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Abstract

This study investigated the bioactivity of Glomussseae (arbuscular mycorrhiza) and
Meloidogyne incognita on two soybean cultivars afst assessed their interactive effects
on soybean. Two soybean cultvars (TG X1903-7F3¥ 14 49) known to be susceptible
to the test pathogens were sown in sterilizedis@lgreenhouse. Potswere arrangedin a
Randomized Complete Block Design. Inoculations asbiuscular mycorrhiza and the
pathogens near the root zones of soybean plante wamied out two weeks after
planting. The parameters measured are fresh sheggiw, dry shoot weight, number of
pods, pod weight and grain weight. Data were talkdnwo weeks interval after
inoculation til maturity. Also, field experimentere conducted during the late cropping
seasonsof2008 and 2009 atObafemi Awolowo Unily8rsaching and Research Farm,
lle-Ife. Treatments, inoculation and data collentiwere carried outin the greenhouse.
Data collected were analysed using Analysis of &ace (ANOVA) and Duncan’s
Multiple Range Test(DMRT) at P = 0.05. Inoculatminsoybean plants with G. mosseae
alone gave the highest fresh shoot, dry shoot vigigbdule number and weight, and
grain weight. The least fresh shoot weight, dryaheeig ht, nodule number and grain
weig ht were obtained from soybean cultivars treatéiti pathogens alone. Numbers of
pods in soybean plants treated with G.mosseae al@re significantly higher compared
with other treatments on the field. The applicattdmycorrhiza reduced disease severity,
improved growth and grain weight of soybean.

Keywards. Bioactivity, arbuscular mycorrhiza, legumes, susable agriculture,
environmental safety.

Introduction

Glycine max(L. Merril) is the cheapest source of proteintie developing natons of the
world where malnutrition is predominant (Anonymo@J08). It is one of the world's
most important grain legumes in terms of productond international trade (Wekss,
1993). Soybean is descrbed as the “golden besn'miracle bean” due to its high
nutritional value. It contains 48% high qualty e, 20% edble vegetabe oil and a
good balance of amino acids (Nworgu, 1993). They primary sources of vegetable oil
and protein. The ol is used in cooking and coddpbocessed as margarine and salad ois.
The soy meal or cake obtained after extractingothes used for anmal feeds and as meat
extender (Anonymous, 2002). Soybean is used én fanmulation of new low-cost
nutritionally balanced high protein foods and bages for human consumptions. Soybean
products such as soy cheese and soymik are goodcesoof vitamins B B
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and B and an excellent food for proper growth and dewednt of chidren (Ogundipe
and Osho, 1990). Various industrial uses of soyba&o include the production of
biodiesel fuel, paints, plstics, hsectcides amthesives (James, 1998). It is an important
crop in the farming system most especilly in theids.

Soybean diseases nclding those cause&digrotium rolfsii(Sacc.)and Meloidogyne
incognita (Kofoid and White) Chitwoodwhich have increased in proporton with the
intensification and expansion of the crop in sowitestern Nigeria (Akinsanmi and
Adekunle, 2003).Sclerotiumrolfsii is a solbome fungus which primarly attacks host
stems though it may infect all portons of the plaausing witing and death. However,
control of S. rolfsii by sol fumigation and use of fungcides can bgeegive and not
completely effective because of the clumped digibb of inocuum and resistance
nature of sclerotia (Stephen and Rebecca, 199®loidogyne incognitan the other hand
has been identified as a major obstacle to theugtiod of sufficient food and fibre crops
in Nigeria (Adekunle and Fawodle, 2003). The diseaaused by this group of nematodes
is root knot disease characterized by gall formatwhich disrupts flow of water and
mineral saks leading to chbrosis and witing. UNis created by feeding actions of
nematodes serve as entry ponts for other pathogens as fungi and bacteria. The
control of M. incognita has equaly been dificut because of ther utmgsi nature and
very extensive host range. Soybean diseases regetis and monetary returns by
retardng desrable plnt development and seedtyqudlhe yield potential for soybean
field was reduced to 20% by soi-bome dseases ianthe overal, was found to cause
more Yield depression than keaf, pod and upper skserases such as downy midew in
Florida (Tom, 2005). Due to hazards posed by #e af synthetic chemical to people and
their environment, bio-control of plant pathogess currently recognized worldwide as an
efficient environmentally friendy control optiom iorder to establsh Maximum Residue
Limit (MRL) in Integrated Pest Management (IPM).

Mycorrhza is a symbitic reltionship between adolar mycorrhiza fungi (AMF) and
the root of majrity of vascular plants. Througtteesive specialized structures, the fungi
improve the capture or relatively immobie nutigersuch as Phosphorus (Sourchkteal,
2006) as wel as improving plant water absorptiduge, 2004). Arbuscular mycorrhiza
fungi are increasingly been considered as a hagilaat health insurance (Giovenneti and
GianinaziP earson,1994)and examples of their osiimpact on plant develoment and
heath, land reclamation and phytoremediaton @oatinually increasing (Leyvaét al,
2002). Recently there was great awareness of disiiy ssues including those
conceming soil microbial communites and accemamf these natural technologies as
alternative to agro-chemicals (Barea, 2000). Theeefthe society is demanding more
sustainable means of producton wih a consequesidbfick to farmers and land
conservationists. Studies have shown great adwantdg inoculation of soybean with
mycorrhiza. Ths is very important in the tropicsheve the sois are deficient in
Phaosphorus (Sharma and Johri, 2002). Soybearbde@ne so important especially in
the developing country to alleviate malnutritionda&lso to improve soil fertiity naturally.
The protection of this “golden crop” with mnimunseu of synthetic pesticide against the
increasing root knot and stem rot to obtain optimyeld becomes essential It is therefore
aganst this background that this study was coedudb investigate the biocactivity of
G.mosseae on  soybean infected with S.roffsi and M. incognita
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M aerids and M ethods

Seeds of two susceptible soybean culivars TGX -I803and TGX 1449 were colected
from the Institute of Agricutural Research and ifing (IAR&T), Moor Plantation,
Ibadan, Oyo State. Isoltion and subsequent puiiiic of the fungal pathogers (olfsii)
was carried out in the Department of Crop Productbafemi Awolowo University, lle-
Ife, Osun State, Nigeria. Crude inoculum culturésaduscular mycorrhiza@.mosseae
containing spores and root fragments were obtafmeth Crop Production laboratory of
the same Universty. This was propagated using hileket method onZga maysL.)
grown for four months. Cultures &fl.incognitaraised oCelosia argenteavere obtained
from nematode culture plot from the same Departmé&his study was conducted under
both greenhouse and field condiions. In the deese, surface steriized of soybean
were sown nh 15 cm diameter phstic pots contaistgam-sterized sol. Pots were
arranged in a Completely Randomized Block Desigeedihgs were thinned to four
plants per pot sk days after emergence. The sgediere inoculated near the root zones
two weeks after plantng. The treatments consste80 g of G. mosseaalone, 16 ml of
S.rolfsiialone, 1,500 egg¥dl.incognita alone, 30 g of5.mosseae& 16 ml of S.rolfsii, 30

g of G.mosseae& M. incognita,30g of G.mossea& 1,500 eggs dM.incognita+16 ml of
S.rolfsii and norrinoculated control. Each treatment wegsicated four times. Data
colecton commenced from two weeks after inocratitil maturity. Data were
colected on fresh and dry shoot weight, number aedjht nodule, number and weight of
pod. The sail belongs to Iwo series derived fraparse-grained granite gneiss parent rock
and classified as ultsol low base status foreds$, sbis well drained graysh brown to
brownish red with predominantly high lbw acdityaglkaolinte (Harpstead, 1973). The
sol sampe was analyzed for pH, available nitrpgeavaible phosphorus and
exchangeable potassum before plantng and at starvewo separate studies were
conducted at the Teaching and Research Farm ofe@bafwolbwo University lle-Ife,
located at 28 ‘N, £33 ‘E at 224 m a.s.l., above the sea kvel. A qidt0.2 m x 27.5 m
was cleared, ploughed and harrowed. Soybean seéusalvout 70% viabity were sown
in August at the onset of late raining season @828nd 2009. The experiment was kid
out in a Randomized Complete Block Design. Thel ®nsisted of four blocks of 1.8 m
X 27.5 m. Each block was subdivded nto fourtgiats each of 1.8 m x 1.5 m wih an
aley of 0.5 m between plots and 1metre betweeckdlo Seeds were driled at the spacing
of 0.36 cm x 5 cm with five rows in each plot. Ttheee middie rows were inoculated and
samples were taken from the innermost row. Iationl time, method and data
colecton was simiar to that of greenhouse ermemt with sight modification in
nematode treated plots. The modiication was tlygs ef M. incognita were used n the
greenhouse study whie equal quantity of choppeledgaCelosia roots infected witM.
incognita was used for the field inoculation. The field waend weeded and kept clean
throughout the growing period. Bulk sol samplgfol® plantng and sol from each plot
at harvest were analyzed. Data colected wereedsbj to Analyss of Variance
(ANOVA) using the Statistical Analyss System (SAS)

Results

The resutts showed observable differences in wartoeatments in relaton to the growth
parameters and above ground symptoms. Fiuresstbw the bioactvity of inoculation
of Glomus mosseae Sclerotium rolfsiiand Meloidogyne incognitaeither singly or
simutaneously on mean fresh and dry shoot weight soybean cutivars under
both greenhouse and field conditons respectivElgnsistently, both greenhouse and field
study showed that soybean plants treated @itnossea@lone gave the highest biomass.
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Figurel. l::,ffecls ofinoculation of Glomus mosseae, Selerotium rolfsii and Meloidogyne incognite either
singly or simultaneously on the mean fresh shoot weight of two soybean cultivars under greenhouse conditions
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Figare 2: Effect of inoculation of soybeans with G. mosseae, 5. rolfii and M, incognita eitber singly or simultaneously on
FSW under field conditions
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*Figure 3: The effect of moculation of soybean with G. mosseac, 5. rolfsi and M. incognita on mean dry shoot weight (g)
DSW under ambient condition
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The effect of mycorrhiza on nodulation of soybesieated withS.rolfsii and M.incognita
presented in Table 1 indicated that the numberodules in mycorrhizal plants though not
significantly different from that of control wagsficantly better than other treatments.

Table 1. Effects of inoculating Glanus maosseae, Sclerotium rdfsi and Medoidagyne
incognita (either singly or simultaneously) on soybean nodulation (field overall)

Nodule Nodule
Number (g) weight (g)
Gm alone 5.09% 0.44¢
Sr alone 382ck 0.22¢
Mi abbne 3.51c 0.24dc
Gm+ Sr 4.13c 0.28c
Gm + Mi 431b 0.25dc
Gm+Sr +Mi 4.11cb 0.25dc
CONTROL 497a 0.36b

Each value is mean of four replicates. Figures with same letters n the same column are
not significantly diferent (P = 0.05) by DMRT

Gm = Glomus mosseae

Sr = Sclerotium roffsii

Mi = Meloidogyne incognita

However, the weights of fresh nodules in mycorthméected plants were significantly

higher than other treatments. The plants inoculat#d M.incognita albne had the least

number of nodules whie those treated w&lrolfsii alone had the least nodule weight.
There was no significant difference in the numbkmpad across the treatments but pod
weight of G.mosseadreated soybean plants was significantly highen tthose of other

treatments. The least pod weight was obtained igbesm plants nhoculated with

M.incognitaalone (Table 2).

Table 2: Effects of inoculating Glanus mosseae, Sclerotium rdfsi and Medoidagyne
incognita singly or simultaneously on the number of pod and pod weight under field
conditions

Treatments August 2008 August 2009

Noof Pod Pod Weight No o Pad Pod Weight
Gm abne 20.00a 6.06a 51.13ba 13.5ba
Sr alone 13.75cb 4.20d 40.25¢ 11.25¢
Mi alone 10.63d 4.56¢cbd 40.38c 11.36¢
Gm + Sr 11.75cd 4.96b 48.0bac 12.58bc
Gm + Mi 11.75cd 4.45cd 40.38c 10.73c
Gm+ Sr+ Mi 13.38ch 4.65¢ch 47.750c 12.20bc
CONTROL 14.63b 4.96b 54.50a 14.49a

Each value is mean of four replicates. Figures wigh same letters n the same column are
not significantly different (P = 0.05) by DMRT

Gm = Glomus mosseae

Sr = Sclerotium roffsii

Mi = Meloidogyne incognit
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Under the field condition, number and weight of pmid mycorrhizal soybean plants was
highest only n the first set of planting. At thecend set of planting, control plant had
significant higher pod numbers than the treatmeri® least pod number and weight were
recorded in soybean plants inoculated with theopatiis alone (Table 3).

Table 3: The effects of inoculaing soybeans with Glanus masseae, Sderotium rolfsii
and Mdoidogyne incagnita either singly and simultaneously under greenhouse
conditions on number of pod and pod weight

Treatments No of pod Pod weight
Gm abne 7.38a 1.84a

Sr alone 6.63a 1.38cd

Mi alone 7.00a 127c
Gm+ Sr 7.25a 1.54cd
Gm + Mi 7.50a 1.60bc
Gm+ Sr+ Mi 6.63a 1.58cd
CONTROL 7.25a 1.78ba

Each value is mean of four replicates. Figures wigh same letters n the same column are
not significantly diferent (P = 0.05) by DMRT

Gm = Glomus mosseae

Sr = Sclerotium roffsii

Mi = Meloidogyne incognita

The highest grain weght per plants under both npeese and field condtion were
obtained from soybean plants noculted wihmosseae(Table 4). There was no
significant cultivar effect n aimost all the obg=l parameters.

Table 4: Effects of inoculating Glanus mosseae, Sderotium rolfsi and Mdoidogyne
incognita on mean grain weight of soybean mean grain weight per plant (g)

Treaments April 2009 August 2008 August 2009
Gm alone 1.14a 6.05a 12.24a

Sr alone 0.701 4.20c 10.03

Mi abne 0.65b 4.56chbd 10.07b
Gm+ Sr 0.76b 4.4 10.57b

Gm + Mi 0.84b 4.65cb 9.52b

Gm+ Sr+ Mi 0.80b 4.65b 10.46b
CONTROL 2.00a 4.96a 12.42a

Each value is mean of four replicates. Figures tith same letters n the same column are
not significantly diferent (P = 0.05) by DMRT

Gm = Glomus mosseae

Sr = Sclerotium roffsii

Mi = Meloidogyne incognita
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Discussion

The resutts of this study show that the inoculat®nG.mosseaeboth under greenhouse
and field conditions increased fresh and dry skeeight of soybean plants. This is in ine
with the resuks of various researchers. Gugittaal (2002) reported that the inoculation of
Glomus fasciculatunmproved plants height, dry shoot weight as wellch yield of mint.
Vansantha Krishnaet al. (1994) observed that dual inoculation of Frana @ctinorrhizal
fungus) with arbusular mycorrhiza (AM) fungi incsea the total dry weight of shoots and
roots numbers of nodules, weight of nodular tssesswell as lkevels of Nirogen and
Phosphorus in casuarinas. The abity of mycaehito increase plant growth can in most
cases be explained by an increased phosphoruseupthkh is greatly influenced by the
hyphal spread of AM fungi (Gupt&t al.,, 2002). There are many reports of inter and
intraspecffic efficency of AM fungi in terms of gt growth and protection (Ruiz-Luzano
and Azcon, 1995). The possible role of hydroltctivdies of external hyphae of AM
fung has also been identfied as a factor affgcfungal abiity to colonize the root and
influence plant growth. Legumes have been repgatsatbwn to requre high levels of
phosphate for effective nodulaton and growth whcan adequately be mediated by
mycorrhiza fung. The AM fungi associted with legs are an essential link for
adequate phosphorus nutriton lading to enhancédgemase activity that in turn
promotes root and mycorrhizal growth (Sharma arfui, J2002). Glomus mosseateated
soybean phnts had higher number of nodules wittesonding higher weights than
other treatments. Ibjbjeret al. (1996) observed that nirogen fixation was enhaniced
AM noculated plants when compared to non AM inmed plants. They also reported
that symbiotc efficiency was found to be dependent specific combination of
Rhizobium strain of Glomus species indicating selective integration betwees rhicro-
symbionts. Ako, Claudiet al (2009) found that inoculation of pepper with mybizal
fung decreased transplnting stress thus, actiederthe maturation stage of the plants
and resutted nto higher and better yield qua@@yetunj, (2001) also found on that VAM
fungi mproved nutrient uptake and yield of cassalle efficacy ofG. mossea@s useful
biological control agent against soil borne path@georganisms includingS. rolfsii and
M. incognitawas demonstrated in ths study. Both greenhousefigiddstudy showed that
the plnts inoculated with pathogens abne explessmvere disease symptom together
with high incidence. Earler workers wih simiaesut ncude (Todd, 2001; Tom, 2005;
Salami, 2008).

Mycorrhizal infection of plants though not the orfiyctor responsible for the growth and
survival of the plants but have been observed te ha great potential a promoting plants
growth and adaptation to abiotic factors. The amte of AM symbiosis also depends on
envionmental factors, AM fungal characteristic gahts variables.

Conclusively, this study has shown the beneficifieats of G.mosseae(mycorrhiza)
association against infection Wy.rolfsii and M.incognita in both dirophic and tripartite
interaction G.mosseaected as a bioprotective agent been able to sspphnesincidence
and severity ofS.rolfsii and M.incognita It ako enhanced the growth parameters of
soybean plants.
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