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La bactériose vasculaire causée par Aa/stomia solanacearum, est I'une des contraintes majeures a la production de
pomme de terre au Cameroun. Afin de réduire les pertes de rendement dues & cette maladie, cette étude visait a
gtudier |'effet du calcaire sur la bactériose vasculaire et sur la population de A so/aracearum dans le sol. Des
tubercules de ppmme de terre ont été cultivés en pots sous une ombrigre de I'Université de Dschang, de février & mai
2021. Le plan expérimental était un plan en parcelles divisées composé de trois répétitions de deux génotypes de
pomme de terre (Dosa et JacobZ005), 05 doses de calcaire (14,7 g, 29 g. 44,1 g, 8.8 g et 73,0 g par plante) et 2
témoins (pas de chaulage sans inoculation et pas de chaulage avec inoculation du pathogene). Les plantes ont éte
inoculées avec 25 ml de suspension bactérienne, contenant 0° UFC/ml. La population bactérienne du sal a été évaluge
en comptant les colonies au microscope. Des données ont été recueillies sur l'incidence de |a bactériose vasculaire, la
population bactérienne dans le sol, le pH du sol. les composantes du rendement et I'infection latente. Les résultats ont
montré qu'une faible incidence de la maladie a été associée & un taux élevé de calcaire dans les deux génotypes. Le taux
de calcaire a augmenté le pH du sol tout en réduisant la population du pathogéne dans le sol. Le poids de
tubercule/plante le plus élevé a été obtenu avec un taux de calcaire > 58.8 g/plante. Le chaulage a permis d'éviter les
infections latentes lors du stockage. Ainsi, un amendement du sol avec du calcaire & raison de 58,8 g/plant peut réduire
|a population de # solanacearum dans le sol et diminuer l'impact de |a bactérie au champ ainsi qu'en stockage dans la
|ocalité de Dschang.

Abstract

Potato bacterial wilt (BW) caused by Aa/stomia salanacearum, is ane of the major constraints to potato production in
Cameroon. In order to reduce yield losses due to BW, this study aimed at investigating the effect of limestone on
bacterial wilt disease. and on the £ sofanacearuns population in the soil. Potato tubers were grown in pots in a screen
house of the University of Dschang, from February to May 2021. The experimental design was a split plot design made up
of three replicates of two potato genotypes (Dosa and JacobZ003), 05 limestone rates (14.7 g. 29 q. 44,1 g, 58.8 g and
73.3 g per plant) and Z controls (no liming without inoculation and no liming with pathogen inoculation). Plants were
inoculated with 25 ml of bacterial suspension, containing 10° CFU/ml. The bacterial population in the soil was assessed
by counting colonies under microscope. Data were collected on BW incidence. bacterial population in the sail, soil pH.
yield components and latent infection. The results showed that low BW incidence was associated with high rate of
limestone in both genotypes. Limestone rate increased soil pH while reducing the pathogen population in the soil. The
higher tuber weight/plant was obtained with limestone rate 298.8 g/plant. Liming enabled to avoid latent infection
during storage. Thus, soil amendment with limestone at 98.8 g/plant can reduce # sa/anacearum population in the soil
and lower the impact of bacterial in the field as well as in the store in Dschang locality.

I. Introduction

Potato (Solamum tuberosum L.) ranks fourth in world food production
after wheat rice and maize. It is currently the leading tuber crop in the
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global food system and contributes to the livelihood of millions of
populations worldwide [1).  Bacterial wilt is among the most
economically important potato diseases in many tropical and sub-
tropical regions and can cause losses up to 950 million USD per year
[2]. The disease is caused by # solanacearum, a Gram-negative soil
borne pathogen. This pathogen can survive in soils and water bodies for
long periods [3]. Plant species infected with this pathogen usually show
the typical symptoms of wilting and yellowing, which may be followed by
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necrosis and death. The bacteria invade the roots of diverse plant hosts
from the soil via wounds or sites of secondary root emergence and
disseminate into the xylem vessels [4]. During infection, the bacteria
become maotile and can rapidly spread throughout the vascular system of
the plant, presumably carried along by the transpirational flow [5]. As a
diverse complex species, £ so/anacearum has developed an extremely
broad host range throughout the world, including more than 450 host
species representing 54 plant families. The pathogen is a severe obstacle
to the production of sa/anaceous plants in both tropical and temperate
regions [2,6]. Yield losses due to £ sa/anacearum vary from 33 to 30%
in potato [7]. The disease is endemic to Cameroon [8.9] where incidence
can reach 5% depending on genatype and elevation [10].

Researchers have made great progress in the areas of biology, molecular
biology, geographical  distribution, epidemiology,  host-pathogen
interactions, identification and detection technology of Fsolanacearum
[I1]; notwithstanding, how to control bacterial wilt disease caused by this
pathogen remains difficult. This is because the pathogen has a wide range
of hosts and is able to survive for a long time even in the absence of host
plants or in nutrient-depleted bulk soil environments due to its
saprophytic ability as well as its ahility to survive as epiphyte within the
rhizosphere [IZ13]. It can also persist at low population in naturally
infested sail for years without host plants and the population size can
increase to the plant infection threshold within a season when hosts are
planted [!1]. These characteristics associated with a wide range of host
species make the control of bacterial wilt very difficult. The use of
resistant genotypes is usually the most widely used method to contral
diseases. Many genotypes in eqaplants (Salanum melongens ), peppers
(Lapsicum  ammuum). tomatoes (Salamum  lycopersicum L), peanuts
(Arachis hypogaes) or tabacco (Mizotiana tabacum) have proven their
effectiveness in controlling £ sofanacearum (7). However, the high
number of races and strains of this pathogen contribute to shorter the
plant period of resistance. Chemical control is not effective. Methyl
bromide used as a broad-spectrum fumigant for soil sterilization is
effective, but has been ban in most countries because of its destructive
effect on the ozone layer [14). Therefore, a plausible method of controlling
bacterial wilt is to reduce the inoculum source below the threshald level
before a host is planted. This can be done by increasing the soil pH. It has
been reported that acidic soils (pH 4.5-0.9) favour the growth of A
Solanacearum, while suppressing the growth and the activity of
antagonistic bacteria [15]. Several studies have also shown a decrease in
bacterial wilt with increase in pH using compost in tomato [I6]. biochar in
tobacco [I7] Calcium oxide in ginger [I8). Limestone has been found to
increase soil pH and control soil-borne diseases in tobacco [(3]. In the
Western region of Cameroon, about 80% of the soils are acidic with
Ferralsols (pH of 4 to 9) and Nitrosols (pH of 3 to B) soil types [20].
Solutions have been proposed to buffer excess hydrochloric acid ions in
soils; this includes the addition of dolomite, or the application of
limestone, which reduces the aluminium and the hydronuim toxicity thus
improving the hydrogen potential for soil, while releasing the nutrients
retained or trapped in the soil colloidal system [21.2Z]. Moreover. it has
been reported that, calcium released by limestone applied to the soil can
improve plant resistance to many pathogens [23). The limestone rate
required to increase pH while reducing pathogen population in
Cameroonian soils is not known. The only study performed in the area
with the aim to increase pH focused on the yield of green bean [24] This
study aimed at investigating the effect of limestone rate on the bacterial
wilt disease in potato genotypes and on the # solanacearum population in
the sail.

2. Material and methods
2.1. Experimental site

The study was carried out at the University of Dschang. Dschang is a city
in the Western Highlands zone of Cameroon and is |ocated 1400 m above
the sea level, between latitudes 5 25'and 5 30" North, longitudes 10° 00"
and 10" 05' East. It has an equatorial climate which is characterized by an
average annual temperature of 20.8°T. The average annual rainfall is 1785
mm. There are two seasons: a rainy season from mid-March to mid-
October and a dry season from mid-October to mid-March. The hottest
manths of the year are February and March while the coldest months are
July and August [24].

Pot experiments were conducted in a screen house from February to May
2021, and repeated in 2022. The soil used was acidic, had sandy clay
texture, 12.30 mEq/100 g total exchange capacity, 129 N/acre estimated
nitrogen release and 14.34% organic matter. Sulfur, phosphorus and
sodium were respectively 12, B and 1l mg/kg. Calcim, magnesium and
potassium were respectively 318, 122, 130 mg/kg.

2.2. Plant material

The plant material used were disease free tubers of two potato genotypes
(Dosa and Jacob?008), provided by 70WA structure of seed Production
Dosa and JacobZ003 are two of the most commonly grown potato
genotypes cultivated by farmers in the Western Highlands of Cameroon.

2.3. Experimental design, liming and cropping

The experimental design was a split plot design, made up of three
replicates of two potato genotypes (Dosa and Jacob2005) and & rates of
limestone (14.7 g, 29 g, 441 g 58.8 g and 73.5 g/plant has to make
respectively | t/ha, 2 t/ha, 3 t/ha, 4 t/ha and a t/ha in the field using a
planting distance of 33 cm between plants and 7T0cm between rows) and 2
controls (no liming without pathogen and no liming with pathogen
inoculation). Each experimental unit contained a genotype and a rate of
limestone in 3 pots containing sterilized soil. Limestone from Figuil was
applied and thoroughly mixed with the soil in pots of 44.5 cm height and
37.2 cm width. The pots were watered at two days interval, for four weeks
(for better incorporation of the limestone into the soil) before planting
the potato tubers. Single tuber was planted in each pot. Plants were
watered as needed to keep the soil moist until the plants grew to the
inoculation stage. Inoculation was done at 35 days after planting.

2.4. Preparation of Kalstonia solanacearuminoculum and inoculation
of plants

Bacterial inoculum was prepared by placing 20 ml of distilled water into
Petri dishes containing pure cultures of the bacterium. The pure cultures
were carefully brushed with a fine brush and the mixture was filtered with
a Whatman filter paper. The resulting cell concentration of bacterial
suspensions was determined at GO0 nm with a DU 800
spectrophotometer. The turbidity of the bacterial solution was adjusted
with distilled water or with the bacterial culture depending of the density
in order to obtain a turbidity equivalent to that of a McFarland standard.
Cell concentrations of about 10° CFU/ml corresponding to 0.3 optical
density were prepared for this study. Each plant of each treatment except
one of the control treatments were inoculated with 25 ml of bacterial
suspension, containing 10° CFU/mL. The inoculum was poured on a ring
created in the soil around the potato plant and allowed to slowly
penetrate the roots. The potatoes plants were watered as needed to keep
the soil moist until the plants grew to the inoculation stage. Inoculation
was done when the plants were very vulnerable to attack (35 days after
planting of potato). and in the morning to prevent interruption through
evapotranspiration. Soil samples were collected twelve weeks after
limestone application and analyzed for pH measurement.
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2.5. |dentification of Kalstonia solanacearum

R solanacearum was isolated from potato stems showing bacterial wilt
symptoms. The pathogen was then cultured on Nutrient Agar plates
according to [28). After two days when the colonies were well formed on
the Nutrient agar medium, shawing a bold, cream-white colour (2], the
identification test was performed to confirm that the culture was that of
R solanacearum. This was done using the gram staining method [27]
which consisted of spreading a culture of bacteria on a clean slide, then
drying it. The preparation was stained with Gentian violet and left to dry
for 20 minutes. |t was rinsed with distilled water and the slide was
stained with Lugol and left to act for | minute, then rinsed again with
distilled water and covered with 95% ethanol and left for 30 seconds.
Furthermore, it was washed with water, stained with basic Fushsine and
|eft for 10 seconds. Finally, it was washed again with water and allowed to
dried. This was followed by observation under the microscope at the 100
objectives with immersion oil. A pink colour was observed, confirming that
the bacteria present were Gram-negative. The smooth circular shape of
the pathogen confirmed that it was £ solanacearum [28).

2.B. Data collection

Days to onset wilting and Bacterial wilt incidence: Plants were
observed for wilt symptoms and days to onset wilting was collected.
Racterial wilt incidence was assessed at three-day intervals from the
date of first symptom appearance by counting the number of plants
attacked and expressed as a percentage of total plants in the plot to
obtain wilt incidence. The final bacterial wilt incidence was collected 26
days after inoculation.

Potato yield components: In order to evaluate the effect of bacterial wilt
on potato yield, tubers were harvested at maturity (30 days after
planting). and yield components such as the number of tubers per plant
and weight per plant of healthy tuber were collected.

Duantification of Ralstonia solanacearum in the soil: Soil samples (10
g). from pooled samples of soil collected from the root region (10-15 cm
soil depth) of infected potato plants, were suspended in 30 ml sterile
water and shaken for 20 min. The supernatant collected from the settled
suspension was subjected to serial dilution. This was followed by the
spreading of aliquots (0. ml each) of supernatants from the dilution
series, on Nutrient Agar plates for 48 hours, following the method of [25].
After identification and confirmation of this pathogen as the causal agent
of wilting. quantification of £ so/anacearum population done through plate
counts under a photonic microscope. The number of colonies forming
units obtained was divided by the dilution factor, then by the sample
weight.

Latent infection: Potato tubers from each treatment were incubated at
30 + 2 °C. This was done by monitoring symptom development after a
period of 3 weeks [28]. During this phase. potato tubers showing
bacterial ooze from the eyes were counted and the number of attacked
tubers was expressed as a percentage of the total tubers incubated to
ubtain the percentage of latently infected tubers.

2.7. Data Analysis

Mean values of both years for disease incidence, yield parameters, pH.
and pathogen population were subjected to analysis of variance in order
to compare treatments using GenStat 21°* Edition [30]. When the ANOVA
test showed significant probability of difference between means (p <
0.05)., means were separated using the Fisher's protected least
significant difference (LSD) test.

3. RESULTATS
3.1. Days to onset wilting and disease incidence

Onset of wilting occurred 8 days after inoculation (DAI) for both Dosa and
Jacob2005 genotypes. Days to onset wilting increased with limestone
rate. In the Dosa genotype, the disease appeared 8 DAl for limestone rate
<|4.7 g/plant, | DAl for 29.4 g, 20 DAl for 44.1 g and 588 g of limestone
per plant and 23 DAl for 73.3 g of limestone per plant. In Jacob?2005, the
disease onset was 8 DAl in plants without liming, Il DAl in plants limed with
147 to 441 g of limestone and 14 DAl in plants limed with 73.8 g of
limestone per plant. Plants without inoculation and no limestone showed
no symptom in both genotypes (Fig. 1).

Bacterial wilt incidence decreased with limestane rate during potato
grawth in both Dosa and Jacob2005 genotypes. Final bacterial wilt
incidence was recarded 26 DAI. In the Dosa genotype, final bacterial wilt
incidence ranged from 7.41 % in plants grown in soil limed with 73. g of
limestone to 37.03 % in inoculated plants grown in non-limed soil. In
Jacob 2008, final bacterial wilt incidence ranged from 7.41 % in plants
limed with 73.3 g of limestone, to 48.15 % in inoculated plants without
liming (Fig. 1)
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Figure 1I: Bacterial wilt incidence in Dosa (a) and JacobZ005 (b)
genotypes as a function of time and limestone rate

3.2. Effect of genotype and limestone rate on potato yield
components
Table | shows the total number of tubers per plant and the weight of
marketable tubers per plant as influenced by the limestone rate and
genotype. The total number of tubers was higher in genatype Dosa (4.91)
than in genotype JacobZ008 (4.13). There was no effect of limestone on
the number of tubers. Genotype Jacob2005 showed higher weight of
marketable tubers (137.60 g/plant) as compared to Dosa (102.9 g/plant).

Table 1: Total number of tubers in potato genotypes as affected by
limestone rate

Genotype

Limestone rate (g/plant) Dosa lacob2005 Rate mean
0 without inoculation 630+140  032+084 581078
0 with inoculation 478017  437:035 457:0.20
147 526=083 459:038 492:043
294 449+056 370:020 40032
44 342+083 300:045 3.2=:043
8.8 532031 377:053 455:0.44
738 478+122  418+050 448 =061
Genotype mean 491033« 4.13+0.228

F p-value
Genotype .72 0.02
Limestane rate |64 0.21
Genotype * Limestone rate 0.2 0.943

a,B: Genotype mean followed by different symbals for each parameter are significantly different.

The weight of marketable tubers in inoculated soils increased with
limestone rate and stopped increasing when 73.0 g of limestone were
applied per plant. No significant difference was observed between the

3
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weight of marketable tubers obtained in the non-inoculated soil (1418 g)
and that obtained in soils where limestone rate applied was >08.8 g/plant.
Interaction between genotype and limestone rate for both the total
number of tuber and the weight of marketable tubers was not consistent

(Table 2).

Table 2: Weight of marketable tubers in potato genotypes as affected by
limestone rate

Limestone rate Genotype Rate mean
(g/plant) Dosa Jacob2003
0 without inoculation 129.20 « 3.37 19410« 9.70 141.60 + 7.22°
0 with inoculation 7130 £ 10.37 96.90+13.23 84.10 + Q.44°
14.7 80.70 473 115.70 = 2.04 98.20 = BT
294 9140 +13.95 130,40 + 9.0 110.90 = 11.48
44 98.50 = (744 126.90 + 7.89 112.70 = 10.B5®
588 14210 = 3.20 168.00 = 9.30 155.00 + 7.26°
738 |06.80 = 8.26 17140 +13.29 139.10 + 16.06°
Genotype mean 102.90 = 6.17# 13760 + 6.55 ¢

F p-value
Benotype B8.04 0.014
Limestone rate 19.62 <000
Benotype * Limestone rate 119 0343

abe: Rate mean followed by different letters for each parameter are significantly different.
8- Genotype mean followed by different symbols for each parameter are significantly different

3.3. Effect of limestone application rate on soil pH

The pH of the limestone, soil before and soil after limestone application
was measured and recorded. The pH of the limestone was 8.3 and the pH
of the suil before limestone application was .6. Fig. 2 shows the sail pH
values after application of the different rates of limestone. There was a
significant increase in pH with limestone rate. The highest value of pH
(6.73) was recorded with limestone rate 238.8 g/plant whereas the
lowest values were obtained in the non-limed soils whether inoculated

(4.60) or not (4.37).

8_
a a [ non-inoculated
bc k:) & i Inoculated
6 2 -
dd
- I
2 47
24
0_

T T T T T T
0 147 294 441 S88 735
Limesote rate (g/plant)

Figure 2: Sail pH as affected by limestone rate. ®** bars with different
letters in each column are significantly different

3.4. Effect of limestone application rate on soil population of
Falstonia solanacearum

The mean number of £ so/anacearum colonies in the soil are shown in Fig.
3. From this figure, the population of # solanacearum significantly
decreased with limestone rate in the inoculated soil from 1750 UFC/g of
soil in the non-limed soil 140 CFU/g of soil with 73.3 g of limestone per
plant. The number of # solanacearum colonies obtained with limestone
rates :08.8 g/plant was not different from that obtained on non-
inoculated soil.

3.9. Latent infection in stored tubers

After 3 weeks of incubation at 30 + 2 °C latently infected tubers were not
observed in limed soils whatever the limestone rate. Only the tubers
harvested on plants grown on non-limed sails and inoculated with the

pathogen showed latently infected tubers with [0% in genotype
Jacob2005 and 2% in genotype Dosa.
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Figure 3: £ solanacearum population in the soil as affected by limestone
rate. % bars with different letters in each column are
significantly different

4, Discussion

The present study showed the influence of limestone rate on bacterial wilt
incidence and yield components in potato genotypes. It also reported the
influence of limestone on the soil pH and on the pathogen population in the
soil.

Results showed that, higher rate of limestone increased days to onset
wilting and reduced bacterial wilt incidence in all genotypes. Likewise,
limestone application increased soil pH as well as it reduced the pathogen
population in the soil. Similar results were obtained with tobacco [12.31]
and tomato [32.33). It has been reported that soil pH directly influences
plant disease infection by affecting the survival of soil-borne pathogens
and soil microbes [34). Recent studies showed that soil pH improvement
after lime and wood ash application reduces the occurrence of bacterial
wilt [13].

High sl pH is especially important for controlling bacterial wilt as it was
previously done using biochar [17], lime and wood ash [15]. As a soil-
borne pathogen £ salanacearum abundance can be reduced and bacterial
wilt suppressed by improving soil properties [39.36]. In the Western
region of Cameroon where this study was carried out, pH ranges from 4
to B {20). It has been reported that, acidic conditions (pH 4.5 - 5.5) favor
the grawth of # salanacearum, the causal agent of bacterial wilt disease
(13]. Previously authors studying the effect of limestone on soil
properties and soil-borne disease management focused mainly on
particle sizes and reported that smaller particles were most effective to
enhance soil properties [38-40). One of the management decisions
related to liming is the lime application rate: “how much lime is needed to
neutralize soil acidity?" [40]. The pH of the soil used in the current study
was 4.07 and the particle size of limestone applied was <0.20 mm. Results
showed that, increase in limestone rate contributed to increase the soil
pH while reducing the pathogen colonies, suggesting that limestone
inhibited the growth of A solanacearum by changing the soil pH. Higher
limestone rate (x08.8 g/plant) resulted in pH 6.73 and very low number
of pathogen colonies. [41] reported that, soils with very low acidity (pH
B.40) suppressed the growth of A solanacearum and alleviated the
occurrence of bacterial wilt. Moreover, soil acidic level significantly
affects the soil bacterial community structure as a consequence of
changes in soil elements availability, leading to the enrichment of the
potentially beneficial bacteria and the suppression of bacterial wilt.
However, [38] reported that, the aptimum pH for # salanacearum growth
is .0, suggesting that the effect of limestane an £ so/anacearum may be

4
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mainly related to the role of Ca®. These authors found direct correlation
of Ca® with the suppressive effect on the growth of # solanacearum.
According to [42], limestone influence porosity and pore size distribution
of soil, changing the rate of water absorption and the extent of air
pressure build-up within aggregates. Moreover, our previous study
showed that the impact of bacterial wilt disease was lower in higher
elevation where the soil was more acidic than in the lower elevations with
higher acidity. This means that, the survival of soil-born pathogen
requires suitable conditions which are not limited to soil pH.

As regarding the inoculated potato grown on non-limed soils final
bacterial wilt incidence was higher in genotype Jacob2003 than in Dosa.
This is consistent with the findings of [10] who showed that genotype Dosa
was more tolerant to bacterial wilt disease than genotype Jacob2003. In
general, Genotype Dosa showed higher number of tubers per plant, but
lower weight of tubers per plant as compared to genotype Jacob2005.
Previous studies performed in the same area showed positive correlation
between bacterial wilt incidence and the potato number of tubers
indicating that genotype with lower disease incidence produced more
tubers [10]. Higher weight of marketable tubers although higher bacterial
wilt incidence observed in genotype JacobZ005 indicates that weight of
tubers was mainly affected by the genotype than by disease. Although
Jacob2003 is a high yielding potato genotype as [I0] reported loss of
performance due to bacterial wilt. In this study, limestone addition
increased the weight of marketable tubers by suppressing bacterial wilt
incidence and increasing the soil pH. |t has been reported that Liming,
through soil pH optimization and better availability of nutrients, improves
potato yield in acidic soil conditions [42.43). According to [44], increase
in crop yields due to lime application was attributed to the reduction of
exchangeable aluminum, increase in soil pH and greater concentrations of
basic nutrients such as Ca, Mg and K. It has also been reported that lime
addition increased the phosphorus uptake which can be otherwise
unavailable to crops as a result of phosphorus fixation in acidic soils [43-
47].

No latently infected tuber was found in limed soils. This implies that, by
reducing wilt incidence, limestone addition prevented harvested potato
tubers from being infected by £ so/anacearum, hence preventing post-
harvest losses. Latent infection was observed only in the inoculated and
non-limed soil. The percentage of latently infected tubers was higher in
genotype Jacob2005 than in Dosa. The genotype Dosa was previously
reported to be more tolerant than Jacob2005 to bacterial wilt [10]. The
presence of |atently infected tubers could be explained by the fact that
host plants infected with # solanacearum may not show any disease
symptoms which appear but during tubers storage.

9. Conclusion

These findings showed that increasing rate of limestone contributed to
increase soil pH hence reducing soil acidity. Limestone applied at a rate of
588 g/plant as an equivalent of 4 tha' was effective in reducing the
population of # solanacearum in the soil and controlling potato bacterial
wilt disease in Dschang locality. This rate can be used to alleviate
bacterial wilt incidence, suppress latent infection in stored tubers and
increase yield even in the most susceptible potato genotypes. These
results showed that limestone can serve as a sustainable soil amendment
to control bacterial wilt, as it is effective and environmentally friendly.
Limestone application can prevent post-harvest losses in potato due to
bacterial wilt.
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