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Effect of Microbial Consortium and Nutrient Management on Growth & Yield of Clusterbean [Cyamopsis tetragonoloba (L.) taub.]
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ABSTRACT 

	A field experiment was conducted to study the effect of microbial consortium and nutrient management on the growth and yield of Clusterbean (Cyamopsis tetragonoloba (L.) Taub.) under semi-arid conditions at the research farm of Rajasthan Agricultural Research Institute, Durgapura, Jaipur during kharif 2023-2024. The experiment was laid out in a randomized block design with three replications and eight treatments consisting of different levels of recommended dose of fertilizers (100%, 75% and 50%) in combination with microbial consortium which was applied through seed treatment and soil application. The findings of the experiment showed that the combined use of microbial consortium along with different level of fertilizers had a significant positive effect on crop growth and yield. Significantly higher results were obtained in treatment T4 (100% RDF + seed treatment with microbial consortium and soil application of microbial consortium) which produced the highest seed yield (1454 kg ha⁻¹) along with better growth attributes such as number of branches per plant (9.88), number of pods per plant (79.90) and pod length (9.74 cm) which was at par with treatment T7 (75% RDF + seed treatment with microbial consortium and soil application of microbial consortium) for many observations as mentioned in detail in the paper. Based on the results obtained, it can be concluded that improvement in crop performance can be achieved by application of microbial consortium when applied along with fertilizers. The study also indicates that fertilizer dose can be reduced to 75% when combined application of fertilizers is done with microbial consortium without suffering any noticeable reduction in yield, which helps in maintaining soil health and reducing input costs.
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1. INTRODUCTION 
Clusterbean (Cyamopsis tetragonoloba L.) is one of the important drought hardy and deep rooted and adapted to the harsh climatic conditions of arid and semi-arid zone of India. It is a multi-purpose legume grown as feed, fodder, green manure, vegetable (Rahul et al., 2025). In recent years, Clusterbean has shown a great deal of industrial importance due to the presence of galactomannan gum in its endosperm, which can be of variety of uses like food, textile, paper, pharmaceutical and petroleum industries (Hossain et al., 2024). Despite of its economic significance, the productivity of Clusterbean remains low due to poor soil fertility, inadequate nutrient management practices and erratic rainfall prevalent in Rajasthan (Choudhary et al., 2006). The area under this crop in Rajasthan is about 28.41 Lac ha with production of 12.84 Lac tonnes and average productivity of 452 kg ha-1, (GoR, 2019-20). 
Although Clusterbean is a nitrogen fixing crop and do not require heavy doses of nutrients like cereals but, nutrient availability can be significantly improved through integrated approaches which are essential for enhancing productivity. Efficient nutrient management plays an important role in enhancing crop growth and yield (Choudhary et al., 2025). Dependency solely on chemical fertilizers often results in declining of soil health along with reducing nutrient use efficiency over time. To save soil from degradation and to improve the nutrient use efficiency we have to follow the approach of integrated nutrient management that combine chemical fertilizers with biological inputs (Kumawat et al., 2013). In this context, microbial consortia, which usually consists of a combination of beneficial microorganisms which have the potential to supply the nutrients to plants by various processes.
Microbial consortia generally include microbes which have tendency to fix, solubilize phosphate and other essential nutrients. Apart from this they also include plant growth-promoting rhizobacteria that work synergistically in the rhizosphere. These microorganisms not only enhances the availability of nutrients but also stimulate root growth, produce growth-promoting substances and overall plant vigor (Nagrale et al., 2023 ; Parewa et al. 2025). So, when they are combined with fertilizers, they improve nutrient use efficiency and support sustainable agricultural systems (Jat et al., 2012). Hence, the study done is of great importance for farmers as the combined use will not only reduce the cost of cultivation due to reduced amount of fertilizer use but also improve the soil condition along with a significant increase in microbe population of soil.

2. material and methods 

The field experiment was conducted under All India Coordinated Research Project on Kharif Pulses during Kharif -2023 to 2024 at Research Farm, Rajasthan Agricultural Research Institute, Durgapura, Jaipur, Rajasthan to study the “Effect of microbial consortium and nutrient management on growth and yield of clusterbean”. The experimental site was located at 26°512 N latitude and 75°472E longitude and at an altitude of 390 m above mean sea level. The soil of the experimental site was well-drained loamy sand and coarse in texture. Eight treatments of microbial consortium and nutrients were tested in randomized block design with three replications. Microbial consortium was applied as seed treatment and soil application method, whereas in case of nutrient management RDF was applied at the time of sowing as 100, 75 and 50 %. The treatments consisted of  T1 : Control (100% RDF),  T2 : 100% RDF + seed treatment with microbial consortium,  T3 :100% RDF + soil application of microbial consortium, T4 :100% RDF + seed treatment with microbial consortium and soil application of microbial consortium,  T5 :75% RDF + seed treatment with microbial consortium,  T6 :75% RDF + soil application with microbial consortium, T7 : 75% RDF + seed treatment with microbial consortium and soil application of microbial consortium and T8 : 50% RDF + seed treatment with microbial consortium and soil application of microbial consortium.

2.1 Statistical analysis
Data recorded from field observations and laboratory analyses were analyzed statistically using the analysis of variance method as described by Panse and Sukhatme (1967) in Statistical Procedures for Agricultural Research. The significance of treatment effects was tested using the F-test. The standard error of difference was calculated and presented along with the results. Wherever the F-test showed significant differences, the critical difference at the 5% level was worked out to compare treatment means and their interactions. The results were then interpreted carefully to draw meaningful conclusions.

3. results and discussion

3.1 Impact of microbial consortium and nutrient management on Growth parameters
The growth parameters differ significantly with respect to the application of microbial consortium and nutrient management (Table 1). Among the application of different treatments, Treatment T4 recorded highest plant height (117.35 cm) which was significantly superior over most of the treatments, although it remained statistically at par with treatments T7 (111.12 cm) and T3 (109.03 cm). Treatment T8 (98.75 cm) was recorded to be lowest. The highest plant height under T4 might be attributed to enhanced cell division and elongation due to better availability and uptake of nutrients.
Similarly, the number of branches per plant differed significantly among treatments. Treatment T4 produced the maximum number of branches per plant (9.88) followed by T7 (8.56) and T2 (7.99). The greater branching under these treatments may be associated with improved crop vigor resulting from reduced weed competition and enhanced microbial activity that improves nutrient mobilization in the rhizosphere. The minimum number of branches (6.08) was recorded under T8. The increase in number of branches can be due to improved nutrient supply and better photosynthetic activity due to microbes which resulted in enhanced vegetative growth. Similar results were also reported in black gram by Verma et al., 2025.

3.2 Impact of microbial consortium and nutrient management on Yield attributes:
A significant difference was also observed in case of Yield contributing characters similar to growth attributes. Yield attributes such as number of pods per plant, pod length, number of seeds per pod and test weight were also influenced by the treatments.
The maximum number of pods per plant (79.90) was recorded under T4, which was significantly higher than most other treatments except T7 (71.17) and T2 (69.33). The lowest value was recorded to be under T8 (56.08). Increased pod number under T4 may be due to better plant growth and improved assimilate partitioning towards reproductive structures.
Pod length also varied significantly among treatments. T4 produced the longest pods (9.74 cm) followed by T7 (8.91 cm) and T2 (8.22 cm), while the shortest pods (6.53 cm) were observed under T8. Enhanced pod length under improved management practices might be attributed to increased photosynthate production and efficient nutrient utilization.
The number of seeds per pod ranged from 6.16 to 8.90, with the highest value recorded in T4 (8.90) followed by T2 (8.04) and T7 (8.02). The lowest number of seeds per pod was observed in T8 (6.16). The significant improvement in these parameters may be attributed to the better translocation of photosynthates from source to sink and balanced metabolism of nutrients during reproductive stages. Earlier similar results were also reported by Marimuthu and Surendran (2015).
The test weight was not significantly affected by treatments, as indicated by the non-significant CD value at 5%. However, numerically higher test weight was recorded under T4 (32.85 g) followed by T7 (32.47 g) and T2 (32.34 g). The lowest test weight was observed in T5 (31.47 g). Since test weight is largely governed by genetic factors, the treatments might have had limited influence on this parameter.








Table No: 1   Effect of microbial consortium and nutrient management on yield attributes of Clusterbean (02 years Pooled).  

	Treatments 
	Plant height (cm)
 
	No of Branches /plant 
	No of pods/ plant
(No.)
	Pod Length (cm)
	No of Seeds /pod
	Test weight (g)

	T1
	103.97
	6.78
	60.91
	7.10
	6.97
	31.86

	T2
	107.76
	7.99
	69.33
	8.22
	8.04
	32.34

	T3
	109.03
	7.60
	67.86
	7.78
	7.07
	31.50

	T4
	117.35
	9.88
	79.90
	9.74
	8.90
	32.85

	T5
	106.71
	7.24
	68.60
	7.49
	7.13
	31.47

	T6
	107.48
	7.02
	65.83
	7.30
	7.12
	32.22

	T7
	111.12
	8.56
	71.17
	8.91
	8.02
	32.47

	T8
	98.75
	6.08
	56.08
	6.53
	6.16
	31.68

	S.E.m)±
	5.12
	0.40
	3.97
	0.36
	0.41
	0.65

	CD 5%
	15.23
	1.21
	11.82
	1.09
	1.21
	NS

	CV
	8.29
	9.52
	0.41
	8.06
	9.58
	3.56



3.3 Impact of microbial consortium and nutrient management on seed and straw yield
The   seed   and   stover yield   of   Clusterbean as recorded   under   different   treatments are presented in Fig 1. Analysis of table 2. Seed yield of cowpea was significantly influenced by different treatments during both years and in pooled analysis (Table 2). Among the treatments, T4 recorded the highest seed yield, producing 1416 kg ha⁻¹ in 2022 and 1454 kg ha⁻¹ in 2023, with a pooled mean of 1435 kg ha⁻¹, which was significantly superior to most of the other treatments. The increased seed yield under T4 may be attributed to improved growth and yield attributes such as higher plant height, more branches per plant, greater number of pods per plant and higher number of seeds per pod observed under this treatment. Effective weed management combined with improved crop vigor likely reduced crop–weed competition for nutrients, moisture and light, resulting in better crop productivity.
The next best performance was recorded under T7 with a pooled seed yield of 1313 kg ha⁻¹, followed by T3 (1262 kg ha⁻¹). These treatments also maintained relatively higher yields in both experimental years, indicating their favorable influence on crop growth and reproductive development.
In contrast, the lowest pooled seed yield (1043 kg ha⁻¹) was recorded under T1, followed by T5 (1048 kg ha⁻¹). The comparatively lower yield under these treatments might be due to inadequate weed control and increased competition during critical growth stages of the crop, which reduced the availability of essential resources.
Straw yield was also influenced by the treatments, with significant differences observed during 2022 and pooled analysis, while the effect during 2023 was non-significant.

During 2022, T4 recorded the highest straw yield (3250 kg ha⁻¹), which was statistically at par with T3 (3166 kg ha⁻¹) and T2 (3027 kg ha⁻¹) but significantly higher than several other treatments. The higher straw yield under T4 can be attributed to increased vegetative growth as indicated by greater plant height and branching.
In 2023, although T4 again recorded the highest straw yield (2185 kg ha⁻¹), the differences among treatments were statistically non-significant, suggesting that environmental factors might have minimized treatment effects during that season.
The pooled analysis showed that T4 produced the highest straw yield (2718 kg ha⁻¹), followed by T3 (2602 kg ha⁻¹) and T2 (2544 kg ha⁻¹). The lowest pooled straw yield was recorded under T8 (2178 kg ha⁻¹) and T6 (2181 kg ha⁻¹).


Fig. 1 Effect of microbial consortium and nutrient management on seed and straw yield of Clusterbean.

The significantly superior performance of treatment T4 may be attributed to the combined effect of supplying microbial consortium in addition to the recommended dose of fertilizers. When both are applied in combination they might have enhanced the nutrient availability along with improving biological nitrogen fixation and increasing overall nutrient uptake. This integrated approach is most likely to not only improve root development and photosynthetic efficiency but also improve translocation of assimilates towards reproductive organs which in turn results in higher seed yield. Similar results were also reported by Singh et al., (2024) and Pradhan et al., (2025). 

Table: 2. Effect of microbial consortium and nutrient management on seed and straw yield of Clusterbean. 

	Treatments 
	Seed Yield (kg /ha)
	Straw yield (kg /ha.)

	
	2022
	2023
	Pooled 
	2022
	2023
	Pooled 

	T1
	1056
	1030
	1043
	2750
	2018
	2384

	T2
	1153
	1092
	1123
	3027
	2059
	2544

	T3
	1264
	1259
	1262
	3166
	2037
	2602

	T4
	1416
	1454
	1435
	3250
	2185
	2718

	T5
	1086
	1009
	1048
	2861
	1852
	2356

	T6
	1147
	1128
	1138
	2528
	1833
	2181

	T7
	1236
	1389
	1313
	2611
	2018
	2315

	T8
	1200
	1072
	1136
	2542
	1815
	2178

	S.E.(m)±
	64
	98.48
	42
	153
	126
	99

	CD 5%
	198
	292
	125
	461
	NS
	287

	CV
	9.41
	14.47
	12.41
	9.29
	11.11
	10.08




3.4 Impact of microbial consortium and nutrient management on net return and B:C ratio.
Detailed analysis of the treatments (table 3) it was revealed that different treatments had a considerable influence on net returns and benefit–cost (B:C) ratio during both years (Table 3). Among the treatments, T4 recorded the highest net return, amounting to ₹51,034 ha⁻¹ during 2022 and ₹57,538 ha⁻¹ during 2023, which was markedly higher than the other treatments. The higher net return under T4 can be attributed to its superior performance in terms of seed yield and straw yield, which resulted in greater gross returns despite the cost of inputs involved in the treatment.
The next best economic performance was observed under T7, which recorded ₹40,639 ha⁻¹ in 2022 and ₹52,642 ha⁻¹ in 2023 as net returns. Similarly, T3 and T2 also showed relatively higher net returns, indicating that these treatments were economically viable due to their comparatively higher crop productivity. In contrast, T6 recorded the lowest net return, with ₹36,000 ha⁻¹ in 2022 and ₹37,787 ha⁻¹ in 2023, followed by T1, suggesting that these treatments were less profitable due to comparatively lower yields.
Similar trend was followed by benefit–cost (B:C) ratio. The highest B:C ratio was recorded under T4, with values of 2.73 in 2022 and 2.90 in 2023, indicating that this treatment was the most economically efficient among all treatments. The higher B:C ratio under T4 reflects the better economic advantage derived from improved crop productivity and efficient utilization of inputs.
The second highest B:C ratio was recorded under T7 (2.40 in 2022 and 2.77 in 2023), followed by T2 (2.69 in 2022 and 2.59 in 2023). These treatments also demonstrated good economic feasibility under the experimental conditions.
On the other hand, T6 recorded the lowest B:C ratio (2.24 and 2.27 during 2022 and 2023, respectively), indicating comparatively lower economic efficiency. Similarly, T8 also showed relatively lower B:C values, particularly in 2023 (2.20).

Table: 3. Effect of microbial consortium and nutrient management on economics of 	clusterbean

	Treatments 
	Net Return
	B:C Ratio

	
	2022
	2023
	2022
	2023

	T1
	36344
	37173
	2.47
	2.46

	T2
	41965
	40701
	2.69
	2.59

	T3
	43242
	45107
	2.47
	2.49

	T4
	51034
	57538
	2.73
	2.90

	T5
	38639
	36006
	2.59
	2.44

	T6
	36000
	37787
	2.24
	2.27

	T7
	40639
	52642
	2.40
	2.77

	T8
	39214
	35198
	2.47
	2.20




4. Conclusion
We can conclude the study with conclusion that treatment T4 (100% RDF + seed and soil application of microbial consortium) significantly improved growth, yield attributes, seed yield and economic returns of clusterbean. However, it was also seen that treatment T7 (75% RDF + seed and soil application) also performed at par in many cases which indicated that fertilizer dose can be reduced by 25% without compromising productivity and profitability. Thus, integrated use of microbial consortium with fertilizers can be considered as an effective and sustainable approach for clusterbean cultivation.
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