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ABSTRACT:
Super absorbent polymers (SAPs) have emerged as promising soil conditioners for improving water use efficiency in agriculture. SAPs are cross-linked hydrophilic polymers capable of absorbing and retaining water up to several hundred times their own weight and releasing it slowly to plant roots. The field experiment was conducted during the kharif seasons of 2023 and 2024 to assess the effects of graded levels of SAP and poultry manure (PM) applied in conjunction with the recommended dose of fertilisers (RDF) on growth, yield attributes, and yield of groundnut. The experiment was laid out in a randomised block design with ten treatments and three replications, comprising SAP at 0, 50, and 100 kg ha-¹ and poultry manure at 0, 3, and 6 t ha-¹. The results showed that the integrated application of SAP and poultry manure significantly improved growth and yield parameters across both seasons. The highest pooled plant height (61.10 cm), number of branches (8.59 plant-¹), dry matter accumulation (47.92 g plant-¹), and nodulation (63.80 nodules plant-¹) were recorded under 100% RDF + SAP 100% + PM 100%. Yield attributes such as kernels per pod (1.99) and 100-kernel weight (47.55 g) were also significantly enhanced under combined treatments. The maximum pooled kernel seed yield (2904.99 kg ha-¹) and harvest index (48.25%) were obtained with the integrated application of SAP and poultry manure, representing a substantial improvement over RDF alone and the control. Treatment effects were consistent across years, with slightly higher values observed during 2024. The improved performance under integrated treatments can be attributed to enhanced soil moisture retention, improved nutrient availability, and efficient assimilate partitioning. The study demonstrates that combining super absorbent polymer with poultry manure and RDF is an effective and sustainable strategy for enhancing groundnut productivity under moisture-limited conditions.
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INTRODUCTION:
Groundnut (Arachis hypogaea L.) is one of the most important legume oilseed crops globally, contributing substantially to food security, edible oil supply, and rural livelihoods. It is cultivated across tropical and subtropical regions, covering approximately 32–33 million ha worldwide, with an annual production exceeding 53 million tonnes (FAO, 2023). Groundnut seeds contain about 48-50% oil and 25-30% protein, making the crop nutritionally significant as both a food and industrial raw material (Janila et al., 2013). Asia and Africa together account for more than 90% of global groundnut area, with India ranking second in area and production after China (FAO, 2023).
In India, groundnut occupies a central position among oilseed crops and plays a crucial role in supporting smallholder farming systems. The crop is grown on nearly 5-6 million ha, predominantly under rainfed conditions, which makes its productivity highly vulnerable to climatic variability (ICAR–Directorate of Groundnut Research, 2022). Although improved varieties and management practices have enhanced productivity in recent decades, national average yields remain lower than global potential due to soil moisture stress, declining soil fertility, and increasing temperature extremes (Birthal et al., 2019). Climate change projections indicate a further rise in the frequency and intensity of droughts and heat stress in semi-arid regions of India, posing serious risks to sustainable groundnut cultivation (IPCC, 2022).
Among abiotic stresses, soil moisture deficit during flowering, pegging and pod development is considered the most critical yield-limiting factor in groundnut production. Water stress during these stages adversely affects photosynthesis, nutrient uptake, pod formation, and kernel filling, ultimately reducing yield and quality (Prasad et al., 2010). Therefore, improving soil water retention and moisture availability at the root zone has become a key adaptation strategy to enhance crop resilience under changing climatic conditions. In this context, super absorbent polymers (SAPs) have emerged as promising soil conditioners for improving water use efficiency in agriculture. SAPs are cross-linked hydrophilic polymers capable of absorbing and retaining water up to several hundred times their own weight and releasing it slowly to plant roots (Huttermann et al., 2009). Numerous studies have demonstrated that SAP application improves soil water holding capacity, reduces evaporation and nutrient leaching losses, enhances root growth, and stabilises crop yield under drought-prone environments (Islam et al., 2011; Abedi-Koupai & Asadkazemi, 2015). Given the increasing frequency of drought events associated with climate change, SAPs offer a practical mitigation option for sustaining crop productivity while reducing irrigation demand. However, long-term soil sustainability cannot be achieved through moisture management alone. The continuous depletion of soil organic matter and nutrient reserves under intensive agriculture necessitates the integration of organic nutrient sources. Poultry manure is one of the most nutrient-rich organic manures, containing readily mineralizable nitrogen, phosphorus, potassium, and micronutrients, along with substantial organic carbon inputs (Nahm, 2003). Organic manures are known to be rich sources of both macro and micro nutrients of the crop. They also help in improving the physical status of the soil (Soremi et al., 2017). Application of poultry manure has been reported to improve soil physico-chemical properties such as aggregation, bulk density, cation exchange capacity, and nutrient availability, thereby enhancing plant growth and yield (Amanullah et al., 2010; Adekiya et al., 2017). In leguminous crops like groundnut, poultry manure also supports nodulation, biological nitrogen fixation, and sustained soil fertility. 
The integrated use of SAPs and organic manures represents a sustainable soil management approach that simultaneously addresses moisture stress and nutrient limitations. While SAPs improve short-term soil water dynamics and drought resilience, poultry manure contributes to long-term soil health, microbial activity, and nutrient cycling. Such integrated amendment strategies are increasingly advocated under climate-smart and sustainable agriculture frameworks, as they enhance resource use efficiency and reduce reliance on synthetic inputs (Lal, 2020). Alotaibi et al. (2024) reported that SAPs significantly improved the growth and yield of legume crops under water deficit stress, which closely aligns with the objectives and findings of the present study. Malik et al. (2022) provided a comprehensive review on the role of SAPs as soil amendments for improving water holding capacity and soil health. In addition, Krasnopeeva (2022) discussed the agricultural applications of polymeric superabsorbent hydrogels, particularly their role in water and nutrient retention. Furthermore, Yang et al. (2022) demonstrated the long-term effects of SAPs on soil properties and crop productivity, offering valuable insights into their sustainability under field conditions. Despite documented benefits of SAPs and poultry manure when applied individually, information on their interactive effects on soil Physico-chemical properties and yield attributes of groundnut under field conditions remains limited, particularly in semi-arid regions. Therefore, the present study was undertaken to evaluate the interactive effects of different levels of super absorbent polymer and poultry manure on growth and yield attributes of groundnut (Arachis hypogaea L.), to identify sustainable soil amendment strategies to improve productivity under moisture-limited conditions.
Materials and Methods
Experimental Site
The field investigation was carried out at the Central Research Farm of the Naini Agricultural Institute, Sam Higginbottom University of Agriculture, Technology and Sciences (SHUATS), Prayagraj, Uttar Pradesh, India, during the kharif seasons of 2023 and 2024. The experimental farm is located at 25°40′ N latitude and 81°85′ E longitude, at an elevation of approximately 92 m above mean sea level. Geographically, the site is situated on the eastern bank of the Yamuna River, near Indalpur village, and forms part of the Middle and Upper Gangetic Plains Agro-climatic region.

The climate of the area is humid subtropical, marked by hot summers with maximum temperatures frequently exceeding 40°C, cool winters with temperatures ranging between 4 and 25°C, and a mean annual rainfall of about 981 mm, most of which is received during the south-west monsoon period (July to September). The soils of the experimental field are alluvial in origin, sandy loam in texture, well-drained, and moderately fertile, making them suitable for oilseed cultivation. Crop water requirements are met through a combination of rainfall and irrigation sourced from nearby canals and river systems.
Experimental Layout and Treatment Structure
The experiment was laid out in a Randomised Block Design (RBD) comprising ten treatment combinations with three replications. In total, 30 plots were established. Each experimental plot measured 2 m x 2 m, and observations were recorded from the net plot area, excluding border rows to minimise possible edge effects. The treatments consisted of graded levels of super absorbent polymer (SAP) and poultry manure (PM) applied in combination with the recommended dose of fertilisers (RDF). The treatment combinations were as follows:
· T₁: Absolute control
· T₂: 100% RDF without SAP and poultry manure
· T₃: 100% RDF + poultry manure at 50% level
· T₄: 100% RDF + poultry manure at 100% level
· T₅: 100% RDF + SAP at 50% level
· T₆: 100% RDF + SAP at 50% level + poultry manure at 50% level
· T₇: 100% RDF + SAP at 50% level + poultry manure at 100% level
· T₈: 100% RDF + SAP at 100% level
· T₉: 100% RDF + SAP at 100% level + poultry manure at 50% level
· T₁₀: 100% RDF + SAP at 100% level + poultry manure at 100% level
The recommended fertiliser dose was 20:60:40 kg N: P₂O₅:K₂O ha-1, applied uniformly to all treatments except the absolute control. Super absorbent polymer was incorporated into the soil at rates of 0, 50, and 100 kg ha-¹, while poultry manure was applied at 0, 3, and 6 t ha-1, corresponding to 0, 50, and 100% application levels, respectively. The groundnut (Arachis hypogaea L.) variety Kadiri 1812 was used as the test crop. Sowing was carried out using a spacing of 60 cm between rows and 20 cm between plants, with a seed rate of 80 kg ha-1. All recommended agronomic practices, including land preparation, weed management, and plant protection measures, were followed uniformly across treatments to ensure that differences in crop performance could be attributed primarily to the imposed treatments.
Data Collection and Statistical Analysis
Growth and yield parameters were recorded from plants selected randomly from the four central rows of each plot. The observations included plant height, number of branches per plant, number of leaves per plant, and number of pods per plant. At harvest, pod yield, haulm yield, and test weight (100-seed weight) were recorded and expressed on a hectare basis. The harvest index was calculated as the ratio of economic yield to total biological yield and expressed as a percentage.
The data obtained from both cropping seasons were statistically analysed using analysis of variance (ANOVA), appropriate for the Randomised Block Design. The significance of treatment effects was tested at the 5% probability level, and mean comparisons were performed using Fisher’s Least Significant Difference (LSD) test. Statistical procedures were carried out following the methodology described by Gomez and Gomez (1984).
Results and Discussion
Plant Height: Plant height of groundnut at harvest was significantly influenced by the application of super absorbent polymer (SAP) and poultry manure in combination with RDF during both years and in the pooled analysis (Table 1). The lowest plant height was recorded under the absolute control (T₁), whereas application of 100% RDF alone (T₂) resulted in a marked increase, indicating the importance of balanced mineral nutrition for vegetative growth. Progressive increases in plant height were observed with increasing levels of poultry manure (T₃ and T₄) and SAP (T₅ and T₈) when applied individually with RDF. This response may be attributed to improved nutrient availability from poultry manure and enhanced soil moisture retention due to SAP application, both of which favour sustained stem elongation and vegetative growth. Similar improvements in plant height following organic manure application and moisture-conserving amendments have been reported earlier (Amanullah et al., 2010; Huttermann et al., 2009). The combined application of SAP and poultry manure resulted in a further and consistent increase in plant height across seasons. Treatments T₇, T₉, and T₁₀ recorded significantly higher values compared to individual applications, with the maximum pooled plant height observed under T₁₀ (61.10 cm) (Table 1). The superior performance of these treatments suggests a synergistic effect of improved soil moisture availability and enhanced nutrient supply in the root zone. The low coefficient of variation indicates good experimental precision and stability of treatment effects.
Number of branches per plant
The number of branches per plant at harvest was significantly affected by the application of super absorbent polymer (SAP) and poultry manure in combination with RDF during both years of study and in the pooled analysis (Table 2). The lowest number of branches was recorded under the absolute control (T₁), while application of 100% RDF alone (T₂) resulted in a noticeable increase, indicating improved vegetative development with balanced nutrient supply. An incremental increase in branch number was observed with increasing levels of poultry manure (T₃ and T₄) and SAP (T₅ and T₈) when applied individually with RDF. This response was consistent across both seasons, with slightly higher values recorded during 2024 compared to 2023, reflecting more favourable growing conditions. Enhanced branching under these treatments may be attributed to improved nutrient availability and better soil moisture status, which support lateral shoot development. The combined application of SAP and poultry manure produced a further increase in the number of branches per plant. Treatments T₇, T₉, and T₁₀ consistently recorded significantly higher values in both years, with the maximum pooled mean (8.59 branches per plant) observed under T₁₀ (Table 2). The superior performance of these treatments suggests a synergistic effect of moisture conservation and organic nutrient supply, promoting sustained vegetative growth. The low coefficient of variation across seasons indicates good experimental precision and uniform treatment response.
Dry matter
Dry matter accumulation per plant at harvest was significantly influenced by the combined application of super absorbent polymer (SAP) and poultry manure along with RDF during both years of experimentation and in the pooled analysis (Table 3). The lowest dry matter accumulation was recorded under the absolute control (T₁), while application of 100% RDF alone (T₂) resulted in a marked increase, reflecting improved biomass production due to balanced nutrient supply. Individual application of poultry manure (T₃ and T₄) and SAP (T₅ and T₈) with RDF further enhanced dry matter accumulation compared to RDF alone. The response was consistent across both seasons, with slightly higher values observed during 2024, indicating favourable crop growth conditions. Enhanced dry matter production under these treatments may be attributed to improved soil moisture availability and nutrient uptake, supporting sustained photosynthetic activity. The combined application of SAP and poultry manure resulted in the highest dry matter accumulation. Treatments T₇, T₉, and T₁₀ recorded significantly higher values than individual applications, with the maximum pooled dry matter per plant (47.92 g) observed under T₁₀ (Table 3). This response suggests a synergistic effect of improved moisture retention and organic nutrient supply, leading to greater biomass accumulation. The low coefficient of variation across years indicates uniform treatment response and good experimental precision.
Number of nodules per plant
The number of nodules per plant at harvest was significantly influenced by the application of super absorbent polymer (SAP) and poultry manure in combination with RDF during both years of study and in the pooled analysis (Table 4). The lowest nodulation was observed under the absolute control (T₁), while application of 100% RDF alone (T₂) resulted in a substantial increase, indicating improved plant vigour and rhizosphere conditions. Individual application of poultry manure (T₃ and T₄) and SAP (T₅ and T₈) with RDF further enhanced nodulation compared to RDF alone. This trend was consistent across both seasons, with slightly higher nodule numbers recorded during 2024, suggesting favourable soil moisture and nutrient availability. Improved nodulation under these treatments may be attributed to better root development and enhanced microbial activity in the rhizosphere. The combined application of SAP and poultry manure resulted in the highest number of nodules per plant. Treatments T₇, T₉, and T₁₀ recorded significantly greater nodulation than individual applications, with the maximum pooled value (63.80 nodules per plant) observed under T₁₀ (Table 4). The synergistic effect of improved soil moisture retention and organic nutrient supply likely created favourable conditions for rhizobial activity and nodule formation. The low coefficient of variation across years indicates stable and reliable treatment responses.
Kernels Per Pods
The number of kernels per pod at harvest was significantly affected by the combined application of super absorbent polymer (SAP) and poultry manure, along with RDF during both years of experimentation and in the pooled analysis (Table 5). The lowest kernel number was observed under the absolute control (T₁), whereas application of 100% RDF alone (T₂) resulted in a notable improvement, indicating enhanced reproductive development with balanced nutrient supply. Application of poultry manure (T₃ and T₄) and SAP (T₅ and T₈) individually with RDF further increased kernels per pod compared to RDF alone. This response remained consistent across both seasons, with marginally higher values recorded during 2024, suggesting favourable growing conditions. Improved kernel formation under these treatments may be attributed to better assimilate availability during pod development. The combined application of SAP and poultry manure produced the highest number of kernels per pod. Treatments T₇, T₉, and T₁₀ recorded significantly superior values compared to individual applications, with the maximum pooled mean (1.99 kernels per pod) observed under T₁₀ (Table 5). The synergistic effect of improved soil moisture availability and enhanced nutrient supply likely supported efficient translocation of photosynthates to developing kernels. The low coefficient of variation indicates uniform treatment response and good experimental precision.
100-kernel weight (test weight)
The 100-kernel weight of groundnut at harvest was significantly influenced by the application of super absorbent polymer (SAP) and poultry manure in combination with RDF during both years of experimentation and in the pooled analysis (Table 6). The lowest test weight was recorded under the absolute control (T₁), while application of 100% RDF alone (T₂) resulted in a substantial improvement, indicating enhanced kernel development with balanced nutrient supply. Individual application of poultry manure (T₃ and T₄) and SAP (T₅ and T₈) with RDF further increased kernel weight compared to RDF alone. This trend was consistent across both seasons, with higher values generally recorded during 2024, reflecting improved assimilate availability during the kernel filling stage. The combined application of SAP and poultry manure resulted in the highest 100-kernel weight. Treatments T₇, T₉, and T₁₀ recorded significantly greater values than individual applications, with the maximum pooled mean (47.55 g) observed under T₁₀ (Table 6). The superior kernel weight under these treatments may be attributed to improved soil moisture retention and nutrient supply, which supported effective translocation of photosynthates to developing kernels. The low coefficient of variation indicates good experimental precision and consistent treatment response.
Kernel seed yield (kg ha-1)
Kernel seed yield of groundnut was significantly influenced by the application of super absorbent polymer (SAP) and poultry manure in combination with RDF during both years of study and in the pooled analysis (Table 7). The lowest yield was recorded under the absolute control (T₁), whereas application of 100% RDF alone (T₂) resulted in a substantial increase, reflecting improved crop productivity under balanced nutrient management. Individual application of poultry manure (T₃ and T₄) and SAP (T₅ and T₈) with RDF further enhanced kernel yield compared to RDF alone. Yield levels were consistently higher during 2024 than in 2023 across treatments, indicating more favourable growing conditions. Improved yield under these treatments may be attributed to enhanced vegetative growth, better nodulation, and improved kernel development. The combined application of SAP and poultry manure resulted in the highest kernel seed yield. Treatments T₇, T₉, and T₁₀ recorded significantly greater yields than individual applications, with the maximum pooled yield (2904.99 kg ha-¹) observed under T₁₀ (Table 7). The superior yield performance under combined treatments suggests a synergistic effect of improved soil moisture retention and nutrient availability, leading to enhanced assimilate production and translocation to developing kernels. The low coefficient of variation indicates high experimental precision and consistency of treatment effects.
Haulm yield
Haulm yield of groundnut was significantly affected by the application of super absorbent polymer (SAP) and poultry manure in combination with RDF during both years of experimentation and in the pooled analysis (Table 8). The lowest haulm yield was recorded under the absolute control (T₁), while application of 100% RDF alone (T₂) resulted in a notable increase, indicating improved vegetative biomass production under balanced nutrient supply. Individual application of poultry manure (T₃ and T₄) and SAP (T₅ and T₈) with RDF further enhanced haulm yield compared to RDF alone. Across treatments, haulm yield values were slightly higher during 2024 than in 2023, reflecting favourable growing conditions. Improved haulm production under these treatments may be attributed to enhanced plant height, branching, and dry matter accumulation. The combined application of SAP and poultry manure produced the highest haulm yield. Treatments T₇, T₉, and T₁₀ recorded significantly greater haulm yields than individual applications, with the maximum pooled yield (3114.48 kg ha-¹) observed under T₁₀ (Table 8). The superior performance of combined treatments suggests a synergistic effect of improved soil moisture availability and nutrient supply, resulting in enhanced vegetative growth. The low coefficient of variation indicates good experimental precision and consistent treatment responses.
Harvest Index
Harvest index of groundnut was significantly influenced by the application of super absorbent polymer (SAP) and poultry manure in combination with RDF during both years of study and in the pooled analysis (Table 9). The lowest harvest index was recorded under the absolute control (T₁), whereas application of 100% RDF alone (T₂) resulted in a marked improvement, indicating enhanced partitioning of assimilates towards economic yield. Individual application of poultry manure (T₃ and T₄) and SAP (T₅ and T₈) with RDF further increased the harvest index compared to RDF alone. Harvest index values were generally higher during 2024 than in 2023 across treatments, reflecting improved crop performance under favourable growing conditions. The combined application of SAP and poultry manure resulted in the highest harvest index. Treatments T₇, T₈, T₉, and T₁₀ recorded significantly higher values than individual applications, with the maximum pooled harvest index (48.25%) observed under T₁₀ (Table 9). The improved harvest index under combined treatments suggests more efficient conversion of total biomass into kernel yield due to balanced moisture availability and nutrient supply. The low coefficient of variation indicates good experimental precision and consistency of treatment effects.

Conclusion
It concluded that combined treatment of 100% RDF + SAP at 100 kg ha-¹ + poultry manure at 6 t ha-¹ consistently recorded superior performance, resulting in higher pooled plant height (61.10 cm), dry matter accumulation (47.92 g plant-¹), and nodulation (63.80 nodules plant-¹) compared to RDF alone and the untreated control. Yield improvement under integrated treatments was associated with enhanced reproductive efficiency, as evidenced by increased kernels per pod (1.99) and higher 100-kernel weight (47.55 g). Consequently, the highest pooled kernel seed yield (2904.99 kg ha-¹) and harvest index (48.25%) were achieved under the combined application of SAP and poultry manure, indicating more efficient partitioning of assimilates towards economic yield. These improvements were consistent across both seasons, with slightly higher values observed during 2024, reflecting stable treatment responses. Therefore, the combined use of SAP and poultry manure with RDF can be considered a viable and sustainable management strategy for enhancing groundnut productivity, particularly in moisture-limited agroecosystems.
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Table 1: Effect of different levels of super absorbent polymer and poultry manure conjugated with RDF (N: P: K) on plant height at crop harvest
	Treatments combinations
	Plant Height (cm)

	
	2023
	2024
	Pooled

	T1
	39.34
	35.78
	37.56

	T2
	51.35
	52.89
	52.12

	T3
	53.78
	54.87
	54.33

	T4
	55.82
	56.90
	56.36

	T5
	53.10
	55.28
	54.19

	T6
	53.95
	57.44
	55.70

	T7
	57.78
	60.71
	59.24

	T8
	54.12
	55.40
	54.76

	T9
	58.32
	60.98
	59.65

	T10
	59.02
	63.19
	61.10

	F-Test
	S
	S
	S

	SE(m)
	0.76
	0.67
	0.53

	SE(d)
	1.08
	0.95
	0.75

	CV (%)
	2.46
	2.09
	1.69


Note: T1 - Control; T2 -100% RDF + SAP 0% + PM 0%; T3 - 100% RDF + SAP 0% + PM 50%; T4 – 100% RDF + SAP 0% + PM 100%; T5 - 100% RDF + SAP 50% + PM 0%; T6 - 100% RDF + SAP 50% + PM 50%; T7 - 100% RDF + SAP 50% + PM 100%; T8 - 100% RDF + SAP 100% + PM 0%; T9 - 100% RDF + SAP 100% + PM 50%; and T10 - 100% RDF + SAP 100% + PM 100%.








Table 2: Effect of different levels of super absorbent polymer and poultry manure conjugated with RDF (N: P: K) on no. of branches per plant at harvest.
	Treatments combinations
	No. of Branches per Plant

	
	2023
	2024
	Pooled

	T1
	6.53
	6.12
	6.32

	T2
	7.45
	7.52
	7.48

	T3
	7.80
	7.91
	7.85

	T4
	7.98
	8.02
	8.00

	T5
	7.56
	7.65
	7.61

	T6
	7.90
	8.12
	8.01

	T7
	8.17
	8.28
	8.22

	T8
	7.62
	7.71
	7.66

	T9
	8.43
	8.52
	8.47

	T10
	8.50
	8.67
	8.59

	F-Test
	S
	S
	S

	SE(m)
	0.13
	0.13
	0.09

	SE(d)
	0.18
	0.18
	0.12

	CV (%)
	2.85
	2.79
	1.94


Note: T1 - Control; T2 -100% RDF + SAP 0% + PM 0%; T3 - 100% RDF + SAP 0% + PM 50%; T4 – 100% RDF + SAP 0% + PM 100%; T5 - 100% RDF + SAP 50% + PM 0%; T6 - 100% RDF + SAP 50% + PM 50%; T7 - 100% RDF + SAP 50% + PM 100%; T8 - 100% RDF + SAP 100% + PM 0%; T9 - 100% RDF + SAP 100% + PM 50%; and T10 - 100% RDF + SAP 100% + PM 100%.








Table 3: Effect of different levels of super absorbent polymer and poultry manure conjugated with RDF (N: P: K) on dry matter per plant at harvest
	Treatments combinations
	Dry Matter Per Plant (g)

	
	2023
	2024
	Pooled

	T1
	35.51
	33.38
	34.44

	T2
	41.28
	42.06
	41.67

	T3
	43.68
	44.32
	44.00

	T4
	44.78
	44.80
	44.79

	T5
	42.89
	42.86
	42.88

	T6
	44.24
	45.61
	44.92

	T7
	46.59
	47.12
	46.85

	T8
	44.22
	44.90
	44.56

	T9
	45.09
	45.81
	45.45

	T10
	47.27
	48.56
	47.92

	F-Test
	S
	S
	S

	SE(m)
	0.68
	0.50
	0.37

	SE(d)
	0.97
	0.71
	0.52

	CV (%)
	2.72
	1.98
	1.45


Note: T1 - Control; T2 -100% RDF + SAP 0% + PM 0%; T3 - 100% RDF + SAP 0% + PM 50%; T4 – 100% RDF + SAP 0% + PM 100%; T5 - 100% RDF + SAP 50% + PM 0%; T6 - 100% RDF + SAP 50% + PM 50%; T7 - 100% RDF + SAP 50% + PM 100%; T8 - 100% RDF + SAP 100% + PM 0%; T9 - 100% RDF + SAP 100% + PM 50%; and T10 - 100% RDF + SAP 100% + PM 100%.








Table 4: Effect of different levels of super absorbent polymer and poultry manure conjugated with RDF (N: P: K) on No. of nodules per plant at harvest
	Treatments combinations
	No. of Nodules Per Plant

	
	2023
	2024
	Pooled

	T1
	38.27
	35.14
	36.70

	T2
	55.23
	55.98
	55.60

	T3
	57.18
	58.03
	57.61

	T4
	59.55
	60.16
	59.85

	T5
	56.17
	56.84
	56.51

	T6
	58.92
	59.99
	59.45

	T7
	61.02
	62.67
	61.84

	T8
	58.28
	58.90
	58.59

	T9
	61.56
	62.18
	61.87

	T10
	63.53
	64.07
	63.80

	F-Test
	S
	S
	S

	SE(m)
	0.84
	1.08
	0.72

	SE(d)
	1.18
	1.53
	1.02

	CV (%)
	2.54
	3.27
	2.19


Note: T1 - Control; T2 -100% RDF + SAP 0% + PM 0%; T3 - 100% RDF + SAP 0% + PM 50%; T4 – 100% RDF + SAP 0% + PM 100%; T5 - 100% RDF + SAP 50% + PM 0%; T6 - 100% RDF + SAP 50% + PM 50%; T7 - 100% RDF + SAP 50% + PM 100%; T8 - 100% RDF + SAP 100% + PM 0%; T9 - 100% RDF + SAP 100% + PM 50%; and T10 - 100% RDF + SAP 100% + PM 100%.








Table 5: Effect of different levels of super absorbent polymer and poultry manure conjugated with RDF (N: P: K) on kernels per pods at harvest
	Treatments combinations
	Kernels per Pods

	
	2023
	2024
	Pooled

	T1
	1.12
	1.07
	1.09

	T2
	1.34
	1.42
	1.38

	T3
	1.58
	1.61
	1.59

	T4
	1.67
	1.70
	1.69

	T5
	1.48
	1.52
	1.50

	T6
	1.76
	1.79
	1.77

	T7
	1.89
	1.92
	1.91

	T8
	1.62
	1.64
	1.63

	T9
	1.87
	1.91
	1.89

	T10
	1.98
	2.01
	1.99

	F-Test
	S
	S
	S

	SE(m)
	0.02
	0.03
	0.02

	SE(d)
	0.03
	0.04
	0.02

	CV (%)
	2.31
	2.65
	1.73


Note: T1 - Control; T2 -100% RDF + SAP 0% + PM 0%; T3 - 100% RDF + SAP 0% + PM 50%; T4 – 100% RDF + SAP 0% + PM 100%; T5 - 100% RDF + SAP 50% + PM 0%; T6 - 100% RDF + SAP 50% + PM 50%; T7 - 100% RDF + SAP 50% + PM 100%; T8 - 100% RDF + SAP 100% + PM 0%; T9 - 100% RDF + SAP 100% + PM 50%; and T10 - 100% RDF + SAP 100% + PM 100%.









Table 6: Effect of different levels of super absorbent polymer and poultry manure conjugated with RDF (N: P: K) on 100 kernels at harvest
	Treatments combinations
	100 Kernels (Test Weight) (g)

	
	2023
	2024
	Pooled

	T1
	24.26
	22.12
	23.19

	T2
	32.80
	33.01
	32.91

	T3
	37.56
	39.78
	38.67

	T4
	41.29
	41.81
	41.55

	T5
	36.02
	36.34
	36.18

	T6
	40.29
	41.93
	41.11

	T7
	45.23
	46.44
	45.84

	T8
	41.22
	41.98
	41.60

	T9
	43.11
	45.89
	44.50

	T10
	46.67
	48.42
	47.55

	F-Test
	S
	S
	S

	SE(m)
	0.51
	0.58
	0.45

	SE(d)
	0.72
	0.82
	0.63

	CV (%)
	2.26
	2.54
	1.97


Note: T1 - Control; T2 -100% RDF + SAP 0% + PM 0%; T3 - 100% RDF + SAP 0% + PM 50%; T4 – 100% RDF + SAP 0% + PM 100%; T5 - 100% RDF + SAP 50% + PM 0%; T6 - 100% RDF + SAP 50% + PM 50%; T7 - 100% RDF + SAP 50% + PM 100%; T8 - 100% RDF + SAP 100% + PM 0%; T9 - 100% RDF + SAP 100% + PM 50%; and T10 - 100% RDF + SAP 100% + PM 100%.








Table 7: Effect of different levels of super absorbent polymer and poultry manure conjugated with RDF (N: P: K) on kernel seed yield at harvest 
	Treatments combinations
	Kernel Seed Yield (kg ha-1)

	
	2023
	2024
	Pooled

	T1
	863.70
	873.01
	868.35

	T2
	1843.75
	1899.73
	1871.74

	T3
	2111.32
	2289.34
	2200.33

	T4
	2320.99
	2406.17
	2363.58

	T5
	2074.76
	2141.37
	2108.06

	T6
	2314.78
	2463.07
	2388.93

	T7
	2592.47
	2722.62
	2657.55

	T8
	2517.06
	2615.95
	2566.50

	T9
	2623.30
	2840.97
	2732.13

	T10
	2823.41
	2986.57
	2904.99

	F-Test
	S
	S
	S

	SE(m)
	27.76
	32.31
	22.46

	SE(d)
	39.26
	45.69
	31.76

	CV (%)
	2.18
	2.41
	1.72


Note: T1 - Control; T2 -100% RDF + SAP 0% + PM 0%; T3 - 100% RDF + SAP 0% + PM 50%; T4 – 100% RDF + SAP 0% + PM 100%; T5 - 100% RDF + SAP 50% + PM 0%; T6 - 100% RDF + SAP 50% + PM 50%; T7 - 100% RDF + SAP 50% + PM 100%; T8 - 100% RDF + SAP 100% + PM 0%; T9 - 100% RDF + SAP 100% + PM 50%; and T10 - 100% RDF + SAP 100% + PM 100%.








Table 8: Effect of different levels of super absorbent polymer and poultry manure conjugated with RDF (N: P: K) on haulm yield at harvest 
	Treatments combinations
	Haulm Yield (kg ha-1)

	
	2023
	2024
	Pooled

	T1
	2308.15
	2169.70
	2238.93

	T2
	2683.20
	2733.90
	2708.55

	T3
	2839.20
	2880.80
	2860.00

	T4
	2910.70
	2912.00
	2911.35

	T5
	2787.85
	2785.90
	2786.88

	T6
	2875.60
	2964.65
	2920.12

	T7
	3028.35
	3062.80
	3045.57

	T8
	2874.30
	2918.50
	2896.40

	T9
	2930.85
	2977.65
	2954.25

	T10
	3072.55
	3156.40
	3114.48

	F-Test
	S
	S
	S

	SE(m)
	40.43
	52.35
	34.81

	SE(d)
	57.18
	74.03
	49.23

	CV (%)
	2.47
	3.17
	2.12


Note: T1 - Control; T2 -100% RDF + SAP 0% + PM 0%; T3 - 100% RDF + SAP 0% + PM 50%; T4 – 100% RDF + SAP 0% + PM 100%; T5 - 100% RDF + SAP 50% + PM 0%; T6 - 100% RDF + SAP 50% + PM 50%; T7 - 100% RDF + SAP 50% + PM 100%; T8 - 100% RDF + SAP 100% + PM 0%; T9 - 100% RDF + SAP 100% + PM 50%; and T10 - 100% RDF + SAP 100% + PM 100%.








Table 9: Effect of different levels of super absorbent polymer and poultry manure conjugated with RDF (N: P: K) on harvest index
	Treatments combinations
	Harvest Index (%)

	
	2023
	2024
	Pooled

	T1
	27.23
	28.69
	27.96

	T2
	40.73
	41.00
	40.86

	T3
	42.65
	44.28
	43.46

	T4
	44.36
	45.24
	44.80

	T5
	42.67
	43.46
	43.06

	T6
	44.60
	45.38
	44.99

	T7
	46.12
	47.06
	46.59

	T8
	46.69
	47.27
	46.98

	T9
	47.23
	48.83
	48.03

	T10
	47.89
	48.62
	48.25

	F-Test
	S
	S
	S

	SE(m)
	0.73
	0.60
	0.39

	SE(d)
	1.03
	0.85
	0.55

	CV (%)
	2.93
	2.36
	1.54


Note: T1 - Control; T2 -100% RDF + SAP 0% + PM 0%; T3 - 100% RDF + SAP 0% + PM 50%; T4 – 100% RDF + SAP 0% + PM 100%; T5 - 100% RDF + SAP 50% + PM 0%; T6 - 100% RDF + SAP 50% + PM 50%; T7 - 100% RDF + SAP 50% + PM 100%; T8 - 100% RDF + SAP 100% + PM 0%; T9 - 100% RDF + SAP 100% + PM 50%; and T10 - 100% RDF + SAP 100% + PM 100%.





