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55 b PRI 0 AR A S 2 R T R A,
SERERRAE AR AR N A AR S IX — EL S HIL ) 7 B
AR 3 R G AT, TRV A BEUD B RE AR
TEIR AL UD e b 1 BRS040 > AR /K XUk 52 i
DXHEATABL B S A ", 2 i R S R A T
HEL R Vi AR 1) [ I, 398 o+ SR A= T 2 R, 1T
RILRER S . FER b BE = AR 25 55 Y S BE
DX, DG AR H o g A B 2 e SRR i L
T A 0T B3 1) 28 A BB, AV I 5 T RE K
- S8 WU A A SRR E TR B R B AR AR . A
SCREAE™ R B, e R FL AR T T e e ) S 2
5 A I RE B AR AN B A A R SR AR
GHISIRNER Ly e ardTE 1D NS AR R i
T ARHE ISR LA TR ARG 28 o Ak B A
JEUR X A2 B - SRR I T, e AR 5 AR LR il
BRI B, A A0 B A 1 3 R A 2 R
R

T, BUA W58 22 B A8 THOU IR AL ol %) 75l b
Mo 5 M A B SRR R, OC TORAR HL X
BE b LA BRIV R R B A G DT ST 80, FUARRAIE s 2
AW BT I, AR AR =30 T 7 T L
JOIR K rL B AT SE RS &, LA e 40 AR IX
X HE 3 3 2R T L TIP3l ) S 0o R - SRR
TR AEVR AR PR RIS H AR 0, e b L S B AL 1 o2
5 200 T AR 7 R A2 A B ) SR IBK , 205 5 A TR A 2
RETI , w1 A BTN B MR R LIERUE Y &
(S B LR A5 D RE R AL AL B, LU R PPAG G AR L 2
TESCBE I DA AR SR 1 S B BB A A

1 #RE5EFE

1.1 AR

WF5E DX s T H R A8 sk i B AR B IXIAR 2
K4 117.1 mm, 4E 3478 & 18 2 337.6 mm, 4FE <R
7.6 °C, ¥E4R 2 050~2 100 m™', AHF5T HEHL 2013 4F
AR Y R O T T OGRS
(38°45'22.884"N, 100°50"3.778"E) A HFFE X 4, Ha,
il AR LG, 2 SIS % b X M R 55
4~5 cm WIBR T (BR A 3 5>68%) , LN L HErb AL 7
2k 86% , A ML & 1:<0.2%, pH {H 4 8.92~9.25,

S DIAEE o ERRE . 2025 4F 6 H W E A kB,
H, 355 DA AN B AR 0 2 S AR v il P 471 DX PR 9 i
FE 2978 53% , F ZAH W) Tl Ol 204D (Reaumuria soon-
garica) 9% 3¢ 3% (Peganum harmala) , V4534 [ il
(Nitraria tangutorum) V> (Artemisia ordosica) \I»
515 (Stipa glareosa) 5 B Ul 70 FEL AR $I 8l X DA ZLRD
IR BURE N T AR T N 7%,

1.2 TIEFEMRE

7 B AR = B0 E T T RUOBAR Kl i o R
B s DX B TR IR G AR Al 3 B, 7R 450k
RAR B HHE (FP) AR (UP) A i) (IP) , i B R FE
S DASGAR FLSE 1 km AR 32 T4 19 i b 550 - J8 A
FIXFHE(CK) o 7E 45 SRAE S 32 BUE 20 om 1) 38 51
4% 34, FRFL 100 cm® 2 7] 2R 4 10 em &b 19 3£ 7]
FEH TR SRS NIE, £ R340~
20 em + )2 IR G R 4R T 8RE 5, R0 3
FE S PR 50 g - FERE A TG R A8 IR A T RUE TR
Farhiz ki, 5 7E-80 CCH IR h R AF T L 14N 1R £
FEMEINE B AR A R A | B4 A [0 S5
% T A A R E

1.3 TEBYMERNE K 16SrDNA IREL il F

TEEA M RNE

175 E (BD) Al RISk R (SWC) SR HHE T
FREE (105 °C, 12 b)) M . HARES TEANKT
Je it 1 mm i, SR AR AEYIR R G & . AL
BOK LR 5: D) I5E pHAE A F5R (EC) , AR R
BRAN IR s A ALK (SOC) , BIL G 0
A A (TN, 41 B bb 60 3 DU + 18 4
(TP) , S A AL B AlvL I 8280 (KO, 45
BhRiAE 3HEL
1.3.2 16SrDNAREL

T IR E AR IR B AE) AR s R B A B
5wl E | 8 Findrop 7% 2k % 4 3 DNA 2 BUR 57
BT 41 DNA il #2 )5 , F1 H Thermo NanoDrop
One #: I1l DNA {19 40 £ Fye B2 . PCR Y™ 3 LA FL [
2 DNA R4, AR 95 41 B 16S V4 X 5|9 (515F Al
806R) , {i il 47 barcode ¥ %% 5 51 ¥ J TaKaRa Pre-
mix Taq® Version 2.0 #£17 PCR ¥ 3% , PCR = W & 5
W 1, AR 2 Se AT 94 °CHIUAE 1% 5 min, P
HEAT 94 °C7E 1 30 s, 52 °CiR K 30 s, 72 °CHEfH 30 s

1.3.1
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#1 PCRRINHKEZE

Table 1 PCR amplification reaction system

2R 2x Premix Taq Primer-F(10u.M)

Primer-R(10pM) DNA

Nuclease-free water

H

e

25 wl 1l

1 pl 50 ng Add to 50 ul

3R 30 U, fieJi 72 °CHEAH 10 min, FEMHEAZEST 3
ANEE IR R — AR PCR =W A TR A, T 1%
T B W R R TR PCR =40 1) i BEA B IR i
% 1t NEBNext® Ultra™ II DNA Library Prep Kit for
Hlumina® #75 it #2 2617 2% #24E o £ A Tllumina
Nova 6000 - £5 XJ ¥4 1 1y 4" 15 5 SCJE #E 47 PE250
W

1.4 HiE4bIE

{4 FH Fastp 53 51 X7 Ji 4 A3 (1) Raw Reads %84
HEAT I o 5K, [l R H] Cutadapt KBRS 14, A=
%, Clean Reads. il i Usearch #f X ¥iij Clean Reads
Pri% , 15 3] Raw Tags Ji 3& T Silva 088 22 X6 7 1) i2F
Tt A RK I 5 2 B, 4% I e 4R A% 5 o i 1Y
Clean Tags. >k F Uparse B 1 (97% A ) & ) XF
Clean Tags #£17 OTU R 25 )5 , #£ % singleton OTUs,
fifi F Usearch LAXF OTU AR 741 HE 47 9 i B (&
FRE08) . &K IEE, 153 &4 M OTU F
FEFRD,

FF OTU & &, {#i ] Usearch #£ 1T Alpha £
FE 1 75 %05 B (Chaol | Shannon $§ % . Simpson $§

BO) 5 f# FH R #4419 Vegan ATl & Bray curtis [ 2 5
%3817 PCoA Beta Z 173 #7 , I H Adonis e £ 46
2 T A 7 2 (R AE AR 52 Sk 5 i R 34 ggeor £11
mantel test FHOCYERS 50 40 7 HIEFRAL A 5 5
FEANTE] JE BARSCHE s >R AT PICRUS® I RE M
A X KEGG #4052 15 B4R 15 & DA iy
KEGG Orthology AH X 4= B2 Jf A7 I RE S . |
IBM SPSS 26 4%} 1 3 # Ak P4 it S £ 3 Al A
PPk T B 2R 7 22 0 0, I FH 2 5 L2 (Duncan)
o0 835 M 22 5, LAV A 8 o 22 R R s il 5 25
B AR ZEH RIEF 5.1.3 1 Origin 2024 58 .

2 RO

2.1 SRR EE R A RAI S0

AR H 3l o BE 0~20 om - EFR A S5 1 5
w2 fr%), UP MNP 4y BD 3 & F CK (P<
0.05) , 344334 13.89%.12.96%. 1l FP AL SWC
FIIP AL () EC 43 591 75 1K 4.44% . 1841.33 pS-cm™,
5 CK AN B354 TH(P<0.05) . HLub A 3 Abfr -1
PR, FP IP Ak pHEES 5, 43910 8.44 .8.92,

®2 0~20cm LR HEEUER
Table 2  Soil physicochemical properties of the 0—-20 cm soil layer

SRAEAL
ot BLI i 7
MR HiHE FP I Fup Hz ] IP Xt CK
BD/(g-cm™) 0.94+0.00045* 1.23+.00003" 1.2240.00041° 1.08+0.00041°
SWC/% 4.44+0.12° 1.50+0.26° 0.38+0.08° 0.55+0.30°
pH 8.44+0.17" 8.09+0.04° 8.92+0.17 8.10+0.23°
EC/(uS-em™) 1158.33+89.09° 1242.90+34.59" 1841.33+27.36 1472.33+123.90°
SOC/(g-kg™") 1.71£0.060° 1.40£0.017° 1.76=0.005 1.40+0.041°
TN/(g-kg™) 0.33+0.002° 0.13+0.002° 0.17+0.003" 0.17+0.012°
TP/(g-kg™") 0.1120.00045° 0.090.0006° 0.110.00059° 0.13+0.00111°
TK/(g-kg™) 4.88+0.05° 2.88+0.04° 4.84+0.03° 4.32+0.09°

1 :BD: HHERE ; SWC: B HEF /K pH: +3E pH{E; EC: L 53R ; SOC: L HEG MUK ; TN : L3R5 TP LI 4l ; TR B HESR . AT

RAE R 22 5 ARG PR 7R (P<0.05)

SR i TR & i iR A % 5 FP
AbEY SOC. TN TK &4t 73512 1.71,0.33.4.88 g-kg ™' 1)

125 T CK(P<0.05) ; IP Zb 4 SOC . TK #H#¢ CK i
FTE E (P<0.05) , B4 08 43 51 25.71% . 12.04%; 1
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UP 4b (1) SOC ) & & 5 CK 4b 22 FIF A 8 % (P>
0.05) , {H TN, TP, TK % &t #H 8 CK F& i 73 il 4
23.53%.30.77%.33.33%. Z& L, JeIRBE S XT FP 1P
Aib e B A SRR AR B Y R R AR T HE B RO

2.2 SEIRERIARY B T NG 2 1R R0

2 TS T A REA LA T 97% AR B2
RIS OTU BBUN 4 9254, A&FE N e 78 25 i >
99.22%, Z= BAFE S P F(5 BT LIRS X - S 0

RIS ELSCMEL (3R 3) o AN[RLRAE s () L 140 IE o Z24F
PE2E 5 3 (P<0.05) . Horf FP 4L Chaol 4840
CK AN T 6.34%, 11 UP TP A AHAE CK A 43 51| k4
%7 12.96%.31.31%. UPAbFITP 4k Shannon 54144
AR T CK 4b (P<0.05) , F& i@ 2 91 K 4.51%.
11.32%. 1P 4k Simpson #§ %04 FP . UP,CK Ab &} 3%
F+ #5 (P<0.05) , 3% iF 53 1 b 142.55%. 103.57%.
192.31%. &¢I, FP AL T340 Z AP F & iR
CKALA Tt {2 UP IP A% CK A FIF R I

£R3 TEEMAE Alpha B
Table 3  Soil bacterial Alpha Diversity

PR AL R EAe] AR OTU 5% Chaol #5%% Shannon $5 4 Simpson 5 %
b FP 120 558 115518 3272 99.46 3273.12+147.33° 9.65+0.14" 0.0047+0.0008"
R UP 125518 119 322 2678 99.29 2679.21£135.25° 9.1140.11° 0.0056+0.0003"
i) 1P 99378 96 617 2113 99.22 2 114.23+121.52¢ 8.460.09° 0.01140.0009"
%I CK 126 830 118 840 3077 99.24 3078.11£142.23° 9.54+0.12° 0.0039+0.0005"

TE AR RAE A5 22 53 /NG FRER R (P<0.05)

JE T Bray-curtis 1 25 5005 XF RBEE AR H ol Iy
HIANTRIRAE i - A0 TR VR 251 T 32 4845 (PCoA ) Be-
ta ZHREPE I HT (1) o S5 SRFR I, 50 — F AR AR 1 it
FERE N 35.1% , 5 — F AL bR B BEBE R 17%, 35 3t
it BE 52.1%. PCoA B, B3k N 45 KA S ZE R vp
Ay AR R AE TS CK A 408 . il i Adonis K5
B & B, AR B HAS [R5 B 1% - 4 B BV 45 4 L
A BE#E5H(R=0.46,P=0.001)

0.56
R*=0.46, P=0.001 ® FP
® UP
0.30 e 1P
® CK
_
= 0.00F
a
<
=)
O
~ -0.30F
0.60 |
-0.70 1 1 1 1 1
-0.73 -0.60 -0.30 0.00 0.30 0.60 0.79

PCoA1[35.1%]

1 RIRANR AR PCoA /01T
Fig.1 PCoA Analysis of soil bacterial community

2.3 FKFBIA KB T MBS E AR

2.3.1 TIEAFEIIKFEEN
TETTAKE b XEASTR] SR AL A - 3 Gl e B V% 0 A T
AT, AR HL Sl PN A SRR L 38 AR TR R 4 AT

LAY AR 22 7 (B 2) . s o B AR
Ko BB 3517.107 49 240 H 358 F} 541 )% . #
X ERE=1% B H B L o 1], P AR AR 1] 451
h i 26 1 1] (Actinobacteriota, 14.67%~42.91%) 7%
J% % [ ] (Proteobacteria, 18.30%~32.29%) & #T 5 ]
(Acidobacteriota, 7.69%~18.94%) . %% %5 & | ] (Chlo-
roflexi, 5.15%~10.86%) . 2f ¥ fifd 1 [} (Gemmatimo-
nadota, 2.98%~9.20%) . f{ #F & '] (Bacteroidota,
2.83%~9.33%) , (5 S 41 TR AH X AR B2 Y 80.95% LA
o AHXT R T 1% RO AN R Hofd

25 R i HE O SR T ) AR G B BLA
WEZSR . FP A AR AR T 50 04K
CK }4 111 53.03%.229.83%(P<0.05) . UP +3EH, 2
BALJ B [T % A X S R A CK 3 G N 47.40% (P<
0.05) o IP E3Er il 2R vAT 1] (A A X = B 45 CK i 3%
PE 155 18.61%(P<0.05) , i FRFT 1 1] Je 2% 25 TRT I 1 AH #4¢
CK M43 551 5 2 B A 59.38%.52.61% (P<0.05) . %f
1 AR BB AS [ o7 1) - SR T Bl L A 1 £ 3 7R
WETB
232 TEMNEEKFELSEH

P 3 40 B JE AKCE TP R E B TS (unas-
signed, 59.51%+7.72% ) FIAL X 3 FE A T 0.1% Y35
51T R (28.61+5.53% ) BR 255 , ARAS 24 B PR A 1A s
(Sphingomonas) . 19 ¥t B J& (Arthrobacter) | 41 {4 T
& J& (Rubrobacter) JB-Z5 . 1# J& ( Ohtaekwangia) . %
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Fig.2 Soil bacterial community structure at the phylum level

FFF R & (Bacillus ) S LR TE R & (Nitrospira)
75 )& (Streptomyces) | i 22 14 J& (Kouleothrix) \J&
K K J& (Nocardioides) . 19 K 1 J& (Enterococ-
cus) AT & (Terrimonas ) H: 11 220X =F £ >0.1%
M AR TR i o

B R 1 T B TR 1Y 43 AT A AE BH I 25 57 (
3)o FEFP LI BY R TR S I AT RS M
PR JER P RN = B2 A58 K235 (2 25 19 0 5.11%.3.68%
1.41%(P<0.05) . UP 3, BZSLTH R 4 CK i
FH TN 241.24%(P<0.05) . 1P -3t 2F JAT R
55 B 2 8 B CK 43 it 35 36 0 54.87% . 26.94%
(P<0.05). 5 CK AL, FP UP IP + 3 41 (i 115
Je& P9 AR T = B2 73 0] A 3 ARG 2.77%.2.52% . 2.43%
(P<0.05). 5 L GIRFESIAS[RI7 B i L3 rp 1 5
PR RS E .

2.4 KRR 2B XS IR B F B e Kz

NERGE LIRS IR BT IR B P R, A
F 5% 3 2k Mantel £ 58 3 7 1 - 398 v eF = B2 e iy
) 6 AP AT ] (R HE>80% ) 5 BRAK A - =2 [A]
BYAE CPE (I 4) o TR T AR XS 3 B2 5 EC I
SOC ¥ & & 3 M 3¢ (=0.68, P<0.05; =0.16, P<
0.05) ;R JE TR ] A AR X -2 5 BD TN 2 5 1t 25 4H
*(r=0.77, P<0.05;r=0.99, P<0.05) ; TR AT 7 [ ] B9 44

20
18 F
16 |

AR

L N728
R R
R
TR

I AR e
O ZE AT R
O AR HE
L EFF R
m AFRE
A U R

_
=
T

—_
[\S]
T

X2 /%
S

oo
T

FP UpP jig

RFER
{E:FP UP 1P CK 738 Bt AR T AlH] o
K3 AN m K s A

Fig.3 Soil bacterial community structure at the genus level

CK

XRS5 SOC 2 3 H2E (7=0.49, P<0.05) ; 25 HLAf
B TRYA R B 5 TN BD ¥ &2 i 3 M ¢ (7=0.83,
P<0.05;7=0.98,P<0.05),

RARFEAE B AKF L ) HAA e 3, ASBIF 5% 35 BRTE
Qb B[R] 2 5 . 35 (P<0.05 ) FLARXT 3= B 55 v 1) 8 A
TR SR FES . SREHES),
EC 52FfIAT I & Bk 25 /8  HOAT T 8 A A X =F B2
P8 24 5 (7=0.75, P<0.05; 7=0.75, P<0.05; r=
0.90,P<0.05) ; TK 5 2345 K [ @ B AR R 2 1 52 12
FAHHR(r=0.73,P<0.05) .
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Fig.4 Correlation analysis between major bacterial phyla and soil physicochemical properties
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Fig.5 Correlation analysis between major bacterial genera and soil physicochemical properties

2.5 TIEMAETHRETAN

fifi FH PICRUS®2 #1438 i b X 16S T J7 540 3
30D B A5 B 3R 45 N FEA Y KEGG %
(£4), FE—HIREKT L, Frare e h 428
T IRE M EBE>1%) , AT =F B A 5 24K
TR H R (79.72%~80.35%) . 5t 1% {5 E Ab 31
(10.78%~11.64%) A i 72 (3.27%~3.91% ) FIFAEE
5 B AL (1.50%~1.57%) . H A BRI TIRE & 48
A x 2 T AT, R RV E YIRS S 5 YR
e ayChd A . 1 YO REAKE L, SR AG I F)
17 HD FE B R F 1% D BEm . ik e A 91K

W (13.14%~13.34%) 2 LR (13.05%~13.24% )
FIA R 7 Fn g A 220 (11.72%~12.26%) = K%
ORI TIRE 33X S W T - AR W) AE Bk UG 20 R
RERA R e ) DGR

i L 22 LR R AN TR SR A A B 24 TR A7
FEEES . 5 CKALL, FPAME B SMNEAEY)
Wik it 5 AR S RS0 3 ) i 1 R X = B 0 B T
10.74% ,13.30% .3.97%; UP &b 254k & 9 AL B i 4k
B AR OB W & BURI AR T RE A R T T
1.74% .4.33%; IP Ab S FE MR AT A2 i e 52 e 240 i
S DIREN T T 0.91%.2.82%.6.99%
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x4 TIRMEINAEEEREX FE

Table 4 Relative abundance of soil bacterial functional pathways

ke AR BE /%

— g ZYne Mk FP R UP M [ TP it CK
BRI B A AR 13.340.21° 13.1420.18" 13.2840.16" 13.3120.22°
SR AR 13.160.17° 13.050.14° 13.24+0.15° 13.1240.16"
3B A AR A AR 11.72+0.14° 12.26+0.16° 12.05+0.16" 12.23+0.15°
AL G P AN SR AL A AR 9.50+0.15° 9.96+0.19* 9.88+0.18" 9.79+0.15°
HoAb s LA 7.93+£0.12° 7.87+0.13° 7.85+0.14° 7.94+0.15°
P iawli] 7.3240.12° 6.55+0.11° 6.85+0.14° 6.61+0.13¢

HMEAE DR S AR 6.22+0.11° 5.16+0.12¢ 6.04+0.13" 5.49+0.11°
g AR 5.12+0.10° 5.19+0.12° 5.08+0.11° 5.17+0.14°
RWEA: Y16 U 2.99+0.08" 3.13£0.09° 2.55+0.08° 3.00+0.07°

FoA R A W (9 £ 1 i 2.87+0.08" 3.03+0.08° 2.77+0.09¢ 3.03+0.08°

B R A 1.55+0.05" 1.64+0.06" 1.61£0.05° 1.61+0.05°

gL (E B AL SHIFEE 4.96+0.13° 5.08+0.14° 5.11£0.12° 4.97+0.14°
raHET R 3.16+0.11° 3.45+0.12° 3.3540.13" 3.45+0.12°
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Effects of photovoltaic power stations on the diversity and function
of soil bacterial communities in the gobi desert

Cao Yibo', Huo Yingcong®, He Yuxuan®’, Zhang Jinyu’, Li Qing’,
Ma Rui', Xiao Jianhua*, Dong Shuangjuan'
(1.College of Forestry, Gansu Agricultural University, Lanzhou 730070, China; 2.CHD Gansu Energy Co., Ltd, Lan-
zhou 730300, China; 3.PowerChina Beijing Engineering Corporation Limited, Beijing 100024, China; 4.Northwest Insti-

tute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract: To elucidate the impact of photovoltaic power plants on the structure and function of soil bacterial
communities in the gobi desert. This study was conducted at the Sanduntan Million-Kilowatt Photovoltaic Power
Base in Minle County, Gansu Province. Undisturbed panels from the central area of the photovoltaic array were
selected. Soil samples (020 cm depth) were collected from different locations: front eave of photovoltaic panel
(FP), underneath photovoltaic panel (UP), interval between photovoltaic panels (IP). Soils from OTUside the
power station were used as controls (CK). A systematic analysis was then performed on soil physicochemical
properties, bacterial community structure, and functional characteristics. The results indicated that a total of 35
bacterial phyla, 107 classes, 240 orders, 358 families, and 541 genera were detected in soil samples collected
from both inside and OTUside the power station in the study area. The dominant phyla in the bacterial communi-
ty were Actinobacteria, Proteobacteria, Acidobacteria, Chloroflexi, Gemmatimonadota, and Bacteroidota,
which collectively accounted for over 80.95% of the total bacterial relative abundance. The bacterial community
structures at FP, UP, and IP were distinct from that of CK, as indicated by Principal Coordinate Analysis
(PCoA). Furthermore, the highest bacterial richness and diversity (assessed by Chaol and Shannon indices, re-
spectively) were found at FP, with UP and IP showing values significantly lower (P<0.05) than the control.
Mantel tests revealed that soil electrical conductivity, organic carbon, total nitrogen, and bulk density were key
environmental factors influencing the bacterial community structure in the gobi desert. Functional prediction indi-
cates that soil bacteria are predominantly characterized by metabolic functions. Among the 17 secondary func-
tions, FP demonstrates stronger capabilities in lipid metabolism and xenobiotic biodegradation, while UP shows
prominent performance in cofactor and vitamin metabolism as well as protein synthesis. Through their modifica-
tion of local soil properties, photovoltaic power stations exert a significant influence on the structure, diversity,
and functional potential of bacterial communities in gobi desert soils. These results offer a theoretical basis for in-
forming future ecological restoration strategies in this region.

Key words: gobi desert; photovoltaic power station; soil bacteria; soil physicochemical properties



