


Impact of Integrated Nutrient Management on Growth and Yield of Chickpea (Cicer arietnum) under Moringa (Moringa oleifera)-Based Agroforestry System


 Abstract:
This study investigates the impact of Integrated Nutrient Management (INM) combined with Moringa-based agroforestry systems on the growth and yield of chickpea (Cicer arietinum L.). The experiment included various treatments of INM with Moringa (T5, T7, T12) and compared their effects to the control (T1) and other INM treatments. Results showed that Moringa-based agroforestry systems significantly enhanced chickpea growth, with treatments T5, T7, and T12 recording the highest plant height, number of branches, and grain yield. Specifically, T5 exhibited the highest plant height (45.93 cm), number of branches (7.64), and grain yield (24.55 q ha-1), with increases of 20.8%, 9.14%, and 20.8%, respectively, over the control. Similarly, the number of pods per plant, seeds per pod, and test weight were significantly higher in these treatments, indicating improved reproductive performance and seed quality. While the harvest index showed no significant differences, the results suggest that the integration of Moringa agroforestry with INM not only improves plant growth and yield but also contributes to better seed quality. The study demonstrates that the combination of Moringa-bashed agroforestry and INM is an effective strategy for enhancing chickpea productivity, supporting sustainable farming practices in nutrient-deficient soils.	Comment by Dede Wangiyana: Please add the experiment design or the treatment design	Comment by Dede Wangiyana: Did you mean “average number of branches”	Comment by Dede Wangiyana: Please state the significant level (α = 0.05 or α = 0.01)	Comment by Dede Wangiyana: What about the growth of chickpea? You state that as the purpose of this study.	Comment by Dede Wangiyana: Please check, is it correct 
Keywords: Chickpea, Integrated Nutrient Management, Moringa-based Agroforestry, Growth and Yield Attributes
Introduction
Chickpea (Cicer arietinum), often referred to as the queen of pulses, is a key crop grown worldwide due to its nutritional value and environmental benefits. It is an excellent source of protein, fiber, vitamins, and minerals, making it a staple food in many countries, especially in regions where animal protein is scarce. Beyond its nutritional value, chickpea plays a vital role in crop rotation and sustainable agriculture by fixing nitrogen in the soil, thus improving soil fertility (Badr et al., 2015). However, its productivity is often constrained by several factors, including nutrient deficiencies, poor soil health, and erratic rainfall patterns, especially in semi-arid regions. These limitations necessitate the adoption of sustainable agricultural practices to ensure optimal growth and yield.	Comment by Dede Wangiyana: If possible, please add the supporting reference
Agroforestry, a land use management system that integrates trees with crops, has emerged as a promising approach to address these challenges. The integration of trees such as Moringa (Moringa oleifera) with chickpea provides multiple benefits, including soil fertility improvement, moisture conservation, and biodiversity enhancement. Moringa, commonly known as the "drumstick tree," is particularly valued in agroforestry systems for its rapid growth, drought tolerance, and ability to improve soil structure and fertility. The tree leaf litter contributes to organic matter, enhancing soil nutrient content, while its roots help with nitrogen fixation, enriching the soil for subsequent crops (Akinmoladun et al., 2020). Given these characteristics, Moringa-based agroforestry systems hold great potential for improving the productivity for chickpea.
Integrated Nutrient Management (INM) is another sustainable approach aimed at improving soil health and crop productivity. INM combines organic, inorganic, and biological nutrient sources to optimize nutrient availability and minimize the environmental impact of fertilizers. Studies have shown that INM practices lead to improved crop growth, better soil structure, and enhanced soil microbial activity (Bhat et al., 2020). For chickpea, INM has been particularly effective in enhancing nitrogen fixation, improving nutrient uptake, and boosting growth parameters such as plant height, pod formation, and overall yield (Singh et al., 2018). Both agroforestry and INM have shown positive effects on crop productivity, their integration has not been extensively explored, particularly in the context of chickpea cultivation. Most of the research on agroforestry has focused on its effects on crops like maize or groundnut, while studies on pulses such as chickpea, which have distinct growth requirements, remain limited. Furthermore, the combined impact of Moringa-based agroforestry and INM on chickpea growth and yield is an under-researched area. This gap in knowledge highlights the need for a focused investigation into how these two sustainable practices agroforestry and INM can be synergistically integrated to optimize chickpea production	Comment by Dede Wangiyana: I am not very sure with this terminology, did you mean it is underexplored?
The primary objective of this study is to evaluate the effect of Integrated Nutrient Management (INM) on the growth and yield of chickpea under a Moringa (Moringa oleifera)-based agroforestry system. Specifically, the study aims to assess how Moringa’s contribution to soil fertility, in combination with INM practices, influences various growth parameters (e.g., plant height, number of branches) and yield outcomes (e.g., grain yield, biomass) of chickpea. This research intends to fill the gap in knowledge regarding the potential of integrating these practices for enhancing chickpea productivity in sustainable farming systems.
Materials and Methods 
The study was conducted during the Rabi season of 2023. The research experiment was conducted in central research farm of the Department of Silviculture and Agro forestry at College of Forestry, Sam Higginbottom University of Agriculture, Technology, and Science. The experimental site was in the Prayagraj district, at a geographical latitude and longitude of 250 40’ N and 810 85’ E, with an altitude of 92 meters above sea level. This site was situated near the Yamuna Riverbank in the east and the indalpur village in the north. The present study investigated the impact of INM on growth and yield attributes of chickpea. A Randomized Block Design (RBD) was used to address potential spatial variations within the research site. This design enables the concurrent examination of the independent and combined influences of various factors on the dependent variable’s chickpea yield attributes. With following 13 treatment combinations T1- Control + 100% Recommended Dose of Fertilizer (RDF), T2- 100% RDF + Rhizobium, T3- 100% RDF + Trichoderma, T4- 100% RDF + Phosphate Solubilizing Bacteria (PSB), T5- 100% RDF + Trichoderma + Rhizobium, T6- 100% RDF + Trichoderma + PSB, T7- 100% RDF+ PSB + Rhizobium, T8- 75% RDF +25% Organic Manure + Rhizobium, T9- 75% RDF +25% Organic Manure + Rhizobium + Trichoderma, T10- 75% RDF +25%Organic Manure + PSB, T11- 75% RDF +25%Organic Manure + Trichoderma, T12- 75% RDF+ 25%Organic Manure +Trichoderma+ PSB, 75% RDF+ 25%Organic Manure +PSB + Rhizobium where 100% of RDF as taken as 20:40:20 as NPK. 	Comment by Dede Wangiyana: Please add more description about this. If possible, you could simply just put month or particular season that is commonly used in the agriculture system. 	Comment by Dede Wangiyana: Please pay attention on how you write the coordinate in latitude and longitude. 	Comment by Dede Wangiyana: Please add this experimental design description into the abstract	Comment by Dede Wangiyana: Do you have replication for the treatment? In the randomized block design, the number of replications is equal to the number of blocks. 	Comment by Dede Wangiyana: It could be easier for the reader to understand the treatment if you make it into the table. If possible, please do it. 
Results and Discussion
Plant Height
Results showed that significantly (p<0.05) highest plant height at 30 days after sowing (DAS) was recorded in T5 (19.70 cm), followed by T7 (19.55 cm) and T12 (19.40 cm) (Table 1). Similarly, at 60 DAS, treatment T5 (31.80 cm) exhibited the highest plant height, followed by T7 (31.72 cm) and T12 (31.68 cm), both of which were significantly (p<0.05) higher than the control (T1, 29.13 cm). At 90 DAS, T5 (41.40 cm) still recorded the highest plant height, significantly (p<0.05) outperforming other treatments, including T7 (41.23 cm) and T12 (41.15 cm). These treatments significantly (p<0.05) increased plant height by 8.24% and 7.2%, respectively, compared to T1 (38.24 cm). At harvest, treatment T5 (45.93 cm) showed the highest plant height, followed by T7 (45.60 cm) and T12 (45.50 cm). These treatments were significantly (p<0.05) taller than the control (T1, 41.55 cm), with increases of 10.55%, 9.77%, and 9.47%, respectively. The results indicate that treatments with Moringa-based agroforestry systems (T5, T7, and T12) significantly (p<0.05) enhanced plant height across all growth stages compared to the control. Moreover, the results suggest that while the application of INM treatments (T2 to T4) showed some positive effects on plant height at each growth stage, they were not significantly different from the control in comparison to the treatments with Moringa-based agroforestry systems (T5, T7, T12). These results align with findings from similar studies where integrated nutrient management combined with agroforestry systems has shown promising results in improving the overall growth of crops (Kumar et al., 2019). On the other hand, treatments T8 and T9, though they showed improvements over T1, did not reach the same levels as T5, T7, and T12, and remained statistically at par with each other at all growth stages. This indicates that while INM alone can improve plant growth, the synergistic effect of combining INM with Moringa-based agroforestry systems leads to more pronounced growth in chickpea.	Comment by Dede Wangiyana: Could you please give the reason why you are not using ANOVA for the analysis?	Comment by Dede Wangiyana: Please add the p-value of each treatment in the table	Comment by Dede Wangiyana: You did not mention this in the method	Comment by Dede Wangiyana: You did not mention this in the method	Comment by Dede Wangiyana: Previously you said that moringa-based agroforestry has significant effect while INM has no significant effect. 
No. of Branches	Comment by Dede Wangiyana: Please avoid to use the abbreviation like this
Results showed that significantly (p<0.05) highest number of branches at 30 days after sowing (DAS) was recorded in T5 (3.40), followed by T7 (3.38) and T12 (3.36) (Table 2). At 60 DAS, treatment T5 (6.21) exhibited the highest number of branches, significantly (p<0.05) higher than T1 (5.53). Treatments T7 (6.20) and T12 (6.18) also showed significant increases in the number of branches compared to the control. The increase in branch number at 60 DAS was 12.3% for T5, 12.0% for T7, and 11.7% for T12 when compared to T1. At 90 DAS, T5 (7.25) recorded the highest number of branches, followed by T7 (7.23) and T12 (7.21), significantly (p<0.05) higher than the control (T1, 6.68). These treatments showed increases of 8.5%, 8.3%, and 7.9%, respectively, compared to T1. At harvest, the number of branches was highest in T5 (7.64), followed by T7 (7.60) and T12 (7.59), with significant (p<0.05) increases over T1 (7.00) of 9.14%, 8.57%, and 8.43%, respectively.	Comment by Dede Wangiyana: Please add the p-value of each treatment in the table	Comment by Dede Wangiyana: Did you mean the average number of branches?	Comment by Dede Wangiyana: You did not mention the period that you are harvesting the crop
No. of pods per plants, No. of seeds per pods, Test weight and days of maturity	Comment by Dede Wangiyana: Please avoid to use the abbreviation like this
Results showed that the number of pods per plant was significantly (p<0.05) higher in treatments involving Moringa-based agroforestry systems combined with INM (T5, T6, T7) compared to the control (T1) (Table 3). The highest number of pods per plant was observed in T5 (59.10), followed by T7 (58.72) and T6 (58.56). These treatments recorded increases of 11.1%, 10.4%, and 8.9%, respectively, over the control (53.20). The increase in pod number highlights the positive effect of the integrated nutrient management system combined with agroforestry practices, which likely enhanced plant health and reproductive capacity. For the number of seeds per pod, treatment T5 (2.66) recorded the highest number, followed by T7 (2.64) and T12 (2.65), which were significantly (p<0.05) higher than the control (2.47). These treatments demonstrated an increase of 7.7%, 6.9%, and 7.3%, respectively, over T1. This result suggests that the combination of Moringa-based agroforestry with INM improved the reproductive performance of chickpea by increasing the number of seeds per pod, which is a key factor in determining overall yield. The test weight, which measures seed size, was also significantly (p<0.05) affected by the treatments. Treatment T5 (18.10 g) recorded the highest test weight, followed by T7 (17.89 g) and T12 (17.95 g). These treatments increased test weight by 9.2%, 8.3%, and 8.2%, respectively, compared to the control (16.58 g). This improvement in test weight suggests that the enhanced nutrient availability from the combined INM and agroforestry practices contributed to better seed development and quality. Where days to maturity, no significant (p>0.05) differences were observed between treatments, indicating that the integration of Moringa-based agroforestry systems with INM did not affect the time taken for the chickpea plants to reach maturity. However, the treatments involving Moringa (T5, T6, T7) showed slightly earlier maturity (110.4-110.9 days) compared to the control (114.6 days), which might suggest some potential benefit of agroforestry practices in reducing the time to maturity, though these differences were not statistically significant. These findings align with previous studies that highlighted the synergistic effects of combining organic and inorganic fertilizers on improving reproductive traits and yield in legumes (Das et al., 2016; Thakur et al., 2023; Yadav et al., 2024).  	Comment by Dede Wangiyana: Please add the p-value of each treatment in the table	Comment by Dede Wangiyana: Are these the average value?	Comment by Dede Wangiyana: Which one did you measure, the weight or the size?	Comment by Dede Wangiyana: What did you mean? Did you refer to the harvesting period?	Comment by Dede Wangiyana: What did you mean? Did you mean to accelerate the harvesting period?
Yield Attributes 
Grain yield was significantly (p<0.05) affected by the treatments (Table 4). The highest grain yield was recorded in T5 (24.55 q ha⁻¹), followed by T7 (24.10 q ha-1) and T12 (24.00 q ha-1). These treatments showed significant increases of 20.8%, 19.0%, and 18.3%, respectively, over the control (T1, 20.30 q ha-1). This increase in grain yield indicates that the combination of Moringa-based agroforestry systems with Integrated Nutrient Management (INM) practices greatly enhanced the chickpea's ability to produce grains. These results align with previous studies where the integration of agroforestry systems with nutrient management has been shown to significantly boost crop yield (Das et al., 2016; Thakur et al., 2023). Stover yield followed a similar trend, with T5 (33.08 q ha-1) recording the highest yield, followed by T7 (32.70 q ha-1) and T12 (32.60 q ha-1). These treatments exhibited significant increases of 18.5%, 17.3%, and 16.9%, respectively, over the control (T1, 27.88 q ha-1). The enhanced stover yield suggests that Moringa-based agroforestry systems with INM not only improved grain production but also contributed to greater vegetative growth. For biological yield, T5 (57.63 q ha-1) again recorded the highest value, followed by T7 (56.80 q ha-1) and T12 (56.60 q ha-1), which were significantly (p<0.05) higher than T1 (48.18 q ha-1). These treatments showed increases of 19.5%, 17.9%, and 17.4%, respectively, compared to the control. Biological yield, which reflects the total dry matter production, was significantly enhanced by the synergistic effect of INM and Moringa agroforestry practices. The harvest index, which represents the proportion of the total biological yield that is harvested as grain, did not show significant differences (p>0.05) between treatments. While the harvest index ranged from 42.14% in T1 to 42.60% in T5, these differences were not statistically significant. This suggests that while the treatments affected the overall yield, the partitioning of biomass into grain did not vary greatly between treatments. However, the slight increase in harvest index in treatments like T5 indicates that the integration of Moringa agroforestry with INM may slightly enhance the efficiency of grain production relative to total biomass.	Comment by Dede Wangiyana: Please add the p-value of each treatment in the table	Comment by Dede Wangiyana: How did you calculate this index? Please add it to the method
Conclusion
The study demonstrated that the integration of Moringa-based agroforestry systems with Integrated Nutrient Management (INM) significantly enhanced the growth, yield, and productivity parameters of chickpea. All treatments incorporating Moringa agroforestry showed substantial improvements in plant height, number of branches, pods per plant, seeds per pod, grain yield, and stover yield compared to the control. Among the treatments, T5 consistently recorded the highest performance across most parameters, including plant height (45.93 cm), number of branches (7.64), grain yield (24.55 q ha-1), and stover yield (33.08 q ha-1). It demonstrated a significant advantage over the control (T1), with increases of 20.8% in grain yield and substantial improvements in other parameters. Similarly, T7 (Moringa + INM) and T12 showed comparable results, with notable improvements in yield and plant growth parameters. The integration of Moringa with INM proved to be more effective in enhancing overall productivity compared to INM alone, demonstrating that the combination of agroforestry practices and nutrient management is highly beneficial for chickpea cultivation.
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Table 1. Effect of Integrated Nutrient Management on growth and yield of Chickpea (Cicer arietinum L.) under Moringa based agroforestry system on Plant height at 30 DAS,60DAS, 90 DAS and Harvest
	Treatment
	Plant Height (cm) at 30 Days
	Plant Height (cm) at 60 Days
	Plant Height (cm) at 90 Days
	Plant Height (cm) at Harvest

	T1
	17.66
	29.13
	38.24
	41.55

	T2
	18.84
	30.74
	40.13
	44.05

	T3
	18.17
	30.17
	39.18
	42.96

	T4
	18.50
	30.52
	39.70
	43.60

	T5
	19.70
	31.80
	41.40
	45.93

	T6
	19.37
	31.60
	41.00
	45.31

	T7
	19.55
	31.72
	41.23
	45.60

	T8
	18.33
	30.33
	39.14
	42.90

	T9
	19.22
	31.15
	40.47
	44.64

	T10
	18.25
	30.25
	39.08
	42.74

	T11
	18.60
	30.55
	39.75
	43.66

	T12
	19.40
	31.68
	41.15
	45.50

	T13
	19.18
	31.55
	40.92
	45.22

	F-test	Comment by Dede Wangiyana: Instead of using F-test, it is better if you used ANOVA. The further significant different of each treatment after ANOVA can be determined by the compared mean analysis (e.g. Tukey HSD, LSD, DMRT). 
	NS
	S 
	S 
	S 

	SE(m)
	0.26
	0.43
	0.65
	0.73

	SE(d)
	0.37
	0.61
	0.92
	1.03

	C.V. (%)
	2.38
	2.44
	2.81
	2.85










Table 2. Effect of Integrated Nutrient Management on growth and yield of Chickpea (Cicer arietinum L.) under Moringa based agroforestry system no. of branches on 30 DAS, 60DAS, 90 DAS and Harvest.
	Treatment
	No. of Branches at 30 DAS
	No. of Branches at 60 DAS
	No. of Branches at 90 DAS
	No. of Branches at Harvest

	T1
	3.07
	5.53
	6.68
	7.00

	T2
	3.28
	6.02
	7.08
	7.40

	T3
	3.22
	5.87
	6.97
	7.27

	T4
	3.25
	5.90
	7.00
	7.31

	T5
	3.40
	6.21
	7.25
	7.64

	T6
	3.35
	6.17
	7.20
	7.57

	T7
	3.38
	6.20
	7.23
	7.60

	T8
	3.20
	5.85
	6.95
	7.25

	T9
	3.33
	6.12
	7.18
	7.52

	T10
	3.21
	5.86
	6.96
	7.26

	T11
	3.26
	5.91
	7.02
	7.32

	T12
	3.36
	6.18
	7.21
	7.59

	T13
	3.30
	6.15
	7.16
	7.55

	F-test	Comment by Dede Wangiyana: Instead of using F-test, it is better if you used ANOVA. The further significant different of each treatment after ANOVA can be determined by the compared mean analysis (e.g. Tukey HSD, LSD, DMRT). 
	NS
	S
	S
	S

	SE(m)
	0.06
	0.06
	0.12
	0.09

	SE(d)
	0.08
	0.09
	0.18
	0.13

	C.V (%)
	3.14
	1.87
	3.04
	2.18










Table 3. Effect of Integrated Nutrient Management on growth and yield of Chickpea (Cicer arietinum L.) under Moringa based agroforestry system on no. of pods per plants, No. of seeds per pods, Test weight and days of maturity
	Treatment
	No. of Pods per Plant
	No. of seeds per pod
	Test weight (100 seeds)
	Days of Maturity

	T1
	53.20
	2.47
	16.58
	114.60

	T2
	56.80
	2.58
	17.37
	112.20

	T3
	55.66
	2.53
	16.99
	113.00

	T4
	56.13
	2.55
	17.20
	112.80

	T5
	59.10
	2.66
	18.10
	110.40

	T6
	58.56
	2.63
	17.82
	110.70

	T7
	58.72
	2.64
	17.89
	110.50

	T8
	55.50
	2.52
	16.95
	113.20

	T9
	57.88
	2.61
	17.66
	111.50

	T10
	55.20
	2.51
	16.89
	113.30

	T11
	56.00
	2.54
	17.14
	112.90

	T12
	58.42
	2.65
	17.95
	110.60

	T13
	58.10
	2.62
	17.77
	110.90

	F-Test	Comment by Dede Wangiyana: Instead of using F-test, it is better if you used ANOVA. The further significant different of each treatment after ANOVA can be determined by the compared mean analysis (e.g. Tukey HSD, LSD, DMRT). 
	S
	S
	S
	NS

	SE(m)
	0.60
	0.05
	0.27
	1.75

	SE(d)
	0.84
	0.06
	0.38
	2.48

	C.V.
	1.82
	3.03
	2.64
	2.71











Table 4. Effect of Integrated Nutrient Management on growth and yield of Chickpea (Cicer arietinum L.) under Moringa based agroforestry system on Grain yield, Stover yield, biological yield and Harvest index
	Treatment
	Grain yield 
(q ha-1)
	Stover yield 
(q ha-1)
	Biological Yield
	Harvest Index (%)

	T1
	20.30
	27.88
	48.18
	42.14

	T2
	22.15
	30.10
	52.25
	42.39

	T3
	21.35
	29.23
	50.58
	42.21

	T4
	21.80
	29.65
	51.45
	42.37

	T5
	24.55
	33.08
	57.63
	42.60

	T6
	23.90
	32.50
	56.40
	42.38

	T7
	24.10
	32.70
	56.80
	42.43

	T8
	21.25
	29.10
	50.35
	42.22

	T9
	23.25
	31.65
	54.90
	42.35

	T10
	21.10
	28.95
	50.05
	42.16

	T11
	21.85
	29.75
	51.60
	42.35

	T12
	24.00
	32.60
	56.60
	42.40

	T13
	23.70
	32.25
	55.95
	42.37

	F-Test	Comment by Dede Wangiyana: Instead of using F-test, it is better if you used ANOVA. The further significant different of each treatment after ANOVA can be determined by the compared mean analysis (e.g. Tukey HSD, LSD, DMRT). 
	S
	S
	S
	NS

	SE(m)
	0.34
	0.44
	0.48
	0.58

	SE(d)
	0.48
	0.62
	0.68
	0.82

	C.V.
	2.62
	2.47
	1.55
	2.38






