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Directorate of Weed Science Research (DWSR), Jabalpur,

dhya Pradesh, blished as National Research Centre
for Weed Science on April 22, 1989 and upgraded as DWSR on
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field of weed management research.
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UlckehA1
PREFACE

TRYTIR FaATdl & 3R I8 Py yorferdl vd Py
IATEA & AT DI HH BB Ui Td By qiRRefdsd T3 &
forg R WawT € | A @ SUS SR UIET BT HH R D
37T, WRUAAR Sia fafderdr, ug) wamed vd gafaror gRem
A IfTael THTd STefd & | UINd dedl BT SFaRNyoT, Wil $I AT
d g, Bl IbY H gy, B B [oraxdt § HHI M AL
Tl I W Y JHAM Ugand © | Y H TRUTART F B a1l
THAT 980 A © | I8 T SN BIci A 8 aTel Hol JHAA
BT U 8T8 Jh B & | Teb AN & IJAR, Ut a9
WRUTIR DI aof8 A T 100000 HRIS A 3eH B HIFd &
10—15% WA IUTEH HT JHAM &1 ATl 8 | TWRUTAR B
AR AT & ver # fhami &1 IRARS | & BRYT 98
8! 8 Rifdh WRUGART BT YbIY B IR IS Tedel wIeTor faxars
T <0 Sefe Bl IR NARAT gRT Bl W .0 W
femarg 30 2 | 39S 3TcTaT, WIER AT Wierdl arell wael & e
The Bl JOTell &1 STANT; T8 Jars e, wramafe
SARD] BT TG ITANT; F&T HT IR IR G 3R Mer g,
MHARN W AF FRiRar Qe TRUTaR! &1 AT g
SR URacH & HROT RUGAR] B AEhMAG gl 3 By
HRY & FT TRUGIR $Y ITeH H 939 q7 & w0 H doil
H 31T 9¢ W2 2 | 3 IIHH T H WRUGIR Y Tl
A FRIR GuR R I URSpd B PI MM & o
T Ud BN qiRRerfde G # WRUTaRl & WaX bl HH
o S 5 |

WRUGIR URURS wU A i g & e ar
i TPl A U (U T %2 8 | BTAlfP, 519 arTd 4 gl
D PRI 374§ ATIBIND 3R e WY A TR e AT
ST & | % IR 5T TRBRI §IRT AR DI TS IRIE] & BedTor
=g A8l (ST /) & HRv, i e & fog s/ &
STUCTEIAT bl TR 3R TG T8 & | g 3R, TWRUTIR Y&
@ forg eMH-RN & SUANT BT 3HSD AR I, @Rl TROTH
IR ERUTAR] TR &d fa¥el g9 & RO AMS ©Y F WHR
o ST &1 2 | BTeife, SHd TN § W) 3d AT A
AT & O el UfoRiE TRUTIRT # gereN, 3tftih 75T |
SUANT & HRY SR BT HH JHTd, IHb aX § qbil!
SIBRI BT B4, WG SRl H ATHATRN BT Il AT 37 |
THD AT T P W B WK, Sed @ ToraeT gd
TRRerfcres gRomHT BT A HR Y TP aal BT v 2 |
FHIRT BRI §Y Yoblpd WRUTAR Yaer fafgy Sfom uR 31fdep
SR fm S <& & | iRy w0 & 9w fhart i 6 ot sfea
T T YRV < dTell & | geb 3ferrd], I8 Rig &l gl &
UhIghel WRUTAR Y&er H ATHTEN Bl SUINT $IYC ANTd DI
PH P DI GFAT AT & R TRUGIR AT H 519 B
JNMATIRAT 9 B! © forad b B I Bl Bl AT BT
15—20% fR¥AT Wl &1 STl © | ETeiife, b=l & wanT 4
TADNb] ST DI ATTTIDBAT Bl &, STHH SHD FHTIIT Hfciened
TT ¥ YITEROT BT AT ST FD | 36 TDR, SUYh WRUTAR
T BTl 1 R H gl & AI—H1 I AT Dl B

Weeds are ubiquitous and pose serious threat to the agro-
ecosystems by reducing the benefits of ecosystem services and
agricultural production. Besides reducing crop yield and
quality, weeds adversely affect biodiversity, animal health and
environmental security. They are also known to inflict indirect
losses in terms of nutrient drain, increased cost of cultivation,
increased pest incidence, decreased crop quality, etc. Weeds
cause enormous economic loss in agriculture. They contribute
as much as one-third of the total loss caused by all the
agricultural pests. Ina conservative estimate, 10-15% of the crop
production amounting over ¥ 100,000 crores is lost every year
due to weeds. Weed problems often get aggravated in crop
fields because of the fatalistic attitude of the farmers and timely
attention is rarely given towards weed interference. It is
probably due to the fact that, unlike insects and diseases, weeds
do not exhibit instant symptoms on crop plants.

Adoption of mono-cropping systems devoid of fast
growing smother crops or legume, indiscriminate use of
chemical fertilizers, alternate wetting and drying, over-reliance
on herbicide application, invasion of alien weeds, and changing
climatic scenario are playing pivotal role in further elevating
weed problems as a major constraint in agricultural production.
Therefore, there is need of continuous improvement and
refinement of management technologies to combat the
emerging weed menace in the ecosystems including agro-
ecosystems.

Weeds are traditionally managed by manual removal or by
mechanical means. However, because of the steep rise in labour
cost, manual method is no longer considered as practical and
economically feasible. Implementation of pro-poor welfare
schemes of Central and State Governments like MNREGA
during the period of peak agricultural activities often aggravate
the problem of labour unavailability. Consequently, use of
herbicides for weed management is being widely accepted due
toits easy application, quick result and long phytotoxic effect on
weeds. However, it has already raised several issues like
herbicide resistant weeds, less selectivity due to overdose, lack
of technical know-how about herbicides, herbicide load in food
chain, etc. Moreover, it becomes a tradeoff in between work
load, quality of produce and ecological consequences. As
repercussions of these issues, it is being accentuated to adopt
integrated weed management approaches involving different
methods including the cultural practices which are ideal and
more sustainable. It is well documented that use of herbicide in
integrated weed management has the potential for reducing
input cost; as weed control is highly labour intensive and
accounts for 15-20% of the total cost of crop production.
However, application of herbicides requires technical guidance
in order to avoid possible adverse effect on the environment.
Appropriate weed management has the potential of increasing
the income of the farmers by significantly reducing the cost of
production, and thereby can provide the basis of achieving the
goal of doubling farmers' income by 2022 as envisaged by
Hon'ble Prime Minister of India, Shri Narendra Modi.




PR P AT IEAT & Sl 9T H AT Y& 737 87 TR /el
S gRT URBIeUd 2022 Teb fHAMT DI ST BT Q[T BRA D
Y UT B BT TR T HRAT 2 |

ERUTAR Jdg & A~ T8gall S WRUTAR Faefor
R fRETL = we yonferal @ fort WRUqaR mde
ddb=pal b7 famr; el UfoRE WRudar & fhar fafdr
UG FTfad yer faferl o1 S, werel, IR el 3iR Sfeflg
Rerfort & SuRed FHRITIRT WRUTART &1 Sifddb! Td S+HT
e AT MR & GATaRONG FTa 371fe srgenf+ras fawa
BT A fHar ST R8T 8| S99 A1 &) dAl—SI, ST &,
Rl gd A1 Smeperell; | STgRINT damiia); ERUAAR
01 & oy JEifead iR wre=iel |Aftw] Badl & Wl &
forg oY = g oM § o & g\ ud wlis &
aRged H ST IUTET H WRUGIRT DI SURAT AT A et
ST S |

gfades &1 Safdy (2019) & SR, EAF UAT ARy
el fefed fear vd e @
FFAIT 3R I DI AR 3D AL I & foIg Bs s
B P! ¢ | [BAHl Td 3 fRTURS! $I TRUTAR AR I
waEe B Al @ vy # Sirres e)e @ v b AR
oIl @ Fherade A fhar T g e 6 feam
IRERE AE BT BISHY SUH dH-bdl AUAT 6 | 94
3T FRIerd 7 Tl TR SRimH S IRfeT Sy & ofavid
WRUAIR  UdgH, B BHc  URASH, g S
SY—ATST (TR Ud BRT 717a 37 TRT BRIBHA & dgd
TR HHerdl U & | Feened § a]ferd oY ol qberdr o
STaeTR 3iR MU & el # 98 T oR WRfaa Y & aga
&3 BT fIRIR B D1 A1d W] | IRAG 5, TIAGR 1R AU
@ Tl & b, 379 37fdies wvear H fue a3l # ARferd iy &
& BYIeT SeI& DR il 8 | B B GRASTHT & e,
T Al # fham! Bl it gRarm &R fa<ia Rerfa &
I B WRUGAR Jaed Tl § GUR; Fel AHRN T
QD! ITANT Theil; &, Tg, HI Ud IS& Pl S (e,
3] @eel fBsor T ued 8iR ASY UTed; SRUAAR |
TH—HHRT IR BRAT, FRRA Bl T; JA2Y Jaed & forg
Bt Tex W gat anfe T fnat fami o g B |

H T G & AT AUS AHE e &1 31
e T (a9 2019) IR DR V&T g, [oraH Idiet, 2019 |
fadaR, 2019 @I /@MW & IRM SN e, e,
TfRTeToT, fIRR, IR, U Td T, UPTR, YRR, PTIHH
UG 956 B SUARRIT & TGN <1 T8 8 | 899 e af &1
AT ¥ HEayol I @I &, A1 € ARl & Aegq J e H
IS GUR 6T 2 | 3R I8 | I, IR, qaherat
TG AETID I B FEA A A T HEAT A & AT B UR R |
g1 ol men 2 b 9 fFRenem & dene e R H e
Ioulae SR 98T bl B ot AMfed U F BRI Hadl | § S,
e AT, |fHE, (SIR) Ud Jeieesd (e ), i
Y. &, DR, SUHSIQUd (TA.IMR.GA.) BT 3TRI 5 ST
R wfa w'am vd xefe gmr e @ fafa=
AR B AR 99 B AFIGRE U gar| H S U
WRPR, ETID UMD (3 =, B 1! v Sefaryg

IRa) BT A1 I ARTEE IR AN & ford 3y & | H S

GIARAR, Y& Il (Hie ), Furesy <9 Td 3=
QNI BT 98TS <l &, ol $9 HedyVl SRSl Bl dIR $RA o
SEEISRRENIGIEASIPNIEC N
W R /
N

(@ 3. Riz)
IBESIED

R : gAY
faTi® : 1 IS, 2020

Research is being carried out on different aspects of weed
management, viz. weed survey and surveillance; development
of weed management technologies for diversified cropping
systems; understanding mechanisms of herbicide resistance in
weeds and their possible management strategies; biology and
management of problematic weeds in cropped, non-cropped
and aquatic situations; and environmental impact of
herbicides.To tackle the emerging challenges of weed in present
as well as future agricultural production scenario, research
work are also in the progress to develop technologies by
utilizing low-dose, high-potency, non-residual, broad-
spectrum herbicide molecules; slow-release herbicides;
precision application techniques; robotics for weed control; and
cultivation of herbicide tolerant crops.

During the period under report (2019), besides
successfully executing the mandated activities, several new
initiatives were employed for further strengthening of research
and improving visibility of the Directorate. To change the
fatalistic mindset of farmers and other stakeholders, immediate
interventions were made by successfully implementing several
extension programmes for creating awareness & attentiveness
about weeds and their management through adoption of
appropriate technologies. This has led to successful
implementation of different flagship programmes of the
Directorate such as Weed management in Conservation
Agriculture (CA), Farmer FIRST Project, Scheduled Caste Sub-
Plan (SCSP) and Mera Gaon Mera Gaurav programme. The
intervention made by the Directorate led to large scale
expansion of the area under CA in different parts of the Jabalpur
and adjoining districts. Significant numbers of farmers from
Jabalpur and adjoining districts are now practicing
conservation agriculture in their fields. Under Farmer FIRST
Project, improved weed management technologies; efficient
herbicides and their application techniques; improved seed
varieties of rice, wheat, greengram and blackgram; animal
mineral mixtures, poultry and fishery farming; vermi-compost
preparation from the weed biomass; mushroom cultivation;
sowing by happy seeder for residue management, etc. were
successfully introduced in the selected villages for livelihood
security and socio-economic upliftment of the farmers.

I present before you, with immense pleasure, the 31"
Annual Report of the Directorate for the year 2019 which
contains information on the achievements made in research,
teaching, training, extension, linkages and collaboration,
publications, awards, events and meetings organized during
April -December, 2019. We have made significant progress over
the previous year and took new initiatives to further improve
the quality of research and visibility of our output. All these
were possible due to the collective support and cooperation
received from my colleagues in the scientific, administrative,
technical and supportive cadres. I sincerely hope that the
scientists of this Directorate will continue to respond to the call
of the nation and work collectively for a brighter and better
tomorrow. I am highly grateful to Dr. T. Mohapatra, Secretary
(DARE) & DG (ICAR) as well as Dr. S.K. Chaudhari, Deputy
Director General (NRM) for their keen interest and providing
generous support and visionary thoughts for improving the
activities of this Directorate. I am also grateful to Dr. S. Bhaskar,
Assistant Director General (Agronomy, Agro-forestry and
Climate Change) for his guidance and support. I congratulate
Dr SushilKumar, Principal Scientist (Entomology), editorial
team and other associated staff for their unstinted efforts to
prepare this important document.

Jai Hind
-
ot
Place : Jabalpur (P.K. Singh)
Date : 1% July, 2020 Director
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fafdrse J1=TeT
EXECUTIVE SUMMARY

ay 2019 F IR <M 9 B 10 S9—81<49 R
Holdesd Ud 8 918w ©U 9 fa diffa gRaresmeil &1
fepanfvad foam T & | ISal & G Wiegd 27 9al 4 9
1% 10 Ug & WX | a9 2019 H 1150 A a9t RebrS Y
TS | Feeera gRT 5T 7Y 2y STt 1 AR T8 IR
fear T g |
fafeer wa yonfera & feare @RUAAR
Jde db-1d] T faerg
o ie B & Wifad ST YUITell & fory, wet a9y

Hod & AT 1 81T ARTS, Bt Ul Hod & et 1

g1 RS SR "oRYISTT U<t A & <TT 1 &1

RIS ¥ 99T @7 | ERUTART BT 07 fhar &k

AN 2 I3 PRI SUaR 9 31fdd AddhT &l Ugar

g3 |
o B X H BV AR Hed, TongviiSdT Ukl Aed,

TSI a7 Fed 3R &I Uiell Hod & 31T 1 81T fHars

% IUAR A a8 S 60 a7 918 T B WRUTIR BT

Yeh WR AT AT | 8 edl Bl SYST Bretl Ureflfde

Hed & ded 9a¥ 3f¥d (9.05 T/ THI) Te, Sl 2

T3P RIS SUAR W 64 Ufererd e1feres o |
o fira® # A= Sifde wRUdIR yee SuarRl § 9

I 3B IUST (19.7 T/ TIIR) TATRTISIT o=l

HAod & 7T 1 81 RIS SUaR I 91 a1 T, <7 2

Iif3rp fRTE I 34.2 Ufererd aifere o |

o T H MRS AMHARN IUAR § [ BAe 3fafey
P TR YA WRYAAR FRIF0T UeT™ F81 fdhaT | et
JAARNY Ao & A1 3 B RIS IUAR H Ha 1
TS Eodl SUST (17.87 S /BHRCIR) &of dI TS, S
MRS WA I IS TS BAA B gl J 28.75
gforera 21feres off |

o I H IR I U UfSHATIO 670 UM /TICAR
3R 3D 91 30 fa1 # faasres™ 50 UMW /g aR
BT fFSHIT PR A TRUJAR T 3R Y qord
BB HHI A 3R 2 e FRIE o o 7 «1fda
IS (24.9 T / TICIR) UTd DT |

o Tl H HTel Ulell #ed IR B JAARY Hed a1
Bl ERUAAR &7 T dxe § g9 Ui 9, offee
SuS 2 Uiye RIS (431 T /3aRWR) MR Frat
UM (39.5 T/ 3CAR) SUARI B AT H B
3R Hod H AT (47.4 T / BICIR) Tof & TS |

e ®gg ¥ 2 FfHd RIS &1 i H Plel Ul Hoa
SUAR W 29 FfIId 3ifdd SUST 9T & TS |

During 2019, 10 in-house research projects have been
undertaken besides 08 externally funded projects. Out of
total sanctioned 27 posts of scientists only 10 scientific
positions were filled up. Total 1150 mm rainfall was
recorded in the year 2019. The summary of the research
work carried out by the Directorate is presented here.

Development of sustainable weed management
practices in diversified cropping systems

® For organic production system of sweet corn, crop
residue mulch fb 1 hand weeding, black polythene
mulch fb 1 hand weeding and Glyricidia leaf mulch fb 1
hand weeding treatments effectively managed weeds
and provided higher cob yields than 2 mechanical
weeding.

® In green pea, the weed dry weight at 60 DAS was least
under crop residue mulch, Glyricidia leaf mulch,
Sesbania live mulch and black poly mulch integrated
with 1 weeding. The green pod yield was highest (9.05
t/ha) under black polythene mulch, which was 64%
higher than 2 mechanical weeding.

® Among the organic weed management treatments in
sponge gourd, the highest yield was obtained from the
treatment of Glyricidia leaf mulch fb 1 hand weeding
(19.70 t/ha), which was 34.2 % higher than 2
mechanical weeding.

® In turmeric, the herbicide treatments did not provide
effective weed control throughout the cropping period.
The highest fresh turmeric yield was recorded with
crop residue mulch fb 3 hand weeding (17.87 t/ha),
which was 28.75% higher than chemically grown crop.

® In brinjal, application of pendimethalin 670 g/ha fb
quizalofop 50 g/ha at 30 DAP significantly reduced the
weed density and dry weight, and recorded higher fruit
yield (24.9 t/ha) compared to 2 mechanical weeding.

® In cauliflower, black poly mulch and crop residue
mulch (7.5 t/ha) both were effective in controlling
weeds, but the crop residue mulch recorded higher
yield (47.4 t/ha) than 2 mechanical weeding (43.1 t/ha)
and black polythene mulch (39.5 t/ ha) treatments.

® Compared to 2 mechanical weeding, 29% higher
pumpkin yield was obtained from black poly mulch
treatment.
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Hih # WRUGIRl & FEgd & ol SifaarerRivia
75 U /TICIR AR A Ugel 3R SRATARE
75 U / ISR SUAR BV & d18 YHTET UTY 1T |

JSAEd H FRUT A Ul SARASRRINTA 75
UM /3dcIR B fogda qga g9l RS
TRYTIR 0T ST GTAT 17 |

ol # 3fHRUT W UBS ARNTARGA 75 T / TFCIR
% fosda 7 a8 & 60 Al & a8 AT FA
TERUAAR T e @ik Izaad 919 SuoT (1.85
T / BICIR) UaTH @Y |

FANSATHIT + HCHERRA (60+4 UTH /TICAR) Bl
g TRUAIR A0 gATaHTRAT iR Sust & He
H Tefeh iR Tasoic AlsTd & 414 3R 7 8 250 3R
500 TiIeR / IR B dfegd & 419 HIg Aecdqul iR
@l 7| S ARE Bl URUTH W Al H
SHIfEAHTSIT (1204500 T /BIRIR) 3R
AAEE H gAORMUER (100 I¥/3dR) B
TN & Hae | gl fobar T |

A AN & SR BATRT AIZTN, T JSIATISTT,
YFIISTH Uoqq AR HISHIIT Gct1FIp], SR TRIH H
STSAST ST, GIAufcllSTq  Felldsd, 3THNT
faRIST, GIgemaT SRR IR HIFHT SIRATIRIeT
@ SRR WY+ e € b Bdel Sy qR Ao
JRUT YfTLTd BT HH B D Al dIol IHHROT Bl
T rafey # Y gfg wrar ¥ |

DAIRE  HSTX,  AFGISTH Yogd AR ASHAT
gicteEl 9 15 dMse<y /WUl & AT 3w
ST /dlem &7 ScTe fhar iR 9T # 31fere a91d &
AT SHH BHI M | AT NI 1 T B
AT TR IR Sead¥ a1 / Ui &1 ST fhaT |

g # yvrdt TRYTaR T iR Sust @ fog, et
T GSIHARGSTT, HATRT HIGTR, URTUITSTH
Folfdsd, WIgTISIT SFeIgell, HISHIIT GiohHis!
SR, Iy SR SR [ARver feded
TR WRUTAR & WY H o, FAISATD I+ TR
(6o+4 M /TIIR) SUAR  ufeHenfe (678
UM /BICAR),  HSHWIRA (4 UM /BICA;),
A gT+aalfea®ia (21460 UM /THRCI) 3R
AAAERAHMRISIERR (12424 T / TaCAR)
BEEINSEESEI

I H 30 UM /TICIR &R U UG Bl IAGHROT
eaTq foedia WRUTIR =07 (90 wfererd) &R &t
IO (225 T /BaCAR) & fo1g rcafdyas yrdl dram
T |

e H 125 UM /BdRIX I <X I AUIfdaSIhyg
+SHTOIATIRR VEI— e BT BT ygerd fyedra
YT ®U W WRUGIR 6T b3 faar &iiR 2 g1 &
foRTE & T 197 SUST We = & |

For managing weeds in fennel, oxadiargyl 75 g/ha PE
and oxyfluorfen 75 g/ha PoE treatments were found
effective.

Application of oxadiargyl 75 g/ha PE was an effective
chemical weed control measure in Ajwain.

The lowest weed density at 60 DAS and highest seed
yield (1.85 t/ha) of fenugreek were recorded with
oxyfluorfen 75 g/ha PE treatment.

No significant differences were observed between flat-
fan and flood-jet nozzles, and between 250 and 500
litre/ha spray volumes in terms of weed control
efficacy of clodinafop + metsulfuron (60+4 g/ha) and
grainyield in wheat. Similar observation was recorded
in respect to applications of tembotrione + atrazine
(1204500 g/ha) in Kharif maize and imazethapyr (100
g/ha)insoybean.

Germination pattern of Phalaris minor, Avena
ludoviciana, Chenopodium album and Medicago
polymorpha during Rabi season and Dinebra retroflexa,
Paspaladium  flavidum, Ameranthus wviridis, Portulaca
oleracen and Sonchus arvesnsis during Kharif season
showed that crop residue load extents the time spread
of seed germination, besides reducing the %seed
germination.

P.minor, C. album and M. polymorpha produced more
seeds/plant with 1.5 IW/CPE and it decreased with
increase in moisture stress. A. ludoviciana produced the
highest seeds/plant at saturated moisture condition.

In terms of weed control efficiency and grain yield of
wheat, clodinafop + metsulfuron (60 + 4 g/ha) was
superior to pendimethalin (678 g/ha), metsulfuron (4
g/ha), metribuzin + clodinafop (210 + 60 g/ha) and
mesosulfuron + iodosulfuron (12+2.4 g/ha)
treatments, where Avena ludoviciana, Phalaris minor,
Paspaladium  flavidum, Cynodon dactylon, Medicago
polymorpha, Rumex dentatus, Chenopodium album,
Anagalis arvensis, Sonchus arvensis and Vicia hirsutum
were the major weeds.

Topramezone 30 g/ha PoE was highly effective in
terms of weed control efficiency (90%) and seed yield
(2.25t/ha) in chickpea.

Ready mix of propaquizafop + imazethapyr 125 g/ha
PoE effectively controlled weeds in pea and provided

similar seed yield level to 2hand weeding.



ATA—AT—HT,  FRIEE—TE—HT AR Addm—
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Executive Summary

In rice-chickpea-greengram, soybean-wheat-
greengram and maize-pea-greengram cropping
systems, pendimethalin CS (678 g/ha) PE fb
imazethapyr (100 g/ha) PoE was more effective than
propaquizofop + imazethapyr ready mix (125 g/ha)
and pendimethalin + imazethapyr ready mix (1000
g/ha) treatments for managing weeds in greengram.

In rice, compared to CT, dry biomass of grassy weeds
and sedges were respectively 46 and 31% higher, but
that of broadleave weeds was 17% lower in ZT.
Retention of crop residues noticeably suppressed the
weeds by 31-78%.

Avena ludoviciana could emerge from 10 cm of soil
depth. Whereas, Sonchus arvensis could not germinate
at greater than 2 cm of soil depth. Phalaris minor,
Chenopodium album and Medicago polymorpha did not
emerge when seeds were placed at more than 5 cm of
soil depth.

Application of new generation ready-mix herbicide
florpyrauxifen-benzyl+cyhalofop at 150 g/ha
provided excellent control of Dinebra retroflexa, Eleucine
indica, Echinochloa colona, Echinochloa crus-galli, Digitaria
sanguinalis, Alternanthera sessilis, Caesulia axillaris,
Ludwigia parviflora, Cynotis axillaris and Cyperus iria in
transplanted rice. It provided 99% WCE at 60 DAT,
more tillers/hill, longer panicles and more
grains/panicle, resulting in 10% higher grain yield than
two hand weeding.

Among the various tillage practices, the lowest weed
growth in wheat was recorded in TPR-CT, whereas, the
maximum weed was observed with ZT-ZT. Increase in
fertilizer dose boost up wheat growth, which

suppressed weeds.

A machine operated riding type 3 tine weeder was
developed. This weeder can be used for weeding,
earthing-up operations, etc. and costs only around
340,000.

Sedry yRadd @& SR H @RUdARl
gRad+, y§ad Ud @RuaarAreft yfikias
gHdr1 resistance

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

e URJIr A LGSR T 3= dI9EE (g_ﬁ_: gRaer 4 20 ® Compared to ambient condition, bispyribac sodium
Jfeaaa @), Sw dredeifdass (39 showed 2, 5 and 8 days delayed effect on Echinochloa
550+50 UIQITH), U gI+3< H fquriRes— colona at elevated temperature (ET: ambient + 2°C),
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elevated CO, (EC: 550+50 ppm) and EC+ET,
respectively. However, 2 and 1 days early response of
this herbicide was observed on Physalis minima at ET
and EC+ET, respectively, but 5 days late response was
noticed at EC.

® D.retroflexashowed 4,7 and 1 days delayed response to
topramezone+atrazine, and 2, 2 and 3 days delayed
response to tembotrion + atrazin at elevated
temperature (ET: ambient + 2°C), elevated CO, (EC:
550£50 ppm) and EC+ET, respectively as compared to
ambient condition.

® Compared to ambient condition, clodinafop showed 2,
5 and 6 days early response on P. minor at at elevated
temperature (ET: Ambient + 2°C), elevated CO, (EC:
550+50 ppm) and EC + ET, respectively.

® Compared to ambient condition, sulfosulfuron +
metsulfuron at elevated temperature (ambient + 2°C)
showed 3 days early response on P. minor, whereas 2
days delayed response on A. ludoviciana.

® Among the different dates of sowing (1 - 26 July 2019),
the density of Ludwigia perennis was highest in late
sown rice, whereas the density of A. paronychioides was
lowest.

® Weed Herbarium Database has been developed and
kept on the Directorate website. This venture has been
initiated with 125 weed species belonging to 24 family
and 82 genera.

® Among the different accessions of Chenopodium, highest
amount of alanine (13.75), aspartic acid (18.66), glycine
(10.00), leucine (11.74) and isoleucine (15.31) was found
in Chenopodium album accession 1C-622184 collected
from Arunachal Pradesh.

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

® Under integrated use of insect and fungus bioagents for
the management of water hyacinth, there was
continuous increase in height from initial 18.5
cm/plant to 50.5, 82.3, 78.8 and 92.1 cm/plant during
2016, 2017, 2018 and 2019, respectively in control.
Complete control of weed occurred by April 2019. This
indicates that more than three years may be taken to
control water hyacinth by one time release of Neochetina
insect. Study revealed severe reduction in flower
production in all those treatments where insects were
released. In one time release treatment of Neochetina
spp., average reduction in flower production was 117.4
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Executive Summary

and 41.6 no./tank/month during 2016 and 2017 while it
was 559.1 and 1187.0 no. per tank per month in control,
respectively. Alone use of fungi was not found effective
to control the water hyacinth.

An experiment was done to know effective population
load of bioagent to control water hyacinth. In control
where no weevil was released, continuous increase in
height was recorded and which reached up t0 32.0, 60.9,
62.7 and 71.9 cm/plant during 2016, 2017, 2018 and
2019, respectively This increase from the initial height
was about 333%. In situation of 200 weevils/ tub, height
reduced up to 22.1 cm/plant in 2016 in comparison to
32.0 cm/plant in control. In 2017, the average height
was recorded 3.85 cm/plant, but complete control of
weed was achieved by April 2017.

An experiment was carried out to find out the effective
population number of the bioagent Zygogramma
bicolorata to control Parthenium amidst the blackgram
crop. It was found that Mexican beetle plays a very
important role in reducing the height of the carrot
grass. In those treatments where beetles were not
released, the length of the carrot grass reached 89.8 and
93.7 cm/plant, after 45 days at 20 and 30 days of
sowing, respectively. In those treatments where
Mexican beetles were released in different pairs, there
was considerable decrease in height of carrot grass.
This experiment showed that flowers production was
reduced in different number of release of beetles. Even,
if a few beetles are released, they have a great effect in
reducing the number of flowers.

Exploratory sampling of damage by termite in wheat
crop of conventional and conservation agriculture field
revealed more damage of termite in different patches in
conventional tilled wheat crop in comparison to
conservationtilled field.

More earthworm population was obtained from the
conservation field of wheat and green gram or pigeon
pea cropping system than the conventional tilled field.
In rice-wheat cropping system, population of
earthworm was found low.

Environmental impact of herbicides

After application of herbicides in maize, fishes of the
pond receiving runoff water from the field showed
0.074 and 0.048 pg/g atrazine residues at 30 and 60
days, 0.043 and 0.007 ng/g tembotrione residues at 20
and 60 days, and 0.014 and 0.003 pg/g topramizone
residues at20 and 60 days.



aiftfes uferdes-2019

Annual Report-2019

W B s ASlerl H W AGHIRIA—HEd,
TR 3R ARTSNeRRIA & JAaey FeiiRd
T ¥ B 1Y Y |

21 3R w8 @& T § UfShemels, vgIfor, cHIfga,
TSI 3R 24—S1 & Ry FERT & o) .U,
T T U agaraeiy frehy ugfar faefig & 718 |

TERI—QHGE / TAUH §RT 22 SRR (FARIeHRI,
JRCRAGHRI, TSI, ALY, HeHeRM, FARRRI,
UG, UTSRIGINRRH, FASATD, JATRITARD,
fOh=TRITITY, ATIECDIY, JATSHHISRI, HTfdasiThiy,
SHIOIATIRR, UfeHerel , <HIfgad, Aahaehii,
2, 4 — Ss — AT — 2R, fIauraRe®d — Aifsaa
UG BIFTI%H) & 79y ), a7, Ui @ik 3t g
# R & oy ve ageraey ey fafr s
CIRIEN

SMMEHITIR—SISRIINR & Joiel H HA 0.331 H 1.175
3R <0.01 ¥ 1.180 AZHIUTH UfTT <flex Ul 3R
UfSHeATEA™ & F9Ty UTy 7Y |

g @1 ®els & aaa Mgl 18 & Ml IR gere |
ACHTRRI, TABIATHRI 3R FASATHII—ATIRAT
@ 7RIy feriRor W ¥ B4 uTg Y |

Wre & fafA= A= & 917 ST T Wi B H hels
P I ULTOT & AR SAHTH WX DT AT (0.05
HISHIITH U IT) | A °Tg T |

TR & 60 fad @ 1 3R 2 Hex e e
ATSHAHICY & ciided H SIS & GRSl Bl A=l
2.7 ¥ 7.6 ATSHIUT UfY ofiex d& a1g T, STafds I8 3
He xS aTt ATgddIex | el griy Y |

ERYAIR US89 da-1d B Y6 Y&8d W
INe T U4 ygie dAT Sd YHrdal Bl
AT D

ured IR 91 gl & B WAl H I B
TerE IR AR Y & fq A H I WRUAAR
TEE T Y IO U YR fhar T | fhAr @l
fafey o1 Gorm #, TRfET ¥ & Ted Bae H i
HAT § IRe AR garg & 30 [ UL AhEh
FANSATHII+HSHRRI 60+4 TTH /BEFCIR B YA
U HH TRUTIR T 3R IR, Al IuST, 37ferdh
€ I T T AR ST U7 §aT |

In soil, water, plants and fishes of run-off collecting
pond, the residues of metsulfuron, mesosulfuron and
idodosulfuron at harvest of wheat were below the
detection limit.

A multiresidue determination method was developed
for determination of pendimethalin,
tembotrione, topramizone and 2,4-D in soil and maize
grainby UFLC.

atrazine,

A multiresidue determination method using LC-
MS/MS was developed for determination of residues
of 22 herbicides (namely, mesosulfuron, iodosulfuron,
atrazine, topramezone, metribuzin, metsulfuron,
chlorimuron, penoxsulam, pyrazosulfuron,
clodinafop, oxyfluorfen, fenoxaprop, cyhalofop,
isoproturon, propaquizafop, imazethapyr,
pendimethalin, tembotrione, sulfosulfuron, 2,4-DEE,
bispypyribac-sodium and fomesafen in soil, water,
food grain and plants.

Atarzine and pendimethalin residues in the range of
0.331 to 1.175 pg/L and <0.01 to 1.180 ng/L,
respectively, were found in the ground water of ICAR-
DWR.

Mestsulfuron, sulfosulfuron and clodinafop-propargyl
residues were below instrument detection limit (0.01
and 0.001 pg/g) in soil, wheat grain and straw at
harvest.

Atrazine residues in sweet corn grown at different
levels of applied fertilizer were below the maximum
residuelevel (0.05 ug/g).

Topramezone residues in the leachates collected from 1
and 2 m depth lysimeter were found in the range of 2.7-
7.6 ng/Lup to 60 days after application; however it was
not detected from 3 m depthlysimeter.

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

On-farm research trials cum demonstrations on weed
management in wheat under conservation agriculture
were undertaken at several villages of Patan and Bargi
localities. Compared to farmers' practice, application of
recommended fertilizer dose along with herbicide
(clodinofop+metsulfuron 60+4 g/ha at 30 DAS) under
conservation agriculture resulted in the lowest weed
density and biomass, higher grain yield, higher net

income and higher B:Cratio.

ﬂh
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Executive Summary

Chickpea grown in farmers' fields under conservation
agriculture with recommended fertilizers and
improved weed management (pendimethalin 750 g/ha
PE) showed higher yield and B:C ratio compared to

farmer's practice.

Compared to farmers' practice, application of
recommended fertilizer dose along with herbicide
(pyrazosulfuron 20 g/ha as PE fb bispyribac sodium 25
g/ha at 20 DAS) resulted in the lower weed growth,
higher grain yield and higher B:C ratioin direct-seeded

rice in farmers field.

Density and dry weight of weed in maize grown under
CA with recommended fertilizer and herbicide
(atrazine 750 g/ha PE fb tembotrione 120 g/ha at 30
DAS) were 39 and 47% lower than farmers practice

respectively.

Impact assessment study was conducted across 18
states after adoption of weed management
technologies. After the adoption of weed management
technologies in rice the infestation of Setaria glauca
disappeared, which infeststion of Cyperus difformis,
Fimbristylis milliacon and Ludwigia parviflora came down
from very high to low to moderate levels, but
Aeschynomene spp, Phyllanthus niruri and Physallis

minima emerged as new weeds with low severity level.

A study conducted in 18 states of the country revealed
that 98% of the farmers use preventive methods to
reduce the weed seed infestation in crops. In contrast,
only around 50% farmers were well aware about the
precautionary measures to be taken during spraying of
herbicides and about the spurious herbicides. Even
now, more than 80% farmers mix herbicides with other
pesticides during spraying.

For relationship between weed dry weight and yield
loss data in direct seeded rice, exponential single

(3 parameter) model was found best fit with R® value
0f0.93.

Other activities

Many activities have been organized in the adopted
villages of Panagar, Majhouli and Katangi localities
under the SCSP scheme, where seeds of rice, maize,
greengram, blackgram, wheat and chickpea, fertilizers,
herbicides, insecticides, etc. were distributed to the SC

-vii —
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farmers. They were also given other inputs such as
sprayer, herbicide safety kit, grain bag, storage bin and
dustbin to further reduce the burden on them. Other
than input distribution, technical knowledge on
different aspect of crop production and weed
management were also provided to the farmers
through Kisan Sangosthis.

Directorate organized a nation-wide programme
“Parthenium Awareness Week” from 16-22 August,
2019 by involving many ICAR Institutes, State
Agricultural Universities, Krishi Vigyan Kendras, State
Agricultural Departments, AICRP-Weed Management
centres, NGOs, municipalities, schools and colleges.
About one lakh Parthenium eating bioagent
Zygogramma bicolorata were distributed to the
stakeholders with the appeal to release in their
localities. This has attracted print and electronic media
to publish news and telecast in different news channels
and social media like Youtube, Facebook, Whatsapp,
etc. whichresulted in creating awareness among people
about this dreaded weed.

Directorate organized “Kisan Sanghosti” at Saliwada,
Bargi (locality adopted under “Mera Gaon Mera Gaurav”
programme). On the occasion, farmers were made
aware about the new techniques for increasing
agricultural production with less expense. They were
briefed about the work carried out by the Directorate in
last 8 years in different villages for promoting
conservation agriculture and its impact on farm
production.

Other activities like Productivity Week, International
Women's Day, Foundation Day, International Yoga
Day, Hindi Pakhwada, Swachhata Pakhwada,
Vigilance Awareness Week, Communal Harmony
Week and Flag Day, Constitution Day, Annual Review
Meeting of AICRP on Weed Management, etc. were
organized during the reported period.
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The ICAR-Directorate of Weed Research came into
existence as 'National Research Centre for Weed Science' on
22 April, 1989; and was further upgraded as Directorate of
Weed Science Research on 23 January, 2009. Subsequently,
this Directorate was renamed as 'ICAR-Directorate of Weed
Research' on 26 November, 2014. This Directorate is one of
the unique institutes in the world, which exclusively deals
with the existing and emerging weed problems in different
agro-ecosystems. Directorate acts as a state of art centre for
basic, strategic and applied research in weed science and
provide leadership at national level through its 25 AICRP-
WM centres in different state agricultural universities for
generating location specific technologies for weed
management. Apart from providing trainings to different
stakeholders, consultancy, collaborative programmes on
weed management; participatory research at farmers' fields
under 'Mera Gaon Mera Gaurav' are also being undertaken.
Directorate has also earned the 'ISO 9001: 2015' certificate by
implementing the Quality Management System.

Jabalpur is also known as 'Sanskardhani' or
'cultural capital' of Madhya Pradesh. This city is famous for
its major tourist attractions like Holy River Narmada,
Bhedaghat, Bargi Dam, Dhuandhar Falls, Madan Mahal
Fort, Chausath Yogini Temple, Balancing rocks and 76 feet
Shiv statue. This city comes under the agro-climatic zone of
Central plateau and hills. Directorate is situated North of
Jabalpur on the national highway (NH-7) at 29°58'48.02" N
latitude, 76°54'57.47" E longitude. This institute is 10 km
away from Jabalpur railway station and 28 km from Dumna
airport. The climate of the region is sub-tropical, with
average rainfall of ~1400 mm. As per the soil classification of
MP, Jabalpur comes under the deep medium black soil. Rice,
soybean, sugarcane, pigeonpea and blackgram are major
crop grown during Kharif season, and wheat, chickpea, pea,
lentil and mustard in Rabi season and greengram and
blackgram in summer season.
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Over the last three decades, Directorate has
played a pioneering role in weed management at national
level through its focused research programmes i.e.
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 lands;
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. Adoption of weed
management technologies has been promoted onlarge areas
through on-farm research and demonstrations, which has
resulted a sizable boost in agricultural productivity and
livelihood security of the farmers. Efforts are being made to
address emerging issues related to management of weeds in
different ecosystems, threats 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. The
Directorate has adopted all the principles of conservation
agriculture in its farm and a "Modern Farm" has been
developed to undertake advance research in different
aspects of weed management to meet the global standards.

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.

Mandates

e Conducts weed management research for developing
viable technologies for different agro-ecological
regions.

e Coordinate the network research and to provide
training in weed management in agricultural systems.

e Repository of information in weed science and act as a
centre for training in weed management.

Organization and management

Director of Weed Research has the administrative
control over the Directorate. Quinquennial Review Team
(QRT), Research Advisory Committee (RAC), Institute
Management Committee (IMC) and Institute Research
Committee (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.
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PCR machine

Laboratories and equipments

Directorate has dedicated laboratories for research
work on Agronomy, Plant Physiology, Soil Science, Residue
Analysis, Agricultural Biotechnology, Entomology, Plant
Pathology and Microbiology. Besides, one central
laboratory is also in place housing all common equipments
like leaf area meter, ice maker machine, root scanner, UV
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, GC, HPLC, IRGA,
lyophilizer, atomic absorption spectrometer, UV-visible
double beam spectrophotometer, spectroradiometer, N-
auto-analyzer, osmometer, thermal cycler, solid phase
extraction unit, gel documentation unit, vaccum
evaporator, high speed refrigerated centrifuge, water
purification system, flame photometer and nano
spectrophotometer. 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 six open top chambers to study possible impact
of futuristic climate change on crop-weed interaction, and
phytoremediation unit and Mexican beetles rearing unit.
Directorate also has a well-developed agricultural
engineering workshop with facilities for repair, fabrication,
designing and development of weed control tools and
implements.

Refrigerated Microcentrifuge

LC-MS-MS facility
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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 3269 books related to weed
science and other, 16 Indian 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.

Information Centre

Networking and Collaboration

Directorate co-ordinates its network programmes
through All India Coordinated Research Project on Weed
Management, which has 17 centers at SAUs located in
different agro-climatic zones of the country. Five network
programmes (viz. 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
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2019—20 & QIR dulc ( arEl #)
Budget during 2019-20 ( in lakhs)

Introduction

management of problematic weeds in cropped and non-
cropped lands; 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 are in
operation. Besides, Directorate also collaborates with other
educational and research institutions, viz. Jawaharlal
Nehru Krishi Vishwa Vidyalaya, Jabalpur; Rani Durgawati
Vishwa Vidyalaya, Jabalpur; Indira Gandhi Krishi Vishwa
Vidyalaya, Raipur; Mahatma Gandhi Chitrakoot
Gramoday University, Chitrakoot and other colleges from
different universities for M.Sc/Ph.D research work. Active
collaboration has been established with several ICAR
institutes and other research organizations like Borlaug
Institute for South Asia (BISA), herbicide industries, NGOs,
National Seed Corporation, ATARIs and KVKs. Inaddition,
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. Directorate is currently
working on different aspects of weed research with five
externally funded project, four contract research and two
consultancy project are also in operation in collaboration
with ICAR, DST, DBT, UPL India Pvt. Ltd., M.P. Power
Generating Company Ltd. and Shah Nanji Nagsi Exports
Pvt Ltd. Directorate organizes advance training
programmes on weed management for students, officers of
state agriculture agencies, and scientists of SAUs and ICAR
institutes. Besides, organization of Farmers' field
days/sangoshti, Industry day, Education day, World Soil
Day, Foundation day, National Productivity Week,
Parthenium Awareness Week and Scientists-Agriculture
Officers-Farmers interface meetings and press conferences
areregular features of this institute.

WP 3gar Government Grant
faazor ICAR - DWR AICRP-WM
Particular qrach @y aradt T
Receipt | Expenditure | Receipt Expenditure

@) UTe $9-Ts dficd
(A) Grant in-add Capital 66.04 65.94 717 6.85
(9) I TS HeR 667.30 667.00 593.83 593.83
(B) Grant in-add Salary
(@) ITT 39-US SR
(O) Grant in-add Salary 357.00 354.61 90.09 90.08
AT (31+9+9) 1090.34 1087.55 691.09 690.76
Total (A+B+C)

e
1
|
g
z
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e faera € araEtr #)

Resource generation (X in lakhs)

fda=T Particulars ¥ R @@t #) Amount (% in Lakhs)
?ﬂﬂEfET WIS Contract research -

WRTR} G Consultancy services =

$fY IUST BI fdeh! Sale of farm produce 46.83
3= (e, fasma [e, uRaes &1 SUART, [fder Uz, e &1 eR, &,
ATgHA Yoob, STeT YAR, WY Yodb 3T 6.00

Others (auction, guest house, use of transport, tender paper, RTI,
interests, license fee, water charges, dissertation fees, etc.)

I Total 52.83

wH &1 RAfd (31.12.2019 & ITAR)
Staff position (as on 31.12.2019)

foravor dad TR Y Raa
Particular Sanctioned Filled Vacant
AT ggeT &1 ReIfd Research Management Position 01 - Since 9" March 2017
S Scientist 27 16 11
T&AIDI Technical 22 21 01
=TI Administrative 13 08 05
HE™® Supporting 21 21 00

fasar dsnfar @1 Refa (Ragss o @ IUR)

Discipline-wise position of scientists (as per revised cadre strength)

o ad Rexfer & Raa
Disciplines Sanctioned In Position Vacant

PS SS S PS SS S PS | SS S
2N - 01 - - - 01* - - -
Agricultural Biotechnology
$Y TR Agricultural Chemicals 01 ; 01 ; ) 01 01 _ j
B JfeRA Agricultural Economics - - 01 - - ; - -l o
% Pl fa=si Agricultural Entomology - - 02 - - 01 - - 01
® fdWR Agricultural Extension } 01 01 i} 01 i} i} i} 01
S ged faem Agricultural Microbiology - - 01 - - - - - 01
BT ARGD! Agricultural Statistics - - 01 - - 01 - - -
A fasme Agronomy 02 01 03 - 01 03 02 - -
3 gAfAldsT SR Urey Sgaifre] Herer ] i W i i - i @
Economic Botany & Plant Genetic Resources
iR QE[ - - 02 - - 01 - - 01
Farm Machinery and Power
9gY T A= Plant Pathology - 01 01 - - - - 01 01
95y PIfddT Plant Physiology - 01 01 - - - - 01 01
Hal dsi Soil Science - 01 01 - 01 01 - - _
PHRICI AN 3R g < i i - i i i i @
Computer Application & IT
T Total 03 06 18 - 03 10 03 | 02 | 09

*- Filled by scientist against senior scientist, PS - Principal Scientist, SS - Senior Scientist, S - Scientist
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ORGANOGRAM

HTHITTY - BUAER ATHAT e
ICAR - Directorate of Weed Research

STHYT HATehT |iHfd IRCHIED Yerasie AHT I
Research Advisory DIRECTOR Quinquennial Review Team
Committee

Institute Research Institute Ma.nagement
Committee Committee

wiver faamT flget RS TITET e
Research Sections L ECISEICY 72%'_9{ Administration Management

w’ ﬁﬁm—‘" PAU, Ludhiana ) aﬁuamm,ﬁmm’i PME and
CCSHAU, Hisar SHTSE T o {TeashEEd  ITMU Cell
T, fm , I TR 3G T
Agronomy ' Audit and Accounts UMY
L J W, W AAU, Anand \ U Wré
CSKHPKV, Palampur ;
(e Satae ) | A, o - ~ | FomEETRE  RED el
Tsi ey st e GBPUAT, Pantnaga T i
Weed Bi?logy and W’W IGKV, Raipur Establishment @WWW AKM Unit
- Rhysiolony J AAU, Jorhat ~ ~
p § T, ae 4 TRATATATeg  Library and
i Documentation
; : \ mwm'w RVSKVYV, Gwalior -~ @ - N . ?‘%[
3 . OUAT, Bhubaneshwar l lé' ST Research Farm
R iosical Weig R, e Cash and Bl
4 8 J W'w UAS, Bengaluru & | vimafrarme Fam Machinery
. and Workshop
Ve — W) fﬂb’ KAU, Thrissur _ - .
g feraT w T TNAU, Coimbatore f . ECLIECTH Rajbhasha Cell
TGS THTIT I 2Ty, A HEN Td T i
Soil Science and &mﬂw’m PJTSAU, Hyderabad Store and Purchase FEARIRE®  1sC
L Residue Chemistry J PDKV. Akola \ 3 Y il
Ve ™ ! . Wﬁgﬂg Grievance Cell
wriTen famm e el e BCKV, Kalyani
et gt T, AW MPUAT, Udaipur L B
Social Sciences and o Securi
(T ransfer of Technology/ TR, T SKUAST, Jammu N~ Yy ~
\\§ J
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3TALT BIRIBH - 1

1 RESEARCH PROGRAMME - 1

fafqaa wao gonferan ¥ fehrs; WRUAAR Udeq da-ldl &l b

Development of sustainable weed management practices in diversified cropping systems

RIS TRATIR Yeie dbiIpl & I Td gATT Efficient weed management practices under
J ST B SATSHIT YT B ST Fhdl & | SIfId e diverse cropping systems need to be developed to obtain

SR fr? N . higher crop productivity. Weed management techniques in
’ 3R AT H SRR G organic cropping systems, vegetables and seed spices are

daeitt &I fIGRIT B & Wt aegdar € ®ifdh 39 also required to be developed as weed management options
Bl H ERUJIR Jdeq & a7fee fdhey 8 8 2| in these crops are not many. Study of germination behavior

S e ded e FRUT QRN of major weeds under residue management, seeding depths,
e B 3 @ 2 i water depth are also required for better understanding of

s, fa TRRel # TRITIR e o1 v T weed management practices under diverse situations.
@ foTT SMMaed® B | ATHATIT 3R SARBT BT SYATT geTal Enhancing input use efficiency particularly of the herbicides
98 U9 UR R JITT IR g 9 HSch;LUi %\r | 9 and fertilizers, and their interaction is also important.

F\. f 3 frd T . T P o T Another area of research undertaken in this programme is

the study of herbicide spray techniques for the newer

AR & feTQ fFgebra Tl SR WSS €8T dSY molecules and development of rider type and walk behind

BT faAHrT HAT A 2 | type weeders.
gRETST EEIR NERIE]
Project Experiment Associates
11 B!, il v doig 111 Sifd% ®T | ST T Aah—e8 HeX—dqRE Boel 9% § | 4. A V.K. Choudhary
qTell # Uelpd WU GRYTAR Gde qAbid] BT Feidh f&areR =Y Dibakar Ghosh
e Evaluation of weed management techniques in
Integrated weed organically grown maize - greenpea - sponge gourd
management in field crops, croppingsystem
vegetables and seed spices || 1) ey v & T T wed) Y Perer  WRUqAR fyEwr | A1, A V.K. Choudhary
U A vvIadl: Weed management in organically grown turmeric crop aqTdR ©IY Dibakar Ghosh
IRA. g4
Principal Investigator:
R.P. Dubey 113 &F, Bl T4 dgg @ HEA H WROAGIR Y§eH | 9. e’ V.K. Choudhary
TBAID] DT oI faqreR ©1Y Dibakar Ghosh

Evaluation of weed management techniques in brinjal,
cauliflower and pumpkin

114 Mg 791Gl (Hi, roTarge &R #efl) # WRUdaR gdee | .. FeR) V.K. Choudhary
qD1h! BT He-TDT f&areR = Dibakar Ghosh
Evaluation of weed management practices in seed
spices (fennel, ajwain and fenugreek)

115 DHF AT Sd Wi (31 faema) wRydqaR el & foay | 999 WAR. Chethan C.R.
fsSdHIa daid] BT Jedid JRUL. g4 R.P. Dubey
Evaluation of spraying techniques for low dose high
potency herbicide molecules

12 fafefigpa weer vomel & 121 Hedyol TRUGIR] $1 A= B 3@y @) A3 W | 3RYL g9 R.P. Dubey

fCPre TRUTAR Hae & BRI FAER T LA

foro TR TRYJAR PlRRIE Study the germination behaviour of important weed

B B —IKRFS eqIT species under various crop residue load

Morpho-physiological

study of major weed 122 HE@YU WRUGART BT AR et ard 3 fbererofl @1 | 3. g9 RP. Dubey
species for sustainable e

weed management in

VD —— Study the phenology of important weed species under

moisture stress regimes
system
TG FATUTGA: 1.23 fafde wret gomell # fewhTe,; TRUTAR Uder ARY. §J R.P. Dubey
Eﬁ'.a}" ey . Sustainable weed management in diversified cropping
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1.11

1.1 Integrated weed management in field crops,
vegetables and seed spices (2017-2020)

111 Evaluation of weed management techniques in
organically grown maize (sweet corn) - greenpea
-spongegourd cropping system

Sweet corn (Kharif 2019)

The weed flora recorded in sweet corn crop
comprised of Paspalidium flavidum (72%), Cyperus rotundus
(10.7%), Echinochloa colona (10.4%), Dinebra retroflexa,
Oldenlandia corymbosa, Eclipta alba, Physalis minima and
Convolvulus arvensis. Among organic weed management
treatments, black polythene mulch (BPM) fb 1 hand weeding
recorded no weeds at 60 DAS. Other organic weed
management treatments comprising crop residue mulch
(CRM), Glyricidia leaf mulch (GLM), Sesbania live mulch,
stale seedbed (SSB) were at par with each other in reducing
weed density and dry weight. The sweet corn cob yield was
highest under treatments of crop residue mulch fb 1 hand
weeding (16.70 t/ha), black polythene mulch fb 1 hand
weeding (16.29 t/ha) and Glyricidia leaf mulch fb 1 hand
weeding (15.13 t/ha). As compared to organic treatments,
the cob yield was significantly superior under application of
recommended fertilizer and herbicide atrazine 1000 g/ha fb
tembotrione 120 g/ha (22.04 t/ha). The cob yield recorded
under unweeded control was only 4.96 t/ha (Table 1.1).

AIfADT 1.1: Wi & H A= IU=Ri &7 60 3T UgaTd WRUGIR A Ud IUS TR T41G

Table1l.1:  Treatmenteffects on weed control at 60 DAS and yield of sweet corn
Weed density* Weed d Geen cob yield
Treatment (no/m | weight *(gme) (ha)
VC+ stale seedbed fb 1 weeding 8.77 7.00 8.30
VC + CRM fb 1 weeding 8.72 6.17 16.70
VC +GLM fb 1 weeding 8.43 6.47 15.13
VC + Sesbania live mulch fb 1 weeding 8.28 5.56 8.19
VC + blackgram IC fb 1 weeding 8.35 7.57 10.45
VC + BPM fb 1 HW 0.70 0.70 16.29
RDF + herbicide (atrazine fb tembotrione) 9.02 6.28 22.04
50% RDEF +50% VC + herbicide fb 1 weeding 8.40 6.39 14.93
VC +2 MW 8.70 5.24 12.68
VC + unweeded 16.54 11.21 4.96
SEmz 1.07 0.64 2222
LSD (p=0.05) 3.18 1.91 3.64

VC- Vermi compost @ 7.5 @ t/ha; CRM - Crop residue mulh; GLM - Glyricidia leaf mulch; IC - Inter crop (black gram); BPM - Black
polythene mulch; RDF - Recommonded dose of fartilizer; MW-Mechanical weeding

*Values are transformed to square root of \ x+0.5

g8 #ex (¥612018—19)
B § AISHIT GlehHIwt, GrRaferfSTd Teifdfea,

STSHST Rty [aRRIT WeTgar s WRUTAR &of Bl
T | 918 & 60 T 918 HH H HH WRUAAR BT Lh TR
Bl AR Hed, TolgvINIISyT ol Aed, WIaif=27 Aed
3R =P diell Aed & A1 1 (M8 & TR | R 137 |

Green pea (Rabi 2018-19)

The major weeds recorded in the crop comprised of
Medicago polymorpha, Paspalidium flavidum, Dinebra retroflexa,
Vicia sativa. The weed dry weight at 60 DAS was least under
crop residue mulch, Glyricidia leaf mulch, Sesbania live
mulch and black poly mulch integrated with 1 weeding. The

ﬂwh
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T Well & Soadq UGMAR ©idh dfciefi| Aed (9.05
e /TIRW) NI O 2 Tiyd e F 64% 1y o,
a1 ERudaR fgFer 9 USraR H 752% @ HH ST |
(arferaT 1.2)

green pod yield was highest 9.05 t/ha under black
polythene mulch which was 64% higher than 2 mechanical
weeding. The unweeded control reduced the yield by 75.2%
(Table1.2).

AIferanT 1.2: AR SUERT & TRUTAR DI AT, Yh AR (a1 & 60 a7 WR) T 84 HeR BI IuS R JA1d

Table1.2:  Treatmenteffects on weed controlat 60 DAS and yield of greenpea
Treatment Weed density* Weed dry Pod yield

(no./m?2) weight* (g/m?2) (t/ha)
VC + SSB fb 1 weeding 5.70 5.50 5.16
VC + CRM fb 1 weeding 5.07 3.74 6.20
VC +GLM fb1 weeding 5.78 3.99 7.13
VC + Sesbania mulch fb 1 weeding 5.84 3.65 6.93
VC + radish IC fb 1 weeding 5.67 4.01 5.40
VC +BPM fb 1 HW 1.69 1.62 9.05
RDF + herbicide 5.61 5.44 3.24
50% RDF + 50% VC+ herbicide fb 1 weeding 5.82 2.31 5.50
VC+2 MW 4.30 4.14 5.50
VC + unweeded 8.68 10.88 2.24
SEmt 0.42 0.40 0.33
LSD (P=0.05) 1.74 1.19 0.99

SSB - Stale seedbed; CRM - Crop residue mulch; GLM - Glyricidialeaf mulch; BPM - Black polythene mulch

*Values are transformed to square root of v x+0.5

kg (ArsAdbTe 2019)

BHA H U S aTel U ERYAAR §757/F7/d]
BITIT, GNTUAISTT Toifdss, Bigiford [A94 wWsav
RIS, HISHTIT YTt o | aTs & 60 fad IR WRUTAR
T 3R Y qoT DI YT G Blell dietiefi= #oa ud
T ¥ T fers iR oy 9l IR e WRuddR
yqee fAfeRI gRT &4 fham T | 7enrgIISaT i Aed
Td 1 e & SUER | 99 31¥d IS UT g (19.70
TA/TRW) W1 6 2 Fife N & o 7 34.2%
31 off T AT WU =1 & 714 7.78 T / AR
SUST U DI T8 (ATferapT 1.3) |

Sponge gourd (Summer 2019)

The major weeds observed in the crop were
Echinochloa colona, Paspalidium flavidum, Physalis minima,
Cyperus rotundus, Medicago polymorpha. The weed density
and dry weight at 60 DAS were effectively reduced by black
polythene mulch fb 1 weeding, and all other non-chemical
weed management methods as compared to chemical
method. The highest yield was obtained from the treatment
of Glyricidialeaf mulch fb 1 weeding (19.70 t/ha) which was
34.2% higher than 2 mechanical weeding. The unweeded
control recorded an yield of 7.78 t/ha (Table 1.3).

qrferat 1.3: A= ST=RT &1 TRUTIR &1 F&1, YR ¥R (a7 D 60 7 W) Ud AR BT IUST IR Y914

Table1.3:  Treatmenteffects on weed controlat 60 DAS and yield of spongegourd

Treatment Weed density* Weed dry Yield

(no/m?) | weight* (m?) |  (tha)

VC + SSB fb 1 weeding 5.84 6.83 14.62
VC + CRM fb 1 weeding 6.57 7.79 17.80
VC + GLM fb 1 weeding 7.02 7.82 19.70
VC + Sesbania mulch fb 1 weeding 6.03 8.89 13.53
VC + radish IC fb 1 weeding 6.56 7.46 12.57
VC + BPM fb 1 HW 4.73 5.3 16.78
RDF + herbicide 10.44 15.08 13.91
50% RDF +50% VC + herbicide fb 1 weeding 6.25 7.62 15.52
VC+2 MW 5.81 7.32 14.68
VC + unweeded 14.87 15.32 7.78
SEm:+ 0.79 0.95 1.88
LSD p=(0.05) 2.34 2.83 5.58

SSB - Stale seedbed; CRM - Crop residue mulch; GLM - Glyricidialeaf mulch; BPM - Black polythene mulch

*Values are transformed to square root of  x+0.5
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1.1.2 Weed management in organically grown turmeric
crop
Turmeric (2018-19)

The weeds infesting the turmeric crop were
Phyllanthus simplex (50%), Echinochloa colona (29%), Dinebra
retroflexa (2.4%), Paspalidium flavidum (7.9%), Physalis minima
(6.5%), Cyperus iria, Mecardonia procumbens etc. Application
of black polythene mulch + 1 hand weeding, 3 mechanical
weedings, Glyricidia leaf mulch 10 t/ha, crop residue mulch
at7.5 t/ha followed by 3 hand weedings proved superior in
reducing the weed biomass. Since, turmeric is a long
duration crop; the chemical treatments did not provide
effective weed control throughout the crop growth. The
highest fresh turmeric yield was recorded with crop residue
mulch fb 3 hand weedings (17.87 t/ha) which was 28.75%
higher than chemically grown crop and 148.5% higher than
unweeded crop. Higher B:C ratios were obtained from
treatments having black polythene mulch (2.57), Glyricidia
leaf mulch (2.52) and crop residue mulch (2.48) fb HW
component (Table1.4).

SUAR A UTed fdbar w2 (aArferet 1.4) |
arferadT 1.4: AR START &7 WRUTIR B AT, Y& 9R (a18 & 60 &7 W), Beal &I IS Gd S-SRI AT IR
BRI
Table1.4:  Treatmenteffects on weed controlat 60 DAS, yield and B:Cratio of turmeric crop
Treatment Weed Weed dry Turmeric B:C
density * biomass* rhizome yield ratio
(no/m?) (g/m?) (t/ha)
Staleseed bed+ blackgram intercop fb 2 HW 10.0 4.1 13.49 2.26
Crop residue mulch 7.5 t/ha fb 3 HW 10.2 41 17.87 2.48
Reduced spacing + crop residue mulch fb 2 HW 10.6 44 1543 1.96
Sesbania in situ live mulch fb SHW 8.2 4.4 13.06 2.01
Gliricidia leaf mulch 10 t/ha fb 3 HW 9.9 3.6 17.33 2.52
Black polythene mulch fb 1 HW 7.3 3.1 15.88 2.57
Recommended fertilizer dose + atrazine 1000 g/ha
1o quizalofop 50 g/ ha g/ 104 6.6 13.88 2.09
50% RDEF + 50% VC + herbicide fb 1 weeding 9.1 3.4 15.57 2.03
4 MW 9.4 32 14.51 2.38
Unweeded control 14.6 13.6 7.19 1.27
SEmt 0.49 0.66 0.29
LSD (p=0.05) 1.45 1.96 0.86

*Values are transformed to square root of  x+0.5

1.1.3 Evaluation of weed management techniques in
brinjal, cauliflower and pumpkin

Brinjal (Kharif 2019)

The weed flora recorded in brinjal crop were
E. colona (46.5%), C. rotundus (14.2%), Mecardonia procumbens
(10.3%), E. alba (7.8%), Mollugo wverticillata (6.1%), C.
benghalensis (2.3%), Dinebra retroflexa (6.7%), A. sessilis
(2.6%), P. niruri (21%), Paspalidium flavidum (1.3%).
Application of pendimethalin 670 g/ha fb quizalofop 50
g/ha 30 DAP significantly reduced the weed density and
dry weight compared to other herbicide treatments.
However, the least weed density and dry weight was

1.1.3 974, AN td $gg & A H TWRYAIR

S abA1d] BT [eATdHT
S (@¥% 2019)

T P BT F WRUTIRT H FBISTIFATT Bl
(465%), wzwd vesw (142%), HBSIFar (10.3%),
gfaderger siear (7.8%). AT alcRicer (6.1%), w
FITGIRIT (2.3%), STSTI8T NCIFd Tl (6.7%), T wlvfferd
(26%), BIgererdd Aoy (21%), UrUcifsTq geifdsd
(1.3%) =3 ®Y 9 UIY T | ySHferd 670 I,/ Td
fFISTer®iT 50 T /8 & SUANT I 3 Bfdgs SuarR
Bl ol H WRUTIRT & ocd 3R Y&h IR H BIB! B

3TTE | BT HH | HH WRUGIR T 3R & TR BTl
Ufefleld Ao & faid grim 17 | STadq USTaR (24.95

recorded under black polythene mulch. The significantly
highest fruit yield (24.95 t/ha) was recorded under
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pendimethalin 670 g/ha fb quizalofop 50 g/ha 30 DAP
treatment. The unweeded control reduced the yield by
55.75% (Table 1.5).

arferaT 1.5: AR ITART BT TWRUTIR &1 F&AT, Y&b 1R (a1 B 60 3T UR) U ST BT IUST WR Y9Td

Table1.5:

Treatment effects on weed control at 60 DAS and yield of brinjal

Treatment Weed density* Weed dry Yield
(no/m?) | weight* (g/m?) | _(t/ha)
Pendimethalin 670 g/ha fb 1 MW 40 DAP 8.8 5.6 19.49
Pendimethalin 670 g fb quizalofop 50 g/ha 30 DAP 5.6 51l 24.95
Pretilachlor 700 g/ha fb 1 MW 40 DAP 8.2 6.5 18.93
Pretilachlor 700 g fb quizalofop 50 g/ha 30 DAP 10.2 6.9 20.66
Atrazine 1000 g/ha fb 1 MW 40 DAP 10.1 8.0 16.24
Atrazine1000 g fb quizalofop 50 g/ha 30 DAP 9.3 6.7 19.92
Metribuzin 500 g/ha fb 1 MW 40 DAP 10.4 7.5 13.12
Metribuzin 500 g fb quizalofop 50 g/ha 30 DAP 9.9 5.1 15.48
Black polythene mulch 1.1 0.7 21.27
Wheat straw mulch fb 1 HW 6.6 515 20.29
2 MW 5.5 5.3 2043
Unweeded 159 16.9 11.04
SEmz 0.65 0.50 0.66
LSD (p=0.05) 1.92 1.48 1.95

DAP-Days after transplanting; HW - Hand weeding; MW - Mechanical weeding

*Values are transformed to squarerootof ~x+0.5

B+ (v 2018—19)

BT @1 BA H UIY S dlel W ERUTAR
TISYY NISSV, WITHYT JRGFNRT U 3 9| Blail
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Cauliflower (Rabi2018-19)

The major weeds observed in the cauliflower crop
were Medicago polymorpha, Cichorium intybus, Chenopodium
album, Cyperus rotundus, Sonchus arvensis. The treatments of
black poly mulch and crop residue mulch (CRM) 7.5 t/ha
were most effective in controlling weeds. The CRM
treatment recorded highest cauliflower yield of 47.42 t/ha
as compared to two mechanical weeding (43.14 t/ha and
black polythene mulch (39.55 t/ha). Among herbicidal
treatments, pendimethalin 750 g/ha fb oxyfluorfen 150
g/ha was the most effective treatment. The unweeded
control recorded cauliflower yield of 19.53 t/ha (Table 1.6).

arferaT 1.6: A= ITART BT TWRUTAR &1 G, Yb 1R (TS B 60 3T UR) Ud Gl Bl IuST UR g1

Table1.6:

Treatment effects on weed control at 60 DAS and yield of cauliflower

Treatment Weed density* Weed dry Yield
(no/m?) ~ | weight* (g/m?) |  (ha)
Pendimethalin 750 g/ha PE 5.68 3.25 31.31
Pendimethalin 750 g/ha fb 1 weeding 4.46 3.18 34.23
Pendimethalin 750 g/ha fb oxyfluorfen 150 g/ha 4.45 3.07 37.87
Pendimethalin 750 g/ha fb quizalofop 50 g/ha 5.81 4.81 35.52
Oxyfluorfen 150 g/ha PE 7.13 441 33.04
Oxyfluorfen 150 g/ha fb 1 weeding 4.89 2.38 30.39
Oxyfluorfen 150 g/ha fb pendimethalin 750 g/ha 5.84 3.69 35.64
Oxyfluorfen 150 g/ha fb quizalofop 50 g/ha 5.78 3.76 32.14
Black polythene mulch 0.70 0.70 39.54
Crop residue mulch 7.5 t/ha 4.46 3.14 47.42
Two weeding 4.70 2.82 43.13
Unweeded 14.29 10.51 19.53
SEmz 18.04 8522 12.65
LSD (p=0.05) 0.59 0.77 2.55

*Values are transformed to square root of \ x+0.5; PE-Pre-emergence; fb-Followed by
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Pumpkin (Rabi2018-19)

The weeds recorded in the crop were Echinochloa
colona, Paspalidium flavidum, Dinebra retroflexa, Alternanthera
sessilis and others. Black polythene mulch was the most
effective in controlling weeds. Among herbicide treatments
directed spray of glyphosate 0.75 kg/ha at 25 DAS and
metribuzin 250 g/ha fb quizalofop 50 g/ha, were equally
effective. Highest pumpkin yield of 30.60 t/ha was obtained
from black poly mulch which was 29% higher than 2
mechanical weedings. The unweeded control caused yield
reduction of 66.4 % (Table1.7).

arfereT 1.7: AR ITART BT TRUTAR &1 G, Y& TR (a1 B 60 3T UR) Ud Hag 1 SUS IR T4Td

Table1.7:  Treatmenteffects on weed controlat 60 DAS and yield of pumpkin

Treatment Weed density* Weed dry Yield

(no,/m?) weight” (g/m?) (t/ha)

Metribuzin 0.250 kg/ha 49 5.0 15.06
Quizalofop 50 g/ha 5.1 5.6 11.93
Halosulfuron 50 g/ha PE 42 54 13.87
Halosulfuron 50 g/ha POE 5.4 47 15.47
Metribuzin 0.25 kg/ha fb quizalofop 50 g/ha 41 44 24.46
Halosulfuron 50 g/ha PE fb quizalofop 50 g/ha 4.4 4.6 16.60
Glyphosate 0.75 kg/ha (protected spray) 5.1 49 24.66
Black Poly Mulch fb 1 weeding 0.7 0.7 30.60
Wheat straw mulch fb 1 weeding 4.5 4.6 24.66
2 Weeding 42 3.9 23.73
Unweeded 7.7 5.9 10.26
SEmz 0.45 0.27 1.58
LSD (p=0.05) 1.32 0.79 4.68

*Values are transformed to square root of \ x+0.5; PE-Pre-emergence; POE-Post-emergence; fb-Followed by

1.1.4. fihg w9l (e, Irorarse 3R #efl) #
ERUTAR Y48 ddb-iidl &1 JATd  (7§7
2018—19)
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(arferaT 1.8) |

JroTarsH
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1.1.4 Evaluation of weed management practices in seed
spices (fennel, ajwain and fenugreek) (Rabi
2018-19)

The major weeds observed in the seed spice crops
were Medicago polymorpha, Avena ludoviciana, Paspalidium
favidum, Physalis minima and Commelina benghalensis.

Fennel

Among herbicide treatments, oxyfluorfen 75 g/ha
and oxadiargyl 75 g/ha applied at 25 DAS were
comparatively more effective in reducing the weeds density
and dry weight at 60 DAS. The highest seed yield (1.92t/ha)
was obtained under application of oxadiargyl 75 g/ha PE
followed by oxyfluorfen 75 g/ha post-em (1.80 t/ha). The
unweeded control recorded lowest yield of 0.81 t/ha
(Table1.8).

Ajwain
Among herbicide treatments, the lowest weed

density and dry weight was recorded under application of
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pendimathalin PE and highest seed yield (1.19 t/ha) was
recorded under oxadiargyl 75 g/ha PE. The unweeded
control recorded lowest yield of 0.29t/ha (Table 1.8).

Fenugreek

Heft

Among herbicide treatments, the lowest weed
density and dry weight at 60 DAS and highest seed yield
(1.85 t/ha) was recorded under oxyfluorfen 75 g/ha PE.
The unweeded control recorded lowest yield of 0.95 t/ha
(Table1.8).

gfdTss SUART § WeW HH WRUAIR g9 AR
Y R Td Teaad diel IuS (185 T/ TACAR)
NFRIFARGH 75 U /BICIR S & Jd & IUAR &
ded o9 @ T O WRyqaR fEEeT @ 095
T/ BACIR DI A HH TS Gof B TS (ATferadT 1.8) |

arferat 1.8: faff=1 START &1 WRUGIR &1 W&, Ih 9R (18 & 60 T WR) Ud A, starg AR Hefl o Suo
W YT

Table1.8:  Treatmenteffects on weed controlat 60 DAS and yield of fennel, ajwain and fenugreek
Treatment Fennel Ajwain Fenugreek

" " Yield " . | Yield " .| Yield

WOTLWET ] ma) | WPT L WET | gmay | WPT) WET (na)
Pendimethalin 677.25 g/ha PPI 4.2 3.9 1.79 33 3.6 0.89 22 32 1.36
Pendimethalin 677.25 g/ha PE 3.2 3.8 1.88 2.8 22 0.86 1.9 &3 1.24
Oxyfluorfen 75 g/ha PE 4.2 35 1.64 33 2.8 1.14 1.1 15 1.85
Oxadiargyl 75 g/ha PE 37 43 1.92 2.6 2.8 1.19 1.7 23 1.67
Oxyfluorfen 75 g/ha 25 DAS 3.3 29 1.58 31 4.6 0.87 25 3.3 1.37
Oxadiargyl 75 g/ha 25 DAS 8.2 3.2 1.80 2.9 2.9 0.87 2.6 24 1.38
2 HW 20 & 40 DAS 27 15 1.82 0.7 0.7 0.88 21 13 1.82
Unweeded 52 52 0.81 41 43 0.29 3.4 59 0.95
SEm 0.29 0.32 0.09 0.19 0.25 0.10 0.28 0.4 0.12
LSD (p=0.05) 0.88 0.96 0.29 0.60 0.76 0.31 0.85 | 1.22 0.37

WD - Weed density (no./m?’); WB - Weed dry biomass (g/m?); PPI - Pre-plant incorporation; PE - Pre-emergence.

*Values are transformed to square root of  x+0.5

115 HH HET didl Sed YHIGIMell @RUddRAT
I3t & fory foemma aa-ial & qeaid
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Ag (¥9f12018—19)
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el WE TRUGAR IAIfA H HSHAT el
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= ERUTAR Yo dgiorl, B9d @ gfg, TRUTAR
foR=T 3R 5T @ SUS B brp yEIfad BRel ® |
ERYAIR] BT T B T 3R SeadH ST BT S
(5.33 T /) FAINSATHIY + HCHAHRIA (60+4 UT/B) B
€ BT 9 RE # urar wr (@rfardr 1.9) | ERUAaR
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1.1.5 Evaluation of spraying techniques for low dose
high potency herbicide molecules

A field experiment was conducted during Rabi 2018-
19 and Kharif 2019 to standardize the spraying techniques

for low dose high potency herbicide molecules.
Wheat (Rabi, 2018-19)

The major weed flora observed in the wheat crop
grown in Rabi 2018-19 comprised of Medicago polymorpha,
Chenopodium ficifolium, Avena fatua, Rumex dentatus,
Chenopodium album, Sonchus sp., Phalaris minor and others.
The different weed management practices significantly
affect the crop growth, weed control and grain yield. A very
less weed population and highest grain yield (5.33 t/ha) was
recorded in clodinafop + metsulfuron (60+4 g/ha) fb one
HW (Table 1.9). The weed control index was more or less
similar and no significant difference was observed among
different nozzles and spray volumes. Hundred per cent
weed control efficiency was observed in all the treatments
where it contains herbicide application fb one hand

weeding.
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Table1l.9:  Weed density, weed dry weight and grain yield of wheat crop as influenced by different type of
spraying nozzles and spraying volume
Treatment Weed density Weed dry Grain yield
(no,/m?) weight (g/m?) (t/ha)
Weed management
Clodinafop + metsulfuron (60+4 g/ha) + 1 HW 0.1€(0.08) 0.06€ (0.01) 5.33A
Clodinafop + metsulfuron (60+4 g/ha) 2.53B (6.33) 1.318 (1.31) 5.22A
Weedy check 3.44A (12.00) 3.234 (10.10) 3.968
LSD (p=0.05) 0.78 20.29 0.29
Ccv 33.99 5.30
Nozzle type
Flat fan 1.95 (6.00) 1.59 (4.26) 4.80
Floodjet 2.10 (6.28) 1.49 (3.36) 4.87
LSD (p=0.05) NS NS NS
Ccv 32.92 17.82 8.03
Spraying volume (liter/ha)
250 2.10 (6.89) 1.49 (3.68 4.75
500 1.94 (5.39) 1.58 (3.93) 4.92
LSD (p=0.05) NS NS NS
Ccv 36.77 23.28 6.75
Weed data subjected to square root transformation; original values are in parentheses
Hqd1 (@¥Ip, 2019) Maize (Kharif, 2019)

@B 2019 § SIS I dTell HdbT b B |
SGTYIRT,  ISYN, PIAlTT,  SHISTIFAI,  Uldeyer,
PIgelerd W WRUAIR IR I wiAel o | fafe
WRUTIR FGe= Ugierdi, el $I g, WRUdar o
IR AT SUS BT Bl yWIAd R B WA BH

The major weed flora observed in the maize crop

grown in Kharif 2019 comprised of Alternanthera, Cyperus,

Commelina, Echinochloa, Eclipta, Phyllanthus and others. The

different weed management practices significantly affect

the crop growth, weed control and grain yield. The lowest

arferst 1.10: faf=1 TR & fsg@Ta AioTd iR fFSHa AT T WRUTAR g, WRUTAR h aol iR 7dd
% DIG DT IS WR 91T
Table1.10:

Weed density, weed dry weight and maize cob yield of maize crop as influenced by different type of
spraying nozzles and spraying volume
Treatment Weed density Weed dry Cob yield
(no./m?) weight (g/m?) (t/ha)
Weed management
Tembotrione + atrazine (120+500 g/ha) + 1 HW 5.085 (26.67) 2.28€ (5.67) 14.43A
Tembotrione + atrazine (120+500 g/ha) 6.84B (47.50) 6.63B (46.42) 12.228
Weedy check 7.80A (63.71) | 10.54A (115.19) 9.07¢
LSD (p=0.05) 1.86 1.56 0.64
Ccv 25.02 21.18 4.76
Nozzle type
Flat fan 6.16 (40.00) 6.54 (57.07) 11.98
Flood jet 6.99 (51.56) 6.42 (54.45) 11.84
LSD (p=0.05) NS NS NS
Ccv 26.65 18.88 3.11
Spraying volume (liters/ha)
250 6.66 (45.61) 6.81 (57.61) 11.86
500 6.49 (45.94) 6.15 (53.92) 11.95
LSD (p=0.05) NS NS NS
CV 16.78 33.14 5.65

Weed data subjected to square root transformation; original values are in parentheses

16




WRYTIR G7cd (5.08 G&AT /A1), WRUTIR F&h AR (2.28

/) R AHTH DI SUST (1443 <T/3),
CHITCIF+TSIT (1204500 UT/®) @& 941G B1F H Udh
=18 # urg I8 (arfei®T 1.10) | ERUGAR 30T Seran
ST FAE ot iR I ATt ofR | dfem & 9=
DY HEQYUT IR FE AW AT AT| BA(fh, 3G Y
STARI § ¥ ERUAIR {307 gefar cHIfgaH+ugIior
(120+500 3T/ ®) & TG BT A Ud RIS IR W dfeqd &

500 TR # TG 31D (81.1%) &Y |
arardE (@, 2019)

@I 2019 H SITS ST ATl IR &I Badl |
SIS SoCN T BIgelelN]  WISYW, P

SHTSIFANST TS VRUTAR 3R 3= A o | =
TRUTIR Yae UG, Had dI gy, TRUTAR FrRI=or
3R IS BT IUST B BB FHIAT AT & | A DA
TRUTAR &7cd (7.7 AT /A7), WRUTAR Yh R (6.63
T /Y SR SrfArHad IS B (1.85 T/ 8) SHORITIRR
(100 IT/®) & 91 BT A TP RIS § ram 3w o,
(arferaT 1.11) | TRUGAR AT Seran a™eT /A o
3R R AoTel &R | dfeA & 91 BIg Agaqu i
qE @l T AT B, I WHl SUARI H
SHSTIATIRR (100 UT/®) & 975 &1 | U RS U9 500
cller W dicgd H WRUYGAR [FRIF0T qerdn ffdadH (82.6
gferera) off |

weed density (5.08 no./m?), weed dry weight (2.28 g/m?2)
and highest cob yield (1443 t/ha) was recorded in
tembotrione + atrazine (120+500 g/ha) fb one HW (Table
1.10). The weed control efficiency was more or less similar
and no significant difference was observed among different
nozzles and spray volumes. However, the weed control
efficiency was highest (83.1%) in tembotrione + atrazine
(120+500 g/ha) fb one HW at 500 liter of spray volume,
among all other treatments.

Soybean (Kharif, 2019)

The major weed flora observed in the soybean crop
grown in Kharif 2018 comprised of Dinebra, Alternanthera,
Phyllanthus, Alysicarpus, Cyprus, Commelina, Echinochloa and
others. The different weed management practices
significantly affected the crop growth, weed control and
grain yield. The lowest weed density (7.7 no./m’), weed dry
weight (6.63 g/m’) and highest seed yield (1.85 t/ha) was
recorded in imazethapyr (100 g/ha) fb one HW (Table 1.11).
The weed control index was more or less similar and no
significant difference was observed among different nozzles
and spray volumes. However, the weed control index was
highest (82.6%) in imazethapyr (100 g/ha) fb one HW at 500

liter of spray volume, among all other treatments.

arferat 1.11: AR IR & fos®dE AT iR fFeHa Al $T WRUAIR g9, BRUTIR Y&h dor 3iR

45T I IUS IR g9

Table1.11: Weed density, weed dry weight and seed yield of crop as influenced by different types of
spraying nozzles and spraying volume
Treatment Weed density Weed dry weight Seed yield
(no,/m?) (g/m?) (/ha)
Weed management
Imazethapyr (100 g/ha) + 1 HW 3.83¢€ (14.67) 2.30¢ (5.15) 1.894
Imazethapyr (100 g/ha) 8.198 (66.67) 10.558 (111.14) 1.138
Weedy check 10.754 (115.50) 16.394 (273.99) 0.33¢
LSD (p=0.05) 0.52 1.76 0.11
CVv 6.03 15.96 8.76
Nozzle type
Flat fan 7.56 (63.00) 9.20 (110.94) 1.14
Flood jet 7.62 (68.22) 10.30 (149.24) 1.09
LSD (p=0.05) NS NS NS
CVv 6.22 15.45 6.87
Spraying volume (liter/ha)
250 7.57 (65.56) 9.53 (121.04) 1.09
500 7.61 (65.67) 9.97 (139.14) 1.14
LSD (p=0.05) NS NS NS
CV 7.67 8.93 8.95

Weed data subjected to square root transformation; original values are in parentheses
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The ergonomic evaluation of the spraying
technology was done and the results are presented in the
Figurel.land Table1.12.
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Figure 1.1: Heart rate responses of the subject during spraying

AMADT 1.12: TFSHE B SR IATIRTR BT AT [T AT TRIRD 9R

Table1.12: Physiological load experienced by the operator during spraying operation
Nozzle Spray volume Heart rate (bpm) LCP ODR ODR grading
(I/ha) Resting Working (A HR) score

Flat-fan 250 96.8 145.3 48.5 5.0 Moderate discomfort

500 96.8 117.5 20.7 6.5 Moderate discomfort
. 250 96.8 129.2 324 4.0 Less discomfort

Flood-jet :

500 96.8 105.1 8.3 6.5 Moderate discomfort

LCP: Limit of Continuous Performance; ODR: Overall Discomfort Rating.
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The flat fan and flood jet nozzles controlled the weeds
effectively. However it was observed a slight increase in
weed control efficiency under flat fan nozzle. The weed
control efficiency was not only dependent on the spraying
techniques, but also on selected herbicide. The spray
volume 250 1/ha is sufficient enough to control the weeds
effectively with proper spray precautions. To reduce the
physiological load on the operator, speed of operation can
be reduced by controlling the discharge rate of the nozzle. In
addition, multi nozzle boom can be used instead of single
nozzle to reduce the speed of operation.

1.2 Morpho-physiological study of major weed
species for sustainable weed management in
diversified cropping system (2017-2020)

1.2.1. Studies onthe germination behavior of important weed

species under various crop residue load

In Rabi 2018-19, Phalaris minor, Avena ludoviciana,
Chenopodium album and Medicago polymorpha were evaluated

under crop residue load viz. 0 (bare), 2, 4, 6 and 8 t/ha. It was
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recorded that Medicago polymorpha had the highest
germination (91.3%) in bare soil and completes its
germination within 38 days followed by Avena ludoviciana
(83.3%) in 46 days. The lowest seed germination was
recorded with Chenopodium album (70.0%) which took 42
days and further no germination took place. Among the
crop residue load, it was recorded that increase in crop
residue load significantly suppresses the germination of
weed seeds and the lowest germination recorded in8 t/ha to
the tune of 9.3-16.0% (maximum in Medicago polymorpha and
lowest in Chenopodium album). The germination rate index
was highest in Medicago polymorpha (56.9) in bare soil and it
was further reduced with increase in crop residue load and
registered the trend of 0>2>4>6>8 t/ha (Table 1.13).

During summer 2019, Dinebra retroflexa, Paspalidium
favidum, Amaranthus viridis, Portulaca oleracea and Sonchus
arvesnsis were evaluated under various crop residue loads.
It was recorded that Dinebra retroflexa had the highest
germination (86.0%) in bare soil and completes its
germination within 44 days followed by Paspalidium
flavidum and Amaranthus viridis (83.3 and 73.3%,
respectively) in 42 day. The lowest seed germination was
recorded with Portulaca oleracea (57.3%) which took 42 days
and further no germination took place. Among the crop
residue load, it was recorded that increase in crop residue
load significantly suppresses the germination of weed seeds
and lowest germination recorded in 8 t/ha to the tune of 5.3-
18.0% (maximum in Dinebra retroflexa and lowest in

Amaranthus viridis). The germination rate index was highest

qarferdT 1.13: AR B ANl & R S YA HE@YUT WRUGAR TSTTfa] BT ARV FaER

Table1.13: Germination behavior of important weed species influenced under various crop residue loads
Rabi 2018-19 Summer 2019

Parameter Phalaris Avena Chenopodium| Medicago Dinebra | Paspilidium | Amaranthus| Portulaca | Sonchus

minor | ludoviciana album polymorpha | retroflexa| flavidum viridis oleracia arvensis
Final ] 127.800 | 213833 9.3-70.0 16.091.3 18-86 16-83.3 5.3-733 8573 6725
germination %
Mean
germination 11.0-29.5 9.5- 31.0 12.0-34.5 9.0-25.5 13.6-66 13.6-82.1 17.3-53.1 15.8-75.3 11.3-38.3
time (days)
First day of
germination 6.0- 17.0 4.0- 16.0 5.0-27.0 5-13.0 5.0-29.0 5.0-31.0 8.0-26.0 8-31.0 5-19.0
(days)
Last day of
germination 16.0-42.0 15.0-46.0 19-42 13-38 19-44 19-42 23.0-42.0 19-42 16-45
(days)
Germination | 5 341 | g3 446 3.230.8 83569 | 31718 | 22666 1.3-285 13312 | 21398
rate index (%)
Time spread
of germination 12.0-31.0 11.0-30.0 14-25 8-25.0 14-28 11.0-28.0 15-28.0 11-28.0 11-30.0
(days)
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in Dinebra retroflexa (71.8%) in bare soil and it was further
reduced with increase in crop residueload (Table 1.13).

During both the seasons, it was recorded that time
spread of seed germination for almost all the tested weed
species were narrow in bare soil and wider in 8 t/ha of crop
residueload.

1.2.2. Study the phenology of important weed species

under moisture stress regimes

In Rabi 2018-19, five weed species viz. Phalaris minor,
Avena ludoviciana, Chenopodium album, Medicago polymorpha
and Cyperus rotundus were imposed with nine moisture
stress regimes viz. continuous dry, 0.2, 0.4, 0.6, 0.8, 1.0, 1.25
and 1.5 IW/CPE until maturity and saturation. At 60 DAS,
the highest SPAD value was recorded in almost all four
weed species at saturation followed by 1.5 IW/CPE.
However, SPAD value decreased with increase in intensity
of moisture stress. A. Iudoviciana produced the highest
seeds/plantat saturation, whereas P. minor, C. album and M.
Polymorpha produced more seeds/plant with 1.5 IW/CPE
and it further decreased with increase in moisture stress.
The root parameters such as length, numbers, volume and
dry biomass was more in 1.5 IW / CPE (P. minor, C. album and
M. polymorpha) except root dry biomass in M. polymorpha,
whereas, A. ludoviciana has more root parameters at
saturation. However, in the case of Cyperus rotundus, there

was a problem of seed germination (Table1.14).

Similar treatments were imposed during summer
2019, on five weed species viz. Dinebra retroflexa, Paspaladium
favidum, Ameranthus viridis, Portulaca oleracea and Sonchus
arvensis. At 60 DAS, the highest SPAD value was recorded in
three weed species (Dinebra retroflexa, Paspaladium flavidum
and Portulaca oleracea) at saturation followed by 1.5
IW/CPE. The SPAD value decreased with increase in
intensity of moisture stress. Seeds of D. retroflexa and P.
flavidum were started shattering at 86.7 and 59.0 DAS,
respectively with 0.2 IW/CPE ratio and it further extended
with increase in moisture regimes. However, seed
production/ plant of three weed species followed the similar
trend. In the case of P. fl avidum and D. retroflexa, there was
none of the plants could survive in continuous dry pots. On
the other hand, SPAD value of A. viridis were higher at 1.5
IW/CPE followed by 1.25 IW/CPE at 60 DAS. The SPAD

value decreased with increase in intensity of moisture stress.
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Seed production/plant followed the similar trend and
recorded more number of seeds at 1.5 IW/CPE except D.
retroflexa and S. arvensis. Further, increase in moisture stress,
the above parameters steadily decreased and the lowest at
continuous dry pots. Dry weight/plant was followed the
trend of SPAD (Table 1.15).

AIFADT 1.14: Y TR, WS oI AR Y 76 WRYTIR & 1ol ST & IR T4 B T1d D KR BT YA

Tablel.14:  Effectof moisture stresslevel on dry biomass, SPAD value and seed production potential of major Rabi weeds
Tre atment Dry SPAD Seed Dry SPAD Seed Root dry weight
weight production/ weight production/ (g/plant
(mg/ plant (mg/ plant
plant) plant)
Phalaris minor Avena ludoviciana Phalaris Avena
minor ludoviciana
Dry 3274 29.8 1221.9 498.5 35.8 56.0 28.5 33.8
0.2 386.7 32.7 1357.7 552.7 36.9 58.6 858 38.4
0.4 420.7 33.0 1736.1 571.7 37.1 70.1 36.9 39.5
0.6 452.7 33.4 2418.3 724.8 36.5 99.0 429 46.4
0.8 467.2 BY 2778.8 7153 37.7 114.5 40.7 43.6
1 515.9 34.3 3032.1 742.3 38.0 125.6 46.2 51.6
1.25 536.3 35.0 3432.0 808.9 38.5 141.7 52.6 56.1
1.5 570.0 8518 3674.0 872.3 38.7 149.1 53.9 56.2
0cm 537.1 34.7 3781.8 914.9 39.1 132.9 50.7 65.0
LSD (p=0.05) 221 1.54 184.3 79.7 1.7 9.1 44 6.3
Chenopodium a  lbum Medicago polymorpha Chenopodium Medicago
album polymorpha

Dry 1149.1 29.2 953.8 38.7 89.8 51.8
0.2 1202.4 29.8 2447.7 1003.3 39.9 1414.5 103.2 61.9
0.4 1230.2 29.6 2871.3 1097.3 40.7 1761.7 116.6 67.7
0.6 1303.9 30.7 3607.0 1073.5 42.3 2446.1 139.7 80.0
0.8 1315.9 31.6 4045.9 1187.5 43.8 2804.2 157.4 87.3
1 1325.6 31.1 4898.3 1263.2 443 3048.1 161.2 89.8
1.25 1322.2 31.6 5596.9 1281.4 46.1 3441.3 176.1 97.5
1.5 1388.7 31.8 6049.5 1406.3 48.2 3665.9 192.0 102.5
0cm 1584.7 32.0 5363.0 1416.9 49.2 3412.0 205.9 111.3
LSD (p=0.05) 136.1 1.5 259.1 100.6 2.7 199.5 23.2 10.9

AIfeTT 1.15: T FHBTEl WRUTART & [IHT, G IUTEH 3R T AMIGS! TR TH & T1d & TR BT J41d

Tablel.15:  Effectof moisture stresslevel on growth, seed production and root parameters of major summer weeds
Treatment Dry weight SPAD Seed production/ Root length Root dry weight
(mg/ plant) plant (cm) (g/ plant)
Dinebra retroflexa

Dry Could not sustain

0.2 377.2 26.2 3059.8 247 240.1
0.4 401.0 27.1 333 9.6 255 247.3
0.6 4249 27.6 3507.3 25.4 250.2
0.8 444.8 27.9 3634.3 24.6 240.3

1 464.6 28.2

3875.6 25.7 249.6
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1.25 480.5 284 4138.3 27.1 239.9
15 Fi2.3 28.9 4541.9 26.6 233.9
0 cm 516.3 29.3 5020.0 26.1 222.0
LSD (p=0.05) 20.5 0.37 279.6 NS NS
P aspaladium flavidum

Dry Could not sustain

0.2 252.1 28.9 2023 21.1 204.9
04 266.2 29.2 2185 224 216.7
0.6 283.6 29.8 2285 23.2 228.8
0.8 304.7 30.2 2417 241 235.3
1 329.1 304 2565 25.8 249.0
1.25 353.7 B3 2755 26.6 236.2
15 360.8 32.0 3092 26.5 231.9
0 cm 3221 323 2743 26.1 222.0
LSD (p=0.05) 11.7 0.49 217.3 1.9 20.3

Ameranthus viridis
Dry 583.1 36.4 2330 115 39.1
0.2 601.5 36.9 3414 124 40.7
04 624.2 876 3966 129 422
0.6 660.3 375 4812 129 45.6
0.8 670.9 38.0 4968 13.1 48.3
1 688.5 38.2 5383 13.7 50.6
1.25 727.9 38.6 5594 14.0 563
15 728.0 38.8 5883 14.3 57.5
0 cm 649.6 38.2 5240 13.6 45.7
LSD (p=0.05) 42.0 0.66 508.4 0.75 4.6
Portulaca oleracea
Dry 585.0 Bilt5 870 11.9 47.9
0.2 634.0 32.1 1251 12.6 B3
0.4 646.7 32.7 1399 13.0 56.0
0.6 659.0 33.1 1666 13.6 61.7
0.8 675.0 334 1736 14.0 67.3
1 685.0 33.6 1864 14.7 724
1.25 699.3 33.8 1867 15.2 78.1
1.5 710.3 34.6 1927 15.6 83.8
0 cm 719.0 34.9 2212 15.1 753
LSD (p=0.05) 35.3 0.36 276.4 0.41 5.3
Sonchus arvensis

Dry Could not sustain

0.2 1241.7 40.7 2413 174 248.7
04 1276.7 41.3 2518 184 262.9
0.6 1310.0 41.8 2708 18.7 276.7
0.8 1370.0 421 3315 19.1 279.0
1 1416.7 423 4050 19.6 295.9
1.25 1418.3 429 4411 20.0 288.7
15 1423.3 42.4 4512 20.8 285.9
0 cm 1356.7 423 4857 20.8 263.9
LSD (p=0.05) 52.2 0.71 412.9 0.66 25.1
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1.2.3. Sustainable weed management in diversified
cropping system

In wheat, the field comprised with Avenaludo viciana,
Phalaris minor, Paspaladium flavidum, Cynodon dactylon (major
grasses), Medicago polymorpha, Rumex dentatus, Chenopodium
album, Anagalis arvensis, Sonchus arvensis and Vicia hirsutum
(broad-leaved weeds). The highest weed control efficiency
(98.7%), grain and straw yield (5453 and 6708 kg/ha) was
harvested with clodinafop+metsulfuron 60+4 g/ha followed
by pendimethalin (678 g/ ha) followed by metsulfuron (4 g/ha),
metribuzin+clodinafop (210+60 g/ha) and mesosulfuron
+iodosulfuron, 12+2.4 g/ha, whereas the lowest grain and
straw yield wasrecorded in control (Figure 1.2a).

Similarly, in chickpea and pea, Avena ludoviciana, P.
flavidum, C. dactylon, Medicago polymorpha, Rumexdentatus,
C.album, A. arvensis, S. arvesnsis, V. hirsutum and A. sessilis
were major weed species. In chickpea, hand weeding
recorded the lowest weed density and dry biomass
resulted in highest WCE (96.9%) followed by topramezone
30 g/ha (90%)and topramezone 20 g/ha (88.2%). The
highest seed yield recorded in topramezone 30 g/ha (2.25
t/ha) followed by topramezone 20 g/ha, whereas the

lowest yield recorded in control (Figure 1.2b).

Similarly, in pea also recorded with the complete
weed control in hand weeding followed by propaquizofop +
imazethapyr 125 g/ha and imazethapyr + imazamox 70
g/ha. The seed and haulm yield were highest with hand
weeding (2.43 t/ha) followed by propaquizafop +
imazethapyr 125 g/ha and oxyfluorfen 230 g/ha, whereas

the lowest seed and haulm yield obtained in control plots.

In greengram, study area comprised with grasses viz.
Echinochloa colona, Cynodon dactylon, Paspaladium flavidum
and Dinebra retroflexa, broad-leaved weeds viz.
Alternanthera sessilis, Commelina communis, Eclipta alba,

Ameranthus viridis and Physalis minima.

In rice-chickpea-greengram cropping system, the
highest seed and haulm yield was recorded with
pendimethalin fb imazethapyr (1.16 and 2.38 t/ha,
respectively) followed by propaquizofop + imazethapyr
and pendimethalin + imazethapyr (Figure 1.2b). The lowest
seed and haulm yield were recorded with control (0.50 and
0.93 t/ha, respectively). Imposition of weed management
practices recorded considerably yield than the control, yet
their effect was less pertaining to pendimethalin fb

imazethapyr.
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In maize-pea-greengram cropping system, similar
trend was recorded as noticed in rice-chickpea-greengram
cropping system. The highest seed and haulm yield were
recorded with pendimethalin fb imazethapyr (1.29 and 2.68
t/ha, respectively) followed by pendimethalin +
imazethapyr and hand weeding (Figure 1.2b). The lowest
seed and haulm yield was recorded with control (0.63 and
1.20t/ha, respectively).

In soybean-wheat-greengram cropping system,
similar trend was recorded as noticed in other cropping
system, the highest seed and haulm yield was recorded with
pendimethalin fb imazethapyr (1.23 and 2.53 t/ha,
respectively) followed by pendimethalin + imazethapyr
and propaquizofop + imazethapyr. The lowest seed and
haulm yield were recorded with control (0.54 and 1.01 t/ha,
respectively). Longer root, more numbers, more volume
and higher dry biomass of roots were recorded with hand
weeded plots, however, other weed management practices
varied the root parameters as per the nature of herbicides
and recorded lower values than the hand weeded plots
(Figure 1.2b).

In rice, the weed dry biomass at 60 DAS was
recorded highest with control (40.5 g/mz), whereas,
penoxsulam fb HW at 40 DAS recorded significantly
lowest weed dry biomass and recorded WCE by 97.0%
followed by bispyribac sodium fb HW (92.8%) and
cyhalofop + penoxsulam (90.5%). It was recorded that
alone penoxsulam recorded 81.6% WCE. Pre-emergence
application of pendimethalin fb bispyribac sodium
recorded 78.6 and pyrazosulfuron fb bispyribac recorded
70.6% WCE. These reflected in grain and straw yield and
recorded highest with penoxsulam fb HW (3.54 and 4.46
t/ha, respectively) and lowest with control (0.94 and 1.36
t/ha, respectively). Rest of the weed management
recorded considerably better yield than the control
(Figure 1.2c).

In maize, application of topramezone 25.2 g/ha fb
HW at 40 DAS and atrazine + topramezone (500+25.2 g/ha)
was at par with respect to weed control. However,
tembotrionel20 g/ha fb HW, 2 HW (20 and 40 DAS) and
topramezone 25.2 g/ha recorded considerably weed
suppression. Between post-emergence herbicides,
application of topramezone was superior then tembotrione.
Grain and straw yield were almost followed the trend
of WCE and recorded the highest values with atrazine
fb topramezone (5.13 and 7.34 t/ha, respectively)
followed byatrazine + topramezone (5.03 and 7.14 t/ha,
respectively) and atrazine fb tembotrione(Figure 1.2c). The

ﬂuh



% YR o SuaRa wifed # 2.32 3R 343 <1/
<ol @1 T3 (Faa 1.299) |

AR #, 93T & 60 a7 & uwand e Su=nia
e @1 G # ATadISITHIY + SHTSIITIRR & U¥eErd
40 foT W gredf 9 fHes @ wiie § 9e9 &9 WRUGAR] &1
Y IR T4 AfIHdH TRIGIR =0T qerar (14 71/
3R 97.2%) T §% $H dTa SHOIATIRIR + SHISTHIG 70
UT /B B gard sl | e IR, SHISIRIRR 4 SHTTHIR
@ yErd Qe qUT WMUTGISIKea + SHISIITIRR . dTel
wied ¥ T g3 | 991 IuARa wicd H da¥ Afdd
WRUTAR Y& IR (37.2 U7/ 4 TS [T 7T | WRUTAR
e el & 9, UuredSeY + SHOIURR. &
gegrd g1l 9 Qs # aresT FRAv gor | SRudaR! &1
THA, GRIEH & ISl d A1 Suel 9 gfg HA: 1.61 3R
235 T /2 o | g0 1€ USRI & UTard SHOIITATR
(=T 1.81 3R 267 ST/ 8) UK §AT | HUTHISIBIT +
SATOIATIRR & bl TN BT 1 ]I (HaTs & FHded
o (fara 1.29) | a9 HH UG FHHTT: 0.56 3R 0.87 1 /7
=T SU=IRT wifed # T 8 | SHOIYUTRIR AT TRIGHIRA
+ SHISIATIRR &1 ABAT ITIANT AR §PHT5 7/l
FIGTI, BHICTTAT BIGITHT AR STeevTRT Wil d

lowest yields were recorded in control (2.32 and
3.43t/ha).

In soybean, application of propaquizafop +
imazethapyr (125 g/ha) fb HW at 40 DAS recorded the
lowest weed dry biomass at 60 DAS and the highest WCE
(1.1 g/haand 97.2%, respectively) followed by imazethapyr
+imazamox fb HW and propaquizafop + imazethapyr were
at par with respect to weed control. The highest weed dry
biomass was recorded in control (40.1 g/m’). Among weed
management practices, application of propaquizafop +
imazethapyralone has provided considerably weed
suppression. These reflected in seed and haulm yield, the
highest with propaquizafop + imazethapyr fb HW (1.61 and
2.35 t/ha respectively) followed by propaquizafop +
imazethapyr and two hand weeding (Figure 1.2c). Alone
application of propaquizafop +imazethapyr was at par with
2HW. The lowest yield harvested with control (0.56 and 0.87
t/ha, respectively). Application of imazethapyr or
acifluorfen + imazethapyr was least effective as most of the

Echinochloa colon, Commelinacommunis, Cyperusiria and

YU 2 & R T8 oY 9T | Alternanthera sessilis could not be controlled.
I Seed yield (kg/ha) I Haulm yield (kg/ha) W CE (%) ~
X
8000 - - 120 ©
>
7000 - - 100
~ 6000 - 9
£ 5000 S ’ - 80 ¢
< 4000 - ‘ L 60 O
k") I
2 3000 H s
= - 40 b
2000 - o
1000 - - 20 .g
0 - - 0 [0)
o f e e e e e e e |

Chickpea Pea Wheat

In wheat, T1: Clodinafop 60 g/ha, T2:Metsulfuron (4 g/ha), T3: Clodnafop + metribuzin (60+210 g/ha), T4: Mesosulfuron + iodosulfuron
(14.4 g/ha), T5: Clodinafop + metsulfuron (64 g/ha), T6:2 Hand weeding, T7: Control, T8: 2,4-D (580 g/ha), T9: Fenoxaprop + metsulfuron

(90+4 g/ha), T10: Pendimethalin (678 g/ ha) fb metsulfuron (4 g/ ha)

In Chickpea,T1: Pendimethalin (678 g/ha), T2: Pendimethalin + imazethapyr (1000 g/ha), T3: Clodinafop + acifluorfen (61.25 g/ha), T4:

Imazethapyr (30 g/ha), T5: Topramezone (20 g/ha), T6: Hand weeding, T7: Control, T8: Topramezone (30 g/ha), T9: Propaquizafop +
imazethapyr (62.5 g/ha), T10: Propaquizafop + imazethapyr (125 g/ha)
In pea,T1: Pendimethalin (678 g/ha), T2: Pendimethalin + imazethapyr (320 g/ha), T3: Imazethapyr (50 g/ha), T4: Metribuzin (200 g/ha),

T5: Pendimethalin fb quizalafop (678 fb 50 g/ha), T6: Hand weeding, T7: Control, T8: Propaquizafop + imazethapyr (125 g/ha) T9:

Oxyfluorfen, T10: Imazethapyr + imazamox (70 g/ha)

faa 1.2 (31): &7 A9 @ BAAl § ERUAAR YeuH fAfEieT SuS Ud WRUAIR GeTdT UR U4
Figure 1.2(a): Effect of weed management practiceson yield and weed control efficinecy in Rabi season crop
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Where T1: Pendimethalin fb imazethapyr (610 fb 75 g/ha), T2: Pendimethalin + imazethapyr (288 g/ha), T3: HW 25 DAS, T4:Pendimethalin
(610 g/ha), T5: Propaquizofop +imazethapyr (125 g/ha), T6: Imazethapyr + imazamox (70 g/ha), T7: Acifluorfen + clodinafop (245 g/ha), T8:
Imazethapyr (80 g/ha), T9:Quizalofop (50 g/ha), T10: Control

faa 1.2 (@): o 999 & BAA § ERUGAR Y§e A &7 S vd WRUqaR A0 ear R g9

Figure 1.2 (b): Effect of weed management practiceson yield and weed control efficinecy in summer season crop
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Inrice, T1: Pyrazosulfuron fb bispyribac (20 fb25 g/ha), T2:: Pendimethalin fb bispyribac (678 fb 25 g/ha), T3: Fenoxaprop + ethoxysulfuron
(60+20 g/ha), T4: Bispyribac (25 g/ha), T5:Two hand weeding, T6: Control, T7: Penoxsulam (22.5 g/ha), 8: Cyhalofop + penoxsulam (135
g/ha), T9: Bispyribac (25g/ha) fo HW, T10: Penoxsulam (22.5 g/ha) ft HW

In maize, T1: Atrazine + topramezone (500+25.2 g/ha), T2: Atrazine + tembotrione (500+ 120 g/ha), T3: Topramezone (25.2 g/ha), T4:
Tembotrione (120 g/ha), T5: Two hand weeding, T6: Control, T7: Atrazine fb topramezone (500 fb 25.2 g/ha), T8: Atrazine fb tembotrione
(5000120 g/ha), T9: Topramezone (25.2 g/ha) fb HW, T10: Tembotrione (120 g/ha) fo HW

In soybean, T1: Acifluorfent+clodinafop (245 g/ha), T2: Imazethapyr (100 g/ha), T3: Propaquizofop + imazethapyr (125 g/ha), T4:
Imazethapyr + imazamox (70 g/ha), T5: Two hand weeding, T6: Control, T7: Pendimethalin fb imazethapyr (678 fb 100 g/ha), T8:
Propaquizofop + imazethapyr (125 g/ha) fb HW, T9: Imazethapyr + imazamox (70 g/ha) fb HW, T10: Pendimethalin + imazethapyr (1000

g/ha)
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Figure 1.2 (c): Effect of weed management practices on yield and weed control efficinecy in Kharif season crop
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1.2.4 Effect of crop residue load and spray volume with
pendimethalin on weed suppression

During winter 2018-19 and summer 2019, it was
recorded that retention of crop residue load significantly
reduces the weed density and dry biomass resulted in weed
control efficiency to the tune of 46.3-94.1% in winter and
41.2-100% over bare soil. It was noticed that suppression of
broad-leaved weeds was considerably better than grassy
weeds. The highest weed dry biomass suppression was
recorded on application with 8 t/ha and it gradually
decreased with reduction in crop residue load. Similar to
crop residue load, spray volume has also significant role in
reducing the weeds from 250 to 750 1/ha over control. The
suppression of weeds was ranged from 61-90.9% (Figure
1.3a) and 58.8-100% (Figure 1.3b), respectively over control.

It was noticed that increase in crop residue load
significantly reduced the weed density and dry biomass,
however, with progress in time, the emergence of weeds
noticed in crop residue applied plots. The weed emergence
was more in crop residue load below 4 t/ha and low in 8
t/ha. This mainly due to exposure of soils and non-reaching
of herbicides to the soils. This was more prominent during

winter and summer.
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Figure 1.3 aand b: Effect of crop residue load and spray volume on weed control efficiency with pendimethalin 38.7% a)

winter 2018-19 and b) Summer 2019
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1.2.5 Effect of tillage and crop residue load on rice-

wheat-greengram cropping system

In wheat during 2018-19, at 60 DAS, the dry biomass
of grasses was 3.6% more in ZT, whereas, ZT recorded 21%
lower broad-leaved weeds than the CT. Overall, ZT

obtained 7.8% reduction in weed dry biomass over CT. The
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lower weed parameters and better suppression leads to
synthesizing more growth and yield attributes in ZT, this
leads to 24.3% higher grain yield over CT. Retention of crop
residue considerably suppressed the weeds by 23.7-73.4%
over bare land. The highest suppression recorded with 6
t/ha followed by 4 t/ha. This helped in harvesting 21-50%
more grain yield. The highest with 6 t/ha (6.14 t/ha)
followed by 4 t/ha and the lowest with bare land (4.23 t/ha)
(Figure 1.4a).

In greengram during 2019, the highest suppression of
grasses was recorded in CT by 49%, whereas broadleaved
weeds and sedges were 23.7 and 15.1%, respectively lower
in ZT. This helped to achieve about 24.4% suppression of
weeds under CT irrespective of tillage. Retention of crop
residues considerably suppressed the weeds to the tune of
23.2-71.3%, the highest at 6 t/ha and deduction in crop
residue loads it gradually decreased and lowest with bare
land. Between the tillage, the seed and stover yield was
comparable; still there was marginally more seed yield
harvested in ZT (0.71 t/ha) which was 4.8% more than CT.
Cropresidueload at4t/harecorded 59.1% higher yield over
bare soil (0.52 t/ha). The increase in crop residue loads from

4to 6 t/halowered its beneficial effect (Figure 1.4b).

In rice during 2019, grassy weed and sedges dry
biomass was 46.2 and 31.5%, respectively more in ZT over
CT, whereas, there was 17.4% lower broadleaved weed in
ZT than CT. This resulted in 28.3% lower total weed dry
biomass over ZT. Retention of crop residues noticeably
suppressed the weeds by 31.1-77.7%. The suppression was
more at 6 t/ha and it gradually decreased and lowest in bare
land. Similarly, CT plots recorded 7.3% more grain than ZT
(3.84and 4.12t/ ha, respectively) irrespective of crop residue
load. Between crop residue load, the highest grain yield was
recorded on 6 t/ha (4.34 t/ha) followed by 4 t/ha. The
lowest grain yield recorded with bare land (3.44 t/ha), straw
yield followed the same trend of grain yield regardless of
tillage. During, Rabi, summer and Kharif, the fluctuation of
temperature at morning and afternoon was more in CT over
ZT, and at lower depths fluctuation was less. More
fluctuations in temperature was recorded with bare land
whereas, least fluctuations was recorded at 6 t/ha. The
infiltration rate was higher in ZT over CT, and it was more in
bare soil and considerably reduces with increase in

thickness of the crop residue (Figue 1.4c).
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Figure1.4: Effect of tillage and crop residue load on economic yield of a) wheat, b) greengram and c) rice under wheat-

greengram -rice cropping system
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1.2.6 Study the germination behavior of weed seeds
under different burial depths

During Rabi 2018-19, the germination behavior of five
major weed species was carried out; placing the seeds at
various soil depths and it was found that fewer seeds of
Avena ludoviciana could emerge from 10 cm of the soil
depths. The maximum emergence recorded at surface, 2 and
5cm depths (Figure 1.5a). Phalaris minor, Chenopodium album
and Medicago polymorpha emerged from 5 cm of soil depth
and emergence was very good at the surface and 2 cm of soil
depths. Sonchus arvensis could germinate at the surface and 2
cm soil depths, thereafter, there was no germination,
however, maximum emergence was recorded at surface.

During Summer 2019, the germination behavior of
five major wed species was carried out, placing the seeds at
various soil depths and it was found that Ameranthus viridis
could emerged from 5 cm of the soil depths, however fewer
seeds could emerge. The maximum emergence recorded at
surface and 2 cm depths (Figure 1.5b). Dinebra retroflexa,
Paspaladium flavidum, Portulaca oleracea and Sonchus arvensis
could emerge from 2 cm of soil depth and emergence was very

good at the surface, thereafter, there was no germination.

During Kharif 2019, the germination behavior of
five major wed species was carried out, placing the seeds at
various soil depths and it was found that Echinochloa colona
and Euphorbia geniculata could emerged from 10 cm of the
soil depths. However, fewer seeds could emerge. The
maximum emergence recorded at surface, 2 and 5 cm
depths. Alternanthera sessilis could emerge from 5 cm of soil
depth and emergence was very good at the surface and 2 cm
of soil depths. Paspaladium flavidum and Cyperus iria could
germinate at the surface and 2 cm soil depths, thereafter
there was no germination (Figure 1.5¢). However,
maximum emergence was recorded at surface.
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Figure1.5: Effect of seed burial depths on emergence of major weeds of a) winter, b) summer and c) rainy season
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1.2.7 Effect of new-generation herbicides on weed
prevalence and crop productivity on transplanted
rice
In transplanted rice during 2019, study area

comprised with Dinebra retroflexa, Eleucine indica,

Echinochloa colona, Echinochloa crus-galli, Digitaria sanguinalis

(grassy weeds), Alternanthera sessilis, Caesulia axillaris,

Ludvidia parviflora, Cynotis axillaris (broad-leaved weeds)

and Cyperus irin was only sedge present. At 60 DAT,

application of florpyrauxifen-benzyl + cyhalofop at 150

g/ha provided 98.6% of WCE followed by cyhalofop +

penoxsulam at 135 g/ha, which were even higher than the

two hand weeding (88.3%). The better weed suppression in
florpyrauxifen-benzyl + cyhalofop helped in synthesizing
more tillers/hill, longer panicles, more grains/panicle
resulted in higher grain yield 5.53 t/ha followed by
cyhalofop + penoxsulam at 135 g/ha (5.06 t/ha) and two
hand weeding (5.03 t/ha).

cyhalofop treated plots recorded 10% higher grain yield

Florpyrauxifen-benzyl +

than two hand weeding (Figure 1.6).
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Figure 1.6: Effect of post-emergence herbicides on weed coverage in transplanted rice

e S TR



3T BriA-1

Research Programme-1

1.3 UPIHd ERUAIR US89 & AT ° SUANT
TEAr H YUTTell TR REHIvT & §RT YR

1.3.1 919 H9aPHT T HAd Yoell § @Rudar gfg,
el SATGHAT aAT UINS ded SUANT S&dr
TR ERUAIR AR 9IS dcd I9e dgiadal a1
PEIE]

HadT (vefl, 2018—19)

FSIARISTTI, 1aRF3T Wergar Ud Faiaifead vofad e
DI H &I TRUJAR J | U dIed Tae UG Bl gars &
60 fAl & a8 q{T TRYTIR T TR PIg He@yol JH1d
TEI UST, Safh, Y WRUAAR] &1 &b SIgIR Fa WIe
DI Bl U Tedl DI AR GR1e & A1 =T o (Fr
1.731) | 60 a1 BT gaTg & 918, 97 WRUTAR Hee Rerfd
& Jor T H AT TRUGIR g&ere Ugfadl o AT § Bl
TRUTAR BT 3R G SITHR T DT BIBT HH PR T
off (far 1.79) | fafi=1 ERUaaR vded ggfadr #, vgrfom
1000 UTH UfT IR (N—FFROIN) & 9T SHIL3NT 120
I Y TFIR (TRe—SHRo1) AT e RIS BT Hrdg
FA H [T B W bl U-SHRoiE 3@l
JRC—gARoId @1 Tl H WRUGIR & b AR b
SITR A DI HH BT H J8d= 1T 17 |

1.3 System-based approach to improve input use
efficiency through integrated weed management
practices

1.3.1 Effect of weed and nutrient management practices
on weed growth, crop productivity and nutrient use
efficiency in rice-maize-greenmanure cropping
system

Maize (Rabi, 2018-19)

The dominating weed flora in sweet corn during Rabi
season were Medicago polymorpha, Paspalidium spp., Avena
ludoviciana, Vicia sativa and Chenopodium album. The nutrient
management practices had not any significant impact on
total weed density at 60 days after sowing (DAS), whereas,
dry biomass accumulation by the dominating weeds were
varied significantly with the varied level of nutrient dose in
sweet corn (Figure 1.7a). At 60 DAS, as compared to un-
weeded situation, all the weed management practices
significantly reduced the total weed density and dry
biomass accumulation in maize (Figure 1.7b). Among the
various weed management practices, sequential application
of atrazine 1000 g/ha as pre-emergence (PRE) fb
tembotrione 120 g/ha as post-emergence (POST) or
mechanical weeding performed better in reducing the
density and dry biomass accumulation of weeds than that of
sole PRE and POST herbicides.

Figure 1.7 a
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Note: RDF in sweet corn is 225-60-60 kg /ha; Weed management practices are: Weedy; atrazine 1000 g/ha at 3 DAS; tembotrione + atrazine
120+500 g/ha at 20 DAS; atrazine 1000 g/ha at 3 DAS fb tembotrione 120 g /ha at 30 DAS; atrazine 1000 g/ha at 3 DAS fb mechanical weeding

at30 DAS.
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Figure1.7: Effect of nutrient (a) and weed management (b) practices on weed density and dry weight at 60 DAS in sweet

corn
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With the increment of the nutrient level the plant
growth was increased up to a certain level. As a result, the
lowest cob yield was noticed with curtailment of the
fertilizer rate (75% RDF) and the maximum one was noticed
with150% of RDF. The cob yield of sweet corn was increased

with increment of fertilizer rate significantly at 125 or 150 %
RDF in comparison to 75% RDF (Figure 1.8 a). Among
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different weed management practices, the short maize plant
and lowest plant canopy was observed under un-weeded
situation. The lowest values of cob yield were noticed under
un-weeded situation (Figure 1.8b). The performance of
integrated weed management practices (atrazine 1000 g/ha
at 3 DAS fb mechanical weeding at 30 DAS) and PRE fb
POST herbicide (atrazine 1000 g/ha at 3 DAS fb tembotrione
120 g/ha at 30 DAS) was statistically superior over sole PRE
and POST herbicides in respect of increasing cob yield of

JRC—SHAYOI @1 ol § WIC BiH &I DIF SUST Bl sweetcorn.
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Note: RDF in sweet corn is 225-60-60 kg /ha; Weed management practices are: Weedy; atrazine 1000 g/ha at 3 DAS;
tembotrione + atrazine 120+500 g/ha at 20 DAS; atrazine 1000 g /ha at 3 DAS fb tembotrione 120 g /ha at 30 DAS; atrazine 1000

g/haat3 DAS fb mechanical weeding at 30 DAS.
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Figure1.8: Effectof nutrient (a) and weed management (b) practices on cob yield of sweet corn
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Rice (Kharif, 2019)

The most dominating weed flora in transplanted
hybrid rice during kharif season were Echinochloa colona,
Alternanthera paronychioides and Cyperus iria. The nutrient
management practices had no impact on total weed density
at 60 DAT, whereas, dry biomass accumulation by the
dominating weeds were varied significantly with the varied
level of nutrient dose in rice (Figure 1.9a). The minimal dry
biomass of weed was recorded with 125% RDF. Among the
various weed management practices, sequential application
of bensulfuron methyl + pretilachlor (60+600 g/ha) as PRE
fb bispyribac-Na 25 g/ha at 25 DAT (POST); bensulfuron
methyl + pretilachlor (60+600 g/ha) as PRE fb mechanical
weeding at 30 DAT significantly reduced the total weed
growth and enhanced the grain yield of rice crop (Figure
1.9b). Sequential application of herbicides (PRE fb POST)
and integration of mechanical weeding following PRE
herbicide enhanced the rice grain yield by ~10% than that of

sole chemical approach.
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Figure1.9: Effectof nutrient (a) and weed management (b) practices on weed dry weightat 60 DAT and grain yield of hybrid

rice
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1.3.2 Evaluation of different tillage, nutrient and weed
management practices on weed growth, crop
productivity and input use efficiency in rice-wheat-
greengram cropping systems

Wheat (Rabi, 2018-19)

The dominating weed flora in wheat during Rabi
season were Medicago denticulata, Alternanthera
paronychioides, Lathyrus sativus and Sonchus arvensis. The
occurrence of A. paronychiodes was observed in zero-till (ZT)
wheat only, it was not observed in conventional till (CT)
plots (Figure 1.10a). It was a major dominating weed of
previous rice crop during Kharif season, and tillage practice
performed in CT plots control this particular weed. Among
the various tillage practices the lowest weed growth was
recorded in TPR-CT plots, whereas, the maximum one was
observed with ZT practice throughout the year. Although,
tillage practices had not differ significantly in respect of
grain yield of wheat. On the other hand, with increment of
the fertilizer rate, the growth of wheat crop was boost up
and as a result weeds were suppressed (Figure 1.10b). The
grain yield of wheat was increased with increment of
fertilizer rate. The integration of manual weeding following
POST herbicide (clodinafop + metsulfuron 60+2 g/ha at 30
DAS) enhanced the weed control efficiency little bit than
that of sole chemical approach (Figure 1.10c). Because of
huge weed growth in un-weeded situation, the lowest grain
yield was recorded in weedy plots, whereas, the maximum
one was observed with integrated weed management
practices.
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Figure1.10: Effectof tillage, nutrientand weed management practices on weed growth at 60 DAS and grain yield in wheat
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Rice (Kharif, 2019)

The major dominating weed flora in the experimental
field were dominating weed flora in rice during kharif season
were Echinochloa colona, Alternanthera paronychioides, Dinebra
retroflexa and Cyperus iria. In TPR and CT-DSR, the higher
relative density was observed with C. iria and D. retroflexa,
whereas, A. paronychiodes recorded highest relative density
and dry weight in ZT-DSR. The minimal density and dry
biomass of weeds was observed in TPR, on the other hand
the maximum one was observed with ZT-DSR (Fig. 1.11a).
The degree of weed infestation increased with the progress
of experimentation (second year) under DSR system, and it
was more pronounced in ZT-DSR. With the increment of
fertilizer rate, the growth of rice crop was also increased,
but, no significant effect was noticed on weed growth and
crop yield (Fig. 1.11b). The integration of manual weeding
following PRE herbicide performed better than chemical
approach (PRE fb POST) in reducing the weed growth and
enhancing crop productivity in DSR system, whereas, in
TPR sole chemical approach was equally performed as
integrated one (Fig.1.11c).

It was observed that, adoption of ZT-DSR with
residue retention for 2 years, reduced soil crack depth and
width by 84, 32% and 124, 147%, respectively over CT-DSR
and TPR.
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Figure 1.11: Effect of tillage, nutrient and weed management practices on weed growth at 60 DAT and grain yield in rice
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133 Evaluation of new generation herbicide
combinations in transplanted rice and zero-till wheat

Rice (Kharif, 2019)

During the experimental season, the major
dominating weed flora in transplanted hybrid rice was
Echinochloa colona, Alternanthera paronychioides, Dinebra
retroflexa and Cyperus iria. All the weed management
practices performed better in minimizing weed density and
dry biomass accumulation (Figure 1.12). Among different
herbicide combinations, lower weed density at 60 DAT was
observed with the ready mix application of bensulfuron-
methyl + pretilachlor and penoxsulam + butachlor as pre-
emergence, whereas, lowest biomass accumulation of
weeds was recorded by cyhalofop + penoxsulam as post-
emergence. As compared to un-weeded check, application
of bensulfuron-methyl + pretilachlor as pre-emergence and
cyhalofop + penoxsulam as post-emergence performed
better in reducing weed growth (up to 98%) and improving
grain yield of rice by 45%. Two hand weeding treatment
recorded highest rice grain yield and it was statistically
similar with the application of bensulfuron-methyl +
pretilachlor and penoxsulam + butachlor as pre-emergence,
and cyhalofop + penoxsulam as post-emergence.
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Note: Bensulfuron-methyl + pretilachlor (60+600) g/ha as ready mix (RM) at 3-5 DAT; pretilachlor + pyrazosulfuron-ethyl (600+15) g/haas
RM at3-5 DAT; penoxsulam + butachlor (20+800) g/ha as RM at 3-5 DAT; penoxsulam + pyrazosulfuron-ethyl (25+20) g /ha as tank mix (TM)
at 3-5 DAT; cyhalofop + penoxsulam (112.5+ 22.5) g/ha as RM at 20 DAT; triafamone + ethoxysulfuron (45+22.5) g/ha as RM at 20 DAT;
fenoxaprop-p-ethyl + bentazone (60+960) g/ha as TM at 20 DAT; fenoxaprop-p-ethyl + 2, 4-D (60+500) g/ha as TM at 20 DAT; bispyribac-Na
25 g/haat20 DAT; metsulfuron-methyl + chlorimuron-ethyl (2+2) g /ha as RM at 20 DAT; hand weeding at 20 and 40 DAT; and unweeded
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Figure1.12: Effectof weed management practices on weed growthat60 DAT and grain yield in transplanted rice
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1.3.4 Influence of trisiloxane on enhancing efficacy of
post-emergence herbicides in rice-wheat-
greengram cropping system and in kharif maize

Rice (Kharif, 2019)

The dominating weed flora in direct-seeded rice was
Echinochloa colona, Alternanthera paronychioides, Dinebra
retroflexa and Cyperus iria. Application of cyhalofop +
penoxsulam (ready mix) and fenoxaprop + bentazone (tank
mix) with or without trisilioxane (a silicon based adjuvant)
minimize the weed density in DSR. The addition of
trisilioxane enhanced the efficacy of triafamone +
ethoxysulfuron herbicide in reducing the growth of most
dominating weeds. In respect of reducing dry biomass
accumulation by weeds, the tank mix application of
fenoxaprop + penoxsulam performed better than that of
other herbicide combinations. Due to erratic distribution of
rain and subsequent flushes of weeds the performance of
rice crop was very meager and produced grain yield in
lower amount. Among various herbicide combination, the
maximum rice grain yield was recorded with tank mix
application of fenoxaprop + bentazone with trisilioxane
adjuvant.

Maize (Kharif, 2019)

The field experiment was conducted with 12
treatments in RBD with three replications. The major
dominating weed flora in maize was Echinochloa colona,
Alternanthera paronychioides, Dinebra retroflexa and Cyperus
iria. Early post-emergence application of tembotrione +
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front mounted engine

atrazine and topramezone + atrazine with or without
trisilioxane adjuvant reduced the weed density and dry
biomass accumulation very effectively. The addition of
trisilioxane enhanced the weed control efficacy of 2,4-D by
17.5%. The higher grain yield of maize was obtained with
the tank mix application of tembotrione + atrazine and
topramezone + atrazine with or without trisilioxane, and it
was at par with weed free situation. The addition of
trisilioxane with tembotrione + atrazine enhanced the grain
yield of maize by 12.7%.

1.4 Design and development of low cost riding
type and walk behind type inter row weeders
for narrow spaced crops

1.4.1. Testing of developed proto types under different

cropping system

The developed proto type model was tested initially
under different cropping systems. The developed weeder is
shown in Figure 1.13 and their specification is given in
Table 1.16 It was observed that, unbalancing and front
tipping of the weeder occurs when operator taking U turns.
This causes the operator to lose control over the weeder.
After thorough inspection and verification in the weeder, it
was found that, the problem was causing because of placing
the engine at front side and if the engine shifted to back side,
below the operator seat, the observed problem may be

avoided.

arferar 1.16: AaRid dex &1 fa9y faavor

Table 1.16: Specification of the developed weeder

Parameter Details
Machine type Sitting - inter row weeder
Engine capacity 5hp
Cutting type V-shaped sweep type
Cutting tool width (single unit) | 15 cm and more
Depth of operation Up to 6 cm
Total width of cut 1.25 m (adjustable)
Driving type Self driven
Driving wheel Front
Track width Adjustable
Operational speed 35to5km/h
Field capacity 0.3-0.44 ha/h
Field efficiency 70%
Weeding efficiency 60-65%
Suitable to the crop row spacing’s| 20 cm and more
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1.4.2. Modification and performance evaluation of the
weeder

After observing the problems at field conditions, the
weeder was modified by shifting the engine from front side
to back side under operator seat. Before making the final
modification, the proto-type weeder was developed and
tested in "Solid Works Software", version 2015. The
schematic diagram of modified weeders developed in Solid
Works Software is shown in the Figure 1.14, 1.15, 1.16. The
Solid Works Software is designing software used to develop
the computer model and test in computer by simulating the
different field conditions. This simulation helps to make any
modification to weeder before going to the fabrication. The
modified weeder proto type working in soil is simulated in
computer and shown the same in Figure 1.16.

| Engine with gear box

Cutting width and
weeding tool adjustment

o 1.14: difos 9a9 dAvcamR 7SS fdy Ty RIS SUSBROT &7 HeNfed Hwheor

Figure 1.14: Modified version of the weeder designed in solid works software

Weeding tool engaged with soil

| Weeding tool in lifting position
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Figure 1.15: Modified weeder under different operating positions, developed under Solid Works Software
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Weeder engaged with soil

Top view of the model in crop field

Weeder in idle condition

Isometric view of the model
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Figure 1.16: Simulation of the developed proto type under crop field in Solid Works Software
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Specialty of the weeder

The developed weeder reduces the drudgery of
weeder operator by eliminating a walking distance of 16 km
(if operating width of weeder is 60 cm) to 67 km (if operating
width of weeder is 15 cm) over existing walking type
weeders. This weeder can be used for multi-purposes like

weeding, earthing-up operations etc and costs only around
340,000/ -.
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Weed dynamics and management under the regime of climate change and herbicide resistance
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Climate changes in the past have occurred over
hundreds or even thousands of years, but swift changes in
increase of carbon dioxide and temperature in last few
decades have drawn attention at global level. Even minor
changes in ecological system with reference to climate can
have multifaceted effects on the plant system. Hence, the
degree of impact of climate change is expected more on
agricultural productivity. Among the different factors of
climate change increase in CO,and temperature may have a
significant impact on plant metabolism. These climate
change factors may have positive or negative impact on the
crop and weed as well as on their interactions at their
different growth stages. The studies indicate that higher
atmospheric CO, concentration stimulates photosynthesis
more in C, than C, plants. However, it is not clear that how
elevated CO, in combination with other climate change
factors would affect the crop-weeds interaction/
competition and what is (are) the mechanism(s) involved.
Apart from this climate change, factors may also impact on
the effectiveness of herbicides. Hence, study of behaviour of
crops and weeds and their management under climate
change scenario is a matter of urgency for the better
preparedness.

Ensuring food and nutrition security is a major
concern to India, due to its large population as well as
poverty and malnutrition. In India 20% of children below
the five years of age suffer from acute malnutrition. Hence,
to tackle this malnutrition especially among poor
population is a major challenge to Government of India as
most of them are surviving only on core grains like wheat
and rice. To deal with such problem, diversification of
nutritionally rich and cheap source of food stuff is needed
and ensuring availability and access to the poor people. In
rural India, many weed species are being consumed and
such species definitely have potential to be food stuff,
however not much scientific information is available on
such species. Chenopodium fulfill the above criteria and
hence chosen for the proposed work.
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Efficacy of herbicides (bispyribac-Na, topramezone and
tembotrinoe) against target weeds of Kharif season
under elevated CO, and elevated temperature

Crop-weed biology under
multifaceted climate
change
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