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Abstract High nitrogen deposition and changing precipitation patterns occur in the southern subtropics and
profoundly affect forest ecosystem stability. Soil microorganisms, which maintain the aboveground-underground
interactions of terrestrial ecosystems, are sensitive to climate change. Here, we investigated the effects of
nitrogen deposition, precipitation pattern changes, and their interactions on soil microbial communities in a
southern subtropical forest. An open-top chamber experiment provided theoretical support for how southern
subtropical forests will respond to future climate change. Four experimental treatments were used: control (CK),
changes in precipitation pattern (DD), double nitrogen deposition (AN), and the interaction of double nitrogen
deposition and changes in precipitation pattern (ANDD). The phospholipid fatty acid (PLFA) method was used
to determine soil microbial community structure. The results showed that AN treatment significantly affected the
phospholipid fatty acids (PLFAs) of the whole community and each microbial group, with PLFAs increasing in
the dry season and decreasing in the wet season. In comparison, DD treatment had no significant effect on the
PLFAs. ANDD treatment increased the PLFAs of the whole community, fungi, and gram-positive bacteria in the
dry season and decreased the total and fungal PLFAs in the wet season. None of the treatments significantly
affected soil fungi/bacteria (F/B), gram-positive or gram-negative bacteria (G'/G’), or microbial community
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structure in either season. Correlation analysis revealed that soil microorganisms were mainly affected by soil
pH, water content, and organic carbon in the dry season and by soil ammonium nitrogen and nitrate nitrogen
in the wet season. Overall, nitrogen deposition and precipitation pattern changes exhibited antagonistic effects
on the amount of microbial PLFAs; however, they did not significantly affect the microbial community structure.
Therefore, considering a single factor (e.g., nitrogen deposition) might overestimate the response of soil
microorganisms to climate change, and the complementary mechanisms among climate change factors may be

important for limiting the response of soil microorganisms.

Keywords microbial community structure; phospholipid fatty acid; nitrogen deposition; precipitation pattern

change; forest ecosystem
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Table 1 Treatments of change in precipitation pattern
AL FE Treatment 2 Dry season ¥ 7F Wet season

PR EBRIK. 4r120k, HoheRExEEKe L, RIR6REREEK2 FHEREK. 478K, Hi4kbeK14 L, 21k6 L, 11k2 L, 1k1 L,
R T L, #£48L/2d. 71 L/d.
Watering every other day (48 L/2 days). Watering is divided Watering every day and divided into 8 times (71 L/day). The
into 12 times on the same day, that is, 6 times * 6 L and then watering order is 4 times * 14 L, 2 times *6 L, 1 time *2 L

Natural precipitation

6 times * 2 L. and 1 time * 1 L.

FERR3 K. 120K, HAe e ke L, BIARGKIEKAEE SFHEK. 481K, Hi4lkEek16 L, 20k7 L, 1K3 L, 1k2 L,
B KR R AR AL K2 L, $£48 L/4 d. $83 L/d.
Change in Watering every four days (48 L/4 days). Watering is divided Watering every day and divided into 8 times (83 L/day). The
precipitation pattern into 12 times on the same day, that is, 6 times * 6 L and then watering order is 4 times * 16 L, 2 times * 7 L, 1 time * 3 L

6 times * 2 L. and 1time * 2 L.

72 FRIEBTLIREBUMERME L
Table 2 Change in soil physiochemical properties under different treatments

NH,"™-N/ NO,-N/ B

;E%
=1 ey SWC/% pH SOCigkg®  TNigkg®  TPigkg" it oo o

Season Treatment
CK 15.89+0.47bc 4.88+0.09a 3.01+0.23a 0.26+0.03ab 0.23+0.01a 2.94+1.01a 2.75+0.73a 11.76 £ 1.47a
;Eryé DD 11.35+1.53a 4.84+0.09a 3.60+0.14b 0.21+0.04a 0.23+0.02a 3.04+117a 1.48+0.32a 18.14 +2.88b
season AN 18.74 £ 0.09c 519+0.04b 5.07+0.11c 0.32+0.04b 0.24+0.02a 116+0.37a 4.62+1.47a 16.16 + 1.64ab
ANDD 1310+ 149ab 5.11+0.13ab 4.08+0.16b 0.33+0.01b 0.25+0.00a 2.01+0.59a 4.67 +1.53a 12.47 + 0.29ab
. CK 18.36 £0.70a 5.04 £0.11a 3.70+0.33a 0.29+0.02ab 0.31+0.02a 3.78+0.45a 1.49+0.49ab 12.86 + 0.31ab
2= DD 19.62 £ 0.54a 5.03+0.03a 3.64+0.21a 0.21+0.03a 0.25+0.04a 3.44+1.04a 0.86+0.03a 17.33+1.15b

\sl\(laztson AN 19.38+£0.50a 5.10+0.19a 3.99+0.18a 0.38+0.05b 0.29+0.03a 2.91+0.54a 2.01+0.29ab 10.83 = 1.07a
ANDD 19.76 +0.49a 5.03+0.13a 3.98+0.36a 0.27+0.03ab 0.33+0.10a 2.41+0.24a 2.38+0.52b 15.14 + 2.15ab
T 0.006 0.237 0.001 0.006 0.689 0.212 0.045 0.020
P S <0.001 0.557 0.501 0.751 0.072 0.129 0.012 0.604
TxS 0.001 0.422 0.012 0.395 0.876 0.785 0.629 0.111

TR R RAR R 245 R AR A FL R 22 52 3% (P < 0.05) . CK: Xtif; DD: BRI RAE ;s AN: G In— 1% ANDD: 0T B 10— £ 4+ B K i 5
AAST. Te AbFR: S: AT T x S: FLE TV IAEH. SWC: &K SOC: AT MURK: TN: 4% TP: 4.

Different letters indicate statistical significance among the treatments in the same season (P < 0.05). CK: Control; DD: Change in precipitation
pattern; AN: Double nitrogen deposition; ANDD: Interaction of double nitrogen deposition and change in precipitation pattern. T: Treatment; S:
Season; T x S: Treatment x season. SWC: Soil water content; SOC: Soil organic carbon; TN: Total nitrogen; TP: Total phosphorus.
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Fig. 1 Change in soil microbial PLFAs under different treatments. Different letters indicate statistical significance among the treatment in the
same season (P < 0.05). CK: Control; DD: Change in precipitation pattern; AN: Double nitrogen deposition; ANDD: Interaction of double nitrogen
deposition and change in precipitation pattern. T: Treatment; S: Season; T x S: Treatment x season; ns: No significant difference.

B EI AN > ANDD > DD > CK, HANE CKAb I ] 7
S5 (P <0.05) ; MTANDDAL B N AU A S PLFAsE.,
PRI == [CPHPE B PLFAS® 2 3% 5 T-CKAb (P < 0.05) , &
BN T 53.42%. 89.58%41165.52%; DDAk | 5 CKAL F ]
TREZER (P>0.05 . fERF, LIEGHMAEYPLFASE XA
[) Acb FEE P 0] 97 5 2R A S, A 1 i PLFAs i L% 2 AR
AEYIPLFAs = AR 3 K P NCK > DD > ANDD > AN,
AN5 CKALHE [ [RIFE A7 £ 3% 2 % (P < 0.05) , ANDDAL
T AEY B PLFASE Il L PLFAs &2 i F K T- CKAL 2 (P
< 0.05) , 43 HIPEAL 732.03%4137.10%, H.DD 5 CKib 3 1],
TRFEZES (P>0.05 . HILTTH, ANDDAEE RS RR 114
T AE ) PLFASs AN AL H (1) 32 2 1 )57, ANAIDD AL # [8] 47 76
EHWRMZE HAEM.

AN, it T =g 2, DD. ANSANDDAL# R+ HEF/B
GG )5 CKAL B F] 2% % 5+ (P> 0.05) .
2.3 AEAIENT HIEME M B E LIRS

FE 0T (E2) R, A2 E A R T 3R A
T VR S5 M8 571059.76%, Hh 55— E Ry ST E N 34.34%,
B E R TR N25.42%, H A3 s 5 T AU B
R AR S MR B i, B8 o B0 T 5 T R R 2 B B A M
KR SR, (£ 725, DDACKALEE R AE M BETE I 58— F RSy
o B ARTESE RS =R IR MR Z, ARGH T RAY
T8 45 1 O 22 7
24 TEMEVMETIEFBERFHXR

Pearson#fl < E 434 (£3) T, AFEZF T 5200 1
MAEMBE AR KB, £ 12, LHESOCHMEY L
PLFAsH 1% B AEYIPLFAS R 2 3% IF A%, TifipHY
LRI L S FC I T L 2k T AN T M LR PLFAS

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

E2 FEAETHEBEYEEEEMERST S A: X (CK) : O: B
K& JEAEA (DD) ; o: BUTFEIIN—f% CAND ;o ZUTRER In— 5 + B
KA SR AL AL B (ANDD) 5 20 Bl R R 125, St BRI %R~ i8 7. B:
ME; G': FE LR G F 2 IRIIMER; F: LI A: IUZRE; AMF:
A BRI

Fig. 2 Principal component analysis of soil microbial community
structure under different treatments. A: Control (CK), <: Change
in precipitation pattern (DD); o: Double nitrogen deposition (AN); o:
Interaction of double nitrogen deposition and change in precipitation pattern
(ANDD); open and solid legends indicate the dry season and wet season,
respectively. B: Bacteria; G": Gram-positive bacteria; G: Gram-negative
bacteria; F: Fungi; A: Actinomycetes; AMF: Arbuscular mycorrhizal fungi.

wEREEMKE, HIESWCIEG/GEEE ML (P <
0.05) ; IR Z, LHENH, -N& E5M A S PLFAsE. 4
B S IR PE T L A IR T A L # PLFAS I 2 25 IE M
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Table 3 Correlation between soil microbial PLFAs and soil physicochemical properties

— PRI - _
Sfa;jon Type g”f‘nﬁi?ji@amsm SWC pH socC N P NH,"-N NO,-N CIN
EY KR Total PLFAS 0.181 0.521 0.669* 0.153 0.148 -0.396 0.143 0.352
4T Bacteria PLFAs 0.200 0.559 0.624* 0.126 0.092 -0.394 0.232 0.334
HLREAYER G PLFAs 0.081 0.589* 0.580* 0.019 0.086 -0.484 0178 0.439
F 2 RYIMER G PLFAs 0.431 0.577* 0.577* 0.129 0.031 -0.385 0.301 0.254
Dry E P Fungi PLFAs -0.044 0.181 0.614* 0.237 0.250 -0.216 -0.081 0.282
season sk Actinomycetes PLFAs 0.229 0.693* 0.748** 0.220 0.237 -0.543 0.153 0.348
M HEHREE AMF PLFAs 0.330 0.591* 0.799** 0.260 0.202 -0.487 0.154 0.327
HHE/MNE FIB -0.367 -0.436 0.213 0.179 0.302 0.178 -0.431 0.103
LA E GG -0.644*  -0.297 -0.202 -0.289 0.178 -0.005 -0.404 0.299
R MR Total PLFAS -0.335 -0.017 -0.085 -0.390 -0.275 0.705* -0.169 0.389
474 Bacteria PLFAs -0.352 -0.030 -0.019 -0.379 -0.232 0.721**  -0.119 0.406
KPR G PLFAs -0.430 0.068 0.103 -0.283 -0.203 0.631* 0.041 0.344
e #22 [CHTERE G PLFAs -0.304 -0.047 -0.089 -0.411 -0.206 0.755**  -0.234 0.429
Wet EH Fungi PLFAs -0.211 -0.085 -0.291 -0.414 -0.326 0.750**  -0.360 0.350
season sk Actinomycetes PLFAs -0.486 0.250 0.259 -0.243 -0.154 0.439 0.190 0.347
IR E R H AMF PLFAs -0.385 0.298 0.306 -0.266 -0.345 0.497 0.214 0.427
HHE/MNE FIB 0.061 -0.033 -0.507 -0.207 -0.373 0.380 -0.526 0.049
L PR GG -0.173 0.398 0.381 0.472 0.021 -0.448 0.660* -0.383

RN RE (P<0.05).
* indicates significant correlation (P < 0.05).

K, BIENO,-NE BN HG/G R EFIEMK (P<0.05).

3 T8
31 RN I A B B B

H R0 AIT 70 28 W, 0T B vt 938 A= 0 1) 8 i B A R iR
SEME. — 5 BT S M RS LR A e
GO0, BEAC IR AE s e B DL R AT . WA
Sl Oy, AU TR R R R S, e
WK, SRR LI RN GRIE AR 2D, A
R AR RN BB B 3 78 BT, WA HE B A A A
Bl a5t (2018) S5 76 &t i L e 7 #4 AR AR I AL P R IR, e
REFEWINT T 2GR LM AEYPLFAs® ™, A6 71 45
R R, ANACHE B B8 N7 2= LU/ EY) S PLFAs &
S AR BEPLFAS R, {HFFR T8 7 LI E Y PLFAS
. AP AN B E T ZERIETNL NH,-NFINO, =N
YT EER W, HEENINT R LIESOCH &, H+ZFL
HESOCE =S5 AENY B PLFAsE S AEM B PLFAS = &
FIEAEIG, Bk, FUT RS SUR R X LB\ 1R 58 Ie] e
BT EREYPLFASE I NG = Z R, 545, KuFFHAN
Ab B RIRZE LA A Y PLFAS & B R 35 I T CKAb B, {8 1358
pHIF A R A AR, UG 88 8 Ab I A 70 2 L
AYIPLFAs & PRI . AR 2= IR AE Y PLFAS & (1)
FREAR P e 5 L RN G AR 4 R 60 3R 1 S e A6 0%, A DR 1 4 b
R ZETHENH, -NSRUEYPLFAs & B M55 ((3), {H
LR RE T5 BE— B A

AR EG B, 4 B A R R AR AR R s 5
b, T MRS MR 25, R e 2 R
B3 MRS e " DRI, SR N SRS () -3 C/NFR A LA
Ko A 3EFR AL 0] AT B S 8 HIRF/BIACAIG /G TR, AT
AR IR AE BT S5 R TT 0 AT R R BOR, Bik
FEEEIEE, AN - H5F/BMG G TE R E W, il
VIR TR SR R AR B, B A AR SR ANAR R
HEpHAIC/NI oA K AR W3 Ak, 3X mT fE R A2 3 %04 I ZKF A
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TR I D) () 2 ), B R B 2T B AT it 2 & T RS 2 Ak AR
WPk B R P, (AWang (2018) 45 75 5 7 #vils #R sk 78
Hh e B R0 AR A S - S A P FUB A G 2 35 B T [
1, RN F R BT T R T S AR AR A M B G
MR, AR 75 3R 47 HH 1 W U AFF 55

3.2 REKIEETI IR EDHIE

CVA W70 R B, 75 7K 3 BR i) B0 B0 b A0 I AR AR, B 7 ik
b S BRI BB, IR o AR B 3, Wi 0 i - 3
TRAE AR, R K S8 0 T fit 5 22 AR K 4 BR skl % 29, T 1E [
TR KR T0 R R B AR AR, BRI ek 2D B 1 o - W
Ak, AT 328 13 A 3% 3h 1O, 8 B /K 88 T 0 2 o ) - 4 3
Iy RS, TR AR AR K. ATF RS R BN, bR
T2k VR 2, DDA X IR A1 B PLFAs = I &% 3L £ 9
HKBEPLFASE Y TE B i, X580 AT AL AR %4, Zhao
(2018) %510 ) AR5 7 WA B AR A AL ARt R B, T2
ok 7K U 2 R 2 e K 38 T 38 R S A AR A e A B R
W2 RTINS A et 4 K 4 A R S B
T2 75 R v R Y, A Ik B B A N AR
AT IR ARV, X TR AW DDALE R
EYIPLFAS & 0 K 25 i 3 1) SRS 22—

E AP ER, AT HDDRCKALFE N T Z= i 2B
BEVE B AE AR [F PR, (E DDA 3 X T =+ F/BAG'/G
HIE R Z R, DDA N Rl A B TR S5 W o R R A
FAS. Zhao (2017) 2516 5 0 3G AR bR 0 Bk 28 Ak 9
75 51— 5050, (ELE 1 0 4 R AT Y B 0 G52 PR AR T 2
F/B, JR A E BN T 80T R PR, 40 7 A&
KA BRI, oA I 0 BB R ARV A 386 0 o B i 7 2 4
F/BYMOL [AIk, B W ATV 10 A8 At S A SR AT 7 75 2% 1 (1 i)
L AL, RS ABIR I BE B 5 A AR et K Sy 1A B AR
I P B2 %, 5 A AR S RS AH L, B &R B ZE TR
(A 25 2R B8 % B K AR AR (R B i 558/ NP2 BB, A BT 2K 4 PR
T AR T R B, b A 2 RS DX T S A bR R K
WIS E BT, AT A B ) A A ot B K ks SR AR A B i
N, TS S50 K S B A Stk - 3B A M B VR S AN B 2
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3.3 RIFEMPEKIEFRE I HIRBERIZ BN
BTN, FTRE RN R KR R A8 A S - A A= P 1) 5
AEEW BN B, iR EZREER, BIFBEKE
JE SN IR B 3 - 398 Gl A eV o T R B i SR TS 464 AE AR
gerfr, DDAL X A M PLFAs & G 55 35 52 i, ANAL #9053
SR AP S PLFAS T LS B AE M) 25 BE PLFAS i, TIANDD
Ab PR R B AN & U 2 BEPLFAS B 5 CKAL A 1Y O B 3%
725, VLR KA R A0 055 T 8T B R AR it sz e, B
OB RN KA R AR AL T AP A A PR B I BU/E R, X528 |
BRI S RIE 0 46 352024 40 S ffh ode A AT R 2 EhE i ok
A5+ HESWCHIpH K FE M IR A=W VR (22D , fllnZhang
(2014) 5K IR B G 75 B, G000 4 R0 R /K 38 sk 33
PHE A H AT, AT S 3 40 B 7 72 AR s e U8 ). Rt
R NP KA SR R0 TR 458 BU /B T A7 8, W REAT BT 4 35 L350
VTR AVES RGNk E. RN, AR BRMES RS F,
A AEN R BRI 0 2 AR T IR AR Fe MK EE, n
JEI T S0 AR K Al A P ) ST B2 e, 3 3R B R 1 e R Ak
NEO R, TR AR KA R ARG RS BRI T RE S5 AR R
GRAE . LAk, TR AR B e BRAR L B — Y
Wi 7 A B B b A AT RO, IR T2 R AT RE AR AR
FNHLH, XA AR T EIRAM AR EEA T —.
Sk, AT 70 R R 50T 4 R0 B KR SR AR Ak i

2E W #k [References]

1 Galloway JN, Townsend AR, Erisman JW, Bekunda M, Cai ZC,
Freney JR, Martinelli LA, Seitzinger SP, Sutton MA. Transformation
of the nitrogen cycle: recent trends, questions, and potential
solutions [J]. Science, 2008, 320 (5878): 889-892

2 Liu XJ, Zhang Y, Han WX, Tang AH, Shen JL, Cui ZL, Vitousek
P, Erisman JW, Goulding K, Christie P, Fangmeier A, Zhang FS.
Enhanced nitrogen deposition over China [J]. Nature, 2013, 494
(7438): 459-462

3 Clark CM, Tilman D. Loss of plant species after chronic low-level
nitrogen deposition to prairie grasslands [J]. Nature, 2008, 451
(7179): 712-715

4 Matson P, Lohse KA, Hall SJ. The globalization of nitrogen
deposition: consequences for terrestrial ecosystems [J]. Ambio,
2002, 31 (2): 113-119

5 Vitousek PM, Aber JD, Howarth RW, Likens GE, Matson PA,
Schindler DW, Schlesinger WH, Tilman D. Human alteration of the
global nitrogen cycle: sources and consequences [J]. Ecol Appl,
1997, 7 (3): 737-750

6 Fischer EM, Knutti R. Anthropogenic contribution to global
occurrence of heavy-precipitation and high-temperature extremes
[J]. Nat Clim Change, 2015, 5 (6): 560-564

7 Huntington TG. Evidence for intensification of the global water
cycle: review and synthesis [J]. J Hydrol, 2006, 319 (1-4): 83-95

8 Knapp AK, Ciais P, Smith MD. Reconciling inconsistencies in
precipitation-productivity relationships: implications for climate
change [J]. New Phytol, 2017, 214 (1): 41-47

9 Anderegg WRL, Schwalm C, Biondi F, Camarero JJ, Koch G, Litvak
M, Ogle K, Shaw JD, Shevliakova E, Williams AP, Wolf A, Ziaco
E, Pacala S. Pervasive drought legacies in forest ecosystems and
their implications for carbon cycle models [J]. Science, 2015, 349
(6247): 528-532

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

DLW S5 A EAR AT AR, X AT g2 N WANAIDD
Ak B R NS S 2B R v 5 K 7 2R B R R . (HAEIRA
AR B, 359 R L AT R AR B KA S A A A8 B 3 R
TR A B A PO, HA RN, U AE LKAy
7o, BUTREA A AN R B E R, X e —E
FEFE _RIGAE T FE/KR R =& HAR BB, Bril, 38K
A TR ) A7 AE 1 0L R A ) A 3T i R AR S
ANDD A BT 50 -3k A v ) FG W S 52 ) B A

4 28

TE T 2T B 1 6 R 22 100 R 0 A AR b e, ST B 3 o — 1%
(AN) b 24 T T2 HIERU/EIPLFASE, BRI 7B 2
T AEPIPLFAS T, B 53 A= W 7 45 W JC 1638 5 s P /KopS
A5 Ak, (DD Ab B R I8 AR W PLFAs & R AE W B 75 45 1 )
T 3 R BT BN — % -+ B K% R AR 4k 22 H. (ANDD)
b BRI FR RO KR R AR A0 6 i A I PLFAs 1t 35 B HE B 5,
FIFE Ve, (BXTAE Y VE S5 M T B8 s, Rk, {5 R
BT B — R 3% B2 0 n] 8 £ A7 1 398 A 1 AR ) o 0ot 4 Bk
A F i 157, T 4 BRAS A R - 18] B0 E AL A 7T A 2 PR ] - B AR 2
R A ERAS AL R B B R R SR AN, KSR S T I T
5 FEZE AT DA G N 7P R 3 S5 A ) o A 26 0 11 22 S R

10 Schlesinger WH, Dietze MC, Jackson RB, Phillips RP, Rhoades
CC, Rustad LE, Vose JM. Forest biogeochemistry in response to
drought [J]. Glob Chang Biol, 2016, 22 (7): 2318-2328

11 S8, FRM, 8, . o 20 kb AR S RE
ma ik e 5 R ). A AR, 2020, 44 (5): 515-525 [Zhou
GY, Zhou LY, Shao JJ, Zhou XH. Effects of extreme drought on
terrestrial ecosystems: reviews and prospects [J]. Chin J Plant
Ecol, 2020, 44 (5): 515-525]

12 Van Der Heijden MGA, Bardgett RD, Van Straalen NM. The
unseen majority: soil microbes as drivers of plant diversity and
productivity in terrestrial ecosystems [J]. Ecol Lett, 2008, 11 (3):
296-310

13 ROKE, WRASDT, BRACIE, FHASF, EE, SR, o IR A A
HE 5 e ). R ERFER BT, 2017, 32 (6): 554-565 [Zhu YG,
Shen RF, He JZ, Wang YF, Han XG, Jia ZJ. China soil microbiome
initiative: progress and perspective [J]. Bull Chin Acad Sci, 2017,
32 (6): 554-565]

14 Thakur MP, Del Real IM, Cesarz S, Steinauer K, Reich PB,
Hobbie S, Ciobanu M, Rich R, Worm K, Eisenhauer N. Soil
microbial, nematode, and enzymatic responses to elevated CO,
N fertilization, warming, and reduced precipitation [J]. Soil Biol
Biochem, 2019, 135: 184-193

15 Zhang NL, Wan SQ, Guo JX, Han GD, Gutknecht J, Schmid B, Yu
L, Liu WX, Bi J, Wang Z, Ma KP. Precipitation modifies the effects
of warming and nitrogen addition on soil microbial communities in
northern Chinese grasslands [J]. Soil Biol Biochem, 2015, 89: 12-23

16 Averill C, Waring B. Nitrogen limitation of decomposition and decay:
how can it occur? [J]. Glob Chang Biol, 2018, 24 (4): 1417-1427

17 Sha MH, Xu J, Zheng ZC, Fa KY. Enhanced atmospheric nitrogen
deposition triggered little change in soil microbial diversity and

structure in a desert ecosystem [J]. Glob Ecol Conserv, 2021, 31:

http://www.cnki.net



e RN ¢ 7K A% S 8 P X e IV A i R b SRR A D R 1 S

Vol. 29 No.3 June 2023

19

20

21

22

23

24

25

26

27

28

29

30

31

32

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

e01879

Treseder KK. Nitrogen additions and microbial biomass: a meta-
analysis of ecosystem studies [J]. Ecol Lett, 2008, 11 (10): 1111-
1120

Wang C, Lu XK, Mori T, Mao QG, Zhou KJ, Zhou GY, Nie YX,
Mo JM. Responses of soil microbial community to continuous
experimental nitrogen additions for 13 years in a nitrogen-rich
tropical forest [J]. Soil Biol Biochem, 2018, 121: 103-112

o, =R, BRPAME TS, F L7 G0 INons g 0 #4323 i i AR
W E VIR IS A R D). AR AR 2R E, 2018, 37(11): 3202-3209
[Ni Z, Nie YX, Ouyang SN, Shen WJ. Effect of nitrogen addition
on soil microbial community structure in a subtropical evergreen
broadleaved forest [J]. Chin J Ecol, 2018, 37 (11): 3202-3209]
A, ST, TR, BRRTY, XIZRER, BB, EAR, MRS, Taiki
M, B, kBB, T RIS, #05. BRI b AR bk A 25
FRGES IR T R D). A AT A 24 4R [J]. 2019, 27 (5): 500-
522 [Lu XK, Mo JM, Zhang W, Mao QG, Liu RZ, Wang C, Wang
SH, Zheng MH, Taiki M, Mao JH, Zhang YQ, Wang YF, Huang
J. Effect of simulated atmospheric nitrogen deposition on forest
ecosystems in China: an overview [J]. J Trop Subtrop Bot, 2019,
27 (5): 500-522]

Ren CJ, Zhao FZ, Shi Z, Chen J, Han XH, Yang GH, Feng YZ,
Ren GX. Differential responses of soil microbial biomass and
carbon-degrading enzyme activities to altered precipitation [J].
Soil Biol Biochem, 2017, 115: 1-10

Zhao Q, Shen WJ, Chen Q, Helmisaari HS, Sun QQ, Jian SG.
Spring drying and intensified summer rainfall affected soil
microbial community composition but not enzyme activity in a
subtropical forest [J]. App! Soil Ecol, 2018, 130: 219-225

Yang XC, Zhu K, Loik ME, Sun W. Differential responses of soil
bacteria and fungi to altered precipitation in a meadow steppe [J].
Geoderma, 2021, 384: 114812

Zhao Q, Jian SG, Nunan N, Maestre FT, Tedersoo L, He JH, Wei
H, Tan XP, Shen WJ. Altered precipitation seasonality impacts the
dominant fungal but rare bacterial taxa in subtropical forest soils
[J]. Biol Fertil Soils, 2017, 53 (2): 231-245

Zhang XM, Wei HW, Chen QS, Han XG. The counteractive effects
of nitrogen addition and watering on soil bacterial communities in
a steppe ecosystem [J]. Soil Biol Biochem, 2014, 72: 26-34

Shi LL, Zhang HZ, Liu T, Mao P, Zhang WX, Shao YH, Fu SL. An
increase in precipitation exacerbates negative effects of nitrogen
deposition on soil cations and soil microbial communities in a
temperate forest [J]. Environ Pollut, 2018, 235: 293-301

Zhu JX, He NP, Wang QF, Yuan GF, Wen D, Yu GR, Jia YL.
The composition, spatial patterns, and influencing factors of
atmospheric wet nitrogen deposition in Chinese terrestrial
ecosystems [J]. Sci Total Environ, 2015, 511: 777-785

Zhou GY, Wei XH, Wu YP, Liu SG, Huang YH, Yan JH, Zhang DQ,
Zhang QM, Liu JX, Meng Z, Wang CL, Chu GW, Liu SZ, Tang XL,
Liu XD. Quantifying the hydrological responses to climate change
in an intact forested small watershed in southern China [J]. Glob
Chang Biol, 2011, 17 (12): 3736-3746

Bligh EG, Dyer WJ. A rapid method of total lipid extraction and
purification [J]. Can J Biochem Physiol, 1959, 37 (8): 911-917
Bossio DA, Scow KM. Impacts of carbon and flooding on soil
microbial communities: phospholipid fatty acid profiles and
substrate utilization patterns [J]. Microb Ecol, 1998, 35 (3): 265-278
Jiang YJ, Sun B, Jin C, Wang F. Soil aggregate stratification of
nematodes and microbial communities affects the metabolic
quotient in an acid soil [J]. Soil Biol Biochem, 2013, 60: 1-9

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Schindlbacher A, Rodler A, Kuffner M, Kitzler B, Sessitsch A,
Zechmeister-Boltenstern S. Experimental warming effects on the
microbial community of a temperate mountain forest soil [J]. Soil
Biol Biochem, 2011, 43 (7): 1417-1425

Wang RZ, Dorodnikov M, Dijkstra FA, Yang S, Xu ZW, Li H,
Jiang Y. Sensitivities to nitrogen and water addition vary among
microbial groups within soil aggregates in a semiarid grassland [J].
Biol Fertil Soils, 2017, 53 (1): 129-140

Zhang TA, Chen HYH, Ruan HH. Global negative effects of
nitrogen deposition on soil microbes [J]. ISME J, 2018, 12 (7):
1817-1825

Wu JP, Liu WF, Fan HB, Huang GM, Wan SZ, Yuan YH, Ji
CF. Asynchronous responses of soil microbial community and
understory plant community to simulated nitrogen deposition in a
subtropical forest [J]. Ecol Evol, 2013, 3 (11): 3895-3905

Zhou ZH, Wang CK, Zheng MH, Jiang LF, Luo YQ. Patterns
and mechanisms of responses by soil microbial communities to
nitrogen addition [J]. Soil Biol Biochem, 2017, 115: 433-441

Niu GX, Hasi M, Wang RZ, Wang YL, Geng QQ, Hu SY, Xu XH,
Yang JJ, Wang CH, Han XG, Huang JH. Soil microbial community
responses to long-term nitrogen addition at different soil depths in
a typical steppe [J]. App! Soil Ecol, 2021, 167: 104054

Yan GY, Xing YJ, Lu XT, Xu LJ, Zhang JH, Dai GH, Luo W, Liu
GC, Dong XD, Wang QG. Effects of artificial nitrogen addition
and reduction in precipitation on soil CO, and CH, effluxes and
composition of the microbial biomass in a temperate forest [J]. Eur
J Soil Sci, 2019, 70 (6): 1197-1211

RN, VR, PROEE, TR, WEE AR, XSG, B K Ak 51O p T2 A
TR MR SR AR A R S5 W s R [J]. ARSI EEEAR, 2016, 25 (4):
583-590 [Wu HQ, Chen XM, Lin MZ, Zhang J, Chu GW, Deng
Q. Effects of the soil microbial community structure to changes
in precipitation in the south subtropical monsoon forest [J]. Ecol
Environ Sci, 2016, 25 (4): 583-590]

Bouskill NJ, Lim HC, Borglin S, Salve R, Wood TE, Silver WL,
Brodie EL. Pre-exposure to drought increases the resistance of
tropical forest soil bacterial communities to extended drought [J].
ISME J, 2013, 7 (2): 384-394

Zhao Q, Shen WJ, Chen Q, Helmisaari HS, Sun QQ, Jian SG.
Spring drying and intensified summer rainfall affected soil
microbial community composition but not enzyme activity in a
subtropical forest [J]. App! Soil Ecol, 2018, 130: 219-225

Fang X, Zhou GY, Li YL, Liu SZ, Chu GW, Xu ZH, Liu JX. Warming
effects on biomass and composition of microbial communities and
enzyme activities within soil aggregates in subtropical forest [J].
Biol Fertil Soils, 2016, 52 (3): 353-365

Shihan A, Hattenschwiler S, Milcu A, Joly FX, Santonja M, Fromin
N. Changes in soil microbial substrate utilization in response
to altered litter diversity and precipitation in a Mediterranean
shrubland [J]. Biol Fertil Soils, 2017, 53 (2): 171-185

Averill C, Waring BG, Hawkes CV. Historical precipitation predictably
alters the shape and magnitude of microbial functional response to
soil moisture [J]. Glob Chang Biol, 2016, 22 (5): 1957-1964

Bi J, Zhang NL, Liang Y, Yang HJ, Ma KP. Interactive effects of
water and nitrogen addition on soil microbial communities in a
semiarid steppe [J]. J Plant Ecol, 2012, 5 (3): 320-329

Zhang HF, Liu HM, Zhao JN, Wang LL, Li G, Huangfu CH, Wang
H, Lai X, Li J, Yang DL. Elevated precipitation modifies the
relationship between plant diversity and soil bacterial diversity
under nitrogen deposition in Stipa baicalensis steppe [J]. App! Soil
Ecol, 2017, 119: 345-353

http://www.cnki.net

623



