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Influence of Herbicidal Regimes and Beneficial Microbial Strains on Growth and Yield Performance of Soybean (Glycine max L.)	Comment by User: It is preferable to remove the scientific name from the title and include it only in keywords

ABSTRACT	Comment by User: Include general objective at the beginning, Experimental design used, treatments (quantity and its repetitions), parameters evaluated, analyzes used and the most important results.
A field trial was conducted during Kharif 2024–25 at R.A.K. College of Agriculture, Sehore, to assess the influence of herbicidal regimes and microbial inoculants on soybean growth and yield. The experiment was laid out in Split Plot Design with 5 herbicide treatments and 4 microbial inoculation treatments, replicated thrice. Growth and yield parameters such as plant height, branches per plant, nodulation, pods per plant, seed yield, harvest index and economics were recorded. Results revealed that hand weeding at 20 and 40 DAS achieved the highest plant growth and yield attributes, followed by Diclosulam @ 26 g a.i. ha⁻¹ (PE) fb Propaquizafop + Imazethapyr (PoE). Among microbial inoculants, the combined inoculation of Bradyrhizobium daqingense + Bacillus aryabhattii significantly enhanced nodulation and yield performance. The highest seed yield (24.65 q ha⁻¹) was obtained with hand weeding, while the highest benefit–cost ratio (2.53) was achieved with Diclosulam (PE). The study concluded that integration of herbicide use with microbial inoculants effectively enhanced growth and yield of soybean at a lower cost.
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INTRODUCTION	Comment by User: Use citations not older than 10 years.
Include results of other previous studies, in addition the general objective is not observed at the end of the introduction
Soybean (Glycine max L.) is a versatile legume cultivated worldwide for its high-protein seeds and valuable oil content (Mandal et al., 2004). It plays a crucial role in crop rotations, soil fertility improvement through biological nitrogen fixation, and as a source of income for millions of farmers. However, soybean production is frequently limited by weed infestation, which competes with the crop for essential resources such as light, water, and nutrients, significantly affecting growth and yield (Tyagi et al., 1998). Research indicates that unmanaged weeds can reduce soybean yield by 30–60%, making effective weed management an integral component of crop production strategies.
Chemical herbicides have revolutionized weed control in soybean, offering rapid, cost-effective, and large-scale weed suppression. Pre-emergence and post-emergence herbicides, when appropriately applied, can effectively manage a broad spectrum of weed species. Nevertheless, continuous use of chemical herbicides may lead to herbicide-resistant weeds, environmental pollution, and disruption of beneficial soil microbial communities (Clark and McArthur, 1994).
In recent years, the use of beneficial microbial inoculants has emerged as a promising tool for sustainable agriculture. Microbial strains such as Bradyrhizobium, Bacillus, and their consortia are known to enhance nutrient availability, improve plant vigor, and indirectly suppress weed growth through better crop competitiveness. Integration of herbicides with microbial inoculants represents a potential strategy to optimize weed management while maintaining ecological balance and soil fertility (Devegowda et al., 1998). Bradyrhizobium, Bacillus, and other plant growth-promoting rhizobacteria (PGPR), are increasingly recognized for their role in enhancing soybean growth and yield. These microbes improve nutrient availability, stimulate root development, promote nodulation, and strengthen plant competitiveness against weeds. Integrating microbial inoculants with herbicidal regimes can potentially reduce chemical inputs while enhancing crop productivity and sustainability.
The present study was designed to assess the influence of different herbicidal regimes and microbial strains on soybean growth and yield performance. The objectives were to identify effective herbicide–microbe combinations that maximize growth attributes, yield components, and economic returns, contributing to more sustainable and productive soybean cultivation practices.
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The field trial was conducted at the Research Farm, R.A.K. College of Agriculture, Sehore (M. P.), during the Kharif season of 2024–25.  The trial was laid out in a Split Plot Design with five herbicidal treatments in the main plots includes Diclosulam @ 26 g a.i. ha⁻¹ (PE), Diclosulam @ 26 g a.i. ha⁻¹ (PE) + Propaquizafop 2.5% + Imazethapyr 3.75% @ 2 L ha⁻¹ (PoE at 15–20 DAS), Propaquizafop 2.5% + Imazethapyr 3.75% @ 2 L ha⁻¹ (PoE at 15–20 DAS), Weedy check and Weed-free check (2 hand weedings at 20 and 40 DAS) and four microbial inoculants in sub-plots, replicated three times. Soybean variety RVS-24 was sown at 45 × 5 cm spacing. Data were analyzed statistically using ANOVA at 5% significance level.
1. Growth attributing parameters
a. Plant population (m-2)- Plant population was recorded at 30 DAS and at harvest in each plot. Plant population measured in 1 m-2 from each plot.
b. Plant height- Plant height was measured in order to estimate the effect and extent of plant growth due to various treatments. Height of the five randomly selected plants in each plot was measured at 30, 60 DAS and at harvest. Height was measured in cm from the soil surface to the main stem (apical).
c. Number of Branches per plant- The number of branches per plant was counted from randomly selected three plants in each plot at 30, 60 DAS and at harvest.
d. Dry weight per plant (g)- Dry weight per plant was recorded from randomly selected three plants in each plot at 30, 60 DAS and at harvest with the help of electronic balance.
e. Number of root nodules per plant- The number of root nodules of three randomly selected plants were recorded in each plot at 30, 60 DAS and at harvest. Plants were uprooted carefully and after washing root nodules were separated from the roots of the plants, counted and number was recorded.
f. Dry weight of root nodules per plant (g)- The dry weight of root nodules of three randomly selected plants were recorded in each plot at 30, 60 DAS and at harvest. The root nodules were dried in the sun then transferred to thermostatic controlled drying oven regulated at 800 °C ± 20 °C for 45 hours and dried up to a constant weight and finally their weight were recorded in mg with the help of electronic balance.
2. Yield & it's attributes- At harvest, the earlier tagged plants were harvested for the purpose of recording observation on yield attributing parameters.
a. Number of pods plant-1-The pods from the tagged plants were counted and thus obtained mean was used for statistical analysis.
b. Number of seeds pod-1 - Randomly selected 25 pods from each treatment were threshed numbers of seed were counted and divided by twenty five to obtain the seeds per pod. 
c. Seed yield plant-1(g)- The grains obtained from three selected plants from each plot were weighted and mean weight of seed yield per plant was calculated. 
d. Seed yield (kg ha-1)- The seed yield was recorded after drying the seed. The plot yield was later on converted into kg ha-1.
e. Stover yield (kg ha-1)- The stover yield plot-1 was obtained by subtracting seed yield from bundle weight of each plot . The plot yield was later on converted into kg ha-1.
f. Harvest index (HI)- Harvest   index   was   calculated   by   using   the   following   formula   of Nichiporovich (1967) and expressed in per cent. 
              HI = 
Where, Economical yield = Seed yield 
Biological yield = Seed yield + Stover yield
3. Economics 
a. Cost of cultivation (₹/ha)- Cost of cultivation is an important factor for economic analysis. It can be calculated by considering prevailing market price of inputs, wages and actually cost involved on various aspects during the investigation.
b. Gross monetary returns (₹/ha)- Gross monetary returns are the total earnings from crop produce (seed + Stover) in terms of/ha. The gross monetary return was calculated by considering the prevailing price of the produce at time of harvesting. 
c. Net monetary returns (₹/ha)- The net monetary returns (/ha) calculated after deducting all the expenditure (/ha) from gross return. It was obtained by subtracting cost of cultivation from gross return. This represents the actual income of farmer. The net monetary return (/ha) for different treatments were calculated with the following formula-
Net monetary returns (/ha) = Gross returns (/ha) – Cost of cultivation (/ha). 
d. Benefit Cost Ratio- Analysis Benefit Cost Ratio is the ratio of the benefits of an activity or production, relative to its costs, both expressed in monetary terms. 
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1. Growth Parameters
         The study (Table 1-4 and fig 1-5) revealed that all weed control treatments significantly enhanced plant height and the number of branches per plant compared to untreated plots. The tallest plants and maximum branching were observed in plots where two hand weedings were performed at 20 and 40 DAS. Among the herbicidal treatments, the application of Pre-emergence: Diclosulum @ 26 ga.i/ha + post-emergence: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha resulted in the highest values for both parameters. This increase in plant height and branching can be attributed to reduced crop competition due to effective weed suppression, which limited root and shoot growth of weeds. Consequently, reduced crop-weed competition for light, nutrients, moisture, and space provided an improved growing environment in weed-free conditions. Similar results were reported by Patel et al., (2016), who found that a combination of one hoeing at 15 DAS and two hand weedings was superior to other treatments, promoting better plant growth in terms of height and branching. Comparable findings were also documented by Kale et al., (2015).
         Hand weeding at 20 and 40 DAS, followed by the application of Pre-emergence: Diclosulum @ 26 ga.i/ha + post-emergence: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha, resulted in the highest number of root nodules and their dry weight compared to other treatments. This variation in root nodule formation and dry weight can be attributed to reduced crop-weed competition for space, nutrients, and sunlight. A higher weed presence limits rhizospheric space for the crop, leading to fewer and weaker nodules both quantitatively and qualitatively. These findings align with the results reported by Kale et al., (2015).
2. Yield attributing parameters
Number of Pods/ plant and Number of Seeds /plant
         The response of soybean’s pod-bearing capacity to various treatments was significant. This variation can be attributed to competition stress and the benefits of clean cultivation. Soybean is known for its ability to suppress weeds naturally, and the present study further confirms that untreated plots experienced a significant reduction in all yield attributes. Crop-weed competition negatively impacted key growth parameters, ultimately leading to a decline in yield components and final productivity. Early-season weed control and maintaining a weed-free environment minimized competition stress, substantially boosting yield.
        Among the treatments (Table 5 and fig 6), hand weeding at 20 and 40 DAS resulted in the highest number of pods per plant, performing at par with the application of Pre-emergence: Diclosulum @ 26 ga.i/ha + post-emergence: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha. The results indicated that there were significant differences recorded in seeds per pod and seed index, with the highest values observed under hand weeding at 20 and 40 DAS and the application of Pre-emergence: Diclosulum @ 26 ga.i/ha + post-emergence: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha.
       The variation in the number of pods per plant and seeds per pod across treatments can be explained by reduced crop-weed competition for space, nutrients, and sunlight. Lower weed pressure in these treatments led to more productive branches and increased leaf area, improving photosynthesis and efficient translocation of assimilated food reserves from source to sink. This ultimately enhanced yield attributes both quantitatively and qualitatively. Similar findings were reported by Patel et al., (2016), who observed the highest values in plots receiving one hoeing at 15 DAS and two hand weedings, which were superior to other treatments but at par with the pre-emergence application of Pendimethalin 677.25 g ha⁻¹ + one hand weeding at 30 DAS. Manual weeding and intercultural operations at critical stages effectively reduced crop-weed competition, improving yield-attributing traits such as the number of pods per plant, pod weight per plant and number of seeds per plant. Additionally, hand weeding at 20 and 40 DAS followed by the application of Imazethapyr 100 g ha⁻¹ (PoE) fb interculture + hand weeding at 30 DAS, as well as Pendimethalin 750 g ha⁻¹ PE fb interculture + hand weeding at 30 DAS, was found to be superior in promoting significantly higher growth and yield attributes of soybean (Patel et al., 2019).
Seed yield
         Seed yield is a critical parameter that determines the efficiency, superiority, and stability of a particular treatment over others. The results indicate that all weed control treatments produced significantly higher seed yield compared to weedy check plot. Among the treatments, two hand weeding at 20 and 40 DAS recorded the highest seed yield, outperforming other treatments (Table 5 and fig 7). The highest yield of soybean was observed in weed-free plots, which received two hand weedings at 20 and 40 DAS (Bhan and Kewat, 2003). Similarly, Yugi et al., (2011) reported that weeding at two weeks after sowing under no-tillage conditions resulted in higher soybean yield than other weeding schedules.
      The highest seed yield was obtained with two hand weedings at 15 and 30 DAS, which was at par with the application of Imazethapyr + Imazamox @ 43 g a.i. ha⁻¹ at 10 DAS and Imazethapyr @ 75 g a.i. ha⁻¹ at 10 DAS (Kale et al., 2015). The second and third best treatments for increasing seed yield were the application of Pre-emergence: Diclosulum @ 26 ga.i/ha + post-emergence: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha and Post-emergence (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha. Early weed control in the season minimized crop-weed competition, reducing it to the lowest possible level and maintaining an almost weed-free environment. Das and Panday (2013) also found that a herbicide mixture of Pendimethalin + Imazethapyr was superior and more effective against weeds than Pendimethalin alone. All weed control treatments resulted in significantly higher soybean seed yield compared to weedy control plots.  Hand weeding at 20 and 40 DAS, followed by the application of Imazethapyr 100 g ha⁻¹ (PoE) fb interculture + hand weeding at 30 DAS, and Pendimethalin 750 g/ha (PE) fb interculture + hand weeding at 30 DAS, significantly increased soybean yield (Patel et al., 2019). Patel et al., (2016) also reported the highest values in plots receiving one hoeing at 15 DAS and two hand weedings, which were superior to other treatments but at par with the pre-emergence application of Pendimethalin 677.25 g ha⁻¹ + one hand weeding at 30 DAS. These treatments provided better growth, improved yield-attributing traits, and ultimately led to higher yield. Similar findings were also reported by Meena et al., (2018) and Yadav et al., (2017).
Stover yield (kg/ha)
          An increase in stover and biological yield was directly associated with an increase in vegetative growth. The results showed that different treatments significantly affected stover and biological yield (Table 5 and fig 7). Hand weeding at 20 and 40 DAS recorded highest stover yield and biological yield, which was at par with the application of Pre-emergence: Diclosulum @ 26 ga.i/ha + post-emergence: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha. The findings also revealed that the percentage increase in seed yield was higher than that of stover yield, leading to a reduction in the seed:stover ratio. This suggests that weed control enhanced the translocation of assimilated food reserves from source to sink, ultimately improving seed yield. These results are consistent with the findings of Patel et al., (2019).
Harvest Index
       The harvest index, which represents the ratio of economic yield to biological yield, is a highly stable parameter influencing seed yield variation (Table 5 and fig 7). The highest harvest index was recorded in hand weeding at 20 and 40 DAS, followed by the application of Pre-emergence: Diclosulum @ 26 ga.i/ha + post-emergence: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha and Post-emergence (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha. The findings further confirmed that the percentage increase in seed yield due to weed control was associated with higher translocation efficiency of assimilated food reserves from source to sink. These results align with the studies of Belfry et al., (2015) and Das and Panday (2013).
3. Economics
       The economic analysis of weed control treatments, including cost of cultivation, Gross Monetary Return (GMR), Net Monetary Return (NMR), and Benefit-Cost Ratio (B:C), was recorded (Table 6 and fig 8 &9). The highest cost of cultivation (₹30513 ha⁻¹) was recorded for hand weeding at 20 and 40 DAS, due to the higher per-hectare investment in labor. The highest gross return and were also recorded in hand-weeding at 20 and 40 DAS, followed by Pre-emergence: Diclosulam @ 26 g/ha + Post emergence: Propaquizafop 2.5% + Imazethapyr3.75% @ 2.0 litre/ha, due to higher seed yield. The results indicated that soybean yield was highest in weed-free plots, which received two hand weeding operations at 20 and 40 DAS. However, hand weeding was more expensive than using Diclosulam and Imazethapyr herbicide. The highest net returns for weed control were recorded in by Pre-emergence: Diclosulam @ 26 g/ha + Post emergence: Propaquizafop 2.5% + Imazethapyr3.75% @ 2.0 litre/ha (₹40412.4/ha), followed by application of Propaquizafop 2.5% + Imazethapyr 3.75%at 2.0 l/ha at 15-20 DAS and Diclosulam @ 26 g/ha. The use of pre-emergence herbicides effectively suppressed weed emergence in the early stages, reducing crop-weed competition for light, moisture, nutrients, and space. This created more favorable growing environment, enhancing yield attributes, seed yield, and economic returns. The highest B:C ratio was recorded with Diclosulam @ 26 g/ha, due to higher gross returns and lower cost of cultivation. Similar results were also reported by Sharma et al., (2016).
CONCLUSION
The study confirmed that all weed management treatments contributed to improved growth and yield of soybean. Although hand weeding at 20 and 40 DAS resulted in the highest soybean yield, it was also the most labor-intensive and costly weed control method. The most economically viable treatment was Diclosulam @ 26 g/ha, followed by Pre-emergence: Diclosulam @ 26 g/ha + Post emergence: Propaquizafop 2.5% + Imazethapyr3.75% @ 2.0 litre/ha, which effectively enhanced growth and yield at a lower cost.
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Table 1 Plant population (m-2) at different stages as influenced by weed control treatments and microbial strains.
	S.No.
	TREATMENT
	 Plant population 

	
	
	30 DAS
	60 DAS

	 
	Main Plot :- Herbicides
	 
	 

	1
	Pre-emergence: Diclosulum @ 26g a.i/ha
	51.81
	50.8

	2
	Pre-emergence: Diclosulum @ 26 ga.i/ha + post-emergence: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha
	53.38
	51.71

	3
	Post-emergence (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha
	51.6
	50.6

	4
	Weedy check
	44.38
	42.89

	5
	Weed-free check (2 hand weeding at 20 and 40 DAS)
	54.68
	53.8

	 
	SEm±
	2.09
	2.19

	 
	CD at 5%
	NS
	NS

	 
	Sub Plot:- Microbial strains
	 
	 

	1
	Bradyrhizobium daqingense (Rhizobial strain) @ 10 g/kg seed
	50.87
	49.76

	2
	Bacillus aryabhataii,  (Zn & P-solubilizing bacteria) @ 10 g/kg see
	51.25
	50.15

	3
	Bradyrhizobium daqingense  @ 10 g/kg seed + Bacillus aryabhataii @ 10 g/kg seed (Consortia)
	51.75
	50.65

	4
	Uninoculated
	50.8
	49.29

	 
	SEm±
	0.622
	0.612

	 
	CD at 5%
	NS
	NS

	 
	Interaction
	 
	 

	 
	SEm±
	1.391
	1.368

	 
	CD at 5%
	NS
	NS







Table 2 Plant height (m2) at different stages as influenced by weed control treatments and microbial strains.
	S.No.
	TREATMENT
	Plant Height (cm)

	
	
	30 DAS
	60 DAS
	90 DAS

	 
	Main Plot :- Herbicides
	 
	 
	 

	1
	Pre-emergence: Diclosulum @ 26g a.i/ha
	25.14
	51.92
	58.59

	2
	Pre-emergence: Diclosulum @ 26 ga.i/ha + post-emergence: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha
	26.01
	52.84
	60.01

	3
	Post-emergence (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha
	24.6
	57.19
	61.72

	4
	Weedy check
	22.89
	43.04
	54.12

	5
	Weed-free check (2 hand weeding at 20 and 40 DAS)
	30.98
	65.77
	64.63

	 
	SEm±
	1.69
	3.157
	0.55

	 
	CD at 5%
	NS
	1.295
	1.796

	 
	Sub Plot:- Microbial strains
	 
	 
	 

	1
	Bradyrhizobium daqingense (Rhizobial strain) @ 10 g/kg seed
	28
	56.62
	59.77

	2
	Bacillus aryabhataii,  (Zn & P-solubilizing bacteria) @ 10 g/kg see
	25.39
	52.8
	60.37

	3
	Bradyrhizobium daqingense  @ 10 g/kg seed + Bacillus aryabhataii @ 10 g/kg seed (Consortia)
	25.67
	56.85
	60.58

	4
	Uninoculated
	23.46
	50.33
	58.54

	 
	SEm±
	1.527
	2.874
	0.512

	 
	CD at 5%
	NS
	 NS
	2.307

	 
	Interaction
	 
	 
	 

	 
	SEm±
	3.414
	6.428
	0.512

	 
	CD at 5%
	NS
	NS
	 NS






Table 3 Number of branches plant-1 at different stages as influenced by weed control treatments and microbial strains.
	S.No.
	TREATMENT
	Number of branches /plant

	
	
	30 DAS
	60 DAS
	90 DAS

	 
	Main Plot :- Herbicides
	 
	 
	 

	1
	Pre-emergence: Diclosulum @ 26g a.i/ha
	4.13
	7.54
	7.69

	2
	Pre-emergence: Diclosulum @ 26 ga.i/ha + post-emergence: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha
	4.29
	8.21
	8.31

	3
	Post-emergence (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha
	4.18
	8.09
	8.26

	4
	Weedy check
	3.52
	6.87
	6.99

	5
	Weed-free check (2 hand weeding at 20 and 40 DAS)
	4.57
	8.63
	8.73

	 
	SEm±
	0.069
	0.056
	0.064

	 
	CD at 5%
	NS
	0.183
	0.21

	 
	Sub Plot:- Microbial strains
	 
	 
	 

	1
	Bradyrhizobium daqingense (Rhizobial strain) @ 10 g/kg seed
	4.12
	7.84
	7.96

	2
	Bacillus aryabhataii,  (Zn & P-solubilizing bacteria) @ 10 g/kg see
	4.13
	7.95
	8.1

	3
	Bradyrhizobium daqingense  @ 10 g/kg seed + Bacillus aryabhataii @ 10 g/kg seed (Consortia)
	4.15
	8.04
	8.14

	4
	Uninoculated
	4.16
	7.64
	7.79

	 
	SEm±
	0.042
	0.098
	0.091

	 
	CD at 5%
	NS
	0.284
	0.264

	 
	Interaction
	 
	 
	 

	 
	SEm±
	0.093
	0.22
	0.205

	 
	CD at 5%
	NS
	NS
	 NS





Table 4. Number of root nodules and dry weight of root nodules at different stages as influenced by weed control treatments and microbial strains.
	S.No.
	TREATMENT
	Number of root nodules
	   Dry weight of root nodules 

	 
	 
	30 DAS
	60 DAS
	30 DAS
	60 DAS

	 
	Main Plot :- Herbicides

	1
	Pre-emergence: Diclosulum @ 26g a.i/ha
	17.97
	47
	29.94
	260.9

	2
	Pre-emergence: Diclosulum @ 26 ga.i/ha + post-emergence: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha
	18.25
	55.29
	31.96
	226.39

	3
	Post-emergence (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha
	17.36
	56.86
	30.96
	245.12

	4
	Weedy check
	15.64
	40.33
	23.64
	138.09

	5
	Weed-free check (2 hand weeding at 20 and 40 DAS)
	19.16
	57.32
	34.4
	243.29

	 
	SEm±
	0.13
	0.173
	0.15
	9.84

	 
	CD at 5%
	0.424
	0.565
	0.49
	32.1

	 
	Sub Plot:- Microbial strains

	1
	Bradyrhizobium daqingense (Rhizobial strain) @ 10 g/kg seed
	17.65
	51.45
	28.78
	209.05

	2
	Bacillus aryabhataii,  (Zn & P-solubilizing bacteria) @ 10 g/kg see
	17.69
	51.42
	29.77
	227.38

	3
	Bradyrhizobium daqingense  @ 10 g/kg seed + Bacillus aryabhataii @ 10 g/kg seed (Consortia)
	18.15
	52.02
	30.32
	228.2

	4
	Uninoculated
	17.2
	50.54
	29.45
	226.39

	 
	SEm±
	0.115
	0.21
	0.14
	8.83

	 
	CD at 5%
	0.333
	0.606
	0.39
	NS

	 
	Interaction

	 
	SEm±
	0.258
	0.469
	0.89
	19.75


	

	


	

	


	

	

	


Table 5. Yield attributes and yield as influenced by weed control.

	S.No.
	TREATMENT
	Number of pods/plant
	Number of seeds pod-1
	Seed yield (kg/ha)
	Strover yield (kg/ha)
	Harvest index (%)

	
	
	
	
	
	
	

	 
	Main Plot :- Herbicides
	 
	 
	 
	 
	 

	1
	Pre-emergence: Diclosulum @ 26g a.i/ha
	18.19
	2.02
	1085
	1456.83
	42.68

	2
	Pre-emergence: Diclosulum @ 26 ga.i/ha + post-emergence: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha
	18.86
	2.25
	1244
	1585
	43.97

	3
	Post-emergence (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha
	18.08
	2.203
	1169.33
	1553.75
	42.94

	4
	Weedy check
	16.86
	2.072
	880.67
	1329.33
	39.83

	5
	Weed-free check (2 hand weeding at 20 and 40 DAS)
	22.19
	2.48
	1335.5
	1584.17
	45.72

	 
	SEm±
	0.463
	0.011
	6.948
	2.526
	0.232

	 
	CD at 5%
	18.192
	0.036
	22.659
	8.237
	0.758

	 
	Sub Plot:- Microbial strains
	 
	 
	 
	 
	 

	1
	Bradyrhizobium daqingense (Rhizobial strain) @ 10 g/kg seed
	18.89
	2.19
	1143.2
	1501.33
	43.03

	2
	Bacillus aryabhataii,  (Zn & P-solubilizing bacteria) @ 10 g/kg see
	19.09
	2.21
	1144.07
	1500.27
	43.04

	3
	Bradyrhizobium daqingense  @ 10 g/kg seed + Bacillus aryabhataii @ 10 g/kg seed (Consortia)
	19.59
	2.28
	1146.47
	1505.73
	43.05

	4
	Uninoculated
	18.09
	2.14
	1137.87
	1499.93
	42.96

	 
	SEm±
	0.1
	0.007
	0.923
	1.419
	0.03

	 
	CD at 5%
	0.288
	0.021
	2.665
	4.097
	0.088

	 
	Interaction
	 
	 
	 
	 
	 

	 
	SEm±
	0.223
	0.016
	2.063
	3.17193
	0.068

	 
	CD at 5%
	0.645
	0.047
	5.959
	NS
	NS









Table 6. Economics of various treatments.
	Herbicides
	Cultivation cost(₹)+Treatment
Cost(₹)
	Gross returns (₹)
	Net Returns (₹)
	B:C ratio

	Diclosulam @ 26 g/ha
	15613+515
	52612.8
	36284.8
	3.26

	Pre-emergence: Diclosulam @ 26 g/ha + Post emergence: Propaquizafop 2.5% + Imazethapyr3.75% @ 2.0 litre/ha
	15613+4075
	60100.4
	40412.4
	3.05

	Propaquizafop 2.5% + Imazethapyr 3.75%at 2.0 l/ha at 15-20 DAS
	15613+4010
	56659.8
	37036.8
	2.89

	Weedy check 
	15613+0
	43075
	27462
	2.76

	Weed-free check (2 hand weeding at 20 and 40 DAS) 
	15613+15000
	64178.8
	33565.8
	2.1

	Microbial strains

	B. daqingense @ 10 g/kg seed
	15613+200
	55317.5
	39504.5
	2.82

	Bacillus aryabhataii (Zn & P-solubilizing bacteria) @ 10 g/kg seed
	15613+400
	55383.7
	39375.7
	2.79

	B. daqingense @ 10 g/kg seed + Bacillus aryabhataii @ 10 g/kg seed (Consortia) 
	15613+400
	55505.9
	39492.9
	2.80

	Uninoculated
	15613+0
	55094.3
	39481.3
	2.84






























Fig.1 Plant population (m-2) at different stages as influenced by weed control treatments and microbial strains.
30 DAS	Pre: Diclosulum @ 26g a.i/ha	Pre: Diclosulum @ 26 ga.i/ha + post: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha	Post: (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha	Weedy check	Weed-free check (2 hand weeding at 20 and 40 DAS)	Brad. daqingense @ 10 g/kg seed	B. aryabhataii @ 10 g/kg see	Brad. daqingense  @ 10 g/kg seed + B. aryabhataii @ 10 g/kg seed (Consortia)	Uninoculated	51.81	53.38	51.6	44.38	54.68	50.87	51.25	51.75	50.8	60 DAS	Pre: Diclosulum @ 26g a.i/ha	Pre: Diclosulum @ 26 ga.i/ha + post: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha	Post: (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha	Weedy check	Weed-free check (2 hand weeding at 20 and 40 DAS)	Brad. daqingense @ 10 g/kg seed	B. aryabhataii @ 10 g/kg see	Brad. daqingense  @ 10 g/kg seed + B. aryabhataii @ 10 g/kg seed (Consortia)	Uninoculated	50.8	51.71	50.6	42.89	53.8	49.76	50.15	50.65	49.29	TREATMENT

Plant population m-2





Fig.2 Plant height (m-2) at different stages as influenced by weed control treatments and microbial strains.
30 DAS	Pre: Diclosulum @ 26g a.i/ha	Pre: Diclosulum @ 26 ga.i/ha + post: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha	Post: (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha	Weedy check	Weed-free check (2 hand weeding at 20 and 40 DAS)	Brad. daqingense @ 10 g/kg seed	B. aryabhataii @ 10 g/kg see	Brad. daqingense  @ 10 g/kg seed + B. aryabhataii @ 10 g/kg seed (Consortia)	Uninoculated	25.14	26.01	24.6	22.89	30.98	28	25.39	25.67	23.46	60 DAS	Pre: Diclosulum @ 26g a.i/ha	Pre: Diclosulum @ 26 ga.i/ha + post: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha	Post: (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha	Weedy check	Weed-free check (2 hand weeding at 20 and 40 DAS)	Brad. daqingense @ 10 g/kg seed	B. aryabhataii @ 10 g/kg see	Brad. daqingense  @ 10 g/kg seed + B. aryabhataii @ 10 g/kg seed (Consortia)	Uninoculated	51.92	52.84	57.19	43.04	65.77	56.62	52.8	56.85	50.33	90 DAS	Pre: Diclosulum @ 26g a.i/ha	Pre: Diclosulum @ 26 ga.i/ha + post: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha	Post: (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha	Weedy check	Weed-free check (2 hand weeding at 20 and 40 DAS)	Brad. daqingense @ 10 g/kg seed	B. aryabhataii @ 10 g/kg see	Brad. daqingense  @ 10 g/kg seed + B. aryabhataii @ 10 g/kg seed (Consortia)	Uninoculated	58.59	60.01	61.72	54.12	64.63	59.77	60.37	60.58	58.54	TREATMENT

Plant height m-2(cm)



Fig.3. Number of branches plant-1 at different stages as influenced by weed control treatments and microbial strains.
30 DAS	Pre: Diclosulum @ 26g a.i/ha	Pre: Diclosulum @ 26 ga.i/ha + post: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha	Post: (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha	Weedy check	Weed-free check (2 hand weeding at 20 and 40 DAS)	Brad. daqingense @ 10 g/kg seed	B. aryabhataii @ 10 g/kg see	Brad. daqingense  @ 10 g/kg seed + B. aryabhataii @ 10 g/kg seed (Consortia)	Uninoculated	4.13	4.29	4.18	3.52	4.57	4.12	4.13	4.1500000000000004	4.16	60 DAS	Pre: Diclosulum @ 26g a.i/ha	Pre: Diclosulum @ 26 ga.i/ha + post: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha	Post: (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha	Weedy check	Weed-free check (2 hand weeding at 20 and 40 DAS)	Brad. daqingense @ 10 g/kg seed	B. aryabhataii @ 10 g/kg see	Brad. daqingense  @ 10 g/kg seed + B. aryabhataii @ 10 g/kg seed (Consortia)	Uninoculated	7.54	8.2100000000000009	8.09	6.87	8.6300000000000008	7.84	7.95	8.0399999999999991	7.64	90 DAS	Pre: Diclosulum @ 26g a.i/ha	Pre: Diclosulum @ 26 ga.i/ha + post: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha	Post: (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha	Weedy check	Weed-free check (2 hand weeding at 20 and 40 DAS)	Brad. daqingense @ 10 g/kg seed	B. aryabhataii @ 10 g/kg see	Brad. daqingense  @ 10 g/kg seed + B. aryabhataii @ 10 g/kg seed (Consortia)	Uninoculated	7.69	8.31	8.26	6.99	8.73	7.96	8.1	8.14	7.79	Treatments

Number of branches plant-1 



Fig.4. Number of root nodules at different stages as influenced by weed control treatments and microbial strains.

30 DAS	Pre: Diclosulum @ 26g a.i/ha	Pre: Diclosulum @ 26 ga.i/ha + post: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha	Post: (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha	Weedy check	Weed-free check (2 hand weeding at 20 and 40 DAS)	Brad. daqingense @ 10 g/kg seed	B. aryabhataii @ 10 g/kg see	Brad. daqingense  @ 10 g/kg seed + B. aryabhataii @ 10 g/kg seed (Consortia)	Uninoculated	17.97	18.25	17.36	15.64	19.16	17.649999999999999	17.690000000000001	18.149999999999999	17.2	60 DAS	Pre: Diclosulum @ 26g a.i/ha	Pre: Diclosulum @ 26 ga.i/ha + post: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha	Post: (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha	Weedy check	Weed-free check (2 hand weeding at 20 and 40 DAS)	Brad. daqingense @ 10 g/kg seed	B. aryabhataii @ 10 g/kg see	Brad. daqingense  @ 10 g/kg seed + B. aryabhataii @ 10 g/kg seed (Consortia)	Uninoculated	47	55.29	56.86	40.33	57.32	51.45	51.42	52.02	50.54	Treatments

Number of root nodules 



Fig. 5. Dry weight of root nodules at different stages as influenced by weed control treatments and microbial strains.
30 DAS	Pre: Diclosulum @ 26g a.i/ha	Pre: Diclosulum @ 26 ga.i/ha + post: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha	Post: (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha	Weedy check	Weed-free check (2 hand weeding at 20 and 40 DAS)	Brad. daqingense @ 10 g/kg seed	B. aryabhataii @ 10 g/kg see	Brad. daqingense  @ 10 g/kg seed + B. aryabhataii @ 10 g/kg seed (Consortia)	Uninoculated	29.94	31.96	30.96	23.64	34.4	28.78	29.77	30.32	29.45	60 DAS	Pre: Diclosulum @ 26g a.i/ha	Pre: Diclosulum @ 26 ga.i/ha + post: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha	Post: (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha	Weedy check	Weed-free check (2 hand weeding at 20 and 40 DAS)	Brad. daqingense @ 10 g/kg seed	B. aryabhataii @ 10 g/kg see	Brad. daqingense  @ 10 g/kg seed + B. aryabhataii @ 10 g/kg seed (Consortia)	Uninoculated	260.89999999999998	226.39	245.12	138.09	243.29	209.05	227.38000000000099	228.2	226.39	Treatments

Dry weight of nodules 



Fig:-6. Effect of different treatments on the pods plant-1 and seeds pod-1.
Number of pods plant-1	Pre: Diclosulum @ 26g a.i/ha	Pre: Diclosulum @ 26 ga.i/ha + post: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha	Post: (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha	Weedy check	Weed-free check (2 hand weeding at 20 and 40 DAS)	Brad. daqingense @ 10 g/kg seed	B. aryabhataii @ 10 g/kg see	Brad. daqingense  @ 10 g/kg seed + B. aryabhataii @ 10 g/kg seed (Consortia)	Uninoculated	18.190000000000001	18.86	18.079999999999998	16.86	22.19	18.89	19.09	19.59	18.09	Number of seeds pod-1	Pre: Diclosulum @ 26g a.i/ha	Pre: Diclosulum @ 26 ga.i/ha + post: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha	Post: (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha	Weedy check	Weed-free check (2 hand weeding at 20 and 40 DAS)	Brad. daqingense @ 10 g/kg seed	B. aryabhataii @ 10 g/kg see	Brad. daqingense  @ 10 g/kg seed + B. aryabhataii @ 10 g/kg seed (Consortia)	Uninoculated	2.02	2.25	2.2029999999999998	2.0720000000000001	2.48	2.19	2.21	2.2799999999999998	2.14	Seed yield plant-1(gm)	Pre: Diclosulum @ 26g a.i/ha	Pre: Diclosulum @ 26 ga.i/ha + post: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha	Post: (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha	Weedy check	Weed-free check (2 hand weeding at 20 and 40 DAS)	Brad. daqingense @ 10 g/kg seed	B. aryabhataii @ 10 g/kg see	Brad. daqingense  @ 10 g/kg seed + B. aryabhataii @ 10 g/kg seed (Consortia)	Uninoculated	Seed index(gm)	Pre: Diclosulum @ 26g a.i/ha	Pre: Diclosulum @ 26 ga.i/ha + post: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha	Post: (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha	Weedy check	Weed-free check (2 hand weeding at 20 and 40 DAS)	Brad. daqingense @ 10 g/kg seed	B. aryabhataii @ 10 g/kg see	Brad. daqingense  @ 10 g/kg seed + B. aryabhataii @ 10 g/kg seed (Consortia)	Uninoculated	TRAETMENTS

Pod/plant,seed/pod(no.) and seed index,
 grain yield/plant (g)



Fig:-7. Effect of different treatments on the grain yield (kg/ha), Straw yield (kg/ha) and harvesting index(%).
Seed yield (kg/ha)	Pre: Diclosulum @ 26g a.i/ha	Pre: Diclosulum @ 26 ga.i/ha + post: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha	Post: (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha	Weedy check	Weed-free check (2 hand weeding at 20 and 40 DAS)	Brad. daqingense @ 10 g/kg seed	B. aryabhataii @ 10 g/kg see	Brad. daqingense  @ 10 g/kg seed + B. aryabhataii @ 10 g/kg seed (Consortia)	Uninoculated	1085	1244	1169.33	880.67000000000098	1335.5	1143.2	1144.07	1146.47	1137.8699999999999	Strover yield (kg/ha)	Pre: Diclosulum @ 26g a.i/ha	Pre: Diclosulum @ 26 ga.i/ha + post: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha	Post: (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha	Weedy check	Weed-free check (2 hand weeding at 20 and 40 DAS)	Brad. daqingense @ 10 g/kg seed	B. aryabhataii @ 10 g/kg see	Brad. daqingense  @ 10 g/kg seed + B. aryabhataii @ 10 g/kg seed (Consortia)	Uninoculated	1456.8330000000001	1585	1553.75	1329.33	1584.17	1501.33	1500.27	1505.73	1499.93	Harvest index(%)	Pre: Diclosulum @ 26g a.i/ha	Pre: Diclosulum @ 26 ga.i/ha + post: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha	Post: (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha	Weedy check	Weed-free check (2 hand weeding at 20 and 40 DAS)	Brad. daqingense @ 10 g/kg seed	B. aryabhataii @ 10 g/kg see	Brad. daqingense  @ 10 g/kg seed + B. aryabhataii @ 10 g/kg seed (Consortia)	Uninoculated	42.68	43.97	42.94	39.83	45.72	43.03	43.04	43.05	42.96	TREATMENT

grain yield (kg/ha), Straw yield (kg/ha) 
and harvesting index(%).



Fig 8. Effect of defferent treatments on gross return and net return
Gross return	Pre: Diclosulum @ 26g a.i/ha	Pre: Diclosulum @ 26 ga.i/ha + post: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha	Post: (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha	Weedy check	Weed-free check (2 hand weeding at 20 and 40 DAS)	Brad. daqingense @ 10 g/kg seed	B. aryabhataii @ 10 g/kg see	Brad. daqingense  @ 10 g/kg seed + B. aryabhataii @ 10 g/kg seed (Consortia)	Uninoculated	52612.800000000003	60100.4	56659.8	43075	64178.8	55317.5	55383.7	55505.9	55094.3	Net return	Pre: Diclosulum @ 26g a.i/ha	Pre: Diclosulum @ 26 ga.i/ha + post: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha	Post: (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha	Weedy check	Weed-free check (2 hand weeding at 20 and 40 DAS)	Brad. daqingense @ 10 g/kg seed	B. aryabhataii @ 10 g/kg see	Brad. daqingense  @ 10 g/kg seed + B. aryabhataii @ 10 g/kg seed (Consortia)	Uninoculated	36484.800000000003	40412.400000000001	37036.800000000003	27462	33665.800000000003	35074.5	34940.699999999997	35022.9	35011.300000000003	TREATMENT

Gross and net return in rupees



Fig 9. Effect of different treatments on B:C ratio
B:C ratio	Pre: Diclosulum @ 26g a.i/ha	Pre: Diclosulum @ 26 ga.i/ha + post: Propaquizafop 2.5% + Imazethapyr 3.75% @ 2litre/ha	Post: (15-20 DAS): Propaquizafop 2.5% + Imazethapyr 3.75% @ 2.0 litre/ha	Weedy check	Weed-free check (2 hand weeding at 20 and 40 DAS)	Brad. daqingense @ 10 g/kg seed	B. aryabhataii @ 10 g/kg see	Brad. daqingense  @ 10 g/kg seed + B. aryabhataii @ 10 g/kg seed (Consortia)	Uninoculated	3.26	3.05	2.89	2.76	2.1	2.82	2.79	2.8	2.84	TREATMENT




