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Effects of grassland degradation on soil fungal communities in alpine steppes of the
Three-River Headwaters Region during different growth periods

YANG Mingxin"’, CHEN Keyu', LI Chengxian’, HUANG Qingdongzhi’, ZHANG Jing', GU Qiang’
(1. School of Grassland Science, Beijing Forestry University, Beijing 100089, China;

2. Xining Natural Resources Comprehensive Survey Center, China Geological Survey, Xining 810000, Qinghai, China)
Abstract: Soil fungal communities play an important role in nutrient cycling in grassland ecosystems, but the effects of
grassland degradation on soil fungal communities during various vegetation growth stages remain unclear. Therefore, we
investigated the soil fungal diversity and community composition at the early, middle, and late plant growth periods in
original and degraded alpine steppes in the Three-River Headwaters Region using high-throughput sequencing techniques,
and then assessed the biotic and abiotic driving factors. The results showed that the dominant soil fungal phyla in the alpine
steppe were Ascomycota and Basidiomycota, and grassland degradation significantly reduced their relative abundance.
During the different growing seasons, the soil fungal community diversity was significantly different (P < 0.05), and was

lower at the beginning of the growing season and higher at the end. Grassland degradation did not affect soil fungal
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community diversity significantly (P > 0.05), but significantly changed the soil fungal community structure during different
growing seasons (P < 0.05). When compared with the original alpine steppe, soil fungal community composition variations
in the degraded alpine steppe were highly correlated with the plant community, and plant biomass and soil organic matter
content were the major factors affecting the soil fungal community composition (P < 0.05). In summary, grassland
degradation altered soil fungal communities and enhanced their resource limitations during plant growth. Therefore,
restoration strategies targeting vegetation communities will facilitate the recovery of soil fungal communities, especially in

degraded alpine grasslands.

Keywords: The Three-River Headwaters Region; grassland degradation; soil fungi; phylum dominant bacteria; vegetation

growth period; resource limits
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FEHE FTIX AR 408 5 J5HE e B IS R AE 1 E 6 1 1
km x 1 km BIFEHE (B 1), Hor DLsy 28 51 5 XK 8 5
25 AL I RE A SR AR B, DL s FE LR X VD
A RS A A PR B R B K GRS
By T R A R B, A R AR AL
R & 3 ANFEHL (3R ). T 2021 FF MY 4 K =]
GH19OH—21H) AKFEHKHOH 10H —
16 H) MARKZTRY (10 4 11 H—14 H) 735 34T
3 RV R A, AR R RE b A B AL 38 A
WA VE AR B SR A AR 7 A R — B0 X%
B4 Imx 1mERHT, EHNE3 om L45E
FEJT N BENLIEHFE 3 A RUCKREE 0—20 cm AR & )5
VENAZAE T 1 3R 5 o B AR S 2 mm B
ZREM AR AR R LAY, =20 C KM RAFH T

PREL -3 EL B B 7% DNA. T 8 F AW A4 K s i ik
AT W T VO A S b S T AL R A B R AR, JE I R
J7EDE YD REE A R P = B S 255 IR, 9F
SR T W FR 35 B, SR 5 K A ) b 5 o) 4
HEAT X E J5 7 B SE 30 = A T e MY B s A = .
TEFETT R IR )6 R LI B, B s A
R A 10 R R B — 98 50 T 05 kR
B AR 2R S0 w0, B85 mE
s SR I=Y T
1.3 TIEBUHHENE 53X

TR E L EOK LR MR s LA
LR £ B 5 P 7 5 TR 4 25 vk — 4o s s s
TR S0, A S EAAHSEA S 2R
BB B 43 M (AMS Alliance, Proxima, 72 [E) Il %€ o
1.4 +1% DNAEEL. PCR ¥ %, illumina |5
FMEHELIE

F2 42 Ut B, {# i DNeasy Powersoil Kit i 71 &
(Qiagen, 5 [E) M 0.25 g T IFEFE 5 P HEHL DNA, i
NanoDrop 2000C 735t Z 1t (Thermo Fisher Scientific,
Inc., Waltham, MA, USA) il & DNA ] 5 F1 it & .
fi i ITS3 (5'-TCCGTAGGTGAACCTGCGG-3") Al
ITS4 (5'-TCCTCCGCTTATTGATA TGC-3") 5|14~
1 2B TS X . PCR ¥ 1 {# H| BIO-RAD C1000
Touch™ Thermal Cycler (BIO-RAD, 3£ [H) 5¢ /i, V& &
JE I PCR 4lifbr=#), H TruSeq® DNA PCR-Free Sample

95°E 100° E 97°E 98°E 99°E 4

T T T T >

b Bl

N n

- on

i Xiljiang A

Z

Z 1R

‘ S

2 5

i Qinghai

Z

=)

T on

z S+

o on

o

o g Ny

-%%ﬁ’@ .Eﬂ:‘ﬁ JiR z

767 Xizang Alpine meadow  Original grassland 18

P4 1| Sichua SR B 0 20 40 60km|

0—1%20—480 k I:IAlpine steppe .Degradation grassland m————— «

90° E 95°E 100° E 97°E 98°E 99°E

# &5 GS (2019) 1822 5

E1 fiRXMUERFE S HE

Figure 1 Location of the study area and distribution of the sampling sites
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Table 1 Locations of sampling sites and vegetation community characteristics
pling g y
FE B I %1 FHLRAS e Tl
Site Longitude (E) Latitude (N) Elevation/m Vegetation state Dominant species
JEi A B FWEZ . milEsE, Rk, KgE
Sy 97.99 35.03 4290.9 6}1 inal/ \rasslan d Stipa purpurea, Kobresia pygmaea, Poa
gmat g pratensis, Lobularia maritima
i SAEH . REBOE. TR, RAR
S, 98.43 34.82 4232.1 C/);'l inal/\rasslan d Stipa purpurea, Potentilla bifurca, Carex
& & moorcroftii, Poa pratensis
JEi A R A, BEOR. BB, kg
S3 98.62 35.01 43934 (/);1 inaf \rasslan d Stipa purpurea, Poa pratensis, Kobresia
gmat g pygmaea, Lobularia maritima
AL BaoR, WAERESR. i, SeEF
S, 97.37 35.03 4304.1 9 Poa pratensis, Saussurea arenaria, Ajania
Degraded grassland . X
tenuifolia, Stipa purpurea
AL BAKR, gt 5. WA ARESR. KEE
Ss 97.91 34.75 4355.7 o Poa pratensis, Ajania tenuifolia, Saussurea
Degraded grassland . . L
arenaria, Lobularia maritima
B PRI LR WAEXER . FAOR. BIEE
Se 98.42 34.63 4260.9 Degraded grassland Thermopsis lanceolata, Saussurea arenaria, Poa

pratensis, Stipa purpurea

Preparation Kit & 871 & (Illumina, 3¢ [&) 31T #x i
W, MR SCE 40 Qubit, SCE G S,
Hlumina W57~ & FEAT EHLIT

MiSeq U7 EdEAEE B QIIME 1.7.0 (http:/qiime.
org/tutorials/tutorial.html) 58 % . 2 ¥ FF A 26 T 49 X
JR 4R B 50 BEAT e I8 T QUIME 3 81 BE AT i 12
(KB > 300 bp, ~F¥ 3R 5T #1745 > 30). ] UCHIME
kR Boa F 51 P, 5 81 i QIIME f iE
Hd S I s A R R K TR AT R KT BT
97% )7 I ARALE BRIAE, #4751 SR 2R N R 4y S
JG (OTUs). fE alpha fl beta £ £ 1% 2) #7 vf, & AN
vits P8 A5 2 40 3] B A i 1K B A SR (50 254 %%
FF51), JF AR 4 A2 B i P p o 2 A R it 4, 1 A

Ribosomal Database Project classifier 1717 4325,
1.5 HIESH

FE TR = R 25 R R RS ) E A
o mH B W) BEVE Shannon % 14 Fi5 2R Pielou 13

SRR,
# ZH (Important value, IV):

IV = (HX 2 + A 5 FE + AR ) /3
B 4k 9l 2 FF 1% 5 24 (Shannon-Wiener index, H):

S
H=- Z P,InP;.
i=1

Y51 4820 (Pielou J index, J):

N
JI(— PilnPi)/lnSo
i=1

s Py N RE T R S AR P AE B VR R BT R R
{05 S R i B (e BE T P A s 7

i I SPSS 19.0 1] B [Kl 2 /7 % 7 #T (One-way
analysis of variance) Ml fix /) Z £ 7% (least significant
different, LSD) #EAT % IU4R bx (H Y HEVE LW &
FE. Z e, TIRBAGRRAE, 358 BB AR ) 19
EZREEERLR . DL OTUs M X 3 R NN
B, 14 F R version 3.4.0 1 5 Bray-Curtis 5 5, X
F2&T Bray-Curtis A 25 1) 4 B 8 2 4545 & (nonmetric
multidimensional scaling, NMDS) ¥ fiti 2 & #f 7% 45
¥, 338 3 adonis iy 4 %F A [F] 1R A0 A% B2 A A K T
R R A AT 22 R o Hr . A SPSS 19.0
() Pearson AH 5% 14 73 #r Th g, 43 #7180 A v A L 1
PRAR R 5 08 A K R T B R TR 2 R M A R
P o f# FH R version 3.4.0 3t 1T ¥ K& & % X5 B 2 A
(detrended correspondence analysis, DCA), F i #i 45
SR 5 AR AR AR W) B VR R AE L B ERALRRAE L 3R
B V& 45 0 HE A7 FE B R AH O 70 AT (distance-based
canonical correlation analysis, db-CCA), 43 H7 5 I 1 35
HIE RN R R
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21 EYMEKBRHAERRAUEDIEZMLIIER
IR L AE AV 52 0

T 1 FE LA KRR A HEAT I R P B A R A
TR, R AL S B0 R X R R
T FE (P <0.05) (3R 2), T HE V& ¥ 50 FE Fa HOU) . 2%
BT (P <0.05), YR B E L FE A IR 4E N
ZREMEFR BRI KA B E MR (P> 0.05).

TEAE WA A T, B iR e D) 5 2 1 o 7 -
K (P <0.05) (& 3), HAERZFERMKT LIEA
JRAE SRS B (P<0.05), X HIEAE., HHBS
B.AASE. ABSE. BB SR LESES
I A E R E I (P> 0.05).

22 ERRUNAREKATIEEREIZHMK
FppA1)

MR A KR 72 03 3R b &I |

FA1 11920871 5%, BANFEMM B TFAEUN T 50254~

FoR B P, AN TR AR K 9 5 4 9 0B R TR AR
WE 13N F %W ] (Ascomycota) A1 1 - 1 ]
(Basidiomycota) (4] 2).

TEJEAE B R, YA K EYI R ST - R W
VRO 32 B 2 2 v T AR KR ] (P < 0.05) (K 2), 1T
ARFARMME T H ] $A8%E 1T (Mortierellomycota)
F1 42 B 1] (Chytridiomycota) & AH XJ =F FE 35 18 2 = T
WA BE A (P < 0.05). 7EIB L, YA KT
RN RS I T R A AR N T RIAE R TR
(P <0.05), ALK TR IEA &,

TEA KW, BB A 5 807 JE B 1] 1 AR X
FEEE N P<0.05) (K 2). 4K Z=EH,
FFIRM FE R T BKRFEE ] (Glomeromycota)
FIRR S B B2 R BE (P < 0.05), X H A & B I 1A
FE R A &2 (P> 0.05). EAEKTRM, 5
IR AU S A T T T AN B ] A A
£ (P < 0.05), 5 4% % B 1) ) A X 3= B A 77 A
W (P> 0.05).

*2 ERBASEYRFHIENS MW

Table 2 Effects of grassland degradation on plant community characteristics

EHIRES HE ENE FEE BIRAEIN 2 FEVETE AL B e
Vegetation state Coverage/% Biomass/(g'm ) Richness Shannon-Wiener diversity index Pielou J index
JF A
Original grassland 64.25+6.10 413.95 £ 123.95a 10.20+£0.71 2.15+0.09 0.21 £0.10b
IBALHR
Degraded grassland 48.50 +5.07 116.77 £ 16.83b 10.00 + 1.30 1.88+£0.20 0.35 £ 0.06a

AN NG R R R SR A SR AR AL B R 22 57 8% (P < 0.05). 3R3[A].

Different capital letters indicate significant differences between the original and degraded grasslands at the 0.05 level. This is applicable for Table 3 as

well.

*3 ERBANTIREBUSFIERNF M0

Table 3 Effects of grassland degradation on soil physicochemical properties

fabr JR A B B EL R
Parameter Original grassland Degraded grassland
+3%% % Soil bulk density/(g-cm ) 1.06 + 0.04 1.14+0.08
T35 7K # Soil moisture content/% 0.03+0.01b 0.09+£0.01a
-3 HUF Soil organic matter/(g-kg ') 18.32+0.98a 13.89 +£2.67b
1354 Soil total nitrogen/(g-kg ') 0.93 +0.05 0.89+0.04
+#€ 4= Soil total phosphorus/(g-kg ') 0.41+0.01 0.38+0.02
394 2% Soil available phosphorus/(mg-kg ) 2.93+0.36 3.11£0.35
34 A% Soil ammonium nitrogen/(mg-kg ') 11.49 +£0.43 10.55+0.28
13745 & Soil nitrate nitrogen/(mg kg ') 8.81 & 0.66a 6.74 & 0.54b
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Figure 2 Effects of grassland degradation on fungal community composition during different growth periods
EO. ED 7} AR ALK F 4 1 1 J5 A B R AT R AL B, MO MID Z3 AR R AE K ZR i 1 11 J5 A R R AR AL B 5, LO. LD 4 AR A K

AR Y R A R AR AL R

EO and ED represent the original and degraded grasslands at the early growth periods, respectively; MO and MD represent the original and degraded
grasslands at the middle growth periods, respectively; and LO and LD represent the original and degraded grasslands at the late growth periods, respectively.

23 BERRUMNARIEKHTEEREEZH
g0

FE R — A KA P, T A B Ji AR A 5 I A
WL ZERAREE (P>0.05 (K 4), HEHE R
2 FEVEYIBEE Y A K G N . BARR BN TE IR
A BT J5UR B A B R AR ORI A ik 4 gl 2 AR PR AN
OTU = FE #4825 5 T W) AL B (P < 0.05), 1 AE K
B RN oK 31 B T TS Pielou 547 B U B 2 T4
1 (P <0.05).

NMDS 43 #7 (Stress = 0.19) F1 adonis 43 #T1 3% 1,
T J5 A R J IR A RE IR, R A KD R AR

T IBREERESN N EREER (P<
0.05) (& 3). i@ 3L Bray-Curtis ¥ 25 %t [7 — 4 K AR
7] 1R A AR B ) S LB R G W AT E R R
Wl (& S5), R —AKHN, BB FH LR
B T VA &5 ) R A B 3 U3 (P < 0.05)
24 EYEKBRATEERFEURNEZNESR
It F B /N 75 1t #5 4 (akaike information criterion,
AIC) i 1% 1 35 [ -1 Ji5 2 57 1) db-CCA 3 HT R B, 1
JiUAE B (AIC = 211.26, & f#FE R 66.55%), 1Y) HE
WAEMEMYSEREZVWARE K HIER
PR B 7 S5 K0 1 2 EE IR R R 3R (P < 0.05) (& 4a); T 7E

*4 ERRUNTRE KB RERESHMENIM

Table 4 Effects of grassland degradation on fungal community diversity during different growth periods

J5 A= ¥ 5 Original grassland

IBALELJE Degraded grassland

oY S N N >
*E'd*’ﬁ K A K A KR AR A KR AR R
Index Early growth Middle growth Late growth Early growth Middle growth Late growth
periods periods periods periods periods periods
FIRYEGN 2 FEME
Shannon-Wiener 5.79 +£0.23¢ 6.56 +0.27b 7.40 +£0.29a 5.34+0.32¢ 6.38 +£0.29 7.07 £0.25a
diversity index
OTU /% 561.92+21.87b  629.75+34.48b 1205.00+0.23 516.42+40.47b 596.42 +34.61b 1169.83 +31.63
OTU richness . . . . . .23a . . . . . .63a
Pielouty 15 0.63£0.02b  0.71+0.03a 0.7240.03a  0.60+0.03b  0.69+0.03a 0.69 + 0.02a

Piclou J index

AT RN - B33 4 AT 2 52 (P < 0.05).

Different lowercase letters within the same row indicate significant differences among different periods at the 0.05 level.
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Figure 3 Effects of grassland degradation on fungal
community structure during different growth periods

Vo R MR R R R SBR[ 2 S 4 30,
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Different shapes in the figure indicate different grassland conditions,
where triangles indicate original grassland and circles indicate degraded
grassland. Different colors indicate different growth periods, where orange
indicates the early growth periods, blue-green indicates the middle growth

periods, and red indicates the late growth periods.
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AU E R ER R, Y v R 77 45 1
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BRI A R A K B ERIK T 75
B TR R B (P < 0.05). FH SR FTAFSE, T 221
AR S A BE S R S A DY, i
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x5 EB—EKHTERUEENTREREERERN
Table 5 Differential analysis of soil fungal community structure during different degrees
of degradation in the same growth periods

B 3 Period 740 Group R P
K Z=Y)HA Early growth period JRAE B Rvs. IB4L HEJR Original vs. degraded grasslands 0.24 0.001
K2R Middle growth period JR AR R vs. IBHLE . Original vs. degraded grasslands 0.15 0.016
K ZEAKRIY Late growth period JEA R i vs. IB L) Original vs. degraded grasslands 0.14 0.001

R> 0FRMMAEESR, PRAREEM,

R >0 indicates a difference between groups, P indicates significance.
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Figure 4 CCA of fungal community structure and environmental factors
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Figure a shows the original grassland and Figure b shows the degraded grassland. Different colors indicate different growth periods, where orange

indicates the early growth periods, blue-green indicates the middle growth periods, and red indicates the late growth periods. * indicates significance at the

0.05 level.
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