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Effect of soil physical and chemical properties on bacterial diversity in

Tricholoma matsutake shiroes at harvest

LI Qiang'* JIN Xin' CHEN Cheng'? XIONG Chuan'? JI Lin’
LI Ting-Xuan® ZHENG Lin-Yong'*

LI Xiao-Lin'

(1. Soil and Fertilizer Research Institute, Sichuan Academy of Agricultural Sciences, Chengdu, Sichuan 610066, China)

(2. School of Life Sciences, Sichuan University, Chengdu, Sichuan 610065, China)
(3. College of Resources, Sichuan Agricultural University, Chengdu, Sichuan 611130, China)

Abstract: [Objective] To investigate the effect of physical and chemical properties on the diversity of
bacteria of Tricholoma matsutake shiroes. [Methods] Soil from Tricholoma matsutake shiroes and
control treatments were collected at the T. matsutake’s harvest time in the main producing areas
Xiaojin, Yajiang, Muli, Yanyuan, and Yanbian in Sichuan denaturing gradient gel electrophoresis
(DGGE) was used to analyze the bacterial diversity in shiroes. Physical and chemical properties of soil
samples were analyzed. Data analysis was done using principal component analysis (PCA) and
multiple regression tree analysis (MRT). [Results] The physical and chemical properties of shiro soils
were significantly different. The fertility level was significantly higher in shiro soils than in control
treatments. The diversity indices in different counties were significantly different. However, bacterial
diversity in the control soils was not necessarily lower than in shiro soils from the same area. MRT
showed that higher organic matter (OM, 136.5 g/kg<OM=<257.1 g/kg) and higher available nitrogen
(AN, 151.2 mg/kg<AN<277.0 mg/kg) increased the bacterial diversity of shiro soils when the
concentration of available copper (Cu) was higher than or equal to 0.296 7 mg/kg and less than 0.651 7 mg/kg.
Whereas, lower pH (4.800<pH<6.028), lower available copper (0.651 7 mg/kg<Cu<2.040 0 mg/kg),
higher exchangeable calcium (Ca, 9.697 cmol/kg<Ca<23.300 cmol/kg) and higher available potassium
(243.0 mg/kg<AK<296.7 mg/kg) increased the bacterial diversity of shiro soils when the concentration
of available copper higher or equal 0.651 7 mg/kg. [Conclusion] Available copper, organic matter, pH,
available nitrogen, exchangeable calcium and available potassium were the major physical and
chemical properties affecting the bacterial diversity of T. matsutake shiroes.

Keywords: Physical and chemical properties, Tricholoma matsutake, Bacteria, Diversity, Multiple
regression tree
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FAH: Tricholoma matsutake (Ito et Imai) Singer
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R, WA 30 MR A AL, R IR 136.5 g/kg & 151.2 mg/kg. ZHLER TR, HERL
SRR R BB 22 Y 43.8%. TEAR 120296 7 mgkg H<0.651 7 mgkg B, AHL
Hi1<0.651 7 mg/kg (1) 10 MRESH, BHUFEWE (136.5g/kg<OM<257.1 g/kg)& & ik . #HAA
ZHPEM EENR, HUOEHAE, 1A (151.2 mg/kg<AN<277.0 mg/kg)l K41 i 2+ M bk

T 1 AFRESTIEEEERNO=3)

Table 1 Soil physicochemical properties of different soil samples (n=3)

B AU & A HAmE O ESdl ARk ARG AR AR SRR SSHkEE
pH oM TN AN AP AK Fe Mn Cu Zn Ca Mg
(g/kg) (gkg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (cmolkg) (cmolkg)

XJ1 6.41°  168.9°  5.07° 277.0° 134  186.7% 42.85™ 2639  0.59° 1.84 36.08™ 1.14®
XJ2 6.90°  124.6° 672® 280.7° 9.0 386.0° 3840 2791 086 228" 37.58" 1.36"

XI3 626  91.6° 173"  206.0° 6.1 2773 4042 23.82" 0.78° 1.66™ 27.43% 0.93"
XJ4 6.11°  329.0° 265" 214.0° 52  287.0" 43.01™ 2657 0.70° 1.58" 31.40° 0.81°

XI5 6.41°  272.4° 495®°  158.0° 9.0 221.7" 3990 21.81™ 098¢  1.61™ 44.54* 1.33°

XICK  6.85® 943 387" 241.0° @ 7.7% 777° 3918 1949  0.59° 0.74° 27.68" 0.85®
YI1 498"  208.1" 6.46° 154.0° 23.8° 2803 5550° 25.01° 0.59° 4.67° 13.60° 0.66™
Y12 572" 200.6° 4.58°  154.0° 202%™  267.7° 63.85" 20.89°  0.34° 1.49" 12.25% 0.59™
Y13 554> 2285®  626® 206.0° 31.0° 3007 4891 2795 0.62 3.34%  2331™ 0.52"
Y4 5.04° 2571 5.13®  1283%  19.8™  257.0°  49.53% 27.78™  0.38¢ 2.77° 14.00° 0.43"
YI5 484> 1512°  3.17° 1287  141%  241.0 50.52° 23.67°  0.30° 2.14" 11.50% 0.49™
YICK 571" 1385°  4.65® 1483™ 120  278.7° 3331 2927° 031° 0.66° 16.04% 0.49"
YB1 5.06° 2189 438 1993 139 2393 4133% 2925% 386" 3.28% 11.71¢ 0.37™

Sample

YB2 548"  159.5°  3.63° 2253™ 6.1 1783  41.49™ 2528 336® 225" 10.71¢ 0.28°
YB3 536° 177.2° 471®  137.0™ 7.6 2623  45.05* 30.00° 2.57° 2.71° 14.52%¢ 0.38"
YB4 5.16°  1944° 407"  189.0° 520 246.7°  4336™ 2831° 240 2.77° 9.72¢ 0.28°

YB3 517°  226.1%  7.13* 2227 134 2967 51.04° 2291 3.69®°  3.91®  24.77™ 0.63™
YBCK 5.12° 96.5° 1.79° 183.3° 1.5 1047°  2920°  9.86"  1.68° 0.28° 12.93% 0.29"
ML1 515"  209.6° 5.54® 185.0° 9.8 2777 4919 31.69"  0.46" 426  20.21% 0.94
ML2 573 2342™ 554"  186.7°  43.5°  349.0°  49.61* 31.47°  0.69° 3.82% 15.82 1.14®
ML3 498  187.0° 454 182.7°  14.6°  267.0° 3875 28.98® 1.2 134" 21.14° 1.12®
ML4 534"  136.6° 298  157.7° 384 3420 47.33* 30.73®  0.69° 2.05" 16.29% 0.59"
MLS5 515" 240.0° 520®  213.7° 452" 289.7" 4596™ 29.50™  0.74° 3.85% 17.94% 0.89
MLCK 4.92° 134.6° 226° 2397 6.1 1983 20.06° 2747° 037 0.51° 17.84% 0.67
YY1 5.63° 151.3° 255" 1213% 114 2300 5679 3591° 124 278 8.13¢ 0.43"
YY2 5.09° 243.0° 6.58° 163.3° 7.4 281.0° 47.88™ 31.35° 1.03 383" 14.17% 0.65"
YY3 594 1744° 405" 1200 1159  277.0" 4927 31.10® 0.80° 2.87° 14.34% 0.53"

YY4 5.95® 2197 498"  140.0™ 57  277.0" 4497  30.50" 136  2.61™ 11.26° 0.62™
YY5 5.15° 1972  590® 168.0°  11.1°  286.3® 4502 3025 0.78° 2.84° 11.28¢ 0.53"
YYCK 556> 167.6° 1.79° 62.0° 1.1¢ 1203 30.78¢  17.66°  0.74° 0.46° 4.42° 0.41%

T RPEUE D 3 IKE R IWIEARTIME, TE[F—F AR FRER R 2 57 1.7 (P<0.05).
Note: The arithmetic mean of three replicates is shown with its arithmetic standard deviation. Different letters in the same column indicate
significant differences (P<0.05).
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Figure 1 The PCA plot of soil physical and chemical properties

%2 SWETHOERSES XL L JXE X XICK
Table 2 Component score of the tested indexes - ) 18
1947 Index 143 Component
1 2 3
pH —0.048 0.259 —0.069
AHHLE OM 0.161 —0.011 0.085
HAE TN 0.198 0.071 0.218
YA AN 0.005 0.233 0.354 -;
B AP 0.169 0.005 —0.248
B AK 0.211 0.048 —0.092
ARER Fe 0.184 —0.075 —0.103 P
A% Mn 0.177 -0.032 -0.079 11 1 ] 111801 '
A% Cu ~0.003 ~0.103 0.644 ' epews
ABEE Zn 0.228 —0.067 0.176
TS Ca 0.011 0.318 0.089 2 TiEME DGGE 58 EliE
SHEEE Mg 0.063 0.208 o112 flifl:::lz DGGE profile of bacterial communities of
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Table 3 The bacterial diversity index of different soil samples (n=3)

%3 TERAEEES HEIHEM(N=3)

RS G5 A% FAEEL FAR-B AN EL BRI P ARAR AL
Sampling No. Margalef index Shannon-Wiener index Pielou’s evenness index Simpson’s diversity index
X1 3.71° 3.42° 0.997* 0.967°
XJ2 3.33° 3.33¢ 0.998® 0.964°
XJ3 3.53° 3.40° 0.999® 0.966°
XJ4 3.78° 3.48° 0.999® 0.969"
XI5 426" 3.61% 0.999® 0.973%
XJCK 423" 3.59™ 0.999® 0.972"
YI1 3.69° 3.48" 0.999° 0.969"
Y12 3.23% 3.32¢ 0.995° 0.963°
YI3 3.44° 3.38° 0.993° 0.966°
Y4 3.09% 3.29¢ 0.999® 0.963°
YJ5 3.12% 3.29° 0.999° 0.962°
YJCK 231¢ 2.97° 0.998® 0.948°
ML1 3.38° 3.37° 0.999® 0.965°
ML2 5.05 3.82% 0.999* 0.978"
ML3 5.14° 3.83% 0.999 0.978®
ML4 4.96° 3.77" 0.999® 0.976"
MLS5 435" 3.65™ 0.999* 0.974"
MLCK 4.66™ 3.72% 0.999* 0.975"
YY1 4.11% 3.59" 0.997° 0.972"
YY2 5.04° 3.79® 0.996™ 0.977*
YY3 5.12° 3.81%" 0.995° 0.977°
YY4 473" 3.73° 0.996" 0.976"
YY5 468" 3.72% 0.996™ 0.976°
YYCK 4,65 3.71% 0.996" 0.975"
YBI 4.85° 377" 0.998® 0.977°
YB2 473" 3.70% 0.997* 0.974"
YB3 5.93* 3.99® 0.998® 0.981%°
YB4 6.01° 4.00° 0.997* 0.981°
YB5 5.83 3.97" 0.997* 0.981°
YBCK 5.08° 3.81%® 0.996™ 0.977°

T RPN 3 WA AIIE, 18R —5 A [ 5B RoR 22 5 13 (P<0.05).

Note: The arithmetic mean of three replicates is shown with its arithmetic standard deviation. Different letters in the same column indicate

significant differences (P<0.05).

. TEAR>0.651 7 mg/kg 9 20 MEESL 1, pH.
AU | A R AU 2 e T A R 2
EZHRE, 7E—ZEHN, pH (4.800<pH<6.028)
N ARG 0.651 7 mg/kg<Cu<2.040 0 mg/kg)
N AR HEEE(9.697 cmol/kg<Ca<23.300 cmol/kg)

FrEMOR, HALEN(243.0 mg/kg<AK<296.7 mg/kg)
FrEE, AN AN I SRR
FEMR Z o AR i e B, Eh 6 AT
VEAEE K13 A AR, 435 B,
RO HORER . HUBUHE . ARURE RS IR B, X
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Cu<0.6517, Cu=>0.6517

Margalef
Shannon
Pielou

Simpson

OM >136.5 |OM<136.5

pH >6.028 | pH<6.028

AN<I51.2|AN =151.2

1 (m
I:L:I EL:I 0.102: n=2

0.489:n=3  0.184:n=5

EL: Ca<9.697 |Ca>9.697
GRrrm. (e

Cu<2.04 | Cu>2.04

AK<243 | AK >243

0.152: n=2 0.592: n=9 [L:I [L:l

0.009 75:n=2 0.016 2: n=3

Error: 0.078 6 CV error: 1.21 SE: 0.299

3 ERARSHMSTIERFHS TEAN SR
Figure 3 Multivariate regression tree of diversity of shiro associated with soil factors
e Cu: ARUE; OM: AHLET; AN: HAUA; Ca: ZCHUESRS; AK: HUUH; Error: AAXI1R2E; CV error: SZXHilEiR2%; SE:

2 IR UERRAELR.

Note: Cu: Available copper; OM: Organic matter; AN: Available nitrogen; Ca: Exchangeable calcium; AK: Available potassium; Error:
Relative error; CV error: Cross-validation error; SE: Cross-validation standard error.
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