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Diversity of microorganisms in the rhizosphere soil of Kobresia humilis and their
responses to environmental factors in the source region of the Yellow River
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Abstract: In this study, we explored the relationships between environmental factors and microbial diversity/
community structure in the rhizosphere soil of Kobresia humilis. Rhizosphere soil samples were collected from K.
humilis growing at sites in the source area of the Yellow River within an altitude range of 3000—5000 m.
Environmental factors were recorded at each site, and soil samples were analyzed to determine the composition of the

rhizosphere soil microbial community. Illumina MiSeq sequencing and bioinformatics analysis were conducted to
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identify and classify the fungi and bacteria in the rhizosphere soil samples. The results show that the relationships
between microbial diversity/community structure and environmental factors differed among five different altitudes in
the source region of the Yellow River. Among the rhizosphere soils collected at different altitudes, the soil collected
at 4027.0 m had the highest fungal diversity and the soil collected at 4932. 1 m had the highest bacterial diversity,
indicating that fungi and bacteria showed different responses to altitude. Soil microbial community structure differed
with elevation: the abundance of Olpidiomycota in the fungal community increased with elevation, and
Basidiobolomycota was only found at sampling sites higher than 4500 m. The taxa Nitrospirota, Bdellovibrionota,
Elusimicrobiota, RCP2-54, and SAR324_cladeMarine_group_B showed increased abundance with increasing
altitude, whereas the abundance of Fusobacteriota gradually declined with increasing altitude. The soil pH decreased
with increasing altitude, but other soil physicochemical factors showed more complex changes with altitude. The
pH, total phosphorus, available nitrogen, and organic carbon contents in soil collected at 4932.1 m were
significantly different from those in soils collected at other altitudes (P<C0.05). The total potassium, available
phosphorus, and available potassium contents in soil collected at 4027. 0 m were significantly different from those in
soils collected at other altitudes (P<C0.05). A redundancy analysis showed that available potassium and altitude
were important factors affecting the composition and diversity of fungi, while the bacterial community was more
strongly affected by pH, total nitrogen, total phosphorus, available nitrogen, organic carbon, and altitude. Among
those factors, soil pH had the most significant effect on bacterial community structure. In this study, Illumina MiSeq
sequencing technology was used to analyze soil microbial diversity and community structure in the rhizosphere of K.
humilis at different altitudes, and the effects of environmental factors on the rhizosphere microbial community were
determined. The results provide a theoretical basis for ecological protection at the soil microbe level in the source
region of the Yellow River.

Key words: Kobresia humilis; rhizosphere soil microorganisms; microbial diversity ; environmental factors; altitude
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9 B AR B I 7 S il BV (AR AR A BT ) o (8 P A% R AR Ak R I A DL
(NY/T 1121.6-2006) ; F 4 [ 3h 91 [% & & AL (SKD-1100, F i ) ] 22 4= & (total nitrogen, TN) f & (NY/T
1121. 24-2012) 5 i F§ NaOH 8 — 50 86 i 43 6 06 B 1254 55 4 % (total phosphorus, TP) & & (NY/T 88-1988) ; fifi
H NaOH % fil v 4k 55 4= 81 (total potassium, TK) & & (NY/T 87-1988) ; fif FH ik f# ¥ v W 2 1= 138 o 2% &
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Table 1 Basic information of soil sampling sites

R B A5 FeA S 273 FEARE S

Sampling site Sample Longitude and latitude ~ Altitude (m) Companion plants
AL T R S, 36°33'07.45"N 3208.0 B R ISR AR T B AR R R B
A SR X Qinghai 100°4348. 29"E L UK R R L GRS B EE K. humilis, Achnatherum splendens, Po-
Lake National Na- tentilla anserina, Poa annua, Iris lactea, Allium chrysanthum, Plantago asiati-
ture Reserve in ca, Carex sp. , Artemisia capillaris, Dracocephalum rupestre, Agropyron cris-
Gonghe County tatum , Gentiana straminea , Astragalus dahuricus
MR R4 Heka S,  35745'45.90"N 3519.9 NGRS O F 53 AR L B T E ST AT & S % NN SUN
Town, Xinghai 99°53'41. 52"E W EER K. humilis, Lancea tibetica, Elymus nutans, P. anserina, Taraxacum
County mongolicum, Leontopodium leontopodioides, P. annua, Argentina anserina,

Euphorbia pekinensis, Carex. sp.

PRI B R Sy 35%8617.56"N 4027.0  BREE AR LR PRI KR TR B A R 2%
Ziketan Town, 99°32'50. 16"E EE KRR Y B KL hwnilis, G. straminea, Carex sp. , Prrewalskia
Xinghai County tangutica, L. leontopodioides, P. anserina, Lonicera japonica, Oxytropis

ochrocephala, Lagotis integra, Euphorbia stracheyi, Equisetum ramosissimum

Mz LA S, 34°19738.89"N 4511.7 SR A LS A LR AR R U T e PR A N
Marcharlie Town, 97°5530. 23"E KM A RAEZR L B3R B R VY R K. humilis, K. pyg-
Mardo County maea, P. annua, L. souliei, Pedicularis przewalskii, Polygonum viviparum ,

Ophiopogon japonicus, Rhodiola dumulosa, Oxytropis sp. , Aster tataricus,

G. straminea, Sonchus oleraceus, Ranunculus japonicus, I. lactea, Dasiphora

fruticosa
B B B 111 Bayan S, 34°07'55.19"N 4932.1 f e NI A U RSN INENIE S M 350 Y N Vi
Har Mountain 97°39'27.49"E TR BT S S KSR TR EE R S 1L K.

humilis, K. pygmaea, Soroseris hookeriana, Thymus mongolicus, L. leontopo-
dioides, Meconopsis horridula, A. tataricus, G. straminea, Potentilla sp. ,
Saussurea velutina, Androsace umbellata, Anaphalis sinica, Saussurea medu-

sa, Saxifraga unguiculata, Gentiana algida

(available nitrogen, AN) & 3 (LY /T 1228-2015) ; i F 43606 B 3+ (T6 i the 42, Jb 50 ) il xg + 49 3 20w (available
phosphorus, AP) & & (NY/T 1121. 7-2014) ; fifi /] £ W& % £ Bk I 2 1 1 3 5087 (available potassium, AK) & &
(NY/T 889-2004) ., il pH it (PHS-3E, L) LA 1:2. 5(w:v) + /K Feilll & + 3 pH(HJT 962-2018 + 4% pH {& fi4 7l
SE AL )
1.3 DNA#RA=PCR ¥ #
A E. Z.N.A. £ 5 DNA K0 & 58 B 15 A il i 0 9 BF VR JE I 41 DNA . DNA $& BUR 7E 120 B i v 5

Ji& B A 5 % I NanoDrop 2000 48 4k — ] UL 43 5% 56 B 3 (NanoDrop 2000/2000¢) il i€ DNA ¥ & f4ii i . F 5]
Pxf 338F (5'-ACTCCTACGGGAGGCAGCAG-3") 1 806R(5'-GGACTACHVGGGTWTCTAAT-3" )4 41

B 16S rRNA 3 [H 1) 5 28 X V3-V4, fif N 3B 7 skl B X 1(ITSD) B %F ITSIF(5'-CTTGGTCATTTAGAG
GAAGTAA-3")FIITS2R(5'-GCTGCGTTCTTCATCGATGC-3" ) ¥ KM . 16S rRNA H& K A1 TTST 5 K 1y
PCR ¥ 341 72 - 95 “CHILA 7L M 3 min, 95 ‘CZE M 30 5,55 ‘CiB & 30 s,72 ‘CHEMHI 45 5,72 “CHAYK FEAH 10 min, 4 CLh
W27 ¥R, 5X TransStart FastPfu 28w 4 ul.,2. 5 mmol-L " dNTPs 2 pL, 1E A 5[4 (5 pmol- L") 0. 8 ul., &
519 (5 pmol-L 1)0. 8 pL, TransStart FastPfu DNA R & 0. 4 uL , &4 DNA 10 ng, 5 J5 MIJE T /K 2 20 pL, fif
A PCRIW BN 3IRER . PCRW) I 250 BB WHBE I b 3230, 1 1 AxyPrep DNA B fic 42 BUK ) & i 17 44k
I8 F Quantus ¢ Y6 AL (TBS-380, € E) #17 4E & o
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1.4 Illumina MiSeq 7| 5>

4 Ak i 4 1 7€ Nllumina MiSeq PE 300°F & 14 5675 A= Wy B 25 R A BR S /) (B, D) B4R k77 S8 kAT
S BE R RN EC X5 3 0 o BT A Y B AR reads 847 A NCBI Sequence Read Archive (SRA) ¥ )& . JR IG5 Hi8 =
NCBI SRA 4l i , % 565 PRINA 1212722,
1.5 ol 5 dE e b 32

W IR AR 19 16S rRNA FITST 5 H I 7 reads #4722 1 40 , (8 1 fastp ™ #4705 5 f 38, F 8 FLASH ™
AL 2. THATE I AR AEANT < 1) 7E 50 bp W 3 B0 F PN BT 3 0T 5 43/ T 20 AR Al 37 85 /9 300 bp reads, 3 H.
75T 50 bp BT reads , 10 % BT 4T 19 reads WA K58, 2) HAKEE KT 10 bp ¥ reads A % f # & )7 51 i
Fres s F & X i RABTC KM 0. 2598 H EF AR 2 1Y reads ; 3) M3 25 TE AL RN 51 40 X 20 RE A 8 & 2 51 O 1) 5 51 400
DC Fe. sk SR A 0 1140 2% T At D 0 Y 5 V1 A2 1 T A i

i H UPARSE ™ %t H. AT 97 %6 AR # 1- F 119 #8 7E 43 2% 8037 (operational taxonomic units, OTU) #F A7 H 2K,
I M E M E B A F A, il RDA Classifier ™ 41 %} 16S rRNA $4f& J% Silva v138 20 #1 &MU FE A OTU #4119
5328, JF i UNITE X5 1TSS 8040 e % L, & 05 B2 BB 0. 7. 3 i Mothur ™ #0444 JIr A FE 25 7 B 2 A0 7] 9 0
FE R B 24449(16S rRNA) F 21345(ITS D Ji5 , #E1Z OTU KE F 8 42 & BE M Z BEE T8 80, 4345 Chao 15 % .
ACE f8 80 B R 48 B 1 AR T8 2, o5 Ho/N T 0. 0106 B 3 S HE A S HoAth
1.6 %it o

f# F Microsoft Excel 2016 % k45 1938 50 B4 iE 4797 40 A #E . R A IBM SPSS Statistics V24. 038 & B 2 J7
225 BT 22 A B I Bdie E AT 22 57 S PEAR 56 L SRS R Student-Newman-Keuls #6564 43 87 A 6] £f & 22 18] 1) 72
w2 . R MR B 4 M (linear discriminant analysis, LDA) %5 & %W I i (linear discriminant analysis effect
size, LEfSe 43 #7)"" (LDA™>2,P<C0. 05) % F4R A A G it 2 2 S W AE Wb &8 o R A 32 84 43 7 (principal
components analysis, PCA) 3k P11 # A< [a] 535 4= Wy 5 9% 25 # 69 AH L o R FH JC 4% 43 1 (redundancy analysis,
RDA) PP Ak 42 Ak 48 b X B0 T8 5 40 B8 T 7K ST F V% 45 44 1 52
2 HER5HW
2.1 REBATHESZERGFLEOTUS £

HR AR 97 %6 FHARLEE X4 °F- J5 14 )7 9 147 8 K - OTU 24081 (1 1), S,.S,.S,.S,.Ss LAl 4t 154 - HEkE
AL B FE] 6201 HHE OTU AN 913 NI B OTU. 541+ HEFE M & A M B OTU 4391 8 267,297 343,227 .
264; AWM EFE OTU N 624, 5 HE OTU BB 10% . Hi S,.S, S, S, S A 1 E 1/ OTU 43 51 53
41.64.34 51, K S, A M EWOTU M HEZ , S,;P AW EROTU M H &P (K 1a) . S HIEMEM P
AN OTU 43 3] A 534,515,549 640 .565; I B4 B OTU A 3244, H 40 OTU @K 35% . Hd S,.S,.
Sy S, S A AN OTU 43 % 4 32.29.27 114 .52, Hob S, A B OTU S H % £, S, A B 4
OTU%H & (K 1b) .

S, S,
E1 AREESRTEESERERLIEER (a) MAHE(b)FEE
Fig. 1 The Venn diagram of rhizosphere soil fungi (a) and bacteria (b) of K. humilis at different altitudes
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2.2 FRBETHESERGLEREDHELE « S HBEIH
b ECR S A0 T OTU KV 09 7 8 il 2 24 3720 8 b TH 9 35 81 82, Ul B A RIS 1 I 7 62 000 5 T8 B2k b | Ak
AN R4 e e e SRR B (AR W A5 R R 2 R O R (T 2) .
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Fig. 2 Dilution curves of rhizosphere soil fungi (a) and bacteria (b) at different altitudes

Xt 5 AR PR - EREA AT o ZHEVE BT (32 2) , P B0l S 3241 5 S REAC R B4 48, 0 7% L TR R 4 T 7 5 R AR A
99%6 LA b, 22 W1 3 A 1) & B R B S0 ME . AE ELPERE T T Shannon 48 BB 31 T 55 A 35 A8 Ak (P<<0. 05) , 3L
RAGBUEAA W3 7RG IK 4932, 1 m(S;) &b, Shannon 45 % i 35 & T4k 3208. 0(S,) .3519. 9(S,) A1 4027. 0(S,)
mAb . BRI WGP FUTR RV 00 2 R B B R . FE AN B AEYS T, ACE L Chao 48 B 7E 1 4K 4932. 1 m &b
T H AWK (BR S,, P<<0.05) ; Shannon #§ U 7E #4511, 7 A1 4932, 1 m &b & 3 5 T 4027. 0 m, X EEH L
e M, U RO A0 TR B VR 1 T R 2R R R

x2 TRBHTRELEREDSHFEEN

Table 2 Microbial diversity index of rhizosphere soil at different altitudes

(=N i % % Coverage (%) ACE#§ % ACE index Chao 8% Chao index
Sample HL# Fungi AN Bacteria ## Pungi 40 Bacteria FLH Fungi AN Bacteria
S, 99.9 99.8 394.75+68. 78a 2039.85+177.98b 394.03+67.96a 2031.694170. 98b
S, 99.9 99.8 394.84+97. 25a 2054. 87487. 36b 394.92+96. 38a 2048.15+85.42h
S, 99.8 99.8 593.65+257. 14a  2045.45+154. 06b 598. 38+ 264. 57a 2033.58+149.47b
S, 99.9 99.6 442.214257.34a  2425.174149.60ab  443. 864 260. 80a 2408. 45+ 143. 85ab
S 99.9 99.3 380. 50+86. 68a 2617.63+541. 12a 379.89+86. 65a 2586.614519. 20a
A Fr A $5 % Shannon index S5 2R 45 %0 Simpson index
Sample H A Fungi 4B Bacteria H H Fungi A Bacteria
S, 4.054+0.67b 6.9740.03ab 0.07=£0. 06a 0.002=£0.0007a
S, 4.0440.29b 7.0140. 02ab 0.0640.03a 0.002=£0. 0005a
S, 4.354+0.79b 6.8440.19b 0.0540. 04a 0.004+0. 0029a
S, 3.8340.67ab 7.0740.07a 0.0740.05a 0.002+0. 0002a
S 4.2140.32a 7.0840.07a 0.0340.01a 0.002+0.0001a

TE: ALY 341 AT LA AR HE 2R 2R, RSB A TR /NG b 3R 22 57 i 3 (P<<0..05) o
Note: The three replicates of each treatment were expressed as the mean value +standard deviation. Different lowercase letters in the same column

indicate significant differences (P<C0.05). F[f] The same below.
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2.3 FARBRTRIFIBEHFAAT @AY S HMELH

3 2 6 N TRV AR T AR PR A R AR BB RN B JE KT B B 2 AR MEEAT A T, Bl BT OTU s 1B mT g (&
3a) , 85— AR AR IS — FE AR bR TR AR 0 B 12.02% 1 11.36% , S, FI S, i 3N REAS M BE 40T, AR 56 S, RIS, 1% L
B OTU MU ER &, R I B RO B 4R, SRR AR5 S, Su SS AL SN REAR S S, S, MR # , H G 38 42 , B 1R
JEAR, ZREPERR R P 3L BB OTU BRI AL A B 5 22 50 /v Frdil i OTU BUS I mT 1 (181 3b) 55— &
A AR RIS 8 AR AR B TR R 4 0 20. 24 % F113.62% , Hot S, .S, (S 4L 3 A FE AR FR IE BT, 3 B IR B 4R
th, ZREERAR, 255 R ULIX S B AR T O T U AR PR &5 5 100 S, R0 S; AR BR AT , HL G A2 45 , By HRR FE AR, B S,
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11, BE W B b TR AR X TR R W B R A 1T 4 i) 2 A A MR OBE ) L IR ] L 2K BR BT L RCP2-54 FI
SAR324 _cladeMarine_group B, BTG, b F- i FRER T TR E E T 76 H 1 2KF B3A 304 H , g 5
AEHE S SR H L Vicinamibacterales A1 3¢ [T H  RIELLAF B B AIAGLE B Bl 35 THAR D =5 2 3% T
B R H A IMCC26256 A L2 )i 1 H .O _norank P_RCPC _54 , + 4T #F i H \RBG-13549.0319-6G20 . Z A 1
4 H K 4325 (O _unclassified _C _polyangia) fll Subgroup _2; B ¥ 34 b FH A X 3 B2 & 80 FRERS H A S5 2w H 28
Tt A H % R H (Streptomycetales) \0319-7L14 SR T H AR 26 . 188 1973 FOKF L 34 30418, 54k
# & 4 B J& norank o Vicinamibacterales . norank f_JG30-KF-CM45 .RB41 .norank { Vicinamibacteraceae £l I {f,
¥ J& (Rubrobacter) , BiiE 3R 1 T4 AR =5 32 328 W7 15 QB J& A7 W8 h 40 T T FIVAH A W858 11 J 5 Bl Vg 4K b T AR 0 =F B2
BN B E 2 R AR S EAT R Terrimonas Ml Vicinamibacter
2.5 AR #ERT AR LA & LW Ao 20 1 LESe ¥y A £ 1 547

ELE AV LDA 230 (K 6) R W 7EH 20 62K B H KB HEH W H 3 5IXS,.S, .S 1 2 5 5
i) 5 A, T 187 o€ R Sq Y 22 53 52 W dc R 5 8 Ja 73 2R 27 K B 2R JRAT BB A SRS IR BUR , Knufia X S, 1 5 T iz
K HE B 72 8 X SRS WA B K, Titaea JBXS S BURE W e K o AN V% B9 LDA 20 A o 78 H 43 285K F B 284



24

ACTA PRATACULTURAE SINICA (2025

Vol. 34, No.

12

KT AR X B
Relative abundance at phylum level

F 7K SFAR X =R i

Relative abundance at order level

Ja K AR =

Relativeabun dance at genus level

1.0

0.8

0.6

04

021

101

081

0.6

04r

02r

S,

S

2k 1 1] Actinobacteriota
%14 '] Proteobacteria
Tﬁ I'] Acidobacteriota
251 1] Chloroflexi

Bl Bacteroidota
1 |

B Patescibacteria

ﬁEHI I '] Verrucomicrobiota
| Methylomirabilota
W 7 16 08 i€ 74 '] Nitrospirota
M it B FF 1% 1] Desulfobacterota
M i ¥ 1] Cyanobacteria
M Entotheonellacota
W % K1 '] Bdellovibrionota
B RCP2-54
W R T i 1] Latescibacterota
B wWS2
W K5 14 ] Elusimicrobiota
B NBI-j
B Armatimonadota

B HUE 1# H Rhizobiales
M Vicinamibacterales
M {f1 3¢ (G4 H Burkholderiales
W - HEZ0AF I H Solirubrobacterales
W GA H Thermomicrobiales
W IR $ M H Sphingomonadales
¥ Pyrinomonadales
M Microtrichales
M Micromonosporales
WER T H Micrococcales
W 2L {5 FF 14 J& Rubrobacterales
M Pseudonocardiales
M norank_c_ KD4-96
B 9 22 50 [K 14 H Frankiales
W Propionibacteriales
W2 A 4 1 H Bacillales
W LT R B H Chitinophagales
BT H Gemmatimonadales
M norank ¢ TK10

W 77§ % H Blastocatellales

Mnorank o__Vicinamibacterales

Wnorank_f JG30-KF-CM45

BRB41

Mnorank_f _Vicinamibacteraceae

W 2L (AT 1 8 Rubrobacter

Mnorank_f 67-14

“norank ¢ KD4-96

W fI5 50 0 14 8 Sphingomonas

Mnorank ¢ TKI10
Solirubrobacter

W5 R i [KJE Pseudonocardia

Mnorank f Roseiflexaceae

W 2F 7t 1 )% Bacillus

B Microvirga

Wnorank_f Gemmatimonadaceae

Mnorank o __Subgroup 17

W iti K W )8 Nocardioides

Mnorank f Xanthobacteraceae

BB & Blastococcus

Wnorank f Ilumatobacteraceae

s, S, 8.
FEA Samples

Bs5 ARBETII.BEEBKELHRETEAFFZENFEFESS

Fig. 5

altitudes

B SAR324_cladeMarine_group-B
W Deinococcota

W WPS-2

W Sumerlaeota

M Dependentiae

B MBNTIS5

W ZFY4EFF 1 7] Fibrobacterota

W HAth Others

M %% i H Chloroflexal
M Gaiellales

M SBR1031

M Subgroup_17

W Subgroup_7

W B L I H Xanthomo
W IMCC26256

M Haliangiales

M Tistrellales

W Wik H Caulobacter
W H At Others

M norank f A4b

M Gaiella

W CL500-29marinegroup
M norank_o__Subgroup_7
W norank o IMCC26256
W norank_o__Rhizobiales
W YK S Pedomicrobium
W5 SR8 Haliangium
M norank_o__Gaiellales

™ norank_f TRA3-20

B K fih Others

Abundance distribution of rhizosphere soil bacterial community at phylum, order and genus levels under different

FFE H A B Z0AFE B L Vicinamibacterales AP 58 B H 20 A6 S, .S, Sy S, HIT S, 19 28 53 5% W f5e K5 78 & 0 28
2KV B SRR R R X S, B9 B K, g _norank _f__JG30-KF-CM45 Xt S, (1) 5 Wil e K, 22 1 1 Jg X S, 19 52 i i

K ,g_norank_o__Subgroup_17 %} S, (5 M 4 K (& 6) , i I~ QR & A - 38 21 44T T J8 X S, 19 52 M 45K, 3 2L 4

AR 7R T AN RV HCT AR BR 1 HERE im0 M0 20 B8R 7 10 O B 23 SR, T DGH R ol ) 22 5 19 SRR

2.6

RF ERTARRR LA AR E T 5 i D AE %40 % o A7
2.6.1  A[EVERCT AR Br 2 AR A 30 55 [N 7 19 22 4k

Xt AN TR VAT 5 ZH AR P - SRR A B IR 1 BE A7 0 % (3

o LT R B BEAE IR B T, pH BRI BT R, 6. 71~8. 01, Horpr S ~S, By AR B 1 3 52 i 1 , S Y - 4

Sk, HS5H

R T pH BA B3 22 5 (P<<0.05) . SRR T % & FEAR PR L2 2k

BLBE & f R M3 4R 4932, 1 m I 8 25 5 T Ay 4 N ifE 4k (P<20. 05) , Bifi g $4 1 T3 52 ML 0 i sh A8 Ak 2 0 LS

B BRI R 4027, 0 m B I 2 T AL 4 SR (P<<0.05) L BB R BT R sh sk, ks

AR A
Y



534 B 12 W w24 2025 4F 25

a b

FEHELLRFL £ Thelebolaceae JSLEE#1] p_ Firmicutes
M5 H o_ Capnodiales %?@*ﬁ%} H o_Bacillales
A F £ Cladosporiaceae FA—— 1\?1: fj; f}fpﬁ:ﬁi

5 1 ; \ E
W@ 7R £ Didymellaceae SRR ¢ Bacillus
g__Rachicladosp ortum /N H o Micromonosporales
Heft)® g Cladosporium FAUFF L £ Bacillaceae
f Paradevriesiaceae ZEREF £ Planococcaceae
Paradevriesia o 1 R £ Geodermatophilaceae
JEFEH H o_ Dothideales #V%*Ef%ﬁ f_Rhizobiaceae
Paraleptosphaerz a A o__Thermomicrobiales
R E R £ Pseudeurotiaceae gﬁnorank{iiggg:g:gﬁzg
f Trichomeriaceae LR 40 ¢ Chloroflexia
g_ Knufia FEM ML KT FL £ Beijerinckiaceae
f Piskurozymaceae WHF)E g Microvirga
g Solicoccozyma ¢ TK10
2 SH1E H o Filobasidiales £ norank_c_ TK10

o_ norank_c_ TK10

[l 7Rl £ Didymosphaeriaceae ¢ norank ¢ TKI0

g__Bradymyces 21 BRI ¢ Rubrobacteria

Dactylonectria ZLERH B} £ Rubrobacteriaceae

%ﬁ%ﬂuﬁ g Coniochaeta ZI3R1E H o Rubrobacterales

## H o Pezizales LIERIH B g Rubrobacter

¢ Pezizomycetes g norank f Vicinamibacteraceae

p "~ Cyphelloph HFIRE S ¢ Blastococcus
ﬂﬁ?@%}% g*héﬁ’o ehglic:;‘; [ %2 H A} £ Azospirillaceae
7] ﬁg )% g r}'usarium 21K & g Skermanella

. g e AFE W E g Agromyces

P4k A f_ Orbiliaceae S EA B E g Mycobacterium
TN ¢ Paraphoma ¢ Vicinamibacteria

g Tetracladium_f Helotiaceae ‘ 0__Vicinamibacterales
22 }% W )& g Rhizoctonia i) 6 20 1 A} f_Intrasporangiaceae
KL% £_yronemataceae b Gl
THER RN 40 ¢ Microbotryomycetes o Subgroup. 17
f Alphamycetaceae g norank o Subgroup 17

f Ploettnerulaceae f norank o_ Subgroup 17

HERFEF AL £ Melanommataceae f_RhizobialesIncertacSedis
Ef7H o Tubeufiales " RBIRL £ Clostridiaceae

o g Titaea RN ¢ Acidimicrobiia

E5Ff Tubeufiaceae {E 5 X H o Burkholderiales

223 H o Microtrichales

g Neonectria f Tlumatobacteraceae

ShlA AL B ¢ Hyalorbilia it K K 8 g Pseudonocardia
/NERFEEEFL £ Leptosphaeriaceae f Solirubrobacteraceae
o Cystofilobasidiales T IELT AT R g Solirubrobacter

A7t )E ¢ Rhinocladiella g_ CL500-29_marine_group

g_ norank_o_ IMCC26256

i
JRBEB H o_ Archacosporales f norank o IMCC26256

0 1.0 2.0 3.0 4.0 5.0
2 P40 53 53 #7 {H LDA score

Elo AREKRTRIELEER(a)NGEE(b)ELEHA S

Fig. 6 Linear discriminant analysis of rhizosphere soil fungi and bacteria at different altitudes

®3 FAEBRTRELENFERF
Table 3 Rhizosphere soil environment factors at different altitudes
il pH Ex) X X A R A A HLBT
Sample Total nitrogen  Total phospho-  Total potassi-  Available phos-  Available potassi-  Available nitro-  Organic matter

(g-kg ) rus (gkg ") um (g-kg™ ') phorus (mg-kg ') um (mg-kg ')  gen (mg-kg ") (g-kg )

S, 8.0140.00a 2.15£0.04c  0.566-£0. 0lc 6.919-£0. 20e 7.390£0. 42¢ 156.76140. 13¢ 146.1842.82c  54.427-+0. 35¢
S, 7.834+0.0lc 2.01£0.0led 0.536£0.01d  8.8844-0.29d 5.909=£0. 09d 176.55140.35b  146.57£1.30c  36.02140. 88e
S, 7.75£0.04d 3.85+0.11b  0.60540.01b 12.61240. 44a 8.951£0. 13a 295.126+0.35a  273.5543.94b  69.683+0.62b
S, 7.9740.02b 1.89£0.02d  0.619£0.02b  9.83940. 08¢ 5.080=£0. 55¢ 87.759£0.034e  136.324+1.63d  37.17840. 74d
6.71£0.02e 7.06+0.40a  0.80540.00a 10.810+0.21b 8.088=x0.01b 137.099+0.20d  548.27+7.1la 137.268=+1. 16a

STEVEIR N 4027, 014511, 7 m WA .35 25 55, 2 A & i 7E 4Ky 3519. 9 F14027. 0 m B 25 57 W 3, UL &
AR M 3208, 0 F1 3519. 9 m N A & 2 5.

2.6.2 RN[A[UEHK T AR PR A SBAE A R PR 1 5 A W B T R OGP G XA R v AT R B A S A o R 85 Y 5
FEJE KV AT TUA A3 BT (L 7) AR GEUE DY REIS S50 5 R B8 T A8 B2 MW OC &R (3R 4) o ELIIREY RDA 4347
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Fig.7 Redundancy analysis for rhizosphere soil environment factors at genus levels under different altitudes

A E T Fungi; b: 414 Bacteria.

x4 FAEABHRTRELTEERMHAR RSN
Table 4 Redundancy analysis (RDA) of rhizosphere soil fungi and bacteria at different altitudes

+ HERE AL T RDA1 RDA2 I P

Soil physicochemical properties g g Fungi 40 Bacteria .78 Fungi 478 Bacteria ~ E [ Fungi  ZMP§ Bacteria ¥.J§ Fungi 44 Bacteria

pH —0. 3263 —0.4509 0.9453 0.8926 0.0219 0. 8458 0.779 0.005
4% Total N 0. 0505 0.3773 0.9987 —0.9261 0.0104 0.7780 0.911 0.002
4 Total P 0.5476 0.7067 —0.8367 —0.7075 0.1808 0.8373 0.337 0.004
44 Total K —0.8309 0. 8009 —0.5564 —0.5988 0.2522 0. 0304 0.169 0.829
HAL A Available N 0.1414 0. 4063 —0.9900 —0.9138 0.0154 0.7920 0. 870 0.004
AL Available P —0.3073 —0.4321 0.9516 —0.9018 0. 1819 0.4697 0.317 0.020
HALET Available K —0.8135 —0.9845 0.5816 —0.1751 0.4934 0. 5064 0.011 0.010
A LT Organic matter 0. 8780 0. 3836 —0.4786 —0.9235 0.0170 0.8342 0.843 0.002
MR Altitude 0.1242 0. 9558 —0.9923 —0.2940 0.3746 0.6584 0.022 0.002

R, 24 F2 A bR TR EE 4303 R 18,00 % 1 15. 53 % , &k T Bk BE Ay 33. 53 %0 5 Hi b 2 AU 2 8 5 RDA2 Bl A #5i (1Y
TS, A8 R RDA LA FuAH G | 38 B 3 2675 35 00 R T RE Xt B v LA /B o 330k 5 RDA2 Bl A
R Y TE AR OGP, T H O FE A S RDA TRl A M 5 AT 8 52 Bt 17 33 26 80 37 70 220 L T VR 1) 12 i
YER ;A ML 5 RDAL AT RDA2 il #8455 (1 15 AH O, 32 AT AL 5T /4 38 in mT e A1 0F B D AR 9% 1) = 6 PN 2
M V45 RDA LBl 558 04 15 AH G 33X AT BE B W 1™ Bl 15 4K 19 28 b, B0 TR R VR 45 M &5 R A AR R ) A8 4k . 4
P RDA A 45 R W7R |, 24> T Ae bR oT ik B2 43501 O 38. 1096 1 15. 44% , BT #ik B o 53.54% . o &R 2w S
RDAZ2 47 #5580 0 5k SE M, M 280 5 RDA LA 5055 9 IE A e . AU @i 5 RDA2 A 4w i A 6 v
T4 B0 5 RDA 1l A5 % 55 A9 15 M 56 M 5 WL S RDA LRI RD A2 Sl #0435 56 A 10 A G e, 26 WA A3 AL A0 389 in T g
I 5 240 B8 RE R 1) R 2 R S AR S RDAL Sl 0 1) 1 A SC M L 3 FT BB S e T I 5 TR Y A Ak, 20 B RE VR
Sikg s R M AR . S5 G R AP AR A HLBURDE RO BB REVE A B S I (P<<0. 05) BT R
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