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Diversity of ectomycorrhizal fungi in three Castanea
mollissima plantations in krasnozem region of Hunan
Province

TIAN Shiyi, DONG Wentong, YE Jiawei, XIONG Huan, YUAN Deyi, ZOU Feng*

Key Laboratory of Cultivation and Protection for Non-Wood Forest Trees, Ministry of Education, Central South
University of Forestry and Technology, Changsha 410004, Hunan, China

Abstract: Castanea mollissima is an important ecological and economical tree species, also
ectomycorrhizal (EcM) dependent tree species in China, and EcM fungal diversity of C.
mollissima orchards with different ages of 9 years, 17 years and 35 years in krasnozem region of
Hunan Province was investigated. High-throughput sequencing of the ITS region of C. mollissima
root EcM samples from different stands was carried out by Illumina MiSeq sequencing platform.
The diversity and distribution of EcM fungi in different stands of C. mollissima were analyzed,
and physical and chemical properties of C. mollissima rhizosphere soil were determined. Based on
linear regression, Spearman correlation and canonical correlation analysis (CCA), the relationship
between soil factors and the diversity of C. mollissima EcM fungi was studied. Forty six EcM
fungal operational taxonomic units (OTUs) were detected, belonging to 2 phyla, 3 classes, 8
orders, 13 families, and 18 genera. Scleroderma, Tylopilus and Russula were the main EcM
genera in C. mollissima orchards. The Shannon diversity index of EcM fungi in the 9-year stand
was the largest (1.33), which was significantly different from that in the 35-year stand (0.22).
However, there was no significant difference in species richness index among different forest
ages. Linear regression analysis showed that soil pH, total potassium (TK), available potassium
(AK), available iron (Fe), available calcium (Ca) and available magnesium (Mg) were
significantly negatively correlated with the diversity of EcM fungi. The CCA analysis and
Spearman analysis suggested that soil pH, total phosphorus (TP), TK, AK and available Ca were
the main soil factors affecting the composition of EcM fungal communities in C. mollissima
orchards in krasnozem of Hunan Province. The fungal community composition of EcM fungi of
C. mollissima is relatively rich in the krasnozem region of Hunan Province, and this study
provides a scientific information for the selection of EcM fungi and planting management of C.
mollissima orchards.

Keywords: Castanea mollissima; ectomycorrhizal fungi; diversity; tree age; soil pH; soil
available calcium
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b SCHEEI S ML 3 B g5 o 45 1 45 2
2 AR B 2R AT B ) 58 A o 38 o
AR A RUT A, LR P s T OTU
X 53 o
1.5 Sitoth

Y5 B2FMriE i Majorbio ZEL = F &
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2 HEREHM
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X3 ANEE Y - SR AL R R LR 2, SRR
W2 E) 58 pH., SERIA RS IS A B2
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AHUBR . BRALL . HRBE . SERER . ARG . A
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CSX-1 (B35 H) R . &, &8 . A
B AR AU I R - S R T P A

Details of sampling sites of different chestnut ages in Hunan Province

RFER NIt RFEIFIR g HhpE PRI R FE it
Site ID Years Altitude (m) Longitude (E) Latitude (N) Height (m) DBH (cm)
CSX 1 35 87.93 113°18'45.68" 28°33"26.42" 7.7 14.5
CSX1I 17 86.79 113°192.17" 28°33"28.86" 4.5 6.4
CSXIII 9 83.25 113°18'9.36" 28°34"22.24" 5.1 9.4
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Table 2 Physical and chemical properties of soils in the Castanea mollissima orchards with different ages
iy ERBNE HLER 2R X AHLER
Sample pH Electrical conductivity Total N (mg/kg) Total P (mg/kg) SOC (g/kg)
CSX 1 3.69+0.18b 42.96+10.54b 553.214260.37a 1075.49+782.16a 5.54+1.13ab
CSXII  3.5240.07¢ 34.94+3.63b 215.83+85.41b 418.35+21.33b 4.37£1.23b
CSXIIl 4.14+0.18a 61.48+20.66a 146.20+52.85b 745.67+216.08ab 6.11+2.04a
T BRAL Exil A AR TR h
Sample C:N Total K (g/kg) Available K (mg/kg) Available P (mg/kg)  NO; (mg/kg)
CSX T 13.2149.12b 26.84+4.95a 151.33+30.51a 78.85+51.9a 6.18+0.76b
CSXII 23.2148.76b 9.71+0.85¢ 74.62+13.25b 1.54+0.36b 7.86+1.76b
CSXIII  47.19+£20.05a 21.56+1.48b 189.53+87.33a 21.34+6.13a 13.68+5.23a
Gy HA ARk AR AR AR
Sample NH," (mg/kg) Available Fe (mg/kg)  Available Mn (mg/kg)  Available Cu (mg/kg) Available Zn (mg/kg)
CSX 1 0.33+0.11b 13.87+40.18a 20.37+17.97a 5.84+1.39a 5.35+3.81a
CSXII  0.4+0.19a 7.734£4.28b 3.17+1.60a 0.92+0.33b 2.16+0.96a
CSXIII 0.07a 86.04+48.68a 14.6+7.27a 1.62+0.57b 4.02+0.32a
Gy AR ARk -4 2 i PR E IR R ik

Sample Available Ca (mg/kg) Available Mg (mg/kg) PB-glucosidase (umol/g) S-ACP (umol/g) Urease (g/kg)
CSX 1 222.02+13.03b 20.88+4.8b 5.46+0.31b 26.34+3.66a 25.06+0.20a
CSXII 36.18+14.24c 16.82+2.92b 9.46+0.50ab 32.00+2.17a 8.02+0.86¢
CSXIIT 382.27+18.48a 27.52+1.04a 11.84+5.47a 31.76+7.92a 23.84+0.20b

] —F AR ] FEE R 22 57 B 35 (P<0.05). SOC: +HEATHLEK; S-ACP: +HERRIERE MR NG
Different letters in the same column indicate significant differences (P<0.05). SOC: Soil organic carbon; S-ACP: Soil acid phosphatase.
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22 1REEM ERNFERSIT

38 SCHR A FUNGuild ShEEFIRTE EcM
B HEBR JE L i BRI A R AR AR T 81 8
(57 271 B UEFA TR, & AEA T I — 3L,
FFA A H5> A 46 4~ OTUs, A[RIBIEIEA
FA OTU %, A[FARBIAHREE EcM 1) OTU
B 7 1),
2.3 FEINEIRE EcM ERZH#HM4

B B 5 14 38 1, Shannon £2 % 1 45 %% Fil
Pielou 3J5] FE 48 B B H B /b e #5(F 2),
9 M5 Shannon ZAEPEFREUR KR 133,
Pielou 8404 0.56, Simpson ZFE: 8 U FE A%

K EI BRI EE, 35 4F Simpson 15
B KoM 091, 35 45 17 4EF0 9 MR ZREN:
AAE B 2 22 57(P<0.05) . & R 52 B BE AR
WA AR A SIS S #e, Hoh 9 4EAKS) EcM HIA
FEEIBOR S N 10.6, T 17 35 B
/N 8.6, {H EcM B F & FELEA [FIAR S sl
#7225 . Shannon F5EHR, ULHAREIS ZHEPE
5, Simpson FHEAIS

2RI, A EcM HIF OTUs KR T 2 1]
3408 H 13 R 18 JB(K 3, Kl 4), Hrga kiRo
JEHH 4] Basidiomycota ELE, HA W3
[l Ascomycota FLEH, FFAHXT 22 E>1% 01 & N
g . 35 AEM I E R R0 5%
&, HAXFZ RN 32.59%, ¥4 irERE S
33.2%, ZI45 )8 b7 31.8%. FE 17 45 B P34
RS g, & 57.91%, My AR IR &
36.4%, WSEEJE Laccaria b5 5.05%. 1E 9 45
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csx T [ 8 B i B, N 63.38%, {EAEAR bk A R T R
. SRS . HRERRA RS, MXT 25
S Hh 23.19%, FEALE 17 M 35 FEMT TR
RIRLT 4% & FLoA AE 35 Mo A7 AE S
7 csx 1 2.4 TIEBUMRITIRE EcM EE S #H#1M4E
2% 23 26 kAl
20 PRl TAE pH. MIFR. R 2. A
O ex M skl CSX I HLEK . B S AR RIARIR B EcM ELRR 9 CCA

1 FEHHRIRE EcM EF OTUs F2E

Fig. 1 Venn diagram of ectomycorrhizal (EcM)
fungal operational taxonomic units (OTUs) at
Castanea mollissima orchards with different ages.

AT (Bl 5A), CCAL fliffRéiEly 57.23%, CCA2
HhfgREE R 34.53%, BMRREEN 91.76%. HRIEFHI
214 B IEASG, T3 pH ., BRI A - 52045 )R
MK, pH. BPR, 2, A, ALK

Ay B 6 b
B 14 —
ST : 4| . E=
7 | w Lz F
p: :(1) a 2 10} ulll
2 T 08 |
S o [N &~ [s=— = L
P& = 204 |
gl o2 | B
¢l 20
5 1 1 L 0 i 1 1 1
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C D
. - 0.7 h
WO = T
0.9 + é— a6
b
08 | 05
5 . —[— =
?:’ 0.7 % 04+
k= 2 0
5 06 _a_ =
04t 4 02t a
03 | @ 01| [N
02 . . . . L
CSX 1 CSX 1l CSX1I CSX 1 CSX 1l CSX1I

2 FEHKE EcM ERFEEMSHEMER  AFFEERRIE 50 2% 25 55 (P<0.05). A: Richness
$5%¢. B: Shannon 5%%. C: Simpson §%%. D: Pielou $5%%
Fig. 2 Diversity of the ectomycorrhizal fungi at different age groups of Castanea mollissima orchards. Letters

indicate significant differences for each parameter (P<0.05). A: Richness index. B: Shannon index. C: Simpson
index. D: Pielou index.
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Fig. 4 The composition of ectomycorrhizal fungi in Castanea mollissima orchards with different ages.
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Fig. 5 CCA analysis of dominant fungus genera in Castanea mollissima orchards with different ages and soil
factors. A: CCA analysis of dominant fungus genera in the orchards with different tree age, soil pH, EC, TN,
TP, SOC, C:N ratio. B: CCA analysis of dominant fungus genera in the orchards with different TK, AK, NH,",
NOs; , AP, S-UE, S-ACP, B-GU. C: CCA analysis of dominant fungus genera in the orchards with different Fe,
Cu, Zn, Mn, Ca, Mg. Year: Tree age; pH: pH value; EC: Electrical conductivity; TN: Total nitrogen; TP: Total
phosphorus; SOC: Soil organic carbon; C:N: Carbon to nitrogen ratio; TK: Total potassium; AK: Available
potassium; NH,": Ammonium nitrogen; NO; : Nitrate nitrogen; AP: Available phosphorus; S-UE: Soil urease
activity; S-ACP: Soil acid phosphatase activity; B-GU: Soil B-glucosidase activity; Fe: Available iron; Cu:
Available copper; Zn: Available zinc; Mn: Available manganese; Ca: Available calcium; Mg: Available
magnesium. The same below.
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Table 3  Stepwise regression equation of dominant fungal genera in Castanea mollissima orchards

R RE G e RAE REL

Dominant genera Fitting equation Coefficient of determination
Scleroderma Y=-30.853+11.954Xyear—0.355X 1 +20.141 X sx—0.07Xgc 0.904

Blopilus Y=3.362-309.182X\—4269.027X4+0.059Xc—5.711X1p+0.3 14X yeor 0.902

Russula Y=-0.454+4 103.976X,—0.335X50c1+6.01X sk 0.985

Y: Abundance of fungal genus; Xy...: Age; Xrx: Total potassium; Xgc: Electrical conductivity; Xy: Nitrate; X,: Ammonium nitrogen;
Xp: Total phosphorus; Xsoc: Soil organic carbon; X,x: Available potassium.

3 i EcM LLI )R . T )R 0l SHEIE Quercus .
¥ & Eucalyptus BFHE B EcM (TLIESF 2020);

31 AEHKERR EM RE# RSN B HU A F RO AT 5 MR Berula BRI EeM
ABFFEILAAT 46 DI EcM EL# OTUs, (Jumpponen et al, 2010): £L 25— Fy1Z EcM

RIET 21118 I8, BEVTHRA BeM ST BTIREN HE, A58 . =42 Picea asperata L LZRFh
Fo o LI EA TR, KRN TER gk Itk EeM (Wang er al. 2012), W@ il 541
e PR BERE A E AL, RG] FA Pinus koraiensis . ¥ %2 Abies fabri SR FPIE I,
HEKRZNEEREE NN 188 ECMER T,  EcM (#k5€ 2016; iKETE 2018) T LA H45IR,
X Z 1% EA 44, R DehjE . a] DUEWHZ 2O X RE Az 8w | 2100 m Ak 4
Brfel A AR | LR AR . X 4 MBI IR SRS A ) R
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2. W AUESE -4 pH ZIK3) EcM BETE 1
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LA A A R 22 A, T HL 358 pH AT L3S
1 AR 3SR A (A AT MR R EeM BB
BETE . BEARCEARES (3N, pH EREITESE, A
[k pH EIH BE 2SS, 0 17 M5
i) pH 1 35 4F M4y pH AHZEA K, B pH (HAF
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