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Fig.1 The geographical location of the large-scale photovoltaic power station located on the southern of Tengger Desert



Wk SmAE: BEAS HLYD R GO RDGIR I MR W A A A 2B 5 i S S 300 5K 125

B2 s HLYDE R 2 I it 3l v Fe R VAR 9 X 50

Fig.2 The landscape of mobile sand dunes and sand-binding vegetation on the southern of Tengger Desert
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Fig.3 Comprehensive vegetation survey transect of the
large-scale photovoltaic power station located

on the southern of Tengger Desert
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Fig.4 Relationship between shrub cover and mortality
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Fig.5 Characteristics of soil water content in vegetation
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Fig.6 Relationship between shrub coverage and soil water content
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Fig.7 Relationship between shrub mortality and soil water content

WA T, — SRR LR AR 5 VDA B T 48
SRS TEOR I 55 2B M R B3 10%~20% , 35 25 R
FoE BARAS o AH I Ml [ VD Bl IXIR 2 L K Al
R T RIZL AR Ak o AR ST 0 (0~10 4F) |, [
VP HEAR A KX HHEK o & S /N T2 (0.4~3
m) 58 K 1 sh AR 38 5 R K B I 25 43 A
FH; BV AL 10 4F )5, R )2 (0.4~3 m)
BB K R B 5 K A IS TR) 43 A TE AR S
I A RN R AE KRR R EEK
25wt TR K B A 45 6 5 B VD A B T 40~48
RS TRAR 2 [ VD R 35 Byl b 31— e R B, &
B K 43t AR I Hb AR E E AR KT (1.2%) , 15 25
T AR HEA 55 B2 LA B - 38 3h iy 04 1% 3y, TR 2
153 KR, TR 2 387K 43 TR) A 7K 1) s 1] 3 A P
YO AR OC, IF IR IR ka7 K
W25 B E— 25 B0 0E T BV HEAR 5 35 K 2 6]
(D)5 2, 22 B IV A L VD85 g % [T VD VE R 35 8 1
AR TN 10%~20% , Ay X 3 Al B At 14 047 B2 {3t
TR o R IR U R A T T Y

4 EREFRPEETEBEEN

i85 s HL D55 1 % R TR DY AR el A O 4 0 A
SBE SRR R R R B
H A SRS, <y AR A R 2 28, TR RETT I it
T A AR AR /K SO R AP [ VDAL, O 1
T RE 0 AR B S Tt 2 4R T I D A A X A
FEZS AR GLUIRE , LAYIIR 2 K B R R 7 A1 s Jo
HAESBEN HR.

4.1 1EWERPERERN

VD e I WA W) A R B R R ARV X
AR RGEE RO E R bR, 55 BB S R
N R SRR R . YR A i T
<5% I, HHEHT R EE T 55, 5 T0 R W
b 2 %A R E VW kR s KD+
2k )+ S R 35 N 15%~20% B, 3 K T
U RE 7 o 2R I, RS e MR, W] LUK
FIRE N Rt L, vk A ) et e 5
JE 15% VE A AR B AR A7 10 (8, 2 25 W+ 146 fe 55



55 5 1] Wk SmAE: JBAK HLYD IR GOR RGN HE MR B R 37 R A A 52 O BRIE 15 X 5 129

>15% I, SR A DX AT R DR B, 2 A2 ) A 40 25
5 BE<15% B, n] DAAR 9 o KR 55 B AR 2 38K 4
B AR PR B T 2

R 56 B RV AL AR ) AR . WH X
TR 35 B <10% I, Vb e R AR SR it sh Wb 4,
WA S R R AR AR, WIS 20 mer
Fr B TR ek H5 WU, R IR 8 R 4, b i A fa
L, KA RFR SR B T U A EIE B, i v
DX AR AT 8 X ] i A e LG B OGRS S
J T A AR DX AR B B AR AR S
T e o v T i A B S, AR AR ) S M
JFE<15% R IX 38k, B 10% B3 A 35 B A b i gt A
(R BRIAE . A 35 B <10% 1 IX B, AT AR 95 it 1775
KAFER . FEARTEEE>10% i X 38, 9F— 2 R 4
A= K S IRMEAf 2 DR AP RS B 58 .

A KR LR RS MIR)E LK
JE Y [ VDR B 5 R R S R G T Rk b i B ok
SR W BL VD e 2 [ VD A B X A K
VR B 5 B U W 45 SR e B, — 3 22 (B AA E (
FAH S BRI TR )2 5 FK E RE R Y [ VD
RN 10%~20%. FERERAUEZTT T,
FOR AR R T S F R, R BOEARSET
FAA RS, P RCE TR 2 1 5 E K R VA
B3 I A e W g T R R ) A . T H XA
U HEBE ST 8~104F  IR)Z HIESOKE TR B E L
HE v W A X (AR T >30%) IR )2 T3
KT 3% FIEE 1.54%, 3300 AR PE T35k 3]
30%, HEA 55 5 h 10%~20% 8% X 4 1R )2 1 45 5k
AN 2%, HFEARSET REAK, 2 13.45%.

B HE R 55 BE>10% AR B IX, R TR )2 +
K R AR AR (M 7K (1.5%~2%) , AT A
TP B A5 K T H XA VK 55 R 4 R AR
10%~20%. A= %) T 5845 K 35 B <15% HE K 55 B
10%~20% 1% [ VA 8% A XA K SCHME, At
R b e 18 3 A v A RV AR 5 B A R BRUIR 5 2R
- HEGSE Ky 36 8 <15% HE K 35 5 >20% [ VD FE B X 1Y
VR 35 B M T X el A K S, U H R R 5
JE R T 30% WA B X, 76 it T4 A v 75 22 3 2ot o7
HE AL B AT A5 1 It R TR R 5 R AT 3 20% , LAY
A I DX [ 0 A i R A

4.2 TEHRIPEIN
ER RN ERES =T E ST A S N

HUTHAFZAZ T 350 B X L9 45 8] 43 A5 FRAE HE 1 7 328 Ja%
R R E IR VD X (R 36 <1%) K 36 B <10%
0 X B T A 25 3 10%~20% 1o X35k, 3 K 25 3
20%~30% 11 X 35k | A 55 5 >30% 119 X 35k DL K A= 4
+HE2E My 35 KT 15% F/NT 15% X 38k, i
RTK T AALXT I H X A7 A 40, B 240 1Y) 1B
Bl JEF A S5 B MU RRAE | 256 AR A 1 1 e
TR, A BT ACE B I I R R M ik
Yy BEEE AR B BOGR T BEES A R A . KA
TH [ A AR A5 O FE A S 0 R VD X, B R
i FH T R R AR R v X, 6 AR Ty [ R i s 3 %
HRHE A B 2 1) 43 A FIHES I ARAE 511

TR 36 FE<10% BV K SRR BEIX BB R
BLUIRESs SR RIS X il T R e
Je R RN D R fe T R W R AR
B, WAL T R R8O 5 il T 58 s I R R
AN, MR E SRS ES RETRE AR
Vo JF AR L ER 25N 10%~20% A9 X 38, 3 K
A7 B BE A, S 4 DXk T LA A2 it T ML ARGE 3
Jit T e R S el A IR, A0 A S A3 X e I T
ML it T 58 BUS FR R E A SR RIEREAR
AR R IROIR o VK 35 B >20% Y X3, it T
Hh I I RS A ORF 38 /I AR B A 28 35 8 <10% 1Y X
B0 AR (BET AR AR R ) T (RS it 7~
QAR MY R KB MR, T T A ) A5 O AU ORIt T X
(AR it T 58 1 B R 4 DX R 55 BE A T 10%~
20% A= 257K SCEIE A, TR) Ao 2 b i 8 DA A= ) £
Lk S5 IR B - B R GRS
RGBS R vE tE B E T

B35 H X 43K 200 m=x200 m 1) RIS , 554 B A%
Tt TR R A 5 B it T AL ST A T
FERE AR L BRI, B2 St TN GAR B DR AP R LR
R AR P A, EE N7 48 (AR B R g
TR BE , A CRAR B R4 SR IR St

43 AETBEEW

B X [ K /N T 200 mm 8 VUL K TE S fR 5 1l
HERARS, HEn™ E = JEal a5 s e
PLRRF = A S E E HAR TR . g b A
SR A 35 04 09 M T AP 5 SR A VD O AR B A B
MR IRAE T E R LB A HE AR YR  (HIE AR DL
FEVDBEIE HOG RO L S RGN B 2EE R A] R4k
K. NI, T RS R VD B b R SR JE



130 ik

v 8 44 %

A SR ARIWE AL I 5 28 G /R, SRAL IR 2
KAy SRR A AT B SR s DR L I
M ) BT e A A R O R A, O XA T v 35t
JCRFEIER G TE M, 9 A B B KR @l T
KARBER ST VDB IR+ A A+l A g Jo
K SRS MBS I AR SRR AR

LSRN SN2 4 O L G I 7 S LN
T B XL S AR B IR 09 25 [ A AL, a6 SR 52 T
VOIAE ) B A AR 2 AR R AL A D AR 2 AR
GE A SR SO R LA K A S R G S RN T fE
P E AT SEREAR AR BEAEAE Y A W) R BT
BT A A0 T AL 0 1 R VDO IR A SR B 1
KBV HEAR FARFEBAER YA . DFF YR 4l
B A5 K T RE PR I s AR I AR
Yy mzh W) ZREE AR ARSI, VB IR AR S R SR
T B PEAERF AL o WA AS R A= B v LR A ) b1 B
Je FRARTHEOAR B REA B TG R TR DR EE
M N T A W) A HEEE B [V H AR AR 8] %5 6+
AR REAR R Z B E A S BOR DGR
BT R AREAR N AR W) 4 K ) Z2 Wy Rl R
BB N T RS T R . F s
e HLYDBERRDCIRFE L & AR S EEMBE R
RFR R BOGIREE A 25 R G RESR T A9 1 N
P PIT

VP BOERFE M 58 U , 7R OR3P BUA R DAY
JEEOUTR, 38 53 R IR B i 45 T R0 3 B D i ik
L A% HL VDI85 1 20l ORI A 5 A R (B 22
FLH , T S AR i 3t o (5 22 B A W) R AR I 6, T
TR R € M T R AR 7 it
T i BU IS DL BT NI S (o W | [ S /A ey
Y, IRR U DGR FE L+ 57 =7 8w+ RIS sk
BRI K JE AR e T AR A S L AR S
RGN RESETH A PR AR 235 PN, AR DB AR
Sl 77 i T AR R AR, SO R+ 2 R
TLIEH , O 2 IR B {0 O g o R 2 (LR
i RE B A

b T Vb 15 T G AR e i A 218 52 e e
JCARFE A @, B 75 SE AR K R X
G AW SRR I K O I R A 2 o AR
JCARFE A 5, 223 AR RGO AR 18] 15
DR GETT e K e A s I . Mt 32 A A
Ky IR EE AR A3, b 2R XU R R il N

(QZARPTAN: 127 N S D TR R /02 S 1= DO 91
) MY (R E R RS R RS R
wOZHENESE), B (AR ORAR pHAH T
AU AR e R A ROESE ) , LR
LB R G K 284 ad B, b A W) 22 R 1 L 2
AE . 4% T R LG ARk i 00 A S PR 45 1 5
Wi, AW AR B DR A A BB S AR

5 4#iE

Rk R EAR B B TR [ S RE IR &4 , 5
LB A I B R R AR A E 2R O VDI DOGE
GEIRE R R R T Y B DRORT RE IR 2 M, fiE
A RSP M BT PR BRI A, Y T M X A AR R
Baless , LS RGN R Sy B =M LEHESFT AR
LR AN A S ST B ST AR AR
58 i T A 25 B I R E = b " S E AR AR TR
FRUBL A2 Iy AT U B L5257 T e v A 5l B
TP R A R T SR R FE RS A HLYD B R 0T
JE R AR e AR 5 3 7 5 B A i R v A A
TR SIS i AR R R R . PEZE LT
AERBR RIS SR FERT YR U A AR S B R
7 T E A B B AR, S PR R
B AR B DR P A A 2S48 R SR LR I R BOR
S TEOURIE MBS R, 75 BT A LD
B K SO BE R A A S IR TR T Vb A
AR BUAR ATV FIAS [R] 9 A 38 J8E 2 [] A 5 A8 LA
LR B SR I ERL = SRR R A o DGR Sk
HEBESE UG , L TR AR B A IR R R 0 i
B A A S , T BRI AR S R g I, Ak
RIUSCAR I 3 A 2548 S AR AR X, i 55 3t DX
AR T A IR B, S S XU H bn Al
AP ST A T A AR bR 4R A ROR SO S R
B

S & 3k
(1] BCBEA o 7T 4R 2 e et A 2R [N o [l U 22412, 2023~
12-05(3).

(2] R B HARFAT S PRESFALE [J/OL ] Jb it T
A KAz B4R ,2024,24(3) : 1-13.

(3] BPEPE BRI, TOEAS . WUk B AR T AL i A S R BR 1 52
TR [T KRR 51 7T,2023(12) :47-50.

(4]  HERERUEZRA Wik T KAT8)7 i R (1], 5
#:,2023(5):60-71.

(5] RZ WAL I Wbt s L oc ikt « fraik i+ K473



o5 %3

SRAE ;AR HLYD I 2RI G R S M AR B OR AP R A B B IS 5 X 3R 131

[12]

[13]

[14]

[15]

[16]

[17]

[18]

HERELT]. h ERE R BEIR LR R, 2023 (1) :22-24.

TRFE, TRE BT OGIR & A BRI B R R Al SV AR [T ).
rf B, 2023 (11) :64-71.

TG B R TR SRR K i T IR A HE S U A (. RE VR
$7,2023,21(5):72-75.

RIS BB IR K da 3 A i T A B B AR 5T [T . R
T HLE AT (AR ) ,2023(30) : 124-126.

AP G S 1 SR RB VAR AL UK A BT R R ) R G R R B
FIT] AR A, 2023(7) 23,

AT . [ SRR IR R Al UL AT CR AL ) R G0 K R i
TVHBL ) R GOR s U R IAR R AR [T AR T, 2023,
31(7):1.

FERR B . R ik 2 2 A o BRI Wt ot 44 B AU T 25 ANkl
104N X [N UESR H 4% ,2023-12-07(A02).

TR BRI R AN T AN IR A RN A R
12,2023-12-04(3).

TBAS . 02 A I SRk e i s A iR I ) [T ). G ke
JHT,2023(43) ;7.

FE] G R IR ) < I K Ty B e it R R XU AR e el Skt 5 [ ).
R E A TR, 2023(5) 0 1.

BUBE DK BRI < A T XU SR A e B b [N,
UEFIHR ,2022-02-11(A02).

RS PR A e 40T ) ST it 5 4 Bt e [T ). R TR
F 5 M ,2017(6) : 12-13.

BiKE 228k, IR g 45 1975-2015 47 B A% LY 39 1h AR
SRR, R EYME,2020,40(4) : 183-189.

AR RN HE, TR A5 o E R X A S S
VYK ik 60 AE H MY HE R ERAR LT ). P VDL, 2016, 36

[19]

[20]

[21]

(2):247-264.

TR, ARIAT, 5 VTP VTR il AR Bl 2 ol st i
52 (1] AR AR AL, 2008,35(4) : 111-114.

ARSI PR PR B b R XA R A S A (T .
Hl B ,2023,39(9) : 108-110.

M, T . Vbt IR A B S H AR B ST e LT ]. B bk
#,2023(5) : 66-69.

SRR, KA B A, S D A SR OGRS R Vb
Hb DB B 52 [T ], TR Al K222 4, 2023, 58 (9)
1-12.

W T , B, BT A RS HLVD R AR R U e i I A
A8 R SRFAELT ] A RV, 2023,43(1) 1 107-115.

SKSEAE AR EG A, A U EAR M SR S
Rl Ak v 2 LA [T ). Pl vb 55,2008 ,28(4) : 605-610.

Li X R,Zhang D H, Zhang F, et al.The eco-hydrological thresh-
old for evaluating the stability of sand-binding vegetation in dif-
ferent climatic zones [J]. Ecological Indicators, 2017, 83:
404-415.

SR E U 2R, TR MG AR K ST AE P D XN A B A
SRGEEMPREXI] PEE,2017,37(4):1-11.
RO kAR L X R VK, A A BV B X A SRR S
PRI (LR A= K SCIMU AR B2 AL, 2016.

ZEROR VR M RR S AR IR B T b Bis
SR M BT - VLECE T, 2023.

Yang H T,Li X R, Wang Z R, et al.Carbon sequestration capaci-
ty of shifting sand dune after establishing new vegetation in the
Tengger Desert, northern China[J].Science of the Total Envi-
ronment,2014,478(1):1-11.



132 aE W o 44 %

Theory and strategies for vegetation conservation and ecological
restoration in a large-scale photovoltaic power station
in the southern Tengger Desert

Chen Qiang', Chi Hongming®, Ding Wei’, Yang Haotian’, Wu Jijun*, Yang Yiying’, Wu Xudong’,
Zhang Yafeng’, Ji Bo’, Li Yunfei’, Zhang Zhishan’, Liu Lichao’
(1.CNG Energy United Power Technology Company LTD, Beijing 100000, China; 2.Longyuan (Beijing) Solar Technolo-
gy Co., LTD, Beijing 100000, China; 3.Shapotou Desert Research and Experiment Station, Northwest Institute of Eco-
Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000, China; 4.Ningxia Longyuan New Energy
Co., LTD, Yinchuan 750002, China; 5. Institute of Forestry and Grassland Ecology, Ningxia Academy of Agricultural
and Forestry Sciences , Yinchuan 750002, China)

Abstract: Promoting the development of new energy and reforming the energy structure are fundamentally cru-
cial in addressing climate change and energy scarcity. Vigorously developing photovoltaic new energy is an im-
portant approach to achieving the goal of "carbon emission peak and carbon neutralization". In recent years, pho-
tovoltaic new energy has experienced a significant surge in growth. However, due to limited land resources un-
der the national food security strategy, constructing photovoltaic power stations faces major constraints. To tack-
le this challenge, the state encourages the construction of large-scale photovoltaic power station in sandy desert,
gravel desert, and desert while strictly ensuring ecological protection. The topography of desert areas is intricate,
characterized by harsh wind and sand environments, making the destruction of vegetation a straightforward pro-
cess, however, restoring ecological systems in such conditions poses significant challenges. Effectively enhanc-
ing the efficiency of photovoltaic power generation while simultaneously safeguarding vegetation presents a for-
midable challenge during the construction of large-scale photovoltaic power stations. This study focuses on the in-
vestigation and analysis of natural environmental conditions, vegetation status, and soil water characteristics in
the project area located at the southern of Tengger Desert. Furthermore, we examine the correlation between
sand-fixing shrub cover and shrub mortality as well as the relationship between soil water content and both shrub
cover and shrub mortality. Based on the long-term ecological research findings of sand-fixing vegetation, this
study proposes scientific recommendations for plant protection and ecological restoration in desert areas, aiming
to facilitate the exploration and development of an integrated model combining desert photovoltaic construction
with ecological protection and restoration. These proposals aim to provide technical support for establishing high-
quality large-scale demonstration base of desert photovoltaic power stations combined with effective desert gover-
nance.

Key words: Tengger Desert; large-scale photovoltaic power base; desertification control; vegetation protec-

tion; ecological protection



