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Project Code: MRG 5180342

Project Title: Effects of some tangerine varieties and some other Citrus species used for
rootstocks of tangerine variety Sainamphung on response to arbuscular

mycorrhizal fungi and root rot fungus

Investigator:

Asst. Prof. Dr. Somchit Youpensuk Department of Biology, Faculty of Science, Chiang Mai
University
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Project Period: 2 years

Abstract

Tangerine variety Sainamphung is generally grown by grafting on rootstocks of other variety or
other citrus species due to it is susceptible to root rot disease. The objectives of this study are (1) to
investigate the effects of arbuscular mycorrhizal (AM) fungi on resistance to Phytophthora parasitica and
the growth of seedlings of Citrus spp. and (2) to study the effect of AM fungi and rootstocks of Citrus spp.
on growth of the scions of tangerine variety Sainamphung. The citrus species used in this experiment
were Common tangerine variety Sainamphung (Citrus reticulata) and Cleopatra tangerine (C. reshni), lime
(C. aurantifolia), pomelo (C. grandis), Swingle citrumelo (Citrus paradisiXPoncirus trifoliata) and Troyer

citrange (Citrus sinensisXPoncirus trifoliata). The results showed that AM fungi reduced disease severity
of the citrus plants about 2-16 times of the non-mycorrhizal plants. Citrus plants without AM fungi showed
that tangerine variety Sainamphung was the most susceptible to P. parasitica followed by Troyer citrange,
lime, pomelo and Swingle citrumelo, respectively. Whereas, Cleopatra tangerine was the most resistant to
P. parasitica. AM fungi improved the highest growth of lime seedling. The effect of AM fungi on the
growth of tangerine variety Sainamphung scions which grafting on the citrus rootstocks of Cleopatra
tangerine, Troyer citrange, Swingle citrumelo, lime and pomelo was investigated for three months. It was
found that the scions of tangerine variety Sainamphung grew best and accumulated the highest

phosphorus and potassium contents on the lime rootstock inoculated with AM fungi.

Keywords: Citrus spp., rootstock, arbuscular mycorrhizal fungi, root rot disease



Executive summary

Project Title: Effect of some tangerine varieties and some other Citrus species
used for rootstocks of tangerine variety Sainamphung on

response to arbuscular mycorrhizal fungi and root rot fungus

Investigator:

Asst. Prof. Dr. Somchit Youpensuk  Department of Biology, Faculty of Science,
Chiang Mai University
Ms. Wonwinee Piwpueak Department of Biology, Faculty of Science,
Chiang Mai University
Prof. Dr. Benjavan Rerkasem Department of Plant Science and natural resources,

Faculty of Agriculture, Chiang Mai University

Project Period: 2 years

Tangerine variety Sainamphung (Citrus reticulata) is widely grown in northern region
of Thailand. It is a delicious variety but it is not resistant to root rot disease. Tangerine

variety Sainumphung is generally grown by grafting on rootstocks of other citrus species
such as Swingle citrumelo (Citrus paradisiXPoncirus trifoliata) and Troyer citrange (Citrus

sinensisXPoncirus trifoliata). Arbuscular mycorrhizal (AM) fungi are mutualistic associations
with plant roots. Interest in these associations is mainly because of the manifold benefits
conferred on the host by the fungus. AM fungi are an important part of sustainable
agricultural systems that have low inputs of chemical fertilizers and pesticides. Therefore, we
are interested in investigating Citrus spp. to be used as rootstocks of tangerine variety
Sainamphung, especially for their potential to utilize benefits from association with the AM
fungi and resistance to root rot fungus (Phytophthora parasitica). The objectives of this
research are (1) to investigate the effects of AM fungi on resistance to P. parasitica and the
growth of seedlings of citrus species and (2) to study the effect of AM fungi and citrus

species as rootstocks on the growth of the scion, tangerine variety Sainamphung.



Experiment 1. Investigation of the effects of AM fungi on resistance to P. parasitica and
growth of seedlings of citrus species.

The experiment was a full factorial of six citrus species, two treatments of AM
inoculation (inoculated and non-inoculated treatments) and two treatments of P. parasitica
inoculation, (inoculated and non-inoculated treatments) with four replications. The citrus
species used in this experiment were tangerine varieties Sainamphung (Citrus reticulata)

Cleopatra tangerine (C. reshni), lime (C. aurantifolia), pomelo (C. grandis), Swingle citrumelo

(Citrus paradisiXPoncirus trifoliata) and Troyer citrange (Citrus sinensisXPoncirus trifoliata).
Seeds of Citrus spp. were grown in sterilized soil. One month old seedlings were
transplanted to sterilized soil in pots and about 400 spores of mixed species of AM fungi
were inoculated under the roots of the seedlings. Two months after AM fungal inoculation,
about 105 zoospores of P. parasitica were inoculated around the root zone of the seedlings.
Symptom of root rot disease of citrus seedlings was evaluated about one month after P.
parasitica inoculation. The growth of the citrus seedlings was also determined. The results
showed that AM fungi reduced disease severity of the citrus plants about 2-16 times of the
non-mycorrhizal plants. Citrus plants without AM fungi showed that tangerine variety
Sainamphung was the most susceptible to P. parasitica followed by Troyer citrange, lime,
pomelo and Swingle citrumelo, respectively. Whereas, Cleopatra tangerine was the most

resistant to P. parasitica. AM fungi improved the highest growth of lime seedling.

Experiment 2. Study the effect of AM fungi and citrus species as rootstocks on the
growth of the scion, tangerine variety Sainamphung.

The experiment was a full factorial of five species of citrus used as rootstocks
(seven-month old plants of Cleopatra tangerine, lime, pomelo, Swingle citrumelo and Troyer
citrange) with two treatments of AM inoculation (inoculated and non-inoculated treatments) in
four replications. Scions of tangerine variety Sainamphung were grafted on the citrus
rootstocks. Three months after grafting, dry weight, nitrogen, phosphorus, potassium,
calcium and magnesium contents of the scions were evaluated. The results showed that the
scion of tangerine variety Sainamphung grew best and accumulated the highest phosphorus
and potassium contents on the lime rootstock inoculated with AM fungi. Seeds of lime are
very cheap compared to the other citrus species such as Troyer citrange and Swingle
citrumelo. Therefore, lime with AM fungi is interesting for using for rootstock of tangerine

variety Sainamphung.
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§9 KOH aananmneissindseih Tesdsuuasunss mnuuldihnduindasnesnlals
279 WAILANFEIN 0.05% trypan blue 14 lactoglycerol LLﬁqﬁolwﬁaﬁoé'@"laﬁqm%Qﬁ 121°C
Juian 15 win E;iué'aamamﬂﬁmumiﬁamtﬁaﬁ Wnat9sion 30 T% AanitsdiainsfiAy
PNFIUFN  ATIROULUBSLTUSR colonization °11au%aswaﬁﬁa@mﬂma%‘bﬁﬂmm muld
napdganIseiiauddsznay lasldi5nIve9 McGonigle et al. (1990)

6 4,, 6 o
msmmaanaﬂasmaamasﬁmsna@mﬂuﬂaﬂsm
6 s 1 a v ad . . . .

LENRUDIINNAIDLNAUAILITNNT wet sieving and 50% sucrose centrifugation
method (Brundrett et al., 1996) udAiunszasnIadINiatesiluawasade nizaunIad
naTvTmadszinss 7 aTeaaNas ﬁfmﬁ’wmuaﬂﬁmmlﬁﬂﬁaaﬁ;amﬁﬂﬁuuumwﬁa
o & : P o & o & v o
atasuuudsgnnwuluvin wet mount uunIzanalas asameuanwmeatlainuldnaas

[ 6
anIIAblanELznal
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AAaNIINaaayd

{ 'S 6 1 a a Q/ c?:
Nan1Inaaadn_ 1 Na?lﬂx‘iL%B‘J']El'li‘ﬂﬂ@ﬂ’lﬂ&ﬂﬂﬂi%'\@laﬂ'ﬁlﬁ]imLGI]J‘[GILLRZI"I']?EI]JEJ\‘]

15A91nL8031 Phytophthora parasitica 283AWNANFH

4” 1 a a v ¥ Y

1. iazaddandanssueulnuasAwNAEN

1.1 ms3gdvlaaiwanags

Fenanitagailuneilimdsiinanugavesdundid ANMINARDINL I
282980 3 Lﬁau%é’amﬂlm%aswaﬁﬂ'agm‘?’[&ma?’lﬁm (AMF) TaeL NN NUFIVBIAUNAFA
v ¢ & o | A o @ v v Ao X & @ Aa
Wuinsawwed wzwnuiu wszdulasdelivinddny duduniivenanidagailuaaslsmnd
ANNFINNTFA laun dudugnNaNHuINIaLIaT (35.0 ©.41.) Ja9a9N7 beuA weuudlu (33.6
7.4.) FUINHANNUTFINAN (28.5 T.4.) wazdule (21.3 o) AWAGU (1319 1) FIn
L a o ¢ g’ 13 > 6 A @ a v A dv e 1 1
fudmnuiuimshisuasiuiadianiianugiiasfige 11en P. parasiica Milkada

AN DIAUNATY

A1519 1. leadL%am@iammgwaaﬁuﬂﬁ’]éfu

ANNFI (B.4.)
HRAABNANEN | Control | P. parasitica AM fungi AM fungi + P. parasitica
Sainamphung 12.0de 10.4e 17.1cde 18.0cde
Cleopatra 12.6de 14.4de 17.3cde 20.5bcd
Troyer 17.2cde 21.4bcd 35.0a 26.4abc
Swingle 21.3bcd 18.3cde 28.5ab 21.8bcd
Lime 25.6abc 18.0cde 33.6a 27.6ab
Pomelo 9.9e 15.0de 21.3bcd 20.6bcd

a o

ANaRuNTANYIEINY FauLand1Inua g INRE&IATY (P < 0.05)
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a a ¥ 3’ L= 1 ¥ Y
1.2 ﬂ']ilﬁ)iﬂ.lvLﬂﬂt@lﬂﬂ%%ﬁﬁ%ﬂﬂﬂdﬁ')%ﬁl%ﬁﬂ

L%a‘maﬁﬁagm‘iﬂl,maﬂssmmzlLﬁuﬁmﬁﬂmaaﬁuﬂﬁﬁﬁuﬁufmama‘§ ﬁwﬁuf&%uﬁa

AT IR ILY

wazdulaatnalinadany

Vo A o & s & o & a o .
LL@]al]L°l|U'J%'J"I%W%ﬁqﬁ"lUu']NULLazW%IZﬂaIaW@T]VLN

& & o Aa & & o a o
@]auaua\‘]@lﬂL%ﬂiﬁﬂﬁiﬂﬁ@mﬂuﬂaﬂiﬁm 3\]3%’1’3LL{I%‘HNLTaiqaqiﬂaﬂﬂ’]ﬂNﬂaﬂim’]uuq'ﬁuﬂ

v 1 v tﬁl e v 1 v o (4 [ g v
meaaa’mmumﬂwqﬂ (7.0 n3Y) ‘iaoaamvl,mm awgﬂwauwugmamas (5.0 N3W) ﬂl]fﬁﬂwﬁll

Wuialaia (4.3 nw) uazdule (3.3 nIN) MNAGU (01319 2) dundrdunnziien ldizen

& o & AaA a A . g Y Y [y R
E]’]T]Jﬁﬂa’]ﬂuﬂaﬂisﬁ’] ﬂﬂl%ﬁ@ﬂ@aaﬂ‘ﬂwuazqwu L83 P. parasitica W1RWNLLAIUDIAUNRIRY

lafanuuandanieana

A Aq & 6 o a &
Iumm:wg@maawlamaﬁm‘sua@mﬂmaﬁ“’l,‘sml,l,azumasw P.

parasitica ¥iwninuisrassuRuiaIufauazuzwniuliminuisaeaulaFeunsuniudu

Aa & x> a \ a
NULDINDNIU aﬂ E\l’]ﬂ&lﬂaﬂmsm (NAHNRH NS

A3 2. HAYAILTOINGOUDIVRINLAIVAIRIBAUYDINAFY

WA NURIVDIEIBANVBINATAN (NTN)

#HAAWNAEN | Control | P. parasitica | AM fungi | AM fungi + P. parasitica
Sainamphung 0.6d 0.6d 0.6d 1.4cd
Cleopatra 0.7d 1.1cd 1.4cd 1.9cd

Troyer 0.8d 0.8d 5.0ab 2.8bcd

Swingle 1.6cd 1.2cd 4.3b 1.4cd

Lime 1.8cd 1.5cd 7.0a 4.8b

Pomelo 0.6d 1.0d 3.3bc 2.3bcd

a

@ o

' d Aa ' v A \ A
ANAIYNUBDNBIATINY UAIULANANNDENINNULRT

17y (P < 0.05)
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v
1.3 mssatdulaawiuinuasnngdy
denanitagmiluneilmndpfiumusiyvesnnvasuzwniuiluussdugnuaniug
& s ¥ Y o o v & caa & & & o
niawwe lwanenihminuissasnndugnuauiuiniaiaindnarenanidagailuaailym
WRLLTBIN P. parasitica NYAUNAARS d’mﬁmﬁnuﬁwaaﬁﬂﬁuﬁwnﬂmﬁ@mﬂﬁL%aﬁm%ﬂ‘a

aaslwaaslim ldfanuuandranieaiia (1319 3)

A58 3. WAL TT6 0TI RBNULAITaIEIBIINVBINAFY

WmEnuRedmzasnaN (nw)
#HAAWNANEN | Control | P. parasitica | AM fungi | AM fungi + P. parasitica
Sainamphung 0.4d 0.5d 0.8d 1.6cd
Cleopatra 1.1d 1.1d 1.1d 1.3cd
Troyer 1.4cd 1.0d 3.4ab 1.2cd
Swingle 1.4cd 1.2cd 3.1abc 1.1d
Lime 2.3bcd 2.0bcd 5.0a 3.5ab
Pomelo 1.2cd 1.7bcd 2.3bcd 1.5cd

s CY )

] A Aa | o Ao ' LA o
AVARLNNDNBIATNNY UAINLANANDENNIBYRINTY (PE 0.05)
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1.4 M3 TAA W MRNNINAANITINARLATIINVDIARNAEH

Fenanitagailunelimmpiumadiydulavesduuzuniuiiuuasdudugnaas

v ¢ 6

WWHINIBLEBT IG] planizag9gaNswndninInauanade aL%aﬂaﬁﬁaﬂmﬂmaﬂssﬁﬂﬁﬁ

=)

a s o o & o P [ v . @ o ¢ & o
g SiminudeTanadunniign (12.0 n3w) sesnsnlaun sugnuauiuiniaives 8.4 niv)
dauﬁuﬁﬂwauﬁufﬁaLﬁaﬁmi@auauawiaL%aﬁm%ﬁaﬂmﬂuﬂaﬂiﬁm@iamﬁd?} VU NLIAS
7.4 ﬂ‘%’&ﬂﬂmaaaommﬂﬁugﬂwauﬁuﬁ:ﬂiaLﬁ@% LwiL%aiﬁaﬁﬂagmﬂmaﬂsmﬂ&iﬁwa@'ami
{ :/ L5 v v v v Q g’ &/ > Qs 1 v v 1
wasuulashminuimasdunadudismnunuimotihisussiutailanan srududuudas
a nl' ra d%’ 6 o a g/ b v g; v 1 1 = Aaa ai d%’
TRAN bV waTans agmﬂmaﬂsmum%uﬂLma"uaamwvl,u UANGANNWNIREA MU TILT D

9 P. parasitica WiKadamaUasuulainizdfuesinnineusy

A3 4. NRVAILTAIIADUDIUNABNLAINIRUANIRIUA WLAZINNUDIAUNA T

NI NAUDIR AN (NTN)
ARAAWNAHN Control | P. parasitica AM fungi | AM fungi + P. parasitica
Sainamphung 1.0d 1.1d 1.4d 3.0cd
Cleopatra 1.8d 2.2d 2.5¢cd 3.2cd
Troyer 2.2d 1.8d 8.4ab 4.0bcd
Swingle 3.0cd 2.4cd 7.4abc 2.5cd
Lime 4.1bcd 3.5bcd 12.0a 8.3ab
Pomelo 1.8d 2.7cd 5.6bcd 3.8bcd

% a

' A da ' v A ] L oA e o
ATNLRRNLNVDNPIANNNY JAIULANANIND LTV U RIOTY (PE 005)

o
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2. WaZaIavIa1sUaAans luaaslsmndansdudslsaainiBasn Phytophthora

. Y v v
parasitica Va3ABNANHAN

ué’amﬂm‘ﬂm%aﬂaﬁﬁagaﬁﬂuﬂaﬂimlﬁﬁuﬁuﬂﬁﬁu Uszanns 400 ®Uasea
v o . A . 5 ' {
Aseand tuszuziian 2 @an wavinmslaas P. parasitica Uszunow 10° slasdanszand
UInmseuRULMINTIdUNAAN adlutananasfidiTas P. parasitica wazaIIIFALAINTT
299l5AATzuzIaUTEiNe 1 LHau WAINITIELEEI P. parasitica AUFNITNLEAIBNMNT
A a o a A & A ' A o ' aa 3
Tumaes Rludw ueluSYawdwainaanezId 1A UTINVAIFULNEIBIFARN
wazidonguifasnmudinansvedden P. parasica (MW 1 - MW 4) 3988
WasiFudnisiialsauasdunaazdn  laguusiwinlunugadainisiitadnnuazaBan P
parasitica uazinwinlufiUndliugasemazaslia wansnaasswud duduluganmimasad
AN a & & o Vv w Aa &
Vlvl,smLmaiﬂmiuaﬂmﬂma%vl,iemu,ammm?nadiiﬂmﬂmmuaﬂwg@mimaawmﬂjaiﬂ
6 @ =2 U 2 1 a =1 6 & 6 a 1 ] s
orstagailunathm (@13 5) fawiihduudszriiedidefidudnaiialalduandrein
ana 1 Qs ] v { v 1 v = :/ ‘3’
nsffeditain  udliulduiuaadliiduihdudomnuiutmoiiuaasainiszes
A v 4w v ¢ & o o v A
lsaunfge 17.2% vasasnldun fugnuauiuiniawed uzwnuilu dula ussduidoanim
v ¢ A o = o a . Aa & & @
wugﬂaiawm’]sﬁdmemmwaﬂsﬂuamq@ LLG]IWIJGW]@E\]E]\‘W]SJL%ﬂiﬁﬂﬂiﬂﬁ@mﬂuﬂaﬂ?ﬁ’]
L v oA o ¢ s & o o & & a ¢ = &
wuhddsmuRuimetie  dugnesuiuiniawe’  uazuzwnuiluliefifudainu
Juusvaslinaaatacelinddn uazd3anm zoospores 184 P. parasitica luauluniznn
a & & o o , P ¢ & o
m‘*ﬁaiﬁmiuaﬂmﬂmaﬂim uaﬂmﬂumzmmvlwL%aiﬁmiua@mﬂmaﬂisﬁw LRZAIN
6 6 . . & 6 %
miaTasauiasifud colonization vavzamaritagarsluaaslimlunndudn (nw 5 -
M 6) wanmarasaunuiuzwnilulizenaridagmilunefhimlunndusuanige
(87-89%) lanilasifud colonization vadFananitagmiluneilymlunndudunduas il
\Ta7 P. parasitica A11aStGuan lnatfsan (#1314 6)
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AN 1 dunasuTiaas giuaasannsuedlsanasnslaa P. parasitica

Wuszaziian 1 1ean

A 2 NnuiEulFaauaziasguilasanmadnyinanuvadiiion P. parasitica



19

AN 3 Sporangium (zoosporangium) (ﬂi%) 28915871 P. parasitica ANNVDIAFN

1319 5 MIialsauaidunandy wazUSunow zoospores WaILTaIN Phytophthora parasitica

- /3315 zoospores Va4
aNnuwuIIinnsialaa
P. parasitica
A v ¥ v (0/0) a o
FUHAAWNATHN (cfu/ aw 1 NIN)
AM fungi + AM fungi +
P. parasitica P. parasitica
P. parasitica P. parasitica
Sainamphung 54.5a 7.0d 5 4
7.2x10 1.9x10
6.8x 10 41x10
Troyer 5003. 133Cd 5 4
6.2x10 3.2x10
SW|ng|e 31.1b 18.4C 5 4
2.8x10 4.7x10
L|me 49.58. 4.8d 6 4
2.3x10 3.1x10
Pomelo 32.7b 6-3d 5 5
2.4x10 1.5x10

>3 a v o

' A Aa , v A ' ' o
ATNLRRYNAVDNHINNINY UAITULLANANID NN RN fy (P < 005)
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AW 4 (N) Zoosporangium VaILTeT P. parasitica mﬂlﬁnﬁaaﬁgammﬁ

) ‘o1 P, parasitica 70x18a8 zoospores 8aNIN zoosporangium
(M) Zoosporangia ﬁwulm’m
(

J) Colony Y9 Ta 7 P. parasitica ﬁl,ﬁﬁm"mﬂ zoospores UWa1h1T V-8 juice agar
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@139 6 LTaa1iagaslunatlimlusindudu (AM fungal colonization)

Basrenivaaansluaaslyanlusnanda (%)

TRAAWNAEHN
AM fungi AM fungi + P. parasitica
Sainamphung 69.1b 71.4b
Cleopatra 47.0c 49.0c
Troyer 64.5b 72.5b
Swingle 74.8ab 83.7a
Lime 86.7a 88.8a
Pomelo 72.1b 71.0b
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a5 Nndundiranaistaganluaetlim
(n) Tasaaini arbuscule vasiTaMaridagmTlunatlimlwaadzu cortex va431n

() 1iulouaz vesicle zaaananiaganiluaailymlunn

AN 6 ﬁﬂﬁuﬁnﬂ*’g@maaaﬁvl,aivl,@ﬂm%aﬁ m%ﬁ'agms"’l,m a5 1y



23

{ a 1 ‘g 6 o 1
NAN1INAADIN 2 Namaaﬁumaﬁuﬁuﬂma ‘]LLRZL%ai']a']iﬂﬁﬂa']ﬂuﬂBﬂisﬁ’l@laﬂ'ﬁ

a a Y ~ o 6 g/ dg'
mstymnfmmaamaum ﬂ')ﬁ%ﬁ%ﬂ%ﬁqﬂ’lﬂ%’l WJ

‘g 6 o 1 ¥ = [ 4 3’ .;’ ¥
1. HaBaIBaI913URga s luaaslstdaAnginas Rl g N WARE BRI HILBAK
AadNTRAA o

%

a £% 1 £ o :’ J £ 1 b o

riavaiduaainadeninugirasdudinnuiuimeiiiuuduaad dnaiany
) o v & a &2 4N a & & o A '

dunavasdugnuaniuiaisnaf ifiramerivaganilunatlionduadaninugivas
v A v & ¥y & o A o oy A o vy A o & Y X a
fuidsinnuiuimeirskosfige duasuzuuiulinaimliduidoiminuiuiaoiined
AMNFININNF LLaxmﬂm%aﬁaﬁﬁ‘a@lmﬂmaﬂiﬁnﬂﬁﬁ‘uﬁumaﬁaﬂLﬁummgwad
v = g/ J 1 QI v U = a Aq’ { 1 g
fulpInNURRTIEtAe (N 7 - 11) laslewizedaBiduaasugnuaniuiaiananlade

& o a v A o & s X o A |
NafdagaTluaailimiianugarasdudsmnuiuiaeihisuuduaaiiou 4 ey
fudsmnuiuimiisuuduaedugnuaniuiaianan ilsazenarivagmiluaaslm

(AN 7)

v ‘14 :’ ‘3‘ v v a 1
A1319 7 ﬂ’l’]l]gdﬁ&llﬁU?%’J’W%W%‘Eﬁ’]H%WNGU%GI%@IQN&IT%@@]’NG]

AMAFIFNTEINMUARD A DUIRIUBAWAD
- . ANBRAA 9 (7.0.)
BHAYDIAUND
Control AM fungi
Cleopatra 15.5bc 18.2bc
Troyer 18.5bc 24.0ab
Swingle 9.3c 34.6a
Lime 25.6ab 36.5a
Pomelo 17.0bc 19.0bc

a C )

A Aa ' v A ' oA o
AARLNNDNBIANNY UAMULANANDENNNBYRIATY (PE 0.05)
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AQldA31 control AAloNT1 AMF

v o :/ J v v o L
MNT7 JULD EI’J‘W]’]%WWI?&’] HUNNIL AU DT UL El’]ﬁ’]’]%W%ﬁ:ﬂﬁIaW@]iﬁ

() lilarenanidsgmiluneilin () ldzanaritsgailuaatlem

N991897 control nioEos AMF

v et g/ J ¥ v a
N8 FULT ﬂ'J‘WJ’]%WHDfﬁ’] g1 muumumaawgﬂ NﬁﬂJWWE‘ﬂ?QLU a%

(n) lilarenaniagmiluneiln (@) ledenaritagarsluaatlm
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i

@34tna control a2491na AMF

o o ¥ & v Y o a &
NN 9 am%mmmwuﬁfmslmmuu@u@aaugﬂwauwufmama

(n) lilarenanidagmiluneilin () ldTanaritagailuaatlem

L B

NZUI1I control UM AMF

v A o & L 4 %
AN 10 mJL°llEI’JWJ”mwulqimUmmuumu@lamu’nLL‘ﬂu

(n) lilamenaniagmilunailion (@) ladeneritagas luaadlm
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a3le AMF

ﬁ”ui control

NN 11 am%mmmwuﬁ:mUmmuumumaﬂa

(n) lilarenanidagmiluneilan () ldTanaritagailuaatlem

& ¢ o & o v Y A o ¢ & &
2. Na‘lla\‘]L‘Iiﬂi'lﬂ']iﬂﬁ@a']ﬂ&ﬂaﬂi“ﬁ'lmEl%'lﬂ%ﬂl;t‘iﬂﬂ?la\‘]aﬂL?lﬂ')ﬁ')'l%ﬂ%ﬁqﬁ'lﬂ%'\ﬂﬂ
UHAWADTNTRAGA )
a v 1 g’ a v v o :‘ J 1 % o (-5 U
°1ju<ﬂ°nad@lu@laﬁwa@lamv\umm\‘mmam'ﬁmv&mu‘wufmUmmamdﬁuﬂmmy AUGD
o ve A v ¢ S X a a A AA Ay o Y
Nz‘uﬂ'ﬁLLﬂ%‘Yl'ﬂV\ﬁﬂJL‘UEl']%']’]uW%'lza’]EJu’]NﬂﬂJﬂ’ﬁLﬁ]ﬁfyL@]UI@]@ﬂq@ I@UWU’J’]&Ju’muﬂLmdmﬂ
A d‘y 6 o A 1 v % v ) A g‘ o 2 (% a e
V]q@ L%@i']i’]'ﬁﬂﬁﬂﬂ’]ﬂ&lﬂaﬂisﬁqﬂlﬁlﬁﬂU@u@ﬂﬁ&l“ﬁ'lULWN%’TV\%TTLL%G“UGG@&IL“I]U')ﬁ'l']u)'wu]é

:‘ é’ ¥ ¥ a v v v v s e a
mammuumumaunn‘*ﬁm amnuuu@m@laauam"'ﬁmmmwufwuﬁfaﬁiawmw (91373 8)
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:‘ s ¥ v a :‘ J v v a '
f1319 8 %"I‘ﬂ%ﬂLL‘VHﬁ&JL%EJ’J‘VS’J']%WWE&WﬂuﬂNdU%@l%@]ﬂﬁN“ﬁ%ﬂ@ﬁﬂ‘]

WINRNUAI AT IRITBARZ AU Hounawaa
A o (n3)
TUHAVDIAWND
Control AM fungi
Cleopatra 20.7¢c 20.7c
Troyer 21.0c 23.7b
Swingle 16.8d 24.3b
Lime 23.0b 26.9a
Pomelo 14.0e 21.0c

s Co )

] A Aa | o Ao ' LA o
AVRRLNNDNBIATNNY UAMULANAINDENNNBYRINTY (PEOOS)

;sg’ 6 o 1 a Y ~ o L3 g’
3. wamaamas'lmsna@mﬂuﬂaﬂsmmaﬂsmmmqmmﬂ%aumﬂ'ma'mwuﬁqm )7

dg’ ¥ Y a 1
NIUWANRADANTHA A 9

a ¥ A o ¢ =3 [y [ P
3.1 ﬂsmmmqlu‘[@l‘mu‘luaummm'mwuqmﬂmmuumumaau%uﬂma 9
A a &L & o v A o ¢ s & o o
Iwg@maaoﬂ"luwmaﬁmsuaﬂmﬂma'iwl,ssm fusmnuNuim e NI D uduaadu
a v { v T Y = g’ lg/ v v
Iaﬁﬂimmmqvl,u‘[mmuuaUﬁq@ iaammvl,mmﬁmﬁmm’mwufmﬂmmuumu@aau
v & a & a = ~ o o A v ¢ s X o o A \
AnKENRBERIAS WallTouisuiudulsinnwiuimeiiiuuduaaduan g LL@M?;@
Aa & & o ¢ & o . o a
maaa‘nwLmaﬁmmaﬂmﬂmaﬂiﬁm wu:nLﬁﬂﬁﬁmsuagmﬂuﬂaﬂisﬁ'}mUquﬂimmm@;
"LuImwulmumwufam%mmmwuﬁfmmmauummaau‘[aLLamugﬂwauwufmamavl,@
' o o ' A Aa o o o ¥ & o o { ¥
aafiiodndy laglawizadabansiusdudoimnuiugmoiiiuudunadulaniizen
aﬁﬁaﬂmﬂmaﬂim ﬁﬂ’%mvauIMLﬁ]umﬂﬂdwTu@laﬁ"LajﬁL%ai’laﬁﬁaﬂmﬂmaﬂiﬁm
vz 2.5 1111 (917719 9)
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"1319 9 ﬂiN’]MﬁW(ﬂvluI@]ﬂ’%uﬂl RERRT mmmwu‘ﬁm HWINIUUA A D

ﬂ%N’lmﬁ'Wﬂ%‘[@liL%% (JN.JAW)
ARAVDIAWAD Control AM fungi
Cleopatra 496¢d 497cd
Troyer 502c 505¢
Swingle 433d 631a
Lime 484cd 543bc
Pomelo 231e 571ab

a

' d da ) v A ) L A o @
ATNLRNYNANDNIIANNNY Nﬂ')’]l]LL@]ﬂ@n\‘]afJ”l\‘]NuUaﬁlﬂfy (P < 005)

a % 5 6 3’ ¥ a 1
3.2 ﬂ‘smmmqﬂaawasﬂuﬁuLﬁmm'mwuqmﬂmﬁduuﬁ%maﬁuﬁuﬂma 9

& & o \ A a o v A o ¢ g
L“ﬁaiﬁa’liuaﬂmﬂuﬂaﬂiéﬁ’m’aEJLW&JUS&I’]MD"WJW@&W@S&I%&&IL%U?%Qﬂuwuga’mu’]

J v v v
NIUWA WA DN WL mea

v A o & b 4 v e & & o ' A
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ﬂsmmmwlumsgmmqﬂaavxlasal%numwugammmm’mwu‘ga’mmmmnﬂq@

10)

uazdugnuENNUTF AR I didey
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?19179 10 ﬂa:mmeWaaw aIFVBINULY mmmwufm HWINIUUA A D

Usanmsravaanada (un/aw)

ARAVBIAWAD Control AM fungi
Cleopatra 38bc 31cd
Troyer 32cd 35bc
Swingle 26de 42b
Lime 27de 126a
Pomelo 22¢e 37bc

' > C )

A Aa ' v A ' oA o
ANARLNNDNBIATNNW UAMULANAINDENNNBYRIATY (PE 0.05)

a ~ ¥ = (% 4 8’ 4?‘ ¥ ¥ a 1
3.3 ﬂimmmqfwLmamsmc[uaummmﬂuwuﬁqmﬂmmuumumaauﬁumma 9
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Abstract

Tangerine variety Sainamphung is generally grown by grafting on rootstocks of
other variety or other citrus species due to it is susceptible to root rot disease. The
objectives of this study are (1) to investigate the effects of arbuscular mycorrhizal (AM)
fungi on resistance to Phytophthora parasitica and the growth of seedlings of Citrus spp.
and (2) to study the effect of AM fungi and rootstocks of Citrus spp. on growth of the
scions of tangerine variety Sainamphung. The citrus species used in this experiment were
Common tangerine variety Sainamphung (Citrus reticulata) and Cleopatra tangerine (C.
reshni), lime (C. aurantifolia), pomelo (C. grandis), Swingle citrumelo (Citrus

paradisixPoncirus trifoliata) and Troyer citrange (Citrus sinensisxPoncirus trifoliata).
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The results showed that AM fungi reduced disease severity of the citrus plants about 2-16
times of the non-mycorrhizal plants. Citrus plants without AM fungi showed that
tangerine variety Sainamphung was the most susceptible to P. parasitica followed by
Troyer citrange, lime, pomelo and Swingle citrumelo, respectively. Whereas, Cleopatra
tangerine was the most resistant to P. parasitica. AM fungi improved the highest growth
of lime seedling. The effect of AM fungi on the growth of tangerine variety Sainamphung
scions which grafting on the citrus rootstocks of Cleopatra tangerine, Troyer citrange,
Swingle citrumelo, lime and pomelo was investigated for three months. It was found that
the scions of tangerine variety Sainamphung grew best and accumulated the highest

phosphorus and potassium contents on the lime rootstock inoculated with AM fungi.

Keywords: Citrus spp., rootstock, arbuscular mycorrhizal fungi, root rot disease

Introduction

Tangerine or Common Mandarin (Citrus reticulata) has many varieties in the
world. Tangerine variety Sainumphung is widely grown in many parts of Thailand. It is a
delicious variety but it is susceptible to root rot disease. Phytophthora parasitica is the
most important soilborne pathogen of the disease. The suitable condition for growth of the
fungus is very moist soil. The disease is gradually developed causing brown necrosis on
the roots. The visible symptoms of the disease are yellow blight and die of leaves.
Therefore, tangerine variety Sainumphung is generally grown by grafting on rootstocks of
other citrus species such as Cleopatra Mandarin (C. reshni), Swingle citrumelo (Citrus
paradisixPoncirus trifoliata) and Troyer citrange (Citrus sinensisxPoncirus trifoliata).

Arbuscular mycorrhizal (AM) fungi are mutualistic associations with plant roots. They
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enhance mineral uptake through plant roots and reduce disease severity caused by fungal
soilborne pathogens (Trotta et al., 1996; Akkopru and Demir, 2006; Ozgonen and Erkilic,
2007). Therefore, AM fungi are an important part of sustainable agricultural systems that
have low inputs of chemical fertilizers and pesticides. In this research, we are interested in
investigating Citrus spp. to be used as rootstocks of tangerine variety Sainamphung,
especially for their potential to utilize benefits from association with the AM fungi and
resistance to the root rot fungus (P. parasitica). The objectives of this research are (1) to
investigate the effects of AM fungi on the growth and resistance to P. parasitica of
seedlings of Citrus spp. and (2) to study the effect of AM fungi and Citrus spp. as

rootstocks on the growth of the scion, tangerine variety Sainamphung.

Materials and Methods

Experiment 1. Effects of AM fungi on growth and resistance to P. parasitica of citrus
seedlings

The citrus species used in this experiment were tangerine variety Sainamphung
(Citrus reticulata) Cleopatra tangerine (C. reshni), lime (C. aurantifolia), pomelo (C.
grandis), Swingle citrumelo (Citrus paradisixPoncirus trifoliata) and Troyer citrange
(Citrus sinensisxPoncirus trifoliata). The factorial of this experiment consisted of six
citrus species, two treatments of AM inoculation (inoculated and non-inoculated
treatments) and two treatments of P. parasitica inoculation, (inoculated and non-
inoculated treatments) with four replications. Seeds of the Citrus spp. used in this
experiment were peel off their outer seed coats and the seeds were grown in mixture of

sterilized soil and sand (1:1, v/v) in plastic tray. One month old seedlings were
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transplanted with one plant per pot which contained with mixture of five kg of mixture
sterilized clay loam soil and leaf litter (2:1, v/v). For AM fungal inoculated treatment,
about 400 spores of mixed species of AM fungi in soil inoculum were placed under the
roots of the seedlings. The plants were watered once a day. Two months after AM fungal
inoculation, about 10° zoospores of P. parasitica were inoculated around the root zone of

the seedlings.

Evaluation the effect of P. parasitica on the citrus plants

Symptom of root rot disease of citrus seedlings was evaluated about one month
after P. parasitica inoculation. The disease severity based on levels of visible symptom of
the disease that showed yellow and brown leaves per entire plant. Soil samples of the
Citrus spp. were sampling to evaluate zoospores in the pot experiment by using both

haemacytometer and spread plate technique for calculation of zoospore numbers.

Effect of AM fungi on the citrus plants

Plant shoot and root dry weight was measured to determine the effect of AM fungi
on the growth of the citrus seedlings. In the AM inoculate treatments, roots of the citrus
were cleared in 10% KOH, stained with 0.05% trypan blue at 121°C for 15 minutes and

determined of AM root colonization as described by Brundrette et al. (1996).

Experiment 2. Effect of AM fungi and citrus species as rootstocks on the growth of
the scion, tangerine variety Sainamphung.
Seven-month old plants of five citrus species with and without AM fungal

inoculation used as rootstocks were Cleopatra tangerine, lime, pomelo, Swingle citrumelo
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and Troyer citrange in four replications. The plants were grown in the same condition and
the same time as the above experiment. Scions of tangerine variety Sainamphung from a
garden in Chiang Mai province, northern of Thailand were grafted on the citrus rootstocks.
Three months after grafting, dry weight, nitrogen, phosphorus, potassium, calcium and

magnesium contents of the scions were evaluated.

Results

Effects of AM fungi on resistance to P. parasitica of citrus seedlings

One month after inoculation with P. parasitica, the citrus seedling showed
symptoms of some leaves with yellow, dull, brown and fell down. Disease incidence was
calculated according from visible symptoms. The results showed that AM fungi reduced
disease severity of the citrus plants about 2-16 times of the non-mycorrhizal plants (Table
1). Citrus plants without AM fungi showed that tangerine variety Sainamphung was the
most susceptible to P. parasitica, it had the highest disease severity followed by Troyer
citrange, lime, pomelo and Swingle citrumelo. Whereas, Cleopatra tangerine was the most
resistant to P. parasitica, especially in Cleopatra tangerine inoculated with AM fungi
disease severity was lower than the non-mycorrhizal plant about 16 times.

Zoospores of P. parasitica in soil from the pots inoculated with AM fungi were
lower than from the pots without AM fungi. The amount of zoospores of P. parasitica in
the soil had high correlation with disease severity of the citrus plants (Figure 1).
Colonization by AM fungi in the citrus roots varied from 47.0% to 88.8% (Table 2).
Percentage of AM colonization in the citrus roots with P. parasitica was similar to the

citrus roots without P. parasitica. Lime had the highest AM colonization roots about 88%.
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In the other citrus roots had AM colonization about 70% except in Cleopatra tangerine
roots that AM colonization was about 48%. However, AM fungi still had effect on

reduction of the disease severity as the above mention.

Effects of AM fungi and P. parasitica on growth of citrus seedlings

In the non-mycorrhizal seedlings with and without P. parasitica, shoot dry weight
of all citrus species did not have significant difference. Whereas, AM fungi significantly
increased shoot dry weight of Troyer citrange, Swingle citrumelo, lime and pomelo,
except tangerine variety Sainamphung and Cleopatra tangerine. The citrus plants
inoculated with AM fungi, lime was the highest shoot dry weight followed by Troyer
citrange. In the mycorrhizal plants with P. parasitica, shoot dry weight of Troyer citrange,
Swingle citrumelo, lime and pomelo was lower than the mycorrhizal plants without P.
parasitica, especially in the Swingle citrumelo and lime plants that had shoot dry weight
significantly lower than the plants with P. parasitica (Table 3).

Root dry weight of non-mycorrhizal seedlings with and without P. parasitica did
not have significantly difference. AM fungi significantly increased root dry weight of Troyer
citrange, Swingle citrumelo and lime about 2 times compared with the non-mycorrhizal
plants. Root dry weight of lime with AM fungi was highest followed by Troyer citrange and
Swingle citrumelo, but root dry weight of Troyer citrange and Swingle citrumelo with AM

fungi and P. parasitica was very low (Table 4).

Effect of AM fungi and citrus species as rootstocks on growth of the tangerine

variety Sainamphung scions
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In the treatment without AM fungi, height of the scion of tangerine variety
Sainamphung was lowest on the rootstock of Swingle citrumelo and highest on the
rootstock of lime. However, AM fungi significantly increased height of the scion on
rootstock of Swingle citrumelo nearly 4 times of the scion on the rootstock without AM
fungi, and it was not significant difference with the scion on rootstock of lime with AM
fungi. AM fungi increased dry weight of the scions on lime, pomelo, Swingle citrumelo
and Troyer citrange rootstocks except Cleopatra tangerine. Dry weight of the scion of

tangerine variety Sainamphung was highest on the lime rootstock (Table 5).

Effect of AM fungi and citrus species as rootstocks on nutrient contents of the
tangerine variety Sainamphung scions

In the Table 6, the results showed that AM fungi did not have effect on N, P, K, Ca
and Mg contents of the scions on the Cleopatra tangerine rootstocks. However, Cleopatra
tangerine rootstock had efficient uptake Ca and Mg compared with the other citrus
rootstocks. AM fungi significantly increased most of the nutrient contents of the tangerine
variety Sainamphung scions on the Swingle citrumelo, lime and pomelo rootstocks.
Nitrogen contents in the scions on the Swingle citrumelo and pomelo rootstocks with AM
fungi significantly higher than both of the rootstocks without AM fungi. Especially, in the
scion on the pomelo rootstock which had N content about 2.5 times of the pomelo
rootstock without AM fungi. Phosphorus content in the scion on the lime rootstock
inoculated with AM fungi was more than 4 times of the non-inoculated one. The scions of
tangerine variety Sainamphung accumulated the highest phosphorus and potassium

contents on the lime rootstock inoculated with AM fungi.
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Discussion

Although, AM fungi are obligate symbiosis of most terrestrial plant species (Smith
and Read, 2008). However, different plant species had different responses to AM fungi
(Requena, et al., 2001; Jifon et al., 2002; Youpensuk, 2006). Seedlings of Troyer citrange,
Swingle citrumelo, lime and pomelo had shoot dry weight higher than the non-inoculated
ones. Whereas, the citrus plants inoculated with AM fungi and P. parasitica, only lime
seedlings had shoot dry weight significantly higher than the non-inoculated ones.
However, shoot dry weight of lime inoculated with AM fungi and P. parasitica was lower
than the one inoculated with only AM fungi because of the competition effect between
AM fungi and P. parasitica. Lime was the best response to AM fungi it had the highest
both shoot and root dry weight compared with the other citrus plants. The more amount of
roots helped increasing of nutrient uptake for the growth of the shoots. Moreover, root
colonization of AM fungi in lime was also very high about 87-89% causing of increasing
efficiency of nutrient uptake to the host.

Plant species and varieties are also different resistance to plant pathogens. The
results of this experiment showed that tangerine variety Sainamphung was most
susceptible of the citrus plants without AM fungi and Cleopatra tangerine was the most
resistant to P. parasitica. Colburn and Graham (2007) reported that Cleopatra tangerine
rootstock was more resistant to root rot disease than Troyer citrange rootstock. In this
experiment, AM fungi significantly reduced disease severity caused by P. parasitica of all
the citrus plants. It is known that plants have their own immune system including physical
and chemical barriers and several active mechanisms (Kachroo and kachroo, 2009).
Interactions between plants and microbes result in plant disease or symbiosis. Plants detect

both pathogenic and symbiotic microbes by a similar set of genes (Zhao and Qi, 2008).
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Induced systemic resistance can be activated upon colonization of roots by nonpathogenic
microbes (Van Loon et al., 1998). Many studies indicated that root colonization of AM
fungi could reduce disease severity of pathogens via several mechanisms including
induced disease resistance, increasing the nutrient uptake and plant growth (Sundaresan et
al., 1993; Trotta et al., 1996; Ozgonen and Erkilic, 2007; Kapoor, 2008). Amount of
zoospores of P. parasitica in pot experiment inoculated with AM fungi were lower than in
the one without AM fungi. Especially in the pots of Cleopatra tangerine and lime,
zoospores of P. parasitica in the pot inoculated with AM fungi were decreased more than
100 times of the pots without AM fungi. Reduction of zoospores of P. parasitica in the
pots may due to the competition with AM fungi and resistance of the citrus plants
inoculated with AM fungi.

Three months after grafting the scions of tangerine variety Sainamphung on the
seven-month old seedlings of Cleopatra tangerine, lime, pomelo, Swingle citrumelo and
Troyer citrange root stocks, the results showed that AM fungi significantly increased
height of the scions of tangerine variety Sainamphung only on the root stock of Swingle
citrumelo. Whereas, AM fungi significantly increased shoot dry weight of the scions on
lime, pomelo, Swingle citrumelo and Troyer citrange root stocks except Cleopatra
tangerine rootstock. The only height did not indicate the growth of plants because the
plants can grow by increasing height and branches. The scion of tangerine variety
Sainamphung grew best on the root stock of lime with AM fungi. It had the highest both
height and shoot dry weight on the lime rootstock inoculated with AM fungi. AM fungi
and citrus rootstocks also had different effect on accumulation of mineral contents of in
the tangerine variety Sainamphung scions. AM fungi did not have significant effect on N,

P, K, Ca and Mg contents of the tangerine variety Sainamphung scions on the rootstocks
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of Cleopatra tangerine. In this study Cleopatra tangerine had root colonization of AM
fungi about 47-49% that was lower than in the other citrus roots. Whereas, Swingle
citrumelo, lime and Pomelo with AM fungi significantly increased of most nutrient
contents of N, P, K, Ca and Mg in the tangerine variety Sainamphung scions compared
with the non-mycorrhizal plans. Hyphae of AM fungi are both internal and external roots
of the host plants. External hyphae of AM fungi associated with roots of the host plants
increase mineral uptake to the host plants (Frey and Schuepp, 1993). AM fungi increased
many kinds of nutrient contents according to the host plants and soil conditions
(Marschner and Dell, 1994; Taylor and Harrier, 2001; Youpensuk et al., 2006). The
tangerine variety Sainamphung scions on the lime rootstocks with AM fungi had P and K
contents significantly higher than the scions on the other citrus rootstocks. Ca and Mg
contents in were high in the tangerine variety Sainamphung scions on the rootstocks of
Cleopatra tangerine with and without AM fungi. Pectic substances that cross-link with
calcium in middle lamella become calcium pectate, which increase strength of plant cell
resistance to plant pathogens. Moreover, Cytosolic Ca®* in plant is a component of signals
in resistance to plant pathogens (Scheel, 1998; Sanders et al., 2002; Strange, 2003).
Therefore, the increase of Ca contents in plants causes increasing in disease resistance.
Conclusion of this research, Growth of lime seedling with AM fungi was highest,
while growth of tangerine variety Sainamphung and Cleopatra tangerine was lowest. In
the citrus seedlings without AM fungi, tangerine variety Sainamphung was the most
susceptible and Cleopatra tangerine was the most resistance to P. parasitica. AM fungi

increased resistance to P. parasitica of all citrus plants used in this research.



51

AM fungi increased growth of the scions of tangerine variety Sainamphung on the
citrus rootstocks except on the Cleopatra tangerine rootstock. Lime with AM fungi was

the best rootstock for growth of the tangerine variety Sainamphung scion.
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Table 1 Effect of AM fungi on disease severity of P. parasitica in citrus plants

Disease severity (%)
Citrus plant AM fungi and
P. parasitica
P. parasitica
Sainamphung 54.5a 7.0d
Cleopatra 21.3c 1.3d
Troyer 50.0a 13.3cd
Swingle 31.1b 18.4c
Lime 49.5a 4.8d
Pomelo 32.7b 6.3d

Means followed by different letters are significantly different (P < 0.05) by Duncan's

Multiple Range Test.

Table 2 Root colonization of AM fungi in citrus plants

Root colonization of AM fungi (%)
Citrus plant
AM fungi AM fungi + P. parasitica
Sainamphung 69.1b 71.4b
Cleopatra 47.0c 49.0c
Troyer 64.5b 72.5b
Swingle 74.8ab 83.7a
Lime 86.7a 88.8a
Pomelo 72.1b 71.0b

Means followed by different letters are significantly different (P < 0.05) by Duncan's

Multiple Range Test.
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Table 3 Effect of AM fungi and P. parasitica on shoot dry weight of citrus plants

Shoot dry weight of citrus plants (g)
citrus plant
Control | AM fungi | P. parasitica | AM fungi + P. parasitica
Sainamphung 0.6d 0.6d 0.6d 1.4cd
Cleopatra 0.7d 1.4cd 1.1cd 1.9cd
Troyer 0.8d 5.0ab 0.8d 2.8bcd
Swingle 1.6cd 4.3b 1.2cd 1.4cd
Lime 1.8cd 7.0a 1.5cd 4.8b
Pomelo 0.6d 3.3bc 1.0d 2.3bcd

Means followed by different letters are significantly different (P < 0.05) by Duncan's

Multiple Range Test.

Table 4 Effect of AM fungi and P. parasitica on root dry weight of citrus plants

Root dry weight of citrus plants (g)
Citrus plant
Control | AM fungi | P. parasitica | AM fungi + P. parasitica
Sainamphung | 0.4d 0.8d 0.5d 1.6cd
Cleopatra 1.1d 1.1d 1.1d 1.3cd
Troyer 1.4cd 3.4ab 1.0d 1.2cd
Swingle 1.4cd 3.1labc 1.2cd 1.1d
Lime 2.3bcd 5.0a 2.0bcd 3.5ab
Pomelo 1.2cd 2.3bcd 1.7bcd 1.5cd

Multiple Range Test.

Means followed by different letters are significantly different (P < 0.05) by Duncan's
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Table 5 Effect of AM fungi and rootstocks of Citrus spp. on growth of the scions of

tangerine variety Sainamphung

Growth of the scions of tangerine variety Sainamphung
Citrus root stock
Height of the scions (cm)  Dry weight of the scions (g)
Cleopatra 15.5bc 20.7¢c
Cleopatra + AM 18.2bc 20.7c
Troyer 18.5bc 21.0c
Troyer + AM 24.0ab 23.7b
Swingle 9.3c 16.8d
Swingle + AM 34.6a 24.3b
Lime 25.6ab 23.0b
Lime + AM 36.5a 26.9a
Pomelo 17.0bc 14.0e
Pomelo + AM 19.0bc 21.0c

Means in the same column followed by different letters are significantly different (P <

0.05) by Duncan's Multiple Range Test.
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Table 6 Effect of AM fungi and rootstocks of Citrus spp. on nutrient contents of the

scions of tangerine variety Sainamphung

Nutrient contents of the scions of
Citrus root stock tangerine variety Sainamphung (mg/plant)

N P K Ca Mg
Cleopatra 496¢d 38bc 360e 228ab 48ab
Cleopatra + AM 497cd 31cd 345e 238ab 52a
Troyer 502c 32cd 563bc 176de 30cd
Troyer + AM 505¢ 35bc 503d 208bcd 42b
Swingle 433d 26de 385e 149e 29cd
Swingle + AM 631a 42b 558cd 253a 45b
Lime 484cd 27de 608b 158e 30cd
Lime + AM 543bc 126a 789 222abc 43b
Pomelo 231e 22e 269f 185cde 26d
Pomelo + AM 571ab 37bc 538cd 207bcd 35¢

Means in the same column followed by different letters are significantly different (P <

0.05) by Duncan's Multiple Range Test.
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Figure 1 Correlation between disease severity of the citrus plants and the amount of

zoospores of P. parasitica.



