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Improvement of sewage sludge and enhanced measure on
soil of rare earth mine wasteland

PENG Weixin, YANG Yuantong, FENG Jiayi, WU Daoming, ZENG Shucai
(College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] To study the improvement effect of urban sewage sludge addition on soil of rare earth
mine wasteland, and the strengthening effects of adding bagasse and soil conditioner on the basis of sewage
sludge, and provide a theoretical guidance for soil improvement of rare earth mining areas and utilization of
urban sewage sludge resources. [Method] The soil of rare earth mine wasteland was selected as research
object. Three treatments including adding sewage sludge (T1), adding sewage sludge and bagasse (T2), adding
sewage sludge, bagasse and soil conditioner (T3) were set. The soil of rare earth mine wasteland was used as
control (CK). Canavalia gladiata was chosen as test material to verify soil improvement effect through pot

experiment. The physicochemical properties of testing soil and C. gladiata growth indexes were determined, and
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the soil improvement effects of different treatments were comprehensively analyzed by principal component
analysis and fuzzy membership function analysis. [Result] Compared with the control, three treatments greatly
improved the physicochemical properties of soil in mining area, promoted the growth of C. gladiata and the
absorption of N, P and K nutrient elements. T1 reduced soil bulk density by 27.64%, increased total porosity by
23.91%, increased capillary water holding capacity by 42.41%, increased the content of organic matter by 11.01
times, and meanwhile greatly increased the contents of total P, alkaline hydrolytic N, available P and available
K. The soil physical properties of T2 were better than those of T1, with organic matter content increased by
25.9% and pH increased by 0.32. The soil pH (7.22) of T3 was the highest, which was 49.17% higher than T2,
and the contents of available P and available K increased by 0.46% and 11.05% respectively. The total plant
biomasses of T2 and T3 were significantly higher than those of T1 and CK, and there was no significant
difference between T2 and T3. The accumulations of N, P and K per plant reached the maximums in T2, which
were 934.43, 172.07 and 931.35 mg respectively, and significantly different from other treatments. The average
subordinate function values of CK, T1, T2 and T3 were 0.06, 0.56, 0.83, 0.90 respectively, and the soil
improvement effects were ranked as T3>T2>T1. [Conclusion] The addition of urban sewage sludge

significantly improves the soil of mining area, and the improvement effect is significantly enhanced by adding

41 %

bagasse and soil conditioner on the basis of adding sewage sludge.

Key words: Canavalia gladiata; rare earth soil; sewage sludge; bagasse; soil conditioner
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Table 1 Physicochemical properties of raw soil, sewage sludge, soil conditioner and national standard of sewage sludge for

land improvement

Bt bR wigkg") wi(mg-kg")
Test material HHLB 2R B A TRl AR HAWE A
Organic matter ~ Total N Total P Total K Alkaline hydrolytic N Available P Available K
"X £ Mine soil 7.93 1.71 0.01 42.85 17.38 2.85 105.49
15 Sewage sludge 220.20 21.04 23.63 13.83 1 658.67 175053 222947
L3R FEF Soil conditioner 8.31 0.08 0.30 18.39 5.83 8.50 405.61
PRBUEDR wi(mg'kg )
Test material pH Cu Zn Pb Cd Ni
"X £ Mine soil 436 5.08 49.74 76.04 0.25 1.76
15 Sewage sludge 5.01 423.66 863.49 48.51 4.55 47.96
LI Soil conditioner 12.14 16.02 89.75 66.61 0.99 8.85
e R AR <65 <800 <2000 <300 <5 <100
National standard of sewage sludge for >6.5 <1500 <4000 <1000 <2 <200

land improvement
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Table 2 Effects of different treatments on soil physical properties

e 2% # Bulk density MALBRE Total porosity EEE/KE Capillary moisture
Treatment PR Agrem?)  AEHLA% BB % BERY% BEKE (gkg)  BEEY%
Bulk density Change rate Total porosity Change rate Capillary moisture Change rate
CK 1.23+0.02a 53.66+0.82¢ 345.44+19.86¢
Tl 0.89+0.01b —27.64 66.49+0.47b 2391 491.94+13.54b 42.41
T2 0.77+0.01c —37.40 70.17+0.46a 30.77 600.34+14.23a 73.89
T3 0.76+0.02¢ -38.21 70.78+0.69a 31.90 614.34445.14a 77.84

DCK: 7 K 23, T1: FiF i, T2: HRAais . b, T3: Fmig it gE LA R ; 2) 4 b 308 4 P A7 32 (n=5), F
5| $ W5 )G 09 R Bl B F 8 AR £ 5+ R F(P<0.05, Duncan’sik); 3) & 4L B 64 T AL 5 st Bk
1)CK: Mine soil, T1: Adding sewage sludge, T2: Adding sewage sludge and bagasse, T3: Adding sewage sludge, bagasse and soil

conditioner; 2)Data were means + standard errors (n=5), and different letters in the same column indicated significant

differences(P<0.05, Duncan’s test); 3)The change rates of different treatments were compared with control

22 AEAEXN TIEAFEMRAFSRENEMN
AN [) A B XA X 38 () 4 25 P BRI 3% 40 i
WIS ISR 3 AT~ . 38 pH 7F T3 AbHEE B H K
(7.22), 8 T2 4275 49.17%, 13 2 59801, H a4k
TH - 3 5L Sk B sR R ME, T2 Eb T1 485 0.32. T2.
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T3 MBS ERE ST T1 A CK, HAHEH
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Table3 Effects of different treatments on soil chemical properties

wi(g-kg ") w/(mg-kg ")
AR Ex R el _ TR sk
Treatment . Alkaline . g
Organic matter ~ Total N Total P Total K . Available P Available K
hydrolytic N
CK  4.36+0.12¢  7.93%1.10c  1.71£0.55b  0.02+0.01c 42.85+1.59a  17.38+0.17b 2.85+£0.26b 105.49+12.97d
T1 4.5240.02¢c  95.25+5.60b  5.97+0.24ab 8.44+1.48b 35.19+1.94b 757.22453.20a 675.27+4.24a 866.26+20.51c

T2 4.8440.02b 119.92+9.34a  8.14+1.22a 10.07£0.40a 30.76+0.61b 849.43+£77.01a 692.16+£7.45a 1 014.74+51.03b

T3 7.2240.02a 120.464+3.54a  9.64+1.28a 11.42+0.31a 31.23+0.80b 739.68+29.22a 695.35+6.51a 1 126.88+14.44a

DCK: # R 3%, T1: Rwiz iR, T2: fmiz R i, T3: Rmis R EiE L3RR ; 0P 28 A T 947 £ 12 (n=5), F 5)
)G 09 R R B FHF R R £ 57 B % (P<0.05, Duncan’si)

1)CK: Mine soil, T1: Adding sewage sludge, T2: Adding sewage sludge and bagasse, T3: Adding sewage sludge, bagasse and soil

conditioner; Data were means + standard errors (n=5), and different letters in the same column indicated significant
differences(P<0.05, Duncan’s test)

x4 TRLIEIERE KAIF "
Table 4 Effects of different treatments on the growth of plants

HpRAE YD 2 /g Biomass per plant

A3 FEPR 1 /em . =
- - Ho T X
Treatment Plant height
Aboveground of plant Underground of plant Total plant
CK 221.97+57.98a 5.90+1.57¢ 1.1840.21a 7.08+1.73¢
T1 224.83+20.03a 13.48+0.34b 0.48+0.09b 13.96+0.43b
T2 288.70+£35.95a 23.41+1.55a 0.75+0.17ab 24.16+1.70a
T3 318.17+43.50a 19.82+2.45a 0.52+0.04b 20.34+2.41a

DCK: & K L3, T1: iz i, T2: iz it s, T3: Rz it s LHGAE A 0P 348 4 - 98447 92 (n=5), F 7]
)G 09 R RN B FHF R T £ 51 B (P<0.05, Duncan’si)

1)CK: Mine soil, T1: Adding sewage sludge, T2: Adding sewage sludge and bagasse, T3: Adding sewage sludge, bagasse and soil
conditioner; Data were means +standard errors (n=5), and different letters in the same column indicated significant

differences(P<0.05, Duncan’s test)

T1~T3 AbFE A T AP &1 &, HA B 20°F 135
BHRMEBREEET CK(E 1). £ T2 & FE &1
T, R W BT B AN R B R R A AT B

1100 - A CKe Tl @ T2 0n T3

FRR AN R /mg
Accumulation per plant
W
<y
S

Jt# Element

R JCHR AT L7 AR NG 7 R R ab R ) 22 7 & 3% (P<0.05,
Duncan’s %)

Different lowercase letters on the columns of the same element indicated
significant differences among different treatments(P<0.05, Duncan’s test)

E1 FRAEIERF D TTRRARENFM
Fig.1 Effects of different treatments on nutrient element
accumulations in plant

KA, 43 5L %) 934.43.172.07. 931.35 mg, 435N
KRR 3.29.17.33.5.49 %, T2. T3 4B A& S AE
PR B B RP AR R E LR E 2 R, (HI R
ZET T1. ol W, HEARE. B S0 P2 ik R &
MR S 1 A E, SRR
24 ETHIEFMEMIERX DR RYRNLE

A1

iz F 32 5 Ao B RS S J oR O IR g R
HOR AL BERIKE. pH DUA VLR 2%
AT A DR RO R A B, REAR I
bR S R AR B BN R AT I
MR AR IZE ST . BB 22 W] A, S0 T R
R VEU T 3 AN 32 B4 AT B A B i A 1K
w5 E, HAERE 5 5N 14.488. 1.072 F1 0.440, &
B &SN OREN S NUES RN PN = EEE 2 UNITDN
BRI HFAE s S NRFAEAR B /N, RARR NS 70 R AL o
MR AE S T HES 8 3 AN R sTk R 4 0 N
90.549%- 6.700% F1 2.751%, M TTHRZE 100%. i1
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In figure b, 1: pH, 2: Bulk density, 3: Total porosity, 4: Capillary moisture, 5: Organic matter content, 6: Total N content, 7: Total P content, 8: Total K
content, 9: Alkaline hydrolytic N content, 10: Available P content, 11: Available K content, 12: Plant height, 13: Total biomass per plant, 14: Accumulation of
N per plant, 15: Accumulation of P per plant, 16: Accumulation of K per plant
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Fig. 2 Principal component analysis of comprehensive evaluation on soil improvement effect
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Table 5 Subordinate function values of soil physicochemical properties and plant growth status

FaFr" Index CK T1 T2 T3

pH* 0 0.12 0.17 1.00
25 #" Bulk density 0 0.72 0.98 1.00
SFLBEE® Total porosity 0 0.75 0.96 1.00
BEFi/KE® Capillary moisture 0 0.54 0.95 1.00
A HLi & #® Organic matter content 0 0.78 1.00 1.00
4% & 8" Total N content 0 0.54 0.81 1.00
4=Tli& & Total P content 0 0.74 0.88 1.00
42814 &° Total K content 1.00 0.37 0 0.04
T % & &=° Alkaline hydrolytic N content 0 0.89 1.00 0.87
TR & 5" Available P content 0 0.97 1.00 1.00
B A B Available K content 0 0.74 0.89 1.00
MK 51 FE° Plant height 0 0.03 0.69 1.00
SAEY)E? Total biomass 0 0.40 1.00 0.78
FRRE A E 5N accumulation of plant 0 0.41 1.00 0.93
FPRTEFN 2 5 P accumulation of plant 0 0.51 1.00 0.96
FAPRENFR 2 F°K accumulation of plant 0 0.50 1.00 0.86
“F-¥411H Mean 0.06 0.56 0.83 0.90
%545 HEF Synthetic ordering 4 3 2 1

1) “@” AFiZdeAFE ER R AR EEME, “D” ATEAMK

1) “a” indicated the index was positively correlated with soil improvement effect, and “b” indicated the negative correlation



5 ]

SZUERT, 5 V5 e SOORMC RS M A X R A R T R 71

0.83 F110.90. FA] L, 3 Fh &b BEHHS H07 [X 4 4%
o B ACR I HER v T3>T2>T1 .

3 Wit

SRS HFE AL, BRI, XX+
8 AR A AR PEA R E Y. AEE R
IRV R R, RIRA R, BB 5157k
Jit FH R 5 0 A OGO R it FH A LB R v 1
1508, XA IX g R K CR K B 0 $R O, T R
UF ) IR RE D TR EY X L3 0 it 2
o EEPY, AR, HOETE Ve REH R B
X BRI, 1X ST A A4S R — 3. B
B AR — PP R PE R R AP R, B B A E N
BEILBIE KR (>50%) [IHE 7o A 5T p R 1)
TN SR AL T Vg Ve SR A SR A 5 R RUR,
2 B Ve A0 IR A VR B R — e 5 Ve R AT X
PIERE J A O R AR TR AT . S I
S BRSNS

458 pH S A A R 0 B A AR A A
SR, — R, pH N 6.5~7.5 MM EKKE
A . L3 pH i LB E S RS
FAE LAV RGBT R, AWFFE X Cd =y
o 2.5 mg-kg ' (B AT RN, 45 KR IIRE
% 3 pH $275, LHER Cd AT A8 e A IR B R
1%, B A A A ERIE S IR B T = ™ AT
FEARIL, TIN5 Xt 3 pH JC R E R, RN
5 Ve SRR IO\ RV T 53 i 0 pHL. R X
i A 338 1) e R RICR S AR 0 T A O, ARk
B AN E WL s 3 pH THERY. ZEG N 75T
R F Al B IO LI EL S, pH 1 4.84 1
F & 7.22, X F 2 BN I B R A 5 2 R
PE, pH 24 12.14. FTbA, JEEFI R EE R OUH 2
Ja ) T3 pH A B EFAER .

5, V5 U AN RE s VR, DL RIS e RE AN
B B RV 35 R G X ISR R V5
R -3 7% 20 MR R sk Z RS TR A B E
ZEEFREN, FEFEFRZHRSEHFE AR
G BESE R FIFR0 s BEE A MU & 2=, 7T At
AR UE TR WLTE LA B R AR 2R 3 255 Bl R ek A 11 A
i, A 2R 4 2 AN /D B R A R S L v R AT A
AL PR o AHIE T B YA AR A X 458
HAT AL B DR AR S S A R B 2
o, X 5 ET AL R — 8O R L I T
IR BRI T L AR R, X R EEEN
BT EE KRBTSR, £ IEBHEE B,
Perm T LIERE S E. EA R, V5YE. BEEA L

SV PR AN R PR T R e S, (HR
P A S, XM X A S A
B B R TS YR AN I BRI, TS e s e
RPN =0 R v ARG RpiiRiiw e sbe 3R UDIIDAN
XA RERE RS AE
A ARSI T2 R I, e fe W R 1 & R E
Syngonium podophyllum. & ¥ % Angelonia
salicariifolia~ 151 °F-3F Festuca arundinacea T3 75%
Tagetes erecta FHLARMYEK o AT BT
Ve 15 Ve NIV VR 3 A7 Rt T 8 b AR )
B SRR DL AR A A A B B IR o
R R, FE R AR v et i e 1 SR
PE R, [FIN SR T RS RE A RS, SR T
TIRILEGIE Sy, T RERS (R BEAE P 2 3R 5 B AN
e A, R A (HAE R AR
Hig RE HBLE CK A3, H B2 & T s e LA
S5 U JRE TR R B R VR e, DR DR RT R 2 VS e
S A 1 e R AR R A IR Y. IR
WA Y, SRS E R ST R E
1 1%~5% 1 0.2%~0.5%"". §"[X £ (CK AL#H) Fh
MR AR R B MR E D BN 4.01%.
0.14% 2.39%, HAMALPEAERR 3 & IR TR 15 &
SE N 3.87%~4.38%- 0.66%~0.82%-
3.86%~4.05%. 4 Fi kb P AR S R4 T IR
18, BRI AL BB & BAR T IE WA 4, oA b 22 Y
BB T IERAE . Ul WIFEME 07 X R 7 b 1%
it FH 5 e A i 8 S I AR R, PR A A R 3 R
HE RS L E o B EYR R iEE R TR
BE T N BR IS DL o FEAE FUH, T3 Y 0 i 3 {2
BE TS AR AT R AR A R B B IR T R AR
2, TR H I BE— B2 HE T 8 E AR AN IR R
2, RV R RO B3, I B A ] 21
GBS TG SR
AR, R o FOR &G VR AL )
AR, Hevkis FH R AR T R a6 1 2 A R A 4
B PSR B/ BB B ST PR AR B OR R R
IR, BEWE AL B AR B 2 IRl A SR Ik, AT 25
MEVFAT AN [F] Ak BE AR 38 ) o & 22 0 e A
(7 Ak 3 - 398 1Y) e R RO e LR IR D7 VAR A R AE
45 AR, it A A LRI AR I AR K
Fe AR A2 VT ) 038 i i SO0 R A R LR . AT
FOMRYE L IEANRE A 16 AN FEAR, RELE L5 7
Pl 3 A AR AEAE BRI FR bR, R PO
S R R BN I e FR BRI 2 B 70 A, AT X 338
RACRBT SR 1P T VRS T A G vE i R
5 YA = S A Am P O T e LI R T 2 A



72

g A LR 22243 (http://xuebao.scau.edu.cn/zr)

41 %

Xof 2 O S P R 22 e AR T, AR AN [ Ak 3
IR SR & R T B E SR a1, Ao X
= 5595 Y JRE VAR a8 3 B VR i ) £ (T3 Ak

.,

AR, TR AL B AT RO 20 BAS 1) 1 B R, AR

L0 Ivee S N7/ 1 sz 37 B2 ) N D S et A g S i
fedt S FAKK H . Fi5h, KR T 5 MR K &

Rt

RIS INEE], PAR TSI N2 5 2 N i

&I G (EAR S R AT IR T
S35 3

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

A, DK, 5, 55 BT BN T L R )
HIaH A ). &1, 2014(6): 91-96.

B ER, TG, W, 55 BT TR L S R
FORW I HERET]. &)@, 2017(12): 76-81.

o, AP B TE, BT EE, 55 M L IT R S BRI ) R
bR 5 SR B IR (0], % A BB AR,
2014, 14(5): 245-251.

W, AL, X R, . il BB LA L B B
SEAVRERTAC[T). & )BT 1, 2011(3): 136-139.

EI2E, B8, MAEE, 55 R R FHUESBE N A
HUBRRISI[)]. A 75544H], 2019, 39(5): 1838-1845.
FroE B, EEW, . BRI RESRAKE
). E A, 2018, 32(11): 1-9.

N, BRE, BRI, BT R R
T IE RGP CRFAE[T]. £ AR E, 2013,
32(8): 2126-2132.

ROBINSON B, GREEN S, MILLS T M, et al. Phytore-
mediation: Using plants as biopumps to improve de-
graded environments[J]. Soil Res, 2003, 41(3): 599-611.
R e, RISCIR, TR, S5 A AL R A S B R
TR LR A S B RS RIRTT]. AR
224k, 2018, 38(12): 4769-4778.

e, BeZEty, EMNHE, 55, J5Ue/Ey IR Fr i 2 Brp
()R SEER[J]. FERHE, 2009, 22(4): 15-21.

WKL, F I, PhKI, S TG Ve AT X gtk
(FIEIRI[T]. B2 AR 24417, 2010, 24(2): 349-354.

WE, KA, A8 TR AT T i U AE 70 8 4% Il i R P
WEAL[I]. R A K524, 2013, 34(2): 277-280.
K, Bk, REP, S R AMBE R R EG 4k
Hb = 5 f) B 1) 24N T T (D). B AR A0 AR, 2012,
28(31): 247-251.

IhICIE, BERUER, 22 E, A it H R R R IRAT TR
ML AT R B 52 W WF T[], AL IR 22 247
2013, 32(9): 1793-1799.

TR, MO, R R, 4. 22 JORR P 398 B /6
AR LT]. T ARLOEN, 2007, 34(1): 42-44.
HERER (PEBEYE) WmEe. PEEDE: 8
41 B[M]. Jbat: Bh7 AR, 1995: 208.

DE MELO RANGEL W, DE OLIVEIRA LONGATTI S
M, FERREIRA P A A, et al. Leguminosae native nodu-
lating bacteria from a gold mine As-contaminated soil:
Multi-resistance to trace elements, and possible role in
plant growth and mineral nutrition[J]. Int J Phytorem,
2017, 19(10): 925-936.

IR —FOHRE IR LR K A T2
CN102826926A[P]. 2012-12-19.

[19]

[20]
[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

A A RN E [E 55 2 I B A I A R R,
FHRMEE B 4. WS K AR B V5 YR AL
2 R VR i - GB/T24600—2009[S]. Ab 5T HF [l A5 i
Jii 4, 2009.

fifi - H. IR AL AT IM]. JEE: A E R RRAL, 2000.
T, L, U, 45, 75 IR HE AR E AR A R
3 (Syngonium podophyllum) A=+ K 5 4 J& W IS 2 A1)
M) ALK, 2018, 37(6): 1752-1758.

PEPRY, FRO6HE, 228, 6 f I B B TR T R i )
A FRmE R[], FlL RN, 2016, 33(2): 184-191.

JifRl, AR A7k, S5 AN TR 2850 Vi 14 V5 R AR
e B 5 R0RE I0 B2 i BF 72 (7). 3R BE L AR, 2017, 35(2):
49-52.

B, WA, AT, S TG KAL) VS YRRV
0 3 ) 2 R SR [I]. UK AR RFAE R, 2017, 31(1):
326-330.

Ao, PER, RK R, 5 AN RO T 5 R
B R AR R P PR 2 [T]. AR A ER B 2R, 20009,
18(1): 106-110.

FhAKBH, R, PMEERE, 5. IS Ve AER X R T &
B R B AT A A [0]. AR S H R, 2008,
31(6): 28-31.

TR, R, ¥ EA. KRR B R 0 ) 3
JUE R[], A0l TFEZEH, 2015, 31(11): 244-250.
M, Bk, & A, 2. BRg A% 43 A YL A
pH B 25 (8748 57 & F 5 88057 oy A S ME[T]. P bR bk
B K222k (B A ELAERR), 2009, 37(1): 182-188.
FPE, XA, F4ik, & 3 pH R E B4
J& Cd IR T A WIS M [T]. A0k 3R 858 Rl 24 22 4], 2008,
27(2): 574-578.

BB, FRA, IVEIR, S5 AHY IR A e e
TR R [J]. B EYI2EAR, 2016, 37(12): 2276-2282.
foeam, R, 250 F, . W5 -5 RYE b
FIRX LY R h IR0 K EEE Cd, Pb %
M [J]. 7K ARER AR, 2006, 20(4): 62-66.

TR, AT SR, (T A, 5. I f00E R 4 A R
VMR I]. FREE TFE243R, 2018, 12(4): 1228-1236.
fEXUIL, Hihl, WET X H, 5. 5 ¢ Hi IRIR & FL 53 & %
AT AL B RS0 S ABAIE L VERN [T]. AR 4R,
2014, 33(4): 966-972.

XI5, BRES, BRI, 5. 5 e HE T AR 4 A4 K &
& B AR IR W [T]. [F PR iR (AR BFERD,
2010, 38(6): 870-875.

ZER, TRE, T, & BB S EFRITRL O
R A RST]. LS EREE, 2002, 11(4): 392-396.
WViTBI, Mo, 22K, &5, BT ORI B0 F 2 o o
T A S it A 27 e 52 b 3 R D BEAR [0). R S
BEAL, 2018(3): 79-84.

S, SR, YUAEMR, & BT R AR ST
HAE AR E VN [I]. B E IR S IR 2R, 2018,
24(2): 325-334.

X, BB TG, . TS Ve A X i ) — 1
RG] B AR, 2017, 28(12): 4134-4142.
T, IR R, Eik, S5 R A A R R Uk L
Heeh RBUR[I]. KL ARFFEAR, 2017, 31(3): 134-140.

[SRE%RE

e Riw |


http://dx.doi.org/10.3969/j.issn.1001-1250.2017.12.016
http://dx.doi.org/10.1071/SR02131
http://dx.doi.org/10.3969/j.issn.1674-4829.2009.04.005
http://dx.doi.org/10.11869/hnxb.2010.02.0349
http://dx.doi.org/10.7671/j.issn.1001-411X.2013.02.029
http://dx.doi.org/10.3969/j.issn.1000-6850.2012.31.047
http://dx.doi.org/10.11654/jaes.2013.09.013
http://dx.doi.org/10.3969/j.issn.1004-874X.2007.01.019
http://dx.doi.org/10.1080/15226514.2017.1303812
http://dx.doi.org/10.11829/j.issn.1001-0629.2015-0346
http://dx.doi.org/10.3969/j.issn.1674-5906.2009.01.021
http://dx.doi.org/10.3321/j.issn:1672-2043.2008.02.032
http://dx.doi.org/10.3969/j.issn.1000-2561.2016.12.006
http://dx.doi.org/10.3321/j.issn:1009-2242.2006.04.015
http://dx.doi.org/10.12030/j.cjee.201710120
http://dx.doi.org/10.3969/j.issn.0253-374x.2010.06.016
http://dx.doi.org/10.3969/j.issn.0253-374x.2010.06.016
http://dx.doi.org/10.3969/j.issn.0253-374x.2010.06.016
http://dx.doi.org/10.3969/j.issn.0253-374x.2010.06.016
http://dx.doi.org/10.3969/j.issn.0253-374x.2010.06.016
http://dx.doi.org/10.11838/sfsc.20180313
http://dx.doi.org/10.11838/sfsc.20180313
http://dx.doi.org/10.11674/zwyf.17225
http://dx.doi.org/10.3969/j.issn.1001-1250.2017.12.016
http://dx.doi.org/10.1071/SR02131
http://dx.doi.org/10.3969/j.issn.1674-4829.2009.04.005
http://dx.doi.org/10.11869/hnxb.2010.02.0349
http://dx.doi.org/10.7671/j.issn.1001-411X.2013.02.029
http://dx.doi.org/10.3969/j.issn.1000-6850.2012.31.047
http://dx.doi.org/10.11654/jaes.2013.09.013
http://dx.doi.org/10.3969/j.issn.1004-874X.2007.01.019
http://dx.doi.org/10.1080/15226514.2017.1303812
http://dx.doi.org/10.11829/j.issn.1001-0629.2015-0346
http://dx.doi.org/10.3969/j.issn.1674-5906.2009.01.021
http://dx.doi.org/10.3321/j.issn:1672-2043.2008.02.032
http://dx.doi.org/10.3969/j.issn.1000-2561.2016.12.006
http://dx.doi.org/10.3321/j.issn:1009-2242.2006.04.015
http://dx.doi.org/10.12030/j.cjee.201710120
http://dx.doi.org/10.3969/j.issn.0253-374x.2010.06.016
http://dx.doi.org/10.3969/j.issn.0253-374x.2010.06.016
http://dx.doi.org/10.3969/j.issn.0253-374x.2010.06.016
http://dx.doi.org/10.3969/j.issn.0253-374x.2010.06.016
http://dx.doi.org/10.3969/j.issn.0253-374x.2010.06.016
http://dx.doi.org/10.11838/sfsc.20180313
http://dx.doi.org/10.11838/sfsc.20180313
http://dx.doi.org/10.11674/zwyf.17225
http://dx.doi.org/10.3969/j.issn.1001-1250.2017.12.016
http://dx.doi.org/10.1071/SR02131
http://dx.doi.org/10.3969/j.issn.1674-4829.2009.04.005
http://dx.doi.org/10.11869/hnxb.2010.02.0349
http://dx.doi.org/10.7671/j.issn.1001-411X.2013.02.029
http://dx.doi.org/10.3969/j.issn.1000-6850.2012.31.047
http://dx.doi.org/10.11654/jaes.2013.09.013
http://dx.doi.org/10.3969/j.issn.1004-874X.2007.01.019
http://dx.doi.org/10.1080/15226514.2017.1303812
http://dx.doi.org/10.3969/j.issn.1001-1250.2017.12.016
http://dx.doi.org/10.1071/SR02131
http://dx.doi.org/10.3969/j.issn.1674-4829.2009.04.005
http://dx.doi.org/10.11869/hnxb.2010.02.0349
http://dx.doi.org/10.7671/j.issn.1001-411X.2013.02.029
http://dx.doi.org/10.3969/j.issn.1000-6850.2012.31.047
http://dx.doi.org/10.11654/jaes.2013.09.013
http://dx.doi.org/10.3969/j.issn.1004-874X.2007.01.019
http://dx.doi.org/10.1080/15226514.2017.1303812
http://dx.doi.org/10.11829/j.issn.1001-0629.2015-0346
http://dx.doi.org/10.3969/j.issn.1674-5906.2009.01.021
http://dx.doi.org/10.3321/j.issn:1672-2043.2008.02.032
http://dx.doi.org/10.3969/j.issn.1000-2561.2016.12.006
http://dx.doi.org/10.3321/j.issn:1009-2242.2006.04.015
http://dx.doi.org/10.12030/j.cjee.201710120
http://dx.doi.org/10.3969/j.issn.0253-374x.2010.06.016
http://dx.doi.org/10.3969/j.issn.0253-374x.2010.06.016
http://dx.doi.org/10.3969/j.issn.0253-374x.2010.06.016
http://dx.doi.org/10.3969/j.issn.0253-374x.2010.06.016
http://dx.doi.org/10.3969/j.issn.0253-374x.2010.06.016
http://dx.doi.org/10.11838/sfsc.20180313
http://dx.doi.org/10.11838/sfsc.20180313
http://dx.doi.org/10.11674/zwyf.17225
http://dx.doi.org/10.11829/j.issn.1001-0629.2015-0346
http://dx.doi.org/10.3969/j.issn.1674-5906.2009.01.021
http://dx.doi.org/10.3321/j.issn:1672-2043.2008.02.032
http://dx.doi.org/10.3969/j.issn.1000-2561.2016.12.006
http://dx.doi.org/10.3321/j.issn:1009-2242.2006.04.015
http://dx.doi.org/10.12030/j.cjee.201710120
http://dx.doi.org/10.3969/j.issn.0253-374x.2010.06.016
http://dx.doi.org/10.3969/j.issn.0253-374x.2010.06.016
http://dx.doi.org/10.3969/j.issn.0253-374x.2010.06.016
http://dx.doi.org/10.3969/j.issn.0253-374x.2010.06.016
http://dx.doi.org/10.3969/j.issn.0253-374x.2010.06.016
http://dx.doi.org/10.11838/sfsc.20180313
http://dx.doi.org/10.11838/sfsc.20180313
http://dx.doi.org/10.11674/zwyf.17225

