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ABSTRACT

Ten soybean cultivars were grown for two seasons in ficlds heavily infested by Meloidogyne
arenaria, M. incognita and M. javanica in two agroecological zones of Ghana in order 1o assess
their reaction to the root-knot nematodes. To evaluate the reaction of the cultivars to the reot-
knot nematodes, second stage juveniles (J2)/g root, root gall index and number of eggs/ g root,
cgg mass index, plant growth and dry grain yield were determined. The cultivars TGx 1831-21E
and TGx 1802-3F were found to be resistant to all root-knot nematode populations present whilst
TGx 1789-7F and TGx 1834-1E were highly susceptible. About 90% of the cultivars recorded
an average of 42 days to flowering. Three cultivars; TGx 1830 - 20E. Bengbie and TGx 1833 -
20E were carly, while the remaining seven were medium maturing. TGx 1830 - 20E recorded

the highest average yield across locations.

Key words: Agroccological zones, Glyvcine max, Meloidogyne arenaria, M. incognita, M.
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INTRODUCTION

Soybean (Glycine max (L.) Merrill), is a
versatile food legume which contains 40%
protein and 21% oil on dry weight basis.
The crop is also processed for high protein
meal animal supplements, soy flour,
soybean milk and curd. It compares
favourably with animal protein sources and
contains all the essential amino acids
required by man (Williams et al, 1987;
Buttery ef al., 1992).

Soybean is an important grain legume in
Ghana. It is very well patronised for its high
protein and oil content and low cholesterol

level. It is utilised for the preparation of

soymilk, pastrics, infant feed, porridge and a
local dish known as “aprapransa”, Soybean
cake/meal is a preferred protein source in
animal feed in Ghana.

In Ghana, the effect of root-knot
nematodes on soybean has not been studied.
However, Schmitt and Noel (1984) reported

that root-knot nematodes,  AMeloidogyne
(Goeldi) spp., are important factors limiting
soybean production especially in warm
climates (Sikora er al,, 2005). They affect
kernel quality and quantity (Shane and
Barker, 1986) and reduce root nodulation by
Rhizobium  leguminosarum  (Frank) thus
inhibiting nitrogen fixation by 63% in
nodular tissue (Caveness and Ogunfowora,
1985). Soybean yield is negatively affected
by root-knot nematodes (Lewis e7 al,, 1993).

The use of resistant cultivars is  the
cheapest option for pest and discase
suppression for the low-resource larmer in
Africa (FAQ, 1982).  Therefore, a host
status study was undertaken to assess the
reaction  of ten  soybean  cultivars,
recommended for their high yicld potential.
to the most commaon species of root-knot
nematode occurring in Ghana.
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Table 1. Choracteristic:

s of the soybean cultivars used in the study.

, Sced size
Cultivar Maturity Growth type Seed type
. Medium oval
Ix I8 T Early t Cream smooth
o “?30':% !}a;:)r Eﬁrgt » Cream with Small oval
Bengbie Earl greenish tint Medi \
Cream smooth edium ova
TGy 1833-20E  Early Erect T ! v
TG : i Erect Light cream
{g‘ ::g.:.:(l\:!_ ::ﬁ:::: Erect Cream sn'molh (lsur%c nmtund
TOx 1789.7E Medium Erect Cream with val fla
’ ‘ greenish tint L |
5-33F i Erect Cream with rge ova
TGx 1805-33F  Medium oreenish tint o |
-12E i Ercct Cream smooth mall ova
lgi ::(Jlfjllz‘h :::3:::: Erect Cream smooth Mcd!um oval
TG.x Hﬁ;-’lE Medium Erect Cream smooth Medium oval

Maturity: Early (< 100 days); Medium (101-114 days). Source : Asafo Adjei et al. (2005).
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Figure I. Monthly rainfall totals from Ejura, Kpeve, Nkoranza and Wenchi in 2002.

MATERIALS AND METHODS

The soybean cultivars whose agronomic
characteristics are presented in Table |,
were screened  during the minor scason

(July-October) in 2001 and 2002. The
cultivars  were  obtained  from  the
International Institute  of  Tropical

Agriculture. IITA, Ibadan, Nigeria and are
recommended  for  their  high yielding
potential. No information on their reaction
to root-knot nematades is available, thus the

30

need to evaluate their reaction to the most
widespread and pathogenic in the country,
the root-knot nematode.

The experiments were conducted in four
fields naturally infested with M. arenaria
(Neal) Chitwood., M. incognita (Kofoid and
White) Chitwood and M. javanica (Treub)
Chitwood (Addoh, 1971). The fields were at
Ejura (07° 24' N 01° 21' W), Nkoranza (07°
35"N01° 50' W) and Wenchi (07° 45' N 02°
06" W) all located in the forest-savannah
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transitional and Kpeve (06° 41° N 00° 20" )
in the forest agroecological zones of Ghana.

The cultivars  were  planted  in a
randomized complete block design (RCBD)
with three replications.  Each plot measured
5 m ~ 2.4 m and consisted of four rows of
2.4 m long and 75 c¢m apart. Plant spacing of
15 ¢m was maintained within rows. Hand
weeding was done three times during the
trial period. The plots had previously been
cultivated with tomato, Solanum
Iveapersicum L.

Before sowing soybean, 450 g of soil was
randomly sampled from cach plot of the four
ficlds into 6.5 cm diameter plastic pots. The
pots were kept on concrete platforms in a
plant house. Two-week old tomato seedlings
(cv. Asesewa) known to he highly
susceptible to root-knot nematodes, were
transplanted into the infested soil in a
bioassay test to assess the presence and level
of root-knot nematode infestation. After 6
weeks, plants were rated for galling on a (0-
5) scale (Barker, 1978). The experimental
design used was RCBD and the treatments
were replicated three times.

Days to maturity and dry grain yield were
determined at harvesting time. All other
measurements were taken 42 days after
planting (DAP) by using five plants/ plot.
Growth and yield parameters of the cultivars
studied were: plant stand, plant height, days
to flowering, maturity period, and dry grain
yicld. Plant stand was determined by
counting germinated hills to assess plant
density. Plant height was measured from the
first to the last node. Days to flowering and
maturity were assessed to determine the
maturity periods of cultivars. The reaction of
the soybean cultivars to the root-knot
nematodes was evaluated by determining
sccond stage juveniles (J2)g fresh root
weight, root gall index after Barker (1978),
cpps/ ¢ root and egg mass index afler
Hussey and Barker (1973). Five plants were

randomly sclected from the two nnermost
rows in cach plot and uprooted. They were
then cut at ca. 5 cm above soil level. Root
systems of the cut plants were then lifted up
with a shovel, gently shaken in a bucket
containing water 1o remove soil and then
placed in polyethylene bags and stored in a
coo!l container. In the laboratory. the roots
were washed, cut into 1-cm-long pieces, and
thoroughly mixed. Eggs were extracted from
1-g-sub samples by shaking for 3 min in
0.05% NaQCl solution and rinsed for 2 min
under running tap water (Stanton and
O'Donneil, 1994). Extracted eggs were
placed on 20 pm-pore sieve at 20 °C to
allow juveniles to hatch. Juveniles were
counted under a sterco microscope x50 after
7 days. Another set of five plants was
randomly sampied as described before.
Roots were processed as  previously
described and rated for galling index.
Number of eggs /g root and egg mass index
was determined.

The cultivars reaction to root galling was
determined as follows:

Highly resistant 0-04
Resistant 05-1.0
Moderately resistant 1.1 - 1.5
Tolerant 1.6-25
Modcrately tolerant - 2.6 - 2.8
Susceptible 29-35
Highly susceptible 3.6~ 5.0

The results of 2001 and 2002 were not
significant and were therefore combined and
the means analysed as one doeta. Data were
subjected 1o a one-way analysis of variance
(ANOVA) using Genstat 8.1  statistical
package and treatments were  separated
using Duncan’s Multiple Range Test
(DMRT). Data on nematodes were log
transformed, {log (x +1)}, before analysis to
comply with the assumption of nommal
distribution.
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‘Table 2. Roat-knot pematode polf index” on tomata bioassay

locations at the start of the trial

nnb450 g'so.il samples taken from the four

Plat No. Root-knot nematode gall index i
Ejura Kpeve Nkoranza Wenchi
1 23 - 3.0 23 ‘33
2 33 27 33 4.7
3 4.0 20 3.0 25
4 23 0.7 23 1.0
5 33 33 1.0 33
6 1.3 1.3 0.7 3.0
7 33 1.0 1.3 1.7
8 0 43 27 1.7
9 37 23 4.3 1.0
10 4.3 3.0 27 3.7
CV (%) 183 26.5 345 28.7
SED 13 08 0.9 0.9
Significance s .- e .

Data are means of three replications, ** = Significant at 1%

level, CV = Coeflicient of variation; SED = Standard

error difference, * 0-5 scale according to Barker (1978) where 0=no gall formation, {=1-2, 2=3-10, 3=11-30, 4=31-

100, 5=>100 galls‘root.

Table 3. Reaction of ten soybean cultivars to root-knot nematode infestation at four locations in Ghana

Cultivar 12/ g root Gall index' (GI) Egps/ ¢ rool Epg mass index’ (EI)
Eju Kpe Nkz Wen Eju Kpe Nkz Wen Eju Kpe Nkz Wen Eju Kpe Nkz Wen
TGx 1830-20E 162 162 143 117 13 13 1.0 13 90 71 86 15 1.7 23 13 23
Bengbic 397 264 479 410 30 17 23 40 280 174 249 391 27 3.0 27 3.7
TGx 1833-20E 330 190 579 401 23 1.0 30 33 301 131310 244 27 1.3 4.0 37
TGx 1834-1E 612 3359 495 442 43 33 23 43 884 295 327 492 43 33 27 47
TGx 1835-10E 433 245 523 388 3.0 13 3.0 3.7 414 104 401 384 23 23 3.0 4.0
TGx 1789-7F 449 301 827 580 3.743 50 4.7 475 414 1266 894 33 50 47 43
TGx 1805-33F 308 316 360 310 23 2720 27 268 251 199 268 23 3.0 20 27
TGx 1835-12E 170 166 145 166 1.3 1.3 10 1.7 196 158 86 236 1.7 23 13 23
TGy 1802-3F 132 136 139 137 07 1310 1.0 128 126 80 97 0.7 09 0.7 07
TGx 1831-21E 152 155 127 166 08 08 0.7 0.7 34 0 45 65 0.7 09 0.7 07
CV (") 516 21,6388 237 54.729.543.5335 43 45 46 22 28 26 29 34
SED 62 54 48 12 05 09 09 132 78 141 72 07 06 08 1.1
SJ@iﬁC:mL’E NS LX) 4 (1) Ns % "% % * ¥ % ¥ %
e e L2

Data are means of three replications

** - Significant at 1% level: Ns = Not significant at 5% level

€V = Coeflicient of variation: SED = Standard error difference
0-5 scale according to Barker (1978); '0-5 scale according to Hussey and Barker (1973)
Locations in Ghana: Eju = Ejura, Kpe = Kpeve, Nkz = Nkoranza, Wen = Wenc

RESULTS AND DISCUSSION

The bioassay (Table 2) showed that all the
plots at the four locations, except one (plot
eight at Ejura) were infested with root-knot
nematodes. Insert Table 2 here.  Although
the days to flowering differed significantly

(P < 0.01) from cultivar to cultivar at three
locations, most cultivars flowered between
4land 43 DAP. Only TGx 1835-12 E
flowered beyond 43 days in all four
locations, Days to maturity differed
significantly (P < 0.01) between cultivars
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which can be classified as early (< 100 days)
and - medium (101114 days) maturing.
Flowering and maturation are influenced by
agroccological  zone  and
soybean.

There were differences in plant stand at
two locations; Ejura and Kpeve. The cultivar
TGx 1803-33 F consistently recorded 100
plant stand across all locations. Plant height
differed (P < 0.05) at Ejura and Wenchi but
not at Kpeve and Nkoranza. Plant height
ranged from 30.3 cm at Ejura to 91.3 em at
Wenchi. At Ejura plant height and yield
were in most cases relatively lower than at
other locations. While this was universally
true for plant height, it was not true for
yield, since both TGx 1830-20 E and TGx
1802-3 F at Ejura had mean yields higher
than those of any other cultivar at any
location (Tablc 4).

The number of J2/g root, number of eggs/
g root, gall and egg mass indices differed
significantly among cultivars (P < 0.01)
(Table 3) at three of the locations except at
Ejura, where the number of J2/g root and Gl
of cultivars were not significant. The
cultivars TGx 1831-21 E and TGx 1802-3F
recorded significantly lower means (152,
155, 127 and 166) and (132, 136, 139 and
137) juveniles/g root respectively across the
locations compared to TGx 1789-7 F and
TGx 1834-1E which recorded higher means
(449, 501, 827 and 580) and (612, 359,495
and 442) juveniles/g root respectively. At all
four locations, TGx 1831-21 E and TGx
1802-3 F recorded lowest gall indices (0.8,
0.8, 0.7 and 0.7) and (0.7, 1.3, 1.0 and 1.0)
respectively compared to TGx 1789-7 F
(3.7, 43, 5.0 and 4.7) and TGx 1834-1 E
(4.3, 3.3, 2.3 and 4.3).

This study showed TGx 1831-21 E and
TGx 1802-3 F were resistant to root-knot
nematode,  regarding  low  population
density/g root, low gall and egg mass
indices. The cultivars TGx 1789-7 F and
TGx 1834-1 E were found to be highly

genotype  of

susceptible o the nematodes. However,
differences in yield were significant only at
Ejura where the growing conditions were
less favourable,

The low plant height and low  yields
recorded at Ejura is difficult 10 explain.
Nematode  density  at Ljura  was  not
significantly higher than the other locations
{Table 4). neither was rainfall comparatively
low (Fig. 1). Other biotic and abiotic factors
might account for the relatively poor
vegetative growth and vyield. [n related
studies, Saka (1993) reported  varietal
differences  when  cowpea lines  were
evaluated  for resistance  to root-knot
nematodes.  Again, Agu (2006) reported
from south-western Ethiopia that eight out
of twenty three soybean cultivars were
susceptible to AL incognita. The cultivars
TGx 1830-20 E and TGx 1835-12 E were
moderately resistant while TGx 1805-33 F
and TGx 1833-20 E were tolerant. Bengbic

and TGx 1835-10 E were moderately
tolerant.

CONCLUSION AND
RECONMMENDATION

The cultivars TGx 1831-21E and TGx
1802-3F were found to be resistant to root-
knot nematodes under the conditions of this
study. The resistance gene/s from these two
cultivars could be incorporated into adapted
soybean  cultivars  already  commonly
available and planted in Ghana which are
susceptible to root-knot nematodes. It could
be cconomically helpful to most of the
soybcan growers in  Ghama who are
resource-poor with limited access to funding
for the purchase of chemicals 1o control
these pathogenic nematodes.

The use of resistant cultivars has been
identificd as an incxpensive option for pest
and discase manmagement for the low-
resource farmer in Africs (FAO. 1982). In
addition, Castagnone-Sereno (2002)
cxplained that plant resistance is currently
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" the¢ most effective and environmentally safe
method to control- nematodes. Thcmfor?:,
- incorporating resistant soybean vnrictics.m
breeding programmes with the varieties with
desirable agronomic chamcteristics would

‘complement the efforts of a  holistic

integrated pest management (IPM) strategy,
Sustainabie soybean production particularly
in Africa depends on a pragmatic IPM
approach with plant resistance as the pivot.

Table 3. Effect of root-knot nematode on growth and yield parameters in ten soybean cultivars at four locations in

Ghanu

Cultivar Plant stand Plant b (cm)

Days 10 flowering

Days 1o maturity Yield (vha)

Eju Kpe Nkz Wen Eju Kpe Nkz Wen  Eju Kpe Nkz Wen Eju Kpe Nkz Wen Eju Kpe Nkz Wen

TGx I830-20E 121 141 105 251 313 637 463 793 3937 40 42 85 88 99 10 174 132 146 140
Bengbic 153 196 169 219 383 78.7 51.0 69.0 41 42 41 46 91 92 105 102 072 1.50 1.64 10§
TGN 183306 107 137 &% 221 303 743 617 793 39 37 39 41 Re 89 93 102 0RO LSP 113 134
TG IB3-1E Y8 141 &5 236 317 67.0 583 857 38 37 41 41 85 &9 111 101 021 149 1.53 1.4)
TGx 1RIS-10E 67 101 156 220 36.7 82.7 54.7 703 41 40 41 4+ 89 K9 120 99 0.55 107 136 1.07
TG I788-TF 95 120 95 204 383 R23 61.0 90.0 40 41 42 43 88 B9 08 97 0.66 1.24 1.57 110
TGa 1805.33F 109 116116 233 393 B3 60.7 783 40 38 43 45 92 90 103 102 0.86 1.20 1.52 1.36
TGx IN3S12E 132 155 108 220 47.3 843 50.7 79.7 49 44 46 47 94 94 104 103 076 1.04 1.53 1.44
TGy 1802-3F 105 154 114 251 42,7 71,7 503 91.3 41 37 41 47 97 100 109 104 2,02 122 1.37 1.21
TGx 1R31-21E 123 130 R7 221 39.7 77.7 580 RO 41 37 42 46 93 91 105 102 088 1.20 119 1.32
CV (%} 149110304110 118 179 153 62 6.1 7228 09 35 1.6 41 06 2407 23 28
SED 165147342248 44 137 85 50 06281204 32 15 43 0.6 023 022 033 0.35
Significance  ** * Ns Ns  * Ns Ns * ** N ** e LA ** Ns Ns Ns

Data are means of three replications., ** = Signiticant at 1% level; Ns = Not significant at 3% level, * = Significant

at 5% level

CV' = Coetficient of variation; SED = Standard error difference, Locations in Ghana: Eju = Ejura, Kpe = Kpeve,

Nkz = Nkoranza, Wen = Wenchi.
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