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ABSTRACT

Castillo, P., Mora-Rodríguez, M. P., Navas-Cortés, J. A., and Jiménez-
Díaz, R. M. 1998. Interactions of Pratylenchus thornei and Fusarium
oxysporum f. sp. ciceris on chickpea. Phytopathology 88:828-836.

Fusarium oxysporum f. sp. ciceris and the root-lesion nematode Praty-
lenchus thornei coinfect chickpeas in southern Spain. The influence of root
infection by P. thornei on the reaction of Fusarium wilt-susceptible (CPS 1
and PV 61) and wilt-resistant (UC 27) chickpea cultivars to F. oxysporum
f. sp. ciceris race 5 was investigated under controlled and field conditions.
Severity of Fusarium wilt was not modified by coinfection of chickpeas by
P. thornei and F. oxysporum f. sp. ciceris, in simultaneous or sequential
inoculations with the pathogens. Root infection with five nematodes per
cm3 of soil and 5,000 chlamydospores per g of soil of the fungus resulted
in significantly higher numbers of propagules of F. oxysporum f. sp. ciceris
with the wilt-susceptible cultivar CPS 1, but not with the wilt-resistant one.

However, infection with 10 nematodes per cm3 of soil significantly increased
root infection by F. oxysporum f. sp. ciceris in both cultivars, irrespective
of fungal inoculum densities (250 to 2,000 chlamydospores per g of soil).
Plant growth was significantly reduced by P. thornei infection on wilt-
susceptible and wilt-resistant chickpeas in controlled and field conditions,
except when shorter periods of incubation (45 days after inoculation) were
used under controlled conditions. Severity of root necrosis was greater in
wilt-susceptible and wilt-resistant cultivars when nematodes were present
in the root, irrespective of length of incubation time (45 to 90 days), den-
sities of nematodes (5 and 10 nematodes per cm3 of soil), fungal inocula,
and experimental conditions. Nematode reproduction on the wilt-susceptible
cultivars, but not on the wilt-resistant one, was significantly increased by
F. oxysporum f. sp. ciceris infections under controlled and field conditions.

Additional keywords: Cicer arietinum, pathogenicity, resistance.

Fusarium wilt, caused by Fusarium oxysporum Schlechtend.:Fr.
f. sp. ciceris (Padwick) Matuo & K. Sato, is a major constraint to
production wherever chickpea (Cicer arietinum L.) is grown, par-
ticularly in the Mediterranean region and the Indian subcontinent
(15,30). Yield losses of up to 10% have been attributed to Fusar-
ium wilt in India (37) and Spain (40) and up to 40% in Tunisia (4).
F. oxysporum f. sp. ciceris can survive in soil several years by
means of chlamydospores (16), which makes crop rotation unsuit-
able as a management strategy for Fusarium wilt of chickpea. There-
fore, the most practical and economical method for controlling Fu-
sarium wilt of chickpea worldwide is the use of resistant cultivars
(15,20,21). Root infection by plant-parasitic nematodes has been
shown to affect host resistance to some formae speciales of F.
oxysporum (27). Thus, the occurrence of plant-parasitic nematodes
along with F. oxysporum f. sp. ciceris in soil used for chickpea
production is of concern for the durability of Fusarium wilt-resis-
tant chickpea cultivars (34).

The cereal and legume root-lesion nematode, Pratylenchus
thornei Sher & Allen, damages chickpea crops in the Mediterra-
nean region, including southern Spain, and in the Indian subconti-
nent (7–9,11,12,42). Populations of P. thornei in field soils range
from 0.02 to 0.48 per cm3 in southern Spain (8). In addition, some
root-knot nematodes infecting chickpea are known to interact with
root-infecting fungi (26,35,36), thus increasing crop damage.

Both F. oxysporum f. sp. ciceris and P. thornei are widely dis-
tributed throughout the major chickpea production areas of the
world (8,11,12,30). Thus, the possibility exists that these patho-
gens, when present together in chickpea fields, may interact syner-
gistically, causing more damage and higher severity of Fusarium
wilt than would result from infection with either pathogen alone.

However, to our knowledge, no information is available about the
interaction between F. oxysporum f. sp. ciceris and P. thornei. The
objective of this study was to determine the influence of root in-
fections by P. thornei on the reaction of susceptible and resistant
chickpea cultivars to F. oxysporum f. sp. ciceris, including effects
on final nematode population densities in soil and roots and root
colonization by the fungus.

MATERIALS AND METHODS

Pathogen inoculum and plant material. The most virulent
race of F. oxysporum f. sp. ciceris (race 5) infecting chickpea in
southern Spain and a population of P. thornei (Cañete population)
representative of those found in the Spanish chickpea-growing areas
were chosen for the studies (9,19,22). Monoconidial isolate Foc
8012 of F. oxysporum f. sp. ciceris, representative of race 5 of the
pathogen, was used in all studies. This isolate was collected from
a chickpea field at Cañete de las Torres (Córdoba) in 1980 and has
been used in previous studies (20,40). The isolate was stored in
sterile soil at 4°C. Active cultures of the fungus were obtained by
placing small aliquots of a soil culture on potato-dextrose agar
(PDA) plates that were then incubated at 25°C with a 12-h photo-
period of fluorescent and near-UV light at 36 µE m–2 s–1 for 7 days.
Inoculum consisted of chlamydospores obtained as described by
Alexander et al. (2). A suspension of autoclaved sandy loam soil
in sterile distilled water (1 kg:1 liter) was filtered through filter
paper, and the extract was sterilized through a 0.22-µm Millipore
filter. The sterile soil extract collected in sterile 250-ml Erlenmeyer
flasks (100 ml per flask) was infested with 1 g of fungal mycelial
mass grown on Czapeck’s medium and incubated on a rotary
shaker at 120 rpm for 7 days under the same conditions as the
PDA cultures. To obtain mycelial mass, cultures were filtered
aseptically through sterile filter paper and washed with sterile dis-
tilled water to remove conidia as well as traces of nutrients. The
infested soil extract was incubated on a rotary shaker under the

Corresponding author: P. Castillo; E-mail address: ag1cascp@lucano.uco.es

Publication no. P-1998-0619-01R
© 1998 The American Phytopathological Society



Vol. 88, No. 8, 1998  829

same conditions as above. After 2 months of incubation, cultures
were examined by light microscopy to assure that they consisted
mostly of chlamydospores. Chlamydospores then were collected
by centrifugation and inoculum concentration was adjusted using
a hemacytometer. Soil was infested by mixing 2 ml of chlamy-
dospore suspension with 5 g of sterile talcum powder and then thor-
oughly mixing with sterile soil at the appropriate proportion. The
inoculum density of F. oxysporum f. sp. ciceris race 5 in the in-
fested soil was determined before use by dilution-plating on V8
juice-oxgall-PCNB agar (VOPA) (3).

The nematode population used in the studies was obtained from
roots of chickpeas (cv. Blanco Lechoso) collected in fields at Cañete
de las Torres (Córdoba). Starting from a single female, inoculum
was increased several times on carrot disks that were incubated at
24°C each time for 6 weeks (7). Nematodes were extracted from
carrot disks using a Baermann funnel, surface-disinfested with
0.02% ethoxyetil mercury chloride and 0.1% streptomycin solu-
tions for 2 and 24 h, respectively, and then thoroughly rinsed several
times in sterile distilled water. Nematode population densities were
determined from 1-ml aliquots, and then 10 ml of suspension was
placed around the radicle of pregerminated seeds at sowing. Con-
trol plants were treated similarly with sterile distilled water.

Fusarium wilt-resistant and -susceptible chickpea cultivars were
chosen for the studies on the basis of their known reaction to F.
oxysporum f. sp. ciceris race 5 (19,22; R. M. Jiménez-Díaz, un-
published data). Moderately susceptible cultivars CPS 1 and PV 61
and the resistant cultivar UC 27 (5) were used. All cultivars were
susceptible to P. thornei (7,8). Seeds of ‘CPS 1’ and ‘UC 27’ were
kindly provided by H. A. van Rheenen (International Crops Re-
search Institute for Semiarid Tropics, Hyderabad, India) and I. W.
Buddenhagen (University of California, Davis), respectively. Seeds
of each cultivar were surface-disinfested with 2% NaOCl solution
for 3 min and then germinated on autoclaved layers of moistened
filter paper in petri plates at 25°C in the dark for 48 h (‘CPS 1’ and
‘PV 61’) or 72 h (‘UC 27’). Germinated seeds, selected for uni-
formity (length of radicle = 1 to 2 cm), were sown into 15-cm-dia-
meter clay pots (one per pot) containing 0.5 liters of an autoclaved
potting mixture (sand/clay loam, 2:1, vol/vol).

Growth chamber studies. Three experiments were carried out
under a controlled environment in a growth chamber. Cultivars
CPS 1 and UC 27 were used in these studies. Growth chambers
were adjusted to 24 ± 1°C, 60 to 90% relative humidity, and a 14-h
photoperiod of fluorescent light at 360.5 ± 24.7 µE m–2 s–1. These
environmental conditions are optimum for the development of Fu-
sarium wilt in chickpea (19; J. A. Navas-Cortés and R. M. Jiménez-
Díaz, unpublished data). Plants were watered daily with 100 ml of
tap water and fertilized weekly with 100 ml of a nutrient solution (17).

In the first experiment, the effects of F. oxysporum f. sp. ciceris
race 5 alone or in simultaneous inoculation with P. thornei on the
development of Fusarium wilt of chickpea were investigated. Ger-
minated seeds were sown in sterile soil or in soil infested with
5,000 chlamydospores of F. oxysporum f. sp. ciceris per g of soil.
For the joint inoculation, 10 ml of sterile distilled water with nema-
tode inoculum (five nematodes per cm3 of soil) were added to the
soil at sowing. There were four inoculation treatments arranged in
a completely randomized design and replicated 10 times, each
replicate consisting of a single potted plant. The experiment ended
45 days after inoculation.

The second experiment tested the effects of several inoculum
densities of F. oxysporum f. sp. ciceris race 5 alone or in simulta-
neous inoculation with P. thornei. Because of high disease ratings
on Fusarium wilt-susceptible cultivars in the first experiment, a
series of lower inoculum densities of F. oxysporum f. sp. ciceris
race 5 were used, and the duration of the experiment was extended
to 90 days. Five inoculum densities of F .oxysporum f. sp. ciceris
(0, 250, 500, 1,000, and 2,000 chlamydospores per g of soil) and
two of P. thornei (0 and 10 nematodes per cm3 of soil) were in-
cluded in a complete factorial design comprising 10 inoculation

treatment combinations per cultivar. Inoculations were carried out
as for the first experiment. Sterile distilled water (10 ml) was added
in treatments without the nematode. Treatments were arranged in
a randomized complete block design and replicated five times, each
replicate consisting of four pots with a single plant.

The third experiment tested the effects of several inoculum den-
sities of F. oxysporum f. sp. ciceris race 5 alone or in simultaneous
or sequential inoculations with P. thornei. Four inoculum densities
of F. oxysporum f. sp. ciceris race 5 (0, 1,000, 2,000, and 5,000
chlamydospores per g soil), two inoculum densities of P. thornei
(0 and 10 nematodes per cm3 of soil), and three inoculum timing
treatments were included in a 4 by 2 by 3 factorial for a total of 24
inoculation treatments per cultivar. For each combination of fun-
gal and nematode inoculum density, the inocula were introduced
simultaneously (one treatment) or sequentially (two treatments).
In the two sequential inoculation treatments, seeds were inoculated
with one of the pathogens at sowing, and seedlings were grown in
the absence of the other pathogen in soil for 10 days. Seedlings
were then transplanted with the root ball intact into 15-cm-di-
ameter clay pots containing the same soil mixture that had been
infested just with the fungus or the nematode as described above.
The duration of the experiment was 90 days. Treatments were ar-
ranged in a completely randomized design replicated 10 times, each
replicate consisting of a single potted plant.

Field study. To validate data from growth chamber studies un-
der field conditions, an experiment was conducted in a sandy loam
soil (pH 8.5, 1.4% organic matter) at the Alameda del Obispo Re-
search Station near Córdoba, Spain (latitude 38° north, longitude
5° east). This field had not been sown to chickpea before. Chick-
pea cultivars CPS 1, PV 61, and UC 27 were used. In this experi-
ment, plastic bags (10 cm wide by 40 cm long) containing 3 liters
of an autoclaved soil mixture (sand/clay loam, 2:1, vol/vol) were
used. The experiment was established on 27 March 1996. The
bags were placed in rows 1 m apart. Within rows, bags were 40 cm
apart and were buried only 30 cm deep. The experiment was
arranged in a split-plot design within four randomized complete
blocks, with cultivars as the main plot and a factorial of 4 by 2
inoculum density treatment combinations (0, 1,000, 2,000, and
5,000 chlamydospores of F. oxysporum f. sp. ciceris race 5 per g
of soil and 0 and 10 nematodes of P. thornei per cm3 of soil) as
subplots. Nematode and fungus inocula were applied as previ-
ously described for simultaneous inoculations in growth chamber
experiments. There were five replications per treatment combina-
tion; each replication was a bag with a single plant. Each cultivar
was inoculated with all eight inoculum density treatment combi-
nations. The experiment ended 70 days after inoculation.

Data collection and analysis. Severity of Fusarium wilt was
assessed at 5- and 7-day intervals in growth chamber and field ex-
periments, respectively, up to the end of the experiments. Disease
severity was rated on a 0 to 4 scale according to the percentage of
foliage with yellowing or necrosis (0 = 0%, 1 = 1 to 33%, 2 = 34
to 66%, 3 = 67 to 100%, and 4 = dead plant) (20). Incidence of
foliar symptoms (I, 0 or 1) and severity data (S, rated from 0 to 4),
were used to calculate a disease intensity index (DII) (1) using the
equation DII = (I × S)/4. Additionally, for each treatment, the area
under disease progress curve was estimated by trapezoidal inte-
gration (6) and standardized by duration time in days of the epi-
demic (SAUDPC).

When experiments were ended, isolations on VOPA were made
from stem sections excised from second and eighth nodes of symp-
tomless plants to determine the occurrence of vascular infections
by F. oxysporum f. sp. ciceris race 5. Stem sections (1 cm) were
surface-disinfested in 0.4% NaOCl for 1 min, blotted dry on sterile
filter paper, plated on VOPA, and incubated for 3 to 5 days under
conditions described previously for fungal isolates. At the end of
the experiment, roots were washed free of soil, weighed, and asses-
sed for severity of root necrosis, nematode numbers in roots and
soil, and nematode reproduction index (Rf = final population/
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initial population). Severity of root necrosis was assessed on a 0 to
10 scale according to the percentage of necrotic tissue visible, in
which 0 = 0%, 1 = 1 to 10%, and 10 = 91 to 100%. Nematodes
from 100 cm3 of soil and from 5-g root samples were extracted by
centrifugation (10) and used for estimating final nematode popula-
tion densities. CFU per g of fresh root tissue were quantified at
the end of the experiments by dilution-plating on VOPA and incu-
bating as before for 3 to 5 days (29).

The first growth chamber experiment was repeated once. Homo-
geneity of variance between experimental runs, tested by Barlett’s
test of equal variances, allowed the data to be combined for anal-
yses of variance. Because no symptoms developed on uninocu-

lated control treatments, data obtained from those treatments were
not included in the analysis of Fusarium wilt severity, to avoid use
of zero in analysis of variance. All data on nematode population
density were transformed into log10 (X + 1). Orthogonal single-
degree of freedom contrasts were computed to test the effect of
selected experimental treatment combinations of interest (14).

RESULTS

In the first growth chamber experiment, no wilt symptoms de-
veloped in either the Fusarium-uninfested control plants or the
Fusarium wilt-resistant cultivar UC 27 (Table 1). Severity of

TABLE 1. Effect of Fusarium oxysporum f. sp. ciceris race 5 and Pratylenchus thornei in simultaneous inoculation of Fusarium wilt-susceptible (CPS 1) and wilt-
resistant (UC 27) chickpea cultivars in the first growth chamber experimenta

Inoculum densityb Fresh root Dry shoot Root necrotic
Inoculation treatment Pt Foc DIIc SAUDPCd CFU g–1 root × 104 weight (g) weight (g) severitye Rff

Cultivar CPS 1
1 0 0 0.00 0.00 0 11.5 2.4 3.8 …g

2 0 5,000 0.83 0.56 181 3.7 2.0 6.5 …
3 5 0 0.00 0.00 0 9.2 2.2 6.9 3.1
4 5 5,000 0.66 0.45 582 5.6 1.7 6.3 5.8

Contrasts (P)h

1 versus 2 … … … <0.01 ns <0.01 …
1 versus 3 … … … ns ns <0.01 …
2 versus 4 ns ns <0.01 ns ns ns …
3 versus 4 … … … 0.01 0.01 ns <0.01

Cultivar UC 27
1 0 0 0.00 0.00 0 18.8 3.4 0.0 …
2 0 5,000 0.00 0.00 5 21.2 3.7 1.2 …
3 5 0 0.00 0.00 0 17.2 3.4 2.3 3.2
4 5 5,000 0.00 0.00 12 17.6 3.3 2.4 2.8

Contrasts (P)h

1 versus 2 … … … ns ns <0.01 …
1 versus 3 … … … ns ns <0.01 …
2 versus 4 … … ns 0.04 ns <0.01 …
3 versus 4 … … … ns ns ns ns

a Data are the mean of two experiments with 10 replicated plants per treatment combination in each experiment.
b Pt = P. thornei inoculum expressed as nematodes per cm3 of soil. Foc = F. oxysporum f. sp. ciceris inoculum expressed as chlamydospores per g of soil.
c DII = disease intensity index, calculated at the last day of assessment 45 days after inoculation.
d SAUDPC = area under disease progress curve standardized by duration of the epidemic.
e Assessed on a scale of 0 (0% necrotic tissue) to 10 (91 to 100% necrotic tissue) 45 days after inoculation. Data were transformed to log(X + 1) for analysis.
f Rf (nematode reproduction factor) = final nematode density per plant/initial nematode population density per plant. Data were transformed to log(X + 1) for analysis.
g … = not tested.
h Orthogonal contrast of inoculation treatments. Probability for the t statistic of linear single-degree of freedom contrasts; ns = not significant (P > 0.05).

TABLE 2. Influence of different combinations of inocula of Fusarium oxysporum f. sp. ciceris race 5 and Pratylenchus thornei on disease reaction and growth of
Fusarium wilt-susceptible chickpea cultivar CPS 1 with simultaneous inoculation in the second growth chamber experimenta

Inoculum densityb Fresh root Dry shoot Root necrotic
Inoculation treatment Pt Foc DIIc SAUDPCd CFU g–1 root × 104 weight (g) weight (g) severitye Rff

1 0 0 0.00 0.00 0 15.3 3.4 5.9 …g

2 0 250 0.66 0.52 77 8.0 1.9 6.4 …
3 0 500 0.62 0.48 63 9.2 2.3 6.3 …
4 0 1,000 0.60 0.46 93 9.7 2.5 6.8 …
5 0 2,000 0.62 0.49 76 8.4 2.3 6.6 …
6 10 0 0.00 0.00 0 10.4 2.7 6.3 29.6
7 10 250 0.63 0.48 122 7.3 1.9 6.9 42.4
8 10 500 0.63 0.48 117 9.1 2.3 6.7 46.9
9 10 1,000 0.63 0.51 119 4.8 1.3 6.8 38.9
10 10 2,000 0.63 0.46 138 5.8 2.0 7.0 45.4

Contrasts (P)h

1 to 5 versus 6 to 10 ns ns <0.01 <0.01 <0.01 <0.01 …
1 versus 2 to 5 … … … <0.01 <0.01 <0.01 …
6 versus 7 to 10 … … … <0.01 0.01 <0.01 <0.01

a Data are the mean of five replicates of four plants each per treatment combination.
b Pt = P. thornei inoculum expressed as nematodes per cm3 of soil. Foc = F. oxysporum f. sp. ciceris inoculum expressed as chlamydospores per g of soil.
c DII = disease intensity index, calculated at the last day of assessment 90 days after inoculation.
d SAUDPC = area under disease progress curve standardized by duration time in days of the epidemic.
e Assessed on a scale of 0 (0% necrotic tissue) to 10 (91 to 100% necrotic tissue) 90 days after inoculation. Data were transformed to log(X + 1) for analysis.
f Rf (nematode reproduction factor) = final nematode density per plant/initial nematode population density per plant. Data were transformed to log(X + 1) for analysis.
g … = not tested.
h Orthogonal contrast of inoculation treatments. Probability for the t statistic of linear single-degree of freedom contrasts; ns = not significant (P > 0.05).



Vol. 88, No. 8, 1998  831

Fusarium wilt, determined by the DII and SAUDPC, did not differ
significantly for the Fusarium wilt-susceptible cultivar CPS 1,
whether inoculated with P. thornei or not (Table 1). However, co-
infection of ‘CPS 1’ with the fungus and the nematode significantly
increased root infection by F. oxysporum f. sp. ciceris race 5 as
determined by the number of CFU/g of root. Inoculation with 5,000
chlamydospores of F. oxysporum f. sp. ciceris race 5 per g of soil
significantly reduced plant growth, determined by fresh root and
dry shoot weights in the Fusarium wilt-susceptible, but not wilt-
resistant, cultivar. Inoculation with five nematodes per cm3 of soil
did not affect plant growth in either cultivar, except for a reduc-
tion of root growth in the Fusarium wilt-resistant plants simulta-
neously inoculated with F. oxysporum f. sp. ciceris race 5 (Table 1).
At the end of the experiment, infection with the fungus or the
nematode gave rise to root necrosis that was significantly (F =
362.3, P < 0.001) more severe in ‘CPS 1’ than in ‘UC 27’. Infec-
tion by P. thornei significantly increased root necrosis associated
with fungus infection in the Fusarium wilt-resistant ‘UC 27’, but
not in the wilt-susceptible ‘CPS 1’. However, coinfection by F.
oxysporum f. sp. ciceris race 5 did not increase necrosis caused by
P. thornei alone (Table 1). Nematode reproduction was signifi-
cantly higher in plants inoculated with the two pathogens com-
pared with plants inoculated with the nematode alone in the Fusar-
ium wilt-susceptible cultivar only (Table 1).

No wilt symptoms developed in the Fusarium-uninfested control
or in the Fusarium wilt-resistant ‘UC 27’ plants inoculated with
250 to 2,000 chlamydospores of F. oxysporum f. sp. ciceris race 5
per g of soil in the second experiment. However, regardless of
nematode treatment, a distinct yellowing affected the lowermost
leaves of inoculated plants 50 days after inoculation. Infection with
10 nematodes per cm3 of soil did not significantly influence the
severity of Fusarium wilt, estimated by the DII and SAUDPC, on
the Fusarium wilt-susceptible cultivar CPS 1 (Table 2). However,
root infection by F. oxysporum f. sp. ciceris race 5, determined by
the number of CFU/g of root, was significantly higher in nema-
tode-infected plants of both cultivars, irrespective of the inoculum
density of F. oxysporum f. sp. ciceris race 5 (Tables 2 and 3). Con-
trary to the first experiment, inoculation with 10 nematodes per
cm3 of soil significantly reduced fresh root and dry shoot weights
of Fusarium wilt-susceptible and wilt-resistant cultivars 90 days
after inoculation. Infection with less than 5,000 chlamydospores
of F. oxysporum f. sp. ciceris race 5 per g of soil reduced plant
growth in Fusarium wilt-susceptible ‘CPS 1’, irrespective of nema-
tode infection. However, in Fusarium wilt-resistant ‘UC 27’, only

fresh root weight was significantly reduced and that occurred fol-
lowing coinfection with the two pathogens (Table 3). Plants in-
fected by either P. thornei or F. oxysporum f. sp. ciceris race 5
showed increased root necrosis compared with controls at the end
of the experiment, and root necrosis was significantly (F = 2913.3,
P < 0.001) more severe in CPS 1 than in UC 27 cultivars (Tables
2 and 3). The severity of root necrosis was increased significantly
when plants were simultaneously inoculated with the two patho-
gens in the Fusarium wilt-susceptible, but not in the wilt-resistant,
cultivars (Tables 2 and 3). Nematode reproduction was signifi-
cantly higher in the wilt-susceptible ‘CPS 1’ infected with F. oxy-
sporum f. sp. ciceris race 5, but not in the Fusarium wilt-resistant
‘UC 27’ (Tables 2 and 3). Actual values of Rf were about 10-fold
greater than those from the first experiment for which nematode
inoculum density was half of that used in the second experiment.

When the experiment was terminated, F. oxysporum f. sp. ciceris
race 5 was recovered from vascular tissues of 15 out of 20 symp-
tomless ‘CPS 1’ plants exposed to several inoculum densities of
the pathogen, but could be isolated from only 1 of 20 plants of the
Fusarium wilt-resistant cultivar UC 27.

In the third growth chamber experiment, no symptoms of Fusar-
ium wilt were found in the Fusarium-uninfested control and the
inoculated Fusarium wilt-resistant ‘UC 27’ plants, irrespective of
the inoculum densities (1,000 to 5,000 chlamydospores per g of
soil) of F. oxysporum f. sp. ciceris race 5 or the time interval be-
tween inoculations (Tables 4 and 5). As in the second experiment,
yellowing of basal leaves was observed in both nematode-inocu-
lated and nematode-free plants by 50 days after inoculation. Se-
verity of Fusarium wilt in the Fusarium wilt-susceptible cultivar
CPS 1, determined by the DII and SAUDPC, was not significantly
influenced by inoculation with 10 nematodes per cm3 of soil, irre-
spective of F. oxysporum f. sp. ciceris race 5 inoculum density and
inoculation treatment (Table 4). In this cultivar, higher Fusarium
wilt severity resulted from the simultaneous inoculation with F. oxy-
sporum f. sp. ciceris race 5 and P. thornei as compared with that in
the two sequential inoculations with each of the pathogens (Table 4).
Severity of Fusarium wilt was significantly higher when seedlings
were inoculated with the nematode prior to that with the fungus as
compared with the sequence of the fungus followed by the nema-
tode (Table 4). As for the second growth chamber experiment,
growth of ‘CPS 1’ plants was significantly less in both P. thornei
and F. oxysporum f. sp. ciceris race 5-infected plants, regardless
of the inoculation treatment, with one exception. When infection
by F. oxysporum f. sp. ciceris race 5 preceded nematode infection,

TABLE 3. Influence of different combinations of inocula of Fusarium oxysporum f. sp. ciceris race 5 and Pratylenchus thornei on disease reaction and growth of
Fusarium wilt-resistant chickpea cultivar UC 27 with simultaneous inoculation in the second growth chamber experimenta

Inoculum densityb

Inoculation treatment Pt Foc CFU g–1 root × 104 Fresh root weight (g) Dry shoot weight (g) Root necrotic severityc Rfd

1 0 0 0 37.0 5.1 0.0 …e

2 0 250 1 35.5 5.3 1.1 …
3 0 500 1 30.8 5.0 1.4 …
4 0 1,000 1 37.3 5.2 0.9 …
5 0 2,000 3 31.2 5.0 1.4 …
6 10 0 0 30.8 4.4 1.9 31.4
7 10 250 4 27.9 4.7 1.6 29.7
8 10 500 3 21.7 4.6 1.6 33.0
9 10 1,000 1 23.6 4.3 2.7 38.2
10 10 2,000 5 21.1 4.3 2.6 31.5

Contrasts (P)f

1 to 5 versus 6 to 10 0.01 <0.01 <0.01 <0.01 …
1 versus 2 to 5 … ns ns <0.01 …
6 versus 7 to 10 … <0.01 ns ns ns

a Data are the mean of five replicates of four plants each per treatment combination.
b Pt = P. thornei inoculum expressed as nematodes per cm3 of soil. Foc = F. oxysporum f. sp. ciceris inoculum expressed as chlamydospores per g of soil.
c Assessed on a scale of 0 (0% necrotic tissue) to 10 (91 to 100% necrotic tissue) 90 days after inoculation. Data were transformed to log(X + 1) for analysis.
d Rf (nematode reproduction factor) = final nematode density per plant/initial nematode population density per plant. Data were transformed to log(X + 1) for analysis.
e … = not tested.
f Orthogonal contrast of inoculation treatments. Probability for the t statistic of linear single-degree of freedom contrasts; ns = not significant (P > 0.05).
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shoot dry weight was comparable to that in plants infected by only
P. thornei (Table 4). Also, plant growth was significantly higher in
those plants inoculated with F. oxysporum f. sp. ciceris race 5 and
then transplanted 10 days later to either sterile soil or soil infested
with P. thornei compared with growth in plants inoculated first with
P. thornei or simultaneously with the two pathogens (Table 4).

In the Fusarium wilt-resistant cultivar UC 27 (Table 5), nema-
tode-infected plants had significantly lower root fresh weights when
seedlings were inoculated with the fungus and the nematode simul-
taneously and when inoculation with the nematode preceded that
with the fungus. No differences in root fresh weight were observed
when seedlings were inoculated with the fungus first (Table 5).
Shoot dry weight of F. oxysporum f. sp. ciceris race 5-infected
plants was significantly lower when seedlings were inoculated
simultaneously with both pathogens (Table 5). Fresh root and dry

shoot weights were significantly lower in plants simultaneously ino-
culated with both pathogens than in those inoculated sequentially.
There were no significant differences between the two sequential
inoculation treatments with respect to plant growth (Table 5).

As in the second growth chamber experiment, no necrosis de-
veloped in the roots of controls. However, the severity of root
necrosis was significantly greater in plants infected with the nema-
tode, the fungus, or both, irrespective of the inoculation treatment,
at the end of the experiment. Root necrosis was significantly less
severe in simultaneous as compared with sequential inoculations
(Table 5). The nematode reproduction factor was of the same order
of magnitude as in the second experiment. It was significantly
greater in Fusarium wilt-susceptible ‘CPS 1’ plants inoculated with
F. oxysporum f. sp. ciceris race 5 in simultaneous as well as in
sequential inoculation with the fungus followed by the nematode;

TABLE 4. Effects of different concentrations of inocula of Fusarium oxysporum f. sp. ciceris race 5 and Pratylenchus thornei on the disease reaction and growth of
Fusarium wilt-susceptible chickpea cultivar CPS-1 in simultaneous and sequential inoculations in the third growth chamber experimenta

Inoculum densityb Fresh root Dry shoot Root necrotic
Inoculation treatment Pt Foc DIIc SAUDPCd weight (g) weight (g) severitye Rff

Simultaneous inoculation
1 0 0 0.00 0.00 15.16 3.09 4.28 …g

2 0 1,000 0.76 0.57 0.90 1.03 4.67 …
3 0 2,000 0.66 0.40 0.82 1.49 3.89 …
4 0 5,000 0.74 0.56 0.59 1.01 4.33 …
5 10 0 0.00 0.00 12.44 1.83 4.72 30.1
6 10 1,000 0.79 0.49 1.48 1.56 5.22 78.6
7 10 2,000 0.88 0.61 0.61 1.27 4.89 65.8
8 10 5,000 0.94 0.74 0.26 0.55 5.22 64.6

Contrasts (P)h

1 to 4 versus 5 to 8 … … 0.04 <0.01 <0.01 …
1 versus 2 to 4 … … <0.01 <0.01 ns …
5 versus 6 to 8 … … <0.01 <0.01 ns <0.01
2 to 4 versus 6 to 8 ns ns … … … …

Sequential inoculation 1 (nematode prior fungus)
9 0 0 0.00 0.00 16.53 3.57 4.89 …
10 0 1,000 0.51 0.34 1.67 1.79 6.22 …
11 0 2,000 0.76 0.54 2.62 1.73 6.33 …
12 0 5,000 0.61 0.38 1.36 1.42 6.11 …
13 10 0 0.00 0.00 9.16 2.89 6.22 …
14 10 1,000 0.64 0.43 0.84 1.45 6.22 …
15 10 2,000 0.74 0.55 0.78 1.51 6.11 …
16 10 5,000 0.84 0.52 0.91 1.08 6.33 …

Contrasts (P)h

9 to 12 versus 13 to 16 … … <0.01 0.01 0.04 …
9 versus 10 to 12 … … <0.01 <0.01 <0.01 …
13 versus 14 to 16 … … <0.01 <0.01 ns …
10 to 12 versus 14 to 16 ns ns … … … …

Sequential inoculation 2 (fungus prior nematode)
17 0 0 0.00 0.00 15.92 3.54 4.44 …
18 0 1,000 0.19 0.14 13.66 3.41 6.11 …
19 0 2,000 0.26 0.21 14.96 3.51 6.44 …
20 0 5,000 0.11 0.10 13.03 3.23 6.56 …
21 10 0 0.00 0.00 12.39 2.96 5.83 41.2
22 10 1,000 0.15 0.12 9.67 3.06 6.33 77.6
23 10 2,000 0.15 0.09 11.02 3.20 6.56 66.3
24 10 5,000 0.21 0.17 10.02 3.08 6.50 64.1

Contrasts (P)h

17 to 20 versus 21 to 24 … … 0.02 ns ns …
17 versus 18 to 20 … … ns ns <0.01 …
21 versus 22 to 24 … … ns ns 0.04 <0.01
18 to 20 versus 22 to 24 ns ns … … … …

General contrasts between inoculations  (P)h

1 to 8 versus 9 to 24 <0.01 <0.01 <0.01 <0.01 <0.01 …
9 to 16 versus 17 to 24 <0.01 <0.01 <0.01 <0.01 ns …

a Data are the mean of 10 replicates, each replicate consisting of one plant per treatment combination.
b Pt = P. thornei inoculum expressed as nematodes per cm3 of soil. Foc = F. oxysporum f. sp. ciceris inoculum expressed as chlamydospores per g of soil.
c DII = disease intensity index, calculated at the last day of assessment 90 days after inoculation.
d SAUDPC= area under disease progress curve standardized by duration of the epidemic.
e Assessed on a scale of 0 (0% necrotic tissue) to 10 (91 to 100% necrotic tissue) 90 days after inoculation. Data were transformed to log(X + 1) for analysis.
f Rf (nematode reproduction factor) = final nematode density per plant/initial nematode population density per plant. Data were transformed to log(X + 1) for analysis.
g … = not tested.
h Orthogonal contrast of inoculation treatments. Probability for the t statistic of linear single-degree of freedom contrasts; ns = not significant (P > 0.05).
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but it was unaffected by F. oxysporum f. sp. ciceris race 5 infec-
tion in the Fusarium wilt-resistant cultivar ‘UC 27’ (Tables 4 and 5).
Nematode reproduction could not be determined in the sequential
inoculation with the nematode followed by the fungus, because
the number of nematodes penetrating into roots was not estimated
at transplanting (Tables 4 and 5).

No symptoms of Fusarium wilt developed in the field study in
the Fusarium-uninfested control or the Fusarium wilt-resistant
‘UC 27’ plants inoculated with 1,000 to 5,000 chlamydospores of
F. oxysporum f. sp. ciceris race 5 per g of soil. Inoculation with 10
nematodes per cm3 of soil did not significantly affect the severity
of Fusarium wilt, as determined by the DII and SAUDPC, of either
Fusarium wilt-susceptible cultivars (CPS 1 and PV 61) (Table 6).
Nevertheless, nematode infection significantly reduced fresh root
and dry shoot weights of Fusarium wilt-susceptible and wilt-re-
sistant cultivars. Similarly, growth of Fusarium wilt-susceptible
cultivars was significantly reduced by infection with F. oxysporum
f. sp. ciceris race 5 either alone or together with P. thornei. How-
ever, infection of Fusarium wilt-resistant ‘UC 27’ by F. oxysporum

f. sp. ciceris race 5 reduced fresh root weight only, and the joint
infection by the fungus and the nematode did not increase damage
caused by P. thornei alone (Table 6). Little root necrosis devel-
oped in control plants by the end of the experiment. However,
infection by either pathogen alone significantly increased root necro-
sis in the Fusarium wilt-susceptible and, to a lesser extent, in the
wilt-resistant cultivars (Table 6). Infection with F. oxysporum f.
sp. ciceris race 5 significantly increased root necrosis caused by P.
thornei in the two Fusarium wilt-susceptible cultivars, but not in
the wilt-resistant one (Table 6). Nematode reproduction was signifi-
cantly increased by infection with F. oxysporum f. sp. ciceris race 5
in Fusarium wilt-susceptible plants, but not in Fusarium wilt-resis-
tant plants (Table 6). The nematode reproduced to a much lesser
extent under field conditions than in controlled conditions.

DISCUSSION

This study was designed to evaluate whether or not infection of
chickpea roots by P. thornei would influence the plant reaction to

TABLE 5. Effects of different concentrations of inocula of Fusarium oxysporum f. sp. ciceris race 5 and Pratylenchus thornei on the disease reaction and growth of
Fusarium wilt-resistant chickpea cultivar UC 27 in simultaneous and sequential inoculations in the third growth chamber experimenta

Inoculum densityb

Inoculation treatment Pt Foc Fresh root weight (g) Dry shoot weight (g) Root necrotic severityc Rfd

Simultaneous inoculation
1 0 0 34.32 5.08 0.00 …e

2 0 1,000 23.41 4.06 1.78 …
3 0 2,000 29.26 4.67 2.17 …
4 0 5,000 23.50 3.86 2.28 …
5 10 0 24.51 4.59 2.68 36.7
6 10 1,000 27.28 4.71 2.68 34.4
7 10 2,000 26.19 4.37 2.39 44.5
8 10 5,000 18.77 3.46 2.61 31.0

Contrasts (P)f

1 to 4 versus 5 to 8 0.01 ns <0.01 …
1 versus 2 to 4 <0.01 <0.01 <0.01 …
5 versus 6 to 8 ns ns ns ns

Sequential inoculation 1 (nematode prior fungus)
9 0 0 35.99 5.39 0.00 …
10 0 1,000 35.30 5.66 2.28 …
11 0 2,000 28.72 5.18 2.44 …
12 0 5,000 34.31 5.34 2.28 …
13 10 0 30.67 5.52 3.56 …
14 10 1,000 23.94 5.38 4.33 …
15 10 2,000 29.82 5.01 3.94 …
16 10 5,000 27.44 5.43 2.78 …

Contrasts (P)f

9 to 12 versus 13 to 16 0.01 ns <0.01 …
9 versus 10 to 12 ns ns <0.01 …
13 versus 14 to 16 ns ns ns …

Sequential inoculation 2 (fungus prior nematode)
17 0 0 35.88 5.24 0.00 …
18 0 1,000 35.56 4.67 2.11 …
19 0 2,000 31.10 5.74 2.17 …
20 0 5,000 35.50 5.68 1.94 …
21 10 0 31.48 5.54 3.39 38.7
22 10 1,000 33.94 5.52 3.33 36.6
23 10 2,000 30.61 5.60 3.39 51.4
24 10 5,000 29.58 5.51 3.28 32.8

Contrasts (P)f

17 to 20 versus 21 to 24 ns ns <0.01 …
17 versus 18 to 20 ns ns <0.01 …
21 versus 22 to 24 ns ns ns ns

General contrasts between inoculations  (P)f

1 to 8 versus 9 to 24 <0.01 <0.01 <0.01 …
9 to 16 versus 17 to 24 ns ns <0.01 …

a Data are the mean of 10 replicates, each replicate consisting of one plant per treatment combination.
b Pt = P. thornei inoculum expressed as nematodes per cm3 of soil. Foc = F. oxysporum f. sp. ciceris inoculum expressed as chlamydospores per g of soil.
c Assessed on a scale of 0 (0% necrotic tissue) to 10 (91 to 100% necrotic tissue) 90 days after inoculation. Data were transformed to log(X + 1) for analysis.
d Rf (nematode reproduction factor) = final nematode density per plant/initial nematode population density per plant. Data were transformed to log(X + 1) for analysis.
e … = not tested.
f Orthogonal contrast of inoculation treatments. Probability for the t statistic of linear single-degree of freedom contrasts; ns = not significant (P > 0.05).
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the highly virulent race 5 of F. oxysporum f. sp. ciceris. Both growth
chamber and field experiments clearly demonstrated that neither
wilt reaction of Fusarium wilt-susceptible or wilt-resistant chickpea
cultivars nor severity of Fusarium wilt in susceptible cultivars
were modified by coinfection of plants with F. oxysporum f. sp.
ciceris race 5 and P. thornei. Furthermore, Fusarium wilt severity
was similar whether chickpea seedlings were inoculated simul-
taneously or sequentially with both pathogens. That occurred irre-
spective of whether the plant-fungus-nematode interactions took
place under continuous, optimum conditions for Fusarium wilt de-
velopment in the growth chamber or under a fluctuating environ-
ment in the field. No symptoms characteristic of Fusarium wilt
were found in the Fusarium wilt-resistant ‘UC 27’ in growth cham-
ber or field experiments. However, when ‘UC 27’ plants were
maintained for longer than 50 days following inoculation, chlorosis
of basal leaves developed. These symptoms were observed in
nematode- and fungal-infected plants as well as in uninfected
controls and, therefore, can be attributed to natural senescence.

Interactions between Pratylenchus spp. and several formae spe-
ciales of F. oxysporum have been described on several crops (28,

31,33,38). These studies demonstrated that the infection by root-
lesion nematodes increased the incidence or severity of Fusarium
wilt on susceptible cultivars. However, those previously published
results were not confirmed in other compatible plant-nematode-
fungus combinations (18). Thus, it appears that modification of
Fusarium wilt incidence or severity may be related to the specific
nematode-fungus combination. Furthermore, these controversial
results indicate that interactions between soilborne fungi and root-
lesion nematodes are biological and physiological rather than physi-
cal in nature (27). In our study, we used inoculum densities of F.
oxysporum f. sp. ciceris race 5 and P. thornei higher than those
found in soil in southern Spain (8; R. M. Jiménez-Díaz, unpub-
lished data) or than that optimum for Fusarium wilt development
(19; J. A. Navas-Cortés and R. M. Jiménez-Díaz, unpublished data)
in the simultaneous and sequential inoculations of chickpeas. While
none of the inoculation treatments influenced the plant reaction to
the fungus, the nematode inoculum density influenced the root col-
onization by F. oxysporum f. sp. ciceris. Thus, root infections with
five nematodes per cm3 of soil and 5,000 chlamydospores per g of
soil resulted in a higher number of propagules of F. oxysporum f.

TABLE 6. Effects of different combinations of inocula of Fusarium oxysporum f. sp. ciceris race 5 and Pratylenchus thornei on the disease reaction and growth of
Fusarium wilt-susceptible (CPS 1 and PV 61) and wilt-resistant (UC 27) chickpea cultivars in simultaneous inoculation under field conditionsa

Inoculum densityb Fresh root Dry shoot Root necrotic
Inoculation treatment Pt Foc DIIc SAUDPCd weight (g) weight (g) severitye Rff

Cultivar CPS 1
1 0 0 0.00 0.00 5.11 2.20 3.65 …g

2 0 1,000 0.89 0.57 1.38 0.65 7.08 …
3 0 2,000 0.93 0.56 0.81 0.65 6.80 …
4 0 5,000 0.98 0.67 0.55 0.51 7.05 …
5 10 0 0.00 0.00 3.49 1.71 4.20 2.53
6 10 1,000 0.88 0.56 0.91 0.55 7.60 3.57
7 10 2,000 0.91 0.64 0.65 0.56 7.25 3.37
8 10 5,000 0.94 0.65 0.38 0.36 7.38 2.88

Contrasts (P)h

1 to 4 versus 5 to 8 ns ns <0.01 0.03 0.01 …
1 versus 2 to 4 … … <0.01 <0.01 <0.01 …
5 versus 6 to 8 … … <0.01 <0.01 <0.01 <0.01

Cultivar UC 27
1 0 0 0.00 0.00 9.82 4.82 1.28 …
2 0 1,000 0.00 0.00 8.53 3.84 2.55 …
3 0 2,000 0.00 0.00 8.31 5.74 2.15 …
4 0 5,000 0.00 0.00 8.73 6.14 2.25 …
5 10 0 0.00 0.00 7.01 4.68 3.23 4.30
6 10 1,000 0.00 0.00 7.14 4.55 2.63 5.03
7 10 2,000 0.00 0.00 8.01 4.70 2.88 5.31
8 10 5,000 0.00 0.00 6.93 3.75 2.60 4.41

Contrasts (P)h

1 to 4 versus 5 to 8 … … <0.01 0.03 <0.01 …
1 versus 2 to 4 … … 0.02 ns <0.01 …
5 versus 6 to 8 … … ns ns ns ns

Cultivar PV 61
1 0 0 0.00 0.00 12.35 4.01 1.45 …
2 0 1,000 0.87 0.56 2.75 1.08 4.95 …
3 0 2,000 0.93 0.65 1.48 0.95 5.90 …
4 0 5,000 1.00 0.73 0.54 0.45 4.35 …
5 10 0 0.00 0.00 8.45 2.60 2.60 2.07
6 10 1,000 0.91 0.59 2.03 0.77 4.95 3.47
7 10 2,000 0.88 0.57 2.39 1.28 5.50 4.15
8 10 5,000 0.98 0.65 1.17 0.74 5.20 5.44

Contrasts (P)h

1 to 4 versus 5 to 8 ns ns 0.03 0.03 <0.01 …
1 versus 2 to 4 … … <0.01 <0.01 <0.01 …
5 versus 6 to 8 … … <0.01 <0.01 <0.01 <0.01

a Data are the mean of 10 replicates, each replicate consisting of one plant per treatment combination.
b Pt = P. thornei inoculum expressed as nematodes per cm3 of soil. Foc = F. oxysporum f. sp. ciceris inoculum expressed as chlamydospores per g of soil.
c DII = disease intensity index, calculated at the last day of assessment 90 days after inoculation.
d SAUDPC = area under disease progress curve standardized by duration of the epidemic.
e Assessed on a scale of 0 (0% necrotic tissue) to 10 (91 to 100% necrotic tissue) 70 days after inoculation. Data were transformed to log(X + 1) for analysis.
f Rf (nematode reproduction factor) = final nematode density per plant/initial nematode population density per plant. Data were transformed to log(X + 1) for analysis.
g … = not tested.
h Orthogonal contrast of inoculation treatments. Probability for the t statistics of linear single-degree of freedom contrasts; ns = not significant (P > 0.05).
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sp. ciceris race 5 in roots on Fusarium-susceptible cultivars, but
not on the Fusarium wilt-resistant cultivar. However, infections
with 10 nematodes per cm3 of soil significantly increased root infec-
tion by F. oxysporum f. sp. ciceris race 5 in both cultivars, irre-
spective of fungal inoculum densities. These results differ from
observations made with other crops, for which numbers of fungal
propagules were not affected by coinfection with root-lesion nema-
todes (28,33).This suggests that P. thornei might modify the physi-
ology of cortical cells of chickpea to facilitate more extensive col-
onization by F. oxysporum f. sp. ciceris race 5. Also, it appears
that the nature of such modifications may be influenced by the
extent of infection by the nematode as related with the nematode
inoculum density.

Chickpea growth was reduced by P. thornei infection on both
the Fusarium wilt-susceptible and wilt-resistant cultivars tested
under growth chamber and field conditions. However, in growth
chamber studies, reduction of plant growth was observed only when
inoculated plants were incubated for a long period. This result is
similar to that found in other studies (9,12,39,42) and indicates that
results in some of our previous studies may have been influenced
by differences in the length of the observation period during experi-
ments (7,8). Similarly, reduced plant growth was observed in Fusar-
ium wilt-susceptible plants infected with F. oxysporum f. sp. ciceris
race 5, but that did not occur with the Fusarium wilt-resistant cul-
tivar used, irrespective of fungal inoculum density, incubation peri-
od, or time interval between inoculations.

Infection of chickpea by P. thornei increased the severity of root
necrosis on both the Fusarium wilt-susceptible cultivars CPS 1 and
PV 61 and the wilt-resistant cultivar UC 27, irrespective of incu-
bation period, nematode and fungal inoculum densities, and envi-
ronmental conditions. These results support other researchers who
found a positive correlation between severity of root necrosis and
nematode population density in roots of chickpea (12). However,
as some necrosis occurred in uninfected control plants, the extended
necrosis in root systems of Fusarium wilt-susceptible cultivars
CPS 1 and PV 61 might be related to the occurrence of phenolic
compounds in the root (25,32).

Reproduction of P. thornei was higher in roots of F. oxysporum
f. sp. ciceris race 5-infected susceptible cultivars, but not in the
resistant UC 27 cultivar, irrespective of experimental conditions,
incubation period, nematode and fungal inoculum densities, or time
interval between inoculations. This supports other authors who
reported that reproduction of Pratylenchus spp. was stimulated in
some crops by simultaneous root infections of Fusarium spp., caus-
ing cortical necrosis (18,23,24) and vascular infections of Verticil-
lium dahliae Kleb (13,41). Infection of wilt-susceptible chickpea
by F. oxysporum f. sp. ciceris race 5 may have made the root
cortex of chickpea more suitable as host tissue for P. thornei as
compared with healthy roots. That infection of the wilt-resistant
cultivar by F. oxysporum f. sp. ciceris race 5 did not enhance the
nematode reproduction might be due either to the limited extend
of root infection by the fungus, the defense mechanisms involved
in the resistant reaction, or both.

No modifications of the severity of Fusarium wilt was found in
these experiments in spite of the enhancement of root colonization
by the highly virulent race 5 of F. oxysporum f. sp. ciceris in the
wilt-susceptible cultivars. Thus, it appears that the durability of
Fusarium wilt-resistant chickpea cultivars is unlikely to be com-
promised by infection with root-lesion nematodes. Nevertheless,
the subsequent enhancement of nematode reproduction and fungus
colonization in Fusarium wilt-susceptible chickpea is a significant
observation, because of higher inoculum production of both patho-
gens in soil and roots, and warrants further investigations.
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