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Abstract: The extensive constructions of photovoltaic power stations in the desert region of the Qinghai-Tibet Plateau may
disturb the ecological environment, and it is necessary to study their impacts on vegetation communities and soil properties.
In order to explore the effects of photovoltaic power station construction on vegetation communities and soil properties in the
alpine desert areas, this study selected photovoltaic power stations constructed in different years (2013, 2016 and 2021)
located in Talatan, a typical desert region on the Qinghai-Tibet Plateau. The study compared vegetation attributes ( species,
height, coverage, above-ground biomass, plant community diversity index) and soil properties ( organic carbon, total
nitrogen, total phosphorus, total potassium, pH value, and size composition ) across different habitats ( between
photovoltaic panels, under-panel and off-site controls). RDA redundancy analysis and Mantel tests were used to explore the
variations in vegetation attributes and soil properties under different photovoltaic power stations in alpine deserts and their
underlying mechanisms. The results showed that: (1) Regarding different habitats, the number of vegetation species and
the plant community diversity index were highest between photovoltaic panels, with Poa pratensis and Stipa capillata as the
predominant species, while the number of species under controls was the lowest. At the same time, the average height and
aboveground biomass between photovoltaic panels were significantly higher than other habitats, and the contents of soil
organic carbon, total nitrogen and total phosphorus were in the order of order of off-site > between photovoltaic panels>
under-panel. (2) Compared with different construction years, the species richness and vegetation coverage in 2016 were the
highest (47.29% ) , while the average height in 2021 was the highest. (3) From the perspective of time scale, the plant
community diversity index increased first and then decreased with construction years, indicating that the vegetation
management and protection of the power station construction was very important in the later stage. The content of soil organic
carbon and total nitrogen increased with the increase of construction years, indicating that the soil quality would be
gradually improved and restored after the construction of the power station. (4) RDA and Mantel test analysis showed that
vegetation attributes and soil properties affected each other at different restoration stages. The relationship between vegetation
attributes and soil properties was more closely related to habitats. The construction years of the power station had a
significant impact on plant diversity. The disturbance to the environment caused by the construction of photovoltaic power
station will affect the vegetation community and soil properties of the underlying surface. The height, aboveground biomass,
soil organic carbon and total nitrogen showed significant improvements with construction years. This study offers a significant
theoretical foundation and practical recommendations for ecological environment management following the construction of

photovoltaic power stations in alpine desert areas, particularly in the areas of vegetation restoration and soil remediation.

Key Words: photovoltaic panels; soil properties; vegetation attributes; desert ecosystems; Qinghai-Tibet Plateau
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IR (Festuca rubra) (0.430) ;2021 4F 6 AR L 3 ) 8 F P A £ 5 ( Festuca elata) (0.784) T 3 ( Stipa
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F1 RRBEBAEEENAEZRER TEYMYHERREEEE
Table 1 Plant species composition and its important value in different habitats and construction years of photovoltaic power stations
FE{H Important values

iR/ RN

Vegetation name Z:Iﬁlﬁiiﬁ Different habitats AR B BEAFAD Different years

SR ] N Jetksh 2013 2016 2021
F4% ¥E Neotrinia splendens 0.512 0.602 — 0.594 0.365 0.659
B A Chenopodiumfoetidum Schrad 0.050 — — 0.062 — 0.026
TP Elymusnutans Griseb 0.412 — — 0.412 — —
I% ¢ Peganum harmala 0.236 0.273 — 0.295 0.198 —
A Taraxacum mongolicum 0.210 0.023 — 0.051 0.015 —
HRIRTERE Convolvulus ammannii 0.211 0.134 0.213 0.235 0.163 0.168
3 Festuca elata 0.238 0.808 — 0.524 0.406 0.784
VK Agropyron cristatum 0.557 0.195 — 0.538 0.595 0.195
B RIAK Poa araratica Keng 0.538 — 0.427 0.069 —
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i Important values
)4 FEH Important valu

Vegetation name

A 4235 Different habitats

AR ) Different years

JGARHRIR JGIRAR T JeikEsh 2013 2016 2021
LRI L Carex capillifolia 0.169 0.329 0.212 0.577 0.348 0.161
L FLBOR Poa pratensis 0.697 0.536 — 0.121 0.629 —
TR ZE M IEAE Aster altaicus 0.168 0.033 — 0.229 0.039 —
X TE B Saussurea salsa 0.229 — 0.097 — —
INE3E Ineridium dentatum 0.133 0.040 — — 0.020 —
VR Artemisia frigida Willd 0.222 0.187 0.250 — 0.209 0.198
K 1148 Gueldenstaediia verna 0.102 — — — 0.102 —
W RIF Braya humilis 0.086 — 0.079 — 0.086 —
W B3 Kali collinum 0.033 — — — 0.033 —
B Stellera chamaejasme 0.043 0.145 0.362 — 0.024 0.117
TN ZB 3 Potentilla bifurca 0.016 0.028 — — 0.012 0.031
£ Stipa capillata 0.686 0.651 0.292 — — 0.667
REE Festuca rubra 0.349 0.425 — — 0.430 0.373
o, J% Digitaria sanguinalis 0.112 — — — — 0.112
FRAETESESR Ineris chinensis 0.037 — — — — 0.037
PEAARI S HUAA Juniperus sibirica Burgsd 0.232 — — — — 0.232
#334 )L Caragana sinica 0.053 — — — — 0.053
#E Chenopodium album — 0.171 — 0.171 — —
TEAEE Artemisia annua — 0.228 — 0.056 — —
R MFE Chenopodium acuminatum Willd — 0.426 — 0.426 — —
i K\ Saposhnikovia divaricata — 0.025 — — 0.025 —
Ji & Polygonum aviculare — 0.019 — — 0.019 —
mi i Androsace umbellata — 0.023 — — 0.023 —
WLFEE Leptochloa panicea — 0.175 — — 0.175 —
B X B4 Saussurea amara — 0.029 — — 0.045 0.014
VI Agriophyllum squarrosum — 0.172 — — — 0.172
—FRIRFABE T A AEY)
x2 RAREBBRAEEEHNEDRIEM
Table 2 Plant species in different habitats of photovoltaic power station
RS B e it e
Different habitats Family Genus Species total species
AR ] RAF} Gramineae 7 8 27.59
Between photovoltaic panel Ui A} Amaranthaceae 2 4 13.79
FH#fiIF} Nitrariaceae 1 1 4.17
4%t Compositae 6 7 24.14
HEAER} ConvolvulaceaeJuss 1 1 4.17
VP HE} Cyperaceae 1 1 4.17
T8} Leguminosae 2 2 6.90
TF1EEL Brassicaceae 1 1 4.17
B 77 B} ThymelacaceaeJuss 1 1 4.17
H B Rosaceae 1 1 4.17
#EL CupressaceaeGray 1 1 4.17
JeIRBR T RAF} Gramineae 5 6 25.0
Under photovoltaic panel FH B} Nitrariaceae 1 1 4.17
ARl Amaranthaceae 2 3 12.5
2%} Compositae 5 6 25.0
Ji#4ERE ConvolvulaceaeJuss 1 1 4.17
JFEFR}L Cyperaceae 1 1 4.17
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R B4 R ik e
Different habitats Family Genus Species total species
AJEFRE Umbelliferae 1 1 4.17
ZZF} Chenopodiaceae 2 2 8.33
MAFAEF} Primulaceae 1 1 4.17
H B Rosaceae 1 1 4.17
i 77 F} ThymelacaceaeJuss 1 1 4.17
Jeiksh ARAE} Gramineae 2 2 28.57
Photovoltaic off-site JE4ERE ConvolvulaceaeJuss 1 1 14.29
2%} Compositae 1 1 14.29
FEFR} Cyperaceae 1 1 14.29
T FAEF} Brassicaceae 1 1 14.29
i & &l ThymelaeaceaeJuss 1 1 14.29
*3 HAREBHARREEMHHEDHER
Table 3 Plant species in different construction years of photovoltaic power station
RFEG FH R ik TR %
Different years Family Genus Species Perccntage. of
total species
2013 AAFL Gramineae 5 6 37.50
B8l Amaranthaceae 1 3 18.75
FURIE} Nitrariaceae 1 1 6.25
%%} Compositae 4 4 25.00
JiEAER} Convolvulaceae]uss 1 1 6.25
VHHEL Cyperaceae 1 1 6.25
2016 AAF} Gramineae 6 6 26.09
FIIR} Nitrariaceae 1 1 4.35
4%} Compositae 5 5 21.74
Ji#AERL Convolvulaceaeluss 1 1 4.35
P HE} Cyperaceae 1 1 4.35
FFBl Leguminosae 1 1 4.35
AL} Brassicaceae 1 1 4.35
BFE Amaranthaceae 1 1 4.35
Fii & Bl ThymelaeaceaeJuss 1 1 4.35
Wi F)l Rosaceae 1 1 4.35
IR Umbelliferae 1 1 4.17
#2F} Chenopodiaceae 2 2 8.70
RFAEF Primulaceae 1 1 4.35
2021 RAEL Gramineae 5 6 35.29
BEAl Amaranthaceae 1 1 5.88
JiE4ER} ConvolvulaceaeJuss 1 1 5.88
IEFR} Cyperaceae 1 1 5.88
%%} Compositae 3 3 17.65
Fii & Bl ThymelaeaceaeJuss 1 1 5.88
FEHRL Rosaceae 1 1 5.88
FA%} CupressaceaeGray 1 1 5.88
E P} Leguminosae 1 1 5.88
2} Chenopodiaceae 1 1 5.88

2.1.2 GRS MERRAE
SR DX SR H sl AN [ A 35 AR [RI AR A T O AERE =5 BE L 3 B2 A AE i & 2 s , MO RIAE SR, iR Al
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TEMEE 25 52021 AF 6K HL b A B i B B E T 20132016 4F (P <0.05) ;2016 4F G AR H i A 4k 25 BF
(47.29% ) BT 2013 4 (44.58% ) Fll 2021 4F(38.99% ) , ANIRIAEA 37 X R HOAE B 55 BE A7 AE B 5 22 5+ (P<0.05) ;
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SR Y ) AN VAR P RVR T A B L, U Y A TR UL AR v I AR 7 i P B R MK 2 BT 4 T[] il
S RIWKEZ 5, DR O PRI 2% 1 ) BR A RSO R (PR RV ) JaR M AR AR R AR, i LA 3 5k i R0 ) 36
B BUNAES AR i R, MR WL 0 0 A S B SIS T3, R AR T R AR S A fE
Ty ORI R AR AR BRI TR Y 2R S R TR, iR L, AR R
BERF  AWTFE OG5 B B B S A 52 T B AR S rh 1A B A, JCIB R = JEE S LB W)
IR JE YR A R BE RIS AL AR B BT AT RESE th TR R I, 32 B IR AAR B 1 R 58 42k
A5 AR B — 2 A B , B I3 X B 2 e, Mg 3 R A
3.2 UKL AR A= B AN AT B AR A7 0 b SR AL R i A4 52

LI AFR I T Z [AFAE A L A 2956 2 | HAZ BRI - MR eV 2, B | 355
PREEIA T R BORAR SLAE I o ARBFRAIASMESE T 13370 53 AR S (IRIETRIAR ) FA e B35 22 5
FErb oG OR AR A B4 3 A AL & BT ARCR PR AR A A 3 b A o, M 7 D I BE TR R AR W o i

http ; //www.ecologica.cn



5524 xR 45 4

G, FECL AR SRS R TR T, MEEORE  GR b 1A Wi/ T A e (0 A HLRR &
EAUE R, X — G TSNS AR F S R U, RS2 2R 0 TR, BRI H R IR b A K
AR EAE YRR B R A FRAR Y B A T — € K10 38k & i, R3PS R 2RI A g A
AR ASE 9 - DA B B REAR 2R A0 i, X S AR R AR BR & VIR S 0 K 6 W LU, 354 E S0 A AL
Bt A5 A AR I AR RD AR T A B A B i, e A2 AR L /NS S, P TR T AR AR S R
AR, T B L ) R R AR R B SRR, X A A I 5T 4 TR — B, MR B AR R R
Fr R BT BORDRR A e e, S A B A L B, 6 GRS B, T BB AR SR AT T W [R] [l
L, L RARAR R A H AR T SRR, 33t A T AR R 75 e v O 40 B IR [ e,y i b At IR
F4 X BELAS:, SO DR 1] £ 955 14 39 2 R L — b | BB R RN BB 2 22 | TP AR & b sk b, 1
SRR AR 1) TR AR/ X S A AR S B g 4 AR, AR AL AR B ORI e R R,
IR FE S T AR C RN T AR R LS, S A W R TR B A BT A M I ek R RA ML R
IR R A T 0 R g R RN B A5G Ak | 1B A R mT AR i M AR E M R K BE T, AT AT
B AR AR 18] A 85 ) - 18R 4l

T PRAL R 23 Bt GO L T A4y A B N T A AR AL, AR ST A R R I, 7E 0—20em + 2,
T A PR 2 R0 B S0 S OR R A R K A B T A R g 1) R A i A SR H LA A 1 U] 2 B
5K SIS ] 85 0, SRR S s | T R P TR L 0 R S AR R A — R I IR, LS R R B
AL & AR, IR A E ALY A miAE e B R R RIS B LR e AL
RSSO 38 AR AE K IR BB A B, B2 TG IR A s B | 7 B R O FRBE HE A7 2
WA P TR E I 75 X CAR B i AT A AR, X sl 1 3 ANR IR s A B T A LK |
SR R,

25 L TIR  GAR R 3l AN [) A 35 R A2 AR FROGT  SE LAG RR AR A 3 S R, AN [ A 55 R AR BRI 2 B
B HEHRACRRIE I 2R, X 0022 S T AR AR Lk 0 T RN A PR R R DA &, DASE B - SRR A T
LB RLAL .

3.3 JEORHLSH AR AL B AN [) S S AF 43 ol A0 - SRV SR %) 2 i)

AHFTETCRAIHTEE R I, AR R W S 5 T PR 20 A 2o W E R,
-5 300 pH (E RIS B 5 B R ARG . DBARAR T ROAR B35 B A AR W Bk 5 e A LR 2 AL
SRR R A A E (P 7)), WA T S X ARG AR H sl o B ) AR S A 5 PR e A KRR L 2
BRI St A KR ) R KRR Y A B T2 2k 85 R ROA AR 1 . DGR 37 A 2 B AR I 1)
R R TR R R S AME B A K T B0 Ry, HBUINRAR I HIRE A R T
HMESERR PR R T SRR TR S R a0 B E S5 R BFSE R, 7EGAR B v R ) A 5
T, EHER AR X A K A A W 25 5, SRR BIRIAR T AR SR v B RRi AR i A R AR A K
DR R HA BT A S RHEACPE 5 X Bt LB T[] A 55 T A A E e 0 B AR IR H v
WAMNAAES RGIIRE, ARG B G AR sk P AR B — 38 5C R B NI 1 6 Ok v i 1 30
HF 2 3P Rt A, AR ) A, A R T Bl e A T e R R 8T (20132016 4E) B SEAR HL (]
7)), TR KRR TR M 3Ry SR OIS R RO A 8 | DM BN S 4 A b e A
FHERE , A $2 =5 LN Ty, SR AR A , AEBr GOk ol i A 251

DR FEL 8 AR ] A 355 FIAN ) e A 5 o R T - M S 355 (11 8) AR B AR S 2B 85 0 Al 1+ 338 R 7
A W L R T SZ N S MR AN S35, P I T DO AR e 3l ) U o A — B AR B X 24 0 A A5 R
st 8 R HIBAR A HE ARy (2013 2016 ,2021 45 ) XA B PR S i B BRI AR
o WA EFE AL Shannon-Wiener Z2FEE 48 5, 7 % 1338 K 19 52 e BH W AR A8 R 1, AR BF 5% H A8 155 1)
ROV B AR 0 SRS A B v | TS 1380 B AR S, DRI, Toi8 i A [R] A= 35588 2 A [

http ; //www.ecologica.cn



11 4] BT A 75 8 e JUE R X S TR I PR rht sy TS0 A i P S o 4 5 5525

IEBAFR R, SO Rl B BN AR U PR AR R 25 R T e 1

2 LR DR Al AR WIS RAIE 5 M B 56 B e — N AR A P AR AR I o 5 )
AU R | L HEAS Y FIFR M IE PR A 5 T A R RSB 5, T b S e R R AR A R A R 45
ST AR YIRS BRI FGOR BN AORPRIRSE T | IX MO 23 2352 B G ORAMRAT Jm A B2 A7 BR A5 P9 3R )

AR
4 g

(D) WARFAEBRE , SCRAR A R s A BUR 22 | B L BOR TR 58 B3 Fh , SR AR T R 35
TEF S TR oM E B R YIRh B /> A LAV M R BRI EE A 32 GAR M ) A S 2 v 0
AR AR RIS AR T R B 5 R e, iR B T 52.30% . GIR FLER R AR SR T AR I RE
7% ZREPER ARG I S SR B SO6ARAR T, AR50 02 5 TORRG N . ARIA SR HIE AR A7 —
EMMZES LAk, H ALK 25 2SRRI GIN S GRS B R T .

(2) ML EE BB DR R, 2016 AF BB AR AL s A A W F 4E R 25, A7 23 A, DL R #oR oy £ 2
YA, 1M 2013 2021 45 2R GRS AR A P FIE 30 R 16 BRI 17 B, 4300 LA 2 RERN 2258 T 2EAR DY
2021 AE R GAR HL st PUAE W2 5 1 B3 T 2016 2013 AEER AOGAR LY | 17 2016 4F 215 A6 AR B o
DY 55 PR R R 1, 3R B T 47.29% ,2013 AF G A AR FL sl WDE b 1 2B Wi de i . 2016 4F S A OGAR FL ik
FEYIREVE 22 P S 3 5 T LA AN SR, B A i o) ] PR3, AR S 3 S T 5 R R 3

(3)2013 4FER A IEAR HL b P+ 584 HLAR A1 42 80 & i AE 0—20em )2 & & 5 i, 43908 13.97 F1 0.
98g/kg,2016 2021 A GAR HL ik (1) - 35847 HLAR AT 4 20 S S KUk /b, R 300t JHL 5 ke e A2 s () 348 i 385 o iy
A L HE A E S IR 2016 AFOGIR FL e, 4351 0.58 ,19.0g/ ke, 45 L3k P ) - 48 pH (B 34 221
B, SR BUAE 2021 4FSGAR Ha sk Y+ JERD AR 5 1 fe i (60.04% ) , HoAth 37 X RILAHIE

(4)RDA JUARS A Mantel test 24T 7 , A8 & 14 A - 980 L AE A R AR SE R R AR R AR Eg .
DA AR B R 5 B e R R A A Al R e A S, AN R R AT ) A R S G R B 5 R R R FE AR
Shannon-Wiener 8 806 % B & 5200 | ARBFGT LT 8% e AL o FE FE 1 X OB AR |l 58 R it 4 , TR WU B A+
HERAGHR , 1AL 43 M G OR B AN R AR BE RS R @ 4R 00 T AR B8 M 5 R 3ERRAE , 38 7R T B TA) R0 %12 b X AR
PR A A R A R, LAYk v TS M X O R F i T B B - R RN A S R B PR A —
e S 5L,
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