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ABSTRACT

Field investigation were carried out during winter season of 2011-12 and 2012-13 at Kalimpong (1250 m
asl), to evaluate the effect of different fertilizer levels and weed management practices on density and dry
matter of weeds and crop-weed completion for nutrient in Indian mustard (Brassica juncea (L.) Czern and
Coss.). Amongst various fertility levels minimum weed density and dry matter production was recorded
with the application of 150% RDF, which was found to be significantly superior to all other main plot
treatments. Amongst various chemical treatments, the minimum weed density and weed dry matter
production was observed with pendimethalin (0.75 kg/ha) + hand weeding (HW) at 35 DAS, and was at
par with the hand weeding twice during both the years, and in second year this was statistically similar
with pendimethalin (1.25 kg/ha) and alachlor (1.25 kg/ha). More seed yield was recorded with 150% RDF
(2.19 t/ha) in first year and in second year more yield was associated with the 125% RDF (2.07 t/ha).
Amongst various herbicidal treatments, during the first year maximum seed yield was registered with
pendimethalin (1.25 kg/ha), and was at par with all the treatments except weedy check, fluchloralin (0.75
kg/ha) and pendimethalin (0.75 kg/ha), and in second year highest seed yield was recorded with the hand
weeding twice, and was statistically at par with the pendimethalin (1.25 kg/ha), pendimethalin (0.75 kg/
ha) + HW at 35 DAS and alachlor (1.25 kg/ha). Amongst various main plot treatments, least nutrient
uptake by weed was recorded with the application of 150% RDF. Least nutrient depletion by weed was
registered with the hand weeding twice during both the year of data recording, and was at par with the
pendimethalin (0.75 kg/ha) + HW at 35 DAS. Economics revealed that application of 150% RDF gave
maximum net return  (* 19,380). However highest benefit: cost ratio (2.03) was registered with the
application of 125% RDF. With sub-plot treatment highest net return (" 19,950) was observed with the
hand weeding twice (* 19,950/ha), and was followed by application of pendimethalin (0.75 kg/ha) + HW
at 35 DAS (© 19,850/ha). Maximum benefit: cost ratio (2.06) was recorded with the application of
pendimethalin (1.25 kg/ha) and was closely followed by pendimethalin (0.75 kg/ha) + HW at 35 DAS

(1.91).
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Oilseeds occupy 27.5 million ha which account
for 14% of total cropped area in the country with a
production of 24.7 million tonnes, accounting for nearly
5% of the gross national product and 10% of the value
of all the agricultural products. Rapeseed and mustard
rank third in area (21%) and production (23%) after
groundnut (Arachis hypogaea L.) and soybean (Gly-
cine max L. Merr). The per hectare productivity of
the rapeseed and mustard in the country is quite low
(1.15 t/ha) against the world average of 1.40 t/ha (Puri
and Sharma 2006). Mustard is one of the most impor-
tant crop adopted by the farmers in the North eastern
hill region of India. This is a potential crop in winter
(Rabi) season due to its wider adaptability and suit-
ability to exploit residual moisture (Mukherjee 2010).
It has been estimated that yield depression in rapeseed
mustard due to weed infestation varied from 20-70%
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depending on the composition and density of weed
flora and time of their occurrence (O-Donovan et al.
2007).

In the past, farmers of Eastern Himalaya were
bound to follow traditional weed techniques such as
hand-pulling, hand-hoeing or mechanical hoeing. These
techniques, besides being labour and energy intensive
and weather dependent, are very difficult to apply due
to shortage and high cost of labour. Application of ad-
equate fertilizer to plant crop increases their leaf growth,
which facilitates earlier shading of the soil surface and
thus reduces weed seed germination (Wicks et al.
2012). In the past, little attention has been given to
improve mustard productivity through IWM in rainfed
areas of the Darjeeling hill. Therefore, the proposed
study was carried out with the objective to develop
suitable fertilizer and weed control technology for mus-
tard production under terraced mid hill condition.
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MATERIALS AND METHODS

A field trial was conducted during Rabi winter
season of 2011-12 and 2012-13 at Kalimpontg (1250
m asl), Regional Research Station (Hill Zone), Uttar
Banga Krishi Viswavidyalaya, Darjeeling, West Ben-
gal. The soil was sandy loam in texture, medium in
organic carbon (0.89%), available N (283.15 kg/ha),
P,Os (20.31 kg/ha) and K,O (183.29 kg/ha) content
with pH 5.3. The total rainfall recorded during crop
growth period was 19.3 and 15.8 mm, minimum tem-
perature ranges from 3.9 to 11.3 and 4.9 to 16.8, and
maximum temperature 19.2 to 32.6 and 16.8 to 31.3
°C during winter 2011 and 2012, respectively. The field
experiment was conducted in split plot design with
three replications, having 44 treatments combinations
of four fertility levels viz.75 % RDF, 100% RDF, 125%
RDF and 150% RDF in main plot and eleven weed
control treatments (viz. weedy check, hand weeding
twice (25 and 50 DAS), fluchloralin (0.75 kg/ha),
fluchloralin (1.25 kg/ha), fluchloralin (0.75 kg/ha) +
hand weeding (HW) at 35 DAS, pendimethalin (0.75
kg/ha), pendimethalin (1.25 kg/ha), pendimethalin
(0.75 kg/ha) + HW at 35 DAS, alachlor (0.75 kg/ha),
alachlor (1.25 kg/ha) and alachlor (0.75 kg/ha) + HW
at 35 DAS. Fluchloralin was applied one day prior to
sowing of the crop and incorporated immediately into
the soil to a depth of 5 cm, while pendimethalin and
alachlor were applied three days after sowing. Herbi-
cide were applied through a manually operated foot
sprayer with flat fan nozzle using 800 liter water/ha.

The recommended dose of fertilizer (RDF) was
60:40:40 kg N, P,Os and K,O/ha, respectively for
mustard. NPK were supplied through urea, single su-
perphosphate and muriate of potash. Full amount of
phosphorus and potash and half of nitrogen was ap-
plied at the time of sowing. The remaining dose of
nitrogen was top dressed at the pre-flowering stage.
Two quadrates of 25 x 25 cm were placed randomly in
each plot and weeds within the quadrates were removed
and after drying in hot air oven (70 £ 1°C for 72 hrs),
weed dry weight was recorded. Mustard cultivar
“Varuna (T 59)" was shown on 22™ October 2011 and
28" October 2012, respectively. The seed and straw
yield was computed from the harvest of net plot and
expressed in ha. Plant and soil samples were analyzed
for uptake of nitrogen, phosphorus and potash as per
standard laboratory procedures (Jackson 1973). Avail-
able phosphorous was determined by Olsen’s method
as outlined by Jackson (1973), using spectrophotom-
eter (660 nm wave length). Available potassium was
extracted with neutral normal ammonium acetate and
the content of K in the solution was estimated by flame
photometer (Jackson 1973). The experimental data
were analyzed statistically by applying the technique
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of analysis of variance (ANOVA) prescribed for the
design to test the significance of overall difference
among treatments by the F test and conclusions were
drawn at 5% probability level. Benefit: cost ratio (B:
C) was obtained by dividing the gross income with
cost of cultivation. The effect of treatments was evalu-
ated on pooled analysis basis on growth, yield attributes
and yields.

RESULTS AND DISCUSSION

The most dominant weed species at experimen-
tal site were Anagallis arvensis, Chenopodium album,
Convolvulus arvensis, Centella asiatica, Melilotus in-
dica, Medicago polymorpha, Coronopus didymus,
Oxalis latifolia and Vicia sativa. During both the years,
dicot weeds were predominant in the field. The most
prominent weeds of rapeseed were recorded as Che-
nopodium album, Chenopodium murale, Anagallis
arvensis, Convovulus arvensis, Euphorbia heliscopia,
Medicago polymorpha, Cynodon dactylon, Phalaris
minor and Asphodalus spp. (Bhowmik 2003). Amongst
fertility levels, minimum weed density was recorded
with the application of 150% RDF, during both the
years (Table 1). This might be due to better growth of
crop over weeds and smothering effect of crop veg-
etative growth over the weeds leading to suppression
of weeds population greatly. All weed management
treatments significantly reduced the weed density at
60 days after sowing. The minimum weed density was
recorded under pendimethalin (0.75 kg/ha) + HW at
35 DAS, and was at par with the hand weeding twice,
during both the years, further in second year this was
statistically similar with pendimethalin (1.25 kg/ha) and
alachlor (1.25 kg/ha). Maximum weed infestation was
registered with the control, and was closely followed
by pendimethalin (0.75 kg/ha) and alachlor (0.75 kg/
ha).

Fertility levels played significant role in reduc-
ing weed dry matter production. Application of 150%
RDF significantly reduced weed dry matter produc-
tion during both the years. All the weed management
practices significantly reduced the weed dry matter
compared to weedy check (Table 1). Significantly
lower weed dry matter was registered under hand
weeding, pendimethalin (0.75 kg/ha) + HW at 35 DAS
and alachlor (0.75 kg/ha) + HW at 35 DAS during
the first year and pendimethalin (0.75 kg/ha) + HW at
35 DAS, and alachlor (0.75 kg/ha) + HW at 35 dur-
ing the second year.

Application of 150 and 125% RDF registered sig-
nificantly more seed yield compared to other levels of
fertilizers. During first year, more seed yield was re-
corded with 150% RDF (2.19 t/ha) and in second year
more yield was associated with the 125% RDF (2.07
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Table 1. Effect of fertility levels and weed management practices on weed density and dry matter in mustard

Weed density (no./m?) Weed dry matter (g/m?)

Treatment 2011-12 2012-13 Mean  2011-12 2012-13 Mean

Fertility levels (kg/ha)
75% RDF 23.1(534)  18.9(358) 21.02(446) 289 332 310
100% RDF 17.3(300)*  19.4(374) 18.34(337) 257 277  26.7
125% RDF 12.6 (157) 154 (235) 13.96 (196) 223 250 237
150% RDF 94(87)  11.2(125) 1029 (106) 21.4 202 207
LSD (P =0.05) 0.93 1.31 1.40 1.96

Weed management
Control 270(789)  30.3(897) 28.71(804) 653 591 622
Hand weeding (HW) twice (25 and 50 DAS) 96(92)  11.1(124) 1040(108) 11.3 153  13.2
Fluchloralin (0.75 kg/ha) 18.3(336)  21.0(442) 19.69(389) 251 281  26.6
Fluchloralin (1.25 kg/ha) 16.4 (267)  19.3(373) 17.84(320) 19.6 254 225
Fluchloralin (0.75 kg/ha) + HW at 35 DAS 112 (125) 163 (266) 13.77(195) 133 191  16.2
Pendimethalin (0.75 kg/ha) 21.4 (456) 19.1(365) 20.23(410) 16.3 13.9 15.1
Pendimethalin (1.25 kg/ha) 13.4 (178) 12.4 (152) 12.86 (165) 14.6 18.4 16.5
Pendimethalin (0.75 kg/ha)+ HW at 35 DAS 10.0(100)  11.2(126) 1062(113) 120 94 107
Alachlor (0.75 kg/ha) 20.2 (409) 23.7 (561) 21.96 (485) 21.4 27.3 24.3
Alachlor (1.25 kg/ha) 173(300)  152(231) 16.28(266) 253 201 227
Alachlor (0.75 kg/ha)+ HW at 35 DAS 11.1(123)  12.7(160) 11.88(141) 103 164  13.3
LSD (P =0.05) 1.23 1.69 2.91 3.03

Data subjected to square root transformation. *Figures in parentheses are original values.

Table 2. Effect of fertility levels and weed management practices on yield and economics of mustard

Net returns

Seed yield (t/ha)  Straw yield (t/ha) 3 ~ B:C ratio
Treatment 2011- 2012 2011 2012 2011(X;(())12/ha) 2011- 2012
12 -13 Mean 12 13 Mean 12 13 Mean 12 13 Mean
Fertility levels (kg/ha)
75% RDF 120 1.03 142 297 298 297 805 698 7515 087 0.76 081
100% RDF 170 158 164 301 333 3.16 12.11 13.25 12.68 1.75 168 171
125% RDF 207 195 201 408 398 403 19.16 1865 1890 210 197 2.03
150% RDF 219 1.87 206 451 321 386 2085 17.91 19.38 182 155 1.68

LSD (P =0.05) 0.23 0.14 1.01 1.05
Weed management
Hand weeding (HW) twice
(25 and 50 DAS) 222 219 227 435 3.78 3.84 20.10 19.89 19.95 186 1.78 181
Fluchloralin (0.75 kg/ha) 152 136 144 3.02 3.08 3.05 16.83 14.25 15.54 125 142 133
Fluchloralin (1.25 kg/ha) 186 171 1.78 3.69 3.52 3.60 17.33 16.89 17.11 123 196 159
Fluchloralin (0.75 kg/ha) +
HW at 35 DAS 193 179 186 4.01 3.66 3.83 19.63 17.06 18.34 205 1.61 183
Pendimethalin (0.75 kg /ha) 162 173 167 3.26 3.18 3.52 17.44 16.96 17.25 155 130 142
Pendimethalin (1.25 kg /ha) 201 191 196 359 342 3.26 19.02 18.78 18.94 2.14 1.98 206

Pendimethalin (0.75kg/ha)+ 5 09 910 209 308 354 3.68 19.74 19.99 19.85 202 181 191

HW at 35 DAS

Alachlor (0.75 kg/ha) 183 146 164 343 329 336 17.86 14.98 16.42 134 127 105
Alachlor (1.25 kg/ha) 190 1.93 191 344 316 355 19.54 19.66 19.61 203 1.98 1.09
A'ng'soglfgﬁ ko/ha)t HW 507 171 186 401 3.65 3.83 19.09 16.86 17.95 114 121 117
Control 093 0.82 087 261 298 279 618 505 561 073 081 087
LSD (P = 0.05) 026 0.34 056 0.39

Note: Price of mustard seeds (* 103.50/kg), urea (*10.90/kg), SSP ("~ 14.60/kg), MOP (" 9.75/kg) and cost of labour (* 162.50 /day)
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t/ha). RDF (150%) gave 45% more mean grain yield
over lower fertility level (75% RDF). The higher seed
yield due to higher fertility levels was because of bet-
ter growth and more translocation of photosynthates
from source to sink (Tripathi et al. 2005, Rana et al.
2005). All the weed control treatments significantly
increased the seed yield of mustard over weedy check.
During first year, maximum seed yield was registered
with pendimethalin (1.25 kg/ha), and was at par with
all the treatments except weedy check, fluchloralin
(0.75 kg/ha) and pendimethalin (0.75 kg/ha). In sec-
ond year, peak seed yield was recorded with the hand
weeding twice, and was statistically at par with the
pendimethalin (1.25 kg/ha), pendimethalin (0.75 kg/
ha) + HW at 35 DAS and alachlor (1.25 kg/ha). Ap-
plication of herbicidal treatments along with hand
weeding at 35 DAS gave 32 to 68% more seed yield
over weedy check. This was in conformity with the
finding of O’-Donovan et al. (2007)

Stover yield revealed that, fertility levels gave
positive response during both the years of observa-
tion. More straw yield was registered with 150% RDF
in first year, and with 125% RDF in the second year.
Both the treatments were at par with each other dur-
ing both the years of experiment, and significantly better
than other set of fertility management practices. The
greater straw yield at higher fertility was attributed to

increased plant height and leaf area and finally more
accumulation of dry matter per plant.This greater
straw yield was also concluded by Kumar (2006).
Amongst various sub-plot treatments, more straw yield
was recorded with hand weeding twice during both
the years. However in first year, this was statistically
similar with pendimethalin (0.75 kg/ha) + HW at 35
DAS and fluchloralin (0.75 kg/ha) + HW at 35 DAS,
and in second year with fluchloralin (1.25 kg/ha),
pendimethalin (0.75 kg/ha) + HW at 35 DAS,
fluchloralin (0.75 kg/ha) + HW at 35 DAS and alachlor
(0.75 kg/ha) + HW at 35 DAS. This might be due to
the efficient control of weeds with lower dry matter
production of weeds and higher crop growth.

Amongst fertility treatments, least nutrient up-
take by weed was recorded with the application of
150% RDF. Uptake of nitrogen failed to produce any
significant response during both the years of study.
Uptake of phosphorous gave positive response only in
first year and least nutrient uptake registered with
150% RDF. Uptake of potassium was least registered
with higher fertility levels i.e. 150% RDF during both
the years (Table 3). Among weed control treatments,
maximum uptake of primary nutrients by weed was
registered with the weedy check. Least nutrient up-
take by weed was registered with the hand weeding
twice during both the years and was at par with

Table 3. Effect of fertility levels and weed management practices on nutrient uptake by weeds and crop of mustard

Uptake by weeds (kg/ha) Uptake by crop (kg/ha)
N P K N P K
Treatment
2011 2012 2011- 2012 2011- 2012- 2011- 2012- 2011- 2012- 2011 2012-
-12 -13 12 -13 12 13 12 13 12 13 -12 13
Fertility levels (g/ha)
75% RDF 406 432 280 325 102 895 602 87.0 142 16.0 553 66.3
100% RDF 396 398 298 321 9.12 965 1023 874 214 189 79.0 63.9
125% RDF 356 339 231 298 7.98 7.89 121.6 1123 300 29.6 957 78.9
150% RDF 284 321 190 185 6.89 5.69 1334 1230 334 321 980 896
LSD (P=0.05) NS NS 0.12 NS 045 0.68 802 634 336 512 562 9.98
Weed management
Hand weeding (HW) twice 2.01 2.34 1.39 141 7.98 9.18 133.0 1250 289 27.0 103.1 1113
(25 and 50 DAS)
Fluchloralin (0.75 kg/ha) 498 410 2.36 298 111 101 107.6 1093 200 219 712 793
Fluchloralin (1.25 kg/ha) 489 495 254 314 9.89 101 1121 1081 201 19.0 80.2 83.0
Fluchloralin (0.75 kg/ha) + 3.91 411 211 3.01 891 9.06 105.6 1119 216 20.1 940 911
HW at 35 DAS
Pendimethalin (0.75 kg/ha) 5.52 5.17 3.11 391 120 131 104.3 89.6 180 152 791 70.2
Pendimethalin (1.25 kg/ha) 3.11 3.68 2.81 216 9.11 102 123.1 1169 260 219 894 825
Pendimethalin (0.75 251 298 155 159 806 9.01 126.8 1191 270 26.9 982 95.0
kg/ha)+ HW at 35 DAS
Alachlor (0.75 kg/ha) 454 502 28 399 120 131 111.3 944 200 158 851 84.2
Alachlor (1.25 kg/ha) 391 428 258 291 101 110 1142 1073 211 213 909 911
Alachlor (0.75 kg/ha)+ 371 380 190 310 9.96 100 1209 1169 254 19.1 96.0 94.9
HW at 35 DAS
Control 6.19 7.72 398 489 240 294 882 694 154 124 653 533
LSD (P =0.05) 099 104 044 057 110 132 853 758 235 198 733 891
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pendimethalin (0.75 kg/ha) + HW at 35 DAS. Uptake
of phosphorus and potassium was least associated with
hand weeding twice during both the years and was at
par with the pendimethalin (0.75 kg/ha) + HW at 35
DAS. The removal of N, P and K by weeds were
reduced significantly by various herbicidal and manual
weeding treatments and it almost nil under hand weed-
ing twice, whereas the significantly highest N,P and K
uptake by weeds were recorded in the weedy check
treatments (Table 3). These results confirm the find-
ing of Kour et al. (2013).

Application of 150% RDF registered more nitro-
gen uptake during both the years. Highest uptake of
phosphorus and potassium was recorded with 150%
RDF and was statistically at par with the 125% RDF
during both the years. These observations are in agree-
ment with finding of Shekhawat et al. 2012. Among
weed management practices, maximum uptake of NPK
was recorded with the hand weeding twice during both
the years. Application of pendimethalin (0.75 kg/ha) +
HW at 35 DAS gave maximum nitrogen uptake by
crops, and was at par with the pendimethalin (1.25
kg/ha) and alachlor (0.75 kg/ha) + HW at 35 DAS.
Uptake of phosphorus was highest with pendimethalin
(0.75 kg/ha) + HW at 35 DAS during the second year.
However it was at par with the pendimethalin (1.25
kg/ha) and alachlor (0.75 kg/ha) + HW at 35 DAS
during the first year. Potassium uptake was more with
pendimethalin (0.75 kg/ha) + HW at 35 DAS during
initial year of observation. However in second year
this was at par with the fluchloralin (0.75 kg/ha) +
HW at 35 DAS and alachlor (0.75 kg/ha) + HW at 35
DAS.

Application of 150% RDF gave maximum net
return (" 20,850/ha) during first year while in second
year, 125% RDF produced maximum net return (*
18,650/ha) (Table 2). Mean net return of two years
revealed that maximum net return with 150% RDF (*
19,380). However, highest benefit: cost ratio (2.03)
was registered with the application of 125% RDF.
Among weed control treatments, highest net return
(" 19,950) was obtained with the hand weeding twice
(" 19,950/ha), followed by application of pendimethalin
(0.75 kg/ha) + HW at 35 DAS ("~ 19,850/ha). Maxi-
mum benefit: cost ratio (2.06) was recorded with the
application of pendimethalin (1.25 kg/ha) and closely
followed by pendimethalin (0.75 kg/ha) + HW at 35
DAS (1.91).
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Present study suggests that application of 125%
RDF along with application of pendimethalin (0.75
kg/ha) + HW at 35 DAS found to be best in terms of
mustard yield and nutrient uptake by weeds and crop.
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