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B S5EENEERNRRRER M =IHEM
PR, AR EES Y, ARK T8, BEy

CUrp R ML R B AR IR BS 5 T R ST T, ARV B S AR T 5208 5, bt 1000815 2 rp AR ML R}
B Erdsfe e R 5%, dbat 100081)

B FE. O TIEIRHERE R BB A ME RN TAT Y, AR T AR R AR R
BRSSO R O )07 R E AR e BB 4 AR WOEHHLIE (N 400 kg - hm™), J&if
MipR 2 (N300 kg - hm?) FEili R % (N 400 kg - hm2), PAESHIR CRMEHAEATAIRELD . 45 SR WA R
BHAAET 3 BN ERE (B 8PN) ZR 83 (P<0.05), EICHBUGEENIE > X > REtRE > #
MR EE o A AERAE T 8 8PN {4 R BT & BB S T P AR AR A LA, WMt LA s A S
20 do AN[AIAREE B 8N AR A 2 5 B AU 5 - 18 8N (AR (L AR Ao 5 15 AR TR0 81O {8 b A 4%
Ty At > M > b B ISR SRR S A B i . R b, B Py R L) 8N AR
AT LA Wi AEAE IO, AT T S5 W7 L3 S e e 2 v 2800 1 e e S SR A A 4
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Identification of Organic or Conventional Lettuce by Nitrogen Isotope

YAO Zhi-peng', GUO Zhi-cheng®, LI Yu-zhong'?*", XU Chun-ying', LI Qiao-zhen', and FANG Fu-li'

("Institute of Environment and Sustainable Development in Agriculture, Key Laboratory of Dryland Agriculture, Chinese
Academy of Agricultural Sciences, Beijing 100081, China; “Environmental Stable Isotope Lab, Chinese Academy of
Agriculture Sciences, Beijing 100081, China)

Abstract: 8'"°N values of lettuce and soil were studied with different fertilizer conditions to prove the
feasibility of using 8"N to discriminate between organic food and conventional food, 4 treatments were
laid out: Organic fertilizer in traditional broadcast way (N 400 kg - hm™), urea in partial fertilization way

(N 300 kg - hm™), urea in traditional broadcast way (N 400 kg - hm™) and the control without fertilizer.
The 5'"°N values of lettuce and soil in 4 treatment were significantly different (P < 0.05), the order from
high to low is organic fertilizer > control > urea in partial fertilization way > urea in traditional broadcast
way. The temporal variations in the 5'°N of lettuce and soils were similar among 4 treatments: Their "N
values increased rapidly at first, then reduced slowly and stabilized finally. Maximum appeared in 20 days
after transplanting. The 5'°N value order of different lettuce organs is external part > root > internal part,
and the difference is significantly (P <0.05) . To sum up, the 8"°N in inner of lettuce and soil can be used
as a marker to reveal the history of nitrogen fertilization. It is useful tool for identifying the use of

synthetic nitrogen fertilizer in the process of lettuce planting.
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A A LR AT I TR R B e B S A AR5, M2 S HAIEE— E%H A%
(RIS 59 SRR R, B AR Al 2 R IR AT 25Kl 753 Choi 45 (2003) [URFZE R, PN
FHE PN, RIVERE FIAE A T HARME I b, H—HEA T80 mTBE R I it A HL
HE (AT 2 dhs . Nakano Al Uehara (2003) 7554 il FH AN 7] 0 22 AL At (1 81N Fi 81°C (miF oy th %
Y, 5E 8N WIAE A LB S SO I J77: . Georgi 25 (2005) e H WS VR, B EMH 7
AN A 2 1E R 8°%S. 6'%0. 8C. 8N WMt 4 i Bos, PR AR RS AE % 87*S A1 8'%0
PR, (HAPLERSER 0FN BB m TR MR 32 . Camin 25 (2011) WF5TAIL, 8PN &
BB WK R FE SR K SR B A dRhs 2 —

SNSRI, N RS e [ 2 AR AT LA 0 i R 22 kIR, NI A5 e A s A
()7 B4R 0 (Bateman et al., 2007). X /& TALIEFAHUIES SN & EAR, T4~ 4 e
NRERBE TS, AEA B FE P &AM, IR 8PN (5 KA, — e -2 ~ 2
20l AHUBLEIE G FE b h T EA L ZE RS, I HUIR S (IR EE PN 8L 50
BEENS, LK 8N 75 10 L b, @& A[iA%) 20 (Bateman & Kelly, 2007). iXFf
FE 5 Qg R FH 81N AR SR 4 e A LIRS R o 2 5 i T A R A T AT AT

AR 1K) F Rl A B 8 AN [ S B AR [ e A o) 5 1 AN ) B A 61N A K 43 81N 1y s,
AT LI BH AR FH S0 e TR 28 i A AT WL S oA a2 2 75 it FH AL B TR T 470, H/E Bateman %5
(2007) BREGIEME F A e B4 B R IR AL AT 254 .

1 MRS A

1.1 HAREEE SR

i ARG AR A AT SO B2 T BT (AL TAE A3 04T A0y 2 R i dled iy - e
T RREE RS E, HEmR 2 W, AT, . BB, P8 HKNE 2 684 h, 4173
it 11.8 °C, /K E 550.3 mm.

2012 4F 5 J] 6 HIJFUR B R 1, & A6 o DL AR A F AR L 10 1 IRA T . & il e
R EEEDE . WL KL RESA, QSIS E IR

6 J320 HiEh. UIMIHTIEMI AR INE, il 4 M. BtadIAE (N 400 kg - hm™).
PR 2 (N 300 kg - hm™). UK 2% (N 400 kg - hm™) A AT AERE CRfID, &3 3 IR
5o BRXTHRAL, BT A B (B R A AT I 2 2 180 kg - hm™. RIS TT AT L. ATHLIE.
PREZZ( 8N (A Mk 4.18 £0.17. 10.45+0.35 Fl - 1.62 £ 0.12.

AHUE (N 400 kg - hm™) AEBEFIHOE R 2 (N 400 kg - hm™) LB ot e RG22, 5t
JR% (N300 kg - hm™) AbEAEL2E (1 RN TR . AEREA 3R R0, 22 1%k 1.4 m, RNREh
1.6m, K 16.7m, 20 cmo. FNMEEACEEZ 3 NER, Ay UCRH B A 2 17, 1785 50 cm,
BREE S0 cm. SE RTINS 55 15 R THE BR8N 2354 1.15 g Rl 4.84 £ 0.05.

1.2 #HmBEEMLIE

B BN 3 e M R IUORE I AR AR, T AT 5+ 204 35 150 d HUFE. 55 FERE B HL
KAL), oM R FH A SS EER . RIRRESH] RAEUI 25 B 5 em &b, UK 40 om L3R, EAA.
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SEAHIG, TIEPE AL, 2 A FTE IS B AN FBAL FI 48 1, AEIXLe i fid
YINCAT PN S RPN IR R N, R LM (del Amor et al., 2008) , A[EFBALM 8N B
BEANIA] o 2 T EASEAR [ BE R AR e P o) 5 12 AN [0 81N AR PR S0, K EOURE PR 55 1500 A 4 989
M EASRIAR . B E R OANAESNEGI AR T 1 em® A5 ) AR CAAM ) A BN (0 2 4
M AR, FZMKIETEIGAE 105 C R4 30 min, RJ54E 75 'C FHLT 24 h EiE 8., B
FERTE 75 C T 24 h BIEE. MG, FHEREBYUAESOTERGE, i 100 HiF, #H.

1.3 #ESS N

8N G BT AR AR R (R 2 A T G FH BEAT 0 M, TG Elementar 23 ) 277
] vario PYRO cube JGZ 7 M, TG A IsoPrime 2 7] 4 7= ) IsoPrime100. I 22 45 %K H USGS43
FITAEA-N1 954G IE, FES T FE A AERG 12 ANRE S IE A — N SZIe S bR UERE S (8N EN 7.02),
FH T4 AR 28 20 B i R bR S o (PRGBS o ARSI 2 W 250 £ 0.02%

RARW IR [FIRE 4L — R 8 18 (S B T80, MFRFME, PN AERS T AR
FEASRAR N, HAERE, PN R T 120500 0.3663%, $TRAE N PN ke E 32 . 3 8PN
SR AR E M (PN HREMZE CND) JETEEE R ¢ (Ris- Ry 52 E AL
WM Ry (Rys-Ryg ™D MR, BTSN KE R, 8°N= [ (Ry-Ru) -Ryu']x 1000

] Microsoft Excel 2010 #AFHEAT Hifls Ab AR, W] SAS 8.01 BATFEATHIZGL ik 70 b, K
F R T5 ZE B i LSD VR AT 22 S 4t o

2 RGN

21 TIESUNEHT

W 1 iR, R0 d UG HLIE (N 400 kg - hm™>) &b P 1438 8N {5 55 3 K T AN i (1 6t
JEALFE (P <0.05) , XMW HAHUIE S &8 m 7 H3m 8PN (P<0.05) , [FIRHHUGEAHLIE (N
400 kg - hm™) FAbF! B2 KT 53 0 JR 2% (N 300 kg - hm™) (AL BRI PR 25 (N 400 kg - hm™)
RIALEE (P <0.05) o T JREMEHJRZE (N300 kg - hm™) AL FRUMOME JR 2 (N 400 kg - hm™) kb
HIE AR TR (P <0.05) , 5 A Mt FH AR AR 25 I 8 (R B 38 N . B BB E B R
Jiti FH A LB AL B 1 - 19 815N R85 K 25 KT R 0t PR 22 1) Ak B RO PR R AR FE (P < 0.05) , iX
FERUONEHUIE R N R, AR N, s s PN D E AR

MR 33 8"°N A B HURE IR ) f 238 AL IR o ANt A B, 480t A HLIE A B0 48 81N (B 297E 6 ~ 8
206, T A R R A AR B 3 8N AEIAAE - 1~ 2 0], 3 A S S A
EANTR M T — @M LR B (.

%1 TREMFHTTERFRAXMLE "N BN
Table 1 5'N of soil at 0, 5, 20, 35 and 50 days after transplanting

Ab iR/ (kg-hm?) SEME )G RS Days after transplanting

Treatment Fertilizer rate 0 5 20 35 50
JHitif HUIE Broadcast organic fertilizer 400 7.53a 6.73 a 6.47 a 631a 6.85a
Jai i K % Local fertilization of urea 300 -021c 037c 1.32¢ 0.89 ¢ 0.53 ¢
Uit % 2% Broadcast urea 400 -032¢ 0.57 ¢ 1.38¢ 0.59 ¢ 0.83 ¢
AL D No-fertilizer (Control) 0 4.52b 432b 4.85b 5.19b 4.98b

Ee ARFRERR AN FAL B ZE 5 2%, P <0.05. N

Note: Different letters denote statistically significant differences among different treatments, P <0.05. The same below.
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2.2 Z: IE]NHEI}EP?S*H ﬁﬁﬁﬁ ERT‘I-%-Eﬁ]SNE(] $2 urﬂ —&— A ML Broadeast organic fertilizer
Wi 1R, ST, AR O R Lol etlationof e
[ b T 55 T R 1 8N E A SE RS S d IR |y A RHEI(IHE) No-fertilizer (Control)

T 2.07, 1 JRSit R 2% RO PR 2 AL PR 5
HFRI 8PN {H M BIFRE T 1.95 fit 2.82, H5A
it AP HE AL, 0t A AL 4 Ak 8 v 6 TR
1.82, Ja il it FH PR 22 RN J% 2% 1) A 243 531 B
AR X FRA 2.15 A1 3.03. 5 #kk 8N
(R R I () AR S — e R, B sen, Fe

8N

20 d 5 I8R5 KAH, ARG BRI — e (i T %y 5 20 35 50
FeoE o XA AL th H 3N & A 5PN Daysigﬁiﬁaming
G (Yoneyama et al., 2003). 7% B1 FEEEEETEE o N EEHK
EEAKIE, HEERAMNER ARG ALIED Fig. 1 "N of lettuce under different N fertilizations

oL, MR SE R 33 b AN, T LA

P 8N ZE AR K, B T8 AR K S, Harh el R RS B, RURAE 28R At Lk A
ik (Mariotti et al., 1981), ARG ERT NI (Choietal., 2002) , UIGIAEPIRI ) A
Zh, RIS R 8PN 5ok T e LA TR BN 8N L4525 (Hogberg
etal., 1996) , FTLAARJE %4185 5 8N E# TRE .

ARIGHF TS R R, FEMCERAT 8N A 2 A B g AR, H0E A LA F) Ak B B A it FES 4 4 R
2.64, JayiS it FH PR 25 1 Ak BRI J% 35 10 Ak B 43 31) LU AN e B P4 56 FRAEG 3.15 R 4.33 (] 1D, UiHAAN ]
BRI 25 (R BRI AT 5 12 AR 1) 8N AT Al T R (K S, G AT WL 2 1 S vy 5 15 4k 8N i
Tt AL I 45 38 BRI B8 MRk 8N e ASCSRINF - B b 385 1 81N B I LR T LA Y, A HLAE
5 AT A 50 B PN A BR8N A E T 55 AL IR PSR B 8N I T 5, DR w) LL% BE
FH 8N AE A 5 A g S 5 1 15 A ML I 1 e
2.3 FREINEFZEFHE RS S E AR RERI6 "NER S0

W2 1 Fias, B ERFERBAL 8N AR B IR a) 28 b U 15 0k 8N E AR AL A ] o AN
[ AERERh AT B4 T, MR 81N LB A58 1 A R AR 8PN 2 1] 36 15 ) 8N
1 AL T4 8PNl (P <0.05). X5 Choi 2% (2002, 2006) FI Nakano I Uehara (2003,
2007) B FTEE RARL.

WH, ARG 8N AR /N HAR[F 351 8N M, 40T P 135 5N AR L BRI
BHOMEAN . B AR, 35 8N S 2UsAs k. (R D, BEmsIEmEY 8PN 1251k,

%2 RETHRTRAXBFFEIBAL S N EHEK
Table 2 The 8N variations of different parts of lettuce

5d 20d 35d 50d
s it + Shat Wik At T TR
Treatment Inner + Outer s Inner Outer s Inner  Outer s Inner Outer )

leaves Root leaf leaf Root leaf leaf Root leaf leaf Root
Ui MUIE Broadcast organic fertilizer 6.87 a 341b 744c 13.81a 9.49b 6.40c 11.28a 8.81b 6.04b 10.14a 589D
Jaii i )ik Z Local fertilization of urea  2.89 a 1.01b 422c¢ 797a 6.64b 142¢c 6.0la 3.60Db 046¢c 526a 2.61lb
Uit % 2% Broadcast urea 2.02a 0.73b 4.12¢ 784a 56lb -036c 489a 1.88b -0.69c 4.6la 1.46b
X ANl Control (No-fertilizer) 5.05 a 424b  545¢ 98la 855b 577c 8.65a 6.59b  505b 7.82a 4.88b

M3 AT LRI, 5 P 8PN BT 1 5N, A 8N EREAN A E I A
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KT AT 8N SXARIESE T 5 1 Py 8N SRR 8N JEA—50, 551 Py sy B bk 85 ) R
MR BFTHAL, AN IEREE R, SR O AR AR RS AR A S s . 1 s F AR (A [ A 3R
AFARHEAE I ] AR AEZE K R PN B 245 L (Yun et al., 2006) o PRI [F) A7 32 AR AR AT
LAB IR H 5 B AN TR 2R B B R 3 AR, R IETEAN [R] AR S 5 T R 67 3 i AR i A 2 4
Rk, G AN AL AT, A DS BLE b s H LR S Rl R R T R S LR
RALIHERRTE,  FE 7 b AT HLBR S S B AR R 3

£3 HESNMTSHRA SN EE, A, SMH5EE N MEE

Table 3 The difference of 3'°N of inner part, outer part of lettuce and soil

. Ahi - Pyt [ = A - 3

A Outer leaf - Inner leaf Inner leaf - Soil Outer leaf - Soil
Treatment

20d 35d 50d 20d 35d 50d 20d 35d 50d
HUiti4a HUIE Broadcast organic fertilizer — 6.37 4.88 4.10 -0.09 -091 -0.81 6.28 3.97 3.29
JaI i ) 2% Local fertilization of urea 3.75 458 4.80 2.90 0.53 -0.07 6.65 5.11 473
Uit X & Broadcast urea 3.72 5.25 5.30 274 -095 -1.52 6.46 430 3.78
MR Cit D No-fertilizer (Control) — 4.36 2.88 277 3.70 1.40 -0.10 -0.49 -231 -221
A} \/\
3 Wi

T AN R BB FA A AE 22 5, AU IEE iR HIE R S R RN, SR+
HER R ZRFE (Mizuhiko et al., 2007), A7 HUAE AT LA 47 v 1358 SN R, 1 Ak A D)4 W) Bk BARAEG
3 8N Ao DRIAE A HLERSA I, 7o - 39 G 1R A7 2200 2 S i A L SR ot A v i 75 it
AR B RUEZ —, AR IR DU A HUIE 0 135 8N fH7E 6 ~ 8 ZiAq, it A H) b
A+ 8N MELE -1 ~2 iAo

SR 8N AH Hh AR K B rh B i R ko, SR R R BRI A HUE. AL
A3, ARF R 5PN AR, B S A BB, fEANEIRE 4 T, Rt e oI
R, JCHACHFW AT, MW AR 2 RE 2 22 JERL K 2520 (Choi et al., 2003).
TR T WA P S35 A A PR 4 ) RS e AR AR R, OB A R 4228 4k (Choi et all.,
2005), T PN 5 N MELHIRACE, PN SN A, A AN . i AR
AP Ny B AEIXANERE PR RAT R AR N A, PN S B T AR, MBS A
T SMIEE . RIMIRARSE N Tk, PN MR R, 8N fE . D AR i S [ AR £ 3
BROUN 25, xRS, aTLUAWT AR L (Lim et al., 2007).

AR FTR T, At N\ 325 B - $98 [R) 7 B8R AE XA i (RO RE 2 6) BT R 1) 5 B M iy, 55 15
8N {E BN Tl AR Ak S B MU, BBk R BN, 2 20 d JEIA B, B AR R el
JEaTRGE. WEARFAL 8UN AR KZES, SMBI 8N AT 8ON M, JF RT3 Wi
(H) 8N A, 5 T P X L) A 22 AR A0 B A RO DRI, 58 1 10 PR P 4D ) A7 23 i B 4 2 i A
(IS, bl B A R S S N T WLge S I R 2 Al o (RIS, PEASREG Th &I, AT
HUIBHI B B 8N 2 T P Ah i AL A (sl o A B, 3t g A LB S 1 ] 4o B AR I AR I — 52 R TR
Yoo CEOHIEWTITABL, BT LUF S 155 Py 8"ON R0 o a0 e A WL 10 2 7o e R v 2 5 e AR A e —
ANHEAE, HILUHE( N 5,

R, R IRI A 8N SKIX 0 B WU S5 S MR /742 14 2 )RR (Bateman et al.,
2005), BARASTIEGT /T T it FHAS [R] IRk ) 438 [ (07 24 A0 B0 500, 45+ 77 Bl 38 1 A R 2 4338 61°N
AR, (AR AN 2 A DIARSGEE, i S48 Jn 1338 NOy™-N Rl NH, -N (1) 35 & R [R] 7 24
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AT, SR ARG S A AR fRe . SACRIRAILE, Ak AP R, SRR A7 U B
A% OV HUEAAIEIEFAEH], JF HAENERAS S I IERBEAL . AP A, BAROevF
JEHATHUIL, (EATHUILFEFEAE AR SR 2 FE . BE LA IR 1), XL IR 32 A xR 58 1 R 07 230y
L= A SR AR o XU 2 B 22 IR G s, RN 25 A S e e, DLSEIAT BB K
R (R 2R S A (14 DR 1 245 . H o
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