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Hb, SR Wk BT R 0 e 1 38 B R M 2
S0 Yang VO BRSBTS N ) 2 IR A AR bR
T RN R, FREET A 2
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WARMA TR EERES, HEEESNAAESE
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AN IO S A WY RE T A R R B T R K
S-S IORE A SEE AR R T A Al 7 A R S
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ey w7 i T L RRORIAC R
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1.1 RIEXHER

WF 5% X 30 A7 T A 4 g R T R Ak A AR
TRy IX, M AbRFIPKAR (27° 03" N,
118° 09’ E) , A ArZEA Nyl A4 R KA
i o Z XA HAEN19.4C, FHREKE
1 731.4 mm, FHzEELE] 466 mm, AHXT T
E81%, & LHIMiL277 d. HHERA R L
K & B Y L M 208 I 5 RE BlRE v A A BT

W (Altingia gracilipes ) R FEREEF, FTA
ZEEEE MW T (Altingia gracilipes )
AR (Engelhardtia fenzelii ) . Kfif
(Schima superba) . WillL#: ( Cinnamoum
chekiangense ) . L3 ( Elaeocarpus sylvestris )
SR, EARZIEIMM (Sarcandra glabra )
FMELe (Tricalysia dubia ) 3, ¥ARJZ DM
H ( Woodwardia japonica ) R F . K T M
( Altingia gracilipes ) Wi%125 a, FXHHE28 m,
P F245.2 cm, FRENEAI235 Bk, B b f
R15° , WEEE27° , MWER390 mm, BEVE VR LLE )
AR, - HEIL AR Bl . pH4.48, E(1.7
g-kg™, HMWEL.67 mgkg, ZAHE0.90 grem™,
1.2 REEITS5HMRE

TR T20094 12 H , AEAHARBT T KK 2%
ARBE BL B B ST b R A B AR ALY 95 m x 5 mAE
J7, FHABKE TS Z B B — 452 mSE (1 5% vps By kA
B, JRERTT B AL ARA LK
(PVC) BEAKM, Btk R B A 845 ik il 00
TR o 2 FE A R M DI 5 R0 AR Ak B A R
(36.3 kg-hm™a™") , IEEARRKTAUIF ] RELE
SR A DTS, W E T3 R X
(CK,0kghm™a™") | flK& (LN, 50 kg'hm™a™) |
E4A (HN, 100 kg-hm™a™') , M0 HE3%K
FE . TS A 201044 T Ih R F A R 4%
(NH,NO; ) BUEDLRE, A 91 LR IE e
FEHBIHIG . 42 R [R ALK, B FEHL T 5 1Y
RIEHAE T2 L (Y AERER RIS IN292 mm ) L8
TR, T 55 AR TEAR LS4 ST, X BEAE 1
MG SRR 25 B 1K, DATHBRSMINZK (A5 m

B A DR 24E )5, 430 T20124E 1 F 2 |
HZE MERLE (20134F17 ) REARLFE.
FoEBRER MM EY), HEH AR INETT N R A
WIS AUBURRIA R 420 ~ 10 em+ 2 + 48, KA/
KNS s B HFHR A WS H MRS B, T24
hiNEBRIEYIIR R e HIEARY, 82 mmig, HK
S, —80 °C KA - AF ] T LI G E Wy
g B 0 2 £ 000 7
1.3 PLFARREVSNE

PLFARYEZIC: R &4 A S — P st i P i
fedrik TP L (1) BRERL0 gfif + F50 mLBE B &
LA, ATS mL 0.2 mol- L™ &L S Ak A —
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B9, 80 r-min IKH# IR S minjg, 37°CHE/KE
10 min, #R&G KBS REZ6RIZHE; (2) IMA3
mL 1.0 mol- L' VKBS FRIE W, Fo/4e21)5, A
10 mLIGIEC RE, FE4MHE21)5 T4°C, 2 000 r-min”™'
T 015 min, B FVEWREEABCEIXE N, HEsk
RAW; (3) 7RI EAE P ATAT mL T
fit—IECheimm (R - 1), FaiiRs,
OT VRS e ARESDL, —20 C KA R AF o

PLFARYM & . #EM P ATO p Lk EE N
1 mol' L'WY IECKEE R (19 : 0) IECHEIR
RN AR, R AN 35 - B I (GC-MS)
(7890A-5973C, Agilent, FE[E ) HEATPLFARIN
JE o

PLFAN 74 % B Frostegard 71 ''*' . PLFA
i fnmol-g ' IR

DLW IR Ri14 - 0, i15:0, al5:0,
i16 20, i17 : 0., al7 = OJIFIFAE #E 2% [C FH M4
LLwE A g 7 1R
16:1w7c, 16: 1w7t, 18:1w7c. 18: lw7t,
cyl7 20, cyl9 : OJin I RAF & 2% [ B M40
( Gram-negative bacteria, G™) 1, PI#EfR A5
fiRil4 : 0, i15:0, al5:0, il6:0, il17:0,
al7:0, 16:1lw7c. 16: 1o7t, 18: lw7c.
18 : 1w7t, cyl7 : 0, cyl9 : OJi A FLAE 40 5
( Bacteria, B) &, UBEIBIENGHL1S : 1 w9c.
18 : 2w 6,9c/NHMEAEEE (Fungi, F) &, LIBE
JENEWBR 7Mel7 : 0, 10Mel8 : 0, 10Mel9 : 0
AR E ( Actinomycetes, Act) @, Ll
BEIRAS Wi fRcy17 : 0. cyl9 : OFAEIR N BE s I iR
( Cyclopropane fatty acids, Cy) &, LIWEAGIE
iR16 : 1w7c. 18 : 1 o 7cF AR HFTA NS I 82
( Precursor fatty acids, Pre) &, LABENSNS IR
i14: 0, i15:0, il16: 0, i17 : OJNFIFAL T 2L 57
FIJE R (Isomeric fatty acids, Iso) &, LIBEJR
JEWiM2al5 = 0, al7 = OMFNFAE Fz X 5 44 Bg 15 iz
( Anti isomeric fatty acids, Ant) &,
1.4 PLFAMEXIEHITE

PLFA & 19 b5 2 FE 5 2 oy s 0 )y
7, PLFAF EUB P& E (nmol-g™')
Fon, FIUUTASIE

PLFA/ (nmol-g™') = (PPLFAXxSx V) /
(POSTD x MOSTD x m ) (1)

( Gram-positive bacteria, G') &,

A i, PPLFAFIPOSTDZ i k£ & g iy BR A1 N
PRC19 : OM T AL ; SN ARC19 + ORY IR B,
pegmL™s VRAMANRCL : 0OFAR, nL;
MOSTD N W Arcl9 = OBIMIXT 4+ F &, g-mol™; m
R, g

FHIPLFA & &5 M W 2 b 5 e,
FrHe -4 ( Shannon-Wiener ) 5 FE I B FREH
H A EE R E A (Simpson ) LR TR
B WRETE iR LR RN . $ R A AR

H' ==Y piLnpi (2)
Simpson 37 H5 5L -
D=1-% () °* (3)

K, HRhFEEEIRE, DRIIRARERRE, nikii
TSR EL, N IR AERE VR 0 T A R SR L

K FH i 1 238 43 A1 1 AN [R) EOK T b R S 30k
2SI EPLFA . W B R B M Luo%: 7 1
Tiid, G RLE R T OmS, UMV R PLEAXY
AU IEMA R ; /N0, DI SR
1.5 HUEALE

K FISPSS19. 0% Xy B b 47 e it or b,
PR R T = FE L (Tukey ) 28 bR HEAT
225 W EVER S, RO [A) Ab B 4 R A AR W B VR
25 (P<0.05) , HEKLEW G ) 2% (Repeated
measures data ANOVA, SPSS) Zr#r & L&Ak 3
552275 28 B AR F X L e W B I 52 RN 3 N A
HoaEESEEMN, RHERS P (Principal
component analysis, PCA ) X} 1 HEHUEYHE 5 454
i1 s TN e [ (VIR S8 = B T s N = W S N
T SR 2 T MR PLFA. 22 E HOrigin 9.0
FiCanoco 5.081 58 . Bt R V349108 « priflE %

2z R

2.1 FUMREX LB E VB EPLFARI M

ST AN [) 22715 L SR WU PLFA B 52 Wi AN ]
(1) o HEREMLMBE R, SEY
HMPLFASR78.3%, BRIKZHEAN, LN EHME
T IEBUEYIREVEPLFA, e HABZETT LIERUEY
BEVE MPLFAR P/ BB 500 (P>0.05) 5 HNER
Wee AVRRK 2 1 28 2 T A W R 7 SUPLFA, {E3 N
P+ U MRS MPLFA ., Hop, HNB ERRILE
ZG MAZHFEPLEA (P<0.05) .
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stands for phospholipid fatty acids. Different lowercase letters mean significant difference between treatments (£<0.05). The same below
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Fig. 2 Effects of nitrogen deposition on eigenvalue of soil microbial PLFA
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2.3 FURREXNTIEMEYEESHMENEN
WA TR 2 2R 80, Shannon-Wiener)
EEERE (H ) MSimpsonfiFHEFEE ( D-L

), Fon HIEBUEYIREIE I 2R E . SRR,
5% AL, TCIBLNIS ZHNXFAS A 277 + 3 i A
YIBEVE ZAEERR B R e AR B () .

®1 RNFEXN AR ZFT @AW T AR IR E MR E SR

Table 1

Effects of nitrogen deposition on soil microbial community diversity in Altinglia gracilipes natural forest in the different season

i AU

Season Nitrogen treatment

v A AR AL

Shannon-Wiener diversity index

ARSI RL

Simpson dominance index

# Spring CK

LN

HN

H Summer CK
LN

HN

Fk Autumn CK
LN

HN

4 Winter CK

LN

HN

1.753 (0.040) a
1.780 (0.018) a
1.718 (0.025) a
1.534 (0.046) a
1.503 (0.007) a
1.533 (0.049) a
1.807 (0.025) a
1.668 (0.032) b
1.699 (0.033) a
1.517 (0.020) a
1.528 (0.031) a

1.502 (0.041) a

0.754 (0.022) a
0.744 (0.028) a
0.752 (0.009) a
0.720 (0.023) a
0.739 (0.001) a
0.740 (0.019) a
0.756 (0.008) a
0.751 (0.002) a
0.753 (0.016) a
0.752 (0.010) a
0.759 (0.011) a

0.749 (0.018) a

W 5T R AR AE 22 RSO [ /NS R R M 6] 2T AN [6) b B R) 22 5 12 % ( P<0.05) Note: Data in brackets

are standard deviations; Different lowercase letters in the same column mean significant difference between treatments

(P<0.05)

2.4 FULFEMEDLI TIEME MR RS R0
N — AP oy W R0 R A 0 b SRR

TEVE 4540 1Y

e, XF 4+ HEPLFAMEAT = B4 20 Br
(FE3) , g5%%EW, F41 (PC1) XPLFAZE

S

g2
Principal component2 (PC2) :30.01%

0 % Sping CK
I #Sping LN
0 % Sping HN

O X Summer
@ 5 Summer
@ 5 Summer
<> X Autumn
4+ F Autumn
<4+ X Autumn

A % Winter CK
A X Winter LN
A % Winter HN

CK]
LN
HN

Principal component 1 (PC1) :5821%

K3 RUCRE RN 0] L SR Wi v 5 MR w1 32 1823 20 A
Fig. 3 Principal component analysis (PCA) of the effects of nitrogen deposition on soil microbial community

structure relative to season
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SR E R RIKS8.21%, EM4r2 (PC2) AR
EE30.01% . LNAL & ok 2r B 2 + ik Wik ik
SER, TTHN G 3 AR 5 24 2 S0 A W e TR
S5k . B2 A YRS S5 S A R R A

EES.

TIEA YR R RS
(P<0.05) (£2) , FUI-HERAYRETE X =T
IR U= B i A 5

R2 IEWEVREERSSTEEFNEZEESH (FE

Table 2 Significance analysis of the difference between principal components of the soil microbial community in score value (F value)

25554y Variables values N S NxS
PCI 4.00 9.63 2.93"
PC2 21.09” 70.56"" 6.80"

He N, ABIn; S, F; NxS, EBI xZF Note: N, Nitrogen deposition; S, Season; N xS, Nitrogen

deposition x Season; *, P<0.05; **, P<0.01; *** P<0.001

TR BPLFA . QE . G, G . EEAK
2R TR AN 1 0 B2 AE 2 1 Rt Ak B R e A 1

VEFITEEM B2 25 5k (P<0.01) (323) , FEHM
A= W PLFA [ 215 A8 Ak Bifi it 8 7K - 8 A ] i AN ]

R3 EPTUMBAEREEEERTO~10 cmTIEFEVEEEWEZMNEZ S0

Table 3 Significance analysis of the effects of nitrogen deposition, season and their interactions on soil microbial community

structure in the 0 ~ 10 cm soil layer

fb 3w L B [ b 2 [P PO ik
Treatment Total PLFA Bacteria Gram-positive bacteria Gram-negative bacteria Fungi Actinomycetes
Z=75 Season i i % *x . .
Z DU Nitrogen deposition * ns * o o .
xR T
*% *% £ £ * % * %

SeasonxNitrogen deposition

*, P<0.05; **, P<0.01; ns, P>0.05

2.5 FUNREX HIERMEYE R EPLFARI M

R e i 6 i 4k i — 20 o A s R SRR
BEIE X TP PLFA (F4) , 4558 %EH, LN
MR, HERRiI17:0, al7:0, 18 : 1w 7chl
18 : 1o 7thric ¥ sk, 4. G'. G HIE B H A
PLFAVRICH FIEH B ER ., HNAFET, HFEHE
MR LI6 : loTe, 16 : 1o7t, 18 : 1w 7tFl
eyl 7:0b e F B W TR, XFHEI8: 1o9
FI8 : 2w 6,9chRic ¥+ B W3 T K.

3.1 FURKEXN TIRMEYRSEEHNEN
RN AW AR A W A A A 6 75 7Y 35 57

JUER, IR A T A A R A ) B AR AR

BIt. HET, KRBT, BRI A 2

I+ EERUCEY EY R, REAR R IERUE YRR 2
P KRB LI, SR AR A (LN)
2 LR N P i ot ] P DR AR AR I E M 2
PERBER 25 . X — 4551 5 A DR A2 AR N
AR U MRS S B S BT ST A )
LR A AT e iz H X 3 RR A XS 2 2, FE IS
5 1 IS I A ) 22 PR IRV 5 A R i /N
fiE A e, SENEAERmA (HN) &
H AR, S R SR AR, R
T LB A i e & & (K1), (v
W Bk A KRR B A W B Vs A R R R A R
(FE3) . Demoling® ") ZE4b A Aik 36 b 2 B,
RAUCFE (100 kg-hm™) il - em Bl , 0 2 9 il
AR N LA B AR A, B W RN 1 A )
THEA0%F130% . Lus >0 153% [ f W HHF R 2bk
R AR M AE S RG] e A AR U, s
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e 10Mel8 - . . 10Mel8 . L]
B My . . & Mel7 : .

| TR L I SN T UEttes N sl SN SN SN SO WU U SR SO N SN SR S |

2 -1
N B3 Respone rate
FkZ Autumn

18 : 2w, 9cf. i
18 @ IwotL

-
z

WeAg g i PLEA/ (nmol-g)

C 1 1 1 = 1 1 1 .
2 -1 0 1 2=2-1 0 1 2
i ¥ 2% Respone rate

I [ N S N S
o 1 2-2-1 0 1 2

N 2 %% Respone rate
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Fl4  FUIFEAFET 3B YR EPLFARY AL (95% 1% B A5 X))

Fig. 4 Effects of nitrogen deposition on specific PLFA of soil microbes at a 95% confidence interval

MR (50 ~ 150 kg-hm™-a™) 2 1w
ft. RouskZs ' Y & IR 4 58 pHZ 5% T 180 A W B
AR AR E B 2R, AR BB R AN B 19 A
KRR . Wangs "2 15 0T 45 3 P 2R bk
e DA R VR S IR pH AR ARG, i A A
AN (150 kg-hm™-a™') BERMEHENpH, T3
AR SHFPLFA & i W E FRAR . [RIET, I BART RS
B+ SR Ak 25 T B B AR A LA A S i
T, ARSI AR AL AT i 2 B s SRR A il e
W e —E R

AN [V 9 T T AR 35 7 Ak 1% i o AN T
FURRAE B AR AT Sz Bl s A= 40 06 55 28 b 6 i) 57 7 7 A
KB RGENRENE . ARIF5E R VIR X F:B™
EREE (E2) , XA EERE 4Rk A
AR b AT TR N I 22 B [ KOF S i oK
FO /A A A — B X, R
ST 8T P AR i XK R bR R 26 24y - I i R
BEVE 50 = A B S s, AR 3 A A A T
B EAM, B W 2 A A AR A AR 2 5 ) 3
FFE A 107 12 1) R SR ke i 1 R 55 A8 4k . Cy @ Pref b
T HERA Y BT AL 3R o R DR A A e R

TG WX IR T R . AW R LN B3
P& Cy « Pre, 1d W3 & 1 U0 I AT 4 2F 15k 26 P 0t
FITE S, X 5 Zechmeister-Boltenstern®y 1*) %
ARV Z W K Cy : PrefI45 FAf Rl . Nilsson
2 24 S B R AR AT DT I S 0 B R B
A INCy & &, MPEMPred i, H S
Cy : Pre¥§ KMJE I NG, A22E NNl e
PRI Ay it 2605 | RS ) 38 1 98 PR 3 B i, B
il J 7 ) 7= A A AR BT, RECR A YR
YT P kAR T R PP L Tso - AntS MR
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Impacts of Nitrogen Deposition on Soil Microbial Community Structure in
Subtropical Natural Evergreen Broad-leaved Forest Relative to Season

ZHENG Yuxiong CAO Jiling YANG Zhijie LIN ChengfangJr YANG Yusheng
( State Key Laboratory for Subtropical Mountain Ecology of the Ministry of

Science and Technology and Fujian Province, School of Geographical Sciences, Fujian Normal University, Fuzhou 350007, China )

Abstract

[ Objective ] Soil microbes are the drivers of material circulation and energy flow in

ecosystems, and their community structures may be used to characterize responses of soil ecological

processes to environmental changes. This study was conducted in a natural Altinglia gracilipes forest in

the subtropical area and lasted for two consecutive years. This study was oriented to explore impacts of

nitrogen (N) deposition on the dynamics of soil microbes. [ Method ] An in-situ N deposition simulation

experiment was designed to have three treatments. i.e. CK (0 kg-hm™>-a™"), LN (50 kg-hm>-a™") and HN (100

kg- hm™>-a") in N deposition level, was carried out in 2010—2011, and the technique of phospholipid fatty

acids (PLFAs) was used to explore diversity and composition of the soil microbial community. [ Result ]

Results show that the soil microbial community in the forest consisted mainly of bacteria, gram-positive
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bacteria, gram-negative bacteria, fungi and actinomycetes. Among them, bacteria were the dominant
fraction, contributing 78.3% to the total microbial PLFAs content. Significant differences were found
between treatments and seasons in soil microbial community structure. Treatment LN had its soil microbial
community structure altered significantly only in summer, when increased abundances were observed
of bacterial, Gram-positive, Gram-negative and fungal residual PLFA markers but not i17 : 0, al7 : 0,
18 : 1w7c, and 18 : 1 w7t markers. Treatment HN varied with the season, too, in soil microbial community
structure. Decreased abundances of 16 : lw7¢, 16 : lw7t, 18 : 1l 7t, and cyl7 : 0 markers were found in
spring, and of 18 : 1®9 and 18 : 2w 6,9¢c markers in winter. In addition, no significant change was found
in ratio of fungi to bacteria and of Gram-positive bacteria to Gram-negative bacteria in either Treatment
LN or HN, but a significant one was in content of special fatty acids, such as cyclopropane fatty acid or
isomeric fatty acid. Treatment LN increased the ratio of cyclopropane fatty acids to Precursor fatty acids all
the year around, and also the ratio of isomeric fatty acids to anti-isomeric fatty acids in winter and spring,
while Treatment HN increased the ratio of isomeric fatty acids to anti isomeric fatty acids in summer and
autumn, but did not affect much the ratio of cyclopropane fatty acids to Precursor fatty acids throughout
the entire experimental period. So the effects of N deposition on soil microorganisms do vary with seasons.
Therefore, it is necessary to take season into consideration when the impacts of N deposition on soil
microbial community structure in the subtropical forest ecosystem are studied. [ Conclusion ] All the
findings in this experiment demonstrate that short-term N deposition changes the soil microbial community
structure, but not the ability of the soil microorganisms responding to environmental changes. Soil microbes
respond to short-term N deposition through changing the content of special fatty acids, however, the
response varies with the season. Comprehensive analysis shows that the change in soil microbial community
structure is not only affected by soil substrate availability, but also soil temperature, moisture and other
environmental factors that varies with the season. So they may serve as important factors affecting changes
in soil microbial community structure in the subtropical evergreen broad-leaved forest. All the findings in
this study may serve as reference for exploration of the mechanism of soil microbes affecting soil nutrient
cycling in the subtropical natural forest as affected by nitrogen deposition in future. As the experiment
was quite short in time, it is quite possible for soil microorganisms to get adapted to long-term nitrogen
deposition. Therefore, in the context of steady increase of nitrogen deposition in the future, a long-term
field experiment on nitrogen deposition should be carried out using high-resolution molecular biology
methods, for better understanding of the mechanisms of soil microorganisms responding and adapting to
nitrogen deposition in subtropical forest ecosystems.

Key words Altingia gracilipes forest; Nitrogen deposition; Phospholipid fatty acid (PLFA); Soil

microbial community structure; Seasonal dynamics
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