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ABSTRACT

This study was conducted to assess the variatioppénformance of four arbuscular mycorrhizal fungi
(Glomus clarum, Glomus etunicatum, Glomus intraradis, and Gigaspora rosea) with and without
Rhizobium inoculation in promoting growth and nutent (N and P) uptake in Gliricidia sepium. Gliri-
cidia seedlings were grown in sterilised (autocldyevermiculite and sand mixture in 2:1 (v:v). Each
week, plants received 50 érof nutrient solution (with N and P additions) aceding to the treatments.
The experimental design was &2 factorial arranged in a randomised complete blodksign. Seedlings
were harvested after 12 weeks. Dry weights of plpatts, nodulation, arbuscular mycorrhizal fungal
colonization, nitrogen and phosphorus concentratiamd content were determined. AM fungi differed in
their effectiveness in enhancing growth of Gliriga sepium. Glomus clarum was most efficient and pro
duced statistically higher total plant dry weightan other mycorrhizal fungi. Dual inoculation withAM
fungi and Rhizobium was effective in promoting hoptant growth over Rhizobium- uninoculated my-
corrhizal plants in terms of leaf area, shoot andat dry weights, total plant biomass and shoot-roat
tio. Rhizobium-inoculated Glomus clarum treatmengcorded significantly higher (approximately a third
fold increase) total plant dry weight, than the siar treatments of Glomus etunicatum, Glomus intra-
radices and Gigaspora rosea. Shoot-root ratio weistically greater with mycorrhizal plants inocated
with Rhizobium than the non-Rhizobium inoculatedeatments due to improved mineral nutrition par-
ticularly nitrogen (through nitrogen fixation). Nodlation assessed by the number of nodules produced
per plant was statistically similar between the Rbbium- inoculated mycorrhizal treatments but sidjni
cantly higher than the Rhizobium- inoculated non-rogrrhizal comparison treatment. Plants inoculated
with Glomus clarum and Glomus intraradices signifiatly achieved higher root colonization than
Glomus etunicatum and Gigaspora rosea. Rhizobiunodnlation reduced root colonization with all the
Glomus species except Gigaspora rosea. A highlyiicant (P<0.001) interaction between mycorrhiza
and Rhizobium was observed for mycorrhiza root aoiation. Rhizobium- inoculated treatments re-
corded significantly higher N concentration and ctent over non-Rhizobium mycorrhizal plants sup-
plied with combined nitrogen. Inoculation with Gloos clarum significantly increased P concentration
and content in all plant parts. Gigaspora rosea wasst effective in promoting phosphorus uptake.-Ar
buscular mycorrhiza fungi infection was positivelgorrelated with P concentration (%P) (r=0.74,
P<0.01), and P content (mgP) (r=0.52, P<0.01). Wtady has shown the importance of some AM fungi
for legume tree growth and nutrition and therefoiia nutrient deficient soils, effective mycorrhizdiin-
gus and Rhizobium could be used to promote growtld aitrogen fixation in Nx-fixing tree seedlings.
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INTRODUCTION (Manjunathet al, 1984; Bareat al, 1990). Dela
Successful establishment of most tropical woodZruz et al, (1988) observed significant positive
legumes depends on their ability to form symbicorrelation between N, P concentration in tissues,
otic associations between their roots and benefiotal N and P content and acetylene reduction
cial microorganisms - rhizobia and mycorrhizasactivity (ARA).

(Stahlet al, 1988; Barezt al, 1990; Herrerat Arbuscular mycorrhizal fungi are known to be
al., 1993). non-host specific (Barea and Azcén-Aquilar,
Different types of mycorrhizal fungi form asso-1983; Roskosket al, 1986; Schenck, 1989). De-
ciations with plant roots, but the arbuscular myspite the non-specificity of these fungi with re-
corrhizas are by far the most widespread type afpect to host plant, certain fungus-plant associa-
mycorrhiza in nature (Harley and Smith, 1983)ion are more efficient than others. Some species
and are also the most commonly occurring olf AM fungi may enhance plant growth and nutri-
nodulated nitrogen fixing plants (Bared al, ent uptake on some legume species and have little
1992; Hayman, 1986; Roskos#i al, 1986). or no effect on others (Dela Cret al, 1988;

Considerable interest has been generated in A@chenclﬁ, .198|9; zlggsonEan Ligdelrman, 19?]3;
fungi because of the attributes they can confer t a('jsqualn!et a, h )- t? aEpem plant growt
plants. Inoculation with AM fungi generally and nutrition in the AMRhizobiurdegume tree

enhances plant growth by alleviating response {3YMpiosis are related to the degree of the inter-
nutrient deficiency or other stresses and by erpymbiont compatibility (Ruiz-Lozano and Azcon,

hancing N-fixation process (Bareat al, 1990; 1993).

Fitter and Garbaye, 1994; Mortimeet al, Studies have shown that Nitrogen fixing trees
2008). Growth promotion ofeucaena leuco- (NFTs) respond differently to inoculation with
cephalawhen seedlings were inoculated withdifferent strains of AM fungi (Aziz and Habte,
Glomusspphas been documented (Manjunath  1989a; Aziz and Sylvia, 1993)Gliricidia sepium
al., 1984; Aziz and Habte, 1985; South andyhich is recently gaining attention of scientists
Habte, 1985; Manjunatbt al, 1989). This has and |anduse practitioners (agroforesters) has littl
also been documented in nodulated plants Qfeen studied with respect to its association with

Acacia nilotica (Michelsen and Rosendahl, o) fungi as compared tolLeucaena leuco-
1990). Habte and Turk, (1991) also observe@epham

that AM inoculation significantly stimulated dry )
matter accumulation iGassia spectabiliga non The purpose of this study was to compare the
-nodu|ating |egume) andGiliricidia Sepium variation in the efﬁCiency of four AM fungi with
Other positive gro\Nth responses to mycorrhizaand withoutRhizobiuminoculation inGliricidia
inoculation of nitrogen-fixing trees have beensepiumin relation to plant growth and nutrient (N
reported for Sesbania grandiflora (L) Poir and P) accumulation.

(Habte an_d Aziz_, 1985; Aziz and Habte, 1989aMATERIALS AND METHODS

and Acacia auriculiformis A. Cunn ex Beth,
AcaciamangiumwWild andAlbizia falcataria(L)
Fosberg (Dela Cruet al., 1988, 1990). It has
also been shown that the growth promoting e

fect of AM fungi can equal phosphorus fertiliza- : .

) ) A proximate volume of 750 ctrwere sterilised by
tion (Hayman, 1986; Azcon and Barea, 1992). autoclaving at 12C at 101.3 kPa for a minimum
Significant growth enhancement of nodulatecbf 1 hour. Plants were grown in a greenhouse
AM woody legumes is attributed to increased Nwith an average day/night temperatures of 35/25
and P concentrations and total N and P conteat2°C. Pots were randomly arranged and rotated

Growth Medium and Container

Seedlings were grown in washed vermiculite and
fgand mixture in 2:1 (v:v). Growth medium and
plastic pots with diameter of 11.5 cm and ap-
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frequently within blocks to minimize positional Smith (UT143-2) andsGigaspora roseaFL105-
effect. Each week plantsere given50 cnf of 5). Pure single isolate cultures in the form of
nutrient solution with N and P additions accordwhole inoculum (consisting of growth medium,
ing to the treatments. The chemical compositiomycorrhizal roots and fungal propagules- spores,
and quantities used are: CaS®,0, 2.9 mol hyphae) were obtained from the International
m: MgSQO,.7H,0O, 3.5 mol m;, K,SO, 0.51 Collection of Arbuscular and Vesicular-
mol m?% CgHsO,Fe.5HO, 5.0 mmol n¥; Arbuscular Mycorrhizal Fungi (INVAM) Centre.
ZnSQ,.7H,0, 0.1 mmol T, HsBOs, 5.0 mmol Plants were inoculated at the time of planting by
m? NaCl, 1.0 mmol if; NaMoO,.5H,0, 0.5 placing 6 g pot of each fungus whole inoculum
mmol m* MnSQ,.4H,0, 0.02 mmol nf; Cu- half way down each pot containing sterilised
SO,.5H,0, 0.1 mmol ¥, CoSQ.7H,0, 0.02 (autoclaved) growth medium.

mmol m®. The pH was adjusted to 6.0 using 1.0

kmol m?* NaOH or 1.0 kmol i HCI. Experimental Design and Treatments
The experimental design was randomised com-
Seeds and Seed Germination plete block with five replicates. Combinations of

Seeds ofGliricidia sepiumwere obtained from mycorrhiza with (+R) or without (-RRhizobium
Forestry Research Institute of Ghana (FORIGnoculation were arranged in 4x2 factorial treat-
Seed Unit. Prior to germination, uniform seedsnent design. Two sets of plants were left as con-
were scarified with a piece of hot wire and surtrols; (a)Rhizobiuminoculation only and (b) non-
face sterilised with 3% sodium hypochloriteRhizobium non-mycorrhizal  (non-symbiotic)
(NaOCl) solution for 3 minutes, rinsed severakreatments. Nomhizobium(-R) inoculated plants
times in sterile distilled water and soaked for 4vere given mineral nitrogen (3 mol 3N as
hours to imbibe water. Seeds were then pregekNO3) in their nutrient solution. All mycorrhiza
minated on moist sterilised filter paper in Petrifungus inoculated plants were supplied with 0.1
dishes and placed in an incubator at a temperasol m* P as KHPO,. The non-symbiotic and the
ture of 25C to germinate. Viable seeds germi-other half ofRhizobiumalone treatments had 0.2
nated after 48 hours. Germinated seeds witmol m?® P. Details of the treatments and their
radicle length of 2-3 cm were planted in the potsdesignations are as follows:
Seedlings were watered regularly to approxia) Rhizobium- uninoculated, mycorrhiza fungus
mately field capacity, with sterile distilled water treatments supplied with 3 mol*hiN and 0.1
mol m*P (Ge-R, G¢-R, Gi-R, Gir-R).
Rhizobium Culture and Inoculation b) Rhizobium— inoculated, mycorrhiza fungus
Rhizobiumstrain DUS 054 was obtained from treatments given 0.1 molfP (Ge+R, Gc+R,
the JIS Symbiosis laboratory (University of Gi+R, Gir+R).
DundeeRhizobiumCollection). The strain was c) Rhizobium- inoculated, non-mycorrhiza fun-
cultured in yeast-extract mannitol broth (YEMB)  gus treatment given 0.1 molh® (R+R) and
(Vincent, 1970). Germinated seeds were inocu- 0.2 mol m® P (R+R).
lated with 2 crmi Rhizobiumculture (1 x 18cells  d) Rhizobium - uninoculated, non-mycorrhiza
cm’®) soon after planting. (non-symbiotic) treatment supplied with 3 mol

A I . I . m*N and 0.2 mol i P (N+B).
Arbuscular Mycorrhizal Fungi Inoculum an o .
Inoculation y 9 Rhizobiuminoculated, non-mycorrhizal (R+P

Arbuscular mycorrhizal fungi used in the study?Nd non-symbiotic N+ plants were termed as

were as follows: Glomus clarum Nicol.& comparison plants” instead of control plants.
Schenck  (BR148-1), Glomus etunicatum According to Bayne and Bethlenfalvay, (1987),
(BR149-3), Glomus intraradices Schenck & such treatments lacking either or both microsym-
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biont and nutritionally supplemented with moreter cooling the roots were rinsed thoroughly under
or less equivalent amounts of N and /or P cannetinning tap water until no more brown colouring
be regarded as true controls in either form oappears in the rising water. Roots were bleached
function. The higher amount of P (0.2 moPm with freshly prepared alkaline hydrogen peroxide
supplied to the comparison treatment plant$3 cn? of ammonia in 30 cfhand 3% hydrogen
(R+P,; N+P,) was to enable them achieve someeroxide) for 30 minutes at room temperature and
physiological comparability with the AM fungi then roots were rinsed well in running tap water.
inoculated plants (Pascovslkt al, 1986; Pas- Roots were acidified by soaking in 1% HCI for an

covsky and Fuller, 1986). hour after which it was poured off and stained in
acidic glycerol (500 crhglycerol, 50 cri1% HCI
Plant Harvest and 450 criH,0) containing 0.05% trypan blue

Plants were harvested 12 weeks after plantingnd autoclaved at 12T at 101.3 kPa for 3 min-
(WAP). Harvested plants were separated intates. The trypan blue solution was poured off and
shoot, root and nodules. The shoot portion wathe roots stored in acidic glycerol till assessment
cut off, weighed and put in a paper bag for dryThe staining process was carried out in a contain-
ing. The root system were gently shaken andrised staining apparatus devised by Classen and
washed under running tap water. Nodules wergasoski, (1992).

removed, counted, weighed and put in a separatg

bag. F hizal A imatel ained roots were spread over the base of a Petri
ag. For mycorrhizal assessment, approximatelyi, <o that no root obscured another and placed
1.5 g of roots were randomly sampled and store

N another a petri dish marked with 12x12 cm grid

. 0, N- . . .
In 50% alcohol at % f_or assessment. Remain underneath. Using a stereo microscope vertical
ing roots were also weighed. Plant parts (shootsd

roots, nodules) were dried to a constant weigt‘ﬁ’nd horizontal grid lines were scanned and the
at 70C for 3-4 days. The dry weight of the total resence or absence of infections (fungal struc-

¢ ¢ timated f the fresh tures- vesicles, arbuscules, or hyphae) was re-
root system were esulmag r(?'m € Iresh anf, qed at each point where the roots intersect a
dry weights of the "remainder" roots and th

g . Sine. The percentage infections was calculated by
fresh weight of the sample for AM fung assessHividing the number of infected points (presence)

ment. Plant leaf area was determined using Del : : g
T Area Meter (Delta-T Devices, Cambridge,tg/ctte(zjt;;l Ianndumzﬁirpl(;:‘ng%lgtiognfected and unin

UK).

Mycorrhizal Assessment Nitrogen and Phosphorus Determination
Mycorrhizal fungal infection was assessed bylant materials for chemical analysis were ground
clearing and staining methods described by Phill' Glen Creston grinder to a fine consistency form
lips and Hayman, (1970) incorporating modifi-(Particle size <0.5 mm). Samples were weighed
cations from Koske and Gemma, (1989). Peron Cahn Micro balance for nitrogen and phospho-
centage colonization was estimated using th&/S analysis. Nitrogen was determined using
grid line intersect method (Giovanneti andCarlo Erba Elemental Analyzer (Model 1106).
Mosse, 1980). Root stored in 50% alcohol wer&Stimate of the total nitrogen in each sample was
cut into 1 cm segments and spread in a mastf@lculated from the percentage values obtained
saucer whose base had 50 dots randomfjom the Elemental Analyzer.

marked. One hundred pieces were selectehhosphorus was estimated using a variation of
rinsed several times in tap water to remove alcoyogel (1989) method modified by Baker (1992)
hol traces and then covered with 2.5% potassiugind Jacob-Neto, (1993). Ground plant materials
hydroxide (KOH). Roots and KOH are auto-weighing 50+3 mg were placed into a crucible
claved at 121C at 101.3 kPa for 3 minutes. Af- covered with aluminium foil. Samples were ashed
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in a muffle furnace at a temperature of &@r contamination of 3 replicates. However, the
4 hours. To achieve complete combustion, temanalyses permitted the evaluation of AM fungi
peratures between 2 and 300C were slowly with and withoutRhizobiumand also with the
increased (approximately °@ per minute). comparison plants (R+PN+P,). Data on per-
Cooled ashed samples were dissolved in 3-5 cneentage mycorrhizal root infection were subjected
of 2 kmol m® HCI and the supernatant used into arcsine transformation prior analysis.

the phosphorus assay. Ammonium molybdate

and ammonium metavanadate solutions WerRESULTS

prepared by dissolving 10 g of ammonium mo-Root colonization of theRhizobium-inoculated
lybdate salt in 160 cfnand 500 mg of ammo- Gliricidia sepium plants by different AM fungi
nium metavanadate in 120 Ewof distilled water (Ge+R; Gc+R; Gi+R; Gir+R) resulted in higher
in separate flask respectively. Bartons reageniry matter yield than thRhizobium-uninoculated
was prepared by adding 50 trooncentrated mycorrhizal plants (Ge-R; Gc-R; Gi-R; Gir-R)
nitric acid to ammonium metavanade solution(Table 1).Rhizobium-inoculatedGlomus clarum
followed by ammonium molybdate solution andtreatment (Gc+R) recorded significantly higher
70 cnt of distilled water. Phosphorus standardsotal plant dry weight, approximately a third fold
between 0-7Qug cni® were prepared by dissolv- increase, than th&hizobiuminoculated Glomus
ing previously dried KBPOy in 2 kmol m® HCI.  etunicatum (Ge+R), Rhizobium- inoculated
Phosphorus was determined by pipetting 0.0&lomus intraradices (Gi+R), and Rhizobium-
cm® of HCI aliquot into a cuvette followed by inoculated Gigaspora roseaGir+R) treatments.
0.86 cni of distilled water and 0.1 chof Bar-  Glomus clarumin association withRhizobium
tons reagent. The cuvette was briefly shaken andc+R) was the only treatment which recorded
left to stand for one hour after which the absorbsignificantly higher dry weight than its uninocu-
ance measured in a waveband of 450 nm usingted counterpart (Gc-R). Gc+R treatment ob-
Gallenkamp Visi-Spec Spectrophotometer. Theained higher but statistically similar total plant
phosphorus standards were assayed in the samg weight than theRhizobiuminoculated non-
manner and a standard curve drawn. Phosphorug/corrhizal comparison plants (RARTable 1).
content in each sample was estimated by thio significant variation in shoot, root, and total

standard curve plant dry weight was observed between the
) Rhizobium-uninoculated mycorrhizal plants and
Data Analysis the non-symbiotic comparison plants (NyP

Data were subjected to analysis of variancg‘mﬂysiS of variance for the main effects
(ANOVA) using Statgraphics 5 and.treatment(mycorrhiza andRhizobiur) on dry matter pro-
means compared by Duncan's Multiple Rangguced (Table 2) indicates th&@lomus clarum
Test (DMRT) at B0.05. Two sets of analyses (Gc) was most efficient and produced statistically
were performed; (a) 4x2 factorial form with 4 higher total plant dry weight than the other my-
AM fungi and 2Rhizobiumtreatments (present, corrhizal fungi. Significant variation in growth
+R; absent, -R) and (b) a one-way analysis witfjeaf area, shoot, root, and total plant dry weight
10 treatments (4 AM fungi with and without \yas also observed between plants inoculated with
Rhizobiun),  Rhizobiuminoculated, ~ non- Rhizobium(+R) and those that did not receive

mycorrhizal treatment given 0.2 mol “mP  Rhizobiuminoculum (-R) treatments (Table 2).
(R+P;) and non-symbiotic treatment supplied ) . )
with 3 mol i N plus 0.2 mol i P (N+R). The Shoot-root ratio was statistically greater with my-

Rhizobiurdinoculated non-mycorrhizal  treat- corrhizal plqnts .inoculated witRhizobium(+R)
ment which received 0.1 mol#P (R+R, true tha_n nonRhizobium (-R) treatments (Tab_le 1).
control) was discarded following mycorrhizal Main effects analyses for shoot-root ratio were
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Table 1: Growth characteristics ofG. sepiuminoculated with different arbuscular mycorrhizal
fungi with (+) and without (-) Rhizobium(R) inoculation and fertilised comparison plants &412

weeks after planting (WAP).
Shoot Root Total Plant
Treatments Leaf area dry wt. dry wt. dry wt. Shoot-Root
(cn) (mg) (mg) (mg) ratio

Ge+R 83.5%° 801.8% 581.2° 1383.6 1.394%
Ge+ R 107.46 1080.2 834.6 1914.8 1.2¢c
Gi+R 93.38« 857.2¢ 535.3 1392.8 1.62
Gir+ R 80.28> 832.0% 536.6 1368.6 1.56
Ge-R 75.3% 630.0° 597.6° 1227.6 1.0g%¢
Gc-R 70.08 576.0 608.6° 1184.6 0.96
Gi -R 84.44* 722.0 600.9° 1322.9 1.2F%¢
Gir-R 67.84 704.0 523.3 1227.8 1.37%
N+P 82.84% 674.6° 647.8° 1321.8 1.08°
R+P 97.04¢ 977.6° 910.¢° 1687.6 1.38%

Means in each column followed by the same lettemat significantly different by Duncan's multipbege test (<0.05, n =
5). Ge = Glomus etunicatum; Gc = Glomus claru@i;, = Glomus intraradices; Gir - Gigaspora rosea £0.2 mol n# P; N

=3 mol m® N.

Table 2: Statistical analysis of the effect of arbscular mycorrhizal fungi and Rhizobiumon
growth characteristics of G. sepium

Shoot Root Total Plant

Treatments Leaf area dry wt. dry wt. dry wt. Shmt-Root

(cn? plant) (mg plant?) (mg plant})  (mg plant?) ratio
Mycorrhiza
Glomus etunicatum 79.45" 715.9 589.F 1305.6¢ 1.24°
Glomus clarum 88.73 828.F 721.8 1552.4 1.1%
Glomus intraradices 88.9F 789.6 568.F 1357.7 1.42°
Gigasporarosea 74.06 768.G 529.6 1297.6 1.47
Rhizobium
Uninoculated (-R)  74.42 658.0" 582.8' 1241.8 1.18
Inoculated (+R) 91.%6 892.8 621.8 1514.6 1.4P
Pr>F
Mycorrhiza (M) 0.0057 0.0665 0.0003 0.0015 0.0019
Rhizobium(R) <0.0001 <0.0001 0.1778 <0.0001 <0.0001
M xR 0.0093 0.0001 0.0055 0.0001 0.6738
CV% 12.43 11.76 14.98 10.73 15.26

Means in each column followed by the same cas ket not significantly different by Duncan's nplé range test.
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Table 3: Nitrogen concentration (%N), content (mg N and N fixed in G. sepiumas influenced by
different arbuscular mycorrhizal fungi with (+) and without (-) Rhizobium(R) inoculation and
fertilised comparison plants at 12 weeks after plating

SHOOT ROOT  TOTAL PLANT N FIXED
Treatment %N mg N %N mg N %N mg N Ndfa pNdfa
Ge +R 2.1% 16.77 2.02 115 208 2829 18.98 66.4
Gc+R 1.9% 20.76 1.8¢° 1500 186 3576 26.46 73.6
Gi+R 2.29 19.64 2.2¢9 12.19° 229 3183 2253 70.7
Gir +R 2.0 17.1P 2.13¢ 1146 209 2857 19.2°7 67.3
Ge-R 1.62 10.22 1.17 6.88 146 1716 - -

Gc-R 1.68 9.63 1.26 7.58 1.46  17.2F - -

Gi-R 1.56 11.26 1.19 7.1%8 1.3¢  184F - -

Gir-R 1.65° 11.54 1.29 6.7F 1.4¢  182% - -

N+ P 1.7G° 11.48 1.13 7.32 142 188G - -

R+P 2.04¢ 20.10 1.99 1407  2.02° 34.18° 24.88 70.2

Means in each column followed by the same lettermant significantly different by Duncan's multipénge test (P<0.05, n =
5). Ge = Glomus etunicatum; Gc = Glomus claru@i = Glomus intraradices; Gir = Gigaspora rosea P 0.2 mol n? P: N
=3 mol m® N. Ndfa = amount of N fixed (mg); pNdfa = proportiof N fixed (%).

significant for both mycorrhiza anBhizobium treatment (R+p. R+R plants produced the high-
(Table 2). est number of nodules (937 nodules pfanap-
proximately thirty percent more than tifhizo-
ium-inoculated, mycorrhizal treatments. Be-
Wween the AM fungiGlomus clarunrecorded the
highest nodulation (648 nodules plantand

biumruninoculated mycorrhizal plants (Table 1).Glomlus intraradices the lowest (526 nodules
Gc+R plants had significantly greater leaf are&’Ianf )-

(107.4 cm) than those of Ge+R (83.6 &rand  Nitrogen concentration (%N) and content (mg N)
Gir+tR (80.3 crm) but statistically similar to of Gliricidia sepiumas influenced by mycorrhiza
those of Gi+R (93.4 cfjh and theRhizobiura  and/orRhizobiumand the comparison treatments
inoculated, non-mycorrhizal comparison plantsare presented in Table Rhizobiuminoculation
(R+P,) (97 cnf). Main effects due to mycorrhiza significantly increased N concentration and con-
or Rhizobiumand their interaction were highly tent over norRhizobiuminoculated mycorrhizal
significant (Table 2). plants (supplied with 3 mol thN). Ge+R plants
Nodulation assessed by the number of nodul ccumulaf[ed thg highest total N content bqt this
produced per plant was statistically similar for 'd not d'ffef S|_gn|f|cantly from those of G.'+R
the Rhizobium- inoculated mycorrhizal treat- and the Rhizobiurinoculated, non-mycorrhizal

ments but differed significantly from thHehizo- ::ortrjparlsog treaf[tmttan(;_éRﬂ?t l\(lj|_tfrrogetr)1 tconcent—h
bium- inoculated, non-mycorrhizal comparison ration and content did not difter between the

Leaf area as an index of growth followed a simi
lar trend as the total plant dry matter produce
with the Rhizobium- inoculated mycorrhizal
plants recorded larger leaf area than Rigzo-
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uninoculated mycorrhizal treatment and the noneculation with Glomus clarumsignificantly in-
symbiotic comparison plants (N3P Statistical creased P content and concentration in all plant
analyses of partitioning the effect of mycorrhizaparts.Gigaspora roseavas least effective in pro-
and Rhizobiumon N accumulation indicate sig- moting phosphorus uptake in test tree seedling
nificant differences in root N concentration and(Table 6).

total N content (Table 4). The proportion (%
and amount (mg N) of nitrogen fixed (total N
seed N) was statistically similar in &hizobium

)Shoot phosphorus to nitrogen ratio (P: N) was
“statistically different between individual treat-

. ments (Table 5)Rhizobium-inoculated mycorrhi-
-_inoculated treatments (Table 3). Howeverzal plants had a lower ratio compared to the

GC+R plants recorded the highest dinitrogerhhizobium- uninoculated treatmentsGlomus
fixation (26.46 mg N) and Gir+R, the IeaStetunicatumandGigaspora rosednad significantly
(19.27 mg N). lower ratio thanGlomus clarumand Glomus in-
Phosphorus uptake differed significantly be-raradices and also Rhizobium inoculation
tween the treatments (Table 5). Gc+R treatmenechieved lower ratio than ndRkizobiuminocu-
accumulated significantly more P than the othelated plants supplied with mineral nitrogen (Table
Rhizobium- inoculated mycorrhizal treatments 6).

(Ge+R, Gi+R, and Gir+R) but were Stat'St'C""llyMycorrhizaI root infection varied statistically

similar to Rhizobium- inoculated, non- ;
mycorrhizal comparison treatment (R3PIn- between the AM fungal species (Table 7). Plants

Table 4: Statistical analysis of the effect of arbscular mycorrhizal fungi and Rhizobiumon
nitrogen concentration (%N) and content (mg N) ofG. sepiumat 12 weeks after planting

SHOOT ROOT TOTAL PLANT
Treatment %N mg N %N mg N %N mg N
Mycorrhiza
Glomus etunicatum 1.87 135¢ 159 919 1.74 2269
Glomus clarum 1.8C° 1519 1.5% 11.2¢ 167 26.49
Glomus intraradices 1.93 1548 174 9.67 1.84 2512
Gigaspora rosea 1.86 1432 177 9.08 1.7¢ 234F
Rhizobium
Uninoculated (-R) 1.63 1068 1.23 7.08 144  17.74
Inoculated  (+R) 2.0 1857  2.068 1258 208 31.1F
Pr>F
Mycorrhiza (M) 0.5484 0.1312 0.0181 0.0017  0.12860196
RhizobiumR) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <Q@1000
M xR 0.0652 0.0191 0.0047 0.0674 0.0188 0.0104
CV% 10.55 13.53 9.77 13.11 9.38 11.36

Means in each column followed by the same cas® ke not significantly different by Duncan's niplé range test
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Table 5: Phosphorus concentration (%P), content (m@) and P:N ratio of G. sepiumas influ-
enced by different arbuscular mycorrhizal fungi with (+) and without (-) Rhizobium(R) inocula-
tion and fertilised comparison plants at 12 weeksfter planting

SHOOT ROOT TOTAL PLANT SHOOT
Treatment %P mg P %P mg P % P mg P P:N ratio
Ge +R 0.28 2.00° 0.37° 217  0.30° 417 0.118
Gc+R 0.35% 3.82 0.58 4.85 0.45f 8.67 0.184°
Gi+R 0.34% 2.94° 0.37° 2.00%  0.359  4.94° 0.150°
Gir +R 0.24 2.058 0.3¢° 1.63° 0.27 3.68 0.118
Ge-R 0.3%°¢ 212 0.359° 2.16%  0.34° 4.8 0.206
Gc-R 0.36% 210 0.43¢ 2.71° 0.40°  4.87° 0.214
Gi-R 0.44¢ 3.18% 0.38° 2.3F¢  04fF 5.46% 0.278
Gir-R 0.2¢° 2.06 0.26 1.38 0.28 3.4F 0.176°
N+ P 0.52 3.52 0.47¢ 3.03¢ 0.50 6.558¢ 0.304
R+P 0.42¢ 432 0.54 3.96" 0.48 8.19¢ 0.204

Means in each column followed by the same lettemat significantly different by Duncan's multipbege test (<0.05, n =
5). Ge = Glomus etunicatum; Gc = Glomus claru@i = Glomus intraradices; Gir = Gigaspora rosea B 0.2 mol n? P;
N =3 mol n? N.

Table 6: Statistical analysis of the effect of arbscular mycorrhizal fungi and Rhizobiumon
phosphorus concentration (%P), content (mg P), an®:N ratio of G. sepiumat 12 weeks after
planting

SHOOT ROOT TOTAL PLANT SHOOT P: N
Treatment % P mg P % P gnP % P mg P ratio
Mycorrhiza
Glomus etunicatum 0.2 2.068 0.3¢ 2.17 032 423 0.162
Glomus clarum 0.3¢ 2.9¢ 0.5F 3.7¢ 0.43  6.74 0.199
Glomus intraradices ~ 0.39 3.09 0.3¢ 2.1% 0.3 5.2¢ 0.2124
Gigaspora rosea 0.27 2.06' 0.2¢ 1.49 0.27 3,58 0.147
Rhizobium
Uninoculated (-R) 0.3% 236 0.38' 213 0.368" 4.49 0.21¢
Inoculated  (+R) 03 270 0.418 2.66 0.34 5.37 0.14%
Pr>F
Mycorrhiza (M) 0.0001  0.0004 <0.0001 <0.0001 <0D0€0.0001 <0.0001
Rhizobium(R) 0.0024 0.0790 0.0129 0.0161 0.2510 0.0047  0GEL
M x R 0.3336 0.0028 0.0408 0.0010 0.0211 <0.0001 006€®
CV% 17.79  23.94 15.53 27.49 1154 18.57 16.17

Means in each column followed by the same cas ket not significantly different by Duncan's nplé range test.
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Table 7: Percentage root infection ofs. sepiumby different arbuscular mycorrhiza with (+)
and without (-) Rhizobium (R) inoculation at 12 weeks after planting.

Arbuscular Percentage (%) root infection Main
Mycorrhiza Effect
Fungus -R +R MBA
Glomus etunicatum 77.4+4.2 359+2.8 56.6 +2.%
Glomus clarum 96.4+1.8 92.2+0.¢ 94.3+2.7
Glomus intraradices 98.9+0.8 83.2+4.4 91.1+2.7%
Gigaspora rosea 328+7.8 453 +3.8 39.0+2.7
Main Effect

MEAN 76.4+ 1.9 641+19

Means + SE sharing the same case letter are ntisstally different by Duncan's multiple rangetté <0.05 n = 5).

inoculated with Glomus clarumand Glomus phosphorus-fixing soil, observed that mycorrhizal
intraradices significantly achieved higher root effectiveness and the greatest AM colonization
colonization thanGlomus etunicatumand Gi- occurred when soil was inoculated wiBlomus
gaspora roseaConsistently, lower root coloni- aggregatum followed by Glomus mosseaand
zation was recorded in plants inoculated witfGlomus etunicatunBerker and Gerd. Similarly,
Gigaspora roseawith and withoutRhizobium Dela Cruzet al (1988), Paulincet al. (1992),
Rhizobiuminoculation reduced root colonization Costa et al. (1992), and Cardoso and Kuyper
by all theGlomusspecies excepgbigasporaro-  (2006) reported differences in AM fungal effec-
sea A highly significant (P<0.001) interaction tiveness when tree legumes were grown in asso-
between mycorrhiza andRhizobium was ob- ciation with various AM fungal species.

served for mycorrhiza colonization of roots. Dual inoculation with AM fungi andRhizobium
was consistently effective in promoting host plant
DISCUSSION growth over uninoculated mycorrhizal plants

Although AM fungi are not host specific, quanti- (Table 1) which reflected in increases in different
tative differences in growth, colonization andplant parameters such as leaf area, shoot and root
nutrient uptake have been observed in this studyry weights, total plant biomass produced, and
AM fungi differed in their effectiveness in en- gshoot-root ratio. Growth enhancement by dual
hancing growth ofliricidia sepium Host plant  inoculation has been observedSesbaniagran-
growth was significantly increased by inocula-gifiora (Aziz and Habte, 1990),eucaena leuco-
tion with Glomus clarum(Gc) (Table 2). AM  cephala(Manjunathet al, 1984),Acacia auricu-
fungal inoculation has been shown to signifijitormis and Acacia mangium(Dela Cruzet al,
cantly stimulate dry matter accumulation injggn): acacia nilotica(Michelsen and Rosendahl,

Gliricidia sepium(Habte a_m_d Turk, 1991) and in 1990) andDalbergia sissodVermaet al, 1996).
Samanea samafByn. Albizia samap (Rahman  Giomys clarumin association withRhizobium

et al, 2004). Aziz and Habte (1989b) investigat-(GC+R) was the most efficient symbiosis, achiev-

ing the influence of thre&lomusspp on the g gignificantly higher dry matter yield than
growth of Leucaena leucocephal a tropical GiiR Ge+R, and Gir+R. The growth enhance-
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ment of plants inoculated with Gc+R may betion particularly N (through nitrogen fixation) as
attributed to the improved nutrient accumulatiorindicated by Smith, (1982). Plants deficient in N
in total N (Table 3, 4), total P uptake (Table b, 6and P have been reported to invest more assimi-
which might be linked to good nodulation andlate in roots rather than shoot (Clarkson, 1985)
high mycorrhizal colonization (Table 7). AM which explains the lower shoot-root ratio ob-
infection was positively correlated with P con-served in theRhizobium-uninoculated mycorrhi-
centration (%P) (r=0.74, P<0.01), and P contental plants. This according to Féheeal, (1988)
(mg P) (r=0.52, P<0.01). Increased uptake of an adaptation of plants to improve their nutrien

nutrients especially phosphorus has been reptake efficiency when an essential nutrient is
ported as the most important mechanism througjiniting.

which AM fungi improve legume tree growth L .
and nutriton (Mosse, 1986; Manjunath angRoot colonization byGlomus clarumwith and
Habte. 1988 Bareat al. 1990 Azcénet al.  WithoutRhizobiuminoculation (Gc+R, Ge-R) was

1991; Rahmaret al, 2004) through P-mediated similar, but the plants differed significantly in
effect of the mycorrhiza on nitrogen fixation 9foWth characteristics (Table 1). This may be
(Barea and Azcon-Aquilar, 1983; Mortimet attributed to the nitrogen stress observed in Ge-R

al., 2008) treatment. Gc-R plants had significantly lower
. . - . total N concentration and content (Table 3) and
Differences in efficiency among AM fungi nigher p: N ratio (0.214) compared to the lower
might be due to their compatibility with the 514 (0.184) found in Gc+R treatment. Earlier
Rhizobiumstrain used since uninoculated my-gy,gies have shown that plant N stress, like P
corrhizal plants (supplied with 3 mol"N as  gyeqs promotes root colonization by AM fungi
KNO3) recorded statistically similar total plant (Sylvia and Neal, 1990). This might explain the

dry weight (Table 2). Azcoret al, (1991) pigh root colonization but poor growth enhance-
pointed out that plant response depends on thgant found in the Ge-R treatment.

particular combination oRhizobiumstrain and ) ]
Glomusspecies (or isolates), suggesting specifid he low P uptake bysigaspora roseanfected
compatibilities between the host and microorPlants (Table 5, 6) but which accumulated statisti-
ganisms associated in the tripartite symbiosi§ally similar dry weights to those infected with
(Ruiz-Lozano and Azcén, 1993). There are als&lomus etunicatumand Glomus intraradices
reports indicating thaRhizobiumstrains exhib- Might suggest some other non-nutritional func-
ited a different degree of growth enhancemerfions. Miller and Jastrow, (1992), reported that
with different AM fungi (Bayne and Bethlenfal- there may be specialization among AM fungi in
vay, 1987; lanson and Linderman, 1991, 1993)‘_unctions affecting plant vs. soil nutrition and
This finding further indicates that nitrogen Stated that AM fungal species of the gertsis

source was a decisive factor rather than the pre§@sporaappear to favour fluxes of carbon com-
ence of the fungus. pounds from plants to the soil biota, resulting

) i . ultimately in enhanced soil aggregation while
The differences in growth betwedthizobium-  somus species tend to favour plant growth

inocu_lated andRhizobium- uninoculat_ed MY~ through improved nutrition.

corrhizal treatments may be due to nitrogen be- i

ing a limiting factor for growth of non- The higher total dry matter produced, N accumu-
Rhizobiumplants as revealed by their higher piated and P uptake oRhizobium-inoculated

N ratio (Table 5, 6). Shoot-root ratio (Table 1)Glomus clarunplants (G¢+R) than th@hizobium
was higher inRhizobium-inoculated mycorrhi- - inoculated, non-mycorrhizal comparison plants
zal plants thanRhizobium- uninoculated my- (R+P,) attest to the importance of some AM fungi
corrhizal plants due to improved mineral nutri-for legume tree growth and nutrition. This also
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suggests that in nutrient deficient soils, effeetiv Aziz, T. and Habte, M. (1985). Interaction of

mycorrhizal fgngus cgulq be_ usgd' to promote Leucaenawith Glomus fasciculatumin a

growth and nitrogen fixation in MNixing trees. typical oxisol. Leucaen&®esearch Reports

It was also observed th&hizobium-uninocu- 6: 97-98.

lated mycorrhizal treatments (Ge-R, G¢-R, Gi-R,, _.

Gir-R) obtained comparable total dry weight toAZ'Z' T. and Habte,_M. (1999)_ Growth of trans-
planted Sesbania grandifloraas affected by

the non-symbiotic comparison treatment (NP ) ; . L
which further indicates that AM fungi could be ~ Prée-infection of roots with rhizobia and

used to establish or improve growth of plants in ~ VAM fungus. Nitrogen Fixing Tree Re-

N and P deficient soils. search Report8: 159-160.

Aziz, T. and Sylvia, D.M. (1993). Utilization of
CONCLUSION vesicular-arbuscular mycorrhizal fungi in the
The study has shown that there is significant  establishment of nitrogen-fixing trees. In:
variation in the efficiency of AM fungi to en- Symbioses of Nitrogen-Fixing TreeSubba
hance growth and nutrient uptake @firicidia Rao, N.S. and Rodriguez-Barreuco, C. (eds).

sepiumwhen in association with an efficient Oxford & IBH Publishing Co. Pvt. Ltd., New
Rhizobiumstrain. Such differences should be  pgjpi. pp. 167-194.

explored and used in absence of adequate min- L
eral nutrition (particularly P deficiency) to estab Baker, A. (1992). A Study of the Tripartite Asso-

sepiumand other nitrogen-fixing trees. and Vesicular Arbuscular Mycorrhizas. PhD
Thesis, University of Dundee.
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