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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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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

Ezjflﬁ name ‘Z:Iﬁl H: 5% Different habitats AN EE AR 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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6 £OE ¥ M 45 %
FEEL{H Important values
if/ﬁ% A RIFIAEHE Different habitats - A4 Different years
cectation name etkbal ek el 2013 2016 201
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 AR AL %
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

WEFEIXIEAR Lol A ) A S AN [ AR 03 T PR e B S BE AR U] 2 B, AASRIZE BRI
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AR - 1 o B A b b A o 0 35 0 T AR T R A (P<0.05) 3 YGARAR T A FE 0 55 158 58 35 o 1 A [|) AN 37 41
(P<0.05) , Hoh M F O3 IR T 52.30% , AR 16] g 34.95% , 3 5MU K 12.60% . A [F)AFA5y B AR 1% - 44 10 BE AT
TER 5 5 2021 AF 6K H R Bk B 2 B T 2013 1 2016 4F (P<0.05) 52016 4F G AR H sl AT 4 25
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PEFFR 1T 2013 4FH1 2021 AF G AOGIR A S AE D WA B 5300 R 16 FhoRT 17 B, 430 DL 2E R B RS20 O 2
T . 2021 AF G A IR FL i AR T340 8 B I 2 /& T 2016 i1 2013 4F 3 A OGAR fLsb 1 2016 4F #E% 1Y)
SR HL AT DY T B A R Y, IR B T 47.29% ,2013 AR R A OGAR Ak WD AR Wi A s, 2016 AR IR
AR LS HE YRI5 2R B 2 i T A B A R ARy, B G A U I R 0 3G, R S B S NS T R
R

(3)2013 4 AR AR HE 3 P B AL A2 A% /7 0—20em L2 & & s, 4008 13.97 F1 0.
98g/kg,2016 4F-H1 2021 A GAR H 3k 1) 36 HLAR AN 4 20 B AR YR sk L, 2 0L H JH B i A DA eF () 398 Jonn g 35
R H s T IEBEAB0  BE 2 2016 AFBIR B b s, 4304 0.58 il 19.0g/kg , 45 L3k A 1) 13 pH {E Y
SR, IR BIAE 2021 AF AR HL sl 1)+ HERD AR B B e 5 (60.04% ) |, HoAth 37 X R R

(4)RDA JUARSHTHFI Mantel test 5387 S , A 9% I P AN+ 580 B2 A [FZE B FUR [RARAR A B2, 3
DAY A 0 R A e R - A A R R S AN ) A A 1 L Sl R T R R R BORN A vk 4
YR AT W S 2 R, AR 9 LA T G 1 Do 1 FE S I X O IR i Sl IS SR e 5, R BB 9 AN - R4S A, 5
A3MT AR EL 3l AN ) A B RS (R B AR T A M5 SR AE 38 7% 17 IR ) 800 X 2 b, XA K A 1o e v 11
FESLI, LA R S FE SR X AR B vl R AR — IR R A SR BRI — e e s S
L,

22 3k ( References) ;

[ 1] BRI, SRR, RBME, 58 Bl BRI 22 i, e 5 e, A 352440, 2021, 41(7) : 2918-2929.

[ 2] Sinkko H, Lukkari K, Sihvonen L. M, Sivonen K, Leivuori M, Rantanen M, Paulin L, Lyra C. Bacteria contribute to sediment nutrient release and
reflect progressed eutrophication-driven hypoxia in an organic-rich continental sea. PLoS One, 2013, 8(6) : e67061.

[3] BaiZY, JiaAM, BaiZ]J, QuS M, Zhang M, Kong L. H, Sun R H, Wang M J. Photovoltaic panels have altered grassland plant biodiversity and
soil microbial diversity. Frontiers in Microbiology, 2022, 13. 1065899.

[4] sk, B5idk, BET, K, H& RELSRLE C N P ASATHRENTIERE. hEVE, 2022, 42(1) ; 48-56.

(5] F#, R, £8, GWaE0], R, S8, SN, 2550 FE0m EHLT B YRR WA DI S REKE B 2 A% R B
FEMR R, AR, 2022, 30(6) : 58-71.

[ 6] HRE, SR, SURRGE B L2 mLBAT R k. W4, 2022, 41(4) : 953-962.

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 17

(7]
(8]
(9]
[10]
(11]
[12]
[13]
[14]
[15]
[16]
[17]
(18]
[19]
[20]
[21]
[22]
(23]
[24]
[25]
[26]
[27]
(28]
[29]
[30]
[31]

[32]

[33]
[34]

[35]
[36]

Ei, EARFE, SEM, kiR, BRI, APRuk, eI, AROR. DGR A s B R R B . K R ARERTSE, 2016, 23(3)
90-94.
IR, Bk, B, BN, /NI, G0, ZRIGEY. OGO R AR AR M DX - R B s Y. K FHRE A4, 2016, 37
(6): 1439-1445.
A TRGE AR AR AR AR ST 6 SR PR, 2002, 24(7) : 4-8, 12.
RFRIL, B, BRrpde, AREEAR. RPHBELIR A s R A IR K A Jie. A5 REHRCAR | 2007, 25(5) : 461-465.
Armstrong A, Ostle N J, Whitaker J. Solar park microclimate and vegetation management effects on grassland carbon cycling. Environmental
Research Letters, 2016, 11(7) : 074016.
RER, BAE, BEH, B, K 2w TP G R B0 8 A 5 i R B S, Y AL i BARBR R,
2024, 52(12) . 1-8.
M, 355, Xm, Az, BIASSL, R oK il @ o i A ISR . DRt R S R . R, 2024, 45(1)
239-247.
Ae WL, Fordr, B, b BRI R TSR R DA M S AR AR, UK PRI, 2016, 30(6) : 325-329.
R BT, PRIETE, B, A, oK. 151 A s RisoL IR s XA 2 AR 952 . TR, 2023, 30(6) : 10-18.
BIF22, ZEP, PN, SREE, RIOAKR, e, £05%, W3 OGRS HE YRR S L RHE R R, SR, 2024, 33(12)
23-33.
BRI, TR B X B IRIT AR BB M [ D] 9% LB TR, 2022,
B B RS 3 AR, dbat. T ERL H R, 2000.
UK, AR, RIOL. BT R AT Y TR o SRR RO BOETIRNE, 2019, 10(12) ; 1-5
Thukral A K. A review on measurement of Alpha diversity in biology. Agricultural Research Journal, 2017, 54(1) . 1
Li W H, Li X, Zhao Y J, Zheng S X, Bai Y F. Ecosystem structure, functioning and stability under climate change and grazing in grasslands:
current status and future prospects. Current Opinion in Environmental Sustainability, 2018, 33, 124-135.
Shen R C, Xu M, Li R Q, Zhao F X, Sheng Q K. Spatial variability of soil microbial biomass and its relationships with edaphic, vegetational and
climatic factors in the Three-River Headwaters region on Qinghai-Tibetan Plateau. Applied Soil Ecology, 2015, 95. 191-203.
JEldeh, BG4y, R, R, Wb, Btk tRgEET, BB IR X R FE AR AR BOR b S TR AR, Rk a4, 2012, 21
(5): 1-11.
REERE, S, B, AStA, IRTLE, J5M. IR E RS DOGIR R A M RE TR R S AR ERIE ST PEALARA B, 2020, 35(2) : 190-
196, 212.
XUEEER, XUBE, XIRE, B2k KA N TR A Y X OCIR B R iy B, A K224, AR, 2018, 19(4) .
446-452.
FETI3E, 23, ks, T, BSCH, X, ok i MO 5 B 50 YR 7 AR SR SRR . RS AE, 2024, 43
(3) : 766-772.
RE, KK, T, R W AR TR AR b R SRR AL, A 2453, 2004, 15(8) : 1301-1306.
Odum E P. The strategy of ecosystem development. Science, 1969, 164(3877) . 262-270.
SRAT. B UM R IR IO TRIREOR. MO AR 2A I, 2000, 24(2) : 243.
JFRIRTE, AEFEM, AR, R, KRR, T AR AR [R] R 2 7 b SR B 0 A LA, ROL R, 2012, 29(4) ¢ 507-512.
BURBR, MRS, 228057, gk, phas, SREE, FR5FEE, skt iR BIILACEEAR RV AR IR A B RS A= it 5 1 R4 k.
Hh b 2R, 2022, 44( 10) : 30-37.
TR, Bk, MOEIR, RS, 7 R M O RS B A AR R e 0 D RE PR R X L e AR . AR 252 4f, 2020, 40(3) :
900-909.
SEREIR, SR, DREE A, I, A ST U B O AR Rl A SRR DO R AFE. IR AR, 2019, 50(2) : 260-266.
BHOLL, BEEAR, SEE, G, IR, . EESEME AT AN R AE J0 R el b A L R A AR RS, AL 2016, 49
(21) . 4169-4178.

B, AT, B0, XIS SR B AR R R L3 C N P AR R, T S AR, 2021(5) : 21-26.
TR, B, R, TEEE, A, BRI RRR 2R HHEROK A . K AR, 2024, 38(3) : 101-110.

http ; //www.ecologica.cn



