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ABSTRACT 

Groundnut leaf spot is one of the important factors limiting groundnut productivity in Africa particularly in the Democ-
ratic Republic of Congo (DR Congo). Early and late leaf spot disease of groundnut caused by Cercospora arachidicola 
Hori and Cercosporidium personatum (Berk & Curt.). Deighton, respectively, can cause considerable yield losses with-
out fungicide management. The main objectives of this research were to analyze plant and disease developmental cycles. 
Significant differences were observed among the groundnut varieties evaluated for resistance to the leaf spot disease. 
The results show that plant development cycle can be divided into three developmental stages. A first stage character-
ized by a low production of leaves, a second stage with a significant leaf development and finally a third stage with a 
reduction of leaves. Interestingly, the leaf spot disease cycle was also divided in three stages. The disease stage charac-
terized by the highest level of symptom expression was not associated with the plant phase with the highest emerged 
leaves. Disease symptoms reached the highest pick only after the phase of intense leaf development. The molecular 
analysis revealed that all the groundnut varieties analyzed were genetically closely related even though they showed 
different reactions to the leaf spot disease.  
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1. Introduction 

Groundnut (Arachis hypogaea L.) is an important food 
and forage crop because of its high protein and oil con-
tent. Its seed is used as a source of cooking oil and in 
confectionary products for human consumption [1,2]. 
Groundnut hay (vine) is a nutritious animal feed, par-
ticularly for the subsequent dry season when green for-
age is not available. In addition, groundnut seed and hay 
are often sold in local markets, providing income to the 
resource-poor farmers [1,2]. Pod yield of groundnut 
crops in the DR Congo averages only 850 kg/ha which is 
low compared to 2500 kg/ha in developed countries. These 
low crop yields in DR Congo and other parts of Central 
Africa are attributed to foliar diseases. Early leaf spot 
caused by Cercospora arachidicola Hori and late leaf 
spot caused by Cercosporidium personatum (Berk. & 
Curt) Deighton, are among the major diseases of ground- 
nut worldwide, including Central Africa [3,4]. 

Leaf spot symptoms can appear on any above ground 
parts of groundnut plant including leaves, petioles, stip-  
ules, stems and pegs in the later stages of disease [3,4]. 

Spots first develop on the upper surface of lower leaves 
as small necrotic pinhead size spots that enlarge and be-
come light to dark brown or black circular spots ranging 
from 1 to 10 mm in diameter [5]. At later stages these 
spots coalesce and result in defoliation, causing signifi-
cant losses in biomass and yield. Early leaf spots are 
brown to reddish brown in color and always have a yel-
low halo. Most of the early leaf spot spores are formed 
on the upper leaf surface giving it a slightly raised sur-
face, while lower leaf surface is usually smooth. Late leaf 
spots are characterized by dark brown to black spots and 
usually do not have yellow halo. Most of the late leaf 
spot spores are formed on the lower surface giving it a 
rough and tufted appearance, where as upper leaf sur-
face is generally smooth. Leaf spot can cause yield 
losses of 50% - 70% in West Africa and up to 50% 
worldwide [6]. This disease is constantly observed in DR 
Congo and it causes significant losses, with a high severity 
during rainy periods [5]. Leaf spot can increase rapidly 
under favorable conditions as several secondary cycles  
may occur per season. The first appearance of leaf spot 
and its continuous progress throughout the growing sea-*Corresponding author. 
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son are heavily dependent upon weather conditions. En-
vironmental conditions required for both types of leaf 
spot are warm temperatures and long periods of high 
humidity or leaf wetness. When adequate moisture is 
present, leaf spot infections may occur in a relatively 
short period when temperatures are warm [7]. Knowl-
edge of the association between groundnut plant devel-
opmental stages and leaf spot disease progression is lim-
ited. 

The main objective of the present study was to analyze 
plant and disease developmental cycle at leaf, individual 
plant and population levels. A comparison of the plant 
and disease development stages allowed the timing of the 
period of intense development of the disease in relation 
to plant development phases. 

2. Materials and Methods 

2.1. Genetic Materials  

Nine groundnut varieties, representing a range of resis-
tance levels to the leaf spot disease were used. They in-
cluded ICG9998, G17, ICGM281, K12, JL24, JL12; 
Kimpese, A1408, and A65. The seeds were obtained from 
INERA-M’vuazi Research Centre in Bas-Congo (DR 
Congo), except for the variety A65, which was provided 
by INERA-Gandajika (DR Congo) research station. The 
main characters of these varieties are described in Table 
1. 

2.2. Field Trials and Leaf Spot Resistance 

The present study was conducted in central region of the 
DR Congo in Gandajika (Eastern Kasai). The trial was a 
completely randomized block design (RCBD) with three 
replicates, at two different sites under natural conditions 
of infection of leaf spot between 2008 and 2009. Site 1 
was located at the research station of the National Insti-
tute for Agronomic Studies and Research (INERA) (6˚80'S 
latitude, 23˚95'E longitude, and 758 m, altitude). The 
second site was located in farmer’s field in Mpiana  

(6˚61'S latitude, 23˚93'E longitude, and 704 m, altitude). 
The previous crops consisted of a fallow of Mimosa In-
visa and Brachiaria ruziziensis at site 1 (INERA) and 
maize (Zea mays L.) at site 2 (Mpiana). 

2.3. Plant Development Phases 

Groundnut plants were observed at regular intervals since 
their emergence to the end of the growing season. The 
number of leaves differentiated by the plant was recorded, 
and then converted to percentage at the end of the cycle. 
Graphs describing plant developmental phases referring 
to the number of differentiated leaves were produced 
using Excel software 2007. 

2.4. Disease Developmental Phases  

The development of the disease was monitored on indi-
vidual groundnut leaf, individual groundnut plant and by 
considering a groundnut plant population. Disease symp- 
toms were assessed over time based the density of leaf 
lesions. Total numbers of lesions per leaf on the main 
stem of 10 plants at random were counted. An average 
was then calculated for each plant and for the whole 
sample. The percentage of leaves affected by leaf spot 
per plant was recorded periodically. The incidence of 
disease was also assessed by tracking the number of plant 
newly infected every week in a population of 440 plants. 
The disease incidence was calculated based on the fol-
lowing formula: 

  p1
Incidence % 100

p2
   

where p1 represents plants population affected by ground- 
nut leaf spots and p2 represents total observed groundnut 
plants or 440 plants. To compare the different phases for 
plant and disease cycles for the nine groundnut varieties, 
the following parameters were estimated: The coefficient 
of variation assessed as a percentage; CV = standard de 
viation/mean; the confidence interval whose limits are  

 
Table 1. Principal characteristics of plant materials evaluated in Gandajika, DR Congo. 

Varieties Type Origin Days to maturity (days) Seed color Reaction to leaf spot disease 

ICG 9998 Valencia India (ICRISAT) 120 Red Resistant 

G17 Valencia DR Congo 90 Red Susceptible 

ICGM281 Valencia Bolivia 120 Red Resistant 

K12 Spanish DR Congo 90 Creamy white Tolerant 

JL24 Spanish India (ICRISAT) 90 Creamy white Tolerant 

JL12 Spanish DR Congo 90 Creamy white Tolerant 

Kimpese Spanish DR Congo 90 Rose Tolerant 

A1408 Spanish DR Congo 95 Red Susceptible 

A65 Valencia Brazil 90 - 100 Bright red Susceptible 
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given by X ± T × Sm, Sm is the standard error of the 
mean and is estimated by dividing sigma with the square 
root of n (n = population size); and T is given by the ta-
ble STUDENT (for the sample of fewer than 30). The 
significance level was 0.05. Symptom severity was as-
sessed using a scale of increasing severity of 1 to 9, 
where 1 (no symptoms) represents an apparently healthy 
plant and 9 a severely infested groundnut plant with 80% 
to 100% of foliar area infected. 

2.5. DNA Extraction 

The total cellular DNA from individual samples was ex-
tracted from seedling tissue using the method described 
by Mehes et al. [10] with some modifications. The modi-
fication involved addition of PVP (polyvinylpyrrolidone) 
and β-mercaptoethanol to the CTAB extraction buffer. 
The DNA concentration was determined using the fluo- 
rochrome Hoechst 33258 (bisbensimide) fluorescent DNA 
quantitation kit from Bio-Rad (cat. # 170-2480) and the 
purity was determined using a spectrophotometer (Varian 
Cary 100 UV-VIS spectrophotometer). 

2.6. ISSR Analysis 

The ISSR amplification was carried out in accordance 
with the method described by Nagaoka and Ogihara [8], 
with some modifications described by Mehes et al. [9]. 
All DNA samples were primed with each of the ten 
primers used (Table 2). All PCR products were loaded 
into 2% agarose gel in 1X Tris-Borate-EDTA (TBE) 
buffer. Gels were pre-stained with 4 μl of ethidium bro-
mide and run at 3.14 V/cm for approximately 120 min- 
utes. These agarose gels were visualized under UV light 
source, documented with the Bio-Rad ChemiDoc XRS 
system and analyzed for band presence or absence with 
the Discovery Series Quantity One 1D Analysis Software. 
The resulting data matrix of the ISSR phenotype was 
analyzed using POPGENE software (version 1.32) to 

estimate genetic diversity parameters [10]. The genetic 
distances were calculated using Jaccard’s similarity coef-
ficient estimated with the RAPDistance program version 
1.04 [11]. 

3. Results and Discussion 

3.1. Plant Developmental Phases 

The plant developmental cycle is illustrated in Figure 1. 
Three plant phases were identified. The first is a stage 
during which the speed of differentiation of the leaves is 
slow. This stage starts from seed germination and lasts 
for 28 days. The percentage of differentiated leaves dur-
ing this phase was 30%. This phase was followed by a 
stage of intense differentiation of leaves per plant. This 
stage lasts between 28th and 49th days. Its duration is 21 
days and the percentage of leaves differentiated varied 
between 50% and 60%. Finally the third phase during 
which the percentage of leaves differentiated was only  

Table 2. The nucleotide sequences of ISSR primers used to 
screen DNA samples of six groundnut (Arachis hypogaea) 
varieties from the DR Congo breeding program.  

Primer  
identification 

Nucleotide sequence  
(5’→3’) 

G + C 
content (%)

ISSR Primers   

Echt 5 AGAC AGAC GC 60.00 

HB 13 GAG GAG GAG GC 72.70 

HB 15 GTG GTG GTG GC 72.70 

ISSR 1 AG AG AG AG AG AG AG AG RG 50.00 

ISSR 5 ACG ACG ACG ACG AC 64.28 

ISSR 9 GATC GATC GATC GC 57.14 

UBC 825 AC AC AC AC AC AC AC AC T 88.88 

UBC 841 GA AG GA GA GA GA GA GA YC 45.00 

17899A CA CA CA CA CA CA AG 50.00 

17898B CA CA CA CA CA CA GT 50.00 
 

 

  
(a)                                                  (b) 

Figure 1. Percentage of leaves emerged overtime in groundnut (Arachis hypogaea) varieties planted in Gandajika (DR Congo) 
t (a) site 1 (INERA) and (b) site 2 (Mpiana). a  
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20%. The duration of this phase was 35 days. 

3.2. Evaluation of Groundnuts for Disease  
Severity 

The reaction of the nine varieties evaluated was consis-
tent was as expected. ICG998 and ICGM281 from IC-
RISAT (India) and Bolivia, respectively were the most 
resistant varieties. G17 variety that was considered sus-
ceptible showed a rating of 2.6 on a scale of 1 to 9 and 
was similar to resistant lines throughout the experimenta-
tion at both sites (Table 3). Kimpese that is considered 
tolerant in previous trials was susceptible at both sites 
and during other subsequent field trials. Similar results 
were observed with K12, a tolerant accession that was 
among the susceptible lines during these trials. A1408 
and A65 were susceptible as expected. Resistant geno-
types had smaller lesions, longer latent periods, and re-
duced sporulation as described by Chiteka et al. [12]. 
Genetically, leaf spot disease is a quantitative disease 
controlled by many additive genes [13]. Different plant 
reaction to leaf spot in different environments is expected 
for a polygenic trait. It should be also pointed out that the 
weather conditions during the trails were characterized 
by optimal conditions for both the ground nut plants and 
leaf spot disease. The monthly average temperature was 
27˚C during the growing season and the rainfalls varied 
from 116 mm to 156 mm per month. 

3.3. Disease Developmental Cycles 

3.3.1. Development of the Disease on Individual 
Leaves 

Disease development phases are illustrated in Figure 2. 
It is noted based on changes in the number of lesions 
since the onset of symptoms until the end of the growing 
season that the disease intensifies overtime and reaches 
its highest level on 72nd day for a growing cycle of 90 
days. The change in the number of lesions overtime was 
similar in both sites. There was a significant increase in 
the number of lesions after 58 days. The nine varieties 

could be divided in two groups. The first group including 
ICG9998, G17 and ICGM281 was characterized by a 
small number of lesions per leaf (ranging from 26 d to 35 
d at Site 1 and from 25 d to 35 d at site 2). The second 
group that included K12, A65, JL12, A1408, Kimpese 
and JL24 was characterized by high values of leaf lesions 
between 47 d and 87 d at both sites. The analysis of 
variance revealed significant differences between the 
plant groups for leaf lesions. 

In general, the disease development curve revealed 
three stages. An initial development stage of the disease 
corresponded to a period when the relative humidity and 
temperature where most favorable to leaf spot develop- 
ment. The second stage corresponded to an increase of 
leaf infection. The third stage also corresponded to an 
increase of the disease expression and incidence associ-
ated to weather conditions that were less favorable for 
foliar disease. Leaf spot symptoms were severe because 
of the cumulative effect of the infection development  

Table 3. Severity of ground nut leaf spot disease at sites 1 
(INERA) and 2 (Mpiana) in Gandajika (DR Congo). 

Varieties Severity of the disease1 

 Site 1 (INERA) Site 2 (Mpiana) 

 60DAS 75DAS 60DAS 75DAS 

ICG9998 2.3 ± 0.57 2.3 ± 0.57 2.0 ± 00 2.3 ± 0.57

G17 2.6 ± 0.57 2.6 ± 0.573 2.6 ± 0.57 3 ± 0.00 

ICGM281 2.0 ± 0.00 2.0 ± 0.00 2.0 ± 00.0 2.6 ± 0.57

K12 5.0 ± 0.00 5.3 ± 0.57 5.0 ± 0.00 5.6 ± 0.57

JL24 4.6 ± 0.57 5.0 ± 0.00 5.0 ± 0.00 5.3 ± 0.57

JL12 4.6 ± 0.57 5.3 ± 0.57 5.0 ± 0.00 4.6 ± 0.57

KIMPESE 5.0 ± 0.00 5.0 ± 0.00 5.0 ± 0.00 4.6 ± 0.57

A1408 5.0 ± 0.00 5.0 ± 0.00 5.0 ± 0.00 4.6 ± 0.57

A65 4.3 ± 0.57 4.0 ± 0.00 4.0 ± 0.00 4.3 ± 0.57

LSD (p = 0.05) 0.4*** 0.3*** 0.1*** 0.5*** 

1Rating scale of 1 to 9 where 1 is no symptom and 9 represents 81% to 100% 
infected leaves; ***, **, *, P ≤ 0.001, 0.01, 0.05, respectively; DAS = Days 
After Sowing. 

 

    
(a)                                     (b) 

Figure 2. Number of lesions per leaf caused by leaf spot disease over time at (a) site 1 (INERA) and (b) site 2 (Mpiana).   
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overtime. 

3.3.2. Development on Individual Plants 
Figure 3 illustrates the disease development on plants. 
The results show that the percentage of the average num- 
ber of infected leaves per plant evolves in three stages at 
sites 1 and 2. The first stage characterized by a slow de-
velopment of the disease. This stage starts at emergence 
(day 6) until the 37th day lasting 31 days. The average 
portion of infected leaves during this stage was below 
10%. The second stage characterized by a more intense 
development of the disease with the average number of 
affected leaves of 70%. This stage lasts 40 days between 
37th and 77th day. Finally, the third stage which starts at 

77th day and lasts until the end of the vegetative cycle of 
the plant. This stage is characterized by a slow develop-
ment of the disease; the vast majority of leaves being 
already infected. 

3.3.3. Development of the Leaf Spot Disease in a 
Groundnut Population  

Development of the disease in a population of 440 plants 
was monitored. The curves of leaf spot development in 
the two sites presented a general S-shaped form (Figure 
4). They also have three important stages which vary 
from one variety to another. The first stage was charac-
terized by a slow development of the disease. The num-
ber of infected plants expressed in percentage was below  

 

    
(a)                                                (b) 

Figure 3. Development of leaf spot disease symptoms in a plant at (a) site 1 (INERA) and (b) site 2 (Mpiana). 

    
(a)                                         (b) 

Figure 4. Incidence of leaf Spot disease at (a) site 1 (INERA) and (b) site 2 (Mpiana). 

 

Figure 5. Dendrogram of the genetic relationships between groundnut (Arachis hypogaea) varieties from the DR Congo 
reeding program using the data generated from the Jaccard similarity matrix from ISSR profiles.  b  
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10%. This stage corresponds to an incubation period that 
lasts 7 to 25 days. This phase was followed by an expo-
nential phase during which the disease affected a much 
larger proportion of leaves. This second phase lasts two 
to three weeks. The final stage called a stationary phase 
(saturation) was of variable durations (Figure 4). 

Leaf spot development on groundnut plant and popu-
lation of plants revealed a sigmoid curve with three 
stages. This polycyclic pattern of leaf spot is consistent 
with the development cycle of groundnut rust caused by 
Puccinia arachidis Speg. Similarly, plant development 
was also divided in three stages similar to groundnut de-
velopment cycle described by Gillier and Sylvester [14]. 
Surprisingly, the stage of intense leaf spot development 
was not associated with the phase of the highest numbers 
of emerge leaves. In fact, this plant phase occurred be- 
tween the 25th and 47th days. At that time less than 40% 
of plants were infected with leaf spot. The highest inci-
dence of plant infection occurred between 47th and 57th 
days after germination and after the highest pick of leaf 
production. 

Savary and Van Santen [15] reported that the infection 
of biotrophic parasites particularly leaf spot disease re-
quires a state of maturity of the leaves and especially that 
of the orifices of the stomata through which the penetra-
tion of conidia occurs. The diameter of leaf stomata ori-
fices has to be greater than the germ tube of the pathogen, 
so that the penetration of the latter in leaf can take place. 
The period of intense leaf infection corresponded to this 
stage of leaf maturity which was not associated with the 
highest number of leaves on plants. The result of the 
present study suggests that plant physiological traits may 
play an important role in resistance to leaf spots. The 
most efficient traits used in selection for resistance to leaf 
spot disease in groundnut include lesion number, infec-
tion ratings and defoliation ratings [16]. The age of the 
leaf had a significant effect on leaf spot resistance when 
evaluated using the detached leaf technique. Younger 
leaves are more susceptible compared to older leaves [13]. 
In addition many plant with resistance to leaf spot share 
common characteristics such as late relative maturity. 

3.4. Genetic Analysis 

The ISSR primers described in Table 3 amplified the 
DNA samples studied with different band sizes. Six of 
the nine groundnut varieties were analyzed in detail 
while other three varieties fail to produce enough seeds 
and DNA samples for statistical analyses. The level of 
polymorphic loci among the six groundnut varieties ana-
lyzed (A65, Kimpese, J24, K12, ICGM281, and G17) 
was 44%. In general, the genetic distances among the six 
varieties varied from 0.09 to 0.28 on a scale of 0 (for 
identical populations) to 1 (for populations that are dif-  

Table 4. Distance matrix generated from ISSR data using 
the Jaccard’s similarity coefficient analysis for six ground-
nut (Arachis hypogaea) varieties. 

 A65 KIMPESE J24 K12 ICGM 281 G17

A65 0.0000 0.2297 0.2329 0.2432 0.2875 0.2805

KIMPESE  0.0000 0.0909 0.1324 0.2821 0.1842

J24   0.0000 0.1061 0.2857 0.2338

K12    0.0000 0.2727 0.2208

ICGM 281     0.0000 0.1539

G17      0.0000

 
ferent for all criteria) (Table 4). The closest genetic dis-
tance value was observed between J24 and Kimpese. The 
genetic distance data showed that the six varieties ana-
lyzed were closely related. These data also revealed that 
the two leaf spot resistant varieties analyzed (G17 and 
ICGM 281) cluster together despite the fact that they are 
from different origin, one from DR Congo and the other 
from Bolivia. This level of genetic closeness among va-
rieties is consistent with Dwivedi et al. [17] who reported 
based on RAPD results a high degree of genetic similar-
ity in groundnut germplasms from different provenances. 
Despite the wide range of morphological diversity ob- 
served in the cultivated groundnut gene pool, molecular 
marker analyses have thus far been unable to detect a 
parallel level of genetic diversity. Other molecular stud-
ies revealed genetic dissimilarity values ranging from 
1.2% to 41% by RAPDs [17]. Up to 52% genetic dis-
similarity was detected by AFLPs [18] and 56% by SSR 
[19]. The polymorphism level (44%) detected in the pre-
sent study with ISSR markers still needs to be validated 
using several groundnut accessions. Search for ISSR loci 
associated with leafspot disease resistance genes is in 
progress.  
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