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Structure and diversity characteristics of the rhizosphere microbial community of

dominant plants on the desert steppe under changing precipitation
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Abstract: The aim of this study was to explore the responses of rhizosphere soil microorganisms of dominant plant
species on the Ningxia desert steppe to changes in precipitation. The overall aim was to broaden our understanding of
the interactions between microorganisms and the roots of important plants on the desert steppe. Three plant species
were selected for analysis of their rhizobial communities: Stipa breviflora, Lespedeza potaninii, and Convolvulus

ammannii. Five rainfall treatments were established: 50% increase in rainfall, 30% increase in rainfall, control
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group, 30% decrease in rainfall, and 50% decrease in rainfall. High-throughput sequencing data were analyzed to
determine differences in the structure and diversity of the rhizosphere microbial communities of the three dominant
species on the desert steppe under different precipitation treatments. The results showed that the aboveground
biomass of dominant plant species on the desert steppe increased with increasing precipitation, and was significantly
positively correlated with the soil water content (P<C0. 05). In the rhizosphere soil of the three dominant plants, the
dominant bacterial phyla were Actinomycetes, Proteobacteria, Acidobacteria, and Bacteroidetes. The dominant
phyla in the fungal community were Ascomycetes and Basidiomycetes. In all the treatments, the rhizosphere
bacterial communities were more sensitive than the fungal communities to the water level. The maximum numbers of
fungal and bacterial operational taxonomic units, and the highest microbial activity in rhizosphere soil, were in the
30% decreased rainfall treatment. The relative abundance of Cyanobacteria and Bacteroidetes in the rhizosphere
bacterial community was higher in C. ammannii than in L. potaninii and S. breviflora, while the relative abundance
of Planctomycetota and Acidobacteriota in the rhizosphere bacterial community was lower in C. ammannii than in
than in L. potaninii and S. breviflora. The rhizosphere microbial communities were similar in L. potaninii and S.
breviflora, but that of C. ammannii was different. The diversity of the bacterial community in the rhizosphere of S.
breviflora was significantly negatively correlated with total phosphorus (P<C0.05). The diversity of the bacterial
community in the rhizosphere of C. ammannii was significantly positively correlated with total potassium (P<<
0.05), However, the diversity of the total microbial community in the rhizosphere of S. breviflora was significantly
negatively correlated with total potassium (P<C0.05). Soil pH was significantly positively correlated with the
diversity of the rhizosphere soil bacterial community (P<C0.05), and negatively correlated with the diversity of the
rhizosphere soil fungal microbial community (P<Z0.05). There was a significant correlation between the rhizosphere
soil microbial communities of L. potaninii and S. breviflora, and there was a certain complementary symbiotic effect.

Key words: desert steppe; dominant plants; precipitation variability; high-throughput sequencing; rhizosphere

microbial community
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e R T T B ORI B B 1/2 L B R T R AR T R A S R G HR ORI UAE P 1Y
A AR T LK o3 AT RUTE o AT SEAE K, 5GBS Ak SRR R B0 I AT S ORI SZ B ) OR 2 Y OR
TE o SR, B SiE 1w JEUO S A 0 AR P B 2 0 A B R AR AR 25 AF T B 25 0 5 22 R PR R A 1) FL AR T A o AR TS
VL SiE V65 5 Jig 3 O SAAE 1 g R G, 18 AN (] e K ek Ak B S () ) 00 AR PR AE Wi AT T 16S rRNA FIITS &3
R, AT T A SRR B v 4R TR TR R T A Al S 2 AR R AR AL BRTE TR R ) A AR B R )
ek 7 728 A 18 e I8 R AT, S e 1 e T AR D AR R S Gl 2R ) AR ML 4R A LA
1 MBERE
1.1 X

BF 5 DX A T 77 B AR AT A 3 1 B 85 8 AT K BB AT (377517 — 387107 N, 107°10" —107°41" E) , #ihb B & R b
BiNG . TR R 2 W G e B e I P . O R 2 W e R IXC, MO P S, 5 A R R g D L st A
T AV AR AR R U AR o IS DX TR R P R XU, R R U FR DR 2 K R TR A KRB R R
PR o AR 8. 3 °CL AR H I Bk 2892, 1 he AF-F I J0 I 155 do AP IR K ik 273. 5 mm, &P 1E
6—8 H o e M Jy i BY e 0 B SRR BRRAE o BEOK S AL R RE VR AR S T EAE S R KW, A BT (Lespedeza
potaninii) JEAELE 3 (Stipa breviflora) ViR K IEAE (Convolvulus ammannii ) 3 F A ) T 2 AH 8 K T H ALY A, hix
Jre B AR AR I RO AL AR (R 1)
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Table 1 Species composition and importance values of desert steppe plant communities

Yy i Z A Important values
Species +50% +30% CK —30% —50%

JEAEESE S, breviflora 0.7440.09 0.6840. 24 0.6940. 08 0.9440. 03 0.954-0. 13
AT L. potaninii 0.44+0.06 0.310.07 0.21+0.01 0.47+0.03 0.19-0.08
WK TEAE C. ammannii 0.100. 04 0.160. 04 0.30£0.05 0.20£0.02 0.21-+0.06
K 1148 Gueldenstaedtia verna 0.260.03 0.0740.01 0.12£0.06 0.080.01 0.1220.07
WG Oxytropis racemosa 0.1840.05 0.0240.01 0.10240.06 0.0540. 04 0.0640.02
T TV K Potentilla bifurca 0.072£0.05 0.0520. 03 0.180.10 0.06-£0.05 0.0820.07
% & Polygala tenuifolia 0.13+0.01 0.19+0.08 0.0740.02 0.11£0.06 0.2540.07
IR UL Peganum nigellastrum 0.1840.08 0.1240.04 0.06+0.02 0.1740.09 0.1440.09
R Leymus secalinus 0.31+0.16 0.56+0.28 0.2240.21 — 0.18+0.17
1 BE Pennisetum flaccidum 0.24+0.13 0.08£0.04 0.40=£0.08 0.03+0.01 0.22+0.16
B Artemisia scoparia 0.45=0.03 0.15=0.05 0.42+0.21 — —
Wi 3k W Oxytropis aciphylla 0.02+0.01 0.08+0. 07 0.23+0.03 — 0.02+0.01
&Nk Vincetoxicum mongolicum - 0.01=0.00 — 0.16+0.05

HUHR B Euphorbia humifusa 0.06+0. 04 — — — 0.044-0.01
H ¥ Glycyrrhiza uralensis - - - 0.25+0. 14 0.1340.03
FLI K Euphorbia esula 0.12+0.04 0.04+0.01 - 0.110.04 —

— . 8 No data. +50% : 3411 50% F& T & 50% increase in rainfall; +30% : 311 30% [ M & 30% increase in rainfall; CK: [ 2K f§ i & Natural
rainfall; —30% : W /> 30 % BE I 30% decrease in rainfall; —50% : /> 50 % F& M 50% decrease in rainfall. T [i] The same below.

1.2 &%t

AL 18 D W 46 2 B T 2021 4F 11 A TR A i, >R HI PR &R 58 A B AL BT, 38 19 50 %6 B K & (+50%6)
BN 30% BEAK B (+30%) . SRBE K 7 (CK) (k2 30 % B 7K & (—30%) 982> 50 %6 B K 7 (—50%0) 3 5~ b B
BN HR 3R E A, A 15 MR /N X, AN X AR 60 m?(6 m X 10 m) o 7K 3 48 il 25 & R ) [ 2 28 R M0, 3 W
0 0l D W T 4% ) b 2 2 3 WY 1 4T 2k (BRI 2 I A O 60, F 10 ) B VOB SR B TR R R AL ) L AT 2k 3
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B, BE 3AN/RE DT (1 m>X 1 m) £ R RE J7 I BEATL DN & 20 A 4 v B2, SR OF- BE VR R 5 i J2 e B K e O e
J2 V- 35 8 BEAE S R M el 2 1 B, PO S A R AR AR KR R HEAT M AR R SR AR DA AR A
BSH R E VM ik, T 2023458 A L AT AE W AR PR - AR & 0 SR AR 7E B /N XD T — RO0F R 2R O
TE X A0S A2 T R S AN SR R R R TR AR A L B s R B AR Y 4 U ) AR R BORE A
FE AR A BORE A B AT HURE | SR FH A AR A2 08 3, 5 A A2 0 W Ak AR A ) Mﬁ%ﬁﬁ*ﬁ%ﬂi}é,Fﬁh%ﬁﬂmﬁﬁ%
FE R 28 2% 100 0 SR, 25 B 2 W 55 e B AR 4 T 0 o g R YR 24 50 B e A TR A Py [l S 3 R
Bk
1.4 MEF/AFL F &k

1) 334k I 5 < SR ) 0~40 em )2, 2 B3R AL 43 )00 22 A OCHE A1 4 ZUR F B i LI
ﬁ?ﬁiﬂ!ﬂ%;éﬁ?&ﬂi%ﬁ@ﬁhtt@zmuzﬁ;é%ﬁ%ﬁﬁaﬂﬂa%ﬁ]'ﬁmﬂ&yﬂlum;iﬁ%pHxﬁﬁﬁﬁrgﬁ(PHsacﬂﬁ&Eﬁ,
L) ME (KR 1:5).

2) 3 K A E <l A 43 SR 4 0~10 em . 10~20 em . 20~40 cm = J2 T3 8 R A AR 108 &
FRfet 75, 45 1] S22,k (105 °C, 24 h) A, 0 5E 3 5k &

3) WAl I

IV=RF + RC+ RH
A IV o EH (importance value) ; RF A X 4 & (relative frequency) ; RC A X 55 J (relative coverage) ; RH

S HA X 5 (relative height) .

F,
RF =——
ZFZ'
re="C
ZCI
H,
RH:‘i
> H,;

A F R EEAY R AR EE s S F, R A YR 0 B R 5 C o BRI 5 B (m®) 5 S C 0 T A W 5 B 2R
(m?) s H, 4 SRR Y R0 B 8 B2 (m) s STH, AR D5 v BT AT AL i BE Z A (m) .

4) My b AR D SO T A 5 T ) R Y R ke A B A Il S0 g s AR L R, R
T35, 7E 105 ‘CAF 30 min, 4k 22 T 75 CH 4 (% GZX-DH, L) #t+ 24 h, #t )5 Fr I+ EIFid st b A
Yyt .

5) MR PR b GLAE W B S B 2 A I 4R B O - X 16S/1TS rRNA%%FFPCRFﬂ%LﬁH I T Ak

BRI R A A A A HERE > DNA $2 BRI i A 0 (Nanodrop + B g B HL YK ) > 2850 PCR 718 TR FE (% —~
SCPE Jo d A AT B AL Humina(PE250, 38 &) — W 7 45 2] F FLEE — %8s DF 4% B4 —~ A 8l —~OTU &2k
—>EYE B BN U MP AR & (38 B X REAR SR AT DNA il 55 R 5 2 G T (B0 L K ) 5 40 B B 388 1 1 51 4
3 515F (5" -GTGCCAGCMGCCGCGG-3"), )M 51 #) 4 907R(5'-CCGTCAATTCMTTTRAGTTT-3") , FLIA
F S5 (ITS3E/ITSAR) FEAT R Y1, I 1 514 ITS3F(5'-GCATCGATGAAGAACGC AGC-3"), %
514 ITSAR(5-TCCTCCGCTTATTGATATGC-3") . WY ZRETEHE BN A 2 % R IR 5 0 5 ¥ .
1.5 HELRT S5

K JH Excel 2023 # 4 x5 Bl 3547 Sk 4b BE £ ] Origin 2024 K R4 . $b b A= W | 3385 /K i A0 2 Ak e o
KN 2 ANOVA J7 22 570 Fr i 3 22 5%, 5% Fl Duncan 22 8 He #5032 K6 56 S ) A B8 0 AS [7] 49y b ] 4 398 40 587 % B0 1



16

ACTA PRATACULTURAE SINICA(2025)

Vol. 34,No. 5

FEVE T 1K T A dak 35 M 22 S, SR T B0 DR 3R e P B U ) Bl A W e 2 AR R AT 07 22 0 o 5 BLER I R Venn
Diagram 47§l /F , 32 246 #5 43 M (principal coordinate analysis) 5K H Bray 55 , 2 7 /N [a] 4 3R 634 4 9 7 7% 44 B

25 BAE XA 90 %, A S #4 B 2R Origin 2024 il 1 .

2 HBREHGH

2.1 BARETHTHRBAMS G L EDFHAE

LS P 0 Ml b A= S B A KR R A 2
FEAR A2 ik a3 (R 2) o Hor BB S VB KTEAE TN
AR 1 b b A ) B TR B R Ak BT 5 6F ECRE R Ak
P % 225 (P<0.05) WAL B th A5 i & 2 7
(P<C0.05) , {H sl /9 #4540 3 7] 22 5504 i 25 (P=0.05) ,
[F] BsF, 344 9 01K RRT Ah BT 0 M b AR 9 AR S 0 B
32 5(P<<0.05).
2.2 BARETLUTHSHELEKRSES EZABER
4 AE

AN 7] 8 7K 78 A6 A A 8 5 K o A 4
FW,0~10 cm . 10~20 cm,20~40 cm + 2 1 ) 4 3
oK BN Z A B 25 (P<0.05,%3) .
I B A K R R B G R K D0 T s DRk

R2 BAETUXNABEYH EEYENZMN
Table 2 Effects of precipitation changes on the aboveground

biomass of dominant plants

b 3 Hit - 4 B Aboveground biomass (gem %)

Treatment HIAEEH KEAE FHT
S. breviflora  C. ammannii L. potaninii
+50% 43.67+1.15a 6.9840.46a 7.58+0. 25a
+30% 41.51+0.67b 4.30+0.03b 5.6840.46b
CK 16.09=+0.07c 2.9740. 34c 1.49+0. 22¢
—30% 13.07=+0. 39d 1.70+0. 16d 0.59+0.07d
—50% 10.7040. 12d 1.874+0. 19d 0.37+0.04d

) 51 A [ /N5 7 B 3 7R AN [ Ak B ) b A= g 22 7 3 (P<<0. 05) 6
Different lowercase letters in the same column indicate significant
differences in aboveground biomass among different treatments (P<C

0.05).

W —Ab AL ZE2ZEER S EEA B E 255 (P<0.05) ;7 20~40 cm + 2 ,pH7E CK 5 —30% 1
—50% AbBEE I 2 R (P<<0.05), &S EESMIE L ZE R IR FH 27 (P=0.05), ANFE KA
B AR TR )2 2 18], 4 /A A il & i ) R IR B g 3 22 5 (P=0. 05) .

R3 BAEANLEBAMR.ESKENE N

Table 3 Effects of precipitation changes on soil physicochemical properties and soil moisture content

i H TR kb3 Treatment
Item Soil depth (cm) +50% +30% CK —30% —50%
4% Total nitrogen 0~10 0.63-0. 10aA 0.53+0. 06aA 0.59-+0. 12aA 0.56=0. 07aA 0.57-0. 13aA
(TN, mg-kg ) 10~20 0.45-0. 08bA 0.46-0. 08abA 0.33-0. 06bA 0.39-0. 11abA 0.40=0. 02bA
20~40 0.36=0. 05bA 0.35-40. 02bA 0.42-40. 03bA 0.3740. 06bA 0.37-0. 03bA
4 Total phospho- 0~10 0.59=0. 07aA 0.53-0. 0dabA 0.51-0. 04bA 0.52-0. 05abA 0.51=0. 07aA
rus (TP, mg-kg ') 10~20 0.45-0. 05bA 0.46-£0. 07bA 0.38-0. 03cA 0.42-40. 06bA 0.42-0. 03aA
20~40 0.58-+0.07abA  0.56=0. 03aA 0.60+0. 04aA 0.57+0. 04aA 0.52-0. 07aA
4 Total patassi- 0~10 18.3640. 79aA 18.0840. 25aA 19.1141. 35aA 17.53+0. 28aA 17.87+0.05aA
um (TK, mg-kg ") 10~20 18.55+0.44aA  17.38=0. 30aA 18.74+0. 38aA 17.69+0. 20aA 17.96+0. 39aA
20~40 18.13+0.75aA  17.95+0. 42aA 18.99+0. 53aA 17.43+0. 37aA 17.70+0. 49aA
pH 0~10 8.95-0. 07aA 8.87--0. 17abA 7.62+1. 84aA 8.79+0. 40aA 9.02+0. 16aA
10~20 9.15+0. 75aA 8.76-£0. 04bA 8.78=+0. 11aA 8.98-0. 22aA 8.98-+0. 14aA
20~40 8.99-£0.18aAB  9.01-0.05aAB 8.830. 09aB 9.08-0. 12aA 9.08+0.07aA
g K 0~10 9.81+2. 45aA 3.14+0. 64¢B 1.87+0. 28¢BC 1.8540. 20abBC 1.16+0. 14¢C
Soil moisture con- 10~20 6.06=0. 19bA 6.23+0. 04bA 3.31+0.13bB 2.33-+0.13aC 4.07+0.53bB
tent (GWC, %) 20~40 10.29-40.49aB 14,92+ 1. 46aA 4.94+0.08aC 3.8140. 16aC 4.81-+0.43aC

) 51 AN ) /N5 S 3 388 A IR Ak AN T 2 i) 22 55 Jk 35 (P<<0. 05) 5 R AT R 7] R B 5% Bk e A [R] L J2 AN ) Ak B i) 22 55t 2% (P<<0.

05) . Different

lowercase letters in the same column indicate significant differences among different soil layers of the same treatment (P<C0.05). Different uppercase

letters in the same row indicate significant differences among different treatments of the same soil layer (P<0. 05).
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2.3 MK EALM T R FL B AR FE £ 3E 40 8 BE S5 AR 5T F B a0 AP 4R 4 JE

ISR 4 ) AR B = 398 40 B8 BE V% 76 T 1K OF 1 F B 25 R AR (I 1) , AR B 7 A AR B 38 v £ 34 TR M R T T
(Actinobacteriota, 26. 2% ) .28 J& & '] ( Proteobacteria, 14. 3% ) .FR #T i '] ( Acidobacteriota, 13. 9% ) . 48 JK i€ 4£ A9
MR B = 48 v R A BRI b B0 2R TR T (20.3%) CHUAF T T (Bacteroidota, 18.8%) (AR JE 1 11 (18.5% ) %t ']
(Cyanobacteria, 10. 8% ) o FLAEE 55 AR PR 35 b DL S B N I 171 (22.0%0) BIETE T (14, 706) (BRFF R 1]
(14.3%) &35 14 '] (Chloroflexi, 10. 6 %) o 4+ F 5 5 AL £F AR B - 38 00 85 B 11 A A L A B2 30, (R 20 B T 1 ik
LRTE A X 2 B (26.2%) HL B AE AT 5 (22.0%0) £ 4. 2% o AR K BEAE P 40UFF B 10 A0 % 32 B (18. 8 %) tb 4= 8+
(8. 5% ) M ALET 5 (9. 9% ) 435 2 10. 3% F18. 9% , 778 I 1] ( Planctomycetota, 5. 0% ) AHXF = B L 4R B0+ (9. 9%0)
SEAEE S (9.4%6) 432 4. 9% R A AV W BT A E (10, 8%0) F 4R B 7 (2. 0%6) 5 AR 7 (3. 3%0) 410l £
8.8%0 7. 5% RAFHE I A XT FBE (7. 7%) b A A% 1 (13. 9% ) 54 A 5F 3 (14. 3%6) 435170 6. 2% 6. 6% -

N [ Ak 3R] 240 R TS AE TTKSF RS L0 (B 1b) M R T 1% AL E ] BRI RATE
FTBVFF IR T SRR T IR R ] B EE T TR ] (Gemmatimonadota) VK B T (Myxomycota) | %€ H R 7]
(Armatimonadota) 1047, 3 4 93. 35%~95. 37% , Hifh B 11 /5 4. 63%~6.65% .
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Fig. 1 Differences in the relative abundance of bacterial communities in rhizosphere soil and Venn diagram

a: A TE] 4 RO PR 41 B B 95 1] 7K S A0 T =F B Relative abundance of rhizosphere bacterial community at phylum levels of different species; b: AS[u] & 7K 4b
FEHS B 20 T B 95 1) ZKF A X SF B Relative abundance of rhizosphere bacterial community at phylum levels under different precipitation treatments; c: A~
] 49y b 4R ok - S 400 B T 9% 19 5 JBLE] Veenn diagram of rhizosphere soil bacterial community of different species; d: A ] F 7 4b FAR i+ S 40 B REIS 10 55
B Venn diagram of rhizosphere soil bacterial community under different precipitation treatments. NZZ: “F i F L. potaninii; ZM: 5 1€ %1 5 S.
breviflora; YHXH: 4 KTEAL C. ammannii. Actinobacteriota: HZK ] ; Proteobacteria: ZEJE 7] ; Acidobacteriota: BRFF 1 1] ; Bacteroidota: KT I
[T Chloroflexi: %% 75 I '] ; Planctomycetota: V% % [# |1 ; Cyanobacteria: ¥ # I'] ; Gemmatimonadota: #f M. i 1§ [T ; Myxomycota: i I ] ;
Armatimonadota: #% /I &[] ; Verrucomicrobiota: £ & '] ; Unassigned: K 4rZ5E ] ; Firmicutes: JEREE []; Methylomirabilota: M4 /RETH ] ;
Abditibacteriota: # 8% 173 Others: HAh 125, KA The same below.
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Fig. 2 Differences in the relative abundance of fungal communities in rhizosphere soil and Venn diagram

ax AN TR 4 b MR B 3 TR B 6 1] 2K OF A X S B Relative abundance of rhizosphere fungal community at phylum level of different species; b: AN [l & 7K &b ¥
MR PR BT B P8 11K A X 32 B Relative abundance of rhizosphere fungal community at phylum levels under different precipitation treatments; c: /N [F4)
AR P A 4 B BV 195 B Venn diagram of rhizosphere soil fungal communities of different species; d: A~ [l [ 7K Ab B AR P 4 3¢ 208 BE 9% 09 45 LA
Venn diagram of the fungal community in rhizosphere soil under different precipitation treatments. Ascomycota: T % ] ; Basidiomycota: 1 F B[] ;

Glomeromycota: 38457 ; Chytridiomycota: 4 # 1 ]; Mortierellomycota: #8517 ; Rozellomycota: BAE K7 . F [ The same below.
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Fig.3 Effect of precipitation change on bacterial microbial community diversity index

s: WA Species; t: 4b3 Treatment. *f{3RA W2 5 M (P<<0.05) ;++f{ F A M B3 M (P<C0.01) ;R Fe il B35 25 5 (P<<0.001) sns fR R T &
M. * represents significant influence (P<C0.05); ** represents extremely significant influence (P<C0.01); *** represents extremely significant difference

(P<20.001) ; ns represents no significant influence (P==0.05). F [i] The same below.
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Fig. 4 Effect of precipitation changes on fungal microbial community diversity index
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Fig. 5 Principal coordinate analysis of bacterial and fungal community structure in rhizosphere soil under different plant and

precipitation treatments
a: AN 9y B AR B 2 74 7 7% Rhizosphere bacterial communities of different species; b: /N [F] [ 7K &b ¥ 4R Bx 40 7 # % Rhizosphere bacterial community
under different precipitation treatments; c: A [a] 4 F AR b E B £ 9% Rhizosphere fungal communities of different species d: A [i] [F 7K &b H AR b B B R 75

Rhizosphere fungal communities under different precipitation treatments.
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AEAR P 40 TR v v A R T RO R DA O R R T AT R A S PR R BT ] R AT T B R X R AR T AR
By FBLAEST 5 o A BT FIRLAE &1 5 M Bn 33l 2 W0 B 7 00 2L SR AT 450 v ARARLE |, K8 A AR B Bl 2B W A 5 5 HLAH
WLBE B o i b e HR AL T, 4 B 15 A6 B 5 AR B - 90 200 TR 1 v 22 R I 3 TR 5 (P<C0. 05) 5 2 B 5 ALK g
FEAR PR A 396 40 TR B VR B0 2 B R B A 56 (P<T0. 05) , 5 40 A8 B 3P U TH BE I A0 2 R 1k A O OE M G (P<
0.05) 5 T3 pHAE 5 2 B 7 M PR 1 HE A0 T A 7% 19 2 A P 25 IE AR OC (P<<0. 05) , SR EAR br R B HE % 2
BEPE I35 TR G (P<<0. 05) o L AE 550 A A A T MR B L e A Wy e v W b 2 18] BAT 3 ARG R R AP — 2 Y
AN AR R
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