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ABSTRACT

This studv was conducted to investigate the effects of the phosphogypsum
on improving soil pH, increasing exchangeable calcium content, decreasing
exchangeable aluminum, and supplyving sulfur in volcanic ash soil on Jeju Island.
The soil samples were collected from black volcanic ash soils (Wimi, Topyeong,
Hangyeong, and Haengwon series), very dark brown ash soil (Jeju series) and
dark brown soil (Gangjeong series). The soil ameliorants used in the culture
experiment were shell meal, dolomitic limestone and phosphogypsum. The
culture experiment was carried out at 25C for 15 days by treating soil
ameliorants in 100g of soil

The soil pH was elevated with soil ameliorants treatment. The exchangeable
calcium content was the highest in the soil treated with phosphogypsum, and
the total content of exchangeable cations increased with soil ameliorants
treatment. The exchangeable aluminum content decreased with soil ameliorants
treatment, and the exchangeable aluminum saturation was significantly decreased
in the soil treated with phosphogypsum. The exchangeable sulfur content was
remarkably increased in the soil treated with phosphogypsum. The ratio of the
exchangeable sulfur to absorbed sulfur was measured low only in black volcanic
ash soil as it contains a large amount aluminum and iron.

It is suggested that phosphogypsum can be efficiently used as a soil

ameliorant to improve chemical properties in jeju soils.
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7172 1) SO 9 OH o] Abol
of Hxt= mgkew <3 OH W= ZA= pH/l =obxe HIedid
(Self-liming effect), 2) A’ ©] 4 3(CaSO. %} wHS-3to] AISO, & A st ol
% & (Jon paring effect) 283 3) B A" H3(CaS0Os»)+= Ca(OH):E
A3stsle] AIYE Gypsite (AOH)»)Z B83 471 A &3 (Precipitation of
Basic Aluminum Sulfates)”} 1t} (Farina and Channon, 1988; Saigusa and
Toma, 1997). o]$} #Z2 7]Zo 2 Qlste A E A3 Hl&) Fo gt &
A=7F Eol A AE HE IS BEYF W 3 =4S A FeEH
E9 @M% E FXEE, Aluminium(AD 54& AZAIE ZFH7F Ao
(Farina and Channon, 1988; Shainberg et al., 1989; Toma et al, 1999; Sumner,

1993; Saigusa and Toma, 1997). JIH 1= ZFS v Fs9 w4k 3 2 B4
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o

T BEAEE TFSE U7l "WiEe EFAFAZA FHA ol& sl
=& Foz ¢#A At} (Shainberg et al, 1989).
A4HA & A &34

Te g T AT WEW EA] EYAdA MiHs
Calcium(Ca) A&°] ESudg /Hdstd EYG T w844 SodiumNa) Z
Magnesium(Mg) &3 &1 Ca &3 F71Ho] AY a7 "0 3
t} (Sohn et al, 2007, Ryu et al, 2010). Chung (2005)2 A]Adzju)=] <] A )
EdA QAT AR o8 EF A3, dFdsE 2 Fales EA4 Tl

et ekston, B pH n4, Ze3 &9 H&A W FF S0 2 A5 =



A FA7F 9ol AEAMA Eck A AIu|zE g 4 Qutn BHustg).
ZATE (2006)= 1AM T Al 8o o&) uts Aso] B Ao HEte] FEEY
3, utse) <HolN Feo T gy AR ATFZAHA alling FEFE =7
veht mls 24S =9 4 doa 2adgth. a8y AFEE A3 E ko] A
O T A g W IE WS D ES Ao WIHE dA3d Ax= 99
vts 2 gEvt Fo Aol (AF5HEA
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FAEEEd 98] WAE Andisolse allophane® Al--F7]E&A7F F71 5
= E¥olth AI-F7IEFAZ F7F He SAIESFLS 54 AlY ATFAE #
F3t 9dom, allophaneBth Al S0 o) A& R &4o] AA &
A3ttt Matsuvama et al (2005)& allophaneo] =523 EUS Al S40] AY
YEH A ot AAAA EF pHZF SobA A allophaneol A Alo]l &322 <
Az Busayg. durd oz w3k Al (IN KCl F%)& Al SA4d gigk ¥
Foln, AEd HAHS FEsE FFL 2 cmole kg ool H#  Acidic
Andisolsel A A1 A7t EY pHE 9t S7HA712 w3d AlS TN L
o, o] FFoR 95t ryegrassl A A A 5Fv paHYY E2F 52
o FEFE MIHolvt MIRES FARHA F7HE AT (Mora et al, 1999).
23U Inoue et al (2001)2 <LE 2] non-allopane Andisolso)A A& Al-&3}

ol

ped

W Ede wIA AlE 7AAFA Fettm R a3ttt Takahashi et adl

&2

(2006)2 H31 AHE=Z2 EYF pH7F FF A, w3 Al €3F2 5 cmole
1 ~ 14 cmole kg HATHT Rudgch o
o} Zo] A EFANA AN AL G g A A7 AHES 44
NE BEFES HEhA 2 Ak
ATFE EYS @F YA i sIFSAEES F EAZE 3o dEs
R, 71F, AR T EFAL o wE wf oY EGor HEst
(Song and Kang, 2019a). AF%= EAU2 80 %+ allophane® Al-humus
complexes?! Andisols® o] B2 AFE T FEF AFd F=E &

st Yo Aol AHeR H1 FEaFo] g2 AFE MR 5



of FiQt#} FATE A Qe FAEHEEHREC T FEQ non-Andisols (e.g.
Alfisols, Inceptisols, Mollisols, and Ultisols)o] ¥¥3t} (Song and Kang,
2019b; Park and Koo, 2020). A|F =0+ #APH 02 AndisolsEZ2 EFIHE E
%< 33 E| non-AndisolsS ¥H|3PAS|ERt WH st 9 (Kang, 2020), &
Gl wet 24 AdHE SAE FAZAE B dZAER IA 4 EGew
TESH EAMEE B3 Eoth bR S FARE Aol vlgte] BH
Azl eyl Wl pH, @7123 %, a4 2 2ol (K, Ca
2 Mg) &@ol 52 v, F71e3 YFol2ABEFS F2 Bt £F 4
Zhddi7r L QB 4E pHYE SUbekaL, nlekd Al 2 ZAAEHT, JAABEE A
|UTE 2T F] QIR ®BEgEe E8FEY R HIdHY (Hyun et
al, 2009; Yoo and Song, 1984a; Yoo and Song, 1984b). 3+ Song and Yoo
(19D AI-F71715FA 7 71 He SAES AZoA 23 Al o] 2
cmole kg o)l 1 9 EFAE i ortn 219t Kang
(202002 AFAQ H=EYL Bl HA pHY Bl&E b2 28 %, wAEH
22 % 3 ZA 24 %2 vl EF AE Mol Hasioa st

B AT = A2 Andisols# non-Andisolsoll 4] 1Ak 1ol E<F pH
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Table 1. Chemical properties of the soil before experiment.

Soil pH oM Alo Feo Alp Alo-Alp
series H20 KCl (%) (%) (%) (%) (%)
WM 5.0 43 21.5 3.36 2.26 2.26 1.10
TP 4.6 4.2 244 3.69 2.80 1.66 2.03
HG 5.5 4.5 21.6 4.01 3.51 1.34 2.67
HW 5.3 4.5 14.3 3.69 2.77 1.31 2.38
1) 5.5 4.1 5.67 1.51 1.91 0.90 0.61
GJ 5.0 4.1 4.79 0.69 1.37 0.36 0.33
Soil CEC Ex. Cation (cmolc kg_l)
series (cmole kg_l) K Ca Mg Na Al
WM 40.3 0.16 0.37 0.21 0.28 1.52
TP 41.6 0.28 0.57 0.29 0.41 2.10
HG 34.9 0.33 3.09 0.93 0.33 0.50
HW 32.5 0.18 1.77 0.76 0.23 0.86
1) 20.0 0.16 0.04 0.07 0.15 1.62
GJ 20.8 0.17 8.79 1.93 0.22 0.33




(2) EGANFA

EYMEA = A5k (shell meal), 481 E (dolomitic limestone) & 14HA]
3 (phosphogypsum)E i A&l ol &3t EYNHFAE A7 &
ZHe] 2AFE Fol7] fF FHAA F vl VIR FHEo o] &3 AT E

FNFEA L] 7HeE AE FHFES Table 29 Zol, &z AT 336 %
O

-~
>,

— Tt

2 b8 AR, CaO FHE Aol 521 %E 7Hg BFor Mg
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Table 2. Available chemical components of the soil ameliorants used in this

experiments.
. . Alkalinity CaO MgO K20 Al S
Soil ameliorants
(%) (%) (%) (%) (%) (%)
Shell meal 52.8 52.1 0.48 0.27 0.04 0.28
Dolomitic limestone 52.2 28.6 17.2 0.30 0.24 1.06
phosphogypsum 33.6 33.5 0.08 0.15 0.13 18.6

(3) "W W
EGMNEAY AT FANES NF EHE vjusy] &) T v 23
S MMHoF HAFIFAT. EGMZA(ASA, HI1E, AMAI)E 200 kg
10a'e) H&Z 2 mm AS 3T FA EF 100 gol EFHNEAL L2
g 3s wEste] Ay M3 nE (Alkalinity 52 ~ 53 %)& 2z 0.16 g, ©
A3 (Alkalinity 336 %)= 0.28 g2 APsAt. MY =AL 25CAA 15Y
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Ultrace, Jobin Yvon)& &A1&ttt w34 Al IN KCI €94, F7] B354 Al
< 05M CuCl®t 01M NaPO; §de 2 A&t ICP-OESE #4331, A
I3 nIAH AlS wdAdYol2(K, Ca, Mg % Na)¥ n3hA Ale] oz
o] Axsdd. wegd e 015 % CaCl, €9, 53 2 wid 3HFa
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(2) A4

FAIE2A S SPSS (Statistical Package for the Social Science, ver 18.0) X
2aHE o]&ste] EUNZFEA Aot EGe wE HolE vlustr] fsto
two-way ANOVA #A4& AAsaen, AFade FosF 5 %A

q
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1. AFE FAFEFS] EPNA A2 5
) B9 sety M

(1) 2% pH (H20, KC1)
EY pH (H:0)= FA42 EGAA 46 ~ 55 o, sy, A31E 2
A IE A EFS 47 52 ~ 66, 53 ~ 64, 50 ~ 58 oAtk (Fig.

1). A=A EY 2 Y Acidic Andisolsol A A1 2o o8] E% pH

—

oA a7t Y= B9l o] (Chung, 2005 Mora et al, 1999), A &0l A&
2l

AEe 25 pHE 7ML, 53] AFAH HIUEE AT E

il

EG70

of

Fol AN ILE AYFT EFRY FostA =dey (p<0.05), SAF EFH
AR GEAER] FA TN ESMEFA A 237 =3 (9<0.05).

EY pH (KChe FH8 EGoA 41 ~ 45 oz, sy, Has o
AN TE AP EFS 242zt 45 ~ 55, 45 ~ 55, 44 ~ 51 °|Av} (Fig.
1). E% pH (H:0)9] #3stsl fAleA EGAZAS A3 EFn £A48 E
SR EolHt (p<0.05).

AFAG eEd EdolA AR pHY vl &L 4 28 %, s44AN 22 %
AlE Al FEtA] g M ER



Hd 183epA

Soil pH (H,O and KCIl) after soil ameliorant treatment. The results of a

Fig. 1.

two-way ANOVA showed significant difference in the water pH and KCI pH values

both among soil ameliorant treatments and among soils (p<0.01).

Control ([(J), shell meal (EZ), dolomitic limestone (E]), phosphogypsum (HE)



2) 23A Fo]2 (K, Ca, Mg 2 Na) st

W K F%3 Na &% 25 EYoA 22 019 ~ 055 cmole kg
036 ~ 057 cmol. kg oItk ESAEA (A4, A8 2 QA 7)E K
HFI Na &aFo] ol EG/AIFAE A EFGER FHE EY ol Ao
7F it

W3 Ca FZFS BAT ELNA 014 ~ 274 cmol kg ' oI, F5HA],
M E P QAN TE AYd E%e zhzE 150 ~ 467 cmole kg !, 068 ~
322 cmol. kg!, 158 ~ 535 cmol. kg! oItk (Fig. 2.). ©] Z3#E 7H3A 2
AAARA Bl M A8 A EF Z AEA Wl Ca %o S7HEAT=
B}l vl=3k AdEolgdt} (Sohn et al, 2007; Ryu et al, 2010; Cung, 2003). <1
AAIE A EGdA e EYNZAE AP} ESRTY Ca TFo] BX
om BAENA 274 ~ 535 cmol. kg '0E 7HF =9kth

23 Mg &2 FA4E, d3s 2 QI IE A3 ESF o= Ao
7 gloy, AIIE (MgO 172 %)E AL EdoAs b2 EYEHAE
A EGAA R AA Frtetd ot (Fig. 2.).

WA ol F FFe By EFAAA 1.05 ~ 4.87 cmole kg ' ©1 L,
H34, HEnE 2L AN TE AP ESL 47 239 ~ 7.03 cmole kg
214 ~ 624 cmol. kg !, 238 ~ 754 cmol. kg 108 BF EA EGET F
7bstRdth (Fig. 3). EFEdAE A4 e s EY, FHdTddE HI1E
£ A EY, AT, AFFE F AAHZAAE dMHTE HYFT EGA
74 AA F7sA T
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Fig. 2. Concentrations of exchangeable calcium and magnesium after soil ameliorant
treatment. The results of a two-way ANOVA showed significant difference in the
concentrations of exchangeable calcium and magnesium values both among soil

ameliorant treatments and among soils (p<0.01).
Control (), shell meal (), dolomitic limestone (EZ]), phosphogypsum (HE)
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Fig. 3. Concentration of sum of exchangeable cation after soil ameliorant treatment.
The results of a two-way ANOVA showed significant difference in the sum of
exchangeable cation values both among soil ameliorant treatments and among soils

(p<0.01).
Control (), shell meal (), dolomitic limestone (E), phosphogypsum (i)
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(3) =g Al &F4 Al X31%

W Al FFE BE EdAA EEANEA Az FAZEG dobsth
(p<0.05). 53 EFES FAa) B w4 Al 3L 2 cmole kg ! o] FS
(Saigusa et al, 1980), EXM A =
Zastt (Fig. 4.).

Nae AlY A4S MAE & S Aoz deAd Qo (Mora et al,
1999; Takakashi et al, 2006), 14 A2ls Ed wet Aole ANUAR H
A MILE AR Al £3teE AT (p<0.05). ol Ca & F
7hekal w g4 Ale] A7l WEolth A Algow A% B Al &=
7+~ hydroxy Al polymer$t Al-hydroxyv-sulfate ZE Ao 7]<ld ZHo R
&4#H A QW (Takahashi et al, 2006).

CuClh A&4 Al % KCl w84 Al §F&F9] ze] (Aleww)® F718 T
o] =& EYolM F7IE EFAE F43 AlelH (Aitken, 1992; Conyers, 1990;
Juo and Kamprath, 1979), ES7NZA Hglef <3t {Fost Aol gATh
(p>0.05). Hydroxy Al polymer AL 184 AlS ZAA71, Alewx S =
7FAN 1T (Takahashi et al, 2006). 22} SAF EFH §A13 2HEL& 74
BT Aleex #ho] AR &4 MRS Edod e Alewk #ol 9 S7tet
o (p<0.05), hydroxy Al polymers7} 2zt 4" A= A7,
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Fig. 4. Concentrations of exchangeable aluminium and aluminium saturation after soil
ameliorant treatment. The results of a two-way ANOVA showed significant difference
in the concentrations of exchangeable aluminium and aluminium saturation values

both among soil ameliorant treatments and among soils (p<0.01).
Control ((J), shell meal (), dolomitic limestone (E]), phosphogypsum (i)
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Fig. 5. Concentration of exchangeable aluminium(Cu-K) after soil ameliorant
treatment. The results of a two-way ANOVA showed no significant difference in the
concentration of exchangeable aluminium(Cu-K) values among soil ameliorant
treatments (p<0.01), but there was a significant difference in the concentration of

exchangeable aluminium(Cu-K) values among soils (p<0.01).
Control (), shell meal (), dolomitic limestone (E]), phosphogypsum (HE)
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4) gAY S IqFH & F TF

2e EYe WA S T 469 ~ 139 mg kg ol (Fig. 6.). S &
ol A& kA (S 028 %) AITE (S 1.06 %)E A3 EdelA = 392
~ 259 mg kg 'oE WA S e Wt HYAR S FFo] we 9lab4
I (S 186 %)E AHYF EFAME 602 ~ 262 mg kg '0& TE EL7) LA
£ A EGrRY aA F7HY (p<0.05).

Ca(H:POyr & o2 223 43 S9 CaChf9oz H&d w3 SS9 =
ol SO4S7t Al® Fe $4tstE EWd| F35 A4y Al hydroxysulfate FE2
AAY FS ou gt (Takahashi ef al, 2006). A2 ELT FAS A2ANE
o ZAREL AT Ao o3 LI M5 wIAE S (262 mg kg HE EA)

AA (p<0.05) (Fig. 6.). 4ZA
EQ BAAZTE AFE ARAGe F2 X3 EYO=R, o] AFoXe uts
A A3 Algoll 93] vise <
Aol A Fe) T3 7] JE9 AFEZE] alline o] =A YEh v wie
FE4E 59 7 dux B, gEtA AFe ARAFY wisH 43 A6

Ao QNI AFHE TP S FFE EYoEA vhEt P FAL
S

i)
K
%9,
£
P
8
@
S
rlo
-

H S o] FUHstAT (Fig. 6). o1& A3 A&l 9%

rl

2
=
>
ofo
o
i
]
Dl

AlSOs & 843 a3 2 AP E Gypsite (AIIOH))Z 43771 Ad a3

L

W&o (Farina and Channon, 1988; Saigusa and Toma, 1997), 34 Alo]
2etE 23HE e T
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Fig. 6. Concentrations of exchangeable sulfur and absorbed sulfur after soil
ameliorant treatment. The results of a two-way ANOVA showed significant difference
in the concentrations of exchangeable sulfur and absorbed sulfur values both among

soil ameliorant treatments and among soils (p<0.01).
Control (), shell meal (EZ), dolomitic limestone (E]), phosphogypsum (HE)
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