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Standardization of mother crop nutrition for enhancing seed yield and quality in Sunn hemp (Crotalaria juncea L.)
ABSTRACT
A field experiment was conducted at the Agricultural College and Research Institute, TNAU, Madurai, Tamil Nadu to study the effect of basal and foliar nutrition sprays on the seed yield and quality of sunn hemp. The experimental results showed substantial differences across all growth, physiological and yield parameters. Statistically, the maximum crop growth rate, relative growth rate, dry matter production, and chlorophyll content were noted in plants foliar sprayed with ZnSO4 (0.5%) + Boric acid (0.3%) + NAA (40 ppm). This treatment significantly advanced flowering, and enhanced pod number per plant (87.04), pod length (3.0 cm) and 100-seed weight (2.65 g), seed yield per plant (16.41g) and seed yield per hectare (581.00 kg ha-1). The same treatment also greatly improved seed quality attributes viz., germination percentage (70 %), root length (14.50 cm), shoot length (20.10 cm), seedling dry matter (0.16 g 10 seedlings-1) and vigour index (2422). Furthermore, seeds from this treatment exhibited enhanced biochemical parameters, including higher protein (18.19%), total soluble sugar (60.6 μg g-1), and amino acid contents (19.70 μg g-1).
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1. INTRODUCTION
A member of the Fabaceae family, sunn hemp (Crotalaria juncea L.) is cultivated to provide organic matter to soils, reduce weeds and nematodes (1), and provide biologically fixed nitrogen to succeeding crops. In certain regions of the world, it is also utilized as a fodder crop (2). The distribution of sunn hemp includes tropical, subtropical and some temperate regions (3). It is a vigorously growing green manure crop that makes rapid growth and is ready for being ploughed in about 6 to 7 weeks. It comes up well in loamy soil, particularly under limited irrigation. The biomass yield is 15 to 20 t/ha, and it generally fixes 75- 80 kg of nitrogen per hectare annually. Green manuring with sunn hemp enhances soil structure (4), increases the soil's ability to retain water, reclaims saline and alkaline soils, and enriches the soil with a significant amount of organic matter and nitrogen (5). Seed quality is the most influential component in crop growth, development, and yield, and it has the potential to boost yield by 5-20% (6). Numerous tactics have been implemented to increase productivity. Applying nutrients topically is one way to make use of the crop's genetic potential. This is regarded as a cost-effective and efficient way to partially meet nutrient needs during crucial growth phases. One of the newer techniques that is thought to have a greater impact on nitrogen fixation, protein content, and seed yield in green manures is foliar fertilization with micronutrients. Higher crop yields can be achieved by the application of plant growth regulators (PGRs), which are known to enhance physiological efficiency, particularly photosynthetic capacity. Additionally, it is known that PGRs improve the source-sink relationship and promote photo-assimilate translocation, which raises productivity. In each particular cropping system, these regulators should be used sparingly (7). Microelements are essential for crop growth but are required in smaller quantities than macronutrients like N, P, and K (8). They play a significant role in respiration, photosynthesis, cell division, meristematic tissue development, and the quickening of plant maturity (9). For optimal crop yield, macro and micronutrients must be in a favorable equilibrium. However, deficiencies in micronutrients and the careless and excessive usage of macronutrients can lead to nutrient imbalances. One of the obstacles to the widespread use of sunn hemp as a green manure crop is the lack of high-quality seed. Therefore, it is essential to produce enough high-quality seed and make it reasonably priced. Appropriate methods for producing seeds must be adapted for every agroclimatic circumstance. There is relatively little information about this crop’s production features. Mother crop nutrition management is regarded as one of the most crucial elements for raising seed quality and yield among various seed production techniques. Sunn hemp is a multipurpose crop, but it hasn't received the attention it deserves in our cropping system. Furthermore, not much research has been done on how mother crop nutrients can improve sunn hemp seed output and quality. In light of the aforementioned information, an experiment was designed and carried out.
2. MATERIALS AND METHODS
The field experiments were carried out at the Agricultural College and Research Institute, TNAU, Madurai, Tamil Nadu (90 5’ 8 N latitude and 780 12’ E longitude, 147 m above mean sea level) and to observe the effect of basal and foliar nutrition on seed yield and quality of sunn hemp (Crotalaria juncea L.). The trial was carried out during the Kharif season with clay loam soil texture (neutral pH 7.31, low electrical conductivity 0.23 dS m-1, low in nitrogen 189 kg ha-1, medium in phosphorous 15.4 kg ha-1, medium in potassium 267 kg ha-1, and poor in organic carbon content). The plot size of 5m X 4m and a spacing of 30cm X 15cm between rows and plants, respectively. The experiment was conducted in a randomized block design with four replications. Recommended dose of 20 kg N, 40kg of P2O5 and 20kg of K2O/ha were applied as basal in the last plough. The treatments were imposed viz., T1 – control, T2 – basal application of ZnSO4 @ 25 Kg / ha, T3 – basal application of Borax @ 10 Kg / ha, T4 – basal application of ZnSO4 @ 12.5 Kg / ha + Borax @ 5 Kg / ha, T5 –foliar spray of ZnSO4 @ 0.5%*, T6 –foliar spray of Boric acid  @ 0.3%*, T7 –foliar spray of ZnSO4 @ 0.5%+ Boric acid  @ 0.3%*, T8 – foliar spray of NAA @ 40ppm*, T9 – foliar spray of ZnSO4 @ 0.5%+ Boric acid  @ 0.3%+ NAA @ 40ppm*, T10 – foliar spray of DAP @ 2%*,T11 – foliar spray of SOP @ 1%*, T12 – foliar spray of DAP @ 2%+ SOP @ 1%*, T13 – foliar spray of SOP @ 1%+ NAA @ 40ppm* and T14 – foliar spray of Urea @ 1% + SOP @ 1%+ NAA @ 40ppm (Application of foliar nutrient was done during bud initiation and 50% flowering stage). The following observations were recorded replication-wise from five randomly selected plants, viz., total chlorophyll content (mg g-1) of fresh leaf at 40,80 and 120 days after sowing, fresh weight (g plant-1) and dry matter production(g plant-1) on 30,60,90 and 120 days after sowing, days to first flowering, days to 50% flowering, crop growth rate (CGR) and relative growth rate (RGR) were observed at 45-60 and 90-120 days after sowing as per Watson (10) and Williams (11) respectively and expressed in g. m-2 .d-1 as per the following formula

2.1.Crop growth rate 
	CGR 
	=
	  W2 – W1

	
	
	 P (t2 – t1) 


where,


W1

:
Whole plant dry weight at t1 stage (g)


W2

:
Whole plant dry weight at t2 stage (g)


(t2 – t1) 
:
Time interval in days between stages (g)


P          
:   
Land area occupied by the plant (m-2)                                  (Eqn 1)
2.2. Relative growth rate

	 RGR 
	=
	     Log e W2 – Log e W1

	
	
	               t2 – t1


Where,

           W1:  Whole plant dry weight at t1 stage (g)  

           W2:  Whole plant dry weight at t2 stage (g)

          (t2 – t1):  Time interval in days between stages.                                                          (Eqn 2)
Number pods/plant, pod weight/plant (g), pod length (cm), hundred seed weight (g), shelling percentage, seed yield plant-1 (g), seed yield plot –1 (g), seed yield (kg.ha-1) and the harvested seeds physiological parameters were analyzed viz., seed germination (%), root length (cm), shoot length (cm), seedling dry matter (g/10 seedlings) and vigour index of the seedling was computed by adopting the following formula suggested by Abdul-Baki and Anderson (12) and the mean values were expressed in whole number. 


    Vigour index = germination (%) x Mean length of seedling (cm)                    (Eqn 3)
The biochemical parameters of harvested seeds were analyzed. The protein content (%) was estimated by the colorimetric method described by Ali-khan and Youngs (13), the amount of amino acid (μg g-1) in sunn hemp seed leachate was estimated in duplicate following the method described by Moore and Stein (14) and leachate sugars (μg g-1) were estimated the method described by Somogyi (15). The data obtained from the experiment were analyzed by the ‘F’ test of significance. The per cent values were transformed to angular (arcsine) values before analysis. The critical differences (CD) were calculated at 5 per cent probability level from SPSS software. The data were tested for statistical significance following the methods described by Panse and Sukhatme (16).
3. RESULTS AND DISCUSSION
Plant height, chlorophyll content, days to 50% flowering, dry matter production, crop growth rate, and relative growth rate over control were all significantly increased by the different basal and foliar treatments, according to the results of the study on the impact of mother crop nutrients on seed yield and quality in sunn hemp (Table 1). 

3.1. Effect of foliar nutrients on growth attributes of Sunn hemp

Plant height is one of the key morphological growth factors impacted by the application of growth regulators and nutrients. When compared to other treatments, the combined application of ZnSO4 0.5% + Boric acid 0.3% + NAA 40 ppm at flower bud initiation and 50% flowering stage was found to be very successful in raising the aforementioned parameters at 30, 60, 90, and 120 days after planting (Table. 2). According to Hatwar et al. (17), the improvement in growth characteristics brought about by the application of micronutrients may be the consequence of increased photosynthetic and other metabolic activities, which raises the levels of several plant metabolites that are responsible for cell division and elongation. Furthermore, this treatment resulted in significantly higher total chlorophyll content (Fig. 1), fresh weight, and dry matter accumulation in the plant compared to other treatments and control (Table.3). 

This could be because boron is readily available to crops throughout the growing season. Additionally, it is a component of the cell membrane and is necessary for cell division, conducting tissue upkeep, and the regulation of other elements. It is also essential for the transfer of sugars in plants and the growth of new cells in meristematic tissue. The reason for the increased height of plants may be that NAA triggered the activation of auxins, which soften cell walls by making them more malleable. 
As noted by Kaya and Higgs (18), with Zn application, elongation of the internodal distance may be the cause of the increase in plant height. Additionally, Badshah and Ayub (19) demonstrated that applying zinc topically significantly increased plant height. The aforementioned findings were consistent with those of Ali and Adel (20) in mung beans and Mahmoud et al. (21) in faba beans. Applying nutrients to Sunn hemp, specifically ZnSO4 0.5% + Boric acid 0.3% + NAA 40 ppm, significantly accelerated flowering events, including days to first flowering and 50% blooming. 50% blooming and flower initiation occurred 6.6 and 7 days earlier, respectively, than the control. According to Sune et al. (22), this could be because growing plants are absorbing a lot of nutrients. Plants that are deficient in zinc and boron experience infertility and early flower collapse, which eventually results in decreased yields (23).

3.2. Effect of foliar nutrients on yield attributes of Sunn hemp

Utilizing micronutrients is essential to obtaining both higher seed yield and seed quality. Even while plants only need trace amounts of micronutrients, their toxicity or lack thereof can result in low-quality and low-seed yield. Micronutrients are typically administered to crop through the soil, seed, and leaves. Zinc is the most important micronutrient for achieving higher seed yield and quality among the several micronutrients that are beneficial for long-term agricultural productivity. Microelement deficiencies can cause distinctive harm to seeds. In general, zinc-deficient seeds develop as inferior plants compared to healthy seeds. 
In present investigation, application of various micronutrients and growth regulators had a significant impact on the yield components, including number of pods per plant, pod length, pod weight, and seed yield. This suggests the significance of these compounds in raising the yield potential through their effects on a variety of morphological, physiological, biochemical, and yield component traits. The most significant yield component is the number of pods produced per plant, which also has the strongest correlation with seed yield (24). ZnSO4 @ 0.5% + Boric acid @ 0.3% + NAA @ 40 ppm produced substantially more pods per plant (87.04) than the control. Similar to other leguminous plants, the increase in pods per plant led to the yield increase (25). The balanced nutrition provided along with the function of boron in avoiding flower and pod drop, may be the reasons for the higher number of pods per plant, which in turn may result in an increased yield (26). 
In comparison to the control and other treatments, the highest 100-seed weight (2.65 g) was seen in ZnSO4 @ 0.5% + Boric acid @ 0.3% + NAA @ 40 ppm (Table 4). The rise in 100-seed weight brought on by the treatment of zinc, boron, and NAA might be because the seed received more nutrients, which led to optimal seed development. Higher test weight may be caused by boron's participation in assimilate translocation, according to Dixit and Elamathi (27). Foliar nutrients may have the effect of increasing photosynthetic efficiency, which in turn raises the weight of the pods, the number of seeds per pod, and the weight of the hundred seeds as observed by Kathiresan and Duraisamy (28) in Sesbania aculeata, and by Kumar et al. (29) in Urdbean.

 
Findings on the impact of foliar spray on pod length indicated that the treatment of ZnSO4 @ 0.5% + Boric acid @ 0.3% + NAA @ 40 ppm significantly increased pod length. Photosynthesis increases when micronutrients like zinc are applied topically. Pod length has increased over time in plants that have benefited from zinc because they have the highest enzymatic activity in the photosynthetic reactions of green leaves during plant growth.

The application of micronutrients may have increased yield because of increased photosynthesis activity, increased assimilate production and accumulation, and their positive effects on vegetative growth and flower and pod retention, which not only increased the size of pods but also increased their number. This is also demonstrated in the current study. Higher levels of dry matter production, CGR, and chlorophyll content could be the cause of the higher seed output. Seed yield is significantly and favorably correlated with each of these factors. 

The current study found a positive correlation between foliar spray treatments and Sunn hemp yield and yield characteristics. ZnSO4 @ 0.5% + Boric acid @ 0.3% + NAA @ 40 ppm was the foliar spray treatment that produced the highest seed output per plant (16.41g), per plot (1.162 kg), and per hectare (581.00 kg). Compared to the control, the seed output increased by 30.46 per cent (Table 5). The improved source-sink relationship and improved partitioning efficiency in the plant caused by the growth regulators may be the cause of the higher seed output. These outcomes closely match those of Ramesh (30), who found that foliar spraying with NAA and cycocel improved seed output in moth bean. It has been observed that applying zinc can increase yield by correcting the efficiency of several enzymes that require zinc (31).
3.3. Effect of foliar nutrients on physiological parameters of Sunn hemp 
The conditions under which the seeds are grown affect their germination and vigour. To evaluate seed vigor and quality, the length of the roots and shoots, the dry matter of the seedlings, and the vigor index are crucial. Following crop harvest, the seeds were examined for a number of seed quality factors. Compared to the control, every foliar treatment had a positive and noteworthy impact on the seed quality metric.

The seeds obtained from plants that received foliar spraying with ZnSO4 @ 0.5% + Boric acid @ 0.3% + NAA @ 40 ppm showed improved germination (70%), seedling vigour index (2422), seedling dry weight (0.16 g), root length (14.50 cm), and shoot length (20.10 cm) in the current study. In contrast, control seeds showed lower germination (62%), seedling vigour index (1784), dry weight of seedlings (0.09 g), root length (11.05), and shoot length (17.73), all of which showed that the seeds had been enriched with nutrients and formed higher-quality seedlings. Increased germination percentage, root length, and shoot length of seedlings were the causes of the rise in seedling vigour index and seedling dry weight (Table 6).

Zinc is essential for seed set, seed size, and seed quality. As a result, the mother plant receives an extra supply of nutrients and direct access to micronutrients, which results in the generation of high-quality seeds. These outcomes closely match the cotton research conducted by Rathinavel et al. (32). Productivity was lower with a higher or lower concentration of either element than with the combined spray (33).
3.4. Effect of foliar nutrients on Biochemical parameters of Sunn hemp 
Higher levels of protein (18.19%), free sugars (60.6 μg g-1), and total amino acids (19.70 μg g-1) were found in the seeds of plants sprayed with ZnSO4 @ 0.5% + Boric acid @ 0.3% + NAA @ 40 ppm in the current study (Table 5). Larger embryos, increased respiration and metabolic activity rates, improved metabolite consumption and transport to growth sites, and increased enzyme activity could all contribute to the rise in seed quality indices (34). 

4. CONCLUSION
It may be concluded that basal micronutrient application combined with foliar spraying of ZnSO4 @ 0.5% + Boric acid @ 0.3% + NAA @ 40ppm during the bud initiation and 50% flowering stage significantly advanced flowering, and enhanced pod number per plant (87.04), pod length (3.0 cm) and 100seed weight (2.65 g), seed yield per plant (16.41g) and seed yield per hectare (581.00 kg ha-1). The same treatment also greatly improved seed quality attributes viz., germination percentage (70 %), root length (14.50 cm), shoot length (20.10 cm), seedling dry matter (0.16 g 10 seedlings-1) and vigour index (2422). Furthermore, seeds from this treatment exhibited enhanced protein (18.19%), total soluble sugar (60.6 μg g-1), and amino acid (19.70 μg g-1) contents. This findings much useful for the seed growers, farmers and seed industry personals. It need in depth studies regarding micronutrient role in molecular level for enhance the seed production of sunnhemp.
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Table 1. Effect of mother crop nutrients on crop growth rate (g m-2d-1) and relative growth rate (mg g-1d-1) of sunn hemp at different growth stages 

	Treatments
	Days After Sowing

	
	Crop growth rate (g m-2.d-1)
	Relative growth rate (g m-2.d-1)

	
	30-60 D
	60-90 D
	90-120D
	30-60 D
	60-90 D
	90-120D

	T1 – Control
	15.2
	29.1
	6.0
	0.035
	0.012
	0.001

	T2 – Basal application of ZnSO4 @ 25 Kg / ha 
	20.3
	32.8
	8.8
	0.037
	0.013
	0.002

	T3 – Basal application of Borax @ 10 Kg / ha
	17.4
	30.3
	6.2
	0.038
	0.014
	0.002

	T4 – Basal application of ZnSO4 @ 12.5 Kg / ha + Borax 5 Kg / ha
	18.5
	28.7
	8.7
	0.042
	0.013
	0.003

	T5 – Foliar spray of ZnSO4  @ 0.5%ǂ
	17.7
	30.2
	7.4
	0.040
	0.014
	0.002

	T6 – Foliar spray of Boric acid @ 0.3%ǂ
	18.7
	25.6
	9.0
	0.040
	0.012
	0.002

	T7 – Foliar spray of ZnSO4 @ 0.5%+ Boric acid  @ 0.3%ǂ
	17.7
	28.9
	7.5
	0.041
	0.013
	0.002

	T8 – Foliar spray of NAA @ 40ppmǂ 
	18.7
	26.6
	6.9
	0.037
	0.012
	0.001

	T9 – Foliar spray of ZnSO4 @ 0.5%+ Boric acid  @ 0.3%+ NAA @ 40ppmǂ
	21.0
	37.4
	11.8
	0.043
	0.015
	0.003

	T10 – Foliar spray of DAP @ 2%ǂ
	16.7
	28.9
	6.7
	0.038
	0.014
	0.003

	T11 – Foliar spray of SOP @ 1%ǂ
	19.9
	27.5
	8.8
	0.043
	0.013
	0.002

	T12 – Foliar spray of DAP @ 2%+ SOP @ 1%ǂ
	19.8
	30.4
	6.5
	0.040
	0.013
	0.002

	T13 – Foliar spray of SOP @ 1%+ NAA @ 40ppmǂ
	16.3
	31.0
	6.7
	0.039
	0.015
	0.002

	T14 – Foliar spray of Urea @ 1% + SOP @ 1%+ NAA @ 40ppmǂ
	20.3
	32.7
	11.7
	0.043
	0.015
	0.003

	Mean
	18.44
	30.01
	8.05
	0.0399
	0.014
	0.0022

	SEd
	0.077
	0.109
	0.069
	0.0001
	0
	0

	CD (P=0.05)
	0.156**
	0.221**
	0.140**
	0.0002**
	0.0001**
	0.0001**


ǂApplication of foliar nutrients during flower bud initiation and 50% flowering stage          ** - Highly significant
Table 2. Effect of mother crop nutrients on first and 50% of flowering on sunn hemp 

	Treatments
	Days to First flowering
	Days to 50%flowering

	T1 - Control
	42.5
	57.4

	T2 – Basal application of ZnSO4 @ 25 Kg / ha 
	37.5
	52.5

	T3 – Basal application of Borax @ 10 Kg / ha
	37.6
	53.5

	T4 – Basal application of ZnSO4 @ 12.5 Kg / 

ha + Borax 5 Kg/ha
	37.4
	51.3

	T5 – Foliar spray of ZnSO4  @ 0.5%ǂ
	39.8
	55.4

	T6 – Foliar spray of Boric acid @ 0.3%ǂ
	40.5
	56.3

	T7 – Foliar spray of ZnSO4 @ 0.5%+ Boric acid  @ 0.3%ǂ
	36.8
	50.9

	T8 – Foliar spray of NAA @ 40ppmǂ 
	41.2
	56.4

	T9 – Foliar spray of ZnSO4 @ 0.5%+ Boric acid  @ 0.3%+ NAA @ 40ppmǂ
	35.9
	50.4

	T10 – Foliar spray of DAP @ 2%ǂ
	38.9
	54.7

	T11 – Foliar spray of SOP @ 1%ǂ
	39.5
	54.9

	T12 – Foliar spray of DAP @ 2%+ SOP @ 1%ǂ
	38.6
	53.6

	T13 – Foliar spray of SOP @ 1%+ NAA @ 40ppmǂ
	36.6
	50.7

	T14 – Foliar spray of Urea @ 1% + SOP @ 1%+ NAA @ 40ppmǂ
	36.4
	50.5

	Mean
	38.51
	53.46

	SEd
	0.074
	0.101

	CD (P=0.05)
	0.151**
	0.205**


ǂApplication of foliar nutrients during flower bud initiation and 50% flowering stage                       ** - Highly significant

Table 3. Effect of mother crop nutrients on fresh weight of plants (g plant-1) and dry matter production (g plant-1) in sunn hemp at 30, 60, 90 and 120 days

	Treatments
	Days After Sowing

	
	fresh weight of plants (g plant-1)
	Dry matter production (g plant-1)

	
	30
	60
	90
	120
	30
	60
	90
	120

	T1 - Control
	24.39
	53.22
	145.35
	165.42
	1.15
	21.72
	60.94
	72.85

	T2 – Basal application of ZnSO4 @ 25 Kg / ha 
	34.77
	70.98
	168.12
	183.72
	2.25
	29.63
	73.87
	85.79

	T3 – Basal application of Borax @ 10 Kg / ha
	30.51
	60.75
	150.63
	172.25
	1.85
	25.35
	66.21
	74.63

	T4 – Basal application of ZnSO4 @ 12.5 Kg / 

ha + Borax @ 5 Kg/ha
	33.72
	55.14
	165.41
	182.53
	1.46
	26.44
	65.25
	81.21

	T5 – Foliar spray of ZnSO4  @ 0.5%ǂ
	25.56
	69.76
	153.65
	164.34
	1.59
	25.42
	66.15
	76.13

	T6 – Foliar spray of Boric acid @ 0.3%ǂ
	28.22
	55.37
	155.54
	166.23
	1.73
	26.95
	61.48
	73.65

	T7 – Foliar spray of ZnSO4 @ 0.5%+ Boric acid  @ 0.3%ǂ
	25.63
	65.54
	147.59
	160.54
	1.45
	25.37
	64.36
	74.47

	T8 – Foliar spray of NAA @ 40ppmǂ 
	29.41
	60.64
	148.65
	165.33
	1.35
	26.58
	62.43
	67.64

	T9 – Foliar spray of ZnSO4 @ 0.5%+ Boric acid  @ 0.3%+ NAA @ 40ppmǂ
	36.37
	75.45
	177.63
	184.42
	2.82
	31.11
	81.55
	90.56

	T10 – Foliar spray of DAP @ 2%ǂ
	26.44
	56.55
	160.76
	177.70
	1.75
	24.30
	63.35
	79.12

	T11 – Foliar spray of SOP @ 1%ǂ
	26.52
	58.36
	158.42
	179.56
	1.48
	28.36
	65.53
	73.65

	T12 – Foliar spray of DAP @ 2%+ SOP @ 1%ǂ
	29.52
	63.75
	153.43
	169.74
	1.82
	28.59
	69.65
	78.49

	T13 – Foliar spray of SOP @ 1%+ NAA @ 40ppmǂ
	26.54
	65.63
	165.55
	171.58
	1.65
	23.71
	68.24
	77.32

	T14 – Foliar spray of Urea @ 1% + SOP @ 1%+ NAA @ 40ppmǂ
	34.14
	69.81
	167.84
	182.56
	2.23
	29.60
	73.72
	85.53

	Mean
	29.41
	62.92
	158.47
	173.28
	1.76
	26.65
	67.33
	77.93

	SEd
	0.145
	0.254
	0.349
	0.307
	0.016
	0.096
	0.211
	0.226

	CD(P=0.05)
	0.293**
	0.514**
	0.706**
	0.621**
	0.032**
	0.194**
	0.428**
	0.457**


ǂApplication of foliar nutrients during flower bud initiation and 50% flowering stage                             ** - Highly significant

Table 4.   Table. Effect of mother crop nutrients on seed yield attributes in sunn hemp

	Treatments
	No of pods plant-1
	Pod weight plant-1
	Pod length (cm)
	No of seeds pod-1
	Hundred seed weight (g)
	Shelling percentage (%)

	T1 - Control
	56.91
	20.02
	2.5
	8.21
	2.21
	52.07(46.18)

	T2 – Basal application of ZnSO4 @ 25 Kg / ha 
	73.45
	25.64
	2.9
	12.45
	2.50
	55.10(47.92)

	T3 – Basal application of Borax @ 10 Kg / ha
	67.92
	25.41
	2.8
	12.23
	2.49
	54.78(47.74)

	T4 – Basal application of ZnSO4 @ 12.5 Kg / ha + Borax @ 5 Kg / ha
	76.05
	25.94
	2.9
	13.33
	2.54
	55.21(47.99)

	T5 – Foliar spray of ZnSO4  @ 0.5%ǂ
	63.75
	22.13
	2.7
	9.24
	2.43
	53.19(46.82)

	T6 – Foliar spray of Boric acid @ 0.3%ǂ
	61.56
	21.24
	2.7
	9.11
	2.41
	52.50(46.43)

	T7 – Foliar spray of ZnSO4 @ 0.5%+ Boric acid  @ 0.3%ǂ
	82.13
	26.57
	2.9
	13.54
	2.55
	55.22(47.99)

	T8 – Foliar spray of NAA @ 40ppmǂ 
	60.36
	20.43
	2.6
	8.45
	2.34
	52.27(46.30)

	T9 – Foliar spray of ZnSO4 @ 0.5%+ Boric acid  @ 0.3%+ NAA @ 40ppmǂ
	87.04
	30.85
	3.0
	14.85
	2.65
	57.27(49.18)

	T10 – Foliar spray of DAP @ 2%ǂ
	64.80
	23.75
	2.8
	11.32
	2.46
	54.51(47.58)

	T11 – Foliar spray of SOP @ 1%ǂ
	64.30
	22.63
	2.7
	10.44
	2.44
	53.64(47.08)

	T12 – Foliar spray of DAP @ 2%+ SOP @ 1%ǂ
	67.88
	23.85
	2.8
	11.45
	2.47
	54.54(47.60)

	T13 – Foliar spray of SOP @ 1%+ NAA @ 40ppmǂ
	84.37
	28.14
	3.0
	13.91
	2.59
	55.32(48.05)

	T14 – Foliar spray of Urea @ 1% + SOP @ 1%+ NAA @ 40ppmǂ
	85.86
	28.55
	3.0
	14.32
	2.63
	56.42(48.69)

	Mean
	71.17
	24.65
	2.7
	11.63
	2.48
	54.43(47.54)

	SEd
	0.378
	0.119
	0.256
	0.083
	0.004
	0.057

	CD (P=0.05)
	0.765**
	0.241**
	0.518*
	0.169**
	0.009**
	0.115**


(Figures in parentheses are arcsine transformation values) 
ǂApplication of foliar nutrients during flower bud initiation and 50% flowering stage                           ** - Highly significant

Table 5. Effect of mother crop nutrients on seed yield per plant, seed yield per plot and seed yield per ha, protein (%), reducing sugar and total amino acid in sunn hemp

	Treatments
	Seed yield

plant-1 (g)
	Seed yield

plot-1(kg)
	Seed yield

ha-1 (kg)
	Protein (%)
	Sugar 
(μg g-1)
	Amino acid

(μg g-1)

	T1 - Control
	12.15
	0.808
	404.00
	17.36
	50.2
	15.87

	T2 – Basal application of ZnSO4 @ 25 Kg / ha 
	13.46
	1.012
	506.54
	17.12
	55.4
	16.66

	T3 – Basal application of Borax @ 10 Kg / ha
	13.23
	0.96
	480.61
	16.72
	52.4
	17.65

	T4 – Basal application of ZnSO4 @ 12.5 Kg / ha + Borax @ 5 Kg / ha
	14.21
	1.016
	508.72
	16.87
	52.1
	16.97

	T5 – Foliar spray of ZnSO4  @ 0.5%ǂ
	12.07
	0.851
	425.54
	17.04
	53.2
	16.10

	T6 – Foliar spray of Boric acid @ 0.3%ǂ
	12.75
	0.818
	409.80
	16.16
	57.2
	16.85

	T7 – Foliar spray of ZnSO4 @ 0.5%+ Boric acid  @ 0.3%ǂ
	14.67
	1.025
	512.54
	16.95
	52.3
	15.86

	T8 – Foliar spray of NAA @ 40ppmǂ 
	12.30
	0.813
	406.57
	17.07
	56.6
	16.50

	T9 – Foliar spray of ZnSO4 @ 0.5%+ Boric acid  @ 0.3%+ NAA @ 40ppmǂ
	16.41
	1.162
	581.00
	18.19
	60.6
	19.70

	T10 – Foliar spray of DAP @ 2%ǂ
	12.74
	0.931
	465.51
	16.65
	57.5
	16.25

	T11 – Foliar spray of SOP @ 1%ǂ
	12.47
	0.902
	451.30
	17.74
	54.9
	18.75

	T12 – Foliar spray of DAP @ 2%+ SOP @ 1%ǂ
	13.17
	0.943
	471.04
	17.96
	58.7
	16.40

	T13 – Foliar spray of SOP @ 1%+ NAA @ 40ppmǂ
	15.34
	1.052
	526.00
	16.54
	59.6
	18.90

	T14 – Foliar spray of Urea @ 1% + SOP @ 1%+ NAA @ 40ppmǂ
	16.35
	1.127
	563.50
	18.14
	59.8
	19.32

	Mean
	13.67
	0.959
	479.48
	17.18
	55.75
	17.27

	SEd
	0.055
	0.004
	2.10
	0.028
	0.123
	0.049

	CD (P=0.05)
	0.112**
	0.008**
	4.252**
	0.057**
	0.249**
	0.100**


ǂApplication of foliar nutrients during flower bud initiation and 50% flowering stage                    ** - Highly significant

Table 6. Effect of mother crop nutrients on resultant seeds germination (%) and seedling growth attributes in sunn hemp

	Treatments
	Germination (%)
	Root length(cm)
	Shoot length(cm)
	Dry matter production

(g 10 seedlings-1)
	Vigour index

	T1 - Control
	62(51.94)
	11.05
	17.73
	0.09
	1784

	T2 – Basal application of ZnSO4 @ 25 Kg / ha
	67(54.94)
	13.15
	18.65
	0.12
	2131

	T3 – Basal application of Borax @ 10 Kg / ha
	66(54.33)
	13.15
	18.60
	0.10
	2096

	T4 – Basal application of ZnSO4 @ 12.5 Kg /ha + Borax @ 5 Kg / ha
	65(53.73)
	13.48
	18.98
	0.13
	2110

	T5 – Foliar spray of ZnSO4  @ 0.5%ǂ
	68(55.55)
	12.04
	18.03
	0.09
	2045

	T6 – Foliar spray of Boric acid @ 0.3%ǂ
	66(54.33)
	11.81
	17.95
	0.08
	1964

	T7 – Foliar spray of ZnSO4 @ 0.5%+ Boric acid  @ 0.3%ǂ
	65(53.73)
	13.83
	19.20
	0.12
	2147

	T8 – Foliar spray of NAA @ 40ppmǂ 
	68(55.55)
	11.70
	17.85
	0.08
	2039

	T9 – Foliar spray of ZnSO4 @ 0.5%+ Boric acid  @ 0.3%+ NAA @ 40ppmǂ
	70(56.79)
	14.50
	20.10
	0.16
	2422

	T10 – Foliar spray of DAP @ 2%ǂ
	63(52.53)
	12.35
	18.05
	0.10
	1915

	T11 – Foliar spray of SOP @ 1%ǂ
	67(54.94)
	12.30
	18.05
	0.09
	2033

	T12 – Foliar spray of DAP @ 2%+ SOP @ 1%ǂ
	64(53.13)
	13.05
	18.44
	0.10
	2015

	T13 – Foliar spray of SOP @ 1%+ NAA @ 40ppmǂ
	62(51.94)
	14.00
	19.25
	0.12
	2062

	T14 – Foliar spray of Urea @ 1% + SOP @ 1%+ NAA @ 40ppmǂ
	69(56.16)
	14.08
	19.55
	0.14
	2287

	Mean
	65.86(54.26)
	12.89
	18.60
	0.109
	2075

	SEd
	0.093
	0.038
	0.026
	0.001
	5.67

	CD (P=0.05)
	0.188**
	0.077**
	0.054**
	0.002**
	11.47**


(Figures in parentheses are arcsine transformation values)   ǂApplication of foliar nutrients during flower bud initiation and 50% flowering stage
** - Highly significant
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Fig. 1. Effect of mother crop nutrients on total Chlorophyll content (mg/g) in sunn hemp at 30, 60, 90 DAS

