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Absis  This study aimed to find out the key ecological factors affecting the growth and distribution of Tricholoma matsutake
in China. The climate, topographical, vegetation and pedological factors of 22 7. matsutake producing areas were analyzed
through the principal component analysis (PCA). The results showed that the altitude and sand content got the hightest weight
value, which were 0.079 and 0.077 respectively. The crown density and exchangeable Mn in the fairy ring of 7. matsutake had
the lowest weight value (0.000 and 0.011 respectively). Comprehensive evaluation showed that in the 22 investigated regions,
Kangding and Jiulong had the hightest PCA scores of 1.24 and 1.00. Conversely, the lowest scores appeared in Hunchun and
Longjing, which were -1.21 and -0.95. Consequently, the altitude and sand content were the most critical factors affecting the
growth of 7. matsutake. The crown density and exchangeable Mn in the fairy ring of 7. matsutake had smaller effects on its
growth. Kangding and Jiulong were the most suitable for 7 matsutake growth. While Hunchun and Longjing the least. System
clustering found that 7" matsutake producing areas in China could be divided into four clusters: the northeast biome, western
Sichuan and Tibet biome, southern Sichuan and Yunnan biome, and Tibetan Bome biome. The result of this study helps in the
scientific protection, integrated nursing and breeding of 7. matsutake.
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Table 1 Basic information of sampling sites

YRR YRR
AW FEH 7 e Average annual Average annual BRI &yl
Code Sampling site Longitude Latitude temperature rainfall Main vegetation types
or°c) (h/mm)
Pl = {E%k Déqén, Yunnan 99°15'15"  27°47'47" 47 850.0 =M. LU EE Pinus yunnanensis and Quercus semecarpifolia
P2 A% Chuxiong, Yunnan  100°59'11" 25°02'30" 15.6 864.0 SRS HESE P yunnanensis and Castanopsis hystrix
P3 =FEiAE Mouding, Yunnan — 101°24'44”  25°18'51" 15.8 872.0  =FIMA. HESE P. yunnanensis and C. hystrix
P4 ZEWkZ Yaoan, Yunnan 101°06'30"  25°37'37" 15.6 767.5  =EGHS. HETE P. yunnanensis and C. hystrix
P5 Z=EiHEFE Lufeng, Yunnan 101°53'47"  25°16'02" 16.2 940.0  =EFY. HETE P. yunnanensis and C. hystrix
P6  PUJI|f#E Dechang, Sichuan  102°07'21" 27°23'48" 17.7 1049.0 SEFA . HETE P. yunnanensis and C. hystrix
P7 DYJI| % T Mianning, Sichuan  102°07'00" 28°21'15" 13.8 1075.0 NS HESL P yunnanensis and C. hystrix
P8  PYJI|JLJE Jiulong, Sichuan 101°30'28"  29°05'57" 8.7 700.0  JlAs. ELUER P. tabulaeformis and Q. semecarpifolia
P9 DYJI|Hé%E Kangding, Sichuan  101°21'27"  29°40'25" 7.1 875.0 wr Lk O. semecarpifolia
P10 PYJIIHEYL Yajiang, Sichuan 101°11'36"  30°04'59" 11 650.0 =R O. semecarpifolia
P11 PYJi|jE =% Daofu, Sichuan 101°39'15"  30°28'53" 8.2 633.6 AR Q. semecarpifolia
P12 PYJIl/N4: Xiaojin, Sichuan 102°21'31"  30°58'48" 12.2 613.9 w LR O. semecarpifolia
P13 JYJI| /R J#E Maerkang, Sichuan 101°48'36"  32°07'53" 8.5 753.0 =1AR O. semecarpifolia
P14 pyJi|¥EHL Lixian, Sichuan 102°45'41"  31°41"28" 9.0 825.0 m AR | A2 Q. semecarpifolia and Tsuga chinensis
P15 Vi AK2 Nyingchi, Tibet 94°24'40"  29°31'05" 8.5 654.0 w=L#E O. semecarpifolia
P16 V4 K Ak Mainling, Tibet 94°12'33"  29°11'05” 8.2 641.0 1R O. semecarpifolia
P17 V3 T4 VT35 Gongbo, Tibet  93°39'06"  29°53'26" 8.3 308.3 AR Q. semecarpifolia
PI8 VYjH(i % Bomé, Tibet 95°45'22"  29°53'07" 8.5 900.0  FILI#E O. semecarpifolia
P19 i AKITEE Wangging, Jilin 130°06'52"  43°25'56" 3.9 580.0 AL P. densiflora
P20 i #k¥E % Hunchun, Jilin 130°02'33"  43°10'59" 5.65 617.9 TN, S E AR P. densiflora and Q. mongolica
P21 FH M I Longjin, Jilin 129°41'08"  42°49'11" 5.6 549.3 TAS . S Kk P. densiflora and Q. mongolica
P22 FH MK Antu, Jilin 128°45'05"  43°00'00" 2.2 669.7  JRHKS. ST HR P. densiflora and Q. mongolica
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Table 3 Eigenvalue and contribution rate of principal components

VLI B 7 )5
B Sum of extracted squared loadings
Principal oo WRTURECPE)  RHIRETRE (/%)
component Ei M - Contribution of ~ Cumulative contribution of
igenvalue : .
variance variance
F1 3.665 18.322 18.322
F2 2.931 14.656 32.978
F3 2.510 12.552 45.530
F4 2.213 11.067 56.597
F5 1.599 7.996 64.593
Fo6 1.412 7.060 71.653
F7 1.201 6.005 77.658
F8 1.002 5.011 82.669
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Fig. 1 Hierachical cluster analysis of ecological factors of Tricholoma
matsutake in different producing areas.

Table 4 Principal components load matrix and weight value after four power solution rotation

PEHE bR Al F %% 17 46 % Components load matrix NHRT I % T
Evaluation index F1 F2 F3 F4 F5 F6 F7 F8 Communality ~ Weight value
. X 0.712 0.264 0.328 0.380 -0.073 -0.163 0.226 0.056 0.915 0.079
Toﬂﬂoﬁfr f‘i‘c 4 X 0.185 0.143 0206 0734  -0147  -0.066 0.027  -0.055 0.665 0.060
P fict(l))r X; 0.233 -0.447 0.572 -0.157 0.130 0.130 -0.495 0.032 0.885 0.067
X, -0.243 -0.536 -0.228 0.152 0.398 0.003 0.405 -0.303 0.836 0.042
B X 0.424 -0.250 -0.357 -0.015 -0.539 0.019 0.271 0.320 0.837 0.011
Ve;et:)t);on gctor X, -0.386 -0.231 -0.089 0.093 -0.270 0.757 0.048 0.103 0.878 0.015
X; 0.089 -0.050 0.104 0.817 0.041 0.139 0.171 -0.312 0.836 0.061
X 0.762 0.372 0.165 -0.187 0.089 -0.105 -0.115 -0.064 0.818 0.060
X, -0.403 0.057 0.838 0.026 0.079 0.143 0.085 0.132 0.919 0.077
X 0.499 0.122 -0.736 0.092 -0.015 -0.010 -0.170 0.030 0.843 0.013
X -0.332 0.095 -0.222 0.346 0.277 0.171 -0.244 0.568 0.777 0.051
X, 0.257 0.663 -0.131 -0.149 0.574 -0.021 0.185 0.130 0.926 0.069
+ 1A X5 0.137 0.409 0.387 -0.371 -0.113 0.450 0.448 -0.057 0.892 0.049
Pedological X 0.170 0.724 —-0.188 0.112 0.242 0.457 0.035 0.059 0.874 0.051
factor Xis 0.179 -0.528 0.188 -0.065 0.126 -0.299 0.483 0.452 0.894 0.070
X6 -0.522 0.328 -0.061 -0.527 -0.069 -0.192 0.104 -0.219 0.762 0.000
Xy 0.755 -0.232 0.413 -0.169 0.065 0.135 -0.119 0.046 0.862 0.074
Xig 0.010 -0.425 -0.047 0.079 0.700 0.078 0.009 -0.021 0.685 0.073
X -0.614 0.344 0.135 0.051 0.042 -0.251 0.102 0.260 0.659 0.038
X5 -0.452 0.447 0.288 0.389 -0.152 -0.291 -0.151 0.019 0.770 0.039
X-Xyo: S W32, X=X, please refer to Table 2.
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Table 5 Scoring and ranking of principal components of sampling sites

b F1 F2 F3 F4 F5 F6 F7 F8 Fz
Sampleing f35>  #k% 4 4 M HA O B HA O B0 R B HiA B iR e i B ks

site Score Ranking Score Ranking Score Ranking Score Ranking Score Ranking Score Ranking Score Ranking Score Ranking Score Ranking

P1 -0.79 16 -1.26 19 2.28 3 0.65 9 0.78 7 -0.91 16 -1.22 20 -2.23 22 -0.19 14
P2 -0.46 13 -099 17 -2.15 21 1.62 4 -1.65 21 0.84 6 0.23 12 =077 18 -0.50 17
P3 -0.51 15 -297 21 0.31 9 1.65 3 0.97 6 1.09 4 0.64 8 0.68 9 -010 13
P4 1.28 6 -0.83 15 -2.39 22 1.59 5 0.60 8 029 10 0.71 7 0.05 11 0.13 10
P5 -1.92 19 -0.99 16 0.91 7 0.64 10 -0.64 15 -1.10 18 1.05 4 -1.24 20 -0.53 18
P6 1.22 7 -0.69 13 -1.52 18 -0.10 12 -1.63 20 -096 17  -0.66 15 -0.77 17 -0.43 16
P7 =397 22 1.97 4 1.50 4 2.24 1 -1.21 18 -0.84 15 -1.01 17 1.14 2 =020 15
P8 087 10 2.07 3 0.31 10 1.76 2 2.64 1 2.60 2 -1.45 21 0.40 10 1.24 1

P9 1.11 8 3.01 1 -0.15 11 1.10 7 1.35 3 -0.24 12 0.82 5 -1.19 19 1.00 2

P10 0.54 11 0.01 10 -0.62 13 1.29 6 =222 22 -1.22 19 0.77 6 0.77 7 =001 11
P11 -0.48 14 3.00 2 1.07 5 -1.25 17 0.30 10 -1.44 21 1.09 3 0.83 5 0.46 6
P12 2.08 4 0.99 8 -1.73 19 -0.27 13 -1.13 17 0.39 9 -1.08 18 0.79 6 0.23 9
P13 0.35 12 1.16 5 -1.07 17 -0.72 16 1.34 4 -1.25 20 1.96 1 0.96 3 0.25 8
P14 2.49 2 -1.03 18 -0.81 16 -1.42 18 1.27 5 -1.48 22 0.04 13 -1.36 21 -0.03 12
P15 1.34 5 0.78 9 3.66 1 -2.11 21 -1.60 19 1.14 3 0.34 11 -0.60 16 0.64 4
P16 0.88 9 1.12 6 0.97 6 0.80 8 -0.63 14 3.34 1 1.33 2 =051 15 0.94 3
P17 2.83 1 -0.09 11 0.48 8 -0.53 15 -0.07 13 0.15 11 -2.48 22 0.91 4 0.49 5
P18 2.38 3 -335 22 2.48 2 -0.29 14 0.08 12 -0.69 14 0.62 9 1.79 1 0.37 7
P19 -1.83 18 -036 12 -035 12 0.20 11 0.26 11 -0.62 13 -1.20 19 -0.18 14 -0.62 19
P20 -3.55 21 -1.86 20 -0.63 15 -1.61 19 1.37 2 0.77 7 -033 14 0.75 8 -1.21 22
P21 -1.52 17 1.08 7 -1.93 20 =325 22 -0.79 16 0.65 8 -0.66 16 -0.17 13 -095 21
P22 -2.35 20 -0.77 14 -0.63 14 -1.98 20 0.59 9 1.04 5 0.49 10  -0.06 12 -0.84 20

P1-P22: Z: Il 1. P1-P22 please refer to Table 1.

SR LT

AR — PP AN L AR AR, W A IR R 2, 24
ARSI TR, HE IR M A (R, RIRE
7 AR RO AR, H R T ik Z Bloe 8 B, R AR A2
WEIRSTT R, 77 i R o 4 R e X HE A 2 1 R A7
FOR AT Bl T XN A A BEAT B2 R AP, AR A £ 7 0l B
ST

Tl [ A 32 B0 T 74 AR BT L DXL R R AE A L
DX ok 26 7 3 B AT IURR ) A A 1, R e E B AR 2
FEPE L. AR SCRL A 22 32 B UM L R, IR |
TIRN T T X G, Gl FE RO bk, R AE K AT
BEATIEELPE VAT, LR R 0 A A 1 A 1 O B A A5 T
T GOR AL, AR R R S 7 A U R A
Kb, ARFERY A AT WAk T 7 M — A AR X B
Wi T AEDOS A I, R BIRA TR SR IR AR, =
PR 3 P AU G, Xt R TR T X, AT
B AR L B, ZRAE ™ X T AU S R R G AR, AR
PR R LR AR O B . M A R S MR AR FE A B — A
AT, A A S B, VY R AR AR I R — R, T L
2 KA L f v B9, AR AU AR B A B T SRR R AR, 3
Foft oA 22 57 32 B 52 U M BRI IR, 2 AR nl e SR AR
VB R 5 2 B IR ST R Y, R BN R AR M R
w7 RO R AN T AR R 5y — A E R, NHR AR
LB AR st B ) 22 AR . A AR b B2 LASRARAR O, 8] L
A SR HER L I A g MR, B AR
M, FEA DR IHE SRR PR PR X, 2B
YO ILER, JEA D BB RHE Y 0T, BB, A4
2P SR VNER T S I EAA Y i K7/ UV UESI 1D 7S AN )
SR R RS EE . AN RS R A R, ik

AR AE A R ) s b, i L RO B, AL X
22 AT HAT VPN S R I, IR BB L SRR |
SCHRAERE L S HE R | BB R L B R XA A RS M AR K
AR A PR, A A L B PATE | R A A R X A
BA AR R AN, ST | e A AR E A AR
HRBE, TEX PABEHEAT IR (2 B Al B v, 0 S E A AR A
PN, R S EREE . X AR AR A N AT BRI A B,
FATE ™ 3 S —E R L (0 20 Ak, (5 R BN S, 7 443
DX, XA A A DU L A RN T AP e —E R
2 5. I XA AR EEITS P51 & B, AR B 475 98%
LA b, DR — BN S — AR, fE R 25 7 M AR 53 A1 A
XPMAL, BEAR AT AL S, I, MAFRE TR E R A B0k
Kt 2 KA BE W A% o A A T B IR A RO BIE 5, 3K X FAH
A WRh AR Z PR PRI TR L

1 BE g pIE DY IR A AR B0 B GE MBI ) [M]. AR 35 MR
Jizkt, 2003: 152

2 BUEHIR, 400k AR Pl B B O 2 3 0 B T e 7). o
[ 05 A= A 4 B2 U6, 2010, 29 (1): 12-14 [Liao LJ, Jin GZ. A review on
chemistry and pharmacology of Tricholoma matdutake Sing [J]. Chin
Wild Plant Resour, 2010, 29 (1): 12-14]

3 Fn WA IR O] 2RO R, 2007, 35
(15): 4468-4470 [Li Y. Research progress in precious ectomycorrhizal
basidiomycete Tricholoma matsutake[J). J Anhui Agric Sci, 2007, 35 (15):
4468-4470]

4RI Betls, BRE R, VL. AN E A B A S AR ST ] T E R
JH&, 2006, 25 (4): 14-17 [Yuan TF, Duan B, Qiu DC, He J. A study on
geographic distributing and ecology of Trichaloma matstake [J]. Edib

http://www.cibj.com/

Chin J Appl Environ Biol ) JH 53551244k



1102

AEIYIE T A ST 68

Fungi China, 25 (4): 14-17]
SR, ERE, BRH, BRA e, & 52, IR, QRIS AR IR R A
HERSHE R 8 R R—— R TR 5k R B R B (0], Mol B
2AMEFTE, 2000, 13 (5): 562-567 [Gong MQ, Wang FZ, Chen Y, Chen YL,
Cao JX, Su LJ. Protecting the eco-environment of Tricholoma matsutake
and improving its sustainable development [J]. For Res, 2000, 13 (5):
562-567]
TP, M A XA AR S B A A S (0], B
I, 2002, 21 (3): 19-20 [Su KM. Ecological environment of Tricholoma
matsutake in Chuxiong and Zhongdian, Yunnan province [J]. Edible
Fungi China, 2002, 21 (3): 19-20]
e B, ARG A NV B R A AR AR (D). R BT, 1996, 15 (6):
34-35 [Gao MW, Dai XC. Ecology of Tricholoma matsutake in western
Sichuan [J]. Edible Fungi China, 1996, 15 (6): 34-35]
VEP e, AR, B, BT, AR, W, 2R EE. Kl
DCRATE ™ Hb Y 13 A 35 (0], 35 MR Al K27 273, 1996, 18 (3): 53-57
[Xu GB, Fu WJ, Wei TZ, Liang YJ, Yang SR, Quan MD, Li GH. Soil
ecological characteritics of Tricholoma matsutake producing area in
Changbai mountains region [J]. J Jilin Agric Univ, 1996, 18 (3): 53-57]
FFb, AR, XK R, AR . AN [t A Ak 3 X O I s IX K A L
VAT S A e 41 400 R L TR 2 BRI 22 R R (2 e (). 08, 2012, 44 (2):
290-296 [Wang D, Li LQ, Liu YZ, Pan GX. Influences of long-term
fertilization on bacteria and fungi community structures in different
aggregate-size aggregates of paddy soil in Taihu Lake region of China [J].
Soils, 2012, 44 (2): 290-296]
INRER, SR, IR, Tk SCH, 22k, skl 1< 0 AL X 21
SRR A W A e RURIVAR A P i R P 0 B2 0], 17 A S 4R,
2010, 21 (11): 2792-2798 [Sun FX, Zhang WH, Xu MG, Zhang W1J, Li
ZQ, Zhang JY. Effects of long-term fertilization on microbial biomass
carbon and nitrogen and on carbon source utilization of microbes in a
red soil [J]. Chin J Appl Ecol, 2010, 21 (11): 2792-2798]
RO BRI, RIE, MR, L, SR, Bt TR s S ILE
Nt Rl FE A AR R T 7 RO ST SR (J]. I AR A A,
2010, 21 (9): 2353-2357 [Xie JH, Chen G, Yuan QX, Lin GY, Wang ZS,
Guo CY, Zhong H. Effects of combined application of biogas residues
and chemical fertilizers on greenhouse tomato’s growth and its fruit
yield and quality [J]. Chin J Appl Ecol, 2010, 21 (9): 2353-2357]
REE, kA, TR, B, #8048, mIKS, T, Bl
5 B PR 28 R 3 G PR 2R C e T b 0 R e B K L 7 A R Y
M [J]. A A2 4, 2012, 28 (18): 140-143 [Zhu BG, Zhang CF, Yu
ZH, Jia HB, Guo T, Meng QY, Wang NN, Ma XM. Effect of combined
application of controlled release urea and common urea on soil nitrogen
content and yield and quality of soybean [J]. Chin Agricul Sci Bull, 2012,
28 (18): 140-143]
KA, BRI, T AN R HT Dr 2UR AR S P B 8 1 e
SR B H A5 240, 2008, 19 (4): 813-818 [Zhang YG, Liang W1,
Jiang Y. Profile distribution of exchangeable calcium and magnesium in
an aquic brown soil as affected by land use type [J]. Chin J Appl Ecol,
2008, 19 (4): 813-818]
Faih, FLE XY, B, AR, A5, B, R DL I A
A7V FRAE S LSRR R E R (D). A2 HEHE, 2000, 17 (1): 51-61
[Tao Y, Wang D, Liu T, Jiang CG, Zai W, Li YG, Tang C. Community
characteristics of Arabidopsis thaliana natural populations in the

northern Tianshan Mountains along with relevant environmental factors

US4, Chin J Appl Environ Biol

http://www.cibj.com/

15

17

18

20

21

22

23

24

25

26

[J1. Biodivers Sci, 2009, 17 (1): 51-61]

POTBE, JESLIR, & £ W], EWUL, JH, ERAL. IR INIX A+
Sy B R BEVE B 0T D], Mol B2, 2008, 44 (3): 6-12 [Dai
LM, Tang LN, Cao YM, Wang SZ, Zhou L, Wang QL. Quantitative
classification and ordination aiming to realize ecological land
classification for the mountainous region in Eastern Liaoning Province
[J1. Sci Silv Sin, 2008, 44 (3): 6-12]

Rahman MR, Shi ZH, Chongfa C. Soil erosion hazard evaluation—an
integrated use of remote sensing, GIS and statistical approaches with
biophysical parameters towards management strategies [J]. Ecol Model,
2009, 220 (13): 1724-1734

Li K, Fu S, Yang ZZ. Composition, distribution and characterization of
polybrominated diphenyl ethers (PBDESs) in the soil in Taiyuan, China
[J]. Bull Environ Contam Tox, 2008, 81 (6): 588-593

JAGK, w21, R P, A AR, TESC. L R ALY S R R T
KR ZTCAHI]. FRERL, 2013, 34 (3): 864-873 [Zhou R, Peng
ST, Tan XB, Shi HH, Ding DW. Phytoplankton assemblages and their
relation to environmental factors by multivariate statistic analysis in
Bohai Bay [J]. Environ Sci, 2013, 34 (3): 864-873]

Boruvka L, Vacek O, Jehlicka J. Principal component analysis as a
tool to indicate the origin of potentially toxic elements in soils [J].
Geoderma, 2005, 128 (3): 289-300

SR, . TR T PR T TR S R R R bR AR G000 b BT
WAy Hr[I]. —IREREE 525, 2008, 1 (2): 56-61 [Wu WW, Cao QY.
Establishment and evaluation of environment sustainable development index
system in Chongqing [J]. Environ Ecol Three Gorges, 2008, 1 (2): 56-61]
AREE, BHEEE, SRR, LA H, AR AT. SR VLS G S R Y
BB R R AT TP I R (F AR A AR, 2009, 27 (2):
137-141 [Zhao XG, Cao YX, Zhang J, Wang BX, Cai DS. Factor analysis
of environmental variables influencing benthic macroinvertebrate
community in Lijiang river [J]. J Guangxi Norm Univ (Nat Sci), 2009,
27 (2): 137-141]

BEE s, AR, EATR, SR BN, I, BT GISFIHL GE it 24 1Y
L2 el AL T B PRAR (], A= 452241, 2007, 27 (5): 1978-1986
[Liao GT, Li TX, Wang YD, Zhang XZ, Feng NN. Comprehensive
evaluation of fertility quality in hilly tea plantation soils based on GIS
and geostatistics [J]. Acta Ecol Sin, 2007, 27 (5): 1978-1986]

Ve, HIGERK, B, R, SRIEE, 5, ERBT L. DU A AR AN X
FHENE S PEA[T]. T ERE HRE 2, 2013, 34 (1): 40-44 [Pang S, Tao XQ,
Huang M, Ye LH, Zhang HY, Yang X, Shao JM. Evaluation on soil fertility
in Sichuan tobacco planting areas [J]. Chin Tob Sci, 2013, 34 (1): 40-44]
BRoR IS, oA, KT, A EAR S BN LG P B R £33 (1], b [ bk
FI4HFF=, 2003 (4): 21-22 [Chen RM, Zhang CF, Zhang H. A review of
ecology and artificial technology of Tricholoma matsutake [J]. For By-
Prod Spec China, 2003 (4): 21-22]

Endo N, Dokmai P, Suwannasai N. Ectomycorrhization of Tricholoma
matsutake with Abies veitchii and Tsuga diversifolia in the subalpine
forests of Japan [J]. Mycoscience, 2015, 56 (4): 402-412

2RIk, AR/, BSC, BRI, WG oR, AR 2 T rDNA ITSFIISSR
BRI RIF 5 DU 1 A HEgs A% Z AR (0], 10 S PR A= 2 i, 2014, 20
(4): 578-583 [Li Q, Li XL, Huang WL, Xiong C, Yang ZR, Zheng LY.
Genetic diversity research of Sichuan Tricholoma matsutake based on
rDNA-ITS sequencing and ISSR analysis [J]. Chin J Appl Environm
Biol, 2014, 20 (4): 578-583]



