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AR SR, B ERAA B T S AR B
WPE, AEFAEY EE AR, W, REEE AR
AR ARG L B i - 3t # i L
AEZEAEHPY, X HIERE T R EANER RS A
PRARE S, TR R SR, ERTEE
AR SR SCHEPEFR BRI, N [RIAR 1 478 5 2
HMFELASHAA R EERD P BRAERKZ
FEPERIZERY Z A0, A= Py fig o2 S e 4 1 o i 7Y
FEHF. HA, FUNGuild #PEr I & R A B
TIRATHE L MR 5E R RS, HOAZ R+
FHH T HEIRERE b5,

HAT, EF0H PRI X B AR 5T 32 224
HAEARFEBF AR EE C. N P 3 550 A R iERY,
- HEIK R AT B AR o 43 BORTAR ML o i A3 RO
TIPS, TR X2 i XA [R] B 47k - S8 L ) 2 1
MIGem A&l Wik, AR T4 PEIL
RS B BATE MG A g N TR bk, A
T AR (Pinus sylvestris var. mongolica Litv.), JHF A
TR (P. tabuliformis Carriére) . ¥ N\ THK (Populus x
canadensis Moench) A58 X %, 81T A R N TP
PR T B R REE S DI RERAE, DU iz
DXAB B R T ARV IE AR R B S %

1 B KL

IR A L TR T B R BT AR, ik
BRIV AR S, i FILT . NS Sk
BIXANAL, M, 56w 1L AR e
DR, RHEERIE S A XD+ iR R
PRI R RR RS, SRR 35.6 C,
ARSI N-31.5 C, BEM&ET7E 7—8 A, 7
K%K & 400~550 mm, 4FZEK & 1843 mm, LT
ERRKE, W, XA JEA R D
TEARFNRAR , IUAEHE LURE T A A ST B 7 AL
P (3R 1),

x1 FHER

Table 1 Sampling site information

WaEE WA WE W

ki)
Lkl Stand density/ Height Diameter at Crown

Tree species

(plant-hm?) /m  breast height/cm density/%

HHATLM . 1100 15.10 13.30 60
Populus % canadensis

(SR Y NI
Pinus sylvestris var. 275 14.10 33.56 65

mongolica
SRS A TR
e 575 1056 1850 70

Pinus tabuliformis

2 BRI

2.1 ITEMGAHRESLIE

2018 4F 7 1, sp ol #E i i X BE HE A BN T
MR REFAS N TARFNMAA N TR 3 Yottt 43 51I7E
FAREHL R E 3 B 20 mx20 m AETT, BAMREDT
[E#E 100 m DAL, KERFRIZAIMEN SR, 1F
AT WRA S Z S, R LEERAR
JAFEREE 0~10 cm T J2FEM, # HIERERIRS), 1F
HIAANEE, BB 3IAES, oL
b, RATCH HEARN, Rl , A DK & E
TIE , BB AR YRR . AR
Y, WHEEIRAD, i 2 mm B, —E S HEERE S K
Ja T E b e, —&B5r R T
4 C A7, HFEEAPRAINE, 5—%5T
=80 C VKFEWNHATVMRAT, T 5T A2
FESTHT G AR 3 AR AR S R S —
SEAE AT R R ) o
22 TEAFERINE

pH {ERA 2.5 : 1 7kt e, A pH it (TP310)
AT E ; EHEA RS &R T E 5 X
(Elementar, Germany) #F470 % ; 4 n] A #lL
Bk & ok H B A ot &R 48 B A (TOC, Multi N/C
3100, Analytik Jena AG Multi N/C 3100, Analytik
Jena AG) HFATINAE ; AW R T ik R S0 12 44 -1
PR LRI E
2.3 11 DNA RREVFISEENF

+ 5E & DNA $2 BCR H 36 [E OMEGA 28 F] 1Y
MoBio PowerSoil® DNA Isolation Kit (MP Biome-
dicals, Santa Ana, CA, USA)iX#H &, HE4FEM
FREUZY 0.5 g i fif 138, 49 B R) 6 4 B 3R
170 1% RO BEREHEGE RS HL Uk A I DNA $2 U i
(2l B SE B k), H %R 2 & {X NanoDrop ND-
1000 (Thermo Fisher Scientific, Waltham, MA,
USA) £l DNA £2& 0P i ok B2 fai g . 519
ITSIF (5-CTTGGTCATTTAGAGGAAGTAA-3") il
ITS2 (5-GCTGCGTTCTTCATCGATGC-3") i#47 H
W OITS X P 1, PCRY M IR R 3L 25 ul, B
DNA Bi#z 2 uL, % 1 uL RS54 (10 pmol-L ™),
ZZoh S pL, Q5 R PREZZ ML 5 pL, 0.25 uL &
f#£E DNA A (5 U-uL™"), dNTP(2.5 mmol-L™)
2 uL, #4i/K (dd Hy0) 8.75 uL, PCR ¥ 14 & 1
H: 98 C FAEYE 2 min, #RJ5 98 C 155, 55°C 305,
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#3345

72 °C30s, 25 MEM, S5, 72 CHEAH 5 min,
PCR 4" 34728 2% SR HEEEIE vk A TR, JF
Xt B AR BT VIR I, ISR AXYGEN 242
A B SRR &, Pk EEEIR AR R YR
FFBR/AH], KA TruSeq Nano DNA LT Library Prep
Kit (Illumina /2 &) il #0 FF SCPE
2.4 HEIhEETM

¥ QIIME % it i OUT £ F#Fh (5 B E 4,
A% %] FUNGuild Wl , JEFT Hos R A S %
EFRRL ThRe T . MRYEE 0 LR o B BE
F=#4 (pathotroph) . F£A: ¥ FE A (symbiotroph) FlFE
fift B 3770 (saprotroph)3 A~ 77 7 2L K 12 4 Guild
Ferf, PRI T IR A AT RERE AT
2.5 SZitsath

i 2 QUIME K A4 %} J 4 T AL 8 i 47 4k
UE L PR BRI GARRT, JEX RN R AT
e, ANE, B BCEIE AT OTU 426, X OTUs
HEATHETS £ & AR ECRIE TR Y S AR B, 42
i Chaol #5%%. ACE #5%%. Shannon 1E%4#1 Simpson
F88. AFENTARE R . A 2R EOR
DRV A R 25 S LU R R R 2 7 224311 (one way
ANOVA), AN[w)4b JH 8] Y 22 5 1 2 MR R Y fi/ )y
1B 2522 7 LSD(Least-Significant Difference) 4

{fi H RStudio v3.5.1 # A4 v ) “gplot” F1 “pheatmap”
AP -3 ELRRER (] 2R 5 M o
FIARSEHERAL, fdH RStudio v3.5.1 ki) “vegan”
X AR = BE ST 50 Y EL TR B DL [R) B D e

MEEAT R It ®l A& . >k Unweighted
UniFrac #5858 43 B A [7] A HEAE ) 0] B0 B RV 25 1)
2= 5%, FrEad R B 248 RJE (NMDS) 470 il
ko RH Canoco 4.5 FPAYHLEIASE 34T (CCA) Hehk
G ARG K 5 T3 BRI R DI REZE R AR G

3 HRGHH

NG s

e, KWEE BT EMGARRZERAT.
M) b2 22 5 B (WL 2), i AN Tk
+ 4 pH (EH 5.92, 3 & FImpa g FHas A T Ak
(P<0.05); AR A TR 3 AT 5 1A ML sl
B & 9 105.46 g-kg ! Fi 16.00 g-kg !,
FE TR RIS AN T AR (P<0.05), FTAAAT
MTF MRS ERS, N 1.05gkg”, BER
T RS AT AR (P<0.05), ##F A TAK 1 45
C/N 79.15, WELTHRFIRIIA TR (P<0.01).
W Hede, & AR N AR AE 2 48 i+ 1 pH
I A FLB R Y e, BRI 4 C/N

31

K2 AEANIRTEEEG

Table 2 Soil properties for different plantation forests

A pH{H AV BB gt BRALL A
Tree species pH value DOC/(g'kg™) Total N/(g-kg™) C/N ratio Available P/(mg-kg ™)
%W}}IM . 5.92+0.11aA 105.46+7.81aA 0.85+0.08bA 9.15+0.26bB 16.00+1.80aA
Populus xcanadensis
TN
, L‘%& ALH . 5.57+0.21bA 83.42+18.42abA 1.054+0.10aA 11.41+0.31aA 3.77+1.43bB
Pinus sylvestris var. mongolica
¥ \
AT 5.53+0.17bA 80.10+32.32bB 0.97+0.07abA 11.79+0.49aA 3.09+0.98bB

Pinus tabuliformis

T R PR N B EEIRAEE (n=3), RFE/NG FREEORAN RSB 2 (8] 22 57 5 3 (P<0.05), NFIKE T BERORAN R Ab B 2 [6] 22 57 0 % (P<0.01)

32 ARAIMTIEEES Y

3 X 9 AN MY A S DNA T 43 1T
PL 97% AHUPERRI(ERE T OTU B2, RIS EFEREE
CERA AR B o FLRE DT VR EE (Coverage) A 97%.
SER AT R, BRI 154,
S4 A S13 Mg . MP a5 R 4 KB A R ATE
BT A e, T FE S RS 2 B ITS )7
51 494, 675 %, P LR 54 963 &7
3, KN 330 bp, A T B A AR R

2k, MWEMEARFREPLIEESE 21 490 4> reads, 7E 3%
ZERAOET, B SOV E 3, th&a T
T, R T REHEARGE, BB
WO TR N TR RIS 0 (K 1) 4750 AH
LR 97% I, FEE 1K B, R AL
ML TS N TAARFIG R N T AR 504 579, 464 F
708 I~ OTU(F 3). #EF Unweighted UniFrac {2
) NMDS 73 Hr 2858, &I H N TARFIAA A
MR TR VR A A B R AR M, A
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T NMDS!1 Gl i, mika N TAREC RIS 7
T NMDS1 iy 4, SHEEFAFIHAA A TR L
9 B REE B B VS NMDS1 #1431 (F 2),

WL R, AT R T AR R
TG AU B 225, AN TR
I B Simpson 8% . Chaol #5850 F1 ACE #8485 7
40980, 905.96 1 931.47, # 5 3w T Hifth (P <
0.05); VIS N TAREAR, 20510 0.942, 472.46 il
47126, AR AT EIEE A Shannonds 5 TG 2
HER (FI, LEpHE S ACEF L (r =
0.81, P<0.01) fl Chaol #8%% (»=0.81, P<0.01) &
Ml IEA S ; 32 DOC 5 + L # Simpson 45
¥ (r=0.86, P<0.01), ACE 1545 (r=0.79, P<0.05)
Al Chaol #5%k (r=0.78, P <0.05) & W& IEAIE,
+3% AP 5+ 3 H A ACE 5% (r=0.86, P<0.01)
F1 Chaol 5% (r = 0.86, P < 0.01) 2 i 3 1F AH
*, 4 /N 5+ EE Simpson F5% (r =-0.80,
P<0.01), ACE(r = —0.91, P<0.01) #l Chaol & %k
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M, T
Notes: PS indicating Pinus sylvestris var. mongolica plantation forest; PT
indicating Pinus tabuliformis plantation forest; PC indicating Populus

xcanadensis Moench plantation forest. The same below
E1 3)EFREESEENFA ITS rDNA BH L%

Fig.1 Rarefaction curves of ITS rDNA for high
throughput sequencing of three fungal communities

(r=-0.91, P<0.01) R EFHAN (& 3),
33 AEAINRTIEERERFEEMRE

WIS G AS RIS 1l - S5 B AR P 4
AFAEZE 5, MG E RIS RIS H, i)y
Y& T 14 ] (AI$E unidentified), PLHE TN T
FETH '] (Ascomycota) FIfHF 1 | ] (Basidiomycota),
EATHIARTERE 3R 49.58% ~ 59.56% #il 23.99% ~
29.77%. FHAWAEXSFRE s 1% LR 15050 i
%5 ] (Mortierellomycota) (3.89%) . jiarl ] (Olpidio-
mycota)(1.28%) I HE[ ] (Chytridiomycota)(1.21%).
TS N AR 3R BT TAARXS F= B i, ThAA A
AR E TR BT VR AR R
JER A (1] 4)0

TENKF- B, PR R T 1% LA
94, )k R HE B 4M (Dothideomycetes)(13.86%~
20.68%) . P4 (Agaricomycetes)(12.83%~22.28%) .
FE5C A Y (Sordariomycetes) (6.38%~23.09%) . HHE
i 29 (Eurotiomycetes) (0.26%~23.80%). %H H- 44
(Tremellomycetes)(5.93%~13.55%) . FEREEZN (Leotio-
mycetes) (5.44%~6.68%) . BHIEZN (Mortierellomyce-
tes) (2.13%~4.83%) . ##I4 (Pezizomycetes)(0.22%~
7.06%) F1 GS18 (0.17% ~2.58%), HHr, FEWREEN
DT T RN L AR R B T A AR
TEA R AR P G 35 25 5 . TE I N TAR L
HohFe e W MR - A R R, BB &
FHAN TAREEH (P<0.05), KT, ZEHAAA T A
AP BB R AN B iR, W T A
B (P<0.05) (1 5).

TEFTA IIRE S A I 513 Mg, Hirpr, Af
XEERT 1% W EZ 0 B IEHEN Guehomyces
(3.96%). ¥ H15E)® (Mortierella) (3.88%). 75 %
J& (Penicillium) (3.31%). Plectosphaerella (2.52%) .
INBZ A J& (Marasmius) (2.50%). Knufia (2.33%).
Phallus (2.31%) . Devriesia(1.54%). £145% (Russula)

®3 TRAIMRIEEFESHEREL

Table 3 Soil fungal diversity index in different plantation forests

Wb o Simpson#§ %1 Chao 145%k ACEf& % Shannon#§ %1
Tree species S Simpson index Chaol index ACE index Shannon index
R
Pi *$¥*/A}\IM§ . 579 0.962+0.018abAB 617.97+40.91bB 622.58+49.00bB 6.60+£0.66aA
inus sylvestris var. mongolica
A AT
. A f% . 464 0.942+0.004bB 472.46+57.46cC 471.26+56.13¢cC 6.14+0.51aA
Pinus tabuliformis
it AT Ak
W AT 708 0.980+0.003aA 905.96+33.74aA 931.47+38.63aA 6.73£0.77aA

Populus *canadensis

T« R B N B EZE (n=3), DIFRVNG FRERIR AN FI AL L2 (] 22 53 42 25 (P<0.05), AN FIKS SRR A R A B 2 ) 22 57t 8825 (P<0.01)
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Fig. 3 The relationships between soil characteristics and
soil fungal community diversity
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Fig. 4 The relative abundances of dominant fungal
communities at phylum level
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Fig.5 The relative abundances of dominant fungal
communities at class level
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Fig. 6 The relative abundances of fungal communities at
genus level
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Fig. 7 The heatmap diagram of fungal genera with relative abundance of the top 50 in different plantation forest soils
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K, H—Hhr R R 53.0%, THERSHE (=
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Fig. 8 The heatmap of the fungal community functions in different plantation forest soils.
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Fig. 9 CCA analysis of the soil fungal functions with seil chemical characteristics in different plantation forest
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Studies on Soil Fungal Community Composition and Function
Characteristics of Different Plantations of Sandy Area,
Northwest Liaoning Province

DENG Jiao-jiao'?, ZHU Wen-xu'?, ZHANG Yan'?, YIN You'?, ZHOU Yong-bin'*?

(1. College of Foresty, Shenyang Agricultural University, Shenyang 110161, Liaoning, China; 2. Research Station of Liaohe-River Plain
Forest Ecosystem, Chinese Forest Ecosystem Research Network, Changtu 112500, Liaoning, China)

Abstract: [Objective] To reveal the response characteristics and mechanism of soil fungal community structure and
function to different plantations, and to evaluate the impact of different plantations on the underground ecosystem.
[Method] Pinus sylvestris var. mongolica plantation, Pinus tabuliformis plantation, and Populus % canadensis plant-
ation in the north wind sand area of western Liaoning province were investigated. For each sampling plot, the "S"
type spot sampling method was used to collect the surface soil of 0 ~ 10 cm at multiple points.Illumina Miseq high-
throughput sequencing technology and FUNGuild software were applied to obtain and analyze the response charac-
teristics of soil microbial community composition and function in different plantations. Meanwhile, the relationships
between soil fungal community diversity, community structure and soil environmental factors were analyzed. [Res-
ult] The plantation of Populus x canadensis could significantly increase the soil pH value, soil-dissolved organic car-
bon and available phosphorus content, and reduce soil C/N ratio. The dominant fungal phyla in these plantations were
Ascomycota and Basidiomycota, and the dominant fungal genera were Guehomyces, Mortierella and Penicillium.
The results of NMDS and heatmap analysis showed that there were significant differences in the community struc-
ture and function of soil fungi among different plantations and the community composition and function could be di-
vided into two clusters. The community structure of soil fungi in Pinus sylvestris var. mongolica, and Pinus tabuli-
formis plantations were similar, while the community composition and function in plantation of Populus x canaden-
sis Moench were significantly different from that in coniferous plantations. The soil pH, available phosphorus, dis-
solved organic carbon and C/N ratio were the main factors affecting soil fungal community diversity and functions.
[Conclusion] The effect on soil characteristics and the soil fungal composition and function differs among different
plantations. The plantation of Populus x canadensis Moench significantly increases the soil nutrient availability and
soil fungal diversity.
Keywords: Sandy Area of Northwest Liaoning Province; plantation; fungal community composition; fungal

community function
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