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Introduction 

Rice cultivation stands as the backbone of the agricultural sector 

in sub-tropical and tropical countries. This crop are growing in an 

area of ~150 million hectares, with a production of around 573 

million tons, following an average productivity of 3.82 tons per 

hectare. India stands in second position in the world in regard to 

rice production and consumption (1). Rice covers approximately 

4.4 million hectares of area in India, with a production of 113 

million tonnes and an average productivity of 2.6 tonnes per 

hectare. The national average productivity of rice is far behind 

the world average productivity. There is an additional 

requirement of 1.7 million tons of rice production each year to 

secure food security due to high population growth (2,3). 

 Direct-seeded rice (DSR) is a low-cost establishment 

method that saves ~7-10 days of the cropping system due to 

early maturity. It also saves water and labor by avoiding 

operations such as nursery preparation, puddling and 

transplanting (4). However, it is more prone to aggressive weed 

attacks due to a lack of puddling and standing water, as well as 

the co-emergence of rice and weed seeds, which ultimately 

encourages crop-weed competition and loss in the quantity 

and quality of economic produce (5, 6). Wet-seeded rice is also 

an important rice establishment method, where sprouted 

seeds are sown directly in puddled soil, resulting in lower weed 

competition due to puddling (7). Non-puddled transplanted 

rice is an aerobic transplanting method where rice seedlings 

are transplanted in moist, well-cultivated soil without puddling 

(8). It is the most effective alternative to DSR in rainfed areas 

with high rainfall (9). Puddled transplanted rice adopts the 

extreme form of tillage, involving puddling in standing water, 

which results in a low weed count. It also encourages higher 

growth and yield of rice (10), while there is a risk of the 

breakdown of soil aggregates and soil structure 

deterioration, impacting the growth and yield of succeeding 

crops (11, 12). Crop establishment methods affect the nutrient 

uptake by crops and weeds in addition to their immense 

impact on crops vis-à-vis weeds’ growth and development. 
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Abstract  

Finding a suitable crop establishment strategy that sustains rice production vis-à-vis soil health with minimum loss of yield due to weed 

menace is the need of the hour. A field experiment was conducted during 2016-17 and 2017-18 on the development of an innovative rice 

establishment method coupled with the best weed management for rice-green gram system. Establishment methods comprised of direct 
mechanical seeding of rice (DSR), sprouted rice seedling (WSR), rice transplanting in unpuddled soil (NPTR) and rice transplanting in 

puddled soil (PTR). There was six weed control measures viz. weedy check [W1), bensulfuron methyl 0.6% + pretilachlor 6% (pre 

emergence (PE)) at 0.660 kgha-1followed by (fb) manual weeding (HW) at 30 days after sowing or transplanting (DAS/T) [W2), W2 

herbicidesat0.495kg ha-1fb HW at 30 (DAS/T) [W3), W2 herbicidesat0.495kgha-1fb0.025 kg ha-1 of bispyribac sodium (post emergence (POE)) 
at during 15 DAS/T [W4), mechanical weeding during 15 DAS/T using cono weeder (CW) fb hand weeding at 30 DAS/T [W5) and brown 

manuring/ green manuring [W6). The study revealed that the highest nutrient uptake by rice was found under PTR, thereby resulting in the 

best rice yield. Weed management W2 resulted in better weed management and yield of the crops. The soil NPK balance was found to be 

best under the brown/green manured plot, while under different establishment methods, the best N-balance was found in DSR. However, 
this establishment was found to be poor concerning P and K balance in soil.  

Keywords: crop nutrient uptake; green gram; NPK-balance in soil; rice; weed nutrient removal; yield  
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 Weed growth is very dynamic and weeds have higher 

nutrient content than crop plants and they absorb nutrients 

more rapidly than crops due to their fast growth (6, 13). 

Nutrient uptake by unweeded check plots is nine times higher 

than chemical and manual weed control treatments (14). The 

highest removal of N, P and K by weeds has been found in 

drum-seeded rice due to faster weed growth under DSR 

conditions previously (15). For achieving optimal yield for 

securing food stability, crop establishment methods and 

weed management techniques are critical aspects of rice 

production practices. Selection of appropriate and prominent 

weed management practices in rice helps in weed reduction 

and lessens crop weed competition and makes more 

nutrients available to crop plants, ultimately promoting crop 

yield and profitability (16). A lot of new and novel herbicide 

mixtures, mechanical weeding and organic weed control 

methods are available for effective weed management in rice 

(17). However, the best weed management under the most 

feasible establishment method of rice production remains to 

be explored. Thus, a significant research gap exists in this 

aspect, particularly in the coastal rainfed rice ecology of the 

Indian subcontinent. 

 Narrowing such a wide research gap, the current study 

was conducted to determine the best rice establishment and 

weed management that ensure better nutrient uptake by 

rice, green gram and lower nutrient removal by weeds in rice-

green gram cropping system in the coastal ecosystem of 

Odisha, India, with improved soil nutrient status. 

 

Material and Methods 

Study site 

In the kharif and rabi seasons of 2016-17 and 2017-18, the 
field experiment was carried out at the Agronomy Research 

Farm of OUAT in Bhubaneswar, Odisha, India. At experiment 

initiation, representative composite soil samples were 

collected in a zig-zag manner from a depth of 0-10 cm using a 

soil auger to study soil physico-chemical and textural 

properties. The sandy loam texture of the experimental site 

had a medium organic carbon content (0.53%), a slightly 

acidic pH (5.9) and an electrical conductivity (EC) of 0.134 dS 

m-1. Soil available N, P and K fall under the low, high and 

medium ranges, respectively. The data from the soil analysis 

are presented in Table 1. 

Experimental procedure 

A split-plot design (two-way ANOVA) was used for the field 

study and it was replicated three times with 24 (4*6) 

treatments. The main plot included four distinct crop 

establishment techniques, while the subplot included six 

different weed management techniques. Rice establishment 

methods were M1: direct rice seed sowing with seed drill 

(DSR); M2: sprouted rice seed sowing with seed drill (WSR); 

M3: rice transplanting in non-puddled soil (NPTR) and M4: rice 

transplanting in puddled soil (PTR). Weed control measures 

were, W1: weedy check; W2: pre-emergence (PE) application 

of 0.660 kg ha-1 ready-mix herbicide that contains bensulfuron 

methyl 0.6% + pretilachlor 6% followed by (fb) hand weeding 

(HW) at 30 days after sowing (DAS) for direct seeding and days 

after transplanting for transplanted rice (DAT); W3: PE 

application of W2herbicides at a lower dose of 0.495 kg ha-1fb 

HW at 30 DAS/T; W4: PE application of W2 herbicides at 0.495 

kg ha-1fbbispyribac sodium application at 0.025 kg ha-1as post

-emergence (POE) at 15 DAS/T; W5: mechanical weeding with 

cono weeder fb HW after one month; W6: brown or green 

manuring. Medium duration rice variety (115-130 days), 

Naveen and green gram variety, IPM-02014 (75-80 days) were 

taken as test crops during kharif and rabi seasons, 

respectively. The farmers well adopted both these varieties. 

Under direct-seeded rice (M1), the experimental field was dry-

ploughed, harrowed and leveled and dry rice seeds were 

sown at a row-to-row spacing of 20 with a mechanical seed 

drill machine directly on the soil. Under wet-seeded rice (M2), 

pre-soaked (24 hr) and pre-incubated (48 hr) sprouted rice 

seeds were also sown, maintaining 20 cm row spacing in wet 

puddled soil with a seed drill. For transplanting under both 

non-puddled (M3) and puddled (M4) conditions, a dry nursery 

was prepared. The nursery was slightly irrigated on the day of 

transplanting and 21 days old seedlings were uprooted and 

transplanted at 2-3 seedlings per hill at a spacing of 20 cm x 

10 cm in both non-puddled (M3) and puddled conditions 

(M4). Under non-puddled transplanting (M3), the main field 

was dry ploughed, harrowed, leveled and watering was done 

for soil moistening, followed by settling for 12-24 hr and 21 

days old seedlings were transplanted at a spacing of 20 cm x 

10 cm on that moistened soil. Under puddled transplanting 

(M4), 21 days old seedlings were transplanted at a spacing of 

20 cm x 10 cm on puddled and leveled soil. Irrespective of the 

treatment imposed, well-decomposed farm yard manure 

(FYM) at 5 t ha-1 and inorganic chemical fertilizer at 80-40-40 

kg ha-1 N, P2O5 and K2O, respectively, were applied to each 

experimental plot. At the time of final land ploughing/

puddling, FYM, phosphorus (P), potassium (K) in full amount 

and 25% nitrogen (N) were applied to the experimental plots. 

In contrast, the rest of the N was applied in a 2:1 ratio at tillering 

and panicle initiation stage, correspondingly. Sesbania seeds 

at a seed rate of 22 kg ha-1 were co-cultured with rice and at 28 

days old, sesbania plants of ~35 cm tall were knocked down 

with 2,4-D ester application at 500 g ha-1 (W6), known as 

brown manuring. Mechanical weeding with cono weeder 

(CW) at 15 DAS/T and manual weeding with the hand (HW) at 

30 DAS/T were carried out in W5 plots. As per treatments, 

herbicides were applied uniformly for better weed control 

efficiency. Ready mix herbicide combination, bensulfuronmethyl 

+ pretilachlor is a PE herbicide; thereby, the herbicide was 

applied at 3 (DAS/T) as per the doses mentioned in treatment, 

W2 and W3, while in W4, post-emergence herbicide bispyribac 

sodium at 0.025 kg ha-1 was applied at 15 DAS/T. Hand 

weeding operation at 30 DAS/T was carried out in W2 and W3 

Parameters Values Remarks 

Sand (%) 83.7 - 
Silt (%) 6.8 - 
Clay (%) 10.4 - 
Soil reaction (pH) 5.9 Acidic 

SOC (%) 0.53 Medium 

Nitrogen available in soil (kg ha-1) 226.4 Low 

Phosphorus available in soil (kg ha-1) 32.6 High 

Potassium available in soil (kg ha-1) 132.6 Medium 

Table 1. The research area's climate is classified as typical sub-
tropical, humid and coastal 
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  plots. No weed control measurement was taken in weedy 

check plots (W1). For sowing rabi season green gram, the field 

was prepared by power tiller without disturbing the plots and 

green gram seeds were sown in lines at a row spacing of 30 cm at 

a recommended seed rate of 25 kg ha-1. Inorganic chemical 

fertilizers at 20-40-40 kg ha-1 N, P2O5 and K2O, respectively, were 

applied to each experimental plot of green gram. 

Analytical procedure 

Composite plant samples of both weeds and grown crops, viz. 

rice and green gram of three replications for each treatment, 

were collected and analyzed for N, P and K contents after 

oven drying at 70 °C, followed by finely grinding and sieving 

through a 2 mm sieve. The detailed procedure of plant NPK 

analysis is mentioned in our previous publication (18). NPK 

uptakes by weeds or crops were estimated by multiplying the 

biomass production of weeds or crops by their respective 

nutrient contents and presented in kg ha-1. Similarly, soil NPK 

contents were also analyzed to calculate the nutrient balance 

sheet, as mentioned in the study (19). 

Statistical analysis 

The variance analysis approach developed by Fisher was 

used to analyze the experiment's results (20). For this study, 

the two-way ANOVA model was used. Treatment variation 

was examined using the least significant difference (LSD) 

values at a 5% threshold of significance and regression 

analysis was carried out using the procedures outlined by 

Cochran and Cox (21).  

 

Results  

Nutrient uptake by crops 

The highest nitrogen uptake by rice grain and straw was 

recorded in puddled transplanted rice (PTR), which WSR and 

NPTR followed, while the lowest was recorded by DSR during 

the 1st and 2nd years, both (Table 2). Comparing diverse weed 

management practices, W2, i.e., bensulfuron methyl + 

pretilachlor at 0.660 kg ha-1 fb HW after 1 month, showed the 

maximum values of grain and straw N uptake. At the same 

time, the lowest was recorded in the weedy check. The 

highest phosphorus uptake by rice grain was recorded in 

NPTR, followed by PTR, while among weed management 

practices, there was the highest P uptake by both rice grain 

and straw under W2 during both years. The highest P uptake 

by rice straw was recorded in PTR and WSR. The highest 

Potassium uptake by rice grain and straw was recorded in the 

PTR plot, followed by WSR among the different establishment 

methods adopted. Among the different weed control 

measures, the highest K uptake was found with W2 during 

both years. Concerning succeeding crop green gram during 

the rabi season, the highest N uptake by green gram seeds 

and haulm was recorded in succeeding plot of NPTR followed 

by DSR among crop establishment methods adopted, while 

the highest N-uptake by green gram was recorded in W6 

(brown manured plot) followed by W2 comparing different 

weed control measures adopted in rice cultivation in the 

kharif during both years (Table 3). 

 The highest P uptake by green gram seed was 
recorded in succeeding plots of NPTR concerning varied 

establishments and in green/brown manuring plots 

concerning different weed management aspects during 

both years. On the other hand, the highest P uptake by green 

gram haulm was recorded in the succeeding plots of DSR. 

Similar results as recorded in the case of P-uptake by green 

gram were also observed regarding K-uptake by green gram 

seeds and haulm. 

Nutrient uptake by weeds in rice 

Significantly highest uptake of nitrogen, phosphorus and 

potassium by weed was recorded in DSR and this 

establishment was followed by NPTR, WSR and PTR (Table 4). 

PTR resulted in the best attainments of nutrient uptake by the 

crop and the least values of nutrient removal by the weeds, 

while the DSR system showed just the opposite results. The 

lowest nutrient uptake by weed was recorded with the W2 

being followed by W4, while the maximum amount of uptake 

was found under the weedy check (W1). 

 

M1- DSR, M2- WSR, M3-NPTR, M4- PTR; W1- no weed management (weedy check), W2- Bensulfuron methyl 0.6% + Pretilachlor 6% (PE) at 0.660 kg                
ha-1fbmanual hand-weeding at 30 DAS/T, W3- W2 herbicidesat 0.495kgha-1fb HW after 1 month, W4- W2 herbicides at 0.495kgha-1fbpost-emergence 

bispyribac sodium at 0.025 kg ha-1 at 15 DAS/T, W5- mechanical weeding with cono-weeder at 15 DAS/T fb hand weeding 30 DAS/T, W6- Brown 
manuring/ green manuring. Mean values followed by varied small letters are statistically significant at a 5% probability level; NS: non-significant. 

Foot Notes: - DSR: Direct seeded Rice, WSR: Wet Seeded Rice, NPTR: Non-Puddled Transplanted Rice, PTR: Puddled Transplanted Rice 

Table 2. Rice grain and straw nutrient uptake (kg ha-1) under different crop establishments and weed management practices applied in rice 
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Nutrient balance in the soil 

Fig. 1a-c represents the nutrient balance in soil under 

different establishment and weed management practices. 

Detailed estimations are included in Supplementary Tables 

1, 2 & 3. An inspection of data disclosed that there was the 

highest gain of total soil available nitrogen in DSR in both 

years, followed by NPTR among crop establishment 

methods, while among weed management practices, it was 

found to be the highest under green/brown manuring plots. 

Total gain of available soil phosphorus was found to be the 

highest under PTR, followed by WSR among crop 

establishment methods. At the same time, the brown-

manured plot resulted in the best attainments concerning soil 

P-balance. The highest gain of soil available potassium was 

recorded in NPTR, followed by DSR, concerning rice 

establishments. On the other hand, the green/brown manuring 

plots again showed the best result regarding soil K-balance. 

Yield 

Different crop establishment techniques and weed control 

measures had a significant impact on rice grain output. The 

highest values of rice economic (grain) and by-product (straw) 

yield were recorded in PTR among different crop establishment 

methods. The weed control practice, W2, exhibited the highest 

grain and straw yield during both years, concerning different 

weed management approaches (Fig. 2). Among . In contrast, 

DSR plots yielded the highest haulm during the 1st and 2nd 

years. The various crop establishment methods adopted for 

kharif rice resulted in the succeeding plot of NPTR showing the 

highest green gram seed yield. In contrast, the DSR plots 

yielded the highest haulm during the 1st and 2nd years. 

Concerning diverse weed management practices followed in 

different rice-establishment methods, the succeeding plots of 

W6 exhibited the highest seed yield during both years and the 

highest haulm yield was recorded under W2 (Fig. 3). The grain 

yield and nutrient uptake relationship were depicted in Figure 

Table 3. Green gram grain and haulm nutrient uptake (kg ha-1) under different crop establishments and weed management practices applied in rice 

M1- DSR, M2- WSR, M3- NPTR, M4- PTR; W1- no weed management (weedy check), W2- Bensulfuron methyl 0.6% + Pretilachlor 6% (PE) at 0.660 kg ha-1fb 
manual hand-weeding at 30 DAS/T, W3- W2 herbicides at 0.495 kg ha-1fb HW after 1 month, W4- W2 herbicides at 0.495 kg ha-1fb post-emergence 

bispyribac sodium at 0.025 kg ha-1 at 15 DAS/T, W5- mechanical weeding with cono-weeder at 15 DAS/T fb hand weeding 30 DAS/T, W6- Brown 
manuring/ green manuring. Mean values followed by varied small letters are statistically significant at a 5% probability level. 

Foot Notes: - DSR: Direct seeded Rice, WSR: Wet Seeded Rice, NPTR: non-puddled Transplanted Rice, PTR: Puddled transplanted rice  

 
Treatments 

  

Nitrogen Phosphorus Potassium 

Year 1 Year 2 Year 1 Year 2 Year 1 Year 2 

Establishment methods 
M1 11.3a 12.7a 5.4a 6.2a 17.8a 19.9a 
M2 8.2b 9.1b 4.4b 4.9b 13.2b 14.9b 
M3 8.5b 9.4b 4.3bc 4.8b 13.6b 15.0b 
M4 6.9c 7.9c 3.9c 4.5b 10.9c 12.3c 
LSD (0.05) 0.6 0.7 0.5 0.4 0.7 0.6 

Weed management measures 
W1 25.1a 28.3a 13.1a 14.9a 39.8a 45.0a 
W2 2.7f 3.2f 1.3e 1.6e 4.3f 5.1f 
W3 7.1c 7.6c 3.6c 3.9c 11.5c 12.1c 
W4 3.9e 4.7e 2.0d 2.3d 6.3e 7.4e 
W5 5.3d 5.8d 2.7c 2.9d 8.5d 9.3d 
W6 8.1b 9.0b 4.2b 4.8b 12.8b 14.4b 
LSD (0.05) 0.3 0.6 0.5 0.6 0.6 0.5 

Table 4. Nutrient removal (uptake) by weed (kg ha-1) under varied rice establishments and weed control measures 

M1- DSR, M2- WSR, M3- NPTR, M4- PTR; W1- no weed management (weedy check), W2- Bensulfuron methyl 0.6% + Pretilachlor 6% (PE) at 0.660 kg ha-1fb 
manual hand-weeding at 30 DAS/T, W3- W2 herbicides at 0.495 kg ha-1fb HW after 1 month, W4- W2 herbicides at 0.495 kg ha-1fb post-emergence 

bispyribac sodium at 0.025 kg ha-1 at 15 DAS/T, W5- mechanical weeding with cono-weeder at 15 DAS/T fb hand weeding 30 DAS/T, W6- Brown 
manuring/ green manuring. Mean values followed by varied small letters are statistically significant at a 5% probability level. 

Foot Notes: - DSR: Direct seeded Rice, WSR: Wet Seeded Rice, NPTR: non-puddled Transplanted Rice, PTR: Puddled transplanted rice  
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Fig. 1. Nutrient balance, a. N-balance, b. P-balance, c. K-balance under different treatments adopted in rice. 

M1- DSR, M2- WSR, M3- NPTR, M4- PTR; W1- no weed management (weedy check), W2- Bensulfuron methyl 0.6% + Pretilachlor 6% (PE) at 0.660 kg ha-1fb 
manual hand-weeding at 30 DAS/T, W3- W2 herbicides at 0.495 kg ha-1fb HW after 1 month, W4- W2 herbicides at 0.495 kg ha-1fb post-emergence 

bispyribac sodium at 0.025 kg ha-1 at 15 DAS/T, W5- mechanical weeding with cono-weeder at 15 DAS/T fb hand weeding 30 DAS/T, W6- Brown 
manuring/ green manuring. 

Fig. 2. The impact of crop establishment techniques and weed control measures on rice grain and straw yield (kg ha-1).  

M1- DSR, M2- WSR, M3- NPTR, M4- PTR; W1- no weed management (weedy check), W2- Bensulfuron methyl 0.6% + Pretilachlor 6% (PE) at 0.660 kg ha-1fb 
manual hand-weeding at 30 DAS/T, W3- W2 herbicides at 0.495 kg ha-1fb HW after 1 month, W4- W2 herbicides at 0.495 kg ha-1fb post-emergence 

bispyribac sodium at 0.025 kg ha-1 at 15 DAS/T, W5- mechanical weeding with cono-weeder at 15 DAS/T fb hand weeding 30 DAS/T, W6- Brown 
manuring/ green manuring. 
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4a-c. The numbers also showed that grain yield increased by 

74 and 73 units in 2016 and 2017, respectively, for every unit 

increase in nitrogen uptake. In both years, the variance in 

grain yield explained by nitrogen uptake was around 99%; in 

contrast, phosphorus increased by 284 and 286 units, 

respectively. The percentages of variation explained are 

approximately 97% and 91%, respectively. Grain yield for 

2016 and 2017 will fluctuate by 208 and 211 units, 

respectively, for every unit change in potassium. For the years 

2016 and 2017, potassium accounts for 88% and 90% of the 

fluctuation, respectively.  

 

Discussion 

PTR recorded the highest total nitrogen and phosphorus 

uptake, where the trend was as follows: PTR> WSR> NPTR > 

DSR. NPTR recorded the highest phosphorus uptake, where 

the trend was NPTR> PTR >WSR >DSR. Higher uptake of 

nutrients (Nitrogen, Phosphorus and Potassium) in puddled 

transplanted rice (22). At the same time, the lowest was also 

recorded in dry direct-seeded rice, which might be the result 

of a favourable soil environment for nutrient uptake that 

enhanced the dry matter production (23, 24). DSR recorded 

the highest total nitrogen, phosphorus and potassium uptake 

by green gram, which NPTR, PTR and WSR followed. Better 

NPK uptake by rice under PTR might be explained by lower 

weed pressure in this establishment, as weed suppression is 

common during puddling (25). Low weed pressure facilitated 

low nutrient removal by weeds, resulting in better nutrient 

availability for the crop, thereby ensuring higher uptake (25). 

Higher nutrient uptake by weeds recorded in DSR plots might 

be attributed to higher weed count and dry weight in DSR 

(26). In contrast, the lowest nutrient uptake by weeds was 

recorded in PTR treatment, which might be due to low weed 

population and weed dry weight, which is a combined result 

of methods of crop establishment, soil puddling that churned 

weeds and decomposed that and maintaining standing water 

preventing the weeds seeds to germinate that in turn resulted 

in lower weed population, weed dry weight and low nutrient 

uptake by weeds (27). Application of W2 treatment showed 

the highest uptake of nitrogen, phosphorus and potassium by 

rice, which might be due to maintaining almost weed-free 

conditions year-round that enabled the plants to utilize the 

maximum nutrients from the soils. In succeeding green gram, 

the highest values of nutrient uptake in green gram were 

recorded in green/brown manuring plots, which might be 

attributed to better nutrient availability due to green or 

brown manuring (28). The lowest values of nutrient uptake by 

both crops were recorded in the weedy check plot, as under 

this treatment, there were no weed management measures 

adopted, resulting in the maximum weed growth as well as 

biomass, which ultimately facilitated higher NPK uptake by 

weeds (29). 

 Puddled transplanted rice (PTR) recorded the highest 

rice grain yield, which was at par with WSR and NPTR. PTR, 

WSR and NPTR recorded 29.6%, 27.8% and 26.7% higher 

grain yields than those under DSR. The combined influence of 

yield-attributing traits, such as panicle m-2, panicle length, 

number of whole grains and test weight, results in higher 

grain production. Under PTR, better formation of yield-

attributing characters was possible, which ultimately resulted 

in higher biomass production (30, 10). Among different weed 

management practices, W2 exhibited the maximum grain and 

straw yield, which might be attributed to better weed 

management resulting in the lower crop-weed competition 

being reflected through higher yield (31, 32). On the other 

hand, better NPK uptake of rice was found under PTR and W6 

concerning establishment methods and weed management 

practices, respectively. There was a strong correlation 

between seed nutrient uptake and seed yield as observed in 

Fig. 4a-c. Such a strong relationship also justified our findings. 

 The succeeding crop, green gram, yielded the best 

result in the residual plot where NPTR was adopted in rice, 

matching the yield obtained in DSR. Better soil health, in 

terms of favorable soil structure, might be attributed to 

promoting better growth and yield in NPTR and DSR, which 

were not affected by puddling. There might be soil aggregate 

 

Fig. 3. Seed and haulm yield (kg ha-1) of the succeeding crop, green gram under different treatments adopted in rice.  

M1- DSR, M2- WSR, M3- NPTR, M4- PTR; W1- no weed management (weedy check), W2- Bensulfuron methyl 0.6% + Pretilachlor 6% (PE) at 0.660 kg ha-1fb 
manual hand-weeding at 30 DAS/T, W3- W2 herbicides at 0.495 kg ha-1fb HW after 1 month, W4- W2 herbicides at 0.495 kg ha-1fb post-emergence 

bispyribac sodium at 0.025 kg ha-1 at 15 DAS/T, W5- mechanical weeding with cono-weeder at 15 DAS/T fb hand weeding 30 DAS/T, W6- Brown 
manuring/ green manuring. 
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destruction, capillary pore breakdown and soil dispersion 

due to continuous heavy soil disturbance with puddling 

operation, resulting in elevated bulk density of soil, which is not 

suitable for cultivation in the long run (33). On the contrary, (34) 

found that there was not much significant effect on green gram 

grown as a succeeding crop after varied rice establishments. 

Green gram grown in residual soil of green/brown manuring 

showed a higher value of yield, which might be the result of 

better soil health status and better nutrient availability (28).  

 

Conclusion  

The results of the current investigation showed that overall 

nutrient uptake in puddled transplanted rice was higher than 

in other establishment methods, followed by wet-seeded rice. 

In comparison, among different weed management methods, 

the application of bensulfuron methyl 0.6% + pretilachlor 6% 

(PE) at 0.660 kg ha-1, followed by manual HW after 1 month of 

sowing or transplanting, resulted in better nutrient uptake as 

well as crop yield in rice. In the succeeding green gram, there 

was the highest nutrient uptake in plots, which was followed 

by direct-seeded rice and green/brown manuring. Soil NPK 

balance was the best under brown manuring or green 

manuring plots concerning different weed management 

options, while the best N-balance was found under DSR 

concerning different establishments. The best attainments of P

-balance and K-balance were found under PTR and NRTR, 

respectively. From this two-year study, it can be concluded that 

puddled transplanting was the best establishment method for 

rice ensuring better weed control and higher yield, while 

chemical weeding with the application of ready-mix pre-

emergence herbicide bensulfuron methyl 0.6% + pretilachlor 

6% at 0.660 kg ha-1 followed by one hand weeding at 30 DAS/T 

was found to be the most suitable concerning yield, nutrient 

balance and weed control. 
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