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ABSTRACT

	A field experiment to assess the effect of conventional and nano zinc application on growth, yield and nutrient uptake of cowpea (Vigna unguiculata L.) was carried out in Eastern dry zone of Karnataka at ICAR-Krishi Vignana Kendra, Hadonahalli during Kharif 2023. The experiment was laid out in a RCBD with ten treatments replicated thrice. Among the treatments T10 (RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray at 40 DAS) was recorded significantly higher soil nutrient availability, growth, yield and nutrient uptake compared to control. This treatment recorded superior plant height (61.93 cm), number of leaves (13.40) and yield attributes such as number of pods per plant (22.12) and seed yield (1733.45 kg ha-1).  Higher uptake of nutrients viz., N (70.54 kg ha-1), P (11.44 kg ha-1) and K (21.67 kg ha-1) by cowpea was recorded RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray @ 40 DAS. Significantly lower uptake of these nutrients was noted in control.




Keywords: Zinc sulphate, Cowpea, Nano zinc

1. INTRODUCTION 
Cowpea (Vigna unguiculata L.), is a summer annual legume also known as black-eyed pea or southern pea originating from West Africa. It is a valuable and dependable commodity, generating income for producers and traders. Nutritionally, cowpea grains contain 23-25% protein, 50-67% starch, several vitamins and minerals (Keller et al., 2004). As a legume, cowpea roots fix atmospheric nitrogen in the soil to the extent of about 40–80 kg ha-1. Cowpea is considered a valuable fodder legume, cultivated for pulse and vegetable purposes. In India, Cowpea is cultivated in 3.9 million hectares, yielding 2.21 million tonnes with a productivity of 567 kg per hectare (Singh et al., 2012). Cowpea is an important season grain legume that needs more attention from researchers, both from an agronomic and kharif breeding standpoint, because it is a drought-tolerant and resilient crop that can survive in most harsh settings (Bisikwa et al., 2014; Ddamulira et al., 2015). Zinc (Zn) plays a crucial role in various biochemical processes, including enzyme activation, protein synthesis and hormone regulation. In plants, zinc is involved in chlorophyll production, carbohydrate and protein metabolism, auxin synthesis, pollen formation and the maintenance of membrane integrity. It helps resist environmental stresses such as drought, heat and disease. Zinc deficiency can result in interveinal chlorosis, bronzing of chlorotic leaves, small and abnormally shaped leaves, stunting and rosetting of leaves, reduced crop yield and increased susceptibility to disease due to its low mobility within plants. Zinc is generally immobile in soils, with minimal movement from the application point. 
In Eastern dry zone of Karnataka there is no recommendation of zinc for cowpea crop. With this research we can come out with recommending the suitable source and suitable form of zinc for cowpea crop. and also with the aim to increase the zinc and phosphorus use efficiency in acidic soil through foliar application. Therefore, this research was conducted with objectives to study the effect of conventional and nano zinc application on growth, yield and nutrient uptake of cowpea.
2. material and methods 
The plant height of cowpea plant was recorded at 30 DAS, 60 DAS and at the harvest by tagging randomly selected 5 plants in each plot. The mean plant height was worked out and expressed in centimeters at all these growth stages. The number of seeds per plant was determined by counting seeds from five randomly selected and tagged plants, and the mean value was calculated. After threshing and drying, 100 seeds were collected from each net plot seed pool and weighed, with the measurement recorded in grams. Pods were harvested separately from the net plots, dried under sunlight in the threshing yard, threshed, cleaned, and the seed weight was documented.
The nutrient composition of the plant is not a fixed entity. It varies from time to time in plants, from soil to soil and even from species to species (Jones et al., 1990). Hence, a specific plant part should be selected at a definite stage of the plant growth. The physiologically matured plant part should be selected as it will not undergo rapid changes in nutrient composition. The plants were collected at 75 days. The collected samples were first air dried, then oven dried at 650 C for 48 hours, grounded in a Wiley mill and stored in brown paper covers for chemical analysis. 
B:C ratio = Gross returns ÷ Cost of cultivation
Nutrient uptake (kg/ha) =   =   Nutrient concentration (%) x Total dry matter production / 100
Harvest Index (HI) = Economic yield ÷ Biological yield
2.1. TREATMENT DETAILS
The experiment was laid out in a Randomized Complete Block Design (RCBD) with ten treatments and three replications. Totally 30 plots were randomized with gross plot size of 4 m x 3 m (12 m2). The details of the layout plan and treatments are given in Table 1.
2.2. STATISTICAL ANALYSIS
The data collected from the experiment at different growth stages were subjected to statistical analysis as described by Gomez and Gomez (1984). Statistical analysis was carried out by taking the average of five plants from each plot. The level of significance used in “F” was P = 0.05. Critical difference (CD) values were calculated for the P = 0.05 whenever “F” test was found significant.
Table 1: Treatment details of the experiment
	Treatments
	Treatment details

	T1
	Absolute control

	T2
	RDF

	T3
	RDF + Soil application of ZnSO4 at 7.5 kg ha-1

	T4
	RDF + Soil application of ZnSO4 at 10 kg ha-1

	T5
	RDF + 0.2% nano zinc spray at 20 and 40 DAS

	T6
	RDF + 0.4% nano zinc spray at 20 and 40 DAS

	T7
	RDF + Soil application of ZnSO4 at 3.75 kg ha-1 + 0.2% nano zinc spray @ 40 DAS

	T8
	RDF + Soil application of ZnSO4 at 3.75 kg ha-1 + 0.4% nano zinc spray @ 40 DAS

	T9
	RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.2% nano zinc spray @ 40 DAS

	T10
	RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray @ 40 DAS


Note: RDF: Recommended dose of fertilizers N: P2O5: K2O: 25:50:25 (kg/ha)
                    Soil application: ZnSO4
Foliar application: Nano zinc
FYM: 7.5 t ha-1 applied to all treatments except (T1)
Table 2: Initial physicochemical properties of soil during 2023-24

	Sl, no
	Soil properties
	2023-24

	1.
	Sand (%)
	52.97

	2.
	Silt (%)
	23.29

	3.
	Clay (%)
	23.74

	4.
	Soil textural class
	Sandy                      Clay Loam

	5.
	Soil pH (1:2.5)
	6.15

	6.
	EC (dS m-1)
	0.18

	7.
	Organic carbon (%)
	0.43

	8.
	Available N (kg ha-1)
	275.32

	9.
	Available P2O5 (kg ha-1)
	25.82

	10.
	Available K2O (kg ha-1)
	210.64

	11.
	Exchangeable Ca (cmol (p+) kg-1)
	2.59

	12.
	Exchangeable Mg (cmol (p+) kg-1)
	1.62

	13.
	Available S (mg kg-1)
	14.92

	14.
	DTPA Extractable Fe (mg kg-1)
	7.52

	15.
	DTPA Extractable Zn (mg kg-1)
	0.97

	16.
	DTPA Extractable Mn (mg kg-1)
	4.52

	17.
	DTPA Extractable Cu (mg kg-1)
	0.65

	18.
	Hot water-soluble Boron (mg kg-1)
	0.37


3. results and discussion
3.1. Growth parameters of cowpea
Various growth parameters like plant height and number of branches per plant directly or indirectly contributed to altering the yield parameters and finally the seed yield. In the present study, growth parameters like plant height and number of branches per plant at different growth stages i.e., 30, 60 DAS and at harvest of cowpea were presented and discussed.
3.1.1. Plant height (cm)
[bookmark: _Hlk183509183]The data on plant height of cowpea as influenced by conventional and nano zinc application at 30 DAS, 60 DAS and at harvest is presented in Table 3. Significantly higher plant height at 30 DAS was recorded in T4 (31.31 cm) which received RDF + Soil application of ZnSO4 at 10 kg ha-1 and which was on par with (T6) RDF + 0.4% nano zinc spray at 20 and 40 DAS (30.76 cm). Significantly higher plant height at 60 and at harvest was recorded in the treatment (T10) which received RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray @ 40 DAS shows (54.07 and 61.93 cm, respectively). However, significantly lower plant height at 30, 60 and at harvest was recorded in absolute control (T1) (21.54, 40.42 and 47.83 cm, respectively).
3.1.2. Number of branches per plant
Table 3 presents the number of branches per cowpea plant as influenced by conventional and nano zinc application at 30 DAS, 60 DAS, and harvest. The number of branches per plant at 30 DAS was significantly higher in the treatment receiving (T4) RDF +Soil application of ZnSO4 at 10 kg ha-1 (7.21). While, a significantly higher number of branches per plant at 60 and at harvest were recorded in the treatment (T10) which received RDF Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray @ 40 DAS (11.80 and 13.40, respectively) and (T9) (11.47 and 13.01, respectively). However, significantly lower number of leaves per plant at 30, 60 DAS and at harvest were recorded in control (T1) (5.82, 8.02 and 9.74, respectively).
The growth parameters recorded at 30 days, such as plant height and number of branches per plant were significantly highest with the application of RDF + Soil application of ZnSO4 at 10 kg ha-1. The results of this investigation indicate that the doses of zinc fertilizer contribute to the available nutrient pool in the soil, there by enhancing growth attributes. This effect is likely due to the application of zinc, which is associated with increased auxin biogenesis (Sharafi et al., 2002). The growth parameters recorded at 60 DAS and at harvest were significantly higher with the application of RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray @ 40 DAS. This improvement in growth can be attributed to the enhanced availability of zinc provided by the foliar application at critical stages. The increase in growth may be due to the higher precursor activity of ZnO nanoparticles in auxin production (Kobayashi and Mizutani, 1970). Higher growth parameters, such as plant height and number of branches per plant were recorded in zinc-applied treatments compared to those without zinc. 
[bookmark: _Hlk183508547]Table 3: Effect of conventional and nano zinc application on plant height (cm) and No of branches plant-1 of cowpea. 
	[bookmark: _Hlk172219993]Sl. No
	Treatments
	Plant height (cm)
	No of branches plant-1

	
	
	30 DAS
	60 DAS
	90 DAS
	30 DAS
	60 DAS
	90 DAS

	T1
	Absolute control
	21.54
	40.42
	47.83
	5.82
	8.02
	9.74

	T2
	RDF
	26.32
	45.64
	53.07
	6.05
	8.92
	11.23

	T3
	RDF + Soil application of ZnSO4 at 7.5 kg ha-1
	30.54
	48.85
	56.43
	7.15
	9.96
	11.95

	T4
	RDF + Soil application of ZnSO4 at 10 kg ha-1
	31.31
	49.82
	57.47
	7.21
	10.80
	12.54

	T5
	RDF + 0.2% nano zinc spray at 20 and 40 DAS
	30.24
	48.64
	56.15
	6.95
	9.43
	11.56

	T6
	RDF + 0.4% nano zinc spray at 20 and 40 DAS
	30.76
	49.73
	57.24
	7.09
	10.64
	12.43

	T7
	RDF + Soil application of ZnSO4 at 3.75 kg ha-1 + 0.2% nano zinc spray @ 40 DAS
	28.52
	49.32
	56.94
	6.24
	10.24
	12.25

	T8
	RDF + Soil application of ZnSO4 at 3.75 kg ha-1 + 0.4% nano zinc spray @ 40 DAS
	28.67
	50.05
	58.67
	6.64
	11.20
	12.95

	T9
	RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.2% nano zinc spray @ 40 DAS
	29.32
	51.33
	59.07
	6.75
	11.47
	13.01

	T10
	RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray @ 40 DAS
	29.54
	54.07
	61.93
	6.87
	11.80
	13.40

	
	S.E m±
	0.85
	1.47
	1.71
	0.20
	0.31
	0.36

	
	C D (5%)
	2.73
	4.69
	5.45
	0.64
	0.99
	1.16



3.2. Yield parameters of cowpea
The yield parameters of cowpea varied significantly on conventional and nano zinc application. The treatment T10, which received RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray @ 40 DAS, recorded significantly higher values for number of pods per plant (22.12) test weight per 100 seeds (12.10 g), number of seeds per pod (14.11) and pod length (18.51 cm). This was comparable to the treatment with T9, RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.2% nano zinc spray @ 40 DAS. In contrast, the lowest values for the number of pods per plant (17.50), test weight per 100 seeds (10.94 g), number of seeds per pod (9.76) and pod length (12.24) were observed in treatment T1, which was absolute control was presented in table 4.
3.2.1. Seed yield (kg ha-1), haulm yield (kg ha-1) and harvest index (%)
[bookmark: _Hlk176018800][bookmark: _Hlk176018883]Examining the data on seed and haulm yield revealed significant differences among the treatments. There is no significant difference in harvest index among the treatments. The treatment involving T10, RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray @ 40 DAS recorded the highest seed and haulm yields (1733.45 and 2595.57 kg ha-1, respectively). This was statistically on par with the treatment that received RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.2% nano zinc spray @ 40 DAS (T9), which resulted in yields of 1682.23 and 2527.74 kg ha-1 for seed and haulm, respectively. In contrast, the absolute control (T1) resulted in significantly lower seed and haulm yields (861.34 and 1746.45 kg ha-1, respectively) compared to the other treatments. Whereas, there is no significant difference in the harvest index.
[bookmark: _Hlk183708204]The yield and yield attributes of cowpea were substantially affected by conventional and nano zinc application. The increase in number of pods per plant, test weight (g), number of seeds per pod, pod length, seed yield and haulm yield of cowpea under T10, RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray @ 40 DAS. It might be due to nano zinc can significantly enhance zinc bioavailability to plants due to its high surface area-to-volume ratio, which increases its solubility and absorption efficiency. This improved availability is crucial during key growth stages such as pod formation and seed filling. Zinc plays an essential role in chlorophyll synthesis, enhancing photosynthetic efficiency and thus promoting better growth and biomass production. Furthermore, zinc reduces oxidative stress in plants, contributing to overall plant health and increased yield attributes such as pod number, pod length, seeds per pod and test weight. Prasad and Menon (2023).  Zinc is necessary for the proper development of reproductive structures, such as pods and seeds. By improving zinc availability through both soil and foliar applications, plants experience enhanced nutrient assimilation and improved seed development, leading to increased yield and better seed quality (Alloway et al., 2008). The positive effect of Zn on grain yield on Zn-deficient soil is one of the most widely documented facts across the world (Behera et al., 2016). The increase in these parameters might be due to involvement of zinc in various enzymatic processes which helps in catalyzing reactions for growth finally leading to development of                         more yield attributing character. Another important factor is that zinc play crucial role especially at blooming stage which is required for good grain setting in spike.
Table 4: Number of pods per plant, test weight (g), number of seeds per pod and pod length (cm)of cowpea as influenced by conventional and nano zinc application
	[bookmark: _Hlk183508619]Sl.no
	Treatments
	No of pods per plant
	Pod length
(cm)
	No of seeds per
pod
	Test weight
(g)

	T1
	Absolute control
	17.50
	12.24
	9.76
	10.94

	T2
	RDF
	18.73
	15.42
	12.14
	11.24

	T3
	RDF + Soil application of ZnSO4 at 7.5 kg ha-1
	19.68
	17.61
	13.24
	11.65

	T4
	RDF + Soil application of ZnSO4 at 10 kg ha-1
	20.87
	17.92
	13.67
	11.74

	T5
	RDF + 0.2% nano zinc spray at 20 and 40 DAS
	19.28
	17.43
	13.16
	11.56

	T6
	RDF + 0.4% nano zinc spray at 20 and 40 DAS
	20.65
	17.84
	13.54
	11.72

	T7
	RDF + Soil application of ZnSO4 at 3.75 kg ha-1 + 0.2% nano zinc spray @ 40 DAS
	20.18
	17.64
	13.32
	11.68

	T8
	RDF + Soil application of ZnSO4 at 3.75 kg ha-1 + 0.4% nano zinc spray @ 40 DAS
	21.04
	18.01
	13.82
	11.80

	T9
	RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.2% nano zinc spray @ 40 DAS
	21.25
	18.22
	13.92
	12.01

	T10
	RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray @ 40 DAS
	22.12
	18.51
	14.11
	12.10

	
	
S.E m±
	0.61
	0.51
	0.39
	0.35

	
	C D (5%)
	1.94
	1.63
	1.25
	1.12



Table 5: Seed yield (kg ha-1), haulm yield (kg ha-1), harvest index (%) of cowpea as influenced by conventional and nano zinc application

	[bookmark: _Hlk183508663]Sl. No
	Treatments
	Seed
yield
(kg ha-1)
	Haulm
yield
(kg ha-1)
	Harvest
Index 
(%)

	T1
	Absolute control
	861.34
	1746.45
	33.02

	T2
	RDF
	1531.13
	2171.54
	41.37

	T3
	RDF + Soil application of ZnSO4 at 7.5 kg ha-1
	1574.18
	2345.42
	40.16

	T4
	RDF + Soil application of ZnSO4 at 10 kg ha-1
	1621.33
	2393.15
	40.38

	T5
	RDF + 0.2% nano zinc spray at 20 and 40 DAS
	1580.52
	2332.84
	40.39

	T6
	RDF + 0.4% nano zinc spray at 20 and 40 DAS
	1606.34
	2387.75
	40.22

	T7
	RDF + Soil application of ZnSO4 at 3.75 kg ha-1 + 0.2% nano zinc spray @ 40 DAS
	1553.38
	2441.37
	38.90

	T8
	RDF + Soil application of ZnSO4 at 3.75 kg ha-1 + 0.4% nano zinc spray @ 40 DAS
	1654.21
	2493.54
	39.90

	T9
	RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.2% nano zinc spray @ 40 DAS
	1682.23
	2527.74
	40.04

	T10
	RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray @ 40 DAS
	1733.45
	2595.57
	41.37

	
	
S.E m±
	36.06
	55.13
	0.02

	
	C D (5%)
	115.35
	176.37
	NS



3.3. Nutrient uptake  
3.3.1. Nitrogen uptake (kg ha-1)
The data on nitrogen uptake (kg ha-1) by cowpea crop as influenced by conventional and nano zinc application is presented in Table 6. The data showed that significant variation in seed, leaf, stem, root and total nitrogen uptake by cowpea crop. Among all the treatments, combined soil with foliar application treated plot showed superior results over other treatments. The significantly higher seed uptake (70.54 kg ha-1) was recorded in treatment T10, which received RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray @ 40 DAS and followed by T9 (66.14 kg ha-1) which received RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.2% nano zinc spray @ 40 DAS. The lower uptake was recorded in T1 absolute control (28.84 kg ha-1). The higher leaf, stem, root and total nitrogen uptake (31.24, 8.03, 5.36 and 115.18 kg ha-1, respectively) was recorded in treatment T10 which received RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray @ 40 DAS and followed by T9 (29.54, 7.60, 5.06 and 108.34 kg ha-1, respectively) which received RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.2% nano zinc spray @ 40 DAS. The lower uptake was recorded in T1 (absolute control) (15.77, 4.05, 2.70 and 51.37 kg ha-1, respectively). 
             Zinc is known to enhance nitrogen uptake by improving root growth and enzymatic activities, which are crucial for nitrogen assimilation. This synergy is especially potent when both soil and foliar applications of zinc are combined, as seen in T10. Prasad et al. (2012) suggest that zinc application can enhance the efficiency of nitrogen use by the plant, leading to higher nitrogen content across different plant parts. The combination of RDF (Recommended Dose of Fertilizers) with zinc application in both soil and foliar forms ensures a balanced nutrient supply, promoting overall plant health and growth. This balance is crucial for optimal nutrient uptake and translocation. The foliar application of micronutrients, which enhanced nutrient availability during the critical growth stage of the crop, resulted in increased dry matter production and, consequently, higher nitrogen uptake. These results are consistent with those of jat et al. (2014) and Arun et al. (2009).
3.3.2. Phosphorus Uptake (kg ha-1)
The data pertaining to phosphorus uptake (kg ha-1) by cowpea crop as influenced by conventional nano zinc application is presented in Table 7. 
The data showed that significant variation in seed, leaf, stem, root and total phosphorus uptake by cowpea crop. Among all the treatments, combined soil with foliar application treated plot showed superior results over other treatments. However, significantly higher seed uptake (11.44 kg ha-1) was recorded in treatment T10 which received RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray @ 40 DAS and followed by treatment T9 (10.94 kg ha-1). On the other hand, significantly lowest seed uptake (5.17 kg ha-1) was recorded in absolute control (T1). The highest leaf, stem, root and total phosphorus uptake (7.27, 2.78, 1.09 and 22.57 kg ha-1, respectively) was recorded in treatment T10 which received RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray @ 40 DAS and followed by treatment T9 (6.82, 2.68, 1.04 and 21.48 kg ha-1, respectively). On the other hand, significantly lowest leaf, stem, root and total phosphorus uptake (4.37, 1.71, 0.66 and 11.91 kg ha-1, respectively) was recorded in absolute control (T1).
 Zinc plays a critical role in the synthesis of phospholipids, which are essential for root development and phosphorus uptake. The combination of soil-applied ZnSO4 and foliar nano zinc spray ensures that zinc is available both in the rhizosphere and directly to the leaves, enhancing phosphorus uptake. Similar findings were found by Bouain et al. (2014). Phosphorus uptake in plants decreased with increasing rates of zinc application to the soil. Treatments that included zinc fertilizers showed reduced phosphorus content in the soil. The lowest phosphorus uptake was primarily due to the antagonistic effect of zinc on phosphorus. These results were in accordance with Tariq et al. (2014).
3.3.3. Potassium uptake (kg ha-1)
The data on potassium uptake (kg ha-1) by soybean crop as influenced by conventional nano zinc application is presented in Table 8. The data showed that significant variation in seed, leaf, stem, root and total potassium uptake by cowpea crop. However, significantly highest potassium uptake by seed (21.67 kg ha-1) was recorded in treatment T10 which received RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray @ 40 DAS and followed by treatment T9 (20.70 kg ha-1). In contrast, significantly lower potassium uptake by seed (9.47 kg ha-1) was recorded in absolute control. The highest potassium uptake by leaf, stem, root and total (11.81, 3.50, 1.79 and 38.77 kg ha-1, respectively) was recorded in treatment T10 which received RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray @ 40 DAS and followed by treatment T9 (11.14, 3.39, 1.72 and 36.95 kg ha-1, respectively). In contrast, significantly lower potassium uptake by leaf, stem, root and total (5.76, 2.01, 0.79 and 18.03 kg ha-1, respectively) was recorded in absolute control.
Zinc can promote beneficial interactions with other nutrients. When applied in conjunction with RDF (Recommended Dose of Fertilizers), zinc may enhance the uptake of potassium due to these synergistic effects, leading to higher levels in various plant parts. Similar results are in line with the findings of Dash et al. (2015). Zinc is crucial for various physiological processes in plants, including enzyme activation and protein synthesis. Improved plant health and growth can result in increased potassium uptake and accumulation in seeds, leaves, stems and roots by Patil et al. (2017).
3.3.4. Zinc (g ha-1)
The data on zinc uptake (kg ha-1) by seed, leaf, stem and root of cowpea crop as influenced by conventional nano zinc application of presented in Table 9. Among all the treatments, the highest zinc uptake by seed (69.40 g ha-1) was recorded in treatment T10 which received RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray @ 40 DAS and was on par with treatment T9 (65.97 g ha-1, respectively). On the other hand, significantly lower value of zinc uptake by seed was recorded in control (25.15 g ha-1).
[bookmark: _Hlk183690429]The highest zinc uptake by leaf, stem, root and total (48.66, 17.72, 10.64 and 146.42 g ha-1, respectively) was recorded in treatment T10 which received RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray @ 40 DAS and was on par with treatment T6 (47.62, 18.50 11.10, and 145.50 g ha-1, respectively). On the other hand, significantly lower value of zinc uptake by leaf, stem, root and total was recorded in control (25.98, 9.99, 5.99 and 67.11 g ha-1, respectively).
This might be due to nano zinc having higher zinc use efficiency, being directly absorbed by leaves and ultimately accumulating in the seeds, which facilitates better translocation of applied nutrients into the developing seeds. The results indicated that Zn application methods significantly affected seed Zn concentration; nonetheless, combined soil with foliar-applied Zn performed significantly better than soil-applied Zn. Foliar application of Zn significantly improved leaf and seed Zn concentration compared to soil application, even though a smaller quantity of Zn is applied through foliar methods (Cakmak et al., 2010).
Table 6: Effect of conventional and nano zinc application on nitrogen uptake (kg ha-1) by cowpea
	[bookmark: _Hlk175775324]Sl. No
	Treatments
	
Nitrogen uptake (kg ha-1)


	
	
	Seed
	Leaf
	Stem
	Root
	Total

	T1
	Absolute control
	28.84
	15.77
	4.05
	2.70
	51.37

	T2
	RDF
	53.00
	22.19
	5.71
	3.80
	84.70

	T3
	RDF + Soil application of ZnSO4 at 7.5 kg ha-1
	56.19
	24.79
	6.37
	4.25
	91.60

	T4
	RDF + Soil application of ZnSO4 at 10 kg ha-1
	59.49
	26.13
	6.72
	4.48
	96.82

	T5
	RDF + 0.2% nano zinc spray at 20 and 40 DAS
	57.19
	25.14
	6.46
	4.31
	93.10

	T6
	RDF + 0.4% nano zinc spray at 20 and 40 DAS
	60.54
	26.57
	6.83
	4.55
	98.50

	T7
	RDF + Soil application of ZnSO4 at 3.75 kg ha-1 + 0.2% nano zinc spray @ 40 DAS
	56.10
	26.14
	6.72
	4.48
	93.44

	T8
	RDF + Soil application of ZnSO4 at 3.75 kg ha-1 + 0.4% nano zinc spray @ 40 DAS
	63.88
	28.10
	7.22
	4.82
	104.02

	T9
	RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.2% nano zinc spray @ 40 DAS
	66.14
	29.54
	7.60
	5.06
	108.34

	T10
	[bookmark: _GoBack]RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray @ 40 DAS
	70.54
	31.24
	8.03
	5.36
	115.18

	
	S.E m±
	1.43
	0.73
	0.19
	0.13
	2.47

	
	CD (5%)
	4.57
	2.32
	0.60
	0.40
	7.92



Table 7: Effect of conventional and nano zinc application on phosphorus uptake (kg ha-1) by cowpea
	Sl. No
	Treatments
	
Phosphorus uptake (kg ha-1)


	
	
	Seed
	Leaf
	Stem
	Root
	Total

	T1
	Absolute control
	5.17
	4.37
	1.71
	0.66
	11.91

	T2
	RDF
	9.80
	5.86
	2.26
	0.89
	18.81

	T3
	RDF + Soil application of ZnSO4 at 7.5 kg ha-1
	9.92
	6.33
	2.39
	0.94
	19.58

	T4
	RDF + Soil application of ZnSO4 at 10 kg ha-1
	10.05
	6.22
	2.42
	0.93
	19.62

	T5
	RDF + 0.2% nano zinc spray at 20 and 40 DAS
	10.59
	6.53
	2.54
	0.98
	20.64

	T6
	RDF + 0.4% nano zinc spray at 20 and 40 DAS
	10.92
	6.92
	2.65
	1.03
	21.52

	T7
	RDF + Soil application of ZnSO4 at 3.75 kg ha-1 + 0.2% nano zinc spray @40 DAS
	10.26
	6.83
	2.61
	1.03
	20.73

	T8
	RDF + Soil application of ZnSO4 at 3.75 kg ha-1 + 0.4% nano zinc spray @ 40 DAS
	10.76
	6.73
	2.64
	1.02
	21.15

	T9
	RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.2% nano zinc spray @ 40 DAS
	10.94
	6.82
	2.68
	1.04
	21.48

	T10
	RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray @ 40 DAS
	11.44
	7.27
	2.78
	1.09
	22.57

	
	S.E m±
	0.27
	0.22
	0.07
	0.04
	0.59

	
	CD (5%)
	0.84
	0.69
	0.24
	0.11
	1.88



Table 8: Effect of conventional and nano zinc application on potassium uptake (kg ha-1) by cowpea
	Sl. No
	Treatments
	
Potassium uptake (kg ha-1)


	
	
	Seed
	Leaf
	Stem
	Root
	Total

	T1
	Absolute control
	9.47
	5.76
	2.01
	0.79
	18.03

	T2
	RDF
	17.77
	8.18
	2.61
	1.22
	29.78

	T3
	RDF + Soil application of ZnSO4 at 7.5 kg ha-1
	18.57
	9.00
	2.91
	1.36
	31.85

	T4
	RDF + Soil application of ZnSO4 at 10 kg ha-1
	19.45
	9.93
	3.09
	1.51
	33.98

	T5
	RDF + 0.2% nano zinc spray at 20 and 40 DAS
	18.80
	9.37
	2.98
	1.45
	32.61

	T6
	RDF + 0.4% nano zinc spray at 20 and 40 DAS
	19.43
	10.03
	3.10
	1.55
	34.11

	T7
	RDF + Soil application of ZnSO4 at 3.75 kg ha-1 + 0.2% nano zinc spray @40 DAS
	18.34
	9.57
	3.08
	1.46
	32.44

	T8
	RDF + Soil application of ZnSO4 at 3.75 kg ha-1 + 0.4% nano zinc spray @40 DAS
	20.19
	10.82
	3.32
	1.67
	36.00

	T9
	RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.2% nano zinc spray @ 40 DAS
	20.70
	11.14
	3.39
	1.72
	36.95

	T10
	RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray @ 40 DAS
	21.67
	11.81
	3.50
	1.79
	38.77

	
	S.E m±
	0.49
	0.27
	0.08
	0.04
	0.88

	
	CD (5%)
	1.57
	0.86
	0.25
	0.13
	2.81


Table 9: Effect of conventional and nano zinc application on zinc uptake (g ha-1) by cowpea.

	Sl. No
	Treatments
	
Zn uptake (g ha-1)


	
	
	Seed
	Leaf
	Stem
	Root
	Total

	T1
	Absolute control
	25.15
	25.98
	9.99
	5.99
	67.11

	T2
	RDF
	49.27
	35.67
	13.72
	8.23
	106.88

	T3
	RDF + Soil application of ZnSO4 at 7.5 kg ha-1
	63.14
	45.45
	16.58
	9.94
	135.11

	T4
	RDF + Soil application of ZnSO4 at 10 kg ha-1
	67.33
	46.74
	17.97
	10.79
	142.83

	T5
	RDF + 0.2% nano zinc spray at 20 and 40 DAS
	63.70
	44.84
	17.26
	10.35
	136.16

	T6
	RDF + 0.4% nano zinc spray at 20 and 40 DAS
	68.28
	47.62
	18.50
	11.10
	145.50

	T7
	RDF + Soil application of ZnSO4 at 3.75 kg ha-1 + 0.2% nano zinc spray @ 40 DAS
	59.58
	43.82
	15.92
	9.54
	128.85

	T8
	RDF + Soil application of ZnSO4 at 3.75 kg ha-1 + 0.4% nano zinc spray @ 40 DAS
	64.14
	45.47
	16.53
	9.92
	136.07

	T9
	RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.2% nano zinc spray @ 40 DAS
	65.97
	46.57
	16.96
	10.16
	139.66

	T10
	RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray @ 40 DAS
	69.40
	48.66
	17.72
	10.64
	146.42

	
	S.E m±
	1.14
	1.55
	0.58
	0.46
	4.53

	
	CD (5%)
	3.65
	4.94
	1.84
	1.47
	14.50



4. Conclusion
The results of this investigation revealed that the combination of RDF + Soil application of ZnSO4 at 5 kg ha-1 + 0.4% nano zinc spray @ 40 DAS resulted in increased growth, yield and nutrient uptake by cowpea over treatments that have alone foliar spray of nano zinc and soil application of ZnSO4. The combined soil with foliar application increases the zinc use efficiency. Soil application offers a consistent nutrient supply to plant roots, while foliar application rapidly delivers nutrients directly to the leaves. This dual approach ensures efficient nutrient uptake, as the plant benefits from both soil and foliar sources. Foliar application is particularly effective in quickly correcting deficiencies by reducing soil-related challenges like poor nutrient availability or fixation.
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