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ABSTRACT

Lime bordeaux mixture (LBM) and lime sulfur mixture (LSM) are representative environmental friendly
organic materials for prevention of insect pests in South Korea. Recently, those have been widely used as an
alternative for chemical pesticides in eco-friendly farms. However, South Korea has not established even
recommendation of LBM and LSM considering the stability of heavy metals in soil. The aim of this study was
to evaluate the accumulation of hazardous heavy metals in soil and plant with long-term application of LBM
and LSM. Firstly, we investigated the amount of LBM and LSM used per year in several eco-friendly farms to
determine a standard application rate of both materials. The pepper plant was grown on the pot in greenhouse
for 14 weeks. Both materials were applied at 0, 1, 3, and 9 times of standard application rates (2.56 and 1.28 L
ha' of LBM and LSM per year, respectively). Dry matter yield of pepper and heavy metals (As, Cd, Cu, Hg,
Ni, Pb, and Zn) concentration in soil and pepper plant were measured after 14 weeks. Yield of pepper plant did
not significantly chang with up to application rate of 1 times, thereafter it markedly decreased with more than
3 times. With increasing LBM and LSM application, the concentration of Cu and Zn in soil significantly
increased. Especially, Zn concentration in pepper significantly increased with increasing application rates of
both materials. This might resulted in significant decrease in dry matter yield of pepper. The concentrations of
those heavy metals in soil did not exceed safety levels (150 mg kg™ for Cu and 300 mg kg™ for Zn) established
by the Korean Soil Environmental Conservation Act as well as concentration of heavy metals in pepper plant
by Korean Ministry of Food and Drug Safety. However, particular attention should be paid for heavy metal
safety and crop productivity when using LBM and LSM in the organic farm.
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Concentration of heavy metals in soil amended with different rate of Bordeaux and Sulphur
mixtures at harvest time.

Heavy metal (mg kg™)

Application rate

As Cd Cu Hg Ni Pb Zn
0 times 7.18° ' 9.50° tr 7.13° 41.9° 38"
1 times 7.99° tr 9.90° tr 7.16* 423 90°
3 times 8.15° tr 426 tr 7.44° 38.0° 88"
9 times 8.84° tr 48.2* tr 8.17* 41.7* 113*
Criteria value ' 25 4 150 4 100 200 300
Average value ' 6.2 0.16 23 0.03 15 21 30

T Criteria value: Maximum permissible concentration of heavy metal in soil established by Korean Soil Conservation Act.
TAverage value: Average concentration of heavy metals in Korean arable soils.

$ree

*tr: trace.
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Introduction

1 =

A} Qe 2t ARt o) Ag7 A Mt 2l O] H oAt = o8 L Qlrt. A|5]H 2 & o o] Hof| Tjgh
A av= S Holu, Fdle] A ZAIsE 171 iAE7] whizoll 71 -a<tell= shet wof 1o WAt = wol
o Fo]x et T1eut 2| oA ZRell ot A A F1ehE AHlE Sl Aol A3 2w olS ARG
5= 717t ol A Sleksol A & A sl Bl 7 Solukal Itk (Jung et al., 2013; Lee et al., 2012). 12
L A3]H 2 ol2 ] (Cu)et ol (Zn) T 22 Sad= TR0l §lo] A3 H = o] &A1 ARG g E
oF dl ZR&E-0] Zgd = Aof| tigt-2-2]7} QIth Jung et al., 2014). Wb H 2 -G8 7SS AgHE RS G7)s
Aol &8 = == Tkl ok Fot =] G raagollA] A ARgoll thE st A= 7| & Sto]
HEZF E Qs A o[tk (Hyun et al., 2005; Moonenaar et al., 1998).

A A=A - 1800t g Ao A Zhe SIZ7ERE O & QIGto] AL APAFEFO] 80%7HA] HAGHAA] L
7R H-S WA5L ] Ylote] 2 A2 0 72 AFRE]|7] A2SFY AL (Shim et al., 2014; Tiecher et al., 2017), 18453 0]=;
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Materials and Methods
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Table 1. Chemical properties of the soil before the study (Continued).

Items Concentration Warning criteria "

pH (1:5 with H,0) 6.7
Organic matter (g kg™) 17.6
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Table 1. Chemical properties of the soil before the study (Continued).

T

Items Concentration Warning criteria
Total nitrogen (g kg™) 1.05

Available phosphorus (mg kg™) 142

Exchangeable cation (cmol. kg™)

K 0.42

Ca 5.03

Mg 1.02

Na 0.38

Total heavy metals (mg kg™) 7.18 25
As

cd tr’ 4
Cu 9.50 150
Hg 0.01 4
Ni 7.13 100
Pb 41.9 200
Zn 88 300

"Means warning criteria of each heavy metals established by Korean Soil Environmental Conservation Act.
+
tr: trace.

ZEMNE {7154 s7lolA As]R 2wl GEIAIE AMg]l w2 Eode]l 23 FYuls Huhs XAk}
7] S1ell AR ol Z2E3h= 10 7H9] 57 dolH oz At 7 ol AR8ahe Aol E 2wl {aelA|
A=A Bl AR FA=R= 7 77 s AR Azt B Te %‘F—% 272,56 [ha™! 241.28 [ha” o] et B
25 Y Fa50 SRS ZAR] 9162016 A 5 Y22 Goll 155 A Alolo] 241 0] LE A ZustSict. 15
A % 23] 5 2 NI -G89 A 0] Wit AEEF (2.56 Tha! ©F1.28 7ha )]0, 1, 3, 9 BIFE ZH2F Egol] A =]atodct. A
SH AXEE1/2000 a AFTHEE R F4X] EF 18 kg S F7I51] 3 ¥HE.0 2 o] o] vl i]s}oﬂr,}_ nE g
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S FERIgeH, sERt AR A xste] FAE Sl
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25 As, Cd, Cu, Ni, Pb, Zn -2 ICP-OES (Inductively coupled plasma optical emission spectrophotometer, Perkinelmer
ICP optima 5300DV, United states)= 0]30}04 =451 a1, Hg 2 2 £47] (NIC mercury analyzer MA-3000,
Japan) & Abg-5to] ZBkEE. ol F 1% B efel i Bafelel 334 A 5L U ARE AAgHIek 1
A7 1759k S8kl T3 48 AIZHESH127] (Dry oven)oll A 105°C ©] L2 7AZEIGch A7 AR 1 g 27
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SoEN AF EF D AR N 534 AP 15 G HolEl] AR 915 SAS BALE T (4
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Results and Discussion

MIEY AIHET N {IRMAIE 7oA AMEShe Bl o &2 Al 85ols ol 15rhe %ﬂﬂ% A
SHA P oL 38) oo & A2 Al o] F-oJ5k AT LT (Fig 1)
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O] Cu®t ZnolA 7115 Z 0 = THekETh BIE Cu®t Zno] AH=2] A5 l
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Fig. 2. Yield response of red pepper to application rate of Bordeaux and Sulphur mixtures.
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Table 2. Concentration of heavy metals in Bordeaux and Sulphur mixtures used in the study.

Heavy metal (mg kg™

Organic amendment

As Cd Cr Cu Hg Pb Ni Zn
Bordeaux mixture tr' 0.09 1.74 845 0.04 19.7 2.40 3,477
Sulphur mixture tr 0.64 0.89 1.39 0.08 0.61 0.64 3.75

Ttr: trace.

Table 3. Concentration of heavy metals in soil amended with different rate of Bordeaux and Sulphur mixtures at
harvest time.

Heavy metal (mg kg™

Application rate -

As Cd Cu Hg Ni Pb Zn
0 times 7.18% tr 9.50° tr 7.13% 41.9° 88°
1 times 7.99* tr 9.90° tr 7.16° 42.3° 90°
3 times 8.15% tr 4.6° tr 7.44° 38.0° 88"
9 times 8.84% tr 48.2° tr 8.17% 41.7° 113°
Criteria value " 25 4 150 4 100 200 300
Average value 6.2 0.16 23 0.03 15 21 80

TCriteria value: Maximum permissible concentration of heavy metal in soil established by Korean Soil Conservation Act.
T Average value: Average concentration of heavy metals in Korean arable soils.

S

tr: trace.

23] R 2 ol Gt o] Aelgre ST ARl 15 -8t § EF U] As, Cd, Hg, Ni, Pb®] 210 fo3h 5
7F= §191tF (Table 3). E3HF 5715 QAANE 57 AHE- Barol 9 Wiz AFgatol s EF W ZAFH 759 55
5 A2 EFeH 27 1ES 205 etk v o s A o AR e ST ARl wEE E U Cu
&} Zn0] & A2 oA o= SIS 55| F R s dAA o Aol w7 ARSRR] 1 HkE ARSI gE
Cu®} Zn] e T 2|2t FAA o2 fofgt Zo|7h QI o AR RS 3H]] o[ o= S7HAZE ol Cu®t Zn ]
deRe 5] ST oA T -FALSH ATH= Moolenaar and Beltrami (1998)°1] 2]5f] H11%l #o] lct, djg<d
FolA A3 H 25 olS A7k 15,000~49,000 g ha' 2 AFESIS W EoF U] Cu®t Zno] 3ol ZH2} 158 mg kg 7}
258 mg kg 2 EU2| Cu®}tZn9] 752191 27 mg kg ' 735 mg kg -2 Z3oh= 710 2 H 53Tt 2 Aol A 3]
B 2T NI FYAE 57 AHEEFO] 3 vl oV ALE- Al EF W Cu®t Zn o TR EFe A 9275 214
ekoLt efuet RHEeke] Wt Cu®t Zn o] gl Hlsl =2 2102 et uheha] Thegh oF] 3]k 2 ol
T} 58514 0] AFE-2 EOF U Cudt Zn 3} 2o Z24:0] Z22Q 9ISt 4= 919 71 0 2wttt

T3 AR ELT 5B 15 W S a4 ke AR A, A3 H 2 T it 3 39tA o] AlgaF Ztel whet

315 ) As, Cd, Cu, Hg, Ni, Pb B2 501212 QhIeh (Table 4). FA7HA] S elufefeliz 54k ) Sasel vt
51871501 Cdxt Pbef] thaliA] ¥ho] Zk2F0.1 mg kg 0.2 mg kg & A= o] ik (A1Fe]eRRIHA, 2011).

71 &AL ARGl ofgt 113 W Cd2t Pbo] 2 SE4 51871EAE 2 SHA] Aottt 1 W Zn o %

A15] 85 = ot} §o39A| o] Aol whet fofshA ST T 7 1 s UAA ] A8 RS S AR 1 HH °
g0 8 Z7} X Zn) T2 FA 2ol His| of 2 vl F7tol= ATHE UL Zn 2 2FE0] 8ol B4AR1 v
UL AT M 2 Al 2512 2FE 0] S-S Aofslo] S WE 4 Qv 150 47 A (Fig. 1ollA Ut
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Table 4. Concentration of heavy metals in red pepper grown in soil amended with different rate of Bordeaux and
Sulphur mixtures at harvest time.

Heavy metal (mg kg™)

Application rate

As Cd Cu Hg Ni Pb Zn

0 times 1.40° tr' tr tr tr tr 0.35"

1 times 1.45% tr tr tr tr tr 0.67°

3 times 1.41° tr tr tr tr tr 0.74*

9 times - - - - - - -

Permissible safety level " - 0.1 - - - 0.2 -
TPermissible safety level: Maximum permissible safety level for agricultureal products established by Ministry of Food and

Drug Safety of Korea.
Ttr: trace.

Conclusions

Ho|m 2 rolat A AFG 57 B AMB (247 ARF2.56 1 ha” 91,28 1ha)2]9 WA F7HAIZL
=l EQF WY As, Cd, Cu, Hg, Ni, Pb, Zn ©] &=F2 EQFQ ¢ 927|2 Z361A] etk 13u EF Ui Cu ¢t Zn
o ke AT F710] Wt frol2 0 2 Zolekglon] Selute wEoke] Wit W3 Bk otk Eal Haluct
o3} SRTAE 3 v ol F7} 4] 15 U] zn Fgo] Wb F71ole] 3 7ol delo] B Ao & ek np
2P 6715 AHE AT T B 315 7ol Al A5 2 G oln G 3R AL Al S AR 0] $ 34 Qg
AP Tefstol TR RS AR (S ZPEe Fept o,
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