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1                                                                                                             Original Research Article 
 

2                                Field Reactions of Pepper (Capsicum spp.) Lines and 

3        Accessions to Anthracnose Disease in Makurdi, Benue State, 

4                                                                                                                                                                           Nigeria. 
 

5 
 

6       Abstract 
 

7       Nursery and field experiments were conducted in 2012 and 2013 at the experimental site of the 
8       Federal University of Agriculture, Makurdi in the Southern Guinea Savannah of Nigeria (7o

 

9       45’N, 8o  35’ E) to evaluate the field reactions of twenty eight pepper lines and accessions to 
10       pepper  anthracnose.  Fifteen  exotic  pepper  lines  developed  at  the  World  Vegetable  Center 
11       (AVRDC) Taiwan (AVPP- 0013, 0802, 9809, 9905(Susceptible Check), 0401, 9814, 9807, 0403, 
12       0706,  0513,  0412,  0114,  9801,  9813,  9612)  and  thirteen  accessions    sourced  locally  (Ex- 
13       kunkunu,  Cayenne,  GHA,  Prof  fintashi,  N-M-Iddi,    Tugantashi,  Bor  kono  tsifidi,  M'daku, 
14       African Birdeye pepper, Atarodo, Tatashe, Sombo, Nsukka yellow) were screened for resistance 
15       to pepper anthracnose.   The experiment was laid out in Randomized Complete Block 
Design 
16       with three replications. Fifteen pepper lines/accessions which had better establishment were 
17       further selected to screen for resistance to pepper fruit anthracnose caused by Colletotrichum 
18       capsici  under natural conditions. The results showed that African birdeye pepper, AVPP 0706 
19       and Nsukka yellow had the lowest mean anthracnose severity of 6.50%, 10.75% and 19.20% 
20       respectively and were classified as resistant. Nine pepper lines/accessions namely AVPP 0013, 
21       AVPP 0802, AVPP 9809, AVPP 9905, Cayenne, Ex-Kunkunu, GHA, Prof fintashi, N-M-Iddi 
22       were moderately resistant to pepper anthracnose while the remaining three M’daku, Bor kono 
23       tsifidi, Sombo were moderately susceptible to the disease. Ex-kunkunu was tolerance to pepper 
24       anthracnose.  Correlation  results  showed  positive  significant  correlation  (r  =  0.53)  between 
25       nursery disease and fruit anthracnose. 
26 

27       Keywords: Screening, resistance, anthracnose, pepper, accessions. 
28 

29       1. INTRODUCTION 
 

30       Pepper (Capsicum spp) is considered to be one of the most important crops in the tropics. In 
 

31       Nigeria, pepper is regarded as the third most important vegetable after onions and tomatoes [1, 
 

32       2]. It is known as one of the commodities with great potential for commercialization in Nigeria 
 

33       [3]. It is cultivated mainly in the Northern Guinea Savanna with about 60% of the total national 
 

34       output  [4].  Pepper  was  ranked  seventh  in  North  Central  Nigeria  and  listed  among  the 
 

35       commodities with returns greater than US$1 billion over a period of 17years [3].
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36       Anthracnose  disease  of  pepper  characterized  by  fruit  lesions  evident  by  concentric  rings 
 

37       produced by the acervuli is the most economical disease of pepper caused by Colletotrichum 
 

38       capsici [5].  Colletotrichum spp. is capable of causing disease on many of the chilli plant parts 
 

39       during any stages of growth. However, fruit lesions are the most economically important aspect 
 

40       of this disease [5]. Incidence of the anthracnose disease in the nursery and on the field is a 
 

41       problem in most pepper growing regions of Nigeria, where conditions are conducive for disease 
 

42       development especially in years recording high rainfall and humidity. Anthracnose is one of the 
 

43       serious diseases on pepper that causes yield loss and reduces the quantity and marketability of 
 

44       fruits by reducing the dry weight and lowering quantities of capsaicin and oleoresin indicative of 
 

45       reduced fruit quality. Infected seeds usually turn rusty while infected fruits often lose their 
 

46       pungency and taste [6]. 
 

47     Infected fruits showing blemishes are generally considered unfit for human consumption and may 
 

48     be  toxic to  humans  and  animals  [6].  Small  anthracnose  lesions  on  pepper  fruits  have  been 
 

49     reported to reduce their marketable value [7]. 
 

50     Crop protection achieved through host plant resistance is a preferred option, especially for the 
 

51     resource-poor  farmers.  The  introduction  of  better  adaptable,  well  performing  varieties  with 
 

52     tolerance/resistance to nursery and field diseases could be used to boost pepper production and 
 

53     quality of pepper in Nigeria. Identifying sources of resistance for economic diseases is important 
 

54     for effective and long term control of such diseases. 
 

55     Although some sweet pepper varieties were earlier screened for tolerance/resistance to pepper 
 

56     anthracnose by [8] resistant varieties were not identified. There is the need to screen more exotic 
 

57     breeding lines and local pepper varieties of the sweet and hot pepper types for resistance to pepper 
 

58     anthracnose disease. The identification and introduction of pepper varieties with high yield and
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59     resistance/tolerance to anthracnose is important for effective and long term control of the disease. 
 

60     The selected high yielding exotic lines and local accessions with moderate yield were screened for 
 

61     resistance to anthracnose under natural infection with the aim of identifying promising varieties 
 

62     that could be bred by combining desirable traits such as high yield and resistance to anthracnose. 
 

63       This study therefore seeks to evaluate some hot, sweet exotic and local varieties of pepper for 
 

64       resistance/tolerance to pepper anthracnose in the seedling and mature stages in order to select 
 

65       varieties of economic importance that can adapt well to the Dystric Ustropept [9] environment in 
 

66       Makurdi, North Central Nigeria. 
 

 

67       2. MATERIALS AND METHODS 
 

68 

69       2.1 Pepper Varieties 
 
 

70       Fifteen exotic breeding lines viz AVPP 0013, AVPP 0401, AVPP 9814, AVPP 9809, AVPP 
 

71       9807, AVPP 0403, AVPP 0706, AVPP 0802, AVPP 0513, AVPP 0412, AVPP 0114, AVPP 
 

72       9801, AVPP 9813, AVPP 9905, AVPP 9612 were collected from the Genetics Resources and 
 

73       Seed Unit of The World Vegetable Center (AVRDC) Taiwan in 2012. Seven varieties namely 
 

74       GHA, Tugantashi, Bor kono tsifidi, M'daku, Prof fintashi, N-M-Iddi and Ex kunkunu were 
 

75       obtained from the Institute of Agricultural Research (IAR) Zaria, Nigeria. The remaining six 
 

76       varieties namely African Birdeye pepper, Atarodo, Tatashe, Sombo, Nsukka yellow and Cayenne 
 

77       were sourced locally. 
 
 

78       A viability test was conducted in the laboratory using a total of 1400 seeds (at the rate of 50 
 

79       seeds per pepper line and accession). The experiment was a Completely Randomized 
Design 

 

80       replicated three times. Incubated seeds were examined for the presence of C. capsici. Infected 
 

81       seeds were counted and recorded as percentages.
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82       After the initial nursery planting, five exotic pepper varieties namely AVPP 0013 (Chilli pepper), 
 

83       AVPP 0706 (Chilli pepper), AVPP 0802 (Chilli pepper), AVPP 9809 (Sweet pepper), AVPP 
 

84       9905 (Chilli pepper) and six  local  accessions  namely Bor kono tsifidi, Ex- Kunkunu, Prof 
 

85       fintashi,  GHA,  M’daku,  N-M-Iddi,  Birdeye,  Nsukka  yellow  and  Sombo  which  had  high 
 

86       percentage germination were further evaluated for field resistance/tolerance to anthracnose in 
 

87       Makurdi. 
 
 

88       2.2 Nursery Screening 
 

89       The nursery preparation involved the application of poultry dung (applied three weeks before 
 

90       planting) to the top soil in the ratio 3:2 in beds 1m x 2.5m wide. The seeds of fifteen pepper 
 

91       varieties were treated with Seed Plus 30WS (a.i Imidactoprid 10% (Systemic insecticide) + 
 

92       Metalaxyl  10%  (systemic  fungicide)  +  Carbendazim  10%  WS  (systemic  fungicide)  at  the 
 

93       recommended rate of 30ml/2kg seed and placed in drills. Fifty seeds of each variety were planted 
 

94       in drills 10cm apart and at 1cm depth on nursery beds 1m x 2.5m wide on the 10th of April, 2012 
 

95       and 17th  April, 2013. The experiment was a Completely Randomized Design replicated 

three 
 

96       times. The beds were watered and mulched with dry grass. Mulch was removed after seedling 
 

97       emergence and shade was removed at 3WAP to harden seedlings in preparation for transplanting 
 

98       at 4WAP. 
 

 

99       2.3 Field screening 
 

100 

 
101 

 
102 

Two field trials were conducted in 2012 and 2013 cropping seasons at the experimental site of 

the University of Agriculture, Makurdi in the Southern Guinea Savannah of Nigeria ( 7o  45’N, 

8
o  

35’ E). Top soil (0-15cm) for the nursery and field sites  used for the experiment were

103 analyzed for physical and chemical properties.
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104 Seedlings of the different varieties were transplanted to mini plots of 2.5m x 1.5 m size. The

105 gross land area (37.50m x 22.5m) was 0.084 ha with one metre between blocks. The experiment

106 

 
107 

 
108 

was  Randomized  Complete  Block  Design  with  three  replications  for  each  variety.  

The experiment was laid out on a plot measuring 12m x 21m (252m2) with mini plots 

measuring 2.5 

x 0.75m (1.88m
2
). Six weeks old pepper seedlings were transplanted on 26

th 
of May 2012 and 1

st

109 June 2013.
 

110 2.4 Data collection

111 Data were collected on environmental conditions (Agroclimatological Indices) from Nigerian

112 Meteorological  Agency,  Makurdi  and  on  some  important  growth  parameters  and  yield

113 characters.  Data  on  seedling  establishment  was  calculated  as  the  percentage  of  seedlings

114 established 4WAT. Seedling height at 30 days after planting (DAP) was measured from the

115 ground level to shoot apex of the plant with a ruler.   Arc sine transformation was applied to

116 incidence data while square root transformation was done for germination percentages before

117 analysis.  Correlation  coefficients  between  laboratory,  nursery  and  field  parameters  were

118 determined  across  the  two  seasons  at  5%  probability.  Data  were  subjected  to  Analysis  of

119 Variance (ANOVA) using Genstat 10 statistical software and SAS version 9.2 Edition [10].

120 Significant treatment means were separated using DNMRT at 5% level of significant [11].
 

121 Disease Assessment: The incidence of anthracnose infection (percentage calculated on the basis

122 of diseased plants over the total plants assessed) was recorded.

123 Using the disease scale the mean disease reaction class of each variety across the two years was

124 determined as described by [12] as shown below:
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125 R=Resistant (1-20%), MR = Moderate resistant (21 -40%), MS= Moderately Susceptible (41 -

126 60%), S = Susceptible (61 -80%), HS = Highly Susceptible (81-100%).

127 3. RESULTS

128 3.1 Soil properties and Meteorological data of experimental site
 

129 Results of the nursery and field soil analysis are presented in Table 1. The result of the soil

130 physical and chemical analysis showed that the soil of the experimental sites was sandy loam and

131 

 
132 

slightly  acidic  with  a  pH  of  6.24  and  6.33  for  the  nursery  and  field  sites  respectively. 
 

Phosphorus was higher in the field (4.5 mg kg-1) than in the Nursery (0.38 mg kg-1).
 

133 Table 1: Physical and chemical properties of the soil of the experimental sites 
 

Soil Properties                                                               Percent composition
 

  Nursery site Field site 

Particle size distribution (%)   

Sand 80.08 83.50 
Clay 10.92 7.20 
Silt 9.00 9.28 
Textural class Sandy loam Sandy loam 
pH (H2O) 6.24 6.33 

Exchangeable bases(Cmol/kg)   

Potassium 0.33 0.38 
Magnesium 2.40 1.93 
Sodium 0.21 0.57 
Calcium 3.20 3.52 
Chemical properties (%)   

Organic carbon 1.30 2.61 
Organic matter 2.24 4.52 
Nitrogen 0.08 0.07 

Phosphorus (mg kg
-1

) 0.38 4.50 
134    

135    

136 Figure 1 shows the trend of temperature (o C), relative humidity (%) and rainfall (mm) for the

137 2012  and  2013  cropping  season.  Temperature  and  relative  humidity  was  favourable  for

138 anthracnose  development  during  the  time  the  experiment  was  carried  out  in  both  years.
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139 Temperature differed slightly during the two cropping seasons with temperature varying between

 

140 
o 

26 – 29 C, relative humidity ranged between 62% and 80% and monthly rainfall between 123-

141 352mm.  Total  annual  rainfall  for  2012  was  1392.30mm  while  for  2013  was  1287.80mm.

142 Relative humidity of 80% was recorded in August (13 WAT) for both years corresponding to the

143 fruiting stage in pepper when anthracnose infected pepper fruits.
 

144 In 2012, the peak rainfall (352 mm) was observed in July (9 WAT) at the flowering and fruiting

145 stage coincided with the flooding experienced at the location during the 2012 cropping season.

146 The high rainfall during this growth period may have resulted in high cloud cover which reduced

147 the rate of photosynthesis and subsequently reduced yield. In 2013 the rainfall had its peak in

148 September  (285  mm)  which  was  the  harvesting  period  (17  WAT)  when  fruit  anthracnose

149 

 
150 

 

151 

occurred.
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Figure 1: Meteorological data of the 2012 and 2013 cropping season for Makurdi, Nigeria
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166 

4.2 Incidence of Colletotrichum capsici on pepper seeds 
 

The result presented in Table 3 shows the percentage incidence of Colletotrichum capsici on 

pepper seeds. The incidence of C. capsici was significantly higher (p˂0.05) on Prof fintashi 

seeds with an incidence of 35% followed by AVPP 9809 with 25% incidence, AVPP 9905, Ex 

kunkunu and Birdeye seeds recorded 15% incidence   while N-M-Iddi had 5% incidence. All 

other varieties had no incidence of C. capsici on their seeds before planting. 

 
 

Table 3: Percentage incidence of Colletotrichum capsici isolated from pepper seeds in the 

laboratory 

 
 

Variety                                               Percentage Incidence 
 

AVPP 9905                                                        15c 

AVPP 9809                                                        25b 

N-M-Iddi                                                            5d 

Prof fintashi                                                       35a 

Ex kunkunu                                                       15c 

Birdeye                                                              15c

167 The germination of twenty eight breeding lines and varieties determined in the laboratory and in

168 the nursery is presented in Table 4. The variability test showed high germination percentages for

169 exotic lines but they exhibited low establishment. In 2012, the exotic lines germinated better than

170 the local varieties. Percentage germination ranged between 10 and 100% with Bor Kono tsifidi

171 having the least  germination  (10%),  AVPP  0013,  9814,  0706,  0802,  and  9905  with  100%

172 germination. AVPP 0802 reached 100% germination eleven days after planting.  The tallest

173 seedling height of 11.4cm and 20.7cm was recorded by Prof fintashi and Ex-kunkunu varieties in

174 2012 and 2013 respectively while the shortest seedling height of 3.1cm and 10.8cm was recorded

175 

 
176 

by Sombo and Nsukka yellow respectively for the two cropping seasons.
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178 

179 

Table 4: Seed viability, Germination percentages and Average seedling height of twenty eight 
pepper lines and accessions

 

Breeding 

line/Accession 

Seed Viability 

(%) 

% Nursery 

Germination 

2012 

% Nursery 

Germination 

2013 

Average 

seedling 

height 

2012 

 

 
 
(cm) 

Average 

seedling height 

(cm) 2013 

 
AVPP 0013 

 
100.0a

 

 
59.0de

 

 
36.0f

 

 
9.0d

 

  
14.5e

 

AVPP 0706 100.0a
 74.0b

 20.0h
 10.7b

  15.0e
 

AVPP 0802 100.0a
 70.0b

 50.0d
 5.8gh

  16.8d
 

AVPP 9809 70.0dc
 56.0e

 12.0i
 6.2g

  18.0c
 

AVPP 9905 100.0a
 22.0j

 50.0d
 4.6k

  12.8f
 

AVPP 9814 

AVPP 0513 

AVPP 9813 

100.0a
 

90.0ab
 

90.0ab
 

62.0dc
 

8.0lm
 

0.0n
 

6.0j
 

0.0k
 

0.0k
 

9.0d
 

5.0ijk 

0.0n
 

 8.5h
 

0.0i
 

0.0i
 

AVPP 0403 90.0ab
 40.0g

 0.0k
 5.4hi

  0.0i
 

AVPP 9807 90.0ab
 0.0n

 0.0k
 0.0n

 
 0.0i

 

AVPP 0114 80.0bc
 64.0c

 0.0k
 6.2g

 
 0.0i

 

AVPP 9612 70.0dc
 24.0i.j

 0.0k
 3.4lm

 
 0.0i

 

AVPP 0401 70.0dc
 62.0dc

 0.0k
 9.0cd

  0.0i
 

AVPP 9801 60.0de
 22.0j

 0.0k
 3.7l

  0.0i
 

AVPP 0412 60.0de
 12.0kl

 0.0k
 5.8gh

  0.0i
 

Tugantashi 30.0gh
 4.0nm

 0.0k
 4.9jk

  0.0i
 

Atarodo 40.0fg
 50.0f

 44.0e
 5.1ij

  8.5h
 

Tatashe 35.0gh
 50.0f

 36.0f
 7.0f

  14.5e
 

Birdeye 30.0gh
 92.0a

 24.0g
 7.5e

  15.2e
 

Bor kono tsifidi 10.0i
 14.0k

 50.0d
 9.1cd

  20.0ab
 

Cayenne 25.0h
 40.0g

 60.0c
 7.9e

  17.7cd
 

Ex Kunkunu 40.0fg
 28.0i

 40.0f
 9.5c

  20.7a
 

GHA 40.0fg
 28.0i

 42.0e
 3.6l

  18.2c
 

M’daku 50.0ef
 22.0j

 44.0e
 7.8e

  19.5b
 

N-M- Iddi 70.0dc
 26.0ij

 70.0a
 8.9d

  18.2c
 

Nsukka yellow 80.0bc
 42.0g

 38.0f 5.3ij
  10.8g

 

Prof fintashi 40.0fg
 34.0h

 44.0e
 11.4a

 
 20.0ab

 

Sombo 35.0gh
 88.0a

 66.0a
 3.1m

  18.8d
 

 

180 
181 

 

182 

Means followed by the same alphabet along the column are not significantly different from one another according to 
Duncan New Multiple Range test at 5% probability level.
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183 Table 5 shows the percentage incidence of leaf spot for fifteen varieties of pepper screened for

184 resistance to anthracnose pepper diseases at 6WAP for two cropping seasons in Makurdi. AVPP

185 0706, 0802, 9809, Bor Kono tsifidi, Cayenne and Nsukka yellow were classified as resistant

186 while the remaining lines and accessions were classified as moderately susceptible.
 

187 

188 

Table 5: Percentage incidence of leaf spot for fifteen varieties of pepper screened for resistance 
  to anthracnose pepper diseases at 6WAP for two cropping seasons in Makurdi.       

Variety                     Disease incidence 
(%)

2012                        2013            Mean disease Reaction class
                               incidence                   

 

AVPP 0013 
 

AVPP 0706 

1.0f
 

 

1.0f
 

97.4b
 

 

1.0k
 

49.2d
 

 

1.0m
 

 MS 
 

R 

AVPP 0802 
 

AVPP 9809 

1.0f
 

 

33.2a
 

34.0i
 

 

1.0k
 

17.5j
 

 

17.1k
 

 
R 

 

R 

AVPP 9905 
 

Birdeye 

15.4c
 

 

1.0f
 

100.0a
 

 

93.0e
 

57.7a
 

 

47.0h
 

 MS 
 

MS 

Bor kono tsifidi 
 

Cayenne 

1.0f
 

 

1.0f
 

24.0j
 

 

1.0k
 

12.5l
 

 

1.0m
 

 
R 

 

R 

Ex Kunkunu 
 

GHA 

1.0f
 

 

1.0f
 

77.0g
 

 

96.0d
 

39.0i
 

 

48.5f
 

 MR 
 

MS 

M’daku 
 

N-M- Iddi 

1.0f
 

 

11.0e
 

97.0c
 

 

96.0d
 

49.0e
 

 

53.5b
 

 
MS 

 

MS 

Nsukka yellow 

Prof fintashi 

Sombo 

1.0f
 

 

12.7d
 

 

28.3b
 

1.0k
 

 

92.0f
 

 

67.0h
 

1.0m
 

 

52.4c
 

 

47.7g
 

 
R 

MS 

MS 

189 
190 

 

191 
 

 

192 
 

 

193 

Means followed by the same alphabet along the column are not significantly different from one another according to 
Duncan New Multiple Range test at 5% probability level.
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194 4.3 Seedling establishment
 

195 The percentage seedling establishment for fifteen varieties of pepper screened for resistance to

196 anthracnose for 2012 and 2013 cropping season is presented in Table 6. Thirteen pepper lines

197 and accessions died off in all the replications in the nursery indicating that they did not adapt to

198 the Southern Guinea Savannah agro ecology of Nigeria.

199 Percentage establishment was not significantly different among the remaining fifteen pepper

200 lines and accessions screened in 2012. However, highest seedling establishment of 93.33% was

201 recorded by Cayenne and Ex- kunkunu while the least seedling establishment of 60% was

202 recorded by Nsukka yellow, birdeye and AVPP 0706 in 2012. There was significant difference in

203 seedling establishment among varieties in 2013. Borkono tsifidi, Cayenne, Ex-kunkunu, Prof

204 fintashi and Sombo had the highest seedling establishment of 100% in 2013 while the lowest

205 

 
206 

seedling establishment of 40% was recorded by AVPP 0706, AVPP 9809 and birdeye in 2013.

 

207 
 

208 

Table 6: Percentage field establishment of fifteen varieties of pepper screened for resistance to 
 

anthracnose for 2012 and 2013 cropping season in Makurdi
 

 

Variety                             Percent establishment 
 

 
 
 

2012                                    2013 

 
 

 
AVPP 0013 

 
AVPP 0706 

 

 
80.0a

 

 

60.0a
 

 

 
100.0a

 

 

40.0e
 

 

AVPP 0802 73.3a
 93.3b

 

 

AVPP 9809 
 

AVPP 9905 

86.7a
 

 

73.3a
 

40.0e
 

 

93.3b
 

 

Birdeye 60.0a
 40.0e
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Bor kono tsifidi 
 

Cayenne 

86.7a
 

 

93.3a
 

100.0a
 

 

100.0a
 

 

Ex Kunkunu 93.3a
 100.0a

 

 

GHA 
 

M’daku 

73.3a
 

 

66.7a
 

86.7c
 

 

93.3b
 

 

N-M- Iddi 
 

Nsukka yellow 

66.7a
 

 

60.0a
 

86.7c
 

 

53.3d
 

 

Prof fintashi 86.7a
 100.0a

 

 

Sombo 80.0a
 100.0a

 

209 
210 

 

211 

Means followed by the same alphabet along the column are not significantly different from one another according to 
Duncan New Multiple Range test at 5% probability level. 
 

4.4. Screening of pepper breeding lines and accessions for fruit anthracnose
 

212 Data on the incidence of fruit anthracnose for 2012 and 2013 is presented in Table 7. The

213 incidence of pepper fruit anthracnose was significantly (P≤ 0.05) higher in 2013 compared with

214 2012.  In  2012,  anthracnose  incidence  was  significantly  higher  in  AVPP  9809  (31.14  %)

215 compared with GHA (1.44 %) and bird’s eye (2.43 %). In 2013, anthracnose incidence increased

216 significantly in Bor kono tsifidi and Sombo (38.44 %) and decreased in AVPP 0706 (1.00 %)

217 and Nsukka yellow (1.90 %). The mean fruit anthracnose incidence was classified as resistant in

218 all the varieties screened except AVPP 9809, Bor kono tsifidi, Prof fintashi and Sombo which

219 were classified as moderately resistant. GHA variety had the least percentage incidence for

220 anthracnose (2.13 %) and this was not significantly different (P≥0.05) from the anthracnose

221 recorded in Bird’s eye variety (2.89 %).
 

222 The data on the mean severity of fruit anthracnose for 2012 and 2013 is presented in Table 4.

223 The severity of pepper anthracnose was significantly lower (P≤ 0.05) in bird’s eye variety (8.33

224 %) in 2012 and (4.67 %) in 2013 compared with all other varieties. Variety AVPP 0706, Bird’s

225 eye and Nsukka yellow were rated as resistant based on severity of fruit anthracnose. Bor kono
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226 tsifidi,  M’daku  and  Sombo  were  classified  as  moderately  susceptible  while  the  remaining

227 varieties were classified as moderately resistant.
 

228 

229 

Table 7: Effect of Pepper Variety on the Incidence of Pepper  Anthracnose in 2012 and 2013 in 
Makurdi

 
Variety 2012 2013 Variety mean Reaction 

AVPP 0013 4.93e
 14.59d

 9.76cd
 R 

 

AVPP 0706 9.49c
 1.00g

 5.25e
 

 

R 
 

AVPP 0802 2.69fg
 22.85b

 12.77bc
 

 

R 
 

AVPP 9809 31.14a
 11.56e

 21.35a
 

 

MR 
 

AVPP 9905 19.71b
 6.86f

 13.29b
 

 

R 
 

Bird’s eye 2.43fg
 3.35g

 2.89f
 

 

R 
 

Bor kono tsifidi 5.66e
 38.44a

 22.05a
 

 

MR 
 

Cayenne 3.80ef
 18.15c

 10.98c
 

 

R 
 

Ex Kunkunu 2.43fg
 17.22c

 9.83cd
 

 

R 
 

GHA 1.44g
 2.82g

 2.13f
 

 

R 
 

M’daku 7.67d
 22.94b

 15.31b
 

 

R 
 

N-M- Iddi 3.76ef
 26.83b

 15.30b
 

 

R 
 

Nsukka yellow 10.96c
 1.90g

 6.43e
 

 

R 
 

Prof fintashi 9.00cd
 34.22b

 21.61a
 

 

MR 
 

Sombo 5.15e
 38.44a

 21.80a
 

 

MR 

230 
231 

 

232 

Means followed by the same alphabet along the column are not significantly different from one another according to 
Duncan New Multiple Range test at 5% probability level. 
 

Data presented in Table 8 shows the severity of pepper fruit anthracnose on naturally infected

233 pepper varieties in 2012 and 2013 in Makurdi.
 

234 The highest disease severity was recorded on Bor kono tsifidi variety. The lowest severity was

235 recorded by birdeye for both years. The exotic breeding lines were moderately resistant to
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236 anthracnose  infection.    AVPP  0706,  GHA  and  Bird’s  eye  had  resistant  reaction  to  pepper

237 anthracnose.
 

238 Table 8: Effect of Pepper Variety on the Severity of Pepper Anthracnose in 2012 and 2013 in Makurdi
 

Variety 2012 2013 Variety Mean Reaction 

AVPP 0013 31.67ab
 44.22d

 25.30bc
 MR 

 

AVPP 0706 21.00ab
 0.50j

 10.75d
 

 

R 
 

AVPP 0802 25.33ab
 41.22d

 33.28abc
 

 

MR 
 

AVPP 9809 40.00a
 8.07h

 24.04cd
 

 

MR 
 

AVPP 9905 41.67a
 8.07h

 24.87bc
 

 

MR 
 

Bird’s eye 8.33c
 4.67i

 6.50d
 

 

R 
 

Bor kono tsifidi 50.00a
 50.55c

 50.28a
 

 

MS 
 

Cayenne 17.67abc
 36.48e

 27.08bc
 

 

MR 
 

Ex Kunkunu 21.67abc
 30.91f

 26.29bc
 

 

MR 
 

GHA 25.00abc
 38.44de

 31.72abc
 

 

MR 
 

M’daku 25.00abc
 59.29a

 42.15a
 

 

MS 
 

N-M- Iddi 20.00abc
 53.73b

 36.87ab
 

 

MR 
 

Nsukka yellow 20.00abc
 18.40g

 19.20cd
 

 

R 
 

Prof fintashi 16.67abc
 53.73b

 35.20abc
 

 

MR 
 

Sombo 43.33a
 53.73b

 48.53a
 

 

MS 

239 
240 

 

241 

242 
243 
244 
245 

Means followed by the same alphabet along the column are not significantly different from one another according to 
Duncan New Multiple Range test at 5% probability level. 
 

R=Resistant (1-20%), MR = Moderate resistant (21 -40%), MS= Moderately Susceptible (41 - 
60%), S = Susceptible (61 -80%), HS = Highly Susceptible (81-100%)
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246 

247 
248 

249 

Figure 2: Incidence of Pepper anthracnose on two exotic pepper lines

 

250 Mean yield of fifteen varieties of pepper screened for disease resistance for two consecutive

251 years in Makurdi is presented in table 9. Ex- kunkunu  had the highest mean yield of yield of

252 2.24t/ha while GHA had the lowest mean   yield of 0.68t/ha.   The differences in   fruit yield

253 recorded in the two cropping seasons in this study agrees with the report of Idowu–Agida et al.

254 (2010) which reported significant effect of season on the yield of different pepper accessions

255 with a higher yield in the second season than in the first season.
 

256 

257 

Table  9:  Mean  yield  of  fifteen  varieties  of  pepper  screened  for  disease  resistance  for  two 
consecutive years in Makurdi.

 

Variety Yield (tons/ha)  Mean 
(tons/ha) 

yield 

 
AVPP 0013 

2012 

1.54
bcd

 

2013 

0.71
cd

 

 

1.13bc
 

 

 

AVPP 0706 1.31 bcd
 1.02bcd

 1.17abc
 

 

 

AVPP 0802 1.99abc
 1.73ab

 1.86ab
 

 

 

AVPP 9809 2.24ab
 0.53d

 1.39abc
 

 

 

AVPP 9905 0.64 d 1.15bcd
 0.90bc

 
 

 

Birdeye 0.85d
 1.04bcd

 0.95bc
 

 

 

Bor kono tsifidi 1.31 bcd
 0.59d

 0.95bc
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Cayenne 0.73d
 0.94bcd

 0.84bc
 

 

Ex Kunkunu 2.84a
 1.64abc

 2.24a
 

 

GHA 0.72d
 0.64ab

 0.68c
 

 

M’daku 1.07 bcd
 1.87ab

 1.47abc
 

 

N-M- Iddi 1.46 bcd
 1.62abc

 1.54abc
 

 

Nsukka yellow 1.01 bcd
 0.93bcd

 0.97bc
 

 

Prof fintashi 1.92 abc
 1.22abcd 1.57abc

 

 

Sombo 0.68 d 2.18a
 1.43abc

 

258     
 

259 Table  10  shows  correlation  coefficient  between  laboratory  and  field  parameters  for  fifteen

260 breeding lines and accessions. The result indicates moderate significant and positive correlation

261 between nursery leaf spot infection and fruit anthracnose for both years (r = 0.53 and r = 0.47).

262 Conversely, negative correlation was obtained between nursery germination and yield, seedling

263 height and fruit anthracnose in 2012.
 

264 

265 

Table 10: Correlation coefficient between germination, growth, yield and disease parameters of 
fifteen breeding lines and accessions in Makurdi for 2012 and 2013 cropping season. 
 

Parameters                                                                                Correlation 
coefficient(r) 

2012                             2013
 

Laboratory germination vs nursery germination                      0.23                              0.38* 
Laboratory germination vs yield                                               0.32                              0.03 
Nursery germination vs nursery disease                                   0.02                              0.45* 
Nursery germination vs yield                                                   -0.15                             0.58* 
Nursery disease vs  fruit  anthracnose                                      0.53*                            0.47* 
Seedling height vs  fruit anthracnose                                        -0.10                             0.66* 

266 4. DISCUSSION

267 Pepper lines and accessions evaluated in this study had good seed germination percentages of

268 75% to 100% during the laboratory germination test but had reduced seedling emergence in the

Comment [H6]: not acceptable  
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269 nursery. The differences in the seed germination and seedling emergence could be attributed to

270 the differences in water holding capacity of the growth media and temperatures in the laboratory

271 and nursery. This is in line with the report of [14] which observed that germination tests done in

272 the laboratory do not represent field germination due to differences in environmental conditions.

273 According to  [14]  laboratory germination  tests  using filter paper had  a  higher  germination

274 percentage of grass seeds than grass seeds planted in the soil on the field. The incidence of C.

275 capsici on the pepper seeds suggests the possibility of nursery-to-field infection due to the seed

276 borne nature of C. capsici. This agrees with the report of [15] in which a carry-over of nursery-

277 initiated  infections  was  reported  on  the  field  for  some  pathogens  including  Colletotrichum

278 gloeosporioides.  According  to  [16],  seed  contamination  contributed  to  initial  infections  on

279 tomato transplants. Furthermore [17] observed that disease estimation under controlled condition

280 such as in the laboratory may be unreliable and may not be applicable to field conditions due to

281 environmental fluctuations on the field. Although [18] observed that laboratory germination was

282 not significantly correlated with field emergence of wheat lines, [19] however reported that good

283 laboratory  performance  produced  good  field  emergence  in  rice  genotypes.  [20]  reported

284 differences among kenaf genotypes for twenty one traits studied and recommended the selection

285 of the traits for improvement based on the large variability of the genotypes.

286 The varying viability and germination percentages of pepper varieties screened for resistance to

287 anthracnose may be attributed to the presence of fungi in the seeds before planting. The presence

288 of C. capsici on pepper seeds in this study may be responsible for the low germination of seeds.

289 [21] attributed poor germination to fungal infection and noted that seed borne fungal infection

290 results in seedling diseases under the right environmental conditions and may lead to poor yield.

291 Similarly, Seed borne fungi could retard seed germination and seedling viability resulting in poor
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292 stand establishment [22].   Also, [23] observed that poor quality seeds will result in low field

293 emergence producing seedlings that are more sensitive to plant diseases with reduced quality and

294 yield.
 

295 The number of plants established in the field relative to number sown is the final analysis of

296 success of the planting operation. Planting of pepper seeds was more successful in 2013 than in

297 2012 because of the higher seedling establishment. Successful crop establishment involves the

298 germination and emergence of plants with strong seedling vigour. The report of [24] attributed

299 poor performance of pepper to poor early growth while [25] noted that healthy plant varieties

300 that germinate fast are considered the strongest and are better able to tolerate pathogens.

301 The significant effect of seedling height in this study shows the vigorous nature of seedling

302 growth in this study. This is in line with the report of [26] which reported plant height as the

303 strongest morphological trait used to identify vigorous seedlings of Acacia senegal.

304 The higher severity of anthracnose on pepper fruits in 2013 may be attributed to high rainfall and

305 high  humidity  during  the  harvesting  stage  which  provided  the  favourable  environment  for

306 disease  development.  This  is  in  line  with  the  findings  of  [27]  in  which  high  rainfall  was

307 attributed to increased fruit rot among pepper accessions of South West Nigeria. This agrees with

308 the report of [13, 28] in which severe sorghum anthracnose disease was recorded in areas with

309 high rainfall and intermediate temperature. The report observed a strong influence of rainfall on

310 anthracnose development. Anthracnose infection of pepper lines and accessions is likely to have

311 affected pepper yield in this study. [13] noted that anthracnose severities greater than 20% could

312 impact sorghum  yield. [25] also attributed variations in the incidence and severity of plant

313 diseases to host genotypes and planting environment.
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314 The variation in yield could be due to different dry matter partitioning ability of pepper plants

315 [29]. The work of [27] indicated that different accessions of pepper performed differently in

316 different  seasons  due  to  the  varying  environmental  factors  that  either  enhance  or  limit

317 productivity. The lower yield recorded in GHA and Bird’s eye which were resistant could be

318 attributed to their small fruit sizes. [8] and [12] had earlier reported that varieties with smaller

319 fruits produced less weighty fruits per hectare. Also, [30] reported low incidence of pepper

320 anthracnose in the southern part of Benue State where Bird’s eye pepper was predominantly

321 cultivated.  [31]  associated  resistance  to  anthracnose  disease  with  high  concentrations  of

322 capsaicin in some chili varieties.

323 Although Ex- kunkunu recorded moderate anthracnose incidence and severity, its yield was

324 higher compared with other lines and   accessions indicating it’s tolerant to anthracnose. This

325 resistance/tolerance can be attributed to inherent resistance to infection by C. capsici as reported

326 by [32].
 

327 5. CONCLUSION AND RECOMMENDATION

328 This study revealed two local pepper accessions and one exotic breeding line that was resistant to

329 pepper anthracnose under field conditions. The resistant local accessions identified in this study

330 can be used in the development of improved Capsicum spp. varieties resistant to Colletotrichum

331 capsici by crossing these identified accessions with exotic lines with desirable traits to produce

332 pepper fruits with resistance to anthracnose and greater yield.

333 

334 

335 

336 

337 

338 

339 

340 
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