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Abstract: Soil microorganisms play an extremely important role in maintaining the structure and function of the forest
ecosystem. The management of Cupressus chengiana plantations is an important silvicultural measure to improve the
ecological and economic benefits of plantations and promote the health and stability of ecosystems. However, few studies
have focused on its effects on soil microbial community structure. In this study, the C. chengiana plantations in the arid
valley of Minjiang River were selected as the research object, the changes of soil physical and chemical properties and
microbial community structure under different restoration years (5 years and 9 years) and management regimes ( pruning,
understory removal, pruning+understory removal) were discussed by using phospholipid fatty acid ( PLFA) technology, and
their main influencing factors were analyzed, in order to provide scientific basis for the management of C. chengiana
plantations. The results showed that the soil organic carbon (SOC) , total nitrogen (TN) , carbon to phosphorus ratio ( C/
P), and nitrogen to phosphorus ratio (N/P) of the 9-year restored plantation were significantly higher than those of the 5-
year restored plantation ( P<0.05), and the total potassium (TK) decreased significantly ( P<0.05). Compared with the
control, pruning had no significant effect on soil physical and chemical properties, but understory removal and pruning+
understory removal significantly reduced the soil water content (SWC), SOC, TN, C/P, and N/P (P<0.05). In addition
to the evenness index, the microbial diversity index after 9 years of restoration was significantly higher than that after 5 years
of restoration ( P<0.05), while the management regime had no significant effect on microbial diversity. The total PLFAs,
various groups of PLFAs, various groups of bacterial PLFAs, the ratio of fungi to bacteria, and the ratio of cyclopropane to
monounsaturated fatty acids of the 9-year restored plantation were significantly higher than those of the 5-year restored
plantation (P<0.05). Pruning increased the total PLFAs and various groups of PLFAs ( P>0.05), while different
management regimes significantly increased the ratio of fungi to bacteria ( P<0.05). Principal component analysis showed
that the first and second principal components together explained 66.63% of the total variation in microbial community
structure. Restoration years and understory removal significantly altered the microbial community structure, while pruning
and pruning + understory removal had no significant effect. Based on redundancy analysis, SOC, TK, and C/P were
identified as the main driving factors influencing microbial community characteristics. With the extension of the restoration
years of C. chengiana plantation, soil fertility, microbial diversity, and biomass have been improved, and the ecosystem is
in a stable restoration process. Although the soil fertility after pruning has not been significantly improved, it has improved
the microbial biomass to a certain extent, while maintaining a high vegetation productivity, which can provide a scientific

reference for the management of C. chengiana plantation.

Key Words: restoration years; management regime; soil microbial community; phospholipid fatty acid; soil physical and

chemical property; Cupressus chengiana plantation
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AE , — B2 P g L e i DX S 45 BoK BRI AR LS AR 2 S LRIFP 22— 20 42 90 4FAX, 1T 78
M XA Z AR AR T DO IR AR T TN TTE B, IR 2 T T S AR DO AR AR A A A R e A 2
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WM, M THET DNA BYJ71% (U0 qPCR AR ) RS BEIR I TR ( PLEA ) HoR Bt = 73 2~ 1 70 B fE
T PLFA TEA AL T Jim U R | M AE S v M S IV TR 2R A v 1) 22 A, S A A ) 2 JRE 7 s [ RN 1] 2% £k
(MR LI E AR G
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1.1 BRI

WIFFEX AL T P 4 BT RO 2 1 11 3 MBS H 42 & BR LMK X (30°54743"—31°12'12" E, 102°32'46"—
103°30'30" N) , %X J& FURTT Ll T 5045 X IR, & R REET , THR 2 A, ok 2>, 1
Z W 32 VG e R RV 1 R ) S TR T 5 A SR AR il v T 37°C, IR AR T - 19°C 4R 1R 12C,
AR B 584 mm , AEHIZE R AL 1399 mm' P AR BRI B BE T R E I LR £

XA 2000 4 IR AR 7> P FIRYTAT N AR, 38 AR TR SR BT e # H 15a  AS [) 45 07 38 AR I o2 A
XA ST HB AR — 3, MO KO AT T AR AR BRATEE N 1.5 mx 1.5 m, W AR R IE 40 [F) 487 21 2%
PERTE LM VS 2 a1 AR A B R R 28 B R A AR RS, R 2 £
B NI B JEE R B AR A A T AR B A RRAE , LU H L8 (Ajania potaninii) (JGARFE ( Caryopteris
tangutica) FARILE (Sorphora davidi) ./WHALFHE ( Campylotropis wilsonii) /N #5261 ! ( Bauhinia faberi’) F1Hi|
AL ( Conwolrulus tragacanthoides ) ¥k 3
1.2 FEHbICE SRR AR AR

2012 4F 4 J 4 2007 S8 A AIRTIA N TR TE XS G2, R4 L IEAE KA 5 a RYALTE, RARIEH .
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AT ISR SRARIUH B ARSI A N — 200 R — i 2 mm b0 R R PR Rl A M A v A5 R
Brs 55—y AR TF I3 0.25 mm 410 , T ERALE T 4047

F1 FRKREFRMEERKIRIHATHRKRSER

Table 1 Stand information of Cupressus chengiana plantations with different restoration years and management regimes

R 225 A ARGy . /e . "
G2 fff@ J(&ﬁt Iﬂ;%f E5/m %?jm WEK/m B/ ()
No, estoration d.ndgemen nves lgd 10n Helgh[ . asa. Alti[ude Slgp
years regime year diameter

A 5 2012 1.31+0.04 2.61+0.09 2336 28

B 9 paist 2016 1.66+0.04 4.90+0.09 2331 28

C (L35 2016 2.20+0.06 4.4820.11 2362 27

D PR A B 22 2016 1.88+0.05 4.96+0.18 2402 30

E A+ T A B B 2016 1.95+0.05 4.83+0.08 2387 32

1.3 FEiriE
1.3.1  +SEIEAL Rt

ZIEXERR W7k R BRI E T AR k0 5 28 (BD ) Al HES K (SWC) 5 3% pH {HR
RS AR (K BB EE 2.5: 1) DU A2 5 SR E 85 R A AN #AE D 22 + B HLAK (SOC) 5 L FG 2 Uik I a2 1 3
ATN) 5 R A B TR R OG0 48 (TP) Ma#f (TK) s 340 A HA R & e (C/N) B L (C/P)
MEBEL(N/P)
1.3.2 U R S5 H M

S R S R A b [ R 2 B SR F AL BE R PLFA R BEATINE S04 7" | gt o iR
P O3B PRal ZEMGHENE T BRALIE BOIE MR R . SR 45 FRAE PLFA A= M0hm i 0 RE X = B 2R €8 1504 DU
E BRJE I WRRAE PLEA (9 AEXT 3 B8 5 0E T+ JUBERR R H IR (19:0) bR T4 R 1E PLFA 197
i, PLFA PYAEXTFEBEH mol% /R , PLFA AEXT % 2R FH nmol/g T H AT . F LARAE & 1A W2 i
) PLEA A= 91bRic ank 2 i,

R2 KT IEBEMETEN PLFA £94512

Table 2 PLFA biomarkers investigated for soil microbial communities

A2 RE Microbial group PLFA A ###iC PLFA biomarker

513

IR Total fatty acid G B BR 22 A1 Sum of all fatty acid

i14:0+14:0+i15:0+al5:0+i16:0+16: lw7c+16:0+i17:0+al7:0+cyl7:0+17:0+18:
lw7c+18:0+cyl19:0

HHNEITR Fungal fatty acid 18:109¢c+18:2w6,9¢

T IR IR Actinobacterial fatty acid 10Mel6:0+10Mel7:0+10Mel8:0
MR B R R TR AMF fatty acid 16: lw5c

B2 [CRHE AN IR IR G fatty acid i14:0+i15:0+al5:0+i16:0+i17:0+al7 .0
H 2 [CHIPEA AR G fatty acid 16:107c+ cyl7:0+18; 1w7c+cyl9:0

B PRk OB E G /6T

TR G R Bacterial fatty acid

(114:0+i15:0+al5:0+i16:0+i17:0+al7:0)/(16:1w7c+cyl7.0+18: 1o7c+cyl9:0)
(18:1w9¢+18:2w6,9¢) /(i14:0+14:0+115:0+al5:0+116:0+16;: lw7c+16:0+117:0

E#/4NH# Fungal/Bacterial

HIFIABRTIR Saturated fatty acid

SBERS R Branched fatty acid

BN AIE IR Monounsaturated fatty acid

R PLEREMIBR Cyclopropane fatty acid

P/ BRI AT Cyclopropane/monounsaturated

+a17:0+cyl17:0+17:0+18: lwTc+18:0+cy19.:0)
14,0+16:0+17:0+18.0
i14,0+i15;0+al5:0+i16:0+i17,0+al7 ;0

16 1w7c+18; lwTc

ey17:0+¢cy19.0
(eyl7:04cy19:0)/(16:1w7c+18: 1n7c)
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133 TEMAEYEZHIETEA
IR Y Z A R ] Shannon-Wiener 2 FEPEFE 5L (H) | Pielou ¥ 5] FEFE 40 () | Simpson L 3 & 5 %L
(D) F Margalef W1 =F 55 BEFEEL (M) SHEATHR O,

Shannon-Wiener £ FEESSHE(H) - H== 3 (PP,
Pielou ¥4 TR 8 () J=H/InS

Simpson (L #EHEH(D) ; D=1- 3P’
Margalef #)F 4= & FEHEE(M) - M=(S-1)/InN

X P, =N/N NS i FRRFAE PLEA A RC 480, N W I R-4E PLEA A H0FRIC 10 A5, S RIS
FFIE PLEA ZEWIARICHY B FP2REL
1.4 BRI

TE Excel 2007 HXHECHE 7400 5 44 B0 SR 5 16 SPSS 22.0 414 H R Shapiro-Wilk X8 547 IE 24543 A
I 22 HE R . SR 2RI 22 05 22 43 BT (one-way ANOVA ) X7 [ 06 B2 4F BRI 28 B0 T 1 - HERR Ak R |
PLEA AT I B fi R PI REPEE 17 22 53 5 B PR 30 ( Tukey B0 HE, a=0.05) . 7EZTEGETF4M BT Bl
Canoco 4.5 FRI TS SIHT (PCA) K36 A I A B 28 T 2 ) - MU VR £ K 922 57, TUAR S
HFCRDA) Ko+ ML g 2K 5 3 58 R 72 I AR S . AR Origin 9.0 28181 745 B0 34 4 -
bR

2 HRE5SH

2.1 ARWKE FRMAERT g bt i

ERFW (£ 3)  WKE R W& T SOC . TK .C/P #1 N/P, ¥k 9 a(B) i) SOC.C/P FlI N/P #KE 5
a( A) 439 B EHE B 22.3% 38.9% 1 34.9% ( P<0.05) , TK N @ 3 T 1% 21.0% ( P<0.05) . [RIW}, 1% 58 A FR7E—
FERRREE LR T TN MR BRI T TP, AFZER T R (C) XA 4 18 45 BRI 5T 1) 52 i) AS Jb 2
(P>0.05), SXFIE(B) M, MR HEBEEBR (D) B9 SWC . SOC TN, C/P FI N/P 43 5] i 3 P A% 25.7% .21.8% .
29.4% 40.8%146.7% ( P<0.05) , TP . Z#5 32.0% ( P<0.05) , TK Fl C/N A i, B4R 52 (P>0.05) .
AL+ P AR 25 (E) B9 SWC .SOC TN ,C/P HI N/P #5%F B8 (B) 4391 i % 441K 14.4% 19.1% 30.9% 37.2%
H146.8% (P<0.05) , TP ' TK F1 C/N 435 i 42 55 28.4% 33.7%H1 17.6% (P<0.05) ,

*3 AEAMEERMETEN LEENMER

Table 3 Soil physical and chemical properties under different restoration years and management regimes

+ B WK IZ AT FRANZ B #530 Restoration years and management regime

Soil property A B c D E
2 BD/(g/em?) 0.95+0.03bc 1.12+0.05ab 1.12+0.06ab 1.16+0.05a 0.91+0.07¢
oK SWC/ % 12.83+0.40a 12.96+0.19a 13.74+0.26a 9.63+0.40¢ 11.10+0.48b
pH 7.80+0.08a 7.79+0.09a 7.76+0.05a 7.69+0.10ab 7.51+0.02b
A Bl SOC/ (g/kg) 31.59+2.23bc 38.64+2.12a 35.88+1.11ab 30.20+1.38¢ 31.26+1.14bc
2% TN/ (g/kg) 3.48+0.21ab 4.12+0.26a 3.98+0.19a 2.91+0.21b 2.84+0.19b
2 TP/ (g/kg) 0.53+0.05ab 0.46+0.02b 0.43+0.03b 0.60+0.02a 0.58+0.02a
2 TK/ (g/kg) 3.73+0.26ab 2.95+0.11cd 2.65+0.05d 3.36+0.13be 3.9420.15a
RA L C/N 9.07+0.13b 9.42+0.49b 9.06+0.59b 10.43+0.30ab 11.08+0.71a
L C/P 61.37+8.11b 85.21+5.45a 83.49+4.57a 50.42+3.22b 53.50+1.53b
AWk N/P 6.76+0.86b 9.12+0.88a 9.30+0.78a 4.86+0.45b 4.85+0.21b

A:PKE 5 a Restoration for 5 years; B:1%% 9 a Restoration for 9 years; C: 184 Pruning; D : Bk FHLBE 2% Understory removal ; E ; fEA% + 5 F ML 2=
%% Pruning+Understory removal ; [7]— 5 AN [A] 75 /s A IR AR IR s 2 F AR 22 5 W2 35 (P <0.05) 3 BD: 25 8 Bulk density; SWC: 13 57K it
Soil water content; SOC : A HLEE Soil organic carbon; TN : 4>%& Total nitrogen ; TP : 2§ Total phosphorus; TK ;44§ Total potassium;C/N;#k% & Carbon
to nitrogen ratio; C/P B L. Carbon to phosphorus ratio; N/P : & Lt Nitrogen to phosphorus ratio
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2.2 ARRWKEFRMAEBAT HERUEY 2k

A [ 1K 2 AF PR N 28 B B X - G I Y 52 F PLFA AEWdnic, Hid /KB 5 a(A) WKE 9 a(B) &
e (C) MR AHERE 2B (D) AMER+ AR T AR BE L BR (E) 3310 1 37,47 .52 .49 46 Fi 1€ 1 41 T $2 B3 Y
24 T A REIER PLFA AE8IbRiC, AR AEBR A2 B0 PLEA AR Hbnic A X 32 58 7= A i 2 5
WK 5 a( A) B PLFA i14:0 .16:1w9¢ 16: 1w7c 16:1 20H . 10Mel6:0 = T E 9 a(B) (P<0.05) ,PLFA
16:0.18:2w6,9¢ . 18:1w9¢ 20: 1w9c B FH L TIKE 9 a(B) (P<0.05) , 24 F{CFM: PLFA A= ¥phric i EFUH
ST T 87%, H,16:0.18:1w9¢ .18 1w7c¢.cyl9:0,10Mel6:0 HAHXS F B ¥ 7E 5% LA I, i15.0 Fi
16: 1o7ct Lt T 4% , FWIHAE 3l E2/EH
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Fig.1 Relative abundance of soil PLFA biomarkers under different restoration years and management regimes
A:MRIL 5 a Restoration for 5 years; B: K5 9 a Restoration for 9 years; C: &4 Pruning; D : Ak FHI#E 2 BR Understory removal ; E B4 +HK T HEBE 2
% Pruning+Understory removal ; AN 7] 5B 7R AN AR AL AF FREGZE R 2 18] 22 57 .3 (P <0.05)

AN AR BR AN 25 B H IR E M ZRE 2 i i 2 iR, AR, SXFREAH L (B) , AR B AR
A (C.D.E) X} L5544 Shannon-Wiener ZHEPEFE 4L Pielou 315) FEHG 4L | Simpson {L #4458 201 Margalef 4
T =5 BE AR BN AR WL (P>0.05) o MR E FRRE , Bk Pielou B4 EN K 9 a(B) (I
fib ZFEPEFR B Z 5 a( A) Bl B, Shannon-Wiener ZAEPEHE L Simpson L HE F5X0H Margalef WP =F &
RSB 4R 2.7% 0.3%F1 15.8% (P<0.05) ,
2.3 A[FRE AR BB L ERMEY) PLFAs &

K3 B, 5WE S a(A) ML, KK 9 a(B) HHEMAYI S PLFAs & 45 PLFAs & ECJR PLFAs & JiZk
# PLFAs AU AR ELH PLFAs 5020 51 53548 80 2.19 4% 215 1% . 2.85 % . 1.12 f5% 1 1.06 1% ( P<0.05) , B
/TR R 16.5% (P<0.05) AR ERR T BE(C) #2051 AP & PLFAs & F145 251 PLFAs
L H5XR(B) Z M ZERARE (P>0.05) , FREFES, MR LBR (D) A 8 PLFAs & 415 PLFAs
TR PLFAs 5 AR B AR BB PLFAs 2806 B/ (B) 4351 8 & B AIK 30.5% .31.9.,36.6 Fll 33.3% (P<
0.05) , A+ P 2215 (E) BRIK T A4 5 PLFAs & f145 258 PLFAs & (P>0.05), S5X%HE(B) ML,
EAL(C) SRR EER (D) FEB+ AR TR L BR (E) B FC 3/ 405 20 51 235 52 14.6% .21.7% F1 17.5%
(P<0.05) .
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Fig.2 Diversity of soil microbial communities under different restoration years and management regimes
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Fig.3 Soil microbial group PLFAs and fungal/bacterial ratio under different restoration years and management regimes
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Fig.5 Principal component analysis (PCA) of soil microbial community structure and loading value of PLFA
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Fig.6 Redundancy analysis (RDA) of soil microbial community structure and soil environmental factors
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