Effect of integrated plant nutrient supply system in greengram-sorghum sequential cropping system under rainfed conditions




Abstract
[bookmark: _GoBack]	A field experiment was conducted at Agricultural Research Station, Tandur, Professor Jayashankar Telangana Agricultural University during 2018-19, 2019-20 and 2020-21 to study the response of Greengram - Sorghum cropping sequence to organic manural practices and inorganic fertilizers in terms of yield, economics of component crops, system productivity as a whole. The field trail was laid out in split plot design with 3 replications. In Main plots three treatments for Kharif greengram: M1-FYM @ 5 t ha-1 + 0 kg N ha-1, M2-FYM @ 5 t ha-1 + 10 kg N ha-1 and M3-FYM @ 5 t ha-1 + 20 kg N ha-1 and four sub-plot treatments for Rabi Sorghum: F1- 0 kg N ha-1, F2-20 kg N ha-1, F3- 40 kg N ha-1 and F4- 60 kg N ha-1. Pooled data results indicated growing of kharif Greengram with application of FYM @ 5.0 t ha-1  and N (0, 10 & 20 kg N ha-1) levels were not significant on Rabi Sorghum growth & grain yields, but biomass (5.18 t ha-1), straw yields (3412 kg ha-1)  and sorghum equivalent yields (4475 kg ha-1) were significantly higher with FYM and Nitrogen levels i.e. application FYM @ 5 t ha-1 + 20 kg N ha-1.  The economics also highest with application FYM @ 5 t ha-1 + 20 kg N ha-1. Among the N levels, application of nitrogen @ 60 kg ha-1 was significantly recorded highest plant height (197.7 cm), panicle length (19.69 cm), panicle width (11.55 cm), biomass (5.61 t ha-1), grain yields (1950 kg ha-1), fodder yields (3663 kg ha-1) and sorghum equivalent yields (4586 kg ha-1) of Rabi Sorghum. The highest grass returns (Rs.61570/ha), net returns (Rs.37870/ha) and BC ratio (1.60) was recorded with application of 60 kg N ha-1. 
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Introduction 
 	Rabi sorghum is valued mainly as staple food of humans in rainfed ecosystem and fodder for livestock. It is predominately grown in Maharashtra followed by Karnataka, Tamil Nadu, Andhra Pradesh, Gujarat and Telangana. In India, Rabi Sorghum is cultivated in an area of 29.64 lakh ha with a production of 25.29 lakh tons and productivity of 853 kg ha-1. In Telangana, this crop occupies an area of 0.24 lakh ha with a production 0.32 lakh tons and an average yield of 1351 kg ha-1 (1).
	The fertilizer need of a crop in a system is strongly influenced by the preceding crops and the amount of fertilizers applied to them. Cereal crops like Sorghum demand sound and effective nutrient management for achieving productivity targets and soil fertility sustainability. An integrated supply of FYM with chemical fertilizers in kharif crops minimized use of chemical fertilizers to a greater extent without affecting the kharif crop yield and conserved the soil fertility status for succeeding crop. The productivity of the system mainly depends on proper nutrient and moisture management practices. Low organic matter content in vertisols coupled with low and imbalanced application of macro and micro nutrients to the crop limits the full potential of yield and is the main yield barrier for crops (2). Integrating chemical fertilizers with organic manures was quite promising, not only in maintaining higher productivity but also in providing greater stability in crop production (3). In the rainfed area of South India including Andhra Pradesh, Tamil Nadu, Karnataka and Kerala, cowpea-finger millets, mungbean-sorghum/safflower, rice-mungbean/urdbean/cowpea are followed while under irrigated conditions (4). Present day need of the farmer is to harvest higher yields with minimum investment. Therefore, for efficient nutrient management in Greengram-Sorghum cropping systems, a quantitative evaluation of the role of preceding crop and the residual effect of nutrients applied assumes great importance.

Materials and Methods
	A field experiment was conducted at Agriculture Research Station, Tandur, Professor Jayashankar Telangana Agricultural University for three consecutive years 2018-19, 2019-20 and 2020-21. The soil of the experimental field was clayey in texture, low in organic carbon (0.26 %), low in available nitrogen (225 kg ha-1), high in available phosphorus (22 kg ha-1), high in available potassium (532 kg ha-1) and slightly alkaline in reaction (pH 6.79). An experiment was laid out in split plot design by comprising three main plots treatments for Kharif greengram: M1-FYM @ 5 t ha-1 + 0 kg N ha-1, M2-FYM @ 5 t ha-1 + 10 kg N ha-1 and M3-FYM @ 5 t ha-1 + 20 kg N ha-1 and four sub-plot treatments for Rabi Sorghum: F1- 0 kg N ha-1, F2-20 kg N ha-1, F3- 40 kg N ha-1and F4- 60 kg N ha-1 with 3 replications. In Kharif, Greengram cv. WGG-42 was sown with spacing of 30 cm x 10 cm in the second fortnight of June and harvested in first fortnight of September and during Rabi, Sorghum cv. CSV-29 R was sown with spacing of 45 cm x 10 cm in second fortnight of October and harvested in second fortnight of February during three years. Net plot yield was converted into hectare basis. The results were analyzed using standard statistical procedure (5). The yields of Greengram during Kharif and Sorghum during Rabi were recorded and converted them in to equivalent basis i.e. sorghum equivalent yield.

Result and Discussion

Growth and Yield attributes
	The pooled analysis of 3 years results revealed that, growing of kharif greengram with application of FYM @ 5.0 t ha-1 and N (0, 10 & 20 kg N ha-1) levels were not significant on Rabi Sorghum growth and yield parameters except biomass and panicle length. There was no significant interaction among the growth and yield parameters. The highest biomass (5.1 t ha-1) and panicle length (11.5 cm) was recorded with growing of kharif Greengram with application of FYM @ 5 t ha-1 + 20 kg N ha-1. Among the different nitrogen levels, application of nitrogen @ 60 kg ha-1 was significantly recorded highest plant height (197.7 cm), biomass (5.61 t ha-1), panicle length (19.6 cm) and panicle width (19.6 cm) of Rabi Sorghum (Table. 1 and Tabel. 2). The higher nutrient availability and increased residual effect resulted into increases on growth and yield attributing characters of succeeding crops in cropping sequence (6,7).

 Grain and Stover Yield and Sorghum Equivalent Yields
	There was no significant effect of kharif greengram with application of FYM @ 5.0 t ha-1 and different N levels on Rabi sorghum grain yields but growing of greengram during kharif with application of FYM @ 5 t ha-1 + 20 kg N ha-1 recorded highest straw yields (3412 kg ha-1) and sorghum equivalent yields (4475 kg ha-1). Among the different nitrogen levels, application of nitrogen @ 60 kg ha-1 were significantly recorded highest grain yields (1950 kg ha-1), fodder yields (3663 kg ha-1), harvest index (33.4 %) and sorghum equivalent yields (4586 kg ha-1) of Rabi Sorghum (Table. 3). There was no interaction significance observed. The effect may be owing to increased availability of nutrient in soil from native pool as well as their residual effect through mineralization and improvement of physico-chemical properties of soil and thereby improving water and nutrient holding capacity of soil, which result in to more growth of crop and resulted in adequate food supply to sink and ultimately reflected in to better yields (8,9). Application of 50 per cent P (20 kg/ ha to greengram and 12.5 kg/ ha to safflower) + PSB along with recommended dose of nitrogen (20 kg/ ha to greengram and 25 kg/ ha to safflower) and potassium (20 kg/ ha to greengram and 25 kg/ ha to safflower) to greengram and safflower was found beneficial in obtaining higher crop productivity in Vertisols (10).

Economics
	Maximum net returns of Rs. 32,418 ha-1 with BCR of 1.35 was recorded with growing of greengram during kharif with application of FYM @ 5 t ha-1 + 20 kg N ha-1 (Table. 4) and application of nitrogen @ 60 kg ha-1 during Rabi recorded highest net returns of Rs. 37,870 ha-1 and BCR of 1.60 of Sorghum crop (Table. 4). The data revealed that application of manure along with nitrogen fertilizer maintained higher productivity and net returns which is economical (11,3). 

Conclusion
	Growing of Kharif Greengram with application of FYM @ 5 t ha-1 + 20 kg N ha-1 followed by application of 60 kg N ha-1 to Rabi Sorghum recorded highest yields and sorghum equivalent yields in Greengram-Sorghum sequence cropping.
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Table. 1. Effect of different nitrogen levels on growth of Rabi Sorghum in Greengram-Sorghum sequential cropping system 
	Treatments
	Plant height (cm)
	Days to 50 % flowering
	No. of plants m-2
	Biomass (t ha-1)

	
	2018
	2019
	2020
	Pooled
	2018
	2019
	2020
	Pooled
	2018
	2019
	2020
	Pooled
	2018
	2019
	2020
	Pooled

	A)  Factor 1 – Kharif- Greengram fertility levels

	M1-FYM @ 5 t ha-1 + 0 kg N ha-1
	166
	191.9
	186.0
	181.3
	70
	70
	71
	70
	11
	11
	11
	11
	5.2
	3.9
	3.8
	4.3

	M2-FYM @ 5 t ha-1 + 10 kg N ha-1
	173
	197.2
	190.7
	187.0
	70
	70
	70
	70
	11
	11
	11
	11
	5.7
	4.4
	4.0
	4.7

	M3-FYM @ 5 t ha-1 + 20 kg N ha-1
	174
	200.7
	193.8
	189.6
	70
	71
	71
	71
	11
	11
	12
	11
	6.4
	4.7
	4.42
	5.1

	SEm +
	2.29
	4.29
	2.39
	2.07
	0.51
	0.51
	0.36
	0.38
	0.84
	0.55
	0.38
	0.50
	0.22
	0.23
	0.04
	0.12

	C.D.(p=0.05)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	0.84
	NS
	0.15
	0.48

	B)  Factor 2-Rabi-Sorghum fertility levels

	F1- 0 kg N ha-1
	157
	184.0
	176.8
	172.7
	70
	70
	71
	70
	11
	11
	11
	12
	4.4
	3.8
	3.6
	3.9

	F2-20 kg N ha-1
	171
	196.9
	187.5
	185.1
	70
	70
	70
	70
	11
	11
	11
	11
	5.4
	4.2
	3.8
	4.5

	F3- 40 kg N ha-1
	172
	200.4
	192.7
	188.4
	71
	71
	71
	71
	11
	11
	11
	11
	5.8
	4.5
	4.1
	4.8

	F4- 60 kg N ha-1
	184
	205.1
	203.7
	197.7
	70
	70
	71
	71
	10
	11
	11
	11
	7.3
	4.9
	4.5
	5.6

	SEm +
	5.13
	4.24
	2.33
	2.84
	0.45
	0.36
	0.32
	0.30
	0.52
	0.47
	0.31
	0.36
	0.18
	0.16
	0.04
	0.11

	C.D (p=0.05)
	15.26
	12.59
	6.93
	8.46
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	0.55
	0.47
	0.12
	0.32

	Interaction (A X B)

	Factor B at same level of A

	SEm +
	4.57
	8.58
	4.80
	4.15
	1.02
	1.03
	0.71
	0.76
	1.68
	1.09
	0.75
	0.99
	0.43
	0.47
	0.07
	0.24

	C.D(p=0.05)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	0.22
	NS

	Factor A at same level of B

	SEm +
	8.03
	7.67
	4.24
	4.75
	0.84
	0.75
	0.59
	0.59
	1.146
	0.89
	0.60
	0.72
	0.35
	0.33
	0.07
	0.20

	C.D(p=0.05)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	0.22
	NS





Table. 2. Effect of different nitrogen levels on yield attributes of Rabi Sorghum in Greengram-Sorghum sequential cropping system 
	Treatments
	Panicle length (cm)
	Panicle width (cm)
	Test wt (gm)

	
	2018
	2019
	2020
	Pooled
	2018
	2019
	2020
	Pooled
	2018
	2019
	2020
	Pooled

	A)  Factor 1 – Kharif- Greengram fertility levels

	M1-FYM @ 5 t ha-1 + 0 kg N ha-1
	20.2
	19.0
	17.7
	19.0
	10.9
	11.0
	10.9
	11.0
	3.23
	3.23
	3.20
	3.23

	M2-FYM @ 5 t ha-1 + 10 kg N ha-1
	20.9
	19.0
	17.8
	19.4
	11.4
	11.0
	11.2
	11.3
	3.22
	3.26
	3.20
	3.24

	M3-FYM @ 5 t ha-1 + 20 kg N ha-1
	20.5
	20.0
	18.5
	19.6
	10.9
	12.0
	11.4
	11.3
	3.34
	3.31
	3.30
	3.33

	SEm +
	0.46
	0.15
	0.15
	0.12
	0.32
	0.28
	0.05
	0.15
	0.05
	0.06
	0.04
	0.04

	C.D.(p=0.05)
	NS
	0.59
	0.595
	0.482
	NS
	NS
	0.19
	NS
	NS
	NS
	NS
	NS

	B)  Factor 2-Rabi-Sorghum fertility levels

	F1- 0 kg N ha-1
	20.4
	19.0
	17.0
	18.8
	11.0
	11.1
	10.6
	10.9
	3.12
	3.25
	3.21
	3.19

	F2-20 kg N ha-1
	20.6
	19.2
	17.7
	19.1
	10.8
	11.2
	10.9
	10.9
	3.24
	3.27
	3.24
	3.25

	F3- 40 kg N ha-1
	20.4
	19.4
	18.4
	19.4
	11.0
	11.4
	11.4
	11.3
	3.31
	3.28
	3.27
	3.29

	F4- 60 kg N ha-1
	20.6
	19.5
	18.8
	19.6
	11.3
	11.6
	11.6
	11.5
	3.38
	3.29
	3.35
	3.34

	SEm +
	0.37
	0.32
	0.16
	0.19
	0.30
	0.22
	0.13
	0.14
	0.06
	0.06
	0.04
	0.04

	C.D (p=0.05)
	NS
	NS
	0.47
	0.56
	NS
	NS
	0.37
	0.40
	0.17
	NS
	NS
	NS

	Interaction (A X B)

	Factor B at same level of A

	SEm +
	0.93
	0.30
	0.31
	0.25
	0.65
	0.55
	0.10
	0.30
	0.10
	0.12
	0.07
	0.08

	C.D (p=0.05)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	Factor A at same level of B

	SEm +
	0.73
	0.50
	0.28
	0.31
	0.56
	0.43
	0.20
	0.25
	0.10
	0.10
	0.06
	0.07

	C.D (p=0.05)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS









Table. 3. Effect of different nitrogen levels on yield of Rabi Sorghum in Greengram-Sorghum sequential cropping system 
	Treatments
	Grain Yield (kg ha-1)
	Fodder Yield (kg ha-1)
	Harvest Index (%)
	Sorghum Equivalent yields
(kg ha-1)

	
	2018
	2019
	2020
	Pooled
	2018
	2019
	2020
	Pooled
	2018
	2019
	2020
	Pooled
	2018
	2019
	2020
	Pooled

	A)  Factor 1 – Kharif- Greengram fertility levels

	M1-FYM @ 5 t ha-1 + 0 kg N ha-1
	2355
	1219
	971
	1515
	2872
	2778
	2786
	2812
	45.0
	30.7
	25.8
	33.8
	4792
	3442
	2949
	3728

	M2-FYM @ 5 t ha-1 + 10 kg N ha-1
	2420
	1243
	1031
	1565
	3298
	3177
	2944
	3140
	42.3
	28.4
	25.9
	32.1
	5667
	3606
	3061
	4111

	M3-FYM @ 5 t ha-1 + 20 kg N ha-1
	2807
	1332
	1192
	1777
	3592
	3407
	3235
	3412
	43.8
	27.9
	27
	32.8
	6015
	3865
	3537
	4475

	SEm +
	120.15
	45.83
	24.42
	53.04
	126.52
	191.40
	41.34
	78.82
	1.24
	0.68
	0.54
	0.49
	148
	76.65
	20.33
	57.37

	C.D.(p=0.05)
	NS
	NS
	95.33
	NS
	493.99
	NS
	161.41
	307.74
	NS
	NS
	NS
	NS
	578
	299.27
	79.35
	223.98

	B)  Factor 2-Rabi-Sorghum fertility levels

	F1- 0 kg N ha-1
	1744
	1049
	945
	1246
	2705
	2807
	2708
	2740
	39.1
	27.1
	25.84
	30.7
	4938
	3525
	2931
	3798

	F2-20 kg N ha-1
	2490
	1197
	993
	1560
	2971
	3031
	2872
	2958
	45.5
	28.7
	25.71
	33.4
	5268
	3435
	3053
	3919

	F3- 40 kg N ha-1
	2695
	1334
	1131
	1720
	3176
	3163
	3030
	3123
	45.9
	29.7
	27.05
	34.2
	5325
	3694
	3318
	4112

	F4- 60 kg N ha-1
	3182
	1480
	1189
	1950
	4163
	3483
	3343
	3663
	43.3
	30.4
	26.25
	33.4
	6434
	3895
	3427
	4586

	SEm +
	86.80
	67.08
	30.13
	44.50
	152.78
	160.46
	39.46
	88.55
	1.41
	1.65
	0.71
	0.79
	155
	109.71
	46.17
	83.15

	C.D (p=0.05)
	257.96
	199.35
	89.53
	132.24
	454.02
	NS
	117.26
	263.16
	4.20
	NS
	NS
	2.35
	461
	326.02
	137.21
	247.12

	Interaction (A X B)

	Factor B at same level of A

	SEm +
	240.30
	91.65
	48.83
	106.09
	253.04
	382.81
	82.68
	157.64
	2.47
	1.37
	1.09
	0.98
	296
	153.3
	40.7
	114.7

	C.D(p=0.05)
	NS
	NS
	NS
	NS
	NS
	NS
	224.00
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	Factor A at same level of B

	SEm +
	177.17
	110.57
	51.36
	85.26
	261.78
	307.52
	72.19
	154.46
	2.45
	2.57
	1.20
	1.28
	275.85
	181.5
	72.2
	137.3

	C.D(p=0.05)
	NS
	NS
	NS
	NS
	NS
	NS
	236.63
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS





Table. 4. Effect of different nitrogen levels on economics of Rabi Sorghum in Greengram-Sorghum sequential cropping system 
	Treatments
	Gross returns (Rs ha-1)
	Net returns (Rs ha-1)
	BCR

	
	2018
	2019
	2020
	Pooled
	2018
	2019
	2020
	Pooled
	2018
	2019
	2020
	Pooled

	A)  Factor 1 – Kharif- Greengram fertility levels

	M1-FYM @ 5 t ha-1 + 0 kg N ha-1
	68928
	40209
	34032
	477234
	45778
	17060
	10882
	24574
	1.97
	0.74
	0.47
	1.06

	M2-FYM @ 5 t ha-1 + 10 kg N ha-1
	72053
	42183
	36079
	50105
	48503
	18633
	12529
	26555
	2.06
	0.79
	1.00
	1.13

	M3-FYM @ 5 t ha-1 + 20 kg N ha-1
	82759
	45228
	41116
	56368
	58809
	21279
	17166
	32418
	2.45
	0.89
	1.00
	1.35

	B)  Factor 2-Rabi-Sorghum fertility levels

	F1- 0 kg N ha-1
	53065
	36049
	33120
	40744
	29665
	12649
	9720
	17344
	1.26
	0.54
	0.42
	0.74

	F2-20 kg N ha-1
	72651
	40522
	34869
	49347
	49151
	17022
	11369
	25847
	2.09
	0.72
	0.48
	1.10

	F3- 40 kg N ha-1
	78495
	44415
	38893
	53934
	54895
	20815
	15293
	30334
	2.32
	0.88
	0.65
	1.28

	F4- 60 kg N ha-1
	94110
	49177
	41421
	61570
	70410
	25477
	17721
	37870
	2.97
	1.07
	0.75
	1.60




