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Periodical assessment of growth attributes by applied, residual phosphorous and defoliants and their effects on economics of pigeonpea-maize cropping system under rainfed areas of Telangana state
Abstract:
A field trial was carried out at College Farm, Professor Jayashankar Telangana Agricultural University, Rajendranagar, Hyderabad, in 2016-17 and 2017-18 to assess applied phosphorus, residual phosphorus and defoliant use effects on pigeonpea-maize cropping systems. The study included phosphorus levels and defoliant (i.e Defoliant (urea) spray @10% at physiological maturity stage) treatments to evaluate effects on growth parameters, yield and economics. The findings of the study indicated T2 (20:50:0 N:P2O5:K2O kg ha-1) produced the superior growth parameters, yield, and economics over the two years. T2 had the greatest plant height at 30, 60, 90 DAS and at harvest, number of branches per plant and leaf area index. The highest seed yield (1567 kg ha-1 in 2016 and 1605 kg ha-1 in 2017) and stalk yield (5944 kg ha-1 and 6149 kg ha-1 respectively) were obtained at T2 followed by T4 (20:75:0 :P2O5:K2O kg ha-1) in pigeonpea. The highest grain yields (7329 kg ha-1 and 7498 kg ha-1 respectively) in maize during the rabi season were obtained from 75 kg P ha-1 + defoliant treatment followed closely by 50 kg P ha-1 + defoliant treatments. Stover yields followed a similar trend which indicates there was a benefit to applying phosphorus and using defoliant to maximize crop production.When phosphorus and a defoliant are used, it enhances the growth of pigeonpeas and maize, compared to when neither were used, further enhances profitability, and indicated a positive response in the pigeonpea-maize cropping system. 
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Introduction:

India boasts the largest pulse cultivation area globally, yet faces significant challenges in achieving high productivity and meeting per capita food requirements. Pigeonpea, cultivated across 40.68 lakh hectares, yields 33.12 lakh tonnes annually with a productivity of 814 kg/ha. This low yield is attributed to cultivation on marginal lands and inadequate fertilization practices, compounded by mineral nutrient deficiencies, especially in nitrogen fixation facilitated by legume- rhizobium symbiosis, which further diminishes legume productivity.

Phosphorus stands out as a critical plant nutrient essential for sustaining life cycles. In legumes, phosphorus plays a role as crucial as nitrogen does in cereals, influencing key physiological processes (Ae et al., 1990). Notably, adequate phosphorus nutrition in legumes enhances nitrogen fixation through symbiosis, ensuring a balanced nutrient supply crucial for optimal growth, flowering, and the synthesis of vital compounds like fats and starches. The integration of phosphorus into plant metabolism is pivotal for energy transformation, highlighting its indispensable role in enhancing crop vigor and productivity, particularly in pigeonpea (Hinsinger et al., 2001) 

Managing phosphorus in agriculture presents multifaceted challenges due to its complex interactions with soil components and environmental considerations. Factors such as soil pH, organic matter content, and competing ions significantly influence phosphorus availability and uptake by plants. Effective nutrient management strategies are imperative to optimize phosphorus use efficiency, ensuring sustainable crop production while mitigating environmental impacts such as nutrient runoff and water pollution (Osmond et al., 2019).

Inclusion of pigeonpea in cropping system add additional advantage that the pigeonpea retain substantial amount of green foliage at maturity, which may serve a valuable organic input if defoliated and incorporated into the soil. Much of the nitrogen retained in the vegetative parts confined to green leaves, which contain about 4% N (Sheldrake and Narayanan, 1979), defoliation and subsequent incorporation of these retained leaves at maturity may enhance the residual benefit to a subsequent cereal crop. Earlier studies underlined the significance of induced defoliation in pigeonpea imposed by foliar spray of 10% urea solution at physiological maturity in improving subsequent wheat yields, economizing fertilizer, and augmenting soil organic carbon (SOC) and mineral-N content (Chauhan et al., 2004). The benefits of inclusion of pigeonpea in cropping systems were further established in the crop diversification studies, wherein SOC contents and wheat yield were significantly greater under pigeonpea–cereal system compared with the rice–wheat system (Singh et al., 2005).

Addressing phosphorus deficiency emerges as a critical priority for enhancing pigeonpea productivity in India. By improving phosphorus availability through targeted fertilization techniques and innovative agronomic practices, farmers can optimize yields sustainably. This approach not only supports food security goals by increasing crop output but also promotes agricultural sustainability, ensuring the resilience of farming systems amid changing climatic conditions and resource constraints. Ultimately, enhancing phosphorus management in pigeonpea cultivation holds the key to achieving agricultural resilience, food security, and economic prosperity in India. We, therefore, undertook the present investigation with the applied and residual phosphorus and defoliants under pigeonpea-maize cropping system on alfisols of Telangana state, India. 
Material and methods:

A comprehensive field experiment was conducted at the College Farm, College of Agriculture, Rajendranagar, Hyderabad, Southern Telangana, India to assess the production potential of the pigeonpea- maize cropping system. The study, spanning both kharif and rabi seasons in 2016-17and 2017-18, investigated the impact of applied and residual phosphorus, along with defoliant application. The experimental site featured sandy clay loam soil with a pH of 7.6, electrical conductivity of 0.60 dSm-1, low organic carbon content (0.53), deficient available nitrogen (238.74 kgha-1), medium phosphorus (64.06 kg ha-1), and high potassium (388.6 kg ha-1). For kharif pigeonpea in 2016 and 2017, the experiment employed a Randomized Block Design with seven treatments, including various combinations of phosphorus levels and defoliant treatments. The treatments were as follows: T1 Control (0NPK), T2 RDF (20:50:0 N:P2O5:K2O kg ha-1), T3 20:25:0 N:P2O5:K2O, T4 20:75:0 N:P2O5:K2O, T5 20:25:0 N:P2O5:K2O + Defoliant, T6 20:50:0 N:P2O5:K2O + Defoliant, and  T7 20:75:0 N:P2O5:K2O +Defoliant (i.e Defoliant (urea) spray @ 10% at physiological maturity stage). Subsequently, in the rabi season, the experiment adopted a split-plot design with seven residual treatments from the preceding pigeonpea crop as main plots. Each main plot was further divided into three sub-treatments, representing 50%, 75%, and 100% Recommended Dose of Phosphorus (RDP), with three replications for maize during rabi 2016-2017 and 2017-18.
   Growth parameters of pigeonpea, namely:
Plant Height: The heights of ten designated plants per net plot were periodically recorded at intervals of 30, 60, 90 DAS, and at harvest. Measurement involved determining the distance from ground level to the highest point of growth, averaged and expressed in centimeters per plant.
Number of branches plant-1: The total branches emerging from each of the ten designated plants within the net plot were counted and averaged to establish the branches plant-1.
Seed Yield: Seed yield from each net plot was meticulously sun-dried, weighed, and expressed in kg ha-1.
Stalk Yield: Similarly, stalk yield from each net plot was sun-dried, weighed, and expressed in kg ha-1.
Gross Monetary Returns (Rs ha-1): Gross monetary returns (GMR) were computed by multiplying the grain and stover yields with their respective prevailing market prices, based on Perin et al. (1979).
Net Returns (Rs ha-1): Net returns were calculated by deducting the cultivation costs from the gross returns for each treatment.
Economics and Benefit Cost Ratio (B: C ratio): Gross returns and net returns given and the benefit-cost ratio was determined by dividing the net returns by the cost of cultivation for each treatment.
Statistical Analysis: Statistical analyses were conducted for the data recorded on various characteristics of the pigeonpea and maize crops. For pigeonpea, the data followed a randomized block design, with treatment differences assessed using analysis of variance. Significant differences (F-test) prompted the calculation of critical differences at a five percent probability level, alongside mean parameter values.
Results and Discussion
Growth parameters:

Data presented in Table 1 revealed that application of 50 kg P2O5 ha-1 (T2) significantly increased pigeonpea plant height during both 2016 and 2017. Heights were 36.02, 80.31, 137.87, and 151.67 cm (2016) and 39.67, 83.47, 143.67, and155 cm (2017) at 30, 60,90 DAS and at harvest respectively in both the years. This improvement was substantial over 25 kg P2O5 ha-1 (T3) and control (T1) heights, while statistically similar to 75 kg P2O5 ha-1 (T4) at 30, 60, 90 and harvest stages. The enhancement in pigeonpea growth with phosphorus application can be attributed to its pivotal role in physiological processes such as root development, photosynthesis, energy transfer, and symbiotic nitrogen fixation (Jat and Ahlawat, 2003). These findings align with Mir et al. (2013) and Malik et al. (2013).

The number of branches plant-1 (Table 2) increased gradually with crop age for all treatments up to the harvest stage during both experimental years. Application of 50 kg P2O5 ha-1 (T2) recorded significantly more branches plant-1 over 25 kg P2O5 ha-1 (T3) and control (T1), being comparable to 75 kg P2O5 ha-1 (T4) at different growth stages. Phosphorus's role in nutrient availability and uptake contributed to increased photosynthesis, assimilate translocation, and enhanced growth of primary and secondary branches. Similar results were reported by Mahetale and Kushwaha (2011), Kumar et al. (2012), Singh and Singh (2012), Malik et al. (2013), and Singh et al. (2014).

Various phosphorus levels significantly increased leaf area index (Table 3) at 30, 60, 90 DAS, and harvest during both study years. Maximum LAI was recorded with the application of 50 kg P2O5 ha-1 (T2) (0.25, 0.94, 2.64 and 2.43 during 2016) and (0.30, 0.96, 3.00 and 2.58 during 2017) surpassing levels from 25 kg P2O5 ha-1 (T3) (0.21, 0.65, 1.98 and 1.67 during 2016) and (0.23, 0.73, 2.39 and 2.04 during 2017) and control (T1) (0.16, 0.50, 1.50 and 1.13 during 2016) and (0.19, 0.60, 1.72 and 1.54 during 2017), but comparable to 75 kg P2O5 ha-1 (T4) 0.24, 0.84, 2.46 and 2.25 during 2016) and (0.30, 0.91, 2.96 and 2.48 during 2017) at 30, 60, 90 DAS and at harvest, respectively during both the years of experimentation. Phosphorus's major role in early root and shoot formation contributed to increased branches and leaves. These findings are consistent with Singh and Singh (2012) and Malik et al. (2013).
Seed Yield (Kg ha-1)

Data on seed yield (kg ha-1) of pigeonpea crop (Table 4 and Fig 1) under various treatments was examined, revealing a significant impact of phosphorus levels on seed yield compared to the control throughout the study period (2016 and 2017). The application of phosphorus exhibited a noteworthy increase in seed yield. Notably, the highest grain yield was observed with the application of 50 kg P2O5 ha-1 (T2), recording 1567 kg ha-1 and 1605 kg ha-1 for 2016 and 2017, respectively. This represented a substantial improvement, showing a 23% and 20% increase compared to the grain yield from the application of 25 kg P2O5 ha-1 (T3) (1206 kg ha-1 and 1272 kg ha-1, respectively during both the years of study) and the yield in control (T1) plot recorded lowest (1048 kg ha-1and 1117 kg ha-1) over both years of experimentation.

Furthermore, the application of 75 kg P2O5 ha-1 (T4) demonstrated comparable grain yields to the application of 50 kg P2O5 ha-1 (T2). Phosphorus emerged as a key factor influencing higher yields by stimulating root development, energy transformation, and metabolic processes in plants. This, in turn, led to increased translocation of photosynthates towards sink development, resulting in higher seed yields. These findings align closely with the conclusions of Singh and Sekhon (2007), Singh and Yadav (2008), Deshbhratar et al. (2010), Malik et al. (2013), Kumar and Singh (2014), and Singh et al. (2014).
Stalk Yield (Kg ha-1)

The data reveals a significant rise in pigeonpea stalk yield (Table 4 and Fig 2) with increased phosphorus levels compared to the control across the study period (2016 and 2017). The highest stalk yield was notably observed with 50 kg P2O5 ha-1 (T2), reaching 5944 kg ha-1 and 6149 kg ha-1 in 2016 and 2017, respectively. This marked an appreciable increase over the stalk yield from 25 kg P2O5 ha-1 (T3) (4835 kg ha-1 and 5376 kg ha-1, respectively) and the control (T1) (4287 kg ha-1 and 4698 kg ha-1), but was comparable to 75 kg P2O5 ha-1 (T4) (5703 kg ha-1 and 6112 kg ha-1 in 2016 and 2017). The rise in pigeonpea stalk yield with higher phosphorus levels is attributed to increased biomass production and subsequent phosphorus accumulation, playing a crucial role in symbiotic N2 fixation and stimulating plant growth. Similar findings were reported by Mahetele and Kushwaha (2011), Kumar and Singh (2014).
Economics (Rs ha-1)
The economic viability of pigeonpea cultivation underwent significant modulation owing to phosphorus management strategies. Notably, superior financial outcomes were observed with the application of 50 kg P2O5 ha-1 (T2) during the years 2016 and 2017, evidenced by higher gross returns (Rs 88165 ha-1 and Rs 90306 ha-1) i.e., 23% and 20 % increase in comparison with treatment T2 respectively during both the years of study. While net returns recorded (Rs 62065 ha-1 and Rs 64206 ha-1) i.e., 31% and 28% increase in comparison with treatment T2 respectively during both the years of study, and benefit-cost ratio (2.38 and 2.46), i.e This performance was comparable to that achieved with 75 kg P2O5 ha-1 (T4) (Rs 85989 ha-1 and Rs 88368 ha-1), (Rs 58201 ha-1 and Rs 60580 ha-1), and (2.09 and 2.18), respectively. Conversely, the lowest financial metrics were observed under the control treatment (T1) (Rs 49403 ha-1 and Rs 51296 ha-1), (Rs 26603 ha-1 and Rs 28496 ha-1), and (1.17 and 1.25) during 2016 and 2017, respectively (Table 5). The superior net returns and benefit-cost ratio associated with the application of 50 kg P2O5 ha-1 (T2) were primarily attributed to reduced cultivation costs and elevated yields across both experimental years. These findings corroborate with previous studies by Gupta and Sharma (2006) in urdbean, Singh and Yadav (2008) in pigeonpea, and Sharma and Prasad (2009) in mungbean, thereby reinforcing the efficacy of phosphorus management practices in bolstering the economic sustainability of legume cultivation.     
Grain Yield and Effects of Residue Incorporation and Fertilization on Maize Performance
Over both years, the highest grain yield was recorded with 20:75:0 + Defoliant (T7) at             7329 kg ha-1 and 7498 kg ha-1, followed by 20:50:0 + Defoliant (T6) at 6956 kg ha-1 and 7116 kg ha-1. Both treatments significantly outperformed the others applied to the preceding pigeonpea crop.
Residue incorporation likely improved soil nutrient release and ensured a continuous nitrogen supply throughout maize growth. Decomposition and mineralization of residues may have synchronized with early growth stages, enhancing maize performance compared to no residue incorporation. These findings align with Nooli (2001), Dasaraddi et al. (2002), Tiwari et al. (2004), and Shafi et al. (2007).
Influence of Phosphorus Fertilization on Maize Grain Yield
Phosphorus application significantly impacted maize yield. The highest yield was observed with 100% RDP (S3) at 6715 kg ha-1 and 6995 kg ha-1, outperforming 75% RDP (S2) (6153 kg ha-1 and 6329 kg ha-1) and 50% RDP (S1) (5224 kg ha-1 and 5369 kg ha-1). Higher phosphorus levels improved plant height, leaf area index (LAI), and biomass, reflecting better nutrient uptake and yield potential. These results align with findings by Manimaran and Poonkodi (2009), Arya and Singh (2001), and Nair (2000).
Interaction between Residual Treatments and Fertilizer Levels
The T7S3 combination (8730 kg ha-1 and 8932 kg ha-1) produced the highest yield, statistically on par with T6S3 (8059 kg ha-1 and 8224 kg ha-1). Higher yields were attributed to residue incorporation, which improved soil fertility, conserved moisture, and reduced nitrogen volatilization losses, enhancing nitrogen uptake. These findings are supported by Alfred (2009), Egbe and Ali (2010), Svubure et al. (2010), Talebbeigi and Ghadiri (2012), Fabunmi and Agbonlahor (2012), and Usman et al. (2013).
Stover Yield and Influence of Fertilization on Maize Growth
Across both years, the highest stover yield was recorded with 20:75:0 + Defoliant (T7) at 10,260 kg ha-1 and 10,782 kg ha-1, followed by 20:50:0 + Defoliant (T6) at 10,018 kg ha-1 and 10,571 kg ha-1. Both treatments significantly outperformed the others applied to the preceding pigeonpea crop.
Fertilizer levels also had a significant impact on stover yield. The highest yield was observed with 100% RDP (S3) at 9,786 kg ha-1 and 10,355 kg ha-1, surpassing 75% RDP (S2) (9,287 kg ha-1 and 9,821 kg ha-1 and 50% RDP (S1) (8,285 kg ha-1 and 8,723 kg ha-1). Increased plant height, green leaves, LAI, and dry matter accumulation contributed to higher stover yield. Greater phosphorus and potassium uptake improved photosynthetic efficiency and translocation of photosynthates, enhancing the harvest index. Similar findings were reported by Manimaran and Poonkodi (2009), Arya and Singh (2001), and Kumar and Singh (2003).
Interaction between Residual Treatments and Fertilizer Levels
The combination of T7S3 (11,406 kg ha-1 and 11,986 kg ha-1) produced the highest stover yield, though it was statistically comparable to T6S3 (11,304 kg ha-1 and 11,494 kg ha-1 in both years. Residue incorporation and higher fertilizer levels likely contributed to these results by improving soil fertility and nutrient availability.
Conclusion:

Application of 20:50:0 N:P2O5:K2O kg ha-1 recorded highest values of plant height, number of branches per plant and leaf area indexat 30, 60, 90 DAS and at harvest during 2016 and 2017. In both study years, the highest seed and stalk yield were obtained by applying 20:50:0 N:P2O5:K2O kg ha-1, followed by 20:75:0 N:P2O5:K2O kg ha-1 in the pigeonpea-maize cropping system. Whereas highest net income was recorded with 20:50:0 N:P2O5:K2O kg ha-1.
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Table1:Plant height (cm) of pigeonpea at different growth stages as influenced by treatments
	 Treatments
	30 DAS
	60 DAS
	90 DAS
	At harvest

	
	2016
	2017
	Mean
	2016
	2017
	Mean
	2016
	2017
	Mean
	2016
	2017
	Mean

	T1: Control 
(0 NPK)
	29.79
	32.8
	31.3
	53.3
	55.57
	54.44
	99.31
	104.67
	101.99
	109.7
	113
	111.35

	T2: RDF
(20: 50: 00
N: P2O5: K2O)
	36.02
	39.67
	37.85
	80.31
	83.47
	81.89
	137.87
	143.67
	140.77
	151.67
	155
	153.34

	T3: 20: 25: 00
	31.15
	36.6
	33.88
	64.91
	67.34
	66.13
	118.27
	123.67
	120.97
	129.75
	133.67
	131.71

	T4: 20: 75: 00
	32.87
	38.67
	35.77
	78.35
	80.1
	79.23
	137.17
	143.33
	140.25
	150.43
	154.93
	152.68

	T5: 20: 25: 00+ Defoliant
	30.67
	33.73
	32.2
	63.95
	67.27
	65.61
	118.17
	124
	121.09
	129.67
	133.47
	131.57

	T6: 20: 50: 00+ Defoliant
	33.8
	38.67
	36.24
	76.39
	79.53
	77.96
	137.1
	143
	140.05
	150.06
	154.67
	152.37

	T7: 20: 75: 00+ Defoliant
	32.4
	38.13
	35.27
	76.27
	79.04
	77.66
	136.97
	142.67
	139.82
	149.71
	154.33
	152.02

	S.Em ±
	1.57
	2.58
	-
	3.43
	3.79
	-
	6.07
	6.13
	-
	6.43
	6.64
	-

	CD (P=0.05)
	NS
	NS
	-
	10.58
	11.67
	-
	18.71
	18.89
	-
	19.82
	20.44
	-

	CV%
	8.41
	12.01
	-
	8.43
	8.96
	-
	8.31
	8.03
	-
	8.03
	8.05
	-


Table2:Number of  branches plant-1 of pigeonpea at different growth stages as influenced by treatments
	Treatments
	30 DAS
	60 DAS
	90 DAS
	At harvest

	
	2016
	2017
	Mean
	2016
	2017
	Mean
	2016
	2017
	Mean
	2016
	2017
	Mean

	T1: Control 
(0 NPK)
	3.07
	3.73
	3.40
	8.07
	9.4
	8.75
	10.1
	10.4
	10.23
	12.0
	12.5
	12.28

	T2: RDF
(20: 50: 00
N: P2O5: K2O)
	4.73
	6.53
	5.63
	13.3
	15.3
	14.33
	15.0
	15.5
	15.25
	17.5
	18.0
	17.75

	T3: 20: 25: 00
	3.97
	4.90
	4.44
	10.4
	11.6
	11.14
	11.6
	11.9
	11.60
	14.1
	14.3
	14.17

	T4: 20: 75: 00
	4.70
	6.31
	5.51
	13.1
	15.0
	14.06
	14.8
	15.3
	15.07
	16.1
	16.6
	16.34

	T5: 20: 25: 00+ Defoliant
	3.93
	4.89
	4.41
	9.9
	11.5
	10.74
	11.4
	11.8
	11.59
	13.8
	14.0
	13.90

	T6: 20: 50: 00+ Defoliant
	4.67
	6.15
	5.41
	13.0
	13.8
	13.36
	13.6
	14.7
	14.19
	15.8
	16.3
	16.06

	T7: 20: 75: 00+ Defoliant
	4.63
	6.00
	5.32
	12.6
	13.6
	13.12
	13.5
	14.2
	13.86
	15.8
	16.3
	16.02

	S.Em ±
	0.21
	0.36
	-
	0.63
	0.71
	-
	0.30
	0.31
	-
	0.44
	0.45
	-

	CD (P=0.05)
	0.64
	1.11
	-
	1.95
	2.19
	-
	0.93
	0.95
	-
	1.35
	1.39
	-

	CV%
	8.52
	11.33
	-
	9.55
	9.31
	-
	4.08
	4.09
	-
	5.04
	5.05
	-


Table3:Leaf Area Index of pigeonpea at different growth stages as influenced by treatments.
	 Treatments
	30 DAS
	60 DAS
	90 DAS
	At harvest

	
	2016
	2017
	Mean
	2016
	2017
	Mean
	2016
	2017
	Mean
	2016
	2017
	Mean

	T1: Control 
(0 NPK)
	0.16
	0.19
	0.18
	0.50
	0.60
	0.55
	1.50
	1.72
	1.61
	1.13
	1.54
	1.34

	T2: RDF
(20: 50: 00
N: P2O5: K2O)
	0.25
	0.30
	0.28
	0.94
	0.96
	0.95
	2.64
	3.00
	2.82
	2.43
	2.58
	2.51

	T3: 20: 25: 00
	0.21
	0.23
	0.22
	0.65
	0.73
	0.69
	1.98
	2.39
	2.19
	1.67
	2.04
	1.86

	T4: 20: 75: 00
	0.24
	0.30
	0.27
	0.84
	0.91
	0.88
	2.46
	2.96
	2.71
	2.28
	2.48
	2.38

	T5: 20: 25: 00+ Defoliant
	0.21
	0.23
	0.22
	0.65
	0.74
	0.70
	1.95
	2.38
	2.17
	1.45
	2.03
	1.74

	T6: 20: 50: 00+ Defoliant
	0.24
	0.30
	0.27
	0.83
	0.89
	0.86
	2.40
	2.93
	2.67
	2.25
	2.48
	2.37

	T7: 20: 75: 00+ Defoliant
	0.24
	0.29
	0.27
	0.80
	0.89
	0.85
	2.37
	2.92
	2.65
	2.10
	2.46
	2.28

	S.Em ±
	0.01
	0.01
	-
	0.04
	0.04
	-
	0.11
	0.12
	-
	0.10
	0.11
	-

	CD (P=0.05)
	0.03
	0.04
	-
	0.11
	0.12
	-
	0.32
	0.38
	-
	0.30
	0.34
	-

	CV%
	8.22
	8.00
	-
	8.49
	8.07
	-
	8.34
	8.06
	-
	8.92
	8.64
	-


Table4:Seed  and stalk yields (kg ha-1) of pigeonpea as influenced by treatments
	Treatments
	Seed yield
	Stalk yield

	
	2016
	2017
	Mean
	2016
	2017
	Mean

	T1 : Control (0 NPK)
	1048
	1117
	1082
	4287
	4698
	4492

	T2 : RDF
(20: 50: 0 N: P2O5: K2O)
	1567
	1605
	1586
	5944
	6149
	6046

	T3 : 20: 25: 0
	1206
	1272
	1239
	4835
	5376
	5105

	T4 : 20: 75: 0
	1529
	1571
	1550
	5703
	6112
	5908

	T5 : 20: 25: 0+ Defoliant
	1200
	1271
	1235
	4825
	5338
	5082

	T6 : 20: 50: 0+ Defoliant
	1527
	1563
	1545
	5641
	6110
	5876

	T7 : 20: 75: 0+ Defoliant
	1522
	1535
	1528
	5637
	6113
	5875

	S.Em ±
	48.23
	48.93
	-
	170.24
	198.9
	-

	CD (P=0.05)
	148.62
	150.77
	-
	524.56
	612.8
	-

	CV %
	8.2
	10.01
	-
	6.79
	6.12
	-


Table5:Economics (Rs ha-1) of  pigeonpea as influenced by treatments
	Treatments
	Cost of cultivation
	Gross returns
	Net returns
	B:C

	
	2016
	2017
	Means
	2016
	2017
	Means
	2016
	2017
	Means
	2016
	2017
	Means

	T1 : Control (0 NPK)
	22800
	22800
	22800
	49403
	51296
	50350
	26603
	28496
	27550
	1.17
	1.25
	1.21

	T2 : RDF
(20: 50: 0 N: P2O5: K2O)
	26100
	26100
	26100
	88165
	90306
	89236
	62065
	64206
	63136
	2.38
	2.46
	2.42

	T3 : 20: 25: 0
	25538
	25538
	25538
	67843
	71580
	69712
	42305
	46043
	44174
	1.66
	1.80
	1.73

	T4 : 20: 75: 0
	27788
	27788
	27788
	85989
	88368
	87179
	58201
	60580
	59391
	2.09
	2.18
	2.14

	T5 : 20: 25: 0+ Defoliant
	25738
	25738
	25738
	67474
	71505
	69490
	41736
	45768
	43752
	1.62
	1.78
	1.70

	T6 : 20: 50: 0+ Defoliant
	26300
	26300
	26300
	85894
	87930
	86912
	59594
	61630
	60612
	2.27
	2.34
	2.31

	T7 : 20: 75: 0+ Defoliant
	27988
	27988
	27988
	85619
	86322
	85971
	57632
	58334
	57983
	2.06
	2.08
	2.07

	S.Em ±
	-
	-
	-
	2351
	2148
	-
	2528
	2426
	-
	0.15
	0.18
	-

	CD (P=0.05)
	-
	-
	-
	7243
	6617
	-
	7789
	7474
	-
	0.45
	0.55
	-

	CV %
	-
	-
	-
	5.37
	7.47
	-
	8.80
	8.05
	-
	13.31
	15.48
	-
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Fig 1: Seed yield (Kg ha-1) of Pigeonpea as influenced by different treatments.
Fig2: Stalk yield (Kg ha-1) of Pigeonpea as influenced by different treatments.

Table 6. Grain yield (kg ha-1) of maize as influenced by residual effect and fertilizer levels
	
	2016-17
	
	2017-18
	

	
	Sub plot treatments
	
	Sub plot treatments
	

	
	Recommended dose of phosphorus
	
	Recommended dose of phosphorus
	

	Main treatments
	50 %
	75 %
	100 %
	Mean
	
	50 %
	75 %
	100 %
	Mean
	

	T1 : Control (0 NPK)
	4659
	4736
	5187
	4861
	
	4937
	5050
	5306
	5098
	

	T2 : RDF 

(20: 50: 0 N: P2O5: K2O)
	5261
	5877
	6869
	6002
	
	5382
	6012
	7361
	6252
	

	T3 : 20: 25: 0
	5218
	5458
	5593
	5423
	
	5338
	5585
	5722
	5548
	

	T4  : 20: 75: 0
	5351
	6272
	6955
	6193
	
	5474
	6416
	7449
	6447
	

	T5 : 20: 25: 0+ Defoliant
	5240
	5500
	5611
	5451
	
	5361
	5661
	5949
	5657
	

	T6 : 20: 50: 0+ Defoliant
	5386
	7422
	8059
	6956
	
	5510
	7593
	8244
	7116
	

	T7 : 20: 75: 0+ Defoliant
	5455
	7803
	8730
	7329
	
	5580
	7983
	8932
	7498
	

	MEAN
	5224
	6153
	6715
	
	
	5369
	6329
	6995
	
	


	 
	S.Em±
	CD (P=0.05)
	CV%
	
	S.Em±
	CD (P=0.05)
	CV%
	

	Main treatments(M)
	176.90
	545.07
	8.80
	
	155.01
	477.64
	7.46
	

	Sub plot treatments(S)
	105.52
	305.69
	8.02
	
	90.32
	261.66
	6.64
	

	M at same level of S
	288.54
	855.88
	
	
	249.20
	739.69
	
	

	S at same level of  M
	279.19
	808.79
	
	
	238.97
	692.28
	
	


Table 7.  Stover yield (kg ha-1) of maize as influenced by residual effect and fertilizer levels
	
	2016-17
	
	2017-18

	
	Sub plot treatments
	
	Sub plot treatments

	
	Recommended dose of phosphorus
	
	Recommended dose of phosphorus

	Main treatments
	50 %
	75 %
	100 %
	Mean
	
	50 %
	75 %
	100 %
	Mean

	T1 : Control (0 NPK)
	7344
	7925
	7969
	7746
	
	7717
	8328
	8370
	8139

	T2 : RDF 

(20: 50: 0 N: P2O5: K2O)
	8594
	9304
	9817
	9238
	
	9027
	9687
	10760
	9825

	T3 : 20: 25: 0
	7969
	8873
	8906
	8583
	
	8374
	9329
	9359
	9021

	T4  : 20: 75: 0
	8595
	9375
	10009
	9326
	
	9030
	9852
	10843
	9908

	T5 : 20: 25: 0+ Defoliant
	7991
	8906
	9089
	8662
	
	8538
	9342
	9674
	9185

	T6 : 20: 50: 0+ Defoliant
	8750
	10000
	11304
	10018
	
	9178
	11042
	11494
	10571

	T7 : 20: 75: 0+ Defoliant
	8750
	10625
	11406
	10260
	
	9195
	11165
	11986
	10782

	MEAN
	8285
	9287
	9786
	
	
	8723
	9821
	10355
	


	 
	S.Em±
	CD (P=0.05)
	CV%
	
	S.Em±
	CD (P=0.05)
	CV%
	

	Main treatments(M)
	181.55
	559.42
	5.97
	
	158.79
	489.27
	5.95
	

	Sub plot treatments(S)
	91.73
	265.74
	5.61
	
	107.78
	312.22
	5.13
	

	M at same level of S
	268.76
	801.19
	
	
	281.82
	832.90
	
	

	S at same level of  M
	242.70
	703.09
	
	
	285.15
	826.06
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