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Refining Fertilizer Requirements for Irrigated Redgram in Alfisols under Changing Moisture Regimes




Abstract
A field experiment was conducted during Kharif 2023 and kharif 2024 at Regional Agricultural Research Station, Palem, Nagarkurnool District, Telangana State, India to evaluate the effect of irrigation and nutrient management on growth, yield, economics and soil properties of redgram (Cajanus cajan L.) grown in Alfisols. The experiment consisted of two irrigation levels (rainfed and irrigated) and four fertilizer treatments, including farmers’ practice, RDF, RDF + 5 t FYM ha⁻¹, and 125% RDF + FYM. The pooled results over two years revealed that irrigation significantly increased plant height (168 cm), number of pods per plant (293), and seed yield (2089 kg ha⁻¹) compared to rainfed conditions (1578 kg ha⁻¹). Among fertilizer treatments, application of 125% RDF + 5 t FYM ha⁻¹ recorded the highest number of branches (14.1), pods per plant (313) and seed yield (2093 kg ha⁻¹) followed by RDF + FYM. Economic analysis indicated that irrigation resulted in higher gross returns (Rs. 142,030 ha⁻¹), net returns (Rs. 91,720 ha⁻¹), and benefit cost ratio (2.8). Among nutrient treatments, the highest net returns (Rs. 78,155 ha⁻¹) and B:C ratio (2.5) was recorded with 125% RDF + FYM. The study concludes that irrigation combined with integrated nutrient management, particularly higher fertilizer dose along with FYM, enhances productivity, profitability, and sustains soil health of redgram grown in Alfisols.
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1. Introduction
Redgram (Cajanus cajan L.), commonly known as pigeonpea, is an important pulse crop in India and plays a vital role in nutritional security as a major source of dietary protein. India is the largest producer and consumer of redgram in the world, cultivating it over an area of about 4.5–5.0 million hectares with a production of approximately 3.5–4.2 million tonnes during 2023–24. Despite its importance, the average productivity remains low (around 800–900 kg ha⁻¹), mainly due to its cultivation under rainfed conditions, poor soil fertility, and limited adoption of improved agronomic practices (Ministry of Agriculture & Farmers Welfare, 2024).
Telangana is one of the leading redgram growing states in India, with an area of about 8–10 lakh acres and production ranging between 6–8 lakh tonnes in recent years. The crop is predominantly grown in rainfed Alfisols and Vertisols, where moisture stress and nutrient deficiencies often limit productivity. However, with the expansion of irrigation facilities under major projects such as the Kalwakurthy Lift Irrigation Scheme, there is a gradual shift in cropping systems, offering new opportunities for improving redgram productivity under irrigated conditions (Directorate of Economics and Statistics Telangana, 2024).	Comment by N FAZILA: Can be included as grown in Alfisols and Vertisols under rainfed, where moisture stress…

Alfisols, which are widespread in Telangana, are characterized by low organic carbon, poor water holding capacity, and deficiencies of essential nutrients such as nitrogen and phosphorus. These constraints significantly affect redgram growth and yield. Integrated nutrient management practices involving the combined use of inorganic fertilizers and organic sources have been reported to improve soil fertility, nutrient availability, and crop productivity in pulses (Brady and Weil, 2017). Further, Singh et al. (2018) emphasized that balanced fertilization along with moisture management enhances nutrient use efficiency and yield of redgram under varying moisture regimes. Similarly, Patil et al. (2019) reported that integrated nutrient management improves soil health and sustains productivity of redgram in light-textured soils.	Comment by N FAZILA: Italics

The redgram area in Nagarkurnool district has recently come under assured irrigation with the implementation of the Kalwakurthy Lift Irrigation Scheme. Consequently, redgram cultivation in this region has shifted from predominantly rainfed to irrigated conditions. However, most farmers continue to follow fertilizer recommendations that were originally developed for rainfed redgram, which may not be suitable under the changed moisture regime. Irrigation significantly alters nutrient dynamics, enhances nutrient uptake, and increases crop yield potential, thereby necessitating a reassessment of fertilizer requirements. 	Comment by N FAZILA: Delete s

Alfisols in this region are inherently low in organic carbon and available nutrients, requiring balanced fertilization for optimal productivity. Studies by Subba Rao, 2016 and Reddy, 2017 reported that improved nutrient management under irrigated conditions significantly enhances redgram yield and nutrient use efficiency. Similarly, Singh et al. (2018) emphasized that fertilizer recommendations must be revised when shifting from rainfed to irrigated systems due to changes in crop response and nutrient demand. Further, Patil et al. (2019) and Brady and Weil (2017) highlighted the importance of integrated nutrient management in improving soil fertility and sustaining redgram productivity in light-textured soils. Therefore, it is essential to optimize fertilizer doses for irrigated redgram grown in Alfisols to harness its full yield potential. In this context, the present experiment was undertaken to evaluate suitable nutrient management practices for maximizing productivity and profitability of irrigated redgram.	Comment by N FAZILA: Subba Rao et al,      Reddy et al?

2. Materials and Methods	Comment by N FAZILA: Delete s

The field experiment was conducted for two consecutive years (Kharif 2023 and Kharif 2024) at the Regional Agricultural Research Station, Palem located in Nagarkurnool district of Telangana State, India. The region falls under a semi-arid tropical climate with hot summers and moderate rainfall. The experimental site recently came under assured irrigation through the Kalwakurthy Lift Irrigation Scheme.
The initial soil properties of the experimental field indicated that the soil was slightly acidic in reaction with a pH of 6.98 and non-saline in nature, as reflected by the low electrical conductivity (0.278 dS m⁻¹). The organic carbon content was low (0.23%), suggesting poor organic matter status typical of Alfisols. The available nitrogen content (176 kg ha⁻¹) was low, while available phosphorus (52.42 kg ha⁻¹) was in the medium range and available potassium (328 kg ha⁻¹) was high. Overall, the soil fertility status indicated deficiencies in organic carbon and nitrogen, highlighting the need for balanced nutrient management through integrated use of organic and inorganic sources to sustain crop productivity and soil health.
The experiment was laid out in a split-plot design with two main treatments and five sub-treatments, replicated thrice. The main treatments consisted of two irrigation levels, viz., rainfed (I₀) and irrigated (I₁). The sub-treatments comprised five fertilizer levels: T₁ – farmers’ practice, T₂ – 100 % RDF for rainfed crop (RDF), T₃ – 100% RDF of rainfed crop + 5 t FYM ha⁻¹, T₄ – 125% RDF of rainfed crop + 5 t FYM ha⁻¹.
Redgram was grown using a variety TDRG 59 (Telangana Kandi 3) suitable for the region under both irrigated and rainfed conditions. Sowing was carried out at appropriate spacing following standard agronomic practices. Farmyard manure (FYM) was applied as per treatment before sowing and incorporated into the soil. Irrigation was provided at critical growth stages in irrigated plots, whereas rainfed plots depended solely on rainfall. All intercultural operations, weed management, and plant protection measures were uniformly followed across treatments.
Observations were recorded on seed yield and growth parameters. Post harvest soil samples were analysed for different physico-chemical and chemical properties. The cost of cultivation, gross returns, and net returns were computed based on prevailing input and output prices. The benefit-cost (B:C) ratio was calculated as the ratio of gross returns to cost of cultivation. The experimental data were subjected to analysis of variance (ANOVA) appropriate for a split-plot design as described by Panse and Sukhatme (1985). Standard error of mean (SEm±) and critical difference (CD) values were calculated for comparison of treatment means (Gomez and Gomez, 1984).	Comment by N FAZILA: Delete

3. Results and Discussion
3.1 Amount of nutrients applied under different treatments
The nutrient schedule followed under different treatments for redgram varied in terms of fertilizer dose and organic manure application (Table 1). The farmers’ practice (T₁) involved application of 22.5 kg N and 57.5 kg P₂O₅ ha⁻¹ without potassium or organic manure. The 100% recommended dose for rainfed crop (T₂) included 20 kg N and 50 kg P₂O₅ ha⁻¹, while T₃ comprised the same RDF supplemented with 5 t FYM ha⁻¹, providing an additional source of organic nutrients and improving soil physical properties. The treatment (T₄) involved a 125% RDF included increased nitrogen dose (25 kg N ha⁻¹) along with 62.5 kg P₂O₅ ha⁻¹ and 5 t FYM ha⁻¹, representing the refined schedule for irrigated conditions. Potassium was not applied in any of the treatments, considering its sufficient availability in the soil. The inclusion of FYM in T₃ and T₄ was aimed at enhancing soil organic carbon, nutrient availability, and overall soil health, thereby improving crop response under both rainfed and irrigated conditions.	Comment by N FAZILA: The sentence can be recasted

Table 1: Amount of nutrients applied under different treatments 

	Treatments 
	Nutrients applied (kg ha-1)

	
	N
	P2O5
	K2O
	FYM

	T1
	Farmers’ Practice 
	22.5
	57.5
	0
	0

	T2
	100% RDF 
	20
	50
	0
	0

	T3
	100 % RDF + 5 t FYM ha-1
	20
	50
	0
	5000

	T4
	125% RDF + 5 t FYMha-1
	25
	62.5
	0
	5000



3.2 Effect of Irrigation on Growth and Yield of Redgram
The pooled analysis over two years revealed that irrigation significantly influenced growth and yield parameters of redgram (Table 2). The irrigated treatment (I₁) recorded significantly higher plant height (168 cm) and number of pods per plant (293) compared to rainfed conditions (147 cm and 268, respectively), as evidenced by significant CD values. Although the number of branches per plant increased under irrigation (14.1) compared to rainfed (11.2), the difference was non-significant.
Seed yield was significantly higher under irrigation (2089 kg ha⁻¹) compared to rainfed conditions (1578 kg ha⁻¹), indicating a substantial yield advantage. However, stalk yield differences were non-significant. The increase in growth and yield under irrigation can be attributed to improved soil moisture availability, which enhances nutrient uptake, photosynthetic efficiency, and reproductive development, leading to increased pod formation and seed filling.
These findings are in agreement with Singh et al. (2018), who reported significant improvement in growth and yield of redgram under irrigated conditions. Similarly, Kumar et al. (2020) observed enhanced productivity of pulse crops due to better moisture availability and nutrient utilization.
3.3 Effect of Fertilizer Treatments on Growth and Yield
Fertilizer treatments significantly influenced number of branches per plant, number of pods per plant, and seed yield, whereas plant height and stalk yield were not significantly affected (Table 2). The treatment T₄ (125% RDF + 5 t FYM ha⁻¹) recorded the highest number of branches (14.1) and pods per plant (313), which were significantly superior to other treatments.
[bookmark: _GoBack]Seed yield was also highest in T₄ (2093 kg ha⁻¹), followed by T₃ (1867 kg ha⁻¹), both being significantly superior to farmers’ practice (T₁: 1630 kg ha⁻¹). The enhanced performance of T₄ can be attributed to higher nutrient availability due to increased fertilizer dose along with FYM application. The incorporation of FYM likely improved soil structure, moisture retention, microbial activity, and nutrient mineralization, thereby enhancing crop growth and yield attributes.
Although 100% RDF (T₂) improved yield over farmers’ practice, the integration of FYM (T₃ and T₄) further enhanced productivity, highlighting the importance of integrated nutrient management. These results are in conformity with Subba Rao (2016), who reported that combined application of organic and inorganic sources improves nutrient availability and crop yield. Similarly, Pawar (2016) observed higher yield attributes and productivity in redgram with integrated nutrient management practices.
The interaction between irrigation and fertilizer treatments was found to be non-significant for all growth and yield parameters, indicating that the response of redgram to fertilizer treatments was consistent across both moisture regimes. This suggests that while irrigation enhances overall crop performance, the relative effectiveness of fertilizer treatments remains similar under both irrigated and rainfed conditions. Similar findings were reported by Reddy et al. (2017), who observed independent effects of irrigation and nutrient management on pulse crops.
Irrigation significantly improved growth and seed yield of redgram, while application of 125% RDF along with 5 t FYM ha⁻¹ proved most effective in enhancing yield attributes and productivity. Integrated nutrient management practices are essential for maximizing redgram yield under both irrigated and rainfed conditions.




Table 2: Growth parameters and yield of redgram under different treatments (Pooled over two years)
	Treatments
	Plant height (cm)
	No. of branches/
plant 
	No. of pods/
plant
	Seed yield 
(kg ha-1) 
	Stalk yield
 (kg ha-1) 

	Main treatments (I)

	I0- Rainfed
	147
	11.2
	268
	1578
	5182

	I1- Irrigation 
	168
	14.1
	293
	2089
	5786

	SEm±
	2
	0.85
	4
	79
	136

	CD (0.05)
	13
	NS
	24
	220
	NS

	Sub Treatments –Fertilizers (T)

	T1-  Farmers’ Practice 
	151
	11.2
	265
	1630
	5176

	T2-  100% RDF 
	152
	11.6
	264
	1743
	5231

	T3-  100 % RDF + 5 t FYM ha-1
	163
	13.7
	279
	1867
	5442

	T4-  125% RDF + 5 t FYMha-1
	164
	14.1
	313
	2093
	6087

	SEm±
	3.7
	0.6
	10
	62
	241

	CD (0.05)
	NS
	1.8
	32
	194
	NS

	I X T 
	NS
	NS
	NS
	NS
	NS



3.4 Economics of Redgram 
3.4.1 Effect of Irrigation
The economic analysis revealed that irrigation significantly improved profitability of redgram cultivation (Table 3). The irrigated treatment (I₁) recorded higher gross returns (Rs. 142,030.5 ha⁻¹), net returns (Rs. 91,720.5 ha⁻¹), and benefit cost (B:C) ratio (2.8) compared to rainfed conditions (I₀), which recorded gross returns of Rs. 109,537.5 ha⁻¹, net returns of Rs. 61,227.5 ha⁻¹ and a B:C ratio of 2.2.
The higher returns under irrigation can be attributed to increased seed yield due to better moisture availability and enhanced nutrient uptake. Although the cost of cultivation was slightly higher in irrigated plots, the substantial yield advantage resulted in greater net returns and economic efficiency. These findings are in line with Yadav et al. (2016), who reported higher profitability of redgram under irrigated conditions. Similarly, Kumar et al. (2020) observed improved economic returns due to increased productivity under assured moisture conditions.
3.4.2 Effect of Fertilizer Treatments
Among fertilizer treatments, T₄ (Rabi RDF + 5 t FYM ha⁻¹) recorded the highest gross returns (Rs. 131,725.5 ha⁻¹), net returns (Rs. 78,155.5 ha⁻¹), and B:C ratio (2.5), followed by T₃ (RDF + 5 t FYM ha⁻¹). The higher profitability under T₄ was mainly due to increased yield resulting from higher nutrient application along with FYM (Table 3).
Although the cost of cultivation was relatively higher in treatments receiving FYM (T₃ and T₄), the yield advantage compensated for the additional cost, resulting in higher net returns. Farmers’ practice (T₁) recorded lower net returns despite a moderate B:C ratio, indicating suboptimal nutrient management. RDF alone (T₂) improved returns compared to farmers’ practice, but integration with FYM further enhanced economic benefits.
The superiority of integrated nutrient management in improving economic returns has been well documented. Patil et al. (2019) reported higher net returns and B:C ratio with combined use of organic and inorganic fertilizers. Similarly, Pawar (2016) highlighted that integrated nutrient management improves nutrient use efficiency and profitability in pulse crops.
The interaction effect between irrigation and fertilizer treatments was not analyzed statistically; however, the overall trend indicated that both irrigation and integrated nutrient management independently contributed to improved economic returns. Similar observations were reported by Singh et al. (2017), who noted that irrigation and nutrient management exert independent effects on crop profitability.

Table 3: Economics of redgram (Pooled over two years)
	Treatments
	Economics (Rs.)

	
	COC
(Rs/-)
	Gross Returns
	Net Returns
	BC Ratio

	Main treatments - Irrigation
	
	
	
	

	I0- Rainfed
	48310
	109537.5
	61227.5
	2.2

	I1- Irrigation 
	50310
	142030.5
	91720.5
	2.8

	Sub treatments - Fertilizers
	
	
	
	

	T1-  Farmers’ Practice 
	48800.5
	114737.5
	65938
	2.3

	T2-  100% RDF 
	48310
	121245
	72935
	2.1

	T3-  100 % RDF + 5 t FYM ha-1
	53310
	126108.5
	72798.5
	2.3

	T4-  125% RDF + 5 t FYMha-1
	53570
	131725.5
	78155.5
	2.5



3.5 Post-Harvest Soil Nutrient Status of Redgram
The pooled analysis indicated that irrigation and fertilizer treatments also did not significantly affect soil pH, EC, OC, and available nutrient status, although noticeable trends were observed (Table 4). The minor improvements in soil nutrient status under irrigation may be attributed to enhanced microbial activity and increased mineralization of organic matter due to better soil moisture conditions. Nevertheless, the non-significant differences suggest that irrigation alone did not markedly alter soil chemical properties in the short term. These findings are in accordance with Singh et al. (2018), who reported minimal changes in soil properties due to irrigation in pulse-based systems.
The interaction between irrigation and fertilizer treatments was found to be non-significant for all soil parameters, indicating that the effect of fertilizer treatments on soil properties was consistent under both irrigated and rainfed conditions. This suggests independent effects of irrigation and nutrient management on soil fertility. Similar observations were reported by Loganathan et al. (2017). The results indicated that neither irrigation nor fertilizer treatments significantly altered post-harvest soil chemical properties in the short term. However, integrated nutrient management practices involving RDF combined with FYM showed a positive trend in maintaining soil organic carbon and available nutrient status.
Table 4: Post harvest soil nutrient status of redgram under different treatments (Pooled over two years)

	Treatments
	pH 
	EC     (dSm-1) 
	OC 
(%) 
	(kg ha-1)

	
	
	
	
	N 
	P2O5 
	K2O 

	Main treatments (I)

	I0- Rainfed
	7.18
	0.303
	0.36
	178
	52.37
	377

	I1- Irrigation
	7.20
	0.323
	0.38
	186
	52.87
	373

	SEm±
	0.13
	0.01
	0.02
	5.6
	2.23
	3

	CD (0.05)
	NS
	NS
	NS 
	NS
	NS
	NS

	Sub Treatments –Fertilizers (T)

	T1-  Farmers’ Practice 
	7.21
	0.305
	0.38
	180
	48.50
	383

	T2-  RDF 
	7.31
	0.311
	0.37
	174
	53.30
	381

	T3-  RDF+5 t FYM ha-1
	7.06
	0.302
	0.39
	186
	54.27
	369

	T4-  Rabi RDF+5 t FYM ha-1
	7.17
	0.334
	0.33
	188
	54.42
	367

	SEm±
	0.17
	0.031
	0.02
	8.6
	1.90
	11

	CD (0.05)
	NS 
	NS 
	NS 
	NS 
	NS 
	NS

	Interaction (I X T) 
	NS 
	NS 
	NS 
	NS 
	NS 
	NS


[image: C:\Users\kvk\Desktop\WhatsApp Image 2022-03-03 at 8.39.41 PM (1).jpeg]
Fig 1. Overall view of the experimental field
4. Conclusion
Based on the pooled analysis of two years, it can be concluded that irrigation significantly enhances redgram yield and economic returns compared to rainfed conditions. Among nutrient management practices, application of 125% RDF in combination with 5 t FYM ha⁻¹ proved most effective in improving seed yield and profitability. Integrated nutrient management practices not only increased productivity but also improved economic viability over conventional farmer practices.  Therefore, adoption of higher fertilizer doses along with organic amendments is recommended to achieve optimum productivity and profitability of redgram grown in Alfisols under irrigated conditions.
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