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Effects of Meloidogyne javanica javanica and
Rhizoctonia solani alone and in combination on
Soybean in Ferrallitic Soils of Eastern Nigeria
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Abstract

Soybean cultivar, Samsoy-1 was exposed to Rhizoctonia solani. and Meloidogyyne
Jjavanica alone and in combination in three ferrallitic soils: Nsukka, Aba and Awka soils
of castern Nigeria. Separate effects of these two pathogens on the soybean were stronger
in Nsukka than in Aba and Awka soils. In concomitant infection, the effect of R. solani
on the soybean was increased in all the soils. Fresh root weights of soybean plants
infected with M. javanica alone was greater than those infected with R. solani alone and
R. solani plus M. javanica and the uninoculated control. The least fresh shoot and pod
weights and plant height occurred in plants which had concomitant infection,

1 Introduction

Soybean is more highly appreciated now in Nigeria than many other crops (AsHAYE AnD
AroLABI, 1988). On cost per kilogram basis, it is the cheapest source of dietary protein
(JupE, 1970). Perman (1982) reported that this crop produces the highest yield of
tein per unit land arca and, at the same time, produces calories. Soybean has the abi
to succeed on nearly all soils (NormAN, 1963) and hence the reason for the steadily
increase in the acerage devoted to the crop. According to Akem (1991), as the growing
area for soybean expanded, its pests and discases increased in number and scverity.
Meloidogyne javanica and Rhizoctonia solani are among the important soybean patho-
gens (SINCLAIR, 1981). Soil which is the natural medium for plant growth constitutes an
environment which plays a decisive role for infection to occur or not. Wallace (1963)
stated that the influence of soils on disease occurrence is a highly complex one because
the physical and chemical factors vary so much between localities even where the tex-
tural composition of the soils is more or less similar. The objective of this study there-
fore included determining the pathogenicity of M. javanica and R. solani alone and in
combination on susceptible soybean in three ferrallitic soils of eastern Nigeria.
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2 Materials and Methods

This study was carried out in the greenhouse of University of Nigeria, Nsukka, located
on 52' north; longitude 07°24' cast and at an altitude of 447 metres above mean sea
level. Three ferrallitic soils of castern Nigeria described by Jungerius (1964) were used.
These included:

* Deep porous red soil derived from sandy deposits (Nsukka soil);
* Deep porous brown soil derived from sandy deposits (Abs soil); and
+ Red and brown soils derived from sandstones and shales (Awka soil)

Representative samples of these soils were taken at 0-15¢m depth and steam-sterilized
for three hours. Their physical and chemical properties were analysed and are shown in
Table 1. Two kilograms of each soil was potted in twenty clay pots (16cm diameter) and
the pots arranged in a completely randomised design (CRD).

The soybean cultivar Samsoy-1, known (o be highly susceptible to Meloidogyne javanica
(AwoLoL, 1987 unpublished), was used as the test crop. Seeds of this soybean cultivar
were surface sterilized by soaking for three minutes in a solution of 10% concentration
of commercial sodium hypochlorite (NaOCI) and rinsed three times in tap water. The
seeds were placed on moist filter papers in sterilized petri-dishes to germinate, Two
germinated seeds were planted per pot but after seven days were thinned down to one
seedling per pot.

The inoculum source for M. javanica was a Meloidogyne javanica population which
had been maintained on tomato plants (Lycopersicon esculentum cultivar Romay) in pot
cultures. Infected tomato plants with characteristic root galls were removed and the
roots washed in tap water. The galled roots were chopped into smaller pieces, placed in
water and blended into a slurry. In order to avoid inactivating the infective nematode
larvac, the waring blender was run for three seconds only for each blend. The slurry was
made up to 3000ml by adding more water. Thirty millilitres of this diluted slurry was
taken and poured into a counting dish. The number of active larvae was counted using a
stereomicroiscope.

The mean number of larvae in three counts approximated 1000. The inoculum source
for Rhizoczonia solani was a plate culture of R. solani known to have previously at-
tacked the soybean in the field and maintained on potato dextrose agar (PDA) medium.
The PDA medium on which the fungus was growing was put into a waring blender and
blended into a slurry. The ratio of water to the PDA plus R. solani was 2:1 by volume
(Ogostit AND BasseT, 1990).
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At three weeks old the soybean plants were inoculated using the following inoculation
treatments:

* 30m1 slurry (containing about 1,000 larvac) of M. javanica/plant

«30m1 slurry of PDA plus R. solani/plant

* 30m1 slurry (containing about 1,000 larvae) of M. javanica plus 30m1 slurry of PDA
plus R. solani plant; and

+ uninoculated control.

The inoculum procedure was undertaken by pouring the inoculant at the root base of the
plant. Each inoculation treatment was replicated five times. At twelve weeks old the
soybean roots were assessed for infection. Plants exposed to M. javanica alonc or M.
Jjavanica plus R. solani were scored for root galls according to Ogbuji (1981) in which:

Zero = no infection (no galls present);

cry scanty infection (1c3 galls present);

2 = light infection (4¢10 galls present);

3 = moderate infection (11¢30 galls present); and
4 = severe infection (>30 galls present).

Plants exposed (o R. solani alonc or R. solani plus M. javanica were scored for root rot
according to Grey et al. (1990) in which:

1 = no infection (no root rot);

light infection (fine roots destroyed);

oderate infection (1 or more distinct lesions on tap root);

cvere infection (one fourth to one-half of tap root destroyed); and
5 = very severe infection (plant death or all roots rotted).

Data collected on mean plant height, fresh weights of root; shoot and pod were analysed
using a statistical method developed by Steel and Torrie (1980). Fisher's lcast signifi-
cant difference (F-LSP) was uscd to detect difference. between treatment means at P =

3 Results

Soybean plants exposed to Meloidogyne javanica alone had severe root galls in Nsukka
soil and moderate galls in Awka and Aba soils. Root rot caused by Rhizoctonia solani
alone was moderate in Nsukka soil and slight in Aba and Awka soils. Galling incidence
at concomitant infection by the two pathogens was not different from that caused by M.
Javanica alone in any of the soils (Tables 2-4). Increased root rot was, however, ob-
tained when M. javanica and R. solani infected the soybean concomitantly (Tables 2-4).
In all the soils, plants infected by M. javanica alone had a mean fresh root weight that
was significantly (P = 0.05) higher than those of the uninoculated control; R. solani
alone and R. javanica plus R. salani (Tables 2-4). The lcast mean fresh root weight was
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obtained on plants infected with R. solani alone. Mean fresh shoot and pod weights of
the uninoculated controls were significantly (P = 0.05) higher than those infected by M.
Javanica alone; R. solani alone and M. javanica plus R. solani in Aba and Nsukka soils
only. Plants that were concomitantly infected had the least mean fresh shoot and pod
weights and plant height in all the soils (Tables 2-4).

Table 1: Physical and Chemical Properties of Nsukka, Aba and Awka Soils

‘Analysed Properties Solls
Nsukla Aba Awka
Coarse Sand (S0um-2mm) - - =
Tine Sand (20um-50um) 30 34 46
Silt Gum-20um) 1 10 6
[% clay (< 1 um) 10 4 20
[ Particle Density (g/em’) 54 56 29
‘water-holding capacity 73 9.7 8.7
carbon a8 04 .72
nitrogen 13 .08 .06
[ % base satration 99 76 61
organic maler content 124 12.55 11.79
Cation exchange capacity 95 145 9.0
Exchangeable bases ( in meq/100g)
Sodium (Na) 1 3 39
Potassium (K) 2 3 .16
ium (Mg) 4 6! 40
Calcium (Ca) 9 5 3.5
Phosphorus (P) (in PPM) 56 787 420
Soil pH value 648 5.40 570

Table 2: Effects of single and concomitant inoculations with M. javanica and R. solani on root
infection, fresh weights (gm) of shoot, root, pod and plant heights (cm) of soybean
(Samsoy-1) in Awka soil

Tnocalation Mean oot infections Mean fresh weight Mean plant
treatment height
Rot Gall | Shoot | Root | Pod
4 Index | index

Gabseniney = — 904 | 387 | 1014 30.60
M. javanica a 3 561 | 520 | 64l 3020

R. solani 3 = 526 | 172 | 448 3240

R. solani + M.,

e 3 3 222 | 324 | 205 1920
LSDoos 257 | 193 | 240 9.80
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Table 3: Effects of single and concomitant inoculations with M. javanica and R. solani root
infection, fresh weights (gm) of shoot, root, pod and plant heights (cm) of soybean
(Samsoy-1) in Aba soil

Inoculation Mean root infections Mean fresh weight Mean plant
treatment height
Rot Gall | Shoot | Root | Pod
Index index
Uninoculated
- - - 1420 | 538 | 1025 34.40
M. javanica — 3 3.90 13.51 3.90 3020
R. solani 2 — 352 124 | 366 32.20
R solani + M.
i 3 3 109 452 L19 17.00
LSDys 218 5.68 1.99 5.05

Table 4: Effects of single and concomitant inoculations with M. javanica and R. solani on root
infection, fresh weight fresh weights (gm) of shoot, root, pod and plant heights (cm) of
soybean (Samsoy-1) in Nsukka soil

Tnoculation Mean root infections Mean fresh weight Mean plant
treatment height
Rot Gall | Shoot | Roof | Pod
Index | index
Uninoculated
control = = 358 3.02 354 2620
M. Javinica — 4 246 | 450 | 265 15.80
R. solani 3 = 196 | o041 | 121 21.00
R. solani + M.
javanica 4 4 0.67 1.88 0.01 812
LSDoos 080 | 124 | 06l 447

4 Discussion

Results of this study show that M. javanica pathogenicity on soybean varied in the
different ferrallitic soils. The same was true of R. solani. Soil texture appeared to have
influenced the nematode activity on the soybean. This was indicated by higher galling
incidence in Nsukka soil which had a greater percentage of coarse sand than Awka and
Aba soils. This observation agrees with O'Bannon and Reynolds (1961) who stated that
soil particle size is an important determinant of the activity of Meloidogyne spp. on host
plant. The activity (root rot) of R. solani being more pronounced in Nsukka than in Aba
and Awka soils could be due to the marked differences in the soils' chemical properties.
Nsukka soil had a higher pH valuc (6.48); higher percentage base saturation (99%) and
higher amounts of basic cations, especially calcium. These chemical properties, accord-
ing to Meyer and Shew (1991) favour R. solani in the soil. Although infection initiation
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by either M. javanica or R. solani was noticed to be independent of each other there was
however increased R. solani activity (root rot) when the two pathogens concomitantly
infected the plant. This could be due to further predisposition of M. javanica infected
roots through physiological alterations.

Nutrient exudates emanating from such roots have also been reported to contribute nu-
tritionally to the ability of R. solani to overcome the natural plant resistance (vaN GUNDY
et al 1976; WANG ET AL 1975).

Fresh root weights of soybean plants infected by M. javanica alone was greater than
those of the uninoculated control and those infected by R. solani alone. This was be-
cause the nematode caused galling on the roots which added to the weight of the roots.
Plant roots infected by M. javanica plus R. solani weighed less than those infected by
M. javanica alone because the weight gained through M. javanica activity (oot galling)
was lost to R. solani. through root-rot and sloughing off. Of the four inoculation treat-
ments, M. javanica plus R. solani. treatment gave the least fresh weights of shoot and
pod and plant height. Observations similar (0 this have been reported by Carter (1975),
and Elizabeth et al. (1957) and was attributed to synergistic effect of combined infec-
tion,
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