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Abstract Soil microorganisms are essential components of forest ecosystems that respond quickly to external
disturbances. Thus, they have been used as ideal indicators to evaluate the influence of anthropogenic activities
on soil properties and their associated functions. Here, the effects of different tending measures on soil microbial
abundance, community structure using high-throughput sequencing, and their rapid response mechanisms in
Picea asperata plantations were investigated one year after the tending measures. The experimental treatments
consisted of two thinning intensities (T, and T,) and two pruning intensities (P, and P,), with no thinning or pruning
as a control (T, or P). The diversity index of the soil microbial community was not affected by the interaction
between thinning and pruning, except for fungal richness. The richness, diversity, and evenness index of the soil
bacterial communities decreased significantly with thinning, whereas those of the soil fungi community did not.
Compared with the control treatment, the diversity of soil bacterial communities at 1-m pruning height increased
significantly. Thinning and pruning showed significant interaction effects on the phyla Gemmatimonadetes and
Planctomycetes, whereas the relative abundance of each dominant bacterial group was not significantly different
among the different thinning and pruning intensities. The effect of thinning measures on the relative abundance of
dominant fungal groups was more significant, with Ascomycota and Basidiomycota increasing significantly after
thinning. Redundancy analysis showed that soil capillary porosity and available potassium and phosphorus were
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the main factors affecting soil bacterial community richness. Available potassium was the main factor affecting
fungal richness. Both Planctomycetes and Gemmatimonadetes are more easily affected by environmental changes
in the soil. Thinning and pruning were found to affect the diversity of soil microbial communities and increase the
abundance of dominant soil fungal groups. The findings provide important guidance for the healthy management

and model selection for spruce plantations.

Keywords thinning; pruning; soil microorganism; Picea asperata plantation; influencing factor
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Table 1 Basic characteristics of different tending treatment plots
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http://drive5.com/uparse/) X Fi 4 £ & 104 2807 51 47
RA, BINDLOT % i) — BN 17 71 3R 2 e 4 1 4 28 Hoa

(Operational Taxonomic Units, OTUs) , fifii% Jif &% i H 1
I E M OTUsE R AE )P H. K HIRDP Classifier&iZ:,
I8 I 5 Silva Bt P FlUnite B4 e LU T AT X 0 A kAT 1 R
Far2s. FIHQIME (1.9.0) 150 3R 15 41 B A1 B 1) 14 45
FAT AR, DLR IR S A B R LB 2 R
1.4 BIRAIBS %54

FIFHARAELL DLJS I OTUSEUHE 73 591 T 5 200 B FH . B B VR 1)
AlphaZ FetE, WHEFEE. SRR, Kb, £5
RN R, £8P FHShannon-Wiener (H) #8548 %, #4124
i NPieloutf %, R HISPSS17.0%0 It mAZ A\ TR F g4k 2k
RS LA DT 45 W 22 PR DL BB AR AR 3 28 B AT A
K £ (two-way ANOVA) , I W & 15 77 45 28 B4, ik
T K FH B[R R 5 22 0 W2 0 B s AR RS A X 25 4B A sz e,
Ji £ E L FIDUCANK S (P < 0.05) , I Sigmaplot5e 5 A
KA. RAITA S (RDA) 43 3 A W Uk 45 7 5 30
BeR 72 A AR DG, JFTER (V.4.1.0) H 52 BX.

2 ERESH

21 FEFEHER THRMEMEESHMENTN
A0 AN BBV % B PRI 51 R A BB B (R

A R s i i - oL T2 T b

Tending pattern Altitude (h/m) Aspect Slope (a/°) (n/hm™) (Dlcm) (HIm)
TPy 3450 124.3°SE 22° 0.8 925 17.7 19
TPy 3450 119.6°SE 22° 0.7 2000 12.8 17
TP, 3436 105.0°SE 20° 0.8 2025 13.2 18
TP, 3463 110.0°SE 25° 0.8 1300 16.1 18
TP, 3446 98.7°SE 25° 0.8 1875 15.2 20
T,P, 3442 127.8°SE 20° 0.8 1625 12.5 18
TP, 3430 105.6°SE 20° 0.8 1725 174 18
T,P, 3442 126.2°SE 22° 0.7 1450 14.8 20
T,P, 3439 104.9°SE 20° 0.7 1225 18.5 17

TOPO: o T0P1: 1 m1|%/|‘:€, TOPZ: 2 m1|%/|‘§, T1PU: 10%1@%1}(‘4, T1P1: 10% 5% +1 m1|§+§2, T1P2: 10%1@%{5@4’2 mﬂ%/{‘i. T2P0= 20% 551Kk s T2P1: 20% itk +1

MIEEL; TP, 20% 5k +2 migf:. THE.

TP, Control; T,P,, Pruning at 1 m and no thinning; T,P,: Pruning at 2 m and no thinning; T,P,: 10% thinning intensity and no pruning; T,P;: 10%
thinning intensity and pruning at 1 m; T,P,: 10% thinning intensity and pruning at 2 m; T,P,: 20% thinning intensity and no pruning; T,P;: 20%
thinning intensity and pruning at 1 m; T,P,: 20% thinning intensity and pruning at 2 m. The same as below.

#2 FRMEBRA A IHBTIRIBAME R

Table 2 Soil physicochemical properties among the different tending measures of spruce plantations

— -
Tenf?S j;%efgsure BD/g cm® CP/% NCP/% (wlfr!n-la kg'1) (w/mA;;Pkg'1) (w/n%Kkg'U (W?gok%ﬂ)
TP, 096006  5822+301  547+184 5167 + 6.01 593+055 153332205  24.2%12
T,P, 102006 4746+ 117 9.50 + 317 25.33 + 7.86 767029  29933+4678  405%8.2
TP, 101£013  5426+328 960338 1133+176  653+029 20267698  36.2%22
TP, 102+006  5860+091  3.37+206 53334833  667+074  23833+27.28  350%82
TP, 0794005  5411+509  1177+517  2967+1268  693+041 16167 +2564  39.8+3.2
TP, 121£005  5531+218 253047 1933+267  607+052  20000+862 40153
T,P, 093+006  5475+392  1260+532  1667+706  660+058  17400+3201 28553
T,P, 0964002  4529+147  1053+286  14.00+ 115 627041 257333210 326451
T,P, 088+004  59.28+185  9.83+3.02 2133+437 6334094 2203342571 263433

BD: % CP: EE LY : NCP: JEBELBRIE: NH,-N: &% AP: Sk : AK: M ; SOC: fHLR.
BD: Bulk density; CP: Capillary porosity; NCP: Non-capillary porosity; NH,"-N: Ammonium nitrogen; AP: Available phosphorous; AK: Available

kalium; SOC: Soil organic carbon.
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Fig. 1 The relative abundance of bacterial (a) and fungal (b)
dominant groups at phyla level.

Table 3 Two-way ANOVA for effects of thinning and pruning on soil microbial diversity

— PR AR TRPERY L
Tending measure M|croorgan|sm Richness index Shannon-Wiener diversity index Pielou’s evenness index
species d; F P d; F P d; F P
Fif% Thinning 2 3.509 0.052 2 7147 0.005* 2 4128 0.033*
&4 Pruning 4114 Bacteria 2 2.268 0132 2 4.388 0.028* 2 2.813 0.086
B X & 4% Thinning x Pruning 4 2.518 0.077 4 1139 0.370 4 0.282 0.886
Fif% Thinning 2 0.014 0.986 2 0.020 0.980 2 0.068 0.935
f&#; Pruning H T Fungi 2 5.599 0.013* 2 1.336 0.288 2 1.052 0.370
Hifk X & 4% Thinning x Pruning 4 6.889 0.002* 4 2182 0.112 4 1.886 0.157
R4 TEMEREREEHRARMERREZREMER CEHELHFER, N=9)
Table 4 Diversity indices of bacterial and fungal community among different tending measures (mean * SE, N =9)
4l1H Bacteria FH Fungi
k) S A LR KI5 S ZHEIEIR AL VISR
Tending measure Rich?e?s Iijndex Sh_annqn-Wiener Pielouts evenness Rich:’ezs ?ndex Shanr)on-Wiener Pielou’_s evenness
diversity index index diversity index
Bifk CK 5756.27 + 154.34a 9.57 + 0.04a 0.844 + 0.002a 1560.97 + 111.75a 6.66 + 0.44a 0.685 £ 0.038a
'I{Irhﬂnning 10% 5270.32 + 125.50b 9.45 + 0.06ab 0.839 £ 0.003ab 1545.83 + 75.58a 6.74 + 0.19a 0.698 £+ 0.015a
20% 5310.64 + 211.92b 9.35 + 0.04b 0.833 + 0.003b 1554.57 + 108.86a 6.71 +0.28a 0.694 + 0.024a
B CK 5368.18 £ 230.19a 9.39+0.07b 0.834 + 0.004b 1625.43 + 101.76a 6.54 + 0.40a 0.673 + 0.035a
Fﬂ'uning 1m 5690.66 + 148.17a 9.55 + 0.04a 0.843 £ 0.003a 1658.93 + 98.8a 7.09 + 0.28a 0.722 + 0.022a
2m 5278.39 + 126.39a 9.42 + 0.04b 0.838 + 0.002ab 1377.01 + 63.4b 6.48 + 0.21a 0.681 + 0.019a

ANTE) B R R ARG 6 R ) 72 7 B (P < 0.05) .
Different letters in the same column indicate significant difference at the 0.05 level.

x5 EMEFIERSAEAMER KRB LB EEEHNFIT

Table 5 The effects of thinning and pruning treatments on the relative abundance of the dominant phyla in the bacterial and fungal communities

g A A 340 4% Thinning & Pruning Hif% X &K% Thinning x Pruning
Microorganism species Dominant phyla F P F P F P
IR FF 517 Acidobacteria 2.359 0123 1.442 0.262 0.966 0.450
T 117 Actinobacteria 1.879 0.182 1133 0.344 1.928 0.149
w Mﬁfﬂl‘] Bacteroidetes 2.037 0.159 0.718 0.501 1.631 0.210
Bacteria 5] Chloroflexi 0.452 0.643 0.768 0.479 0.837 0.520
ZEHLE ] Gemmatimonadetes 1.076 0.362 1471 0.333 3.935 0.018*
74 (] Planctomycetes 0.794 0.467 0.446 0.647 3.268 0.035*
AZJLHi ] Proteobacteria 0.416 0.666 0.571 0.575 1.463 0.255
T-FER ] Ascomycota 3.433 0.055 1.708 0.209 7473 0.001*
Hi# 1 1] Basidiomycota 3.818 0.041* 0.094 0.911 6.194 0.003*
Fungi B4 1#17 Zygomycota 1.476 0.255 1.034 0.376 2.364 0.092
A4 E Rl 2 Unidentified 0.473 0.630 4.850 0.021* 0.356 0.836
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Fig. 2 Redundancy analysis on relationship of soil physicochemical properties with soil bacterial (a) and fungi (b) community structure
under different tending measures for Picea asperata plantations. BD: Bulk density; CP: Capillary porosity; NCP: Non-capillary porosity;
NH,"-N: Ammonium nitrogen; AP: Available phosphorous; AK: Available kalium; SOC: Soil organic carbon.

*6 DHIBUMRSME. EEARABITHENFERNEXM

Table 6 Correlation between soil nutrients and relative abundance of the dominant phyla in the bacterial and fungi communities

Dom?rfﬁpphyla BD/g cm* CP/% NCP/% (w,;lr|n-|a k’;'1) (w/mAngg'W) (W/nf\gKkg”) (w?gok%")
W FF BT ] Acidobacteria 0.092 0014 0078 -0.159 0169 -0.019 0.077
T 1] Actinobacteria 0.004 -0137 -0.030 0.221 0.138 -0.051 0.091
UFF 1] Bacteroidetes 0114 0.033 0.056 -0.017 0.075 -0.227 0.060
4425 1] Chioroflexi 0.221 -0.077 -0.284 -0.046 -0.315 0.052 0124
LR ] Gemmatimonadetes 0.108 -0.361 -0.028 -0.308 -0.472* -0.013 0.121
VA HT] Planctomycetes 0.071 0.397* -0.335 0162 -0.097 0.382* 0.016
A 411 Proteobacteria 0117 0376 -0.013 0.048 0.280 -0.037 -0.239
F# 11 Ascomycota -0.165 0.061 0165 04127 0158 -0.359 -0.017
#1711 ] Basidiomycota 04134 0132 ~0.112 -0.066 ~0.142 0.381* -0.065
P41 Zygomycota -0.015 -0.126 0.048 0108 -0.025 -0.072 -0.312
k% 5E R Unidentified 0.089 0156 -0.018 0182 0126 04151 0.079

*RRHMELED.05/KF [ i 3.
* Indicates a significant correlation at the level of 0.05.
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