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Abstract To reveal the fungal community structure and functional groups in the roots associated with P.
sylvestris, natural forest and different-aged plantations were analyzed using field investigation and molecular
biotechnology in the Hulunbuir Sandy Land. 520 fungal OTUs were obtained from root tip samples of P. sylvestris,
and belonged to 197 genera, 87 families, 5 phyla. Basidiomycota and Ascomycota had higher relative abundances,
accounted for 54.98% and 39.27% respectively. The dominant bacteria in natural forest were Geminibasidium,
Russula and Phialocephala, whereas the dominant bacteria in plantation were Suillus, Phialocephala and
Tricholoma. Further, the relative abundance of other bacteria fluctuated with the stand age. The a diversity index of
fungi in the roots of P. sylvestris plantation decreased gradually with the increasing of stand age. Among the
different stands, the fungal diversity in the roots of mature forest was significantly lower than that in near-mature
and middle-aged plantations as well as natural forest (P<0.05). Although the fungal community composition
associated with P. sylvestris natural forest and plantations had stable variability, and near-mature forest is the
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closest to natural forest, natural forest and mature plantation obviously differed in the composition of fungal

community. The proportion of symbiotic trophic fungi increased with the increasing of stand age. Conversely, the

saprophytic and pathological trophic fungi decreased with the aging forest. The proportion of symbiotic trophic

fungi in natural forest was similar with near-mature plantation, however saprophytic trophic fungi was the

dominant type in natural forest. In the Hulunbuir Sandy Land, the fungal community in the root of P. sylvestris has

complex structure and diverse species. The main functional groups are ectomycorrhizal and undefined saprophytic

fungi. Some fungi show different ecological strategies in different stands.

Key words root fungi; Pinus sylvestris var. mongolica; Hulunbuir Sandy Land; diversity; community structure;

functional groups
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Sample collection and distribution map of fungi in the roots of P. sylvestris in the Hulunbuir Sandy Land
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Table 1 Basic information of the sample plot
ESi] P i/a SHIA R /m V-2 fAt/m Mo B Gl
KR NF 6~56 - - - 0.83
""""""""""" HBh 24 1los€l62 14668340 1650 075
NI HBn 33 12.63+1.71 18.362.42 1650 0.82
HBm 42 13.40+2.36 22.74+1.98 1650 0.71

UiH: HBh /R il Ak, HBn 2278 I 20K, HBm 7R BUAMK, NF R KIRAMK

712



BLGEN A5 I AR DL 7R ¥ iR 7 F AR PR ST AR 9 45 40 5 S RE A R i

g 1 - 3 35 Ak 1 T ) RDA 23 1 K2 PCA &I 22541
FIFH Gephi-0.9.2 847 V0 M A 1 P MR P9 BL B AR 25 )
REREM 2% B A/E R 22 . 78 FUNGuild £ 7 i b 10
b AT B AR P BB 0 AR S T R 2, B A KA
& B AT fig (probable) Fl 1R AT fig (highly probable) [
OTUs K H 5. BB A EFRMME G IRl LW
R A HAh 2 #7271 (Other trophic mode) Al H At E
[ (Other fungi). Ak KIIGEIoN M 4s 2, M
B F 80N T 3 1) OTUs 2%

2 #EREHH
2.1 PHEFRRAEEEZARK

MIF AR DL IR 70 Hi A% - A8 AR SR A ity v L 345 982
AN ELI OTUs, H45ARE % & BIRHK 1) OTU SRR A,
43 5204 OTUs, RJE T 5171154948 H 87 FL 197
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Fig. 2 Relative abundance accumulation of fungi phylum in
the roots associated with P. sylvestris in the Hulunbuir
Sandy Land
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Fig. 3 Hotspot map of Top20 genus of fungi in the roots associated with P. sylvestris in the Hulunbuir Sandy Land
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AHL, H Jaccad i1 Sorenson AL 1 46 B dx K, 439
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Table 2 Diversity of fungi in the roots associated with
P. sylvestris in the Hulunbuir Sandy Land

p=5:i) Shannon 5% Simpson FE%L Pielou 54§
NF 3.04+0.21° 0.83+0.03" 0.5340.04°
HBh 2.95+0.50" 0.840.10° 0.52+0.09"
HBn 2.74+0.61* 0.82:0.08° 0.49:£0.09*
HBm 1.97+0.35 0.65+0.13" 0.38+0.07°

1 AN FEER R OR R AR 22 8] 22 5 .35 (P<0.05), I,
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Fig. 4 Principal component analysis (PCA) of fungal com-
munity composition in the roots associated with P.
sylvestris in the Hulunbuir Sandy Land
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Table 3  Similarity of fungal species composition in
the roots associated with P. sylvestris in the
Hulunbuir Sandy Land

HAL B NF HBm  HBh HBn
HBm 0.87
Sorensen HBh 091 0.89
HBn 0.92 0.87 091
S NE 07 o084 085
Jaccad HBm 0.81 0.78
HBh 0.83

AT 9L B (e 4), TR MRS i L 43 1ok K
IR 61.63%, HEHK79.16%, ITEM 77.19%, KL
M 78.13%,. A @A RIRM G LB D, (BAESA
RIS N TARZ B 5 LA 22 AR, R KRR S A
TMAR N LR e 22 5, N TSz
(AR PR L R 9 2 AR R
24 DHETFRIRANEEESINEES

£5T FUNGuild 2048 FEf BT, BR ook %0 25
G G RISRE, PFAR DR VD oA - FA AR AR i AR
P ELTR AT 43k 3 FheE SRR 10 N AR R TR E (GR
5)o Bl PRI B3, oA SR B TTTR Y o bL
HER, G AR R RR B IR LA AY o R e
Ao RERM i ORI AR 5 55 B LR Y o b o 42
ST YA ck= VNN R B N4 NG Sl Ay N Y
WRECTE o R BAERTIRERE, Bl G MRS i 3 K AE 45 AR
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Table 4 Percentage of shared genera in Top 20 genera of fungi in the roots associated
with P. sylvestris in the Hulunbuir Sandy Land

- NF HBh HBn HBm

i /% /=4 i /% HE# i /% /=4 i /% HE
Tricholoma 2.09 12 15.17 3 11.86 3 10.50 2
Suillus 5.42 4 26.17 1 38.28 1 58.46 1
Phialocephala 6.07 3 20.28 2 12.94 2 3.68 5
Penicillium 5.36 5 2.34 7 2.50 7 0.73 12
Oidiodendron 4.70 6 1.83 8 5.60 4 0.69 13
Mortierella 2.82 8 6.69 4 2.01 10 1.53 6
Geminibasidium 33.54 1 2.59 6 2.10 9 1.05 9
Fusarium 0.67 20 1.36 13 0.80 12 0.47 17
Chaetomium 0.96 19 2.73 5 1.10 11 1.03 10
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Table 5 Functional groups and relative abundance of fungi
in the roots associated with P sylvestris in the
Hulunbuir Sandy Land

e o AR /%
xm NF HBh HBn HBm
B A= LR 0.24 - 0.01 -
WA FH 9.38 21.61 13.61 5.24
g AMERRER 5023 31.05 49.71 74.33
IS AR EL TR 1.14 0.05 0.06 0.02
Eit 60.98 5271 63.38 79.59
O KEEEMEE 010 050 021 025
e SUBHEAE 36.61 7.64 5.18 1.83
N A LR 0.12 1.27 0.44 0.50
JEHE )
FE A Hw 0.17 0.38 0.32 0.26
FAlE A HA 0.52 2.07 1.19 1.09
it 37.53 11.85 7.34 3.94
O HRE 008 221 200 071
o SRR 0.02 0.62 0.89 0.11
A D R 0.01 1.48 2.19 0.56
it 0.11 431 5.08 1.38
o - 138 3L13 2419 1500

BR S A R R AR BRI A RS A o L
BTN o ARRE SR A RAE R IRAR AR Y & HE I 2 R
TONTAK, 3 D R s DL o 7 0 iR 1
N AR B & L3 T R ARAR, 7 AR b o L
B

A8 DT R Vb i A 5 A0 BRAR IS i P AR A L R
FAOG 2 5 A A5 T R LA I 255 &1 (1 5) (o, b
HIRE TN RIRMRG N T T REREA 204>, o

BAREKERN 7R MT: D AMERRER
W, RIS RE . 4458 (Russula) L &
Inocybaceae 55 ; 2) K LG A FRE, HRHILH
Oidiodendron . & %% J& (Tomentella) F1 X ¥ 1 - &
J&; 3) FLEYS B AR B B, 432 I0H Oidiodendron .
Xenopolyscytalum Fl Acrocalymma; 4) 4N R EH
—TFERRE, PRI HBEEJE . Inocybaceae . A
£1 %% J& (Chroogomphus) Fl Oidiodendron % 5) ¥
o IR — oK E SCIE AR TR RE, 20 2R BT A R A TR R
(Corynespora). Exophiala M Arthro-dermataceae; 6)
WA B R, 52 I0H Phialocephala . Wilcoxina .
Cadophora # Trichoderma stromaticum; 7) 355 4= -
T A - ARG AR B, 70 2 ICH Psathyrella-
ceae Fl Inocybaceae.

A DI REREAE A A FEHL PG T AN ] . ZE VD b A
THS RIRMAEA S A ThRERE D, A IMERR-—KE
SUJEE A=A B A= T RERE T 9 Auricularia; W JE A —
W I — oK 7€ SIS A~ AT A= DI RERE T Y Rhizo-
phlyctis M 22 B J& (Cortinarius) VA I a0 4 [ —HE
Yrs )5 A A= B D BE R HH 9 Mycena, TEVD HbAR
WA IR R A A DR b, A BT AE-RIEE
IREREF Y Cephalothecaceae F1 N A= B —FE ¥ iR
JE-ARJE = DRERE R B9 Chalara. 670 AR T Fa T 24
MREEA DA DI Re e, A 280 k- A B Y
JR—K 5 S A DI ReRE T B Xylariaceae . S5 JR—
FEJE - A LR BB A — I A AR T A )
e Cladorrhinum UL X B ZF A DI ae ffEH 19
Purpureocillium . TEV> HiAR 15 BB A A Ty
RERErh, A A AR 5 R e S AR D) RE A
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Fig. 5 Relative abundance and ecological function co-occurrence network of the different fungi
in the roots associated with P. sylvestris in the Hulunbuir Sandy Land
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g/kg, 3.50%F152.01 mg/kg., KIRRA AP 1 18 4

FE oAbk b de i, R 0.23 g/kg, %,.WMEF'HE%E H
0.05 g/kgo HJZ, AL HAE RIR M i J
H B #FE T AT HP<0.05), 46.50 g/kg, bjz,.jzlwi:
i, R 1.52 g/kg, AL 7 & Bl MR 5S4 2 8
W/ WFGERE N S R B R, R SR AR pH (E
i, N 06.49, A TTbk pH {H Bl & ARIE 1Y K TS R,
A KR . AR A Y S R TR
POM f e, 2R IH SR B MRS K e
THE TR

W it 8 I o AR RIS K (P<0.05), F i Ak AR ] PR SRR AR 05 AR P9 TR 2 AR AR A
&6 DHIEFRKTEEAER
Table 6  Soil physicochemical properties of P. sylvestris forest in sandy land
b SWC/% pH SOM/(g'kg™") TN/(g'kg™") TPAgkg ") AP/(g'kg ™) AK/(mg-kg™)
NF 3.50+1.81° 6.49+0.25° 6.50+1.79 0.14+0.04° 0.05+0.01° 4.35+0.05™ 52.0147.74°
HBh 6.800.86" 3.13+0.06° 2.1140.06° 0.48+0.01° 0.23+0.03" 3.61+0.13 140.65+7.09"
HBn 7.83+0.26" 3.26:0.03" 1.97+0.03° 0.70+0.01° 0.23+0.06" 5.52+0.74° 152.32+15.95"
HBm 6.34+1.21° 4.93+0.26° 1.52+0.09° 0.50+0.01° 0.08+0.04° 5.23+1.14° 117.32+5.03°

¥ pH 14 pH {H, SOM Jy +3EH P
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BLGE U 45

WP AR DL IR U0 3R 7 A AR PR TR % 45 40 15 D RE R PR AT

FIVRR P LR 7 5 AU R 3 B2 B AR DG PE L2 7. AR
FUIH 22 R 5 39 P AP O 2 R A7 A 3 A G
(P>0.05), J& A8 3= A H g A 5 LA LR
i 22 AR S I AT 58 (P<0.05), J BRI 77 10 EU T
AEXT B 5 1158 pH 2 [\] 2 £k OC.(P<0.05), 5+
B 4wl i 2 ) I 35 IE A 56 (P<0.05) . N [ AF AR
N LB TR 2500 5 R B8 TR T B TUAR 40 W (RDA) L B
Top 20 34 J& 5 FREE R F 19 TT A /- M1 (RDA) S5 R 18
IR, RIRMRAEA 5 32 PR N AN, A
TR AR A5 52 4 3 Ak X 7 14 52 W 8K (& 6(a)),
N T) L R 5 48 PR 22 D 1 R G i 5 AN 5 (R
6(b)).

3 Wi

3.1 MHE DRI HIEF IR N E R B S 51
MR DL IR 70 Mt 7 A MRR SR AR AN TARAR Y

B dh H ERAS 520 1 HE OTUs, RJE 511878197
J&, PR VRN TS TR [ 124 7D MR 1 HA AR P L
DAY R, 2905 S 94%, 5t A
(Larix gmelinii) 1 A ¥E(Betula platyphylla)%§ 58t
ARG FRLAR ol 10 4R P L A 2P T, T
BRI R B 1R vk B R E Y, T
BT TRZECN ISR, 1T LA i e e A LR P,
TR A AT A, 7RI Y L3 vh A3 i R T 2F
Y Z PO, Vb bR T R AR P BB R VR 45 R A 3
KRB AR A, KPP N LR Y F R LR A
Xt ERE(Fagus longipetiolata) FIANMK (Acer saccha-
rum) BRIFFE Rt BT TR AT i VD iR A AR
(%) - S I B S5 B8 A 2R BRI 1) 398 328 ¥ A A ek
AR, e L T R A RN S A 22 S0 28

AR DRV M FIMR N RS R F e 2

F7 DHEFRRAEHSHEEMEFREENFES T EBEAERAOEXHE
Table 7 Correlation coefficients between diversity and relative abundance of the trophic mode with soil properties
N ) ) ) AR R
LA Shannon F84X Simpson FE%L Pielou $5%¢
LA IR A JEEHE B AR A kel
SwC —0.301 —0.100 —0.284 0.042 —0.904 0.889
pH —0.150 —0.203 —0.033 0.317 0.743 —0.968"
SOM 0.591 0.431 0.576 -0.292 0.993" ~0.667
™ —0.365 —0.164 —0.350 0.155 —0.898 0.839
TP 0.286 0.467 0.303 —-0.537 —0.533 0.987
AP —0.590 —0.504 —0.591 0.721 —0.417 0.066
AK —0.232 —0.035 -0.214 —0.057 —0.883 0.951
T * RN 2, TR AR 3
1.0
Chaetomium
10 Phialocephala _
Trichplon1a
S S SWC
— [3e] o
g 0 g
@ P, 0l Oidiodendron
@) o) >
[ o Penicillium
Suillus SOM
Geminibasidium
pH
*10 T *] O T
-1.0 0 1.0 -1.5 0 1.5
RDAL1 (65.7%) RDAL (83.5%)
6 AEHEHMRANEEFHEEMSREREF (@)K Top 20 £FE 5HEREF(b)M TR 2 (RDA)
Fig. 6 Redundancy analysis (RDA) of fungi community structure and environmental factors (a) and Top 20

common genus and environmental factors (b) in different roots

717



R MARPIER) 56 & 5 4]

2020 4F 7 A
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AR L TR FE R SR MR MR P EL B Hh 3 = 5 il
7o RERMARE XS 3= B e i 2 W1 1R Jw,
FREEE R EOKEAAC XOR P IRE B A R
F14 i ARORITRS SR A 20, B A e M S 0 R SR b EE N T Ak
KA EEZ IS . N TR ZLA o & AT B
K, HIK N Phialocephala W & . FLA4- I3 & J& Xt
BE A4 A B B e R G R S A A A TR LR 2
—, SRR R R AR PR 25 AR TR, RE RS IR AR R
Xif 8 o0 2 K 43 B PY, {07 RDA 43 A &5 S o,
ZE RS IS 2 (R I B R A DG
PE, T R AT R 2 A0 AR TR L O 5 R AR B e vy e A
KFR, HZRIAFZm KT H AR A Y R 15
B Phialocephala W & NI ba N 4L B, W
WO TR, 5 15 eu S m A B A O
P, T AR SR 6 B 0 2 A B, e s o
AR e R, AT RR L RIRARAN R A X
FREEMRW /N o VD HbAE AR Y LT L R A4
MR AP SR LEORTE], AT RESE T AR LA
FEAH SR W AR TR SR A A ], JF BAEYAEAS ] AR
K By B AS [7] D) i 1 L TR 0 A7 76 AN (R R B 1 D 4t
b IR S TR 3T =2 ), el bR T 2
A i B ZEWOSCE 2 B R BORERE A B
AT R, PIHCHAR 550 AT RE S W5 | 31 2 A |
TP IR M B e AR, A TS
b M AR R N BRIV 1) 2 R M 22 [R] G I 35 A O
P (P>0.05), BCAKAR P BT o 24 M 45 Fic i 1%
TUD MR R OB L A MRORT R SR MR (P<0.05) -
ZREPE A 22 R R IAR 2, AR Rl & R 45
BARNRRE G, S8 RFECN R R R
B H A 22 52, 1 5 i A ) 22 B 4 0 AT A
Jaro T RIS E S, MNER BT Z
Fedk, FE ML), WA RGBSR
FETE, I HAVE AN R SRR LR HE T TR
3.2 PR DUR DA F AR N B & T BE BE4HE
A DR V0 i 1 WA AR P L TR 1 78 A X 2 2
GO EE IR AR SR AL L A 5 A 3 B,
Az B IR ATEVD MR AR N BT 5 8 Rt
B, HUOMREAEE TR, [RIFE IR0 BRTE R R
RN T RS PR IS Z 1] B [l SR 4 .
o AR SRR B AR S R AL
] B (5 3 IE A 9 (P<0.05) . 34T B J2: G A 785 5%
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W) B AR Z 53 i (1 52 0 B2, D HRE B N AR 1A
BT & i Bt AR S T B s D, AR SR AL
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