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Abstract

Fusarium wilt caused by Fusarium oxysporum f.sp. ciceri is a devastating disease of chickpea
in Pakistan. In the present study one hundred and fifty eight genotypes of recent origin were
evaluated under artificial disease condition to identify genetic sources of resistance against this
disease. The experiment was planted in an augmented design with single replication. Disease
observations were recorded at seedling and reproductive stages. There was a considerable variation
between genotypes with respect to their disease reaction at both stages of evaluation. At seedling
stage the disease incidence ranged from 0% to 57.2% and at reproductive stage it varied from 0% to
100%. At seedling stage, 107 genotypes exhibited resistant response, 29 were tolerant and 22 were
susceptible. On the contrary, only 3 genotypes with disease incidence 0%, 6.7% and 8.3% were
resistant, 4 with disease incidence of 18.2 to 20% were tolerant and 151with disease incidence of
25% to 100% were susceptible at reproductive stage. Three genotypes, F98-75C, F98-181C and
F98-193C were consistently resistant at both stages. Three genotypes (CM32/91 X PAIDAR 91,
F98-166¢, and F98-28C) were resistant at seedling stage and tolerant at reproductive stage whereas
a single genotype (ICC 11514 x ICC422 X C44) was consistently tolerant. These genotypes may be
exploited in breeding programs to pyramid resistant genes.

Introduction

Chickpea is the most important pulse crop of Pakistan. The 5 years average data
shows that it is annually cultivated on 1074 thousands hectares with 615 kg/hectare yield
and 660.7 thousand tones production (Anon., 2000). The productivity of chickpea in
Pakistan is below world average, and has been uncertain, erratic and low amounting to
only about 10% of the world’s produce (Auckland & Van-der-Maesan, 1980). One of the
factors responsible for low yield is the occurrence of diseases particularly the wilt caused
by Fusarium oxysporum Schlecht. Emend Snyd. & Hans. f.sp. ciceri Padwick. It is a
serious disease of chickpea in India. Iran, Pakistan, Nepal, Burma, Spain and Tunisia and
has also been reported from Bangladesh, Ethiopia, Malawi, Mexico, Peru, Syria, the USA
(Nene et al., 1984). The yield losses due to this disease may vary from 10-90% (Jimenez-
Diaz et al., 1989, Ratnaparkhe et al., 1998). According to an estimate the annual loss of
US $ 1 million may be caused by this disease in Pakistan (Sattar et al., 1953). Wilt has
reduced the share of chickpea from 50% in 1950s to 10% in 1990s on irrigated lands in
Pakistan (Hanif et al., 1999). An annual yield loss of 12-15% in chickpea, caused by
wilts and root rot, in Spain was estimated by Trapero-Casas & Limenez-Diaz (1985). The
production of chickpea in California declined largely because of chickpea wilt
(Buddenhagen et al., 1988). At ICRISAT, it was found that early wilting causes more
loss than late wilting and the seeds harvested from late wilted plants were less heavy and
dull than that from healthy plants (Haware & Nene, 1980). At least 7 races of fungus
causing wilt disease have been reported (Haware & Nene, 1982b; Philips, 1988; Jimenez-
Diaz et al., 1989). However, no information on existence of races in Pakistan is available
despite the variation in isolates collected from different sites (Iftikhar et al., 2002).
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Chemical control of wilt is not much effective and economical because the pathogen
is soil as well as seed-borne in nature and is difficult to eradicate. Fungal chlamydospores
survive in soil up to 6 years even in the absence of the host plants (Haware et al., 1996).
The use of resistant cultivars is the best and the cheapest method to minimize losses
caused by wilt. There is no reliable information in the literature on resistant sources
against Pakistani isolates of fungus causing wilt in chickpea. The present study was
therefore, undertaken to evaluate the newly developed genotypes of chickpea for
resistance against local isolates of wilt fungus.

Materials and Methods

One hundred and fifty eight genotypes of diverse origin, obtained from various
sources constituted the experimental material of this study. These genotypes were planted
in a wilt sick plot at Nuclear Institute for Agriculture and Biology (NIAB), Faisalabad. A
mixture of various isolates of wilt fungus was used to develop this wilt sick plot. The
experiment was planted on 14™ of October 2001 in an augmented design with a single
replication. Each genotype was planted in a 4m long single row plot. Row to row and
plant-to-plant distance were respectively maintained at 30cm and 10cm. A highly wilt
susceptible genotype, AUG424, was repeatedly planted after every two test entries. The
disease data were recorded at two stages of plant growth i.e. at seedling stage and at
reproductive stage (near physiological maturity). The data on wilted plants of test entries
at seedling stage were recorded when 100% Kkilling of the susceptible check had occurred.
The second stage data on wilted plants were recorded at the initiation of physiological
maturity. The wilt incidence of each entry was calculated by the following formula:

No. of plants wilted
Wilt incidence = x 100
Total number of plants

The level of resistance and susceptibility of each test entry was determined by using
the disease rating scale of Igbal et al., (1993) where genotypes with 0-10% disease were
rated as resistant, with 11-20% disease as tolerant and with above 20% disease as
susceptible.

Results

The disease incidence of 158 entries at seedling and reproductive stage is presented
in Table 1. There was a significant variation between genotypes for their disease reaction.
Disease incidence at seedling stage varied from 0% to 66% whereas at reproductive stage
it ranged from 6.7% to 93.3%. On average basis, 8.82% disease incidence was recorded
at early stage and 58.73% at late stage (Fig. 1 & 2). There was no relationship between
disease incidence at early and late stage (Fig. 3). The categorization of germplasm
showed that at seedling stage 107 genotypes were resistant, 29 were tolerant and 22 were
susceptible. On the other hand, at late stage 3 genotypes were resistant, 4 were tolerant
and 151 were susceptible (Table 2). The disease incidence at physiological maturity stage
increased invariably in all the genotypes as compared to that at seedling stage except for
two genotypes in which it remained stable at 7.1 and 8.3 (Table 2). The disease incidence
of tolerant genotypes (Table 3) showed that increase in their disease rating ranged from
0% (at seedling stage) to 20% (at reproductive stage).
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Table 1. Disease rating of various chickpea genotypes to wilt disease at two stages.

Disease rating at

Disease rating at

S.No Entries - f

seedling stage flowering stage
1 (NEC-138-2 X E100YM) X C44 00.0 R 46.7 S
2 (1CC11514 X 1CC422) X C44 13.3 T 20.0 T
3. (C44 X E100YM) X NIFA-88 00.0 R 28.6 S
4. (C44X1CCT7770) X Parbat 06.7 R 46.7 S
5 (CM72 X ICC11514) X ILC482 06.7 R 40.0 S
6 (CM72 X ILC3279-195) X C44 13.3 T 67.7 S
7 42-R 11042 00.0 R 42.9 S
8. 8612 X CM88 00.0 R 75.0 S
9. 89021 X (E100YM X 1LC482) 00.0 R 78.6 S
10. 89021XPB 91 14.2 T 42.9 S
11.  91A039 00.0 R 30.8 S
12.  Al6 X 1CC 13497 7.10 T 57.1 S
13.  AZRI-BK-NO.5 20.0 T 33.3 S
14. Bittle-98 21.4 S 64.2 S
15. C44 X (1CC3856 X E100YM) 00.0 R 60.0 S
16. C44 X (C44 X 1CC7770) 00.0 R 73.3 S
17. C44 X (ILC3856 X E100YM/90) 00.0 R 80.0 S
18. C44 X 1CC7770 06.7 R 60.0 S
19. C44 X C44 X 1CCT7770 20.0 T 53.3 S
20. C44 X E100YM X Paidar-91 00.0 R 66.7 S
21. C44 X ILC3856 X E100YM/90 07.7 R 84.6 S
22. (CB89/90 X PB91 00.0 R 58.3 S
23.  CM 32-1/90 X Paidar-91 00.0 R 20.0 T
24. CM 88 X (PK51814 X NEC138-2) 13.3 T 80.0 S
25. CM89/90 X PB 91 00.0 R 25.0 S
26. CM 89-1/90 X PB91 00.0 R 40.0 S
27. CM32-1/90 X Paidar 91 00.0 R 93.3 S
28. CM72 X ICC11514 X 1LC482 28.6 S 64.2 S
29. CM72 X ICCT7770 00.0 R 28.6 S
30. CM87-1190 X PB91 07.1 R 50.0 S
31. CMC0211S 07.1 R 50.0 S
32. CMC129 00.0 R 80.0 S
33. CMC132T 21.4 S 50.0 S
34. CMC 150M 13.3 T 66.7 S
35. CMC 186M 06.7 R 46.7 S
36. CMC 191S 28.6 S 50.0 S
37. CMC 201S 00.0 R 73.3 S
38. CMC 228S 00.0 R 80.0 S
39. CMC 2305 23.1 S 61.5 S
40. CMC 44 X 1CC14734 00.0 R 67.7 S
41. CMC 44S 00.0 R 64.2 S
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Table 1. (Cont’d.).
Disease rating at  Disease rating at

S.No Entries

seedling stage flowering stage
42. CMC55S 00.0 R 53.3 S
43. CMC71M 00.0 R 64.3 S
44, CMC71S 00.0 R 60.0 S
45. CMCT71T 07.1 R 57.1 S
46. CMC 85M 00.0 R 93.3 S
47. CMC 86M 00.0 R 80.0 S
48. CMC 87 00.0 R 73.3 S
49. CMC102S 00.0 R 33.3 S
50. CMC114S 00.0 R 35.7 S
51. CMC204S 00.0 R 66.7 S
52. CMC32M 13.3 T 46.7 S
53. CMC70T 06.7 R 60.0 S
54. CMC71S 00.0 R 33.3 S
55. CMC94M 07.7 R 46.2 S
56. CMNK 287-3K 00.0 R 93.3 S
57. E101 XPB91 26.7 S 40.0 S
58. FLIP 82-150C 66.2 S 33.3 S
59. FLIP97-11C 28.6 S 64.2 S
60. FLIP97-121C 00.0 R 93.3 S
61. FLIP 97-135C 00.0 R 100 S
62. FLIP 97-159C 06.7 R 93.3 S
63. FLIP 97-168C 06.7 R 80.0 S
64. FLIP 97-168C 00.0 R 73.3 S
65. FLIP 97-217C 00.0 R 100 S
66. FLIP 98-166C 06.7 R 20.0 T
67. FLIP 98-174C 16.7 T 83.3 S
68. FLIP 98-175C 40.0 S 06.7 R
69. FLIP 98-181C 00.0 R 06.7 R
70. FLIP 98-185C 28.6 S 71.4 S
71. FLIP 98-193C 08.3 R 08.3 R
72. FLIP 98-198C 28.6 S 71.4 S
73.  FLIP 98-20C 20.0 T 80.0 S
74. FLIP 98-222C 50.0 S 50.0 S
75. FLIP 98-28C 00.0 R 18.2 T
76. FLIP 98-75C 07.1 R 07.1 R
77. FLIP 98-79C 00.0 R 85.7 S
78. FLIP 98-80C 18.2 T 81.8 S
79. 1Cl4641 X CMC-14 00.0 R 26.7 S
80. L8612 X PK51949 07.1 R 35.7 S
81. 189120 X PK51929 00.0 R 26.7 S
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Disease rating at

Disease rating at

S-No  Entries seedling stage flowering stage
82. NCS 950018 00.0 R 80.0 S
83.  NCS 950115 00.0 R 67.7 S
84. NCS 950145 00.0 R 46.7 S
85. NCS 950176 06.7 R 73.3 S
86. NCS 950201 00.0 R 67.7 S
87. NCS 950204 00.0 R 53.3 S
88. NCS 950212 00.0 R 60.0 S
89. NCS 9901 06.7 R 80.0 S
90. NCS 9909 00.0 R 100 S
91. NCS9910 00.0 R 26.7 S
92. NCS9912 06.7 R 73.3 S
93. NCS9916 21.4 S 78.6 S
94. NCS9917 06.7 R 60.0 S
95. NCS 9918 14.2 T 85.7 S
96. NCS 9919 21.4 S 714 S
97. NCS9921 00.0 R 93.3 S
98. NCS 9922 333 S 60.0 S
99. NCS 9923 00.0 R 61.5 S
100. NCS 9927 20.0 T 67.7 S
101. NCS950021 00.0 R 40.0 S
102. NCS950048 07.1 R 50.0 S
103. NCS950079 00.0 R 85.7 S
104. NCS950145 00.0 R 26.7 S
105. NCS950185 07.1 R 71.4 S
106. NCS950189 00.0 R 71.4 S
107. NCS950195 06.7 R 333 S
108. NCS950204 06.7 R 60.0 S
109. NCS950208 00.0 R 21.4 S
110. NCS950209 00.0 R 46.7 S
111. NCS950219 14.2 T 35.7 S
112. NCS950220 06.7 R 26.7 S
113. NCS950222 06.7 R 26.7 S
114. NCS950225 00.0 R 60.0 S
115. NCS950235 00.0 R 83.3 S
116. NCS950257 00.0 R 40.0 S
117. NCS950258 13.3 T 46.7 S
118. NCS950259 06.7 R 46.7 S
119. NCS950264 13.3 T 33.3 S
120. NCS95038 07.1 R 42.9 S
121. NCS95079 06.7 R 40.0 S
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Table 1. (Cont’d.).
Disease rating at  Disease rating at

S-No  Entries seedling stage flowering stage
122. NCS96001 00.0 R 26.7 S
123. NCS9903 06.7 R 66.7 S
124. NCS9904 00.0 R 60.0 S
125. NCS9905 13.3 T 60.0 S
126. NCS9906 00.0 R 71.4 S
127. NCS9907 00.0 R 73.3 S
128. NCS9908 06.7 R 66.7 S
129. NCS9913 00.0 R 60.0 S
130. NCS9914 00.0 R 46.7 S
131. NCS9928 08.3 R 83.3 S
132. NCS994 00.0 R 40.0 S
133. NIFA 88 X (PK51814 X NEC138-2) 07.7 R 76.9 S
134. NOOR-91 20.0 T 80.0 S
135. PAIDAR 91 X 1CC11514 X ILC3279 13.3 T 67.7 S
136. Paidar 91 X HI 11287 00.0 R 73.3 S
137. Paidar-91 X CM3279 00.0 R 21.4 S
138. PB 91 X 1CC13508 00.0 R 67.6 S
139. PB91X (1CC11514 X ILC3279) 13.3 T 46.7 S
140. PB91XParbat 00.0 R 40.0 S
141. PRSI 830 X (C44 X E100Y M/45) Parbat 06.7 R 86.7 S
142. SEL 96 TH 11507 57.2 S 42.9 S
143. SEL96 TH 11488 46.7 S 53.3 S
144, X 98T 82 00.0 R 66.7 S
145, X98T9l 23.1 S 76.9 S
146. X 98TH 10 25.0 S 75.0 S
147. X 98 TH 102 154 T 76.9 S
148. X 98 TH 109 28.6 S 714 S
149. X 98 TH 37 14.2 T 85.7 S
150. X 98 TH 52 14.2 T 78.6 S
151. X 98 TH 59 15.4 T 76.9 S
152. X 98TH60 40.0 S 53.3 S
153. X98TH61 154 T 76.9 S
154. X 98 TH 62 20.0 R 73.3 S
155. X 98 TH 68 13.3 T 80.0 S
156. X98TH71 30.8 S 61.5 S
157. X 98TH 80 16.7 T 83.3 S
158. X 98 TH 99 13.3 T 80.0 S
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Fig. 1. Response of chickpea genotypes to wilt at seedling (early) and reproductive (late) stage.
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Fig 2. Disease incidences of chickpea wilt at two stages.
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Fig. 3. Relationship between wilt disease severities at two stages.

Table 2. Classification of chickpea genotypes with respect to their wilt response
at seedling and reproductive stage.
No. of genotypes

No. of genotypes in

Disease incidence Disease .
Category response in each _category each cate_gory at
at seedling stage reproductive stage
0-10% Resistant 107 3
11-20% Tolerant 29 4
21-30% Susceptible 11 10
31-40% Susceptible 5 10
41-50% Susceptible 1 17
51-60% Susceptible 1 19
61-70% Susceptible 0 20
71-80% Susceptible 0 32
81-90% Susceptible 0 10
91-100% Susceptible 0 7
Total genotypesin o\ o tiple 22 151

21-100% category

Table 3. Wilt reaction of selected genotypes at two stages.
Wiltincidence  Wilt incidence at Category of wilt

Category of wilt

Genotype at seedling reproductive reaction at reaction at
stage stage seedling stage  reproductive stage
ICC11514XICC422XC4a4 13.3% 20% Tolerant Tolerant
CM32/92 X Paidar 0% 20% Resistant Tolerant
F98-166C 6.7% 20% Resistant Tolerant
F98-28C 0% 18.2% Resistant Tolerant
F98-75C 7.1% 7.1% Resistant Resistant
F98-181C 0% 6.7% Resistant Resistant
F98-193C 8.3% 8.3% Resistant Resistant
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Discussion

Wilt caused by Fusarium oxysporum is a devastating disease of chickpea gaining
importance day by day due to prevalence of drought conditions in the country. The
chemical control of this disease is expensive and impractical because of the seed as well
as soil borne nature of the fungus. Resistant cultivars are the most effective and cheap
means of control (Jimenez-Diaz et al., 1992). The current study was conducted to identify
resistant sources against the prevalent isolates of wilt existing in Pakistan. This study
revealed a considerable variation for wilt incidence between the genotypes. Out of 158
genotypes studied, only 7 were either resistant or tolerant. The low number resistant lines
may be attributed to the mixture of fungus isolates used for the development of wilt sick
bed. The sources of resistance to Fusarium wilt in chickpea breeding materials are not
uncommon and a number of workers have reported the occurrence of high level of
resistance to Fusarium wilt (Pathak et al., 1982; Zote et al., 1983; Ahmad, 1990; Ahmad
& Sharma, 1990; Kaushal & Singh, 1990; Reddy et al., 1990 & 1991; Igbal et al., 1993;
Iftikhar et al., 1997; Yu & Su, 1997). Zote et al., (1983) studied 42 lines of chickpea for
the source of resistance to chickpea wilt in a wilt sick plot infested with F. oxysporum
f.sp. ciceri and reported that none of the 42 lines was highly resistant. However, four
developed less than 10% disease and six others developed less than 29% disease. Govil &
Rana (1984) evaluated 239 cultivars representing a range of variability among Indian and
Iranian germplasm in wilt sick plot for years. None was found to be immune but
maximum resistance was shown by Indian cultivars such as P-597, P-621, P-3649, P-
4128 and P-4245. Zote et al., (1986) reported that only five chickpea lines out of 15
tested for three successive years showed less than 10% wilt incidence. Khalid (1993)
evaluated 122 test lines against Fusarium wilt under field conditions and found 37 of
them to be resistant, while all the remaining test lines exhibited moderate resistance to
highly susceptible reaction. Iftikhar et al., (1997) screened 31 chickpea germplasm lines
received from ICARDA, and found all of them to be highly resistant to wilt disease.

It was obvious from our study that at seedling stage majority of the genotypes were
resistant where as at reproductive stage majority of the genotypes appeared to be
susceptible. Various workers have already reported variation in response of genotypes at
two stages (Nene et al, 1981; Haware, 1992). They also reported that some of the
sources were resistant against more than one race. However, these workers used different
isolates and the genotypes from those used in the current study. On the other hand a high
degree of variability has been reported between isolates of same race collected from
different areas and between isolates of different races (Sivaramakrishnan et al., 2002).
Similarly, the isolates from different areas of Pakistan were highly variable with respect
to their virulence (Iftikhar et al., 2002). The variability in pathogen population in
chickpea growing areas of Pakistan pose difficulties in developing stable varieties as they
usually succumb to new isolates. Iftikhar et al., (1996) showed that resistant cultivars of
chickpea did not maintain resistance across locations. The current study was made in a
wilt sick plot created by the use of a mixture of isolates representing different chickpea
areas. Therefore, the genotypes identified as resistant in this study will maintain their
response across the locations. Most of the genotypes that showed resistant response at
seedling stage appeared to be susceptible at physiological maturity stage. This
phenomenon could be accounted for due to the prevalence of disease for a short period at
seedling stage and for a long period at the reproductive stage. Since high temperature
plays an important role for wilt development and the high temperature suitable for
disease development prevailed for a short period at seedling stage due to onset of winter
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in December and it prevailed for a long time at reproductive stage due to onset of summer
at the time of flower initiation. Therefore, disease prevailed for a longer time at 2" stage
of observation. Consequently, most of the genotypes that were resistant at seedling stage
became susceptible at reproductive stage. This means that such genotypes required long
wilting time. Therefore, the genotypes used in the present study may be divided into two
categories, early wilting genotypes and late wilting genotypes. The resistant genotypes at
seedling stage may be planted in those areas where disease prevalence occurs at seedling
stage only. Delay in sowing can also help to escape disease in such areas. On the other
hand the genotypes that showed resistance or tolerance at both the stages are most
suitable for exploitation in breeding programs or for direct sowing in wilt prone areas. As
the resistant genotypes expressed resistance against a mixture of isolates, they may
posses multiple genes for resistance against this disease. Tullu (1996) reported variation
in chickpea for wilting time. He also reported a genotype that was consistently and
uniformly resistant. These findings are quite in line with our results obtained from this
study. The susceptible genotypes at seedling stage may be categorized as early wilters
and susceptible genotypes at reproductive stage may be classified as late wilters. The
three genotypes that were consistently resistant at both stages against a mixture of
isolates may be exploited in breeding programs aimed at development of wilt resistant
varieties.

There was no association between disease severities at two stages (Fig 3). This
indicated that different genotypes could be utilized according to prevalence of disease at
various growth stages. The resistance of the local germplasm against Fusarium wilt can
be exploited for the development of commercial cultivars possessing all other desirable
agronomic traits.
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