IR (7222

Supplement to the Journal of Nematology 27(4S):649-653. 1995,
© The Society of Nematologists 1995,

\O\X

Co-infection of Wilt-Resistant Chickpeas by Fusarium
oxysporum f{. sp. ciceri and Meloidogyne javanica

T. UMa MaHESHWAR],' S. B. SHARMA,' D. D. R. Reppy,? AND M. P. HAWARE!

Abstract: Fusarium oxysporum f.sp. ciceri and Meloidogyne javanica are important pathogens of chick-
pea. Interrelationships between F. oxysporum f.sp. ciceri and M. javanica were investigated on 53
Fusarium wilt-resistant chickpea genotypes in pot experiments. All of the genotypes were susceptible
10 M. javanica. Fusarium wilt resistance in one genotype (1CC 12275) was ineffective in the presence
of M. javanica, and all the plants completely wilted. Resistance in four genotypes (1CCs 11319, 11322,
12254, 12272) was reduced in the presence of the nematode. Vascular discoloration above the collar
region of the plants, an indication of susceptibility to the fungus, was observed. Wilt resistance in 48
genotypes was not modified by M. javanica. The eftects of interactions between the pathogens on
shoot and root weights, gall index, and galled area of root were significant only on 10-28% of the
genotypes. Presence of the fungus reduced the adverse eftects of nematodes on growth of 15% of
the genotypes. Appraisal of wilt-resistant chickpea genotypes for their reactions to combinations of
the two pathogens would help 10 identify and develop chickpea cultivars with wilt resistance stable
in presence of M. jevanica.
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Chickpea (Cicer arietinum) is’an impor-
tant grain legume in the cropping systems
of subsistence farmers in the Indian sub-
continent, West Asia, and North Africa.
Chickpea wilt, caused by Fusarium oxyspo-
rum f.sp. ciceri, is a serious soilborne dis-
ease (4). Sources of resistance to Fusarium
wilt are available in the chickpea gene bank
at the International Crops Research Insti-
tute for the Semi-Arid Tropics (ICRI-
SAT), Andhra Pradesh, India. Cultivation
of wilt-resistant cultivars is the most com-
monly recommended management option
to protect chickpea yields. Root knot,
caused by Melvidogyne spp., is a serious dis-

ease of chickpea and M. javanica is one of

the most damaging root-knot nematode
species in the warmer regions (7).
Meloidogyne javanica and F. oxysporum
f.sp. ciceri occur together in many chickpea
growing regions, and wilt-susceptible cul-
tivars die earlier from wilt when co-
infected with M. javanica (7). Two reports
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indicated that the Meloidogyne spp. break
Fusarium wilt resistance in certain chick-
pea genotypes (10,11). The loss of Fusar-
ium wilt resistance can have serious impli-
cations for management of chickpea wilt,
Commercial chickpea cultivars lack resis-
tance to M. javanica (6), and the reactions
of wilt-resistant genotypes to M. javanica
have not been reported. The purpose of
this investigation was to study the interre-
lationships between M. javanica and F. ox-
ysporum f.sp. cicert on wilt-resistant chick-
pea genotypes.

MATERIALS AND METHODS

Nematode inoculum: An isolate of M. jav-
anica race 1, which does not attack ground-
nut or pepper (8), collected trom the 1C-
RISAT research farm was increased on to-
mato (Lycopersicon esculentum) cv. Rutgers
in 25-cm-d pots containing an autoclaved
mixture of sand, black cotton soil (44%
sand, 16% silt, 40% clay), and farmyard
manure (2:1:1, v/v). Second-stage juveniles
(J2) were obtained from egg masses incu-
bated at 28 C.

Fungus inoculum: Fusarium oxysporum
f.sp. ciceri was isolated from roots of an
infected chickpea plant. A single-spore iso-
late of the fungus was maintained on po-
tato dextrose agar (PDA) and stored at 25
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€ in an incubator. A sand-chickpea flour
medium was prepared from chickpea
flour (10 g) mixed with sand (90 g) in a
250-ml conical flask containing 20 ml dis-
tilled water. The flask was autoclaved for 1
hour, inoculated with the fungus from an
actively growing culture on PDA, and in-
cubated at 25 C for 15 days (4). Inoculum
from one flask was mixed with 2 kg soil to
fill a 15-cm-d pot. The number of Fusarium
propagules, estimated from 20 mg soil
spread on modified Czapek Dox medium
(3), was between 1,250 and 1,500/g soil.
Soil in pots was kept moist for 2 days and
then infested with nematodes and sown
with chickpea seed.

Assessment of effects of nematode and fungus:
Seeds of 53 wilt-resistant chickpea geno-
types, obtained from the Genetic Re-
sources Unit of ICRISAT, were sown in
12.5-cm-d pots containing an autoclaved
mixture of sand, black cotton soil (44%
sand, 16% silt, 40% clay), and farmyard
manure (1:2:1; v/v). A wilt-susceptible cul-
tivar (JG 62) was included as a check. Four
treatments for each genotype were used:
1) 2,500 M. javanica J2/pot (nematode-
alone); 2) 50 g/pot fungus inoculum (fun-
gus-alone); 3) 2,600 J2 + 50 g fungus in-
oculum (fungus + nematode); and 4) un-
inoculated control. Each treatment was
replicated five times.

The treatments were arranged in ran-
domized complete blocks. Observations on
fresh and dry shoot weight, fresh root
weight, number of galls, percentage galled
area of the root, and gall size were re-
corded. Number of galls were rated on a
1-to-9 scale: 1 = 0 galls; 3 = 1-10 galls; 5
= 11-30 galls; 7 = 31-50 galls; and 9 =
>50 galls. Percentage galled area of root
was rated on a 1-to-9 scale based on visual
assessment of root area covered by galls to
the total root area as follows: 1 = 0-10%
galled area; 3 = 11-20%; 5 = 21-30%; 7
= 31-50%; and 9 = >50% galled area (5).
Gall size was visually rated as very small,
small, medium, big, and very big (5). Num-
ber of egg masses was rated on the same
scale developed for number of galls. Data
collection on Fusarium wilt reaction in-

cluded days taken for leaf drooping, leaf
chlorosis, and vascular discoloration. Gen-
otypes with vascular discoloration above
the collar region were considered wilt-
susceptible. Fusarium infection in any gen-
otype was confirmed in repeat tests. To
verify infection by Fusarium, roots were
washed free of soil, and the regions below
and above the collar region were split open
and examined for internal discoloration.
Transverse sections of the root portion
showing vascular discoloration were sur-
face-sterilized with 2.5% aqueous solution
of NaOCI for 3 minutes and placed on
PDA. Three days later, the tissues were ob-
served tor the presence of F. oxysporum
f.sp. ciceri.

The data were subjected to analysis of
variance. Means were separated by LSD
values calculated when F-tests indicated
significant (P = 0.05) treatment effects.

RESULTS

Wilt incidence: None of the wilt-resistant
chickpea genotypes in the fungus-infested
soil showed symptoms. Forty-eight geno-
types in the fungus + nematode-infested
soil showed no wilt symptoms. Al! the
plants of the wilt-susceptible check cultivar
JG 62 completely wilted. The presence of
M. javanica had a distinct effect on wilt re-
action of five genotypes (ICCs 11319,
11322, 12254, 12272, and 12275). Plants
of these genotypes had 10-20% chlorotic
leaves in the fungus-alone treatment, but
no vascular discoloration above the collar
region was observed. Concomitant infec-
tion by M. javanica and F. oxysporum f.sp.
ciceri increased the chlorosis of leaves from
10% to 34% in ICC 11319, 15% to 20% in
ICC 11322, 10% to 40% in ICC 12254,
10% to 25% in ICC 12272, and 20% to
100% in ICC 12275 compared with the ef-
fect of the fungus alone. Vascular discol-
oration above the collar region was found
in 13% of the plants of ICC 11319, 40% of
ICC 11322, 60% of ICC 12254, 13% of
ICC 12272, and 100% of ICC 12275. The
fungus + nematode treatment also re-
sulted in 10-50% chlorotic leaves on five
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genotypes (ICCs 11315, 11317, 12270,
12429, and 12430) compared with the un-
inoculated control, but no vascular discol-
oration was observed.

Plant grolwth: Shoot weights of 23 geno-
types were reduced, shoot weight of one
genotype was increased and shoot weights
of 28 genotypes were unaffected by nema-
tode infection (P = 0.05, Table 1). The
nematode reduced the root weights of 12
genotypes and increased the root weights
of 17 genotypes. Shoot weights of 1CCs
11313, 11315, 11317, 12236, 12244,
12247, 12248, 12270, 12429, 12466,
12468, and ICCC 4 were not affected by

TasLe 1.
weight of chickpea genotypes.

nematode infection despite severe galling
of the roots.

Shoot weights of 1CCs 12234, 12235,
12251, and 12275, and root weights of
ICCs 12253, 12254, and 12270 increased
in the fungus-infested soil (P = 0.05).
Root weights of ICCs 12236, 12249,
12468, Radhey, BDN-9-3, Jyothi, and
ICCC 4, and shoot weights of ICCs 11320,
12253, and 12254 significantly declined.
Shoot weights of 45 and root weights of 42
genotypes were not influenced by the fun-
gus.

The presence of both pathogens caused
greater reductions in shoot weight than

Effects of Meloidogyne javanica and Fusarium oxysporum f.sp. ciceri alone and together on shoot

' l-'uhgus Nematode Nematode LSD ( = 0.05)

Genotype Uninoculated alone alone and fungus

1CC no.® control (F) (N) (N +F) ¥ N FxN

Dry shoot weight (g)

11316 4.0 4.0 3.5 3.6 NS 0.21 NS
11318 3.8 3.5 2.8 3.2 NS 0.23 NS
11319 3.9 38 2.2 3.2 NS 0.46 NS
11320 35 1.7 3.2 1.5 0.58 NS NS
12234 4.1 4.5 3.3 3.8 0.33 0.33 NS
12235 3.9 4.4 3.6 3.9 0.39 NS NS
12237 4.2 4.6 3.5 4.1 0.35 0.35 NS
12240 2.8 2.7 3.6 3.2 NS .42 NS
12242 39 3.8 3.3 3.5 NS 0.32 NS
12246 3.8 3.6 3.2 3.2 NS 0.32 NS
12249 33 3.7 1.6 2.6 NS 0.49 NS
12250 3.3 3.8 2.5 2.8 NS 0.51 NS
12251 3.3 4.6 2.1 2.9 0.45 0.45 NS
12252 3.7 39 1.8 2.8 0.40 0.40 0.57
12253 4.5 4.0 33 2.7 0.49 0.49 NS
12254 4.9 3.9 4.1 2.2 0.42 NS 0.42
12255 3.7 3.6 33 2.4 NS 0.56 NS
12256 4.3 4.3 3.4 3.2 NS 0.68 NS
12258 3.2 3.4 2.5 2.8 NS 0.44 NS
12259 3.6 3.9 2.8 2.8 NS 0.58 NS
12267 39 35 2.4 3.1 NS 0.48 NS
12275 2.9 4.1 2.6 2.2 0.32 NS 0.45
12430 3.3 3.6 1.7 2.6 NS 0.58 NS
12432 3.3 3.3 1.4 1.8 NS 0.39 NS
12433 2.9 3.7 1.7 2.1 NS 0.65 NS
12434 5.0 5.0 4.5 4.3 NS 0.43 NS
12464 5.6 6.4 5.1 5.2 NS NS 0.68
12466 5.5 3.3 5.0 4.9 NS 0.54 NS
12468 8.9 4.6 9.7 4.8 1.37 NS NS
Annigiri 5.2 5.5 4.6 4.3 NS 0.31 NS
BDN-9-3 5.9 6.1 4.9 5.5 NS 0.58 NS

Data are average of 20 plants per treatment. Shoot weights of ICCs 11311, 11313, 11315, 11317, 11322, 11324, 12236, 12239,
12241, 12243, 12244, 12245, 12247, 12248, 12270, 12272, 12429, 12465, 12467, 12468, Radhey, Jyothi, and 1CCC 4, and root
weight of ICCs 11313, 11316, 11320, 11322, 12237, 12256, 12429, 12433, 12434, 12464, and 12467 were not affected by any
treatment. NS = Not significant at P = 0.05.

2 International Crops Research lmstitute for the Semi-Arid Tropics (ICRISAT) chickpea germplasm accession number.



652 Journal of Nematology, Volume 27, Supplement to December 1995

did the fungus alone. The effects of both
pathogens, compared with either alone, on
shoot weight were significant only on four
genotypes (ICCs 12252, 12254, 12275, and
12464) (Table 1); the effect differed with
the genotype. On ICC 12252, the nema-
tode reduced the shoot weight by 49%
compared with uninoculated control; the
fungus tended to increase the shoot
weight, whereas co-infection reduced the
shoot weight (P = 0.05). On 12254, the
fungus reduced the shoot weight, the
nematode did not, and co-infection mark-
edly reduced shoot weight. The adverse
effect of co-infection was greater than that
of either of the pathogens alone, or sum of
the reductions caused by the individual
pathogens. Shoot weight of ICC 12275 was
significantly increased by fungal infection
and decreased by the co-infection. The
nematode effect was not significant. On
ICC 12464, co-infection had an adverse ef-
fect on shoot weight. Shoot weights of 23
genotypes were unaffected by infection
with either or both pathogens.
Co-infection significantly affected root
weights of 15 genotypes. The effects dif-
fered with genotype. For example, only
the interaction and not the individual
pathogens affected eight genotypes (ICCs

‘TABLE 2.

11311, 11315, 11317, 11318, 12240,
12255, 12272, and 12432). The root
weights of ICC 12239 and ICC 12252 were
increased by nematode infection and un-
atfected by the fungus; however, the ad-
verse effect of nematode on these geno-
types was diminished in presence of the
fungus. Individual pathogens and their in-
teractions were significant (P = 0.05) on
root weights of only five of the tested gen-
otypes (ICC 12270, ICC 12430, Radhey,
Jyothi, and Annigiri).

Root-knot disease: All the chickpea geno-
types except ICC 11311 had gall indices
between 6 and 9. Ratings of percentage
galled area of the root ranged between 1
and 9 (Table 2). The fungus significantly
influenced the gall number on eight gen-
otypes, and on all these genotypes except
one (ICC 12253) it had an inhibitory ef-
fect. Meloidogyne javanica produced egg
masses on all 53 chickpea genotypes, and
the number of egg masses was similar in
nematode-alone and nematode + fungus-
infested soils (data not included). The fun-
gus significantly reduced the galled area of
root of three (ICCs 11317, 12245, and
12464) and increased it on three (ICCs
11311, 12253, and 12466) genotypes.
Seven genotypes had small galls, 33 had

Effect of Meloidogyne javanica alone and in combination with Fusarium oxysporum f.sp. ciceri on gall

index and percentage galled area of root on chickpea genotypes.

Gall index* % Galled area®
Genotype Nematode LSD Nematode LSD
ICC no.* Nematode and fungus P = 0.05) Nematode and fungus (P = 0.05)
11311 4.4 5.1 NS 1.2 2.7 0.9
11317 9.0 7.8 NS 9.0 6.4 0.3
11324 8.0 6.6 1.3 9.0 8.2 NS
12245 8.9 8.5 NS 7.7 6.2 1.0
12253 8.0 8.9 0.8 7.8 9.0 0.7
12464 8.0 7.2 0.2 7.6 7.0 0.4
12466 8.8 8.9 NS 8.4 8.9 0.4
12468 8.6 7.2 0.7 8.5 7.8 NS
Radhey 8.7 7.4 0.7 9.0 9.0 NS
Annigiri 9.0 7.5 0.6 8.0 7.2 NS
BDN-9-3 8.8 7.5 0.7 8.2 8.6 NS
ICCC 4 9.0 7.8 0.7 8.8 8.4 NS

Data, recorded 8 weeks after inoculation, are means of 20 plants. Gall indices and percentage galled area of root of other
41 chickpea genotypes were not influenced by the presence of F. oxysporum E.sp. cicen.

2 Gall index: 1 = 0 galls, 3 = 1-10 galls, 5 = 11-30 galls, 7 = 31-50 galls, 9 = >50 galls.

b Percentage galled area of root: 1 = 0~10% galled area, 3 = 11-20%, 5 = 21-30%, 7 = 31-50%, 9 = >50% galled area.

< International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) chickpea germplasm accession number.
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medium, and 11 had big to very big galls.
Size of galls was unaffected by the fungus.

DiscussioN

Nonuniformity of host response to co-
infection by the two pathogens was per-
ceived as a reflection of genotype-specific
interactions in the M. javanica—F. oxysporum
f.sp. ciceri—C. arietinum system. Meloidogyne
javanica increased the susceptibility of
some, but not of all, of the Fusarium wilt-
resistant chickpea genotypes. Breakdown
of the resistance mechanism in ICC 12275
is evidence of conditioning of gene expres-
sion for resistance to Fusarium wilt by the
presence of M. javanica genes for parasit-
ism on ICC 12275. Sidhu and Webster (9)
reported that in tomato infected. with M.
incognita, the gene for resistance to Fusar-
ium became ineffective, and expression of
the gene for resistance to Fusarium was
modified by the presence or absence of
genes for resistance to the root-knot nema-
tode. The moderate regulatory effect of
the nematode population on wilt resistance
in ICCs 11319, 11322, 12254, and 12272,
and lack of any perceptible effect on resis-
tance in other genotypes, is indicative of
quantitative as well as qualitative differ-
ences in genes that confer wilt resistance in
chickpea. ICCs 11319, 11322, 12254, and
12272 may show wilt after 90 days or near
physiological maturity; we studied the re-
action of the genotypes 60 days after sow-
ing. Bergeson (1) found that the ability of
M. incognita to break Fusarium wilt resis-
tance varied among muskmelon cultivars,
and resistance was most easily broken in a
cultivar with incomplete resistance to the
fungus. Similar cultivar-specific interac-
tions between root-knot nematodes and
Fusarium on summer squash were re-
ported (2).

We found that shoot weights of 23 gen-
otypes were not adversely affected by indi-
vidual or co-infection by the pathogens,
and this evidence of tolerance to M. javan-
ica should be examined further in multi-

location trials in areas naturally infested
with both pathogens.

Though wilt resistance in more than
90% of the tested genotypes was not af-
fected by the presence of M. javanica, eval-
uation of the reaction of wilt-resistant
chickpea genotypes to blends of popula-
tions of the two pathogens would help in
identifying promising genotypes and in
eliminating genotypes with unstable wilt
resistance in presence of the nematode.
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