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Review of Nitrogen Cycle in Plant-soil System Based on Application of
N Tracer Technique

WANG Qing-bing, ZHANG Jian-feng’, CHEN Guang-cai

(Institute of Subtropical Forestry, Chinese Academy of Forestry, Fuyang 311400, China)

Abstract: The isotope tracer technology is a kind of method by adding exogenous elements or substance as a
tracer co-operating in organism completely, which used to indicate the change process of elements or substance in
organism. Nitrogen stable isotope tracer technology can reveal essentially the mechanism of ecological process,
so it becomes one of important tools for ecology research. In order to understand the advances in application
of nitrogen stable isotope technique in nitrogen cycle of plant-soil system, nitrogen cycle based on "N tracer
technique was reviewed. The nitrogen stable isotope technique in solving ecology problems was prospected and
some existing shortcomings are also discussed.

Key words: "N tracer technique; Plant-soil system; Nitrogen cycle; Review

AR TN : 14.0067) G 17 MR Z,
Hob A A SRR i, BN ORI BN, HAR AR,
YN N 99.625%, PN JE— R ILI A e
L2, W T A MES 5. BEEL T, R
FE PRI 2 2 815 B 2 Ak 2A e 22 501 (L)
PRPE BT AN 5T RE o MR A E AR T 115 &
FAF ST b AN R A N 5, B
S A S E R 28 4 A I e 22 Y PNOR
EERORBI N IR T I TS R G R R TGA L

Wim HEA: 2013-03-05 EZHHE: 2013-06-06

R T, o 2emy — = pd, — R 53
by X SN S NP e e I Ve s NI
PN R ARG R R A S IR R A
MEBL, AN, ARG P AR R e sh A Al
9308 et R0 R AL - 398 v AR R 245 U3 B
FL, DR s K R 5 25 S T e oA IR AT
20 42 30 440K Rittenberg M R N
INEEFE ARG AW R340 50 4R N /R4
AR K EAIA Y DL PN, B e, T

EETH : Mk A5 AT AMIFLI5(201104055) 5 s 25 VERMIF e T 3L 42 22 05,700 H (RISF2013001) 9% B
VEZ T TSR (1988 ~ ), B3 Wi -A= , FENFHEY A FE HEFH5T . E-mail: wangqingbing116@163.com

* M IHIEH Corresponding author. E-mail: zhangk126@126.com



430 Py B AR 2 4

$21%

FESER AN PN BRI R R, L RETE R M A A
AT, P BRI T AR 550, 60 ARAENE
R SR LAy PN RS 2 T B AU A
A [ EAE Y X e N ELA AR [ W oA =X
T, 38 o A A A AR N ) 8N A, e i R
N, XA [ AR R BTk 70 . 80 ARU R K
U SRR T N AR, IRR A PN E
FEVE R N BbRUE F AR SRR, T [ Ak 4 Al
[ E AR R IR A, S8 PN E R A
225 AR AR Wy [ R . I AR s —
Fofr (s IS LT A 2752 1) 0T 9 A ) T R
g 21 2R, PN EEARAE N —F T R
BRI REIRE B iR R T H A
Aip IREERLE R A 2R SR SR AR B T
2N PR B ST TS YR IR K
(INTE=E AL LY/ = 0P (A« ¥ i
BRGAEAZIE KR TR ARk J5 o4 25
5 T A% T AR P

5% R, 90 5 1% ) 47 2 20 B 4 P TR 432 2% L
K (Isotope ratio)m¥, & L7 (%)M 7N, & S A
W B it 22 0 ()4 28 H R 5 [ B o v U A
PR Z A T43 220 XFR, LR 2 1 E
B 8°N 5, 8"N JERAE & B W T A K Lo (A
XFR/INIBEL 12 BE R AR T RS /A R 7
R IES 20, HAREY B a5 KA, Ry =
0.0036765% " A AY 8PN B U 2545 H

8" Nt (%0) = {("N/"Nye ) / (PNIMNy) — 13 %
1000%o

W H ST, BT R 2 o A6 51 & Y [
PRSI, LA B[Rl 240 S Iy R 95 S e 1
(30 F1 2 B, S AR TR R HLAE AN [R] A P A 4
Jo B[] — 9 o B A AS (][R]0 26 LR A A0 7 A HE S
Z IR RAL 2R B B4, BV [R5 2 5318 (Isotope
fractionation)™, K[| "N EE &5 AR T
AR, AT S BRI 10 B IR I A R 7R
AP Mk FRa g RN R AE B A e
ZIat s kA B 24 m 5 Ve . BeAh, [l 2 el
A 00 2 e R -t 2 DRI 3 A SR A AN ) R s T ) ol
BEPR AR5 A 0N Y2252 . SERR TAEH 15T
N BAE B 2 A 5 A A TS 28 A Ak, R
FH— B0 4, AR B [R57 28 7 B s B, X A ie 4 B
FEARAY N SRR ST T B AR B R
MR ZE o

B b f e AR R FOR B 2 2 4%,
MBI PN RERSFE IR T A [ A5 ()R TR RUEE |
Al i, AR AR S R G Y E Z R R
(9 Y RO B8 2 28 R A ) 22 ] A O R0 3k
PN UREFHOR RS, 2R P IERE S RS
VEW R 28 3 W A R AN 3 BE 45 D T B9 AT 5, %
KRR I R L3R sl S AR A 25 R G AR R
AIBIFTE R D o RSO AR AR AR RE BRI R BN
T SR 2 0 AL AR ) 8 R ORI 3
I3 BE B AR, LI K AR ) 2R Gt R AT R B BIE 5
FET L8R, DRI PN R ERHORBIFTE 1 -1 R 5t
FE AR A Y- DR R A IRCR RIS %

1 PNIR B HORTE - - M) 7 458 A
ABEFEH R H]

L1 &YERENITE

RAF R ES RGN IR EE RIGREFITR
Z P RS R BRI A KRR AW
HEYERT I — RV E RSB, EERRG T
2 B i S R TR R S A IR i
(8] UL 1) £ 400 [ R Rt ] RIS 45 7 B4 h 58, LAZE
FAESRE T AR W T4, Bar, s
AR A R AL G OT IR S HGE Rk A
RPN IE D —H Lk, X257k
A BIR AR AR LA B A L R S B
Lo BAR A T R AE R 8] 151 EURE T B 22 5 , Tl LI
R PR IR 11 1] RURE ) A7 AR 25 284k SRR ) 1
Fe N, AR Y AU R BR A IS R = S
PCHEAG B A 22 G EE B (H 2 TR SE
TERYA L 2 0 A T R A R [ R A B Y
SE T R

A= Py 1 RO 8 R B B A R TR RUE
PR IR S R 455 A B & 5 -1 f, HOS ) A+
SR RNCHEN AT Z AR S E AR
o ] A A PR R Y LRy T R 38 AR
AR A, 75 9 [ R JRAH ] . Nasr 55°75%
F PN R BRI AE XA [R] 5 3R 0 4 G W (Acacia
cyanophylla) AT AR PRV O0 T 0 [ 0%
HEATAG B, SHO T AR A 9 45 2 8UN I i
FIAR IR AR 2, 4 R R WM & B 0O A i 2
Z AR [ R R BA B 22 5, B A AR T
BRG] 222 5. McCauley SR A "N [ 4%



o558 TR, ST ONIREEBOAR A - + 3 R 5 R AT 5T 0 481

F IR R T Wi G.(Pisum sativum) R/ i 55.(Lens
culinaris)ff) 8°N, DA 8 Bl A 5 IX f 4 A=
KBRE AR R A AR 22 5], 45 3R, /E [
RiETEAERE IV ERFEZL SR K F T E I
NS 2 Pl 1 99 0 [ U, 1T EL R 2R A Y i
TR 2 [ U LR R A i A R AT L
AR G715 | T AR 2 R FAH B 19 48 PR A . Vinther
il Jensen™ s PN BB IL A N AR FEE LGS A,
TEA U BAHERI T AN B IR G RE
th 2B 2 H(Lolium perenne)fl [ = M F(Trifolium
repens)F [E AR, 8 o 7503 4 FEFT PN ARiC
T 255 T A W 4 1 AN IR VS T A e A N b i A
B 3T 1994 4 2 1996 45 25 5 5 A ) 1Y
PN R L g5 SRR I 0 AR /MRS
(1 °N ek 5ok A RS A LA HL E A L,
TR AT PN BRIC AT AL BIZH 5 %0 R 2 22 5
L RINE ARG A AN 30.0 ~ 500 gm”,
L) Ml L3 4 BE AT [ 0 10.0 ~ 23.5 g m 2,
NS ZARRY A KT G  BEAEAE [BE I AR 19.6 ~
29.6 g m”, [E R EN 52% ~ 66% , H ) & 5 ik R
AR [ S AR TR 25 1 6, 18 8N AT #E
e bt I R HERS Ao A B A8k, Bl ARk AR
Wt AR sE e, A ) AN E e A S
RERFZTHh e ma@mEZ, TN
IREEFEAR I E PN TR YA A E R
[FIRTES & "N AR M 2R B LS55
[P AR AR GAL O i T A W I A A R
B XTVEY) SRR A8 B RS BESR ESA Fs T E n 1
FHECH B N R BEB AR I AN S8 T A ) L4
MRATFEAL, BT 8PN (A K/ INE F 22 B A G
e HERUE S A 05 R0 - bl g s AR R R
BRI, BT LATE S F PN 7 B B AR5 A= 0 [ U
)R, WAZ e A Y 1Y 7 i, B I RAE )
A BRI PR

1.2 KRS RIkERIR

RUTFE TR KA E TR L NH, (245 NH, |
RNH, F1 NH,)F1 NO, BT 2, [ 7% 21 fifi b A 7K 44
R, JEA 20 42 50 AR LK, RRA R DI
EISRBEIMEE . ONTIETFRAAZED
R E N R ER A E A WAL E I — A B ALY
T4, VBB SR IR BRI , AR R DR R 1 2R
R ™ S e ik B K AR S RS A A

R o, X IR AR IR AR RS RS
AR A ) 22 BV S5 T AV TE S R A 25 0

R 5T J5 i, F ol AP A A AR
TEFNICER & it AR AR 48 7R B TR 7K R H X
WA RS RGN, i Kuang 25570 A
FMGE , MY A KA &AW B AR, fE KA
15 YRR R EE T, BRVT RS & e 3kt +-
HEA P Z 5 B AN (Pinus massoniana)’El M H Y
8 N E 4351 —5.51%0 ~ 1.38%0. —5.0%0FH1 1.43%0 ~
2.19%o0. 1.0%o, 3X 5 ARLE /D32 BN AZ 25 05 YL AR
Mo A RN AN OUN (22 5 W i L
5T 25 SRR R W] 7RI 32 B R TS GL i 5 A AR
M, AN 8PN (E FE AR 2 KI5 Y R
F3K 4.06%0 ~ 4.21%0, 7] — M F A [F) B4V 7E 7] —
ARG YR EE T 8 N (H AR, MR Z /AN
it SR 8PN RIS 0 IR AE S IR TR
W2 AT G (4 w7 TP DR X R i R R [ A
() 8N (ARSI E % fe ik £, fEs ]Gy &
DI, N R AT AR G S s Z20m B8 i T
B HMA S RGN E 2, CA R R,
K A R A 2K (PN T ATE — B R I ek
SRDUFRIIEDL, v LA R A A 81N
ZH AR A I AS [] s X DR I e 2. (H
S, BT B e A R s R AR AR R
JE R R A57 25 53188 A 52 el R 3R AE A MELAORIE 43
WSS R . & S ) (Bryophyta) K HoAlRR45 44, H
3 A R 8PN A48 /8 FPEM R R DR
R R T, AT LR E 2l i &8 SUN 5 K
SRR Z 8] (1) 58 1526 FOR P AN [R] Xl R
RO, 18 N RS A KRG
KRN FURERASY , AT i —20 1 KA
PTERIL , I8 IR W ) AR 7 1) AR, XoF
TSP A IR 14 5 e TN AR B D, e o
AR RS IR R LR [, PR DR
PR R L %0 A5 S RALAEE AN
P, 7 FH 5 W 3 — Ao

A 2R 7S 3 2 A AN /D e i 2 D ) 7 2R AR B
Jo s ), A ELA TR R AN T R AR RN R G
LR RIS HNE S T AL+ o0 . R AOR
S I, MRS SE G B, R AR ) PN AR Ak
B INER, HEOR 5 W B E R, RS
71N B S I R R B 0 S 5 A0 R v 1 A R
A—EFN A "N RSP EI N R G 2, BoR



482 Py B AR 2 4

$21%

PEUERS AT 38 AR PN R ER Y ECE D R
AN AEBSIE RE D, EERME I , 5 B 1E AT RE A5 2K A
FPITE Y

2 UNUREE R RAE - Y R SR b
At e A B4 A

AR ERREY I EREE, AR
LIS A AT MR 2 O R 5, 8 2k A i ) o 2R
AU, R I T R KR, DT I RERE ATt
AR AT, R N AR IO AT
LR RS T O S L, — BRSO
T AR EFRWILIA R, RAX AL
B EFNCEET "N ARIC, 0T LA T AR X AN
FEAB R R, AR IR B AEAE YR A I SR
R By Ik PN DR

2.1 R ZERREF A

A B2 B IR T e 2T T e 3R R R4 PN
AN R R N E AR SR A PN AT P BRI Y
B AE ¥ BRI R A5 B i 2 1 I Ak B, 2 5%
T2 A R AN PRIE Ak B X K FE(Oryza sativa) IR EE
(Nicotiana tabacum)F /N 22 (Triticum aestivum)=51E
VAT AE A BR 0520, AN (] A 0T AR 1
TR, AN (] s S il AR e 0 7™ Sk ) ol P 2 i LA
R AB A TR L BT E YO o8 57 15
M ST A 21 28 DO, AR TR s
BRI BT 02 T D ARAE )RR A HE AL i
WA R [ BB AE R TR TR W) Z Rk
1+ A HURR 55 X 42 AR (Cunninghamia lanceolata)
AT PN FRIC R BRIR S B TR AR
Wi ; ¥ 3246 ZECWF 58 T B F W(Populus tomentosa)
L HT R R 2 2 Bl A 3h 4 Ebid 452
TFRE T K FESAEY R PN AR R ) R F K
82 F 5T ; Trépanier 250 HF 5T T W5 K 2% R AH 4
(Phalaenopsis spp.)HR 2 WAL FRAL R S& 72
F IR A RCPE R R, 3k SR 5 R A —
FRBE LT DUA S S A0l Mol AR 748 B, S 4
e AL X SRS MRS A R R A P8R AR
WIEHF.

LA, thF PN S RUE R AR e TR 2R
ARG T AR 3 0 L 7 AR AR AR MR R 2 A
AECBGE T — ReAR e [ R H AR N 5T Y

PR RS E R AR EORGN T AR R A
RAEPFIMOR b, I A5 PN AR g A B
8 SRR AEAB R PN B IR SRR T B0 285 s 7 AN R 4 o
FERZR T AP DIEAL A - Sl i) R i HeA K
W RUE R B B FIAS ] )2 R A i = Y
SN s 3 AN B G AE I AR B AR S TR EIEY PN
PRIC I [R5 R Z AR 14 A AR A s,
PRI, 5 A4 5 T LK PN R EREOR B A
Rl AR RS T Ra 260 T B 2 R 7 X,
N3k EEAHE A SRR RN, LB Y XA T
PRI B i O A R R A A N (R34S iz i A

Sr RS AR

22 Y RENIEW OB

H1 T PN BEAE X 50 B FrAE 9 0 R Ak
M A it 8PN RIEM Y R RZ AR , fE
T WA 4 SE PR FEAERHERIR SR, Yun 2559
iz PN R BRI PN B SRS AN A
() - FETCAIL RN 45 Hh JEHL AU 7 B AR G, T
P LA A AR, B TR A
RS ERREYR T EABXT PN R
TC AR A B A S AL RE 1 NN R REEN
s B R R E AN > R > 25 HavE 2 2
S 2, 1R B NO,-PN 1 40 it 3R g 38 = T NH,-
PN A 35 5 A 200 WA ) R ok ARk
FME BT o R BRSO | AN [R] X 4 4
(Ziziphus jujuba ‘Dongzao’)ifi "N JR & , 4 "N J®
ST TCE GUASTR], DA Ay it B 30 RGN 3R S
Gy oy BLBIAR 2R | 76 SR SCAE A it A 45 1 TR A
i AR BRBAERE G ENAERKAEE. AL
A= T BN ARC 0 IR RUR B AR 4 B (Tulipa) %t
RE MR , S5 FE WA KA IR 4 Ak LA
Ti] AR A 2 AR A A I R 3 FRAE B, A K I
WA R ZR DT B FhER 42, IR 7t BAE S 3E it
W AR AT, WHAMEEESRE NS E
K(Zea mays)TEA [F B 36E it “N JR 2, ARALAT LA
e T it AL AR A R AR R T 2R B SRR L, 1 LR
B AR AR X 20 L 1) W AR v L T as BT
R 22 (0 H AP o 2 A AR T AN [T 7K A B
INAE R ER W3 43 L 52 i AN — , B kL &UFE
FEARAS B (A4 B MFFRL > Z54F + 8 > i > il
B+ FFe . SUN AT LMEN A RSk ARG
£ e EN AN Sl R L D QR PO U 11 bri i A ]



o558 TR, ST ONIREEBOAR A - + 3 R 5 R AT 5T 0 483

DL 16 5 R SR DR AR R A P i as i A 20 C 3
A R IR ATEAC SR B AT 18 I

23 HIERTUERNITE

HERR T LA W R A S AT R,
XFF R b T A S R G0 R AEIAE AR S A
KR AEFHAEEEZE L., BRI RKZHFEE R
LI N\ I O S iR T TR g = W B 2 7 (G
Hilscher 1 Knicker ™'/t 52 56 28 BEATida ] 5256 , A5
Pk g i i - B EREE I R IR, 20 Kk 28
AR R IR A A R A ) B 8 Al
8N Ay 38 o 2 Ok i 2 BRI A W %o & 3 BLAL R
(Pyrogenic organic material, PyOM)FHEHI1EH , R
TG b AR KR R AR S R G A A I R
BT HAA T RiEE . HIER R ORI A
YA BV AR BLE 729, R AR S+
HERFWAM 10% A 47, Zhang FF°F FH "N b
ICM RS Z RS ZURES  BF5E T B AR [E A
B 25 F AR IR B2 25 R R R A
WALRTE 0.915 ~ 2.718 pg N d'; T 1 T 48 kE
W BRIE A LD BV AR DT R R 58% ~
99%, EF AR+ AW L3N 0.915 ~ 1.228 pg N d ',
T RMAR A +398(1.621 ~2.718 ug N d), Hirp
PR BB P FP ST B 2R 3R TR I 25
M A2 . FEFREAL T TR PR X, KA TR
HA W, RGP H ™ EME =T, He &0
PR A B | i Ok A R B AN 100 (e N 8
I ELRES , R PN RS BB A
(R b, 45 R I K S L AL mT A
SRR 77% , 12 X 38 LU0 R 3 S A1
Feimi 5, 28 R R a6 M A B Rl 42%, MR
FERR IR 5, 38 (B A S R K 0.54,

T 5% 26 W1, 2R3 B P 52 0 8N A% J&) Y PR 26
T EA S W E] BT A A O R,
EOE R AR U AN L IR~ LYo (Vi I EA N K
JE b AR 8PN A R TR ] RUEE BT A
—FERY T IEE ML 3, Garten 2%} 3 [ T 94 74
AR AR I TFST , DA NH, "N AR
W, o STESE 6. 21 42 JEH AR gy 4R
A kb PN FEE, SR EHT SN A
KEBAPAE R )20 ~ 20 cm)H, TA g R AR 1 4 %o
KRERIA LIFZEARIFA S IR o 228
XPANRIK RS H 237 08 7 d = R, 4551

T, A0 ~2h N, 4% 12 HHEA B 1k wifk fn
[ 5 TR 3 R T B R R B, K4 NH,'-N Al
NO, -N 8 [ 5, Aoy Horp 3 5+ 380 fb F 10 2 R
ZAEAEYE A2 WG T AZERES
B S 2 e 4

SR, DAFE 3k BERIF5E 202 R A R AR R IR
DA A 32 i R4 e s 2S5 e EL s 285 0 T A A LB A
WA FALRIB TR 0 . IRATIAA AT AGE S PN R
. PN RRRE AR e TR B H S AR -
TIERG TR F SRR ECA R 2R B A AR
s A A IR A S R G T RS R R

3 PN/ ARTE - Y R 5 A
AT HR R

31 TE-EMRSEREMREK

UTAFR , MW XT 398 RN N JR IR 0 2 R R 3k
R AN R [ A A BB R E IR 1S
LAY R R R ) B H 352 20 06 R, -
YIRS, B R 5 WA R, 55 D\ - 358 ik
RAEAWIAFNETE . A SRS T, R
{140 J52 i A 200 A1 T i R k38 i, R o T S R
N,O, IR [IRA A AHAAE R, — 7 Thi i i 41
FHEZ 9 ZEHJC , [ NLO 8 23 s 15 e
FER R R v & & AR R R AR E R, AR
PR AT RE A B K22 57 Chen!®Fl Zhang™
AT FT B, R K A AR Al DL RO ) S 2 A, 32
Wi bR 3 A IR S RS AL VR T TP ) NH, #52% AN
() AR ARAE Bl AN A 398 pHL R 5 PR -0 L )t A
—SEM BTk, IAh, Matsushima 5°°5% ] PN 7
BEHAR  TEIR E B IR A T SE TR R AR e
ANTEIE () B i) NH, #5425 S R BE T IR 19 10 d
P, e R G JEHLAE RSB N, R Y 3 /5 %2,
J ST S ) 25 Ak — % NH, 935 & 5 ) IRAS [ (4 A5
fefadi, 15 AR A A HLACHLAC AL L XF NH; 44 %
T8 IR 3 A

AT, A E A KRS 385, KRS RE
WP Y 25% ~ 50%, AERERAY PN 78 3
FRE LLBI N 10% ~ 35%, FLAYAY PN 5 5430 4 1) n]
REJE AR & T KB Ttk ok sl Sl A e X dt
BTN R TR 25 A RO LA & 5 R B I D AST]
— BTNy, B T T A 2 B R, LR B e T A
i, IRBEART . WL RSP TR AT



484 P W A =4

$21%

IR Y PN TE 45 28 B TR ARG 2 TE RS R A 4 20
HRE ARG, Y] PN A 46% s 5
TKAB R RERL R IK RS AE 57 BE B LA o3 AL WS 1y
REFEF W] LLE S AR 2 ik, 2 i
PRI B A7) 43 B35 16.7% Fi 13.4%., 320 4k 257
KT PN X IR FUK FERS AR 22 XbRid, A A HLTG
MR B it 76 46 AL I ZUR R (Y R B, i s T
MUES R IR RIL T VISR AR . Bt
AR IRGE 1S B AV B A R A AR K
R R ISR, BAR A VD - BE xS H R R
P VER . AR PEi, B 41 % 2 IR Y
solE PR WOSOR] AR R ) R R R Rk
SE R R, AE A P A LS AR v BRI T8 P /RS,
WL E D R R TG FRT T i, s
Bt R G A A R H =, DU Z N A9 18 H
AL I SR BCRL2= & B AE 28 AEHE i

3.2 HIEANETBEHE

TSRS B0 1 R 5T 1 52
M Jin ], = SRR SR A I ) R A A 3R ) B
T AN 5, T SO it P i AN RS I, KR
I BRI L b, 4 8 5] A AR T A DU
KRS TR TR0 A B T IERK AR
b, {45 3 AT 3 0 BT 3 R Ak T EUAS T n
P R BEVEN SRS B E TR YR —,
Hom e R ] a8 g B2k 7 3R AT 5 i KR B
B, AIOCT T - A R B RIE Y
i PR 2R (R AFFE T o3 R

TEAEYIRN, AR FEUEARIESGFE, A
HLAZ) b B E R 90% DU Lo ik, AHULHEA +
BEA VA RTE L IE-AY) RS L AR
MEEE, Ju SETHRGE G R R TR
] - SRR BT A RS PR L AL R 25 K, R — IR B,
TR X HA A R 3 E i F-(Solanum melongena)it
B PR AR R A AR RN K #Y
M2 it A8 s FE A /N - EORERVE R Geh , il o it A
AN RV RN AR A BHF5  F A ) oA ok 7 e AN [] -
EAPLEMICHLA R R, DA R R DA A
Jiti A AR, i A A B I A A - IR A
YA B AE | FHef e BUIE A i [RIERY)
HIP AT AE R R XU 88, # 5omr U Fn Fr
PN B E L, W EARAE A (Arachis hypogaea)-
KRS AR RE RGP AR R R R 7 , KA1

T 5 A e R 2R A B B A B 34 A A [
FE R38N, H ARG R R § R o e A — ok
. Hoekstra 2 F ] PN bric £ RAFFTE I, 3
T AEAREFEAS [] Bsf [0 B - 0 fb 3R 22 5 1 3, Al
BAEZMY) -3 R G b B A AE HLE R
Bh 45% F1 72%. HIE-REY-RAGES AT, KA
R i VERE 2 BRSO 4%, Chalk
SEUNZEL PNURESIE N HARER L R T A
A AEREFTHE AR N7 - A - KR R T Y
TR A2, 45 SRR HEAL 5 & kL 25 A 8
FEAE W ARG 1 FH 2 — A& BIERLRE I NH; A AU
I, AT A B RN "N ik g A i, e os 4
At B EL R T

4 el

JEATARIA, LA 05 PRI SN SR o e ]
SO T AR SRR R R T AT
TS SR 0L 8 B A R A
KA R FBF TR T RS IRV, I
S E i 3 A AT R 5 FRHERLE A
RO RREBE TR B S, BTSSR )
R 2 L 33 M7 L 0 090 1 301
PR AB T R B R RSE B — 255 . e
LA 2 52 P STBRABLOE TARE BB A
SIRASE I AR MBI, (L F AT P R T
[ B TARR D . 5N (5 1T
HIXE 2 0 85 X N 7R B SRR 5 2
SEAITAE BRI T N R HA AR B
(R N I T IS S8 EF i A
AU RIUHEE |2 F ok,

ERH I R IR T4 4
HERE P L2 47 10 A S B R R
S R HAR B OBF I 7 L, B4 52 40T
BRI 7 o 0 8 28D AR S0
BB LR BRI A it O
RS A LA BRI T2 0 7
JRUE e 5 AR LU T B )00
e SUUURERISE 5 AR RV LR 3T A
XA RGBT L

0 BT 0692 5 i B
SRR S5 7 FL X 3 B A 5318
UL R 7] ) 3322 52 A L 3 B3



58 TEPIRAE . BT NURERBOR B ) - LR G AR ST Ji 485

FEFIPLEE T AR ARG . A Jn T B/ R
UL AN A 2o - Wl CIE VAR U B ity OV D M e
Ot s R S WTFT 22 R BRI LN 5 X AR ) A P9 R 8] ) 52
WAL . PR IR B A€ R R A B i B Bdle
R LA B BEVE FISE I B85 Bl

S 0k

(1]

[3]

(4]

(6]

9]

[10]

Lin G H, Ke Y, Li B. Stable isotope technology and global change
research [C]// Li B. International Symposium on Modern Ecology.
Beijing: Science Press, 1995: 161-188.
MOCHE, TR, 2, o [l SR AR 5 R WS [C 22
P RAE A E PR, L nt: Bl HiARE, 1995: 161-188.
Chen S P, Bai Y F, Han X G. Applications of stable carbon isotope
techniques to ecological research [J]. Acta Phytoecol Sin, 2002,
26(5): 549-560.
PRI, PR, 0 R PRk Al 3R BORTE A 25
AR [J]. R A= 352541, 2002, 26(5): 549-560.
Fry B. Stable Isotope Ecology [M]. New York: Springer Verlag,
2006: 40-66, 183-190.
Wang Y H, Jiang H, Yu S Q, et al. A review of applications of sulfur
stable isotope technology in ecological studies [J]. Chin J Plant
Ecol, 2010, 34(2): 179-185.
EHAZL, VLUE, A, AF. BRRE R R EARTE A A
IR [T]. A 2524, 2010, 34(2): 179-185.
Wang J Z, Lin G H, Huang J H, et al. Applications of stable isotope
in animals-plants correlation research of terrestrial ecosystems [J].
Chin Sci Bull, 2004, 49(21): 2141-2149.
LA, MO, S, 45 RE R R AR AR A R S Al
YIAHE I RFT TR [7]. BlaEil iz, 2004, 49(21): 2141-
2149.
Bai Z P, Zhang L W, Zhu T, et al. The status of applying stable
isotope in the studies of environmental science [J]. J Isotopes,
2007, 20(1): 57-64.
FIRRMS, SRAISC, I, 45, o RO RTE PR R RIS (¥ 1L
FHiERE [7]. [RIf23R, 2007, 20(1): 57-64.
Cai D L, Zhang S F, Zhang J. Applications of stable carbon and
nitrogen isotope methods in ecological studies [J]. J Qingdao
Ocean Univ (Nat Sci), 2002, 32(2): 287-295.
HABRE, SKIBOT, KA. FER . ARG RIELESRGET
BT [J]. 75 B ifEr R 2A 4 AR, 2002, 32(2):
287-295.
Rittenberg D, Keston A S, Rosebury F, et al. Studies in protein
metabolism: II. The determination of nitrogen isotopes in organic
compounds [J]. J Biol Chem, 1939, 127(1): 291-299.
Burris R H, Miller C E. Application of N'° to the study of biological
nitrogen fixation [J]. Science, 1941, 93(2405): 114-115.

Dugdale R, Dugdale V, Neess J, et al. Nitrogen fixation in lakes

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[J]. Science, 1959, 130(3379): 859-860.

Shearer G, Kohl D H. N,-fixation in field settings: Estimations
based on natural "N abundance [J]. Austr J Plant Physiol, 1986,
13(6): 699-756.

Gu B, Alexander V. Dissolved nitrogen uptake by a cyanobacterial
bloom (Anabaena flos-aquae) in a subarctic lake [J]. Appl
Environ Microbiol, 1993, 59(2): 422—430.

Gu B H, Wu J G. Stable isotope labeling technique in the study
of ecosystem ecology [C]/ International Symposium on Modern
Ecology. Beijing: Higher Education Press, 2007: 202-227.
TR, BRI, A S R G A AT T AR E R L R ARl
FeAR [Cl7 BURAZS2A YR, Jba: mAEEE AR, 2007:
202-227.

McAuliffe C, Chamblee D, Uribe-Arango H, et al. Influence of
inorganic nitrogen on nitrogen fixation by legumes as revealed
by N* [J]. Agron J, 1958, 50(6): 334-337.

Mariotti A. Atmospheric nitrogen is a reliable standard for natural
"N abundance measurements [J]. Nature, 1983, 303(5919):
685-687.

Su B, Han X G, Huang J H. Applications of °N natural abundance
method to the research on nitrogen cycling in natural ecosystems
[J]. Acta Ecol Sin, 1999, 19(3): 408—416.

U, ER4E, A, UNARE A SRR AR
SEHRBIRE (7], AR A52E3R, 1999, 19(3): 408-416.

He D W, Sun H, Huang X J. A review on quantifying biological
nitrogen fixation based on N-15 natural abundance method [J].
Agri Res Arid Areas, 2004, 22(1): 132-137.

AT ST, PV, BT 45, I N-15 F 282 8 Ao M a2k
IR ], TR AT, 2004, 22(1): 132-137.

Lan T, Han Y, Tang H Y. Gross nitrogen transformation rates
of a paddy soil in different layers by using "N isotopic dilution
method [J]. Soils, 2011, 43(2): 153-160.

2L, R, FESIA. R NIFMAL A R SR ]2k L3
AR BFEALH 1], 14, 2011, 43(2): 153-160.

Yao FY, Zhu B, Du E Z. Use of °N natural abundance in nitrogen
cycling of terrestrial ecosystems [J]. Chin J Plant Ecol, 2012,
36(4): 346-352.

WLz, R, AL PN AR E R b A S R G AR
WEFEHIR I []. A A2 41, 2012, 36(4): 346-352.

Han S Q, Yan S H, Chen K N, et al. "N isotope fractionation in
an aquatic food chain: Bellamya aeruginosa (Reeve) as an algal
control agent [J]. J Environ Sci, 2010, 22(2): 242-247.

Tang Y L, Zhang G X. Identifying sources of particles organic
matter in surface water based on stable isotope tracing on basin
scale [J]. Chin Environ Sci, 2010, 30(9): 1257-1267.

R, T HE TR R FR Bk 1 TSR A B Bk
JEHERT [J]. FP EFREERL2E, 2010, 30(9): 1257-1267.

Chen X F, Yang L Y, Xiao L, et al. Nitrogen removal by



486

AT AR R~ 41

$21%

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

denitrification during cyanobacterial bloom in Lake Taihu [J]. J
Freshwater Ecol, 2012, 27(2): 243-258.

Huang J L, Zou Y B, Peng S B, et al. Nitrogen uptake, distribution
by rice and its losses from plant tissues during [J]. Plant Nutr
Fert Sci, 2004, 10(6): 579-583.

HOLR, 4Nk, 200, 45 KR AR Ml . Aric 3t
LU IR AR [J]. A0E IR S IERLA4, 2004, 10(6):
579-583.

Yang S G, Chen T, Wu X W, et al. Advances in utilization rate
and distribution of nitrogen in crops plants with "N tracing
technique [J]. Guangxi Agri Sci, 2007, 38(3): 291-295.

P, WRig, Smeth, 4. R UNOREERCR I E R A R
BRI 23R A e gT R (3], T Ak B2, 2007, 38(3):
291-295.

Wang Q L, Wu L S, Zhao Z Q. Advance and application of
"N tracer method on research of plant nitrogen nutrition [J]. J
Huazhong Agri Univ, 2007, 26(1): 127-132.

LG, SALRE, AT . CNREERRIER YN SR
NI R JE (0], ARl R 22741, 2007, 26(1): 127-132.
Zhang J B, Zhu T B, Cai Z C, et al. Nitrogen cycling in forest
soils across climate gradients in eastern China [J]. Plant Soil,
2011, 342(1/2): 419-432.

Kuang Y W, Sun F F, Wen D Z, et al. Nitrogen deposition
influences nitrogen isotope composition in soil and needles of
Pinus massoniana forests along an urban-rural gradient in the
Pearl River Delta of south China [J]. J Soils Sediment, 2011,
11(4): 589-595.

Kuang Y W, Wen D Z, Li J, et al. Homogeneity of §"°N in
needles of masson pine (Pinus massoniana L.) was altered by air
pollution [J]. Environ Pollut, 2010, 158(5): 1963-1967.
Robinson D. §"°N as an integrator of the nitrogen cycle [J].
Trends Ecol Evol, 2001, 16(3): 153—162.

Yi X F, Zhang X A. Application of stable isotopic approach in
ecology: A review [J]. Chin J Ecol, 2005, 24(3): 306-314.

Dy BRI, SR Ibe . e MR SR BORTEAE A% BRI (0], A
Brprik, 2005, 24(3): 306-314.

Jochen H. Translate by Li J, Li Z S, Wei X F, et al. Stable Isotope
Geochemistry [M]. 6" ed. Beijing: Geological Publishing House,
2012: 5-30.

Jochen H. 228, 2535/, T84, 55, VF. e R R R fk 27
[M]. 25 6R. Itst: M5 H kL, 2012: 5-30.

Gao Z F, Fu C, Wang H 'Y, et al. Improvement of calculation
methods in "°N tracer research [J]. J Heibei Agri Univ, 2011,
34(1): 105-110.

i i AT, AL, S PN R R R R st (1],
LA B4R, 2011, 34(1): 105-110.

Lin G H. Stable isotope ecology: A new branch of ecology
resulted from technology advances [J]. Chin J Plant Ecol, 2010,

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

34(2): 119-122.

MOLHE. Fose Al R A A Joilb BRI A A 252843 3
[7]. HIMAEAS244], 2010, 34(2): 119-122.

Huang J G. Plant Nutrition [M]. Beijing: China Forestry Publishing
House, 2004: 82—-106.

A AR E IR (M) st P EMO T R, 2004 82—
106.

Chen C X, Xi L Q, Yao T, et al. A review of biological nitrogen
fixation method [J]. Grassl Turf, 2005(2): 24-26.

IR, IEBETT, Wd, S5, AR T 200 g T s RIF T HE g 0],
B EHE, 2005(2): 24-26.

Matsushima M, Lim S S, Kwak J H, et al. Interactive effects of
synthetic nitrogen fertilizer and composted manure on ammonia
volatilization from soils [J]. Plant Soil, 2009, 325(1/2): 187-196.
Nasr H, Ghorbel M H, Dommergues Y R. Symbiotic interactions
of Acacia cyanophylla with soil indigenous rhizobia in a semiarid
mediterranean site: implications of intraplant variation in N
natural abundance on N, fixation measurements [J]. Amer J Plant
Physiol, 2006, 1(1): 54-64.

McCauley A M, Jones C A, Miller P R, et al. Nitrogen fixation
by pea and lentil green manures in a semi-arid agroecoregion:
effect of planting and termination timing [J]. Nutr Cycl Agroecosys,
2012, 92(3): 305-314.

Vinther F P, Jensen E S. Estimating legume N, fixation in grass-
clover mixtures of a grazed organic cropping system using two
"N methods [J]. Agri Ecosyst Environ, 2000, 78(2): 139—147.
Houngnandan P, Yemadje R G H, Oikeh S, et al. Improved
estimation of biological nitrogen fixation of soybean cultivars
(Glycine max L. Merril) using "N natural abundance technique
[7]. Biol Fert Soils, 2008, 45(2): 175-183.

Hosseini B S, Sun F F, Xu Z H, et al. Appraisal of N enrichment
and "N natural abundance methods for estimating N, fixation
by understorey Acacia leiocalyx and A. disparimma in a native
forest of subtropical Australia [J]. J Soil Sediment, 2012, 12(5):
653-662.

Bergstrom A K, Jansson M. Atmospheric nitrogen deposition
has caused nitrogen enrichment and eutrophication of lakes in
the northern hemisphere [J]. Global Change Biol, 2006, 12(4):
635-643.

Li Q Q, Tang L. A mini-review on atmospheric nitrogen deposition
[J]. J Yunnan Agri Univ, 2010, 25(6): 889-894,902.

2R, YR RSBV DR (7], s R
%, 2010, 25(6): 889-894,902.

Wang Y L, Xiao HY, Xiao H W. Platanus orientalis foliar N%
and 8"N responses to nitrogen of atmospheric wet deposition in
urban area [J]. Chin J Environ Sci, 2012, 33(4): 1080-1085.
FAlE, HAbz, HLAh. kAR R AR R
T T KA IR R B S ST [T]. BRBERRE, 2012, 33(4):



5 TEPIRAE . BT NURERBOR B ) - LR G AR ST Ji 487

1080-1085. [54] Yang Y M, Wang X B, Dai K, et al. Fate of labeled urea-"N as
[45] Xie Z 'Y, Xiao H'Y, Luo L, et al. Nitrogen concentrations and basal and topdressing applications in an irrigated wheat-maize

stable isotope in mosses to investigate atmospheric nitrogen rotation system in North China plain: II. Summer maize [J]. Nutr

deposition in rural areas [J]. China Environ Sci, 2011, 31(7): Cycl Agroecosys, 2011, 90(3): 379-389.

1128-1133. [55] Yun S, Ro H. Natural *N abundance of plant and soil inorganic-N

WHETE, Hikz, A, S LT RS 8 N iR as evidence for over-fertilization with compost [J]. Soil Biol

PR RAADERDL (], P EFEERE, 2011, 31(7): 1128- Biochem, 2009, 41(7): 1541-1547.

1133. [56] Zhao D C, Jiang Y M, Peng F T, et al. Storage and remobilization
[46] Zhang X Z, Wen X F, Chen Y Z. A study of the efficiency of of nitrogen by Chinese jujube (Zizyphus jujuba Mill. var. inermis

blending fertilizer based on N and *’P [J]. J Nucl Agri Sci, Rehd) seedling as affected by timing of N supply [J]. Sci Agri

1989, 10(1): 24-28. Sin, 2006, 39(8): 1626-1631.

sk, BT, B2k RGN PRSI A LR RRE, 22, AR, A ASTRIE TS X A4 NI &

HNEAL 9] B2, 1989, 10(1): 24-28. BARBCR BRI [J]. AR, 2006, 39(8): 1626-
[47] Wen X F, Zhang X Z, Chen Y Z. Study on absorption and 1631.

utilization of nitrogen and phosphorus from blended fertilizers [57] Zhou P S, Pei B, Shi Y M, et al. Study on the accumulation &

by using "N and *P in rice [J]. J Chin Mass Spectrom Soc, distribution of nutrition on “N-labeled tulips [J]. J Shanghai

1988, 9(4): 42-47. Jiaotong Univ (Agri Sci), 2003, 21(4): 309-312,330.

WY, KA, MR—2k BIH N CPRFSTK RGBS R JHAA:, FEfs, R, . RAE CNIIRI S E AR SR

FUARASCRI A [T]. B2, 1988, 9(4): 42-47. FUS ML [J]. LISl Ko it ARBHERRT, 2003, 21(4):
[48] Huang Z Q, Wang S L, Liao L P, et al. Effects of plant foliar 309-312,330.

litter diversity on the growth of Chinese fir seedling and the [58] Shen Q R, Xu G H. Foliar absorption and translocation of

absorption of (*NH,),SO, [I]. Chin J Appl Ecol, 2002, 13(10): labelled urea-""N corn and wheat [J]. Acta Pedola Sin, 2001,

1287-1290. 38(1): 65-74.

HAERE, TR, BRI, 55 SV 2R RTAZ AR L AR IR, tRELE. NI RIS IR RS NI ICRE

BeWie ENFRICHEEEIEZ00 [1]. B AA A4, 2002, 13(10): i [J]. HHESIR, 2001, 38(1): 65-74.

1287-1290. [59] Meng W W, Wang D, Yu Z W, et al. Effects of irrigation on
[49] Dong W Y, Nie L S, Li J Y, et al. Effects of nitrogen forms on nitrogen uptake and distribution of wheat using the °N tracer

the absorption and distribution of nitrogen in Populus tomentosa technique [J]. Plant Nutr Fert Sci, 2011, 17(4): 831-837.

seedlings using the technique of "°N tracing [J]. J Beijing For Wl TR, TR, 25 PNORESEWFIEA RIME K Ab XN

Univ, 2009, 31(4): 97-101. 2 R E WY B A BRI [T]. A E 555 ik

AR, Bk, ZEEER, S BT UNRERBFTEE (I AR 2, 2011, 17(4): 831-837.

ARJES A Z W B (], dbathkolk k2224, 2009, [60] Hilscher A, Knicker H. Carbon and nitrogen degradation on

31(4): 97-101. molecular scale of grass-derived pyrogenic organic material
[50] Ebid A, Ueno H, Ghoneim A, et al. Recovery of °N derived during 28 months of incubation in soil [J]. Soil Biol Biochem,

from rice residues and inorganic fertilizers incorporated in soil 2011, 43(2): 261-270.

cultivated with Japanese and Egyptian rice cultivars [J]. J Appl [61] He CE, Liu X J, Zhang F S. Determining total N deposition

Sci, 2008, 8(18): 3261-3266. using "N dilution technique in the North China Plain [J]. J Res
[51] Trépanier M, Lamy M P, Dansereau B. Phalaenopsis can absorb Ecol, 2010, 1(1): 75-82.

urea directly through their roots [J]. Plant Soil, 2009, 319(1/2): [62] Amundson R, Austin A T, Schuur E A G, et al. Global patterns of

95-100. the isotopic composition of soil and plant nitrogen [J]. Glob
[52] Wang X T, Suo Y'Y, Feng Y, et al. Recovery of “N-labeled urea Biogeochem Cycl, 2003, 17(1): 1031-1041.

and soil nitrogen dynamics as affected by irrigation management [63] Choi W J, Han G H, Lee S M, et al. Impact of land-use types on

and nitrogen application rate in a double rice cropping system [J]. nitrate concentration and 8'"°N in unconfined groundwater in rural

Plant Soil, 2011, 343(1/2): 195-208. areas of Korea [J]. Agric Ecosyst Environ, 2007, 120(2/3/4):
[53] Jia S L, Wang X B, Yang Y M, et al. Fate of labeled urea-"N as 259-268.

basal and topdressing applications in an irrigated wheat-maize [64] Wu T X, Huang J H. Effects of grazing on the "N values of

rotation system in North China Plain: I. winter wheat [J]. Nutr

Cycl Agroecosys, 2011, 90(3): 331-346.

foliage and soil in a typical steppe ecosystem in Inner Mongolia,

China [J]. Chin J Plant Ecol, 2010, 34(2): 160-169.



488

P B R~ 4

$21%

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

S S, B RO N S SR A S R SR )
SUNMYSEIR [T, #4524, 2010, 34(2): 160-169.

Garten J C T, Brice D J, Todd J D E. Short-term recovery of
ammonium-"nitrogen applied to a temperate forest inceptisol
and ultisol in east Tennessee, USA [J]. Commun Soil Sci Plan,
2007, 38(19/20): 2693-2704.

Chen Y T, Borken W, Stange C F, et al. Effects of decreasing
water potential on gross ammonification and nitrification in an
acid coniferous forest soil [J]. Soil Biol Biochem, 2011, 43(2):
333-338.

Fillery T R P, de Datta S K. Ammonia volatilization from
nitrogen sources applied to rice fields: I. Methodology, ammonia
fluxes, and nitrogen-15 loss [J]. Soil Sci Soc Amer J, 1986, 50(1):
80-86.

Li S X, Li Z R, Tian X H, et al. Nitrogen loss from above-
ground plants by volatilization [J]. Plant Nutr Fert Sci, 1995,
1(2): 18-25.

AT, ok, A, S5 Y BRI AR B AR
). AP E IR S TR, 1995, 1(2): 18-25.

Bronson K F, Hussain F, Pasuquin E, et al. Use of N-labeled
soil in measuring nitrogen fertilizer recovery efficiency in
transplanted rice [J]. Amer J Soil Sci Soc, 2000, 64(1): 235-239.
Schnier H, Dingkuhn M, Datta S, et al. Nitrogen-15 balance
in transplanted and direct-seeded flooded rice as affected by
different methods of urea application [J]. Biol Fert Soils, 1990,
10(2): 89-96.

Peng P Q, Qiu S J, Hou H B, et al. Nitrogen transformation
and its residue in pot experiments amended with organic and
inorganic "N cross labeled fertilizers [J]. Acta Ecol Sin, 2011,
31(3): 858-865.

SR, LT, RLT %, 45, NS XARCA HLS HLAE R A
B S ER R (0], AR, 2011, 31(3): 858-865.

Fang X J, Jiang Y M, Peng F T, et al. Effects of different sand/

[73]

[74]

[75]

[76]

[77]

[78]

soil ratio on growth and *N absorption, utilization and loss of
potted Malus hupenhensis [J]. J Soil Water Conserv, 2011, 25(4):
131-134.

PR, LA, AR, A RIFTD 4 L R B RS
A B SN, R AR R A [T]. K RO R,
2011, 25(4): 131-134.

Yang L X, Yang G S, Yuan S F, et al. Analysis of the factors
affecting soil nitrogen loss through runoff [J]. Chin J Eco-Agri,
2007, 15(6): 190-194.

W, ki, sERRE, 45 52 AR R AR A R IR
B [ s E AL 2A47, 2007, 15(6): 190-194.

Ju X T, Gao Q, Christie P, et al. Interception of residual nitrate
from a calcareous alluvial soil profile on the North China Plain
by deep-rooted crops: AN tracer study [J]. Environ Pollut,
2007, 146(2): 534-542.

JuX T, Liu X J, Pan J R, et al. Fate of "N-labeled urea under a
winter wheat-summer maize rotation on the North China Plain
[J]. Pedosphere, 2007, 17(1): 52-61.

Chu G X, Shen Q R, Li Y L, et al. Researches on Bi-directional
N transfer between the intercropping system of groundnut with
rice cultivated in aerobic soil using N foliar labelling method
[J]. Acta Ecol Sin, 2004, 24(2): 278-284.

WESORT, TSR, 428k, . FION R RR GRS AR K
TS B BIVE RGP R R XU 6 7], LEZ5#4I, 2004,
24(2): 278-284.

Hoekstra N J, Lalor S T J, Richards K, et al. The fate of slurry-N
fractions in herbage and soil during two growing seasons
following application [J]. Plant Soil, 2011, 342(1/2): 83-96.
Chalk P M, Magalhdes A M T, Inacio C T. Towards an
understanding of the dynamics of compost N in the soil-plant-
atmosphere system using N tracer [J]. Plant Soil, 2013, 362(1/2):
373-388.





