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ABSTRACT
The study of weed dynamics in diverse cropping systems helps to formulate the strategies for effective management of
weeds. Hence, this study was conducted to assess the effect of diverse cropping systems on weed dynamics and crops
productivity in eastern India. The minimum total weed density (4.85 no./m2) and biomass (2.43 g/m2) during rainy season
crops was recorded in fodder sorghum-mustard-blackgram systems. In winter crops, the lowest total weed density was
observed in soybean-maize system (5.79 no./m2), while the lowest weed biomass (2.26 g/m2) with finger millet-rapeseed
(toria) system. In summer, soybean-maize, pearl millet-chickpea and sorghum-chickpea were equally effective for
reducing weed density and biomass. Weed seedbank analysis revealed maximum grass weed seed density at 0-15 cm
depth in foxtail millet-lentil, while minimum with fodder sorghum-mustard-blackgram system. The highest weed seed
density of broad-leaved weeds was noted at 0-15 cm depth in maize-pigeonpea and the lowest with conventionally tilled
direct-seeded rice (CTDSR)-mustard-blackgram system. It was concluded that diverse cropping systems significantly
suppress weed density  and biomass in all the seasons.
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INTRODUCTION
Rice-wheat cropping system (RWCS) is one of

the most important agricultural production systems in
the world, which cover large extent of area and feeds
a vast population (Pan et al. 2019). This production
system contributes ~40% of rice and wheat in India
(Kumar et al. 2021). In Indo-Gangetic Plains (IGP),
viz. India, Bangladesh, Nepal, and Pakistan, rice-
wheat system occupies ~13.5 million ha of cultivable
land. Productivity of RWCS is decreasing due to
decline in factor productivity and increased the
problem of various biotic and abiotic stresses (Singh
et al. 2012). Among biotic stress, weeds are major
threat to crop productivity, input-use efficiency, and
profitability of any cropping systems.

Soil weed seedbank is the major source of
weeds that determines above-ground weed flora
composition and density in agricultural fields.
Maximum weed seed reserves have been reported in
top 0–5 cm soil depth and decreases with increasing
soil depth (Mishra and Singh 2012). Continuous
cultivation of rice-wheat sequence favoured grassy
weeds dominance (Malik et al. 2014, Bhatt et al.
2016). Adoption of various tillage practices, crop
rotations and choice of crop influences type and
degree of weed infestation by altering the weed
seedbank and species composition (Kumar et al.
2013). Retention and incorporation of previous crop
residues can play a vital role on weed seed
germination by altering the weed seed environment
(Nichols et al. 2015). Thus, adoption of new crops or
changes in RWCS of IGP reduced weed growth as in
rice-wheat-greengram sequence (Singh et al. 2008)
due to creation of an unstable environment for weeds
that prevent recurrence of specific annual weed
species. Crop rotation strategies may not eradicate
troublesome weed species, but they can limit their
growth and reproduction (Scherner et al. 2018).
Hence, this study was conducted to evaluate the role
of diverse cropping systems on management of
weeds, weed seed dynamics and crops productivity in
eastern India.
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MATERIALS AND METHODS
A study was carried out for five consecutive

years from 2016-2020 at the ICAR-Research
Complex for Eastern Region, Patna, India, at
25o30’N,85o15’E,52 m above mean sea levels. The
annual precipitation was 1168 mm, of which 88%
rainfall is received between July and September.
Mean annual evaporation was 1573 mm. Soil of
experimental site was loamy in texture (50.4, 35.0
and 14.6% sand, silt and clay, respectively) with
Typic Haplustept, Fluvisol having pH of 7.5,
electrical conductivity of 0.12 dS/m, soil organic
carbon content of 6.0 g/kg, KMnO4 oxidizable N of
64.6 mg/kg, Olsen phosphorus of 23.9 mg/kg,
NH4OAc exchangeable potassium of 78.3 mg/kg, and
DTPA-extractable zinc of 0.66 mg/kg (0-15 cm soil).

A randomized block design replicated thrice
was used. Ten diverse cropping sequences were
tested, viz. farmers practice (FP) of transplanted rice
(TPR)-conventional till (CT) wheat-CT greengram;
conventional till-direct-seeded rice (CTDSR)-zero
till (ZT) wheat-ZT greengram; CT soybean-ZT
maize, CTDSR-ZT mustard-ZT blackgram; CT
foxtail millet-ZT lentil; CT pearl millet-ZT chickpea;
CT finger millet- ZT rapeseed (toria); CT sorghum
(grain)-ZT chickpea; CT maize-ZT pigeon-pea and
CT sorghum (fodder)-ZT mustard-ZT blackgram. All
the rainy season crops were grown in CT, while all
winter and summer season crops were grown under
ZT, except in farmers’ practice. Size of individual
experimental plot was 8.0×5.0 m. All the component

crops were grown as per the standard crop calendar
(Table 1). All the rainy season crops were planted
during third week of June and harvested by second
week of October except for maize and fodder
sorghum. During the winter, wheat, oilseed, and
pulse crops were sown during 3rd week of October
and harvested in March and April. Summer crops
(greengram/blackgram) were sown and harvested
during first week of April and June, respectively. The
observations on weed composition, weed density and
biomass were recorded (at 4-5 leaf stage) using
quadrats (0.5×0.5 m) placed randomly at four places
in each plot.

Weed seedbank studies were undertaken at the
end of 5h year rotation by ‘seedling emergence’
method as described by MacLaren et al. (2021).
Although this method is time consuming, under-
estimate the absolute weed seedbank size, but it
provides more accurate estimation of the species
composition than seed extraction method. Sampling
of weed seedbank was done during June 2020 after
harvest of greengram. Soil samples were taken using
a 4.0 cm diameter metal core from two depths, 0–15
and 15-30 cm of five places in each plot. All samples
of a given depth were bulked to make a composite
soil sample per plot. Bulked soil samples were
partially air-dried, and clods were broken by the
hand. Soil debris and large root fragments were
separated from soil samples. Three-kilogram soil
sample for each depth per plot was spread on
40.4×30.3×9.5 cm plastic trays with~2 cm soil layer

Table 1. Crops, varieties, seed rate, fertilization and weed management practices used in crops during different seasons

Crops Varieties 
Seeding 

rate  
(kg/ha) 

Spacing  
(cm) 

Fertilization  
(kg NPK/ha) Weed management practices followed during cropping 

Rainy season 
Transplanted rice Swarna Shreya 20 20×15 120-60-40 Pretilachlor PE at 2-3 DAT fb 1 HW 
Direct-seeded rice Swarna Shreya 30 20×5 120-60-40 Pendimethalin PE 2-3 DAS fb bispyribac-Na at 25-35 DAS and 1 

HW at 50-55 DAS 
Soybean Pusa 9712 80 45×15 20-80-40 Pendimethalin PE at 2-3 DAS fb 1 HW at 30-35 DAS 
Foxtail millet Rajendra Kauni 10 25×10 60-40-25 Atrazine PE at 2-3 DAS fb 1 HW at 40-45 DAS 
Pearl millet Proagro 9001 5 45×15 80-40-40 Atrazine PE at 2-3 DAS fb 1 HW at 40-45 DAS 
Finger millet RAU 8 5 20× 10 60-40-25 Atrazine PE 2-3 DAS fb 1 HW at 40-45 DAS 
Sorghum grain CSH 25 10 45×15 80-40-40 Atrazine PE 2-3 DAS fb 1 HW at 50-55 DAS 
QPM maize Shaktiman 5 20 60×20 100-60-40 Atrazine PE 2-3 DAS fb 1 HW at 35-40 DAS 
Sorghum fodder CSH 13 30 25×5 80-40-40 - 

Winter season  
Wheat HD 2967 125 22.5×5 150-60-40 Pendimethalin PE at 2-3 DAS fb total and 2,4-D at 35-40 DAS  
Pigeonpea Pusa 9 50 30×15 20-50-0 Pendimethalin PE at 2-3 DAS fb HW at 40-45 DAS 
Lentil HUL 57 35 30×10 20-50-0 Pendimethalin PE at 2-3 DAS fb HW at 35-40 DAS 
Chickpea Pusa 256 80 30×10 20-50-0 Pendimethalin PE at 2-3 DAS fb HW at 40-45 DAS 
Rapeseed (toria) TS 38 5 30×10 60-40-40 Pendimethalin PE at 2-3 DAS fb HW at 30-25 DAS 
Mustard Proagro 5222 5 30×10 80-40-40 Pendimethalin PE at 2-3 DAS fb HW at 35-40 DAS 
Maize S2-945 20 50×20 120-75-50 Atrazine PE 2-3 DAS fb HW at 35-40 DAS 

Summer season  
Greengram Samrat 25 30×10 20-50-0 Pendimethalin PE at 2-3 DAS fb 1 hand weeding at 35-40 DAS 
Blackgram Uttara 25 25×10 20-50-0 Pendimethalin PE at 2-3 DAS fb 1 hand weeding at 35-40 DAS 

 QPM: Quality protein maize; PE: Pre-emergence, HW: hand/manual weeding; DAT: days after transplanting; DAS: days after sowing
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thickness. Subsequently, these trays were placed in a
greenhouse and watered to keep the soil at field
capacity. Emerged weed seedlings were identified,
counted, and removed until the emergence was nil.

Crop yield of different cropping sequences was
converted into rice equivalent yield (REY) by
following formula,

 
REY (t/ha) = 

Grain yield of the winter/summer crop 
×  

MSP of winter/summer crops 
Price of rice 

Where, MSP is the minimum support price as
fixed by the Government of India (GOI).

System rice equivalent yield (SREY) was
calculated by adding REY of different crops of a
system. All data on weed density and biomass were
analysed with ‘Statistix 8.1’ for analysis of variance
(ANOVA). Data were square-root transformed before
analysis to reduce heterogeneity of variance.

RESULTS AND DISCUSSION

Weed density and biomass during rainy (Kharif)
season

Data on weed density and biomass recorded
during rainy season (Table 2)  indicated that
minimum total weed density was associated with
fodder sorghum-mustard-blackgram (4.85 no./m2),

while the maximum weed density was with soybean-
maize system. Minimum density of Trianthema
portulacastrum (3.92 and 10.27 no./m2) was recorded
in fodder sorghum-mustard-blackgram and pearl
millet-chickpea, respectively. While, maximum
density of T. portulacastrum (58.9 no./m2) was
observed in soybean-maize followed by CTDSR-
wheat-greengram (43.32 no./m2). Similarly, the
lowest density of Cyperus rotundus and Brachiaria
ramosa was recorded with fodder sorghum-mustard-
blackgram and CTDSR-wheat-greengram systems.
The lowest total weed biomass was observed in
fodder sorghum-mustard-blackgram (2.43 g/m2),
while the maximum was in soybean-maize (11.57 g/
m2). Maximum biomass of T. portulacastrum, C.
rotundus, B. ramosa and C. dactylon was recorded in
soybean-maize, pearl millet-chickpea, soybean-
maize, and fodder sorghum-mustard-blackgram
(10.29, 6.84, 2.26 ad 1.52 g/m2) systems,
respectively. However, the minimum biomass of T.
portulacastrum, C. rotundus and B. ramosa was
observed in fodder sorghum-mustard-blackgram
system. Diverse cropping systems reduced weed
density and biomass probably due to greater soil
moisture that promoted germination and reduced
resistance of soil to seedling emergence. Pan et al.
(2019) reported that adoption of finger millet +
blackgram and finger millet + horsegram system
effectively reduced the weed growth and biomass
accumulation.

Table 2. Effect of tillage practice and crop rotation on weed density and dry biomass during rainy season

 

Cropping systems 
Weed density (no./m2) Weed dry biomass (g/m2) 

TP CR BR CD Total TP CR BR CD Total 
TPR-CT wheat -CT greengram 18.4 

(338*) 
0.71 
(0) 

3.67 
(13) 

0.71 
(0) 

18.74 
(351) 

3.32 
(10.5) 

0.71 
(0) 

1.14 
(0.8) 

0.71 
(0) 

3.43 
(11.3) 

CTDSR-ZT wheat -ZT greengram 43.3 
(1877) 

5.52 
(30) 

10.93 
(119) 

0.71 
(0) 

45.01 
(2026) 

8.13 
(65.6) 

2.86 
(77.0) 

1.97 
(3.4) 

0.71 
(0) 

8.79 
(76.7) 

CT Soybean-ZT maize 58.9 
(3471) 

8.91 
(79) 

5.43 
(29) 

0.71 
(0) 

59.83 
(3574) 

10.29 
(105.4) 

4.89 
(23.4) 

2.26 
(4.6) 

0.71 
(0) 

11.57 
(133.4) 

DSR-ZT mustard-ZT blackgram 38.8 
(1506) 

2.34 
(5) 

4.52 
(20) 

0.71 
(0) 

39.13 
(1531) 

6.07 
(36.4) 

2.39 
(5.2) 

1.30 
(1.2) 

0.71 
(0) 

6.58 
(42.8) 

CT Foxtail millet-ZT lentil 31.4 
(986) 

7.10 
(50) 

0.71 
(0) 

0.71 
(0) 

32.19 
(1036) 

5.34 
(28.0) 

4.40 
(18.9) 

0.71 
(0) 

0.71 
(0) 

6.88 
(46.9) 

CT Pearl millet-ZT chickpea 10. 
(105) 

9.46 
(89) 

0.71 
(0) 

0.71 
(0) 

13.95 
(194) 

1.70 
(2.4) 

6.84 
(46.3) 

0.71 
(0) 

0.71 
(0) 

7.01 
(48.7) 

CT Finger millet-ZT rapeseed (toria) 16.89 
(285) 

5.70 
(32) 

4.74 
(22) 

0.71 
(0) 

18.42 
(339) 

2.92 
(8.0) 

3.03 
(8.7) 

0.71 
(0) 

0.71 
(0) 

4.15 
(16.7) 

CT Sorghum (Grain)-ZT chickpea 24.39 
(595) 

3.94 
(15) 

0.71 
(0) 

0.71 
(0) 

24.71 
(610) 

5.75 
(32.6) 

2.76 
(7.1) 

0.71 
(0) 

0.71 
(0) 

6.34 
(39.7) 

CT Maize -ZT pigeonpea (ZT)-fallow 25.44 
(647) 

1.87 
(3) 

1.58 
(2) 

0.71 
(0) 

25.54 
(652) 

5.84 
(33.6) 

1.30 
(1.2) 

1.14 
(0.8) 

0.71 
(0) 

6.01 
(33.6) 

CT Sorghum (fodder)-ZT mustard-ZT blackgram 3.39 
(11) 

0.71 
(0) 

0.71 
(0) 

3.53 
(12) 

4.85 
(23) 

2.02 
(3.6) 

0.71 
(0) 

0.71 
(0) 

1.52 
(1.8) 

2.43 
(54.4) 

LSD (p=0.05)  1.27 0.23 0.15 0.05 1.28 0.23 0.15 0.03 0.02 0.25 
*Data were subjected to square root transformation ( 0.5x  ), values in parentheses represent original values; TPR: transplanted
puddle rice; CTDSR: conventional till-direct-seeded rice; CT: conventional-till; ZT: zero-till; DSR: direct-seeded rice; TP: Trianthema
portulacastrum; CR: Cyperus rotundus; BR: Brachiaria ramosa; CD: Cynodon dactylon
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Density and dry matter of weeds during winter
(Rabi) season

Major weed flora was identified in winter
season includes Solanum nigrum, Chenopodium
album, C. rotundus, C. dactylon, Ipomoea aquatica,
Trifolium fragiferum and Launaea pinnatifida.
Maximum total weed density was observed in foxtail
millet-lentil system (10.91 no./m2), however,
minimum weed density was associated with soybean-
maize (5.79 no./m2) rotation (Table 3). The lowest
density of S. nigrum was associated with sorghum -
chickpea, while the highest with foxtail millet-lentil.
This might be due to greater weed seed reserves in the
soil of those respective cropping systems in
comparison to other cropping sequences (Mishra et
al.2019). Similarly, the maximum suppression of C.
album was observed in all other cropping system
except TPR-wheat-greengram, CTDSR-wheat-
greengram and foxtail millet-lentil systems.
Significantly the highest reduction in density of C.
rotundus was recorded by TPR-wheat-mugbean and
foxtail millet-lentil systems in comparison to other
systems. Density of I. aquatica and T. fragiferum
were significantly lower in all other cropping system
except foxtail millet-lentil and soybean-maize
systems, respectively. Significant reduction of L.
pinnatifida was observed with all cropping system
except soybean-maize. A recent meta-analysis on 15

studies covering crop treatment in maize-soybean
rotations showed that cover crop helps significantly
in reducing weed biomass without changing weed
density. Moreover, to achieve 75% reduction in weed
biomass, it requires at least 5 mg/ha of cover crop
(Sharma et al. 2021).

Diverse cropping systems significantly reduced
total weed biomass except foxtail millet-lentil, pearl
millet-chickpea and fodder sorghum-mustard-
blackgram systems. Similarly, diverse cropping
systems had significant effect on biomass of S.
nigrum except TPR-wheat-greengram, foxtail millet-
lentil and CTDSR-wheat-greengram. Minimum
biomass of S. nigrum was recorded in maize-
pigeonpea followed by sorghum-chickpea, while
maximum biomass of S. nigrum was with foxtail
millet-lentil followed by CTDSR-wheat-mung.
Maximum biomass of C. album was observed with
TPR-wheat-greengram. TPR-wheat-greengram,
foxtail millet-lentil, finger millet-toria and soybean-
maize significantly reduced biomass of C. rotundus
compared to other systems. Similarly, biomass of I.
aquatic, T. fragiferum  and L. pinnatifida  was
significantly reduced by all cropping system except
foxtail millet-lentil, soybean-maize, and pearl millet-
chickpea systems. Earlier studies have reported that
adapting different crop rotations help in lowering the
density of a particular weed/weed density (Zeller et
al. (2021).

Table 3. Effect of tillage practice and crop rotation on weed density and biomass during winter season

*Data were subjected to square root transformation ( 0.5x  ), values in parentheses represent original values; TPR: transplanted
puddle rice; CTDSR: conventional till-direct seeded rice; CT: conventional-till; ZT: zero-till; DSR: direct-seeded rice;  SN: Solanum
nigrum; CA: Chenopodium  album;  CR: Cyperus rotundus; CD: Cynodon dactylon; IA: Ipomoea aquatica; TF: Trifolium fragiferum;
LP: Launia pinnatifida

 Cropping systems 
Weed density ((no./m2)  Weed dry biomass (g/m2)  

SN CA CR IA TF LP Others Total SN CA CR IA TF LP Others Total 
TPR-CT wheat -CT 

greengram 
7.43 

(59.0*) 
3.54 

(13.0) 
0.88 
(0) 

0.71 
(0) 

0.71 
(0) 

1.10 
(1.00) 

1.44 
(3.0) 

8.57 
(75.0) 

2.09  
(3.90)  

1.14  
(0.80) 

0.75  
(0.07)  

0.71  
(0)  

0.71  
(0)  

0.82  
(0.20) 

0.91  
(0.40) 

2.42  
(5.37) 

CTDSR-ZT wheat -ZT 
greengram 

7.16 
(53.0) 

1.39 
(2.0) 

2.83 
(10.0)

0.71 
(0) 

0.71 
(0) 

1.94 
(6.0) 

1.52 
(2.0) 

8.58 
(73.0) 

2.28  
(4.83)  

0.87  
(0.27) 

1.18  
(1.07)  

0.71  
(0)  

0.71  
(0)  

1.04  
(0.80) 

0.90  
(0.34) 

2.71  
(7.31) 

CT Soybean-ZT maize 2.54 
(13.0) 

0.71 
(0) 

2.53 
(8.0) 

0.71 
(0) 

2.26 
(6.0) 

0.71 
(0) 

2.71 
(8.0) 

5.79 
(35.0) 

1.71  
(4.43)  

0.71  
(0)  

1.12  
(0.93)  

0.71  
(0)  

1.49  
(2.03)  

0.71  
(0)  

1.58  
(2.33) 

3.11  
(9.73) 

DSR-ZT mustard-ZT 
blackgram 

1.25 
(2.0) 

0.71 
(0) 

6.23 
(40.0)

0.71 
(0) 

0.71 
(0) 

0.71 
(0) 

2.06 
(4.0) 

6.73 
(46.0) 

0.91  
(0.40)  

0.71  
(0)  

2.32  
(5.53)  

0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

1.11  
(0.81) 

2.60  
(6.74) 

CT Foxtail millet-ZT 
lentil 

8.92 
(83.0) 

2.34 
(5.0) 

1.84 
(4.0) 

1.77 
(3.0) 

0.71 
(0) 

0.71 
(0) 

4.88 
(25.0) 

10.91 
(120.0)

3.23  
(10.73) 

0.91  
(0.35) 

0.97  
(0.47)  

1.21  
(1.10) 

0.71  
(0)  

0.71  
(0)  

1.74  
(2.60) 

3.89  
(15.25) 

CT Pearl millet-ZT 
chickpea 

2.05 
(7.0) 

0.71 
(0) 

8.06 
(70.0)

0.71 
(0) 

0.71 
(0) 

2.48 
(8.0) 

1.72 
(4.0) 

9.14 
(88.0) 

0.91  
(0.40)  

0.71  
(0)  

4.04  
(17.50) 

0.71  
(0)  

0.71  
(0)  

1.27  
(1.40) 

0.99  
(0.62) 

4.38  
(19.92) 

CT Finger millet-ZT 
rapeseed (toria) 

1.70 
(4.0) 

0.71 
(0) 

4.86 
(24.0)

0.71 
(0) 

0.71 
(0) 

0.88 
(0) 

2.98 
(4.0) 

6.39 
(43.0) 

0.94  
(0.50)  

0.71  
(0)  

1.83  
(2.87)  

0.71  
(0)  

0.71  
(0)  

0.73  
(0.03) 

1.29  
(1.45) 

2.26  
(4.84) 

CT Sorghum (grain)-ZT 
chickpea 

1.10 
(1.0) 

0.71 
(0) 

7.78 
(62.0)

0.71 
(0) 

0.88 
(0) 

0.71 
(0) 

0.88 
(0) 

7.87 
(64.0) 

0.87  
(0.30)  

0.71  
(0)  

3.51  
(12.10) 

0.71  
(0)  

0.72  
(0.01)  

0.71  
(0)  

0.71  
(0)  

3.55  
(12.42) 

CT Maize -ZT pigeonpea 
(ZT)-fallow 

1.18 
(1.0) 

0.71 
(0) 

5.64 
(32.0)

0.71 
(0) 

0.71 
(0) 

1.70 
(4.0) 

1.39 
(2.0) 

6.28 
(39.0) 

0.82  
(0.20)  

0.71  
(0)  

2.98  
(8.60)  

0.71  
(0)  

0.71  
(0)  

1.13  
(0.77) 

0.84  
(0.23) 

3.25  
(10.16) 

CT Sorghum (fodder)-ZT 
mustard-ZT blackgram

2.86 
(14.0) 

0.71 
(0) 

6.16 
(39.0)

0.71 
(0) 

0.71 
(0) 

2.54 
(10.0) 

1.32 
(2.0) 

8.03 
(64.0) 

2.03  
(5.13)  

0.71  
(0)  

2.56  
(7.69)  

0.71  
(0)  

0.71  
(0)  

1.43  
(2.30) 

0.94  
(0.50) 

4.01  
(15.63) 

LSD (p=0.05)  3.36 0.72 2.77 0.55 0.78 1.76 2.32 2.70 1.45  0.11  1.49  0.25  0.38  0.68  0.70  1.42  
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Weed density and biomass during summer
During summer, the lowest total weed density

was recorded with soybean-maize system, which was
followed by pearl millet-chickpea and sorghum-
chickpea, while the maximum density was noticed
with TPR-wheat-greengram followed by CTDSR-
wheat-greengram and foxtail millet-lentil (13.16,
12.88 and 12.34 no./m2, respectively) systems (Table
4). Significantly higher suppression of C. rotundus in
summer was recorded under sorghum-chickpea
followed by pearl millet-chickpea, soybean-maize
and TPR-wheat-greengram as compared with other
cropping system. The lowest density of T.
portulacastrum was observed in different cropping
systems except TPR-wheat-greengram, CTDSR-
wheat-mung and foxtail millet-lentil. Similarly,
cropping system significantly reduced density of S.
nigrum except TPR-wheat-greengram, CTDSR-
wheat-greengram and CTDSR-mustard-blackgram
systems. Brankov et al. (2021) reported that maize-
wheat system can reduce weed density in winter
season wheat. MacLaren et al. (2021) also reported
that crop rotation with reduced tillage lowered weed
infestation, whereas crop interaction by ZT
interaction was unable to reduce weed density.

Soybean-maize, pearl millet-chickpea, finger
millet- rapeseed (toria) and sorghum-chickpea
systems significantly reduced total weed biomass in

summer crops (Table 4). All cropping systems
reduced biomass of C. rotundus except CTDSR-
mustard-blackgram and fodder sorghum-mustard-
blackgram. Similarly, diverse cropping systems had
significant effect on biomass of S. nigrum except
TPR-wheat-greengram and DSR-mustard-
blackgram. Maximum biomass of S. nigrum was
associated with TPR-wheat-greengram and DSR-
mustard-blackgram (3.24 and 3.1 g/m2, respectively)
in comparison to other treatments. Higher biomass of
T. portulacastrum was noticed under TPR-wheat-
greengram followed by foxtail millet-lentil and
CTDSR-wheat-mung (4.59, 3.27 and 3.14 g/m2,
respectively). All diverse cropping systems
significantly reduced other weeds biomass except
CTDSR-wheat-greengram and maize-pigeonpea.
Diverse cropping systems significantly reduced the
biomass of C. album except TPR-wheat-greengram,
which had recorded the highest biomass. TPR-wheat-
mung, foxtail millet-lentil, finger millet-rapeseed
(toria) and soybean-maize significantly reduced
biomass of C. rotundus compared to others cropping
systems. Similarly, biomass of I. aquatic , T.
fragiferum and L. pinnatifida significantly reduced
by diverse cropping systems except foxtail millet-
lentil, soybean-maize, and pearl millet-chickpea,
respectively, which was maximum biomass.
Anderson (2004) reported that weed density could be
reduced by utilizing balanced life-cycle intervals in

Table 4. Effect of tillage practice and crop rotation on weed density and dry biomass during summer season

Cropping systems 
Weed density (no./m2) Weed dry biomass (g/m2) 

CR SN TP Others Total CR SN TP Others Total 
TPR-CT wheat -CT greengram 1.25  

(2.0*)  
5.89  

(41.0)  
10.92  

(125.0)  
2.34  
(6.0)  

13.16  
(174.0)  

0.78  
(0.12)  

3.24  
(12.45) 

4.59  
(22.59) 

1.09  
(0.78) 

5.00  
(26.15) 

CTDSR-ZT wheat -ZT greengram 4.78  
(26.0)  

3.89  
(20.0)  

10.10  
(103.0)  

4.22  
(18.0)  

12.88  
(166.0)  

2.23  
(4.88)  

2.38  
(7.17)  

3.14  
(10.04) 

2.62  
(6.65) 

4.39  
(20.81) 

CT Soybean-ZT maize 0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

DSR-ZT mustard-ZT blackgram 8.68  
(78.0)  

4.17  
(22.0)  

0.71  
(0)  

4.27  
(19.0)  

10.85  
(118.0)  

4.45  
(19.85) 

3.14  
(13.32) 

0.71  
(0)  

1.69  
(3.12) 

5.05  
(28.67) 

CT Foxtail millet-ZT lentil 5.25  
(40.0)  

1.99  
(4.0)  

9.79  
(101.0)  

2.67  
(7.0)  

12.34  
(152.0)  

3.06  
(12.77) 

1.50  
(1.95)  

3.27  
(10.96) 

2.05  
(4.63) 

4.32  
(18.74) 

CT Pearl millet-ZT chickpea 0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

CT Finger millet-ZT rapeseed 
(toria) 

4.44  
(21.0)  

0.71  
(0)  

0.71  
(0)  

3.72  
(17.0)  

6.13  
(37.0)  

2.25  
(5.42)  

0.71  
(0)  

0.71  
(0)  

2.01  
(4.00) 

2.76  
(8.12)  

CT Sorghum (grain)-ZT chickpea 0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

0.71  
(0)  

CT Maize -ZT pigeonpea (ZT)-
fallow 

5.48  
(36.0)  

2.29  
(6.0)  

0.71  
(0)  

3.83  
(16.0)  

7.22  
(58.0)  

3.31  
(14.31) 

1.90  
(3.86)  

0.71  
(0)  

2.38  
(6.67) 

4.25  
(24.17) 

CT Sorghum (fodder)-ZT mustard-
ZT blackgram 

6.39  
(41.0)  

2.35  
(5.0)  

0.71  
(0)  

3.93  
(17.0)  

7.92  
(62.0)  

3.81  
(14.30) 

1.17  
(0.98)  

0.71  
(0)  

1.90  
(3.38) 

3.76  
(15.19) 

LSD (p=0.05)  3.51  2.44  2.50  2.14  2.19  2.19  1.80  1.26  1.42  2.10  

*Data were subjected to square root transformation ( 0.5x  ), values in parentheses represent original values; TPR: transplanted
puddle rice; CTDSR: conventional till-direct seeded rice; CT: conventional-till; ZT: zero-till; DSR: direct-seeded rice; TP:  Trianthema
portulacastrum; CR: Cyperus rotundus; SN: Solanum nigrum
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crop rotation. Different weed management strategies
decreased the weed density and biomass, resulting in
lower weed-crop competition, which ultimately
improved crop productivity.

Crop yield and system productivity
Among different rainy and winter crops, the

maximum rice equivalent yield was produced by
maize and pigeonpea, respectively, whereas during
summer season greengram in TPR-ZT wheat-ZT
greengram produced the highest rice equivalent yield
(Table 5). Total system equivalent yield differed
among the cropping systems. The maximum system
yield was recorded with maize-pigeonpea (22.34 t/
ha) cropping system with none of the cropping
system was statistically similar to it and it was
followed by fodder sorghum-mustard-blackgram,
rice-mustard-blackgram and CTDSR-wheat-
greengram.

Economics
Economic returns obtained from diverse

cropping systems revealed the maximum net returns
and benefit: cost ratio (BCR) was noted for maize
cob- pigeonpeapea (  262902/ha and 3.75), while the
lowest with finger millet-toria (  35882/ha and 1.61)
(Table 5). Expenditure incurred on cereal-based
production sequences was higher and could be
attributed to excessive tillage operation, and high use
of fertilizers, irrigation, and human labours (Kumar et
al. 2021). Comparatively the lower B: C ratio in
cereal-based production system was due to lower
returns and higher expenditure involved per unit
production.

Weed seedbank dynamic in diverse cropping
systems

Altogether 14 weed species including grassy
and BLW were identified from weed density
assessment during rainy season, 11 weed species
were identified during winter crop season and 8 weed
species were observed during summer (Table 6).

Maximum weed seed density of grassy weeds at 0-15
cm depth was observed in foxtail millet-lentil (147.37
seedlings/m2) followed by CTDSR-mustard-
blackgram and maize-pigeonpea (133.66 and 126.08
seedling/m2, respectively). While minimum weed
seed density of grassy weeds (80.9 seedlings /m2) was
noticed in fodder sorghum-mustard-blackgram
followed byTPR-wheat-mung and DSR-wheat-
mung. While maximum weed seed density of grassy
weeds (175.78 seedling/m2) was observed with
maize-pigeonpea (ZT) and minimum in TPR-wheat-
greengram (56.04 seedling/m2) at 15-30 cm of soil
depth. Adoption of different tillage techniques may
suppress or encourage emergence of weeds, as
germination of few weeds is influenced by previously
germinated weeds, because of inter-specific
competition (Nandan et al. 2020). Exposure to light
breaks dormancy and eventually increases
germination in many species. Generally small seeded
species are found to be more sensitive to light than
large seeded ones. Eliminating light penetration
during tillage can help in reduction of emergence of
buried light sensitive species (Singh et al. 2012).
Maximum weed seed density of broad-leaved weeds
(BLW) at 0-15 cm depth (174.29 seedling/m2) was
found in maize-pigeonpea followed by sorghum-
chickpea (161.95 seedlings/ m2). However, minimum
density of BLW at 0-15 cm depth was obtained in
DSR-mustard-blackgram (70.24 seedling/m2)
followed foxtail millet-lentil (79.86 seedling/m2). At
depth of 15-30 cm, the highest weed seed density of
BLW was noticed with fodder sorghum-mustard-urd
(161.73 seedling/m2) followed by maize-pigeonpea
(143.38 seedling/ m2). While the lowest weed seed
density of BLW was observed in CTDSR-wheat-
mung (44.94 seedling/m2). This might be due to
tillage changes vertical distribution of weed seeds in
soil profile and soil physical properties, and affects
emergence and seed survival of weed through
changes in soil conditions and determines weed
seedling emergence and species composition (Mishra
et al. 2019).

Table 5. Crop yields and economics and system productivity under diverse cropping systems

Cropping systems 
Crop yield (t/ha) Rice equivalent yield 

(t/ha) 
System rice 
equivalent 
yield (t/ha) 

System net 
returns 

(x103 `/ha) 

Benefit: 
cost ratio Kharif Rabi Summer Kharif Rabi Summer 

TPR-CT wheat -CT greengram 4.98 5.16 1.21 4.85 5.78 4.35 14.98 104.93 1.70 
CTDSR-ZT wheat -ZT greengram 5.31 5.48 1.01 5.35 6.13 3.63 15.11 123.01 1.91 
CT Soybean-ZT maize 1.86 10.51 - 3.66 9.66 - 13.32 129.73 2.29 
DSR-ZT mustard-ZT blackgram 5.26 2.83 1.10 5.26 7.30 3.83 16.39 135.90 2.04 
CT Foxtail millet-ZT lentil 1.56 2.06 - 1.91 5.65 - 7.56 73.56 2.20 
CT Pearl millet-ZT chickpea 4.39 2.42 - 4.04 6.87 - 10.91 121.39 2.62 
CT Finger millet-ZT rapeseed (toria) 1.64 1.51 - 2.01 3.80 - 5.81 35.88 1.61 
CT Sorghum (grain)-ZT chickpea 4.11 2.53 - 4.51 7.18 - 11.69 136.51 2.76 
CT Maize -ZT pigeonpea (ZT)-fallow 10.31# 2.81 - 12.46 9.88 - 22.34 262.90 3.75 
CT Sorghum (fodder)-ZT mustard-ZT blackgram 75.32 2.43 1.21 9.72 6.27 2.54 18.53 182.00 2.66 
LSD (p=0.05)    0.47 0.57 0.23 1.17 11.36 0.20 

 TPR: transplanted puddle rice; CTDSR: conventional till-direct seeded rice; CT: conventional-till; ZT: zero-till; DSR, direct seeded rice
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The present study revealed that various diverse
cropping systems reduce weed density and manage
specific weed flora. Therefore, the best strategy for
developing a resilient and sustainable production
system is adopting diversified farming as an
ecological weed management option. However,
farmers are continuing to be reluctant to adopt a
diversified cropping system because of requirement
of varying skills and higher initial investment.
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Table 6. Impact of various tillage practice and cropping systems on grasses and broad-leaved weeds seedbank

Cropping systems 
Weed seed density (emerged weed seedlings/m2) 
Grasses Broad-leaved weeds 

0-15 cm 15-30 cm 0-15 cm 15-30 cm 
TPR-CT wheat -CT greengram 95.6 (9270) 56.0 (3146) 100.9 (10281) 59.4 (3539) 
CTDSR-ZT wheat -ZT greengram 96.2 (9271) 60.4 (3876) 81.1 (6629) 44.9 (2079) 
CT Soybean-ZT maize 122.6 (15337) 150.1 (22697) 89.5 (9607) 135.1 (18371) 
DSR-ZT mustard-ZT blackgram 133.7 (18764) 92.6 (10112) 70.2 (5000) 57.8 (3371) 
CT Foxtail millet-ZT lentil 147.4 (21798) 111.6 (12472) 79.9 (6405) 68.9 (4888) 
CT Pearl millet-ZT chickpea 103.8 (11742) 84.2 (7247) 80.9 (7472) 96.3 (10618) 
CT Finger millet-ZT rapeseed (toria) 110.2 (12528) 82.6 (6854) 94.4 (9551) 101.0 (10281) 
CT Sorghum (grain)-ZT chickpea 114.6 (13146) 76.7 (5899) 161.9 (29101) 127.5 (17023) 
CT Maize -ZT pigeonpea (ZT)-fallow 126.1 (15955) 175.8 (31798) 174.3 (34326) 143.4 (22023) 
CT Sorghum (fodder)-ZT mustard-ZT blackgram 80.9 (6573) 117.2 (13989) 92.8 (8708) 161.7 (30393) 
LSD (p=0.05) 36.71 40.24 65.66 55.77 
 TPR: transplanted puddle rice; CTDSR: conventional till-direct seeded rice; CT: conventional-till; ZT: zero-till; DSR: direct-seeded rice


