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Abstract: The aims of this study were to explore the structure and function of the rhizosphere fungal community in
different plant species growing around Tomur Peak, and to determine how these characteristics contribute to the
maintenance of ecosystem stability. High-throughput sequencing technology was used to detect differences in fungal
community structure in the rhizosphere soil among four plants; Codonopsis javanica, Poa annua, Geranium
wilfordii, and Medicago sativa. Correlations between soil physicochemical properties and fungal community
structure were also analyzed. The results showed that Shannon’ s index and Simpson’ s index, indicators of
rhizosphere soil fungal diversity, were higher in C. javanica than in the other plant species. A non-metric

multidimensional scaling analysis showed that the fungal community structure of C. javanica differed from that of the
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other plant species. Across all samples, the dominant fungal phyla in the rhizosphere soil were Ascomycota,
Mortierellomycota, Basidiomycota, and Chytridiomycota. Mortierellales and Hypocreales were the dominant fungal
orders, but their relative abundance varied among the four plant species. Among all samples, the dominant
nutritional pattern of fungi was saprotrophic (32.1% —52.5%), followed by symbiotrophic in rhizosphere soil of C.
javanica (9.3%) ; pathotrophic-saprotrophic in rhizosphere soil of G. wilfordii (4.1%) , and pathotrophic in
rhizosphere soils of P. annua and M. sativa (8.3% and 15. 8% , respectively). Undefined saprophytic fungi was the
dominant functional group (28.6% —44.2% ), but the proportions of other functional groups differed among plant
species. In conclusion, we detected significant differences in the structure and composition of rhizosphere soil fungal
communities among plant species. These results provide a theoretical basis for understanding the environmental
adaptation strategies of alpine plants and for designing ecological restoration strategies for this region.

Key words: Tomur Peak; high-throughput sequencing; rhizosphere soil fungi; functional group; ecological

restoration
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MK i AR PR AR e TR U] B 22 AR AR IR X AR B X B B 58 S (Campanumoea javanica) -3 K (Poa
annua) ¥ FL( Geranium wilfordii) 546 1 1& (Medicago sativa) 4 TR PIAR PR 3B 17 R AE . BIFERE DX R HL
“STR PR AT BEDLAG o, L E 12 KRR A, AR AU B BRI T 30 mo 7 A R A 24 R B 3 MR AT B L R 2k
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Gy VAR AT b 0 25 2% TS 0 - AR B, G0 4 8 pH LRV AR BB AL SR R A
BT .
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PHEMR R R0 F L AR YR R %A 50 mL JC R B0 8 AL A 20 mL JC B AR 3R K, 3R 30 min i K
TR . B R 4 4 °C L 24000 remin ' B 0 10 min JF 3 LT W, 6K & (OMEGAE. ZNA.
SoilDNAKit, 32 [# ) #E B DNA" . i I 0. 7 %6 35 JI5 Bl 568 Mg R Uk R B3l i 48 40 49 56 96 B2 11 (Nanodrop 2000) 6 56 35 K]
20 A FE A, 519 F 8 N ITS1-1F-F(5-CTTGGTCATTTAGAGGAAGTAA-3") f1 ITS1-1F-R(5'-GCTGCG
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Table 1 Physicochemical properties of rhizosphere soil among four plant species

25 Y pH TN AN AP TP TK AK SOM
Vegetation type (mg-kg™ ") (mg-kg™ ") (mg-kg™ ") (g-kg™ ") (g-kg™ ") (mg-kg™ ") (g-kg™
5t % 8.05+0.23ab  3.0040.16a 172.38+9.85a 5.944+0.19¢c 0.88+0.07a 15.9440.38a 219.264+9.77b 44.04+1.65¢
C. javanica
R 8.40+0. 15a 3.05+0.16a 170.76+10.43a 22.66+1.57b 0.88+0.07a 14.4740.80ab 773.66+13.13a 62.1843.03b
P. annua
A CE 7.7140.22b 3.56+0.22a 209.41+3.54a 48.08+2.66a 1.00+0.08a 13.4040.76bc 246.26+7.38b 86.16+1.89%
G. wilfordii
ESIAE 7.6940.17b 2.93+1.07a 162.96+44.79a 16.08+6.73b 0.96+0.18a 12.7240.25¢ 236.50412.31b 47.99+13. 08bc
M. sativa

TN: A & Total nitrogen; AN: # #{ % Available nitrogen; AP: i# 2 # Available phosphorus; TP: & % Total phosphorus; TK: & # Total
potassium; AK: %% £l Available potassium; SOM: 45 #L 5 Soil organic matter. A [A] /NG £ 3 /% 76 A [ A 4 8 A 8 3% 22 % (P<<0.05), T,

Different lowercase letters indicated significant differences among different plants (P<Z0.05). The same below.
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Yyl Venn &l 53 A Bir A A S, HeAG U 3] 2441 AR PR - 1 FEEEEER T BT 55 Sk 4 4
HEE B ASVs, it 4Rt A 19 ASVsE 4949, Fig. 1 The analysis of fungi amplicon sequence variants
Yy BB 2.0% . W % 121773840 85 H 74 8 321 )& (ASVs) among different plant species
BNy RBOR B S el AR E A (K 525 (k¥ H . Each circle in the figure represented a kind of plant. The
1), B LB R AR B A 19 4 BB ASVs 52 £, h 575 numbers in the overlapping parts represented the number of amplicon
PRSI 3 20 A e e
Ky 23.6% F18.5% .
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FR B o Z RV B0 I SR (3R 2) , 4 B AR W) A B 1 38 EL TR R 7% =F & B2 (Chaol 5 %) A1 34 2] i (Pielou e
FEEO BT B EM 2= F (P>>0.05) . 1% 38 2 4R by 4 38 BB 1Y A 4% 48 £ (Shannon index) 17 3 £ 75 %4 (Simpson
index) 8 % m T2 R (P<<0.05) ,H 5 R EHE RARERARE . SME L BTSRRI AR YT 2+
PhEfE M Z B R, B SRS MR AR 2E 5 B E.
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Table 2 The a-diversity indexes of rhizosphere soil fungi among four plant species

FE 45 S Vegetation type Chaol 8%k Chaol index Y5 FEFE %L Pielou e index  F A48 % Shannon index 1 FR45 %4 Simpson index

¥4 % C. javanica 285.31430.91a 0.7840. 04a 6.3640. 30a 0.9740.01a
RAK P, annua 357.66+85.01a 0.7440.02a 6.29+0.18a 0.97+0.01ab
W G wilfordii 262.024-42. 78a 0.720.02a 5.7140. 24b 0.940.01b
LAWETE M. sativa 232.00+140. 34a 0.7740.05a 5.84+0. 32ab 0.96+0.01ab

I F Bray-Curtis [ 25 565 B a9 AF B &8 £ 4k R 43 #7 (non-metric multidimensional scaling, NMDS) &7~ (& 2)
JE 77 (stress ) <<0. 2, 156 B B AR 4F b Sz WA () 4 B AR B+ 3 BB REVE O Z5 W AN DG R o VAR, 4 Fi ke ) 4R B £ 18
LR VR ATAE 22 5, JU BT 3 S AR B - 38 B0 TR R VR 5 A SRR W ] Sk 43 5, SR U VR 4 A 5 LA 3 AR 4 1]
AR, AR, MRARG R LW H AR D EERERTE - ERE LAES, RV EEA L&
] 0 T 0 2 A AR B - 0 L TR R R 22 S AR T
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FHEH ] (Ascomycota) ¥ 85 ] (Mortierellomycota) .5 F B '] (Basidiomycota) fil 47 i [ ] ( Chytridiomycota) , J&
HPRENETES FARMELEHRE 3 G408, 5 ik 55% U b MgE e Rk 2
FOCEAEE A RS AU R X R B 2 0 11,5200 .32, 2206 ,12. 89 %, T 1R BFSE S AR PR L AR
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Fig. 2 Non-metric multidimensional scaling (NMDS) analysis

of rhizosphere soil fungal communities among four plant species
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Fig. 3 Relative abundance of rhizosphere soil fungal communities among different plant species
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(Mortierellomycetes) . 2 £ % 24X (Blastocladiomycetes) | & B 24 (Leotiomycetes) . % 2% B W 49 K X 43 B 2
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Fig.4 The linear discriminant analysis (LDA) values of fungi in rhizosphere soil among four plant species

P&l vl 8 7 08 £ 0 50 43 BT 38 AR A AT B 2 IR AE AR 3 25 5 (P<T0.05) o %7 7 26 R [ AT 9 18] A 8 3% 2% 5 (P<<0.05) . The linear discriminant
analysis (LDA) values shown in the figure exhibited significant differences among the four vegetation types, with ‘*’ indicating significant differences

between different plant species (P<<0.05).
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FI T FunGuild 28 Fe A 30 57 G FE b o (9 2 B IR A2 8 2 DD Re O 1 R 0 LB SRR M B R BF 1700 26,
FBR A E CE T AT 8N E IR AL, CHA XS 2 BE R 10 90T RE R BF 0T L bR R € L E W A 9D I REEHE . 814>
B IR 4y ) 2 8 A 8 37 8 (saprotroph) i P 57 U (pathotroph) 3t 4= 5 3% (symbiotroph) | P I A= 36 A4 i
7 (pathotroph-saprotroph-symbiotroph) %% # & A= i J% ! (pathotroph-saprotroph) | 9% # 3 A= i3 J 7 (pathotroph-
symbiotroph) | J& 4= #t A= 3 & &Y (saprotroph-symbiotroph) Fl %% J5 A& & A= 3t A= 3o J & (pathogen-saprotroph-
symbiotroph) (£ 3) o Ji A 5 5% B T G AE AR R A 18 v 1) S5 U0 3408 35 280, (ELAE AN () A ) AR s - 38 vl JHC AL G = 2
ARAA ], A BOR o (0 AR X = B S 3 e T A R B (P<Z0. 05) o LR R B FR A0, HoAE 5048 1 8 iR B - 3 rp
AR 25 B s T HARE A E R AR DR Z R E S TS 5 2B R (P<<0.05) . 1A 8 57 8 59 AR X
FEAER 5 S 3 T H AL, 09 S5 A A 3 2R b I R R AE T8 AR A AR bR 13

R3 FAREEYRFELIEEEHEERMENFE

Table 3 Relative abundance of trophic types in rhizosphere soil fungal communities among different plants

5 77 #1 Trophic type ¥ 482 C. javanica B2KP. annua EEE G, wilfordii HALE TS M. sativa
J# A= 3% 1 Saprotroph 0.337£0.069b 0.51540. 023a 0.379£0.067b 0.321£0. 049b
9 L7 97 7 Pathotroph 0.033£0.010c 0.08340.011b 0.014=£0. 004c 0.158=£0. 054a
F /8 5 7 Symbiotroph 0.093+0.022a 0.04140. 005b 0.005=+0. 000¢ 0.014=+0. 004be
95 B A Al A i i R 0.018=£0. 003abc 0.05640. 029ab 0.011=£0.005¢ 0.064=+0. 036a
Pathotroph-saprotroph-symbiotroph
o LIS 71 3 A 0.007=£0.006b 0.01840. 007ab 0.041£0.010a 0.035+0. 026ab
Pathotroph-saprotroph
i L 2 5 AR 0.02440. 009a 0.02140.011a 0.007=£0.003a 0.023£0.011a
Pathotroph-symbiotroph
& A M A g e Y 0.00240. 001a 0.00240. 001a 0.003£0.001a 0.00240.001a

Saprotroph-symbiotroph
o A I 1 3 2 e D TR - - - 0.000=£0. 000
Pathogen-saprotroph-symbiotroph

“—="FRoRTCZ IR, F IRl ¢ — 7 indicated the absence of this group. The same below.

94Ty AE B A ) 2 R F U A L (undefined-saprotroph) A% % 9% JR 1 (plant-pathogen) | 3l ¥ 75 R 4K —
A BT — A R AR — K A= B (animal pathogen-endophyte-plant pathogen-wood saprotroph) | & {# Ji& 4= H
i (dung-saprotroph) . A K [ AR B (arbuscular-mycorrhizal ) A5 9 95 B A& — 4 888 A= %) — A b i 4= B & (plant
pathogen-soil saprotroph-wood saprotroph) | b 4= T 2 H & (ectomycorrhizal) \ N A= B W — M ¥ — %5 & &
(endophyte-plant-pathogen) . Z& f# Ji§ 4= H W — K & L& A& W — KM 8 4 B H (dung saprotroph-undefined
saprotroph-wood saprotroph) , H: i R 28 SO AE BB 2 BT A A 09 S A0 S D RE R AE (8 4) o PARE TR AR 0 1 7 BT 5
SR B A b AR S B B S T IR B (P<T0. 05) o AF 6 i A A S5 A6 Y A8 AR B - B8 EC T v A A R
Hm THRAMEG ERARDRZ, A RS TS 52 R (P<0.05) . HME R B E7E % 5 SR bR 5
o R A S B 3 T AR (P<<0. 05) , fE BRI 5SS 0E I AR I — R E AR — RM AR
W IIRERE A TR .
2.6 FRETEHAE L ALK

BT Pearson G237, AR B T3 LR RF VR o ZHEME S DI BAL D) 7 AR SCPE S SRR W (R 5) , B 2 45 4K
(Pielou_e index) 5 # 0Bk A1 + HEH ML & & 2 8 3% 718 2 (P<<0. 05) , Shannon #8 #{ fl Simpson $8 #(#% 5 pH &
B IEAH G H A A & B W E TS . BRIk Z 41, Shannon $8 $4 il 4 41 & & B B 3 1E A 5¢ , Simpson $8 4%
5 REAPLE S &R RS A
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Table 4 Relative abundance of dominant functional groups in rhizosphere soil fungal communities among different plant species

YIREZE A Guild groups

P45 % C. javanica

BARP. annua  EEF G. wilfordii 3R ETE M. sativa

A€ JP5 A FLEE Undefined-saprotroph 0.304+0.
AEW19% )5 T8 Plant-pathogen 0.03240.
S IS — D9 A LT — AR A DA — AR I A 0.008+0.
Animal pathogen-endophyte-plant pathogen-wood saprotroph

F&{d )8 4 H B Dung-saprotroph 0.018=0.
MR MR LB Arbuscular-mycorrhizal 0.049+0.
AL I 1A — e ST A ) — R b I8 A T 0.0020.
Plant pathogen-soil saprotroph-wood saprotroph

Hh A AR F A Ectomycorrhizal 0.027+0.
N B EUR — FE ) — 9% B Endophyte-plant-pathogen 0.024=+0.

SR P — R E R AT — AR A ELA

Dung saprotroph-undefined saprotroph-wood saprotroph

014a

067b 0.442+0.022a 0.355=£0. 056ab 0.286=+0.052b
011c 0.07540.010b 0.014=£0. 004c 0.15640. 055a
006b 0.042+£0.023a 0.007=£0. 006b 0.047=£0.035a
010b 0.065=£0.011a 0.019=0.012b 0.007=0. 004b
008a 0.029=0. 008b 0.003=£0. 002¢ 0.011=£0. 014be
001c 0.003=£0.001bc 0.021£0.016a 0.01940. 008ab
0.0000. 000b 0.00340.001b 0.00240.001b
009a 0.021£0.011a 0.008=£0. 002a 0.02440.011a

- — 0.016=£0.010

K5 EEBZeSHESESEFHEXSH

Table 5 Correlation analysis of fungal a-diversity indices and soil ecological factors

i [ Trems pH TN AN AP TP TK AK SOM
Chaol 4§ % Chaol index 0.296 0.083 0.049 —0.028 0.443 0.163 0.490 0.119
Y5 5 % Pielou_e index 0.323 —0.377 —0.394 —0. 627%* —0. 496 0.314 —0.132 —0.611*
7 4 46 5 Shannon index 0. 591+ —0.094 —0. 145 —0.515% 0.048 0. 558 0.352 —0.322
-3 45 B Simpson index 0.521%* —0.39 —0.438 —0.703%* —0.185 0.397 0.205 —0. 589*

* TN AT AE T3 A S 1 (P<C0.05) , *% % 78 (7 16 M B # 41 56 % (P<C0.01) . * indicates a significant correlation (P<Z0.05) , and ** indicates an

extremely significant correlation (P<Z0.01).

o B TR OB B 90 & 0 i (distance-based
redundancy analysis, db-RDA) i B H @ Bk 5 1 1
FRAL A 7 [8) (9 AR OGP, 45 2R R 565 1.2 HF Y 4 3R 31
B A ik 62.50% (B 5) . HEAR S M2 BB H
B A SRR H . W e Ly )l R 43 oy WS AR
B 56 2 KR PR b SRR Ak T 4k DR, T R OR E
B SRS WAL TR A . WA 2 kO ) [R) A O
RPN ERE B4 2 5 2 RO PR R AR L T R
B MR AR SR EEN T IER . RS L b
RY ¢ B R F 40 95 pH L &L (total phosphorus, TP) %
% W (available phosphorus, AP) . & # (total
potassium, TK) . % #l (available potassium, AK)
A HLIE (soil organic matter, SOM) , 1Mij % 2 %l I i &
A T A BA (total nitrogen, TN) 5 @ %% &
(available nitrogen, AN). Neoophiobolus F1 2 5 51

B 17382 C. javanica
1O ® BEK P annua
~ A ZEEL G wilfordii
x e . SRR,
f\" SAEHTE M. sativa P/ectosp;::zerellu
S 05 B R
Q ' Alternaria BB
+EREEREE Snriny
S:l Solicoccozyma L] Morticrells
a R KA Ho B HA
% 0 %Ekf %J;X[%‘;}EE ,p“";\r;Ip '11gggrn1¢‘AK.
o gen_incertae_ 7&%%@ - i T R ® i ftE H A X 7f e
S sedis Cyathus_— —__ Mortierellalesgen_
— | m s g f incertae_sedjis
J}f " a usm
1] 05 1
®
-1.0
-1.0 -0.5

o5 — F 4> dbRDA1(37.76%)
Bs5s RERFSEEEHELTROMN
Fig. 5 Redundancy analysis of environmental factors and

fungal communities

J& (Cyathus) 8975 101 5 TK ik 77 ] — 20, X 248 0 =F B 5 TKIEAH G, 10 8 45 /&8 (Alternaria) Rk 761 45 &
(Mortierella) 5 TK M 5% ; 32 2 8L 0 J& ( Thelebolus) 175 015 SOM A1 AP i 3k J7 ] 41 [ , 15 B H = 7 5 SOM Al

AP IEA K .
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R0 98 Y5 10 5 MR 53 WA ) 2 52 W AL B 4 9 BA M 0 A BIL BT R 3R 4 % i, 3 SR ) R PR S ) 2 A
FAS AR BRI TR SRS RN AR AL R X R R R AR A AR R T IR R L
FEVEAFE 22 5% 0 AW I T Bray-Curtis #5255 [ 119 NMDS 43 8 % 4 F A [6] 47 9% 42 Br - 398 50 B FE V& 45 M 1d 22 55
PEVEAT U, R LR AR B B SR AR 6 AR PR - S L R 45 A S BT 30 S W 0 22 5 B R Tm) A R A 2 D 2%
X BT VR 2 REME P AR 2, 5 Masse % VR Lin SRR 45 R AR, AT kB, R E T 2R 7 1 R
AR S5 1 B 2 5, 0 pH K b R 4 A5 S TR - M L B RR ORI Y T R o A ML AR A T
i3 AL pH R4 B R 2 AR . FEARESE b pH RV AR O L R A AL S R S S AR B £
AL DA TR R 2 REVE A 3 A OCE  R W L AR BRI R I A L RIS 2R ORI R

T4 '] (Ascomycota) 1 F 14 '] (Basidiomycota) Fl 8% 1 % '] (Mortierellomycota) f& # 7Y i J55 A5 FL |, 47 14
FMTRZBOE BB, Z AR T A FAEY) PR R3h . TR 758 1] B8 U8 KR A A BT R A BT &, M pl 7
TR BE M 2P A R LT A R MR BT A0 T 1] BE R A 2T 4 2R LT 5T, B A 1 AR 40 A= K R 1 s 0 4000 o6 s
EVE T, 75 ) TG A5 R RE A DA R A R A S R E R R AR AR R, TR H A
R TR F B T T2 FEAR R IGEHE P AR b AL AT 1], 1% 45 R 5 B 38 4 ( Gossypium hirsutwm ) H 438 1w 98 55 &
) R o - M8 B TR R VK 5 R AR AR — B L 2R R B SRR v L RIAE A 0 O A TR RV R G IR BE AR Ak e LA
AR AT I M, RIS AN (] S R0 A 28 A 2 X T 0 LT 2 RV R LR R 2 A 7 A s ) (H g b B O SR T AR
ARARL o ASBIFFE Y, 22 B RO B F 398 b 7 A H AR X S B Y S s T A A, D R T R R AR R H R R 43 A E AT
R T AR LA B A BT 0 ) AR o - A eh T S S AR B M A LT S v TR 3 . ek A
WEIEIA N, 2570 B B AR 5 5 pH RN ¥ 4 & i 5 AR DG AR 9 b B A 2 b b e L AR B K, ITTE AR
1 ZEFF R SRR BT AL R Y ) & B 2 A S MEARTE AL e ST H FE e H A H S A B

FLTA A S 24 A 06 s 3R or BN T3S N A AE AR & E s R 2 R0 8 37 7 XL ARWE ST b 4 Bl A AR PR
TIEERNEFRMY U EERM A ES , ERE FREET] BAET] SRR FEMERERN.
65 A TR e 3 P B T B AT P A R R SR G Ay R A AR Y AR S RLBOR RO
SETE B S A TP Py AR B A 48 v Ok o i R R ) E AR B L O R S AN AR A B AE R R E . AN, REOR (5
A6 B A AR R A b (Y B SR B AOUR T A A R AR S R AR PR %) A A9 e B A ok U A R TR AR AR A
o P AR L AT 38 O P A E AN AR BUE IR IR X Y AT R S BUN IR i A BN AR AR E2 S
BRI T . BRI TR A R G DR 3TT, R T RE 45 LR W R TR S s M PO P SR B
AL A0y 195 A0 95 BT 3 3 A S 0 A A SRR T o PR L, R AR DA g AR TR I O R B 4R L R B
PN [ RETE — o R B b HRBO e I R 0 4= E e R DE e N T g 0 T R A 4R AR B g L TR R 9 Ok 4 e
Pt

ST R 0, FE A IR W A oA 47 A B - 8 T B 19 Ty i 288 AU S LU R 8 S A T R 3 3K B R A AR B - 48 PR e
WEETE FAEWIE Y A B A KEFRME SR . A, A AL B TR S AR B 58 SRR 03 b (9 32 B dic s, T A
RV AR LT B R R AR B - A R B A A AN R PSR Y R T i b I BT A S AR AR
JEBE A RE 7 B o (E A R S A TR BRI SR AL R T A 7 IR A AR B A S AR PR A 3 P i A R
JE B T A 3R A, 3 AT B 3 B S8 2 AR PR g b 0 3 A 8 IR AL SR R v T R Y T IR L Ah A TR AR
LR E $2 (0 AR X % 43 FH K 3 08 051 ) B 452 v AR A el P BRI, 7 FE AR ZR 06 1 AR DR AP X ok N T3 Rl A AR
HAR A T R e g AP AE K AR e m A S RENIRRETE.

A B S 3 X FE AR W H AR PR X BT 58 2 RLUBOR S B R SR A 4 R R W AR B A 9 TR R v 45 A R A
FeB S D RETE BRI, T RE BT ) (R AL A 1) R 7 7 1) 45 AR LR e RV v o D0 B A 2, SR L (A5 T Y
B A 9 T TRT A 50 TR (R o 5 A Y B ], 3 R A 2 b DX A R T I A A7 — 8 R IR R E XU . (R S
M B - 98 TR R 7 45 40 5 A 3 A W AE AR B 8 25 S, H A AR L T R A A TR AR T BB 5 2 M B 1 0 LR R
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