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Potassium nutrition has been used in controlling fungal and bacterial diseases of plants. However, this
has not yet been tested on control of Fusarium (Fusarium oxysporum f.sp. cubense -Foc), a major
fungal disease constraining apple banana production. This study was set up with a general objective to
investigate the effects of potassium on tolerance to Fusarium wilt in apple bananas using chlorophyll
content, stomatal conductance and severity of Fusarium wilt symptoms as indicators. A screen house
pot experiment was set up using tissue culture plantlets of apple bananas cv Ndiizi. Treatments
comprised of different sources of potassium (Manure, inorganic K and potassium solubilizing bacteria -
KSB) in a full factorial combination. Manure and Muriate of potash (MOP) were applied at rates
equivalent to 150 kg K/ha and KSB (Frateuria auranta) at a rate of 1 I/ha. Fusarium wilt was inoculated in
half the pots at 8 weeks after planting. Measurements on chlorophyll content and stomatal
conductance as well as growth parameters were taken on weekly basis from the time of inoculation.
Fusarium wilt significantly reduced stomatal conductance and chlorophyll content of the plants.
Application of integrated potassium management (KSB x MOP x Manure) significantly reduced
Fusarium wilt symptom expression.
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INTRODUCTION

Banana as a crop in Uganda is threatened by a
combination of abiotic (soil nutrient, moisture or drought
stress) and biotic (pests and diseases) constraints
(Tinzaara et al.,, 2018). Potassium was highlighted by
several authors (Taulya, 2013; Nyombi, 2013; Fratoni et
al., 2017) as the most limiting nutrient in bananas.
Regardless of cultivars, banana yields are significantly
affected by banana weevil, nematodes, banana
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xanthomonas wilt, black sigatoka and banana bunchy top
virus diseases (Blomme et al., 2017).

In addition to the general common diseases, apple
bananas are affected by Fusarium wilt, Fusarium
oxysporum spp. cubense (Foc). Foc exists as different
pathogenic races such as Foc races 1, 2, 3 and 4
classified according to their ability to cause disease in
different banana cultivars (Ploetz, 2015; Siamka and
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Zheng, 2018). Foc 1 is responsible for epidemics in apple
bananas (AAB), kisubi (ABB), kayinja (ABB) and bogoya
(Gros Michel) varieties, Foc 2 in cooking banana type
bluggoe, Foc 3 in Heliconia spp. and Foc 4 in Cavendish
cultivars (Viljoen et al.,, 2017). Fusarium wilt is a soll
borne fungal disease and has remained one of the most
important diseases in the country having wiped out
susceptible cultivars on farms (PARM, 2016). It is a major
factor that has lowered plantation longevity mainly for
dessert bananas and production cannot meet the
demands of the growing population due to up to 100%
yield loss on some farms (Viljoen and Mostert, 2017).

The characteristic symptom of banana Fusarium wilt is
chlorosis (yellowing) of older banana leaves (Ploetz,
2015). The yellowing most often begins at the leaf
margins, from where it progresses to the leaf midrib. A
second external symptom often linked to banana
Fusarium wilt is the splitting of the pseudostem. The
splitting is caused by the inability of dead leaf bases to
expand as the plant grows, thus splitting open as the
inner pseudostem swells (Viljoen et al., 2017).

Fusarium wilt induces characteristic internal symptoms
in the rhizome and pseudostem, irrespective of the
affected variety. When sliced longitudinally, affected
pseudostems present reddish- to dark-brown lesions
inside the leaf bases that form the pseudostem. Early
infection in banana pseudostems is often yellow to dark
red and limited to the xylem vessels. Diseased plants will
have a characteristic yellow to dark-brown discoloration
of the inner rhizome, which usually starts at the edges
and progresses inwards (Ploetz, 2015; Viljoen et al.,
2017). Plants affected with Fusarium wilt also have
reduced plant biomass, leaf net photosynthetic rates and
stomatal conductance (Wang et al., 2015). Fusarium wilt
fungus blocks the xylem tissues thereby blocking
movement of water and nutrients in the plant. Banana
plants respond to constrained water uptake through
closure of stomata (hence reduced stomatal conductance)
and increased breakdown of chlorophyll thereby causing
yellowing or chlorosis of leaves (Chavez-Arias et al.,
2019).

Traditional methods such as chemical control using soil
fumigants and fungicides have been tried to control the
disease but are not economical and environmentally
friendly (Siamka and Zheng, 2018). Other options tried
were crop rotation using Chinese leek- Allium tuberosum
(Zhang et al., 2013), pineapples (Wang et al., 2015) and
ground cover (Deltour et al., 2017), biological control
using Pseudomonas spp. and using resistant cultivars
(Dale et al., 2017). Although resistant cultivars are an
option, these have not yet been a success [in Uganda] as
the banana crop improvement process takes a long time
to achieve a locally acceptable resistant cultivar (Viljoen
et al., 2017).

Plants have developed wide mechanisms to resist a
variety of stressed conditions (Wang et al., 2013).
Increasing evidence suggests that mineral nutrients play

a critical role in plant stress resistance (Marschner,
2012). Out of all mineral nutrients, potassium plays a
critical role in plant growth and metabolism and greatly
contributes to the survival of plants under biotic and
abiotic stresses (Taulya, 2013). Potassium-deficient
plants tend to be more susceptible to infections than
those with adequate supply (Wang et al., 2013). Reddy
(2017) observed that application of potassium reduced
susceptibility of bananas to Xanthomonas wilt. With
adequate potassium, bananas increase in vigor and
disease resistance (Silva et al., 2014). There has been a
controversy of K-increasing resistance to fungal diseases
in different plants (Andersen et al., 2018) but none of
these studies has been done to evaluate the effect of K
on Fusarium wilt tolerance in apple banana (cv.Ndiizi).
Therefore, this study was set up to investigate the effects
of integrated potassium management using inorganic
fertilizer, manure and potassium solubilizing bacteria on
apple banana tolerance to Fusarium wilt.

General objective

Evaluate the effects of integrated potassium management
on Fusarium wilt tolerance in apple bananas.

Specific objectives

i) To determine the interactive effect of K on stomatal
conductance and chlorophyll degradation in Foc affected
apple bananas.

ii) To determine the incidence and severity of Foc 1 as
influenced by mineral K or manure in apple bananas.

iii) To determine the effect of Foc 1 on the growth
parameters of apple bananas.

MATERIALS AND METHODS
Study area description

The study was carried out at Kawanda National Agricultural
Research laboratories (NARL), 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 December), with annual rainfall of 1250
mm. Daily minimum temperature is on average 15.3°C and
maximum temperature is on average 27.3°C while the relative
humidity is about 76.3% (Nyombi et al., 2009).

Experimental design

The experiment was set up in pots containing steam sterilized soil
at 90°C for 2 h in a screen house. A randomised complete design
was used with full factorial combination of K-solubilizing biofertilizer,
mineral K fertilizer and manure, in triplicate (Table 1).

Mineral K was applied using muriate of potash fertilizer-MOP
containing 60% K,O at the rate of 150 kg K ha®. MOP was
procured from Githingi Elgon fertilizers company. Dry animal



Table 1. Treatments structure.
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Input combination

Treatment/Input

1 2 3 4 5 6 7 8
Biofertilizer (K solubilizing bacteria-KSB) 0 0 0 0 1 1 1 1
Mineral K 0 1 0 1 0 1 0 1
Manure 0 0 1 1 0 0 1 1

1=applied; 0=not applied

manure was applied at a rate that is equivalent to 150 kg K ha™.
Well composted cattle manure consisting of dung, urine and straw
remains was used (Organic matter 5.88%, Nitrogen-3.0cmol/kg,
potassium-0.21cmol/kg, Phosphorous-170ppm). The inputs were all
incorporated at planting except for liquid biofertilizer containing
Frateuria auranta (1x10"® CFU/mI) as a KSB which was sprayed in
the soil at a rate of lltr/ha a week after application of muriate of
potash. KinyPotash a liquid biofertiliser containing Frateuria was
procured from Kinyara Sugar limited.

Pots of 10-liter capacity were perforated at the bottom and a 5-
cm thick layer of sand added to permit rapid drainage. Each pot
was then filled with 10 kg (dry weight basis) of soil and a composite
soil sample was taken per treatment per replicate routine analysis
of nutrient contents before application of the treatment inputs. The
inputs were mixed with the soil (according to the treatment) before
adding the soil to the pots to ensure uniformity of distribution.

Each pot was planted with a hardened tissue culture dessert
apple banana (cv. Ndiizi) sucker and watered adequately. The
plantlets were left to establish for 2 months before inoculating them
with Foc race 1. Foc racel was cultured on Potato dextrose media
(Viljoen and Mostert, 2017). The grown fungus was then inoculated
on millet seeds, and 25 g millet seeds containing spores x10° /ml
was used to inoculate the soil. The inoculum was first tested for
pathogenicity before application in the main experiment. Half the
pots of each treatment were inoculated with Fusarium wilt and the
other half was left uninoculated.

Data collection

(i) Effect of Foc on stomatal conductance and chlorophyll
conten.

Stomatal conductance in mmol m™2 st (Campbell and Norman,
1998) was measured weekly from the day of inoculation. This was
done using a hand-held Leaf Porometer SC-1 from Decagon™
devices. Measurements were done at consistent time intervals
between 9am to mid-day. Measurements were done on the 3rd
youngest fully expanded leaf for two plants from the uninoculated
group and 2 plants from the inoculated group in each nutrient input
treatment per replication. For chlorophyll content, the same third
youngest fully expanded leaf was considered for measurements.
Chlorophyll meter Spad- 502 plus (from Konica Minolta™) was
used. Readings were taken on five different points of the leaf
lamina (avoiding the edges) and their average was recorded as the
chlorophyll content reading of the entire leaf. Chlorophyll content
was recorded in pmol m? (SuR et al., 2015)

(ii) Incidence and severity of Fusarium wilt on apple bananas
Plantlets were monitored on weekly basis for Foc exterior

symptoms (yellowing of leaves). The number of plants showing
symptoms was recorded per treatment. Fusarium wilt incidence

was rated visually using the following scale: 0 = no wilt symptoms; 1
=1 leaf wilted; 2 = 2 to 3 leaves wilted; 3 = 4 |leaves wilted; 4 = all
leaves wilted; and 5 = plant dead as described by Viljoen et al.
(2017).

After a 4-months period, plants which were inoculated with
Fusarium per treatment, per replicate were carefully uprooted from
the pot and cut at the base to observe for internal symptoms
described by Ploetz (2015). The corm dislocation was scored using
the rhizome discoloration index (RDI) described by Viljoen et al.,
(2017). Rhizome discoloration scores were; 1-no internal
symptoms, 2 -few internal spots, 3 -<1/3 discolored, 4 -1/3-2/3
discolored, 5 - >2/3 discolored and 6- entire inner rhizome
discolored.

Disease severity was calculated according to the equation by
Viljoen et al. (2017) Disease severity (%) = ¥ [(number of plants in
disease scale category) x (specific disease scale category) / (total
number of plants) x (maximum disease scale category)] x 100.

(iii) Growth monitoring

Growth was monitored by measuring different growth parameters
(Flzy et al., 2019). Data were collected on pseudostem height
(length from collar region to the vertex of the youngest unfurled pair
of fully leaves measured using a metre ruler), pseudostem girth at
base (measured using a measuring tape), length of 3rd functional
leaf, with at the widest point of lamina were taken on weekly basis
from time of inoculation on uninoculated and treated (inoculated)
plants.

Data analysis

Data on disease incidence and severity, chlorophyll content,
stomatal conductance and growth monitoring were subjected to
analysis of variance and means separated by least significant
difference (LSD) in GenStat™ at 95% confidence level.

RESULTS

Uninoculated plants recorded significantly (p<0.001)
higher chlorophyll content (umol m™) than those plants
that were inoculated with Fusarium wilt. The same
observation was noted with stomatal conductance; where
the uninoculated plants had significantly higher stomatal
conductance than the inoculated ones (Figure 1A and B).
It was generally observed that, inoculating the plants with
Fusarium wilt significantly reduced chlorophyll content
and stomatal conductance across all treatments. Those
treatments that receive manure as K source (sole or in
combination) recorded, higher chlorophyll content than
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Figure 1. Effect of Fusarium wilt on (A) leaf chlorophyll
content and (B) stomatal conductance.
§ Error bars represent standard deviation

those treatment without. On the contrary, stomatal
conductance was low in those treatments which received
manure but was highest in MOP or KSB treatments (sole
or combinations-T2, T4, T6, T8) Figure 2A and B.

There was a gradual decrease in both chlorophyll
content and stomatal conductance due to effect of
Fusarium wilt over time. Treatments T6 (MOP x KSB), T1
(no input) and T2 (MOP alone) were among the
treatments that recorded the least readings by the 8th
week after inoculation, while T8 (KSB x MOP x Manure)
resiliently recorded higher reading (Figure 3A). Stomatal
conductance also was negatively affected by Fusarium
wilt inoculation as it gradually reduced over time (Figure
3B). As already noted above, same treatments with
manure (sole or combinations) were the highly affected
except for T8 (MOP x Manure x KSB).

Application of potassium significantly affected the
expression of Fusarium wilt whether externally or basing
on internal symptoms. Treatment T1 (no input) recorded
significantly high (p<0.001) levels of corm discoloration

(rotting) to all treatments. Out of a score of 6, T1
recorded a mean of 5.3 score which translated to about
88% of the corm being discolored. This was followed by
T5 (KSB alone) which was also significant to all other
treatments while treatment T8 (KSB x Manure x MOP),
recorded the lowest corm discoloration score.

All plants in treatment T1 (no input) which were
inoculated with Fusarium wilt exhibited pseudostem
splitting (100%) which was significantly high (p<0.001)
compared with treatments T7 (Manure x KSB) and T8
(Manure x KSB x MOP). A mean of 0.2 score equivalent
to 20% of the plants in treatment T8 recorded
pseudostem splitting. Similarly, T8 significantly supressed
the expression of Fusarium wilt through wilting of leaves
with only about 2 leaves per plant wilted w compared to 4
leaves per plant wilted in T1 (Table 2). Consequently,
Fusarium wilt severity was highest in T1 followed by T5
while T8 and T4 (MOP x Manure) recorded the lowest
(Figure 4).

Inoculation with Fusarium wilt on apple bananas
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Figure 2. Treatment effects on (A) Chlorophyll and (B) stomatal
conductance due to Fusarium wilt inoculation. ST1-control; T2-
MOP only; T3 Manure; T4-Manure + MOP; T5-KSB alone; T6-
MOP + KSB; T7- KSB + Manure; T8-MOP + Manure + KSB. Error
bars represent standard deviation.

significantly affected growth. This was manifested by
significant reduction in girth, pseudostem height and leaf
length of plants which were inoculated against the
uninoculated ones. However, there were no significant
differences observed on leaf width between the
inoculated plants and the uninoculated.

DISCUSSION

Inoculating plants with Fusarium wilt significantly reduced
chlorophyll content and stomatal conductance as
compared with uninoculated plants (Figure 1A and B).
There was a 16.1 % reduction in chlorophyll content

caused by the effect of Fusarium wilt. On the other hand,
stomatal conductance reduced by 40.2% between the
inoculated and the uninoculated plants. This could be
because Fusarium wilt causes a disruption in water and
nutrient uptake which causes wilting; a situation that was
not the case in healthy plants (Wang et al., 2015). Due to
this reduced uptake of water and nutrients, banana plants
responded to the constraint through closure of stomatal
which was manifested in reduced stomatal conductance.
In the same regard, reduced water uptake increased
breakdown of chlorophyll thereby causing yellowing or
chlorosis of leaves which was observed as reduced
chlorophyll content (Chavez-Arias et al., 2019).
Chlorophyll contents were generally high in treatments
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Figure 3. Fusarium wilt effects on (A) chlorophyll and (B) stomatal
conductance over time. $T1-control; T2-MOP only; T3 Manure; T4-
Manure + MOP; T5-KSB alone; T6-MOP + KSB; T7- KSB +
Manure; T8-MOP + Manure + KSB.

where manure was applied (T3-Manure alone, T4-MOPXx
Manure, T7-KSBxManure and T8-KSBxMOPxManure,
Figure 2A). This could be because application of manure
supplied nitrogen which is a building block of the
chlorophyll molecule (Kotapalli et al., 2017). Same
treatments exposed to Fusarium wilt had significantly
reduced chlorophyll content. Application of potassium
solubilizing bacteria did not have any effect on chlorophyll
content. However, with stomatal conductance, treatments
which had application of potassium recorded higher
readings than those where manure was applied (Figure
2B). Potassium being important in regulating the opening
and closing of stomata, and therefore regulates carbon
dioxide uptake (Kotapalli et al., 2017).

Higher reading of stomatal conductance where

potassium was applied could also imply that plants were
able to conserve more water in the tissues even in
presence of disease stress (Galeano et al., 2019). K
helps plants resist disease organism invasion by
strengthening cellwall structure (Marscher, 2012). Plants
with adequate K have thicker cellwalls than the deficient
ones. This makes it harder for disease organisms to
penetrate plant cells and establish an infection. In
treatments where potassium levels were low, the cellwall
structure could have been leaky hence nutrients out of
the cell to the apoplast caused a fertile ground for the
fungus to thrive (Galeano et al., 2019).

It was observed that chlorophyll content and stomatal
conductance kept reducing in all treatments over time
after inoculation with Fusarium wilt (Figure 3A and B).
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Table 2. Fusarium wilt Internal and External symptoms mean score per treatment.

Treatment description

Corm discoloration

Pseudostem splitting Number of wilted leaves

T1 Control (no input) 5.3 1.0 3.6
T2 MOP 3.1 0.8 2.3
T3 Manures 3.4 0.6 2.2
T4 MOP+ Manure 2.3 0.6 2.0
T5 KSB 4.3 0.9 3.3
T6 KSB + MOP 3.0 0.7 2.4
T7 KSB + Manure 2.7 0.4 2.3
T8 Manure + MOP + KSB 2.3 0.2 1.6
LSD at 5% 0.7 0.3 0.6
F pr value <0.001
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Figure 4. Disease severity across treatments. ST1-control; T2-MOP only; T3 Manure; T4-Manure + MOP; T5-KSB alone; T6-MOP
+ KSB; T7- KSB + Manure; T8-MOP + Manure + KSB. Error bars represent standard deviation.

Application of manure, Potassium solubilizing bacteria
and Muriate of potash (T8) recorded higher chlorophyll
contents and stomatal conductance than treatments
where single nutrient source was used (T2, T5 and T3).
This means that the supply of an individual nutrient is
important, but it is also crucial for balanced supply of
nutrients for improving plant health and development
under varying environmental conditions (Li et al., 2018).
The results of this study also agree with (Yanmei et al.,
2018), potassium nutrition through use of biofertilizer was
reported to reduce Fusarium wilt in China, although their
study looked at using Bacilllus spp not Frateuria spp as a

potassium solubilizing bacteria.

Potassium application irrespective of the source (MOP,
Manure or KSB and their combinations) generally
supressed the expression of Fusarium wilt in apple
bananas. Although disease was able to express in all
treatments, expression levels significantly varied across
treatments (Table 2). This could have been because of
improved nutrition provided by manure, MOP and KSB,
and that were more vigorous to counter the disease
effects (Dita et al., 2018). Application of nutrients,
irrespective of the source (MOP or KSB or Manure or a
combination) significantly suppressed wilting. Soil
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Table 3. Effect of Fusarium wilt on growth parameters.

Particular Girth (cm) Height (cm) Leaf length (cm) Leaf width (cm)
Uninoculated 17.15 77.59 58.02 22.78
Inoculated 14.9 67.13 52.35 22.18

Lsd at 5% 0.54 2.23 1.58 1.29

F Pr <0.001 ns

amendments by organic and mineral fertilizers can lead
to beneficial interactions between macro- and micro-
nutrients; thus, they provide the optimum need for
micronutrient requirements (René et al., 2017). Fertilizers
have been reported to improve crop yield and quality and
play a key role in the maintenance of soil productivity
(Bayu, 2020).

Overall, treatment T1 (control) recorded the highest
disease severity of over 60% followed by T5 (KSB alone)
with 55% and lowest was obtained in T8 with about 22%
severity level Figure (4). Therefore, it can be deduced
that T8 (MOP x Manure x KSB) controlled about 38% of
the Fusarium wilt in apple bananas. These results
recorded lower control of Fusarium wilt using fertilizer
when compared to the findings of Yanmei et al. (2018)
where 60% of Fusarium wilt was suppressed by use of
biofertilizer (Bacillus spp.) and 90% was suppressed by
using KCI + biofertilizer.

There was a general reduction in disease severity with
input combinations with manure (Figure 4). This could be
attributed to the fact that manure supplies not only
nitrogen which is a major nutrient for plant growth but
could also have supplied beneficial microorganisms (such
as the Bacillus spp. and Pseudomonas spp.) that are
have been documented to supress Fusarium wilt in the
soil (Kéberl et al., 2017; Dita et al., 2018) recommended
use of 5 t/ha of manure to reduce Fusarium wilt in soils.
This is because; application of inorganic N to the soll
through use of fertilizer (urea or ammonium nitrite) has a
tendency to lower the pH of the soil which is associated
with increasing incidences of Fusarium wilt. Low
response to KSB in treatment T5 (KSB alone) could be
attributed to the fact that the soil was sterilized and had
low carbon source which acts as a source of food for
potassium solubilizing bacteria (Vannier et al., 2019).

It was observed that Fusarium wilt significantly reduced
pseudostem height, girth and leaf length (Table 3).
Across all treatments, growth was observed to reduce 3
weeks after inoculation with Fusarium wilt. However,
application of potassium mitigated the loss in growth
vigor of the plants due to the disease. Similar findings
were recorded by Reddy (2017), where potassium
increased the resistance of plants to xanthomonas wilt.

Conclusion

Inoculation of apple banana with Fusarium wilt

significantly reduced chlorophyll content and stomatal
conductance. Treatments where manure was applied had
higher  chlorophyll content but Ilower stomatal
conductance. A combination of manure and MOP (T4),
KSB and Manure and MOP, Manure and KSB gave
increased stomatal conductance and chlorophyll content
than single input source.

As with other mineral nutrients, appropriate
management practices of potassium relating to application
can improve the uptake of potassium by plants and
consequently increase crop production, while reducing
disease incidence. The results of this study indicated that
integrated application of potassium using MOP, Manure
and KSB increased the capacity of plants to withstand the
effects of Fusarium wilt. We recommend that these
results be a benchmark to scale out the use of manure,
MOP and potassium solubilizing bacteria on soils to study
the long term effect of these inputs on Fusarium wilt
tolerance in field grown apple bananas.
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