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Abstract

Cowpea is a widely consumed pulse to address protein deficiency but its potential for Zinc bio-fortification is not widely studied in
West Africa and optimal rates for different cowpea varieties are not known. In connection with this field and pot experiments were
conducted in the major and minor seasons of 2016 to investigate the effect of Zn fertilizer on the growth, yield and nutritional
benefits to cowpea. Three early maturing cowpea varieties (Asontem, Agyenkwa and Zamzam) were grown in both experiments
and Zn fertilizer rates of 0, 5 and 10 kg/ha were applied into them. The Zn fertilizer was applied as foliar application in both
experiments. The split plot design was used for both studies. All recommended cultural practices were timely done. The results
showed that Zn application improved leaf area index and shoot dry matter. Grain yield and harvest index were also enhanced
following the Zn fertilizer application. Furthermore, Zn fertilizer application resulted in increase in the Zinc contents of cowpea
haulms and grains. The results indicated that Zn fertilizer application can lead to better growth, yield and nutrient quality. This will

not only improve cowpea nutrition, but cost use of Zn supplements in humans will be reduced.
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Introduction

Micronutrient-deficient soils are widespread; many parts on
agricultural farmlands worldwide are deficient in one or more
of micronutrient elements. Soils with low plant-available Zn
are common in tropical climates, including the cropping areas
of Ghana (Rengel, 2002) [*°1. Zinc deficiency is widespread on
arable land in many parts of Ghana and it constitutes a major
limiting factor in the production of zinc-rich food and
vegetables, therefore grains are frequently produced that have
low Zn content (Rengel, 2002) 1, This low Zn concentration
may be due to the physiological imbalances within the plant
(Olsen, 1972) 171 high or low pH, high or low organic matter,
wetland, sandy soils and high phosphorus. According to
Sillanpaa (1982) [Y  Copper, Zinc and Molybdenum
deficiencies are common in many coarse textured, acid soils
of several African countries including Ghana (Anynomous,
1985) M. This means Zn content of Ghana soils and plants are
somewhat on the low side in the "international Zn fields”. The
lowest plant soil Zn values, almost without exception, were
measured from samples which came from the Ashanti region
(Sillanpaa, 1982) 21, The major constraint of Zinc deficiency
in world food production not only retards growth and yield of
plants by affecting the capacity for water uptake and transport
in plants, but it also has effects on human beings (Alloway,
2008) [l also known as ‘Hidden hunger’. Cowpea is an
important food crop with good soil fertility enhancement.

Ability (Yirzagla et al., 2016) 1281, In West Africa, cowpea is a
protein-rich component of an otherwise protein-poor diet
(Hall, 2004). The protein concentration in cowpea grain (20-
25 %) is about twice the protein content of most cereals
(Addo-Quaye et al., 2011) M and 16-54 mg/kg of Zn content
(Rengel, 2002) [ according to integrated soil fertility
management approach used. Use of nutrient-efficient crop
species and genotypes within species is a very attractive
strategy to reduce the cost of crop production. To improve the
life and livelihoods of dryland farms in West Africa and
increase the sustainability of the cropland upon which they
depend through greater dependence upon and response of
fertilizers applications; integrated soil fertility management
must be the key for these achievements. Many approaches,
including crop rotation, manure application, and the use of
crop residues, have been used to restock micronutrients into
the North Ghanaian soils; however, such methods and
materials do not enhance crop yields due to the scarcity of
micronutrients in these materials. Cowpea is a widely
consumed pulse to address protein deficiency but its potential
for Zinc bio-fortification is not widely studied in West Africa
and optimal rates for different cowpea varieties are not
known. Therefore, this study investigated the influence of
Zinc fertilizer application on the growth, grain yield and seed
content of zinc in cowpea varieties in the semi-deciduous
forest zone of Ghana.

15



International Journal of Agriculture and Plant Science

Materials and Methods

The experiment was conducted at the Plantation Section of the
Department of Crop and Soil Sciences, Faculty of Agriculture,
KNUST, in cropping seasons 2016. The site is located at 06°
45> N and 01° 31° W in the rainforest belt of Ghana.
According to Hazelton and Murphy (2007), the soil was
moderately acid with moderate organic carbon content
(1.04%). The total soil nitrogen was low with a mean value of
0.06%, The soil Zn content was moderately, found to be 1.290
mg/kg (Eteng et al., 2014) ! and Kparmwang et al., 2000) 2
and Veldkamp et al. (1991) 4 reported the zinc deficiency in
the tropical soil is very severe, all showing values below the
critical level of 0.8 mg Zn kg*. The experiment was a split-
plot design, with the treatments arranged in RCBD design.
The factors studied were cowpea varieties (main-plot factor)
and Zn fertilizers spray (sub-plot factor). The treatment
combinations were replicated four times. Cowpea varieties
(Agyenkwa, Asontem, and Zamzam) were obtained from the
Crops Research Institute at Fumesua, Kumasi/Ghana. Cowpea
varieties used were selected according to their yield, maturity
(62-70 days) and availability in the study area. Zinc sulfate
heptahydrate was applied at a rate of 0, 5 and 10 kg Zn ha'! as
foliar application at 3 weeks (40%) and 5 weeks (60%) after
sowing. The application was done early morning before 9:00
am, using a sprayer. The plots were demarcated three days
after harrowing and seeds were sown by hand using manual
labour. Seeds were sown at a spacing of 60 x 20 cm with a
rate of two seeds per hill at the depth of 3-5 cm. Urea and
triple superphosphate (TSP) fertilizers were applied as band
placement by making a furrow of 5-7 cm deep and covering
with 2 cm of soil. As starter nitrogen, Urea was applied at the
rate of 20 kg N ha* uniformly to all plots at two weeks after
planting (WAP). Triple super phosphate (TSP) was also
applied two weeks after planting (WAP) to the cowpea plant
at the rate of 40 kg P,0s ha™. Standard agronomic and plant
protection treatments were done uniformly across the plots for
the duration of the experiment. Grass hoppers (Empoasca
kerri Pruth), Thrips (Caliothrips indicus Bagnall) and Aphids
(Aphis craccivora Koch) were pests, respectively at vegetative
stage and flowering to the end of pod filling. Lambda master
2.5 % E.C. [Active ingredients (Lambda-Cyhalothrin, 9.8 %)]
and sunpyrifos 48 % E.C. [Active ingredients (Chlorpyrifos-
methyl)] were used for their control. Random samples of five
plants from each plot were selected for data collection. Leaf
area index (LAI) was obtained by leaf area of plant and plant
ground area, using Adeoye et al. (2011) © formula. Dry shoot
yield was determined by uprooting gently the plant and cutting
of all roots. The above ground parts were put in labelled
envelops and oven dried at 80°C for 48 hours. The average
dry shoot weight was computed as dry matter yield per
hectare. Haulm and grain yield were obtained by weighing the
dry haulm and seeds harvested per each sub-plot with a top
loading scale and converted to kg ha*. After shelling the pods
from each plot, the seeds, chaff and the total biomass were
oven dried at 80°C for 48 hours and dry weight determined.
Harvest index was calculated by using the formula suggested
by Donald (1963) ! and expressed as a percentage. Zinc
content was determined by oven dried at 70°C to a constant
weight for 72 hours. Zn content was determined using Perkins
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model 403 atomic absorption spectrophotometer after
digestion. The file for the type of analysis and hollow cathode
lamps were selected with appropriate wavelengths of 213.9
nm (Okalebo et al., 1993) [*81. The grain and straw yields were
recorded separately. Total Zn uptakes by grain and tissue were
computed by multiplying Zn content and their respective dry
weights hal. Data collected were subjected to analysis of
variance (ANOVA) according to Steel and Torrie (1980) 24
using GenStat statistical package version 15". Analysis of
variance was done to test significance levels of the variables
and the LSD test was be used to compare treatment means at
5% probability. Correlation analysis was done to determine
relationship among parameters.

Results
1. Changes in leaf area index and shoot dry weight as
influenced by cowpea varieties

Results of leaf area index and shoot dry matter yield as
influenced by cowpea varieties at all sampling times are
shown in Fig. 1. The leaf area index did not differ
significantly among the cowpea varieties. Cowpea varietal
differences for shoot dry weight were significant only 45 and
60 DAS in both seasons. The Asontem varietal effect was
greater than other varieties at 45 and 60 DAS during the major
season. The Zamzam varietal effect was greater than
Agyenkwa at 60 DAS sampling only. In the minor season, the
Asontem varietal effect was greater than both varieties at 45
DAS, but only the Agyenkwa varietal effect at 60 DAS. At 60
DAS, the Zamzam varietal effect was greater than that of
Agyenkwa. Variety by Zn rate interaction effect was not
significant.
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Fig 1: Effects of cowpea varieties on leaf area index and shoot dry
matter yield in 2016 cropping season
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2. Changes in leaf area index and shoot dry matter yield
as influenced by Zn rates

Results of leaf area index and shoot dry matter yield as

influenced by zinc rates at all sampling times are shown in

Figure 2. The leaf area index
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Did not differ significantly among the Zn fertilizer rates in
both seasons. Zn rates also did not significantly affect shoot
dry matter yield in all sampling days, except at 60 DAS in the
minor season when the control treatment effect was
significantly lower than all Zn treatments.
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Fig 2: Effects of Zn rates on leaf area index and shoot dry matter yield of cowpea in 2016 cropping season

3. Harvest index, haulm and grain yield

Grain yield was significantly (P < 0.05) affected by Zinc
fertilizer application and cowpea variety in all the two seasons
(Table 1). Cowpea grain yield was greatest in Zamzam
variety, whilst Asontem recorded the lowest yield in both
seasons. Zn fertilizer application also significantly affected
cowpea grain yield. In both seasons, the Zn treatments
resulted in similar effects, which were greater than the control
treatment effect. Harvest index in both seasons were affected

by variety. In this case, the Asontem variety effect was
significantly lower than those of Zamzam and Agyenkwa
varieties. In the major season the 5 kg/ha treatment effect was
significantly (P < 0.05) higher than the control treatment
effect only. But in the minor season, Zn application did not
affect harvest index. Haulm yield was not affected (P > 0.05)
by Zn application in both seasons. Varietal differences were
significantly only in the minor season, where Agyenkwa
produced lower yield than the others varieties.

Table 1: Effects of Zn rates on harvest index, haulm and grain yield of cowpea

Major season Minor season
Treatments Harvestindex | Haulm | Grainyield | Harvestindex | Haulm | Grain yield
% Kg ha? % Kg ha?
Varieties
Agyenkwa 45.87 1382.74 1142.23 56.33 1311.58 1620
Asontem 40.28 1596.68 1082.15 44.50 1650.58 1326
Zamzam 49.59 1470.64 1423.62 51.75 1630.33 1707
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LSD (0.05) 4.27 NS 268.69 6.57 317.90 125.2

CV (%) 5.50 13.40 12.80 7.50 6.40 6.1
Zn levels (kg ha't)

0 42.98 1451.48 1087.45 52.00 1440.58 1493

5 47.66 1440.24 1283.94 50.58 1587.67 1600

10 45.10 1558.34 1276.60 50.00 1564.25 1560

LSD (0.05) 4.20 NS 120.87 NS NS 79.4
CV (%) 2.60 17.20 16.00 10.30 10.40 4.7

Variety x Zn rate * NS * * * *

*>*Significant and *’NS’” non-significant

4. Zinc content and zinc uptake

The zinc concentration was significantly influenced by various
levels of zinc applied and cowpea variety (Fig. 3 and 4).
Treatment differences for Zinc content in haulm and grain
were significantly higher with 10 kg ha Zn treatment in all
cropping season. The control treatment produced significantly
low concentration than the Zn treatments. The grain Zinc

content was highest with the increment of Zinc rates. The Zn
concentration in grain ranged from 16.45 to 30.83 ppm and
that of haulm 19.72 to 32.22 ppm. Cowpea varietal differences
were not significant in both seasons at 5% level of probability,
but there was no clear consistent pattern. Haulm and grain Zn
contents appeared to be different with the varieties and season

(Fig.4).
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Fig 3: Effect of cowpea varieties on haulm and grain Zn content and uptake in both cropping seasons
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Fig 4: Effect of zinc rates on haulm and grain Zn content and uptake at all sampling periods

The linear regression showed the positive relationship
between varieties and zinc fertilizer application for three
sampling periods during the experiment in both seasons (Fig
5). The results showed enhanced cowpea yield by zinc
addition by the significant positive relationship observed

between grain yield and Zn rates (0.9964*** with Agyenkwa
variety, 0.9803** with Asontem variety and 0.9706** with
Zamzam variety) in the major cropping season, and
0.9991*** 0.9646** and 0.9034* with Agyenkwa, Asontem
and Zamzam varieties respectivily.
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Fig 5: Interrelationship between cowpea grain yields and zinc uptake on 2016 major season (a) and minor season (b)

Discussion

All varieties recorded LAI between 0.4 and 2.18 during the
period of sampling; greater values in major and minor seasons
were recorded on Zinc plots applied. Sampling at 45 DAS
were greater also than at 30 DAS in both cropping seasons.
LAI, which describes the size of the assimilatory apparatus of
the plant stand, is said to be the primary factor that determines
the rate of dry matter production in a closed stand. It also
reflects differences in productive efficiency between crop
varieties (Kvet et al., 1971) 3, ITA (1977) [*Y reported that,
for large yields of cowpea to be achieved, LAI between 1 and
2 were required for as long as possible after flowering. This,
however, needed to be combined with efficient partitioning of
dry matter into fruits. The dry matter yield increase in the Zn
treatments over the control suggests that Zn was one of the
limiting nutrients in the soils. In this study, the rate of 5 kg Zn
hal was the best in optimizing cowpea yields in the soils.
Similarly, Zn levels increased dry matter yields from 970 kg
halto 1522 kg ha'*in the major season and from 991.25 kg ha-
1t0 1563.75 kg ha'* in the minor season. This indicates that, at
this level, the soil Zn was further improved with better Zn
nutrition leading to high dry matter production. Further
addition of Zn as foliar application after 5 kg Zn ha! level, did

not significantly improve dry matter yield of plant. This
finding is in agreement with result reported in Moswatsi
(2015) B3I,

Crop vyields and quality have been reported to be reduced by
zinc inadequacy in soil; such reports have been made by some
authors including Sharma and Jat (2003) 2%, Yadav (2004) [28]
and Tripathi et al. (2011) 2°1. Haulm yield was also improved
following zinc fertilizer application, which had been earlier
reported by Moswatsi (2015) %1 and Oseni (2009) [*8l. The
possible explanation is that Zn application may not only
correct the deficiency in the soil, but could made others
nutrients available for crop uptake (Eteng et al., 2014) [,
Generally, the grain yield enhancement at 5 kg Zn/ha suggests
that, this is the economical level required for optimum cowpea
production. This rate is similar than the level obtained as
reported in Moswatsi et al. (2013).

The results showed that zinc content of grains was
significantly improved following zinc fertilizer application.
Yilmaz et al. (1997) 27 reported that fertilizers can increase
Zn concentration up to three- or fourfold. The amounts of Zn
concentrations in cowpea grain ranged from 16-54 mg kg of
Zn content, these were far above the critical ranges reported
by Rengel (2002) 91, Moreover, Zn application increased Zn
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uptake significantly compared with the control, signifying that
Zn was low in this soil (Eteng et al., 2014 [ and Kparmwang
et al., 2000) 2, The increase in the zinc content in grain and
haulm might be due to the presence of increased amount of Zn
in soil solution by the application of zinc that facilitated
greater absorption. Welch (1999) [ emphasized the
importance of Zn grain reserves on early wheat seedling
performance, mainly under low external Zn conditions and
that the benefits of Zn grain reserves conferring seedling
vigour during germination cannot be substituted by Zn supply
after germination. Greater Zn grain reserves resulted in greater
seedling root and shoot growth in a Zn deficient soil and the
differences between plants from high-Zn and low-Zn-grains
were evident even after six weeks of growth (Welch, 1999)
(5], Improved Zn content in the seed will improve the nutrition
benefits to cowpea consumers, especially in children. This
will definitely reduce the amount of zinc supplements intake
by consumers of cowpea grains.

Conclusion

The results showed that zinc fertilizer application significantly
improved growth in the varieties. Leaf area index and shoot
dry weights were enhanced following the zinc fertilizer
application. Additionally, Harvest index and grain yield were
greater in the Zinc treatments than in the control treatment.
However, yield improvement was better in the 5 kg/ha rate
than the 10 kg ha™ rate. Finally, zinc uptake, haulm and seed
contents of zinc were improved following zinc fertilizer
application. This will be improved nutrition in both livestock
and humans.
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