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Abstract

In recent years, the rapid increase of atmospheric nitrogen deposition has become the focus of
global climate change research, which has a great impact on the ecosystem. This paper reviews the
research results of scholars at home and abroad. It shows that the phenomenon of nitrogen depo-
sition is present in successive years increases trend status, summarized the nitrogen deposition is
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how to affect the dynamic and fine root morphological characteristics. Furthermore, how the
growth dynamics of fine roots (turnover, respiration and life span of fine roots) and ecophysiology
(specific root length, diameter and biomass) affect the carbon cycle of the ecosystem. On the basis
of the existing research, many pieces of evidence of the influence of N deposition on the dynamics
and morphological characteristics of fine roots are provided, which have important reference sig-
nificance for the comprehensive research of fine roots in the future.
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1. 518

H 20 2Lk, ARV (3 AN CHE AR N AL A IHEBOE 2 TR AR A K1), fEZ
B — B E, N USRI & — EHEFIN T 3~5 £5[2]. N JURIZR T 1995 411 100Tg N yr 3 jin |
200 Tg N yr ' [3]. MK PRIKREN TR, SIRRIIEIMAR[4], MRDIEFEESE 2 FokiEr R, Hp
N RIS T A BRI R BE[5]. AR e R, 7R i 200 L8 BLAR AR 338 v 2 P o 22
T RAIMTNE, AR T — MRS [6]. Galloway FI Cowling [71HF 78 & BUAE I 2 (5
4B, EFRGEHHNNERAGIN TR 10 5447, Liv Z5[8]0F 7L &I H M 20 4 80 44X F] 21 it
209, P ESFEIARAE N PR R 13.2 kg/hm? 80 2] 1 4E4F 21.1 kglhm? [9] R i & BUE b [ AR I6 A0 95 5
JE N TREARIE N B R [10]. MipHAE AEREUTREE R AR, 3R N SR, 25 S Kk
A, TSR, [ N AN EANAR A AT TR B AT TR, EARUIAR AR AN A R
Gua RN 16%, X —EBIRAC[11], JFH AR TRARA Y=, HHEFEEEERTHE, BT
fift, BEAFTHRRE[12].

YRR IE 2 SON/NT 2 mm AR, X R AR R A B ARG 4 . TER RIS 2 FUK Sy 2, 4l
R R EE WL T [13], CATRA AR HA/N Ptk Hal. ABETERSR S BIE LT
(IR TE, A [FIAE D BAR AR ABAR B AT R % o5 4RI AR 77 711 20%~70% [14] [15] [16] [17], fE4=BkRfiHy
HHIR AT R ) 5 HE 33% [18]. W8 R IIAE A e 2B m M 6 A T, SR AT DARE AR K 2 104 %
WIRAETF= 11, FF HBRE AR R, DMER RITE S L3R E IR0 [19] [20]. 75 N /BN EZE 1 PR
RGO F[21], L8R R ER N S ESIE N 7G5, SEERMAES R4 CN 2 ECH R R A B [22]
IS AR K E . REFFUER R, Y2 0 H 7 U 2N R 5 5 & A RS
Rtk BIANEE S AIR B, SRR R AR T ar N . R, 4UARSh SRR 45 I B A 2 3t
— T R AIAR A e () R A

MRS EIEAEKKE . PR ZEEFA VA AL . 0 R YIRS —E 5, B
AR TR R A A SR R IREGTE SRR S (AR 2R . AR S B — R e SONAAR A K
REWTRNWE. —RESRGBMAZEIEARIZ DA RIS, © R RerE SRR T2 K & Pl
HHEAER[23], KA EUTEXT AR = A8 i — N 2 R R I AR, AR B S 3R X AR 245 1)
A ZE AR K [24]. SEH T C EHSRIME B RIZERE. #O8 TR C RIS RE, w1
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FERANAR I B AR 0 I FEFNTE SRR [25] [26].

RIS Z Z AR R AL FEIER . —J7H, ARMTESRIEIIRThEE; @i SRR s
KARAF B A (18 77 B — P AT AR 8 IO SR [27] [28] AHRR AR B A R AR AR G B R AR A R AR A
HEAM M E S, AR ST, RRIMHE ST 8YE[29]. HEUTREAIRTEAS MR 5 45103
A5, AHA] DA B R IR R bR 2 [HAFAES —E A EER R, BIUfERMAER RG, AR N KREK
SPAEAEA) AR K ELAT AR A, A ADAEAR A2 O A B 75 i A R BB K, g — B s AR 1 )
AR, R, TR AIRTEAS R, ARRATRES RS C IEALLKL C BREWES T#—2m
HAE, X AATTTON A RS B FE R R S BH AN IE, EWNANCETTRE TIRZ AV TR,
SR B TAE L et b2y, MR 358 20RO X K, i L T A B B T AR 2 [ P S5 M DA S PR B R -5 22
Ak, SEUIMRENEFES R EA S H— S, 4IRS A B A REMIRA.

BIRRAE DR AR GERR S A RS M52 3 DL AL, (ER i WA i s 56,  FRA10 R RE e 46
IR B RAL AR SCAE I SR A N IR FE kit 2 1, BEE T BRARGIIR S S AR S & il 5t N s
HEAT I L1, 33 TR R SR AZ AU A 727 AT T R

2. MR ENFSHFHIEXS FITUFE A9 B

AR, ORI 22 1A 278 KAt B3 20 (R F TE e B3t T 8 2 BARZR[30] . Herb e BLARAR Bl 2506F th g
WS ARG TR R A HEAER] . AR F 2 R SR R R R 2 —, REVEYMAEEY
PR L R I [31] . KR I o AR AR ) Ji AR A R R 53 A 25 AR Gt v 10 3988 % [32] [33]
Pl 27 AR AR A, S AT T AR AE KAZE T3 AR, B B AR TIRR AV 5+
AN RGIRAN TR PR

2.1. FITTPERTRIRE RO

AMIRA P — R TR ARIRAE — SE N IR AR, T — S I 8] 1R R A AR 2B (1 DA B RO [34]
ERRMI T TR E B . Hrh 4 I A  1) 21%~33% [35]. FEIX BB R TREA R
X IR B S AL A — B A e .

Yuan FlI Chen [36]4F A 2 AREAT 70 i O T A B RUR A RS SRR A7 IO S L2 BE A SR IR FE
BTN R, 2R IR LA B 0.59%0,  ARARAE KR IK SRS R AN AR R Bl WS AT FEAIR, (=) I AF 5
KIAEE TR Z [ 3erh, YK E 2R IR g s N AR TR, XA RE ARG AR i W
A2 (NP N AT BE B K] Hendricks [37155 AR 453 HH —EA045 1R, 78 N A RSN 2% 1 T AR
A 7 R R K

SR ][ 7K [38] 55 N AR FU 2 R b A8, N A Rk M0 s #5-9% Fr-#x (Larixgmeelinii (Rupr.) Kuzen. )B4
MR A= AR AR TR T B, (HRAE TIBAN R R BE ™A B ARl Li [3915 AW ALSE SR, fEERREHA,
FUA R A8 TG AR A AR B A 7 A0 e W8 B AR o [RTREAEAN R A SRR BE AP AN ] 2 PR BN o A%
1M, £ Ostertag [40]55% \AE S L UARMAEADARARIKI Z3HT FR T, NS IO AR AR o A S 25 (12 4

XF NI AR AR (R M R TR Z MR, Bldn, AFRRMCERMZESR:, R 0257
AR AN N it P e 1) 88 ) 22 7 A0 (AT AR A 7 B ELAN[] . TIAS H AR R S5 18 411, Rl 7E 5K
Rt AT o NOZIR S 2 AN B RS G N, DA A R R R AR R R i R

2.2. BIPERXTLRIR AEEE R AR
MR Fe xS Pl st 2B 25 RGO IA AN IR 0 30 AT AR, T B ARAE = AISE T 4%, X RS
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A EH R JE o SR R A K BB T 1 Bl AR b, (R B TR R AR I e R %, ARIIITTE
B RS B2 R, T A TR IR AR [ [42] [43], B T T AR RS0 FC I 28 M AN VE I 2 REE,
45 N PUBEGT UM i R s ma e Ltk . AL, SIARAEAS R4 ) ) 6 S AR i [44] o (EIX BERIE 72 A
RIS ] () AR 53 5 1 R e ok S me s in 9 77 2K, AT X 4 R B 6 3 A [ ) 2 0

Nadelhoffer [451% N&i& ATl Bt T3 N ARG n, 40R R s 2K ik, Marocco [46]
GNBHFURIL N AN T e N & &, 23T N ARG TE M A A B S EAR (Y 4 R DL R A R S
HEAT OB, e SRR 2 AR O AR ST R A AR A B fE B [47]0 X MRRE T N UTRE AT B S 19 I 4m AR 1) J& #%
AR YRR (0 5 iy o B RIREA H R 4518 B, Burton [48]45 N\ ik o) 85 R AL 3458 il i bR 0 AR 3 b7 2
B, FERA BB I AR N R 2 AR, 20T i DR ] e DR DA T SI2 46 I R v SI2 B8 BT A8 b PR U0 2% R
BRI DL S IG B %, W AR A0 G A2 36 A AN Rl 45 R T BR S [R . #R17T, Ostertag [40]55 A
FEXT B S AR AR AT RO QAR B ZS 7 T R, AT ISR T, G N I A X A AR 1) Jo 2 7 A B
SERIFEA o T ELAE A AR AN o R 138 A 3 U SR I R AN [

A2EVFORIL, N YURREE R 38 N R B2 R g i () B2 5 ) 3 vp 3L ME o, 3 RO ) 4 AR
JEFE R I B PR A, RO T ANAR 8 e R N PR A ROA B 153 — 8 g e . i BT
UM AR Z, A G BATTRIEEAT 22 Fh 7 v LU 78 DA A RIS Fof 2 i) J) 6 3 6 () I 5

2.3. UMM RIRE RIS

AR HH E B ) AR AR S R E 2 — SR AR T i, BB R AUAR A AR BB T X — B R A7 1
TEYIR R A, e RN R AR KR RAE TR A7 dn[49], RIAMARM 5 aridl s, R MIg. Kk
Z, MR, SRR R N — TR, AR IE B SR ek . BT
RAINKTH AR A (O SE A 5] S 2 9T, (HR IR 5 U R R IR 15 — S 45 18

Aber [50]155 X BRI AHAR A 7T KB, 76 N A R & B LB b AR AR P B e K. 2,
YR AP35 75 an i, R I AR 75 dy 2 B L3 N A e & BT s i a4 B L R mT R 1
3 Ko AR PR 3 52 bR S5 43 R VR S A FH o 75X R A (Acer saccharum Marsh) i AR 35478 5T H, Burton
G115 @S AR MR IZE S, 6 N SR B, R0V HEG RIS E. k2, 4R
B ik, MERAIR A fr bl 13 N B80S BRI A e K. 0ol fe R R 2 B T4 sk
TR C &, I AFANAR AR AT IR AR FLTE ) . R Adams [52]%F AR FLHIESE 71X — 4518,
B4 -k (Acer negundo L)1 14 (Sect. Populus) i F# Fdb AT I 4HAR B 7L R B0, 78RR & s oL T,
UM A7 A B S A o SR T R e P [53158 A 143 T B T i il #% (Castanopsis echidnocarpa) %5 3 N 3 241 11
BN B A R AE AR T A e AR B R BRI . BT SRR T R R e Rt B B R R R B, %
by DX IR SR M e 4k T U AN B RS

KRR T, AR AT P RG], 3 e T B R B 18] P AR B A5 X R I L . [RUAR R
FTRERN, 2SI g = AR KGR m . (R, 7R S0 AR 7 iy 5t 202 e B (O HLER I, 36 75 e
RIEF ], DAER ZRAEAR R AL o

3. {EMIERARI A A X ST PR A i) R

ANHLTE A HORRIE B2 46 3 T AR RIS MR [54], MEMIMEA R% C 1835, AR N PR
T L AR AR T A5 A R 0 T AR SRR A UK oy S, AR AR L LU M
B A A R A S TR K 5 FIR AT OB A), R I T IR A N LRI, T (3R]
T ARABEIE N ARG 7 SR L AT A
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3.1. FIPEXTLRIR LR HOF M

KA AEY) B2 e UMK (SRL), BERRIRIKERA R R, — KUk, B R AEEA
TR EAREUN, H B REAT R 8 I 40 A 2 AR 25 Wi 4 v B 22 78 R 1 BEUR [55] (B2 X TRt Fext T
EEAR KL, H AT SR E R F UG IR 2

SIS (56145 A i i 78 28 B AZ AR (Cunninghamia lanceolata (Lamb.) Hook.)%/ 7 4R ELAR K A& s
K2R R IEA SRR &R, X R UIE AR B A0 E SR R IR AMEE R, BRI RO InoR 4k 1 48
HRAE Y B HIBRA% . 117 Ostonen [57]% Ar T B, BEE MR BRI, 4R SRL — % 2 R, Wan
[58]45 A A 3 = 4EA7E o [ P4 #45 i # (Pinus tabuliformis Carriere) bk (20 M B, JhFa—. 24l i 2
RAATEEARKEEE N A AL g m AR, KPR T 20%. Chen [591558 NAEJYI 7 4EX 0 HAGHE w7 1T 4K
WA WA A B R BRI B RO AR . RN R IR RIBSIRT LR
Gy ARAG I e FE R TSR, I HLnTREAEAESE — E IR RIS o BRI (6058 NAE ML Fvy 5 S i i ke ik
ATHIRE I N 3N s oh 2% B %' k% (Castanopsis fabri Hance) #1K % (Castanopsis carlesii (Hemsl.) Hay.)f
AR AR I AR . ARZAZUE B LU R IARES B A B By e B, (EL2 P RAS 5] ) S A TR AR 2
TR FORREI N VA F], S5EUS B LUAR K TR T AURIAR K 0 1E (o) T S PR N, 17 K DU 2R B
i) A B N o T i DT AT A R g AR A PR AR A iy o Iz 77 3 H TP ) ) s B 2 5 o Liang
[61]155 NaEAT X i R (pinus elliottii) g 1.5 4 ) S 56 2 B 1 MR ZH AR ) UAR KA 23 B N i & AR 25
A%, Tobner [62]5F A 73 Hr45 H 1) 45 3 5 I AH — 2

BT AR AR SRR N IR EA RN ES, ARMFFTEN R, RIMHAEREENZR, 15
AL LR AT N A R F e R RS B2 AT AN R e A J5 RO IR Fe e e, fEAN R L8 ANE R R E
EEAR K 0 m] S

3.2. BEXARERZAIRM

IR ELAR AR K 2 MR R K B R b, RN i B B, KRR M IE 3 7 DAL I b &k
DUANAR ELAR S A eIt [ R BV IE AR R 28, BRARARERAN, S REmt (et , Sez, FIFEmS [alistR[63] [64].
BRI S M A0S FLAR AT )42 5 e A ) 4

Wi (65155 N Hr R W] N A R Th (e it 1 A A0AR ELAR A3 R o (L [R] I 1 4 AR 1) e i 2 R
B, M HCT RER SR R AL BTk B B T R IR FEAE 3 b R S g, e T AR ELAR G
WATRE R BT L N ARG, IR UK K is i 7 ZE R B IR P AR AR . (HARAH AR S AT T
4k, Wang [66]5% AL FA i ARAR AR 7T A R W] N AT L R 388 A 1S R D 4R ELAR B, LI R T
AER HTIZM X P IRBIRI R, BUMARERRA S AR, M 17X P fkige s, it
AR AR T AR HIR[67]. ¥ 2016 [68]4FXT K H 1L _F A LI FU AT — Bl gt W
INEEAR T AR EAR

SRTON THEM AN, H RIS BUBAI A JIESE, ARRATI IR TR EEAN KM A Ay 55 40 ] ) R 2% A
SR AR AR S R S 45

3.3. FITMEXNAIREYERNR N

AR AR B T AR A KR BRI AT NE 1, BRI ARIR A2 AE 2 smi S AE AR AL, T4
WAV R M T ES ARG HERE RSN, SRR SESRGBEAK NS, A
AR FBAR B SRNE o (H H AT I SR AE Y RS T SR A AE =R rid: 3900 JBb . e
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AW FURIAERZF] N BREI SRS, Y E AR R N JT R IE R, PRI A e S
BUEMRRIEIN . SRIMAE IG5 7155 N LA R b A 8L, AR P A EIEE N A REK
I A, R A BUAE IR NSRRI R ATE 2, T2 518 N A IR HERR, wT REAN
I BT R AR B R MR AR, AT AR B B [69] - i N TR A e AR AR 1 338 ) pH L
PR 3T sl Al BT g a7 AIARIR R G, AR R AR R D . Li [70]1558 AAEWTFEK
BRI FA AR A IR, N A AR T R 1S K I AR A= 0 R B, (ER & AR A W 8 Y
AL -

WEFERN], ARAEYE S SRS R DS TE S R B A K[71]. MR FREAEARK M
BT KA I R SR E L i — PR R

4. RE

LrEPNR, RV EMTRT, dTH TS RIFFEREUNAES RS, WA RIFERIT
RIABARH UK, IR C IR A EHEMEN, HEEIM B, BT RESRGEZRPLH
SUIReZE RN, FEEYIR R RO SN A AR ZE T o U X U R X 2R A 5 i 32 32 A
. ANRE RIS IAIE 7 X AR AU o S 3 B TEACEIL,  BRORIBR 22 (R AR T T X AR 1 5 SCSE I Wi,
RIOAMUBGRAR/N T 2 mm, 55 2 [R5 0 AR (1 R AT T 404k o (Bf% G DT BV AIAR GE SCRT BE 25 SRAN ]
WIMR D SRR P KRB TEZE S . BEE T SUI AR, R AR — 20 70 D MR SO 4 AR AT 3z 1 41
o SRR, FEHEAR RIS AT SR A FC AR ), T AR R AR AR A R S AR R L R
A, W TR I A ER AR AL AT B RAR FCR IR Je R B EE M, (I, AR T 0 i EE A
R HRBERIL LR N TR RAT IR A AS B — BRI S5 8, TR oK S, 0 2 4
BRAEAZ A S N IR A A B 3

SE

[1] Gruber, N. and Galloway, J.N. (2008) An Earth-System Perspective of the Global Nitrogen Cycle. Nature, 451, 293-296.
https://doi.org/10.1038/nature06592

[2] Jefferson, M. (2015) IPCC Fifth Assessment Synthesis Report: “Climate Change 2014: Longer Report”: Critical Anal-
ysis. Technological Forecasting and Social Change, 92, 362-363. https://doi.org/10.1016/j.techfore.2014.12.002

[3] Galloway, J.N., Townsend, A.R., Willem Erisman, J., Bekunda, M., Cai, Z., Freney, J.R., Martinelli, L.A., et al. (2008)
Transformation of the Nitrogen Cycle: Recent Trends, Questions, and Potential Solutions. Science, 320, 889-892.
https://doi.org/10.1126/science.1136674

[4] Ryan, M.G., Hubbard, R.M., Pongracic, S., Raison, R.J. and McMurtrie, R.E. (1996) Foliage, Fine-Root, Woody-Tissue
and Stand Respiration in Pinusradiata in Relation to Nitrogen Status. Tree Physiology, 16, 333-343.
https://doi.org/10.1093/treephys/16.3.333

[5] Anderson, D.M., Glibert, P.M. and Burkholder, J.M. (2002) Harmful Algal Blooms and Eutrophication: Nutrient Sources,
Composition, and Consequences. Estuaries, 25, 704-726. https://doi.org/10.1007/BF02804901

[6] Dan, B. and Valentine, S.D.W. (2000) Do Forests Receive Occult Inputs of Nitrogen? Ecosystems, 3, 321-331.
https://doi.org/10.1007/s100210000029

[71 Cowling, G. (2002) Optimizing Nitrogen Management in Food and Energy Productions, and Environmental Change.
Reactive Nitrogen and the World: 200 Years of Change. Ambio, 31, 64-71. https://doi.org/10.1579/0044-7447-31.2.64

[8] Liu, X., Zhang, Y., Han, W., Tang, A., Shen, J., Cui, Z., et al. (2013) Enhanced Nitrogen Deposition over China. Na-
ture, 494, 459-462. https://doi.org/10.1038/nature11917

[9] Hyv?Nen, R., Persson, T., Andersson, S., Olsson, B., Agren, G.I. and Linder, S. (2008) Fluxes of C and N,O in Swe-
dish Forest Land—Results from the Lustra Programme. Impact of Long-Term Nitrogen Addition on Carbon Stocks in
Trees and Soils in Northern Europe. Biogeochemistry, 89, 121-137. https://doi.org/10.1007/s10533-007-9121-3

[10] Vogt, K.A., Vogt, D.J., Moore, E.E., Littke, W., Grier, C.C. and Leney, L. (1985) Estimating Douglas-Fir Fine Root
Biomass and Production from Living Bark and Starch. Canadian Journal of Forest Research, 15, 177-179.

DOI: 10.12677/ije.2021.104078 696 A


https://doi.org/10.12677/ije.2021.104078
https://doi.org/10.1038/nature06592
https://doi.org/10.1016/j.techfore.2014.12.002
https://doi.org/10.1126/science.1136674
https://doi.org/10.1093/treephys/16.3.333
https://doi.org/10.1007/BF02804901
https://doi.org/10.1007/s100210000029
https://doi.org/10.1579/0044-7447-31.2.64
https://doi.org/10.1038/nature11917
https://doi.org/10.1007/s10533-007-9121-3

PRAAEE, LA

[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

https://doi.org/10.1139/x85-030

Thomas, R.Q., Canham, C.D., Weathers, K.C. and Goodale, C.L. (2010) Increased Tree Carbon Storage in Response to
Nitrogen Deposition in the US. Nature Geoscience, 3, 13-17. https://doi.org/10.1038/ngeo721

Logan, J.A. (1983) Nitrogen Oxides in the Troposphere: Global and Regional Budgets. Journal of Geophysical Re-
search Oceans, 88, 10785-10807. https://doi.org/10.1029/JC088iC15p10785

Razaq, M., Salahuddin, Shen, H.-L., Sher, H. and Zhang, P. (2017) Influence of Biochar and Nitrogen on Fine Root
Morphology, Physiology, and Chemistry of Acer Mono. Scientific Reports, 7, Article No. 5367.
https://doi.org/10.1038/s41598-017-05721-2

Dan, B. and Valentine, S.D.W. (2000) Do Forests Receive Occult Inputs of Nitrogen? Ecosystems, 3, 321-331.
https://doi.org/10.1007/s100210000029

(ALY, 0, TR, GRAL, &L FAMATRA RS R IRIEEI TSR], A
4k, 2019, 38(3): 863-872.

Nadelhoffer, K.J. and Raich, J.W. (1992) Fine Root Production Estimates and Belowground Carbon Allocation in For-
est Ecosystems. Ecology, 73, 1139-1147. https://doi.org/10.2307/1940664

Kalyn, A.L. and Van Rees, K.C.J. (2006) Contribution of fine Roots to Ecosystem Biomass and Net Primary Produc-
tion in Black Spruce, Aspen, and Jack Pine Forests in Saskatchewan. Agricultural and Forest Meteorology, 140, 236-243.
https://doi.org/10.1016/j.agrformet.2005.08.019

Tateno, R., Hishi, T. and Takeda, H. (2004) Above- and Below-Ground Biomass and Net Primary Production in a
Cool-Temperate Deciduous Forest in Relation to Topographical Changes in Soil Nitrogen. Forest Ecology & Manage-
ment, 193, 297-306. https://doi.org/10.1016/j.foreco.2003.11.011

Dowling, J.E. and Wald, G. (1981) Proceedings of the National Academy of Sciences of the United States of America.
Nutrition Reviews, 39, 135-138. https://doi.org/10.1111/j.1753-4887.1981.tb06752.x

FERE. WA T SCET 70 il SR A e AN R B SR 4 i ) i B [D: [+ 22718 50]. KA 23t
IR, 2014

Vogt, K.A., Grier, C.C., Gower, S.T., Sprugel, D.G. and Vogt, D.J. (1986) Overestimation of Net Root Production: A
Real or Imaginary Problem? Ecology, 67, 577-579. https://doi.org/10.2307/1938601

Tonitto, C., Goodale, C. L., Weiss, M.S., Frey, S.D. and Ollinger, S.V. (2014) The Effect of Nitrogen Addition on Soil
Organic Matter Dynamics: A Model Analysis of the Harvard Forest Chronic Nitrogen Amendment Study and Soil Carbon
Response Toanthropogenic N Deposition. Biogeochemistry, 117, 431-454.

https://doi.org/10.1007/s10533-013-9887-4

Jackson, G. (2000) Special Issue: Root Dynamics and Global Change: An Ecosystem Perspective. Global Patterns of
Root Turnover for Terrestrial Ecosystems. New Phytologist, 147, 13-31.
https://doi.org/10.1046/j.1469-8137.2000.00681.x

Lei, P., Scherer-Lorenzen, M. and Bauhus, J. (2012) The Effect of Tree Species Diversity on Fine-Root Production in a
Young Temperate Forest. Oecologia, 169, 1105-1115. https://doi.org/10.1007/s00442-012-2259-2

Hasselquist, N.J., Metcalfe, D.B., Marshall, J.D., Lucas, R.W. and Hogberg, P. (2016) Seasonality and Nitrogen Supply
Modify Carbon Partitioning in Understory Vegetation of A Boreal Coniferous Forest. Ecology, 97, 671-683.
https://doi.org/10.1890/15-0831.1

Leppalammi-Kujansuu, J., Salemaa, M., Kleja, D.B., Linder, S. and Helmisaari, H.-S. (2014) Fine Root Turnover and

litter production of Norway Spruce in a Long-Term Temperature and Nutrient Manipulation Experiment. Plant and Soil,
374, 73-88. https://doi.org/10.1007/s11104-013-1853-3

Hodge, A., Berta, G., Doussan, C., Merchan, F. and Crespi, M. (2009) Plant Root Growth, Architecture and Function.
Plant and Soil, 321, 153-187. https://doi.org/10.1007/s11104-009-9929-9

Valverde Barrantes, O.J., Smemo, K.A., Feinstein, L.M., Kershner, M.W. and Blackwood, C.B. (2013) The Distribu-
tion of Below-Ground Traits Is Explained by Intrinsic Species Differences and Intraspecific Plasticity in Response to
root Neighbours. Journal of Ecology, 101, 399-342. https://doi.org/10.1111/1365-2745.12087

YTLRGE, B0, X5, %REH, SE— KAEHREERARESTEE SERT MR RERRI]. ARdbkk
Mk K 22224, 2010, 38(1): 24-27.
Reich, P.B., Walters, M.B. and Ellsworth, D.S. (1997) From Tropics to Tundra: Global Convergence in Plant Function-

ing. Proceedings of the National Academy of Sciences of the United States of America, 94, 13730-13734.
https://doi.org/10.1073/pnas.94.25.13730

Anderson, L.J., Comas, L.H., Lakso, A.N. and Eissenstat, D.M. (2003) Multiple Risk Factors in Root Survivorship: A
4-Year Study in Concord Grape. New Phytologist, 158, 489-501. https://doi.org/10.1046/j.1469-8137.2003.00757.x

DOI: 10.12677/ije.2021.104078 697 A RS


https://doi.org/10.12677/ije.2021.104078
https://doi.org/10.1139/x85-030
https://doi.org/10.1038/ngeo721
https://doi.org/10.1029/JC088iC15p10785
https://doi.org/10.1038/s41598-017-05721-2
https://doi.org/10.1007/s100210000029
https://doi.org/10.2307/1940664
https://doi.org/10.1016/j.agrformet.2005.08.019
https://doi.org/10.1016/j.foreco.2003.11.011
https://doi.org/10.1111/j.1753-4887.1981.tb06752.x
https://doi.org/10.2307/1938601
https://doi.org/10.1007/s10533-013-9887-4
https://doi.org/10.1046/j.1469-8137.2000.00681.x
https://doi.org/10.1007/s00442-012-2259-2
https://doi.org/10.1890/15-0831.1
https://doi.org/10.1007/s11104-013-1853-3
https://doi.org/10.1007/s11104-009-9929-9
https://doi.org/10.1111/1365-2745.12087
https://doi.org/10.1073/pnas.94.25.13730
https://doi.org/10.1046/j.1469-8137.2003.00757.x

PRI, TR

[32]

[33]
[34]
[35]
[36]
[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]
[50]

[51]

[52]
[53]

[54]

Lucas, R.W., Klaminder, J., Futter, M.N., Bishop, K.H., Egnell, G., Laudon, H., et al. (2016) A Meta-Analysis of the
Effects of nitrogen additions on base cations: Implications for Plants, Soils, and Streams. Forest Ecology & Manage-
ment, 262, 95-104. https://doi.org/10.1016/j.foreco.2011.03.018

MR, EBOR, FRRFR, FORAL. MRORGHIR Ay R HC e R T e RE[J]. A543k, 2004, 28(5): 704-710.
BRERLE, ERRWE, AKAR. MEYANARAE AR ST R[], AT AL, 2019, 32(2): 29-34.

MR, AZARMAERS 751 13300 5 3 R Bk /RO [D]: [ LAne SC]. 48 H8 e K4, 2009.

Yuan, Z.Y. and Chen, H. (2012) A Global Analysis of Fine Root Production as Affected by Soil Nitrogen and Phos-
phorus. Proceedings of the Royal Society B: Biological Sciences, 279, 3796-3802.
https://doi.org/10.1016/0169-5347(93)90143-D

Hendricks, J.J., Nadelhoffer, K.J. and Aber, J.D. (1993) Assessing the Role of Fine Roots in Carbon and Nutrient cycl-
ing. Trends in Ecology & Evolution, 8, 174-178. https://doi.org/10.1016/0169-5347(93)90143-D

=K. AR DTS 2 22 9% TR AR B A AT S S5 M 2 [D]: [k 22601 3], M /RVE: ZRALMRL R,
2017.

Li, W., Jin, C., Guan, D., Wang, Q., Wang, A., Yuan, F., et al. (2015) The Effects of Simulated Nitrogen Deposition on

Plant Root Traits: A Meta-Analysis. Soil Biology & Biochemistry, 82, 112-118.
https://doi.org/10.1016/j.s0ilbi0.2015.01.001

Ostertag, R. (2001) Effects of Nitrogen and Phosphorus Availability on Fine-Root Dynamics in Hawaiian Montane
Forests. Ecology, 82, 485-499. https://doi.org/10.1890/0012-9658(2001)082[0485:EONAPA]2.0.CO;2

Hendricks, J.J., Hendrick, R.L., Wilson, C.A., Mitchell, R.J., Pecot, S.D. and Guo, D. et al. (2010) Assessing the Pat-
terns and Controls of Fine Root Dynamics: An Empirical Test and Methodological Review. Journal of Ecology, 94,
40-57. https://doi.org/10.1111/j.1365-2745.2005.01067.x

Trumbore, S.E. and Gaudinski, J.B. (2003) The Secret Lives of Roots. Science, 302, 1344-1345.
https://doi.org/10.1126/science.1091841

Gaul, D., Hertel, D., Borken, W., Matzner, E. and Leuschner, C. (2008) Effects of Experimental Drought on the Fine
Root System of Mature Norway Spruce. Forest Ecology and Management, 256, 1151-1159.
https://doi.org/10.1016/j.foreco.2008.06.016

Vogt, K.A., Vogt, D.J., Palmiotto, P.A., Boon, P., O’Hara, J. and Asbjornsen, H. (1996) Review of Root Dynamics in
Forest Ecosystems Grouped by Climate, Climatic Forest Type And Species. Plant and Soil, 187, 159-219.
https://doi.org/10.1007/BF00017088

Nadelhoffer, K.J. (2000) The Potential Effects of Nitrogen Deposition on Fine-Root Production in Forest Ecosystems.
New Phytologist, 147, 131-139. https://doi.org/10.1046/j.1469-8137.2000.00677.x

Delledonne, M., Zeier, J., Marocco, A. and Lamb, C. (2001) Signal Interactions between Nitric Oxide and Reactive
Oxygen Intermediates in the Plant Hypersensitive Disease Resistance Response. Proceedings of the National Academy
of Sciences of the United States of America, 98, 13454-13459. https://doi.org/10.1073/pnas.231178298

Zaninotto, F., La Camera, S., Polverari, A. and Delledonne, M. (2006) Cross Talk between Reactive Nitrogen and
Oxygen Species during the Hypersensitive Disease Resistance Response. Plant Physiology, 141, 379-383.
https://doi.org/10.1104/pp.106.078857

Burton, A.J., Jarvey, J.C., Jarvi, M.P., Zak, D.R. and Pregitzer, K.S. (2015) Chronic N Deposition Alters Root Respira-

tion-Issue N Relationship in Northern Hardwood Forests. Global Change Biology, 18, 258-266.
https://doi.org/10.1111/j.1365-2486.2011.02527.x

Adams, T.S. and Eissenstat, D.M. (2015) On the Controls of Root Lifespan: Assessing the Role of Soluble Phenolics.
Plant & Soil, 392, 301-308. https://doi.org/10.1007/s11104-015-2465-x

Galloway, J.N., Aber, J.D., Erisman, J.W., Seitzinger, Sybil P., Howarth, R.W., Cowling, E.B., et al. (2003) The Ni-
trogen Cascade. BioScience, 53, 341-356. https://doi.org/10.1641/0006-3568(2003)053[0341:TNC]2.0.CO;2

Pregitzer, K.S., Laskowski, M.J., Burton, AJ., Lessard, V.C. and Zak, D.R. (1998) Variation in Sugar Maple Root
Respiration with Root Diameter and Soil Depth. Tree Physiology, 18, 665-670.
https://doi.org/10.1093/treephys/18.10.665

Adams, T.S., Luke, M.C.M. and Eissenstat, D.M. (2013) Foraging Strategies in Trees of Different Root Morphology:
The Role of Root Lifespan. Tree Physiology, 33, 940-948. https://doi.org/10.1093/treephys/tpt067

VRele, 9253, A%, S5 GANIIRSE P AR 5 G b S AR AL & A AU 25 RO R RE M [J]. A4
HEASSER, 2017, 41(10): 1041-1050. https://doi.org/10.17521/cjpe.2016.0317

Xia, M., Guo, D. and Pregitzer, K.S. (2010) Ephemeral Root Modules in Fraxinus mandshurica. New Phytologist, 188,
1065-1074. https://doi.org/10.1111/j.1469-8137.2010.03423.x

DOI: 10.12677/ije.2021.104078 698 A RS


https://doi.org/10.12677/ije.2021.104078
https://doi.org/10.1016/j.foreco.2011.03.018
https://doi.org/10.1016/0169-5347(93)90143-D
https://doi.org/10.1016/0169-5347(93)90143-D
https://doi.org/10.1016/j.soilbio.2015.01.001
https://doi.org/10.1890/0012-9658(2001)082%5b0485:EONAPA%5d2.0.CO;2
https://doi.org/10.1111/j.1365-2745.2005.01067.x
https://doi.org/10.1126/science.1091841
https://doi.org/10.1016/j.foreco.2008.06.016
https://doi.org/10.1007/BF00017088
https://doi.org/10.1046/j.1469-8137.2000.00677.x
https://doi.org/10.1073/pnas.231178298
https://doi.org/10.1104/pp.106.078857
https://doi.org/10.1111/j.1365-2486.2011.02527.x
https://doi.org/10.1007/s11104-015-2465-x
https://doi.org/10.1641/0006-3568(2003)053%5b0341:TNC%5d2.0.CO;2
https://doi.org/10.1093/treephys/18.10.665
https://doi.org/10.1093/treephys/tpt067
https://doi.org/10.17521/cjpe.2016.0317
https://doi.org/10.1111/j.1469-8137.2010.03423.x

PRAAEE, LA

[55]

[56]
[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]
[69]

[70]

[71]

Kramer-Walter, K.R., Bellingham, P.J., Millar, T.R., Smissen, R.D., Richardson, S.J. and Laughlin, D.C. (2016) Root
Traits Are Multidimensional: Specific Root Length Is Independent from Root Tissue Density and the Plant Economic
Spectrum. Journal of Ecology, 104, 1299-1310. https://doi.org/10.1111/1365-2745.12562

SR, REAERL, EE, . BT AL AR I A AR AR []]. A A EIR, 2017, 37(1): 74-83.
Ostonen, I., L8hmus, K., Helmisaari, H.-S., Truu, J. and Meel, S. (2007) Fine Root Morphological Adaptations in

Scots Pine, Norway Spruce and Silver Birch along a Latitudinal Gradient in Boreal Forests. Tree Physiology, 27,
1627-1634. https://doi.org/10.1093/treephys/27.11.1627

Wang, C., Han, S., Zhou, Y., Yan, C., Cheng, X., Zheng, X., et al. (2012) Responses of Fine Roots and Soil N Availa-
bility to Short-Term Nitrogen Fertilization in a Broad-Leaved Korean Pine Mixed Forest in Northeastern China. PLoS
ONE, 7, Article ID: e31042. https://doi.org/10.1371/journal.pone.0031042

Chen, G.T., Tu, L.H,, Peng, Y., Hu, H.-L., Hu, T.-X., Xu, Z.-F., et al. (2016) Effect of Nitrogen Additions on Root
Morphology and Chemistry in a Subtropical Bamboo Forest. Plant & Soil, 412, 441-451.
https://doi.org/10.1007/s11104-016-3074-z

TOMRYG, BRObAK, skALZE, MR, ZE, MR, WWRE, TE. DU AT B MR 1 AUR
DR RSB R[], B A AR 2 E R, 2019, 30(12): 4003-4011.

Kou, L., Guo, D., Yang, H., Gao, W. and Li, S. (2015) Growth, Morphological Traits and Mycorrhizal Colonization of
Fine Roots Respond Differently to Nitrogen Addition in a Slash Pine Plantation in Subtropical China. Plant and Soil,
391, 207-218. https://doi.org/10.1007/s11104-015-2420-x

Tobner, C.M., Paquette, A. and Messier, C. (2013) Interspecific Coordination and Intraspecific Plasticity of Fine Root
Traits in North American Temperate Tree Species. Frontiers in Plant Science, 4, Article No, 242.
https://doi.org/10.3389/fpls.2013.00242

Yong, Z., Su, J., Janssens, I.A., Zhou, G. and Xiao, C. (2014) Fine Root and Litterfall Dynamics of Three Korean Pine
(Pinus koraiensis) Forests along an Altitudinal Gradient. Plant and Soil, 374, 19-32.
https://doi.org/10.1007/s11104-013-1816-8

Pregitzer, K.S., Deforest, J.L., Burton, A.J., Allen, M.F., Ruess, R.W. and Hendrick, R.L. (2002) Fine Root Architec-
ture of Nine North American Trees. Ecological Monographs, 72, 293-3009.
https://d0i.org/10.1890/0012-9615(2002)072[0293:FRAONN]2.0.CO;2

Burton, A.J., Melillo, J.M. and Frey, S.D. (2010) Adjustment of Forest Ecosystem Root Respiration as Temperature
Warms. Journal of Integrative Plant Biology, 50, 1467-1483. https://doi.org/10.1111/j.1744-7909.2008.00750.x

Hang, J., Zhou, H., Wang, G., Xue, S., Liu, G. and Duan, M. (2017) Nitrogen Addition Changes the Stoichiometry and
Growth Rate of Different Organs in Pinus tabuliformis Seedlings. Frontiers in Plant Science, 8, Article No. 1922.
https://doi.org/10.3389/fpls.2017.01922

Boldt-Burisch, K.M., Gerke, H.H., Nii-Annang, S., Schneider, B.U. and Huttl, R.F. (2013) Root System Development

of Lotus corniculatus L. in Calcareous Sands with Embedded Finer-Textured Fragments in an Initial Soil. Plant & Soil,
368, 281-296. https://doi.org/10.1007/s11104-012-1505-z

e, B, wEA, & BKSZE L LA MRAIAR TR A R AR P R T]. AERHOL R 22 4R, 2016,
38(4): 29-35.

Martin, M.H. (1988) Reviewed Work: The Mineral Nutrition of Higher Plants by H. Marschner. Journal of Ecology,
76, 1250. https://doi.org/10.2307/2260650

Mei, L., Gu, J., Zhang, Z. and Wang, Z. (2010) Responses of Fine Root Mass, Length, Production and Turnover to Soil
Nitrogen Fertilization in Larix gmelinii and Fraxinus mandshurica Forests in Northeastern China. Journal of Forest
Research, 15, 194-201. https://doi.org/10.1007/s10310-009-0176-y

Wang, G., Fahey, T.J., Xue, S. and Liu, F. (2012) Root Morphology and Architecture Respond to N Addition in Pinus
tabuliformis, West China. Oecologia, 171, 583-590. https://doi.org/10.1007/s00442-012-2441-6

DOI: 10.12677/ije.2021.104078 699 A RS


https://doi.org/10.12677/ije.2021.104078
https://doi.org/10.1111/1365-2745.12562
https://doi.org/10.1093/treephys/27.11.1627
https://doi.org/10.1371/journal.pone.0031042
https://doi.org/10.1007/s11104-016-3074-z
https://doi.org/10.1007/s11104-015-2420-x
https://doi.org/10.3389/fpls.2013.00242
https://doi.org/10.1007/s11104-013-1816-8
https://doi.org/10.1890/0012-9615(2002)072%5b0293:FRAONN%5d2.0.CO;2
https://doi.org/10.1111/j.1744-7909.2008.00750.x
https://doi.org/10.3389/fpls.2017.01922
https://doi.org/10.1007/s11104-012-1505-z
https://doi.org/10.2307/2260650
https://doi.org/10.1007/s10310-009-0176-y
https://doi.org/10.1007/s00442-012-2441-6

	氮沉降对森林细根动态和形态影响的研究进展
	摘  要
	关键词
	Research Progress on Effects of Nitrogen Deposition on Dynamics and Morphology of Forest Fine Roots
	Abstract
	Keywords
	1. 引言
	2. 细根动态特征对氮沉降的响应
	2.1. 氮沉降对细根生产的影响
	2.2. 氮沉降对细根周转速率的影响
	2.3. 氮沉降对细根寿命的影响

	3. 植物细根形态特征对氮沉降的响应
	3.1. 氮沉降对细根比根长的影响
	3.2. 氮沉降对细根直径的影响
	3.3. 氮沉降对细根生物量的影响

	4. 展望
	参考文献

