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ST I AR SR S KR K2 - BUFRRET R > FEM R SR B 8 B L] - 3 & 5
AJRES [ REFEAL ~ B R B NRUR LA - W B < R E E RN E o AU M E R
[# Rhizophagus clarus{E4e ARG A (R AS) BT B v it SR80 R AL G - ERET s
HRER. clarus{ESUEREE LI 2187 » SRR REUR © (1) BAS R MR, clarus iR/ KR
20% » (2) FAS BiHRER. clarus T/ V HEAL &L 50% » (3) MEAS BHERER. clarus ] HHE (P <5%)H It
HS R 2 H21-41% o (4) MERTREZ ST HERER. clarus PTIRU/DHEAE §33% » (5) REAHEEE ST HERER. clarus
ez EHEICE ~ 2/35EA0 & R 1 25ENE BEEE T - & o] RS S S R BT 5 | - (6) REFTIR
PREHRMER. clarus P HARSS I BB R G B - AR a & - ARE S E R DIES KER

5 0 R clarus B SCERIE HIEM 1,27 )] -

BT : M  SREIRE ~ 827 ~ L

Hi S

A7 R 8 o [ 3 ath O L o SRR S
TEP)Z— » 2023 MAR R TEY) (R & R A ~
A ~ SCEAL ~ Efil > MR - AR (bR
FHRED) O R 45 T R 5 24,263 23 (2 SE ARG T4
#) o 2 B e AR B v S RN b - EAH
TR E S E IR - & H S ] RER |
VEAL ~ R BLELAS S/ NS o R R R A
e REERBNE -

fRIESchiBlersE A (2001) HEfEH - 1£
AP 515 80% R T Ay 2 st Al Py mT Bl s A5 R

#R [ (arbuscular mycorrhizal fungus, AMF) 3t
4 o AMFA]E BhHEYI R 2 T 88 & T
F o Fipl 2w LA s e o Bl - g Bl g
(Smith & Read, 1997) « AMFRRIFE$4 ] L
AR R RS 10em Bl H R A EEAE - HOHEY)
HRERWR M T AR 5 FFS TR R LRI AR SE A > w]
WIS P AN E EE Y FLIR A 2 Ky BREE 7
EHEM AR - T H IR 4w P B O T
WK (SRELRA > 1998 5 FASF A » 20000 5 [ &
¥ » 2013 ; Davis & Menge, 1981 5 Graham
& Egel, 1988 ; Kleinschmidt & Gerdemann,
1972) = Cheng % A (2022) #iE 5 » Bl
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AMF 0] i MR AR R B SO AR 43 Wb W) R
gy 0 ATEAE GO0+ IE IR E S 1 (glomalin)
o (e HEXER (2-4 mm) I
$E 5 T R R A A B SRR R S 1 o EE T ORR
B¢ T2 FEE - Wu A (2008) AFSEEER -
Bradford 5 JE 1 +IE & HHEIR K - AMFH
o 55 5 7 8 B+ SRR E R B KL (>2 mm, 1-2
mm, >0.25 mm) G EMHRNE > (FE R EEH
ERER A TIRE KRR E o i R
B WKy > H3oE 12 T 5 Y 4
R o BLAh » AMFAEE BV o i abfi 458 Bl
FHR R G55 2 15 %€ (Whipps,
2004) > YoupensukZ A (2012) HEfH » 8
T AMF n] G2 [SARA AR 598 ( Phytophthora
parasitica Dastur) FJf&% (Youpensuk et al.,
2012) © AMF HEV)I AR G0 1 i el (ACP)
FIlfig VLRSI RS (ALP) 3G ME &SR IE AMF fi
Yy EiEEE ACP Al ALP {51 n] 2 & A #&
BAER R > (€ HEREIRIL ~ St s
VER Wi Z MY 4 K (Amaya-Carpio et al.,
2009) ©

B R R AR 1982 i E
HI80&ES L tE#f it -3 - pH6.5 LU Ay + 4 i
T#1562.1% » TiipH 5.5 LT s 1- 3% mifs
738.2% o A% » (L3t AR TE 19844 21986
FEFER 1002 RELE » 1,000 RELR 2
(LI 88 FE O TS A tE 1 » pH 5.5LLF .2
sl TR RS 576% o n] W TE T EE
B (L3t SE AR G - 1991) o FERRTE £
BV S E ARG FE - (HTIRSAER
P > ELBEFISHSS 2 BT R IE RS - 5
Ob o TEEGREIRAE T o BE - $HERPTEE 5
BREILAGEER > HRIGZMHE « HR AR
FAERINE - EEREYIRREE > BEE
LR KRG EET) » HEINREY )z 5 b 4R
Y@k (Marschner, 1991) o

28 H A EAMFAY LRG3 -
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HFEME 5 Funneliformis mosseae ° tR{5
Hayman & Mosse (1971) fft5efgH: » 7EpH 5.6
§17.0 +IEEEEF mosseae W] {iEEERHH: FE R
(Coprosma robusta)"f: 1% » {H{EpH 3.3814.4 1
HE A R EVE A 5 OuzounidouZE A (2015)
fgeta - fElm PR B 1 1 (pH8.2) R £
mosseae ] {iE 3 % W SR FE B (Salvia hispanica)
AR (HIEFEE - (pH7.1) S FRME D RhIE
+(pHS. )R AIREEEEH] » #K5F A (2000a)
A A 2 A FR M 3B AMF /7 17 7 5 B 8
i > WHSEHE/R F mosseae (=Glomus mosseae)
STARERIEE R P L o Green®E A
(1976) H5EtEH » F mosseae (=G. mosseae)
o -F 5 2 58 B I pHIE £57.0-8.0 < | | 5ufihft
AT » I EAREF mosseaeftpH 5.5LL
F14) 58 P A S SR ) AR R S SR
Pt LA S5 38 30 & 15 o e v I T (i HE
YA e 1 AR R R T A
Je 2 Gt B P 1A e 5 TR T S A0 1 L 3R
B R Rhizophagus clarus (=Glomus
clarum) WK » 3% 018 O 17 DL E B -
(1) 3k (2003) WFFERET » BHARUE ol o B R
IREG. clarum v (g EEREAR A 5 7 e K2 9
( Phytophthora capsici)JHERZR40% © (2)
(2003) WFEREUR » iR EARRE G.
clarum ] FEE [k (BT RE A% ek Y R P8 B B AR [
" h &k L BUE - (3) FREEA(2012) BHTCRE
o FEEE B AREG. clarum A € 8 H
5 158 K% » HARE LIRS 16 cm » 3
Wb R 2 2. 438 - HEERAMFGH 2 7
HEERERARE (P < 0.05) HLEIRAHK
21% o AR FHEAREIRER. clarus{E4e s
AR i A (P Aot ) B A R I 452 B 2 Tt 52 6 ) %
TAEAS G - MRS R AR AR, clarus{Eols%
Aoks HIEM T 2T -
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PRHELY 57

~ el Bt RS - ARAREARR S RS BR AT 6 75k

I P -

~ SRESHART : 201941 A ZE20204E12H -
~ AEEEY) - WA (Citrus sunki Hort)f&E 1

Y 2 St B e L ol e SR A7 T
MEktRe! 5 REAH (Citrus poonensis)— AL 15
B REELEEES -

~ WA AR R B - ASEABR TR 2

R PR AR 1 R 2 A B 2 2 L 22 A
EVIESE - (HRE R Rhizophagus
clarus > AR 77 Bt B FE BRI 401 LI
g AEELEEEREE - LI
WA E » R =E P LERS >
HE s EERETER - B S SR AR B
DISBIB S 5% E » &R 4 °C R
17 o AGABR AT A .2 B8 - F vl Joi o £
7 T3MEH - RBaAT e bailE -7 fd
FER s - T R T R S L - B i
F o

- B AT B 4RI - R (L T

oo P EE B i EpHE ~ &
HEE (EC) ~ it - AESE - At
Kl e & o +IEpH{EHIE /T ik K T
1:1 (g/g) » LIEECHEME STiERKL
HES o1 (glg) o DAl A (5 & E
I RE AR 2 o - B E 3 UKL 70 17 18
A o BRE DA a7 R E 12
MEREHRESRE - FUER S 2
2M KCHliH % LLE B E A 4%
fili& &= L1 Mehlich-3 method (Mehlich,
1984) filith1% » LUBERE & BRI i
(Inductively coupled plasma spectrometry,
ICP) HI5E -

i
N

AN

H R ARE (AMF) Bzl - A
2 T L B ST T 25 BN S PR EE 1T TR e 25
- ERRER VR R - R B HL 100
TRARE AT Y0 » B IRIRER R 1-2 cm >
{£10% KOH&E W H190°C & #J10 min »
M AR IKIE3 R » FRFARER 52 2R A 3%
H,O, T » FREIIRERFB A Bk # 0
I > fElFEH,0, » KPE3X > HUESE 1%
HCL » JFIRBESE 2R A 1% HCIHT » %1
11 /NRE - SRR EI451% HCL > EE L
1% HCIEE3K » #L10.5% Aniline blue
Y (Glycerin 500 ml » Distilled water
450 ml » 50 ml 1% HCI » Aniline blue 0.5
g) Jeta6/ s - F LU &R (Glycerin 500
ml » Distilled water 450 ml > 50 ml 1%
HCI) ittt o [t % B R IS O TR AR B A
RADSSE T8I EAREBRE RS
whek T AE A - QIR R A IR » RezR
=/ GAR BB+ FEAREREL X 100% (56
R > 1998) o

MR R PR EIRE T 20

e BB E - R AT B e A T [A) Ji AE &
B B — AR R MORE R+ A R b L
HAMEF ) B B A KE o o i P 4% 3 (A
o BEES & SRR
TERBHERS » BRARIS0 gL IERE
it o I P B o5 BB P2 07 (Daniels
& Skipper, 1982) 7T AMF{I > LL
PVLG (polyvinyl alcohol lactic glycerol)
(Koske & Tessier, 1983) BiMelzer’sfifllifg
(Hawksworth et al., 1995) {ERE K A
Froo AEOCERRARASE T AT B AMF £ 1Bt
R A1 1 A BE RS S H fth fi2 R 2
TEAMFf#%H (Schenck & Perez, 1990) °

R IR v B2 R B R AR 1 2 T 7
JIRE WA — A o AR T
g ORI A E S B S A 30
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emf BB BT > MRS > RS IE
21735 B A I > BIRAES AR
Rl i d b v e M AR AR B A B
S ANAEEE12 kiR I (R
) o PR AN e AE 1/33A B A % -
TEAMF [ H A » RS 1,0001{1
AMFHT > RN IR EE T - B+
it AT T AR AT R B2 P AR IR T )7 > 1)
AR 4 e e AR GG B A LI R
J\ori o @ NEREE LRI 12 kg (8
T H) o Ak B EK - R
HEE R > WA HIEKRE
& (500 ml/pot) » LUMUS 1% 48 AN (6] 382 7K
G Z K o (ENLHT R EE i AMF
176 K1% » FFEITANFREK =R o 3thE
o B A2 T 1 S VR B 22 e AMIF 2
o fF EORRRE R R A ST
ARk g B - ST K R IEFRA T -
(1) 100%5EK & » (2) 80%FEKE » (3)
60%3EE7K & » (4) 40%E K& » (5) 20%i5
KE o FIEM3EE  FEESESE
BT ECRD © 100%3 K & 5525
K500 ml o i M B2 AN [R] 3 7K &R 3
AORGIRICEI TR B A

~ S T AR B A B[] i AT e B A

MR B2 i AR R 28 A3 B T RG A
Ik A R R B A 0 R E S B
30 e BIBRIE A 0 BNEEL2 kgad
B i GRLE) - SBREIE N EE
IR B B AMPF 2 #H » 7E LR
T BE BT P25 Al 00 £ 4R S [R]HY RE R AR
# : (1) &£@EModified Hoagland solution
(MHS) » (2) 2/3 MHS * (3) 1/2 MHS >
(4) 1/3MHS - FEH3HEE » FEES
Fis% > aABEaET FCRD » AMFEEIETE
WAL ST - BT E A BT - A
MRS e B AMF 176 K14 » FiE

ITA[AEFEAE & EEPE - Modified Hoagland
solutionfT F HEEFRY 541 : N 252
mg/kg > P 16 mg/kg » K 126 mg/kg »
Ca 126 mg/kg » Mg 25.2 mg/kg o %1
fEME R &4 T (NH,),S0, 0.396 g/
L » KNO; 0.326 g/L » NaNO; 0.21 g/L »
MgSO, - 7H,0 0.258 g/L » K,HPO, 0.18
g/L » Ca(NO;), « 4H,0 0.743 g/L ° {i§l
HILEH BT : Fe-EDTA 80.6 g/L »
MnSO, - H,0 15.4 g/L » CuSO, - 5H,0
0.79 g/L » ZnSO, - 7TH,0 2.2 g/L » H,BO;
28.6 g/L » Na,MoO, + 2H,0 0.25 g/L » |
LA R 7T 3R (o i 7R A M R 5 000155 1% 3
EF o FElAEERE 1R > FEdEEiES00 ml o
RAH B B REAS [RI AT i P B B B — 4
BIRBCEIT A F MR > B ES0CHLA
48 hriftsz (R Iy - TE B TR E & -
e 8 118 sk B A I 2 R AL % L
3 A 244 BRAAKLIESH
2] 1% HUBRE AT BRAL 1% E 73 17 St AMF
2 B LR E o T ER < ARk Iy
R B A - R ERRRES)
T o RS RAE AN P A (R Z B
1% o

~ WA T T S ST el A T AR AT 1% 2 i

RE EFAE ¢ eI RS T IR A AR R A
W PR REITIEE R > BAE R
R. clarusiE TELE N E RS R
HEfE 150 (HAMFAI- > B/ M EBRK
HHPZ RO R EVHEREEL 3:1) © £
F R 63 RLMHIAMFREYZR » [ E
AMF BRI EITIONE » B R 2 RS
L I T 2 o R — T R M 2 AR RS
8 o EEAEE37 ecm > ZTTEHE10
cm > REAE; 3.2 kg (B H) - iR
SHIER o AR EIE R T K s 1
K TIEA R - WER AR H
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K B (60 ml/pot) » LU FS AT ANF]
FOK R KB - (RN ERE 47 K
AT ANEEE K R g T > 2 o L g 7 B
T 2 SRR B R SIHE KRR
M2 (1)100%FE K& » (2)80%5 /K& »
(3) 60%F/KE > (4) 40%EKE » (5)
20%E K& o PRI A3 HEE - FH
EERESR - L1504 © 100%FE K BB
BRR60 ml o A KR BEIRI2RILIR
WCEATHE B ME > IR AR SR YES
iy 1 B BLAR AR AER0°C JEAR 48 hrittiiz 1% it
By SIHERE S RICR S E -

T B AEE B IR R R A R AR 1 2 N

BTG A bR o A v B R e PR
63 K% hm I TR AR TR YL 2R > {ifE 7€ TR AR
R R e 1 AT RS > B 1R 2 RS
B R R R AT B e R 1A R AR 2 R
BEE o FIEAEE37 om > BOHE
10 cm » REERGE 13#3.2 kg o RS E
fid 70 Ri&HET A FSEAC EER © (1) &
= Bl & (Modified Hoagland solution,
MHS) 5 (2) 2/3 MHS > (3) 1/2 MHS -
Modified Hoagland solution H13 Zi%%8 %%
TLHEEMT N 250 mg/kg » P 25 mg/
kg » K 200 mg/kg » Ca 200 mg/kg > Mg
40 mg/kg > L FERAN FATA > & TT
FAEFHEL ] R0 a0 E Rl o B 3 R
1R 74 E0E 60 ml - FEJR3E 6 HiE -
EESM 1 2 HEREET FCRD
[ AL B BE P93 K AR M v PRUSGEET T 2E
B o

o R

— ~ BRI EE R i B R R 2 B 1

FACERT « MR i S BT S o
Py EE LT > T EpH(ER4.8 » EEE
(EC) £332 1 S/em » HHEE & BT mg/

kg > MERETER G R 57 me/kg » ARMERE
a3 mg/kg » ARG EE62 mg/
kg » HRES S EE460 me/kg » HAK
MRS B %328 me/kg o A A G EE R
Watke » AR¥EH 2 $HIERAR (CK) {E4{EHEAE
G N H S pHE£55.0-5.1 » #EF#H
(AMF)f%4.6-4.8 » B2 #HIY + EpH{E 5
SRR o AR —Fron > EIRAE41H
Tt R T H R (EC) f5129-
155 xS/em » BEE#HE143-209 1 S/cm »
FEDR AR IR LA R = o B
FIEAEMEAE RGP N H R AR E S =
(OM) £55-7 g/kg » MEEEHE12-17 g/
kg » BEEFHAVATE & RAEAWE A & &
BN R LR R o BT
MEEEH N R ER S E N) B
2.3-3.2 mg/kg » $EHE A E2.8-4.7 mg/kg »
PR A SRR RE A AR A AL 2 g P
R E S R v o S A A PO e AT =
JEH T H RS A R (P) £9-12
mg/kg > BRI ES6-9 mg/kg » 2 AH BT
SRR T3 S R B R RAK > B
JyRGERBEAT T IERE S B A7 mg/kg
iR ) B b 2 R et E RS
H16 mg/kg > BV AR R AH B2 1 A3
AR > RAE R RS AR R e
W E R DFIEY AR - SIRHE4
{185 AE & s B T H IR S I S =
(K) £547-71 mg/kg » $2R#HF562-87 mg/
kg > FETR AR B ST & R R4
T A 2 R B B B A v o SRR
AffEAl R T H RS E &
(Ca) £5688-822 mg/kg » HEEHE708-
793 mg/kg > BEEHAA HIRE S S &
11 4 5 A & B T 5 L S IR
{ELTE HAth 3 {18 fie A 5 g R T Fl A0 3 722
B o SIRHH (R A HE AT S pE B T H IR
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Table 1. Physical and chemical properties of cultivation soil before test and after harvesting of ponkan

scion seedlings

Treatment pH EC' oM' N' P! K' Ca' Mg'
(1:1)  (uSkem) (gkg)  (mgkg) (mgkg) (mgke) (mgkg) (mgkg)

Before test 4.8 32 7 7.0 3 62 460 328
MHS’-CK® 5.1a° 155a 5b 32b 12a 71a 822 a 389a
MHS-AMF 460 209 a 16a 4.6a 7b 87 a 708 b 342a
2/3 MHS-CK 50a 147 a 6b 29b 9a 53a 728 a 351a
2/3 MHS-AMF 4.7 a 164 a 17a 4.7a 9a 71a 734 a 367 a
1/2 MHS-CK 50a 129 a 5b 23a 10a 55a 735a 355a
1/2 MHS-AMF 48a 153 a 12a 28a 6b 62 a 727 a 372a
1/3 MHS-CK 51a 134 a 7b 3.0a 9a 47 a 688 a 333a
1/3 MHS-AMF 48a 143 a 13a 46a 9a 67 a 793 a 364 a

1

EC : Electrical conductivity : OM : Organic matter content ; N : Inorganic nitrogen content ; P : Available

phosphorus content ; K : Available potassium content ; Ca : Available calcium content ; Mg : Available

magnesium content.

mycorrhizal fungi.

w

MHS : Modified Hoagland solution ; CK : No inoculation, control ; AMF : Inoculation with arbuscular

Means within each two rows between CK and AMF in different concentration of MHS followed by the same letter

are not significantly different at 5% level by Fisher’s protected LSD test.

BRMESES ® (Mg) £5333-389 mg/kg
B 5342-372 mg/kg > A L1
AR B E A AL B R P B
AHHHERE S 72 5L o

= WBE R AR R - AR R A
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TRIGIRF AR I AMPF RS AR > Rz 1R A IR
FHAMF & Y25 55,54-90% » $2F #AMF
SR F567-90% » i HEHH Bl B 14 i Jk
Yurs HERAE 72 FL(P>0.05)  RIAH 1A AR5
B R A R e A R B R
AMFE 1 » HAMFERERE - 206

R AEAMFEFE I G o B{HAMF
AT LANE RIS A AR AR A B 2 4
PRI A AR R R (B (£ F
mEREE s A TAERK & HE B
AZREGY) > (¥ IEHMEAME 4

|

DIFIETfil AMF 42 18 354 B A B A R (2 30
& e

FEPAR A B - 1 v o SR AR R o2 7 fi
BRI A G e A PRSI A T ok B
TP AMF 7 WO RE - A3
T B R A B AE S R P R 50 gk
B TR AMFR 8 5-2 111 - #2
TR H £ 12-38 418 > 22 R AL B3 - e i)
AMF {0 B A 25 LU A 2 o S HEAH
FHE: PRI AMFEFME S Acaulospora
morrowiae ~ A. scrobiculata ~ Paraglomus
occultum ~ Septoglomus constrictum >
BEFEMHMAMFMZEEA. kentinensis ~ A.
scrobiculata ~ Funneliformis geosporum ~

F. mosseae ~ R. clarus ~ S. constrictum °

2% Al A > BREEAH P B P R (R.
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Table 2. Species of arbuscular mycorrhizal fungi and their spores in the cultivated soil of ponkan scion

seedlings after harvest

AMEF spores in
Treatment rhizosphere soil AMEF species in rhizosphere soil
(spores /50g soil)
MHS'-CK' 50 Acaulospora morrowiae, A. scrobiculata, Septoglomus constrictum
MHS-AMF' 12 a° Rhizophagus clarus, Septoglomus constrictum
2/3 MHS-CK 21b A. morrowiae, S. constrictum
2/3 MHS—AMEF 1% A. kentinensis, A: scrobiculata, Funneliformis mosseae, F. geosporum, R.
clarus, S. constrictum
1/2 MHS-CK 8b A. morrowiae, A. scrobiculata, S. constrictum
1/2 MHS-AMF 15a A. scrobiculata, F. mosseae, F. geosporum, R. clarus, S. constrictum
1/3 MHS-CK 5b A. morrowiae, Paraglomus occultum
1/3 MHS-AMF 13a F mosseae, R. clarus, S. constrictum

"2 The same legends as Table 1 .

E

clarus ) TEAEGE A & 55 3 B0 AL 5% + 1
HREE A B o T A A 410 B AR &=
SR FEA A RE LR N Acaulospora
morrowiae ° 7% » FEEAHFES T IE R
HIRWA. kentinensis ~ F. geosporum ~ F.
mosseae ~ R. clarus[F B Fi 55 R 7F B
R RS T rp B A AR R RS+
IR A, morrowiae > P, occultum th,
RAEFEF AR ES TIE A 3 o B Fof
i S AR o M R AR clarus
5B RE IR Th AMFIY £ B i Bl e
Rt R i o i e L A R AR R 1% 2 T - E
TG« REAHIEL H e B FEAMF 176K
FETT AR K EEHA0K » HAFH
AANZE ZFR » (1) 1£20-100%358 K EJ#
BT > SRR 2 WA R v bR A A 131
138 cm » BEFEAHE137-145 cm » EH
B AN TR g P ] JHE B 355 72 B2(P>0.05) »
(2)1F20-100% K 2 JEH T - ¥z
R A Ik B2 i AR 2 BB K P £5 187 » 213

231> 250 » 254 g/plant » i % FHAE
EARFELLEIEMZ 10% > 14% 2 16% »
18% » 11% » {H Ji& P [H] 55 oK 3 BE & 7%
B oo (3) HHHAH ZMEHH R EE G {E20%3587K
HIEP N H AR E L 100% 58 K 2 g P
D26% » EERE 7 FL(P<0.05) 5 (1%t
HECHH 2 MG AH 6% 12 P TE 40-80% 15 7K & S P
THEELIL100%5E K ZEHEKF D
16% » 9% » 2% » B ARERZE 2R - (4)
22 TR L 2 WG P 9 422 1 E 20 %958 7K 2 Jig P
N HAEEZEE L 100% K E IR0 18% o
U 2= 5 o T HZ A 2 AT B2
1£40% > 60%F /K & g P T H {85z 8 L
100%358 K B FEHK T D 14% > 5% » R
ERHE R o BOL R Z AR
TE80% /K B [N HARRZ E L 100%1%%
KRR 4% » IR ERE ZR o 2L
RS RETA] > 1F20%1E K B R FA0 K T
A o (NI AR 2 P Rz B - T BT
AMF iz PRE TS IR A f 2 v Ak o B
PRASHZER > (HMAERE R o

115



M e = 0 it ) £

= BEREREZEEAERKEREHNHEEEERCEE

Table 3. Effects of arbuscular mycorrhizal fungi inoculation and different watering amounts on the

growth of ponkan scion seedlings

Watering volume

Total plant fresh

Relative total plant
Total plant dry weight e tota pial

(mL) Plant height (cm) (;v/zllilri) (e/plant) dry (\;ia)lght

100% WV' — CK? 134 2’ 686 a 254 a 100
100% WV-AMF’ 145 a 765 a 283 a 111
80% WV- CK 136 a 676 a 250 a 100
80% WV-AMF 137 a 800 a 296 a 118
60% WV- CK 138 a 625 a 231a 100
60% WV-AMF 138 a 725a 268 a 116
40% WV-CK 131a 562 a 213 a 100
40% WV—AMF 138 a 638 a 242 a 114
20% WV-CK 132 a° 457 a 187 a 100

20% WV—AMF 141 a 501 a 205 a 110

1

> The same legends as Table 1 .

H o~

N
N
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A IR 2 i 2 AN R B AL B T 4 M s B I
RE S HA R P - R R i
FEAMF 176 K1% » FRAE1T A A i iE & A&
B SABRKSRANZRIY © (1) BEAHEREL i AE
RN E ~ 230 E - 1250 =
1/3MAE & T - H2 48 AMEF ] 5 kG At
e LRI R35% > 5% » 2% » 4% »
[HARERAE =S (P>0.05) © F35% - HifH
e RGEE ~ 2/35ICE ~ 12
HAE & T - R AME A 5 IRE R i
Z RS RS B AR P F38% 2 3% » 9% » H
IRAREREE AR 5 MAE3EICE T - $%
Fel AMF HJ e AEC R A 15002 1 2 i RE A2 2
1% » MR E Z R o i B R el
ySURIR G B i =1 e o S Y
AMFEFHERREZ I 2 PR ~ fERE ARz
B B R R 2 5

REAH R B2 AL AN R A & T $e Fl s

Watering volume (WV) : The maximum watering amount of ponkan scion seedlings per pot is 500 mL/day (=100% WV).

MREHHEREBLRAEZLEE
Rl R I 422 1 (bl 4 74 e IS & o B — 4
% - EEAMF SRR E A & T
FHRIVENEL  (HEZEIERE
T o HEFEAMF AT SR SR R 2 B 2
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Table 4. Effects of arbuscular mycorrhizal fungi inoculation and different fertilization amounts on the
growth of ponkan scion seedlings

Treatment Plant height FreZl?tjvlelia;llzt (g/ To.t al plant Rela(;ir\;ev:/(e)tizlhlt)lant

(cm) plant) dry weight (g/plant) %)

MHS1-CK1 123 a2 540 a 215a 100
MHS-AMF1 129 a 584 a 235a 109
2/3 MHS-CK 120 a 557 a 217 a 100
2/3 MHS-AMF 126 a 568 a 224 a 103
1/2 MHS-CK 125a 556 a 217 a 100
1/2 MHS-AMF 127 a 596 a 235a 109
1/3 MHS-CK 119a 507 a 198 a 100
1/3 MHS-AMF 124 a 483 a 196 a 99

"2 The same legends as Table 1.
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Table 5. Effects of arbuscular mycorrhizal fungi inoculation and different fertilization amounts on the
nutrient element content of ponkan scion seedlings

Relative

Nitrogen Phosphorus Potassium Relative Relative

. Phosphorus .

Treatment content of leaf content of leaf content of leaf nitrogen content potassium

(g/plant) (g/plant) (g/plant) content (%) %) content (%)

0

MHS'-CK' 1.50 b’ 0.11a 1.05b 100 100 100
MHS-AMF' 1.77 & 0.11 a 1.28 a 118 100 122
2/3 MHS-CK 1.22b 0.10a 1.07b 100 100 100
2/3 MHS-AMF 1.45a 0.09 a 1.29a 119 89 121
1/2 MHS-CK 1.10b 0.10a 1.05b 100 100 100
1/2 MHS-AMF 1.28 a 0.10a 1.26a 116 100 120
1/3 MHS-CK 1.00 a 0.09 a 1.06 a 100 100 100
1/3 MHS-AMF 1.0l a 0.08 a 1.06 a 101 87 100

"2 The same legends as Table 1.
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Table 6. Effects of arbuscular mycorrhizal fungi inoculation and different watering amounts on the

growth of sour orange seedlings

Relative total plant

Watering volume Plant height (cm/ Total leaf number  Total plant dry weight dry weight

(mL) plant) (no./plant) (g/plant) %)
100% WV' - CK? 513b° 46 b 46.8 be 100
100% WV-AMF’ 60.0 a 64 a 649 a 139
80% WV-CK 49.0 be 48b 48.0b 103
80% WV-AMF 60.7 a 60 a 619a 132
60% WV-CK 46.0b 48b 41.1cd 88
60% WV-AMF 50.3b 62a 4890 104
40% WV-CK 35.0de 30cd 28.1e 60
40% WV-AMF 437 ¢ 40 be 39.2d 84
20% WV-CK 293 e 26d 21.8f 47
20% WV-AMF 353d 36 cd 303 ¢ 65

' Watering volume (WV) : The maximum watering amount of sour orange seedlings per pot is 60 mL/day (=100% WV)
* The same legends as Table 1.
’ Means within each column followed by the same letter are not significantly different at 5% level by Fisher’s

protected LSD test.
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Table 7. Effects of arbuscular mycorrhizal fungi inoculation and different watering amounts on the
nutrient element content of sour orange seedlings

Relative

. Nitrogen Phosphorus Potassium Relative Relative
Watering volume . Phosphorus .
(mL) content of leaf content of leaf content of leaf  nitrogen content potassium
(g/plant) (g/plant) (g/plant) content (%) content (%)
(%)
100% WV' - CK? 0.53 b’ 96 a 585a 100 100 100
100% WV-AMF’ 0.66 a 105 a 681 a 125 109 116
80% WV-CK 0.57b 86a 559a 108 90 95
80% WV-AMF 0.68 a 98 a 611a 129 102 104
60% WV-CK 0.55b 68 a 448 a 105 71 77
60% WV-AMF 0.69 a 78 a 510 a 131 81 87
40% WV-CK 0370 41 a 255a 71 43 44
40% WV-AMF 0.59a 5la 319 a 112 53 55
20% WV-CK 031b 32a 179 a 59 33 31
20% WV-AMF 0.50a 37a 233 a 96 38 40

The same legends as Table 6.
>* The same legends as Table 1.
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Table 8. Effects of arbuscular mycorrhizal fungi inoculation and different fertilization amounts on the

growth of sour orange seedlings

Relative total plant

Treatment Plant height Total leaf number  Total plant dry weight dry weight

(cm) (no./plant) (g/plant) %)
MHS'-CK' 55 be? 83 abc 10.8 ¢ 100
MHS-AMF' 68a 109 a 16.0 a 147
2/3 MHS-CK 48 ¢ 84 ab 9.7 cd 90
2/3 MHS-AMF 64ab 93 ab 15.1 ab 139
1/2 MHS-CK 54 be 56¢ 8.9d 82
1/2 MHS-AMF 64 ab 75 be 133b 122

" The same legends as Table 1.
? The same legends as Table 6.

af G

R A 14F A R 4 T B R AMF BE BE(E 40
KI5 58 7 7R B 14 B A~ [A] e AR & g B
R BTG IRG A R 2 R = SRR R
Ho MR HEINE R EEE AR > (HERE
MERE & ~ 2/30EAE & ~ 1/2fEAE E R T - £
T AMF ¥ Al £ AL R v < BE v R
BEEE o MAENF R EHE 1%
oyl HIE 2 AL TS o BRI RH I S RS
Ao BRI G B HRMER - R
FEREAME T £ Sk s AR ) o ot > 12
WAL T EARE & & EAERATT7 g/keidm
F512-17 g/kg > $EE S IRAH(S-7 g/kg) °
HiTAWFSEEE T » AMFR]7E AR E fh K=
PUERSEE H (glomalin) » BR%EHE H 55K
e~ SR AR EGHEEED > ERMIETE
Rl REAE e R 420 » B IR BRI R
HERN2— » HE s HERHER2~24
f& (Rillig et al., 2001) - RilligfdMummey
(2006) HF5EHE HHJE g () AMEFE H Bk ) 4

120

15 B B9 R A i e A T ARIE IR E R > (5
HRHE (R AR TR A S - Rl e
fies RAEHIA SO R AR TR A E & 28
AT RE R AME 73 b EK # & 1 (glomalin) » {8
TIEERE SRR o MR TE D
- SER R R E O S B REEE -

TEREHES B P IRe S H e o A R AR B Y T 52
BE 13 A BR TP B 0 20-100% 388 7K B P
T o EEHEAMF ] g PR & 4.3-11.7 cm
(9-25%) > HHRIEBIEN10-18 #E (25-39%) »
a7 B A (P <5%)HE /117.8-18.1 g/plant
(19-40%) » Bt » 7£20-100% #FKE T #
T AMF A] g3 (P <5%) MG NI #E & & 21
41% » HIEEFAMF ] EiE20%5 K & o 5l
I 452 B R — E PR U 1 2 R3S v LARR
#8777 A HI1E0.05 bar ~ 0.1 bar ~ 0.3 bar ~ 0.5
bar ~ 1 barZiE ) F 2 HIEEKE » B R
T BERAMFI RS TIE TR iR i
KA EB6.0% ~ 5.8% ~ 3.6% ~ 3.3% ~ 0.2% »
FHL A4 - BERAME Al 2 TR R - If
RS OK R oGNS B T 58 )

FHE



I o Cheng %5 A (2022) #:&f5H » #2fEAMF
AT S M A 5= B SO AR AR 0 i WD AR R 4
Al (g IR AERL (2-4 mm) BTERL @ 15
- SE B R AR E B R R EE T o SEE T RS [
HZ R EE o MWu 5 A (2008) TSR R$EH
B AMEF ] 8500 3R RIS E i - (o TR
HEZHIKSY > H58 72505 N EYIn
R o ASCGABRAS R ELAT AT AR o

Rl A I 2% 5 T PR USRS A Tl AMF R 2R
B2 R 1 IR A AMF R 2R 1534 54-90% >
Bl 12 TR A AMF S B 25 (6 7-9.0% ) i 3 25 7
T SRR T rh S AMF R AR 4.
morrowiae » JE{JH R FE (TP I > R
FRZE N (2000a) BFFEEAR » FEOOEFREK 145
> H36%H R TIEHIRA. morrowiae » H.
%At H I o ASGRER - 1#pH 4.8
B Fif B FeRS SR — 2 o A 2 AMF
(R, clarus) R4 & AMF B f SRl G2
B A A R B AR > WIS+
Hrh o WEERE R S R - AT e E - A1
Heg Rk HESKERS  BAEQERE T
g ) 2% -

|

R R (108 =2 RF-1.2.1-2-C1 5 109
BR1-1.2.2-8-C D EUE R B R H IR A A
HEBEIRRD - LG -

2% 30K

L SR ~ MEEAN - 1998 - BHERA
A TR AR M 1Mt - 22174 S Ba AED
17 -

2. PRGETE ~ TR - BRBEE © 2012 o HFHRE
R TR B L Ath A= W1 & SN IR 2
H o BEEZEMSE 61, 241-249 -

3. PR~ HEME - BT - 2000a o
R AR AT R TR 2

10.

I1.

12.

& PRI A ¥ ol = (R D3 18 T IR th DR 55

i o FRIELLSERFTE 49(4), 65-80 o

MRFEM s mILA -~ PR - R -
2000b o {3l A 1 B2 F Al e S HE A
AR 2B E - hEERZE SR 49(1), 63-
75 ©

. ERBARG ~ T35 - 2013 o fAPIAERL--1H

R T A% H A FE I 0l - 2R SE A 85, 11-
13 ¢

BRFRFE © 2003 o HALRIARE B r /7 R AR
wh S A AR A ALVER] 2 PR35 - AT 2
RENEVIRIEEFERT A 3w S ©

575 H © 2003 o HEA A B AR B 4R HLA
TSR 2 02 o BINTHRURER R BRIG R
RS o

HE 0 1991 o FRTE T ZF B R -
HE CHEEM T 0 H263-276 0 &
s B RO ER + R A AR O o
JESER © 2024 o BREAEMNEY)IEE - 1
H CREMEER (1129) 7 > &0
S o (https://agrstat.moa.gov.tw/sdweb/
public/book/Book.aspx » 113/07/03)
Amaya-Carpio, L., Davies, F., Fox, T. et
al. 2009. Arbuscular mycorrhizal fungi and
organic fertilizer influence photosynthesis,
root phosphatase activity, nutrition, and
growth of Ipomoea carnea ssp. fistulosa.
Photosynthetica 47, 1-10.

Cheng, H. Q., Giri, B., Wu, Q. S., Zou, Y.
N., Kuca, K. 2021. Arbuscular mycorrhizal
fungi mitigate drought stress in citrus by
modulating root microenvironment. Arch.
Agron. Soil Sci. 68(9), 1217-1228. https://
doi.org/10.1080/03650340.2021.1878497
Costa, F., Haddad, L., Kasuya, M. C. et
al. 2013. In vitro culture of Gigaspora
decipiens and Glomus clarum in transformed

roots of carrot: The influence of temperature

121



13.

14.

15.

16.

17.

18.

19.

20.

122

M e = 0 it ) £

and pH. Acta Sci. Agron. 35: 315-323.
10.4025/actasciagron.v35i3.16581.

Daniels, B. A., Skipper, H. D. 1982.
Methods for the recovery and quantitative
estimation of progagules from soil. pp.
20-45.
mycorrhizal research. (Schenck, N.C., ed.).

In : Methods and principle of

The American Phytopathological Society. St.
Paul.

Davis, R. M., Menge, J. A. 1981.
Phytophthora parasitic inoculation and
intensity of vesicular-arbuscular mycorrhizae
in Citrus. New Phytol. 87, 705-715.
Graham, J. H., Egel, D. S. 1988.
Phytophthora root rot development on
mycorrhizal and phosphorus-fertilized
nonmycorrhizal sweet orange seedlings.
Plant Dis. 72, 611-614.

Green , N. E., Graham, S. O., Schenck, N. C.
1976. The influence of pH of the germination
of vesicular-arbuscular mycorrhizal spores.
Mycologia 68, 929-934.

Hawksworth, D. L., Kirk, P. M. Satton, B. C.
Pegler, D. N. (eds.). 1995. Dictionary of the
fungi. 8th edition. p.437. University Press,
Canbridge.

Hayman, D. S., Mosse, B. 1971. Plant
growth responses to vesicular arbuscular
mycorrhiza. I. Growth of Endogone
inoculated plants in phosphate deficient
soils. New Phytol. 70, 19-27.

Kleinschmidt, G. D., Gerdemann, J. W. 1972.
Stunting of Citrus seedlings in fumigated
nursery soils related to the absence of
endomycorrhizae. Phytopathology 62, 1447-
1453.

Koske, R. E., Tessier, B. 1983. A convenient,

21.

22.

23.

24.

25.

26.

27.

28.

29.

permanent slide mounting medium.
Newsletter Mycol. Soc. Amer. 34, 59.
Marschner, H. 1991. Mechanisms of
adaptation of plants to acid soils. Plant Soil
134, 1-20.

Mehlich, A. 1984. Mehlich-3 soil test
extractant: a modification of Mehlich-2
extractant. Commun. Soil Sci. Plant Anal.
15(12), 1409-1416.

Ouzounidou, G., Skiada, V., Papadopoulou,
K.K. et al. 2015. Effects of soil pH and
arbuscular mycorrhiza (AM) inoculation
on growth and chemical composition of
chia (Salvia hispanica L.) leaves. Braz. J.
Bot. 38, 487-495. https://doi.org/10.1007/
s40415-015-0166-6

Rillig, M. C., Mummey, D. L. 2006.
Mycorrhizas and soil structure. New Phytol.
171, 41-53.

Rillig, M. C., Wright, S. F., Nichols, K. A.,
et al. 2001. Large contribution of arbuscular
mycorrhizal fungi to soil carbon pools in
tropical forest soils. Plant Soil 233, 167-177.
Schenck, N. C. Perez, Y. (Eds). 1990.
Manual for the identification of VA
mycorrhizal fungi. Synergistic Publication,
Gainesville, Florida. P. 286.

Schii B ler, A., Schwarzott, D., Walker,
C. 2001. A new fungal phylum, the
Glomeromycota: phylogeny and evolution.
Mycol. Res. 105(12), 1413-1421.

Smith, S. E., Read, D. J. 1997. Mycorrhizal
Symbiosis. 2nd Edition, Academic Press,
London.

Whipps, J. M. 2004. Prospects and limitations
for mycorrhizas in biocontrol of root
pathogens. Can. J. Bot. 82(8), 1198-1227.



& PRI A ¥ ol = (R D3 18 T IR th DR 55

30. Wu, Q. S., Xia, R. X., Zou, Y. N. 2008. B. 2012. Effects of arbuscular mycorrhizal
Improved soil structure and citrus growth fungi on resistance to Phytophthora
after inoculation with three arbuscular parasitica of citrus seedlings and on growth
mycorrhizal fungi under drought stress. Eur. of Thai honey tangerine scions on citrus
J. Soil Biol. 44 (1), 122-128. https://doi. rootstocks. Afr. J. Biotec. 11(52), 11400-
org/10.1016/j.ejsobi.2007.10.001. 11406.

31. Youpensuk, S., Piwpueak, W., Rerkasem,

123



M e = 0 it ) £

Application of Microorganisms to Improve Soil Fertility

for Crop Cultivation
Su-Chen Lin"", Hsiu-Yueh Chang’, Yau-Shian Tsai’ and Shu-Yu Liu*

Associate Researcher, Agricultural Chemistry Division, Taiwan Agriculture Research Institute, Ministry of
Agriculture, Taichung, Taiwan, ROC.
Former Research Assistant, Agricultural Chemistry Division, Taiwan Agriculture Research Institute, Ministry of
Agriculture, Taichung, Taiwan, ROC.
Assistant Researcher, Agricultural Chemistry Division, Taiwan Agriculture Research Institute, Ministry of

Agriculture, Taichung, Taiwan, ROC.

4

Business Specialist, Agricultural Materials Division, Fwusow Industry Co., LTD.

* Corresponding author, e-mail: linmay@tari.gov.tw

ABSTRACT

Taiwan’s citrus orchards on slopes suffer low drought resistance due to insufficient water
resources. During the development and enlargement stages of citrus fruits, drought may cause flower
drop, fruit drop, and a high ratio of small fruits, seriously affecting the yield and quality of citrus
fruits. This article will introduce the role of the arbuscular mycorrhizal fungus Rhizophagus clarus in
improving the drought tolerance and fertilization efficiency of sour orange rootstocks (Citrus sunki
Hort.) and the ponkan scion (Citrus poonensis) seedlings, and explore the potential of the arbuscular
mycorrhizal fungus R. clarus in improving soil fertility for cultivation. The test results showed that:
(1) Inoculation of sour orange seedlings with R. clarus can reduce watering by 20%. (2) Inoculation
of sour orange seedlings with R. clarus can reduce fertilizer application by 50%. (3) Inoculation of
sour orange seedlings with R. clarus significantly (P<<5%) increased plant nitrogen content by 21-
41%. (4) Inoculation of ponkan scion seedlings with R. clarus can reduce fertilizer application by 33%.
(5) Ponkan scion seedlings inoculated with R. clarus can significantly increase the nitrogen as well as
potassium contents in leaves under the treatments of full fertilizer, 2/3 fertilizer and 1/2 fertilizer. (6)
Inoculation of ponkan scion seedlings with R. clarus can increase the inorganic nitrogen, available
potassium, organic matter and soil moisture of the cultivated soil. In this experiment, R. clarus

exhibited the potential to improve the cultivated soil fertility.

Keywords: Citrus, Arbuscular mycorrhizal fungi, Drought, Soil fertility
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