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Summary

Introduction - Declining Citrus trees (CTD) is a
major constraint causing Citrus production depletion
in Cameroon. It has been established that some pests
and diseases are the major sources of that phenome-
non. Improving knowledge of the contributing factors
to the occurrence of CTD is key to the control of this.
Materials and methods - A study based on the pres-
ence of fungal diseases caused by Pseudocercospora
angolensis, Elsinoe spp., and Phytophthora spp., was
carried out in 39 sites of Citrus producing basins of
Cameroon. The aim of the study was to determine en-
vironmental factors favouring CTD occurrence in an
effort to reducing their devastating effects on three
common species of Citrus. Disease symptoms were
noticed by examining tree’s organs (leaves, fruits,
branches, trunk). A regression analysis was applied
with the General Linear Model to select the main fac-
tors involved in CTD development. The prevalence of
CTD was treated as dependent variable. Independent
variables were Citrus species, soil texture, vegetation,
rainfall, temperature, relative humidity, altitude, ob-
servation year, prevalence of PLFSD, Citrus scab and
Phytophthora diseases. Results and discussion - CTD
was found in all the sites, with a mean prevalence of
25%. Citrus species, soil texture, vegetation, rainfall,
Pseudocercospora fruit spot disease, scab, and Phy-
tophthora foot rot disease were the main factors asso-
ciated with CTD prevalence. Conclusion - The impor-
tance of CTD was confirmed. It has been shown that
PLFSD and Phytophthora diseases were much more
likely to contribute to tree decline contrary to Citrus
scab. However, further analysis could pave the way for
the development of a risk assessment model for CTD.

Keywords
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Introduction

Citrus fruits are economically important. In monetary
value, they represent the greatest group of fruits in the inter-
national trade (Gibbon, 2003). Citriculture occupies an im-
portant place in Africa in general (Olife et al., 2015). In Cam-
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KSignificance of this study

What is already known on this subject?

« Itis known that fungal diseases like fruit and leaf spot
disease caused by Pseudocercospora angolensis, Citrus
scab disease caused by Elsinoe spp., and Phytophthora
diseases of Citrus caused by Phytophthora spp. are
those which cause the major damages on Citrus in
Cameroon. However, high treatment cost is a major
concern for smallholders, who constitute approxi-
mately 80% of Citrus producers.

What are the new findings?

» The study showed that Citrus tree decline has become
a threat faced by producers. Prevalence of Citrus tree
decline (CTD) in Citrus production basins of Camer-
oon is one of the new findings; also the link between
fungal diseases and CTD is highlighted in this study.
The involvement of other factors such as Citrus spe-
cies, rainfall and soil type on the development of CTD
has been demonstrated.

What is the expected impact on horticulture?
» These findings will lead to the development of a risk

assessment model of CTD.

September-October 2019

eroon in particular, fruit production constitutes an important
source of revenue for many households (Temple, 2001). The
fresh fruit market is the main output of the Citrus produc-
tion due to lack of conservation and transformation facilities.
Citrus fruits are one of the main vitamin sources, minerals
and fibers, thus they contribute to the health of populations
in the country. Citrus production mostly involves orange,
grapefruit, lemon and tangerine (Ndo et al., 2010). Citrus are
generally grown in home gardens, but in larger scale in fam-
ily farm holdings in the main producing basins in Cameroon.
They are usually grown in association with cocoa and coffee,
in most cases in a complex agroforestry system (Kuate et al.,
2006a). The development of Citrus is favoured by tropical
climate, also favourable to the growth of several pathogens.
Hence, the pro-eminent constraint faced by farmers in these
regions is largely referring to these biotic factors (Mariau,
1999).

The occurrence of Citrus tree decline (CTD) was noted in
several agroecological zones in Cameroon. The origin of de-
clining Citrus had not yet been well established, but the main
hypothesis is that CTD may be due to abiotic factors (soil
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type, climate, altitude, etc.), or biotic factors (pests, diseas-
es, tree species, etc.) or their combinations. Diseases caused
by fungi, viruses, bacteria, nematodes and other insects oc-
cur frequently on perennial crops in the tropics (Mariau,
1999). They cause damages on any organ of trees, from roots
to leaves and fruits. Fungal diseases like fruit and leaf spot
disease caused by Pseudocercospora angolensis, Citrus scab
disease caused by Elsinoe spp., and Phytophthora diseases of
Citrus caused by Phytophthora spp., are those which cause
the major damages on Citrus in Cameroon (Kuate, 1998; Nel-
son, 2008; Dewdney et al., 2012). While the first two patho-
gens attack leaves and fruits and cause spots and scabies
respectively, the identification of which has been the subject
of several studies (Ndo et al,, 2010; Kuate, 1998; Timmer et
al., 1996; Ndo, 2007; Dagnew et al., 2014), Phytophthora spp.
attacks the root systems and trunks, of Citrus trees at any
age causing Phytophthora foot rot, root rot, brown rot, or
gummosis (Graham and Timmer, 1992; Cacciola et al., 2008;
Futch and Graham, 2013; Graham and Timmer, 2014).

Currently, control measures rely mainly on the use of
chemicals (Seif and Hillocks, 1999; Diallo, 2003; Kuate, 2003;
Yesuf, 2007; Tyson et al.,, 2001). However, there is a growing
concern for human safety and the environmental protection
(Suhr et al,, 2003). High treatment costs is also a cause of
concern for small farmers. This therefore calls for a search
of environmentally friendly control methods, with regard to
human health as well. Integrated management approach to
sustainably control diseases has been recently explored. In
the case of declining Citrus trees, such an approach should
take into account the fact that one or several factors or dis-
eases may be involved. For effective control of declining Cit-
rus trees, it is therefore important to have a holistic under-
standing on its occurrence. For instance, which factors are
responsible for the development of CTD? The hypothesis is
that the development of CTD is linked to the involvement of
biotic and abiotic factors. In this study, we carried out a sur-
vey in 39 Citrus production sites from humid zones of Cam-
eroon in order to collect information and to understand the
factors underlying the prevalence of CTD.

Materials and methods

Sites characterization

The study was carried out in three agro-ecological zones,
stretching from the northern limit of Cameroon'’s forest zone
to the border with Equatorial Guinea and Gabon (Figure 1).

These were the Western highlands, the Mount Cameroon
area and its surroundings, and the humid forest zone.

(i) The Western Highlands (latitude 4°54’ to 6°36’N, lon-
gitude 9°18’ to 11°24’E, altitude: 1,240-1,800 m a.s.l.) en-
compasses the North-West and West Regions. The climate is
“Mountainous” type with low annual mean temperatures of
19 °C, and abundant rainfall of 1,500 to 2,500 mm annual-
ly that occurs in a monomodal configuration. The soils are
loamy to clayey in texture.

(ii) The Mount Cameroon area and it surroundings, also
known as the monomodal humid forest zone (latitude varied
from 2°6’ to 6°12’N, and longitude from 8°48’ to 10°30’E, al-
titude: 200 to 800 m a.s.l, put aside Mount Cameroon with
4,095 m), includes the South-West and the Littoral region.
The climate is a variation of equatorial climate with mean an-
nual temperature ranging from 22 to 29 °C, relative humidi-
ty as high as 85-90%, and abundant rainfall that occurs in a
monomodal pattern (average: 2,500 to 4,000 mm year!, with
the exception of Debundscha with 11,000 mm). The soils are
sandy to sandy clay or clayey in texture.

(iii) The bimodal humid forest zone (latitude 2°6’ to
4°54’/5°48'N, longitude 10°30’ to 16°12’E, altitude: 500-
1,000 m a.s.l.) encompasses the Centre, East and South re-
gions. The climate is a sub-equatorial climate, with mean
temperature of 25 °C and relative humidity averaged 75%,
with a bimodal rainfall pattern (average annual: 1,300 to
2,500 mm). The soils are sandy loam, sandy clay loam, or clay
in texture.

Field survey

In total, 13 production basins were selected, based on
differences observed in their biophysical characteristics and
the composition of the Citrus population. In this line, seven
production basins, viz.,, Kumba, Muyuka, Ekona, Idenau, Pou-
ma, Njombé, and Edéa were selected in the monomodal hu-
mid forest zone; five, viz.,, Boumnyebel, Mbangassina, Bokito,
Obala and Okola were selected in the bimodal humid forest
zone; and one production basin, viz., Jakiri, was selected in
the western highlands. It should be recalled that Jakiri rep-
resented the only accessible basin in the highlands. Within
each production basin, three sites were selected and Citrus
farms representing the diversity of the site were sampled.

Each site in this study represented a geographical space
with climatic and soil conditions rather homogeneous and
thereby can ensure a homogeneous production. The site was
composed by many villages. The selection of studied sites
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FIGURE 1. Citrus production basins in three
contrasting humid agro-ecological zones of
Cameroon.
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TABLE 1. List of parameters describing Citrus trees
environment.

Parameter Variable Modality
Climate Annual rainfall Mm
Relative humidity %
Temperature °C
Location Altitude 10-1,684 m a.s.l.
Vegetation 1: Forest
2: Savannah
3: Gallery forest
Soil texture or stoniness  1: Clay
2: Gravelly soil
3: Sand
4: Clayish
5: Sandy clay

6: Clayish sand

7: Dark volcanic soil
8: Brown volcanic soil
9: Brown clay

and Citrus farms was made on the base of the diversity in
Citrus production basins.

Observations have been made during three consecutive
years, and data were collected between June-July of each
year during the producing phase. Three Citrus species were
observed, viz., Citrus limon (L.) (lemon), Citrus sinensis (L.)
(orange), and Citrus paradisi (Macf.) (grapefruit). Annual ob-
servations were made on an average of 611 orange trees, 277
lemon trees and 263 grapefruit trees.

Climatic data covering 20 years were collected from me-
teorological stations in production basins. Other data were
obtained by measuring or by visual inspection of the envi-
ronment. This concerns mainly altitude which was measured
with GPS, soil texture and vegetation. The overall parameters
are summarized in Table 1.

Epidemiological data were collected by noting the pres-
ence or absence of diseases and Citrus trees decline. CTD
may start with leaves discoloration, but this symptom could
also be associated with diseases or deficiencies. In the case
of this study, a tree was considered declining if the rate of
leaf drop or dryness of branches was observed, whatever the

FIGURE 2. Symptoms of Scab on lemon fruits (A), Pseudocer-
cospora on grapefruits (B), Phytophthora foot rot disease on
orange tree (C), and declining citrus tree in a cocoa agro for-
est of Cameroon (D).
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season. CTD was considered present as at least 10 to 25% of
leaves drop and/or dry stems was noticed.

On one hand, the presence or absence of CTD was no-
ticed (presence = 1, absence = 0), and on the other hand
the presence or absence of spots due to Pseudocercospora
leaf and fruit spot disease (PLFSD) on leaves (PLSD) and on
fruits (PFSD), scabies due to Citrus scab on leaves and fruits,
and rot on tree’s foot due to Phytophthora foot rot disease
(Figure 2). Citrus species, site parameters including altitude,
temperature, rainfall, relative humidity and soil texture were
noticed. The year of observation was also considered.

Prevalence, which is the percentage of trees affected by
one of these diseases, was calculated by site for each disease.
Since PLFSD and Citrus scab attack leaves and fruits, prev-
alence for those two diseases was calculated on leaves and
on fruits.

Statistical analysis

A descriptive analysis of data was done through univar-
iate and multivariate analysis for their exploration and to
know the distribution, tendencies and dispersion of different
variables used. Cross tabulations and graphical representa-
tions were done to illustrate the variation of diseases or CTD
according to years, species or sites. The analysis of variance
was performed to compare the different sites where epide-
miological data were collected. Comparison was also done
among the three years during which data were collected. Be-
sides the treatments, means were compared using the Stu-
dent-Newman-Keuls test at the 5% level of probability.

Quantitative (disease prevalence in %, calculated by site
and by year for each disease) and qualitative (Citrus species,
observation year and sites parameters, i.e., altitude, tempera-
ture, rainfall, soil type and vegetation) data were used in the
different analyses.

To determine the relationship between quantitative vari-
ables, a correlation test was done, using the Pearson’s method.

An evaluation (using the two categories of data) was
done, to select the main factors involved in CTD develop-
ment. This was done through a regression analysis using
GLM (General Linear Model) procedure of the SAS (Statistical
Analysis System) software, version 9.3.

Results and discussion
Diseases prevalence

Citrus Tree Decline prevalence

Citrus Tree Decline was found in the 39 sites, during the
three years of observation. CTD was also found on all the Cit-
rus species of the study sites. This shows the importance of
the impact of CTD in the Citrus production basins of Camer-
oon’s humid zones.

The prevalence varied with Citrus species. Prevalence
was higher on orange and grapefruit trees though not sig-
nificantly different, whereas the difference between these
two species and lemon trees was significant at 5% level. CTD
mean prevalence varied from 12% to 30% (Figure 3).

Concerning the observation period, the analysis of vari-
ance showed less significant differences in CTD prevalence
during the 3 years at 5% level of significance. CTD prevalence
was slightly higher in year 1 than in year 2 and year 3.

CTD prevalence was variable in the 39 sites. The mean
prevalence of CTD was almost 25% (Table 2). However, dif-
ferences were noticed among sites, meaning that CTD varies
with environmental factors. Those differences were more
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FIGURE 3. CTD prevalence on lemon, orange and grapefruit
trees in Citrus production basins of Cameroon.

significant with 4 sites. The sites Mbangassina and Nkolakok,
belonging respectively to Mbangassina and Okola-Evodoula
Citrus production basins in the monomodal humid zone, pre-
sented the highest prevalence. On the other hand, Limbé and
Edea from Idenau and Edea Citrus production basins in the
bimodal humid zone presented the lowest prevalence.

Associated diseases prevalence

Pseudocercospora leaf and fruit spot disease, Citrus
scab, and Phytophthora foot rot disease were found in
the 39 sites (Table 3). This result was expected, as the
weather conditions of the studied zones are favourable
to the development of pathogenic agents responsible of
the diseases. Pseudocercospora leaf and fruit spot disease
incidence increases with drop in climatic conditions (Kuate
et al, 2002). Humidity is also one of the principal factors
of spore production and infection in the case of scab
disease (Dewdney and Timmer, 2012) and Phytophthora
spp. produces large number of motile zoospores that can
swim in water for short distances under high moisture and
temperature conditions (Futch and Graham, 2012).

For each disease, the prevalence differed with sites. PLFSD
and Phytophthora foot rot disease presented the highest
prevalence in many sites. In many cases, prevalence of the
two diseases was higher than 50%. The mean prevalence of
scab was situated around 20% in the majority of sites.

The correlation between Pseudocercospora leaf spot
disease and Pseudocercospora fruit spot disease was
positive and significant, indicating that the disease varies
proportionally on leaves and on fruits. Conversely, scab on
leaves and scab on fruits were not correlated (Table 4). This
could be explained by the fact that fruits are more infected
than leaves. Leaves are immune to scab infection in a few
days, while fruits remain susceptible up to two months
(Agostini et al., 2003).

The prevalence of the diseases also varied with Citrus
species (Figure 4). PLFSD and Phytophthora root rot disease
prevalence were higher on grapefruit and orange trees,
whereas scab prevalence was higher on lemon trees. This
confirms the results found in previous studies. Differences
noticed were due to the high susceptibility of orange and
grapefruit trees against PLFSD (Seif and Hillocks, 1999;
Bella Manga et al., 1999; Kuate et al., 2006b). Scab disease
is generally a severe problem for many tangerines, lemons
and limes (Nelson, 2008). Concerning Phytophthora foot rot
disease, evaluation of Citrus susceptibility has indicated a

TABLE 2. Variation of CTD prevalence on Citrus in the differ-
ent sites of Cameroon’s Citrus production basins.

General CTD prevalence

Production basins  Sites "
mean+ SD

Boumnyebel Makai 0.19+0.33 BAC
Minse, Maloung  0.14+0.1284C
Nkon Madog 0.33+0.2984C
Mbangassina Mbangassina 0.49+0.30*
Goura 0.28+0.2884°
Etam Nyat 0.26+0.3684°
Bokito Kedia 0.29+0.42°84°
Begni 0.33£0.4084
Ombessa 0.24+0.1984¢
Obala Nkolmelen 0.28+0.23 8A°
Nkoltomo, Efok  0.22+0.24 BA°
Batschenga 0.22+0.1184C
Okola-Evodoula  Nkol akok 0.46+0.1184
Nguibassal 0.24+0.21°84C
Ekekam 0.33+0.1184°
Pouma Seppé, Makondo  0.13+0.098¢
Nkonga 0.23+0.14 8%
Tjiedikoi 0.29+0.06 %
Njombé Njongo 0.15+0.1484
Loum chantier 0.11+0.318¢
Nlohé 0.18+0.2584
Edéa Edéa 0.04+0.15°¢
Kopongo 0.13+0.17°8¢
Beon 0.35+0.218AC
Kumba Kumba 0.39+0.218AC
Ekiliwindi 0.15+0.17 84
Mabonji-Tantcha  0.17+0.4384C
Muyuka Bombé 0.22+0.1584¢
Banga 0.12+0.26 %
Yoké-Malendé 0.13+0.188¢
Ekona Mautu 0.37+0.43°84C
Ekona town 0.11+0.158¢
Buéa 0.22+0.26 %
Idénau Idénau 0.20+0.188A°
Bakingili 0.22+0.23 4
Limbé 0.09+0.10°¢
Jakiri Jakiri 0.12+0.12°8¢
Kifue 0.18+0.2584
Wainamah 0.28+0.3084°

+ = Standard deviation. Numbers followed by the same letters are not
significantly different at a=5%.

wide range of rootstocks that are tolerant or less susceptible
to Phytophthora diseases of Citrus including ‘Volkamer’
lemon, most rough lemon selections, sour orange, ‘Troyer’
and ‘Carrizo’ citrange (Graham and Timmer, 2014). Trees
grafted with those rootstocks better resist to Phytophthora
spp. However, the majority of Citrus trees planted in those
zones are not grafted (Ndo, 2007; Ndo et al., 2010), therefore
without a tolerant rootstock, orange and grapefruit trees are
seriously attacked by Phytophthora spp.

In general, for the studied fungal diseases, since, small
scale Citrus producers in humid zones of Cameroon use no
chemical or inappropriate treatments (without respecting
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TABLE 3. Mean prevalence and standard deviations of Citrus diseases in different sites of Cameroon’s Citrus production
basins.

Sites PFSD* PLSD* Phytophthora foot rot Scab on leaves Scab on fruits
Makai 0.16+0.33 0.35%0.42 0.14+0.19 0.01+0.02 0.03+0.05
Minse, Maloung 0.14+0.18 0.37%0.33 0.24+0.18 0.04+0.09 0.07+0.10
Nkon Madog 0.2340.22 0.45%0.29 0.2740.18 0.11£0.14 0.15+0.21
Mbangassina 0.30%0.35 0.34%0.36 0.50£0.33 0.24+0.36 0.10£0.13
Goura 0.28+0.29 0.26+0.29 0.38+0.34 0.17£0.22 0.17+0.18
Etam Nyat 0.36%0.35 0.54%0.33 0.19£0.17 0.1240.18 0.23£0.32
Kedia 0.42%0.30 0.37%0.26 0.41%0.22 0.16+0.25 0.10£0.09
Begni 0.40%0.32 0.59+0.33 0.34%0.31 0.16+0.22 0.16+0.18
Ombessa 0.36%0.37 0.44%0.31 0.23+£0.24 0.19+0.21 0.09+0.11
Nkolmelen 0.43%0.41 0.56%0.40 0.24+0.31 0.23+0.34 0.15+0.22
Nkoltomo, Efok 0.28+0.40 0.37%0.36 0.20£0.15 0.17+0.24 0.20+0.20
Batschenga 0.41%0.32 0.47%0.33 0.15£0.13 0.25+0.33 0.28+0.31
Nkol akok 0.15%0.21 0.23£0.27 0.30£0.20 0.17£0.21 0.17+0.27
Nguibassal 0.27£0.22 0.20£0.14 0.49+0.34 0.13£0.20 0.23£0.23
Ekekam 0.29£0.29 0.39£0.33 0.37£0.17 0.11£0.12 0.24+0.22
Seppé, Makondo 0.10£0.15 0.28+0.26 0.35%0.30 0.08+0.12 0.18+0.15
Nkonga 0.16+0.17 0.22+0.24 0.38+0.32 0.06+0.12 0.12+0.11
Tjiedikoi 0.19£0.20 0.46%0.40 0.44+0.46 0.18+0.19 0.15+0.17
Njongo 0.1240.13 0.16+0.15 0.40£0.23 0.22+0.16 0.15+0.12
Loum chantier 0.1340.13 0.28+0.37 0.24+0.17 0.17£0.15 0.17£0.19
Nlohé 0.2510.18 0.43%0.32 0.33%£0.19 0.41£0.33 0.21£0.18
Edéa 0.00£0.00 0.09£0.13 0.02+0.06 0.23+0.31 0.09+0.23
Kopongo 0.04£0.07 0.13£0.13 0.40£0.26 0.14+0.15 0.10£0.08
Beon 0.09£0.15 0.14+0.16 0.23£0.15 0.12+0.17 0.15+0.14
Kumba 0.59%0.45 0.58+0.40 0.14+0.13 0.2240.29 0.30£0.41
Ekiliwindi 0.42+0.39 0.49+0.44 0.31%0.41 0.05+0.11 0.11£0.19
Mabonji-Tantcha 0.41%0.33 0.43%0.36 0.04+0.08 0.26+0.37 0.36+0.35
Bombé 0.1210.11 0.31%0.33 0.21£0.17 0.29+0.31 0.22+0.23
Banga 0.21£0.30 0.32%0.39 0.51%0.49 0.08+0.13 0.20£0.36
Yoké-Malendé 0.17£0.23 0.44%0.30 0.50£0.49 0.31£0.39 0.32+0.47
Mautu 0.08+0.20 0.36%0.44 0.48+0.38 0.20£0.32 0.12+0.14
Ekona town 0.05+0.09 0.11£0.09 0.25+0.26 0.13+0.09 0.19+0.21
Buéa 0.06+0.09 0.03+0.09 0.61£0.25 0.18+0.25 0.30£0.34
Idénau 0.0240.05 0.24+0.29 0.38%0.10 0.16+0.24 0.36£0.35
Bakingili 0.24+0.31 0.32+0.29 0.1240.13 0.12+0.16 0.23+0.23
Limbé 0.07£0.10 0.40£0.36 0.1240.12 0.32£0.38 0.09+0.12
Jakiri 0.03£0.06 0.01£0.04 0.16+0.15 0.18+0.25 0.25+0.24
Kifue 0.10£0.26 0.12+0.26 0.19£0.24 0.30£0.28 0.11£0.13
Wainamah 0.13+0.26 0.06+0.17 0.08+0.14 0.32+0.40 0.18+0.22

*PFSD = Pseudocercospora fruits spot disease; PLSD = Pseudocercospora leaves spot disease; + = Standard deviation.

TABLE 4. Pearson’s correlation coefficients between Citrus diseases prevalences in Cameroon.

Pearson correlations

PFSD Phytophthora foot rot PLSD Scab on fruits Scab on leaves
PFSD - -0.0916™ 0.7682*** 0.1574" 0.0033™
Phytophthora foot rot - - -0.0544rs 0.04721s -0.1674"
PLSD - - - 0.0469™ 0.0069™
Scab on fruits - - - - 0.2580™

Scab on leaves - = - - _

*“** = highly significant, ns = non-significant at a=5%.
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indications and doses) (Seif and Hillocks, 1999; Ndo et al.,
2010), the difference in disease prevalence between sites or
production basins is mostly explained by the susceptibility
of tree species used by producers, and ecological conditions.

Factors associated with CTD prevalence on Citrus

The regression analysis showed that Citrus species,
vegetation, annual rainfall, Pseudocercospora fruit spot
disease, Phytophthora foot rot disease and scab on leaves
were the main variables associated with the prevalence of
Citrus tree decline in Cameroon’s humid zones (Table 5). The
year of observation, soil type, and scab on fruits also had a
less significant effect on CTD. Those variables therefore are
correlated with the prevalence of CTD. However, correlation
does not imply causation.

Pseudocercospora leaf and fruit disease tends to cause
leaf drop fairly quickly on new flushes (Kuate, 1998; Kuate
et al, 2002), so many symptomatic leaves may have already
abscised by the time the survey was undertaken, which can
explain why the effect of Pseudocercospora leaf spot disease
is not significant on CTD. Severe attacks of PLSFD can cause
leaf drop in such a manner that the presence of this disease
on some declining trees may be unnoticed.

As far as scab is concerned, it is known that Citrus scab
is a foliar fungal disease that causes damage on leaves and
fruits but very rarely enough tree damage to cause leaf drop
(Ki Woo Kim et al,, 2004). Even highly infected leaves or fruits,
where visible tissue is difficult to see, do not tend to fall off
the tree. So organs infected with scab were still present on
trees in decline. Scab cannot therefore be considered as one
of the main causes of CTD.

For Phytophthora foot rot disease, symptoms are
sometimes difficult to detect. The detection of symptoms is
easier when disease is at a stage of high severity (Graham et
al., 2000; Drenth et al., 2006). Hence, sometimes the effect of
Phytophthora foot rot disease on CTD may be neglected or
attributed to other factors. Anyway, this study clearly shows
the significant effects of this disease on CTD.

In this study area where own-rooted Citrus trees are
common, with a high rainfall, Phytophthora foot rot disease
would be the leading cause of CTD. However, the result may
not reflect the real level of Phytophthora foot rot disease
on the field and thus it is a real contribution to the CTD
prevalence. It is therefore necessary in further studies to use
laboratory analysis to detect the presence of Phytophthora
spp. when symptoms are not yet visible.

In Cameroon, rootstocks like Citrus volkameriana
‘Volkamer’ lemon perform well and are less susceptible to
Phytophthora diseases and Citrus tristeza virus; farmers
should therefore be encouraged to use plants grafted with
such rootstocks which are already used by professionals in
tree nurseries, extensionists and researchers to reduce at
least the severity of these diseases.

Site parameters that are linked with CTD are mainly
vegetation, annual rainfall, and soil texture. These are some
of the factors also linked with the development of PLFSD
and/or Phytophthora diseases (Ndo et al., 2010; Graham et
al., 2014; Futch and Graham, 2012).

In fact, as far as vegetation is concerned, recent studies
showed that in cocoa agroforests where Citrus are cultivated
in majority in Cameroon, associated trees and their spatial
distribution could regulate the dispersion of diseases such
as PLFSD or Phytophthora foot rot disease (Akoutou et al.,
2017; Ndo et al,, 2019). Concerning soil texture, it is known
that sandy-clayey soils are suitable for the development of
Citrus (Ndo et al., 2010). Clayish soils are known to maintain
and even prolong soil humidity during rainy seasons, thus
favourable for Phytophthora diseases (Graham and Timmer,
1992). This confirms that CTD prevalence is associated with
a combination of biotic and abiotic factors, which was our
initial hypothesis.

Concerning Citrus species, the analysis of variance
showed that CTD prevalence was higher on orange and
grapefruit trees and less on lemon trees. The regression
analysis was also done with CTD prevalence per species.
Results showed that CTD prevalence for every species is
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TABLE 5. Variables associated with CTD prevalence on Citrus in the different sites of Cameroon’s Citrus production basins in

the humid zones of Cameroon following a regression analysis.

Source DF Root mean square F value Pr>F
Species 2 0.40 11.53 <0.0001
Years 2 0.14 4.16 0.0166
Vegetation 2 0.29 8.56 0.0002
Soil type 8 0.09 2.69 0.0147
Altitude 1 0.07 2.09 0.1497
Meant 1 0.02 0.61 0.4354
Mean relative humidity 1 0.00 0.00 0.953
Mean annual rainfall 1 0.35 10.09 0.0016
PFSD 1 1.42 40.94 <0.0001
PLSD 1 0.13 3.86 0.0504
Phytophthora foot rot disease 1 1.29 37.02 <0.0001
Scab on leaves 1 0.43 12.49 0.0005
Scab on fruits 1 0.16 4.82 0.0290
Model's parameters

R-square 0.372031
Ccv 77.37516
DF 21
F value 8.41
Pr>F <0.0001

also associated with the highlighted parameters at different Acknowledgments

levels. It is known that for each of the fungal diseases, there is
a species-sensitivity scale. As far as PLFSD is concerned, the
dissemination of less susceptible Citrus species has always
been one of the major concerns of research (Bella Manga et
al., 1999; Kuate et al.,, 2006b).

While fungal disease can contribute to Citrus tree de-
cline, there are also other important agents like viruses,
Citrus greening, and insects, nematodes that could also be
contributing to the decline. It would be therefore important
to confirm the role played by these agents in further studies,
to safely conclude on main factors contributing to Citrus tree
decline in Cameroon.

Conclusion

The aim of this study was to determine among many fac-
tors namely, Citrus species, observation period, altitude, tem-
perature, rainfall, soil texture, vegetation, Pseudocercospora
leaf and fruit disease (PLFSD), Citrus scab and Phytophthora
foot rot disease, those that contribute the most to the de-
velopment of Citrus tree decline (CTD), a serious constraint
faced by Citrus producers in the humid zones of Cameroon.

Our results analysis showed that CTD is present in all the
sites and its prevalence differs with sites and Citrus species.
Citrus species and environmental factors (rainfall, soil tex-
ture, vegetation) were associated with the development of
CTD. Although the three diseases are present in almost all
sites, Phytophthora foot disease and PLFSD was found to be
the leading cause of CTD. However, further, studies should
consider all the likely causes of CTD, including pests, other
Citrus diseases and other environmental factors, to develop
a risk assessment model that takes into account all the im-
portant parameters.
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