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Abstract

Increasing soil salinity in a plastic film greenhouse limits crop production. Chelating agents can
form a complex with polyvalent cations, influencing the availability and mobility of salts in soil. To
investigate the effect of a chelating agent on growth and nutrient uptake of crops, we cultivated
watermelons (Citrullus lanatus) in a plastic film greenhouse where the soil was saline. The chelating
agent diethylene triamine pentaacetic acid (DTPA) was applied eight times during the growing
season, with total application rates of 0, 0.18, 0.3, 0.6, and 1.8 kg DTPA/10a. DTPA application at
the rate of 0.6 kg/10a significantly (p < 0.05) increased aboveground growth of watermelons
compared with no application (0 kg DTPA/10a), with yield and sugar content of the watermelons
increasing 7.7 and 7.6%, respectively. However, further DTPA application at the rate of 1.8 kg/10a
did not increase productivity of watermelons. Nutrient contents of the plant also increased with the
increasing yield of watermelons. The increase in K content of the plant (45.9%) was apparent
compared with that in Ca content of the plant (27.6%). Soil salinity at the rate of 0.6 kg DTPA/10a
significantly (p < 0.05) decreased by 19.9% compared with no application, as a result of nutrient
uptake by plants, and the exchangeable K in soil decreased markedly compared with the exchangeable
Ca". These results suggested that DTPA treatment of saline soil in a plastic film greenhouse reduced
salt stress of plants, relieved nutrient imbalance through increasing plant uptake of monovalent
cations in the multivalent-cation-abundant soil, and consequently increased crop growth.

Additional key words: chelating agent, Citrullus lanatus, exchangeable cations, nutrient imbalance,
salinity
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AR = Bl A7 A E7] 419 215491 2= Aits 1ol E w27 2 8 je}. o Fef At vl7futo 2
AP A R] ol A S E = B Ao 2 A2 Ele7E w7l A o AShe A el 9l ESF I B 0 = HATH]
o2l Y AAo|tt. 20161 0] ZARE HepEaie AV 2] EFe] Bat HF s E=3.0dS m” P, 2SS9t 44 5
=H H(st m’! OGHhE ZISH= AVAANHIR = 57.7%E UERATHNIAS, 2017).
JolA A AL 2= AAMS FolE el 8l Fof sholth A A5 2199 EYG= AR o] Yol 2HE0]

0130}7] ojg 1, 1 A3 2 ST £35S HthBernstein, 1975). 5 HEFA Eokw} Zo| tha &
2 3ol met 4] 57148 2 BAS Bl sV ARl 58S Yoo e ol AR R S B Y
07 & QItH(Lee and Yun, 2014; Lee et al., 2016). A=A W] v]5FEA 5 -54(B) T/t == 74-¢- 2= 5o A==
SFH(Choi and Kang, 2005). AAAEl2] 2] 7-¢- Tt AH] o] o]af of 2] F&F HR50] HAE= HS Hol1l, 2E-2 ofd
Hiroll Rt - AEAE Y] 4190, E5H 5 JRto] S2of) ot S Aol Ado] WAl

Al S] FFA 2AIE s ast] Slel ES Er, 47HH“1” WA, FMegA A2 F TRt o) e o] A-8x 1
QItHKim et al., 2010; Wee et al., 2010; Park et al., 2012). 5% EGFS H5A4] ]7%‘/]' B e 2| 2 285 A2 EoF U
BN = Yo (Kim et al., 2010), 2HEA4E WVLE FHAY T2 2E-S Aol k= Fdo] 1A &
22 2[5l Bz 5hdo] Q @E 4= Atk ok ok Aot 22 S Tl Bol i, B A FH W A
3784 Bt ol g 57l A 9*}1543 UTHPark etal., 2012). B3 EF /A2 G712 42 EFY TBFY FE
shgl oot -8E2 flof o857 = S Wee et al., 2010). o]2} o] AdAHZ| | A 2HE2] HRushE E0)7] 918t of=
o] A8 1 QAR of ds] 7441 iAdo] @tE 1 Q= Aotk

Ed T a4 ol A4S 24T 4 Y= B4R DY 0| EA 857 & Rtk Ao EAl= 54 Fol27 HER 3

HOl 2has 4T o L I A 55 ol 24de FE 4 Urh(Rengel, 1999). t22]Q] A|o|EA|Z DTPA

'rr‘

F

(diethylenetriamine pentaacetic acid), EDTA(ethylenediamine tetraacetic acid), APCAs(aminopolycarboxylic acids),
EDDS(ethylenediamine—N N’-disuccinate), NTA(nitrilo triacetic acid)7} $111(Evangelou et al., 2007), &2 EXlA S+
2 AASHAG 73 A e M U]‘“* H40 FaEE #ol7] flof o[ 8HAL ek Ao EAl= SuE5o= 0 HH EYelA
z%#J 2SI 4 QT A2 oot 24 B4 Z7EA1Z 4= Qtk(Blaylock et al., 1997; Lee et al., 2004; Tandy
et al., 2004). =3+ A o] EAJ= 4 ZHHHOM ZH20] H T4 Lo} 2R AB8-S Z=7IA)Z 4= 9tk (Weinstein et al., 1954;
Noh et al., 2017).
71E A7 e ZeolEAVHE AR FelE EAfehe 3459 o}

N

r
fijo

T/ v el $4e 7L
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ARSI, Tl Aol EARE -84 Welo] B4 22 BAGHo 24 o} 20| S 18] et o 84S B 4]
T AYO] AEHAE 29 4 QAT ofof thet A7 B Sl AR AL A ] Qo] EAIS FE ek U8 A7
7} R EJe} Kim et al.(2012)2 BB 7124.528.5dS-m’' 2 19 =& B0k EDTA, DTPAS 300mM 5L %]2]s
7 ool wje} th2 HeES Rt EDTA Ao 9% Eofo] 45 58 §.9120.2 20% 57HA713 DTPA A

olH Eofo] el -2 0 0l 0 & 10% ZHAAIATHT K T5HITE Kim etal. (2013)9] 01%101] oJoh @R} 8 6dS m!
= A% AR ER] oA H] & 3 8 A(N-P-K)ol| DTPAE 571 A 2f5l 5t o] Qo] o] AFe-2 a7 glgla, EY 3Fel/dd
M GolA9l Wisl7 9191eh Tt Kim et al.(2015)] A7 AREE7}2.2dS m! 2 H| T A e Alzullo] vl 22 A]
H[5}2] 9407 DTPATE A 2]5l5i2 off 115 4810 7012101 S7h= fI3lal, T3t -8 M DTPA 555 0.19mME F7HA|

279 157k ATk skt ol AT Qa7 A Bl vz AlHglo] DTPAZ o} §5te] O
TS Z7PIORA 22 Afshe Hlo] 270] Bold 91, GRS WAL P 2R L S5t 98 A7
£ gl Aol
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2 Aol Beo|EAFEGel thg o & EAohs B4 ol 5 Ca’, Mg 5227 ol et 2HE-g FAstaL o5
Yol FaTE HE 2N IR7HAE AEAEIA oA AZ o] ARsiE &2 4 ot 7Hstitt TRt Aol E
Al A2l fﬂr% 7h ol Rk HAR K, Na'9h 22 thE 171 ol 29 A& o840l S71'e 4= tal 7Hgstaltt.
webA] 2 Aol o] 7Hde HESIA A7 E A2 E AAAA] w7 1ol Bl 2] EEAH]e} A A o] EAZ DTPA
= %E‘:‘E A2ato] e AST AL, SEF 5 ESF ofel/d of Wele] s AT Aeo] EAIZ DTPAE EDTA
of Hs] FFA% Bl B T&2 0z 2g_tttal gatsto] AsHIthKim et al., 2012).

AL AT T AUH SAHI(N 35°32'29.09", F 126°44'19.65")0]] 9]%|8t AdaRe-A0A] 2017 295 E 697}
2] Segogick. AR ERS AAFOI T EAS FEAE o] ALk A AT F P2 HIHIE A5
7m0 2, 28 AlE ool a2, Guh e, WS T2 B vl EEANE] 1.5 - 2uhS v AJuls]e]
ok AJE A EoFO] A9 1559189 B2 HET §0) 27| HEE(EC, 1 0.88dS 0|91 EaEA0] AT
(ECe)=5.8dS m™ 0|10 ™, ECe/EC,.s H18- 6.60] QK Table 1). A& A EYFO] ECe/EC, s H&-& X2 8] & Eofo] &
29 A/ AT EE 75 o] ol §algict. EFe] ol LEHGTHCEC)E 9.0cmol, -kg"o1 1, E9F0] g ool

2% Ca*"=7.8cmol kg, Mg =3.3cmol kg, K= 0.44cmol. kg !, Na'=0.39cmol kg ' O & Ca’ 9] 57} =11 K=
Ao = Wttt

Table 1. Soil physicochemical properties

Parameter Value Parameter Value
pHis 5.7 Exchangeable Ca (cmol, kg 7.8
ECy;s (dS'm™) 0.88 Exchangeable Mg (cmol.-kg™) 33
ECe (dS'm™) 5.8 Exchangeable K (cmol. kg™ 0.44
CEC (cmol.-kg™) 9.0 Exchangeable Na (cmol,kg™) 0.39
Organic matter content (g-kg™") 28.1 Soil texture Loam
NH; "N (mg-kg™) 6.7 Sand (g'kg™) 439
NO;-N (mg-kg™) 325.7 Silt (g'kg™) 439
Available P,0s (mg-kg™) 403.9 Clay (g'kg™) 122
4t 2fy

ZEAMEE Flol A4, A 2 Hlme BEAME] w84, 8491H], AsieE ol8sto] 22} 13.8kg N/10a,
4.9kg P,0s/10a, 8.7kg K»0/10a2] 9FO 2 AH]5TE EOF AL 7jEkS SJat A ol2a 2 4413][Ca(OH),] S 200kg/10a, &
714 H| g & 7152 EH S 330kg/10a 2| 2SI3IT ARERE 7SR EH] O] 2/ 0 2 T 17152 83.1%, HAae2.3%, Qt
22.7%, 52 2.0%, A3%=8.5%, T E=1.39%3Th E[H], QIAFH| == A 4] 35 Hof ]E—r 7182 AJHEH T, A AeZ
B2 A 9o Z42F 33], 23] & LRl A ARSI Z[H] AJH] £ 2F20em Z O] & 725 5o ek U] EQfo]
AAA 0 2 - A5HA FESHEE SIS

BN Citrullus lanatus)-S TSR] < ZAWAHE22 2017 3Y 6Lof] AA1AE] 270 x 40cmE AAISHACE A 0| EA =2
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30U FE 74 712 0 2 83| Totqirt. 13
DTPA Z2]#& 0, 0.18, 0.3, 0.6, 1.8kg/10a% B2|5to] Ae]HE T, £ A87] F91o] & 22wk 0, 1.44, 2.4, 4.8,
14.4kg/10a 0] {Th. AVoR9-2y(600m*) 0] 2 FE-2 A 9lotal 7he-o] Fof thaf 5302 Lhro] B2 A2 75 F9)
1, A AL 72m’ 2 SFITh A2 532 BRs /A2 HISS et 2 Al 2 18] P2 6,000L/10a0]
1, A 2] DTPA 5= 0%(0mM), 0.003%(0.08mM), 0.005%(0.13mM), 0.01%(0.25mM), 0.03% (0.76mM)°] /T

DTPA(diethylene triamine pentaacetic acid)S A8} 11, 4~8F-S A A1
=

R

L

NEENLIEY

ZF AR 3 5250 HHEA-E o] S AR A EA| 9 B 2495 SHlrt. ZH HEALof| A 7219] = 3235 A9
Sto] A1 E A A5 A Batot AL, ZF 214 0] Eoke &4 AiFslo] R4 sttt s ZALREEA 2 2 e i F Y
Sk Afo] =53} EAk(leaf length), BZ(leaf width), ¥ (petiole length), 773 (stem diameter), SPAD 7ol thsfjA=
84 545 o] A ZAFSIGITE 2 WAL A FA & A A3 AdElsto] AlEA| s ZAFS Ht-s Witk A $ 1009
of| AV AEA et EGS AFIste] Aol o[ 85T olmol & ZF HHEALo A FAR9] = Al 2] A Eisto] AV FE AlE A
£ AFIote] £4 5 Batolglal, B 3¢ £4 AFIste] AT -t v 9] 739 I (fruit length), E(fruit
width), 713 S7|(fruit rind thickness), ¥}55(fruit fresh weight), 5~}%K(total yield), B (sugar content) & F-A1514ct T
+ V5= Flote] 24 GeA(Master-M, Atago, Japen)= S35t M-S Al AT AeAle 25 AR o
65°Co A ZAz5te] 24t N, P, Ca, Mg, K o7 241 0f] o] 85131t A12A N H4a24] 7] (Vario MAX CN, Elementar,
Germany)= 24513117, A=A P, Ca, Mg, K= Al =5 HNO; 9 H0, 2 2ol & -F e A F-E et 20t -3 d T A(ICP-OES,
Integra Dual, GBC, Australia) 2 =755t} A3t EF A= 27 T 2mm A2 Ag] X0 o]&513t}. E%F pH}EC
= B9 10g°] 55 50mLE 715199 1:5 H|&-=2 FE351 pH-EC &4 7](HI5522, Hanna, USA) 2 S48 11, -G8 0Ake
Lancaster 5.0 2 2]Z5}o] H]AA=HUV-2600, Shimadzu, Japan)5FSITHNIAST, 2000). W EH] oFo] &K', Ca**, Mg®', Na")
2 pH 79 IMNH,0AcE FE35H & e AgME et A0t 53535 A|(ICP-OES, Integra Dual, GBC, Australia) & Z451tt.
EF] dryole] Ha= 2M KCIE &5t MgOE 2916t S-ioliA 22| R UORE 2% sAg ol ARt &
0.01N ZAHgo 0 2 AA5g] o o AAH] A 4=0.025 M AL(SO,): 2 5510 o] &4 814 H=(pH-250L, Isteck, Korea)
o5 ZAsIgirh

EF 9 AEA] wlol ol et FA 242 R T2 TR(R 368 3.4.1)2 85101 Hl7|1 A= Agricolae 2 F2]4<E 5%

A7 (Duncan's multiple range test)-2 A A|5FCt

o
e 27)9k Q0] 21921 18- 279} ¥ ok DTPA Aol ©laf Z7k8k3iek Table 2). DTPA H2l2o] 0.6kg/10a
TR AAA © 2 Z715to]| Wt % (leaf length), GZ(leaf width), 8% (petiole length), 7373 (stem diameter), SPAD Z}to]
F7Fskiek. 123l vt Bl wto] 0.6kg/10a8] DTPA A 2] ol A G2 5.0%, BE-27.2%, AEE2 11.5%, 478
7.4%, SPADEE-5.0%2] 1212 l(p < 0.05) T717F AL, 0.6kg/ 102014 1.8kg/10a.0 2 A 2|72 38 S7 A= 747
A20 2 YolAl e Heck
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Table 2. Growth characteristics of leaves and stems of watermelons grown in soil treated with DTPA

DTPA treatment (kg/10a)®  Leaflength (cm)®  Leaf width (cm)®  Petiole length (cm)’ Stem diameter (cm)” SPAD value”

0 25.9¢ 23.5¢ 16.5¢ 1.08¢c 45.9b
0.18 26.1bc 24.2bc 17.2bc 1.11b 45.7b
0.3 26.9ab 24.6ab 18.1a 1.12b 46.8ab
0.6 27.2a 252a 18.4a 1.16a 48.2a
1.8 26.7abc 24.7ab 17.9ab 1.13b 47.1ab

“DTPA was applied once a week for 8 weeks, 30 days after transplanting.
YMean values (n = 3), with different lowercase letters indicating significant difference at p = 0.05 by Duncan's multiple range test.

S Al o] 48tk o 2] H] ko] DTPA R 2]of| oJaf %7151t Table 3). DTPA Z]2]20] 0.6kg/10a0 2 2} &
7}kl whet 7 (fruit length), 7Z(fruit width), ZH] S7|(fruit rind thickness), 7}5(fruit fresh weight), -2 (total yield),
S (sugar contenty = 2715110} 55 0.6ke/10a] DTPA Hel 7] 2:8jsgo] 7P B9k, 79} Hlmste] 27kt
E2 IF0] 4.2%, 7150] 3.9%, T4 FAI7F11.8%, T D 52l0] 7.7%, Bt 7.6%5.2H, o] FolA I, kg, 42t
&, Lol A kol 7t oA o] ltkp < 0.05).

Table 3. Yield characteristics of watermelons grown in soil treated with DTPA

DTPA treatment Fruit length Fruit width ~ Fruitrind thickness Fruit fresh weight Total yield Sugar content
(kg/10a)* (cmy’ (cmy’ (cm)y’ (kg/fruit)’ (kg/10a) (°Brix)’

0 26.5b 23.1a 1.10a 7.03b 6,511b 11.9b
0.18 27.1ab 23.3a 1.13a 7.19ab 6,660ab 12.4ab

0.3 27.1ab 23.8a 1.19a 7.29ab 6,748ab 12.5ab

0.6 27.6a 24.0a 1.23a 7.57a 7,011a 12.8a

1.8 27.2ab 23.7a 1.20a 7.41ab 6,864ab 12.7a

“DTPA was applied once a week for 8 weeks, 30 days after transplanting,
YMean values (n = 3), with different lowercase letters indicating significant difference at p = 0.05 by Duncan's multiple range test.

AP A EA ) FE % H| W 5to] DTPA A 2of SJof] Z7toke ke B ,DTPA #]2]] 0.6kg/10a.>

2 AH o =Z Z7H | Wit A S7I5FATH Table 4). 0.6kg/10a A 2|7 Al&2 O—E A FA et H w5t

T Golx o7 ZI51 1, o] Oﬂ A QIKP)ZH 7V AA S716E 0 H(54.0%), 1 FIE ©]o] 7} 45.9%, Mg7}40.9%,

Ca©]27.6%, N7}22.0% Z715199 . DTPA 2| 2]%2-0.6kg/10a0l 4] 1.8kg/10a2 34 Z7HA| 72 749 4|4 0 2 ThA| Yo}

A= ¢S HATE AEA9 R FolA Ko Ca] HE(K/Ca)> A&} Afolofl 7212121 2to] 7} gISIAL (p > 0.05), T
0.6kg/10a9] DTPA A2l A] 71 -2 739k& K3l

Ol

Table 4. Nutrient contents of aboveground watermelon plants grown in soil treated with DTPA

DTPA treatment (kg/10a)’ N (%)’ P (%) K (%) Ca (%) Mg (%) K/Ca ratic’
0 3.8b 0.16d 2.6d 5.4c 0.74b 0.482a
0.18 4.1ab 0.19 2.8¢d 5.6bc 0.82ab 0.505a
0.3 44a 0.20c 3.2bc 6.4ab 0.96ab 0.498a
0.6 4.6a 0.24a 3.8a 6.9a 1.04a 0.556a
1.8 45a 021b 3.4ab 6.5ab 1.00a 0.522a

“DTPA was applied once a week for 8 weeks, 30 days after transplanting.
*Mean values, (n = 3), with different lowercase letters indicating significant difference at p = 0.05 by Duncan's multiple range test.
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ZEF 2] & 2 EF] pHe Al A ESeFHISsHA, DTPA A2l w5 1-2] 2] pH Afol= g1giTh Table 5). tix
T EFO A5 (ECe)= AHl A EST 24, DTPA A2 tof| A= Al 4 B} HlS6kA Y Hob5{th. DTPA A 2%
0] 0.6kg/10a.0 & THA| 2 © 2 Z713te] whe} ECe:= 5.80114 4.7dS'm™ 0 & 242 0 2 744619 11(r =-0.981, p <0.05, n=
4), 71 3 DTPA A 2J2RS 1.8kg/10a2 3H] Z7HALS W] ECe= 5.1dS'm 2 THA] Z7}a}leh. A2 mgHdofol &K',
Ca™, Mg”', Na"), a1, F71elAANH,, NOy) 9] 5 st AF-sro] s} o} vls=atoirt. o] 5ol A K'(r =
-0.956, p <0.05), Ca>"(r =-0.986, p < 0.05), Na'(r=-0.957, p < 0.05), 3T A4k =-0.941, p = 0.059), NH; (r=-0.972, p <
0.05), NO5 (r =-0.954, p < 0.05)-2 =% DTPA A 2]2Fo] 0.6kg/10a2 A2} Z713te] whehn = 4) AAA 0 2 74AsH A, 11
= 1.8kg/10a 22 ollA ThA] F716l5iet. wehd ool 5 Kot Ca Hl-&(K/Ca) T2} H] W51 0.6kg/10a9] DTPA 2|
TollA folH 02 (p <0.05) 7HF Wokt EY 5 wEHI Mg™ 0] 2-2 DTPA A j&at 2 73S Btk =-0.861, p
>0.05, n=4). 44| A2 7L(n = 5)°] el H] w519 3%, DTPA A 2|3} Efo] 7} 515H] QIS Ato] o] AAd-S whok
(Table 6). 18U HR5E =K (r=0.952, p<0.05), Ca>' (r=0.956, p <0.05), & 14Hr=0.960, p < 0.05), NH, (r = 0.990,
P <0.05), NO; (r=0.986, p <0.05)2] Zt QIZAET} =2 - HGir). §hHo] ph eefsfart Bl w ol gl 749 pHis
e BA(p = 0.34), ECe, HAME, WEHY ol (K, Ca™', Na'), NH,', NOy = 922l A& Hglomp <
0.05), WS Mg* It =2 AJhA-& HThp = 0.063).

Table 5. Changes in soil chemical properties after DTPA application and watermelon growth

DTPA treatment ,  ECe  AvailableP,Os _Exchangeable cations cmol-kg')’  K/Ca ~ NH/*N  NOyN
(ke/10aY P dsnrly  mekey K G M@ Ne | matiol  (mekel) (meke')
0 5.8a 5.8a 617a 0.79a 73a 4.0ab 0.56a 0.108ab 4.0a 305a
0.18 5.8a 5.5ab 601ab 0.79a 6.7b 4.la 0.55a 0.117a 3.6a 274b
03 5.9 5.0ab 592b 0.65ab 64bc 34bc  045ab  0.101b 3.0a 230c
0.6 5.7a 4.7b 585b 050b 59bc 32c 033  0.085c 2.5 208d
1.8 5.6a 5.1ab 590b 0.65ab 6.1d 34bc  037bc  0.106b 3.0a 234¢

“DTPA was applied once a week for 8 weeks, 30 days after transplanting,
YMean values (n = 3), with different lowercase letters indicating significant difference at p = 0.05 by Duncan's multiple range test.

Table 6. Correlation coefficient between DTPA application rates or watermelon total yield and soil chemical properties at
harvest (n = 5)

Available Exchangeable cations . )
Parameter pHis ECe P.O: o s Iy N NH, NO;
DTPA -0.799 -0.403 -0.551 -0412 -0.635 -0.468 -0.689 -0.506 -0.505
Yield -0.544 -0.956* -0.939* -0.940* -0.982**%  -0.858 -0.951* -0.965** -0.946*

Asterisks indicate that the coefficient obtained by a linear regression analysis was significant (p <0.05).

1]

in
EYo| @F=0f gt DTPAS| Fet

DTPA=pK,7} 1.821 oFAFAI Qo] i B15}131(Moeller and Thompson, 1962), E%F2] pH= 719 HS7| ¢IQITt. DTPA Z[t)
A2 14.4kg/10aS EF A 71202 TR ¢, B UL 1.1Mg'm™ 9} Z10] 15em 7]E0l4 0.02cmol-kg ' ©]eF. ©]
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2 Eoko] ool 2w EHE=H9.0cmol. kg )] 0.2%2 EFe] $h5-87F] vl Zlo] EF pHE 72| MStA]7]72] (otch
T EY EF s TATEE DTPA A 2ol A Ykt DTPA Aj2jof o]t EoF Hi-5= 0] Hak=2714]
qlo 7ta] 4 91Tk WAl Relo| A 3 ol i A Folol £ vl ol 5] 242 MeAL 4 ek
Kim et al.(2012)= Z|o|EAE AT 7 EFelA EH ol whrt S7Fstal A& o] Fke 029
Frol wheh 2A] EeItial B uskelnt. Bl g4 ol Aol FH, EY EEo| =0 F2E wehy FH, 5ol
2 A B84 FH, f71E 2 57 13ES 1 FEIE EARIT o5 B8] = DTPAF 23 79 o 238t+ B
2 B ol St 271e 4 9lrk. ThE HROR 24 2ol 2 % Aol 2 ek e} DTPAS) R A% ol
O] 2ol Feli= AAsHAT AotEo] -84 Pl = EARI = 37 2Rkl DTPA 9] sfjz]o] ofsf o] 2o] A e k=4
= 1 o, EY IS8 FRsere A Held Zlolrh Kim et al.(2012)9] AFolA EYE 15 =(300mM)2]
DTPA T EDTA §90 2 1049 £R42 DE5S e}l melol 510 AR - 10%0]4 +20%2] WslS
1t} 2 Q704 P5010] 2o A2 S 0.76mMO.E 7] 170] vt Lol DTPA A o] ofgt £oF A5zl
P02 gk o|ohe che sl @b lel 20% Helsisick 5 A 20102 A2 48 578 5l
ORI EF FUET F o Haolrh 2 Aol AEA o YUHT TFSASHAAT A2 A WA 252 S &
JUFEF TS TS 5 glo] EF G e} of A vlw =k 4= Q1glth 18U DTPA Ae]ekt E9FEC Alo] 9]
JEIE YUSEOLYr — 0.403), DTPA 2ol T2 2} A5 0] islr} 0} ECe] Hlskel o] S3kehr = 0.956, p <
0.05)% 20| 412 A% 2712 Ee] A5} ol ke 242 St
Eofoll tiet DTPAS] g2 AR skollA B F3loHA Uelidth Ca™', Mg A thdart ool
DTPAS} QPG 225 @A S 4= 91 11(Abdulla and Smith, 1963; Lindsay, 1979; Kim et al., 2015), Z1L A7} 0|5 0] 252] 4]
=4tk 28U ES U wEH Ca’t, Mg™ 0]-2.0] 51 HSl= DTPA 2|2k A4
o AL AE e w4 S HATK Table 6). 71 2]o] DTPARFH] w2 & g3t 2z J/dohe (K, Na',
NO; )Eum A 01}1&_@;&@ S B} o]g} 7oA jv,}LDTpA_E_ZUH rzo@ A

>n

%Oﬂ =A] 0] e —/F ilﬂ(Wallace etal., 1974; Rengel, 1999), 0] AL EoF %ﬂ%

4} 40| CHEE DTPAS| H&t
HFEGNA DTPA A= #HJ Y82 7130k DTPAS 0.6kg/10a2 A2Jo} 3= - A1 2] 72t vl ot 9l 27]
) 82 5.0-11.5% F7HAL, P 42-11.8% F7Hek A 20| ol U Aol et Leflol =0 G 71 A7
1E

= Aol AP 2 el 16, 2 e Ml 2ol el el el 4 2 e
(Weinstein et al., 1954). 124 thE Lol A= A 0| E SRMES ’Ja@ 2 Fe2] o] 8A1 L =7|5}A|9E, Mn, Cu & TR
n|eFAo] o] /7 U AJ8-2 9 5] oK thRengel, 1999). T3 AF FS Bh= AVAAIZE iAo 2 EFo| DTPA

= 22|t A0 22 Qo eko EAIA 0 2 S ool ¥} 912tk (Kim etal., 2013, 2015). ]9} Zo] 7|21 ofHo] 0 §
72 S AlQfota Ao E slghEo] 2= 2] Ao 3 Gk A B & A o5 71 ALt
ZAQ Aikg Hol 1 gk

B 729 EYS GRS 5.8dS-m 0] 1, WM Yol F Ca’(7.8cmol.kg )2k Mg (3.3emolekg ) 7F EF ol
WEh8EK9.0cmol. kg )y S Z1)5H0] ZAJ6H= GRENOIT) 181 W Ca¥ o Mg k= S]] 29kt 5 (Ca:
5.0-6.0cmol. kg !, Mg*": 1.5-2.0cmol.-kg™")ol| B]5}] = THNIAST, 2010). BFA| 28H] K'(0.44cmol. kg )= T} ofol-&

i)
=

W] W et 2 ZASI A, 428t Aol A eRHK” 455(0.7-0.8cmole kg )2} Bl WS SHITHNIAST, 2010). 0|2}
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DTPAE &9 B85 SN 2H-5 & 7 it DTPA= a4 ol a5 AT
?Jﬂ 0]E ofo] 0] EAJS k= 2= ) 1(Rengel, 1999), 1 A ESF Qa2 7AA1Z 4= 9t} Kim et al.(2012)0]4]
300mM DTPA §Ho= EQRg x5} HET 49 A7 AEEs} 28.5dS'm oA 25.9dS-m™ 2 Gropitt. & qdtollA
0.6kg/10a2] DTPA 225 EoF 2o} &d 0 2 SKHEY Zo] 15cm 2-8)3H 74-2-0.08mMo] sjFste}. o] %S 7% 2|2
SE(300mM) <] 0.027%= vi-9- A2 ¢Fo] 7] whze], 2HE A5 5710 Y10 2 DTPA A2of oJet dF-5% 714 Eapgte
= dgstrlof S-2shA] &t

Ze|o|EA| 9| the Aihs B9 o2 B4 o Bt ga T C = AE AS5 SV M7= 2]tk EDTA, DTPA 59 Z
#o|E 32 Wik ool % Ca’ °ﬂ ek Fgst g4t 71 a1 O g0 2 Mg ole K ol Wk(Lindsay,
1979). webd DTPAE A 23t -9 71eF0 & ZAsHe Ca? o] B2 Yolx| 1 28 ok o @ ZAljsl= K o] AL AlF o
2 Eold 702 7=, o]z 4ute] ofol 2 g4=ot 4t Afjul & E kol 7hqeh ofol -] Hstol|A] & vpeftar 9lrk. =8t
9] Ca -2 0.6kg/10a2] DTPA A2} ol A A 2] o] H]5f 27.6% 57 FtARI T K O] 92 45.9%2 TS A 57k
k. 28] EF W R Ca’'= 19.6% A4S K'= 37.2%= TS 37 4ot ofe 22 AitE Hredsto]
0.6kg/10a2] DTPA A 2]TLof|A] ESF Y K/Cal] H-&0] G924 0 2 71 A TASIA L, 8] OF R Shfol A & A1 4Q]
ol ““21%%‘ & 73 %& B3Itk o= DTPA A2|o] ofa 2 0.2 K" o] &/do] Z7fote] AZA7t FE3KE T
ZErotlae Holeth EY ol 9 AE 9] B+t slde ARt oyt AE 8| 2o tigh AlE A 5
7tell 7]of g 4 %EHDehkordi 2017).

DTPA A 2]o] o]gt A} 50] oFRF4 Bt dllas nt Il (Mg) T} Q(P)olA & FERIT. DTPA A2 2 s=8to] Mg, P
e Z71519L, 0.6kg/10a2] A2 |ToflA] F-Aj2) o] vHisl 212k 40.9%, 54.0% S71ote] Call S71H27.6%) 1t Zict.
DTPA: Ca® 7t B QPR 2158 &/d517] thZell(Lindsay, 1979), Mg™ €] S=rafo] A 0 2 o] F7Het 4= QIgich Eet
EQJol|A] Q1AL Ca, Mg, Fe 59| ofo] 3} Agtslo] obgs}e]2]gt, o] 5 ool 2-Eo] Zelo] EAo] oJef ZE-g dAJslAL

Ao ofsl SAIA A Qo] FaErt5715HE ol HhKim et al., 2012) o]e} Zo] DTPA {2fof| oJt A1&2] oF
B3 42 AL Tolsh Ae|EAdo] Z7fslo] 4ol g 1l AlEo] Qo] 2715t 4= 9] Q)

G ety ofla-of thgt DTPA 280l & £t DTPA A 2|3e 57 Aol mhet o] A0 11 5702 ZIs171
Toket. 0.6kg/10a0A4] 1.8kg/10aE DTPA 2|2k Z7HA|Z 7% A15-0] Al Q.3} of i gkfo] 7hAa}olrt. 7]% Aol A 1
E 50| AY|0|E SIFE-2 A E9] n|FYA T4E Adfsle] B4 ATE Uo7 4= qlrhal H 1151t Wallace et al., 1974).
20| E 13+ 22) 2 ofo|- 2 A n]2kel 4 o] A-g0]L BHo] Lol 4 9] (Rengel, 1999), 1 27} o] S e 4 0] Al
= 577F A0 2 4= lck(Parker and Pedler, 1997). Ze0|E SghE2 AlEAol &2 4 21al(Weinstein et al., 1954), 7
23} Ze|o| E AHA| E= tAFEE Ei= o] E 2HE 0| olef| 54Jo] b 4= Qlrtal 355 7] % Shth(Rengel, 1999). 2]
E SIghE0] A=A Yol 45 ol 23 FE-S AT 3¢ T4 o220 FAJo] Aot 1 a4a8Ae T3 75
o] ZJshd 4= k= Zlo] =/ 9] o7k 4= qlek. oFA] ofofl disf Bied 7l 22 oz, 2+ Aol Ao E 2let=o] 2+ 7T
= E°017] flliM= Zelo|E siekEo] =4 2o tiel o dEjofoF e Aol

AZ2A 0 2 AR &5 Eofo] Do) E SRR DTPAS 22| e A9 S8t ofi 54Ul Qo] Z7)st4t) E5]

RES |
FTERFCa" 9 Hl ol &2 %ﬂ‘?r E‘*"W DTPA<= Ca* ol ] OH FEEt %‘%%%94 Aol s7EL

Ei

ogl

Mr 4

g‘O

[1

9,

=
7H1.8kg/10a)A1 7= 73+ DTPA‘—’J %@7‘—1 ET}— ~M‘:‘r. E}EW = AT °§7r%57} =2 AAEIA A DTPAE

A2 G vol H YT Ev = ol2sh] sl ARE 4 e AASl .
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2=

RPAA ] A AR A2 AU W 20 991 Fo] shfo] 3 ol et 25 Aehs Ao EAle] of
27 4 9lrk 2 ATl AR BRERlA 2B o 34 9 48]
3 =9k DTPAS H2jstod 481 A} otk AlGIA] o] EOFE WEHY ol 5 Ca 55717 Somol kg 0.2 52
S Eo|qtt DTPAE 45U 7HH 0 2 0, 0.18, 0.3, 0.6, 1.8kg/10a T4 & 83| WA 2ottt T4 +-2} H] wo}od
DTPAZ 0.6kg/10a% H51AS o 4] 271, 9, 7H4le] Ago] fojH oz Zrleka T, 7pdo] 5% 2 et 242t
7.7%7.6% Z7151%Ick. 1211 8ke/10a5 DTPA H2]kg Z7HA174S 79-0.6kg/10a H2]o] Ha] S:2t0] 4482 o o] 4}
Z7h51A) Sloleh, A1B 1S 5710k 87 A2 o] QFRAIREE 71519, Caol Hla| K O] 5717} Satsioirt. Al o] o
B2 uhalo] Eobo] AR 10.9% AAsl g, Er] the 2AJsh MaH) Catof Ha K9] 5} 69 27 7
sfsicl. A7t AN AR DTPAL 42| SRS Z0l2 591 V) ol ol EAef =
P 17} ol 0] 48 27 PR BFFL A0 2] 4 ZTL 5 e Bz,

27} 2R0{ : ZROIEA, Cirrullus lanatus, T Fo1L, ¥ 27, st
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