
Ife J o u r ~ l  of Agriculture. Vol. 12, Nos. I & 2 1990 

The effect of time and sequence of introduc- 
tion of Meloidogyne incognita and Fusarium 
oxyspomm f. sp tracheiphilum race 1 on four 
cowpea cultivars. 

B.N. OKOLE and J.O. AMOSU 
Deportment of Plant Science 
Obafemi Awolowo University 

Ile-Ife, Nigeria. 

The effect of time and sequence of introduction of Fusarium oxyspomm f. sp. tracheiphilum race I 
and Mcloidogvne incognifa was studied on four cowpea cultivars showing different levels of resistana to 
either or both pathogens. Cowpea cultivan used were Ife Brown which is susceptible to both pathogens. 
TVu 990 which is resistant to both pathogens, TVu 1560 which is resistant to the nematode and susccpti- 
ble to the fungus and TVu 347 which is resistant to the fungus and susceptible to the nematode. When the 
plants were inoculated with the fungus one week before the nematode, and simultaneously two weeks 
after planting, there w&e significant reductions (P = 0.05) in fresh shoot and root weights of cowpea 
cultivars, Ife Brown and TVU 347. For TVu 347 the lowest fresh shoot and root weights were recorded 
when both pathogens were inoculated one and two wecks,after planting. But the lowest fresh shoot and 
root weights were recorded for TVu 1560 when the plants were inoculated with fungus one week before 
the nematode. Time and sequence of introduction of the nematode and fungus on TVu 990 had no signifi- 
cant differena from the control. The highest gall indices on the roots occurred on Ife Brown and TVu 
347 when the nematode was inoculated two weeks before the fungus. TVU 1560 and W u  990 roots had 
small galls in all the timing and sequences used. Vamlar discolouration and leaf epinasty ratings were 
significantly higher (P = 0.05) than the wntrol for cowpea cultivars. Ife Brown, TVu 1560 and TVu 347 
when the nematode was inoculated two weeks before the fungus while TVu 990 had no significant dif- 
ference from the wntrol for the two traits measured. Thae studies revealed that the nematodes have to 
enter and become established in the root of resistant cowpea cultivars for certain periods of time before 
wilt symptoms become evident. 

Introddon 

The root-knot nematode-fusarium wilt disease complex caused by the organisms 
Fmr ium oxyspomm f. sp. traCheiphilurn (E.F. Smith) Synder and Hansen and 
Meloidogyne incognita (Kofoid and White, 1919) Chitwood, 1949 has been known 
to be a serious disease of cowpea (Thomason, et al., 1959; Okole and Amosu, 1990). 
Studies involving root-knot nematode and Fusarium wilt interactions in other crops 
such as cotton, tobatto and tomato have shown that nematode infection enchances 
subsequent disease development. Mechanical injuries resulting from nematode 
larval penetration has been reported to furnish avenues of ingress for fungus 
pathogen (Armstrong and Armstrong, 1958). By varying the time intervals between 
inoculation of tobacco plant with nematode and the fungus pathogen, Porter and 
Powell (1967) were able to show the role playod by the root-knot nematodes in such 



complexes. When inoculation of M. incognita preceded F. oxysporum f. sp. nico- 
tianae or any of the following species of soil inhabiting fungi, Pythium, Curvubria, 
Botrytk, Aspergillus Penicullium and Trichoderma by several weeks, wilt or 
necrosis were more severe than in Plants inoculated simultaneously with both fungus 
and nematode (Porter and Powell, 1967; Powell, 1971). 

There is paucity of information on the effect of sequence timing of infestation on 
Fusarium wilt-root-knot nematode interaction in cowpea (Thomason, et al., 1959). 
The present study was designed to determine the effect of sequence and timing of the- 
introduction of fusarium and root-knot nematode on wilt development in cowpea. 

Materials and Methods 

Sources of material and preparation of inocub 

Cultivars of cowpea, Vigna unguiculata s. sp. unguiculata (L.) Walp, used were 
Ife Brown, susceptible to both pathogens; TVu 990 resistant to both pathogens; TVu 
1560, resistant to the nematode but susceptible to the fungus and TVu 347 resistant 
to the fungus but susceptible to the nematode (Arnosu, 1974; Oyekan, 1977; Singh 
and Allen, 1979). The culture of M. incognita was started with a single egg mass, 
and maintained in the screenhouse on cowpea cultivar TVu 43. The fungus isolate, 
F. oxyspomm. f. sp. tracheiphilum was supplied by Dr. Therberge of the Interna- 
tional Institute of Tropical Agriculture (I.I.T.A.) Ibadan. It was grown in a liquid 
medium containing log of glucose and 50ml of stock mineral solution consisting of 
(29.168 Ca(N03)2.4H20, 2.19g KNO3, 31.18g Mg(N03)2.6H20, 5.733 KH2PO4, 
3.03g MgS04.4H20 and 0.56g H3BO4) per litre of distilled water. After the flasks 
were shaken on a rotary shaker for seven days, the culture medium was filtered 
through four layers of cheesecloth to remove the mycelium (Yang, et al., 1976). The 
spores were counted with a hemacytometer. Dilutions were made with distilled water 
and final concentration were determined. 

Roots of six-weeks old cowpea plants inoculated with M. incognita in plastic 
buckets were harvested, washed and placed in an aqueous solution of Phloxine B 
(0.15gAitre of tap water) for 15-20 minutes to stain the egg masses. Stained egg 
masses were picked and the eggs were released using the method of Hussey and 
Barker (1973). The eggs were standardized by dilution method and counted under 
the dissecting microscope. 

Experimental procedure 

A randomised complete block design in a factorial arrangement was used for the 
experiment. There were two factors. Factor A comprised @Ffour cowpea cultivars: 
Ife Brown, TVu W, TVu 1560 and TVu 347. Factor B coinprised the seven 
sequences and timing of introduction of pathogens to the host. These were 
(i) Nematode inoculation one week after the fungus (FIN), (ii) Nematode inocula- 
tion two weeks after the fungus(F2N), (iii) Fusarium'inoculation one week aher the 
nematode (NIF), (iv) Fusarium inoculation two weeks after the nematode (N2F), 
(v) Simultaneous inoculation one week after planting (IN + F), (vi) Simultaneous 
inoculation two weeks after planting (2N + F) and (vii) control. For the control, only 
sterile distilled water was added to each of the cultivars at the different sequences 



and timing of inoculations. Nematode population used was 5 x l d  eggs 1700g. soil 
while the fungal spore concentration was 0.5 x 106 spores/700g soil. Inoculations 
were made through three pieces of plastic drinking straws. In cases where the second 
pathogen was to be introduced, the straws were left until the second inoculation 
(Okole and M o s u ,  1990). Each treatment was replicated five times. The 140 cups 
werc y-ranged in a factorial manner on a bench in the screenhouse. 

* 

Do ta Collection 

Eight weeks after planting, pianrs were carefully removed from the soil to 
minimise root damage. ,Roots were washed and rated for dkiw severity. The roots 
and shoots were weighed separately to determine the fresh weight. Other traits 
determined eight weeks after planting were root-knot galling using Hartman and 
Sasser's (1978) rating of 0-5, degree of leaf epinasty using Yang, et al.. (1976) 
classification of 0-5, and vascular discolouration estimated visually through the 
cotyledonary nodes using Little and Hills (1978) pretransformed scale of 0-5. The 
data we ted to analysis of variance i parated using LSD. 

Results 

Wfmt on fresh shoot and root weights 

The data from the fresh shoot and root W C I ~ I ~ L S  UI CIIC IUUI cowpea cultivars show- - 
td that some sequence and timing treatments had significant effects (P = 0.05) on 
cowpea cultivars Ife Brown, TVu 1560 and TVu 347 but not on TVu 990 (Table 1). 
When the fungus was inoculated one week before the nematode (FIN) and when 
both inocula were present simultaneously two weeks after planting (2N + F) fresh 
shoot and root weights of the susceptible cowpea cultivar Ife Brown were 
significantly lower than those of the control at P = 0.05 (Table 1). There was no 
significant difference in the fresh shoot and root weights with the different sequence 
and timing treatments for the resistant cowpea cultivar TVu 990 at P = 0.05 (Table 
1) m u  1560 had its lowest fresh shoot and root weights when the fungus was in- 
oculated one week befo~e the nematode (FIN), (Table 1). TVu 347, which is resis- 
tant to the fungus and susceptible to the nematode had the lowest fresh shoot and 
root weights when both pathogens were inoculated one and two weeks after planting 
(IN + F and 2N + F), (Table 1). 

wfect on root-knot gulling 

The data on root-knot galling showed that highest root gall indices were observed 
for root-knot susceptible Ife Brown and TVu 347 cowpea cultivars when the 
nematode was inoculated two weeks before the fungus @2F) (Tabk 2). Galls were 
more pronounced and heavy on roots of Ife Brown cowpea than on the other three 
cowpea cultivars. Galling indices on TVu 990 and TVu 1560 were tiny and were not 
sighficantly (P = 0.05) different from the control plants (Table 2). 

wfmt  on wilt development tmits 

Oenerally, wilt was more sevm on Ife Brown than on the other three cowpea 
cultivars. To a greater extent, Ife Brown exhibited symptoms of all the traits 



TABLE 1 : EFFEClS OF SEQUENCE AND TIMING OF INTRODUCTION OF MELOIDOGYNE 
INCOGNITA AND NSARIUM OXYSPORUM f. sp. TRACHEIPHILUM ON FRESH 
SHOOT AND ROOT WEIGHTS OF FOUR COWPEA CULTIVARS 

T i  and IEE BROWN TVu 990 TVu I560 TVU 347 
~gvmoc of Su#rptibIe to nema- Resktant to nametode Resistant to nematode Resktant to fungus and - inomhtion rode and fungus and fungus and susceptible to fungus susceptible to nematode 

sL 

Fresh Fresh Fresh ~ r e s h  ~ m h  ~ r e s h  ~ m h  

c Shoot Shoot Shoot Shoot Shoot Shoot Shoot Shoot 
wt. I&?.) Wf. (g) wt. (8) Wt. (g) wt. (g) wt. (g) Wt. (g) wt. (g) 

FIN 
F2N 
NlF 
1 N + F  
2 N + F  
Conlrol 

LSD (0.M) 

Each d u e  is the mean of tea plants. 

TABLE 2: EFFECTS OF SEQUENCE AND TIMING OF THE INTRODUC- - TION OF MELOIDOGYNE INCOGNITA AND FUSARIUM OX- 
YSPORUM f. sp. TRACHEIPHILUM ON ROOT KNOT GAIL- 
ING OF FOUR COWPEA CULTIVARS 

L, 

Time and 
Root-knot galling (a) 

IFEBROWN m u 9 9 0  TVu 1560 TVu 347 

FIN 3.7' 0.2 0.7 0.3 
FZN 3 .O 0.2 0.8 0.7 
NlF 4.0 0.2 0.9 2.6 
N2F 4: 8 0.4 0.8 2.8 
I N + F  3.6 0.2 0.6 1.8 
2 N + F  3.8 0.3 0.8 2.2 
Control 0.0 0.0 0.0 0.0 

'Each value is the mean of ten plants 
3 

(a) 0-5: 0 = No gall or egg mass; 1 = 1-2 galls or eggs masses; 
2 = 3-10; 3 = 11-30; 4 = 31-100 and 5 = over 100 galls or egg masses. 



TABLE 3: EFFECTS OF SEQUENCE AND TIMING OF THE INTRODUCTION OF 
MELOIDOGYNE INCOGNITA AND FUSARIUM OXYSPORUM I. ~ p .  
TRACHEIPHILUM ON ROOT KNOT OALLlNO OF FOUR COWPEA 
CULTIV A 

0 WN I TVu 1560 
Time and sequence S*..rcpl,v,r .J nematode Rairtant to  nematodr Rairtant to nematode and 
of inoculation and fu and fungus s w c p t i b k  to jungus 

FIN 4.00. 4.60 
F2N 3.80 3.50 
N I F  4.00 4.20 
N2F 5.00 4.80 
I N + F  4.00 4.00 
2 N  + F 4.20 4.60 

~trol 0.00 0.00 NW 
- - 

Cor - 
LSI 

3 'VD - Vascular discolouration; 2~~ = Leaf Epinasty; DW = Days to wilt; 4~~ = No plant wilted 42 
days after planting. 
.Each value is the mean of ten plants. 
(a) 0-5 = Extent of vascular discolduration seen in cross section through the cotyledo~lary node xed 

on scale pre-trarisforrned to arc sine where 0 = 0; 1 = 10; 2 A 35; 3 = 65; 4 = 90; 5 = 100% 

(b) 0-5 = Epinasty ratings 0 = no wilt symptom; I = trace within I or 2 leaves showing epinasty; 2 = 
half of the leaves with epinasty and beginning to yellow; 3 = threequarters of leaves of plants 
with epinasty and yellowing portion of the leaf beginning to dry; 4 = All the leaves showing 
epinasty, lower leaves beginning to fall off;  5 = plants dead. 

'Vu 347 
Rairtant to  fungw and. 

rode 



measured earlier than on the other three cowpea cultivars. Data for vascular 
discolouration and leaf epinasty for all treatments were significantly higher than the 
control (P = 0.05). It took 18 days for wilt symptoms to appear when the nematode 
was inoculated two weeks before the fungus (N2F), (Table 3). The different time and 
sequence treatments were not significantly different from the control for the resis- 

- tant cultivar TVu 990 for all the three traits measured (Table 3). Wilt traits data for 
TVu 1560 which is resistant to M. incognita showed no significant difference with 

c . the treatxnents for both vascular discolouration and leaf epinasty. However, where 
'C plants were inoculated with the nematode two weeks before the fungus (N2F) leaf 

epinasty and vascular discolouration readings were highest and plants wilted 29 days 
after inoculation (Table 3) TVu 347 to Fusarium wilt had moderate 
to severe ratings of vascular disco1 epinasty and wilted on the 38th 
day where nematodes were inocula weeks before the fungus (Table 
3). Also where nematode and fungus were inoculated simultaneously one and two 
weeks a ting, severe ratings for vascular discolouration and leaf epinasty 
were rec ~d the plants wilted between 39 and 41 days after inoculation (Table 
3). 
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Discussion 

When the fungus was inoculated one week before the nematode (FIN) fresh shoot 
and root weights of Fusarium susceptible cultivars, Ife Brown and TVu 1560, were 

* significantly lower than the control. These results are different from ihose reported 
by Mani and Sethi (1987) 'on chickpea. They reported that the treatments receiving 
nematode inoculum prior to either of the two fungi used recorded higher reduction 

w in growth parameters than the treatments receiving either of the fungi prior to the 
nematode inoculation. However, they did not state whether or not the chickpea 
cultivars used were susceptible or resistant to the pathogens. 

Root-knot galling indices were highest in situations when the nematode preceeded 
the fungus by two weeks for cowpea cultivars Ife Brown and TVu 347. Wilt develop- 
ment was also highest on cowpea cultivars Ife Brown, TVu 1560 and TVu 347 when 
the nematode was inoculated two weeks before the fungus (N2F9. These results are 
similar to those reported on tobacco (Porter and Powell, 1967). cotton 
(Melakeberhan and Evans, 1981) and chickpea (Mani and Sethi, 1987). The results 
show that plants were maximally predisposed to Fusarium wilt by M. incognita only 
after the nematodes had been in contact with the plants for two or more weeks. 

TVu 347 which is resistant to Fusarium wilt was attacked by the fungus in the 
presence of the nematode and wilted on the 38th day. In breaking resistance to 
Fusarium wilt, it is possible that the nematode has a double role, not only that of 
providing entry for the fungus, but also of causing some host response that lowers - the natural resistance. Jenkins and Coursen (1957) had also shown that mechanical 
wounding of the roots of the wilt-resistant tomato variety Rutgers did not increase 
the incidence of Fusarium wilt, but that M. hapla or M. incognita acrita on the 

% roots increased the severity of Fusarium wilt. 
With cowpea cultivar TVu 990, which is resistant to both pathogens, it was 

observed that there was no significant difference from the control plants for all the 
traits measured. No plants of the TVu 990 cultivar wilted as was reported in TVu 347 
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plants which are resistant only to the fungus. Therefore, the most practical long- 
range root-knot-fusarium .disease complex control programme should be based on 
the use of resistant cultivars. However, only cultivars resistant to root-knot and 
Fusarium wilt can withstand both pathogens, thus reducing losses from complexes 
that it betwm 
D I in wilt d in nematode resistant but P 

funkus su~cpt ib le  cul~lva  1 v u IJW ~ I U  I U I I ~ S  ICSISWI~ but nematode susceptible t 
TVu 347 are significant. Wilt traits were more severe in TVu 1560 than in TVu 347 
especially where nematodes were added before the fungus inoculation. The - 
mechanism by which robt-knot nematodes increase the incidence of Fusarium wilt 
maybe by causing root injuries resulting from larval penetration which provide por- 
tals of entry for fungi (Gill, 1958; Armstrong and Armstrong, 1958) or by mor- 
phological changes (Fattah and Webster 1983) or by physiological alterations (Sidhu 
and Webstcr 1977) in the plants. Some or all of the processes stated may play some 
role in predisposidg plants to Fmrium wilt development. These aspects need to be 
carefully investigated. 
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