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FEE: T HERUE Y R3S RS R4 R A - TSR EAR T B4 . A8 32 DUTE #4HE A2 K (Cunninghamia
lanceolateata) A\ TR X 4, I AR 2 S0 DT PR APR R L B, W B AL EE, BUHE: XTHE(CK). #EE Lk
(UR)~ ZUIT I (N) A1 00T B i B 5 B (N > UR) K EF AN i) S 56, BF 9 L S0t A DB T S A (e 7 o AR S8 4 1)
20164F4 H (F722)FI10 H (FKZ2) R 4E0-10 cm)z L 3ERES:, 38 FH R HR HE T IRYVE (PLFAS) /AT T3 AE WU BER 454 . 45
BRI (1) 108 i EHEMAEY S PLFAs I R A 8 E M AE YIPLFAS B B % = T4 A 43 (P < 0.05), EH/ANH EL
A EEER . TIEMAYPLFASH AN B 03, HUCN R, BERE N R, ) CKALEE, URALEE T+
B E M PLFASE . 4HBHPLFASHE: . ¥ 2% [CIH It I PLFAS B A28 I PLFAS A B initash, (HARIAF R 22 7K
*F(P > 0.05); (3)fHXTCK, UR. NFIN x URACHE PR T 4 7 T 3EHRUAEY) 2 FEME(H) A 5] Fa 40 (3), (H4& s T10H
I EIEFUEY) Z REEIREG (O TURIT R, TS EMSEE S 25 TIEMEYIE 2 M 2ELREMH G A
FUAR I LIERE VIPLFASTE S b B 2SR I H B S (2R B A 0 A PR T W 2 2 xR AE WP LI AS R i 3R
U — 5 B E R, ST LI YRR R IR AN B R, 5 K A M B TR A P S A ELAE
of AR R S LT BRI R
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Assessing influence of simulated canopy nitrogen deposition and under-
story removal on soil microbial community structure in a Cunninghamia
lanceolata plantation
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Abstract: Soil microorganisms have been recognized as important decomposers that link above- and
below-ground processes in terrestrial ecosystems. In this study, we conducted an experiment to assess the
influence of canopy nitrogen deposition and understory removal in a Cunninghamia lanceolata plantation.
The effects of four treatments, i.e. control (CK), understory removal (UR), nitrogen deposition (N) and
nitrogen deposition plus understory removal (N x UR) on soil microbial community were investigated using
phospholipid fatty acids (PLFAs). Soil samples (0-10 layer) were collected in April (spring) and October
(autumn), 2016. Results showed that the total soil microbial PLFAs and the other groups (bacteria, fungi and
actinomycete) of soil microbial PLFAs in autumn were significantly higher than those in spring, but
fungi/bacteria ratio did not change significantly between two sampling seasons. Bacteria dominated among
different PLFAs groups, followed by fungi and actinomycetes. Relative to CK treatment, UR treatment had
slightly higher total PLFAs, bacterial PLFAs, gram negative bacterial PLFAs and actinomycetes PLFAS
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although not significant at 0.05 level. Shannon-Wiener and Pielou indices of UR, N and N x UR treatments
decreased in April whereas Shannon-Wiener index was higher in October. Soil nitrate nitrogen and total
phosphorus were significantly correlated with soil microbial community based on redundancy analysis. No
significant effect of nitrogen deposition was observed probably due to the short period of study. But understory
removal seems to promote the impact of nitrogen deposition. Seasonal variations were detected in this study
suggesting that long-term experiments are required to explore the continuing effects of environmental changes

on soil microbial communities and their functions.
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TIEFE R AE S ARG ATRE R (C, N,
PEE)TRE AL B4, (EdE R b3 FAH EAE A
PR R AU FE A D e Ok A AR (B
MEdE, 2015; Ak B L%, 2017) M ARARAE S RS,
TIRGAEY SRR R IR RN VR LI
AR g A8 b S R s DM SR (R B A%, 2015,
g, 2017). Ak, ARESFERAA
DURRERE N, fom 7 RS RSG5 R O ik
b 2 AEFR L RS (Vitousek et al, 1997; Galloway et al,
2008; FETFIX L, 2014). RO N2 S
IR R O, B R AR IR

A K AE (WU et al, 2013a; Zeng et al, 2016); [Af,

A IR Y A B R, LRI A AT LA
S R AR S RRE, AR RA IR
RS, FECIEMA B S  H ZRE
KA (Zak et al, 1996; #EAZL4E, 2012; HEAMIE
&5, 2016). i, MEEECEIR R A E, 15
BRI B A4 = L - (F/B, fungi to bacteria ratio)f%
fi(Frey et al, 2004), 1] fgidk— b BRI IR IGE %
RN S il M (R SE AT U ME, 2016; EARAESE,
2016) . % il 41 % (2012) Xt £ A& (Cunninghamia
lanceolata) N THBEAT T 74E BT R AL FE 5 A B, K
RAL P RE $ i 3 AR V) Shannon-Wiener £ K 1% 457
S5 EAREL, M mEACER IR T R
i AE Y o 3 SE 4R 55 (2016) JE X B s e 0 IR
(phospholipid fatty acids, PLFAS):HT 7T 1 T st
5 & i (Pinus massoniana) « ¥ i £ ©Z (Ormosia
pinnata). Afij(Schima superba)f14 (5 4H . (Acacia
mangium) 4/ Fh S IERAE YRS SR R I, B
A IPLFAS iR T IR, SREEISTA]. &AL PEK
ST R A i 2 5 SR WIPLFAS, H 0 3
FIBIEFZAA R . 146, A5 W BT
AW 52 A% /N (Nilsson et al, 2007), & ITRFxT 1 1%

T SEN L 75 25— AT

MROT HERL R FRAMR AR S R G 10 EE B R 77, AE
YEAP AR R . AR TIRERE I TR 4E
REILI A 77 ) 55 7 THAT AR F (] 2088 R AT 2%,
2002; Wu et al, 2011; Zhao et al, 2012). PAEHFF F
BUEE THRTEARZ, AR A & TR 18
RN 520 77 RS2 Je 3B ) AT F 452 (Wan - et
al, 2014; Wu et al, 2014). F34k, R FREPIHIZ M
B T NTTARGE M — PR, 188 TSRS
g PEANYES 1L ) RE ) (B [ 88455, 2015). KERMT
VEE R — Pl MO B R B, B Ed I 5 AR
PN NS A B 5 A5 SRR S W) - 38 R R A L A,
TN T A AR WA VR 45 8 R AR R (WU et al,
2011; Zhao et al, 2012). —fiAK, ZBRARFRERE S
P v - 1 U Ak T 2R ORD AR ) & (Matsushima: &
Chang, 2007; Houle & Moore, 2008; Wang et al, 2014),
T X0F L B A A DRV 25 48] ) s i B AR s (W' et
al, 2011; %% [F1#%4%, 2015). AR AR RE O 445
AR e e AT BERILA PRI B 038 75 N5 o

CAWIFRY], I E %R — 7 2 ek
NRERS R E, AR B BRI AR E XS IR
I RE 7, LIS 2 PR E L BE R D HE R S AOR
XFFR I FE S, W B REETRAREAK; HA
WEINEER T, AR E R PR IR, b TR
PR, PRAC T 3R R 7 70 B 2K (1T 238
%L, 2002; Wan et al, 2014). > TR IR 2= %
HWRER S SRR ES KRG RIEAZ
W, FEAL AR, RSB AR AR
TR ST NISE, 2012) A4 IR E B 75 - E AL
Wiz —, PIARKP, BB &) iz ks
FEYERF A BRBR-V- 45 77 T EE A HE AR TR
BRI R AE A AR N AR R s v i ) B
o, SR EA RIS HAE IR 3R A V& i)
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MR IR ANE 2 . Rk, ARSI AR N THONST 4,
12 FIPLFASIE 2 HT ST I A 25 BR AR R E B0 L8 4
HEVBETE G5 I FL 2 R R, DA N A BRAR AL
B FIEARN TR E RIS %,

1 MR5REE

1.1 SEIGHsEER

SCGREHL AL T AR = W T B R E AT R
(117°43'29" E, 26°30'47" N). J&H il #vii 2 XS
fix, SEiEA, HEERZE, FFHRR19.6C, FF7
YK 1,628 mm, JLFEHA271R . A BRI,
T2 5y, WZERNAOH, H2FEKE166.8%,
TZEAHIOH BBFEIH . LA T 2RI 1 2 %
TIX, P00 mA A, T8I, S5
MN20084F 5 & A2 KR N T AR, A N4 ha, #AF
T 4% LUKy %47 (Bambusa chungii) « T 3 (Dicran-
opteris dichotoma) . #% # (Smilax china) . 3t &
(Melastoma dodecandrum)Z& #4143
1.2 #higit

e B T 8RR 43 R0 ST b 2% A ABL ) S 56 A
(15m x 15 m), FEHABE3-10 mASERZZ s,
KA BENLIX 8 50, B E 2N AU . FT
B B 2 I Wei 45 (2012) BT 78 42 tH A2 R N TR AU
FARAER5 kg N-ha™tyr?), 2 HARHERE AL FL(0 kg
N-ha t-yr )Mt E AL B (25 kg N-ha™yr?), &4ab¥
HEAK [, TEEFEHRE N T2 Bbk N ERL b
H, TR mx 10 me ARG IAT 45, 535
5t R (CK) .« EEE 22 R (UR) RUT% (N)FIEUT I x
HERELBR(N x UR).

T2013412 H HHAT TR AR A 25 o A AMRES
NBAE ., B J935.55H8/100 m?. “F-H 4% A7.34 cm.,
RN me KE AN, SR A
S5 933.37 glkg. 1.91 g/kg#10.28 g/kg, pH1E
444, H20144E6 H JT4n, 18 AR 2 (NHJNO3)
TEREIREIL BT AR, f24 H 47— IRE DL
BEALFE, KEFRI K269 g NH NOSHUKI iR /E15 LK
DLV % 2T o R E R 1 A 35 50 b i G A5
LTS TV B i e 0 25 3 i A o )2
M it (¢ e Tk 19 m), A SR IX i) DA B R R
TR TR E 7 2, R B AR . X
FEH T S5 IR K, LA BRI AR AR AR K
T FE A 3 R

1.3 #mR&E

T-20164F4 H F110 H F A KA AR bR L 1A A,
SRR E TR AT NSRRI
W, FHNAE N3 e ARER4AN 14k 2 IR ST R AR 54
+, BRI N0-10 em, TR &N — AN EEE F (4
500 @), N HBLERIgS, HRERA IR
(AN B x ANEES x 2UCRFERS 1)) o SR [ 1 LA 3k
HHMR R A, 132 mm0F, REHE, Ak
TH 5 BT —24°C UK A H A
14 TIFEIBFRNETE
141 IFIBACMRNE

- g T AR R N S T v 2 R G b (1998) 4
1 SR 220 M 78 - R3S K& (SWC)
K FBETE; pHAE R A%, A LR (SOC) & &
K B AR TR A AL, (TN S 2R AP E L
%, (TP R H R IR—= JER &, MHERpiti
% AHAE(NOZ-N) AL 45 U (NH;-N) 75 iR FH KCI
HORAE, BRSO 8 R (AP) & &=
K A R R R P E I E
1.4.2 3B YRR AR AR ER N E

1 i HE 7 TR (PLFA\S) A2 4 133 7 401 ff e (1) i 22
53, AT DA KAl A A3 AR ) A i S FL R TR 2
¥y, 3T Bligh-Dyer /5% (Bligh & Dyer, 1959), ¥+
HERE S PRI B AR AR IR, 18 S s A
Bro FEARE L. IRIHIR D8, JRATFIH EE
NEAL SRR o EATLIN 5 i b B2 H A 1ol I s i e FH 1
U AE, 253200 b, LA19:0 (0.023 mg/mL)H
MR, ESHERE(Agilent 7890A) 1K FIMIDIfH
A% € Z45(MIDI, Inc., Newark, DE)iEAT4#r,
D58 2519 P I T R 5 &:(Wu et al, 2011, 20134, b).

WEAR AR IR & E v A
PLFAs (nmol/g) = (Rs x Cyg:9 X V)/(R1g:0 X m X FAME)
o, R HARFE S AE bR 0 NAE, Rigo NN
PR19:085 1L M SNEAE, Cio09 W FR19:0/) Wi NAH, V
NESRFES AR (uL), mAy+ 35 i & (g), FAME
DN I 15 TR P g 4 B 7 J5 R (g/mol ) o AR ST R Pl Al
JE D7 B8 e 43 2R LR 1
1.5 BEESITSSHh

K HISPSS 19.0147 77 7 53 #T(One-Way ANOVA)
Al /N 5.2 7 59 (least-significant difference, LSD)
SRS 36 AN 7] Ak 5 () - 398 354 M J R0 A A= 40 T B Ml
iR (PLFAS) & &M 2R g, =IRETTZ 0T
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Tl TIERAEYIRARS RS ARER (PLFAS) 3

Table 1  Soil microbes as indicated by phospholipid fatty acids (PLFAS)

AR Microbial group

FFEREHEHE iR Phospholipids fatty acid characteristics

ZZ HR References

ZME Bacteria

18:1 7¢c, 119:0, cy 19:0

B2 RPHME i14:0, i15:0, a15:0, i16:0, i17:0, a17:0
Gram-positive bacteria

2 R Y 16:1 w7c, cy 17:0, 18:1 o7c, cy 19:0
Gram-negative bacteria

HH Fungi 18:1 ®9c, 18:2 wée, 18:3 wb6e

TR HE Actinomycetes 10Me 16:0, 10Me 17:0, 10Me 18:0

i15:0, al15:0, 15:0,116:0, 16:1 ®9c, 16:1 w7c,
16:1 o7t,117:0, 17:0, al17:0, cy 17:0, 18:1 w5c,

Frostegard & B&ath, 1996; Zogg et al, 1997,
Marhan et al, 2007; Wu et al, 2013a, b

Zak et al, 1996; Yang et al, 2016
Zak et al, 1996; Wu et al, 2013a, b

Frostegard & Baath, 1996
Zak et al, 1996

(D) o cFItA AR B a2 R iE A 2R A, (2) i av cyfIMe IR 7R IR M . S BRTR 3 i i BR A R 2L 3 S2 R IR
(1) o, c and t refer to aliphatic end, cis configuration and trans configuration, respectively. (2) i, a, cy and Me refer to iso, anteriso, cyclopropyl

branching fatty acids, respectively.

(Three-Way ANOVA)SitH &R R 2 0L 5
IR I AE VIPLFAS R I M, 2 3 KPR B
NP <0.05, MR T IEBCE AR L ILPLFASE 1T 5F
i A 40 M % (R) - Shannon-Wiener 35 %5 (H") Al
Pielou ) ] & 45 %5 (3) >k 73 7 Iok A= W 2 R4 (e 0%,
2002). ZuGtit oAk fFCanoco 4.58E4T TLA AT
(redundancy analysis, RDA), Fl|fExcel 20131317 %k
P AL FE A B

21 ARAIETHIRIBUMR
ANFEACEE T ) 3R 262, L 3EpHAE

R2 AELETHRBUMR

Table 2  Soil physical-chemical properties under different treatments

A F(4.34 £ 0.01)-(4.70 + 0.19) 2 1f]; S/KFEANT
(32.26 + 2.41)—(40.85 + 2.14)% [&]; A HLIR S B
F-(28.57 + 3.95)—(41.16 * 3.55) g/kg a]; +IELR
TEARFMNGE TR NEM@O70 £ 0.21
glkg); LIETPEHEETNG A RLUMESE, Hik
FKINEZTRAL, 017 + 0.01 g/kg; 3G M
T HUFEZENOS-NF =R NN x URAL =1(0.21 +
0.07 g/kg), AHFIZET T % 4b 2 [ NH;-NFIAP ) &
B LEEEZREP > 0.05).

BEEZT AL, RNEALH T TP ERI
HNKZE > HE NEHENH-NESEEINKE <
FZ5(P < 0.05), Hofth 33 AL 5 A F T L B 6

WhE FHIKE pH AL e e THAR AR TR
Treat- SWC (%) SOC (g/kg) TN (g/kg) TP (a/kg) NO3z-N (mg/kg) NH3-N (mg/kg) AP (mg/kg)
ment
#FZE  CK  4085+214" 445x0.11" 41.16+355% 229+0.19% 0.1920.01% 006+001" 1097+1.21" 520%0.60"
Sring UR  40.80£438" 435+001" 36.08+286" 204016 021+0.01% 005£0.01" 1074+1.07"* 4.91+0.99*
N 3226 £241% 4341001 3074+4.77% 170+£021" 0.17+0.01* 0.09+0.04" 1279+247% 3.37+0.55*
N xUR3376£216" 4.40+001" 3853+282% 220+0.13* 020+0.01% 021£0.07%* 1529+1.65" 4.04+0.52*
#*ZF CK  3899+326™ 470+019" 37.92+578" 1.75+0.62% 0.83+0.09° 0.20+0.05" 3.80+0.35% 1.38+0.72%
AN o 34814154 439£006% 37734778 215+053% 0574011% 0155002 446+0320%  346+1.07%
N 3235+£212"% 437+0.03" 2857+3.95% 203+046" 0552007 022£0.02% 422+040% 0.98+0.33*
NxUR3575£273% 435+005" 3481+1.76" 220030 0.87+0.10°" 033£0.09% 421+036% 252+1.01

A TP 2B AP: A RUBE; G)RTMBUERZRAFHE + brlER(n = 4), @) ANRTFEERRZ L H)0.05 8 F K, KA EREFREFRRAE

Z A 2R, AF/NG T REORIE 2O R AL TR ) 22 5

(1) CK, Control; UR, Understory removal; N, Nitrogen deposition; N x UR, Interactions between nitrogen deposition and understory removal; SWC,
Soil water moisture; SOC, Soil organic carbon; TN, Total nitrogen; TP, Total phosphorus; AP, Available phosphorus; (3) The values in the Table are
expressed as mean + standard error (n = 4); (4) Different letters refer to significant difference at 0.05 level, different capital letters indicate significant
difference among different seasons under the same treatment, and different lowercase letters indicate significant difference among different treatments

in the same season.
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A (P > 0.05).
2.2 AEAIEXT& B TR EHIPLFASE RIS
MFIFR, HEE, LIEHAEY)EPLFASE . 41
FPLFASH | 2k HPLFASHE AT % R 1 HPLFAS
EAR BRI NUR > CK>N >N x UR. X
FRCKAHLL, URALHEE R BIPLFAsHE . 4H#PLFASE .
T 2% 1R PLFAS 1 R 2% [ PH M B PLFAS = 20 il T i
4.83%. 6.74%. 10.39%#1116.26% (P > 0.05), TN
N x URALEE N APLFAsE . 4BEPLFASE . Lk
PLFASs & Fl 4 2% [X [ 1 B PLFAS T 4 51l B#115.23%-
4.57%. 1.63%. 3.13%7%122.49%. 21.79%. 26.07%.
17.73% (P > 0.05) . 13 FL R PLFASE Al 55 2% [K I 14:
FHPLFASE b i#a 4 R P NCK > UR > N > N x
UR. S5XHECKAREL, UR. NAIN x URALHE T BB
PLFAs & /) 5| f% 1% 3.38% . 3.41%£131.35% (P >
0.05), % [X [ % 5 PLFAS & 43 7] F% 1% 2.92% .
7.67%#1127.89% (P > 0.05). #Z+IEF/BIETEHE N
0.34-0.40, URFIN x URALHEBE( 1 +3EF/BIH .
K, URFINARERSE 7 LA S PLFAS
. 4R PLFASTE . H B PLFAS & Al 26 1 PLFAS
o X RCKHILL, URAE A4 @ PLFASE T
125.94% (P < 0.05), MUR. NFIN x URALFE T £
#PLFAsE 7> 7| 1 5124.07%. 12.85%71116.71% (P >
0.05), %4k 1€ PLFAs = 77 7l 7t /515.80% «  3.16% Al
6.15% (P > 0.05). === [GBH i PLFAS = A1 55 2 [K
[ 74 B PLFAS 2 tH R B URAL B vy T-CK AL, 4

T 11,26 %A1111.50% (P > 0.05). #&& FIB{t/T
0.34-0.38, HARAKIMEFEAHXT /N

BEEZ AL, ANFEACEE R 288 HIEM A
PLFASE R NS > HF K LIERMAEYT
MPLFAsEAM EEEHFZE, CK. UR. NAIN x URALEE 4y
ST 1 78.68%. 111.47%. 88.17%71120.62% (P <
0.05); HKZF=4HFPLFASEH LLEHZE, CK. URFINAE
H 4355 7 15521.69%- 25.66%7F130.80% (P > 0.05), N
x URALHE T} 564.05% (P < 0.05); FKZ=ELEHPLFAS
BHHHZE, CK. URFINALH 2 5T 56.07%.
36.21%f123.93% (P > 0.05), N x URA:F T}
80.32% (P < 0.05); #kZjiltZk ¥ PLFASH AH L H 2R,
CK. URAIN 4 2 43 5l Ft 51 15.89% . 11.07% FHI
21.53% (P > 0.05), N x URALFE T} 1 66.39% (P <
0.05); KZECK. UR. NAFIN x URALHE T -3 &>
KM FEPLFASE B EZR ER &S, 7l A
119.20%. 109.77%. 132.15%7%1165.00% (P < 0.05);
K2 22 B 1 R PLFAs = AH Eb 2%, CK. URAIN
AbFE 3 5 TF R T 5.12% . 20.20% F112.27% (P >
0.05), N x URAL S5 153.21% (P < 0.05).
2.3 AEIAIER TR MR & SR 20

=R Z iR =28, Bk, ¥
T2 R B G 9 R R B 2 o ) A8 HLAR R 6 R s A
A VIPLFASIRIRZ I (R 4) . 2271 B S AR Y R
gEE. FEREYEE. AREARERHEEP <
0.05); ZUTFE ER 2R S L & ) 28 HAE A &

#*3  TESCIET TS KB YR AE AR AR ER (PLFAS) Z (824 nmol/g)
Table 3 The amount of soil microbial phospholipid fatty acids (PLFAs) under different treatments (unit: nmol/g)

hb# WA SR I T = HEREMRE EZKPAME HERE= L= B A1
Treatment Total PLFAs Bacterial PLFAs & G'PLFAs & G PLFAs Fungal PLFAs Actinomycetes F/B ratio
PLFAs
#E  CK 75.01 + 5.448 21.02+1.47% 1021+061% 821+061°% 8.07+1.21" 491+029%  0.38+0.04"
Spring R 78.63 + 4.875 2237+215%  1187+073% 7.97+094™  7.80+1.80" 542+031%  0.34+0.06™
N 71.09 + 12.455 20.06 £4.30" 9.89+230%  758+152% 7.80+153"  4.83+1.14"  0.40+0.01"
NxUR 5814 +7.12% 16.44 £2.40%  840+141% 592+0.72%  554+054%  3.63+0.68%  0.35+0.02"
#*ZFE CK 132.03 +£10.74"° 2558 +159" 22.38+208% 8.63+0.78" 856+1.16" 569+0.26"  0.34+0.05"
UL | 166.28 + 9.36"% 28.11+2.60" 2490+223% 958+1.21°%  10.62+0.68" 6.02+0.39"  0.38+0.02*
N 134.77 £ 14.07" 2624 +2.39"  22.96+275° 851+087"% 966+1.04"% 587+087%  0.37+0.03%
Nx UR 12827 +10.60"° 26.97 +3.75"* 22.26+1.88" 9.07+1.40" 999+1.14"  6.04+0.90"  0.38+0.04"

(1) CK: XFlE; UR: JERTEERALER, N: BUTFEALEE, N x UR: RUTREAER LR H A, QR PREZ R FHME £ R0 = 4). AFH
FRF R L FI0.055 5K, KR kS 7 REFOR A FZ 0 F— A 2 5, RF/NG T RS [ — 2R [ A 1) 1 2 5% .

(1) CK, Control; UR, Understory removal; N, Nitrogen deposition; N x UR, Interactions between nitrogen deposition and understory removal; (2)
The values in the Table are expressed as mean + standard error (n = 4). Different letters refer to significant difference at 0.05 level, different capital
letters indicate significant difference among different seasons under the same treatment, and different lowercase letters indicate significant difference

among different treatments in the same season.
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R4 ZERFESNERIE . BEEERRAEEZEERAMET X IR Y8R5 8 I ER (PLFAS) RS20
Table 4 The effects of nitrogen deposition, understory removal, the interactions between nitrogen deposition and understory re-
moval and seasons on soil microbial phospholipid fatty acids (PLFAs) analyzed by Three-Way ANOVA

A5 & Variables N UR N x UR Z=5 Season
F P F P F P F P

WA % Total PLFAS 3.736 0.077 0.383 0.548 3.220 0.098 54.433 <0.001
Yl & Bacterial PLFAs 0.864 0.371 0.016 0.902 0.733 0.409 11.335 0.003
HRPHME R 2 G PLFAS 1.431 0.255 0.166 0.691 1.691 0.218 88.942 <0.001
B2 KRR & G PLFAS 1.365 0.265 0.020 0.891 0.412 0.533 4.105 0.055
H R Fungal PLFAs 0.510 0.489 0.002 0.965 1.628 0.226 8.117 0.009
ML HE Actinomycetes PLFAs ~ 0.772 0.397 0.010 0.922 0.968 0.345 5.481 0.029
EH: 405 F/B ratio 0.246 0.629 0.089 0.771 0.199 0.663 0.004 0.953

(1) N: UTREALEE; UR: WET RBRALHE; N x UR: UL FEAIE B 25 SRl HALHEL
(1) N, Nitrogen deposition; UR, Understory removal; N x UR, Interactions between nitrogen deposition and understory removal; Season, Sampling

time.

BRI AEYIPLFAS R TG 2 52 (P > 0.05); +
B F/BAE X & Ak PR K ZE 5 AR AL TG R 3 B (P>
0.05).

39750 A WP LFAS (1) AH S =F B 43 A1 45 TR W,
YR T G 2 KB B o AR A A ),
VONEB, TR 5 b (Bla, b). HZ, 2%
EG H 1k B ARG =R 3 2 L UR > CK (P < 0.05), T4
=% R B AR =F BRI H A St %, RICK > UR
(P <0.05). 1 FHTBZE BRI AR X = FEAE B ZERIAK R
BATE IR/ . TR &, 22 IR R A
Xf 3 1 (32.72-36.27)% (2 3 T (47.28—
49.28)% (F#ZE) (P < 0.05), #R1f, HofhZme+ 150
VRN FEENAEEAREEREEAP <
0.05) JE I T AR M T 22 FEVE TR 200 B ml A (3R5),

w
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FZH I HIZRINCK > N > UR > N x URFICK >
UR>N >N x UR; Mi#kKZEHMIEIMACK <N <N x
UR < UR, J&I AHUR <N (CK)< N x UR.
24 TEMEMSTIEMERFXR

N3 BT 3B AR A A R T BRI R
(PR B, AR SC I B A 2 R RK ZR 1K 8 T 3R B R 7
(545SWC. pH. SOC. TN. TP. NOz-N. NH;-N
FIAP), Xf & ZE MK L A Y RHIEPLFAS 5 &
A EL N T AT TR 0 HT(RDA) . &5 R W5 —
i Axis1T] DLFRE AR B 1)58.3%, £ —fillAxis2 i) AR
B E6.5%, RAATIRAFILE] 164.8% (K12 a, b).
HEl2am] W, RIS 1 NOZ-NAITP & & X £
S A W TR A5 A0 25 2R (P < 0.05) 0 HLRZRIN
HNO;-N& &= 5PLFAs i14:0. 15:0. i15:0.

< 601 b Autumn
ESO- faa,
b = OCK =UR @N ON x UR
S40t
o
o
§30
a
P! aaza a2l
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& 100 | B
23
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G* G F A
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E1l AERIBET T IEME R IEIER(PLFAS)HEITEE .. (1) CK: Xt88; UR: EEXMRAIE; N: FULMAIE N x UR: &
TBEFEE R EAIE, (2) G EZKRMAME, G EZKRAME, F: BEE, A H&HE.

Fig. 1 Relative abundance of the soil microbial PLFAs under different treatments. (1) CK, Control; UR, Understory removal; N,
Nitrogen deposition; N x UR, Interactions between nitrogen deposition and understory removal; (2) G*, Gram-positive bacteria; G-,
Gram-negative bacteria; F, Fungi; A, Actinomycetes.
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5 AEEET IR E MRS RS TR (PLFAS) Z #14
EisE

Table 5 Diversity indices of soil microbial phospholipid fatty
acids (PLFAs) under different treatments

AbFE 2% Spring % Autumn
;r:r?tt- Shannon- Pielou (J) Shannon-  Pielou index
Wiener (H) Wiener (H) (3)

CK 153+0.02°*  0.46 +£0.01"* 1.40+0.01% 0.42+0.01"
UR 1.46 £0.05"® 0.45+0.01"* 1.46+0.02"* 0.41+0.01"*
N 147 £0.05"® 0.44+0.02%% 1.41+0.02"% 0.42+0.01%
N x UR1.36+0.02"° 0.42+0.01"° 1.43+0.01"* 0.43 +0.01*

(1) CK: PR, UR: WEBL ARSI, N: ZUTREALIE, N x UR: BULFE
FOER BRAE HAREE, QR T EUER R FIIE + briliR(n = 4). A[F
FRPRIRZE RIERN0.05 2 F KT, HA AR RS FRER R A FZET
[Fl—AbPRIAI ) 22 5, ANFRANG T BEROR Rl — 2= 5 AN R A B ) P 22 57
(1) CK, Control; UR, Understory removal; N, Nitrogen deposition; N x
UR, Interactions between nitrogen deposition and understory removal;
(2) The values in the Table are expressed as mean + standard error (n =
4). Different letters refer to significant difference at 0.05 level, different
capital letters indicate significant difference among different seasons
under the same treatment, and different lowercase letters indicate sig-
nificant difference among different treatments in the same season.

al5:.0. 16:1o7c 18:109cF118:2m6¢ 2 ¥ 3 1E K,
5 HAWFFEPLFAS 2 .3 i AH k. TP & 5PLFAs
i14:0. i15:0. al15:0. 16:107cF118:3w6c 2 &35 1EAH
%, HHAMFFIEPLFAS 2 8 3 A % . 1 HoAth PR 5
IR F 5 RFIEPLFAS 2 [H] A1 21 {235 AH S (P > 0.05).

H 20 AT W, HZARK = L3R A s
WIS . ZRIRME—. PIRER, 25—
AXislF E R T HE BRI 8] LIS Y B TE
SRR R, A=A, BKEETPLFAS 114:0,
i15:0. al15:0. 16:1w7c. 18:206cH118:3m6c 5HEZEH
% %57 (P < 0.05),

ARIFEH, KELIEMAEYIPLFASEZ R E &
THZ(P < 0.05), 5KEHHFFEE HELL(Irenem
etal, 2009; ®IA%E, 2014; ¥ FEIREE, 2016). X0] fg
RN BARETHIRIR . B LK ERKEA
&, AR T RIEEAEE S, SR TR R
BRI TR T RGN, AT R A
RV TR, BRI 7 HIBRE A K (Frey et al,
2004; Moore-Kucera & Dick, 2008) . FkZ=AZ AR P& W)
SMEECR, HIFHEEANPIE S A E I, 118
Hn] R IR AR N, AR T R A
AKFES), HAKEF AN PR R EF
F, AE15RKZ 3 AE P LFAS T3 Jin (11 3¢ 6 AN 4

3.0

i14:0

Axis2 6.5%

NO; -N P=0.001
TP P =0.002
NH; -N P =0.060
SOC P=0.084
pH P=0.208
SWC P=0438
AP P=0511

TN P=0.827
1

-3.0 2 wéc

Axisl 58.3%

1.0

Axis2 6.5%
C
»

-1.0 1 1 I I
-1.5 1.5
Axisl 58.3%

B2 TRMEVRENSIRTERFZENTRS
. EaARERETFSMEYPLFASEEE TR 717; EbAT

I8, O NEULFRAIE, A N x URRGTIBEMEE KB B
B, SIDRREERME, TORTRERME.

Fig.2 Redundancy analysis (RDA) of soil microbial commu-
nity structure and soil environmental factors. O CK, Control,
O UR, Understory removal; < N, Nitrogen deposition; A N x
UR, Interactions between nitrogen deposition and understory
removal, where hollow and solid were expressed as sampling in
spring and autumn, respectively.

JE i, 2011; Bk, 2014). KE T IEREYIPLFAS
Th 3 B i 2 TP M B A X
R EREP < 0.05) (£3, K1), EHESMKEF
R B PLFASHE (5 48t 55, TSk B A o LG e,
5 OAHFURIEIR AW et al, 2011; ¥4 AR A
%, 2016). [FIR} E245 R BoR, BrtigEst, +1E
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HINOZ-NFITP &5 & 1 X2 25 5 il b 3l A 4 o5 25
PLFASH, 317 52 M 3 A8 42 1) A K G P (B 52
SREE, 2016).

BT ARG, BTN HERE R £
N GRNE (R B AK S, 2010). ARFTEH, HEEXKKL
BRI AE MIPLFAS T 7E 2D R Ab 3L R A b xS R AL 235
BEANFTEER) T FEES, MK S PLFAS
B A R HAB SR A VP LFAS B 7E RUIT B AL R AH
Eoxd MR AL P A 2 ETHEaS . XA AT B2 AT
AR AT S B S5 R, a0 A S5 (2013) X
HEALTHER U JG A2 AR N AR 3530 Y 2 B
FREEREKH, BEEIMNEIE, TIEEFE AW 2L
Jo I REERG S AR v, R T R IEC/NE A
BE IR R, AR A K B R
BET RUFRIFR A, FECRIEMAE IR A K
Ak BT A SR DT R A B (R R, TR
xof A AE W () B A 7R B AR

BAN, TR LRI E 7 BB R
PLFASE, X153 RHFE(2014) 45 1040 - W] RE
PR ()RR S B = T I
RZ MR B3N T 7% 5 B E0E 2 (Wang et al,
2014), ASLEGFE AR K 2 1) EHE R BHUR AR B
PR HIE DN RS RGN IR HIE R, 72
FHT i [X 4K JE (Castanea mollissima) Ak 51 T & f Ak
TRERE R SLIG g AR, R LR S HHECO,
FINLOHETBURF AT % R Ab B 3 08 A0, 4,35 B +- 338
WA S ERS In(Zhang et al, 2014); () THF7T X
AR, K755 75 KBOK, FEIT ] IR 3
BELERRIRGE T IR e, NMAE A K SR
T RUFHABE. Hln, 7E %) 4 # (Eucalyptus uro-

phylla) A Ak W38 1 H Y2 [ FR 20 58 4,

T HER LR EA R T B PR A 83 (Sun et al,
2017) . AR50 o L IENO-NAITP & B 5 TUE TS
BREFMRK, W T —UA.

T IEGIAE Y FIBAE R LA SRS T A A Uk
4 By Xob BR 15 AR AL A i B (Michaels & Johannes,
2010), 45BN, HE SAEEY L AT A
DEFEEHARFEVEMMEEYELHUAL
F T S8 #3982 (2016)i5 FPLFASTE I 78 BT 4
XPANR] 2 e I VDR S5 IR, RN
B BT R Bl - e A YIPLFAS & B &
WER, (HEE L E SR L IEFBE, 5AW

FAFHME R AL Foh, FE—DMRE T 274E M
A ARk, ARIE A AR IR E AR I F/B
5 KA RERRE T LIBPFBE % 7 A 3 (Fu et
al, 2015). XAIRERFINTIBESRG R —EN
U PRI PTATPE, J H PA 3 T N B 0o Kb 2
(38 1A R AR b %4 .- Shannon-Wiener$s
H(H)MPielouty 5] E () &5 RLKR W, A FHF
7 T B FNPR T E B2 RN o S8 ELAR A O s A
V2 FEMEFR BRI 5] BEAR B 23 . TUREE 7y
I 2 B 2719 22 S 0 SR WO E VR S R S A K
VEE R Do I 5 0T R A R 2 [R] ) T AR R VR A
B RRZER . BT ARZET KA ALY AL AR
1, LA MAEFEY LNSIECEBRZ IR
(Schadt et al, 2003; Wu et al, 2011). #EHL LR/ T
YR, N IR VR N T S0 (Fu et
al, 2015), £ 2 A AR AT I rh 2 W] o o
YIRS, HERR) 2 REE R IR A MR IR A
1 FEEIRF)F (Yin et al, 2016), ¥ BHH A LENLE]E
AR — DA

S, AT AT WA P BRI BT x4
TR VDR VE S5 R RS2 8 S RN AN 25, AR R
e LR HIERE MR E SRS AN T .
T LIRS R R R IANAS, A
Z 7 R W0 ST A R 2% o KD o A T
REANIA], DALk 34 55 2K S ) s IRt — AR R T
e o - IR A e VR 5 R S FL D Re R

S0k
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