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Summary

In order to determine the optimum level of available P in volcanic ash
soil for the infection of vesicular-arbuscular mycorrhizal(VAM) fungi to
Citrus root, and to evaluate the effect of VAM infection, trifoliate orange
seedlings were artificially infected with VAM fungi by contact with
infected root, and grown for 4 months in pots of black volcanic ash soil
applied with 3,000~5000mg P per 1 Kg of soil by addition of double
superphosphate. The growth and inorganic composition of the seedlings
were examined.

The results obtained are summarized as follows:

1. Application of 3,000~5,000mg P/Kg soil resulted in 52~184mg available
P per 1Kg soil analysed by Bray No. 1 method, which decreased to 27

~89mg after 4 months of seedling culture.

2. The maximum plant height, number of leaves, stem diameter, fresh
weight, dry weight, and T/R ratio of trifoliate orange seedling resulted

from the application of 4,250~4500mg P per 1 Kg of soil

3. The ratio of VAM infection decreased with the increasing levels of P
application, resulting in the maximum infection (17%) in control(without

P application) and no infection in plots of 4,250mg P or more.

4. VAM infection increased seedling growth and tended to increase

contents of P, N, K, Ca, and Mg in plant.



5. Overall low infection ratio in this experiment was supposed to be

resulted from the high levels of P application and the deterioration of

soil structure by crushing for mixing P and soil.
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AFEe LFU7H Citrus unshiu Marc.) BAMES 97d % EA (A F5HA
A, 1998)e St Eul F HAALEEF698,712M/T) e 99% (693,200
M/T)E At Ae=d, o] 2FEH] &5 B2 (Poncirus trifoliata
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AE ol FAAAE ouste  FA T F(mycorrhizae)e 1840 ]
Robert Hartig7} 259 7F= BelolA Aoz 323k ol o]o st <
T7F Bol olFox] e FATIE FAhskeE F8ol T B FEA
2 7139 F(vesicular)S A= VAM(vesicular-arbuscular mycorrhizae)
o] 7Hg &3 Aow dHA dth(Paul¥ Clark, 1989).

VAMttol A EA] vxe ojfozE P7l Z2¥d EYA P FF
(Bolan, 1991b; Vejsadova &, 1992)E ZZIA171H, A =A9 A5 ((Krikun
Levy, 1980; Calvet %, 1993; Masturbara %5, 1996)¥ 7 A (Shrestha,
1996b), WA (Ojala 5, 1982)& THAI711L, T5&% o] =2 EGdA=
Zn, Cd, Mn9] & (Brechelt. 1989)& #AAZIttar 4#HA 9

st dEgES Auets FEA4S methyl bromide® EYA=ES 31
AR FFo AEdESY AFo] T4 AFHA=H 1 dlel AF 5 3
ESVABES glo7] fgh Agaso] VAMuE A 2] v 7] wol

g dHAAEA ZEolAd VAM O TLAol 22 H A tH(Kleinschmidt£F

<
=
=
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of FATA Yl E dA B A7 B
Ha gt PdrgFo] e Eokd] VAMT HEOSZ sour orange(Citrus
aurantium L) 5ol FXHA, gl P, Cu ol =okxlom, N, K,
Ca & #o] ropxitta st tH(Krikun® Levy, 1980), Menge 5(1982)& ez}
(Poncirus trifoliata Rarn)®ll VAMT 9] &1 Glomous faciculatuss &~
Howm Agol Z7tH 1 G P, K, Cudl %7} Eopxom, Mgt Nadl
27l 2 ed, VAMT oEx5E EY pHe Ao AdaAd de=
I, EYW P, Zn, Cu, §7]1=3%, CECS= ¥ Z#aA7Z vt st

oy
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&2 gasoey, Fiol s =4
stoll M= e B @9y S8 X% (hydraulic conductivity) ¥l
A AErd 28] 7hke]l =mtorw, #AdE FHEANA FosHA =2 S
&5 yerlta 3 tH(Graham¥ Syvertsen, 1984a). Lz} Bass(1990)+=
Plantago major ssp. pleiospermas ©]83%F AdoAx VAMT o= T/R
&o| mobxivtar H skl

VAMTro] &5d7ke] A5 vx= Jdd dejrs B A47F o F

2

A 9th. VAMF(Glomus ambisporum, G. fasciculatum, G. mosseae,
Gigaspora ramisporophora)s BAN =] 5D (Citrus unshiu Magc)©l
HEA7IH o5 12 2Ed 2 s A FdA T Fake] v A EA
Hop whgky iAol wolxla, gul Qb Ert mokxlom) Aso] f4Ads)
A thal 3t th(Shrestha &, 1995a). 18]il, @A E 7L = o] #A
A, FFW Gl kst ZAAE Z o] FHo] Folyha i 2E
gl ol gk A Aol Frhsltkal Boarsk sl th(Shrestha &, 1996b).
AEUEe] VAMT o= e 5o Sl mhet o7t A=t 559
5o Glomus intraradicesS HE3F0] S FX27F W& ALE A Au)
3k Ago A &2 VAMr o]£ %+ sour orange = cleopatra mandarin >

ol F

swingle citrumelo > carrizo citrange > BJA} =0 & yYrolx o
VAMol| 71 9+ oEEE Kl BA}e} carrizo citranget sour orange<2}
cleopatra mandarin ®.t} A #o] =g, 7l B E zka A JdW P
7 E=oy, vt oELTE =& diEES By FyAREE, FAEY
CO; &3t&o] =kthal Hask$ tH(Graham¥} Syvertsen, 1935b).

18%F°] VAMv & < 5%(G macrocarpum, G. caledonicum, G. velum, G.
monosporum, Gigaspora margarita)©] BAe} FAA BA 7 Ehon o)L

ol #AdE AeAs 9ud, 24, 27144, ATl FelstA F7hE A,

’



FAW P, Zn, Cu®l F=% wo} BAVF A5 7hed A712 A dee
717kl AEHA ¥ AL 18~197/08 L e s = whal, gdd AL 13~14
Mol Ag¥e] 5~671€ T3 EHE JAvn A H(Vinayak
Bagyaraj, 1990).

AmAle] VAM# el &S vAs a5l = B2 A2
7b ®aise] itk VAM el o3 #e] e A B 4ot =
Gl 7F T (Treeby, 1992). A=l Q14HA 2] (20kg/ha)oll Al &= Hele] 74
o] SVttt thEFe] 14kA- 2] (100kg/ha) = AR &S FAAHTHLU &,
1994). 25 diFo® 3 2FEzte] 4% Ag= VAMT #49&s 5
7EA o ol 2 glsto] Hig]e] 3
a1 3 tH(Ishii®t Kadoya, 1994). Capsicum annuumol A Bt 8] st#] &
A AFol EaAEdE AFHEY VAMT &S S7HAHSY {71
SHgol 7l whel VAMtel o3 A=Ae 52 dadHA &2 2
Hop Zasdvtal 39 v (Brechelt, 1989). Ao A VAM
AR AL 0.01~01mg/Le] olEal AHeolA FXEASH 0.2mg/Lol A
dARe] Aol AAH AL, VAMT e 0.05mg/LellA FElskA Eobxl o
U Img/Lell A ZFAas o™, 0.0omg/LaA s A9 Aso] gAdsta du P
FTEE =dvta B sk th(Ishii 5, 1996).

Antunes®} Cardoso(1990)+= s Eo] QAFS HidH AlE Al &3S o

VAME(G. etunicatum)®] Aol F7F A=A 0] A& nA= IF= 83t

B
kel
b
i
O
o
XS

AL, 200mg/Lol A= B AEARG FolsiA #Aasgoen, uwxe] <
T (Bolan¥} Robson, 1984)o A 2] A3} 2 A o] oA At 3}

e
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ATH EF A FR=(9-12meg/L)o] b 1F =(420mg/L) o] AAHA & &
XA AulE = sour orange®l VAM(G. intraradice) 3F o2, A&E9
AabA g M= HET ABAZE vHFTE AEA v dW MCo, F4E
67%, = J=4 StES 28%, RuBPCase &4 AL 42%7HA] F71HE 9o,
e Ak HEiAE Al MCOr Fet FRA A ARES FE)
ottt &9t (Nemecd Vu, 1990). Chickpea(Cicer arietinum L.)E o] &
gt Ao = P A o] 200mg/800gel Y Wl VAMr HZFoll 2Jste] A

Aol A& P oghaFo]l fFolstAl s o 2,000mg/800mg Y W= T A
ka3t (Hirata 5, 1988).
2 vl e a9} o](1984)7F & A A EoA VAMre &+ 2

of #al AL, o 5(1994)E FEHIEE A& 3 arbuscular WA T
o] ZAFA o] et Atk = F o](1989)= AbH H EehbA| <
oA, b 5(1992)0] FIAE FHe] EFoA WLl tiste] Bkl
L, o] S5(1998)8 AFE #HHEY EUXA Acaulospora bireticulata, Glomus
deserticola, G. geosporum, G. vesiculiferum, Sclerocystis pachycaulis®}
F 9 Acalospora. sp. ¥ IHS FAIT 2(1997) = s4ks] E oA
VAM=t o] 'xael A5 AW P, Cu, Mg 435 7ML
st e, 419972 AT #gEYe EYAAM G deserticola, G
vesiculiferum, G. rubiforme, Acaulospora sp.2] 4% 2] VAM XAE 5 A3}

A AEE AR A3E AT 23U AlFE SRS E g ALt

Ag FE BHE B F REANTEI VAMTL FdEe] #A 2 f
Hel %3 TR Gl dlsle obgskA 2AbE Hel gk,
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NHLF + 25mL 05N HCl) 14mL< 7}8fe] 1383+ voltexingdr ¥
No 2. oA 2 o fatsith AER oJAF 2mLE At S7F 8mL= 7F
sbal 2mLo] WAAI kS o] & SEojF Ty 100l 208 Abolel] 33
T Al(Pharmacia Biotech, Ultrospec 4000)% 620nmelA S3 =5 43tk
FFEFAE 24,6, 8 10 pg/mL7t HEs ZAG AMREFEA 2mLs 3t
of T AFHGE AA st A kL 250mL Tl 12.0g9]
(NH4)sM07024 - 4H:05 =9 &3 FHF 100mLel 0.2908g°] KSbO -
CiHiO6E 591 &5 1L° 5N HpSO,& 43 &3tste] 2L=E 3]A & th5 3
2ol 100mLol L-asciribic acid 0.528¢g2 =9¢] AF-&3} Tt

B T AT SolBAMLE TH BEY 5g8 FHFE 100mL St s
Ao ¥ t& HEA(IN NHOAC, pH 7.0) 50mLS 7Fate] mwkz|o A 30
B2 283 & Whatman No 2. o] #A| 2 o] 3}35le] xE&34 33 =7 (Philips
SP9-800) = =4 sk vHTomas, 1982).

g Gak 20mLS ¥l 183 A3 E5olF tha 30%3F WA|sto] Abshyt
=
T

NA =
go] QAFEE st 0% F 200mLe] EF

,12,



AEA Y F7E(N, K, Ca, Mg) 24& Eoi Ay e dyo=r RAs)
At AEA NS AAEA LS VanadateH (573 H, 1997)0.2 HA351%)

30mL Ald¥d Fol Eal¥ AlE 2mL¥ ammonium meta vanadate-® <] 2mL
S ¥ 6mLe FHRTE ¥ F

SAE o] &3t 470nmolA FEFEE SAHSITH ZFEEHLS 2, 5, 10, 15,
20ug/L2 ZAS] EFI4S WEJTE Ammonium meta vanadate -& 92

25¢2] ammonium molybdate, 1.25g°] ammonium meta vanadate, 250mL 2]

HNO:E &38tel1 =852 718ke] 1000mLE 3Fal ).
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V. 23 32 13

1. 334 AN g5Fo] EFS o5 JAo] nA §F

94 AgsFo 4 B 5 FEAFL A A2AE 5 19
JEHIT. KHPOE o] §3ke] P A %HC)3 BF F #EFHC) Aol

Ci = -359 + 0.0901Co®] #AA S & dudd 2d3E 272 EY 5 78

A= ®Bh 43~8Tmg/kg ol H il 1835mg/kgoltt HUow, F3AS o] &
PP ASZHCOT EY F §EATLC) AtoldlE C = -134 + 0.0615C(r
0.967)2] #AAN o7 A}

(ot

Table 1. Expected and observed value of the P content in soil as affected

by wvarious levels of double superphosphate

_ P contents(mg/kg)
P applied Ca(HPOy)s - CaCOs3

Co, (mg/kg) HO (g/25L) (g/osL) ~ Dxpected  Observed o

P(A) P(B)

0 0 162 0 0.87 +0.87
3000 244 65 0 51.92 +51.92
3500 285 52 0 85.82 +80.82
3750 305 40 136 100.78 +87.18
4000 325 33 38.4 100.40 +62.00
4250 346 24 63.2 129.40 +66.20
4500 366 16 88.0 131.32 +43.32
5000 407 0 1377 183.52 +45.82

,14,



Table 2. Changes in chemical composition of soil as affected by various

levels of double superphosphate during the experiment

Mineral content

Date of P applied” p K Ca Mg
analysis (mg/kg) OM  Total
(%)  N(%) (mg/kg)
0 6.81 22.6 0.67 0.87  198.0 1213 40.8
3000 6.18 22.2 0.63 51.92 207.3 1363 50.7
3500 6.04 214 0.62 85.82  204.7 1547 524
At the 3750 5.98 22.7 0.78  100.78 215.7 1643 52.9
beginning
4000 5.97 22.7 0.63 10040 199.0 1453 47.7
4250 591 215 0.62 12940 190.0 1570 50.7
4500 5.95 214 065 13132 191.7 1520 48.8
5000 5.87 229 0.64 18352 195.3 1537 51.3
0 5.69 23.1 0.64 044  264.0 1177 65.2
3000 5.76 229 061 26.06 ' 282.0 1067 56.9
3500 541 231 ORBIAL UNSMERSTTY 278RG 1343 73.7
A(Ent;e 3750 5.42 24.0 0.67 5385  268.3 1380 67.7
4000 5.24 239 064 6760 2647 1493 70.1
4250 5.38 23.1 063 7894  240.0 1690 67.1
4500 5.33 22.7 061 810  241.7 1807 68.9
5000 5.30 224 061 111.86 2820 2563 67.7
“See Table 1 for the explanation of treatments.
A3} Faede] GulEre B A ¥ 20 JEhRT. pHS} P
FEFe ARV Aasa(FE), 228 AR Wstds FEd BEFe] )
Atk

,15,
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Fig. 1. Changes in available P contents in volcanic ash soil as affected

by various levels of double superphosphate.

“See Table 1 for the explanation of treatments.

Aol A FEs] Fasd=E

o) wE AN i HEAb wet FAA A§T A

a2 519 ~ 1835mg/kg WAM=H AlE FRAIFCAAM = 27.3
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Table 3. Changes in pH of volcanic ash soil as affected by various levels

of double superphosphate

P applied” Weeks after planting
(mg/kg) 0 2 4 8 12 16
0 6.1 6.10 563 562 5.77 5.60
3000 6.18 5.64 5.84 536 533 5.76
3500 6.04 5.60 565 523 5.36 541
3750 598 552 5.66 550 535 5.42
4000 567 5.49 5.49 551 5.34 5.24
4250 591 556 550 530 541 5.38
4500 5.9 5.41 555 5.40 535 533
5000 5.87 5.39 5.47 557 5.25 5.30

“See Table 1 for the explanation of treatments.

B Al o] &g B T4 M pHeE 53009 Ed izt BEY
o] pH7} 6.81% ¥3 5000mg/kge PE T4 o2 A& T2 pH7| 587%
T A F] BEFE EG pHIF WolHTHGEE 3). ol T4 Algel )
2 Ca #H7FEe] Aolg §lel7] flstel S Al&Feo] A2Fo= CaCOs
ANEEFSe B %7 witolgta Addn AF7| F e A pHY

Z &

= Al M= 569 ~ 530 9= H AT

,17,



2. FoA A gFzo] BAFE A& FrGE 240
3

FY N g0l hE YAFRY 2FE 43

(29 2), ALl 1A 74x= Agztel ZFol7h gl

rot
o~
)
o
il
N
>,
_?L
i)
i)

32
rr

=
AARY Agadrt detyr] Alzednh AA S 37 A e 24
(Omg/kg)ol A 11.4cm +=d vt 4500mg/kg P Al-&TFol A 228cm=z 7}

2
1>
o
Do
=

14
rlo
4
_>JL_'4
AC)

& Ak 5000mg/kge] P Al&79 24E 186cm=E 4,250mg/kg P Al &+
ANM BHUE= Fol A A M F2 P AEFES 4,250~4,500mg/kg

Heel = Aoz F4 A

25.0
20.0
15.0

10.0

Height(cm/plant

5.0

0.0

0 3000 3500 3750 4000 4250 4500 5000
P applied(mg/kg)

M at planting B 4weeks B 8weeks E12weeks

Fig. 2. Increase in plant height of Poncirus trifoliata as affected by
various levels of double superphosphate in volcanic ash soil.
"Mean separation of the height 12weeks after planting by Duncan’s
multiple range test at 5% level.
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Fig. 3. Increase in the number of leaves of Poncirus trifoliata as affected
by various levels of double superphosphate in volcanic ash soil.
“Mean separation of the number of leaves 12weeks after planting by
Duncan’s multiple range test at 5% level.
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4. Stem diameter of Poncirus trifoliata as affected by various levels of
double superphosphate in volcanic ash soil.
“Mean separation by Duncan’s multiple range test at 5% level.
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5. Total fresh weight of Poncirus trifoliata as affected by wvarious

levels of double superphosphate in volcanic ash soil.

“Mean separation by Duncan’s multiple range test at 5% level.
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Fig. 6. Total dry weight of Poncirus trifoliata as affected by various levels
of double superphosphate in volcanic ash soil.
“Mean separation by Duncan’s multiple range test at 5% level.
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Fig. 7. T/R ratio of Poncirus trifoliata as affected by various levels of

double superphosphate in volcanic ash soil.
“Mean separation by Duncan’s multiple range test at 5% level.
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Table 4. Effect of various levels of double superphosphate on inorganic

composition of Poncirus trifoliata in volcanic ash soil

Inorganic composition

P applied” N P K Ca Mg
(mg/kg)
(%) (mg/kg)

0 2.34% 2036 9669 14956° 1269°
3000 2.45™ 2051° ]847° 21427 1167
3500 257" 3144" 9569° 19672° 1128
3750 2.57™ 33823 9416° 18578 1039
4000 2.34° 3593 9306° 20363 997¢
4250 2.38° 3787° 86227 18047 1013¢
4500 2.96 3523 8850° 18788 980¢
5000 2.68" 3681° 89417 17628 1044

“See Table 1 for the explanation of P level.

*Mean separation by Duncan’s multiple range test at 5% level
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Ho] 4250mg/kg oAl P ASTIAE A8 7dEA O (X 5),

Table 5. Effect of P levels added on percent pots of Poncirus trifoliata
seedlings infected by VAM

P applied” 0 3,000 3500 3,750 4,000 4,250 4500 5,000

% 75 75 75 25 50 0 0 0

“See Table 1 for the explanation of treatments.
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Fig. 8. Regression of available P contents in the soil on the mycorrhizal
infection ratio of Poncirus trifoliata root.
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Fig. 9. Photograph showing the growth of Poncirus trifoliata as affected
by VAM infection in volcanic ash soil.

Table 6. Effect of VAM infection on the growth of Poncirus trifoliata in

volcanic ash soil

Plant growth

Infection

Stem )
ratio(%)  giameter Height No. of Fresh Dry T/R
(cm) leaves  weight(g) weight(g) ratio
(mm)
0 2.15 14.7 43 152 0.483 0.89
36 3.20 25.7 64 3.48 1.402 1.21
Difference 1.05 11.0 21 1.96 0.919 0.32
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Fig. 10. Regression of contents of nutrients in shoot tissue on the ratio

of VAM infection in Poncirus trifoliata..
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Fig. 11. Regression of contents of nutrients in root tissue on the ratio of

VAM infection in Poncirus trifoliata.
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