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Decomposition of Leaf Litter Containing Heavy Metals in the Andong Serpentine Area, Korea '
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39.8%, 38.5%9] SHHAALE HGow, HAREY EokolA] E59 Y2 22t 41.1%, 41.7%9] SEFEAE e
o HARZH A oA o] SR AT o M= AR A0l 46.8%, 42.2% T1E|il HIARZAH A 44.8%, 37.4%9)
FHAE 47 Bodth oYt Auts Fa4&S et BEYY dFEtE YHY dF Aozt &gl o
FFS A Ueieth gubdo® w2 ONE 2= dgo| o By Feldnts d0ets 9 W& ONS
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ABSTRACT

The present study attempts to compare the soil chemical characteristics and biological activities (i.e.
microbial biomass and soil enzyme activities), and litter decomposition rate of Arundinella hirta and
Miscanthus sinensis var. purpurascens) collected from serpentine and non-serpentine sites by litter bag
techniques at serpentine and non-serpentine field experiment sites over a 9-month period. The serpentine soil
showed higher pH and soil alkaliphosphatase activity, and lower soil dehydrogenase and urease activities than
the non-serpentine soil. Microbial biomass-N at the serpentine soil was larger than the non-serpentine soil, although
the microbial biomass-C and microbial biomass-N represented no significant difference between serpentine and
non-serpentine soil. These results suggest that the larger microbial biomass-N caused the lower C/N in serpentine
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soil. At the end of the experiment, the litter samples of A. hirta and M. sinensis collected from serpentine soil
revealed a 39.8% and 38.5% mass loss, and the litter sample from non-serpentine soil also showed a41.1% and
41.7% mass loss at the serpentine site. On the other hand, at the non-serpentine site, 42.2%, 37.4%, and 46.8%,
44.8% were respectively shown. These results demonstrate that the litter decomposition rate is more intensely

affected by the heavy metal content of leaf litter than soil contamination. Moreover, the litter collected from the

serpentine soil had a lower C/N, whereas the litter decomposition rate was slower than the litter from the

non-serpentine soil, because the heavy metal inhibition activities on the litter decomposition process were more

conspicuous than the effect of litter qualities such as C/N ratio or lignin/N. The nutrient element content in the

decomposing litter was gradually leached out, but heavy metals and Mg were accumulated in the decaying litter.

This phenomenon was conspicuous at the serpentine site during the process of decomposition.
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(Freedman and Huchinson, 1980; Cortufo et al., 1995),
Fado] o o] 3] ZA15He dhite] of n)yEs
ZE2E04 5AL VebdtkBerg et al., 1991; Berg and
McClaugherty, 2003; Khan and Joergensen, 2006). & 9F9]
A oleo] Felz EASHE FIEL B ULl
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A 2 AREAE FARSIAL] s =M= E L ot
(Kim, 2006; Kim and Shim, 2008). A§ AAo| A 713+
ke EH) Aal 712 Beke] dualen Beel
E3 = Figure 13} Zoh

RHE ARSF AJoja ol WAERE o] Eope] BAe
Table 132} At} ARZQF B HEY TFo] 9~18% = H]
AHRSF ESFe) 20-49%Kt) YL, E& pHE Lehisict



128 FAR - A4 A - AT g4 24(4) 2010

Table 1. Comparisons of physical and chemical properties between non-serpentine and serpentine sites at Andong
serpentine area, Korea

Soil Soil texture(%) Total C Total N SOM
Sand Silt Clay (%) (%) (%)
Non-serpentine 32.2~61.5 15.8~30.5 20.4~48.6 1.51 0.045 5.24 5.2~6.0
Serpentine 57.7~70.8 19.6~29.1 9.1~17.7 1.28 0.090 5.51 6.7~7.1
HIARESE K| ola} AMESE K| elof A FAlo] Eastn, 48
o 9 Cr, Ni, Mg 59 3494 T Hol7h 2 482 A

I Precipitation
—— Air-temperature 1 50

(Arundinella  hirta)®} 2 N|(Miscanthus sinensis var.
purpurascens)E A5} T}

100 +

4 40

oFe] A Gk ARZSH A3t 1 lel mARe 7|
1% &9l mHE(364m) A = JAKKim, 1998). 242} =
k |- Ao A DEF GFe B 1. 2mnx1.2mm <] FHY(15em
w0 x15em)o]l 1.5-2 g ) gol 11 g2} 45 =7}
‘e M H|25k ARLel x]oja} H|ARZO 2o ¢]Atol| 4ubE O
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Figure 1. Changes in daily precipitation and mean air

temperature at Pungcheon which is the nearest AxJo A AT AEA =R} F714 Oi 343 Y
meteorological station from the experimental my o] AEAYRL 60C AR 28] ARA7 3,
site during field experimental period from Feb. Wiely mill2 Zto} 1 A2 £+ AR OU:] o) 7+ Yag}
14 to Nov. 2, 2006. . e
oo ool 2743} 203t AERZ, Teln Mg HsEEe

. Ao gL, CoF N &9 543 HalAle= oAl
AR BEE Kep 22 9 1S 2 e WA ming mayste] Algstgl.
9k Cr, Ni, Fe, Mg2] g2 vjALE 3|

WEFAE AT nojgopuay gge SARABYS AH ICP

°F 19, 78, 2, 94| &3ttH(Table 2). (Inductively coupled Plasma Spectrometry: JY-ULTIMA-2)
£ ARgsto] S5k th(Helrich, 1990). 2jady dE=

2, e ME B39 MY H U4E Rdllg 53 Z9] dteF =22 ADF(acid detergent fiber)®(Rowland

and Roberts, 1994)°] oJAstgom, 7442
Tz 0 1 i = > = :
AE T2 Kim(1998)% Kim(2000)9] A2 HIFE2  yhronw] oz 2481l Total C2F No| 3HFS ball mill

Table 2. Comparisons of element contents (mg kg™') of soil between non-serpentine and serpentine sites at Andong
serpentine area, Korea

Element contents(mg kg') Non-serpentine soil Serpentine soil
Ca 15294651 13224266
K 6554273 36.6+26.1
Na 125436 163+5.7
P 2.2+0.7 243.0
cr 2145.5 399+44
Ni™” 14+3.7 1095489
Mg 503041946 46901+8675
Fe' 117695970 21543+5244
Mg/Ca"" 3.9 35.9

Difference has been tested by ANOVA(n=4).
* P < 0.05, **: P < 001, *** P < 0.001
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2 243 A|2E CHN analyser(240XA)=2 Z75H3ich & #5 BEFE AFste] FAAA Im A2 A & {715 T
£ AREE 49E S48 %, pH, X8 (water holding capacity), < 49} 5
T4 Y S0 ARSI, HE S 43 vHESRIch

4, EXO| O|ME2Zk(microbial biomass) X EYS A ERGTFe S HE] FAA B SHSE AN W
83N &% A T AR ES AT  ESF ol 23HE 59| ¥
2 39tk B9 pHE AFet EFe THMES} SRS

Microbial biomass-C2] =742 Ross and Sparling(1993)
9] uhHo|| wgk o, k-factor= 0.38(Vance ef al., 1987)
A5t} Microbial biomass-N-2 ninhydrin-reaction %
H(Joergensen and Brookes, 1990)¢f A 3lo] =435}tk
Z4 % NH4-N2 biomass NO.&2 3FA517] €3} Microbial
biomass-N = 5.0 - EN-Z AR8-5}9ItH(Joergensen and Brookes,
1990). EN& 22258 23 A3 S2514 ok A3}
o] #hojolt}.

Dehydrogenase®] 24> A #3t AT E¢Fs AR
goo grpe Bpe HEd =S Agsidt &
% 1gi} 714 ZA 2-(p-iodophenyl)-3-(p-nitrophenyl)
-5-phenyltetrazoliumchloride (INT)S AR&-3 01, 40°Cof| A
2A17F BF-A]1 7] & o]3}8}o] Todonitrotetrazolium formazan
(INTF)& N,N-dimethylformamide= WAA]#H 464nmof
Ao S =E =459 ti(Mersi and Schinner, 1991).

UreaseZ/J2> ureas 7| A= dlof 37Co A 2A17F §H-&-
AlZ1 & 2 M Potassium chloride £ 7}5}o] ojx}3l &
0.3 M Sodium hydroxide2} Sodium salicylate solution 1
2] Dichloroisocyanurate 28-S A 7}5}o] EHAA|7] &
690 nmof| Al &3 =5 =%3}l%th(Sardans and Pennelas,
2005).

Alkali-phosphomonoesterase 2] 242 Sodium p-nitrophenyl
phosphate hexahydrateE 7] 2 & d}o] pH 119] &&= oA
37CE 1A7F ¥RSA17] 3 CaClL9} 0.5 M NaOHE 91
oj7t & 400 nmoA FFEE 57453 th(Eivazi and
Tabatabai, 1977).

5. EY0| B2 53N SN 24
Eope HAF RS AAT F ol 1579

1 : 259 vH[&&E 4lo] &gt & {2)Hd= pH meter
(Corning 345)= ZA45}5ith B f7]& 2 105C
A Z88] ARA EYARE 800TollA] 4417 ZHEAIR]
T A2 B FAl digt &g MRS WEEE e
Atk EGF W F719F YaEAS 93 dA g+ Matin
(1993)9] "WFH& AFE31% 2, ICP(Inductively coupled
Plasma Spectrometry: JY-ULTIMA-2)E Al-8-35}o] =435}
% thHelrich 1990). Total N }F1} Total C 52 Al EA]
22} up7IR| 2 ball millE AFE-8}o] powder AYEf 2 E4)
3t & CHN analyser(240XA)E Ag-3lo] =431 ch

o)A It B0 Table 37}
2t} Microbial biomass-CE= AMEAEFT HIAESE EOF
Atolof A f-ofgt ApolE YERHA] ket Microbial
biomass- N2 AHRS} Efol A Tha & 7hS Uekuich
E9F9] dehydrogenase2} urease ] 42 HIAE Y E oo
A B =90 m(p<0.05), alkali phosphatase] ZHA]L AL
A EYolA w2 Aoz YERTHHp<0.01).

jus

2. Litter quality

gl whao} Ak, deln Agmzel 2lade] g
Table 49} 2T}, AFESE x| elo] A 23 el ]
Fapo] HJAHESE X|ofoll A AT el A et tha
o, ko] SRS HARESH X|ofo] Lol ARESTelA

lo oo rlo

Table 3. Microbial biomass and soil enzyme activities of soil at each experimental site

Non-serpentine soil Serpentine soil

Microbial biomass-C (ug g")

Microbial biomass-N (ug g")

Alkali Phosphatase** (p-nitrophenol pg g h™)

Urease (NH4-N ug g'lh'])

Dehydrogenase* (ug indonitrotetrazolium formazan g' h™)

746191 664+119
13.2£7.9 24.3£14.9
45.5437.4 259.4+107.5
251.4+82.1 177.4+73.2
65.2+10.5 37.6£13.6

Difference has been tested by ANOVA(n=4), *: P<0.05, **: P<0.01
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Table 4. Initial litter quality of the A. hirta and M. sinensis var. purpurascens from the non-serpentine(NS) and
serpentine(S) area, Andong, Korea. (Mean+standard deviation)

Plant species C(%) N(%) C/N SCH(%) Cellulose(%) Lignin(%) Lignin/N
A hirta NS 44 0.93 473 9.3+0.26 34.1+£2.4 5.7+1.8 6.13
S 42.7 1.27 33.6 11.9+1.67 3243.1 5.8+0.8 4.57
M. sinensis var. NS 44.5 1.04 42.7 11.2+0.6 37.3+5.2 9.3£2.4 8.94
purpuracens S 43.8 1.19 36.8 10.9+0.2 36.2+3.4 10.6+£2.8 8.91

SCH: soluble carbohydrate content

Table 5. Element contents in the litter of two species collected from non-serpentine(NS) and serpentine(S) sites. The
values indicate mg per kg dry litter. Mean £+ standard deviations, n=4.

Elements A. hirta M. sinensis var. purpurascens

(mg kg'") NS S NS S
Ca 2,686+147 1,553+46 2,399+185 1,624+30
P 655+4 677£15 1,603+£33 802+2
K 4,811+142 3,542+4 4,958+375 3,029+225
Na 443+3 436+5 480+11 415+2
Cr 15.6+0.2 19.1+£0.5 15 15.5
Ni 8.4+0.2 21.142.3 8.5 13.8+1.8
Mg 2,141+44 6,529+76 1,759+42 4,331+104
Fe 179+14 551107 157+1 214+21

g5 el vl v A WEbd T whebA C/Nat Non-serpentine site Serpentine site

lignin/N2 ARZQF Ao A ARt AEAlolM W =
Bk SRz g HARE S EYoA, 2lad &
F2 AR A9 AEAA v =4 e T

ARESE Al BIARESE Aol AHHTE A= AW FY
o gl FE5a PR Table 59F e ARZY Aol Al
5T ol HAREY A dollM A5 ¥ Ht Cr,
Ni, Mg, Feo} & a4-49] dafo] #3en, Ca, Na,
Ko 32 HlARZ S A9 9] YdoflA 3tk Crof 5 0 45 %0 15 180 25 21 0 45 w0 1 1m0 25 20
= Al 7k Aol7h Agkom, Nig| sl AT A oA
2~3v) ¢ 2 ghe EAth P sE=e HAREY A10lA

A.hirta Loo A.hirta

Remaining wt. (%)

M. sinensis M. sinensis

Az A AESF A oje] A B | F ouj A= £
7 vebget, I .
g 40 F 10
3. Littero] HZ 2 3 * wt
AFESFT) HIAFRQY 2ol A A S Y-S litter bag ' 0 45 00 135 180 225 270 ' 0 4;’ QID 1;5 1:;0 2,;5 2;0
methodo] oJste] Hal AT e Aaet A £ 5 wE ulA o

o} 2| ol A A H et AlEH o] Hallrl maA] AsiE gt Figure 2. Ch'fmges in dry weight of ea(.:h plant litter
which collected from serpentine and non-

(Figure 2). serpentine soil at non-serpentine(left) and

HIARZQFE AR Aol A At o) FoE HIAkE serpentine(right) experimental field sites. Close
o R of| A Eal|A|7] AT} 22} 53.2%, 57.8%2] A2 circles are the litter obtained from the
BT, AFES oA BaAl7l At zHzF 58.9%, serpentine soil and open circles are the litter
60.2%2] AZFS LehdTh obtained from the non-serpentine soil. Bars

indicate standard deviation(n=4).
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OS] A Pol= 22 kS Lhehilch HARRSH A o] : A, hirta

A e B HARZIE ALERE Koo A A3 b v,

welo] 7+ 55.2%, 62.6%9] JEFS K1, AHEY A $ oouo ‘ -

Aol Al 3t Hef oA 22 58.3%, 61.5%9] 1hEwF £ oous

S "1y} E 0.0010
o % ALZ Fo| v Bafol thate] g A ol

o) kol THE Aol Obon(1963)9] el ohd —

l}’l()(,/X()) _ —kt 0]—9—0]'04 —r—OH /R]— (k)a H] ;]‘ﬁq Non-serpentine site Serpentine site

(Table 6). o ol AREAA oA & —yfﬁ ol 0.0030 M. sinensis

H) ARG xwow BSet elurt Lol Hepgs nolt

ol Afe) Aouch ois] Aol © ATk Tet S o

ST Ielol fstol o) G b2 Aol felgt A E oaus

o0]5 YeEHA| = aFgF oLt vHIAMRES A dojlA H} AR 2 ooo10

X]%ﬂc’“k] -Liﬂ T']i‘ng'é‘ ]'}EHH ‘ii‘ﬂr(Flgure 3). 0.0003

0.0000
- - Non-serpentine site Serpentine site
Hal 1M = QA 320 H3 _ :

4. 2o o8 S H 2ol Hg Figure 3. Comparisons of decay rate constant(k) by
ot il Al ol ol el ‘ the model of Olson(1963): x/xp = & of
S w2l Al W 9Fre] Wk Figure 4, Figure 59 each plant litter which collected from

2 serpentine(filled bar) and non-serpentine(open
Ca, K, Na, P9] al=F Hil= avof ule} zJo]7} QloLt bar) soil at non-serpentine and serpentine

B3| A)7F Axtbe) whal Z=glo] 7hAste ATFS UERYTH sites. Bars are standard deviation(n=4).
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ok K 2 2ol A el vl 3~6%, Pef Na 242F  A] ehubst adgres Belou dNois 27352 A
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Figure 4. The concentration of each element during the decomposition of A. hirta and M. sinensis var.
purpurascens leaf litter from serpentine soil(closed circles) and non-serpentine soil(open circles) at two
different, serpentine and non-serpentine sites. Bars indicate standard deviation(n=4).
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Figure 5. Changes in relative concentration of each element during the decomposition of A. hirta and M. sinensis

var. purpurascens litter from serpentine soil(closed circles) and non-serpentine

soil(open circles) at two

different, serpentine and non-serpentine sites. Bars indicate standard deviation(n=4).

gHe FafEe 9 dlellAel Mg, Fe, Cr, Nio| a2
SAIZE 3ol whet I el Sokske AdE Hile
 AREFA oA o] e u v FREHA ST
AeH, HAREYOIA ST YET AREeellA 85
Sl I dgol EAl wA ek
Mg= HIAREY Al olld Zeis= Hiolde 719l &
77F 7Y fashe BEe HolAN ARZSA oA &
2 o= F3o] S78hs BEFE etk o=t
&2 Crit Nigf Aol e upx7hA ik, Z22u 2o =]

ot o 2 Ao

= Uglo] A Fe 3Ho] WIshe Hajuli Aol BAo]
71 gkepo] Z7ahet.
I &
1,EY L 3224 20 MEsty &4
EOF ] n]gEL BA0| Ay A4 e a5y
AR AL 7)5e SAF s ol dutgom =

o] B4l elat A7Izte] AEeat Bof 1 nlyEY
o] I7|& ZaAl7]= ¥elo] Eth(Chander and Brookes,
1991a; 1991b; Bardgett et al., 1994; Khan and Joergensen,
2006).

e AHZY Bk QI HIAHES EFol H]g]| Cr, Ni
50] lasgero] 717} 20u, 1008 A= & FES ek

Wi 9laL, Mg/Cate BIARZSE EQFol| Hsf 108 H& =2
FAE UER L Qlet. o]edh 4 T =] AR
EFol vls 1 A gk W HolA|uk ARZS EFY
dutAe]l EAS & YEef 1l lth(Brookes, 1987; Kim
and Shim, 2008).

Microbial biomass C2} N 2] grefo] Qloj A AHEQ) EoF
I} HARZY B YT AFolE UE A= 234t o]
2gh Ail= A7) 5t 29H EokoA9] nE 2
Fagol digt WS 7RIt At A9E E o
(Griffiths et al,, 1974; Jordan and Lechevalier, 1975;
Lombardi and Sebastiani, 2005), AHE¢F EFo]| 4 2] u]AY
e Fasol ot vl WA U sEo)
Zo]=2 <13] microbial biomass= &X] A4, EQFO =2
pHO 28 $34 Haol A} =9k BATA Fo
A3 A A 7|x= ALE HQItiKhan and Joergensen,
2006). 53] £SO pH= 5559 932 245t 54
3t |37} Hth(Impellitteri and Allen, 2001). AFE¢F X df
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