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Effects of plant diversity on ammonium removal in simulated constructed wetland.
ZHANG Pei-li', CHEN Zheng-xin', QIU Zhi*, LIU Yu', WANG Hai', GU Bao-jing', GE
Ying', CHANG Jie'" ™ ('College of Life Sciences, Zhejiang University, Hangzhou 310058 , Chi-
na; >Environmental Science Research and Design Institute of Zhejiang Province, Hangzhou
310008, China). Chinese Journal of Ecology, 2012, 31(5) . 1157-1164.
Abstract: To understand the effects of plant diversity on the nitrogen removal and nitrification in
constructed wetlands, simulated constructed wetlands with monoculture and mixed planting of
four kinds of plants were constructed, and ammonium nitrogen was taken as the sole inflowing ni-
trogen loading. In the mixed planting system, both the effluent inorganic nitrogen concentration
and the effluent ammonium nitrogen concentration were lower than those in the monoculture sys-
tem (3.41 mg - L' vs. 7.20 mg + L', and 1.35 mg « L' vs. 4.11 mg - L', respectively; P
<0.05), but the ratio of NO,”/NH," concentration was greater than that in the monoculture sys-
tem (1.55 vs. 0.80, P<0.05), indicating that mixed planting enhanced the nitrification in the
simulated constructed wetlands. The substrate inorganic nitrogen accumulation in the mixed
planting system was lower than that in the monoculture system (1455 mg + m™ vs. 2235 mg -
~, P<0.05), suggesting that the complementary resource use might occur in the mixed plant-
ing system. Based on the mass-balance approaches, the plant nitrogen uptake in the mixed plant-
ing system had a greater contribution rate to the total inorganic nitrogen removal than in the mono-
culture system (48% vs. 31% , P<0.05), and the nitrogen removal by the plant aboveground
parts also presented the similar trend (33% vs. 20% , P<0.05). The substrate nitrogen accu-
mulation had an opposite trend to the plant nitrogen uptake, with 5% in mixed planting system
and 9% in monoculture system (P<0.05). As compared with those in monoculture system, the
denitrification, ammonia volatilization, and microbial nitrogen immobilization in the mixed plant-
ing system had lower contribution rates to the nitrogen removal.

Key words: mixed planting; effluent nitrogen; substrate nitrogen; plant uptake; nitrification;
purification efficiency.
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31 % s

N T XR AR SRy — B 2% LT (5 A R 75 7K b 2
FARE AR O R 2 32 BT O . B RHAE
5 K HE I A AN G, N T b ) 5 AN T 1
1+ (Vymazal ,2007) , HAGTA TS A FEBR T
TE50% 24, i A AT LAIS 3] 80% LA 1 (Gu et
al. 2011) G EECRA R 42T (Liv et al. ,2009) , A
AT W N IRLTS: RE X s IR i &1 = N IR 3: L RC X A4
RORA B, FR2ER L F R, YR £
FEMEREAS I = AR R G RE ( Palmborg et al. ,2005 ;
Tilman et al. ,2006) ; T4 AMA T A T IR HE
VI ZFEMEXT R G YT RE 05 WA A5, 3K P 3 e 7E
TR M PR E A Y MO m X AR R R G
AL HE : Engelhardt FI Ritchie (2002 ) A5 81, 4=
Yyt a2 R 1 38 i 2 300 5 1) BORE A5, T
P B P 22 R 1 1T AT 5 Zha 55 (2010) 7E
FAIN T3 (R BIF 55 38 7% Bt 40 ol 22 R 3 I,
J R AE R AE B M | A W B9 Zhang 4§
(2011) FERCHL N T3 oo i 5 6 B, AE W T
AW CONL P BE Y B Z2 4 4 585 0 34 i, BOD;, |
COD,, M AT b 8 5 i A W R R B b 2 1k
B REAR . AN TR A 2R R A AR AR
Y A E R G fe 2 A T o A fE
FH ( Laughlin et al. ,2010) #5546 7E H ( Sutton-Gri-
er et al. ,2011) , [RIE, ZAEPEULREAS (T 25 W Bl H] 7~
A AN 1 58 X B I T A 56 42 F2 B2 ( Palmborg
et al. ,2005 ;Oelmann et al. ,2007 ) , SE AR H KRN
FEUAR E e, R, N TR AK B 2 220
JEZ5 ( Vymazal ,2007 ; Chang et al. ,2010) , H i 8% %
SHEB TG K 0.4% ~99.6% ( Chang et al. |
2010) , >R L BR 15 KAE R R GEA KM R HA
SEPE BN RN RERG B B N TR M R R A
R TR A AR BRI, R NH, AR
SRS K B — VIR, LUK AT 58 N TR b A
I EA =20 BN NI RO R =R A (SN RN
A 7R N TR ) R L BRALEE

1 #MREFZ®

1.1 AR

2009 43 H N A), 754 2% SO 2= B R 1L AR X
(WTVTZ8 2% ,29°59' N, 120°34'E ) @7 T SCE REHb
SRR 15 DK ITIE B B KA (K 53 emx % 37. 5
emxp 18,5 em) HEAUEAU N TIRH AR SCIAF AR
R TS 12 em JE AV (VT FERE A ST F ok

IKFEAT T FEo0 W e, OB R H R i 28 A1
TAEINL, PS5 0) o WA rh e 5 A
(Arundo donax) . 17 35 ( Phragmites australis) . I3
(Imperata cylindrica) F13E & ¥ ( Coix lacryma-jobi ) 4
A 3t 5 DRI SRy S 3 W ol B4 0D ) A
PRAR BB — S0 BETR AR, 42 BR A b ) b 2 ol
FATRAT 4 DYIFRA 2 ADSPRD A E B KE R R
Y, B E R E 3 MR, BB T
NFIHE 8 BRAEY), 8 RAE Y TERL LN 1% Ml P R
SERIFE AT, TRFNEHZ YR ECE B A
FHIRREL, HA YR BENL A, F B TR
TE23 8] bR B E
1.2 SEERAE AR ik

TERE ) A= A ST ] R X0 2% AR ALL A T3 3
Fr—UUE/KHERE , 1 T 78 & 78 1 R, BN T
Hiv g KA TSP K -4 OIRES A R TS AL ik
Wid g, K BN T b %) 22 11 45 AL B 50 EN
HHIE) B, L Hoagland % F# & BC 5 oA Jk Al Bic
il R NH, S SR (7 A T IR T ) (R 1) R
PHRA AT '=NIEK, 5 Aha—e A T, 5
WIN—VUCE IR, AL T 7 W, BN T Hh
() S it U 5488 mg (A4 T 27.44 g - m™*)

fE 6 AW (30 d) 6 H A (#4145 d) &
7 ARG 62 d) He)E 3 UOKAE KRG I AHE
K HAEACR4E 200 mL /K BE BT 2 YK H TR
N T b N TR) 08 G873 AN R DA SR )38
b A e AR I A PR 2R PR PR TRy A oy N TR
R BUEATBY B, T H 2258 110 B 3 il T P K
H NH, " \NO, ™ 5 ZFEIHTC 1 35 A0 OC 1, BRI 2 4
REAEVERT; R, BRI E T X PR IROK FE Y NH,
FNO, WREE (AR YN TR IS 47 I A R K

F1 ERUSKET

Table 1 Prescription of simulated wastewater

RiFTLRA RERWE R ocR 2 W

(mmol - L") (mg - L")
KNO; 0 H;BO; 2. 86
Ca(NO, ), - 4H,0 0 CuS0, - 5H,0 0.08
CaCl, - 2H,0 5 ZnS0, - TH,0 0.22
(NH4),S0, 4 MnCl, - 4H,0 1.81
KH, PO, 1 H,MoO, - 4H,0  0.09
MgS0, - 7H,0 2 Fe-EDTA 7.64
KCI1 6

BT Hoagland BB ( Hoagland & Arnon, 1950; Cao et al. ,
2010) ,

=
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KBTS . 5 3 YRR AR & &b TR E A=
K, KR NH,* \NO,™ 5 2R IA BAH 6, R,
TEH A ZFEE 5 K NH, ™ NO, ¥R B2 G R I f 26
3 YCRAE YK FERL S N TR iz 17 B 9 oK, A%
UOKAEH NH, ™ NO, ™ ¢ B I A UL T3 b Y v
WHCR . TAE Y B ERE TN TR A A LB
RIS RE 3 UK IR BT T 200, KRS
BB I AR o 45 M AR R VR I S I S B A 2 R, AR
JE WA, TE DA, WO A W o g
TR E R GRS, S YR o 2R . HTK s
PIARFR TS SRS AR 25 B 3 ¥R,
T 65 CHLAE ML R AR MY 25 F 1T
L, BRI TR 2% PR T AR Dy BT
AWrE, WY Z 05 14 A1 N i b
JRIRS)  REVHFE , VFEF =20 CUKFE TR R IRAE,
SR

TR 25 25 BB 73 it 23 0] 28 sl Y 3R B AXC
( Pulverisette 23 , Germany ) W & WK 5, FH R 2
He T 1% G & 43 M4 ( Flash HT 2000, Thermo Finni-
gan, Bremen , Germany ) Il & 25 % 70 I A & 1. R Uk
TRAFIIUDHET 4 CHIFRAAMURT , PRI 150 g FE
F12 mol « L™ KCL#& 1 ¢ 1.5 ¥+ Hi 4 I &
vk e AR 30 8% ( SKALAR San®™, The Nether-
lands ) M 5E Horb i) NH, ™ NO, ™ & 4, [5] i Je— &8 7
TR A R VDRI R BE 5 K AR AR L BT i A
IKFEZE 0. 45 pm FLARJE R E f5 , 2L NH,* \NO, ¥
BETRR Tl 73 B AT I SE
L3 YA A S

Wy 5~ A 1 AR R o e S U O 5
N A ZRGE ) B 18 B 1) 28 0 R i X S R
GEAEW T R b (4 T (Kaye et al. ,2006) , A< 55
B AR WTFENS G, 4 B3 0 8 3308 74 R A
A T H ZKCHE A S0 A a0 2 2 2R
Z G0 BRI TCHL A (total inorganic nitrogen, TIN) | 2
2R R VAR M A B RGEM A LBRE, MR
GE BRI AT LT AEY) | U A T AT O
B, BT A S R 22 B Y H A B X &R
GLR BRI TTIREE . A SR A i A S
HH I S 1) A ) R 2H 2R B T ROk
Jo R 7 G e T O T AR (B S ALV A |
FE PRFRRN S KRS S I S (. e TH3AS R T
FAB A 70 S il A | 2844 K RN ) 260 T 4 25 B
18 R Ui AP A TSR A RS

I=0+PN+SN+ON (1)
X ARG A A 5 (mg) ,0 HRGEHEH K
i RS Bk (mg) , PN R AR B i (mg) , SN
R AR T (mg) , ON Ry HAW T 40 s s A &
FERMHAEY) AR R LR A & (mg) , B
PN TR0 1 R L PR 23R S R % R B BT kR 1Y
ME YN

RR=(1-0)/Ix100% (2)

CR=N/(I-0)x100% (3)
KRR HAEBRAR (%), CR HE N T XA LBk
TTER % (% ) , N N4+ (PN .SN.ON) A & &
(mg) . HPERZmAIHTEARXN.

PN=(PB,xPC,)+(PB_xPC_.)+(PB.xPC.) (4)
L, PBoAHEY) D) 5 (g - m™) , PC A AEPIM
R BTHRRE (mg - g7') , PB NAHY) )6 (g -
m™) ,PC MY AN AW (mg - ¢7') ,PB, N
FHYRAY B (g - m™) , PC R YIHR 1) &% &2 i
(mg-g).

1.4 FRMROW FIER 7= R0 BT

RSB TR b 3 S AR S S AU
RS B AE AT L IR 2 A TR A B ARV L B AT X
) B DX AR AR 28 U 25 B TR AT AL
0, -E; (5)

ET

A, 0,8 TIPS S B/ S E R WA, E,
SR/ A A B, 3 T R E R TR X
b Bir G Py b 7E S s i) B 28 R/ A A AU T
YA, #F D,<0 R TR X B 5 AR #Y B A X
YoM b S B /A AR 1 X R BB I A 1]
AFHEH #M( Roscher et al. ,2008) . [RIFE, D F850tn]
Phizg 11T K B S A R R S AR

AR A ST 38 H L 46 5 D,, e A6 IR Tl 1X.
Y& AT F= 500 ( Hector et al. ,2002) ,

0, — max(M,)

D, = T max(M) (6)
Arfr, 0, X HeA ) INAE , max (M, ) TR A X B
Jr 55 A e R N 1) e e 7 ) B R DX e Y AR )
D, >0 B & IR P X He A= Wy f L A 5 i AR AT —
YR SRR X He B A= ) AR R S TR R X
BAELE B P20 ( Hector et al. ,2002)

1.5 Sitorthr

BiE K FH SPSS 18. 0 ( SPSS Inc, Chicago, USA)

BAFHAT G 30T B 2 S A i | R

D, =
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FEF R NH, " NO,~ R TEHLA A NO, /NH, "B &
HEAT R ZE )7 225081 (ANOVA) o i LSD 3% ¥ {4
WATZ H e, WE KR «=0.05,

2 HRE5HM

2.1 ZHHESHKARENXER

AP 1 AT, HEgK NH,* K TIN ¥ e TR RS0
AT (1.35 F13.41 mg - L") ¥ g F(K T4
Fli(4.11 F17.20 mg « L") (P<0.05) , i T IR Fh
RGN R G EAT S I B AU S T L BR Tig
I HemliE v, 2 B BE PR N T b Y
fefief1, 7k NO, /NH, fEIR R 2 45 (1. 55 mg -
LB ESTHMAS(0.80 mg - L', P<0.05)
(B 1), BEBATR A AL BT REFEIE T M ALVEH
2.2 ZHMHERASENLR

RPN R 0 3L i NH,* NO,™ & TIN fl 2 &
(1481 29 F1 1455 mg - m™) ¥ W FH K TR R 5
(2154 81 F12235 mg - m™>) (Kl 2), 1M NO,”/NH,"
TERAR X S SIRF X TE W 22 5% (K 2) . BTA
T R R A R, DRI 8 25 R R AR RS 25

B AT BE R A A P A28 8 AR e o1 i U8 1%
SURUIII AR R T R ALAE T AN 25 2R IE B
Z R BERS I8 HE O R B
2.3 RS AEYE YRR R EER

TEABETE T IRA 5 AR R G b T BB
AW 3 NSRRI ZEF AR (K 3), 2
Giitton, b b F RS AY R D, FRENT
0(#2), XKUY IRFIEHT ICH ™80 I AFLE,

IIHT BRI Bl 2 Bl ) AR MR E T R
TR AR A R R AT DR B R A SR T
YIRS B R 5 R TR (] 3) X R 2 R
RERS A HERT AU SRl BUR o BeAh ARt 13
PR BRRFE S T N Z MR &, O i -
SR R BRI R o 8] A9 25 S B R (181 3)
2.4 BP0 A A K R £ BR R 45 XA
IKE LRI SRR

152 MR AR AL ST BN TR i
R R PR A B 2R (R 3) . RUIEIA
TR U L BRAEIR AR AL BT ARCR L LF

FEAI A BRI AR AL BER B9 SRR 20501k

—_
[\
1

61 ~ 9r T
g4 g
o =
o I o
Bfp R Bfp R
A gis:
8 2
=~ 6| N *
p 3
o0
g 41 P
£ I 5 L
o z
0 . 0 )
B R B bizy
¥ E::

E1 Bf#EEMLGETHKF NH,* NO, . TIN ikKE K NO, /NH, " BItL &
Fig.1 Comparison of effluent NH,", NO,”, TIN concentration and NO, /NH," between the monoculture and mixed plant-

ing treatments
= b IRE) 25 5 3, P<0. 05,

R2 SEEEHTEERREY SRR
Table 2 Calculation of diversity index and the effects of plant diversity
T thK Dy T Dy Dy
NH, * NO,~ NH, * NO, [ T a
8 <0 <0 <0 <0 <0 <0 <0
BV BIEAIHE AR B E AN BRI E A BRI E AR TCHE = RO TCHE RO TR AU
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Fig.2 Comparison of substrate NH,”, NO,”, TIN accumulation and NO, /NH," between the monoculture and mixed

planting treatments
# Qb PR [A] 22 53 W 3K, P<0. 05,

A1200 - O - W F '7'\12- Agoo
g i g
- 900 [ PR . - 600
B 600 gﬁ 6 I 18 400
£ ® 'S
ﬂ 300 ® 3t f\f_" 200
R 0 g 0 = 0
Lk by R B B b
Kb Abw b
~6r 2000 ~ 20
g o« g
w5t 'ﬁ 1500 w ST .
o0
%E 3r [ @ 1000 I g 10l
® 2 # 500 B st
0 0 0
B fh B B B B B
P b3 s

3 BEMERMAETENSHIENERERRENILR

Fig.3 Comparison of plant biomass and plant nitrogen accumulation between the monoculture and mixed planting treat-

ments

s b P 22 53 i 2 P<0. 05,

31% M 46% , T W ZHEVE I E AR TR P X6 AL i

We(Z3), MF AR AT DL s A Y 3

IIREBR RGO A, TR b 35 X R 2L BR Y

DURRRA LR A L, FEA SR, SRR A A5 1

T Hb AT TR 30 20% F 33% (2% 3) Ui

HH e Z R DI R 7 =X L B A R A E
FE AT B8 R B 1) DR R AR B RTR AN R oy

T 9% F 5% , PR i 255 TR (R 3) , X 1T fig

T T 0 P TR Ach B S AR ) R G, T
18 R AL 235 R R P 80 1R S5 A P ) HE A
TR BRI Ao Ak B X6 602 B 1) BT kSR 4 ) R
56% F144% (P > 0.05,%3) ,
2.5 AW S5 AR S E KK AR R
BARIL A R 5T W A (H
T b b B S AR B R X 7 ) 4 4
Prie &2 W EA G (B4, K P RYNH, S (NO,™
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Table 3 Nitrogen input, output and removal quantity as
well as nitrogen removal quantity and contribution rate of
each factor of simulated constructed wetlands between the
monoculture and mixed planting treatments

iH L T
i A Bt (mg) 5488 5488
i (mg) 252.2487.4* 105. 420. 8
BEBR (mg) 5235.8+87.4* 5328.620.8
LELLTHe W B (mg) 1084, 945122 1788. 6+674. 8
M E BT (% ) 19.949.2°* 33.2+7.2
SR (mg) 1597. 1£649.5 * 2463.3+347.0
STTHRR (% ) 30.5+11.7* 45.846.5
SLAFR A7 54t (mg) 447.0£106.5 * 290.9+73.6
TR (% ) 8.6x2.1* 5.4+1.4
HoAtr F:Bk i (mg) 3252. 4£950. 5 2464. 41+366. 3
TR (%) 56.2+11.9 43.9+6.8

* TRERTE AP RITR AL BT BA 25 (P<0. 05) ; + HoAl IR (4R LA AL |
FIERED AR,

20

*g »=0.08x +0.5397
W st R’=0.882 P<0.05
&
ﬂ.}'ﬁ 10t °

L .o ,
= .

0 20 40 60 80 100

b Ay (g - m”)

20
' y=0.0993x + 1.4767
g s R*=0.568 P<0.05
g o
% 10
&
®
st
£ o ee

0 20 40 60 80 100
WFEWER (g m™)

25
9 y=0.0672x + 1.1682
20 R’=0.855 P<0.05
o0
g
L
ik
K10 -
B

0 50 100 150 200 250

BEYER (g-m’)
E4 HEUERREESEVENXR

Fig.4 Relationships between plant biomass and plant ni-
trogen accumulation

80

y=-0.0185x +41.106
R’=0.542 P<0.05

60

NH," (mg - L7
IS
(=]

20 -

0 600 1200 1800 2400

LY (g m?)
25
y=-0.0085x +13.216
~20r R=0.265 P<0.05
H 4
. 15 -
g
E Py ° ®
'o,, 10 | (X} s Py .
2 .l . .
L]
0 600 1200 1800 2400
LY (g m?)
80
y=-0.022x +54.321
60 | R’=0.558 P<0.05
=
g 40
z
20t

0 600 1200 1800 2400
AP’ (g m?)

5 H/KNH," NO, E TINRESHENEVENEER
Fig. 5
NO,;", and TIN concentrations in the effluent

Relationships between plant biomass and NH,",

TIN ¥ 5 B AR Y i B2 OHSC (8 5) iR
T E Y e N TR R G R LB A 241 A

3 i i

A N T3 A m bl 1 2 4, HLxh R 25 B
AR FH — 7 T 2 3 o A P AR IR L, 98 I 28 Fh AC K A
Vs 34y, B bk N IR R 4 A9 AL ( Meuleman
et al. ,2003; )5 /L B2 2006 ) ; 7 —J7 1, AWy o
PR 2250 W40 , Y5 AR PR st 3% sl , 1 T i
Tl Ak - RO Ak 55 A ok B ok S BR R, AR R TR
WCVE R N TR A LB — A 2R (A0 5
& 2006) , A SE HPOAR ) e BRLRP SIR B 2R G b R A
FBRAYTTHR R AT 31% F146% (% 3) . AMRIE,
FE IR 2 B 1 BTk 6 25 S A K, o ik 36 i B A
5% ~ 78% ( Stottmeister et al. , 2003 ; ¥ Bk F 4§,
2004 ; 7 ZR MRS 20045 Ge et al. ,2007) , {H R ER/ME
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F 20% ( Stottmeister et al. ,2003 ; FHF 55,2006 ; Ge et
al. ,2007) , ASZErh AR SOR R 22 BR 1) TRk %
AEXF A ey, H: 3 S R R F A AL ) A i il — 2t
S TP AN T SR W b B 0 6 2 R Y BT kR
( Stottmeister et al. , 2003 ; Maltais-Landry et al. ,
2009) o SRIBCERRAY SR 2 oy 1 e ) o A ik 4
I PR AL A5 S RN R R A i R R G A
EBRATTRR, 24 % M T H 5 sTEk ST S A
TRFN R GEH 43501 20% F133% (353 ), s i T SCik
XA o FEA D g %) S5 PR T R A S R A )
AR IBOETE 5—T H . A5 A A
W B AE 5—8 AWt P AR K E H Ty, 2
JE =AY B 2 R TR B (TSR, 20006) .
ARS8 S 55 S S A A A P B PR A 0 PR
[ IR A6 A I 5 K ) S 6 AH L, AR 2 36 A 0 0 R
AR IR

TR 2R G PR X UM B 8 5 T RS
5 1) 22 ForE 4 %0 %5 R 19 B4 F) HH ( Roscher et al.
2008) . A AFFE W AR, HE YR XL b NH,
NO, ™ Z2 B P 34 Jn i B3 A1 ( Palmborg et al. ,2005;
Roscher et al. ,2008 ) , J& PR 2 9% U5 19 A FH R 42 5
(Roscher et al. ,2008) , S5 H IR B HE V% H 7K A1t
Ji i) D,NH, F1 D,NO, ¥J/NT 0,3 W] T A F 50 o 2k
J5z v e PR E AME AR TE

FEIXF R R 09 75— AR AR IAE XA X it
#1952 ) I ( Chang et al. , 2010; Zhang et al. ,
2010) . AHECEFD IR FPHE 7 AT AE S B PR R 43
WA ) A2 2 IR R ] B S 3 18 2 S, T X 4 2%
231 AR DX B 5 1Y) e 728 TG A W T i 4 R ) ek 7
(Valé et al. ,2005; Zhang et al. ,2010; Ge et al. ,
2011) AHSCHFIE R BT  FE YR A& FAE A i TR IX
A P AN S A T 55— ZR A RO i 64T (20
%%,2006;Weragoda et al. ,2009) , AWFFEHIRFP
AGET KA NO,™/NH, " B35 T M (18] 1), 71X
HENH, " 55 7F R NO, ™ 9 24 52 il £k A 0, 1R b it
NO, /NH, " i) i ¢ = B A TR A R h g b1k
AR T . 900, ATE R IR R KA
HEM TR ARG (B 1), YR & FEA R T
R ERR, XAl H T PS5 18 . —J7 AR I 1]
T NO, (Guo et al. ,2002 ; Chang et al. ,2010) ,
37 TH H T Z R NO;~ Y AME: R 1 ( Zha
et al. ,2010) ,

ARWFFERUESE T Y A= S AP A ZUAR

FHERFEMC(E4), il THEY AR R 22
A Wy i F0AE ) A R RV ) T B I (S b B AR
2006 ; FHH 4 ,2006) , 1M 525 Y EAR Rix SR
RURETC W EA, F O h i AR R i
S RN R S0 2 R F A 4 B sk
RUWREEOAOC(ELS) o L B S A2
3 1352 R A ELAST TA ) 2 R I, S AR A
PG, ARFFREE RIS T e A M, BN TIR
by HSE AR B MCED AT AN 5 6 &Y 25 B ( Meule-
man et al. ,2003 ; )5 /0 5 %5 2006 ; Liu et al. ,2012)
PR 7E N TR et i i B P s 4 i 7 AL )
SRR s P S

AR S5 v R SO R A R A BRI AR 20l
PR BRI 9% F 5% (£ 3) , BLHI AR PERR K T 2
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