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ABSTRACT

Bean is globally an important leguminous vegetable that has been used for several centuries as a food for humans. Originated
from the American, the bean is now cultivated all over the world due to its nutritional and culinary values. However, it is very
sensitive to applied fertilizers. In Mabayi commune of Cibitoke province, many farmers use to cultivate bean without potassium
while it is one of the most important nutrients for plant growth and development. An experiment was carried out in completely
randomized blocs design with three treatments (T1 (NPK: 00-00-00), T2 (NPK: 18-46-00) and T3 (NPK: 18-46-30)) and four
replications for each to evaluate the treatments which could effectively improve crop bean growth and yield parameters. The
recorded parameters were the plant height, leaf area, flowers number, stem diameter, root length, yield and production attributes
(number of pods, grains, full pods and empty pods). The results highlighted treatment T3 as the most effective treatment. It has
significantly improved plant height, leaf area, flowers number, stem diameter, and root length. Moreover, treatment T3 has
enhanced the yield and number of pods, grains and full pods. The treatment T3 is suggested for improving the bean growth and
yield parameters at Nyabungere hill in Mabayi commune.
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1. INTRODUCTION

Bean is globally an important leguminous vegetable that has been used for several centuries (Brink & Belay, 2006) as food for
humans ™. Originated from the American, now is cultivated all over the world due to its nutritional and culinary values. It
contains proteins, minerals, fibers calories and vitamins . Bean is a good source of vitamins, particularly thiamine, riboflavin,
niacin, vitamin B6, and folic acid . Higher dry beans nutrients component like phenolics and antioxidant were reported in dry
bean, as well as micronutrients, especially iron and zinc “/®®), Furthermore, bean contains high amounts of protein and vitamins .
Its production and marketing can be a potential pathway for improving rural livelihoods. In Burundi, it is the major culture which
is daily consumed for the whole population. Moreover, consumption demand of this crop is expected to increase due to high
population growth, lack of protein animal source and the higher prevalence of HIV/AIDS that necessitates an improved intake to
maintain good health '*!. Despite all these reasons above mentioned, beans are frequently an integral part of the cropping systems
on small farms in some communes like Mabayi, especially at Nyabungere hill. Moreover, as in many communes, farmers at this
hill use to cultivate bean without potassium fertilizer while this fertilizer is one of the essential elements for plants ["’. Foregoing
research reported that Potassium plays roles in regulating the opening and closing of stomata and water retention .. It promotes
the growth of meristematic tissue, activates some enzymatic reactions, aids in nitrogen metabolism, and the synthesis of proteins
Bl It catalyzes activities of some mineral elements, and aids in carbohydrate metabolism and translocation. Wilfret (1980)
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highlighted that Potassium deficiency result in reduced bud count, weak stalks and delay in flowering ™. He affirmed that with
lack of potassium, roots become more easily infected with root-rotting. Potassium increases the resistance of plants to abiotic
factors (frost, aridity, airless soil conditions, salinity and sodicity) and biotic factors such as disease Colpan et al. (2013) ™. Plants
with adequate potassium during growth can provide good yields even under stressed conditions ™. Owing to Potassium
advantages, there is a need to assess its effectiveness in bean cultivation for production improvement. This study aimed to assess
the effects of potassium fertilizers on bean growth and yield parameters at Nyabungere hill of Mabayi commune.

2. MATERIALS AND METHODS

2.1. Experimental site localization
The experiment was carried out in 2016 at Nyabungere hill of Mabayi commune located in the North of Cibitoke Province. The
experimental site temperature was varying between 28 and 29°C with A monthly precipitation of 11.36 mm. The soil properties
are summed up in the following table 1

Table 1. Soil properties

P"H,0 | P"KCI N-NH"*,en mg/kg N-NOjzen mg/kg P (mg/kg) K (mg/kg)

4.5 3.96 31.31 24.51 725 0.28

2.2. Experiment design

The experiment was undertaken in lysimeters and has considered three treatments: T1 treatment (NPK: 00-00-00), T2 treatment
(NPK: 18-46-00) and T3 treatment (NPK: 18-46-30). These agents were set in randomized complete blocks design with 4
replications for each. During the growth period, all treatments had the same agricultural management practices, while diseases and
pests were controlled through insecticide and fungicide application.

2.3. Sampling and data collection

Plant were sampled and monitored during growth period to determine the plant height, leaf area, flowers number, root length, and
stem girth. Furthermore, number of: pods, full pods per plant, empty pods, and grains were recorded at harvest, as well as the total
yield.

2.4. Statistical analysis

The recorded data were analyzed statistically with applied Excel and Genstat discovery software edition 4. The comparison among
treatments was conducted by using least significant difference (LSD) at a P< 0.05.

3. RESULTS AND DISCUSSIONS
3.1. Effects of potassium on plant height
Plant height results are shown in the following figure 1
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Figure 1. Effects of potassium on plant height
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From this above figure, results revealed the effectiveness of T3 in improving plant height than other treatments. Specifically, this
treatment T3 got the highest plant of 29.17cm and significantly differed (p<0.05) to the control T1. It followed by T2 of 25.9 cm,
while T1 got the shortest plant of 20.23 cm. The higher performance of T3 may be attributed to the potassium fertilizer level
added in this treatment. These results support those of Huda et al. (2010), who reported improved plant height due to potassium
higher level application ™. Furthermore, they endorse those of Ascencio (1987) who affirmed an increased plant height for
treatments with potassium application ™4,

3.2. Potassium fertilizers effects on bean leaf area

Beside that bean leaf can be eaten as legume, it also reduces a little bit the soil evaporation resulting in improved soil moisture
needed by the plant for growth and development. In this study, relate results are displayed in this figure 2. It can be seen that
fertilized treatments have more influenced leaf area than the control.
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Figure 2. Potassium fertilizers effects on bean leaf area
The maximum leaf area was recorded for treatment T3 with 92.8 cm, followed by treatment T2 of 89.8 cm, while the minimum
was obtained for the control T1 with a minimum value of 39.83 cm. Moreover, treatment T3 showed higher significance

difference from the control with p<0.001, whence the efficiency of this treatment in improving leaf area than others. This supports
the findings of Abdel et al. (2005) who reported improved growth parameters due to higher potassium application 31,

3.3. Potassium?’s effects on stem diameter

Stem diameter has been influenced by the fertilizers with maximum stem diameter for both treatments T3 and T2 with the same

value of 5.2 cm (Figure 3).
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Figure 3. Effects of Potassium on stem diameter (cm)
From this figure 3, the outcomes revealed the effectiveness of T3 and T2 in enhancing stem diameter than the control. These
treatments got the maximum same value of 5.2 cm, while the treatment T1 got the minimum with 3.7 cm. These results support
those of Colpan et al. (2013) who highlighted increased stem diameter for higher potassium rate application ™4,
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3.4. Potassium’s effects on flowers number
Results on potassium’s effects on flowers number is displayed in the following figure.
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Figure 4. Potassium’s effects on flowers number

With results of figure 4, the highest flowers number was attained under treatment T3 (47 flowers) with significant difference
(p<0.05) from the control treatment T1. The treatment T2 (43 flowers) was the following and significantly exceed (p<0.05) the
control treatment (T1) which was having a lowest number of flowers (20 flowers). Even though T2 and T3 improved the flowers
number, treatment T3 was the most effective treatment in increasing the number of flowers. This effectiveness of T3 was due to
the applied higher potassium level in this treatment. This endorses the results of Javid (2005) who reported highest flowers
number with applied potassium higher level ™. The results are also in line with Pal and Ghosh (2010) who highlighted highest
flowers yield for treatments with increased potassium rate to some extent .

3.5. Effects of Potassium on root length

As Potassium is a key nutrient in the development of new root growth (McAfee, 2008) ™, this parameter has been accessed in
this study, results are shown in the below figure 5.
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Figure 5. Potassium’s effects on root length
From this figure, the outcomes showed maximum root length (26.5cm) for treatment T3, while the minimum (9.03 c¢cm) was
obtained for the control treatment T1. This reduced root length for T1 was due to the K deficient which decreases root elongation
as reported by Alam and Naqvi, 2003 *°1. However the effectiveness of T3 in increasing root length results to the applied higher
potassium level as it is reported as a major nutrient for root development ™. These results support those of khan (2007) which
reported maximum root length for treatments with increased potassium level !,
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3.6. Potassium’s effects on production parameters
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Figure 6. Effects of Potassium on stem diameter (cm)

NP: Number of Pods; NFP: Number of Full Pods; NEP: Number of Empty Pods; NGP: Number of Grains per Pod

From the outcomes of figure 6, there were significant differences between treatments. Specifically, treatment T3 was the most
effective treatment. Considering NP, treatment T3 got the maximum pods per plant (10 pods), followed by T2 with 7pods, while
the minimum was recorded for treatment T1 with 6 pods per plant. Similarly, the full pods number (NFP) was highest for T3 of 9
full pods per plant and lowest under treatment T1 with an average of 1 full pod per plant. The same trend was observed for NGP,
where the maximum grains number was maximum for T3 (5 grains per pod), followed by T2 (4 grains per pod) and minimum for
T1 (3 grains per pod). On the other hand, the number of empty pods (NEP) was highest for the control treatment T1 of 5 empty
pods per plant and lowest for treatment T3 with 1 empty pod per plant. These results support those of Huda et al (2010) who
affirmed improved pods number for applied highest potassium level ™I,

3.7. Effects of Potassium on plant yield and thousand grains

Results on crop yield and thousand grains have also been affected by the applied treatments, the figure 7 and 8 show the details.
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Figure 7. Effects of potassium on crop yield  Figure 8. Potassium’s effects on thousand grains

The outcomes showed maximum yield weight for treatment T3 with 555.2 kg/ha. It was followed by the treatment T2 of 412
kg/ha, while the minimum was recorded for the control treatment T1 with 389.5 kg. The same trend was observed for Figure 8
where highest thousand grains was observed for treatment T3 and lowest for the control T1. The effectiveness of T3 in increasing
crop yield and thousand grains is linked with the potassium’s role of promoting the enzyme activity and enhancing the
translocation of assimilates and protein synthesis as affirmed by Devlin and Witham (1986) .. These outcomes endorse those of
Abou Hadid (2010) who revealed improved crop yield due to potassium higher level application 2. Likewise, these results are in
agreement with the finding of Kanaujia et al (1999) who highlighted higher grain yields weight with increased potassium rates 231,
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4. CONCLUSION

The experimental outcomes showed that the bean crop growth parameters and yield parameters were increased significantly with
the increase of potassium fertilizer. Treatment T3 with NPK (18-46-30) was the most effective and could improve significantly
the plant height, stem diameter, leaf area and leaves number. Moreover, treatment T3 has also enhanced the root length, the
number grains, pods and full pods as well as the yield weight and the thousand grains. This suggested that treatment T3 could
improve bean growth parameters and yield attributes in Mabayi commune of Cibitoke province in Burundi.
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