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WE: [HM] ERETHI (Pinus sylvestris var. mongolia) N TARTIEZ INREVERHE LR 7, JofETFa N AR
FRER A8 G B IR B ARE . [J7VE] PARRAR DURVDHE . BURIGYDHIANE S D T8 N THONIR AT &, RBP4 2 F0
ARG, FIA lunina MiSeq mill &7 /0T A N TR RSB RFE 2 HE0E, RAMDEEE LIRS
DhetE I i g m R D45 R 1 (D #E i N TAR IR MU AUK AR RS EHF IR 9 WAG DUR VDL, BERICTD
FESRDH, HEREEZER (X0.05); BRI HIRARE 5 E & TR WURDHATE RV, HEA R A R0
BHRERMAAR (X0.05). FEFIA N TARLIRZ IR IKHET 9 BURICED L, WPAG TURVD L, BE R, HEREZER
(/X0.05). (2) BHRILYHL HIRFHYIF ZFEME SRR, Chao 1 BEURIMIFNE & EIREUE 3 5 T8 DR HUAI B S R ibHh,
Shannon #8402 % =T E SR (/X0.05); BRI TIEEE RAKE ZHER SR, B3 & T IR AT E
LR (X0.05). #EFFa N TAKLIE pH ERKAT N: BE R, P IURD L, BURIGDH, BEREZER (/X0.0
5); B EVH I SRR IR E KR B & T HAL ANV HL (/X0.05); WPAG DUR VD R38R B B3 T HAh s ANt (P
<0.05). (3) FEMLARMAME BoRiE . S5, )%, 13 pH. T8EE . E W Shannon BRI £ 8 B IRH EEL ThfE
PERE BT T, ARREREY 83. 68%; ¥ 7 [A) [A] %o - e PR - A 158 22 D e 14 3 R IR . B35 IE0R (4X0. 001D, 358
IR IR IR S (/X0.05), LIEITR ZFEEIREON IR Z Dige L B (20.05). [45i8] BHRICY
PN TR Thaett s, TS RGENRE; T ERFEZ ARSI IR T N TR 32 Th
fett, HAEAEYRE T AN TN EE . BEE SG BT AR EAE ) R A B R AT R T4 N AR 38 2 D Re TR AIE,
IR E R AR AR AN DA S RGHR AR A

REEE: TIMZ IR, TIREEZ R TR, R

Characteristics of Soil Multifunctionality and Its Influencing Factors in Pinus sylvestris var.

mongolica Plantations

Abstract: [ Objective ] To illuminate the soil multifunctional characteristics and its influencing factors of Pinus sylvestris var. mongolica
plantations, and provide a theoretical basis for the sustainable management of P. sylvestris plantations. [Method] We sampled the soils
of P. sylvestris plantations in the Hulunbuir, Horqin and Mu Us Desert. The diversity of soil fungal communities were identified by
Illumina MiSeq high-throughput sequencing, and soil multifunctionality was calculated by the Z-score method as well as its influencing
factors. [Result] (1) Soil organic carbon and hydrolyzable nitrogen of P. sylvestris plantations in desert showed significant differences
(Hulunbuir Desert> Horqin Desert> Mu Us Desert, P<0.05); soil available cobalt in the Mu Us Desert was significantly higher than that
in the Hulunbuir and Horqin Desert, while the soil available copper, available iron and available manganese were opposite (P<0.05). The
soil multifunctionality of P. sylvestris plantations in desert showed significant differences (Horqin Desert > Hulunbuir Desert > Mu Us
Desert, P<0.05). (2) The species diversity of soil fungi in the Horqin Desert was the highest, and Chao 1 and species richness index were
significantly higher than those in the Hulunbuir and Mu Us Desert, and Shannon index was significantly higher than that in the Mu Us
Desert (P<0.05); The phylogenetic diversity index of soil fungi in the Horqin Desert was the highest, which was significantly higher than

that in the Hulunbuir and Mu Us Desert (P<0.05). Soil pH of P. sylvestris plantations in desert showed significant differences (Hulunbuir
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Desert> Horqin Desert> Mu Us Desert, P<0.05); the soil electrical conductivity and soil moisture content in the Mu Us Desert were
significantly higher than those in the other two Desert (P<0.05); the soil temperature in Hulunbuir Desert was significantly higher than
that in the other two Desert (P<0.05). (3) The random forest model showed that altitude, longitude, latitude, pH, soil temperature, fungal
Shannon index and species richness were important predictors for identifying soil multifunctionality, with an explanation of 83.68 %.
Geospatial factors had extremely significant positive effects on soil factors and soil multifunctionality (P<0.001), soil factors had
significant negative effects on soil multifunctionality (P<0.05), and soil fungal diversity index had no significant effect on soil
multifunctionality (P>0.05). [Conclusion] The soil multifunctionality of P. sylvestris plantations in the Horqin Desert is the highest,
and its soil ecosystem is more stable. Soil fungal diversity and abiotic factors dive soil multifunctionality of P. sylvestris plantations, but
abiotic factors were more important than biotic factors. This improved information will provide a better understanding of soil
multifunctional characteristics and comprehensive service ability of P. sylvestris plantations from the perspective of biotic and abiotic

factors, as well as the rational utilization and scientific management of P. sylvestris plantations ecosystem.

Key words: soil multifunctionality; soil fungi diversity; Pinus sylvestris var. mongolica; affecting factors
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f5; LT BT B i B G VD E AR A ], M AR R0 VD R AR B T, e o i iy S 3 KRt 1 2
WA BRPGAR LA Ry D e, AR B S 3D AR R A, R IR Y KR T KU (3R 1),
® 1 EFMATHEAES

Table 1 The basic information of Pinus sylvestris var. mongolica plantations

FORE  THBEA

it SR “ZH AR Average heigh verage DB REEE
Plots Latitude/°N Longitude/°E Age/a & & & Dominant shrub
t/m H/cm
HBh 27 5.94+0.89 13.57+1.25 . ) ( w
0199R" 400 onginnu & (Leymus chinensis ). $t% (Stipa capillata) . /Jx
HB HBn 48 1122'2486” 49 11?93;2922 ! 38 8.46+1.22 21.68+1.67  M4E35)L (Caragana microphylla) F1ZEHP (Salix gord
ejstit) %
HBm 47 10.97+1.45 27.04+1.78
HQh s s 26 6.19£1.01 1274143 /\H4838)L (Caragana microphylla), 3£ E (Leymus ¢
42°41'27"~ 122°29'23"~12 R . X .
HQ HQn 42042730 2932'51 39 10.05+0.99 15.82+1.39  hinensis) . #4%F (Lespdezabicolor) YZZ (Setaria
HQm 48 11.94+1.33 23.56+2.01 viridis) F17KE (Agropyron cristatum) %5
Muh 26 9.13+£1.04 13.56+1.57
Mun 36 13.89+1.71 19.05+1.67 5%tE (Bidens pilosa L.). % (Artemisiaarenaria) .
MU 38°20'27" 109°42'44" £#E (Hedysarum scoparium) FI## (Tribulus terres
Mum 47 1646135 24534223  Wis) F

HB: PG DURVD L, HQ: FLRIGIPHE, MU: BEZPHL; h: M, n: EHEM, m: B, TH.
1.2 TIEERRESAIE

2022 4F 7 H, DARAR DURVDHEL. BHRICID NS S VD HAE A4 N TR FLIX . B NFTEIX A 200l
IRE AN FE MRS FIRE L, BB 904 B 5 B 20 mx20 m iREGFETT, FHAT R N TARBE TR AR R
(£ Do FEVUEEEEIHRETT NTERE 10 m L ER) 3 MRAREARJRFEXT R, FRERFERT " T 2 R 278 5
Yo TIEFEARREIRFEN 0-20 cm, [FINFZBRIADEYIART . KR —FE 1 3 PRERHEAR LI FE i R R G
TRA G LIERE A 7 R N RS R IR 5, —IREE 45 MREM (3 AMIFFEIX <3 MFEHIXS MR G
i) o KA LIRFEANE T4 cCEHEIRIRE T, 77 [ 5850 % 5 N-80 °CUKFH I/AFE, T 5 ZaRE nib 2
1. 3 SR KRR EUFN L IRIB 4L M BN E

e EAS SR E R G (hitp://data.cma.cn) X GEAR TS, BETEEDY 2007~2021 4, F#
BArERE: PR (Mean Annual Temperature, MAT). 4°F¥J#/K&E (Mean Annual Precipitation, M
AP). P8 =< (Mean Annual Maximum Temperature, MAMT). P HRAK SR (Mean Annual M
inimum Temperature, MANT) FIEFRMXEE (Mean Annual Relative Humidity, MARH) . 34 5 X
T Wl e AT EAE R E (R 2).

F<2 TEIBUMRNESE

Table 2 Measurement methods of soil physical and chemical properties

fEPRI B ARARIR W58 T
Index type Specific index Assay method
PR RIS
pH
Glass electrode method
ISR E e
T IERT Soil water content Gravimetric method
Soil factors TR HPRIE
Soil temperature Thermal resistance method
Bt eSS FSE
Soil electric conductivity Conductance method
e AHLER FER TR A%
Carbon cycle Organic carbon Potassium dichromate dilution heat method
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ALRE I TR R

Invertase Spectrophotometric endpoint reaction method
YR TRHE KR a1

Cellulase Dinitrosalicylic acid colorimetry

Bt IR - e SRR T A5 W L ik

Sulphate-perchloric acid deboiling indigophenol blue colorimetric

o<

Total nitrogen

- method
B N
N R AR HE
Nitrogen cycle
Hydrolyzable nitrogen Alkalolytic diffusion method
i Bt FRTRYN- IR SR AN L 7
Urease Sodium phenol-sodium hypochlorite colorimetric method

Sulfate-perchloric acid deboiling molybdenum-antimony resistance

i

Total phosphorus
colorimetric method

BN N BRER S BRI AR - R B bL ik
A Xk
Phosphorus cycle Sodium bicarbonate extraction - molybdenum antimony resistance

Available phosphorus
colorimetric method

[irqeRTHH BERR R AN (B2
Acid phosphatase Disodium phenyl phosphate colorimetric method
HRUEWMELR ARAER. HREG AR ARER. ARG ﬁ

TR CIRIR SR - USRS S S B AR S
Diethylenetriamine pentaacetic acid extraction by inductively coup
nts ilable manganese, available zinc led plasma emission spectrometry

Available trace eleme  Available copper, available cobalt, available iron, ava

1.4 TEERSFLEERSHMTE

R ¥E E.Z.N.A.soil ®DNA kit (Omega Bio-tek, Inc., USA) i W]Hx}f L3R A E # DNA i3, 4 1%3
AeWEEERS k%, {8 Nanodrop 2000 (ThermoFisher Scientific, Inc., USA) X} DNA Jii &K EZHN . H
FLEEH 519 ITSIF (5°-CTTGGTCATTTAGAGGAAGTAA-3) HI ITS2 (5°-GCTGCGTTCTTCATCGATGC-
3), XEE DNA ITS X BT PCR 91, JFdid At nt WAER AV AA R A A 4E llumina MiSeq PE300
M1 G X 3G =ik A7 m B &N P . PCR 7P2HH T A B 2 FEEIN P SCRE, 4 S5 46 e 91 Oy i 46 A
#| NCBI 1) SRA #i#zE (&35 PRINA1087156), HIFRMCHEFHG, LL 97% N BIEX A BT 515 OT
Uo NIBD A R R R B A RS R 2, AT 513~ 24585,

TIEFBEHYE Chao 1 $5%L. Shannon FEEAIY)FIF & £ (Species richness) B R # 4 “vegan” fiif
HA5%; Faith’s RFEK B ZFEVESREL (Faith’s phylogenetic diversity index, PD). {#F[E] 5525 255 (Ne
t relatedness index, NRI) FliF H I Fila] S5 2k 27640 (Net nearest taxa index, NTI) &8l R # {4 “picante”
TS |0,
1.5 TIRZThEEHITE

RIS TR AR RGIIEH CAMR . FAGBE . 4R B (2% KR, K. BEEH

(A A0 BRYEBEIREG) . ARGRTE TR CHMR. AR A8k AR5 ARED XK 14

MEAORRAE LIRZ DR, B IR T ABRGTIE . AV A LI A 77 )58 2 M el e 18,

X IR TN REFEAR 0 AT Z-score bt (VAT 1), FEXTZFEHIRETEARRFIME, RIS AL -
WL IhRe a8, Z-score baEALIHE AR

F-MeanF

wor (D
Kbt FRRUBREE, MeanF 5 PHIMEHE, SDF FoRbii%. 58 R fF “multifunc” & “g

Z-score =
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etFuncsMaxed” BR%, KAL BEEITHE TEZ IR 8 A, ZBMEDE (RIKEE (26%). ZFEPERL
N KRBT BIME (45%) FlEemBME (94%)) SMEEG R B ILLk (P<0.001) 19200, K] A SCAd P {8 7%
T E L2 DRe

1.6 HdEAbE 504

KH R ZE T Z 58T (one-way ANOVA) H[] Least significant difference (LSD) #6546 1 3% B B 2 #£ 14
B HIOFN & T3 - 38 Ty Be i R AE AN [F) b AR 0 N bR e ) 22 S o A BEATL AR PR AR X B A R B3 R CRUR R 7
BN L HBR A E] R AL 2 R ERR AR AT AT, e 8 2 D AR PRI R BT . AE B In3Y
JiiZ% (Increase in MSE%) J@/NIX LR 7B Z M, HEdk s s vk R E 2, o e h 3Rz (P
LS-PM) THIZEH RS (Structural equation model, SEM) #t— 54347 EEHN N 75 LB L ThREME 2
[2CR. it R 4.2.1 #11BM SPSS 27.0 58K

2 GRS
2.1 EFRAIMITIRS IR

BRAEASEAR T, BT ia N TR LA AL S B KUY : MR DURW . BURIDW . B SRV,
HERZEZER (P<0.05); =M HIRELEEMA4E RIS B REER (P>0.05). R fErT, e
DURPH AR ROV e 3 B2/ T B BRI (P<0.05); HHUKMIER S BRI IRUCY: W48 TUR
Wi, BURIDD L, BEEREDH, HEEZEZER (P<0.05); BURIDVHI-LIEIRE B2 S T B R (P<
0.05). BEFEIAFERRH, WEAG DURVD AR RIC YD A OB IR I B IR i (2 2 v T B S R Vb, T34
BEWARS (P<0.05, & 1 A)o HIEANGIREITER T, BRI AR, B E 5 T e TURDHEARPR
WL (P<0.05), AR ARG RERNAH (P<0.05); FRIG VD -394 R0 2. 25 5 T A6 DUR YD
#h (P<0.05), HAWAHRMEITTRAMMOHIAILBZEZSR (P>0.05). fria NTHEEZ Daetk K/ hHE
FAARION: BURICIOHL, FRAS DURVDHE, BRI, HERFEZER (P<0.05, E1 B,
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B0 + 2l a
- s E w ko b
E # Z30 =
g T2 o 8
=20 26
] E
&1
10 b < 4
2
HQ 0 QMU "B mq MU
18 08
a = 0.6 b a
L6f 2 a a 07 £ 04
. 0.6 502
=Y = Z00
= £0S 2502
=304 5 504
T = N g
F 203 = 506
E H£-08 .
<02 Z-10
0.1 R =z-12
0.0 = ool
HB HQ MU : 131H) 3(8) MU HB HQ MU
FEHE Plots FE b Plots Ff Hh Plots

Bl #FAIHLER. B BRES0EE (A) IEIRETRSERZTIEEE (B,
Fig. 1 Soil carbon, nitrogen and phosphorus nutrient indexes(A) and content of available trace elements and multifunctionalit
y in soil(B) of Pinus sylvestris var. mongolica plantations.
NAFERROR DI AR E 5 (P<0.05), .
2.2 BT AT IR EFADIREE S HHE

FEF R N TR 38 pH AEKKHET 9 B ZVDHL. W46 DURVDHE, BURIDIDHE, HEEZEZR (P<0.
05); BERWH IR SN E/KE R ZE ST HAN NI (P<0.05), WA UURVDHURIRLRIG VD H 6]
TRFEZER (P>0.05); WG DRV 3R B2 825 T HA P MO (P<0.05), BEZIWHIAEIRIGTDHE
BT EE 2SR (P>0.05, % 3).

Yk Z ek, BURICIDHIRE TAA N AR YA 2 Rt fe i, Forb Chao 1 4RI =F & FE
HUR 2 TG DURVDHIA B 5 2000, Shannon $REUE 2 & T BRI (P<0.05); M VURIDHIAIE S
RUDHIMEEETLEEER (P>0.05, B 2 A). GRZFEMESD, WAG DURVDH -3 B 3 R R SR &0 &R
TRBANF BAL M RPR GRS R iR R s, HEZFSTEERDM (P<0.05); FURILIEEAERARKETL
FEMERE B i, HOR s AR NP (P<0.05, 2 BD.

®3 EFRAIKRIIREFHE
Table.3 Soil factors characteristics of Pinus sylvestris var. mongolica plantanions

IE T

NEN

N

HB HQ MU
Soil factors
pH & 6.74£0.16b 6.22+0.20c 7.46+0.15a
TEKE (%)
7.83+1.30b 6.57+0.03b 9.96+1.62a
Soil water content
TIERE O
28.32+2.71a 25.69+3.65b 24.45+0.63b
Soil temperature
LHEHEFE (mS/em)
0.01+0.01b 0.01+0.01b 0.02+0.1a

Soil electric conductivity
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B2 #FRMAIMRDRERIMSHEY (A) MERZHM (B)
Fig.2 Species diversity(A) and phylogenetic diversity(B) associated of soil fungi with Pinus sylvestris var. mongolica plantati
ons

2.3 EHEFIEE YT TIEZ IR

BEALARMRAR A B R R 2 A R 7. B3 pH. TSR IR A RABEN Rl = & FE A RS i
N TARZ DHBENE F) B R 1, RSN 83.68%, A4k & i B M TR 7 (P<0.01). &S
AT SRR IR L DR MR B TR T (P<0.01), 38 pH R EE 2 R 5] 9% 2 Thae ik 0 553 T Rl
T (P<0.05, & 3D G545 AR 5 7 by 2 2 [ B 7 A 1A N AR - 398 R 7~ 338 22 ) e 1 ) SR AR L 2
FIEMN, (P<0.001); TIERHTX LI L IR MR ILE & O8N, (P<0.05), IR 2RO L2

DiRetE LB E W (P>0.05, & 4).

SRR (%)
Increase in MSE(%)

0 4 8 12 16

S sk
Altitude

2%

Longitude | e

a4 o
Latitude

pH E *

AR .

Soil temperature

Shannon 5% |
Shannon index
Soil Multifunctionality

R=83.68
WA ERE P<0.001

Species richness

B 3 BRSO T EFIR AT DI L R e EE TN E F
Fig.3 Main predictors of soil multifunctionality with Pinus sylvestris var. mongolica plantations characterized by random fore
st modelling analysis.
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Longitude Latitude

‘ Altitude

al Effectt i
08 [ Direct Effect #1423
0.980 ’ [ Y indirect Effectiff i s
7

ST

B ]

p

Gof: 0.718

08 | 1 |
LI T bR R HoHE A3 T B T

)
Species
richness Shannon Soil factors Soil fungi diversity Geospatial factors

B4 wESZFEE (PLS-PM) TEMRIFEYER FIEFRA LMK TIESIEEMNENFERR(A) REVENBN
(B)
Fig4 Effects of abiotic and biotic factors on soil multifunctionality with Pinus sylvestris var. mongolica plantations (A) and
standardized total effects (B) under partial least squares path model (PLS-PM).
FRONMRNE R, P<0.05; **FORMIRMEMR R, P<0.01; **FORMRMEMEEE, P<0.001; LEFORIEMR, WARRAMK; SFD: HIAH
ZAEME; SMF: 3L ThRElk.

33 #
3.1 PN TAHRLIEE DREA 138 B B FEERHE

TIEL IRERE TIRAS ARG IR Z IR, BIPE HIRAES RGN EERIRZ —. IRIEHEAR
W, AR DUR VD HARE A N TAR - I3a HLB & B B2 By . TR ITE A LRGN, DA I WL
R Fag Aoy it R rh s 2 e L A e 1, (HRVRIO YD 138 2 ThRe 4 53 i T A Ao ie, 1X
AT 8 AR 1 X 398 TR A VA 0 AR 25 TR VRS N A B AR T T R TR, AR T 4R IR R AR
FE MR, B RV A BRI R BB T AL AN, X TR 5 B Y RIDHANUR & ERIIKH L,
IR} 6 12 26 Vb MR O B S R BE B T B WU M R AR B it 2, BRI S8 R R 4 it
BARDY . BRIBIRFSARIT, DPAS DUR YD M RIRL R 0 70 0 - A e IR MR 5 2 o T B 1 200, H34
WA . — 7T, mp IR R & E1S LIRE R S, HOEdE S TCHLUBE A 2 17 5 Vs P e L i
b, T A S EIG R, H—r, DIERER DIE-EY RS EAEESSE, BRI
TR N AR 338 BB 5 IR 46 3 95 0 O RURG, H 5 A S B2 N IEADC, Rl 33845 S50 RN R 14 i iR
BT AR XS], HREEMEITRY, BRI &2 B2 & T AP AV, 0 AbE eSS fE
TCERBBAR. giRRY, TIEZIRe SRS IR0 IR LA E R E VMG, BRI TIRES RS
HI7% 5> R AR e R T A ANV, 3 S8 H 32 DhRE .

BURICDHAE FAs N TR LI B m YR 2R sy, HoF Chao 1 FRECRV A 8 FEFR AR & & T8
TURIDHIAIE 2 b i, H 32 ThRe Mt B3 i T X WAV M. — 7T, 398 0 38 3o e AT £ 1 2 1A o 2
FE Rk AR e 1) 35, A B THEYIR KA KRR B ERREE, S e gty 4K L3R 25 RGP
ol, F—5H, TIREEBEEDIF Z A B S BT, AR RIS T3S R R Dhae A3k
B3 SRR, PR BEVR SR LI BT RETUAR, B nR L HUH PR S AR R AR SR vh e T3, DI ] S 4 4 3%
DIRERT . [RIRY, BHRIG Y358 B v Sl Pl ) 2 2% 0 R AR ZK TIHAC DUR W L, (B MIRHE RA K
B LRI, HE 2 TR DRV B2 bt . X T RS BATE X, 30 B B i e it
TR, SRS RBOE IR 56 5 5] R ARSF MR I BE R B, B R M B0 AR 2 5 s B[R IRk ) 1 ik,
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R B ARAE R A RSB R EURES, B T SR A M AR 0, 54, =
ANPDH A3 pH 283 27 AAERURIDIDHE B . T35 pH & R 38 5 B 22 R 1k 0 32 B ma R 7 HL &2 6
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