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Abstract

BACKGROUND: Recently, as the consumption of fresh
jujube is increased, fertilizer in jujube cultivation is
excessively used to supply nutrient for large fruit produce.
This study was conducted to obtain the useful data related to
optimum nutrient management technique for fresh jujube
cultivation.

METHODS AND RESULTS: Nutrient contents of the
jujube orchard soils were investigated at 30 different jujube
orchards in Boeun, Chungbuk. Soil samples were collected
from the different orchards in June, both 2012 and 2013.
Soil chemical properties such as pH, organic matter,
available phosphate, and exchangeable potassium, calcium,
and magnesium were analyzed. Soil available phosphates in
optimum level for jujube cultivation were 7% and 13% of
total samples in the 2011 and 2012 respectively, and 73%
and 57% were higher than optimum level. In Exchangeable
K, 37%, 30% were optimum level, 63%, 67% were higher
in the year 2011 and 2012 respectively.

CONCLUSION: These results showed that nutrient
contents of soils were accumulated in jujube orchard of
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Boeun area. Especially, available phosphate and exchangeable
potassium were greatly higher than their optimum level for
Jjujube cultivation respectively.
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gFurs AEERedos  duuid giFuis
(Zizyphus jujuba Miller)°l| &3h= W54 FF2A A7
Hog FHANT Zizyphus jujuba Miller)$} 1= th
(Zizyphus mauritiana L)% "8|&o] ThE 25 0% Al
3 otk QEAE F2 QA% Y oA Auls i 9l
v Guarolal FuAE FEEFE B Syt 49
oA A=A olek -evket thFeel tish A= 1970l
FH 80 dth7HA] ABAE FollA SrEEs Addehs A
THKim et al, 1980; Kim et al, 1981; Kim et al, 1988)
of FHsto] erprl 11 o] Fo] WY Sz gsto] WalE
WA La and Lee, 1984; Bak and La, 1993; Jee ef al,
1998), ti5-9] FPAE 4 Fa8E A7 (Hong et al,
2010; Kim et al, 2011; Hong et al, 2012), A7
(Chung et al, 1995; An and Lee, 1997; Park et al,
2006), 7Az=ell #4st A-X(Shin et al, 1999; Hong et al,
2012)7F 4 AT dF e ESASAdol a9
Aol Zste] thE Frel vlste] A7y golgk ot
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upebA] Ut ti7)5Er) =2 S EE Alelskal Y
oA ApiE 4= lvk v #2 3 Bk FEU] Ao

33te] Fa FEl7t B SkSitE Kim 5(1980)2
ZAtel oabd vt diFAIEEE A5 BEA)
7V B, At A71Ao] wjg- Aglom, ARl A
o] Jaxse] glA| At Baakglk

Kim 5(1989) A1 tiFApi# e Exo]gdss
XA A3}, o] 4% 7P Wk V& d o R E
7 Fgho] 35%0]1%eH, 37t AR HEA 7} 13%°]%
1, A ATAE 6%ea Bastglch =S, oA el
et £9F gl AR A9 {718, o8-8,
A, A3 7157} vl A ol BTt ks
FHolgk BEkSith Ahn 5(2011)2 AEAS g

AGE T 9 AR 46%E 7HE Bk Hasgich
NE HrdS IF HAsk] A &
S EEs Alsks & FJusiEoxa gl A
t} 20129 % B2 th5 Ak 1,165 ton 2 175919
(KFS, 2013) 2% 20075 427 ton D 649 (KFS, 2008)
o Hlate] 28] o) FrFeIth A AulFTE AnlAke]
A R A A2 ok AARS Sl Al A
T7F AIZ Al itk A, wl, Hepol, x| dish 9
et AR e EoF gletd BA Al WY AakE
(Jung et al, 2000; Lee et al, 2000; Seo et al, 2002,
Ahn et al, 2011)] oJ&f FR=SIE e} il thet
AT AY SR GgkS B vk oyl BEFAe 9
ot Al S HToA ok AAEHGIT TR giFA)
wlEs7be e BEo Ago R HEE AlEsHAY S
HPA o2 Amste] itk whebA] diFakde] #F A AH]
2 uFA A} Aol Aot oS S1d 71x AlRE
Aua FHEES diF FAhdAoly, T2 Qe APkt
T BewolA giFApAel] tigt B 35 5498 A
ek
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EORARE 201193 20129 B tiEAmiA] 30
A AeA AFHEACE Algs Ak 7F B9 3y WS
ool 7] 9J3ke] 20113} 2012 FUA A AFH 8k 0
o, AF A7E FH) AL 68 AT AF A
o} EGAE AFEHES Wk ARl AR BE
A ol - Fn|7t 23] A AlRE AFHES T,
ARG EE0-20 em Zol)ellA 153 ods A8t
IF A2 T AFE FHske] w4 o] g5kt 30X Hef ¢

Al BEE B 6417, A 1413, niEH 34
A, B A, e 1A, e 444, 3]0E 44
A, UE 344, kel 4xdo)gitt A A T =44
17, vI7H k-2 Az 254 510|9 0, R
o] 670 A4, 6~1030] 1770 #14, 100d o]4to] 770

EQF 3ed #4S s Heled B A Fof
o] AAJISITHNIAST, 2000). =] pH 9} ECE F1ES7}
e 15 (W/ V)9 BlEE E38le] 30i1t West 5, pH
+ pH meter (Radiometer M-92, Denmark)® 573}311L,
%1717 =% (Electrical Conductivity, EC)= Conductivity
meter (YSI-32, Ohio, USA)Z Z73to] 5ull g2 Yehd
om, §71% g2 Tyurini, F+aQ4ES Lancaster] 0%
HAS%) S}SItHVarian Cary 100, Australia). <¥ol<l
K, Ca, Mgi= 1 N ammonium acetate® &3] ICP
(Varian Vista-Pro, Mulgrave VIC, Australia)® +4]3}
Ak
ZF R RS0 SR HAIAEI(NAAS, 2011) 9]
i 71502 ARl vint, A
A& FEete] Mo xgE A
E AANATE o] WidER 37 o} AR
SPSS (12.0K)E AFE8t 5% f-2la=¢ll4] Fisher's least
significant difference 7785 T3tk

o
ol
2L 38

20110l ZARE EQke] ghehA ke pHE 6.5, EC
0.66 dS/m, /1= 26 g/kg, FaM- 636 mg/kg,
213Hd Ki= 1.09 cmol./kg, 2%+ Cat= 5.5 cmol./kg, Al
2 Mg 1.7 cmol./kg©] 3 tH(Table 1). 2012'd¢] AL
E glety k2 pHi= 6.5, ECx= 0.86 dS/m, #7]%&
& 25 g/kg, FAEIARS 530 mg/kg, A K2 1.01
cmol./kg, A8 Ca> 5.3 cmol/kg, #I3Hd Mg 1.7
cmol./kgO] 3t Table 1). 20111 ¥ 2012 7 A& 3
th 9 HA el yehd At o] AR el
Aol7b Al ZAvk fadih 9 AEAY K 2011d 2
2012'd 57 Zh2ke] AW 191 300-400 mg/kg@t 0.4-0.8
cmolc/kgHt £3kom, HuiA|7} 242} 1,539 mg/kg B
2,67 cmol./kgl® Ads] FA FA¥ AL Uk
Kim 5(1989)¢] a9 tiF FakAQl 4k 2, 5,
el diFakd Bk 54 2AF Bae] flakd 7 ,
A%, 5ol Hlste] Eok sherA AR ko] okt At
A9 tjFelel tigh 2E0-20 cm)9] s}eh 3RS &
7% 9 faQite] 247 35 g/kg 2 815 mg/kgell,
AgH K, Ca 3 Mg &% 247 082, 624, 1.25
cmolc/kg O % ETh Wk 9 AT B ety ok
driA o vgton, A4 ajolzt itk AR HEA]
o i 38t4] Fe(Table 1) o] Ul Aol ot B+
s}et4] &eF pH 5.7, X3 Ca 5.03 cmol./kg, *|3
Mg 0.84 cmol./kg, Z1¥H4 K 0.68 cmol./kg % &S
563 mg/kg¥ Hlarsto] tiAAOo® £9kou, Ahn
2011)°ll Jate] Harg AEA S el Eoke] nlstols
Uha ShIT) o]efdh Aak= Ao gk Bef 540 2,
A9 Augalo] thE7] Wil Flojgt AztEch 1A
= At ArkE 91 Rizk sk A et ol
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Table 1. Chemical properties of jujube orchard soils investigated in 2011 and 2012 years
Year pH EC? OM? Available P,Os Exchangeable Cation (cmolc/kg)
(1:5) (dS/m) (g/kg) (mg/kg) K Ca Mg
Avg 6.5a’+0.5*  0.66a+0.4 26a+8.6 636a+348 1.09a+0.6 5.5a+1.5 1.7a+0.4
Min, 5.6 0.16 15 108 041 29 09
2011 Max 74 212 49 1406 2.67 13.7 27
Med 6.6 0.58 24 603 0.95 52 1.7
Avg 6.5a+0.5 0.86a+0.4 25a+9.1 530a+388 1.01a+0.5 5.3a+2.8 1.7a+0.3
2012 Min. 5.6 0.29 13 62 0.30 24 1.2
Max 7.5 1.96 51 1539 248 16.1 2.5
Med. 6.5 0.77 24 465 0.92 4.8 1.6

Numbers followed by the same letter within a column are not
fAverage+ standard deviation.
2EC : Electrical Conductivity, OM : Organic Matter
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Fig. 1. Distribution of different ranges of soil pH, OM, EC, available P,Os content and exchangeable K, Ca, and Mg
contents in soils collected from jujube orchard. EC : Electrical Conductivity, OM : Organic Matter.



Investigation of Chemical Properties of the Jujube Orchard Soils at Boeun Region in Chungbuk 27

HerA A E sk ?g%v}“ﬂ B} - 54 7ol
2R Ak web Eoke ofsks WAsl] flaid B
AA3L] An|sk= 9HA A]H]L]—ﬂﬂ— Aot} 20117}
2012 EoFe] 3k S4E Hlwsiis Wl o4 Abel=
Aoy, e Hugho g vlwashd 201230 AR EoF
o] skt A e 7 dRsEnRE 20110l vls) oz &
7R, 71 919] AR ol AEE Btk Bk F
219 ko] wtolxl Ao thalix= g Alolet A
& O AHAQ AR ok & A o]zt AzkErk

okl EQke] A ALl gk Exs A A
I+ Fig. 17 2tk pHO| #7411 21(6.0-6.5) 352 2011
dze} 2012950 247 27% 2 33%°]303L, pH 6.0 ©]3}
AEES 7 13% 9 20%% 27, pH 6.5 o)) FEES
27 60% 9 47%3Tk 7152 201193} 2012 B 3
W 91(25-35 g/kg) WEEO] 30%, AU PN IS
57%, AW Z3} BILL 13%2 F7]1%l tsh B350
Fost AHo] Wty AfFEEs 201197 2012 BT
2.0 dS/m mIRte® A7l el Siglon, 2012 el
20113¢] H]3k] 1.0 dS/mo|sF FE8-2 7453 1.0-2.0
dS/mé] #E &S kel ATt Tk ARle] W
obFth fraditel AAMI(300-400 mg/kg) TEE
2011 2 2012wl 7H2F 7% 2 13%%tk 300 mg/kg V]
RIS 77 20% B 30%.27, 400 mg/kg 23}
2 247} 73% Y 57%% 2011A%0] B]8ke] 2012 %)
skl 2184 Kol 27%gW$1(0.4-0.8 cmol./kg)i-
& 011L4°ﬂ 37% % 2012\l 30%311, 0.8 cmol./kg
2 2011 9 20120l ZH7} 63% 9 67%%TE
Lg CaJ 797%%4(40 7.0 cmolc/kg) HEEL 2011
2l 2012l 2+t 63% 2 50%3131, 4.0 cmol./kg "|WhRE
E%O] 717} 20% 9 33%3%1°™, 7.0 cmol/kg 7 XS

22011 9 2012 55 17%%ch 284 Mgel 2™ <
(1.0-2.0 cmolc/kg) FE& 20119 9 2012l 747}
77% 2 83%%3L, 1.0 cmol./kg VI%F BFEZEL2 217} 20%
o 17%0%} Z*}XWOH ojgk faQiat 2 23 Ko A%
el 23 60% oldo® HelE AFAoE 4] ¢do
H EQ %—011 3] F4E Zlolgt oS HSiok ik A
ol B FollA olsdol Aornz Bkl 44 e
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Fig. 2. Distribution about soil texture of investigated
jujube orchard soil.
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AR B RERS FEATY ATEPIN
NZ2EINAAS, 2011)9] HHE o] §3lo] 2AKs A} Flg 2
s} o] FHALE 10%, AFFE 43%, A FE 37%, 4
10%2 AlRE 9 oAb oResk b Bkt B4 wh—
Tk 9] 3t8H4 2 Table 20 Wb, BAEE
9% Aoli= gglon), B B vlashd A8y ol
o ul 0§_o ALS /\]_okE ] U]/\Pg o]:Eoﬂ/q ok/g_A}E ] oF
ol vlafed vl Bk, AR dRd woted,
F712 v efEeld] felHoR gtk w2
Oio-]z 1«-]3 5]"7LE°H4E/\]/\E“(NAAS 2011)g] ZC-]L—_]_LE’E_
FEH A0RN BE 5 Falo] Heol st B} 240

bl 2l v sttt mekd 919 Atz B &
A AvE =) ol

H2A L a5l A tiF A S1sto] w7k sk
2 Ausia e 3 o] wor Fa} FrrE I Yl FA0)
L ] = e o i R i = g I 2 R
mEel] Al dEell Blske] F9lE HlE F AEo] Feha
e FES Bl H449 7Fsdel =uh tiF vk &t
FaE a2 ABS deodl dste] A £ YRS o
o Aol AeNFE & F Qs sherks Eok g7o]

S 7 L A EOJ%Z%%EE 2t} Table 3&

AL HI7FE A B sHeS vEbd Aol e
Al EFe] Hat 38 ﬂo pH 6.4, EC 0.57 dS/m,

(o

Table 2. Chemical properties of jujube orchard soils according to soil texture

) pH EC= OM= Available P,Os Exchangeable Cation (cmol./kg)
Soil Texture
(1:5) (dS/m) (8/kg) (mg/kg) K Ca Mg
Loamy Sand 6.7a'+0.4* 0.61a+0.2 19b+5.0 234a+115 0.73a+0.3 4.5a+1.3 1.5a+0.2
Sandy Loam 6.7a+0.3 0.81a+0.3 23b+5.5 568a+309 1.13a+0.6 5.6a+1.7 1.7a+0.3
Silt Loam 6.2a+0.5 0.64a+0.3 30a+7.1 713a+292 1.08a+0.3 5.5a+1.7 1.7a+0.3
Loam 6.4a+0.3 1.09a+0.5 22b+6.0 521a+116 0.94a+0.2 4.7a+0.9 1.8a+0.3

Numbers followed by the same letter within a column are not significantly different(tukey's test at 5% level)

*Average+ standard deviation.
“EC : Electrical Conductivity, OM : Organic Matter



28

LEE et al.

Table 3. Chemical properties of jujube orchard soils with open field and rain shielding type

Cropping pH EC? OMz Available P,Os Exchangeable Cation (cmol./kg)
system (15) @dS/m)  (g/kg) (mg/kg) K Ca Mg

Open field 6.4a'+0.3* 0.57a+0.2 25a+5.6 452a+216 0.91a+0.2 5.3a+2.4 1.6a+0.3

Rain shielding 6.5a+0.5 0.79a=0.3 25a+6.8 609a+301 1.08a+0.4 5.4a+1.4 1.7a+0.3

Numbers followed by the same letter within a column are not significantly different(tukey's test at 5% level)

*Average+ standard deviation.
?EC : Electrical Conductivity, OM : Organic Matter

Table 4. Chemical properties of orchard soils by jujube tree age

Tree ages pH EC= OM-= Available P;Os Exchangeable Cation (cmol./kg)

(year) (1:5) (dS/m) (8/kg) (mg/kg) K Ca Mg
<5 6.5a"+0.5* 0.87a+0.3 20b+4.8 306a+259 0.77a+0.2 4.7a+1.0 1.5a+0.1
6~10 6.7a+0.4 0.98a+0.5 24ab+6.4 586a+334 1.12a+0.5 6.0a+2.3 1.8a+0.3
11< 6.1a+0.5 0.74a+0.2 3la+7.3 634a+315 1.08a+0.4 5.1a+1.1 1.6a+0.2

Numbers followed by the same letter within a column are not significantly different(tukey's test at 5% level)

fAverage+ standard deviation.
2EC : Electrical Conductivity, OM : Organic Matter

a4 452 mg/kg ©]al, A3 K, A3 Ca, |3
g% 77} 091, 5.3, 9 1.6 cmol./kg ©I31Th ¥714 &
A woke] W FEH ke pH 6.5, EC 0.79
dS/rn QA 609 mg/kg o], A3 K, A3 Ca,
28 Mg 717+ 1.08, 54 4 1.7 cmol./kg o8tk &
ARoE Fo4 Aol gloloy, W Bogtow vlust
7R ek ARl WA A Eqkel] H]ste] thA
How Fokth 53] fadiabat A3 2= v Al
Hlste] B& =34
HLAA2 200010 HiEE A SSEHOE AT

SASIR7] el 1 o] HYE Aujsle HH XS A9l
A o] 10 oJuzh diFtolck tiFuE AliA| o] A
o o] ujet Eoke] 3k oRglako] thE Flojel oS

01 EEE gk ﬂ_d—ﬂ stekS. ZA}slo] Table 4] L+
olch A4 A AFEA dgtoy, v Hrgk
o Hlwehd 7 5 olste] AlytAulA] Brk= 61 o
ot BN ) g oRRo] Fsle] ikl
A g7kel oRrwe AzAl A BPANE she
7Pk 60% HEG oM, it s gk wey Aluleh
93, 90% b0l WAEOE SREHSL 714 WES A}
ST £AAFOR Aok Bel} S Fulg vEE
ABSHSIEHAR B ). ool el =R A

< Hel AR wel 1Et EFES AR s
71~ AR E2 o] 7| R Bk AYE
Aotk A tiF B AW FAGE 9 54
A 1d HE HEEo] 9lal, I o BT 2 Al
o7 dAo] lvt. R £ g AdsA 72 de

o M i

N

Lol Xorr oo

1 rlo

Q 3
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A Y3 Aol A RrnelE A9 71x AsE
ZF 20117} 2012 B2 A A= ohE 3071 A 5dell
/\1 Eo]: :g} )\6]; ZA].O].O:!]:]. 1/\]. EOC}:Oﬂ ‘:Hd' pH X‘]Zﬂ:ﬂ
9 LS 20119 % B 20120l 22 27% W 33%%1
W, $71% o REEE T B 30%0k SEelite] 4
XC-]%%H l‘f_jz._-gfv% 71—7L 7% = ) 130/0MJ—/ 3417@1&10 o])\l—o] 7_1L
71— 73% \:ﬂ 57%%\:]_ ]ﬁ.ﬂ KJ @Xgﬂdﬁ _‘?_jL_-%_IO: 71—71—
37% % 30%33, AL o]do] 63% H 67%SAE ZAF

]?]g]oﬂ EHz‘;_} EA 4313_2 okx]/\}E /\}okE u]/\}zlokg
ul eI} ZFZF 10%, 43%, 37% 2 10%°]3 k.
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