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Phosphorus and zinc effect on seed yield and quality of vegetable cowpea
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Abstract

Cowpea responds to heavier application of phosphorus in
Haryana soils since phosphorus plays an important role in
nodulation, thus, the experiment comprising of five
phosphorus levels viz., 0, 40, 60, 80 and 100 kg/ha and four
levels of zinc, i.e., 0, 5, 10 and 15 kg/ha was conducted at
Research Farm of the Department of Vegetable Science, CCS
H.A.U, Hisar during spring-summer of 2015. The seed yield
per plant (43.48 g), per plot (3.13 kg) and per hectare (21.74
q), germination percentage (90.53%), seed vigour index-I
(3113.25) & 11 (49.73), protein content (26.76), net returns
and benefit to cost ratio (2.04) were recorded maximum when
the crop was supplied with phosphorus 60 kg coupled with
zinc 10 kg/ha, however, the electrical conductivity (1.12 pSemr
'seed!) was recorded lowest at same dose of phosphorus
and zinc due to slowest ageing process.
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Introduction

Cowpea (Vigna unguiculata) popularly known as lobia
is one of the important leguminous crops, as it is a major
source of dietary protein (23.09-28.75%). Being quick
growing short duration crop, it is cultivated in summer
as well as in rainy season for its long green tender pods
usually cooked as vegetable and its dry seeds as pulse.
In spite of its low grain yield, cowpea is a popular crop
among farmers since it improves and sustains soil fertility
and provides high quality fodder for livestock (Tarawali
et al. 1997; Singh et al. 1997). It is extensively used in
the crop diversification in traditional rice-wheat cropping
system.
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Phosphorus is an essential element to increase growth,
protein synthesis, energy transfer, nodulation, efficiency
of Rhizobium bacteria and nitrogen fixation (Nkaa et al.
2014), resulting in higher yield of cowpea. It is required
in large quantity in young cells of meristematic tissue to
increase metabolism and promote rapid cell division. It
also helps in flowering and development of fruit and
seeds. However, phosphorus decreases zinc
concentration in cowpea grains, thereby affecting
its nutritional quality (Oti et al. 2004), therefore, zinc is
essential to apply in association with phosphorus since
this micronutrient plays an important role in growth and
reproduction of plants, animals and humans, DNA
stabilization, gene expression, enzyme activity, protein
synthesis and chlorophyll functions. Its deficiency is a
major limiting factor in several Asian countries in the
cultivation of cowpea (Rehman et al. 2012). It is now
being recorded as third most deficient nutrient in crop
production after nitrogen and phosphorus. In India, zinc
deficient soils occupying almost 50% of the agricultural
area are critical constraint in getting higher yield of
cowpea since the crop is very sensitive to the deficiency
of zinc, which plays a vital role in nitrogen fixation
through nodule formation (Shukla and Yadav 1982).
Considering the above points in view, the experiment
was conducted to find out the optimum dose of
phosphorus and zinc for higher yield of quality seed in
vegetable cowpea.

Materials and Methods

Experiment comprising of five phosphorus levels viz.,
0, 40, 60, 80 and 100 kg/ha and four levels of zinc, i.e.,
0, 5, 10 and 15 kg/ha was conducted at Research Farm
of the Department of Vegetable Science, CCS Haryana
Agricultural University, Hisar during spring-summer of
2015. The 20 treatment combinations were laid out in
randomized block design with three replications. The
seeds of vegetable cowpea cv. Kashi Kanchan were sown
on 26 March 2015 at a spacing of 60x30 cm in plot size
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of 3.60x3.60 m. The observations were recorded on
seed yield per plant, per plot and per hectare, shelling
percentage, germination (%), seed vigour index-I and
11, electrical conductivity (uS cm'seed'), accelerating
ageing (%) and protein content (%). Soil of the
experimental field was high in pH, poor in organic
carbon and available nitrogen, medium in phosphorus
and high in potash. The recommended dose of The
recommended dose of nitrogen fertilizer (25 kg/ha) was
applied through urea and applied half as basal at the
time of sowing and the left-over nitrogen was applied
at the time of flowering. Phosphorus fertilizer was
applied in the form of DAP as per treatments as basal
dose. All the recommended cultural practices and plant
protection measures were adopted to raise a healthy
crop. The observations were recorded on seed yield
per plant, per plot & per hectare, shelling percentage,
germination (%), seed vigour index-I and II, electrical
conductivity (uS cm-1seed-1), accelerating ageing (%)
and protein content (%) of cowpea seed. The recorded
data were subjected to statistical analysis for the
interpretation of results (Panse and Sukhatme, 1967).

Results and Discussion

Effect of phosphorus on yield and yield attributing
characters: The yield parameters like seed yield per
plant, per plot & per hectare were significantly influenced
by different levels of phosphorus. The increasing level
of phosphorus up to 60 kg/ha significantly increased
the yield attributing characters such as seed yield per
plant (34.28 g), per plot (2.47 kg) & per hectare (17.14
q) as compared to control treatment. There was an
increase in seed yield with the increase in phosphorus
up to 60 kg/ha but it decreased thereafter. The beneficial
effect of phosphorus application on fruiting of plants
and better translocation of desired metabolites to yield
contributing parts of the plant might attributed to more
seed yield. Application of phosphorus might have
improved nutritional environment in rhizospheric as well
as in plant system, leading to increased uptake and
translocation of nutrients especially nitrogen,
phosphorus and zinc in reproductive structures, which
led to higher content and uptake of these nutrients (Sepat
and Yadav 2008). This might also be due to better cell
division and development of meristematic tissues caused
by increased uptake of available nutrients in soil. These
results are in line with the results of Singh et al. (2011)
in Stover and grain yield of cowpea in Karikari et al.
(2015) and Kumawat et al. (2014).

Effect of zinc on yield and yield attributing
characters: Application of zinc in cowpea had
significant effect on seed yield per plant, per plot and
per hectare. The seed yield per plant, per plot and per
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hectare increased with the increase in zinc level up to
10 kg/ha and maximum seed yield per plant (33.06 g),
per plot (2.38 kg) and per hectare (16.53 q) was obtained
from the plot where zinc was applied at the rate of 10
kg/ha. The increase in seed yield with the application of
zinc might be due to its important role in regulating the
auxin concentration and nitrogen metabolism in plants.
The substantial increase in seed yield might be due to
better growth and development of plant parts in terms
of plant height and branches per plant, number of pod
per plant and seed weight, which might have increased
the yield attributes and ultimately enhanced the seed yield
significantly. Kasthurikrishna and Ahlawat (2000)
reported that zinc application increased the grain yield
of pea probably owing to the influence on auxin
synthesis, nodulation and nitrogen fixation, which
promoted plant growth and development, thereby
favourably influenced grain yield. The increase in seed
yield due to zinc application might be due to the enhanced
synthesis of carbohydrates and protein and their
transport to the site of seed formation. Safak et al. (2009)
stated that zinc is an activator of many enzymes involved
in photosynthesis, cell elongation and cell division. Zinc
treated crops were more vigourous than the untreated
crops and had better growth since zinc plays a key role
in stabilizing RNA and DNA structure and involves in
the biosynthesis of growth promoting hormones such
as IAA and gibberellins (Mousavi 2011). Upadhyay and
Singh (2016) obtained the highest grain yield with the
application of zinc because zinc influenced the synthesis
of IAA in plants that indirectly enhanced the growth
and development and uptake of nutrients in plants.
Similar results were reported by Ram and Katiyar (2013)
who obtained the maximum seed yield of moong bean
crop in both the years with the application of zinc 10
kg/ha along with sulphur 40 kg/ha, respectively.

Quality parameters

Effect of phosphorus on seed quality

There was a significantly positive influence of
phosphorus application on seed quality parameters like
shelling percentage, germination percentage, seed vigour
index-I & II and protein content in cowpea seeds (Table
1). The maximum shelling and germination percentage
(53.08 and 84.00), seed vigour index-I (2995.93) & 1I
(47.27) and protein content (25.05) of seeds were
recorded when phosphorus was applied 60 kg/ha and
decreased thereafter. These results might be attributed
to the fact that phosphorous fertilization often increases
nodulation and nitrogen content in legumes. The results
of experiment are in line with the findings of Shekara et
al. (2012) who observed significantly higher crude
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protein yield (5.88 gq/ha) with the application of
phosphorus 90 kg/ha, which was at par with 60 kg/ha
(5.66 g/ha) in cowpea, Kumar et al. (2012) who reported
that application of phosphorus 60 kg/ha increased crude
protein content significantly in cowpea and Dixit et al.
(2014) who stated that the application of phosphorus
60 kg/ha in sorghum+cowpea-chickpea cropping
system produced protein 1669 kg/ha.

The electrical conductivity decreased with the increase
in phosphorus level up to 60 kg/ha and it was recorded
maximum at phosphorus 0 kg/ha, while the minimum
electrical conductivity was recorded at phosphorus level
60 kg/ha. The effect of phosphorus application on ageing
was observed negative. Ageing of cowpea seeds
decreased with the increase in phosphorus level and
registered fastest with phosphorus 0 kg/ha, whereas, it
was registered slowest with seeds harvested from the
plots supplied with phosphorus 60 kg/ha (Table 1).

Effect of zinc on seed quality: There was a significant
influence of zinc on quality parameter, i.e., shelling
percentage, germination percentage, seed vigour index-
I & II and protein content in cowpea seeds (Table 1).

The maximum shelling and germination percentage
(51.72 and 84.36), seed vigour index-I (2859.31) & 1II
(46.71) and protein content (25.24) were recorded when
zinc was applied @ 10 kg/ha and decreased thereafter.
The improvement in protein content of cowpea seeds
due to zinc application might be attributed to enhanced
metabolic processes involved in biosynthesis of protein.
The results of the present study confirm the findings of
Usman et al. (2014) who recorded maximum protein
content (21.75 %) in green gram with the application
of zinc 10 kg/ha. The electrical conductivity decreased
with the increase in zinc level up to 10 kg/ha and it was
recorded maximum (1.55 pScm'seed!) in seeds
harvested from the plants supplied with no zinc and
minimum electrical conductivity (1.36 pSem'seed’) in
seeds harvested from the plants supplied with zinc at
the rate of 10 kg/ha (Table 1). The zinc application had
a negative effect on ageing of cowpea seeds, which
fastened with decreasing level of zinc. The ageing was
registered fastest (36.21) with no zinc application,
whereas, it was registered slowest (43.27) in seeds
harvested from the plots supplied with zinc 10 kg/ha
(Table 1).

Table 1: Effect of phosphorus and zinc on growth and yield parameters of cowpea

Treatments Seed yield Germination Shelling Vigour index EC Accelerating Protein
(kg/ha) (g/plant) (kg/plot) (q/ha) (%) (%) I 1l (uScm’seed”)  ageing test  Content (%)
Zy 12.47 0.90 6.24 72 (57.9)* 4238  2286.2 38.68 1.89 33.75 20.99
Zs 16.17 1.16 8.09 78 (61.8) 4447 24325 44.64 1.76 38.30 21.35
Py Zyo 24.19 1.79 12.46 81 (64.5) 48.10  26.27.2 46.66 1.43 41.11 24.67
Zis 18.79 1.35 9.40 77 (61.6) 46.79  2579.7 43.23 1.62 53.05 23.15
Mean  18.09 1.30 9.05 77 (61.4) 4543 24814 43.30 1.68 37.80 22.54
Zy 18.02 1.30 9.01 74 (59.6) 4547  2469.7 41.65 1.56 35.85 21.43
Zs 24.63 1.77 12.32 80 (63.2) 49.51 25834 45.64 1.73 39.80 22.81
P4o Zyo 33.14 2.39 16.57 85 (67.0) 52.87 28702 47.54 1.40 43.55 25.00
Zis 25.88 1.86 12.94 79 (62.7) 51.35 27114 44.34 1.55 39.20 23.36
Mean  25.42 1.83 12.71 79 (63.1) 49.80  2658.7 44.80 1.56 39.60 23.15
Zy 27.98 2.01 13.99 81 (64.4) 49.09  2874.1 44.43 1.21 41.00 24.22
Zs 32.89 2.37 16.45 85(67.1) 53.71  2948.5 48.61 1.31 43.60 25.08
Pso Zy 43.48 3.13 21.74 91 (72.1) 56.02  3113.3 49.73 1.12 47.90 26.76
Zis 32.77 2.36 16.39 80 (63.3) 53.53 30479 46.30 1.28 39.86 24.15
Mean  34.28 247 17.14 84 (66.7) 53.08 29959 47.27 1.23 43.09 25.05
Zy 24.35 1.76 12.18 73 (59.0) 46.35 26954 41.85 1.45 35.10 22.03
Zs 26.82 1.93 13.41 78 (61.8) 50.67 27429 44.89 1.31 38.30 25.13
Pso Zo 35.84 2.58 17.92 83 (65.6) 5428 29984 45.26 1.36 42.20 24.43
Zis 24.64 1.77 12.32 77 (61.2) 52.89 28363 43.68 1.42 37.59 23.91
Mean 27.91 2.01 13.96 78 (61.9) 51.05  2818.2 43.92 1.39 38.30 23.87
Zy 16.02 1.15 8.01 73 (58.8) 43.68  2373.1 40.94 1.66 34.90 21.56
Zs 21.00 1.51 10.50 76 (60.7) 45.86  2502.0 42.94 1.51 37.00 22.29
Pioo Zy 27.94 2.01 13.97 82 (65.0) 4732 2687.5 44.36 1.49 41.60 25.36
Zis 19.80 1.43 9.90 74 (59.2) 49.76 25514 38.74 1.56 35.35 21.82
Mean  21.19 1.53 10.60 76 (60.9) 46.66 25285 41.74 1.56 37.21 22.76
Zy 19.77 1.43 9.89 75 (59.9) 4540  2539.7 41.51 1.55 36.21 22.05
Zinc mean Zs 24.30 1.75 12.15 79 (62.9) 48.85 26419 45.35 1.53 39.40 23.33
VAT 33.06 2.38 16.53 84 (66.9) 51.72  2859.3 46.71 1.36 43.27 25.24
Zis 24.38 1.75 12.19 77 (61.6) 50.86 27453 43.26 1.49 38.01 23.28
CDat5% P 0.50 0.04 0.25 1.9 1.9 31,5 0.07 0.03 0.53 0.59
CDat5%Z 0.44 0.03 0.22 1.7 1.7 282  0.06 0.03 0.48 0.53
Interaction P x Z 0.99 0.07 0.50 N.S. N.S. 630 0.13 0.06 1.07 1.19

*The values for germination percentage given in the brackets are the transformed values
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Table 2: Total seed yield, net monetary returns and B:C ratio as influenced by different phosphorus and zinc doses in

cowpea

Sr. Treatments Variable cost Treatment cost Total cost Yield Gross return Net return B:C

No. (Rs./ha) (Rs./ha) (Rs./ha) (q/ha) (Rs./ha) (Rs./ha) ratio

1. Eﬁ’;mp 0kg/ha +ZnSo,0 44309.00 0.0 44309.00 624 43656.48 652.52 0.01

2. Egg;mp 0kg/ha +ZnSo, 58.32 44309.00 1749.60 46058.60  8.09 56609.60 10551.00 0.23

3. PoZio: DAP 0 kg/ha + ZnSo 44309.00 3499.20 4780820 1245  87178.90 39370.70 0.82
116.64 kg/ha
PoZ;s: DAP 0 kg/ha + ZnSo,

4 17296 kgha 44309.00 5248.80 49557.80  9.40 65779.73 16221.93 033

5. E;"/i(’a DAP 225 kg/a + ZnSo, 0 44309.00 1485.00 45794.00  9.01 63065.08 17271.08 0.38

6. PuwZs DAP225 kg/ha +ZnSo, 44309.00 3234.60 4754360 1232 86212.85 38669.25 0.81
58.32 kg/ha

7. PaZio: DAP225 kefha + ZnSo, 44309.00 4984.20 4929320 1657  115979.60 66686.40 1.35
116.64 kg/ha

g. PuZis DAP225 kefha + ZnSo, 44309.00 6733.80 51042.80 1294  90566.26 39523.46 0.77
174.96 kg/ha

9, E;"/i(’a DAP 337.5kgha+ZnS040 4439 99 2227.50 46536.50 1399 9794328 51406.78 1.10

10, PowZs: DAP 337.5 kg/ha + ZnSo 44309.00 3977.10 48286.10 1644  115110.32 66824.22 1.38
58.32 kg/ha

11, PooZio: DAP 337.5 kg/ha + ZnSo 44309.00 5726.70 5003570 2174  152175.79 102140.09  2.04
116.64 kg/ha

12, PowZis: DAP 337.5 kg/ha + ZnSo 44309.00 7476.30 5178530 1639  114706.25 62920.95 1.22
174.96 kg/ha

13. E;"/i(’a DAP 450.0 kgha+ZnS040 4439 2970.0 47279.00  12.17  85213.43 37934.43 0.80

14, PwZs: DAP 450.0 kg/ha + ZnSo 44309.00 4719.60 49028.60 1341  93877.61 44849.01 091
58.32 kg/ha

5. PsoZio: DAP 450.0 kg/ha + ZnSo 44309.00 6469.20 5077820  17.92  125422.53 74644.33 1.47
116.64 kg/ha

16, ProZis: DAP 450.0 kg/ha + ZnSo 44309.00 8218.0 52527.00 1232 86246.58 33719.58 0.64
174.96kg/ha

17. gli;z/ﬁ;mp 362.5 kgfha +ZnSo, 44309.00 3712.50 4802150  8.01 56071.47 8049.97 0.17

18, PuooZs: DAP 562.5 kg/ha + ZnSo 44309.00 5462.10 49771.10  10.50  73504.28 23733.18 0.48
58.32 kg/ha
P[()()Z[()Z DAP 562.5 kg/ha +

19, JiSorl 16,64 keha 44309.00 7211.70 5152070  13.97  97784.53 46263.83 0.90
P[()()Z[5Z DAP 562.5 kg/ha +

20, 78or174.96 kgha 44309.00 8961.30 5327030  9.90 69284.55 16014.25 0.30

Price of cowpea seed= Rs. 7000/quintal, DAP 225 kg/ha @ Rs. 6.60 = Rs. 1485, DAP 337.5 kg/ha @ Rs. 6.60= Rs. 2227.5, DAP 450 kg/ha
@ Rs. 6.60= Rs. 2970, Zinc Sulphate 58.32 kg/ha @ Rs. 30 = Rs 1749, Zinc Sulphate 116.64 kg/ha @ Rs. 30 = Rs. 3499.2, Zinc Sulphate

174.96 kg/ha @ Rs. 30 = Rs. 5248.

Interactive effect of phosphors and zinc on seed
yield and quality: The perusal of data indicates that
the interactive effect of phosphorus and zinc on shelling
percentage, germination percentage, seed vigour index-
I & II and protein content in cowpea seed was found
significant (Table 1). The highest shelling and
germination percentage (56.02 and 90.53), seed vigour
index-1 (3113.25) & 1II (49.73) and protein content in
cowpea seed (26.76) was obtained under the treatment
phosphorus 60 kg/ha in association with zinc 10 kg/ha.
The electrical conductivity was recorded lowest (1.12
pScm'seed!) in the seed harvested from the plot
supplied with phosphorus 60 kg/ha in combination with
zinc 10 kg/ha, while the highest electrical conductivity
(1.89 uScm'seed') was recorded in seed harvested

from the plots where no phosphorus and zinc was applied
(Table 1). Therefore, the interactive effect of
phosphorus and zinc application on ageing was
considered negative. Ageing of seeds of cowpea was
registered fastest (33.75) with control treatment,
whereas, it was registered slowest (47.90) with seeds
harvested from the plots supplied with phosphorus 60
kg/ha in combination of zinc 10 kg/ha.

Economics: The maximum net returns (Rs. 1,02,140.09
/ha) and benefit to cost ratio (2.04) was obtained from
treatment phosphorus 60 kg/ha + zinc 10 kg/ha, followed
by the treatment phosphorus 80 kg/ha+zinc 10 kg/ha,
however, the additional cost of high dose of
phosphorus+zinc fertilizer increased (Table-2). The
increase in net returns might be due to higher seed yield
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obtained under the treatment, which directly contributed
to net returns (Puniya et al. 2014).

Conclusion

From the present study, it is concluded that cowpea
crop grown with 60 kg of phosphorus + 10 kg of zinc
was found economically best for obtaining higher seed
yield with better seed quality parameters. The highest
benefit cost ratio (Rs. 2.04) was recorded with 60 kg
of phosphorus + 10 kg of zinc over control treatment.
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