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Abstract

Bacterial blight of Cotton caused by Xanthomonas citri. pv malvacearum, is a severe disease occurring in all cotton-growing areas. In several
countries, control has been achieved through the use of resistant cotton genotypes associated with agricultural methods limiting disease spread.
The main objective of the present study was to identify resistance sources against races 18 and 20 of Xanthomonas citri pv. malvacearum in
artificial inoculation conditions within a collection of local cotton cultivars. Our results show that two conventional and commercialized varieties,
FK64 and FK37, and traditional accessions belonging to the species hirsutism, barbadense and arborerum harbor resistance against X. citri
pv. malvacearum race 18 from leaves, stem and boll inoculation. However, with race 18 strain, some cultivars conserve bacteria into stem and
leave that remain asymptomatic 35 days after inoculation. No source of resistance was detected against race 20 of X. citri pv. malvacearum. For
better management of cotton blight, the knowledge of the phenotypic diversity of pathogen strains, their spatial and temporal distribution is a
prerequisite to guide the use of resistance gene in breeding program and their deployment in cotton growing areas in Burkina Faso.
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Introduction

Gossypium sp., belonging to Malvaceae family, represents is (cotton black leg), which can lead to premature defoliation of the

the most widely grown fiber plant in the world. It is native to trop-
ical and subtropical regions around the world, including America,
India and Africa. However, almost all the commercial cotton grown
in the world comes from varieties of the native species Gossypium
hirsutum and G. barbadense. In Africa, Mali is the largest produc-
er, followed by Burkina Faso with a production of 613,000 tons
for the season 2017-2018. Despite its strong contribution to youth
employment and rural people’s incomes, the cotton farming faces
many parasitic constraints including cotton bacterial blight (CBB)
disease caused by Xanthomonas citri pv. malvacearum (Xcm). The
first detailed description of CBB was made in the US [1]. Today, this
disease occurs in all cotton-growing areas throughout the world
[2,3] and was shown to be a serious limiting factor of fiber pro-
duction in the US [4], India [5] and in Africa [6]. Xanthomonas citri
pv. malvacearum infects plant tissues and organs of cotton during
all stages of development beginning with the seedling stage [1].
Foliar disease is characterized by angular leaf spot with a red to
brown border. Leaf petioles and stems may also become infected

plant. Infected bolls have round, as opposed to angular, lesions
that initially may appear water-soaked, and then become sunken
and dark brown to black. Bolls infected with Xanthamonas may
result in rotted seed and discolored lint. Under bacterial blight in-
fection, boll yield losses up to 35% have been reported in India.
In Pakistan, losses up to 50% of yield have been estimated by [7].
However, in West Africa and particularly in Burkina Faso, data on
production losses are not available. Given the favorable climate
for development CBB (hot and humid) and the apparition of new
races of Xcm, it can be assumed that equivalent levels of losses to
those observed in other regions of the world are recorded in Afri-
ca [8]. Indeed, the seed is the main source of inoculum necessary
for the start of the infectious process of the aerial organs. Accord-
ing several authors, most lines resistant to Xcm exist in G. hirsutum
cultivars [9,10,11,12]. To date, 22 races have been reported [13].
However, at least 18 genes has been identified and participate in
the breeding for the resistance against Xcm [2,13]. Most races are
geographically distinct. In the U.S, race 18 is predominant [12]. In
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Burkina Faso, Chad and Sudan, [8] reported that in 1981, news
strains of Xcm (race 20) overcame the resistance of varieties with
the B2-B3 and B91-B101 genes that express a total leaf resistance
to CBB. Since then, resistance to bacterial blight is an important

Material and Methods

Plant Material
Table 1: List of Cotton Cultivars Screened in this Study.

parameter in breeding programs. The objective of our study is to
screen the local cotton accessions from Burkina Faso in order to
identify sources of resistance against the races 18 and 20 of Xcm.

Species Accession Provider Locality
EC8 - -
EC172 Sawabdogo Salifou Tangporé/Kaya
EC1 Tindano Tinguandi Gnagna
G. barbadense EC 235 Sawadogo Ramata Tougoya Koko/Ouahigouya
EC5 - -
FK37 INERA Burkina Faso
FK64 INERA Burkina Faso
STAM59A CIRAD Togo
EC32 (CT 169) Ouédraogo Issouf Tamasgo/Sanmentenga
G. hirsutum EC7 Dao Doulaye ou Dambina Sébére/Toma
EC 69 Tindano Podiani Kodiéna/Gnagna
EC22 (CT 134) Konaté Moussa Gaoua/Poni
EC214 Ouattara Bamory Logoniégue-niégue/Cascades
PE 38-2 (CT 298) Drabo Tidiane Tougan/Sourou
G arboreum EC 265 Konaté Biri Bankoumani/Mouhoun
EC322 Ouédraogo Thérese Kamboinsé/Kadiogo
EC48 Guitanga Boulonbouga Tangouanga/Gnagna
EC51 Namountougou Dayéri Komboissi/Gnagna

The plant material of this study is part of the 358 accessions
collected in different agro-ecological areas of Burkina Faso. Previ-
ous characterizations indicated that all the accessions are shared
between four different species, two tetraploids G. hirsutum and
G. barbadense and two diploids G. arboreum and G. herbaceum
[14,15]. A subset of 15 accessions (6 G. arboreum, 5 G. barbadense
and 4 G. hirsutum) was used for our current study. Three popular-
ized G. hirsutum cultivars (FK37, FK64 and Stam 59A), were also
included as controls. A detailed list of all the genotypes investigat-
ed is presented in Table 1. The origin of local cultivars is the pro-
ducer who given the seed and the region where it was collected.

Xanthomonas citri pv. Malvacearum strains

Two X. citri pv. malvacearum strains representing race 18
(X18) and race 20 (X20) originated from Burkina Faso, were used
to screen the different cultivars. The race 20 was identified as the
high virulent strain in cotton growing areas in Africa [16].

Inoculation Methods

The method used to inoculate the different organs of the cot-
ton plant was related to the development stage and the type of
organ (Leaf, stem, flower and boll). All the infections were per-
formed using bacterial suspension concentrated to 10® CFU/
ml. Leaf infection was performed using the modified Sandpaper

method described by [17]. The leaves were placed between cotton
soaked in the bacterial suspension containing carborandum and
light pressure was applied. About the stem, the bacterial suspen-
sion was infiltrated under the five terminal leaves using a needle
syringe. Then, the inoculation site was plugged with parafilm to
prevent external infection. On the flower buds and capsules, the
inoculation was performed using the needle syringe by direct in-
filtration on the floral peduncle and into the capsule. After inocu-
lation, the plants were watered and covered with a polythene bag
for 48 hours.

Evaluation of Cotton Genotypes for CBB Resistance

Disease incidence was assessed by the presence/absence of
typical leaf symptoms at 7 days after inoculation as follow:
number of diseased plants N

100

ID(%)=
( D) Total number of plants

The severity of foliar disease (DS) was recorded weekly by us-
ing the scale of [18] (Table 2). SD values were used to calculate
AUDPC using the formulas described by [19] and [20]as follows:

SD (%) = X (number of diseased plants in a rating category x
that rating category) / (total number of plants x category maxi-

AUDPC = i[(xf * XM%} x1
i1

mum score) x 100
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where x, is CBB severity at the time i, n is the number of data
taken and t is the number of days between the registration of X;
and ...

On flower buds and bolls, the incidence (%) was evaluated at

15 DAI by counting respectively the number of flower buds and
aborted bolls in relation to the total number of each organ inoc-
ulated. In addition, the diameter of the canker or rot induced by
inoculation was measured.

Table 2: Scale used to Evaluate Bacterial Blight of Cotton Disease Severity.

Phenotypes Note Symptoms
Highly resistant 0 Plants totally free
Resistant (R) 1 Scattered spots on the lamina (N <15, less than 1 mm), red and rounded, neither wet, nor angular, veins free
Mildly Resistant (MR) 2 Greater number of spots scattered over lamina (N <15, more thanll mm), not coalescing, red to brown and
circular, not wet, not angular, veins free
Mildly Susceptible (MS) 3 Lesions more than 2 mm (N>15), covering lamina, not coalescing, reddish brown, almost circular, veins free
Susceptible (S) 4 Lesions coalescing (N>15), becoming angular, we.t and prown, turning black, spreading in linear fashion
affecting veinlets
Highly susceptible (TS) 5 Vein and lamina lesions developing into brownish b:l::ic;li);nd about 2-3 mm wide, water-soaked, extending to

Xcm Survival in Cotton Plant

To verify the survival capacity of the bacteria into cotton plant
at 30 JAIL, Xcm were re-isolated on culture media respectively from
stems and leaves. The presence (+) or absence (-) of bacteria into
tissues was recorded.

Data Analysis

All data were recorded using Excel 2013. An ANOVA was
performed with the SISVAR 5.1 Build 72 software. The means of
incidence and AUDPC were compared using the Scott-Knott test,
based on a 5% threshold.

Results

Disease Incidence and Symptoms

After inoculation, various symptoms were observed on the

different part of plant (Figure 1), but with varying incidence lev-
els according to cultivars and Xcm races. Thus, on the leaves, we
found symptoms of bacterial wilt, hypersensitivity reactions and
even resistance reactions especially with race 18. On the stems,
all inoculated genotype showed cankers or rot but at different
lengths (Figure 2). Cultivars Ec214, PE28, Ec51, Ec322, Ec48 and
Ec235 were less susceptible to stem canker with length less to 2
cm. On the flower buds, we observed 100% abortion with race 20
independently to genotype (Table 3). Some flowers that did not
aborted evolved to give boll. However, these boll, in comparison
with control were not good quality. We observed dropping of bolls,
but also rots of boll with different diameters according to geno-
type and the both Xcm strain (Table 3). Our results show that all
cultivars were susceptible to the both races at flower and boll in-
oculation.

Table 3: Bacterial Blight of Cotton Incidence on Flower and Boll Inoculated with Races 18 and 20.

Gossypium Sp Flower abortion (%) Diameter of boll rot (mm)
X18 X20 X18 X20
EC32 0.33A 1 3.67bcd 4bcd
FK37 0.33A 1 3ab 3.33ab
FK64 0.33A 1 2.67a 3.33ab
STAM59A 0.33A 1 3.8bcd 3.8abcd
EC22 0.67B 1 3ab 3a
EC7 0.67B 1 4cd 4bcd
PE38 1.00C 1 4.6de Se
EC265 1.00C 1 4.33de 4.67de
EC51 1.00C 1 4.17cde 4.33cde
EC48 1.00C 1 3.67bcd 4.33cde
EC69 1.00C 1 3ab 3a
EC8 1.00C 1 3.67bcd 3.83abcd
EC172 1.00C 1 3ab 3a
EC214 1.00C 1 3.67bcd 3.67abc
EC235 1.00C 1 Se Se
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EC322 1.00C 1 3.20abc 4bcd
EC1 1.00C 1 3.67bcd Se
f Y| CBB Severity
Figures 3 & 4 show the weekly evolution of the disease caused
by races 18 and 20 respectively. AUDPCs calculated on a five-week
post-inoculation observation showed significant differences (P <
0.05) between cotton genotypes and races. The first symptoms
appear 7 days after inoculation of both races. With race 18, CBB
evolves for all varieties up to three weeks after inoculation, ex-
cepted FK37 and EC22 genotypes that showed immunity against
leaf infection. However, with the genotypes FK64, STAM59A, EC7,
EC214, PE38, EC265, EC322, EC48 and EC51, the severity of CBB
decreases 3 weeks after inoculation and disappears after 5 weeks
after inoculation. With race 20, all genotypes were susceptible
with a maximum level of severity recorded three weeks after inoc-
ulation. At 35 DAI, only five genotypes EC214, PE38, EC265, EC48,
EC51 showed symptoms of CBB.
Survival Ability of Xcm into Cotton Tissues
The results showed that the bacteria are more conserved in the
stem than in the leaves whatever the variety (Data not showed). In
Figure 1: Symptoms Induced by Xanthomonas citri pv. general, 30 DAI, bacteria are absent into last five terminal leaves
malvacearum on leave, stem and boll of Gossipium species. excepted cultivars PE38, EC69 and Ec7 that X18 was detected. In
A and B: Symptoms induced by races 18 and 20 on EC1; C h he i lati . ins inf 130 1AL We ob
and D: Symptoms induced by races 18 and 20 on EC172; E the stems, the inoculation site remains infest unti JAL. We ob-
and F: Symptoms induced by races 18 and 20 on STAM59A, served that the bacteria progress more in the part above the point
conventional cultivar belonging to G. hirsutism specie. All leaves of inoculation. Race 20 caused stem rot on some cultivars leading
symptom was recorded at 15 DAI. G an H: Stem rot induced by to plant wiltin
race 20 on EC172; | and J: boll rot induced respectively by races p &
18 and 20 on STAMS59A.
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Figure 2: Length of Canker on Cotton Stem Induced by Races 18 and 20 of Xanthomonas citri pv. Malvacearum. The experiment was
repeated three times, using three plants. Error bars represent standard deviation.
\ J

Evaluation of 18 cotton cultivars from Burkina Faso, showed
that some of them hold the full potential to control race18 but not
race 20 of Xanthomonas citri pv. malvacearum, the causal agent of
cotton bacterial blight. However, the level of susceptibility varies
according to the plant parts that are the leaves, stems, flowers and
capsules. According [20,21,22] resistance to CBB varied greatly

within the genus Gossypium. Cultivars FK37 and EC22, inoculated
with race 18, the resistance response induced at the site of inoc-
ulation, look like an HR-like phenotype. Then, Ec32 and FK64 are
resistant against X18. Interestingly, these cultivars, immune or re-
sistant against race 18, have the lowest flower buds abortion rates.
In addition, cultivars FK64 and FK37 are moderately resistant to
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boll infection. These results show a high resistance of some culti-
vars from G. barbadense against CBB although little resistance oc-
curred naturally in this specie [23]. Our results confirm that geno-
types from G. hirsutum provided the broadest spectrum of disease
expression, varying from fully susceptible to resistant. Indeed,
Ec22 and Ec32 are resistant while STAM59A and Ec69 are highly
susceptible to race 18. Indeed, [24], reported that no single R gene
confers durable resistance or immunity to CBB, due to evolution-
ary shifts in Xem virulence in response to the selection pressures
imposed by resistant varieties. However, pyramiding of B genes
has been sometimes successfully used to produce lines with high
resistance against multiple races of Xcm. For example, pyramiding
B2 with B3 and other polygenic complexes [25], has provided sub-
stantial protection againstall races of Xcm identified in the US [26].
In Africa, resistance to CBB was obtained by combining B genes
(B2B3 and B9LB10 L) from G. hirsutum which confer resistance
to all Xem races except races 20, 21 and 22 [13]. In a concordant
way, our study reveal that, no cultivar confer a resistance to race
20. This race attacks all cultivars with an important symptoms on
the leaves, stems, flowers, bolls whatever the species of cotton.

Other interesting results is that bacteria survive more time in the
stem than the leaves after inoculation. In contrast, bacteria were
detected from un-inoculated leaves without symptoms following
the stem infection. In fact, these leaves would be infected follow-
ing the production of secondary inoculum either from the stem or
from leaf exudates. In addition to these sources, previous studies
indicate that asymptomatic winter weeds remaining in field could
potentially serve as a source of CBB inoculum the following season
[27]. Therefore, any management practice to promote drying of
cotton leaves and stems may help reduce the development of CBB.
Except STAM56A, the both other conventional varieties marketed
that are FK37 and FK64, resist to race 18. In recent years, although
the incidence of CBB is great in some cotton growing areas, the
economic damage are weak and suggest that the strains or races
of Xcm are less virulent. However, the introduction or broad prop-
agation of race 20 already identified in Burkina Faso or/and an-
other virulent race would be damage for cotton production. As a
preventive measure, it is essential to map the Xcm races and follow
their dynamics in order to anticipate any new CBB epidemic.
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Figure 3: Area Under Disease Progress Curve (AUDPC) Induces by Xanthomonas citri pv. malvacearum Strain 18.
The experiment was repeated three times, using three plants.
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Conclusion

Our study confirms the presence of bacterial cotton disease
in Burkina Faso. The highest prevalence of the disease has been
observed in the Faso Cotton and SOCOMA zones. Among cultivars
and conventional varieties, cultivar EC-14 was resistant to collar
infection with races 18 and 20; while the cultivar EC22 and the
conventional FK37 variety were resistant to leaf disease inoculat-
ed with race 18. However, against race 20, G. arboreum genotypes
were found to be more susceptible than conventional varieties.
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