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Abstract

To study the effect of abuscular mycorrhiza fungi and plant growth promoting
rhizobacteria (PGPR) on nutrients uptake, growth and yield of longan was consisted of 3
experiments as follow; 1) to survey and collected abuscular mycorrhiza under longan canopies, 2)
to study the usage of abuscular mycorrhiza and PGPR on nutrients uptake ,growth and yield of
longan and 3) to evaluate the efficiency of abuscular mycorrhiza on longan seeding growth in pot
experiment.

The variation and population of abuscular mycorrhiza fungi under longan
canopies was studied from sampled that collected from different orchard at 6 districts in Chiang
mai and Lamphun provinces such as Sapatong, Hong Dong, Saraphee, Mae On, Mae Tha and
Thung Hua Chang. Soil samples were analyzed to count the population and characteristic of
abucular mycorrhiza spores by complete randomized design with 3 replications. The result shows
the average of population of mycorrhiza as 17.0 spores/ 10 g soil. At Saraphee district, the
population of mycorrhiza got the peak at 19.67 spores/10 g soil but not significant with others.
Normally, the shape of spores reported in often circle or oval shape, and they have many colors
like black, white, yellow, orange, orange-red, white-yellow, etc.

The respond of the usage of abuscular mycorrhiza and PGPR on nutrients
uptake, growth and yield of longan at Doi Saket district orchard was studied 2 annuals by
randomized complete block design (RCBD) with 4 treatments and 3 replications. The treatments
consisted of control, mycorrhiza (AMF) of DOA, PGPR of DOA and AMF+PGPR. The result
found that the average of soil pH in topsoil slightly decreased and the applied only PGPR caused
the soil pH higher than other treatments. Organic matter was slightly increased compared with
soil sample before treated. Extractable phosphorus and potassium were reduced in the end of
experiment on the first and second years after application of treatments to 15.5 and 7.5 mgP/kg,
361 and 392 mgK/kg respectively. On subsoil level, the soil chemical properly showed in rarely
non significant compared with soil samples before started experiment, However, organic matter
was increased from 3.11% to 3.58% at the first year experiment, but reduced to 2.85% in the end
of second year. The application of only mycorrhiza under Longan canopy caused majority of

extractable phosphorus and potassium higher than other treatments both in top and subsoil.



The efficiency of abucular mycorrhiza fungi on longan seeding growth in pot
experiment was study with 8 treatments as follow by different source of AMF from Sapatong,
Hong Dong, Saraphee, Mae On, Mae Tha, Thung Hua Chang and DOA comparing with control
treatment. The experimental trial was designed by complete randomized design (CRD) with 3
replications. The result showed that AMF of Mae Tha site caused the highest percentage of root
colonization and spores mycorrhiza after 12 months inoculated. The high, width and length of
canopy were recorded at the peak with AMF of Mae Tha treatment. The concentrations of
nitrogen and potassium in longan leave samples at 6 months were not significant among
treatments. However, AMF of Sapatong caused the highest phosphorus content in longan leave
samples at 6 months. In addition, AMF of Saraphee provide the highest nitrogen content in
longan leave samples at 12 months (P<0.05). Moreover, phosphorus in longan leave at 12 months
was in the highest level by AMF of DOA and Sapatong but did not significant from AMF of Mae
Tha, Thung Hua Chang and Hong Dong. The concentration of potassium in longan leave at 12

months got level off the samples at 6 months and no significantly different among treatments.

Key words: Mycorrhizal, PGPR, Longan, Nulrition
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%RLC = 100 X912 Field 7111013 Ao

¥ ¥
913474 Field NAS19d0UNIHUA

= da
MIAATIZHAYM A

] k4 1
o o ar 1

anudlunsadluaisvesdin Tausedu 10 nsuasiiingu 10 Jadaans(1:1) AU

¥ W
du:w LY =Y d‘d

4 3 ¥ ¥ H
I Audanald 5 wid My 2 a5e ased 3 deia’ld 15 win udrinlavldinTesdiopd —
meter (Wayne,1980)

= ar

= ~ = 9 Y a =
Usurudunivingluau (Soil organic mater) 11131315121 1A83T Walkley
and Black (1947)1A0%a@UNHIUAZUNTITOUVUIA 0.5 Hadwas 910 1 ATy masluaa
B YUIA 250 Nafians vmsaya1w K,Cr,0, 10 Taddas wonuwq Tididuuazidy 1,80,
o o ny s = : af = Ao :. a s 'd
wudu 20 Naddas Nl 30 ik dudaaniu) @ushinau 100 Taddas vumhuidudnaes
= . ﬂ . g [y ¥ =
3-4 vioa lawdl O-phenantholinelll Y indicator 132 laasadae 0.5 N Ferrous sulphate aasu
= A =t :; qs =] ] = :; 9] d'l & '] ] 1:‘
nnddvududihaatuuasdufinanlsuiasves Feso, #1411 iwerhrdmauniaf
¥ =
WS
YSinareanesafianda’la (Extractable phosphorous) 1au3E Brayll ¥ea20619
= at [ 1 = s a ¥ uy o o an Ya o
auniin 2.5 n5u ldluvasamuarad afadloiie Brayll $1uu 25 Nadans dad1vliasa
] o 8 Yy A = g Y=o 9/ P a =1 :’
e 1 Wi it unSoaauarad lauanaznou udansesarsazaiui ia luwanndih
[UUNTUNI1AI0 ascorbic acid MUTFANTYDI Watanabe and Olsen (1962) ud3avFuim
Hoarasamoinies spectrophotometer
Ysma Tnunagounana 'l (Extractable potassium) ApaR06198U 5 n3u 1d
= o a o - L= o= s
Tunasamualad afadieaisazaty 1 N NHOAc, pH 7 311w 25 adans TJadhidiiaga
' = 5 o~ a” = { 1 1
meidunal 30 nf dduesouruadrd Idauanaznon nesarsazaten la llomaidae

N394 Atomic Absorption Spectrophotometer (AAS) (Wayne, 1980)
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DI UAIITHNY

U5ualuTasiou Taonisgesdiesialuuazmadile A1m3Tn13ves Jackson
'Y 8 9 ar : A o @ =y
(1967) A8n58 H,SO Nt nasnatiuiuihmsnaunilsna lulasmy
A18019 1AL QRIMY (Dry  ashing) iqungil 550°C sz 6 - 8 ¥ luq
3 =Y :’ & o [ o A 2
VINTUIRNTIs N (HCE 2 N: thndu ludasiaiu 15 15 Jadans) n3ednionszaynsod 1N
o A g g = I - o o
msazare Bluvieaasn welylumsiinsieying P, K, Ca, Mg, Fe, Cu, Mn and Zn (1tW12591,
2527)
sinmearesa hasazated ldninnmiswndiedielu uaznavesd luTaoga
o a aon 9 1 af 3 A M Ao ] )
1INvIRdAon 5 Jadans@vaztiosnnillalupsiAshl P g9 190 0199297 1 159 2
o e ] as =N s Ao = . & Ao
addns) laasllluvaeilsualSuins vuia 25 Tadansiau Mixed Reagent 5 Hadans 1uvaa
= 9! = 3 ar =y 9/ : o ' 19 &
Taquuuasarard soldasn 20 W vndwlSodSuasdiiingu gruaalunsos
Spectrophotometer
Wsa Tnunendoy hasazaien lAenn1Inse9f 10019399 1PNT IR IDE1
luaznavesdrlo (Dry  Ashing) Tdnisr Inunaidoy 910158 14AIRI0IATEY Atomic

Absorption Spectrophotometer ({1359 ‘J, 2527)
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msnaaeshi 1 mefaideniieseiiagar luneslsmanaudile 6 sune lu

A I I Inisaza I Iad iy

HaveInsasmeumS e Ay
o g [ dlll a T a = )
1AnsdsRuazifudIedufeaiaga luaes laanluduuinalanss
Wunndaud loluadunaduihnes, Sunovieas, Suneaisi, Sunsunesy, Sunouim
uazdunenaida Tasviimafudegadunnuinalaudud luneasnasunisuiu
o = 1 oa = 1 o a =
alosluAunud Auusnaldnssunnand loluasuneasnifuamles luaei ls
a =1 d = Qs M s 9 ] o Q @
F1qefiga fie 19.67 ailos/ Ay 10 n5u sosasuineau ldnsausnaaud loluwndunedu
imeauazdunening e 18.33 aes/ au 10 nsu dmsuduuTnaldnsajunndiudle
Tuwadunewim fulSuaaledogh 15.67 mles/ &u 10 nfy dauanuSnaldnsayuan
o a v e 9 P d 1 o = Q a Ao
aud loluwasunevaiade SuSuaailosegh 15.33 alas/ &u 10 a5y TasauRtis oy
n'dy o ’ o A a = 3 v o o 1
mlesiFonedagarlunes lsandifiqade auusnuldnswjusinaud leluvaduneusi

99U A9 14.67 alo3/ AU 10 NS AI5190 1

3 = o i a ] = = ' o =
adl 1 PSunamlesiFeseniagarluneslsan luduuSnaldnswud le @ilos/ du 10

N3U)

Ao Miade

duihaog 18.33

(AL 18.33

139 19.67

BB 14.67

U 15.67

a9 15.33

Grand Mean 17.00

%CV 31.86

F-test ns
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. . 5 , '
MsNaaedn 2 wavedmsifiresi e luned lsasufunaiens(PGPR) Ao

msiudulnezndnvesd lalanvnlailgn

HANSANYIN A ANTAMATVBIAULNLTEMINNAIDINAUABUNITNAADA

s

TauR 1IN NAUAI00NAURSZAVAIIUAR 2 T¥AD A9 STAVAUVY (0-15 em.) HAZSTAVAUAN

= o =

(15-30 em.) wuhmanudunsas v uNsEAUANNAN 0-15 cm. HARGEOYN 6.67 uaz#
o ] :s' 1 1 A ) r 1 o
SEAUAMMAN 15-30 cm. TinundAvegi 6.53 Faluszavauuudamanuiuaas dauluszdu
= 1 o A e = [ = & A 1 S 4
auaaudunsmaniios vazfilSuasunseiagluau sedvanuuuasAuariinisesas 5.61
o @ ] ’ oot [ 1=y o e a 3 = ]
uae 3.11 mudwy Feeglunasinge dalsuaveseadeiafadaldludu wuailu
@ o L] o @ o ' T o
FEAUAULY (0-15 em.) aglunaaiihunatafie 11.41 mgP/kg uaz luszavauaisaglunmsin
o A T = = o = 1 ot : = o
#1719 4.61 mgPkg dulSuna Tnunadounanalaluduaginuaingaialuduszdnuuuag

A149 AL 499 1A 332 mgK/kg AMUAIAT A151N 3

A13147 3 UAIiAVEIANNDUNITNATGS

Treatment pH %OM P(mgP/kg) K(mgK/kg)
Top soil
6.67 5.61 11.41 449
(0-15 cm.)
Sub soil
6.53 in 4,61 332
(15-30 cm.)

a 1 @ Ao

¥ ; = o 1
114ﬂTSﬂﬂﬁﬁNﬂ’lSGl‘lﬂ"])'ﬁ]ﬁ’l’JI.‘E]]1.1]ﬂ?JSULSGH’IS’JNﬂTJ‘Wi]‘WEH‘S(PGPR) ABNI

s [}

wigpa lavazndavesdr loluanmnlanlgnlasiid1Sunaasanisesadu 4 4150 fe

ATUAIUAY, A15U Mycorrhiza, A151 PGPR UazA151 Mycorrhiza + PGPR #8931172196151

nMsnaana 4 weu Tdimsinudisdwauieas naouguamianuniiuielszns wuden
aniunsa-maludusednm (0-15 em) Tud15u PGeR fimgaiigadio 6.68 damludisud
= ' A ' ' o 8w A A = F @
fin15ld Mycorrhiza + PGPR sinnuifunsa-arsanauiiudnios fe 6.59 Wen/Souioudy
v =1 L] A o _ o d.rc! ! t a !
M3 1d PGPR insaenaan) Faludsuniinigld Mycorrhiza iiuasera@es v ldaanudy
nsa-Aelimdnludsuniugu fie 6.42 uaz6.56 mudnu Taenadisunaaesliinnu
] 3
uanaenu luneada (p<0.05) dauluauszauais (15-30 em.) A5uhiins 1dide Mycorrhiza

A ﬂ ] o -~ Ao w c;cl 1 A ﬂ [ A A
AR TRNUUNIAANGINGAND 6.80 YUSNFATUN 1 PGPR UM NMLUNTA-AT 6.49 H33A
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3 o e =] o 7] o ar . A
winnhiudsunIuay (6.48) Moadntios dmsulusiu Mycorrhiza + PGPR fifaananiu
T Q‘ d’ A 1A L) ] o o
asaaamngadie 6.34 J1 hilianuuenaalumeadayndisunaase (P<0.05)
a = A = - ' ¥ o g 1o w
UTinasunieingludnusialanswuvesdudr lenlddriunaaesasly

r =y at A g =) o as L) ar 1 é =t 1 d‘ |ci
wmﬂuﬂmmm.luuﬂ'immaumm@]qammm:ﬂuma BIUAURADYN 5.82 LDz 3.58%

-

T 1 } 4
o ar v = [ = = o Wl
AWAIAU 715199 4 TasnuNnTuauszauuy (0-15 cm) MFVNDAITIALYD PGPR ¥ 1H 1)

=y = = e =;. 2 Y = o :l:l. [} . = t
‘].I‘ilﬂmﬂuﬂ‘iﬂ'lﬂﬁ!t:ﬂﬂﬂﬂ Aasasay 6.04 Sﬂﬁﬁﬁll'lﬂﬂﬂ'lﬁ‘uﬂllﬂﬁulﬁ Mycorrhiza W8089

s

o Ay | o e | ! a e a o I
IRy ADIDUAY 5.89 ﬁ’)uiuﬂ‘lﬁﬂﬂnﬂTjulﬁ MyCOIThIZ‘d + PGPR 1J‘1J‘53J‘Imﬂuﬂ‘itl‘3ﬂﬁ]‘iﬂﬂﬂ$

.
s =T [ a

A (=} ¥ oo cs' o = d‘ -}
5.70 ¥4 laidia muuana1alumaddd (P<0.05) Tuvmziidisunruauiindunisingings Ao
> )
Favaz 5.63 druluszAuauTUaId (15-30 cm) Usuadunisdanhnuluauaesdsu PGPR

'a

¥ o & aa = o o Vo @ A [ .
dganganedovay 3.75 FalUSumounisiaguinnidsuniiniald Mycorrhiza + PGPR

=

¥
(3.64%) nazmiui ludinmadugeasld@E S uarunn 3.57%) Tash@nsu Mycorrhiza 1l50194

i

4 g

aunsuinganganoipeay 3.35 A15190 4

]
o

dlTuanearedafiataldludussd oo (0-15 cm) S3uismsldide
Mycorrhiza ﬁ1J'§mttu‘n|aﬁﬂa‘?ﬁﬁﬁﬁﬂﬂﬁqaﬁqﬂﬁa 25.63 mgP/kg tazinnuuanaanuluma
abafudfuATinild PGPR waz Mycorrhiza + PGPR $91ud1§u Mycorrhiza + PGPR
USinaeanesafiadnldluaude 13.92 mgPikg uazaiy PGPR filSumameaneiafiada
RluAuRos 13.77 meP/kg dandSuimeadesafiataldlufvvesiiunuguiimfiga
fi0 8.46 mgPrkg  VorRluANIEAUAT 1530 om s3ufinmsldide Mycorrhiza HYU5u10
ﬂam»lﬂ%’ﬁ‘ﬁﬁﬁﬂﬂﬁqaﬁqmsﬁmﬁmﬁuﬁmsﬁuuuﬁ’a 6.64 mgP/kg 509091NABATTY PGPR 3
H5unuvearesaiiadaldde 6.37 mgPig dludmiuildie Mycorrhiza + PGPR
Yinnrenwesafiaialdlumy (4.06 mgP/kg) FeiFuataonidiuildde Mycorrhiza
30 @151 PGPR ifivsndufios vasidiuniuguifinureanesafiadald oo fiqade
2.78 mgP/kg nA13unanes Wianuuanaraluniaada (p<0.05)

"
= =

oz NUS I TN aSaunana 18 IUAUNTLALUY (0-15 cm) MSUNDUTUIw

]
o @

] ] ¥
TrunaiBsuanald luaugefigedes drsuilions ldido Mycorrhiza (411 mgkrkg) s
1 14 r
nlaige PGPR DU Ma TnunmFsufadalaluausosaaunifo 373 mgkke drmfudfy

= = cq'. as S - U =) - d‘d ldf .
awauilsma Ivunmssniana la luauiidSumuinandrfonimsldie Mycorrhiza +

o  a P o e s ] 4 ]
PGPR 19 345 Uag 315 mgK/kg awdey B9 lum3uiifinis 1aide Mycorrhiza + PGPR dama

Qo

Yt o { o 9 s g A ] ] ] w aa
Tandsna InummFeniiada lalududifiqe ua lifinnuuanatsdulumsadayndis

a =4

1 ¥ 1
NAnDY (P<0.05) dmdSua Tmumadeuiana 1a luaNT2AUa19Y (15-30 em) A1SUNDNS
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) ~ L} =t =4 =y =y dr o B (= d' -}
16130 Mycorrhiza Rpig1adediysms Inunmdounana A luangangano 412 mgKrkg

n:i a ~ = d'. o =1 =t @
ueN@ 130 PGPR T15ua Inumend@onhana 18 1uausoaadanilo 411 mgKkg YauzpgInu

¥
ar A

o I [ ¥ LY T = - as b a = x; '
a3undnmsldi¥e Mycorrhiza + PGPR nduiidSus Inunadonianaldluaudinaly

o o o 1 - v = 1 oo =4 Q Y =
AfuniinisidiFoifisessiuded (329 mgkkg) dauludisuaruguinar Iviydiunw

Twunendeuiana laluaumngeno 319 mgk/kg Fannarsunisnanes luianuanaA19iy

Tunaana (P<0.05) sns1an 4

M919N 4 AUANTAYOIAUNAINIINARDILITA |

Treatment pH %0OM P(mgP/kg) K(mgK/kg)
Top soil (0-15 cm.)
Control 6.56 5.63 8.46b 345
Mycorrhiza 6.42 5.89 2563 a 411
PGPR 6.68 6.04 13.77b 373
MZ+PGPR 6.59 5.70 13.92b 315
mean 6.56 5.82 15.45 361
F-test ns ns & ns
%CV 3.60 11.23 27.73 16.67
Sub soil (15-30 em.)
Control 6.48 3.57 2.78 319
Mycorrhiza 6.80 3.35 6.64 412
PGPR 6.49 3.75 6.37 411
MZ+PGPR 6.34 3.64 4.06 329
Grand Mean 6.53 3.58 4.97 367.75
%CV 4,40 22.17 60.09 17.46
F-test ns ns ns ns

*=0.05 and ns= Nonsignificant

HUWEHH: Mean in the same column followed by different letters were different significantly by LSD **=0.01,
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= o e a ar a_ o4
ﬂ'lﬂfn'i'Jlﬂi’l?zﬂﬂmﬁﬂﬂﬂﬂ’l\ﬂﬂﬁ‘“ﬂ\‘lﬂuqﬂﬁﬂﬂ’]ﬂﬂ'ﬁ'J'I\WTITU‘WﬂﬂENTNif]‘ﬂ‘l’l

2 TuAuszduuy (0-15 em) wuhmanailunsaais inundveg 6.13 nazludivnrugui

1
o

Agafigao 6.50 luvmefidi3y Mycorhiza ung PGPR iiseduersamuniluniadieie
6.27 Ay 5.90 mudan Taefimsuinmsld Mycorrhiza + PGPR dawalimianuilunsa-
malimaniigane 5.86 ua lifinnuuanddulumardanndrfunaaes (P<0.05) dnulu
Suszaum (1530 em) wuimaedunsadia fnuadvedh 5.80 ludiuiiinigldide
Mycorthiza siaat1afaiimanuilunsasagaiiqafe 5.91 sesnanfemiunluguuas
ssuitmsldide PGPR esethaiiun o 5.81 oy 5.77 umgidsusimsldde Mycorrhiza
32ufn PGPR Himanuilunsa-aavesdudifigade 5.71 gasiiumaass hifinnuuansis
fulumeada (P<0.05) a151afl 5
dmsvlinasunivingludiundinnnisradifunaaeslusevd 2 910
msfufeg1eAu 2 sz wuh luaussduuuiilfnasuniesaggend lufiusedudie dadl
Aundveagh 4.55 uaz 2.85 % awd Wy FaluduseRuuu 015 cm) disunruguinlium
sunisiaglufngefiqaiio 4.90 % daulussuiiimsleide Mycorhiza 1192 PGPR 1t
a8 1) dewa 19Tl undunieingsnasin Av 4.46 % uag 4.75 % awd iy aruludy
Mycorrhiza 33011 PGPR inlSunuBuniuiagimiiqanesesas 4.10 Tamanmatuluma
ddANNAITUNARD (P<0.05) dmiuluduszaua1e (15-30 cm.) ﬂ?mmé’uw?ui’ﬁq“luﬁmfu

o o =

msumuguihlSnagengane feoaz 3.20 1azd150 Mycorrhiza +PGPR H1lSumdfigane

Jovaz 2.52 duludmiuhiinis1di%e Mycorrhiza U@ PGPR ifinsatiaifeanuninlsutn

dunsuing luAune 3.04 uaz 2.65 % uA luanuana1edu lumaada (P<0.05)
sinaeanesanada ldsnausialanswudlo wonluaussduund

a o oA W o ' a @ A A { '
Ysnaeadesafiadaldludugeniluduszduais Falinundoegh 7.45 uaz 5.03 mgPikg

»
arudan IWaUsZALUY (0-15  cm) nuT@ITuRin s ladide Mycorrhiza ¥in 19 HdSua

Snadeadesanada ldluanugigadie 10.02 mgpkg nazlsuavadvesafianalaly

- = L4

AuMmIL PGPR fiSuuarigede 5.52 mgPrkg ymzndSuadeadesanana ldluduves
s w aa 4 d‘y . T g 3 a1 ¥ ' o o da ldy
MSUNUNMI1d1T0 Mycorrhiza 390U PGPR W1 HUTuaiosainludmsuniinislad
Mycorrhiza tWE90613007 7B 5.79 mePrkg dauludiiumuguillFnaeadefanadalaly
AUYA (8.45 mgPlkg) NAUATMT ldide PGPR 840619807 uag Mycorrthiza 335U
A o Qr L} L o -y 1 = : 1 &3 o
PGPR Gannai1sunanns linnuuanaisdulunieada diulufuduaia (15-30 em) drsu

= - o d' o b d' ] = 4
Mycorrhiza §1Uu1anaanesaiana laluauganga Ao 6.72 mgPkg vnzfinisiaude
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=4 L] = o d‘ o 4 . 1 ar 1 9/ =
Mycorrhiza 186191807 uazASUNIN3AUED Mycorrhiza 321AU PGPR ddna 1Wiliuim
a ‘ ar = o a o o =t o Y
Woadeianada ldluAusesnanife 6.50 naxs.33 mgP/ke dmsumsuanguinai 19l
Psinunearesanada la lufudiigadio 4.88 mgP/kg ualinnuuanaalunmeada (p<0.05)
=

M3 199 5

drulFina lnunadouiana ldluaunasainmsnadisuneaas lusoui 2
o =] s 1 = s ) =y 4 a

TaomsNuAI96138U 2 5TADAD 0-15 1Az 15-30 em WU IS ws InunaFvuiadia la lu
Aulinundueadn 392.5 nay 306.8 mgK/kg 1A0¥ia151 Mycorrhiza 1HAUSZAUUY 0-15 cm %)

o3 o

Wna InumaFouiiasa 18 luiiqeiqade 460 mgkie B¢ bifanuuanmesulumeadany
éiﬁumm;mazﬁﬁuﬁﬁms“ldxﬁ'f‘?a PGPR tiivsathame TadSma TnunaiSuniiasaldfe
404 1182 377 mgK/kg @IUA151 Mycorrhiza + PGPR ﬁfiw‘hﬁqﬂﬁa 233 mgKikg Fafina1y
wane1alun19daa (P<0.05) A5 Mycomrhiza UARA1IND AI3UAIVAY UAE  Mycorrhiza
sy PGPR  TwnadidlSuma TnunmaFouiiadaldluauseduana (15-30 cm) wodidisy
Mycorrhiza $1U51mgafigadie 366 mgkikg 5B9091IABAISUNIVAUAD 303 meKkg 1Az
MRURTMs@LSa PGPR ifissatuiuaie 283 mgK/kg §1115UA151U Mycorrhiza + PGPR I
VS Inummduniiada 18lunusiigane 275 mekig F1lifinnuandsulumaada

(P<0.05) A15199 5
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d' Qs = Ly i
MI3N 5 ﬂmﬁnﬁﬂﬁlﬂﬁﬂuﬂﬁﬁﬂﬁ“ﬂﬂﬁﬂﬂﬂﬂ 2

pH % 0OM P(mgP/kg) K(mgK/kg)
Treatment
Top soil (0-15 cm.)
Control 6.50 4.90a 8.45 404 a
Mycorrhiza 6.27 4.46b 10.02 460 a
PGPR 5.90 4.75¢ 5.52 377 ab
MZ+PGPR 5.86 4.10¢ 5.79 329b
Grand Mean 6.13 4.55 7.45 392.5
%CV 1.82 8.75 38.66 12.13
F-test ns "‘ ns o
Sub soil {15-30 cm.)
Control 5.81 3.20 4.88 303
Mycorrhiza 591 3.04 6.72 366
PGPR 5.77 2.65 6.50 283
MZ+PGPR 51 2.52 5.33 275
Grand Mean 5.80 2.85 5.03 306.75
%CV 3.01 25.61 27.12 26.00
F-test ns ns ns ns

HUNWIHYE: Mean in the same column followed by different letters were different significantly by LSD **=0.01,

*=0.05 and ns= Nonsignificant
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dunddlemlgnlunszans

ﬁnﬂmsﬁﬂumamaamﬂsi’ﬁsﬁasmnfﬂgl,fh"!uﬂaéf"lwwiamﬂﬁtylﬁu'lmm
Fundrirleilgnlunszans wudSina lulaseululudeminsiionlgnld 6 ideus
Anadvedi 1.43%N  Tasdrsuildmleslunes lsannnaiud lesunoasitls v
TuTasnlulufiszos 6 Wougefiqafio 1.61%N sosnunfediuiifiges e luneslsan
YpINTUINMTINEATAB 1.51%N vaizfid1funangy (Vlﬁﬁm51ﬁl‘§65101ﬁﬁ@ﬁﬂhﬂﬂﬂﬁ“ﬂ'])
Slsualulasoululudifiqaie 126%N nadisunaasalifanuuandielunaada
dmsulsuudearesaluludiloiiszes 6 ounundiivildmlofluaesTssmnain
srlosuneduthaesdawalifilSiarearesageiiqane 0200%p Felifanuuandis
lumsdatussuildadeslunes lsmanaand los unenans nazsuneusnuniomty
0223%P dausiiviilTnaveavesaiuludiiqafedisuniugy Feivsumeanoda
1890.130%P (P<0.01) USnmlparefaluivirlelusses 6 ifoufidimasegi 0.198%p
varfTinu Tnunadoulufeslud lofisze: 6 Weudidunvegi 1.13%K Tasiiu
Wmloflunsslsmnnamdlesuneneiadedamaliiduim Tnunadoniulugeiiqa
Ao 1.22%K sesasniesisuiildmlesuneslssninaaud lesunems e 1.20%K Fali

=

] »
fianuanalumsadayndisunanes vazinigliFesie luass lssvewnsuinns

.
o A =l

= = =1 124 [ g o
Lﬂ‘lslﬂSﬂﬁﬁﬁJWUﬂﬁHTmTW!LWfﬂ“]fﬂi.l!‘lﬂﬂﬂ 1.11%K !.!.E‘]Sﬂ'lﬁﬂﬂ'li]ijﬂTj1ﬁl"]$’f]nlijﬂ‘ﬂ§"l'i"ﬁ']

(Control) Hl5ina Twunadoululudnigane 1.00%K (M519% 6)



37

4 4
msn 6 Binasgemsndnluludlevdaldides luneslsan 6 idou

N P K
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AMF usaou 1.43 0.137" 1.13
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AMF 13 1.34 0.223" 1.14
NTUIFIMIINBAST 1.51 0.163" 1.11
Grand Mean 1.43 0.198 1.13
%CV 8.25 16.24 14.56

F-test ns X ns

MUWLHE: Mean in the same column followed by different letters were ditferent significantly by LSD **=0.01,

*=().05 and ns= Nonsignificant
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F-test & * % ns

HUUHE): Mean in the same eolumn followed by different letters were different significantly by 1.SD **=0.01,

*=0.05 and ns= Nonsignificant
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6 1PN
Control 7.7 4.7 5.0
AMF duthaoa 10.0" 9.5 7.0
AMF ¥11999 12.7" 8.7 6.7
AMF @138 11.7° 6.7 6.7
AMF uginou 13.0° 7.3 7.0
AMEF %9299 9.0" 12.0 6.3
AMF um 16.3" 10.3 11.3
ATNININITNYAT 12.3" 11.3 6.0
Grand Mean 11.6 8.8 7.0
%CV 14.21 30.09 31.27
F-test s ns ns

HUWLMH: Mean in the same colurnn followed by different letters were different significantly by LSD ¥*=0.01,

*=().05 and ns= Nonsignificant
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%CV 14.96 20.71 22.02

F-test - g .

HINEINS: Mean in the same eolumn followed by different letters were different significantly by LSD **=0.01,

*=(0.05 and ns= Nonsignificant
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Treatment 3 1feu 6 1ADY 9 19D 12 @M
Control 0.0° 0.0° 0.0° 0.0'
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AMF V992914 31.0° 43.7" 49.0° 54,0
AMF (i 72.0° 90.6" 98.0" 109.0°
ASUIVIMIINYAT 25.0° 353" 48.0° 63.0°

Grand Mean 305 38.8 46.0 51.0
%CV 18.60 9.15 14.40 24.30
F-test = - . -

NUNUKF: Mean in the same column followed by different letters were different significantly by LSD **=0.01,

*=0.05 and ns= Nonsignificant
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H o o - woa t &
as1an 11 wleasduamadisndgrlonaldides luaes lsan 3, 6, 9 uaz 12 Hisu

Treatment 3 fion 6 1PBU 9 Hieu 12 oy
Conirol 0.0° 0.0° 0.0’ 0.0°
AMF duimeq 144" 17.5" 35.1° 52.6°
AMF 11994 149° 18.4° 36.7" 51.7°
AMF @157 14.5% 17.9° 359" 53.8°
AMF tioau 14.8° 17.3° 34.6° 52.0°
AMF a¥2314 12.4° 18.2° 364" 54.7°
AMF 1in) 19.0° 26.9° 57.2° 80.8"
NIUIFINITNYAS 15.2° 18.6" 40.5° 59.1°

Grand Mean 13.2 16.9 34.6 50.6
%CV 6.75 8.07 6.22 6.38
F_test *k * & ¥k &k

HUWENF: Mean in the same column followed by different letters were different significantly by LSD **=0.01,

*=0.05 and ns= Nonsignificant



46

ajlamside

= 3 ar o’ = 1 = J
nanEAnsuuazdnuarades lunas lsan ludu wudnlTuonyen
a ' @ ' = 3 o P = o o o v
ofagarluaeslsan usadied19duia 6 suneliaunie 17.0 ales/Au 10 N3 Taewydi
» T
sunamsaidSunsudonuuniugsigede 19.67 elod/mu 10 n¥u uaz lduand 1 lumaada
¥ o A ] @ a” qIJ 1 9/ 1es = o ] =t
véunodu jUs1ednnzmes Iaena lilnoudenan nalinnunainnaisvesiades ui
a A 9 9/ ) 9
A11717 s Fu Fuuas sazvrumies dludu
4 e - =y ) L
Yz NN15NAaDIIUNISIANTBYAUNTY Mycorrhiza MBS PGPR  IWDLAY
= o = L] =Y = = 9/ a T = 3
dszAniamnisisganiqeimisuasdaasumansgay Tavosdudr lewudlutusnduly
auszdvuu snnuilunsaraanasyadiiuminaassoniu f3uidEy PGPR dautl5u
a = ar = = g oW o @ = v A @ 3 = = 4?
punsoiagludumuiuyniifumsneass dmvdSuaveadesafianaldluau muay
o_ o o _ Qs a4 a . a ; d' =3 = =
NNAIUMINANDI IABNMIZAITUIAL Mycorrhiza uvuangauazlsua Inunadeonhn
afaldluaunun anamamiumsnaass TuaAusEAA1S (15-30 cm.) wunmaNuiunse
AlanINNAI UNISTNARBIEN iU 1S UNAY Mycorthiza  dantlSumdunseiagluau
2 e!? a o e @ A @ P = = g ¥ o @ o a dy
WMyIuYnAITuMInaaes uaz USunudeadedanada I8 ludumuineniudisuniauie
. Q o = = Y a 5 o_ o
Mycorrhiza + PGPR dwisuilSuia Tnunadoufiadala tinduynmiumsnaaes
»
msnaandlszAntmmusuiosiotiagarluaes lsaaanswiudulaues
¥ ¥ e lll 1 Af Ao A kY a 1 1
aundidlelunszons nududesn luned lsanfidaidenldvind unewimiinnuauiselu
¥ < 4 4 =t = = o oo ' Y
MssInganga vaziyesiie luaes lsanninnsudnmsinuas Tilszdninnaemadn
Ed o § o a o o =
sinlndfssduidestlunes lsmiidadonIdnnsunameas dmsuilsimaiesluassls
4 kY y 3w ] 1 ] o/ = §
gangannms 15iFes1 luae lsafidaiden donsunawinuauiu Ysusudo lunes
] A o 14 [l o o . .
TsgnfilSunaatessesasmulugesilunes lsannsadenales ldnndunayina
nazdunowieou Taefilsuamlesganhinsuimmsinyas ud lulianuuanaraluneata
¥
¥ o 1 1 1
msapuauoIns Iseseiagar lunes lsanaennugs anuaiiansuraza e 103
' T ] - 3 F 4 o ' o . ¥ . o
nsaugangadiodins 19Fa luaef lsasnnnduneusini dmiudos luaes lsandaun
] K [ ¥ 9 ¥_a ! 1 b dy L=
nindunewiseuhldanugavssdundidr lonazanuervemsauganiini 1desiie
Il a’ll I = 3 v .-:qy ﬂl A o
¥ABS 159191005 UTHINSINYAS YUTNNNUAIUDINTIRUVBLTD51 lUADS I5RAfaL
. b
nnduneasAuazsunersaddinadilianunisvesfsaeud lednimsiddes e ly
a’lll = v Tl 1 S =
A83 139191005033 1MsnEasua tullanuuanatsluneadd Y luTaseu waz
< d o 9 1 1 1 1
Tnunadonfiezaululud loluszes 6 @oundannmsldidie lused lsan laiiauuandie

PR PN @ ° i M ] § {
Tumeadd Unudealeiavealudilussus 6 deongaigailielimsldigesiluasilsani



47

aalanndunaduilinel sesasudesunarenaazsunamin Usuia lulasnuvesly
I3 ¥

#leRiszoz 12 doumsvausinens lawe luaes lsanandunoasn Ysumreanesalu

o 1 o =3 ci d; P=1 ‘dy =1 =y

foonluileszes 12 Wougahgadiedinisldyedie lunes lssmiansuinnisinuasuas

sunaduthaows lianuuandislunadanudunentn suneaiimaazs nonig

a9 e wumedeonluludleszez 12 Wousgluszaulndifssmnlina Tnunmdoyu

zu 6 hauuay llanuusnalunadiasuyadmivnaaes



48

a < oo
JD1TNHIMTIDY

= ¥ as T o 19 o A d
nmsanunlsmadesieniagarlunedlsmlansaudiledunidluia
o @ ’ a o 1A e = = o £ oA
Tandageelnuuazdyu 6 dune wunilsuamde 17.0 mles/Aulo AT FaganILie
] ¥
1HBUMINUNARB YD Mohammad et af. (2003) imsnadeun1lFuiauFesieraga ly
o LY 1 A A o = [
aps limludraddunlgnfrnateqdszinnlulsamasesuau Tasaussusinfizngy
T - & 3 o = a ¥ a 4 v L
Peach A nafgRug 12-43 aloi/au100 nin ayulilsmumlesaavegh 13-52 ailev/mu
a @ 4o e S A v =) o A & A ad
100 niy uazRvnvllsinuadosinduagh 15-35 alaiAu100 niu Fev1duLiow19INAY
A 4 v 1A A Ao Y q & oAy -
TuAufinageudnaninnuiiuniags amwiuitamuiuduazeyluiuiiwadounie
é = ¥ 1 1 ' 1
NaaTou (McGee, 1989) laulSuaudelunes lissousinAwngu linadiulngezgend
.- . - L " ¥y ¥
N¥wHADYU (Al-Raddad, 1993) drudnuazdveailes luminaaseniaiiianunainnoiy
o’: = = ¥ oo = ' ¥ kg >
AwATR1 117 s du uazidnyusnay v3e31l 14 apandestuauNAnD IV Duponnois
o w = & o w o
et al. (2001) finsnnaoudnyazuazilinagesoianarlunes lsx lulszimamasuds 9
ar o [ [} [ ~3 3 = 1 oA g :
wudnuazaloinamnnaromuiu ludeziilud d Hhudy winahddu swiedimie
9 1 L4 1
uaz aniwna Taelivsuiaunisiann 116-418 a1las/Au100 n3y AN NABDIVEY Safari
] b4
Sinegani and Sharifa (2007) fini2vasumysuaudenluneslssnlufuvesnis 7 siialu
o a Py F=Y o 1 o
nizonIanhaussunaynlgnirlunszanwudiinasmleiguniens 126-453 ailes/
=3 ar : dy = [y = { v o’ g o
auio niu Malonvzfanniladevesdundgniian mminzdemsvoisalvouset lunes
1 4 a d? ¥ E v o 3 2 :: as =Y oo a ¥
lsgfiviuedannilafouioaunsuilgniy snuiaduulsmusiinvesisilgndnaan
4 3 ] ]
dmFumsnaasalumsimudelunedlss uaznisl¥iFe PGPR iBIAY
Yszdninmmagaldsigermis uszduaiunmanianau Tavesdudi ls wuhdanudiu
1 a o o
nia-a1ulasuuananiies doandofiuuNAADIYDS Safari Sinegani and Sharifa (2007)
3 dy = i = o 1 1 L} 1 A
vieioadhuwsauildlunmmaassiiszduamiuiiunia-aiaeglugig 7.0-7.9 Fanam
yw 1 = (Y [ 4 q’: r [} of =
naaesilInnuRdenasenms ldiFoniaeInguiaIansunan 6.53-6.56 8613 13AANNISIAY
'g o = ] = Y \ 1 9 Vo o A
e luned lsmufvsadinfviszmnisasnszduainnuiunia-aalduinndidriudu
g W ¥ =2 § i = a o [ o =]
wnoe daumaimae PGPR  TudlwandgadisszuvdunidluwasimIamealnud
] T \ -4 < 1 ar 5 =4 LYY 1 = 1
aeudussnemanuiunsa-maufisudnisomuiu iodfisufudlsinauisummaana
Q L = ©3 = ¥ i C; g g
(9393304 uazAY, 2552) dAmivlSinadunisiagimivgeiuninms Inge luned lsxwag
g v 4 o = A ] - )
PGPR mndnzifuraduiiisisinmavhamsesisgdunisainan laommemnauiitsum
= o H A g = A ar o r 1 o A e 9 d’l’ '
SuMsiagi MaiuiuIosdunsslagaziusianutadiolinsdide luass lsan wuau

» 4 9
NARBIUBA Kragiannidis er al. (1997) shude lunad e llduldfuduejuluduiiesulu



49
= & = =t g ¢ A ] 5‘: = v A n‘ul 12
e iiUTudunioiagaudiog 1.2% Swvalfinareavieiafiiulse Temnilida 10
S . gy & 1 “’l y STRIE] 1] 3
ppm Humhldwunsreuaussveude lunes lsanrenisaasineivisveseyu iuuailes
Q‘ g =y -7 U o 1 L] ¥ ] o
vo4'lunad s asmamniuvesduns oiagiaudanins liduse lunes lsa dnsy
=Y = 9} 1 o : (=} 1 oy A‘! =] :vdy :,
USuma Inumandion ldnsapvesd lofu lulianuanareluniaia welinis 14yensans
= ' Y g ¥ = 9/ 1 o ] o =
@en3elds wiu MatlorwdumwszlSna Inunedenidniaqudr lvegluszdungede
A = =, o U L] T 1 dy =4 of
315-412 mgKkg  4913ua TnunaFoyaanain luseuauasaemslaeluynaiiu
AOANHD9NUIIUNANDIVDIDIITTH LAZAMY (2552) Lz Safari Sinegani and Sharifa (2007)
4 2 ’ 2 1 P 4
Fanunaneavesisansldinisnageunts 144%e PGPR uazi¥o lunes 15 @unu
» »
3 “a = 3 o o
nisldiven luani lsgdenisniyidu Tavesdundrdr leudunis
as 9) T &‘w =
asnaoudnoamlumatininuazaumminlunsegsenvemles lunes lsaniidadan
Y ' ¥ e o & dy‘]d_l v ¥y
w110 lanssuvesdudilelusdazdune Tasnumaanansaililumsnaassnuaundives
o A aw = o A o ' 9 3 2 o o ar
a1 legsdfidoyainoinuiserdelunguldnalulszmalnedosuin Nainserdeiimuiziy
5 lrl fﬂll e ﬂ 9/ o 1 5 w v ow o
15191310994 lyaes lsadudntuwind s 919 Twa vouralvg 10 nagSugar
] 1 =] = d:. o’ w L | .
beet urnd1elsAmunsAaadonslunes lssingnomAndsluaszna Cruciferac uaz
¥ o
Chenopodiaceae (Ocampo et al., 1979) daunnteludlsand Ineivnunisnsyveaies lu
1 P o3 1 as o as u" =3 o %
A3 13w wAuNsmeyiiawu Sudnlends unzansoess miving, 2537; Waes, 2545)
-é 9/ d:. : dyd. ar T 1:{ n; IIL
Famsdsnueade luasd lsanlunsnaasnsaiifinnuduuils lamundsfanveuie lu
G’Ill v o 3 & d? @ " &y a1 =
a3 lsan Tuudazduneswnimsdhsnszmadiuamszeznamans ldge laslin undega
] ] b4
iga 80% wieldiye lunnd lsmludundidrlonsy 11 ad1efua1unaanIves Francis and
; 4 4 ,
Read (0000) finadaumsitisinveuiosiluasslsan ludu Forbs Fawuimnuannsong
21’ ﬂl a =g A~ o dw =) ' ar
seavauyalunos lsmlusinmugaiudisimsiuge lunes lsmiilinnuuanereiu o oy
w o oA w & 1w sa Y 4 = o o
wug Iaefiios 2 mouginiunimadisnanas Geo1mdumnzriavesseiug luaod
3 a r ar . [} ar = o o P
Tsyusesrunailadovosfisofo (Brgyaraj, 1991) dmfvdSinuadefuesluanslsan
usunaInniims ldidfodas 3-12 Woutiu diuramnananumingauvesanmaui sy

T
ot =L

‘]J ¥ Y e lll A e a a = s q ¥ & A
nUghaunaIa U"]Nllﬂﬂﬁ?uﬂ]'ﬂ\iﬂuuagﬂuﬂ‘iﬂﬂﬂi}‘nmU13ﬁﬁﬂ11ﬂﬂ15ﬂﬂ1ﬂﬁﬂﬂﬂﬂﬂ
.3 ¥ a a “ 1 o
FIVUATBAUIUNANDIVDI Guar e al. (1998) MHUMSAATluTINUAazMsademlosvas

£ = :; Ty =t o s d' v Y o = = o
#inluaunldounivingganhaun luldimudunioiag nazaunenesyes Tanu et ol
& = =Y = o oW Qr = = Y ] a
(2004) FarnwiiavesdunseiagiudSinm lunedlsyvesiaayuns 3 sianuinlSuw
d:"ll (]rl Py g A a o s ow =) o’ P d? ) Qs
VYDILYD LUADI '.iTl']ﬁ]&’LWNQQ‘UNLH‘GNﬂﬁLﬂN@HﬂﬁU?ﬂﬁ!iuﬂuquﬂﬂi']ﬂﬂu\ﬁju HIHIUNIT

aouausanadIumMIsaA In litnziumedmesinnugs anuninveansay uas



50

' e 1 3 o o e @ = = ¥
aAnueveInTayusiu wuhaslnge lunes lsm luyadsui ldnmasiydv Tnvesdu
o 1o L] A @ o oW Qs =
adé1 loganivisumuguetiiivd i aeAnAnatuIBIUYOL Verma and Arya (1998) #
&
nageuiie lunes lsandudulilutaqign 2 wila Aenswnaudn wasnsonauduuns
[N ] ﬂy W ] & 3 3 :’ o v
ijunon Tagudams lewe lunes lsanluduldun 12 weuvildanug wazihminudsves
1Y 1 4 I e o W & a 4 =t v Af a"lll
auldgaliusdisiiiod iy uenainflaunanesves aigasnen (2530) Awuiuge lunetls
= t a = o w o = @ A @ o W 3
iinadomueiy@y lnvesaundinsziudny uaznizdunsenedRitsdrn iy
4 [ 1 :, a 3 o L4
NABBIUBIEIBOTM (2548) MW ludedy tvilnae uazgthminukwesdudasaines
o 4 g A ot o [ a
Sqetudielimslade lunes lsmludundiaasaiwesieny 2 ihou dmsuilSununmsazan
119w ludedisludr lonuimsasuaussdesiadeadesmaudauinnirtlulasiou
¥ 3 ¥ ¥
waz Twunendouiailonndumnzunumvesdesi luned lsamiusesielunisgasigeinis
1 A SN e o & o
finaoun lulluis lnsmmz ngioadeiadireandestuaunaasiuss Bell et al. (1989)
* 7 v T
nanNanudutuveseaefaluilamedundiirdasiilgnludu oxisod lusemasidy
1 9 c:; =y c; L] 13 4 ] @ & o dy T 4
gannAunanfaei L& ldieedeiiudAty uene1nil Thomson (1994) wuIn¥es1ly
o ar L4
aed lsmewsond luermsviasigieadeimia dangfvasduurand Tavasasaeuny
¥
szAuaMuintuvemeaveauaz dane #ludedefivuisganiims hildise lunes lsan
(] 1 s dr 5 5 =Y = s [] 3 A
peuauEa varAnNututuusstlSina Inumadeulusiogradu dgropyron repens 11l
¥ Ed
msnovaussnensldie lunes lswwas luldide luned Iswudeod1ala (George e al.
¥
1992) sauna liimsasuaussvesnsazaumg lulasou veadeSauas Inunadunlu
] = = o 1 = 4 = =) ar 3
UM ALYEIAIBEIAAT DIVDITHUTNITT 19U 70 Niszoy 2 Houndsmsteuilgn (me
& 1un < o -1 '3 1
031, 2548) 1nunaasand el v uilse Tervdveanisidive lunad lsadents
= = ¥ ¥ o 1 kY o o a o ¥
3@y Invesaunaidr lu aemsngin swauatles msnTwduTaludunaugs anw
¥ 1 ' g = ar
AMIUDINTIHN UATANVBIIVBINTINY SIS TzaulSuIasgoImsnan lasmnie
3 ¥ * ]
Woavesa M ldmwsoduerdayatugrunnauidvadsdyuiluuuimalunisidos
wedumandadundves ldnaluaszpaladifveiuir loniensenadu eieiuadanitw

o 3 o A a 3
wiiasvasaund i anunuanse lumsgasga sy niudadiy



51

1PNA1T91994

]

= gy o

Tasamsnioneama lulatnsnand louazdudguditenasiannd louaziul. 2543. M3
= a = a v o ar @r o =8
wand lo. yu1inerdoui 13 guaisounyAmud Tonozmsnaadi le. 128 w.
a o W ° = L4
dutlus noawus. 2546, malgndrle. wums. inuaseal. 1284,
a o w o = 1 o 1 o =
F351A FIIUTIINING. 2530. ¥ilauaznaveuFenadgms luneslsanemsnimavin
U ) Y d |1a = Y o
yoand iunariia IneinusdTgan In. ymImnduneasmanl
@ ¢ o = a = a o @ o o
i @zdail. 2527. gilelnsizviau Ay sazie. malandgimaasiazeyinymans
o a4 d as éul, !ul El X A
1995 UUAIY. 2545, MIneUaHIvBIanIBIUBSARFBTIeTItgMT luRadlsalunun
a Y L =) = - | ¥
wnyas. InndwuslTgyan In. wiinodudealng.
= o = a o o = ar ] =Y =y
W3NG 19SYNIANaY. 2537, waveuadgal erlfagal lunelsmnaemsesyAvlauas
= o o = a = =
HONBAUBIN1583 Tagetes erecta. INGIIHUT, INGINTATUH 1T RAR. A1U17%7

- | = =% @ =1 r
F2I01. UH1INBDBT 0 1N,

a a Y] 5 L% 1 = J
Mg BUNMI. 2548. Ysz@nsamvesiaresieagarslunes lsmnndadlumsfae

' ¢

3 = < o |

N1SABPUAUDIVDITAIOIUBIINHENI9. Ino 1 dwusSayg1ln,
UM IN 1T v,

a aw oo =% = n' o w  da = a o

ANTUY AUTUSAOUA. 2541 HARBTUNAGEN. N1AIFIDYTNEINGT UHIINGIRUABAIAITAS.
(5), 3971,

99102358 ud228Y. 2534, 1ealaluneslsanveanyih il onarsdszneunisusserniu
Tnyans

a ayYy a a o [ W = o Faw o or S o =

9397398 WASHIY, T9IN5 QAYAIND, Baaun SasAea, audna 35, gins1 T30, gntdng
Ay sw o o o A ad -
gurley uazenfng AuNgy. 2552. Tasamadnennueaifudunidnemsnu

P ' A = ' y A T s &
wawand 1 Inadneenii 1 Tunu aunin eadesu auduslni s1eauTsuie
¥ 2 Y o 8 o
NOOURTUTUYIY (AN TIUNIUNIN). 98 U.
o o o = o - | =i of a o a @
BUIA TUNTATIND. 2542. (HaudpdIng malulagmsizdia, Tnedammiily $ide anu.
w o o o o =
atiuR M13agu. 2547. @1le. nqamna: SnuseounsRuw. 152 1.
ar dar

a a ¢ A W d a o & Y
BUITIA DTUAIY LDSTIIANU YNNI, 2524, ﬂ’]ﬁﬁ’lﬁ?%ﬂi9511Nﬂ9ﬂim1ﬂﬁnwuﬁﬂﬂﬁ1ﬂ

aulily



52

Akbari, G.A., S.M. Arab, H.A. Alikhani, 1. Allahdadi and M.H. Arzanesh. 2007. Isolation and
selection of indigenous Azospirillum spp. and the IAA of superior strains effects on
wheat roots, World J. Agric. Sci. 3 (4), 523-529.

Al-Raddad, A. 1993. Distribution of different Glomus species in rainfed areas in Jordan.
Dirasat, 20: 165-182.

Arangarasan, V., S.P. Palaniappan and S. Chelliah. 1998. Inoculation effects of diazotrops and
phosphobacteria on rice. Indian Journal of Microbiology, 38:111-112.

Bagyaraj, D.J. 1991. Ecolog of vesicular arbuscular mycorrhizae. In Arora D.K., Raj G., Mukerji
K.G. and Kundsen G.R. 1991. Handbook of Applied Mycology. Marcel Dekker.
Inc. New York.

Bai, Y., B. Pan.,, T.C. Charles and D.L. Smoth. 2002. Co-inoculation dose and root zone
temperature for plant growth promoting rhizobacteria on soybean (Glycine max (L.)
Merr) grown in soil-less media. Soil Biology & Biochemistry, 34: 1953—1957

Bell, M.J., K.J. Midleton and J.P. Thompson. 1989. Effect of vesicular- arbuscular mycorrhizae
on growth and phosphorus and zine nutrition of peanut (Archid hypogaea L.) in an
Qxisol from subtropical Australia. Plant and Seil. 117:49-57.

Bloemberg, G.V and B. J. J. Lugtenberg. 2001. Molecular basis of plant growth promotion and
biotecontrol by rhizobacteria. Curr. Opi. In Plant Bioe, 4:343-350

Brundrett, M. C and L.K. Abbott. 1995. Mycorrhizal fungus propagules in the Jarrah Forest. II.
Spatial variability in incoculum levels, New Phytologist 131 (4): 461-469

Brundrett, M. C., N. Bougher, BDell, T. Grove and N. Malajczuk. 1996. Working with
Mycorrhizas in Forestry and Agriculture. ACIAR Monograph. Canberra,
Australia.32: 1-374

Cha, C., P. Gao., Y.C. Chen., P.D. Shaaw and S.K. Farrand. 1998. Production of acyl-homoserine
lactone quorum-sensing signals by Gram-negative plant-associated bacteria. Mol.
Plant Microbe Inter. 11:1,1,119-1,129.

Chalermpongse, A. 1994. Paper presented to the Tentative Training Program on the Culture
and Deep- Processing Techniques of Edible Fungi for the Sino-Thai Scientific
and Technical Copperation Program 1993 — 1994, Organized by Kasetsart
University, Bangkok, Thailand, June 24 - July 5.



53

Daniels, R., J. Vanderleyden and J. Michiels. 2004. Quorum sensing and swarming migration in
bacteria. FEMS Microbiology Reviews, 28:261-289.

Dodd, J.C and D.F. Phillip. 1996. Spore and root extraction from pot culture[online].
Available :http:www.bio.uke ac.uk/beg.Protocols/extraction.htm. [2012, Sep 05]

Duponnois, R.,C. Plenchette, J. Thioulouse and P. Cadet . 2001. The mycorrhizal soil infectivity
and arbuscular mycorrhizal fungal spore communities in soils of different aged
fallows in Senegal. Applied Soil Ecology 17 (2001) 239-251

Eissenstat, D.M., J.H. Graham, J.P. Syvertsen and D.L. Drouillard. 1993. Carbon economy of
sour orange in relation to mycorrhizal colonization and phosphorus status. Ann.
Bot. 71:1-10.

Esitken, A., H. Karlidag, S. Ercisli and F. Sahin. 2002. Effects of foliar application of Bacillus
subtilis Osu-142 on the yield, growth and control of shot-hole disease (Coryneumn
blight) of apricot. Gartenbauwissenschaft 67, 139-142.

Esitken, A., H. Karlidag, S. Ercisli, M. Turan and F. Sahin. 2003. The effect of spraying a growth
promoting bacterium on the yield, growth and nutrient element composition of
leaves of apricot {Prunus armeniaca L. cv. Hacihaliloglu). Aust. J. Agric. Res. 54,
377-380.

Esitken, A., L. Pirlak, M. Turan and F. Sahin. 2006. Effects of floral and foliar application of
plant growth promoting rhizobacteria (PGPR) on yield, growth and nutrition of
sweet cherry. Sci. Hort, 110, 324-327.

Francis, R. and D. I. Read. 1994. The contributions of mycorrhizal fungi to the determination of
plant community structure. Plant and Seil. 159 :11-25.

Fray, R.G. 2002. Altering plant-microbe interaction through artificially manipulating bacterial
quorum sensing. Ann. Bot., 89:245-253,

Gaur, A. and A. Adholeya. And K.G. Mukeni. 1998. A comparison of AM fungi inoculants using
Capsicum and Polianthes in marginal soil amended with oeganic matter.
Mycorrhiza. 7(6):307-312.

Geore, E. K.U. Haussler., D. Vetterlein., E. Gorgus and H. Marschner. 1992. Water and nutrient

translocation by hyphae of Glomus mosseae. Can. J. Bot. 70, 2130-2137.



54

Gerdemann, J.W. 1968. Vesicular - arbuscular mycorrhiza and plant growth. Annu. Rev.
Phytopathologe 6:397-418.

Glick, B.R., C.L. Patten, G. Holguin and D.M. Penrose, 1999. Biochemical and genetic
mechanisms used by plant growth promoting bacteria. Imperial College Press,
Waterloo, Ontarto, Canada, total number of page.

Graham, J.H. 1986. Citrus mycorrhizae: potential bene®ts and interactions with pathogens.
HortScience 21, 1302-1306.

Han, J., L. Sun., X. Dong.,, Z. Cai, X. Sun.,, H. Yang, Y. Wang and W. Song. 2005.
Characterization of a novel plant growth-promoting bacteria strain Delftia
tsuruhatensis HR4 both as a diazotroph and a potential biocontrol agent against
various pathogen. Syst. and Applied Micro., 28:66-76.

Harley, J. L and S. E. Smith, 1983. Mycorrhizal Symbiosis. Academic Press, Toronto.

Hause, B., W. Maier., O. Miersch., R. Kramell and D. Strack. 2002. Induction of jasmonate
biosynthesis in arbuscular mycorrhizal barley roots. Plant Physiol.,, 130:1,213-
1,220.

Islam, N and L.C. Bora. 1998. Biological management of bacterial leaf blight of rice {(Oryza
sativa) with plant growth promoting rhizobacteria. Ind. J. Agric. Sci., 68:798-800.

Jackson, M.L. 1967. Soil chemical analysis. Prentice-Hall. New Delhi. 498p.

James, E.K., V.M, Reis., F.L. Olivares., J.I. Baldani and J. Dobereiner. 1994. Infection of sugar
cane by the nitrogen-fixing bacterium Acetobacter diazotrophicus. J. Exp. Bot.,
45:757-766.

Jetiyanon, K and J.W, Kloepper. 2002. Mixtures of plant growth-promoting rhizobacteria for
induction of systemic resistance against multiple plant diseases. Biological Control,
24:285-291.

Johnson, C.R. 1984, Phosphorus nutrition on mycorrhizal colonization photosynthesis growth and
nutrient composition of Citrus aurantium. Plant and Soil 80, 35-42.

Kanungo, P.K., B. Ramakrishnan and V.R. Rao. 1997. Placement effect of organic sources on
nitrogenase activity and nitrogen-fixing bacteria inflooded rice soils. Biology and

Fertility of Soils, 25:103-108.



55

Karlidag, H., A. Esitken, M. Turan and F. Sahin. 2007. Effects of root inoculation of plant
growth promoting rhizobacteria (PGPR) on yield, growth and nutrient element
contents of leaves of apple. Scientia Hort.114:16-20.

Kennedy, 1.R and Y. Tchan, 1992. Biological nitrogen fixation in nonleguminous field crops:
recent advances. Plant and Soil, 141:93-118.

Kloepper, J.W. 1994, Plant growth promoting bacteria (other systems). ln: Okon, J. (Ed.),
Azospirillum/Plant Association. CRC Press, Boca Raton, pp. 137-154.

Kragiannidis, N., D. Velemis and N. Stavroroulos. 1997. Root colonization and spore
population by VA-mycorrhizal fungi in four grapevine rootstocks. Vitis 36 (2),
57-60

Kurek, E and J. Jaroszuk-Scisel. 2003. Rye (Secale cereale) growth promotion by Pseudomonas
Sfluorescens strains and their interactions with Fusarium culmorum under various
soil conditions. Biological Control, 26:48-56.

Lithgow, J. K., A. Wilkinson, A. Hardman, B. Rodelas, F. WisniewskiDye, P. Williams and J. A.
Downie. 2000, The regulatory locus cinRI in Rhizobium leguminesarum controls a
network of quorumsensing loci. Mol Microbiol 37, 81-97

Marx, D.H and J.P. Barnett. 1974, MycorrhiZae and Containerized forest tree seedling. Proc of
the North American. Containerized Forest Tree lmprovement Symposium, August
1974, Denver, Colorado, Great Plain Agriculture Council Pubi., No. 86. p. 85-92.

Malik, K.A., M.S. Mirza., U. Hassan., S. Mehnaz., G. Rasul., J. Haurat,, R. Bally and P.
Normand. 2002. The role of plantassociated beneficial bacteria in rice-wheat
cropping system. [n: Biofertilisers in Action. Rural Industries Research and
Development Corporation. Kennedy, LR. and Choudhury, A.T.M.A. (eds.).
Canberra, p. 73-83.

Mayak, S., T. Tirosh and B.R. Glick. 1999. Effect of wild-type and mutant plant growth-
promoting rhizobacteria on the rooting of mung bean cuttings. J. Plant Growth
Reg., 18:49-53,

Mc Gee, P. 1989. Variation in propagule numbers of vesicular-arbuscular mycorrhizal fungi in a

semi-arid soil. New Phytopathology. Mycological Research, 92: 28-33.



56

Mellado, C. 2000. Title of abstract. Proceedings of 8" International Symposium on Nitrogen
Fixation with Non Legume; December 3-7, 2000; The University of Sydney NSW,
Australia, page number of abstract.

Menge, J.A. 1983. Utilization of vesiculartarbuscular mycorrhizal fungi in agriculture. Can. J.
Bet. 61, 1015-1024.

Metraux, J.P. 2001. Systemic acquired resistance and salicylic acid: current state of knowledge.
Eur, J. Plant Pathol., 107:13-18.

Mikola, 1973. Application of mycorrizai symbiesis in Forest Practice, Ectomycorrhizae.
cademic Press lnc., New York and London. P. 383-415.

Mohammad, M.J,, S. R. Hamadt and H. [. Malkawit. 2003. Population of arbuscular mycorrhizal
fungi in semi-arid environment of Jordan as influenced by biotic and abiotic factors.
Journal of Arid Environments. 53: 409-417

Mosse, B. 1981. Vesicular-arbuscular Mycerrhizal Research for Tropical Agriculture.
Research Bull. 194, College of Tropical Agriculture and Human Resources.
University of Hawaii. Honolulu. USA. 82 p.

Nealson, K.H and J.W.Hastings, 1979. Bacterial bioluminescence : its contro! and ecological
significance. Micrebiol. Rev., 43:496-518,

Ocamop, J.A., J.Martin. and D.S. Hayman. 1980. Influence of plant interaction on vesicular-
arbuscular mycorrhizal infection. I Host and non-host plants grown together. New
Phytol,87. 333-334.

Orhan, E., A. Esitken, S. Ercisli, M.Turan and F. Sahin. 2006. Effects of plant growth promoting
rhizobacteria (PGPR) on yield, growth and nutrient contents in organically growing
raspberry. Sci. Hort, 111, 38-43,

Probanaza, A., GJ.A Lucas., P.M. Ruiz., B. Ramos and M.F.J. Gutierrez. 2002. Pinus pinea L.
Seedling growth and bacterial rhizosphere structure after inoculation with PGPR
Bacillus (B. licheniformis CECT 5106 and B. pumilus CECT 5105). Applied Seil
Ecology, 20:75-84.

Ramos, B., G.J.A. Lucas., A. Probanza,. M L. Barrientos and M.F.J. Guterrrez. 2002. Alterations

in the rhizobacterial community associated with European alder growth when



57

inoculated with PGPR strain Bacillus licheniformis. Environmental and
Experimental Botany, 49:61-63.

Redhead, M.L..G. 1975, Symmetry in intertheory relaticn. Synthese. 32, 77-112,

Reymond, P and E.E. Farmer., 1998. Jasmonate and salicylate as global signals for defense gene
expression. Curr. Opin, Plant Biol., 5:404-411.

Rodriguez, H and R.Fraga. 1999. Phosphate solubilizing bacteria and their role in plant growth
promotion. Biotechnol. Adv. 17, 319-339.

Safari, § and Z. Sharifa. 2007. The Abundance of Arbuscular Mycorrhizal Fungi Spores in
Rhizospheres of Different Crops. Turk J Biol. 31, 181-185

Saleh, S.A., G.A.A. Mckhemar.,, A.AA. El-Soud., A.A. Ragab and F.T. Mikhaeel. 2001.
Survival of Azerhizebium and Azospirilum in different carrier materials:
inoculation of wheat and Sesbania rostrata. Bulletin of Faculty of Agriculture,
Cairo University, 52:319-338.

Singh, U.P., B.K. Sarma and D.P. Singh. 2003. Effect of plant growth-promoting rhizobacteria
and culture filtrate of Sclerotium rolfsii on phenolic and salicylic acid contents in
chickpea (Cicer arietinum). Curr. Microbiol., 46:131-140.

Son, C.L and S.E., Smith. 1988. Mycorrhizal growth responses: interactions between photon
irradiance and phosphorus nutrition. New Phytologist.108: 305-314,

Stacey, G., R.H. Burris and HJ. Evans. 1992. Biological Nitrogen Fixation. Routledge,
Chapman and Hall, Ine., New York.

Stamps, R. H. 2007, Effects of Hoagland’s Solution concentration and Aeration on Hydroponic
Pteris vittata Production. Proc.Fla. State Hort. Soc. 120: 337-339

Sturz, A.V and J. Nowak. 2000. Endophytic communities of rhizobacteria and the strategies
required to create yield enhancing associations with crops. Appl. Seil Ecol. 15, 183-
190.

Sudhakar, P., G.N. Chattopadhyay, S.K. Gangwar and J.K. Ghosh. 2000. Effect of foliar
application of Azotobacter, Azospirillum and Beijerinckia on leaf yield and quality
of mulberry (Morus alba). J. Agric. Sci. 134, 227-234,

Tanu., A. Prakash. and A. Adholeya. 2004. Effect of different organic manures/composts on the

herbage and essential oil yield of Cymbopoogon winterianus and their influence on



58

the native AM population in a marginal alfisol. Bioresource technology. 92:311-
319.

Thomson, B.D.N. Malajcuk, T.S. Grove and G.E.J. Hardy. 1993. Improving the colonization of
ectomycorrhizal fungal cultures by association with a host plant and re-isolation.
Mycological Research. 97 : 839-844.

Thomson. J.P. 1994. Inoculation with vesicular-arbuscular mycorrhizal fungi from cropped soil
over comes long-fallow disorder of linseed (Linum usitaissiumum L. ) by improving
P and Zn uptake. Soil Biology and Biochemistry. 26:1133-1143.

Verma, P.K. and 1.D. Arya. 1998. Effect of arbuscular mycorrhiza fungi isolates and organic
manure on growth and mycorrhization of micropropagated Dendrocalamus asper
planets and on spore production in their rhizosphere. Mycorrhiza. 8(2) : 113-116.

Walkley, A. and LA. Black, 1947. Chromic acid titration method for determination of soil
organic matter. Soil. Sci. Amer. Proc. 63:257.

Wani, S.P. 1990. Inoculation with associative nitrogen fixing bacteria in cereal grain
production improvement. Indian J. Microbiel. 30, 363-393.

Watanabe, F.S. and S, R. Osen. 1962. Calorimetric determination of phosphorus in water extracts
of soil. Soil S¢i.93:183-188,

Wayne E. S. 1980. Handboeok on reference methods for soil testing. University of Georgia,
Athens

Weild, V., E. Paiva., A. Nobrega., D. Elsasvand and 1. Selgin. 2000. Diversity of Paenibacillus
polymyxa strain isolated from the rhizosphere of maize planted in Cerrado soil. Res.

Microbiol., 151:369-381.









cl Qs ¥ d_v o v
HAN 1 ﬁﬂ‘]&lﬂlzﬂﬁﬁﬂﬁﬂﬂj'ENLGUEIS']?NU?TQ@ﬂllﬂ’ﬂﬂiﬂi’l

61



mnn 2 dunddi leiilgnTunsgang

62



	titlepage

	acknowledgement
	content

	abstract
	maincontent

	bibliography

	appendix




