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ABSTRACT

Background: Micronutrient formulation is a liquid mixture of micronutrients which can be used as a fertilizer. It is a mixture of two
solutions viz., solution A and solution B. Solution A is a mixture of zinc sulphate (50 gL'), boric acid (10 gL?*), copper sulphate (20 gL%),
manganous sulphate (0.5 gL?), ferrous sulphate (10 gL*) and ammonium molybdate (0.5 gL*) whereas solution B is an organic acid
which act as a chelate. The mixture can be diluted to specific concentrations for application. The objective of the study was to evaluate
the effect of micronutrient formulation as seed treatment and foliar nutrition.

Methods: The study was conducted at College of Agriculture, Padannakkad, Kerala Agricultural University and Regional Agricultural
Research Station, Pilicode during 2018-19. The investigation was carried out in three parts: (i) standardization of micronutrient
formulation for cowpea (ii) seed treatment study (iii) field experiment. The proportion of mixing micronutrient formulation and the
duration for seed treatment was standardized in experiment I. In experiment Il, a seed treatment study was carried out in a completely
randomised design with seven treatments and three replications which included seed treatment with micronutrient formulation @
0.25, 0.50, 0.75, 1, 1.5 and 2 percent as T,, T,, T,, T, T, and T, respectively. T, (seed treatment with water) was the control. Three,
a field experiment was carried out in randomized block design (factorial) with twelve treatments and three replications. The treatment
consisting of combination of four levels of seed treatment - factor A (no seed treatment (S,), seed treatment with rhizobium (S,), seed
treatment with best concentration from experiment 1 (S;) and second best seed treatment from experiment 1 (S,)) and three levels of
foliar application of micronutrient - factor B (no foliar application (F,), one foliar application at 15 DAS (F,) and two foliar applications
at 15 and 30 DAS (F,).

Result: Through lab experiments, solution B was standardized and the formulation was developed by mixing solution A and solution
B in the ratio 1:2. Duration for seed treatment was also standardized as 6 hours. Thus micronutrient formulation was standardized. In
seed treatment study, seeds treated with 2% micronutrient formulation (T,) showed highest plant height at three leaf stage (24.23 cm)
and seedling vigour index (2423). In the field experiment seed treatment with 2% micronutrient formulation (S,), foliar spray at 15 and
30 days after sowing (F,) and their interaction (S,F,) was found to be highly effective to the crop in terms of plant height, stem
diameter, number of pods per plant, pod weight per plant, grain yield and nutrient content in grain. These results clearly indicate the
role of micronutrient formulation in enhancing the growth, yield and nutrient content of cowpea.
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INTRODUCTION

. . . . Department of Soil Science and Agricutural Chemistry, College of
Cowpea [Vigna unguiculata (L.) Walp] is an important pulse

Agriculture, Padanakkad-671 314, Kerala Agricultural University,

crop grown annually in warm climate with adequate rainfall.
It can thrive well in temperate zones as well as humid tropics.
Cowpea is rich in fibre, protein, iron and potassium but low
in fat and calorie. It is also referred as vegetable meat
because of its high protein content. Inclusion of cowpea in
diet prevents cancer, anaemia and repair of muscle tissues.
Pulses are an important group of crops which has the
capacity to provide high quality protein complementing
cereal proteins in vegetarian diet. The Recommended
Dietary Allowances (RDA) for adult male and female is 60 g
and 559 per day respectively. In India, pulses are cultivated
in an area of 25.26 million ha with production potential of
16.47 million tonnes and yield of 652 kg/ha (Government of
India, 2016). In Kerala it is cultivated in an area of 1738 ha
with a production of 1433 tonnes (Government of Kerala,
2016-2017).

Micronutrients are essential elements in growth required
by plants only in small quantities. In spite of its lower
requirement in plants these are equally formidable as
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primary and secondary nutrients. The deficiency of
micronutrients become prevalent quite recently affecting the
productivity and stability of soils (Bell and Dell, 2008). A major
portion of Kerala soils lack boron since it is formed from
acid igneous rocks (SSO, 2007). A study conducted by
Suresh et al. (2014) in the Northern district of Kerala,
Kasaragod revealed that the soils are deficient in boron by
78 per cent, zinc by 8 and copper by 3 per cent. Hence
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supplementing micronutrients is essential for improving the
growth and yield of crops.

Foliar nutrition is the most advanced method in
supplementing nutrition to plants. It gains attention due to
its efficiency as well as cost effectiveness. Application of
micronutrients in the appropriate mineral form enhances its
availability in plants (Alloway, 1986). Formulations containing
micronutrients when supplied to plants as foliar spray are
found effective in correcting deficiencies and thereby
increases the yield (Mona et al., 2012). Foliar application of
nutrients helps the plants to absorb nutrients through the
stomatal openings in leaves and results in most effective
use of fertilizers in a most economical way (Manasa et al.,
2015). Efficiency of fertiliser use and quick response of the
applied nutrients results in growth enhancement as well as
yield. It also reduces the chance of toxicity in plants
compared to the supplementation of fertilizers through
conventional methods.

Micronutrient fertilizers can also be supplied as seed
treatment so that the wastage of fertilizers during soil
application can be significantly reduced. Application of
micronutrient through seed treatment improves growth, yield
and enhances the phenological events (Farooq et al., 2012).
In economical perspective seed treatment is the better option
for which less micronutrient is needed, it is ease in application
and improves seedling growth (Singh et al., 2003).

MATERIALS AND METHODS

The whole study was conducted in three parts: (i)
standardization of micronutrient formulation for cowpea was
carried out during February - April 2018 (ii) seed treatment
study during June - July 2018 (Experiment I) and (i) field
experiment during October — February 2018 to 2019
(Experiment II).

Micronutrient formulation is a mixture of two solutions
viz., solution A and solution B. Solution A is a mixture of zinc
sulphate, boric acid, copper sulphate, manganous sulphate,
ferrous sulphate and ammonium molybdate whereas
solution B is an organic acid which act as a chelate. These
two solutions have to be mixed in a specific ratio at the time
of application because of the poor shelf life of micronutrient
mixture. Attempt was being made to increase the shelf life
of this micronutrient formulation in the combined form of
both solutions A and B.

For standardizing the micronutrient formulation, several
trials were done and a combination of Solution Aand Solution
B (2:1) were prepared so that it can be supplied to farmers
as micronutrient mixture which reduces the difficulty of
mixing solutions during field application. The micronutrient
formulation can be diluted to different concentrations for
seed treatment and foliar spray. To standardize the time for
seed treatment several trials were conducted. Cowpea
seeds were treated with micronutrient mixture at different
concentrations at the rate of 0.25, 0.50, 0.75, 1, 1.5 and 2
percentages for different durations (1 hr, 2hrs, 4 hrs, 6hrs, 8
hrs, 10 hrs and 12 hrs).

Laboratory study was carried out at College of
Agriculture, Padannakkad, Kerala Agricultural University to
standardize the concentration of micronutrient formulation
for cowpea. Different concentrations of the standardized
micronutrient formulation were used for seed treatment study
(Experiment 1). The experiment was carried out in
completely randomized design with 7 treatments and 3
replications which included seed treatment with
micronutrient formulation @ 0.25, 0.50, 0.75, 1, 1.5 and 2
percentas T, T, T,, T,, T, and T, respectively. T, (seed
treatment with water) was the control. Observations on
germination percentage (placing seeds in moistened filter
paper for three days and recorded the number of seeds
germinated on fourth day), number of days taken for
germination (counting the number of days taken for
germination from the start day it kept for germination),
seedling length at three leaf stage (average length of five
plants were taken at three leaf stage) and seedling vigour
index (calculated by multiplying seedling length with
germination percentage) were recorded.

The field experiment was conducted at Regional
Agricultural Research Station, Pilicode, (Kasaragod, Kerala)
during the period October to December 2018.
Geographically, the experimental site lies in tropic region,
at 12°12'N latitude and 75° 10' E longitude and at an altitude
of 15m above mean sea level with a warm humid tropical
climate.

The experiment was conducted in randomized block
design (factorial) with 12 treatments replicated three times.
The randomized block design was set up in such a way that
the experimental field had been divided into 36 plots, each
of 2 m length and 1.5 m width. Thus each replication contains
12 uniform plots to carry out different treatment applications.
The crop production was done by following all the cultural
practices starting from the land preparation to the harvest.
The treatment consisting of combination of four levels of
seed treatment — Factor A (no seed treatment (S,), seed
treatment with rhizobium (S,), seed treatment with best
concentration from experiment 1 (S,) and second best seed
treatment from experiment 1 (S,)) and three levels of foliar
application of micronutrient — Factor B (no foliar application
(F,), one foliar application at 15 DAS (F,) and two foliar
applications at 15 and 30 DAS (F,)). The treatments
interactions include no seed treatment and no foliar
application (S,F,), no seed treatment + one foliar application
(S,F,), no seed treatment + two foliar application (S,F,), Seed
treatment with rhizobium + no foliar application (S,F,), Seed
treatment with rhizobium + one foliar application (S,F,), Seed
treatment with rhizobium + two foliar application (S,F,), Seed
treatment with best treatment from experiment 1 + no foliar
application (S,F,), Seed treatment with best treatment from
experiment 1 + one foliar application (S,F,), Seed treatment
with best treatment from experiment 1 + two foliar application
(S,F,), Seed treatment with second best treatment from
experiment 1+ no foliar application (S,F,), Seed treatment
with second best treatment from experiment 1+ one foliar
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Table 1: Composition of Solution A (1 litre).

and 2%). Seeds were soaked in each of these solutions for
seven different durations (1 hr, 2hrs, 4 hrs, 6hrs, 8 hrs, 10

Nutrients composition Amount (g) - S .
7150 TH.O 50 hrs and 12 hrs). Observations on seed germlnat!on ano! its
CUSO4 5H20 20 emergence showed that the seeds treated with micronutrient
a2 mixture for 6 hours showed better shoot and root growth for
FeSO,.7H,0 10 the different concentration of micronutrient formulation as
H,BO, 10 compared to other duration of seed treatment. Time for seed
MnSO,.H,0 05 treatment was standardized in papaya for boron. Seeds treated
(NH,) 6Mo70,,.4H,0 0.5 with 2 ppm boron solution for six hours showed increased

application (S,F,) and Seed treatment with second best
treatment from experiment 1+ two foliar application (S,F,).

Observations on different yield attributes were taken to
study the effect of treatments on growth and development
of the crop. Five plants were randomly selected and tagged
from each plot to record the periodical observations. Growth
parameters such as plant height (taken as the average value
of the tagged plant), stem diameter (average of five plants
from each plot), number of branches and dry matter
production (average of five plants from each plot) were
recorded. Yield parameters included number of pods per
plant (number of pods obtained from five index plants from
each plot were recorded and average was taken), number
of seeds per pod (ten pods from index plants were selected
and average number of seeds were recorded), pod weight
per plant (ten pods from index plants were selected and
average weight was recorded) and grain yield (calculated
in kg per hectare). The incidence of pest and disease were
recorded during the course of investigation. The data
obtained from the seed treatment study and field experiment
was analysed statistically using Analysis of Variance
(ANOVA) for completely randomized design and factorial
randomized block design proposed by Panse and Sukhatme
in 1985. It was then tested for its significance using standard
statistical tools.

RESULTS AND DISCUSSION

Standardization of micronutrient formulation for cowpea
The different concentrations of micronutrient formulation and
time required for seed treatment in cowpea was standardized
by soaking cowpea seeds with micronutrient mixture at
different concentrations (0.25%, 0.50%, 0.75%, 1%, 1.5%

germination and growth of seedlings (Deb et al., 2010).
Seed treatment study

The different concentrations of micronutrient mixture in seed
treatment study had no significant influence on germination
percentage and days taken for germination whereas
seedling length at three leaf stage and seedling vigour index
(germination percentage x seedling length) was significantly
influenced by the treatments (Table 2). The treatment T
showed maximum seedling length at three leaf stage (24.23
cm) and seedling vigour index (2423) which might be due
to the beneficial effect of micronutrients in enhancing cell
elongation and cell division of meristematic tissues. The
increased seedling length of cowpea contributed to
considerable increase in seedling vigour index in the
treatment receiving 2% concentration of micronutrient
mixture. Thus T, was considered as the best concentration
for seed treatment study. This treatment was followed by T,
which recorded the second highest values in seedling length
at three leaf stage (22.31) and seedling vigour index (2231).
The treatments T, (best seed treatment) and T, (second best)
were selected for the field experiment to evaluate the
performance of micronutrient formulation in cowpea. Masuthi
et al. 2009 had reported that cowpea seeds treated with
zinc sulphate showed higher vigour index and Deb et al.
2010 reported that papaya seeds treated with boron at 2ppm
showed better growth of seedlings.

Field experiment: Effect of seed treatment, foliar spray
of micronutrient formulation and their interaction on
growth attributes

Effect of seed treatment, foliar spray and their interaction
on plant height, stem diameter, number of branches and
dry matter production is given in the Table 3.

Table 2: Effect of seed treatment with micronutrient formulation on germination and seedling characters of cowpea.

Treatment Germination Days taken Seedling length at Seedling
percentage (%) for germination three leaf stage (cm) vigour index
T, 96.70 1.66 18.80 1817.96
T, 96.76 1.66 19.81 1881.95
T, 97.77 1.67 19.84 1939.75
T, 97.77 1.66 19.94 1949.53
T, 100.00 1.33 22.31 2231.00
T 100.00 1.00 24.23 2423.00
T 95 1.77 18.75 1814.25

T, — Micronutrient formulation at the rate of 0.25% ; T, — Micronutrient formulation at the rate of 0.50% ;

T, — Micronutrient formulation at the rate of 1.5% ; T, -

T, — Micronutrient formulation
at the rate of 0.75% ; T, — Micronutrient formulation at the rate of 1% ;
Micronutrient formulation at the rate of 2% ; T, — Control (Seed treatment with water).
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Levels of seed treatment showed significant difference
in plant height at flower bud initiation and at harvest. At
flower bud initiation S, recorded maximum plant height
(24.31 cm) which was on par with seed treatment with 1.5%
micronutrient formulation, S, (23.53 cm). At the time of
harvest S, recorded maximum height of 39.75 cm which
was significantly superior to all other treatments. Levels of
foliar spray of micronutrients showed significant difference
in plant height at flower bud initiation and at harvest.
Maximum height was observed in F, treatment both at flower
bud initiation (25.98 cm) and at harvest (41.08 cm). In the
interaction effect maximum plant height was recorded in
the treatment S F, at both the stages given as 29.80 c¢cm
and 44.13 cm, which were significantly different from all
other treatments. The beneficial effect of micronutrients in
growth and development of plants might be the reason for
increase in plant height compared to control treatment
receiving no seed treatment and no foliar spray.
Micronutrients has the capacity to increase the auxin content
and chlorophyll content of tissues thus promoting plant
growth and yield. It helps in the growth of cells by promoting
cell elongation and cell division of meristematic regions.
The micronutrients zinc and boron plays a crucial role in
growth and development of new cells in plants. The findings
are in accordance with the results obtained by
Suryanarayana and Reddy (1978). They reported that plant
height of French bean was increased by the application of
0.01 percent Zn and B. Cowpea seeds treated with borax
showed highest plant height at 30 and 60 days after sowing
(Masuthi et al., 2009).

Significant difference was not observed in the number
of branches at flower bud initiation and at harvest in seed
treatment, foliar spray and their interaction.

Stem diameter showed significant difference with
variation in seed treatment. Maximum diameter was
observed in treatment S, (2.44 cm) at flower bud initiation
which was on par with S, (2.43 cm) and seed treatment
with rhizobium, S, (2.35). At the time of harvest treatment
S, recorded the highest stem diameter (4.65 cm) which was
significantly different from all other treatments. Levels of
foliar spray showed significant difference in stem diameter
at flower bud initiation. F, recorded maximum stem diameter
(2.54 cm) which was on par with single spray of
micronutrient formulation, F, (2.40 cm). At the time of
harvest, F, (4.85 cm) recorded maximum stem diameter
which was significantly different from all other treatments.
Interaction effect of treatments also showed significant
difference among the treatments. At flower bud initiation
maximum stem diameter was recorded in S,F, (2.86 cm)
which was on par with S,F, (2.66 cm), S,F, (2.64 cm) and
S,F, (2.62 cm). At harvest SF, (5.30 cm) showed maximum
stem diameter which showed significant difference from all
other treatments. These findings were in accordance with
Mathur (2000) reported that seeds of garden pea inoculated
with rhizobium showed enhanced growth characters and
yield. Suryanarayana and Rao (1981) reported that foliar

spray of micronutrient solution containing zinc, copper,
manganese, magnesium, boron and molybdenum resulted
in enhanced growth of okra. Bukvic et al. (2003) reported
the similar increasing trend in stem diameter with zinc
application.

Dry matter production recorded was maximum in S,
(2292.91 kg ha) which was superior over other seed
treatments. Dry matter production was lowest in S, (2000.06
kg ha'). Foliar spray F, showed maximum dry matter
production per plant (2372.92 kg ha') which was superior
over other levels of foliar spray. Interaction of main treatments
showed significant difference in dry matter production with
S,F, (2613.24 kg ha") produced highest amount which was
superior over other interactions. Seed treatment with
micronutrients have the capacity to enhance dry matter
production. Seed treatment might had resulted in increased
seed vigour. Increased seed vigour might be the reason for
maximum dry matter production in plants. Similar results were
obtained in barley. Seeds of barley treated with micronutrients
showed increased dry matter production (Ajouri et al., 2004).

Effect of seed treatment, foliar spray of micronutrient
formulation and their interaction on yield and yield
attributes of cowpea

The data on yield and yield attributes are given in Table 3.

Levels of seed treatment showed significant difference
in the number of pods per plant with maximum number
recorded in S, (21.02) which was on par with S, (19.44). The
lowest number of pods per plant was observed in S, (16.73).
Levels of foliar spray showed significant difference in the
number of pods per plant with maximum number recorded
in F, (20.97). F, recorded the lowest number (16.71). The
interaction effect also showed significant difference in number
of pods per plant with maximum number recorded in S,F,
(25.84) which was on par with seed treatment with 1.5%
micronutrient formulation + two foliar sprays, S,F, (21.01).
S,F, (16) recorded the least value. Treatments did not show
any significant difference in the number of seeds per pod.

Levels of seed treatment showed significant difference
in pod weight per plant. S, recorded highest pod weight per
plant (36.14 g) which was on par with S, (31.90 g). It was
then followed by S, (29.73 g) and control recorded the least
(24.92 g). Levels of foliar spray showed significant difference
in pod weight per plant with F, (33.49 g) recorded the highest
value which was superior over all other treatments. The
treatment F, showed lowest value (26.43 g). Interaction effect
of seed treatment and foliar spray of micronutrient in pod
weight was found to be significant with S F, (38.11 g)
recorded maximum pod weight per plant which was on par
with S,F, (31.23 g). Treatment S F, (24.64 g) recorded the
lowest value.

Levels of seed treatment showed significant difference
in yield with highest value was obtained in S, (2224 kg ha™)
superior over all other seed treatments. Lowest yield was
obtained in S (1969 kg ha™). Levels of foliar spray showed
significant difference in yield with highest was recorded in F,
(2173 kg ha) which was superior over all other treatments
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and the lowest yield was recorded in F, (1979 kg ha').
Interaction of seed treatment and foliar spray also showed
significant difference in the yield with highest was recorded
in S,F, (2320 kg ha™*) which was superior over other treatment
interactions. It was followed by S.F, (2220 kg ha™) which was
on par with S,F, (2200 kg ha). Lowest yield was recorded
in S,F, (1820 kg ha™).

The role of micronutrients in enhancing the yield and
its attributes are evident. Seed treatment with micronutrients
had positive influence on yield of cowpea. Seed treatment
with micronutrients might had increased the seed vigour
resulting in better growth and yield of plants. It is also
involved in hormonal metabolism, pollination and fertilization
and enhancement of cell division which ultimately leads to
increase in number and weight of pods. By enhancing the
cell division and expansion vegetative growth can also be
increased. It also helps in increased production of
assimilates and its proper partitioning. Pranakrishna (1976)
reported that pulse crops treated with sodium molybdate
increased the seed yield by 45 percentage compared to the
control. Common beans treated with zinc increased the yield
of crops (Kaya et al., 2007). Pod yield in pea was found to
be higher in seeds treated with 0.5 percent boron solution
(Kumar et al., 2008). Foliar application of micronutrient
mixture (zinc, copper, boron and iron) at two percentage
resulted in increased yield in okra (Datire et al., 2010).

Nitrogen, phosphorus, potassium content in grain

Nutrient content in grain is given in the Table 4.

S, (3.71) recorded highest nitrogen in grain which was
superior over other seed treatments. F, (3.76) in foliar spray
and S,F, (3.91) in interaction were found to be superior over
other treatments. Phosphorus content in grain was found to
be non significant with respect to treatments and their
interactions. S, (1.18) in seed treatment and F, (1.08) in
foliar spray recorded highest potassium content. Interaction
effect showed that SF, (1.25) and S,F, (1.19) were found
to be on par with each other.

Nitrogen content in grain was maximum in S, (seed
treatment with rhizobium). This might be due to the positive
effect of rhizobia on increasing the nitrogen content in grain.
Thilakaratna et al. (2019) reported that in common bean,
seed treatment with rhizobium showed increased nitrogen
content in grain. Considering the potassium concentration
in grain, seed treatment with micronutrient mixture at 2%
showed highest concentration. The presence of boron in
the micronutrient mixture might be the reason for increase
in potassium content of grain as it enhances the potassium
uptake by plants. The application of micronutrient spray
could be beneficial in increasing the grain concentration of
nitrogen and potassium. Since it increases the uptake of
nutrients, the concentration of nutrients in plant tissues might
be increased. Gad (2012) reported that application of

Table 4: Effect of seed treatment, foliar spray and their interaction on nutrient content in cowpea grain.

Treatments and N P K Fe Mn Zn Cu B Mo
interactions (%) (%) (%) (mg kg?) (mg kg?) (mg kg?) (mg kg?) (mg kg')  (mg kg?)
S, 3.43 0.32 0.81 103.54 7.74 48.63 5.23 74.80 1.05
S, 3.71 0.32 1.01 105.86 8.96 51.13 5.563 75.11 1.06
S, 3.50 0.36 1.18 120.91 14.30 56.90 6.50 86.80 1.07
S, 3.41 0.36 1.00 109.50 10.74 52.82 6.06 79.13 1.06
SEm (1) 0.02 0.02 0.01 0.03 0.01 0.01 0.001 0.01 0.02
CD (0.05) 0.07 NS 0.04 0.09 0.03 0.02 0.003 0.04 NS
F, 3.38 0.34 0.96 105.35 9.21 50.94 5.45 76.20 1.04
F, 3.41 0.33 0.96 106.85 9.38 52.19 5.60 77.25 1.05
F, 3.76 0.36 1.08 117.65 12.71 53.98 6.45 83.42 1.05
SEm (1) 0.02 0.02 0.01 0.02 0.01 0.009 0.001 0.01 0.02
CD (0.05) 0.06 NS 0.03 0.07 0.03 0.025 0.002 0.04 NS
S,F, 3.30 0.27 0.72 94.83 5.55 45.06 4.50 69.50 0.77
S,F, 3.40 0.32 0.77 100.83 5.56 48.10 4.71 70.30 0.69
S,F, 3.61 0.37 0.93 114.96 12.11 52.73 6.50 84.61 1.30
S,F, 3.30 0.35 0.94 104.90 8.56 50.30 5.21 74.50 1.49
S,F, 3.31 0.34 0.96 103.86 9.06 50.90 5.41 75.50 1.54
S,F, 3.91 0.34 1.13 108.83 9.26 52.21 6.01 75.31 0.89
S,F, 3.71 0.35 1.01 112.86 12.86 55.81 6.20 84.61 1.52
S,F, 3.62 0.37 1.10 117.90 12.96 55.92 6.32 86.61 1.25
S,F, 3.81 0.40 1.25 131.96 17.08 59.21 7.02 89.23 1.56
S,F, 3.23 0.37 0.99 108.83 9.89 52.61 5.91 76.21 1.24
S,F, 3.31 0.34 1.00 104.83 9.94 53.86 6.01 76.60 1.35
S,F, 3.72 0.38 1.19 114.83 12.39 52.00 6.30 84.61 1.45
SEm (1) 0.01 0.02 0.02 0.05 0.02 0.01 0.002 0.02 0.03
CD (0.05) 0.02 NS 0.07 0.15 0.06 0.05 0.004 0.08 NS
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molybdenum increased the concentration of nitrogen and
potassium in groundnut seeds. Nitrogen concentration was
found to be highest in S,F,. Seed treatment with rhizobium
might be the reason for increase in nitrogen content which
is enhanced by the foliar spray of micronutrient mixture.
Potassium content in grain was found to be highest in S F,
which was on par with S F,. Micronutrients, especially boron
help in the uptake and translocation of potassium in plants.
This might be the reason for increased potassium content
in grains supplied with micronutrient seed treatment and
foliar spray. Pattanayak et al. 2000, Thiyageswari and
Ramanathan, (2001) and Hanwate et al. (2018) reported
similar results.

Micronutrient content in grain

Seed treatment S, (120.91), foliar spray F, (117.65) and
interaction S,F, (131.96) were found to be superior in the
respective treatments and their combinations in iron content
of grain. Manganese content in grain was superior in
treatments. Among the seed treatments, S, (14.30) recorded
significantly higher value. F, (12.71) and S,F, (17.08)
showed superior value in the respective treatments and
interaction. Zinc content in grain showed the same trend of
iron and manganese with S, (56.90), F, (53.98) and S;F,
(59.21) recorded superior values. Copper content in grain
also showed significant difference among treatments with
S, (6.50), F, (6.45) and S,F, (7.02) showed copper content
superior over other treatments. S, (86.80), F, (83.42) and
S,F, (89.23) showed highest boron content over other
treatments. Molybdenum was found to be non significant
with respect to seed treatment, foliar spray and their
interaction.

Seed treatment showed significant difference in the
concentration of iron, manganese, zinc, copper and boron
content in grain and were found to be highest in seeds
receiving 2% micronutrient formulation. Hence it is revealed
that micronutrient seed treatment has the capacity to
increase the nutrient concentration in grain. Similar results
were obtained by Pattanayak et al., 2000. Maize seeds
treated with micronutrient increased the concentration of
iron, manganese and zinc content in grains (Harris et al.,
2007).

Foliar application of micronutrient mixture also showed
significant difference in the amount of iron, manganese, zinc,
copper and boron concentration in grain. Treatments
receiving foliar spray of micronutrient mixture at 15 and 30
days after sowing showed higher concentration of these
micronutrients. Divyasree, 2018 reported that foliar
application of micronutrient mixture containing Fe, Mn, Zn,
Cu and B significantly increased the respective nutrient
concentrations in grains of mung bean.

Similar results were obtained in the interaction effects.
Seed treatment with the best micronutrient formulation and
two foliar spray recorded highest value of micronutrients in
grain except in the case of molybdenum. The combined
effect of the individual treatments might be the reason for
this. The economic analysis of the field experiment given in

Table 5: Benefit — cost ratio of the field experiment.

Treatments Cost of cultivation Gross return B:C Ratio
T, 83947 127600 1.52
T, 100000 160000 1.60
T, 107988 180340 1.67
T, 86671 131740 1.52
T, 100000 160000 1.60
T 104036 170620 1.64
T, 105712 183940 1.74
Tg 110333 198600 1.80
T, 110441 199900 1.81
T 104971 181600 1.73
T, 106198 181600 1.71
T 113953 196000 1.72

=
)

Table 5 shows that plants receiving seed treatment with 2
per cent micronutrient formulation and two foliar sprays
showed higher benefit cost ratio compared to other
treatments.

CONCLUSION

The results obtained from the investigation revealed that
the application of micronutrient formulation as foliar spray
(15 and 30 DAS) along with seed treatment (2%
micronutrient formulation) was found to be highly effective
in increasing the growth and yield characters of cowpea.
The nutrient content in grain was also found to increase
with the application of micronutrient formulation enhancing
the nutritional quality of grain. Considering the benefit cost
ratio plants receiving seed treatment with 2 per cent
micronutrient formulation and two foliar sprays showed
higher yield compared to the cost incurred. Thus it was found
to be the most effective and profitable method.
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