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Abstract

A field experiment entitled “Residual effects of different establishment methods and weed management

practices in rice on growth and yield of succeeding relay field pea (Pisum sativum L.)” was carried out

in the farmer’s field at Hongshobil, Gossaigaon, Kokrajhar, Assam during the year 2023-24 and 2024-

25. The experiment consisted of 18 treatment combinations with 3 crop establishment methods viz., M1:

Conventional transplanting, M2: Direct seeding by drum seeder, M3: Direct seeding with 50% reduced

tillage and 6 weed management practices viz., W1: Pretilachlor 750 g/ha PE, W2: Pretilachlor 750 g/ha

PE f.b. paddy weeder at 30 DAS/DAT, W3: Pyrazosulfuron-ethyl 25 g/ha PE f.b. bispyribac-sodium 25

g/ha at 30 DAS/DAT, W4: Paddy weeder at 20 and 40 DAS/DAT, W5: Weedy check, W6 : Weed free

check. The experiment was laid out in a split plot design with rice establishment methods assigned in

the main plots and weed management practices in sub-plots with three replications. The result revealed

that rice establishment methods had a significant residual effect on growth and yield of relay field pea.

Direct seeding by drum seeder (M2) recorded the highest number of branches per plant (8.03 and 8.39),

pods per plant (9.21 and 9.76), seed yield (8.76, 8.84 q/ha) and stover yield (10.04, 10.18 q/ha) during

2023-24 and 2024-25, respectively and was statistically at par with conventional transplanting (M1). In

contrast, the residual effects of weed management practices and their interactions with rice establish-

ment methods were non-significant for growth and yield parameters of relay field pea in both the years.

The findings indicate that direct seeding of rice using drum seeder can provide a favourable carry-over

effect on the performance of relay field pea.
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Introduction

India remains a major force in global rice production and trade, with its rice sector playing a pivotal role in

global food security, while rice forms the foundation of Assam’s food and agricultural economy. In India,

rice is cultivated on 47.82 million ha yielding 137.83 million tonnes and an average productivity of 2.9

tonnes per ha during financial year 2023-24 (Anonymous, 2024b) 
[1]

. Moreover, being the global leader as

regards of export, India exported 163.59 lakh tonnes which accounts to 45.92 percent share in world export

of rice during 2023-24 (Anonymous, 2024a) 
[2]

. In Assam, rice is the major cereal food crop occupying an

area of 23.07 lakh hectares which is approximately 83 percent of net sown area (27.44 lakh hactares) of the

state, with a production of 60.44 lakh tones and productivity of 2.65 tonnes per hactare during the year 2022-

23 (Anonymous, 2025) 
[3]

. The predominance of rice in the cropping systems of Assam necessitates the

adoption of efficient rice-based cropping system for enhancing resource-use efficiency and farm

productivity.

Among establishment methods of rice, conventional transplanting is the most common. This method is

labour, water and energy intensive which requires puddling and transplanting operations. Repeated puddling

may alter soil physical properties which form hard pan affecting the establishment and growth of succeeding

crops. Moreover, increasing water scarcity, labour wages and the need to reduce production costs have en-

couraged the adoption of direct seeded rice (DSR) (Kaur et al., 2017) 
[4]

. It offers certain advantages like

saving irrigation water, labour, energy, time, better growth of succeeding crops, reduces emission of green-

house-gases, etc (Kumar et al., 2018) 
[5]

. Thus, rice establishment methods may influence not only rice pro-

ductivity but also the growing environment and performance of the succeeding crop.

Weed management is another critical component of rice production, particularly under DSR, where weeds

emerge simultaneously with the crop and can cause substantial yield losses if not effectively controlled.

Therefore, the risk of yield losses is greater in DSR than transplanted rice. DSR faces significant challenges

from diverse weed flora, causing yield losses of 50-90% if not managed effectively (Kumar et al., 2025) 
[6]

.

Hence, the direct‐seeding of rice faces severe challenges from weeds, and effective weed management prac-

tices are essential for growing of DSR (Manjhi et al., 2025) 
[7]

. However, differences in weed management

practices may also influence the succeeding crop through changes in weed seed banks, soil conditions, crop
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residues and possible herbicide carry-over effects. Therefore, assess-

ment of their residual effects on the succeeding crop is important for

developing suitable rice-based cropping systems.

Relay cropping in which succeeding crop is established in the stand-

ing preceding crop before its harvest, provides an opportunity to in-

tensify rice-based systems and utilize residual moisture and available

growing period efficiently (Sarmah et al., 2024) 
[8]

 Inclusion of pulse

crops in rice-based systems can further enhance system productivity

and diversification while contributing to soil fertility through biologi-

cal nitrogen fixation. Field pea (Pisum sativum L.) is a promising

winter pulse crop that can be grown successfully under suitable agro-

climatic conditions. Relay field pea after rice can utilize residual soil

moisture and reduce the time and resources required for separate land

preparation, making it a potentially suitable component of rice-based

cropping systems in Assam. (Sarma et al., 2017) 
[9]

.

Understanding the residual effects of different establishment methods

and weed management practices is essential for optimizing the growth

and yield of succeeding relay field pea under the agro-ecological con-

ditions of Assam the present study was untaken.

Materials and methods

A two-year field experiment was conducted during 2023–24 and

2024–25 in a farmer’s field at Hongshobil village, P.O. Gossaigaon,

District Kokrajhar, Assam, representing the Lower Brahmaputra

Valley Zone of Assam (26°40′ N latitude, 90°02′ E longitude and

51.57 m above mean sea level), to evaluate the residual effects of rice

crop establishment and weed management practices on the growth

and yield of succeeding relay field pea. The experiment was laid out

in a split-plot design with three replications, comprising three rice

crop establishment methods in the main plots and six weed manage-

ment practices in the sub-plots, resulting in 18 treatment combina-

tions and 54 plots. Each plot measured 4 m × 3 m (12 m
2
), with a net

experimental area of 648 m
2
 and a gross experimental area of 880 m

2
.

The rice establishment methods were M1: conventional transplanting,

M2: direct seeding using a drum seeder, and M3: direct seeding with

50% reduced tillage. The weed management practices were W1: preti-

lachlor at 750 g ha
−1

 as pre-emergence (PE), W2: pretilachlor at 750 g

ha
−1

 as PE followed by paddy weeder at 30 DAS/DAT, W3: pyrazo-

sulfuron-ethyl at 25 g ha
−1

 as PE followed by bispyribac-sodium at

25 g ha
−1

 at 30 DAS/DAT, W4: paddy weeder at 20 and 40

DAS/DAT, W5: weedy check, and W6: weed-free check. Winter rice

variety ‘Numoli’ was followed by relay field pea variety ‘Aman’,

which was established by broadcasting seed at 75 kg ha⁻¹ at 15 days

after flowering of winter rice. No additional fertilizer, herbicide,

weeding or other crop management practices were applied to the suc-

ceeding field pea crop, allowing the observed response to represent

the residual effects of the preceding rice treatments. Growth parame-

ters, yield attributes, seed yield and stover yield of relay field pea

were recorded using standard procedures, and the data were subjected

to statistical analysis appropriate for a split-plot design to determine

the significance of treatment effects.

Results and discussion

Growth parameters

Crop establishment methods significantly influenced the growth pa-

rameters of relay field pea, whereas the effect of weed management

practices and their interaction was non-significant during both years

of experimentation.

The growth parameters of relay field pea were significantly influ-

enced by rice crop establishment methods, whereas the differences

were more pronounced at later growth stages. Conventional trans-

planting (M1) recorded the highest plant height at 30 DAS, possibly

due to greater initial crop canopy and suppression of weeds by the

standing rice crop, as field pea was sown before rice harvest; how-

ever, at 60 DAS, direct seeding by drum seeder (M2) recorded signifi-

cantly higher plant height and remained statistically at par with M1 in

both years. Direct seeding by drum seeder (M2) also recorded the

highest number of branches plant
−1

 (8.03 and 8.39), dry matter accu-

mulation and crop growth rate (CGR) during both years. The superior

growth under M2 may be attributed to reduced crop–weed competi-

tion, better utilization of residual soil moisture and nutrients,

favourable soil conditions and greater vegetative growth, as reflected

by increased plant height and branching, which enhanced dry matter

production and CGR. Similar findings have been reported by

Choudhary et al. (2023) 
[10]

, Bharali et al. (2019) 
[11]

 and Kumar et

al. (2023) 
[10, 11, 12]

.

Table 1. Residual effect of crop establishment methods and weed management practices in rice on plant height of relay field pea

Treatments Plant height (cm)

2023-24 2024-25

30 DAS 60 DAS 90 DAS 120 DAS 30 DAS 60 DAS 90 DAS 120 DAS

Main plot : Methods of crop establishment (M)

M1:Conventional transplanting 28.04 42.44 72.63 97.38 28.87 43.79 73.22 97.48

M2:Direct seeding by drum seeder 26.79 45.02 75.94 101.39 26.92 45.17 74.57 102.07

M3: Direct seeding with 50% reduced tillage 23.79 37.62 67.62 94.52 24.23 39.73 68.63 95.80

SEm (±) 0.77 1.29 2.60 2.46 0.79 1.07 2.29 2.65

CD (p = 0.05) 3.03 5.05 NS NS 3.11 4.21 NS NS

Sub plot: Weed management practices (W)

W1: Pretilachlor 750 g/ha PE 25.94 39.36 69.63 95.72 26.39 40.58 69.94 96.89

W2: Pretilachlor 750 g/ha PE f.b. paddy weeder

at 30 DAS/DAT

25.98 40.06 70.44 96.67 26.65 40.24 71.21 96.24

W3: Pyrazosulfuron-ethyl 25 g/ha PE f.b.

bispyribac-sodium 25 g/ha at 30 DAS/DAT

26.13 42.40 73.12 97.51 26.76 44.18 73.03 98.24

W4: Paddy weeder at 20 and 40 DAS/DAT 23.56 38.92 69.19 94.68 23.69 40.14 70.80 97.04

W5: Weedy check 28.48 44.96 75.24 101.97 28.54 47.87 74.50 101.78

W6: Weed free check 27.14 44.47 74.75 100.02 27.76 44.37 73.37 100.49

SEm (±) 1.08 2.62 2.98 4.76 1.13 2.66 2.68 4.75

CD (p = 0.05) NS NS NS NS NS NS NS NS

Interaction (M x W) NS NS NS NS NS NS NS NS

DAS: Days after sowing, DAT: Days after transplanting, PE: Pre-emergence, NS: Non-significant

(continued on next page)
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Table 2. Residual effect of crop establishment methods and weed management practices in rice on number of branches of relay field pea

Treatments No. of branches/plant

2023-24 2024-25

Main plot : Methods of crop establishment (M)

M1:Conventional transplanting 7.60 8.01

M2:Direct seeding by drum seeder 8.03 8.39

M3: Direct seeding with 50% reduced tillage 7.33 7.65

SEm (±) 0.13 0.14

CD (p = 0.05) 0.49 0.54

Sub plot: Weed management practices (W)

W1: Pretilachlor 750 g/ha PE 7.42 7.78

W2: Pretilachlor 750 g/ha PE f.b. paddy weeder at 30 DAS/DAT 7.73 8.24

W3: Pyrazosulfuron-ethyl 25 g/ha PE f.b. bispyribac-sodium 25 g/ha at 30 DAS/DAT 8.07 8.34

W4: Paddy weeder at 20 and 40 DAS/DAT 7.49 7.82

W5: Weedy check 7.08 7.42

W6: Weed free check 8.13 8.52

SEm (±) 0.28 0.31

CD (p = 0.05) NS NS

Interaction (M x W) NS NS

DAS: Days after sowing, DAT: Days after transplanting, PE: Pre-emergence, NS: Non-significant

Table 3. Residual effect of crop establishment methods and weed management practices in rice on dry matter accumulation of relay field pea

Treatments Dry matter accumulation (g/plant)

2023-24 2024-25

30 DAS 60 DAS 90 DAS 120 DAS 30 DAS 60 DAS 90 DAS 120 DAS

Main plot : Methods of crop establishment (M)

M1:Conventional transplanting 4.56 9.03 15.73 21.67 4.83 9.32 16.53 22.10

M2:Direct seeding by drum seeder 4.29 9.63 17.65 23.93 4.54 9.68 18.26 24.26

M3: Direct seeding with 50% reduced tillage 4.02 8.61 14.64 19.43 4.11 8.80 15.27 20.10

SEm (±) 0.10 0.17 0.37 1.01 0.14 0.14 0.34 0.82

CD (p = 0.05) NS 0.68 1.44 NS NS 0.54 1.33 NS

Sub plot: Weed management practices (W)

W1: Pretilachlor 750 g/ha PE 4.18 8.94 15.59 21.09 4.33 9.02 16.40 21.73

W2: Pretilachlor 750 g/ha PE f.b. paddy weeder at 30

DAS/DAT

4.23 9.01 16.27 21.89 4.47 9.26 16.92 22.36

W3: Pyrazosulfuron-ethyl 25 g/ha PE f.b. bispyribac-

sodium 25 g/ha at 30 DAS/DAT

4.57 9.46 16.89 22.80 4.77 9.63 17.39 23.27

W4: Paddy weeder at 20 and 40 DAS/DAT 4.24 9.02 15.38 20.94 4.36 9.11 16.44 21.76

W5: Weedy check 3.83 8.42 14.65 19.89 4.13 8.80 15.13 20.19

W6: Weed free check 4.69 9.68 17.25 23.44 4.89 9.78 17.85 23.61

SEm (±) 0.23 0.28 0.63 0.83 0.19 0.25 0.60 0.79

CD (p = 0.05) NS NS NS NS NS NS NS NS

Interaction (M x W) NS NS NS NS NS NS NS NS

DAS: Days after sowing, DAT: Days after transplanting, PE: Pre-emergence, NS: Non-significant

Table 4. Residual effect of crop establishment method and weed management practices in rice on crop growth rate of relay field pea

Treatments Crop growth rate (g/m
2
/day)

2023-24 2024-25

0-30 DAS 30-60 DAS 60-90 DAS 90 -120 DAS 0-30 DAS 30-60 DAS 60 -90 DAS 90 -120 DAS

Main plot : Methods of crop establishment (M)

M1:Conventional transplanting 5.09 5.28 7.45 6.47 5.17 5.31 8.01 6.12

M2:Direct seeding by drum seeder 4.76 5.44 9.08 6.98 5.04 5.36 9.53 6.61

M3: Direct seeding with 50% re-

duced tillage

4.45 5.22 6.71 5.33 4.79 5.24 7.19 5.31

SEm (±) 0.12 0.17 0.22 0.33 0.15 0.15 0.30 0.27

(continued on next page)
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Treatments Crop growth rate (g/m
2
/day)

2023-24 2024-25

0-30 DAS 30-60 DAS 60-90 DAS 90 -120 DAS 0-30 DAS 30-60 DAS 60 -90 DAS 90 -120 DAS

CD (p = 0.05) NS NS 0.88 NS NS NS 1.16 NS

Sub plot: Weed management practices (W)

W1: Pretilachlor 750 g/ha PE 4.64 5.28 7.39 6.12 4.82 5.21 8.20 6.04

W2: Pretilachlor 750 g/ha PE f.b.

paddy weeder at 30 DAS/DAT

4.70 5.30 8.08 6.24 4.97 5.32 8.51 5.94

W3: Pyrazosulfuron-ethyl 25 g/ha

PE f.b. bispyribac-sodium 25 g/ha at

30 DAS/DAT

5.08 5.40 8.26 6.57 5.10 5.40 8.63 6.41

W4: Paddy weeder at 20 and 40

DAS/DAT

4.71 5.30 7.07 5.91 4.85 5.27 8.14 5.78

W5: Weedy check 4.26 5.10 7.25 5.82 4.59 5.19 7.03 5.63

W6: Weed free check 5.21 5.52 8.42 6.88 5.13 5.44 8.97 6.29

SEm (±) 0.25 0.23 0.50 0.42 0.21 0.27 0.54 0.40

CD (p = 0.05) NS NS NS NS NS NS NS NS

Interaction (M x W) NS NS NS NS NS NS NS NS

DAS: Days after sowing, DAT: Days after transplanting, PE: Pre-emergence, NS: Non-significant

Yield and yield attributes

Crop establishment methods significantly influenced the number of

pods plant
−1

 and seed and stover yields of relay field pea, whereas

number of seeds pod
−1

 and pod length were not significantly affected

during either year of experimentation. Direct seeding by drum seeder

(M2) recorded the highest number of pods plant
−1

 (9.21 and 9.67)

during 2023–24 and 2024–25, respectively, and remained statistically

at par with conventional transplanting (M1). The higher pod produc-

tion under M2 may be associated with its superior vegetative growth,

particularly greater branching and dry matter accumulation, which

provided more reproductive sites and enhanced assimilate availability

for pod formation and development (Rahangdale et al., 2025,

Chudhury et al., 2018 and Rao et al., 2022) 
[13, 14, 15]

. In contrast,

number of seeds pod
−1

 and pod length remained statistically compa-

rable among the crop establishment methods. Direct seeding by drum

seeder (M2) also produced significantly higher seed yield (8.76 and

8.84 q ha
−1

) and stover yield (10.04 and 10.18 q ha
−1

) in 2023–24

and 2024–25, respectively, with pooled seed and stover yields of 8.80

and 10.11 q ha
−1

, respectively, and was statistically at par with con-

ventional transplanting (M1). The higher seed yield under M2 was pri-

marily associated with the greater number of pods plant
−1

 and better

crop growth, which likely enhanced biomass production and assimi-

late partitioning towards reproductive sinks (Kumar et al., 2022 and

Samant et al., 2023) 
[16, 17]

. Weed management practices did not ex-

ert a significant effect on any of the yield attributes or seed and stover

yields in either year. Nevertheless, the weed-free check (W6) gener-

ally recorded numerically higher values for seeds pod
−1

, seed yield

and stover yield, followed by pyrazosulfuron-ethyl 25 g ha
−1

 as PE

followed by bispyribac-sodium 25 g ha
−1

 at 30 DAS/DAT (W3). The

interaction between rice crop establishment methods and weed man-

agement practices was non-significant for all yield attributes and yield

parameters in both years.

Biological yield and harvest index

Biological yield of relay field pea was significantly influenced by rice

crop establishment methods during both years of experimentation,

with direct seeding by drum seeder (M2) recording the highest biolog-

ical yield of 18.81 and 19.02 q ha
−1

 in 2023–24 and 2024–25, respec-

tively. The higher biological yield under M2 was consistent with its

higher seed and stover

Table 5. Residual effect of crop establishment method and weed management practices in rice on yield attributing characters of relay field pea

Treatments No. of pods/plant No. seeds/pod Pod length (cm)

2023-24 2024-25 2023-24 2024-25 2023-24 2024-25

Main plot : Methods of crop establishment (M)

M1:Conventional transplanting 8.74 9.07 5.21 5.20 7.99 8.04

M2:Direct seeding by drum seeder 9.21 9.67 5.33 5.39 8.18 8.29

M3: Direct seeding with 50% reduced tillage 7.96 8.50 5.13 5.16 7.72 7.75

SEm (±) 0.21 0.22 0.17 0.16 0.19 0.18

CD (p = 0.05) 0.81 0.87 NS NS NS NS

Sub plot: Weed management practices (W)

W1: Pretilachlor 750 g/ha PE 8.50 8.92 5.04 5.09 7.79 7.90

W2: Pretilachlor 750 g/ha PE f.b. paddy weeder at 30 DAS/DAT 8.89 9.13 5.21 5.20 7.97 8.05

W3: Pyrazosulfuron-ethyl 25 g/ha PE f.b. bispyribac-sodium 25

g/ha at 30 DAS/DAT

8.95 9.39 5.42 5.49 8.17 8.22

W4: Paddy weeder at 20 and 40 DAS/DAT 8.32 8.80 5.02 4.99 7.78 7.80

W5: Weedy check 8.05 8.67 4.83 4.91 7.52 7.56

W6: Weed free check 9.10 9.57 5.79 5.81 8.56 8.62

SEm (±) 0.27 0.22 0.22 0.22 0.24 0.23

(continued on next page)
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Treatments No. of pods/plant No. seeds/pod Pod length (cm)

2023-24 2024-25 2023-24 2024-25 2023-24 2024-25

CD (p = 0.05) NS NS NS NS NS NS

Interaction (M x W) NS NS NS NS NS NS

DAS: Days after sowing, DAT: Days after transplanting, PE: Pre-emergence, NS: Non-significant

Table 6. Residual effect of crop establishment methods and weed management practices in rice on seed and stover yield of relay field pea

Treatments Seed yield (q/ha) Stover yield (q/ha)

2023-24 2024-25 Pooled 2023-24 2024-25 Pooled

Main plot : Methods of crop establishment (M)

M1:Conventional transplanting 8.19 8.39 8.27 9.64 9.84 9.74

M2:Direct seeding by drum seeder 8.76 8.84 8.80 10.04 10.18 10.11

M3: Direct seeding with 50% reduced tillage 7.77 7.88 7.83 9.27 9.47 9.37

SEm (±) 0.15 0.13 0.11 0.14 0.11 0.08

CD (p = 0.05) 0.48 0.53 0.41 0.55 0.45 0.30

Sub plot: Weed management practices (W)

W1: Pretilachlor 750 g/ha PE 8.09 8.16 8.13 9.58 9.72 9.65

W2: Pretilachlor 750 g/ha PE f.b. paddy weeder at 30

DAS/DAT

8.25 8.45 8.35 9.71 9.81 9.76

W3: Pyrazosulfuron-ethyl 25 g/ha PE f.b. bispyribac-sodium 25

g/ha at 30 DAS/DAT

8.51 8.66 8.58 9.78 10.05 9.92

W4: Paddy weeder at 20 and 40 DAS/DAT 8.03 8.04 8.04 9.55 9.68 9.62

W5: Weedy check 7.92 7.99 7.95 9.46 9.62 9.54

W6: Weed free check 8.56 8.92 8.74 9.81 10.10 9.95

SEm (±) 0.32 0.27 0.25 0.25 0.21 0.19

CD (p = 0.05) NS NS NS NS NS NS

Interaction (M x W) NS NS NS NS NS NS

DAS: Days after sowing, DAT: Days after transplanting, PE: Pre-emergence, NS: Non-significant

Table 7. Residual effect of crop establishment methods and weed management practices in rice on biological yield and harvest index of relay

field pea

Treatments Biological yield (q/ha) Harvest index (%)

2023-24 2024-25 2023-24 2024-25

Main plot : Methods of crop establishment (M)

M1:Conventional transplanting 17.78 18.24 45.82 46.02

M2:Direct seeding by drum seeder 18.81 19.02 46.57 46.47

M3: Direct seeding with 50% reduced tillage 17.04 17.35 45.47 45.31

SEm (±) 0.20 0.16 0.49 0.53

CD (p = 0.05) 0.80 0.63 NS NS

Sub plot: Weed management practices (W)

W1: Pretilachlor 750 g/ha PE 17.67 17.88 45.67 45.45

W2: Pretilachlor 750 g/ha PE f.b. paddy weeder at 30 DAS/DAT 17.95 18.26 45.94 46.25

W3: Pyrazosulfuron-ethyl 25 g/ha PE f.b. bispyribac-sodium 25 g/ha at 30

DAS/DAT

18.29 18.71 46.58 46.35

W4: Paddy weeder at 20 and 40 DAS/DAT 17.59 17.73 45.52 45.30

W5: Weedy check 17.38 17.61 45.40 45.29

W6: Weed free check 18.36 19.02 46.61 46.94

SEm (±) 0.41 0.37 1.21 0.91

CD (p = 0.05) NS NS NS NS

Interaction (M x W) NS NS NS NS

DAS: Days after sowing, DAT: Days after transplanting, PE: Pre-emergence, NS: Non-significant

yields, reflecting greater overall biomass production. In contrast,

weed management practices did not significantly affect biological

yield in either year, although the weed-free check (W₆) recorded the

highest numerical values. Harvest index was not significantly influ-

enced by rice crop establishment methods, weed management prac-

tices, or their interaction during either year, indicating that the propor-

tion of total biomass partitioned into seed yield remained relatively

stable across the treatments.

Conclusion

The study revealed that the establishment method adopted in the pre-

ceding rice crop had a significant residual effect on the growth and

yield performance of succeeding relay pea. Among the establishment

methods, direct seeding of rice using drum seeder (M2) showed a

favourable residual effect, resulting in improved growth and yield of
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pea, whereas, the weed management practices had no significant

residual effect on field pea performance. However, treatment combi-

nation of direct seeding of rice using drum seeder (M2) and pyrazo-

sulfuron-ethyl 25 g ha
−1

 as PE followed by bispyribac-sodium 25 g

ha
−1

 at 30 DAS/DAT (W3) recorded higher yield of the succeeding

pea crop therefore, this combination may be considered a suitable ap-

proach for enhancing productivity of relay field pea under the condi-

tions of present study
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