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Abstract

Bananas demand high amounts of potassium for optimal growth and produc-
tivity, yet deficiencies are widespread amid the low input production strategy
of smallholder farmers in Uganda. Of the potassium pool in the soil, 90% -
98% is unavailable for plant uptake. Judicious application of fertilisers is re-
quired to alleviate soil fertility problems complemented with manures and
biofertilisers in an integrated nutrient management (INM) package. Bioferti-
lisers such as potassium solubilising bacteria (KSB) have potential to solubi-
lise unavailable forms of K in soil to forms that are readily absorbed by the
plants. However, the added value of each component in this integrated K man-
agement package in apple bananas is not known. Therefore, an experiment
was set up to quantify the relative contribution of mineral K, manure and
KSB on the growth of apple bananas. Potted tissue culture plantlets of apple
banana (cv. Sukali ndiizi) were used. The treatments comprised of a full fac-
torial combination of mineral fertiliser (Muriate of potash, 60% K,O), animal
manure and KSB (Frateuria auranta). The manure and muriate of potash
were applied to supply a total of 150 kg-K-ha™. Soil microbiological assays
were run to evaluate the contribution of indigenous microbial K solubilising
activity in the soil to the experimental INM package. Data on pseudostem
height, girth at collar and 30-cm height, leaf length and width at the widest
point were collected once a week for 24 weeks. Bacillus, Pseudomonas and
Frateuria were present as indigenous KSBs in the soil. The biofertiliser ap-
plied as F. auranta solubilised 7.4 mg-K-I"' (6.2 mg-K-kg™") from soil minerals.
The integrated K management package significantly (p < 0.001) increased the
above ground biomass and leaf area of potted apple bananas by up to 57.5%
compared to no input. The Study recommends an economic analysis study to
determine the integrated K management package that would suit the resource
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constrained smallholder farmers.
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1. Introduction

Bananas demand a high amount of potassium yet smallholder farmers barely ap-
ply mineral fertilisers due to poor access and high prices [1]. Judicious use of
mineral fertiliser is needed to overcome deficiencies [2] although it is reported to
be costly financially and environmentally [3]. Application of manure can be help-
ful in alleviating K deficiencies [4] and minimising leaching losses but it is con-
strained by lack of access to adequate amounts for effective nutrient application
rates. Using biofertilisers can reduce the need for external nutrient inputs [5] [6]
which enable plants to exploit nutrient stocks from the soil more effectively. Out
of the pools of K found in the soil, that in soil minerals make up 90% to 98% of
the total content but it is unavailable for plant uptake [7].

Application of manure and biofertilisers in combination with inorganic ferti-
lisers plays multiple important roles in growth and development of the plants as
well as sustenance of soil fertility and environmental quality. This is the concept
of Integrated Nutrient Management (INM). It has been shown to be effective in
several horticultural crops [8]. It significantly increases the growth and yield of
guavas [9], black gram [10] and banana cultivar Grande naine [8]. Integrated
nutrient management lays emphasis on continuous improvement in soil produc-
tivity on long term basis through judicious use of mineral fertilisers, biofertilis-
ers and manures and their proper management for optimum growth, yield and
quality of crops in specific agro-ecological situation [11]. Manure is a broad
term, which includes livestock excreta, left-over feed and other wastes from
processing livestock products, household waste compost, crop residue composts
and fresh plant materials applied to the soil for soil fertility management as
green manures. Manure improves the soil physical, chemical and microbiologi-
cal properties and ultimately the crop yield [5] [8].

Biofertilisers are preparations containing living or latent cells of efficient strains
of microorganisms that facilitate crops’ access to and/or uptake or assimilation
of nutrients via their interactions with the crops in the rhizosphere [12] when
applied on seed or directly to the soil. A wide range of bacteria namely: Bacillus
mucilaginosus, Bacillus edaphicus, Bacillus circulans, Paenibacillus spp., Acidi-
thiobacillus ferrooxidans, Pseudomonas sp., Burkholderia sp.

[13] and Frateuria aurantia [14] have been reported to release potassium in
available form from potassium-bearing minerals in soils. These KSB were found
to dissolve potassium [15], silicon and aluminium from insoluble K-bearing min-

erals such as micas, illite and orthoclases, by secreting organic acids which either
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directly dissolved the K in the mineral or chelated silicon ions to bring K into
the solution [16]. Inoculation with KSB has been reported to improve growth
of cotton and rape, pepper and cucumber, sorghum, wheat and Sudan grass
[17].

Several INM studies have shown it to be effective in improving soil health,
plant growth and productivity [8] [18] but in different plant species and geo-
graphical locations. None have investigated apple banana crop response to INM
packages involving KSB, yet microbial activity tends to vary with environmental
conditions. This study therefore was conceptualised to quantify the relative con-
tribution of different K sources in an integrated nutrient management package
(viz. K-solubilising bacteria, mineral K and organic manure) on the growth of
apple bananas.

Objectives

The broad objective of this study was to develop an INM package for improv-
ing apple banana growth, sustaining soil fertility and maintaining environmental
health via enhancement of the biological mechanisms for potassium dynamics
from various pools in the soil.

Specific objectives

1) To assess the interactive effects of manure and inorganic K fertiliser on the
diversity of indigenous K-solubilising microorganisms in the soil.

2) To assess the interactive effects of manure and inorganic K fertiliser on the
activity and abundance of K-solubilising microorganisms in the soil.

3) To assess the relative contribution of manure, inorganic fertiliser K, manure

and exotic KSB on the growth of apple bananas.

2. Materials and Methods
2.1. Study Area

The study was carried out at Kawanda National Agricultural Research Laborato-
ries (NARL) located on 00°25'N and 32°31'E at an elevation of 1156 m above sea
level. The area has two rainy seasons (March to May and September to Decem-
ber), with annual rainfall of 1250 mm. Daily mean minimum and maximum tem-
peratures are 15.3°C and 27.3°C respectively, while the relative humidity is on
average 76.3% [19].

2.2. Experimental Set Up and Data Collection

The experiment was set up in a screen house. Pots of 10-liter capacity were perfo-
rated at the bottom for drainage and a 5-cm thick layer of sandy non-experimental
soil added to facilitate rapid drainage. The pots were filled with soil sterilised
using steam at 90°C for 2 hours. A randomised complete design was used with
full factorial combination of the treatment factors KSB, mineral K fertiliser and
manure (Table 1), replicated three times.

Potassium was applied as muriate of potash at the rate of 150 kg-K-ha™. Dry
manure was applied at a rate that is equivalent to 150 kg-K-ha™". The combination of
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Table 1. Treatment structure.

Treatment 1 2 3 4 5 6 7 8

Biofertiliser (K solubilising bacteria) 0 0 0 0 1 1 1 1
Mineral K (Muriate of potash) 0 1 0 1 0 1 0 1
Manure 0 0 1 1 0 0 1 1

1 = applied; 0 = not applied.

manure and muriate of potash was also aimed at supplying a total of 150 kg-K-ha™
with half of it coming from the mineral fertiliser and the other half from the
manure. The inputs were applied at planting. Liquid biofertiliser containing
Frateuria auranta as a KSB was sprayed in the soil at a rate of 1 Itr/ha one week
after application of muriate of potash.

The inputs were mixed with the soil (according to the treatment) before add-
ing the soil to the pots. There were 8 pots per treatment, 3 replicates and 8
treatments in the trial giving a total of 192 pots. Each pot was planted with har-
dened tissue culture apple banana (cv. Sukali ndiizi) plantlet and watered ade-

quately.

2.3. Soil and Foliar Analysis

Before application of inputs (ie. manure, MOP or KSB) a soil and a manure
sample was reserved for soil nutrients analysis. The samples were analysed for
available N, P, K, Ca and soil organic carbon. Organic carbon was quantified ca-
lorimetrically at 600 nm after extraction with potassium dichromate and sul-
phuric acid [20]. Total nitrogen was extracted using sulphuric/selenium acid
mixture at 330°C and then quantified calorimetrically using Nessler and Phenate
method. The exchangeable cations (K and Ca) and available P were extracted
using Mehlich 3 solution and quantified using an emission flame photometer
and atomic absorption spectrometer, respectively. Twenty weeks after planting,
the third fully expanded leaf with its leaf stalk was collected per treatment per
replicate for foliar analysis. The leaf sample was placed in paper bags and oven
dried to constant weight. The samples were finely ground and analysed for N, P
and K concentrations, the procedures of foliar analysis [21]. Soil pH was ana-
lysed using a pH meter at a ratio of 1:2.5, sample to water, and soil particle dis-

tribution done to determine the soil textural class [21].

2.4. Microbial Analysis

This was done to determine the abundance and activity of indigenous KSB in the
soil. A soil sample per treatment per replicate was collected in sterilised collec-
tion bottles. The soil was then kept on ice to maintain microbial diversity until
analysis. The samples were cultured using modified Aleksandrov medium con-
taining 0.25% bromothymol blue indicator (BTB) incubated at 35°C - 37°C for
24 - 48 hrs until cream to light yellow gel forms on the petri dishes [22].
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The soil samples were serial diluted to 10~ and each dilution was incubated
for 24 hours on selective Aleksandrov medium with BTB. All colonies that grew
on media and formed a halo solubilisation zone were considered to be potassium
solubilising organisms. The colonies were counted using a colony counter and
different colonies distinguished based on their morphological characteristics as
used by [23]. The colony diameters were estimated using a ruler. Different colo-
nies were isolated their gram staining reaction determined along with their re-
spective cell shapes under microscopic observation. The different colonies were
also subjected to a catalase test using hydrogen peroxide; the occurrence of gas
bubbles was scored positive for catalase activity by the organisms.

Quantitative determination of solubilised potassium was done using the pro-
tocol by [7]. To quantify how much potassium was solubilised by Frateuria au-
ranta (an organism inoculated in the soil for K-source), pure culture containing
only F. auranta were inoculated in Aleksandrov broth media and grown for 10
days with constant shaking. The sample was analysed for K according to the
procedure by [7] using an emission flame photometer. The sample was compared

with Aleksandrov broth media where no organism was grown as the control.

2.5. Data Analysis

Soil and foliar samples data were analysed using a one-way analysis of variance
(ANOVA) and the means separated using least significance difference (LSD) at
95% confidence interval. Data on growth parameters were analysed using ANOVA
using general treatment structure to separate the different factor effects and their
means were also separated with LSD at 5%. To compare the accumulated bio-
mass, data were first loge transformed to fit the equations used to calculate bio-
mass; the data were then analysed using a one-way ANOVA and means sepa-
rated with LSD at 5%. ANOVA was carried out to test the significance of the
treatment differences in all analyses. All analyses were done using GenStat 12

edition software.

3. Results
3.1. Analysis Results from Soil and Foliar Samples

Manure contained N, P, K levels that were greater than the soil critical values.
The Organic carbon content of 8.43% was also above the critical levels of 2.5% in
soil. The soil sample used, however, was slightly higher than the soil critical val-
ues (Table 2).

The nutrient inputs doubled the K concentration in the leaves relative to the
control but MOP had to be combined with either KSB or manure or both for
maximum K concentration in the leaves (Table 3). Manure was necessary for
increasing foliar N concentration relative to the control. On their own, KSB and
MOP had no significant effect on foliar N concentration (Table 3). The trend in
treatment effects on foliar N concentration was paralleled with that for foliar P

(Table 3). The trend in treatment effects on foliar K concentration was paralleled
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Table 2. Soil and manure characteristics at planting.

Soil pH water Organic Phosphorous __. Potassium . Textural
e Nitrogen Calcium
characteristics  (1:2.5) Carbon (%) (ppm) (cmol/kg) class
. sandy clay
Soil sample 5.64 2.85 83.76 0.56 0.16 2.25
loam
Manure 8.43 170.17 3.08 0.28
s 6.61 3.00
Soil critical values <2.5 <80 <0.2 <0.15

$Soil critical values based on tropical soil requirements by [24].

Table 3. Mean nutrient concentrations from foliar analysis per treatment

Nutrient concentration (%)

Treatment
K N P Ca
No input 2.31 1.18 1.43 0.31
Muriate of potash (MOP) only 5.22 1.62 1.78 0.51
Manure only 5.10 2.43 2.20 0.51
MOP + manure 6.28 2.84 2.49 0.53
Potassium solubilising bacteria (KSB) only 4.97 1.21 1.50 0.48
KSB + MOP 5.82 1.94 2.34 0.57
KSB + manure 5.67 2.70 2.33 0.61
MOP + manure + KSB 6.44 2.94 2.51 0.68
LSD at 5% confidence level 1.08 0.72 0.88 0.12
Fpr 0.02 0.03 0.02 0.04

with that for foliar Ca concentration except that KSB had to be combined with

either MOP or manure or both for maximum foliar Ca concentration (Table 3).

3.2. Soil Microbial Analysis

The number of CFUs reduced with increasing dilution. At a given dilution, the
control (no input) had the lowest number of CFUs (Table 4). Manure gave the
highest number of CFUs among the sole input treatments. However, combining
manure with KSB and MOP gave significantly higher number of CFUs than sole
manure across dilutions, except at X107, At moderate dilutions (X107 and x107%),
manure was followed by KSB in increasing number of CFUs for the sole fertility
input treatments. There was no significant difference in number of CFUs between
KSB and MOP at the highest dilution (x107°) while at the lowest dilution (x107%),
KSB had only 60% of the number of CFUs counted with sole MOP (Table 4).
Combining manure with KSB gave more CFUs than combining manure with
MOP across dilutions except at x10™* where they gave similar number of CFUs.
All the different microbial colonies (cells) on the petri dishes were rod-shaped.
Their colony diameter ranged from 1.5 mm (small) to 6 mm (large). All the co-

lonies reacted positively to the catalase test, but the Gram test showed both posi-
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tive and negative ones (Plate 1). The different colonies exhibited different colo-
ny morphological characteristics. Basing on the colony characteristics, gram
stain reaction and catalase tests the observed microorganisms most probably be-

longed to the genera Bacillus, Pseudomonas and Frateuria (Table 5). Reference

Table 4. Mean number of counted microbial colonies at different serial dilution factors

CFU
Treatment

x107 x107? x10~* x107*

T1 no input 33.7 5.0 1.7 0.0

T2 MOP 51.7 9.3 4.0 1.3

T3 Manure 160.0 95.7 37.7 10.3

T4 MOP x Manure 117.3 65.3 24.7 5.0

T5 KSB 30.3 14.0 6.0 0.3

T6 KSB x MOP 62.0 19.7 5.3 1.7
T7 KSB x Manure 215.7 119.0 25.7 13.3
T8 KSB x MOP x Manure 222.0 120.3 29.3 12.7

Lsd @5% 6.8 3.1 3.5 1.7

Fpr 0.001

(a) (b) ()

Plate 1. Colony forming units at different serial dilution factors (a) and (b) yellow halo-zone caused by KSB against
control, (c) gram-ve rods of Frateuria auranta.

Table 5. Colony characteristics observed from different colonies formed on Aleksandrov media.

Isolate Colony morphological characteristics Gram st?ining Cell . Colony Catalase  Probable
reaction shape diameter (mm) test genus

1 White, viscid, round, flat, opaque, small + Rods 1.5 + Bacillus
2 White, viscid, round, raised, opaque, large + Rods 3 + Bacillus
3 Yellow, dry, flat, round - Rods 2 + Pseudomonas
4 Yellow, opaque, flat, irregular - Rods 2 + Pseudomonas
4 Creamy, opaque, viscid, raised, irregular, large - Rods 6 + Pseudomonas
5 Brown, flat, opaque, small - Rods 1.5 - Frateuria
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10 -

K readings mg/L

KSB control
Treatment

Figure 1. Quantification of K solubilised by Frateuria auranta.

KSB Frateuria solubilised 7.4 mg-K-1"' (equivalent to 6.2 mg-K-kg™' or approx-
imately 25 kg-K-ha™" in the 0 - 30 cm depth layer of a soil with a dry bulk density
of 1330 kg-m™) of readily available potassium from the insoluble potassium source

of potassium aluminium silicate (Figure 1).

3.3. Effects of integrated potassium management on growth

Application of potassium significantly increased the growth parameters of apple
bananas. Height was significantly increased by the K input, regardless of source,
by between 14 and 23% relative to the control (Table 6). However, manure was
required for maximum increase in plant height relative to the control both as a
sole input (18% increase) and in combination with either MOP (18% increase)
or with KSB (22% increase), or with both KSB and MOP (23% increase). This
trend was maintained regarding the plant girth with the increase relative to the
control ranging from 19% (sole MOP) to 33% (combination of manure, KSB and
MOP). Leaf width was the most strongly affected leaf growth parameter due to
application of the inputs in this study. The increase in leaf width relative to the
control ranged from 22% (sole KSB) to 47% (combination of manure, KSB and
MOP). This trend was maintained with respect to leaf length and number of
functional leaves though with lower percentage increases. However, sole KSB did
not significantly affect the number of functional leaves while sole manure had no
significant effect on the leaf width (Table 6). Just like for the plant height and
girth parameters, the combination of manure, KSB and MOP was necessary to
achieve maximum increase in the leaf growth parameters. Interactions of the
different potassium input combinations were also statistically significant.

Input effects were not visible at the beginning of the experiment but over time,
application of inputs recorded marked increase pseudostem height over the
control (Figure 2). Application of manure recorded higher readings than ei-
ther sole MOP or sole KSB. Manure and KSB highly masked the effect of MOP
overtime. Similarly, MOP x Manure was also highly masked by the effects of
MOP x KSB and KSB x Manure. There was no significant difference over time

as a result of application of these input combinations (Figure 2). Comparison of

DOI: 10.4236/0jss.2021.1111026

528 Open Journal of Soil Science


https://doi.org/10.4236/ojss.2021.1111026

A. Nowembabazi et al.

Table 6. Effect of different potassium sources on apple banana growth parameters.

Treatment factors

Pseudo-stem

Functional Leaf

Height Girth length width Number
KSB  MOP Manure cm means + sed
0 0 0 42.16 £0.72 848 +0.68 31.77+1.15 10.70+0.44 4.32+0.14
0 1 0 48.04+£1.65 10.11 +0.48 37.40x1.36 13.26+0.88 4.78+0.20
0 0 1 49.77 £1.21 10.72+0.37 3847 +1.10 14.62+0.59 5.17+0.10
0 1 1 49.79 £0.65 10.68 £0.16 38.69+£0.49 14.90+0.28 5.20 + 0.06
1 0 0 48.86+1.28 10.29£0.39 37.50x1.15 13.02+0.27 4.49%0.18
1 1 0 49.11 £0.65 10.70£0.16 38.16 £0.49 14.57+0.28 4.71 £0.04
1 0 1 51.34+£0.64 10.82x0.15 38.57+£0.95 14.89+0.27 5.02+0.04
1 1 1 51.69+£0.91 11.26+0.21 40.45+0.69 15.72+0.75 5.13+£0.09
Lsd @ 5% 1.78 0.42 1.34 0.76 0.17
Source of variation
KSB
MOP <0.001
Manure
KSB x MOP < 0.001 <0.05 <0.05 ns Ns
KSB x Manure < 0.05 <0.001 <0.05 <0.001 < 0.05
Manure x MOP < 0.001 <0.001 <0.001 <0.001 < 0.05
KSB x MOP x Manure < 0.05 < 0.001 <0.001 <0.05 <0.05

1-applied, 0-not applied, KSB-Potassium solubilising bacteria, MOP-muriate of potash (inorganic K),

sed; standard error of means.

50 -
A45 i m——  NO input = MOP - <
£ 40 - L
%35_ —"----‘
e m= == Manure = = = KSB -7, " *
.= 30 - *
E Z -
825- /“ l’-
2 ’/t‘ y wmm—
22 ] g =
S 15 - At
8 | ”‘“/
UJlO , e
A - s

> ‘_,.-r—-"—'
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1 2 3 4 5 6 7 8 9101112131415

Time (weeks)

Figure 2. Sole input vs. control and different input interactions.
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all input combinations against no input indicated a marked and significant in-
crease in pseudostem height overtime However, a comparison of all treatments,
showed no a distinct difference among treatments except for T1 (no input Fig-
ure 3).

The above ground biomass and total biomass as estimated by girth at 30 cm
and girth at collar were not significantly different (t probability = —0.08 for d.f =
7; E.Pr = 0.434 and t probability = —-1.29 at d.f = 7; F. Pr 0.238 for AGB and TB
respectively). Application of potassium irrespective of the input source increased
accumulated biomass content of apple bananas. Treatment T1 where no input
was applied significantly recorded low AGB as well as TB. Treatments T4 (ma-
nure and MOP) and T8 (all inputs) recorded significant differences (p < 0.001)
in AGB and TB in comparison to all other treatments (Table 7).

As was observed in accumulated biomass, treatment T1 recorded significantly
low (p < 0.001) leaf area than all the other treatments. Treatments T2 (MOP
alone) and T5 (KSB alone) also were observed to record significantly low leaf
area as compared to the rest of the treatments. Treatments which received ma-
nure as an input were observed to obtain higher leaf area although the difference

were not statistically significant (Table 7).

4. Discussion

Results of soil analysis indicated that the exchangeable potassium (0.16 cmol/kg)
in the soil was moderate comparing critical values of tropical soils, where less
than 0.15 cmol/kg is below optimum [25]. However, this value was far below the
critical required level of 1.3 cmol/kg required by bananas suggested by [26]. Nitro-

gen and organic matter were above the critical levels of 0.2% and 2.5% respectively

60 -
e NO input
MOP .
50 - Manure M
Mop x Manure
40 { == == KSB
KSB x MOP

miiemm K SB X Manure
= = = KSBx MOP x Manure

Pseudostem height (cm)
[\ W
(e S

—
(e
1

10111213 14151617 18192021 222324
Time(weeks)

123456789

Figure 3. Control vs. all inputs and comparison of all treatments together.
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as quoted by [27].

Foliar analysis results, however, indicated that treatment with no input had
significantly low K (2.3%) than all the other treatments and it was also below the
critical level of 3.0% of bananas [28]. Treatments of manure and inorganic K
(T4) and treatment with all inputs (T8) recorded the highest K content >6.0%
and these were significantly higher than values obtained in treatment of MOP
alone (5.22%) and KSB alone (4.97%). Nitrogen was below the critical levels of
2.6% according to [28] in all treatments except those treatments where manure
was applied. It was highest in T8 (all inputs) of 2.9% followed by manure and
MOP (T4) of 2.8 and then MOP and KSB (T7) of 2.7% (Table 3). This was an
indicator that the manure supplied the N that supplemented that from the soil
for the plant requirement for growth.

Application of manure also had a significant contribution to the soil microbial
content (Table 4). This could be because most microbes are organotrophic and
therefore their activity increased as a response to application of manure [29] [7].
Application of manure to the soil boosted the microbial growth hence the high
numbers in manure treatments. Treatments T1 (no input) and T2 (MOP only)
also had living organisms (Table 4) despite sterilisation. These organisms could
have been introduced into the pots from the potting mixture, but did not in-
crease.

The probable organisms found in the study were from Bacillus, Pseudomonas
and Frateuria genera (Table 5). Frateuria was KSB from the inoculant. Pseudo-
monas and Bacillus spp could have been introduced with manure, because they
play an important part in the process of decomposition [17] [30]. Among the

soil bacterial communities, B. mucilaginosus, B. edaphicus and B. circulanscan

Table 7. Above ground and total biomass as estimated using girth at 30cm and leaf area
as estimated using allometric equations.

Treatments G-30 (cm) AGB (g) TB (g) Leaf area (cm?)
T1-No input 6.0 18.9 40.4 396
T2-MOP alone 7.8 30.1 65.4 550
T3-Manure alone 7.7 28.1 60.9 900
T4-Manure + MOP 9.9 44.7 98.4 805
T5-KSB alone 6.6 21.8 46.8 624
T6-KSB + MOP 8.3 32.7 71.1 829
T7-KSB + Manure 7.9 29.9 65.0 910
T8-KSB + Manure + MOP 9.8 44.5 97.9 929
Lsd@5% 0.8 1.2 1.2 170

F Pr-value <0.001

ABG: above ground biomass, TB: total biomass, G-30: girth at 30 cm; equations used: y =
1.70G30 — 0.07 for ABG and y = 1.76G30 + 0.59 for total biomass [24]; AGB; t = —0.08,
d.f = 7 probability = 0.434 TB; t = —1.29, d.f = 7, probability = 0.238 at 5% LSD.
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have been described as effective K solubilisers [13], although this study did not
identify the microorganisms to species level.

Frateuria auranta used in this study was able to released potassium from po-
tassium aluminium silicate mineral in Aleksandrov broth of 7.4 mg/l in a period
of 10 days of inoculation (Figure 1). This was higher than 4.2 mg/l reported by
[31] using B. mucilaginosus in media supplemented with muscovite mica. The
observed K solubilisation rate in this study was only 5% of that from bacterial
strains isolated by [7], solubilised up to 400 mg/l K from potassium aluminium
silicate in 28 days, although their strains were not taxonomically identified.

Potassium solubilising bacteria are able to solubilise insoluble K from forms
such as micas, illites, quartz, orthoclases [32] through production of organic ac-
ids. Acid production was observed in this study by organisms turning BTB mod-
ified media from blue (pH 7.2 + 0.2) to yellow, indicating pH change to acidic;
although this study did not isolate the different acids produced. Microorganisms
including KSB can have a considerable role in providing K to plant by storing K
in their biomass (a significant quantity of fixed K), which is potentially available
to plants [33]. All these mechanisms of K solubilisation could have contributed
to the amount of K observed to have been released by F. auranta used in this
study.

Potassium application whether from MOP, KSB or manure significantly in-
creased growth (height, girth, leaf length and width) as compared to no input at
all (Table 6; Figure 2 and Figure 3). This was in agreement to other fertiliser
trials conducted on banana in many studies in the world [1] [27] [34] [35]. Sin-
gle input application (MOP alone, Manure or KSB alone) also significantly (p <
0.001) increased the growth of apple bananas as compared to the control where
no input was applied (Table 6) although MOP alone effect was highly masked by
application of manure and KSB. This was an indication that sufficient applica-
tion of manure or KSB caused as much effect on growth of apple bananas as
where MOP was used. Use of alternative sources to MOP would be a beneficial
factor to alleviating the cost effects of high prices which farmers cannot afford
[2].

Integrating different K sources together (MOP x Manure, MOP x KSB, KSB x
Manure) generated a much greater effect on the growth of bananas (Table 6).
These findings are in line with those of [8], where a combination bio fertilisers
and manure produced significant effects on the growth of banana cultivar Grande
naine than use of inorganic fertilisers lone. KSB x Manure was statistically sig-
nificant at p < 0.05 on growth parameters of stem girth, leaf width and number
of functional leaves. Using all the inputs together (KSB x Manure x MOP) also
significantly affected pseudo-stem height, leaf length, leaf width and number of
functional leaves at p < 0.05. On all other parameters, the different factor com-
binations were significant at p < 0.001. Similar trends were observed on different
factor combinations on the growth parameters over time (Figure 2 and Figure
3).

DOI: 10.4236/0jss.2021.1111026

532 Open Journal of Soil Science


https://doi.org/10.4236/ojss.2021.1111026

A. Nowembabazi et al.

The results of the study showed that using KSB alone, did not have significant
effects over the treatments where KSB was applied with Manure or MOP (Table
6; Figure 2 and Figure 3). This is in line with [7] [23], that KSB requires a car-
bon source for their own growth and biomass accumulation. Therefore, applica-
tion of KSB in soils with low organic matter would not produce significant ef-
fects on growth. Therefore, application of KSB x Manure produced a greater
impact on the growth parameters than where MOP was applied with manure
(Table 6). Application of manure has additional benefits to the soil such as sup-
plying nitrogen, organic matter, buffering rapid changes in soil pH and increas-
ing the diversity and activity of beneficial soil microorganisms responsible for
growth in plants [4].

Common farmer practice is use of manure alone, although this study indicated
that with manure alone plants are able to outperform sole mineral K (Table 6),
application of manure in their fields is usually below the required levels of 13
t/ha/yr [27] [36]. Therefore, augmenting application of manure with MOP or
KSB shows potential for enhanced growth, and possibly higher yields due to ad-
ditional nitrogen. [37] observed higher pseudo-stem height and girth in treat-
ments with higher N and K input.

Integrated application of MOP x KSB x Manure (T8) resulted into higher sig-
nificant accumulated biomass than no input or sole mineral K input application
(Table 7). This is in agreement with the results obtained by [38] in Cotton where
they used farm yard manure, biofertiliser and inorganic fertiliser to achieve high
levels of dry matter accumulation. [39] observed that biomass accumulation in
Sukali ndiizi (apple banana) was more influenced by available moisture content
in the soil, explaining the 22.9 g and 40.4 g of AGB and TB respectively obtained
in a treatment in their moisture stress study where there was no fertiliser input.
However, treatment T8 (combination of KSB, manure and MOP) in this study
recorded, 36.1 g and 97.9 g for AGB and TB, respectively that translates into
57.5% and 142% increase over the control which this study attributes to effect of
proper nutrition. This also agrees with [39] that proper nutrition of plants is
manifested by the biomass accumulated by the plant.

Highest above ground and total biomass was obtained in treatments combina-
tions with manure (T4-Manure x MOP, T7-KSB x Manure and T8-MOP x Ma-
nure x KSB). This could have been because manure provided nitrogen apart from
K, thus promoting vegetative growth more vigorously than other treatments [40].
The same trends were observed with regard to leaf area; highest was recorded in
T8 and this was statistically significant to no input and single input application.
Application of fertiliser (potassium) increased leaf area and biomass accumula-

tion in apple bananas which allies with the findings of [41].

5. Conclusions

Application of manure, MOP or KSB increased the diversity of organisms capa-

ble of K-solubilisation in the soil. Manure application had the highest diversity
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of microorganisms, with probable species belonging to the genera of Bacillusand
Psuedomonas. F. auranta used as KSB inoculum in the study recorded 7.2 mg/1
of K-solubilised from potassium aluminium silicate in the Aleksandrov medium.

Application of MOP, Manure or KSB significantly increased the growth of ap-
ple bananas. Input combinations such as KSB x MOP, KSB x Manure or KSB x
Manure x MOP gave more significant results than single input use. It was fur-
ther observed that for optimisation of KSB, better results are achieved with use
of manure. Use of KSB as a source of potassium produced same or better results
with use of MOP. Considering the high market prices of MOP, using KSB as an
alternative K source to the soil would be more attractive to small scale resource
poor apple banana farmers.

It was found that total and above ground biomass in apple bananas increased
in treatment combinations with manure (7.e. Manure X MOP, Manure x KSB or
Manure x KSB x MOP). Therefore, this study recommends a further economic
analysis to determine the most effective source of banana nutrition treatment
that can be adopted by the resource constrained smallholder farmers. The study
also recommends that these treatments which were studied in confined envi-
ronments and on young plants, should be repeated in open field environments

and grown plants of apple bananas.
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