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Abstract

This study was conducted to select the
plants absorbing efficiently insoluble P in the
volcanic ash soil. Sixteen plants werc
sand-cultured with addition of AIPQOs, FePOs or
KH:PO4. The intact roots were taken and the
rhizosphere were
extracted by adding 10 mM CaCk. The
concentration of citric acid in the extracts was

organic acids in their

determined by using ion chromatography. The
concentration of citric acid in rhizosphere of the

legumes was higher than in that of the
grasses. Red clover, common vetch and Chinese
milk vetch showed relatively higher
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concentrations of citric acid than other plant
species. The concentration of citric acid were
higher in the absence of P and in the supply of
AIPO, or FePO; than in the supply of KHzPO,.
AlPOs induced higher citric acid than FePQa.
Considering that common vetch had higher P
concentrations in the plant and P absorptions
from Al-P from the above results, it was
expected that was a valuable plant species for
the mobilization of P fixed in the volcanic ash
soil.
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Table 1. Plant species used in this study
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Plant species

Alfalfa (Medicago sativa L. cv. Vernal)
Chines milk vetch (Astragalus sinicus L.)
Common vetch (Vicia sativa L.)

Hairy vetch (Vicia villosa Roth cv. Barlosa)
White Lupin (Lupinus albus L. cv. Amiga)
Pigean pea (Cajanus cgjan L. Millsp.)

. Red clover (Trifolium pratense L. cv. Titus)
White clover (Trifolium repens L. cv. Regal)
Bahiagrass (Paspalum notatum Flugge)
Finger grass (Digitaria ciliaris Rets. Koler)
Italian ryegrass (Ldium mutflorum Lam cv. Tetra flaum
Kentucky bluegrass (Paa pratensis L. cv. Kenblue)
QOats (Avena sativa L. cv. Palinup)
Orchardgrass (Dactylis glomerata L. cv. Amba)
Sorghum (Sorghum bicolor L. Moench)

Tall fescue (Festum arundinacea schreb. cv. Triunph)

Korean name Abbreviation
Fig au A
294 CMV
424 Ccv
&) o] 2] vl X] HV
sloleRH WL
yEy PP
deazy RC
ZolEaZ Y wC
k) S Ko) BG
u}ego] FG
ojge|teto] a2 - IRG
A7 Fagx KBG
A 0]
21 5= 1) Y 0G 4
S5 8
A2 TF

ER



Aud Aol b F3 % iz Y48 {714 2o 3 AFF x| 3

719 A dolE AlRTh 2 F 20708 FE G AMA
& €2 potel st S E=E &4 AN A
A7tA AR A& A3k d %L Hoagland
$9% 1/42 843 HA YAY veges
TdaAded, '4HAHA AP AHE
A8 FAH FHFTE 22 FIHAL

2. 289 F71d &4

Halg 7he ¥ 23A YEF §o potillA 7
A g &80 #AFe 2 E dojuin ¥
g9 Bl ¥o U =HE HA 9HEY 10
mM CaCl, $4& 718 #7]143& &3
#& £9¢ 025m membrane filter2 A& ¥
o) &a2nhE 322 (Dionex 500-X, USA)(IonPac®
ICE-AS6 71488, AMMS-ICENl &9l
suppressor) citric acid& ¥A3ch Citric
acid & Rele AEF T FFE2 YEW
.

3. 48N AEF
NEAE A2Fs W2 v TY A=
AN 481t AN H FAE 2B

4. 4EX o &4

dzE HENE 4712 44 ¥ 05¢g &
cruciblesl Wo] 550T9) A7 7AL AE A
Ak &E Asel HNOi(1:2) 25 mi# 713t
hot platedolr AFeo]l 1/43E &olg w7A
Ztdstn ¥ ¥ FH4 2 mlEt WNAH 2
¥ 25 mz ¥9& %2 9 No. 5C 4#A2 o3}
3l ojofe] AN E #H3lA vanado-molydate Yo
2 E#Asad.

5. AR

SAS EAMANAE o83t 289 ¢HYelY
o2 BAEAM(ANOVA)E +483ic} o 83
oM FaS FsALENI AYHYonz
zaze] BAYe] FEAEAT] e AN
Z2 HRE sQen HaAYRFY vRE WD
Foz yehyde.

43 9@ ng

g 2UFAA o3 {710 Hg9
F8e we g} EYG ARAEY R
BA7 A& R carboxyl 717} 371 €@ U
citric acide2 ¢4 A A, maAy, FAYE
o 28 #2714 EvYE citric acid §%#8& 714
I H3gn e A#EFoz YUY
(Fig. 1). 9dwtx o2 29 citric acid %L 2
234 Brite TN & Ao, =
g2, 479, AEYol & & Hud.
citric acid %2 8449 (KH:PO)E +F
# Atole o) A4S SHE AA}AY
484 AIPOy £+ FePOE F3%8E W ®&
Aot 2] 8o JAiYFo] R ZF3HW PEP
carboxylase @4°l Zuislol® el Fol citrate
7t %35 d, |°l& channel® H -4ATPases
2802 H+ coupled &°l& F4H0] o]Fo A
#7214 #uj7t BelNe Aoz Andd” N§
A AEFS KHPOE T3 QA 433
7t FEPE @ MY R 84 Q4 FF
T T AATFAA AEFO Hsid AEFHEE
HRg g o slolERN} £59 AEF] 7
¥ Holth ol B9 1 AYEAERN w
dslo] dE Aoz Al =¥, dEFIFLS
FePO; Btz AIPOH F38S 9 & 24
Bgon gloleRy, v HY, #Hojewa], A
52 AEFFHol HMaljo] tell Aol Mol
22 e Fa9 arizh AAM Ui Q4 e
o] 27 WA ROoR AlRETHTable 2, 3).

A8 gRe P ¥5E KHPOE T3
Aol 7HF =dey, ¢844 AN TEIE H
ATHc & AL no|m Utk ol FAR
Fol W84 A 4 ol Gétn ArH:r A&
AEste Aol Unty oz Falol g2
AL e stEn B 58 Agoly, 2Fd
g} ozt d2xgt FZ FePO; BuhE AIPOE
THEE vl =& AYE RAHTable 4).

AL AR QAFFTE AHEAM 22
ol ozt drjgl: AEAYAFHo) 2 ZolER
A, 749 7Sl 7Y ¥ Holzn AU} ¥
olgjulHrsl 2 goz ¥e& WoltKTable 5).



32 nue - $4% - 394

1200 r a
1000 F ab
LION
600
400

200

1200 r MmMAI-P
1000
800
600
400

200

4000 r
3500 B BC mfFe-~P
3000
2600
2000
1500
Y1000
500

Citric acid concentr ambdg GCoot DM)

4000
asoo F A ®|No P
3000
2500
2000
1500
1000
500

A CNV CV HV ¥L PP RC WC BG FG IRG KBG O 0G S TF

Plant species

Fig. .l. Concentration of citric acid in the rhizosphere of plant species sand-cultured under the supplement
' 'of different P-fertilizers.

) !%' - K-P = KH;PO4, Al-P= AIPOq, Fe-P = FePOy ’
S AR Between plant species within the same P-fprtilizers by DMRT at 5% level.
i * Between P-fertilizers within the same plant species by DMRT at 5% level.

' See the Table 1 for explanation of abbreviatjons.
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Table' 2. Sheot dry matter of plant species samd-cultured under the supplement of different

P-fertilizers.

Plant species(PS

)

Shoot dry matter (g/plant)

P-fertilizers (PF)

K Al Fe N
Alfalfa 2069™ At 29.74' 4 1641' A 767 A
Chines milk vetch 23.71™ A 24.35' A 1448 A 6.86' A
Common vetch 44.20M™ A 31.79' A 20.18" A 25.96' A
Hairy vetch 103.49*% 4 94.30° * 94,55% A 78.89% 4
White Lupin 545.83* A 514.17° © 48667 © 47953" ©
Pigean pea 124.88°% A 130.77>¢ A 136.62™ 4 11858 A
Red clover 58,621 AP 64.74%0k W 35.98" ¢ 1896' ©
White clover 51.11% A 42,294 B¢ 1593 € 491' €
Bahiagrass 76,65 AB 7873 A 25.86" © 13.60' €
Finger grass 13151° A 9373 B 28.33" © 831 ©

Italian ryegrass 106.46°% 4 82.49°® B 62.78% 20.80" ©
Kentucky bluegrass 38.32km AB 41434 A 27.35" B¢ 423'.¢
Oats 126.44% A 137.36™ A 11737 A 117.13% A
Orchardgrass 106.17°%f8 A 81.80%" B 63.79' 1153' P
Sorghum 250.24° A 147.50° ¢ 15654 B 79.50° P
Tall fescue 69.31" ® 73.48°%0 A 4818 ¥ 1588' ©

Significance of F-test
PS sxx, PF #xx, PSx PF #»x

Al = AIPO,, Fe = FePO4, K = KH2PO4, N = No P

»#x | Sjgnificant at 0.1% probability level.

' Between plant species within the same P-fertilizers by DMRT at 5% level.
* Between P-fertilizers within the same plant species by DMRT at 5% level.
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Table 3. Root dry matter of plant species sand-cultured under the supplement of different
P-fertilizers.

Root dry matter (g/plant)
P-fertilizers (PF)

Plant species(PS)

K Al Fe N
Alfalfa 3035 A* 30.22° A 15.80"% A 10.34% A
Chines milk vetch 35.20° A 46.75%"" 4 16.48% € 10.35°% ©
Common vetch 34.59% A 3L17%% A 2778 A 22.60%% A
Hairy vetch 48.11°%% A 46.88%% A 61.39° A 52.06™ 4
White Lupin 8733 * 91.96° A 81.46° 4 83.09" 4
Pigean pea 33.94"% 4 a2.27% A 4093* * 4067 A
Red clover 34.45" A8 36.60%" 4 20.79°1" AB 1495 €
White clover 31.07 A 2565 AP 87 & 4.03% ©
Bahiagrass 39.32 A 30.978" AB 942 © 6.48% ©
Finger grass 61.51°% AB 63537 A 22,37 B 956 B
Italian ryegrass 132.68° # 117.34" A8 55.48% © 2551% P
Kentucky bluegrass 28.00° AB 41 3500 A 12.84" BC 305° B
Oats 37.96" A 30.18%" A 31.88°" B 29.62% B
Orchardgrass 52557 AB 58.33%f A 36.75%f8 BC 918 P
Sorghum 183.95" 4 116.89™ ® 112.75" 58.75° B
TAll fescue 64.347 A 63.34% AB 40.95% © 1552 P

Significance of F-test
PS ##x, PF #*#x, PSx PF #x%
Al = AIPOy, Fe = FeP(Qy, K = KHzPO4, N = No P

#xx : Significant at 0.1% probability level.

' Between plant species within the same P-fertilizers by DMRT at 5% level.
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Table 4. P content in the shoot of plant species sand-cultured under the supplement of different
P-fertilizers.

P content in shoot (ug/g)

Plant species(PS) P-fertilizers (PF)

| K Al Fe N
Alfalfa | 6768" A 2293 B 1251% ¢ 714" €
Chines milk vetch 6109°° 4 2205 ° 1458" ¢ 1003* ©
Common vetch | 5336° * 2131 ° 1214 ¢ 631 €
Hairy vetch 4010°™ A 1852°¢ © 1243 ™ 863" ©
White Lupin 3307%" A 1449°coefah B 1580™ ° 1467 °
Pigean pea .1516° A 151Qel AD 1076™ ¢ 1203" ©
Red clover 4215 A 13p2°%" B 1054™ % 476" ©
White clover 5231 A 1680%c! B 9ggu B 556" ¢
Bahiagrass 2617%m A go2°ten 1 687™ ™ 366" ¢
Finger grass 2910 A 846h 1 663 " 304" P
Italian ryegrass 30170 A 11020%fkn A 730> A 419" A
Kentucky bluegrass 3702cn A 1731%0c% B¢ 1820" © 465" °
Oats . 4400° * goz=teh ® 668° 519°
Orchardgrass 2336"™™ A 524 © 650° ° 359" B
Sorghum 3307%Mk A gog'ehi ™ 1492°= © 535" ¢
Tall fescue 3817 A 1286°%eht 1 ogg™ © 507"

Significance of F-test
PS #»%x,  PF #*x, PSx PF #x

Al = AIPQ,, Fe = FePOs, K = KH2POs, N = No P

»*+ . Significant at 0.1% probability level.

' Between plant species within the same P-fertilizers by DMRT at 5% level.
* Between P-fertilizers within the same plant species by DMRT at 5% level.
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Table 5. P absorption in the shoot of plant species sand-cultured under the supplement of differen -

P-fertilizers.

P absorption in shoot (zg P/plant)

Plant species(PS) P-fertilizers (PF) '
K Al Fe N
Alfalfa 2007 A 68° A 21" A 6" A
Chines milk vetch 147 A 56° A 21° 4 ™A
Common vetch 237 A 68> A 3P A 16° A
Hairy vetch 412 A 174 A 118° A 67° A

White Lupin 1805° A 744* B 769" B 703* © .
Pigean pea 184 A 196° A 146° A 143> 4
Red clover 246° A 88> A 39> A g* A
White clover 264° A 71° A 16° A 3P A
Bahiagrass 201° A 720 A 18° A 5° A
Finger grass 384° A 79° A 19"‘ A 3 A
\ Italian ryegrass 322° A 90° A 46" A Q> A
Kentucky bluegrass 141 A 66° 4 50° A A
QOats 560™ A 124" B 8P A 60° ®
Orchardgrass 249° A 64" A 420 A 4 A
Sorghum g7 A 19" ® 231> A 42° B
Tall fescue 264° A gg A 48" A g A

Significance of F-test

PS *%x, PF %%, PSx PF 2%

Al = AIPOy, Fe = FePOy4, K = KHPOy, N = No P
»»x  Significant at 0.1%6 probability level.

' Between plant species within the same P-fertilizers by DMRT at 5% level.
* Between P-fertilizers within the same plapt species by DMRT at 5% level.
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