zizinoides (2.22). At the higher levels
(200-400 ppm), except Vetiveria, most of Pb
accumulation by Arundo donax, Typha latifiolia and
Acorus calamus was retained in their roots (Table 12).

Arundo grown in angular
gravel media (without soil)

Table 12: Pb accumulation in shoot and root of different weed species exposed to varying levels
Pb accumulation in shoot
(mg/kg dry weight)

Pb levels
(ppm)

0
25
100
200
400
Mean
LSD (P=0.05)

Pb accumulation in root
(mg/kg dry weight)

Vetiveria
zizinoides

Typha
latifolia

Acorus
calamus

Arundo
donax

Vetiveria
zizinoides

Typha
latifolia

Acorus
calamus

Arundo
donax

2.1
68.4
97.3
59.3
57.1
56.9
12.9

3.2
36.6
64.1
48.0
39.5
38.3
22.8

1.4
18.8
43.7
23.4
17.1
20.9
10.2

3.8
39.3
139.6
162.0
179.5
104.8
51.8

3.1
22.5
25.8
30.3
45.8
25.5
NS

1.8
19.2
30.5
54.8
103.4
41.9
NS

1.2
20.3
36.4
388.5
338.8
157.1
NS

6.2
91.1
119.7
312.8
671.3
240.2
NS
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6. RESEARCH PROGRAMME - 5
ON-FARM RESEARCH AND DEMONSTRATION OF WEED MANAGEMENT
TECHNOLOGIES AND IMPACT ASSESSMENT
Inproved weed management technologies
are in great demand by the farmenrs. This is because of
the acute labour scarcity and high cost of manual
weeding throughout the country. Unfortunately,
there is not enough awareness among the farmers
about improved weed management practices, even in
areas not far away from the cities and research
institutions. It is also often argued that scientists are
Sub-programme

doing their research work without any regard to the
real problems faced by the farming community. In
order to understand the weed related problems faced
by the farmers and find solutions, this on-farm
research programme has been initiated to understand
farmers' problems and undertake necessary
interventions through farmer participatory approach.

Experiments

Associates

5.1.1.

V.P. Singh,
P.J. Khankhane and
Shobha Sondhia

5.1.2.

Anil Dixit,
C. Kannan and
Meenal Rathore

5.1.3.

H.S. Bisen,
Dibakar Ghosh and
Bhumesh Kumar
Sushil Kumar,
Raghwendra Singh
and Yogita Gharde
D.K. Pandey,
R.P. Dubey and
P.P. Choudhury
P.K. Singh and
K.K. Barman

5.1.4.

5.1.5.

5.1.6.

P.K. Singh

5.2.1.

Others
Weed spatial variability
in field condition

Yogita Gharde,
K.K. Barman and
V.P. Singh

Patan) of Jabalpur. Technologies consisted of postemergence application of herbicides such as
clodinafop @ 60 g/ha + metsulfuron @ 4 g/ha,
mesosulfuron + iodosulfuron @ 18 g/ha, clodinafop @
60 g/ha, sulfosulfuron + metsulfuron @ 32 g/ha in
wheat crop. Major weeds were: Lathyrus sativa, Vicia
sativa, Chenopodium album, Medicago hispida and
Melilotus alba among broad-leaved weeds, and Avena
sp. (wild oat) and Phalaris minor among grasses.

6.1. On-farm research and demonstration of
weed management technologies for higher
productivity and income
Winter season, 2011-12

Wheat
Thirty-five demonstrations were laid out on
farmers' fields in 3 locations (Panagar, Sihora and
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revealed that post-emergence application of
mesosulfuron + iodosulfuron and clodinafop +
metsulfuron) gave broad-spectrum weed control and
higher benefit of ` 13,500 (Table 1).

Herbicides were applied according to available weed
flora at the location. All the treatments controlled
weeds effectively and increased the yield of wheat (2739%) as compared to farmers practice. Results

Table 1: Demonstration of improved weed management technologies in wheat at Panagar, Sihora and
Patan locality of Jabalpur
Location
(no. of FLDs)

B:C ratio

2.89

Economic
benefit
over FP
(`/ha)
-

30

4.01

13,524

2.37

214

71

2.90

-

1.87

Mesosulfuron + iodosulfuron
@ 18 g/ha (Po)

57

32

3.98

13,528

2.41

Sihora and
Patan (12)

Farmers' practice

250

79

2.71

-

1.75

Clodinafop @ 60 g/ha

107

36

3.62

11,215

2.20

Sihora and
Panagar (3)

Farmers' practice

155

65

3.08

Sulfosulfuron + metsulfuron methyl
@ 32 g/ha

63

34

3.92

Panagar and
Sihora (02)

Panagar,
Sihora and
Patan (18)

Treatment

Weed
count
(no./m2)

Dry weight
(g/m2)

Grain
yield
(t/ha)

Farmers' practice

180

68

Clodinafop + metsulfuron methyl
@ 60 + 4 g/ha
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Farmers' practice

1.88

1.99
10,273

2.37

Farmers' practice (FP) - no weeding operation; cost of weed management treatment was ` 1905, 1395, 1305 and 1375 per ha at the four
locations, respectively. Wheat price was taken as ` 13850/t

Chickpea

were mainly infested with Avena sp., Phalaris minor,
Chenopodium album, Medicago hispida, and Lathyrus
sativa. Results revealed that pendemethalin effectively
controlled weeds and gave higher weed control
efficiency (WCE 59%) with additional benefit of `
10,530 per ha (Table 2).

Five demonstrations were conducted in the
villages, viz. Mahangwa, Padaria and Bharda.
Treatments consisted of pre-emergence application of
pendimethalin (stomp-xtra) @ 800 g/ha and
mechanical weeding (hoeing) at 30-35 DAS. Fields
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Table 2: Demonstration of improved weed management
technologies in chickpea at Mahangawa, Padaria
and Bharda
Location
(no. of FLDs)

Treatment

Mahangawa,
Bharda and
Padaria (3)

Farmers' practice

Pendimethalin
@ 800 g/ha
Mahangawa
Farmers' practice
and Bharda (2)
Mechanical
weeding (hoeing
at 30-35 DAS)

Weed Dry
Grain Economic
count
weight yield
benefit
(no./m2) (g/m2 ) (t/ha)
over FP
(`/ha)
210
134
1.23
-

Rainy season, 2012
To further intensify the OFR/ demonstration
programme and also keeping in view the possible
initiation of `Farmers First' programme, a project was
initiated from rainy season 2012 to transfer as well as
to evaluate the improved weed management
technologies at the farmer's field in and around
Jabalpur district. The aim of this programme was to
enhance adoption level of weed management
technologies with simultaneous increase in
productivity as well as improvement in the socioeconomic condition of the farmers in a sustainable
manner.

B:C
ratio

1.51

84

55

1.73

10530

2.00

206

133

1.23

-

1.52

128

100

1.56

6850

1.84

*Farmers practice (FP)- No Weeding operation/deep summer
ploughing

Weedy check

Initially, different localities of Jabalpur
district were identified and surveyed with regard to
cropping pattern, location-specific weed problems
and management practices being adopted.
Accordingly, six localities with little technicalknowhow in terms of existing weed management
practices were selected. Subsequently, 7-8 farmers
representing all sections of farmers were selected
randomly in each locality. OFR/ demonstration using
improved weed management technologies were laid
out in rice, soybean and maize during rainy season
and wheat, chickpea and field pea during winter
season. Trials were conducted in a participatory mode
with active involvement of farmers.

Treated with pendimethalin

Mustard
Five demonstrations were laid out in two
locations, viz. Tagar Mahangwa and Umariya.
Improved technologies consisted of pre-emergence
application of pendimethalin (stomp-xtra) @ 800 g/ha
and one hoeing at 30 DAS. Dominant weed flora were:
Chenopodium album, Medicago hispida, Vicia sativa,
Parthenium hysterophorus and Cyperus spp. Results
revealed that pendimethalin was more effective than
hoeing, and gave additional benefit of ` 11,415 per ha
(Table 3).

6.1.1. On-farm research and demonstration of
weed management technologies in soybean-based
cropping system (Majholi locality)
On-farm evaluation and demonstrations
were conducted in soybean at 5 farmers' fields each in
the villages of Pola and Dhora of Majholi region.
Application of chlorimuron-ethyl @ 10 g/ha +
fenoxaprop-p-butyl @ 100 g/ha at 20-25 DAS in
village Pola, and imazethapyr @ 100 g/ha at 20 DAS in
village Dhora were made. Farmers of both the
localities perform weeding by cycle wheel hoe
depending upon the field condition. In each location,
crop was infested with mixed weed flora, viz.
Echinochloa colona, Dinebra retroflexa, Cyperus spp.,
Digera arvensis, Commelina communis, Euphorbia
geniculata, Cynotis sp., Cucumis melo and Parthenium
hysterophorus. Results revealed that improved weed
management practice registered lower weed growth
and higher seed yield of soybean over farmers'
practices at all locations (Table 4, 5). The net returns of

Table 3: Demonstration of improved technology in
chickpea in the villages of Tagar Mahangwa
and Umariya
Location and
Treatment
no. of
demonstrations
Tagar
Farmers’
Mahangawa
practice
and Umaria (3)
Pendimethalin
@ 800 g/ha
Tagar and
Umaria

Weed
Dry Grain Economic B:C
count weight yield benefit ratio
(no./m2) (g/m2) (t/ha) over FP
(`/ha)
128
93
1.11
1.35

42

28

1.74

11,415

1.96

Farmers’
practice

130

94

1.10

-

1.36

Mechanical
weeding
(hoeing) at
30 DAS

78

51

1.48

6,460

1.70
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` 26,020-33,115/ha were obtained under improved
weed management practices at both the sites which
were much higher as compared to farmers' practices
(` 15,325- 21,183/ha). Similarly higher B:C ratio has
also been recorded with improved weed management

practices over farmers' practice. It was concluded that
with the adaption of improved weed management
technique, higher income of ` 11,314/ha could be
achieved over farmers' practice.

Table 4: Demonstration of improved weed management technology (chlorimuron-ethyl @ 10 g/ha + fenoxapropp-butyl @ 100 g/ha) in soybean at Pola village (Majholi)
Demonstration sites
(Village: Pola)

Weed population
(nos./m2 )

Weed biomass
(g/m2 )

Weed control
efficiency
over FP (%)

Seed yield
(t/ha)

Net returns
(`/ha)

B:C ratio

1. Farmer's practice

169

57.4

-

1.13

9,075

1.48

38

12.3

79

1.75

23,295

2.14

137

59.9

-

1.60

20,950

2.10

22

7.9

87

2.03

30,295

2.48

89

41.8

-

1.75

24,700

2.30

12

3.9

79

1.90

27,045

2.32

57

23.7

-

1.10

8,450

1.44

6

2.1

91

1.67

21,170

2.04

108

49.5

-

1.30

13,450

1.71

12

4.1

92

1.95

28,295

2.38

Farmer's practice

112

46.5

-

1.38

15,325

1.81

Improved technology

18

6.1

86

1.86

26,020

2.27

Improved technology
2. Farmer's practice
Improved technology
3. Farmer's practice
Improved technology
4. Farmer's practice
Improved technology
5. Farmer's practice
Improved technology
Overall performance (mean of 5 farmers)

FP: Farmers practice, 1: Atal Bihari Patel, 2: Lochan Patel, 3: Raghuveer Prasad Singh Gaur, 4: Subhash Patel and 5: Virendra Patel

Table 5: Demonstration of improved weed management technology (imazethapyr @ 100 g/ha) in
soybean at Dhora village (Majhauli)
Demonstration site
(Village: Dhora)
1. Farmer's practice

Weed
population
(nos./m 2)
130

Weed
biomass
(g/m2)
44.74

Weed control
efficiency
over FP (%)
-

Seed yield
(t/ha)

Net returns
(`/ha)

B:C ratio

1.60

19,615

2.10

Improved technology
2. Farmer's practice

24
117

6.35
48.37

86
-

2.30
1.50

37,115
18,450

2.82
1.97

Improved technology
3. Farmer's practice

48
65

15.85
26.55

67
-

1.85
1.40

25,865
15,950

2.27
1.84

Improved technology
4. Farmer's practice

41
68

18.57
33.40

30
-

2.15
1.70

33,365
23,450

2.64
2.23

Improved technology
5. Farmer's practice

42
64

15.48
28.89

54
-

2.15
1.90

33,365
28,450

2.64
2.49

16.78

42

2.25

35,865

2.76

36.40

-

1.62

21,183

2.13

14.60

56

2.14

33,115

2.63

Improved technology
55
Overall performance (mean of 5 farmers)
Farmer's practice
89
Improved technology

42

FP: Farmers' practice, 1: Ram Kumar Patel, 2: Rajesh Patel, 3: Bhagvat Patel, 4: Shyam Sunder Patel and 5: Kumbhaj Patel

51

Weedy crop of soybean

bispyribac-sodium at 25 g/ha with 2,4-D (amine salt)
at 500 g/ha at 25 days after sowing was done to control
grassy, broadleaved weeds and sedges. The fields of
eight farmers were mainly infested with Echinochloa
colona, Commelina communis, Cyperus sp. Phyllanthus
niruri, Physalis minima, Caesulia auxillaris and
Alternanthera sessilis. Farmer's field with Application
of bispyribac-sodium and 2,4-D were recorded the
lower weed infestation as compared to farmer's
practice (one hand weeding) (Table 6). An increase of
10% in yield was recorded with the use of improved
weed management technologies over farmer's
practice. Net returns of ` 34,079/ha and benefit : cost
ratio of 2.8 were obtained under the same practice as
compared to farmers practice (` 26,604). Thus, an
additional income of ` 8,000 was fetched with
demonstrated technology over the farmer's practice.
Successful demonstration on application of
bispyribac-sodium with 2,4-D convinced other
farmers of the area to adopt this technology.

Herbicide treated soybean

Scientists visiting on-farm trials on soybean at Majholi

6.1.2. On-farm research and demonstration of weed
management technologies in direct-seeded ricebased cropping system (Bankhedi locality)
On-farm trials were conducted in directseeded rice near Bankhedi Block in village Amna
about 40 km away from Jabalpur. Application of

Table 6: Effect of farmer's practice and improved technologies on weed growth, crop productivity and
income at Amna village, Bankhedi
Demonstration site
(Village: Amna)

1. Farmer's practice
Improved technology

Weed
density
(no./m2)
97
27

Weed dry
weight
(g/m 2)
36
13

2. Farmer's practice
Improved technology

51
41

3. Farmer's practice
Improved technology
4. Farmer's practice
Improved technology

Weed control
efficiency (%)

Net
returns
(`/ha)
24,992
31,921

B:C ratio

64

Rice grain
yield
(t/ha)
3.58
3.92

24
14

42

3.50
3.67

23,900
28,671

2.10
2.50

66
62

35
21

66

4.33
4.75

34,742
42,750

2.60
3.25

97
35

68
21

40

4.58
5.17

37,979
48,171

2.75
3.53

5. Farmer's practice
Improved technology

105
57

46
21

63

3.08
3.42

18,492
25,421

1.85
2.33

6. Farmer's practice
Improved technology

61
47

36
14

70

3.50
3.92

23,900
31,921

2.10
2.68

7. Farmer's practice
Improved technology

72
35

37
17

51

3.58
4.00

24,979
33,000

2.15
2.73

8. Farmer's practice
Improved technology

74
41

43
15

63

3.50
3.83

23,900
30,842

2.10
2.62

Farmer's practice

78

41

3.71

26,604

2.23

Technology demonstrated

43

15

4.08

34,079

2.79

2.15
2.68

Overall performance (mean of 8 farmers)
65

No. of farmers (8); 1: Gagan Dubey, 2: Omkar Singh, 3: Madan Kumar, 4: Ajay Kumar Singh, 5: Madhv Singh, 6: Prakash Thakur,
7: Kushal Singh, 8: Premlal
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direct-seeded rice, and (ii) Baher on transplanted rice.
The holding size of the farmers was follows:

Unweeded rice fields

Scientists interacting
with the farmer

Treated rice field

Mahangawa
Name of farmer
Holding
size
(acres)
Mahesh Prasad Tiwari
4.0
Yogendra Kumar
12.5

Baher
Name of farmer Holding
size
(acres)
Vipin Patel
4.0
Prashant Patel
3.0

Vishnu Tiwari
Rajesh Patel
Sunil Uapadhayaya

Uday Lodhi

13.0
9.5
50.0

7.0

Weed control efficiency ranged from 79.493.2% in direct-seeded rice and 79.5-87.7% in
transplanted rice. In direct-seeded rice, 6-18% higher
grain yield was recorded with improved management
practice over farmer's practice, while in transplanted
rice, the increase in yield was 7-10% compared with
farmer's practice (Table 7).

Faulty spray being adopted by
village boys

6.1.3. On-farm research and demonstration of weed
management technologies in rice-based cropping
system (Panagar locality)
These on-farm trials were conducted in two
villages of Panagar block, viz. (i) Mahangawa on

Table 7: Effect of farmers' practice and improved technologies on weed growth, crop productivity
and income
Name of village/ farmer

Farmer's practice
Treated
Weed
Dry
Weed
Dry
count
weight count
weight
(no./ m2) (g/m2) (no./ m2)
(g/m2)

Grain yield (t/ha)
Farmer's Treated
practice

Benefit : cost ratio
Farmer's Treated
practice

Mahangawa (Direct-seeded rice)

Mahesh Prasad Tiwari
Vishnu Tiwari
Rajesh Patel
Yogendra Kumar
Sunil Uapadhayaya
Baher (Transplanted rice)
Vipin Patel
Prashant Patel
Uday Lodhi

167

87.6

42

18.0

3.13

3.33

2.34

2.79

59
43.5
6.1
3.0
3.48
4.12
2.57
3.33
56.5
42.7
5.7
4.1
3.38
3.800
2.45
3.06
Due to erratic pattern of rain and lack of irrigation water (First long dry spell after
sowing, then heavy water logging), very poor germination was evident; hence no
systematic data could be recorded.
79.5
74
71

43.6
45.5
60.5

22.6
7.7
9.6

8.9
7.1
7.4

3.52
3.60
3.80

3.83
3.97
4.05

2.12
2.17
2.30

2.53
2.62
2.68

6.1.4. On-farm research and demonstration of weed
management technologies in direct-seeded ricebased cropping system (Shahpura locality)
On farm trials were conducted by a team of
DWSR scientists in Kirsod and Bhamki villages in
Shahpura block, about 30 km away from Jabalpur.
Application of bispyribac-sodium at 25 g/ha with
Almix (chlorimuron + metsulfuron) at 4 g/ha was

Effect of bispyribac-sodium on farmers' field in
Mahangawa village
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Yield improved to the tune of 5-9% by improved weed
management technologies over farmer's practice.
Grain yield and benefit : cost ratio were also higher in
improved practices in comparison to farmers' practice
(Table 8). Demonstrations encouraged other farmers
of the villages to adopt technologies suggested by
DWSR.

sprayed at 25 days after sowing to control all grassy,
broadleaved weeds and sedges. Fields of eight
farmers were mainly infested with Alternanthera
sessilis, Commelina communis, Caesulia axillaris,
Echinochloa colona, Cyperus sp., Phyllanthus niruri and
Physalis minima. Application of bispyribac-sodium
and almix recorded the lower weed infestation as
compared to farmer's practice (one hand weeding).

Table 8: Effect of farmers' practice and improved technologies on weed growth, crop productivity and
income
Name of farmer

Improved practice

Farmer's practice

Weed
control
efficiency
(%)

Grain yield (t/ha)

B:C ratio

Improved
practice

Farmer's
practice

Improved
practice

Farmer's
practice

Weed
count
(no./m2)

Dry
weight
(g/m2)

Weed
count
(no./m2)

Dry
weight
(g/m2)

Village: Kisrod
Magan Singh Thakur
Munim Kushwaha
Suresh Tiwari
Surjan Bai
Village: Bhamki

31
27
36
29

16.79
11.67
30.18
22.36

284
386
186
238

199.38
225.28
148.36
183.2

91.58
94.82
79.66
87.79

3.80
3.97
3.57
3.48

3.38
3.47
3.18
3.13

3.10
3.24
2.91
2.84

2.49
2.56
2.34
2.30

Purushottam Patel
Durga Prasad Patel
Kamla Prasad
Brijesh Dubey

95
66
44
32

63.22
29.06
13.06
15.47

444
238
422
312

287.92
147.44
200.46
203.36

78.04
80.29
93.48
92.39

3.47
3.80
3.87
3.83

3.10
3.30
3.35
3.33

2.83
3.10
3.15
3.13

2.28
2.44
2.48
2.46

6.1.5. On-farm research and demonstration of weed
management technologies in rice-based cropping
system (Gosalpur locality)

difformis, Cyperus rotundus and Fimbristylis miliacea in
sedges, and Ludwigia parviflora, Marsilea quadrifolia,
Sphenoclea zeylancia, Eclipta alba and Ammania baccifera
in broadleaved weeds. It was observed that in farmer's
practice, the weed count was as high as 173 plants/m2,
whereas in treated plots, the weed counts were within
the range of 7-21plants/m2. Weed control efficiency
ranged from 62 to 95% (Table 9). Farmers were
satisfied with the performance of londax power in
terms of weed control and yield.

To disseminate the improved technology for
weed management in rice, eight demonstrations were
conducted on transplanted rice during rainy season
2012 in the village Paudi-Kala and Gosalpur. Londax
Power, a combination product of bensulfuron-methyl
0.6% + pretilachlor 6%, was applied to control a broadspectrum of weeds, viz. Echinochloa crusgalli and
Echinochloa colona in grasses, Cyperus iria, Cyperus

Table 9: Effect of farmers' practice (FP) and improved technologies on weed growth and rice productivity
Name of farmer
(land holding)

Weed control Grain yield
efficiency
(t/ha)
FP
Treated
(%)

Weed population
(no./m 2)
FP
Treated

Weed dry biomass
(g/m2)
FP
Treated

160

7.5

117.1

5.6

95.2

3.93

4.63

Santoshi Yadav (8 acres)

173.5

18.1

103.1

9.7

90.6

3.18

4.00

Ganesh Sahu (3 acres)

77.0

21.9

38.0

8.7

77.2

5.10

5.44

Manoj Vishwakarma (6 acres)

69.0

14.3

36.1

13.5

62.5

4.58

4.75

Dilip Sahu (15 acres)

130.5

15.7

78.9

8.0

89.8

3.08

3.75

Dev Vishwakarma (4 acres)

65.5

10.12

31.9

7.9

75.1

4.50

4.58

Rakesh Kumar Sahu (7 acre)
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6.1.6. On-farm research and demonstration of weed
management technologies in maize and rice-based
cropping system (Kundam locality)

Ageratum conizoides and Euphorbia geneculata. Preemergence application of atrazine @ 1.0 kg/ha
followed by one hand weeding at 30-35 DAS was most
effective, and gave the additional benefit of ` 13,126
per ha (Table 10). The grain yield with improved
technology was 60% higher than farmers practice.
Similarly, higher B:C ratio was recorded with
improved weed management practices over farmer's
practice. It was concluded that with the adaption of
improved weed management technique, higher
income could be achieved over farmers' practice.
Farmers were highly satisfied with demonstrated
technologies.

Villages of Kundam locality (Khukham,
Padaria and Ranipur ) are populated largely by tribes.
Farming is predominantly rainfed as there is no source
of irrigation. The farmers grow maize and directseeded rice only during rainy season.
Eight on-farm demonstrations on maize were
conducted in these villages. Crop was infested with
mixed weed flora, viz. Echinochloa colona, Dinebra
retroflexa, Cyperus spp., Commelina communis,

Table 10: Effect of farmers' practice and improved technologies on weed growth, maize productivity and
income in Kundam villages
Treatment

Weed count
(no./m2)

Dry
weight
(g/m 2)

Grain
yield
(t/ha)

129
33

49
15

1.52
2.51

Farmers' practice (1 HW)
Atrazine @ 1.0 kg/ha + 1 HW at 35 DAS

Weedy maize

Treated maize

Scientists visiting maize field

Healthy cobs of treated
maize fields

Economic
benefit due to
treatment
(`/ha)
13,126

B:C ratio

1.21
1.92

random sampling technique. Results revealed that
most of the farmers followed rice-wheat cropping
system. Weed control in rice is a highly cumbersome
operation as it involves more labourers, which are
mostly not available at the time of need and is capital
intensive. The cost of improved weed management
practices was only ` 1200-1500/ha, while the
conventional practices (manual weeding) required
around ` 4000/ha. The difference in income
realization between the adopters and non-adopters of
integrated weed management was studied. Results
revealed that IWM adopters obtained an increased
yield of 0.9–1.0 t/ha and additional income of ` 900010000/ha compared with non-adopters.
Collaborative study through KVKs
This Directorate made an attempt in
association with Zonal Project Directorate (Zone VII)
to introduce and demonstrate improved weed
management technologies for different crops under
various farming situations across Madhya Pradesh,
Chhattisgarh and Orissa during 2010-12. A total of 20
improved weed management technologies were
demonstrated by conducting 1400 OFTs/FLDs in

6.2. Impact assessment of weed management
technologies on social upliftment and
livelihood security
Socio-economic impact assessment
A study was conducted at Panagar and
Sehora localities in 2011-12 using the stratified
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using Variowin and SAS 9.2 (SAS Institute Inc., USA)
softwares. After transformation, a semivariogram was
calculated, which describes the variation between
measurements separated by a certain distance.
Thereafter, a model was fitted to the semivariogram
and the parameters from the model were used in the
estimation of weed maps by kriging. Soil seed bank
data and actual weed counts data were analyzed
separately.

wheat, soybean, tomato, rice and groundnut through
67 KVKs. All the improved technologies that have
been demonstrated under this programme decreased
weed intensity compared to the prevailing farmers'
practices (one hand weeding) and showed highly
encouraging outcome in terms of increased
productivity (18-22%), decreased cost of production
and increased B:C ratio. This indicates that further
intensification of this programme by providing
training to more number of farmers through KVKs
and conducting more OFTs/FLDs in a participatory
mode would result in a significant increase in the
overall productivity of the region.

Analysis showed that distribution of weeds
was random and violated the assumption of
Randomized Block Design (RBD) which is originally
framed to account for mainly soil fertility variations
(Figure 1). Therefore, when RBD is used for weed
control trials, there is possibility that it may ignore the
major contributor of the variation and thus lead to
misleading inferences in weed control trials. This
analysis also showed that kriging weed densities
based on weed counts collected in 5×5 m2 plots
provided additional information which can be used to
modify the existing design to obtain precise estimate.
Distribution maps of different weeds were obtained
which also showed the random pattern of
distribution.

Others
Weed spatial variability in field condition
Weed spatial variability was studied at the
research farm of the Directorate using geo-statistical
method called kriging. Kriging was performed on soil
seed bank data and actual weed count data on field.
Weed count data for many weed species, viz.
Ammania baccifera, Echinochloa colonum, Cyprus iria,
Commelina communis, Phylanthus niruri, and Ludvigia
parviflora were obtained. The analysis was performed
A

B

C

Figure 1: Prediction surface using weed count data at 30 DAS (A) and 60 DAS (B) and using soil seed bank data (C)

Dark red colour shows high intensity of
weeds while very light blue colour depicts the
presence of few weeds in the field. Actual weed count
data does not agree with the soil seed bank data (A, B
& C). Reasons behind this is that all the seeds present
in the soil might not find favourable conditions
(temperature, moisture, etc.) for their growth and
development in that season which was present in
huge numbers, while other seeds may be in dormant

conditions. Some weed species like Ludvigia parviflora
find favourable condition and emerge as major weed
flora in that season. Prediction surface obtained using
weed count data also shows some minor differences
in some places where water logging was present at the
time of observation at 30 DAS, while at 60 DAS it
shows more weed population in those places where
waterlogging condition was not present.
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