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Abstract: [Objective] This paper aims to analyze the variation of soil microbial community structure
characteristics of larch plantation at different plantation ages, clarify the response mechanism of soil
microbial community structure to the changes of plantation age and its key influencing factors, provide

theoretical basis for sustainable management of the plantation and feedback effect of soil microbial
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community to environmental changes. [Method] Based on the characteristics of soil microbial community
structure, soil physical and chemical properties and understory vegetation characteristics database, this study
explored the regulation mechanism of soil physical and chemical properties and understory vegetation
characteristics on the formation of soil microbial communities by redundancy analysis. [Result] The change
of plantation age had a significant impact on soil physical and chemical properties and microbial community
structure, such as soil temperature, water content, pH, total carbon, total nitrogen, total phosphorus,
ammonium nitrogen and nitrate nitrogen content increased significantly with the increase of plantation age,
but the soil available phosphorus content showed the opposite trend (P < 0.05). Meanwhile, the growth of
the plantation age also significantly increased the abundance of gram-positive bacteria, gram-negative
bacteria, fungi and actinomycetes in the soil, while the ratio of fungi: bacteria and gram-positive bacteria:
gram-negative bacteria showed a downward trend. The diversity of understory shrubs and herb layers also
showed a trend of increasing with the increase of forest age, and the differences between different forest ages
did not reach a significant level. The results of redundant analysis showed that the soil physical and chemical
properties and the understory vegetation diversity index explained 86.1% of the total variation of the soil
microbial community, while the soil water content, soil temperature, available phosphorus, nitrate nitrogen
content, and the richness index of shrub and herb layer explained 22.7%, 18.4%, 11.8%, 10.6%, 7.9% and
5.6% of the variation of microbial community structure, respectively. [Conclusion] The structural
characteristics of soil microbial community, soil physical and chemical properties, and understory plant
diversity (ie shrub layer and herb layer) are all affected by changes of plantation age. Notably, soil
temperature, water content, available phosphorus, nitrate nitrogen, and understory vegetation diversity are
key factors to drive the changes of soil microbial community structure in different plantation ages.

Key words: soil microbial structure; plantation age gradient; physical and chemical property; understory

vegetation; phospholipid fatty acids (PLFA)
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Tab. 1 Basic situation of larch plantation sample plots with different forest ages

i1 Plantation age gradient

Ui H Item
Lar30 Lar40 Lar50
Hi#/a Stand age/year 33 42 53
Wi Slope/(°) 25 25 25

Y1) Aspect

“FHIB i Mean tree height /m

“F-¥54% Mean DBH /cm

P15 Canopy density

MR 532 B /(F-hm ) Plantation density/(tree-ha ')
FVEY)Z )=/ (t-hm ™) Biomass of litter layer/(t-ha™")

774 Southeast

77 Southeast 7574 Southeast

16.3+0.8 18.8+1.3 16.1+1.4
16.4+0.5 18.7+1.6 22.6+2.8
0.28 +0.02 0.35+0.01 0.39+0.01
1158 +87 1341 £62 803 £24
43.2+10.8 106.9 + 18.3 50.9+8.2

¥E: Lar30. MRk 33 45 N TAK; Lard0. bR 44247 N TAK; Lar50. #6534 N T4k, T A . Notes: Lar30, 33-year-old plantation; Lar40, 42-year-old

plantation; Lar50, 53-year-old plantation. The same below.
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AT 38 Y G2 v 4 M A1 T 22 2 55, RDA 43 i £E
Canoco Software 5.0 H1#k47, B2 Hilifid Sigmaplot
12.0 #47 .
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2.1 TIEBEUMER

+-3% pH EHALTE FIFE 6.28 ~ 6.56 2 1], HEE%H
RS B IR B 20 BT AL, 2
Lar50 A Tk o i) =388 pH B AR5, (AN [FIAR S

5] + 3% pH {8 2 5 K1k B 3 /KF (P> 0.05). Lard0
Al Lar50 N LA HIE5 /K 8% & T Lar3o A
THRCP < 0.05) o 438 I B W it 35 AR 16 (1) 189 n =20 A5
TR A, HAE Lars0 #h7r ik B0 fl . 115
AR 2A BEFEAMESE S EWTE Larso AT
Morp I 2 = T Lar30(P < 0.05), R4S B E
Lar40 Al Lar50 A Tk 235 T Lar30(P < 0.05),
1B+ 34 2w & | AE Lars0 A AR B LT
Lar30 A1 Lar40(P < 0.05) (% 2).

R2 AEMREILTZEM A TR TERL R

Tab. 2 Soil physicochemical properties of larch plantations with different forest ages

MRS B Plantation age gradient

b AL R
Soil physical and chemical property Lar30 Lar40 Lar50
pH{A pH value 6.28 +0.09a 6.35+0.11a 6.56+0.08a
%K= Water content/% 51.34+2.54a 60.18 + 5.16b 65.49 +3.78¢
i /% Temperature/ °C. 10.95 + 0.87a 11.75 + 0.29ab 13.45+0.92b
F Mk Organic carbon/(g-kg™) 25.12+1.67a 26.88 + 2.04ab 30.49 +2.30b
2% Total nitrogen/(g-kg™") 3.84+021a 4.11+0.26b 439+0.17¢
4:fi% Total phosphorus/(g-kg™) 0.46 £ 0.02a 0.71£0.11b 0.74 £ 0.03b
fif% & Nitrate nitrogen/(mg-kg™) 937+ 1.13a 10.28 £ 0.56ab 12.94 £ 1.86b
#25% Ammonium nitrogen/(mg-kg ") 3.97+0.24a 438+0.31b 5.16+0.57c
1 #4H% Available phosphorus/(mg-kg ™) 4.98 +0.07a 4,92 +0.39a 4.56+0.28b

VE: AN ) 7 BER IR TE A MRS (8] 4745 235 22 7 (P < 0.05) - Note: different letters mean significant differences among 3 plantation ages (P < 0.05).
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B 3 WAL, AR AN THRERER K Z
FEPMEFR . F 5 2 8 BRI 38 &) FE 48 2 (E Lard0 Al
Lar50 N\ AR ARX 55 i o HEA 2 75 AR 22 PR M R 2
F & RO I8 &) FEAR BB AE Lar50 A LA b %
i, HRAK IR Lar40 A1 Lar30. {H M4k E&, A
1K B AR R AL TR R N TR S R P Fh 22 A
TEAE— B E R E S AR 238 22 /K (P> 0.05) .
23 TIEREMBESEN

NS 4 FT « AN [E] PR A o - 38 4 2% 1 B 1 40 7
B2 RPN . AR & R EARREE

[R5 o ELARTT 5 « 75 [FAREE S b 78 - fa N Tk
b, R 2 RH RN B S & 4.39 ~ 6.37 nmol/g,
Lar50 F1Lar40 ¥yt Lar30 239905 28.02% #145.10%:;
g 2 R 4E R A BN 3.52 ~ 4.84 nmol/g,
Lar50 F1Lar40 #3H Lar30 40505 20.74% F137.50%:;
+ 3% 2 & BN 1.60 ~ 2.12 nmol/g, Lar50 Al
Lar40 #k4) Lt Lar30 437 11.88% 11 32.50%. +1%
HHE & 5N 0.74 ~ 0.80 nmol/g, {H % bRk 7] 2 F M
P ST - S i o | N N 01 % Y o 1 5 G N I N
JETE P N AR LR E MR VR 22 I P N S
B R MELE TR L DL R R S i b . A A
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Tab. 3 Species diversity of understory plants at different forest ages

FIRJZZ 1 Herb layer diversity
BB 2

WEAR)Z Z ##1% Diversity of shrub layer

Plantation age gradient 74 2 5 51

Shannon index

R

Richness index

ol i

Evenness index

Lar30 3.18+0.19a 25.67+4.04a
Lar40 3.21+0.10a 28.33+3.51a
Lar50 3.23+0.25a 30.67 £3.79a

0.90£0.01a
0.92+0.02a

0.94+0.01a

TR E NI FE R BSR4
Shannon index Richness index Evenness index
1.60 + 0.06a 6.33£2.08a 0.90 +0.01a
1.74 +0.08a 6.67 +1.53a 0.91 +0.02a
1.83 +0.33a 7.00 + 2.00a 0.91 +0.02a

VE: AR RER IR FR AR TEAS [F) MR b B ) 7-4F 55 3% 22 5% (P < 0.05). Note: different letters indicate that there are significant differences among

varied forest age treatments (P < 0.05).
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Tab. 4 Characteristics of soil microbial community in different forest ages

PLFA“EY) & PLFA biomass

MRUESBEE Plantation age gradient

Lar30 Lar40 Lar50

2% [RBH M4 Gram-positive bacteria (G*)/(nmol-g ") 439+ 1.34a 5.62 +1.25b 6.37 + 1.04c
22 R4 Gram-negative bacteria (G7)/(nmol-g ") 3.52+1.06a 425+ 1.46b 4.84 +1.20¢
Hi# Fungi (F)/(nmol-g ") 0.74+0.08a 0.78 +0.03a 0.80+0.04a
L Actinmycete (ACT)/(nmol-g ") 1.60 + 0.25a 1.79 + 0.46b 2.12+0.34c
w2 PEYI R 5 22 Y

i&iﬁ%\féﬁg Z&(E)jarifeative bacteria (G":G") 1.4240.18a 1.26+0.27a 1.39£0.21a
FLTE 4B Fungi | bacteria (F:B) 0.11£0.0la 0.08 +0.02a 0.09+0.01a

T AR BERIRAS R MRS (] 47 7E 223 22 7 (P < 0.05) . Note: different letters indicate significant differences among varied forest ages (P < 0.05).

FRUS [ A =1 BMIRAK IX 344 Lar30 > Lar50 > Lar40.
2.4 AEME TIEREYREEMXEYWE T
S

21 B I 97 % 5 R RDA 40 4T, $R1T 720
T IR AE DR VR S R R OB R A R . ER AL 1 AT
+I5E pH fE. SAKEIEE. FFHICR TR T
VAT 2o R P A P VR S R s, 2 SRR B
Lar30. Lar40 F1 Lar50 Ak 73 5] - 5850 2E ) 8 V% B 2
I3 FF s Uk B AR S 3G 1 3 SO T S A WV 45
PR AR A 1 AN A 2 b ) R A 2 N
0.718 A1 0.143, RIIL[FIfERE T L i AL Wy B v A2
T 86.1%. TIRA MBS ELH 1 B AR, =
BEKEVRE. WAREE. EARZEFEEREH
HARFEEERBEE | R IEME, 20T
AR VR A5 AR P 1Y) 11.8%- 22.7%- 18.4%-
10.6%- 7.9% 11 5.6%, iX Ut P LIS 7K . WE

101 :
F:B : G* ~Lar30
w* ; =Lar40
SwC ~Lar50
/4

RDA?2 (14.3%)
[}

-1.0 0 1.0
RDAI1 (71.8%)
ST. L3RR E; SWC. IR IKE; SAP. LIA 2k NO; -N. 3%
A% SR.OEAREWM EE IR EG HR. A SRR+ 2 R4
ST, soil temperature; SWC, soil water content; SAP, soil available
phosphorus; NO5 -N, nitrate nitrogen; SR, richness index of shrub; HR,
richness index of herb.

1 IERCE YRR A R R TC AR 2 B
Fig. 1 Redundancy analysis of relationships of soil microbial

community structure to soil factors and understory vegetation diversity
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s = AL, A LarS0 fedbvg A4 N Ak
b I 2 IR, IR e B i A A JE DL PR GIE AR
ARAKXBER T K.
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B B, WERJE AN BA 2 B W R () A7 A Sl 2 97 70 5 4
FHEFBLG, W B T W0 2 A R B, b
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VRSBV PLFA & 8220 5K, HEimie
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MEERZ B AR5 B 5 LI Mg
SERPEVIFSR, X5 Fu S50 515 H &5 18 AL

MRS SE etk B3 s T IR AR R R R,
BT S AN R AR S N AR 358 20 B8 5 40 B Lb i AN o
P B P 44 B 5 o8 = D 9 1 0 T B A O T 9 5 SRR
B« AN [RDAR 8 N AR 1 328 B0 5 40 B LU B 7E 0.08 ~
0.11 2 [H], 3 W40 B8 75 1% b [X b 78 mfa N AR+
A RETE A YR SCECHO AT o T AS [R) AR 8 1) — 2
LE A ) 22 S R IA B E A KT, XATRE R TS
Lar30 A\ LAkAHLE, Lar40 F1 Lar50 A T Ak 848 % +
BRI UR F BRI EER, (it X 1
8 L T BV RN A B TR AR 528 IR Bl H R FE R
/AN, PR KT A B A R R A R AN A T
BRI, AL A I AR 398 B0 TR 5 RS A B o R R AR R
RO o AN R BRI N TR 38 8 22 [ FH P 4 1 5
22 P BA PR A0 B P U AE 1.26 ~ 142 2 (8], FHok
Lar50 A Tk 38 55 2% [C FH P 41 1R 5 55 == IR PR 4
B LEAR X & TR AN AR, R B E 4l B v5
22 PH T 2 A A e b T A bR - S5 A R 1
B o 1K AT A DR A o 25 T B ik 24 0 M 4 fof 2k Jott )
F AR B v, 345 LA 3 B IR K B SR AR R 3R 43
T T B 88 5 25 AR 01,

4 % ®

FRUE I A 20k T LK ROR DU 3 5% 4
&, Rl 2 AE Lar50 N ARt S K3 RE. Al
e BE. 2 HAR RS EASEHEEST
Lar30 A\ THK, {57 209k 5 & WAL Lar30 A Lard0 A
TR DU AR X B e B AR5 Lar30 AN L AKAH EE,
Lar40 Al Lar50 A AR -3 55 22 IR AR T L 2522
PR B 3o AR T 5 sy, (R S A
I 22 PQRH PR B 5 8 22 TR 1 40 B B B AR AT 5 X
W358 0.08 ~ 0.11 Al 1.26 ~ 1.42 2 [8], iX % B 7E
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