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Abstract
Biofuel crop - Physic nut

The biodiversity of AMF associated with physic nut at ten sites in six provinces of
Thailand: Chiang Rai, Chiang Mai, Loei, Lumphun, Khon Kean and Nong Khai, was
carried out between October 2006 — December 2007 by extracting spores from the
rhizosphere soils of physic nut. The following 34 morpho-species of AMF were obtained:
Acaulospora (17 species), Gigaspora (2 species), Glomus (10 species) and Scutellospora
(5 species). The diversity index (DI) ranged from 0.18 to 0.95 (average 0.49) and the
species richness of AMF ranged from 3 to 11 (average 6.1). Root colonization ranged
from 38-94% suggesting that physic nut is readily colonized by AMF.

Terminal restriction frangment length polymorphism (T-RFLP) analysis, based on
the large subunit of the rRNA gene, was used to assess the AMF community in roots and
rhizosphere soil. Chiang Mai province was chosen as the target area. Forty randomized
samples of rhizosphere soil and root samples from physic nut were collected from 6 sites
in April, 2008. DNA was extracted and T-RFLP data subjected to principle component
analysis. This study indicated that AMF communities in root and rhizosphere of physic
nut are diverse and distinct. Not all AMF species in the rhizosphere were detected in host
roots. Similar conclusions were made from T-RF analysis using three restriction enzymes
(Taql, Hinfl, and Hsp96). Taql revealed the strongest difference in T-RF patterns of the
AMF community in this study.

Physic nut was used as a bait plant to trap compatible AMF in 10 field soil
samples in a greenhouse from June-September 2007. A whole clod of rhizosphere soil
(ca. 500 g) from each sample was place in the middle of 1.5 kg sterilized sandy soil in
black plastic pots. The spores in the soil were recovered after 90 days and the two most
abundant trapped AMF species from Chiang Mai sitel and Chiang Mai site3 were named
CMUO0S5 and CMU33.

The host preference of CMUO5 and CMU33 was examined in a factorial
experiment in a completely randomized block design consisting of 4 host species x 3
AMEF treatments x 3 replications. Corn (Zea mays L.), jobs tears (Coix lacryma-jobi L.),
rice (Oryza sativa L.) and sorghum (Sorghum bicolor (Linnacus) Moench) were
inoculated with 50 spores of the AMF or were left uninoculated. Plants were grown in a

screen-house for 120 days. Higher mycorrhizal colonization and spore production were
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found in sorghum than with the other hosts. CMUO05 and CMU33 promoted crop growth
over the control. Spore production of CMU33 did not occur in corn and that of CMUOS5
was not observed in rice. It was concluded that sorghum is a suitable host plant to
produce and maintain spores of the two AMF.

Identification of dominant species; CMUO5 and CMU33 was based on
morphology and molecular analysis. CMUO5 was identified to either Entrophospora or
Acaulospora and CMU33 to Scutellospora according to morphology. Molecular analysis
was studied using 50 spores of each morphotype obtained from sorghum roots and the
soil rhizosphere of sorghum, were extracted and DNA was amplified using AMF primers
of SSU and LSU rDNA (NS31-AM1 and FLR3-FLR4, respectively). Sequences were
obtained using all of forward and reverse primers and compared to the sequences in the
internet databases. The percent similarity of SSU rDNA of CMUO5 to Entrophospora
colombiana was 99% and of CMU33 to Scutellospora heterogama was 97%. The percent
similarity of LSU rDNA of CMUO5 to E. colombiana was 91% and CMU33 to S.
heterogama was 97%. Sequences were aligned and tree generated for phylogenetic
analysis using MEGA 4.1 BETA. CMUOS5 was not obviously in the same clade with E.
colombiana and CMU33 was close to S. heterogama in the same clade.

Compatible AMF species were selected on physic nut seedlings growth in sterile
soil from January-March 2008. Eight indigenous AMF inocula were were evaluated for
their effect on seedling growth in pot culture using 100 spores/seedling. AMF species
significantly increased biomass of seedling (height, stem diameter and shoot fresh weight)
compared to non-inoculated plants. Scutellospora sp. CMU33 was the most effective in
promoting growth.

The effect of spore density of compatible species with external phosphorus supply
was assessed in a preliminary trial April-June 2009. The design was a completely
randomized factorial design consisting of 4 spore densities (0, 50, 100, 200 spores per
plant) x 4 phosphorus levels (0, 50, 100, 200 mg P/kg of soil) x 4 replicates. It was found
that 100 spores of Scutellospora sp. CMU33 together with 100 mg P/kg of soil was

optimum for improving the growth of physic nut seedling in a greenhouse trial.
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Coffee

The arbuscular mycorrhizal fungi (AMF) associated with arabica coffee (Coffea
arabica L.) were discovered within rhizosphere soil samples of arabica coffee plantation from
five and four study sites in Chiang Mai (CM) and Chiang Rai (CR) provinces, northern
Thailand, respectively. Twenty-nine species belonging to three genera (Acaulospora spp.,
Ambispora spp. and Glomus spp.) in Glomeromycota were morphologically identified after
wet sieving and sucrose centrifugation method. G. aggregatum was the most dominant AMF
species.

The effect of AMF to coffee seedling growing in low phosphorus (P) soil revealed
that mixed AMF spore species can improve shoot height and root length. Four AMF species;
G. etunicatum, Acaulospora mellea, Ac. morrowae and Ac. scrobiculata propagated in vitro
enhanced coffee seedlings growth in sterilized infertile soil. Each AMF species enhanced
plant growth better than mixed inoculum, commercial and the control (non-inoculated). There
were no significant differences between plant growth in using 50 and 200 spores.

The soil samples were inoculated by trap pot culture procedure with maize (Zea
mays L.) and sorghum (Sorghum vulgare Pers.). Acaulospora mellea could be abundantly
propagated with maize while Acaulospora morrowiae could be better propagated with

sorghum and Acaulospora scrobiculata spores were moderately increased in both plants.

Food crops

The root colonization percentages of Acualospora,  Scutellospora, Paraglomus,
Glomus, and Achaeospora in cowpea (Vigna unguiculata), corn (Zea mays), job's tears (Coix
lachrymal-jobi), upland rice (Oryza sativa cv. Bue Bang), sorghum (Sorghum bicolor) and
pada (Macaranga denticulata) found that range from 60% to 100% except in upland rice. The
spore density in added soil with phosphorus 30 kg/hector less than added soil with 3 kg P
/hector. Although Acaulospora was dominant in this research but all AMF genus tested also

can improve shoot and root weight of plants, especially in soil with low phosphorus.
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The indigenous AMF for forest restoration plants

Arbuscular mycorrhizal (AM) fungal diversity was surveyed in the forest
restoration area of Doi Suthep-Pui Nation Park, northern Thailand. Twenty four
indigenous tree species, used for forest restoration in a degraded watershed area were
examined. Rhizosphere soil sample were collected and AMF spore were counted and
identified morphologically. AM spores were found in the rhizosphere soils of all tree
species. Twenty one AM species were identified: Acualospora (6 species), Glomus (12
species) and Scutellospora (3 species). AM fungi belonging to the genera Glomus and
Acualospora were dominant.Abundant species present were Acaulospora elegans, G.
multicaule and S. pellucid. These result showed that all 24 indigenous tree species were
associated with AM fungi and some AM species had a broad host range.

The effect of AM inoculation (Acaulospora elegans, Glomus etunicatum, Glomus
mosseae) together with phosphate fertilization (KH,PO,4) on Castanopsis acuminatissima
seedling in a P-deficient soil were studied under greenhouse condition. Increasing P-
application rates greatly enhanced seedling growth. Growth was most rapid with G.
etunicatum-colonized plants with P application; whereas much lower height was found
with non-AM plants without P added.

The six AM fungi dominant species for forest restoration plants (A. elegans, A.
mellea, A. scrobiculata, G.etunicatum, G. mosseae, S. heterogama) were used as
inoculums for spore propagate on 5 plants species; sorghum (Sorghum vulgare), rice
(Oryza sativa), soy bean (Glycine max), corn (Zea mays) and marigold (Tegetes
erecta).After 4 month found that S. vulgare and Z. Mays were the best host plant for spore
propagation of A. elegans, G. etunicatum and G. mosseae.

Selection of host plants to increase AMF spores and suitable materials for storage
spores of AMF

The effects of AMF on 3 grass plants were evaluated after 3 months. The results
showed that the propagation of AMF spores in 3 grass plant was low. Propagation of Glomus
sp., Scutellospora sp. and Mycostar” spores in sorghum were significantly higher than Job’s
tear and Ruzi (P < 0.05) but root colonization and and spore production were low.

The propagation of Glomus etunicatum and Scutellospora sp. was carried out. Fifty
spores of Glomus etunicatum and Scutellospora sp. were applied and used as inoculum using

2 host plants; Chrysanthemum morifolium and Panicum maximum TDS58 in 3 suitable
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carriers; sterilized peat (2000 ml.), sterilized soil mixed with sand (1:1), sterilized soil mixed
with sand and perlite (2:1:1). All the experiments were carried out for 3 months based on
Randomized Complete Block Design. There were 12 experiments with 4 replications.
Panicum maximum TD58 grew in soil mixed with sand and perlite significantly
increased the number of G. etunicatum (1604 spores/100 g.soil) with was higher than
Scutellospora sp. (55 spores/100 g.soil). It was found that the use of soil mixed with sand and

perlite as carrier for G. etunicatum provided high potential for AMF inoculum production.
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Mltswenyiialdenn 39535 msud lv Aslim3s1¥35@ndU AMF (AMF trap culture) Tag
o A 9y A & A A A [ = o A
msthauanluslaanldlgnnmmensnmungaunsziuiyerdeluaanznims
4 A o Jd A { o o 1
Ay emns wauvesadessianaznulumlawlgnuazdi i Idees Tniynszezveq

mm?ty (Isuyenkov et al., 2004)

YaA S A
ﬂ75?°17’?ﬁﬂ757/n\7@iy“1)'337487
3 42‘ ~ £ I 1 1T 3A 1 & Il
Phylum Glomaromycota G941 113) 2001 &aueniilungulvi eI INgN AMF G0g1u order
1 o = < 1 Ao
Glomales 611! Phylum Zygomycota UANANTTUNNDY B ININ Llﬁﬂﬂiﬁ!ﬂu')’lll')')@luWﬂ?i!Lﬂﬂﬂuagfﬂﬂ
(Schubler et al., 2001a)
A o A, 1 a J
'J%ﬂ1§@%%’)ﬂ1wﬁ1u13ﬂﬂ11ﬁlﬁﬁ?ﬂ?%ﬂ13!615uﬂ13'3!ﬂ31$1/? izozyme RAPD-PCR, PCR oy
o a 4 9 a ds'o =& 1 [l o % [l 9 ~ 9 a
NITMAYNUN DNA uazﬂﬁ%uauﬂuamnww G]f\i\'i']ﬂﬁf]uﬁlﬁﬂlucluﬂﬁ]ﬂﬂuﬂ%uﬂ!uu‘nﬂWﬁi‘m‘nﬂuﬂ
o . Ao o A 1 :l' Y1 @ R . £ Y
PCR N1 primer wmmwwu'laicmaﬁmaﬂqu 119A5992 1% U0V restriction analysis FIN5 19
A I ¥ o < 1 A A [ A o a & . 1 Aq Y
maila PCR 19 Idwaduselumstsvenstiavessined lunwseoironas 1ua &9 primer dauildoz
9 o o ~ 1 1 A A a <Y
lawnandwuveuvaioegludiunimsnldounilasluy SSU rRNA 1agiing1z1a2e phylogeny
a o 7 %
(Schubler ef al., 2001b; Swofford, 2002) 35MIaNa DNA taz PCR v09 AMF mnaiesiaed #q'ld
. @ { g [ A o a
INNITINIE pure line (310 1 spore) Gluﬂﬁ%ﬂWﬂﬂUﬁ“ﬁﬁLﬂuﬁ‘b’ﬂ’lﬁﬂ INNATUIU rDNA UM ITS Tﬂﬂ
. o . ==Y 1 @
1% primer 31 ITS1 18 ITS4 (White et al., 1990) NHen lFauiu
msanumange lldsdruvesls TuTeudu u M3fn1v09 Lanfranco ef al. (1999) 1dm
M VVRUUAVT N ITS V04 Gi.  margarita ¥52nOUAI U 5.8 LazUTNIY ITS] LAy ITS2 M3
a s 4 s 4
Inszldnavaeates waznnalesiaed 3 ales a2 1@ 11 slightly different sequence (l1Miia
I Y L:y Y < A o o o . .
glosinenu 3) AT 1JmiNu!,L‘1JTVINW1J§ﬂﬁiJGlu1/N intersporal L@ intrasporal
111314 universal forward primer SS38 W30 Glomales-specific primer VANSI 11 reverse
Gigasporaceae-specific primer VAGIGA 19 amplified VNAIUDY SSU rRNA 910 510 Hyacinthoides
1<}
nonscripta QS Yosves Scutellospora (Clapp et al., 1999) M3 1% large rtDNA nimMsAny1 11 Glomus
v 4
NIINUVOIDIAUNIINNG G. mosseae, G. caledonium e G. geosporum imsle single-standed
conformation polymorphism (SSCP) JumsfAan nested PCR product (Kjoller and Rosendahl, 2001)
A a I~ a 1 a g
ﬂTﬁLWll‘]JﬁJ"I‘EWUi’N DNA Iﬂf] PCR flfﬂﬁlﬁu@t‘ﬂL!L‘Vlﬂu‘ﬂ[h!ﬂ"l'i”]_lQﬂﬂﬂsﬁuﬂﬂlﬂ%%ﬂiuﬂﬂﬂﬂg
1 a [ o
5 (Simon et al., 1993: Wyss and Bonfante, 1993) AIUVDIIU rRNA guavuamn (rtDNA) 311

1 ~ A o A 9 9 . Ao ) o A Y 1w .
f19 AMF ﬁ?NTﬁﬂVI%SLWN%TH'JHL?J@Gl“H 1611 primer NI UWIZHIMIU taxon (VANS1) nnNUY universal
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primer (NS21) (Simon et al., 1992) msAnuIMsszynd ¥ PCR dmsu AMF v ldiuailosnio
DNA 9101509835103 colonized V04 leek (Simon er al., 1993)
1 Y
M5 19 primer §f VANSI-NS21 lumniianisst1 PCR iieasindouyosnoulaunenos 5an

G. intraradices (commercial inoculum source) lusnvesvosrinaan (zinnia leek) N3N LAy (endive)

4
=

1 A a 9 19 [ A ) Y a
wuNasamulSnaazastaasy lasnsinlasasalas lidesana DNA mam“l‘nmqm
(Bonito et al., 1995)

an A A ' . Y o 9y . . .
I5NITINLIYNI real time PCR Ulﬂgﬂumﬂﬂf@]i’si}mi colonized U®N G. interadices 1u§1ﬂ6116\1
[l Y
Medicago truncotula Tagmsia AM specific phosphate transporter 4 (MtPT4) 910 M. truncotula 9354
Y ama < =1 Aa Aa ) o o A
WuIsnsaGEa Jilszansnmuazuiudr lunsasinm AMF msIaduiuued rDNA 138 rRNA
< v dy Aa a . . dyw Y
"Ui’NS”IL‘]Juﬂi]i]fJTN% (parameter) T]ﬂ‘lumiﬂizmu colonization UBIIN uaﬂmﬂummmmh
sziuneIny symbiotic state YUDIN1T colonized SLUUTINUDIN YO (Isayenkov et al., 2004)
o o I v A R S a 4 I A [l dy
aﬂymzﬁmgmgﬂuwaﬂmgﬂlmwmﬂmuuﬂﬂfummﬁﬂaﬁmgﬂunmmu usitise Tyl

a A a = o o o < o S ¥

malneyFINelimsUsuljsaunsznalszauanuduia awnsoussoednuzuesdiles Ia
Y MY (A ' = ] a A a A a ¢ A
(Redecker, 2000) mallmﬂifmaEnwiuﬂumﬂ%mﬂuﬂat}‘gmmm ABFINITDAUATIZHFUAVDI AMF
% A o Y I (= a ~ 1 o 9 LY 1 1 a o
18 Tasasanniies dunaadldfiuit AMF viatewsiia 71 lUausasuun IMandl10819e 19l any

A Yo A A A 3 = A .
waza lranvazimeaTumeurianenianuaaianasu (Kriger ef al., 2009)

o 3 A~ 4 ] a v o w
N52UIUNITHI DNA sequence base (JuI5NNUU52 Tosannlumstsvensia msinainy

a o’ay 1 [ { [ 4
WALAZUAIIEHYUTIU nuclear rDNA  UDI AMF mﬂwmﬂwmﬂaﬂymzﬁwummmgmgﬁa
FosdrauaudTannmatazaiuayudeyan NFUgIUING] 920NV primer WEN 4 FUA B9
. 1 a v o Jdo a :JI < . ]
primer LAALFUA WTUNUTNU rDNA VSnathrenwaEn (small subunit-SSU) uamumﬂlmg
. . v a a dy A 9 a A A 9
(large subunit-LSU) (Kriiger et al., 2009)1umiﬁﬂﬁu%uﬂmmwaﬂﬂmﬂmﬂuﬂmw%‘mmmﬂﬂ%

VNAIUYDI SSU, dIUV0N internal transcribed spacer (ITS) rDNA N9HUA LAZUNEIUVOI LSU

a U ‘&’ a
miwaemmraumm?‘lwnmqmmwnsm

A ' Y a wvAa 3 ¥
oo AMF liannsamnzi@esluomsTudeal§iams 18 szdeld dynduiyeide

a

A A o 9 ) dil 1 A v 0 v A 9 2K A A
omus 1w uaz ldtuiureas 1 uaiilosn AMF e mduny ldvaterila I Nsvae
A A o 9 Y 43} 2 quj dyd?/ =\ o = a A o AA 9
¥iianauIniinnlsniginge 18 uanatindealimsfadonsiaueanso1deNl AMF 141
1 a a 5 o a do 4 o 4 o 4 {
colonized 9819NUTZANTN N Faazii 1w laUSuarados smavannmows suiugse Tasriuzon ld
g g & P I
Ty Aagdinedruaeeanny idulenazadosdzludu Wasenaugluiesnarnvesdszime lne
@ I o dy A o 9 [ [ @ dy a o o = J 9 o
Jagriutluiarentininnnalszmea (5 ATV UTEN Triton Uszmaensiiv G3nAoaiinms

v A v Yo Y o 1 A o dy =) =2
mamﬂuw%Lﬁmum“luﬂizmﬁﬂau"lmuautymglwawmwuw HALUBIINHAFDNITINIFION 1,200
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[ 9 1 [ dl

1 a [ =4 = v dy dy ddy =) % ]
vmaen Tansy e luiims ldumns vare Tuadeiiaziie AMF 3 wilasauiulasegluiagi

a

P
Yy A a ~

g o & 4 g < & Aw 9 oa yyd A
AWTAUNUNNYDITT AM llﬂ ﬂﬂﬂulﬂuEJ’JV][W”IL‘]Ju@HﬂTﬂGUuAIﬂLaﬂgﬁﬂﬂqﬂﬂﬁyﬂﬁjwaﬁqﬂﬂ\‘]“ﬁﬂﬁnﬂ
4 d o Y Y a 1 a 09/1 A & A
ﬂiglﬂﬂlul‘ﬁﬂﬁuau@ ﬂTiﬁ@]uﬂuﬂTiWﬂ@qq ﬁQUIﬁﬂQWUWa@]@]Qﬂgﬂﬂﬁglmﬁﬁlﬂucﬁ\TNﬂuﬁQQﬂ

q

(Mycosym Company, 2004)
(Y] g av
agilszasnvaamsIvy
= a o 491 A o J 9 ° ) 4
msAnEINgINUITeTIERD3 159 tasianenamiiazimn 19)se Teminamsinbas
A Y Aav dy o A =] J ng Y A
sazdunadouvesszma nglumsdved msduiinauiidaglszaainaviue 4 9o fio
A = & I o ' s A
1. WefnyIANUHaINHaeY0 eI 015 dgamen0s 1591 (AMF) Tudiantlmang
2. 1ol venyinves AMF iny Tnslddnyuzmedauguinewazmainnisey e
d‘ % A dy d‘ 1 A
3. iivefmApNEe AMF Mmunzeauaoiinmiving

v A

d‘ v A A [ d‘ Q‘ a d‘
4, onaenire RNz au lumsnulsunves AMF Naa@en
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YUADUMIAUUUNIUIVEY

oA a 3w [l 4 a
mMsguiuaziENINMIN A0 lunauwzlgn ieAnvianurainralevewsiia
dy Jd o s A J A v o a dy Yo
Womenstaganiuienes lssniinylunwaslgniinihvue Sadwunsiaveute lasldanuuy
[ a A a A A Qsl’ a s Y A o oA tﬂy A a
NNFUTIWINGWOL/MITONATANIOYTIING MINTUINTIZH VoY WeAAdoNFeI 17T Uwiia
J d! a d' A Y 1 % 1 A a
Y F99zN15a190A100 lumswy Ao aunsony IddeslurarsuvasiedansenyTulsuw
] Y H 4
wnusnuseusniinihmineuaazngu iedaoniFosrianmaiwingaual Iudgiunon
[ d‘ o 9 o dy a 1 [ A A [ d‘ o 1 9 Q'
yoamswan o 114 Tasiugensiaaumndadeniiverdeimuzaud msuldlumsmy

a 4 = Y A oA g A9 A A 3 = 1 Y J
ﬂﬂﬂm’dﬂ’ﬂ‘i %Qﬂ%i%Wﬂf‘ﬂﬂﬁﬂUﬁluﬂqll‘VIHJ'HW“HﬁiJﬁﬂ‘VIiJfﬂEJﬁuLLﬂ%iJiWﬂLL"Uu\‘Hﬂﬂ 15U |J],ﬂl,!,ﬂ

Q

]
= =}

] Y VY A A A o A v A ° ]
41 1na 41215 41978 aruTes e gnies nurde ienuNse eIz Aoz 19
Q' a dy d’w A dy Yy Aa a 1 o A [ d‘ 9145{ a Q'
mulSnaveureniaadon szilgnide liniagauTasmnuiredy e 1iires e yuazing

a 4
sumailes
o A H o 1= a A A oA a dqu
MIAWHUNUMNTUADUN I UAIZAA1ID Taetenausiaveanwily 4 wila aail Wy 1%
a 1o 4 4 [ v A <3 A {
HAA biofuel (181), NmaTosay (Muwl), Aye1ms Saie taznanuwaa uag Aynesdunldlums

gnih

A A9 Y A . Yo
1. WM 1FHan biofuel — aijen
= é’ d v \ % 1o
L1 finganuvainnmaveutes e1stiagannanes 151 (AMF) luduayd
{ I~ ]
aoNUAEMINUAIDEN
o S o 1A 1o @ @ Y 1A
MmanuiednausoUTINIas NV i19n 6 Janialuilszmelne laun Boese 2
UHadAI981) 1B 1ML (4 UWAAI081) A1WY (1 UHAIAIDEN) YDUUAU (1 LHAIAIDYN)
1w [l 2 ' o S o ll o 1
WUeIAY (1 UWaIRIBE1) tazae (1 1HawI0d 1) Mnuaganuiledn Innsznenluudas
dy A a A a a 1 3 v + A a A 1 dy
WUN WeIHANIRBIVTIUMAAUN Yo UTT ABNTAT Nesily Yu vTeuTnanmazluileu
= 3 o a a I A Y a 1 Y 9y =X
asaileg miwianuazoiar AL INUIAYHSLAs HANPRNNVTNANIINN KN 1AIIIYA
a Y 1o 9 ) = A o A S o =
AUTOUAUALA1 AU 4 9 Taglyvel (@en visonaINazern yalurnquiddd v anilszunm 20
9 J
wudas niniuldnauazaududsesrqurnlszan 3-5 wuamasanthavgy 1w
Y Aa Y o d? Y Y a A [ o g v A o oa/’ Y A A
Tlaumihauudr¥adiuTrwihaudamnung 1dladeaununaioenie 2 919 maeauasIna
Yy 9 a 3 a 1 a 9 Y o =}
Pohalszana s wuawes  vennuanldganaaanld  dvihanwazonsinuazmnuly
4 A 3 o 9 dy I o d o aa 9
HeaNeFed 70% Menusnk Inseas nveuFesuou laueass l5a (@151dga, nadifa tazidu
A ¥ S o 2 v ¢ = v
lo) meglusiniie wieninfunnssazdeavesdlednmuuuuesy (i 1) sznovaly
A2 A 9 = a dg A da o dg A A o
nngavulasiny, ¥ew1ve, ANNANVBIAUIINY, NdvdIuNNY, Julnutaziyilgn 1

aegrandnmae I ludealfiians
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Y a vAa o A 1Y L] 1 d‘ 3’ Ly 9 a 9 [ L] d'
Glu‘ﬁﬂx‘]‘ﬂi‘]‘ﬂﬁﬂ”li umum@mamﬁau'lﬂa‘umamumummwamu 1u@@u¢13@anm
9 J

9 Y
a v v o o o a A I 1
WDV 150°C mﬂuuwumuﬂuazﬂm’;mmm%uiuﬂu HazIAnAMduUNIA-A1N (pH) Iﬂfﬂ%}
Y

u
'

9

Y Y
A [ o @ 1 @ v A o ] 1 I 1
auaeinauludasaiu 1:1 aulididuudadanald 30 v udnhldSaaanuidunsa-ai
9
é

38 pH meter

dy a a ~ a Y
AN INAY = uavesauitlen - YIAVBIAULY x 100

IAVDIAULI

~ P A
USSR ORI G T

= A g
A VTHARITINIL oo s e s e s s
<
ELD NN R ST TR
BUND e L L T
@ d' < =
AUTUDU oo WENUQN e,

M 1 upudmsuiiuingeazieavevanieg e lunasajd

Y
MIATINAOUMIDTYVOUTFET 1015 UagamIenas 15 luauuazsn
a g d o 4 1

MIATNABUMINI YUoLFTI Tagauneaes lsavzueamsasnasusendu 2 dau
A s a P &L ~
Aomles nnuluau uazInssaaveasesinnulusin

o v W (] a a To o 4

dmSuAted AT NUTOUTINAUAYANININANIANNHAINHAteYeIa o3  AMF lag

a [ 1 [ YY) oy [ ] 1 < A o oy 1
HaNAuAIRE1Nay 100 nTusUIhazeaudau i e udaduuanaudl iduviasay 3
Y Y Y v
A5 Nal3aunnazney LAUNIINIUAZLATINTBINTVUIA 750-, 250-, 106 uay 45 Tulaswns
Y Y v Y Y Y v v
awday wanihasluaunaznsesdounsziaihla  amiv hazeowyzdandneguuuaay
ATUATIVIIA 250-, 106 waz 45 lulaswas aslunasaviia 50 lulasans 1 lddumdean
<3 1 A g =\ A 1 9 Qy osj a
A71M157 2000 5UABUIN 1WA 5 WM MVBANAINUABAI) AIUDUNG NNUUANTITaZAY
' QY Y o Y o y A A 2 , A d ~
g Tasa 50% wenlrdnnu udnih ldiumiesnanusa 2000 seuaewi Munar 1w mans
nvavassmunuasluazunseua 45 lulasmas udrdwasezareylase luasuvivassuy
Y ' ' A

azunseoen ldnua Aehazein mdnAeguuazunima 45 lulaswasiy asuunszay

A (] y 9 A Aa Y g’ M =1 Y KX
ﬂﬁ@ﬂﬂﬁﬂ@gﬂﬂﬂuﬁﬂlﬂJUWﬂ']ﬁ ANAINAAUUNTEATHNTOIAWUINAUY 1-2 UIN UAIIUNVUNTTAY

a9

ﬂﬁmmﬁlumuuﬁa
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o R~ 1 9 4 < ] [ a 4
nmmsuenalesilungualsginsalaenvanan awdnyaznadugivIngvesaes

v
=

9 ] a 1 =\ &/ a I 9 @ o 4 & 09./}
Al lumstwensia 5w vwa @ Wurd Wudn  vazdusmouades Fsuaeulumsszy
1% ) dyo Y 9 o a 9 4 4
anvauzuaziudviimeldndesanssmiames lonagndesganssmilaudilsznoy
o 1 "o { ] 4 a A
Wdted s nadnuslu 70% teanogea MIATIVAOUMIDIYVOI AMF A1135UD1
o w 1 Y Y oy Y o o 1
Brundrett et al. (1996) lagniigi081951nu1aaleiazen wazdailuneuendszana 1
a 1 a 4 ) X o
wudwas laaslumauzududn 10% Tnunedeulaasenlad (10% KOH) 11 i wmideiasale
A A < a o v y 1 QY A Ay
(autoclave) NYAUNYN 121 °C Wunannu 15 i antiuannasialnazein wuddoun
0.05% N3 g (0.05% Trypan Blue) Tniausin udnivlidmdoisdn longaigil 121 °C 1a
A E ] Y v ¢ o sy
15 Wi ndminnesaaeulaseadwues AMF awldndesgansial Iaggua261931n Ndou
] 4 { g} Ay ] v { ]
udameuuurue laandiviular Jadreusduudala sy Taseadsves AMF filsngmielusin s

aa Jd o A Y Y o o J 3 4 Y
naana ﬂ1§ﬂﬁﬂa Wi@iﬁuclﬂ U,a'Ju'llnﬂ’]ujmlﬂﬂilcﬁuﬁﬂ'ﬁlm'ﬁ']ﬂ

Py A 0 A Adqy v 7 v L
% NMITVITINNY = ITUIUNUN G]ﬂﬂi‘]\‘]i]'ﬁﬂi5ﬁuWWUIﬂiQﬁi’lQm@QL%ﬂi'ﬂUTIﬂ x 100

Y 1
A A

A
o Yy 9 J o
Fl]’lu'guwum{l@ﬂa@ﬁﬂaﬂﬁiﬁu%qwuﬂm@\ii’]ﬂ

1.2 MILNURNY¥HAYRY AMF Nnulasldanasmedugningmazmatinameeginen
ANHUSNNAUTIUING
4 dil d v 1 A Ao 1 [ o Y [
alesvoutesiorsiiagamiones lssudasrialansauzuanaeiu shliannsodeen
a 4 4 4 v 4 g a 4
yiavoudesmnales 1a lagldvuiavesatles  Fvesmivaves urlvesates souds
o d' 4 a
ANHUIMNIZO U VRIE LT LT HA
MATIANNOY FITNE
A o a & o o a Yy a D, ! y v
Mssuduriavoure AMF tiuilagiiutisn]lgvoyanvegy Ineuinunsiemivayudaya
Y Y [
naFagIuIne luminaasstidainge AMF  stiaaun ldoinmsdrisamniimsanyn Tami
4 1 a a S Ao @ [ a Y 09/' A o A 9
alosunazriiariaaz 50 ailes NswunlasdnyaendaTIUING A TN INNYIRY 1 14
Y Y Y Y
NIMIINZReuFeHaTulTINw 0.5 AU s uFeuTuRITaelY 4% choloramin T, 0.02%
I g o
streptomycin, 0.01% gentamicin WHunan 15 wn (Hijri et al. 2002) DNA ﬂl@ﬂl“ﬁ@iﬁ]&gﬂﬁﬂﬂ@@ﬂmﬂ
4

1o 1az31nA 8 the Power Soil " DNA extraction Kit (MoBio Laboratories, Solano Beach, USA) i@
the Wizard" Genomic DNA purification Kit (Promega, WI, USA) AUAAL

¥ v

FUAIUVOI SSU %Qﬂlﬁuﬂi 1o Tae 1% universal eukaryotic primer NS31 (Simon et al., 1992)

1 ' v Y

uae primer AM1 FevzintlSana ludruntsuendosilu 3 ana 18un Glomeraceae, Gigasporaceae

g Acaulosporaceae (Helgason et al, 1998) il Tﬂf] A5e11 U 2x  Master Mix (i—taqTM)
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(IntroBiotechnology, South Korea) Taeils $ﬂ’f)']_lﬁ} 38 Taqg DNA polymerase, buffer, ANTP’s, proprietary
chelator , uATIFOUTUYY 1182 primer ¥HADY 10 pmol Y5115 25 luTnsans
v ¥ 2
Lﬁlshﬁj: TUnOU Polymerase chain reaction (PCR) Tael41n509 MJ Research PTC100 N14%4A 30

39U FIWUIN 10 50VAYUHAN 95°C a1 1 1IN, 58°C an 1 Wi taz 72°C a1 2 Wil $3aem

a

= o a A o = o ~ ! 9
19 59U NYUNHY 95~ C 139130 IUIMN, 587 C 1301 1 UM ey 727 C 1301 3 UIN LASTNFANY 1 59U

4 ~ o
ngungu 95

Q U

C 12130 7119, 58°C nan 1 w1 uag 72°C nan 10 1A

De

FUTIUUDI LSU rDNA %3Qﬂ51a93¢’]}38 primer FLR3 1 FLR4 11 PCR master mix %il@
{@gINY primer FLR3 3¢81893 LSU rDNA Tugaalamsu D1 wag D2 Tuvaizh FLR4 og lulamu D2

(Gollotte et al., 2004) (MW 2)

a

o A A o = o) = l¢) a2
a4N1ITN1INT PCR AD NngUNY 94°C 112 U, 93 " C 1Ia1 1 UIN, 58 C 1Ia1 1 UIN LA

Y Y 1 v
72°C nan 1 Wi fanue 39 50U 11n1iu141ATEq thermal cycler (PerkinElmer 9700) Nganai 72°C
I =
Wunar 10 wm
a o 4 1 aan 9 A 4
ATNADUNAANUNINNTZUIUMS PCR Tuaazl§nsendae 1.5% agarose gel 11 60 Trad
a.
141781 60 W17 a1 UTgnF Iae NucleoSpin® Kit (Macherey-Nagel, Diiren, Germany)
Y v
ﬂf]ﬁ?ﬁﬁﬂﬂhﬂ%g milUi5eede0Taele automated sequecer 11 Marcogen (Korea)

ITS1 1TS2

NS31 AM1

, , . 400 bp
MW 2 Fungal gene mapping Funzi9129970 1nsmes NS31-AM1 uag FLR3-FLR4

m3aATIZHYoYa

131ﬁ1ﬁumﬂﬂzwmﬁ"lﬁ”lﬂtﬂ%mﬁﬂuﬁugmffaya (http://www.ncbi.nlm.nih.gov/) #5398
Tavld BLAST mstasuduamwisannms TasldasiugnssuuennguihmnefionSouieude
l,glﬁ;’fli WUA Amanita muscaria G']:;\ﬁﬂ’ﬂgiclu Basidiomycota

14 Tisunsu MEGA 4.1 BETA lumsstuwugiafanins (phylogenic tree) PN DI
'1& (Tamura et al., 2007; http:/Awvww.megasoftware.net/) M3 A3 UKL SSU 120F0MIIATIZH
1000-fold bootstrapped 1182 Neighbor-Joining 1UM5AT 129 LSU @418 Clustal W (Thompson, 1994) 14

11J51n5% Tree Explorer in MEGA4 Tumsiwaunin
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v A & d' VoA Vo
1.3 M3AAIaaNITa AMF NIinzannansaia
Y v Y
MsAAEDNTO AMF MHNIZay 3HMTNNFFUAAY (dominant species) ADFAMNTANL
Y 1 o 4 g 1T A Y] o A
18 Tuvarsumasdiede vsenudmiuun dszuna 50 alesvuldaean 100 sy i1y
) 1 [ [} 3’ o 4 g 1 a { A
s dremsilgnlunsio (sand culture) Samnud2the mmivhadesveuse uaazwiiain
a Y I Y dy o [ o 1o 3 a o s < 4 9
Psnald iWuiaredmsulgnivaid siniulsziliawalasasinianlesidud msdhgsinues
Y] a 4 = = a a = [ 2} o Y
AMF a5iulsnaeailes AMF nfssumsumsnsaaulavesny lagiariminuisveeauay
510 Jalsunamsgaldsig Tulasou eavesd was TnunaFen nienlSsuiioulsuunanaa
[V :I o < A A a a 3 A
Tagiaihmiinaae s yay Tadun
dy o 1 a VoA 9 9 1o A o 9
MINTNAOUHAVDUTT WO TANIEADS lsapiamuNTaeAunddydr iwosziir 1
4
&, . . [
wmmuﬂﬂmﬁuu 1@ naumumMsnaaeay Randomize Complete Block Design (RCB) SIRIATE:
ad A
N35MIT AO
an A 9 tﬂy o (] a A A a o 1
n35u757 1191505 10U Tawenas 1591¥HAReY Ao Acaulospora sp. No.19 1AAUAIDE
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(AMFO02), (bh) A. tuberculata (AMFO05), (c) A. dilatata (AMF09) , (d) A. lacunosa (AMF14) , (e)
Gigaspora rosea (AMF29), (f) Gigaspora sp. (AMF28) 182 (g) 4. scrobiculata (AMF06) fouddy

Melzer’s reagent hyphae. Bars: a, b, ¢, d, g =38.125 pm (40x); e, f= 150 pm (10x); h =50 um
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4 s % A 1 a ) 1o Vo
ﬂ1§1\1ﬁ 2 lﬂﬂil%uﬁﬂl@ﬂ%uﬂ AMF ﬁW‘Uﬁ]'lﬂﬂui’ﬂ‘Ui'lﬂﬁuﬁuﬂ%&flﬂﬁ’lllllﬂaﬂ@]')ﬂﬂN

Code Species Sample sites* Occurrence
CR1 CR2 CM1 CM2 CM3 CM4 LO1 LP1 KK1 NK1 (%)

AMFO01  Acaulospora spinosa + 1.64
AMF02 Acaulospora foveata + o+ 3.28
AMFO03  Acaulospora tuberculata + + 3.28
AMFO04  Acaulospora colossica + 4+ 3.28
AMFO05  Acaulospora sp. + 1.64
AMFO06 Acaulospora scrobiculata + + + + o+ o+ + 11.48
AMFO07  Acaulospora sp. + 1.64
AMFO08 Acaulospora denticulata + 1.64
AMF09 Acaulospora dilatata + + 3.28
AMF10 Acaulospora rehmii + o+ 3.28
AMF11 Acaulospora nicolsonii + + + 492
AMF12 Acaulospora excavata + + + + + 8.2

AMF13  Acaulospora sp. + 1.64
AMF14 Acaulospora lacunosa + + 4+ 492
AMF15  Acaulospora sp. + 1.64
AMF16 Acaulospora morrowiae + o+ 3.28
AMF17 Glomus sp. + + 3.28
AMF18 Glomus etunicatum + 1.64
AMF19  Glomus sp. + 1.64
AMF20 Glomus sp. + 1.64
AMF21  Glomus clavisporum + 1.64
AMF22  Glomus sinuosum + o+ 3.28
AMF23  Glomus sp. + 1.64
AMF24  Glomus sp. + 1.64
AMF25 Glomus sp. + + 3.28
AMF26  Acaulospora sp. + 1.64
AMF27  Glomus fulvum + 1.64
AMF28  Gigaspora sp. + 3.28
AMF29 Gigaspora rosea + 1.64
AMF30 Scutellospora sp. + 1.64
AMF31 Scutellospora pellucida + + + + 6.56
AMF32  Scutellospora sp. + 1.64
AMF33  Scutellospora sp. + 1.64
AMF34  Scutellospora sp. + 1.64

Species richness 3 4 6 7 5 11 7 6 4 8

*CR1: Chiang Rai (site 1); CR1: Chiang Rai (site 2); CM1: Chiang Mai (site 1); CM2: Chiang Mai (site
2); CM3: Chiang Mai (site 3); CM4: Chiang Mai (site 4); LO1: Loei; LP1: Lumphun; KK1: Khon Kean;

NK1: Nong Khai
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a

v d‘ Y a S A
1.2 MIVIVINYUAVDII AMF ﬂwﬂmﬂmmuﬂmmq}mmm

= o

{ 9 . { [ 09: a J
DNA ﬁuﬂmmwwaﬂmammtﬂ primer ﬁlﬂ‘w'l&ingi]\?ﬂll SSU uay LSU mﬂuuﬁﬂmiww

q U

AAVIUAINAITN PCR ﬁﬁﬁoiﬁmﬂﬁﬁqﬁlmﬂq%cluGenBank (accession number GQ202191,

[

Y
GQ202192, GQ202193 18 GQ202194) HA1AMT BLAST 1Az A5 1Hud MU Ui avedie
A = oy ayy oy A Ada o
¥ia CMUOS waz CMU33 Tumsainensedl 9199418910 NCBI 1l ui¥esinidTauinsunan
1 d' o =) = 1Y 9 = 9y =
QU glomeralean #0111 SSU rDNA ¥09 CMU05 liluf5eufisunugiudoya nuilinnuadienis
1 Entrophospora colombiana 49 99% 1Az CMU33 Adeny Scutellospora heterogama 97% Mg e
o = ~ [ 9 1A 9 =K o
W1LSU rDNA 909 CMUO05  llul3emiisunngiudoya wolinnuad1enaeny Entrophospora
colombiana 91% ytag CMU33 Adnen1 Scutellospora heterogama 97%
a 4 a o o $ . .
MsnTeHaeddanmsnilulysunsy MEGA4 %4919 Maximum Parsimony Method 1w
1 Y
13311998 SSU rDNA 1ag1aen parsimonious tree 11 3 TWiaMuA 11 uHugil (A1N1) = 437) AlAA
Tunmi 6
#MSUMIININY LSU rDNA 19 Neighbor-Joining Method ¥l parsimonious tree RTENGIT,
eI aNNgALaz ANV URANGD 2.22462796 AaAA LA TN 7
Ao y v o o g 1 a
e iamstl ugasnnuduiusues AMF ifhvune fudesilungy Glomeromycota ¥iia
DU 18T Amanita muscaria FI0GUONNGY
A £ 9o o Y1 o A qYo
Primer ¥HA NS31-AM1 341900 SSU rDNA 1114171 bootstrap @1 1171 CMUO5 ua
wilalndifoq ualiaA1 bootstrap g9 lu CMU33 uag Scutellospora heterogama Tnvmg i Primer wiia
FLR3 1182 FLR4 11981450 LSU rDNA ¥ bootstrap = 67 Tu CMUO0S, Entrophospora colombiana
g Acaulospora mellae e ¥ bootstrap qﬂu CMU33 uae Scutellospora heterogama
[ 4
11N90YaAING1 Primer ¥iiA NS31-AMI 1182 ¥iia FLR3-FLR4 manzauiog 19 umses

Y ]
wmmz%iﬂuﬁqa Scutellospora WINNI Entrophospora Lﬁmmﬂmmmﬁﬂﬂqm Scutellospora \101g

Gigaspora 9118 family AEINU
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” S. heterogam AJ852609.1
— Scutellospora sp. CMU33
80 LS. reticulata AJ871273.1
100 { QGi. margarita AJ852605.1
62 Gi. gigantea AJ852602.1
2 E. colombiana AB220170.1
o —— E kentinensis FMB76830.1
10— E schenckii AM743189.1
Fntrophospora sp. CMUO5
—— A alpina AJ891109.1
o7—— A paulinae AJR91115.1
60 —— G. intraradices AMO80855.1
90— G. nosseae AJ919278.1
E. infiequens U94714.1
E. contigia AF005061.1
Ananita muscaria AJ549964.1

75

57

MNA 6 Phylogenetic relationships Y94 Entrophospora sp. CMUOS Uog Scutellospora sp. CMU33 Tu
MINATIEN Glomeromycota A28 Maximum Parsimony 911 partial SSU rDNA sequences U939 AMF

Tao The percentage values LLE1AN bootstrap values based on 1,000 replicates

MIgUTUBIIA
a [ 4 o 9 [] Q‘ d' Y a 9 ] d‘ dy g/}
HAAA LN PCR 03310912913 nazdai lanindusousindvhaiiilgnisens 2
Fiia fis CMUOS taz CMU33 gmimndwunaz3ing gy wudn wannmsii PCR Tagld Primer wiia
Ns31-AM1 Tu SSU rDNA ldanuenitszina 550 guua uag m31le FLR3-FLR4 Tu LSU DNA 1@
AT 300-400 e
a o J o o a
HANAWAINMIH PCR 493 SSU rDNA taz LSU DNA ldanmsadaes luauseu
9 9 ] [ 4 4! [ o a d Y XK 1 1 o w
Az nduihaasnmslgaatles Famdenminnimaziuad 3y luudazdiduves
a = 4 1 LY L] A [ 3 = :/l dy Y 1
1na Te InavowsazAlodiamilounu (100% ) 919lu CMUOS ag CMU33 Msfinyngail dunyi
Y 9 Y
% [ o a o
msgniFei CMUOS uaz CMU33 Tusinvesiiserde shldiFoaunsans yuazaswailes 1a Tu
AUIOUIIN
HaveIN3 19IMATiAN 10 1IN SSU DNA 11az LSU rDNA @i Daunannmsia
o Y o [ 2L o IS A = Y
swunlaglddnyuznadugiu dda cMU0S  iluena Entrophospora 1Ha991niany Indines
' o o 1 % o Y
WNNNANA Acaulospora aﬂ‘VNENW‘U’NTJE‘]JLL‘]J‘U"U@QTH‘JE‘T%HQ soporiferous saccule Fadudnvazves

9 w

Entrophospora e Ao nsemsniiafe E. colombiana 1ag Ac. mellae NANHULAAOATINUNIN 79
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Tiaunsaldansuznduguensoniiniusgadanu 1n 1iny saccule 130 observing scar &9
] Y Yy 9 L4
wounu laneldndosgansseni
1 < ' o w '
26719 15N MUANVLANA VBRI LIV ATLH I CMUOS Lag Entrophospora colombiana il

Y 1 A = )=} o A o Y Y o
HegniulolSeuneuny Acaulospora mellae LiJﬂu"lll”l‘]Jixﬂf’J‘]Jﬂ‘]JIﬂiﬁﬁiNslli’NN‘LN uag

9
[ Y

J 1 & o [ I
039A152NOUNNY %qﬁuuauu%’agamu phylogenetic  tree  #41U9919929A CMUOS 111
4 3 a [ a {o o Jdo 4 a J
Entrophospora colombiana 11139 ndYoyanenwegFyinewasduginenduiusnudoriail

Y v A [ ~ [] 1 o £ a dy 9 d' [ A F2 ~ 4
um”ﬁ]zmumqaﬂymzw"lmmumuﬂ G]Ni’)"ﬁ]l,ﬂﬂ"‘lluvl@]LL!E’Ninﬂ{li]i]EJTINﬁQLL’JﬂﬂE]lJGlWIsz‘VIZ‘Tﬂ’ﬂi

v
a [

(=t a ] ] a aaan @ 5 s & I
195 2Y AUFUN Morton (1988) WAITTUN mmhlmmuauclumimﬂﬂgﬂiwamwuwuuaﬂﬁﬂai RN

g

A Aa 9 [V qul R dyd 1 o 1 dy 9 ¥ o o
NANINAVINTNIITUIAADN AU U 1uﬂimﬂﬂmuﬁNllaJuwmwmmﬂ@Nuuﬂ‘ﬂumﬁmawm‘vm

DUNTUITIUY

q

_93|: Scutellospora sp. CMU33
S8 S. heteroganm AF378441.1
62 LS. erythropa AM086173.1
2 S. nigra AY900496.1
— QGi. rosea AF378454.1
95— Gi. albida AJ852008.1
o —— Gi. margarita AF396783.1
67—— Gi. gigantea AY900505.1
31 — G. nosseae FJ790678.1
sol—— G, intraradices FJ790676.1
E mnfrequens AF378523.1
—— A longiia AT510228.1
26— A Taevis AT510229.1

— Entrophospora sp. CMUOS
A nellea AY900514.1
67
—94|: E. colombiana AF389003

Ammanita nmuscaria EUS26864. 1

M 7 Phylogenetic relationships Y83 Entrophospora sp. CMUOS e Scutellospora sp. CMU33 Tu
MINATIEN Glomeromycota A8 Maximum Parsimony 911 partial LSU rDNA sequences U893 AMF

Tae The percentage values L&A bootstrap values based on 1,000 replicates
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1 dy A o =2 = a £ A 3 =\ A KX o
a1 MiANIBNYI AN AB CMU33 11 UA21uAA18AAIN Y Scutellospora
heterogama 1ANGA LAVALAZMINIUGATONVAITAZA18 Melzer's  89ALANANNUNY
] J o J v v v
Scutellospora  heterogama 198 CMU33 Hauialvainiumaznivdos uaanuny Scutellospora

heterogama ‘oMU DENTAzAY Melzer’s

1.3 MsAa@eniie AMF fivangauaoaia
A
J 1 a 1 @ a a 1
MNNMINATOURAVOUFOTUOU TANeADs I5awtiaa1e q AuMIsyad Tavesdundiay
o 1 1 dal ) ad o dal - o
a1 nums ldiFesiou Tanenes lssmanssuis laommwiznaimsilanide 15, 30 uag 45 Ju i
Tnadumdgenigeniuguedsiiiediny Tnsaaoan1snaaes Scutellospora sp. AMF33 linaso
A Y Y A =\ o 9 [ dy o (Y]
MIANANVFIVBIAUNAMNANGA VANUGIVIdIAUraInIngade 1590  Tu 1A
Ed
v 1 4
11.83—15.93 cm HAggINIYAAIUAND 4.7 cm @IUNS 1Y Glomus etunicatum, alos Wauvo o3
J ] :/} a | A I Y A 1 A
ulaNens 153199 5 ¥ia wagsueu Tanenos s inedunmsa TaasmsmuAINgIvea
{ { Y § @ IS 1 &
Aundseeasn (3190 5, i 8) nasndgmde 30 Ju Wudull wumsldgesweonlaune
1 ax A = = o ' A Y o ¥ 1o ' A v o W
a3 lsgmnnisuanilenSouiouiugamuguiioiivvnaduseuddualdod1iitlodrey

£ dil 1 a 9 ] 1 ] ) 1 3 9 o
amstgniFouaazsiialina luuanaesduinmin edrelsnaw msld Scuellospora sp. AMF33 41

v ¥ o ¥ \ A A 2 2 = o dl &
Tvnardusoundmunguiniga Taslvinamuannd 2.4 cm aelu 90 U (1151399 6) Hazi¥o

E4 9
[ ' o %

9 v
wiiaidadinaaorimminaauaziiiinudwesdunazsin vesasrluhmeufoniu (msieh 7)

d' tﬂy d @ o 1 a 1 9 1o = = [
MINN S Wﬁﬂlﬂ\i!ﬂf@iW@ﬁ’Uﬁﬂﬁ?ﬁMWﬂﬂﬂ;liG]f'l 5 BUA ADANVFIVDIAUTAN AfSeumeuny Yo

LA
Plant height after inoculation date (cm, meaniSD)
Treatment
15 days 30 days 45 days 60 days 75 days 90 days

e Control 7.1310.48a 9.5811.73a 9.68t1.64a 9.83%1.51a 9.88t1.49a  11.6012.29a
e Acaulospora sp. No.19 8.50+147ab  1033%1.56ab  10.63E1.75a8b  11.18%1.79a  1125%1.85a  13.10X1.61a
e Acaulospora sp. No.22 9.6313.0lab  109512.87ab  11.0512.86ab  11.3032.97a  11.43%3.10a  13.3513.28a
o Glomus sp. 875%132ab  10.75%1.19ab  11.15F125ab  11.50%1.16a  11.88%1.01a  13.58%131a
o Glomus etunicatum 1033%3.19ab  11.8332.55ab  12.23%253ab  12.6812.49a  13.051258a  13.431333a
s Scutellospora sp. AMF33 11.8313.03b 13.6312.93b 13.8812.66b  14.131239a  14.1332.39a  15.93F151a
e Mycostar 1038%3.12b  11.63F261ab  11.8012396 119312252  12.05F2.11a  13.83%2.29a
e Mix 5 species 102513526 12.0012.89ab  1225%2.63b  12.601236a  12.88%221a  143812.22a

*The same letters in each column mean that there were no significant differences at Ol <0.05
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a & 7 o ¢ . A 1y o ¥ v 1o @ A
13NN 6 Waslla\n(’]fﬂi']@'ﬁuaﬂa'ﬁ3J']f.|ﬂf]{ul§“]ﬂ 5 BUAM ﬁﬂlﬁu‘iﬂ'ﬂj\ia']ﬁueu@\iﬁuﬁyﬂ'] lﬂiU‘UW]EﬁJ

[

NUYANIVAY
Stem diameter after inoculation date (cm, meaniSD)
Treatment
15 days 30 days 45 days 60 days 75 days 90 days

e Control 2.3811.80a 2.5810.65a 2.7010.57a 3.0010.77a 3.1810.83a 3.6810.56a
e Acaulospora sp. No.19 1.931043a  3.2510.29abc 3.5010.24b 3.831032ab  4.131025ab  4.3010.24ab
e Acaulospora sp. No.22 21310482  3.13F10.75abc  3.5310.90b 3.851097ab  4.05F1.04ab  4.4510.91ab
e Glomus sp. 2.2810.52a 2.9510.67ab 3.5310.52b 4.0010.47bc 4.6310.75b 4.6310.75b
o Glomus etunicatum 2.6310.25a 3.5810.15bc 3.8510.29b 4.13730.46bc 4.3810.63b 4.7510.33b

e Scutellospora sp. AMF33 2.6010.49a 3.9010.12¢ 42310.17b 4.6510.24bc 5.001-0.00b 5.00120.00b
e Mycostar 2.6810.24a 3.8010.34¢ 4.1310.45b 4.4010.68bc 4.6810.83b 4.55%0.64b

e Mix 5 species 2.6310.48a 3.70%0.60bc 4.13%0.25b 4.8010.24¢ 4.8810.25b 4.9310.30b

*The same letters in each column mean that there were no significant differences at Ol <0.05

GlomusA  Acaulosporal® Acaulospora22  Control G. etunicatum  Scutellospora  Mycostar MIX

4' 9 1o [ dy Jd o J o ] a 1 @ = ~ o
MNN 8 G]L!ﬂ'll“ﬂTﬁa\‘]mﬂﬂ"l’iﬂQﬂlﬂfﬂﬂ@ﬁ‘ﬂﬁﬂaﬁMWﬂﬂiul'i“mclfl‘!ﬂﬂN‘] 90 U L‘]JifJ‘]JL‘VIfJUﬂU@]g'ﬂ

AN
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4 4 Y J ] a 1 g’ @ Y o ¥
ﬂ]ﬁ%ﬂﬁ 7 Waﬂlflﬁl%f]i'l@ﬁ‘]Jﬁﬂﬁ'l‘ih'lﬂﬂf]ﬂﬁ%? 5 YUA ADUTHUNTALDSUUIVDIA A ULAZ TN VYOI

o (= = U
ﬁDﬂﬂHﬂiEJUm&JUﬂUG}gﬂﬂ’JUﬂN

Treatment Shoot fresh Shoot dry Root fresh Root dry weight Root
weight (g, weight (g, weight (g,meaniSD) colonization

meaniSD) meaniSD) (g, meaniSD) (%)
« Control 13.5918.72a  4.8614.62a 29112442 0.9610.82a 0
e Acaulosporasp.No.19  20.124533ab  7.1612.22ab 3.6811.29a 1.2210.44a 75
o Acaulosporasp.No.22 24311499  9.2813.72ab 3.83%1.85a 1.2130.63a 73
o Glomus sp. 21.60+4.45ab  8.1511.95ab 3.5910.60a 1.0710.21a 85
o Glomus etunicatum 252416280  8.20%4.53ab 3.447%1.36a 0.9310.49a 55
e Scutellospora sp. 285213546  11.7012.54b 491%1.01a 1.6610.46a 80

AMF33

« Mycostar 262115.12b  10.2012.60ab  4.31710.60a 1.2410.18a 77
e Mix 5 species 27.7014.65b  11.5314.22b 4.1510.23a 1.2240.19a 87

*The same letters in each column mean that there were no significant differences at Ol <0.05

v A A U d’ Q’ d‘ v Vo
1.4 msfamennydeimInzanlumaiaSinaues AMF fivisnzannaaia
Y
1 ' a ' <
vnmsdgniresuoulalunes lssuaazrialududn 41ihe 9 lna iuna 4 Hou
WUNMS I A, tuberculata AMFO5 %30 Scutellospora sp. HATIBNUMINT Y YoINBAINATINE
I Y o ¥ J o v o ¥ Y A v A A
antles Tasanugeueadidu hminuiavesdduuaznlnameny Asluganiugy (3199 8)
qu} dy = a s 1 o A ] v o A o A
mitleniaurgnnanuamsalunnanailesnuananiuie  AMF  egendenuiyeiden
1 [ 1 < v A o
uanaenuoen’lll (Mukerji e al, 2002) WioudusanziAdoURlNAROMINUTINIUYEY AMF
1 @ | g ' a 3|
IR (Ryan and Graham, 2002) TuvmzimsilgniFeusazaialudugnifesiiuna 4 heu
k4
wumsldiFes1 AMF ynwilalinaaonsnsyvesdugniaoy 100mwWe Piriformospora indica W

]
o Y

Y o o ¥ A J A dy A A 1A
Wm‘ﬁuﬂgmwmamugm@@amnmﬂummuqu ‘Wiﬂﬂ?ﬁﬂgﬂl%@i? AMF $UADY DYNY

e

o w ~ ) v 9 = [ dy 1 a g A 1 '
gAY (MTNN 9) ﬁmm@mm’mmﬁmﬁnﬂmiﬂgm%mmazﬂmmﬂunm 2 1oy ‘W'U'JTﬂTiiﬁ

a9

e

2D

pliNaAoMINs YUBIRUATIS oIS uATRINTTsd Ry Taommz G. enmicam WlRANUGIVD
v v 1
adu hminuisvesddu anundeueansaiy uazdaueen Aeduvesaisediusaniga
9 [
flo 8.35 cm, 12.25 g/pot, 7.75 cm Hazilszanm 8 apnAeAL MWa WD dmiuFoniinanoanyue
o ¥ A o A Lo 1 < £ g Lo.oa 1
AINA1IVDIAUATDIHTURATOIRINIAD P. indica 9619 15N WMIUQNITOAIY P. indica Tinaa®
o Y ~ A dy J dy v 9 A
ANNFIVOIRIAUNNAEA (15190 10) UoNINT WUNMIUNIFe G. etunicatum NURUGNIADEIAZ
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Y v
gnise Scutellospora sp. fuAUT I wazgnifes aunsamuwaumles Idunds 2633 uaz

S Aa o w 1 dﬂ/ v 9 9 Il 9
1460 alosneau 100 g gAY mumiﬂgm%a A. tuberculata AMFO05 ﬂTJG]ule”I”JV\hQLLagellTJIWﬂ

A o N ¥ A A ST A o w £ Y
mmimwummuﬂﬂaﬂﬂ nnngea Ao 19835 Lae 5166 aosaoau 100 g MUY BITDANNDY
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AUNUINYTIUIUNINN
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wun aunsaldtnihatuiisededmsumulSinaadesves aMr 1@

108199 (Brundrett ef al., 1996; Dabire ef al., 2007; Habte 118 Osorio, 2001) dmsumsigniFenu

9y 9 o ] A o Y Y a g I {
AUV EJ\‘IUhJ?ﬂllﬁm‘W3Ji]'Iu'lua'ﬂ'f]ﬂmm’ﬂi]%%lﬂﬂﬁﬁ]iill;U’fNL%f]iﬂuﬁ'lﬂﬂ@nil (Gnﬁ'l\‘]ﬁ 8-10)

~ ! 1 1 Yy 9 Y 9
MINNN 8 Wﬁﬂlﬂﬂﬂ?ﬁiﬁﬁ%@ﬂiﬂﬂﬁﬂ@iUli“]fmﬂmﬁﬁﬂﬂﬁ’u@ﬂ‘ll@ﬂﬁwm% 6lJTZl‘l/‘IN L ‘lJnTW@‘I

Height  Shoot fresh Shootdry Rootfresh Rootdry  Colonization Spore

AMF species (cm) weight (g)  weight (g)  weight (g)  weight (g) (%) density
(/100 g soil)

Rice
e Acaulospora tuberculata AMFO5 62.33 70.62 51.54 54.29 44.07 24.00 0
e Scutellospora sp. 62.67 71.41 52.33 57.18 45.31 48.67 0
e Control 62.50 69.47 51.24 53.24 43.70 0.00 0
Sorghum
* Acaulospora tuberculata AMFO5 67.33 77.00 63.36 71.66 66.40 68.00 19835
* Scutellospora sp. 63.92 74.63 55.36 69.05 63.39 64.00 2633
e Control 64.30 73.21 56.49 67.40 59.87 0.00 0
Corn
* Acaulospora tuberculata AMFO5 67.50 53.67 48.24 45.93 41.97 54.00 5166
* Scutellospora sp. 66.33 53.50 4891 45.77 40.91 32.00 0.00
¢ Control 67.00 52.50 47.19 43.27 38.49 0.00 0.00
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Fungal species Height Shoot dry weight Root dry weight Colonization Spore density
(cm) (g/pot) (g/pot) (%) (/100 g soil)
Glomus etunicatum 70.52a 57.37a 55.22a 31.50 2738.75
Acaulospora sp. 70.60a 54.17a 59.67a 46.00 8.25
Acaulospora tuberculata AMF005 66.50a 56.45a 52.78a 49.33 300.33
Scutellospora sp. 68.21a 55.96a 56.02a 64.29 1459.96
Piriformospora indica 72.72a 71.39b 44.81a 74.50 -
Control 68.47a 57.09a 49.28a 0 0
{miﬁﬁ 10 wammmi“lffﬁ:amﬁawiammauauawmﬁ’uﬂnﬁm
Fungal species Height  Shoot dry weight  Shuerb diameter  No. flower/  Colonization Spore density
(cm) (g/pot) (cm) plant (%) (/100 g soil)

1.Glomus etunicatum 11.12b 8.35¢ 12.25¢ 7.75b 92.75 1493
2.Scutellospora sp. 7.22a 5.29ab 4.83a 1.75a 67.75 20
3.Piriformospora indica  11.76b 6.07b 8.74b 2.75a 78.25 -
4.Control 6.81a 5.22a 431a 1.00a 0 0
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Hundanumnatunanmnadeuae INnelsmudiiduszuuiuneesuaznamaaluszuy
1 o 9 KX A a A Y 1 ] o s 3 dy a dAa w ~
dgnswnuliwa Seliviavesialds uamana iy tazdnyuzvesd sounuiloAuniianyuzi
1 o o ) 4 4 { 09.1}
HANANAUAY (MANUIA N) HaIMIaesvouses1 AMF N1 AT HABY wet sieving 1ag 50%
sucrose  centrifugation  method 111‘51L!,uﬂ“b”ljﬂTﬂﬂﬂl%}ﬁﬂymZﬂNﬁ/ﬂlyu%ﬂm (morphological
. . . = L% Y Y 4 1A 1 % (] = 4
identification) Na N30T 1A Iaondesndssganssand wu Aunnuaazuvasieeeiailos
4 1 o us/' a o o 4 d o 4 o {
Y04 13051 AMF UANANAUNIFHALAZ S 1ML A NT03WUNT31015 Udga1511eADs laning
I :JI a 1 a a a Q
a3 ana UM 29 wialaun Acaulospora 11 SURA, Ambispora 2 ¥UR U Glomus 16 BUA %9
b Y
UBNUNNUFDTNI 3 ana  TUAUTOUIINVBINTUABFHUA 11U A121509 (Linderman and Davis,
2004) U1AIBINA (Scervino ef al., 2005) W1 (Renker ef al., 2005) UznOA (Calvente ef al., 2004) 5D
{ a a <} 1 o
WnI oy TuAWAY 15U Aster tripolium g Inula crithmoides (Carvalho et al., 2001) #3013 NTENINY
A a A 4 . ' < tﬂy a oA =
nziansenwiylunuanuganauysel (Shi er o, 2007) 0619 snamFossHaauRny L
[V 1 o 3 zﬂy 1a = 3 dy dy
aana1 Unazitlwdesiluana Glomus uadusavsinmunlumsanyinssinudosiana
I A 1
Acaulospora Wurtawmy lagmne Acaulospora koskei, Ac.laevis, Ac. morrowiae W Ac. scrobiculata
£ A A 9 :/} a 9 = ] = 1 dy
Fainnud lumsny ldunnaluauaindumurann@edmivaziFeasie %o GL  aggregatum
9 1 o 4 A 1 Aa 9 ~ (= 1 9 9
ugvgnuivvalesmangasanummz luauanaun e raufe 190Ky uaese
4
T IAUTIIT N 1Y
AUAI9E19 VTNUWYTIU ADed 1 A1wand Sunoulasie JaniaFessio (CR4) linnw
1 4 dy d o 4 o A o 4 1A [
wuduvesdos res o5 lidgaIsuienss e wnigas v 63.66 a@iles avAw 100 N5
I a o (] o o 1 o % o
59909 UANAI9E19INT I IATF I URINY (CR3 18 CR2) FIW$ 1IN 41.00 1AL 40.33
d 1 Aa [ o w d' a9y Y 09/1 = dy J o 4
aos Ay 100 N w1y (Mui 5) Tunlaalganumlesiimnanaudwiull wes1e13tiagais
o o L o A oa/' A g A a 1 Y] A
110A07 l30dvegs A uNy Neiilluszuuunuas Agniisraesiaiwiu) uazulasiilgn
mnzdumul uavznuluszuUIMABATIANI (Cardoso ef al., 2003) FITOANADINUNAMNITNAADY
v Y
awunluszvumsidganmuddzduldduisthaiusssusna Snsanunuiniy ntazay
o { 1 [ ] z 1
nannatvealesinigalungualog i 9 uvag
a o 1 9 1 +H o ] [ v A ] a dy d o
audodniuthudl suneuiuns Jrdaedlnl (CM3) wuwsiaueures10131iae
4 A A a Y = ] Jd A o a
afuenes lsxmniigade 15 wila udinzdanunuuduvesalesiiies 29.66 alles ludu 100

] 1] a o 1 o o ] °
A5y 509N UANAIE1991n 9 IAEea 1M (CM4) uaziFed318 (CR3 1ag CR4) 31U 12 1ag
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a o w ~ dy A o 4 ~ A 1 [ %
11 ¥UA UAAU (NINN 6) L%@V]WU%THUHﬁﬂﬂiNTﬂﬂq@ A9 Gl aggregatum !mW‘UmWT%iHﬁNﬁ?ﬂ
= 1 o’j dy A 1 VoA g @ 1 a o 1 J 421 A
IFUNTTIUNIUU Llﬁzl"ﬁf’)‘ﬂ‘WTJ']J'E]EJiLlLLWﬁQ‘ﬂLﬂU@]’J@fJTQ IﬂﬂWUiuﬂu@]’J@ﬂTQ%Tﬂ 5 LL‘Viﬂ\iellull']_l o
' v v
Acaulospora koskei, Ac. laevis, Ac. morrowiae W& Ac. scrobiculata (@mwﬁ 11) panilsznouvewile
a A 1 a dy Jd o 4 o . =2 dy 1A @ v
ﬂullNﬁﬁ@ﬂiﬂ?ﬂlﬂlﬂ\il%@ﬁ?@'ﬁﬂﬁﬂa"ﬁll"IfJﬂf’Jﬁllﬁ“]ﬂ (Muchvej, 2009) 11!ﬂ”|5f”fﬂ1&l"ll!1/‘lﬂ’ﬂ AUAIDYN
A dy = I A A o a 49} Jd o 4 4 ~ & o Y o
‘VI‘JJLL!’E)WEL!ﬂﬂ!ﬂu@uﬂWU%Tu’Ju%uﬂmﬂ\‘] L%ﬂﬁTﬂTiUﬁﬂaTiNTﬂﬂ®§15%1 WINNFA BIVALLIINVHE
= U 9 d' L) d‘d 1 a dy
fﬂiﬁﬂ]&nﬂ@‘L!‘ViuTV]'TIEI\‘I1‘Ll3W]‘L!‘VINﬁUUﬂizﬂ@ﬂﬂJ@\‘lIﬂﬁuﬂilnmﬂﬂﬂ ACNUANUUAINUIYUDIUY D
J o J J 9 ' . a 1A o A a3 1A
ﬁ'l@'lﬁllﬁﬂa'lﬁil'lﬂﬂ'ﬂﬁllfl"’]f'l‘l!’ﬁ]ﬂﬂf]'l (Mathimaran et al., 2005) {aZAUINLUAUAYINUUBDINWUIY
1 4 I v W A o a £ A o a
ﬂ”ﬂll‘ﬂu“!,uum@ﬂﬁﬂ’ﬂﬁ‘“TﬂLﬂu@uﬂ‘U 4 919 29.66 ﬁ‘ﬂaﬂmm 100 g. FITUHANNUIUIUTUA AL
1 :3} 1 dy ] =1 A AAow ~ =% dy I A A
ANUARUUUVDUFDLTUU UIISUAUHANIINAUNUANHUSIH U TTNUAIU Lﬂuﬂu‘ﬂﬂﬂﬂ

R A :3} J o J o 1 a3y o
ANUYANTNYITMU Y L"'If’f]i”li’)ﬁ‘]_lﬁﬂa”lilﬂﬂﬂ@ﬂi‘ﬂﬂ mﬁﬂ@ggﬂummumﬂ
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d' a ) dy d @ o ~ a 9 ay
MINN 11 FUAUASITUIU VDI Lﬂf@i1ﬂ15ﬂﬁﬂﬁ1ih1ﬂﬂ@ﬂi%1 T]W‘lJGl‘L!@Uiﬂﬂﬂﬂ@uﬂnl‘waiﬁjﬂ1

(CM=Chiang Mai, CR= Chiang Rai )

% Relative Abundance %
AMF Species
CMI CM2 CM3 CM4 CM5 CR1 CR2 CR3 CR4 ORA*
Acaulospora koskei 294 3333 112 425 7.69 413 1870 6.28 9.62
Acaulospora laevis 4.49 3333 61.54 17.89  4.19 8.33
Acaulospora mellea 213 16.67 12.40 3.05
Acaulospora morrowiae 225 638 5000 3.85 34.71 5.24 9.29
Acaulospora scrobiculata  11.76 449 10.64 3.85 4215 4.07 10.91
Acaulospora sp. 1 081  7.85 2.73
Acaulospora sp. 3 13.82  1.05 3.05
Glomus aggregatum 6.50 56.02 18.46
Glomus etunicatum 3146 12.77 3.66 6.58
Glomus fasciculatum 5.88 2.13 813 052 2.09
Glomus glomerulatum 19.10 2.73
Glomus sp.1 11.52 3.53
Glomus sp.2 44.68 3.37
Glomus sp.4 2520 3.14 5.94
Rare AMF #** 5292 66.67 27.01 17.02 0.00 23.07 661 488 053 1032
Total spore number 17 3 89 47 6 26 121 123 191
Spore density ** 566 1.00 29.66 15.66 2.00 8.66 4033 41.00 63.66
AMEF species richness 5 2 14 12 3 6 7 11 11

* 9% ORA = % Overall Relative Abundance, ** Spore Density (per 100 g. soil)

*** AMF Species have % Overall Relative Abundance less than 2 % consist in

Acaulospora elegans [1.12%]
Acaulospora sp. 2 [1.12%]
Glomus ambisporum [1.77%]
Glomus geosporum [1.77%]

Glomus tortuosum [0.48%]

Acaulospora longula [0.32%]
Ambispora appendicula [0.32%]
Glomus constrictum [0.16%]
Glomus magnicaule [0.16%]

Glomus rubiforme [1.44%)

Glomus sp. 3 [0.16%]

Acaulospora spinosa [0.32%)]
Ambispora leptoticha [0.16%]
Glomus delhiense [0.64%)]

Glomus microaggregatum [0.32%)]
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AMF spore density (spores/100g soil)
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d' a2 = o a o A a % [
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v A & d' \
2.2 M3na@aNo AMF fivisnzanaanmuml
Y
ATNABUHANINARDY I TANNUFIVEIAN AN LAZMTUAVE1BYI5IN HIHIinda
Y ' [
uaz dminudswesduuazsin i lHivegnsnTnues INABAIMIUAVIIEUDITINANET
. 2 A Y = v o
510 TaganuenuazMsupvensyeIsni Wuanuaaslvwudennuannsalums lsveanesalu
a Y A £ g ' A o Y
AUVDINAINY (Green er al., 2005) FUUYAIHNIY TABATINIZNAUIANVAINITOVINAT LAY
szuusndmsmihoentgnlumlas duaduquaasmsmismsnsganavendd
4 o 1 na/l { (% o a aa 1 a P 1
diohamiaruandald lddmaa laedsmanwadaundl wuidsuaadesnld luuaay
A 4 3 (= [ 9 [ ~ Yo
ngufe 50 uaz 200 ailesiiu hilinaneminevaussvesndinu lunnqnguminaassi lasy
4 qu Yo o [N Y] a 9 A d'd 1 5’
ades 191451 50 ez 200 ales aeuauedliaiu mnsayvesInssad wivilinnuuana1niy
g A A Ay ve . 2 a3 9 ' A
Wuwaunsiaveusen lasumniu TasmsdssuranaszusmilumsaeuausIdIua1ag Ao
v b 2
AMNFIVDIAY, DATIFIUMSUHVLIBVDITIN: AIW1ITIN (159N 12) Wniinaauaziiminuda
] I Y
VOIAULAZUDITIN (AT19T 13) FIVINHAMINAADI A. morrowae TRHANTINT YUDINIAU LALIING
V8@ A. scrobiculata, A. mellea 182 G. etunicatum SNIDAUVTUUNITNIYVDINAT A IHUANAIINY
~ dy 3 a [ A a Y 9 1 9 dy a =) [ 9 A " Yo dy =
Tuvaz iy 4 vianauiu mumsns gy lddeeniims Ineriamen daudui i ldsudeiing
v Y
R3IINAT AU 1A5U Myco star ® @IUMINTYUOITINUU A. morrowae Qg G. etunicatum N3
H ! 9 . 39 A Y A " Yo dy =
UAYDITZUUTINNINNIMT IR 4. scrobiculata 182 A. mellea ogiantios Tuvmed nd1n 15 uiyed
VY AN Yo dy = 1 dy Y < 1 A
MIVNITTVUIINNNNNAUN 1T UIFBHaNLIEY Myco star ® Fanamatiaaslfimiui msdtianu
ds’ qul " ¥ 1 a 9 A = 1 d'
vanvateveusesmniu lildvmeanuiimsnsyluszezndwesivezanineue 1 iiesnn
Aa 1w A o 09)1 o Y A & 9 1o & Y = 491 Aa 1
21IAAMIUUITUNT DIUGTIN U1 Dansaivilaluszezndions ldududealiiosvaesiia tue
) Y 1 Y
WedunIyuInTuinszeyNAanenenka ANUNAINHALYDIFHAITED1NILHIAYNIT Taomniz
A% v o o A 2 £ Ay v
Tuannsssuma Fenesondenmsaraenivazs9unuy msz lunlaslgnmuesiiinaiauds
a A S s & y A ' A Y
wlirese1stdagarsuienes lsiesduluszuuiunyasinniwlasidgammzduni

(Cardoso et al., 2003)



Y 9 Y 1 [l
VHTNﬁ 12 mmqwmﬁuuaxamm’;ummwmmﬂ: ANNYIVBITINNLN

ANNGIVDIAY '
Treatment NITUNVENEITIN:ANNETIFTIN
(cm.)
Glomus etunicatum 13.79 ™ 1.53"
Acaulospora scrobiculata 14.54% 1.40°
Acaulospora morrowae 17.17° 1.54°
Acaulospora mellea 14.62° 1.40°
G. Etunicatum+A. scrobiculata+ e .
14.24 1.04
A. morrowae+tA. mellea
Myco star ® 10.64° 0.92°
Tai'ld5 050 11.21% 1.10°

U 2 Y
3197 13 ﬁ1ﬁﬁﬂﬁﬂllﬁ$ﬁ1ﬁﬁﬂ!£ﬁ}\‘1ﬂl®\‘1$§{uua$‘i']ﬂﬂ']!l,w

Fd
Wvunaa (g)

:} o Y
IV UNUN (g)

Treatment

Y Y

AU 31N AU 31N
Glomus etunicatum 5.28" 1.68" 1.45" 0.43™
Acaulospora scrobiculata 5.58% 1.73° 1.64" 0.50"
Acaulospora morrowae 720" 149" 2.09" 0.54"
Acaulospora mellea 6.19% 142%™ 1.69° 042"
G. Etunicatum+A. scrobiculata+ N e N e

5.53 1.49 1.51 0.42

A. morrowaetA. mellea
Myco star ® 2.93° 0.76" 0.79°¢ 025"
118500 3.92" 0.69° 0.99™ 0.21°
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o A A o A A ~ VoA
2.3 ﬂ15ﬂﬂ!a@ﬂﬂﬁf@1ﬂf]ﬂlﬁﬂTgﬁNGluﬂ15!WN‘]J%Nﬁlﬂlﬂ@ AMF “!ﬁu”lgﬁuﬂ@w%lﬂ1'ﬁu1ﬂ
o < ) S v Y d'
ﬁa\Tﬂ'lﬂlﬂﬂ"]éﬂﬂ’]i'ﬂﬂa'ﬂ\iﬂ'lﬂﬁﬂi]ﬁﬂ'ﬂ W‘]JIﬂﬁQﬁi1\1ﬂ’]f_lclui'lﬂ‘ﬂQqJW']IWﬂLLﬁz"UTJV\l'N (ﬂ1Wﬂ
2 v
7) uazailos i ueaunndlode ualinnununniumnaeiios 8.44 ales ludu 100 n¥y W

2 J { @ Il { a 1w Il Y @ IR @ { {
Psinumlesmniganindeden ldaunnurasiedisludwmiagolmidluiuie (mwh 8)

= : - : A, ¥ i

H 2 7o ¢ . -
mui 7 Tassadnveaiesiensiagarsunes lsamelusind () wazanavhe o)

LaAN vesicles (—) LA hyphae (—), bar=100 pm.

Spores/ 100 g. soil
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8
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CM1 CM2 CM3 CM4 CM5 CR1 CR2 CR3
Soil Sources
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[ <] J A a 4 {
ﬁﬁﬂ‘ﬂTﬂ!,ﬂU%ﬂﬂ?ﬁﬂﬂﬁﬂﬂn”miﬂfﬂﬁﬂﬂllgﬁ WU ﬁnJ”I'iﬂlWlJ‘]JiNWﬂ!ﬁﬂﬂﬁm@ﬁl%@ﬁqu{
) ~ a Y v £ a o :/I 9
UIUNN (BNTNN 14) Tﬂﬂmwwﬂuﬂummmam’Jafm CM1 mwuﬂimmﬁﬂaﬂummﬂwmmz
9 1 1 o Aa 1Y) A a dy A < 1A
419NN 4,000 ﬁﬂaﬂuﬂu 100 NI Llﬂzlﬂﬂﬁiﬁﬂﬁﬂﬂﬂ"li@]ﬂl"]fﬂblui”lﬂ (MmN 9) NWUINNG
(UMY
9 dy d' oa/’ 3 9 Aa A J o o o’./}
Tﬂiﬂﬁi?ﬂﬂl@ﬁl“ﬂﬂﬂ?‘lﬂiﬂﬁ?ﬂuu ‘W‘]JVNL'@’{L!EI,EJ, AN Lo 813 Uafa ’l]TL!'J‘LllI"Iﬂ‘VNGl‘Ll
' { y o 1 ] s o [ aa
I Inanazd1va (m A 10-12) Wehanuruuivvesades inu lUdnnaaundnada

1 [ 4 1 a J 4 1 1 [} 1a [ g 1
wu wyoden 1dae aundidnd Inauazdivihe Ilsunaadesnla luuanaiadiu uaausinsone

o

1 I o A Yo Ay Y 1 o
{11350 L‘]J‘lﬁ]i]i]8%%11ﬁ%1u3uﬂ1ﬂllﬁﬂ@ﬁﬂu

Ij-.._'l L.' .. - j

o< 3
a v ¥ A ) & 7o ¢

MNN 9 TlﬂGUTJIWﬂ (a) Llagi'lﬂéll']'ﬂ"h\i (c) Lﬂaﬁijﬂﬁaﬂiﬂi\iﬁﬁ'l\isllﬂ\uslf@i'l@']'iu/ﬁﬂa'ﬁ

18RS 1591 ABY (3, b) ATHAINITBUTAIY 0.05% trypan blue (b, d), bar=1 cm.

v Y
3197 14 Spore Density Tuau 100 g. 11ag % Root colonization VOIAUAIDY NN 9 LRAILINANFUA

[ 9 9 []
Ny Rt Inauazy1e

Study Sources

CMlI CM2 CM3 CM4 CM5 CR1 CR2 CR3 CR4

mlna
Spore Density 4190 553 3581 2040 1230 1274 2758 670 3435
%Root colonization 100 90 67 73 65 79 76 61 95

¥137he
Spore Density 4295 650 4520 505 1345 1200 520 1010 3493

%Root colonization 94 96.11 96.68 88.61 86.58 90 81.69 9729 99.2
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v v
ai 10 Tnseade vesicles vouFonosiagarsinenes lssnlusindning (—— ),

bar=150 L m.

M 11 Tasaada arbuscules (—) wag 1d118 (hyphae) (—>) Adariann Tty vesicles

k2
%30 arbuscules YDUFOTIOS AR I0A0T 1591 T3V 12 THAbar=50 pm.



' . f ¢ o ¢ '
M 12 Tasaadg vesicles vouioseiiagansinenes s lusindaihs (—),

bar=50 pm.
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A U ) q'J a <
3. WEDIHT ﬁtywcn HayaInUINan
v A & d' vV ) q'J a <4
MIAAABMYTD AMF NHMNZANADE YT 1azdInUNAA
J < J 9 1A a Y 9 ' ~Aq 1
vinmsasuesisudmadnainnunnesnnsiasniudnnls 39% nsdild 3 an. Pran
4 1 . a 1 a 1
1993 1Az 27% N3l ld 30 NN. PANN0T) I AMF 039y Tusniysazyiagauingsning 60-100%
~ Ao ' A Aq S A (A S Y ' A Aq
(M 132) wonnntganunluaunla 30 an. Pranwes Nilsuaailestiesninluaunld 3 nn.
4 1 1 a { 1 o a 4 1 a { 1
pranos Tasmnwizluda lsnunluaunld 30 nn. Pranaes HiSuaalesdesnin luaunld
d @ { 5 J 1 I a
3 NN. PASNIADS0E19FARY (ANH 13b) 1NMIANEIATIHNUIN Acualospora WuLTlu AMF %ila
1 o 4 d' a d' A U dy a 1 =
wulagnusiurualesuinigaluaunilgnisvaiil uag AMF ¥UALAUTDIAINIAND
Scutellospora T3V Glomus NuRe U BY Paraglomus W& Achaeospora W‘]J‘L?!}’E)Elﬁ’q(ﬂ 1o
a 2 A 1 =\ 1 A g’ ]
uJ'ifmmsmmmit:umUT@TQﬂm"lﬂmawmmmumwwum AMF Snalunmissiemuiitviin vea
dd 4; . d' o [
HAZTINVOININNFIA TasinnIy maﬂaﬂﬁlu@um P @1 (3 NN. PAFNIADT) (A15197 15-16) @151
a J A a Aq 1
nanaAue3T12 13 L AMF TinasemstiudSinamanamilu 67% welgnluaunld 3 an. p/
4 1 (= 1 a d' a ~ ! o a
wnaes ua lulianuuanasvesnanaaiietgnluaunla 30 an. Prgnmes wazwuliua
a 1 = (% 9 1 o [} A 1 1 1 Q' a 9 1 d'
manaauAInuludihe dmsulugnifosnuiimsla AMF sreunananla 4 1 ieilgn
a { 1 o ~ [l < 1 1 1
Tuau 2ld 3 nn. Pranaes (1319 17) wazludnlsazmiulainmsld AMF srelums gald
Y A Ax ° o A A o A A 1
519 P (32%) laaluauil P &1 (3 nn. Praniaes) luvmeigninosuaz syivdus srelumsqa

D] Yy : % : {
19 510 P 1dvioeninlszananianils (15190 18)

v Y
M99 15 LEAINaved AMF Lazmi 19519 P aetimiinuie (nSu/nsznns) vesoeaily 6 vila

P-level AM Cowpea Corn Job’s tears Upland rice Sorghum Pada

(kg/ha) Inoculation H1 H1 H2 H1 H2 H1 H2 H1 H2 H2
3 AMO 0.97C 499 C 547 189 533 6.66 1017 1.07 4.09C 0.26
3 AM+ 9.52B 933B 1085 389 1237 595 1165 152 13.79B 1040
30 AMO 13.04A 2410A 2072 1061 2489 1832 2946 119 31.04A 8.48
30 AM+ 1392A  2287A 2489 13.11 3129 1923 2546 1296 34.85A  13.30

Analysis of variance

Effect F-test
P kk skk kk kk kk *kk kk ksk kk %k
AM Hok NS Hok * * NS NS NS NS *
Px AM *ok * NS NS NS NS NS NS ok NS

Different letters down each column are indicated significant differences (by LSD P < 0.05). * significant at P < 0.05, **P <

0.01, NS = not significant.
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H Y
9y 1 o Y 9 a
ﬂ1§1\1ﬁ 16 LLTAINAUDY AMF !Lagﬂ'lisl"]fﬁWﬂ P A9 UM UNLNN (N./NTTD) ﬂl@ﬂiWﬂWA"H 6 FUA

P-level AM Cowpea Corn Job’s tears Upland rice Sorghum Pada
(kg/ha) Inoculation H1 H1 H2 H1 H2 H1 H2 H1 H2 H2
3 AMO 0.29C 0.75C 155 044 139 400 412 029 091C 0.13B
3 AM+ 1.21B 1.85B 263 1.07 463 530 435 032 243B 6.72A
30 AMO 145A 3.00 A 330 210 476 1075 9236 3.15 584A 6.09A
30 AM+ 1.57A 3.03A 356 256 6.9 1208 11.13 390 553A 659A
Analysis of variance
Effect F-test
P sk sk ek ek sk sk sk ek sk *
AM *x NS *x * ok NS NS NS NS *k
Px AM *k * NS NS NS NS NS NS *k *

Different letters down each column are indicated significant differences (by LSD P < 0.05). * significant at P < 0.05, **P <

0.01, NS = not significant.

4 1 a a I 1
MI19N 17 LFAINAUDI AMF uazmﬂ%ﬁm P aoilsuamanan (n/nsea1) ﬂmmaﬂgmﬁaﬂ 1213

uazavha
P-level (kg/ha) AM Inoculation Job’s tears Upland rice Sorghum
3 AMO 0.lc 24c¢ 0.1c
3 AM+ 0.5¢ 40b 13b
30 AMO 4.1b 84a 11.8a
30 AM+ 73a 85a 11.7a
Analysis of variance
Effect F-test
P sk ek sk
AM sk * *
P X AM * * kk

For same plant species, different letters are significantly different by LSD (P < 0.05). Significant levels: *P < 0.05, **P <

0.01.
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i Y
Y 1 9y o @ Y
ﬂ1§1\1ﬁ 18 LLTAINAUDY AMF Lla$ﬂ1516]5‘ﬁ'lﬁ] P @@ﬂ1i@'ﬂ1%‘ﬁ1ﬂ P UTHUNUNY (UN/NTEDN) GU’E’J\Tﬁ“]f 6

¥iia
P-level AM Cowpea Corn Job’s tears Upland rice Sorghum Pada
(kg/ha)  Inoculation H1 H1 H2 Hl H2 H1 H2 Hl H2 H2
3 AMO 1.2C 40C 2.6 25C 54 4.6 6.8C 14C 2.8 01C
3 AM+ 10.1B 82B 5.8 6.8B 106 58 104B 3.1B 7.2 9.5B
30 AMO 153B 216 A 145 202A 434 246 379A 244A 284 84B
30 AM+ 374 A 250A 227 237A 596 264 379A 251A 375 251A
Analysis of variance
Effect F-test
P * sk ek ek ek sk ek sk sk sk
AM ok ok o o * NS o ok * ok
Px AM * * NS o NS NS *K K NS *

Different letters down each column are indicated significant differences (by LSD P < 0.05). * significant at P < 0.05, **P <

0.01, NS = not significant.
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s % o A ' { x
wlesiruamsitngnues AMF sgdngaludiiihe (50%) nazgaiigalulzag (95%) Fams
= 1 :3} A A Y csy ' <
msAnynneuluNuN@eINUT A8 Youpensuk ef al., (2004) 31891471 81% V945 NVLIAGNVOA1E
= 9 1 ] o a =] I 1
Azl AMF 119g Tusinuazanuruuiuvedatles luusnaseusinlzazazil AMF iy 4 mwea
:1} Y 4 3 o I % { { 1 Y
msane Tuas il Feemgo1vnnnszeznm luMsIN A6 LAZANUFUVBINUNYIVIA 1Y
A dy A= v [ B = [ ] U 1 s A Y
IHoInINHURANEIANAY Feonmsands linswnanumuinivvesailes nsemsdigsinues

9 4
1 o

= o A 4 a A Ao Y = =
AMF fimsdunsiiosnnanugavauysel vosauluulaslgnuieli neiduiludedimsine
o 1l
A Y A A v
4. wynasaunldlumsilgnih
v du Al 1]
41 Amnanummnvaevea¥esensiiagamnanss 151 (AMF) luiisfesauilslumsignih
< @ [} a a A 9 A Aq Y 1 a
NNMINVAIBINIINIAZANYTNUT VeI YNesd Ui dlumsignih 24 wila 910
Y
VINAUNIUIHINARRITMN-1)o 19 IaTeluil Taenniunziszaunnumingauaoms
dy a A U 9 1 @ [ v Aa a A A A a v A [ Y
Wuauruthldvanaaduniatussdunidszanio ey 15 sia uazszauneeusulaon 9
N 1o o ' § -4
¥ia (Blakesley et al., 2002; Elliott ef al., 2003) Wu19mIuaes AMF wazAannaeos dudnisiin
A a 1 1 da' d‘d 1 (% d‘ 3 dy = o
FINNFFUAAI) TudaziuRtANUEANA 1Y (15197 19) Ntionliaumganananusumg
Y
AITTEUINFUAVDI AMF  LagN w018 (Janos, 1980; Onguene 1ag Kuyper, 2001) 5IUN4

P
v o 1 Y a 9 o .
ﬂ’Ni]’ﬁllw’L!‘ﬁ5$1’T’JNﬁ%@]i$gﬁﬂﬂlﬂ‘ﬂinm‘i®‘ﬂfﬂﬂqhﬂﬂl%ﬂ‘ﬂAMF ﬁ”JEJ(Smlth et al. 1998,

4
A v A

Murakoshi ef al, 1998) FutlosiFudmsidhsiniiafiuanaasuiisadinnuaeandosfudnyasi
LANANAUYDIT NNV FHAV 9T 1R951891Uv04 Baylis, 1975 1182 Muthukumar ef al., 2003 A28
fSusumstauensilavesales AMF UunszABNI0ii 1491033 wet-sieving method Tag
TFanpaznmeduguine ﬁ'ﬁm150umzﬁu"k%’vhuﬂé‘amamiﬂﬁ%’N?Jamﬂ Schenck 1182 Perez,
1988; INVAM WebPages WU Yos AMF 24 species ‘ﬁW“]J uiiaeonidly 3 genera Ao Acaulospora (6),
Glomus (15) 182 Scutellospora (3) (minﬁ 20) (Nandakwang et al., 2008) HaN13NAADIAING)
'%yﬁlﬁ’zﬁuﬁaﬂmJfﬁﬁ”ﬂujGluﬂmﬁaﬂ%ﬁﬂﬁ%ﬁ'mﬁuclumﬁﬂgﬂﬂuﬁmﬂumsdqm?ﬂﬁ'miﬁuwﬁuﬂw

=\ a A dg’ YRR | o a a9
HUse@usnmunIu Lazdirgansz ez lMIAUIUNTaNoNAIY
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a A PN v A o s i v & A v 1 &
fM1919N 19 ﬂ’]ﬁlﬁﬂ!ﬂ@ﬁ!“]fu@ﬂ’]iﬂni’]ﬂwslﬂmgﬂ']u'Jua’ﬂﬂﬁ AMF VIWUﬂlULW]agwuvmﬁlﬂ@?@ﬂ'Nﬂu

Study site
FORRU's research nursery Forest restoration plots Natural evergreen forests
Tree species
Colonization Spore Colonization Spore Colonization Spore
(%) density (%) density (%) density
Acrocarpus fraxinifolius 65.56 120.67 94.77 60.67 74.38 12.00
Balakata baccata 97.22 4.00 100 216.67 26.14 8.67
Castanopsis acuminatissima 11.46 433 83.42 16.00 82.12 8.00
Erythrina subumbrans 83.22 8.33 98.34 75.67 94.54 4.33
Ficus altissima 93.28 32.67 94.76 59.67 51.94 4.33
Ficus benjamina 75.66 32.67 75.18 23.67 87.05 119.67
Ficus glaberrima 69.64 16.67 89.68 4.00 8.61 8.33
Ficus hispida 70.92 29.00 49.98 60.00 55.99 251.33
Ficus racemosa 88.14 68.67 98.41 204.33 32.68 4.00
Ficus subulata 39.75 39.67 69.68 56.67 98.86 124.66
Glochidion kerrii 83.35 36.67 89.06 23.67 64.00 64.67
Gmelina arborea 98.00 3233 100 48.33 67.30 23.67
Heynea trijuga 84.48 19.67 99.28 595.67 94.09 8.33
Hovenia dulcis 100 28.00 84.35 292.00 93.73 64.67
Macaranga denticulate 100 56.67 96.22 128.33 98.68 64.00
Machilus bombycina 75.43 51.67 49.45 55.33 95.34 15.67
Milia toosendan 92.08 20.33 96.94 104.33 93.02 8.00
Michelia baillonii 100 40.00 97.66 15.67 68.61 24.00
Nyssa javanica 92.19 108.33 100 172.00 98.18 200.67
Prunus cerasoides 76.85 32.00 21.24 43.33 87.72 112.67
Rhus rhetsoides 100 204.33 91.26 40.33 84.74 28.00
Sapindus rarak 88.87 28.67 82.10 12.33 62.67 196.33
Sarcosperma arboreum 40.90 8.67 92.38 24.33 55.67 12.33
Spondias axillaris 93.34 128.33 72.20 4.00 51.24 8.00
Average spore density 48.01 97.38 57.35

Spore number 1152 2337 1376
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4.2 M3na@eMye AMF Nivanzannensiesauildlumsignih 24 viia

iWonadounaves AMF wazms Iijevleanesanudundneidos (Castanopsis acuminatissima)
I~ 1 [ [ [ [ o
{unat 6 wou wumsls AMF mslddevloaresa uazmsld AMF sauiy fJeweanese slianu

A 09} Y] Y = a (% Ql d? d‘

gauoany Thvinuiavetseatazsn swdalsmangeaness Tuseamugayuy (snn 21-24)

o 1 o 3 1 {2 [ { 1
Woanesalinanevavosduldnaly sunaldihnduiverdeves AMF flgnluannziniugull
A8 (Siqueira ef al., 1998; Youpensuk ef al., 2005) uam3 1% AMF {igq0e1a@eTams 1y AMF 3w

@ [l 1 [ 4 o {
flovloalosd lulinasovinadurguinatwesddu (@51 21, 22) Taemsls Glomus etunicatum
v
sawnumslsdfeweavlosaludnst 150, 200 uaz 250 ppm M lEAgVey hinuiswossonaz
A d? A 3 dyd ] A A A =< o a A
IIMNgIIMINAga Matiiilumay AMF selszaninmlumsqaguneanesaluduvosinig
[ [l v v v 4
nmzlgnluanmauinaunanasennsiilsmnavoanesad 1ARBaW Y (Janos, 1983; Pacovsky et
Y
al., 1986; Marschner et al., 1996) UonnHdanuIIMslys AMF mslddfeoalosa uazmsly AMF
1 19 [ 1 ] 4 1 o
sawnuijevloaesalinanennununniuvesaes Taensdinle Glomerella mosseae wazmsl¥eailos
puuRaunua UL alesnfiga (33.5 uay 38.33 aes/au 100 AT MuIAY, A15199 20)
9+ v 9 Y 1A [ A
NNMINATOUHAVDI AMF 1az3 14 1jonu slow-release AUAUNAINBIADHITILNGT 6 1RO
1 9 (= 1 A 3} @ Y a o ' 3
wumsld AMF - lilinaaeanugevesiie iwiinuis uazidsunasigiearesalusea sdralsn
P} = ' A Y o o ¥ AAq Y % A

MM 14 AMF Tnasamuvinaduriguonan aduTaamwiznsainldalosuuumay (m35190 25)
3 dy I a a (DR = @ J =3 1A o & 1 1 A
mitloitlumszluauiisgemsegodiauiisawe luanmaenan 3¢ lulinnusuiluaemsduasums

= 1 A Y dgl
@‘ﬂcﬁmli‘ﬁ”lﬂellﬂxﬁ"lﬂW%iﬁ111ﬂ"’IJ°L! (Maffia et al., 1993)
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M3197 21 HARIHAVEI AMF a3 19519 P aom s apat Tavesdundl C. acuminatissima 1lo315ua

MsngnezANITIUYeIa e AMF

Stem

Shoot dry weight

Plant Root dry weight

Treatments height (cm) diameter (cm) (g plant™!) (g plant™)
AM inoculation
Uninoculation 17.89¢ 0.23ns 0.66¢c 0.89d
A. elegans 24.25b 0.24ns 1.40ab 2.5%
G. etunicctum 27.36a 0.23ns 1.60a 2.08bc
G. mossee 22.44b 0.24ns 1.17b 2.04¢
Mixed species 19.85¢ 0.22ns 0.84¢ 2.04a
P applied (mg P kg™ 'medium)
0 15.28d 0.21c 0.54c 1.36¢
50 16.30d 0.21c 0.58c 1.51c
100 19.87¢c 0.22bc 0.77c 1.67¢c
150 25.80b 0.23bc 1.4% 2.33b
200 3211a 0.24b 1.36b 2.3%
250 17.86a 0.27a 2.07a 2.77a
Anaiysis of variance
AM inoculation ek ns ek bt
P applled ke B e Hesfe e sfeste
AM inoculation * P applied ik s i *

Root to shoot ratic Shoot P content  Root P content  Root Spore density
Treatments {dry weight) {mg plant™) (mg plant™) colonization (%0) (spores/100g soil)
AM inoculation
Uninoculation 1.44¢ 0.20¢ 0.22d 0.00¢ 0.00d
A. elegans 2.26b 0.64a 0.76a 53.72a 23.11c
G. etunicatum 1.86bc 0.74a 0.67ab 55.33a 31.83b
G. mossee 2.28b 0.42b 0.50bc 55.26a 33.50ab
Mixed species 2.83a 0.40b 0.45¢ 40.10b 38.33a
P applied (mg P kg 'medium)
0 2.68a 0.15c 0.25¢ 43.92ns 24.20abc
50 2.73a 0.18c 0.29¢ 45.3%ns 28.07a
100 2.37ab 0.23c 0.32c 38.14ns 27.00ab
150 1.81bc 0.61b 0.62b 41.47ns 30.07a
200 1.8%bc 0.52b 0.63b 39.64ns 21.93bc
250 1.35¢ 1.21a 1.02a 36.71ns 20.87c
Analysis of variance
AM inoculation gk otk B Hedeste Heteate
P apphed sk ks ek ns e
AM inoculation x P applied ns hibk 0.074 ns *

Means in the same column followed by different letter(s) are significantly different by ANOVA and Duncan, s Multiple
Range test. ¥, *#*, *#*: Significant at p=t0.05, 0.01, 0.001, respectively; ns: not significant
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M3197 22 LAAIHAYDI AMF LAz 19519 P ApAnugatazvinaduiigudnanuesdunal C.

acuminatissima
Plant height (cm)
Treatments Uninoculation A, elegeans G. etunicatum  G. mosseae Mixed species
P applied (mg P kg~ 'medium)
0 14.44bNS 16.56¢NS 15.59bN8 14.84cN8S 15.02¢N8
50 16.19bN8 18.02¢NS 15.97bN8 16.05¢NS8 15.26¢N8
100 18.13bNS 22.12bcNS 18.56bNNS 22.19bN8S 18.35bcNS
150 17.76bB 27.05bB 39.19aA 25.69bB 19.28bcB
200 17.8%C 26.81bAB 33.97acA 24.03bB 21.21bBC
250 22.92aC 34.95aAB 40.85aA 31.81aABC 30.00aBC
Stem diameter (cm)
Treatments Uninoculation A, elegans G. etunicatum  G. mosseae Mixed species
P applied (mg P kg~ 'medium)
0 0.22nsNS 0.21bNS 0.22nsNS 0.19bNS 0.21nsN8
50 0.22nsNS8 0.21bNS 0.219nsNS 0.21bNS 0.21nsN8
100 0.22nsNS 0.20bNS 0.23nsNS 0.24abNSs 0.22nsN8
150 0.22nsNS 0.24bNS 0.25nsNS 0.25abNS 0.20nsNS
200 0.23nsNS 0.23bNS 0.25nsNS 0.24abNSs 0.25nsN8
250 0.24nsB 0.32a4 0.24nsB 0.29aA 0.24nsB

Means followed by the same letter (lower case within columns and capitals within rows) are not significantly different by
Duncan's Multiple Range Test; ns; not significant

v E4
9y ' o o Y Y Y
Vniliﬁ 23 UAANNDUDI AMF Llazﬂ'lﬁ(l“])"ﬁW]' P A0 UTHUNUVRYDALUDE IINVDIAUNAN C. acuminatissima

Shoot dry weight (g plant™")

Treatments Uninoculation A. elegans G. etunicatum G, mossew Mixed species
P applied {mg kg™! KH,PO,)

0 0.45bB 0.76bA 0.67bAB 0.42dB 0.42cB

30 0.54bAB 0.83bA 0.51bAB 0.53cdAB 0.46bcB

100 0.65bNS 0.82bNS 0.91bN8 0.96cNS 0.51beNS

150 0.62bB 1.81abAB 2.63aA 1.45bAB 0.96bB

200 0.62bD 1.64abAB 2.136aA 1.46bBC 0.94bCD

250 1.07aC 2.58aAB 2.74aA 2.18aAB 1.77aBC

Root dry weigh (g plant™)

Treatments Uninoculation A. elegans G. etusicatum G, mosseqe Mixed species
P applied (mg kg~ KH,PO,)

0 0.96nsB 1.7TnsA 1.54bAB 1.48cAB 1.05¢cB

50 0.78nsC 2.28nsA 1.63bB 1.53¢B 1.35bcB
100 0.91nsB 1.93nsA 1.42bAB 2.15bA 1.96bA

150 0.76nsC 3.13nsAB 3.51aA 2.34bAB 1.89bBC
200 0.82nsC 3.05nsA 3.11aA 2.13bB 2.83aAB
250 1.11nsB 3.37nsA 3.3%aA 2.87aA 3.13aA

Means followed by the same letter (lower case within columns and capitals within rows) are not significantly different by
Duncans Multiple Range Test; ns: Not significant
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M3197 24 LARIHAVEI AMF 1az M3 19519 P aomaqa 19519 P v0sdund C. acuminatissima

Shoot P content (g plant™)

Treatments Uninoculation A. elegans G. etunicatum  G. mosseae Mixed species

P applied (ng kg 'KH,PQ,)

0 0.12nsNS 0.21cNS 0.15bN8 0.11bNS 0.14cNS

50 0.13nsB 0.25cA 0.19bAB 0.15bAB 0.16cAB

100 0.20nsNS 0.20cNS 0.33bN8 0.24bN8 0.17c¢NS

150 0.19sB 0.76bAB 1.23aA 0.31bB 0.57bB

200 0.16nsC 0.71bB 1.02aA 0.30bC 0.42bBC

250 0.40nsB 1.70aA 1.55aA 1.44aA 0.96aAB
Root P content (g plant™!)

Treatments Uninoculation A. elegems G. etumicatum G, mosseae Mixed species

P applied (mg kg KILPOy)

0 0.21nsNS 0.29bNS 0.30bNS 0.23bNS 0.20dN8S

50 0.21InsC 0.40bA 0.35bAB 0.26bBC 0.21dC

100 0.22nsNS 0.34bNS 0.35bNS 0.38bNS 0.31cdNS

150 0.23nsB 0.94a2bA 0.98abA 0.54bAB 0.43cAB

200 0.20nsB 1.05abA 0.85abAB 0.40bAB 0.64bAB

250 0.26nsB 1.54aA 1.18aA 1.22a4 0.89aAB

Means followed by the same letter (8) (lower case within columns and capitals within rows) are not significantly different
by Duncan-s Multiple Range Test; ns: not significant

v v 1 a a 9 Y
Vnﬁ]ﬁﬁ 25 LNV D3 AMF Llagﬂ’lﬁcl{’lfﬂﬂllﬂﬂ slow-release @aﬂ’lﬁlgﬂﬁiylﬁﬂiﬂﬂl@\j@uﬂa’] C.

< [ ]
acuminatissima Wos FuamMsigsnuazanuuuniuveailos AMF

Shoot dry weight

Plant Stem Root dry weight
Treatments height (cm) diarneter (crm) (g plant™") (g plant™h
Uninoculated 10.8%cd 0.15¢d 0.3%cd 0.62bcd
Uninoculated+Fertilizer 14.54a 0.16bc 0.58ab 0.78ab
A. elegans 10.8%cd 0.15bcd 0.25d 0.51d
A. elegans+tFertilizer 11.41bcd 0.16bc 0.62a 0.61bcd
G. etunicatum 9.71d 0.14d 0.43abcd 0.64bcd
G etunicctum-+Fertilizer 12.73abc 0.17b 0.42abcd 0.76ab
G. mossece 10.04d 0.15bed 0.35¢cd 0.57cd
G. mossecetFertilizer 13.13ab 0.16bc 0.62a 0.83a
Mixed species 11.52bcd 0.16bc 0.3%bcd 0.63bcd
Mixed speciestFertilizer 13.05ab 0.20a 0.52abc 0.70abc
Analysis of variance
AM inoculation 0.075 * ns 0.061
Fertll]zatlon k2 ok desk sk deckok
AM inoculation x Fertilization ns ns 0.053 ns

Root to Shoot P Root P Root Spore density

shoot ratio content content colonization (spores
Treatments (drv weight)  (mgplant™)  (mg plant™) (%) 100 g soil)
Uninoculated 1.83bc 0.05¢cd 0.0dc 0.00f 0.00f
Uninoculated+Fertilizer 1.77cd 0.13b 0.10a 0.00f 0.00f
A. elegans 2.58a 0.03d 0.03¢c 52.56d 22.43¢
A. elegans+tFertilizer 1.14d 0.19 0.10a 79.52a 57.71ab
(. eturicatum 2.44ab 0.04d 0.03c 41.96e 20.86e
G. etunicatum+Fertilizer 1.95bc 0.10bc 0.09ab 65.30c 16.14¢
G mossede 1.72cd 0.04d 0.03¢c 38.38e 42.28d
G. mosseaetFertilizer 1.89bc 0.15ab 0.12a 77.58ab 49.14cd
Mixed species 1.65¢cd 0.07cd 0.05bc 58.87cd 65.14ab
Mixed species+Fertilizer 1.77cd 0.16ab 0.12a 68.32bc 74.57a

Analysis of variance

AM inoculation

Fertilization

AM inoculation * Fertilization

ns
b

R

ns
R

ns

ns
EE Y

ns

Means in the same column followed by different letter (s) are significantly different by ANOVA and Duncan, s Multiple
Range Test. *, #*, #¥*: Sjgnificant at p<0.05, 0.01, 0.001 respectively; ns: Not significant
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4.3 AnurnzanveINTofanen NS INaes AMF
[ § 1 @ oij a J a 1 { { U
wasnlgnieswiuduians 5 wila Taeldades AMF yiaaud ldnniianldlgnil 24
a £ o 9 A A A o a a Lﬂy a P
wiia Faiimsgn Pauiaiieny 4 weu wagihmsasedevlsmamsaade lusnuaziSnaeosi
a A % 1 I A A oa; 9 [l 9 = 4
WuluauseuIINNAING1 WU aunlgniadhaazd1nTue Bailosves dcaulospora  elegan,
= 9 1 ~ o J A 1
Glomus etunicatum 1as G. mosseae WINNgA Taglug1vhalisueaiosves AMF Anumnninlu
9 L] A v o W a d' 9 L] T A 1
117 Inaegntied Ay uazluaunlgninlany G. eumicarum (6149 do@AY 100 NSY) 1A A. elegan
v v 9 9 ]
(2714 oAU 100 N51) WNAFAMUAIAD (AN51971 26) NIHOIUUOWINN  Glomus 1AT Acaulospora
Y N Y ' & ' Yy A o ¢
ansaaswales 1aunNNIN Gigaspora 11z Scutellospora 1Wovg luammiadeuAeInu ms1zailes
<3 Y Y 9y ' A T Ay =
vinaranag ldnanlumsaindesnatosniivinalnainin (Hepper, 1984; Bever et al., 1996) 1iodoud

A a dy 1 =) qgj a S A a dy 1 [ [ A
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Spore density of AM fungi (spores/100 g soil)

Host plant A elegans A mellea A. scrobiculata G, etunicatum G mosseae S, helerogama
G max 426.33dB  13.33 nsC 14.67abC 598.00cdA 40.00dC 9.33bC
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S, vulgeme 2713.33aB  13.33 nsC 16.67abC 6148.67aA 642.67aC 22.67aC

T erecta 967.67¢cdB  9.33 nsC 6.00bC 1457.33cA 102.00cdC 11.33abC
Z. mays 1867.33bB  10.00 nsC 19.33aC 3933.33bA 231.33bC 4.67bC
Analysis of variance

AM species *k

Host plant species ke

AM species x Host plant species ik

Means followed by the same letter (8) (lower cage within columns and capitals within rows) are not significantly different
by Duncanrs Multiple Range Test; ns: not significant. ***: significant at p<0.001
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AM colonization (%0)
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O. sativa 73.00bB 11.11nsC 3.70abC 100.00aA 95.00bA 3.33cC

S. vulgare 100.00aA 51.85nsC 13.33abD 100.00aA 100.00aA 78.33aB

T erecta 92.16aAB 73.33nsB 16.66bC 93.33abAB 100.00aA 25.00bC

Z. s 93.7%9A 55.00nsB 56.67aB 100.00aA 100.00aA 11.66cC
Analysis of variance

AM species e

Host plant species L

AM species * Host plant species ek

Means followed by the same letter (s) (lower case within columns and capitals within rows) are not significantly different
by Duncan,s Multiple Range Test; ns: not significant. ***: significant at p<0.001
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a

a ¢ s v N s v A
3197 29 Wosruams15n ez INales Ve G. etunicatum uaz Scutellospora sp. Gluﬁﬂlﬂﬂuuﬁ

' d’ % 1 a
1N ez Weollgnludagignusazatia

aupaunse luonsiaiu 1:1

4 4 Y
lﬂﬂﬁl“ﬂu@]ﬂTﬁﬂl’]@"T]ﬂ

o o a [
uIudales luau 100 NI

Scutellospora sp. + UYIUFA 13.33a 4.50a
Scutellospora sp. + mﬁﬁﬁuﬁ 23.75ab 7.25ab
G. etunicatum + IUYIUF 17.08a 3.50a
G. etunicatum + Vg nuil 18.54a 9.25ab
1IN (peat) 2000 iadans

Scutellospora sp. + UIUA 8.75a 0
Scutellospora sp. + mf,ﬁﬁuﬁ 8.75a 0

G. etunicatum + 1UIUF 10.00a 0

G. etunicatum + wﬁj’wﬁuﬁ 16.67a 0
9T 29 (Mo)

Aae: a3 lan: nye ludasan 2:1:1

Scutellospora sp. + 1UYIUFA 17.92a 9.50a
Scutellospora sp. + ‘ﬁﬂiﬁﬁuﬁ 47.83bc 55.00a
G. etunicatum + "IN 20.42a 13.75a
G. etunicatum + ‘Hfljﬁuﬁ 72.67¢c 1604.25b
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Abstract: Arbuscular Mycorrhizal (AM) status of native plants in the tropical forest of
northern Thailand was swrveyed. Twenty four framework tree species, used to forest
restoration were examinad at 3 sites: FORRU’s research tree Nursery (FN), Forest
Restoration plot (FR) and Matural Forest (NF). Eleven dominant herb species were examined
at 2 sites: Degraded Watershed (DW) and Forest Soil extraction area (FS). Rhizosphere soil
samples were collected and AM fungal spores were counted and identified morphologically.
Most plant species were intensively colonized by AM fungi except Cyperus eyperoides.
Twenty four AM spacies wereidentified: (lommis (15 species), Acawdospora (6 species) and
Seutellospora (3 species). Glomus rubiforme was the dominant species. Spore density varied
from 16.1 to 97.4 per 100 g soil (averaged 59.7). Spore munber at DW and FS were 129 and
479 spores, respectively, with species richness of 6 and &, respectively. Spore number at
FN, FR and NF were 1,152, 2,337 and 1,376 spores, respectively, with species richness of
17,21 and 15, respectively. The AM diversity was lower in the sites dominated by herbs
than in sites examined for trees. In the deforested sites, reduced plant diversity was related
with reduced mveorrhizal diversity. In contrast, the trial plot had the highest AM fungal
cormmunity. Therefore, the forest restoration techniques allow tree species growrn in nursery
to become AM associated. The association 1s still maintained after planting out trees in
restored area.

Key words: Arbuscular mycorrhizal fungi, framework tree species, herb specias, tropical
forest restoration

INTRODUCTION

Tropical deforestation causes forest fragmentation and permits the extensive areas of degraded
land. This leads to losses of biodiversity, a decline in soil fertility and deterioration of sail physical and
biological properties. The seascnally dry tropical forests of Doi Suthep-Pui National Park in nerthern
Thailand support more than 480 indigenous tree species. Deforestation within the park has had adverse
consequencas for biodiversity and environmental qualitv. Previous reforestation programs, to
counteract this problem, used mainly exotic tree species. This was partly due to lack of knowledge
about the environmental requirements of indigenous trees. One method of forest restoration that have
proved very successful in Queensland, Australia, is the so-called framework species method (Goosem
and Tucker, 1995, FORRU, 2006), which involves planting mixtures of several indigenous tree species
in a single step. Therefore, the Forest Restoration Research Unit (FORRU) at Chiang Mai University
{CMU) began assessing the suitability of a wide range of indigenous trees to restore evergreen forest
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on degradad sites withain the national park. The umt looked for trees likely to act as framework species
1.2., those that would cut-compete weeds and atiract seed-dispersing ammals. Candidate famework
speaies were selected, grown ina nursery and tested in trial plof, established in 1998 n a degraded
watershed area in the north of national park (Elliott er af., 2003).

Most sites requuiring forest restoration have soil with low-fertility and a low inoculum potential
of microorganisms bensficial to plants, such as Arbuscular Mycorrhizal (AM) fungi (Setiadi, 2000;
Kotk et o, 2003}, AM fungi are only one of mumerable micreorganisms in soil that provide a direet
link between plant roots and the soil matrix. AM fungi are widespread in natural scosystems; play a
crietal role in the mmeral nutrition of forest trees and provide mportant nutdent-acquaring mechanisms
(Koide and Mosse, 2004). Inoculation with effective AM fungi. combined with early intense
colonization of seadlings in tree nurseriss, stimulates plant growth and establishment in the fisld undsr
nutrient-deficient and drought-stressed condifions (Setiadi, 2000), Thus, the capacity of potenhal
framework species to assoclate with indigenons AM fungid is a very important strategy for forest
restoration. The purposes of the present study were to; (1) obtain imformation on the AM status of
24 framework trees and 11 weedy herbs in Dot Suthep-Pui National Park (2) assess the diversity and
distribution of AM fungi associated with plant species in natural forest, degraded area and restoration
area, In addiiion this study was carried out to select AM fimgl to produce inoeulum for improving
nursery tree seedling performance and promoting sapling growth in reforestation areas.

MATERIALS AND METHODS

Study Sites

This study was carmed out at 5 sites within Dol Suthep-Fu National Park, Chiang Mai, Thailand.
There are two lands of forest, meluding deciduous forest {from the lowlands up to about 950 masl)
and Evergresn Forest (EGF) (from about 950 m aslto the summit, 1,685 m a.sl). Average
annual rainfall was 20949 mm. Temperatures range from 4.5 i December to 35.5°C 1n March
(Elliott ez ., 2003)

FORRU's research free Mursery (FN) 15 situated near the accommodation center of national Park
(18250N, 9R“S(FE) at about 1,000 m a.sl. FORRU screened indigenous tree species to select potential
framewaork species for field trials. Saplings were grown in black plastic bags containing a mursery
potting mediam of primary evergreen forest soil, cocomit husk and peamat husk (2:1:1).

Forest Restoration plot (FR) was established in a degraded watershed area (18°52'N, 98°51'E).
Trial plot was positioned along the ndges of a degraded watershed area at 1,207-1,310 m a.s.l. At least
48 mursery saplings of each of 24 framework species were planted out randomly in the field plot.

The Matural evergrean Forest (MF) of Dot Suthep-Pu is ong of the most luxunant in northern
Thailand, The forest supports many indigenous tre2 species, tut the framework species in this
sampling are sparsely scattered across the national park at 1,050-1, 473 ma.s.l.

The Degraded Watershed area (DW) had originally been covered in EGF, but the forest was
clearad for eultivation about 20 years previonsly. Degraded areas at about 1,207-1,310 m a5 1 near the
field plot stll supported a few remnant forest trees and were dominated by herbaceous weeds.

The Forsst Soil extraction arga (FS) was in disturbed EGE at 1,685 m a.s1. The arza, surroundsd
by matural forest was covered with a mature tree canopy and herbaceous weeds. The forest soil 1s nich
in organic matter with high meisture-holding capacity.

Study Plants

Ameng the plants of the evergreen forest zone of national park, 24 potential famework species
(representing 19 families) were selected for study. All tree species are reported to be multipurpose and
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suitable for aceeleration forest regeneration. Root and soil samples from saplings at the FN, planted
iress at the FR and mature tress at the NE of each species were collected. At the other study sites,
dormmant herb species {Tepresenting 5 fammlies) were chosen as study plants; 8 species were sampled
at the W and & species at the FS.

Root and Seil Sampling

Sampling of plant roots and their thizosphere seil took place at 5 study sites between February
and April 2005 (dry season). Soil and root samples (about 500 g) were eollected to a depth of 10 em
of three mdividual plants of each species and stored at 4°C until analyzed.

Estimation of Mycorrhizal Colonization

Roots of study plants were separated from each soil sample. The root samples were cleared in
10% (w/v) KOH at 121°C for 15 min and rinsed with water on a 90 pm sieve. Cleared roots were
stained with .5% acid fuchsin (Brundrett ez o, 1996), Thirty stained root segments from each plant
{about 1 em long) were taken at random and mounted on microscopic slides to assess mycorrluzal
colenization {MeGonigle er af., 1990).

Spore Extraction and Counting

Spores were isolated from 100 g alr-dried soil taken from each field soil sample wsing the wet-
siewing method as described by An er al. (1990). Spores were recovered by filtering through a 533 pm
sieve onto filter paper. The intact spores on filter paper were countad under a disseeting microscope.
A sporocarp was comnted as one unit,

[dentification of AM Fungi

Spores of AM fungi isolated from the field soils were mounted on glass slides in polyvinyl lactie
acid (PVA) or PVA+Melzers reagent (Morton, 1988). The spores were identified according to
morphological characteristics of original published species descriptions and using the Infernet
mformation from the INVAM website (http://mvam.caf wnpedu).

Data Analysis

Species richness, spore density, spore mumber, frequency and relative abundance of AM fung
were expressed as follows: species richness = species observed per sample; spore density = No. of
spores per 100 g doed field soil; spore mumber = No.  of spores observed per total samples;
frequency = (MNo. of the samples in which the species or gemns observed per total samples) = 100%;
relative abundance = (Mo. of spores of a spectes or a gemus per total spores) = 1008, The data were
subjected to one-way ANOVA. Duncanrs Multiple Range Test ip<0.0:5) was usad to compars means,

RESULTS

Arbuscular Mycorrhizal Siatus of Plant Species and Extent of Mycorrhizal Colonization

All plants studied formed AM symbioses. The extent of AM colonization (Table | and 2) was
uneven among the different growth stages of individual tree species (saplings and mature) and ground
herbs. All the typical AM featwres, such as arbuscules, vesicles, intracellular hyphal coils, extra and
mntrarachcal hyphae, were observed mn the samples, Most plant species were usually densely colomzed
by mitraradical hyphae, followed by arbuscules and vesicles in the root corical tissues. Colomzation
percentages in tree roots across all sites, ranged from 56.0% for Freus glaberrima to 98.3% for
Mucarangs denticulata, Seven species had colomzation pereentages igher than 90%: M. denrionl e,
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Table 1: Mear arbuscular toycorthizal colonization percentages+8 B (per 30rood pieces of plant species) (n = 2) and spone
densitvSE (per 100 g dry wit s0il) in =30 associated with different herb species at two study sites

Study =ite

Degraded watershed area Forest soil extraction area
Herb species Colonization (%) Spore density  Colonization (*a) Spore density
Ageratrm coryzoide s Lo (Compositac) 95, 1003 6n= 12,6741, 20b  81.7148.05ns B.66+14 332
Anapliils margaritaeea (L) Bth and HiCL &5, 8012970 Ta7+120b 99000910 52874008
(Compositae)
Covnvza sumatrensis {Retz ) Wall (Compositae) A7 TEED A0 LRSS BRE)
Crossocephafum crepidiciaes (Bth.) 5. Moore 83, 22+7.52 15.67+2,60
(Compositach
Cuperies oyperoides (L) DR (Cyperaceae) 244=144 3167240
Eupetarium adenopiorum Spreng. (Compositae) 84014184 6 534851
Micromtegium vagemnMees ex Stewd.) A, Canmaz T34 6ctn B0 112671146
(Gramineac)
Mitrarcrpus viliosuy (SW.) DC. (Fubiaceac) BL.31+841 28.00:46,08
Preridivmn ccuilingm (L) Kuhn ssp 82, 265+0.16h TATELEGD 10000008 36, 3340.12a
(Dennstaedimceas)
Spitanthes ponicedaie Wall ex DO (Compositas) 91, 584842 127.67£20,10
Tirvsaneodaena bat[folia (Roxb. ex Hom.) Honda B9 Bi4.94 16.67+3.71
(Graminese)
Average spore density® 16.13+3.37d 79, 72414 45
Spore mmmber 129,00 479,00

Letten(s) mdicate sigmifi cant differences within each row at p<i03 as determined by ANOVA and Duncans Multiple Bange
Test; ns, not significent, *; Valees were analy zed to compare statistically across all five study sites im Table 1 and 2

Nyssa jovanica, Melia toosendan, Hovenda dulcis, Heynea irffuga, Evvtlivina subumbrans and
Rbuss rhetsoides. Cyvperus eyperoides, which 1s considered to be non-mycorrhizal or rarely forming
myecotrhizas, was also found to be colonized by AM fungl in this study, but had a low (<2.4%)
colonization percentage.

Arbuscular Mycorrhizal Species and Frequency of Occurrence

Five thousand four lnmdred and seventy three AM fungal spores (including sporocarps) were
retrieved from the 86 compoesite soil samples from all 5 sty sites, representing 24 AM species,
wlentified according to published deseniphons. The frequency {F%) and relative abundance (RA%0) of
the genera and species of AM fungi ars pressnted in Table 3. Most of ths isolated specizs belonged
to the famly Glomaceae, all of which were Glomues (15 species), The most abundant species present
was G. rubiforme. Four species had formerly been assigned to Sclerocystis (G. clavisporum,
G. coremioides, G. rubiforme and G. simosym), Si¥ species were in the farmly 4canlosporaceas, all
of which were in the gemus deaniogpora. The most abundant species present was 4. serobiculafa.
Three spacies were members of the family Gigasporaceae and belonged to the genus Seurellospora.
Species in the genera Archaeospora, Paraglomus, Enrophospora and Gigaspora were not found.

Some  species of AM  fungl appeared to be generalists since they were found in the
rhizospheres of study plant species at virtmally all study sites: 4. elegans, A serobiculate,
G. ambisporum, G. micrecarpum, G rubiforme and G sinvosim. Of these, A scrobiculaia,
G. microcarpum and . rubfforme were dominant at the FS, FN, RF and NF, bt they were also
abundant at the DW. Some species (5. microaggregatum and S heferogama) were found in the soils
of dishrbed areas both at the DW and FR, but were absent from natural evergreen forest soils at the
F5, FN and NF. Some AM species (4. bireticidata and S pelhecida) were found in the sails of the FN
andl FR bt were absent from the soils at the W, FS and MF. [n the thizosphere of herb spaciss, some
species (. microaggregatum, G. simosum and 8. heterogama) were found in the D'W but were absent
from the FS
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Table 2: Wean arbusallar mpoorrhizal colonization percatages +5F (per 30 root pleces of plant species) (= 2 and gpore denaty £58 (per 100
g drw wi soil) in = 30 sssocisted with different tree spevies atthres gudy sites
Bhudhr zks

Eorest restorsbicn plats

FCRREU = ressarch mrsery Hahiral avergrean forast=

Spore Calnization Spore

Colonmation Calanizabion Spore

Trae gpecies o] dengity 4y dengity 24 derady
Avcrocarpos ool &5 St b 12005704 334 P4 TTH1534 E0ETHS 36h T4 504 T0h 120041735
Wight =x &m. (Caezalpmicideas)

SHalofata beocmio (Boxh ) ST.2£E T A0EED Db 10000 G0 218 A TSR 5 26 141 14h 86742330
Ess {Euphortiaceas)

[ s T el T T Rl L 11461 160 4332 150 S342£14.20a TE0HZ 08 B2 1t0.sda B.0042 65
[EL) & DC. (Fagaces)

Enfrinag srdumebmorg B3 224948 E33t1.4%0 FEME].65E TI6THS3a o 545 s 4332330
(Hasee ) Mar. (Papilicovideas)

Finus ot isimg BL (hocacaas) VI L FETEIATh M7 M SO TEE 20 31545 5h 4 33088
Fiqus bevporming L THdE193ns 30D B 75182 Wins 23T Wth Fa e Wy A R PSR
var, dargiamina (dorncme)

qu;}nh:.rnmam &9.64417 460 16673, 188 SREEET 18 4002 31k 2 8143 25b 833432 03k
var glaberrowa (Momcme)

Fiois hepioe L Tk e DROED D 4 0] B EOAHT #1h 55 bR S0 25733434128
E war. Feigpicke (oracsns)

Firs racerioza L G 14D Pla EHETER 35k SEA1E] S B0 332D B2 32 &847 65h EX USRI
var moewoss (hioraceae)

Finir nubudne Bl 307544 37h J0&ETET 4 &5.60L20 320k SEETES 300 90 Bkl 1da 124 &30 S0
wor mdadata (bdoracene)

Hochkdisn kernl Craib B3 3543 SEa 36571 Teh Fe0eE] 174 236743 53 £ e 62k B4 57R5 045
(Buphabiacese)

Chree s arbares Fowh 70,0042 DS 32337 Eab 100000 .0 45335l 67 30149203 2346745240
(Verheraneae)

Heyea rrjtgn Fod. e Sims L4487 Binr 18Tt 300 Seda) ins S5 AT BR 1. (ol 55 83317k
(tielmceas)

Huowerita dkale [ Thmt 100,000 O LEOGED 002 84 357 53b IFAO0MIZ 1T 83 T34 6lah . 7S 8%
[Flarrnaceas)

Ifercnronga dest celata (B 100,004 O S6STE13.30h b et e 1283347 33 58 6541 3% 6 0015 550
I -& (Euphorbiacaas)

Ifrchlei bombycms THA43EL RS SLTEL A 49515 0dns 95 330 Ma PEAEE 15.87H0dW
Eoing e Hie £ (Laoraceas)

Majis foovandan Sieh S7 0844 38 1033+ h S5 ST DErE 033471 45 83 0245 30ne 800432 550
arid T (Melaress)

i by bl el Piesre 100,000 Cg 400D 038 ST 66EE 34 1367 35 2 6146.350 24 005030
(Mapnnliacsae)

Mpzea fovemce (BL) PLANET Bine 106334 630 10000 s 1720022 3Tak o8 il el 200.67E23 6,
Wang. (Mysmezac)

Frumis cerzsoldas T5.B545 460 3LO0E1Z 0850 21.2425 680 43 3342 5k BT T T2 TZ.874226a
D Don (Romecene]

Fhur reatroidns 1000040 Odres 20433212 24a 212547 L 403343 20k 847441 S0 28.0044.580
Craib {snacardinceas

Sogoirches rarak 405742 2 2EET+2.60h 52100, 16k 12.334Z. 400 62 gy0.55h 196, 33425,
D2 {Bapindacess)

S emrema arbanem ERUELESC g s ] 2.3 Moz 245560 0 SSETGIns 12335710
Eih (Hopctacens)

Sy ardlaris FEMLI N 1283317 Ma 722013 5005 AT 530 91 248 7 80040 550
Foxh [Anacardiacess)

Average o derEiby 4EOILER TR S ARG 554 3735114 80
Bpare mumber 115200 233700 1376.00

Lattar(=) indicate significant differences within each row at petl 05 s datsminad by ANCVA snd Duncars bultiple Bange Test; ns: Mot sigmificant,
* Wales ware arahrzsd bo corpara datigicslly across 81l five shady sdeein Table 1 and 2

Fourtaen of the 15 AM species recorded in natural evergreen forest were maintainad in the forest
restoration plot {all except G. fidvim), Furthenmmore, the restoration plot supported 7 additional recrint
species that were not recordad in the rhizospheres of forest trees (Table 3), Even in the mursery, only
4 of the AM species recordad in natural evergreen forest were absent. It should be noted that forest
soil, incorporated into the nursery potting medivm carried only 5 of the 135 forest AM species,
Therefors, at least 9 species st have colomzed the nursery potting medium as the trees were growing
in their containers on the ground.

Spore Abundance and Species Richness of Arbuscular Mycorrhizal Fungi

From all composite soil samples, spore density and species richness of AM fungi differed
substantially. Average spore densities in the soils at 5 study sites ranged from 16.1 to 97.4 spores per
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Table 3: Frequeney (Foo) and relative shundance (A% ) of genera and species of arbuseular my corrhizal fimgi m the
rthizosphere of different plant species for each shudy site

Stunly site
Degraded watershed area Forest aoil extraction area
AM fimgal species ) RATG % RA%
Aemdospara T500 52,71 G667 2048
1.4, Bireticedoiea Fothwell and Trappe
2. 4. elegons Trappe and Gerd. 3333 917
3. A, joveadn Trappe and Janos
4. A feevis Gerd. and Trappe
5. melfea Spain and Schenck 33.33 sm
6. A serobiculaa Trappe 7500 27 5000 1519
Glomes 87.50 44,19 10000 5878
7, G, aggregation Schenck amd Smith
8. G ambisporen Smith and Schenck 3333 12,54
%, G, clovisporum Trappe
1 G coremioides Berk. and Broome
11. G, fidham (Berke, and Broome) Trappe and Gerd,
12 & intraracice s Schenck and Smith
13. G microagereganim Koske, Gemma and Olexia 1250 362
14 G micracorpum 1gbal and Bushra 2500 .9 3333 1358
15, G messeae (Micol. and Gerd.) Gerd, and Trappe
16 G mudticenle Gerd, and Bakshi
17. G rubiforme Gerd. and Trappe 50000 25.07 104000 3z
18 G seimgillany Rose and Trappe
12 G simosum Gerd, and Bakshi 2500 8,79
200 G, toriuosion Schenck and Smith
21. G, viscomim Nicol, 1667 244
Seugellospeori 1250 ERT 16.67 1.74
22 & gregaria{Schenck and Micol ) Walker and Sanders
238 Reterogane Walker and Sanders 1250 R
24 8 pediuciok (MNicol. and Schenck) Walker and Sanders 1667 1.74
Species richiiess &.00 B.00
Study site
FORRLU srescarch Forest restoration Mabural evergreen
nursery plots forests
AM fimgzal gpecies Fea RA%S Fug RA% | Sy RAY%s
Acwlospora He.a7 40,540 6667 4363 33.33 50
1.4, bireticedena Bothwell and Trappe 417 066 4.17 0.33
2. A, elegons Trappe and Gerd. 16.67 237 50.00 3917 16.67 438
3 A foveata Trappe and Janos 417 0.69 8.33 1.3a 4.17 0.31
4. A fgeviy Gerd. and Trappe 417 040 4.17 0.1% 4.17 031
5,4, melfea Spain and Schenck 20,83 631 417 0.34
6, A, serobiculma Trappe 5833 5006 2083 2.24 12.50 0,90
Glamns o1.67 5603 87.50 49.32 91.67 Q4,09
7. G, aggregatum Schenck and Smith 8.33 0.38 417 .29
B G ammbisporisn Smith and Schenck 5417 1423 12.50 3.08 5833 3119
9, G, clavisporum Trappe 8.33 0.33 4.17 .61
100 G coremioides Berde. and Broome 25.00 103 417 4.65
11 G fidvesm (Berke. and Broome)
Trappe and Gerd 233 785
12, G intraradices Schenck and Smith 417 353 4.17 0.70 233 0,61
13. G microageregainm FKoske,
Gernma and Olexia 4.17 .36
14. G microcarprm Tgbal and Bushra 16.67 4.57 16.657 9.94 25.00 .12
15. G, messeqe (Micol, and Gerd,)
Gerd. aned Trappe 12.50 324 8.33 543 12.50 14,88
16 G multicendde Gerd. and Bakehi 3333 1276 2017 14.23 2017 1519
17 G ruddorme Gerd. and Trappe 5833 1038 41.67 12.02 17 673
18 G seimdifons Roge and Trappe 417 278
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Table 3: Continued

Shufy site
FORRL & research Forest restoration TMatural evergreen
OUrsery plots forests
AM fungal gpecies Fa RA% Fi Rata i RA%y
12 G, sirosum Gerd, and Bakshi 417 035 417 0,33 1667 88
20, G Forfuosien Schenck and Stith 4.17 142
21. G viscostm Nicol, 733 278 833 0,51
Seutellospora 12,50 347 50,00 T.08
11 8 gregorig(3chenck and Micol.)
Walker and Sanders 417 1.01
23 & heterogoma Walker and Sanders 833 0,50
24 & pellucida (Micol, and Schenck)
Walker and Sanders 1250 347 4167 553
Species richness L7.00 2100 L5010

Table 4; Artuscular nycormhzal species and species richness associated with different herb specics o two shudy sites

Sindy sites
Degraded watershed area Forest soil exiraction area
Herb species Species’, (Species richness Species”; (Species richnessy”
A comuzoides 6,17, (2) 1,6, 17 (3)
A margaritaced 18 (1) 6, 17, (2}
. SHTNE e IS 6, 18, (2)
C. crepidicioes & (1)
O, cuperoides 6, 14,17, 22 (4
E ke nophiorum 26 T AT
M vageams 25 T 11T (5
M. viifosus 13, 6, (2)
P aguilimam 6,17, (20 17,20, 230 (3}
& perticidod 14,17 (2)
T kentifodica 14, 17:42)
Species richness @ 8
Average species rchness 2.00 317

* No, of coheann refer to the codes of AM fimgal species in Table 3. No. of brackets refer to the number of AM fingal
species observed per rhizosphere of each herb species

100 g dry soil, with an average of 59.7 (Table 1 and 2. Average spore density at the FS, FN, FR and
MWF were high 79,7, 48,0, 97.4 and 57 .4, respectively while the lowest spore density at the DW was
16.1. At the degraded watershed area, average spore density was significantly the lowest while it was
highest at the forest restoration plot. Spore density in the thizosphere of each plant species was highly
vanable, ranging from 4.0 to 595.7 spores per 100 g dry soil. The spore numbers of AM fungi at the
study sites vaned from 129 1o 2,337 spores (Table 1 and 7). The spore mumbers in the soals at the FN,
FR and NF were high (1,152, 2,337 and 1376, respectivelyv). Much lower munbers were found at the
DW and FS; 129 and 479, respectively,

Similarly, species richness of AN fungi at the study sites varied from 6 to 21 species per soil
sample (Table 3), Species richness in the soils at the FM, FR and NF were also lgh (17, 21 and 15,
respectively) and were lower at the DW and FS (6 and B, respectively) showing trends with positively
related to spore numbers. Species richness of AM fungi in the rhizosphere of sach plant species was
highly variable, ranging from 1 to 8 species per soil samples (Table 4 and 5). Average species richness
of AM fung mn the soils ranged from 2.0 o 3.2 per soil samples, with an average of 2.8 In the
thizosphere of indigenous trees at the FMN, RF and NF, species richness and spore mumber were higher
than for ground herbs at the DW and FS.
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Table 5: Arbuscular oy corrhizal species and species richness associated with different tree species at three stisdy sites

Sty site
FOREL s research nursery Forest restoration plots Matural evergreen forests
Tree species Species”; (Species richness  Species’; (Species richness®  Species”, (Species richness)*
A, fraxinifolits 26,7, 16,17, 23; (6} 3,4, 16,17 () 12, 14; (2
B. baccata s 14, 23; (%) 2120
O acrambivatissin Tl 1, 16 (2} 817, (2
E, subumbrans 15,170 2.7, 13,22 (4) a4 {1}
F. altizsima 5. 6002) 2,06, 10 (%) 17, (1)
F. benjoumne T 16 17 (5 6, 12, 23 (%) 7,14, 16, 18; {4
F. glaberrima 56,7, 16 4 17 (1) 7.0
F. hispida a4, 14, 19 (3) 2517, 200 (1) 700, 15 (3)
F, rewe mose 6,7, 14, 17, 20 (5) 78 15,17, 18 (%) 7 (1)
F. sulnalata La 7 1617 (5 215,17, 25, 14) 04, 16, 17; ()
. kerril 7.14, 18 (%) 24, (1) 15, 16 (2)
G, arborea 61702 2,6 14, 16 (4) 717, 18 (3
H. trifuge 7,17 () 2,38 10,23 (5) 1Ll
H. dulcis 23615 2,7 16 (3) 2,15 18 (3)
M. dersicadera T2 R G 10,17, 23, i4) 0L
M. bombycing 2.6.7, 16,18 (5) 2,10, 17, 23, (4) & 7,14, 17, {1
M toorendan 4,17 (7 2.9, 23 (%) ()
M. bexilionii 6,17 (2) 17, 20 (2) LR b
N javemice 56,17, 20, 13 (%) 6, 16, 23; (1) 716 17 (3)
P cereseices T16 17, (3) 710,14, 14, 17; (3) T8 14, 17, {4
R, rhetsoides 256, T 1416, 17, 23, (8) L6 1407 (8 &, 7, 14, 165 (41
&, rarak 15413 LN 26,11, 16, &b
&, arboreom & T (D) 10,12, 23; (3) 716 (2}
5 caxiliewis 612,17 (%) 16: (1 7 (1)
Species richness 17 21 15
Average speries in 317 238

richness

* Mo, of colurmmn refer to the codes of AM fingal specics in Table 3,5 Mo, of brackets refer to the number of AM fimgal
species observed per thizosphere of each tree species

DISCUSSION

The results of owr study on the 24 framework tree species and 11 dominant herb species i the
seasonally dry tropical forests of northern Thailand showed that moest plant species are highly
colomzed hosts of AM fungi. Thas reflects the mycotrophic nature of the plant species studied, the
age of the sifes and the ability of AM fungi in seils to colonize a wide range of host species. It has been
reported that many tree species are highly dependent on AM fungi (Janos, 1980, Onguene
and Kuyper, 2001) and most herbaceons weeds and grasses are assoclated with AM fungi
(Murakoshi ef af., 1998). There were many intraradical hyphae, arbuscules and vesicles in the fine
roots. Mycorrhizal eolonization percentages differed among plant species and among sites.
Colonization pereentagss wera unaven in framework tree roots belonging to all growth stages. Some
tree species had high colomization percentages at all sites; M. dentfondote, N jovanice, M. toosendean,
H dhilets, H wifugn, E. subsembrans and R, rhetsotdes. This showed that indigenous forest trees may
have a strong dependency on AM, as all surveyed plants formed AN and their roots were intensively
colonizad, The only exception was C. epperoddes, which is considered to be non-mycorrhizal or rarely
mveorthizal (Muthukumar and Udaivan, 20007, Tn this study, it was found that thas species commonly
formed AM, with low colomzation percentages (<2.4%%),

Twenty four AM species were found in the rlizosphere of the plant species at swrveyed study
sites. AM fimg belonging o the genera Glomues and Aeaulospora were dominant. This faet must be
related to their sporogenous characteristics, 1.¢., Glomes and Aemdospora species usnally take a short
time to produce small spores, compared with the large spores of Gigaspora and Scutellospora species
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in the same environment (Hepper, 1984; Bever ef ., 1996). dcadospora species are often assoclated
with acidie soils. Most of the soils in our study sites were acidic and this could explamn our frequent
detection of Acaudospora. Among these, 4. eleguns, A serobiculata, G. ambisporum, G, microcarmum,
G. rubiforme and 7. simeosim were the most commonly enconntered speecies. Tls snggests that these
species have a widespread and broad host range.

Spore densities of AM fungg vary greatly in different ecosvstem. Here, the average density varied
from 16.1 to 97 4 spores per 100 g soil and the species rchness ranged from 6 to 21. The results of
the current work showed that spore density was not related to colonization levels and specizs richness
when all the study sites were considerad together. Of the 24 tree species studbed, 16 species had hagher
colonization percentage, 10 speciss wers colonized by mors AM spsciss and 13 speciss supportad
higher spore densities in the forest restoration plot than in the natural evergreen forest. This clearly
demonstrates than the forest restoration techmiques wsed by FORRLU maintains or inereases AM fungal
communities in the thizosphere of most tree species planted. This may also help to account for the
very high growth rates recorded for these tree species after planting them out in degraded areas
(Elliott er af., 2003), This indicates that local environmental conditions and host plant species in sach
study site overnde AM fimegal eolomzation, diversity and spore production.

The Degraded Watershed area (DW) had the lowest species nichness (6 species) and average spore
density (16.1 spores per 100g soil) in the rhizosphere of 8 herb species. These results indicate the
influence of disturbance on mveorthizal fimgl m this site, Tt1s well-knewm that land dishirbance reduce
below-ground AM fungal communities, depending on the dishobancs intensity (Allen e af , 1998,
Korb et af |, 2003). In the Forest Soal extraction area (FS), the rhizosphere of 6 herb speeies supported
higher species richnass and average spore density (8 speeies and 797 spores 100 g soll, respectively)
than the DW, even though the mumber of herb species examined from the FS was less than at the DW.
Some species, such as M. vagans and S. parfewdoia, had high spore densities of AM fung. This was
probably because the FS was swrrounded by an undisturbed arca that still supported some favowrable
host plants, These plants may direcily influence the below-ground AM fungal community
compesition, because differemt plamt species extubit varied abiliies to establish myeorrhizal
associations and to benefit from them (Lovelock er al., 2003)

The diversity of the AM fimgi and the abundance of sach species in the rhizosphere of 11 herbs
at the D'W and FS were low,; very low compared to the rhizosphere of 24 indigenous trees at the other
three sites. In FORRU's research Nursery (FN, the rhizosphere of selected tree saphings supported
high AM diversity {17 species) and average spore density (48,0 spores per 100 g soil), but only a few
AM species {5 species) were probably denved from the forest sail that 1s included as a component of
the mursery potting medivm. Furthermore, the growing of many tree speeies in elose proximity in the
nursery, the practice of rasing plants on the ground or the location of the mursery within Evergreen
Forest (EGF) all potentially contributed to high AM diversity and spore density in the mursery.

Highest AM diversity (21 species) and average spore density (97.4 spores per 100 g soil) were
found in the thizosphere of plamtad trees in the Forest Restoration plot (FR). This may be the result
of the plant growth stage and plant diversity in the plot This contrasts markedly with nearby degraded
areas which support few AM fungal spores. After planting wath framework trees howsver the AM
fungal comnminity was re-established. Forest restoration by planting 24 framework species therefore
clearly promoted re-establishment of below-ground AM fungi that were still present or provided host
trees for spores dispersad into the plot from nearby forest and enhanced establishment of new residual
AM fing) that were inside the potting medium of transplanted saplings

A denser plant commmumity helps the colonizing obligate AM fungi fo spread extensively, with
less propagules being lost to passive stochastic dispersal. Dense plant cover also produces a high
Titterfall and great amount of root biomass for maintaning a diverse AM fungal commumty (Friberg,
2001). Similarly, the thizosphere of mature trees showed high AM diversity (15 specdes) and average
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spore density (574 spores per 100 g soil) m the Natural evergreen Forest (NF). The density and
diversity of AM fiing: increased with increasing tree canopy cover especially in deciduous forest,
because plants in this habitat may more effechvely convert the higher intereeption of light into
photosynthate which can then be directed to the 1oofs, providing a food souree for AM fung
(Koske, 1987} In contrast, almost all samples in this stady site were collected in the EGF with much
higher and denser tree canopy than that of the deciduous forest. Fewer AM fungal spores were
obszrved with increasing canopy cover, because the trees grew close to each other, strongly limiting
light penetration to the soil, reducing scil temperatwre and possibly limiting sporulation and
colonizaion of AM fungi.

In addition, the lmewledge providad here has practical implications fo forest management and
regeneration technologies as follows (1) Including forest soil with indigenous AM fungi in the potting
medivm mix, allows most framework tree species grown in nurseries to become AM associated, The
association is maintained after planting out trees in deforested sites (2). Tree nurseries should be
located withan forest areas and deforested landscapes should retain at least some natural forest to
provide a continuous supply of AM fungal spores (3), Using forest soil with indigenons AM fungi
as mnoculim 15 preferable to the introduetion of commereal inmnoculant products contarning exobie AM
fungi for growing framework tree saplings. Based on these studies, forest soil with indigenous AM
fimgi in the potting medinm mix are important for the establishment, growth and survival of framework
tree saplings at trial plot that right possibly accelerate natural regeneration of forest ecosystems and
encowrage biodiversity recovery in a degraded watershed area in Dot Suthep-Pun National Parke
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Effects of Arbuscular Mycorrhizal Inoculation and
Fertilizer on Production of Castanopsis acuminatissinug
Saplings for Forest Restoration in Northern Thailand

P. Nandakwang, S. Elliott, S. Youpensuk and S, Lumyong
Department of Biology, Chiang Mai University, 50200, Chiang Mai, Thailand

Abstract: Castaropsis aowminatissima s a native tree used to restore forest in Thailand. To
accelerate seedling growth experiments were carried out to determine the efficacy of applyving
to C. acuminativsima. Arbuscular Mycorrhizal {AM) fungi, produced on sorghum, were
used as inoculum to investigate the symbiosis on seedlings. The effects of AM inoculation
(Aeaulospora elegans, Glomus etunicatum, Glomus mosseae) together with phosphate
fertilization (KH,PO,) on szedlings in a P-deficient soil were studied under greenhouse
conditions. Increasing P-application rates greatly enhanced seedling growth (maximum at
250 mg kg soil). Growth was most rapid with G. efunicafum-colonized plants with P
application (40.8 cm), wheresas much lower height was found with non-AM plants without
P added (14.4 cm). The mycorthizal effective for C. acuminatissime in previous experiments
were confirmed by growing seedlings in a forest soil with slow-release ferilizer (NPK) and
combined with AM species under nursery performance conditions. Plant height was
significantly enhanced by fertilizer but not by fungi. The greatest height was found in non-
AM plants with fertilization (14.5 cm), whereas lower height was found for non-AM plants
with no fertilizer added (10.9 cm). AM inoculation greatly enhanced seedling growth in
P-deficient soil more than in forest scil due to differences in abilities of AM species to
establish a symbiosis. Therefore, in sapling production, the soil properties and level of
fertilization sheuld be evaluated keeping secondary effects caused by changed mycorrhizal
association.

Key words: Arbuscular mycorrhizal fungi, framework tree species, forest restoration,
mycorrhizal seedling production, phosphorus fertilizer

INTRODUCTION

Forest restoration means the re-establishment of the original forest ecosystem that was present
before deforestation occurred. The goals of forest restoration are environmental protection and wildlife
conservation (Anonymous, 2006). In 1994, the Forest Restoration Research Unit at Chiang Mai
Umniversity (FORRU), started to investigate the possibility of restoring forests on degraded sites in
northern Thailand by adapting the framework species method (first developed in Queensland,
Australia) (Goosem and Tucker, 1995, Anonymous, 2006) to local conditions. FORRU screened
indigenous forest tree species to select potential candidate framework species for field trials. In the
FORRU's research tree nursery, experiments were designed to develop seedling production for high
quality planting stock. Castanopsis ecuminatissima (BL) A. DC. (Fagaceae), was confirmed as a
potential framework species that could be used to restore seasonally dry tropical forest in northern
Thailand but this species grow relatively slowly and difficult to raise in nursery. To solve such
problems, studies have been made on modified potting media and fertilizer application (Anonymaous,
2006). Arbuscular Mycorrhizal (AM) fungi have form symbiosis with a wide range of forest tree

Corresponding Author: 8. Lumyong, Department of Biolegy, Chiang Mai University, 30200, Chiang Mai, Thailand
225



Res. J Microbiol., 3 (4); 223-236, 2005

species (Gal ef al., 2006). Such symbiocses provide many benefits to host trees and are espacially
important in development of seedlings grown in murseries and establishment of saplings planted in
deforested sites.

AM  symbioses result in increased growth of plants depending on the fungal strains
(Pattinson er af., 2004, Youpensuk e af., 2005). AM fungi also protect plants against root
pathogens, confer resistance to drought and increase soil aggregation (Dubsky ef ai., 2002;
Rilling et al., 2005; Wu ef ol , 2006). Lack of nutrient availability in tropical soils often limits plant
growth. The ability of AM fungi to enhance nutrient absorption, (particularly phosphorus) by hyphal
uptake and translocation towards the plant, is an important advantage (Koide and Mosse, 2004). The
possibility of using beneficial attributes of AM fingi in planting stock will depend on preliminary
assessments of whether inoculation is a suitable management option. AM fingi are obligate symbionts,
usually propagated by growing them with living host plants in pot cultures. For starting pot cultures
of AM fungi, the combination of appropriate host plant and substratz media for production of
mycorrhizal inoculum is crucial (Setiadi, 2000). Pot cultures, which consist of soil, spores and
mycorrhizal roots ete., can be used as inoenlum for experiments or applied to seedling grown in a
nursery or broadeast in the field (Brundrett et af., 1996, Setiadi, 2000, Klironomos and Hart, 2002).
Knowledge about the ability of plant speeies to form symbiosis with AM fungi is very important for
restoration success and indicates the need for inoculum in plants cultivated m forest nurseries
{Wubet ef af , 2003). The purposes of present experiment were to: (1) select appropriate host plants
under pot culture conditions for production of indigenous AM fungal inoculum in the mursery, (2)
examine the effects of 3 AM species with 6 rates of P application on plant development in P-deficient
soil medium under greenhouse conditions and (3) examing the effects of AM fungal inoculation and
conventional fertilization on growth of seedlings in forest soil under mursery performance conditions.

MATERIALS AND METHODS

Inoculum Production

The first experiment consisted of 30 treatments with 6 indigenous AM species [deadospora
elegans Trappe and Gerd., 4. mellea Spain and Schenck, A. serobiculate Trappe, Glomts etuntcatim
Becker and Gerd, G. mosseae (Nicol. and Gerd.) Gerd. and Trappe and Scutellospora heterogama
Walker and Sanders] and 3 host plants [maize (Zea mays L), marigold (Tegetes erecta L)), soybean
{Glveine max (L.) Merr.), sorghum (Sorghaen vidgare Pers.) and upland rice (Orvza sativa L. ¢v. Bue
Bang)| with 3 replications. The experiment was undertaken in clay pots (22 cm top diameter, 18 cm
bottom diameter and 19 c¢m depth) with drainage hole containing 3 kg P-deficient soil medium
{P-deficient soil and coarse sand ratio 2:1), autoclaved twice at 121°C for 30 min with a 2 day interval.
The soil pH (H0) was 5.98 and contained 0.041% total N (Kjeldahl method), 1.4 mg ke~' available
P (Brav II method) and 44.0 mg kg' extractable K (1 M NH,OA¢, pH 7). Seeds were surface-
sterilized with 10% sodium hypochlorite for 5 min, rinsed with sterile water and sown in Petri dishes,
containing the moist tissue paper for 1 week. Seedlings were transplanted 3 seedlings per pot. AM
spores were extracted from the soil samples by wet-sisving and 50% sucrose ¢entrifugation (Brundrett
etal | 1996) and collected an a 53 pm sieve. Fifty spores were inoculated into each pot. Seedlings were
grown in a greenhouse at the Chiang Mai University (CMU) for 4 months between November 2005
and February 2006. Seedlings were watered once every 2 days with 500 mL of tap water. Twice a
month, 80 mL of 4 fill strength Hoagland” solution (Hoagland and Arnon, 1950}, without P was added
to each pot. At harvest, root samples were separated from soil and cleaned with tap water. The root
samples were cleared in 10% KOH at 121°C for 15 min and stained with 0.05% trypan blue in
lactoglvearol (Brundrett ef al., 1996). Thirty stained root segments from each plant (1 em long) were
taken at random and mounted on mucroscopic slides to assess mycorrhizal colonization
{(McGonigle et al.. 1990). One hundred gram dried scil of all different treatments were used to
determine spore density.
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Effects of AM fungi with Phosphorus Fertilizer on Secedling Growth in Greenhouse
Experiment

The second experiment consisted of 20 pots with 5 inoculation treatments (ne inoculation and
AM inoculation: 4. efegans, G. efumicatm, G. mosseae and mixed AM species) and 6 levels of P
application (KH,PO ) (at the rates of 0, 30, 100, 150, 200 and 250 mg P kg=' medium) with 3
replications. Spores of AM species were produced on sorghum pot cultures in P-deficient soil medium
as shown above and used for inoeulation. The experiment was undertaken in elay pots containing 3 kg
autoclaved P-deficient soil medium. Seeds of C acuminatissima were surface-sterilizad with 10%
sodium hypochlorite for 10 min, rinsed with sterile water and sown in a plastic tray containing the
autoclaved forest soil medium (primary evergreen forest soil, coconut husk and psamut husk ratio
2:1:1). The medium pH (H,0) was 5.60 and contained 0.628% total N, 15.8 mg kg available P and
132.0 mg kg extractable K. Three month-old seedlings (3-6 cm tall) were transplanted one ssedling per
pot. In each AM treatment, 150 spores were inoculated into each pot. Seedlings were grown in a
greenhouse at the CMU for 6 months between December 2005 and March 2006. Seedlings were
watered once every 2 days with 500 mL of tap water. Two weeks after transplanting, 6 levels of
KH,PO, were added to each treatment. Twice a month, 80 mL of 4 full strength Hoagland® solution
without P was added to each pot. At harvest, height and stem diameter of seedlings were measured.
Roots were dividad into 2 random sub-samples. Shoot samples and one root sub-sample were oven
dried at 60°C for 48 h Dry samples were analyzed for P content by the dry ashing and
molybdovanado-phosphoric acid method. The second root sub-sample was used to determine AM
colonization and soil sub-samples were assessed for spore density.

Effects of AM fungi with Slow-Release Fertilizer on Seedling Growth in Nursery Sapling
Production

The third experiment consisted of 10 treatments with ¥ inoculation treatments (no inoculation and
AM inoculation: A, efegans, GG. etriication, (. mossere and mixed AM spacies) and 2 levels of slow-
release fertilizer (INPK 14-14-14) (at the rates of 0 and 375 mg kg medium) with 28 replications. Slow-
release fertilizer has been used successtullv at FORRU for many framework species (Anonvmous,
2006). The experiment was undertaken in plastic bags (23x6 ¢m) with drainage holes, containing 800
g autoclaved forest soil medium. Three month-old seedlings of C. acuminatissima wers transplanted
one seedling per bag. In each AM treatment, 150 spores were inoculated into each pot, Slow-release
fertilizer was applied in fertilization treatments at the start of the experimental period. Seedlings were
grown at the FORRU's mursery for ¢ months between April and September 2006. Seedlings were
watered once a day with tap water. Every 3 months, slow-release fertilizer was applied to each
treatment. At harvest, height and stem diameter of seedlings were measuwred. Fresh shoot and root
samples were treated in the same way as deseribed previously. Dry plant samples were analyzed for
P content. Root sub-samples were used to determine colonization percentage and soil sub-samples
were assessed for spore density.

Data Analysis

All data were subjected to analysis of variance (ANOVA) for a completely randomized design.
Residuals were normally distributed with constant variance. SPSS software version 12.0 was used to
conduet the ANOVA. Duncan's Multiple Range Test (p<0.05) was used to compare treatment means.

RESULTS
Inoculum Production of Arbuscular Mycorrhizal Fungi
Four months after starting the pot culture, all 5 host plant species inoculated with 6 AM species
had developed mycorrhizas. Spore density and colomzation percentage varied greatly among the
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Table 1: Spore density of AM fungi (per 100 g dry wi, soil) (n = 3) n pot cultures with 5 host plants inoculated with

spores of & AM fingal isolates
Spore density of AM fingi (spores/100 g soil)

Host plant A elegans A mellea A. scrobiculata G, etwticatum G mosseae S, heterogema
G. mew 42633dB 1333 nsC 14.67abC 598.00cdA 40.004C 0.33bC

O septiva 1683.33bcA  14.67 neD 13.33abD 306.00dB 190.00bcC 6.67hD

S virlgare 271333aB 1333 nsC 16.67abC ol48.6Tan #2.67aC 22.67aC

1. erecta 967.67¢dB 9.33 nsC 6.00bC 1457.33cA 102.00cdC 11.33abC
Z, mays 1857.33bB  10.00 nsC 19.33aC 3933.33bA 231.33bC 4.670C
Analysis of variance

AM species it

Host plant species ke

AM species * Host plant species ok

Means followwed by the same letter (s) (lower case within columns and capitals within rows) are not significantly different
by Duncarrs Multiple Range Test; ns: not significant. ***: significant at p=20.001

Table 2; Root colonization (per 30 root pieces of plant species) (n=3) in pot cultures with 5 host plants inoculated with

spores of © AM fingal isolates
AM colonization (%)

Host plant. A elegams A mellear A scrobicwicta G etwmicatum G, masseae S, heterogama
G, e 87.95aB 20.00msC 14.81abC 90.00bB 1000024 5.00cD
O, semive T73.006B 11.11nsC 3.T0abC 100.00a4 05 .00bA 333%C
8 vilgere 100.00aA 51.85nsC 13.33ahD> 100.00aA 1000034 78.33aB
T erecta 92.16aAB 73.33nsB 16.66bC 93.33abAB 100.00a4 25.00bC
Z. mepy 93,794 55.00nsB 56.67aB 100.00aA 100.00a4 11.66cC
Analysis of variance
AM species ik
Host plant species bk
AM species = Host plant species ok

Means followed by the same letter (s) (lower case within colunns and capitals within rows) are not significantly different
by Duncan,s Multiple Range Test, ns: not significant. ***: significant at p<-0.001

different host species. Spore density and mycorrhizal colonization were increased by the host species
and AM species which interacted (Table 1 and 2). Three fungal species: A. efegans, . efuric afurm and
G. mosseae produced significantly the highest spore densities and colonization abilities on
8. vulgare and Z. mays. The spore density of these AM species on sorghum was significantly lngher
than on maize, whereas mycorrhizal colonization on both plants did not differ from each
other (93.8-100.0%). The highest spore number were found on sorghum inoceulated with
G, etunicatum (61487 spores/100 g soil), A, efegans (2713.3 spores/100 g soil) and G, mosseae
{642.7 spores/100 g soil), respectively. Whilst much lower densities and root colomzation of other 3
AM species were found on all host species (Table 1 and 2).

Effects of AM Inoculation with P Application on Growth of C. acuminatissima in P-Deficient
Soil Medium

Growth of C. acuminatissima seedlings in the P-deficient soil experiment was highly influenced
by both AM inoculation and P-application rates (Table 3). Six months after transplant, plant height,
shoot and root dry weights as well as shoot P content were all significantly increased by both factors
which interacted, whereas root to shoot ratio and root P content were also increased by both factors
but not by their interaction. The only exception was stem diameter, which was only inereased by P
rates. AM colonization was only increased by fungal inoculation, whereas spore density on the other
hand, was increased by both P rates and fungus which interacted (Table 3). Root colonization rangad
in the P applied treatments from 36.7-45.4%, which did not differ with P rates (Table 3). In the AM
treatments, colomzation percentages ranged from 40.1-35.3%. Root colomization in the plants
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Table 3. Effects of AM inoculation and P application (KH;POy) on growth of C. acwminatissima seedlings grown in P-
deficient soil medium and root colonization and spore density of AM fungi in plant rhizoshere n=3)

Flant Stem Shoot dry weight Foot dry weight

Treatments height (cm) diameter {cm) {2 plant™!) (2 plant™")
AM inoculation
Uninoculation 17.8%9¢ 0.23ns 0.66¢ 0.8%d
A elegans 24.25b 0.24ns 1.4 0ab 2.59%
0. efwricatimm 2736 0.23ns 1.60a 2.08bc
. mosseae 2244b 0.24ns 1.17h T
Mixed species 19.85¢ 0.22n8 0.84¢ 2.0Ma
P applied (mg P kg™ 'medium)
a 15.29d 0.21c 0.534¢ 1.36¢
50 16.30d 0.21¢ 0.58¢ 1.51¢
100 19.87¢ 0.22be 0.77¢ l.o7¢
150 25.80b 0.23bc 1.49b 2.33b
200 3211a 0.24b 136b 235
250 17.86a 0.27a 207 277
Analysis of variance
AM mw]lanm et 19 s Hefede
P applied LI ik EEe kg
AM inoculation = P applied ok s H¥ *

Root to shoot ratic Shoot P content  Root P content Root Spore density
Treatments {dry weight) (mg plant™") (mg plant™)  colonization (%) (spores/100g soil)
AM inoculation
Uninoculation 1.4de 0.20¢ 0.22d 0, 00c 0.00d
A elegans 2260 0.64a 0.78a 53,72a 23.11c
G. etunicatum 1.86bc 0.74a 0.67ab 55.33a 31.83b
G. mossea 2.28b 0.42b 0.30be 535,264 33,50ab
Mixed species 2.83a 0.40b 0450 40, 10b 3833
P applied (mg P kg~ 'medium)
Ji] 2.68a 0.15¢ 0.25¢ 43, 92ns 24.20abc
50 2.73a 0.18c 0.29¢ 45, 3%s 28.07a
100 2.37ab 0.23c 0.32¢c 38 l4ns 27.00ab
150 1.81bc 0.61b 0.62b 41.47ns 30.07a
200 1.8%bc 0.52b 0.63b 39.64ns 21.93be
250 1.35¢ 1.21a 1.02a 36.7lns 20.87c
Analysis of variance
AM inoc‘l.l|ati0ﬂ L * ks B B Eaa
P app]icd H LR LR ns L
AM inoculation > P applied s i 0.074 18 *

Means in the same column followed by different letter(s) are significantly different by ANOWVA and Duncan, s Multiple
Range test. * , ** #**: Significant at p<0.03, 0.01, 0.001, respectively; ns: not significant

inoculated with the single species of AM fungi was significantly higher than for the mixed species
inoculurm. Spore density was significantly increased by P rates and AM fungi which interacted. Spore
density in the P applied treatments ranged from 20.9-30.1 spores/100 g soil which reached maximum
at 150 mg kg 'soil (30.1 spores/100 g sail) and continued to decrease with the lowest at 250 mg kg soil
{20.9 spores/100 g soil). Spore density ranged from 23.1-38.3 spores/100 g soil and the highest density
was found in plants inoculated with mixed AM species.

P applications were highly beneficial for growth parameters of plants as measure by height, stemn
diameter (Table 4), dry weights (Table 5) and P contents (Table 6) and AM inoculations also had
significant effects on plant growth. Six months after transplant, non- AM plants grown in P-deficient
soil exhibited increasing either height or shoot dry weight to increasing P rates, whereas the other
growth parameters showed no such differences. Contrast with all growth parameters of AM plants,
tended to increase with increasing P rates (maximum at 250 mg P kg™') and mycorthizal enhancement
varied with the different kinds of AM species. In P applied treatments, seedlings generally grew very
little and no sigmficant differences between AM plants and non-AM plants were observed for plant
height, stem diameter and P contents, whereas dry weights of AM plants significantly trended to be
higher than non-AM plants.
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Table4: Height and diameter {n = 3) of C. acumindgissima seedlings grown in P-deficient soil medium containing
increasing P application with AM inoculation

Plant height (cm)

Treatments Uninoculation A elegans G. efunicatim G, mosseqae Mixed species

P applied (mg P kg 'medium)

0 14.44bNS 16. 56cMS 15.59bNS 14.84cNS 15.02cNS8

50 16,1908 18.02cNS8 15.97bNS 16.05c NS 15.26cNS

100 18 13bNS 22.12bcNS 18.530bME 22.19hs 18.330be S

150 17.76bB 27.05bB 39.19aA 25,658 19.28bcB

200 17.8%0C 26.81bAB 33.97acA 24.03bB 21.21bBC

250 22,92aC 34.953AB 40,8524 31.81aABC 30.00aBC
Stemn diarneter (cm)

Treatments Uninoculation 4. edegeans G. etunicatum G, mosseae Mixed species

P applied (mg P kg™'medium)

0 0.22n5N8 0.21bNS 0. 22nsNS 0.19bNS 0.21nsN8

50 0.22nsN8 0.21bNS (0. 219nsN8 0.21bNS (.21nsNS

100 0.22nsN8 0. 20bNS 0.23nsN& 0.24abN§ 0.22nsN8

150 0.22nsNS 0.24bNS (1. 25nsNS 0.25abNS 0.20nsNS

200 0.23nsNS 0. 230hNS 0.25nsN8 0.24ab N8 0.25nN8

250 0.24nsB () 32ah 0.24nsB {.20aA 0. 24n=B

Means followed by the same letter (lower case within cohimng and capitals within rows) are not significantly different by
Duncans Multiple Range Test; ns: not significant

Table 5: Shoot and root dry weights (n = 3) of C. acuminaissime seedlings grown in P-deficient soil medium
containing increasing P application with AM inoculation
Shoot dry weight (g plant™)

Treatments Uninoculation . elegans G. eturticatum G, mosseqag Mixed species
P applied (mg kg™! KELPQOy)
0 0.45bB 0.76bA 0.67bAB 0.42dB 0.42¢B
50 0.54bAB 0.83bA 0.51bAE 0.533cdAB .46bcB
100 0,658 0.82LNS 0.91bNS 0.96cINS 0.51beNS
150 0.62bB 1.81abAB 2.63aA L.45bAB 0.96bB
200 0.62bD 1.64abAB 2.136aA 1L46bBC 0.94bCD
230 1.07aC 2.58aAB 2. 74aA 2.18aAB L.7TmaBC
Reot dry weigh (g plant)
Treatments Uninoculation A elegeams G etunicatm G, mosseae Mixed species
P applied (mg kg™ KH,POy)
0 0.96nsB 1.77nsA 1.54bAB 1.48cAB 1.05¢B
50 0.78nsC 2.28nsA 1.835b8 1.53¢B 1.35bcB
100 0.91nsB 1.93nsA 1.42hAB 2.15bA 1.96bA
150 0.76nsC 3.13nsAB 3.51aA 2.34bAB 1.80bBC
200 0.82nsC 3.05nsA 3.11aA 2.13bB 2.83aAB
250 1.11nsB 3.3TnsA 3.39aA 2.87aA 3.13aA

Means followed by the same letter (lower case within columnns and capitals within rows) are not significantly different by
Duncans Multiple Range Test; ng: Not significant

AM inoculation significantly increased plant height over non-inoculated controls were found in
A. elegams at 200-250 mg P kg, G. efmicatim at 150-250 mg P kg and . mosseae at 200 mg P kg,
The maximum height was 1.52 and 1.78 fold higher than the control in 4. elegans and G. emunicatum
at 250 mg P kg, respectively, whereas, height of G. eawricanen plants was the highest (40.8 cm)
{Table 4). Stem diameter was only influenced by P rates. Stemn diameter had a 1.45 and 1.32 fold
increase over control with no P added inA. elegans and G. mosseae at 250 mg P kg, respectively,
which did not differ from one another (0.3 cm) (Table 4).

Only 4. elegans plants at the lowest P rate significantly had a higher shoot dry weight than non-
AM plants and other AM plants, Whilst at high P rates, AM inoculation significantly increased over
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Table & Shoot and root P contents (n = 3) of . acumiugtissing seedlings grown n P-deficient soil medinm containing
increasing P application with AM inoculation
Shoot P content (mg plant™)

Treatments Uninoenlation 4. elegans G, etunicatum G, mosseae Mixed species
P applied (mg ke ' KH,PQ,)

0 0.12InsNS 0.21eN8 0.156N8 0.11bNS8 0.14cINS

50 0.13nsB 0.25cA 019bAB 0.15bAB 0.16cAB

104 . 20nsINS 0.20cNS 0.33bN3 0.24bN3 0.17cNS

150 0.19n:5B 0.76bAB 1.23aA 0.31bB 0.57bB

200 0.16nsC 0.71bB 1.02aA 0.30bC 0.42bBC

250 0.40nsB 1.70aA 1.55aA L44aA 0.962ARB

Root P content {mg plant™)

Treatments Uninoculation A elegans . etunicatum G mossece Mixed species
P applied (mg kg™ KH,PO,)

0 0.21n=NS 0.29bNS 0.30bNS 0.23bNS§ 0.20dNS

50 0.2InsC 040bA (.35hAB 0.26bBC 0.21dC

100 0. 2InsNS 0.34bN8 0.350N8 0.38bNS 0.31cdNS
150 0.23nsB 0.94ab A 0.98abA 0.54bAB 0.43cAB
200 0.20nsB L.0SabA 0.85abAB 0.40bAB 0.64bAB
250 0.26nsB 1.54aA 1.18aA 1.22aA 0.89AB

Means followed by the same letter (5) (lower case within cohunns and capitals within rows) are not significantly different
by Duncarrs Multiple Range Test: ns: not significant

non-AM plants were found in most fungus treatments, except for mixed fungal species. At
250 mg P kg, the maximal shoot biomass exhibited 2.41, 2.56 and 2.34 fold inerease over contral in
A elegans, G. eturricatum and G. mosseae, 1aspectively, whereas G. efgnicansn plants gave the highest
shoot biomass (2.7 g plant™ 3 (Table 5). 4. elegars plants with no P added also had a significantly
higher root dry weight than non-AM plants and other AM plants. AM inoculation significantly
increased over non-AM plants were found in all fungus treatments at the first 50 mg P kg™
and continued to increase with further increase in the level of P rates. Root biomass reached their
maxitmun at 250 mg P kg™' and exhibited 3.04, 3.05, 2.58 and 2.82 fold increase over non-inoculated
controls in 4. elegans and G. etunicatum G. mosseae and mixed AM species, respectively, which did
not differ from one another (2.8-3.4 g plant™" ) (Table 5).

At S0 mg P kg™, AM inoculation significantly increased shoot P content over non-AM plants
was only found in 4. efegans. Whilst at higher P rates, AM inoculation significantly inereased shoot
P content were found in A. elegans at 200-250 mg P kg~', G. efimicansn at 150-250 mg P kg and
G. mosseae at 250 mg P kg™'. At the highest rate, the maximal shoot P content exhibited 3.04, 3.03,
2.58 and 2.82 fold increase over non-AM plants in 4. efegans and G. etunicatum and G. mosseae,
respectively which did not differ from one another (1.4-1.7 mg plant~ } (Table 6). Fungal
inoculation significantly increased root P content over non-inoculated controls were found inA4. elegans
and G. eamicatum at first 50 mg P kg~' and still increased at 150 mg P kg~'. Whilst at 200 mg P kg,
only root P content of 4. elegans plants were significant increased over controls. At 250 mg Pkg™!,
root P content of most AM plants exhibited 5.92. 4.54 and 4.69 fold increase over non-AM plants
in 4. elegans, G. etunicatum and G. mosseae, respectively which did not differ from one another
{1.2-1.5 mg plant™} (Table 6).

Effects of AM Inoculation with Slow-Release Fertilizer on Growth of C. acuminatissima in
Forest Soil Medium

Growth of C. acuminatissima seedlings in the forest soll measured for 6 months showed
consistent effects of slow-release fertilization throughout the experiment (Table 7). Plant height, dry
weights and P contents weere increased by fertilizer but not by AM fungi. However, fertilization effects
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Table 7. Effects of AM inoculation and slow-release fertilizer application on growth of €. acaminatissime seedlings grown
in forest soil medinm and root colonization and spore density of AM fimgi in plant rhizoshere (n= 28)

Plant Stem Shoot dry weight Root dry weight
Treatments height (cm) diameter (cm) {o plant™"y (g plant™")
Uninoculated 10.89¢d 0.15¢cd 0.3%cd 0.62bed
Uninoculated+Fertilizer 14.54a 0.16be 0. 38ab (.78ah
A. elegans 10.89%cd 0.15bed 0.25d 0.51d
A. eleganstTFertilizer 11.41bed 0.16be 0.62a 0.61bcd
G, eturticatum 9.71d 0.14d 0.43abed O.6dbed
G. efunicaunrtFertilizer 12.73abc 0.17b 0.42abed 0.76ab
G. mossece 10,044 0.15bed 0.35¢cd 0.57cd
G, mosseaetFertilizer 13.13ab 0.16bc 0.62a 0.83a
Mixed species 11.52bcd 0.16bc 0.30bcd 0.63bed
Mixed speciestFertilizer 13.05ab 0.20a 0 52abc 0.70abe
Analysis of variance
AM inoculation 0.075 * s 0,061
Fertilization s P s s
AM inoculation = Fertilization ng ns 0,033 ns

Root to Shoot P Root P Raoot Spare density

shoot ratio content content colonization (spores
Treatments {dry weighty  (mg plant™y  {me plant™!) {9%) 100 57! s0il)
Uninoculated 1.83bc 0.0%cd 0.0 0.00f 0.00f
UninoculatedtFertilizer 1.77cd 0.13b 0.10a 0.00f 0.00f
A. elegans 2.58a 0.03d 0.03¢ 52.56d 22.43e
A. elegans+Fertilizer 1.14d 0.19a 0.10a 70.52a 57.71ab
G, elupsicatum 2.44ab 0.044d 0.03¢ 41.96¢ 20.8oe
G. elunicaumtFertilizer 1.95he 0.10bc 0.09ab 65.30c 16.14e
. mosseae 1.72cd 004 0.03¢ 3H.38e 42.28d
G mosseaetTertilizer 1.89bc 0.15ab 0.12a 77.58ab 49.14cd
Mixed species L.65cd 0.0Ted 0.05be 58.87cd 65. 14ab
Mixed speciestFertilizer 1.77cd 0.16ab 0.12a 68.32bc T4.57a
Analysis of variance
AM inoculation s ns s s A
lelzﬂtlm L ks s s L
AM inoculation = Fertilization il ns ns s i

Means in the same column followed by different letter (s) are significantly different by ANOVA and Duncan, s Multiple
Range Test. * | % #=#* Sjenificant at p<0. 05, 0.01, 0.001 respectively: ns: Not significant

on growth parameters were slightly higher it increased growth than non-AM plants without
fertilization {controls). Plant growth was highest in all fertilization treatments for plant height
(14.5 cm), shoot and root dry weights (0.6 and 0.8 g plant~" , respectively) and shoot and root P
contents (0.2 and 0.1 mg plant™" | respectively). Whilst significant mycerrhizal effects wers only found
in stem diameter, which fungal-fertilizer interactions were not found (Table 7). Stem diameter of
G. efunication and mixed AM species plants with fertilization were highly increased by AM fungi,
whereas the highest diameter was found in AM plants with fertilization (.2 cm). Root colonization
and spore density were increased by both finngus species and fertilizer, which interacted (Table 7).
Colomzation pereentages of all AM plants with fartilization were higher than without fertilization. The
percentages were high, ranging from 38.4-79 5%, with the highest percentage found in 4. elegans
plants. Spores in fungal treatments with fertilization, generally recovered in higher number than
without fertilization. The spore number ranged from 16.1-74.6 spores/100 g soil and the highest
density was found in mixed AM species with fertilization.

DISCUSSION
Pot cultures, using host plants grown in soil diluted with sterile sand, are most commonly usad

to propagate AM fimgi (Brundrett ef ., 1996). In our present study, all 6 indigenous AM fungi were
recovered from all 5 host plant pot cultures. Variation in spore density and mycorthizal colonization
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was increased by host plants and AM fongi. Results presented here for spore density and root
colonization are in agreement with those found in the greenhouse and the field showing that AM
species, host plant species and soil conditions have been reported to effect on mycorrhizal formation
and sporulation in pot cultures { Brundrett ef af., 1996; Liu and Wang, 2003). From our observation,
most plants inoculated with small to medium sized spores of Gloms and Acarfospore species was
generally more successtul than inoculation with the larger sized spores of Seuteliospora species. The
spore abundance must be related to their sporogenous characteristics. It has been reported that Glomus
and dcafospora spacies usually produce more spores than Gigaspora and Scufellospora species in
the same environment conditions, because smaller spores tequire a short time to produce spores than
large spores (Hepper, 1984, Bever et el, 1996). The high success rates of spore density and
colonization percentage of at least 3 of 6 AM species were observed on sorghum and maize suggested
that these plants are favorable hosts especially for 4. elegans, G. emicanim and G. mosseae compared
to other hosts tested. Thus, sorghum and maize pot culture-produced spores as inoculum in P-deficient
scil medium are more suitable for large scale production as well as for research purposes and nursery
practica.

In the greenhouse experiment, growth of non-AM plants was very stunted in P-deficient soil
medium (available P 1.4 ppm). Applying additional P fertilizer to non-AM plants could enhance
growth of plants. However, even with the different allotments of P fertilizar, all AM species greatly
stimulated plant growth with bigger size than non-AM plants in this unsuitable soil condition.
Enhanecement effects on plant growth, tended to inerease with increasing P rates and more efficiency
varied with the different kinds of AM species. Phosphorus responses for the plant growth agreed with
that reported for other AM plants grown in a controlled environment {Siqueira ef ol 1998a;
Youpensuk et al., 2005), thereby confirming mycorrhizal nutritional benefits and the strong
interrelationship between P supply and mycorrhizal response under nutrient-stressed eonditions. AM
inoculation had slightly effects on seedling growth when plants received low P rates at planting,
whereas strongly effects were found at higher P rates. The present results suggeated that addition
250 mg P kg ! to C aeuwminatissime seedlings was suitable to produce either non-AM plants or AM
plants in P-deficient soil. Although, non-AM plants at maximal P rate were higher than at nmimmal rate
but still significantly lower than AM plants at the same P addition. The greatest height of AM plants
was found in G. efuricatum plants with 250 mg P kg™, exhibited 1.8 fold over non-AM plants.
Contrast with stem diameter of seedlings was not improved by the mycorthizal symbiosis but diameter
was also greatest with the highest P added, exhibited 1.5 fold increase over control with no P added.
The Mycorrhizal Dependence (MD) of C. acuminatissima was high and trended to increase with
applying fertilizer into P-deficient soil. In the absence of fertilizer, maxirmum MD exhibited 43.1%
when fertilized with 150 mg P kg™, maxinmum MD exhibited 75.9% (data not shown). P-deficient
plants lacking AM symbiosis tend to have a high root to shoot ratios usually associated with mutrient-
stressed plants (Pacovsky ef af., 1986). Whilst, root to shoot ratios of AM plants in our study were
higher than for non-AM plants, especially in the absence of P fertilizer or low F rates, the higher ratios
probably resulted in mycorrhizal stimulation of oot growth for improving P acquisition under limiting
P condition. Plants characterized as inefficient at acquiring soil P, may substantially improve
P acquisition by morphological and physical adaptations include changes in P and dry matter
partitioning that favor growth of roots over shoots and the induction of a high-affinity P uptake and
transport system in roots during the development {Cogliatti and Clarkson, 1983; Marschner et al.,
1996).

P contents in AM plants were significantly increased with levels of P application. AM fungi most
likely increased nutrient uptake from the soil due to the external hyphae can exploring greater soil
volume and delivering mitrients to the host plants (Jener and Jakobsen, 1995; Koide and Mosse, 2004).
Roct colonization of plant species in many greenhouse experiments is diminished by high soil
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P availability and concomitant enhanced P concentration in plant tissues (Vaast ef of, 1996
Youpensuk et af | 2005). Contrasting with this suppressive effect observed with AM eolonization in
C. gqeuminatissima was not differed by increasing P levels application while P status remained
unaffected. This experiment showed that AM inoculation of C. acwmisratissima seedlings produces
large plants with improved P status, thus confirming the high AM-dependency of host plant. This
study also indicates the tolerance abilities of selectad AM species on P-application rates, resulting
from their abilities to promote plant P accumulation.

In the nursery experiment, seedlings grown in forest soil medium with slow-release fertilizer
applied were slightly bigger than controls. Most AM plants without fertilizer added grew poorly with
growth parameters similar to those of non-AM plants. Plant height, shoot and root dry weights and
shoot and root P conterts were inereased by fertilizer but not by mycorrhiza, whereas only stem
diameter was increased by both factors. Higher stem diameter of G. efunication and mixed AM species
plants with fertilization may result from direct fungal efficiency effects or fungal-fertilizer interactions
in such soil condition. AM colomization and P concentrations of €. aeuminatissima seedlings wers
quite high with slow-release fertilizer added. This may be fertilization effect on P accunmilation through
its influence on AM symbiosis. Heavy application of P fertilizer or sufficient P condition at planting
may Teduce mycorthizal formation, sporulation and the MD of host and thus mycorrhizal effectiveness
for the seedling growth (Siqueira ef af., 1998b). From our observation, growth of AM plants grown in
forest soil was less than grown in P-deficient soil. This may the result of plants responding well to
mycorthizas inlow or moderate P soils are regarded as mycorrhizal dependent. That is, they depend
on mycorrhiza to show their full potential (Haselwandter and Bower, 1996). The components of
forest soil medium (available P 15.8 ppm) were rich in both organic and inorganic nutrients. Thus, AWM
fungi may be loose their finction on stimulating plant growth in this nutrient condition. High dissolved
inorganic nutrients in tropical forest soil may make AM fungi unnecessary to meet nutrient
{Maffia ef @f., 1993). The consistent effects of AM fungi on plant growth were diminished or
disappearad with mutrient abundance in the soil. Strongly mycorrhizal effzcts on external P requirement
for maximal growth of seedlings were high and consistent in nutrient poor soil but were diminished and
varied unpredictably with levels of fertilizer and P requirement of individual plant species. Phosphorus
is not only a suppressed factor on AM symbiosis. Further, Youpensuk ef af. (2005) reports
that application of high rates of P or N can depressed AM colonization and spore formation.
' acuminatissima seedling grown in forest soil medium with nutrient abindance did not respond to
AM inoculation although root colonization was high. Without fertilizer added, all AM plants were still
equal size with non-AM plants. It may be resulted in reduction of AM symbiosis caused decreasing
nutrient uptake ability for growth of mycorrhizal plants.

[n addition, myvcorrhizal inoculation with selected AM fungi and application of optimal P rate on
early plant development are highly advantageous for high quality sapling production in forest tree
nmurseries and sapling establishment in low nutrient soils in forest restoration areas in Thailand, Al AM
species tested were greatly effective in promoting growth parameters of AM seedling in nutrient poor
medium, but diminished their fimction in mutrient abundant medinm. Differential responses of AM
seedlings in these experiments appear to be related to nufrient available (inorganic and organic forms)
in medium and form of fertilizer (easy soluble or slow-releasing) by plant and AM fungi. Therefore,
the success of AM technology will depend upon dependent mycorthizal host, optimal soil condition
and well-adapted effective fungal strains.
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Abstract

Arbuscular Mycorrhizal (AM) fungal diversity was surveyed in the forest restoration area of Doi Suthep-
Pui National Park, northern Thailand. Twenty four indigenous tree species, used for forest restoration in a
degraded watershed area were examined. Rhizosphere soil samples were collected and AM spores were counted
and identified morphologically. AM spores were found in the rhizosphere soils of all tree species. Twenty one
AM species were identified: Acaulospora (6 species), Glomus (12 species) and Scutellospora (3 species). AM
fungi belonging to the genera Glomus and Acaulospora were dominant. Abundant species present were
Acaulospora elegans, Glomus multicaule and Scutellospora pellucida. These results showed that all 24
indigenous tree species were associated with AM fungi and some AM species had a broad host range.

Background

The tropical forests of Doi Suthep-Pui National paper were counted under a stereomicroscope
Park are one of the most important watershed areas (Olympus SZ40). Spores were mounted on
which composed of a number of indigenous tree microscopic slides in polyvinyl lactic acid (PVA),
species. Deforestation within the national park has with or without Melzer’s reagent (Morton, 1988)
had adverse consequences on biodiversity and and identified according to morphological
environmental quality. One method of forest characteristics of the originally published species
restoration, which involves planting mixtures of descriptions under a light microscope (Olympus
several indigenous tree species, has been used to CH30). Light microscopic photographs were taken
counteract this problem (Goosem and Tucker, under an Olympus BX61.
1995; FORRU, 2006). Many indigenous species
were selected and tested in the experimental plot, Results and Discussion
established in the north of national park (Elliott er The results of our study on the AM fungal
al., 2003). AM fungi are one of the beneficial soil diversity in the forest restoration area of Doi
microorganisms that play a crucial role in the Suthep-Pui National Park showed that all 24
mineral nutrition of forest trees (Koide and Mosse, indigenous free species are associated with AM
2004). Information on the capacity of indigenous fungi. Spores of AM fungi were found in the
tree species in association with AM fungi is very rhizosphere soils of all individual tree species. This
important to forest restoration. The purpose of this reflects the mycotrophic nature of the plant species
study was to obtain information on the diversity of studied and the ability of AM fungi in soils to
AM fungi associated with indigenous tree species associate a wide range of host species. It has been
in the forest restoration plot. reported that many tree species are highly

associated with AM fungi (Janos, 1980; Onguene

Materials and Methods and Kuyper, 2001). Twenty one AM species were

Among the planted tree species in forest identified based on morphological characteristics of
restoration plot, 24 potential indigenous species their spores according to published descriptions
were selected for study. All tree species are (Table 1). The diversity of AM species was varied
reported to be multipurpose and suitable for among the different tree species (Table 2). Most of
acceleration of the forest regeneration. Rhizosphere the isolated species belonged to the family
soil samples (about 500 g) of each indigenous Glomaceae, all of which were Glomus (12 species,
species were collected and stored at 4°C until 49.3%). Abundant species present was G.
analyzed. AM spores were extracted from 100 g multicaule (14.2%) (figure 1). Six species were in
air-dried soil samples by wet-sieving and 50% the family Acaulosporaceae, all of which were in
sucrose centrifugation (Brundrett et al., 1996). the genus Acaulospora (43.6%). Abundant species
Spores were recovered by filtering through a 53 pm present was A. elegans (39.2%) (figure 2). Three
sieve onto filter paper. The intact spores on filter species were members of the family
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Gigasporaceae and belonged to the genus
Seutellospora (7.1%). Abundant species present
was S. pellucida (5.5%) (figure 3). Species in the
genera Archaeospora, Paraglomus, Entrophospora
and Gigaspora were not found. AM fungi belonged
to the genera Glomus and Acaulospora were
dominant. This fact must be related to their
sporogenous characteristics, ie. Glomus and
Acaulospora species usually take a short time to
produce small spores, compared with the large
spores of Gigaspora and Scutellospora species in
the same environment (Hepper, 1984; Bever et al.,
1996). A. elegans, G. multicaule and S. pellucida
were the most commonly encountered species. This
suggests that these species have a widespread and
broad host range.

Conclusion

In the forest restoration area of Doi Suthep-Pui
National Park, all surveyed indigenous tree species
were associated with AM fungi. The AM fungal
diversity in the plant rhizospheres was variable
among the different tree species. Twenty one AM
species were identified as 3 genera and 12 species
of Glomus, 6 species of Acaulospora and 3 species
of Scutellospora. Glomus and Acaulospora were
the dominant genera. The present study obtains the
information on the AM association of 24 potential
indigenous trees used to restore tropical forest of
Doi Suthep-Pui National Park.
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Fig. 1 Glomus multicaule: Spore with multiple subtending hypha
(arrow) and rounded projections on the surface, bar = 50 pm.

Fig. 2 Acaulospora elegans: Craked spore with sporiferous saccule
(arrow) and crowded spines on the surface, bar= 50 pm.
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Fig. 3 Scutellospora pellucida: Cracked hyaline spore with
hyaline bulbous subtending hypha, bar = 50 pm.

Table 1 Diversity of AM fungi from the rhizosphere soils of 24 indigenous tree species in the forest restoration area of
Doi Suthep-Pui National Park, northern Thailand.

Code of AM species Genus Species

Acaulospora
1 A. bireticulata Rothwell & Trappe
2 A. elegans Trappe & Gerd.
3 A. foveata Trappe & Janos
4
5

A. laevis Gerd. & Trappe
A. mellea Spain & Schenck

6 A. scrobiculata Trappe

Glomus
7 G. aggregatum Schenck & Smith
8 G. ambisporum Smith & Schenck
9 G. clavisporum Trappe
10 G. coremioides Berk. & Broome
11 G. intraradices Schenck & Smith
12 G. microaggregatum Koske, Gemma & Olexia
13 G. microcarpus lgbal & Bushra
14 G. mosseae (Nicol. & Gerd.) Gerd. & Trappe
15 G. multicaule Gerd. & Bakshi
16 G. rubiforme Gerd. & Trappe
17 G. sinuosum Gerd. & Bakshi
18 G. viscosum Nicol.

Scutellospora
19 §. gregaria (Schenck & Nicol.) Walker & Sanders
20 S. heterogama Walker & Sanders
21 S. pellucida (Nicol. & Schenck) Walker & Sanders




Journal of Microscopy Society of Thailand 2008, 22: 60-64

Table 2 Diversity of AM fungi found in the rhizospheres of 24 indigenous tree species in the forest restoration area of Doi
Suthep-Pui National Park, northern Thailand.

Indigenous tree species AM species
Acrocarpus fraxinifolius Wight ex Am. (Caesalpinioideae) 3,4, 14,15
Balakata baccata (Roxb.) Ess. (Euphorbiaceae) 12, 20
Castanopsis acuminatissima (Bl.) A. DC. (Fagaceae) 1,15
Erythrina subumbrans (Hassk.) Merr. (Papilionoideae) 212219
Ficus altissima Bl. (Moraceae) 2,6, 10
Ficus benjamina L. var. benjamina (Moraceae) 6,19,20
Ficus glaberrima Bl. var. glaberrima (Moraceae) 16

Ficus hispida L. {. var. hispida (Moraceae) 2,5,16, 17
Ficus racemosa L. var. racemosa (Moraceae) 2.8, 14,16, 18
Ficus subulata Bl. var. subulata (Moraceae) 2,14, 16,20
Glochidion kerrii Craib (Euphorbiaceae) Z1

Gmelina arborea Roxb. (Verbenaceae) 2,6, 13; 15
Heynea trijuga Roxb. ex Sims (Meliaceae) 2,3,8,10,20
Hovenia dulcis Thunb. (Rhamnaceae) 2, 7,15
Macaranga denticulata (Bl.) M.-A. (Euphorbiaceae) 9, 10, 16, 20
Machilus bombycina King ex Hk.f. (Lauraceae) 2,10, 16,20
Melia toosendan Sieb. and Zuc. (Meliaceae) 2,920
Michelia baillonii Pierre (Magnoliaceae) 16,17

Nyssa javanica (Bl.) Wang. (Nyssaceae) 6,15,20
Prunus cerasoides D. Don (Rosaceae) 7,10, 13, 15, 16
Rhus rhetsoides Craib (Anacardiaceae) 2,6,13, 16
Sapindus rarak DC. (Sapindaceae) 2,20
Sarcosperma arboreum Bth. (Sapotaceae) 10,11, 20
Spondias axillaris Roxb. (Anacardiaceae) 15

" Numbers in column refer to the codes of AM species in Table 1.
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ABSTRACT

Farmers of the Karen ethnic group who live in Huai Tee Cha village, Mae
Hong Son province in northern Thailand, still practice the rotational shifting
cultivation or swidden agriculture system for food and some cash crops. This
study investigated the association of upland rice (Oryza sativa cv. Bue Bang),
other food crops [Job’s tears (Coix lachryma-jobi), corn (Zea mays), sesame
(Sesamum indicum) and sorghum (Sorghum bicolor)] and pada (Macaranga
denfticulata) with AM fungi in farmers’ fields. Soils in the farmers’ fields were
mildly acidic to neutral (pH 5.2 to 7.0) and showed diversity in P status (6.8-271
mg kg soil, Bray II) but not in N (0.29-0.35% total N) or K (103-130 mg kg™).
The roots of all plants investigated were colonized by AM fungi with upland rice
and corn the most infected (> 90%), followed by Job’s tears (75%), then sorghum
(50%) and sesame (45%). Rhizosphere spore density ranged from 160 spores 100
g-1 soil for pada and sorghum, to 120 for sesame and half of this in Job’s tears,
corn and upland rice.

This study suggests that swidden crops in northern Thailand have a strong
relationship with indigenous AM fungi.

Key words: Arbuscular mycorrhizal fungi, Shifting cultivation system, Swidden
crops

INTRODUCTION

Karen is the largest of the minority groups living in the mountainous areas
of northern Thailand. Karen farmers in Huai Tee Cha village, Sob Moei district,
Mae Hong Son province, located at 19° 78’ N, 93° 84’ E, 700 MASL, manage fields
ranging in altitude from 600 to 900 m with steep slopes (Rerkasem and Rerkasem,
1994). These people have lived in this neighborhood for more than 200 years. Crop
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production in this area 1s generally referred to as rotational shifting cultivation. It
mvolves clearing land for crop production by slashing and burning the forest. After
one year of cropping, the field is left in fallow for several years, and then cleared and
cropped again when the rotation cycle is completed. The Karen farmers at Huai Tee
Cha village grow over 50 crops including upland rice (the major staple crop), maize,
sorghum, sesame, cowpea, Job’s tears, vegetables, some cash crops (passion fruit,
coffee, chili, etc.) and other traditional crops in their swidden fields. Most soils in
this region are reddish clay loams (Yimyam et al., 2003) and the climate is tropical
monsoon with wet, cool and hot seasons. The shifting cultivation cycle at Huai Tee
Cha village has been reduced from 10-15 to 7 years. In spite of this, farmers ap-
pear to have been able to maintain rice yields by managing their short fallow with
Macaranga denticulata (local name is pada), one of the pioneer tree species in the
area (Rerkasem et al., 2002; Yimyam et al., 2003). The successful management of
this local fallow species by farmers is evident by the higher grain yield and grain
N content in upland rice grown after dense pada stands (Yimyam et al., 2003). Pot
trials have shown that pada is highly dependent on arbuscular mycorrhizal (AM)
fungi in Huai Tee Cha field soil (Youpensuk, 2004). However. it is unknown
whether these AM fungi also directly benefit the food crops and other crops in the
farmers’ fields. This field study was undertaken to provide baseline data on AM
fungi and crops in Huai Tee Cha fields.

MATERIALS AND METHODS

Soil properties, plant sampling and spore density

In the 2005 cropping year, at the end of the hot season, about 2 months after
upland rice had been sown, when the crop was approximately 20 cm high, 34 soil
samples (0-15 cm depth) were collected by randomly coring (4.5 cm diameter and
15 cm deep) 3 farmers’ fields (Kayo, Takae and Murkur) for determining soil pro-
perties [pH (water, 1:1): Bray II phosphorus (Wanatabe and Olsen, 1962); Kjeldahl
nitrogen (Jackson, 1967); and extractable potassium (1 M NH,OAc, pH7)] and
for spore density assessment. Fine root samples from the root zone of five com-
mon upland crops, grown after slashing and burning the forest [Job’s tears (Coix
lachrvma-jobi L.), corn (Zea mavs L.), sesame (Sesamum indicum L.), sorghum
(Sorghum bicolor L.) and upland rice cv. Bue Bang (Oryza sativa L.)] and seed-
lings of one fallow-enriching tree, pada (Macaranga denticulata (Bl.) Muell. Arg)
were obtained by digging part of the root systems (15 cm depth; 10 cm from the
base) of three plants species™ from each farmer’s field. Roots and soils were trans-
ported to the laboratory for determining root colonization and examination of spore
density. Youngest fully-expanded leaf (YFEL) samples of each crop were taken from
the farmers’ fields to the laboratory and were dried at 75°C for 48 hours and then
analysed: N by the Kjeldahl method (Jackson, 1967); P by dry ashing followed by
the molybdovanado phosphorus acid method (Murphy and Riley, 1962) and K by
dry ashing and atomic absorption spectrophotometry.
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Arbuscular mycorrhizal fungi assessment

a) Determination of arbuscular mycorrhizal colonization

The root system was separated from the soil, washed over a 106 pm mesh
sieve, then subsampled. Roots in the subsample were cut into pieces 1-2 cm in
length, cleared in 10% KOH at 121°C, rinsed with water on a sieve and stained
with 0.05% trypan blue in lactoglycerol at 121°C (Brundrett et al., 1996). Thirty
root pieces were taken at random from each sample, mounted on glass slides and
AM colonization determined, using the gridline intersect method (McGonigle et al.,
1990) under a compound Olympus microscope, model CX41RF.

b) Determination of arbuscular mycorrhizal spore density

Spores of AM fungi in 50 g soil were obtained by wet sieving through 710,
250, 106 and 53 pm mesh sieves. The 250, 106 and 53 pm fractions were cen-
trifuged for 5 minutes at 2000 r min! to remove floating debris, the spores were
resuspended in 50% sucrose with vigorous shaking and centrifuged for 1 minute at
2000 r min!. The spores were washed with water, transferred to filter paper with
gridlines and counted under a stereomicroscope (Brundrett et al., 1996).

Effect of soil profile on spore density

Soil pits were dug at random locations at high, middle and low slope positions
in Kayo fields. Soil samples were taken at 0-5, 5-10, 10-15, 15-20, 20-30, 30-40
and 40-50 cm depth and spores were obtained by wet sieving (see above).

Yield and crop use
Grain yield and crop use data were obtained from farmer interviews after they
finished crop harvesting.

Data analysis
Data are presented as means and standard errors (S.E.), rice yield of each
farmer was explored as standard deviation (S.D.).

RESULTS

Soil properties

Soil pH,,., 1n the farmers’ fields was mildly acidic to neutral, ranging from
5.2 to 7.0 and soils varied considerably in their Bray II P status, ranging from 6.8
to 271 mg kg! soil. There was a wide range in the soil P among farmers’ fields: it
ranged from 53.5-271.0, 6.8-65.3 and 12.4-27.8 mg kg! soil in the fields of Takae,
Kayo and Murkur, respectively. By contrast, the levels of N and K laid within a
narrow range, 0.29-0.35% for N and 103-130 mg kg! for K (Table 1).

Leaf nutrient concentrations

Leaf nitrogen (N) concentrations were 2.10 to 2.46 %, P concentrations were
0.18t00.33 % and K concentrations were 1.83 to 8.44 %. There was a narrow range
i N concentration for all crops sampled whereas the P concentration was lower in
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upland rice and pada (0.18, 0.20%) than in corn or Job’s tears (0.33, 0.30%), respec-
tively. Sesame and sorghum had intermediate foliar P concentrations. By contrast,
corn and upland rice had higher K concentrations (6.74 and 8.44 %, respectively)
than the other crop species (pada, Job’s tears, sesame and sorghum: 2.08, 1.83, 3.05
and 2.08 %, respectively) (Figure 1).

Spore number with soil depth

Abundance of AM spores varied with depth with most concentrated in the
0-20 cm part of the profile. The highest spore density was at 5-10 cm [225 spores
100 g! soil], followed by 0-5 and 15-20 cm [36 and 27 spores 100 g1 soil, respec-
tively]. Spore numbers declined in soil deeper than 20 cm. Spore density differed
with position in the landscape. Higher spore numbers occurred at the upper slope
with 758 spores 100 g soil than at the middle and low slopes, 109 and 105 spores
100 g'! soil, respectively (Table 2).

Root colonization and spore density

The roots of all plants sampled were infected with AM fungi. The extent of
root colonization was highest in upland rice, corn and pada (90-95%), followed by
Job’s tears (75%), then sorghum (50%) and was lowest in sesame (45%). Rhizo-
sphere spore density was about 160 spores 100 g1 soil for pada and sorghum, 120
spores 100 g! soil for sesame and half of this in Job’s tears, corn and upland rice

(Table 3).

Crop yield and usage

The dominant crop in the field area was upland rice and other swidden crops
were sown as intercrop with rice in the main fields. Rice and sorghum were har-
vested at grain maturity and used for food and ceremonies. Some corn was harvested
for eating at the green ear stage and the remainder harvested dry for animal feed.
Seeds of Job’s tears were collected for ornamental decoration of clothes. Job’s tears
and sorghum were also used for cooking by mixing with rice and for animal feed
(Table 4). However, in this cropping year, the farmers left the sorghum 1in the field
for birds as they believe that birds will eat sorghum in preference to eating rice. All
farmers keep swidden crop seeds for growing the next crop. Rice yields from the
fields of Kayo, Murkur and Takae were 555, 360 and 200 kg rai'! or 3.47, 2.25 and
1.25 ton ha'l, respectively (Figure 2).
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Table 1. Properties of the field soils at Huai Tee Cha village.

Soil property @

Texture Sandy loam

pH (water) 52-7.0(6.2)
Bray II P (mg kg'1) 6.8 -271(81.9)
N (%0) 0.29—-0.35 (0.31)

K (mg kg!) 103 —-130(122

*Values are the range with the mean in brackets
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Figure 1. Foliar nutrient concentrations (N. P, K) in pada and swidden crops at Huai
Tee Cha fields (vertical bar above each column represents one S.E.).
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Table 2. Spore density of AM fungi in three soil profiles in Huai Tee Cha fields.

Soil depth Spore numbers 100 g! soil
(cm) Upper slope | Mid slope | Lower slope Average S.E.
0-3 30 24 54 36 9.1
5-10 650 17 9 225 2124
10-15 10 10 14 11 14
15-20 46 15 19 27 9.7
20-30 15 9 9 3.1
30-40 1 18 52
40-50 5 16 44
Total spore 758 109 105
cv 221 32 121

Table 3. Root colonization by AM fungi and spore density of pada and five swidden
crops in farmers’ fields at Huai Tee Cha village.

Plant species Root colonization (%) Spore numbers 100 g! soil
Pada 95+2.1 163.9+49.0
Corn 90+28 644=+126
Job’s tears 75=10.2 82.8+13.9
Sesame 46145 122.2+40.3
Sorghum 50+8.1 151.7=60.8
Upland rice 05+18 639115

values are mean =+ S.E.

Table 4. The use of swidden crop seed in Huai Tee Cha village.

Common name or local name Scientific name Main use
F1 | F2 | Or | SC
Job’s tears Coix lachrvma-jobi L. * * *
Glutinous corn Zea mays L. * *
Sorghum Sorghum bicolor L. * o
Rice Oryza sativa L. * *
White/black seed sesame Sesame indicum L. g *

Sources: household interview in 2005 (after crop harvests)
F1=Food. F2=Animal feed. Or=Omamental. SC=Spirit ceremony

|
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Figure 2.Rice yield (kg hal) of Kayo, Murkur and Takae fields at Huai Tee Cha
village in cropping year 2005.

DISCUSSION

Available soil P as measured in samples taken from Huai Tee Cha fields in
2005 were higher (average 81.9 mg kg'! soil) and wide-ranging (6.8-271 mg kg'!
soil), compared to an earlier study of Yimyam et al., ( 2003) who reported 2-4 mg
kg soil. Yimyam sampled fields before burning and 30 days after sowing rice in
2000. The differences in soil P measured in the two studies may be due to loca-
tion or crop rotation. Because the fields are used once and then returned to forest
succession, different fields were sampled in these two studies. The fields sampled
by Yimyam were also more acidic than those used in the present study. The rice
fields of Takae were located near a valley floor that is the lowest point of the
village’s land use area, so the source of high P accumulation in these fields may
have resulted from leaching by rain from fields higher up. Another factor likely
to influence the soil P reserves is the distribution of pada trees in the fields before
the cropping period. Yimyam (2006) found that the distribution of pada between
shifting cultivation fields varied greatly, in 2000 was mostly dense whereas in 2003
was sparse, so the distribution of pada may have been dense in 1998, resulting in
very high soil fertilities.

The percentage root colonization by AM fungi was lowest in sorghum
(50%) and highest in pada and upland rice (95%). In a previous study at the
same village, Youpensuk et al., (2004) reported that 81% of the fine roots of pada
were colonised by AM fungi. and the spore density in pada rhizosphere was four
times more than what is found in this study. These differences can be attributed to
sampling time and variation between mountain slopes (the fields were different in
the two studies).

Upland rice yields varied among farmers’ fields, Kayo had the higher rice
yield compared to Murkur and Takae. Rice yield of Takae was lowest although this
soil had high P levels. The farmers in Huai Tee Cha village grow both glutinous
and non-glutinous rice, and use 3-5 varieties each, depending on the conditions
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of the field and their preference. Rice yield of farmers was estimated for the total
yield, and some of the difference between seed yield of each farmer may be due to
differences in rice variety.

Another factor affecting yield may be weed control. The common practice for
weed control is by hand, and is normally done three times during the entire cropping
phase (Yimyam, 2006). Hence, farmers who are able to control weeds on time may
achieve higher crop yield than farmers who have poorer weed control. Soil analysis
revealed that the fields varied considerably in available phosphorus. It is not known
whether the density of spores or the extent of root colonization by AM fungi varies
with soil fertility within a field, and this 1s an area where further work 1s needed.

CONCLUSION

Although the addition of fertilizer P is probably a simple way for improv-
ing crop productivity on soils low in available P, most farmers in this area have
severe poverty and have weak purchasing power to buy artificial fertilizers. Fortu-
nately, the farmers in Huai Tee Cha village have tacit knowledge of using pada as a
fallow-enriching tree species in their rotational shifting cultivation system as it helps
benefit their crops. As this tree has high dependence on AM fungi and there is high
diversity of AM fungi associated with its root system, it is possible that these fungi
may also be contributing to nutrient uptake by the swidden crops, thus assisting
farmers to icrease their yields and decrease inorganic fertilizer inputs. This small
field study has shown that swidden crops are also colonized by AM fungi. However,
the dependence of swidden crops on AM fungi is yet to be determined.
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Introduction

Physic nut (Jatropha curcas L.)
1s a multipurpose plant and is grown in
many parts of the world for example
Brazil, India, Mexico, Nicaragua and
Thailand (Foidl et al. 1996, Heller 1996.
Prueksakorn et al. 2006, David et al.

2009). It is a widely used species for
traditional medicine. hedging fences and
preventing soil erosion. The specie is
originated from Central America. It
belongs to the Dbotanical family
Euphorbiaceae, which has 300 genera
and around 7.500 species. Most species



are tropical trees and shrubs which grow
in the lower storey of forests. Many
members of this family are known to be
dependent on AMF, for example species
of Euphorbia, Glochidion, Hevea and
Manihot (Tawaraya et al. 2003, Zhao &
Zhiwer 2007, Straker et al. 2010).
Currently, physic nut is becoming an
increasingly  attractive  plant  for
producing Dbiofuels. Yield estimated
currently for physic nut is 1,300 litre of
oil per hectare behind oil palm but
higher than rapeseed (Anonymous
2007). As diesel fuel prices continue to
escalate, opportunities will open for a
conversion from crude-oil into bio-diesel
based fuel consumption. Several
countries, domestic organizations and
international have proposed greatly
increasing the area under physic nut
cultivation for oil production. It is
therefore one of the most selected crops
in commercial agriculture,

Arbuscular mycorrhizal fungi
(AMF) are abundant and ubiquitous in
almost all natural terrestrial communities
and form obligate symbiotic associations
with 80% of vascular plants (Harley &
Smith 1983, Smith & Read 1997). It is
apparent that these fungal symbionts
became an itegral component of plant
communities in both natural and
agricultural ecosystems. They play a
vital role in sustaining plant diversity,
increasing plant  productivity and
maintaining ecosystem processes by
promoting plant fitness through a range
of mechanisms mcluding protecting the
host from pathogens, improving soil
sttucture. and enhancing water and
nutrient uptake (Borkowska 2002, Jansa
et al. 2002, Kapoor et al. 2004,
Pasqualini et al. 2007). Several authors
have documented that associations

between agronomic plants species and
AMF are likely to increase the efficiency
of fertilizer use and plant growth
(Schreiner 2007. Tewari 2007, Porras-
Soriano et al. 2009).

It has been reported that
members of the plant fanmily are highly
dependent on AMF (Chen et al. 2005).
However, there is limited knowledge of
AMF status in the rhizosphere of physic
nut. This study was undertaken to
determine the diversity of AMF i
physic nut plantings in Northern and
North eastern of Thailand. We
hypothesized that the mycorrhizal status
and species richness differ from site to
site. Furthermore, soil conditions and
plantation age are likely to play a key
role for determining species diversity on
root tips of physic nut.

Methods

Sample collection

A total of 10 physic nut
plantation sites m Chiang Rai (CRI,
CR2), Chiang Mai (CM1, CM2, CM3
and CM4), Loei (LO1), Lumphun (LP1).
Khon Kaen (KK1) and Nong Kai (NK1)
province were selected as study site for
AMF diversity (Table 1. Fig.1). Ninety
five soil samples were collected from
beneath physic nut in the planting row
during October-December 2007. At each
of the field sites. 4 soil core samples per
tree were taken at a depth of 5-30 cm
using a soil corer. Approximately 1 kg
total of rhizosphere soil from each site
was collected. Soil samples were
carefully grounded. air dried and mixed
into composite samples. Each composite
sample representing one plot was a
mixture of four soil core samples. The
samples were kept in an ice-box and



transport by car to a laboratory. All soil
samples were kept in a cold room and
processed within one month The
analyses of soil samples included AMF
spore  1solation and  enumeration.
identification of  species; and
determination of the following chemical
soil parameters: soil humidity (Lambe &
Whitman 1969), pH by water extraction
(Thomas 1996). organic matter using
wet oxidation (Nelson & Sommers
1996). available phosphorus (P) using
the Olsen method (Kuo 1996),
exfractable potassium (K) using the
molybdenum blue method and stannous
chloride as the reducing agent and
ammonium  acetate (NH4OAc) as
extractant (Helmer & Sparkers 1996,
Helrich 1990), and total soil nitrogen (N)
content using the Kjehldahl method
(Bremner 1996). Soil nutrient analysis
(Table 2) was conducted by the
Department of Soil Science, Faculty of
Agriculture, Chiang Mai University.
Roots from each composite sample were
removed from the soil by washing and
tixed i 70% ethanol.

AMF spore isolation and identification

AMF spores occurring in the
thizosphere soil samples were extracted
by wet sieving and sucrose density
gradient centrifugation (Brundrett et al.
1996) methods. 100 g of each soil
sample was suspended m 500 ml of
water and stirred for 10 mins. Sieve
sizes ranging from 250 pm, 106 pm and
45 pm, were used for spore collection.
The spores retained on each sieve size
were filtered onto filter paper and
subsequently examined under a
stereomicroscope (Olympus CX31) at a
magnification of up to 400X and

identified based on spore morphology.
Each spore morphotype was mounted in
polyvinyl-lacto-glycerol (PVLG) and
PVLG mixed with Meltzer’s reagent in
1:1 (v/v) ratio (Morton 1988).
Identification was based on current
species descriptions and identification

manuals (International Culture
Collection of Vesicular and Arbuscular
Endomycorrhizal Fungi

[http://invam.caf wvu.edw/Myc Info/
Taxonomy/species.htm]).

Spore density (SD) is the number
of spores mm 100 g soil. Relative
abundance (RA) was defined as the
percentage of spore numbers of a species
devided by a total of spore observation
(Dandan & Zhiwei 2007). The frequency
isolation of each AMF species was
calculated by the percentage of the
number of the samples in which the
species or genus observed per total
samples. The dominant AMF species
according to relative abundance (RA >
6%) and spore density of in 100 g soil
(spore density higher than 40 spores) and
species richness were determined in each
sampling site.
Mycorrhizal root colonization
assessment

Roots fixed in 70% ethanol were
cleared in 10% (w/v) KOH solution and
autoclaved at 121°C and 15 lb/inch?® for
15 minutes. Then, roots were washed
with distilled water to remove KOH,
stained with 0.05% trypan blue dye (C.L
23850) and reautoclaved. Thirty stained
roots (each about 1 cm in length) were
assessed for colonization using the
mtercept method under a compound
Olympus CX31 microscope (Brundrett
et al. 1996).
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Abstract

Arbuscular Mycorrhizal (AM) fungal diversity was surveyed in the forest restoration area of Doi Suthep-
Pui National Park, northern Thailand. Twenty four indigenous tree species, used for forest restoration in a
degraded watershed area were examined. Rhizosphere soil samples were collected and AM spores were counted
and identified morphologically. AM spores were found in the rhizosphere soils of all tree species. Twenty one
AM species were identified: Acaulospora (6 species), Glomus (12 species) and Scutellospora (3 species). AM
fungi belonging to the genera Glomus and Acaulospora were dominant. Abundant species present were
Acaulospora elegans, Glomus multicaule and Scutellospora pellucida. These results showed that all 24
indigenous tree species were associated with AM fungi and some AM species had a broad host range.

Background

The tropical forests of Doi Suthep-Pui National paper were counted under a stereomicroscope
Park are one of the most important watershed areas (Olympus SZ40). Spores were mounted on
which composed of a number of indigenous tree microscopic slides in polyvinyl lactic acid (PVA),
species. Deforestation within the national park has with or without Melzer’s reagent (Morton, 1988)
had adverse consequences on biodiversity and and identified according to morphological
environmental quality. One method of forest characteristics of the originally published species
restoration, which involves planting mixtures of descriptions under a light microscope (Olympus
several indigenous tree species, has been used to CH30). Light microscopic photographs were taken
counteract this problem (Goosem and Tucker, under an Olympus BX61.
1995; FORRU, 2006). Many indigenous species
were selected and tested in the experimental plot, Results and Discussion
established in the north of national park (Elliott er The results of our study on the AM fungal
al., 2003). AM fungi are one of the beneficial soil diversity in the forest restoration area of Doi
microorganisms that play a crucial role in the Suthep-Pui National Park showed that all 24
mineral nutrition of forest trees (Koide and Mosse, indigenous free species are associated with AM
2004). Information on the capacity of indigenous fungi. Spores of AM fungi were found in the
tree species in association with AM fungi is very rhizosphere soils of all individual tree species. This
important to forest restoration. The purpose of this reflects the mycotrophic nature of the plant species
study was to obtain information on the diversity of studied and the ability of AM fungi in soils to
AM fungi associated with indigenous tree species associate a wide range of host species. It has been
in the forest restoration plot. reported that many tree species are highly

associated with AM fungi (Janos, 1980; Onguene

Materials and Methods and Kuyper, 2001). Twenty one AM species were

Among the planted tree species in forest identified based on morphological characteristics of
restoration plot, 24 potential indigenous species their spores according to published descriptions
were selected for study. All tree species are (Table 1). The diversity of AM species was varied
reported to be multipurpose and suitable for among the different tree species (Table 2). Most of
acceleration of the forest regeneration. Rhizosphere the isolated species belonged to the family
soil samples (about 500 g) of each indigenous Glomaceae, all of which were Glomus (12 species,
species were collected and stored at 4°C until 49.3%). Abundant species present was G.
analyzed. AM spores were extracted from 100 g multicaule (14.2%) (figure 1). Six species were in
air-dried soil samples by wet-sieving and 50% the family Acaulosporaceae, all of which were in
sucrose centrifugation (Brundrett et al., 1996). the genus Acaulospora (43.6%). Abundant species
Spores were recovered by filtering through a 53 pm present was A. elegans (39.2%) (figure 2). Three
sieve onto filter paper. The intact spores on filter species were members of the family
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Gigasporaceae and belonged to the genus
Seutellospora (7.1%). Abundant species present
was S. pellucida (5.5%) (figure 3). Species in the
genera Archaeospora, Paraglomus, Entrophospora
and Gigaspora were not found. AM fungi belonged
to the genera Glomus and Acaulospora were
dominant. This fact must be related to their
sporogenous characteristics, ie. Glomus and
Acaulospora species usually take a short time to
produce small spores, compared with the large
spores of Gigaspora and Scutellospora species in
the same environment (Hepper, 1984; Bever et al.,
1996). A. elegans, G. multicaule and S. pellucida
were the most commonly encountered species. This
suggests that these species have a widespread and
broad host range.

Conclusion

In the forest restoration area of Doi Suthep-Pui
National Park, all surveyed indigenous tree species
were associated with AM fungi. The AM fungal
diversity in the plant rhizospheres was variable
among the different tree species. Twenty one AM
species were identified as 3 genera and 12 species
of Glomus, 6 species of Acaulospora and 3 species
of Scutellospora. Glomus and Acaulospora were
the dominant genera. The present study obtains the
information on the AM association of 24 potential
indigenous trees used to restore tropical forest of
Doi Suthep-Pui National Park.
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Fig. 1 Glomus multicaule: Spore with multiple subtending hypha
(arrow) and rounded projections on the surface, bar = 50 pm.

Fig. 2 Acaulospora elegans: Craked spore with sporiferous saccule
(arrow) and crowded spines on the surface, bar= 50 pm.
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Fig. 3 Scutellospora pellucida: Cracked hyaline spore with
hyaline bulbous subtending hypha, bar = 50 pm.

Table 1 Diversity of AM fungi from the rhizosphere soils of 24 indigenous tree species in the forest restoration area of
Doi Suthep-Pui National Park, northern Thailand.

Code of AM species Genus Species

Acaulospora
1 A. bireticulata Rothwell & Trappe
2 A. elegans Trappe & Gerd.
3 A. foveata Trappe & Janos
4
5

A. laevis Gerd. & Trappe
A. mellea Spain & Schenck

6 A. scrobiculata Trappe

Glomus
7 G. aggregatum Schenck & Smith
8 G. ambisporum Smith & Schenck
9 G. clavisporum Trappe
10 G. coremioides Berk. & Broome
11 G. intraradices Schenck & Smith
12 G. microaggregatum Koske, Gemma & Olexia
13 G. microcarpus lgbal & Bushra
14 G. mosseae (Nicol. & Gerd.) Gerd. & Trappe
15 G. multicaule Gerd. & Bakshi
16 G. rubiforme Gerd. & Trappe
17 G. sinuosum Gerd. & Bakshi
18 G. viscosum Nicol.

Scutellospora
19 §. gregaria (Schenck & Nicol.) Walker & Sanders
20 S. heterogama Walker & Sanders
21 S. pellucida (Nicol. & Schenck) Walker & Sanders
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Table 2 Diversity of AM fungi found in the rhizospheres of 24 indigenous tree species in the forest restoration area of Doi
Suthep-Pui National Park, northern Thailand.

Indigenous tree species AM species
Acrocarpus fraxinifolius Wight ex Am. (Caesalpinioideae) 3,4, 14,15
Balakata baccata (Roxb.) Ess. (Euphorbiaceae) 12, 20
Castanopsis acuminatissima (Bl.) A. DC. (Fagaceae) 1,15
Erythrina subumbrans (Hassk.) Merr. (Papilionoideae) 212219
Ficus altissima Bl. (Moraceae) 2,6, 10
Ficus benjamina L. var. benjamina (Moraceae) 6,19,20
Ficus glaberrima Bl. var. glaberrima (Moraceae) 16

Ficus hispida L. {. var. hispida (Moraceae) 2,5,16, 17
Ficus racemosa L. var. racemosa (Moraceae) 2.8, 14,16, 18
Ficus subulata Bl. var. subulata (Moraceae) 2,14, 16,20
Glochidion kerrii Craib (Euphorbiaceae) Z1

Gmelina arborea Roxb. (Verbenaceae) 2,6, 13; 15
Heynea trijuga Roxb. ex Sims (Meliaceae) 2,3,8,10,20
Hovenia dulcis Thunb. (Rhamnaceae) 2, 7,15
Macaranga denticulata (Bl.) M.-A. (Euphorbiaceae) 9, 10, 16, 20
Machilus bombycina King ex Hk.f. (Lauraceae) 2,10, 16,20
Melia toosendan Sieb. and Zuc. (Meliaceae) 2,920
Michelia baillonii Pierre (Magnoliaceae) 16,17

Nyssa javanica (Bl.) Wang. (Nyssaceae) 6,15,20
Prunus cerasoides D. Don (Rosaceae) 7,10, 13, 15, 16
Rhus rhetsoides Craib (Anacardiaceae) 2,6,13, 16
Sapindus rarak DC. (Sapindaceae) 2,20
Sarcosperma arboreum Bth. (Sapotaceae) 10,11, 20
Spondias axillaris Roxb. (Anacardiaceae) 15

" Numbers in column refer to the codes of AM species in Table 1.
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ABSTRACT

Farmers of the Karen ethnic group who live in Huai Tee Cha village, Mae
Hong Son province in northern Thailand, still practice the rotational shifting
cultivation or swidden agriculture system for food and some cash crops. This
study investigated the association of upland rice (Oryza sativa cv. Bue Bang),
other food crops [Job’s tears (Coix lachryma-jobi), corn (Zea mays), sesame
(Sesamum indicum) and sorghum (Sorghum bicolor)] and pada (Macaranga
denfticulata) with AM fungi in farmers’ fields. Soils in the farmers’ fields were
mildly acidic to neutral (pH 5.2 to 7.0) and showed diversity in P status (6.8-271
mg kg soil, Bray II) but not in N (0.29-0.35% total N) or K (103-130 mg kg™).
The roots of all plants investigated were colonized by AM fungi with upland rice
and corn the most infected (> 90%), followed by Job’s tears (75%), then sorghum
(50%) and sesame (45%). Rhizosphere spore density ranged from 160 spores 100
g-1 soil for pada and sorghum, to 120 for sesame and half of this in Job’s tears,
corn and upland rice.

This study suggests that swidden crops in northern Thailand have a strong
relationship with indigenous AM fungi.

Key words: Arbuscular mycorrhizal fungi, Shifting cultivation system, Swidden
crops

INTRODUCTION

Karen is the largest of the minority groups living in the mountainous areas
of northern Thailand. Karen farmers in Huai Tee Cha village, Sob Moei district,
Mae Hong Son province, located at 19° 78’ N, 93° 84’ E, 700 MASL, manage fields
ranging in altitude from 600 to 900 m with steep slopes (Rerkasem and Rerkasem,
1994). These people have lived in this neighborhood for more than 200 years. Crop




@,

270 | » CMU. J. Nat. Sci. (2008) Vol. 7(2)

production in this area 1s generally referred to as rotational shifting cultivation. It
mvolves clearing land for crop production by slashing and burning the forest. After
one year of cropping, the field is left in fallow for several years, and then cleared and
cropped again when the rotation cycle is completed. The Karen farmers at Huai Tee
Cha village grow over 50 crops including upland rice (the major staple crop), maize,
sorghum, sesame, cowpea, Job’s tears, vegetables, some cash crops (passion fruit,
coffee, chili, etc.) and other traditional crops in their swidden fields. Most soils in
this region are reddish clay loams (Yimyam et al., 2003) and the climate is tropical
monsoon with wet, cool and hot seasons. The shifting cultivation cycle at Huai Tee
Cha village has been reduced from 10-15 to 7 years. In spite of this, farmers ap-
pear to have been able to maintain rice yields by managing their short fallow with
Macaranga denticulata (local name is pada), one of the pioneer tree species in the
area (Rerkasem et al., 2002; Yimyam et al., 2003). The successful management of
this local fallow species by farmers is evident by the higher grain yield and grain
N content in upland rice grown after dense pada stands (Yimyam et al., 2003). Pot
trials have shown that pada is highly dependent on arbuscular mycorrhizal (AM)
fungi in Huai Tee Cha field soil (Youpensuk, 2004). However. it is unknown
whether these AM fungi also directly benefit the food crops and other crops in the
farmers’ fields. This field study was undertaken to provide baseline data on AM
fungi and crops in Huai Tee Cha fields.

MATERIALS AND METHODS

Soil properties, plant sampling and spore density

In the 2005 cropping year, at the end of the hot season, about 2 months after
upland rice had been sown, when the crop was approximately 20 cm high, 34 soil
samples (0-15 cm depth) were collected by randomly coring (4.5 cm diameter and
15 cm deep) 3 farmers’ fields (Kayo, Takae and Murkur) for determining soil pro-
perties [pH (water, 1:1): Bray II phosphorus (Wanatabe and Olsen, 1962); Kjeldahl
nitrogen (Jackson, 1967); and extractable potassium (1 M NH,OAc, pH7)] and
for spore density assessment. Fine root samples from the root zone of five com-
mon upland crops, grown after slashing and burning the forest [Job’s tears (Coix
lachrvma-jobi L.), corn (Zea mavs L.), sesame (Sesamum indicum L.), sorghum
(Sorghum bicolor L.) and upland rice cv. Bue Bang (Oryza sativa L.)] and seed-
lings of one fallow-enriching tree, pada (Macaranga denticulata (Bl.) Muell. Arg)
were obtained by digging part of the root systems (15 cm depth; 10 cm from the
base) of three plants species™ from each farmer’s field. Roots and soils were trans-
ported to the laboratory for determining root colonization and examination of spore
density. Youngest fully-expanded leaf (YFEL) samples of each crop were taken from
the farmers’ fields to the laboratory and were dried at 75°C for 48 hours and then
analysed: N by the Kjeldahl method (Jackson, 1967); P by dry ashing followed by
the molybdovanado phosphorus acid method (Murphy and Riley, 1962) and K by
dry ashing and atomic absorption spectrophotometry.
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Arbuscular mycorrhizal fungi assessment

a) Determination of arbuscular mycorrhizal colonization

The root system was separated from the soil, washed over a 106 pm mesh
sieve, then subsampled. Roots in the subsample were cut into pieces 1-2 cm in
length, cleared in 10% KOH at 121°C, rinsed with water on a sieve and stained
with 0.05% trypan blue in lactoglycerol at 121°C (Brundrett et al., 1996). Thirty
root pieces were taken at random from each sample, mounted on glass slides and
AM colonization determined, using the gridline intersect method (McGonigle et al.,
1990) under a compound Olympus microscope, model CX41RF.

b) Determination of arbuscular mycorrhizal spore density

Spores of AM fungi in 50 g soil were obtained by wet sieving through 710,
250, 106 and 53 pm mesh sieves. The 250, 106 and 53 pm fractions were cen-
trifuged for 5 minutes at 2000 r min! to remove floating debris, the spores were
resuspended in 50% sucrose with vigorous shaking and centrifuged for 1 minute at
2000 r min!. The spores were washed with water, transferred to filter paper with
gridlines and counted under a stereomicroscope (Brundrett et al., 1996).

Effect of soil profile on spore density

Soil pits were dug at random locations at high, middle and low slope positions
in Kayo fields. Soil samples were taken at 0-5, 5-10, 10-15, 15-20, 20-30, 30-40
and 40-50 cm depth and spores were obtained by wet sieving (see above).

Yield and crop use
Grain yield and crop use data were obtained from farmer interviews after they
finished crop harvesting.

Data analysis
Data are presented as means and standard errors (S.E.), rice yield of each
farmer was explored as standard deviation (S.D.).

RESULTS

Soil properties

Soil pH,,., 1n the farmers’ fields was mildly acidic to neutral, ranging from
5.2 to 7.0 and soils varied considerably in their Bray II P status, ranging from 6.8
to 271 mg kg! soil. There was a wide range in the soil P among farmers’ fields: it
ranged from 53.5-271.0, 6.8-65.3 and 12.4-27.8 mg kg! soil in the fields of Takae,
Kayo and Murkur, respectively. By contrast, the levels of N and K laid within a
narrow range, 0.29-0.35% for N and 103-130 mg kg! for K (Table 1).

Leaf nutrient concentrations

Leaf nitrogen (N) concentrations were 2.10 to 2.46 %, P concentrations were
0.18t00.33 % and K concentrations were 1.83 to 8.44 %. There was a narrow range
i N concentration for all crops sampled whereas the P concentration was lower in
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upland rice and pada (0.18, 0.20%) than in corn or Job’s tears (0.33, 0.30%), respec-
tively. Sesame and sorghum had intermediate foliar P concentrations. By contrast,
corn and upland rice had higher K concentrations (6.74 and 8.44 %, respectively)
than the other crop species (pada, Job’s tears, sesame and sorghum: 2.08, 1.83, 3.05
and 2.08 %, respectively) (Figure 1).

Spore number with soil depth

Abundance of AM spores varied with depth with most concentrated in the
0-20 cm part of the profile. The highest spore density was at 5-10 cm [225 spores
100 g! soil], followed by 0-5 and 15-20 cm [36 and 27 spores 100 g1 soil, respec-
tively]. Spore numbers declined in soil deeper than 20 cm. Spore density differed
with position in the landscape. Higher spore numbers occurred at the upper slope
with 758 spores 100 g soil than at the middle and low slopes, 109 and 105 spores
100 g'! soil, respectively (Table 2).

Root colonization and spore density

The roots of all plants sampled were infected with AM fungi. The extent of
root colonization was highest in upland rice, corn and pada (90-95%), followed by
Job’s tears (75%), then sorghum (50%) and was lowest in sesame (45%). Rhizo-
sphere spore density was about 160 spores 100 g1 soil for pada and sorghum, 120
spores 100 g! soil for sesame and half of this in Job’s tears, corn and upland rice

(Table 3).

Crop yield and usage

The dominant crop in the field area was upland rice and other swidden crops
were sown as intercrop with rice in the main fields. Rice and sorghum were har-
vested at grain maturity and used for food and ceremonies. Some corn was harvested
for eating at the green ear stage and the remainder harvested dry for animal feed.
Seeds of Job’s tears were collected for ornamental decoration of clothes. Job’s tears
and sorghum were also used for cooking by mixing with rice and for animal feed
(Table 4). However, in this cropping year, the farmers left the sorghum 1in the field
for birds as they believe that birds will eat sorghum in preference to eating rice. All
farmers keep swidden crop seeds for growing the next crop. Rice yields from the
fields of Kayo, Murkur and Takae were 555, 360 and 200 kg rai'! or 3.47, 2.25 and
1.25 ton ha'l, respectively (Figure 2).
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Table 1. Properties of the field soils at Huai Tee Cha village.

Soil property @

Texture Sandy loam

pH (water) 52-7.0(6.2)
Bray II P (mg kg'1) 6.8 -271(81.9)
N (%0) 0.29—-0.35 (0.31)

K (mg kg!) 103 —-130(122

*Values are the range with the mean in brackets
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Figure 1. Foliar nutrient concentrations (N. P, K) in pada and swidden crops at Huai
Tee Cha fields (vertical bar above each column represents one S.E.).
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Table 2. Spore density of AM fungi in three soil profiles in Huai Tee Cha fields.

Soil depth Spore numbers 100 g! soil
(cm) Upper slope | Mid slope | Lower slope Average S.E.
0-3 30 24 54 36 9.1
5-10 650 17 9 225 2124
10-15 10 10 14 11 14
15-20 46 15 19 27 9.7
20-30 15 9 9 3.1
30-40 1 18 52
40-50 5 16 44
Total spore 758 109 105
cv 221 32 121

Table 3. Root colonization by AM fungi and spore density of pada and five swidden
crops in farmers’ fields at Huai Tee Cha village.

Plant species Root colonization (%) Spore numbers 100 g! soil
Pada 95+2.1 163.9+49.0
Corn 90+28 644=+126
Job’s tears 75=10.2 82.8+13.9
Sesame 46145 122.2+40.3
Sorghum 50+8.1 151.7=60.8
Upland rice 05+18 639115

values are mean =+ S.E.

Table 4. The use of swidden crop seed in Huai Tee Cha village.

Common name or local name Scientific name Main use
F1 | F2 | Or | SC
Job’s tears Coix lachrvma-jobi L. * * *
Glutinous corn Zea mays L. * *
Sorghum Sorghum bicolor L. * o
Rice Oryza sativa L. * *
White/black seed sesame Sesame indicum L. g *

Sources: household interview in 2005 (after crop harvests)
F1=Food. F2=Animal feed. Or=Omamental. SC=Spirit ceremony

|
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Figure 2.Rice yield (kg hal) of Kayo, Murkur and Takae fields at Huai Tee Cha
village in cropping year 2005.

DISCUSSION

Available soil P as measured in samples taken from Huai Tee Cha fields in
2005 were higher (average 81.9 mg kg'! soil) and wide-ranging (6.8-271 mg kg'!
soil), compared to an earlier study of Yimyam et al., ( 2003) who reported 2-4 mg
kg soil. Yimyam sampled fields before burning and 30 days after sowing rice in
2000. The differences in soil P measured in the two studies may be due to loca-
tion or crop rotation. Because the fields are used once and then returned to forest
succession, different fields were sampled in these two studies. The fields sampled
by Yimyam were also more acidic than those used in the present study. The rice
fields of Takae were located near a valley floor that is the lowest point of the
village’s land use area, so the source of high P accumulation in these fields may
have resulted from leaching by rain from fields higher up. Another factor likely
to influence the soil P reserves is the distribution of pada trees in the fields before
the cropping period. Yimyam (2006) found that the distribution of pada between
shifting cultivation fields varied greatly, in 2000 was mostly dense whereas in 2003
was sparse, so the distribution of pada may have been dense in 1998, resulting in
very high soil fertilities.

The percentage root colonization by AM fungi was lowest in sorghum
(50%) and highest in pada and upland rice (95%). In a previous study at the
same village, Youpensuk et al., (2004) reported that 81% of the fine roots of pada
were colonised by AM fungi. and the spore density in pada rhizosphere was four
times more than what is found in this study. These differences can be attributed to
sampling time and variation between mountain slopes (the fields were different in
the two studies).

Upland rice yields varied among farmers’ fields, Kayo had the higher rice
yield compared to Murkur and Takae. Rice yield of Takae was lowest although this
soil had high P levels. The farmers in Huai Tee Cha village grow both glutinous
and non-glutinous rice, and use 3-5 varieties each, depending on the conditions
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of the field and their preference. Rice yield of farmers was estimated for the total
yield, and some of the difference between seed yield of each farmer may be due to
differences in rice variety.

Another factor affecting yield may be weed control. The common practice for
weed control is by hand, and is normally done three times during the entire cropping
phase (Yimyam, 2006). Hence, farmers who are able to control weeds on time may
achieve higher crop yield than farmers who have poorer weed control. Soil analysis
revealed that the fields varied considerably in available phosphorus. It is not known
whether the density of spores or the extent of root colonization by AM fungi varies
with soil fertility within a field, and this 1s an area where further work 1s needed.

CONCLUSION

Although the addition of fertilizer P is probably a simple way for improv-
ing crop productivity on soils low in available P, most farmers in this area have
severe poverty and have weak purchasing power to buy artificial fertilizers. Fortu-
nately, the farmers in Huai Tee Cha village have tacit knowledge of using pada as a
fallow-enriching tree species in their rotational shifting cultivation system as it helps
benefit their crops. As this tree has high dependence on AM fungi and there is high
diversity of AM fungi associated with its root system, it is possible that these fungi
may also be contributing to nutrient uptake by the swidden crops, thus assisting
farmers to icrease their yields and decrease inorganic fertilizer inputs. This small
field study has shown that swidden crops are also colonized by AM fungi. However,
the dependence of swidden crops on AM fungi is yet to be determined.
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Introduction

Physic nut (Jatropha curcas L.)
1s a multipurpose plant and is grown in
many parts of the world for example
Brazil, India, Mexico, Nicaragua and
Thailand (Foidl et al. 1996, Heller 1996.
Prueksakorn et al. 2006, David et al.

2009). It is a widely used species for
traditional medicine. hedging fences and
preventing soil erosion. The specie is
originated from Central America. It
belongs to the Dbotanical family
Euphorbiaceae, which has 300 genera
and around 7.500 species. Most species



are tropical trees and shrubs which grow
in the lower storey of forests. Many
members of this family are known to be
dependent on AMF, for example species
of Euphorbia, Glochidion, Hevea and
Manihot (Tawaraya et al. 2003, Zhao &
Zhiwer 2007, Straker et al. 2010).
Currently, physic nut is becoming an
increasingly  attractive  plant  for
producing Dbiofuels. Yield estimated
currently for physic nut is 1,300 litre of
oil per hectare behind oil palm but
higher than rapeseed (Anonymous
2007). As diesel fuel prices continue to
escalate, opportunities will open for a
conversion from crude-oil into bio-diesel
based fuel consumption. Several
countries, domestic organizations and
international have proposed greatly
increasing the area under physic nut
cultivation for oil production. It is
therefore one of the most selected crops
in commercial agriculture,

Arbuscular mycorrhizal fungi
(AMF) are abundant and ubiquitous in
almost all natural terrestrial communities
and form obligate symbiotic associations
with 80% of vascular plants (Harley &
Smith 1983, Smith & Read 1997). It is
apparent that these fungal symbionts
became an itegral component of plant
communities in both natural and
agricultural ecosystems. They play a
vital role in sustaining plant diversity,
increasing plant  productivity and
maintaining ecosystem processes by
promoting plant fitness through a range
of mechanisms mcluding protecting the
host from pathogens, improving soil
sttucture. and enhancing water and
nutrient uptake (Borkowska 2002, Jansa
et al. 2002, Kapoor et al. 2004,
Pasqualini et al. 2007). Several authors
have documented that associations

between agronomic plants species and
AMF are likely to increase the efficiency
of fertilizer use and plant growth
(Schreiner 2007. Tewari 2007, Porras-
Soriano et al. 2009).

It has been reported that
members of the plant fanmily are highly
dependent on AMF (Chen et al. 2005).
However, there is limited knowledge of
AMF status in the rhizosphere of physic
nut. This study was undertaken to
determine the diversity of AMF i
physic nut plantings in Northern and
North eastern of Thailand. We
hypothesized that the mycorrhizal status
and species richness differ from site to
site. Furthermore, soil conditions and
plantation age are likely to play a key
role for determining species diversity on
root tips of physic nut.

Methods

Sample collection

A total of 10 physic nut
plantation sites m Chiang Rai (CRI,
CR2), Chiang Mai (CM1, CM2, CM3
and CM4), Loei (LO1), Lumphun (LP1).
Khon Kaen (KK1) and Nong Kai (NK1)
province were selected as study site for
AMF diversity (Table 1. Fig.1). Ninety
five soil samples were collected from
beneath physic nut in the planting row
during October-December 2007. At each
of the field sites. 4 soil core samples per
tree were taken at a depth of 5-30 cm
using a soil corer. Approximately 1 kg
total of rhizosphere soil from each site
was collected. Soil samples were
carefully grounded. air dried and mixed
into composite samples. Each composite
sample representing one plot was a
mixture of four soil core samples. The
samples were kept in an ice-box and



transport by car to a laboratory. All soil
samples were kept in a cold room and
processed within one month The
analyses of soil samples included AMF
spore  1solation and  enumeration.
identification of  species; and
determination of the following chemical
soil parameters: soil humidity (Lambe &
Whitman 1969), pH by water extraction
(Thomas 1996). organic matter using
wet oxidation (Nelson & Sommers
1996). available phosphorus (P) using
the Olsen method (Kuo 1996),
exfractable potassium (K) using the
molybdenum blue method and stannous
chloride as the reducing agent and
ammonium  acetate (NH4OAc) as
extractant (Helmer & Sparkers 1996,
Helrich 1990), and total soil nitrogen (N)
content using the Kjehldahl method
(Bremner 1996). Soil nutrient analysis
(Table 2) was conducted by the
Department of Soil Science, Faculty of
Agriculture, Chiang Mai University.
Roots from each composite sample were
removed from the soil by washing and
tixed i 70% ethanol.

AMF spore isolation and identification

AMF spores occurring in the
thizosphere soil samples were extracted
by wet sieving and sucrose density
gradient centrifugation (Brundrett et al.
1996) methods. 100 g of each soil
sample was suspended m 500 ml of
water and stirred for 10 mins. Sieve
sizes ranging from 250 pm, 106 pm and
45 pm, were used for spore collection.
The spores retained on each sieve size
were filtered onto filter paper and
subsequently examined under a
stereomicroscope (Olympus CX31) at a
magnification of up to 400X and

identified based on spore morphology.
Each spore morphotype was mounted in
polyvinyl-lacto-glycerol (PVLG) and
PVLG mixed with Meltzer’s reagent in
1:1 (v/v) ratio (Morton 1988).
Identification was based on current
species descriptions and identification

manuals (International Culture
Collection of Vesicular and Arbuscular
Endomycorrhizal Fungi

[http://invam.caf wvu.edw/Myc Info/
Taxonomy/species.htm]).

Spore density (SD) is the number
of spores mm 100 g soil. Relative
abundance (RA) was defined as the
percentage of spore numbers of a species
devided by a total of spore observation
(Dandan & Zhiwei 2007). The frequency
isolation of each AMF species was
calculated by the percentage of the
number of the samples in which the
species or genus observed per total
samples. The dominant AMF species
according to relative abundance (RA >
6%) and spore density of in 100 g soil
(spore density higher than 40 spores) and
species richness were determined in each
sampling site.
Mycorrhizal root colonization
assessment

Roots fixed in 70% ethanol were
cleared in 10% (w/v) KOH solution and
autoclaved at 121°C and 15 lb/inch?® for
15 minutes. Then, roots were washed
with distilled water to remove KOH,
stained with 0.05% trypan blue dye (C.L
23850) and reautoclaved. Thirty stained
roots (each about 1 cm in length) were
assessed for colonization using the
mtercept method under a compound
Olympus CX31 microscope (Brundrett
et al. 1996).



Diversity index and concentration of
dominance

AMF diversity was evaluated
using the Shannon-Weiner diversity
mdex which has two mamn components,
evenness and number of species
(Shannon & Weiner 1963). The
Shannon—Weiner index (H') was
calculated according to the formula
H = ->m/N) log2(n/N). where n;
represents individuals of a species and N
represents the total number of species.
Concentration of dominance (C) was
also measured by the Simpson’s index

(Simpson 1949) using the formula C =
> (n#/N), where n; and N are the same as
for Shannon—Weiner diversity index.

Statistical analysis

The percentage of infection was
arc sin transformed prior analysis. One-
way analysis of varience (ANOVA) was
carried out for root colonization and
spore density. Statistical analyses were
performed with the Statistical Package
for Social Sciences version 11.5 (SPSS
Inc.. Wacker Drive, Chicago. IL). All
factors were analyzed at o = 0.05.

Table 1 Geographic coordinates and number of soil sampling in each sites.

Site *
CR1 CR2 CM1 CM2 CM3 CM4 1LO1 LP1 KK1 NK1

Geography

Latitude E99°48' E99°26" E98°55' E98°30" E98°55" E98°54' E101°21' E99°07' E102°53" E102°43'
Longitude N19°54" N19°52' N18°45" N18°09' N18°45" N18°44' N17°27" N18°34’ N16°23" N17°51'
MSL**(m) 398 399 340 1.137 340 360 800 337 150 163
Sampling no. 5 10 10 10 10 10 10 10 10 10

*Chiang Rai site 1 (CR1), Chiang Rai site 2 (CR2), Chiang Mai site 1 (CM1), Chiang
Mai site 2 (CM2), Chiang Mai site 3 (CM3), Chiang Mai site 4 (CM4), Loe1 (LOL),
Lumphun (LP1). Khon Kean (KK1). and Nong Khai (NK1).

**MSL=Mean Sea Level
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Fig.1. Ten sampling sites m 6 provinces of Thailand. (a) CR2: Chiang Rai site 2. (b)
CMI1: Chiang Mai site 1, (¢) CM2: Chiang Mai site 2. (d) CM3: Chiang Mai site 3, (e)
CM4: Chiang Mai site 4. (f) LP1: Lumphun, (g) CR1: Chiang Rai site 1. (h) KK1: Khon
Kean. (1) LOI: Loe1. (j) NK1: Nong Khai.



Results 7.22%, N 0.02-0.44%, P 11.5-1755

ppm, K 22.2-1058.0 ppm and soil

Soil characteristics humidity 7-23% at different sites.
Soil samples of each study site
were pooled, mixed and determined for
chemical properties (Table 2). Soil pH
ranged from 5.3 and 8.0, OM 0.63-

Table 2 Soil Characteristisc of 10 physic nut plantations in Northern and North eastern of
Thailand.

site plantation pH H OM N P K
age (%) (%) (%) ppm ppm
(year)
CR1 >1 6.0 13.7 1.54 009 111.8" 1580
CR2 5 53 17.0 7.22 0.44 1214YF  1058.0
CM1 <1 6.0 14.0 3.30 0.15 943 198.5
CM2 10 6.0 18.7 6.94 026 1505YH 521.4
CM3 10 6.9 95 4.30 018 752 204.0
CM4 10 5.9 23.0 2.42 0.07 19.8M 171.0
LO1 4 5.9 13.8 2.68 0.15 1474“H 232.4
LPI 1 6.1 10.0 1.86 0.07 11.5% 171.8
KK1 5 8.0 16.4 0.63 0.02 11.8M 92.1
NK1 5 6.0 18.8 1.74 a12 1'55% 746.3

Remark: According to Land Development Department, Thailand (Phosri et al. 2010);
P<10ppm means Low (L), P ranging between 11 and 25ppm means Medmum (M), P
ranging between 26 and 45ppm means High (H). P>45ppm means Very High (VH).

AMF status

In total 699 AMF spores and
sporocarps were derived using wet
sieving and sucrose gradient
centrifigation  methods from 95
rhizosphere soil samples of physic nut.
Spore density in the rhizosphere of
physic nut ranged from 19 to 163 spores
100 ¢! soil (mean 70.0+22.9 spores)
(Table 3). Maximum spore density was
observed m NKI (163.0£1.5) and
minimum in CM1 (66.0£4.9). There was
a significant difference (P < 0.05) m
spore density between 10 sites (Table 3).

Thirty four morphospecies of
AMF were identified using spore
charateristics. Species richness of AMF
varied from 3 to 11 (average 6.1). In the
present study we found 3 species from
CR1. 4 species from CRI1. 6 species
from CMI1, 7 species from CM2, 5
species from CM3, 11 species from
CM4, 7 species from LOI1, 6 species
from LP1, 4 species from KKI and 8
species from KK1 (Table 4).
Acaulospora and Glomus occurred most
frequently and overall. the most
prevalent species. Among them 16
species were 1n the genus Acaulospora



and 10 species in Glomus. Only 5 Enrrophospora were found from 10
species 1 Scutellospora. 2 species in sampling sites (Table 4).
Gigaspora and 1  species in

Table 3 spore density (SD). Shannon-Weiner index (H ). Simpson’s index (D) and Root
colonization by AMF of each sampling site.

Site S5D# H’ D Colonization
('I]),i]}*
CR1 27+0.93° 0.43 0.61 37.7+5.94"
CR2 45+1 4be 0.28 0.32 85.8+1.3d
CM1 19+0.6a 0.75 0.86 66.0+4.9b
CM2 3440.7ab 0.78 0.84 87.5+1.5d
CM3 150+2.0f 0.52 0.64 093.2+2.7e
CM4 86+1.8d 0.83 0.81 04,342 8e
LO1 1124+0.6¢ 0.65 0.71 64.4+4.2b
LP1 42+0.6bc 0.68 0.77 76.5+5.5¢
KK1 21+0.6a 0.30 0.35 77.348.7b
NEK1 163+1.5f 0.60 0.69 66.4+5 4¢

*The same letter in each column indicates that there is no significant difference at a =
0.05

'mean=SD. n = 30

mean=SD. n =2
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Herein 4. serobiculata was the most
widely distributed species. It was found in 7
out of 10 sampling sites including CR1. CR2,
CM1, CM2, CM3. CM4 and NK1 (70% IF)
following by A. excavate which appeared in 5
sites mcludmg CM1, CM3, CM4. LO1 and
LP1 (50% IF) Some species were only found
in specific site (10% IF) for example G.
SJulvum 1n CR1. Acaulospora sp.02 and
Acaulospora sp.03 mm CR2. G. clavisporum
and Seutellospora sp.02 in CM2, E
colombiana and Gi. rosea m CM3. A.
denticulate, Glomus sp.05 and Secutellospora
sp.01 in CM4. Glomus sp.01. Glomus sp.02
and Seutellospora sp.03 in LP1. 4. spinosa in
KK1. Acaulospora sp.01. Acaulospora sp.04
and G. etunicatum in NK1 (Table 4).

Based on spore density and relative
abundance. 7 species were dominant (> 40
spores 100 g’lsc-il. RA = 6%): 4. dilatata (51
spores. 7.3%). A. excavata (42 spores. 6%). 4.
foveata (74 spores. 10.6%). A. lacunosa (74
spores. 10.6%). E. colombiana (74 spores,
10.6%). Gigaspora sp.01 (53 spores. 7.6%)
and Gi. rosea (51 spores. 7.3%) (Table 5).
The morphological characteristics of some
dominant AMF were illustrated in Fig. 2

Species diversity was calculated using
2 indices. Both of diversity indices ranged
from 0.28 to 0.86 (average 0. 64). Shannon—
Weiner diversity index ranged from 0.28 to
0.83. The highest was presented m CM4
(H=0.83) and the lowest was occurred in
CR2 (H=0.28). Similarly. Simpson’s mdex
ranged from 0.32 to 0.86 where the highest
was shown in CMI1 and the lowest was
obtamned m CR2 (Table 3). All samples of
physic nut roots were colonized by AMF
(Fig.3a-d). the mean percentage of root length
infection ranged from 38% in CRI1 to 94% in
CM4 (P < 0.05). and generally was
exceedingly 60% (Table 3). Significant
differences in percentage of root colonization
occurred between sampling sites (P < 0.05).
Physic nut appears to be readily colonized by
AMF under a range of field conditions m
acidic and calcareous soils. m low to
moderate organic matter and in low to high
available P (Table 2). A few months old
seedlings were moderately colonized by AMF
(66% root length in CM1).

Discussion

Member of plant species in the family

Euphorbiaceae are known to form
mycorrhizal symbioses (Tawaraya et al. 2003:
Youpensuk et al. 2004: Zhao & Zhiwei 2007:
Straker et al. 2010). In this study we reported
for the first time the population density.
compositon of AM fungm and root
colonisation in selected physic nut plantations
in Thailand. AMF were presented in all the
study sites both 1 physic nut roots and 1n soil
with moderately to high level of colonisation
regardless of plantation age. In contrast
Narendra et al. (2009) observed higher
colonisation 1 older plants in  India.
Nevertheless, this suggested that the plant is
strongly mycorrhizal dependent.
The number of AMF species obtained in the
present study (34 species) 1s similar to several
reports i Thailand (Table 6). Weerawat
2003) 1identified 27 AMF species from
Acacia mangium i the North and
Northeastern part of Thailand wlalst
Nandakwamg et al. (2008) described 24 AMF
species from indigeneous forest trees in the
North of Thailand. The numbers of AMF
species in the present study were doubled the
number of AMF species detected in
continuous maize cropping in the central of
Thailand where high P input was applied for
long term fertilization (Nabhadaluang et al.
2005). However, several AMF species were
observed from only a few sampling sites for
example Youpensuk et al. (2004) reported 29
AMF species associated with Macaranga
denticulate 1 an upland shifting agriculture
with low P level in the North of Thailand. In
the tropical rain forests of China, Zhao et al.
(2003) identified 27 AMF species

Further Dandan & Zhiwer (2007)
recorded 43 AMF morphospecies from the
hot and dry valley of south west Cluna.
Further. Smgh et al. (2008) detected a total of
51 AMF morphospecies associated with the
rhizosphere of tea growing in natural and
cultivated ecosites. In comparison. from our
study 34 AMF species (average 3.4 AMF
species per site) haboured 1 physic nut roots
were obtained. This could be considered as
low species richness.



Table 5 Identified AMF and their spore density (S). isolation frequency (IF) and relative
abundances (RA) under physic nut rhizosphere (dominant species are written in bold).

Code Species 5 IF RA
CMU04  Acaulospora colossica P.A. Schuliz, Bever & I B. Morion 10 o 14
CMUO8  Acaulospora denticulate Sieverd. & S. Toro 2 w03
CMU0  Acanlespora dilatara J.B. Morton 51 o 73
CMUL2  _dcaulospora excavare Ingleby & C. Walker 41 50 60
CMUO2  _Acaulospora foveata Trappe & Janos 4 20 108
CMUl4  Acanlespera lacunesa J.B. Morton 74 106
CMU16  Acaulospora morrowiae Spain & N.C. Schenck 19 20 27
CMU11  Acaulespora nicolsonii C. Walker, LE. Reed & F.E. Sanders ] 30 09
CMU10  Acaulospora rehmii Sieverd. & S. Toro 4 20 06
CMU0S  Acaulospora scrobiculafa Trappe 29 0 41
CMUO01  Acaulospora spinosa C. Walker & Trappe 1 10 01
CMUO03  Acaulospora tuberculata Janos & Trappe 4. W 48
CMU07  Acaulospora sp.01 2 03
CMU13  Acaulospora sp.02 2 10 03
CMU15  Acaulospora sp.03 3 10 04
CMU26  Acaulospora sp.04 37 i 53
CMUD5  Entrophospora colombiana Spain & N.C. Schenck 410 106
CMU29  Gigaspora rosea T.H. Nicolson & N.C. Schenck 51 10 73
CMU28  Gigaspora sp.01 53 0 74
CMU21  Glomus clavisparum (Trappe) B T. Almeida & N.C. Schenck 10 10 14
CMU18  Glonns enmicanan W IN. Becker & Gerd. 3 04
CMU27  Glomus fulvum (Betk. & Broome) Trappe & Gerd. 15 1 21
CMU22  Glomus sinuosum (Gerd. & BE. Bakshi) B.T. Almeida & N.C. Schenck 9 20 13
CMU17  Glomus sp.01 5 0 07
CMU19  Glomus sp.02 ] 1w 09
CMU20 Glomus sp.03 16 w 23
CMU23  Glomus sp.04 17 w24
CMU24  Gloms sp.05 1 0 01
CMU25 Glomus sp06 8 20 11
CMU31  Scutellospora pellucida (T.H. Nicolson & N.C. Schenck) C. Walker & F E. Sanders) 17 40 24
CMU30  Scutellospora sp.01 4 0 06
CMU32  Scutellospora sp.02 7 0 10
CMU33  Scutellospora heterogama (T.H. Nicolson & Gerd.) C. Walker & F E. Sanders 3 0 04
CMU34  Scutellospora sp.03 10 10 14

Total: AMEF 34 species 699 100




Fig.2 Spore characteristies of the dominant AMF collected from physic nut rhuzosphere under light
(a-g) and scanning clectron (h) microscopes. Acaulospora foveata (CMUQ2) [a]. Entrophospora
colombiana (CMUOS) [b. h]. 4. dilatata (CMU09) [c]. A. lacunosa (CMU14) [d]. Gigaspora rosea
(CMU229) [e]. Gigaspora sp.01 (CMU28) [f]. and 4. serobiculata (CMUQ6) [g] with Melzer’s
reagent. Bars: a, b. c. d. g=38 pm (40%): e, £=150 pm (10x); h =50 pm.

hi' G TR 150 pm 75 pm
: . : g .‘-_‘_:',l-f_;h_. . .

Fig.3. AMF colonization in physic nut roots collected from the field. (a) AMF structures near the
root tip (arrow). (b) highly infected root. (¢) vesicles (arrows). and (d) arbuscules (arrows).



Previous studies have shown that
agricultural management practise for
example tillage. quality and quantity of
fertilizer applied. cropping systemes
have a negative impact on the AMF
association with temperate and tropical
agronomic plant species (van der
Heijden et al. 1998; Douds & Millner
1999; Cardoso & Kuyper 2006: Wang et
al. 2009). Fertilization is one of an
important abiotic factor influencing
growth. colonisation. sporulation.
composition and distribution of AM
tungi  (Johnson  1993:  Egerton-
Warburton & allen 2000: Na Bhadalung
et al. 2005; Zhang et al. 2006; Wang et
al. 2009). In general high level of P
fertilization  applied negates  the
mycorrhizal effect in the field both
infection of roots and sporulation by
majority of AM fungi (Douds &
Schenck 1990; Tang et al. 2001: Rubio
et al. 2003: Alguacil et al. 2010). Several
authors indicated that increasing P
fertilization significantly reduced the
species diversity of AM fungi and
altered the the species composition
(Johnson 1993: Kahiluoto et al. 2001:
Wang et al. 2009). Alguacil et al. (2010)
clearly demonstrated that P fertilization
affected AM fungi diversity and
composition in a tropical savana forage
system when different sources and high
dose of P were applied. Apart from P
content. high N content in soil can also
influence the species composition of AM
fungi and colonisation (Blanker et al.
2005. Treseder & Allen 2002. Wang et
al. 2009). In our case most soil samlings
contamed from medium P to very high.
Therefore this result could suggest that P
content attribute to low species richness
and diversity. However. other factors
can also affect AMF diversity and

community structure such as vegetation
type. host specificity between fungi and
plants and temporal variation (Johnson
et al. 1992: Barni & Siniscaleo 2000:
Boddington & Dodd 2000: Burrows &
Pfleger 2002: Husband et al. 2002:
Narendra et al. 2009). Gaidashova et al.
(2009) demonstrated that AM fungi
diversity varied considerably depending
on other edapho-climatic conditions i.e.
rain  fall, soil texture and soil
management practise. In addition large
samples are likely to contain more AMF
species which could result m a high
species  diversity including species
richness. Shannon-Wemer mdex and
Simpson’s index (Barrow et al. 1997:
Nandakwang et al. 2008). Therefore a
greater sampling effort would be
required to prove this,

The present study represented
that Aecaulospora was predominant
genus m term of spore density and
species diversity (Table 4). A similar
finding was obtained from the
thizosphere soil under food crops
planted into an upland swidden farm and
in dry tropical forests in northemn
Thailand (Nandakwang 2008: Wangmo
2008). Members of Acaulospora have
been identitied mainly in low input farm.
forest and grassland soils. They are
considered as facultative symbionts and
adapted to wide array of soil and host
species. appearing in soil of widely
different pH and nutrient availability
(Sieverding 1991: Shepherd et al. 1996:
Straker et al. 2010). Moreover,
Acaulospora species are trequently
associated with acidic soil (Abbott and
Robson. 1991). Our study indicated that
A. scrobiculata was frequently found in
many sites. This 15 in agreement with
several reports (Shepherd et al. 1996:



Jefwa et al. 2006: Straker et al. 2010).
Therefore this may account for the
appearance of Acaulospora species in
many  sites  where our studied
undertaken.

Glomus species are considered as
cosmopolitan fungi in many ecosystems
(Sykorova et al. 2007). They has
dominated in various habitats and
dominate communities both in the cold
or temperate and in the tropical region
and subtropical vegetation. Members of
them are usually occur in neutral and
slightly alkaline soil (Mukerji et al
2002) in particular G. efunicatum is a
worldwide distributed species and can be
found i many ecotypes (Becker &
Gerdemann. 1977). In other reports from
Thailand indicated that Glomus was
prevalent AMF genus as in Macaranga
denticulate (Youpensuk et al. 2004) and
indigenous tree of North of Thailand
(Nandakwang et al. 2008). Most of the
soisl i our study sites were acidie.
Therfore this could explain our less
frequent detection of Glomus. Moreover
frequency of occurrence also waries
drastically at the species level (Rubio et
al. 2003). Eventhough Glomus has been
tound at almost all sites investigated but
1s found at lower frequencies.

Other genera seem to be less
common in the present study. with only
a few examples of species. such as
Entrophospora colombiana, Gigaspora
rosea, Scutellospora pellucida and S.
heterogama. The results shown that the
number of species in Gigasporaceae was
less than other AMF. It may cause from
the sampling soil posses a very fine
grain as clay. Nommally., Gigaspora
species predomunate in soil with sand
content as dunes (Lee & Koske 1994).
Scutellospora is ancestor of Gigaspora

(Walker 1992). Both Gigaspora and
Scutellospora produce large spores and
these require a longer period to develop
than the small-spored species (Hepper
1984). It has been suggested that the
latter are therefore more adaptive to
changing environmental conditions
(Stutz 1996). It also appears that
Seutellospora might be a poor
competitor in colonizing plant roots that
the host planjt favors fungi from
Glomerales (Sykorova et al. 2007).
Moreover species in Gigaspora and
Scutellospora  were  much  more
frequently associated with wild plants
than with field crops (Gai et al. 2006).

Obviously physic nut was
heavily colonized by AMF in all field
locations studied. The ability of this crop
to haborred AMF across a wide range of
site conditions makes it a good potential
crop for large scale plantations. To our
knowledge the establishment of physic
nut plantation in Thailand 1s often
planted mto degraded land that
previously supports other crops or was
forested. The degraded land resulted in
erosion of top soils by ramn and severe
leaching of the soils. It can also result in
loss of indigenous AMF that inhabited in
the top soils. This means that the land
has a limited ecapability to support
growth of either indigenous or
agronomic plants species  without
addition of considerably amount of
fertilisers. One of our conclusions is that
application of correct AMF inoculation
could be benefit in the establishment of
physic nut plantation on degraded land
with poor and infertile soil and
especially where benefit soil
microorganisms are bemg lost from top
soils.



Table 6 Comparison of AMF diversity in the current study with previous studies in

Thailand.
A oy

Host plant A Ar ? Mgigﬂ{];l an S U i\&o:;ifies
M. denticulata (Youpensuk et al. 2004) B & = 32 E T F - 29
A. mangium (Weravart 2003) 6 - ¥ 7 = e 1 27
Z. mays (Nabhadalung et al. 2005) zZ - Z = 9 = 1 2 16
Indigenous frees (Nandakwangetal. 2008) 6 - - - 15 - 3 - 24
J. curcas (current study) Ww, o= 1 2 ¥ = § = 34
*A = Aecaulospora. Ar = Archaeospora. E = Entrophospora. Gi = Gigaspora. G =

Glomus. Pg = Paraglomus. S = Scutellospora.

However, the fact that physic nut
grows abundantly in the wild. The specie
has never really been domesticated.
There is certamnly doubt for the
conditions that best suitable for its
growth. This could lead to unproductive
agriculture. However, if we are discuss
i moving to more sustamable practise.
AMF inocula could have real potential to
improve physic nut productivity in
established plantation as evident from
our study that physic nut is very
responsive to mycorrthizas. For this
reason. further research is required to
identify effective AMF for physic nut mn
Thailand that can be used in mnoculation
program in order to restore AMF
diversity in degraded land.
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