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Land use change and its impact on carbon storage under the constraints of “three

lines” ; a case study of Wuhan City circle

ZHANG Bin, LI Lu, XIA Qiuyue, DONG Jie®
School of Public Administration, Huazhong Agricultural University, Wuhan 430070, China

Abstract: As the basis of global carbon cycle research, terrestrial ecosystem carbon storage is closely related to land use
change. Ecological protection red lines, permanently basic farmland protection red lines, urban development boundary lines
(referred to as the “three lines” ) are the core of the national space planning, which can better restrict land use, and then
affect carbon storage. Taking Wuhan City circle as an example, this paper uses the Markov-FLUS composite model to
simulate land use pattern of this region under the “three lines” constraints, and uses the InVEST model to study the impact
of land use change on carbon storage under different scenarios quantitatively. The results showed that: (D The area of the
cultivated land , forest land, grass land and unused land decreased by 1267.582 km*, 112.703 km®, 24.896 km® and 42.14
km’in Wuhan City circle from 2000 to 2015, while the construction land and water area increased by 1092.282 km® and
355.039 km”. In 2035, under the “three lines” constraint scenario, the reduced area of the cultivated land is less than the
natural development scenario, and the area of forest land is increased, and the new construction land is guided to gather

within urban development boundary lines. 2 The total carbon storage showed a continuous decline trend in Wuhan City
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circle from 2000 to 2015, and the carbon storage of Wuhan City decreased the most. Under the “three lines” constraint
scenario, the decline of carbon storage and average ground carbon density is observably smaller than the natural
development scenario, and the reduction of carbon storage in Wuhan City is only 44.89% of the natural development
scenario. @) The conversion between cultivated land and construction land is the main reason for the drastic changes of
carbon storage. There is a significantly negative correlation between land use intensity and carbon storage, and the lower
intensity zone has the highest carbon storage. Therefore, under the “three lines” constraints, the land use of Wuhan City
circle can reasonably coordinate the layout of ecological-agricultural-urban functional space, and slow down the loss of

carbon storage, which is of great significance to the optimization of regional national space.

Key Words: “three lines” constraints; land use change; carbon storage; Wuhan City circle; FLUS model
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R4 2000—2015 F Tt FI AERLEE

Table 4 Land use conversion matrix during 2000—2015

] 2 b

By MR 2(T)r1:n?fcfﬁ§j££ B R km? %ﬁaigi/t%
Year - Landwse tpe B e sm kW mwme ke T coubuion e
2000 M 28589.864  22.865 1.355 392.679 857.471 2.188 1276.558 76.07

i 0.618 17355.330 3.326 13.765 134.596 0.278 152.582 9.09

Hilh 0.019 11247 1395.555 11.157 15.415 0.360 38.199 2.28

K3 15.885 0.670 3.569 5592.821 89.535 21.988 131.647 7.84

L 0.119 0.563 0.002 9.794  3091.840 1722 12.199 0.73

RFHIHb 0.437 0.032 1.460 59.198 5835 176.965 66.961 3.9

LN 17.078 35375 9.712 486.593  1102.852 26.536 1678.145

e AT/ % 1.02 2.11 0.58 29.00 65.72 1.58

HAR KRN “ZRA N R

wra N Ak e O ks I i A I

B4 2035 £ 130 F) AELIE
Fig.4 The simulated diagram of land use in 2035

F5 20152035 £ HF ATUER
Table 5 Land use change during 2015—2035

TR km? TS (L km? BB/ %
- Hb ) FH 2 Area Area change Dynamic degree
Land use type 2015 4 2035 4 2035 4 2015—2035 2015—2035 2015—2035 2015—2035
Q1 Q2 Q1 Q2 Q1 Q2

#EHb Cultivated field 28616.257 27567.754 27993.349 —-1048.503 -622.908 -0.18 -0.11
FhHL Woodland 17434.495 17329.958 17495.582 -104.537 61.087 -0.03 0.02
L Grassland 1410.598 1389.943 1404.428 -20.655 -6.17 -0.07 -0.02
7K1 Waters 6083.39 6110.279 6205.959 26.889 122.569 0.02 0.10
ML Construction land 4195.566 5371.316 4686.792 1175.75 491.226 1.40 0.59
AF FHHb Unutilized land 203.611 174.66 157.759 —-28.951 -45.852 -0.71 -1.13

Q1: B &R Natural development scenario; Q2% =28 ZJHi & “Three lines” constraint scenario

3.3 ffkcfi e A e 2 T AR R

MAEEHORF, 2000 ,2005,2010,2015 452U T B A 4k 43 5114 683.119 ,680.984,679.743 ,674.825 Ty,
HU BRI AT 90 117.89 117.52 117.31 ,116.46 t/hm?( & 5) , 15 4[] SO T P8 S b il 5 1 3B DA A5
MA i 15K ,2000—2005 4EBkAE EMA> T 2.135 Tg, WA I BE A K. 2005—2010 4Rk fff 2t AL (UM 4> T
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1.241 Tg, /034 0.18% , 1 2010—2015 BRI A /i 2 | /iy 4.918 Tg, d7 iRIUBHTE 15 4F (]
S IR 1Y 59.3% , A AT HL R AT RS2 2010 A5 LUK R DU R 28 B R oo TR0 4 1 ) e, b 2 25 FH
FIBEH 0 022 o5 AR 1™ Bty i AT L AR 85 B 7 1 R R SR I st Ak 208D e ik 6.613 Tg A1 1.14 t/hm?,
i =287 A dE ST T RS 2 M, B23T 2015 4 A /KF, BB %05 5 T a0k Tl Pl e & J 48 5 14 [l
T 16050 A% 380 £ 285 Y b R b Py (A, 0 1 e o (32K
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Fig.5 Variation of carbon storage and average carbon density

Q1: FIAALRERG 5 Q2. =47 Al 5t

B B 0 25 8] o3 A R (1] 6) ,2000—2015 AF B IR T R 45 I T 1) ke it 2 3204 Jor o 2, R b L s
EIC RO, 2.518 Tg, 5 A/ 1 30.36% , Bk FE /D X 5L ERIX A H REEZ e, K
UOEHXI (1.403 Tg) (ZE&(1.326 Tg) FUSR T (0.934 Tg) , 3 — JA 3k i1 10 ffk 285 3 A0 DX I 22t s R o0 A, R 4R
TR A I S 320, B e 0 i B B /N2 R 177 (0.32 Tyg) FIVETL(0.204 Tg) , HAEMilldbas HAE T, &
T R JAKF-AHXT AR , % A S AR A B A A5 Bl 5 B 0/ IX 3 R 28 B ) 43 A 8 R IR IX L 31, 2015—
2035 4F F SR & A 50 T mDURR it 2 08D R BT R 85 K (2.698 Tag) |, Bk 2 B Ul /0 [X 8§ [ 38 3ok [X 6 9iE | 15 I HLFF
RELO B RIS I R IR IX 5K (1.366 Tg) Jil 77 (1.054 Tg) FIZEEL(0.849 Te) B (HT
R R BEMIAR T 2 A T RAAG (AT A, SR IN R 2035 4E FIR e /NI T, AR 0.214 Tg, Y/ il X 5k
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Fig.6 Variation of carbon storage and carbon density in different periods
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e e 5 IR I AR 25 R B A, 1B 2015 4RI, SR AR 5 sCDUpGl B 8 L[k, e =47 2l
55 50 T oA TE R AR A B2 A I B R 3Rk T, AR 0k 1.211 T, & AR R RS 501 44.89% , 1870 T ]
T X TR A3 PR BE T BT R AT RE . TSP | B A RNV VL it i FE AR 2015 AR IR 3
TN 43 32 B A3 A0 A6 100 M | 30 0 el R VT KRR B A SRR X, R T AE SR A LR
YEM .

AN 7] 1 288 8 e i+ R 60 (TRL 7)), 2015 AF B b FITRACHI 2 fi 30 B2 1) s S, 8 ol b 248 1% [0 Al Gt o1 Lok
88.50% , AF FH 2 [l ik e /D U MBS {0 0.623 Tg, MASHBZS 1 [ 22 Akt #5n] 21, 2000—2015 4F (], it
T B D8/ (13.311 Tg) S ek DU T Rl A 51 % 1A g R B I R, LV R AR H s i & sk 2D (1.917 Tg) ,
TR [ B B 7 55k, RO T AR U b 2 RO i 1) R B, 1R RN K S 2 Y [ Ak
S 7E 15 AR BRI T 4.874 Tg F12.471 Tg AR T B R RE ) A58 A T BUIG I Ase /D | W6 25 19 3 in 8 IS %
PRAMIE AR B (9820 . 2015—2035 4F A SR & SR IE 5 T BEHb AR it B KSR K= /b, o 11.01 Tg, 117 15 FH i
F) 1Bk ik EEAT T AT (5.246 Tg) , fEUKIRAS [ B3 50 S mIZ8 40 , AR 0.187 Tg, K5 ZRITHY 7.57% , 10 =4 2
FRONG ST B b B A it 0 /0 0 R AT BB ] O B AR R TR AE ST R — 2 MR Rl £ R O A 20 3
(1.04 Tg) . AR BT e it 14 fim A8 /0 H K Sl 36 e 12275 B R R B8 ) 185 411 (0.853 Tg)

it Pt B K SV R
Cultivated field Woodland Grassland Waters  Construction land  Untilized land

1o s

2000—20154
0 2015—20354EQ1
W 2015—20354EQ2

fik 8 Carbon stock/Tg

7 HihRBAEETE
Fig.7 Change chart of carbon storage in different land types

3.4 LT AT LA AR AT RR A 1) 5

(1) MBS BB A et 14 52 1)

FEPIFIG S Bl MRl | 35 FH b R K S8l =2 [ 9 A 4ot 2 5 | e e it o T 20 AR Ay F- 22 J5 1R (D 8) o #E H
SRE NG ST, BG40 hy 18 FH b2 5 S5m0 2 e 2 2200 S (9.986 Tyg) o WA [l A b AR A 52 T b 1) 5 46
2 S BB D O T B RUAL 43K 5.637 Tg il 1.549 Ty, {EAS1: 02, B A bk Fi 7K 48 22 7]
AR o) 2 4 A A 7K Sl Py Tl et 3 81 3 R o RN STAA8E ™ TR e o A e P A0 2 2 2 e i 185 0 ) e = 2 3
[K(5.916 Tg) , AT g f TR0 7 A i KR BHAMRBOR P S50, 7E« =47 2RO S, Bkt A i) 33 FH 1 7y 1 AR
KA, 36 A BRAI R R 5.642 Tg, VLA BT & 1 21 2 0 a5 4 5Kl 21 7 — e AR VE D, AR A
WA AR AR 242 5 R A Bk, (EL P IR i AT R R A AR T R B AR, DA AT M
BT RGP A . AN AR B RN 2K a2 ] A v B A R TR R e %) 3 A )
PRI T AR A AL ML DIVER . B AE 28 =K A, A s DO i B i AR Lok Sl — 2 AR A JE A
A FH 2T 25 1) B PR R 5 T W, PRHBAE hy e KB P22, TR Rk F kb, 78 AR S AR P 4028 T S8l T IE S K
(61.087 km®) , BRI IA 1.04 Tg, I B R4 B A IT LB & I IZ LAA 20058, T LA e a3 i P8l oy 5
I R S RS, A KIS E Y L AR A SR, R SR AR R R T RORIE
FHE K (122.569 km®) | &R 0.853 Tg, PHILAE ORI L0 L4 e vl AR 1 HoA 2 A S D Rg sl A A
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SRR | AORP DX A 252 4 AERF IR fidt B AR 2

K 3- A b 0 2015—20354EQ1

Kb W 2015—20354£Q2
oA -2 35
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+ 3 B3k Land use type
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Fig.8 Impact of land use conversion on carbon storage from 2015 to 2035

(2) 3t R P i B8 X6 e i 4 52 )

ARSCWFTE F AR R AN =28 LY PR AR 5 T A4 DU T e b 0] 5 2 o Bk o 190 52 ), 25 R B F T
DI AR /N, LA 10 kmx 10 km Sy — A58 R DU T Rl 702 580 SRR, 73 il 13504 A% Y
M 3 JRE 255 4 K, K LR AR A% PR CMELEA T S B AR AR (L, R P 1 AR T 0k R o0 o oMb Bl (8 9)

HR K Jtw 57 “EROLRIE S
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B9 WmHERTIMFARESR

Fig.9 Classification of land use intensity under two scenarios

Il O TN, A SR K SRR« =28 2 SR S L ALR o B Ay A I 5 T O 2, T A =2 A0y i o R T AR
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4.1 iﬂ‘l/t\, Fig. 10  Relationship between land use intensity and carbon

(1) =2 W AR LR ) e d Ay SO vnder (o scenarios

USRI LE | S 25 PR B B b (54

4 P H = 35040 P 1 S P AL, M I 2 OB 0 LI, SO 2 D R BB s P 75 5, L
g R PR R4 R, P TS KT AR T M 7 B BB Sfe - R 5, Sl 55 11 5% %
S BB L S B OB f 2 25 (R 404 22 S 0 E LR BRI A T =2 Aty il T
H BRI X | % 18 T A 2SR APk A SEA AR I BT % 340 52T 28 %04 M 125 e 0 2 A R, — 5 T
(R4 T MR T A SR T P 5 12 25 P 38 T I S Bl P D 7 2 5% — 7 T A 240 Tk
5 R AR M TE 3 AR T 2 T DB NI —— R . T UL, =28 2y e 5 T A
5 5 25 A -2 T 6 5 R S S0 B P e MO 2 R 3 e R M I DX e

— — HiHL — HH i1 1 R B L5 A AR AL
K e HEU M e AF 3

350

300

250

200

150

H 43 kb Percentage/%
et 5 B R AR AL
Comprehensive index of land use intensity

100

50

11 FipELeF T HF AR ES SR

Fig.11 Comprehensive index of land use intensity and proportion of different types
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LLER K A AR PRI A A T A A5, 8 Hh T WA DR U] (L3R 4 o e — A s A 1 il A, LA I 1R Py
FATAE I, R ISR & D R ar e R T A B B P X QLR 23 TRl & . 8 KEBAEIRME T,
NEFFEEEOR A AT 2 R RS — b 25 RhE G B AR JF e E SRR Al B E R s
PRRGE, th 230 TR IERE , A BE TRl E & B R 43 =2k

(2) Markov-FLUS #8132 F ff ot 7 s — B8 R 2, BEA BB« A L R #Y Markov #EF1“ H R 1
7B FLUS SRS & ST = iR FH AR Ab 76 250 A0 s ) %) R, 6 s O T el o ok 1 [ 25 [m) e Ak L
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BEHb AL E A R AR AR 52 M Rk i o 1) S R 22— | SRR BRI 5 v o B 4 T P4 2 i i 119 52 T ]
R, DU A b ARy DR 28 R Gt it i 1 KF
42 #5i5

ARG ) FLUS AR = 2™ 2000 B e U T Bl 2035 47 1) 4= R AR FRAE B, R InVEST A57)
A T A S A B, BIFFE R . (1) 7SR ROC (3475 0.7 L F , Kappa Z2%50H 0.892,0A 70.931 , 4
FOURE BET I 220K . (2)2000—2015 4 58 U 17 Pk ik 2 17 1267.582 km?, 3% FH Hb 4 9K 10T AR 1092.282
km? 3k AR TR 77.75% , « =47 290G B2 R b s /N AL (622,908 km*) 8/ T H AR K& SR 5
(1048.503 km?*) , PRHIALSZIL T4 K (61.087 km?®) , 7 dE i FHHLDY 5| BT RN R A LN RE, (3)
2000—2015 473 Ik T P B T it R L ) B0 5 A At 3 6 3B B 2, /0 R & 11 2000—2005 41 0.31% F [
F] 2005—2010 4E14 0.18% T 2 2010—2015 4F 1 0.72% , “ =287 Lyt 5t T kil (672.159 Tg) FIHb 4 f%
P (116.010/hm*) AHEE A SR & SRR S5 T B 2 B i AR /I #2308 2015 4ERF K-, ST oA ok &, sBU))
e fitt e R e K B3 T D B 1.211 Tg, 0 H AR A RIS 51 44.89% , (4) Bkdh - 15 FH i) e 02 5 | ke
et I ZNAS A ) BN« =2 20U ST kb A 1) 1 P b 1 T RO R/ AR Al bl A 2R
PRSI T IESE A RN 1.04 Tg, T HUR ISR BE Sk s 7E 0.01 ZKF T 522 25 SAAH O, 7R3 IR BE 2
F4) DX PR 0 i e e, L =27 ARG 5T 45 S G ORI B i it e X T AR R R =, I,
“ AR R AE BEAE SR AR R DX 1 Bt A S R G i I, E R R 2R U I [ ) sl G A A b RN SR AR A
2% R A F M, &G 50 R A AR - AE D e 23 (], GRAIE T X328 B i e T i R e

22 3L Hf ( References)

[ 1] 2y, W4, PMRIEL, fi/0Mi. 4= st IR T 1 5 AR IRIE 2% COL FEB I 2 f8 5 40 JBIRBTSY, 2019, 38(9) : 2188-2201.

http ; //www.ecologica.cn



6

SRR A = AT A AR A B X e R M —— DL DU R D 2279

[2]

[5]

[6]

[7]

[8]
[9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]

[26]

[27]

[28]

Pongratz J, Reick C, Raddatz T, Claussen M. A reconstruction of global agricultural areas and land cover for the last millennium. Global
Biogeochemical Cycles, 2008, 22(3) : GB3018.

Wt RE, XVEG, TR, FBEE, bt hE A S KRG RS SN ETEG. P EBE . HERERE, 2018, 48(3) : 331-339.

XUWel, 225, Beat, Ak, R4, B2 T FLUS-InVEST AU v [ 2 S b iR FH 78 A B D0 5 it &k 32 i (R 40, B st 31, 2019, 39
(3) : 397-409.

SRIER, /M, BKHE, RAED, 2Ry, ZARE. 3T UL RE - MR T 28 A Ak Rl 2R 2 R G A AR . KRR IR
FREE, 2019, 28(2) : 269-280.

Nogueira E M, Yanai A M, de Vasconcelos S S, de Alencastro Graga P M L, Fearnside P M. Carbon stocks and losses to deforestation in protected
areas in Brazilian Amazonia. Regional Environmental Change, 2018, 18(1) : 261-270.

Han X H, Zhao F Z, Tong X G, Deng J, Yang G H, Chen L M, Kang D. Understanding soil carbon sequestration following the afforestation of
former arable land by physical fractionation. CATENA, 2017, 150(3) ; 317-327.

XSS, Ak, skA e, TBGk, L. b EN e AR R U K 3R B AE S 74, 2019, 30(7) : 2481-2489.

Wu J S, Chen B K, MaoJ Y, Feng Z. Spatiotemporal evolution of carbon sequestration vulnerability and its relationship with urbanization in China’
s coastal zone. Science of the Total Environment, 2018, 645(35) ; 692-701.

TCAS, BRI, BB, SREH, B WA, B30, TARTE. IRBRAARIE R TR A A R GRR A A7 IR S5 1 52
B FRILAH. ARFIEEIR, 2020, 35(4) : 826-844.

Liang Y J, Liu L J, Huang J J. Integrating the SD-CLUE-S and InVEST models into assessment of oasis carbon storage in northwestern China. PLoS
One, 2017, 12(2) ; e0172494,

DA i B B 1A

Li Z Z, Cheng X Q, Han H R. Future impacts of land use change on ecosystem services under different scenarios in the ecological conservation
area, Beijing, China. Forests, 2020, 11(5) ; 584.

aRIE, DEZESC, R . SR MR I R T LU XA AL AR AR, 2021, 41(1) : 360-373.

JrGIsk, JRBLHE, UMK, BRAIT, 22008, R T i b X 3R AR Tk 5 A 25 PR BE 38 BRI G A5O0 AT Y B HE J8 S B R B AR Hb B 22 AL,
2016, 71(4) : 531-550.

R LR, TR, R, W, BT, TR, 2T InVEST BRI A 648 AR 25 R Ge Rtk T 5T, A S SRR RIS 2241
2020, 36(7) : 854-861.

XU, TRAE, R4, Tk, S8, DRV, AR/NHE LT InVEST A58 1) B 00 it A fifs 2 i 25 AR fb A oY . AR A4, 2021, 41(10) .
4052-4065.

2

Lyu R, Mi L N, Zhang J M, Xu M Q, Li J J. Modeling the effects of urban expansion on regional carbon storage by coupling SLEUTH - 3r model
and InVEST model. Ecological Research, 2019, 34(3) . 380-393.

Wang J Z, Zhang Q, Gou T J, Mo J B, Wang Z I, Gao M. Spatial-temporal changes of urban areas and terrestrial carbon storage in the Three
Gorges Reservoir in China. Ecological Indicators, 2018, 95(12) ; 343-352.

Mei Z X, Wu H, Li S Y. Simulating land-use changes by incorporating spatial autocorrelation and self-organization in CLUE-S modeling: a case
study in Zengcheng District, Guangzhou, China. Frontiers of Earth Science, 2018, 12(2) ; 299-310.

Luo J, Zhan ] Y, Lin Y Z, Zhao C H. An equilibrium analysis of the land use structure in the Yunnan Province, China. Frontiers of Earth Science,
2014, 8(3): 393-404.

Liang X, Liu X P, Li X, Chen Y M, Tian H, Yao Y. Delineating multi-scenario urban growth boundaries with a CA-based FLUS model and
morphological method. Landscape and Urban Planning, 2018, 177(9) ; 47-63.

az, Eigi, R, FREZ. 35T CLUE-S B A 8 PR iy b X+ R F 28 (b sh S B L. VLR IR 5 3R 5%, 2016, 25(11) ;
1729-1737.

B, Swent, BEELr, I, XU, I, BREE X, TR #B4 MOP 5 GeoSOS-FLUS #R!My B2k + R LS 545 B E Ak, A%
PRI, 2019, 34(6) ; 1171-1185.

XIZHE. EBIUR S BG5S 2R, B2, 2018, 73(4) : 637-650.

KRB, Bifh, INGEI, AU, SRR VI T T A 25 R G R 55 AU 9 SR AR A —— LA AR A SR T R 4. A A RS A, 2019, 30
(12) ; 4293-4302.

Sedtdn, HK, VESCEFR, HBL, W52, BREZ. T CA-Markov I 5 VTR ML X R AR ALS 5EA0 0T, K L ORFFIESE, 2017, 24
(4): 133-139.

Rahnama M R. Forecasting land-use changes in Mashhad Metropolitan area using Cellular Automata and Markov chain model for 2016-2030.
Sustainable Cities and Society, 2021, 64(1) . 102548.

BEF, ZHEAR, BT, R, B ST A T T FLUS SR RIUIHTT X 4 R SRR AT & 30 SR e 5T, b3k 15 2

http ; //www.ecologica.cn



2280 A E = 2%

[29]
[30]

[31]

[32]
[33]

[34]
[35]
[36]

[37]
[38]
[39]

[40]
[41]

—
~
A

BlefEdk, 2020, 22(11) ; 2212-2226.

R, 28 ST 45K SR b AR £ F i b A 25 3R B e fif i 0 52 i —— DAL 2 S ). ZE 2284, 2019, 39(2) ¢ 672-683.
SARE, XN, B, BRig. FT InVEST BRRITTHL E ShpLAY I 4 ko bl b2 F 25 R SRt s PP A —— LA R . s
HPE ER 2016, 32(5) : 22-28, 36-36.

Chuai X W, Huang X J, Lai L, Wang W J, Peng ] W, Zhao R Q. Land use structure optimization based on carbon storage in several regional
terrestrial ecosystems across China. Environmental Science & Policy, 2013, 25(10) ; 50-61.

EWRAR, WOk, PERAR, A, k. WIALE RS R G i MR BERRE. H R MO BRI, 2015, 35(10) ¢ 93-100.
BNIR, 2R, KT KT SRAEAE, SREDHT, S, 8. P P OARERT KR i X -3 HLER S A A A R S AT A%
2013, 20(1) : 154-165.

MREZE X0, SRAE 22, s, MRIE. TS R LRI A LB A A SRR, AR SRR, 2016, 36(23) : 7841-7849.

B, Beleits, TERUE. WA A2 AR N TARA: 38 R Geetl 43 Hoks Jm S N BRE ). A8 2%3&, 2016, 35(4) : 896-902.

Zhang F, Zhan J Y, Zhang Q, Yao L N, Liu W. Impacts of land use/cover change on terrestrial carbon stocks in Uganda. Physics and Chemistry of
the Earth, Parts A/B/C, 2017, 101(10) ; 195-203.

TUIE, WA, RS, B, JERUE. SN AR SR v R IR MR R IR R ECARHE. RS 2R, 2015, 35(6) : 1761-1768.
XN, A, b B i RIS, R MOl R 4254k, 2013, 33(8) @ 103-107.

ARAATR , BIFARYT, AESLOR, WA DS AN [R) st A T 596 VT DOF S R PR A HLAk 4 A AR . K R AR FR2 AR, 2011, 25(6) -
124-128.

XA, 2RSS, Zhp2ehs, FRE. S MRS+ Hb ) i R 25 (A1 AR Ko Soas Jmma o, 7 A= 25 2%4i, 2017, 28(11) : 3691-3702.
AR, TR, EIRRER, BSCHT. T 30 AR AR IS JLEE X+ MR PR B SR R R GRS M E R4 OC R A AR, 2020, 40(8) .
2555-2566.

W4T, avE, A, B8 s, Bih i+ b X 4 A R -2 S R G IR S5 - A AR AL i 25 6 R P52
2019, 39(2) : 637-648.

ROCHE, SR, BT, IR, REERT. 5T R PR A 50 A 25 R G R S P AR —— DAKAT LU T i o 1], 3 3R~ 41 , 2019,
74(3) ; 446-459.

T, BE3C, 220, BREA, B, 5T FLUS BRI A 82 R 2 AE R BTN, B SRR, 2020, 35(1) : 230-242.
. BB T s ) SRR i AR B R = RIE ST D). B RREET R, 2020.

FREH. JEF 2R A 1Y = 2RO IR LA BT [ D). 3. :RIK 2, 2018.

RACGH. « =2 UM T ST AL X D R i AR E IR [ D). K. FERERA:, 2019.

XM=, B )« = IX =27 il 0y sy —— LB BB D). 794, PHdbkeF, 2018.

. 2 RNATILA T =X =47 RE R — DR AT A AR [ D]. WA/REE . W/RETAL R, 2019.

VL2 X N . e 3524,

http ; //www.ecologica.cn



