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Influence of Gypsum, Popped Rice Hulls and Zeolite on Contents of Ca®', Mg**, Na“,
* » - " =

K" in Reclalmed Tideland Soils in Kyehwado

Seung-Hwa Baek", Sang-Uk Lee, Hyo-Bin Lim, Dae-Geun Kim, and Seong:-]o Kim' (Div. of Life-Environment,

College of Life Science and Natural Resources, Wonkwang University,

)Dept of Biofood Science and

Biotechnology, Chungbuk Provincial University of Science & Technology)

ABSTRACT: The effect of application of gypsum (G), popped rice hulls (PRH), and zeolite (Z) in exchangeable
cations concentrations of reclaimed tideland soil in Kyehwado was investigated for 3 years from 2004 to 2006 ina
pot experiment with bermuda grass (Cynodon dactylon). Treatments thh three soil conditioner and with three
applications were established with three replications; G1 (1,550 kg 10 a7 ), G2 (3,100), and G3 (6,200) for gypsum,
H1 (1,000), H2 (2,000), and H3 (3, 000) for PRH, and HZ1 (200), HZ2 (400), and HZ3 (800) for co-apphcaﬂon Of
Leohte with PRH at the 1,500 kg 10 al. At 60, 9{) 120 days after treatment (DAT), exchangeable cations (K, Na',
Mg ,and Ca™) were analyzed. Gypsum appllcatlon sngmﬁcanﬂy decreased K', Na' Mg in the soil pmbably due

to exchange and subsequent leaching of these cations by Ca™* from the gypsum apphed Overall,

concentration

was gradually decreased by continuous application of soil conditioners and was m the order of 2004>2005>2006
regardless of the kinds and application rate of soil conditioners. Comparing K' concentrations among the soil
conditioners in the same year, its concentration was in the order of gypﬁum<PRH<PRH+7eOhte Gypsum rather
than other conditioners consxderably decreased Na' concentratmn, i.e. Na' concentration was in the order of
gypsum<<PRH<PRH+zeolite in 2006. Concentration of Mg also showed a similar pattern to Na', Gypsum
application significantly increased Ca’ concentration and in the gypsum treated soil Ca’ concentration increased

with years.

Key Words: : Gypsum, Popped rice hulls, Zeolite, Aggregates, Soil Aggregation, Fine sandy loam, Silt loam,
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o ML A, A= RE FE HE, 39 = Table 1. Characteristics of soils used in the experiment
A Sl £a3 A7t H3 YeFP, ojzje SOM9) 5L " )
5wl ARG F B Cat QAHAOR BAND  Soil tevure P M CEC | Sxearon(SoL /8
QITFT ST, Caol FRobu 47154 AHsA 44 , 19 () (ewl/kY) K Ca Mg Na
N7 Cal 7152 & 4dA Q. Cadl FA7h= 484 Fine sandy ¢, 96 765 048 277 295 186

FA0)A%= glucose’t, EZZANN Wxlo] H7)3aeS
2N Ao dRAY,

g o] Bk FolAl U gadgel 44 9 A4
sleto] AMEEE EENEAR SV1E,
£ B9k pH, ESP, %ol g S5}
£ Zolth. meb EEAT B 53
A Bl gatgdoz ojmdt JEgE vz
sh A FR3Eh

2 A7 A Bk F ANGEY dedde
EQNFATE Hejd B Tl JolREd] FHE &
7] flsto] BN FAR ol5A T, B3tgA
HeF 9 23 gdEjsie] Agslal, Hioassas
g Bk Folx e ol S

3 A3E Ragith

de 9

L
=1

T

EREETE

SAEY
ASLE A Bg gt o R HRGIHAS A)st
A5, W5k, HetArzeolite A2S T EFS
5.3 cm Core(Eijkelkamp Co., Giesbeek, The Netherlacds)
2 6% 21%(60 DAT), 72 21990 DAT), 8€ 21%(120 DAT)
Aol AF - FAste] Bt U I s) BAlof ARSI
%, B A5 248 53034 EYSIESEAENAIST)Y
o $tto} pHE EFEI F2H15)S AR &
%, w7 Tyurin], AR Lancasterd, -&7H4R
IN-NaOaC(pH4.5) F2H, AdI%le-2 INNHOA(pH
7.0)Z FZ310] AAS(Atomic Absorption Spectrophotometer,
Spectra AA-220FS, Varian Co. LtD. Australia)® -3}
A1, CECx IN-NHOA(pH7.0) §40 2 X34 NH,'
£ ¥3AA Ethyl alcohol® )2} NH & A3 & 57
slo] Agetgitt. Eokel YA HAAME(Wet-sieving
method; Model DIK-2000, Daiki Rika Kogyo Co. LTD,
Tokyo, Japan)oZ IStk &, & 718k} 20C d-2o]
HES T AR} pRkel BeEld 488 52 Qe

3, ol%

~
Yoder-type?] {9418 A(2.00, 1.00, 0.50, 0.25 mm)°]
EYNE 50 g& 21F 9 g 7137} AR 4mE F9
gt SIAA B WVIER 3l9] 102 FU B o)
AMEA § F 308 B3F B9 203) S Eo® AREE
EUAE 105CT 2 dry ovenolld 24417 Az 5 2,00,
1.00, 0.50, 025 mm Ao EYe EFYAY FAE A
ool ME-EE SMlesich FAIESS] ek 1 ik
F= Table 1 Y Table 29} Zt}

loam

Table 2. Distribution of aggregates sizes in soils used in

the experiment (unit : %)
Sizes of aggregates(mm) Degree
Soil texture ;5 0-1.0 1.0-05 05025 <0.5 aggiiga-
tion
Fine sandy 00 551 g51 1234 901 3237

loam

Table 3. Level of gypsum, popped rice hulls and zeolite
with popped rice hulls to pots

Level of soil amendments(kg/10 a)

Pots )

paes ORI e, Zeolite
C 17222417 - - -
Gl 172-22-41 1550 - -
G2 17.2-22-41 3100 - .
G3  17.2-22-41 6200 - -
H1 1722241 - 1000 -
H2  17.2-22-41 - 2000 -
H3  17.2-2.2-4.1 - 3000 -
HZ1 17.2-22-41 - 1500 200
HZ2 17.2-22-41 - 1500 400
HZ3 17.2-22-4.1 - 1500 800

T Trenholn, L. E. et al. 2000. Crop Sci. 40: 1350-1357.

Potd EQUHEH XM2|$FE

2004~2006'd 3l AA AFE A ANGFES
A F k] 4 mm A FHE B 10 kgE wagner
pot(® 18 cm, Lenth 30.1 cm, 1/3000 a)°ll 9] XET
A6k 400 mLA F8t] TEFYE 20 omE FAEE
Z zAs9ion FuEE g BEAA el
Hatgiae 48 229 35 itk EiAl 2 Ae
P FAET, EolEA FA18 bermuda grass A
T, o)A 1 A (B35 F) bermuda grass AEiT, *skA
A{35%F) bermuda grass AT, WsHEA(1500 kg/10
a) + zeolite(35%F) A4 bermuda grass A|T-E 38HE
Ael(Table 3)stel @guishi A dAsg s 2E87
Y 24 9 Ao GO FE o w3t & Eok
TNEEA 2] ghetd 42 Table 4% 2th

Kl
=
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Table 4. Ingredients of popped rice hulls and gypsum

Material CEC -C TN C/N TP PO KO CaO MgO NaO SO
(cmol™ /kg) (%)
Gypsum - - 0.03 - 1.9 - 0.2 51.4 0.08 0.38 1.6
Popped rise hulls - 414 117 354 - 0.62 0.65 0.17 0.20 0.11 -
Zeolite 262.7 - - - - - - - - - -

* Not determined

b=

ENEA A ¥ 609, 90, 1209] B F K" &
& Fig. 17} Prk-

60 DAT(day after traetment, DAT)olA41¢] K" gh&F-
A EEAY T © Aesy dAge] 74 dx
ME @ aelE IFsH] ojRisith 20049 % 3.35 -
205 emol'kg' WY ((Hz, HZ3, G1, H3, H2), (H2,
H1, HZ2), (H2, H1, HZ2, C, G2), (C, G2, G3)} Ao,
2005%1% 326 - 1.65 cmol” kg2 ((G3, H1, H3, G1,
G2, HZ2, H2), (G1, G2, HZ2, H2, HZ3, C), (HZ2, H2,
HZ3, C, HZ1)} Atolellx] #2l el 2l 4= 1rkp<0.05). L
ZL} 2006355 0.76 - 0.51 cmol” kg2 #2]#] 2 A
F o] WAl 7P wort folaks gt

A5 wglellA] oMo A8E B F K gHe
oA Al 10T, B3EA L zeolited] ANEE B F K
s Ao FAYTY T 71 EBe 2 3 sl
e S YA skl o) o] e g KT g

=

A S Ko ek A EAlske Kol #s)
YA zeolite®] Foll B84 FAT #3H4
of v} P GeE = go] Zhas]7] witel ol Il A
g 2ot AdiEoR K gego] mobrles Zlor FAHU
K] 7}g/do] 2asr| gEoz A=

90 DATe4%= 20041 5.2] 79 1.230 - 3.800 cmol kg™
W8 (HZ2, H3, H2, Z1, H1, HZ3), (HZ2, H3, H2,
71, H1, HZ3, C), (G3(, (G1, G2)} A}°], 2005 3% 2] A$-
0.407 - 1170 cmol'kg” W E ((HZ3, H3, HZ2, HI,

Kin soi, 80 DAT

o
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=
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w
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02008
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g
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0.0

Treatment

Fig. 1. Exchangeable K' concentration in the soil treated
with gypsum(G), popped rice hulls(H), and zeolite with
popped rice hulls(HZ).

* Means with the same lettered superscripts of histogram's
are not significantly different at 5% level by Duncan's
multiple range test.
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H2, HZ1, C, G1), (H2, HZ1, C, G1, G2), (G2, G3)} A}
o], 20061 =2] 749 0.280 - 0.847 cmol'kg”’ W Z {(H3,
HZ1, HZ3, HZ2, C, H1, H2, G1), (HZ2, C, H1, H2,
Gl, G2), (C, H1, H2, G1, G2, G3)] Alele} 24
(p<0.05)°] AFE} thFTH} Yol AT o454
olgltt. olejst Aupe Ag7IFte] AofAFE Yolx|=
o] Feiste] 60 DATOIAS] 2005 7HA] LA o3k
| Avels t2A Ykttt

120 DATOIAE 200413 %9] -9 2.25- 3480 cmolkg
WelZ ((H3, HZ2, H1, C, HZ1), (HZ2, H1, C, HZ1,
H2, HZ3), (Gl, G2, G3)} Alo|, 200599%9 A%
0.497-1.010 cmol’kg” WHE {(G1, H3, HZ1, C, HZ2,
HZ3, H2, H1), (H3, HZ1, C, HZ2, HZ3, H2, H1, G2),
(H2, H1, G2, G3)} Alel, 2006d%2] 7% 0.337-1.510
cmol'kg” W92 {(H3, HZ2, HZ1 ), (HZ2, HZ1, C,
H2), (HZ1, C, H2 G3, H1, G1), (C, H2 G3, H1, G],
HZ3), (H2 G3, H1, G1, HZ3, G2)} Aloldl 94
(p<0.05)°] Q1A= 2™ 2004 > 2005 > 2006 0.2 ol
A& Aot

2004\19] A3t A+zeolite] 7%, HZ13 HZ30l|4 oF
2k} ztolE UAARE A= gyt eg Aol o]
FAT < B3DA < BEYAvzeolite =02 B = K
ghgo] 34t 120 DATOIA S K 3 187]7ke] Zof
A volAl= Aol FHEITHP<0.05). #71&% B3}
GAL AR B F K &% Bole Aol ol
B3A T K ghgo] W] wizow Azt gt HZ3
AeTe HZ2 AT 2ok B 5 K 8538 oA A 3}
= A% Bol1 gl ol zeolite HEFFo] EY 5
K" 7FsA Wisglel 93k mXa Qe Ao® & 4 33t

ENEA Al F 604, 90, 120U £ F Na”™ §
2 Fig. 29} 2tk

60 DATOIM 2] Na' $H-& 2004, 2005, 20061 % 217}
0.760 - 6.600, 8.153 - 13.310, 1.193 - 2.257 cmol'kg™
AE EHEAY TH 2 ME5EH #ASGe] 2005 >
2004 > 20068 WA=E zolg vERATE 53] o)A 39
Al B F Na' gES wolAA sk a3} Qe
olZ g A= Na'e] SOF# ZAEsto] NaS0.8 Aela
Al et dA S8 W AZESI 60 DAT
M) BRI SF 2 A el FAgle] dad
o vlsle] 2004, 2005, 20061 KT SrolA= Agolgl ot
2)z o 2004 d5S] WA AT 9 THp<0.05).

90 DATOIA 2] Na* $3E2 2004, 2005, 20061 % 2+
0.390 - 1.800, 6.650 - 8.170, 1.767 - 4.770 cmol'kg”
A= EoplgAle] d871tte] AoAsE ol AT
LR o] 60 DATeIM ] Aetek= th2A 2005 > 2006 >
2004 £o= wolAE AES JERth &, B3k A
1k FAL] 200432 AT 2005 L 2006 E kol

O

o, R

—

A ouwA 2 Ao® UeRth 90 DATIAS B/
A2 F7 9 Ayl BANe] e Na™ &% Bt
kA A& 2004, 2005, 20061 EF Solx|= Aol
9on} dgA e ® 2006 E 9] G1 EUTHp<0.05).

120 DAT®IA1€] Na™ 3H& 2004, 2005, 2006 1% 7}
7} 0430 - 3.640, 5230 - 6.043, 1.827 - 9.040 cmol'kg”
W7 EAlY] A47I7le] HoldaE Fopsth(p<0.05).

Na in soil, 60 DAT
15.0
12.0
2 B2004
% 8.0 83005
5 Oz008
6.0
3.0 b
00 i B
C Gl HI HA G2 Hz HZ2 G3 H3 HZ3
Treatment
Na in soil. 90 DAT
18.0
120 +
s 5
5 a 5
LB 5 ] 5
e 8.0 H [z004
= 2005
5 60 | A2006
| dl
30 |, 4 | \
b ) l : 4 s I
oo ChHleEH . E i gl |, 1 | L = AN N
C @1 Hl HZ1 G2 H2 HZ2 G3 H3 HZ3
Treatment
Nain soil, 120 DAT
15.0
120 t s
6 13 § 3
2 a : b
g 80 T < 82004
= #3005
5 60 Ld 02006
30 t
00 W i ke : & I 5 3 i
C Gl Hl HA G2 H2 HzZ2 G3 H3 HZ3
Treatment

Fig. 2. Exchangeable Na* concentration in the soil treated
with gypsum(G), popped rice hulls(H), and zeolite with
popped rice hulls(HZ).

* Means with the same lettered superscripts of histogram'’s
are not significantly different at 5% level by Duncan's
multiple range test.
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EopEA AHels olpAil <« #eeA < Asig
+zeolite O 2 E % Na© &80 molx|= Aot
A o)A 0L, a1 zeoilte
o AE-S EoF % Na” 858 dolA s 728 o 4 9)
Siilﬂr 1 OEEE o)A T << WY <« BEYA+zeolite
o]t 2006 120 DATS] 4445 Wyl oAy
Ak B9 F Na© s 2A71al 9lEd BolFa 9)
olek

Eob%lahﬂ A7 F 60
@ Flg 33 2,

DAT®42] Mg™ &5 EgAle] 72 Az
-’f%:ﬂ}- TG0} 2004, 2005, 200615 22 1.460 - 4.910,
0.827 - 4.547, 1.767 - 4.390 cmol’'kg" WY 9147]710]
dol A= yholxl Agolgl o, 58] o443 Hgl ol
A 3 TH(p<0.05). A2l u}f gt o s
7t AHESE o)eAal <« YA < -@3}9L7%+zeohte
To2 molxla gtk 2004W1% A¥] ¥ H3, H1, HZ3
2 HZ1AA T =920 2005, 200692 ¢ 2% dixd
o} ghko] =3lth(p<0.05).

90 DATeIMS] Mg™ o EEAle] T59 A&l
FEak PAGO) 2004, 2005, 200615 2Y7F 0.148 - 4.543,
0.323 - 4.302, 3.344 - 9.026 cmol'kg "HeE AL71710]
Ao ds5 wobAuh dizTeh folXel Aot glglom,
53] olFHalc B3peA ATl EFoHp<0.05) 60
DATe|M 2] Aafel= th2 A vhehdt

olgfst Msh= W3 +zeolite?] 2 HEE 271y
7+ ebgAle)al, A7kl AREFE o)1
WL A zeolite 0% obx| 1 9t wale A ¢l zeolite
<] i%ﬂ‘; 2004952} 200541 =20 4] tﬁ&fﬂ} A8l Afo)7}
A7l B F Mg garg 7k
47} —ﬁ% o = lgirh 200619 éﬂ}% 2 B35
H1, H2 A& Alglsh ol Mg 3 ©
o] Mg'' @Ho] ol Ao %eli}ﬂ sl%ia, 53
BAA + zeolite ZTAENA 7HE HUTHp<0.05).

120 DATOIAE 90 DATS] M el7F T2 A% 2
2ol 2004, 2005, 2006\ % 242} 1.120 - 3570, 0.170 -
3.627, 0.980 - 6.750 cmol'kg" WH® Ag7700) dojd
TE oA s AP0 E EEA AlE 349l 20061 %
7F 7V w8 dAE vepdigieh A oE Mgt g
o]FA T « -‘§§}9L7% < B3 A+zeolite £ T FokA| 1,

AL7|e] U5E wolx]i= Ao O‘t}(p<o 01).

Eol 7}1%1] M T 60, 904, 12049 B & Ca'™t
2 Fig. 49+ 2rh

60 DATol Ca™* kS 2004, 2005, 20061 % ZFz}
4.460 - 67.190, 7.607 - 96.883, 7.550 - 152.457 cmol'kg’
Hejo)|oim, #WapskA Y Al zeolites A3 Hy=
3dA H3 A28 Agshd dizse Ca™ 3 42x

o, 90¢, 12090 &% F Mg™

b SISIEHp<0.05). O17A1a g EebRkA] 5
3 zmwal F7KIE 59 F Cavol F7hIoM,

W oE T 2004 < 2005 < 2006419 o 48 Sl

..L,

FAREFE Z7hEE eIl oAl Helaro] Wt
A ok 20| Ca™t THL SUMEy dHE & Holal gl
% TH(p<0.05).

90 DATOAAE 2004, 2005, 20063 % ZHz} 5.070 -

Mg in soil. 60 DAT

100

G2 Hz Ha2 GE H3I HZs
Trestrient

oGt HD HZY

Mg i soil, 90 DAT

=)
3
S
Treatment
My i soil, 120 DAT
10,8 "
o
=
5
£
L)

i He HZe 53 OM3 HE2
Treatment

Fig. 3. Exchangeable Mg™ concentration in the soil
treated with gypsum(G), popped rice hulls(H), and
zeolite with popped rice hulls(HZ).

* Means with the same lettered superscripts of histogram's
are not significantly different at 5% level by Duncan's
multiple range test.
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78.120, 7.800 - 93.920, 9.657 - 147.597 cmol'kg” #H$o]
A1, Bt AY B3SA+zeoliteZ AE3 H] oM o]
£ Ao #AGe]l 2w f2at lith(p<0.05).
o]5FAl 11 AgAEE 60 DATS 71 Ao FAlsto] A4
Fo] Z7lerE B 5 Ca™o] FIES e, W Wl
T 2004 < 2005 < 2006'12] 0% AE 3F7t FARET
E S7HEE Aol olgHa Aeee] $oH EY

Cain soil, 60 DAT

160
140 ¢
120 r

100 22004

s 82005

€ € D2008

cmolt/kg

50 |
a0 |

45| &

20 ¢ 2l o

&
d

C Gl H1 HZ1 G2 H2 HZ2

Treatment

G3 H3 HZ3

Cain soil, 90 DAT

2004
#3005
02006

cmol*/ka

G2 H2 HZ2
Treatment

G3 H3 Hz3

Cain soil, 120 DAT

160 &
140
120
B2004

82005
02006

cmolt/kg

C G1 H1 HZ1

G2 H2 Hzz2
Treatment

G3 H3 HZ3

Fig. 4. Exchangeable Ca”™ concentration in the soil treated
with gypsum(G), popped rice hulls(H), and zeolite with
popped rice hulls(HZ).

* Means with the same lettered superscripts of histogram'’s
are not significantly different at 5% level by Duncan's
multiple range test.

%9 Ca™ T F7FE U THp<0.05).

120 DATOIA 9] Ca** 32 2004, 2005, 200615 7+
7} 3920 - 78.880, 6.040 - 37.720, 5920 - 132.493
emol'kg? W9oI3lT, olda Hele] ¢ Ca™o] F7t
= e

9] 07 2006152 7% 0|54 1L, HstEA+zeolite
AT F HZ19 277 Fapt QAEReH, AA4
©2 A7I7HDAT)e] AeErE Yol Aol

2

B A7E 134 B 5 AXEE diste dddde
I 717 EXARATE B T ol gEstel n]A|
= ks BAEY) 9ste] EWNRAIZ o)Al 1550
(G1), 3100 (G2), 6200 (G3) kg/10 a, B3H<A 1000
(H1), 2000 (H2), 3000 (H3) kg/10 a, WA 1500
kg/10 a°ll zeolite 200 (HZ1), 400 (HZ2), 800 (HZ3)
kg/10 a7} H == AFg Dejste] 36zt Agstal, Wi
g As Awe 92 60, 90, 1202 A3 - AHs
B A dgo] B 5 ool ghigtel] nAE A3}
5 Budith

o]4X19 MujE E9 F K, Na', Mg™e] &8 &
A3] a7l Aor Ve K 8% B NEA

2 9 A5t @A 0] A87170) ojdeE golA]
L AFo] vk K" gk dAnre] A4 2004 > 2005 >
2006 O F oot 2UALM = o]Fa T < WA
< B89 A+zeolite 2013121, 90 DATIAN 2 bt
olglth Na* 88 EoblEA dgo] ue W e
U EoplEkA|e] 5ol <%t ghgellA XlolE H AT 2006
d 120 DAT AHgTelA oledn 9 7 Azl wet
Na* @&o] #A3] Zadh= daks B 4 29l 2006
T EY F Na' g3 o541 < WA < 43t
+zeolite 520]9Ith Mg™ $EkE BEtgA+zeolited] 7H-F-
ded ZoHder) ebgAo|gla, AlTte] AHEeE oA
< BIA < W3S A+zeolite TO.2 EOFA| L AT
olFA T W 1 Al upet Mg T A3 st
S B %l BESA, Bk A+zeolite AT
M= gz vl 28z gl we ZhsEE ATt
ity B9 2N EQNEA Hele o)l < B
597 < B3} A+zeolite 22 ZolA 1L 3tk Ca™
A% o)X AgAE HysEol w2TH EY T
Ca'*o] FolA&= Ayt =Hom, dxd ¥tk 2004 <
2005 < 2006119 0.7 Ag7]7le] Holde] whet FotA
= Aotk HEA, WY A+zeolite HEA = R
Tl nisl syl A9l

EAo] AANYERD 7H2A9] ool F KT, Na', Mg™
Shg bl BHARl ENEARE o FA A o3t

r o

rir




AT b BENEA A7t B F ool gl ulA: 4 31

o] =i 2007A% FHstw sredd A o] o4
ATHUFULE EoZY 9 BAS ol s
Aaxrdrpist el A . g4 Awe] o}
T, AN, 93, A3 S A e Te At
o}
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