Effect-Assessment of weed management practices en-growth-and-yield-ofinzero-till
chickpea (Cicer arietinum L.)

ABSTRACT

A field experiment was-conducted-to-studyto comparethe“Effect-of-weed management practices
on growth and yield of zero till chickpea (Cicer arietinum L.)’at-Regional-Agricultural-Research
Station,Polasa,Jagtial-duringrabi, 2022.-The experiment-waslaid-out-inrandomized-block
des@m%%wen#eamen&b%mpheam&thneelhe#eamemsmdade

such as application of
F,~Pendimethalin 38.7 % CS @ 700 g g.i.ha’ Mmmmr—sevwngJ -, Topramezone 33.6

% SC @ 20.6 g g.i. ha apphed—at—z-%—teai—stage—ef—weed—g Lszanfop ethyl 7.5 % +

Imazethapyr 15 % EC@ 100 g a.i. ha *-applied-at 2-3leaf stage-of weed, T,- Propaquizafop 2.5

% + Imazethapyr 3.75 % (w/w) ME @ 125 g a.i. ha applied-at 2-3leaf stage-of weedTFs—,tFwo

hand weedings—at—15—and—30—DAS, F.—Wweed free (Season long) and F,—Un-weeded

(Check).Obvieusly,—wWeed free treatment and hand weeded plots showed highest growth and
yield attributing characters because of season-long weed-free conditions and better
microclimate during critical period of crop. Among different herbicides,Topramezone treated
plotrecorded hlghergrowth parameters viz.; plant height (38.7 cm), dry matter
accumulation(320.8g m" ) and yield attrlbutlng characters viz.; total number of pods plant
(30.97), with seed yield (1397 kg ha™), haulm vield (2518 kg ha™) and harvest index (35.7
%).Post emergence herbicide topramezone can be effectively adopted for getting higher yield of
chickpea in rice fallow zero tillage conditions.
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INTRODUCTION

Pulses are the third-largest crop in India after-next to cereals and oilseeds in terms of

production, acreage and economic value (Choudhary, 2009).Chickpea (Cicer arietinum L.)jis-a
legume-of-the-family Fabaceae.Chickpearanks as the second-most important pulse crop and the
third-most important food legume(Niranjan et al., 2020)Gh49kpea—|s—vawed—fer—+ts—wmaenal

t-world;Worldwide chickpea is grown en-in13.7 million ha of area-andproeduces-with a
yield of 12.8 million tonnes annually (Afzal, 2021). In India, chickpea is grewn-on—an—area
ofcultivated in 9.9 million ha with a production of 11.9 million tonnes and productivity is-0f1192
kg ha'™ . . . )
lakh-tonnes-and-productivity-is 1667 kg-ha*(Indiastat, 2021).

vulnerability of the chickpea to weeds, severe weed infestation is one of the significant factors

limiting higher output (Nath et al., 2018).Chaudhary et al. (2005) reported thatweed infestation
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can cause up to 75 % yield losses in chickpea due to its shorter plant and poor early vigour. The

first 30 days are too crucial for weed crop competitiveness in chickpea (Singh and Singh, 2000).

Recent years, conservation tillage techniques such as minimal or zero-tillagene-tillage

systems have gained relevance. On—of-the—conservation—tillage—techniques—is—zero-tillage

comparison to conventional tillage, zero tillage systems typically needed less maintenance and

provided higher economic returns (Smart and Bradford, 1999) and —Fhis—zero-tillage-reduces

tilage-farming-is an option for low-income farmers (Quddus et al., 2020).

[ Formatted: Space Before: 0 pt

Eskandari;—2004).But, in comparison to conventional systems, weed control is more difficult in
conservation tillage systems (Rajkumar et al., 2014)—\When-a-conservation-tillage-system-is

used;-the-weed-flora-alters—According-to;Bergtold and Sailus,(2020)),-perennialweeds-are-more

Chemicals are anticipated to be more commonly used in zero till agriculture as—it

o-grow-andreplace-traditional- weed-control-methods-wherethere adue tolabour
shortage and rising labour costs make—makingmanual weeding problematic.Rendimethalin
Though the pre-emergence herbicide pendimethalin as-pre-emergence-is-theruling-herbicideis

effective, however—po emergence-nerpiciaes-are-ttea-m-tn oo o A
broad-leaved—weeds—So,—our—aim—is—identification of te—identify—a selective post-emergence

herbicide_is required to manage broad-leaved weeds in this crop.Hence this study was taken up

Fherefore—this—presentinvestigation-was—conducted-to evaluate the—effectofdifferent
weed management practices on zero- till chickpea, which can be cost effective and acceptable

to the chickpea growers.
MATERIALS AND METHODS

A field experiment was conducted at Regional Agricultural Research Station (RARS),
Polasa, Jagtial, Telangana during rabi, 2022. The RARS was located at an altitude of 243.4 m
above mean sea level (MSL) en—18'8426" N-latitude—and—78'9524" E longitude—and—it—is
categorized-under-Northern-Telangana-Zone{(NTZ).. The weekly mean maximum and minimum
temperature during the crop growth period ranged from 30.4°C to 34.2°C with-an-average—of
31.34-"Cand 13.4 -C to 19.6 'C with-an-average—of 15.92°Crespectively. —Fhe-weekly-mean
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rainfall received during the crop growth period was nil.

The experiment was laid out in randomized block design with seven treatments by

hours after sowing, T,- Topramezone 33.6 % SC @ 20.6 g ga.i. ha® applied at 2-3 leaf stage of

weeds, Ts- Quizalofop ethyl 7.5 % + Imazethapyr 15 % EC @ 100 g a.i. ha™ applied at 2-3 leaf

applied at 2-3 leaf stage of weeds, Ts- FTwo-hand-weedingsHand weeding done twice at 15 and

30 DAS, Te- Weed free (Season Jongd) and T.- Un-weeded (Check). The soil of experimental )

field was a sandy clay loams in texture,soil pH (7.31), EC (0.30 dsm™), low in available nitrogen
(179.7 kg ha™®) and available phosphorus (10.9 kg ha'l) but high in available potash (358.4kg ha’
Y. After harvesting of rice crop, in rabi season within a week—duration’_timeparaquat was

sprayed at 5 ml L™ to kill the rice stubbles and existing weeds For ensuring good [germination),

healthy and good quality NBeG-3 varietychickpesseeds were used with-_at a seed rate of 65 kg
ha™* with planting geometry of 30 cm x 10 cm. The recommended dose of fertilizer 20:50:20 kg
ha® of NPK was applied at the time of sowing. Three uniform irrigations were given to the crop

at pre sowing, pre flowering and pod development stages. The jprelemergence herbicidewas

[
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sprayed at 48 hours after sowing and post emergence herbicides were sprayed when the weeds
are 2-3 leaf stage (18 DAS).The amount of various herbicides needed for the corresponding
plots was calculated based on the amount of the active ingredient mentioned in the treatment.
Herbicides were sprayed using a knapsack sprayer with a flat fan nozzle to the corresponding

datal was analysed by the method of “Analysis of Variance” as described by Panse and

Sukhatme (1985).,

[RESULTS AND DISCUSSIONS

GROWTH PARAMETERS:AIl the growth parameters were significantly influenced by different
weed management practices in zero- till chickpea and are presented in Table 1._The plant

height, number of branches plant™, leaf area, and dry matter accumulationwerethe highest in

weed free plots as well as hand weeding olots followed by the topramexone plots.
Plant-height{cm)
Data-on-plant-height-from-table-depictsthat-wWeed free treatment produced_the tallest

plants (43.6 cm)and it was on par with hand weeding treatment (42.0 cm). Among herbicides,
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treatment topramezonerecorded higher plantheight (38.7 cm)due—to—maintaining—weed—free

weeds—and-produced-taller—plants..Similar results were found with Quddus et al. (2020) and
Ratnam et al. (2011).

Number-of branchesplant™

The number of branches plant 'varied-significantlydueto-different treatments.+

Dat&#em—table%h&%—matnumbep%bmnehes—plam+mgiste@dmmghest in weed free
plots(30.51) followed by those in hand weeding plots(26.32). Among herbicides, higher number
of branches plant™ registered in plots applied with topramezone (25.95);due-to-maintaining-weed

ee-conditions-during-critical-period-of crop-that favours-the-crop-to-spread-freely. Similar results
documented with Sanketh et al. (2021).

Leaf area{em ™ plant™)

depicts-data-atAt 75 DAS -where higher leaf area plant™ recordedinweed free treatment (433.99
cm?) which was comparable with hand weeding treatment (410.48 cm?. Among herbicides,
topramezonerecorded higher leaf area plant‘1(403.75 cmz)éue—te—weed—#eeeendi%iens—a{—eﬂﬁem

. F S YA r

senescence-These results are in line with those of Thakur et al. (2019).

Dry-matteraccumulation{g-m™)

An-overview-of the-data-from-table-1-shows-thatAgain,weed free plotaccumulated maximum dry
matter (383.5 g m™) which was followed by hand weeded plot (344.2 g m?). Among herbicides,

topramezone accumulated maximum dry matter (320.8 g m'z). This might be due to improved
crop growth parameters viz.; (Plant height, Number of branches plant® and Leaf area plant
Y).Similar findings were seen with Kumar and Hiremath (2018) and Thakur et al. (2019).

YIELD PARAMETERS:An overview of the yield attributes data from table 2 revealed that there
were significant differences among different weed management treatments except pod weight,

number of seeds pod'1 and test weight.
Totalnumber-of branchesplant T at-harvest
From the data on yield attributes, weed free treatment depicts significantly higher

number of branches plant'1 (30.51) followed by hand weeding treatment (26.32). Among
herbicides, topramezonerecorded higher number of branches (25.95).)—Fhis—could-be-due-to
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pods branch™ (2.78)_was obtained from weed free plots which was comparable with hand

weeding (2.52)and among herbicidal treatments higher number of pods branch™ observed
intopramezone (2.19). Fhis-was-due-to-highernumber-of branches plant T in-tura-results in-higher
number-of pods-branch™.
Totalnumber-of podsplant™

An overview on yield attributes,weed free plot registered highest total number of pods
plant‘1 (33.93) and it was statistically on par with hand weeding plot (31.20). While, among
herbicidal treatments highest total number of pods plant® were registered in topramezone
(30.97) due to higher number of branches plant‘1 and number of pods branch™.These results
find support from those of Tiwari et al. (2019).No significant differences among different weed
management practices on pod weight or on number of seeds pod™. This could be attributed to
the fact that number of seed seedsweight, seeds god'lgnd test weight of 100 seedsjs—are a

genetic characters and hence net-beare not altered by any weed management jpractices, The N

results are in accordance with findings of Sankethet al.-{,(2021).) and Ratnam et al.-{,(2011). N

YELD:—Seed yield of zero till chickpea was significantly influenced by different weed

management practices and it ranged from 903 to 1621 kg ha® across the treatments which were

presented in Table 2 and Fig 1.
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Seed-yield-(kg-ha™)

Weed free plotrecorded significantly higher seed yield (1621 kg ha’l) followed by hand
weeding (1453 kg ha™) but among the herbicidal treatment topramezone recorded highest seed
yield (1397 kg ha’l). It was due to the proper utilization of moisture, nutrients, light and space by
the chickpea crop in the absence of weed competition during critical period of crop. While,
lowest seed yield was recorded from Un-weeded (Check) plot (903 kg ha™) due to highest crop-
weed competition.Similar results were reported by those of Kumari et al. (2021),Mishra et al.
(2012),Qudduset al. (2020),Banjaraet al. (2022) andSeshareeet al. (1996).

Haulmvield-tkg-ha™)

An-overview-from-the-data-shewed-that-w\Weed free plot registered higher haulm yield

(2648 kg ha’l) followed by hand weeding plot (2527 kg ha’l). On the other hand, topramezone
(2518 kg ha'™) treatment among herbicides recorded highest haulm yield.The higher stover yield
in above treatments might be due to lesser weeds during early crop growth period, higher yield
attributes and pod yield which leads to higher stover yield. Quddus et al. (2020) and Banjaraet

al. (2022) found similar results.

Harvestindex{(%)

From-the-table 2-it-could-be-inferred-that-sSignificantly higher harvest index (38.0 %)

observed in weed free treatment, which was statistically comparable with _hand weeding
treatment but different from remaining treatments.This Fhe-minimum-harvestindex-was-obtained

Maximum-harvestindex-underthese-treatments-might be due to proper reproductive growth due
toaided by timely translocation of photosynthesis from source to sink thus inerease
increasingthe seed production ratio in total produce.Quddus et al. (2020) and Thakur et al.

(2019) observed similar output.
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Fig. 1 Seed yield, Haulm yield and Harvest index as influenced by different weed
management practices in zero till chickpea

CROP PHYTOTOXICITY

Visual scoring for crop phytotoxic symptoms such as yellowing, stunting, chlorosis and
necrosis were taken at 3 day after spray of herbicide up to 25 daysbased on the rating seale—t
was-hoted-according-to-1of 1-9 scale method{Fable-3)-Ferchickpea—t-meantno-to-very-shght
phytotoxicity-and-9-for-complete-destruction-of-plant(Jiddimaniet al., 2017). A score of < 3 was

considered asacceptable (Rao, 2000).

Topramezone treated plot showed yellowing and stunting symptoms (Scale < 2) (Table
43) and recovered completely 10 days after application (DAA)due—to—the—new-meristematic

growth-and-initiation-ef-branehing—.Similar findings on yellowing and stunting in chickpea crop
were documented earlier by (Nath et al., 2018) and (Sanketh et al., 2021).

In contrast, treatment T3 and T, showed chlorotic symptoms of phytotoxicity (Score < 4)
(Table 43)which was higher at 7 DAA leads-leading to necrosis due to death of apical tissue.
But;Though byat-30 DAA the crop started-producing-new-branches-and-associated-growth-by

. recovered, Fhis-theprolonged phytotoxicity affected
the crop phenological development as evident from lower seed yield. Similar results of
phytotoxicity due to application of imazethapyr leadsleading to leaf chlorosis fellewed-byand
subsequentnecrosis_have been reported by earlier workers were—inline—with—(Kumar et al.,
2015);;(Dubey et al., 2018),—;Dubey and Chaudhary—, 2021)—Lyon and Wilson{2005;)and
{Sankethet al., 2021).

CONCLUSION
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Experimental results revealed that weed free plots as well as manual weeding were the

best weed managementpractices for growth and yield contributing characters in zero-tillage

chickpea cultivation. However, in the absence of these,—topramezenetreated—plots—recorded
higher—valuefor-growth-and-yield-contributing-characters—Henece—topramezone 33.6 % SC @

diversified weed flora under zero tillage conditions in rice-fallow chickpea.

Table. 1 Growth parameters of zero- till chickpea as influenced by weed management
practices

hPIgnr;[ l\tl)umbtre]r of ( Leglf zla\reql) a(lzjcrgmn:ﬁ:t‘igcrm
. eight ranches cm™ plant 2
Treatment details (cm) plant (g m®)
Ti-Pendimethalin 38.7 % CS @ 700 g 355 19.61 372.42 277.9
a.i. ha™ at 48 hours after sowing
T,-Topramezone 33.6 % SC @ 20.6 g
a.i. ha™ applied at 2-3 leaf stage of 38.7 25.95 403.75 320.8
| weeds
Ts-Quizalofop ethyl 7.5 % +
Imazethapyr 15 % EC @ 100 g a.i.
ha® appligg at 2-3 leaf stage 0% 34.2 16.66 s21.29 244.0
| weeds
T4-Propaquizafop 2.5 % + Imazethapyr
3.75 % (w/iw) ME @ 125 g a.i. ha™ 34.6 17.13 337.64 263.9
| applied at 2-3 leaf stage of weeds
Ts-Two hand weedings at 15 and 30 42.0 26.32 410.59 344.2
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DAS
Te-Weed free (Season long) 43.6 30.51 433.99 383.5
T7-Un-weeded (Check) 31.0 14.14 285.92 233.2
SEm+ 0.6 0.8 4.8 13.9
CD (P=0.05) 1.9 2.3 14.8 42.9

Table. 2 Yield and yield attributes of zero till chickpea as influenced by weed

management practices

Total
number of| Number | Total no. Pod No. of Test Seed Haulm | Harvest
Treat | branches | of pods | of pods | Weight | seeds |weight(g)| yield yield index
No. plantat | branch™ | plant™ (9) pod™ (kg ha™) | (kg ha™) (%)
harvest
Ta 19.61 1.70 26.80 0.27 1 23.00 1129 2253 33.4
T2 25.95 2.19 30.97 0.28 1 23.67 1397 2518 35.7
Ts 16.66 1.08 20.67 0.27 1 23.00 1000 1922 34.2
Ta 17.13 1.18 21.43 0.27 1 23.00 1067 2014 34.6
Ts 26.32 2.52 31.20 0.28 1 23.67 1453 2527 36.5
Tes 30.51 2.78 33.93 0.29 1 24.00 1621 2648 38.0
T 14.14 1.08 18.67 0.27 1 23.00 903 1802 33.3
SEmz* 0.8 0.3 13 0.008 - 0.4 31.4 37.9 0.5
CD 2.3 0.8 3.9 NS - NS 96.6 116.9 1.6
(P=0.05)
Table. 3 Phytotoxicity score
Rating Phytotoxicity % Description « [Formatted: Highlight
Jil 0-10 No to very slight discoloration [ Formatted Table
[Formatted: Highlight
2 11-20 More severe but not lasting ) [Formatted- Highlight
3 21-30 Moderate and more lasting [ Formatted: Highlight
4 31-40 Medium and lasting [Formatted: Highlight
5 41-50 Moderately heavy ( Formatted: Highlight
8 51-60 Heavy [Formatted: Highlight
J 61-70 Very heavy [ Formatted: Highlight
8 71-80 Nearly destroyed [ Formatted: Highlight
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9 81-100 Destroyed|

Source: Jiddimaniet al. (2017)

Table. 4 Phytotoxicity rating (Scale 1-9) as influenced by weed management
practices on zero till chickpea

Treatment details Dosage Phytotoxicity
(ml ha™) rating
Ti-Pendimethalin 38.7 % CS @ 700 g a.i. ha™ at 48 hours after sowing 1808 -
T,-Topramezone 33.6 % SC @ 20.6 g a.i. ha™ applied at 2-3 leaf stage of 61.3 1-2
weeds )
Ts-Quizalofop ethyl 7.5 % + Imazethapyr 15 % EC @ 100 g a.i. ha™ applied
at 2-3 leaf stage of weeds 444 .4 3-4

Ts-Propaquizafop 2.5 % + Imazethapyr 3.75 % (w/w) ME @ 125 g a.i. ha™
applied at 2-3 leaf stage of weed 2000 3-4

Ts-Two hand weedings at 15 and 30 DAS - -

Te-Weed free (Season long)

T7-Un-weeded (Check) - -

REFERENCES

Afzal, M.K. Economic value of chickpea production consumption and world trade. AFS-
Adavance in Food Science, 2021;211.

Banjara, G.P., Porte, P and Banjara, B. Impact of different broad-spectrum herbicides on yield
and economics of chickpea crop (Cicer arietinum L.). The Pharma Innovation Journal,
2022;11(11):617-620.

Bergtold, J and Sailus, M. Conservation tillage systems in the southeast-production, profitability
and stewardship. Sustainable Agriculture Research and Education (SARE) program,
2020;146.

Chaudhary, B.M., Patel, J.J and Delvadia, D.R. Effect of weed management practices and seed
rates on weeds and yield of chickpea. Indian Journal of Weed Sciences, 2005;37:271-
272.

-1 C t [GN10]: Since the reference is given,
this table can be removed.

|

[Formatted: Highlight

)




Choudhary, A.K. Role of phosphorus in pulses and its management. Indian Farmers Digest,
2009;42(9):32-34.

Dubey, A.K., Kumar, A., Singh, D., Partap, T and Chaurasiya, A. Effect of different weed control
measures on performance of chickpea under irrigated condition. International Journal of
Current Microbiology and Applied Sciences, 2018;7(5):3103-3111.

Dubey, T.P and Chaudhary, R.S. Yield and Yield Attributes of Chickpea (Cicer arietinum L.) as
Influenced by Planting Dates and Weed Management Systems. Asian Research Journal
of Agriculture, 2021;14(4):123-134.

Hemmat, A and Eskandari, |. Tillage system effects upon productivity of a dryland winter

Wheat—Chickpea rotation in the northwest region of Iran. Soil and tillage research, |

2004;78(1):69-81.

Indiastat. 2020-2021. Agricultural production. http://www.indiastat.com.

Pimmimani, L., Chandranath, K.T and Chogatapur, S.V. Phytotoxicity ratings and weed control

" ( Formatted: Highlight

ratings as influenced by chemical weed control treatments in green gram (Vigna radiata
L.). Journal of Pure and Applied Biosciences, 2017;5(5):1578-1581.

Kaushik, S.S., Rai, AK., Sirothia, P., Sharma, A.K and Shukla, A.K. Growth, vyield and

b Formatted: Highlight

economics of rain fed chickpea (Cicer arietinum L.) as influenced by integrated weed
management. Indian Journal of Natural Products and Resources, 2014;5(3):282-285.

Kumar, M.R and Hiremath, S.M. Bio-efficacy of imazethapyr in rainfed green
gram. Annals of Reviews and Research, 2018;4(1):555-627.

Kumar, N., Hazra, K.K., Yadav, S.L and Singh, S.S. Weed dynamics and productivity of
chickpea (Cicer arietinum) under pre and post-emergence application of herbicides.
Indian Journal of Agronomy, 2015;60(4):570-575.

Kumari, S., Kumar, B., Seema, K.L and Kumar, D. Investigation on efficacy of pre and post
emergence herbicides of chickpea (Cicer arietinum): Productivity, weed dynamics and
economics.The Pharma Innovation Journal, 2021;10(9):622-626.

Lyon, D.J and Wilson, R.G. Chemical weed control in dryland and irrigated chickpea. Weed
Technology, 2005;19(4):959-965.

Mishra, J.S., Singh, V.P., Bhanu, C and Subramahmauam, D. Crop establishment, tillage and
weed management techniques on weed dynamics and productivity of Rice (Oryza
sativa)—Chickpea (Cicer arietinum L.) cropping system. Indian journal of weed science,
2012;82(1):15-20.

Nair, R., Schafleitner, R., Easdown, W., Ebert, A., Hanson, P., D’arros, H.J and Donough, H.
K.J. Legume improvement program at AVRDC-the world vegetable center: impact and
future prospects. Ratarstvo | Povrtarstvo, 2014;51(1):55-61.

(
(
(
) [Formatted: Highlight
(
(
(
(

[ Formatted: Highlight

Comment [GN11]: The content is removed from
the manuscript and thus this reference can be
removed.

Formatted: Highlight

Comment [GN12]: Missing in tet

Comment [GN13]: Missing in text

Formatted: Highlight

o ) W ) W



http://www.indiastat.com/

Nath, C.P., Dubey, R.P., Sharma, A.R., Hazra, K.K., Kumar, N and Singh, S.S. Evaluation of
new generation post-emergence herbicides in chickpea (Cicer arietinum L.). National
Academy Science Letters, 2018;41(1):1-5.

Niranjan, 1.K., Tyagi, S., Kumar, B and Pradhan, A.K. Evaluation of different post-emergence
herbicides in chickpea (Cicerarietenum L.). International Journal of Agricultural Applied

Sciences, 2020;1(1):87-91.

Nyanga, P.H. Food security, conservation agriculture and pulses: Evidence from small holder

farmers in Zambia. Journal of Food Research, 2012;1:120.

Panse, V. G and Sukhatme, P. V. Statistical methods for Agricultural workers. (3rd Edition).
ICAR, New Delhi, 1985.

Quddus, M.A., Naser, H.M., Siddiky, M.A., Ali, M.R., Mondol, A.A.l., Islam, M.A and Gazipur, B.
Impact of Zero Tillage and Tillage Practice in Chickpea Production. Journal of

Agricultural Science, 2020;12(4):106-118.

Rajkumarg] S., Gundlur, S.S., Neelakanth, J.K and Ashoka, P. Impact of irrigation and crop

residue management on Maize (Zea mays) - Chickpea (Cicer arietinum L.) sequence
under no tillage conditions. Indian Journal of Agricultural Sciences, 2014;84(1):43-48.

Rao, V.S. Weed research methodology-Field experimentation. Principles of Weed Science,
2000;497-498.

Ratnam, M., Rao, A.S and Reddy, T.Y. Integrated weed management in chickpea (Cicer
arietinum L.). Indian Journal of Weed Science, 2011;43(1&2):70-72.

Sanketh, G.D., Rekha, K.B., Sudhanshu, K.S and Ramprakash, T. Effect of integrated weed
management with new herbicide mixtures on growth, yield and weed dynamics in chick
pea. The Pharma Innovation Journal, 2021;10(7):1074-1077.

Sesharee, A.P., Prasad, V.N., Rao, K.L and Prasad, H. Integrated weed management in gram
(Cicer arietinum L.). Indian Journal of Agronomy, 1996;41(3):496-497.

Singh, S and Singh, A.N. Crop-weed competition in chickpea: Challenges and strategies for the
New Millenium. In National Symposium on Agronomy, 2000;15(18):199.

Smart, J.R and Bradford, J.M. Conservation tillage corn production for a semi-arid, subtropical
environment. Agronomy Journal, 1999;91:116-21.

Thakur, A.K., Thakur, N.S., Kushwaha, B.B and Bangar, K.S. Effect of Different Weed Control
Methods on Growth and Yield of Chickpea (Cicer arietinum L.) under Irrigated Condition
in Malwa Region of Madhya Pradesh. MSc Thesis, Rajmata VijayarajeScindia Krishi
Vishwa Vidyalaya, Gwalior, Indore, Madhya Pradesh, 2019.

Tiwari, R., Vivek, Naresh, R.K., Tyagi, S., Shivangi and Kumar, A. Evaluation of effective weed
management strategy for enhancing productivity and profitability of chickpea under sub-

[Comment [GN14]: Not found in text.

. [ Formatted: Highlight

x [ Formatted: Highlight

)

[Comment [GN15]: Missing in text.

. [ Formatted: Highlight

x [ Formatted: Highlight

U




tropical climate of western U.P. International Journal of Chemical Studies,
2019;7(5):928-933.

lyaday, V.L., Shukla, U.N., Raiger, P.R and Mandiwal, M. Efficacy of pre and post-emergence

herbicides on weed control in chickpea (Cicer arietinum L.). Indian Journal of

Agricultural Research, 2019;53(1):112-115.

[ Comment [GN16]: Not found in text.

AN [Formatted: Highlight

‘ [ Formatted: Highlight

U




