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Abstract

Role of arbuscular mycorrhizal fungi and glomalin —related soil protein. One of the
approaches used to improve quality of soil. The objective of this study was to investigate roles of
Glomalin —Related Soil Protein and arbuscular mycorrhizal fungi (AMF) toward properties of the
soil and affect the ability of plants to inerease nutrient uptake. The study found various forms of
land use towards following were found: Acaulospora, Glomus, Gigaspora, and Scutellospora and
especially, Genus Glomus was found most. For the relationship between AMF and extractable
glomalin related-soil protein, it was found that there was an increase of a number of AMF. The
resulted in an increase of extractable glomalin related-soil protein progressively. Besides, an
amount of extractable glomalin related-soil protein resulted in an increase of soil aggregate
stability. Findings showed that of the adding of spore AMF had an effect on growth performance
and there was a statistical difference of dry weight of plant. Dry weight was higher than the soil
with no additional spore especially spore G. etunicatum having an effected a highest dry weight of
shoot. Besides, there were the highest level of concentration and uptake of phosphorus and zinc.
The effect of soil types, moisture level and the effect of the AMF on available P. The results
showed that the available phosphorus in soil was the highest in Hang Dong soil series eombined
with the water logging at 2 cm and adding of spore AMF G.etunicatum. The effects of the AMF
spores adding increased the amount of aluminum in soil extracts. The role of AMF on amount of
extractable aluminum in the soil need to be investigated further.

Keywords: arbuscular mycorrhizal fungi, glomalin —related soil protein, soil aggregate stability
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Table 1 Effect of various insertion spores AMF species on P concentration in shoot, P uptake, Zn

concentration in shoots, Zn uptake and extractable Zn in soil of upland rice.

P in shoot Puptake  Zn in shoot Zn uptake Extrac, Zn in
Mycorrhiza < ) . % »
(mg kg ) (mgkg)  (mgkg) (ug kg ) soil (mg kg )
-AMF 4433 C 206.26 C 3348D 0.28D 326 A
G. geosporum 17592 B 263.75B 48.77 B 045B 2798
G. etunicatum 234.15 A 38892 A 53.65 A 052 A 258B
G. geosporum +G.
183.04B 260.078B 297C 037C 256B

etunicatum

Note: Per column means followed by the same letter are not significantly different (LSD, P =

0.05) N : NINFIUATANTAT (2556)
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Figure 4 Relationship between easily , total glomalin and stability of 1-2 mm-size aggregates in 0-

15 ¢m soil samples of paddy soil in Chiang Mai province , Northern Thailand,
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a1 mamziFeneumsiimsienteziiuitianga dnidsuiawon I9oudu wu nda 1

wa unz 1dludu



17
e = ot
A5 II0N

i 1 m511’1’1]5z'imtﬁﬁﬁu‘lugﬂamwhaqdammﬂmnﬁamunzvﬁﬂmmséaﬂm
Wagans luneslsvuasinamndu-msdniusllsavludu
Various forms of land use towards the diversity and types of arbuscular
mycorrhizal fungi and glomalin- related soil protein

s = :; A
ABUATMIANEIATIND

o a 4 e 3 v & 4 o ¥
wnsanu luauniins 1Fadugluuuaen 1Aun wunihldaeeniia sunenin

& Y 1 4 1 3 1 ) o 4 a0 o o o ar

fadadualmi Aunthldasethulils wundhldasedinn uaznuniheysny dunedunsie
¥ v

-

ar [V - | 1 1 4 a U o a3 w @ A ]

Sandmeelvd Auninuasdunsdihlduas suneassaziia SandaFoali uaz Wuh
- - o (7= Qo e [) 1 = |

INYATOUNTIaLa e sunoulsy Yandamoalvil sz nudoungumay 2553  dufau

WOAINIBU 2553

1. BHUNTITNAAD

¥

AnunluduiiimilFhaugiuuaieg §1 (11519 4) LAZNWHUMITNARDY
wuuguudenauysel (RCBD) $1u7u 4 $1

ar Vd’q LY ¥ o a4
A1 4 ilﬂ‘HmzﬂTﬂ'ﬂﬂﬂuﬂlﬂdﬂ‘mm&ﬂ‘uﬂﬂﬂ‘ﬂl

m3lhau fine S1uFed 1 Fnwaial
udihigmeons s (UFP) 0520440 E 2108476 N 10 ﬁﬁuwmquazlﬁm‘fuﬂnﬂquﬁa
i swplszua 157
AuiithWareetulds es) 0520600 E 2108420 N 10 dlvluda F1 oglszyw 207
Audihidaenion (UFW) 0519887 E 2082390 N 10 lﬂuﬂﬁﬁuhﬁuﬂnﬂqu‘lﬁﬁ iz

wudy TAwdng 18 luosw vequ

awdszinw 23

4 4 a ady - w !
uiinuasBun3sthliuas (OVFP) 0516485 E 2082896 N 4 fimslgnAnTdud #anes unanmn
» »
agldud 51l
- ¥ .
Aufinynsdunidozai (OVFS)  0505937E 2159771IN 8 fimalgnAnlin uzidle n11ade
wumisy nyzitoudo 81gms 1y
At 3571
DA b o o ay ¥ oy I
wuntheydnd (CP) 0505072 E 2093213 N 10 Hiduwanaozdull vwnadniln

ngu elsza 151
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2. MTfUA DAY
) 4 [ ¥ ¥ I o ‘=I
mafludiessaulfinuainmsusnungail wunihldasenin (UFP) Aun
1 ¥ ‘i =Y S ] = ada ¥ 4
thilFaoothulils (UFB) Auith ¥ aeednnUFW) Autinuasdunsdih lduas (OVEP) Auf
= a4 d’ A ar & d ar 1 = .
INBAIBUNITIALAIY  (OVES) saznuiiheysny (CF) TasAvudi9819AUIUY composite
ot = o o : T A’l’ d' o - P [ ¥ o Vl
sample 1U3LAVAINAN 0-15 IBUALAT WU 4 FrAoNUN AULIHIaY THURS waain 1]

SOUMNIUATHNIITOUANUUIA 0.5 1ag 2 Uaatuas

3. msuonadedise neagariluneslsmenav
A1saTIvdeuANNNLILuYasmlafueuda luneils i ludaed19dy
amrzoasaoy ldnnmaiuiuuadefvaimnamauenailesaindaes edu Tnsuen
ﬁﬂﬂgﬁqﬁﬂﬁﬁﬁfﬂﬁﬁqﬁLlﬁ IBseunvuilon {Gerdemann and Nicloson,1963) TN UIE
sucrose centrifugation (Daniel and Skipper,1982) TaudeAuaa 100 nfu idutindu 400
Faadar aulfiddunaly 30 wndt udanudodn 10 10 thaw s eurumsuns ssoufy
YU 500, 250, 125 waz 45 luTnswns wdahaufiteunisldnaoamudfiad udani il
wssauiiaTo 2000 seudevfidiuim s it Suthdwiladia udaudugTasa 50
nlofidud a9l lunasaaudfaFilddumios 1 wift adeslunedlsrnzasseguu
glase mmfumcﬂmﬂaﬂuﬂmmsaﬁ'awmﬂ 45 luTnsmas sedufimdoanazuniang
navalrua g SedninesduasnzawSunes (Ringers Solution) ud2 1% luTnsDilaga
ailesnnunszaunses udufuailesidndesganssmifimdsuee 40 wh udnirardedi
IR uluvandifasazaiesunes Ringer Sotution) Fufluarsazarvfisawinyinissendia

vosdilas

2. msunTizvlnaunav Jaumadin Bradford dye-blinding assay
Tnawndudiadialdie (Easily extractable glomalin) Taosaraoam g 2
Sodwas hvin 2 nsy @utherada 20 mM sodium citrate (pH 7.00) 16 Uadnas i
drodraudmeitanuduler (Autoclave) figunad 121 saruamden uina 30 wid
wdnhdrededuluilumIsfinanSasen 5000 souseund funa 10 Wil Mumsazais
(Supernatant) fierda 14 Tavswifin e Tnse Inaunaudelal (Wright et al, 1996)
Tnanduitasalévianun (Total glomalin) Taedset1efuang 2 fiafwns

: ar Qs _= : ar = =y 3 -] o L} =
HIMUN 5 NI DUHIWIANA 20 mM sodium citrate (pH 8.00) 16 UAAIUAT DINUUUINIOU AU
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-=§ o : P = k1 o o ) = v
Wmdeiiwnudu e fgumgd 121 owwwwsadoa e 90 mikdnidaediadu iy
o = 4 o o a e
WMIafin 15 259U 5000 TeuAeuIN ium 15 WA Humsorarela (Supematant) Neria

18 Taumimiu e ins iz Inaunause 1 (Wright et al.,1996)

5.msdmnzvideya

FATIEN Analysis of Variances (ANOVA) Tagl¥nis naunumsnansauy
Randomized Complete Design (RCBD) Jutlsziumaunsnsldiaununaa O e
sonfaga1s luaeslsa Tnandu-ensduiufldsauluay uazanunmusaadiadu Taed

o 5 - = 1 o ALY . =
v i satlumsidSevifsuaundeTae e Least Significant Difference (1.SD) 7

a

w i o o o v w ' a ¥ W
szﬂummﬁﬂnu 95 Lﬂﬂit‘%uﬂ Llﬁ:ﬁﬂ‘kﬂﬂ’ﬂnﬁuﬂuﬁi:ﬁﬂ’)'lﬂ ﬂ‘l‘iiﬂﬁi.l'mu-ﬁ'liﬁilwu‘ﬁ

=3 -ow e Qs g =
Tdsauludusuimertagard luaes s uazanuamudaduy Tnsmumsiduasuas

[ = l:\d Qr a o
dnlszansandunus
s a o =
AHATMSANYIATINZ

MIHUNIBLIIAY
M
TauiUAI9819A UL Y Composite Sample THsEAUAIWAN 0-15 wu.F1HIU 4 F1AD
-; A o - [ ﬂ T v & Y 9 3 o [ ] y =
Wuh havuuuailuassdmausnRaan Iiude udnilissuduazunsasouanuuia
0.5 uag 2 Y. dundeuiduan lssuaes AME Taun15fiufi0819AUA Table 5

Table 5. The study area sampled.

Land use. Coordinates Number of samples. Feature Area.

Community forest of Baan Pong (CFB) 0520600 E 2108420 N 9 The dipterocarp forest

age is 20 years.

Organic farming of Doi Saket (OFD} 0501607 E 2089115 N 9 Vegetables were grown

land use 20 years.

Grass land area (GL) 0507106 E 2095153 N 9 The grassland age of

bout 10 years.

Organic farming of 0502163 E 2091486 N 9 Fruit growing areas

Maejo University (OFMJ) over the last 30 years.
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d 5 @ =)
mauemadesiesieingars luneslsmneinau
’ o d‘l’ o Y- a
n1sATIIEBUAIIN NN I HvasaYesvente lunod lswi 3B sounuwilen
{Gerdemann and Nicloson, 1963) 52U11U3T sucrose centrifugation (Daniel and Skipper, 1982)
y & ! % i = =4 o =
Taedsfuaa 100 n. @nihnaw 400 wa. auldmditunal? 30 uif udnudedn 10 uih 1hdu
TsaudiuazunsasouAuvEIn 500, 250, 125 uaz 45 Tlulasiwas udniwunsouwiald
v i -~ ooy : 1 ﬂr.
waearuAtd udnh lilumissnnudasew 2000 seuaniidiunat 5w Suhdunla
aw = = o v i
fa udnduglasa 50% ae i lunasmauaadiin lUilumies 1 wd adeilunadlsanaz
¥ [
apgaguug lasa anumylasaasluazunsesousuia 45 luTasuas szdaunmaonn
o, o A a o 9 = o L 5 by i d 13”1
runsaasnaeauARdrsedninasAsesaza1vsuned (Ringer’'s Solution) ua214 1y
o o i o w '

Tnsillagaeadesinuunszmunses ndadumlesIdndoganssmifidrdsvens 40 i udn
o o 9 o Aa = o ' . P A a
ihadeif ldnuluneiiasazaesaunes (Ringer Solution) Faudlumsazaefizsaesaming

soaTIaveadilos

M3AATzHInaInau Inemniin Bradford dye-blinding assay

¥ » ’ »
Tnawdunaialdvavua (TEGRP) Tasdad108198uau 19 2 ya. Uiniin 5 0. 180

» »
a v

o a r 1 = A r :’

11181919 20 mM sodium citrate (pH 8.00) 16 ¥a.0nHWIIdRIAUI TR LAY Toih
< = o & 0 w 1 & y P 4 d P
Agamgil 121%1wna1 90 wiudnhded1sdullilumiseinnudsen 5000 sev/md
P ‘. ' d 4 = o a

Wuna 15 i ifumsazarela (Supematant) Nara 'l TasshofiulAineNinsizd Inauna

uae 11l (Wright et al.,1996)

MIMANUAIMUVDIINAY Water Aggregate Stability, WAS)

Fagunua 2 Todwas Usznu s asuldmansenitlilend 105 ewnmadod uiy
2 S Tnandahminfuiess w1) mavasluazunssveanieawd Lﬁmi"mé'uaﬁummm
ATUATITAIDOAL 5 WifinnTuut 3 it ud i lumeseanasimnedii Tdeute
udrdaiminsedemuirllon wi 9218 w2 vinifush 0.5% Na-hexametaphosphate 1@ 4

]
=oA

o d' 9 ] = o : o
Aunialuazunss e s wRndnhaundauuezunse lldedroinlszih udninnses

[l ]
o

3/ 4 o e ~ o : ot a
AwndeansesqaygImads i leunden 105 esmwadeaudniwngahmin (w3) i

¥
NIMUANIAILIUNIANUIINUUBUTAT LY wet aggregate (Wright and Upadhyaya, 1998)
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] 5 5 L%
mssuunyiinveureneiagars neslsan
o o -1 o l g

1a835404 Morton  and Benny  (1990) 188 1uumesiie lunas sy ofludy
Zygomycetes UMY Glomales Llﬂﬁtﬂu 2 dudvdos 1AUA Glomineae L Gigasporincae Tu
& o 1 pl = - ¥ & . o
SUAVEOY Glomineae & 2 1A fiv Usynoulaldn 2 anafe Glomus Uz Sclerocystis 1WA

= 1 T o1
Acaulosporaceae ﬁi’ﬂlﬁfﬂaq 7 ﬂqﬁﬁﬂ Acaulospora W% Entrophospora dyauluneddon
)

Gigasporineae 3B 1 29770 Gigasporaceze H91lsznoulildan 2 anafe Gigaspora uae

Scutellospora

middeiiz  unumvesenewiagmilunedlsamazszdy pH vesdudemagaly
HeavleFauazdanzavesdnils
Role of arbuscular mycorrhizal fungi and soil pH on phosphorus and zinc
uptake by upland rice

= o A
AKUDEMIAUHUNY

1. UHUNIINAADY

VHUNUNTTNADDUNIL Factorial in CRD (Complete Randomized Design)
[ éw =) @ A Y 4 1 1 o
$1uau 3461 Taod Yedei1 dusidaveuse 18uA 1.Control (- AMF)2. ldailes AMF G.
geosporum (AMFG) 3. )dmlos AMF G. etunicatum (AMFE) 4 Jerer ‘ﬂﬂ‘g AMF G. geosporum +

o (Y i ar r o ar
#1935 AMF G. etunicatum (AMFGE) lad07 2 fiosydu pH 18uA pH 5,6,7,8 audda agn
1 ar o 1 N Y ° o 5 & oy o
fnldfuganlileled wasiiodnengasy 60 Su smsifuRsadudraievanhminuds
Y 1 ¥ d @ = o '
A0U193INY17 LAz UAI0EN AU B3N 1ZHH1 Zn fie ]
= ) 1 d

2. MsmseuAodsailes

o & A dy e o & 8 o an

hausnnunil KiinsAadend wunailes lae3tvee Morton  and Benny

-] dr a Ll 3 ar L 1
(1990) Tao 1A wumes e lunedlsan ogludiu Zygomycetes SR Glomales utiuifu 2
dudutios 1AUA Glomineae 140 Gigasporineae 1UBUAVLOY Glomineae 1 2 237 Ao Usznoy
11lde 2 ﬁf}ﬁﬁﬂ Glomus D% Sclerocystis Tunadt Acaulosporaceae flfﬂﬂ‘nHﬂE);iZ ’df}f‘lﬁﬂ
r o o

Acawlospora Wag Entrophospora daulusdben Gigasporineae Uiisg 1 29ARD Gigasporaceae
& 1] lrl ﬁl - . o
Fatlsgnoulde 2 anafe Gigaspora UaY Scutellospora uazyvivailosveos AMF 6.

o . @ o adr =
geosporum V1 G.  etunicatum  UTAAR U035 lasiTsouuLVAlun (Gerdemann  and
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Nicloson,1963) 32uAU3D sucrose centrifugation (Daniel and Skipper,1982) udnihmles ﬁvlﬁ?l’
duluvianiimsazanssunes (Ringer Sotution) Fufluds szt IeinuINITIeAT INves
mle Hufieungi 4-5 °c 318w sifou @udas2549) methliidell dmiums
wFaundi1a 184 15Rug 112 1ls1a? mnniadefisls unainerduni 13 wevd

=Y o o ° t : 9 = H o s
gangdl 50 °C Wunm 7 Tuudniliuaii 1 fu Sah hilwg lnaufznaaey 8n 1 ilanv

] ar T = 2
3.ﬂ‘l‘§1ﬂ‘§ﬂﬂﬂ’39£l'l~1ﬂ‘lll!ﬂ$ﬂ‘gﬂ'ﬂ‘ﬂ
d a a o ¥ L] ¥ 1 o 1 o ar
NoauuInAninislgnd1als aaulusivenss suneulung Jania

o P

=t T H A o r
Foalnil Aszduarwdn 15-30 o, wirsau iUt LdnihussurIuAzENse 1 %00, 1a7d

4 ]
= =

o ’ & = A o
i llsusindenigungil 121 °C w1 60 WA nd11l5V pH vo9R U CaCO, F41%13a1 60 Tu
Ay 2 Ia o ¥ ol & 9 ) o ¥ v o
2914 pH aunsamuaismuald aimindedulanssons 350 nfuvwimdudiguinais 9.5
¥.1.g97.5 .40, udnhatosves AMF aTouseefunquilgn 30 alesaenszans Usuim
{ 1 : 1 1 o
#ldduluadesvunalng ernlddaud s-100 mlefaedn niadalesvradnernly 50-500
[l L d
mlesaedu (auing,2549) udnhdundrinalsery 1 lmvinmsonufunlgn Taefinis I

¥ b4 1 v 1 d ¥
HUTMIADAUATINTUNIZAY 0.3 bar ¥89au Taemssahminneums Iihusaziu

o ¢ Qasy = = g 2
4.M3 AT THANTAVBIAUIAZMTIATILHEINDIM S IUHY
¥
mdaanuiunsa-anluau Tavlddadiuauaeii 11 (V/V) (Thomas,
¥
1996) M3 AT VdanE T 1UAU (Loeppert and Inskeep,1996) Ansizriveanasmiaviua Tay

ot ¢ = 2 o £ 4 -
'J'ﬁI‘i]U’ﬂ' LagAMs (Jones et al., 199l)ilﬂi‘lﬁ"ﬁﬂﬁﬂSﬂﬂQﬁMﬂiHW‘ﬂ (FUNg, 2534)

5.M3ATINHUTE TN agaid uneslsalusind1a (root colonization)
m'sﬂ51%w1;§051a1ﬁﬂﬂa1ﬂuﬂaﬂsm“luﬂm’fnﬁ'aumsﬁﬂuﬁﬂﬂﬁ% Tay
detesndngiahfazen daduduianuenlszng 10 uRuns 0 Fu)
W lgulusher immenSe leasen'lvd (10% KOH) gangiidszuna 121 °C wilssum 4
it ud i ldsdaeiindualaide kor mﬁaagj*ﬁ"ﬂﬂ'Iﬂuﬁm‘sm1mﬂ1fi’1ﬁf’hﬂﬁ"lﬁﬁ
vos mimfnhsnsudaenszamdelinening udnildeudan 0.05% trypan blue 1u
lactoglycerol fguvgiihiiiu 121 °C Wlunam 4 i ansiuhae il neuualad 1l
deansineadis AMF muldndesganssmidaemideuyis 10 M1 Mu3Tves McGonigle

wazay (McGonigle et al., 1990)
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6. MIMUIN
° . & [ ' o o o
ATUINM % Mycorrhizal responsiveness U Lﬁumﬁmmumﬁumnﬂasmmﬂ
1 ;v ar i ] 4 a T : & ¥ W P ]
Taolsamiminuraniimsldide (tAMF) aoRusaie qandaerimiinursvesdudiag 1ul

¥ ¥ N 5 ﬂ'
msldige luaes 159 (AMF) mssoimiinuiad lutinns laive ((AMF) (Fseun1sd 1)

Mycambina repomeienss (m)= [Plaar dw (+AMF )~plant dw{~AMF)x 100} (Hetrick " ol , 1992)

Tra: del-ian? )

(AUMIN 1)
0 as o b o 9
AWM ITUNTTATUIU % Mycorrhizal P(Zn) responsiveness (MPR)(MZnR) fmamiden
mmsgald p, zn vesdn linimaldadesmeiugaieg AMF) audomseald p a1l

imsldaes (-AMF) midwnsgals p 7 litimsldades (aMF) Raaunsii 2)

[Pzo) uptake (+ AMF)—Piz) uptake (—AMF}X100]
Py uptake (—AMF]}

(nPR) (MzoR) = (@umsh 2)

= s :; ﬁl’ ar () & £ 1
MRWwA3  umnnveateneagmslunes lswwazszauanuyulumsdgninine
W ar = ¥
msgalydansavesdng
Role of Arbucular Mycorrhizal Fungi and Rice Cultivation System on Zinc
Uptake by Rice
4 sy
gunsaiuazIEms
1. IHUNMINADDY
MNUUHUNTINAT DUV Factorial in RCBD (randomized complete block design) 174U
:‘ ) o o & ' Av = of -~ o ov 5; LY =
3 91 Tawdiledei1 Ao szaUAUdUi 2 52A Ap 1) 4911 1aT 2) N5LAD 0.3 bar YBIAUYH
o v o e ] Y g w o [ J =
wiema dmSuilasedi 2 Aemsldiauie lunes lsanaediuiaren 4 juuvy dail glunudii
g ¥ ¥ y ¥
Control (laildiie Tunedlsan) guluuui 2 1dWadedu 6. geosporum jilunLd 3 ldiuFedu
¥ -4
G. etunicatum JUuDUN 4 laW uFofU A foveata
J 5 LP)
2. mawznayvinsaleiveuveneniages uneslsanluanmnsz a1 (pot culture)
4 4 Lo 4 4 4] o q ¥
mImziFeriomnlTunaveatosarivagmy luaes s aansahidlaonis
E A { A9 9 a Y o = o & [T Y ¥
zidsatesii ey wdudads TasmsihAugariwewaznswuisan i uda
b4 ) ¥ ¥
ildousindengungd 121°C au 180 i Aadedu 3 Tu niatuimswkauAug

a Y c;a - 1 -~ o a 1 I~
#898031 1:1 Taodnas udaeduldnszons 7 Alandu dhnmsigndravhalaenseamde
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g 4 Y o g o v A
5A1181891502010 Hoagland tiladmivsetgldiszina 3 ifeunimainuiel Tasnisaany
= 3 = o ) g = ﬂy a o =
oAy siniumvAunisusimihwAsanlfuds udududuid Blugenmadniidaaiin
3 = 4 1 P = 9 o
udufiulasddesIiaulunszorumziyonsn q uangamgiines (53, 2550)(Table 6)

Table 6 Soil inoculums properties

pH EC OM Available  Number
Soil inoculums P of spore
(@Sem) (%) (mgkg') (sporeg )
G. geosporum 6.1 337 0.6 14.2 11
G. etunicatum 6.1 334 0.8 14.9 9
A . foveata 59 352 0.6 18.8 7

Note: pH =1:1H,0, EC = electrical conductivity, OM = soil organic matter
= = YV M

3. mam3suduilgnuazdAunsnaass

- & 1 L) = oA : el; = 1

WiduganesnHsdudsdwaundsouriuazunss 2 dadwas sintdudaula

1 4 ¥ ¥ ¥
nszonalasiihmin 1.5 Alandy wduduhasluazagandr lfidiusniundld 1 A Ju
¥ ) ¥
sauniiiageaniesouuild TasagnindiduAumusiaveause AMF Tudnsi 500 ¥y
¥ ¥
3 o 1 < o - @ o o a1 @
ADATZON Basdauduudeau 1:3) siniuihaundiugdulnes 1 81y 14 Jum
b4 3 T
1lgn uazdhimsauguanusu Tasuiaiiu 2 g8 Teegausnsiimsauguanuduiiszdy 0.3
¥ 7 ] ¥
bar YBIAUN A (ANWTUN 0.3 bar voIRUANNAITANMIOY 16.2%) TasmsFaiminnay
M [ ¥ 3
ns Wihuaaziu uazgafimesiimstniwidednld 2 wudes vaniiiediegnsy 60 Tu
° d o L A o : ar ¥ W [} 9 o4 a T a A o I'd
MmanungrRudIaReFmmhminude 42961951917 KaZNUA01AUNDIANTIZHN
Zn@o 1
A s 3/ . .
4.m'm‘sm‘mwa1191uaqn1ﬂnna§1wﬂm1mm (root colonization)
d’. a o o 3 - 3 = - o
MsAs9nAFes101Taga1s luaed lsalusindalenisdeudsiniy e
¥ ¥ L4

fesnsndmndnhldazen daduiulinuenilszine 1.0 wuduas 20 Fu) il

¥ :r =1 ¢ = 0 =
auluhon TnummFen lansen lod (10% KOH) quugiilszana 121 °C wwilszua 4 wid

¥
1 g

winirluldredaeniinduan e kon widoayiinTasissanniidielalifives
sniuhsndudasnszambeltnevua udvirl8eud s 0.05% trypan blue 1%
lactoglycerol figaungiilafifu 121 °C dhunam 4 wi st hlnsuelad uda
doamsidsnvoude AMF meldndesyansseniaemasves 100h dmiumsinney

AnsdudsazmIgaly Zn Autiuns Tesshdudnifuno 18 hleudregumgil 70°C i
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M o & 8 o o - s ¥ ¥ an .
i 48 F1 luadnhindahwinndaasiimsing 121519 Zo wAud17 19875 we digestion
(5000 HNO, + HClo) udnilyainszv zn &wn5es Atomic Adsorption Photometer
(Jackson, 1973)
5. MIATHIN

o ) ] I g r sd o ¥

MSAIUIN % Mycorrhizal responsiveness 114 {Humsineualuauloidud lasls
W o Y Aa i w & ¥ ¥ 3 yy:hqu 111
anhmidnudaniinig ladwe (+AMF) towusas qavashminudsvesaudan lulinigla

» » v » I
150 lunes 15991 (CAMF) wisaashmsinustan ligin s laFe-AME) (Reaums 1)

s I , (m:[rhm: dw (+AMF ) -Flznt dw (- AMF)X 10D] (Hetrick et al., 1992)

- e iz Al )

@uN15A 1)

§1M5UMIAIUIN % Mycorrhizal Zn respondsiveness (MZnR) A1uam Taa1niininig
] » v -
gald zn vesdmniins ldiemeRugisq+AMF) avdron1sgald zn Hlulinslddela

1 ¥ [}
85 1591(-AMF) w15aem3gald za # lulimslddo-aMF) Gaaumsfi2)
[2% uptaka (+AMF) - 25 uptaks (— AMF) x100]

Mycomhizal 7n responsivaess (aza2 )= (fruN15h 2)

Za meictaam )
o d
6. NITNATIZHiIvEYD
a o o " @ e ar 1
WIAMUFURUTITH N MR 102 MZaR ldmianuduRusium Zn uptake 1aw
e 1 o w o ] A
AMUIUAAHTURUT (correlation) Hazaunisnanay waznlSoufisuamaevesgluuumsia

» »

Autazsiinveaiuyo lau1433 LSD (least significant difference)

mBieR4  waveasiladu szAUANWIY taznavesnsldise luneslsandealSua
Hoavloialudnuazmigalyeareiavesing
Effects of Soil Type, Moisture Level and Mycorrhizal Fungi on Available
Phosphorus and Phosphorus Uptake of Rice
5 IumazmIANHNIU
1. MINWRUNINARDLY

TRUHUNMITNAADIULFactorial Experiment in Randomized Complete Block

b d
L =]

»
Design ; RCBD$ 114 3 41 Tasutiuilusilesy aafl
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5 ¥ = = D’
Hadud 1 Aeriiavasdu Uszaoudie 3 wiiadu JAunygmaumniee (Hdymaw
WaI(Ng) HagyAAUAI TNY(Sa)
] ¥ o - ¥ .
Posudi 2 AamsTulfssauanudu 4 szdufsmsTahnssAuANg 29U,

P
o = @

» 1 1 4 o -
(WL) M3T0RT2AUAMUFY 60% (60FC) n15901Aseduanudu 30% (30FC) tazn13¥9
¥ } 4
N T2AUANUFY -0.3 bar (100FC)
o F ¥ 1 ar ¥
Yadun 3 Ao Control (Wildiwalunaslsw) lawutieduG.geosporum lavuie
b 4
AU G.etunicatumyiaz 1o uFoau 4. Jfoveata
=4 = ¥ A
2. mamsanAnlgnuassuNINaaes
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dovalunsanay N3 n1neInanesn (Jones et al., 1991)

NUNEN 5 Roles of Mycorrhizas, Soil Carbons and Soil Aggregate Stability under

Various Land Uses on C Storage with Climate Changes

Methods

The study was carried out in Baan Ton Poung,Amphur Jomtong in Chiangmai Province,

northemn Thailand. The average annual rainfall of this area from 1998 to 2009 was about 1200

mm. The average monthly air temperature was about 29°C, being mountainous, has an undulating

landscape.

Land uses

From each site, a composite soil sample of 6 subsamples were collected from each land-use.

Samples were taken at the depth of 0-15 ¢m at 48 sites (Table 7).

Table 7 The characteristics of the main land uses in the study.

Land uses Abbrevation, Number of Characteristics
Symbol replications

Primary forest AJPF 3 Mixed deciduous forests in which nontimber
forest products (NTFPs) are harvested by the
villagers.

Secondary conservation B,SF 3 15 years old, much of the plant cover is

forests bamboo and have nearly 50 % closed canopies.
Some villagers harvest nontimber forest
products (NTFP’s).

Fully commercial vegetable FCVeg 6 15-20 years old, slope 12 — 35 %, mostly

cabbage, green cos lettuse and onion with
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irrigation system and intensive ,and planted
whole year (3-4 crops per year). Prepared soils

by herbicide and tillage.

Rotation vegetable

RVeg

15-20 years old, slope 12 — 35 %, mostly
cabbage, green cos lettuse and onion with
irrigation system ,and planted partly of a year
(2-3 crops per year). Prepared soils by

herbicide and slash and burn.

Rotation rainfed vegetable

RRVeg

15-20 years old , slope 12 — 35 %, mostly
cabbage, green cos lettuse and onion with
rainfed, and planted partly of a year(1-2 crops
per year). Prepared soils by herbicide and slash

and burn.

%Hilly rainfed vegetable

HRVeg

15-20 years old ,slope>35 %, mostly cabbage,
green ¢os lettuse and onion with rainfed,vand
planted partly of a year (1-2 crops per year).

Prepared soils by herbicide and slash and burn.

Wetland rice

(Paddy soil)

PAD

A practice that started about 30-years ago,
wetland rice is grown by machine for tillage in

soil preparation.

Upland rice

Planted only upland rice for home
consumption.

Prepared soils by herbicide and slash and burn.

Upland rice mixed with

intensive plant

Planted upland rice for home consumption and
annuvally or rotated by maize (Zea mays L.)

Prepared soils by herbicide and slash and burn.

Fallow

Fa

Covered with bush and grass; frec of

agricultural activities for 1-3 years.

Glomalin related soil protein analysis:Easily-extractable (E-glo) and total glomalin (T-glo)

related soil protein were cxtracted by adjusted procedure form (Wright & Upadhyaya 1998). One
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gram of air dried soil was placed into a 50 ml centrifuge tube and mixed with 8 mI. of 50 mM
sodium citrate buffer (pH = 8), then samples were autoclaved for 30 minutes. The supernatant
was collected by centrifugation 2510 g for 15 minutes. Total glomalin related soil protein was
extracted with 8 mL of 50 mM sodium citrate buffer (pH = 8), then samples were autoclaved for
90 minutes. The supernatant was determined for related- soil protein as glomalin by the Bradford
assay with bovine serum albumin standard.

Aggregate stability (WAS):The soil was transferred along with the filter paper into an aluminum
can and dried at 105 °C for 24 hours. The oven-dry soil aggregates (5.00 g) were transferred into
the dispersion wet sieving apparatus. The dispersing agent of 10 ml of 5 percent solution of
sodium hexametaphosphate and enough distilled water were added to fill the cup to within 4 cm
of the rim, and then the suspension was stirred for 5 minutes. Aggregate stability was the amount
of aggregated soil > 0.25 mm remaining after 5 min of wet sieving (Kemper & Rosenau 1986).
Water soluble carbon (WSC): Soil samples were weight into 50 ml polypropylene centrifuge
tubes. These were extracted with 30 ml of deionized water for 30 min on an end to end shaker at
200 rpm (round per minute) and at room temperature, eentrifuged for 20 min at 5000 rpm and all
the supemnatant from was filtered through Whatman No. 1 filter into Erlenmayer flask for carbon
analysis by Cr,0, oxidation.

Hot water soluble carbon (HWSC):A further 30 ml of deionized water was added. The tube
was eapped and left for 16 h in a hot-water bath at 80 °C. At the end of the extraction period,
each tube was shaken by hand to ensure that HWC released from the SOM was fully suspened in
the extraction medium. These tubes were then eentrifuged for 20 min at 5000 rpm.The
supematants were filtered through Whatman No lpaper filters. Total carbon( inorganic and
organie C) in both the first and second extracted determined by Cr,0, oxidation.

Permanganate Oxidized Carbon (POC):Permanganate Oxidized Carbon was determined by
permanganate oxidation, aecording to (Weil er al. 2003): 2-3 g of air —dried soil and passed
through the sieve 0.5 mm with 20 ml 0.02 M KMnO,. The soil-KMnO, suspensions were shaken
at 200 rpm for 15 min at room temperature in screw cap polycarbonate centrifuge tubes. After
shaking, the tubes were centrifuged at S000 rpm for 15 min to separate the soil particles from the
solution. Subsequently 0.20 ml of the clear solution was transferred into a glass tube, diluted with

10.0 ml of deionizer water, using a vortex for complete mixing. The absorbance was measured
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with a spectrometer at 550 nm of light and compared to an absorbance reading on a standard
curve.

Coarse and fine particulate organic carbon (POM) : 30 g whole soil was with 100 ml of 5 g L
! sodium hexametaphosphate for 16 h in a shaker at 20 revolutions per minute (rpm), and the
slurry was poured into an assembly of 1, 0.250 and 0.053 mm sieves.After wet sieving, and
crushing of aggregates on the 1 mm sieve, the materials from the 0.250 and 0.053 mmsieves were
oven-dried at 50 C, weighed and ground, and subsequently measured for content of organic C
(Nelson & Sommers 1986).

Total organic carbon (TOC): Soil organic carbon content was determined after sieving (0.5
mm) by the wet combustion method described in (Nelson & Sommers 1986).

Statistical analysis:The degree of glomalin, organic C fraetions, aggregate stability that differed
among land-use types were determined by one way ANOVA. Evaluation of the relationship
between glomalin and other soil indicators was determined by regression analysis and Pearson's

correlation coefTicients.
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Figure 10. Number spores of arbuscular mycorrhizal fungi in the study area.
Footnote: Letlers above the bar graph are the same show that there is no significant difference {p<0.05). The bar
above bar graph were standard deviations (n=4) OFD= Organic farming of Doi Sakel, CFB

Community forest of Baan Pong, GL= Grass land area, OFMJ= organic {arming of Maejo University.
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Table 9. Species and number of Arbuscular mycerrhizal fungi in the study area.

Types of arbuscular The study area. (Number spores per 100 g soil.)
mycorrhizal fungi OFD CFB GL OFMJ
A. capsicula & 8 0 8
A. foveata 9 16 9 10
A. mellea g 0 0 0
A. scrobiculata 6 0 0 0
A. tuberculata 0 0 4 0
G. claroideum 9 9 4 8
G. clarum 13 27 5 4
G. coronatum 4 8 4
G. digphanum 18 0 0
G. eburneum 4 0 4
G. etunicatum 34 37 56 50
G. fistulosum 0 4 0 0
G. geosporum 8 18 31 0
G. lamellosum 18 5 4 16
G. luteum 27 27 12 10
G. manihotis 21 16 11 98
G. mosseage 7 8 34 16
G. sinuosum 6 6 4

G. spurcum 4 12 0

G. verruculosum 28 4 0

G. versiforme 4 0 0

G. viscosum 24 4 18
Gi. albida 4 28 4 24
Gi. decipiens 4 0
Gi. rosea 0 0 4
8. ealospora 4 4 0
S. corallvidea 43 70 83 62
S. dipurpurascens 0 4 52 0
S. ervthropa 8 12 25 13
S. fulgida 0 0 4 0
S. gregaria 0 0 4 0
S. heterogama 4 4 4 0
S. persica 0 0 8 0
S. scutaia 4 10 4 0

Footnote :( n=4) OFD= Crganic farming of Doi Saket, CFB Community forest of Baan Pong, GL= Grass land

area, OFMJ= organic farming of Maejo University.
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Figure 11, Total glomalin-related soil protein were extracted from various land used types.

Footnote: Letters above the bar graph are the same show that there is no significant difference
(p<0.05). The bar above bar graph were standard deviations (n=4) OFD= Organic
farming of Doi Saket, CFB Community forest of Baan Pong, GL= Grass land area,

OFMJ= organic farming of Maejo University.

ANUAINUYDINIAAY (Soil Aggregate Stability)
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Figure 12. The aggregate stability of various land uses from this study

Footnote: Letters above the bar graph are the same show that there is no significant difference
(p<0.05). The bar above bar graph were standard deviations (n=4) OFD= Organic
farming of Doi Saket, CFB Community forest of Baan Pong, GIL= Grass land area,

OFMJ= organic farming of Maejo University,
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Figure 13.Correlation and regression equation between arbuscular mycorrhizal fungi with total -
related extractable glomalin.
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b4 = 24

140 g plant’ 1821.35 g plant’ My dahminudeingadedui lildmles aMF)

M1 1.24 g plant (Figure 14(b))

¢ ar :
2.0aveamslaailes AMFuazszdy pH vesAuaen MNutadumazmsgaly pludinls
ar = T o 1 ¥y 9 3 ' hd
HAYDITEAU pH vasauLazms ldmles AMFasnuuduues P Tudhils wudiwa

ve4szaU pH vosauiinaldanududuves p innuuandisfumeada Tnowuinny

. '
4241 o

3 1ot o s T -
Wuduvee P AlAgegafedui pHE Wy 265.12 mg kg uazanudutuaes p hiladge
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a Aa | w . ! o = o
ADAUAT pHE 1M1A1U 125.13 mg kg '(Table10) wazravasmslaaios AMF fnavinldnny

' o =

Wuduves P lanuuenmanunieana laonunanududuues P Alageganoaunle

=

aof AMFE iy 234.15 mg kg 'wazanududuves p fifldrdigafoaudi - AMF 1y
9 1 ar = 1 o 1
144.33 mg kg '(Table10) TudaunavesszAy pH vosauuazms ldales AMFaan15ga 1Y P

Tudn'ls wudwavesszdy pH vesAuiinahildnsaald P Ianuuandisiunieeda lay

]
S 0 o

wunseald p Aiflarasgafeaud pHe 1Ry 477.80 mg kg 'wazmigald p liddigade

1
= o4 o4

AUNT pHE 111 40.41 mg kg’ (Tablel0)azwavesnislaalos AMF Hnasiildnisgald p

= ) ar aa 1 9 A A e oA 1 o =
UANUUANATNNUNIIT DA Iﬂﬂ“ﬂ‘u’ﬂﬂﬁﬂﬂi‘ﬁ B ﬂiJﬂ'Iﬁ'\'iﬁﬂﬂE)ﬂuﬂul’dﬁﬂﬂi AMFE 11mny

v
]

234.15 mg kg 'waznsqgald p Afsdigaiodui - AMF 1fu 14433 mg kg (Table10)
3waveamsldated AMFuayszdu pH vesdumeaNmTuTHEzMgaly Zn Tudhals

a = i I'a 1 9 3 [
MBI pH vaeauKans ldalss AMFAoA I uTUYD Zn Tud131s Wud

HAd3zAy pH 9eauiinaii danududuves zn innuuana 19t un1aada Tngwua

'
¥ 424 1

ﬂ’ﬂi.lﬁlll‘iluilﬂﬁ Zn ‘ﬂﬁjﬂ"l's’fﬁﬁﬂﬂﬂﬂuﬂ pHS A 84.23 mg kg LLﬁ“’ﬂ’)'llJLiliJ"Uu‘iJEN Zn U

o = 1 o

mqﬂﬂaﬂuwﬁ pH8 1M1AU13.25 mg ke' (Table10) tasmaveanislaaies AMF dmailv

et 1

ANULUTUYDI Zn TANULANANAUNIFDRA 1ASWUIANUIUIUUDS Zn nfgeganofy

= A

ildelos AMFEWIIY 5365 mg k' uazanududuvos zn Alimdigaiodud - AMF
1A 33.48 mg kg '(Table10) ludunauesseny pH vasauuaznisldales AMFaan1iga

9 g 9 v 1 as o e o = 1 Y
1% Zn Tud'ls wudmavesssay pH vesduiinaiilinisgald zn Sanuuanaianuni

" ) 1

adid lay wunsaald zn mmmqﬂﬂaﬂuﬂ pH5 W11AD 0.89 mg kg '1a¥n15gA1d Zn 7 e

=Y

fganoaull pHS 11111 0.026 mg kg (Tablel0) wazwavoan13laaios AMF fnavild
¥ J=} [} Qs s 1 9! eded A o oA 1 o
MIAA1T Zn UnNUUANANAUMIEDA Taenunsanld zn fAlidrqegefeaunldalos

]
=]

AMFE 1411711 0.52 mg kg uagmsanld zn NilAwigaRoaud - AMF 18U 0.28 mg kg'

{a) AMFG  AMFE  AMFGE

(Table10)

2.5 2
l 4

B
¢
15
1
05 o

Figure 14 Effect of Shoot dry weight on (a) pH level of soil and {(b) various insertion spores

Shoot dry weight
{g plant-1})

Shoot dry weight
{g plant't)

AMEF species. Note: Per means (Bars) followed by the same letter are not significantly different (LSD, P =

0.05)
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Tablel0 P concentration in shoot, P uptake, Zn concentration in shoots, Zn uptake and

extractable Zn in soil of Upland rice.

P in shoot P uptake Zu in shoot Zn uptake Extrac. Zn in soil
Soil pH " B - . N
(mgkg ) (mg kg ) (mgkg ) (ugkg) {mg kg)
5 186.14 8 37548 8423 A 089 A 187 A
& 26512 A 477.8 A 4547 B 0438 3.08B
7 161.05C 2254 C 3592C 027C 245C
8 125.13 D 404D 1325D 0.026 D 176 D
Mycorrhiza
-AMF 4433 C 206.26 C 3348 D 028D 3264
G. geosporum 17592 8 26375 B 48.77 B 0.45 8 279 8
G- etunicatum 234154 388.92 4 53.654 0.52 4 2588
G. geosporum +G. etunicatim 183.04 B 260.07 B 297C 037C 256 8

Note: Per column means followed by the same letter are not significantly different (LSD, P =

0.05)

4.pavesmslanles AMFuays2v pH vesdusio3anawes Zn lufu
Hav0INT 1A Ues AMFUAZIZAY pH ¥99aU AolSises Zn Tudu wudwawea

<4 o

5¥A1 pH vasauiinai IS uisves zo Ay danuuana1edunisana Taswuiysuiu

T =

¥01 Zn ludu Amgagefedud pHs 1ty 3.87 me ke'imzUSnawes zn lufu fifdl
ﬁwqﬂﬁ@ﬁuﬁﬂ pHE 1M1fU1.76 mg kg (Tablell) uazHaveamslaaves AMF inavi1ld
UF1aswod za ludu Sanuuandiatumenda lnenui/Smaaes za lufu fddgsgede
fuitlildedes CAME) widy 3.26 mg ke uazySuInues za Tufiu ﬁﬁﬁwﬁwqﬂﬁaﬁuﬁid
2193 AMFG, AMFE, AMFGE 111U 2.79 mg kg, 2.58 mg kg '4ia 2.56 mg kg '@ 108141
(Tablell)

s.naveamslaailes AMF fuszdy pH vesaussaNududtuazmIgaly p,zn Tuanls
VINNANITANYINZAY NS LeiFD AMFENSEAU pH 6 Inavilinududu

uazn15gald P Hagefiqa M0 408.83 mg ke'1AT 804.05 mg plant muddudIunI3ld

g = [ =t o 9/ 3 ¥ S = 1w

19 AMFENSZAY pH 5 Umaii vanuudutaznisgald zn Ia1gefgaminy 109.47 mg

kg 102117 mg plant 'ATUAIAY (Table 11)
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FnsuanuduiusiznianniyiuTauazavadldmlos AMF TasRarsnain
f11 Mycorrhizal responsiveness (MR) ﬁqfﬁﬁ%mﬁmﬁuhmﬂdﬁﬂﬁ AMFluszay pH 494AU
A9 iinani 1A MR Ao daY (Table 11) TaoA1 MR 994471215 Aimsaeuause
ldaos G. etunicatum 1 pt 7 qqﬁqﬂ 3370 % UAY G. geosporum AMAOUAUBIABAS 1
ailodiian 6.26 % sufuazifinldnsldales amr rarhldiminudaflegauaziins
qnld P uayzn qﬁﬂimn"laﬂdﬁwga AME Taofi9150:1910/1 MPR 1128 MZoR 48n910THA
vean1stdalod G. ewnicanum 538U pH @199 71 MPR 7 pH 8 ﬁmqaﬁqﬂ WA 178.44 %

1@y MZnR 9 pH 5 g4Ngainfy 93.14 %  (Table 11)

6.mathnnves Wenerfagarslunes s lusnd 1213 (Root colonization)
HaMIANYINSE13 Ve AMF 910013 tdaes AMFuag iy pH 194A1 WUIIHA
¥pe32ay pH vosaudnami limandisinves AMF fnuumnaisdunieadd Taenuins
1510909 AME TufAud pHS5, 6,7, 8 HAUMAY 9.83, 8.21, 6.58 LAY 3.26 % A1WA191 (Figure
15(2)) Laznavesmslaailed AMF fiwavi 1¥nsid1snues AMF Sanuuanaraduneada
Taowu1n151951nv09 AMF fudiufildaos AMEG, AMEE, AMFGE A usif .84, 9.44

1R%9.60 % Aud1ey uazwuhduin luldmles  CaMP) Tunumsidisineuos AMF (Figure

15(b))
=4 =
o 12 A Q 12 4 o
= 10 aB = % A 3
rd ~
e, @ y T 8
o 6 e
o] ¢ [=] [}
e 4: = a
o
: I
R S o 2 B
b4 & 0 i et
pHS pH6 pH? pH8
a) SAME AMFG  AMFE  AMFGE

{b)

Figure 15 Extents of AMF Root colonization on (a) pH level of soil and (b) various insertion

spores AMF species. Note: Per means (Bars) followed by the same letter are not significantly

different (LSD, P = 0.05)
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Table 11 AMF x soil pH shoot dry weight, Zn concentration in shoot, Zn uptake, mycorrhizal

responsiveness (MR) and mycorrhizal responsiveness based on P(Zn) uptake (MP(Zn)R)

Arbuscular Shoot dry
P in shoot P uptake Zn in shoot Zn uptake MR MFPR MZnR
Mycorrhiza weight p 1 4 y
i (mgkg)  {(mgplant’) {mg kg ) (ug plant ) (%) (%) (o)
Fungi (g plant’)
cs 1.88 abe 173.44 de  325.88 cde 61.21d 0.60d 0 0 0
G5 2.10a 19326 cd  405.99b 95.00 b 1.03b 11.72 ab 24.58 cd 59.95 ab
E3 2.07a 187.07d 38843 be 109.47 a [.17a 10.48 ab 19.20 ¢d 93.14a
GE 5 2.00 ab 19946 ¢d  381.46 bed 7120¢ 0.74¢ 6.39b 17.06 ed 2267¢
Cé 1.60 de 192.02 ¢d 306.50 e 34.73 gh 0.30 gh 0 0 0
G6 1.70 ede 240.34 b 409.46 b 47.60 e 0.43ef 6.26 b 35.68 cd 42.40 be
E6 1.97 ab 408.83 a 804.05a 5240 e 0.54 de 23.17 ab 166.43 a 80.89 ab
GE 6 1.85 bed 219.28 be 391.20 be 4713 ef 045er 15.87 ab 29.63 cd 48.95 abc
C7 1201 146.19 ef 174.23 £ 2807 h 0.19h 0 0 0
G7 1.44 ef 132.56 € 191.37 ¢ 3827¢ 0.30gh 20.6} ab 9844 £0.48 abc
E7 1.60 de 195.74 ¢d 311.92 de 39.00 Ig 0.34 fg 33.70a 79.03 be £0.24 ab
GE? 1381 169.72 de 223.90 ¢ 3833 g 0.27 gh 15.32 ab 2851 cd 45.33 abe
C8 027g 63.66 g 1802 g 9.871i 0.02i 0 0 0
G8 035¢g 13751 ¢ 48.19¢g 14201 0.031i 28.40 ab 161.63 a 72.74 ab
ES 036g 144.95 ef 5129 ¢ 13.73 1 003 i 32.10 ab 178.44 a 73.56 ab
GES 032g 152.38 ef 4373 g 1520 0.03i 19.75ab  137.42ab 5331 abc

Note: Per column means followed by the same letter are not significantly different (LSD, P=

0.05)

a g
IP1TU

= J as 1 w1 P r
1. yHiavesmiles AMF uozszau pH NManuAenudRdIrazmIgaly P 6u Zn ludnals

win1@

=2

AU

= 3 c!y A a = ¥ 3 3/ o 9 !
nnmsAnyIATIdiennsSanudututaznsgald P Au zn Tudals o

s 1 & 1 = LY
nmsldadas AMF wunfidsmuanududuuaznisgald P Ay zn voadn

4 a 4 o : PR . ¢ A e
WAy TuAnNszdU pH a9 Trumwizet1ats ¥e 6. ennicanm HUTanNnududuLay

3 ar =1 = d’. d‘ d' = s
ﬂﬁ@jﬂsl‘lil" AU Zn 3.1‘1."5111&1&‘1‘1@31’]?1’@1 Wanyuny G. geosporum UDE G. geosporum+ G.

. , ] o a . ¢ e oy w b = vt
etunicatum LlagaqWﬂﬂ@ﬂ'\'ﬂ%'iiylﬁilIﬂiuﬁ’)uﬂ]@ﬁu’]‘ﬂUﬂllﬁﬁﬂﬂﬂ’JU HINNTANEN Llﬂllﬂ']j

y 4 ,
1940 G. etunicatum G. clarum G. intraradices G. caledonium G. mossea ﬁﬁms NATOUNITAA
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=

o 1 i v ¥ 4
14 Puar zn lumsiganin wudminddmslaide AMF Junumlunisgaly P uay zn
1 3 [
Tz ot138e 150 G. etunicatum Tunumlunisgald P uaz zn winfiga
1 = a i =~ = ¥ a
Tud e pH Hszduang WeRnsulSnunnududunaznsgald p iy zo Ty
r o 1 = as £ 1 =
1719 xminlé pH 5 uaz pH 6 Tanududuuazmsgald P Au ze Tudials Tuiumee
P L A & da ' o ) A s Y ¥
e losmwizedisdeduiniinsldales G. emnicanm TUFimanududuuazmsgaly p
o o 4 9
Ay zn 13 pHS 1Az pHé NINHGA (Table 11) F19IHAITAALIVEY Wang ct al. (1993) TAFNY
r ] 9! ar 3 cY = '
navesauiiunsaiiuasdonisidierdouos AMF lud1nldauasuziloms wui G
caledonium, G. albidum, G. etunicatum, G. macrocarpum, G. fasciculatum, Acaulospora spp.

= ¥ o Y o A s da
uay S calospora 1.Im‘iL"LlTe'J‘lﬁﬂNﬁﬂﬂJTJI@GILLﬁ::‘i’[ﬂllzL%@Lﬂﬁ1uﬂuﬂuﬁzﬂuﬂ’nmﬂuﬂiﬂ

(e 5.5-7.5 USumgahge

2.MIFUTIHNIGALY P 71 Zn Tag AMF Tutdals
=2 3 L i, q‘ 1 =
VINHANIIANYINITIIIIA (Root colonization ) ¥89 AMF #ilaas liludulugves
a as = 1 g
a1las szdunafiudInMsdsnues AMF % G geosporum, G. etunicatum U4as G.
1 B ar 1 o 3 o 1
geosporum+ G. etunicatwm M3 lUUANA1AY LazozwuIulesisuansidinneylu
o e = d{ 1 o w A ' o o o 4 9 d’.’ =
sEdud1 mszdSuveuteligd iy sz iyl ofiduansidis nueuies (audag,
T ] o 9 1 r = Y W 9 [
2549) uApE1a 15AAINMINTINUeY AMF danaaoilsuimnnududuneznisgaly P Ay
= ¥ [ =1 ar ¥ o = 1 T o' =y 1 a
Zn tnndueduriuldde wodsudud sl ldedosludy Taunwizodiaganisiin
W
é =y 1 as
IINVDUYO G. etwnicatum F9 Mosse (1973) 1405111671 AMF Tianua1n1s0gadiusigeInis
d'.o 1§ 1 3 = ; A L% 1 1 y
Asudluunie wu P Taomwizded P ludus datuidulss leminedwed1auinileanin
= k3 51 d'-BJ = 1 a d:‘ Aa v @ i YN 43’
msigveudulondurinddiulumsmamuRunfirdudassn s nduauundu ez
‘ﬂ = A P ar o 9 M as W =
WumIanssesn1an P azindeuiiundinni ldwsgiwisagasy P lalulSuianinuas
M Aa

g dy ' LTS ¥ oA ar 1A 1 P 1
7329 dewaliFua P lulleimeWeil AMF o dvegaeganiyh Ll AMF

A = ar = [ 1 o i =" 1 3
WeRNTWITLAU pH UYoIAUNTYADAN v2iiu 18 pH finasenisiisnveuie

AMF 8g1350u Tooazd pH 5 U@z pH 6 ﬁﬂ?mmmwﬁ’ﬁmmﬂﬁqﬂ Tasnzg1989n3
1NYOURD G. etunicatum T pH 5 18z pH 6 dananolTuinuazanududuveumznisga
1P woz zn dniusdedany idomeufudn st lildido aMF Tufy (Table11) 3979
ATANYIVDY Wang et al. (1993) MdAnyinavesnnuidunsaiiuasdonindieifovos AMF
i Iganzuzidema Tnsdhodulusnd 1 18auazsnuzdema Tuaufiszdy pH 5.5-

7.5 YTinuganga
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dmiuanuduiuiszniemsnsanu latasnavesldalos AMF Tas#e15a1910
1 (MR) desudetuinsldales ameluszau pH wesana139naidn MR ity
odhadainn Tnem MR ve3h1lsAn1snevauesdenisldaes 6. emnicanm 7l pH 7 49
fie Fuuazminldinsldadod ame ﬁNaﬁﬂﬁﬁymﬁﬂuﬁaﬁ%qauaxﬁmsaﬂisﬁ P uaEZn
qqﬂ'jwma“hﬂdﬁ'wfe AMF Tao#913941910A1 MPR 1102 MZnR 1AgIRWIgHauRInIs 1o

a1lo$ G. etunicatum f5zAU pH A199 A1 MPR 7 pH 8 Tif1gehga waz MZaR 7 pH 5 geide
asilwa

411 15Wug v ldslnfuazdgniiszdu pH Areqidinisldaded AMF wiasig q &

¥
0 @ b4

iminudts aAnududueznsgely p fu zn genhaui lulinisldadesasly Taeludls
il ¥ 1
N32AU pH A199 wunsldades 6. ewnicarum Timinudsvosdudugenga soemam
[ ' ad o Qs o a  d
9 G. geosporum UAE G. geosporum=+G. etunicatum waz laiinis ldaes dmsuanudunus
1 = =Y 1 o = I =~ ; 1 = Y
sEUINNTET AL TauazHavenIs ldaues AMF TneWe158191091 MR NUSTITU@Y Y
T T o ar i 9 P .3 [] 1 9} =
N5 laados AMFIUsEAY pH A19q 19A1 MR uduodiann Taea1 MR 193911 15hins
' o - A r = 1 o
ldades 6. emnicarm % pH 7 gafiqa waza1 MR v83910 lsniimsldades G
= 6. 1 s = 0 : ar
geosporum+G. etunicatum TinsnoUaUBIsINge M5 laalos AMF inavirlfihwdnud o
=1 ar 1 1 T & ) 1
qauaziinisgald P AU zn gendims lulaades AME TasWersmana1 MPR LAz MZnR
1 o = as ] 1 A a0 :;
TAumwIENaYeIN 13 1aa1os G. etunicatum 5290 pH $199 A1 MPR 7 pH 8 fin1gefige
v ] 3 ¥ 3 1
UeE MZoR i pH 5 gafiqe astluainnsdnyinssilonaaznainlainnisgald p iy za @
- d%’ ﬂ = 1 o ' ) o -2 1
MuUlws 1z ims ldades AMF Taomwizennaes G etunicatum UWUINIIM5ANYIA0 11
=} == =% T cq‘ = w g d' o
selimsanu luan mual nseTenauesiinisnia uteminuasnsauisorh Il 18 lunw
uilneess
aw A dw ar L¥] A § !
A3 unnnveuFeseniagms luaeslsmuazszdunnutulumalgniiaee
3 ar = 3
Msgalyaanzaunsdng
Role of Arbuscular Mycorrhizal Fungi and Rice Cultivation System on Zinc

Uptake by Rice
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Han1Inaaoy

1.m‘s%’ﬂms‘tima:“la'n%amﬁ'@rg]mﬁmaﬂwm'am‘im?ﬁgsﬁuiﬂmaﬁn

mswsaedy lavestnadugduihaea ﬁﬂgﬂiugﬂuwmiﬁ'@ﬁyﬁ 2 yuupAD NI
1 (WL) teesnpisesun i wesdu 3T 0.3 bar nuhravesszAuA TS uilnatiildms
m?tygﬁﬂﬂ”Lufhmmaﬁymﬂ'ﬂuﬁaaJaa%’ne&hﬂﬁﬁﬂmmmﬂ@haﬁ'umaﬁﬁﬁ Tavsimifouds
01129 1.29 - 2.21 AFuAedU udg s lada wu'iﬁ"laﬁﬂgﬂﬁaﬁ@qﬁxﬁumwwﬁuﬁﬁmﬂ,ﬂ'
Wadte AMF wilad1e o ﬁuuﬂﬁufmﬁ'ﬂuﬁaqaﬂiwﬁuﬁLlajﬁﬂ”rssﬁuﬁwﬁam"lﬂ TaoTudaf
JgnlufuisnuInnIud 0.3 bar wums1diaEe A fovea imilnuiavesdudugefiqn
(2.21 NTUADAY) T09R9UIAD G. etunicatum (1.42 ASUABAL) UAL G. geosporum (1.32 ATUAD
1) wag iz lavade (1.29 ATUADAN) AUEIHD (Table 2)
Table 12 Shoot dry weight, Zn concentration in shoot, Zn uptake, mycorrhizal responsiveness

(MR) and mycorrhizal responsiveness based on Zn uptake (MZnR) of San Patowng 1

Water Mycorrhiza Shoot dry
regime weight Zn in shoot Zn uptake MZnR
(g plant’) (mgkg')  (ugplant’)  MR(%) (%)
0.3 bar No Mycorrhiza 1.29 447 B 31.53B 0.00 0.00
0.3 bar G. geosporum 1.34 7.97 AB 6.29 AB 4.15 78.36
0.3 bar G. etunicatum 1.42 10.67 AB 8.43 AB 10.36 138.81
0.3 bar A. foveata 221 11.30 AB 8.93 AB 72.02 152.99
WL No Mycorrhiza 1.33 7.67 AB 6.06 AB 0.00 0.00
WL G. geosporum 1.45 9.13 AB 7.22 AB 9.05 19.13
WL G. etunicatum 1.88 13.00 AB 1027 AB 41.46 69.57
WL A. foveata 1.97 1550 A 1225 A 48.74 102.17

Note:Per column means followed by the same letter are not significantly different (LSD, = 0.05)
WL= Continuous waterlogging, MR = Mycorrhizal responsiveness, MZnR = Mycorrhizal Zn

responsivness

2.naveagiuuvueanmslisiuazmslavusedn AMF aenmsgaly zn
yo” 1 ar cz’ i 9 9 9 ar o
pavaegduuuns iuasns lawuseaMraensanuidndures zn voedniug
¥ 13 1 ¥
duthasal wohmsdah (WL) uazszduanuduuedinu i 0.3 bar laomssanisihifing

[ v ¥ ¥ 9 1A 1 W PENEN [y o v oo .;
MIFa U utuYes Zn 1491 MNANUEANA A UNIEDA uAeHSUNaVeIM S ldH 1T e
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! = ;’5 4 aa 1 @ ¥ = T = & 9
AMF wu 9 mAlgnisaesszuauanuduiiinislaiuye AMF ¥ilan1e 9 Ianuvuay
. d‘ (-1 V oar 4 o d'. = dl.n/
999 Zn Tudganidudniilgnlas hifims ldsdade amMr Tasludndgnluduidnm
] 1 3
72109 0.3 bar N Hanududuves zn Tudnntnialdadute 4. foveaa a0 1550 mg

kg' (WL)1ag 1130 mg kg’ (0.3 bar) 30909NAD G. etunicatum 13.00 mg kg (WL) 11ag

] 1
o A

4
10.67 mg kg'] (0.3 bar) 0% G. geosporum ﬁmﬁﬂﬂuaumﬁi@mﬂﬁﬁm%mmgﬂ 9.13 mg kg]

(WL) a2 7.97 mg kg (0.3 bar) (Table 12 1% Figure 15)

18 14

161 2k e A
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-
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Figure 15 Effect of water managements combined with various inoculation of mycorrhizal fungi

" l deficient

Uptake Zn (ug planl")

Zn (mg kg")
=S R S s
o
§ L
| —
|

(=T R i -

(a)
(b)

on (a) Zn concentration in shoot and (b) Zn uptake. WL = continuous flooding ,- AMF= No
inoculation of mycorrhizal fungi Note: Per means (Bars) followed by the same letter are not

significantly different (LSD, P = 0.05)

3. wavesgUliuuvesmsliinarmslaiateny AMF del3ine zn iy
Na‘*UElQEﬂLLUUﬂWﬂﬁﬂmeSﬂiﬁiﬁﬁ?é@ AMF deUSina zn ludunmeondaufuifion
$11 wuhmsdai (Wi sasfnvissduanuduuesdn13n 03 bar TramBUSamdy
zn Tuau lifinnuuand1anun19ada 40.75 mg kg’ (WL) 1102 36.30 mg kg (0.3 bar) L@z
Fmdunovesmsidiade Amr wu’hﬁuﬁ1%’ﬂ@ﬂi’fm‘q"ﬂQﬂﬁzaﬁmswaum1w§u1‘n‘ﬁn1ﬂd
Wadte AMF silad1s 4 SlSmaves 7n ﬁﬁﬁﬂ"lé’fqaﬂ’iﬂuﬁuﬁﬂgﬂ%’nﬁ"lajﬁmstl'cf'ﬁ";ﬁ;@
AMF agalitinddgnieaod Taoludu 0.3 bar msldidte 6. etunicaum S1U3010 20 TuAY
A1 49.00 mg kg (WL) g 40.80 mg kg (0.3 bar)) 1dE G. geosporum W10 Znluau
A9 38.90 mg kg’ (WL)uaz 45.7 mg kg (0.3 bar) Smdumslavio A. foveata U5 Zn

N 1:!‘ : = -1 ar jﬂ'd LY -4 o -
TududmgadionSeuheusuduiiinig la¥ued 10/ uAn 37.90 mg k' (WL) LAz 33.40

T o N ’
mg kg' (0.3 bar)  dwivluauihinmsladaFenuniiySuin zn d19ga 33.70 mg kg
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' ¥
o = b4 @ o

(WL) a2 2530 mg kg' (0.3 bar) (Figure 16) ity ldaunendunufesdiduanlu

4 ¥
Qs =4 o o

:’ ar = =l 1 P L] :s'.cs 9 & q’:s :1 1 gl’
anwiidall Zn mBeogludugeniduiniissdunnuau 0.3 bar snduauiidanums Lo
a = 8 A i ar g ' =3 I o
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Figure 16 Effect of water managements combined with various of inoculation of mycorrhizal
fungi on extractable Zn in soil. ;WL = continuous flooding ,- AMF= No inocolation of
mycorrhizal fungi Note : Means (Bars) followed by the same letter are not significantly different

(LSD, P = 0.05)
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s A ) @
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(=Y o o o A =1 o o o 9 T
Y10 0 1esiua Lay G. geosporum, Ajfoveata G etunigatum inlesiauanisisimnny

61.53 43.59 41.02 % sudwy dmsuaui lutinis ldadem1ny 5.12% (Figure 17)
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Figure 17 Effects of two water regimes and various of inoculation of AMF species on root colonization.

Note:Per means (Bars) followed by the same letter are not significantly different (LSD, P = 0.05)
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a o = . . . L4 s
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Figure 18 Correlation between Zn uptake when non mycorrhizal (a) mycorrhizal respons (b)
mycorrhizal Zn response of San Patowng 1 for AMF three species.

Note: WL = continuous flooding
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U7 El‘rd'l 5 Roles of Mycorrhizas, Soil Carbons and Soil Aggregate Stability under
Various Land Uses on C Storage with Climate Changes

Results and discussion
1.C storage
The results of Fig.1 show the C storage in the surface soil from the replicated pedon (015 ¢m). The
average C storage ranged from 3.48 to 7.36 kg m’ according to land use, and was lowest in paddy
soils (PAD) or soils that were intensively disturbed soil by managements e.g. FCVeg and URm

(Fig.24).Meanwhile, primary forest (PF) was highest in C storage.

10

kg m

Fig. 24 Carbon storage in topsoil (015 cm depth) by land-use type.

The results also showed labile C storage that the amount of course POM was lowest in paddy soils,
and SF was highest Meanwhile other labile carbon fractions were not significantly difference. The
average permanganate oxidizable C content ranged from 11 to 18% of total C between various land-
use classes with PAD the highest and PF the lowest content .For fine POM ranged from 29 to 45%
of total carbon and was highest in SF ,and HWSC content ranged from § to 8 % of total carbon and

was highest in FCVeg(Table 2.).For WSC content ranged from 0.09 to 0.20% of total carbon.

The particulate organic matter (POM) is mainly derived from plant material (Magid e @/. 2002} and
only to a limited extent derived from soil macrofauna. POM-C is defined as any organic fragments
with a recognizable structure > 53 um, as well as the light fraction. It is commonly assumed that

POM-C is highly sensitive to land use changes compared to total soil organic carbon (Haynes
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2005).POM-C is likely not sensitive to inherent soil properties but it is sensitive to land use change,
presumably because land use largely explains the quality of the input litter and to some extent also its
quantity. However, as discussed above, coarse particulate organic matter carbon (CPOM-C) was
strongly affected by land use (Aumtong ef al.,2009). In this study the SF areas which had clearly the
highest coarse POM content (28.28 % of TOC) had an intermediate to highest fine POM content
{45.28 % of TOC).Meanwhile, the PAD areas which lowest coarse POM content (9.46 % of TQC).
This could reflect a higher degradability of the coarse POM in that area. From Table 3, % C in coarse
POM and % C fine POM were closely related to glomalin and aggregate stability.

Table 14. Carbon fractions in topsoil (0-15 cm in depth) storage by land-use type from

mountainous area northern Thailand.

POC wWSsC HWSC C-POM F-POM
Land use (% of total C)

PF 11.99% 0.10™ 571" 16.46 BC  36.07™
SF 15.12 0.20 8.43 28.28 A 45.28
FCVeg 16.19 0.11 8.49 13.14 BC  32.84
RVeg 13.82 0.13 7.02 1433 BC 3329
RRVeg 13.07 0.09 6.95 13.16 BC  29.88
HRVeg 13.14 0.11 6.41 1647BC  35.25
PAD 17.33 0.10 87 946 C 34.28
UR 13.86 0.16 7.02 1530 BC  29.85
URm 15.46 0.13 6.99 17.27B 30.97
Fa 14.58 0.09 6.49 13.35BC  29.70

note: For each vanable letters are indicative of statistical differences (P<0.05).

The average E-glo and T-glo content ranged from 0.02 to 0.06 % and 0.02 to 0.04 % of total C
respectively between various land-use classes ,and E-glo content in paddy soils was the highest and
fallow land was the lowest content (Fig.25a).For T-glo content was highest in rotation rainfed

vegetable plantation (RRVeg) ,and primary forest was lowest (Fig.25b).
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Fig.25 Glomalin related soil protein fractions in topsoil (0~15 cm depth) by land-use type.

2.The relationship between aggregate stability and C fractions

Table 15 presents results from analyses of relationship between aggregate stability with C fractions,
glomalin and clay content that were shown to be dominantly important using the Pearson's
correlation coefficients. The correlation coefficients (r) ranged between 0.6110 to 0.8242 for the
various C fractions (Table 15),meanwhile r ranged was 0.3901 for E-glo and 0.5820 for T-glo (Table
15 and Fig. 15a) ,but clay content was not related with aggregate stability. In T-glo content relative to

total C was positive with r = 0.6847 (p=0.0001)(Fig.15 (b)).This study indicated that C fractions and

T-glo were related to aggregate stability significantly, and T-glo related total C and C fractions also.

& Ego (a) : Tglo {(b)
1404 ® Tglo 80 - Eglo
h - TOC= 161 +385(T-gl0), r=0.5647,9=0.0001
------ WSA = 16.40 +5.81(E-glo.) ,r=0.3901, p =0.0097 5
120 | ——— WSA=206+8.36(Tglo)r =0.6620, p=0.0000 & 5 R TNy
/,,’ ‘ .‘ o ”I
100 i 2 A -
‘ P i at 40 4
F b | % - ',‘/i‘:. :E’ ™ ‘.Jp, A A
< 9% o2 30 ‘..l-r"
B 50 | ® - Q [ &
g (@] ] ] &
LE - R B 3 A
40 L™ i P A
Bzl L 10 - f’i . “E
20 @ LA ) L
® L
0 . . 0 : ; : —
2 4 6 8 10 12 14 2 4 6 8 10 12 14

E-glo{T-glo}{mg kg™ ")
E-glo (T-glo) (mg kg™1)

Fig.26 Relationships between glomalin related soil protein and stability of 1-2 mm-size aggregates

(a) and between glomalin related soil protein and total soil carbon (b).
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Table 15 Pearson's correlation coefficients of glomalin -related soil protejn , organic carbon

fractions and water aggregate stability and P-value in parenthesis

E-glo T-glo WAS

WAS (%) 0.3901 (0.0097) 0.5820(0.0000)

WSC -0.0629 (0.6889) 0.3207 (0.0360) 0.4068 (0.0068)
HWSC 0.0532 (0.7346) 0.3781(0.0124) 0.6110 (0.0000)
POC -0.0751(0.6320) 0.4555 (0.0021) 0.7822 (0.0000)
FPOM 0.3359(0.0277) 0.6114 (0.0000) 0.7796 (0.0000)
LPOM 0.2579 (0.0961) 0.6116 (0.0000) 0.7416 (0.0000)
TOC 0.2114 (0.1736) 0.5647 (0.0001) 0.8242 (0.0000)
Clay 0.4499 (0.0025) 0.0414 (0,7922) -0.0190 (0.9037)

Conclusion

The average C storage ranged from 3.48 to 7.36 kg m’ according to land use, and was lowest in
paddy soils (PAD).Meanwhile; primary forest (PF) was highest in C storage. The average E-glo and
T-glo content ranged from 0.02 to 0.06 % and 0.02 to 0.04 % of total C respectively between various
land-use classes. In this study the SF areas which had clearly the highest coarse POM content (28.28
% of TOC) had a moderate to highest fine POM content (45.28 % of TOC).Meanwhile, the PAD
areas which lowest coarse POM content (9.46 % of TOC). This could reflect a higher degradability
of the coarse POM in that area. From Table 3, % C in coarse POM  and % C fine POM were closely
related to glomalin and aggregate stability. Land use type with primary forest (PF) that occurred it
mountainous area showed the highest aggregate stability, and an amount of glomalin-related soil
protein, due to lack of tillage and least disturbed managements. This study found a positive

relationship between soil aggregate stability and glomalin content and carbon fractions content.
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pH Ec DW(g) %root
Geo 6.08 A 0.02 A 1.15A 097 A
Etunica 6.07 A 0.01 AB 1.03 A 1.00 A
Fovcata 6.05 A 001 B 1.26 A 1.00 A
No 601 A 001 B 1.10 A 0.00 B
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Foveata T2 6.04 A 0.01 AB 1.49 A 0.66 C
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No Tl 591 A 0.01 AB 0.87 A 0.00 D
No T2 6.02 A 0.01 B 123 A 000 D
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No T4 6.07 A 0.01 AB ].14 A 0.00 D

W . ¥ :‘ o . o 3 . o ¥ N @
“HINeng) No = W ldiye, T1= 11499 2 9., T2=52RUnTUR 60%, TI=3EAURAIUFUN30%, T4=38AU

AINTURA 0.3 bar



71

L.

Qs

¥ ¥ 1
1 = o’ o 1 ¥ o
NNITANEINUNI LAV NFD UazIsAauaNuFunadzay lulnalvifan1u
4
[ [ = L] = a o a 1 [ v LY
LANA9UBeAT pH lupusialitiudinn Tudmuusen Ecnuiide Glomus geosporum 1WAl
1 i 4 ] ¥
= =3 1 Qs 14 =Y ] ar =1 o =) -l
181 Ecu1ngad 0.02 uaznuiszauanuiu lilikaliifaanuuand1enu disihstinvoaue
a o o e or o 1 4 c: ar i 9
NANFURUTAIUIZAUANNTU WU 158 Glomus geosporum AIZTAVANIUFU 60%(T2) 14
T ~ 1 uw w :’ ar 2 1 = g (= Y =
mgagan 0.02  ludrwvenhwingauazihmminutenvadayeuys bilkalinan 1y
¥ ¥ ¥ ) ¥
wanaafuusamnaauazivinee TudiuveaszAun ML WUNRTTAUANNTU
> ¥ 1 )
= i o s @ a’ F = ~
60%(T2)uaz 0.3 bar(T4)iina IWinas Nuuand e shvinaauashwminutunigai 1.27
¥ » 1
, 1.27 g mud 19 Tudmuuns %root wudavsuyeiinaliifanisithsinveuieniniiga
1 ; 3 o oA Y o L 1 1 Qs ] ci =1 ] :’r =
Taowudensmuaia Inaldfanmnaisn uana1sdu waz Iuamd luinslaoasd
9 9 = | Pt % g 1 9 é’ 1A ar :’ Y- ¢ o
masntesngan 0.00 NszavanududemdsINveatony Nszavl K 1A
' v 1 *
mMsdIInunHigaf 1.58 uaznuNNTZAUANUTY 0.3 bar (T4) TnaldiAanisidisnues
a‘g Y A A A a @ o d 1 =y g Jg r 9 g
Wwoneengan 0.00de1 llMIanuduRUTTErINTIauauED AUTUABNMTI91IINUBATD
1 g g = d’. a’ oy o A Y = 9 g 4:!'. g
WU Wevsamrdanszauihalinaldinanisdisinveudouniga Tauso Glomus
¥ ¥
geosporum NN 2.00 \¥DGlomus etunicatum 171 2.22 (70 Acaulospora foveata IM2.11 uag
1 dsl! 3 a A ar g a o (=1 1 g = Y a p 1
WUNUT BRI IWTHANTZAUAIUYY 0.3bar LazduR liinms ladwelinaliinansWsinues

A 9 a4 4
L‘Hﬂuﬂﬂ‘ﬂqﬂ‘n 0.00

! & W 1 = X o ¥ ' J
13191 17 UTAIANUTURUTIZN TNpTAY0UFD S¥AUATIUTU #BA1 NH,', NO,", Urease,

Avail.P
NH4+ (mg kg NO; (mg kg Urease Avail. P(mg kg ")
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Tl 050 A 9.76 A 20293 B 3292 A
T2 .64 A 12.83 A 209.82 A 3274 A
T3 063 A 14.24 A 211.08 A INTT A
T4 0.66 A 13.84 A 21258 A 3226 A
Geo Tl 053 A 961 A 20524 BC 3115 A
Geo T2 0.62 A 13.19 A 211.71 AB 3576 A
Geo T3 061 A 13.04 A 208.39 ABC 2524 A
Geo T4 0,63 A 1470 A 21823 A 30,13 A



72
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FoveataTl 043 A 10.92 A 201.12 BC 3226 A
FoveataT2 048 A 1320 A 209.66 ABC 3126 A
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NN LﬁE]'N’IlJ'I“r‘i’]ﬂ'ﬂi.l?l’ll'wu‘ﬁigﬂ'J'Iﬂ“lfuﬂ‘ijﬂﬁ!,%@ﬂﬂi%ﬂﬂﬂTJ’]lI‘ﬁ‘LlWiJ’J']ﬂ151ﬁ£%ﬂ Glomus

»
ar o

= = Yy it = ~ -1 ' v A
geosporum NTEAVUIVS (T1) UralAia hwse wnnngan 75.11 mg kg LAZWUINIT LeFe
r ¥ 1 1
Acavlospora foveata NszAUANUTUI0% (T3)§Nﬂ1‘ﬁﬁm hwscﬁ@ﬂﬁf]ﬂ‘ﬂ 58.44 mg kg'l Tu
1 [ g d‘ (= 1 :i’ = 9 = d' d‘.
AIUVDI socHU 1T Glomus geosporum Wazh litin1s e fwaldUTuin soc unAiga®
r ¥ ’ 1] 1
1.22,1.24 % 819U ATZAUANUTUNUIN AT2AV 0.3 bar (T4) Tnalddial socurniigan
4 I3 ar s o r = ¥ T o 4 i 1 -
1.24% 14811011 1A NN FURUTIEHINIFHAVDUTOADIZAVANUFUNYIINT LT e
] ¥ ¥ 1 3
Acaulospora foveata NITAUAIUYH 0.3 bar (T4) wazn13 W ldi¥eNTeAUAINYS 0.3 bar (T4)
1 ) ¥ v
TS0t soc ARl 1.27, 1.27% mudrAunazwu s 1di¥e Glomus etunicatum$ sz A
> F4 1 »
1 ar =% ¥
ATUFU 0.3 bar (T4) waz M5 10¥0 Acaudospora foveata NTLAUANNYTU 0.3 bar (T4 ) Uwa1l#

U5ua soc Tududldoegaiinn 1.13, 1.12% auddy

{ as o o 1 = ol Qs 3 ] 1
A13197N 19 LARIRNUFURLT 52U 193590 UFD SEAUAUTY #0A1 N concentrations, P

concentrations, K. concentrations, N uptake, P uptake, K uptake

ne(mgkg ') petmg kg ke(mg k') nup(mg plant') pup(mgplant’)  kup(mg plant’)

Geo 1.12 A 0.17 B 306 A 13.91 A 1.94 A 34.16 A
Etunica 117 A 020 A 246 D 1212 A 221 A 2459 B
Foveata 1.14 A 020 A 275 B 1471 A 251 A 3424 A

No 1.09 A 0.19 A 268 C 1228 A 218 A 30.08 AB
T1 1.20 A 0.17 C 267 B 11.26 A 149 B 2293 B

T2 1.12 A 0.18 BC 268 B 14.53 A 234 A 3434 A

T3 1.09 A 0.19 B 328 A 13.02 A 225 A 3672 A

T4 1.11 A 022 A 232 C 1421 A 278 A 29.09 AB
Geo TI 1.25 A 0.14 F 303 C 1344 A 149 BC 28.91 ABC
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Geo T2 1.09 A 0.17 EF 2.86 DE 1536 A 2.04 BC 37.13 ABC
Geo T3 L1 A 0.17 EF J82A 1233 A 1.69 BC 37.33 ABC
Geo T4 1.06 A 021 BC 251 G 14.50 A 2.55 ABC 33.28 ABC
EtunicaTl 132 A 0.1 CDE 262 F 11.39 A 1.54 BC 21.36 BC
EtunicaT2 1.14 A 0.18 CDE 240 H 1229 A 2.11 ABC 2538 BC
EtunicaT3 1.08 A 0.21 BC 292 D 12.16 A 275 ABC 32.03 ABC
EtunicaT4 1.15 A 0.22 AB 190 K 12.65 A 243 ABC 15.58
FoveataT1 1.09 A 0.16 EF 276 E 940 A 129 C 21.74 BC
FoveataT2 1.20 A 0.19 CDE 264 F 1737 A 2.80 AB 40.13 AB
FoveataT3 1.06 A 0.20 BCD 355 B 1422 A 2.37 ABC 4427 A
FoveataT4 1.22 A 0.24 A 206 J 17.84 A 357 A 30.84 ABC
No Tl 1.16 A 0.17 DE 226 1 10.82 A 1.62 BC 19.71

Noe T2 1.05 A 0.18 CDE 24815 NE 13.10 A 2.40 ABC 34.72 ABC
[N O™ 112 A 0.18 CDE 2.84 DE 1337 A 2.16 ABC 33.24 ABC
No T4 1.02 A 0.23 AB PRSI e 11.85 A 2.55 ABC 32.67 ABC

“WIWING No=”l,1i°lf~h~§a, T1=1fﬁs’a°7i 2 ., T2=ﬁzﬁumm~‘§uﬁ 60%, T3=ﬁzﬁumm~‘§uﬁ30%, T4=5261
mm%uﬁ' 0.3 bar

DNHAMINAasINLTTave uEo warseauauanliTHaldUT e N Cond
AMuAN R UISEER Het i LT n e dereudoreszdua L N
T uunna1efu Tuduwed P Con WU 158 Glomus etunicatum 159 Acaulospora foveata

o 1 v 1
wazms I ld@elinalddSuim P con. fawinfigqai 0.20 , 020 019 mg kg AIAU

H 5
=4 @ 2

¥ 1 '
AMUFUAIIT WU NITAVANNTY 0.3 bar (T4) Sinal¥USuIaP Con. Hrwinfigan 0.22 mg

Ed
ar o as

-1 1 d’. =1 b =1 g 1:‘ -1 ﬁ. o
kg UAEWUINS AV (T1) HHalid5u 1P Con Umtiosnga 0.17 mgkg 8111
¥ ¥ o .
AMNuFURUTIzn NIviRveadoneseiunINTUNLINT LdiTe Acaulospora foveata Tz
ay = ¥ = c;. c!: -1 r T g
A2IUFU 0.3 bar (T4) Unalva1 P Con. HMuInAigaN 024 mg kg wazwuNAslaido

d’ ar o : = o W & a0 9/ d’. -1
Glomus geosporum N3LAUNITUIN (T1) fnanInUsuie P Con. umueengm 0.14 mg kg

=

» )
T1e1v99 K Con. WU wiiavo o Glomus geosporm Unal¥dSuia K Con. Uininige
-1 2 é:’ =1 -1 | r 1; =
3.06 mg kg TR4DNUMOIYO Aeardospora foveata VA1 275 mg kg naznunms L ldised
F TN 1 A i - { Y ¥ T | 4
HalAUSU K Con. HA1BeNgaN 2.68 mg ke NTTAUANUFUNLNAANUTU 30% (T3) T
Yol & 1 { c;. - r ¥ c:;

Ha 1HIUSINK Condimuinnga® 3.28 mgkg' HAYWUNANUEUR 0.3 bar (T4) Unal#i
- = Y c;. c;. -1 d’! o ar ar o 1 = A‘;’ ]
US1K Con. Urreghgan 232 mg kg Wokmiminnuduiussznierilavouions
o ; ] ] dg‘ 1 al Ay 4:!' = Y =
FYAUANVFUNUIING 1050 Glomus geosporum TINAVANNTUN 30% (T3) UwalwilTua

v ] 94 ] b
K Con. fifnunfigai 3.82 mg kg 50tasmfonslaile dcaulospora foveata NTZAVATIUTY
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=4 -y ed 1 - r 1 dy . C;
30% (T3) wa’tﬁ’ﬂsmm K Con Uf11 3.55 mg kgl LLﬁ%W‘U’JWﬂ’]SiﬁL‘H@ Glomus etunicatum Y
[y dy = ' o 1 A -1 T
TEAUAIWFU 0.3 bar (T4) iimal¥ia1Tu1a K Con. UA10aNgR1.90 mgkg IUdINVDIN
¥ 9 . o

uptake WU HAvo e wazsyaua Lty lulnaldSuim Nuptake Hnnuuanaiiunig
an A a ar a & 1 =Y k- I Qs 4 1 1 i w

ana WorhumanuduAutsznwiaueudenosLAunNuFuNYI lulnnuuana 19Uy

5 =Y

Tuauaeg P uptake w1 vilnveaie TuiinaldyTuie Puptake Tnnuanaiumaada

7 ar dy 1 ci a g = 9 ¥

Tud s ZAUANUFUAD I RIZAUANUFU 60% (T2) 30% (T3) 0.3 bar (T4) inaldniigals
= g . - 4 o as w & r - o 1

Y89 P INULINTUR 2.34, 2.25,2.78 mg plant”’ 112111 MIAUAURNTIEHI1ITHAYO UYBAD

ar diy ' T d:’ a ar d“’ = ¥ [
YAUAMUTUNUIINT L A1¥D Acaulospora foveata NFELAUANINTU 0.3 bar (T4) Uwa IiTuna

b4
o’ 0w

Puptake ﬁﬁwmﬂﬁqﬂﬁ 3.57 mg plant’ Lm:wufhmiﬁldl.%mcaulospom Joveata 3z
(TD) firmat¥USu10r Puptake HA1efiqn1.29 mg plant” Iudam K uptake WU Glomus
geosporun LLazL%fE} Acaulospora foveata finalidsine K uptake i ﬂ‘ﬁqﬂﬁ 34.16, 34.24 mg
plant’ Aud1AY TuduaoesefuaMUSLnUMTaNLSY 60% (T2) uaz 30% (T3) Dwald
150 K uptake ﬁmﬂﬁqﬂ'ﬁ 3434 , 36.72 mg plant ATUAIAY Wiotumayduiug
synharsiinveadsreszdun AN 1 Ae Acaulospora foveata g FUnUAU30%
(13) Iwal¥lSuis K uptake ﬁmﬂﬁqﬂﬁ 4427 mg plant’ wnewu s Tdise Glomus
etunicatum MIELAUATNN 0.3 bar (T4) woe i oot seanih (T1) Dra 15Uk uptake

ffpoNga19.58,19.71 mg plant’ ATUEISY

" o a o 1 = ¥ ar g 1 '
A9197 20 LUEAIANUTURUTIEHIIVTLAVDUTD TEAUAIIUFY #DA1 Fe, Cu, Zn, Ma

Fe(mg kg™ Cu(mg kg') Zn(mg kg Mn(mg kg')
Geo 12548 B 2.12 A 423 A 58347 A
Etunica 149.06 AB 243 A 431 A 62.736 A
Foveata 172.13 A 2.15 A 455 A 67.391 A
No 160.30 AB 1.86 A 443 A 59813 A
100% 144.55 A 234 A 427 A 61.88 A
60% 157.70 A 2.00 A 432 A 5881 A
30% 153.35 A 205 A 4.41 A 61.46 A
1000% 15137 A 2,16 A 452 A 66.124 A
Geo 100 124,65 A 257 A 388 B 60.35 A
Geo 60 130.12 A 2.00 A 424 AB 5561 A
Geo 30 12136 A 1.94 A 428 AB 5641 A

Geo 1000 12580 A 198 A 4.50 AB 60.50 A
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Etunica 100 157.18 A 274 A 439 AB 67.65 A
Etunica 60 14247 A 247 A 425 AB 60.14 A
Etunica 30 15492 A 205 A 444 AB 60.99 A
Etunica 1000 130.83 A 246 A 4.18 AB 62.14 A
Foveata 100 168.03 A 238 A 468 AB 67.65 A
Foveata 60 189.85 A 194 A 4.48 AB 59.56 A
Foveata 30 169.67 A 234 A 459 AB 70.01 A
Foveata 1000 171.80 A 193 A 445 AB 7330 A
No 100 12834 A 1.68 A 413 AB 5232 A
No 60 168.38 A 1.61 A 430 AB 59.92 A
Ne 30 167.45 A 1.85 A 432 AB 5845 A
No 1000 177.05 A 228 A 495 A 68.54 A

B | & W 1 3 i Y "
*HEHE) No = W 1d1d0, T1=1idah 2 a1, T2=52AUA1WAUN 60%, T3=12AUANNBUNI0%, T4=5¥A
ATUEUN 0.3 bar
T A:‘ =\ [ ¥ = = = =
VINMINABDINUINTDAcaulospora foveata HnaM ATy Fe TuAugsngad
-1 oA o [T o oy oA =
172.13 mg kg MAEWUIWHOGlomus geosporum UNA1RNUT UM Fe TuAutiogigan 125.48
> i as o ar o o 1 =Y g r ar 4 1 1
mg kg AIUUDITEAUANUFY LazANUFUTLS sy IaveuteresrAuaUuWY I T
¥ 1)
Y = 1 o =y 1 = r = at
Ha I Nan NMULANEAUNIEDA 1UaINUD9 Cu TUAUWL NTLAUDUYD STALA NI UL
s ar o 1 =y 4 r ar o4 (=) = 1 o ==Y
ANNFURUT Tz rHaveuTeaaseaua LTy Wilnalfidannuuand e un19eaa Ty

' = = ' = d!.y as dy sy Wy 1 ar
FIV09UTUIU Zn iuﬂuwmwummwmLazizm_lmm‘nu lliJiJNﬂglﬁﬂJﬂ’J'lﬂJLLﬂﬂﬂNﬂuV]'N

¥
1

= © & w 1 = L ar 3§ { oA oA 1 1
and ualimanuduiusseunesdaveaFeasssduanuiunon auhnliinisld
9 0 3 ] "
WRATTAUAINTY 0.3 bar (T4) wuikaliUSuia zn Tuaniininfigefl 495 mg ke'

£
o o o

58991170015 10 Glomus geosporum N3¥AUTITa (T1) Ta1 3.88 mg ke IudIU89 Mn
Tufiv Wit siaveue sTRUm A LIAT A YR U U sz e Tinvo s R0 sEAUA AL
Isifinalfifan Nuuanaadumeana

1397 21 warnenuduTUTsE I A use s2RUANAL Ao Fe Concentration, Cu

Concentration, Zn Concentration, Mn Concentration, Fe uptake, Cu uptake, Zn uptake U&1¥ Mn

uptake
fee eue me mne feu cuu Znu mnu
Geo 268.06 C 4.54 AB 39.88 A 53132 C 029 B 519 A 0.04 AB 0.63 A
Etunica 298.06 B 470 A 3268 B 594.37 A 031 B 527 A 003 B 064 A
Foveata 342.50 A 436 AB 4131 A 51278 D 048 A 536 A 0.05 A 0.65 A
No 25090 D 428 B 3078 B 567.64 B 027 B 4.74 A 003 B 0.61 A

T! 24535 C 3% C D00 B 50972 C 020 B 3.50B 002 B 044 C
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T2 27028 B 542 A 4334 A 545.56 B 042 A 696 A 0.05 A 0.70 AB

T3 32674 A 464 B 42.67 A 51299 C 036 A 537 AB 0.04 A 0.57 BC

T4 3705 A 386 C 2546 C 637.85 A 0.3% A 473 B 0.02 B 0.8l A
Geo TI1 16806 G 455 CDE 3802 C 510,00 GH 016 D 457 BC 0.03 BCD 051 BC
Geo T2 28500 D 452 CDE 5051 A 43028 J 039 BCD 586 ABC 0.06 AB 0.54 BC
Geo T3 34333 C 5.1 BC 4594 B 489.44 HI 029 €D 553 ABC 0.04 BC 048 BC
Geo T4 27583 D 400 E 2466 F 693.56 A 0.32 BCD 4.80 BC 0.03 €D 0.98 A
Etunica T1 202,50 F 441 CDE 2547 EF 51222 GH 016 D 363 C 001 D 041 BC
Ewnica T2 17000 G 7.00 A 4455 B 54444 F 018 D 8.68 A 0.05 BC 0.61 ABC
Etunica T3 32667 C 433 CDE 3875 C 65333 BC 037 BCD 536 ABC 0.04 BC 0.75 AB
Etunica T4 493.06 A 305 F 2197 F 667.50 B 0.59 AB 340 C 0.02 €D 0.79 AB
Foveaa T1 27333 » 291 F 3941 C 416.67 J 020 CD 216 C 003 CD 032 C
Foveala T2 402.50 B 580 B 5438 A 63833 C 081 A 7.90 AB 0.08 A 098 A
Foveata T3 400.56 B 483 CD 3941 C 470.28 1 048 BC 5.84 ABC 0.04 BC 0.55 BC
Foveata T4 29361 D 39 E 3205 D 52583 FG 041 BCD 553 ABC 0.4 BCD 0.75 AB

No TI 33750 C 397 E 29.08 DE 660.00 D 028 CD 365 € 002 CD 051 BC
No T2 22361 EF 436 CDE 2430 F 569.17 E 029 CD 540 ABC 002 CD 0.69 ABC
No T3 23639 E 430 DE 46.58 8 438.89 ] 0.29 CD 474 BC 0.05 BC 0.50 BC
No T4 206.11 F 450 CDE 23.16 F 662,50 BC 023 €D 518 ABC 002 CD 0.74 ABC

i £l f rd ] PR ]
“wsnanms No =lailede, T1=1hdai 2 au, T2=32AUAMITUN 60%, TI=TTAUAIMTUNAI0%, T4=T2d1
AMUTUT 0.3 bar

! ; = Y = = ci :sl.
VNAITNADDINUIUTD Acaulospora foveata UWAIWITUIUFe Con. UAWINAYAN

» ¥
342.50 mg kg $090NADTOGlomus etunicatum UA1 298.06 mg kg uazny1n1T 1 ldiie
a Y |a A w4 4 Q4w a b A W
ma“lwﬂsmm Fe Conia1tloayigaN 250.90 mg kg WNILAUANNFUANAWUIINTZAY
AT 30% (T3), 0.3 bar (T4) Uwal¥1/Su1as Fe Con. “Luﬂuumﬂmqﬂﬁq 326.74,317.15 mg
kgumwmwmzﬁumw (T Hnal¥iidSua Fe Con. “I,uﬂuuawqw 245.35 mg kg 1
T RS e a0 B oA 03t S UA NSN3 1A Glomus cumicatum

N52Aun1I0%U 0.3 bar (T4) Tnalidsuia FeluAuiininfigan 493.06 mg kg uazwyld

»
o o a

e - 1 \ f
1% Glomus geosporum N5EAUTNY (T8 W0Glomus etunicatum N3ZAUANUFU 60% (T2)
a1 Y |= a @ oA = -1 o a |
w1 U3u10 Fe Con. TuAutiosRgaf 168.06 ,170.00 mg kg mudrauludiuues Cu Con.
1 ; . = ¥t T = = =; -1
WUIUYD Glomus etunicatum Wal¥l Cu Con. ludnuiilSumminngadl 4.70mg k' wag
¥ ) ' 3 ¥
wuns Wldidelinaldllsum cu Con. Tudutfesiga® 4.28 mg kg' AszAuaLiY
r » 1 1
A WU AIAURINTUE0% (T2) TnalddFumcy Con. Tuduinnfigai 542 mg kg’
T Ci s : Q@ =y [=1 d‘ y
AT NIZAUINAY (T1) Uag 0.3 bar (T4)UWa 1R Cu Con. luAuiitioofigah 3.96 ,3.86 mg
-1 o a Y a as s o T = -4 T ar 4 ] 1 ¥
kg audaudohinmianuduiusse v nariavesudensszaunnuFunums laiye
N as g =t 9 = ==L =; d.
Glomus etunicatum SLAUANNFY 60% (T2) DnalA1l51nCu Con. TuAuliamnniigan 7.00

mg kg TOIRIUIAOMS MY deaulospora foveata MAMUHY 60% (T2) {if15.80 megkg ' 1AL
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5 1 ¥ ¥
WU ¥ 0 Glomus etunicanm AsLFUANUFY 0.3 bar (T4) uazm 3 ba¥iedearlospora
= o & w a et Y -1 o o cl '
SoveataNTLAUUIUI (T1) Inaldia Cu Con.Hoenga 3.05, 291 mg kg™ MUaAIAU IUAIUVDIY

5 ¥
1 o W
Zn Con. WU 1¥0 Glomus geosporum HazITe Acaulospora foveata finavi1 ¥ Zo Con. lu
r [l ¥ 1 5
AuliA1uInfge 39.88 4131 mgkg MURMAUNTZAUANUFUARTWLNNIZAVAIINFUE0%
(T2) waz 30% (T3) Jwal¥iiu5uia zn Con luAuildwnniige4sss , 42.67 mg kg
) 5 3 : 4
AUAINUTD1 1IN IANUTURUTTE NI4T TAvD I TaAe TEAUA N UNLI1NTT T di¥o
o Y -y = vt a El -l
Acaulospora foveata NIEAUANUYU 60% (T2) fina vy Zn Con. Gluﬂuil'lﬂ%qﬂ54.38 mg kg
¥ 1
ludIuvae Mn Con. WUIWHOGIomus etunicatum A lAIUTUIM Mn Con. 11ANYA 594.37
-1 | i r ; -1 ; = a1
mg kg seananAens Wldide 567.64 mg kg UD% LB Acaulospora foveata Analadial Mn
T ’ [ 3 1 ¥
Con. YooRgah 51278 mg kg H5zdUANUTUNUIAALGU 0.3 bar (T4) Tinaldlin1 Mn
1 ’ ¥ ¥
Con. MIAAGA 637.85 mg kg uazwuN AszAuiile (T1) uazaaudu 30% (T3) dnaldlin
v [} % o 5 o o ar o 1 =
Mn Con. Hoefiga M1 509.72, 512.99 mg kg Aud1wy diethumanuduRussznieia
A?l’ T o g r 1 A?( -:{ ; = 9
YO UHIADTLAUA NUFUNU NNT 1THO Glomus geosporwm AANNTFU 0.3 bar (T4) Uwa 1Al
1 1 ¥
Y5110 Mn Con. 31nNgAA 695.56 mg kg IUAIWVOINIQATH Fe WUTUFD Acarlospora
-1 el 9 -:i ca' -1 ;:' ar df t 1 as : ar
fovearadlwa i 3gald Fe 1nfiqa®l 0.48 mg kg’ fiszAuanuuaIeqwud seauihde
) 1 ¥
(1) finalinisqald Fe dgn 1910.20 mg ke Worhumnrwduiusszninyiaveuia
1 ar ;. v T ; = s ; = Yo 9
ABITAUANTUNIINS 1150 FoveataNszAun g U 60% (T2) Tnalrtinisgald Fe uin
:d‘ d‘. -1 1 9 1 = ; (=) 1 & <3
AgAN 0.81 mg kg IUAINVBINIHA 1Y Cu WU wilnvoute lilnanenisgald cu Tudu
= ar .d:’ 1 ) A":.‘ =L Yt 3/ = e
NIEAUANUFUMIINL N ANVFU60% (T2) Twalddnisgald cu Tudnuuiniiqa 6.96 mg
-1 - A - 4 4 -1 o a A
kg 70909010052 AUIIU9 (T1) LAZANBUN 0.3 bar (T4)3.50 , 473 mg kg MUA AL 10
] ar ar s T = 4 4 as 3 4 1 %
NI NUTUNUTIEHITY LAY UTDADT EAUANUFUNU NI a0 Glomus etunicatum
ar d:’ = Yo 3/ = d‘ = -1 1
EAUANUTU 60% (T2)Unalddmagald cu ludAnuuniiqafies.ss mgkg' luduvesnisga
g v 3 = 1 s { a
19 Zn WUINF® dcaulospora foveara TnalAlinIsgald Zn WINAFA0.05 mg kg' NzAU
: v | e dr =1 ¥ ki = =
ANUFUACTHU DAINFU 60% (T2) uaz 30% (T3) Uwa Iin1sgald zn luanliauiniga
1 1 W @
0.05, 0.04 mg kg mud1wu Worhumanuduiusseniariiaveufososeaun 1y
b3 r k3 '
WUIM5 ¥ 8 Acaulospora fovearal TEAUANINTU 60% (T2) TinalHimsgaly zn uinhiga
-1 ' r:ﬂy . P a : o = by b 4
0.08 mg kg uagwuNMI leF0GIomus etunicatum N3zavihds (TDiwalimsgald zn Tu
= o 1 9 ci d‘. -1 1 9/ t =9 .; (=" Y o
Aulinesngaino.ol mg kg TudmveIn1sgald Mowui vilaveude luilna lddaniy
r o =Y_% dl. ar 3 ] ¥ CS. ar 3 £y
UANASAUNIIADA NTZAUANUPUATHU N ATSAUAINEY 0.3 bar (T4) HralAUFurnms

¥
ar o

2/ o oA P . A ar =1
anld Moluduiinwinfiqe 0.81 mg kg’ uazwuifiseduihida (11) Twaldlinsgald Mn
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L]
=1

ﬂaumqﬂﬁ 0.44 mg kg’ Lﬁﬂﬁwmmmmﬁ’uﬁuﬁﬁzﬁdwwﬁmawﬁaﬁiaﬁsﬁus&1mw§uwué1
mﬂfﬁ%ﬁ) Glomus geosporum ﬁmmsﬁu 0.3 bar (T4pl02 L%ﬂ Acaulospora foveata ‘ﬁ‘iﬁiﬁu
AT 60% (12) Gwalriinsgald Mniuﬁumﬂﬁqﬂo.%, 0.98 mgkg MUBIALLAZTHUDN
msldidn Acaulospora _foveataﬁﬁzﬁU1€1ﬂj'ﬁ (1) finaldiinisgald Mniuﬁuﬂauﬁqnﬁ 0.32

mg kg’

=y qr ci 2’: Qr T = o o
NUIVBN T ‘mmmﬂummmmmﬁﬂmﬂuﬂa‘ﬂsmminaumu AITHAINMNAAY LUAS 3’,9
AT (AD Tudn

=
HanN13IfnN#

naveamslaaos AMFuayseay pH ve9duAeANMAINLYBUiAAY (Soil Aggregate

Stability)

a4 = o dyw 3/ o 3
ﬂ')’]i]ﬂﬂﬂuﬂaﬁlﬂﬂﬂuLﬂuﬂTﬁ’JﬂIﬂiQﬂ".i’]\ﬁlﬂ\ﬂﬂu YRYUIAUDIDUNTIA ATUWTUUDI

=

¥
au Tnssadrsiuszdlusiuedfionssuveaydunioluau (Paul and Clark, 1989) uazfiunum

LA

ADNITAANANTDULDL DANTIBZUINIAY NANISANEIWLIINAVDITZAY pH vosduiinaild

¥
= [SE=A

g = o~ 1 [ o » o
ATTUAINUUDUUAAUUA TULUANAIINUNIITDRA IﬂUW‘iJ'J’Iﬂ:I'lllﬂs‘iﬂu‘ﬂﬂ\ﬂll]ﬂﬂuﬂl]ﬂ'lﬁx‘lﬂﬂ

U q

' .
A o o M o A 1w

= 1w d a Aaa
ADAUN pHE 1MINY 33.87% UAZANUANNHUDUUAAUNUMAINTANDAUNY pHT ININU

] ' o o a oA 1
28.67%(31N27 ) uazwavesms ldades AMF lnal¥anuamuvsuiiafuiinnuuaneis

=

a o r d a Ao = | 1w
AUNIEDA Taownhanuamuvesladuniingegefeaunldmles AMFG imfy 33.42%

.
a  aea ) g

- a A I o] y
HAZANUAINUIBULAAUTTMA I gARDAUN - AMF 117U 25.33% (31127)

40

_ 36 - =

= A &

‘E- 34 Z 30
S 32 £

2 4 % 20
@ 30 B ©

T an

¥ 28 - I .‘ %
o <L

[+1+]

« 26 - ‘ ; 0

pH5 pH6 pH7 pHS AMFE AMFG AMFGE

d‘ & a L 1
31 27 anuaamuveasiafu veaszdu pH ssquazmslaailes AMF

Note: Per means (Bars) followed by the same letter are not significantly different (LSD, P = 0.05)

¥ o a’ T a y a
wavaInislaales AMF uazszdu pH vesaumemslnasnaunanals



81

namilnamnaunana lonarua
! v ' a =N i o 3 3
vinasAneglununslERdunuuaegdediinaats Inauauiaialanmus
' ar I - = = 1:' ar w: dl - = 1 e
WUTHAYDL529 Y pH vesauiidSuams Inawduhana lavanuagangane pHS IA1¥INY
[] 1 » ' ]
0.197 mgkg oz Inawnaunane lanevuadifigaio pH8 TRAMIAY 0.153 mekg Lag
[l ¥ [l
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