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Telﬁporal and Spatial Varlatlons in_ Rogt associated Fungi Associated with Pinus
sylvestris var...mongolica in the Semi= arid and Dry Sub-humid Desertified Regions of

Northern China

ZHAOQ Pei-shan'** | GUO Mi-shan*, GAO Guang-lei'**" | DING Guo-dong'** | ZHANG Ying'**, REN Yue'-*”

(1. Engineering Research Centre of Forestry Ecological Engineering, Ministry of Education, School of Soil and Water Conservation, Beijing Forestry University, Beijing
100083, China; 2. Yanchi Ecology Research Station of the Mu Us Desert, Yanchi 751500, China; 3. Key Laboratory of State Forestry and Grassland Administration on Soil
and Water Conservation, Beijing Forestry University, Beijing 100083, China; 4. China Institute of Water Resource and Hydropower Research, Beijing 100038, China)

Abstract; To illuminate the ecological functions of root-associated fungi (RAF) and their interactions with host plants, we revealed the root-associated fungal diversity and
community compositions of Pinus sylvestris var. mongolica involving natural forests and plantations ( half-mature, nearly mature, and mature forests) in the Hulunbuir Desert
Horgin Desert, and Mu Us Desert and investigated the environmental driving factors ( climatic condition and soil property). The results indicated that: (D) the diversity of RAF
in the natural forests was significantly lower than that in plantations (P <0.05), and the values were highest in the Mu Us Desert. There was a distinct geographical
distribution in the RAF community, but the influence of stand age was not significant (P >0.05). @ The relative abundance of ectomycorrhizal fungi (50.49% ) in natural
forests was higher than that in plantations, such as Acephala, Mycena, and Suillus. The indicator genera were diverse involving the natural forests (Acephala) and plantations
in the Hulunbuir Desert ( Sarcodon)) , Horgin Desert ( Russula and Calostoma ) , and Mu Us Desert ( Geopora, Mallocybe, and Tomentella). () The indicator genera were
mainly affected by available nitrogen content, available phosphorus content, and stand age, and few indicator genera were related to soil water content, pH, and total nitrogen
content. A total of 43.25% of the variation in the RAF community was accounted for by both geographic location and environmental factors. Overall, geographic location and
environmental factors shaped the spatial variation in the RAF structure and function of P. sylvestris natural forests and plantations in the semi-arid and dry sub-humid desertified
regions; there were no significant temporal variations in RAF across stand ages, but the nonuniformity in fungal distribution with stand ageing cannot be ignored. The large
population of symbiotic fungi in natural forests was conducive to the healthy growth of hosts; the ratio of symbiotic, saprophytic, and pathotrophic fungi varied in different
plantations, and the increase in the proportion of saprophytic and pathotrophic fungi may have negative effects on the growth and health of plantations. This improved
information will provide a theoretical basis for the management of P. sylvesiris plantations.

Key words: Pinus sylvestris var. mongolica; fungal function; biogeographic distribution; climate; stand age
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a3 2 B A DL R Vb i (HB) . B R I0 U0 i
(HQ) FIE L 3 Vbl (MU ) A [A] MRIE R 748 A TAK
23 ~24a( MK, h) 33 ~36a (LI, n) Fl44
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Table 1  Location and climate information of the Pinus sylvestris var. mongolica forests

I I G

SRR A

§ NETR—
it ML RER/C BokiE/mm o /a /m Jom VAR
NF 228.53 0. 86 301. 51 — 9.3 21.2
HBh 24 5.57 13.41 ESc) ( Leymus chinensis ) . i F ( Stipa
HB HBn 227.19 -0.78 348.4 35 8.42 21.98 capillata ) | N R XYL ( Caragana
HBm 44 11.10 27.58 microphylla) FIEMI ( Salix gordejevii) 55
HQh 23 5.25 12.42 NIHER O L, 2E R WA T ( Lespedeza
HQ HQn 210.92 8.19 511.31 36 9.62 15.71 bicolor) . M J& % ( Setaria wviridis ) Hl vK L
HOQm 45 11.30 23.01 (Agropyron cristatum) %
MUh 23 9.91 14.15 Y2 & ¥ ( Bidens pilosa L. ) | M #5 (Artemisia
MU MUn 232.34 9.47 540.74 33 13.05 18.63 arenaria) . 168 ( Hedysarum scoparium) FIFEZE
MUm 44 14.65 21.98 ( Tribulus terrestris ) %

1) NF: RIS, HB : A DR i A AR, MU : BB R VA TR HQ : FHR I YD M A TAR b FPIAR, n BV, m s BV, T 1)
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oo 44 %

~45 a( R, m) , FFLAREAR DR Vb Hi s -4 K AR
ARONF) X IR (1) . A E 10 e, AL45 1
A RIRMFEH AN 9 N N TARFEM (3 Vb HL x 3 A4
RIS ) B REHLAL S 5 S 20 m x 20 m FIREDT .

2019 4F 7 F |, JRIFEF SR A R AR R T AR 2R K
Xof IO P - HERE . AEREASRE DT TP BEHLERE TR 10 m
DAY 3 BREREARAE R oRAE T 42, bt R Y,
KRR T IR R Y ATARJAE . B il — 1y 3 B
FRIEARMIEE S 7R A, A AT 5 MR,
10 MREHIIE T RAE T 50 MARISKE 5. SRAE 52 WA
ST RPRERE B T - 4°CE 5 AR R AT, 21 15 A7
W - 80°C vk A4 FH. RIS FHAR IR RAE T 1 R 4R
R 2R BFFIE - S9ERE & FH T 5 301 %)+ e BRAL 1 S5 40 AT.
1.3 MR ETR ST % AT RERE ]

#i F PowerSoil® DNA Kit( MoBio Laboratories,,
Carlsbad , CA) I & X HE P HL B DNA #h$e, I H
W8 51 %) ITSIF (5'-CTTGGTCATAGACGAAGT
AA-3") Fl ITS2 (5'-GCTGCGTTCTTCAGATGCSS ") X
rDNA ITS X 4T PCR 43, Xt PCR Y™ 3 7# ¥y kAT

WG FRL BARS  , H Mlumina. MiSeq il 4 IS0/

ﬁ%%ﬁﬁ%%wauW%ﬁ@ﬁﬁﬁysﬁ%

4% OTU. /I B 12 R[5 1 36 1 1 358 2% ,
FEA P ST 218 191 551751,

T FUNGuild -4 %4> A D RERE ", X &
55 “ 4R AT fig” ( probable ) 1 “#% Al fi£” (highly
probable ) F%I] 43 25 AT O/ B[R], 45 15 B Oy
“TIHE™ (possible) 515345 44 5 JERTHFFEHEA X L,
DL 5E T BE 25 M. 0% LA & 4 1 95 5 ( rophic
mode ) AL 4 DI RERE (guild) f9 T 74 43 510 44 S«
b FRA0 R A (s A, s ) R
L4 SGHOR A IR LI PR A R

RGBSR IR T R RS R B R
(http://data. cma. cn) , B [H]{E [ 2009 ~2018 4F,
FHUATH SR 4 - 2 B BRI £ (MSd) | 4R 7 ¥ <l
(MT) ARk 2 (MP) |, ULEE 1.

SFFHFR I B FR T R0 S K B eSWE)
T pH AMHT A ( L85 g, o ) 052 9 pH A
(pH) R FH T el 81 Bk 0 00 52 - M AT B
(SOC) 7t [T By W b € 005 2700 TN )
1 SRS T GG T 2 (TP) & B, R
S BB P A AR R AND) | SR T S B A
B (AP PRI Lo Lk 2. [ T

=1 F . ER2, ﬁﬁﬁwﬁ%ﬂmmiﬁzﬂwﬁﬁﬁmﬁ .
- Table 2 Soil propertiés of the Pinus sylvesiris var. mo_fzg(;lica forests =
- il Je(sbo) o(TN) o(TP) w(AN) w(AP)
Hi ¢ C/ % 4 i
fﬁ ﬁj:.“ /% pH /gkg™! S /g-kg ! /g-kg™! Zmg-kg ! /mg-kg !
INF #4.49 £0.31d 6. 68 £0.30bed 1077 10'."5.5}_:;3,_-"'( 0.95 +0. 12a 0.22 +£0.02b 24.47 +1.53¢ 3.31 +0.44a
‘ HBh‘vF 5.58 £0.39¢  7.50 +0.45a 6.86€0. 39d 0.59 +0. 08¢ 0.16 £0.0lbe  38.35 +1.38b 0.69 +0. 32de
Ht}n. 5.47 £0.44c  7.36 £0.45ab 7.83 0. 70¢ 0.64 £0.07c 0.18 £0.0lbec  40.68 +1.84b 1.43 +0.53b
HBm 7.87 £0.28a  7.09 £0.25abe  9.75+0.53b 0.95 +0. 08b 0.21 £0.0lbe 55.72 £1.27a 1.90 £0. 35b
HQh 5.44 £0.25¢  6.53 £0.40cd 6.86 +0.33d 0.58 £0.07¢c 0.21 £0.02bc  34.14 £1.66bc  1.35 £0. 14b
HOQn 6.66 £0.56b  6.69 £0.32bed  5.24 +0.33e 0.42 +0.05d 0.16 +0.0lc 28.66 +1.64bc  0.89 +0.45¢d
HQm 8.08 £0.40a  6.30 +0.43d 7.05 +0.49d 0.56 £0. 03¢ 0.18 £0.01bc  40.67 = 1. 84b 0.82 +0.36cd
MUh 5.67+£0.54c  7.21 £0.33abe  2.90 +0.22f 0. 17 £0. 03f 0.51 £0. 04a 10.89 +1.43d 0.46 £0. 36e
MUn 5.68 £0.45¢  7.35x0.42ab 3.56 +0. 30f 0. 17 £0. 02f 0.51 0. 02a 13.57 +1.20d 0.48 0. 26e
MUm 6.49 £0.52b  7.42 £0.37ab 4.81 £0.33e 0.30 £0. 05e 0.48 £0.07a 25.38 1. 11¢ 1.07 £0. 62¢
D) BUE P + b2 s RRVNEFRFRIR 253 .35 (P <0.05)
1.5 Hdaortr B,
AR AR X = JEE = 10. 00% 119 EL 5 I % 43 0
2 HER55MH

HE,1.00% ~10.00% A% W&, <1.00% NFH
J& P 2 R studio #EATHUIE AL BE AN AL FE S
R Z AR B (Chaol Al Shannon) | 4R B
1 24k ]UE (NMDS) KAHEIE 0 (ANOSIM) | §
7~ B PP 2 (Indicator species analysis) . 7 /R 2
AH K B8 ( Spearman’s rank correlation) | TUAR 43
Hr (RDA) 175 22 53 fifk 53 Hr (VPA) . >R il SPSS 20
HEAT 25 50 VR o B, A0 4% R R J7 22 430 T (one-way
ANOVA ) FULA 2 7 22 73 BT (two-way ANOVA) . 2K
H OriginPro 2018 2 i Z2 AE PR R BE 95 4 Rl B

2.1 FEFIAMRN RS 2R

REFHR RARARFN N TARFR A i Ha A2 246 585
FARBUT A AE IS BRAE B OTU J& , HL3k1%
ATRI4> OTU U1 6434 . #E PN L OTU i A/
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Fig. 3  Distribution and relative abundances of root-associated fungal community Pinus sylvestris var. mongolica natural forests and plantations
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Table 3 Indicator genera of root-associated fungi in Pinus sylvestris var. mongolica natural forests and plantations
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Fig. 4 Correlation between indicator genera and soil properties and stand age in Pinus sylvestris var. mongolica natural forests and plantations
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