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Abstract  

A field experiment comprising three nutrient and six weed management 

practices was conducted in strip plot design with three replications during 

2019 and 2020 at Odisha University of Agriculture & Technology (OUAT), 

Bhubaneswar, India to assess the effect of the treatments on weed 

dynamics, productivity and nutrient uptake by crop and weed. Averaged 

over both years, among nutrient management practices, the soil test based 

dose (STD: 100-40-40 N-P2O5-K2O kg ha-1) + green manuring (GM) of dhaincha 

recorded the minimum weed density of 45.3 and 64.2 number m-2 and weed 

biomass of 19.2 and 37.6 g m-2 at 30 and 60 days after transplanting (DAT), 

respectively and the minimum N, P and K uptake of 6.4, 2.0 and 6.8 kg ha-1 

by weed and the maximum N, P and K uptake of 113.6, 23.2 and 122.6 kg ha-

1 by the crop, respectively. Among weed management practices, 

bensulfuronmethyl + pretilachlor (PE) fb HW on 35 DAT produced the 

minimum weed density of 25.15 and 20.66 number m-2, the minimum weed 

biomass of 7.70 and 8.08 g m-2 at 30 and 60 DAT, respectively and the 

minimum N, P and K uptake of 2.4, 0.5 and 2.6 kg ha-1 by weed and the 

maximum N, P and K of 117.9, 25.3 and 263.7 kg ha-1 by crop, respectively. 

Among nutrient management practices, the STD + GM proved to be the best 

with the maximum grain yield of 5562 kg ha-1. whereas the application of 

bensulfuronmethyl + pretilachlor (PE) fb HW on 35 DAT excelled over other 

weed management practices with the maximum grain yield of 5907 kg ha-1 

registering 17.71 and 47.64% higher grain yield compared to the STD and 

the weedy check, respectively. 

Keywords   

bensulfuronmethyl; pretilachlor; green manure; fym; rice; weed dynamics 

Introduction  

Rice (Oryza sativa) is consumed by more than half of the World’s population 

(1). India is the second leading producer of rice, contributing 24% of global 

rice production (2). In eastern Indian states, rice-based cropping systems 

are the most dominant system, covering 43% of the country’s rice growing 

area. Moreover, rice productivity in the wet season has also been stagnant 

for the past two decades in Eastern India (3). In India, rice is mainly grown 

using a system known as puddling transplanting (PT), which offers 

numerous benefits including weed suppression, optimum plant population 
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and nutrient availability (4) and still the yield losses due to 

weeds were about 16.0% (5). With more reliability on 

agrochemicals and imbalanced nutrient management 

practices, rice soils are getting deprived of their inherent 

fertility and factor productivity in many Asian countries (6). 

Compared to the national average, the average rice yield 

in this region is low due to improper nutrients and weed 

management (7). So, improving the profitability and 

resource use efficiency fitting to the local agro ecological 

situation is the present need. The significance of 

leguminous green manure crops Sesbania bispinosa 

(Jacq.) W.Wight (dhaincha) in improving soil health and 

productivity has received increasing attention in recent 

times (8). Organic sources (FYM and green manure), apart 

from improving innate properties of soil, enhance the 

nutrient use efficiency (9). The addition of green manure 

increases the nitrogen uptake rates by rice, indicating a 

better synchrony between green manure nitrogen 

availability and nitrogen uptake. Nitrogen-use efficiency 

increases with the application of urea in combination with 

farm yard manure (FYM) (10). The application of organic 

manures may upgrade the soil health for harnessing better 

rice yield in this region. The incorporation of Sesbania 

bispinosa in situ at the age of 42 days helped in suppressing 

weed population in rice through allelopathic weed 

interference and reducing weed seed bank in soil, as well 

as by covering the ground extensively to prevent the 

weeds growth beneath them (11). Proper nutrient 

management can improve the competitiveness of crops, 

decrease weed density and alter the species composition 

of the weed community (12). Again, it was observed that 

weeds absorb more than 60% of applied fertilizers, 

resulting in poorer nutrient availability for crops (13). 

Weed nutrient uptake depends on the duration of their 

growth, but due to labour shortage and increased wages, 

controlling weeds at critical stages by manual weeding 

alone is very difficult and unprofitable as well. Herbicides 

with a single mechanism of action will not be effective 

against a wide range of weeds. Persistence of the 

herbicides in the field is only up to 30 DAT (14). So, to 

control these broad-spectrum weeds, herbicide 

formulations with various modes of action combined with 

hand weeding will result in effective weed control, lesser 

nutrient loss via weeds, accompanied by more crop 

nutrient uptake (15). The basic research hypothesis is that 

integration of rational fertilisation and effective weed 

management practices can enhance the competitive 

advantage of rice by suppressing the weed growth and 

reducing the loss of nutrients due to weed, thereby making 

it available for crop to achieve a higher yield in a 

sustainable manner. 

Materials and Methods 

Experimental site and soil characteristics 

The experiment on transplanted rice (Oryza sativa L.) was 

established in 2019 at Instructional Farm, Odisha 

University of Agriculture and Technology, Bhubaneswar, 

India. The field study was carried out during kharif season 

2019 and 2020. The experimental location is positioned in 

Odisha’s East and South Eastern Coastal Plain agro-

climatic zone with moist hot type climate. Rainfall totaled 

1125 mm with 79 rainy days during the growth cycle of rice 

in 2020, compared to 1233 mm with 86 rainy days in 2019. 

At the time of initiation of the experiment, the soil (0-15 

cm) was sandy loam (71.9% sand, 10.7% silt and 17.1% 

clay) and had 5.02 g kg-1 oxidizable soil organic carbon 

(16), 218.6 kg ha-1 alkali hydrolyzable N (17), 19.7 kg ha-1 

NH4FþHCl-extractable P (18) and182.6 kg ha-1 NH4OAc-

exchangeable K (19). 

Experimental design and treatment details 

The experiment was carried out in a strip plot design with 

three horizontal and six vertical plots replicated thrice. 

Three nutrient management practices, viz. N1: Soil Test 

based Dose (STD:100-40-40 N-P2O5-K2O kg ha-1), N2:N1 + FYM 

@5t ha-1 and N3:N1 + green manuring of dhaincha and six 

weed management practices, viz. W1:pre-emergence (PE) 

application of bensulfuron methyl (0.6%) + pretilachlor 

(6%) GR @0.66 kg ha-1, W2:W1 + one hand weeding (HW) at 

35 days after transplanting (DAT), W3:Pyrazosulfuron ethyl 

(10% WP) @ 0.02 kg ha-1 (PE ), W4:W3 + one HW at 35 DAT, 

W5:Two HW at 25 and 40 DAT and W6:Weedy check were 

allocated to horizontal and vertical plots of strip plot 

design, respectively, in kharif rice with each cross-section 

plot size of 5.4 m x 5.0 m in both years.  

Crop and nutrient management 

The non-lodging rice cultivar “Maudamani (CR-307)” (135 

days duration) was sown in nursery on 4th and 6th July of 

2019 and 2020, respectively. Field preparation for 

transplanting was done as per treatment details. With the 

onset of monsoon, a green manuring crop (Sesbania 

bispinosa) @ 25 kg ha-1 was sown in plots as per treatment 

specifications and incorporated after 42 DAS. The FYM was 

incorporated before final puddling. Out of soil test-based 

dose of fertilizer, 1/3rd N as urea, full P2O5 as DAP and full 

K2O as MOP were applied as basal. Rest 2/3rd  N was applied 

at tillering and panicle initiation stages in equal splits. 

Before incorporation, total NPK content of Sesbania and 

FYM was analyzed using the Kjeldahl method (20) and the 

di-acid digestion method (21) and nutrients added by 

organic sources were estimated (Table 1). During both 

years, healthy rice seedlings 25-30 days old were 

transplanted at 20 cm x 15 cm spacing. 

Organic Source Year 
Quantity 

Added (kg ha-1) 
Nutrient Content (g kg-1) Nutrient Added (kg ha-1) 

N P K N added P added K added 

FYM 
2019 5000 6.4 3.6 6.8 32.0 18.0 34.5 

2020 5000 6.7 3.8 7.1 33.5 19.0 36.0 

Sesbania 
bispinosa 

2019 2814 28.7 5.6 1.28 80.8 15.8 36.4 

2020 2970 29.8 5.8 1.32 88.5 17.2 39.2 

Table 1. Nutrient added through organic manures utilized in the investigation.  

( FYM: Farm yard manure; N:Nitrogen; P:Phosphorus; K:Potassium) 
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Collection and analysis of plant samples 

Following rice harvesting, grain and straw samples were 

collected and dried until they reached a constant weight in 

a hot air oven at 70°C. The straw and grain samples were 

ground using an electric grinder to ensure uniform and 

complete digestion for nutrient analysis. The N was 

estimated using the micro-Kjeldahl distillation method 

with boric acid after digesting grain and straw samples in 

400°C concentrated H2SO4 (22). The total P and K 

concentration of straw and grain was determined by 

diacid digestion with a 3:1 ratio of conc. HNO3:HClO4. The P 

content was determined by the spectrophotometer 

method (23), whereas the K content was determined by 

the flame photometer method (22). The N, P and K uptake 

was calculated by multiplying grain yield and straw yield 

by the respective nutrient concentrations. The crop N, P 

and K uptake was calculated by adding the nutrient 

uptake by grain and straw.  

Collection and analysis of weed samples 

The uniform representative samples of weeds were 

randomly collected using quadrate of 0.25 m2 (0.5 m × 0.5 

m) from each plot at 30 and 60 DAT. The individual weed

species and their densities were computed. The collected 

weeds were sundried, followed by oven drying (70°C) until 

they reached a constant weight. The weeds falling in the 

quadrate randomly at two points from each plot in all 

replications were identified and grouped. The data on 

weed density and biomass were recorded and subjected to 

square root of √x+0.5 transformations for statistical 

analysis. 

Soil analysis 

At the commencement of the experiment, 10 soil samples 

were collected from 0-15 cm soil layer and analyzed for 

different physical, chemical and biological parameters. 

Soil samples were collected from different sites in the field 

in zig-zag manner and blended for acquiring one 

composite soil sample. Grinding and processing of soil 

samples were done in a 2 mm sieve for analysis of different 

chemical parameters except soil organic carbon (SOC). 

Sieving of soil sample was done through 0.5 mm sieve for 

oxidizable soil organic carbon analysis by the Walkley-

Black method (16). Standard methods for soil chemical 

analysis like alkaline KMNO4 method for available nitrogen 

(17), Bray’s extractant-NH4FþHCl method for available 

phosphorus (18), 1N NH4OAc extractant for available 

potassium (25).  

Nutrient indices 

The formula mentioned below was adopted to calculate 

partial factor productivity of applied nutrient (PFPN) (26). 

Nitrogen utilization efficiency (NUtE) is defined 

physiologically as seed yield per unit N taken by the plant 

(27). 

Nitrogen harvest index (NHI) is the ratio of nitrogen uptake 

by grain to total nitrogen uptake (27). 

Statistical analysis 

Data collected over 2 years was analysed statistically. The 
statistical analysis was conducted using Felipe de 

Mendiburu (2021), Agricolae: statistical procedures for 

Agricultural research, R package version 1.3-5. A 5% 

significance level was used to assess the statistical 

differences among various treatment means. Additionally, 

Duncan’s Multiple Range Test (DMRT) was utilized in post-

hoc analysis to classify the means of the treatment groups, 

as per the methodology of Gomez and Gomez (1984). The 

regression analysis of yield with crop and weed dry matter 

and nutrient uptake by crop and weeds was computed by 

using the SPSS 18.0 software package (SPSS Inc., Chicago, 

USA) and regression equations were fitted to estimate the 

response of yield explained by dry matter and nutrient 

uptake. The coefficient of determination (R2) and adjusted 

R2 were determined for testing the ability of the used 

mathematical models.  

Results and Discussion  

Weed density and weed biomass 

The pre-dominant weeds of the experimental site in weedy 

check included grasses like Dinebra chinensis (L.) 

P.M.Peterson & N.Snow, Echinochloa crus-galli (L.) 

P.Beauv. and Digitaria ciliaris (Retz.) Koeler; sedges viz. 

Cyperus iria L. and broad-leaved weeds like Ammannia 

baccifera L., Marselia quadrifolia L., Alternanthera 

philoxeroides (Mart.) Griseb, Ludwigia octovalvis (Jacq.) 

P.H.Raven, Eclipta prostrata (L.) L., Commelina diffusa 

Burm.f., Hygrophila spp. and Spilanthes acmella (L.) 

Murray. The W2 treated plots controlled almost all of the 

weeds except a negligible count of Commelina diffusa and 

Spilanthes acmella. Bensulfuronmethyl + pretilachlor 

suppressed annual grasses and BLW weeds effectively 

(Dinebra chinensis and Marselia quadrifolia) (28). Whereas 

W3 could not suppress the weed species like Ludwigia 

octovalvis, Ammannia baccifera., Alternanthera 

philoxeroides and Spilanthes acmella. The manual weeding 

recorded negligible later flushes comprising Commelina 

diffusa, Alternanthera philoxeroides, Hygrophila spp. and 

Ammannia baccifera. Most of the weeds were suppressed in 

the second year in herbicide treated plots due to 

continuous herbicide application as well as an integrated 

nutrient and weed management approach.  

PFPN (kg/kg) = 
Grain Yield (kg) 

Amount of N applied (kg) (Eqn.01) 

NUtE (kg/kg) = 
Grain Yield 

Total nitrogen uptake by above ground dry matter 

(Eqn.02) 

NHI = 
Nitrogen uptake by grain 

Total nitrogen uptake in grain and 

(Eqn.03) 
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Both nutrient and weed management practices 

affected the weed density and biomass significantly 

(p<0.01) irrespective of growth stage and year (Table 2a). 

The application of soil test-based fertilizer alone 

registered higher values of weed density and biomass, 

whereas the integrated management of STD + GM 

produced the minimum values. Considering the average 

over both years, the STD + GM treatment recorded the 

minimum weed density of 45.3 and 64.3 numbers m-2 and 

the minimum weed biomass of 19.2 and 37.6 g m-2 at 30 

and 60 DAT, respectively. The incorporation of GM along 

with STD reduced the weed density by 29.9 and 30.7% as 

compared to STD alone and by 21.4 and 28.5% as 

compared to STD + FYM at 30 and 60 DAT, respectively. 

Similarly, the STD + GM lowered the weed biomass by 37.7 

and 35.3% as compared to STD and by 24.3 and 23.9% as 

compared to STD + FYM at 30 and 60 DAT, respectively. The 

suppression of weeds by organic manures and the 

increase in rice yield were more pronounced in the second 

year of study. Lower weed density due to green manuring 

might be attributed firstly to the emergence of weeds 

during Sesbania in the field, which were ploughed down 

before transplanting of rice and secondly to the 

probability of some effects of allelochemicals like sterols, 

saponins, phenols and tannins, etc., released from green 

manured crops (29, 30). Generally, organic sources release 

nutrients more slowly than conventional nutrient 

management, whereas the instant release from 

conventional management with minerals often favours the 

accumulation of biomass in weeds. Furthermore, the 

organic manures, which were added as a supplement in 

INM, may have released allelopathic phytochemicals that 

have the potential to reduce weed emergence and 

increase weed seed mortality (31).  

Irrespective of year and growth stage, the 

treatment with bensulfuronmethyl + pretilachlor (PE) fb 

HW on 35 DAT produced the minimum weed density and 

biomass and was statistically at par with manual weeding 

twice. The weedy check recorded the maximum values of 

weed density and biomass due to uncontrolled weed 

growth throughout the growth stages. The pooled data 

suggested that the application of bensulfuronmethyl + 

pretilachlor (PE) fb HW on 35 DAT registered the minimum 

weed density of 25.1 and 20.7 number m-2 and the 

minimum weed biomass of 7.7 and 8.1 g m-2 at 30 and 60 

DAT, respectively. The bensulfuronmethyl + pretilachlor 

(PE) fb HW on 35 DAT treated plots reduced the weed 

density by 83.4 and 90.8% and weed biomass by 91.6 and 

95.4% as compared to weedy check at 30 and 60 DAT, 

respectively. At 60 DAT, the bensulfuronmethyl + 

pretilachlor (PE) fb HW on 35 DAT recorded significantly 

69.9% lower weed dry matter than bensulfuronmethyl + 

pretilachlor without HW treatment. This proved the 

necessity of one extra hand weeding in addition to the 

application of bensulfuron-methyl + pretilachlor to kill the 

late flushes of weeds (32, 33). There are some carbon 

sources, like sodium lactate, which causes rapid 

degradation of bensulfuronmethyl, making it less effective 

at later stages (34). Its rapid degradation may be due to 

repeated application owing to adaptation of soil bacteria, 

which can utilize bensulfuronmethyl as a source of carbon 

and energy (35). Application of pyrazosulfuron-ethyl alone 

offered moderate control on weed growth because it 

became less effective for late germinating weeds (36). This 

suggested that a single weed management approach is 

not sufficient for the effective management of the diverse 

weed flora of a crop. The integration of two or more 

approaches results in better weed control efficiency than a 

Treatment 

Weed Density (number m-2) Weed  Biomass (g m-2) 

30 DAT 60 DAT 30 DAT 60 DAT 

2019 2020 2019 2020 2019 2020 2019 2020 

Horizontal-Nutrient Management Practices 

N1 7.7 (64.8) a 7.5 (64.5) a 8.9 (90.4) a 8.9 (94.9) a 4.9 (29.2) a 5.0(32.4) a 6.6 (55.1) a 6.7 (61.2) a 

N2 7.2 (57.7) a 7.0 (57.6) a 8.4 (81.6) a 8.3 (83.5) b 4.4 (24.1) b 4.5(26.6)b 6.1 (47.6) b 6.1 (51.2) b 

N3 6.4 (46.0) b 6.2 (44.6) b 7.4 (63.6) c 7.3 (64.9) c 3.8 (17.9) c 3.9(20.5) c 5.3 (36.6) c 5.3 (38.5) c 

SE(m)± 0.13 0.14 0.91 0.12 0.05 0.03 0.11 0.08 

CD (0.05) 0.5 0.6 0.4 0.5 0.2 0.1 0.4 0.3 

Vertical-Weed Management Practices 

W1 5.4 (28.6) c 4.8 (23.2) c 7.6 (59.0) c 7.1 (51.2) c 3.0 (8.7) c 2.9 (8.2) c 5.2 (27.1) c 5.2 (26.8) c 

W2 5.3 (28.2) c 4.7 (22.0) c 4.8 (23.4) d 4.2 (17.9) d 2.9 (8.5) c 2.6 (6.9) c 3.0 (8.6) d 2.8 (7.6) e 

W3 7.0 (48.5) b 7.5 (56.3) b 9.6 (92.9) b 10.1 (103.0) 
b 

4.1 (16.5) b 4.6 (20.6) b 7.0 (48.8) b 7.1 (50.7) b 

W4 7.6 (57.6) b 7.0 (48.9) b 7.4 (54.9) c 6.9 (48.9) c 4.3 (18.7) b 4.1 (17.0) b 4.7 (21.3) c 4.2 (17.6) d 

W5 5.6 (31.3) c 4.9 (23.6) c 5.6 (30.9) d 5.0  (24.9) d 2.6 (6.5) c 2.8 (7.1) c 3.5 (11.9) d 3.3 (10.53) e 

W6 11.9  (142.6) 
a 

12.6 (159.6) a 14.5 (210.3) 
a 

15.5 (240.5) 
a 

9.1 (83.3) a 9.9 (99.3) a 12.7 (160.9) 
a 

13.7 (188.6) a 

SE(m)± 0.35 0.27 0.36 0.44 0.16 0.23 0.18 0.17 

CD (0.05) 1.1 0.9 1.1 1.4 0.5 0.7 0.6 0.5 

Figures in parentheses are the original value. The data was transformed to SQRT √(x+0.5) before analysis 

(Means followed by a similar lower-case letter within a for a management practice are not significantly different at p<0.05) 

(N1: STD (100-40-40 N-P2O5-K2O kg ha-1), N2:N1 + FYM @5t ha-1, N3:N1 + green manuring of dhaincha, W1: bensulfuron methyl (0.6%) + pretilachlor (6%) GR 
@0.66 kg ha-1 (PE), W2:W1 + one hand weeding (HW) at 35 DAT, W3: pyrazosulfuron ethyl (10% WP) @ 0.02 kg ha-1 (PE), W4:W3 + one HW at 35 DAT, W5:Two HW at 
25 and 40 DAT and W6:Weedy check) (CD: critical difference at 5% level of significance) 

Table 2a. Effect of integrated nutrient and weed management on total weed density and biomass at 30 and 60 DAT. 
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single one. 

The interaction effects of nutrient and weed 

management practices were significant for weed density 

and biomass both at 30 and 60 DAT (Table 2b to 2e). The 

pooled analysis revealed that the N3W2 interaction 

recorded (p<0.01) the minimum weed density of 18.0 and 

16.6 number m-2 and weed biomass of 4.6 and 6.0 g m-2 at 

30 and 60 DAT, respectively. The N3W2 interaction lowered 

the weed density by 89.5 and 93.5% and weed biomass by 

95.8 and 97.1% as compared to N1W6 interaction at 30 and 

60 DAT, respectively. The application of N fertilisers and 

manures can significantly decrease the weed density, as 

rice had higher nitrogen requirements associated wth a 

higher nitrogen uptake rate than the weed species (37).  

Plant growth parameters 

Data pertaining to growth parameters like leaf area index 

(LAI), crop biomass and crop growth rate (CGR) as affected 

nutrient and weed management practices were presented 

in Table 3. Both nutrient and weed management practices 

affected LAI significantly (p<0.01) at 60 and 90 DAT. Based 

on average value over both years, among nutrient 

management practices, the inclusion of GM to STD 

documented the maximum LAI value of 5.17 at 60 DAT, 

which were significantly 19.6 and 9.1% higher compared to 

STD and STD + FYM, respectively. A similar trend also 

followed at 90 DAT, where STD + GM produced 26.2 and 

11.8% higher LAI over STD and STD + FYM, respectively. 

The reduction of LAI during the reproductive stage might 

be due to a decline in leaf nitrogen content for grain filling, 

which might have reduced the capacity of leaf to 

accumulate carbon (38). But the rate of decline in LAI was 

less under green manure treated plots, as green manuring 

helped in supplying a considerable amount of nitrogen 

due to synchronized release of nutrients through 

decomposition and augmented the growth of rice (39). 

Among weed management practices, bensulfuronmethyl + 

pretilachlor (PE) fb HW on 35 DAT gave a significantly 

higher LAI value of 5.21 at 60 DAT and was on par with both 

bensulfuronmethyl + pretilachlor and manual weeding 

twice. The bensulfuronmethyl + pretilachlor (PE) fb HW on 

35 DAT increased LAI significantly by 37.5 and 21.5% as 

compared to weedy check at 60 and 90 DAT, respectively. 

The incorporation of GM along with STD accumulated 

significantly (p<0.01) the maximum mean crop dry matter 

of 518 and 1131 g m-2 at 60 and 90 DAT, respectively, 

whereas STD produced the least values. Similarly, the 

application of bensulfuronmethyl + pretilachlor (PE) fb HW 

N × W 
W1 W2 W3 W4 W5 W6 

2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 

N1 34.3 h 27.9 gh 32.6 hi 27.5 ghi 56.9 e 63.5 c 66.7 d 57.3 cd 39.4 g 28.8 g 158.9 a 182.3 a 

N2 29.5 i 23.1 hij 32.0 hi 22.9 hij 47.2 f 57.5 cd 63.5 d 52.0 de 29.6 i 21.8 ij 144.2 b 168.4 a 

N3 22.0 jk 18.7 jk 20.2 k 15.8 k 41.5 g 47.8 e 42.8 fg 37.4 f 25.0 j 20.1 jk 124.8 c 128.0 b 

Table 2b. Interaction effects of integrated nutrient and weed management practices on weed density (number m -2) at 30 DAT. 

The data presented in the table are the original values which were analysed after SQRT √(x+0.5) transformation 

(Means followed by a similar lower-case letter for the interaction between two management practices are not significantly different at p<0.05) 

N × W 
W1 W2 W3 W4 W5 W6 

2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 

N1 72.2 ef 62.6 g 27.3 kl 21.9 mn 106.3 d 119.8 d 64.6 fg 59.9 gh 36.1 ij 29.1 kl 236.3 a 275.8 a 

N2 59.8 g 50.7 i 22.9 lm 18.8 n 96.4 d 104.2 e 59.6 g 51.9 hi 31.5 jk 25.2 lm 219.5 b 250.1 b 

N3 45.1 h 40.4 j 19.9 m 13.2 0 75.9 e 84.9 f 40.4 hi 34.8 jk 25.2 l 20.4 mn 175.1 c 195.5 c 

Table 2c. Interaction effects of integrated nutrient and weed management practices on weed density (number m -2) at 60 DAT. 

The data presented in the table are the original values which were analysed after SQRT √(x+0.5) transformation 

(Means followed by a similar lower-case letter for the interaction between two management practices are not significantly different at p<0.05) 

N × W 
W1 W2 W3 W4 W5 W6 

2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 

N1 11.3 gh 10.2 gh 10.9 gh 9.6 ghi 20.9 de 24.9 d 23.7 d 21.0 de 7.7 jk 7.6 hij 100.6 a 121.0 a 

N2 8.1 ij 7.8 hij 9.0 hi 7.4 ij 15.9 f 20.8 de 19.6 e 17.8 ef 6.7 jk 7.3 ij 85.0 b 98.5 b 

N3 6.8 jk 6.4 j 5.5k 3.7 k 12.8 g 16.0 f 12.9 g 12.1 g 4.9 k 6.5 j 64.5 c 78.5 c 

Table 2d. Interaction effects of integrated nutrient and weed management practices on weed biomass (g m -2) at 30 DAT.  

The data presented in the table are the original values which were analysed after SQRT √(x+0.5) transformation 

(Means followed by a similar lower-case letter for the interaction between two management practices are not significantly different at p<0.05) 

N× W 
W1 W2 W3 W4 W5 W6 

2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 

N1 33.0 e 32.5 f 11.3 i 9.9 ijk 56.9 d 67.4 d 23.7 g 20.1 g 14.6 h 12.2 hi 191.3 a 225.2 a 

N2 27.9 f 27.9 f 8.1 jk 7.2 kl 52.6 d 51.2 e 23.6 g 16.7 g 11.6 i 10.8 ij 161.7b 193.2 b 

N3 20.5 g 20.0 g 6.4 k 5.6 l 36.7 e 33.5 f 16.5 h 15.9 gh 9.6 ij 8.6 jk 129.9c 147.6 c 

Table 2e. Interaction effects of integrated nutrient and weed management practices on weed biomass (g m -2) at 60 DAT. 

The data presented in the table are the original values which were analysed after SQRT √(x+0.5) transformation 

(Means followed by a similar lower-case letter for the interaction between two management practices are not significantly different at p<0.05) 
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on 35 DAT accumulated the maximum average crop 

biomass of 520 and 1162 g m-2 at 60 and 90 DAT, 

respectively and was on par with two hand weeded plots. 

With respect to crop growth rate from 60 to 90 DAT, the 

STD + GM treatment reported the maximum average value 

of 20.4 gm-2 day-1, which was significantly (p<0.01) 11.8% 

higher over STD and was statistically at par with STD+FYM. 

The utilization of Sesbania as a green manure prior to 

transplanting had a significant positive impact on various 

aspects of rice, including LAI, dry matter and productivity, 

due to balanced supply of nutrients (40). Similarly, 

considering the mean values, the bensulfuronmethyl + 

pretilachlor (PE) fb HW on 35 DAT treatment registered a 

maximum CGR of 21.8 gm-2 day -1, which were significantly 

(p<0.05) higher over pyrazosulfuron ethyl fb HW on 35 DAT 

and weedy check by 7.9 and 36.7%, respectively. The weed 

suppression in herbicide treated plots favoured crop 

growth by decreasing the competition for resources. 

Yield attributes and grain yield 

The number of effective tillers m-2 and filled grains panicle-

1 were significantly (p<0.01) influenced by both nutrient 

and weed management practices (Table 4a). Considering 

the average data, the STD+GM and bensulfuronmethyl + 

pretilachlor (PE) fb HW on 35 DAT plots recorded the 

maximum effective tillers m-2 of 340.1 and 348.0 and filled 

grains panicle-1 of 134.6 and 139.3, respectively whereas 

STD and weedy check registered the minimum values. The 

STD+GM treatment significantly increased the effective 

tillers m-2 and filled grains panicle-1 by 20.9 and 18.5% as 

compared to STD, respectively. The weed management by 

application of bensulfuronmethyl + pretilachlor (PE) fb HW 

on 35 DAT produced 39.3 and 38.0% higher effective tillers 

m-2 and filled grains panicle-1 than weedy check and was at 

par with two HW  treated plots. The test weight (p<0.05) 

and grain yield (p<0.01) were also significantly affected 

due to nutrient and weed management practices (Table 

4a). Among nutrient management practices, the STD+GM 

Treatment 

LAI 

(60 DAT) 

LAI 

(90 DAT) 

Biomass (g m-2) 

(60 DAT) 

Biomass (g m-2) 

(90 DAT) 

CGR (g m-2 day-1) 

(60-90 DAT) 

2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 

Horizontal-Nutrient Management Practices 

N1 4.23 c 4.40 c 2.13 c 2.22 c 417 c 450 c 929 c 1032 b 17.1 b 19.4 b 

N2 4.68 b 4.80 b 2.38 b 2.53 b 457 b 491 b 1029 b 1138 a 19.1 a 21.6 a 

N3 5.12 a 5.21 a 2.71 a 2.78 a 504 a 532 a 1084 a 1178 a 19.3 a 21.5 a 

SE(m)± 0.024 0.077 0.035 0.032 3.5 6.7 7.7 13.2 0.32 0.38 

CD (0.05) 0.09 0.30 0.14 0.12 14 26 30 52 1.6 1.5 

Vertical-Weed Management Practices 

W1 4.93 ab 5.04 ab 2.47 abc 2.59 ab 464 b 502 ab 1049 b 1169 bc 19.5 a 22.2 ab 

W2 5.13 a 5.28 a 2.59 a 2.68 a 505 a 535 a 1106 a 1219 a 20.5 a 23.1 a 

W3 4.44 c 4.54 c 2.34 c 2.42 b 422 cd 453 bc 935 c 1031 d 17.1b 19.3 c 

W4 4.73 bc 4.88 bc 2.38 bc 2.54 ab 458 bc 495 ab 1024 b 1140 c 18.9 a 21.5 b 

W5 5.12 a 5.21 ab 2.56 ab 2.65 a 490 ab 525 a 1099 a 1199 ab 19.8 a 22.1 ab 

W6 3.72 d 3.85 d 2.11 d 2.19 c 415 d 435 c 870 d 938 e 15.2 c 16.7 d 

SE(m)± 0.115 0.118 0.065 0.070 11.5 15.8 13.3 14.3 0.56 0.46 

CD (0.05) 0.36 0.37 0.21 0.22 36 50 42 45 1.8 1.5 

Table 3. Effect of integrated nutrient and weed management on growth parameters at different stages.  

 (Means followed by a similar lower-case letter within a column for a management practice are not significantly different at p<0.05) 

Treatment 
Effective tillers m-2 Filled grains panicle-1 1000 grain weight (g) Grain yield (kg ha-1) 

2019 2020 2019 2020 2019 2020 2019 2020 

Horizontal-Nutrient Management Practices 

N1 273.2 b 289.5 b 110.6 b 116.5  b 21.1 b 21.5 b 4559 b 4890 b 

N2 312.6 a 323.7 a 125.9 a 129.8  a 21.5 ab 22.1 ab 5189 a 5583 a 

N3 332.9 a 347.2 a 132.5 a 136.7 a 22.5 a 23.2 a 5361 a 5763 a 

SE(m)± 9.61 6.88 3.50 1.93 0.25 0.27 58.4 62.2 

CD (0.05) 37.7 27.0 13.7 7.6 1.0 1.1 229 244 

Vertical-Weed Management Practices 

W1 322.8 ab 335.4 bc 129.2 a 134.9 ab 21.6 abc 22.3 abc 5254 ab 5700 ab 

W2 344 a 352 a 135.4 a 143.1 a 22.5 a 23.1 a 5749 a 6202 a 

W3 287.3 c 305.8 d 113.4 b 117.7 c 21.1 bc 21.8 bc 4545 c 4810 c 

W4 307.4 bc 322.6 c 126.5 a 129.2 bc 21.8 ab 22.4 ab 5122 b 5491 b 

W5 338 a 343.4 ab 134.3 a 139.6 ab 22.5 a 23.0 a 5678 a 6136 a 

W6 238.4 d 261.6  e 99.3 c 101.7 d 20.6 c 21.4 c 3870 d 4132 d 

SE(m)± 8.74 5.17 3.81 4.25 0.34 0.32 169.0 187.3 

CD (0.05) 27.5 16.3 12.0 13.4 1.2 1.0 532 590 

Table 4a. Effect of integrated nutrient and weed management on yield attributes and grain yield.  
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and STD and weed management treatments, 

bensulfuronmethyl + pretilachlor (PE) fb HW on 35 DAT 

and weedy check registered the maximum and minimum 

values of the test weight and grain yield, respectively. The 

STD+GM treatment recorded a mean test weight of 22.9 g 

and a grain yield of 5562 kg ha-1, which were 7.5 and 17.7% 

higher than STD, respectively. There was no significant 

difference between STD + GM and STD + FYM treatment for 

yield attributing characters as well as for grain yield. An 

increasing trend was seen with respect to grain yield from 

first year to second year. Grain yield varied from 3870 to 

5749 kg ha-1 and 4132 to 6202 kg ha-1 in 2019 and 2020, 

respectively. The addition of GM to STD resulted in a mean 

maximum grain yield of 5562 kg ha-1, a significantly 17.7% 

higher yield over STD and was statistically similar to STD + 

FYM. It might be due to the balanced supply of nutrients 

and efficient weed suppression, which enhanced plant 

growth and dry matter partitioning towards panicle (11). 

Higher magnitude of shoot and root growth parameters 

under INM practice may be attributed to good early 

vigorous plant growth, thereby reducing the weed growth 

with better LAI and photosynthesis, resulting superior 

yield attributes and rice yield (41). In addition to rapid 

decomposition of Sesbania, it released nutrients quickly 

and increased their availability to the plants, which 

increased the growth parameters and yield subsequently. 

It might also improve the soil’s physicochemical and 

biological characteristics, along with more recycling of 

NPK nutrients that lead to an increase in the grain yield 

(42).  

Considering the weed management practices, the 
grain yield varied from 3870 to 5749 kg ha-1 and 4132 to 

6202 kg ha-1 during 2019 and 2020, respectively. As per 

pooled data, among weed management practices, the 

application of bensulfuronmethyl + pretilachlor (PE) fb HW 

on 35 DAT (5975 kg ha-1) produced significantly 49.7% 

more grain yield compared to weedy check. There were no 

significant differences among two HW and 

bensulfuronmethyl + pretilachlor treated plots with 

respect to grain yield. This might be due to the combined 

result of higher yield attributing characters and the lowest 

crop weed competition. The better weed suppression that 

favoured the crop for effective utilization of resources 

throughout the crop growth stages helped in more 

production and assimilation of photosynthates (4). The 

reduction of yield in weedy check and other treatments 

was possibly due to severe weed infestation and compete 

with the crop throughout the growing season.  

Significant interaction effects between weed and 

nutrient management treatments were observed with 

respect to grain yield (Table 4b). Being on par with the 

N2W5, N3W5, N2W2 and N3W1 interactions, the interaction 

N3W2 registered significantly higher grain yields of 6073 

and 6458 kg ha-1 in 2019 and 2020, respectively. The 

pooled value of N3W2 (6265 kg ha-1) resulted in a 

significantly 73.35% higher yield over the N1W6 interaction. 

Nutrient uptake by crop 

The N, P and K uptake by rice crop was significantly 

(p<0.01) increased owing to integrative application of 

inorganic and organic sources of nutrients and integrative 

weed management practices during both years of the 

experiment (Table 5). The STD and weedy check removed 

the least amount of nutrient from soil, whereas STD + GM 

and bensulfuronmethyl + pretilachlor (PE) fb HW 

treatment accumulated the most. Based on average data, 

The STD + GM treated plots removed the maximum values 

of 113.6, 23.2 and 122.6 kg ha-1 N, P and K, which were 31.5, 

40.2 22.8% more than STD, respectively. Similarly, the 

bensulfuronmethyl + pretilachlor (PE) fb HW removed the 

maximum value of 117.9, 25.3 and 131.3 kg ha-1 N, P and K, 

respectively and was on par with two HW treatments. Both 

nutrient and weed management practices significantly 

(p<0.01) influenced PFPN, where STD + GM and 

bensulfuronmethyl + pretilachlor (PE) fb HW registered the 

maximum values. The average value proved that the 

integration of green manure into STD increased PFPN by 

17.54% over STD and was statistically at par with STD + 

FYM. Similarly, the STD + GM recorded the maximum NHI 

value of 0.69 and the minimum NUtE value of 49.1 kg kg-1. 

Averaged over years, the application of bensulfuron-

methyl+ pretilachlor fb HW on 35 DAT resulted in the 

maximum PFPN and NHI values of 59.8 kg kg-1 and 0.69, 

respectively and the minimum NUtE value of 50.9 kg kg-1 

which was on par with two HW plots. Green manure 

improves soil fertility and ecology, thereby stimulating soil 

microbial activity, which avails more nutrients and results 

in higher productivity of rice with more nutrient use 

efficiency (43-45). The different mineralization rates and 

nutrient content of organic fertilizers also affect the 

differential rate of nutrient uptake (46). 

Nutrient uptake by weeds 

Both nutrient and weed management treatments 

significantly (p<0.01) influenced the nutrient uptake by 

weeds (Table 6). The inclusion of GM in STD reduced the 

weed N, P and K uptake on average by 35.5, 35.1 and 

36.5% as compared to STD, respectively. The application 

of bensulfuronmethyl + pretilachlor (PE) fb HW on 35 DAT 

reduced the weed N, P and K uptake by 85.78, 90.85 and 

84.98% as compared to weedy check in 2019. A similar 

trend was also followed in 2020. There was no significant 

difference among the W1, W2 and W5 treatments with 

respect to N and K uptake, whereas for P uptake, both W2 

and W5 were statistically at par with each other. There was 

a negative linear relationship between the nutrient uptake 

by weeds and the grain yield of the crop which is due to 

the presence of weed flora affecting crop growth via 

competition with the crop for resource allocation (Fig. 3).  

N × W 2019 2020 

SE(m)± 119.0 128.1 

CD (0.05) 351 378 

Table 4b. Interaction effects of integrated nutrient and weed manage-
ment practices on grain yield (kg ha-1).  

(Means followed by a similar lower-case letter for the interaction between 
two management practices are not significantly different at p<0.05) 
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The crop accounted for the maximum share of 96, 94 

and 96%, whereas weeds accounted for the minimum share 

of 4, 6 and 4% of total (crop + weed) N, P and K uptake 

under STD + GM treatment (Fig. 4). Similarly, the crop 

accounted for the maximum share of 98% each of N, P and 

K, while weeds accounted for the minimum share of 2% 

each of N, P and K total (crop + weed) nutrient uptake, 

respectively, under bensulfuronmethyl + pretilachlor (PE) fb 

HW on 35 DAT (Fig. 5). 

Regression and correlation studies 

The weed biomass at 30 DAT, weed biomass at 60 DAT, N 
uptake by crop, P uptake by crop, K uptake by crop, N 

uptake by weed, P uptake by weed and K uptake by weed 

accounted for 53.0 and 52.6%, 61.5 and 57.7%, 94.9 and 

96.0%, 93.6 and 94.8%, 96.7 and 94.6%, 58.4 and 58.6%, 61.8 

and 59.8% and 57.2 and 57.1% of variation in grain yield 

during 2019 and 2020 respectively, (Table 7). Significant 

linear regression relationships were observed between 

weeds biomass and grain yield of rice (Fig. 1). The grain 

yield of rice decreased significantly with increase in total 

weed biomass (R2=0.557 and 0.554 at 30 DAT, R2=0.637 and 

0.602 at 60 DAT), respectively (Table 7). There was a positive 

linear regression between crop nutrient uptake and rice 

yield (Fig. 2). A Similar trend was reported from research 

conducted in Jammu and Kashmir, India (47). The linear 

regression relationship between rice yield and weed 

nutrient uptake indicated that the yield reduced 

significantly with increase in weed N (R2=0.608 and 0.609), P 

(R2=0.640 and 0.622) and K (R2=0.598 and 0.596) uptake, 

respectively (Table 7, Fig. 3) (48). The higher grain yield was 

the combined result of the better growth parameters and 

yield attributing characters of the crop. The results were 

further confirmed with Pearson’s correlation analysis (Fig. 

6). There was a strong positive correlation between yield 

attributes and yield (p=0.001).  

N × 
W 

W1 W2 W3 W4 W5 W6 

2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 

N1 4394f g 4690 ef 5224 cd 5784 c 4095gh 4403fg 4883de 
5046 

de 5273 c 5670 c 3483 i 3745 h 

N2 5477 bc 6021 bc 5949 a 6365 ab 4728ef 4923de 5221 cd 5663 c 5810 ab 6296 ab 3950 h 4232 g 

N3 5891 a 
6390 

ab 6073 a 6458 a 4814e 5105d 5261 c 5765 c 5951 a 6443 a 
4176 

gh 4419 fg 

Table 5. Effect of integrated nutrient and weed management on crop nutrient uptake (kg ha -1) and nutrient indices at harvest.  

Treatm
ent 

N P K PFPN (kg kg-1) NUtE (kg kg-1) NHI 
2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 

Horizontal-Nutrient Management Practices 
N1 83.7 c 89.1 b 15.9 b 17.2 b 97.9  b 101.8 b 45.6 b 48.9 b 54.5 a 55.0 a 0.67 b 0.69 a 
N2 101.9 b 110.2 a 21.2 a 23.6 a 118.2 a 125.6 a 51.9 a 55.8 a 51.1 b 50.8 b 0.69 a 0.69 a 
N3 110.0 a 117.2 a 21.7 a 24.6 a 120.3 a 124.8 a 53.6 a 57.6 a 48.9 c 49.3 b 0.68 ab 0.69a 

SE(m)± 1.95 1.98 0.78 0.53 3.21 1.01 0.58 0.62 0.36 0.62 0.004 0.003 

CD 7.6 7.8 3.1 2.1 12.6 4.0 2.3 2.4 1.4 2.4 0.02 0.01 

Vertical-Weed Management Practices 

W1 102.8 b 111.9 ab 20.7 b 23.7 b 116.4 ab 122.9 ab 52.5 ab 57.0 ab 51.6 ab 51.3 b 0.68 a 0.69 
ab 

W2 113.4 a 122.4 a 23.6 a 26.9 a 128.4 a 134.2 a 57.5 a 62.0 a 50.9 bc 51.0 b 0.68a 0.70 a 
W3 87.8 c 93.5 c 16.6 c 17.9 c 101.2 c 107.2 c 45.5 c 48.1 c 52.0 a 51.7 b 0.68 a 0.68 b 

W4 99.4 b 106.0 b 19.3 b 21.9 b 112.3 bc 119.0 b 51.2 b 54.9 b 51.7 a 52.1 ab 0.68 a 0.69a

W5 113.1 a 120.8  a 23.7 a 26.1a 129.5 a 133.6 a 56.8 a 61.4 a 50.6 c 51.1 b 0.68a 0.69 a 

W6 74.7 d 78.4 d 13.9 d 14.4 d 85.2 d 87.5 d 38.7d 41.3 d 52.2 a 53.0 a 0.68 a 0.69a

SE(m)± 3.29 3.45 0.52 0.69 4.18 3.60 1.69 1.87 0.24 0.37 0.003 0.004 

CD 10.4 10.9 1.6 2.2 13.18 11.4 5.3 5.9 0.8 1.2 0.01 0.01 

 (Means followed by a similar lower-case letter within a column for a management practice are not significantly different at p<0.05) 

Treatment 
N P K 

2019 2020 2019 2020 2019 2020 

Horizontal-Nutrient Management Practices 
N1 6.0 b 6.8 b 1.9 b 2.1 b 6.4 b 7.3 b 
N2 7.0 a 7.9 a 2.2 a 2.5 a 7.7 a 8.7 a 
N3 4.5 c 5.1 c 1.4 c 1.6 c 4.9 c 5.6 c 

SE(m)± 0.11 0.09 0.04 0.03 0.12 0.11 
CD (0.05) 0.4 0.4 0.1 0.1 0.5 0.4 

Vertical-Weed Management Practices 

W1 2.6 d 2.5 c 0.9 d 0.9 d 2.7 d  2.8 c 
W2 2.4 d 2.3 c 0.5 e 0.5 e 2.7 d 2.5 c 
W3 6.0 b 6.0 b 1.8 b 2.1 b 6.7 b 6.7 b 
W4 5.2 c 5.9 b 1.3 c 1.3 c 5.5 c 6.3 b 
W5 2.4d 2.3 c 0.6 e 0.6 e 2.6 d 2.5 c 
W6 16.6 a 20.5 a 5.8 a 7.2 a 17.8 a 22.2 a 

SE(m)± 0.31 0.48 0.11 0.17 0.34 0.49 
CD (0.05) 1.0 1.5 0.4 0.5 1.1 1.5 

Table 6. Effect of integrated nutrient and weed management on weed nutrient uptake (kg ha -1).  

(Means followed by a similar lower-case letter within a column for a management practice are not significantly different at p<0.05) 
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Fig. 1. Linear regression between weed biomass and grain yield of rice at 30 and 60 DAT during 2019 and 2020 (1.A to 1.D).  

Fig. 2. Linear regression between crop nutrient uptake and grain yield of rice at 30 and 60 DAT during 2019 and 2020 (2.A to 2.F).  
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Fig. 3. Linear regression between weed nutrient uptake and grain yield of rice at 30 and 60 DAT during 2019 and 2020 (3.A to 3.F).  

Fig. 4. Effect of nutrient management practices on percentage N, P and K uptake by crop and weed.  
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Conclusion  

Integration of green manuring of dhaincha and FYM with 

soil test-based dose of 100-40-40 N-P2O5-K2O kg ha-1 

increased grain yield by 17.7 and 14.0% over soil test-

based fertilizer alone. This underscores the necessity of 

application of organic sources with chemical fertilizer for 

sustaining the productivity of rice under situation of 

declining factor productivity of nitrogen due to continuous 

application of the nutrients from chemical source. 

Similarly, among weed management practices, pre-

emergence application of bensulfuronmethyl + 

pretilachlor fb hand weeding on 35 days after 

transplanting and manual weeding twice at 25 and 40 days 

after transplanting suppressed weed satisfactorily and 

recorded 49.4 and 47.6% higher grain yield of rice than 

weedy check respectively. Nutrient management through 

soil test-based fertilizer and green manuring along with 

weed management by bensulfuronmethyl + pretilachlor fb 

hand weeding on 35 days after transplanting gave the 

maximum productivity of rice (6265 kg ha-1) being at par 

with the integrated nutrient management with green 

manure and manual weeding twice. The farmers should 

incorporate these integrated nutrients and weed 

management for maximization of rice productivity in 

eastern India. 

Fig. 5. Effect of weed management practices on percentage N, P and K uptake by crop and weed.  

Fig. 6. Pearson’s correlation coefficient between yield attributes and yield 
of rice. 

Regression Comparison 
R2 Adjusted R2 Std. Error of the Estimate 

2019 2020 2019 2020 2019 2020 

Grain yield vs Weed biomass at 30 DAT 0.557 0.554 0.530 0.526 532.226 593.326 

Grain yield vs Weed biomass at 60 DAT 0.637 0.602 0.615 0.577 481.818 562.650 

Grain yield vs N uptake by crop 0.952 0.963 0.949 0.960 175.823 173.675 

Grain yield vs P uptake by crop 0.940 0.954 0.936 0.948 195.970 195.666 

Grain yield vs K uptake by crop 0.968 0.951 0.967 0.946 142.059 194.752 

Grain yield vs N uptake by weed 0.608 0.609 0.584 0.586 500.778 558.337 

Grain yield vs P uptake by weed 0.640 0.622 0.618 0.598 479.998 548.408 

Grain yield vs K uptake by weed 0.598 0.596 0.572 0.571 507.583 566.857 

Table 7. Estimated R2 and standard error of linear regression analysis between grain yield (kg ha-1) and weed biomass (g m-2), grain yield (kg ha-1) and crop nutri-
ent uptake (kg ha-1), grain yield (kg ha-1) and weed nutrient uptake (kg ha-1). 
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