


Influence of integrated bio-inoculants (Rhizobium and Trichoderma) on growth, yield attributes and productivity of chickpea (Cicer arietinum L.)

ABSTRACT 
[bookmark: _GoBack]Chickpea is an important pulse crop, the productivity of which is frequently constrained by the unfavorable soil fertility and soil-borne pathogens. The solution to this is a sustainable approach to improve crop performance by the use of bio-agents in integrated nutrient and disease management. To assess the effectiveness of the seed treatment with Rhizobium (10 g kg-1 seed) and the soil treatment with Trichoderma (5 kg ha-1) on the Chickpea variety GNG-2144 in 2023 and 2024, a field demonstration was conducted on ten fields of farmers (F1-F10). This performance was compared with the current Farmer Practices (FP). The main parameters that were measured were plant height, primary branches, number of pods in each plant, seeds in each pod, and test weight of 100 seeds. Mean plant height of the Demo plots was always higher than that of the traditional practices; mean plant height of FP was 34.51cm, whereas that of Demo plots was 37.12 cm. There were large increases in branching and pod development, with the mean primary branch count increasing to 5.6 and the number of pods per plant increasing to 25.5. Efficiency of seed development was also improved, wherein the number of seeds per pod rose by 1.5-2.5, and the 100-seed test weight rose by 13.27 g to 14.5 g. The use of bio-inoculants and the enhanced application of management greatly increased productivity and harvesting efficiency. The average yield of grain increased by 22.51 percent, with an increase in the mean grain yield in the Demo plots as it increased to 18.86 q ha-1 under FP, as compared to 15.41 q ha-1. Although there was a slight change in the yield of biology, the Stover yield in Demo plots was reduced to 19.53 q ha-1 as opposed to 24.80 q ha-1. This caused a major upsurge in Harvest Index, which increased by 38.42 to 49.32. These findings are that Rhizobium and Trichoderma treatments are the most effective at maximizing biomass partitioning in the production of grain, leading to increased reproductive efficiency and better utilization of resources in Chickpea variety GNG-2144 relative to the traditional method.
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INTRODUCTION
Chickpea (Cicer arietinum L.) is the leading pulse crop in the world, as it is a major source of high-quality protein (20%25), essential amino acids, and minerals to a large share of the world population, especially developing countries whose access to animal protein is limited (Zhang et. al., 2024). It is commonly known as the poor man's meat, and its production is the main focus of food security and economic welfare of smallholder farmers (Jukantiet. al., 2012). Other than nutritional merits, chickpea is a significant crop in the field of sustainable agriculture because of its special capacity of fixing nitrogen in the atmosphere through a symbiotic relationship with Rhizobium bacteria (Peoples et al., 2009). As much as 140 kg N ha-1 can be added through this biological nitrogen fixation (BNF) and, therefore, improves soil health and decreases the reliance on synthetic nitrogenous fertilizers, which are expensive and require energy (Singh et al., 2022, and Aasfaret. al., 2021).  
Nevertheless, the worldwide productivity of chickpea is still affected by a complicated interaction of biotic and abiotic limitations (Roorkiwal et al., 2022). Although the crop is hardy in nature, its produce is usually prone to fluctuations in climatic variations and soil structure. Inadequate soil fertility and the existence of soil-borne pathogens that are devastating to chickpea are among the major constraints to chickpea yield. The presence of pathogens like Fusariumoxysporum f. sp. ciceri, which causes vascular wilt, may cause significant losses in yields as a result of 10-100 percent in a favorable environment (Venkataramanamma et. al., 2025).
Traditionally, farmers have been overdependent on chemical fertilizers and artificial fungicides in order to protect the yield. The "Green Revolution" method of heavy use of chemicals, however, is running out of returns (Tilman et. al., 2002). The excessive dependence on these inputs has very serious implications for environmental degradation, groundwater pollution, decline in soil health, and the development of pathogen strains that are resistant to multiple drugs. Thus, a new course is urgently needed, the “Ecological Intensification,” the increase in yields with a decrease in the environmental footprint (Tilman et. al., 2011).
The addition of bio-inoculants has become a solution to the problem as the strategy is sustainable and environmentally friendly (Chalie et. al., 2022). Rhizobium species are highly reported to be effective due to their ability to increase the fixation of nitrogen, resulting in better vegetative growth and grain protein levels. At the same time, versatile bio-control agents such as Trichoderma species provide a twofold advantage: they not only eliminate soil-borne pathogens by means of mycoparasitism and competition for nutrients, but also antibiosis. Moreover, Trichoderma is an effective plant growth promoter as it can solubilize insoluble phosphorus and induce Induced Systemic Resistance (ISR) in the whole plant (Yadav et. al., 2019).
A combination of a nitrogen-fixing bacterium (Rhizobium) and bio-fungicide (Trichoderma) is a holistic solution to Integrated Nutrient Management (INM) and Integrated Disease Management (Manikpuri et al., 2023). These microbes can be used synergistically to form a so-called fortified rhizosphere, in which Trichoderma guards against fungi on the young roots, so that the Rhizobium can successfully form nodules. Although the isolated efficacy of these microbes has been proven in laboratories, it is of great importance to prove their synergized efficacy in various and field-like conditions to close the gap between lab and land and promote their use on a large scale by farmers (Santos et. al., 2021, and Babalolaet. al., 2024).
The current research was done to determine the effects of seed treatment using Rhizobium and soil application of Trichoderma viride on the growth, yield attributes, and overall productivity of chickpea variety GNG-2144 in ten separate fields of different farmers (Yadav et. al. 2025). This study will provide a data-based confirmation of the value of bio-agents as a cost-effective solution to improving the economic gains and soil-resistance of pulse production by comparing these integrated treatments against conventional Farmer Practices (FP).
MATERIALS AND METHOD
1. Research Design and Layout
· Location and Climate :The experiment was performed on ten fields (F1-F10) of farmers in distract Sitapur with the soil type being sandy loam and semi-arid climate throughout the year 2023-24.
· Experimental Design: The study followed a Paired Plot Design (or Simple Randomized Block Design) to compare the "Demo" treatment against the "Farmer Practice" (FP) control on the same variety (GNG-2144).
· Crop Details: Sowing typically occurs in the first week of October with a seed rate of 60–75 kg ha-1 and a spacing of 30 cm x 10 cm.
2. Treatment Protocol (Materials)
The specific bio-inoculants used in the "Demo" plots were:
· Seed Treatment: Seeds were treated with Rhizobium culture at a rate of 10 gkg-1 of seed. In research practice, seeds are often coated using a 1% jaggery (sugar) solution as a binder to ensure proper bacterial adherence (Somasegaran et. al., 1994).
· Soil Treatment: Trichoderma viride was applied to the soil at 5 kg ha-1. Standard research methodology often involves mixing the Trichoderma with 250 kg of well-rotted Farm Yard Manure (FYM) and allowing it to proliferate for 7 days before application during field preparation.
3. Methodology: Data Collection Parameters
Data was recorded using standard agronomic measurement techniques:
· Growth Metrics:
· Plant Height (cm): Measured from the ground level to the tip of the highest leaf at the time of harvest.
· Primary Branches: Counted as the number of main branches emerging from the primary stem.
· Yield Attributes:
· Pod Count: The average number of pods from 10 randomly selected plants per plot.
· Seed per pod- The average number of seeds from 10 randomly selected plants per pod.
· Test Weight (g): The weight of 100 randomly selected seeds, adjusted to a constant moisture level (typically 10-12%).
· Yield Determination:
· Grain Yield (q ha-1): Measured by harvesting the net plot area, threshing, and weighing the clean grain, then converting the value to quintals per hectare.
· Biological yield(q ha-1):  The biological yield is the sum of the grain yield and the straw yield. To convert the plot data into the standard unit of quintals per hectare (q ha⁻¹).
· Stover Yield (q ha-1): The stover yield was computed by subtracting the grain yield from the biomass of respective crops and then converted into quintal per hectare.
· Harvest Index (HI): The biological yield is also a critical component in calculating the Harvest Index, which measures the efficiency of the plant in converting total biomass into grain:
HI = (Grain yield / Total biological yield) x 100 %
4. Statistical Analysis
· Mean Calculation: Arithmetic means were derived for all 10 replicates (Table-01).
· Significance Testing: The SEm± (Standard Error of Mean) and CD (Critical Difference) at a 5% level of significance (P=0.05) were calculated to determine if the improvements in the "Demo" plots were statistically significant compared to "Farmer Practice".
· Yield Increase (%): Calculated using the formula:
Increase (%) = (Demo Yield – check yield)/check yield x 100

RESULTS AND DISCUSSION

1. Growth Parameters
1.1. Plant height (cm) – The The data on plant height (cm) were analyzed to compare the performance of two cultivation practices, namely Farmer Practice (FP) and Demonstration (Demo), across ten selected farmers. Plant height is an important growth parameter and serves as a key indicator of crop vigor and overall plant development. The results clearly demonstrated a consistent and significant improvement in plant height under the Demonstration (Demo) method when compared with the traditional Farmer Practice (FP) for all the participating farmers (Table 01).
The average plant height recorded under the Demo plots was 37.12 cm, which was considerably higher than the mean plant height of 34.51 cm observed under FP plots. This improvement highlights the positive influence of improved cultivation practices adopted in the Demonstration method, such as better nutrient management, improved agronomic practices, and timely field operations.
Among the ten farmers, Farmers F2 and F5 exhibited the maximum plant height of 38.4 cm under the Demo method, indicating superior crop growth performance in these plots. Notably, Farmer F2 showed the highest individual gain, with an increase of 4.2 cm in plant height when compared to his Farmer Practice plot. This substantial improvement reflects the effectiveness of the demonstrated technology in enhancing vegetative growth under real field conditions.
Overall, the Demonstration method proved to be a more stable and efficient approach for improving plant height across different farmers and field conditions. The uniform superiority of Demo plots over FP plots suggests that the recommended package of practices adopted in the Demonstration had a strong and positive impact on crop growth. These findings emphasize the importance of technology dissemination and adoption of improved agronomic practices for achieving better crop performance and productivity (Fig. 1).
1.2.  Number of primary branches per plant- The data on the number of primary branches per plant were analyzed to compare the performance of Farmer Practice (FP) and Demonstration (Demo) methods across ten selected farmers (Table 01). The number of primary branches is a vital morphological parameter, as it directly influences canopy development, photosynthetic efficiency, and ultimately the yield potential of the crop. A higher number of branches generally provides a stronger structural framework for the plant and increases the number of sites available for flower and fruit formation.
The results clearly indicated a consistent and substantial improvement in the number of primary branches under the Demonstration (Demo) method when compared with the traditional Farmer Practice (FP) across all participating farmers. Under FP, the number of primary branches ranged from 3 to 5 per plant, with an overall average of 4.0 branches per plant. In contrast, the Demo plots recorded a higher and more uniform range of 5 to 6 branches per plant, with a mean value of 5.6 branches per plant (Fig. 2).
Importantly, all farmers reported a greater number of primary branches in their Demo plots than in their corresponding FP plots. The percentage increase in the number of branches varied from 20 percent to as high as 100 percent, indicating a remarkable improvement in vegetative growth as a result of the adoption of improved cultivation practices under the Demonstration method. This wide range of improvement also reflects the effectiveness of the recommended package of practices across different field conditions and farmer management levels.
The enhanced branching observed in the Demo plots can be attributed to better agronomic management, including balanced nutrient application, proper spacing, timely irrigation, and improved crop husbandry practices. These factors collectively promote healthy vegetative growth and allow plants to develop a more robust canopy structure.
Overall, the findings suggest that the Demonstration method is significantly more efficient in stimulating vegetative growth and improving plant architecture compared to Farmer Practice. The increased number of primary branches provides a stronger structural base to the plants, which is closely associated with higher photosynthetic activity and greater potential for improved crop productivity. Thus, the adoption of the Demonstration approach can play a crucial role in enhancing crop growth and yield performance under farmer’s field conditions.
2. Yield Attributes-
2.1.  Number of pods per Plant- A comparison between traditional Farmer Practice (FP) and Demonstration (Demo) plots across ten farmers showed a clear advantage of the Demo method in terms of number of pods per plant (Table 01). The Demo plots recorded an average of 25.5 pods per plant, which was notably higher than the 21.8 pods per plant observed under FP plots. All farmers (F1–F10) showed improvement under the Demo method, with the highest pod number reaching 27 pods per plant (Fig. 3). 
Moreover, the Demo plots exhibited greater uniformity and stability, as the number of pods never fell below 24, whereas FP plots recorded values as low as 20 pods per plant. Overall, the Demonstration method resulted in an average yield increase of about 17 percent over Farmer Practice, proving it to be a more efficient and reliable cultivation strategy for improving crop productivity.
2.2. Number of Seeds per Pod- The number of seeds per pod, an important yield-determining trait, was evaluated under Farmer Practice (FP) and Demonstration (Demo) methods across ten farmers (Table 01). The FP plots recorded comparatively lower seed set, with values ranging from 1 to 2 seeds per pod and a mean of 1.5 seeds per pod, indicating suboptimal reproductive performance under conventional management practices.
In contrast, the Demonstration plots exhibited consistently higher seed numbers, ranging from 2 to 3 seeds per pod with a mean value of 2.5 seeds per pod (Fig. 4). This improvement corresponds to an increase of 66.67 percent over FP, reflecting the significant positive effect of improved agronomic practices on pod filling and seed development.
The enhanced seed formation in the Demo plots can be attributed to better crop management practices, including balanced nutrient application, appropriate plant spacing and timely pest and disease control, which collectively improved photosynthetic efficiency and assimilate partitioning towards reproductive organs. These findings clearly demonstrate that the Demonstration method is more effective than traditional Farmer Practice in enhancing yield attributes and overall crop productivity under farmer’s field conditions.
2.3. Test weight (g per 100 seed)- The provided data compares the test weight of agricultural produce across ten different farmers (F1–F10), evaluating the performance of Farmers' Practice (FP) against a Demonstration (Demo) method (Table-01). Measured in grams per 100 units, the results consistently show that the Demo method outperforms FP. Specifically, the test weights for FP range from 12.60 g to 14.50 g, while the Demo weights are notably higher, ranging from 13.20 g to 15.40 g. On average, the Demo method achieved a mean weight of 14.50 g per 100 seed, marking a significant improvement over the FP mean of 13.27 g per 100 seed, suggesting the demonstration techniques effectively enhance grain density and quality (Fig.-5). The mean weight increased from 13.27 gm g per 100 seeds of FP to 14.5 g per 100 seeds of Demo, which represents a percentage increase of approximately 9.27%. This improvement indicates that the demonstration techniques are more effective in increasing the density and quality of the produce.
3. Yield Determination
3.1.  Biological yield (q ha-1)- A comparative assessment of the biological yield of the crop under Farmer Practice (FP) and Demonstration (Demo) methods was carried out across ten selected farmers (Table 02). Biological yield, which represents the total above-ground biomass production, is an important indicator of crop growth and resource utilization efficiency. The results revealed a noticeable variation in biological yield between the two cultivation practices.
Under Farmer Practice, biological yield ranged from 37.9 to 42.5 q ha⁻¹, with a mean value of 40.21 q ha⁻¹, indicating relatively higher biomass accumulation under conventional management practices. In contrast, the Demonstration plots recorded biological yields ranging from 35.8 to 41.4 q ha⁻¹, with a comparatively lower average of 38.39 q ha⁻¹ (Fig. 7).
The maximum biological yield under FP was observed in Farmer F1 (42.5 q ha⁻¹), whereas the highest yield under the Demonstration method was recorded in Farmer F9. Overall, the data suggest that Farmer Practice resulted in greater biomass production than the Demonstration method across most locations.
This variation in biological yield may be attributed to differences in crop management practices, plant density, and allocation of assimilates between vegetative and reproductive growth. The comparatively higher biomass production under FP also indicates that traditional practices favored vegetative growth, whereas the Demonstration method may have promoted more efficient partitioning of assimilates towards reproductive structures rather than total biomass accumulation. These findings highlight the influence of cultivation practices on biomass production and yield variability among participating farmers.
3.2.  Grain yield (q ha-1)- A systematic comparison of grain yield under Farmer Practice (FP) and Demonstration (Demo) plots was conducted across ten farmers to assess the impact of improved cultivation practices (Table 02). Grain yield under FP varied from 13.5 to 17.9 q ha⁻¹ with a mean value of 15.41 q ha⁻¹, reflecting lower productivity under conventional management. In contrast, the Demonstration plots produced significantly higher yields ranging from 16.5 to 21.2 q ha⁻¹ with an average of 18.86 q ha⁻¹ (Fig. 6).
The consistent yield superiority of the Demo method across all farmers indicates better expression of yield-attributing characters and improved resource-use efficiency. The maximum grain yield (21.2 q ha⁻¹) recorded by Farmer F3 further demonstrates the yield potential of the demonstrated package of practices. The mean yield advantage of 3.45 q ha⁻¹ confirms the technical effectiveness of demonstration-based interventions over traditional Farmer Practice for enhancing grain productivity under field conditions.

3.3.  Stover yield (q ha-1)- A comparative evaluation of stover yield under Farmer Practice (FP) and Demonstration (Demo) methods was conducted across ten participating farmers (F1 to F10) (Table 02). Stover yield, which represents the total dry biomass excluding grain, is an important indicator of vegetative growth and fodder availability. The results clearly indicated that Farmer Practice consistently outperformed the Demonstration method in terms of stover yield across all locations.
 Under FP, stover yield was higher for each individual farmer, reflecting greater biomass accumulation under traditional cultivation practices. For instance, Farmer F1 recorded the highest stover yield of 28.2 q ha⁻¹ under FP, whereas the corresponding Demo plot produced a substantially lower yield of 20.9 q ha⁻¹ (Fig. 8). On average, the FP method resulted in a stover yield of 24.8 q ha⁻¹, compared to 19.53 q ha⁻¹ obtained from the Demo plots.
The observed reduction in stover yield under the Demonstration method suggests a shift in assimilate partitioning from vegetative biomass towards reproductive components, particularly grain yield. This indicates that while the Demonstration approach may enhance economic yield, it may simultaneously reduce total vegetative biomass. Such variations could also be influenced by differences in plant density, nutrient management, and varietal response under the demonstrated package of practices.
Overall, the significant difference in stover yield between FP and Demo plots highlights the need for further refinement and site-specific adjustment of demonstration technologies to optimize both grain and biomass production. These findings emphasize the importance of balancing vegetative growth and reproductive output when promoting improved cultivation practices under farmer’s field conditions.
3.4. Harvest Index (%) – The Harvest Index (HI), an important indicator of the efficiency of assimilate partitioning towards economic yield, was analyzed under Farmer Practice (FP) and Demonstration (Demo) methods across ten farmers (F1–F10) (Table 02). The results revealed a consistently higher Harvest Index in the Demonstration plots compared to the traditional Farmer Practice, indicating superior conversion of total biomass into harvestable grain.
In the Demonstration plots, HI values ranged from 42.3% (Farmer F9) to a maximum of 57.3% (Farmer F7), reflecting improved physiological efficiency under the demonstrated package of practices (Fig. 9). In contrast, the Farmer Practice recorded comparatively lower HI values, varying from 33.6% to 46.3%.
The mean Harvest Index under the Demonstration method was 49.32%, which was significantly higher than the average HI of 38.42% observed under Farmer Practice. This substantial improvement suggests that the demonstration techniques enhanced assimilate translocation from vegetative parts to reproductive organs, thereby increasing the proportion of total biomass converted into economic yield.
Overall, the higher Harvest Index recorded in the Demonstration plots confirms the technical superiority of improved cultivation practices over conventional methods and highlights their effectiveness in optimizing biomass utilization and crop productivity under farmers’ field conditions. 
Table 01-Impact of Demonstration vs. Farmer’s Practice on Growth and Yield Attributing Characters of chickpea crop
	Famer ID
	Plants height (Cm)
	No of Primary Branch/Plant
	No of Pod /Plant
	No of Seeds/Pods
	Test weight (gm/100)

	
	
	
	
	
	

	
	FP
	Demo
	FP
	Demo
	FP
	Demo
	FP
	Demo
	FP
	Demo

	F1
	33.8
	36.8
	4
	6
	21
	25.0
	2
	2
	13.70
	14.5

	F2
	34.2
	38.4
	3
	5
	22
	26.0
	1
	3
	12.80
	13.9

	F3
	35.8
	36.4
	4
	5
	25
	27.0
	2
	2
	13.30
	14.5

	F4
	34.8
	35.8
	5
	6
	23
	27.0
	1
	3
	12.80
	14.8

	F5
	35.4
	38.4
	3
	5
	22
	26.0
	2
	3
	13.20
	14.5

	F6
	33.8
	36.8
	5
	6
	20
	24.0
	2
	2
	12.60
	15.4

	F7
	34.5
	37.8
	4
	5
	20
	25.0
	1
	3
	12.80
	13.2

	F8
	33.6
	36.5
	3
	6
	21
	25.0
	1
	2
	13.50
	14.5

	F9
	35.4
	37.5
	5
	6
	23
	26.0
	1
	2
	14.50
	15.3

	F10
	33.8
	36.8
	4
	6
	21
	24.0
	2
	3
	13.50
	14.4

	Mean
	34.51
	37.12
	4
	5.6
	21.8
	25.5
	1.5
	2.5
	13.27
	14.5



Table 02- Impact on Productivity and Harvesting Efficiency of Bio-inoculants on growth parameters and yield attributes of chickpea crop
	Famer ID
	Grain yield
(q ha-1)
	Biological yield (q ha-1)
	Stover yield
(q ha-1)
	Harvest index (%)
	Yield increase (%)

	
	FP
	Demo
	FP
	Demo
	FP
	Demo
	FP
	Demo
	

	F1
	14.3
	18.5
	42.5
	39.4
	28.2
	20.9
	33.6
	47.0
	29.37

	F2
	16.8
	20.4
	39.4
	36.8
	22.6
	16.4
	42.6
	55.4
	21.43

	F3
	17.9
	21.2
	38.7
	37.4
	20.8
	16.2
	46.3
	56.7
	18.44

	F4
	16.3
	19.4
	37.9
	39.5
	21.6
	20.1
	43.0
	49.1
	19.02

	F5
	15.2
	18.4
	40.4
	37.2
	25.2
	18.8
	37.6
	49.5
	21.05

	F6
	14.3
	17.5
	41.2
	40.5
	26.9
	23.0
	34.7
	43.2
	22.38

	F7
	16.2
	20.5
	40.5
	35.8
	24.3
	15.3
	40.0
	57.3
	26.54

	F8
	13.5
	16.5
	39.5
	37.5
	26.0
	21.0
	34.2
	44.0
	22.22

	F9
	14.2
	17.5
	41.2
	41.4
	27.0
	23.9
	34.5
	42.3
	23.24

	F10
	15.4
	18.7
	40.8
	38.4
	25.4
	19.7
	37.7
	48.7
	21.43

	Mean
	15.41
	18.86
	40.21
	38.39
	24.80
	19.53
	38.42
	49.32
	22.51




Table -03. Effects of Integrated Bio-inoculants on Growth and Yield of Chickpea
	Parameter
	Mean (FP)
	Mean (Demo)
	Mean Diff (d)
	SEM (±)
	CD (P=0.05)
	CV (%)

	Plant Height (cm)
	34.51
	37.12
	2.61
	0.32
	0.72
	2.14%

	No. of Primary Branches
	4.00
	5.60
	1.60
	0.27
	0.60
	10.30%

	No. of Pods / Plant
	21.80
	25.50
	3.70
	0.37
	0.83
	2.46%

	No. of Seeds / Pod
	1.50
	2.50
	1.00
	0.21
	0.48
	28.87%

	Test Weight (g/100)
	13.27
	14.50
	1.23
	0.20
	0.46
	3.52%

	Grain yield (q ha-1)
	15.41
	18.86
	3.45
	0.14
	0.32
	1.86%

	Biological yield
(q ha-1)
	40.21
	38.39
	-1.82
	0.58
	1.31
	3.29%

	Stover yield
(q ha-1)
	24.80
	19.53
	-5.27
	0.68
	1.54
	6.87%

	Harvest index (%)
	38.42
	49.32
	10.90
	1.01
	2.28
	5.14%



CONCLUSION
As revealed in the field demonstrations at ten sites (F1 0-10), incorporation of Rhizobium (treatment on seeds, 10g kg-1) and Trichoderma (treatment on soil, 5 kg ha-1) was found to improve GNG-2144 chickpea productivity significantly. The demonstration plots had a mean grain yield of 18.86 q/ha, which reflects a steady 22.51 percent increment over the traditional Farmer Practice (15.41 q ha-1), and an increase of up to 29.37. This productivity enhancement is based on the vegetative vigor that is exhibited through the increased plant height (37.1 cm) and primary branching and enhanced yield characteristics, such as the number of pods per plant (26), number of seeds per pod (3), and the 100-seed test weight (14.5g). Given these robust results, the combined use of bio-inoculants for nitrogen fixation and disease management is highly recommended for large-scale adoption to maximize both crop health and economic returns for farmers. 
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No. of seed/pod
FP	F1	F2	F3	F4	F5	F6	F7	F8	F9	F10	2	1	2	1	2	2	1	1	1	2	Demo	F1	F2	F3	F4	F5	F6	F7	F8	F9	F10	2	3	2	3	3	2	3	2	2	3	
Test weight (gm/100 seed)
FP	F1	F2	F3	F4	F5	F6	F7	F8	F9	F10	13.7	12.8	13.3	12.8	13.2	12.6	12.8	13.5	14.5	13.5	Demo	F1	F2	F3	F4	F5	F6	F7	F8	F9	F10	14.5	13.9	14.5	14.8	14.5	15.4	13.2	14.5	15.3	14.4	

Grain yield (q ha-1)
FP	F1	F2	F3	F4	F5	F6	F7	F8	F9	F10	14.3	16.8	17.899999999999999	16.3	15.2	14.3	16.2	13.5	14.2	15.4	Demo	F1	F2	F3	F4	F5	F6	F7	F8	F9	F10	18.5	20.399999999999999	21.2	19.399999999999999	18.399999999999999	17.5	20.5	16.5	17.5	18.7	
Biological yield (q ha-1)
FP	F1	F2	F3	F4	F5	F6	F7	F8	F9	F10	42.5	39.4	38.700000000000003	37.9	40.4	41.2	40.5	39.5	41.2	40.800000000000004	Demo	F1	F2	F3	F4	F5	F6	F7	F8	F9	F10	39.4	36.800000000000004	37.4	39.5	37.200000000000003	40.5	35.800000000000004	37.5	41.4	38.4	
Stover yield (q ha-1)
FP	F1	F2	F3	F4	F5	F6	F7	F8	F9	F10	28.2	22.6	20.8	21.6	25.2	26.9	24.3	26	27	25.4	Demo	F1	F2	F3	F4	F5	F6	F7	F8	F9	F10	20.9	16.399999999999999	16.2	20.100000000000001	18.8	23	15.3	21	23.9	19.7	
Harvest Index (%)
FP	F1	F2	F3	F4	F5	F6	F7	F8	F9	F10	33.6	42.6	46.3	43	37.6	34.700000000000003	40	34.200000000000003	34.5	37.700000000000003	Demo	F1	F2	F3	F4	F5	F6	F7	F8	F9	F10	47	55.4	56.7	49.1	49.5	43.2	57.3	44	42.3	48.7	
Plant height (cm)
FP	F1	F2	F3	F4	F5	F6	F7	F8	F9	F10	33.800000000000004	34.200000000000003	35.800000000000004	34.800000000000004	35.4	33.800000000000004	34.5	33.6	35.4	33.800000000000004	Demo	F1	F2	F3	F4	F5	F6	F7	F8	F9	F10	36.800000000000004	38.4	36.4	35.800000000000004	38.4	36.800000000000004	37.800000000000004	36.5	37.5	36.800000000000004	
No. of Primary Branch/Plant
FP	F1	F2	F3	F4	F5	F6	F7	F8	F9	F10	4	3	4	5	3	5	4	3	5	4	Demo	F1	F2	F3	F4	F5	F6	F7	F8	F9	F10	6	5	5	6	5	6	5	6	6	6	
No. of pod per plant
FP	F1	F2	F3	F4	F5	F6	F7	F8	F9	F10	21	22	25	23	22	20	20	21	23	21	Demo	F1	F2	F3	F4	F5	F6	F7	F8	F9	F10	25	26	27	27	26	24	25	25	26	24	



