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of to wilt and 
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ONOMOS 

- to 
of genetics of and the non availability of suitable 

1-4 of Fusarium oxysporum f. sp. ciceri (FOC), 
in 0,5 and 6 O 

to FOC 
to 

FOC. of 
1 by 

Fusarium erlmartii F.  solani. F. eunzartii is 
F. solani. F .  eumartii and 

F. solani and 
to be 

- “Amélioration du pois chiche pour la résistance au flétrissement et à la pourriture des racines”. La sélection du  pois 
chiche pour la résistance aux champignons du sol est rendue diSficile par la variabilité génétique des pathogènes,  la complexité 
de la nature de la résistance génétique chez l’hôte et le manque de technique de criblage adaptée. Les races 1 à 4 de 

sp. l‘agent pathogène du flétrissement, ont été décrites initialement en trois nouvelles 
races, nommées O,  5 et 6 ont été identifiées dans le sud de La race O est la moins virulente et pourrait être très répandue 
dans le bassin méditerranéen. La résistance au FOC semble être confinée au type desi. Cependant, les sélectionneurs de Culiacan 
et d‘Hermosillo de et de ont réussi avec un certain succès à développer des génotypes de type 
kabuli à petites ou grosses graines, résistants au FOC. Les résultats de notre laboratoire montrent que la réaction à la maladie 
de certaines de ces lignées dépend de la race du pathogène. La résistance à la race est liée à des allèles récessifs situés sur 
au moins deux loci indépendants. Dans le sud  de le “collet noir” et la pourriture des racines sont induits soit par 

soit par F. est plus virulent sur le pois chiche et d‘autres légumineuses que F.  solani. 
Les types kabuli à grosses graines sont plus sensibles à F. et F. solani que les types à petites graines. L‘intégration d‘un 
enrobage de fongicide sur la graine et d‘une date de semis plus précoce, avec l‘utilisation de cultivars moyennement sensibles 
devrait permettre de contrôler le flétrissement et les maladies des racines. Cependant, pour les semis d‘automne et d‘hiver, 
l‘utilisation de cultivars résistants à l‘anthracnose est indispensable porw le contrôle de cette maladie. 

Introduction 
which  some of the  most induced by soil- 

fungi including wilt, black and 
&d pythium  damping- 

Chickpeas (Cicer arietinupn L.) can be affected by off  (Nene  and 1987). 

50 diseases of etiology in on chickpea diseases induced by  soil- 
of the 1980). only a few of them fungi has been out  by scientists the 

devastating to the on a wide basis, of at 
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that of the chickpea diseases, and 
in of those induced by fungi, is 
achieved best by the use of 
and Nene, 1980;  Nene  and 1980; Nene and 

1987). of the of the chickpea 
and the use  of desi in the subcon- 

tinent, on and to 
wilt and diseases have been placed mainly in desi 

on the 
and of those diseases as affecting 

kabuli chickpeas in the basin de 
la Colina et al., 1985; et al., 1984; et al., 
1980; and 1981; 1985), 
which the only ones in that 

This on of that of the 
that we have out on wilt and 

diseases of kabuli chickpea in Spain the last 
10 be of 
ing. 

The  disease  complex 

on  the etiology, incidence and 
of chickpea diseases in Spain indicated that 

wilt  and diseases with 
infections and a disease 

complex with a of 
Casas and 1981;  1985). 

Fusarilm  oxyspomm 
Schlecht. emend. Snyd. & f.sp. ciceri 
Snyd. & was found to be the most and 
damaging disease in the complex. and 

associated with yellowing  and induced 
by F.  ezlmartii F.  solani & 

was the second in con- 
ditions of abiotic plant infections, non- 

isolates of F.  oxysporum induced 'a shallow 
of and associated with yellow- 

ing. (Tassi) Goid.  caused 
in 1981, a of and 

high 
1985). 

in of chickpeas to  wilt 
and diseases may be influenced by the complex 

of of 
in the host and the pathogenic in the 

pathogen. An additional is the techni- 
ques. 

infested field plots have been used 
scale conditions. Use of these 
sick plots may be by unsuitable inoculum level 
of  the pathogen, lack of infestation 
sites and the of multiple infections by 
pathogens existing in the soil. and 

ing in to wilt and diseases 
would be enhanced by use of infested field 
plots, in which a single pathogen is established at a con- 
venient inoculum As an stan- 

ing,  as showed by scientists at (Nene and 
1980;  Nene et al., 1981). 

Fusarium  wilt  (Fusarium  oxysporum f. 
sp. ciceri) 

The existence of races of the pathogen 

of F. oxysporurn f. sp. ciceri 
Spain induce a leaf flaccidity and 
plant  death by 

a yellowing, which develops 30-40 
days inoculation, and late death of the plant (vas- 

yellowing) 1; 
1985). 

while wilt-inducing isolates 
to most chickpea yellowing-inducing isolates 

not pathogenic to JG 62 but mainly 
to local kabuli and Jiménez- 

1981; 1985). This suggested the of 
of F.  oxysporum f. sp. ciceri in Spain. The 

existence of of the pathogen shown in 
by and Nene (1982), who 

1, 2, 3 and 4 all of which pathogenic to JG 62. 

in indicated that of 61 
mass isolates of  the pathogen 55 (90%) induce the  vas- 

yellowing and six (10%) induce the vas- 
wilt When the six wilt-inducing isolates 

and 11 selected yellowing-inducing isolates single- 
with 1, 2, 3 and 4 

inoculated to new 
of the pathogen namely 0,5 and 6 

identified (Table 1) de la Colina et al., 1985; 
et al., 1988). 

O was to designate all 11 yellowing- 
inducing isolates nonpathogenic to desi JG 62 

de  la Colina et al., 1985)  which is susceptible 
to all of the pathogen and  Nene, 
1982; Table 1). 

O is  mildly to highly to kabuli 
C 104, 24 and 2245 and to desi 12-071/ 
10054. 

5 was to designate five wilt-inducing 
isolates which pathogenic to desi 1 and 
JG 74, and not pathogenic to desi 212 

de  la Colina et al., 1985, Table 1). 
1 and  JG 74 highly to 1, and 
with 212 susceptible to 2 
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Table 1. 
cultivars to races of oxysporum f. 
sp. 

and 
designation 

Spain 

5 
6 

1 
2 
3 

T 
12411 
10054 

Sb 

- 

14 
- 

M 

S 

- 

- 

ccv 
2 - 

S 
M 

M 
M 
M 
- 

2245 24 4 

s s s  

s s s  
s s s  
s s s  

of 
those 

by 
1980). 

b/ Assesed on to 
(O=O%, 1=1-33%, 2=34-66%, 

<l  and 
>3 and  susceptible (S) 

and  Nene,  1982; Table l>. 5 is  highly 
to all kabuli inoculated but not patho- 

genic  to desi 12-071/10054 (Table 1). of 5 
induce wilt to all suceptible except 
1 and JG 74 which showed a late yellowing. 

6 was to designate a wilt-inducing 
isolate that is pathogenic to desi JG 62 and kabulis 
2 4, and not pathogenic  to  desis  12-071/  10054, 
JG 74, 1 212 et al., 1988; 
Table 1). 6 is distinguished 1 by 

2 
et al., 1985), 2 by 

JG 74, 1 212 (susceptible), 3 by 
315  (susceptible)  and 4 by cul- 

l 212 
1982 Table 1). 

O, which  is the least of the Spanish 
is in Spain, while 5 and 

6 have been found within a 
lates of F .  oxysporum f. sp. ciceri nonpathogenic to JG 
62 have also been found in Tunisia (Nene  and Sheila, 

1986), which  suggests that O might be 
in the 

Resistance to Fusarium oxysporum f .  sp. 
ciceri 

to the pathogen to be 
mainly  to desi et al., 
and Nene, et al., 1981) and  much of the 

in has been  placed in desi 

ful in developing kabuli to F .  
oxysporum f. sp. ciceri. 

The example is  that of plant at 
Culiacan, They developed wilt 

77 and 80 by genes 
desi L 41 and L 1186 to kabuli 

at an infested field plot (no indication of 
status given). to wilt kabuli chick- 

and 

communication). 

Also plant at have developed 
kabuli lines, 

to 1 of the et al., 1985). 

to oxysporum f. sp. ciceri in 1979. 
1979-1983, some 600 including collec- 

tions of Spanish land as 
and the USA, and disease 

field plots heavily infested with F. oxysporum f. sp. 
ciceri and to a extent with F.  solani and pha- 
seolilla. 

no was found in kabuli 
which 
although some  small-seeded kabuli types shown to 
be less susceptible than lage-seeded kabuli types.  As an 
example, disease of some ascochyta blight- 

lLC lines is  given in Table 2. 

In 1985, the ascochyta blight 
was 

pathogen in infested plot at Santaella with 
(Table 3). All kabuli showed highly 

susceptible to oxysporum f. sp. ciceri, except the 
small-seeded local land 61. JG 62 
showed a which indicates that  the 
O of the la Colina et al., 1985)  was 

in the plot at that time. 

a out at the 
infested field at Santaella showed that valuable wilt 
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Table 2. of chickpea germplasm in two Table 3. 
fields  heavily  infested  with oxy- a  field  heavily  infested  with oxy- 
sporurn f. sp. ciceri in 1983a. 

72 
182 
191 
194 
195 
200 
202 

L C  249 
482 
484 
1407 
2548 
2555 
2912 
3279 

l'-2245 
l'V-25 

of dead  plants (%) in ale 

I 
89.3 
95.7 
98.2 
97.8 
93.1 
97.1 
90.2 
96.2 
99.0 
97.2 

100 
95.3 
85.4 

100 
96.9 
99.9 
76.9 

t 
Santaella 

100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 
77.7 

100 
100 
100 

97.4 

76.4 

sporum f. sp. ciceri at Santaella,  Cordoba, 
Spain,  in 1985. 

72 
182 
215 
482 
3279 
3856 
3868 
4421 

JG 62 
315 

2245 
25 
61 

of 

1 
1 
1 
1 
1 
1 
1 
1 
2 

15 
12 
1 
1 
1 
1 
1 

~ 

(%) of dead 

(96) 
2 mo. 

86 

6.7 90 
13.3 60 
33.3 60 

O 76 
65.0 80 

O 28 
O 88 
O 

70-78 

0-25 .O 52-92 
0-2.2 46-98 ' 

2.6-5.7 

86 

O 59.3 
4.9 59.1 

47.4  62.9 
O 82 
O 

3 mo. 

76.7 
100 
92.9 

100 
100 
100 
1 O0 
100 
100 

91.4-100 
65.1-100 

15.6 
1.1 

1 O0 
80.8 
10.0 

"/ of 3 

b/ 100 "/ Single TOW m  long.  Stand 
is (56 100 seeds)  com-  Sowing. 

monly in Andalucía. of of 
"/ of of at stand Count 2  and 3 months Sowing. 
plant at stand  count 3 

sowing. 

developed by Singh at with 
to Ascochyta rabieì and to cold 
et al., unpublished). 

Of 735 tested, than 95% showed 
highly susceptible to wilt (Table 4) with a final 
incidence of dead plants than 85%. some 
2.2% (16) and 2.7% (20) of the showed highly 
and (Table 4). Twenty 
of these 36 listed in Table 5. 

The by plant to develop chickpea 
to F. oxysporum f. sp. ciceri may be 

by the of pathogen As an 
example, in indicates that cul- 

is to 0,5 and 6 but 

Table 4. 
heavily  infested  with oxysporum f. 
sp. ciceri at  Santaella,  Cordoba,  Spain in 
1987. 

incidence of dead plantsc of 
of with of 

with 
2 mo. 3 mo. 

O- 51- 21- 51- 26- 
25% 50% 20% 1W% 50% 

FLIP Lines 735 

67.1 25.6 7.3 19.6 14.6 65.8 65.8 82 62 
98.8 0.0 1.2 3.7 21.9 74.4 70.7 82 60 
98.8 1.2 0.0 20.5 66.3 13.2 63.8 83 1929 
95.1 2.7 2.2 24.1 30.5 45.4 38.8 

ly susceptible to 1 (Table 6). On the cul- 
Gavilán, Liz and Tubutana (kindly by 

ly to all (Table 6). 
Jbénez high- "/ 1292, 60 and JG 62 

10 FLIP 
b/ 3 

stand  count  2  and 3 
additional difficulty in chickpeas "/ Total CUmUlatiVe Of Of plants at 

to F.  oxysporunz f. sp. ciceri deals  with the 
genetics of of to the 
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Table 5. Chickpea  germplasm  with  variable  level of 
resistance  to  fusarium  wilta. 

84-130 

82-79 
84-80 

1929e 
PV 6 0 e  

62e 

(%l 

90.0 
72.5 
70.0 
90.0 
67.5 
65.0 
62.5 
57.5 
70.0 
62.5 
62.5 
90.0 
82.5 
97.5 
60.0 
87.5 
95.0 
82.5 
80.0 
57.5 
72.5 
52.5 
90.0 
65.0 
62.5 
87.5 
85.0 
77.5 
75.7 

l- of dead 
plants (%)c 
- 
2 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
7.1 
4.0 

12.0 
0.0 
0.0 
0.0 
0.0 

11.4 
5.2 
0.0 
0.0 
0.0 

27.6 
0.0 
2.8 
0.0 
4.0 

11.4 
0.0 
6.5 
6.4 

- 
3 mo. 

0.0 
0.0 
0.0 
2.7 
3.7 
7.1 
8.0 
8.7 

10.7 
12.0 
12.0 
13.8 
15.2 
15.4 
16.6 
17.5 
21.0 
21.2 
25.0 
26.1 
27.6 
28.6 
30.6 
30.7 
32.0 
37.1 
38.2 
38.7 
38.7 

T 
R 
R 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

82.3 i 11.2  39.1 i 14.7  91.2 f 8.7 S 
83.4 i 14.2  19.1 i 15.6  95.5 f 10.2 S 
81.6 i 12.7  23.1 f 24.3  60.9 .t 23.5 S 

"/ A total of 735 
f.  sp. ciceri at on 

b/ 

"/ of of  plants at 
stant  count  2  and 3 
d/ = (O-20% ' wilt), = (21-50% 
wilt), S = Susceptible (51-100% 
(1982). 
"/ of 82 

pathogen was monogenic and 
(López,  1974; and 1982; Sindhu et al., 
1983). showed that to 1 is 

by alleles at least two indepen- 
dent loci (Upadhyaya et al., 1983a; 1983 b; Singh et al., 

Table 6. of chickpea  cultivars  to 
races  of oxysporum f. sp. ciceria. 

O 6 5  1 

2245 S C  

S S S UC 5 
Tubutana 

R Liz 
R Gavilan 
S S S 60 
S S S 

"/ by the 
1980). 

O, 5 1 
c/ Assessed on of foliage  with 
yellowing (O=%, 1=1-33%,  2=34- 
66%,  3=67-loo%,  4=dead  plant) 50 <l  
and >3 and  susceptible (S) 

in sus- 
(M). 

212, 1, JG 74 and 315 
alleles at both loci completely 

to 1, while C 104 850, 
which homozygous at one of the loci, show 
a delayed as JG 62, 
which canies of the alleles, 

Fusarium rot 

Although diseases have 
affecting chickpeas, including mainly black and 

and 
wet (Nene  and 1987), only  the is 

of in 

of chickpeas associated with Fusariurn spp. 

F. solani is the species inducing black 
and et al., 1974; et 

al., 1974). a 
associated  with and is induced 
by F. eurnartii F. solani and occasionally by F.  oxy- 
spomm. between F. eurnartii and F. solani 
is  not  widely  accepted  by Fusarium 
less, isolates of F. eurnartii those of F.  
solani (sensu stricto) 

to chickpea and 
and 1985; et al., 1986). 
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of 
inoculations (Nene  and 1980)  with F. 

eumartii, F.  solani and F.  oxysporum is with 
a sample of selected isolates and (Table 7). 

Among kabuli genotypes, such 
as 24 (> 40 g 100 seeds) susceptible 
than small-seeded ones  such as 2245 (> 20 g 100 
seeds). the least susceptible to all 

species (Table 7). 

Specific field to 
has not been out except in a few cases (Nain 

of wilt- 
lines developed at to 

multiple fungi including F. solani, pha- 
seolina, Sclerotiunz rolfsii and solani, indi- 
cate that some lines have additional to them 
and to some fungi (Nene  and 1987). Also, 
chickpea lines showing a good level of to 

wilt in Spain, in field 
plots infested with F.  eumartii, F.  solani, F .  oxysporum 

and phaseolina in addition to F. oxy- 
sporum f. sp. ciceri. 

An integrated approach to control wilt and 
root diseases 

of wilt and diseases of chickpea is 
best achieved by use of some 

lines with to a single disease have 
out to be highly susceptible to 

diseases, 

Table 7. Severity of disease  reaction of chickpea  cul- 
tivars  inoculated  with  isolates of 
spp.  inducing  nonvascular  yellowinga. 

F.  oxysporm 

F.  solani 

F. eumartii 

tested 
(No.) 

3 

15 

5 

l- 

i( 

-r 

yellowing 
and 

315 

0.0 

0.2 

0.8 

0.5 

2.9 

- 
? 2245 

1.7 

1.2 

0.7 

2.2 

3.2 I 
1 

PV 24 

1.6 

2.3 

2.1 

3.8 

3.9 

"/ Assessed on a 0-4 scale 40 days on 
of foliage  affected, and on 

of 

- 70 - 

to development of multiple disease 
These include 

to wilt  and as well as to fungal 
disease, such as ascochyta blight, mould, 

blight; (Nene and 1987; 
Singh, 1985). Lack of a suitable 

level  in the white 
in the and  specially in the 

Spanish the use of 

Use of fungicide seed may see- 
dling (Shukla et al., 1981; Vyas, 
1977)  and  delay  the epidemics development (Jiménez- 

and 1985). 
ments do not of the disease complex 

and 1985). 

Advancing sowing dates may to 
wilt and diseases. Chickpeas in this 
sown in time and as a 
Fall to sowings a 

(Saxena and Singh, 1984). 

1986) 

cing sowing significantly incidence and 
of wilt in susceptible but 
not in highly susceptible ones (Table 8). This may 
to avoidance of high and low soil 
content at the end of the season, which 
attacks  by wilt and diseases. 

sowings enhance ascochyta blight epidemics. 
of to 

ascochyta blight, and in some to cold 
(Saxena  and Singh, 1984). Also, dis- 
ease, and  weed may affect the chickpea 
as to advanced sowings (Saxena and Singh, 1984). 

some sown at 
Spain, we have the of stands, 

damping-off  and associated with 

megasperma F. solani. This may be of 
to kabuli types  which 
highly susceptible to and 1983) 
and megasperma et al., 1985). 
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Table 8. of sowing  date  on  development of 
fusarium  wilt  in  kabuli  cultivars PV 25 and 
P 224Sa. 

sowing 
date 

of 
dead plants 

Yield of 

I I I 1 25 1 2245 1 glplant 

(Feb. 14) 

1.3 3.6 100 71.1 Late (April 27) 
2.9 7.5 100 77.8 28) 
3.6  22.6 100 43.3 

a/ 
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