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ABSTRACT

Nutrient depletion in soils adversely affects soil quality and reduces crop yield, especially
cowpea, a plant very sensitive to insufficient fertilizers but plays an important role in the
livelihood of people. A factorial experiment was conducted in randomized complete block
design with three replications at imbo region. The aim of the study was to evaluate the effect of
different rates of NPK fertilizers (T1 (0-0-0); T2 (12-30-30); T3 (18-48-30); T4 (23.5-60-30)) on
growth parameters and yield attributes of four cowpea varieties (V1: local variety; V2: katumani;
V3: Rw-CP-2; V4: Vuli). The outcomes highlighted T4 as the most effective treatment in
improving the tested growth parameters of all varieties. It has played a major role by effectively
increasing the plant growth, leaf area index and flowers number. Moreover, this treatment could
improve grains number and weight, as well as the plants yield. Although yield attributes for
variety vuli V4 were more enhanced by treatment T3, there was no significant difference
comparatively to treatment T4, whence the study suggest treatment T4 (23.5 — 60 — 30) as the
most effective treatment in improving the growth parameters and yield attributes of these four
cowpea varieties, but further studies are recommended for more conclusions.
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1. INTRODUCTION

Nutrient depletion in soils adversely affects soil quality and reduces crop yield and consequently
poses a potential threat to global food security and agricultural sustainability. Lower soil fertility
is a potentially serious threat. It present a huge obstacles to securing needed harvest [,
Foregoing research revealed production loss due to nutrient deficit ©, while other research
revealed lower yield due to decreased nutrient use efficiency caused by over-fertilization ©I.
Furthermore, Ghaly and Alkoaik (2010) highlighted reduced plant growth, protein content and
yields due to inadequate N, P, K nutrients . However adequate fertilizers application affect
crop yield positively. Improved crop yield has been reported due to sufficient fertilizers
application Bl. It has been demonstrated that application of nitrogen fertilizer enhances early
vegetative growth 81, while Phosphorus increase yields of many crop 8. Whence fertilizers
management is a must in agriculture to increase crop production, especially cowpea, an
important legume, very sensitive to insufficient fertilizers as reported by Chianu et
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al. (2011) and Balume (2013) who highlighted a decreased cowpea production due to declining
soil fertility®®*%, However cowpea better response due to fertilizers application in various
growing areas has been affirmed by many researchers 111213141 This crop is one of the major
grain legumes in the world and is playing an important role in the livelihood of millions of
people in developing countries 5281, It has high nutritive value and high palatability []. Cowpea
is not only rich in nutrients, but also nutraceuticals such as dietary fibre, antioxidants and
polyunsaturated fatty acids and polyphenols [81°1, Moreover, it is a major source of protein and a
cheap source of quality protein for both rural and urban dwellers in Africa 221, Cowpea leaves
protein content is range from 27 to 43% and protein concentration of the dry grain from 21 to
33% [222 Despite all these benefit from cowpea plant, farmers are unware about
fertilizers rate to apply due to newly domestication of this crop in Burundi, whence a non
common fertilizers application in all regions, leading, somehow, to inadequate fertilization which
results in decreased crop growth and yield. The present research study has been undertaken to
analyse the effects of fertilizers on four cowpea varieties to assess the most effective rate which
could effectively improve growth and yield parameters of this crop.

2. MATERIALS AND METHODS

2.1 Site Description and experiment design

The experimental site was located in imbo region at Bujumbura, in the Agricultural Sciences
Institute of Burundi (ISABU) at 815 m of altitude. The yearly precipitation was about 1200 to
1500 mm, with a average temperature of 23.5 °. The soil was sandy with alot of mineral salts, a
PHeau of 6.54, a soil moisture varying between 49.75 and 88.66, while the PH Kcl was 6.12.
The study was carried out through experiment based on split plot model with four blocks
completely randomized and three replications. These blocks were divided into 4 plots which in
turnwere also divided in 4 sub plots as can be seen in figure 1. During the study, the considered
factors were four different rates of fertilizers (NPK) meaning four treatments: T1 (0-0-0)
without fertilizer and considered as control ; T2 (12-30-30) ; T3 (18-48-30) ; T4 (23.5-60-30),
and four varieties (V1: local variety ; V2: katumani ; V3: Rw-CP-2 ; V4: Vuli). Figurel shows
the details.
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Figure 1. Experiment design

The used model for the experiment was the split-plot linear model given by the following
equation :

Yik= 1 +Ri+ Vit ikt Fj +VFgit €ikj

Where :

Yikj: Represent the observation in block i for variety effect k and the rate j of NPK mineral
fertilizer.

u = General average;

Ri = i Bloc effect;
V=k varietal effect ;
Eik = Error on the whole plot ;

Fi= j effect of NPK mineral fertilizer rate ;
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VFyj = interaction between variety k and rate j

€ikj = error on sub plot

r : blocks number

a : level to randomize on the whole plots

b : level to randomize on the whole sub plot of each plot

2.2. Data sampling

During growth, plant heigh, leaf area index and flowers number were recorded. At maturity,
data on grain number, grains weight and plant yield were assessed after oven-drying at 100°C to
constant weight.

2.3. Statistical analysis

Data statistical analysis was done through Genstat Discovery Edition 4 and advanced Excel.
Comparisons between treatments were conducted using Student—-Newman-Keuls test at
5%, while Excel was used for figures and tables.

3. RESULTS
3.1. Plant height (PH) assessment

Plant height has been tested and analysed as can be seen in Figure 2. This parameter (PH)
changed with the variety and the used treatment.
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Figure 2. Effect of different treatments on plant height

The outcomes showed T4 as the most effective treatment. It has improved the plant height for all
varieties with tallest plant of 72.92 cm; 71.54cm; 75.54cm and 67.84cm for varieties V1; V2; V3
and V4 respectively. Furthermore, treatment T4 has shown significant difference with p<0.05
comparatively to others. The shortest plant was observed for T3 and V3 with 54.16 cm.
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3.2 Effects of different treatments on Leaf Area Index (LAI)

Leaf area index evolution is summed up in Figure 2. Like for plant height, it changes following
the applied rate and from a variety to an other as displayed in figure 3.
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Figure 3. Leaf area index response to different fertilizers

The highest leaf area index of 0.71 m? was recorded for treatment T4 on variety V3 and has
shown significant difference comporatively to others. Moreover, this treatment has improved V4
with maximum value of 0.513m? as compared to others. Regarding Varieties V1 and V2, there
was no significance difference between treatments. Specifically, considering V1, the highest
value was observed for T3 with 0.49 m?, while T4 of 0.467 m? was the following. The same
trend was observed for variety V2, where treatment T4 of 0.473 m? was the second highst after
T2 the first highest with 0.57 m2. However for all varieties (V1, V2, V3 and V4), the minimum
was recorded for treatement T1, the control, with 0.257 m?; 0.403 m?; 0.517 m? and 0.217 m?
respectively.

3.2. Flowers number (FN) analysis

Flowers number is an important factors for crop growth and production, figure 4 synthesizes
relate results.
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Figure 4. Flowers number evolution
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Regarding V1, the maximum value was recorded for treatment T3 of 75 flowers, followed by
treatment T4 with 56 value, and minimum for the control treatment T1 of 38 flowers.
Considering V2, the highest value of flowers number was observed for treatment T4 with 77
flowers, followed by treatment T3 of 68 flowers. For variety V 3, the optimum value of 61 was
recorded for treatment T2, followed by treatment T4 with 40 flowers. The same trend was
observed for variety V4 where the maximum flowers number of 95 was recorded for treatment
T2 and second highest for T4 with 86 flowers. As can be seen in the figure, the flowers number
in general was more improved by treatment T4 which has occupied the first or the second places
for all these varieties.

3.3. Analysis of grains number and weight per plant

Results on grains number and weight were summed up in figures 5 and 6. As for others analyzed
parameters, grains number varies with the applied treatment and the plant variety. Although there
was no significant difference, the parameter has been affected by the applied fertilizers as can be
seen in figure 4. Considering V1, the highest value was observed for T4 (16 grains per plant),
while the minimum was recorded for T1 (14 grains per plant). Regarding V2, the maximum was
recorded for T3 (17 grains per plant) and minimum for T4 (15 grains per plant).
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Figure 5. Grains number analysis

For V3 and V4 varieties, the maximum varies between 16 and 15 grains number, while the
minimum of 13 grains was recorded for T4. Although this treatment T4 was having the minimum
value for V3, it showed a second highest grains weight value for this variety. Furthermore, T4
recorded highest grains weight for V1 and V2 as can be seen in the following figure 6.
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Figure 6. Evaluation of grains weight per plant (g)

Considering V1, results from this figure 6 showed maximum weight for T4 with 40.8 g, followed
by treatment T3 of 37.5 g, and minimum for T1 by 26.7 g. Similar pattern was observed for V2
where treatment T4 got the highest weight grains of 61.7 g, while the minimum was recorded for
treatment T1 with 48.3g. Considering V3, the optimum value was recorded for treatment T2 with
50.3 g, followed by T4 treatment of 42.7g, and minimum for T1 with 30.4 g. For V4, the trend
changes, grains weight value was highest for treatment T3 (54 g) but there was no significant
differnce comparatively to others.

3.5. Effects of different treatments on cowpea varieties yield (tonnes/ha)

Plant yield assessment was shown in figure 7. As it can be seen in the figure, the maximum value
was recorded for treatment T4 and variety V2.
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Figure 7. Plant yield (tonnes/ha) as influenced by different treatments

Trough this figure and considering V1, the outcomes showed maximum weight for T4 with
1.627 tonnes/ha. Treatment T3 of 1.497 tonnes/ha was the following, while treatment T1 of
1.063 tonnes/ha got the minimum value. As for grains number weight, treatment T4 was the
effective treatment in increasing the plant yield for variety V2. It recorded highest yield of 2.463
tonnes/ha, followed by T3 of 2.163 tonnes/ha and minimum for the control treatment T1 of 1.929
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tonnes/ha. Regarding V3, the trend changes, the maximum value was recorded for treatment T2
with 2.01 tonnes/ha. The second highest value was observed for T4 of 1.69 tonnes/ha, whereas
the minimum of 1.21 was observed for T1, treatment used as the control. For V4, treatment T3 of
2.153 tonnes/ha showed highest value comparatively to others but no significant difference was
found between treatments.

DISCUSSION

Results on plant growth parameters highlighted treatment T4 as the most effective treatment in
improving these tested parameters. It showed highest plant height for all varieties, whence crop
can assimilate sufficient light for the photosynthesis function leading to nutritious production.
Moreover, this treatment T4 has enhanced the flowers numbers than others and has also
improved leaves number, whence reduced soil evaporation leading to enhanced soil
environment. This effectiveness of T4 was due to the more nutrient in this treatment which
contibutes in increasing available soil nutrients whence plant can get sufficient nutrients for its
growth and development. These result support those of Dart et al. (1997) and Minchin et al.
(1981) who reported significant increase in growth of cowpea due to nitrogen application [6-2%1,
Our finding corroborates with the report of Olaleye et al. (2012) who highlighted increased
cowpea growth with Phosphorus application 4. Moreover, this treatment has effectivelly
improved yield grains number and grains weight especially for V1 and V2. Also, although T4
showed lowest grains number for V3, it has, somehow, improved yield parameters for this V3
due to the second highest grains weight value that T4 recorded for this variety. This could
probably be explained by the theory of Omueti and Oyenuga (1970) who affirmed higher
nutrients synthesized for treatments with higher phosphorus application whence nutritious
production for this treatment T4 26l comparatively to others. The outcomes support the results of
Abayomi et al. (2008) who reported significant increase in cowpea grain yield following the
application of N fertilizer. Furthermore, they endorce those of Singh et al. (2011b) and Owolade
et al. (2006) who reported significant effects of fertilzers on grains number and weight[227],
Even though T4 has effectivelly improved V4 growth parameters, it did not significantly
influence the grains number, grains weigh per plant and yield of this variety V4. This could
probably be explained by the fact that the highest rate of NPK used in this treatment is not the
optimum rate for enhancing yield attributes of cowpea vuli (V4) variety. From foregoing
research, cowpea varieties respond differently to applied fertilizer 1281,

5. CONCLUSION

Based on outcomes, T4 was highlighted as the most effective treatment in improving the tested
growth parameters of all varieties. It has played a major role by effectively increasing the plant
growth, leaf area index and flowers number. Moreover, this treatment could improve grains
number and weight, as well as the plants yield. Although yield parameters were more enhanced
by treatment T3 for variety vuli (V4), there was no significant difference comparatively to
treatment T4, whence this treatment T4 could be used for V4 cultivation. Therefore, the study
suggest treatment T4 (23.5 — 60 — 30) as the most effective treatment in improving the growth
and vyield attributes of the considered four cowpea varieties, but further studies are
recommended, especially for variety vuli (V4) for more clarification and conclusions.
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