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Abstract CONCLUSION: The off-season cropping under open-field
or flooded condition was effective in desalinization of

BACKGROUND: During the off-season, the cultivation of plastic film house soils. Since the salt removal effect is not

Chinese cabbage and water dropwort is often used to expected to last for several years, the double-cropping

desalinize plastic film house soils. The objective of this system should be introduced every season to maintain soil

study was to verify the effect of double-cropping systems EC below the critical level.

on the salt removal in oriental melon cultivated plastic film

house soils. Key words: Desalinization, Off-season cropping, Oriental

METHODS AND RESULTS: Electrical conductivity (EC) melon, Plastic film house soil, Soil salt

and soluble salt contents were measured in soils collected

from plastic film houses of oriental melon cultivation M

before and after the off-season crop cultivation. Also the

same measurements were performed in the next oriental et Ze) A AL 2013 d 7]ECZ 5,515 haol
melon season to estimate the desalinization effect of ), 71 FollA AEA] HAE 5380 haZA HA2 97.6%
double-cropping systems. During the cultivation of £ AAskal ith2014d SHFAE FAIAR). A A
Chinese cabbage under open-field condition, EC, of surface Ao durg o7 12-197 ) A2kl 393E 797H4]
soil was reduced from 6.0 to 0.8 dS/m. Double-cropping of Fal=d], I F 972 5E A 2 719 10874 93
water dropwort in flooded soil was also efficient in ko] sl | = sith A|Adse]L s ekAo|n] ofE F7}
removing the salts accumulated during oriental melon 7} AAEt] FAAE FJAst] EA RS AMEEE &
cultivation. In the house soils where salts were removed o FAA thAzE AzRS A Fot uebA] Ze)E vt
during the off-season crop cultivation, soil EC. was ZE AVAAN] 2R AR oM s aFo] Flsk AAd)
maintained below 3 dS/m during the next oriental melon gEAE dro v & Ao wE vyt A4sit
cultivation season. (Kang er al, 1996; Ha et al, 1997; Cho et al, 2000; Jun

and Park, 2001; Kim, 2001). 2=+2] A= S tjato
2 Ak A7s B (20049 FENSA FHEEIAL B
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HEO AF7E Bol JAHo Qe Ao® vEhtal, wa]
&2 2 dS/m ©]8}7} 41%, 2-4 dS/m 32%, 4 dS/m ©)
o] 27%=A Adl71EQl 2 dS/mE sk vdahe-rt
59%%th. AEE s 9o, e, T 5 AT AEiA| oA
dFA Y] oS Ad Zow ZAREIH.

7852 ool abeke vdske-A Eoke] ARt A
= A2 w7 Aol stemlgel Eu|e] I AlE,
AmAsoll st 7] Alskd A5 FoE I A A
F7F dojda5 B ARl 719 (Jung et
al, 1994; Jung et al, 1998; Jun and Park, 2001; Kim ef
al, 2006b). HEEH¢-A B FHH= F2 o] &2 Ca”,
Mg™, K*, NH," 59 %]&3} NOs, SO, CI, PO 5
o] Fol&olt}t (Jung et al, 1994; Ha et al, 1997; Chung
et al, 2005; Kim ef al, 2006b; Oh et al, 2010). E%Fe]
R A57F A F2 Egde) AETUA As)
7 Qg A= FEFT A, HEAEI FE AololA w
& AP g, AEAUe FREddelA vepd
= 7 Y Es sox QA=) Aol AsfEct
(Marschner, 1986; Sparks, 1995; Kang et al, 1996).

ShEaAEdE AL GV Wy 7le AR E S
Aulet & ohA] APdA R Adkshe o] Eokel FAE A
TE o] AAT 7 e WHolANE Aul g4¢] FH.9)
Aol e mE Bl AL Algtacle] Hvk AR A
T oaRoR B8 AA, AR, HERRE, ST, B, 51
AEA) Fol o] &H L glont, Aejel Al wE wmEd
7} Blgo] F7tel| Feo] Hr dF AP T =AEE 7
1 QlE= Aot (Kim ef al, 2001; Jun et al, 2002; Kim
et al, 2006a; Lee ef al, 2013). B = B 53
AVANY Bkl dRE aRAoR AAT e FeE
Byxo] Q= (Jung and Yoo, 1975; Chung et al,
2008; Oh et al, 2010), 2> E75 o83 Aot} vd

BRe2 ol el 2t weARe) Azl HeE 1
o] 100 mm 91 28] o} =3l AFAA st 9)
L 0% QA glor, B heo] Ba i 3FoR

rofoy

¢

skt (Chung et al, 2008), AA|Z F7lelA AEZS] &
& AAE AHsh=s A wrbssith 3 F A= 799
TN S5r, FaEts, 2 59 sH|FRE oL 7]
e Afstel A W BEYEe 2 e AATL
EY 474 10-60% ARAE 53 ' T
Ut (Hwang et al, 1993; Kim et al, 2013; Lee et al,
2013). #H+ A=Aom sV AT BN Az ek
AFAAE A3l F4710l SHAES AetES Al A
S7Fell WAekaL Qlom, R HA Arrt Ast Al
A atES At HEEshke Zlo] vigkalsich

AT AAE o] 7] AFAIA B 7k Al E
7tollA AAl &8 = e APl WL glom, AAA]
HIE Faf kst e F8le ARl Ahdetal s7PdE &
& 7Fse vkt S Tl AR AwAlE dsiof stk

Fa710 Eoks HdElE AW Aol =E3A
oM HuAE 5 Avlebd 8828 A A=
FTAEE Bl v AR o® vdates Bkl dRE
AAE = Y& Aotk A& A o 299 e Al
AR M= JAE dFE AA] Al F4714 F
Ao g nldae2olx SEAEE vugE AblstAY A
S Aojyar =AM wiFE Apigich i 57t
oAl Adatar ol oldd AFAA o] dvht a4
A ZEal I w3t dvht AEE  leAel tid A4
o] a3t

2 Ao Ze)Am) Bidske-2oll A FA 7 B
AoA FAES ApisiAY AP F4=S

il

Fu
%

Table 1. Description of the cropping systems included in the experiment, and the numbers of plastic film house where

soil samples were collected

No. of plastic

Cropping system Description film house or
field
Oriental melon single ¢ Long-term (more than 10 years) continuous oriental-melon single 5
cropping cropping exclusively under plastic film house conditions
Oriental melon - Chinese ® Oriental melon - Chinese cabbage double cropping in long-term melon 4
cabbage double cropping growing plastic film houses
¢ Oriental melon was grown under plastic film house conditions from
DECember to July, and off-season crop Chinese cabbage was grown
under open-field conditins from September to November.
Oriental melon - water ® Oriental melon - water dropwort double cropping in long-term oriental 4
dropwort double cropping  melon growing plastic film houses
¢ In plastic film houses, oriental melon was grown from December to
July, and off-season crop water dropwort was grown from November
to January under completely flooded conditions.
Soybean single cropping  ® Soybean single cropping system under open field conditions for more 3

than 5 years
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Table 2. Characteristics of soils collected after season of oriental melon single cropping system in plastic film houses and

soybean single cropping system in open fields

Cropping system Depth pH EC* Organic matter Available P
cm dS/m g/kg mg POs/kg
. ) 0-20 7.63 = 044 423 + 1.55 283 + 2.50 557.9 = 104.3

Melon single cropping
20-40 7.64 + 037 1.79 + 0.64 144 + 1.93 221.1 + 81.34
. . 0-20 641 + 0.83 1.08 + 0.80 19.4 + 6.68 3719 + 84.21

Soybean single cropping
20-40 6.48 + 0.63 0.84 = 0.71 8.2 + 594 100.7 + 19.41

LSDy s 0.79 1.31 10.9 182.2

* ECe: Electrical conductivity of the saturation extract

S ARHEY B0 §US B EG AR A 292
| g 2ARRIGOR, ol d AAAt 4]
AAE] e ZHAR AFAA Free 283
A% sk

> oM,
23
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o opx

9J\

Mz o U

kel

FEXAI EY AR R®F
A5 A e Ao 2] A oA Table 13}
o] thdzlk Zels whato 7 AL vdake-A, Fols}
EAPGElA wiFE Aulst v dsheA 2 el ol wadE
oA wyelE o|mAeE Hdaky-AolA w2 EoF
AFAALNE 2ARIGICE 283 wiFu eve AelE &
S AFAAENT} vy 2] e Au7|ztel] A&5E 5 3
A5 AR
ZAF T 2o G ndERes 57Ael s Fel-uiS o]
2 F7kel Zel-wye] o)|mz FrteA Ut 2roR
o= 2o G vk 1ARS ZAA F9] o
o] 799} vluste] o] AA AL HFAALINE FAR)
=3
o) vidapes) F oA wA2GY] EYAEE
Zeol F Azt F259 391 2011 108 Z=ol] ZARIA
Hdske-A W 2 HE 37 A4S Agste] 020 cm 9
20-40 cm zlo] MR 500 g =9 EFS AF ST -
w5 2 Fkel-mue] ol AAAS] A= 2zt wiFAl vt
TuH 20119 12€ = 2 vjue] Azt 549 20124 1
Zroll o] &} vdshe-A0 Ae-9k sUsH B AR
Ak
Zhel-uiE 9l Fel-vjye] o]z Al v 2] 9]
A7 1ZE St B AFAA Waks 2Akeb] S8t 9]
w2l el-u)S ojxak gl Fhelnjue] o] RAAAlE o]g-gt
E71e] Hdake-Ao A 2012 495 79704 € 13] 0-20
cm Zo] EGAEE IAMNG vldske HE 370 e
A AFA BRI
A EdAlss 247 2 e & U85 NHS %
NO; 9 42 $J8 ¥ maselon, YrAs a1
F 2 mm Al FHAA AL AEE ARSH

¥2 o fo

U wio

N

™

EY 24

pHE EGAES /T2 1.5 dgtde o] g3l {2
A= pH meter(Mettler Delta 350, Mettler-Toledo
GmbH, Urdorf, Switzerland)Z 73331tk E%F ¥313]
209 A7JAEL(EC) = EYARE 250 g %S 500 mL
H A @i T/HRTE 7heto] X AEE vHE oy
10/ 5 w5 olgdte] EYRAS FEo
conductivity meter(Mate 90, Corning Co., Corning,
New York, USA)Z =73} thRhoades, 1982). f71&
> Walkley-Black ' % 7431313 (Nelson and
Sommers, 1982), &4 Bray No. 1 I&&do®
3 & Zelud Jyor A spectrophotometer
(UV-1800, Shimadzu, Japan)® “d%3F3THOIsen and
Sommers, 1982). £4F] 7H4 R7E Tshs o] E
A ES} THFE 15 HEE EFst] 6003 e T
membrane filter(0.45-um pore size)= ©]3}ato] FE3F3
THRhoades, 1982). Ca’*, Mg*, Na’, K= ICP atomic
emission spectrometer(Varian 720-ES Series, Varian,
USA)Z S733iek 12]aL e SO+ ion chromatograph
(DX-120, Dionex, Germany)®, NH,'¥ NO;+ flow
injection autoanalyzer(FIAstar-5000, FOSS Tecator,
Ho6ganas, Sweden)®Z 3733t

2| HE} HIHSIRAL} L X| F Riui ZE EAU EY
o] Az ek Eoke] BAS Q1] A F Al
A} nlwste] ZARSE A¥li= Table 28 29kom, EAJS
HISH- A RE TE nAFA EolG T A WA AR
2 A9 Ql9ih

F91E A=t 498t B pHE 6.0-65 =2l
(LA e FFA e, =l aArg os),
A nidahe-A B pHE 7.5 Wz = vebdeh #
9] Az} vdahe-A EokoA pHYL o]} o] 2 21 9
o AA T} A Eu] Algwke] war o] A 5 3 2
EAE "HYA 1 AE EGl YA A3EAS o
3 BEY das ol 7Ilshs Aow wddrt

u
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Table 3. Water-extractable ion contents in surface soils (0-20 cm) after season of oriental melon single cropping system
in plastic film house and soybean single cropping system in open field

Cropping system K Ca™ Mg™* Na* NH," NO5 SO~ Cr
cmol/kg

Melon single cropping 0.38 1.11 0.66 0.43 0.17 0.41 1.19 0.62

Soybean single cropping 0.25 0.30 0.15 0.19 0.09 0.08 0.79 0.28

Table 4. Comparison of soil characteristics after season of oriental melon single cropping system and oriental
melon-Chinese cabbage double cropping system

Cropping system Depth pH EC* Available P
cm dS/m P,Os mg/kg
0-20 7.57 + 0.02 6.04 + 0.31 562.6 + 187.5
Melon single cropping
20-40 742 + 0.05 224 + 0.11 202.1 = 69.40
. . 0-20 7.15 + 0.13 0.80 = 0.22 331.9 = 16.50
Melon-Chinese cabbage double cropping
20-40 7.06 = 0.25 0.83 + 0.18 67.90 = 42.18

* ECe: Electrical conductivity of the saturation extract

e Az nidele Al TEA ESk EC.E H 6.0 o] HAH Z°
dS/m7H ZAREGIOM, A - AEGS] EEe| HE] Bo Aals ek dFe F2 Na', K, NH, Ca”,
Hogow av) A% =gk Ze) A njdekes FE Mg™ 59| %ol&3} CI, NO5, SO, PO, 59 go]-0
Bt ECe #b2 9] A vl rdellA AlAlgk 4% EC 2 7] glom, A vdske-2el wEba] i At
A8k gk 2 dS/mE 2dl] oY 2SIty NE] EC. it ol glou} Ca™, Mg™, NOs, SO, CI'9 go] %1
W A T A A 1 dS/m oletE AR, ECS}e] AL & 202 A 9t (Yuk ef al,
9] Az v dsl-2oAE 2 dS/meoll 253 O = 1993; Jung et al, 1994; Ha et al, 1997; Jung et al,
A Sk olyst AvE Hd, nldskeA oA thd 1998; Kim et al, 2006b). T+ Ttu AR v)dahe-~

1t Aoz A 2] Al A4 ok EC WolE BA EolM oY o]2E Tl NOs 7 71 =& S5 &
ZIehHe F0E B AR A48 Folh 2o] QIt} (Chung ef al, 2005). d50] HaFS WA b=
7188 9] A njdahe-ne] RESL HEefA Het AR AFRESINE 7HA ARE sHs o]
grego] 7171 2.83 9 1.44% % A - Al ] vl 2 FE Ca’, Mg™, SO °l9, K, Na', CI, COs*, HCOs,
Ee], ol el Al Bl By F fV1ES X454 NO;= &% X3Ho] SIth (Richards, 1954; Sparks,
o7 Ags] wEY Aol 1995). o] A2 9] AFESD vlustd S2uet Al
TR 29 A Hdaes T EEoA Hit AR Bl NOs Feje] dasl Qare] FHd4d
5579 mg/kgelil At 785.7 mg/kg7A ZA G, o] T3ty AldAIA Eke] ARHAATo] A i
WA F AMERL] FEQA S wwshd A 2wl slstu)gel Hn)o HrpAlgol wE ARl F4df 719
ek Felol digt B FaUA HAgFS 300-500 & oJulsh= Zlojt.
mg/kglEl, A5 AT AlF AiA] Bkl 9ol &
ol 3Heko] Hit 413 mg/kgO® FAFH O] QIthAFTHA Zto|-tiE 2 zel-nlLtz| o= =t w2 HIA7 St
FARE AT). B Aol 2ARE AN 2] A% u] AldEh-2ol A 2] A F ARG AAT A
ke B GRS SRk HiHo® AYAE 23 2 WjFE o|Rxo R Aud vjdae A B FelE v
dhe o), Qibs xFhek AlnlRke] o] Fask Ao o= Aujet vjdsheA EoF S-S vwaoict (Table 4).
2 gk, o] A F mAGHR wiFE Ae A9 2o a3
o] A nidEke B w4 F A EFO] 84 Bldah9-A Eoko] H|E| pHE A% wobglon, A A=
o] & S Table 33} #2gkow, ECole] #AIS st w35 Ao za AfF7E AARNY] Wil Aoz 34
cmole ©91= UERITE A} T o] 259 dake mF ok
Z A A =gl gl o] Az njdake BN & Bl ekl x] H9E Al § B AAT L 24
okom, Hidahes B Ca¥' ) SO dgel 7 AdElolA wiEE s A9 = BEC. Buake RES
Egrom, Mg™, CI, Na*, NOy 5% A Ek] Hle) @ AEA BE 1 dS/m ©)3kE ZAE o, vdake-A 3
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Table 5. Comparison of soil characteristics after season of oriental melon single cropping system and oriental melon-water

dropwort double cropping system

Cropping system Depth pH EC* Available P
cm dS/m mg P,Os/kg
0-20 771 = 0.16 3.26 = 0.02 3279 + 102.0
Melon single cropping
20-40 7.83 = 0.10 1.88 + 0.03 102.7 + 31.20
0-20 7.63 = 0.37 0.75 = 0.29 216.3 + 80.56
Melon-water dropwort double cropping
20-40 7.77 = 0.33 0.64 = 0.27 163.1 + 19.20

* ECe: Electrical conductivity of the saturation extract

Table 6. Water-extractable ion contents in soils after season of oriental melon single cropping system and oriental

melon-Chinese cabbage double cropping system

Cropping system Depth K’ Ca® Mg® Na° NHS NO; SOS (I
cm cmol/kg
Melon single cropping 0-20 0.60 2.37 1.03 0.54 0.33 0.56 2.50 0.66

Melon-Chinese cabbage double cropping  0-20 0.14

0.25 0.39 0.34 0.25 0.16 0.22 0.31

Table 7. Water-extractable ion contents in soils after season of oriental melon single cropping system and oriental

melon-water dropwort double cropping system

Cropping system Depth  K' Ca®™ Mg® Na* NHS NO; SO~ QI
cm cmol/kg
Melon single cropping 0-20 0.54 2.40 0.88 0.39 0.29 0.74 1.53 0.97

Melon-water dropwort double cropping  0-20 0.11

0.52 0.19 0.32 0.26 0.32 0.30 0.40

B

AE A% AT Zolehd Eoko) vls| EC7F @A 3] wrol
t} olgjet A%E W, AAudS AASL A el
w55 Ao za e Aul7zt ek F4E A7
Gto] 93 F2E0] S5l o AAR ZoE &
Hok FaQiit 54 Aol A g elolA] wiE Al
o=y el Au7Iztel Eoke] AW Fa A4 50%
b AAEE AoE YeRdtt alsE Apist 995E 11
2 Atole] 72 200 mm W £lolSiTt (i 2 TS
o 5.

9] Al F FAAES JUE FA3 A Bk AAS
Hstal ojR Aoz wugE Ast 495 XY (Table
5), 79 @2 nidae-A Bkl vld| pHE Aol 9lgle
U FES AEM BF ECe= 1 dS/m olakE A5 ¥
obxlal HES] Facit dF A muelE FAEZ A
st 5 3A otk wyke] o] RA nidaheolA AES]
AR ke o] A vdahe Eokl| vl A =
AR, ol B dEl7E 2-37019 AGEEA EEA
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Sh Vel AR I ZARE o] £84 o]

§r ®lshk= Table 6 % 73 294tk A3nde A|7st
w55 olmAo R Auet ] A, el A § ke

VS TR A 2l vl T 9AF I o)<l
Ca™ 7} SO 7} 90% A= AAHATE Na'# NH, 9] A|7A
£o] AddiF oz WAt ymA] o] 5% 40-80% WSl
A AAEGCE 2] A F ejuE]E Aest 2] B9
= e @z s~ Eokul vlwale] Ca®t, Mg™, K, SO
7} 80% = AAECH, wiFE FAEE A B9}
PR Na™ 2 NH 2] AlAES Ssith

o] Al & A3 AASL BlFE Awst A9} sk
2AVEE fAE AR EdEE vuRlE Ag 39
Hlwahy, 2HE] S50k fee] e A5 7 F2 9]
o) AA Z&E A TSItk a8l 247t o]|mAA A
A F 7HA AR AA &3 EC Aave 74
80-90%% M= 2 A3}t

n1dahe-20] S st S aES AfEiole o
Eoko] ECE 4 dS/melA] 2 dS/m ©]3}E wtolxl on (4]
Aot vt 2kg), 95 H2le BErlE A v)ds)
$-2oflA EES EC7) 2.80 dS/melA 0.38 dS/mZE o}
A= Aoz BaEo] gt} (Oh et al, 2010). 181l H4
Ao W A7 AAES BEA weby zjolzh QAN 1
3lell 100 mm* 23] Heils W XES] AFHE 40-55%
AAT 7 = Ao WA U (Jung and Yoo, 1975).
olg{st o] A2 Are} 2 AT AnE By, 4
FRA vldehes Bk A7l RE3ATIAY B
2lE stal o|Ba AES Ao R thy A7) T AHEe|
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Table 8. Changes in electrical conductivity of soil during the oriental melon growing season with oriental melon-Chinese
cabbage double cropping system and oriental melon-water dropwort double cropping system

Cropping system

Before melon cropping April May June July

dS/m

Melon-Chinese cabbage double cropping

Melon-water dropwort double cropping

0.80 + 0.22
0.75 = 0.29

215 + 0.58 3.16 = 1.31 297 + 143 2.89 + 0.22
1.78 £ 0.77 191 + 0.83 228 + 141 2.63 + 1.95

+
+
+

H+
H+
+

e FEA GRE AAT 5 Y

] o

. 283 F540] BYSAL AEF ofehe]
EAlke BN §59 GRS s AR
5 AREAE 5 2FE AQFIL B

rlr
2

o|l=%t £ Fe| xiuf7|Zt & EY EC2| s}

Zhel-ufE g2l #el-vjue] o] vz she-AoA v 2] 9]
oS Aulsh= Sk BoF EC W3S 495 79714 43]
ZAFsE A¥= Table 83 29t}

W5 o] A shp-AolME mAVSERE wiFE At
£ 080 dS/m FEoFE GolFE ECTF they A7) #elE
AuiatEa 49 AFAEN71El 2 dS/mE 8Elal 5
45 79704 3 dS/m WL FA =S el-rue o]
B2 she-AoAE mREA R wuE] A £ 0.75 dS/m
TEORE Golfd ECTF HeE ApetHEA 49l 1.78
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3lsh= TR ARSI
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3 T E AAT 5 UAAT vk A7 FeE Auishs
ok o) mZ: Aul o] H 7} v]SEt o R o
FolA|= Zo® Uit o= genEg)
e Algskar A7 1gE st A A o d
ANAES ol AR Fashsdl 7190E S 9leH (Ha ef
al, 1997), B3t o] 52k 7)3be]] A7 ol @ AE
g &l 3t B £EEAd dFEol Fe] Auj|ttel
A 23 Eow AFsl] wiid Aotk (Kim ef al,
1997; Oh et al, 2010). Wb EFAAE S5t 2409}
S wid A &A 0 R 2] wiE el g v Al 5
o] o] RAAAE EUFFoEA nidete FTAR Eok
st AFHHEAE HAT = JS o7 e
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F5 Wl AASES o|BmA ARAAE AEH o X
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