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Interaction of Fusarium oxysporum f. sp. ciceri and 
Meloidogyne javanica on Cicer arietinum 

T. UMA MAI-IESWARI, 1 S. B. SHARMA,  1 D. D. R. REDDY,  2 AND M. P. H A W A R E  1 

Abstract: Interact ion of  Meloidogyne javanica and  Fusarium oxysporum f. sp. cice~q was s tudied on  Fu- 
sar ium wilt-susceptible (JG 62 and  K 850) and  resistant (JG 74 and  Avrodhi) chickpea cultivars. In 
g reenhouse  exper iments ,  inoculat ion o f  M. javanicajuveniles prior  to F. oxysporum f. sp. ciceri caused 
greater  wilt incidence in susceptible culfivars an d  induced  vascular discoloration in roots of  resistant 
cultivars. Nematode  reproduct ion  was greatest  (P = 0.05) at 25 °C. N u m b e r  of  galls and  percentage  of  
root  area galled increased when  the  t empera tu re  was increased f rom 15 °C to 25 °C. Wilt incidence was 
greater  at 20 °C than  at 25 °C. Chlorosis o f  leaves and  vascular discolorat ion o f  plants did  no t  occur  at  
15 °C. The  nema t ode  e n h a n c e d  the wilt incidence in wilt-susceptible cultivars only at 25 °C. Interact ion 
between the two pa thogens  on  shoo t  and  root  weights was significant only at 20 °C, and  F. o. ciceri 
suppressed  the  nema t ode  density at this tempera ture .  Wilt incidence was greater  in clayey (48% clay) 
than  in loamy sand (85% sand) soils. The  n e m a t o d e  caused greater  p lan t  damage  on  loamy sand  than  
on  clayey soil. Fusar ium wilt resistance in Avrodhi a nd  JG 74 was stable in the  presence  of  M. javanica 
across tempera tures  and  soil types. 

Key words: Chickpea,  Cicer arietinum, Fusarium oxysporum, interaction,  Meloido~yne javanica, predispo- 
sition, root-knot nematode ,  soil type, temperature .  

Chickpea (Cicer arietinum L.), an impor- 
tant cool-season food legume, is a promi- 
nent component of cropping systems of sub- 
sistence farming in the Indian subcontinent. 
Wilt, caused by Fusarium oxysporum f. sp. cic- 
er/, is one of the most serious soilborne dis- 
eases in India, and it is reported from almost 
all the major chickpea growing regions of 
the world (Nene et al., 1981, 1989). Meloido- 
gyne incognita and M. javanica are major 
nematode pests of chickpea and have been 
reported from the chickpea growing regions 
in Bangladesh, Brazil, Egypt, India, Malawi, 
Nepal, and Pakistan (Nene et al., 1989; 
Sharma and McDonald, 1990; Sharma et al., 
1992). The presence of these nematodes in 
soils infested with Fusarium spp. enhances 
the incidence, rate of disease development, 
and severity of Fusarium wilt in grain le- 
gumes (Goel and Gupta 1986; Ribeiro and 
Ferraz, 1984; Sharma et al., 1992). Interac- 
tions between Meloidogyne and Fusarium have 
been extensively studied on several plant 
species such as cotton, tobacco, and tomato, 
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and many factors (including species, race, 
and population density of the nematode; 
age of the plant at the time of the nematode 
and (or) fungus infection; associated micro- 
flora and fauna; soil temperature; and mois- 
ture) influence the type and nature of inter- 
relationships between the nematode and 
the fungus (Abawi and Barker, 1984; Drop- 
kin, 1969; Newhall, 1958; Porter and Powell, 
1967; Sleeth and Reynolds, 1955). There is 
extensive evidence that influence of Meloido- 
gyne spp. on Fusarium-wilt resistance may 
differ with the host cultivars within a crop 
species. For example, in banana, cabbage, 
chrysanthemum, cucumber, date palm, mel- 
ons, and summer  squash, presence of  
Meloidogyne spp. did not influence the wilt 
response of the resistant cultivars, while in 
tomato, cotton, soybean, and cucumber, the 
wilt resistance was altered (Bergeson, 1975; 
Caperton et al., 1986; Fassuliotis and Rau, 
1969; Johnson and Littrell, 1969; Newhall, 
1958; Price et al., 1980). Fusarium oxysporum 
f. sp. ciceri (Foc) and M. javanica (Mj) occur 
together in many chickpea growing regions, 
and combined infection of chickpea plants 
by these two pathogens increases the severity 
of Fusarium wilt (Goel and Gupta, 1986; 
Nath and Dwivedi, 1980; Sharma and Ce- 
rauskas, 1985; Thakar et al., 1986; Uma Ma- 
heswari et al., 1995; Upadhyay and Dwivedi, 
1987). Because edaphic, environmental,  
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and cultural condit ions al ter  the damage  
caused by pa thogens  as well as interactions 
between the pathogens,  we investigated the 
interactions of  Foc and Mj at three tempera-  
tures and  two soil types on wilt-resistant and  
wilt-susceptible chickpea cultivars. Inf luence 
of  the two abiotic factors on pathogenic  ef- 
fects of  Mj and Foc on plant  growth, of  Foc on 
nema tode  reproduct ion,  and of  Mj on wih 
incidence are described here, and implica- 
tions of  these results on Fusarium-wilt resis- 
tance are discussed. 

MATERIALS AND METHODS 

Exper iments  were conducted  at the Inter-  
nat ional  Crops Research Insti tute for the 
Semi-Arid Tropics (ICRISAT), Patancheru,  
Andhra  Pradesh,  India. MeIoidogynejavanica 
was collected f rom a Vertisol (Typic Pellus- 
terts) field at the ICRISAT research farm 
and main ta ined  on tomato  (Lycopersicon es- 
culentum) cv. Rutgers in 25-cm-diam. pots 
containing a steam-sterilized soil (mixture 
of  sand, soil [25% sand, 27% silt, and  48% 
clay] and  farmyard m anure  [2: l : l ;v /v])  in a 
greenhouse.  Nema tode  inoculum of  second- 
stage juveniles (J2) was obta ined by extract- 
ing egg masses f rom roots and incubat ing 
them at 28 °C to collect the emerged  J2 in 
water. The  J2 were collected daily, rinsed 
with distilled water, and  stored at 15 °C. The  
inoculum was not  stored for longer  than two 
days. 

Fusarium oxysporumf, sp. ciceri (race 1) was 
isolated f rom roots of  a wilt-infected chick- 
pea  plant. A single-spore culture of  the fun- 
gus was main ta ined  on potato  dextrose agar  
m e d i u m  (PDA) and stored at 25 °C in an 
incubator.  A sand-chickpea flour m e d i u m  
was p r epa red  by mixing 10 g chickpea f lour 
with 90 g sand in a 250-ml conical flask con- 
mining 20 ml of  distilled water. The  flasks 
were autoclaved for  one  hour.  The  flasks 
conta in ing m e d i u m  were inocula ted  with 
Foc race 1 obta ined f rom an actively growing 
culture on PDA, and  were main ta ined  at 25 
°C for 15 days. The  inoculum f rom one flask 
was mixed  with 2 kg soil m e d i u m  to fill a 
15-cm-diam. pot. The  n u m b e r  of  Fusa~um 
propagules,  est imated by spreading 20 m g  

soil on modif ied Czapek-Dox med ium (Ha- 
ware et al., 1978), ranged between 1,250 and 
1,500 g soil. Soil in pots was kept  moist  for 
two days and then  used for nematode  inocu- 
lation and sowing of  chickpea seed. 

Experiment 1: Effect o f  Mj and  Foc on 
growth of two wilt-susceptible cultivars (JG 
62 and  K 850) and a wilt-resistant cultivar 
(Avrodhi), effect of  Mj on Fusarium wilt in- 
c idence ,  a n d  effect  o f  Foc on roo t -kno t  
nematode  were studied in g reenhouse  ex- 
per iments .  The  m a x i m u m  and  m i n i m u m  
ambien t  t empera tu re  ranged  f rom 32 to 22 
°C. The  t reatments  were: inoculat ion (per 
12.5-cm-diam. pot) with 2,500 J2 of  Mj, in- 
oculation with 50 g Foc culture, inoculat ion 
with 2,500 J2 of Mj + 50 g of  Foc culture 
together,  inoculation of  Mj 4 days before  in- 
oculation of  Foc culture, inoculat ion of  Foc 
culture 4 days before  inoculat ion of  Mj, and 
uninocula ted  control.  Each t rea tment  con- 
sisted of  five pots with three plants per  pot. 
The  fungal inocnlum was added  to the soil 
as described,  and  J2 in water  suspension 
were placed in depressions where seeds were 
placed. The  factorial  t rea tments  were ar- 
ranged  in a randomized  comple te  block de- 
sign, and data on shoot  and root  weights, 
gall index, egg and  juvenile density, and  wilt 
incidence were recorded  and subjected to 
analysis of  variance. 

Experiment 2: To study the effect of  Foc on 
n e m a t o d e  invasion in roots  o f  the wilt- 
r e s i s t a n t  (JG 74, A v r o d h i )  a n d  wil t -  
susceptible (]G 62, K 850) cultivars, 100 10- 
cm-diam, pots were filled with 500 g steam- 
sterilized soil. In 50 pots, 25 g Foc inoculum 
was thoroughly mixed with soil. Two seeds 
pe r  po t  of  JG  62, K 850, J G  74, and Avrodhi 
were sown in all the pots, and 750 J 2 / p o t  
were placed in depressions where seeds were 
sown. At 2, 4, 5, 8, 10, 15, 20, 25, 30, and 35 
days after germinat ion,  roots of  four  seed- 
lings f rom each of  the Mj-alone and Mj + Foc 
t rea tments  were stained in 0.05% cot ton 
blue lactophenol  for 2-3 minutes. The roots 
were spread on 22.0-cm x 9.5-cm glass plates, 
and ntunber  of  juveniles in the roots was de- 
termined by observation with a stereoscopic 
microscope. The data on number  of  juveniles 
in the roots were subjected to analysis o f  
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variance. Correlat ion coefficients were cal- 
culated between nematode  densities in roots 
of  the cultivars in Mj and Mj + Foc t r ea tment  
with days after inoculations, and  the rela- 
t ionship was fur ther  examined  by l inear and  
quadratic regression analyses. 

Experiment 3: Seeds of  chickpea cultivars 
J G  62, K 850,JG 74, and  Avrodhi were sown 
in 12.5-cm-diam. pots containing I kg steam- 
sterilized soil. These  pots were placed at 15, 
20, and  25 °C with 12-h p h o t o p e r i o d  in 
growth chambers.  The  t reatments  at each 
t empera tu re  were uninocula ted  control,  ad- 
dition of  2,500 J2 of  Mj, addit ion of  50 g of  
Foc, and addition of  bo th  2,500J2 of  Mj+ 50 
g of  Foc i nocu lum/po t .  The  fungal inocu- 
lure was added  to the soil as described, and 
n e m a t o d e  J2  in wa te r  s u s p e n s i o n  were  
p laced  in depress ions  where  seeds were  
placed. The  exper imen t  was in a random- 
ized comple te  block design, and  each treat- 
m e n t  was replicated in five pots, each con- 
mining three plants. The  plant  growth data, 
root-knot, and wilt incidence data were re- 
corded and  subjected to analysis o f  variance. 

Experiment 4: Interact ions of  Mj and Foc on 
J G  62, K 850, J G  74, and Avrodhi were stud- 
ied on  loamy sand (85% sand, 7% silt, 8% 
clay, p H  5.5) and clayey (25% sand, 27% silt, 
48% clay, p H  7.8) soils. Seeds were sown in 
steam-steri l ized soil in 15-cm-diam. pots.  
The  t reatments  were uninocula ted  control, 
5,000 J2 of  Mj, 100 g Foc inoculum,  and  
5,000 J2 of  Mj + 100 g Foc inoculum. There  
were five pots, each containing three  seed- 
lings. The  factorial expe r imen t  was a ran- 
domized  comple te  block design, and  data 
on plant  growth, wilt incidence,  nema tode  
density, and  root  galling were subjected to 
analysis of  variance. 

Dry shoot  weights, fresh root  weight, num- 
ber  of  galls, and percentage  galled area of  
the roots  were  m e a s u r e d  af ter  8 weeks. 
N u m b e r  of  nematode-caused galls on roots 
were rated on a 1-to-9 scale where 1 = no 
galls, 3 = 1-10 galls, 5 = 11-30 galls, 7 = 
31-50 galls, 9 = >50 galls. Percent  galled area  
of  root  was based on  visual assessment of  
root  area covered by galls to the total root  
area: 1 = 0-10% galled area, 3 = 11-20%, 5 = 
21-30%, 7 -- 31-50%, 9 = > 50% galled area  

(Sharma et al., 1993). For Fusarium wilt re- 
action, days taken for  d roop ing  of  leaves, 
chlorosis, and  vascular discoloration in root  
and stem were recorded  at various intervals. 
Chlorosis of  leaves was visually assessed by 
count ing the n u m b e r  of  yellow leaves com- 
pared  to the total n u m b e r  of  leaves. Culti- 
vars with vascular discoloration above the 
collar region were regarded  as wilt-suscepti- 
ble. To  conf i rm infection by Foc, roots were 
washed free of  soil and  the regions below 
and above the collar were split open  and 
examined  for  internal  discoloration. Trans- 
verse sections of  root  por t ion  showing vas- 
cular  d iscolora t ion were  surface-sterilized 
with a 2.5% aqueous solution of  sodium hy- 
pochlor i te  for  3 minutes  and  then  placed on 
PDA in plates. Three  days later, the tissues 
on  PDA were observed for  the presence  of  
Foc. 

The  n u m b e r  of  J2 was estimated in 250- 
cm 3 soil samples collected f rom each pot  at 
8 weeks after planting. The  samples were 
processed by sieving and  decant ing (Cobb, 
1918) by suspending them in water, passing 
th rough  850-pm (20 mesh)  and  38-pm (400 
mesh) pore-size nested sieves, and  placing 
the residue f rom the 38-pm-pore sieve on 
mod i f i ed  B a e r m a n n  funne l s  (Schindler ,  
1961). To estimate the egg number ,  roots 
were washed in runn ing  water, cut into small 
pieces, and  soaked in a 0.25% aqueous so- 
lution of  sodium hypochlori te  to extract  the 
eggs on 38-pm-pore size sieves. 

RESULTS 

Experiment 1: Initially, Mj did no t  influ- 
ence the appearance  of  foliar symptoms of  
m a r g i n a l  chlorosis  and  d r o o p i n g  leaves 
caused by Foc infection; however, within 8 
weeks, ma rked  increase in chlorotic leaves 
was observed in t reatments  with pre- and  
concomi tan t  inoculations of  Mj. Inoculat ion 
of  Mj 4 days later than Foc did not  greatly 
affect leaf  chlorosis  (Table  1). Marginal  
chlorosis o f  leaves in chickpea  K 850 ap- 
pea red  5 weeks after seedling emergence  in 
Foc-alone t reatment .  All plants of  K 850 in- 
oculated with Foc-alone or  together  with Mj 
in all sequential  inoculations showed vascu- 
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Table 1. Effects of  inoculation with Meloidogyneja- 
vanica ( Mj) and Fusarium oxysporum f. sp. ciceri ( Foc) on 
leaf chlorosis in chickpea after 8 weeks' inoculation. 

Leaf chlorosis (%)a 

Treatment K 850 JG 74 Avrodhi 

Control 0.0 0.0 0.0 
Mj 20.0 10.0 20.0 
/%c 40.0 5.0 5.0 
Mj + Foc a 60.0 25.0 50.0 
Mj --~ Foc b 50.0 40.0 30.0 
Foc ---> My ~ 40.0 20.0 20.0 
LSD (P= 0.05): Treatment  × cultivar = 13.4 

~Nematode (2,500 J2/kg soil) and fungus (50 g/kg soil) 
were inoculated simultaneously. 

bNematode inoculated 4 day's before fungus. 
CNematode inoculated 4 days later than fungus. 
aLeaf chlorosis was estimated as number of chlorofic leaves 

x 100/total number of leaves. 

lar discoloration. The fungus-alone treat- 
men t  caused 100% wilt in K 850 within 8 
weeks; Mj r e d u c e d  the la tent  pe r iod  by 
abou t  1 week. Vascular d iscolora t ion in 
roots of  JG 74 and Aw'odhi and growth of  
the fungus in vascular bundles below the 
collar region were observed in soils pre- 
inoculated with Mj. 

Meloidogyne javanica r educed  dry shoot  
weight by 13% in K 850, 17% i n J G  74, and 
20% in A~wodhi (Table 2). Mild chlorosis 
appeared in K 850,JG 74, and Avrodhi, but  
no vascular discoloration in roots was ob- 
served when soils were infested with only Mj. 
The fungus alone significantly reduced the 
dry shoot  weight of  K 850 and root  weight of  
JG 74, while shoot  and root  weights of Avro- 

dhi were unaffected. Mean dry shoot  weight 
across the cultivars was reduced  when pre- 
inoculated with Mj (data not  shown). Pre- 
and concomi tan t  inoculations of  Mj with 
fungus caused 29% reduct ion in shoot  and 
root  weights of  Avrodhi, and 20-35% in- 
crease in shoot and root  weights in JG 74 
(Table 2). 

All cultivars had gall indices between 7 
and 9. Effect of  the fungus on gall indices 
was more  visible on JG 74 and Avrodhi than 
on K 850. Percentage galled area of  the root  
in all the cuhivars ranged between 7 and 9. 
The fungus did not  affect the galled area on 
K 850, while reduct ion in galled area on 
Avrodhi and JG 74 was apparent .  Large 
variations in egg and J2 densities of  Mj were 
observed; however, the differences between 
treatments were not  significant. 

Experiment 2: Invasion of  chickpea roots by 
Mj was rapid and increased very little 6 days 
after inoculation, particularly on K 850 (Fig. 
1). About 40% of  J2 invaded the roots of  JG 
62 and K 850 between days 4 and 6 of  in- 
oculation, while penetra t ion in JG 74 and 
Avrodhi roots was greatest between days 2 
and 4. In the presence of  Foc, the mean  
n u m b er  of  juveniles d ropped  40% in JG 62 
and JG 74, and 30% in K 850 and Avrodhi. 
I n J G  62, Foc initially stimulated the penetra- 
tion of  J2 while in o ther  cultivars the rate of  
J2 penetrat ion was always lower in the Mj + 
Foc t reatment  than in Mj-alone treatment.  
The numbers  of  J2 penetra ted in Mj and Foc 
+ Mj treatments were positively correlated 

Table 2. Effects of inoculation with Meloidogynejavanica (M3) with Fusarium oxysporum f. sp. ciceri (foc) on shoot 
and root  weights of  chickpea cultivars. 

Treatment 

Fresh shoot weight (g) Dry shoot weight (g) Fresh root weight (g) 

K 850 JG 74 A~'rodhi K 850 JG 74 Avrodhi K 850 JG 74 Avrodhi 

Control 29.3 25.9 23.4 6.5 5.4 4.3 11.6 20.2 20.8 
Foc 32.1 29.6 23.2 5.7 6.9 3.9 14.5 16.7 18.9 
Mj 28.0 23.3 21.0 5.7 4.5 3.4 16.2 14.0 18.2 
Mj --+ Foc ~ 29.2 29.0 25.3 5.7 7.8 4.1 16.1 9.3 15.6 
Foc--~ Mr" 31.3 33.0 19.7 6.4 6.5 3.0 17.8 13.2 14.6 
Mj+ Foc c 28.2 30.2 20.5 5.9 5.9 3.1 14.4 11.8 14.4 
LSD (P= 0.05): 

Ct~ltivar × treatment 3.41 0.70 3.46 

~Nematode inoculated 4 days before the fungus. 
bNematode inoculated 4 days later than fungus. 
CNematode (2,500 J2/kg soil) and fungus (50 g/kg soil) inoculated simultaneously. 
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FIG. I. Effect of Fusa~um oxysp~rum f. sp. ciceri (Foc) on penetration of Meloidogynejavanica (Mj) in Chickpea 
roots. LSD (P = 0.05) = 23.1 (.]G 62), 22.9 (K 850), 18.2 (JG 74), and 20.2 (Avrodhi). 

with days after inoculation and correlation 
coefficients were generally greater, except in 
the nematode-alone treatment on JG 62, for 
the wilt-resistant cultivars (for JG 74, Mj = 
0.81, P = 0.05, Foc + Mj = 0.90, P = 0.05; for 
Avrodhi, Mj = 0.85, P = 0.05, Foc + Mj = 0.89, 
P = 0.05) than for the wilt-susceptible culti- 
vars ( forJG 62, Mj = 0.93, P = 0.05, Foc + Mj 
= 0.27; for K 850, Mj = 0.27, Foc + Mj = 0.48). 
The life cycle of  Mj was no t  influenced by 
the presence of  Foc, and adult females were 
observed within 25 days of  inoculation; nev- 
ertheless, the adult female number  was re- 
duced by 50% (data not  shown). Egg density 
in egg masses was not  affected by Foc. 

Experiment 3:JG 74 and Avrodhi grew bet- 
ter and produced  greater root  and shoot 
weights at 20 °C than at 15 °C and 25 °C. 
Interactions between the cultivars and the 
two pathogens were significant at 20 °C (Fig. 
2). Wilt developed rapidly, and wilt inci- 
dence was higher at 20 °C; about  35% more  
plants of  JG 62 wilted in 3 weeks at 20 °C 
than at 25 °C. Marginal chlorosis of  leaves in 

K 850 in the Foc-alone t reatment was first 
observed after 3 weeks at 20 °C and after 4 
weeks at 25 °C. No wilt symptoms developed 
on any cultivar at 15 °C. Mild chlorosis of  
leaves in JG 74 and Avrodhi was observed at 
20 °C and 25 °C, but no vascular discolor- 
ation was found. In Mj + Foc treatments, wilt 
on JG 62 appeared 1 week earlier than in 
Foc-alone t reatment at 25 °C. Marginal chlo- 
rosis of leaves in K 850 was first observed 
after 3 weeks of  inoculations at 20 °C and 25 
°C; extent of  chlorosis was greater at 25 °C 
than at 20 °C. About  80% of  K 850 plants 
showed  vascular  d i sco lo ra t ion  within 6 
weeks. No wilt symptoms except slight chlo- 
rosis of  leaves were observed on JG 74 and 
Avrodhi in the Mj + Foc treatment. 

Dry shoot weights of  JG 62 at 20 °C, and of  
JG 74 and Avrodhi at 25 °C, were reduced by 
Mj. Fresh root  weight of  JG 62 was reduced 
at 20 °C. At 15 °C, no adverse effect of  nema- 
tode infection on shoot  and root  weights of  
the cultivars was observed. Fresh and dry 
shoot  weights of  K 850 were not  affected by 
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Effect ofFusarium oxyspomm f. sp. ciceri (Foc) and Meloidogynejavanica (My) on dry shoot and fresh root 
weights of four  chickpea cultivars at three temperatures. C = Uninoculated control. LSD (P = 0.05) = 3.75, 0.72, 
and 2.35 for fresh and dry shoot  weights and fresh root  weights, respectively, at 20 °C. 
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the n e m a t o d e  at any t empera tu re .  Root  
weight of  JG 74 was greater in Mjqnfested 
soil at 20 °C. Effect of  nematode  infection 
on root  weights of  K 850 and Avrodhi was 
not  significant. 

Dry shoot  weights of  JG 62 a n d J G  74 were 
reduced (P = 0.05) by Foc at 20 °C, while at 
25 °C the dry shoot  weight of  JG 74 was in- 
creased (P = 0.05). Fresh root  weight of  JG 
74 was reduced  at 20 °C, and root  weights of  
K 850 and Avrodhi at 25 °C were increased 
in Foc-inoculated pots. Interactions between 
the pathogens on dry shoot  and root  weights 
were significant only at 20 °C (Fig. 2). Dry 
shoot  weights of  JG 62, JG 74, and Avrodhi 
and fresh root  weight of  JG 62 were signifi- 
cantly reduced.  

N u m b e r  of  galls, pe rcen tage  o f  galled 
area of root, and size of  galls increased when 
tempera ture  increased from 15 °C to 25 °C. 
Gall indices of  all the cultivars ranged be- 
tween 3 and 4 at 15 °C, 5 and 7 at 20 °C, and 
at 9 at 25 °C. Tempera tu re  had a marked 
effect on galled area of  root, and at 15 °C 
only 20% of  the root  area was galled; at 25 
°C more  than 50% of  the root  area was 
galled. The  galled area of  K 850, JG 74, and 

. . . . . . . . . .  Avrodhi was enhanced  when tempera ture  
increased f rom 15 °C to 25 °C. Reduction in 
galled area of  roots in the presence of  Foc 
was noticed at 15 °C and 20 °C. Densities of  
eggs and J2 in root  and soil increased sig- 
nificantly as t empera tu re  increased (data 
not  shown). 

Experiment 4: Foliar symptoms of  marginal 
chlorosis and drooping  leaves on JG 62 first 
appeared 2 weeks after inoculation in Foc- 
alone t reatment  on both  the soils. Marginal 
chlorosis of  leaves on K 850 appeared after 4 
weeks on  clayey and after 6 weeks on loamy 
sand. Mild chlorosis of  leaves without any 
~ascular discoloration was observed o n J G  74 
and Avrodhi on both soils. Wilt symptoms 
first appeared on JG 62 a week after inocu- 
lation in Foc + Mjqnfested soils. Wilt inci- 
dence o n J G  62 was 100% on clayey and 87% 
on loamy sand within 8 weeks of  inocula- 
tion. Wilt in K 850 was not  affected by soil 
type. Effects of  Mj, Foc, and their interac- 
tions differed with cultivar and soil type (Fig. 

3). Shoot  weighg of  JG 62 was lower on  
loamy sand than on  clayey soils. Mean shoot  
weight across cultivars was r educed  (P = 
0.05) by Mj and increased (P = 0.05) by Foc. 
The  nematode  reduced  the shoot  weight o f  
JG 74 by 32% on loamy sand; when com- 
pared with that in the uninocula ted  control,  
Foc had no significant effect (Fig. 3). Shoot  
weight of  Avrodhi was not  altered by the 
pathogens and their  interactions. Meloido- 
gyne javanica r educed  (P = 0.05) the dry 
shoot  weights of  JG 62 and K 850 by 20% 
and 10%, respectively. The  fungus reduced  
(P-- 0.05) the shoot  weight of  JG 62 by 40% 
and increased the shoot  weight of K 850. 
The  increase in shoot  weight by Focwas 30% 
greater  on clayey than on loamy sand. Dry 
shoot  weights of  JG 74 and Avrodhi were not  
affected by the pathogens (Fig. 3). Fresh 
root  weights of  JG 62 a n d J G  74 were 50% 
and 45% greater  on loamy sand than on 
clayey soil, respectively. Nematode  infection 
increased the root  weights of  JG 62, K 850, 
and Avrodhi; Foc reduced  the root  weight Of 
JG 62 and K 850. Gall indices, galled area of  
root, and egg and J2 densities of  Mj were 
similar on all cultivars. The  average galled 
area score on JG 74 was 7 on clayey soil and 
greater than 8 on  sandy soil. 

DISCUSSION 

In this study, resistance in chickpea culti- 
vars JG 74 and Avrodhi to Fusarium wilt was 
stable at all temperatures  in the presence of  
the nematode.  This is contrary to the repor t  
f rom nor thern  India where Mj modified the 
Fusarium wilt resistance in Avrodhi (Up- 
adhyay and Dwivedi, 1987). Reasons for  this 
dissimilar response were not  explored; how- 
ever, pa thogen variability and differences in 
virulence could be major factors. In tomato, 
the presence of  nematode  and fungus to- 
gether  at 25 °C and 30 °C did not  influence 
wilt resistance (Abawi and Barker, 1984). 
The  stability of  wilt resistance across a range 
of  temperatures  suggests that resistant chick- 
pea  cultivars can be used in many agroeco- 
systems in temperate  as well as tropical re- 
gions. In a multiple-disease situation, the 
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host response is actually a composi te  re- 
sponse to parasite-parasite interactions and 
to abiotic influences (Webster, 1985). Fu- 
sarium oxysporum f. sp ciceri generally sup- 
pressed nematode  density and root  galling, 
and Mj increased wilt development.  Foliar 
symptoms of  leaf chlorosis and drooping  
leaves were typically more  obvious on  plants 
in Foc + Mj t rea tment  than on plants in the 
Foc-alone t reatment.  No vascular discolor- 
at ion in the stem region was observed 8 
weeks after inoculations (observations were 
not  recorded  later); however, F0c invaded 
the vascular region of  roots of  wilt-resistant 
cultivars in the presence of  Mj. It is possible 
that in some long-duration chickpea culti- 
vars, Foc in the presence of  Mj may gradually 
invade the stem region and cause wilting. 
Development  of  wilt and suppression of  root  
galling by Focwas most favored at 20 °C and 
not  at 25 °C (Chouhan,  1963). Tempera tu re  
had a marked effect on  gall index, galled 
area of  root, and gall size, and 25 °C was 
conducive for development  and reproduc-  
tion of  Mj. This clearly indicates that evalu- 
a t ion of  genotypes  for  resis tance to Mj 
should be done  at temperatures  op t imum 
for nematode  development  and multiplica- 
tion (Dropkin, 1969). Soil type affected the 
root  kno t  and wilt incidences.  Increased  
moisture re tent ion in heavier soil that favors 
fungal growth is one plausible explanation 
for this result. The  high silt and clay content  
probably suppressed Mj activity (Prot and 
Van Gundy,  1981). Sleeth and  Reynolds 
(1955) also repor ted  that Meloidogyne spp. 
caused more  damage and reproduced  bet ter  
in coarse-textured soils than in finely tex- 
tured soils. The  two pathogens varied in 
their reaction to temperatnre  and soil niche. 
In peninsular India, chickpea is cultivated 
on heavier soils that are unsuitable for  Mj. 
In nor thern  India and Nepal, chickpeas are 
cultivated on coarse-textured sandy loam 
soils, and ambient  temperatures  are greater  
than 25 °C during mid-crop growth period. 
The presence of  Mj in these soils is p rone  to 
escalate wilt incidence in this region, while 
chances  of  any such in terac t ions  in the 
chickpea growing regions in peninsular  In- 
dia are remote.  Currently, there is a greater  

emphasis on development  and cultivation of  
wilt-resistant ch ickpea  cultivars in India.  
These culfivars are likely to alleviate the sup- 
pressive effect of Foc on Mj, which may lead 
to greater  damage of  chickpea by Mj. Resis- 
tance to Fusarium wilt in chickpea is oligo- 
genic (Singh et al., 1986; Upadhyaya et al., 
1983a, 1983b), and resistance due  to some 
genes is not  stable in presence of Mj (Urea 
Maheswari et al. 1995). Therefore ,  breeding 
for  chickpea cultivars with multiple resis- 
tance to both pathogens, and development  
of  Fusarium wilt-tolerant chickpea cultivars, 
will help to reduce  crop losses associated 
with these pathogens. 
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