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Influence of Soil pH, Total and Mobile Contents on Copper
and Zinc Uptake by Lettuce Grown in Plastic Film Houses
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Copper and Zinc are essential trace elements for all living organisms. When presenting in excess amount in
soils, however they can be toxic to plants. In order to examine the transfer of Cu and Zn from soils to
plants and to predict their contents in plants using soil factors, we investigated total and mobile contents of
Cu and Zn in soils and their uptake by lettuce (Lactuca sativa L.) in plastic film houses. Total Cu and
Zn contents in soils were 17.5~65.9 mg kg (mean: 39.3 mg kg") and 63.2~200 mg kg (mean: 137 mg
kg'l), respectively. Mobile Cu and Zn contents in soils were (0.04) ~0.55 mg kg'1 (mean: 0.18 mg kg'l) and
(0.05)~2.62 mg kg'1 (mean: 0.47 mg kg'l), respectively. Soil pH ranged from 5.4 to 7.3 and OM from 24.1
to 599 g kg'l. Mean Cu contents in leaves and roots of lettuce were 9.20 and 17.2 mg kg'l, respectively
which showed that Cu was accumulated mainly in root parts of lettuce and not easily transported to leaves.
In contrast, Zn was failly evenly distributed in leaves and roots with mean values of 54.5 and 56.7 mg kg'l,
indicating relative high mobility of Zn in lettuce. Transfer factors of Cu and Zn from soil total contents
to roots and leaves of lettuce (TFS(R and TFS{) were between 0.1 and 1, while transfer factors from soil
mobile contents to roots and leaves (TFSnR and TFS,,L) were between 10 and 1000. Transfer factors of Zn
were higher than those of Cu, showing Zn was more easily absorbed by plants than Cu. Cu and Zn uptake
was stronger influenced by soil pH and mobile contents than total contents and OM and could be significantly
described by multiple regression equations including soil pH and soil mobile contents as variables.
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al., 2010; Mengel et al., 2001). Zn%E & Zn”" 0]&-2]
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AT A A Qla, Ao FgE 7S e
F#aL BAY 7HAEARRE e BoRS EA| H, Zo]
251} (Blume et al., 2010; Maksymiec and Krupa 2007).
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(Kabata—Pendias, 2011; Price et al., 1991), dutzog A
29 9 229 Cu BH| (5 mg kg9l AP HE 5~
25 mg kg ¢l 75 “FH, ) 25 mg kg Q1 A Y T2
ZA"0 2 J715H} (Benton et al., 1991; Kabata—Pendias,
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Cu | 8]-832F2 100 mg kg 0|t} (Codex Alimentarius
Commission, 2001),

S F Cush Zn L A0IG et ek Aol
T, ARECR] WL 7} 16, 64 61.3 mg kg’ (N = 70)2,
w=E9F W4 16,739} 62.5 mg kg | (N = 127)3} 53 3
o|Slth (== MOE, 2011), 'WESF a2 Cult Zno] 7}
7} 21,49} 72,9 mg kg ' (N = 86), HPEFo] 22} 315
2} 80,0 mg kg ' (N = 5D & AFRIEYT} =R o] vl3] =9k
t} Kim et al, (2010)% AR i EoF E3d] 7l A4
Ao 4] Cugt Zno| A== HFE Bl Cust Zn
it o] 242} 28,99} 111 mg kg oAt (N = 25; 45=4)).
o|AL 1 FBA BEdlA 7SR A8 5ol &gk Cugt
7n AZAHAAE 1 113} Verloo and Tack (1988)¥} Kuehnen
and Goldbach (2004)2] 72} A=|3kc}

A Z7HA] 2] Cu®t Zn A 22 Al QT AR
oF B MNFAE A8 =EFolA 0.1 M HC JEH, %
G, A BAMel SIF Cush Zno] = W) Felel A
AFEE wolstet] 24lo] gh5=o]A gt} (Abdelhafez et
al,, 2010; Jung et al., 1998; Shin et al,, 1986, Yoo et al,,
1996), 7F=-2o] 74 Eol /\FQ“QJ— U= AR A 9] Cu
@t 7n FA, 1 M NHNOs 2 FE3F Cut Zn o)5E s,
Cuét Zn EF—A1E ofsol #et A= A AR7} v
wlele), NHINO, 248 =of A1) pHE WS4 0
7] uo] =oF g Ale)S 2 vl ek Aol Atk
(ISO 19730, 2008). & Atol|lxl= A5 AR R oA &
o % Cusl 7n ekl ol U 47 903} welal o
o Zn HFS 2AfSHo], B 2 %’\}OH ol E A4
sfotsto, moF Q147 Ake] Cush 7n Beell WAL e
& sekant sk

Mz A E

EY U MEH AZE ZMF 201149 9~10€ B7| % A
9] 7t 4 7EE gH|7F J8F A AAAS 28
OF W 12320] 7oA HE (0~20 em)@} A5 (Lactuca
sativa L)S AHSAT}, B7hd B} A 35 v
Ak, EQFS Eﬂs}oq 2 mm A2 ETAA E4L
ABZZ o]l 8slgnt A4 T 20~30Y H= Al oy}

g Bejdte] FR4R 29EAo| g AiRo] He &
0CoIA Az F RS,

EQF 9l MER BM  =of oul 31814 B4 (pH, &
& (OM), A7AEE (BQ)L 5235

ZH (NIAST, 2000)0] Z&3}o] 245140k E9F Cus} Zn
SleFo 1SO 11466 (1995)0] 23] 0.15 mm S E113F
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EoF A2 9 (conc. HCl + HNOy)E 130Coj|A] 2A]7F
2oligt & ICP-OESE A=Fs3ict. Cu®t Zn o 58 Tk
ISO 19730 (2008)9]] %312 1 M NHiNOs= 2A]7F &3 &
ICP-OESZ A&Falth NILNO; 525 Cu®} Zno| HE3SHA|
= E% 0.02 mg kg ‘o], A= 242} 0,073} 0,06 mg
folgict, Aut 9l ;o) AEse A Alol9] gk
= J*LG_ Qb WolA FARTE AEA| Cut Zn AT EPA
3051A (U.S. EPA, 2007 ZAZE conc, HNO3S Al&3}o]
ulo]g 2 o]H R 175Col|A 158 EajA|7]l &, ICP-OES
&2 AJeFsiairt.

EQ-AE OISl ALt EY—41E olsAlS: (Transfer
factor: TF)= Cu®} Zno] A& AES
lefko] v|&-2 Ak, o]l%E B
% 3t} (Dean, 2007). B S 5} =
gk ofue} QT A FFe = FHIHA 5

oflak, w
AT 4 Gl 8 mdolth TF go] ¥24% Cust Zn

o A= ol fFEAe] Bk & =2ollXe TFE Y

7HA fFReR sl AntshRi.
O EY ddg-4e e olsAs (TFSR) = F
/=S AT
2) B Ad#g-2= o olsAs (TFSL) = 9 /=
& A

(3) BEY ol sH-4& #e] ol sAls (TFSuR) = 2] 3
3
[e]

@) EF olH-4= o olsAls (TFsul) = o A/ E

Aﬂ%%k% 5 AE
m ', H} oq}g Z}7+ 2,37+ 2.4 dSm = 04: 58% %7}
7} AZAE) 24 BC (2 dS m S 238193 (NAAS, 2010),
NG Al A STl HEE AT OM2 24,1~59.9
g kg 'GlaL, Bt A 212) 39,17} 36,1 g ke o] Sk

63.2~200 mg kg &, EoF3}
mg kg ¥} Zn 300 mg kg & 2= %ram (Table 1
MOE, 2009), &t} Cu$} Zn H3HFe 72} 39,
mg kg |2, $eluet Ak, 1= vk Dok HaE)
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Table 1. pH, EC, OM, total, and mobile contents of Cu and Zn in soils as well as Cu and Zn contents in leaves and roots

of lettuce from 12 plastic film houses.

Cu Zn
pH EC oM - -
total mobile leaf root total mobile leaf root
(1:5) dS ni' g kg‘1 mg kg’1 -------------------- mg kg’1 --------------------
Mininum 54 09 24.1 175 0.04)" 419 449 632 0.05)° 24.6 385
Maximum 73 40 59.9 659 0.55 303 344 200 262 119 110
Mean 6.7 23 39.1 393 0.18 920 172 137 047 54.5 56.7
Median 69 24 36.1 35.6 0.15 735 16.7 128 023 50.6 53.8
"Value in brackets represents Cu data between the detection limit of 0.02 mg kg' and the quantification limit of 0.07 mg kg'.
*Value in brackets represents Zn data between the detection limit of 0.02 mg kg and the quantification limit of 0.06 mg kg'.
Table 2. Transfer factors of Cu and Zn from soils to lettuce of 12 plastic film houses.
Cu Zn
TFSL' TFSR TFS.LY TFS.R TFSL' TFSR TFS,LY TFS.R'
Minimum 0.08 0.12 204 170 021 029 242 2.8
Maximum 0.59 0.95 380 43 1.00 095 886 773
Mean 027 048 100 170 042 044 313 313
Median 0.25 0.50 50.0 126 038 0.37 246 222
"TFSLL = content in leafiy/soil total content.
"TFSR = content in rootgy/soil total content.
STFS,L = content in leafiy/soil mobile content.
*TFS,R = content in rootgy/soil mobile content.
okch (MOE, 2011; A k1), Cugl Zn o5l TR (0,04) Zt} (Kabata—Pendias, 2011), Zn®| Ab3 #ig] $1eko 38 5
~0.55 mg kg 'T} (0.05)~2,62 mg kg &, ANH 2HE Y5 ~110 mg kg 0|22, B 56.7 mg kg = A4 9 Zn
AeE o7 4= 9= e Cul mg kg ‘I Zn 2 mg kg & gt GARRITE, Zn A ot Bielof ¥lanA fFUsHA
Zno] pH7} 5,481 A EelA 251300} (German BBodSchy, A
1999). Cu} Zn o|%5e) FHeF Bt 2174 0,187} 0,47 mg kg
o] ick Cu2l Zn EQ MAH-AE O|SAT Cu EY A
(o= o)

| Bajo| Cu®} Zn Bk
A= 4.19~30.3 mg kg ']
ST} (Table 1), o]HS ol
~8mg kg Eo} okl AUZA
ol A, TedSAk & O 25 mg kg

J Qs

[e}
kg )o] $3tol|A &=t
(Fig. 1a; Benton et al., 1991; Kabata—Pendias, 2011), A+
= 99 Cu 2 EQF pHoll FFE WHLal, pH 6~70f4
71 okt (2 = 0,57 : Fig, 1a), A5 919] Zn 35S 24.6
~119 mg kg 0|1, B-E 54,5 mg kg o|goH, UukA o]
AyZ 7n §1SF 44~73 mg kg 9} B3 Wt §ic}t (Kabata—
Pendias, 2011), AHZA 3 (€ 25 mg kg )3} IS4 &
% (0 150 mg kg )X o= FoJME HAEHA ggron, &
& pHOll &J3)] FFFS §EA] ket (2 = 0.30™%; Fig. 1b).
A3 m9]0] Cu FFFS 4.49~34.4 mg kg '0]11, HHS
17.2 mg kg "2 A5 9 o] oF 26 %t (Table 1), ©]7

2 Cue) A=A ollAle] v ot Hel YA Bof

H1=2

al

ko 2] o)Al (TFSL)= 0.08~0.59= 10]513]S
Bato] 0,272 EqfoA] Y o9 o5 Hlua] Wk
(Table 2), Cu®] TFSL2 E9F pH 6~T7o)|A 71 Wolx]
B Hlou AR FoHo|R= Tt (2 =
0.38™%; Fig. 1c). TFSL> Al =37t BEYF 540 uet &
X =), A5} oe] A <Q] HelY (Lantana camara L.)
o} =% (Nerium oleander 1) 2] TFSL-E 0.08~0.302
2 ZARE Ak H k= thA Uit} (Rossini—Oliva and
Fernandez—Espinosa, 2007), ESFo)| A Al Ba]29] Cu &
9 BAS Uehs =0 AT oA (TFSR)
= 0.12~0.95%11L, H5Fo] 0.48% TFSLE| oF & vl A==

)

L
.
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cue] AR el o] ATl o) 54 mol Foiet Uut
Moz 4B e Free BE BEGPUL FollA] 7}

Z ko A 290] stz deA At (Mengel et al,, 2001),

Zn EOF Akt §l k9] ol Alg (TFSL)+= 0.21~
1,00, Wt 0,422 JA] 10801}, Cul] TRSLETHE= =
Qkth (Table 2). Zno] TFSL HA| EQF pH 6~To4 71 &
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Fig. 1. Cu and Zn contents in leaves of lettuce grown in 12 different plastic film houses (a and b) as well as their transfer
factors from soil total contents to leaves (c and d) and from soil mobile contents to leaves (e and f) as a function of
soil pH (without data below the quantification limit). *, P<0.05; **, P<0.01; ***, P<(.001.
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Fig. 2. Relation between measured and predicted transfer factors of Cu (a and ¢) and Zn (b and d) using equations
(5) to (8) in the text as a function of soil pH and mobile contents. *, P<0.05; **, P<0.01; ***, P<0.001.

ofA= AS BT} (2 = 0.52°; Fig. 1d). Zn] W] & Cu2t Zn E O|SE-AZE OISl Cu B olsH
b S22 Uetl= TFSRE 0.29~0,95%13L, Htol -9l 719] o] E A4 (TFS,L)= 20.4~3800] 1L, Ho] 100,
0.44% 9lo] TFSLI FARHCE 0122 Zno] A=A Yo ZoJzrol 5002 EoF ol e Fukrct 9 Cuol gl 3
Alo] A &2 ol §AE HolEth (Kabata—Pendias, o+ 1008 T %94t} (Table 2), pH7} 27182 TRS,Lo] 2

201). 71she e HAou FolHolAle gttt (2 = .17
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Fig. le). Cu B oS ej-2] 7t o575 (TFSuR) B
ko] 170, Z9}7ko] 12608 TFS,L Ko} 2ulj 7} o} o
Al Cu®] Hte] FAg Hol FSic}

7n EOF o] 5E]-9l 71| o]ZA |4 (TFS,L)= 24.2~886
o]al, Wto] 313, FUFro] 24607 Cudll v} EF o]F
g gheke] o HA o] B &t} (Table 2). Zn®] TFS, LS pH
o ZsHA %‘f‘a S Hikow pH7L EolA4E Zrlslgirt
i Fig, 1), Zn ¥ o] H|-#e] 71| o]%]
4 (TFSyuR)= TFS.L} -FARRHEE (Table 2),

=

2 Aol st Cult Zn O|S A OIS 4
9] Cu®t Zn 3FF2 B A, = T Eoke B
& pH, ol E] kel oJal P3FS Wit Figure 200=

AR B o5t okdlel B4 (5)~@el 23] %
5 o) A47e] Akl LR el oS
o540} THE ol 5 Tl T=o] fola Aue

A7k BB (Fig. 2a~d). 3, EF pHe} o) 5l B
2 U, B o FH-AE o EASE o= 4 9, o
Uolt AlEA] B ell&at 4= glek. B ARoA B
oF ol G pHE Bl 45 Wt Welo] Cusl Zn &
52 SISSIGAL THE ole] o7t Wi, B4 58 ¢
F7kste] A7t WaG Ao= AlmEc

(5) log TFS,L—Cu = 1,15 — 0,08 pH — 1,23 log NH3NOs,

skt

f

r2 =094
(6) log TFSyR—Cu = 2,41 — 0,17 pH — 0,87 log NH;NOs,
=076
(7) log TFS,L—7n = 0.19 + 0.26 pH — 0.64 log NHsNOs,
* =093
(8) log TFSyR—7n = 1,12 + 0,12 pH — 0.74 log NHsNOs,
=095

e o
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