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Abstract

Agriculture has been the most contributing sector towards Uganda’s economy. However, its output has
always been hampered by declining soil fertility leading to reduced yields, increased agricultural losses
and malnourishment among low income earners. In Uganda, there is scanty research about the
effectiveness of either organic or inorganic fertilizers in crop production. Therefore, there was need to
establish the effectiveness of inorganic fertilizer (N: P: K; 17:17:17) and organic fertilizer (poultry
manure/litter) on the growth, and productivity of rhizobia inoculated and non-inoculated bio-fortified
NAROBEAN 2 variety, which is rich in iron and zinc, highly yielding and drought resistant. A randomized
complete block design experiment was conducted at Mbarara Zonal Agricultural Research and
Development Institute (MBAZARDI). Poultry litter was applied at the rate of (10t/ha), N: P: K 17:17:17 at
20.3 kg ha! and Rhizobia at 250g per 15 kg of beans. Treatments were; Rhizobia + N: P: K 17:17:17 (M 1),
Rhizobia + Poultry litter (M 2), Rhizobia only (M 3), Poultry litter only (M 4), N: P: K 17:17:17 only (M 5)
and the control (M 6). Growth parameters included number of leaves, branches, and shoot height; and
productivity parameters included number of pods produced per plant and economic yield. Statistical
analyses were done at 5% level of significance. The growth parameters showed no significant difference (P
> (0.05) while the bean grain yield and productivity were significantly different (p < 0.05) under the various
treatments. Rhizobia + Poultry litter and N: P: K 17:17:17 only, produced the highest effect on both growth
and productivity as compared to other treatments. Application of rhizobia with poultry manure was the
best soil treatment for increasing the growth and productivity of NAROBEAN 2. This will increase
production, food security, abate malnutrition, and sustainably improve soil quality.
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Introduction
of 20 to 30% (Al-abdalall, 2008). Beans are one of

Phaseolus vulgaris L. is a group of common beans
that belongs to the family Leguminosae
(Fabaceae), the “Pea family”. It is among the five
cultivated species of genus Phaseolus and is third
in importance after soya beans and peanuts
(Broughton et al, 2003). Legumes are vital
substitutes for meat due to their protein content

the globally vital legumes that have been used for
several centuries due to their nutritional values
(Energy per 100g: Carbohydrates; 127 kcal,
Sugars; 0.32 g, Dietary fiber; 7.4 g, Minerals per
100g: Calcium; 28 mg, Iron; 2.94 mg, Magnesium;
45 mg, Zinc; 1.07 mg, Sodium; 2 mg, Potassium;
403 mg, Vitamins per 100g; Vitamin C; 1.2 mg,
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Vitamin K; 8.4 pg, Vitamin E; 0.03 mg, Thiamine
(B1); 0.16 mg, Riboflavin (Bz); 0.058 mg, Niacin
(Bs); 0.578 mg, Pyridoxine (Bg); 0.12 mg (USDA
Nutrient Database,
(http:/ /ndb.nal.usda.gov/ndb/search/list.).

According to Mauyo et al., (2007), beans are the
most widely grown pulses second to maize and
are a major food source of food security in East
Africa. Also, they are the main grain legume crop
in Eastern and Southern Africa (Katungi et al.,
2009). Birachi, et al., (2011) reported production
and marketing of common bean in Burundi as a
potential pathway for improving rural
livelihoods and showed common beans as being
an important source of human dietary protein
and calories. However, there has been slow
increase in agricultural production in Africa due
to the changing climate, low application of
adaptive scientific and technological methods in
production and the failure by most of the farmers
to intensify agricultural production in the way
that maintains and improves the declining soil
fertility. The declining soil fertility with low
adoption rates and use of productivity enhancing
inputs were among the main challenges
reportedly affecting the Uganda’s agricultural
sector (MAAIF, 2010). This, as a result, has
reduced the nutritional composition of the crops
grown on the nutrient-deprived soils in the
various agroecological zones across Uganda.
There have been many cases of malnutrition
registered in the world and this has been
attributed to the low nutritional food consumed
by the population. According to (UNICEF-WHO-
The World Bank, 2017), nearly half of the deaths
of children under 5 years were widespread in
Asia and Africa due to malnourishment. This was
attributed to lack of important micronutrients,
iron, zinc and vitamin A in the diet. Iron
deficiency is one of the commonest micronutrient
deficiencies in the world making Iron Deficiency
Anaemia (IDA) a global health concern. 24.8%
(1.62 billion people) of the global population are
affected by anaemia with the highest prevalence
among the preschool age children (47.4%). Africa
reportedly had the highest (47.5-67.6%)
proportion of preschool age children, pregnant
and non-pregnant women. Uganda was mapped
among the countries with anaemia as a severe (2
40.0%) public health problem among the
preschool children and pregnant mothers (De
Benoist & Mclean, 2008). It is severely affecting a

big proportion of children under 5 years and
women of reproductive age (Nankinga & Aguta,
2019). In 2006, 73% of children in Uganda were
anaemic, 50% in 2011 and 53% in 2016. Anaemic
prevalence among women varied from 49% in
2006, 23% in 2011 and 32% in 2016, this was partly
attributed to poor households (Nankinga &
Aguta, 2019). Zinc enables the body to utilize the
carbohydrates, proteins and fats, strengthens the
immune system and arguments wound healing.
Malnourishment tends to intensify provided no
remediation or intervention is done.

Beans are consumed by all the income classes and
are one of the principal sources of food nutrients
for people in the lower income bracket in Uganda.
Therefore, one of the multi-sectorial strategies to
cub malnutrition in the country was the release of
five bio-fortified drought-tolerant bean varieties
in 2016; three bush beans (NAROBEAN 1, 2, 3)
and two climbing growth types (NAROBEAN 4C
and 5C). These were evaluated for their high yield
potential, NAROBEAN 1, 2, 3 (1500-2000 kg per
hectare) and NAROBEAN 4C, 5C (2500-3700 kg
per hectare) (Booklets | Mpeke Town, n.d.);
nutritional value (Guide 2 Uganda, 2016),
accumulating iron (65.3-69 ppm) and zinc (32.1-
34.7 ppm) micronutrients. In addition, they were
found to be drought and disease tolerant
(Georgina, 2016) and have less cooking time (
ICRISAT, 2017). Therefore, if production is
boosted, the varieties can produce a cheap source
of nutrients among the low-income earning
communities and as well produce high yields,
despite the prevalence of climate change as
evident in the constant seasonal changes in
Uganda.

The NAROBEAN 2 is one of the most supplied
varieties by MBAZARDI to farmers and also is
the most commonly grown variety by the farmers
in south western low lands of Uganda (Mr. John
Bosco Muhumuza, Pers Comm). MBAZARDI
encourages farmers to treat the seeds with
rhizobia inoculant, which is supplied by
Biological ~ Nitrogen  Fixation = Makerere
University, prior to planting so as to maximise the
yields. Biological Nitrogen Fixation Makerere
University, apart from Madhavani Ltd, is the
second plant producing inoculants in Uganda.
This was established with the aid of the United
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States Agency for International Development
(USAID) in 1990 (Bala et al., 2011). Since then, it
has been producing rhizobia inoculants for
agricultural input in Uganda. According to
Ravikumar (2012), inoculation of Vigna mungo
(Linn.) and V. radiata (L.) with carrier-based
rhizobia produced pulses with greater; height,
fresh weight, number of roots, nodules, number
of leaves, shoots, pods, pod length, seed weight
compared to the controls.  However, the
productivity of the variety is likely to be hindered
by the constantly declining soil fertility on most
farmlands as a result of persistent cultivation
without fallowing periods and fertilizer
application. Nekesa et al., (1999) showed that the
low productivity of beans and maize cropping
system in Uganda was due to many factors
including the declining soil fertility. Akanbi et al.,
(2007) recommended fertilizer application for
increasing crop yields. Presently, fertilizer
application has become vital to increase
productivity and feed the constantly increasing
population.

Organic and inorganic fertilizers are both
potential sources of mineral nutrient elements.
There is still a growing dependence on use of
inorganic fertilizers on both commercial and
subsistence scales in crop production
(Masarirambi et al., 2010). Roberts, (2009)
reported the capacity of inorganic fertilizers to
increase output in grain production from 40 to
60%. Inorganic fertilizers have been used by
farmers and serve a variety of advantages
including being quickly absorbed and utilized by
crops (Mofunanya et al., 2015). The increasingly
rising demand for organically produced food
renders a need for more exploration of the
efficiency of organic fertilizers too. They improve
nutrient bioavailability, soil structure, cation

Materials and methods

Experimental design

Pest free, equal sized, wholesome biofortified
NAROBEAN 2 healthy seeds, were obtained from
NAROMBAZARDI farm stores. An experimental
site was established at MBAZARDI using a
Randomized Complete Block Design (RCBD)
with three replicates to control for local

exchange capacity, soil pH microbial activity and
water holding capacity of the soil (Muhammad &
Khattak, 2009). All these soil amendments using
organic fertilizers have minimal negative
ecological impacts on the environment. However,
there are still gaps in knowledge about the yield
response of rhizobia inoculated biofortified
NAROBEAN 2 to both organic and inorganic
fertilizers in Uganda. Poultry manure/litter, an
organic fertilizer, is known to be nutrient rich and
is readily available at low costs in rural
communities (Ragagnin et al, 2013). It is
composed of beddings like sawdust pine
shavings and peanut hulls, mixed with chicken
feaces and wurine. It contains primary plant
nutrients [(nitrogen (N), phosphorus (P-Os) and
potassium (K>O)], secondary nutrients [(calcium
(Ca), magnesium (Mg) and sulphur (S)], micro
nutrients [(copper, iron, manganese, zinc and
boron)] (Alabama Cooperative Extension System
(2019). Bolan et al., (2010) found each kilogram of
dry weight of layer litter to contain 32.8 g of
nitrogen, 10.8 g-phosphorus, 15.2 g-potassium,
18.5g-calcium, 6.2g- magnesium and 8.5g-
sulphur. Also, poultry litter is mineralized faster
compared to the other animal manures (Mbatha,
2008) and therefore is more superior to other
animal manure. Compound N: P: K 17:17:17 is
one of the most used inorganic fertilizers by
farmers in Uganda, accounting for 60% of the
total imported inorganic fertilizers, and contains
N, P and K as essential nutrient elements
(Godfrey & Dickens, 2015). This study therefore
focused on comparing the effectiveness of
selected organic fertilizer; Poultry litter and
Inorganic fertilizer; N: P: K 17:17:17, on the
growth, and productivity of inoculated and non-
inoculated NAROBEAN 2 variety to increase
production, improve food security, alleviate
malnutrition and reduce poverty levels among
local communities in Uganda.

variability within the plot. Each block was then
partitioned into six plots measuring 2 m by 2 m
and separated by 1 m from the other. Simple
random sampling was used during fertilizer
application per plot in each block. Poultry litter
was prepared by active pile compositing



traditional method and applied 2 weeks before
planting, and regularly turned until it completely
decomposed as recommended by Ellis et al,
(2013). N: P: K 17:17:17 was applied at a rate of
20.3 kg ha after one week of planting by side
dressing method.

Inoculation of the bean seeds with Rhizobia

Three hundred (300) ml of clean warm water
were transferred into a trough for easier mixing.
Two table spoons of table sugar were added to

water and mixed thoroughly to obtain a sticky
solution. This was followed by addition of half a
kilogram of seeds until they were evenly coated
with the sticky solution. Rhizobia inoculant was
then poured into the bean seeds, mixed slowly by
shaking until all seeds were uniformly coated
with the inoculant (Drew et al., 2012).The seeds
were immediately planted in moist soil. There
were six treatments in the experiment with three
replications (Table 1).

Table 1. Treatment combinations and their respective codes used in the study

Treatment code Treatment combination

M1 Rhizobia (250 g 15 kg of seeds) + N: P: K 17:17:17 (20.3 kg ha-!)
M2 Rhizobia (250 g 15 kg of seeds) + Poultry litter (10t ha)

M3 Rhizobia only (250 g per 15 kg of seeds)

M4 Poultry litter (10t1) only

M5 N: P: K17:17:17 (20.3 kg ha) only

M6 Control (no application amendment)

Planting and crop management practices

The seeds were planted 1 to 1% inches deep,
spaced 50 cm between rows and 10 cm between
the seeds within each row. After one week of
germination, the mulches were applied and the
bean crops were labelled using field tags from D1
to D30 in each plot for uniform data collection.
The plots were watered at intervals of one day
from the previous watering during the first three
weeks after planting when there was no rainfall.
The beans were weeded three times throughout
the growth period.

Data collection

Data collection on growth parameters started in
the second week after planting due to non-
uniform germination in the first week after
planting as some seedlings had not emerged from
the ground. Plant yield data was collected at a
one- week interval for 5 weeks as this is the range

of time when there is vigorous vegetative growth
in beans (Chinthapalli et al., 2015). The data on the
number of leaves and branches was collected by
counting them from the field while plant height
was established by measuring using a tape
measure from the ground level up to the apex of
the stem (WikiHow, n.d.). The beans were
harvested by uprooting in the ninth week after
planting, when they had turned yellowish-
brown. Pods were plucked off and packed in
labelled polythene bags for each plant and
transported to the laboratory to collect data on
productivity parameters (Gyamfi, 2017). The
pods produced per plant were initially counted
and then unshelled in labelled polythene bags. To
collect data on the economic yield, the total
number of seeds produced per plant in each plot
for all the replications were weighed using a
digital weighing scale (Gyamfi, 2017).

Data analysis

SPSS (version 20) statistical package was used
for descriptive statistics. Microsoft Excel 2013
and Minitab 14 Demo software were used for
graphical data presentation. Homogeneity of
variance was tested using Levene’s (L) test, and



Shapiro-Wilk test used for normality tests. One-
way Analysis of variance (ANOVA) was used
for hypothesis inference for each objective at 5%
level of significance. The Least Significant
Difference (LSD) wunder the post hoc
comparisons were used to evaluate pair wise
differences among the group means.

Results

Effects of poultry manure/litter and N: P: K
17:17:17 on the growth of Rhizobia inoculated
and non-inoculated bio-fortified NAROBEAN 2
variety

Number of leaves

In the second, third, fourth, fifth and sixth weeks
after planting, N: P: K17:17:17, N: P: K 17:17:17,
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N: P: K 17:17:17, Rhizobia + Poultry litter and
Rhizobia + Poultry litter respectively gave the
highest number of leaves (Figure 1). The beans
grown under sole N: P: K 17:17:17 and Rhizobia
+ Poultry litter had the highest and the same
mean number of leaves (35t6 SE). The mean
number of leaves was lowest for beans grown
under the control (27+5 SE). All the treatments
showed no significant effect (p = 0.814) on the
number of leaves in NAROBEAN 2 variety. The
Post hoc multiple comparisons revealed that all
the pairwise mean differences on the number of
leaves for each treatment were not significantly
different from each other (p > 0.05). Beans grown
under sole N: P: K 17:17:17 and Rhizobia +
Poultry litter showed no difference in the mean
number of leaves.
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Figure 1. the effect of the treatments on the number of leaves

Number of branches

In the second week, Rhizobia + Poultry litter
gave the highest number of branches. In the
third, fourth, fifth and sixth weeks after planting,
N:P:K17:17:17, N: P: K17:17:17, N: P: K17:17:17
and Rhizobia + Poultry litter gave the highest
number of branches respectively (Figure 2). The

Rhizobia only

e Control

number of branches were not significantly
different (p = 0.847) for all the treatments. The
mean number of branches was highest for beans
grown under N: P: K 17:17:17 only (11.2+1.9 SE)
and Rhizobia + Poultry litter (11.2+2.0 S.E) and
lowest for beans under the control (8.6£1.6 SE).
The Post hoc multiple comparisons of the pair



wise mean differences showed that all the mean
differences on number of branches for each
treatment were not significantly different from
each other (p > 0.05). However, beans grown
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under N: P: K 17:17:17 only and Rhizobia +
Poultry litter had the lowest mean difference
(0.73) for the number of branches.
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Figure 2. Effect of the treatments on the number of branches

Shoot height

In the second, third, fourth, fifth and sixth
weeks, Rhizobia + Poultry litter, Rhizobia +
Poultry litter, N: P: K 17:17:17, N: P: K 17:17:17
and N: P: K 17:17:17 gave the highest shoot
height respectively (Figure 3). The beans grown
under sole N: P: K 17:17:17 and Rhizobia +
Poultry litter generally attained the highest
shoot height of 37.6+4.9 SE cm and 36.8+4.2 SE
cm respectively while shoot height was lowest
for beans grown under the control (29.3+3.1 SE
cm). The effects of the treatments on the shoot

Rhizobia only

e Control

height were not significantly different from each
other (p = 0.540). The Post hoc comparisons
revealed that all mean differences in shoot
height for all the treatments were not
significantly different from each other (p > 0.05).
Sole N: P: K 17:17:17 and Rhizobia + Poultry
litter treatments had the lowest mean difference
for the shoot height (0.8 cm). Generally, beans
grown under sole N: P: K 17:17:17 had the
highest mean growth, followed by Rhizobia +
Poultry litter, Rhizobia + N: P: K 17:17:17,
Poultry litter only, Rhizobia only, and lastly the
control (Figure 4).
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variety



Effects of Poultry litter and N: P: K 17:17:17 on
the number of pods produced per plant in
rhizobia  inoculated and non-inoculated
biofortified NAROBEAN 2 variety

The number of pods produced per plant were
statistically different (p = 0.001). The beans
grown under N: P: K 17:17:17 only had the
highest number of pods per plant and were
pairwise significantly different (p < 0.05) from
the beans grown under Rhizobia only (p = 0.023)
and the control (p = 0.000), but not significantly
different from the other treatments (p > 0.05).
The post hoc pairwise mean difference on
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number of pods produced per plant under other
treatments (M1, M2, M3, M4) were significantly
different from the control (M6) (p < 0.05). N: P: K
17:17:17 only and Rhizobia + Poultry litter
treatments had the least mean difference (1.1) for
the number of pods per plant. (Figure 5).

Effects of Poultry litter and N: P: K 17:17:17 on
the economic yield in Rhizobia inoculated and
non-inoculated bio-fortified NAROBEAN 2
variety
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Figure 5. Effect of the treatments on the number of pods produced per plant

The effects of the treatments on the economic
yield of NAROBEAN 2 is represented in Figure
6. The beans grown under N: P: K 17:17:17 only
gave the highest economic yield (5.82 t ha?) and
the control produced the least economic yield
(2.73 t ha?) (Table 2). The economic yield of
NAROBEAN 2 was significantly affected by the
treatments (p = 0.001). The post hoc comparisons

revealed that the economic yield for the beans
grown under N: P: K 17:17:17 was significantly
different (p < 0.05) from the beans grown under
the control but was not significantly different
from the other treatments (p > 0.05). N: P: K
17:17:17 only and Rhizobia + Poultry litter had
the lowest mean difference in the economic yield
(0.3 tha?).
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Figure 6. The effects of the treatments on the economic yield of NAROBEAN 2

Table 2. The effect of the treatments on the economic yield of NAROBEAN 2

Treatments Economic yield per bean Economic yield t ha-
plant (g) (SE)
Rhizobia (250 g 15 kg of seeds) + N: P: K 66.6 (6.9) 4.99 (0.52)
17:17:17 (20.3 kg ha')
Rhizobia (250 g 15 kg of seeds) + Poultry 73.6 (3.1) 5.52 (0.23)
litter (10t ha')
Rhizobia only (250 g per 15 kg of seeds) 64.0 (3.8) 4.79 (0.29)
Poultry litter (10t ha) only 69.0 (3.2) 5.17 (0.24)
N: P: K17:17:17 (20.3 kg ha) only 77.6 (6.3) 5.82(0.47)
Control (no application amendment) 36.4 (3.9) 2.73(0.29)
p- value 0.001 0.001

The numbers in the brackets represent the Standard Error



Discussion

Growth response of NAROBEAN 2 under all
treatments

The observed higher growth of NAROBEAN
2 variety grown under all the treatments as
compared to the beans grown under the
control was due to more nutrients supplied
for the growth of NAROBEAN 2 compared to
the soils where no fertilizer was applied. This
agrees with the study findings by (Khalid et
al., 2014) in which egg plants grown on soils
applied with poultry manure and N: P: K
17:17:17 grew faster than those grown on soils
where no fertilizer was applied. The higher
growth response of beans under rhizobia +
poultry litter and poultry litter only than
under Rhizobia only and the control could be
explained by the capacity of the animal
manure to improve the soil physical
properties like soil structure which increases
the soil water retention capacity and enhances
the nutrient uptake and Rhizobial activities in
the soil. This is in agreement with the early
studies of Dauda et al., (2008) which affirmed
the positive growth effects of poultry manure
and revealed its capacity to improve the soil
properties such as soil porosity, aggregate
stability, hydraulic conductivity and the soil
infiltration process. These soil amendments
increase nutrient uptake and as a result
enhance the vegetative growth of the crops.

The lower growth of the beans under
‘Rhizobia only” inoculant as compared to the
other treatments excluding the control was
due to the suppressive effects of the
competitive native rhizobia in the soil which
minimized the inoculant’s effectiveness on
nodulation and the general plant growth.
Native rhizobia strains compete with the
inoculant for the infection sites on the roots
hence reducing inoculant’s effectiveness
(Ham et al., 1971). This was in agreement with
Payakapong et al., (2004) who reported high
soil nitrogen concentrations and the strain’s
interaction with the other native strains of
rhizobia in the soil as among the causes of
ineffectiveness of rhizobia inoculant.

The higher growth of the beans inoculated
with Rhizobia only than the beans under the

10

control showed that bio fertilizer application
likely increases the growth parameters in the
legumes more than non-bio fertilized
legumes.

Beans under plots applied with N: P: K
17:17:17 only having the highest growth was
due to the fast-initial release of nutrients into
the soil in desired amounts making them
readily available to the beans as compared to
the other treatments. Though poultry litter
has high nutrient content, it releases them
slowly. Phosphorus being important for the
physiological and developmental process, it is
highly required in the soil at the early stages
of crop growth to accelerate the growth
physiological processes leading to increased
nitrogen absorption by the plants. It is highly
demanded by the crops during the three
growth stages; at start of flowering,
vegetative phase and seed filling stage
(Kellman, 2008). Therefore, the beans under
N: P: K 17:17:17 only had phosphorus that
was more readily available than other beans
under the other treatment combinations and
the control.

Rhizobia + N: P: K 17:17:17 could have
excessively fixed nitrogen by both the action
of rhizobia inoculant and the inorganic
nitrogen released by N: P: K 17:17:17 leading
to a lower growth response as opposed to
beans under N: P: K 17:17:17 only. The
excessive nitrogen causes nutrient imbalances
in the soil leading to the depletion of the other
important minerals like calcium (Ca),
phosphorus (P) and magnesium (Mg) and this
results in the lower rate of growth. Excessive
nitrogen imposes effects, ranging from
negatively affecting growth, productivity,
colour and flavour of the fruits, to sugar and
the vitamin content of the crops (Khalid et al.,
2014). Though N: P: K 17:17:17 releases
nutrients quickly into the soil, its combination
with Rhizobia inoculant is likely to be less
effective in promoting the growth and
productivity of NAROBEAN 2.

The faster release and dissolution of the
nutrients in N: P: K 17:17: 17 only explains the
higher performance of beans grown under N:
P: K17:17: 17 only as opposed to those under



poultry litter. Though poultry litter contains
useful nutrients for the growth of the beans,
they are in crude form and so are relatively
released slowly (Nyankanga et al., 2012) hence
slower growth of beans under Rhizobia +
Poultry litter and Poultry litter only. Carbon
is a vital source of energy and nutrient source
to the Rhizobia resulting into increase in the
nodulation, nitrogen fixation and therefore
very much similar growth rate of beans under
N: P: K 17:17:17 only and Rhizobia + Poultry
litter. The addition of poultry litter enhanced
the activity of Rhizobia due to the high carbon
content of the litter (Ramana et al., 2002).
Though poultry litter as an organic fertilizer
releases nutrient slowly, Rhizobia inoculant
had a more synergistic relationship with
poultry litter and so increased its
effectiveness. This synergism reinforced
poultry litter to release nitrogen, phosphorus
and potassium and trace elements such as
calcium, manganese, iron and Sulphur, which
promoted  growth, physiological and
meristematic activities of the beans. This
promoted synthesis of photo assimilates,
culminating into increased vegetative growth
of the crops (Dauda et al., (2008). Therefore,
Rhizobia inoculant had a more synergistic
relationship with poultry litter than N: P: K
17:17:17 in facilitating growth of the beans.
Hence the highest growth of beans under N:
P: K 17:117:17 only and a very marginal
difference from those under Rhizobia +
Poultry litter on the growth of NAROBEAN 2
variety as opposed to those under Rhizobia +
N: P: K17:17:17.

Beans under N: P: K 17:17:17 only could have
received enough nutrients at early stages due
to faster rate of release of the nutrients
especially phosphorus by N: P: K 17:17:17
hence the highest number of pods compared
to the other treatments. Also studies by
Achakzai & Bangulzai, (2006) on soybeans
showed increase in number of pods with the
increase in the nitrogen content of the soil.
Hasanuzzaman et al., 2018 also reported high
phosphorus concentration to increase the
number of the pods in soybeans. Poultry litter
is good at retaining the soil moisture which in
turn increases the dissolution of phosphorus,
a key factor in pod formation among the
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legumes (Nyende, 2000). This explains the
very close effects of N: P: K17:17:17 only and
Rhizobia + Poultry litter on pod formation as
compared to the other treatments.

Economic yield

The treatments provided extra external
nutrients which increased the economic yield
as opposed to beans under the control which
only relied on the natively available soil
nutrients. It is further clarified by Khalid et al.,
(2014) that phosphorus is very important for
flowering and fruit formation while
potassium is vital in the process of seed
setting in the crops. Therefore, the other
treatments significantly supplied these
elements more than the control.

Both N: P: K 17:17:17 only and Rhizobia +
Poultry litter could have efficiently supplied
the right quantities of nutrients required for
maximizing the economic vyield of
NAROBEAN 2 than other treatments and the
control. The highest economic yield observed
in beans under sole N: P: K 17:17: 17 and
Rhizobia + Poultry litter respectively was due
to their previously explained effect on
growth. This could have increased the leaf
area index, consequently increasing light
interception, and photosynthetic rate, and so
the observed higher productivity than in the
other treatments. Increased plant height
increases grain yield of the crops (Caliskan et
al., 2008) and enough leaves receive enough
light at the reproductive stage, maximizing
the yielding of the crops (Mellendorf, 2011).
Therefore, the extent of the effect of each
treatment on the growth of NAROBEAN 2
had a direct effect on its economic yield.

Conclusion

The effect of the various treatments on the
growth and productivity parameters was
generally in the order of N: P: K 17:17:17
only> Rhizobia + Poultry litter> Rhizobia +
N: P: K 17:117:17> Poultry litter only>
Rhizobia only> control. Either N: P: K
17:17:17 only or Rhizobia + Poultry litter
are best interventions for improving
productivity of NAROBEAN 2. The



combination of Rhizobia inoculant with
Poultry litter is very synergistic and hence
is likely to release the soil nutrients
relatively faster than poultry litter only.
However, combining rhizobia inoculant
and N: P: K 17:17:17 lowers the general
growth and productivity of NAROBEAN 2
and possibly other legumes. It causes the
surge of nutrients released by N: P: K
17:17:17 hence slowing down the Rhizobia
activity. With minimal inputs of using
Rhizobia + Poultry litter as a soil
amendment practice, production of
nutritious NAROBEAN 2 in Uganda will
increase. This will consequently increasee
accessibility of the variety by low income
earners who cannot afford the expensive
food sources of iron and zinc, and hence to
some extent combat malnourishment and
increase food security. The rhizobium
inoculant will also reduce the need for
application of inorganic fertilizers and
consequently reduce their negative
ecological impact on the environment.
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