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Interaction between Meloidogyne incognita and Fusarium 
oxysporurn f, sp. phaseoli on Selected Bean Genotypes 

R. A. FRANCE AND G. S. ABAWI 1 

Abstract: Four bean genotypes (IPA-1, A-107, A-211, and Calima), representing all possible com- 
binations of resistance and susceptibility to Fusarium oxysporum f. sp. phaseoli (Fop) and Meloidogyne 
incognita, were each inoculated with three population densities of these pathogens. Calima and A-107 
were resistant to Fop; A-107 and A-211 were resistant to M. incognita; and IPA-1 was susceptible to 
both pathogens. In Fop-susceptible lines (IPA-1 and A-211), the presence ofM. incognita contributed 
to an earlier onset and increased severity of Fusarium wilt symptoms and plant stunting. However, 
the Fop-resistant Calima developed symptoms of Fusarium wilt only in the presence ofM. incognita. 
Genotype A-107 (resistant to both M. incognita and Fop) exhibited Fusarium wilt symptoms and a 
moderately susceptible reaction to Fop only after the breakdown of its M. incognita resistance by 
elevated incubation temperatures (27 C). Root galling and reproduction ofM. incognita was generally 
increased as inoculum density ofM.  incognita was increased on the M. incognita susceptible cultivars. 
However, these factors were decreased as the inoculum density of Fop was increased. It was con- 
cluded that severe infections of bean roots by M. incognita increase the severity of Fusarium wilt on 
Fop-susceptible genotypes and may modify the resistant reaction to Fop. 

Key words: bean, Fusarium oxysporum f. sp. phaseoli, fusarium wilt, host resistance, interaction, 
Meloidogyne incognita, nematode, Phaseolus vulgaris, root galling, temperature.  

Interactions between Meloidogyne spp. 
and several formae speciales of  F. oxyspo- 
rum have been described on 20 crop spe- 
cies (19,25). These studies demonstrated 
that the presence of  root-knot nematodes 
enhanced wilt development in Fusarium- 
susceptible cultivars. A number  of  these 
studies also suggested that resistance to 
Fusar ium wilt pa thogens  was reduced  
when resistant cultivars were inoculated 
with Meloidogyne spp. before their inocula- 
tion with the wilt pathogen. However, the 
latter conclusion was not confirmed for 
several other crops such as cabbage (11), 
chrysanthemum (18), muskmelon (5), peas 
(9), summer squash (7), and tomato (2). 
Thus, the information available suggests 
that the modification of  the resistance re- 
action to Fusarium wilt by Meloidogyne spp. 
is not a universal phenomenon and war- 
rants investigation for each crop species. 

Both Fusarium oxysporum f. sp. phaseoli 
(Fop) and Meloidogyne incognita (Mi) are de- 
structive pathogens of  beans, and both are 
widely distributed throughout  the major 
bean production areas of  the world (1,3, 
24). Thus, the possibility exists that these 
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pathogens when present together in bean 
fields may interact synergistically, causing 
more damage and higher wilt severity than 
either alone. Therefore ,  this study was 
conducted to determine the possible role 
of  Mi in modifying the wilt reaction of  
Fusarium-susceptible and resistant bean 
genotypes. 

MATERIALS AND METHODS 

Monosporic cultures of a highly virulent 
isolate of  Fop, originally obtained from 
Brazil, were established and multiplied on 
acidified potato dextrose agar at 26 C. In- 
oculum preparat ion,  plant inoculation, 
and incubation procedures  were as de- 
scribed previously (13). Four bean gent-  
types (A-107, IPA-1, A-211, and Calima) 
were selected for this study. The reactions 
of  these genotypes to both Fop and Mi 
were recently determined (13) and pro- 
vided all the possible combinations of  re- 
sistance and susceptible reactions. Gent-  
types A-107 and IPA-1 are resistant and 
susceptible, respectively, to both patho- 
gens; A-211 is resistant to Mi and suscep- 
tible to Fop, and Calima is resistant to Fop 
and susceptible to Mi. 

Disinfested seeds of  the four cuhivars 
were planted in 10-cm-d pots filled with 
pasteurized (70 C for 30 minutes ~ sand-soil 
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(coarse sandy loam) mix (1:1, v:v), inocu- 
lated with freshly hatched eggs of  Mi race 
3. Eggs of  Mi were harvested from in- 
fected tomato roots (6 to 12 weeks) using 
sodium hypochlorite (17). Inoculation of  
plants by Mi was accomplished by pipet- 
ting 1 ml of  the appropriate concentration 
of  the egg suspension onto each bean seed 
and immediately covering the seeds with 
pasteurized sand-soil mixture. The  pots 
were maintained for 2 weeks in a growth 
chamber at a temperature of  18-20 C in a 
12-hour photoper iod  (light intensity = 
235 p~E/mZ/sec). The plants were then re- 
moved and inoculated with Fop, utilizing 
the dip inoculation technique (25). Inocu- 
lated plants were replanted in the original 
pots and transferred to the greenhouse (26 
C temperature) for an additional 4 weeks. 
Pots were watered twice a day and fertil- 
ized weekly with 50 ml solution of  NPK 
(16-32-16). Control of  insects and foliar 
diseases was provided as needed. 

Three inoculum densities were included 
for each pathogen. The densities for Fop 
Were 0, 104, and 106 spores/ml suspension, 
whereas those for Mi were 0, 1,500, and 
3,000 eggs/500 ml of soil (pot). Thus, each 
line evaluated was inoculated with nine 
combinations of  inocula, which were ab- 
breviated as given in Table 1. 

The statistical design of  the tests was a 3 
x 3 x 4 factorial, for each genotype, in a 
randomized complete block design with 
five replications. Individual plots consisted 
of  one pot with two plants. Wilt incidence 
and severity were recorded weekly for 
each plant in the pot and the results were 
pooled, whereas severity of  root galling 
and nematode reproduction were deter- 

TABLE 1. Combination of Meloidogyne incognita 
(Mi) and Fusarium oxysporum f. sp. phaseoli (Fop) inoc- 
ula used in the experiment.  

Inoculum density 
of Fop (spores/ml) 

Inoculum density 
of Mi (eggs/pot) 0 104 10 6 

0 M1 F1 M1 F2 M1 F3 
1,500 M2 F1 M2 F2 M2 F 3  
3,000 M3 F1 M3 F2 M3 F3 

mined at harvest. Wilting severity was eval- 
uated using a scale from 1 (no visible dis- 
ease symptoms) to 9 (96-100% of the tis- 
sues affected). Ratings of  2-8 indicate that 
1-5, 6-10, 11-25, 26-50, 51-75, 76-90, 
and 91-95% of tissue affected with typical 
symptoms of wilting. The experiment was 
repeated once and the data of each trial 
were subjected to analysis by a two-way 
ANOVA, with similar results for each. The 
data  obta ined  f rom the un inocu la t ed  
check treatments for Fusarium (F1) were 
not included in the analysis of  variance for 
wilt severity evaluation, whereas those of  
Meloidogyne (M1) were not included in the 
analysis of  variance for the data on root 
galling and nematode reproduction. The 
data on reproduction of  Mi were trans- 
formed to natural log scale before per- 
forming the ANOVA. 

Effect of incubation temperature: Two sets 
of the same four bean genotypes used in 
the previous experiments were similarly 
prepared. Seeds were surface disinfected, 
planted in 10-cm-d clay pots (2 seeds/pot), 
inoculated with 3,000 fresh eggs of Mi race 
3 per pot, and incubated in growth cham- 
bers at 19 -+ 1 or 27 -+ 1 C for 2 weeks. All 
the plants were removed from the pots, 
their roots cleaned in running tap water 
and inoculated with 106 spores/ml suspen- 
sion of  Fop, as previously described. The 
inoculated seedlings were incubated for an 
additional 4 weeks in the greenhouse at a 
fluctuating temperature of  20 to 28 C. The 
individual pots with two plants were ar- 
ranged in a randomized complete block 
design with five replications. The  inci- 
dence and severity of Fusarium-wilt symp- 
toms were determined weekly; whereas 
root galling severity, nematode reproduc- 
tion, and plant dry weight were recorded 
at harvest (6 weeks after planting). The ex- 
periment was repeated once and the data 
were evaluated separately by ANOVA, fol- 
lowed by Duncan's multiple-range test to 
compare means. 

RESULTS 

Effect of Fop and Mi on severity of Vusarium 
wilt: Wilt symptoms progressed rapidly in 



Meloidogyne incognita and Fusarium oxysporum Interaction: France, Abawi 469 

the inoculated Fusarium-susceptible geno- 
types IPA-1 and line A-211. Initial symp- 
toms (chlorotic and wilted areas at the 
margins of  the primary leaves) of  Fusar- 
ium wilt were observed as early as 5 days 
after inoculation. At 21 to 28 days after 
i n o c u l a t i o n  mos t  o f  the  F u s a r i u m -  
susceptible plants were necrotic and defoli- 
ated with pink-orange spore masses visible 
on the surface of the stem tissues. Increas- 
ing the inoculum density of Fop resulted 
in a corresponding increase in the severity 
of Fusarium wilt symptom development 
and restriction of  plant size on susceptible 
genotypes IPA-1 and A-211. 

Wilt symptoms were observed through- 
out a period of 4 weeks after inoculation 
with the maximum doses of Fop and Mi; 
lower doses produced intermediate re- 
sults. The presence of Mi contributed to an 
earlier onset of  Fusarium wilt symptoms 
and plant stunting on IPA-1 (Fig. 1A). 
Genotype A-211 had the greatest suscepti- 
bility to Fop among the bean lines tested, 

especially at the highest inoculum density. 
Plants of A-211 inoculated with both Fop 
and Mi showed visible increased stunting, 
as well as exhibiting similar wilting severity 
ratings throughout the duration of the ex- 
periment (Fig. 1B). 

The  geno type  Cal ima (resis tant  to 
Fusarium wilt) did not show visible Fusar- 
ium wilt symptoms at 28 days after inocu- 
lation with d i f fe ren t  densities of  Fop. 
However, moderate wilt developed in the 
presence of Mi (Fig. 1C). The combined 
effects of high densities of  Fop and Mi in 
this genotype were expressed as wilting, 
stunting, and chlorosis of the lower leaves. 
Thus, a significant (P = 0.05) interaction 
was observed at the end of  the experiment 
among the different inocula combinations 
of Fop and Mi on Calima (Fig. 2C). No 
interaction between these two pathogens 
was observed, as the presence of Mi at dif- 
ferent densities did not affect the inci- 
dence and severity of wilting in the other 
three genotypes (Fig. 2A,B,D). The geno- 
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FIG. 1. A-D) Effect ofFusarium oxysporum f. sp. phaseoli alone (Fop [broken line] at 10 6 spores/ml suspen- 
sion) and in combination with Meloidog'yne incognita (Mi [solid line] at 3,000 eggs/pot) on the development and 
severity of wilting on four bean genotypes. Fusarium wilt severity rated on a scale of 1 = no visible symptoms 
to 9 = >95% of tissues affected. Bars indicate SE. 
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A-D) Results of different combinations of inocula of Meloidogyne incognita (Mi) and Fusarium oxy- 

sporum f. sp. phaseoli (Fop) on the severity of Fusarium wilt symptoms on four bean genotypes at 4 weeks 
postinoculation with Fop. Mi 1, Mi 2, and Mi 3 refers to inoculum density of  0, 1,500, and 3,000 eggs/pot, 
respectively; whereas Fop 1, Fop 2, and Fop 3 refers to 0, 104, and 106 spores/ml suspension, respectively. 
Fusarium wilt severity rated on a scale of 1 = no visible symptoms to 9 = >95% of tissues affected. Least 
significant difference (LSD) is only shown in the genotype with significant t reatment  interactions (P = 0.05). 

type A-107 was resistant to Fop and did 
not exhibit any Fusarium wilt symptoms 
during the experiment (Fig. 1D and 2D). 

Effect of Fop and Mi on root galling severity 
and reproduction of Mi: Differences (P = 
0.05) in root galling were observed on the 
Meloidogyne-susceptible IPA- 1 and Calima 
(Fig. 3A,C). In contrast, the Mi-resistant 
A-211 and A-107 exhibited a resistant re- 
action with low incidence of visible root- 
galling symptoms (Fig. 3B,D). Root galling 
severity was generally increased as inocu- 
lure density of  Mi was increased on IPA-1 
and Calima. However, in IPA-1 the sever- 
ity of root galling diminished as the inoc- 
ulum density of Fop was increased due to 
rotting of  roots (Fig. 3A). 

Reproduction of  Mi on the same bean 
genotypes followed a similar pattern to 
that of  the root galling (data not shown). 
Genotype A-107 supported limited repro- 
duction of  Mi, and there was a significant 
difference of  the number  of  eggs pro- 

duced on plants inoculated with the low 
and high initial density of Mi. Genotype 
A-211 supported a low reproduction of Mi 
regardless of the initial density of Mi used. 
Reproduction of  Mi on the two Mi-sus- 
ceptible genotypes increased as the initial 
density of Mi was increased. Generally, re- 
production of Mi decreased as the density 
of Fop inoculum was increased. 

Effect of incubation temperature on Mi sus- 
ceptibility and Fusarium-wilt severity: Signifi- 
cant modifications in the incidence and se- 
verity of Fusarium-wilt development were 
observed when the temperature of incuba- 
tion was varied during the first 2 weeks 
after Mi inoculation. Symptoms of Fusar- 
ium wilt were detected earlier and the rate 
of disease development was higher in Mi- 
infected plants incubated at 27 C than 
those incubated at 19 C (Fig. 4). Addition- 
ally, the Fop- and Mi-resistant genotype 
(A-107) exhibited a moderately susceptible 
reaction to Fusarium at 27 C. 
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FIG. 3. A-D) Influence of different combinations of inocula of Meloidogyne incognita (Mi) and Fusarium 

oxysporum f. sp. phaseoli (Fop) on the severity of root galling on four bean genotypes at 6 weeks postinoculation 
with Mi. Mi 1, Mi 2, and Mi 3 refers to inoculum density of 0, 1,500, and 3,000 eggs/pot, respectively; whereas 
Fop 1, Fop 2, and Fop 3 refers to 0, 10 4, and l0 s spores/ml suspension, respectively. Root galling severity rated 
on a scale of 1 = no visible symptoms to 9 = 95% of root system galled. Least significant difference (LSD) is 
only shown in the genotype with significant t reatment  interactions (P = 0.05). 

Four weeks after inoculation with Fop, 
an interaction was observed between the 
initial incubation temperature and reac- 
tion of bean genotypes to Fop and Mi as 
measured by wilt symptom severity, root 
galling severity, dry plant weight, and 
nematode reproduction. The Fusarium- 

resistant A-107 and Calima exhibited in- 
creased susceptibility to Fop (P = 0.05) as 
a result of inoculation with Mi and incuba- 
tion at 27 C for 2 weeks (Table 2). In con- 
trast, the Fusarium-susceptible IPA-1 and 
A-211 behaved similarly to Fop when ini- 
tial temperatures were 19 or 27 C. 

A 

o~ 9 

6 
,,,., 

E 
• -= 3 

g .  

._A-2~. 
A(19  C) . 4 -  " "  

I "  -'...,[,.." ",;,A-1 
:,. . C a , .  

A- 107 

0 , 0 

A-211 
B (27 C) ~ . . . . .  

[ 1 " I "  , I~ ' ' ' ' I F ;A ' I  
, . ' " "  

7 14 21 28 7 14 21 28 

Days after inoculation Days after inoculation 

FIo. 4. A-B) Development of Fusarium-wilt in four bean genotypes inoculated with 106 spores/ml of 
Fusarium oxysporum f. sp. phaseoli and 3,000 eggs/pot of Meloidogyne incognita as affected by incubation temper- 
atures of  19 C (A) and 27 C (B) dur ing the first 2 weeks. Fusarium wilt severity rated on a scale of 1 = no visible 
symptoms to 9 = >95% of tissues affected. Bars indicate SE. 
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TABLE 2. Severity of  Fusarium-wilt and root galling, plant dry weight, and reproduct ion of  Meloidogyne 
incognita in four  bean genotypes as influenced by incubation temperatures .  

Wilt Root-galling Plant-dry Eggs/g dry 
severity severity weight root 
(1-9)'~ (1-9)? (g/plant)~: (in 1,000's)§ 

Bean germplasm 19 c 27 C 19 C 27 C 19 C 27 C 19 C 27 C 

IPA-1 9 .0a  9 .0a  4 . 0 b  3 .4b  1.2c 1.0b 5 c  4 c  
A-107 1.0c 4 .8c  1.0c 3 .8b  8 .8a  5 .2a  10b  2 9 b  
A-211 9 .0a  9 .0a  1.6c 1.4c ~ 1.0c 0 .7b  3 d  l d  ~ 
Calima 5 . 6 b  6 .6b  6 .0a  5 .6a  5 .8b  4 .8a  209a  156a 

t Fusarium wilt and root galling severity were evaluated on a scale from 1 (= no visible symptoms) to 9 (>95% of tissues 
affected). 

:~ Plant dry weight was determined at termination of the test (6 weeks after planting). 
§ Data were transformed to natural log before analysis of variance. 
II The expected breakdown of resistance due to the high incubation temperatures was not observed due to the extensive 

decay of the root system caused by F. oxysporum f. sp. phaseoli. 
In each column, mean values followed by a common letter are not different according to the Duncan multiple-range test 

(P = 0.05). 

Root galling by Mi was also affected by 
incubation temperature during the first 2 
weeks. Root-gall ratings were increased (P 
= 0.05) on A-107 incubated at 27 C, but 
not for the other genotypes (Table 2). 

Plant dry weight of  all the cultivars inoc- 
ulated with Mi and incubated at 27 C was 
decreased as compared to corresponding 
plants incubated at 19 C (Table 2). How- 
ever, statistical differences in the suppres- 
sion of  plant growth as a result of  incuba- 
tion at the higher temperature were ob- 
served only in lines A-107 and the cultivar 
Calima, as they were suppressed by 41 and 
17%, respectively. 

Nematode reproduction on IPA-1 and 
A-211 plants initially incubated at 19 or 27 
C were not different (Table 2). Higher re- 
production of  Mi was observed on A-107 
incubated at 27 C than those incubated at 
19 C during the first 2 weeks, whereas re- 
production on Calima was decreased by in- 
cubation at 27 C. 

DISCUSSION 

The incidence and severity of Fusarium- 
wilt symptoms caused by Fop were found 
to be the most reliable parameters in this 
study for assessing the susceptibility of  
bean cultivars to this pathogen and its in- 
teraction with Mi. The  genotype A-107 
and Calima were resistant to Fusarium 
wilt; whereas IPA-1 and A-211 were sus- 

ceptible. These results are in agreement 
with those repor ted previously (13,25). 
However, the amount of wilting on Fop- 
susceptible genotypes was modified with 
prior inoculation with Mi, with the suscep- 
tibility of IPA-1 to Fop increasing in the 
presence of  Mi. Similar interactions have 
been described for F. oxysporum and M. in- 
cognita on several crop species (2,5,11,15, 
16,18,26,27). Fusarium-susceptible culti- 
vars parasitized by Meloidogyne spp. often 
are colonized faster by the wilt pathogen as 
compared to those that are not infected by 
Mi (2,15,16). 

Although Calima was resistant to Fop, it 
showed an increased susceptibility to Fop 
with co-infection by Mi. Thus, the pres- 
ence of  M. incognita lowered the resistance 
to the Fusarium-wilt pathogen in Calima. 
Similar results were obtained with the bean 
cultivar Dark Red Kidney (France and 
Abawi, unpubl.). Breakdown of the resis- 
tance to Fop by prior infection with M. in- 
cognita has been reported for several crops, 
including alfalfa (15), chickpea (27), cotton 
(29), cowpeas (16), cucumber (14), soybean 
(22), tobacco (26), and tomato (28). The 
extensive physiological and anatomical 
changes produced by infections of  Mi and 
other species in the root system result in 
modification of  the normal functions and 
possibly the defense mechanisms against 
soilborne pathogens. Giant cells induced 
by Meloidogyne spp. are found often with 
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higher infection sites of  major and minor 
fungal soilborne pathogens and sapro- 
phytes (19,20). Bean plants infected by M. 
incognita contain significantly lower quan- 
tities of  chlorophyll, carbohydrates, and 
nitrogen compounds,  and show reduced 
water and nutrient uptake. Consequently, 
such infected plants are weaker and sup- 
port  fewer flowers, pods, and seeds as 
compared  to heal thy plants (3,21,30). 
Overall, plants infected with root-knot  
nematodes show an increased vulnerability 
to any stress condit ion.  However ,  the 
breakdown of resistance to the Fusarium- 
wilt pathogen (F. oxysporum f. sp. lycopersici) 
in tomato cultivars by infections with M. 
incognita is likely under  genetic control (2). 
Apparently, the reaction of  Fusarium-wilt 
resistant cultivars that did not harbor the 
d o m i n a n t  m o n o g e n i c  res is tance gene 
against F. oxysporum f. sp. lycopersici was 
modified by prior infections with Mi (19). 

I n  this study, the Fop and Mi-resistant 
A-107 exhibi ted visible Fusar ium wilt 
symptoms  when inocula ted with both 
pathogens and incubated at high temper- 
ature (27 C) during the first 2 weeks. Ap- 
parently, the resistance to Mi was lost or 
a l tered at high t empera tu re ,  and the 
nematode  then modif ied resistance to 
Fusarium wilt. Nevertheless, the root dam- 
age and wilting severity caused by Fop on 
A-107 was still lower than those occurring 
in other cultivars. These results suggest 
that for tropical or hot climatic production 
areas where both of  these pathogens are 
endemic, the use of  temperature-insensi- 
tive resistance to M. incognita in beans 
should be given important consideration. 

Breakdown of  resistance to M. inco~nita 
by high temperatures has been described 
in beans (23) and o ther  plant species 
(6,10). However, the combined effect of  el- 
evated temperatures and M. incognita on 
Fusarium wilt incidence and severity has 
been less studied. The combined effects of  
these two pathogens and temperatures of  
incubation were studied by Griffin and 
Thyr  (15) in alfalfa, but they did not test a 
resistant cultivar to both pathogens. Abawi 
and Barker (2), working on the interaction 

between M. incognita and F. oxysporum f. sp. 
lycopersici in tomato, included in their study 
the cultivar 'Nematex', which is resistant to 
both pathogens. However, they concluded 
that although this cultivar lost its resistance 
to Mi at high temperature, it retained its 
resistance to F. oxysporum f. sp. lycopersici. 

Resistance to F. oxysporum in crop plants 
can be either monogenic or polygenic (4). 
The monogenic type of  resistance has been 
suggested to be more stable and not likely 
to be modified by temperature or infec- 
tions by plant-pathogenic nematodes as 
the polygenic sources of resistance. For ex- 
ample, prior infections of tomato by Mi 
modified the polygenic resistance sources 
to F. oxysporum f. sp. lycopersici, but not the 
resistance sources controlled by the domi- 
nant single I- genes (2). The inheritance of  
resistance to Fop in line A-107 is not  
known, but these results suggest that it 
might be under  the control of  polygenic 
factors. 

Infection of  Fusarium-susceptible culti- 
vars by Fop was detrimental to the repro- 
duction of Mi and the development of  root 
galling. The extensive root damage caused 
by Fop probably decreased the sites for MI 
penetration and sedentary feeding. More- 
over, giant cells induced by Meloidogyne 
spp. are known to increase susceptibility to 
the wilt pathogen and soil microorganisms 
(20). This damage may also explain the re- 
stricted root-knot nematode reproduction 
potential and the development  of  root- 
galling symptoms. Similar results have 
been published for alfalfa (15), soybean 
(22), and tobacco (26). In addition, trans- 
locatable toxic metabolites produced by 
plant-pathogenic fungi may cause deterio- 
ration of  giant cells, reduce hatching, and 
immobilize the second-s tage juveni les  
(8,12). All these processes may have con- 
tributed to the observed suppression in re- 
production of Mi in this investigation. 
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