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Abstract

The effects of soybean inoculation with arbuscular mycorrhiza fungus Glomus mosseae (200 spores/plant), the nodulating bacterium

Bradyrhizobium japonicum (106 cells/plant) and the nematode antagonistic fungus Trichoderma pseudokoningii (6.8� 107 spores/plant)

were studied. Application of the microorganisms separately, in dual, or in triple combinations were assessed in the presence of the plant-

parasitic nematode, Meloidogyne incognita under screen house (1000 second stage juvenile/plant) and field (1500 eggs/plant) conditions,

with two soybean genotypes. The microorganism treatments were compared with application of a synthetic nematicide (Furadan 3Gs

[a.i. carbofuran]), an untreated control without nematodes and a nematode-only control. Application of the microorganisms in full

factorial combinations suppressed nematode reproduction in most cases and reduced nematode galling comparable to the nematicide

treatment. The results provide evidence of the potential of beneficial microorganisms in providing equal or better protection against root-

knot nematode damage, than the synthetic nematicide carbofuran.

r 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Soybean (Glycine max L. Merr.) is a globally important
oilseed crop and source of high quality protein (Sinclair
and Backman, 1989). In West Africa, soybean has in recent
years, become increasingly popular as a source of protein
for human consumption (Zarkadas et al., 1993), animal
fodder (Manyong et al., 1996) and important in improved
crop rotation systems (Carsky et al., 1997). Among the
various constraints to soybean production are plant-
parasitic nematodes (Sikora and Greco, 1990). Although
a large number of nematodes have been associated with
soybeans, the sedentary nematodes Meloidogyne spp.
(root-knot nematodes) and Heterodera glycines (Ichinohe)
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are particularly serious pests. Meloidogyne incognita

(Kofoid and White) is highly prevalent in West Africa.
Certain species and strains of nodulating bacteria,

such as Bradyrhizobium japonicum (Jordan) are applied as
a form of soil enrichment to enhance soybean production
(Weaver et al., 1987). However, in soil where there are
nematode infestations, the effectiveness of the soil enrich-
ment with B. japonicum may not be fully realized, if
complementary biocontrol measures such as nematode
antagonists or suppressants are not used. (Azcón-de
aquilar et al., 1979; Hillocks, 2001) The use of biological
agents rather than harmful synthetic nematicides may have
added advantage when certain nodulating bacteria are used
in soil enrichment.
Arbuscular mycorrhizal fungi (AMF), such as Glomus

mosseae (Nicol and Gerd), can enhance growth and
production of crops and also provide protection against
parasitic nematodes (Azcón-de aquilar et al., 1979;
Hillocks, 2001). Trichoderma spp. have also long been
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recognised for their potential as biocontrol agents of plant
diseases and nematodes (Bandyopadhyay and Cardwell,
2003). For the management of plant-parasitic nematodes,
the application of a combination of two or more beneficial
microbes in a biocontrol preparation has been recom-
mended (Meyer and Roberts, 2002) in order to maximise
the potential benefits of the various agents. The first
objective of the current study was to assess the effects of
microorganisms used, on soybean growth and grain yield
under root-knot attack and secondly, to investigate the
potential of the microorganisms to serve as replacements or
alternatives to the synthetic nematicide.

2. Materials and methods

2.1. Site and experimental details

The study was undertaken at the International Institute
of Tropical Agriculture (IITA), Ibadan, a derived savanna
zone of Nigeria (71300N, 3150E). Two promising IITA bred
soybean genotypes TGx 1448-2E (medium duration) and
TGx 1485-1D (early maturing) were used. Experimental
design was randomised complete block design (RCBD)
with four replications for the screen house and three
replications in the field.

2.2. Screen house experiment

In the screen house study, 3 kg (dry weight) non-
sterilised sandy loam soil, pH 5.98, with available N and
P at 0.7 g kg�1 and 2.96mg kg�1, respectively. Four
soybean seeds were planted per pot and thinned to one at
7 days after emergence. Pots were maintained in a plastic-
covered screen house and irrigated daily by hand. Seven
days after planting, seedlings (except from untreated
control pots) were inoculated with 1000 M. incognita

second stage juveniles (J2) in 2ml water suspension, using a
micropipette, at the base of the seedling via two holes 4 cm
deep made using a pencil, and covering with soil after
inoculation. Plants were harvested at 8 weeks after planting
(WAP) in the screen house study.

2.3. Field experiment

In the field, plots measuring 3m� 3m, with 1m spacing
between plots was demarcated after disc harrowing and
ridging by tractor. Soil type was sandy loam pH 6.13,
available N and P was 0.8 g kg�1 and 4.16mg kg�1,
respectively. Seedlings were raised in seed trays in the
screen house in steam-sterilized soil. Soil was moisturized
with tap water and sterilized in a soil sterilization chamber
set at 121 1C for 90min. Seedlings were transplanted to the
field 2 WAP, spaced 0.2m within rows, and 1m between
rows. Two weeks after transplanting seedlings were
inoculated with approximately 1500 M. incognita per plant
(eggs and J2) in approximately 5 g finely chopped fresh
tomato root tissue, incorporated into the soil at the base of
each plant using a trowel. The plots were hand weeded,
three times in total. At harvesting (TGx1448-2E at 112 days
after planting (DAP) and TGx 1485-1D at 84 DAP) 10
plants per plot were harvested from the two central rows of
each plot to assess crop growth parameters.

2.4. G. mosseae inoculum

The culture was obtained from IITA soil microbiology
unit culture stock, which originated from a soybean field in
Fasola in the derived savanna zone of Nigeria. It was
multiplied in pots containing steam-sterilized soil on which
Zea mays plants cv Oba Super1 was maintained for 8
weeks. G. mosseae spores were extracted and quantified
using the sucrose flotation method. Spores were incorpo-
rated into pots at a rate of approximately 200 spores/plant.
For the field, 500 g of soil spore mixture was incorporated
into 8 kg of steam-sterilized soil in seedling trays, in which
40 soybean seedlings were raised for 2 weeks before
transplanting to the field. At harvest, AMF colonization
was assessed from 3 g fresh root/plant.

2.5. B. japonicum inoculum

A combination of two strains of B. japonicum was used:
IRJ 2180A and R25B, which were isolated originally from
soybean in Zonkwa, Nigeria (Northern Guinean savanna).
The culture was multiplied on YMA with bromothymol
blue indicator in 90mm diameter glass Petri dishes in the
dark and incubated at 28 1C for 7 d (Vincent, 1970). B.

japonicum infection was assessed at harvest in both the
screen house and field studies by determining nodulation
score and activity. Nodulation score was measured using a
scale of 0–5: 0 ¼ no nodule; 1 ¼ 1–9 nodules; 2 ¼ 10–20;
3 ¼ 21–30; 4 ¼ 31–40; and 5 ¼ 41 nodules and above per
root system. Nodulation activity was determined by
dissecting four nodules per plant transversely with a razor,
and the internal nodule mass colouration assessed on a
scale of 0–5 (Somasegaran and Hoben, 1994): 0 ¼ whitish
colour (no activity), 1 ¼ ash colour; 2 ¼ dark ash colour;
3 ¼ fairly pink; 4 ¼ pink; and 5 ¼ very pink (high activity).

2.6. Trichoderma pseudokoningii inoculum

The culture was obtained from IITA pathology culture
stock, isolated originally from maize in Ibadan, Nigeria. It
was multiplied on potato dextrose agar (PDA) (Difco
Laboratories Detroit, MI, USA) in 90mm glass Petri
dishes and incubated in the dark at 28 1C for 7 days. The
spore suspension, obtained by scraping the mycelial growth
from the axenic cultures, was mixed with 20ml of 0.1%
Tween 80 solution, which aids even distribution of spores.
The suspension was then passed through sterile muslin
cloth to filter PDA fragments and mycelial mass. T.

pseudokoningii spores were quantified using a haemocyt-
ometer and diluted to approximately 6.8� 107 with sterile
distilled water (SDW). The seeds were inoculated by
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coating the seed coat with T. pseudokoningii at the rate of
approximately 6.8� 107 sporesml�1, (Adekunle et al.,
2001) in 5ml of quantified spore suspension, combined
with 15ml of starch solution/60 g sterilised soybean seeds.

2.7. Meloidogyne incognita inoculum

The nematode culture was extracted originally from
soybean at IITA station, Ibadan, in 2001, and since
maintained on tomato seedlings in the screen house.
Second stage juveniles (J2) for inoculation in the pot study
were obtained by finely chopping infected tomato roots
and rinsed in 1.0% NaOCl for 4min to aid release of eggs
from the egg mass matrix. Eggs were trapped on a 20 mm
aperture sieve after passing through nested sieves and
rinsed in five changes of tap water, before maintaining in
tap water for 10 days at room temperature. Hatched J2
were suspended in water and used to inoculate seedlings at
1000 J2/plant, after adjusting to 500 J2ml�1. For the field
experiment M. incognita was applied as chopped fresh
roots, after extracting eggs in 1.0% NaOCl for 4min to
quantify nematode root densities. Chopped fresh galled
roots, that weighed 5.6 g containing approximately 1500
eggs of M. incognita was inoculated/plant.

2.8. Treatments

The microorganism species were applied to soybean
seeds separately as individual treatments, in each of the
possible dual, or triple combinations, with no microorgan-
ism application and compared to a nematicide treatment
(carbofuran) applied at the equivalent of 100 kg a.i. ha�1

incorporated into the soil. All applications included
inoculation with M. incognita but in the screen house
study a no-nematode, no-microorganism control was
included.

2.9. Plant growth and nematode damage parameters

measured

The screen house experiment was harvested at 8 WAP.
The field experiment was harvested at 12 WAP for
genotype TGx1485-1D and 16 WAP for genotype TGx
1448-2E. Plant height, plant leaf number, plant fresh
weight, shoot dry weight, stem girth, plant pod number,
flower number, nodulation score, nodulation activity,
percentage mycorrhizal colonization, root fresh weight,
nematode root galling and nematode population density
were determined in the pot experiment while grain yield,
stover dry weight, plant height, galling index and relative
leaf chlorophyll content (RLCC) were assessed in the field
experiment. RLCC was measured at 10 WAP using a
SPAD 502 chlorophyll meter (Minolta, Tokyo). Nematode
densities were assessed by counting the number of females,
J2 and egg masses within a 2 g sub-sample of root for each
pot after staining in hot lactoglycerol with 0.1% acid
fuchsin stain (Bridge et al., 1982). Root galling was
assessed on a scale of 1–5 where: 1 ¼ no galling,
2 ¼ 1–25% of roots with galls, 3 ¼ 26–50% with galls,
4 ¼ 51–75% with galls and 5 ¼ 75% root galling (Benja-
min and Grover, 1987).
2.10. Pre-planting soil assessment

Soils used for this study were assessed for soil micro-
symbionts, and plant-parasitic nematodes prior to the
commencement of the study. Serial dilution on 10 g of soil
was carried out on two bulk soil samples taken from the
soil used for this study in both screen house and field
studies. The soil serial dilution was conducted in sterilized
150ml conical flasks to which 90ml SDW was applied and
shaken before plating onto agar plates. Fungi were isolated
on PDA to which 0.5 g streptomycin/litre of agar medium
was added. Pour plating was carried out in 90mm glass
Petri dishes and incubated in the dark at 28 1C for 2 days
(Pelczar et al., 1993).
Yeast mannitol agar (YMA) was used for the isolation

of Rhizobia sp. in the presence of bromothymol blue
indicator, incubated at 28 1C for 2 days (Vincent, 1970).
Nematodes were extracted from 250ml soil using a
modified Baermann funnel at 27 1C for 48 hours (Hooper,
1990).
2.11. Statistical analysis of data

Differences between treatments and genotypes were
assessed with ANOVA using the general linear model
procedure of statistical analysis systems (Statistical Analy-
sis Systems Institute, 1999). Nematode density data were
transformed (log10 (x+1)) while percentage mycorrhiza
colonization were arcsin (x/100) log transformed before
analysis was performed, in order that the data conformed
to normal distribution according to Tukey’s test. Regres-
sion analysis of grain yield and RLCC data from the field
experiment was undertaken using SigmaStat 3.0 for
Windows.
3. Results

3.1. Pre-planting soil assessment

The presence of micro-symbionts in the soil used for the
study most likely contributed to the overall effect of the
inocula used and led to positive observations of organisms
where they were not applied. Arbuscular mycorrhizas such
as Glomus spp., and Acaulospora spp., saprophytic fungi,
Rhizopus spp., and the nitrogen-fixing bacteria, Rhizobia

spp., were observed in both pre-planting pot and field soils.
Non-plant-parasitic nematodes mostly saprophytes and a
low density of Helicotylenchus sp. were observed in pre-
planting soil samples from the field and pot studies, but no
M. incognita.
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Table 1

Mean densities of log10 (x+1) transformed Meloidogyne incognita female, egg mass, juvenile, and galling index of two soybean genotypes TGx 1448-2E

(cv1) and TGx 1485-1D (cv2), following treatments application in pots eight weeks after planting

Treatment1 Female (2 g root) Egg mass (2 g root) Juvenile (2 g root) Galling index2 (1–5)

Cv1 Cv2 Cv1 Cv2 Cv1 Cv2 Cv1 Cv2

B+G+T 1.21ab 1.05ab 0.61ab 0.89a 2.02ab 1.80a 2.0a 3.0a

B+G 1.49a 0.96ab 0.81a 0.68abc 2.20a 1.74a 2.0a 2.2a

G+T 1.02ab 0.98ab 0.64ab 0.61abc 1.68b 1.73a 2.0a 1.7a

B+T 1.18ab 1.11a 0.22b 0.37bc 2.22a 1.71ab 2.2a 2.7a

G 1.20ab 1.02ab 0.76a 0.48abc 1.97ab 1.58ab 2.2a 2.5a

T 1.27ab 0.56c 0.50ab 0.26c 1.85ab 1.07b 2.2a 2.2a

B 1.14ab 0.78b 0.56ab 0.48abc 1.85ab 1.60ab 2.0a 2.5a

M. incognita only 1.14ab 1.19a 0.62ab 0.55abc 2.25a 1.75a 2.5a 3.0a

Carbofuran 0.82b 1.13a 0.75a 0.79ab 2.02ab 1.70ab 2.0a 2.0a

Trt x cv interaction3 ** * * ns

Means within a column followed by the same letters are not significantly different according to a Fishers LSD test (Pp0:05).
1G ¼ G. mosseae+M. incognita; T ¼ T. pseudokoningii+M. incognita; B ¼ B. japonicum+M. incognita; Carbofuran ¼ Carbofuran+M. incognita.
2Scale of 1–5 where 1 ¼ no galling, 5 ¼ severe galling with galls affecting 475% of roots, not transformed.
3Interaction statistically significant at �Pp0:05, ��Pp0:01, ns ¼ non-significant.
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3.2. Pot experiment

Microorganism inoculation in most cases lowered
nematode damage and infection when comparisons were
made across treatments (Pp0:05), while differences in
galling index were not significant (Table 1). In the two
genotypes used, mean densities of M. incognita females and
juveniles in the carbofuran treatment were lower than
nematode-only treatment. Also, application of a single
species of microorganism in most cases reduced the number
of M. incognita females and juveniles (Pp0:05) more than
when microorganisms were combined, in both soybean
genotypes. When genotype TGx 1448-2E was treated with
B. japonicum and B. japonicum+G. mosseae, female
densities were 1.14/2 g and 1.49/2 g of root, respectively.
The mean female density was lower in TGx 1485-1D, when
compared across the treatments, and lowest in the T.

pseudokoningii (0.56/2 g) but highest (1.19/2 g) in M.

incognita only treatment. In genotypes TGx 1448-2E and
TGx 1485-1D, fewest egg masses were observed in B.

japonicum+T. pseudokoningii and T. pseudokoningii treat-
ments, which had 65% and 53% lower mean egg mass,
respectively, than the M. incognita only treatment. Mean
juvenile density was highest (2.25/2 g) in the nematode-only
treatment in genotype TGx 1448-2E and lowest (1.68/2 g)
in G. mosseae. When compared across treatments TGx
1448-2E mean juvenile density was higher (Pp0:05) than in
TGx 1485-1D, although galling damage was relatively
higher in TGx 1485-1D.

Generally, plant growth factors were improved in
microorganism and carbofuran treatments, over nema-
tode-only treatment, although dual or triple combinations
did not necessarily provide improved performance of
plants over single inoculations (Table 2). M. incognita

inoculation suppressed nodulation score and activity of
soybean to some degree (Pp0:05) but this varied between
treatments (Table 3). AMF colonization was, in general,
improved following various microorganism inoculations
compared with nematode only and untreated, but these
effects were cultivar dependant. T. pseudokoningii was
re-isolated from roots of plants to which they were applied
in both screen house and field experiments.
Pod and flower number were affected by the maturing

periods of the respective cultivars, with the early maturing
TGx1485-1D having greater pod numbers than TGx 1448-
2E, reflecting the differences in the maturity dates of the
two genotypes (Table 4). Most microorganism treatments
increased mean pod and flower numbers and plant weights
over nematode-only treatment, but less so between micro-
organism treatments or compared with untreated. Some
microorganism treatments however, adversely affected a
number of plant characters for TGx 1485-1D compared
with untreated (Table 4).

3.3. Field studies

Mean grain yield was greater for TGx 1485-1D than
TGx 1448-2E (Pp0:05). Application of carbofuran im-
proved grain yield over the nematode-only treatment for
TGx 1448-2E but not for TGx 1485-1D (Pp0:05), while G.

mosseae, B. japonicum, and B. japonicum+T. pseudokonin-

gii did improve grain yields compared to nematode only for
TGx 1448-2E (Table 5). Grain yields were not improved in
TGx 1485-1D following microorganism application, com-
pared with nematode-only treatment except in B. japoni-

cum treatments. Dry stover weight was suppressed in TGx
1485-1D in the nematode-only treatment compared with all
other treatments, although only application of B. japoni-

cum alone increased weights (Pp0:05). Similarly with TGx
1448-2E, dry stover of G. mosseae alone was higher than
nematode-only plants.
Relative leaf chlorophyll content was suppressed in

nematode-only plants in both cultivars, in most cases with
application of microorganisms improving it especially in
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Table 2

Mean plant height, stem girth, leaf number and plant fresh weight of two soybean genotypes, TGx 1448-2E (cv1) and TGx 1485-1D (cv2), following

treatments application in pots eight weeks after planting

Treatment1 Plant height (cm) Stem girth (cm) Leaf number Plant fresh weight (g)

Cv1 Cv2 Cv1 Cv2 Cv1 Cv2 Cv1 Cv2

B+G+T 105.3c 81.0bc 1.5b 1.1bc 53.0ab 45.7a 24.2ab 17.1bcd

B+G 118.0bc 81.0bc 1.4ab 1.0bc 56.7ab 32.3c 27.1ab 14.5cde

G+T 135.7b 61.7d 1.7a 1.1bc 51.8ab 32.0c 26.3ab 11.9e

B+T 158.8ab 74.0bcd 1.6a 1.1bc 47.0ab 44.7ab 27.3ab 19.6bc

G 183.5a 82.0bc 1.4ab 1.1bc 53.5ab 35.3bc 32.2a 20.5b

T 139.0b 90.3b 1.4ab 1.3b 58.5a 48.0a 32.1a 18.7bc

B 113.3c 67.3cd 1.4ab 1.1bc 53.2ab 38.7abc 26.8ab 13.5de

M. incognita only 81.5d 58.7c 1.0c 0.9 c 41.5b 33.5c 13.2c 11.5e

Carbofuran 127.7bc 89.5b 1.1c 1.2b 45.5ab 47.0a 22.3b 15.4bcde

Untreated 123.5bc 115.0a 1.6a 1.6a 42.3ab 47.7a 20.1bc 27.1a

Trt x cv interaction2 *** *** * ***

Means within a column followed by the same letters are not significantly different according to a Fishers LSD test (Pp0:05).
1G ¼ G. mosseae+Meloidogyne incognita; T ¼ T. pseudokoningii+M. incognita; B ¼ B. japonicum,+M. incognita; Carbofuran ¼ Carbofuran+M.

incognita; Untreated ¼ non-inoculated control (no nematode, no microorganism).
2Interaction statistically significant at �Pp0:05, ���Pp0:001.

Table 3

Mean percentage mycorrhizal colonization, nodulation activity, and nodulation score of two soybean genotypes, TGx 1448-2E (cv1) and TGx 1485-1D

(cv2), following treatments application in pots eight weeks after planting

Treatment1 Percentage mycorrhizal colonization3 Nodulation activity4 Nodulation score5

Cv1 Cv2 Cv1 Cv2 Cv1 Cv2

B+G+T 0.38a 0.19b 2.0a 2.7ab 3.5a 3.5ab

B+G 0.33ab 0.29a 2.0a 1.7b 2.5a 2.0bc

G+T 0.26b 0.14c 2.2a 1.7b 3.2a 2.0bc

B+T 0.35ab 0.19b 2.0a 2.5ab 3.5a 3.0bc

G 0.32ab 0.31a 2.0a 3.2a 4.0a 3.2b

T 0.27b 0.21b 2.0a 2.5ab 3.2a 2.5bc

B 0.23bc 0.24ab 2.0a 2.5ab 2.5a 2.5bc

M. incognita only 0.22cd 0.17bc 2.0a 1.7b 2.5a 1.7c

Carbofuran 0.30ab 0.20b 2.0a 2.5ab 3.5a 3.2b

Untreated 0.20d 0.17bc 1.2b 3.2a 3.7a 4.7a

Trt x cv interaction2 *** * *

Means within a column followed by the same letters are not significantly different according to a Fishers LSD test (Pp0:05).
1G ¼ G. mosseae+Meloidogyne incognita; T ¼ T. pseudokoningii+M. incognita; B ¼ B. japonicum,+M. incognita; Carbofuran ¼ Carbofuran+M.

incognita; Untreated ¼ un-inoculated control (no nematode, no microorganism).
2Interaction statistically significant at �Pp0:05, ���Pp0:01.
3Statistical analyses undertaken on arcsin(x/100) transformed data.
4Nodulation activity assessed on a scale of 0–5: 0 ¼ whitish colour, 1 ¼ ash colour, 2 ¼ dark ash colour, 3 ¼ fairly pink, 4 ¼ pink, 5 ¼ very pink.
5Nodulation score ¼ Nodulation score was measured using a scale of 0–5: 0 ¼ no nodule, 1 ¼ 1–9 nodules: 2 ¼ 10–20, 3 ¼ 21–30, 4 ¼ 31–40, 5 ¼ 41

nodules and above.
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TGx 1485-ID. Galling index assessment across treat-
ments for TGx 1448-2E in the field was significantly
lower when compared to nematode-only plants. Galling
index was highest in nematode only when compared
across the treatments. In most cases there were no
significant differences in galling index between the single
species and combination of the organisms. Relative
leaf chlorophyll content regression against soybean
grain yield across treatments and genotypes (Fig. 1)
was positive and had a high regression coefficient
(R2 ¼ 0:63).
4. Discussion

The two soybean genotypes used in our study responded
positively to the application of microorganisms in the
presence of M. incognita, on a level equal to and, in some
cases, better than the application of the synthetic nemati-
cide carbofuran. Meloidogyne incognita infestation was
suppressed in some of the combinations of the micro-
organism applications, leading to improved growth and
yield of the soybeans in some cases, supporting data from
similar studies (Rao et al., 1995).
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Table 4

Mean pod number, flower number, shoot dry weight and root fresh weight of two soybean genotypes, TGx 1448-2E (cv1) and TGx 1485-1D (cv2),

following application of the treatments in pots eight weeks after planting

Treatment1 Pod number Flower number Shoot dry weight (g) Root fresh weight (g)

Cv1 Cv2 Cv1 Cv2 Cv1 Cv2 Cv1 Cv2

B+G+T 9.0a 19.0a 7.2b 5.0b 4.1b 4.7a 6.7b 2.1bc

B+G 1.2bc 13.2bc 10.2ab 6.2ab 3.8bc 3.4b 6.3b 1.4c

G+T 2.5bc 8.5c 9.5ab 2.0bc 3.5bc 2.9bc 5.5c 1.7bc

B+T 2.0bc 17.0abc 11.7ab 2.5bc 4.2ab 4.6a 10.6a 3.2b

G 0.0c 18.0b 16.0a 0.0c 5.1a 4.7a 10.1a 3.2b

T 0.7bc 16.2ab 12.0ab 4.0abc 4.5ab 4.6a 6.9ab 1.8bc

B 0.0c 15.2abc 9.5ab 1.7bc 4.1b 3.6b 5.5c 1.2c

M. incognita only 0.0c 12.2bc 8.2ab 3.5abc 2.7c 2.1c 2.3d 1.9bc

Carbofuran 0.0c 16.0abc 14.2ab 4.0abc 4.4c 4.7a 4.0cd 1.6bc

Untreated 3.2b 15.7abc 15.7a 8.2a 2.5c 3.6b 6.0b 8.8a

Trt x cv interaction2 ** * * ***

Means within a column followed by the same letters are not significantly different according to a Fishers LSD test (Pp0.05).
1G ¼ G. mosseae+Meloidogyne incognita; T ¼ T. pseudokoningii+M. incognita; B ¼ B. japonicum+M. incognita; Nematode only ¼M. incognita

inoculated only; Carbofuran ¼ Carbofuran+M. incognita; Untreated ¼ non-inoculated control (no nematode, no microorganism).
2Interaction statistically significant at �Pp0:05, ��Pp0:01. ���Pp0:001.

Table 5

Mean grain yield, dry stover weight, plant height, galling index and relative leaf chlorophyll content of two soybean cultivars, TGx 1448-2E (cv1) and TGx

1485-1D (cv2), following the treatment application on field plants

Treatment1 Grain yield (g) Dry stover weight (g) Plant height (cm) Galling index2 (1–5) Relative leaf chlorophyll content

Cv1 Cv2 Cv1 Cv2 Cv1 Cv2 Cv1 Cv2 Cv1 Cv2

B+G+T 48.0bc 153.5ab 128.0ab 318.8ab 54.5ab 28.8a 1.0b 1.0a 39.5a 45.2a

B+G 70.8abc 168.9ab 141.0ab 339.4ab 55.4ab 22.7c 1.0b 1.0a 39.6a 43.2ab

G+T 51.6bc 150.7ab 127.3ab 317.7ab 52.8b 28.8a 1.6ab 2.0a 39.8a 43.3ab

B+T 82.1a 173.6ab 140.3ab 326.5ab 74.6a 26.2b 1.3ab 1.3a 39.9a 43.9b

G 79.8a 121.4c 149.5a 237.7bc 51.8b 25.6b 1.6ab 1.6a 39.7a 42.2bc

T 45.5c 172.7ab 120.5b 267.9abc 63.4ab 26.5b 1.3ab 1.3a 36.4a 42.4bc

B 73.6ab 178.3a 132.0ab 393.8a 44.1b 26.8b 1.0b 1.0a 40.0a 45.8a

M. incognita only 43.6c 133.1ab 120.4b 182.5c 45.3b 21.6c 2.0a 2.0a 37.8a 39.9c

Carbofuran 56.0abc 137.7ab 136.0ab 301.7abc 49.3b 29.5a 1.3ab 1.3a 36.9a 44.1bc

Trt x cv interaction3 * * ** * *

Means within a column followed by the same letters are not significantly different according to a Fishers LSD test (Pp0:05).
1G ¼ G. mosseae+Meloidogyne incognita; T ¼ T. pseudokoningii+M. incognita; B ¼ B. japonicum+M. incognita; Nematode only ¼M. incognita

inoculated only; Carbofuran ¼ Carbofuran+M. incognita.
2Scale of 1–5 where 1 ¼ no galling, 5 ¼ severe galling with galls affecting 475% of roots.
3Interaction statistically significant at �Pp0:05, ��Pp0:01.
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Both soybean genotypes used reacted differently to
both M. incognita presence and microorganism applica-
tion. The early maturing cultivar (TGx 1485-1D) was
less susceptible to (supported fewer) M. incognita but
interestingly, reacted to M. incognita more severely.
For example, in the pot study, plant fresh weight of
nematode-only treated TGx1485-1D plants was 68% less,
and 49% shorter in height than those of the untreated
plants. For TGx1448-2E, the nematode-only treatment
yielded 34% less fresh weight and was 40% shorter than
the untreated plants. Crop reaction to nematode attack
and beneficial microorganism inoculation was cultivar
dependant, and quite likely highly specific. Treatment
and cultivar interaction was considerable in this study,
except for galling index in pots. Plant growth parameters
measured, grain yield, and nematode assessment were
substantially influenced by treatment and cultivar interac-
tion. This interaction could be due to the response of
the plant as determined by its genetic constitution, effect
of root-knot nematode, antagonistic or growth promoting
attributes of the microorganism(s) involved in the treat-
ments.
Application of microorganisms in combination did not

appear to provide any substantial improvement in nema-
tode management, or crop development, over single species
application in the current study. Earlier studies (Meyer et
al., 2001) indicated that incompatibility between micro-
organisms may occur, causing a mixture of biocontrol
organisms to be less effective than single species applica-
tion.
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Fig. 1. Regression analysis of relative leaf chlorophyll content (RLCC)

and grain yield, of the soybean genotypes (TGx 1448-2E and TGx 1485-

1D) at harvest on the field n ¼ 54.

E.O. Oyekanmi et al. / Crop Protection 26 (2007) 1006–10121012
For the current study, plants used were inoculated before
transplanting out in the field in order to maximise
microorganism establishment. However, soybean is not
normally transplanted. Although not indicative of the
usual soybean cropping process, the results offer promise
for the development of an alternative to nematicides,
provided that an appropriate mechanism of application at
sowing, similar to that used for rhizobia inoculation (Thies
et al., 1991; Hillocks, 2001) can be developed.

An antagonistic reaction was observed between G.

mosseae and T. pseudokoningii, which suppressed root
and shoot growth and nematode populations in both pot
and field experiments, and was reflected in many of the
measured crop growth parameters. This reaction may be
due to incompatibility between the organisms that were
combined. This research demonstrated the potential
benefits of applying microorganisms in the presence of
M. incognita.
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