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Cover theme

Directorate is a unique research institute devoted to the cause of weed management. Its main building is

&

designed in ‘W’ shape meaning weed. The alphabet ‘W’ on the front cover presents the activities and
infrastructure related to weed research (in sequence) : zero-till wheat, power spraying of herbicides, mechanical
weeding, on-farm research trial, Mexican beetle for Parthenium control, FACE for climate change studies, weed-
free crop of sunflower, phytoremediation through aquatic weeds, containment facility for studies under

controlled environments, runoff tanksfor herbicidal effect onfish, and weed cafeteria.
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Research (DWR) and AICRP on Weed Control as AICRP on Weed Management. The SFC for the XII
Plan was approved with a handsome increase in the budgetary proposals for infrastructure
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fafsre

e 7 srgeu™ &R WEifel & swaaRer §
3T T BT UTG B B oI 2012—13 H TG WRUTIR
gy o & o gieere), amRe iR erguged
fPar| orgeu™ @rimHl W fafdy w@a uomell H
APIorh WRUTAR Yae= Tb-ilpl Pl [dbM, STadry
IR IR TMHATRN YR & SR & dgd ERUddR
DI Tfereierar iR U&ed, H¥elig 3R iR Buelg &l |
FHRITHS WERITIRI &1 oitg {5+ gd yde, gaiexor |
MR SRSl Ud ugua! @l fRE, iR g
JTHT TATHRUT 3R ERUTAR UL Th-1hl DT &I IMeT
Td UG AT S9d UM BT Hedid Nfie ¥ | fgemer
@ ST YAl §RT < R H OREN BT AfRadd died
SR g &1 I5g Y fawafdeneral & Iriiar) & dread
A TR Ud UR fbar | feaml & @ o ke iy
@ T8 UMMl WRUGIR UEEH ddbAidl & ueeid faar
7| e IRUAERT SHGT 980 Scaeydd U8l
frar mar| A= aTe Ml TaR. SRl iR T FiY
Ty g Heelt iR FEANT & gIRT &5y ERyaarRt
B FARISH ¥ fFuer T | i iR o RRaurRe! &1
foferd w1 @ fom fafr aRiwHl 9 ufderor
e /fram dme), g Ren [Rew, wRyqar
gforfRraT, ST fast IR dsifie, ey vd foar
SITRIBAd 9% BT AT fhar T | a¥ 2014—15 &
SR FRRed §RT ST Ud UIEiire] & srRor 4
U FA&AT DI YRT BT 7347 |
Suaferat Herg # fFTgaR 8 —
fafasr wad gomell & Hed@rfered wRugar gsg=
adb-dl &1 fasr —

Y 2012 & 91€ A <THBIferd YART, &4 SMETRT iR
R G SMenRa Bd A § GReTT B Yormell & 8
B AT b IR WRIGIR G307 & Uil &
9T IR Y% b1 13T |

« g9 H A UeR B BHdl & WU b,
TRUTAR & IGHd 3R AT & fel WRUTIR F&IT T
Ih YeT Fg BT YT Bl B | A B G
WRUTAR T7cd P A1 B WRYGAR Y& AT .
2. (). 1. 3TR.) & 1T Tof B TS |

w Sl UE. 3R, g HIT 3hA H S[aTs faferai =1 7ar ged
STal 1 Sl yoTfad fBar | fafr=t Jare Aot &
T H, B1. TH. MR, SFS. €. + 3R, + TH. H daIRan,
PHadh, UfdeAlddeIRAT 3R SRUSISIUT & A=
A 3raciifd &1 TS | ST, T, 3TR. TS, 1. + 3R, +
T, H Seadd Agglse JaiTSIsoR odfe Sl TH.

AT

IR, 91, T, + TH. H S=aad Ul Aicgeells o aalfehd
e 3 | TWRuqIR y&ed AR &1 faedt srferes
AHEI IR PIs A@yol Y9Td T8l o |

«  HAEE GReT0T UrEifel ¥ uRuRe SaiE usfa &
T UfeRIfT o1 @ 3men el & Wy # ifds

YUIR BT | WRUGIR U & @il &1 et &
Ry A IR HIS JHTd e Il 1T |

o =T wae gonferdl 1 ot WRUTAR g 9IR IdTaT
DI 37D G TET {8 | 3170 Bl Jonferdl &
T H S UH. IR, — BT HFBT BAS TOTeAl
F ofdfd Sea g |Aged URTAOR 9 @ TE |
WRUAIR Yahid Jae # o FAged Uerar aad

arferes T ¥ |

w eI WReY HFd ORI a&l— a9, JaT Bra-idh uared
3R SUA TAEgIo AT AR HHd 3@ T8 B
e & @1fdre gTfaad arfl 78 | aRvmReRYT aiRaR®
fafert @1 gorr H HaTeE w=evr Ui fiedt &
ATy TR ATHHIT YHTT STefc & |

« T gRumd yelRfd wRd € fh SdeE e
U], S oFs. 1. 31k Bl ARy &I g <hoT
HeR ¥ Argge (o) & o # AR B |

« HCls B ITAN O & Y AR AN & AT Bl
faveiyor HRe W IRl (foRquraRas— )
24— 3R fhATaAg) & sraers a1 IuRefa 8
RIS

«  AREA-—1E— B 3TIEH H ofS. 1. Bl AN I
A1 . B o H A @ Sifde uS U g€ |
WRUAAR R & qFl SUERT (UrSHRreE
qITaT SHOIATIRR 3R AEIfo deawand grdf
ERT FRTE) & URIRT & <17 *1fddh SUST gof dl 778 3fR
A1 B TRUYGAR] & o9 UG Y&b IR H AT HHT urg
TS |

« 8 D HEd H AR UBR B B RITIAT dh-IDI
B IUS W DI WA Y9G Tl arn a7 | A=
ERYAIR RIS U #, FAfSATHII+HeAeHR
(60 + 4 U /%) BT YANT TRYATR Jfg Vd U B
e FoR A YHT! UTIT 7 | WRUGIR J&er= SUTdl
BT T GeH Slial &1 W& IR DI T el ITT 737 |
AT HRET0T Adheilh] oI i€, S Ud 31 Toi &l
AR §RT Y&T GeA Sifadl $I F=1 Ud Jad
USITgH Tt # GerrR arm 1 |

«  AIH—TT  HEd  UUTell @ d8q  alkdlield
IMHARRT & GRerr § Teifo (500 U/ B+
YuSHelA (750 1. /B.) Td IS 91 81T 9 1 T8

| 1

e
©
o
3
>
=
G—
§e




e
©
=<
X
>
N
S—
O

DWR

PR A YN ERUAAR RIET Ud AqhT @Y ST
IUG U gg | YT GeH Sifddl wd UesHl W
AMHAIRR & STAR BT bIg AT SNGRE TIT 81
T 97T |

g B A~ el RIMIAT YR & HRT BHRTT
g B IUST Td IS [UBRST TR HTHT YH1G araT
AT | ISfeiTT @1 o H SIWHRIR fafy § I T a1
aTel & H g, B AP USMER g8 | WRUTIR FaegT |
g @1 IUST UG ST [UTHRGI § HIH] GIR Gof haT
T |

T ¥ H¥Iel WU fAfS} ST U qUrhRe| IR JHTd
TST | TRAeTd & o 9. 3TR. 3. & 3favia aiferaf &f
TS, 1000 ST BT doi TG IUT 31T BT LITY-T
faferay @ amen a1fde <ot @ T | WRUTIR U&ed &
ST Nferpad SUS 2T IR BTl F RIS R IR uTe
8% | Sl b faureRide & ugernd Us R g1il 9 FR1g
B B ST SRTSR o |

T B BHA H ARATRRT BT 8107 & U H TN
P W R Yfafear a6 Aefad e & Ige |
ers H U YANT {1 17 | 310 g Arsall o germ d
fedt died <= ufafear 9% & R Tad Iugad urdn
TRT | fIeeiNord: 2,4—S1 BT WA 3Tdel 3R Asror &
B H B W 2,4—S1 BT 5.1, 50 HIF HHLT: 495.45 Td
713.94 1T, /8. 3ibferd foam T |

HFPT H QLI + YUSHIGH & YANT &I ol 3
JANSAT SSRBITUT + YUSHINAT BT YANT WRUTAR
UgEr B gl | U d8aR fddhed urr 7T |

RO # TSN + SOOI (900 T/ B.)
3R YUl (750 T /®.) TeUwdle] ageielhig
(100 9. /B.) BT TART &R ¥ WRUYAIR] DI F&dT
R H HH U4 318 IS 1 ATl ol 7% |

Serary, uRad+ 3R wma=meft yfoRie &1 suaven &

il

ii

ded WRUdaR DI Tfcrefierdr ¢d g —

Ied AgATSHAT  PlaT—SIseNaags & g T
HolRd AIER @1 3§ U9 fAdH™ R TSRS THTa
qrIT AT | ST ATH B 3TUell S dTaH 6l
3Bl H AT ITd HII—STSINRIZS B AT H
SET yetel @ gfg wd e W ufawa uWE
fpierd foar T | JerTes gl &% & YR S9Iid
g f Swg duEE etdol H AT ST Hlee—
STLATATSS & FATSTH H HhelR¥ AGTR DI T Tg.
H SITeT fAURIT 9Ta STefdl 2 | ST fb STerarg uRad=
P 3[ART H WRYAIR & YfoRaericAd & T geriar
2| I AT9EE @I e o ATIHM WG, B
IUST HH UTK g8 | BT D Iod BlaT—S—ATRISS
TR IE BT U 37 U g8 |

TETRiee USsAl & 99Ul & Tfafafeal &
JEE W Udl denm fb Swd dEE Ud ST
TRIHEART HIET—STSIAAARS & HROT AA®DUT B
fafsem v OROT gt 2 | St b STerarg uRac= &
e H UTINARIIST YOTTell & oA 819 & 37R
Hebd PR 8 | T B JoT # BoIRe ATg=R § SaraT
TG VEITTARISE RETTHS YOTTer! U1 T |

DA HGTY B [dg T ACHIRTT DI THTABTN
ST HET-SISRNRES, Sod diudE iR aHl
HRDT B FATSTT | BIPT HH TS TS | SR TROTH
Sofarg uRads & IS WROAIR FdEE W
JTfIT gHTa BT ST HRAT R |

BT Tl Ael gg Bl a9 & o)l UIeidre
BT AFdIGd fbar 17| frsest 3 yeRia g 2 &
yifE @1 ufcadl @ sraRi | otfdre AT A
Teldrb D he el & o THIe + i (111

3T / ITTIA) Fad SUGad & |

i Ul @ Gelldibided &S &1 200 AT,
/100 fAEl. &1 TR | 1—5 TAGRT & el BT (10—60
7. IR & A1) 5—10 &A1 § ARA & ford gt gra
TAT| 3H UUMTEll H Uelldldied & ofafme #
fRe ol A WR 1—3 STergeiT & diel (10-30
T, IR & A1) BT AT AR | A& YTy 77 |

UH dRel RRel 20 Ufd 1@ (MR /3maa) dfcerad
TARTES BT FerRiel # fema: TR far 1 2, <
% wel Td WRUGART & 961 BT (ST 10 Uforerd
TH WR) 3—8 T[AT ST WHI & fordl WRIET d H
PEICIRE IR

BT 3R AR BT &3 § GHRTHD WRUTARI
&1 Sfia fasT va gyde+ —

Ril

kil

Rl

Rl

A1 3 IEeUl @ uRudd IS & 100 S 6T
qoT, SiaTS U9 AISTE & JIgUTd 3R IFa! dd1g &
FATHS HAIIGUST & fordt 3 fohar a7 | rema=
Py T AEST ® ey H fafa= ARweT © 99
3D J12T # fAf=1dT &Y arfy 7€ |

N Teary &3 & IR W B o Ffaa
FART B & ford fafer= Y 159 ARBIesTw
B Mfoges R ST @7 7 | NTSYS-PC HTHCd?R
BT SUINT B SSIUTH 1T AT ST ST & b It
IS Hevey, Wifeld a1 Sefdry &3 IR SRIRa
TEN o |

IS 59 ARBICEUT & 99 § I 4 7 15 9H. T
a3 > 57 Gferer 3iqRoT = |

I B FOE dSr s yvifdd &5 H
gforeft riY 1Y |
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N =9 & yded & o doara faftrat 99 b
T IS I JTdY urfy 7E |

SIRI] f&=eT Td Wvg37 & el | drol el diof
20—30 A1 @ fefeafin & 31 sigRa 721 gu |
Upfsers 9w, 10 &A1 31 3@ & fory 70 wfcrera
AUET 3Tadl & | 23 + 2°C W I S <Jd
ST 3R HSIAH TS O Uger § e o | o
TATTAT 40 + 2°C | HWR 3R 5 + 2°C & 1 &1 I
5T 3R el gU |

UfARIeTa ST e €1 $9ey UH.3TR.—| & SToTTufail
% ©Iel T QT IR YANT & URMHAERY 149 & wd H
SRIgP! BT HH HHHOT T |

RIP! & UdaT WR AH & Digd I D
I D Y SISRIR. Y 8T H Sl p)
AR & fordl BT iR 371, fhier & ford THIeR wd
I BT UH AhiAa & faafid fovar T |

2014 ® SR B T eI H BIFerT 3ITSNET IR
T FaTsol &l SURART $H ITATYSIE BT JTIAT BT
YHATT BT Hebdl g1 & fob et Seufed & fory =t
3TET— 3T @el A T ford T, oy aivaae
1.67 ¥ 7.08 U 25 # e &t SURATT &1 yar
T |

BRIT TNTEST BT 80 fh.IT. /8. T &R | s
75 fa=1 ® " BiferT sfIeRer &1 e o= & ford
TUTdT T T | WRUqARATRl Ao (2 .
. /R), 24— (2 BT /T) IR TARHRT @
e 75 oAl & 91 SR JEaR uTT 3T |

TRUJAR S Feened § qrRiieic & g3 THm
R gfg & o Himiforr sisiver &1 wnfid o’ &
ol Fc B89 ok Wd sraven # N 5y W 9,
R T AHeAdT &l fiefl |

3GCYHINIT 3TVl Bl Tledh R (TS, THR,
IR ATEH) H T U WR gl @l g AR HeI &
TTE H STAGH R foShra fhar a7 | B &1 aoi8
A R B e 3R THRAT 4 5 A1 & a8 STeaag
uref &1 R H gafoeiie gig <l TS | Hmiad uref
H el 1 9 3R I gig wd fIbra A sraeg
Rel |

YIISIENT YaI=epINfav BT 33 UoTfadl & Uil W
ForeTe fafdrear wRieror foan, Ry udn g fb 7 8
oral faefRi g3t 3k 7 & «rdl A ®lg quwh a1 |
ST PIe B AoTaH—fARre 8 & goidr & |

RN & AIFGH & QRT, Tal gieqdl IR @ gd i
T | I URA H B SHad! &I AR 918 H gfeqar &
T 3 BT Wl € | Al Bl ST g WR 70
gfererd WRUTAR | ged < 1Y, fbg fUfkear ae

DWR

O TRE A A eI g3 | IAIYSIC B AT H Bl
J ARear &) 9 Sard) & w9 # g gfeg TS TS |

o OF TROAARATRN SN 24-31, TAEBNE iR
HHERRE  fHgdl @1 e v—areT  |igdl &l
fORear o aRleor fHar M7 | HeRIeRRE Aermsd
(6 IT. /%) |FaA YMTdT TMHATRN & ®U H S¥RI, 30D
SWRIA TASHRIC (2.0 fBIAT /7)) wd 8T Sidfd
2,4—31 (1.5 fHIT. /) A $H WRUTIR &7 =07 781
T |

qITaRoT § TSR @Ryl ¢d ygudl ol IR,

fr=lravor vd ST stedidhvor —

« dEd & Wd @ e # o-60 faT & I H
HCHRRM HITsd Ud FaRRIRIA & 3Ry 0—60
&9 & <1 7 0.040—0.0013 AT AT/ IT. U T | 90
el & a8 HedorRRA fArsd iR FARRRE &
R el § 7 U T | Aad & urRil H 0-30
et & i # sraul @ AT 0.295—0.0017 AT T,
/1. 3R 30 AT & 918 <0.001 AT UT. /T, UTS
T | T & qrAd b g A 1-20 A & =
HoHRRE fRorse iR TR & SaeNl &
AT 0.0832 ¥ 0.0171 ATShT IT. / firel. T ¢ |

o fOguRRE® iR USHAfes & srawy 0—30 foi &
419 0.32—0.013 AISHT T /IT. BT AT H 91 T |
90 fe=11 & 91 STy el # 7& U Y |

«  UTITd & | e e @ goferal # 30 oAl & 918
HeewrR fRergd, furies sfik quiffefer
SHHTT: 0.007, 0.0691 3iIR 0.0376 HISHT UT. /UT. ALY
IR T | HSfel B g AMHARN SUAR Bl aos |
T8 Tl E | el SUAR W AT & Ul @l
U ¥ BIg AEcdYUl aGeld el 3 |

«  UTgfad aut & Refd # wruydqarart @ fcrefiear
AR ANRAT ATl &1 gdRer # Jouid fdar
T | UfeTdaR ey e & Aag W 31fda o
iR faff=1 T&vIE # 60 AT IF U T | UfeATdAR
@ TANT & 918 IfeiT & et @ fafet Tewrg # i,
T, (7.1 9 8.4) H 9fg g8 | I fA1 & 918 argdAeR
# faf=r Tevig # 2.482—0.0239 HAIEHT AT /T
UCATIAR & 3T U T | STdfd 0.0688—0.0014
AT IT. / TT. UfeATdAR ey et § url 3 |

o fIAUrEReS eI &7 T | Ucdel BIeTaraR
eI BIAT | FaTeSl €gd P 98 ARAT & d8d R
STel H gA®T BIelarafed 3mer sifad (€1 1,/2) 232
el & U # urr w1 | STafe Gol |ag 3 Reafd d
SADT T 1 /2 (M Siad) dael 32 & grm 1|
RIS U H el §8 PlaT—Sls—adss Gel A8
o1 ReIfcr § U 81 91 € S BIcTeg s &l &3 #
gfg TR FHA B |
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«  [oFUrRRIg® & forl &1 1 /2 (31l Siae) ggfAd uarel
IR Afew Arsee &) SuRAfY H HHeT: 8 3R 10 T
R T |

«  [oquRRd®  faucaerl gewoiifadl b emerel
AT ddhAId gRT aad AZSNDHRR &1 feer |
AT T TR | STETo] ST eeh=relt b fqafed Hrar &
16 UASMRIRUAY. (16S rRNA) A AIHAT 4
WA S, ddlad HIeRTd 3R
TEHFIRICTT FpRHF & w4 § Uga g8 | 9
WE [TAURRI® fAueTaR! dad  TavFIag
HAATTT, THGRIOTeTT  Forav], Q¥Tgvforersd SIRTIfor
3R THIVIoTeIT Fofavd 5. Sil. dTs 1 T | 18 TH. TR,
TA.Y. (188 RNA) 0T & AR fad 13 |

w U Od YeM @R R Aed H g W9y AR
THTER H WIRI €1 IS BT el B & ford U
TN fhar 7T | 3113 TR Ao o T o
IR G (Felhy U, fheex Uri—1 (STIHT 3remii)
3R fheex uri—2 (@feaRer smenRa) oiR fdr uri
F1 iz Riag & wu #) goed o §380 &
A1 3R $I.EIN & o7 fawifora o = | ey
% U DI A H, FIEIRT A1l & ure | Riferd
gl H ST8l dP 9N grgell & Hod BT Hee 2, Sl
g, Freapfia IRY argeit @1 AT S1fde uTE e |

ERYTAR Y8 db-11dbl BT Y& eNe ¢q ygeid a1

STd YHTd BT R DT —

w SR AR ATH—UTH & &3 H Tgoil-redad g
I B WU B Sugdadal & o wd gad
ERUTIR YTl B YDA DI @& g P Gud
&3 BT [AeToT AT AT | AR, WY/ IIGRT 3R
HORT & Al F ThA JURTE UFl & T Bl
Ugudi & ford faweryor foam w3 |

w ATl HEIdl, WRal, YR SR Hem Mg (RTer
SEAYR), HATITYR (GaEH &3) ¥ 311.Qh.37R. TIefoT
g @ Bl H By | Uoell vaa & fodl
3FERIYT BT ST =T, wuft Hex & w7 g 31 9ars
BT TS | T ARV I8 S &, P SISy 3R, gRT
FEITRT WRUGIR PR diie TRUGAR yaed o
PTH] Tl B, 3R fhAMl &I S=a 1AL U &
A1 o Havel argdl UTe &1 Fa |

«  TARR SATh & 9xaT, At iR usRar g § 9
el & wdl § WRET B & T8 97 R ALTH.
MR, WO &I fhar war| uRum <wfa § &
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EXECUTIVE SUMMARY

To undertake basic, strategic and applied
research for efficient weed management strategies,
Directorate launched five major programmes in 2012-
13 to achieve its targets in research and transfer of
technology. Research programmes include
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. Concerted efforts are being
made by the Directorate to create awareness about
Parthenium and its management by Mexican beetle
(Zygogramma bicolorata) throughout the country
through involvement of SAUs. Efficient weed
management technologies under conservation
agriculture were demonstrated at farmers fields
which resulted very encouraging adoption at farmers'
level. Effective linkages and collaboration had been
developed with different ICAR institutes and SAUs,
KVKs and NGOs to tackle location area-specific weed
problems. Various programmes i.e. trainings, field
day/kisan sangoshthi, agriculture education day,
weed contest, industry day, and scientists-farmers-
officials interface meeting were organized to educate
farmers and other stakeholders. Directorate has
accomplished its targets in research and transfer of
technology during 2014-15.

Salient research achievements under different
research programmes are summarized below:

Development of sustainable weed management
practices in diversified cropping systems

A long-term experiment on the effect of crop
establishment techniques and weed control measures
under conservation agriculture system in rice-based
and non-rice based cropping sequences has been
initiated since 2012.

« In rice, different crop establishment techniques
significantly influenced the emergence of
different weed flora, and as well as total weed
population and dry matter accumulation. Lowest
total weed density as well as weed dry biomass
was recorded with CT (TPR).

@ InDSR-wheat-greengram sequence, soil microbes
were significantly influenced by tillage practices.

Among the different tillage practices, higher
number of bacterial, fungal, actinobacteria and
diazotrophs population were observed in DSR-
ZT + R +S. Higher nitrite oxidizers were observed
in DSR-ZT + S. While, higher P-solubilizers were
observed in DSR-CT + S. Weed management
practices did not have any significant impact on
soil functional groups.

Resource conservation technologies improved
soil health over traditional practice of
transplanted rice with conventional tillage. No
effect of weed management practices were
observed on these soil health parameters.

Different cropping systems did not influence
significantly the total weed dry biomass
production. Highest rice equivalent yield was
recorded under DSR - winter maize cropping
system over rest of the cropping system. Amongst
weed control treatments integrated weed
management produced higher rice equivalent
yield than weedy check.

Soil health parameters, viz. soil respiration, soil
organic carbon and available N content were
significantly affected by tillage and crop residue
treatments. Results indicated that the resource
conservation technologies had beneficial effect on
soil health compared to conventional practices.

The overall results showed that the resource
conservation technologies like ZT and crop
residue recycling favoured nodulation in pea.

Analysis of straw and grain samples of rice after
harvest revealed no detectable residue of
herbicides (bispyribac-sodium, 2,4-D and
fenoxaprop).

In soybean-wheat-greengram cropping sequence,
adoption of ZT produced significantly higher
seed yield of soybean over CT. Both the weed
management treatments (Pendimethalin fb
imazathapyr and Metribuzin + 1 hand weeding)
reduced the weed density and dry biomass as
compared to unweeded control, and gave higher
seed yield of soybean.

In wheat, different crop establishment techniques
did not influence the grain yield of wheat
significantly. Amongst weed control measures,
lowest weed growth and highest grain yield of
wheat was recorded with the post-emergence
application of coldinafop+ metsulfuron (60+4
g/ha). No adverse effect of weed management
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practices was observed on soil microbial
population. Resource conservation technologies
like ZT and retention of residues further
improved the microbial population and soil
enzyme activities.

In long-term herbicides trial in maize-chickpea
cropping system under conservation agriculture
system, atrazine (500 g/ha) + pendimethalin (750
g/ha) followed by 1 HW managed the weed more
efficiently and gave maximum yield of maize.
Herbicide treatments at the levels tested were not
harmful to soil microbes and enzymes.

Different crop establishment practices of rice
significantly affected, the yield and yield
attributing characters of succeeding wheat crop.
The yield was higher after DSR as compared to
puddling treatments. However, the weed
management techniques significantly improved
yield and yield attributing characters as
compared to unweeded control.

Crop establishment methods in rice had
significant effect on yield and yield attributing
characters. Significantly higher panicle length,
1000-seed weight and yield was recorded under
SRI as compared to other crop establishment
practices (TPR, DSR PBSR). Among weed
management practices, highest grain yield was
recorded with 2 HW which was at par with
bispyribac + 1 HW and bispyribac alone.

A field experiment in wheat crop was conducted
in order to develop dose response curve of
herbicides when used in mixture. Among many
models tried, 'Dose Response Hill model' was
found to be best fit for the data. Analysis revealed
that ED,, value of 2,4-D was estimated as 495.45
and 713.94 g/ha when used alone and in mixture,
respectively.

Cowpea intercropping + pendimethalin was a
superior weed management option in maize over
application of atrazine + pendimethalin.

In sunflower, pendimethalin + imazethapyr (900
g/ha), and pendimethalin 750 g/ha fb quizalofop
100 g/ha significantly reduced the weed
population and weed biomass, and produced
higher seed yield as compared to unweeded
control.

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

Enrichment of atmospheric CO, had a positive
effect on overall growth of wheat as well as P.
minor plants, however, elevated temperature

alone or in combination of elevated CO, had
adverse effect on growth and development of
both the species. Results on RGR showed that
elevated temperature alone or in combination of
elevated CO, adversely affect two species and
more severely of wheat as compared to P. minor
suggesting a competitive advantage to weed as
compared to wheat under elevated temperature
alone or in combination of elevated CO,. Yield of
wheat was decreased considerably at elevated
temperature as compared to ambient conditions.
However, at elevated CO, alone, yield of wheat
was increased.

Isoenzymes activity profile of antioxidant
enzymes exhibited differential regulation as well
as induction of new iso-forms in response to
elevated CO, and elevated temperature and
combination of these two factors. In general, P.
minor showed stronger antioxidant defence as
compared to wheat pointing towards
involvement of antioxidant defence system in
adaptation to climate change.

Efficacy of sulfosulfuron against P. minor reduced
at elevated CO,, elevated temperature and more
drastically at combination of these two factors
indicating towards possible impact climate
change on chemical weed management.

Protocol for preparation of the herbicidal
allelochemical crude was standardized. The
findings showed that acetone : water (1:1, v/v)
was suitable for bulk extraction of the
allelochemical crude from Parthenium leaf
residue.

Parthenium leaf allelochemical crude at 200
mg/100 ml was sufficient to kill 10-60 g of 1-5
water hyacinth plants in 5-10 days. The residual
toxicity for subsequent additions of water
hyacinth to the system killed the plants where 10-
30 g or 1-3 water hyacinth plants were placed.

A liquid preservative 20% (w/w) CaCl, in
glycerol extended longevity of seeds of crops and
weeds (with mean moisture content about 10%) to
varying degrees broadly by 8 and 3 folds at
ambient temperatures 30 +15°C.

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

N

Mature grains of weedy rice morphotypes were
studied for morphological parameters like 100
seed weight, grain length-breadth ratio and
length of awns. Good amount of variation was
evident among different morphotypes with
respect to parameters studied.
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Molecular fingerprinting of different weedy rice
morphotypes was done to observe any possible
clustering based on the agro-climatic zones they
had been collected from. The dendogram
generated using NTSYS-pc software revealed
that weedy rice did not cluster based either on
geographical regions or agro-climatic zones.

Four out of 99 weedy rice morphotypes showed
>57% germination under 15 cm standing water.

Rice cultivar 'Naveen' was found to be
competitive in weedy rice infested field.

Cultural methods like stale seed bed were found
effective for management of weedy rice.

Fresh seeds of Orobanche crenata and O. cernua
immediately harvested from the flowers did not
germinate without a period of 20-30 days of
preconditioning. Preconditioned seeds, at
23 + 2°C with 70% relative humidity for a period
of 10 days, were able to germinate, produce germ
tube and reach host root. Seeds did not germinate
when the temperature was above 40 + 2° C and
below5 +2°C.

Two time application of spore suspension of
Penicillium oxalicum DWSR1 resulted less
Orobanche infestation in brinjal field.

A sick plot of O. cernua attacking mustard and
O. crenata attacking tomato and brinjal was
developed at DWR farm with an aim to have
more focused work on the management of
Orobanche.

Survey done during 2014 revealed the presence of
gall flies on Chromolaena odorata indicating the
start of establishment of bioagent. Samples taken
from nine different plots for gall formation,
revealed the presence of galls varying from mean
1.67to 7.08 per 25 m*

Cassia tora broadcasting at the rate of 80 kg/ha
was found effective to replace C. odorata after 75
days. Among herbicides, metribuzin 2.0 kg/ha
was found superior overand 2,4-D 2.kg/haand
glyphosate after 75 days.

A. alternata, mass multiplied in talc formulation
(molasses yeast agar medium) was sprayed on
water hyacinth in the institute pond. Disease
intensity and severity due to fungus showed
progressive increase in the disease of the water
hyacinth plants from 5 days onwards. The
infected plants remained stunted and did not
flower.

Host specificity test of S. pectinicornis on 33 plant
species revealed no complete development of
larvae and subsequent emergence of adult from
larva which reflected that insectis host specific.

DWR

@« During rainy season, larvae were found feeding
the leaves. Initially, they feed on soft tissues and
subsequently feeds on the outer portion of leaves.
Onincrease in population, up to 70% of the weeds
were succumbed to the pressure of larvae but
Pistin mat was not completely killed. On
reduction of population, Pistia increased its
density from the remaining population.

@  Three herbicides namely 2,4-D, glyphosate and
metsulfuron-methyl were tested on Pistia in
different concentrations. Metsulfuron-methyl
(6 g/ha) emerged most effective herbicide
followed by glyphosate (2.0 kg/ha), while. 2, 4-D
(1.5kg/ha) did not control the weed.

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

@« Metsulfuron-methyl and chlorimuron residues in
the soil of rice field were found in the range of
0.040-0.0013 pg/g between 0-60 days. After 90
days metsulfuron-methyl and chlorimuron
residues were not detected in the soil. In rice
plants, residues were found in the range of 0.295-
0.0017 pg/g between 0-30 days and below
0.001pg/g after 30 days. Residues of
metsulfuron-methyl and chlorimuron were
found 0.0832 to 0.0171 pg/ml in the water of
adjoining pond between 1-20 days.

@« Bispyribac and pendimethalin residues were
found in the range of 0.32-0.013 ng/g and 0.258-
0.001 pg/g between 0-30 days. After 90 days
residues were not detected in the soil.

@ In the fishes from the pond adjoining to the
experimental field, 0.007, 0.0691 and 0.0376 ng/g
residues of metsulfuron-methyl, bispyribac and
pendimethelin were found after 30 days. No
mortality of fishes was observed due to any
herbicide treatment. Herbicides treatments did
not altered quality of water in pond significantly.

@ Mobility and leaching potential of herbicides
under natural rainfall conditions were evaluated
in lysimeter. Pretilachlor residues were higher in
surface soil and were found up to 60 days in soil at
various depths. Pretilachlor leaching increased
the soil pH (7.1 to 8.4) at various depths after its
application. After 3-days, 2.482-0.0239 png/g
pretilachlor residues were detected at various
depths in the lysimeter. Whereas 0.0688-0.0014
ug/ g pretilachlor residues were detected in soil at
60days.

@ Bispyribac-sodium did not undergo direct
photolysis readily. The photolytic half-life (T, ,) of
itin distilled water under closed system of quartz
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tube was found as 232 days. Whereas, the T, , of it
in distilled water under open surface condition
was only 32 days. Probably, dissolved CO,, which
becomes available in open surface condition,
could enhance the rate of photolysis of bispyribac.

w  TheT,,, values for bispyribac were 8 and 10 days
in presence of humic substances and sodium
nitrate, respectively.

@«  The bispyribac-degrading microbes were isolated
from rice rhizospheric soil by herbicide
enrichment technique. The bacteria, which
degraded the herbicide are characterized by 16s
rRNA sequencing as Pseudomonas sp., Bacillus
megaterium and Lycinibacillis sphaericus.
Similarly, the bispyribac-degrading fungi were
characterized by 18s RNA sequencing as
Saccharomycopis malanga, Aspergillus flavus, A.
oryzaeand A. flavus EGY 1.

@ Anexperiment was carried out to find out effect of
waste water application on metal accumulation in
soil and to assess heavy metal uptake in tomato.
The eight treatment combinations were made
including four main [tube well water, filtered
water-I (Typha based) and filtered water-II
(Vetiveria based) and drain water as control] as
irrigation treatment which were split -up with
two treatments with and without EDTA. Asfar as
accumulation of  heavy metals in soil is
concerned, higher concentration of DTPA
extractable heavy metals cadmium and lead were
observed in plots irrigated with untreated drain
water as compared to tube well water.

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

@ Survey of many contaminated sites was carried
out in Jabalpur and adjoining area for suitability
of setting-up of rhizo-filtration pilot plant
utilizing weed species. Waste water samples
collected from drain sites: Amkhera, Khairi/
Urdua and Kachpura were analysed for
pollutants. The collected samples were analysed
for various pollutants.

OFR trials conducted at Dhanwahi, Mahagawa
and Bharda, Shahpura and Bhadom villages
(Jabalpur district) Kalyanpur (Khukham area) in
wheat crop. Sowing of wheat was done with
Happy seeder without burning of any residue of
the previous crop. The results obtained indicated
that the weed management technology
prescribed by the DWR was effective in managing
the weeds and farmers could obtain a higher
gross return with higher a B:C ratio.

OFR trials were conducted on green gram under

conservation agriculture at three farmer's fields
in the Bharda, Nipania and Padaria villages of
Panagar locality. Result revealed that
Imazethapyr @ 100 g/ha was effective and gave
broad spectrum weed control, higher yield, net
return and B:C ratio as compared to farmers
practice.

OFR trials were undertaken on rice 'Kranti' at
four farmer's fields in the village Simariya of
Sihora area. It was found out that recommended
fertilizer doses along with the application of
herbicide (pyrazosulfuron 25 g fb bispyribac-Na
25 g/ha) was more effective and resulted higher
grainyield, and B:C ratio over farmers' practice.

OFR trials were undertaken on maize (Hybrid)
during rainy season of 2014 at eight farmer's
fields in the village Ragertola (Kundam tehsil). It
was found that recommended fertilizer doses
along with the application of herbicide (atrazine
@ 1.0 kg/ha PE fb one hand weeding at 35 DAS)
was more effective and resulted higher yield and
B:Cratio as compared to farmers' practice.

Socio-economic studies conducted in DWR
adopted localities during 2013-14 revealed that
most of the farmers adopted the rice-wheat
cropping pattern. Results of OFR programme
revealed that there is significant improvement in
productivity and sustainability due to adoption
of modern agricultural technologies along with
IWM technologies.

DWR collaborated with KVKs of Zonal Project
Directorate (Zone VII) to introduce and
demonstrate the improved weed management
technologies for different cropping systems
through different KVKs across Madhya Pradesh.

An interface meeting of progressive farmers,
officers of state departments and scientists was
organized at DWR on 29/4/2014. Organized
field day-cum-sanghosthi at Panager, Gosalpur,
Katni, Sahapura and Narsinghpur localities
during March 2015.

DWR has been recognized as centre of 'Kisan
Teerth Yojna' by Govt. of Madhya Pradesh. In
year 2014-15, more than 5000 farmers from
different parts of Madhya Pradesh visited DWR
research farm and interacted with scientists of
DWR.

Knowledge Management Service (KMS) through
SMS for disseminating weed management
technologies to farmers of the country received
appreciation.
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INTRODUCTION

The Directorate of Weed Research came into
existence as National Research Centre for Weed
Science (NRCWS). Functioning of this centre started
with the joining of Dr. V.M. Bhan as its founder
Director on 22 April, 1989. This centre was further
upgraded as Directorate of Weed Science Research on
23 January, 2009; and again renamed as ICAR-
Directorate of Weed Research on 26 November, 2014.

This directorate is a unique institute not only in
the National Agricultural Research System, but
probably the only one of its own kind in the whole
world dealing exclusively with the existing and
emerging weed problems in different situations and
systems. Directorate act as a nodal centre for basic,
strategic and applied research in weed science and
provide leadership at national level through
coordinated network programmes with state
agricultural universities for generating location-
specific technologies for weed management. Besides,
trainings to different stakeholders, consultancy,
collaborative programmes on weed management and
participatory research at farmers' fields are also being
undertaken. Directorate obtained the ISO 9001: 2008
certification by implementing the Quality Manage-
ment System in the organization.

Jabalpur is one of the most important cities of
Madhya Pradesh and also known as the cultural
capital (Sanskardhani) of state. The city is famous for
its major tourist attractions such as Dhuandhar Falls,
Bhedaghat and Chausat Yogini Temple, Balancing
rocks and many others. It is situated at the center of
India in the Mahakoshal region and surrounded by a
spectacular variety of nature including holy river
Narmada, marble rocks of Bhedaghat and waterfall
called “Dhuandhar". It falls under the agroclimatic
region of Kymore plateau and Satpura hills zone.
Directorate is located on the national highway (NH-7)
at 23.90'N latitude, 79.58'E longitude and altitude of
411.78 m above mean sea level and well connected by
railways (10 km from Jabalpur railway station) and
airways (23 km from Dumna airport). The climate of
the region is sub-tropical, with average rainfall of
1400 mm. Soils are mostly black and crops grown are
rice, soybean, sugarcane, pigeonpea and blackgram
during Kharif season, and wheat, chickpea, lentil, pea
and mustard in Rabi season.

Over the last 26 years, the Directorate has
played a pioneering role in weed management at
national level through its research programmes

focused on survey and surveillance, development of
weed management technologies for diversified
cropping systems, herbicide resistance in weeds,
biology and management of problem weeds, and
environmental impact of herbicides. Adoption of
these technologies has been promoted on large areas
through on-farm research and demonstrations, which
has resulted a boost in agricultural productivity and
livelihood security of the farmers. Efforts are being
made to address emerging issues related to
management of weeds in diversified ecosystems,
threat posed by noxious invasive weeds, parasitic
weeds, aquatic weeds, changes in weed dynamics in
climate change scenario, herbicide resistance,
monitoring of impact of herbicides on environment.
Considering the challenges ahead, Directorate has
fully adopted conservation agriculture system for
sustainable weed management.
Vision

Developing innovative, economic and eco-
friendly weed management technologies to contain
challenges ahead for sustainable agriculture and other
societal benefits
Mission

To provide scientific research and technology in
weed management for maximizing the economic,
environmental and societal benefits for the people of
India

Mandate

«  To undertake basic, strategic and applied
researches for developing efficient weed
management strategies in different agro-
ecological zones

«  To provide leadership at country level in weed
science and coordinate the network research
with state agricultural universities for generating
location-specific technologies for weed
management in different crops, cropping and
farming systems

@« To act as a repository of information in weed
science

« To act as a centre for training on research
methodologies in the area of weed science and
weed management

«  To collaborate with national and international
agencies in achieving the above mentioned
objectives

«  Toprovide consultancy
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Organization and Management

The Directorate comes under the administrative
control of the Director. Quinquennial Review Team
(QRT), Research Advisory Committee (RAC),
Institute Management Committee (IMC) and Institute
Research Council (IRC) are other advisory bodies for
research, teaching/training and extension activities.
There are 5 major research sections, 4 administrative
sections, and 12 other units and cells for smooth
functioning and effective co-ordination.
Laboratories and Equipments

The Directorate has dedicated laboratories for
research work on agronomy, soil science, plant
physiology, microbiology, pathology, entomology
and residue analysis. Besides, one central laboratory
is also in place housing all common equipments like
ice maker machine, leaf area meter, root scanner,
spectrophotometers, pH meters, conductivity meters
and BOD incubators etc. Laboratories at the
Directorate are well-furnished and equipped with
modern and sophisticated scientific instruments like
LC-MS/MS System, GC, HPLC, IRGA, lyophilizer,
thermal cycler, gel documentation unit, atomic
absorption spectrometer, N-auto-analyzer,
osmometer, solid phase extraction unit, vaccum
evaporator, UV-visible double beam spectro-
photometer, high speed refrigerated centrifuge,
HPLC grade water purification system, line quantum
sensors with data-logger, spectroradiometer etc.
Sample storage facilities include liquid nitrogen
containers, ultra freezer (-80 °C) and deep freezers (-20
°C). It has containment facility and two controlled
environmental chambers to facilitate research under
controlled environmental conditions. Directorate has
specialized facilities like Free Air CO, Enrichment
(FACE) facility and four open top chambers to study
possible impact of futuristic climate change on crop-
weed interaction, and phytoremediation unit and
Mexican beetles rearing unit. The Directorate has a
well-developed agricultural engineering workshop
with facilities for repair, fabrication, designing and
development of weed control tools and implements.

Gel documentation unit

AKMU, Library and Information centre

Agriculture Knowledge Management Unit
(AKMU) is well equipped with computers, LAN
facilities, video conferencing facility, color xerox-
cum-printer and plotter. All the scientists and co-
ordination units have been provided with internet
connection and Wi-Fi connectivity. Library has a total
collection of 3060 books related to weed science, 20
Indian- and 4 foreign- journals in its subscription,
newspapers section and sufficient reading area for
students and employees. Reprographic and
documentation facilities have also been created for the
preparation of documents and reports. One
information centre has been developed to display the
updated information regarding weed science
and management technologies. Directorate's
publications, prototypes of weed management tools
and live specimen of weed seeds are also on display
using sophisticated display systems.

Library
Farm/containment/ net house /other facilities

The Directorate possesses 61.5 ha well laid
fully-irrigated experimental farm well connected
with approach roads. Whole farm is laser-leveled and
with an effective drainage systems. Since last two
years, almost complete farming area has been
developed as a model for conservation agriculture
with ample crop diversification. Practice of burning of
residues of crops/weeds is completely stopped which
earned a lot appreciation and also adoption at farmers
fields. Farm is equipped with modern farm
machineries like high power tractors, small tractor,
power-weeders, tractor-driven sprayers, laser land-
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leveler, happy seeder, no-till seed drill, multi-crop
seed drill, multi-crop thrashers, tube wells,
underground irrigation pipelines and sprinkler
system etc. In addition, Directorate also has
containment facility, net houses, lysimeters,
phytoremediation unit, aquatic tanks, runoff tanks for
studies on herbicides toxicity to non-target
organisms, biomass composting unit, weed cafeteria
for in situ demonstration and conservation of weed
germplasm, and fully developed technology park.

Technology park

Networking and Collaboration

Directorate co-ordinates its network
programmes through All India Coordinated Research
Project on Weed management (AICRP-WM) which
has 23 centres at SAUs located in different agro-
climatic zones of the country. Six network
programmes (viz. Weed surveillance and monitoring,
Weed biology and physiology, Weed management in

Budget during 2014-15 (X in lakhs)
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crops and cropping systems, Management of
problematic weeds, Herbicide residues and
environmental quality, and On-farm research and
impact assessment) are in operation. Besides,
Directorate also collaborates with other educational
and research institutions, viz. Jawaharlal Nehru Krishi
Vishva Vidyalaya, Jabalpur; Rani Durgawati Vishva
Vidyalaya, Jabalpur; IGKV, Raipur; and other colleges
from different universities for M.Sc/Ph.D research
work. Active collaboration has been developed with
several ICAR Institutes and other research
organizations like Borlaug Institute for South Asia
(BISA), herbicide industries, NGOs, National Seed
Corporation, ZPDs and KVKs. In addition, the
Directorate has initiated a significant step towards
more effective collaboration with ICAR institutes and
SAUs, and nominated five nodal scientists to look after
the same in the field of weed management and to
avoid duplication of research in weed management. In
addition, four adhoc projects also in operation in
collaboration with universities and institute like IARI.
Directorate organizes advance training programmes
on weed management for students, officers of state
agriculture departments, and scientists of SAUs and
ICAR institutes. Besides, organization of Farmers'
field days/sangoshti, Industry day, Education day,
Foundation day and Scientists-Agriculture Officers-
Farmers interface meetings are the regular features
since last two years.

Particulars Plan Non Plan Network project
Receipt |Expenditure Receipt | Expenditure Receipt Expenditure
(A) Recurring
Establishment expenses 0.00 0.00 520.00 519.52 720.00 719.29
Pension 0.00 0.00 50.00 44.90 0.00 0.00
P-Loan & advances 0.00 0.00 0.00 0.00 0.00 0.00
Travelling allowances 4.50 4.17 3.50 3.20 0.00 0.00
HRD/IT 2.50 2.48 0.00 0.00 0.00 0.00
Sf;ziﬁ; and operational 91.00 91.01 128.69 161.18 25.00 24.81
Miscellaneous expenses 2.00 1.57 5.50 5.8l 0.00 0.00
Tribal Sub -Plan 0.00 0.00 0.00 0.00 0.00 0.00
Total (A) 100.00 99.23 707.69 734.11 745.00 744.1
(B) Non-Recurring
Equipment 28.10 27.84 8.31 8.31 0.00 0.00
Works 4.39 4.14 0.00 0.00 0.00 0.00
Library 5.00 5.11 0.00 0.00 0.00 0.00
Land 0.00 0.00 0.00 0.00 0.00 0.00
Vehicle 0.00 0.00 0.00 0.00 0.00 0.00
Livestock 0.00 0.00 0.00 0.00 0.00 0.00
Others 2.51 2.25 0.00 0.00 0.00 0.00
Total (B) 40.00 39.34 8.31 8.31 0.00 0.00
Grand total (A+B) 140.00 138.57 716.00 742.42 745.00 744.10
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Resource generation (X in lakhs)

Particulars Amount
Contract research 2.15
Consultancy services 0
Sale of farm produce 27.34
Others (auction, guest house, use of transport, tender paper, RTI, interests, license fee, 20.58
water charges, dissertation fees, etc.)
Total 50.08
Staff position (as on 31.3.2015)
Category Sanctioned Filled Vacant
Scientist 27 16 11
Technical 23 21 02
Administrative 13 09 04
Supporting 22 21 01
Discipline-wise staff position

Disciplines Sanctioned In Position Vacant

PS SS S PS SS S PS SS S
Agricultural Biotechnology - 01 01 - 01 - - - 01
Agricultural Chemicals 01 01 01 - 01 01 01 - -
Agricultural Economics - - 01 - - - - - 01
Agricultural Entomology - 01 - - 01 - - - -
Agricultural Extension - 01 01 - 01 - - - 01
Agricultural Microbiology - - 01 - - 01 - - -
Agricultural Statistics - - 01 - - 01 - - -
Agronomy 02 01 03 - 01 02 02 - 01
Economic Botany & Plant = 01 01 - - 01 - 01 -
Genetic Resources
Farm Machinery and Power _ _ 02 _ _ _ _ _ 02
Plant Pathology - 01 - - 01 - - - -
Plant Physiology 01 01 - 01 01 - - - -
Soil Science - 01 01 - 01 01 - - -
Plant Biochemistry - - 01 - - - - - 01
Total 04 09 14 01 08 07 03 01 07

PS - Principal Scientist, SS - Senior Scientist, S — Scientist
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ORGANOGRAM

ICAR - Directorate of Weed Research

Research Advisory
Committee

Quinquennial
Review Team

Institute
Research
Council

Institute
Management
Committee

Research
Sections

Agronomy

Weed Biology
and
Physiology

Biological
Weed
Management

Soil Science
and
Residue Chemistry

Social Sciences
and Transfer
of Technology
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AICRP-WM

Centres Administration

PAU, Ludhiana
CCSHAU, Hisar
RAU, Pusa

AAU, Anand
HPKYV, Palampur
BAU, Ranchi
GBPUAT, Pantnagar
IGKYV, Raipur
CSAUAT, Kanpur *
NDUAT, Faizabad
VB, Sriniketan *
AAU, Jorhat
RVSKVYV, Gwalior
BSKYV, Dapoli
OUAT, Bhubaneshwar
RAU, Bikaner *

MAU, Parbhani *
UAS, Bengaluru

UAS, Dharwad *
KAU, Thrissur
TNAU, Coimbatore
ANGRAU, Hyderabad

Audit and
Accounts

Establishment

Cash and Bill

Store and Purchase

PDKYV, Akola**
CAU, Pasighat**
UAS, Raichur**
MPUAT, Udaipur**
SKUAST, Jammu**

Management

PME Cell

RED Cell

ITM Unit

AKM Unit

Library and
Documentation

Research Farm

Farm Machinery
and Workshop

Rajbhasha Cell

IJSC

Grievance Cell

Women Cell

Security

* Centres closed during 2014-2015
** New centres opened during 2015-16
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Chapter -1

RESEARCH PROGRAMME -1

DEVELOPMENT OF SUSTAINABLE WEED MANAGEMENT PRACTICES IN
DIVERSIFIED CROPPING SYSTEMS

Weed problems have increased with high-input
agriculture. These necessitate 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 a
system. Diversification and continuous cropping
have largely changed the weed communities and, in
some cases, these become resistant to commonly used
herbicides. Therefore, use of the herbicides has to be
investigated in a system perspective. Weed
population density and biomass production may be
markedly reduced using crop rotation (temporal

diversification) and intercropping (spatial
diversification) strategies. Weed management
practices strongly influence use efficiency of other
production factors like water, nutrients etc. Further,
herbicide use efficiency is also influenced by
adjuvants as well as other pesticides. In recent years,
several low dose high potency herbicide molecules
have become available, for which, spraying machines
and techniques need to be standardized. Hence, this
research programme has been initiated since 2012 to
address these issues and develop sustainable weed
management practices in diversified cropping
systems.

Sub-programmes Experiments

Associates

1.1 Weed management
under long term
conservation
agriculture systems

1.1.1 Long term impact of herbicides in rice - V.P. Singh, K.K. Barman,
wheat-green gram sequence under
conservation agriculture systems

Raghwendra Singh, Dibakar Ghosh,
P.P. Choudhury, C.Sarathambal,
Yogita Gharde and A.R. Sharma

agriculture

1.1.2 Long term impact of weed control
measures in DSR -based crop ping
systems under conservation

V.P. Singh, K.K. Barman,
Raghwendra Singh, Dibakar Ghosh,
P.P. Choudhury, C.Sarathambal,
Yogita Gharde and A.R. Sharma

systems

1.1.5 Long term impact of herbicides in
soybean -wheat-green gram sequence
under conser vation agriculture

V.P. Singh, K.K. Barman,
Raghwendra Singh, Dibakar Ghosh,
P.P. Choudhury, C.Sarathambal,
Yogita Gharde and A.R. Sharma

1.1.6 Long term impact of weed control

R.P. Dubey, K.K. Barman,

Sub-programmes Experiments

Associates

1.2.6 Cropping system approach for weed
management in mango orchard

R.P. Dubey, K. K. Barman, and
C. Sarathambal

1.3 Improving input use 13.7

Deciding optimum dose of herbicides in | Yogita Gharde, Dibakar Ghosh and

efficiency through mixture using dose response curve Raghwendra Singh
efficient weed
management 1.3.8 Leguminous intercropping for weed K.K. Barman
management in maize
1.3.9 Scsbania and biogar slurry M weed K.K. Barman
infistation and yield of rice
1.3.10 Weed management in sunflower R. P. Dubey

measures in maize-wheat-green gram
cropping systems under conservation
agriculture

C. Sarathambal, P.P. Choudhury and
A.R. Sharma

1.1.7

Long term impact of weed control
measures in maize-chickpea-cropping
systems under conservation
agriculture

Dibakar Ghosh, V.P.Singh,
Raghwendra Singh,

P.P. Choudhury, C. Sarathambal
K.K. Barman and A.R. Sharma

1.1.8

Long term impact of weed control
measures in cotton -wheat cropping
systems under conservation
agriculture

Raghwendra Singh, Dibakar Ghosh,
V. P.Singh, P.P. Choudhury
K. K. Barman and C. Sarathambal

1.2 System-based 1.2.4 Effect of crop establishment techniques Raghwendra Singh, V P Singh,

approach to weed and weed management practices on Dibakar Ghosh and K K Barman.

management growth and yield of rice under rice-
wheat cropping system

1.25 Long term effect of weed management R.P. Dubey, K.XK.Barman,
practices on weed dynamics and crop P.P. Choudhury and C. Sarathambal
productivity in soybean -wheat
cropping system
6 |
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1.1 Weed management under long-term
conservation agriculture systems

1.1.1 Weed management in rice-wheat-green gram
cropping systems under conservation
agriculture

A long-term experiment on the effect of crop
establishment techniques and weed control measures
under conservation agriculture system has been
initiated from 2012 to monitor weed dynamics, crop
productivity, herbicide residues, and to study C-
sequestration, changes in physico-chemical and
biological properties of soil health under rice-based
and non-rice-based cropping systems. Total eight
treatments consisting of five establishment methods
viz., (i) CT(DSR)+S-CT (Wheat)-ZT (greengram), (ii)
CT(DSR)+S+R-CT(wheat)+R-ZT (greengram)+R, (iii)
ZR (DSR)+S-ZT (wheat)-ZT (greengram), (iv) ZT
(DSR)+S+R-ZT (wheat)+R-ZT (greengram)+R, (v)
CT(TPR)-CT (wheat) and three weed control
measures viz., continuous use of bispyribac-
sodium+pre-sowing non-selective herbicides in ZT,
rotational use of herbicides + pre-sowing non-
selective herbicides in ZT, and unweeded (control) as
sub plots were laid out in split plot design with three
replications.

Rice

Dominant weed flora in rice were: Echinochloa
colona, and Dinbera retroflexa among grasses; Physalis
minima, and Ceasulia axillaris among broadleaved
weeds; and Cyperus iria among sedges. Different crop
establishment techniques significantly influenced the
emergence of different weed flora, and as well as total
weed population and dry matter accumulation at 60
DAS (Table 1.1). Significantly lowest density of E.
colona was recorded under ZT (DSR)+S with retention
of previous season crop residue compared to CT
(DSR) or CT (TPR). Whereas, significantly lowest
population of D. retroflexa was recorded either with

CT (DSR) or ZT(DSR) with incorporation/ retention of
previous season crop residue. ZT (DSR)+S without
crop residue recorded significantly higher population
of C. axillaris. CT (TPR) or CT (DSR) in absence of
previous season crop residue recorded lowest
population of P. minima during rice. So far as the total
weed population and weed dry matter accumulation
is concerned, lowest total weed density as well as
weed dry biomass was recorded with CT (TPR.
However, CT (DSR) being at par with ZT (DSR) +
retention of residue of previous season crop recorded
lower density and weed dry matter production
compared to the same crop establishment without
previous season crop residue. Amongst the weed
control measures, rotational use of herbicide + pre-
sowing non-selective herbicides in ZT recorded
significantly lowest weed population and weed dry
matter over weedy check.

Different crop establishment techniques
influenced significantly the crop parameters viz.,
plant height, effective tillers, panicle length, and grain
yield of rice. Significantly higher plant height and
panicles per running m row were recorded with ZT
(DSR) + previous crop residue. However, highest
panicle length (21.0 cm) and grains/ panicle (122) was
recorded under CT (TPR). Highest grain yield of rice
was recorded with CT-TPR (4.3 t/ha) which was
significantly higher over rest of the crop
establishment techniques. However, crop
establishment technique for DSR, ZT (DSR)+ S+
previous season crop residue provided significantly
higher plant height, panicles per row length, panicle
length, and as well as grain yield of rice compared to
CT (DSR)+S+ crop residue. Amongst weed control
treatments, rotational use of herbicide at 25 DAS being
statistically at par with continuous use of bispyribac-
sodium 25 g/ha, recorded significantly higher grain
and straw yield of rice compared to weedy check
(Table1.2).
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Table1.1: Weed density and weed dry matter production in rice as influenced by different tillage systems and weed
management measures (2014)

Wheat

Dominant weed flora in wheat were Phalaris
minor and Avena ludoviciana among grasses, and

DWR

non-selective herbicide in ZT, statistically at par with
IWM (Table1.3).

Yield attributes and yield of wheat were also

Treatment Density (no,/m’) Total Weed dry Medicago denticulata, Chenopodium album and Lathyrus  influenced significantly due to different crop
ioh 8! P Y i & antly du !
E D. 5 & ic weight aphaca amongst broad-leaved weeds. Different crop  establishment techniques. Higher plant height of
Till 7 i colona retroflexa | minima_| axillaris 1ra (g/m) establishment methods influenced significantly the =~ wheat was recorded under ZT (wheat) compared to
L “gce ;”D;E’P fsbfﬂ lé ;13”; T 5 5 7 % P = o distribution of weed flora. Significantly lowest other crop establishment techniques. Significantly
( e(en im) - CT (wheat) - (7'9) ( 4'3) (0'0) (9'7) ( 4'3) e 6 5) ( 41' ) population of P. minor and C. album was noticed in ZT ~ higher spikes per m row length was recorded with
Cg,rr (Dga) +R+5 - CT (whea) 2'2 1'1 0'9 0'9 3'9 i 8 0 9 (DSR)+S+R-ZT (wheat), statistically at par with ZT =~ CT/ZT (DSR)-wheat compared to CT (TPR)- wheat
£ IR T () SR ( 4'3) (0'7) (0'3) (0'3) a 4 7 (22' 5) (23' 5) (DSR)+S-ZT (wheat) over CT (DSR/TPR)-CT (wheat).  (Table 1.4). The wheat grown after direct seeded rice
ZT (DSR) + S - ZT (wheat) - ZT 28 3 1o 13 15 55 o6 On the other hand, lowest A. ludoviciana population ~ combined with either crop residue incorporation or
(s (7:3) (4:8) (0:9) (1:2) (1§.8) (2§.8) (43'.1) was recorded with CT (TPR)-CT (wheat) and CT  retention significantly produced higher grain yield of
ZT (DSR) + R + S - ZT (wheat) + 19 13 12 09 33 51 54 (DSR)-CT (wheat), respectively. Howev.er, . (?T/ ZT wht'eat %n both CT/ ZT (wheat). However, highest
R -ZT (greengram) + R (3.1) 12) (0.9) (0.3) (10.4) (25.5) (28.7) (DSR)+S+R-CT/ZT (wheat) recorded significantly  grain yield of wheat (4.13 t/ha) was recorded in ZT
CT(TPR) - CT (wheat) 290 21 0.7 0.7 20 3.6 44 lowest population of M. denticulata. Whereas, (DSR)+S+R-ZT (wheat). Amongst weed control
(4.3) (3.9) (0.0) (0.0) (3.5) (12.5) (18.9) significantly lowest weed population and weed dry  treatments, application of recommended herbicides +
LSD (P=0.05) 0.8 0.6 0.4 0.4 0.6 0.7 13 matter was recorded with CT (wheat) sown after CT ~ pre-sowing non-selective herbicide in ZT produced
Weed management (DSR). Amongst weed control measures, significantly  significantly higher grain yield over herbicide + 1 HW
Weedy check 45 22 1.3 1.1 7.3 9.5 11.2 lowest population and weed dry biomass was  andweedy check, respectively.
(19.8) ((4.3) (1.2) (0.7) (52.8) (89.8) (125.0) recorded with recommended herbicide + pre-sowing
Continuous bispyribac + pre - 1.1 1.6 0.8 1.8 1.4 27 3.1
fr(:vzvfl? g non-selective herbicides ©.7) @1) (0:1) 0.1) (L5) (©8) ©-1) Table 1.3: Weed density and weed dry matter production in wheat as influenced by different tillage systems and weed
t 2013-14
Herbicide rotation 16 16 07 13 09 23 24 management measures )
2.1 2.1 0.0 1.2 0.3 4.8 5.3 .
LSD (P=0.05) (0 8) (0 3) (0 3) (0 2) (0 7) (0 5) (1 o) Treatment Denslty (no/um?) Weed dt
: : : : : : : : P. A. M. L. C. Total W‘;lg}“
DSR - direct-seeded rice, TPR - transplanted rice, S - Sesbania brown manuring, CT - conventional tillage, ZT - zero tillage, R - residue, - - 1o ludoviciana denticulata aphaca album (g/m)
*Data subjected to 4x+0.5 transformation. Figures in parentheses are original values. Tillage and crop establishment
CT (DSR) +S - CT 4.6 1.1 8.1 1.7 5.2 11.2 5.1
heat) - ZT
Table1.2: Crop growth and grain yield of rice as influenced by different tillage systems and weed management Egreiiéram) (207) 0.7) (65.1) 24) (265) (124.9) (253)
measures (2014) CT (DSR) +R +S - CT 49 1.1 6.4 3.1 33 8.9 52
Plant Panicles/ | Panicle | Grains/ 100 Grain | Straw (wheat) + R -2T (23.5) ©.7) (40.5) ©- (104) (78.7) (265)
Treatment height | runningm | length | panicle | grain | yield | yield (greengram) + R
o ZT (DSR) + S - ZT &5 4.6 9.2 3.6 2.5 13.0 7.0
(cm) row (cm) weight | (t/ha) | (t/ha) (wheat)- ZT (11.8) (20.7) (84.1) (12.5) (G8) | (168.5) (48.5)
®) (greengram)
Tillage and crop establishment ZT (DSR) + R+S - ZT 24 32 7.2 3.3 24 10.0 7.0
CT (DSR) + S - CT (wheat) - ZT (greengram) | 54.2 07 18.7 93.7 214 | 30 44 EWheat) * R)‘f; e ) By () B2y ey EE)
greengram
CT (DSR) +R+S-CT (wheat) +R-ZT 53.9 51.7 18.7 84.9 2.19 3.1 44 CT(TPR) - CT (wheat) 4.4 0.7 6.3 31 6.4 11.7 4.7
(greengram) + R (18.9) 0.0) (39.2) ©.1) 40.5) | (136.4) (21.6)
ZT (DSR) + S - ZT (wheat) - ZT (greengram) |  57.9 50.3 195 93.8 228 | 31 44 LSD (P=0.05) 16 05 16 11 27 14 2.0
ZT (DSR) + R + S - ZT (wheat) + R-ZT 60.1 52.1 200 | 1050 232 | 33 45 Weed management
S ZT (greengram) + R Weedy check 4.6 2.3 10.9 2.9 4.0 13.5 9.7 —
20.7
: CT(TPR) - CT (wheat) 60.1 466 218 | 1220 226 | 43 53 (207) :
LL Recommended 2.6 2.7 59 1.8 59 10.1 3.6 LLI
s LSD (P=0.05) 15 1.9 1.2 13.8 0.11 0.26 0.3 herbicide + pre- (6.3) (6.8) (34.3) 2.7) (343) | (101.5) (12.5) s
E Weed management sowing non-selective E
herbicides in ZT
&E Weec.ly Check. | | 55.5 36.2 18.1 87.0 222 | 20 35 R o o = 5 s 53 0 &E
Continuous bispyribac + pre-sowing 56.2 54.5 20.9 108.6 2.23 3.7 4.8 herbicide + manual / (21.6) (1.5) (29.8) (17.1) (3.1) (86.0) (15.5)
8 non-selective herbicides in ZT mechanical weeding 8
o LSD (P=0.05) 14 2.1 0.7 8.5 0.07 0.1 0.2 o
I ) ] ] ) ) ) ) ) ) DSR - direct-seeded rice, TPR - transplanted rice, S - Sesbania brown manuring, CT - conventional tillage, ZT - zero tillage, R - residue, I
O DSR - direct-seeded rice, TPR - transplanted rice, S - Sesbania brown manuring, CT - conventional tillage, ZT - zero tillage, R - residue *Data subjected to 4k+0.5 transformation. Figures in parentheses are original values. O
o o
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Table1.4: Yield attributes and grain yield of wheat as influenced by different tillage systems and weed management

measures (2013-14)

Treatment Plant Spikes/m | Grains/ | 100-grain | Grain yield Straw
height row spike weight (g) (t/ha) yield
(cm) length (t/ha)
Tillage and crop establishment

CT (DSR) + S - CT (wheat) - ZT (greengram) 774 633 53 436 3.86 8.01

CT (DSR) + R + S - CT (wheat) + R - ZT 78.6 62.4 50 437 3.84 9.69

(greengram) + R

ZT (DSR) + S - ZT (wheat) - ZT 81.6 59.6 46 444 3.89 8.51

(greengram)

ZT (DSR) + R +S - ZT (wheat) + R - ZT 815 634 48 443 413 7.93

(greengram) + R

TPR - CT (wheat) 788 54.9 51 4.75 3.59 8.16

LSD (P=0.05) NS 5.3 4 NS 0.2 2.05

Weed management

Weedy check 80.5 50.6 46 446 3.28 722

Recommended herbicide + pre-sowing 78.9 66.1 54 453 4.44 9.38

non-selective herbicides in ZT

Recommended herbicide + manual / 79.4 65.3 50 442 3.85 8.78

mechanical weeding

LSD (P=0.05) NS 31 2 0.1 0.13 1.38

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

Microbial activity of soil as influenced by weed
management and tillage practices under long
term conservation agriculture

DSR-wheat-greengram (2013-14)

Soil microbes such as fungi, actinobacteria and P
solubilizers were significantly influenced by tillage
practices (Table 1.5). Among the different tillage
practices higher number of bacterial (8.5 log cfu/g
soil), fungal (5.0 log cfu / g soil), actinobacteria (5.5 log
cfu /g soil) and diazotrophs population (6.9 log cfu /g

soil) were observed in DSR-ZT+R+S. Higher nitrite
oxidizer (6.4 log cfu/g soil) were observed in DSR-
ZT+Sfollowed by DSR-ZT+R+S-ZT-ZT (6.3 log cfu /g
soil). While, higher phosphorus solubilizers (5.8 log
cfu/g soil) were observed in DSR-CT+S. Weed
management practices did not have any significant
impact on soil functional groups. However, among
the weed management practices, the continuous use
of bispyribac sodium (25 g/ha) treatments showed
higher microbial activity as compared with other
treatments.

Table 1.5: Tillage and weed management practices on soil microbial activity under DSR-wheat-greengram

Soil health parameters

Soil health parameters, viz. soil respiration,
soil organic carbon (SOC) and available N content
were significantly affected by tillage and crop residue
treatments. ZT+S-ZT-ZT showed significantly lower
total microbial activity than in CT+S-CT-ZT sequence.
Crop residue recycling increased microbial activity in
soil, but the increase was more prominent under ZT
than in CT. The organic C and available N contents of
the soil were significantly higher under ZT+S-ZT-ZT,
ZT+S+R-ZT-ZT and CT+S+R-CT-ZT treatments,
compared to transplanted rice-CT. overall, the results
indicated that resource conservation technologies
improved soil health over traditional practice of
transplanted rice - CT system. No effect of weed
management practices were observed on these soil
health parameters (Table 1.6).

Table 1.6: Effect of resource conservation technologies on
soil health parameters under DSR-wheat-

greengram system
Treatment Soil respiration | SOC Available N

(mgCO2/h) | (%) (kg/ha)

DSR -CT+S -CT -ZT 5.04 0.63 156.8

DSR -CT-R+S -CT+R -ZT+R 5.57 0.65 164.6

DSR -ZT+S -ZT-ZT 4.06 0.67 164.6

DSR -ZT+R+S -ZT +R-ZT +R 5.06 0.72 163.1

CT (TPR) -CT 442 0.53 130.7

LSD ( P=0.05) 0.87 0.10 21.7

Treatment Basic and functional microbial groups (log cfu /g dry weight of soil) Soil enzyme
activity
Bacteria fungi Actino Diazotrophs | Nitrite P- Dehydrogenase (ug
bacteria oxidizers | solubilizers TPE/g so0il/24 hr)
Tillage and crop establishment
DSR-CT+S-CT-ZT 7.7 35 4.4 6.6 5.4 5.8 343
DSR-CT-R+S-CT+R- 7.5 3.9 47 6.8 5.8 43 354
ZT+R
DSR-ZT+S-ZT-ZT 7.7 45 4.9 6.7 6.4 5.3 36.4
DSR-ZT+R+S-ZT-ZT 8.5 5.0 5.5 6.9 6.3 49 35.1
Transplanted rice-CT 7.8 3.0 45 6.1 5.4 43 312
LSD(P=0.05) 1.10 0.61 0.68 0.96 0.87 0.74 4.9
Weed management
Weedy check 7.9 41 4.8 6.7 5.8 4.8 33.8
Cont.use of bispyribac 8.02 41 49 6.6 59 49 34.6
sodium 25g/ha
Non-continuous use of 7.6 43 5.2 6.6 5.9 5.1 33.7
herbicide
LSD (P=0.05) 0.76 0.38 0.47 0.63 0.54 0.49 3.32
10 : ICAR-DWR Annual Report 2014-1
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Herbicide residue studies

Straw and grain samples of rice after harvest
were extracted in suitable solvents following
standard protocol. Extracts were cleaned up
chromatographically and analysed by LC-MS/MS.
No residue of bispyribac-sodium and fenoxaprop was
detected on mass spectra. Straw and grain samples of
wheat after harvest were extracted in suitable solvents
following standard protocol. Extracts were cleaned
up and analysed chromato-graphically and residues
of clodinafop, metsulfuron-methyl and sulfosulfuron
were below detectable limit. Similarly, residues
pendimethalin and metribuzin, and pendimethalin
and isoproturon were not detected in pea seed and
mustard seed, respectively.

1.1.2 Weed management in DSR-based cropping
systems under conservation agriculture

Total fifteen treatments consisting of five
establishment methods viz., (i) CT(DSR)-CT
(mustard/chickpea/winter maize-ZT (greengram),
(ii) CT (DSR) +R-ZT+R (mustard/chickpea/winter
maize)-ZT+R (cowpea/greengram), (iii)
ZT(DSR)-CT (mustard/chickpea/winter maize)-ZT

DWR

(greengram), (iv) ZT(DSR)+R-ZT+R (mustard/
chickpea / winter maize)-ZT+R (greengram), and (v)
CT(TPR)-CT (mustard/chickpea/winter maize), as
main plots; three cropping systems viz.,, DSR-
Mustard, DSR-Chickpea and DSR-winter maize as
sub plot treatments; and three weed control measures
viz., recommended herbicides, integrated weed
management (herbicide + mechanical/manual
weeding) and unweeded (control) as sub-sub plots
were laid out in split-split plot design with three
replications.

Predominant weed species in rice were
Echinochloa colona and Dinebra retroflexa among
grasses; Caesulia axillaris and Alternanthera sessilis
among broadleaved weeds; and Cyperus iria among
sedges. There was significant effect on weed flora
distribution, total weed population and weed dry
matter production due to different crop establishment
techniques. Significantly lowest E. colona and D.
retroflexa was recorded with transplanted rice.
Whereas, adoption of zero tillage for direct-seeded
rice + retention of previous season crop residues
recorded lower population of C. iria and P. minima
compared to adoption of conventional tillage for
transplanting. Significantly lowest weed growth
(density and dry biomass) and highest grain yield of
rice were recorded with adoption of conventional
tillage for transplanting, which was at par with the
adoption of ZT (DSR) (Table 1.7). Amongst direct-
seeding of rice, adoption of zero tillage for seeding of
rice produced higher grain yield than conventional
tillage. Different cropping systems also significantly
influenced the weed distribution, weed dry matter
production and grain yield of rice. Significantly
lowest population of E. colona and C. iria was noticed
with DSR-Winter maize cropping system. Similarly,
lowest weed biomass and highest grain yield of rice
was recorded under DSR-Winter maize and DSR -
Mustard, respectively. Amongst weed control
treatments, post-emergence application bisphyribac-
sodium @ 25 g/ha recorded lowest weed growth and
highest grain yield of rice, which was statistically at
par with application of recommended herbicide
followed by 1 HW at40 DAS (Table 1.7).

Dominant weed flora in chickpea, mustard and
winter maize were: Phalaris minor and Avena
ludoviciana among grasses, and Medicago hispida,
Lathyrus sativa and Chenopodium album among
broadleaved weeds. Different crop establishment
techniques significantly influenced the weed flora
distribution, total weed density and weed dry
biomass production during Rabi season. Significantly
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lowest population C. album, L. sativa and P. minor
were recorded with adopting conventional tillage for
sowing of Rabi crops without previous season crop

residues. However, adoption of conventional tillage
for transplanting recorded lower population of A.
ludoviciana and M. hispida.

Table1.7: Weed growth and grain yield of rice as influenced by different crop establishment techniques and weed
management measures under rice-based cropping systems (2013-14)

Treatment Weed density Weed dry weight Yield (t/ha)
(Number/m?) (g/m?)
Kharif | Rabi Kharif | Rabi Rice | Rice equivalent
Tillage and crop establishment
CT (DSR) +S - CT - ZT 6.29 13.31 8.18 8.29 2.92 39
(39.06) (171.90) (66.41) (68.22)
CT (DSR) +S+R-CT +R-ZT 6.58 14.16 743 8.37 3.17 41
(42.80) (200.00) (54.70) (69.56)
ZT (DSR) +S-ZT - ZT 6.67 15.54 9.55 9.97 3.14 41
(43.99) (241.00) (90.70) (98.90)
ZT (DSR) +S+R-ZT +R - ZT G151 14.37 7.58 8.87 3.46 41
(29.86) (206.00) (60.34) (78.18)
CT (TPR) - CT 4.24 12.88 4.48 7.51 3.65 3.6
(17.48) (165.40) (19.57) (55.90)
LSD (P= 0.05) 0.97 0.83 1.53 1.13 0.09 0.10
Cropping system
DSR - Pea 6.21 15.15 747 8.50 3.05 3.1
(38.06) (229.00) (55.30) (71.75)
DSR - Mustard 6.60 17.50 7.69 8.48 3.61 32
(43.06) (305.75) (58.64) (71.41)
DSR - Winter maize 4.77 9.50 7.17 8.82 3.15 5.6
(22.25) (89.75) (50.90) (77.29)
LSD (P=0.05) 0.85 0.57 0.85 0.67 0.06 0.14
Weed control
Weedy check 12.27 19.36 16.24 12.78 2.42 3.0
(150.05) (374.69) (263.24) (162.82)
Herbicide 237 12.78 235 7.78 3.77 4.0
(5.12) (162.83) (5.02) (60.02)
Herbicide + HW 3.00 10.02 373 5.26 3.62 47
(8.50) (99.90) (13.41) (27.17)
LSD (P=0.05) 0.73 0.72 0.88 0.62 0.06 0.09

DSR - direct-seeded rice, TPR - transplanted rice, S - Sesbania brown manuring, CT - conventional tillage, ZT - zero tillage, R - residue,
*Data subjected to 4x+0.5 transformation. Figures in parentheses are original values.

Significantly highest rice equivalent yield (4.1
t/ha) was obtained with adoption of conventional/
zero tillage + of previous season crop residues over
CT (TPR)-CT crop establishment techniques.
Amongst cropping systems, significantly lowest
population of M. denticulata, P. minor, and L. aphaca
were recorded under DSR - winter maize cropping
system. However, lowest population of A. ludoviciana
and C. album was recorded with DSR - mustard
system. Different cropping systems did not influence
significantly the total weed dry biomass production.
So far rice equivalent yield is concerned; significantly

highest yield was recorded under DSR - winter maize
cropping system over rest of the cropping system
(Table 1.7). Amongst weed control treatments
integrated weed management produced significantly
higher rice equivalent yield (4.7 t/ha) than weedy
check (3.0t/ha).

Soil health parameters

The observations recorded on soil health
parameters, viz. soil respiration, soil organic carbon
(SOC) and available N content were significantly
affected by tillage and crop residue treatments. The

lowest soil respiration was recorded in DSR-ZT+R+5-
ZT-ZT and it was statistically similar to DSR-CT+S-
CT-ZT. Crop residue recycling significantly increased
CO, evolution from soil in both CT and ZT indicating
greater microbial activity in presence crop residue.
Lowest SOC content was recorded in CT (TPR)-CT
and it was statistically similar to DSR-CT+S-CT-ZT
and DSR-ZT+S-ZT-ZT, but significantly lower than
that as observed under DSR-CT+R+S-CT-ZT and
DSR-ZT+R+S-ZT-ZT. Similarly, available N content
was also lowest in CT (TPR)-CT and it was
significantly lower than that recorded under DSR-
ZT+S-ZT-ZT, DSR-ZT+R+S-ZT-ZT and DSR-
CT+R+S-CT-ZT. This indicated that the resource
conservation technologies had beneficial effect on soil
health compared to CT (TPR) -CT (Table 1.8).

Table 1.8: Effect of resource conservation technologies on
soil health parameters under DSR- based

cropping system
Treatment Soil SOC | Available N

respiration | (%) (kg/ha)
(mg CO»/h)

DSR -CT+S -CT -ZT 1.72 0.64 145

DSR -CT-R+S -CT+R -ZT+R 2.38 0.72 154

DSR ZT+S ZT ZT 1.63 0.63 152

DSR -ZT +R+S -ZT+R -ZT+R 212 0.71 159

CT (TPR) -CT 2.07 0.60 135

LSD (P=0.05) 0.40 0.10 12

The observation was recorded on the effect of
crop establishment techniques and weed
management practices on nodulation in pea in the
DSR-pea-green gram system. Compared to DSR-
CT+S-CT-ZT (CTS), nodulation in pea was higher
under DSR-ZT+S-ZT-ZT (ZTS). Crop residue
recycling increased nodulation, but the increase was
more prominent between DSR-ZT+S-ZT-ZT and
DSR-ZT+R+S-ZT-ZT (ZTSR) than between DSR-
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Figure 1.1: Effect of crop establishment techniques and
weed management practices on nodulation in pea.
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CT+S-CT-ZT and DSR-CT+R+S-CT-ZT (CTSR).
Significantly higher nodule count was recorded in
metribuzin treatment, compared to pendimethalin
and weedy treatments. The overall results showed
that the RCTs like ZT and crop residue recycling
favoured nodulation, and metribuzin was safer than
pendimethalin in terms of pea nodulation (Figure 1.1)

Herbicideresidue studies

Straw and grain samples of rice after harvest
were extracted in suitable solvents following
standard protocol.  Extracts were cleaned up
chromatographically and analysed by LC-MS/MS.
No residue of bispyribac-sodium, 2,4-D and
fenoxaprop was detected on mass spectra.

1.1.5 Weed management in soybean-wheat-
greengram 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, 2013 with the objectives to
monitor weed dynamics, crop productivity, herbicide
residues, C-sequestration, physico-chemical and
biological properties of soil under soybean-wheat
cropping system. Total fifteen treatment
combinations consisting of five establishment

methods viz., (i) CT(soybean)-CT (Wheat), (ii)

CT(soybean)-ZT (Wheat)-ZT (greengram), (iii) ZT

(Soybean)+R-ZT (wheat)-ZT (greengram), (iv) ZT

(soybean)-ZT (wheat)+R-ZT (greengram), (v) ZT

(soybean) + R-ZT (wheat)+R-ZT (greengram)+R; and

three weed control measures viz., Weedy check,

Pendimethalin fb imazathapyr and Metribuzin + 1

hand weeding during rainy season, which was super

imposed by mesosulfuron+idosulfuron and
clodinafop+metsulfuron during winter season; laid
outinsplit-plot design with three replications.

Soybean

Dominant weed flora were: Echinochloa colona,
Digera retroflexa, Cyperus eragrastis, Cyperusiria, Eclipta
alba, and Oldenlandia sp. Different tillage practices
significantly influenced the distribution of weed flora,
total weed density and weed dry matter production at
60 DAS (Table 1.9). Significantly lowest population of
E. colona and D. retroflexa was recorded under ZT
(Soybean)-ZT+R (Wheat), while lowest population of
C. iria was noticed with CT (Soybean). ZT+R
(Soybean) recorded the lowest population of E. alba
and Oldenlandia sp. So far total weed density is
concerned, significantly lowest density was observed
under CT (Soybean). However, ZT+R (Soybean)
produced significantly lowest weed dry biomass at 60
DAS. Adoption of ZT produced significantly higher
seed yield of soybean over CT. Both the weed
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management treatments significantly reduced the
weed density and dry biomass as compared to
unweeded control, and gave highest seed yield of
soybean.

Wheat

Dominant weed flora in wheat were Medicago
hispida, Chenopodium album, Cichorium intybus, Physalis
minima, Vicia sativa and Phalaris minor. Different
tillage practices significantly influenced the species
wise distribution of weed flora. Lowest population of
M. hispida, C. album, V. sativa and C. intybus were
recorded with CT (Wheat) over ZT (Wheat); whereas,

lowest population of P. minor and P. minima was
noticed under ZT (Wheat). CT (Soybean)-CT (Wheat)
produced significantly lowest total weed growth over
rest of the tillage practices. Different crop
establishment techniques did not influencethe grain
yield of wheat significantly, but the highest grain
yield of wheat (4.74 t/ha) was obtained under ZT
(Wheat) + retention of previous season crop residue
(Table 1.10). Amongst weed control measures, lowest
weed growth and highest grain yield of wheat was
recorded with the post-emergence application of
coldinafop + metsulfuron (60+4 g/ha)

Table1.9: Weed density and weed dry matter production in soybean as influenced by different tillage systems
and weed management measures (2014)

Treatment Density (Number/m?) Total Seed
Echinochloa | Dinebra | Cyperus | Eclipta | Oldenlan | Total | weeddry | yield
colona retroflexa iria alba dia sp. biomass (t/ha)
(g/m?)
Tillage and crop establishment
CT(soybean)-CT(wheat) 23 44 35 1.6 17 6.8 9.7 0.77
(6.1) (18.9) (12.3) (21) (2.6) (46.8) (94.7)
CT(soybean)-ZT(wheat)- 3.2 35 41 14 2.4 7.0 8.1 0.80
ZT(Green gram) 9.8) (11.8) (16.7) (1.4) (5.5) (48.7) (65.2)
ZT+R(soybean)-ZT(wheat)- 28 4.8 47 13 12 8.0 7.7 0.89
ZT+R(Green gram) (7.8) (23.3) (21.8) (1.4) (1.1) (64.9) (59.4)
ZT(soybean)-ZT +R(wheat)- 29 3.4 5.7 1.9 13 7.6 7.3 1.02
ZT+R (Green gram) (8.0) (11.4) (32.3) (3:3) 1.2) (58.4) (53.3)
ZT+R (Soybean)-ZT+R (wheat) 37 4.2 43 17 14 75 6.6 143
ZT+R(Green gram) (13.3) (17.3) (18.1) (2.7) 1.7) (56.9) (43.8)
LSD (P= 0.05) 0.89 0.38 0.81 0.3 0.35 0.72 0.69 0.39
Weed control
Weedy check 5.7 6.0 7.6 15 1.0 11.6 12.8 0.36
(32.3) (36.5) (58.0) (2.0 (0.6) (135.4) (165.6)
Pendimethalin fb imazathapyr 12 2.6 15 11 0.7 G5 21 131
(1.0) 6.2) 1.9) 0.8) (0.0) (11.7) (3.9)
Metribuzin+ 1THW 2.0 35 42 21 32 7.1 87 1.28
(3.8) (12.3) (17.9) (4.1) 9.8) (51.2) (76.2)
LSD (P=0.05) 0.68 0.36 0.46 0.29 0.2 0.5 0.4 0.26

and weed management measures (2014)

Weed data subjected to y/x+0.5 transformation, original values are in parentheses

Table1.10: Weed density and weed dry matter production in wheat as influenced by different tillage systems

Density (Number/m?) Total Grain
Treatment Medicago | Chenopodium| Vicia | Cichorium | Physalis |Phalaris| Total w?ed dry | yield
sativa album sativa intybus minima | minor biomass | (t/ha)
(g/m?)
Tillage and crop establishment
CT(soybean)-CT(wheat) gl5 23 0.8 1.0 1.52 25 5.0 22 44
(12.3) (44) (0.1) (0.6) (1.81) (5.8) (24.6) (4.6)
CT(soybean)-ZT(wheat)- 5.0 12 12 12 1.54 25 6.1 2.1 47
ZT(Green gram) (24.8) 0.9) (0.9) (0.9) (1.87) 6.1) (37.8) (4.3)
ZT+R(soybean)-ZT(wheat)- 5.2 17 1.0 14 0.70 16 5.8 27 45
ZT+R(Green gram) (26.9) (0.8) (0.6) (L5) (0.00) (2.0) (33.1) (7.1)
Table Cont..
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Density (Number/m?) Total Grain
Treatment Medicago | Chenopodium| Vicia | Cichorium | Physalis |Phalaris| Total | Weed dry yield
sativa album sativa intybus minima | minor biomass | (t/ha)
(g/m?)
ZT(soybean)-ZT +R(wheat)- 438 14 1.0 1.6 0.84 20 5.7 22 43
ZT+R (Green gram) (23.2) (14) (0.5) (2.1) (0.21) (3.7) (32.9) (4.3)
ZT+R (Soybean)-ZT+R (wheat)-| 4.4 14 0.8 17 0.86 20 59 24 43
ZT+R(Green gram) (19.5) (L6) (0.1) (24) (0.24) (3.7) (34.5) (5.6)
LSD (P= 0.05) 0.76 0.28 0.53 0.41 0.33 0.42 0.35 0.39 0.5
Weed control
Weedy check 6.5 24 1.0 i3 14 17 75 42 42
(42.9) (5.3) (0.6) (1.3) (1.6) (24) (56.3) (17.5)
Mesosulfuron+iodosulfuron 33 11 0.9 13 0.9 21 44 12 44
(10.4) (0.8) 0.4) (1.2) 0.3) (4.2) (19.6) 0.9)
Clodinofop + metsulfuron 4.0 0.9 0.9 15 0.9 25 5.1 1.6 47
(15.6) (0.4) (0.4) (1.9) 0.3) 62) | (264 23)
LSD (P=0.05) 0.32 0.25 0.28 0.23 0.30 0.31 0.32 0.35 0.59

Weed data subjected to 4'x+0.5 transformation, original values are in parentheses

Microbiological studies in soybean-wheat-
greengram

The basic and functional bacterial counts of the
soil samples of soybean - wheat - greengram cropping
system are presented in table. The total culturable
bacteria population were higher in ZT-ZT+R-ZT+R
with 7.5 log cfu/g soil. Interestingly, the tillage
practice, ZT + R- ZT -ZT + R registered more number
of fungi (4.7 log cfu/ g soil), actinobacteria (5.7 log cfu
/g soil), diazotrophs (6.7 log cfu/g soil), nitrite

oxidiser (5.7 log cfu/ g soil) population. On the other
hand, higher P- solubilizers (5.8 log cfu/g soil) were
recorded in CT-ZT-ZT treatment. Dehydrogenase
activity in the soil were significantly influenced by the
different tillage practices. Among the different tillage
practices, maximum dehydrogenase activity (35.3pg
TPF/ g soil/24hr) was observed in ZT+R-ZT+RZT+R
treatment. There was no harmful effect of weed
management measures on soil microbial population
(Table1.11).

Table 1.11: Tillage and weed management practices on soil microbial activity under soybean-wheat cropping system

Basic and functional microbial groups (log cfu /g dry weight of soil) Soil enzyme activity
Treatment . . Actino . Nitrite P- Dehydrogenase
iediER | Tt bacteria DT oxidizers solubilizers TP};’/g s%)i]/24h1(';lg
Tillage and crop establishment
CT-CT 6.7 44 4.5 6.6 53 5.4 22.5
CT- ZT- ZT 6.9 4.0 5.5 6.4 5.6 5.8 312
ZT+R-ZT -ZT +R 74 47 5.7 6.7 5.7 5.7 26.6
ZT-ZT+R-ZT +R 7.5 43 5.5 6.2 5.3 48 34.5
ZT+R-ZT+R-ZT +R 6.9 43 5.5 6.2 53 49 35.3
LSD(P=0.05) 1.03 NS 0.80 0.94 0.79 0.79 4.04
Weed management
Weedy check 6.9 44 53 6.4 5.4 5.4 29.7
Pendimethalin 750
g/ha fb imazethapyr 7.2 43 54 6.6 55 513 314
100 g/ha
Metribuzin 0.5 kg/ha
+1HW at 45 DASg/ 7.2 43 5.4 6.5 515 53 29.1
LSD (P=0.05) NS NS NS NS NS NS NS

1.1.6 Weed management in maize-wheat-green
gram cropping system under conservation
agriculture
A field experiment was initiated in rainy season

2013 to study the long-term effects of conventional

tillage, zero tillage with and without crop residues

and weed management on weeds and crop

productivity in maize-wheat-green gram cropping
system.

Wheat (Rabi, 2013-14)

The major weed flora observed in the wheat
crop grown in Rabi, 2013-14, comprised of Medicago
denticulata, Chenopodium album, Cichorium intybus,
Vicia sativa, Physalis minima, Sonchus arvensis etc. Weed
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biomass was least under ZT+R and under application
of meso+iodosulfuron. Grain yield was more or less
similar among tillage treatments (3.81 to 4.42 t/ha).
Application of meso+iodosulfuron produced the
highest grain yield (4.53 t/ ha).

Green gram (Summer, 2014)

The major weed flora observed in the green
gram crop grown in Summer, 2014, comprised of
Paspalidium sp., Physalis minima, Echinochloa colona,
Dinebra retroflexa, Cyperus iria, Eclipta alba,. and others.
The lowest weed biomass (4.6 g/m’) was recorded in
ZT (maize) - ZT+R (wheat) -ZT+R (green gram). The
treatment CT (maize) - ZT (wheat) -ZT (green gram)
produced seed yield of 0.37t/ha.

Maize (Kharif, 2014)

The major weed flora observed in the maize
crop grown in Kharif, 2014, comprised of Echinochloa
colona, Dinebra retroflexa, Cyperus iria, Phyllanthus
niruri, Ecliptaalba, Paspalidium sp. and others.

Among the tillage treatments, the lowest weed dry
biomass (6.8 g/m’) was observed in ZT+R (maize)

whereas, the weed management treatment, atrazine +
pendimethalin(0.5+0.5 kg/ha) PE b 1 hand weeding
25 DAS recorded the lowest weed dry biomass
(24 g/m’). The grain yield of maize was highest
(5.98 t/ha) under CT (maize) - CT (wheat), which was
comparable with other tillage treatments except CT
(maize)-ZT (wheat)-ZT (green gram) (4.83 t/ha)
(Table 1.12). The treatment, atrazine + pendimethalin
(0.5+0.5 kg/ha) PE fb 1 hand weeding 25 DAS
recorded the significantly highest grain yield of 6.07
t/hathan unweeded control (4.78 t/ha).

Maize crop under CT

Table1.12: Weed biomass and grain yield of crops as influenced by different tillage systems and weed management
methods (Rabi, 2013-14, summer, 2014 and Kharif, 2014)

Treatment Weed dry biomass (g/m?) Grain yield (t/ha)
Wheat Green Maize Wheat Green Maize
gram gram
Tillage

CT (maize) - CT (wheat) 2.8 - 7.2 4.42 - 5.98
(7.3) (51.3)

CT (maize) - ZT (wheat) -ZT (green gram) 2.7 6.4 6.9 3.81 0.37 4.83
(6.8) (48.2) (47.1)

ZT+R (maize) - ZT (wheat) - ZT+R (green 35 52 6.8 3.98 0.25 5.87
gram) (11.8) (29.3) (45.7)

ZT (maize) - ZT+R (wheat) -ZT+R (green 2.1(3.9) 4.6 8.1 410 0.08 5.46
gram) (21.4) (65.1)

ZT+R (maize) - ZT+R (wheat) -ZT+R 25 (5.8) 48 9.2 4.32 0.15 5.27
(green gram) (26.0) (84.1)

LSD (P=0.05) 0.80 0.85 0.53 0.41 0.13 0.78

Weed management

Unweeded 4.8 77 14.0 3.68 0.14 4.78
@225) (612) | (195)

Atrazine+pendimethalin(0.5+0.5 kg/ha) PE 2.0 (3.5) 44 6.4 418 0.22 5.60
fb24-D (0.5 kg/ha) (19.8) (40.5)

Atrazine+pendimethalin(0.5+0.5 kg/ha) PE 1.4 3.6 24 4.53 0.28 6.07

b1 hand weeding 25 DAS (1.5) (12.7) (5.3)
LSD (P=0.05) 0.55 0.80 0.86 0.25 0.06 0.49

CT - conventional tillage, ZT - zero tillage, R - residue

Weed data subjected to vx+0.5 transformation, original values are in parentheses

Microbiological studies in maize - wheat -
greengram

Maximum amount of basic microbial
population such as bacteria (8.1 log cfu / g soil), fungi

(5.3 log cfu /g soil) and actinobacteria (6.0 log cfu /g
soil) were observed in ZT+R-ZT-ZT+R. Among the
tillage practices, ZT+R-ZT+R-ZT+R recorded the
higher diazotrophs (6.9 log cfu /g soil) and P
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solubilizers (4.7 log cfu /g soil). On the other hand,
higher nitrite oxidizer (5.6 log cfu /g soil) received by
the CT-ZT-ZT treatment. The soil dehydrogenase
activity was significantly influenced by both tillage
and weed management practices in the maize -wheat-
green gram cropping system (Table 1.13).

DWR

Interestingly, application of herbicide marked
influence on soil dehydrogenase activity. Among the
weed management treatments, the lower
dehydrogenase (30.1 3ug TPF/g soil/24 hr) activity
was observed in the atrazine+ pendimethalin applied
soil.

Table1.13: Tillage and weed management practices on soil microbial activity under Maize -wheat-green gram cropping

system
0 . 0 . o q Dehydrogenase
Basic and functional microbial groups (log cfu /g dry weight of soil) e
Treatment (ug TPF/g
Actino Nitrite P- ;
i i i soil/24 hr
Bacteria | Fungi bacteria Diazotrophs oxidizers | solubilizers & )
Tillage and crop establishment
CT-CT 6.7 45 47 6.6 54 4.4 27.8
CT- ZT- ZT 7.1 48 5.3 6.6 5.6 42 30.67
ZT+R-ZT -ZT +R 8.1 5.3 6.0 6.7 5.3 4.5 31.0
ZT-ZT+R-ZT +R 7.6 4.7 5.8 6.8 55 44 33.8
ZT+R-ZT+R-ZT +R 7.3 5.0 5.6 6.9 5.3 47 38.6
LSD (P=0.05) 1.12 0.73 0.81 0.94 0.75 0.63 4.46
Weed management
Weedy check 7.3 4.8 5.3 6.8 5.4 45 34.6
Atrazine + pendimethalin -
(500 g + 500 g/ha) fb 2,4-D 7.5 49 5.6 6.7 5.3 4.4 35
500/ha
Atrazine +Pendimethalin-
(500 g + 500 g/ha) fb THW 74 49 5.6 6.8 515 4.4 30.1
@ 25 DAS
LSD (P=0.05) 0.69 0.45 0.51 0.64 0.52 0.42 3.10

1.1.7 Long-term impact of herbicides in maize-
chickpea green gram cropping system under
conservation agriculture systems

A long-term field experiment on the effect of
crop establishment techniques and weed
management under conservation agriculture was
carried out with the objectives to monitor weed
dynamics, crop productivity, physico-chemical and
biological properties of soil, and herbicide residues
under maize-chickpea cropping systems. The
experiment was laid out in bigger plots in split plot
design with five main treatments (tillage methods)
i.e.(i) conventional tillage- conventional tillage (CT-
CT), conventional tillage-zero tillage- zero tillage (CT-
ZT-ZT), zero tillage + residue -zero tillage-zero tillage
+residue (ZT+R-ZT-ZT+R), zero tillage- zero tillage +
residue- zero tillage + residue, (ZT-ZT + R-ZT + R),
zero tillage + residue- zero tillage + residue- zero
tillage + residue (ZT + R- ZT + R- ZT + R) and three
sub treatments (weed management practices)

ICAR-DWR Annual Report 2014-1

(weedy, atrazine+pendimethalin (PE) fb 2,4-D at 30
DAS, atrazine+pendimethalin (PE) b 1 HW at 25
DAS) as main- and sub-treatment, respectively.

Major weed flora were Echinochloa colona,
Dinebra retroflexa, Cyperus iria, Eclipta alba, Phyllanthus
niruri and Physalis minima. Among the tillage weed
infestation was higher with zero tillage treated plots
as compared to conventional tillage. weed
management practices significantly reduce the weed
density and dry biomass accumulation at different
crop growth stages as compare to un-weeded
situation. Conventional tillage reduces the weed
population and increased the yield. All the weed
management practices controlled the weeds
significantly as compared to weedy check. Among
weed management practices Atrazin (500 g/ha) +
Pendimethalin (750 g/ha) followed by 1 HW
managed the weed more efficiently and yielded
maximum (6.52 ton/ha) (Figure1.2).
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Comparison between weed management
practices and unweeded control

250 7 I Weed dry weight at harvest (g/m) H Yield (t/ha) r9.00
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Weed dry weight at harvest (g/m’)

Tlllage practlces

Figure 1.2: Tillage and weed management affecting weed
biomass and maize yield

Microbiological studies

Maximum amount of bacteria (7.8 log cfu /g
soil), diazotrophs (7.2 log cfu / g soil), dehydrogenase
activity (38.0 pg TPF/ g soil/24hr) were observed in
soils of ZT+R-ZT+R-ZT+R treatment. Whereas,
higheramountof fungi(5.4logcfu /gsoil) and nitrite
oxidiser (6.6 log cfu / g soil), P solubilizers (4.7 log cfu
/g soil) were found in ZT+R-ZT-ZT+R treatment.
While, more actinobacteria population were observed
in ZT-ZT+R-ZT+R followed by ZT+R-ZT+R-ZT+R
(Table 1.14). Herbicide treatments at the level tested
were not harmful to soil microbes and enzymes.

Table1.14: Tillage and weed management practices on soil microbial activity under maize-chickpea-greengram

cropping system
Basic and functional microbial groups (log cfu /g dry weight of soil) Dehydfotgenase
Treatment act;‘g;y
Bacteria | Fungi | Actinobacteria| Diazotrophs Nitrite P- (i g 4 ﬁg
oxidizers | solubilizers ol i)
Tillage and crop establishment
CT-CT 6.7 44 45 6.6 6.1 4.6 30.4
CT-ZT-ZT 6.9 4.8 52 6.6 6.1 44 32.6
ZT+R-ZT-ZT+R 7.7 54 5.2 6.8 6.6 47 33.0
ZT-ZT+R-ZT +R 7.5 53 5.8 7.0 6.2 45 33.8
ZT+R-ZT+R-ZT +R 7.8 53 5.4 72 6.4 44 38.0
LSD(P=0.05) 1.07 0.74 0.73 0.94 0.92 0.65 471
Weed management

Weedy check 72 5.0 5.1 6.9 6.2 4.5 34.5
Atrazine + pendimethalin - 7.3 5.0 5.4 6.7 6.3 44 33.1
(500 g + 750 g/ha) fb 2,4-D

500 g/ha

Atrazine + pendimethalin - 7.5 5.1 52 6.9 6.4 4.6 33.7
(500 g + 750 g/ha) fb THW

@ 25 DAS

LSD (P=0.05) 0.69 0.47 0.49 0.64 0.60 0.43 3.19

18 |

1.1.8 Impact of conservation tillage and weed
management practices on growth and yield
under cotton- wheat cropping system.

The long term experiment was conducted to
study the growth and yield of cotton with respect to
different crop establishment methods and weed

management practices. The experiment was laid out
in split plot design with bigger plot size (18 x 9 m). The
main treatment consists of 5 main treatments (raised
bed (T,), permanent raised bed (T,), convetional tillage
(CT) + Sesbania (Ts), zero tillage (ZT) + residue (T,), and
conventional tillage (CT). The sub plot treatment
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comprises 4 treatments (unweeded control (S)),
pendimethalin fb Pendimethalin fb quizalofop (S,),
pendimethalin fb pendimethalin fb pyrithiobac fb
quizalofop (S,) and pendimethalin fb directed spray of
glyphosate.

Comparison between weed management practices
and unweeded control

Dominant weeds in the field were: Echinochloa
colona, Cyperus spp,, Phyllanthus niruri and Commelina.
The results revealed that the crop establishment
techniques and weed management practices
significantly affected the population of different weed
species. Lower population of Echinochloa colona was
recorded with conventional tillage (CT) + Sesbania
than conventional tillage (CT) alone. Higher seed
cotton yield (SCY) (1.59 t/ha) was found with raised
bed. The sub treatments had significant effect on
different weed species and weed dry weight at 60
days after sowing (45 DAS). Significantly lower weed
count and weed dry weight was recorded with the
application of pendimethalin fb pyrithiobac fb
quizalofop thus recorded higher SCY (1.19 t/ha)
(Figure1.3).
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0.00 ke eenen Weedy Pendi o Penifb Penifb
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Ny [«2} [e}

)

Crop Establishment Weed management

Figure 1.3: Effect of crop establishment and weed
management practices on seed cotton yield
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1.2 System-based approach to weed
management

1.2.4 Effects of crop establishment practices of rice,
tillage and weed management practices on
yield and yield attributing characters of
wheat.

Wheat

After harvest of rice, wheat was grown during
rabi season 2013-14 to study the effect of crop
establishment methods practiced in of rice on ZT and
CT wheat under different weed management
practices. The experiment was designed in spilt spilt
plot, comprised of main treatments (Transplanting
(TP), Puddled broadcast sowing with sprouted seed
(PBSR), Direct Seeded Rice (DSR) and System of Rice
Intensification (SRI) during kharif season), sub
treatment (conventional tillage (CT) and zero tillage
(ZT) in wheat) and sub sub treatment (mesosulfuron +
iodosulfuron, sulfosulfuron + metsulfuron,
clodinafop +2,4-D and weedy check).

e R

Effect of different weed management practices
on different weed flora

The field was infested with Phalaris minor,
Medicago denticulta, and Chenopodium album.
Preceding treatments of crop establishment during
kharif season did not showed significant effect on
wheat yield and infestation of weeds. Whereas, tillage
practices in wheat zero tillage (ZT) and conventional
tillage (CT) resulted in significant effect on weed
population and weed dry weight. Significantly higher
population of Medicago denticulata was recorded with
ZT while CT recorded significantly higher population
of Chenopodium album. Both the tillage practices were
significantly similar for the population of Phalaris
minor /m’. Significantly higher weed dry weight was
recorded with ZT as compared to CT. Among weed
management treatments sulfosulfuron + metsulfuron
and mesosulfuron + iodosulfuron significantly
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reduced the population of Phalaris minor as compared
to clodinafop + 2,4-D (Table 1.15). All the weed
management techniques significantly reduced the
population of Medicago denticulata, and Chenopodium
album.

Different crop establishment practices of rice
affected significantly, the yield and yield attributing
characters of wheat. The yield was higher after DSR as

compared to puddling treatments. The tillage
treatments in wheat also had no effect on yield and
yield attributing characters. However, the weed
management techniques differ significantly for yield
and yield attributing characters. Significantly higher
number of spike/m’ and yield was observed with all
the weed management techniques as compared to
unweeded control (Table 1.15).

Table1.15: Effect of crop establishment practices of rice and tillage and weed management practices in wheat on yield and

yield attributing characters of wheat

DWR

Table 1.16: Effect of different crop establishment techniques and weed management on growth and yield of rice

Treatment Spike Plant No. of No. of Yield T otal weed
length height spike/m? seed/spike (t/ha) dry wt.
(cm) (cm) (g/m?)
Treatments to rice
DSR 11.9 848 285 65.7 549 183
Transplanting 11.2 81.0 265 61.0 5.03 18.2
SRI 113 80.4 263 58.9 477 19.9
PBSR 115 82.6 265 59.8 512 178
LSD (P=0.05) NS NS NS 5.3 0.51 NS
Treatments to wheat
Weedy check 11.6 83.0 257 60.8 468 419
Sulfosulfuron + metsulfuron 113 817 274 61.2 5.34 8.6
Clodinafop +2,4-D 11.6 85.6 274 59.5 5.24 134
Mesosulfuron + iodosulfuron 115 79.8 278 64.6 521 96
LSD (P=0.05) NS 24 13 NS 0.36 6.1
Treatments to wheat
7T 11.5 82.6 268 60.4 5.04 22.6
CT 114 825 274 62.7 5.19 14.1
LSD (P=0.05) NS NS NS NS NS 52
Rice Caesulia axillaris. Different crop establishment

An experiment was initiated in Kharif 2011 and
continued in 2014 to study the effect of crop
establishment methods and weed management
techniques on weeds and productivity of rice wheat
system. The experiment was laid out in split plot
design the main treatments consisted of four rice
cultures viz. Transplanting (ITP), Puddled broadcast
sowing with sprouted seed (PBSR), direct seeded rice
(DSR) and System of Rice Intensification (SRI) and the
sub treatment comprises four weed management
practices i.e. Weedy Check, Herbicide alone
(Bispyribac-sodium 25 g /ha), Herbicide (Bispyribac-
sodium 25 g/ha ) + 1 Hand weeding (20 DAS DAT/
DAS) and 2 Handweeding (20 & 45 DAS/DAT)

The dominant weed flora of the field were
Echninochloa colona, Cyperus spp, Eclipta alba and

practices significantly affected the weed population of
different species. Significantly higher population of
Echninochloa colona was recorded under DSR while
lowest population of Cyperus spp was observed with
DSR. Significantly lower population of Echninochloa
colona was recorded with SRI, TP and PBSR. Higher
population of Cyperus spp was observed with PBSR as
compared to DSR. PBSR also accounted for higher
weed dry weight. Under weed management practices
bispyribac alone and bispyribac+ 1 HW significantly
reduced the population of Echninochloa colona and
Cyperus spp. The close perusal of the data revealed that
the bispyribac has lesser impact on controlling Eclipta
alba and Caesulia axillaris. All the weed management
practices and 2HW recorded significantly lower weed

dry weight as compared to unweeded control
(Table1.16).

Yield Pl'ant Panicle 1000 Effective Total weed
Treatment Height length . ) dry wt
t/ha (cm) (cm) seed wt | tillers/m (g/m?)
Crop establishment methods
DSR 3.81 88.6 20.8 29.9 262 85.8
Transplanting 4.23 89.7 23.8 S5 223 54.2
SRI 4.88 95.5 25.1 32.1 210 63.8
PBSR 3.96 86.3 223 31.0 242 76.5
LSD (P=0.05) 0.39 7.81 0.98 1.35 30.8 38.7
Weed management
Weedy Check 3.46 122 22.8 il 201 136.2
Bispyribac 4.20 123 22.5 31.1 232 60.3
Bispyribac + 1 HW 4.48 129 22.8 30.9 253 42.1
2HW 4.74 125 23.9 31.0 263 36.3
LSD (P=0.05) 0.4 711 NS NS 244 34.6
Crop establishment methods had significant " cont ot cutvation (9a)  aroms rotum (e
effect on yield and yield attributing characters. g  Netreturn (tha) - Yield (tha)
>4 M Tip count ¥ Volume M Root area (mm2)
Minimum effective tillers per m* were recorded with g = 4om0
SRI which was at par with TP and significantly lower é E :::: g
to PBSR and DSR. The reverse trend was observed for § § 150 zsoo“'g: 52
1000 seed weight, panicle length and plant height. 82 e ::::5 £
Significantly higher panicle length, 1000 seed weight g 3 v 3
and plant height was recorded under SRI leads to :‘Z: s " 500
significantly higher yield (4.88 t/ha) as compared to g * " osr ™ sw PusR

other crop establishment practices (Table 1.16).
Among weed management practices significant
difference was observed for plant height, effective
tillers/m’ and grain yield. The highest value for these
characters were recorded with 2 HW which was at par
with bispyribac + 1 HW and bispyribac alone and all
were significantly superior over unweeded control
(Table 1.16). The maximum net return (¥ 30385/ -) was
recorded with SRI + bispyribac while B:C ratio was
maximum in treatment PBSR+2HW (Figure 1.4).
Different crop establishment practices affected root
area significantly. Maximum tip count, root area and
root volume was recorded under SRI (Figure 1.5)

= Cost of cultivation (I/ha) - Gross return (¥/ha)
= Net return (J/ha) ~Yield (t/ha)
70000 6
60000 |
50000
40000
30000 ﬁ‘

2
20000 - —

10000 - !

Cost of cultivation, Gross return, Net return (3/ha)
Yield (t/ha), B:C ratio

DSR-WC DSR-Bis SRI-2HW SRI-Bis PBSR-2 HW

Crop Establishment + Weed Management
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Figure 1.4: Economics of different Treatments

Crop

Crop Establishment

+ Weed

Figure 1.5: Effect of different crop establishment
techniques on root growth of rice

1.25 Long term effect of weed management
practices on weed dynamics and crop
productivity in soybean-wheat cropping

system

A field experiment was initiated during rainy
season of 2014 in soybean-wheat system to study the
effect of herbicides on weed and crop yields.

Soybean

The major weed flora consisted of Echinochloa
colona, Cyperus iria, Phyllanthus niruri, Mollugo sp.,
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Convolvulus arvensis, Dinebra sp., Euphorbia geniculata
etc. The lowest weed population and weed dry
weight (18.3 no./m” and 1.8 g/m’ were observed
with the application of pendimethalin 750 g fb

imazethapyr 100 g/ha, and metribuzin 500 g fb
imazethapyr 100 g/ha. The highest seed yield of
soybean (1.39 t/ha) was obtained by the treatment
metribuzin 500 g fb imazethapyr 100 g/ha (Table 1.17).

Table1.17: Effect of treatments on weed density, weed dry biomass at 60 DAS and seed yield in soybean (rainy

season, 2014)
Treatment *Weed density *Weed dry Seed yield
(no,/m2) biomass (t/ha)
(/m2)

Pendimethalin 750 g/ha PE 9.8 (101.7) 7.7(65.1) 0.75
Pendimethalin 750 g/ha PE fb imazethapyr 100 g/ha 20 DAS 4.1 (18.3) 1.8 (2.7) 121
Pendimethalin 750 g/ha PE fb 1 HW 4 0 DAS 9.0 (82.3) 4.4 (20.9) 1.37
Metribuzin 500 g/ha 7.1 (51.0) 4.6 (21.9) 1.33
Metribuzin 500 g/ha PE fb imazethapyr 100 g/ha 20 DAS 5.1 (27.0) 22(4.8) 1.39
Metribuzin 500 g/ha PE fb 1 HW 40 DAS 8.6 (74.3) 3.7 (13.7) 1.38
Imazethapyr 100 g/ha 20 DAS 8.1 (66.3) 4.8 (23.0) 0.71
Imazethapyr 100 g/ha 20 DAS fb 1 HW 40 DAS 5.4 (30.0) 21(41) 0.93
2 hand weeding 20 & 40 DAS 7.9 (63.3) 26 (6.2) 1.29
Unweeded 10.3 (108.3) 10.8 (119.9) 0.45
LSD (P=0.05) 2.96 2.79 0.31

Weed data subjected to 4/x+0.5 transformation, original values are in parentheses

1.2.6 Cropping system approach for weed
management in mango orchard
An experiment was initiated in rainy season
2013 to evaluate various intercrops in sequence for
weed suppression in mango orchard.

Winter, 2013-14

The major weed flora infesting the mango
orchard was Medicago denticulata, Chenopodium album,
Vicia sativa, Dinebra retroflexa, Sonchus arvensis,
Alternanthera sessilis etc. The results revealed that
Sesbania(R)-pea(W)-cowpea(S) treatment recorded
lowest weed dry biomass (16.0 g/m’) compared to
unweeded control (118.7 g/m?’) (Table 1.18).

Summer, 2014

The major weed flora infesting the mango
orchard was Echinochloa colona, Dinebra retroflexa,
Cyperus iria, Commelina benghalensis, Euphorbia
geniculata, Alternanthera sessilis, etc. The results
revealed that Sesbania (R)-pea (W)-cowpea(S)
treatment recorded lowest weed dry biomass (8.0
g/m’) compared to unweeded control (45.6 g/m”).

Rainy, 2014

The major weed flora infesting the mango
orchard was Echinochloa colona, Dinebra retroflexa,
Cyperus iria, Commelina benghalensis, Euphorbia
geniculata, Alternanthera sessilis etc. The results
revealed that Sunhemp(R)- pea(W)- green gram(S)
treatment recorded lowest weed dry biomass (10.1
g/m?) compared to unweeded control (160.4 g/m?)
(Table1.18).

Weed management in mango orchard
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Table 1.18: Effect of treatments on weed density and weed dry biomass at 60 DAS in mango orchard

Weed density (no. /m?) Weed dry biomass (g/m?)
Treatment Winter, Summer, Rainy, Winter, Summer, Rainy,

2013-14 2014 2014 2013 -14 2014 2014
Sesbania(R) - pea(W) -cowpea(S) 33.0 35.3 18.5 16.0 10.8 10.2
Sunhemp(R) -pea(W) - green gram(S) 29.3 34.3 11.5 17.7 8.0 10.1
Soybean (R)-pea (W) -sesbania (S) 49.3 37.3 64.5 19.3 10.1 34.9
Sorghum (R)-pea (W) -sunhemp (S) 65.0 39.3 107.5 23.7 14.4 83.7
Glyphosate 2.0 kg/ha (R-W-S) 0.0 33.0 59.0 0.0 18.3 101.5
Unweeded 84.0 45.7 201.5 118.7 45.6 160.4
LSD (P=0.05) 5.67 10.20 22.31 9.42 2.71 12.19

R- rainy season; W-winter season; S-summer season

1.3.7. Deciding optimum dose of herbicides in
mixture using doseresponse curve

A field experiment was conducted in Rabi 2013-
14 to decide dose of herbicides when used in mixture
using dose response curve in wheat crop. The
experiment comprised of treatment combinations of
two herbicides clodinofop and 2,4-D at different doses
45, 50, 55, 60 g/ha and 500, 480, 440, 400 g/ha
respectively to control grassy and broad leaved
weeds. The experiment was laid out in 5° factorial
Randomized Block design with 3 replications. There
was diverse weed flora in the field. Among them
dominant weeds in the field were: Chenopodium album,
Medicago denticulata, Cichorium intybus,Physalis
minima, Vicia sativa and Phalaris minor. 2,4-D failed to
control all the weeds at recommended dose only 60-
70% control was observed at recommended dose. On
the other hand, clodinofop controls all grassy weeds
significantly even at lower dose but due to less
number of weeds (sometimes 0) it was not possible to
analyze data on clodinofop. Data on % weed control
by different doses of two herbicides was observed and
dose response models were fitted to data. Among
many models, Dose response Hill model was found to
be best fit for the data.

Dose-Response Hill functionis givenby: ,, — 5 ’

ax

where, y is the % weed control, ? is intercept,
?=ymax, x denote the dose, ? is the hill coefficient of
sigmoidicity and ? denote the ED50 value or the dose
for which 50% control is obtained. Before fitting the
model, error assumptions (normality, randomness
and homogeneity of the error variance) were
confirmed with studentized residuals and Shapiro-
Wilk normality test (Onofri et al. 2010). Data was
found to be non-normal, therefore arc sine

(pe + xf

transformation was applied to data to make it normal.
Hill model describes the relationship between the
dose and %weed control for the present data. From the
investigation of 2,4-D with doses 400, 440, 480 and
500g/ha, a hill model was fitted to 2,4-D alone as well
asinmixture data.

DR-Hill
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Figure 1.6 (a): Dose response curve of % weed control (arc sine
value) of broad leaved weeds in wheat crop with 2,4-D alone. 2,4-D
alone dose response curve Hill equation: y=(0.37*dose”0.617)/
(495.45"43.8+ dose”43.8).
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Figure 1.6 (b): Dose response curve of % weed control (arc sine value)
of broad leaved weeds in wheat crop with 2,4-D in mixture. 2,4-Din
mixture dose response curve Hill equation: y=(0.32*dose”\78.3)/
(713.94"15.4+ dose”15.4).
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Analysis revealed that ED50 value of 2,4 D was
estimated as 495.45 g/ha and 713.94 when used alone
and in mixture respectively.

1.3.8 Leguminous intercropping for weed
management in maize

A field experiment was conducted during
Kharif2014 to study the beneficial effect of leguminous
and allelopathic intercrops in terms of weed
infestation and productivity of maize-based cropping
system. The treatments consisted of IWMs viz.
cowpea intercropping+herbicide, Sesbania brown
manuring and sole chemical weed control measure,
beside a weedy control. The results recorded during
Kharif 2014 showed that all the 3 weed control
measures were equally effective and significantly
reduced both count and dry matter production of

weeds in maize compared to weedy check. Among
the treatments, highest maize yield was recorded in
atrazine+pendimethalin treatment followed by
cowpea intercrop + pendimethalin, Sesbania brown
manuring + pendimethalin+2,4-D and weedy control.
Sesbania brown manuring treatment was inferior to
both maize-cowpea intercropping and sole maize in
terms of maize yield. The maize yield as recorded in
the cowpea inter cropping + pendimethalin treatment
was statistically similar to the that recorded under
sole maize with atrazine+pendimethalin treatment
and also produced 6.24 tonnes of green fodder.
Hence, it was concluded that cowpea intercropping +
pendimethalin was a superior weed management
option over application of atrazine+pendimethalin
(Table1.19).

Table 1.19: Effect of cowpea intercropping and Sesbania brown manuring on weed infestation and yield of maize under ZT.

Treatment Weed count (no,/m’) Weed dry matter (g/m? Grain yield

30 DAS 60 DAS 30 DAS 60 DAS (t/ha)
Maize -Cowpea @ intercropping + "
senebimeliakn P 6.1 6.5 6.5 9.74 5.25
Maize + Sesbania * + pendimethalin

6.3 6.4 6.4 9.28 453

PE fb24-D (30 DAS)
Atrazine+pendimethalin PE
+2,4-D (30 DAS) 44 5.6 5.6 8.97 5.29
Weedy 10.9 12.9 12.9 12.8 3.85
LSD (P=0.05) 4.4 19 1.9 2.73 0.62

* Provided 6.24 tonnes of green fodder.

1.3.9 Sesbania and biogas slurry on weed
infestation and yield of rice

An experiment was conducted in field during
Kharif 2014 to study the effect of N sources on weed
infestation and yield of direct seeded rice under ZT.
The experiment consisted of three organic N sources,
viz. no manure, Sesbania and biogas gas slurry in main
plotas; combination of 2 levels of fertilizer N, viz, 18
and 120 kg/ha, and two levels herbicide, viz. 0 and
1 kg pretilachlor/ha PE, in sub-plots. Sesbania and
biogas slurry contributed 30 kg N /ha, and were
spread over the field at the time of rice seeding.

The result (Table 1.20) showed that the N, and
H+N,, treatments did not differ in terms of grain yield,
indicating that there was no beneficial effect of
pretilachlor in terms of grain yield obtained at low
level of fertilizer N (N,;). However, at high level of
fertilizer N (N,,), application of pretilachlor
significantly improved grain yield in unammended
and biogas slurry ammended plots; but such effect
was not significant in Sesbania ammended plots.
Increase in fertilizer N level from N, to N,
significantly increased rice yield by 65.5, 49.0, 47.4%

without herbicide application, and by 45.4, 69.5 and
104.7% with herbicide application under Sesbania,
biogas slurry and no manure treatments, respectively.
This showed that the effect of herbicide in terms of
increased grain yield with increasing N level was
relatively more prominent under no manure and
biogas slurry treatments, compared to Sesbania. The
probable reason for these observations could be that
the weed infestation increased significantly as N level
was increased from N, to N,,, under no manure and
biogas slurry treatments, but such increase in weed
infestation was insignificant under Sesbania treatment.

Among the treatments, lowest weed dry matter
was recorded under Sesbania+pretilachlor
combination. When herbicide was not applied, there
were no differences among no manure, biogas slurry
and Sesbania in terms of total weed dry matter.
However, with herbicide application, significant
reduction in weed dry matter production was
recorded in Sesbania treatment compared to no
manure treatment. This indicated that Sesbania alone
was not enough to control weed infestation in DSR,
butit has increased the efficiency of pretilachlor.
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Table1.20. Effect of Sesbania and biogas slurry on weed
infestation and yield of DSR under ZT.

Sub plot Main plot treatments

treatment Sesbania | BGS | No manure
Rice yield (t/ha)
H+N_,, 4.39 422 4.34
H+N 3.02 2.49 212
N, 3.69 3.13 3.08
N, 223 2.10 2.09
LSD (P=0.05) Main x Sub -plot: 0.81
Weed dry matter at harvest (t/ha)

H+N_,, 0.21 0.53 1.31
H+N 0.49 0.82 1.64
N, 2.34 2.63 2.41
N, 1.74 1.65 1.49
Mean 1.20 1.41 1.71
LSD (P=0.05) Main x Sub -plot: 0.91

H: Pretilachlor

1.3.10 Weed managementin sunflower

A field experiment was conducted during 2014
to find out promising weed control practice in
sunflower. Results revealed that two hand weeding
was most effective to control the weeds and obtaining
higher seed yield (3.13 t/ha). Among herbicides,
pendimethalin + imazethapyr 900 g, pendimethalin
750 g fb quizalofop 100 g/ ha significantly reduced the
weed population and weight, and produced seed
yield of 2.28 and 2.34 t/ha as compared to unweeded
control (2.06 t/ha)(Table1.21).

Weed management in sunflower (2014)

Table 1.21: Effect of weed management practices on weeds and sunflower yield (Rabi, 2014)

Treatment *Weed *Weed dry Seed yield
density biomass (t/ha)
(no,/nv) (g/mr)
Pendimethalin 750 g/ha 5.5 (30.0) 3.2(9.7) 2.36
Pendimethalin + imazethapyr 900 g/ha 4.9 (24.0) 2.3(4.9) 2.28
Quizalofop-p-ethyl 100 g/ha 4.6 (20.7) 2.6 (6.4) 2.27
Pendimethalin 750 g/ha fb quizalofop-p-ethyl 100 g/ha 52 (27.7) 2.7 (6.1) 2.24
Pendimethalin 750 g/ha + 1 HW 4.2 (17.7) 1.6 (2.2) 2.72
Sunflower + green gram 5.0 (25.0) 2.0(3.7) 2.79
Sunflower + Sesbania 5.1(26.7) 1.9 (3.8) 2.69
Ridging 25 DAS 7.9 (68.0) 3.5 (11.9) 2.62
2 hand weedings 20 & 40 DAS 3.4 (11.7) 1.2 (1.0) 3.13
Unweeded 15.4 (237.3) 7.2 (53.4) 2.06
LSD (P=0.05) 2.19 12.41 0.61
*Weed data subjected to yx+0.5 transformation, original values are in parentheses
|
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Chapter - 2

RESEARCH PROGRAMME -2

WEED DYNAMICS AND MANAGEMENT UNDER THE REGIME OF CLIMATE CHANGE
AND HERBICIDE RESISTANCE

Changes in global climate associated with
global warming and increasing atmospheric carbon
dioxide are likely to influence the weed dynamics in
different ecosystems. A complex set of interactions
among crops, weeds and their environment
determines the impact of weed interference on crop
productivity. Despite being a potential threat, impact
of climate change on crop-weed interaction with
changing climate is poorly understood, though it is of
potential importance for production and protection of
agriculture and, for human and animal health,
environment and natural biodiversity. Greater
genetic variability and/or sustained selection
pressures due to repeated use of herbicides and
herbicides with similar sites of action may prompt
recurrence of herbicide resistances in weeds.
Changing climatic factors further complicate the

puzzle of crop-weed interaction and hence
effectiveness of weed management practices. Thus,
understanding behaviour of weeds and development
of herbicide resistance under the regime of climate
change is an urgent need for the development of weed
management strategies. Weed risk analysis and weed
seed/seedling identification are crucial for the seed
producers, scientists, farmers and policymakers. In
order to make weed seed identification user-friendly
for stakeholders, it is desirable to develop interactive
software for identification of weed seeds/seedlings.
Keeping in view these aspects, the research
programme has been focused on understanding
complex behaviour of crop and weed interactions and
development of herbicide resistance in weeds under
theregime of climate change.

Sub-programme

Experiments Associates

2.1 Effect of climate change on
crop-weed interactions,
herbicide efficacy and

21.1 Effect of elevated CO: and temperature Bhumesh Kumar
on physiological, biochemical and
molecular aspects in wheat and dominant | Raghwendra Singh

bioagents weed species

Meenal Rathore

biotypes

2.1.2 Effect of elevated CO, and temperature Meenal Rathore
on physiological, biochemical and
molecular aspects of rice and weedy rice | Raghwendra Singh

Bhumesh Kumar

21.3 Effect of elevated CO: and temperature C. Sarathambal
on activity of soil enzymes in rhizosphere | Bhumesh Kumar
of rice, wild rice, weedy rice and
Echinochloa crus-galli

2.1.4 Effect of elevated CO: and temperature Bhumesh Kumar
on efficacy of sulfo sulfuron against
Phalaris minor

Raghwendra Singh
Meenal Rathore

2.2 Physiological and molecular 221 Evaluation herbicide resistance in

basis of herbicide resistance
development in weeds and

evaluation of herbicide- 2.2.2. 24-D tolerance status in broadleaf Rabi

tolerant crops

Kharif

Bhumesh Kumar
resistant and susceptible biotypes of Meenal Rathore
Phalaris minor Raghwendra Singh

D.K. Pandey
weed plants raised from seeds
obtained from x, 2x and 3x tolerant
plants in 2014 Rabi

2.2.3. Bispyribac sodium tolerance status in D.K. Pandey

Echinochloa sp. raised from seeds obtained
from x, 2x and 4x tolerant plants of 2013

Sub-programme Experiments Associates
2.3 Development of weed seed 2.3.1 Development of weed seed Bhumesh Kumar
identification tools and identification tools Meenal Rathore
weed risk analysis. Raghwendra Singh
2.3.2 Weed spread risk potential of seeds of D.K. Pandey

some of the important weeds

2.4 Other experiments 241 Demonstration of herbicidal activity of D.K. Pandey
Parthenium leaf allelochemical crude

242 Evaluation of seed storage method at
ambient temperature

D.K. Pandey
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21 Effect of climate change on crop-weed
interactions, herbicide efficacy and
bioagents.

2.1.1 Effect of elevated CO, and temperature on
physiological, biochemical and molecular
aspectsin wheat and dominant weed species.

Effect of elevated CO, and elevated
temperature (Ambient + 3.0 + 0.5° C) on wheat and
weed (Phalaris minor) was studied in open top
chambers (OTCs). Wheat (GW-273) was sown
following recommended practices. Weed population
was maintained 15 plants/m’. Plants of both the
species were exposed to AC+AT [ambient CO, (3855
ppm) + ambient temperature], AC+ET [ambient CO,
(385 £ 5 ppm) + elevated temperature (ambient + 3.0
+ 0.5° C)], EC+AT [elevated CO, (550 £ 50 ppm) +
ambient temperature] and EC+ET [elevated CO, (550
1 50 ppm) + elevated temperature (ambient + 3.0 +
0.5°C)] from emergence to physiological maturity of
the crop. Observations were noted at 30 and 60 days
after treatment (DAT). Salient findings of the
experiment are given below.

Enrichment of atmospheric CO, had a positive
effect on overall growth of wheat as well as P. minor
plants, however, elevated temperature alone or in
combination of elevated CO, had adverse effect on

900

=Wheat = Phalaris minor A

AC+AT AC+ET EC+AT EC+ET

Figure 2.1: Effect of elevated CO, and temperature on
A) Relative growth rate in wheat and P. minor (B) Yield and 1000-grain weight of wheat
g gr g
Data are means of three replications and bar at top indicates standard deviation
P P

growth and development of both the species. Effect of
different treatments on growth in term of relative
growth rate (RGR) in wheat and P. minoris depicted in
(Figure 2.1A). In case of wheat, RGR was calculated
701,596, 818 and 613 mg dry weight/ plant/day under
AC+AT, AC+ET, EC+AT and EC+ET, respectively. In
P. minor, RGR was calculated 687, 651, 742 and 686 mg
dry weight/plant/day under AC+AT, AC+ET,
EC+AT and EC+ET, respectively. Data on RGR clearly
showed that elevated temperature alone (AC+ET) or
in combination of elevated CO, (EC+ET) adversely
affected two species and more severely wheat as
compared to P. minor suggesting a competitive
advantage to weed as compared to wheat under
elevated temperature alone or in combination of
elevated CO,. Yield of wheat was decreased
considerably at elevated temperature (AC+ET) by
2419%, and (EC+ET) by 5.78% as compared to
ambient conditions (At+AC). However, at elevated
CO, alone (EC+AT), yield of wheat was increased by
10-25% (Figure 2.1B). Similarly, test weight (1000-
grains weight) was also less when plants were
exposed to either elevated temperature alone or in
combination with elevated CO, (Figure 2.1B), and
may be contributing factor for observed yield
reduction in such conditions.

120.00

¥ Yield/5 plant [ Test weight (1000-grains) B

100.00

80.00

60.00

40.00

20.00

0.00
AC+AT AC+ET EC+AT EC+ET
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Isoenzymes activity profile (native PAGE) of
antioxidant enzymes superoxide dismutase, guaiacol
peroxidase, ascorbate peroxidase, glutathione
peroxidase and glutathione reductase was studied at
30 DAT. Differential regulation as well as induction of
new iso-forms in response to elevated CO, and
elevated temperature and combination of these two
was evident (Figure 2.2). Phalaris minor exhibited
stronger antioxidant defence as compared to wheat
pointing towards involvement of antioxidant defence
system in adaptation to climate change conditions.

Wheat Phalaris minor

>0>-
>om-
mo»-
mom-
>0>-
>om-
mo»-
mom-

Figure 2.2: Effect of elevated CO, and temperature on
isoenzymes pattern of antioxidant enzymes in wheat and P.
minor at 30 DAT. (ACAT = Ambient CO, + Ambient
temperature; ACET = Ambient CO, + Elevated temperature;
ECAT = Elevated CO, + Ambient temperature; ECET =
Elevated CO,+ Elevated temperature).

Expression of genes involved in photo-
synthesis and defence pathways was found to be
altered in wheat and P. minor at elevated CO, and
elevated temperature alone and in combination at 30
DAT (Fig. 2.3) Altogether, species-specific as well as
treatment-specific differential expression of genes
was evident. For example, a marked up-regulation of
MDH was observed in wheat at elevated temperature,
however, no such up-regulation was found in P.
minor. Similarly, up-regulation of APX2 was evident
only in wheat at elevated CO, alone or in combination
of elevated temperature. On the other hand, up-
regulation of GR was noticed at elevated temperature
alone or in combination with elevated CO, only in P.
minor. Down-regulation of CAT1 was observed at
elevated CO, alone or in combination of temperature
in wheat, however. On the other hand, up-regulation
was noticed in P. minor. Down-regulation of
chloroplastic CuZnSOD was evident only at elevated

CO, in wheat. Transcript level of cytoplasmic
CuZnSOD, FeSOD, APX1 and CAT2 was unaffected at
elevated CO, as well as at elevated temperature. In
general, P. minor exhibited stronger response to all the
three treatments as compared to wheat showing its
adaptive potential to changing environment.
Differential regulation of genes involved in
antioxidants defence pathway point towards possible
involvement of these genes in adaptation to high
temperature high CO, environment.

Wheat Phalaris minor

e -
]
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ECAT
ACET
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Figure 2.3: Effect of elevated CO, and elevated temperature
on transcript level of genes involved in photosynthesis and
antioxidant defence pathway in what and P. minor at 30
DAT. [FBPase = Fructose 1,6-bisphosphatase; MDH =
malate dehydrogenase; rbcL. and rbcS = large and small
subunit of Rubisco; PEPC = PEP carboxylase; GPX =
glutathione peroxidase; GR = Glutathione reductase;
CuZnSOD, MnSOD, FeSOD = superoxide dismutases
specific to Cu-Zn and Mn and Fe; CAT = Catalase, APX =
Ascorbate peroxidase; EFla = elongation factor 1a (loading
control)]

2.1.2. Effect of elevated CO, and temperature on

riceand weedy rice

Weedy rice, a natural hybrid between cultivated
and wild rice, is thought to be more problematic in
forthcoming regime of climate change. The effect of
climate change (enhanced temperature and CO,and a
combination of both in comparison to ambient
conditions) on a morphotype of weedy rice, a wild rice
and cultivated rice was studied till maturity.

Interaction studies revealed effect on tiller
number, root length, root volume, shoot fresh weight
and difference in leaf-air temperature 45 DAS; plant
height, tiller number and difference in leaf-air
temperature 60 DAS and effective tillers, panicle

60
A
50
40
30 T
20 _|
10 _| T I :[-
I 1N
U = | | |
EC EC+T Ambient ET

DWR

length, grains per panicle, yield per plant (Fig. 2.4),
plant height, grain length and root area at harvest. An
important observation was that elevated temperature
and CO, in combination delayed panicle maturity in
allrice.

n P
I Elevated CO,

' 4
’ | Elevated CO,+
- Elevated Temp

~ Elevated Temp

Figure 2.4: (A) Variations in yield per plant in weedy rice, cultivated rice and wild rice under changing parameters of climate.
(E: elevated, C: CO, T: temperature; Blue block: cultivated rice, Red block: wild rice; Green block: weedy rice). (B) Effect on
phenology (commencement of reproductive stage) of cultivated rice under changing parameters of climate.

2.1.3 Effect of elevated CO, and temperature on
activity of soil enzymes in rhizosphere of rice,
wild rice, weedy rice and Echinochloa crus-
galli

Soil samples were collected from the OTCs at
physiological maturity stage. The influence of
elevated CO, and temperature on activity of soil
enzymes was analysed in the soil samples and the
results obtained are given in (Table 2.1). The results
showed that the exposure of elevated CO, increased
the activity of all the three soil enzymes, whereas,
elevated temperature led to decrease in the activity
of enzymes. Among the plant species tested, E. crus-
galli responded positively to elevated CO, and

temperature. Higher FDA hydrolysis rate (an
indication of overall microbial activity) was noticed in
Echinochloa crus-galli at elevated CO, alone and in
combination of elevated temperature. Dehy-
drogenase activity was higher at elevated CO,in E.
crus-gallifollowed by that at elevated CO,andelevated
temperature. Urease is the key enzyme which
hydrolyses urea to ammonia. Elevated CO, resulted
significantly higher activity of urease in soil collected
from rhizosphere of E. crus-galli followed by
cultivated rice. Altogether, it can be inferred that
E. crus-galliresponded positively to elevated CO, with
respect to all the three soil enzymes when exposed to
elevated CO, alone or in combination of temperature.

Table 2.1: Effect of elevated CO,and temperature on the activity of soil enzymes
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Activity of soil Crop/weed Treatment
enzymes Ambient Elevated CQ Elevated Elevated CO,+
temperature |Elevated temperature
i o Weedy rice 9.6¢ef 12.3d 6.58 12.8d
FF‘];";“E*’;“ ‘ilac,etate Wild rice 8.9¢efg 15.6¢ 9.6ef 18.2ab
( ﬂ) i rat.el | Cultivated rice 7.61g 11.2de 8.7¢fg 16.4bc
(ng fluorescein /g soil/h) ==, ealli 8.7¢fe 18.5ab 6.98 19.72
S Weedy rice 26.5be 28.6bc 25.8cf 22.3dg
T;F}/, Of‘fg‘:zg“g Wild rice 27.6bcd 29.8bc 20.6¢fg 18.9g
e Cultivated rice 18.9¢2 19.58 22348 16.9g
E. crus-galli 32.4b 39.8a 18.98 34.8b
. Weedy rice 39.1abc 39.8abc 23.6¢ 34.6bcd
Izﬁ?se (g NH4/g soll /- Pyiiq rice 33.9bcd 36.9%d 29.8de 29.5de
) Cultivated rice 36.5bcd 42.9ab 32.8¢d 28.9de
E. crus-galli 36.5bcd 45.6a 33.6¢d 35.5bcd
Values represent mean of three replications. Values followed by same letter in a row are not significantly different
from each other as analysed by DMRT (P=0.05)
ICAR-DWR Annual Report 2014-1 : 29
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2.1.3 Effect of elevated CO, and temperature on
efficacy of sulfosulfuron against P. minor

Efficacy of sulfosulfuron was tested against P.
minorin OTC. Seeds of P. minor were sown in pots and
keptin OTC for treatments viz. elevated temperature
(ambient + 3.0 £ 0.5 °C), elevated CO, (550 £ 50 ppm)
and elevated CO, + elevated temperature. Different
doses of sulfosulfuron (0, 0.5X, 1X, 1.5X and 2X) were
sprayed at 25 days after emergence. Photographs
were taken after 20 days of herbicide application. At
ambient condition (ACAT), sulfosulfuron was
effective to kill 100% population of P. minor even at
0.5X dose. Atelevated temperature (ACET) as well as

Control 0.5X 1X

Sulfosulfuron

elevated CO, (ECAT), escape about 30-40%
population of the P. minor was noticed at
recommended dose (1X) of sulfosulfuron, however,
higher doses (1.5 and 2X) were effective to kill 100%
population. At elevated CO, + elevated temperature
(ECET), plant escaped at all the doses of sulfosulfuron
(0.5X, 1X, 1.5X and 2X), however, growth inhibition
was noticed with the increasing dose of sulfosulfuron
(Fig. 2.5). It can be inferred from the results that
efficacy of sulfosulfuron may be reduced with
predicted climate changes (elevated CO, and elevated
temperature), hence, weed management may be
affected considerably.

ACAT
"

ACAT
B ACAT

ACAT

1.5X 2.0X

Figure 2.5: Effect of elevated CO, and temperature on efficacy of sulfosulfuron against P. minor. (ACAT = Ambient CO, +
Ambient temperature; ACET = Ambient CO, + Elevated temperature; ECAT = Elevated CO, + Ambient temperature;
ECET = Elevated CO, + Elevated temperature).

2.2 Physiological and molecular basis of
herbicide resistance development in
weeds and evaluation of herbicide-
tolerant crops.

2.2.1 Evaluation herbicide resistance in resistant
and susceptible biotypes of Phalaris minor

On the basis of screening experiment conducted
last year, one isoproturon-sensitive (IPU-sensitive
and one isoproturon-resistant (IPU-resistant)
biotypes were selected. Plants of both the biotypes
were grown in pots with uniform population. At 21
days after emergence, varying doses (0, 0.5X, 1X, 1.5X,
2X) of different herbicides (isoproturon, clodinafop,

sulfosulfuron, metsulfuron+iodosulfuron and
metribuzin) were sprayed. All the above herbicides
showed almost 100% control of IPU-sensitive biotype
of P. minor at recommended doses and obviously at
higher doses. However, IPU-resistant biotype of P.
minor showed very high degree of resistance against
isoproturon, clodinafop and sulfosulfuron at
recommended doses (1X) even at higher doses (1.5X
and 2 X) and produced healthy seeds. Alternate
herbicides viz. metsulfuron+iodosulfuron and
metribuzin provided effective control of P. minor at
recommended doses (Fig. 3.6) suggesting that these
herbicides are effective in management of IPU-
resistant biotype of P. minor.
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Control 05X 11X 15X 20X

IPU-sensitive biotype

Isoproturon

Clodinafop

Sulfosulfuron

Metsulfuron

Iodosulfuron

Metribuzin

Control 05X 11X 15X 20X

IPU-resistant biotype

Figure 2.6: Evaluation of Phalaris minor for resistance against different herbicides.

2.2.2 2,4-D tolerance status in broadleaf Rabi weed
plants raised from seeds obtained from x, 2x
and 3x tolerant plants in 2014 Rabi
The seeds collected from herbicide 2,4-D

tolerant plants of the weeds were planted in micro-

plots (1 m*). The herbicide 2, 4-D amine was applied to
the stands and mortality of the treated plants and

flowering and seed formation were monitored. The
results on Euphorbia geniculata (Table 2.2), Amaranthus
viridis (Table 2.3) and Rumex dentatus (Table 2.4)
showed that there was no apparent quantitative
relationship in the herbicide tolerance in subsequent
generation of the weeds.

Table 2.2: Herbicide 2, 4-D amine tolerance in different population types of Euphorbia geniculata during 2014

Population type Herbicide levels Survival of plants 20 Flowering (%) Seed formation
employed DAT (%)

I. Normal 0 1000 100+0 1000
X 30£10 0 0
2x 30£10 0 0
4x 0 0 0

II. x 2,4 -D tolerant 0 1000 100+0 1000
X 75%13.5 56+21.2 56+21.2
2x 65+2.6 63+17.3 63+17.3
4x 0 0 0

III. 2x 2,4 -D tolerant 0 1000 1000 10040
X 9419.8 63+32. 1 63+32.1
2x 61+34.8 28+47.9 28+47.9
4x 0 0 0

IV.3x 2,4 -D tolerant 0 97+4.7 1000 100+0
X 21+10.9 0 0
2x 50+7.0 0 0
4x 0 0 0

Values are means + standard deviations of 3 replications.
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Table 2.3: Herbicide 2, 4-D amine tolerance in different population types of Amaranthus viridis during 2014

Population type Herbicide levels Survival of plants 20 Flowering (%) Seed formation
employed DAT (%)

Normal 0 97+5.7 1000 100£0
X 1412.0 78+19.2 78+19.2
2x 520.5 0 0
4x 0 0 0

x 2,4-D tolerant 0 9545.0 1000 100£0
X 2842.0 10040 10040
2x 89+11.0 1000 1000
4x 0 0 0

2x 2, 4-D tolerant 0 100£0 1000 100£0
X 91+7.7 1000 10040
2x 9613.2 10040 1000
4x 7+4.0 100+0 1000

3x 2, 4-D tolerant 0 9745.7 1000 100+0
X 1000 1000 1000
2x 1000 1000 100+
4x 7432 0 0

Values are means + SD of 3 replications.

Table 2.4: Herbicide 2, 4-D amine tolerance in different population types of Rumex dentatus during summer of 2014

2.3 Development of weed seed identification

tools and weed risk analysis.
2.3.1 Development of weed seed identification

tools

Images of different weeds at different stages
(i.e. seeds, imbibed seeds, and their reproductive
parts) have been taken for the purpose of develop
weed identification software and weed atlas.
Information regarding 40 weeds has been compiled
for weed atlas.
2.3.2 Weed spread risk potential of seeds of some

of the important weeds

Weed spread risk potential through seeds
(extent of viability of weed seeds at or near ambient
conditions) of 34 prominent weeds of central India
was studied. The seeds of the weeds were collected in
1991-92, dried under ambient conditions and kept in
glass bottles at ambient temperature 30 + 15° C and
germination was tested at intervals. The seeds of
different weeds lost viability in 5-12 years, depending
on the species. Approximate period for viability loss
was 5 years for 5 species, up to 10 years for 26 species
and 12 years for 3 species. The viability loss period
was irrespective of their being monocot or dicot and
season of infestation. The weeds appear to have high

DWR

sanitation to ward off both the weed spread through

seeds to newer areas and intensification of the weed

infestation in the areas where they have already

spread. This has special relevance to Indian context

where many weeds have infestations confined to

particular areas and are waiting for invasion to other

areas yet to be infested.

24 Otherexperiments

24.1 Demonstration of herbicidal activity of

parthenium leaf allelochemical crude

2.41.1 Standardization of suitable solvent for
preparation of the herbicidal allelochemical
crude.

Suitable solvent for preparation of the
herbicidal allelochemical crude was found out and its
composition was standardized. Water, acetone,
acetone : water at 25:5, 20:10, 15:15 (all v/ v), etc. were
tried and yield and herbicidal activity of the solutes
obtained on drying were measured. The acetone was
better suited solvent for it extracted good amount of
herbicidal principle and was quick evaporating and
appeared to avoid bulk of non bioactive constituents.
The acetone : water, 1:1, v/v extracted maximum
solutes with herbicidal activity. The findings showed
that acetone : water, 1.1, v/v was suitable for bulk
extraction of the allelochemical crude from
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Values are means + standard deviations of 3 replications.

2.2.3 Herbicide bispyribac sodium tolerance status
in Echinochloa sp. raised from seeds obtained
from x, 2x and 4x tolerant plants of 2014 Kharif
Herbicide bispyribac sodium tolerance was

evaluated in the Echinochloa crus-galli, E. glabrescens

and E. colona seeds collected from the stands of 2014

Kharif in micro-plots in field. The herbicide was

applied at x, 2x and 4x on 12 lines of the species and

also on x, 2x and 4x tolerant lines. Seedling survival,
tillering, and fresh and dry weights of plants were
observed. While herbicide tolerance was verified in
some of the lines corroborating earlier year's findings,
there was no definite trend in herbicide tolerance in
the plants raised from the seeds collected from
herbicide tolerant lines during 2014.

spread risk potential through seeds for many years
Population type Herbicide levels Survival of plants 20 Flowering (%) | Seed formation and this warrants the necessity of quarantine and  partheniumleafresidue (Table2.5).
employed DAT (%) Table 2.5: Solubilization of herbicidal constituents from parthenium leaf residue by different solvents
Normal 0 98+2.8 98+2.8 100£2.8 Solvent system Yield (%) of % Change in biomass over initial value (loss of 100% biomass
X 8437 10040 10040 herbicidal shows death of the plants) days after initiation of the treatments
% 0 0 0 constituents 5 10 15 20
4x 0 0 0 Acetone 5.0£0.3 -22+11 -39+6 64£3 -100
x 4-D tolerant 0 1000 1000 1000 Acetone : water(25:5, v/v) 16.8+0.2 54422 -74+3 -100 100
13437 100£0 100£0 Acetone : water (20:10, v/v) 18.6+1.0 3846 67+4 -100 -100
2 e 1000 1000 Acetone : water (15:15, v/v) 22.5+1.2 -100 -100 -100 -100
dx 0 0 0 Water 12.6£0.2 742 746 1145 136
22 Dol U 971(;0'6 10810 108i0 Values are means + SD of three replications.
X 2.4.1.2 Standardization of suitable solute (parthe- constituent extraction was maximum with 1:30 ratio
2 13425 0 0 nium leaf powder, PLP) to solvent ratio. Table 2.6). The herbicidal activity on water hyacinth
p y
4 0 0 0 The PLP was extracted with solvent acetone : was also appreciable at this ratio of leaf residue to
3x2, 4-D tolerant 0 91183 0 0 water (1:1, w/v) mixture at 1:5, 1:10, 1:20, 1:30, 1:40, solvent. The solvent to solute ratio of 1:30 was most
0 0 0 and 1:60 (w/v) for 30 minutes and herbicidal  appropriate for the extraction of the allelochemical
2x 0 0 0 constituent yield was monitored. The herbicidal  crude.
4x 0 0 0 Table 2.6: Effect of solute - parthenium leaf powder- to solventratio on yield of allelochemical crude (AAC) and its herbicidal

activity subsequent to extraction for 30 minutes atambient temperature

Solute to solvent ratio (w/v) Yield of allelochemical % Change in biomass of water hyacinth over
crude initial level days after initiation of the treatment at
ACC obtained from 1 g in 100 ml water equivalent
mg/g residue % (w/w) 5 10 15
Control (water) - - 6+3.9 16+3.8 24+6.6
1:5 (acetone:water, 1:1) 152+7 15.2 -10+2.9 -16+3.2 -99+0.7
1:10 (acetone:water, 1:1) 223£13 22.3 -742.9 -23+5 -100
1:20 (acetone:water, 1:1) 220£10 22.0 -10+7.8 -32+19.2 -100
1:30 (acetone:water, 1:1) 22948 22.9 -15+6.9 -27+3.4 -100
1:40 (acetone:water, 1:1) 242+10 242 -27+5.4 -34+5.5 -100
1:60 (acetone:water, 1:1) 244+6 24.4 -31+12.5 -49+12 -100
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2.4.1.3 Standardization of suitable time duration
for extraction of the allelochemical crude
from parthenium leaf residue.

The extraction time 5, 10, 20, 30, 40, 50, 60, 90,
120, 180 and 240 minutes were used for parthenium

leaf allelochemical crude extractions with stirring
following solute (leaf residue) to solvent ratio of 1:30
(w/v). The 30 minute extraction duration was
optimum when yield and herbicidal activity on water
hyacinth outdoors were considered (Table 2.7).

Table2.7: Effect of duration of extraction of parthenium leaf powder with acetone : water, 1:1, v/v on yield of
allelochemical crude (AAC) and its herbicidal activity

Extraction Yield of ACC % Change in biomass of water hycinth over initial level ’I
duration days after initiation of the treatment at ACC obtained from
(min) g in 100 ml water equivalent
mg/g % (w/w) 5 10 15
5 21047.6 21+0.7 59+28.1 -100 -100
10 204+3.2 21+0.3 -53+27.3 -100 -100
20 196+9.8 20£0.9 -4149.3 -100 -100
30 228+4.0 23+0.4 -45+20.2 -81+17.4 -100
40 230+4.5 23+0.4 -62+33.7 -100 -100
50 23317.6 23+0.7 -52+16.6 -93+12.4 -100
60 23144.1 23+0.4 -56+39.4 -100 -100
90 21746.2 22+0.6 -39+15.5 -89+18.2 -100
120 22942.0 23+0.2 -52+25.9 -100 -100
180 223+6.0 22+0.6 -60+19.8 -100 -100
240 19044.3 19+0.4 -51+19.7 -100 -100
Control - - 11+4.2 24+8.7 34+14.7

Values are means # SD of three replications. Loss of 100% biomass shows death of the plants

2.4.1.4 Effect of surfactant sorbitan mononucleate
(SMN) on extraction of herbicidal
constituents from parthenium leaf residue.

Sorbitan mononucleate, a surfactant, was
added to the parthenium leaf allelochemical crude
extraction medium (acetone : water) at 0.01, 0.05 and
0.1% (v/v) and yield of the herbicidal allelochemical
crude and herbicidal activity of the crude were
monitored. The SMN was also tested for its inhibitory
activity on water hyacinth. The findings showed that
the SMN was not inhibitory to water hyacinth at 0.1%.
Addition of SMN to extraction medium at 0.1, 0.05

and 0.01 % did not affect extraction of herbicidal

constituents and their yields from parthenium leaf

residue.

2.4.1.5 Effect of target plant biomass on fate of
the herbicidal activity of parthenium leaf
allelochemical crude.

Parthenium leaf allelochemical crude was
tested for different numbers and biomass of water
hyacinth plants outdoors for investigating effect of the
target plant biomass on herbicidal activity of the
allelochemical crude. The findings (Table 2.8)
showed that allelochemical crude at 200 mg / 100 ml

Table2.8: Effect of target plant biomass on parthenium leaf allelochemical crude herbicidal activity and persistence of the

herbicidal activity outdoors

Treatment | Fresh weight % Change in biomass of water hyacinth over initial level days after
of plants initiation of the treatment
Water (8) I. Assay of herbicidal | II. Assay of herbicidal activity plants placed immediately
hyacinth activity after 10 days in the medium of I

plants /100 5 10 Initial biomass 5 10 15

ml medium of each plant
1 13.0+£2.4 -85.016.7 -100 13.642.1 -18+1.9 -82.0£2.8 -100
2 15.244.4 -85.0+1.8 -100 14.8+2.4 -33.0£13.3 -88.0£2.4 -100
3 33.3£3.6 -94.0+2.2 -100 17.6£1.5 -55.0£8.5 -84.0£1.0 -100
4 51.3£1.6 -95.0+1.0 -100 17.5+£2.9 -38.0+9.6 -62.0+19.3 -83.0£5.5
5 57.0£1.1 |-84.0£194 -100 12.9+1.6 -32.0+2.1 -48.0£12.4 | -58.0+10.7
1 23.0+3.5 10.0+0.7 21.0+3.2 17.245.6 11.0+6.8 25.0+9.8 31.0£11.3

Values are means + SD of three replications. Minus 100% biomass shows death of the plants
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was sufficient to kill 10-60 g of 1-5 water hyacinth
plants in 5-10 days. The residual toxicity for
subsequent additions of water hyacinth to the system
killed the weed where 10-30 g or 1-3 water hyacinth
plants were placed. Where 4-5 plants (50-60 g) were
placed, the residual toxicity was inhibitory, but not to
lethal level. Beyond a critical level, herbicidal activity
and its persistence depended on water hyacinth
biomass.

241.6 Formulation of parthenium leaf
allelochemical crude for use as herbicide on
prominent weeds
Parthenium leaf allelochemical crude

formulation was prepared with suitable solvents and

surfactants and was applied on different terrestrial
and aquatic weeds. Phytotoxicity was monitored. The
preparation caused necrotic lesions at the place of
application (Figure 2.7) and the plants were not killed.
The plants recovered subsequently and grew normal.

Figure 2.7: Necrotic lesions on different weeds and subsequent recovery of the necrotic lesions cause by
parthenium allelochemical crude application as an herbicide

DWR

Water hyacinth leaves sprayed with the
allelochemical crude also showed necrotic lesions
and plants recovered subsequently. The
allelochemical crude did not appear a suitable
material for use as a herbicide as sprays.
2.4.2 Evaluation of seed storage method at

ambient temperature

A liquid preservative 20% (w/w) CaCl, in
glycerol extended longevity of seeds of crops and
weeds (with mean moisture content, MC, about 10%,
fresh weight basis) to varying degrees broadly by 8
and 3 folds, evaluated for 24 and 21 years,
respectively at ambient temperatures 30+15°C. The
experimental data suggested that that storing seeds in
the liquid preservative (CaCl, in glycerol) is a
promising, alternative, long-term storage method at
ambient temperature by ultra-drying the seeds and
removing air (oxygen) from the seed environment.
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Chapter - 3

RESEARCH PROGRAMME - 3

BIOLOGY AND MANAGEMENT OF PROBLEMATIC WEEDS
IN CROPPED AND NON-CROPPED AREAS

Some 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.), purple nut
sedge (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, weeds like Parthenium
hysterophorus, Lantana camara, Eupatorium
adenophorum, Chromolaena odorata, Saccharum
spontaneum, Mikania micrantha, etc. have gained
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

weed like Hydrillaverticillatais a big menace in aquatic
situation. In recent years, weedy rice in rice has
become problematic in many states of India.
Orobanche has emerged as one of the most problematic
weeds in mustard and tobacco besides tomato and
brinjal. Recently, Chromolaena odorata has become a
problematic weed in Jagdalpur area of Chhattisgarh.
The weed is spreading its tentacles in larger area of
Chhattisgarh and it is feared that it may enter into
Maharashtra and Madhya Pradesh in due course.
Among the aquatic weeds, Pistia stratiotes is one of the
most problematic weeds which has spread fast in
many parts of Madhya Pradesh. The programme has
been taken to address biology and management of
these problematic weeds.

Sub-programme Experiments Associates
3.1 Biology and management of 3.1.1 Characterization of weedy Meenal Rathore,
problematic weeds in cropped areas rice biosimilars Raghwendra Singh,

Bhumesh Kumar

3.1.2 Incidence of Orobanche on C. Kannan
different varieties of mustard
3.2 Biology and management of 3.21 Integrated management of Sushil Kumar,
problematic weeds in non-cropped areas Chromolaena odorata Adikant Pradhan
3.3. Biology and management 3.3.1 Effect of inoculation of Alternaria alternata | C. Kannan,
of aquatic weeds and A. eichhorniae on water hyacinth Sushil Kumar
and fishes

3.3.2 Integrated management of
Pistia stratiotes

Sushil Kumar

3.1 Biology and management of problematic
weedsin cropped areas
3.1.1 Characterization of weedy rice biosimilars

Mature grains of weedy rice morphotypes were
studied for morphological parameters like 100 seed
weight, grain length-breadth ratio and length of awns.
Expected variations were recorded amongst
parameters studied. Amongst the 82 morphotypes
studied, 76% had awns though varying in length

(Figure 3.1). Majority of awn lengths were in the range
of 3.0-4.0 cm (14%). Majority of morphotypes (76.8%)
had grain length - breadth ratio below 3.0 while only
1% had it between 4-5 (Figure 3.2). Hundred seed
weight was broadly demarcated into arange of2.0-2.5
wherein 50% morphotypes fell. The remaining 50%
had a 100 seed weight <2.0 (22%) and >2.5 (28%)
(Figure3.3).

Awn length (%)
8% 4% 2% 240 ™0
<]
1% " 1.1-3.0
93.1-4.0
14% 15% ®41-5.0

14%

LB ratio

11%
12.20%

76.80%

m<3
H3.,0-4.0
m4.0-5.0

100 seed weight (%)

28% 22%

<20

m2,0-25

m>25

Figure 3.1:Varying awn length
amongst weedy rice morphotypes

3.1.1.1 Molecular fingerprinting of weedy rice

morphotypes

Molecular fingerprinting of weedy rice
morphotypes collected was done to observe any

Figure 3.2: Majority of weedy rice has
grain length-breadth ratio below 3.0

possible clustering based on the agro-climatic zones

Figure 3.3: Variations in 100 seed
weight amongst weedy rice

morphotypes

they had been collected from. The dendogram
generated (Figure 3.4) using NTSYS-pc software
revealed that weedy rice did not cluster based either
on geographical regions or agro-climatic zones.
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Fig. 3.4: Dendogram generated by molecular fingerprinting of weedy rice

3.1.1.2 Germination of weedy rice in standing

water

Earlier studies revealed ability of weedy rice

ICAR-DWR Annual Report 2014-1 ICAR-DWR Annual Report 2014-1

to germinate under anaerobic conditions with 6cm
standing water and seeds below soil surface. Hence,
germination ability under more stringent conditions
of 15 cm standing water was assessed. It was found
that 4 of the 99 weedy rice morphotypes screened
germinated by >57%. And the germination
percentage decreased rapidly to as low as 3 % with
increasing seed depths.
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3.1.1.3 Screening of rice cultivars for competitive

ability

Nowadays weeds are generally managed by
use of herbicides, but with selective herbicides
available for weedy rice, its control is difficult and
relies solely on cultural practices. In this context, a
study was initiated to screen rice cultivars for their
competitive ability against weedy rice. Ten popular
rice cultivars were screened in a field experiment
during Kharif 2014 by comparing agronomically

important parameters in weed free and weedy rice
infested plots. Interaction study revealed significant
difference amongst genotypes in weedy rice infested
field in comparison to control (weed free) for all
parameters studied except for root length, shoot dry
weight, SPAD, hills and tillers/running meter at 70
DAS. Considering a competitive line to mature earlier
than weedy rice and have lesser yield loss, variety
'Naveen' was found to record a lower yield loss in the
first year of experiment (Figure 3.5).

Il Control B WRI

80
70
60
5
4
3
2

1

S © © o o

I

Satyakrishna Shyamla MTU 1010 IR 64

Kranti Sahbahgi Danteshwari Naveen

Figure 3.5: Yields in rice cultivars screened for competitive ability against weedy rice

3.1.1.4 Management of weedy rice through cultural

interventions

With no specific herbicide available for weedy
rice, management is possible only through land
preparation, mechanical tools and other cultural
practices. Keeping in view the above, a field
experiment was carried out for management of weedy
rice during Kharif 2014.

The dominant weed flora of the field were
Echninochloa colona, Cyperus spp, Eclipta alba, Ammania
baccifera and Caesulia axillaris.  All the cultural
methods significantly reduced the dry weight/m” of
weedy rice except green manuring alone. The yield of
purple rice was also significantly affected by different
cultural practices. The maximum yield was observed
with transplanting + 1 HW (2.93 t/ha) followed by
transplanting alone, double stale seed bed + 1 HW,
stale seed bed + 1 HW and green manuring + 1 HW
(Table 3.1). Puddling for transplanting lower down
the population of weedy rice in Kranti and also

produced maximum yield (4.14 t/ha) followed by
'DSSB' (3.68 t/ha) and reduced weedy rice
population.

Table 3.1. Effect of different cultural treatments on weedy
rice and yield of rice

Purple rice Green rice
(var. 'Shyamla') (Kranti)
Dry wt. of Yield | Drywt.of | Yield

Treatment weedy rice (t/ha) |weedyrice| (t/ha)

(g/m’) at (g/m’) at

60 DAS 60 DAS
SSB 32.7 1.86 43.2 2.82
SSB+ HW 32.1 231
DSSB 35.2 2.10 23.7 3.68
DSSB+ HW 25.3 241
GM 44.6 1.57 28.8 3.12
GM+ HW 23.6 2.03
Weedy check 46.3 1.26 52.7 1.93
TP 24.7 2.68 11.9 4.14
TP + HW 11.7 2.93
LSD (P=0.05) 10.70 0.512 38.65 1.86
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Weedy rice infestation in purple rice (initial stage)

Purple rice with transplanting and 1 HW at later stage

3.1.2 Incidence of Orobanche on different varities
of mustard

A study was conducted to find out the
conditions wviz.,, temperature requirements and
moisture conditions for germinations of Orobanche.
The study was conducted under laboratory and pot
culture conditions of simulated temperature and
moisture requirements. The study of germination
with or without preconditioning and use of synthetic
germination stimulant Nijmegen 1 indicated that the
fresh seeds of O. crenata and O. cernua immediately
harvested from the flowers did not germinate without
a period of 20-30 days of preconditioning.
Preconditioned seeds, at 23 + 2 °C with 70% relative
humidity for a period of 10 days, were able to
germinate, produce germ tube and reach host root.
Seeds did not germinate when the temperature was
above40+2°Cand below 5+2"C.

Orobanchecrenata seeds, brown colour
unconditioned and white colour conditioned and
water imbibed ready to germinate seed

DWR

The preconditioned seeds germinated with
the swelling of seed coat after absorbing moisture
during the conditioning period. The color of the coat
changes from light brown to dark brown after two
days and the proximal end of the imbibed seeds
became more pointed and protruded from the base.
The testa gets ruptured and germ-tube protrudes after
which it elongates in size to reach the host root and
attach. After attachment to the host, the parasite
draws the nutrients and forms the tubercle. The
tubercle then produces the flowering stalks.

Tubercle

Root of
tomato

Tubercles of Orobanche attached to the roots of tomato

The floral stalks of O. crenata are of different
sizes, varying from as small as 10 to 40 cm above
ground, dependingupon the condition of the host.

TIEN

Different floral stalk size of O. crenata on tomato

3.1.2.1 Germination of Orobanche

The nitrogen content was analyzed from soil
samples collected from the Orobanche infested sites at
Jabalpur, Gwalior, Murena etc. It was found that high
available N content had less incidence of Orobanche.
Continuous flooding for more than 1 day or excess
moisture for more than 2 days reduced germination to
20% and 40%, respectively. Excess moisture and
temperature more than 35 + 2 °C for more than 2 days
reduced the germination to 20%.
3.1.2.2 Effect of various treatment on Orobanche in

brinjal field

Effect of various treatments on Orobanche was
studied at Khinni village near Jabalpur. This study
was performed in a plot size of 10.8 m* with three
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replications having six treatments and one control
(T,). Brinjal seeds were sown at the end of October
2014. First four treatments viz. (T,- Fusarium spp.
DWSR1 20 ml of 50% spore suspension/plant; T,-
Penicillium oxalicurn DWSR1 20ml of 50% spore
suspension/ plant; T,- Borax 10 ml/plant @ 5 mM and
T,- Thiourea 10 ml/ plant @ 5 mM) were given at 30-40
DAP (days after plantation) whereas two treatments
viz. T.- Propiconazole fungicide @ 0.2% and T,
Imazathapyr @75 g/hai.e., 0.81 mlfor 10.8 m’ plot size
was given at 40-60 DAP. Second treatment was given
after 30 days of first treatment where it was observed
that herbicide imazathapyr 75 g/ha was causing
phytotoxicity hence herbicide treatment was not
applied in the secondary treatment. Results revealed
that Orobanche infestation was less in P. oxalicum
DWSR1 in comparison to Fusarium spp. DWSR1
whereas borax @ 5 mM has shown less infestation
(Figure 3.6). Maximum and minimum stalk height of
Orobanche was recorded 8.71 and 4.57 cm,
respectively.

= 75DAS = 125DAS = 135DAS

Orobanche infestation
N
(6]

T, T, T, T, T, T, T,
Treatment

Figure3.6: Number of Orobanche infestations under
various treatments on brinjal

3.1.2.3 Effect of various treatments on Orobanche in
the mustard

Effect of various treatments on Orobanche was
studied at Gwalior in mustard field with five
treatments and four replicationsina plot of size 3.6 x
2.7=9.72 m”. Sowing of mustard seed was done at the
end of November 2014. After 30 days of sowing,
treatments viz., T,- Fusarium oxysporum DWSR1 30 ml
of 50% spore suspension/plant, T,- Penicillium
oxalicum DWSR1 30 ml of 50% spore
suspension/plant, T,- Borax 10 ml/plant @ 5 mM, T.-
Thioureal0 ml/plant @ 5 mM, T.- Sulfosulfuron
herbicide treatment @13.5 g/acrei.e., for plot size 9.72
m’, 0.02 g were applied. Second treatment was given
after 30 days of first treatment. Results indicated that
in borax and thiourea treated plots, infestation was
less (12.50 and 14.75, respectively) compared to the

bioagents viz.,, F. oxysporum DWSR1 (19.25) and
P. oxalicum DWSR1 (21.75). Sulfosulfuron applied at
13.5 g/ acre resulted in complete mortality of 30 days
old plants of mustard (Figure 3.7). Maximum and
minimum stalk height of Orobanche was recorded 8.0
and 2.3 cm, respectively

™ 100DAS ™= 110DAS ™ 125DAS ™ 135DAS
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Figure 3.7: Number of Orobanche infestations for various
treatments on mustard

3.1.2.4 Effect of borax and thiourea on Orobanche
germination

It was found that the aqueous solutions of either
borax or thiourea rapidly decompose the germination
stimulants (e.g. GR24 and Nijmegen-1). This action in
natural conditions would deprive the essential
germination stimulants in seeds and thus will not
allow them to germinate. The phytotoxicity reference
scale is very useful for quantifying the effect of a
chemical on the health of a plant. The scale '0' means
no harm to plant while its progressive increase will
indicate progressive harm and scale '5' will indicate
death of the plant. Testing of different concentration
of borex and thiourea on tomato seedlings revealed 5
mM concentration safe on tomato seedlings.
Therefore, concentration of borax and thiourea
should not exceed 5 mM for the planned quenching
experiments.

A study was conducted to see the effect of borex
and thourea on germination stimulants and Orobanche
germination Results indicated that reasonable
percentage of seeds germinated after incubating with
the stimulant Nijmegen-1. Borax solution (1 mM) was
added to the medium containing the O. crenata seeds,
followed by Nijmegen-1 after 48 h of incubation. In
this case, no germination was observed, even not after
a long exposure time. The same was observed when
Thiourea (1 mM) was used instead of borax. When the
stimulant Nijmegen-1 and borax (1 mM) were applied
simultaneously, no germination was observed either.
The same holds when thiourea (1 mM) was used
instead of borax. This revealed that effective
quenching of the stimulant can be achieved at a

concentration level of 1 mM. This effective
concentration is much lower than the critical range of
5 mM for any phytotoxic effect. Contacting
O. crenata seeds with the roots of tomato seedlings
revealed a reasonable germination. When borax
(1 mM) was added to the medium before bringing in
the tomato roots, followed by the tomato seedlings
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after an incubation time of 48 h, no germination was
observed at all (Table 3.2a). When thiourea (1mM)
was used instead of borax, also no germination of
seeds was observed (Table 3.2b). By exposing the
O. crenata seeds simultaneously to the tomato
seedlings and either borax (ImM) or thiourea (ImM),
no germination was observed in either case.

Table 3.2a: Effect of borax and thiourea on the germination of O. crenata seeds induced by Nijmegen-1 (Nijm)

Treatment No. of seeds germinated after days of application
5 10 15 20 25 30

Borax (1 mM) + nijm (0.1mM) 0* 0.71)*b | 0(0.71)b 0(0.71)b 0(0.71)b 0(0.71)b 0(0.71)b
after 48 h
Thiourea (1 mM)+nijm (0.1 mM) | 0 (0.71)b 0(0.71)b 0(0.71)b 0 (0.71)b 0(0.71)b 0(0.71)b
after 48 h
Nijm (0.1 mM) + borax (1 mM) 0(0.71)b 0(0.71)b 0(0.71)b 0(0.71)b 0(0.71)b 0(0.71)b
(simultaneous)
Nijm (0.1 mM) + thiourea 0(0.71)b 0(0.71)b 0(0.71)b 0(0.71)b 0(0.71)b 0(0.71)b
(0.1 mM) (simultaneous)
Control (distilled water only) 0(0.71)b 0(0.71)b 0(0.71)b 0(0.71)b 0(0.71)b 0 (0.71)b
Nijm 0.1mM in water 0.33(0.88)a | 15.58(4.0)a 23.66(491)a| 27.33(5.28)a| 30.66(5.58)a | 41.66(6.49)a

Table 3.2b: Effect of borax and/or thiourea on the germination of O. crenata seeds induced by tomato seedlings

Treatment No. of seeds germinated after days of application
10 20 30 40 50

Tomato seedlings in water 0* (0.71)#a@ 15.3(3.97)a 21.3(4.67)a 31.6(5.67)a 34.6(5.93)a
Borax + tomato seedlings after 24 h 0(0.71)a 0(0.71)b 0(0.71)b 0(0.71)b 0(0.71)b
Thiourea (1 mM) + tomato 0(0.71)a 0(0.71)b 0(0.71)b 0(0.71)b 0(0.71)b
seedlings after 24 h
Tomato seedlings + borax(1 mM) 0(0.71)a 0(0.71)b 0(0.71)b 0(0.71)b 0(0.71)b
(simultaneous)
Tomato seedlings + thiourea 0(0.71)a 0(0.71)b 0(0.71)b 0(0.71)b 0(0.71)b
(1 mM) (simultaneous)
Control (distilled water only) 0(0.71)a 0(0.71)b 0(0.71)b 0(0.71)b 0(0.71)b
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* The number outside the bracket is the phytotoxicity index values
# Number inside the bracket are the transformed values of the original values given outside the bracket,
@Sameletter in the same column indicates that the values are not significantly different from each otherat 0.05% level of significance

3.1.2.5 Development of sick plot

A sick plot of Orobanche cernua attacking
mustard and O. crenata attacking tomato and brinjal
was developed with an aim to have more focused
work on the management of Orobanche. Infested soil
was brought from a farmer's field infested with
O. crenata. The surface soil upto about 10 cms depth
was removed and brought to the Directorate farm on
August 2014. The infested soil was spread using

spreader and left as such for natural preconditioning
of the seeds in the soil. The seeds of O. cernua collected
from our pot cultutre experiments were also spread in
the same field.

After the end of rains, the host crops mustard
and brinjal/tomato were sown in September. The
Orobanche infestation appeared from the month of
October last week in brinjal and the floral stalks were
seen by end of November on mustard. Observations
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on Orobanche population and the analysis of soil
nutrients were conducted. Number of Orobanche
infestation observed in a week interval is given
(Table 3.3).

Brinjal roots

. O.crenata

Table 3.3: Orobanche population in sick plot at ICAR-DWR

Jabalpur
Day of observation No. of Orobanche
infestation
Brinjal Mustard
12 thyeek 6 0
13 thweek 8 2
14 thyyeek 12 2
15 thyeek 20 3
16 thweek 3 6
17 thyeek 2 1
18 thweek 37 14
19 thyeek Iy) 16
20 thyveek 46 21
21 thweek 85 38
22 thyyeek 113 70

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

3.2.1 Integrated management of Chromolaena
odorata in Chhattisgarh

Cromolaena odorata, a problematic weed of
North-East, Western Ghat, Karnataka and Tamil
Nadu has spread its tentacles in Baster area of
Chhattisgarh. Earlier, it was not considered a
problematic weeds of this region but in a sort span of
about 15 years, it has infested large area of
community land, wasteland and forest lands in and
around Bastar region. Survey in 2014 revealed
increase in its infestation area during last two years.
Keeping in view of its seriousness and to check its
further invasion from this region of Chhattisgarh to
Maharastra and Madhya Pradesh, the present study
has been taken up.

Severe infestation of Choromolaena odorata in
teak plantation

In this region, the first attempt of classical
biological control was made in 2012, when about 3000
galls infested with gall fly were released in the
infested area. Symptoms of establishment of bioagent
were not observed in 2013. Therefore, again 1500
infested galls were released in the three different sites
of Jagdalpur area in September 2013. Again in 2014,
about 500 galls were released in teak plantation site.
Survey done during 2014 revealed the presence of
galls on Chromolaena odorata indicating the start of
establishment process. Samples taken from nine
different plots for gall formation, revealed the
presence of galls varying from mean 1.67 to 7.08 per
25m’

An experiment was laid out to see the effect of
different seed rat of Cassia tora and different dose of
herbicides in Chormolaena replacement and control,
respectively. There were 10 treatments replicated four
time inaplotareaof5x5meach. The Cassia torawas
shown on 11 July, 2014 and herbicide was sprayed on
24 July,2014.

Cassia tora broadcasting at the rate of 80 kg/ha
was found effective to replace Chromolaena odorata
(WCE 64.01%) after 75 days. Among herbicides,
metribuzin 2.0 kg/ha was found superior (WCE
92.35%) over 24-D 2kg/ha (WC 58.325%) and
glyphosate(83.89 %) after 75 days (Table 3.4)

DWR

Table 3.4: Effect of different treatments on density and dry matter accumulation of Chromolaena odorata

Treatment Density (no/m?) Dry matter (g/m?) WCE (%)
50 DAT 75 DAT 50 DAT 75 DAT 50 DAT 75 DAT

Cassia tora @ 40 kg/ha 17.13 20.44 8.57 10.22 41.86 37.64
(4.14) (4.53) (2.94) (3.20)

Cassia tora @ 60 kg/ha 11.72 15.03 5.86 7.52 60.24 54.13
(3.43) (3.88) (2.43) (2.75)

Cassia tora @ 80 kg/ha 8.49 11.79 4.25 5.90 71.18 64.01
(2.92) (3.44) (2.07) (2.44)

Glyphosate 1.5 kg/ha 2.07 575 1.03 2.87 92.99 82.47
(1.45) (241) (1.04) (1.71)

Glyphosate 2.0 kg/ha 1.97 5.28 0.98 2.64 93.33 83.89
(1.42) (2.31) (1.02) (1.64)

2,4 -D ester 1.5 kg /ha 10.30 13.61 5.15 6.80 65.07 58.48
(3.22) (3.70) (2.28) (2.62)

2,4 -D ester 2.0 kg/ha 10.35 13.66 517 6.83 64.90 58.32
(2.56) (2.94) (1.81) (2.08)

Metribuzin 0.50 kg/ha 3.98 7.28 1.98 3.64 86.53 77.78
(1.59) (2.15) (1.13) (1.52)

Metribuzin 0.75 kg/ha 1.28 1.48 1.08 1.25 92.64 92.35
(1.15) (1.24) (1.07) (1.14) 0 0

Control 29.47 32.78 14.74 16.39 - -
(5.43) (5.73) (3.85) (4.05)

LSD (P=0.05) 0.16 0.05 0.30 0.21 - -

ICAR-DWR Annual Report 2014-1 ICAR-DWR Annual Report 2014-1

Figure in parentheses are original values

Attempts were made to establish C. odorata in
net house and field conditions at DWR for mass
multiplication of bioagent but only meager success
achieved. Only about 15 galls formed in the net house
after release of about 55 galls brought from
Bengaluru. There was mild germination of C. odorata
from seeds in the net house but germinated well from
root stock brought from Jagdalpur. However, in field
conditions at DWR, only 21% plants emerged from the
roots and buried in the soil. There was no gall
formation in the field conditions.

Chromolaena establishment in net house

3.3 Biology and management of aquatic
weeds
3.3.1 Effect of inoculation of Alternaria alternata
and A. eichhorniae on water hyacinth and
fishes
3.3.1.1 Demonstration of biological control of
water hyacinth using Alternaria alternata
A. alternata, mass multiplied in talc formulation
(molasses yeast agar medium) was sprayed on water
hyacinth in the institute pond. About 1 kg of talc
formulation was miced in 50 litres of water and 250 ml
starch solution (rice solution) was added as stickening
agent. The solution was mixed thoroughly and
contents was filtered to remove the settled talc. The
filtrate was then sprayed with large nozzle in knapsac
sprayer at1kg/100 m’. The spraying was done during
the evening time to take advantage of the humidity
and to avoid sunlight. The fungus would establish
well under such conditions. The experiment started
with the healthy water hyacinth plants collected from
the natural ponds near Jabalpur during the month of
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September, 2015. Disease intensity and severity (DI
and DS) calculated showed progressive increase in
the disease of the plants from 5 days onwards. The
infected plants remained stunted and did not flower.
The Dl increased from 0.16 in first week to 8.5 % after 8
weeks. The DS increased from 0.14 to 11.62 during the
same period.

The following disease and host growth
variables were quantified in every 30 days for 120
days (Table 3.5): number of green (=live) original
leaves (NGOL); number of diseased original leaves
(NIOL); disease severity on original leaves (DSOL);
number of new, live leaves produced on original
ramet (NNL); number of new leaves that become
diseased on original ramet (NNIL); disease severity
on new leaves of original ramets (DSNL); number of
new, secondary ramets (NNR); number of live leaves
on new ramet (NLNR); number of diseased leaves on
new ramet (NILNR); disease severity onleaves of new
ramet (DSLNR); number of dead non-original leaves
(NDL) and disease incidence on new leaves of original
ramet (DINL). Average Disease severity (DS) and
disese index (DI) for whole plant was also calculated
(Table 3.6)

Table 3.5: Effect of Alternaria alternata DWSR 1 on
water hyacinth

Parameter | 6 DAS | 30 DAS |60 DAS |90 DAS |[120 DAS
NGOL 5.00 3.60 2.60 2.60 2.00
NIOL 0.00 1.40 4.80 3.60 4.00
DSOL 1.40 1.60 2.00 2.60 2.80
NNL 1.60 2.20 2.40 2.80 2.80
NNIL 0.40 1.60 2.40 3.00 3.40
NNR 0.60 1.00 1.00 1.00 1.00
DSNL 0.00 1.80 2.40 2.60 2.80
NLNR 1.40 2.60 2.00 1.60 1.40
NILNR 0.80 1.80 2.00 2.60 2.80
DSLNR 0.00 1.60 1.80 1.80 2.60
NDL 0.00 0.00 0.20 0.60 1.40
DINL 1.40 1.80 2.40 2.60 2.60
DS 0.16 0.54 6.95 7.45 8.50
DI 0.14 1.65 8.99 10.29 11.62

Table 3.6:Disease severity and disease incidence of
Alternaria alternata DWSR1 on water

Intact leaves submerged due
to fungal rotting of the air sacs

Demonstration on efficacy of fungal bioagent Alternaria
alternata DWSR1 and Neochetina spp. on water hyacinth
plant at DWR pond.

3.3.2 Integrated management of Pistia stratiotes

Pistia stratiotes, commonly called water lettuce,
has become an emerging problem in aquatic bodies in
Jabalpur and surrounding areas. During survey, Pistia
infestation was found in many other ponds and
aquatic bodies in and around Jabalpur indicating its
fast spread in the area. Earlier, no such large
infestation of Pistia was observed.

To find out effective indigenous bioagents for
biological control of Pistia, surveys were made in
aquatic bodies of Jabalpur. During survey, a few
species of insects feeding on Pistia were collected
namely aphid (2), grass hopper (2), coleopteran beetle
(1), larvae (2) but they were of polyphagpus nature.
Larvae of one another species feeding voraciously on
P. stratiotes were collected and brought to the
laboratory. The larvae were reared and moth was
obtained and identified as Spodoptera pectinicornis.
Biology of this species was studied. Female laid eggs
in masses and each egg mass contained eggs varying
from 110 to 130. The average fecundity was recorded
533/female and maximum 700 eggs were laid by
single female. Oviposition period was 2-7 days while
3-6 days was incubation period. Larval, pupal and
total development period was recorded 17- 21, 3-5.5

hyacinth
Days after spraying (DAS) DS DI
6 0.16 0.14
30 0.54 1.65
60 6.95 8.99
90 7.45 10.29
120 85 11.62 and 28-30 days, respectively.
|
44 |
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Host specificity test on 33 plant species revealed
no complete development of larvae and subsequent
emergence of adult which reflected that insect is host
specific. First instar larvae fed slightly on two plant
species and moderately on one, while, third instars
fed slightly on four, moderately on two, and heavily
on one plant species. Fifth instars fed slightly on
three, moderately on four, and heavily on two plant
species. In all tests, no larvae lived longer than
5 days except on P. stratiotes. In multichoice
oviposition tests, moths laid over 78% of their egg
masses on Pisita, 14% on water hyacinth, 2% each
on alligator weed, brinjal, tomato and Trianthema
portulacastrum.

Moth and larvae of Spodoptera pectinicornis

During rainy season, larvae were found feeding
the leaves. Initially, they feed on soft tissues and
subsequently feeds on the outer portion of leaves. On
increase in population, up to 70% of the weeds were
succumbed to the pressure of larvae but Pistia mat
was not completerly killed. On reduction of
population, Pistia again increased its density from the
remaining population.

e

Impact of bioagent on Pistia stratiotes

DWR

Three herbicides namely 2,4-D, glyphosate and
metsulfuron-methyl were tested on Pistia in different
concentrations. Metsulfuron-methyl 6 g/ha emerged
most effective herbicide followed by glyphosate
(2.0 kg/ha), while 2,4-D (1.5 kg/ha ) did not control
the weed. It was found that Pistia has great capacity to
regrow fastfrom the uncontrolled plants.

Regneration from a few uncontrolled Pistia
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Chapter - 4

RESEARCH PROGRAMME - 4

MONITORING, DEGRADATION AND MITIGATION OF HERBICIDE RESIDUES
AND OTHER POLLUTANTS IN THE ENVIRONMENT

Persistence of herbicide residues is of great
concern as presence of herbicide residues in the soil
may not only damage the sensitive succeeding crops
but also adversely affect human and animal health
due to bioaccumulation of residues in crop produce.
Due to rain and irrigation persisting residues are
likely to move towards subsurface soil and may

contaminate ground water. Thus project on
monitoring, degradation and mitigation of herbicide
residues and other pollutants in the environment has
been initiated. Crop, water and soil samples were
evaluated to determine persistence and
bioaccumulation of various herbicides in fishes and
crops under field conditions.

Metsulfuron-methyl and chlorimuron residues in
the soil of rice field were found in the range of 0.040-
0.0013 ng/g between 0-60 days. After 90 days
metsulfuron-methyl and chlorimuron residues were
not detected in the soil. As a herbicide mixture, a
combined 0.0796 to 0.0305 pg/g residues of
metsulfuron-methyl and chlorimuron were detected in
the soil up to 20 days. Metsulfuron-methyl and
chlorimuron residues were found in the range of 0.295-
0.0017 ng/ g between 0-30 days in the rice plants. After
30 days metsulfuron-methyl and chlorimuron residues
were found below 0.001pg/g in the rice plants. As a
herbicide mixture, a combined 0.3504 to 0.0057 nug/g
residues of metsulfuron-methyl and chlorimuron were
detected in the rice plants up to 30 days. Residues of
metsulfuron-methyl and chlorimuron were found
0.0832 to 0.0171 ng/mL in the pond water between 1-
20 days. Bispyribac and pendimethalin residues were
found in the range of 0.32-0.013 ng/g and 0.258-0.001
ug/ g between 0-30 days. After 90 days residues were
not detected in the soil. Bispyribac-sodium residues
were found in the range of 2.865-0.0267 nug/g between
0-30 days. Pendimethalin residues were found in the
range of 4.078- 0.0075 pg/ g between 0-90 days. After 90
days pendimethalin residues were found below 0.001
ng/ ginthesoil (Fig.4.1).
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Figure 4.1 Dissipation of metsulfuron-methyl and
chlorimuron-ethyl in the soil

4.1.2 Effect of metsulfuron-methyl, chlorimuron,
bispyribac and pendimethelin on water
quality and fish mortality in ponds water

In the fishes, 0.007, 0.0691 and 0.0376 pg/g
residues of metsulfuron-methyl, bispyribac and
pendimethelin were found after 30 days in fishes.
Herbicides treatments did not altered water quality
significantly (Table 4.1 and 4.2). Mortality of fishes
was not observed due to bispyribac-sodium,
metsulfuron-methyl+chlorimuron-ethyl and
pendimethain in Kharif season. At 60 days bispyribac-
sodium, metsulfuron-methyl+chlorimuron-ethyl
and pendimethain residues in fishes were <0.001 in
the fish.

Table 4.1: Change in pH and EC of the soil due to herbicides application in paddy field (Kharif 2014)

Sub -programme Experiments Associates
41 Impact of 4.1.1 Residues c')f mets1..11f1.1ron - rn.ethyl,. chlgrimuron, bispyribac Shobha Sondhia,
8 S rm & and pendimethelin in the soil of rice field R. P. Dubey
herbicides in
soil, water and 4.1.2 Effect of metsulfuron-methyl, chlorimuron, bispyribac and Shobha Sondhia,
non targeted pendimethelin on water quality and fish mortality in ponds P. J. Khankhane
organisms and 4.1.3 Evaluation of major degradation products of carfentrazone- Shobha Sondhia
herbicide ethyl, metsulfuron-methyl and bispyribac sodium in field soil
mitigation by LC/MS/MS
LHCASLIECS 4.1.4 Evaluation of risk of ground water contamination by the Shobha Sondhia
continuous use of herbicides
4.1.5 Change in pH and EC of leachates after pretilachlor Shobha Sondhia
application and following rain in Kharif 2014 P. J. Khankhane
4.1.6 Identification of metabolites/transformation products of Shobha Sondhia
pretilachlor in soil and water at various depths in lysimeter of
1-3 m depths
4.2 Degradation of 4.2.1 Phototransformation of bispyribac-sodium in soil-water P.P Choudhary
herbicides in the biphasic system
environment 4.2.2 Bispyribac-microbes interaction in rice rhizospheric soil P.P Choudhary
4.3 Bio-remediation of | 431 Testing of terrestrial weed based phytoremediation system for | P.J. Khankhane,
pollutar'lts using waste water treatment for irrigation. Shobha Sondhia,
:;rre;trlal / aquatic R.P. Dubey
eeds

4.1 Impact of herbicides in soil, water and
non-targeted organisms and herbicide
mitigation measures

4.1.1 Residues of metsulfuron-methyl, bispyribac,
chlorimuron and pendimethelin in the soil of
rice field

Almix, bispyribac-sodium and pendimethelin
were applied at 20, 25 and 750 g/ ha to the paddy crop
in Kharif and clodinafop+metsulfuron-methyl (60+4
g/ha), sulfosulfuron+metsulfuron-methyl
(28+4g/ha) and pendimethelin (750 g/ha) were

applied in Rabi to wheat plots at recommended doses.

Herbicide residues/ dissipation was determined
in water, soil and plants at zero days to till harvest.
Water and fishes samples were collected after
herbicide application and rain events in Kharif and
after flood irrigation in Rabi between 0 to 100 days to
see bioaccumulation and persistence of herbicides.
Effect of herbicides on fishes mortality and water
quality was also evaluated in the respective days. All
samples were processed and analyzed for residues by
HPLC.

Days Control Metsulfuron-methyl+ Bispyribac Pendimethalin
chlorimuron sodium

EC pH EC pH EC pH EC pH
0 71.2 7.00 82.1 6.05 78.5 5.85 1154 5.95
5 126.7 6.65 69.0 6.00 125.8 5.90 96.4 6.00
10 104.8 6.60 99.4 6.10 114.0 5.95 1743 6.15
20 103.7 6.75 64.0 6.80 107.2 6.80 111.6 6.10
30 104.4 7.15 115.5 6.85 94.6 6.80 122.1 7.40
60 108.0 7.50 100.1 7.15 1114 7.30 130.3 6.85
90 70.2 7.20 72.9 7.25 95.7 7.00 171.8 7.05
At harvest 135.7 7.55 118.0 6.65 143.05 6.60 141.0 6.90

Table 4.2: Change in pH and EC of the pond water due to herbicides application in paddy field (Kharif 2014)

Day Control Metsulfuron-methyl+ Bispyribac Pendimethalin
chlorimuron sodium

EC pH EC pH EC pH EC pH

0 521.5 6.65 547.5 6.65 532.0 6.55 465.5 6.70

5 494.9 7.50 363.5 8.05 4475 7.90 404.3 7.80

10 461.1 7.55 575.2 7.75 613.0 7.70 4074 8.05

20 426.5 7.80 349.5 7.75 410.2 7.30 388.5 7.75

30 419.3 7.60 437.2 8.05 582.1 7.65 419.5 7.05

60 545.5 7.62 406.5 8.10 609.4 7.70 378.7 7.70

90 696.2 7.95 480.5 7.45 607.3 7.50 546.5 7.80

At harvest 673.5 7.70 467.5 7.75 692.5 7.50 510.4 7.60
:
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4.1.3 Evaluation of major degradation products of
carfentrazone-ethyl, metsulfuron methyl and
bispyribac-sodium in field soil by LC/MS/MS
Two metabolites of carfentrazone were isolated

and identified from soil of wheat field by LC-MS/MS

in the soil and characterized as carfentrazone-
chloropropanoic acid (I) and 3-desmethyl-

carfentrazone - chloropropanoic acid (II).

Three metabolites of metsulfuron-methyl were
identified by LC-MS/MS in the soil as 2-amino-4-
methoxy-6-methyl-1,3,5- triazine -2yl urea, 2-amino-
4-methoxy-6-methyl-1,3,5- triazine and 2-amino- 4-
hydoxy-6-methyl-1,3,5- triazine (Figure 4.2, 4.3 and
4.4).

SIFUN i

SN
l'lln(}q

Figure 4.2: Identification of metabolites of metsulfuron-methyl

5day 10day 20day 90day

Figure 4.3: Identification of metsulfuron-methyl
metabolites in soil

5day 10day

Figure 4.4: Identification of metsulfuron-methyl
metabolites in fishes

The three degradation products of
bispyribac-sodium in the soil, rice plants and water
were identified as 2,4-dihydroxy benzoic acid, 2-
hydroxy-6-[-4-hydroxy-6-methoxy pyrimidine-2-
yl)oxy] benzoic acid and 2-[4,6-dimethoxy
pyrimidine-2-yl)oxy]-6-hydroxy benzoic acid
(Figure4.5).

Figure 4.5: Identification of metabolites bispyribac-sodium

Three major metabolites of iodosulfuron were
detected from soil and two from rice plants were:
identified as 2-amino-4-methoxy-6-methyl 1,3,5
triazine, 2-amino-4-methoxy-6-methyl 1,3,5 triazine
urea hydroxy-1,3,5 triazine methyl-4-iodo-2[3-(4-
methoxy-6-methyl 1,3,5 triazine -2yl) uridosulfomy]]
benzoate. Aspergillus niger was found to degrade
higher concentration of iodosulfuronin soil.

414 Evaluation of risk of ground water
contamination by the continuous use of
herbicides
Pretilachlor was sprayed at 750 and 1500 g/ha

doses to the surface of each lysimeter under field

conditions and allowed to receive natural rain

(approximately 1520 mm). Soil samples at 0-25, 25-50,

50-75, 75-100, 100-125, 125-150, 150-175, 175-200 and

200-225 cm depths were collected and analyzed by

HPLC to see the movement of pretilachlor in the soil

and to predict possible risk of ground water

contamination through herbicides. Leachates were
also collected and analyzed to see the movement of
pretilachlor.

Pretilachlor residues were higher in surface soil
and were found up to 60 days in soil at various depths.
Pretilachlor leaching increased the soil pH (7.1 to 8.4)
at various depths after its application. After 3-days,
2.482-0.0239 pg/ g pretilachlor residues were detected
at various depths in the lysimeter where rice plants
were grown. Whereas 0.0688-0.0014 pg/ g pretilachlor

residues were detected in the various soil depths at 60
days. In leachates 0.8344-0.0052 pg/g pretilachlor
residues were found from 22 July to 15 September
showed that under saturated moisture conditions it
may leach to lower depths. Afterwards pretilachlor
residues were not detected in the leachates.

DWR

4.1.5 Change in pH and EC of leachates after
pretilachlor application and following rain in
Kharif2014
pH (7.1to 8.4) and electrical conductivity (420-

2000 pS/cm) were changed significantly in the

leachates after each rain events (Table 4.3).

Table 4.3: Change in physico-chemical parameter due to pretilachlor application in the leachates of soil lysimeters

Date M

2M 3M

T1 T2 T1

T2 T1 T2

pH EC pH EC pH

EC | pH | EC | pH | EC | pH EC

22/07/14 7.5 1710 7.6 1290 7.6

1400 71 560 7.3 420 7.5 1210

23/07/14 7.6 1270 7.8 1040 7.8

1000 7.6 260 7.6 840 7.6 1165

30/07/14 7.8 1925 7.8 1400 79

1693 8.0 1889 7.8 1270 8.2 1290

05/08/14 7.6 1592 7.6 1413 7.6

1678 7.9 1734 7.8 1953 8.1 1490

06/08/14 7.6 1512 7.4 1445 7.5

1587 7.6 1739 7.6 1483 7.5 1776

11/08/14 8.2 1601 8.1 1608 8.1

1236 8.3 1409 8.2 1259 8.4 1978

04/09/14 8.2 2000 8.0 1984 8.0

1415 7.8 1653 7.6 1391 8.0 1116

09/09/14 | 8.2 1935 8.2 1796 8.2

1535 8.1 1764 8.1 1526 8.4 1589

15/09/14 8.3 1737 8.3 1302 8.4

1460 8.3 1661 Nil Nil Nil Nil

4.1.6 Identification of metabolites/transformation
products of pretilachlor in soil and water at
various depths in lysimeter of 1-3 meter
depths

Metabolites/transformation products of
pretilachlor were found in soil and leachates
were identified as, 2',6'-diethyl-N-
(propoxyethyl)acetanilide; 2',6'-diethyl-N-(2-
hydroxyethyl)aniline; 2',6'-diethyl-N-
(ethoxyethyl)aniline; 2',6'-diethyl-N-(ethyl)aniline;
acetanilide; 2-chloro-2',6'(diethyl)-N-methyl
acetanilide; 2-chloro-2(1-hydroxyethyl,6'-ethyl)-N-(2-
propoxyethyl acetanilide; 2-chloro-1-(9-ethyl-3-
hydroxy-2,3,4,5-tetrahydro-1H-1benzazapin-1-
yl)ethanone; (diethyl)-N-methyl acetanilide; and 2-
chloro-1(-9-ethyl-3-hydroxy-2,3,4,5-tetrahydro-1H-
1benzazapin-1-yl)ethanone.

4.2  Degradation of herbicides in the environment

4.2.1. Phototransformation of bispyribac-sodium in
soil-water biphasic system

A study was conducted on the
phototransformation of bispyribac-sodium in a
biphasic soil-water system simulating soil-water
environment of rice field. The experiment consisted of
eight treatments each replicated thrice. In each soil-
water system 4.5 cm of water was maintained on the
soil layer of 4 cm depth. In case of the treatment
containing water only a depth of 4.5 cm was always
maintained. Bispyribac-sodium was applied on to the
soil-water or water at the rate of 0.2 mg/kg of soil. All

the treatments with open surface of water were
exposed to sunlight in outdoor situation. A set of all
the treatments was also maintained in the dark
conditions. Another set of experiment on the
photolysis of bispyribac-sodium was also carried out
in closed system, ie. in quartz flask containing
distilled water and irrigation water spiked with the
herbicide resulting in a solution of 10 ppm. During the
exposure under sunlight sampling was done in
regular interval. Soil and water samples were
analyzed on high performance liquid chromatograph.

Bispyribac-sodium did not undergo direct
photolysis readily. The photolytic half-life (T, ,) of it in
distilled water under closed system of quartz tube was
found as 232 days. Whereas, the T, , of it in distilled
water under open surface condition was 32 days.
Probably, dissolved CO,, which becomes available in
open surface condition, could enhance the rate of
photolysis of bispyribac. Even during the irradiation
of bispyribac dissolved in irrigation water, the T, , was
found to be 28 days in closed quartz flask. The
enhanced rate of the photolysis of the herbicide in
irrigation water, when compared to that in distilled
water is due to the sensitization action offered by the
dissolved organic matter and inorganic substances.
This photochemical sensitization process was further
revealed in the treatments containing the herbicide
along with the humic substances and sodium nitrate,
separately in sterilized distilled water. The T, , values
for bispyribac were 8 and 10 days in presence of humic
substances and sodium nitrate, respectively.
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Table 4.4: Photolytic half-life values of bispyribac-sodium in soil-water biphasic system and in different aqueous phases

System Treatment Half life (day) R2*
Open surface | Natural soil and water 5.52 0.83
Sterilised soil and water 10.73 0.77

Organic matter free soil and water (sterilized) 12.07 0.79

Organic matter free soil + humic acid and water (sterilized) 7.36 0.81

Distilled water 32.2 0.89

Distilled water + humic acid 8.12 0.98

Distilled water + sodium nitrate 9.61 0.76

Distilled water + humic acid + sodium nitrate 8.46 0.89

Closed Distilled water (in quartz flask) 232.60 0.90
Irrigation water (in quartz flask) 28.02 0.95

The sensitizing effect of humic substances and
inorganic compounds in the photolysis of bispyribac-
sodium was revealed in the experiment conducted in
a biphasic system of soil-water under natural light
(Fig.4.6) through hydrolysis of bispyribac-sodium
salt to its acid, i.e. bispyribac (2,6-bis[(4,6-dimethoxy-
2-pyrimidinyl)oxy]benzoate). Different radicals were
formed from bispyribac during irradiation in
biphasic system. These radicals might also be formed
from the chemical interaction between bispyribac and
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Figure 4.6: Degradation of bispyribac-sodium in the soil-
water biphasic system

active species like super oxide, singlet oxygen and

peroxides, which were generated from the irradiation

of humic and inorganic substances in soil and water.

These radicals formed from the herbicide reunited

randomly making bonds of different combination

with the formation of various photoproducts, viz., 4,6-

dimethoxypyrimidinyl phthalate, 2-(3-methoxy

phenoxy)-4,6-dimethoxy pyrimidine, = 2-methoxy

methyl benzoate, 2,4,6-trimethoxypyrimidine, 2-(3-

hydroxy phenoxy)pyrimidin-4,6-diol and pyrimidin-

2,4,6-triol. Any degraded product of pyrimidintriol
was not detected in this experiment.

4.2.2 Bispyribac-microbes interaction in rice
rhizosphericsoil
Microbial degradation of bispyribac-sodium is

reported as the major mode of degradation in rice

ecosystem. The bispyribac-degrading microbes were
isolated from rice rhizospheric soil by herbicide
enrichment technique. The bacteria, which degraded
the herbicide are characterized by 16s rRNA
sequencing as Pseudomonas sp., Bacillus megaterium
and Lycinibacillis sphaericus. Similarly, the bispyribac-
degrading fungi were characterized by 18s RNA
sequencing as Saccharomycopis malanga, Aspergillus

flavus, Aspergillus oryzae and Aspergillus flavus EGY 1.

4.3 Bioremediation of pollutants using terrestrial/
aquatic weeds.

4.3.1 Testing of terrestrial weed based phyto-
remediation system for waste water treatment
forirrigation

An experiment was carried out to find out
effect of waste water application on metal
accumulation in soil and to assess heavy metal uptake
in tomato at farm. The eight treatments combinations
were made including four main (tube well water,
filtered water-I (Typha based) and filtered water-II

(Vetiveria based) and drain water as control as

irrigation treatment which were split -up with two

treatment of with and without EDTA.
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As far as accumulation of heavy metals in soil
was concerned, higher concentration of DTPA
extractable heavy metals cadmium and lead were
observed in plots irrigated with untreated drain water
as compared to tube well water. The values of Cd in
soils was 0.15, 0.22, 0.24 and 0.30 mg/kg in surface
soil under tube well water, filtered -I (Typha treated),
filtere treated-II (Vetiveria treated) and drain water
irrigated plots respectively. The Pb accumulation in
soils was 2.59,2.67,2.71 and 3.08 mg/ kg in surface soil
under tube well water, filtered - (Typha treated)l,
filtered -II (Vetiveria treated) and drain water irrigated
plots respectively.
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After irrigation with drain water tomato
absorbed higher concentration of heavy metal than
tube well water irrigation (Table 4.5). Comparatively
lower concentration of heavy metals were retained in
fruits of tomato than its shoot part. Nearly two fold
increase in concentration of heavy metals was
observed in tomato shoot. EDTA application
enhanced the translocation of heavy metals in
tomato. Significantly higher tomato yield was
observed under plotsirrigated with drain water.

Table 4.5: Effect of waste water on cadmium and lead concentration in different parts of plant.

Tube well water

Treatment Cd (mg/kg) Pb (mg/kg)
Root | Shoot | Fruit Root | Shoot | Fruit
Main treatment
Tubewell water 0.10 0.19 0.06 1.51 2.15 0.62
Filtered water- I (Typha based) 0.23 0.37 0.12 3.10 4.77 1.33
Filtered water-II (Vetiveria based)| (.24 0.39 0.13 6,55/ 4.92 133
Drain water 0.41 0.56 0.23 5.44 7.37 212
LSD (P=0.05) 0.03 0.05 0.03 0.56 0.44 0.16
Sub treatment
Control 0.23 0.38 0.12 2.94 4.59 1.26
EDTA 0.27 0.37 0.15 3.72 5.01 1.44
LSD (P=0.05) 0.02 NS 0.01 0.22 0.18 0.06
B, == e v
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Treated water-I (Typha)
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Chapter -5

RESEARCH PROGRAMME - 5

ON-FARM RESEARCH AND DEMONSTRATION OF WEED MANAGEMENT
TECHNOLOGIES AND IMPACT ASSESSMENT

Technology transfer is equally important as
technology development for sustenance of
agriculture. Farmers fail to benefit from technological
advances due to communication gap between
research organization(s) and the end-users along with
lack of technical know-how. Surveys carried out
earlier revealed significant gap between available
improved technologies and their adoption levels.
However, no technology can perform equally in every
agro-climatic situation. On-farm research (OFR) aims

to test a new technology at farmer's field. It should
help to develop innovations compatible with the
actual farming system and corresponding to farmers'
goal and preferences. Accordingly, the on farm
research programme has been initiated to understand
farmers' problems and undertake necessary
interventions through farmer participatory approach
to develop, testand evaluate cost effective solutions to
their weed management related problems and
probable ways of weed utilization.

utilization and composting of weed biomass were also
conducted. Trials were conducted in a participatory
mode with active involvement of the farmers.
5.1.1 Weed utilization for rhizo-filtration of low

quality water forirrigation

Survey of multi-contaminated sites was carried
out. in Jabalpur and adjoing area. Waste water
samples were collected from drain sites: Amkhera,
Khairi / Urdua and Kachpura. The collected samples
were analysed for various pollutants (Table 5.1)
Among the contaminated sites, higher COD, BOD,
potassium, chloride and chromium was recorded at
the Khairi site. Among the tested heavy metals, higher
chromium (0.06 mg/1) was observed at the khairi site
than Amkhera (0.0273 mg/1) and Katchpura (0.0115

DWR

mg/1). The total bacteria, fungi, diazotrophic and
E. coli population were enumerated from different
soils, water and vegetables of farmer's field in
different location of Jabalpur and adjoining area
(Table5.2).

It is observed that the soils of Kachpura
harboured more number of bacteria (43.0 cfux10°),
fungi (15.0 cfux10’) and E.coli . The increase in E.coli
count could be the result of their water contaminated
by high level of E. coli (65.35 cfux10’). Among the
different vegetable tested phyllosphere of methi
collected from Kachpura area recorded the maximum
total bacteria population of 32.3 x 10°cfu per gram of
dry soil. On other hand, higher numbers of epiphytic
flora of E.coli were observed in radish (32.5 cfu x10%).

Table 5.1: Water quality parameters of contaminated sites in Jabalpur

ST LEb gy AR Parameters Units Amkhera Drain Khairi Katchpura Drain
5. On-farmresearchand | 5.1.1 Weed utilization for rhizo-filtration of low quality water for | P.J. Khankhane Total solids mg/1 534.0 396.0 693.0
demonstration of weed irrigation ( Amkhera, Khairi / Urdua and Kachpura locality) | Shobha Sondhia Oil & grease mg/1 Nd 3.0 18.0
management C. Sarathamble COD mg/1 16.8 212 14.0
. . 7
tizhéllfig%;fs 2(: dhlgher 5.1.2  On-farm research and demonstration of weed management C. Kannan BODI(d1Days127°C) mg/1 Ze 54 78
%come y & weed utilization technologies (Dhanwahi and Khinni Meenal Rathore Total Hardness CaCO, mg/1 190.0 10.0 240
locality) Sodium mg/1 10.0 1.0 8.0
Potassium mg/1 1.0 68.1 66.0
513 On}-\farin r-esefalrd} an;l de(;nonstrzfltion of wee;iJ manag;zmelr}t gi Eisegh . Calcium mg/1 58.6 11.52 20.0
technologies in rice-based cropping system (Panagar locality) ibakar Ghos Vi ] 1296 3891 193.0
Bhumesh Kumar :
Chloride mg/1 43.78 77.6 20.0
514 On-farm research and demonstration of weed management Sushil Kumar i — mg/1 0.0273 0.06 0.0115
technologies in rice-based cropping system (Shahpura locality) Raghwer;ldra Singh Boron me/1 ND ND ND
Megta Gimle Mercury mg/1 ND ND ND
515 On-farm research and demonstration of weed management D.K. Pandey Arsenic mg/1 ND 0.006 ND
technologies in rice-based cropping system (Gosalpur / R. P. Dubey Total Bacteria(cfux10©) cfux106 18.6 +2.19 15.6 + 0.67 23.6+1.76
Sihora locality) P.P. Choudhary E. coli (cfux10%) cfux103 28.0+215 25.2 +3.58 65.3 + 3.88
i 3
5.1.6 On-farm research and demonstration of weed management P.K. Singh Fungi - cfux10 5 NA NA NA
technologies in rice-based cropping system (Kundam locality) | V. P.Singh Total diazotrophs cfux10 L NA NA
K.K. Barman
52 Impact assessment of 521 Impact assessment and adoptions of weed management PK. Singh Table. 5.2: Assessment of micro -flora from multi-contaminated sites in Jabalpur and adjoining area
weed management technologies Yogita Gharde cfu/ g of soil on dry weight basis
LN technologies on social LN
| upliftm eﬁt and Type of sample/ place Total Bacteria Fungi Total diazotrophs E. coli3 :
L livelihood security (cfux106) (cfux103) (cfux105) (cfux10°) L
S Urdua 335+1.45 6.33 £0.67 26.67 £3.18 10.0+0.58 >
= 5.1 On farm research and demonstration of  knowhow in terms of existing agricultural practices Soil Amkhera 30.3+1.86 9.33+0.88 40.00 +2.00 8.00 +1.00 =
&E weed management technologies for higher ~ wereselected. Subsequently, 5-6 farmers representing Kachpura 43.0+265 15.0+2.08 32.67 +0.88 153+0.88 EEE
O productivity and income various sections were selected randomly in each Radish 502162 NA NA 3255210 O
@) Initially, different localities of Jabalpur district 10(:?11::}1‘ The OFR 1/ ddemonstratlkcl)ns l;tsm}gl IIZNM Palak 295+ 240 NA NA 19.4+1.23 @)
. s . technologies were laid out in wheat & chickpea Vegetable — —
E were indentified and surveyed with regard to durin xfinter season, and rice, soybean and maize Methi LY B B SLEELLE E
cropping pattern, location-specific weed problems ] & ) ¢ » SO ) Pudhina 23.0+1.65 NA NA 24.8+312
I and management practices being adopted. during rainy season greengram during summer - -~ I
8 Accordingly, villages/farmers with little technical season. Similarly OFR/" demonstrations on weed NA-not analyzed; Values are mean + SE of three replicates 8
E 52 : ICAR-DWR Annual Report 2014-1 ICAR-DWR Annual Report 2014-1 : E
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5.1.2(a) On-farm research and demonstration of
weed management technologies

(Dhanwahi locality)
An OFR trial was conducted during rabi 2013-
14 at Dhanwabhi village, 45 Kms from Jabalpur. Wheat
crop was sown on 05 December, 2013, in the presence
of the scientists. The farmers viz., Kishore Singh,
Bhadur Singh, S.K. Dubey, Shiv Singh were given

quality seeds, fertilizers (120:70:40 NPK kg/ha) and
the recommended herbicides (2, 4-D amine salt 58%,
500 g ai/ha). The major weeds present in the farmers
fields were Medicago hispida, Vicia sativa, Lathyrus sp.,
Chenopodium album. The crop was harvested on 10
April, 2014. Samples were taken using the standard
quartet at 5 points in each plot. The crop was then
thrashed and the grains weighed (Table 5.3).

Table 5.3: Evaluation of on-farm improved weed management technology at Dhanwabhi locality during Rabi 2013-14

Treatment Weed Weed dry Yield Cost of Gross Benefit:
population/ weight (t/ha) cultivation /ha return/ha cost ratio
m? g/m? ® ®
T, - Farmers practice 45.25 16.67 2.95 19150 41230 215
T, - Weedy 78.25 35.25 3.65 17400 51184 2.94
T, - No fertilizer +herbicide 36.25 28.5 247 17280 34608 2.00
T, - Recommended fertilizer 20.5 13.15 425 15600 59598 3.82
dose + herbicide

Mean values of from 4 fields

The results indicated that the weed
technology prescribed by the DWR was effective in
managing the weeds. The farmer could obtain a gross
return of ¥ 59,598 with a B:C ratio of 3.82 when
compared to the farmers practice (¥ 41,230 and B:C
ratio of 2.15). In the treatment where fertilizers were
not applied (T,), the yield was very low (2.47 t/ha)
mainly because of the high weed dry weight (28.5
g/m’) next only to weedy plot (35.25 g/m’). This may
be mainly because of the unfertilized crop were very
weak and could not compete with the weeds
resulting in lesser yields. Thus it is clear that timely
management of weeds with appropriate herbicides
and application of fertilizers would help in managing
the weeds and getting significantly higher yields.

On-farm research and demonstration of weed
management technologies in wheat.

5.1.2(b) On -farm research and demonstrations on
composting of weed biomass (Khinni
locality).

An OFR was conducted on the composting of
weed biomass obtained from the farmer's field. Two
farmers viz., Mr. Kishorilal and Mr. Manoj were
interested to participate and hence their fields were
selected. The methodology prescribed to the farmer
was as follows: Trichoderma viride was multiplied in
potato dextrose broth solutions in large flasks, for
about 15 days and entire mat of fungi with broth was
mixed and used as the fungal inoculants. A shaded
area of size 5 x 2.5 m’ in the corner of the field, where
there is no water logging was selected and cleaned of
any debris. Weeds were segregated into cellulosic
weeds for example Parthenium, Alernanthera and
leguminous weeds such as Medicago. About 10 kg of
finely chopped weed pieces are placed in alternating
layers of cellulosic weeds and leguminous weeds, one
over the other. In between two layers weeds, cow
dung slurry (about 20 kg/pile) and T. viride inoculants
were sprinkled uniformly. Up to six such layers were

Colony and conidial photograph of Trichoderma viride
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made and the top layer was covered with a gunny bag
to maintain moisture. The layers were turned upside
down after 35 days to provide aeration and at the end
of the period, the compost material brown in colour
was obtained. Care was taken not to excess moisture
the pile. About 60 days were required for one cycle of
composting.

The advantages of composting as explained
to the farmers included improvement of the soil
structure, improvement of overall plant growth by
increasing the beneficial micro-flora in soil and
availability of nutrients from compost is faster due to
its narrow C: N ratio. The farmers were able to get 40
to 45 kg per compost pile. The compost was applied in
brinjal plants of 60 days old. Since this is the first time
application there was no significant increase in the
growth of the plants. The farmer was apprised about
the other advantages like water conservation.

5.1.3 On-Farm research trials of weed management
technologies at farmers' field in wheat at
Panagar locality
On-farm research trials were carried out to

transfer the weed management technologies to

progressive farmers and evaluate the technology at
farmers' fields. OFR trials were undertaken at five
locations in Mahagawa and Bharda villages in wheat
crop during Rabi 2013-14. The good quality seed,
fertilizers and herbicides were applied in selected
farmers' fields. In all farmers' fields, the sowing of
wheat crop was done by happy seeder machine
without removal of previous crop residues (rice
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stubbles and straw) to demonstrate the conservation
agriculture technology.

The herbicides used in these OFR trials were
2,4-D and mesosulfuron + iodosulfuron. Good
germination and establishment of wheat crop had
occurred. Framers practices include all except weed
management. Weed counts, weed biomass was found
to be less under both the herbicide treatments as
compared to farmers' practitice. Major weeds were
Lathyrous sativa, Vicia sativa, Chenopodium album,
Medicago denticulata and Melilotus alba among broad
leaved and Avena sp (wild oat) and Phalaris minor
among grasses. In all the herbicide treated fields, very
effective weed control was evident leading to the
increased yield of wheat compared to the farmers
practice. The results revealed that post emergence
application of herbicides controlled rabi weeds
effectively and gave higher cost benefit ratio
(Table 5.4).

Table 5.4: Weed count, dry weight and seed yield and economics of wheat during Rabi 2013-14 in Panagar locality

Treatment Weed count | Dry weight | Grainyield | Total income | Cost of production B:C

(no/m?) (&/m?) (t/ha) R /ha) R /ha) ratio

24-D 29.8 13.6 2.8 40056 18800 213
Mesosulfuron + iodosulfuron 26.0 13.6 29 41869 19875 211
Farmers’ practice (FP) 69.9 54.8 1.8 26294 18000 1.46

Values are mean of five independent locations.

Rice at Panagar locality (Kharif 2014)

On-farm research (OFR) trials were
undertaken on management of weedy rice through
cultural interventions in Panagar locality. Purple
colored variety 'Shyamla' with three treatments ((i)
brown manuring followed by hand weeding at 40
DAS (ii) Hand weeding at 45 and 60 DAS and (iii)
Farmers' practice. The crop was shown under DSR in
weedy rice infested farmers' field. By growing colured
variety of rice in weedy rice infested field. The
identification of weedy rice became easy and can be
easily removed through hand wedding. Brown
manuring followed by hand weeding at 40 DAS and

hand weeding at 45 and 60 DAS reduced the weedy
rice population thus the crop yield was increased
(Table5.5)

Table 5.5: Effect of different cultural treatments on weedy

rice and yield of rice
Dry wt. of Yield
Treatment weedy rice (t/ha)
g/m’” at 60 DAS
Brown manuring followed by 36.7 2.07
hand weeding at 40 DAS
Hand weeding at 45 and 60 DAS 34.2 1.75
Weedy Check 67.1 1.08
LSD (P=0.05) 15.5 0.44
|
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Green Gram at Panager locality (Summer 2014)

On-farm research (OFR) trials were undertaken
on green gram under conservation agriculture during
summer season of 2014 at three farmers' fields in the
Bharda, Nipania and Padaria villages of Panager
locality. Happy Seeder was used to sow summer
green gram and sowing was done just after harvesting
wheat crop without removing or burning the standing
crop stubbles. Resultrevealed that CA +imazethapyr
100 g/ha was effective and gave broad spectrum

weed control and seed yield of 1.3 t/ha, as compared
to 0.74 t/ha under FP (CT + no weeding) and
provided an additional net return with higher B:C
ratio over farmers practice. Beside this use of Happy
seeder saved time and favoured early sowing which
helped to utilize residual soil moisture, and saved
field preparation cost. Unlike ZT Seed drill, Happy
seeder utilized the wheat crop residue to mulch the
field and thereby also helped in managing weed
menace and improved soil condition (Table 5.6).

514 On-farm research and demonstration of
weed management technologies in
wheat
(Shahpuralocality)

During Rabi 2013-14 four on-farm trials were
conducted in Shahpura locality. Four treatments viz.
(i) Farmer's practice (60 kg N/ha + metsulfuron 4
g/ha (ii) RFD (Recommended Fertilizer dose 120: 60:
40 N, P,0,, K,O kg/ha) + Unweeded (iii) No RFD +
(meso+iodosulfuron 400g/ha) and (iv) RFD
(120:60:40N, P,O,, K,Okg/ha) + (meso+iodosulfuron
400g/ha) were tested at farmers field. The major
broad leaved weeds at farmers' field were Medicago
denticulata, Chenopodium album, Cichorium intybus
Vicia sativa and Lathyrus sativa. The major grassy
weeds were Phalaris minor and Avena sp. Standard
package of practices for growing of wheat was
followed, herbicides were applied at 25 days after
sowing. It was found out that RFD (120:60:40 N, P,O,,
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K,O kg/ha) along with the application of herbicide
(meso+iodosulfuron 400g/ha) was more effective
(weed dry weight, 4.5 g/m’; grain yield, 3.78 t/ha;
BCR:2.91) over farmer's practice (60 kg N +
metsulfuron 4 g/ha) (weed dry weight, 591 g/m’

Interaction with farmer and data recording of
initial weed population

Table 5.7: Comparative weed growth, grain yield and economics of OFR during Rabi 2013-14 in Shahpura locality

Treatment Weed density Weed biomass Grain yield B:C
(No/ m?) (g/m?) (t/ha) ratio
Sesbania alongwith rice for brown manuring Farmer’s practice (60 kg N/ha + metsulfuron 4 g/ha) 17 8.6 291 245
RFD (120:60:40 N, P, Os, K,O kg/ha) + Unweeded 39 7.1 3.06 2.68
No RFD + (meso+iodosulfuron 400 g/ha) 16 4.9 2.50 2.29
RFD (120:60:40 N, P, 05, K,O kg/ha) +
(meso+iodosulfuron 400 ¢/ha) 2 e S 2
5.1.5 On-farmresearch and demonstration of weed flora observed was Phalaris minor, Avena sp. Cichorium

Heavy infestation of weedy rice

OFR - Trial field (Greengram)

management technologies in rice-based
cropping system
Wheat at Gosalpur area (Rabi 2013-14)
On-farmresearch (OFR) trials were undertaken
on wheat 'GW 273' during winter season of 2013-14 at
four farmers fields in the village Bhadom of Gosalpur

intybus Vicia sativa, Medicago denticulata, Lathyrus
sativa, Chenopodium album and others. It was found out
that RFD (120:60:40 N, P,0,, K,O kg/ha) along with
the application of herbicide (meso+iodosulfuron
400g/ha) was more effective (weed dry weight, 3.54
g/m’; grain yield, 4.14 t/ha; BCR:3.42) over farmer's

practice (60 kg N + metsulfuron 4 g/ha) (weed dry

area. Weed management through herbicides with or
weight, 5.91 g/m’ ;grain yield, 2.54 t/ha; BCR: 2.08)

Table 5.6: OFR-cum-demonstration of weed management technologies under conservation tillage in summer greengram without recommended fertilizer dose (RFD) was

= Dry | Controlon o — Gross | BoC compared with the farmer's practice. The major weed (Table5.8).

LN Treatment count weight | dry matter yield production | income raiio . .. . . . LN
. (no/m?) | (g/m?) basis (t/ha) 3ha 3ha Table 5.8: Comparison of productivity of wheat in OFR at Bhadom, Gosalpur during Rabi 2013-14 :
LLI é Imazethapyr @ 100 g/ha (PO) 27 13.61 77 147 19850 66060 2.96 Treatment Weed Weed Grain B:C LL
= £ | Farmer Practice (CT+no weeding) 79 59.34 - 0.69 23406 30960 1.54 density biomass yield ratio =
= ~ | Imazethapyr @ 100 g/ha (PO 51 39.78 34 1.11 19850 49725 | 246 (no./m?) (8/m) (t/ha) =
< Py 8 <
o 2 | Farmer practice (CT+ no weeding) 85 60.34 - 0.71 23400 31500 1.54 Farmer’s practice (60 kg N/ha + metsulfuron 4 g/ha) 15 59 255 208 o
(@) 2 | Imazethapyr @ 100 g/ha (PO) 54 31.15 59 132 19850 59400 2.66 (@)
@) % [ Farmer practice (CT+ no weeding) | 138 7723 - 0.81 23400 | 36450 | 196 SUID) (AT ING 1E10%, KOl < | i etlael & o ALK 2 @)
E Average value of 3 locations No RFD + (meso+iodosulfuron 14.4 g/ha) 14 39 219 1.94 E

Improved Practice 44 28.18 57 188 19850 58395 2.69
E:) Farmer Practice 101 65.63 _ 0.74 23400 32970 168 RFD (120:60:40 N, P,O,, K,O kg/ha) + (meso+iodosulfuron 14.4 g/ha) 10 3.6 414 342 E:)
o o
E 56 : ICAR-DWR Annual Report 2014-1 ICAR-DWR Annual Report 2014-1 : 57 E
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OFR cum demonstration in wheat at Bhadom, Gosalpur

Rice at Sihora area (Kharif 2014)

On-farm research (OFR) trials were
undertaken onrice 'Kranti' during rainy season of 2014
at four farmer's fields in the village Simariya of Sihora
area. Weed management through herbicides with or
without recommended fertilizer dose (RFD) was
compared with the farmer's practice. The major weed
flora observed was Echinochloa colona, Eleusine indica,
Ischaemum rugosum, Ludwigia parviflora, Alternanthera
sessilis, Physalis minima, Cyperus iria and others. It was
found out that RFD (120:60:40 N, P,O,, K,O kg/ha)
along with the application of herbicide
(pyrazosulfuron 25g fb bispyribac-Na 25 g/ha) was
more effective (weed dry weight, 30 g/m’ grain
yield,6.25 t/ha; BCR:3.25) over farmer's practice (60
kg N + bispyribac-Na 25 g/ha) (weed dry weight, 119
g/ m’ ;grainyield,4.0t/ha; BCR:2.17) (Table 5.9).

Table 5.9: Comparison of productivity of rice in OFR at Simariya, Sihora during Kharif 2014

Treatment Weed density | Weed biomass | Grainyield | B:Cratio
(no/ m?) (g/m?) (t/ha)
Farmer’s practice (60 kg N/ha + bispyribac Na 25 g/ha) 73 119 4.00 217
RFD (120:60:40 N, P20s, K>O kg/ha) + unweeded 108 97 2.50 1.47
No RFD + (pyrazosulfuron 25 g fb bispyribac - Na 25 g/ha) 27 25 2.50 1.74
RFD (120:60:40 N, P20s, K20 kg/ha) + 16 30 6.25 325
(pyrazosulfuron 25 g fb bispyribac-Na 25 g/ha)

5.1.6 On-farmresearch and demonstration of weed
management technologies in maize and rice-
based cropping system (Kundam locality)

Wheat (Rabi 2013-14)

On-farm research (OFR) trials were undertaken
on wheat 'GW 273' during winter season of 2013-14 at
six farmers fields in the village Kalyanpur of
Khukham area. Weed management through
herbicides with or without recommended fertilizer
dose (RFD) was compared with the farmer's practice.

The major weed flora observed was Phalaris minor,
Avena sp. Cichorium intybus Vicia sativa, Medicago
denticulata, Lathyrus sativa, Chenopodium album and
others. Result revealed that RFD (120:60:40
N, P,O,, K,O kg/ha) along with the application of pre
mix herbicide (clodinofop+metsulfuron 60 + 4g/ha)
gave more effective broad spectrum weed control
(weed dry weight, 24.87 g/m’; grain yield, 4.03 t/ha;
BCR:3.43) over farmer's practice (60 kg N + 2,4-D 500
g/ha) (weed dry weight, 70.98 g/m’ grain yield,
2.36t/ha; BCR:2.25) (Table 5.10).

Table 5.10: Comparison of productivity of wheat in OFR at Kalyanpur (Khukham locality) during Rabi 2013-14

Treatment

Weed density Weed Grain B:C
(No./m?) biomass (g/m?) | yield (t/ha) ratio

(clodinofop+metsulfuron 64 g/ha)

Farmer’s practice (60 kg N/ha +2,4 -D 500 g/ha) 157 70.9 4.03 2.25
RFD (120:60:40 N, P,0;, K,0 kg/ha)+ Unweeded 179 90.7 3.09 2.95
No RED + (clodinofop+metsulfuron 64 g/ha) 38 16.6 2.74 2.50
RFD (120:60:40 N, P,0,, K,0 kg/ha)+ 50 24.8 414 343

Farmer practics in wheat at Kalyanpur of Khukham

Maize at Kundam locality (Kharif 2014)

On-farm research (OFR) trials were
undertaken on maize (Hybrid ) during rainy season of
2014 at eight farmer's fields in the village ragertola of
kundam tehsil. Weed management through
herbicides with or without recommended fertilizer
dose (RFD) was compared with the farmer's practice.
The crop was infested with mixed weed flora viz.
Echinochloa colona, Dinebra retroblexa, Ischaemum

OFR in wheat at Kalyanpur of Khukham locality

rugosum, Ludwigia parviflora Cyperus spp., Commelina
communis, Ageratum conizodies, Physalis minima and
others. It was found out that RFD (100:50:40 N, P,O,,
K,O kg/ha) along with the application of herbicide
(atrazine @1.0kg/haas PE fb one hand weedingat 35
DAS) was more effective (weed dry weight, 39 g/m’;
grainyield, 2.67 t/ha; BCR:2.31) over farmer's practice
(40 kg N + Hand weeding) (weed dry weight, 119
g/m’;grainyield, 0.75 t/ha; BCR:1.47) (Table5.11).

Table 5.11: Comparison of productivity of maize in OFR at ragertola, kundam during Kharif 2014

Treatment Weed density | Weed biomass | Grainyield | B:C
(No,/m’) (g/m) (Yha) | ratio
Farmer’s practice (40 kg N/ha + HW) 169 119 0.75 1.47
No RFD + (atrazine @ 1.0 kg/ha as PE fb one hand weeding at 35 DAS) 66 36 210 2.02
RED (120:60:40 N, P,0,, K,O kg/ha) + Unweeded 215 147 1.85 1.78
RED (120:60:40 N, P,0,, K,0 kg/ha) + (atrazine @ 1.0 kg/ha as PE fb 63 33 2.67 231
one hand weeding at 35 DAS)

ICAR-DWR Annual Report 2014-1 ICAR-DWR Annual Report 2014-1

Mean values of from 8 fields.

Farmer Practice (Manual weeding)

52 Impact assessment of weed management
technologies on social upliftment and
livelihood security
A study was carried out during 2013-14 with 70

crop grower (35 each from adopted and non adopted

localities of Jabalpur under OFR cum Demonstration
programme). Result revealed that 37% of the crop
growers fell in the age group of 20-40 years, 46% in the

OFR trial field (Herbicide treated)

medium age group (40-60 years) and rest 17%
belonged to the high age group (60-80 years),
respectively. The distribution pattern in respect of
education showed that 23% of the respondents were
illiterates. Majority of the crop growers had education
level between middle to intermediate (56%). A
scrutiny of the result showed that 64% of the crop
growers hailed from joint families while the
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remaining 36% belong to nuclear families. 46% of
crop growers fell in to small land holding (1-5 acre)
category, 38% belong to medium (5-10 acre) category
while only 16% of them had operational holding size
10 acre and above. 57% of the crop growers had low
contacts with extension personnel; majority of the
crop growers 53% had low and 32% had medium
exposure to various communication media/sources.
Broad leaved weeds were the dominant weed flora
with a share of 48.5 percent in general. This was
followed by grasses with a share of nearly 35 percent.
A comparison of cost of weed management in general
has revealed that the IWM has needed ¥ 2500-3000/ ha
while the farmers practice required I 5500-6000/ha.
Most of the small (50%) and medium (42%) farmers
possessed only low level of knowledge about modern
weed management technology. Half of the big
farmers possessed high level of knowledge, in
contrast to this only 4% of small farmers and % of
medium farmers had high level of knowledge. The

total area sown by the selected farmers was 926 acre,
out of which 365 acre (39%) received improved weed
control technology. It was amply clear from the
findings that lack of proper knowledge was the
leading constraint in adoption of improved weed
control technologies. 87% of the respondents pointed
out this constraint. 75% of respondents reported non-
availability of herbicide in time as well as lack of
technical guidance (74%) are major constraints in
adoption on WMT and were ranked at number 2 & 3.
Results of OFR programme revealed that there is
significant improvement in productivity and
sustainability due to adoption of modern agricultural
technologies along with IWM technologies. 39
percent of the farmers of the OFR locality have
changed their traditional farming practices. Now they
are using improved seed, fertilizer, implements for
line sowing on custom hiring basis, plant protection
measure and improved weed management
technologies.

Overview of OFR activities

ICAR-DWR Annual Report 2014-15
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Chapter - 6

EXTERNALLY-FUNDED PROJECTS

Externally-funded projects were undertaken in frontier areas of weed science as outlined below :

Project PI Funding Collaborating Period Budget
agency institutions (X lakhs)
1. Development and C. Kannan MPBT Council, None 2012-15 15.05
formulation of microbial Bhopal
metabolites for the
management of root
parasite weed Orobanche
in mustard
2. Study of domestication Bhumesh NFBSFARA, AAU, Jorhat, 2013-16 119.50
trails of two weed Kumar ICAR UAS, Bengaluru,
species GBPUAT, Pantnagar
3. Bioremediation of P.J. NFBSFARA TIARI, New Delhi; 2013-17 206.31
contaminants in polluted | Khankhane RA, ICAR DU, New Delhi
sites, use of weedy plants

61 Development and formulation
of microbial metabolites for the
management of root parasitic weed,
Orobanche spp. in mustard

6.1.1 Molecular identification of two potential
fungi

Apart from identifying the fungi based on the
morphological characters, the following procedure
was followed to identify the DNA pattern to confirm
the identity using the conserved pattern of 185rDNA.
DNA was isolated and quality checked. Fragment of
185rDNA gene was amplified by PCR from the above
isolated DNA. A single discrete PCR amplicon band
of 900 bp was observed when resolved on Agarose Gel
(Gel Image-1). The PCR amplicon was purified to
remove contaminants. Forward and reverse DNA
sequencing reaction of PCR amplicon was carried out
with 1F and 4R primers using BDT v3.1 Cycle
sequencing kit on ABI 3730xI Genetic Analyzer.
Consensus sequence of 850bp 18SrDNA gene was
generated from forward and reverse sequence data
using Aligner software. The 185TDNA gene sequence
was used to carry out BLAST with the database of
NCBI genbank. Based on maximum identity score,
first ten sequences were selected and aligned using
multiple alignment software program. Cluster W.
Distance matrix was generated using RDP database
and the phylogenetic tree was constructed using

MEGA 5. Based on the studies, two potential fungi
were identified as Penicillium oxalicurn DWSR1 and
Fusarium oxysporum DWSRI.

6.1.2 Bioassay screening of the crude fractions for
their direct action on Orobanche and to elicit
systemic resistance in mustard

The mustard plants were grown under
containment conditions on pots with preconditioned
Orobanche seeds. The plants were then given the
following treatments: (T,) Fusarium oxysporum
DWSR1 applied as seed treatment fb foliar spray on 30
and 60 DAS, (T,) Penicillium oxalicurn DWSR1 applied
as seed treatment fb foliar spray on 30 and 60 DAS, (T)
Fusarium spp. Gwalior applied as seed treatment fb
foliar spray on 30 and 60 DAS, (T,) Fusarium oxysporum
DWSR1 metabolite (25%, 10 ml) applied as root
drenching on 330 and 60 DAS, (T,) Fusarium spp.
metabolite (25%, 10 ml) applied as root drenching on
330 and 60 DAS, (T,) Penicillium oxalicumn DWSR1
metabolite (25%, 10 ml) applied as root drenching on
330and 60 DAS, (T,) Negative control host + Orobanche
and (T;) Positive control only host.

The observations were recorded as numbers of
Orobanche shoots at an interval of 5 days from the day
of application of the treatment. Results indicated that
the metabolite of Fusarium oxysporum DWSR1 (T))
applied as root drenching resulted in less Orobanche
infestation (1.6 shoots per pot) as compare to the
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metabolites of P. oxalicurn DWSR1 (3.6) and Fusarium
sp. (5.3). Itis interesting to note that the fungus as such

host plants

Systemic resistance in host plant was quantified

Twenty one accessions of Physalis peruviana
were grown under field conditions in order to see

DWR

Table 6.2: Evaluation of photosynthesis, transpiration and
yield of different accessions of Physalis peruviana

applied were not as effective as the metabolites by the estimation of the enhanced activities of the variation among different accessions. Rate of Accessions I;Sg:fg’;ﬁ;:)s (:;'lezis;ﬁ;;) F(';/ilzl?netl)d
(Figure6.1). defense enzymes wviz., peroxidases, polyphenol photosynthesis, transpiration were measured at 60 DWRNGD 166514 1241016 | 735£46.9
6.1.3. Analysis of induced systemic resistance in oxidases, CatalaS.eS 'and phenylalanine ‘ammornua days after transplanting. Fruit yield of individual DWR-MOD 17.9+1.6 1.34+0.54 | 598+55.3
lyase, upon application of the crude fraction of the plants were also collected to evaluate the yield DWRPUN (1) 177610 1475015 Y
metabolites of the two potential fungi. These enzymes potetential of different accessions. Results obtained DWRNSK (5) ERE e |
are inherently produced in the plants, but their are given (Table6.2). DWRLKO 20'4;2'0 1'3110'37 701;31'0
[ e ags . = AL, 01U Tol.
S ® Day1 activities are enhanced when the applied fungal
= . . . . . c s . . DWR-JBP (L) 20.2+1.3 1.21£0.19 887+58.9
g ® Day6 pathogens act as elicitors to induce their production. Vast variation in morphological and
9] nd . . . . . DWR-VAR (XL) 20.5+1.4 1.24+0.15 368+13.7
= Davil The enzyme values as recorded on 2" day of physiological traits as well as yield attributes was
= B Day L . ] ; ) ) i DWR-JAI 21.6+1.1 141+0.22 | 488+33.6
& applications of the treatment viz., metabolites, 25%, 10 noticed. Number of fruits/plant, and fruits
S m Day16 . C ) ) . ) DWR-JOD 21.6+1.2 1.59+0.24 633+51.2
3 ml of Fusarium oxysporum DWSR1 and Penicillum size/colour and shape also varied in different
S ® Day2l oxalicum on 30 days of sowing (DAS )in mustard are P DWR-MUM 23114 1.60£025 4354414
= Y & accessions. Considerable variation was evident .in
o ; ; DWR-NSK (B) 23.0+1.6 1.47+0.12 687+14.5
u Day 26 givenin (Table6.1). te of phot thesis (16.2 to 24.3 1 201
h lts indicated that th i rate of photosynthesis (16.2 to 24.3 pmoles/m’/s), DWR-GOA 162417 1224031 | 569+54.1
. . 2 1 .
mTnmnB T 67 1 "0l did r{ de.frf sultsne fl.cateﬂ t.att; ¢ te nzzrgeslad;mtle; transpiration (1.03 to 1.60 mmoles/m’/s) and fruit  ['pwr koL 18.9+13 1231055 | 771511
id not differs significantly in the treated plants an .
sn Y P . yield (316 +67.9t01058 +87.8 (g/ plant). DWR-NGP (9) 20.3+1.4 1.24:043 | 8504345
Fi N . thus these metabolite fractions were not able to elicit
igure 6.1: Effect of microbial treatments against Orobanche ) . } ) ] DWR-JBP(R) 20 6412 1.48+0.27 670+79 4
infestation on mustard systemic resistance in the plants. Flowers are the key to identify any plant DWRACR (5) 075L7 o | Giaae
species. Huge v.arlatlon .was not1cec.1 in .ﬂower DWRPUN(R) ST T s
Table 6.1: Defense enzymes activity estimated from mustard after elicitation by the bioagents colours/shape/pigmentation and orientation of DWR-AGR (B) 21.4+15 1.03+0.26 462+30.5
- — o T oo — petals. Some of important variations are depicted in DWR.SJP 225+1.8 1284018 | 638661
reatment ero?( 1. ase ?ny 2 anme. q g oyPp eno atafase activity photograph given below: DWR.SAO 21.5%¢1.5 1.17+0.14 1058+87.8
activity ammonia lyase activity oxidase activity (p mol of H20,/
(AOD/mg of (pmol of transcinnamic (AOD/mg of min/mg of ARG DI 2 L0 e
protein/min) acid/mg protein/h) protein/min) protein) Data given are the mean of atleast three or more individual plants
Fusarium DWSR1 10.10 7.04 4.75 2.60
Penicillium oxalicum DWSR2 9.95 7.10 4.45 2.70
Control 10.20 7.50 4.70 2.75
LSD (P=0.05) 0.82 0.65 0.45 0.30

6.1.4 Formulations of the crude fractions of the 6.2 Study of domestication traits of two weed

potential metabolites species

The bioactive crude microbial metabolites
obtained separately from Penicillium oxalicurn DWSR1
and 