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Abstract: The response of terrestrial ecosystems to atmospheric nitrogen deposition is determined by nitrogen retention in
ecosystems. Understanding the role of ecosystem nitrogen retention is essential for predicting ecosystem nitrogen cycling in
context of global change. However, the drivers of nitrogen retention in plants, soils and ecosystems remain unclear. In this
study, we conducted a comprehensive analysis of 305 observations from 58 field sites ultilized "N isotope tracing studies.
The results showed that the percent of "N recovery (°N,_ ) of the ecosystems was (56.3+1.39) %, and the “N,_ for soils

(40.1+1.17) % was significantly higher than that for plants (16.2+£0.89)% (P<0.001). Increased in the mean annual

temperature, mean annual precipitation, soil organic carbon ( C) content, total nitrogen (N) content, and C:N ratio
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significantly increased plants, soils, and ecosystems “N__, while increased in soil pH, N application rate, and N

application duration time significantly decreased plants and ecosystems "N _ (P <0.05). The above factors explained

65.0% , 61.0%, and 64.0% of the ecosystems, plants, and soils "N _. Mean annual precipitation was a pivotal factor

affecting ecosystems, plants and soils "N __(P<0.001). The climatic factors composed by mean annual precipitation and
1

mean annual temperature significantly influenced ecosystems, plants and soils °N__. The results of the study can be

essential for elucidating the nitrogen cycling in terrestrial ecosystems as well as maintaining the stability of ecosystems.

Key Words; atmospheric nitrogen deposition ; nitrogen cycle; ecosystem; nitrogen retention; structural equation model

FUETAEEM A S RGP A S RGP T R L Tl Far LUK A AR
A M FH AN 7 Ol 358 AT Bl 1) AP HEROR R TG PR, 2O T @ BREARER, R i i A S R S )

BB RAETREA BT 05055 B = b X 2 R ] A1 20 A % 2 1 ISR T e 5 o - 398 R0 4 3ot
R R RS RGN R A 1 SR, A U A e o A W R A AT R SRR I g
i, 7T BE BRI T RRARA: ) R FF TR i 2R S R R i Ra e M Ot b 2 S R 0 LT 1 o
BT RIS RGP AR B, BFE KR AR B 2B 25 R G0 v 1 B AL AT B T3
G AERE RS R GRS E T

FALEE R TR AR F2 2 ot TR 1 TE DL RUAE 2R 28 3R 40 P 1) BR 7 32 2 76 A8 0 R -+ 38 v 58
Y R AR R R LA R W AR R T . SR (NH,) FIEAS A (NO;) AP
RIS IR SRR T S JE PR B A F B S W Al AR i [ AR
AN TEHLE [ 45 2 R D B AL AR A A W A Y A WS FO 0 (b sl Ak R A Bl
FO 5 R A X MU [ A2 Sl i A LA 3 S 2 S R R R

N R 2 B R A9 5 A 5 7 e RS 43 SR, e I L 8
AU HEALE BN AR RS (N recovery "N, ) RERAWRFRE Y, AR
SRR R O B A RO AUE R R I | MK A R A
P R A5 TR 3 LAY B K A S MR O IR S5 S ) AR i AR SR A 0 A ) T R
MR X R R SR P 20 o A 5 3 I R T AR 3 - S el A 0 1) A R T SR AR A T i, AT 52 g - 45
RERLESY S EAh SR R RS R R Y AR RE T, B e R AN A 0 1) RO AR FH i
71, e AR B AF . TR PR BRI O It My 2E T4 S R Y LA R 50K 4 R A
WA S A TFIE R 7 —E R RS IR P o 1 39 SR A i RE A5 o (R A AR R 1 A A
EARERRAE T 3Ah i it U T R SRR i S 0 R UM KRR R R TR RS
RGERMEEAE, SR, R Y) | HIERAE S RE AR AF R IR . PRI, Fr 2t — Pk
S T it AL it RS [RDRi BUE 35 R R AT s i AR S RGN R 4 4 h AR B A I A S R
GERNEIR S AR BT B

ABFFE S AR AR | IR AE S R G A AT S IR TEAE YR RN 125 5 BT | T
MABRG N, S4EYIEE (Mean annual temperature, MAT) 4F[%7K i ( Mean annual precipitation, MAP) |+
& pH | 3 B A & 1 (Soil total nitrogen content, TN) | 4344 HLAK 7 & ( Soil organic carbon content, SOC) .+
B AL (Soil C:N ratio, C:N) |Jifi & A AR (8] Z B 1 R, Al BRI R A LA R R G
N, BUFEMARRRE o DU R DR A 25 2R G0 e PRI oy PR A8 R fHE R 22K A

1 #R57FE

L1 BB
AT iE L Web of Science (http://apps.webofknowledge.com ) F1H [ & 5 FIIH LA B EE (http -/ www.

http ; //www.ecologica.cn



34 XS A5 B TR SR A Bl A 25 R 8 P ) B A S S i R 1079

enki.net) WCAE T 1990—2024 4F[a] i3 T SCHER RN =20 168 3C, #6528 TR A « BT (nitrogen deposition) N 78
B (PN tracer) & FAF (nitrogen retention) o MKHE LA N ARIEXS SCHRBEATHEIE - (1) FEEFAMSRAF FEATON R R
IRERSE; (2) PN, AT E RS, R DL EARYE, ASBF 5T 58 i SCHR Th AR HL T 54 b g
AR 15 2R 305 2R WD 25 R (I 1) o 5CHi DA 0 2 199 SR SCAS i 18 3 v R BB, T8 b i) 848 f - Getdata
Graph Digitizer ( version 2.20) $2&H¢,

90°W 0° 90°E 180° 90°W
T T T
.
s .
°
(X3 ) °
oN L P~ ° | 450
45°N 0‘.. 2e :.o o 0L . 45°N
*® o
.
L]
.
OO - - 00
o i
45°8 ¢ ® 0 6600 km + 45°S
S — |
I I I
90°W 0° 90°E 180° 90°W

E1 SEFHENERSHE

Fig.1 Distribution of experiment sites of nitrogen retention data
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Fig.2 Significance analysis of the difference of *N_,. in plants,
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Fig.3 Relationships between climate, soil, nitrogen application experimental factors and ecosystems *N
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Al TN A W (P<0.05,% 2)

®2 SFE IBEVEAIBREAEMNESRE EWNLESN, MHSTEESH

Table 2 Multiple regression analysis of ecosystems, plants and soils "N, by climate, soil and nitrogen application experimental factors

A RGN, i 7\ +HEPN,,.
Variable Ecosystems N, Plants °N, Soils N,
R 32.4+10.1** 9.14£6.61 19.7+9.40 *
PR MAT (X)) 0.28+0.27 0.08+0.19 0.10+0.27
AERETR & MAP (X,) 0.01+0.003 *** 0.01x0.002 0.01+0.003 **
T HE LR SOC (X;) 0.94+0.53 2.07£0.35**" 1.11+0.50
HHEEA TN (X,) 19.7+9.02* 8.04+5.87 11.6+8.35
TIERRALL C:N (X;5) 0.96+0.22*** 0.20£0.15 0.88£0.21 ***
433 pH Soil pH (Xg) -0.74%1.13 -0.67+0.74 -0.20+1.05

i &R N-rate (X;) -0.07+0.02 *** -0.02+0.01 -0.05+0.02 *
i AL E] N-time (Xg) -0.01+0.004 * -0.01+0.001 * -0.001+0.001

HEBRGEN,, . Y=32.4+0.28X,+0.01X,+0.94X, +19.7X,+0.96X5—0.74X s —0.07X, -0.01 Xy ,R* =0.33 ***

RN, : Y =9.14+0.08X, +0.01X,+2.07X, +8.04X, +0.20X5~0.67X—0.02X, -0.01Xy ,R* = 0.30 *** ,

FHEPN, Y =19.7+0.10X, +0.01X, +1.11X;+11.6X,+0.88X 5 -0.20X;—0.05X,-0.001X, ,R* =0.19 ***

FPEAE A 1 R B bR iEDR 5 Nerate: Hi%U5 Nitrogen application rate; N-time: jfi ZFF2EMS[H] Nitrogen application duration time; * P<0.05,
#% P<0.01, #%% P<0.001
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Fig.5 Pathways of environmental and nitrogen application experimental factors impacting the influence of ecosystems N,
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SELR T FR BN, BTk FR LB RN ; N-form: i JE X Nitrogen application form; N-rate; Jifi%l f& Nitrogen application rate; N-
time; Jifi 2R EERT ] Nitrogen application duration time; * P<0.05, #* P<0.01, #** P<0.001

SN, EREEMI(P<0.001) , 50 & 038 0 68 0% A2 Ui AR P 0 06 M 1 S B A Ak B [ e 260 1) ik
O AR AR A . RS RSON, S A U S 2 R A IR AR DG OE R, W A W % A
PR32 - HEA HLRIK SN, (il P00 A il 5 e HIURR & R HERR U L S B AR o e oy
fift e ik G A LB R 3R R A AL TP R SRR SR W AR R AT SR . B, BUE T B R 2
M TCHLRFE L E Y A B A 5K A, i 218 €N AT DU ol A 0 2R 0% 1, 0 v il A A
M, A TRCEZH IR 3 pH BERWAES RSN, , FEREH T L3 pH X+ R Y
PTG VA BRI B A L3 pH S PH Ik A HUTT A 43, ) - 3 R RS AR A, DA 2D - AR
PANO; BRI ZRIA " pH Al i 488 - S R Ak R T ki ) IR AL NO; BT ik, AR A
THABRGERAMNEAL, WO, 7E pH (EES R X, - SRS P bl 2 B AR, a0 -3 pH M 4.0 3805 9.0 K,
b AT ML IX 39 R A R B —N- 2, Tk 28 5 4 28 G 2 2 T A T - XS JC AL AU R A7 R

it ZIE e B A S RSN, . EAEE RS T, NO; HLPNH; PNH,"NO, [N, FXFTE /N,
AR T NO; 7 SRS A BA% A 3 B v B 25 5 e A R sl SRR R O T N RS ARV T B R SRR AL
AR TR NH, B WSOR] T peah, PNH; e b e A Y [ R el ah A e - A BH S T sS e

http ; //www.ecologica.cn



&t
B

1086 H Bl 45 4

0.15% | AEIyIEE

026 i | AT

A
(0.22%%* Bﬁﬁﬂéﬁ ﬁmﬁ 0.18*
017 | g skgEnti | R T ey | 00

0.27%%% , R2=095
i’/ 0.12%
017 | ARRE%
TN, |- n
R2=0.64 R =092
Fisher’s C=0.41; P=0.98;df= 4
03
8 02t
@&% 02}
53
B TR
]
g
wn
ool . . . . . . =
‘FEEEENFEE BE & Kz mi
% K =2 = g %? i) E =2 ll]"g {;K«g Ngi HE
'SR EEREE 5 2 B =
¥ 2 H H & + JL%\ % A
2 z

B7 FEMERIEERINTECN, HEEEE
Fig.7 Pathways of environmental and nitrogen application experimental factors impacting the influence of soils *N ..
SR TR R WA, B ATk R e BN ; N-form: jifi%&JE 3 Nitrogen application form; N-rate; Jifi%l & Nitrogen application rate; N-
time ; Jiti ZFFLEATIA] Nitrogen application duration time; * P<0.05, %% P<0.01, ##% P<0.001

SR HE— AP T ONHG R B it R A R S R R, AR S RGN, A R, — T it
MR T A SRR TR B2 AR SR G A" G, T B Y A L T0EA RO moR A H
BN IITREAR SN, 1 o 55— T, o ot A e T o S AU i, 9 S W A i, AT
FEAR LU B, Cui 7 A5 S22t SR 3R T3 k1 it 2 it RE RS AR AL I AR KA AE W i B 3R i i
UM AR R AR . S3 A B AU T R AR S ) R, SRR R AR T
R AR A R 2 IR R B , TR TAES RPN, o Raciti' ™ 4519 "N bRic Sc 45 R R W A2
FGEON,, B it S5 e ] (8 T ek b

ABEFER G T R AL T BB Rt S0 00 I R X AL S R SR B AT R, i T 75 G AR
HEREHE S R R SR GRS ER R A B R G RN KX N, B A L% 556,
AHEFERIREIL 73 PUREAS AN AR T — L8912 P 3R, 5 HOR % B B R R AL Al (CRUIR Ak A 208
o) FERZE IR R R IR AR R T R 2 R DB L A T e R AR A
TIEMES ARG R BEATRIREHHER

http ; //www.ecologica.cn



34 XS A5 B TR SR A Bl A 25 R 8 P ) B A S S i R 1087

4 Zig

AHIR ST 38 1 X R R A I SRR B S b A R R, AE S RGN, CFEIE R (56.3+1.39) %, fHYY
N, FHHEEN, 5E A RGN, 1Y 28.8% ,71.2% , H AT 20 R T RE I 1 SARIE K Adh T ks 45 i 44 46
Ko AREEAIR ARROK R RHEA PR B AR A L S Y RS RGN, R W IR A G, i 4
pH i & Ml AR [ S AE S RGON, BB E R, WA, SRk ERMY . HIEMAES R
GiON,, AT B AR P 2 AT R K RN AT YR B AL R S R R B TR IR A S RGN, 5
SAER R L, HHER R (AR AR BRE L 18 pH) Rt 2052 56 PR 2 (it 0 it R 2 B ) it
RIS MERE /N, W45 SRR B3RS RGN A BB A BB TR E 2 b, AR5
T IREE Kita A B N Z XS R G A RN EEAER A BT B A S R SR BB AP I A s
B, AR A o 0 4 2R AR AL N A S RE A BB AT AR,

S 2% 307k ( References) ;

[1] JiaZ,LiP,WuYT, Chang P F, Deng M F, Liang L. Y, Yang S, Wang C Z, Wang B, Yang L., Wang X, Wang Z H, Peng Z Y, Guo L L,
Ahirwal J, Liu W X, Liu L L. Deepened snow loosens temporal coupling between plant and microbial N utilization and induces ecosystem N losses.
Global Change Biology, 2022, 28(15) : 4655-4667.

[ 2] Norgbey E, Murava R T, Rajasekar A, Huang Q, Zhou J, Robinson S. Effects of anthropogenic nitrogen additions and elevated CO, on microbial
community, carbon and nitrogen content in a replicated wetland. Environmental Monitoring and Assessment, 2022, 194(8) . 575.

[ 3] Stevens C J. Nitrogen in the environment. Science, 2019, 363(6427) ; 578-580.

[4] Xia]Y, Wan S Q. Global response patterns of terrestrial plant species to nitrogen addition. The New Phytologist, 2008, 179(2) . 428-439.

[ 5] LeBauer DS, Treseder K K. Nitrogen limitation of net primary productivity in terrestrial ecosystems is globally distributed. Ecology, 2008, 89(2) .
371-379.

[6] DuE Z, Fenn M E, De Vries W, Ok Y S. Atmospheric nitrogen deposition to global forests: status, impacts and management options.
Environmental Pollution, 2019, 250 1044-1048.

[7] YangYH, JiCJ, MaWH, Wang SF, Wang S P, Han W X, Mohammat A, Robinson D, Smith P. Significant soil acidification across Northern
China’s grasslands during 1980s—2000s. Global Change Biology, 2012, 18(7) : 2292-2300.

[ 8] Zhang Y H, Loreau M, Li X T, He N P, Zhang G M, Han X G. Nitrogen enrichment weakens ecosystem stability through decreased species
asynchrony and population stability in a temperate grassland. Global Change Biology, 2016, 22(4) . 1445-1455.

[ 9] Wang A, Zhu W X, Gundersen P, Phillips O L, Chen D X, Fang Y T. Fates of atmospheric deposited nitrogen in an Asian tropical primary forest.
Forest Ecology and Management, 2018, 411, 213-222.

[10] Templer P H, Mack M C, Chapin IIl F S, Christenson L. M, Compton J E, Crook H D, Currie W S, Curtis C J, Dail D B, D’Antonio C M,
Emmett B A, Epstein H E, Goodale C L, Gundersen P, Hobbie S E, Holland K, Hooper D U, Hungate B A, Lamontagne S, Nadelhoffer K J,
Osenberg C W, Perakis S S, Schleppi P, Schimel J, Schmidt I K, Sommerkorn M, Spoelstra J, Tietema A, Wessel W W, Zak D R. Sinks for
nitrogen inputs in terrestrial ecosystems: a meta-analysis of >N tracer field studies. Ecology, 2012, 93(8) ; 1816-1829.

[11] Wang A, Chen D X, Phillips O L., Gundersen P, Zhou X L., Gurmesa G A, Li S L., Zhu W X, Hobbie E A, Wang X Y, Fang Y T. Dynamics and
multi-annual fate of atmospherically deposited nitrogen in montane tropical forests. Global Change Biology, 2021, 27(10) : 2076-2087.

[12] 3, £, 200, KEH, Z25]. VIERIE TR R B BATHLR. AR50, 2023, 42(2) : 463-470.

[13] YuGR, JiaYL, He NP, Zhu J X, Chen Z, Wang Q F, Piao S L, Liu X J, He H L, Guo X B, Wen Z, Li P, Ding G A, Goulding K.
Stabilization of atmospheric nitrogen deposition in China over the past decade. Nature Geoscience, 2019, 12, 424-429.

[14] Conrad-Rooney E, Gewirtzman J, Pappas Y, Pasquarella V J, Hutyra L R, Templer P H. Atmospheric wet deposition in urban and suburban sites
across the United States. Atmospheric Environment, 2023, 305: 119783.

[15] Xu G H, Fan X R, Miller A J. Plant nitrogen assimilation and use efficiency. Annual Review of Plant Biology, 2012, 63. 153-182.

[16] Tahovska K, Kaita J, Barta J, Oulehle F, Richter A, Santrigkova H. Microbial N immobilization is of great importance in acidified mountain
spruce forest soils. Soil Biology and Biochemistry, 2013, 59. 58-71.

[17] R, sR&d, M. b IEHL AR R Y R AR A= W) [ 8 (IR k. 1382741, 2012, 49(5) : 1030-1036.

[18] Currie W S, Nadelhoffer K J. Original articles: dynamic redistribution of isotopically labeled cohorts of nitrogen inputs in two temperate forests.
Ecosystems, 1999, 2(1) ; 4-18.

[19] ¥ REL EARRFNXT A ARG A B B2 S AR SCHLEI [ D). AN . Az, 2019.

[20] Reich P B, Oleksyn J. Global patterns of plant leaf N and P in relation to temperature and latitude. Proceedings of the National Academy of Sciences
of the United States of America, 2004, 101(30) : 11001-11006.

http ; //www.ecologica.cn



1088 JAE = 45 4

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]
[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]
[48]

LiZL, ZengZ Q, Song Z P, Wang I Q, Tian D S, Mi W H, Huang X, Wang J S, Song L, Yang Z K, Wang J, Feng HJ, Jiang L F, Chen Y,
Luo Y Q, Niu S L. Vital roles of soil microbes in driving terrestrial nitrogen immobilization. Global Change Biology, 2021, 27(9) . 1848-1858.
Fujita K, Ofosu-Budu K G, Ogata S. Biological nitrogen fixation in mixed legume-cereal cropping systems. Plant and Soil, 1992, 141(1).
155-175.

Xu X F, Schimel J P, Janssens I A, Song X, Song C C, Yu G R, Sinsabaugh R L, Tang D D, Zhang X C, Thornton P E. Global pattern and
controls of soil microbial metabolic quotient. Ecological Monographs, 2017, 87(3) : 429-441.

Cheng Y, Wang J, Wang J Y, Chang S X, Wang S Q. The quality and quantity of exogenous organic carbon input control microbial NO3
immobilization; a meta-analysis. Soil Biology and Biochemistry, 2017, 115: 357-363.

Paynel F, Lesuffleur F, Bigot J, Diquélou S, Cliquet J B. A study of >N transfer between legumes and grasses. Agronomy for Sustainable
Development, 2008, 28(2) : 281-290.

Hggh-Jensen H, Schjoerring ] K. Interactions between nitrogen, phosphorus and potassium determine growth and N,-fixation in white clover and
ryegrass leys. Nutrient Cycling in Agroecosystems, 2010, 87(3) . 327-338.

Cui X Q, Yue P, Wu W C, Gong Y M, Li K H, Misselbrook T, Goulding K, Liu X J. The growth and N retention of two annual desert plants
varied under different nitrogen deposition rates. Frontiers in Plant Science, 2019, 10. 356.

Morier I, Schleppi P, Saurer M, Providoli I, Guenat C. Retention and hydrolysable fraction of atmospherically deposited nitrogen in two contrasting
forest soils in Switzerland. European Journal of Soil Science, 2010, 61(2): 197-206.

Providoli T, Bugmann H, Siegwolf R, Buchmann N, Schleppi P. Pathways and dynamics of *NOj and '>NH} applied in a mountain Picea abies
forest and in a nearby meadow in central Switzerland. Soil Biology and Biochemistry, 2006, 38(7) : 1645-1657.

Mariotti A. Atmospheric nitrogen is a reliable standard for natural >N abundance measurements. Nature, 1983, 303; 685-687.

Nadelhoffer K J, Fry B, Downs M R. Sinks for 'S N-enriched additions to an oak forest and a red pine plantation. Ecological Applications, 1999, 9
(1): 72-86.

Buchmann N, Gebauer G, Schulze E D. Partitioning of '*N-labeled ammonium and nitrate among soil, litter, below- and above-ground biomass of
trees and understory in a 15-year-old Picea abies plantation. Biogeochemistry, 1996, 33(1): 1-23.

Morier I, Guenat C, Siegwolf R, Védy J C, Schleppi P. Dynamics of atmospheric nitrogen deposition in a temperate calcareous forest soil. Journal of
Environmental Quality, 2008, 37(6) : 2012-2021.

Curtis C J, Emmett B A, Grant H, Kernan M, Reynolds B, Shilland E. Nitrogen saturation in UK moorlands: the critical role of bryophytes and
lichens in determining retention of atmospheric N deposition. Journal of Applied Ecology, 2005, 42(3) : 507-517.

Da Ros L, Rodeghiero M, Goodale C L, Trafoier G, Panzacchi P, Giammarchi F, Tonon G, Ventura M. Canopy "N fertilization increases short-
term plant N retention compared to ground fertilization in an oak forest. Forest Ecology and Management, 2023, 539. 121001.

Drake D C, Naiman I R, Bechtold J S. Fate of nitrogen in riparian forest soils and trees; an N tracer study simulating salmon decay. Ecology,
2006, 87(5) : 1256-1266.

Tian P, Liu S G, Zhao X C, Sun Z L, Yao X, Niu S L, Crowther T W, Wang Q K. Past climate conditions predict the influence of nitrogen
enrichment on the temperature sensitivity of soil respiration. Communications Earth & Environment, 2021, 2. 251.

Lefcheck J S. piecewiseSEM: Piecewise structural equation modelling in r for ecology, evolution, and systematics. Methods in Ecology and
Evolution, 2016, 7(5) : 573-579.

AWK, AFE, HHE BT R BEH T BARIIAE A A2 h AR . ARSI, 2022, 41(5) : 1015-1023.

Huang J S, Deng M F, Jia Z, Yang S, Yang L., Pan S N, Chang P F, Liu C, Liu L L. Influences of plant traits on the retention and redistribution
of bioavailable nitrogen within the plant-soil system. Geoderma, 2023, 432 116380.

Li S L, Gurmesa G A, Zhu W X, Gundersen P, Zhang S S, Xi D, Huang S N, Wang A, Zhu F F, Jiang Y, Zhu J J, Fang Y T. Fate of
atmospherically deposited NH; and NOj in two temperate forests in China: temporal pattern and redistribution. Ecological Applications: a
Publication of the Ecological Society of America, 2019, 29(6) : e01920.

Kuzyakov Y, Xu X L. Competition between roots and microorganisms for nitrogen: mechanisms and ecological relevance. The New Phytologist,
2013, 198(3) : 656-669.

Xiang X M, De K J, Lin W S, Feng T X, Li F, Wei X J, Wang W. Different fates and retention of deposited NH} and NOj3 in the alpine
grasslands of the Qinghai-Tibet Plateau. Ecological Indicators, 2024, 158; 111415.

Liu J, Peng B, Xia Z W, Sun J F, Gao D C, Dai W W, Jiang P, Bai E. Different fates of deposited NH; and NOj in a temperate forest in
Northeast China; a "N tracer study. Global Change Biology, 2017, 23(6) : 2441-2449,

Ackermann S, Amelung W, Loffler J. Additional nitrogen in arctic-alpine soils and plants—a pilot study with ' NO3and "> NH] fertilization along an
elevation gradient. Journal of Plant Nutrition and Soil Science, 2015, 178(6) : 861-867.

Beer C, Reichstein M, Tomelleri E, Ciais P, Jung M, Carvalhais N, Rodenbeck C, Arain M A, Baldocchi D, Bonan G B, Bondeau A, Cescatti
A, Lasslop G, Lindroth A, Lomas M, Luyssaert S, Margolis H, Oleson K W, Roupsard O, Veenendaal E, Viovy N, Williams C, Woodward F I,
Papale D. Terrestrial gross carbon dioxide uptake: global distribution and covariation with climate. Science, 2010, 329(5993) . 834-838.

Te, 2, KI, IR, skal. ANRIFKT KA E 3K AR E PERTR IR A R AE. B0 AME, 2019, 36(08) ; 1935-1943

Gunina A, Kuzyakov Y. Pathways of litter C by formation of aggregates and SOM density fractions: implications from *C natural abundance. Soil

http ; //www.ecologica.cn



3

XS A5 B TR SR A Bl A 25 R 8 P ) B A S S i R 1089

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]
[68]

[69]
[70]

[71]

[72]

Biology and Biochemistry, 2014, 71 95-104.

Ishak L, McHenry M T, Brown P H. Soil compaction and its effects on soil microbial communities in Capsicum growing soil. Acta Horticulturae,
2016(1123) . 123-130.

Zhao Y Y, Ding Y, Hou X Y, Li F Y, Han W J, Yun X J. Effects of temperature and grazing on soil organic carbon storage in grasslands along the
Eurasian steppe eastern transect. PLoS One, 2017, 12(10) : ¢0186980.

Nicola L, Baath E. The effect of temperature and moisture on lag phase length of bacterial growth in soil after substrate addition. Soil Biology and
Biochemistry, 2019, 137 107563.

RRTEAL, SRR, R, Bk, BRI, B R SR A2 AR SR AR S0 4 S e AF SR . A B IR S IR R 2 4, 2016, 11
(4): 85-88, 92.

Kaiser C, Kilburn M R, Clode P L, Fuchslueger L, Koranda M, Cliff J B, Solaiman Z M, Murphy D V. Exploring the transfer of recent plant
photosynthates to soil microbes: mycorrhizal pathway vs direct root exudation. The New Phytologist, 2015, 205(4) . 1537-1551.

Li X B, LiZ A, Zhang X D, Xia L L., Zhang W X, Ma Q Q, He H B. Disentangling immobilization of nitrate by fungi and bacteria in soil to plant
residue amendment. Geoderma, 2020, 374. 114450.

Xu W F, Yuan W P. Responses of microbial biomass carbon and nitrogen to experimental warming: a meta-analysis. Soil Biology and Biochemistry,
2017, 115; 265-274.

Elrys A S, Chen Z X, Wang J, Uwiragiye Y, Helmy A M, Desoky E S M, Cheng Y, Zhang J B, Cai Z C, Miiller C. Global patterns of soil gross
immobilization of ammonium and nitrate in terrestrial ecosystems. Global Change Biology, 2022, 28(14) . 4472-4488.

XK, BHsil, R4, WAEER, TS, oM, Treak. ARl S i X mE i R b R A AL AR A . AR, 2016, 36(9):
2578-2587.

Li X B, He H B, Zhang X D, Yan X Y, Six J, Cai Z C, Barthel M, Zhang J] B, Necpalova M, Ma Q Q, Li Z A. Distinct responses of soil fungal
and bacterial nitrate immobilization to land conversion from forest to agriculture. Soil Biology and Biochemistry, 2019, 134; 81-89.

Taylor P G, Townsend A R. Stoichiometric control of organic carbon-nitrate relationships from soils to the sea. Nature, 2010, 464 (7292) .
1178-1181.

XUFE, EMW, HOE, &F, SFHE. g E A A R g0 e P SRR AR B e PR R —— T SCIR B i e i+ a0 . AR 32
2, 2020, 40(12) . 4207-4218.

Zhu T B, Zhang ] B, Cai Z C, Miiller C. The N transformation mechanisms for rapid nitrate accumulation in soils under intensive vegetable
cultivation. Journal of Soils and Sediments, 2011, 11(7); 1178-1189.

Sinsabaugh R L, Lauber C L, Weintraub M N, Ahmed B, Allison S D, Crenshaw C, Contosta A R, Cusack D, Frey S, Gallo M E, Gartner T B,
Hobbie S E, Holland K, Keeler B L, Powers J S, Stursova M, Takacs-Vesbach C, Waldrop M P, Wallenstein M D, Zak D R, Zeglin L. H.
Stoichiometry of soil enzyme activity at global scale. Ecology Letters, 2008, 11(11); 1252-1264.

R VRVETE, T2, RV, SR, TR, BE, BVIFRE, LY. o RARRE LR AR L R A, 2023, 60(5)
1248-1263.

Zhao X Q, Shen R F. Aluminum-nitrogen interactions in the soil-plant system. Frontiers in Plant Science, 2018, 9. 807.

Niu S L, Classen A T, Dukes J S, Kardol P, Liu L L, Luo Y Q, Rustad L, Sun J, Tang ] W, Templer P H, Thomas R Q, Tian D S, Vicca S,
Wang Y P, Xia J Y, Zaehle S. Global patterns and substrate-based mechanisms of the terrestrial nitrogen cycle. Ecology Letters, 2016, 19(6) .
697-709.

Wang C, Liu D W, Bai E. Decreasing soil microbial diversity is associated with decreasing microbial biomass under nitrogen addition. Soil Biology
and Biochemistry, 2018, 120 126-133.

WAL, MZRE, Brdh. AR RGN KR VTERERN R B, PSR, 2023, 44(5) : 2681-2693.

Wang W W, Zhu W X. Soil retention of >N in a simulated N deposition study: effects of live plant and soil organic matter content. Plant and Soil
2012, 351(1): 61-72.

P AL RO 58 IR AT 2P B N, O U AL m s ma i sE [ D] Jbat. AR, 2017.

Raciti S M, Groffman P M, Fahey T J. Nitrogen retention in urban lawns and forests. Ecological Applications; a Publication of the Ecological
Society of America, 2008, 18(7): 1615-1626.

Simpson D, Andersson C, Christensen J H, Engardt M, Geels C, Nyiri A, Posch M, Soares J, Sofiev M, Wind P, Langner J. Impacts of climate
and emission changes on nitrogen deposition in Europe: a multi-model study. Atmospheric Chemistry and Physics, 2014, 14(13) . 6995-7017.
Zhang ] X, Gao Y, Leung L R, Luo K, Liu H, Lamarque J I, Fan J R, Yao X H, Gao H W, Nagashima T. Impacts of climate change and

emissions on atmospheric oxidized nitrogen deposition over East Asia. Atmospheric Chemistry and Physics, 2019, 19(2) . 887-900.

http ; //www.ecologica.cn



