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STELLINGEN (THEOREMS) 

1. Radopholus similis is the primary causal agent of yellow disease of 
black pepper. 

This thesis. 

2. Yellowing of leaves of black pepper not associated with a stiff droop 
has other causes than R. similis, e.g. Meloidogyne incognita in com­
bination with Fusarium solani. 

This thesis. 

3. The symptom expression of yellow disease of black pepper can be modi­
fied by varying abiotic factors such as soil moisture and minerals. 

This thesis. 

4. The control of plant diseases is like a continuous war between the 
grower and pathogens. To be successful, well planned strategies are 
needed, e.g. the control of yellow disease of black pepper should not 
be directed solely towards controling R. similis. 

5. Despite the fact that F. solani is able to reduce the populations of 
R. similis and M. incognita, this fungus can not be used as a biologi­
cal control agent. 

This thesis. 

6. The first European currency was not ECU, but "peppercorn". It was used 
to pay taxes, tolls, rents and dowries already in the Middle Ages. 

Purseglove et al., 1981. Spices. 
Vol. 1, p. 10-29. 

7. The value of black pepper as a remedial agent for spleen diseases, sto­
machaches, dysentery, itches, rheumatism, and impotence is under esti­
mated in Western Europa. 

Kercher, J., 1989. Aroma therapie 
voor iedereen. 

8. The increase interest of Dutch people in Indonesia as expressed in the 
increasing number of tourists to the "Gordel van smaragd" is not sup­
ported by an adequate Dutch effort to establish economic links. 

9. The first challenge after having training abroad is how to minimize the 
"reverse culture shock". 

Ika Mustika 
Wageningen, 23 November 1990 
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1 General introduction 

Black pepper1 {Piper nigrum h.) is one of the oldest culti­

vated crops in Indonesia. Probably this plant came origi­

nally from Western Ghats, in the State of Kerala, India, 

when many Hindu colonists came to Indonesia, as early as 100 

BC, and introduced this plant to Java (Purseglove et al., 

1981; de Waard, 1986). 

In the 16th century, it was grown only on a small scale. 

However, in the 18th century it became widely cultivated. 

Before the 1950's Indonesia produced almost 80% of the world 

production of pepper. In 1984 the world production of pepper 

approximated 110,000 tonnes. Indonesia's share was only 

25,000 tons or 22.7%, while Brazil, India and Malaysia pro­

duced as much as 3 3,000, 30,000 and 17,000 tons respectively 

(de Waard, 1986). Other countries including Malagasy, Sri 

Lanka, China and Kampuchea produced a total of 9800 tons. 

Pepper is mainly used as a spicy and flavouring ingredient 

for the food industry (de Waard, 1986), as a constituent of 

several medicines (Kercher, 1989), and it has also insec-

ticidal properties (Su & Hovart, 1981). 

Pepper is now the fifth agricultural commodity in Indonesia 

preceded only by rubber, tea, oil palm and coffee. During 

1979-1984, the average export value of pepper from Indonesia 

amounted to US $ 36.3 million per year (calculated from de 

Waard, 1986) while in 1984 alone, it amounted to US $ 87.9 

million (de Waard, 1986). 

In Indonesia this crop is mainly cultivated in the Lampung 

and South Sumatra provinces, particularly on the island of 

Bangka. These two areas produce almost 90% of the pepper in 

1 "Black pepper" in this thesis refers to the plant only. 



this country. Other areas, where pepper is grown, are the 

provinces of Bengkulu, Aceh, West Sumatra, West, East and 

South Kalimantan, and South Sulawesi. However, the produc­

tion of black pepper in Indonesia, is threatened by two main 

diseases, namely "foot rot" and "yellow disease". No effec­

tive control against these diseases has yet been found. 

Foot rot disease, or " quick wilt disease", was reported by 

Muller in 1936. It damaged pepper crops in Indonesia (Lam-

pung, South Sumatra and Java). Phytophthora palmivora var. 

piperis Muller was identified as the cause of this disease 

(Holliday & Mowat, 1963; Nambiar & Sarma, 1977). Later, 

other workers identified the fungus as P. capsici or P. pal­

mivora MF-4 (Kasim, 1978; Tsao, et al., 1985a; 1985b). In 

1967 the fungus destroyed pepper crops in Lampung, India and 

Sarawak, up to as much as 40%, 30% and 20% respectively 

(Anonymous, 1967; Nambiar & Sarma, 1977). Recently, foot rot 

disease was also reported to occur in Bangka. In Brazil a 

disease with similar symptoms was found, but the causal 

organism was identified as Fusarium solani f.sp. piperi Al­

buquerque, 1961 (Alconero et al., 1972). This fungus has 

also been consistently isolated from pepper plants affected 

by nematodes in Bangka (Bridge, 1978). In this study no fur­

ther attention is paid to foot rot disease. 

Yellow disease, or "slow wilt disease", was first reported 

by van der Vecht in 19 32 on the island of Bangka. This dis­

ease had destroyed up to 90% of the pepper crops in Bangka 

(Thorne, 1961). The same or similar symptoms were also found 

on pepper in Thailand (Sher et al., 1969; Bridge, 1978), 

and in India (Venkitesan & Setty, 1977; Nambiar & Sarma, 

1977; Ramana et al., 1987). 

Wahid (1976) and De Waard (1979) suggested that yellow dis­

ease was primarily caused by the lack of fertilizer, and 

nematodes were considered to be secondary pathogens. Mean-



while, Bridge (1978) isolated consistently the nematodes 

Radopholus similis, and Meloidogyne incognita, and the fungi 

Fusarium oxysporum and Fusarium solani from diseased roots. 

Based on these findings, he suggested that the yellow dis­

ease complex, rather than being caused by a single patho­

gen, a nematode or a fungus, was caused by the interaction 

of nematodes and fungi. In his opinion, R. similis was the 

major causal agent which could predispose the plants to 

secondary pathogens like Fusarium spp. Dropkin (1980) sug­

gested that nematodes often initiate the pathological pro­

cess in which other organisms, such as bacteria or fungi 

follow, and, in combination with the nematodes, inflict 

damage. Soil characteristics such as texture, moisture con­

tent (Dropkin, 1980) and pH (Wallace, 1970) affect crop dis­

eases induced by nematodes. Soil moisture has also a direct 

influence on the capability of nematodes to cause disease 

symptoms (Dropkin, 1980). Data of the effect of R. similis, 

M. incognita and F. solani on pepper, particularly in Indo­

nesia, are still scarce. 

Nematodes associated with black pepper 
Nematodes have been known to infect and cause damage to 

black pepper. Zimmerman (1901, cit. Winoto, 1972) was the 

first researcher who presented evidence that root-knot nema­

todes (Meloidogyne spp.) infected black pepper plantings in 

Java, Sarawak and Johore. Later, Van der Vecht (1950) re­

ported that R. similis also infected black pepper, and cau­

sing yellow disease in Bangka. Sher et al. (1969) found a 

number of nematodes associated with black pepper in Thailand 

viz. M. javanica, M. incognita, Tylenchulus semipenetrans, Rotylen-

chulus reniformis, Helicotylenchus erythrinae, Pratylenchus cof-

feae, Tylenchorhychus spp., Hemicriconemoides spp. , Hoplolaimus 

seinhorsti, R. similis and Xiphinema spp.. Bridge (1978) isolated 

consistently the following nematodes from black pepper in Bangka 

viz. R. similis, M. Incognita, Macrophostonia ornata, Xiphinema in-



signe, Pratylenchus coffeae, Aphelenchus spp., Ditylenchus spp., and 
Tylenchus spp. Sundararaju et al. (1979) have listed as many 
as 35 species and genera of plant parasitic nematodes asso­
ciated with black pepper. More recently, Mohandas et al. 
(1985) found that Trophotylenchulus piperis parasitized the 
roots of black pepper in Kerala, India. 
Damaging effects of nematodes on black pepper have been 
studied by several workers, winoto (1969) showed that M. in­
cognita and M. javanica could both significantly reduce 
black pepper growth. Venkitesan and Setty (1978) studied the 
pathogenicity of R. similis, and found a significant growth 
reduction of black pepper. Other plant parasitic nematodes 
such as M. arenaria, Hoplolaimus seinhorsti and Xiphinema 
ifacolum also appeared to affect the growth of black pepper 
adversely (Lamberti s. Ekanayake, 1983). Of these nematodes, 
R. similis and M. incognita, are often predominant in in­
fecting black pepper roots. These two nematode species have 
been observed in increasing frequency in black pepper plant­
ings in Indonesia (Mustika, 1978; Bridge, 1978; s'Jacob, 
personal communication) and in India (Nambiar & Sarma, 1977; 
Ramana & Mohandas, 1987; Ramana et al., 1987). Therefore 
these two species were selected for the experiments reported 
here. 
Apart from black pepper, R. similis attacks many crops. This 
nematode is reported to reproduce on more than 250 plant 
species (O'Bannon, 1977). It has long been considered as the 
cause of yellow disease of black pepper, and "toppling dis­
ease" of banana (Van der Vecht, 1950; Christie, 1959; Thor-
ne, 1961; Blake, 1961, 1966). 
R. similis (Cobb, 1893) Thorne, 1949 was first recorded from 
banana roots in Fiji, and appeared to be widespread in trop­
ical and subtropical regions (O'Bannon, 1977). R. similis 
is a migratory endoparasite, known as "burrowing nematode" 
(Cohn, 1972), This nematode penetrates the roots of the 
host, and migrates, destroying the cortex tissues, and de-



velops inside the roots from the eggs deposited along the 

path of migration. The juveniles hatched from these eggs 

continue to destroy tissues, and extensive lesions develop 

in the cortex and stele, frequently resulting in destruction 

of infested roots (Dropkin, 1980). Plants infected by R. si­

milis usually display poor growth, yellow discoloration, 

wilting, and they eventually die (Williams & Siddiqi, 1973). 

M. incognita (Kofoid & white, 1919) Chitwood, 1949 is a sed­

entary endoparasitic nematode, causing swellings of the 

roots. The nematode appears to be widespread on black pepper 

(Holliday & Mowat, 1963; Winoto, 1972; Sharma & Loof, 1974; 

Nambiar & Sarma 1977; Kueh & Teo, 1978; Kueh, 1979; Ichino-

he, 1980). 

Heavily infested roots by Meloidogyne spp. are deformed and 

vascular elements are disrupted. As a result, translocation 

of water and nutrients is impeded. The growth is retarded. 

Under dry conditions wilting may occur, and also symptoms of 

nutrient deficiencies may develop (Taylor & Sasser, 1978). 

The nematode may alter nutrient flow patterns in plant 

tissues, reducing root growth, which may contribute to lower 

plant yield (Hussey, 1985). On tomato, infection by Meloido­

gyne spp. is frequently associated with chlorosis, stunting, 

and aggravation of nutrient deficiency symptoms (Mcclure, 

1977). Similar symptoms were also reported on black pepper 

infected by Meloidogyne spp. in Sarawak (Winoto, 197 2; Kueh, 

1979) . 

Nematode-fungus-plant interaction 
Plants are usually attacked by several pathogens at the same 

time. The effects of multiple infection by different patho­

gens can either be greater than, smaller than or similar to 

the sum of effects attributed by each pathogen (Waller & 

Bridge, 1984). However, most pathogens interact synergistic-

ally on plants. 



Synergistic interactions of M. incognita have been reported 

with Phytophtora parasitica var. nicotianae (Powell & Nusbaum, 

1960), with Rhizoctonia solani on tobacco (Baten & Powell, 

1971); with F. oxysporum f. sp. vasinfectum on cotton (Garber 

et al., 1979; with F. oxysporum f. sp. lycopersici on tomato 

(Morrel & Bloom, 1981); and with F. oxysporum Schlecht f. sp. 

niveum on summer-squash (Caperton et al., 1986). 

Synergistic interaction of R. similis and fungi was also 

reported, with F. oxyporim f. sp. cubense on banana (Blake, 

1961, 1966) and with Fusarium spp. on grapefruit seedlings 

(Feder & Feldmesser, 1961). 

Waller and Bridge (1984) also recorded several synergistic in­

teractions of nematodes and Fusarium spp. on some tropical 

crops: e.g. M. incognita, Belonolaimus gracilis and Rotylenchu-
lus similis and Helicotylenchus multicinctus with F. oxysporum 
f. sp. cubense on banana; Tylenchulus semipenetrans with F. ox­
ysporum f. sp. lycopersici on tomato. 

Many researchers have reported that infection by nematodes 

or fungi caused mineral alterations in crops. Oteifa (1952) 

found that infection by M. incognita in lima bean {Phasedus 

lunatus L.), decreased the total amount of N, P, K, Ca and 

Mg. McClure (1977) suggested that M. incognita is a "metab­

olic sink". Plants infected by this nematode frequently show 

chlorosis and nutrient deficiency symptoms. Ibrahim et al. 

(1982) found that infection by F. oxysporum f. sp. vasinvec-

tum induced a significant reduction in K, Mn, Zn and Cu in 

cotton. 

R. similis was found to reduce the concentrations of N, P 

and K in leaves of citrus (Feldman et al., 1961). The same 

phenomenon may also occur in the case of yellow disease on 

black pepper. De Waard (1979) reported that leave contents 

of N, P, K, Ca and Mg in yellow leaves of diseased plants 

were lower than those in healthy leaves of apparently 



healthy plants. He also found that the root system was in­

vaded by nematodes when yellow disease occurred. Recent 

field observations on the relationship between yellow dis­

ease and nematode populations, indicated that leaf contents 

of N, K and Ca in diseased plants were significantly lower 

than those of healthy plants. Root and soil populations of 

R. similis in diseased plants were significantly higher than 

in healthy plants, whereas the root and soil populations of 

M. incognita in affected plants tended to be higher than in 

healthy plants. There were no significant differences in 

soil N, P, K, Ca and Mg among plots with either diseased or 

healthy plants (Mustika, 1986, unpublished). 

Considering the economic importance of black pepper for some 

200,000 smallholders in Indonesia, strategies to control the 

yellow disease are needed, and hence actual knowledge of its 

cause is required to form the basis for these strategies. In 

this thesis, the role of two species of nematodes, M. incog­

nita and R. similis, is studied in combination with the fun­

gus F. solani under conditions of nonlimiting mineral nu­

trients. The experiments were conducted at the Department of 

Nematology, Wageningen Agricultural University (WAU), The 

Netherlands, from April 1987 to July 1989. 

In the course of this investigation two in vitro studies and 

five pot experiments were carried out. Pot experiments were 

both conducted in the greenhouse and in a climate chamber. 

The first in vitro study was set up to test the influence of 

temperature on the multiplication of R. similis on carrot 

discs (Chapter 3). Two experiments were done in the green­

house to evaluate the effect of M. incognita (Chapter 2) and 

R. similis (Chapter 4), on the growth and development on 

black pepper, in the presence of F. solani. The fourth pot 

experiment dealt with the interactions between M. incognita, 

R. similis, and F. solani (Chapter 5). In vitro study on the 
effect of a culture filtrate of F. solani on hatching of 



M. Incognita and R. similis was also carried out (Chapter 6). 

In order to check for tolerance to those three pathogens, 

the response of four cultivars of black pepper to infection 

was studied (Chapter 7). The last pot experiment was carried 

out to study the interactions of soil moisture, R. similis, 

M. incognita and F. solani, on leaf nutrient contents of 

black pepper (Chapter 8). 
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2 i n t e r a c t i o n s of Meloldogyne Incognita and Fusarium solanl on 

b l a ck pepper (Piper nigrum L . ) 

Ika Mustika 

ABSTRACT 

Single node cuttings of black pepper {Piper nigrum L. ) cv. 

Kuching were inoculated with Meloldogyne incognita alone and 

in combination with Fusarium solanl. Two combinations of in­

oculation of M. incognita and F. solanl were examined, i.e. 

simultaneous inoculation and M. incognita inoculated two 

weeks before F. solani. Soil moisture was at field capacity, 

and mineral nutrition was not limiting. Plants inoculated 

with M. incognita and F. solani either alone or in combina­

tion, did not provoke symptoms of yellow disease. Wilting 

and dying of plants occurred earlier when M. incognita was 

inoculated together with F. solani, compared to F. solani 

alone. 

The population of M. incognita was reduced when F. solani 

was also present. 

INTRODUCTION 

Root -kno t nematodes (Meloidogyne s p p . ) were r e p o r t e d t o i n f e c t 

b l ack pepper (Piper nigrum L. ) by Zimmerman i n 1901 i n J a v a , 

I n done s i a ( c i t . Ho l l i d ay & Mowat, 1963) . Black pepper p l a n t i n g s 

i n Sarawak were found t o be i n f e s t e d w i t h Meloidogyne javanica 

and M. incognita (Ho l l i day & Mowat, 1963; Winoto, 1972) , i n 

I n d i a w i t h M. incognita (Koshy & Sunda r a r a j u , 1979 ) , i n Bangka, 

I n d o n e s i a , w i t h M. incognita ( B r i dge , 1978; s ' J a c o b , p e r s o n a l 

communica t ion) , i n B r a z i l by M. incognita ( Sharma & Loof, 1974; 

I c h i n o h e , 1980) , and i n S r i Lanka w i t h M. Incognita and M. are-
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narla (Lambert! & Ekanayake, 1983). M. Incognita and M. java-

nica were reported to cause growth reduction, leaf yellowing and 

decline on black pepper (Winoto, 1972; Kueh & Teo, 1978; Kueh, 

1979). 

Apart from nematodes, Bridge (1978) isolated consistently 

several fungi such as Fusarium solani and F. oxysporum from 

black pepper roots with yellow disease symptoms. F. solani 

has been recognized as the cause of decay of the underground 

stem and roots of black pepper in Brazil (Albuquerque cit. 

Alconero et al., 1972). The role of this fungus in associa­

tion with M. incognita on black pepper in Indonesia is hard­

ly documented. The aim of this study was to determine the 

effect of M. incognita alone or together with F. solani, to 

evaluate the role of M. incognita in predisposing black pep­

per to an attack of F. solani, and to observe whether or not 

these combinations of the pathogens could induce "yellow 

disease" symptoms. 

MATERIALS AND METHODS 

The experiment was conducted in a greenhouse which was set 

to reach a maximum air temperature of 28 °C during the day, 

and a minimum night temperature of 23 "C, with relative 

humidity fluctuating from 50% to 80%. The soil temperature 

fluctuated between 19 °C, and 25 °C. The day length was at 

least 12 hours, using suplementary light. 

M. incognita, isolated from black pepper roots in Indonesia, 

was cultured on tomato roots of c.v. Moneymaker. To prepare 

the inoculum of M. incognita, heavily infested tomato roots 

were chopped and incubated in a mistifier for one week. The 

resulting suspensions were collected and used as inoculum. 

Before inoculation, the nematodes were surface sterilized 

with a solution of 0.02% aqueous ethoxyethylmercury chloride 

and 0.1% streptomycin sulphate, using a micropore filter. 

After surface sterilization, the nematode suspensions were 

14 



diluted with sterile distilled water. Each plant was inocul­

ated by placing 10 ml of this suspension containing 1250 sec­

ond stage juveniles on the soil surface around the stem, at a 

distance of approximately 5 cm. Inoculum levels used in this 

study were based on the average number of M. Incognita in 

1 liter of soil taken from diseased plants (Bridge, 1978). 

A culture of F. solanl, isolated from black pepper roots, 

was grown on potato dextrose agar (PDA) in Petri dishes and 

incubated for six days at 30 °C. To prepare the inoculum of 

F. solani, three discs of this culture ( 3 mm in diameter) 

were transferred to 500 ml flasks containing 100 ml of pota­

to dextrose broth (PDB) as described by Latin and Snell 

(1986). The flasks were put on a shaker operating at 96 rpm, 

while the temperature was maintained at 30 "C. After five 

days the contents of the flasks were mixed and filtered 

through two layers of filter paper. The filtrate was diluted 

with sterile distilled water to obtain inoculum of 10s mi-

croconidia per ml. Each plant was inoculated with 10 ml of 

inoculum as mentioned above. The inoculum levels used were 

according to Deverall (1981). 

Three-months-old rooted pepper cuttings of cv. Kuching were 

transplanted into clay pots, one plant per pot, filled with 

1250 g of autoclaved sandy soil. The composition of the soil 

is presented in Annex 1. Before planting, 3 g of Dolocal per 

pot were added (for composition see Annex 2). To maintain 

the pF value at approximately field capacity during the 

experiment, plants were watered every day with 100 ml of tap 

water. Nutrient solution (composition Annex 2) was applied 

weekly, at a rate of 100 ml per pot to reach a nonlimitlng 

nutrient level. 

Five treatments were tested and arranged in a randomized 

block design with five replicates. Each replicate consisted 

of five plants. The treatments were: 
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1) Uninoculated control (C). 
2) Inoculated with M. incognita (Mi). 
3) Inoculated with F. solani (Fs). 
4) Inoculated with M. incognita and F. solani simultaneous­

ly (Mi+Fs). 
5) First inoculated with M. incognita, after two weeks fol­

lowed by an inoculation with F. solani (Mi)+Fs. 

The experiment was terminated four months after nematode in­

oculation, and the following characteristics were measured: 
1. Initial and final plant height, the length of internodes, 

leaf area1, fresh and dry weight of shoot and roots. 

2. Period between nematode inoculation and the first yellow 
leaf symptoms, percentage of wilted and dead plants, and 
type of droop. 

3. Number of galls, final number of nematodes in soil and 
roots. 

4. Histopathological changes in the roots. 

The nematodes from soil and roots were extracted by means of 
the Oostenbrink elutriator and a centrifugation method re­
spectively (s'Jacob & Van Bezooijen, 1984). Roots from all 
treatments were selected one month after nematode inocula­
tion and prepared for histological studies. Specimens were 
fixed in FP 4:1, dehydrated in ethyl alcohol, embedded in 
paraffin, sectioned by using a microtome set up 10 ym, and 
stained with Cason's stain (s'Jacob & Van Bezooijen, 1984). 
Fresh unsectioned roots were stained with the modified acid-
fuchsin method (Byrd et al., 1983). 

RESULTS 

Effects of M. incognita alone or in combination with F. so­
lani on the growth of black pepper are shown in Table 1 and 

1 Measured by using a leaf area meter (Daiichi Borki Shokai Co., Tokyo, 
Japan). 
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2. In a l l t r ea tments , t he re was a reduction of p l an t growth, 
in comparison with cont ro l p l a n t s , M. incognita or F. solani 
alone s i gn i f i c an t l y reduced p lan t he igh t , l ea f a rea , and 
f resh and dry weights of shoots and r oo t s . In add i t ion , 
F. solani a lone s i gn i f i c an t l y reduced the number of nodes 
and l eaves . The d i f ferences between the e f f ec t s of M. incog­
nita and F. solani a lone or in combination on p lan t he ight , 
number of nodes, l ength of nodes and number of leaves were 
not s i g n i f i c an t . 
In genera l , however, the s t ronges t growth reduct ion was ob­
served when p l an t s were inoculated with M. incognita two 
weeks before F. solani. 

Table 1 Ef fec ts of M. incognita and F. solani on p lan t h e igh t , number and 
length of nodes and number of leaves of black pepper. 

Treat­
ments 
*) 

C 
Mi 
Fs 
(Mi+Fs) 
(Mi)+Fs 

Plant height (cm) 
initial 

21.8 a 
21.5 a 
20.0 a 
20.7 a 
20.1 a 

final 

45.7 b 
37.6 a 
34.7 a 
40.4 b 
35.1 a 

Number of 
nodes 

12.0 b 
9.9 ab 
9.2 a 
9.4 a 
8.7 a 

Length of 
nodes 
(cm) 

4.5 a 
4.1 a 
4.2 a 
4.1 a 
4.0 a 

Number of 
leaves 

21.2 b 
15.8 ab 
11.7 a 
13.4 a 
11.8 a 

Numbers followed by the same l e t t e r s in each column are not s i g n i f i c a n t l y 
d i f f e r en t a t 5% l eve l (LSD-tes t ) . 
*) See page 16. 

Table 2 Ef fec ts of M. incognita and F. solani on leaf a rea , shoot and 
root weight of black pepper. 

Treat­
ment *) 

C 
Mi 
Fs 
(Mi+Fs) 
(Mi)+Fs 

Leaf area 
(cm2) 

341 c 
188 ab 
231 b 
198 ab 
129 a 

Shoot weight (g) 
fresh dry 

30.7 b 
19.9 a 
16.5 a 
16.9 a 
14.5 a 

7.9 b 
5.1 a 
5.4 a 
5.0 a 
4.2 a 

root weight (g) 
fresh dry 

2.9 b 
3.2 b 
1.5 a 
2.0 a 
1.3 a 

1.2 b 
1.3 b 
0.4 a 
0.3 a 
0.3 a 

Numbers followed by the same l e t t e r s in each column are not s i g n i f i c a n t l y 
d i f f e r en t a t 5% l eve l (LSD-tes t ) . 
*) See page 16. 
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The number of nematodes and galls tended to be reduced by 

about 50% when plants were inoculated with both M. Incognita 

and F. solani as compared to that caused by M. Incognita alone 

(Table 3). 

Table 3 Effects of M. incognita and F. solani on number of galls, nema­
tode numbers and disease symptoms on black pepper. 

Treatment 

*) 

C 
Mi 

Fs 
(Mi+Fs) 

(Mi)+Fs 

Number 
of 
galls 

_ 
77 
(1.85) a 

-
54 
(1.57) a 
38 
(1.51) a 

Nematode populations 
soil 

_ 
3937 
(3.41)a 

-
904 

(2.95)a 
1325 
(2.96)a 

roots 

_ 
3831 
(3.49)a 

-
3636 
(3.53)a 
1849 
(3.18)a 

total 

_ 
7768 
(3.80)a 

-
4139 
(3.60)a 
3174 
(3.14)a 

Period 
(days) 
wilt dead 

_ 
-

63 b 
50 a 

51 a 

_ 
-

74 b 
61ab 

59 a 

% plants 
wilt & 
dead 

_ 
-

23 
30 

36 

Numbers followed by the same letters in each column are not significantly 
different at 5% level (LSD-test). Number in parentheses are averages of log 
x transformed original data. 
*) See page 16. 

Observations on the period between fungus inoculation and 

the first appearance of disease symptoms are presented also 

in Table 3. No wilted or dead plants were observed in the 

control or in plants inoculated with M. Incognita alone. 

Infection by F. solani or in combination with M. Incognita 

caused plants to wilt and eventually to die (Fig. 1). Wilt­

ing was due to the destruction of the underground stem. 

Wilting symptoms caused by F. solani occurred after 6 3 days, and 

death after 74 days. Infection with M. Incognita and F. solani 

simultaneously, caused plants to wilt after 50 days, and to die 

after 61 days. Infection with M. Incognita two weeks before 

F. solani, caused wilting within about the same period as in the 

case of simultaneous inoculation. 

The percentage of plants wilted and dead by the end of the 

experiment, amounted to 30 and 36% respectively when plants 

were inoculated with M. incognita and F. solani, whereas those 

inoculated with F. solani alone, 23% showed wilting and death. 
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Figure 1 Symptom development of black pepper four months after 
inoculation. 1. Uninoculated plant; 2. Inoculated with 
M. incognita; 3. Inoculated with F. solani; 4. Inocul­
ated with M. incognita and F. solani simultaneously; 
5. Inoculated with M. Incognita two weeks before F. so­
lan i. 

Histological studies showed that M. incognita occupied the 

stelar portion of the roots. Two weeks after inoculation, 

the fourth stage juveniles of M. incognita were found to 

feed on the giant cells (Fig. 2A). One month after inocula­

tion the giant cells occupied almost the entire part of the 

stele, and vascular system was damaged (Fig. 2B and Fig. 

3B). In roots infected with M. incognita alone, the giant 

cells were well developed as compared with those infected 

with M. incognita and F. solani in combination. Two weeks 

after the inoculation with both combinations of M. incogni­

ta and F. solani, the giant cells were found to be colonized 

by fungal hyphae (Fig. 3A). One month after inoculation with 

both pathogens, the giant cells coalesced, and the stelar 

portion was completely destroyed (Fig. 3B). The xylem ves­

sels of plants infected with F. solani were blocked with "gum 

like substances". 
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Figure 2 A. A fourth stage juvenile of M. Incognita feeding 
on the giant cells (gc) two weeks after inocu­
lation. 

B. The giant cells (gc) in xylem vessels of black 
pepper roots induced by M. incognita, one month 
after inoculation (bar A = 100 ym; B = 250 ym) . 
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Figure 3 A. Giant cells (gc) in roots infected with 
M. incognita and F. solanl showing the hyphae 
of F. solanl (h) . 

B. Giant cells collapse in roots infected with 
M. incognita and F. solani one month after ino­
culation (bar A = 25 ym; B = 250 ym). 
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DISCUSSION 

In this experiment, M. incognita alone or in combination 

with F. solanl did not provoke the stiff droop and yellow 

leaves associated with "yellow disease". In contrast to 

F. solanl, M. Incognita alone did not cause plant wilt or 

death. But when this nematode was present together with 

F. solanl inoculated either simultaneously or two weeks 

earlier, many plants wilted and died, infection with M. In­

cognita two weeks prior to F. solanl, however, caused plant 

wilting and death earlier than when the two pathogens were 

inoculated simultaneously. Porter and Powell (1967) reported 

that wilting of tobacco plants was more serious when M. In­

cognita, was present two or four weeks before F. oxysporum. 

The present study has shown that M. incognita and F. sol am' 

alone were able to reduce leaf area and shoot weight consid­

erably. The greatest reduction was observed when F. solanl 

was inoculated two weeks after M. incognita. A similar ef­

fect was also reported on chickpea infected with M. Incog­

nita in combination with F. oxysporum f. sp. ciceri or F. 

solanl (Mani & Sethi, 1987). 

In the histological studies it was found that hyphae of F. 

solani colonized the giant cells. Melendez and Powell (1967) 

had made similar observations on tobacco infected with M. 

incognita and F. oxysporum f. sp. nicotianae. They found 

that the giant cells and xylem elements were heavily infect­

ed both in Fusarium resistant and susceptible plants. The 

giant cells which were extensively colonized, became appar­

ently devoid of contents soon after invasion by the fungus. 

Fattah and Webster (198 3) found that the structure of giant 

cells changed prior to fungal entry. Fungal secretions were 

translocated and killed the cells. According to Dropkin 

(1976) normal giant cells have a dense cytoplasm, an absence 

of vacuoles, many large polyploid nuclei, and thick walls 
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which are conditions for active metabolism in the cells. The 

giant cells surrounding the anterior portion of the nematode 

supply food to the nematode. Colonization by the fungus 

which may kill the giant cells, causes the nematodes to 

starve to death. This phenomenon has probably occurred in 

our experiment, where the number of M. Incognita in soil and 

roots tended to decrease in the presence of F. solanl. 

Occlusion of the xylem vessels by "gum like substances" in 

roots infected with Fusarium in other crops has also been 

reported (Beekman & Halmos, 1962; Pennypacker & Nelson, 

1972; Baayen & Elgersma, 1981). These substances are com­

posed of various amounts of polysaccharides, among which are 

pectin and probably hemicellulose, together with oxidized 

polyphenols all of which are considered to be normal compo­

nents of the substances. Their formation is a general pheno­

menon, and represents a factor in the response of plants to 

vascular infections (Baayen & Elgersma, 1985). 

REFERENCES 

Alconero, R., F. Albuquerque, N. Almeyda & A.G. Santiago, 

1972. Phytophthora foot rot of black pepper in Brazil and 

Puerto Rico. Phytopathology 62: 144-148. 

Baayen, R.P. & D.M. Elgersma, 1985. Colonization and histo-

pathology of susceptible and resistant carnation cultivar 

infected with Fusarium oxysporum f. sp. dianthi. Neth. J. 

Pi. Path., 119-135. 

Beekman, C.H. & S. Halmos, 1962. Relation of vascular occlu­

ding reactions in banana roots to.pathogenicity of root 

invading fungi. Phytopathology 52: 893-897. 

Bridge, J. 1978, Plant parasitic nematodes associated with 

cloves and black pepper in Sumatra and Bangka. ODM Report 

of Sei. Liaison Officer, 19 pp. (Unpublished). 

23 



Byrd, D.W.Jr., T.Kirkpatrick & K.R. Barker, 1983. An impro­

ved technique for clearing and staining plant tissues for 

detection of nematodes. J. of Nematol. 15: 142-143. 

Deverall, B.J., 1981. Fungal parasitism. Studies in biology. 

No. 17, 66 pp. 

Dropkin, V.H., 1976. Plant response to root-knot nematodes 

at the cellular level. In Proceeding of the Research 

Planning Conference on Root-knot nematodes, Meloldogyne 

spp. North Carolina State Univ., p. 43-49. 

Fattah, P. & J.M. Webster, 1983. Ultrastructure changes 

caused by Fusarium oxysporum f. sp. lycopersld in M. ja-
vanica induced giant cells in Fusarium resistant and sus­

ceptible tomato cultivars. J. of Nematol. 15: 128-135. 

Holliday, P. & W.P. Mowat, 1963. Foot rot of Piper nigrum 

L. (Phytophthora palmivora) . Phytopathology paper No. 5 

CMI, Kew, Surrey, 62 pp. 

Ichinohe, M., 1980. Studies on the root knot nematodes of 

black pepper plantation in Amazon. Annu. Rept. Soc. 

Plant. 31, 2 pp (Summary). 

Jacob, J.J. s' & J. van Bezooijen, 1984. Manual for prac­

tical work in Nematology. L.H. Wageningen, 77 pp. 

Koshy, P.K. & Sundararaju, 1979. Response of black pepper 

cultivars to Meloldogyne Incognita. Nematol. Medit. 7: 

123-125. 

Kueh, T.K., 1977. Pests, diseases and disorders of black 

pepper in Sarawak. Semongok Agric. Res. Cent. Dep. of 

Agric. Sarawak East Malaysia, 68 pp. 

Kueh, T.K. & C.H. Teo, 197 8. Chemical control of root knot 

nematodes in Piper nigrum. Technical Article Planter. 

Kuala Lumpur 54: 237-245. 

Lamberti, F. & H.M.R.K. Ekanayake, 1983. Effect of some 

plant parasitic nematodes on the growth of black pepper 

in Sri Lanka. FAO Plant Prot. Bull. 31: 16 3-166. 

Latin, R.X. & S.J. Snell, 1986. Comparison of methods for 

inoculation of muskmelon with Fusarium oxysporum f. sp. 

melonis. Plant Disease 70: 297-300. 

24 



Mani, A. C L . S e t h i , 1987. I n t e r a c t i o n of r o o t - k n o t nema­

t o d e , Meloldogyne incognita w i t h Fusarium oxysporum f. 

s p . ciceri and F. solani on c h i c kpe a . I n d i a n J . of Ne-

m a t o l . 17 : 1-6. 

Melendez, P .L . & N.T. Powe l l , 1967. H i s t o l o g i c a l a s p e c t s of 

Fusarium w i l t - r o o t - k n o t complex i n f l u e - c u r e d t o b a c c o . 

Phy topa tho logy 57 : 286-292 . 

Pennypacker , B.W. & P .E . Ne l son , 1972. H i s t opa t ho l ogy of 

c a r n a t i o n i n f e c t e d w i t h Fusarium oxysporum f . s p . dianthi. 

Phy topa tho logy 62 : 1318-1326. 

P o r t e r , D.M. & N.T. Powe l l , 1967. I n f l u e n c e of c e r t a i n 

Meloidogyne s p e c i e s on Fusarium w i l t development i n f l u e -

cured t o b a c c o . Phy topa tho logy 57: 282 -285 . 

Sharma, R.D. & P.A.A. Loof, 1974. Nematodes of cocoa r e g i on 

of Bahia IV. Nematodes i n t h e r h i z o s p h e r e of pepper {Pi­

per nigrum L. and c l o v e (Eugenia caryophyllata T hunb . ) . 

Rev. Theobroma 4 : 26 -32 . 

Winoto, R . S . , 1972. E f f e c t of Meloidogyne s p e c i e s on t h e 

growth of Piper nigrum L. Malay. A g r i c . Res . 1: 86 -89 . 

25 



3 Influence of temperature on the mu l t i p l i c a t i on of Radopholus 
similis on c a r ro t d i scs 

Ika Mustika 

ABSTRACT 

The multiplication of Radopholus similis was studied on car­

rot disc cultures at different temperatures. Over a 35 days 

period at 20 °C, 25 "C, 27 °C and 30 °C the nematode multi­

plied as much as 11, 3 37, 4 39 and 56 times respectively. All 

stages of R. similis developed at temperatures ranging from 

20 °C to 30 °C during 35 days of incubation. The nematode 

was able to complete at least one life cycle at the tempera­

tures tested in this experiment. The optimum temperature for 

reproduction was 27 "C. 

INTRODUCTION 

Radopholus similis (Cobb) Thorne can be reared on excised 

okra root tissues (Feder, 1958) grapefruit, okra and alfalfa 

root callus tissues (Myers et al., 1965), carrot discs (O' 

Bannon & Taylor, 1968), citrus callus (Inserra & O'Bannon, 

1974, banana fruit callus (Brown & Vessey, 1985), and carrot 

callus tissue (Reise et al., 1987). 

A 200 times multiplication of R. similis collected from ba­

nana roots, was obtained after an incubation of 30 days at 

27 °C on excised okra root tissue (Feder, 1958). On carrot 

discs, the multiplication of R. similis, after incubation 

for 45 days, ranged from 1 to 11 times, and after 75 days, 

it ranged from 46 to 399 times (Tarte et al., 1981). On 

banana fruit callus, the population of this nematode increa-
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sed about 6 times when incubated for 30 days at temperatures 

ranging from 24 °C to 29 °C (Brown & Vessey, 1985). On car­

rot callus tissues incubated at 28 °C for 60 days, the popu­

lation increased only 1.6 times (Reise et al., 1987). These 

data could indicate that at present carrot discs appeared to 

be a good, simple, and reliable medium for rearing R. simi­

lis. Effects of temperature on reproduction of R. similis on 

carrot discs, so far, have not been investigated. 

Since large numbers of pure R. similis were needed in our 

experiments, a study was made on the multiplication of R. 

similis on carrot discs at four different temperatures. 

MATERIALS AND METHODS 

R. similis originally obtained from black pepper (Piper ni­

grum L. ) roots was first reared on carrot discs. To prepare 

carrot discs, fresh carrots with attached leaves were freed 

of attached soil by using running water, a brush and soap. 

Carrots were then peeled and sliced transversely (15 mm in 

thickness, and 15-20 mm in diameter). After slicing, the 

carrot discs were surface sterilized in 10% Chlorine solu­

tion for 30 minutes and subsequently washed with sterile 

distilled water, and flamed, in a laminar flow hood under 

aseptic conditions. With a 3 mm cork borer, a 3 mm deep 

cavity, (approx. 3 mm in diameter and thickness), was made 

in the stele of carrot discs. 

A single carrot disc was transferred into a sterile glass 

jar, 6 cm in diameter and 3.5 cm in height. 

Nematodes were surface sterilized in a mixture of 0.02% 

aqueous ethoxyethylmercury chloride and 0.1% streptomycin 

sulphate for a period of 30 minutes, and washed with sterile 

distilled water. The nematodes were then transferred with a 

sterile handling needle into a drop of sterile distilled 

water which was already placed in the cavity of the carrot 
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discs. The culture jars were sealed with tape, and incubated 

at 25 °C for eight weeks. The populations of R. similis ob­

tained from this culture were used as inoculum for the ex­

periment. 

Sixty carrot discs were prepared and inoculated with 20 fe­

males per disc. Incubation was done at 20 °C, 25 °C, 27 "C 

and 30 °C, each with 15 discs. Thirtyfive days after inocu­

lation, carrot discs were 'blended in a microblender for 

30 seconds to separate nematodes from the plant tissue. The 

suspensions obtained were washed through a 100 pm sieve to 

remove debris, and the nematodes were collected on a 10 pm 

sieve. Prom the suspension obtained the various stages of 

R. similis (eggs, juveniles, males and females), were count­

ed separately. Data obtained were subjected to analysis of 

variance and compared using LSD tests. 

RESULTS AND DISCUSSION 

Unfortunately, 35 days after inoculation 8 out of the 60 

carrot discs were contaminated. The numbers of uncontaminated 

discs at 20 "C, 25 °C, 27 "C and 30 °C were 13, 14, 13, and 

12 respectively. The results of statistical analysis based 

on the numbers of R. similis recovered from uncontaminated 

discs are presented in Table 1. 

Significantly higher numbers were found at 25 °C and 27 "C 

viz. 67 30 and 877 3 respectively, compared to only 214 at 

20 °C, and 1120 at 30 °C. However, there was no significant 

difference in the multiplication factor (Pf/Pi) at 25 °C and 

27 "C. At 25 °C and 27 °C, R. similis multiplied as much as 

337 and 439 times, while at 20 °C and 30 °C it multiplied 11 

and 56 times respectively. It is evident that the optimum 

temperature for reproduction of R. similis in this experi­

ment was 27 "C. 
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Table 1 Effect of temperature on the population of R. similis 35 days 
after inoculation. 

R. similis 

Eggs 

Juveniles 

Females 

Males 

E+J+F+M 

Pf/Pi 

F:M:J:E 

Temperature ("C) 

20 

6 
(1.05) a 
148 
(2.12) a 
48 
(1.51) a 
12 
(1.0) a 
214 
(2.27) a 
11 
(0.97) a 
4:1:12:1 

25 

3172 
(3.34) c 
2996 

' (3.30) c 
428 
(2.55) b 
133 
(1.9) c 
6730 
(3.68) c 
337 
(2.37) c 
3:1:23:24 

27 

4484 
(3.33) c 
3580 
(3.17) be 
519 
(2.42) b 
190 
(2.1) c 
8773 
(3.69) c 
439 
(2.40) c 
3:1:19:24 

30 

509 
(2.62) b 
498 
(2.61) ab 
83 
(1.71) a 
30 
(1.4) b 
1120 
(2.97) b 
56 
(1.67) b 
3:1:17:17 

Numbers followed by the same letters in each row are not significantly dif­
ferent at 5% level (LSD-test). 
Numbers in parentheses are averages of log x transformed original data. 
E = eggs; J = juveniles; M •» males; F = females. Pf/Pi - ratio of various 
stages (Pi - initial population = 20 females; Pf - final population). 

Since the inoculum consisted of females only, the presence 

of all stages including males, and newly formed females of 

R. similis, indicated that at temperatures ranging between 

20 "C to 30 °C during the 35 days of the incubation, this 

nematode was able to complete at least one life cycle. Loos 

(1962) found that the length of life cycle of R. similis 

collected from banana plants, reared on Tephrosia Candida 

roots at temperatures fluctuating between 24 °C to 32 °C, 

was completed in 20-25 days. On citrus the life cycle of 

this nematode was completed in 18-20 days at temperatures 

ranging between 24 °C to 27 "C (DuCharme & Price, 1966). 

In this experiment, the cultures were kept up to 35 days 

after inoculation. The population obtained in this experi­

ment seemed to be a mixture between the first and the second 

generation. Except at 20 °C, eggs and juveniles were predo­

minant. 

The male-female ratios at 20 °C, ,25 °C, 27 °C and 30 °C were 

1:4; 1:3; 1:3 and 1:3 respectively. 
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Tarte et al. (1981) found that there were differences in 

male-female ratios between four banana isolates of R. similis 

reared on carrot discs at 23 °C. At 45 days after inocula­

tion an isolate with the lowest population increase of only 

a 1.40 fold had a male-female ratio 1:4, whereas in another 

isolate with a population increase of 11.27 fold, this ratio 

was 1:9. The differences in results between Tarte's work and 

our study are probably due tû differences in nematode isola­

tes, in temperature and time of observation used in both 

experiments. 

We proved that the most favourable temperature for reproduc­

tion of the R. similis isolate of black pepper on carrot 

discs was 27 "C. Large numbers of this nematode in pure 

populations can be easily obtained with this culture method 

in a limited time under controlled conditions. 
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4 i n t e r a c t i on s of Radopholus similis with Fusarium solanl on 
black pepper (Piper nigrum h.) 

Ika Mustika 

ABSTRACT 

The effects of Radopholus similis and Fusarium sol an i alone 
or in combination have been studied on black pepper cv. 

Kalluvalli. R. similis alone significantly reduced plant 

height, number of nodes, length of nodes, number of leaves, 

leaf area, shoot and root weight. F. solani also caused such 

reductions, but to a lesser extent than did R. similis. Both 

combinations of R. similis and F. solani caused the same 

symptoms. Inoculation of R. similis two weeks before the 

fungus had no additional effect. R. similis alone caused 

growth reduction and yellow leaves with a stiff droop, but 

the damage was more obvious when R. similis acted together 

with F. solani. The females of R. similis penetrated the 

roots one day after inoculation, and deposited the eggs 

inside the roots within five days. Two weeks after inocu­

lation, females and juveniles of R. similis were found to 

colonize the roots, and distinct necrotic tissues were 

observed. One month after inoculation, R. similis had de­

stroyed vascular tissues. Obstruction of xylem vessels with 

"gum like substances" was also found in response to infec­

tion by R. similis. 

INTRODUCTION 

The burrowing nematode Radopholus similis is an important 

root parasite on many crops in tropical and subtropical 

areas (O'Bannon, 1977). Since 1932 this nematode has been 
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suspected of causing "yellow disease" on black pepper [Piper 

nigrum L. ) on Bangka, Indonesia (Van der Vecht, 1950). 

Jensen (1972) also thought that R. similis was the only im­

portant nematode which was responsible for the yellow dis­

ease of black pepper. The same or a similar disease was also 

reported on black pepper plantings in Thailand (Sher et* al., 

1961; Bridge, 1978), and in India (Venkitesan & Setty, 1977; 

Nambiar & Sarma, 1977; Ramanâ et al., 1987). 

F. solani has frequently been isolated from roots of black 

pepper (Alconero et al., 1972; Nambiar & Sarma, 1977; 

Bridge, 1978). 

Nematode-fungus disease complexes have been reported in many 

crops (Melendez & Powell, 1967; Carter, 1975; Garber et al., 

1979; Fattah & Webster, 1983; Caperton et al., 1986). How­

ever, there is still insufficient information on the inter­

action between R. similis and F. solani on black pepper, es­

pecially in Indonesia. The effect of R. similis and F. sola­

ni on growth and symptom development, and on histological 

changes induced by these parasites on black pepper are re­

ported here. In addition, mutual effects of R. similis and 

F. solani were studied. 

MATERIALS AND METHODS 

R. similis isolated from black pepper roots was cultured on 

carrot discs as described in Chapter 3. The nematodes were 

surface sterilized for 30 minutes in a mixture of 0.02% 

aqueous ethoxyethylmercury chloride and 0.1% streptomycin 

sulphate. The inoculum used was obtained by chopping six-

week-old carrot discs incubated in a mistifier for one week. 

Each plant was inoculated by pipetting 100 ml of a suspen­

sion containing 1000 nematodes consisting of juveniles, 

males and females, around the stem, approximately 5 cm away, 

on the soil surface. 

F. solani was prepared and each plant was inoculated as 
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described in Chapter 2. Three-month-old cuttings of black 

pepper cv. Kalluvalli were transplanted in clay pots, filled 

with 1 kg of autoclaved soil and planted with one cutting 

per pot. For soil composition see Annex 1. Before planting 

3 g of Dolocal per pot were added (for the composition see 

Annex 2 ) . Soil pH before and after the experiment was 4.9 

and 5.8 respectively. To keep soil moisture near to field 

capacity, plants were watered daily with 100 ml of tap 

water. Plants were weekly fertilized with a 100 ml nutrient 

solution per pot, to ensure nonlimiting nutrient levels. 

Five treatments were applied, viz.: 

1) Control (Uninoculated plants) (C). 

2) Inoculation with R. similis (Rs). 

3) Inoculation with F. solani (Fs). 

4) Inoculation with R. similis and F. solani simultaneously 

(Rs+Fs). 

5) Inoculation with R. similis two weeks before F. solani. 

(Rs)+Fs. 

Each treatment was replicated five times in a randomized 

block design with five plants per treatment. The whole 

experiment was performed in the greenhouse with an air 

temperature ranging between 19 "C and 25 "C, a soil tem­

perature of 17 "C to 23 "C, and a relative humidity of 70% 

to 80%. 

To reduce evaporation each pot was covered with a sheet of 

black polyethylene. 

The experiment was terminated four months after nematode 

inoculation, and the following characteristics were re­

corded: 

1. Plant height, length and number of nodes, number of leav­

es, leaf area, fresh and dry, shoot and root weight. 

2. Leaf discoloration and leaf drooping. 
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3. Days between nematode inoculation, appearance of the 

first symptoms and the root decay index. 

4. Nematode populations in soil, roots and in the stem base. 

Leaf areas were measured by passing all the leaves through a 

leaf area meter. Dry weight of the shoots and roots were ob­

tained by drying the material at 80 °C for 48 h. Root decay 

indexation was done similar to the method used by Palmer and 

Mc Donald (1974) as follows; 0 = no decay; 1 = slight decay 

(25%); 2 = moderate decay (26%-50%); 3 = heavy decay (51%-

7 5%); 4 = more than 7 5% roots was decayed and dead plants. 

Nematodes from root and stem base were extracted separately 

with the centrifugal flotation method. Nematodes from soil 

were extracted with the Oostenbrink elutriator (s1Jacob & 

Van Bezooijen, 1984). To check the presence of F. solani, 

root segments were taken from ten plants of each treatment, 

rinsed in sterile water, surface sterilized in CaOCl 5%, 

plated onto water agar (WA) and incubated at 25 °C. Plates 

were observed for the presence of F. solani for up to 

15 days. 

One month after nematode inoculation, some roots from all 

treatments were taken, and prepared for histological obser­

vations. The roots were killed and fixed in FAA, serially 

dehydrated in butyl alcohol, and finally embedded in paraf­

fin. Transverse and longitudinal sections of 10 pm were 

prepared, stained with safranine and fast green (Johansen, 

1940). Some fresh pieces of root were also stained with lac-

tophenol cotton blue 0.1%. 

In addition, one-month old rooted cuttings were transferred 

into plastic tubes containing 100 ml of the same soil as 

used in the above experiment. The plants were kept in a cli­

mate chamber at a constant temperature of 28 'C and relative 

humidity of 80%, exposed to a day length of 14 h using 

360 Watt TLD. One week after transplanting, the plants were 

inoculated with 50 females of R. similis. One plant was 
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