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EFFECT OF NUTRIENT MANAGEMENT APPROACHES IN CONJUGATION WITH ZINC AND IRON ON QUALITY OF SOIL AND CROPS IN FOXTAIL MILLET-CHICKPEA SEQUENTIAL CROPPING SYSTEM
Abstract


Field experiments were conducted during 2017-18 and 2018-19 at Krishi Vigyana Kendra Farm, University of Agricultural Sciences, Raichur to study the nutrient management approaches in conjugation with zinc and iron on the quality of soil and crops in foxtail millet-chickpea sequential cropping system involving individual SSNM targeted yield of 15 and 20 kg ha-1 and in combination with ZnSO47H2O and FeSO47H2O each @ 10 & 20 kg ha-1. The application of nutrients through SSNM approach for targeted yield of 20 q ha-1 + ZnSO47H2O and FeSO47H2O each @ 20 kg ha-1 for foxtail millet and its residual effect on chickpea was registered significantly higher test weight, protein content and protein yield (5.11 g, 12.63% and 256.33 kg ha-1 respectively) and for chickpea (4.83 g, 12.20% and 230.93 kg ha-1 respectively) as compared to all other treatments except SSNM approach for targeted yield of 20 q ha-1 + ZnSO47H2O and FeSO47H2O each @ 10 kg ha-1, SSNM approach for targeted yield of 15 q  ha-1 + ZnSO47H2O and FeSO47H2O each @ 20 kg ha-1 and SSNM approach for targeted yield of 15 q ha-1 + ZnSO47H2O and FeSO47H2O each @ 10 kg ha-1. Application of nutrients through SSNM approach for targeted yield of 20 q ha-1 along with ZnSO47H2O and FeSO47H2O each @ 20 kg ha-1 for foxtail millet and its residual effect on chickpea was registered significantly higher available S, Zn and Fe (23.54 kg ha-1, 0.67 and 4.15 mg kg-1, respectively) where available N, P2O5 and K2O (271.46, 50.65 and 367.54 kg ha-1) were noticed significantly higher with SSNM approach for targeted yield of 20 q ha-1 and and it was on par with  SSNM approach for targeted yield of 20 q ha-1 + ZnSO47H2O and FeSO47H2O each @ 10 kg ha-1 and there was no significant difference in organic carbon of soil after harvest of second crop in foxtail millet-chickpea sequence cropping system. 
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Introduction

Foxtail millet and chickpea are the most important crops grown in Karnataka.  Lower productivity and quality of foxtail millet and chickpea was attributed to poor soil health as a consequence of continuous and imbalanced use of fertilizers without soil testing. There is significant opportunity for maximising crops yield and quality of soil by adopting sustainable nutrient management approach based on soil test results along with application of deficient Zn and Fe. At present, the state or regional recommendations are very general and does not consider soil test results of crop nutrient requirements. Among the various methods of fertilizer applications, the one based on ‘yield targeting’ (SSNM) is unique in the sense that this method not only indicates soil test based fertilizer dose but also the level of yield the farmer can hope to achieve if good agronomic practices are followed in raising the crop. This approach provides a scientific basis for balanced fertilization not only among the fertilizer nutrient themselves but also soil available nutrients. The site specific nutrient management (SSNM) approach does not significantly aim to either reduce or increase fertilizer use. 
Information on nutrient management on individual crops is available, while cropping system, it is lacking. The nutrient management in cropping system is more efficient and judicious than individual crop, as following crop take care of the residual effects of nutrients. Foxtail millet-chickpea is the predominant cropping sequence of rainfed area of Karnataka. Applications of nutrients based on the soil test results in SSNM and STL method under field situation had been found to be more useful and profitable and it provides balanced nutrient application in cropping system. At this critical juncture there is an urgent need to optimize nutrient recycling to sustain crop production without affecting soil health and protection of environment from pollution. Generally black soils are deficient in Zn and Fe due to its low solubility in soils is the major reason for appearance of deficiency in crop plants. Soil application of zinc and iron make sure success of breeding efforts for increasing their concentration in seeds and it is a rapid solution to the problem. Studies on fertilizer focusing specifically on increasing Zn and Fe levels of grain are very rare. The most effective method for increasing crops yield, quality of crops and soil and also Zn & Fe in grain will be the combined application of Zn and Fe along with major nutrients through SSNM approach. In view of the above, the present investigation is undertaken to study the “effect of nutrient management approaches in conjugation with zinc and iron on quality of soil and crops in foxtail millet-chickpea sequential cropping system” at Krishi Vigyana Kendra Farm, University of Agricultural Sciences, Raichur during kharif and rabi seasons of 2017-18 and 2018-19.
Material and methods

Field experiments were conducted during kharif and rabi seasons of 2017-18 and 2018-19 at Krishi Vigyana Kendra Farm, University of Agricultural Sciences, Raichur. The soil was medium black and silty clay in texture, alkaline in reaction (pH 8.08), low in organic carbon (4.30 g kg-1) and available nitrogen (245.20 kg ha-1), medium in P2O5 (38.67 kg ha-1), high in available potassium (336.53 kg ha-1), deficient in zinc (0.52 mg kg-1) and iron (3.45 mg kg-1) and high in copper (1.47 mg kg-1) and manganese (10.92 mg kg-1). The experiment was repeated on the same site for two years. The experiment was laid out in Randomized Complete Block Design (RCBD) and replicated thrice. The treatment includes targeted yield of foxtail millet through SSNM along with absolute control, recommended dose of fertilizers (30: 15: 15 kg N: P2O5: K2O ha-1), STL method (37.5: 15: 11.25, N, P2O5 and K2O kg ha-1). The quantity of fertilizer for SSNM treatments was calculated by using the formulae (Website: http:// www.ipni.net 2010) [15]. The average removal of N, P2O5 and K2O from the soil to produce one tonne of foxtail millet grain was 19.75, 17.5 and 30.2 kg ha-1, respectively (Upendra et al., 2017) [13]. Accordingly, N, P2O5 and K2O required were calculated by multiplying targeted yield with nutrient removal. After calculating, the soil nutrient ratings (low & high) are considered for recommendation of fertilizers @ + 30 per cent. Accordingly, the quantity of N, P2O5 and K2O for 1.5 and 2.0 t ha-1 were 38.52: 26.25: 31.71 and 51.35: 35: 42.28 N, P2O5, K2O kg ha-1, respectively. All the treatments are applied individually and in combination with ZnSO47H2O and FeSO47H2O each @ 10 & 20 kg ha-1.

Foxtail millet (HMT 100-1) was sown on 1st Aug and 18th July and harvested on 11th November and 26th October during 2017-18 and 2018-19, respectively. Basal dose of fertilizers (50 % N and 100 % P, K, Zn and Fe) in the form of urea, diammonium phosphate (DAP), muriate of potash (MOP), ZnSO47H2O and FeSO47H2O were applied as per treatments at 4-5 cm deep and 5 cm away from the seed as basal dose. Remaining half dose of nitrogen was top dressed at 30 days after sowing (DAS). The required amount of FYM @ 6.5 t ha-1 was applied for all treatments uniformly for main crop (except T1) during both the years of experimentation. The residual effects of foxtail millet crop treatments were studied using chickpea crop in the same plot during 2017-18 and 2018-19. After harvest of foxtail millet, chickpea (JG 11) was sown on 24th and 8th November and harvested on 27th and 8th February during first and second year, respectively. Soil samples collected after harvest of foxtail millet crop were analyzed for organic carbon, available N, P2O5, K2O, S, Zn and Fe by Walkely and Black’s wet digestion method, alkaline potassium permanganate method (Subbiah and Asija 1956) [11], Olsen’s, flame photometry, Calcium chloride extractable method, respectively (Jackson 1973) [4] and DTPA extractable  method, respectively (Lindsay and Norvell 1978) [7]. The quality parameter protein content of foxtail millet and chickpea were estimated by multiplying the nitrogen content by a factor of 6.25, respectively. Nitrogen content in the seeds of foxtail millet and chickpea was estimated by Kjeldhal’s method (Jackson, 1973) [4]. 

Results and Discussion
Soil fertility: Organic carbon content and available nutrients increased in the soil from first to second year of foxtail millet and chickpea cultivation in sequence (Table 1). There was no significant difference in organic carbon of soil with the adaptation of different nutrient management approaches in combination with zinc and iron. Among them, higher (4.43 g kg-1) organic carbon was resulted with treatment receiving T5:SSNM approach targeted yield of 20 q ha-1 followed by T9:T5 + ZnSO47H2O and FeSO47H2O @ 10 kg ha-1 (4.42 g kg-1), T13:T5 + ZnSO47H2O and FeSO47H2O @ 20 kg ha-1 (4.41 g kg-1) as compared to other treatments. Lowest organic carbon (4.22) was recorded under control may be due to addition of less amount of biomass than other treatments. The result also confirms the findings of Amar Kumar Jain et al. (2018) [1] in pearl millet crop. The significantly higher available N, P2O5 and K2O, (271.46, 50.65 and 367.54 kg ha-1, respectively) were noticed with nutrients applied through SSNM approach for targeted yield of 20 q ha-1 followed by T9:T5 + ZnSO47H2O and FeSO47H2O @ 10 kg ha-1 (268.89, 48.23 and 365.19 kg ha-1, respectively), T13:T5 +ZnSO47H2O and FeSO47H2O @ 20 kg ha-1 (266.2, 48.77 and 362.04 kg ha-1, respectively). Significantly, lower (195.38, 24.04 and 296.52 kg ha-1, respectively) value of N, P2O5 and K2O in soil after harvest was noticed in absolute control. Significantly higher available nitrogen, phosphorus and potassium were observed due to residual effect of treatment SSNM approach targeted yield of 20 q ha-1 might be attributed to addition of N, P2O5 and K2O to soil due to application through SSNM approaches in T5, T9 and T13. Further, availability of N, P2O5 and K2O were more in T5 as compared to T9 and T13 due to less uptake by crops.  Legume cropping also helped to increase the available N, P2O5 and K2O content of the soil. Varalakshmi et al. (2005) [14] reported that the legume cropping helped to increase the available N, P2O5 and K2O content of the soil in groundnut-finger millet cropping system. Higher available nitrogen could be due to enhanced nutrient pool at elevated fertility level which might have contributed to higher residual nutrient status of soil by retaining part of external applied nutrients in soil. This might be due to nodulation of legume crop which fixes atmospheric N and intern increases ‘N’ in soil was more with SSNM treatments followed by STL method treatments. It was also in accordance with Tomar et al. (1990) [12] that inclusion of pulses in cropping system is beneficial and improves the soil fertility and crop productivity. 


Across the years, as well as on pooled basis, the residual effect of T13:SSNM approach targeted yield of 20 q ha-1 + ZnSO47H2O and FeSO47H2O @ 20 kg ha-1 provided significantly higher sulphur (23.54 kg ha-1), zinc (0.67 mg kg-1) and iron (4.15 mg kg-1) in soil after harvest as compared to all other treatments and the treatments T13, T12, T11 and T10 were on par with each other as presented in Table 2. However, the lower (13.10 kg ha-1, 0.46 and 3.04 mg kg-1, respectively) availability of sulphur, zinc and iron observed in absolute control. After utilization of part of the released S from ZnSO4 and FeSO4, the leftover of it might have contributed to the soil available pool. The results obtained were in accordance with that of Jaison et al. (2018) [5]. Available sulphur also increased may be due to higher dose of NPK which contributes more root biomass from the previous crop after its decomposition and foxtail millet requires smaller quantity of sulphur. The higher solubility, diffusion and mobility of the applied inorganic Zn and Fe fertilizer might be the reason for increased zinc and iron status in soil. The results are in line with the findings of Dhaliwal et al. (2013) [3]  that the available S, Zn and Fe levels in calcareous soil ranged from 0.84-1.20 mg kg-1, 1.20-3.50 and 31.7-49.6 mg kg-1, respectively by combined application of varied levels of ZnSO4 and FeSO4 along with NPK in site specific nutrient management experiment in rice-wheat cropping system.
Quality of foxtail millet: Pooled results showed that, application of nutrients through SSNM approach targeted yield of 20 q ha-1 + ZnSO47H2O @ 20 kg ha-1 + FeSO47H2O @ 20 kg ha-1 produced significantly higher test weight of 1000 seeds (5.11 g), protein content (12.63%) and protein yield (256.33 kg ha-1) as compared to all other treatments and was noticed 45.17, 25.67 and 49.88 per cent increased over absolute control (3.52 g, 10.05% and 102.58 kg ha-1, respectively) as shown in Table 3. But, it was found on par with treatments of T9:T5 + ZnSO47H2O and FeSO47H2O @ 10 kg ha-1 (4.94 g, 12.57% and 254.11 kg ha-1, respectively) and T12:T4 + ZnSO47H2O @ 20 kg ha-1 + FeSO47H2O @ 20 kg ha-1 (4.92 g,12.38% and 237.13 kg ha-1, respectively). The balanced application of N, P, and K through SSNM approach along with zinc and iron increased the test weight, protein content and protein yield due to better utilization of major and micro nutrients. This may be ascribed to improvement in the status of available N, P, K, Zn and Fe of soil and its better absorption by the plants. Positive effect of zinc application on nitrogen content may be due to activation of physiological processes because zinc acts as a catalyst and/or co-enzyme. Higher availability of nitrogen under zinc treatments may be due to their synergetic effect. The increment in protein content was due to its direct correlation with the nitrogen content. The increase in protein content of foxtail millet due to optimum availability of nutrients particularly nitrogen after the harvest of crop there by its concentration increased in grain which is an integral part of protein synthesis. The results are also in conformity with the findings of Shankar et al. (2014) [9] in green gram. These results are in agreement with the findings of Shreenivas et al. (2017) [10] that higher protein content and protein yield of maize were recorded (6.59% and 568.01 kg ha-1, respectively) with the treatment receiving SSNM approach targeted yield of 8.0 t ha-1 followed by STCR approach targeted yield of 8.0 t ha-1 (6.52% and 546.09 kg ha-1, respectively) over absolute control (5.74% and 167.16 kg ha-1, respectively).
Quality of Chickpea: The pooled results showed higher 100 seed weight, protein content and protein yield (23.81 g, 20.21% and 506.50 kg ha-1, respectively) (Table 4) of chickpea due to residual effect of ZnSO47H2O and FeSO47H2O @ 20 kg ha-1 along with SSNM approach targeted yield of 20 q ha-1 over other treatments and it was found on par with treatments T9:T5 + ZnSO47H2O @ 10 kg ha-1 + FeSO47H2O @ 10 kg ha-1 (23.58 g, 19.75% and 490.00 kg ha-1, respectively), T12:T4 + ZnSO47H2O @ 20 kg ha-1 + FeSO47H2O @ 20 kg ha-1 (23.28 g, 19.57% and 482.42 kg ha-1, respectively) and T8:T4 + ZnSO47H2O and FeSO47H2O @ 10 kg ha-1 (22.73, 19.52% and 473.75 kg ha-1, respectively). The better performance of succeeding chickpea could be due to higher amount of available nitrogen, phosphorous, potassium, zinc and iron after harvest of foxtail millet. Meena et al. (2018) [8] studied that the residual effect of combined application of 5 kg Zn +10 kg Fe +10 t FYM to proceeding crop pearl millet resulted in significantly higher test weight, grain and straw yield of mustard. The reason for higher protein content in grain during both the years as well as on pooled analysis may be due to optimum availability of nutrients particularly nitrogen after the harvest of preceding crop there by its concentration increased in grain which is an integral part of protein synthesis. The results are also in conformity with the findings of Shankar et al. (2014) [9] in green gram and Kuldeep et al., (2018) [6] in chickpea. Higher protein yield may be attributed to higher grain yield with higher protein content in the seed which may due to balanced dose of NPK and adequate level of Zn and Fe as compared to other treatments. Similar result reported by Brij Nandan et al. (2018) [2]  that among the various zinc and iron fortification treatments in chickpea, significantly highest protein content (20.95%) and protein yield (649.86 kg ha-1) was recorded in treatment (RDF + Zn (0.5%) and Fe (0.05%) foliar spray) over control (18.96% and 520.26 kg ha-1). 
In conclusion application of nutrients through SSNM approach targeted yield of 20 q ha-1 + ZnSO47H2O and FeSO47H2O @ 20 kg ha-1 (51.35: 35: 42.28: 20: 20, kg N, P2O5, K2O, ZnSO47H2O and FeSO47H2O ha-1, respectively) was superior in foxtail millet-chickpea sequence cropping system to produce crops with higher test weight, quality besides maintaining soil health. 
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Table 1.  Organic carbon, available N, P2O5 and K2O in soil after harvest of second crop in foxtail millet-chickpea sequence as influenced by nutrient management approaches in conjugation with zinc and iron
	Treatments
	Organic carbon (g kg-1)
	Available N kg ha-1
	Available P2O5 kg ha-1
	Available K2O kg ha-1

	
	2017-18
	2018-19
	Pooled
	2017-18
	2018-19
	Pooled
	2017-18
	2018-19
	Pooled
	2017-18
	2018-19
	Pooled

	T1
	4.19
	4.25
	4.22
	192.53
	198.23
	195.38
	23.07
	23.58
	24.04
	295.45
	297.580
	296.52

	T2
	4.24
	4.27
	4.26
	242.38
	248.92
	245.65
	31.87
	33.65
	32.76
	330.43
	333.55
	331.99

	T3
	4.27
	4.3
	4.29
	262.73
	264.18
	263.46
	33.25
	35.30
	34.28
	328.67
	331.82
	330.25

	T4
	4.3
	4.41
	4.36
	246.38
	250.18
	248.28
	42.11
	42.85
	42.48
	357.25
	360.79
	359.02

	T5
	4.41
	4.45
	4.43
	269.25
	273.67
	271.46
	49.74
	51.56
	50.65
	365.83
	369.25
	367.54

	T6
	4.3
	4.31
	4.31
	252.32
	256.30
	254.31
	34.37
	36.18
	35.28
	347.72
	350.23
	348.98

	T7
	4.36
	4.37
	4.37
	260.15
	264.57
	262.36
	34.51
	36.48
	35.50
	342.86
	346.06
	344.46

	T8
	4.39
	4.41
	4.40
	246.93
	253.31
	250.12
	39.38
	42.06
	40.72
	354.63
	358.13
	356.38

	T9
	4.41
	4.43
	4.42
	266.71
	271.06
	268.89
	47.50
	48.96
	48.23
	363.49
	366.89
	365.19

	T10
	4.32
	4.34
	4.33
	253.45
	258.50
	255.98
	33.49
	35.29
	34.39
	345.20
	347.36
	346.53

	T11
	4.39
	4.41
	4.40
	259.03
	263.21
	261.12
	35.63
	37.63
	36.63
	343.12
	346.33
	344.73

	T12
	4.38
	4.42
	4.40
	249.84
	254.48
	252.16
	39.50
	42.22
	40.86
	352.74
	356.23
	354.49

	T13
	4.39
	4.42
	4.41
	264.87
	267.70
	266.29
	47.85
	49.69
	48.77
	360.35
	363.73
	362.04

	S. Em.±
	0.024
	0.028
	0.027
	4.64
	4.91
	4.56
	1.76
	1.79
	1.77
	3.54
	3.63
	3.57

	C.D. at 5 %
	NS
	NS
	NS
	13.85
	14.21
	13.12
	5.11
	5.28
	5.13
	10.62
	10.88
	10.71


Note:   1) RDF (30:15:15 kg ha-1. NPK)

     2) FYM @ 6.5 t ha-1 was applied for all treatments except T1
	T1:
	Absolute control (No NPK & FYM)
	T8:
	T4 + ZnSO47H2O @ 10 kg ha-1 + FeSO47H2O @ 10 kg ha-1

	T2:
	RDF 
	T9:
	T5 + ZnSO47H2O @ 10 kg ha-1 + FeSO47H2O @ 10 kg ha-1

	T3:
	STL method
	T10:
	T2 + ZnSO47H2O @ 20 kg ha-1 + FeSO47H2O @ 20 kg ha-1

	T4:
	SSNM approach (Targeted yield : 15 q ha-1)

	T11:
	T3 + ZnSO47H2O @ 20 kg ha-1 + FeSO47H2O @ 20 kg ha-1

	T5:
	SSNM approach (Targeted yield : 20 q ha-1) 
	T12:
	T4 + ZnSO47H2O @ 20 kg ha-1 + FeSO47H2O @ 20 kg ha-1

	T6:
	T2 + ZnSO47H2O @ 10 kg ha-1 + FeSO47H2O @ 10 kg ha-1
	T13:
	T5 + ZnSO47H2O @ 20 kg ha-1 + FeSO47H2O @ 20 kg ha-1

	T7:
	T3 + ZnSO47H2O @ 10 kg ha-1 + FeSO47H2O @ 10 kg ha-1
	
	


Table 2. Available S, Zn and Fe in soil after harvest of second crop in foxtail millet-chickpea sequence as influenced by nutrient management approaches in conjugation with zinc and iron
	Treatments
	Available S kg ha-1
	Available Zn mg kg-1
	Available Fe mg kg-1

	
	2017-18
	2018-19
	Pooled
	2017-18
	2018-19
	Pooled
	2017-18
	2018-19
	Pooled

	T1
	12.95
	13.25
	13.10
	0.44
	0.47
	0.46
	3.02
	3.06
	3.04

	T2
	18.21
	18.68
	18.45
	0.46
	0.49
	0.48
	3.08
	3.21
	3.15

	T3
	18.83
	19.46
	19.15
	0.47
	0.50
	0.49
	3.23
	3.37
	3.30

	T4
	19.58
	19.62
	19.60
	0.49
	0.51
	0.50
	3.28
	3.32
	3.30

	T5
	20.50
	21.06
	20.78
	0.50
	0.53
	0.52
	3.31
	3.35
	3.33

	T6
	20.51
	21.05
	20.78
	0.55
	0.56
	0.56
	3.86
	3.87
	3.87

	T7
	20.53
	21.18
	20.86
	0.56
	0.57
	0.57
	3.89
	3.91
	3.90

	T8
	20.64
	21.35
	21.00
	0.58
	0.58
	0.58
	3.94
	3.95
	3.95

	T9
	20.86
	21.55
	21.21
	0.58
	0.59
	0.58
	3.96
	4.01
	3.99

	T10
	22.70
	23.28
	22.99
	0.64
	0.66
	0.65
	4.05
	4.08
	4.07

	T11
	22.72
	23.45
	23.09
	0.65
	0.67
	0.66
	4.06
	4.12
	4.09

	T12
	22.84
	23.72
	23.28
	0.65
	0.67
	0.66
	4.08
	4.12
	4.10

	T13
	23.15
	23.92
	23.54
	0.66
	0.68
	0.67
	4.13
	4.17
	4.15

	S. Em.±
	0.33
	0.36
	0.33
	0.045
	0.048
	0.042
	0.091
	0.108
	0.102

	C.D. at 5 %
	0.96
	1.03
	0.98
	0.13
	0.14
	0.12
	0.273
	0.314
	0.281


Note:   1) RDF (30:15:15 kg ha-1. NPK)

     2) FYM @ 6.5 t ha-1 was applied for all treatments except T1
	T1:
	Absolute control (No NPK & FYM)
	T8:
	T4 + ZnSO47H2O @ 10 kg ha-1 + FeSO47H2O @ 10 kg ha-1

	T2:
	RDF 
	T9:
	T5 + ZnSO47H2O @ 10 kg ha-1 + FeSO47H2O @ 10 kg ha-1

	T3:
	STL method
	T10:
	T2 + ZnSO47H2O @ 20 kg ha-1 + FeSO47H2O @ 20 kg ha-1

	T4:
	SSNM approach (Targeted yield : 15 q ha-1)

	T11:
	T3 + ZnSO47H2O @ 20 kg ha-1 + FeSO47H2O @ 20 kg ha-1

	T5:
	SSNM approach (Targeted yield : 20 q ha-1) 
	T12:
	T4 + ZnSO47H2O @ 20 kg ha-1 + FeSO47H2O @ 20 kg ha-1

	T6:
	T2 + ZnSO47H2O @ 10 kg ha-1 + FeSO47H2O @ 10 kg ha-1
	T13:
	T5 + ZnSO47H2O @ 20 kg ha-1 + FeSO47H2O @ 20 kg ha-1

	T7:
	T3 + ZnSO47H2O @ 10 kg ha-1 + FeSO47H2O @ 10 kg ha-1
	
	


Table 3. Effect of nutrient management approaches in conjugation with zinc and iron on test weight, protein content and protein yield of foxtail millet in foxtail millet-chickpea cropping system
	Treatments
	1000 seed weight (g)
	Protein content (%)
	Protein yield (kg ha-1)

	
	2017-18
	2018-19
	Pooled
	2017-18
	2018-19
	Pooled
	2017-18
	2018-19
	Pooled

	T1
	3.45
	3.58
	3.52
	9.91
	10.19
	10.05
	99.40
	105.77
	102.58

	T2
	3.86
	4.02
	3.94
	10.15
	10.44
	10.29
	147.28
	154.62
	150.95

	T3
	4.03
	4.25
	4.14
	10.69
	11.00
	10.85
	157.25
	165.22
	161.23

	T4
	4.15
	4.44
	4.30
	10.99
	11.31
	11.15
	176.61
	186.73
	181.67

	T5
	4.22
	4.78
	4.50
	11.17
	11.50
	11.34
	190.23
	200.91
	195.57

	T6
	4.35
	4.88
	4.62
	11.41
	11.75
	11.58
	194.65
	205.86
	200.26

	T7
	4.48
	4.96
	4.72
	11.72
	12.06
	11.89
	201.58
	213.82
	207.70

	T8
	4.68
	4.98
	4.83
	12.02
	12.38
	12.20
	224.17
	237.70
	230.93

	T9
	4.85
	5.03
	4.94
	12.38
	12.75
	12.57
	247.23
	260.99
	254.11

	T10
	4.39
	4.96
	4.68
	11.60
	11.94
	11.77
	198.59
	211.22
	204.91

	T11
	4.51
	4.98
	4.75
	11.84
	12.19
	12.01
	206.73
	219.18
	212.95

	T12
	4.74
	5.01
	4.92
	12.20
	12.56
	12.38
	230.34
	243.92
	237.13

	T13
	5.06
	5.16
	5.11
	12.44
	12.81
	12.63
	249.55
	263.12
	256.33

	S. Em.±
	0.12
	0.07
	0.10
	0.15
	0.15
	0.16
	6.56
	6.29
	6.58

	C.D. at 5 %
	0.34
	0.20
	0.25
	0.44
	0.43
	0.45
	19.67
	18.35
	19.72


Note:   1) RDF (30:15:15 kg ha-1. NPK)

     2) FYM @ 6.5 t ha-1 was applied for all treatments except T1
	T1:
	Absolute control (No NPK & FYM)
	T8:
	T4 + ZnSO47H2O @ 10 kg ha-1 + FeSO47H2O @ 10 kg ha-1

	T2:
	RDF 
	T9:
	T5 + ZnSO47H2O @ 10 kg ha-1 + FeSO47H2O @ 10 kg ha-1

	T3:
	STL method
	T10:
	T2 + ZnSO47H2O @ 20 kg ha-1 + FeSO47H2O @ 20 kg ha-1

	T4:
	SSNM approach (Targeted yield : 15 q ha-1)

	T11:
	T3 + ZnSO47H2O @ 20 kg ha-1 + FeSO47H2O @ 20 kg ha-1

	T5:
	SSNM approach (Targeted yield : 20 q ha-1) 
	T12:
	T4 + ZnSO47H2O @ 20 kg ha-1 + FeSO47H2O @ 20 kg ha-1

	T6:
	T2 + ZnSO47H2O @ 10 kg ha-1 + FeSO47H2O @ 10 kg ha-1
	T13:
	T5 + ZnSO47H2O @ 20 kg ha-1 + FeSO47H2O @ 20 kg ha-1

	T7:
	T3 + ZnSO47H2O @ 10 kg ha-1 + FeSO47H2O @ 10 kg ha-1
	
	


Table 4. Residual effect of nutrient management approaches in conjugation with zinc and iron on test weight, protein content and protein yield of chickpea in foxtail millet-chickpea cropping system
	Treatments
	100 seed weight (g)
	Protein content (%)
	Protein yield (kg ha-1)

	
	2017-18
	2018-19
	Pooled
	2017-18
	2018-19
	Pooled
	2017-18
	2018-19
	Pooled

	T1
	18.20
	18.70
	18.45
	16.92
	17.10
	17.01
	230.96
	220.76
	225.86

	T2
	20.69
	20.78
	20.74
	17.53
	17.91
	17.72
	372.34
	373.96
	373.15

	T3
	21.13
	21.20
	21.17
	17.85
	18.25
	18.05
	386.81
	381.43
	384.12

	T4
	21.48
	21.80
	21.64
	18.23
	18.69
	18.46
	404.89
	408.00
	406.45

	T5
	21.90
	22.18
	22.04
	18.86
	19.25
	19.06
	427.93
	452.18
	440.06

	T6
	21.96
	22.23
	22.09
	19.06
	19.32
	19.19
	437.43
	453.05
	445.24

	T7
	22.15
	22.46
	22.31
	19.25
	19.44
	19.35
	450.07
	460.34
	455.20

	T8
	22.66
	22.80
	22.73
	19.44
	19.59
	19.52
	465.39
	482.11
	473.75

	T9
	23.47
	23.69
	23.58
	19.67
	19.82
	19.75
	479.95
	500.06
	490.00

	T10
	22.03
	22.32
	22.18
	19.10
	19.37
	19.24
	442.74
	451.32
	447.03

	T11
	22.40
	22.61
	22.51
	19.31
	19.50
	19.41
	457.26
	472.29
	464.78

	T12
	23.19
	23.37
	23.28
	19.54
	19.60
	19.57
	471.30
	493.53
	482.42

	T13
	23.52
	24.10
	23.81
	20.13
	20.29
	20.21
	496.00
	516.99
	506.50

	S. Em.±
	0.45
	0.51
	0.50
	0.28
	0.26
	0.27
	12.15
	13.56
	12.98

	C.D. at 5 %
	1.33
	1.50
	1.49
	0.81
	0.77
	0.79
	36.43
	40.67
	38.91


Note:   1) RDF (30:15:15 kg ha-1. NPK)

     2) FYM @ 6.5 t ha-1 was applied for all treatments except T1
	T1:
	Absolute control (No NPK & FYM)
	T8:
	T4 + ZnSO47H2O @ 10 kg ha-1 + FeSO47H2O @ 10 kg ha-1

	T2:
	RDF 
	T9:
	T5 + ZnSO47H2O @ 10 kg ha-1 + FeSO47H2O @ 10 kg ha-1

	T3:
	STL method
	T10:
	T2 + ZnSO47H2O @ 20 kg ha-1 + FeSO47H2O @ 20 kg ha-1

	T4:
	SSNM approach (Targeted yield : 15 q ha-1)

	T11:
	T3 + ZnSO47H2O @ 20 kg ha-1 + FeSO47H2O @ 20 kg ha-1

	T5:
	SSNM approach (Targeted yield : 20 q ha-1) 
	T12:
	T4 + ZnSO47H2O @ 20 kg ha-1 + FeSO47H2O @ 20 kg ha-1

	T6:
	T2 + ZnSO47H2O @ 10 kg ha-1 + FeSO47H2O @ 10 kg ha-1
	T13:
	T5 + ZnSO47H2O @ 20 kg ha-1 + FeSO47H2O @ 20 kg ha-1

	T7:
	T3 + ZnSO47H2O @ 10 kg ha-1 + FeSO47H2O @ 10 kg ha-1
	
	



