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Abstract:

The present field experiment was conducted at Assam Agricultural University,
Jorhat, Assam with Sesbania-winter rice (Oryza sativa L.)-Indian mustard (Brassica
juncea L.) cropping sequence during 2017-2019 comprising 20 treatment
combinations of tillage and weed management practices. The study revealed that
seed, stover and oil yield of Indian mustard were increased in the year round
minimum tillage with rice residue retention by 35.97, 23.41 and 38.90%,
respectively due to higher crop growth characteristics and yield attributes as
compared to conventional tillage. Among weed management practices, integrated
weed management (IWM) showed higher weed control efficiency (WCE) and weed
control index (WCI) as well as improved seed and oil yield by 39.66 and 39.61%,
respectively as compared to weedy check. Combination of minimum tillage along
with rice residue retention and IWM enumerated higher oil yield (6.40 g/ha) of
Indian mustard grown after direct seeded rice (DSR) under minimum tillage. The
findings of the experiment implied that minimum tillage with rice residue retention
along with integrated weed management encouraged crop growth and productivity
of Indian mustard (IM) as a succeeding crop after direct seeded rice grown under

minimum tillage condition.
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Indian mustard, integrated weed management, Minimum tillage, Rice residue
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1. Introduction:

Indian mustard (Brassica juncea L.) is one of the widely grown oilseed crop under different
agro-climatic conditions of India. In Assam, rape and mustard occupies an area of 2.88 lakh ha
with production and productivity of 1.77 lakh tonnes and 617 kg/ha, respectively (Statistical
Handbook Assam 2021). Indian mustard variety with short and medium duration is preferred
to cultivate after sali rice in medium land of Assam. However, loses in upland characteristics
of such typically puddled transplanted rice (TR) is a crucial issue that negatively impact on
germination, growth and productivity in the winter (rabi) crops. In transplanted rice, puddling
disturbs the soil health due to dispersion of soil particles, increases soil compaction making
more investment and energy in tillage operations to sow the succeeding crop. Farmers who
have adopted conservation agriculture require 40% of less time, labour and fuel as compared
to conventional agriculture (Govindan and Chinnusamy 2014). Conservation tillage minimizes
soil disturbance and thus, overcomes the aforementioned problems and optimizes mustard yield
grown after winter rice. Even though, such tillage system is attaining worldwide acceptance for
various environmental and economic profits but, adoption of it results changes in extent of
weed infestation leading weed management as the foremost bottleneck under conservation
tillage practices, if effective weed control measures are not adopted. Weed management
requires special attention to harness the full profitability of conservation tillage (Teja et al.
2017). An efficient weed management strategy is crucial for optimum productivity under
conservation tillage system adopted for the winter rice-Indian mustard cropping sequence with
Sesbania aculeata as the preceding green manuring crop. Generally, in conservation tillage
weed can be managed manually or by applying herbicides. However, due to scarcity in labour
availability at the time of critical crop weed competition and less availability of herbicides with
broad spectrum weed control, integrated weed management is expected option to attain the
benefit of conservation tillage. Therefore, the field study was carried out to see the performance
of Indian mustard in year round conservation tillage and weed management practices in

transplanted and direct seeded rice fallow.

2. Materials and methods:

The present experiment was conducted at the Instructional- Cum-Research (ICR) Farm, Assam
Agricultural University, Jorhat, Assam (26°44'N, 94°10'E and 91.0 m amsl) during 2017-19.
The soil of the experimental site was sandy loam with pH 5.59, organic carbon 0.62%, available
N 290.60 kg/ha, available P205 21.70 kg/ha and available K20 128.90 kg/ha. Total amount of
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rainfall of the site was 94.0 and 99.4 mm during rabi, 2017-18 and 2018-19, respectively. The
experiment consisted of 20 treatment combinations with 5 tillage practices in the main plots,
viz. CT (Sesbania)-CT (transplanted rice)-CT (Indian mustard) (T1); MT (Sesbania)-CT
(transplanted rice)-MT (Indian mustard) (T2); MT (Sesbania)-CT (direct seeded rice)-CT
(Indian mustard) (T3); MT (Sesbania)-MT (direct seeded rice)-MT+R/rice residue (Indian
mustard) (T4); and MT (Sesbania)-MT (direct seeded rice)-MT (Indian mustard) (T5) and 4
weed management practices in the sub plots, viz. recommended herbicides (Sesbania:
pendimethalin 0.75 kg/ha pre-emergence; rice: pretilachlor 0.75 kg/ha pre-emergence; Indian
mustard: pendimethalin 0.75 kg/ha on dry-matter accumulation/plant were recorded by taking
average of 5 randomly selected oven dried plants (at 60+50C). Crop growth rate was calculated
using formula of Watson (1952) and expressed as g/m?/day. The leaf area index was calculated
by dividing the leaf area/plant by land area occupied by the plant. For test weight 1000-seeds
were counted, weighed and recorded in gram. The border area was harvested prior to the net
area of the plots. After proper sun drying, biological yield in g/ha was recorded before
threshing. Seed yield in g/ha was recorded after threshing and winnowing. The stover weight
was converted to stover yield in g/ha. Harvest index was calculated by formula of Donald and
Hamblin (1976) and expressed in Percent (%). Seed oil content of Indian mustard was analysed
using Soxhlet extraction unit. Oil yield of Indian mustard was calculated with the help of seed
oil content and seed yield and expressed in g/ha. For all the aforesaid parameters, pooled data
of two years were analysed. Mean of two years WCE and WCI of weed management practices
in Indian mustard were calculated by following the formula of Mani et al. (1973) and Misra

and Tosh (1979), respectively.

Weed density in weedy check - Weed pre-emergence) (W1); IWM: integrated weed
management (Sesbania: pendimethalin 0.75 kg/ha pre-emergence + manual weeding; rice:
pretilachlor 0.75 kg/ha pre-emergence + manual weeding; Indian mustard: pendimethalin
WCE (%) =density of treated plot x 100 Weed density of weedy check Weed dry matter in
weedy check - Weed dry matter in treated plot 0.75 kg/ha pre-emergence + manual weeding)
(W2); manual weeding (W3) and weedy check (W4), laid out in a split-plot WCI (%) = Weed
dry matter in weedy check x 100 design and replicated thrice (Kalita 2020).

Under conventional tillage (CT) treatment in Sesbania- winter rice-Indian mustard cropping
sequence, the field was tilled before sowing of each crop following the recommended package
and practices of Assam; whereas, in minimum tillage (MT) secondary tillage operations are
reduced to 50% and in MT+R (residue) treatment minimum tillage was done before sowing of

Indian mustard and winter rice residue (1.5 t/ha) was retained on the soil surface.
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Recommended dose of nitrogen, phosphorous and potassium were applied through Urea,
Single super phosphate and Muriate of potash, respectively. Indian mustard variety NRCHB-
101 was sown at the seed rate of 8 kg/ha during rabi, 2017-18 and 2018-19 at a row spacing of
30 cm. Thinning was done to maintain the intra row spacing of 7-10 cm at 15 days after sowing
(DAS). As per treatment, recommended herbicide of Indian mustard pendimethalin 0.75 kg/ha
was applied 2 DAS as pre-emergence herbicide sprayed with knapsack sprayer fitted with flat
fan nozzle. As per treatment, manual weeding was done at 25 DAS. Likewise in IWM,
pendimethalin 0.75 kg/ha as pre-emergence was integrated with 1 manual weeding at 25 DAS
in the crop.

Plant population was counted at 30 DAS using quadrate of 1 m x 1 m. For observations on
various parameters like plant height, number of primary and secondary branches, number of
siliquae/plant, and seeds/siliqua, 5 randomly tagged plants from each plot was selected and
average values were recorded periodically. Periodic observations all the data pertaining to the
present investigation were statistically analysed in split-plot design and two years data were

pooled analysed as described by Sarma (2016).

3. Results and discussion:

Plant population/m?: Significantly poorer plant population/m2 at 30 DAS was counted under
tillage system with transplanted rice, viz. T1 and T2 as compared to rest tillage practices. The
reduction in crop stand under the aforementioned treatments might be owing to the less porous
and compact soil caused by puddling operations in preceding transplanted rice crop (Table. 1).
Again, among weed management treatments, recommended herbicide, i.e. pre-emergence
application of pendimethalin 0.75 kg/ha, manual weeding (25 DAS) and IWM, i.e. pre-
emergence application of pendimethalin 0.75 kg/ha followed by manual weeding (25 DAS)
noted significant increase in no of plants/m2 over weedy check which might be attributed to

less crop weed competition for different growth factors during germination and emergence.

Crop growth characteristics: Different tillage practices significantly affected plant height, LAI
(leaf area index), dry-matter accumulation at different stages of crop growth, CGR (crop
growth rate) and number of primary, secondary, and total branches/plant of the crop during the
study (Table. 1 and 2). Significantly taller Indian mustard plants were observed at all the stages

of the crop under T3, T4 and T5 as compared to T1 and T2 (Table. 1). Improper root
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Table. 1: Effect of tillage practices and weed management on growth characteristics at different stages of

Indian mustard

25 50 75 At 25150 | 75|25 |50 |75 At 0- 25 50- 75
DAS DAS DAS harve |D |[D |D | D |D | DAS | harv 25 _ 75 DAS
st A est
s |s|s|s|s pa | % | pas | v
S DA est
S
Tillage
practices
T1 24.78 | 12.12 | 1221 | 1639 |169.7 | 0. 3. |2 |1 |6. |17.2 | 2098|175 |5.85 | 11.40 | 4.15
3 7 0 93 49 |90 |58 | 98 | 4
T2 2451 | 1253 | 1244 | 1659 | 1714 | 0. (3. |3. |1 |7. |17.8 |2122 | 177 | 6.01 | 11.88 | 3.73
2 8 5 98 |56 |06 [ 59 | 18 | 6
T3 26.89 | 1746 | 153.7 | 189.7 | 1934 | 1. [3. |3. |2 |8 |229 |27.25|293 |6.78 | 1556 | 4.74
3 0 7 16 {85 |35 |64 |99 |9
Ty 2952 | 1832 | 1474 | 1850 |188.7 | 1. (4. | 3. |3 |12 | 271 | 3312|395 |9.38 | 16.56 | 6.64
9 4 0 40 |37 |84 |56 | .2 | 4
4
Ts 28.49 | 18.30 | 1480 | 186.2 | 189.1 | 1. 4. |3 |3 |11 | 257 |3137|376|9.00 | 1552 | 6.22
6 7 3 29121 |64 (39 |.7 |4
7
SEm+ 0.58 0.56 3.90 5.17 5.08 0. [0. |0. |0 [0 |[063 |074 | 019|051 |084 0.35
05|11 |10 | 18 | 42
CD 1.88 1.805 | 12.7 1685 | 1656 [ 0. | 0. | 0. [0 |1 |204 | 239 0.62 | 1.65 | 2.72 1.16
(P=0.05) 14 | 35 | 32 | 56 | 37
Weed
managem
ent
w1 29.25 | 1485 | 1417 | 1775 |1821 | 1. | 3. | 3. |3. |8 |21.1 |2566 |363|643 | 1357 |5.02
2 8 5 25170 |13 (15|94 |5
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e 29.75 | 1481 | 130.0 | 1710 | 1760 | 1. |4. |4 |[3. |12 | 266 | 3140|393 |9.78 | 1592 | 524
3 7 7 3849|0254 |3 |6
4
w3 2747 | 1622 | 1308 | 1728 | 1768 | 1. |4 |3 |1 |11 | 256 |30.29|209 |946 | 1599 |513
0 9 4 06 |28 1818 |.2 |8
9
g 20.88 | 17.11 | 1511 | 1912 | 1949 |0. |3. |2 |1 |5 |153 |19.80 | 181 |3.93 | 1125 | 4.85
2 3 0 91 |11 |60 |63 |17 [0
SEm+
060 |045 |302 |35 ([343 |0 |0 |0 |0 |0 |0O57 |057 |011|051|078 |019
05|10 | 08 | 10 | 45
e 1.74 1.30 8.72 10.29 | 9.89 0. 0. |0. |0 |1 |164 |165 |032| 149 | 225 NS
(P=0.05) 15|28 |22 |29 | 30
Interacti
on (T x
W)
S 1.34 1.16 6.75 7.97 7.66 0. 0. /0. |0 |1 |2127 |128 |025 115|174 0.39
12 | 22 | 18 | 22 | 01
cb NS NS NS NS NS N [N [N [N | N |NS 368 | NS | NS |NS NS
(P=0.05) S |S|sS|sS|s
Treatment Population/m2Plant height (cm) LAI  Dry matter accumulation (g/plant)
Crop growth rate (g/m?/day)
TR, Transplanted rice; DSR, Direct seeded rice; IM, Indian mustard; DAS, Days after sowing
and NS, Non-significant.
Treatment details are given under Materials and Methods.
Table. 2: Effect of tillage practices and weed management on branches/plant, yield attributes and yield of
Indian mustard (pooled data)
Primary Seconda | Total | Plant | siliqu |weight | yield | yield Cal yield Ind |Conte yiel
ry a (9 (g/ha | (g/h | (g/ha) ex nt d
) a) % | %) | (o
) ha)
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Tillage
practice
T1 5.16 791 13.0 151. 10.3 417 105 | 314 | 41.96 24. 4.01 4.0
5 7 09 6 1 4 91 1
T2 5.34 7.95 13.2 153. 10.4 4.13 105 | 315 | 4214 24, 4.03 4.0
5 9 63 7 5 9 89 3
T3 6.06 10.19 16.2 203. 114 4.25 12.3 35.0 | 47.56 25. 4.75 4.7
8 5 50 1 4 6 96 5
Tg 6.63 13.06 19.7 217. 13.2 4.38 14.2 38.8 | 53.10 26. 5.57 5.5
5 0 00 8 9 0 87 7
Ts 6.47 12.74 19.2 212. 12.7 4.29 135 375 | 51.10 26. 5.26 5.2
5 2 84 3 6 5 33 6
SEmz 0.21 0.44 0.53 6.54 0.42 0.07 0.65 1.30 | 1.93 = 0.16 0.1
6
CD at| 068 143 1.72 21.3 1.36 NS 2.54 511 | 7.56 - NS 0.5
5% 1 3
Weed
manage
ment
W 5.88 9.05 16.3 189. 10.8 4.23 10.6 32.0 | 42.72 24. 4.09 4.0
3 54 4 4 8 89 9
1 6.94 10.33 19.5 233. 13.2 4.32 14.8 39.8 | 54.63 26. 5.71 5.7
i 5 6 04 |0 6 6 98 1
2 6.59 11.00 18.7 228. 131 4.30 14.6 39.2 | 53.88 217. 5.64 5.6
w 5 4 70 |3 2 6 14 4
3 4.33 0.88 10.5 99.1 9.42 4.13 8.96 28.3 | 37.46 24. 3.48 34
o 9 7 9 16 8
4 0.29 6.71 0.51 4.65 0.38 0.06 0.32 042 | 0.62 - 0.1
SEmz+ 01 | 3
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3

CD 0.84 | 0.99 146 | 134 | 1.08 | NS 143 | 187 | 281 - 0.3

(P=0.05) 2 N |7
S

Interaction (T x W)

SEmz+ 0.65 | 1.26 113 | 103 | 084 | 0.14 075 | 279 | 3.35 - 0.2

9 02 | 8

8

CD NS NS NS 30.0 | NS NS NS 8.01 | 9.74 - 0.8

(P=0.05) 1 N |1
S

3.1. Treatment details are given under materials and methods:

Development in compacted sub surface soil resultant of preceding transplanted rice crop under
puddled condition might be the reason of shorter stature of plants under T1 and T2. Treatment
T4 recorded the highest LAI, dry matter accumulation at all the stages, CGR between 0-25, 25-
50, 50-75 DAS and 75 DAS-harvest, and primary, secondary and total branches/plant of Indian
mustard over all other tillage treatments and was statistically superior over T1 and T2, which
might be pertained to taller plant stature, well grown crop canopy with well-developed
photosynthetic surface, more uptake of nutrients by the well-developed roots etc. Residue
retention could have enriched soil properties and optimised crop micro-climate maximizing
dry-matter accumulation of Indian mustard under T4. A higher rate of photosynthesis and

assimilation resulted into higher CGR in these treatments.

Different weed management practices significantly affected plant height, LAI, dry-matter
accumulation and CGR, and number of primary, secondary and total branches/plant of the crop
as compared to weedy check (Table. 1 and 2). During the investigation, recommended
herbicide, pendimethalin 0.75 kg/ha pre-emergence, IWM (W1), pendimethalin 0.75 kg/ha pre-
emergence + manual weeding 25 DAS (W2) and manual weeding 25 DAS (W3) significantly
lowered plant height of Indian mustard at 50, 75 DAS and harvest compared to weedy check
(W4)

(Table. 1). Weedy check recorded the highest plant height with very weak growth which might

be pertained to phototropism. Application of IWM and recommended herbicide were at par in
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respect of LAI of Indian mustard at 25 DAS (Table. 1). However, IWM and manual weeding
were statistically superior for LAI at 50 and 75 DAS to all other treatments. The increase in
LAl in the mentioned treatments might be due to almost a weed free environment during critical
growth period of the crop compared to weedy check which created non-competitive
environment for expansion of leaves under reduced weed problem. Data explicated that IWM
and manual weeding recorded significantly greater amount of dry-matter accumulation at 50,
75 DAS and harvest, CGR during 25-50, 50-75 and 75 DAS-harvest, and numbers of primary,
secondary and total branches/plant compared to weedy check (Table. 1 and 2). The higher dry-
matter accumulation, CGR at different stages, and numbers of branches/plant in IWM and
manual weeding might be attributed to higher WCE and WCI [Fig 1(A) and 1(B)], almost weed
free environment which contributed to greater crop canopy exposure to perceive solar
radiations due to reduced weed infestation providing congenial crop growth environment that
enhanced rate of photosynthesis and indirectly improved nutrient uptake by the crop.The
increment in number of branches under various weed management treatments indicated an

increase in gibberellin [Indian Journal of Agricultural Sciences 93 (3)]

=

| 25DAS m50DAS 75DAS ® 100 DAS (8) = 25DAS ® 50DAS = 75DAS 100DAS

90.00 9 84.96 78.93 ;
80.95 80.31 80.97 80 8.9377.90 78.22 7714 77.04

85.3
73.13 7263 7755
8000 | 7571 76.66 80.17 :
63.68

70,00, 61'1660 08 59.15 S i 60.1059.99
60.00 . i

2 50
50.00
40.00 S 40
30.00 g 30
20.00 32
10.00 . 16

w,

~
o

d control index (%)

Weed control efficiency (%o)

W

0.00
W w3 Wy w, W,
Weed management practices Weed management practices

Figure. 1: Two years' mean of WCE (A) and WCI (B) of weed management practices at different stages of

Indian mustard

3.2. Details of weed management practices are given under Materials and
Methods:

Or more growth of auxiliary buds (Kurchania et al. 1989). Yield attributes: Yield attributing
characteristics of Indian mustard like siliquae/plant and number of seeds/siliqua were
significantly affected by different tillage practices and weed management treatments at harvest
(Table. 2). Data revealed that different tillage and weed management practices did not bring
about any significant change in test weight. Maximum number of siliquae/plant and number of
seeds/siliqua was counted under T4 treatment. Year round minimum tillage with rice residue
retention in Indian mustard enhanced number of siliquae/plant and number of seeds/siliqua.

The improvement in these yield attributes of Indian mustard under the aforesaid treatment was
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significantly superior over year round conventional tillage system which could be clearly

ascribed to appropriate translocation of photosynthates from source to sink.

Table. 3 Interaction effect of tillage practices and weed management on different parameters of Indian

mustard
Treatment Dry matter \ber of stover yield blogical yield Oil Yyield
combinatio  at harvest siliquae/ (a/ha) (a/ha) (g/ha)
n (9/plant) plant
TiWq 19.32 162.83 30.69 39.98 3.65
TIW> 25.24 17217 33.74 46.00 455
T1W3 23.17 173.67 33.74 45.77 4.67
T1Wy 16.20 95.67 27.61 36.08 3.47
ToW1 19.69 173.17 30.56 40.31 4,01
ToW> 23.93 169.83 34.65 46.80 4.71
ToW3 24.29 172.84 34.10 46.45 4.87
ToWy 16.97 98.67 27.05 35.02 3.42
T3W1 24.97 199.50 32.47 43.47 4.05
T3W» 32.38 268.00 40.14 55.03 5.82
T3W3 31.10 259.00 39.37 54.37 6.07
T3Wy 20.56 87.50 28.50 37.38 335
T4Wy 33.22 210.84 33.65 45.27 4.27
T4Wo 38.56 277.84 45.92 63.70 6.53
T4W3 37.77 268.17 4531 62.30 6.40
TgWy 22.92 111.17 30.33 41.11 3.71
TsW1 31.11 201.33 33.04 44.60 3.92
TsWo 36.90 277.34 44.87 61.60 6.12
T5W3 35.13 269.84 43.79 60.51 6.17
TsWy 22.33 102.84 28.48 37.70 3.55
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SEmz+ 1.28 10.39 2.79 3.35 0.28
CD at 5% 3.68 30.01 8.01 9.74 0.81

3.3. Treatment details are given under materials and methods:

As compared to weedy check, significantly improved count of siliquae/plant and seeds/siliqua
under IWM might be pertained to reduced crop weed competition for growth factors due to
higher WCE (76.66, 85.39, 80.95 and 80.31%, respectively) and WCI (72.63, 78.93, 77.90 and
77.55%, respectively) of the treatment at 25, 50, 75 and 100 DAS [Fig. 1(A) and 1(B)]. It can
be stated that least crop weed competition especially during the critical crop growth period
gave rise to an important regulatory function on complicated process of yield realization due
to improved availability of growth factors, viz. space, water, light and nutrients. Moreover,
intercultural operation during IWM and manual weeding soil surface aeration is improved
which resulted more nutrient uptake by plant and thus more metabolic activity which
considerably influenced 'source' development by virtue of greater photosynthesis and metabolic
activity which in turn improved growth of crop and accordingly yield attributing characteristics
of the crop (Kalita et al. 2017). Yield and oil yield: Different tillage and weed management
practices significantly influenced seed, stover and biological yield of Indian mustard (Table.
2). The highest seed, stover and biological yield of the oilseed crop was recorded under T4
treatment and the respective increase was 35.97, 23.41 and 26.55% in pooled values,
respectively over the year round conventional tillage system. This improvement in seed yield
might be attributed to upgraded soil physico-chemical and biological properties as well as crop
micro-climate under minimum soil disturbance and residue retention which might have led to
better overall growth with more photosynthetic area contributing to better yield attributes and
yield. Similar finding were reported by Teja and Duary (2018). Comparatively higher harvest
index values were noted under T4 (Table. 2). The same treatment increased oil yield by 38.90%
as compared to T1 treatment. Among weed management treatments, seed, stover, biological
and oil yield of Indian mustard was significantly enhanced by IWM and manual weeding over
weedy check (Table. 2). The lesser crop weed competition in IWM and manual weeding could
have resulted significantly higher growth and yield attributing characteristics which eventually

improved seed, stover and oil yield of the crop.

4. Conclusion:
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Treatment combination of T4 and IWM recorded the highest dry matter accumulation (38.56
g/plant), siliquae/ plant (277.84), stover yield (45.92 g/ha) and biological yield (63.70 g/ha)
and oil yield (6.53 g/ha) (pooled basis) among all the combinations which might be owing to
congenial crop environment under appropriate soil condition and comparatively weed free

environment under the treatment combination (Table. 3).

Based on results of two years investigation, treatment combination MT(S)-MT (DSR)-MT+R
(IM) (T4) and IWM may be considered as the best for higher productivity as well as oil yield

of Indian mustard.
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