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Mixed weed floramanagement by bispyribac-sodiumin transplantedrice
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ABSTRACT

Different doses of bispyribac-sodium 20, 25 and 30 g/ha were evaluated against mixed weed flora in
transplanted rice under mid-hill conditions of Himacha Pradesh during 2010 and 2011. Major associated
weeds were Echinochloa colona (31.1%) and Commelina benghalensis (7.3%) among grasses, Cyperus
iria (26.9%) and Scripus (9.3%) among sedges and Ammania baccifera (8.8%) among broad-leaved
weeds. Bispyribac-sodium 20-30 g/ha effectively controlled E. colona. Cyhalofop-butyl/butachlor fb
metsulfuron-methyl was comparable to bispyribac-sodiumin controlling C. benghalensis. Bispyribac-sodium
brought about significant reduction in the count of Cyperus sp. up to 60 days after transplanting (DAT).
Bispyribac-sodium 30 g/ha behaving statistically similar with bispyribac-sodium 20 and 25 g/haresulted in
significantly lower total weed count and total weed dry weight. There was no phytotoxicity of bispyribac-
sodium on rice and no residual toxicity on succeeding crop of wheat. Bispyribac-sodium, farmer’s practice,
cyha ofop-butyl fb metsulfuron-methyl and cyhal ofop-butyl fb 2,4-D were comparable in influencing rice
grainyield. Rice grain yield was positively associated with plant height, panicle length, effectivetillersand
spikelets/panicle and was negatively associated with weed count and weed biomass. With one weed per m?
increase up to harvest, grain yield of rice was expected to decrease by 15.3 kg/ha. Bispyribac-sodium at 30
kg/ha was the best in terms of net returns due to weed management. Cyha ofop-butyl fb metsulfuron-
methyl gave the highest net profit/rupee invested. Herbicide efficiency index (HEI) was highest and weed
index was lowest under bispyribac-sodium 30 g/ha. Weed management index (WMI) and agronomic

management index (AMI) were highest under cyhalofop-butyl fb metsulfuron-methyl.

Key words: Bispyribac-sodium, Impact assessment, Transplanted rice, Weeds

Riceisanimportant cerea crop of Himachal Pradesh
occupying an area of 81 thousand hectares with a
production of 115.3 thousand tonnes. Among various
factorsresponsiblefor low production of ricein Himachal
Pradesh, inadequate weed control isthe major one. Weeds
cause 28-45% yield losses in transplanted rice (Singh et
al. 2003, Kumar et al. 2008, Yadav et al. 2009). In recent
past, anumber of pre and post-emergence herbicides have
been recommended for controlling weedsinrice. Butachlor
and cyhal ofop-butyl are popular among farmers. But these
herbicidesare less effective against sedges and broad leaved
weeds. Therefore 2,4-D is recommended as a followed
by application. It makes the weed control technology
cumbersome and costly. This situation warrants for
initiating research efforts to evaluate and identify suitable
post-emergence herbicide against complex weed florain
transplanted rice. Bispyribac-sodium, is apost-emergence
broad spectrum herbicide. It is effective against grasses,
sedges and broad-leaved weeds in rice fields (Schmidt et
al. 1999, Waliaet al. 2008, Yadav et al. 2009). Bispyribac-
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sodium applied mid to late post-emergence at 20 to 23 ¢/
ha has been reported to control barnyard grass 98%,
however, when applied late post-emergence to three-tiller
barnyard grass, the control was reduced to 70% (Williams
1999). Therefore, the present study was undertaken to
standardize its dose against complex weed flora in
transplanted rice under mid-hill conditions of Himachal
Pradesh.

MATERIALS AND METHODS

The efficacy of bispyribac-sodium with other
herbicideswere evaluated during the rainy season (Kharif)
2010 and 2011 at Palampur. The area represents the mid-
hill wet temperate zone of Himachal Pradesh. The soil was
silty clay loam in texture, acidic in reaction) (pH 5.7),
medium in organic carbon (0.7%), available N (380 kg/
ha) and available P (20.4 kg/ha) and high in available
K (256 kg/ha). The experiment waslaid out in randomized
block design with 3 replications. The treatments consisted
of three doses of bispyribac-sodium (20, 25 and 30 g /ha)
at 25 days after sowing, cyhal ofop-butyl 90 g/ha (15 DAT)
and butachlor 1.5 kg/ha (pre.) fb. 2,4-D 1.0 kg/ha and
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metsulfuron-methyl 4 g/ha at 30 DAS, farmer’s practice
and unweeded check. Rice variety ‘HPR-2143" was
transplanted on July11, 2010 and July 4, 2011 with
recommended package of practices except treatments.
Herbicides were applied with knapsack power sprayer using
600 L water per hectare. Data on density and dry weight
of weeds was recorded on 60 days after transplanting
(DAT) and at harvest and was subjected to sguare root
transformation. Data on crop phyto-toxicity were recorded
at 15 and 30 DAT. The crop was harvested on October
20, 2010 and October 15, 2011. Residual toxicity of
bi spyribac-sodium was also recorded on succeeding crop
of wheat. Economics of the treatments was computed
based on prevalent market prices. Impact assessment was
carried out as per Walia (2003).

RESULTS AND DISCUSSION
Effect on weeds

The major weed flora of the experimental field was
consisted of Echinochloa colona (31.1%) and Commelina
benghalensis (7.3%) among grasses, Cyperusiria (26.9%)
and Scripus (9.3%) among sedges, and Ammania baccifera
(8.8%) among broad-leaved weeds. Aeschynomeneindica,
Monochoria vaginallis and Bulbostylis barbata were the
other broad-leaf weeds as a whole constituted 16.6% of
the total weed flora.

Weed control treatments brought about significantly
variation in the count of E. colona (Table 1). Bispyribac-
sodium-S 20-30 g/ha has effectively controlled E. colona
upto harvest during 2010 and upto 60 DAT during 2011.
Effective control of barnyard grass (Echinochloa sp) with
bispyribac-sodium has been reported (Williams 1999).
Application of cyhalofop/butachlor b 2,4-D/metsulfuron
was as good as bispyribac-sodium ininfluencing the count
of E. colona at harvest during 2011. All treatments were
significantly superior to weedy check in reducing the count
of C. benghalensis at 60 DAT during 2010. Excepting
butachlor + 2,4-D all the other treatmentswere comparable
to each other in influencing the count of Commelina
benghalensis. Therewassignificant variation in the count
of Cyperus iria. Bispyribac-sodium brought about
significant reduction in its count upto 60 DAT during both
the years. Count of Cyperus sp. under cyhalofop fb
metsulfuron-methyl and butachlor fb 2,4-D at 60 DAT
during 2010 was not significantly different from that under
weedy check. Count of Scripus sp. and Ammania
baccifera was not significantly affected (data not given).
Bispyribac-sodium also significantly reduced the count of
other broad-leaved weeds (Aeschynomene indica,
Monochoria vaginallis, Bulbostylis barbata) during 2011.
Other treatments except farmer’s practice could not bring
down the count of other broad-leaved weeds over weedy
check upto 60 DAT.

Table 1. Effect of treatments on weed count (no./m?) in transplanted rice

Echinochloa Commdina Cyperus Broad-leaved

Treatment 8/%3:) 60 DAT 60 DAT 60 DAT 60 DAT Harvest DTT Harvest
2010 2011 2010 2011 2010 2011 2010 2011 2010 2011 2011 2010 2011
Bi spyribac-sodium 20 10 10 14 27 17 10 10 27 29 34 23 22 29
00) (0.0 (13 (67 (27) (0.0) (0.0 (67 (93) (10.7) (43 (67) (93)
Bi spyribac-sodium 25 10 10 10 25 10 10 17 22 23 32 14 25 24
00) (0.0 (0.0 (53 (00) (0.0) (27) 40 (53) (9.3 (1.9 (67) (6.0)
Bispyribac-sodium 30 10 10 18 18 10 10 14 18 17 27 14 10 25
00 (00 (270 (27) (00) (00) (L3) (7)) (7 (67 (1.3) (00) (6.7)
Cyhalofop-butyl fb 2,4-D 90 fb 23 20 34 30 21 10 21 25 10 39 23 10 54
1000  (53) (53) (107) (80) (40) (0.0) (4.0) (653) (0.0) (147) (5.3) (00) (280)
Cyhal ofop-butyl fb oPb4 36 21 25 32 10 14 35 27 32 41 23 17 57
metsulfuron-methyl (120) (400 (67 (93) (00) (1L3) (147) (67) (93) (16.0) (5.3) (27) (320)
Butachlorfo 2, 4-D 150+ 31 23 32 32 25 10 31 30 10 40 23 10 34
1000 107) (53) (9.3) (93) (67) (0.0) (10.7) (80) (0.0) (153) (53) (00) (133)
Butachlor fb 1500 29 19 30 34 10 10 21 30 14 41 23 10 48
mesulfuron-methyl 4 (80) (40) (80) (107) (00) (0.0) (40 (80) (13) (160 (5.3) (00) (227)
Farmer’s practice 10 14 25 34 10 10 10 30 25 47 32 19 28
(00) (13) (5.3) (107) (00) (0.0) (0.00 (80) (6.7) (21.3) (9.3) (40) (133)
Unweeded check 41 38 54 52 46 10 34 38 34 63 41 10 55
(160) (13.3) (280) (267) (200) (0.0) (10.7) (13.3) (10.7) (38.7) (16.0) (0.0) (293)
LSD (P=0.05) 12 16 11 19 12 NS 08 07 16 09 15 NS 24

Values in the parentheses are the original in means, fb - Followed by, DAT - Days after transplanting
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All theweed control treatmentsrecorded significantly
lower total weed count and total weed dry weight as
compared to unweeded check (Table 2). Owingto species-
wise reduction in the count of weeds, bispyribac-sodium
30 g/ha behaving statistically similar with bispyribac-
sodium 20 and 25 g/haresulted in significantly lower total
weed count and total weed dry weight. The effective
control of grasses, sedges and broad-leaved weeds with
bispyribac-sodiumin ricefields has been reported (Schmidt
etal. 1999, Waliaet al. 2008, Yadav et al. 2009). However,
bispyribac-sodium was also statistically similar with
cyhalofop-butyl/butachlor fb metsulfuron-methyl/2,4-D.

Effect on crop

There was no phytotoxicity of bispyribac-sodium on
rice. Also, there was no residual toxicity on succeeding
crop of wheat during both the years of experimentation
(datanot given). Plant height was significantly influenced
during 2010 (Table 3). Bispyribac-sodium 30 g/ha
behaving statistically similar with bispyribac-sodium 20
and 25 g/haand farmer’s practice resulted in significantly
taller plants as compared to other weed control treatments.
Effective tillers and spikelets per panicle were also
significantly influenced during 2010. Paniclelength of rice
was significantly influenced during 2011. Bispyribac-
sodium 20-30 g/ha produced effective tillers statistically

similar to cyhalofop- butyl fb metsulfuron methyl.
Bispyribac-sodium 30 g/ha behaving statistically similar
with bispyribac-sodium 20 and 25 g/ha, butachlor fb 2,4-
D, butachlor fb metsulfuron-methyl and farmer’s practice
produced significantly more spikelet’s per panicle as
compared to other weed control treatments.

Weeds when allowed to grow throughout the crop
season caused 48.1% yield reduction. Bispyribac-sodium
30 g/habehaving statistically alike with bispyribac-sodium
20 and 25 g/haand farmer’s practice during both the years,
cyhalofop-butyl fb metsulfuron-methyl during 2010 and
cyhalofop-butyl fb 2,4-D during 2011, resulted in
significantly higher rice grain yield as compared to other
weed control treatments. The increased yield in these
treatments was due to significant reduction in dry matter
accumulation by the weeds and higher number of effective
tillers, panicle length and plant height when compared to
other treatments. These results are in close conformity
with the findings of Walia et al. (2008). Rice grain yield
was positively associated with plant height (r= 0.759),
paniclelength (r = 0.664), effective tillers (r = 0.715) and
spikelets/panicle (r = 0.844). Whereas, it was negatively
associated with weed count (r= -0.750 to -0.967) and
weed bio mass (r=-0.684 to -0.994). With one weed/m?
increase until harvest, grain yield of rice was expected to

Table 2. Effect of treatments on total weed count and dry weight in transplanted rice

Totd weed count (no./n) Total weed dry weight (g/nd)

Treatment Dose (g/hd) 60 DAT At harvest 60 DAT At harvest
2010 2011 2010 2011 2010 2011 2010 2011
Bispyribac-sodium 20 5.0 4.7 6.6 6.2 19 38 2.9 5.4
(243) (217)  (440) (373  (26) (133  (43) (283
Bispyribac-sodium 25 4.5 35 6.2 53 17 28 25 4.6
(2000 (1200 (373 (@3 (200 (700 (58) (2L0)
Bispyribac-sodium 30 4.9 2.7 50 47 19 22 2.0 4.1
(240) (67 (243 (213 (25) (43 (32) (155)
Cyhalofop-butyl f2,4D  90h1000 6.4 4.9 59 8.0 22 34 23 56
(400) (240) (347)  (640)  (38) (106  (43) (30.7)
Cyhal ofop-butyl fb 90 fb4 6.4 4.8 51 85 3.0 41 18 5.6
metsui furon-methyl (400) (227) (253) (7200  (83) (160  (22) (3L
Butachlortb 2, 4-D 1500 + 1000 7.1 53 55 65 2.8 43 2.2 5.4
(50.7) (280) (30.7) 43.3) (7.0) (18.7) (44) (28.7)
Butachlorfb 1500 fb 4 6.5 4.7 49 8.6 2.4 46 19 55
metsuifuron-methyl (27)  (227) (@7 (747  (51) (200  (29) (29.9
Farmer’s practice 2.8 59 6.2 74 10 45 19 55
(70) (333 (3.3 (47  (00) (190) (27) (29.8)
Unweeded check 9.2 85 101 108 45 70 4.6 89
(867) (707) (10L3) (1160) ‘(197) (480) (199) (78.3)
LSD (P=0.05) 2.2 2.0 1.7 15 10 16 0.8 13

Values in the parentheses are the original means, DAT - Days after transplanting
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Table 3. Effect of treatmentson yield attributes and grain yield of transplanted rice

Plant height (cm) Paniclelength  Effectivetillers Spikelets/ Grainyidd
Treatment (5/?185 (cm) (no./n?) panicle (t/ha)
2010 2011 2010 2011 2010 2011 2010 2011 2010 2011
Bispyribac-sodium 20 571 94.9 215 231 50.8 453 8.8 12.8 278 254
Bispyribac-sodium 25 571 99.3 209 229 512 49.9 8.9 134 290 267
Bispyribac-sodium 30 584 1020 216 235 513 45.8 9.2 13.6 309 287
Cyhaofop-butyl fb 2, 4-D 90 fb 1000 56.4 93.3 215 233 492 43.6 8.7 12.7 208 250
Cyhalofop-butyl fb 90f4 56.3 98.7 213 229 39.7 484 8.8 131 3.00 249
metsulfuron-methyl
Butachlor fb 2, 4-D 1500 +1000 555 1004 214 239 472 451 8.3 12.7 228 257
Butachlor fb 1500fb 4 56.2  100.2 215 225 470 449 8.9 13.3 257 261
metsulfuron-methyl
Farmer’s practice 57.3 90.5 215 229 50.0 49.2 8.8 12.3 252 254
Unweeded check 55.1 91.7 198 225 393 43.6 8.7 11.8 15 161
LSD (P=0.05) 1.8 NS 0.8 NS 1.2 NS NS 0.9 034 038
Values in the parentheses are the original in means
Table 4. Economics and other impact indices of treatmentsin transplanted rice
Dose GR GRwc cwcC NRwc MBCR WMI AMI HEl W
Treatment (gha) (x10°*/ha) (x10°“/ha) (x10°°/ha) (x10°“/ha)
Bispyribac-sodium 2 2192 8.86 3.08 5.78 1.88 252 152 205 -51
Bigpyribac-sodium 25 2298 9.92 3.68 6.24 169 242 142 279 -102
Bigpyribac-sodium 30 2454 1148 4.29 7.19 167 233 133 463 -17.7
Cyhdofop-butyl fh2,4-D  90fb 1000 18.93 5.88 275 312 113 225 125 125 96
Cyhdofop-butyl fb 0fb4 9.49 233 7.17 3.08 262 162 216 -83
metsulfuron-methyl 2255
Butachlorfb 2, 4-D 1500 + 1000 20.01 6.96 2.66 4.29 161 231 131 158 43
Butachlorfb 1500fb 4 831 224 6.07 271 246 146 191 -23
metsulfuron-methyl 21.36
Farmer’ s practice 20.88 7.82 4.40 342 0.78 239 138 18 00
Unweeded check 13.05 - - - - - - - 375

GR - Grossreturns, GRwe - Gross returns due to weed control, CWC - Cost of weed control, NRWC - Net returns due to weed control, MBCR
- Marginal benefit : cost ratio, WMI - Weed management index, AMI - Agronomic management index, HEI - Herbicide efficiency index, WI -

Weed index.

decrease by 15.3 kg/ha (Y =3250-15.3 x, R?=0.855 where
Y isgrainyield in kg/ha and x is weed density/m?). Every
g/m? increase of weed biomass by harvest would results
in 32.5 kg/hagrain yield reduction of rice (Y=31.29-32.5
X, R?=0.870).

Impact assessment

The weed control treatments registered 1.03 to 3.08
times higher gross returns than weedy check (Table 4).
Total gross and additional gross returns over weedy check
were highest under bispyribac-sodium 30 g/ha followed
by bispyribac-sodium 25 and 20 g/ha, cyhal of op-butyl fb.
2,4-D, farmers’ practice and cyhalofop-butyl fb
metsulfuronmethyl. Bispyribac-sodium at 30 kg/ha was
the best in terms of net returns due to weed management.

154

This was followed by cyhalofop-butyl fb 2,4-D,
bispyribac-sodium 20 g/ha and bispyribac-sodium
25 g/ha. However, cyhal of op-butyl fb metsulfuron-methyl
gave the highest net profit/rupee invested. It wasfollowed
by butachlor + metsulfuron-methyl and bi spyribac-sodium
20 g/ha. Itwasmainly dueto low herbicide cost ultimately
leading to lower application cost. The cost of weed control
with new herbicide was more than the recommended
herbicidal treatmentswhich could be offset with increased
grain yield. However, the cost of the new treatment was
not more than the farmer’s practice. Herbicide efficiency
index (HEI), which indicates weed killing potential and
phytotoxicity on the crop (Walia 2008), was highest under
bispyribac-sodium 30 g/ha. In terms of weed index (WI),
bispyribac-sodium 30 g/ha was superior than other
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treatments. Bispyribac-sodium 30 g/ha was followed by
bispyribac-sodium 25 g/ha, cyhalofop-butyl fb
metsulfuron-methyl and bispyribac-sodium 20 g/ha both
for HEI and WI. Weed management index (WMI) and
agronomic management index (AMI) were highest under
cyhalopfop-butyl fb metsulfuron-methyl which was
followed by bispribac 20 g/ha, butachlor fb metsulfuron-
methyl, bispyribac-sodium 25 g/ha and farmers' practice.

Based on the results of present investigation, it was
concluded that post-emergence application of bispyribac-
sodium at 30 g/ha could be asuitable herbicidefor effective
control of mixed weed florain transplanted rice.
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ABSTRACT

Fourty field demonstrations on chemical weed control practices were laid at four villages of Delang block
of Puri district in transplanted rice during Kharif season of 2010 to 2012 to analyze the performance and
profitability of new generation herbicides, viz. oxadiargyl, pyrazosulfuron-ethyl, pretilachlor and
chloromuron-ethyl + metsulfuron-methyl at 70, 25, 750 and 4 g/ha, respectively on weed growth and
productivity of transplanted rice at farmer’s fields. The farmers' fields were found infested with mixed
flora of grasses, sedges and broad-leaved weeds. The herbicides used for demonstrations were found to be
highly effective in controlling weeds and thereby increasing grain yield of rice by 23-42% over farmers
practice based on the intensity and growth of different weed flora. The economic benefits of herbicide
demonstration over the farmers' practice varied from ¥ 4,362 - 9,343/ha.

K ey words. Chemical control, Farmers' practice, Field demonstration, Herbicide, Transplanted rice, Weed

Rice (Oryza sativa) is the staple food for magjority of
the population of Odisha. It also holds a significant
contribution in the economy of the state. In Kharif, rice
constitutes more than 70% of total net sown area. The
average productivity of the state in the season is below
the national level though majority of thericeareain Kharif
season is covered under transplanted method of rice
cultivation. One of the major production constraints in
rice production is the poor management of weed due to
scarcity of labour in the peak period of transplanting.
Hence, successful weed control is essential for obtaining
optimum yield of rice (Hussain et al. 2008).

The general method of hand weeding as practiced
by the farmers is labour intensive, time taking and
expensive. Moreover in Kharif season, due to continuous
rains the manual weeding is problematic and uneconomic.
In these situations herbicides play a significant role in
controlling the weeds and thereby increasing the
production. Hence, selective new generation herbicides
were demonstrated at farmers' field to show the efficacy
of herbicides and profitability with considerable yield
advantage over farmers practice.

MATERIALSAND METHODS

The field demonstrations were carried out in
transplanted rice with four established herbicides at
randomly selected four villages (Sadhangoi,
Singhberhampur, Sujanpur and Munida) of Delang block
of Puri district of Odisha during Kharif 2010 to 2012. Out
of four villages, total 40 adopted farmers were selected
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(20 farmers from each villages) where the demonstrations
were carried out. The selected farmers of the
demonstration area were of small and marginal in nature.
The soil samples from each adopted farmers were analyzed
and found to be low in organic carbon which ranges
between (0.23-0.38%) and available N (201-232 kg/ha),
medium in available P (28.3-32.7 kg/ha) and available
K (262-294 kg/ha). Oxadiargyl 70 g/ha, pyrazosulfuron-
ethyl 25 g/ha, pretilachlor 750 g/haand chloromuron-ethyl+
metsulfuron-methyl 4 g/ha were tested in the farmersfield
to observe its effectiveness in controlling the weeds and
thereby increasing the productivity of rice. All the herbicides
were applied as per their recommended practice. Weeds
were recorded at different stages and at harvest and the
weed control efficiency was calculated as per the method
suggested by Mani et al. (1973).

The grain yield of the crop with the economics of
treatments in each demonstration were recorded and
compared with the yield of the farmers' practices. The
data were calculated and analyzed to draw the valid
inferences.

RESULTS AND DISCUSSION

Major infested weeds at demonstration sites were:
Cynodon dactylon (L.), Echinochloa colona (L.) Link.
Eleusine indica (L.) Gaertner and Digitaria ciliaris L.
(Scop.) among grasses, Cyperus rotundus L., Cyperus
iriaL.and Fimbristylis miliaceae (L.) Vahl among sedges.
Among broad-leaved weeds Ageratum conyzoides (L.),
Alternanthera sessilis (L.) DC., Chrozoffera rottleri (L.)
and Cleome viscosa (L.) were dominant. The other weeds
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present inlow intensity were: Dactyl octenium aegypticum
(L.) Willd., Ludwigia parviflora (Jacq.), Eclipta alba (L.)
and Paspalum scrobiculatum (L.).

All the herbicides under trial were found effectivein
controlling weed growth (Table 1). The weed count and
dry matter were found higher in farmers practicein all the
locations of field demonstrations. Higher weed control
efficiency (WCE) was found in all the demonstrated plots
of herbicide applications over farmers practicein al the
stages of observations. The WCE varied from 68-84% at
60 DAT depending on the floral composition, density and
growth of weeds at different locations. The grain and straw

yieldwasincreased from 23-42% and 18-26%, respectively
over farmers' practicein different herbicides applied fields
at different locations, depending on the growth and
intensity of weed populations (Table 2). The average
highest grainyield of 4.24 t/hawas found to be at locations
with the application of oxadiargyl at 70 g/ha, followed by
pyrazosulfuron-ethyl (3.96 t/ha). The higher economic
benefit of T 9,343 wasrealized in oxadiargyl treated plots
over thefarmers' practice, followed by the pyrazosulfuron-
ethyl treatment (¥ 8,425). The increased grain yield was
attributed mainly to the timely and effective control of
weeds during initial stages of crop growth (Mukherjee

Table 1. Effect of different herbicides on weed growth in transplanted rice at farmers' field (meen of 3 years)

Herbicidestreatment
intervention/ farmers

No. of field
demonsdtraions/

Weed count (no./m)

Weeddry matter (g/m?) WCE (%)

farmers' pradtice pradtice (two HW a

30 DAT 60DAT Harvest 30 DAT 60 DAT Harvest 30 DAT 60 DAT Harvest

20and 45DAT)

10field demongrations Oxadiargyl 70 g/ha 13.7 239
a four locations

Farmersprectice FP 44.9 65.8

10field demongtrations Pyrazosulfuron-ethyl 25 8.9 143
a four locations g/ha

Farmersprectice FP 35.4 595

10field demongtrations Pretilachlor 750 g/ha 11.2 20.7
a four locations

Farmersprectice FP 54.8 496

10field demongtrations Chloromuron-ethyl + 21.7 279
a four locations metsulfuron-methy4 gha

Farmersprectice FP 36.1 69.1

346 59 112 185 87 84 81
86.7 273 298 41.9 - 79 54
274 8.1 83 119 80 83 76
105.4 194 314 62.8 - 74 61
41.6 9.8 9.2 21.3 68 73 71
116.8 32.7 235 56.8 - 68 42
50.7 95 161 26.1 72 76 71
156.3 237 314 8.3 - 64 48

DAT-Days after transplanting; HW- Hand weeding, FP- Farmers' practice

Table 2. Effect of different herbicides on yield and economics of transplanted rice at farmers' field (mean of 3

years)
: Grain yield Straw yield Yieldincrease f. ;
No. of field . : B:C Costof Benefit
demonstrations/ ;rarren?el?m rl ;ét?rc\éentlon/ (tha) (tha) over FP (%) ratio treatments over FP
farmers' practice P FP Treated FP Treated Grain Straw (*/ha) ("/ha)
10 field demonstrations Oxadiargyl 70 g/ha - 424 - 510 42 26 259 1,064 9,343
at four locations
Farmers’ practice FP 2.95 - 4.06 - - - 111 3,600 -
10 field demonstrations  Pyrazosulfuron-ethyl - 3.96 - 4587 32 21 241 1,654 8,425
at four locations 259
Farmers’ practice FP 2.99 - 4.16 - - - 109 3,600 -
10 field demonstrations Pretilachlor 750 g/ha - 3.86 4.85 23 18 248 1421 6,273
at four locations
Farmers’ practice FP 3.15 - 4.01 - - - 114 3,600 -
10 field demonstrations Chloromuron-ethyl + - 342 - 431 26 20 239 2,013 4,362
at four locations metsulfuron-methyl
4 g/ha
Farmers’ practice FP 2.71 - 4.25 - - - 1.21 3,600 -
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and Singh 2005). The average yield of al the locations of
farmers' practice was found to be below 3.00 t/ha.

The demonstration indicated that both the grain and
straw yield along with benefits due to treatments of
herbicides was higher than the farmers' practice. The
findings were also corroborated with Singh (2009). The
applications of herbicides have registered higher B: Cratio
in comparison with farmer’s practice in all the locations.
Among all the herbicides applied, oxadiargyl at 70 g/ha
gavethe highest B: Cratio of 2.59 followed by pretilachlor
at 750 g/ha (2.48). The cost of herbicides including its
application varied from ¥ 1,064 - 2013 was less than the
farmers practice, resulting yield advantage of 23 - 42%
at different locations.

Thefield demonstration through farmers' participation
plays a key role in transfer of useful technology. As the
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rate of adoption of herbicide use in the state is very poor
in comparison to other chemicals used in agriculture, it is
pertinent to do fruitful demonstrations of herbicides with
proper dose and time of applications to get more benefit
from the technology along with its rapid dissemination.
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ABSTRACT

Field experiments were conducted during Rabi 2011-12, Kharif 2012 and Rabi 2012-13 to evaluate the
bioefficacy of carfentrazone-ethyl at 20 and 25 g/haon 15-20 DAS with 2,4-D Na salt 800 g/ha on 20-25
DAS, weed free situation and un-weeded check as treatments in randomized block design replicated four
times. Fimbristylis miliacea, Cyperus difformis, Cyperus iria, Schenoplectus pungens were the major
sedges and Monochoria vaginalis, Ludwigia perennis and Sphenoclea zeylanica were the dominant broad-
leaved weed species. Application of carfentrazone-ethyl 20 g/lhaon 15-20 DAS proved effectivein controlling
sedges and broad-leaved weeds in direct-seeded rice. Carfentrazone-ethyl 40 DF 20 g/ha recorded higher
grain yield (3.68 t/ha) with weed control efficiency of 90.7% and weed index of 9.5. It was comparable
with 2,4-D Na salt 800 g/ha (3.65 t/ha) with weed control efficiency of 96.7% and weed index of 10.5.
There was 72% reduction in grain yield due to the infestation of non-grassy weeds in direct-seeded rice.
Weed free situation recorded the highest grainyield (4.07 t/ha) but its B: C ratio was|ower than carfentrazone-
ethyl 20 g/haand 2,4-D Nasalt 800 g/lha. Carfentrazone-ethyl, both at 20 and 25 g/ha did not exhibit any
phytotoxic effect in rice plant.

K ey wor ds: Broad-leaved weeds, Carfentrazone-ethyl, Chemical control, Sedges, Weed control efficiency,

Weed index

Weed infestation is one of the major reasonsfor poor
productivity in direct-seeded rice. Weeds interfere with
normal crop growth by competing for available nutrients,
light and water. Uncontrolled weeds reducethe grain yield
by 96% in dry direct-seeded rice and 61% in wet direct-
seeded rice (Maity and Mukerjee 2008). In direct-seeded
rice, initial 30 to 40 days of crop growth is critical. The
yield decrease in direct-seeded rice increases with the
increase in competition duration during the initial period.
Manual and mechanical methods are not effective in
controlling sedges and broad-leaved weedsin direct-seeded
rice because of the high labour cost, scarcity of labour
during the critical period of weed competition and
unfavorable weather at weeding time. Hence usage of
herbicides is becoming increasingly popular as a viable
aternative to hand weeding. Thereisashift in weed flora
from grassy weeds to sedges and broad-leaved weeds and
from annuals to perennials due to the continuous use of
herbicides for the control of annual grassy weeds
(Rajkhowa et al. 2006). To avoid undesirable weed shift
and herbicide resistance in weeds, the continuous use of
herbicides with similar mode of action hasto be restricted.
Hence, it is imperative to identify alternative herbicides
for effective control of sedges and broad-leaved weeds.
Therefore the present study was undertaken to evaluate
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the bio efficacy of carfentrazone-ethyl, a new low dose
post-emergent contact herbicide which kills weed by
desiccation of leaves for the control of sedges and broad-
leaved weeds in direct-seeded rice.

MATERIALS AND METHODS

Field experimentswere conducted during Rabi 2011-
12 (December 2011-April 2012), Kharif 2012 (June 2012-
October 2012) and Rabi 2012-13 (December 2012-April
2013) at the experimental farm of Rice Research Station,
Moncompu, Alappuzha, Kerala (geographically situated at
9°5" N latitudeand 76° 5 E longitude and at an dtitude 1 m
below MSL). The soil of the experimental site was silty
clay intexturewith pH 6.17 (wet), organic Carbon 1.59%,
available P 49.28 kg/ha and available K 51.33 kg/ha. The
experiment was laid out in randomized block design with
five treatments, viz. carfentrazone-ethyl 40 DF 20 g/haon
15- 20 days after sowing (DAS), carfentrazone-ethyl 40
DF 25 g/haon 15-20 DAS, 2,4-D Na 80 WP 800 g/haon
20-25 DAS, weed free situation and un-weeded check in
four replications. In all the treatments, grassy weeds were
controlled by the application of cyhalofop-butyl at 0.08
kg/haon 18 DAS. The total rainfall received during the
cropping season was 387 mm, 1150.6 mm and 217.1 mm
respectively, during Rabi 2011-12, Kharif 2012 and Rabi
2012-13.
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The pre-germinated seeds of medium duration rice
variety ‘Uma’ were sown on 21 December 2011, 6 June,
2012 and 13 December 2012. The seed rate adopted for
sowing was 100 kg/ha. The crop was fertilized with 90,
45, 45 of N, P,Os, K,0 kg/ha. One third dose of N and K
and half P were applied at 15 DAS, one third dose of N
and K and half Pat 35 DAS and remaining onethird N and
K at 55 DAS. All other agronomic measures were adopted
as per the package of practice recommendations of Kerala
Agricultural University (KAU 2011). Herbicides were
applied with the help of ahand operated knapsack sprayer
fitted with flat fan nozzle at a spray volume of 300 I/ha.
Observations on density of broad-leaved weedsand sedges
were recorded with the help of aquadrate (0.25 x 0.25 m)
placed randomly at two representative sitesin each plot at
30 DAS and 60 DAS. Broad-leaved weeds and sedges
were collected separately from the same area at 60 DAS
for recording the weed dry weight of sedges and broad-
leaved weeds and their total weed dry weight. Weed
samples were sun dried before oven drying at 65°C until
constant weight was attained. The data on weed density
and weed dry weight were subjected to square root
transformation ( x+0.5) to normalize their distribution.
Weed control efficiency (WCE) was computed using the
total dry weight of weeds and weed index (WI) was
computed using the grain yield of weed free check and
yield of treated plots. Yield attributing characters like
panicles/m?, panicle weight, fertile grains per panicle and
1000 grain weight were recorded at harvest from 10
randomly selected hills. Number of panicleswas recorded
by placing aquadrate (0.25 x 0.25 m) at two spotsin each
plot. The grain yield was recorded at 13% moisture. The
cost of cultivation was worked out based on the labour
and input cost incurred towardsrice cultivationin different
treatments. Economics of cultivation was worked out
based on the minimum support price for rice (¥17/kg)
given by the Government of Keraladuring 2012 and straw
one rupee per kilogram. The data except WCE and WI
were analyzed using ANOVA and the least significant
difference (LSD) values at 5% level of significance were
calculated and used to test significant difference between
treatment means.

RESULTSAND DISCUSSION

Weed flora and density

The observations made on the weed flora at different
stages indicated that sedges were the predominant non-
grassy weeds present in theexperimental field. Fimbristylis
miliacea, Cyperus difformis, Cyperusiria, Schenoplectus
pungenswere the major sedges and Monochoriavaginalis,
Ludwigia perennis and Sphenoclea zeylanica were the
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dominant broad-leaved weed species present in the field.
On an average, total non-grassy weed population at 30
DA'S comprised of broad-leaved weeds (9.69%) and sedges
90.31%. At 60 DAS, total non-grassy weed population
comprised of broad-leaved weeds (13.22%) and sedges
(86.78%) (Table 1.). Therewas adeclinein the population
of sedges in the unweeded check as the crop advanced in
itsagewhich may bedueto slight increasein the population
of broad-leaved weeds and consequent intraspecific
competition.

The density of broad-leaved weeds and sedges under
herbicidal treatments was significantly lower than the
unweeded control (Table.1). Data on weed density at 30
and 60 DA Sindicated that the lowest population of sedges
and broad-leaved weeds were recorded in 2, 4-D Na salt
applied at 800 g/ha on 20-25 DAS. Among the different
dosages of carfentrazone-ethyl tested, 20 g/ha applied on
15-20 DA Srecorded lower density of broad-leaved weeds
at 30 DAS, whilethe density of sedgeswas lower in higher
concentration of 25 g/ha. Thiswas statistically at par with
2,4-D Na salt and significantly superior to weed free
situation. The findings were in conformity with that of
Yaduraju and Mishra (2008) who reported that hand
weeding failed to control sedges due to regeneration or
escape of weeds. The data at 60 DAS revealed that
carfentrazone-ethyl applied at 20 g/lhawas better than its
higher concentration in reducing the density of broad-
leaved weeds as well as sedges.

Weed dry matter and weed control efficiency

The dry matter accumulation by weed varied in
accordance with the weed population recorded under the
different treatments. Significant reduction in weed dry
weight of broad-leaved weeds and sedges was observed
due to weed control measures (Table 1). Among the
herbicides tested, 2,4-D Na salt recorded the lowest dry
weight of broad-leaved weeds and sedges and total weed
dry weight. Among the different doses of carfentrazone-
ethyl tested, both doseswere statistically at par in reducing
the dry weight of sedges and broad-leaved weeds.
However, lower dose of 20 g/ha was better in reducing
the dry weight of broad-leaved weeds and higher dose of
25 g/hawas found to be better in reducing the dry matter
of sedges. Among the different weed control measures,
2,4-D Nasalt recorded the highest weed control efficiency
(96.7%). Carfentrazone-ethyl applied at 20 g/haregistered
90.7% weed control efficiency which was higher than its
higher dose which registered aweed control efficiency of
88.8%. Thiswas due to better reduction in the population
and dry matter of broad-leaved weeds.
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Table 1. Effect of treatments on density and dry matter of broad-leaved weeds and sedges (pooled data of three

seasons)
Weed density (no./m?) Weeddry Weiggt a 60 Total weed
Dose 30 DAS 60 DAS DAS (g/m") dry weight WCE
Treament /h & 60 DAS (%
@ha) g w Sedges BLW Sedges BLW Sedges (o (%)
Carfentrazon-ethy! 20 6.21 8.38 13.04 16.81 5.75 4.93 22.93 90.6
(2.59) (2.98) (3.68) (4.16) (2.50) (2.33) (4.84)
Carfentrazone-ethyl 25 10.19 3.70 22.16 19.04 9.93 3.74 27.48 88.8
(3.27) (2.05) (4.76) (4.42) (3.23) (2.06) (5.29)
2,4-D Nasalt 800 2.60 2.89 315 4.84 1.09 2.26 8.08 96.7
(1.76) (1.84) (1.91) (2.31) (1.26) (1.66) (2.93)
Weed-free 2293 8195 28.77 16.64 1.75 3.15 11.13 954
(4.84) (9.09) (5.41) (4.14) (1.50) (1.91) (3.41)
Unweeded 4293 399.9 51.34 336.9 16.81 1319 245.3
(6.59) (20.01) (7.20) (18.37) (4.16) (11 51) (15.68)
LSD (P=0.05) 1.2 1.55 1.45 2.87 0.75 0.99 1.18

Figuresin parentheses are transformed values; BLW- Broad-leaved weeds, WCE- weed control efficiency; DAS - Days after sowing

Table 2. Effect of treatments on yield attributes and yield of direct-seeded rice (pooled data of three seasons)

Treatment Dose Panicles Panicleweight Fertile grains/ 1000-grain Grain yield Weed
(g/ha) /m? (9) panicle weight (g) (t/ha) index
Carfentrazone-ethyl 20 290 2.39 86.9 24.02 3.68 9.5
Carfentrazone-ethyl 25 272 2.28 91.0 23.38 3.32 185
2,4-D Nasalt 800 282 2.28 91.6 24.28 3.65 10.3
Weed-free 330 243 104.0 25.19 4.07 -
Unweeded 147 1.55 56.2 22.74 1.14 72.0
LSD (P=0.05) 19 0.18 7.4 0.44 0.30
Yield attributes and yield Adoption of different weed management measures

influenced by the weed control treatments (Table 2). Weed The increase ranged from 65.6% - 71.91% over un-

free situation recorded significantly higher number of ~ Weeded control. Among theweed control treatments, weed
compared to other treatments. Dataon paniclesm' revealed This might be due to the competition free environment
that tested herbicides did not exhibit any phytotoxic effect ~ Maintained by the manual removal of associated weeds.

carfentrazone applied at 20 g/harecorded higher number 20 g/harecorded higher grain yield which was at par with
others. Reduction in the weed population provided a sedges and broad-leaved weeds and also due to the

competition free environment for rice, enhancing the uptake improved yield attributes. Paswan et al. (2012) reported
of nutrients and translocation of photosynthates to sink that application of carfentrazone-ethyl 20 g/ha recorded
whichinturninfluenced theyield attributes positively. Un- maximum grain yield in wheat compared to 2,4-D Nasalt

weeded check recorded the lowest number of panicles/ at 750 g/ha. Un-weeded check recorded the lowest grain
m , panicleweight, fertile grains per panicleand test weight. yield (1.14 t/ha) due to the negative impact on yield
This was due to severe weed competition exerted by attributesimposed by competition by weeds. Mohan et al.
sedges and broad-leaved weeds for space, light and (2010) has also reported similar results.

nutrients throughout the growth period. Theresults arein Weed index isthe measure of reductioningrainyield
conformity with thefindings of Gopinath and Kundu (2008) due to crop- weed competition compared to weed free
and Saha (2009). situation. In the present study 72% reductioningrainyield
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Table 3. Effect of treatments on economics of rice (pooled data of three seasons)

Dose Grainyield Straw yield Grossreturns Cost of cultivation Netreturns B:C

Treatment

(g/ha)  (t/ha) (t/ha) (x103~/ha) (x10%~/ha) (x103~/ha) ratio
Carfentrazone-ethyl 20 3.68 4,72 81.63 34.62 47.01 2.36
Carfentrazone ethyl 25 3.32 4.45 74.28 34.74 39.54 2.14
2,4-D Nasalt 800 3.65 4.82 81.43 34.48 46.95 2.36
Weed-free 4.07 5.38 90.75 39.20 51.55 2.32
Unweeded 1.14 1.72 26.27 31.38 -5.11 0.84
LSD (P=0.05) 0.30 0.29

was noticed due to the infestation of broad-leaved weeds
and sedges in direct-seeded rice. Among herbicides,
application of carfentrazone-ethyl 20 g/haon 15-20 DAS
recorded the lowest weed index (9.5) followed by 2, 4-D
Na salt applied at 800 g/haon 20-25 DAS (10.5). The
lower weed indices recorded in these treatments indi cated
lesser grain yield reduction due to minimum crop-weed
competition at critical stages.

Even though manua weeding required high labour
cost compared to herbicide treatments, weed free situation
registered high gross returns and net returns due to high
grain and straw yield. Among the herbicide treatments,
carfentrazone-ethyl applied at 20 g/ha recorded higher
gross returns and net returns due to higher grain yield
followed by 2,4-D Na salt applied at 800 g/ha. However
the B:C ratio recorded was same in the two treatments
(2.36) due to the low cost of 2,4-D compared to
carfentrazone-ethyl and high straw yield (Table 3). Weed
free situation recorded lesser B: C ratio than carfentrazone
ethyl 40 DF applied at 20 g/lhaand 2, 4-D Nasalt applied
800 g/ha due to high cost of labour with resultant increase
in cost of cultivation. Yaduraju and Mishra (2008) reported
that manual and mechanical method used to control sedges
could not find much place among farmers because of high
labour cost, scarcity of labour during the critical period of
weed competition and un-favourable weather at weeding
time. Thelowest B: Cratio wasrecorded in carfentrazone-
ethyl applied at 25 g/ha.

It can be concluded that application of carfentrazone-
ethyl 20 g/lhaon 15-20 DAS can be recommended for the
control of broad-leaved and sedges (non-grassy weeds)
in direct-seeded rice with higher grainyield, gross returns,
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net returns and B: C ratio. It can be used as an alternative
to 2,4-D Na salt, a popular herbicide for controlling non -
grassy weeds in rice.
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ABSTRACT

A field experiment was conducted at Kotwa, Azamgarh during rainy season of 2008 and 2009 to evaluate
the comparative efficacy of various planting methods and weed control measures on weeds density
growth, yield attributes, grain yield and economics of rice variety ‘ Godawari’ . Four main rice establishment
techniques comprised with six sub-plot weed control practiceswaslaid out in split plot design and replicated
thrice. Echinichloa colona, E. crusgalli, Cyperus rotundus, C. difformis and Commelina benghalensis
were predominant weed species. Among the rice establishment techniques, puddled transplanted practices
proved best for reducing weed dry matter accumulation and produced significantly highest mean grain
yield (3.89 t/ha) along with yield contributing parameters in comparison to rest planting methods. Direct
drum-seeded rice under puddled condition were observed to be significantly superior and recorded 2.82 t/
ha more mean grain yield over direct-dry seeding. Application of pretilachlor 750 g/ha pre-emergence
followed by cyhalofop-butyl 60 g/ha post-emergence at 25 DAS/DAT was found quite effective against
mixed weed flora which recorded statistically similar grain yield to that of repeated hand weedings. The
integration of herbicide with tools, viz. pretilachlor 750 g/ha supplemented with mechanical weeding at 25
DAS/DAT again found equally effective in increasing the grain yield as pre- and post-emergence applied

herbicides.

Key words. Planting techniques, Rice, Weed control, Yield, Yield parameters

Uttar Pradesh in Indiaisimportant rice growing state
with broad-spectrum agro-ecosystemswhere transplanting
method persists asthe major practice of rice planting under
puddle condition. Often, farmers fail to transplant the
seedlingsintimeeither dueto prolonged dry spell or intense
rainfall resulting lower yields. Paucity of labours and
increasing cost of transplanting encouraged many rice
growers to switch over from transplanting to other
planting methods of rice. Under these circumstances, the
direct seedling of sprouted seeds, unpuddled transplanting
and unpuddled stal e transpl anting appearsto bethe alternate
practices. In wet-seeded rice, weed control is the most
crucial factor because the soil conditions are favorable
for simultaneous of weeds seeds along with rice seeds
and also caused complete reduction in yield (Singh and
Singh, 1996). Thus, to avoid yield loss and to keep weed
under threshold’s level, planting methods become of
paramount importance. Location specific information is
still lacking about the efficacy of weed management
practices on the performance of rice grown under various
cultures. Hence, the present investigation was carried out
under rainfed lowland shallow favorable situations.

*Corresponding author: rksagron@gmail.com
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MATERIALSAND METHODS

A field experiment was conducted at Krishi Vigyan
Kendra, N.D. University of Agriculture & Technology,
Faizabad, Kotwa, Azamgarh during rainy season of 2007
and 2008 in sandy clay loam having 7.3 pH, organic carbon
0.45%, available N, Pand K were 210, 14.6 and 230.7 kg/
ha, respectively. A set of 24 treatment combinations
consisting of four rice establishment techniques, viz. direct
sowing with zero till drill under unpuddied wet seed bed,
direct drum seeding of pre-germinated seeds under puddle
conditions, unpuddled transplanting and transplanting under
puddle situation kept as main-plot treatments and coupled
with six sub-plot weed control measures like manual
weeding at 20, 40 and 60 DAS/DAT, weedy check,
mechanical weeding at 25 DAS/DAT, pretilachlor 750 g/
ha applied at 48 hours of DAS/DAT, pretilachlor at pre-
emergence integrated with mechanical weeding at 25 DAY
DAT and pretilachlor at pre-emergence combined with
cyhalofop-butyl at 60 g/ha as post-emergence herbicide
was laid out in split plot design with three replications.
Rice cultivar ‘Godawari’ was used 60 and 30 kg/ha for
direct-seeding and nursery raising at sameday in last week
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of June. As per spacing, thinning was done at 15 DASto
keep intra space 10 cm during both the years of study.
The N, P,Os and K,O was applied at 120, 60 and 40 kg/ha
through DAP, urea and muriate of potash. The 25%
nitrogen and full dose of P,Os and K,O were applied as
basal while remaining, nitrogen was applied in two equal
i.e. 50% nitrogen was given at active tillering and 25% at
panicle initiation stage. For transplanting of seedlings in
unpuddled culture, abasic ploughing followed by planking
was done by rotavator after which water level was
maintained for the purpose. Cyhal of op-butyl was applied
at 25 DAS/DAT. Weedswere collected four timesfor count
and dry weight through 0.25 m? quadrate. Observations
related to crops, yield attributes, yields and other
parameters were recorded carefully to interpret
interferences during both the years.

RESULTSAND DISCUSSION

The dominant weeds observed in the experimental
field were: Echinochloa colona (L.) Link; E. crusgalli (L.)
Beauv; Cynodon dactylon (L.) Pers; and Paspalum
distichum L. in grasses; Cyperus rotundus L. and C. iria
L. in sedgesand Trianthema monogyna L. and Commelina
benghalensisL. in broad-leaved group. Theseweed groups
constitute 25, 60 and 15% of total weed population in
experimental plots.

Effect on weeds

All rice establishments brought significant effect on
decreasing weed dry matter production. The highest value
of weed dry weight (138.5 g/m?) was registered in direct
sowing under unpuddled wet seed bed in comparison to
rest of the rice cultures. Transplanting under puddle
condition had given detrimental impact on weed growth
and resulted lowest producer of weed dry weight in both
the years (Table 1).

By and large, all the weed control measures were
observed to be significantly better than weedy check. In
spite of repeated manual weeding, the application of
pretilachlor 0.75 kg/ha supplemented with cyhal of op-butyl
0.06 kg/ha post-emergence recorded 85.8% lower weed
dry weight over weedy check and found comparable with
pre-emergence pretilachlor 0.75 kg/ha integrated with
mechanical weeding. Weeds in uncontrolled plots
accumulated about two times higher dry matter to that of
weeds present in those plots which treated once. This
confirms the results of Prasad (1995) that pre- and post-
emergence use of anilofos and 2,4-D both 0.4 kg/ha as
effective as hand weeding twice at 20 and 40 DAT.
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Table 1. Effect of varying planting methods and weed
control measures on weeds in rice (mean of

two years)
Weed
X Wed
density ; WCE
Trea ment (noJm?) a We/lr%gt (%)
60DAs _ (9/M)
Planting method
Direct-seaded 2101 1385
Direct-drum seeded 119.9 85.0
Unpudd ed transplented 635 35.0
Transplanted 34.7 171
LSD (P=0.05) 1.57 4.77
Weed control method
Mechanicd weeding twice 138.0 9.4 45,5
Pretilachlor 100.1 63.4 64.5
Pretilachlor fbo mechanical 71.2 46.2 76.9
weeding
Pretilachlorfb cyhdofop-butyl 55.3 25.2 85.9
Weed free 245 105 94.2
Weedy check 2534 1768 0.00
LSD (P=0.05) 2.49 2.80 -

Effect on crop

Paddy transplanted under puddle conditions produced
significantly higher effective tillers per meter row length,
more filled grains/panicle and longest panicles. However,
among the unpuddled culture, transplanting of raised
nursery in well ploughed field being irrigated for
transplanting had proved its superiority in enhancing yield
enhancing parameters than direct seeding. The highest
mean grain yield (3.89 t/ha) was recorded under puddie
transplanted method, followed by unpuddled transplanting
(3.51 t/ha) during 2008 and 2009, respectively. On an
average, puddle transplanting increased the grain yield by
84.6, 37.8 and 10.7%, respectively over direct seeding,
drum seeding and transplanting under unpuddled situation
(Table 2). The highest yield under puddle transplanting
culture may be owing to better crop growth, initial crop-
weed competition free environment and better yield
contributing parameters by efficient utilization of available
resources, which had direct impact on increasing the grain
yield. Theresultswerewell corroborating with the findings
of Jaiswal and Singh (2001).

All weed control measures increased yield and yield
attributes considerably over control. The crop growth under
weed-free environment recorded maximum number of
effectivetiller, filled grains/panicle and longest panicle as
well as highest producer of yield than the remaining
practices. Application of pretilachlor 750 g/ha applied at
48 hours of DAS/DAT combined with cyhalofop-butyl at
60 g/ha post-emergence herbicide appeared asthe efficient
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Table 2. Effect of varying planting methods and weed control measures on rice (mean of 2 years)

Treatment Effectivetillers Filled grains/ Grainyield Benefit :
(running/m) panicle (t/ha) cost ratio

Planting method
Direct-seeded 36.8 99.3 2.11 1.19
Direct-drum seeded 35.3 126.5 2.82 117
Unpuddled transplanted 49.7 134.7 3.51 1.25
Transplanted 52.9 159.7 3.89 1.42
LSD (P= 0.05) 2.79 12.6 0.21 -

Weed control method
M echanical weeding 36.0 118.1 2.65 1.09
Pretilachlor 43.0 130.2 3.01 1.32
Pretilachlorfb mechanica weeding 48.9 137.4 3.34 1.33
Pretilachlorfb cyhal of op-butyl 51.0 147.4 3.43 1.40
Weed free 51.8 156.0 3.60 1.35
Weedy check 275 94.1 2.23 1.00
LSD (P= 0.05) 272 6.53 0.20 -

weed control treatment that provided almost equal grain
yield to weed-free but did not differ significantly with pre-
emergence pretilachlor 750 g/ha integrated with
mechanical weeding at 25 DAS/DAT. Therelatively higher
grain yield under these treatments might be due to
detrimental effect on weeds which suppressed weed
growth efficiently as a resultant of lower crop-weed
competition and weed dry weight in per unit area. The
deleterious effect of pre- and post-emergence spraying of
anilofosand 2,4-D EE on weedsin different paddy cultures
provided best weed control along with higher grain yield
(Thomas and Sreedevi 1993).

On the basis of above findings, it may be concluded
that higher grainyield of rice can be achieved under puddle
transplanting method of paddy establishment coupled with
the application of pretilachlor 750 g/haapplied at 48 hours
of DAS/DAT combined with cyhalofop-butyl at 60 g/ha
post-emergence herbicide. The same culture of rice
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production was found more profitable to the rice growers
under rainfed lowland rice situations in eastern Uttar
Pradesh. The production of weed dry matter wasinversely
related with subsegquent growth and yield of crop.
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ABSTRACT

A field experiment was conducted at village Binuria of the district Birbhum, West Bengal, India during
rainy seasons (Kharif) of 2008 and 2009 to study the effect of crop establishment methods and weed
management practices on weed growth and productivity of aromatic rice cv. ‘Basmati 370°'. Three crop
establishment methods viz. drum seeding (DS), system of rice intensification (SRI) and conventional
transplanting (CTR) were assigned in main plots and six weed management practices, viz. weed-free
check (WFC), unweeded check (WC), pyrazosulfuron-ethyl (PSE) at 20 g/ha, cono weeder (CW) twice
at 15 and 30 DAS/DAT, combination of pyrazosulfuron-ethyl (PSE) at 20 g/ha and cono weeder twice
(PSE + CW) and metsulfuron -methyl 10% + chlorimuron- ethyl 10% (Almix) at 4 g/ha in sub-plots,
replicated thrice. Cynodon dactylon, Echinochloa colona and Oryza rufipogon under grasses, Hydrolea
zeylanica, Ludwigia parviflora, Sophenoclea zeylanica, Monochoria vaginalis, Sagittaria sagitifolia and
Marsilea quadrifolia among broad-leaved and Cyperusiria, C. difformisand Fimbristylis miliacea among
the sedges were predominant weeds. Hydrolea zeylanica was the most pre-dominant species in SRl as
well as conventional transplanting method while Fimbristylis miliacea in drum seeding. SRI recorded
significantly lower number of total weedsat 60 DAT, the highest number of panicles (231/m?), filled grains
(98/panicle) and grain filling efficiency (84.79%) producing the highest grain yield (3.23 t/ha), 19.68 and
25.8% higher than that of CTR and DS methods respectively. Pyrazosulfuron-ethyl in combination with
cono-weeder recorded the lowest weed population and dry weight at 40 DAS/DAT, higher grain yield
(2982 kg/ha), 20.58% more over weedy check and was equivalent to sole application of pyrazosulfuron-
ethyl and metsulfuron-methyl + chlorimuron-ethyl.

Key words: Cono weeder, Drum seeding, Metsulfuron-methyl + chlorimuron-ethyl, Pyrazosulfuron-ethyl,

SRI, Weed management

India is bestowed with a rich diversity of aromatic
rice. Basmati Rice, a variety of long grain with a fine
texture, istheworld’ s best rice for cooking and the leading
aromatic fine quality rice in the world trade. In India,
Basmati rice is characterized by extra long, superfine
dender grains having a length to breadth ratio of more
than 3.5, sweet taste, soft texture, delicate curvature and
an extra elongation with least breadth-wise swelling on
cooking (Yoshihashi 2005). This highly aromatic rice is
India's gift to the whole world. Among several grown and
marketed Basmati varieties, only six in Indiaare recognized
astraditional varieties of which ‘Basmati 370’ or ‘ Punjab
Basmati’ is most popular one which conform various
standards of genetic purity as prescribed under the
provisions of the Seed Act 1966. The crop of ‘ Basmati
370" isabout 165 cm tall, highly photosensitive and grows
under high fertility conditions. It grows best on average

*Corresponding author : bduary@yahoo.co.in
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fertility soils. ‘Basmati 370" rice variety is a Kharif crop
and gives an approximate yield of 1.2 t of paddy per acre.
Improper planting techniqueis one of theimportant factors
limiting rice yield. The conventional method of planting
ricein Indiais through transplanting after raising nursery,
which is not only more laborious and time consuming but
also expensive and inconvenient. Conventional method of
transplanting can be replaced by direct seeding thereby
reducing labour needs by more than 20% in terms of
working hours required. In such situation, direct seeding
is helpful because of less labour and time requirement,
low cost of cultivation due to skipping of nursery raising
and transplanting, maintaining recommended plant
population and early crop maturity by 7-12 days (Gill
2008). Productivity of direct seeded rice is comparable
with conventional transplanting method (Yadav and Singh
2006, Gangwar et al. 2008). The system of rice
intensification (SRI) —atechniquefor rice cultureisbeing
practiced/eval uated in almost 22 countries. The proponents
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of SRI have claimed substantial increases in rice yields,
sometimes as high as 3-4 times, with the consequent
increaseinthe productivity of land, labour, water and capital
(Uphoff 2002). System of rice intensification increases
rice yield over the conventional method of cultivation by
32% and net returns by 67%, while decreases |abour input
by 8% inWest Bengal, India(Sinhaand Talati 2007). Weed
menace is more in wet direct-seeded rice than in
transplanted rice and the loss may be to the extent of 50-
60% and even acomplete crop failure. Manual weedingin
rice becomes difficult because of possible damage to rice
plants, problems in differentiating grassy weeds, scarcity
of labours and more time and cost involvement. Chemical
weed management using herbicide alone or in combination
may result in effective and economic control of weeds.

Cultivation of ‘Basmati 370" is mainly confined to
the foot hills of the Himalayas along with some distant
pockets in few states of our country (Siddiq 2002).
‘Basmati 370’ isnew introductionin thisregion particularly
lateritic belt of West Bengal. At present only asmall fraction
of land is occupied by this cultivar in this region, so there
is lack of information about establishment method, weed
management and productivity of this variety. With this
background, the present study was undertaken to study
the effect of crop establishment methods and weed
management practices on weed growth and productivity
of ‘Basmati 370’ in the lateritic belt of West Bengal.

MATERIALSAND METHODS

Field experiments were conducted during Kharif
seasons of 2008 and 2009 at the farmer’s field at village
Binuria (GPS point: 23°39.951'N, 87°37.971' E and 51 m
above MSL), adjacent to Institute of Agriculture, Visva-
Bharati, Sriniketan, West Bengal, Indialocated inthelateritic
belt of West Bengal. The experimental site represents low
rainfall area of the state, with average annual rainfall of
1480 mm. The mean monthly temperature varied between
36.98 °C inApril (the hottest month) and 11.7 °Cin January
(the coldest month) and mean relative humidity between
57.8% in March and 86.6% in August. The experimental
soil (lateritic soil) was clay loam (38.6% sand, 22.8% silt
and 38.6% clay) in texture, dightly acidic in reaction (6.1
pH in 1:2.5 soil: water) having 328 kg/ haavailable N (by
KMNOs method), 22.5 kg/ha Olsen’s P and 228.7 kg/ha
of 1 N neutral ammonium-acetate-extractable K (by
emission spectro-photometry).

The experiment comprising three rice establishment
methods viz. drum seeding (DS), system of rice
intensification (SRI) and conventional transplanting (CTR)
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in main plots and six weed management practices
comprising two controls (weed free and unweeded check),
two herbicides viz. pyrazosulfuron-ethyl (PSE) at 20 g/ha
on 6 days after sowing or transplanting (DAS/DAT) and
metsulfuron-methyl 10% + Chlorimuron-ethyl 10%
(Almix) at 4 g/ha on 20 DAS/DAT, mechanical weeding
with cono weeder (CW) at 15 and 30 DAS/DAT and one
chemical and mechanical combination (PSE + CW) in sub
2 . .
plotsof 12m plotswas conducted under split- plot design
with three replications.

In case of drum seeding, a modified drum seeder
(IRRI model) was used. It was an eight row seeder spaced
at 20 cm row spacing and required 9 kg of pressure to
operate the machine. The drum was mounted on two
wheels which were placed at both ends. Pre-germinated
seeds (soaking for 24 hours in water and treated with
mancozeb at 2 g/litre of water for five minutes followed
by incubation for 36-48 hours in jute bag under moist
condition) of paddy cultiver ‘Basmati- 370" werefilled in
the drums after drying in shade for 2 hours and the drum
seeder was manually dragged on the field after draining
the water to saturation on July, 04 in 2008 and 2009. On
the same day seeds were sown in nursery bed for SRI (in
raised bed, germinated seeds were spread and covered
with well rotten dry FY' M and ash to facilitate transplanting
of younger seedlings) and CTR (in well puddied nursery
bed in densely spread out of germinated seeds). Eleven
day old seedlings were transplanted singly for SRI in well
puddled, clean, moist plots measuring 4 x 3 mat 25 x 25
cm hill spacing on July, 15" in both the years and for
conventional transplanting, 21 day old seedlings were
transplanted on 25™ July 2008 and 2009 respectively
maintaining 25 x 20 cm hill spacingin well puddied 4 x 3
m plots with 2-3 seedlings/hill.

The recommended dose of fertilizer (RDF) for
Basmati rice in the experiment was at 80: 40: 40 kg N,
P,Os and K,0O/ha, respectively in the form of urea, single
super phosphate (SSP) and muriate of potash (MOP). Half
of the fertilizer N and K, full dose of B, along with 5 t/ha
farm yard manure (FY M) were applied as basal (at the
time of puddling). Remaining half of N and K was applied
in two equal splits once at tillering and rest at panicle
initiation stage.

The crop was harvested at the end of October to
first week of November and DS plots were harvested 3-4
days before SRI and later one harvested 2-3 days prior to
CTR. Plant protection measures were adopted as per need.
Observations on weed counts (number/m?) and weed dry
weight (g/m?) were taken by sampling randomly at 5 places
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with the help of 0.25 m? quadrates at 40 and 60 days and
the datawere transformed using~/x + 0.5 before statistical
analysis. Weed control efficiency [WCE={ (WC-Wt)/WC}
x 100] was also calculated [average weed dry weight per
unit area in weedy check (WC) and average weed dry
weight per unit areain treatment plot (Wt)]. Plant height,
panicle numbers, were recorded at the day of crop harvest
based on randomly selected 10 plantg/hills of each plot
and length of panicle, filled graing/ panicle were recorded
at 2-3 days after crop harvest based on randomly selected
ten panicles. Test weight of grainswas computed by taking
1000 bold seeds from each plot after proper sun-drying.
Weed Index [WI={(Yw=Y 1)/ Ywe} % 100] was calculated
from the grain yield data of weed management treatments
[average grain yield of rice in weed free plot (Ywes) and
average grain yield of ricein weed management treatments

(Y7l

RESULTSAND DISCUSSION
Weeds and weed growth

The experimental field was infested with three
categories of weeds under nine families. The total number
of species was 12, out of which, Echinochloa colonum
(L.) Link, E. crus-galli (L.) Beauv. and weedy rice - Oryza
rufipogon Griff. among grasses, Hydrolea zeylanica (L.)
Vahl., Ludwigia parviflora Roxb., Marsilea quadrifoliaL.,
Sphenoclea zeylanica Gaertn., Monochoria vaginalis
(Burm.f.) C. Presl. and Sagittaria sagitifolia L. among
broad-leaved and Cyperus iria L., C. difformis L. and
Fimbristylismiliacea (L.) Vahl. among sedgeswere present
as major weeds in rice field. Hydrolea zeylanica was the
most predominant species in SRl and Conventional
Transplanting plotswhereas, Fimbristylismiliaceain drum
seeding plots during both the years. Rice establishment
methods had significant effect on the reduction of weed

Table 1. Effect of crop establishment and weed management practices on weed population, dry weight and weed

control efficiency (mean of two years)

Weed control
Weed population (no./m?) TOtf”“ weed dzry efficiency
weight (g/m?) (%)
Treatment 40 DAS/DAT 60 DAS/DAT 40 60 40 60
DAS/ DAS/ DAS DAS/
Grass Ilgeg)va:ij Sedge Total Grass ?eg/a; Sedge Totd DAT DAT DAT DAT
Crop establishment
DS 2.04b 261lc* 169b 345c 1.67b 253b 257c 384c 364c 4.73c
(65 (152) (47) (263) (3.7) (11.6) (8.1) (234) (29.7) (36.4) i i
SRI 1.83a 204a 13la 273a 137a 19a 162a 265a 222a 323a
(500 (84) (21 (155 (20) (5.9) (32) (111) (6.0) (17.3) i i
CTR 207b 230b 143a 316b 1.60b 245b 209b 342b 258b 4.21b
(6.2) (11.4) (31) (207) (34) (10.0) (5.1) (18.4) (8.4) (28.8) i i
LSD (P=0.05) 0.13 0.12 0.12 0.23 0.20 0.36 0.17 0.29 0.10 0.37 - -
Weed management
PSE at 20 g 098b 0.71a 0.71a 0.98b 098b 090a 1.79c 20lc 1.01b 245c
05 (00) (0.00) (0.5 (05 (04) (30) (38 (06) (6.0) 05 989
CwW 356¢c 347b 205b 529c¢ 226c 4.30c 3.12d 5.71d 5.62c 7.12d 7046 478
(124) (11.9) (39) (282) (5.0) (183) (100) (332 (31.8) (51.8) '~ :
PSE + CW 095b 0.71a 0.71a 095b 098b 1.03b 136b 1.72b 098b 2.08b 9953 959
(0.4) (000 (0.00 (0.9 (05 (06) (15 (2.6 (05 (40 ™ )
MSM + CMU at 4 099b 0.71a 0.71a 099b 083a 1.03b 147b 1.73b 1.02b 209b 9936 958
g (0.6) (0.00 (0.00 (0.6) 02 (07 (1.8 (2.6 07 (@41 7 '
Weed-free check 0.717a 0.71a 071a 071a 071a 0.71a 0.71a 0.71a 0.71a 071a 100 100
(0.0)0 (000 (0.00 (0.0 (0.0) (0.0) (000 (0.0 (0.0) (0.0
Unweeded check 469d 7.60c 3.98c 9.74d 351d 588d 4.1le 794e 1036d 990e 0 0
(21.5) (58.1) (15.7) (95.3) (12.0) (35.0) (16.6) (63.5) (107.7) (99.1)
LSD (P=0.05) 020 009 0.08 021 018 023 013 0.22 0.23 0.28 - -

Values given in parentheses are original means; *Means followed by common letters do not differ significantly at P = 0.05 level; DS- Drum
Seeding; SRI- System of riceintensification; CTR- Conventiona transplanting; PSE - Pyrazosulfuron-ethyl at 20 g/haat 6 DAS/DAT; PSE +
CW - Combination of PSE + cono-weeder (twice application at 15 and 30 DAS/ DAT); MSM + CMU - Metsulfuron-methyl 10% +

chlorimuron-ethyl 10% at 4 g/lhaat 20 DAS/DAT.
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population. SRI plots had the lowest number of weedsin
respect of morphological groups aswell as total weeds at
40 and 60 DAS/DAT whereas drum seeding plots had the
highest number of weeds. Effective reduction of broad-
leaved, grasses and sedges was recorded with PSE + cono-
weeder, PSE and Almix alone and these were statically at
par with weed free check. However, regeneration of sedges
occurred in all weed management treatments (Table 1).
None of the treatments could effectively control weedy
rice (Oryzarufipogon). All the treatmentswere significantly
superior to weedy check. Pal et al. (2012) also found
similar results.

Among the crop establishment methods, SRI had the
lowest dry weight of total weed and drum seeding plots
had the highest dry weight of weeds both at 40 and 60
DAS/DAT. Thetreatment PSE + cono weeder significantly
reduced the total weed dry weight followed by PSE and
Almix aone (Table 1). Absolute WCE was only in weed
free check, above 95% in PSE + cono weeder, PSE and
Almix and below 75% in Cono weeder. Besidesthat Almix
had the certain level of phytotoxicity in DSand SRI treated
plots at the early stage of crop growth.

Effect on rice

Weed management treatments had the significant
effect on crop height at harvest. PSE + cono weeder and
weedy check plots recorded the tallest and shortest plants

respectively; whereas, rice establishment techniques had
no significant effect on crop height at harvest. Rice
establishment techniques had significant effect on
production of tillers/m? SRI and DS recorded the highest
and the lowest number of tillers respectively. Among the
weed management treatments PSE + cono weeder
recorded the higher number of tillers/m? over others except
weed-free check followed by cono weeder alone ssimply
due to effective weed suppression and better root aeration
in thisintegrated approach. However, Almix recorded the
highest efficiency regarding panicle production; followed
by PSE, PSE + cono weeder and weedy check.

Number of filled grains per panicle was significantly
influenced both on the rice establishment methods and
weed management practices. The number of filled grains
and grain filling efficiency were highest under SRI and
were significantly superior over DS and CTR which were
however at par with each other. Among the weed
management practices PSE + cono weeder recorded higher
number of filled grains (98/panicle) which was statistically
at par with weed free check followed by sole application
of PSE and Almix (Table 2). Weed free check registered
significantly higher grain filling efficiency (89.1%) over
other treatmentsfollowed by PSE + cono weeder (84.7%),
sole application of PSE (82.7%) and Almix (82.1%). Test
weight (1000 seeds weight) was significantly influenced
both by rice establishment system and weed management

Table 2. Effect of crop establishment and weed management practices on plant height, yield components, har-
vest index and weed index (mean of two years)

Plant Grain

! . Filled - Test Grain Strav  Harvest Weed
Treatment hﬁa?vh éstat tIiEIfIfe?gt/Ir\:]% graing/ a‘;: gilgr?cy weight  yield yield index index
cm) panicle %) (9) (t/ha) (t/ha) (%) (%)
Crop establishment
DS 147.0 2034 b 85.3b 79.7b 2187b 257b 9.13b 21.9b -
SRI 149.7 230.8 a 97.8¢ 849¢ 228a 323¢ 952h 253¢ -
CTR 148.6 228.1a 88.1b 80.0b 2207b 270b 1044a 206h -
LSD (P=0.05) NS 177 3.63 3.6 0.27 4.43 0.50 2.7 -
Weed management practice
PSE a 20g 146.1c 221.1bc 913bc 82.7hb 2226b 2.90bc 9.69¢ 230 5.01
Conoweeder (CW) 151.8ab 230.3 abc 89.0c 789c 21.92c 276 d 980bc 219 935
PSE+CW 1524 2419a 97.1ab 84.7b 2248b 298ab 10.12ab 227 235
MSM+CMU at 4g  146.8 bc 2109c 87.8c 82.1bc 2237b 284cd 0.96c 228 6.8
Weed free check 144.7 c* 248.7a 1019¢ 89.1¢ 2279a 3.05 ¢ 1.03a 229 0.00
Unweeded check 1488 abc 171.7d 75.3d 71.6d 21.70c 247 € 864d 222 19.00
LSD (P=0.05) 5.14 227 6.65 3.7 0.26 0.13 0.38 NS -

*Means followed by common letters do not differ significantly at P = 0.05 level; DS- Drum Seeding; SRI- System of rice intensification;
CTR- Conventional transplanting; PSE - Pyrazosulfuron-ethyl at 20 g/haat 6 DAS/DAT; PSE + CW - Combination of PSE + cono-weeder
(twice application at 15 and 30 DAS/ DAT); MSM + CMU - Metsulfuron-methyl 10 % + chlorimuron-ethyl 10 % at 4 g/lhaat 20 DAS/DAT.

169



M.K. Mandal, B. Duary and GC. De

treatments. SRI produced more bold seeds than that of
CTR and DS. On the other hand weed-free check recorded
significantly the highest test weight, followed by PSE +
Cono weeder, AlImix and PSE; which were at par; whereas,
weedy-check recorded the lightest grains.

SRI recorded significantly the highest grain yield
(3235 kg/ha) which was 19.7 and 25.8% higher over CTR
and DS, respectively. Though the lowest (2572 kg/ ha)
grain yield was recorded under DS but it was at par with
CTR (2703 kg/ha). About 19% yield loss was occurred
due to weed competition in Basmati rice. Weed-free check
recorded the highest grain yield and was at par with PSE
+ cono weeder (2.98 t/ha), followed by sole application
of PSE, Almix, cono weeder and the significantly lowest
gain yield was in weedy-check. Crop establishment
methods and weed management treatments had no
significant interaction effect. The results corroborate the
findings of Kumar et al. (2012). Conventional transplanting
recorded the highest straw yield and DS the lowest and
the later was statistically at par with SRI. The opposite
result was observed with respect to HI. PSE + cono weeder
recorded significantly higher straw yield followed by Cono
weeder, PSE and Almix. Weed management treatments
had no significant effect on HI. PSE + cono weeder
recorded lower weed index (WI) value (2.35%) followed
by sole application of PSE, ailmix and cono weeder.

It can be concluded that application of PSE at
20 g/ha at 6 DAS/DAT and twice application of cono
weeder at 15 and 30 DAS/DAT was the most effective
weed management practice and among the rice
establishment systems SRI was the most appropriate
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system in Basmati rice in the Kharif season. Thus, SRI
system aong with pyrazosulfuron-ethyl at 20 g/ha at 6
DAT + cono weeder may be recommended for Basmati
rice cultivation in the lateritic belt of West Bengal.
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ABSTRACT

A field experiment was conducted to study the performance of cultivar and weed management practices
under stale seed bed in dry direct seeded rice. The treatment consisted of combination of two methodsof
rice sowing i.e. dry seeding after stale seed bed by glyphosate 1 kg/ha and shallow tillage and two weed
management treatment (weedy and two hand weeding) in main plot and four cultivars viz. ‘BPT-5204,
Sarjoo -52, PRH-10" and ‘HUBR2-1" in sub-plot replicated thrice in split plot design. The results revealed
that * Sarjoo-52' wasfound to be more competitivethan other cultivarsintermsof grain yield and economics.
Studies on competitive traits revealed that number of grains/panicle had highest direct positive effect
whereas number of panicles/n?via number of grains/panicle had more indirect effect on grain yield.

K ey wor ds: Competitive traits, Cultivars, Dry direct-seeded rice, Stale seed bed, Weed management

Due to climate change and changing weather pat-
terns, there is change in the rainfall pattern. It has been
observed at Varanasi (Uttar Pradesh, India ) that the
average rain fall has decreased in past decades, resulting
in water scarcity (Singh et al. 2011). Increasing shortage
of water had compelled farmers to adopt dry direct seeded
rice (Dry-DSR). Weeds are a major constraints to the
success of DSR in general and to Dry-DSR in particular
(Johnson and Mortimer 2005, Singh et al. 2006, Rao et
al. 2007). In absence of effective weed control measures,
yield losses are high in direct seeded rice than in trans-
planted rice (Rao et al. 2007).

The success of stale seed bed depends on several
factors like method of seed bed preparation, method of
killing emerged weeds, weed species, duration of the stale
seed bed (Ferrero 2003) and environmental condition (tem-
perature during the stale seed bed period ). Weed species
especialy Cyperus iria, Cyperus difformis, Fimbristylis
miliaceae and Eclipta prostrate) can be relatively more
susceptible to the stale seed bed technique combined with
zero-till because of their low seed dormancy and their
inability to emerge from a depth greater than one cm
(Chauhan and Johnson 2009, 2010). Renu et al. (2000)
found that a stale seed bed with herbicide (paraquat) was
more effective in weed suppression than the mechanical
method in dry-DSR because herbicides kill weeds with-
out bringing new seeds to the germination zone.

Differencesin the competitiveness of upland and rain
fed low land rice cultivars against weed infestation have
*Corresponding author : mksingh_neha@ yahoo.co.in
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been well documented (IRRI 1994). Upland rice cultivars
can differ by up to 75% in their suppression of weeds
(Garrityet al. 1992). Studies have shown the competitive
ability of rice cultivars against weeds like Echinochloa
phyllopogen, E. oryzoides, Brachiaria brizantha or B.
decumbens (Fischer and Gibson 2001). Rice establishment
method is one of the important factors influencing nature
of weed flora infesting DSR. In stale seed bed technique,
after seed bed preparation, the field is irrigated and |eft
unsown to allow weeds to germinate and which are killed
either by a non-selective herbicide or by carrying out till-
age prior to the sowing of rice. This technique not only
reduces weeds emergence but also reduces the number
of weed seeds in the soil seed bank (Rao et al. 2007).
K eeping above factsin view, an experiment was conducted
to study the performance of rice cultivars under stale bed
method in dry direct-seeded rice.

MATERIALS AND METHODS

A field experiment was conducted during rainy sea-
son of 2009, 2010 and 2011 at Agricultural Research Farm,
Institute of Agricultural Sciences, Varanasi, Uttar Pradesh.
The sail of the experimental field was sandy clay loamin
texture having pH 7.5, organic carbon 0.40%, available N
284 kg/ha, P 16.9 kg/haand K 140 kg/ha. Treatment com-
prised of two rice establishment methods viz., dry seed-
ing after using (i) stal e seed bed method by shallow plough-
ing (ii) glyphosate 1 kg/ha, two hand weeding and weedy
check in main plot and four cultivar in sub plot, viz. ‘ BPT-
5204, Sarjoo -52, PRH-10" and ‘HUBR2-1' inasplit plot
design replicated thrice. In stale bed treatment to facilitate
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weed emergence, irrigation was applied in first week of
June 2009, 2010 and 2011, thereafter, first flush of weeds
was controlled either by application of glyphosate 1 kg/ha
or shallow tillage. The crop was sown by the help of zero
till ferti - cum seed drill using seed rate of 30 kg/ha on 20,
19 and 21% June, 2009, 2010 and 2011, respectively on
dry beds and irrigated thereafter to facilitate germination
of rice seeds. A uniform dose of 120 kg N, 60 kg P,Os and
60 kg K,O were applied in the form of urea, DAP and
potassium in each experimental plot. Onethird of nitrogen
and full dose of phosphorus and potassium were applied
as basal dose and remaining amount of nitrogen was ap-
plied in two equal splits at tillering and panicle initiation
stages. Glyphosate 1 kg/ha was applied as pre planting
treatment in stale seed bed treatment with the help of hand
operated knapsack sprayer, fitted with flat fan nozzle us-
ingwater at 300 liter/ha. Weed density and weed dry weight
data were recorded at 30 and 60 DAS. Observations on
weed density and weed dry weight were recorded ran-
domly from two places in each plot using 0.25 n? quad-
rate. The data recorded on weeds were subjected to square
root transformation (v x+0.5) to satisfy the condition of
homogeneity of variance. Biometrical observations on
growth attributes, yield attributes and yields were also re-
corded during course of investigation.

Path coefficient analysis was carried out to study
the relationship between two characters through direct
and by way of indirect influence of the other characters
under weedy conditions. Path coefficient analysis of yield
attribute and yield data under weedy condition was done
with a software SPAR developed by Indian Agricultural
Statistical Research Institute (Huan et al. 1999)

RESULTSAND DISCUSSION
Weed composition

The major weeds infesting experimental field at 40
days after sowing were: Cynodon dactylon (6.2%),
Dactyloctenum aegypticum (2.2%) Echinochloa colona
(20.3%), Echinochloa crusgalli (5.9%), Leptochloa
chinenis (1.7%) among grasses, Ammannia baccifera
(1.9%), Caesulia axillaries (4.5%), Commelina
benghalensis (6.1%), Physalis minima (6.3%), Eclipta
alba (3.3%), Euphorbia hirta (5.1%), Phyllanthus niruri
(12.6%), Ludwigia spp. (1.3%), Trianthema monogyna
(3.8%) among broad-leaved weeds and Cyperus difformis
(5.4%) among Sedges.

Effect on weed and growth attributes

Non significant variationsin dry weight was observed
due to stale bed method of rice establishment and culti-
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vars at 30 and 60 days of crop growth except weed den-
sity at 30 days stage (Table 1) where stale bed using
glyphosate 1kg/ha significantly reduced weed density in
comparison to stale bed using shallow tillage. Stale bed
using glyphosate 1 kg/ha recorded significantly better per-
formance of growth attributes, viz. plant height, number
of tillers/n?, dry matter accumulation, crop growth rate
and leaf areaindex as compared to stale bed method using
shallow tillage. However, during 30 to 60 days growth
period stal e bed using shallow tillage recorded significantly
higher relative growth rate in comparison to stale bed us-
ing glyphosate 1 kg/ha.

Amongst cultivars, ‘ Sarjoo-52' had better perfor-
mance of growth attributes as compared to ‘BPT-5204’
and ‘PRH-10'. Rice cultivar ‘HUBR2-1" and ‘ Sarjoo-52'
had statistically comparable values of dry matter accumu-
lation, RGR, CGR and leaf area index whereas with re-
spect to plant height and number of tillers/n?, both culti-
vars were at par with each other. Similarly, rice cultivar
‘BPT-5204' and ‘PRH-10" were at par with each other
with respect to dry matter accumulation, RGR, CGR and
leaf area index. Weed free plots recorded significantly
better performance of all the growth attributes in compari-
son to weedy plots.

Effect on yield attributes and yield

Dry seeded after stale bed using egphosate21 kg/ha
recorded significantly more number of panicles'm, longer
pani cles, more number of grains/panicleand panicleweight,
grain yield and harvest index (Table 2). Cultivar ‘ Sarjoo-
52" exhibited significantly better performance of yield at-
tributes, viz. number of panicles/n?, number of graing/
panicle and panicle weight in comparison to ‘PRH-10,
BPT-5204" and‘HUBR2-1'. the cultivars‘ Sarjoo-52' and
‘HUBR2-1' had comparabl e panicle length and test weight.
However, the harvest index of ‘PRH-10" was maximum
and it was at par with ‘ Sarjoo-52" which recorded maxi-
mum grain yield and it was significantly superior to all the
cultivars. The cultivars ‘HUBR 2-1' and ‘PRH-10" had
statistically comparable grain yield and the former cultivar
had significantly higher grainyield than * BPT-5204" . Weed
free treatment recorded significantly higher yield attributes
and yield in comparison to weedy.

Path coefficient analysis was done to study the rela-
tionship between two characters through their direct and
by way of indirect influence of the other characters.
(Table 3). On which basis path diagram was devel oped to
show relationship between and yield attributes yield. Ge-
notypic correlations were partitioned into direct and indi-
rect effectsongrainyield. Theanalysis reveal ed that among
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Table 1. Effect of stale bed method, weed management and cultivar on weed and crop growth in direct-seeded
rice (mean data of three years)

. . Relative
Weed density  Weed dry weight 60 DAS growth rate 60 DAS
(no./nr) (g/nr) (g/glday)
Treatment - Plant No.of Dry mater ———— Crop growth Leaf
30DAS 60DAS 30DAS 60DAS height tillers accumulation 30.60 DAS rae  area
(cm) /m?  (g/m/row) (g/m?day) index
Rice establishment
Dry seeded after stale bed 815  11.30 475 1051 508 1756 31.15 0.044 0.75 2.89
using shallow tillage (60.4) (125.1)  (19.8) (118.9)
Dry seeded after stale bed 725  10.49 474 1027 542 1959 36.66 0.038 0.84 3.28
using glyphosatelkg/ ha  (63.8) (118.6)  (19.8) (115.7)
L SD(P=0.05) 0.82 NS NS NS 11 5.75 0.005 0.18 0.28
Weed management
Weedy 1469  21.08 879 2007 466 1141 24.97 0.044 0.61 1.55
(212.2) (400.7)  (69.6) (441.6)
Two hand weedings 0.71 NS 0.71 071 583 2574 42.84 0.038 0.98 4.62
L SD(P=0.05) 0.82 0.49 0.77 084 11 699 5.75 0.005 0.18 0.28
Cultivar
‘BPT- 5204’ 798 1058 4.84 993 461 1888 28.09 0.038 0.65 2.62
(59.2) (109.4)  (283) (93.1)
‘HUBR2-1' 750 1120 460 1028 545 1766 37.80 0.045 0.92 3.35
(55.7) (128.0) (25.2) (114.6)
‘PRH-10’ 778 1122 473 1123 508 1657 27.63 0.036 0.59 2.72
(57.7) (1314)  (276) (125.6)
‘Sarjoo—52' 753 1058 483 1012 584 2120 42.09 0.045 1.02 3.66
(55.9) (108.6)  (27.2) (109.0)
LSD (P=0.05) NS NS NS NS 25 181 5.26 0.005 0.18 0.72

DAS — Days after sowing. Origina data are subjected to square root transformation

Table 2. Effect of stale bed method, weed management and cultivar on yield attributes, grain and straw yields,
harvest index, B:C ratio and production efficiency in direct-seeded rice (aver age data of three years)

No.of Paide No.of Panide Tet Gran Strav Harvest B: C Production

Rice establishment panicles  length grai.ns weaght weight vyied vyied index ratio effidency
i (cm) /penicle (9 ) thg  (Yha) (%) (* /helday)
Dry seeded after salebed 265.3 216 811 8.9 219 2.32 417 349 18 3890

using shdlowtillage
Dry seeded after salebed 3251 22 1006 9.3 235 259 434 375 20 4308

using glyphoste 1 kg/ha

LSD (P=0.05) 265 0.8 154 0.7 05 0.18 NS 17

Weed managenent
Weedy 168.5 2.3 714 7.0 213 1.24 2.23 351 11 2118
Two hand weeding 421.9 235 1103 113 240 3.67 6.25 374 27 603.6
LSD (P=0.05) 265 0.8 154 0.7 05 0.18 0.31 17

Cultivar
‘BPT- 5204 282.2 205 918 8.0 215 2.13 376 353 18 3214
‘HUBR2-1 2859 25 83.9 94 233 235 432 3#A5 24 4656
‘PRH-10 287.8 21.8 84.4 81 21 2.23 366 378 16 4124
‘Sarjoo-52’ 324.9 229 83 111 238 3.10 528 372 24 4771
LSD (P=0.05) 236 0.6 6.2 0.9 04 0171 0.27 24
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Table3. Correlation matrix of yield attributes and
yield under weedy conditions

No of Noof Testweight Grainyidd
panicles graing
/Im?>  panicle
No of 1 0.946 (r12) 0.8346 (r13) 0.6757 (r14)
panicles/m?
No of 1 0.6665 (rs2) 0.6471 (r2a)
graing/panicle
Test weight 1 0.5939 (rz4)
Grainyield 1

Direct and indirect effects based on path coefficient analysis

No of paniclessm? and grain yield (ra)
Direct effect P = 0.119
Indirect effect via number of graing/ panicle Pari2 = 0.3483
Indirect effect via test weight Psaris = 0.2075
Total (direct + indirect effect) ru = 0.6757

Number of graing/panicle and grain yield (rzs)
Direct effect P« = 0.3682
Indirect via number of panicle/ m? (Purz) =0.1134
Indirect via test weight (Paarzs) = 0.1655
Total (direct + indirect) ra = 0.6471

Test weight and grain yield (ras)
Direct effect P = 0.2483
Indirect via number of panicle /m2 (Paa.riz) = 0.1002
Indirect via number of grains /panicle (rs P24)=0.2454
Total (direct + indirect) (rss) = 0.5939

three characters studied, number of graing/panicle exerted
maximum positive direct effect on grain yield followed by
test weight and number of panicles /m. When indirect
pcgsitive contributions were considered number of panicles/
mvia number of graing/panicle and test weight via num-
ber of graing/panicle were proved to be better characters
influencing grain yield.Cultiv ar ‘ Sarjoo-52' recorded the
highest B: C ratio and production efficiency amongst all
the cultivars. Amongst rest of the cultivars” HUBR 2-1'
recorded higher B: C ratio and production efficiency as
compared to ‘BPT-5204' and ‘PRH-10". This might be
due to ‘HUBR 2-1' being aromatic rice consequently re-
corded better priceof grainand B:C ratio. Cultivar ‘ Sarjoo-
52" proved to be more competitive than rest of the culti-
var with respect to yield and economics point of view.
Number of graing/panicle had highest positive direct &f-
fect and indirect positive effect via number of panicles/n?
on yield under weedy condition.
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ABSTRACT

A systematic study on herbicide adoption by farmersin rice and wheat growing areas of Haryana conducted
during 2008-2009, revedled that in Sirsa and Fatehabad districts of state, 95% farmers applied herbicide
to control weeds in transplanted rice whereas in north-eastern Haryana, all farmers applied herbicides in
rice crop. In Sirsa and Fatehabad districts, EC formulation of butachlor was the choice of 45% farmers
followed by anilofos (26%), pretilachlor (12%) and oxadiargyl (8%). In Karnal, Kurukshetra, Ambala and
Kaithal districts, pretilachlor was the first choice of 42% farmers followed by butachlor (24%) None of
the farmer used anilofos. Even 11% farmers used pyrazosulfuron not approved by CCS HAU, Hisar for
effective weed control. Twenty two (22) per cent farmers al so applied post-emergence herbicide bispyribac-
sodium in addition to pre-emergence herbicide because of poor control given by pre-emergence herbicides.
In all 50-60% farmers applied herbicides timely (3 DAT). In Sirsa and Fatehabad, splash method of
herbicide application is most popular used by 54% farmers where as, in north-eastern Haryana mixing of
herbicide with DAP at 3-7 DAT, is most popular method used by 61% farmers. None of farmer in north-
eastern districts used sand mix application of herbicide in rice which was the only method approved by
CCSHAU, whereas in Sirsa and Fatehabad, only 8% farmers used this technology. In wheat, 94 -96%
farmers of state used herbicide to control P. minor and other weeds. In Hisar, sulfosulfuron was the
choice of mgjority of farmers (56%) followed by clodinafop (28%) where as in Kurukshetra district 44 %
farmers used sulfosulfuron + metsulfuron (RM), 14% meso+iodosulfuron (Atlantis) and 16% used various
brands of sulfosulfuron and only 20% used clodinafop. None of farmer used fenoxaprop and only 4%
farmers of Hisar used isoproturon. In Kurukshetra, 66% farmers used flat fan nozzle but in Hisar magjority
of farmers (52%) used hollow cone nozzle which is the main reason for poor efficacy of herbicides at
farmer’sfields. Eighty six farmersin Kurukshetra used recommended brands of sulfosulfuron+ metsulfuron
(RM) as against 25% of sulfosulfuron.

Key words: Chemical control, Herbicide adoption pattern, Rice, Weed management, Wheat

Weeds are responsible for heavy reduction in rice
and wheat crops grown in rice-wheat/ri ce-sugarcane-
sugarcane-wheat, rice-potato-wheat and cotton-wheat
cropping patterns among different districts of Haryanastate.
Little seed canary grass (Phalaris minor), which isa very
serious weed of wheat in rice-wheat cropping system in
N-W India has developed resistance against isoproturon
(Malik and Singh 1995). To tackle the resistance problem
fenoxaprop-p-ethyl, sulfosulfuron and clodinafop-
propargyl have been recommended (Malik and Yadav 1997)
and are being used by the farmers on large scale. Various
herbicides have been recommended for the control of
weeds especially in wheat and rice and are being used by
thefarmerson large scale. Sometimes, there are complaints
by poor efficacy of herbicides at some locations especially

*Corresponding author : puniasatbir@gmail.com
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against P. minor in wheat and Echinochloa glabrescence
in rice. So, it becomes evitable to assess the gap in
technology, so that further refinement can be made. Some
timesthereis somelacunaonthe part of farmersin adoption
of herbicide technology leading to erratic results. Keeping
it in view, a systematic survey of rice and wheat growers
on herbicide adoption level was conducted in Sirsa,
Fatehabad, Ambala, Hisar, Kaithal, Karnal and Kurukshetra
districts of state known as rice and wheat bowl of
Haryana.
MATERIALSAND METHODS

Survey on information regarding adoption pattern of
herbicidesin rice was conductedin Rania (Sirsa) and Jakhal
(Fatehabad) blocks during Kharif 2008 and different rice
growing villages of north-eastern Haryana comprising
Ambala, Karnal, Kurukshetraand Kaithal districts during
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Kharif 2009. In all 78 and 117 rice growing farmers were
interviewed during 2008 and 2009, respectively. Similarly
information on herbicide adoption in wheat was collected
fromfarmersof Hansi and Narnaund tehsils of Hisar during
2007 and Shahbad and Ladwa tehsils of Kurukshetra
district during Rabi 2008. Inall 50 farmerswereinterviewed
during each year.

RESULTSAND DISCUSSION
Herbicide adoption patterninrice

In Sirsaand Fatehabad districts, 95% farmers applied
herbicide to control weeds in transplanted rice where as
in north-eastern Haryana, 100% farmers used herbicides
to control weedsintransplanted rice (Table 1). Five percent
farmersin Sirsa and Fatehabad did not apply any herbicide
because of no weed infestation owing to good control
achieved by themin previousyears. In Sirsaand Fatehabad,
45% farmers applied herbicide at recommended time (3
DAT) where as 50% farmers applied late up to 7 DAT
because of late emergence of weeds due to heavy puddling
done at transplanting time and to avoid stress to crop due
toearly application of herbicidebut InKarnal, Kurukshetra,
Ambala and Kaithal, mgjority of farmers (60%) applied
herbicide at recommended time (3 DAT) where as 40%
farmers applied late up to 7 DAT. In Sirsa and Fatehabad,
various brands of butachlor and anilofos were more
popular among 45% and 26% farmers, respectively. Only
8% farmers used oxadiargyl for effective weed control
and 12% farmers used pretilachlor where in north-eastern
districts of state, 42% used pretilachlor and only 24%
preferred to use butachlor. Only 15% farmers used
oxadiargyl and 11% farmers applied pyrazosulfuron not
approved by CCS HAU Hisar for effective weed contral.
Twenty two per cent farmers also applied post emergence
herbicide bispyribac- sodium in addition to pre-emergence
herbicide because of poor control given by pre-emergence
herbicides owing to poor water level maintained at the
time of herbicide application.

In Sirsaand Fatehabad districts, 54% farmers applied
herbicides by splash method by making holes in the lid of
bottle where as 30% farmers applied herbicide by mixing
inDAPapplied at 3-7 DAT. In north-eastern Haryana, 61%
farmers applied herbicides by mixing in DAP where as
39% farmers applied by splash method by making holes
in the lid of bottle or bottle supplied by pesticide dealers
exclusively made for this purpose. Sand mix application
of herbicide recommended method by university was not
adopted by any of the farmers in north- eastern Haryana
where as in Sirsa and Fatehabad, only 8% farmers used
this technology. Malik et al.(2012) reported that during
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Kharif 2009 in Jind district of Haryana, 96% farmers use
herbicidesto control weeds intransplanted rice. Inaddition,
10% farmers al so used post-mergence herbicide bispyribac
sodium due to poor control achieved with use of pre-
emergence herbicides. 58% farmers in Jind Applied
herbicide late(7DAT)and among different herbicides
pretilachlor was the choice of 44% farmers.

In Hansi and Narnaund, 96% farmers used herbicide
to control P. minor in wheat out of which 56% used
Adoption pattern of weed management technology in whest

Table 1. Adoption of weed management technology in
rice among Haryana farmers

No. of farmers
(%)

2008 2009

Particular

Application of recommended herbicide
Application of herbicide &
recommended dose
Application of herbicide lessthan
recommended dose
Application of herbicide higher than 0 0
recommended dose
Herbicide not used 5 0
Use of other methods of weed control
Hand weeding 0
Crop rotation 0
Herbicide not applied dueto good 5
control in previous years
Application time
Application of herbicide &
recommended time
Application of herbicide ater
recommended time
Herbicide not applied 5 0
Method of herbicide application

40 77

55 23

[eNeoNe]

60

40

Sand mixed application 8 0
Soil mixed broadcast 0 0
D AP mixed broadcast 30 61
Ureamixed broadcast 11 4
Spray of herbicide 0 22
Making small holesin lid of bottle 54 39
(Splash method)
Herbicide not applied 5 0
Use of different herbicide
Butachlor 45 24
Anilofos 26 9
Pretilachlor 15 42
Oxadiargyl 8 15
Pyrazosulfuron (not approved by 0 11
university)
Pre-em herbicide + bispyribac-sodium 0 22
(in addition to pre-emergence
herbicide)
No herbicde 5 0
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various brands of sulfosulfuron and 28% used clodinafop.
None of farmer used fenoxaprop in both Hisar as well as
Kurukshetra district. only 4% farmers in Hisar used
isoproturon whereas in Shahbad Markanda and Ladwa
tehsils of Kurukshetra where rice-potato-sunflower/rice—
wheat or rice-wheat/rice-sugarcane-sugarcane-wheat were
the main cropping sequences, 94% farmers used herbicide
to control P. minor in wheat crop out of which 44% used
sulfosulfuron + metsulfuron (RM) available with trade
name Total, 14% used meso + iodosulfuron R.M.
(Atlantis), 16% used variousbrands of sulfosulfuronwhere
as only 20% used clodinafop (Table 2). None of farmer
used fenoxaprop and isoproturon where as only 6%
farmers did not apply any herbicide due to no P. minor
infestation in wheat grown after 2-3 years of sugarcane
and sunflower cultivation. Poor efficacy of fenoxaprop
against resistant population of P. minor iswell documented
by Dhawan et al. (2009) and Punia et al. (2010) which is
the main reason for not being used by the farmers.

Herbicide sulfosulfuron+ metsulfuron (RM) available
with trade name ‘ Total’ in market was the choice of only
4% farmers in Hisar where as 44% used this herbicide in
Kurukshetra having good efficacy against clodinafop
resistant popul ationreported from some areasin thisdistrict
(Puniaet al. 2008). In Hansi and Narnaund of Hisar, 78%
farmers applied herbicides at recommended time as against
84% in Kurukshetra and only 54% farmers used
recommended dose where asin Kurukshetra, 72% farmers
used recommended dose of various herbicides. In Hisar,
only 36% farmers used flat fan nozzle where as majority
of farmers (52%) used hollow cone nozzle which is the
main reason for poor efficacy at farmers fields but in
Kurukshetra 68% farmers used flat fan nozzle. In
Kurukshetra, 62% farmers used 300-375 litres of water
and 74% farmers used recommended brands of various
herbicides as approved by CCSHAU, Hisar, whereas 60%
farmers in Hisar used less than recommended quantity of
water which is another reason for poor control and
phytotoxic effect of herbicides on crop. Lathwal et al.
(2010) inasurvey of wheat farmers of Kurukshetra district
during 2008-09, found that 74% farmers used 300-375

Table 2. Adoption of weed management technology in
wheat among Haryana farmers
No. of farmers (%)

Particular Hisar Kurukshetra
(2007) (2008)
Application of recommended herbicide
Application of herbicide & 54 72
recommended dose
Application of herbicide lessthan 42 22
recommended dose
Applicationof herbicidehigher than 0 0
recommended dose
Herbicide not used * 8 6
Use of other methods of weed control
Hand weeding 0 0
Crop rotation 0 6
Herbicide not applied due to good 8 0
control in previous year
Application time
Applicaion of herbicide at 78 84
recommended time
Applicaion of herbicide after 18 10
recommendedtime
Herbicide not applied 8 6
Type of nozze usaed
Hat fan 36 66
Hollow cone 52 12
Hood-jet 6 16
Power spray 0 0
Sand or urea mix 2 0
Herbicide not gpplied 8 6
Use of different herbicide
Qulfosulfuron 56 16
Clodinafop 28 20
Fenoxaprop 0 0
Qulfosulfuron+metsul f uron 4 14
Metribuzin 2 0
Meso + iodosulfuron 2 14
Isoproturon 4 0
No herbicide 8 0
Use of water for herbicide spray
200L/ha 24 0
225 L/ha 38 10
260L/ha 8 22
300L/ha 12 28
375L/a 8 34
Sand or urea mix 2 0
No herbicideuse 8 6

Table 3. Recommended brands of different herbicides used by farmersin Kurukshetra district (2008)

Recommended Unrecommended brand % farmers using
Herbicide brand recommended brands
Sulfosulfuron 1 3 25.0
Clodinafop 8 2 80.0
Sulfosulfuron + metsul furon (RM) 19 3 86.3
Meso + iodosulfuron (RM) 7 0 100.0
Total (mean) 35 12 74.4
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litres of water/ha with only 40% farmers using flat fan
nozzleto spray various herbicidesinwhest. Eight six (86%)
farmers in Kurukshetra used recommended brands of
sulfosulfuron+ metsulfuron(RM) as against 25% of
sulfosulfuron (Table 3).
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ABSTRACT

Bio-efficacy of ready-mix formulation of clodinafop-propargyl 15% + metsulfuron-methyl 1% WP was
studied against complex weed florain wheat during 2006-07 and 2007-08 at Hisar, India. Among different
herbicidal treatments, clodinafop 0.06 kg/ha was found very effective (95-98%) only against grassy
weeds. Metsulfuron 0.004 kg/ha was effective (88-90%) only against broad-leaf weeds. Sequential
application of clodinafop 0.06 kg fb metsulfuron 0.004 kg/ha being statistically at par with clodinafop-
propargyl + metsulfuron- methyl at 0.06 + 0.004 kg/ha and above proved very effective against complex
weed flora and the control of grassy and broad-leaved weeds to the extent of 95%. clodinafop- propargyl
+ metsulfuron- methyl being at par with clodinafop fb metsulfuron 0.06 and 0.004 kg/ha recorded the
number of spikes, 1000-grain weight and grain yield of wheat statistically similar to that of weed free
check. Therewas no additional gainin grainyield of wheat by using higher doses of clodinafop- propargyl
+ metsulfuron- methyl beyond 0.06 + 0.004 kg/ha. Weeds allowed growing throughout the crop seasons
resulted into 42.9 and 45.1% reduction in the grain yield of wheat during 2006-07 and 2007-08, respectively.
There was no residual impact of clodinafop-propargyl + metsulfuron-methyl at x dose (0.06+ 0.004 kg/
ha) and 2x dose (0.12 + 0.008 kg/ha) on succeeding crops of sorghum and moongbean. HPLC analysis
indicated that there were no residues of clodinafop-propargyl + metsulfuron-methyl (x and 2x doses) at
wheat harvest in soil, grains and straw. There was also no adverse effect of herbicides on physico-
chemical properties of soil.

K ey wor ds: Complex weed flora, Persistence, Premix formulation, Ready mix formulation, Wheat, Weed

control efficiency

Phalaris minor and Avena ludoviciana are two pre-
dominating grassy weeds which frequently infest wheat
crop in different regions of India.Up to 1990s, Phalaris
minor was effectively controlled by isoproturon but due
to continuous use of thisherbicidefor 10-15 years coupled
with rice-wheat monocropping, resistance in P. minor
evolved against thisherbicidein 1992-93 (Malik and Singh
1995). Consequently three aternate herbicides, clodinafop,
fenoxaprop and sulfosulfuron were recommended for con-
trol of isoproturon-resistant P. minor in rice-wheat grow-
ing areas. These herbicides performed very well against
isoproturon- resistant P. minor and restored wheat yields
in north-west India particularly in Haryana and Punjab
(Malik and Yadav 1997, Chhokar and Malik 2002, Chhokar
et al. 2006). However, due to effective control of this
single predominating weed, a shift in weed florain favour
of broad-leaved weeds was observed from last 4-5 years
in this cropping system. Rumex retroflexus, Malwa
parviflora and Convolvulusarvensisa ong with many other
broad-leaved weeds frequently started infesting wheat

*Correspondingauthor: aky444@gmail.com
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fields in rice-wheat cropping system. To overcome the
problem of broad-leaved weeds, three herbicide, viz. 2,4-
D, metsulfuron and carfentrazone were recommended in
Haryana and they are still performing quite well.

The problem of complex weed flora in wheat was
successfully solved through sequential application of
clodinafop, fenoxaprop or sulfosulfuron at 30-35 DAS fb
2,4-D, metsulfuron or carfentrazone. But it required two
separate operations for aforesaid herbicide applications
particularly in case of 2,4-D and metsulfuron which cause
antagonistic effect on the efficacy of clodinafop and
fenoxaprop (Yadav et al. 2002) and thus, adds to cost.
Another herbicide as premix formulation of sulfosulfuron
+ metsulfuron was recommended against complex weed
floraand it did very well but residual toxicity of this herbi-
cide on sensitive succeeding crops (sorghum and maize)
in rotation put a question mark on its wide acceptability.
Likewise, mesosulfuron + iodosulfuron recommended
against complex weed flora was reported to cause phyto-
toxicity not only to wheat crop but also to succeeding
sorghum crop. Keeping these pointsin view, performance
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of clodinafop-propargyl 15% + metsulfuron-methyl 1%,
WP, was studied in order to have another suitable alterna-
tive against complex weed flora in wheat under different
cropping sequences.

MATERIALS AND METHODS

To evaluate the bio-efficacy of premix formulation
of clodinafop-propargyl 15% + metsulfuron-methyl 1%
WP (clodinafop- propargyl + metsulfuron- methyl), afield
experiment was conducted during Rabi seasons of 2007-
07 and 2007-08 at Research Farm of Department of
Agronomy, CCS Haryana Agricultural University, Hisar,
India. The experimental field was sandy loam in texture,
low inavailableN (127.5 kg/ha), mediumin available (18.0
kg/ha) and high in (498.7 kg/ha) with dightly alkaline in
reaction (pH 8.2). The wheat variety  PBW 343" was sown
on 29 November during 2006-07 and 30 November during
2007-08 using a seed rate of 85 kg/ha under furrow irri-
gated raised-bed system (FIRBS) by keeping two rows/
bed on the top of beds. The crop was raised with all rec-
ommended package of practices excepting herbicidal treat-
ments. The experiment consisting of 10 treatments, viz.
clodinafop 0.06 kg, metsulfuron 0.004 kg, clodinafop-
propargy! + metsulfuron- methyl 0.045 + 0.003 kg, 0.054
+ 0.0036 kg, 0.06 + 0.004 kg, 0.12 + 0.008 kg and 0.18 +
0.012 kg, clodinafop fb metsulfuron 0.06 and 0.004 kg/ha
(sequential application) along with weedy and weed free
check was laid out in randomized block design with four
replications. The plot size was 6.0 x 2.1 m. The spray of
herbicides was done at 42-45 (days after sowing) DAS
with knapsack sprayer fitted with flat fan nozzle using
500 L of spray volume per ha

The data on the density of individual weeds was re-
corded at 60 days after sowing and data on the dry weight

of grassy and broad-leaved weeds was recorded at 60
and 120 DA S by placing three quadrates (0.5 x 0.5 m) per
plot. Visua phytotoxicity on wheat crop was recorded at
15 and 30 days after treatment (DAT) using 0-100 scale
(where 0 = no mortality and 100 = complete mortality).
Since there was no crop phytotoxicity either at 15 or 30
DAT, the data recorded on this aspect has not been in-
cluded herein. Residual effect of clodinafop- propargyl +
metsulfuron-methyl at x dose (0.06+0.004 kg/ha) and 2 x
dose (0.12 + 0.008 kg/ha) in comparison to untreated
check was also evaluated on succeeding crops of sor-
ghum and moongbean grown in sequence of wheat. Re-
sidual analysisof clodinafop-propargyl 15% + metsulfuron-
methyl 1% WP applied in wheat at 0.06 +0.004 kg/ha
and 0.12 + 0.008 kg/ha compared to untreated check
was also undertaken in soil, wheat grains and straw at
harvest by using HPLC. The data on yield and yield at-
tributes were recorded to draw inference of results.

RESULTSAND DISCUSSION

Effect on weeds

The experimental field during 2006-07 was infested
with Phalaris minor, Avena ludoviciana, Melilotus alba,
Chenopodium album, Rumex retroflexus, Coronopus
didymus, Anagallis arvensis and Convolvulus arvensis to
the extent of 11.4, 57.1, 8.6, 5.7, 2.9, 5.7, 5.7 and 2.9%,
respectively (Table 1). Whereas, the corresponding fig-
ures during 2007-08 were 9.4, 52.3, 7.0,9.4, 7.4, 7.0,5.5
and 4.7%, respectively (Table 2). Among different herbi-
cidal treatments, clodinafop 0.06 kg/ha was found very
effective (95-98%) only against grassy weeds (Table 3
and 4). Metsulfuron 0.004 kg/ha was effective (88-90%)
only against broad-leaved weeds. Sequential application
of clodinafop 0.06 kg fb metsulfuron 0.004 kg/ha being

Table 1. Weed density (no./m?) at 60 DAS as affected by different treatments during 2006-07

Treatment Dose Phalaris Avena Mélilotus  Chenopodium Rumex  Coronopus Anagallis Convolwulus
(kg/ha) minor ludoviciana  alba album retroflexus didymus arvenss  arvensis
Clodinafop 0.06 1.37(2) 1.65(2) 4.10(16) 3.00(8) 2.60(6) 3.30(10) 3.15(9) 2.60(6)
Metsulfuron  0.004 457(20)  9.20(84) 1.37(2) 1.35(2) 1.00(0) 1.00(0) 1.00(0) 1.95(3)
CP+ MM 0.045+0.003 1.65(2) 2.40(5) 1.65(2) 1.65(2) 1.35(2) 1.35(1) 1.37(1) 1.95(3)
CP + MM 0.054+0.0036 1.65(2) 2.40(5) 1.65(2) 1.37(2) 1.37(2) 137(1) 1.35(1) 1.97(3)
CP+MM 0.06+0.004 1.37(2) 1.65(2) 1.37(2) 1.37(2) 1.00(0) 1.00(0) 1.00(0) 1.65(2)
CP+ MM 0.12+0.008 1.00(0) 1.35(1) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.65(2)
CP+MM 0.18+0.012 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.65(2)
Clodinafop fb  0.06/0.004 1.35(2) 1.65(2) 1.35(2) 1.35(2) 1.37(2) 1.00(0) 1.00(0) 1.95(3)
metsulfuron
Weed free 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0)
Weedy check 4,10(16) 897(80) 3.60(12) 3.03(8) 2.17(4) 3.00(8) 3.00(8) 2.20(4)
LSD (P=0.05) 0.72 0.46 0.44 0.43 0.36 0.26 0.28 0.50

Figures in parentheses are original values and were transformed to .z +1) before statistical analyses, CP + MM - Clodinafop-propargyl +

metsulfuron-methyl.
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statistically at par with clodinafop-propargyl + metsulfuron-
methyl 0.06 + 0.004 kg/ha and above proved very effec-
tive against complex weed flora and the control of grassy
and broad-leaved weeds was to the extent of 95%. The
density and dry weight of grassy as well as broad-leaved
weeds were reduced with corresponding increase in the
dose of clodinafop-propargyl + metsulfuron-methyl-406.
However, clodinafop-propargyl + metsulfuron-methyl 0.06
+ 0.004 kg/ha and its higher doses were equally effective
against mixed weed flora compared to sequential applica-
tion of clodinafop 0.06 kg fb metsulfuron 0.004 kg/ha.

Effect on crop

The impact of different weed control treatments was
clearly reflected in terms of yield and yield parameters of
wheat (Table 3 and 4). Among different herbicidal treat-

ment, clodinafop-propargyl + metsulfuron-methyl-406 0.06
+ 0.004 kg/ha and clodinafop fb metsulfuron 0.06 and
0.004 kg/ha recorded the number of spikes, 1000-grain
weight and grain yield of wheat statistically similar to that
of weed free check. There was no additional gainingrain
yield of wheat by using higher doses of clodinafop-
propargyl + metsulfuron-methyl beyond 0.06 + 0.004 kg/
ha. The reason for lower yields in case of clodinafop and
metsulfuron alone could obviously be due to aimost no
control of broad-leaved and grassy weeds, respectively.

Residual effects

Therewasno residual impact of clodinafop-propargyl
+ metsulfuron-methyl at x dose (0.06+ 0.004 kg/ha) and 2
x dose (0.12 + 0.008 kg/ha) on sorghum and moong bean
(Table 5 and 6). HPLC studies aso indicated that there

Table 2. Weed density (no./m?) at 60 DAS as affected by different treatments during 2007-08

Dose Phalaris Avena Melilotus Chenopodium  Rumex  Coronopus Anagallis Convolwulus

Treatment . - . . B

(kg/ ha) minor  ludoviciana alba album retroflexus didymus arvensis arvensis
Clodinafop 006 1.70(2) 1.67(2) 3.45(11)  3.87(14) 2.80(7) 3.00(8)  2.80(7) 2.40(5)
M etsulfuron 0.004 3.85(14) 8.60(73) 1.37(1) 1.67(2) 1.37(1) 1.00(0) 1.00(0) 2.40(5)
CP+MM 0.045+0.003 1.70(2) 2.40(5) 1.67(2) 1.97(3) 1.70(2) 1.35(1) 1.37(1) 2.40(5)
CP+MM 0.054+0.0036 1.37(1)  1.97(3) 1.70(2) 1.67(2) 1.37(1) 137(1)  1.00(0) 2.60(6)
CP+MM 0.06+0.004 1.37(1) 1.97(3) 1.35(1) 1.70(2) 1.35(1) 1.00(0)  1.00(0) 1.97(3)
CP+MM 0.12+0.008  1.00(0) 1.37(1) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.97(3)
CP+MM 0.18+0.012  1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.97(3)
Clodinafop fb 0.06/0.004 1.35(1)  1.70(2) 1.70(2) 1.70(2) 1.37(1) 1.00(0)  1.00(0) 1.67(2)

metsulfuron

Weed free 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0) 1.00(0)
Weedy check 3.60(12) 8.25(67) 3.15(9) 3.62(12) 2.60(6) 3.17(9) 2.80(7) 4.02(6)
LSD (P=0.05) 0.33 0.39 0.42 037 0.35 0.27 0.19 1.41

Figures in parentheses are origina values and were transformed to ,=+1) before statistical analyses, CP + MM - Clodinafop-propargyl +

metsulfuron-methyl.

Table 3. Effect of different treatments on dry weight of weeds, yield and yield attributing characters of wheat

during 2006-07

WCE (%) 120

Dry weight of weeds (g/m?) DAS 1000- .
Treatment Dose 50DAS 120 DAS Spikes  gran O
(koha) 5 g o Grassy Broag. C/®Y  Broad- (no/m?)  weight (yt/ha)
weeds leaved weeds leaved weeds  |eaved )
Clodinafop 0.06 6.4 39.1 52 596 98 3 397 36.6  4.31
M etsulfuron 0.004 129.6 34 2524 6.2 2 90 325 349 3.9
CP+MM 0.045+0.003 128 61 181 9.9 93 84 414 381 458
CP+MM 0.054+0.0036 109 50 180 7.4 93 88 426 39.7 478
CP+MM 0.06+0.004 58 3.9 26 3.7 99 94 452 413  4.98
CP+MM 0.12+0.008 2.5 1.7 00 0.0 100 100 457 418  5.05
CP+MM 0.18+0.012 00 15 00 0.0 100 100 456 419 505
Clodinafop fb 99
etsulfuron 0.06/0.004 53 38 26 3.1 95 452 415  4.99
Weed free ; 00 00 00 0.0 100 100 458 419 505
Weedy check ; 1285 307 259.0 618 0 0 315 331  2.88
LSD (P=0.05) 3.3 1.6 70 2.4 - - 10 09 012

Figures in parentheses are origina values and were transformed to ./i=+1) before statistical analyses, CP + MM - Clodinafop-propargyl +
metsulfuron-methyl.
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Table 4. Effect of different treatments on dry weight of weeds, yield and yield attributing characters of wheat

during 2007-08

0,
Dry weight of weeds (g/m?) W1CZI(E) (D/OA?SaI 1000-
Treatment Dose 60 DAS 120 DAS Spikes gr_ain Grain yield
(kg/ha) Grassy Broad- (no./m?)  weight (t/ ha)

Grassy Broad- Grassy Broad- weeds leaved ©

weeds leaved weeds leaved
Clodinafop 0.06 7.7 41.0 9.6 76.9 95.5 4.3 386 35.8 4.19
Metsulfuron 0.004 100.4 5.2 202.9 10.0 5.0 87.6 319 34.2 3.31
CP+MM 0.045+0.003 224 8.4 419 16.1 80.4 80.0 410 37.7 4.48
CP+MM 0.054+0.0036 154 7.1 28.2 124 86.8 84.6 423 394 4.61
CP+ MM 0.06+0.004 7.2 5.4 49 5.6 97.7 93.0 455 41.6 4.83
CP+MM 0.12+0.008 3.2 24 23 14 98.9 98.2 457 41.8 4.88
CP+MM 0.18+0.012 0.1 22 0.0 0.2 100.0 99.7 454 41.7 4.88
Clodinafop fb 6.8 5.3 45 45 97.9 944 454 41.6 4.84

metsulfuron 0.06/0.004

Weed free - 0.0 0.0 0.0 0.0 100.0 100.0 457 41.8 4.89
Weedy check - 1037 38.3 213.6 80.4 0.0 0.0 312 329 2.68
LSD (P=0.05) 3.8 2.0 6.8 1.9 - - 3 1.2 0.06

Figures in parentheses are original values and transformed to ,z+1) before statistical analysis; CP + MM - Clodinafop-propargyl +

metsulfuron-methyl.

Table 5. Residual effect of different herbicides applied
in wheat on yield of succeeding crop of sor-

ghum

Plant heightat  No.of  Green fodder
Dose 45DAS  plantsmr.l yield at 60
Treatment (kg/ha) (cm) at 45 DAS DAS(t/ha)
2007 2008 2007 2008 2007 2008
CP+MM 0.06 +0.004 132.6 1343 14.7 145 0.359 0.375
CP+ MM 0.12+0.008 134.0 1328 138 13.8 0.357 0.374
Untreated - 1324 1342 136 142 0.360 0.376

check
LSD (P=0.05) - NS NS NS NS NS NS

Table 6. Residual effect of different herbicides applied
in wheat on yield of succeeding crop of moong

bean
Platheight  No.of d‘j;ee? '
Do @45DAS plants/mrl O7EY L
Trestment (kg/ha) (cm) a 45 DAS (tha)
2007 2008 2007 2008 2007 2008
CP+MM  0.06+0004 7.9 719 147 139 0.886 0.838
CP+MM  012+0008 715 717 146 138 0.868 0.885
Untrezted - 720 723 147 142 0.867 0.909
check
LSD (P=0.05) - NS NS NS NS NS NS

were no residues of clodinafop-propargyl + metsulfuron-

methyl (x and 2 x doses) at wheat harvest in soil, grains

and straw. Persistence studies clearly indicated that this
herbicide can safely be used in wheat under different crop
rotations without any cause of concern.
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ABSTRACT

A field experiment was consisted of four intercropping systems, viz. sole chickpea, sole mustard, chickpea
+ mustard (additive series) and chickpea + mustard (replacement series) and six weed management
practices viz. weedy check, weed free, pendimethalin 1 kg/ha as pre-emergence (PE), fluchloralin 1 kg/ha
as pre-plant incorporation (PPI), isoproturon 0.75 kg/ha as post-emergence (POE) and quizal ofop-ethyl
50 ml/ha as post-emergence. These treatments were eval uated under split plot design with threereplications.
Results revealed that sole stands of chickpea and mustard removed highest amount of N, P and K which
were followed by additive series and replacement series whereas among the weed management practices,
highest amount of N, P and K was removed by weed free treatment followed by pendimethalim 1kg/ha and
fluchloralin 1 kg/ha while the lowest N, P and K was removed by isoproturon 0.75 kg/ha followed by
quizal ofop-ethyl 50 ml/ha. Among the different intercropping treatments, weeds removed significantly
highest N, P and K from sole mustard followed by sole chickpea, replacement series and additive series.
Among weed management practices, the uptake of N, P and K in weeds was found to be significantly less

in all the weed management practices as compared to weedy check treatment.

Key words. Chickpea, Mustard Intercropping, Weed management

Weed infestation is one of the major limiting factors
in the productivity of the crops both under rainfed and
irrigated situations. Weeds always pose a serious threat to
the stability of crop yields. However, yield loss by weeds
in different crops varies from situation to situation. On an
average, the reduction in crop yield to the tune of 20-40%
has been reported in weed infested crops which calls for
effective weed control measures. Initial slow growth of
crops and adequate soil moisture provide conducive con-
ditions for profuse growth of weeds relatively in wide
spaced crops. Control of weeds is vitally important not
only to check the losses, caused by them but also to in-
crease the fertilizer use efficiency. The present study was,
therefore, undertaken to assess the losses of nutrients
caused by weeds in chickpea + mustard intercropping and
to minimise these losses by controlling them.

MATERIALSAND METHODS

A field experiment was conducted at the Research
Farm, Main Campus, Chatha of Sher-e-Kashmir Univer-
Sity of Agricultural Sciences and Technology of Jammu
(J&K) during Rabi season of 2009-10 and 2010-11 under
split plot design with three replications. The treatment
consisted of four intercropping systems, viz. sole chickpea

*Corresponding author : ranjeet1661@yahoo.com
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(30 cm), sole mustard (30 cm), chickpea + mustard in
additive series (an additional row was opened in between
two rows of chickpea for sowing of mustard in additive
series) and chickpea + mustard in replacement series (one
row of chickpea was replaced with one row of mustard)
and six weed management practices, viz. weedy check,
weed free, pendimethalin 1 kg/ha as pre-emergence (PE),
fluchloralin 1 kg/ha as pre plant incorporation (PPI),
isoproturon 0.75 kg/ha as post-emergence (POE) and
quizalofop-ethyl 50 mi/ha as post-emergence. The experi-
ment soil was sandy loam in texture (sand 66.2%, silt
18.5% and clay 15.5%), dlightly alkaline in reaction (pH
7.27), medium in organic carbon (0.53%) and available N
(252.5 kg/ha), P (13.7 kg/ha) and K (162.9 kg/ha). Full
dose of DAPas recommended for chickpea was applied
as basal at the time of sowing.

Furrows were opened manually with the help of
liners at a specified row to row distance of 30 cm.
Chickpea GNG-469 and mustard RSPR-01 was sown on
5 November, 2010 and 31 October, 2011. A seed rate of
70 kg and 5 kg/ha for chickpea and mustard was used in
their sole plots and additive series, respectively. Whereas
the seed rate for replacement series was used as 50% less
as compared to seed rate used in the sole and additive
series. The seeds of chickpea and mustard were sown in
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furrows by Kera method in sole stand treatments whereas
an additional row was opened in between two rows of
chickpea for sowing of mustard in additive series treat-
ments and in replacement series treatments where sowing
of chickpea and mustard were done in alternate rows. All
the herbici des were applied through knapsack sprayer using
flat-fan nozzle as per treatment. Weedy plots remained
infested with natural population of weeds till the harvest-
ing of crops with root elongation. The mustard was har-
vested on 28 March, and chickpea on 30 April, 2010
whereas, mustard on 25 March and chickpea on 28 April,
2011. Weed popul ation and weeds dry weight was recorded
at 30 days interval and at harvest. The weed dry weight
was taken with the help of iron frame of one meter square
from each plot. The total N, Pand K content in crops and
weeds (at harvest of crops) was determined by Kjeldhal
method. The uptake of N, P and K by crops was calcu-
lated by multiplying with yield of crops while uptake of
nutrients by weeds was cal culated by multiplying with the
dry matter accumulation of weeds at harvest by the
respective percentage composition of N, P and K.

RESULTSAND DISCUSS ON
Weed

The experimental field was mainly infested with
broad-leaved weeds in the decreasing order of their oc-
currence including Medicago sativa, Anagallis arvensis,
Trachyspermum spp., Similarly, grassy weeds included

Cynodon dactylon and Poa annua and the prominent weed
amongst sedges was found to be Cyperus rotundus during
both the years. Among the intercropping systems, at har-
vest, the minimum weed density and weed dry weight of
8.78 and 7.59/n¥ and 8.48 and 6.56 g/n?were recorded in
additive treatment followed by replacement treatment dur-
ing 2009-10 and 2010-11, respectively (Table 1) which
might be due to the lesser space available to the weeds
due to intercrops and ultimately lesser availability of re-
sources to the weeds. Highest population of weeds was
observed in weedy check over weed free treatment. Ap-
plication of pendimethalin 1 kg/ha was highly effective in
controlling the weeds especially Medicago sativa and
Anagallis arvensis. Weed management practices had sta-
tistically significant effect on weed population during both
the years. The lowest weed population of al the species
was registered under application of pendimethalin 1kg/ha
in comparison to other treatments during both the years.
Arya (2004) reported similar results in favour of
pendimethalin. Singh and Singh (1998) reported that pre-
plant incorporation of fluchloralin 1.5 kg/ha significantly
reduced the density and biomass of weeds (Cyperus
rotundus and Anagallis arvensis) by 38.6 and 46.1%, re-
spectively compared to unweeded control.

Productivity

Chickpea: In respect of intercropping systems, chickpea
in sole stand recorded significantly higher grain and

Table 1. Influence of weed management practices on weed growth and grain/seed yield, stover yield of chickpea

and mustard
Weed density/ m? Weeds dry weight Grain/seed yield (t/ha) Stover yield (t/ha)
Treatment (at harvest) (g/m 2) Chickpea Mustard Chickpea Mustard
2009- 2010- 2009- 2010- 2009- 2010- 2009- 2010-
2009-10 2010-11 2009-10 2010-11 10 1 10 1 10 1 10 1

I ntercropping

Sole chickpea 10.11(140.6)  9.58(128.9)  8.87(9%.1)  7.54(72.8) 0.86 0.94 - - 212 217 - -

Sole mustard - - - - 1.10 1.20 - - 328 338

Chickpea + mustard ~ 8.78(106.3) 7.59(100.3) 8.48(93.2) 6.56(53.8) 0.63 0.73 093 103 193 197 313 324
aditive series

Chickpea + mustard ~ 9.86(135.3) 8.08(93.8) 8.72(77.3) 7.36(69.8) 050 060 071 08 171 18 297 3.02
replacement series)

LSD (P=0.05) 0.09 0.08 0.06 01 092 102 0.94 1.20 1.62 0.96 149 104

Wead management

Fluchloralin 8.41(70.0) 6.37(41.7)  8.24(62.8) 6.27(345) 070 081 096 112 198 206 320 331
1 kg/ha (PPI)

Pendimethalin 7.77(59.7) 5.33(29.3) 7.88(56.7) 5.74(282) 077 087 103 117 207 212 327 3.38
1 kg/ha (PE)

| soproturon 9.65(92.3) 8.74(76.0) 9.1(778) 7.37(49.2) 0.62 075 087 1.02 1.8 199 310 3.21
0.75 kg/ha (POE)

Quizalofop-ethyl 9.35(87.0) 8.38(70.7)  877(72.9)  7.04(449) 068 078 094 108 19 202 316 3.26
50 mi/ha (POE)

Weedy check 21.33(455.4)  20.7(428.4) 16.31(264.5) 155(236.1) 0.38 037 057 042 147 162 271 262

Weed free 1(0) 1(0) 1(0)
LSD (P=0.05) 0.07 0.08 0.07

1(0) 0.83 0.9 111 1.28 2.13 217 334 348
011 0.89 091 0.89 114 1.08 097 102 104
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stover yield and was followed by additive and replace-
ment series which was probably because of |ess competi-
tion for sunlight, space, water and nutrients for sole crop
as compared to intercropping treatments wherein the com-
petition of crop plants might have curtailed efficient utili-
zation of natural resources and restricted growth of
chickpea frominitial stages to harvest resultingin yield
competition for main and intercrops. However, between
additive and replacement treatments, significantly higher
grain and stover yield of chickpea under additive series
mainly might have happened due to significantly higher
plant population as compared to replacement series
(Table 1). These results of yield attributes are in confor-
mity with the results of Tripathi et al. (2005) and Kumar
and Singh (2006).

Higher grain and stover yield of chickpea were re-
corded where weed free environment was provided to the
crop throughout its crop growing period. The grain and
stover yield of chickpea as recorded with the application
of pendimethalin 1 kg/ha was found to be statistically at
par with weed freetreatment and fluchloralin 1 kg/hamight
be due to effective control of weeds with the application
of pendimethalin asaresult of whichtherewas poor growth
and population of the weeds. Further, under this treatment
weeds were unable to compete with the crop plants and
resulted in better expression of yield attributing charac-
ters and thus gave higher yield. Among the other herbi-
cidal treatments, the lowest grain yield of chickpea was
recorded with isoproturon 0.75 kg/ha which in turn was
observed to be statistically at par with quizal ofop-ethyl 50
mi/ha and fluchloralin applied at 1 kg/ha. This confirms
thefindings of Yadav et al. (1983) and Singh et al. (1986).
The lowest grain and stover yield of chickpea was noticed
in weedy check as a consequence of stiff competition im-
posed by weeds resulting in poor source and sink devel-
opment with poor yield contributing characters and higher
weed index. The above results could be corroborated with
the findings of Rout and Satapathy (1996), Sinha et al.
(2000) and Kolage et al. (2004).

Mustard: Chickpea and mustard in sole stand also re-
corded significantly higher valuesof grain and stover yields
and was followed by additive and replacement series. The
optimum space as available for mustard plants under sole
stand reduced the competition for moisture, nutrients and
light among the mustard plants than other intercropping
combinations which might be responsible for the produc-
tion of higher yield attributes of sole crop of mustard
(Table 1). These results were in agreement with the
findings of Prasad (1996) and Singh et al. (2008). The
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possiblereasonfor higher yield of mustard in additivetreat-
ment rather than the replacement treatment might have
been achieved due to the fact besides the single plant yield
remaining inferior in additive treatment the overall yield
per unit area improved due to cumulative effect of higher
plant populations in additive treatment during first and
second years of cropping.

Among the weed management practices, higher grain
and stover yields of mustard were recorded where weed
free environment was provided to the crop throughout its
crop growing period. The grain and stover yieldsof mus-
tard as recorded with the application of pendimethalin 1
kg/ha followed by fluchloralin 1 kg/ha, however, found to
be statistically at par to that of weed free treatment and
fluchloralin 1 kg/ha, also might be due to reduced crop-
weed competition and enhancement in most of the crop-
growth parameters under the favourable environmental
Situation. These results are in conformity with the find-
ings of Sinha et al. (1999). Under this treatment, weeds
were unable to compete with the crop plants which re-
sulted in better expression of yield attributing characters
and thus gave higher yield. Among the other herbicidal
treatments, the lowest grain and stover yields of mustard
was recorded with isoproturon 0.75 kg/ha which in turn
was observed to be statistically at par with quizalofop-
ethyl 50 ml/ha and fluchloralin applied 1 kg/ha.

Nutrient removal by crops

Chickpea : Irrespective of the treatments, highest N, P
and K removal from grain of chickpea was recorded with
sole stand followed by additive series and replacement
series during both the cropping seasons of Rabi 2009-10
and 2010-11, respectively (Table 2). The higher removal
of these nutrients by sole chickpea as compared to inter-
cropping treatments probably happened due to vigorous
growth and better root system under optimum spacing
which had helped in adequate supply of these nutrients
resulting in higher biological yield coupled with their ef-
fective transfer to the ultimate sink i.e. the grains thus
leading to numerically higher chickpea grain nutrient con-
tents of N, P and K. Obviously, this was due to lesser
competition from weeds and ultimately better growth of
crop. Among weed management practices, highest N, P
and K removal from grain and stover of chickpea was re-
moved from weed free treatment during 2009-10 and 2010-
11, respectively. The greater nutrient removal by crop could
be attributed to poor competition of weeds with chickpea.
The nutrient removal by crop was significantly increased
due to application of herbicides and hand weeding as com-
pared to weedy control. Hand weeding and use of herbi-
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Table 2. Influence of weed management treatments on the uptake of N, P and K (kg/ha) of chickpea

N P K
Treat ment Gran Stover Grain Stover Grain Stover
2009- 2010- 2009- 2010- 2009- 2010- 2009- 2010- 2009- 2010- 2009- 2010-
10 11 10 11 10 11 10 11 10 11 10 11
Intercropping
Sole chickpea 65.0 701 404 411 962 1119 157 17.39 27.8 302 486 505
Sole mustard - - - - - - - - - - - -
Chickpea+ mustard
(additive series) 63.0 67.6 3.3 397 765 964 1462 16.53 25.6 2719 470 494
Chickpea+ mustard
(replacement series) 60.8 66.9 36.2 375 591 774 1331 1527 235 250 457 482
L SD=P(0.05) 29 24 NS NS 216 225 NS NS 2.6 35 NS NS
Weed management
Weedy check 45.9 4.3 31.7 337 361 447 829 10.17 16.3 136 413 449
Weed free 68.3 749 715 429 10.75 1203 1747 20.14 29.3 324 495 516
Fluchloralin 1kg/ha (PPI) 66.3 733 39.6 403 835 1053 155 1721 274 301 484 506
Pendimehdin 1kg/ha (PE ) 67.3 743 408 418 946 1117 1661 1895 28.7 314 493 512
Isoprotu ron 0.75kg/ha (POE) 64.4 709 374 386 6.71 939 1461 1532 256 291 469 484
?gg%omp -thyl 0.50kg/ha 655 715 386 394 749 956 148 1658 265 207 472 494
L SD=P(0.05) 5.6 54 44 4.7 17 118 15 2.3 31 291 46 33

PPl : Pre plant incorporation; PE- Pre-emergance; POE- Post-emergence

cides effectively controlled the weeds and conseguently
made more nutrients available to the crop thereby higher
removal of nutrients by crop. Similar results were also
reported by Singh and Malik (1992). Among the herbi-
cides, highest N, Pand K fromgrainand stover of chickpea
was removed from pendimethalin 1 kg/ha and was found
to be statistically at par with isoproturon 0.75 kg/ha and
quizalofop-ethyl 50ml/ha and fluchloralin 1kg/ha during
both the seasons respectively. This could possibly be at-
tributed to higher weed-control efficiency resultingin more
favourable environment for growth and development of
crop plants apparently due to the lesser weed competi-
tion. The results conformed with the findings of Angiras
and Singh (1989), Sreenivas and Satyanarayana (1996)
and Mundra et al. (2002).

Mustard (grain and stover): N removal by mustardgrain
was observed under sole stand of mustard, additive series
and replacement series which were seen not to be signifi-
cantly influenced by intercropping systems whereas nu-
merically highest N and significantly higher P and K up-
take in mustard stover was recorded with sole stand fol-
lowed by additive series and replacement series which in
turn where P and K found significantly different to one
another during 2009-10 and 2010-11, respectively (Table
3). These results were in accordance with those of Singh
et al. (1997), Kawtra and Mishra (1999), Singh (2005),
Singh and Rana (2006) and Singh et al. (2008). Similar to
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intercropping systems, weed management practices also
failed to show any influence on the N and K removal by
mustard grains whereas highest P in mustard grains and
N, Pand K removal by mustard stover was recorded where
weed free environment was provided to the crop during
crop growing season followed by pendimethalin 1 kg/ha
and fluchloralin and both were found to be statistically
similar to weed free treatment during both the seasons,
respectively. Similar results were also reported by Singh
and Malik (1992).

NPK uptake by weeds: At harvest significantly higher
N, Pand K was removed by sole cropping of mustard fol-
lowed by sole cropping of chickpea, replacement and ad-
ditive series though being at par with one other during
2009-10 and 2010-11, respectively. This might have hap-
pened due to growing of intercrop in spaced chickpea rows
which while utilizing the space efficiently reduced the in-
tensity and dry matter of weeds leading to lower NPK up-
take by weeds. The removal of N, Pand K by weeds were
reduced significantly by various herbicidal and manual
weeding treatments and it almost nil under weed free treat-
ment whereas the significantly highest N, P and K uptake
by weeds were recorded in the weedy check treatment
(Table 4). These results confirm the findings of Sreenivas
and Satyanarayana (1996) and Mundra et al. (2002).
Among the herbicides, significantly higher value of NPK
uptake was recorded in the treatment isoproturon 0.75
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Table 3. Influence of weed management treatments on the uptake of N, P and K (kg/ha) of mustard

N P K
Gran Stover Gran Stover Grain Stover
Treatment
2009- 2010- 2009- 2010- 2009- 2010- 2009- 2010- 2009- 2010- 2009- 2010-
10 11 10 11 10 11 10 11 10 11 10 11

Intercropping

Sole chickpea - - - - - - - - - - - -

Sole mustard 67.1 742 381 387 826 984 29 335 995 1125 292 299

Chickpea + mustard (additive series) 650 732 362 370 7.07 879 256 269 976 1115 276 287

Chickpea + mustard (replacement series) 632 721 343 348 558 824 214 214 958 1104 259 26.9

LSD (P=0.05) NS NS 24 22 194 119 035 046 NS NS 10 10
Weed management

Fluchloralin 1kg/ha (PPI) 664 743 364 381 7.65 945 286 275 982 1113 281 292

Pendimethalinlkg/ha (PE) 674 757 382 391 8351033 324 32 993 1122 295 307

Isoproturon 0.75kg/ha (POE) 648 722 351 355 646 856 241 241 963 1094 26.7 27.7

Quizal ofop-ethyl 50 mi/ha (POE) 655 732 354 373 694 898 246 248 974 1103 274 288

Weedy check 582 672 333 296 337 517 085 187 939 1120 229 220

Weed free 684 764 387 416 9.0511.26 349 362 1004 1136 308 326

LSD (P=0.05) NS NS 28 35 138 09 049 047 NS NS 20 19

Table 4. I nfluence of weed management treatments on the uptake of N, P and K (kg/ha) of weeds and economics

of the system
Net returns .
N P K (x103‘/ha) B:Cratio
Treatment 2009- 2010- 2009- 2010- 2009- 2010- 2009- 2010- 2009- 2010-
0 11 10 11 10 11 10 11 10 11
Intercropping
Sole chickpea 264 204 808 375 299 280 1032 1210 0.72 0.86
Sole mustard 27.4 240 821 432 315 334 1206 1298 1.14 1.21
Chickpea + mustard (additive series) 212 149 637 267 241 204 227 261 15 175
Chickpea + mustard (replacement series) 25.3 193 7.63 3.45 289 26.6 1665 20.51 134 1.65
LSD (P=0.05) 08 09 013 012 11 09 -
Weed management
Auchloralin 1kg/ha (PPI) 253 170 672 3.06 329 238 1583 222 155 1.88
Pendimethalin 1kg/ha (PE) 228 151 593 251 302 214 1730 2344 157 185
Isoproturon 0.75kgha (POE) 28.8 222 884 457 382 315 1290 19.78 1.36 1.73
Quizal ofop-ethyl 50 mi/ha (POE) 26.1 199 825 415 350 292 1407 19.95 1.3 1.56
Weedy check 436 437 157 7.01 353 56.7 418 1322 056 0.29
Weed free 0 0 0 0 0 0 1212 1885 0.73 0.92
LSD (P=0.05) 39 29 045 036 19 15 L

kg/ha followed by quizalofop ethyl 50 ml/ha and were
found statistically at par with each other during both the
seasons of Rabi 2009-10 and 2010-11, respectively. The
removal of N, B, K by weeds was reduced significantly by
various herbicidal and manual weeding treatments and it
was minimum under weed free treatment. However, they
were at par in respect of NPK removal/ha by the weeds.

These observations are in agreement with those of Thakur
(1988) and Dashora et al. (1990).

Economics

The results showed that the maximum values of net
returnsi.e, - 22,729 and ~ 26,101/ha and B:C ratio of
1.50 and 1.75 were recorded in chickpea + mustard (ad-
ditive series) intercropping treatment during both the years
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of study. This might be due the additional benefit of com-
ponent crop of mustard along with the main crop of
chickpea. The results are in line with Singh et al. (2003).
Maximum net returns (* 17,307/ha) and benefit:cost ratio
(1.57) wererecorded with the application of pendimethalin
1 kg/ha in chickpea and mustard intercropping system
during the years of 2009-10 whereas in second year high-
est B:C ratio was obtained with the application of
fluchloralin 1 kg/ha. However, minimum net returns and
B:C ratio were recorded in weedy check in chickpea +
mustard intercropping system.

Results of present investigation suggest that, among
the intercropping systems, chickpea + mustard (additive
series) found to be best in terms of chickpeayield and sole
mustard in terms of chickpea yield. The application of
pendimethalin 1 kg/haresulted in significantly higher grain
yield of chickpeaand mustard. The highest uptake by crops
and lowest removal of nutrients by weeds was also with
the application of pendimethalin 1 kg/ha.
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ABSTRACT

The effect of chemical weed management practices in lentil was studied during 2010-11 and 2011-12 at
Agra (Utter Pradesh). The treatments included: control, pendimethalin 0.50 kg/ha, pendimethalin 0.75 kg/
ha, pendimethalin 1.0 kg/ha, pendimethalin 1.25 kg/ha, pendimethalin 1.50 kg/ha and hand weeding. All
herbicidal treatments including hand weeding significantly controlled the weeds. Among all the treatments
hand weeding gave the highest weed control (84.8%) and produced lower weed biomass (54.0 g/n). It
gave maximum net income ( ~ 30,850) with CBR of 1:4.4. Pendimethalin 1.5 kg/ha controlled the weeds
effectively but germination of seeds were affected. Highest grain yield (1.50 t/ha) was recorded from
hand weeding plot with 48.6 and 52.0% increase in yield during 2011 and 2012, respectively.

K ey words: Chemical control, Hand weeding, Lentil, Pendimethalin, Weed

Weeds control is one of the major limitationsto grow-
ing lentil crop world-wide. Lentil yield reduction in excess
of 80% due to weed competition has been recorded
(Mohamed et al. 1997). Weeds compete with lentil for
nutrients moisture and space as well as harbouring insects,
pests and pathogens that may adversely affect the crop.
Relatively short height and slow early growth of the crop
demands special attention to be paid for controlling weeds
(Yadav et al. 2007). This paper presents the observations
on effect of various doses of pendimethalin to prevent weed
infestation and subsequent grain yield increasesin cultivar
‘Pusa lentil-62' in semi-arid region of Agra.

MATERIALSAND METHODS

A fidd experiment was conducted during Rabi sea-
son 2010-11 and 2011-12 at the experimental farms of
Dayalbagh Educational Institute, Agra under irrigated con-
ditions. Agrais situated in western Uttar Pradesh between
27-11° |atitude North and 78° longitude east with an alti-
tude of 169 m above sea level. Dayalbagh Eco-village is
situated at a distance of about two km from the city of
Agraonits northern periphery. The soil of Dayalbagh eco-
village was sandy loam in texture, low in organic carbon
(0.4%), K (115.8 kg/ha), mediumin P (40 kg/ha) with the
pH of 7.2. The experiment was laid out under RCBD with
seven treatments and four replications. The treatments
included: 1) control, 1) pendamethalin 0.50 kg/ha, 2)
pendamethalin 0.75 kg/ha, 3) pendamethalin 1.0 kg/ha, 4)
pendamethalin 1.25 kg/ha, 5) pendamethalin 1.50 kg/ha,
6) hand weeding, 7). Different concentrations of
pendamethalin was applied at pre-sowing stage of crop

*Corresponding author : dpuja29@gmail.com
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with flat fan nozzle by foot sprayer. A basal dose of urea
(46% N) and Phosphorus (16% P,0s) by single super
phosphate was applied in each plot. Four to five irriga-
tions were given during the cropping period. All other ag-
ronomic practices were kept uniform in each treatment.
Four hand weedings were done at different DAS. Cultiver
‘Pusa lintil’ with a seed rate of 20 kg/ha was sown at 25
cm row spacing on 4 November 2010 and 11 November
2011, respectively. Data on plant popul ation density, weed
density, plant height, pods/plant, 100-seed weight, grain
yield, biological yield and harvest index were recorded and
analysed statistically (Gomez and Gomez 1976). Dry
weight of weeds was calculated by drying the samples in
an oven at 70°C for 48 hours.

RESULTSAND DISCUSS ON
Weed density

Density of weeds were significantly influenced by
the application of herbicide and hand weeding (Table 1).
Chenopodium alba, Asphodelus tenuifolius, Fumaria
officianalis were the dominant weed species. Spergula
arvensis, Amaranthus, Chenopodium murale and common
grass were other |ess dominant weed species. Hand weed-
ing provided highest weed control (84.8%). Among all the
herbicidal applications, pendimethalin 1.50 kg/ha gave maxi-
mum mortality of weeds (79.2%) followed by
pendimethalin 1.25 kg/ha (75.4%). Application of
pendimethalin as pre-emergence proved better for control
of weeds and high yield (Yasin et al. 1995).

Weed biomass

Hand weeding and herbicide treatments significantly
reduced the dry weight of weeds. Among all the treat-
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ments, hand weeding produced the lowest weed biomass
(54.0 g/n?). According to Ahmad et al. (1996), pre-sow-
ing application of herbicideand hand weeding wereequally
and much more effective in reducing the dry weight of
weeds (Table 1).

Vegetative traits of lentil

Application of hand weeding showed significant
increase in plant population density (17.9 and 19.8%) in
the two years. This increase in plant population density
was due to reduction in competition between weeds and
plants. Pendimethalin 1.50 kg/ha showed significant
reduction in plant population density because germination

of seeds was. Application of herbicide and hand weeding
improved the plant height and primary branches of plant,
as result of increase in the lateral growth of plants
(Table 2).

Reproductive traits and yield components of lentil

Application of all the treatment influenced grainyield
and biological yield significantly over control (Table 3).
Maximum grain yield and biological yield was obtained
in hand weeding (1.50 and 4.14 t/ha) with an average
increase of 49.3 and 30%, respectively. This increase in
yield wasdueto theincreasein pods/plant (18.5%). Among
the herbicides pendimethalin 1.25 kg/ha gave the average

Table 1. Impact of different weed control treatments on weed growth in lentil

Average weed density/m? Average
Treament Mortdity  weed
album offidanalis tenuifolius murale arvensis weeds (g/m?d
Pendimethalin 0.50 kgha 6.2 4.5 8.0 3.2 3.0 55 304 47.7 183.0
Pendimethalin 0.75 kgha 4.7 4.2 52 3.0 3.2 4.0 243 58.2 147.0
Pendimethalin 1.00 kgha 4.0 3.0 40 25 2.2 3.2 18.9 67.5 114.0
Pendimethalin 1.25 kgha 2.7 2.0 27 2.7 2.0 2.2 14.3 75.4 85.5
Pendimethalin 1.50 kgha 25 15 22 22 1.7 2.0 121 79.2 73.5
Hand weeding 17 15 20 20 15 2.0 10.7 84.8 54.0
Control (weedy plot) 135 12.2 135 6.0 6.0 7.0 58.2 - 349.5
LSD (P=0.05) 231 1.55 1.65 147 1.37 1.42 4.22 - 25.3
Table 2. Impact of weed control treatments on vegetative traits of lentil
Plant population (m?) Plant height (cm) Branches/plant
Treatment
2010-11 2011-12 2010-11 2011-12 2010-11 2011-12
Pendimethalin 0.50 kg/ha 62 60.0 27.7 271 6.2 6.7
Pendimethalin 0.75 kg/ha 65 64.0 29 28.7 6.7 7.0
Pendimethalin 1.00 kg/ha 66 69.2 29.7 30 7.5 7.5
Pendimethalin 1.25 kg/ha 68.2 712 30.5 30.5 7.5 7.5
Pendimethalin 1.50 kg/ha 65.5 66.2 29.7 295 6.7 7.5
Hand weeding 68.5 72.0 30.5 31.0 7.5 8.0
Control (weedy plot) 56.2 57.7 25.3 255 6.0 6.5
LSD (P=0.05) 3.19 3.09 1.14 1.07 1.07 0.96

Table 3. Impact of weed control treatments on reproductive traits of lentil

Pods/plant Grain yield(thag Biologicd yidd (t/hg) Harvest index (%)
Tredment 2010-11  2011-12  2010-11 201112 201011 201112 201011  2011-12
Pedimahalin0.50kgha 580 580 087 090 342 342 254 26.0
Pedimahalin0.75kgha 620 620 097 100 371 374 261 26.4
Pendimahalin 1.00kgha 682 €82 112 146 381 38 203 380
Perdimahalin 125kgha 690 €90 118 154 409 411 288 37.4
Pendimahalin 150kgha 662 €62 106 105 378 381 280 275
Hand weeding 695 695 150 158 414 416 362 37.9
Control (weedy plof) 565 567 077 080 281 303 251 26.0
LSD (P=0.05) 293 352 041 064 039 035 NS NS
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Table4. Impact of hand weeding and pendimethalin on the economic returns of lentil (pooled data of two

years)
Grain Additiond Aaditional Netbenefit  Cost: benefit
Treatment yidd income expenditure (x10°* ha) rtio (CBR)
(t/ha) (x10°>~/ha) (x10>~/ha)
Pendimethalin 0.50kg/ha 0.88 4.81 121 361 1.28
Pendimethalin 0.75kg/ha 0.98 9.91 181 810 144
Pendimethalin 1.0 kg/ha 1.29 17.90 241 1549 1.64
Pendimethalin 1.25kg/ha 1.36 21.35 3.02 1833 1.6.0
Pendimethalin 1.50kg/ha 1.06 13.85 3.62 1022 1.28
Hand weeding 154 37.85 7.00 30.85 144
Control (weedy plot) 0.78 - - - -
yield (1.36 t/ha) with an average increase of 42.3% fol- REFERENCES

lowed by pendimethalin 1.0 kg/ha (1.29 t/ha) with an av-
erage increase of 39.5%. Pendimethalin 1.50 kg/ha pro-
duced lower grain yield (1.06 t/ha) than other treated plots.
It was due to the phytotoxicity of lentil crop which af-
fected germination. However control gave the lowest yield
of 0.78 t/ha. Weed growth was significantly reduced by
the use of herbicides and resulted inincrease in yield up to
50% than control (Choudhary et al. 2011).

Economics

The highest additional return of ~ 30,850 with cost:
benefit ratio of 1: 4.4 obtained by hand weeding (Table 4).
Among the herbicide pendimethalin 1.25 kg/ha gave the
maximum net return of 18,329 with CBR of 1:6.0
followed by pendimethalin 1.0 kg/ha (* 15,488) with CBR
of 1:6.4 and this treatment provide maximum CBR.
Lowest CBR (1:2.8) was obtained by the application of
pendimethalin 1.50 kg/ha due to phototoxic effect of crop
by affecting germination, followed by hand weeding
(2:4.4) due to high labour cost.
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ABSTRACT

A field study was conducted during 2010-11 and 2011-12 to evaluate the effect of integrated weed
management on two lentil associated weeds viz., Chenopodium spp., Cyperus spp. and economics of the
weed management packages. Two hand weedings (HW) at 30 and 45 DA Swas the most effective method
for containing Chenopodium spp. and Cyperus spp. counts and dry matter from 60 DAS to harvest.
Imazethapyr 2EC and pendimethalin controlled the intensity and corresponding dry matter of Chenopodium
significantly but poorly affected Cyperus which was better suppressed with treatment where mechanical
weeding was either acomponent or as a sole treatment. Among sole herbi cides, imazethapyr was the most
effective for Cyperus and Chenopodium weed control whereas, pendimethalin incorporated integrated
package was effective on Chenopodium while imazethapyr associated integrated system was effective on
Cyperus weeds. Average weed control efficiency at 75 DAS and crop harvest reflected that two HW was
most efficient for control of Chenopodium (77.6%) and Cyperus (75.3%) followed by pendimethalin 1
kg/ha supplemented with imazathapyr 37.5 g/ha on both the weed species (75.3 and 81.2%), respectively.
The effect of sole chlorimuron and quizal of op-ethyl on both the weeds were least, but better than control.
Pendimethalin 1 kg/ha fb mechanical weeding recorded better yield attributes, highest yield of lentil and
cost: benefit ratio (1.37 t/ha and 2.80) but minimum weed index (4.53), next to hand weeding. Hand
weeding performed well in all aspectsexcept thelower benefit cost ratio. Hence, integration of pendimethalin
1 kg/hawith mechanical weeding (hoeing) was considered to be the profitable treatment besides being

more ecofriendly than chemical-chemical sequential application.

K ey wor ds: Chenopodium, Cyperus, Economics, Grain yield, Herbicides, Lentil

Lentil (Lens culinaris Medikus) has become an im-
portant food legume crop in the farming and food sys-
tems of many countries globally. Its seed isarich source
of protein, minerals, and vitamins for human nutrition,
and the straw is avalued animal feed. Its ability in nitro-
gen and carbon sequestration improves soil nutrient sta-
tus, which in turn provides sustainability in production
systems (Sarker and Erskine 2006). India is the largest
producer of lentil and contributes about 32% of lentil
production. However India’s rank in productivity is low
that is, 23rd in theworld (Reddy and Reddy 2010). Itisa
poor competitor due to its short height and slow early
growth. Lentil’s low competitive ability is compounded
when growing season temperatures are low or when
moisture is scarce. Increased cost of manual weeding, its
poor efficiency and non-availability during critical peri-
ods made herbicides very attractive in lentil. Integrated
weed management hasthe potential to restrict weed popu-
lations to manageable levels, In adopting any integrated
weed control methods, economic factor is the most im-
portant and deciding factor.

*Corresponding author: ginlhungdim@rediffmail.com
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MATERIALS AND METHODS

The experimental soil showed organic carbon 0.60%,
pH 7.7, electrical conductivity 0.26 ds/m, 216, 26 and
236.46 kg/ha available NPK, respectively. The research
field lying at 25° 18'N latitude and 88°36'E latitude at an
atitude of 128.93 meters from the mean sea level in the
north Gangetic alluvial plainsreceivedtotal rainfall of 14.9
and 34.6 mm during lentil crop seasons of 2010-11 and
2011-12, respectively. Two years weekly mean maximum
temperature ranged from 15.3 - 35.8° C and minimum tem-
perature varied from 6.5 to 19.0° C. Fertilizer NPKS 20-
40-30-15 kg/hawas applied common to all the treatments.
Sowing of the crop lentil variety ‘HUL 57’ was done on
November 15 in both the years. Treatments consisted
weedy check (control); weed free; hand weeding 30 DAS
and 45 DAS (khurpi aided); mechanical weeding (MW)
30 DAS and 45 DAS (twin wheel hoe); quizal ofop-ethyl
50 g/ha 40 DAS; imazethapyr 37.5 g/ha 40 DAS;
chlorimuron-ethyl { Pre plant incorporation (PPI)} 4 g/ha;
pendimethalin { pre-emergence(PE)} 1 kg/ha; pendim-
ethalin 30 EC + imazethapyr 2 EC (PE) 0.75 kg/ha;
pendimethalin 30 EC + imazethapyr 2 EC (PE) 1 kg/ha;
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chlorimuron-ethyl (PPl) 4 g/ha fb quizalofop-ethyl 50 ¢/
ha40 DAS,; chlorimuron-ethyl (PPI) 4 g/hafb imazethapyr
37.5 g/ha 40 DAS; pendimethalin (PE) 1 kg/ha;
quizalofop- ethyl 50 g/ha 40 DAS; pendimethalin (PE) 1
kg/ha fb imazethapyr 37.5 g/ha 40 DAS; chlorimuron-
ethyl (PPI) 4 g/lhafb MW 45 DAS; pendimethalin (PE) 1
kg/ha fbo MW 45 DAS. Weed samples were collected by
placing a quadrate (0.50 x 0.50 m) randomly in each plot
at 60, 90 DAS and crop harvest. Data for weed compo-
nents were subjected to square root transformation
Jx+05 for uniformity. Data analyses were done with
RCBD. The economic analyses were carried out by com-
puting the market price of inputs and outputs of both the
experimental seasons prevailing at Varanasi city. The
names in parentheses at the end of each herbicides are
trade names of the concerned herbicides used in the ex-
periment.

RESULTS AND DISCUSSION
Effect on Chenopodium

Chenopodium spp.was effectively controlled by pre-
emergence application of pendimethalin 1 kg/ha and
pendimethalin 30 EC + imazethapyr 2 EC (PE) that is
Pursuit plus at both doses (0.75 and 1 kg/ha) from initial
stage (30 DAS). At later stage (60 DAS) and crop harvest,
the weed count indicated that, the weed was fairly con-
trolled with imazethapyr 37.50 g/ha and quizal of op-ethyl
50 g/ha. Further weed reduction was observed with se-
guential application of pre-emergence pendimethalin with
either mechanical weeding, imzethapyr or quizal ofop-ethyl
(Table 1). Thefindingisin line with Mojeni et al. (2005).
The better performance of pendimethalin fb imazethapyr
was also reported by Sasikala et al. (2006). Minimum dry
matter in Chenopodium was correspondingly recorded
considering the values taken at 30, 60, 90 DAS and crop
harvest (Table 2). The performance of sole herbicide,
chlorimuron-ethyl, though not remarkable, was however,
better than control. Among the sole herbicides at 60 DAS,
pendimethalin 30 EC + imazethapyr 2 EC (PE) 1 kg/ha
was next most effective treatment after mechanical weed-
ing twice and two hand weeding. Among the integrated
management system, pendimethalin fb imazethapyr was
the most effective treatment at the same stage. At crop
harvest, no sole herbicide was better than two mechanical
weeding and twice hand weeding. The vanishing herbi-
cidal effect to the newly emerging weeds and the mechani-
cal action of Cyperus removal along with the roots could
be attributed to the superiority of two mechanical weed-
ing and hand weeding over herbicidesat later stages. L east
dry matter was observed in the treatment, pendimethalin
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30 EC + imazethapyr 2 EC (PE) 1 kg/haamong sole herbi-
cides at 60 DAS whereas, it was significantly low in
pendimethalin fb imazethapyr among the integrated weed
management systems, respectively. At crop harvest, mini-
mum dry matter of Cyperus was recorded with two hand
weeding and pendimethalin 30 EC + imazethapyr 2 EC
(PE) 1 kg/hawhile pendimethalin fb mechanical weeding
and pendimethalin fb imazethapyr which were statistically
at par, indicated least dry matter. Carr et al. (1997) aso
supported the finding who reported that minimized weed
and dry matter with herbicide supplemented by mechani-
cal weeding/tillagein lentil.

Effect on Cyperus

Cyperus spp. was the most difficult to kill and the
most populous weed in lentil during Rabi season. Theini-
tial period of growth and development was not remark-
ably observed with pre- emergence application of either
pendimethalin, pendimethalin 30 EC + imazethapyr 2 EC
(PE) or pre-plant incorporation of chlorimuron-ethyl (Table
1). Except at 30 DAS (first weed count taken before first
hand weeding), the treatment, two hand weeding 30 and
45 DAS was the most effective treatment right from 60
DAS to crop harvest. Among the sole herbicide, sole ap-
plication of imazethapyr, quizalofop-ethyl, chlorimuron-
ethyl, pendimethalin and pendimethalin 30 EC +
imazethapyr 2 EC (PE) were in the order of better perfor-
mance for controlling Cyperus weed. However, they were
all better than control. At initial stage, chlorimuron-ethyl
applied as PPl was the only herbicide significantly affect-
ing growth of Cyperus better than control. The finding
was in conformity with Sharma and Raghuvanshi (1999)
who reported that, chlorimuron-ethyl controlled sedges
effectively. Little or no effect was observed with
pendimethalin and pendimethalin + imazethapyr on the
Cyperus. Amongst the integrated system, chlorimuron-
ethyl applied as PPl and mechanical weeding showed mini-
mum weed count at 60 DAS and 90 DAS while at crop
harvest, it was minimum with pendimethalin fb mechani-
cal weeding. However, least dry matter of Cyperus at the
same crop stage was recorded in the treatments,
chlorimuron-ethyl fb imazethapyr and pendimethalin fb
imazethapyr at 90 DAS and crop harvest (Table 2). Weedy
check exhibited maximum weed count and dry matter. In
either case, imazethapyr was involved in the reduction of
Cyperus count and dry matter accumulation. The result
was also corroborated by Kumar (2008).

Weed control efficiency

Weed control efficiency (WCE) in Chenopodium
recorded at 90 DAS and crop harvest indicated that hand
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Table 1. Effect of WM on weed count of Chenopodium and Cyperus at different crop growth stages (pooled

mean of two years)

30 DAS 60 DAS 90 DAS Harvest

Treatment Chem. Cyperus Chem. Cyperus Chem. Cyperus Chem. Cyperus
HW 30 DAS and 45 DAS 37.33  41.67 1.17 6.67 4.33 15.83 450 12.67
(6.15)  (6.49) (1.29) (2.68) (2.20) (4.04) (2.24) (3.63)

MW 30 DAS and 45 DAS 36.33 50.50 1.67 12.33 7.33 16.17 7.83 13.58
(6.07) (7.14) (1.47) (3.58) (2.80) (4.08) (2.89) (3.75)

Quizalofop-ethyl 50 g/ha40 DAS 38.67 43.50 12.17 34.33 10.17 29.17 19.00 20.17
(6.26)  (6.63) (3.56) (5.90) (3.27) (5.45) (4.42) (4.55)

Imazethapyr 37.5 g/ha40 DAS 36.00 47.00 9.83 13.33 8.50 21.33 950 17.50
(6.04) (6.89) (3.21) (3.72)  (3.00) (4.67) (3.16) (4.24)

Chlorimuron-ethyl 4 g/ha (PPI) 21.67  46.67 3150 43.17 32.83 31.67 2633 25.17
(4.71) (6.87) (5.66) (6.61) (5.77) (5.67) (5.18) (5.07)

Pendimethalin 1 g/ha (PE) 1.17  43.83 350 69.50 4.83 48.50 6.50 29.50
(1.29) (6.66) (2.00) (8.37) (2.31) (7.00) (2.65) (5.48)

Imazethaspyr 0.75 kg/ha (PE)* 1.20 42.83 333 7283 5.17 43.00 6.33  25.33
(1.30) (6.58) (1.96) (8.56) (2.38) (6.60) (2.61) (5.08)

Pendimethalin + imazethapyr (PE) 1.00 49.83 3.00 68.83 4.83 42.33 550  25.50
0.75 kg/ha (1.22) (7.09) (1.87) (8.33) (2.31) (6.54) (2.45) (5.10)
Chlorimuron-ethyl 4 g/ha (PPI) fb 22.00 40.67 8.33 28.83 10.53 27.67 8.17 21.00
quizalofop-ethyl 50 g/ha 40 DAS (4.74) (6.42) (2.97) (542) (3.32) (5.31) (2.94) (4.64)
Chlorimuron-ethyl 4 g/ha (PPI) b 2333 4117 9.00 23.00 6.83 24,50 7.00 16.50
imazethapyr 37.5 g/ha 40 DAS (4.88)  (6.45) (3.08) (485 (2.711) (5.00) (2.74) (4.12)
Pendimethalin 1 g/ha (PE) fb 1.17  44.17 167  23.67 4.83 30.83 6.17 17.67
quizalofop-ethyl 50 g/ha 40 DAS (1.29) (6.68) (1.47) (492 (2.31) (5.60) (2.58) (4.26)
Pendimethalin 1 g/ha (PE) fb 1.27  48.83 1.50 18.17 5.00 19.67 5.00 15.33
imazethapyr 37.5 g/ha 40 DAS (1.33) (7.02) (1.41) (4.32) (2.35) (4.49) (2.35) (3.98)
Chlorimuron-ethyl 4 g/ha (PPI) fb 24.67 39.50 12.17 11.17 17.00 19.33 18.67 19.83
MW 45DAS (5.02) (6.32) (3.56) (3.42) (4.18) (4.45) (4.38) (4.51)
Pendimethalin 1 g/ha(PE) fo MW 155  48.83 217 14.83 5.17 20.83 4.83 14.00
45 DAS (1.43) (7.02) (1.63) (3.92) (2.38) (4.62) (2.31) (3.81)
Weedy check (control) 38.17 55.67 63.83 100.50 57.17 69.67 4317  47.33
(6.22) (7.49) (8.02) (10.05) (7.59) (8.38) (6.61) (6.92)

Weed free 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(0.71)  (0.71) (0.71) (0.71)  (0.72) (0.71) (0.71) (0.71)

LSD (P =0.05) 0.44 0.58 0.35 0.49 0.55 0.56 0.40 0.46

*Pre-mixed product of pendimethalin 30 EC and imazethapyr 2 EC; PE - Pre-emergence; MW - Mechanical weeding. Data.on weeds are subjected
to transformation /(x+0.5) . Figures within parentheses are square root transformed val ues and outside the parentheses are original values.

weeding twice at 30 and 45 DAS and pendimethalin fb
mechanical weeding which were statistically at par were
most effective followed by pendimethalin 1 kg/hathat was
statistically non-significant with pendimethalin +
imazethapyr 0.75 and 1 kg/ha. At crop harvest, the maxi-
mum WCE on Chenopodium was observed with the treat-
ment, hand weeding twice at 30 and 45 DAS closely fol-
lowed by pendimethalin fb imazethapyr (Table 3). Among
the treatments, maximum weed control efficiency in Che-
nopodium spp. evaluated at 90 DA S and crop harvest (av-
erage) was registered with pendimethalin 1 kg/ha fb
imazethapyr 37.50 g/ha after hand weeding that was sta-
tistically at par with pendimethalin fb mechanical weed-
ing. Among the sole herbicide applications at 90 DAS,
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highest WCE in Chenopodium spp. was associated with
two hand weeding, pendimethalin and pendimethalin +
imazethapyr, which were statistically at par andin Cyperus
spp., it was with two hand weeding and pendimethalin fb
imazethapyr. At crop harvest, highest WCE in both the
weeds was observed in the treatment, two hand weeding
and pendimethalin fb imazethapyr. The result indicated
that, pendimethalin supplemented with either imzethapyr
or mechanical weeding was on average, the most efficient
treatment in controlling both the weeds. Similar reports
were communicated by Punia et al. (2011) on high WCE
with pre-emergence fb post-emergence (imazethapyr) and
pendimethalin fb mechanical weeding by Patel et al. (2012)
in pendimethalin fb intercultivation, respectively.
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Table 2. Effect of IWM on dry matter (g/m?) of Chenopodium and Cyperus at different crop growth stages (pooled

mean of two years)

30 DAS 60 DAS 90 DAS Harvest

Treatment Cheno. Cyperus Cheno. Cyperus Cheno. Cyperus Cheno. Cyperus
HW 30 DAS and 45 DAS 2.13 4.87 2.13 3.83 5.17 9.12 11.50 6.20
(178)  (232) (166 (208) (274 (310) (334) (259

MW 30 DAS and 45 DAS 2.33 4.15 2.50 5.67 17.00 13.53 18.50 10.75
(186)  (2.16) (178  (248) (284 (375) (434)  (3.35)

Quizal of op-ethyl 50 g/ha40 DAS 2.27 6.10 9.07 7.72 32.47 15.93 23.70 12.72
(169) (257) (301) (287) (419) (405) (483)  (3.64)

Imazethapyr 37.5 g/ha40 DAS 2.83 5.90 4.43 6.65 26.53 14.47 18.40 10.12
(180)  (253)  (227) (267) (409) (387) (451)  (3.26)

Chlorimuron-ethyl 4 g/ha (PPI) 1.67 6.25 10.90 10.65 25.90 25.30 24.40 20.28
(1L53)  (260) (332) (334) (447) (508) (5.06)  (4.56)

Pendimethalin 1 g/ha (PE) 0.40 6.27 2.53 13.50 5.87 26.00 14.40 23.88
(1L06)  (260) (198) (374) (270) (515) (3.75)  (4.94)

Imazethapyr 0.75 kg/ha (PE)* 0.93 5.63 223 1335 993 2472 1333 2633
(1L17)  (248) (193) (372) (243) (502) (365  (5.18)

Pendimethalin 30 EC + imazethapyr 0.73 6.10 3.00 12.92 6.67 22.58 13.20 20.40
(PE) 0.75 kg/ha (110) (257  (193) (366) (254) (480) (366) (457
Chlorimuron-ethyl 4 g/ha (PP1) fb 2.50 6.70 837 1055 2440 1707 2033 1393
quizalofop-ethyl 50 g/ha 40 DAS (164)  (268) (301) (332) (455 (419) (434)  (3.80)
Chlorimuron-ethyl 4 g/ha (PPI) fb 247 7.30 2.50 6.23 33.67 14.02 15.67 9.73
imazethapyr 37.5 g/ha 40 DAS (185 (279 (193) (259) (393) (381 (417)  (3.20)
Pendimethalin 1 g/ha (PE) fb 0.87 6.98 2.57 8.13 15.50 15.13 14.17 9.75
quizalofop-ethyl 50 g/ha 40 DAS (L07) (274 (204 (294 (335 (395 (373  (3.20)
Pendimethalin 1 g/ha (PE) fb 0.70 5.70 2.17 6.88 11.27 12.50 13.03 7.93
imazethapyr 37.5 g/ha40 DAS (113)  (249) (183 (272) (244 (361) (360)  (2.90)
Chlorimuron-ethyl 4 g/ha (PPI) fb 2.50 5.98 5.73 7.87 36.83 18.00 21.53 12.45
MW 45DAS (169) (255  (307) (289) (38l) (430) (464)  (3.60)
Pendimethalin 1 g/ha (PE) fb MW 45 0.90 5.90 3.63 5.23 767 1437 1267 9.92
DAS (111)  (253) (208) (239) (254) (3.86) (360)  (3.23)
Weedy check (control) 2.83 892 2727 2213 5940 5553 4187 4518
(L73)  (307) (475) (476) (695  (7.49) (691)  (6.76)

Weed free 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
071)  (071) (071 (071) (07) (0.7) (0.7)  (0.71)

LSD (P =0.05) 0.17 0.29 0.33 0.57 0.56 0.57 0.69 0.59

Cheno. Spp. - Chenopdium species; fb - followed by; DAS - Days after sowing; Quiza.- Quizalofop-ethyl; Imaze. - Imazethapyr; Chlori. -
Chlorimuron-ethyl; * pre-mixed product of pendimethalin 30 EC and imazethapyr 2 EC; PE - Pre-emergence; MW - Mechanical weeding; Data
on weeds are subjected to transformation ./(x = 0.5) . Figures within parentheses are square root transformed val ues and outside the parenthe-

ses are original values.

Effect on yield attributes

Among the treatments (Table 3), hand weeding twice
at 30 and 45 DAS, mechanical weeding twice at 30 and
45 DAS and pendimethalin fb mechanical weeding at 45
DAS were in the increasing order of branches/plant with
statistically non significance among them. The mechani-
cal loosening of the sail, effective broad-leaved weed con-
trol at theinitial stage and favourable soil environment due
to the soil structural alteration could be attributed to the in-
creased effective branches. The finding is in line with
Muhammad (2010) who reported that, hand hoeing gave
more branchesin chickpea. Pod counts/plant was maximum

in two hand weeding, pendimethalin fb mechanical weed-
ing and pendimethalin fb imzethapyr treatments. The pod
number in each plant had a positive correlation with the
branches. More production of effective branches, better weed
control of weeds and soil friability as a result of inter culti-
vation (mechanical weeding with twin wheel hoe) could be
attributed to high pod count/plant. The result showed that,
pod yield has been increased with the application of
pendimethalin which was a component in both the best per-
forming treatments. More pods with pendimethalin appli-
cation was a so reported by Rana (2002).
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Table 3. Effect of IWM on WCE of Chenopodium and Cyperus, yield attributes, yield and economics of lentil

(pooled mean of two years)

WCE (%) WCE (%)
at 90 DAS at crop harvest At crop harvest
Treatment Branch/ Pods/ Yield wi Netretumns BCR
Cheno - o perus SN0 cypery plant plant  (vha) (o) 103
podium P podium yperus
HW 30 DAS and 45 DAS 77.0 83.7 73.2 86.2 8.12 65.07 1.39 281 56.07 2.53
MW 30 DAS and 45 DAS 69.6 75.6 61.0 76.2 7.22 5888 1.30 8.89 51.90 2.44
Quizaofop-ethyl 50 g/ha40 DAS 61.1 713 43.3 71.6 6.17 4233 1.02 28.76 39.67 2.15
Imazethapyr 37.5 g/ha 40 DAS 65.1 73.8 52.1 77.6 6.52 5093 111 21.95 44.78 2.57
Chlorimuron-ethyl 4 g/ha (PPI) 39.8 54.4 37.6 54.9 558 3725 101 29.35 39.89 2.34
Pendimethalin 1 g/ha (PE) 74.8 53.1 68.0 47.0 6.83 5835 1.04 26.86 41.07 2.25
Imazethapyr 0.75 kg/ha (PE)* 74.8 55.5 68.9 41.6 6.83 59.20 1.15 19.33 46.23 2.54
Pendimethalin + imazethapyr (PE) 744 59.2 70.1 54.7 6.67 6005 119 1641 47.95 2.56
0.75 kg/ha
Chlorimuron-ethyl 4 g/ha (PPI) fb 57.6 69.3 61.9 69.2 6.25 5275 1.03 27.64 40.16 2.12
quizalofop-ethyl 50 g/ha 40 DAS
Chlorimuron-ethyl 4 g/ha (PPI) fb 62.3 4.7 61.1 78.4 593 5592 1.09 2343 43.50 241
imazethapyr 37.5 g/ha40 DAS
Pendimethalin 1 g/ha (PE) fb 73.4 72.8 67.5 78.4 6.33 5787 122 1484 48.32 2.39
quizalofop-ethyl 50 g/ha 40 DAS
Pendimethalin 1 g/ha (PE) fb 77.0 775 713 824 6.78 6115 1.29 9.33 52.50 2.72
simazethapyr 37.5 g/lha 40 DAS
Chlorimuron-ethyl 4 g/ha (PPI) fb 52.2 67.5 50.0 72.3 6.48 54.07 1.07 25.23 41.90 2.25
MW 45 DAS
Pendimethalin 1 g/ha(PE) fo MW 75.7 74.2 704 78.2 763 6233 1.36 451 55.59 2.80
45 DAS
Weedy check 0.0 0.0 0.0 0.0 417 2448 0.62 56.21 13.98 0.85
Weed free 100.0 100.0 100.0 100.0 8.30 68.88 1.42 0.00 55.20 2.06
LSD (P=0.05) - - - - 1.13 8.53 0.15 0.00 - -

Effect on grain yield

Hand weeding (HW) twice at 30 and 45 DA S (Khurpi
aided hand pulling) showed superior effect next to weed
free. Kaur et al. (2009) also confirmed the same result
when HW in lentil was done at 25 and 45 DAS. Among
the treatments (Table 3), two hand weeding gave maxi-
mum yield followed by pendimethalin with sequential
mechanical weeding (hoeing with twin wheel hoe) which
was statistically at par with pendimethalin fb imazethapyr.
Twice hand weeding and weed free were stati stically show-
ing non-significant difference among them, whiletwo HW
and pendimethalin fo MW were at par. The latter, further
showed its insignificance with pendimethalin fb
imazethapyr in the grain yield. Among the treatments,
Chlorimuron-ethyl sole registered the least yield but was
higher that weedy check. Imazethapyr recorded maximum
yield among the sole post emergence herbicides. Similar
report was communicated by Anonymous (2009).

Weed index

Weed index is per cent reduction in grain yield due to
weeds as compared to total yield of weed free treatment.
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Weedy check resulted in yield reduction to the tune of 56%
(Table 3). The yield reduction was possibly due to the high
intensity of weeds that robbed off the nutrient supply, sun-
light and water besides limited space for comfortable crop
growth and development. Among the treatments, chlori-
muron-ethyl alone applied as PPl and sole quizal of op-ethyl
applied aspost emergence resulted in highest yield loss next
to control. Therewaslittlelossin two hand weeding and no
lossin weed free. Pendimethalin fb mechanical hoeing was
the integrated system of weed management that showed
lowest yield reduction after two hand weeding. Effective
weed control with reduced weed flora and biomass could
beattributed to the better performancein avoidingyield loss.
Amongthe soleapplied herbicides, imazethapyr at both doses
(0.75 and 1 kg/ha) showed least yield reduction.

Economics

Cost incurred in single application of herbicides was
comparatively less, but the low yield resulted in low net
return and BCR. Weed free and two hand weeding were
highest in yield and net return, but due to higher cost of
cultivation associated, the net return and BCR correspond-
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ingly were low. Comparison between single herbicides
indicated that, pendimethalin + imazethapyr (Pursuit plus)
was the most profitable herbicide. Among the chemical-
chemical sequential application, pendimethalin fb
imazethapyr was the best option as it fetched a fair net
return and high BCR. Pendimethalin fb mechanical weed-
ing (hoeing) reflected highest net returns and BCR which
may be the best choice for integrated weed management.
Similar profitability with the treatment in lentil was also
reported by Kalpana (2010). Under pendimethalin fb me-
chanical hoeing, comparatively low cost of the herbicide,
lesser labour with more weeding coverage area in a short
time particularly under sandy soils and rainfed condition
may be reasons for profitability of the system.

Inference can be drawn from the outcome of the
present study that, one herbicide as pre-emergence
(pendimethalin 1 kg/ha) supplemented by one mechanical
weeding (hoeing with twin wheel hoe) 45 DAS could be
the best option under integrated weed management in len-
til under rainfed conditions under sandy soils. The finding
can be justified with the fact that, pendimethalin was an
excellent herbicide for control of weeds propagated by
seeds and mechanical hoeing that created favourable en-
vironment for microorganisms through weed incorpora-
tion and decomposition in the soil besides uprooting the
weeds. quizalof op-ethyl 50 g/ha40 DAS; imazethapyr 37.5
g/ha 40 DAS; chlorimuron-ethyl { Pre plant incorporation
(PP} 4 g/ha; pendimethalin { pre-emergence (PE)} 1 kg/
ha; pendimethalin 30 EC + imazethapyr 2 EC (PE) 0.75
kg/ha; pendimethalin 30 EC + imazethapyr 2 EC (PE) 1
kg/ha; chlorimuron-ethyl (PPI) 4 g/ha fb quizal of op-ethyl
50 g/ha 40 DAS; chlorimuron-ethyl (PPI) 4 g/hafb
imazethapyr 37.5 g/ha 40 DAS; pendimethalin (PE) 1 kg/
ha; quizal ofop- ethyl 50 g/ha 40 DAS; pendimethalin (PE)
1 kg/ha (Stomp) fb imazethapyr 37.5 g/ha 40 DAS;
chlorimuron-ethyl (PPI) 4 g/ha fbo MW 45 DAS;
pendimethalin (PE) 1 kg/ha fo MW 45 DAS. Weed samples
were collected by placing a quadrate (0.50 x 0.50 m) ran-
domly in each plot at 60, 90 DAS and crop harvest. Data
for weed components were subjected to square root trans-

formation ./(x+0.5) for uniformity. Dataanalyseswere done
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with RCBD. The economic analyses were carried out by
computing the market price of inputs and outputs of both
the experimental seasons prevailing at Varanasi city. The
names in parentheses at the end of each herbicides are
trade names of the concerned herbicides used in the ex-
periment.
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ABSTRACT

A field experiment was conducted to study the non-chemical methods of weed management in organically
grown maize during the year 2010 and 2011. Among the 9 weed management treatments, soybean
intercropping + one mechanical weeding ( 20 DAS) and 2 mechanical weeding (20 and 40 DAS) + mash
intercropping being at par with each other resulted in significantly lower weed dry weight, higher yield
attributes and maize equivalent yield over other treatments. One mechanical weeding at 20 DAS gave
highest benefit-cost ratio of 4.3 followed by 2 mechanical weeding at 20 and 40 DAS and soybean
intercropping + 1 MW (20 DAS), which gave the benefit : cost ratio of 2.3.

Key words: Equivalent yield, Maize, Organic, Weed control, Weed control efficiency

Maize (Zea mays L.) is a versatile crop, growing
across a range of agro—ecologica zones. Being a rainy
season and widely spaced crop, maize getsinfested with
variety of weeds and subjected to heavy weed competi-
tion during the first 4-6 weeks after emergence. Practice
of using heavy inputs and intensive cultivation has led to
heavy weed infestation which remainsto be the most dev-
astating reason for lowering grain yield by 83% (Usman
et al. 2001). Herbicide used to be akey component in al-
most al weed management strategies, but indiscriminate
use of these herbicides has resulted in serious ecological
and environmental problems. A strong need was felt to
discover the aternative weed management options in or-
ganic agriculture (Economou et al. 2002). Integrated weed
management includes the combination of cropping prac-
tices for efficient and economical weed control (Swanton
and Weise 1996). Intercropping within the organic agri-
cultural production has an important role in weed control.
Thewider row spacing in maize can be used to grow short
duration legumes which not only act as smoother crop,
but also give additional yield (Shah et al. 2011). The in-
creased number of plants per unit area, asin case of inter-
crops, resultsin the reduction of weed biomass (Bulson et
al.1997).

Despite best management practices being adopted,
the per hectareyield of Kharif cropsincluding maize tends
to be low due to the reverse nutrient competition offered
by weeds as rains and humidity support luxuriant growth

*Corresponding author: drjpsaini @gmail.com
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of weeds which can reduce the maize yield up to 60.8%
(Gaur et al. 1991). Keeping in view the negative effects of
herbicides, the present study was undertaken to observe
the effect of non-chemical methods of weed management
in maize under organic production system.

MATERIALSAND METHODS

A field experiment was conducted during Kharif 2010
and 2011 at the Research Farm of Department of Organic
Agriculture, Chaudhary Sarwan Kumar Himachal Pradesh
Krishi Vishvavidyal aya, Palampur. The arearepresentsthe
mid-hill wet temperate zone of Himachal Pradesh. The
soil of the experimental site was silty clay loam in texture,
acidic in reaction (pH 5.6), medium in organic carbon
(0.57%), low in available nitrogen (205.0 kg/ha), avail-
able phosphorus (9.5 kg/ha) and medium in available po-
tassium (180.0 kg/ha). The experiment waslaid out in ran-
domized block design with nine treatment combinations
and three replications. The treatments comprised of me-
chanical weeding (MW) at 20 DAS, 2 mechanical weed-
ing (MW) at 20 and 40 DAS, hand weeding (HW) at 20
DAS, 2 hand weeding at 20 and 40 DAS, soybean inter-
cropping with no weeding, soybean inter-cropping + 1 MW
(20 DAYS), soybean intercropping + 1 HW (20 DAS), 2
MW at 20 and 40 DAS + mash intercropping (40 DAYS)
and unweeded check. Weed popul ation was recorded from
the unweeded check plotsat 120 days after sowing for the
purpose of calculating the percent infestation of different
weed species. Thetotal dry weight of weedswas recorded
at 120 days after sowing.
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RESULTSAND DISCUSSION
Effect on weeds

The major weeds were: Echinochloa sp. (E. colona
(L.) Link and E. crusgalli (L.) P. Beauv.), Digitaria
sanguinalis (L.) Scop. and Panicum dichotomiflorum
Michx. among grasses, Cyperus sp. (C. esculentus L. and
C.iriaL.) among sedges and Commelina benghalensis L.
among broad-leaved. The grasses, broad-leaved weeds and
sedges constituted about 65.4, 21.5 and 13.1% of total
weed flora. Under mid-hill conditions of Himachal Pradesh,
similar weed florahasbeen reported earlier in maizefields
by Saini and Angiras (1998).

Effect on crop

Different weed control treatments significantly
affected number of cobs, cob length, grains/cob and, 1000
grains weight compared to that of unweeded control plot
(Table1). It hasbeen found that two MW (20 and 40 DAYS),
1 HW/1 MW (20 DAS), two HW/MW (20 and 40 DAYS)
and 1 MW (20 DAS) being statistically at par with each
other recorded significantly higher number of cobs’haand
higher cob length over the remaining treatments. Soybean
inter-cropping (no weeding) was as good as 1 HW in sup-
pressing weeds and producing significantly longer cobs
and higher number of cobs/ha over unweeded control.
During both the years of study, grains/cob and 1000-grain
weight were significantly higher over unweeded check but
were statistically at par among the different treatments
except graing/cob during 2010. In 2011, 2 MW + mash
inter-cropping and soybean inter-cropping +1 HW/IMW
(20 DAS) produced significantly higher number of graing/
cob over all other treatments. Soybean inter-cropping
though resulted in higher grains/ cob over unweeded check

but recorded comparatively lower grains/cob over other
treatments. Ali (1988) and Ghosh et al. (2007) also
reported similar results.

Soybean intercropping + 1 MW (20 DAYS), 2 MW
(20 and 40 DAS) and 2 MW (20 and 40 DAS) + mash
inter-cropping being at par with each other resulted in
significantly lower weed dry weight and higher maize
equivalent yield over al other treatments during both the
years of experimentation. This might be due to the weed
smothering ability of thelegumes dueto the profuse canopy
which also resulted in higher weed control efficiency. Ali
(1988), Ghosh et al. (2007) and Nongmaithem et al. (2012)
also expressed similar opinions, where legumes with good
canopy were most efficient for weed control. Hand weed-
ing twice (20 and 40 DAS) being at par with 1 HW/IMW
(20 DAS) were the next best treatments in controlling
weeds and producing higher yields over the remaining
treatments. Soybean inter-cropping though was least
effective in suppressing weeds among all the treatments
but it produced significantly higher maize equivalent yield
and lower weed dry weight over unweeded control. Two
mechanical weedings (20 and 40 DAS) being at par with
soybean inter-cropping + 1 HW/1 MW (20 DAS) resulted
in significantly higher maize/maize equivalent yield and
lower weed dry weight over other treatments except 2 MW
(20 and 40 DAS) + mash intercropping.

Mechanical weeding (20 DAS) resulted in signifi-
cantly highest benefit—cost ratio of 4.6 and 4.0 during 2010
and 2011, respectively. This treatment was followed by
2 MW (20 and 40 DAS) and soybean inter-cropping +
1 MW each of which resulted into 2.3 B:C ratio. It
was closely followed by 2 MW + mash inter-cropping
which gave on an average 2.2 B:C ratio. All the weed

Table 1. Effect of various weed control treatments on yield attributes of maize

Number of Cob length Grains/cob 1000-grain
cobs/ha (cm) weight

Treatment (x10%ha) (9)

2010 2011 2010 2011 2010 2011 2010 2011
Mechanical weeding (MW ) 20 DAS 724 65.7 175 168 3116 3032 2117 2122
Mechanical weeding (MW ) (20 and 40 DAYS) 739 664 170 171 3082 3151 2186 2125
Hand weeding (HW ) 20 DAS 65.2 62.6 165 159 3023 2864 2050 1984
Hand weeding (HW ) 20 and 40 DAS 715 65.3 171 166 3152 3157 2147 209.0
Soybean intercropping (no weeding) 64.7 505 156 16.0 2925 280.7 2068 196.4
Soybean intercropping + IMW (20 DAS) 73.6 674 175 172 3334 3125 2152 2110
Soybean intercropping + 1 HW (20 DAS) 71.8 655 176 170 3296 3025 2125 208.1
2 MW 20 and 40 DAS + mash intercropping 74.7 688 179 168 3401 2985 2158 2104
Unweeded check 48.6 455 148 139 1824 1654 1958 1884
LSD (P=0.05) 35 3.8 0.8 0.7 15.1 175 15.6 16.2

DAS - Days after sowing, MW - Mechanica weeding, HW- Hand weeding
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Table 2. Effect of treatments on weed dry weight, weed control efficiency, maize equivalent yield and benefit: cost

ratio
Wegd dry Weed control M ai;e grain Beneffi;: cost
weight efficiency (%) equivalent ratio

Treatment (g/m?) y Yield (t/ha)
2010 2011 2010 2011 2010 2011 2010 2011
Mechanical weeding(MW) at 20 DAS 428 546 582 56.6 3.42 2.95 4.6 4.0
Mechanical weeding (MW) at 20 and 40 DAS 243 287 763 772 3.65 3.28 2.7 2.6
Hand weeding(HW) at 20 DAS 495 623 517 505 3.25 2.64 29 1.7
Hand weeding (HW) at 20 and 40 DAS 338 354 670 719 3.44 3.02 1.3 1.2
Soybean intercropping (no weeding) 464 657 547 478 2.80 2.48 15 16
Soybean intercropping + 1 MW at 20 DAS 284 312 724 752 3.84 3.35 24 21
Soybean intercropping + 1 HW at 20 DAS 315 36.2 69.2 712 3.71 3.24 1.7 15
2 MW at 20 and40 DA S+ mash intercropping 276 214 73.0 83.0 3.82 3.56 21 2.3
Unweeded check 1024 125.8 - - 2.15 1.84 - -
LSD (P=0.05) 125 5.7 - - 0.24 0.21 - -

management treatmentsresulted in significantly lower weed
dry weight and higher weed control efficiency over
unweeded check during both the years of study (Table 2).
Irrespective of number of weedings, the mechanical
weedings produced lower weed dry weight as compared
to the hand weeding, however, the differences were non-
significant. Two mechanical/hand weedings at 20 and 40
DAS being at par with soybean intercropping + 1 me-
chanical/hand weeding at 20 DAS produced significantly
lower weed dry weight and higher weed control efficiency
over the remaining treatments during both the years of
experimentation.

Soybean intercropping suppressed second flush of
weeds to a great extent. Two mechanical weedings (20
and 40 DAS) + mash intercropping gave the highest weed
control efficiency due to profuse canopy as has also been
observed by Ali (1988) and Ghosh et al. (2007). Soybean
inter-cropping was as effective as one hand weeding (20
DAYS) in suppressing the weeds during both the years.
However, it was also at par with one mechanical weeding
during first year as was evident from weed dry weight
and weed control efficiency (Table 2). Kandasamy and
Chandrasekhar (1998) reported that the traditional (non-
chemical) methods of weed control effectively minimized
weed competition and maximized maizeyield.

It was concluded that under organic farming condi-
tions, soybean intercropping + 1 mechanical weeding (20
DAS) or 2 mechanical weedings (20 and 40 DAS) could
bethe best optionsfor non-chemica management in maize.

REFERENCES

Ali M. 1988. Weed suppressing ability of short duration legumes
with pigeon pea under rainfed conditions. Tropical Pest
Management 34: 384-387.

200

Bulson HA, J Snaydon RW, Stopes CE. 1997. Effects of plant
density on intercropped wheat and field beans in an organic
farming system. Journal of Agricultural Science, Cambridge
128:59-71.

Economou GO, Tzakou A, Gani A, Yannitsaros A and Bilalis D.
2002. Allelopathic effect of Conyza albida on Avena sativa
and Spirodela polyrhiz. Journal of Agronomy and Crop Sci-
ence 188: 248-253.

Kandasamy OS, and Chandrasekhar CN. 1998. Comparative effi-
cacy of chemical and non-chemical methods of weed manage-
ment in rainfed maize (Zea maysL.). Indian Journal of \Weed
Science 30: 201-203.

Gaur BL, Rao DS, Kaushik MK 1991. Comparative efficacy of pre
and post-emergence herbicides in controlling weeds in rainy-
Season maize zea-mays. Indian Journal of Agronomy 36(1):
261-262.

Ghosh PK, Bandyopadhyaya KK, Wanjari RH, Manna MC, Misra
A, Mohanty K and Subba Rao MA. 2007. Legume effect for
enhancing productivity and nutrient use efficiency in major
cropping systems-An Indian perspective: A review. Journal of
Sustainable Agriculture 30(1): 59-86.

Nongmaithem D, Pal D and Ghosh PK. 2012. Weed control through
smothering crops and use of plant extracts as bioherbicides.
Indian Journal of Weed Science 44(4): 251-254.

Saini JP and Angiras NN. 1998. Efficacy of herbicidesaloneand in
mixtureto control weedsin maize under mid-hill conditions of
H.P. Indian Journal of Weed Science 30(1& 2): 65-68.

Shah SN, Shroff JC, Patel RH and UsadadiyaV P. 2011. Influence of
intercropping and weed management practices on weed and
maize. International Journal of Scienceand Nature2(1): 47-50.

Swanton JC and Weise FW. 1996. Weed science beyond the weeds:
the role of integrated weed management (IWM) in agro-eco-
system health. Weed Science 44: 437-445.

Usman A, Elemo KA, BalaA. and Umar A. 2001. Effect of weed
interference and nitrogen on yields of a maize/rice intercrop.
International Journal of Pest Management 47: 241-246.



2 |ndian Journal of WWeed Science 45(3): 201-203, 2013

Suitablecropping system and weed management practices
for higher fodder oat production

Waseem Raja*
Mountain Livestock Research Institute, SKUAST-J, Manasbal, Jammu & Kashmir 193 504

Received: 9 June 2013; Revised: 17 August 2013

ABSTRACT

Field experiments were carried out during 2009-10 and 2010-11 at Mountain Livestock Research Institute,
Manasbal, Sher-e-Kashmir University of Agricultural Sciences and Technology Kashmir, Indiato find out
the suitable weed management practices and cropping system of fodder oat. The green fodder yield and
dry matter accumulation of oat was significantly higher under oat sole than oat + vetch (2:1) and oat +
vetch (1:1), however was at par to oat + vetch 4:1. The magnitude of increase in green fodder yield with
oat sole was 0.96, 12.71 and 15.51% than 4:1, 2:1 and 1:1 cropping system, respectively. Application of
pendimethalin 0.75/ha recoded 7.76, 24.46 and 98.6% superiority over application of butachlor 2 kg/ha,
wheel hoe and weedy check, respectively. The oat sole with application of pendimethalin 0.75/harecorded
highest gross profit (¥ 76,903/ha), net returns (¥ 49,363/ha) and B:C (2.79) than other treatment

combination.

Key words: Butachlor, Cropping system, Fodder oat, Green fodder yield, Pendimethalin, Wheel hoe

Thefodder production in Indiaisinsufficient to meet
the requirements of growing livestock population and coun-
try faces a net deficit of 61.1% in green fodder, 21.9% in
dry crop residues and 64% in feeds (Agarwal et al. 2008).
The shortage of feed and fodder has resulted in low pro-
ductivity of Indian livestock (Tripathi et al. 2009). The
fodder cultivation is equally or more remunerative than
grain, cash or commercia crops (Agarwal et al. 2008).
In Jammu & Kashmir, 0.6 lakh ha is under cultivated
fodder crops (DES 2008) and faces a net deficit of 19%
in fodder (Anonymous 2006). Among the cultivated Rabi
fodder crops, oat is one of the promising fodder crop asit
fits well in rice based cropping sequence. In Kashmir
valley, alarge number of weed species have been reported
that are associated with fodder oat crop like Ranunculus
muricatus, R. arvensis, Fumaria indica, Arenaria
serpyllifolia, Poa annua among the highly frequent spe-
cies (Reshi et al. 1986 and Singh et al. 2007). Besides
other factors, weed infestation is one of the significant
factors limiting the productivity and quality of fodder oat.
Sincetheinformation available on weed management prac-
ticesinfodder oat islimited in Kashmir, the present inves-
tigation was initiated to find out appropriate cropping sys-
tem and weed management practice for higher fodder oat
production.

*Corresponding author: waseemral@gmail.com
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MATERIALS AND METHODS

The present investigation was conducted during Rabi
seasons of 2009-10 and 2010-11 at Mountain Livestock
Research Ingtitute, Manasbal, Sher-e-Kashmir University
of Agricultural Sciences and Technology, Kashmir to de-
tect suitable cropping system and weed management prac-
tice for higher fodder oat production. The study areafalls
in temperate climatic zone of north western Himalaya. The
experimental soil was clay loamin texture, neutral in reac-
tion (pH 7.1), high in organic carbon (2.1%) and medium
inavailable P (17.3kg/ha), availableK (414 kg/ha) and low
inavailable N (156 kg/ha). The experiment waslaid out in
a split plot design with four cropping systems, viz. oat +
vetch ( 4:1), oat (Avena sativa) + vetch (Micia villosa)
(2:1), oat + vetch (1:1), oat (sol€) in main plot and four
weed control methods, viz. weedy, wheel hoe,
pendimethalin 0.75 kg/ha and butachlor 2.0 kg/ha to sub-
plot with threereplications having 15 m? gross plot size of
each treatment. Oat cultivar ‘ Sabzar’ was sown with row
to row spacing of 25 cm in pots receiving sole oat treat-
ment. The winter vetch cultivar ‘ Golder Tares' was sown
after every four rows of oat in oat + vetch 4:1 treatment.
In treatment oat + vetch 2:1, after every two rows of oat,
one row vetch was sown and in oat + vetch 1.1, every
row of oat was followed by one row of vetch. The spac-
ing between oat and vetch was kept same as that of sole
oat treatment (25 cm row-row) in al intercrop treatments.
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The wheel hoe was operated twice in the season,
one at 30-35 days after sowing and second at 160-165
days after sowing. The pendimethalin 0.75 kg/ha and
butachlor 2.0 kg/ha were applied within three days after
sowing to respective plots. No weed management prac-
tice was done in weedy check plots. The plant samples
were taken at the time of harvesting for estimation of dry
matter. Oat was harvested at milking stage and at the same
time winter vetch was also harvegted. The green fodder
yield was estimated from 10.4 m net plot area of each
treatment.

RESULTSAND DISCUSSI ON
Weed flora

The weed flora observed in the experimental plots
were: Lamium amplexicaule,Galium aparine, Asperugo
procumbense, Bromus japonica, Medicago polymorpha,
Lolium perenne, Adonis aestivalis, Fumaria indica,
Scandix pecten-veneris, Lithospermum arvense, Ranun-
culus arvensis, Cynodon dactylon, Arenaria serpyllifolia,
Poa annua and Capsella bursa.

Effect on weed biomass

Thedifferent cropping system and weed control meth-
odsinduced significantly distinction in weed biomass, dry
matter accumulation and green fodder yield of oat (Table
1). Among the cropping system oat + vetch (4:1) recorded
significantly lower weed dry matter than oat + vetch (2:1),
oat + vetch (1:1), however was at par to oat sole. Further,
the oat sole recorded significantly lower weed dry matter
than oat + vetch (2:1), oat + vetch (1:1). The difference
between oat + vetch (2:1) and oat + vetch (1:1) was not
significant with respect to weed dry matter. This trend
may be ascribed to non-smoothening effect of winter vetch

in replacement series of oat - vetch intercropping system.
Among the weed control methods, application of
pendimethalin 0.75 kg/ha recorded significantly lower
weed dry weight than butachlor 2.0/ha, wheel hoe and
weedy check. Application of butachlor 2.0 kg/ha recorded
significantly lower weed dry matter than wheel hoe and
weedy. Besides, wheel hoe was significantly superior than
weedy with respect to weed dry matter. Pisal and Sagarka
(2013) also reported that pre-emergence pendimethalin
resulted efficient control of monocot and dicot weeds.

Effect on green fodder yield and dry matter

The green fodder yield and dry matter accumulation
of oat was significantly higher under oat sole than oat +
vetch (2:1) and oat + vetch (1:1), however was at par to
oat + vetch 4:1. Further, oat + vetch 4:1 was superior to
oat + vetch (2:1) and oat + vetch (1:1) with respect to
green fodder yield and dry matter accumulation, though
the difference between oat + vetch (2:1) and oat + vetch
(2:1) was not significant. The oat sole recorded 0.96%,
12.71% and 15.51% increase in green fodder yield than
4:1, 2:1 and 1:1 cropping system, respectively. Lower bio-
mass per unit area of winter vetch than oat may be the
basis of higher dry matter accumulation and green fodder
yield with sole oat. Application of pendimethalin 0.75 kg/
hawas significantly superior with respect to green fod-
der yield and dry matter accumulation than other weed
control treatments, and was followed by butachlor 2.0
kg/ha, wheel hoe and weedy. In turn, application of
butachlor 2.0 kg/ha recorded significantly higher green
fodder yield and dry matter accumulation than wheal hoe
and weedy and further, wheel hoe was significantly supe-
rior than weedy check. Mishra et al. (2012) also found
that application of pendimethalin 0.5 kg/ha was good in

Table 1. Effect of intercropping and weed control methods on weed dry matter, green fodder yield, dry matter

accumulation of fodder oat

Weed dry matter (g/m?)

Green fodder (t/ha) Dry matter (t/ha)

Treatment
2009-10 2010-11 M ean 2009-10 2010-11 M ean 2009-10 2010-11 M ean
Cropping system
Oat+vetch (4:1) 50.1 48.0 49.1 28.89 27.28 28.09 8.99 8.81 8.87
Oat+vetch (2:1) 60.5 58.1 59.3 25.87 24.45 25.16 7.71 7.44 7.57
Oat+vetch ( 1:1) 57.0 54.7 55.9 25.27 23.84 24.55 7.66 7.24 7.45
Oat sole 50.7 48.7 49.7 29.16 27.55 28.36 9.72 9.14 9.43
LSD (P=0.05) 4,37 4.22 4.26 1.30 0.83 0.85 0.86 0.54 0.65
Weed control method
Wheel hoe 495 47.6 48.6 27.14 25.62 26.36 8.76 8.16 8.46
Pendimethalin 0.75g/ha 35.8 34.4 35.1 33.74 31.88 32.81 10.42 10.07 10.27
Butachlor 2.0g/ha 41.6 40.0 40.8 31.33 29.61 30.47 9.61 9.35 9.48
Weedy check 91.2 87.6 89.4 16.98 16.05 16.52 5.19 5.09 5.14
LSD (P=0.05) 4.62 4.42 4.48 1.36 1.11 1.14 0.52 0.56 0.52
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weed control and produced higher grain yield of maize.
Application of pendimethalin 0.75/ha recorded 7.8, 24.5
and 98.6% superiority over application of butachlor 2 kg/
ha, wheel hoe and weedy check, respectively. Higher fod-
der yield with application of pendimethalin 0.75/ha was
also reported by Bar et al. (1991) and Bhilareet al. (2001).
Economics

The oat sole with application of pendimethalin 0.75
kg/ha recorded highest gross profit (¥ 76,903/ha), net re-
turn (¥ 49,363/ha) and B:C (2.79) than other treatment
combination (Table 2) and was followed by oat sole +
butachlor, pendimethalin (4:1), butacholr (4:1) and low-

Table 2. Relative economicsof different treatment com-

binations
Cost of Gross
- Net returns
Treatment cultivation returns .
(x10%/ha) (x10%/ha) X1077/ha)

W heel hoe (4:1) 29.19 60.84 31.65
Pendimethalin (4:1) 28.44 69.41 40.97
Butachlor (4:1) 27.97 66.10 38.13
W eedy (2:1) 28.40 33.89 5.49
W heel hoe (2:1) 30.27 49.34 19.07
Pendimethalin (2:1) 29.50 59.35 29.85
Butachlor (2:1) 29.43 53.84 24.41
W eedy (1:1) 29.15 43.32 14.17
W heel hoe (1:1) 30.40 46.93 16.53
Pendimethalin (1:1) 30.65 56.84 26.19
Butachlor (1:1) 30.18 54.23 24.05
W eedy (sole) 26.04 26.55 0.51
W heel hoe (sole) 28.54 53.83 25.29
Pendimethalin (sole) 27.54 76.90 49.36
Butachlor (sole) 27.07 69.60 42.53
W eedy check (4:1) 26.94 28.38 1.44

Input - Oat seed = T16/kg; Vetch seed = 7 250/kg; N =7 11.95/kg;
P,Os = T 24.0/kg; K,O = 7 9.0/kg; Pendimethain = ¥ 500/litre;
Butachlor = 7 30/kg; Output Green fodder = ¥ 2.0/kg

203

est was recorded with weedy sole and weedy (4:1). It
was concluded that fodder oat crop sown as sole with
application of pendimethalin 0.75 kg/ha was found supe-
rior both with respect to green fodder production and eco-
nomically.
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ABSTRACT

Study on phytoremedial capability of water hyacinth as a safe organic manure source was done at the
Regional Agricultural Research Station, Kumarakom during 2010-12. The heavy metals and other minerals
in water hyacinth were Fe (33038 ppm), Al (13075 ppm), Ca (2234.80 ppm), Mn (1440.1 ppm), Mg
(1608.3 ppm), Zn (77.08 ppm), Cu (49.80 ppm), Cr (23.37 ppm), As (5.276 ppm), Pb (0.531 ppm), and
Hg (0.151 ppm). The heavy metal contentsin all the three forms of composts were amost similar, except
for Fe, Cr and Cd. The biomass yield of Amaranthus viridis in a pot culture study was higher in water
hyacinth than ordinary compost during theinitial harvest, while yieldsfor thefinal harvest and total yields
were significantly higher for the farmyard waste compost. The heavy metals Pb, Hg and Cd content in
Amaranthus remained unaltered by the organic sources, while As, Cr and Ni content were enhanced

significantly by the water hyacinth treatments.

Key words: Eichhornia crassipes, Heavy metal contamination, Nutrient scavenger, Phytoremediation,
Vermi compost, Water hyacinth, Wetlands

The Vembanad—Kole wet lands, the largest among
the three Ramsar sites in Kerala, is now on the verge of
deterioration as there is high concentration of heavy met-
alsand pesticide residuesin water and sediment. The heavy
metal contentin  sediments of the Vembanad estuary was
reported to be abovethecritical limits(Varmaet al., 2007).
Sabithaand Nagaraj (2007) also reported the severe quali-
tative degradation in wetlands of Kerala.

The high degree of pollution by plant nutrients, viz.
nitrates, nitrites and phosphates has contributed to pro-
lific growth of Eichhornia crassipes (water hyacinth), with
coverage of 75% of the water bodies of Kerala state. This
weed is widely seen in paddy fields, lakes, streams and
channels making large areas inaccessible, non-navigable
and uncultivable. Though theiill effects of water hyacinth
havebeen dealt by many workers, itsservices asacleansing
macrophyte of polluted water bodies has seldom been ap-
preciated. Phytoremedial capability of aquatic macrophytes
is a cost effective green technology based on the use of
specially selected metal accumulating plants. Wetland plants
are preferred over other plants due to their low cost, fre-
guent abundance in aquatic ecosystem and easy handling
(Raj 2008). Though the capability of water hyacinth to
accumulate plant nutrients and heavy metal contaminants
present in water bodies is well known, however, disposal
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of biomass wiith accumulated heavy metals is a major
constraint. The phytoremedial capability of E. crassipes
and its utility as an organic source of nutrients for crop
production has been reported by Sasidharan et al. (2012).
However, elevated heavy metal content in plant tissues
and composts of water hyacinth and the possible con-
tamination of vegetablesand agricultura producesthrough
food chain are points of concern. In the present investiga-
tion, assessment of the capability of water hyacinth in
recovering plant nutrients and heavy metals from polluted
water bodies and eval uation of composting techniques for
its easy disposal and the possible heavy metal contamina-
tion of crops produced are addressed.

MATERIALSAND METHODS

Studies were undertaken up at the Regional Agricul-
tural Research Station, Kumarakom (9°36'46''N;
76°25'51" E) during 2010-12." Samples of mature water
hyacinth plants were randomly collected from different
parts of the Vembanad Lake during March 2011 and Janu-
ary 2012 and were subjected for assessing the mineral
composition and compost production. Simultaneously,
sediments and water from these locations were collected
for assessment the extent of heavy metals. A pot culture
experiment with E. crassipes compost (EC), water hya-
cinth vermi compost (EVC), farm yard waste compost
(FMC) and a no manure control as treatments with
Amaranthus (Amaranthus tricolour) variety ‘ Arun’ asthe
test crop was conducted for two seasons during 2011-
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12. Eichhornia crassipes vermi compost and aerobic com-
post were prepared as per standard practice. Vermi com-
post was prepared using a mixture of partially dried (50%
moisture) water hyacinth and cow dung in 8:1 (V/V ba-
sis) ratio. Earth worms (Eudrillus eugineae) were intro-
duced 2 weeks later and resulting vermi compost was
collected after 45 days. Composts, sand and soils were
mixed in 1:1:1 proportion and 2 kg each of the potting
mixturewasfilled in polyethylene pots. Thedifferent com-
post samples (EC, EVC and FMC) and the potting mix-
ture were analysed for various physico- chemical param-
eters. One month old Amaranthus seedlings were trans-
planted at four seedlings per pot. No extraneous plant nu-
trients and plant protection chemicals were administered
other than the treatments. Soil samples from all the pots
were analysed for various physico—chemical properties.
Two plants from each pot were uprooted at 20 and 40
days interval after planting and yields was recorded.
Amaranthus samples were oven dried and analysed for
plant nutrients and heavy metals as per thefollowing meth-
ods.

Plant sampleswerewashed thoroughly with deionised
water and oven dried at 60°C for 48 h and powdered us-
ing Wiley mill and analysed for plant nutrients and heavy
metals. water hyacinth plants were analysed tissue wise
for which the plants were separated to root, stem + peti-
ole and leaf lamina while, whole plants of Amaranthus
were  similarly prepared for chemical analysis. Oven
dried plant samples were weighed and placed in teflon
vessels and digested by diacid method. The volume of the
extract was made up to 50 ml with distilled water and the
metal content was estimated using AAS.

The potting mixture was analysed for pH, EC, OC,
P.Os, K0, Ca, Mg, S, Fe, Mn, Cu and Zn as per standard
methods. Compost samples were oven dried at 60° C for
two days and samples were analysed for pH, EC, mois-
ture (gravimetric method), nitrogen (micro kjeldhal), car-
bon (Walkey and Black), total potash (diacid extract), to-
tal phosphates (vanadomolybdo phosphoric yellow
method), Cu, Zn, Fe, Mn, Pb, Cr, Hg, As, Cd, and Ni
(diacid extract method) using AAS. The water and sedi-
ments of Vembanad |ake were collected from different
locations and analysed for Cu, Zn, Fe, Mn, Al Pb, Cr, Cd
and Ni using AAS. The data for two seasons were pooled
and analysed using ANOVA to test the significancelevel of
variations in physico-chemical properties of potting mix-
ture, yield of Amaranthus, and chemical composition and
heavy metal content of Eichhornia, and Amaranthus.
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RESULTSAND DISCUSSION
Heavy metals composition

Range of different heavy metals in lake sediments
and water of lake are given (Table 1). Content wise, heavy
metals were in the order of Fe > Al > Mn > Zn > Cu >Cr
> As > Pb > Hg > Ni >Cd in their abundance (Table 2).
The pattern was almost similar to that of lake water in
order of Fe > Al > Mn > Zn > Cr > Pb > Ni > Cu >Cd.
Elevated content of Cu in E. crassipes compared to the
lake water is the most significant variation in heavy metal
composition between E. crassipes and its habitat. The
strong ability of E. crassipesto remove Cu from contami-
nated water bodies and the high bio-concentration factor
(BCF) for Cu has been reported by Chachua et al. (2007).
Among the heavy metals and secondary nutrients, Fe con-
tributed major share (3.3%) followed by Al (1.3%), Ca
(0.23%) and Mg (0.16%). In water hyacinth tissues, Fe,
Al and Mn were significantly higher in roots (94.6, 90.7
and 40.8%, respectively) while, Caand Mg were morein
the leaf lamina and stem + petiole (98 and 71%, respec-
tively) and were significantly lesser in roots. The higher
content of Fe may be due to the comparatively higher
availability of the metal inthe sedimentsand field water of
the Vembanad wetlands (Table 1). Similarly, higher con-
tent of Al and Mn may also be attributed to the higher
concentration of these metalsin its habitat. Bio accumula-
tion of these metals has further contributed to the present
level in E. crassipes.

Tissue wise, concentration of Cu (55.5%) and Zn
(55.8%) in the root was evident, while almost 93% of Cr
and Aswere present in the stem + petiole portion. Pb, Hg,
and Ni also followed the same trend of higher concentra-
tioninthe stem + petiole portion. However, Cd revealed to
be located differently with 39.5% in leaf lamina, 22.9%in
the stem + petiole and the rest in the roots. Among the
heavy metals, Cd, Pb and Ni content in the samples were
below the safe limits, while that of Cu, Cr and Zn were
above the prescribed threshold, revealing the potential of
the plant to absorb higher quantities of these heavy met-
als. Though E. crassipes was reported to be an indicator
plant of the level of contamination of the water bodies, in
the present investigation, the content of al the heavy met-
as studied were not in proportion to its availability in the
lake water (Table 1). While Cd, Pb and Ni concentration
in the lake water was higher than Cu and Zn, their content
in E. crassipes were lesser than Cu, Cr and Zn. This may
be due to the differential response of E. crassipesto dis-
solved metals in the growing media. The higher uptake of
Cu and Zn might be dueto their nutritional role in plants
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Table 1. Heavy metal in sediments and lake water in the Vembanad lake during 2010-2012

Zn Cu Mn Fe Al Pb Ni Cd Cr

0.64-26.21 0.00-4.30 0.19-462.90 210-7581 0.00-222
0.0-0.05 0.00-0.03 0.00-0.92 0.00-5.78

Sediments (mg/kg)
Water (mg/l)

84-102 34.8-454 3.90-7.90 6.90-13.2
0.0-2.0 0.14-0.20 0.05-0.70 0.04-0.05 0.31-0.42

Table 2. Composition of heavy metals in water different parts of water hyacinth (mg/kg)

Plant part Ca Mg Al Cu Zn Fe Mn  Pb Cr Hg As Cd Ni

Leaf lamina 3310 1834 1134 3373 209 4248 1095 0.04 154 0094 045 0.019 0.021
Stem+petiole 34206 1572 1003 3273 813 4961 1463 118 6590 0229 1476 0.011 0.083
Root 1231 1419 37090 8293 1290 89906 1762 036 266 0130 0.62 0.018 0.043
Mean 2284 1608 13075 49.80 770 33038 1440 053 2337 0151 528 0.016 0.049

as essential nutrients. The Cr content in E. crassipesplants
were higher than Ni and Cd, which can be attributed to its
higher concentration in the lake water (Table 1 and 2)

Quality of compost

The Eichhornia crassipes aerobic (EC) and
Eichhornia vermi composts (EVC) were comparable to
farmyard waste compost (FMC) in pH, EC, moisture, ni-
trogen, organic carbon and C: N ratio (Table 3). Total
potash was 46% and 28% higher in EV C and EC, respec-
tively compared to FMC. The higher content of potash
was due to the elevated level of K in raw E. crassipes.
Among micronutrients, Cuwasavailable almost equaly in
all the three forms of composts. Zn content in all forms of
composts were considerably higher than Cu. The avail-
ability of Zn on the other hand was highest in EC followed
by EVC and FMC. Fe and Mn content were considerably
higher in EV C than the other two forms of composts. The
present findings were in confirmation with that of Waturu
(2011). The difference in the composting process might
have contributed to the variation in Fe content between
the E. crassipes based composts.

Among heavy metals, Cr content in both ECand EVC
were considerably high. This has been contributed by the
higher content of Cr in E. crassipes plants (Table 2). It
was interesting to note that the content of the heavy met-
als Pb, As, and Ni were considerably high in FMC than
EC and EVC, while the Cd content in FM C was consider-
ably less compared to the ten fold higher content in EC.
The As content in E. crassipes composts were consider-
ably less compared to the high concentration of thisheavy
metal in E. crassipes plants. The favourable physico
chemical characteristics other than the higher Fe and Mn
content and lesser heavy metal concentration indicate the
suitability of E. crassipes composts for crop production.
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Montoya et al. (2012) aso reported the suitability of
Eichhornia biomass for producing quality compost suit-
able for horticultural crops.
Physico-chemical properties of potting mixture
Significant variation in the physico-chemical proper-
ties of the potting mixture (Table-3) could be observed (P
< 0.05) due to the treatments. FMC and EVC improved
the pH of the soil and were significantly superior to the
other treatments, which in their turn were at par with each
other. Organic carbon and phosphorus content were, how-
ever, significantly higher for FMC while the other treat-
ments were at par. The beneficial effect of farm yard ma-
nure on physico-chemical and biological properties of soil
isan established fact. The higher nitrogen contentin FMC
and theimproved biological properties might have enhanced
the organic carbon and available P,Os content of the soil.
Potassium was significantly higher for EVC treated soil.
This may be attributed to the higher content of potassium
in E. crassipes based composts. Calcium content was
higher in EVC and FMC treated soils, which were at par
and significantly superior to soil treated with EC. Iron
content in both types of E. crassipes composts was sig-
nificantly higher than the other treatments with signifi-
cantly lesser Fein EC than EV C. Among micronutrients
all the three composts forms had significantly higher cop-
per content than the control. The over al pictureindicated
that the soils treated with Eichhornia vermi composts
(EVC) were equally good as that of the FMC as far as
most of the soil physico-chemical properties studied ex-
cept the higher Fe, Mn content and lesser OC, and avail-
ablePinEVC.

Yield of Amaranthus

The initial harvest of fresh weight of Amaranthus
indicated significantly higher (p<0.01) yields in EC than
EV C and no manure control which was at par with FMC.
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Table 3. Physico—chemical properties of composts

Eichhornia Farmyard

Parameter Eg;rr]\orr;a vermi waste
o compost  compost
pH 6.8 6.8 6.8
EC (dS/m) 0.02 0.02 0.02
Moisture (%) 14.0 15.3 134
Nitrogen (%) 29 28 3.2
Organic carbon (%) 414 37.6 41.4
C:Nréatio 14.2 132 131
Total potash (K20 %) 14 16 11
Total phosphates (P20s %) 2.72 27 25
Copper (Cu mg/kg) 634 60.7 68.1
Zinc (Zn mg/kg) 180.3 142.0 126.2
Iron (Fe mg/kg) 14058 125765  7936.8
Manganese (Mn mg/kg) 1041.6 1064.1 541.4
Lead (Pb mg/kg) 0.26 0.20 0.35
Chromium(Cr mg/kg ) 20.0 215 4.93
Mercury (Hg mg/kg) 0.24 0.20 0.23
Arsenic (Asmg/kg ) 0.84 0.53 175
Cadmium (Cd mg/kg) 0.05 0.02 0.01
Nickel (Ni mg/kg) 0.05 0.04 0.07

The dry weight during the first harvest however, did not
differ among the composts. Fresh weight and dry weight
corresponding to second harvest and total yield, confirmed
the superiority of FMC over E. crassipes composts. Among
E. crassipes composts, aerobic compost (EC) had signifi-
cantly higher fresh biomassyield than EV C (Table4). How-
ever this superiority was not reflected on the correspond-
ing dry weight. The higher yields from FMC may be due
to better soil reaction, higher organic carbon content and
other nutrients. The lesser Fe in the soil treated with FMC
might also have contributed to the higher yields (Table 3).
Similarly the higher content of Fe in EC might be the ma-
jor yield limiting factor. The role of higher concentration
of Feasayield limiting factor has been reported by Bridgit
(1999). The low yield from Eichhornia composts treat-
ments might be due to the higher content of Feinits com-
posts (Table 3).

Mineral composition of Amaranthus

Both theformsof E. crassipes compostssignificantly
(P<0.05) increased the Ca content of Amaranthus (Table
5). EVC and EC recorded 60 and 46% higher Ca content,
respectively than FMC. Thevariation in Cacontent might
be brought about by differential availability of Cafromthe
compost sources. However, the uptake of Mg was not
seen influenced by the different nutrient sources. Among
the micro nutrients differential response could be seen with
respect to Fe, Mn, Zn and Cu. Fe content in Amaranthus
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was the highest for FMC which however, was at par with
EVC and control treatment. Fe content between the two
forms of Eichhornia composts, varied significantly with
the higher content for EV C than EC. This may be due to
the higher Fe content in EVC (Table 3) than EC. The an-
tagonism between Fe and Ni may be another factor that
contributed to lesser Fe content in EC than the other treat-
ments. The Ni content of the latter was significantly higher
than the former (Table 5).

Shreyakovaet al. (2011) attributed reduced Fe uptake
in Amaranthus on account of antagonism between Fe and
Ni. Though there was no significant variation due to com-
posts, the Cu content in Amaranthus was 4 to 5 fold higher
than Zn in the compost treatments. Enhanced uptake of Cu
by Amaranthus and its utility as a phyto extractor of Cu
from industrial soil was reported by Rahman et al. (2013).
In the present study the effect of the treatments on Zn con-
tent in Amaranthus was significant (P<0.05). The control
treatment had the highest Zn content which was 157 %
higher than EVC which had the next highest Zn content.
The decreased Zn content in the compost treated
Amaranthus may be due to antagonism between Zn and Cu
which was an established fact

The heavy metals Pb, Hg and Cd content in
Amaranthus did not show any variation due to the treat-
ments. The highest values for Pb (0.445 mg/kg for EVC),
Cd (0.022 mg/kg for EC) and Hg (0.055 mg/kg for con-
trol) in Amaranthus plantswerewell within the safe limit
prescribed by the Indian Standards (Awashthi 2000).
Among the other heavy metals, differential response to
Cr, As and Ni were evident as revealed by significantly
(P<0.01) higher concentration of these metals in
Amaranthus. Cr content was the highest in EVC, which
was at par with al the other forms of composts and supe-
rior to no manure control. Though the Cr content in E.
crassipes composts were high (Table 3), the same was
substantially lessin FMC. Since Cr content in Amaranthus
treated with all the three forms of composts did not vary
significantly it is inferred that the manure sources didn’t
influence the Cr content. The availability of all essential
nutrients in the desired level in the composts and the con-
sequent synergetic action might have contributed to the
elevated Cr statusin Amaranthus. Shreyakovaet al. (2011)
also reported enhanced heavy metal uptake of Amaranthus
when industrial soilswere treated with fertilizer nitrogen.

The As content in Amaranthus was the highest for
EC with significantly lower content for the other two forms
of composts. Since the control treatment enjoyed signifi-
cant higher content of As than EVC, the possibility of



N.K. Sasidharan, T. Azim, D. Ambika Devi and Samuel Mathew

Table 4. Physico-chemical properties of soil treated with different composts

Treatment pH EC ocC P20s K20 Ca Mg S Fe Mn Zn Cu
dSm (%) (mgkg) (mg/kg) (ppm) (ppm) (ppm)  (ppm)  (ppm)  (ppm)  (Ppm)
EC 5.87% 0.15 0.72° 80.1° 327.7° 409.2b 8.8 99.9 114.2¢@ 104.3° 196 8.72¢
EVC 6.322 0.027 0.99° 129.9>  493.2¢ 426.0° 8.7 1434 93.6° 148.7¢ 262  11.90¢
FMC 6.45° 0.185 1.89° 171.48 4241 428.2° 9.0 103.7 2.2¢ 106.9° 219 11.01°
Control 573> 0.457 0.74° 87.9¢ 226.1¢ 368.2¢ 8.6 149.8 1.7¢ 65.5¢ 1.66 3.31°
LSD (P=0.05) 0.362 NS 0.545 2781 138.84 3.286 NS NS 16.46 32.84 NS 4,305

*Values followed by the same alphabet do not differ significantly,
Farmyard waste compost

Table 5. Biomass yield of Amaranthus (g/plot)

20daysafter 40 days after

Treatment planting planting Totd
Fresh Dry Fesh Dry Fresh Dry
weight weight weight weight weight weight

EC 41.25% 3.55° 49.15° 4.88° 90.40° 8.43°

EVC 20.23° 2.83 2353° 2.40° 43.76¢ 523

FMC 32.96% 3.20° 86.76° 9.17% 119.72?2 12.37°

Control  1025° 1.12° 18.0° 1.98° 28.25° 3.1°

LSD

(P=0.05) 1654 2.03 3138 355 27.92 358

*Values followed by the same alphabet do not differ significantly

EC - Eichhornia crassipes, EVC - E. crassipes vermicompost, FMC

Eichhornia as the source of As can be ruled out. Similarly
the As content in raw E. crassipes (Table 2) and in its
compostswere considerably higher than in the Amaranthus
plants and hence transfer of As from E. crassipes and its
biomagnification is a very distant possibility. Ni content
was also the highest for EC which was significantly supe-
rior to the other two forms of composts. Similar to As, the
Ni content in Amaranthus was very much less than the E.
crassipes plant tissues and its composts. Hence the trans-
fer of Ni to Amaranthus plants beyond the permissible
limit did not taken place. The content of all theheavy metals
in Amaranthus studied were well with in the permissible
limit prescribed by Indian/WHO Standards.

Table 6. Mineral composition of Amaranthus at 40 DAS (mg/kg)

Treatment Ca Mg Cu Zn Fe Mn Pb Cr Hg As Cd Ni

EC 304 1625 328 6.3 2079® 188 0.150 1.053 0.053 0.020° 0.022 0.0146°
EVC 3870° 1664 376 88 6594% 303 0.445 1.249° 0.053 0.002° 0.013 0.0009°
FMC 2404° 1551 365 7.2 7545° 147 0.179 1.05% 0.024 0.001° 0.011 0.0009°
Control 2548° 1490 273 22.6° 4686 192 0.101 0.538° 0.055 0.009® 0.006 0.0005°
LSD (P=0.05) 956.6 NS NS 89 4622 NS NS 0.374 NS 0.007 NS 0.0005

*Values followed by the same alphabet do not differ significantly

Water hyacinth absorbed very high levels of dissolved
plant nutrients and heavy metals from the Vembanad wet-
land system, which had dissolved plant nutrients and heavy
metal sin concentrations exceeding the prescribed safe limit.
The pattern of heavy metal content in their abundancein E.
crassipes resembled that of the concentration of the heavy
metals in the lake water except that of Cu. The enormous
guantities of plant nutrients and heavy metals accumulated
by E. crassipes made it an ideal aquatic macrophyte for
scavenging mineral pollutantsfrom water bodies. Thelarge
volume of biomass obtained from E. crassipes could be
converted as composts, comparable in quality with farm
yard waste compost. E. crassipes composts were of less
Pb, Asand Ni and almost similar Hg concentration and con-
siderably higher Cr and Cd content than farm yard waste
compost. Significant increaseinyield of Amaranthus, agreen
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leaf vegetable crop could be obtained by E. crassipes com-
post application compared to the control. The heavy metals
Zn, Cu, Pb, Cr, Hg, As, Cd and Ni in Amaranthuswere well
below the safe limit prescribed by Indian/WHO standards.
Thus the aquatic macrophyte, E. crassipes could be used
as a phytoremedia agent capable of cleansing the water
bodies off plant nutrients and heavy metalsand the biomass
generated could be converted to composts. E. crassipes
composts were effective as organic manure source for pro-
duction of green-leaved vegetables devoid of heavy metal
contamination.
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Wheat is the world’'s most widely cultivated food
crop. Average yield losses due to weeds are 20-30%, how-
ever, heavy infestation of the formidable weeds can inflict
huge crop losses (Singh et al. 1999). Grassy weeds like
Phalaris minor and Avena ludoviaciana are dominant in
rice-wheat rotation in north west plain zone. Continuous
use of a particular herbicide may develop resistance in
weeds. Herbicide mixtures may be an alternative for man-
agement or delay of cross resistance development against
these herbicides (Dhawan et al. 2009). Keeping in view
the above facts, the present investigation was undertaken
to test the performance of herbicides alone or in combina-
tion to control weeds in wheat.

A field experiment was conducted during 2011-12
on research farm of CCS HaryanaAgricultural university,
Hisar situated is at 29°10°N latitude and 75°46’ E longi-
tudes with an elevation of 215.2 m above the mean sea
level. The soil of the experimental field was sandy loamin
texture with 210 t/ha available N, 15.6 kg/ha available P,
410 t/haavailable K, 0.34% organic carbon and soil pH of
8.3. The experiment was done with 14 treatments (Table
1). Wheat was sown on 7" November 2011 with a row
spacing of 20 cm in randomized block design with three
replications. The herbicides were applied at 35 days after
sowing using knapsack sprayer. In weed free treatment,
weeds were removed as and when they appeared. The
data on weeds was taken from 0.25 m? area. The data on
crop growth parameters, yield attributes and yields were
recorded as per standard parameters.

Among single herbicide application, metribuzin 210
g/ha resulted significantly lower population of Phalaris
minor than application of clodinafop 60 g/ha, pinoxaden
40 g/ha and sulfosulfuron 25 g/ha because it controlled
grassy weeds more efficiently. Singh et al. (2011) have
also reported that metribuzin was effective in controlling
grassy weeds in wheat. Among various combinations, the
population of P. minor was minimum in sulfosulfuron +
metribuzin 25 + 210 g/lhawhich might be due to synergis-
tic effect of these herbicides in controlling grassy weeds

*Corresponding author: skkhokhar64@gmail.com
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particularly P. minor. Application of sulfosulfuron +
metsulfuron 32 g/ha resulted in significantly lower plant
population of Phalaris minor because of combined effect
of sulsufuron + metsulfuron. Isoproturon + 2,4-D (1000
+ 500 g/ha) application resulted in more number of P.
minor plant as compared to other mixed herbicides appli-
cation which might be due to resistance of P. minor to
isoproturon (Table 1). Resistance of P. minor to isoproturon
has already been established and reported by Malik and
Singh (1995).

Initially up to 30 DAS, no significant difference in
population of Chenopodium album was recorded because
no herbicide treatments were imposed in different plots of
the experiment. At 60 and 90 DAS, application of
metribuzin 210 g/ha and sulfosulfuron 25 g/haresulted in
significantly less plant population of Chenopodiumalbum
than clodinafop 60g/ha and pinoxaden 40 g/ha (Table 2).
Singh et al. (2005) also reported that alone application of
sulfosulfuron 25 g/ha or metribuzin 210 g/ha provided re-
duction in density of broadleaf weeds. Application of
sulfoudlfuron + metribuzin 25 + 210 g/haresulted in lower
plant population of C. album at 60, 90, 120 DAS and at
maturity which may be due to more control of broadleaf
weeds by sulfosulfuron 25 g/ha and metribuzin 210 g/ha.
These results are in conformity with Sharma (2012).

Weed control efficiency (WCE) was significantly
higher with application of sulfosulfuron 25 g/ha among
single application of herbicides. This may be due to better
control of C. album (Table 3) which led to less dry matter
accumulation by weeds. Application of sulfosulfuron +
metsulfuron 32 g/ha resulted in 89.2% WCE which was
at par with sulfosulfuron+metribuzin 25 + 210 g/ha may
be due to more control of grassy and broadleaf weeds.

Number of spikes in single applied herbicides were
not influenced significantly, however, sulfosulfuron ap-
plied 25 g/ha produced the higher number of spike which
may be due to the better control of weeds by this herbi-
cides as compared to metribuzin 210 g/ha, clodinafop 60
g/ha and pinoxaden 40 g/ha as evident from the lower
weeds dry matter (Table 3) in this herbicide. Application
of metribuzin 210 g/hain combination with clodinafop 60
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g/ha, sulfosulfuron 25 g/ha and fenoxaprop 120 g/ha pro-
duced more number of spikes as compared to its alone
application which was attributed to the superior control
of weeds in herbicide mixtures as evident from the better
weed control efficiency of herbicide mixtures. The posi-
tive effect of herbicide mixtures in controlling complex
weed flora have a so been reported by Singh et al. (2005).

Different herbicidetreatmentsresulted in significantly
higher 1000-grain weight as compared to weedy check
but at par with weed free. This may be due to less compe-
tition for different resourcesin herbicide treatments being
efficient in controlling weedswhich resulted in more trans-
location of food from source to sink. Similar result had
also been reported by Singh et al. (2012).

Herbicide mixture of metribuzin 210 g/ha with
clodinafop 60 g/ha, pinoxaden 40 g/ha, sulfosulfuron 25
g/ha and fenoxaprop 120 g/ha resulted more straw yield
of wheat, as compared to the alone application of
metribuzin 210 g/ha. Application of mixed herbicides pro-
duced similar straw yield as compared to weed free. This
may be due to non-significant difference in dry matter
accumulation by wheat in herbicide mixture which resulted
in non-significant different in straw yield.

Weed control treatments produced significantly
higher grain yield as compared to weedy check.
Sulfosulfuron 25 g/habeing significantly superior to alone
application of metribuzin 210 g/ha, clodinafop 60 g/lhaand
pinoxaden 40 g/ha produced higher wheat grain yield,

Table 1. Effect of different weed control treatments on population (no./m2) of Phalaris minor in wheat

Treatment Dose (g/ha) 30 DAS 60 DAS 90 DAS 120DAS At maturity
Metribuzin 210 6.3(38.6) 1.8(2.3) 1.6(1.7) 1.5(1.4) 1.3(0.7)
Clodinafop 60 6.1(35.6) 3.3(2.3) 24(1.7) 1.9(10.7) 1.7(4.3)
Pinoxaden 40 6.2(37.3) 3.5(2.7) 24(1.3) 1.9(11.0) 1.7(4.7)
Sulfosulfuron 25 6.1(36.6) 4.3(18.0) 3.5(11.7) 29(7.7) 24(4.7)
Clodinafop + metribuzin 60+210 6.2(37.6) 2.9(7.3) 2134 1.8(2.4) 1.6(1.7)
Pinoxaden + metribuzin 40+210 6.0(35.0) 2.7(6.3) 21(34) 1.8(2.4) 1.6(1.7)
Sulfosulfuron + metribuzin 25+210 6.2(37.6) 2.2(3.6) 1.8(2.4) 1.3(1.0) 1.3(0.7)
Fenoxaprop + metribuzin 120+210 5.8(33.3) 2.6(6.0) 19(2.7) 1.6(1.7) 1.5(1.3)
Sulfosulfuron + metsulfuron 32 6.0(35.3) 2.1(3.9) 16(1.7) 1.3(0.7) 1.1(0.3)
Mesosulf uron + iodosul furon 144 6.0(35.0) 2.2(4.0) 1.8(2.4) 1.6(1.7) 1.5(1.3)
Clodinafop + metsulfuron 60+4 6.4(40.3) 2.1(3.4) 1.7(2.0) 1.6(1.7) 1.5(1.3)
Isoproturon + 2,4-D 1000+500 6.2(38.0) 4.6(7.3) 35(4.7) 2.9(20.0) 2.4(113)
Weedy check 6.4(403) 5.7(32.0) 5.1(26.0) 4.9(23.6) 4.5(20.0)
Weed free 1.0(0.00) 1.0(0.0) 1.0(0.0) 1.0(0.0) 1.0(0.0)
LSD (P=0.05) 0.3 0.21 0.21 0.35 0.30

DAS - Days after sowing; Original datagiven in parentheses

Table 2. Effect on different weed control treatments on population (no./m?) of Chenopodium album in wheat

Treatment Dose (g/ha) 30DAS 60DAS 90DAS 120DAS At maturity
Metribuzin 210 7.1(50.0) 2.9(18.7) 2.2(15.7) 1.8(8.0) 1.5(3.7)
Clodinafop 60 6.8(44.7) 5.4(28.00 4.7(2214) 4.2(17.4) 4.1(15.7)
Pinoxaden 40 6.9(47.7) 5.3(27.6) 4.6(20.7) 4.3(17.7) 4.0(15.3)
Sulfosulfuron 25 6.8(43.7) 2.9(2.3) 2.1(1.7) 1.8(7.3) 1.5(3.3)
Clodinafop + metribuzin 60+210 7.1(48.7) 2.6(1.70 1.8(0.7) 1.6(5.7) 1.3(2.3)
Pinoxaden + metribuzin 40+210 6.8(44.7) 2.1(1.3) 1.6(0.7) 1.5(3.3) 1.3(1.7)
Sulfosulfuron + metribuzin 25+210 6.6(42.7) 2.1(1.0) 1.5(0.3) 1.4(3.3) 1.1(1.3)
Fenoxaprop + metribuzin 120+210 6.8(45.6) 2.9(1.7) 2.1(1.3) 1.6(7.3) 1.5(3.3)
Sulfosulfuron + metsulfuron 32 6.6(42.0) 2.2(1.3) 1.6(0.7) 1.5(3.7) 1.3(1.7)
Mesosulfuron + iodosulfuron 14.4 6.7(43.3) 3.1(1.7) 2.1(1.0) 1.6(8.3) 1.4(3.3)
Clodinafop + metsulfuron 60+4 6.7(43.7)  2.3(4.9) 1.6(1.7) 1.5(1.4) 1.4(1.0)
Isoproturon + 2,4-D 1000+500 7.1(49.3) 3.5(2.7) 25(1.7) 1.9(11.3) 1.6(5.3)
Weedy check 7.1(50.0) 6.7(30.7) 6.3(28.0) 5.6(44.3) 5.4(38.6)
Weed free 1.0(0.0) 1.0(0.0) 1.0(0.0) 1.0(0.0) 1.0(0.0)
LSD (P=0.05) 0.32 0.29 0.23 0.19 0.18

DAS - Days after sowing, Origina data given in parentheses was subjected to square root +/(x+1) tansformation before analysis
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Table 3. Effect of different weed control treatments on dry matter of C. album at different crop stages and weed

control efficiency

Dose Dry matter (g/m?) Weed control
Treatment (g/ha) 30 DAS 60DAS 90DAS 120 DAS At maturity eff'(%'/g”cy
M etribuzin 210 4.0 17.8 28.1 43.3 47.8 70.5
Clodinafop 60 35 21.8 35.3 62.3 66.4 59.9
Pinoxaden 40 4.0 20.9 33.2 59.8 63.3 61.8
Sulfosulfuron 25 3.4 14.3 22.2 35.7 40.4 76.4
Clodinafop + metribuzin 60+210 4.1 8.4 12.4 20.5 28.3 82.9
Pinoxaden + metribuzin 40+210 3.9 7.8 10.3 18.2 26.1 84.2
Sulfosulfuron + metribuzin 25+210 3.8 6.2 9.5 17.1 23.3 85.9
Fenoxaprop + metribuzin 120+210 35 9.3 14.4 23.3 26.2 84.1
Sulfosulfuron + metsulfuron 32 3.8 6.0 8.3 14.4 17.7 89.2
M esosulfuron + iodosulfuron 14.4 3.9 9.0 12.8 22.6 25.4 84.6
Clodinafop + metsulfuron 60+4 3.8 9.9 17.4 26.3 294 82.2
Isoproturon + 2,4-D 1000+500 3.4 9.6 15.3 25.3 28.3 82.9
Weedy check 3.8 452 85.6 1345 166.5 0.0
Weed free 0.0 0.0 0.0 0.0 0.0 100.0
LSD (P=0.05) NS 55 59 8.1 7.4 3.79
DAS - Days after sowing
Table 4 . Effects of different weed control treatments on yield attributes and yield of wheat
Dose Grains/  1000- Straw Grain HI
Treatment (g/ha) Spikes/m?  spikes grain yield yield (%)
wt.(g) (t/ha) (t/ha)
M etribuzin 210 383 33.8 41.1 8.13 5.34 39.7
Clodinafop 60 376 325 41.6 7.73 5.08 39.7
Pinoxaden 40 378 34.2 41.1 7.70 5.19 40.3
Sulfosulfuron 25 402 341 41.5 8.33 5.70 40.7
Clodinafop + metribuzin 60+210 440 33.9 41.9 9.0 6.24 40.9
Pinoxaden + metribuzin 40+210 443 34.3 41.6 9.08 6.32 41.1
Sulfosulfuron + metribuzin 25+210 450 34.0 41.9 9.12 6.41 41.3
Fenoxaprop + metribuzin 120+210 432 34.0 41.8 9.07 6.16 40.5
Sulfosulfuron + metsulfuron 32 452 33.8 42.0 9.04 6.42 415
M esosulfuron + iodosulfuron 14.4 435 34.0 41.9 8.91 6.19 41.0
Clodinafop + metsulfuron 60+4 422 34.6 41.3 8.75 6.04 40.8
Isoproturon + 2,4-D 1000+500 425 34.3 41.6 8.78 6.07 40.9
W eedy check 332 31.9 39.0 6.44 4.14 39.2
Weed free 453 33.8 42.2 9.03 6.46 41.7
LSD (P=0.05) 44 2.7 2.0 1.15 0.59 NS

which may be due to the better weed control asis evident
from the higher WCE i.e. 76.4 as compared to other her-
bicides. Moreover, the number of spikesin this treatment
was higher than metribuzin 210 g/ha, clodinafop 60 g/ha
and pinoxaden 40 g/ha, which attributed to the higher yield
in this treatment.

Ready mix application of sulfosulfuron + metsulfuron
32 g/haproduced the highest grain yield (6.42 t/ha) among
different herbicide treatments but it was statistically at par
with weedy free. Non-significant differences in number
of spikes, grain number and 1000 grain weight of ready
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mix herbicides lead to non-significant variation in grain
yield of wheat. Moreover, rapid growth of wheat plant
efficiently utilized the resources in absence of weeds.

SUMMARY

Metribuzin alone 210 g/ha resulted in significantly
lower population of Phalaris minor than alone applica-
tion of clodinafop 60 g/ha, pinoxaden 40 g/ha and
sulfosulfuron 25 g/ha. Application of sulfosulfuron +
metsulfuron 32 g/lha and 25 + 210 g/haresulted in signifi-
cantly lower population of P. minor and C. album, re-
spectively. Sulfosulfuron + metsulfuron 32 g/ha resulted
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in 89.2% WCE which was at par with sulfosulfuron +
metribuzin 25 + 210 g/ha. Weed control treatments pro-
duced significantly higher grain yield as compared to
weedy check. Sulfosulfuron 25 g/ha being significantly
superior to alone application of metribuzin 210 g/ha,
clodinafop 60 g/ha and pinoxaden 40 g/haproduced higher
wheat grain yield, which was evident from the higher WCE
as compared to other herbicides. Ready-mix application of
sulfosulfuron + metsulfuron at 32 g/ha produced the high-
est grain yield (6.42 t/ha) among different herbicide treat-
ments but it was statistically at par with weed free.
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Mostly fodder varieties of maize are shy-seeders and
have low yield potential for seed. The seed production of
fodder maize has much concern, because fodder varieties
of maize are mostly bred for high vegetative growth and
the crops are harvested before maturity of seeds.To meet
the demand of seeds, it is imperative to develop suitable
agro-techniques to enhance the seed production of forage
maize. The season-long weed competition causes consid-
erable yield losses in maize (Dalley et al. 2006). World-
wide yield losses in maize due to weeds are estimated to
be around 37% (Oerke and Dehne 2004). The predomi-
nant weed flora were Echinochloa crusgalli L. and
Cynodon dactylon L. among monocots; Cyperus rotundus
L. among sedges; and Amaranthus viridis L., Digera
arvensis L., Portulaca oleracea L., Alternenthara sessili
L. and Trianthema spp. among dicots (Arvadiyaet al 2012).
The infestation of these weeds were found increased in
the maize growing belt of the state especially where the
farmers were using atrazine year after year. So, tank mix
combinations of two herbicides having different mode of
action and integrated weed management practices for bet-
ter weed control were investigated.

Field experiment was conducted at Research Farm,
AICRP on Forage Crops, Department of Agronomy,
Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur
(Madhya Pradesh) during Kharif, 2012. The soil of the
experimental field was sandy clay loam in texture, neutral
in reaction (pH 7.2), and low in organic carbon (0.53%)
as well as with low available N (232 kg/ha), medium in
available P (17.2 kg/ha) and medium in available K (315
kg/ha) contentswith normal electrical conductivity (0.32).
Ten treatments consisted with pre-emergence application
of atrazine 1.0 kg/ha, pendimethalin 1.0 kg/haand alachlor
2.5 kg/ha alone and with hand weeding at 30 DAS, com-
bined application of atrazine 0.75 kg/ha + pendimethalin
0.75 kg/ha and atrazine 0.75 kg/ha + alachlor 2.25 kg/ha,
hand weeding twice at 20 and 40 DAS and weedy check
were tested in arandomized block design with three repli-
cations. Sowing of maize cv. ‘African Tall’ was sown on
13" July, 2012 by using seed rate 40 kg/hain the rows 60

*Corresponding author: amitagcrewa@rediffmail.com
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cm apart. A uniform dose of 80 kg/ha N + 40 kg P,Os +
20 kg K,O/hawas applied in al the plots. Half quantity of
N as per treatment along with full quantity of P and K
fertilizers were given as basal application at the time of
sowing and remaining N was top-dressed at 25 DAS and
45 DAS. Various observations were recorded on weed
parameters and crop parameters. In studies on intensity of
weeds and dry matter accumulation by weeds were made
specieswise and transformed values were statistically ana-
lyzed at 60 DAS. Finally, the grain and stover yields were
determined.

The predominant weeds under monocot were
Echinochloa colona (15.4%), Digiteria sanguinalis
(13.1%), Cyperusrotundus (16.2%) and Commelina com-
munis (14.0%). Phyllanthus niruri (14.4%) and Eclipta
alba (13.6%) were prominent among dicot weeds. Many
other minor weeds in small intensity (13.3%) were also
present in maize ecosystem at 60 DAS stage.

The weed management practices significantly influ-
enced the weed density and dry weight at 60 DAS (Table
1). In weedy check, the total weed population was signifi-
cantly higher than all the herbicidal treatments atrazine
1.0 kg/ha, pendimethalin 1.0 kg/ha and alachlor 2.5 kg/ha
including hand weeding at 30 DAS and weed free treat-
ments. The weed menace was minimum under hand weed-
ing done a 20 and 40 DAS, but it was marginal at 60
DAS dueto emergence of weeds during later part of crops
growth. Among the pre-emergence herbicides treatments,
activity of atrazine 1.0 kg/ha, pendimethalin 1.0 kg/haand
alachlor 2.5 kg/ha alonewas not well marked against most
of weeds but when all these herbicide applied with inte-
gration of one hand weeding at 30 DAS and combined
application of atrazine 0.75 kg/ha + pendimethalin 0.75
kg/haand atrazine 0.75 kg/ha + alachlor 2.25 kg/ha, con-
trolled most of the associated weeds. Weedy check had
the highest weed biomass and it had reduced significantly
when weeds were controlled either by use of herbicidesor
hand weeding (20 and 40 DAS). The lowest weed biom-
ass was recorded under weed free treatment closely fol-
lowed by atrazine 1.0 kg/ha + hand weeding at 30 DAS,
alachlor 2.5 kg/ha + hand weeding, combined application
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of atrazine 0.75 kg/ha+ pendimethalin 0.75 kg/lhaand atra-
zine 1.0 kg/ha + alachlor 2.25 kg/ha, found significant to
reduced the weed biomass over pre-emergence applica
tion of atrazine 1.0 kg/ha, pendimethalin 1.0 kg/ha and
alachlor 2.5 kg/haaone. Similar viewswere also endorsed
by Mandal et al. (2004). The WCE was maximum with 2
hand weeding closely followed by alachlor 2.5 kg/ha +
hand weeding at 30 DAS, atrazine 1.0 kg/ha+ hand weed-
ing at 30 DAS, combined application of atrazine 0.75 kg/
ha + pendimethalin 0.75 kg/ha and atrazine 0.75 kg/ha +
alachlor 2.25 kg/habut lowest WCE found with pre-emer-
gence application of atrazine 1.0 kg/ha, pendimethalin 1.0
kg/ha and aachlor 2.5 kg/ha alone. These results are in
agreement with findings of Walia et al. (2007).

Seed and stover yields were lowest in the plots re-
ceiving no weed control measures (weedy check) due to
severe competition stress right from crop establishment
up to the end of critical period of crop growth, leading to
poor growth parameters and yield attributing traits and

finally the seed yield. All the treated plots receiving either
manual weeding or herbicidal treatments and integration
with hand weeding produced higher yield over weedy
check plots(Table 2). The maximum seed and stover yields
was noted in hand weeding at 20 and 40 DA S followed by
atrazine 1.0 kg/ha + hand weed at 30 DAS than other
treatments. The crop under weed free plots attained lush
growth due to elimination of weeds from inter and intra
row spaces besides better aeration due to manipulation of
surface soil, which resulted into superior yield attributes
and development, and consequently the highest yield.
Malviya and Singh (2007) also reported that, hand weed-
ing as an effective method of weed control for achieving
the maximum yield. Maximum yield loss of 49.5% was
recorded under weedy check where, weeds were not con-
trolled in the entire crop season. Theweed index waslowest
(2.20) in plotsreceiving pre-emergence application of atra-
zine 1.0 kg/ha + hand weeding at 30 DAS followed by Te
and Ts. Thelower weed index values under aforesaid treat-

Table 1. Effect of different treatments on weed density and dry weight at 60 DAS in fodder maize

Echinochloa Digiteria Cyperus Commelinacom Phyllanthus Others
colona sanguinalis rotundus munis niruri
Treatment - Dry . Dry . Dry . Dry . Dry . Dry
D?rr:;szlty weight D?rr:f;ty weight D?g]sz'ty weight D?rr:;szlty weight D?rr;]szlty weight D?rr:;szlty weight
(g/m?) (g/m?) (g/m?) (g/m?) (g/m?) (g/m?)
Ti- Atrazine 1.0 kg/ha 345 414 322 419 350 4.18 346 419 366 419 347 422
(115) (16.7) 99 (@71 (@118 (1700 (115 (@171) (133) (17.1) (121) (17.3)
T2- Pendimethalin 418 481 387 486 418 485 410 485 413 485 397 488
1.0 kg/ha (17.0) (22.7) (145 (231) (1700 (23.00 (16.3) (2300 (17.00 (23.00 (158) (233
Ts- Alachlor 2.5 kg/ha 367 438 345 440 372 441 367 443 379 443 361 445
(13.0) (1870 (11.4) (188) (13.3) (1900 (13.0) (19.1) (1400 (191) (128) (193
T4- Atrazine 1.0 kg/ha 261 344 222 339 261 349 248 351 307 351 269 354
+ hand weeding at (6.3) (11.3) (4.4 (11.0) (6.3) (11.7) (5.7) (11.8) (9.6) (11.8) (8.0 (12.1)
30 DAS
Ts- Pendimethalin 1.0 291 385 258 381 303 389 292 390 322 390 288 39
kg/ha+ Hand (8.0) (14.3) (6.2) (14.0) 8.7) (14.7) (8.00 (147 (10.3) (147 (8.6) (15.1)
weeding at 30 DAS
Te- Alachlor 2.5 kg/ha 254 353 237 349 267 358 254 359 316 359 286  3.60
+ hand weeding at (6.00 (12.0 (5.1 @117 (6.7) (12.3) (6.00 (124) (10.0) (129 (85 (12.5)
30 DAS
T7- Atrazine 0.75 kg/ha 297 402 281 4.00 334 406 305 407 322 407 299 407
+ pendimethalin (8.3) (15.7) (74) (155) (10.7) (16.0 (88) (16.1) (10.3) (16.1) (9.1) (16.2)
0.75 kg/ha tank
mixed
Tg- Atrazine 0.75 kg/ha 3.08 3.89 260 3.87 313 394 308 394 324 394 301 39
+ alachlor 2.25 (9.00 (14.7) (6.4) (145) (9.3) (15.0) (9.00 (15.1) (10.6) (15.1) (9.5) (15.0)
kg/ha tank mixed
To- Hand weeding at 20 248 329 206 329 254 339 241 339 0.88 3.39 079 319
and 40 DAS (5.7) (103 (3.7) (10.3) (6.0) (11.0) (5.3) (11.0 (0.3) (11.0 (01) (9.7
T10- Weedy check 5.67 7.62 5.24 7.85 5.81 7.69 5.40 7.67 5.49 7.67 5.27 7.54
(3L7) (576) (27.0) (57.0) (333) (586) (28.7) (583) (29.7) (58.3) (27.3) (56.3)
LSD (P=0.05) 029 021 035 0.23 033 021 028 020 0.75 0.20 097 023

Original values are given in parentheses
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Table 2. Effect of different treatments on yield, WCE and economics in fodder maize

WCE Gross Net
Cob Cob Cob Seeds/  Seed Seed Stover Harvest Weed (% monetary monetary .
. : . : ) ) 0) B:C
Treatment length weight girth cob  index yidd yield index index 4 60 returns returns ratio
(cm) (g (cm) (tha) (t/ha) (%) (%) DAS (x10®%" (x10%"
/ha) /ha)
T1 146 130.3 3.70 3230 252 1.76 13.38 11.6 217 705 37.42 1438 1.62
T2 144 1258 360 2787 253 1.71 1294 11.7 237 603 36.34 13.26 157
Ts 142 1283 3.70 3200 253 1.74 13.25 116 223 67.2 37.09 13.58 1.58
Ta 16.3 1426 390 3310 26.2 2.20 13.83 137 22 801 43.14 16.35 161
Ts 148 137.7 3.80 3260 26.7 1.95 13.63 125 132 74.7 39.99 13.15 1.49
Te 152 139.0 390 3290 26.0 2.08 13.72 13.2 7.2 790 41.69 1443 152
T7 146 136.0 3.70 3240 261 1.93 1343 126 142 725 39.47 16.20 1.69
Ts 147 135.0 3.70 3247 260 2.02 13.54 13.0 9.9 741 40.75 17.02 171
To 175 1450 390 3323 26.7 2.25 14.09 138 0.0 819 44.05 1391 146
Tio 140 1205 3.60 2280 255 1.13 12.03 8.6 495 0.0 28.39 575 125
LSD (P=0.05) 1.1 3.8 0.25 23 NS 0.20 0.15 0.4 - 0.8 - - -

Treatment details are givenin Table 1.

ments are attributed to the reduced competitional stress
by weed. Therefore, the yield attributes in crop were su-
perior which ultimately resulted into increased seed yield.
Weed free treatment received two hand weeding required
maximum investment (T 30,083/ha) to control weedswhile
expenditure incurred under pre-emergence application of
atrazine 1.0 kg/ha, pendimethalin 1.0 kg/ha and aachlor
2.5 kg/ha ranged from (X 22,983 to 23,458/ha), indicat-
ing that control of weed through hand weeding was more
expensive than the use of herbicides in maize. Maximum
grossreturns (¥ 44,054/ha) was obtained under weed free
treatment closely followed by T, -atrazine 1.0 kg/ha +
hand weeding (¥ 43,140/ha) and T -alachlor 2.5 kg/ha +
hand weeding (¥ 41,699/ha). Though GMR was maxi-
mum in weed free treatments, but the net monetary re-
turns and B:C ratio were a so the highest under combined
application of atrazine 0.75 kg/ha + alachlor 2.25 kg/ha
closely followed by atrazine 0.75 kg/ha + pendimethalin
0.75 kg/ha and atrazine 1.0 kg/ha + hand weeding at 30
DAS, respectively.

SUMMARY

A field experiment was conducted at Research Farm,
JINKVYV, Jabalpur, Madhya Pradesh during Kharif 2012
to seethe effect of integrated weed management on growth,
development and seed yield of fodder maize. The lowest
weed density and weed biomass was recorded under weed
free treatment closely followed by atrazine 1.0 kg/ha +
hand weeding. All the treated plotsreceiving either manual
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weeding or herbicidal treatmentsand integration with hand
weeding produced higher yield over weedy check plots.
The maximum seed and stover yields were noted in hand
weeding at 20 and 40 DA S followed by atrazine 1.0 kg/ha
+ hand weed at 30 DAS. The B: Cratio (1.71) was higher
in the tank mixed application of atrazine 0 .75 kg/ha +
alachlor 2.25 kg/ha.
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Pearlmillet (Pennisetum glaucam L.) is one of the
major coarse grain crops and is considered to be a poor
man’sfood. Weed management in pearl millet during early
growth period of crop is most important. On an average,
55% yield reduction dueto heavy weed infestation in pearl
millet was observed by Banga et al. (2000). The predomi-
nant methods of weed management are inter-culturing and
hand weeding in pearlmillet crop. The use of herbicides
has revol utionized weed management and reducesthe cost
of cultivation. thereforeintegrated approach for weed man-
agement using chemical and manual methods were evalu-

A field experiment was conducted during summer
season of the year 2012-13 at the farm of B. A. College of
Agriculture, Anand Agricultural University, Anand (Gujarat).
The soil of the experimental area was loamy sand in tex-
ture, low in N (140 kg/ha), medium in available P (40 kg/
ha) and high in available K (300 kg/ha) with slightly alka-
linein reaction (pH 7.50). The experiment was laid out in
randomized block design with four replications and with
twelve treatments. Herbicides were sprayed with knap-
sack sprayer fitted with flat fan nozzle using 500 liter of
water/ha. The weed count and dry weight of weeds were

ated for weed management pearlmillet. recorded at 20 and 40 DAS and at harvest.

Table 1. Effect of practices on density, dry weight and weed control efficiency

Weed density (no/m?) Weed dry weight (g/m?) Weed g’f‘;fgdmog;t([%
Treatment Dicot Monocot Dicot Monocot index
At At At At (%) 20DAS h;vtst
20DAS | .o 20DAS | . 20DAS o o 20DAS =
Atrazine 1000 g/ha PE 416° 178 660 5198 1.6 134 373% 241%® 1118 543 501
(1700) (275) (4325) (2650) (2.23) (1.33) (223) (538)
Atrazine 1000 g/ha PE fo HW 405° 118" 5337 272° 134 105 361° 1839 221 617 635
a 30 DAS (1600) (125 (2800) (7.00) (L33) (0.48) (L33 (288)
Atrazine 1000 g/hal0 DAS 423 205 695 5126 166° 136° 499° 2687 11.93 408 455
(1750) (375) (4800) (2600) (2.30) (1.38) (230) (6.75)
Atrazine 1000 g/haat 10 DAS 410° 1.3* 654 319° 136 103 430° 185¢ 438 494 628
fb HW at 30 DAS (1650) (250) (4250) (9.75) (1.38) (0.63) (1802) (295) ' :
Oxyfluorfen 80g/ha PE 835" 3.44p° 601% 5.19¢ 356" 268" 4159 338" 1582 384 208

(6950) (1150) (35.75) (2650) (12.25) (6.73) (16.75) (10.95)

Oxyfluorfen 80 g/ha PE fb HW 6764 234 4269 3.03% 281° 138 374 252¢

7.51 474 481

a30 DAS (4550) (500) (1800) (875) (7.45) (1.43) (1362) (590)
Oxyfluorfen 100 g/ha PE 621" 323° 572"  440° 334 211° 352 308 1468 454 317
(5200) (1000) (3250) (19.00) (10.73) (3.98) (1197) (9.03)
Oxyfluorfen 100 g/ha PE fb 651%  1.85° 4.379(18. 2.86° 2579 135° 348 217 536 515 542
HW a 30 DAS (4250) (3.002} 75) (7.75) (6.15) (1.35) (1165) (423) : :
Pendimethdin 750 g/ha PE 6719 356° 4709 4e68* 291° 229¢ 301" 331° 2455 531 262
(4500) (1225) (21.75) (2150) (8.00) (4.83) (860) (10.53)
Pendimethdin 750 g/ha PE fb 7.19°  311°  427° 3.02 287° 208 267 212 1623 561 460
HW at 30 DAS (5200) (925) (1800) (875) (7.80) (385 (780) (408) ' '
I nterculturingfb HW a 20 and 40 070" 0709 0.70 007¢ 0.70° 0.70° 070° 007 i 920 869
DAS (000) (000) (000) (0.00) (0.00) (0.00) (0.00) (0.00) : .
Weedy check 10.63° 5.37° 9.88° 8.64° 487° 364 7.36° 423 37.05 -

(113.00) (2850) (97.25) (74.25) (23.33) (12.78) (5382) (17.43)
LSD (P=0.05) Sg. Sg. Sg. Sig. Sig. Sig. Sg. Sg.

Figuresin the parenthesisare original values. All figures are subjected to transformed val ues to squareroot §/x + 0.5). DAS- Days after sowing;
fb- Followed by, Different al phabets dinote significant difference among treatments.
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Table 2. Effect of weed management practices on growth and yield attributing characters of pearl millet

- Crop dry metter
! n(')“ a aF; 2rr1]t accumulation  Effective Test  Grain  Stover  Protein tf;mﬁt
Treatment (%op/m oW (g/plant) tllers’  weight yield  yied  content ha?v o CBR
- 0,
length)  30DAS |, At plant @ Wha  (Uhy (%) (cm)
harvest
Atrazine 1000 g/haPE 10.378 4,014 33.66%¢ 4,02  11.05%d 6,950 18.20% 10.32¢€ 179%< 4.84
Atrazine 1000 g/ha PE fb HW 10.50° 4.27° 35.72% 4350 11.92% 7.65° 18.97% 11.48% 181 5.04
at 30 DAS
Atrazine 1000 g/hal0 DAS 10.50° 3.990cde 33 5pax 4,05 11.06>d 688  18.24% 10.580dke 185 481
Atrazine 1000 g/haat 10 DAS 10.25° 4.09<  3538* 4.27°  11.30%¢ 7.53® 18.45%  11.40%c 189 4.92
fo HW at 30 DAS
Oxyfluorfen 80 g/ha PE 9.85% 3.71%% 29 0% 3.85%¢  10.43 6.58¢ 15.79%%€  10.43 174% 450
Oxyfluorfen 80 g/ha PE fo HW 9.85% 3.66% 32620 3.95% 11.06%d 7.23%c 17,05 11.30%¢ 179%< 4,70
at 30 DAS
Oxyfluorfen 100 g/ha PE 9.77% 3.65%  29.97cde 3.75% 1077 6679 17.03xd 171.18%cd 178> 4.58
Oxyfluorfen 100 g/ha PE fb 9.55% 3.61%  33.20%c 4250 11.27%¢ 7400  17.96%¢  11.40%c 1800 4.80
HW at 30 DAS
Pendimethalin 750 g/ha PE 6.60¢ 3.63% 27.65% 3.80*  10.25% 5.8%¢ 15.13% 1047 1740 3.97
Pendimethalin 750 g/ha PE fb 6.85¢ 3.65% 28.88¢ 4,25 10.05¢ 6.554 15.18% 11.107xd 180k 4.14
HW at 30 DAS
Interculturing fo HW at 20 and 10.59° 4.85° 37.00° 5.55¢ 12.10° 7.81¢ 19.44° 11.728 2018 5.01
40DAS
Weedy check 10.50° 3.60¢ 26.08f 3.35¢ 9.89¢ 4.9 14.27¢ 10.02¢ 164¢ 3.73
LSD (P=0.05) Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig.

Different alphabets dinote significant diffenrence among treatments.

Treatment of interculturing fo HW at 20 and 40 DAS
recorded the lowest number of monocot and dicot weeds
at 20 DAS and at harvest. Among the different chemical
weed management practices atrazine 1000 g/ha PE fb HW
at 30 DAS recorded minimum number of monocot and
dicot weeds (Table 1). These results are in accordance
with the Singh et al. (2001). Among different weed man-
agement practices, interculturing fo HW at 20 and 40 DAS
recorded the lowest dry weight of monocot and dicot
weeds at 20 DAS and at harvest. Application of atrazine
1000 g/ha PE fb HW at 30 DAS recorded lower monocot
and dicot weed dry weight at different intervals followed
by atrazine 1000 g/ha at 10 DAS fb HW at 30 DAS. The
highest WCE and lowest weed index was registered un-
der treatment of interculturing fo HW at 20 and 40 DAS.
(Sharma and Jain 2003).

Plant height, crop dry matter accumulation/plant, ef-
fectivetillerg/plant, protein content recorded higher under
treatment of interculturing fo HW at 20 and 40 DAS fol-
lowed by atrazine 1000 g/ha PE fb HW at 30 DAS.
Pendimethalin treated plots showed poor germination
which might be due to the phytotoxic effect of herbicide.
Further, interculturing fbo HW at 20 and 40 DAS regis-
tered higher grain (7.82 t/ha) and stover yields (19.44 t/
ha) which was closely followed by atrazine 1000 g/ha PE
fb HW at 30 DAS (Table 2). While the highest Cost ben-

efit : ratio (CBR) value was achieved under application of
atrazine 1000 g/ha PE fb HW at 30 DAS. These results
arein line with Kaur and Singh (2006).

SUMMARY

Among the different chemical weed management
practices atrazine 1000 g/ha PE fb HW at 30 DAS re-
corded minimum number of monocot and dicot weed.
Pendimethalin treated plots showed poor germination
which might be due to the phytotoxic effect of herbicide.
Further, interculturing fb HW at 20 and 40 DAS regis-
tered higher grain (7.82 t/ha) and stover yields (19.44 t/
ha) which was closely followed by atrazine 1000 g/ha PE
fbo HW at 30 DAS
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Soybean [Glycine max (L.) Merrill] is an important
oilseed crop of the twentieth century. In India, it is culti-
vated in 9.60 million ha area with the annual production
of 12.74 million tones. Madhya Pradesh contributes nearly
5.56 million haand 6.67 million tonesto the total areaand
production of soybean in the country, respectively (Anony-
mous 2011). Being a rainy season crop, it has high yield-
ing capacity but weed infestation is one of the major con-
straints in the cultivation of soybean. It weeds, are not
controlled during critical period of weed-crop competi-
tion, thereis reduction in the yield of soybean from 35 to
50% depending upon the weed flora and density. Hand-
weedingisatraditional and effective method of weed con-
trol, but untimely and continuous rains as well as unavail-
ability of labour during peak period of demand, are the
main limitations of manual weeding. Mostly, farmers are
using pre-plant incorporated or pre-emergence herbicides
for weed control in soybean, but their efficacy is reduced
due to variation in climatic and edaphic factors. There-
fore, need wasfelt to explore the possibility of post-emer-
gence herbicides for effective control of weed.

An experiment was conducted at INKV'V, Jabal pur
during Kharif 2008. Thetotal rainfall received during crop
period was 1380 mm. The maximum and minimum tem-
perature was 38.6°C and 33.6°C, respectively. The soil of
the experimental field was clay in texture, having pH 7.3,
organic carbon 0.63% and low in available N (246 kg/ha),
medium in P (16 kg/ha) and high in K (298 kg/ha). The
experiment was laid out in randomized block design with
three replications. The experiment consisted of ten treat-
ments. All the herbicides were applied as post-emergence
(PoE) i.e. 20 DAS by using a knapsack sprayer fitted with
flat fan nozzle with volume of 600 I/hawater. The sowing
was done on 16 July, 2008 at the rate of 70 kg/haat 45 cm
of row spacing and was harvested on 1 November, 2008.
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The recommended dose of N, P,Os and K,0 (20, 80 and
20 kg/ha), respectively were applied as basal at the time
of sowing. Before sowing, soybean seed (‘ JIS93-05') were
treated with Thiram 2.5 g/kg of seed followed by inocula-
tion with rhizobium culture 5 g/kg of seed. Weed data on
species wise weed density and dry weight were recorded
at 40 DAS and at harvest using 0.25 m? quadrate ran-
domly at two placesin aplot. While observations on grain
yield and yield attributing parameters, viz. pods/plant and
seed/pods were recorded at harvest. The economics of
treatment was computed with minimum support price or
prevailing market rate of products. All the data were sub-
jected to analyses with standard statistical procedure. The
data of weed density and dry weight were subjected to
sguare root transformationv x+0.5 before statistical analy-
sis. Net assimilation rate (NAR) was cal cul ated as per for-
mulagiven.

Echinochloa colona (22.6 and 17.6%) was the most
dominant weed followed by Dinebra retroflexa (18.7 and
18.8%) and Cyprus iria (17.0 and 16.5%) among the
monocot weed at 40 DAS and harvest, respectively. Di-
cot weeds like Eclipta alba (22.3 and 24.7%) and
Alternanthera philoxeroides (19.2 and 20.2%) (Fig.1) were
less dominant in soybean ecosystem at 40 DAS and harest,
resprctivly. The highest weed infestations were recorded
in weedy check plot.

O Relative density (%) at 40 DAS 11 Relative density (%) at harvest

Alternanthera SPP. [ R ,T f

Edlipta alba eSS ,.I

Cyperus iria sessssmccd,

Dinebra retroflexa frsssisssissdssissdssisansasas I

Echinochloa colona [ ]

0 5

Fig. 1. Relative density of weeds at 40 DAS and har-
vest
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Application of quizalofop-p-ethyl at 37.5 g/ha mar-
ginally reduced density and dry weight of monocot weeds
but result was more pronounced at higher rate (50 and
62.5 g/ha). Combined application of quizal ofop-p-ethyl +
chlorimuron (37.5 + 24 g/ha) effectively controlled both
monocot and dicot weeds. The presence of quizalofop-p-
ethyl molecule in non lethal concentration at the site of
action could be the reason for poor activity of quizalofop-
p-ethyl when applied at the lower rate (37.5 g/ha) but the
reverse was true when it was applied at higher rate (50
and 62.5 g/ha) or when quizal of op-p-ethyl 37.5 g/hawas
applied along with chlorimuron (24 g/ha). On the other
hand, imazethapyr 75 g/haand fenoxaprop-ethyl 100 g/ha
caused more reduction in density and dry weight of mono-
cot weeds. These results were in conformity with Jadhav
(2013) (Table 1 and 2).

Two hand weeding (20 and 40 DAS) reduced the
density and dry weight of weeds to the maximum extent
over herbicidal treatments due to elimination of all sort of
weeds. Similar views were endorsed by Pal et al (2013).

Crop biomassand NAR

Two hand weeding (20 and 40 DAS) gave signifi-
cantly higher crop biomass (Table 3) as compared to other
treatments and it was at par with quizalofop-p-ethyl +
chlorimuron (37.5 + 24 g/ha). Application of imazethapyr
75 g/hawas comparable with quizalofop-p-ethyl +
chlorimuron (37.5 + 24 g/ha) and significantly superior
over weedy check in respect of crop biomass. These find-
ingswerein close agreement with Kelly et al. (1998). The
higher crop biomass might be due to better weed control
by herbicidal mixture. Whereas, lower rates of quizalofop-
p-ethyl at (37.5 and 50 g/ha) were ineffective in curbing
the weed menace and thereby produced inferior crop bio-
mass. Application of different herbicidesdid not influence
significant effect on net assimilation rate (NAR).

Yield attributes and yield

The yield and yield attributes, viz. pods/plant, seed
yield and stover yield were recorded significantly higher
under two hand weeding (20 and 40 DAS) as compared
to other treatments (Table 3) due to elimination of weeds

Table 1. Effect of post-emergence herbicides on weed density (no./m?) in soybean

Rate Echinochloa . Dinebra . Alternanthera

Treatment (g/ha) colona Ediiptaalba retroflexa Cyperusiria philoxeroides
40 DAS Harvest 40DAS Harvest 40 DAS Harvest 40DAS Havest 40DAS Harvest
Quizaofop-p-ethyl  37.5 5.04 3.16 5.18 5.18 4,97 3.84 4.39(15.3) 341 511 511
(20.7) (7.3) (22.0) (22.00 (2000 (113 8.7) (213 (21.3)
Quizaofop-p-ethyl 50 441 2.65 4.88 4.88 3.75 293 344 2.65 5.04 5.04
(15.3) 4.7 (19.3) (19.3) (10.7) (6.0) (8.7) 4.7 (20.7) (20.7)
Quizalofop-p-ethyl 62,5 3.94 2.58 4.74 474 3.08 2.65 2.93 174 481 481
(11.4) 4.3 (18.0) (18.0 (6.7) 4.7) (6.0) 27 (18.7) (18.7)
Quizaofop-p-ethyl 37.5 4.89 3.08 5.10 5.10 381 293 3.96 3.05 5.04 5.04
+ vit-0-vit +750 (29.3) (6.7) (21.3) (21.3) (113 (6.0) (12.0) (6.7) (20.7) (20.7)
Fenoxaprop-ethyl 100 341 2.65 4.96 4.96 3.44 2.50 3.05 1.85 4.49 4.49
(8.7) 4.7) (20.0) (20.0 (8.7) (4.0 (6.7) 27 (16.0 (16.0)
Imazethapyr 75 432 2.93 3.65 2.65 331 293 2.78 1.83 2.50 117
(14.7) (6.0) (10.0) 4.7) (8.0 (6.0) (5.3 (2.7) (4.0 (1.3
Imazaquin 93.75 5.66 5.66 3.96 2.80 5.79 591 5.72 5.72 3.44 2.50
(26.7) (26.7) (12.0) (5.3) (28.00 (29.3) (27.3) (27.3) (8.7) (4.0
Quizaofop-p-ethyl 375+ 3.75 255 341 2.78 331 241 3.05 117 2.96 1.83
+ chlorimuron 24 (10.7) 4.3 (8.6) (5.3 (8.0 (3.6) (6.7) (1.3) (6.2) (2.7)
Hand weeding 20 and 0.70 2.50 0.70 2.60 0.70 293 0.70 2.93 0.70 2.93
40 DAS (0.0 (4.0 (0.0) (5.2 (0.0) (6.0) (0.0 (6.0 (0.0) (6.0
Weedy check 7.28 7.43 6.92 7.03 7.13 7.43 7.13 7.38 6.15 6.50
(46.0) (48.0) (41.3) (42.7) (44.0) (48.0) (44.0) 473) (32.0) (36.0)
LSD (P=0.05) 0.59 0.53 0.63 0.57 0.51 0.57 0.58 1.28 0.47 0.99

Data subjected to+/x+0.5 transformation and figures in parentheses are the original values, DAS- Days after sowing
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Table 2. Effect of post-emer gence herbicides on weed dry weight (g/m?) in soybean

Echinochloa . Dinebra - Alternanthera
Treatment (5/?11:) colona Eclipta alba retroflexa Cyperusiria philoxeroides
40 DAS Harvest 40DAS Harvest 40 DAS Harvest 40 DAS Harvest 40 DAS Harvest
Quizalofop-p-ethyl 375 7.24 459 8.70 9.08 8.31 6.37 6.27 4.65 8.91 9.70
(456) (175) (675) (73.7) (61.2) (359 (337) (17.7) (70.8) (85.0)
Quizalofop-p-ethyl 50 6.27 3.67 8.35 8.46 6.17 451 470 3.52 8.83 9.48
(33.4) (10.1) (61.8) (636) (32.3) (16.2) (17.8) (9.1) (895) (80.9)
Quizalofop-p-ethyl  62.5 5.81 3.44 8.04 8.25 4.98 326 414 2.50 8.53 9.08
(28.4) (86) (57.1) (60.1) (20.2) (11.4) (13.4) (6.0) (645) (73.9)
Quizalofop-p-ethyl  37.5 6.83 4.23 8.63 8.73 6.36 5.56 5.63 412 8.81 9.44
+ vit-o-vit +750 (40.3) (140) (66.4) (68.0) (349 (26.1) (264) (135) (69.2) (80.2)
Fenoxaprop-ethyl 100 4.79 3.31 8.38 8.51 4.26 229 431 2.37 7.88 8.50
(18.8) (79) (623) (645 (14.2) (9.6) (18.8) (5.2) (545) (64.2)
| mazethapyr 75 6.16 3.98 6.10 411 5.48 494 383 1.46 5.01 3.03
(321) (12.3) (31.6) (13.2) (25.2) (19.9 (115 (2.8) (20.9) (9.6)
Imazaquin 93.75 8.04 8.12 6.65 4.29 8.85 104  8.03 8.40 5.71 4.49
(57.0) (582) (38.0) (144) (70.0) (99.7) (56.8) (62.6) (27.3) (16.0)
Quizalofop-p-ethyl 375+ 5.43 3.87 571 431 5.42 5.28 4.09 2.33 4.22 2.86
+chlorimuron 24 (246) (114) (2770 (148 (251) (232) (133) (50) (138) (55)
Hand weeding 20 and 0.70 2.88 0.70 3.47 0.70 5.43 0.70 418 070 3.78
40DAS 00y (7  (00) (89 (0.0) (247) (00) (138) (0.0) (109
Weedy check - 10.36  10.52 11.84 1191 1172 1513 1024 1074 1073 1177
(97.4) (100.6) (128.7) (130.3) (125.9) (214.1) (94.9) (104.9) (105) (127.3)
LSD (P=0.05) 0.90 0.85 0.86 0.78 0.98 0.98  0.90 1.89 0.79 1.90
Data subjected to+/x+0.5 transformation and figure in parentheses are the original value; DAS- Days after sowing
Table 3. Effect of post-emergence herbicides on yield attributes, yield and economic of soybean
NAR Crop Seed Stover
Treatment (gﬁ:) (gnP/day)  biomass ';fgnst’ Sgi‘:f’ yidd  yield (Xl%';"\?ha) (Xl'\(')';"\?ha)
at 30-60DAS  (g/m?) (tha) (t/ha)
Quizaofop-p-ethyl  37.5 0.20 4724 142 239 105 266 20.99 5.17
Quizalofop-p-ethyl 50 0.21 512.8 15.5 243 117 2.97 2341 7.25
Quizaofop-p-ethyl  62.5 0.22 520.2 176 243 1.35 3.27 27.00 10.48
Quizaofop-p-ethyl  37.5+ 750 0.20 4922 164 241 122 318 24.57 8.46
+ vit-0-vit
Fenoxaprop-ethyl 100 0.21 5423 177 245 1.36 3.39 27.27 11.16
I mazethapyr 75 0.22 556.6 19.2 251 152 3.64 30.41 14.71
Imazaguin 93.75 0.19 4543 140 241 101 2.58 20.23 453
Quizalofop-p-ethyl 37.5+24 0.22 591.9 194 256 159 3.74 31.85 15.92
+chlorimuron
Hand weeding 20 & 40 DAS 0.23 609.9 210 265 187 4.31 37.36 15.59
Weedy check - 0.17 315.8 12.0 228 081 2.11 16.09 1.33
LSD (P=0.05) NS 421 09 NS 015 040 - -

NAR: Net assimilation rate; GMR: Gross monetary returns; NMR: Net monetary returns
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from inter and intra row spaces besides better aeration
due to manipulation of surface soil and thus, more space,
water, light and nutrients were available for the better
growth and development. Pal et al. (2013) also reported
hand weeding as an effective method of weed control for
achieving the maximum yield of soybean.

In herbicidal treatments, application of quizalofop-p-
ethyl + chlorimuron (37.5 + 24 g/ha) and imazethapyr 75 ¢/
hawere at par with each other and significantly superior to
rest of other treatments in respect of pods/plant, seed and
stover yield due to effectively control of monocot and dicot
weeds. Theseresultswere in close agreement with the find-
ings of Jadhav (2013). Kelly et al. (1998) reported that
imazethapyr as post-emergence effectively controlled gassy
as well as broad leaf weeds in soybean. Application of
fenoxaprop 100 g/haproduced better pods/plant, seed and
stover yield as compared to quizalofop-p-ethyl 62.5 g/ha
because of relatively low competition stress and better yield
attributes. Whereas, lower rates of quizalofop-p-ethyl at 37.5
and 50 g/hawere ineffective in controlling broad leaved
weedsthereby produced lower yield attributes|eadsto lower
seed yield. The seed yield was lowest in the plots receiving
no weed control (weedy check) due to severe competition
stress right from crop establishment up to the end of criti-
cal period of crop growth, leading to poor growth param-
eters and yield attributing traits and finally the minimum
seed yield. The seeds/pod of soybean showed marked dif-
ference due to application of post-emergence herbicides.

Economics

The gross and net returns were minimum in weedy
check because of lowest economic yield i.e. grain yield.
The plots receiving combined application of quizalofop-p-
ethyl (37.5 g/ha) + chlorimuron (24 g/ha) fetched the higher
gross and net returns followed by imazethapyr 75 g/haand
fenoxaprop-ethyl 100 g/ha. However, the gross return was
maximum under 2 Hand-weeding (20 and 40 DAS) but lowest
net returns dueto higher cost of manual labour for weeding.

222

SUMMARY

The field was mainly infested with monocot weeds
like Echinochloa colona, Dinebra retroflexa and Cyperus
iria, whereas dicot weeds Eclipta alba and Alternanthera
philoxeroides were less dominant in soybean. The appli-
cation of quizalofop-p-ethyl 37.5 g/ha + chlorimuron 24
g/ha gave satisfactory control of weeds and it gave high-
est crop biomass (592 g/m?), seed yield (1.59 t/ha) and
net monetary returns (¥15,918/ha) followed by
imazethapyr 75 g/ha which registered the crop biomass
(557 g/n?), seed yield (1.52 t/ha) and net monetary re-
turns (¥14,712/ha). However, 2 hand weedings checked
the weed growth and recorded significantly higher seed
yield (1.87 t/ha) over rest of the treatments, but net mon-
etary return (¥15,594/ha) were lower than application of
quizalofop-p-ethyl 37.5 g/ha+ chlorimuron 24 g/ha.
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Chickpea (Cicer arietinum L.) is one of the impor-
tant grain legume of the world which isgrown in 44 coun-
tries across five continents. India is the largest producer
of chickpea accounting to 75% of the world production.
The major chickpea growing states in India are
Maharashtra, Andhra Pradesh, Bihar, Karnataka, Madhya
Pradesh, Ragjasthan, Uttar Pradesh and Gujarat. It grows
on a very light sandy loam to heavy textured clay soils.
Chickpea can fix up to 140 kg N/hain a growing period.
Potential yield lossesin chickpea dueto weedsrange from
22 - 100%. Bhallaet al. (1998) reported that herbicide
treatment gave 50 - 64% weed control with anincrease in
yield. Weed growth was significantly reduced by the use
of herbicides and resulted in 50% increase in yield over
untreated fields (Hosseini et al. 1997). But after emergence
of weeds, suitable post-emergence (POE) herbicide are
not available. Keeping in view, the present experiment was
designed to investigate the efficacy of different per-and
post-emergence herbicidesfor broad-spectrum weed man-
agement and their effects on the growth and yield of the
chickpea crop. Parasitic weed, Cuscuta was also becom-
ing a problem in some parts of the country. There is ur-
gent need to identify more effective herbicideswith broad-
spectrum of weed control and wider adaptability in
chickpea (Singh and Sharma 2013).

An experiment was carried out at research farm of
Junagarh Agricultural University, Junagadh located in south
Saurashtra region of Gujarat during Rabi season 2012-
13. This region receives an average rainfall of 680 mm
with a variability of 61%. The average monthly tempera-
ture during the growing period in the experimental year
was 33.0 °C, lower than climatic data of long-term period
(33.5 °C). The soil was medium black clay having 252
kg/ha N, 97.3 kg/ha P, 319 kg/ha K, and 0.87% organic
carbon. The experiment was laid out with nine treatment
combinations in randomized block design with three rep-
lications (Table 1). Crop was grown in Rabi 2012-13 at
45x10 cm spacing having six rows of five meter row
length. The net plot size was 4.0x1.8 m (7.2 m?) at har-
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vest time. Each plot had two rows at the beginning and at
the end of the plot for protection which were removed
before harvest.

The dominant weed flora of the experimental field
comprised of Cyperusrotundus, Eluropsvellosus, Eleusine
indica, Dactyloctenium aegyptium and Asphodelus
tenuifolius among monocots. Among dicot, Chenopodium
album, Chenopodium murale, Mélilotusindica, Boerhavia
diffusa, Portulaca oleracia, Euphorbia hirta and Digera
arvensis were found dominant weeds.

Unweeded check plot produced significantly maxi-
mum weed density at all the stages except at 30 DAS
(Table 1). At 30 days crop growth, application of
pendimethalin (1.0 kg/ha) PE + HW at 25-30 DAS pro-
duced significantly maximum weed density (3.46 weeds/
m?) but remained at par with fenoxaprop-ethyl (60 g/ha)
POE at 25-30 DAS (3.16 weeds/m?) and unweeded check
(3.07 weeds/m?). Application of pendimethalin +
imazethapyr 1.0 kg/ha PE recorded significantly lower
weed density at 30 DAS (1.65 weeds/m?), 60 DAS (1.44
weeds/m?), 90 DAS (1.63 weeds/m?) and at harvest (1.49
weeds/m?). At 60 DAS, the same treatment was found
significantly superior over al herbicide applications and
one hand weeding in production of minimum weed den-
sity. However, one hand weeding was found inadequate
for reducing the weed density. Application of pendimethalin
+ imazethapyr 1.0 kg/ha + one hand weeding at 30-35
DAS significantly produced minimum weed dry weight
(38.0 kg/ha) which remained at par with fenoxaprop-ethyl
(60 g/ha) as post-emergence at 25-30 DAS and
pendimethalin + imazethapyr 2% 1.0 kg/ha P as PE at 30
days crop growth. At 60 days crop growth, the same treat-
ment produced minimum weed dry weight (48.3 kg/ha).
At harvest the minimum weed dry weight (50.3 kg/ha)
was produced by one hand weeding which remained at
par with application of oxyfluorfen 23.5% EC (0.25 kg/
ha) as PE at 20 DAS + hoeing at 30-35 DAS, fenoxaprop-
ethyl 10% EC (60 g/ha) as POE at 25-30 DAS,
pendimethalin 30% EC + imazethapyr 2% 1.0 kg/haas PE
+ hand weeding. Significantly the maximum weed dry
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Table 1. Effect of weed management practices on density and dry weight of weeds

Weed count* (m?) Weed dry weight (kgha)

Treatment 0 60 9  Haves 30 60 90 Havest

Pendimethalin 30% EC (1.0 kg/hd) PE + 255(656) 193(38l) 1.60(2.60) 1.70(293) 981 940 733 917
HW at 25-30 DAS

Pendimethalin 38.7% CS (1.0 kg/hg) PE 2.60(678) 2.05(422) 1.76 (3.17) 1.90(3.60) 113.7 1060 1007 1040

Pendimethdin 387% CS (10 kg/hg) PE+ 346 (1204)  1.64(271) 1.56 (2.43) 150 (2.27) 1063 793 8L7 840
hoeing at 30-35DAS

Oxyfluorfen 23.5% EC (025 kglha) PE @ 2.40(581) 1.92(376) 1.94 (3.83) 1.77(3.17) 893 553 617 677
20 DAS + hoeing a& 30-35 DAS

Fenoxaprop-ethyl 10% EC (60 g/hg) POE at 316 (1005) 2.20(491) 1.84 (3.40) 2.07 (4.33) 428 462 547 637
25-30DAS

Pendimethalin 30% EC + imazethapyr 2%  1.65(280) 144(218) 1.63 (2.70) 149 (2.23) 447 6L0 473 550
(1.0 kgha) PE

Pendimethdin 30% EC + imazethapyr 2% 1.97(394) 1.94(3.75) 1.80(3.30) 1.76 (3.13) 380 483 517 55.7
(1.0 kgha) PE+ hoeing & 30-35DAS

One hand weeding a 30-35 DAS 238(575) 195(384) 1.82(3.33) 2.00(4.03) 740 620 477 503

Unweeded control 3.07(950) 326 (1066) 2.99 (892) 3.13(9.84) 119.1 1213 1143 1330

LSD (P=0.05) 0.52 0.46 0.40 0.33 350 24.2 311 268

* Figuresgiven in the parentheses are original means

weight was produced under unweeded control plot (133.0
kg/ha). Application of pendimethalin 30% EC +
imazethapyr 2% 1.0 kg/ha with or without hand weeding
gave good results on parameters of weed density and dry
weight of weeds but found phytotoxic on chickpea.

At Ludhiana (north-west plain zone) and Kota (cen-
tral zone) both fenoxaprop-ethyl and oxyfluorfen herbi-
cides gave poor control of weeds and their application
showed phytotoxic effect on germination of the chickpea
crop (Anon. 2013) but at Junagadh both were found safer
for chickpea. Application of pendimethalin 38.7% CSfor-
mulation was found at par with pendimethalin 30% EC
formulation but dightly better over EC formulation at har-
vest in production of weed density and dry weight of
weeds. This may be due to the longer herbicidal activity
with CS formulated chemicals which control newly
emerged weeds upto longer period. Singh and Sharma
(2013) reported that pendimethalin is an effective pre-
emergence herbicide (0.50-0.75 kg/ha) for control of an-
nual broad-leaved and grassy weeds in chickpea. They
also reported that application of oxyfluorfen (0.25 kg/ha)
as pre-emergence is effective for managing broad-leaved
weeds especially for Medicago hispida in central India.

The maximum herbicidal efficiency index (Table 2)
was achieved under pendimethalin 38.7% CS (1.0 kg/ha)
PE + hoeing at 30-35 DAS (100.9%) followed by
pendimethalin 30% EC (1.0 kg/ha) as PE + HW at 25-30
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DAS (96.5%) and oxyfluorfen 23.5% EC (0.25 kg/ha) as
PE at 20 DAS + hoeing at 30-35 DAS. Pendimethalin
38.7% CS formulation when applied with one HW was
found better compared to its EC formul ation with one hoe-
ing in herbicide efficiency index.

Application of different dosage of pre-and-post emer-
gence herbicides influenced significant effect on number
of branches/plant and pods/plant while on plant popula-
tion and plant height, it was found non-significant (Table
2). Significantly maximum number of pods/plant (37.3)
was produced with application of pendimethalin 30% EC
(1.0 kg/ha) PE + HW at 25-30 DAS over unweeded con-
trol plot (24.3) and remained at par with all the treatments
except application of fenoxaprop-ethyl 10% EC (60 g/ha)
as POE at 25-30 DAS. Weeds in unweeded check reduced
chickpea seed yield by 101.3% over the best treatment
pendimethalin 38.7% CS as PE + hoeing at 30-35 DAS.
Significantly maximum seed yield (1387 kg/ha) was re-
corded with application of pendimethalin 38.7% CS (1.0
kg/ha) PE + hoeing at 30-35 DAS over unweeded check
(689 kg/ha) and remained at par with pendimethalin 30%
EC (1.0 kg/ha) PE + HW at 25-30 DAS and oxyfluorfen
23.5% EC (0.25 kg/ha) PE at 20 DAS + hoeing at 30-35
DAS by producing 1356 and 1207 kg/ha seed yield of
chickpea, respectively. The maximum straw yield (1511
kg/ha) was produced with application of pendimethalin
38.7% CS (1.0 kg/ha) PE + hoeing at 30-35 DAS and
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Table 2. Effect of broad spectrum weed management practices on growth and yield of chickpea

Plant Plant Branches Pods Seed Sraw Herbicide
Tregment stand height plant plant yidd vyield efficiency
(x10%ha)  (cm) (Yha) (t/ha) index (HEI)
Pendimethain 30% EC (1.0 kg/ha) PE + HW at 25-30 DAS 2.38 386 413 373 136 151 96.5
Pendimethdin 38.7% CS (1.0 kg/ha) PE 2.43 341 473 291 118 1.35 717
Pendimethdin 38.7% CS (1.0 kg/ha) PE+ hoeing a& 30-35 DAS  2.42 385 420 337 139 145 100.9
Oxyfluorfen 23.5% EC (0.25 kg/ha) PE & 20DAS+hoeinga  2.38 381 453 318 121 141 74.8
30-35 DAS
Fenox aprop-ethyl 10% EC (60 g/ha) POE a 25-30 DAS 2.39 352 4,00 275 110 1.20 59.6
Pendimethain 30% EC + imazethapyr 2% (1.0 kg/ha) PE 2.39 365 593 315 0.85 0.99 230
Pendimethain 30% EC + imazethapyr 2% (1.0 kg/ha) PE + 2.39 327 707 294 093 1.01 354
hoeing at 30-35DAS
One hand weeding a 30-35 DA S 2.37 372 473 412 1.07 1.26 545
Unweeded control 2.40 326 3.80 242 069 0.82
LSD (P=0.05) NS NS 18 92 020 0.27
minimum with unweeded check (817 kg/ha). However, SUMMARY

due to its phytotoxic effect on chickpea, application of
pendimethalin + imazethapyr 1.0 kg/ha as PE - without
hand weeding reduced the straw yield significantly when
compared with unweeded check.

Higher seed yield of chickpea under pendimethalin
38.7% CS (1.0 kg/ha) PE + hoeing at 30-35 DAS was due
to better herbicidal efficiency index (100.9%) and less
weed count throughout the growing season. Application
of pendimethalin + imazethapyrl.0 kg/ha as PE proved
phytotoxic with poor chickpea seed yield but results in
enhanced branching in chickpea. However, results showed
that one hand weeding gave more yield over unweeded
control plot but was found inadequate for getting higher
seed yield. Application pendimethalin 30% EC (1.0 kg/ha)
PE + HW at 25-30 DA S and pendimethalin 38.7% CS (1.0
kg/ha) PE + hoeing at 30-35 DAS were found superior
over one hand weeding during the investigation. Weedy
situation prevailing throughout the crop period caused
54.7% reductionin yield of chickpeaover one hand weed-
ing. Hence, one hand weeding was found inadequate for
getting higher chickpea seed yield under irrigated condi-
tions of south Gujarat.

Pendimethalin 38.7% CS (1.0 kg/ha as PE) + 1 hoe-
ing at 30-35 DA Swas found best weed management prac-
tice and may be recommended for irrigated conditions for
south Gujarat, however, application enhanced branching
significantly but found phytotoxic in the chickpea.

A field experiment was conducted at Junagadh during
2012-13 to evaluate bio-efficacy of pre-and post-emergence
herbicides under irrigated conditions of south Gujarat (In-
dia). Significantly higher chickpeaseedyield (1.39 g/ha) was
recorded with application of pendimethalin 38.7% CSat 1.0
kg/ha as pre-emergence (PE) + 1 hoeing a 30-35 DAS and
remained at par with pendimethain (1.0 kg/ha) as PE + 1
HW at 25-30 DAS (1.36 g/ha) and oxyfluorfen 23.5% EC
(0.25 kg/ha) as PE at 20 DAS + hoeing at 30-35 DAS (1.21
g/ha). Pre-gpplication of pendimethalin 30% EC +imazethapyr
2% (Velor 32 at 1.0 kg/ha) significantly enhanced branching
in chickpea but proved phytotoxic under south Gujarat con-
ditions. One hand weeding was found inadequate for getting
higher chickpea seed yield as weedy situation prevailing
throughout the crop period caused 54.7% reduction in seed
yield of chickpea
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Imazethapyr belonging to imidazolinone group is a
systemic pre-plant incorporated, pre-emergence and post
emergence herbicide. Imazethapyr is mainly used in soy-
bean, however, it is also used in crops like corn, oilseed
rape and vegetables for control of many major annual and
perennial grasses and broad-leaved weeds (Sondhia and
Varshney 2010). It inhibits acetol actate synthatase (ALS),
a key enzyme in the biosynthesis of the branched chain
amino acids isoleucine, leucine and valine, leading to dis-
ruption of protein and DNA synthesis.

Microbial degradation and photodegradation have
been suggested as major dissipation mechanism for
imazethapyr (Stougaard et al. 1990). |mazethapyr incor-
porated in the soil persisted longer than imazethapyr ap-
plied to the soil surface (Patel et al. 2009). Hollaway et al.
(2004) reported that 10% residues of applied imazethapyr
persisted for 24 and 5 months after treatment in clay soil
and sandy soil respectively. Soil pH affects its sorption-
desorption, which in turn may affect its persistence and
biocavailability

Venktesh et al. (2008) found post-emergence appli-
cation of herbicide imazethapyr most effective in mini-
mizing weed growth and enhancing the grain yield of soy-
bean. At the recommended dose of herbicide application,
generally the problem does not arise and it selectively kill
the weeds. But when the dose is more than recommended
rates due to indiscriminate use and improper calibration
and method of application, there is possibility of residual
hazards in soil and crop produced. Therefore an experi-
ment was conducted to study the persistence of imazethapyr
residues applied to soybean in soil, grain and straw of soy-
bean.

A field experiment was conducted in Kharif 2006 at
research farm, College of Agriculture, Gwalior in random-
ized block design with 14 treatments replicated thrice. The
treatments consisted of recommended and double the rec-
ommended doses of imazethapyr, alachlor, pendimethalin,

*Corresponding author : ashaaroragwl @gmail.com
Directorate of Weed Science Research, Maharajpur,
Jabal pur, Madhya Pradesh 482 004
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fenoxaprop, chlorimuron-ethyl and quizal ofop with weedy
check and weed free (two hand weeding). The experimental
soil was sandy clay loam with 55.2% sand, 19.4% silt,
25.4% clay and 0.34% organic carbon, having 7.5 pH. The
soil samples from the imazethapyr 200 g/ha (double the
recommended dose) applied 20 days after sowing and
control (weed free) plots were collected at 15, 30, 45, 60
and 75 days after herbicide application and after harvest
of crop. The samples (0-15 cm depth) were bulked, air
dried, powdered and passed through 2 mm sieve. The soy-
bean grains and straw were sampled at harvest. The straw
samples were cut in small pieces and air dried. The grain
and straw samples were then ground in mechanical shaker.
The residues of imazethapyr in soil, grain and straw
samples were extracted and analysed by HPLC method
as per Sondhia (2008), in residue laboratory of Director-
ate of Weed Science Research, Jabalpur.

The samples were extracted with 0.5 N NaOH solu-
tion for 1 h on ahorizontal shaker. Methanol was added to
the solution and shaken vigorously. The pH was adjusted
to 2 with 6 N HCI and partitioned with methylene chlo-
ride. The lower methylene chloride layer was collected,
dried on anhydrous Na,SO,, passed through activated char-
coal and evaporated to dryness at 40°C.

No clean up was required for soil samples. Soybean
grains and straw sample extracts were cleaned on a glass
adsorption column packed with a mixture of celite (1g)
and activated charcoal (0.25 g) between anhydrous sodium
sulfate (2 g) at each end. The concentrated extract was
added to the top after pre-washing with methanol and
eluted with methanol and water (60:40). Elutes were col-
lected and solvent of elutes was evaporated to dryness at
40°C. Finally residues were dissolved in 2 mL of metha-
nol. Imazethapyr residues were analyzed on a Shimadzu
high-performance liquid chromatography equipped with
diode array detector at 250 nm using Phenomenex C-18
(ODS) column (250 x 4.6 mm). The mobile phase was
mixture of methanol and water (70:30) at a flow rate of
0.8 mL/min. 20 pl of the aliquot of sample and standard
was injected using micro syringe. The retention time of
imazethapyr was found to be 3.5 minutes.



Theresidueleve of imazethapyr in soil, soybean grain
and straw are presented. The concentration of imazethapyr
in soil decreased with time and at harvest, residues were
bel ow the detectable limit. Theresiduelevel of imazethapyr
in soil was found 0.017, 0.016, 0.015, 0.012 and 0.011
po/g at 15, 30, 45, 60 and 75 days after herbicide applica-
tion. At harvest the residue was below detectable limit.
However the residue level of 0.082 and 0.023 pg/g were
detected in soybean grains and straw, respectively which
were below the maximum residue limit of 0.1 mg/kg
(Anonymous 2006). Sondhia (2008) reported 0.008, 0.102
and 0.301 pg/g residues in post harvest soil, grains and
straw of soybean crop respectively at 100g/ha application
rate.

SUMMARY

A field experiment was conducted to study the per-
sistence of imazethapyr applied to soybean in sandy clay
loam soil. The herbicide was applied as post-emergence
20 days after sowing at 100 and 200 g/ha. The residue
analysis of imazethpyr 200 g/ha applied as post-emergence
20 days after sowing was carried out in soil samples col-
lected at 15, 30, 45, 60 and 75 days after application and
in soil, grain and plant samples after harvest. The residue
level of imazethapyr in soil wasfound 0.017, 0.016, 0.015,
0.012 and 0.011 pg/g at 15, 30, 45, 60 and 75 days after
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herbicide application. At harvest the residue was below
detectable limit. However the residue level of 0.082 and
0.023 pg/g were detected in soybean grains and straw,
respectively which were below the maximum residue limit
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