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The development of a technique to certify
organic produce using stable nitrogen isotope

ratio analysis
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SUMMARY

(FELQFE)

In recent years, agriculture has entered a period of major change. With
increasing interest in sustaining economically viable crop production with
minimal environmental impacts, farming without synthetic fertilizers and
pesticides (organic farming) has been widely adopted as an alternative
agricultural practice. In line with this, market analyses currently show an
increase in consumer demand for organic produce. With increased economic
rewards of organic farming, consumer concerns have grown about whether
organically labeled produce is truly grown with organic inputs. The use of
synthetic pesticide can be investigated qualitatively by pesticide residue
analysis of crops; however, the use of synthetic fertilizer is not detectable..

In general, composted manure, which is widely used as organic input, is
significantly enriched in N compared to fertilizer, and natural "N abundance
(#N) of compost is higher than that of fertilizer. This &°N difference
between the two N inputs suggests that isotopic N signature in crops and
soils would differ between organic and conventional fertilization practices. To
develop the &°N technique for detection of chemical fertilizer in crops and
soil, we analysed the &°N of crops and soils receiving the two N sources
(organic input and inorganic input).

The &°N of crops reflected the isotopic signature of N sources. In field
survey from organically or chemically fertilized uplands and pot experiments
of cabbage, crops receiving organic sources only had 5°N higher than 9%,
while those receiving inorganic sources had &°N mostly lower than 6%.

Thus, crops having &°N values lower than 6% can reflect the fertilization of



inorganic N sources, suggesting that the &°N can be a potential marker of
organic production of crops.

The &°N technique using stable nitrogen isotope ration analysis proposed
herein is novel in certifying organic produce, in that the 5°N signature in
crops and soils are indicative of the use of chemical fertilizer in agricultural
produce. As a consequence, a domestic patent for this technique has been
applied for this inventive &N technique to certify organic produce versus
conventional produce, and the PCT for an application for the international

patent was also claimed.
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3#3-3-1 A d 244 v A

Treatments Urea (mg N kg ) Compost (mg N kg 1)
Control 0 0
C4 0 1000
U2 500 0
Cc2/C2 500 500
C2/U1 500 250
ul1/C2 250 500
U1/U1 250 250
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HA obF AR AueA] g2 F&elA EFe] FIAS dotrr] S FA
27 (Contro) & FAT HIRE 7[H2W FAS B5E A4t 47 a4
(U2)¢k HH[(CHE 7Iv=2 ARk A5 Folvh 22 FHlE F+ 4
Aztste] 7ME .4 Astal FHE 2AUL/UDS HH(UL/C2)E A
A 7105 Hu2 HEsha FHE 24 (C2/UDS EH(C2/C2)E A e g

S T U2 AgFolMs &4 A8 ZeA dao i da ofR
S A C4 A FelM = Hu] AlEA] A2 Ao sedad] S o
& geladdnt. U/UL Al FeAs 8478 A& Far] 284 A4
YN WE oR g ess FHIR AN AS FH7] A A w9
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3-3-3. A71 wjFe] A& S5
Aufd = (Y)
%) 20 40 60 LSD (P = 0.05)
A2 &4 (mg N plant )
Control 388 656 700 181
C4 441 (0.5) 1525 (11.4) 2200 (18.1) 259 (2.5)
U2 393 (0.1) 1352 (19.3) 3835 (68.9) 836 (15.1)
C2U1 3028 (31.8) 273 (4.8)
445 (1.1) 1204 (16.3)
C2C2 2277 (16.4) 306 (4.8)
UlU1 4025 (67.7) 358 (14.0)
438 (2.0) 1860 (48.2)
U1C2 3528 (34.9) 373 (14.0)
LSD (P = 0.05) 131 (2.9) 428 (13.9) 369 (8.8)
(gmerel e AuT A4 e Fol B W} FHE D29 FS Ups

®xd3 Frolth)

Al 3 &
wFe] A F9Yau e
Aok (2¥ 3-3-1). Hule AxS
B Sl vla] 6°Ngkel
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A5G Axd v Ay D AN hE A Bdae wo)

o] A s ane g2 ZHERE oy} FH| o ¥} AA BES
& F AT (2™ 3-3-3, 1¥ 3-3-4). 7[HE HHE F F FHE 84
(C2/UDSF HR(C2/C2)Z Yol FUS Wl th& Fe Wol& Hdu. C2/C2
of A% vl Fujel FR7F 29k7] wiEel ol WolE Holx ekttt
e C2/ULe] A5 FHI/l 840 dFem A FHAdLnTt Flo] Hae

= 7 AT T a0 A4 o] gEe] Hu9 Wl =t AelA 7)H

o
ofgk Hulol d3Fel wla| FH|A L4°] FEFS TS Wwopx AA AT

Addiibnmal Fertilieaiinon : nrea _'ll is6 -
I| I ine | )
£ 1
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2 1m0 / [
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s X0 _\‘ 150
b : I ’l‘l J1nm I
2 dmys 441 diays f ¢ 1
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f Z sa Cic2
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_ (T2
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&0 A

a9 3-3-3. 7IHIE EHHE & F FHIR 2 A(C2/UDS HAE(C2/C2)E AW e
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MR 7)HE QAR Fi FH|E 3 E(UL/UDY H8)(UL/C2)E Lol
A FE AT AL sAdan e wstoA] g AolE B (1¥ 3-3-4). &
25 709 FHE AL HEsds A-(UL/UD w59 dih 5994019
e 0%olsts FABAL 238le o &9 fHox HAsATh 2wy FuE
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A ks Wk oyt o Fod Aol A AT (¥ 3-3-5). FA T
A% A A% A%el AAA Ba Bl EdsE A4 Sne Frakals)
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Fetl FHEA RlolE Yo aglk: v dAdEu. 1 AR o|HA F-4
WA e wYe Aol
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LT 1.4 104 |
£ L] 50 | :
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50 50 5 !
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Eaver kaes leaves lemds  lEmies aves kkinves Eaves lemors

19 3-3-5. FA 2 (Control) o] 2k A5A17]11E (20, 40, 60), w5 F-21E (24,

Outer leaves; &%, Middle leaves; W<, Inner leaves) d4 994 n] o] WHol
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AulE EuE A e C4 AT A9 9 B ke FAnue g
Aol7h ERHY (19 3-36). AMAow HNE AUAUL A4 27
W dlel EAlshE TolH Aae) 9o ¥e g FANA, Fu]
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¥ 334 A2A vz Ao wE w3 A% 20d & B RrjgA s F
=g dL F9ay
20 o

A ] Tl A s % (mg N kg') T A e 8N (%)

NH,4 NOs3 Inorg.-N NH,4 NOs;  Inorg.-N
Control 7.1 22.3 29.4 28.6 8.1 135
C4 20.2 200.7 2209 27.2 17.0 179
U2 308.5 114.3 522.9 8.7 -12.0 3.0
C2/U1

24.8 89.2 114.0 15.6 14.4 14.7
C2/C2
U1/U1

96.4 90.1 186.5 12.4 0.4 6.6
Ul1/C2

wjE A5 40 Fells =g FUlH Aavh AehE AeA e vAdw
of olal o] &¥ AN JFF EoEUH (& 3-3-5). old Aol Ao da
b Be e AXNEA Aa BAUn 2o o] 8PN ghol WatA Ha, 9
PHomE BY Egel davh $rsEwA 8N @& U EE g2
frh. U2 A27e Bdelrs o4 gmuole] dart wol EAslx gl
2 WMgow Ax BA9L Bl dojvm Aot

=
Bkl AAE Ao 6PN -TA4% = A

-

32

a g o A3 U2 A
FrA = A A

w3 S 60Yd Folle B FridE AAavE gREE o] gEolA mgom
EASEAL ATE (R 3-3-6). o]¥ AFeAE FUIH HAa FHdabE & 9
nE Ay A gt F2E 227 B g 1 R 2
7b A wiskA s Wk ofyEl AEA dAa FTHdave] e d%E =
& Ak oy TR v Ed Feols B4 o3 HAa 2
27F A g 9lar ofzhe] Wk R EFAATE ofhe st A4

il

FAA807 4
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%335 444 vEe Aol mE B 4K 09 F =g FoRAL b
ANIPENE DEESt
40 ¢

A A% $% (mg N kg ) FAHEL] 8N (%)

NH,4 NOs3 Inorg.-N NH,4 NOs;  Inorg.-N
Control 0.7 5.2 5.9 ND 75 75
C4 11.3 29.9 41.2 25.4 16.7 19.1
U2 136.0 64.1 200.1 149 -7.4 77
C2/U1

25 2.6 5.1 5.6 22.1 139
C2/C2
U1/U1

13.3 13.7 27.0 29.2 11.8 20.4
Ul1/C2
%336 dxd vne A e wF 4% 60d F EF FrHALd §
=2 AL B994H

60 ¢
2 FHE%4 FE (mg Nkg)  Fred29] 8°N (%)
NH,' NO3 Inorg.-N Inorg.-N
Control 1.7 3.1 4.7 26.2
C4 3.7 15 52 195
U2 3.7 1.8 55 19.1
C2/U1 1.9 1.0 2.8 7.3
C2/C2 1.0 3.1 4.1 99
U1/U1 1.6 1.2 2.8 9.7
u1/C2 1.1 1.3 54 18.1
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4 mmel Fwel Aulgel weh wE AAe 8N ge feldow o
Fo W w42 T o x T (controD T MRS W, Hulel A v

BN ge 2 SUMR D, e AgE wFe] BN ke 24 #aAAd
oldl F7heh ZawE AEE Hu) i Fetu|Re] Alu o] F74ste] wie
AR F0E AR Aol Aus Axd WR FRol uteh FAH
Waks goldth FANLN} M2 A4 WaE AR Aol F
o Az FAALIL Wakglel WEF £EL FAdGOL FAALL e
dad MRE ALSe A9t wWFe Axk SAY2t 24 wskar
Tela ol®l AAMA Wk wiEe] 9 ¥9d Ak SH9% WoldME
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¥ 3-4-1 LES A& v g9 Hulo i°N
M 8N (%) e
Mean+SD Range
Hg8? -26 + 05 -39 ~ 05 8
=) 174 + 12 154 ~ 194 10

WZe] EFHE Q4 FAARF 6714 EIuE (N-P,0s-K.0, 21-17-17,
15-15-15, 11-12-10, 12-8-12, 13-0-13, 16-0-12)

T EYG Aot EG FUIH davs fdedAd v fEdAAA
2 9 At #dsdAdA T F7E das NOs 7F 80%°1d= 248

ZIEdAAE NHY 9 NO3 R AR vl&S et ol
o

7 EAANA Feldow o we @e ekt et NH = EFE A}
ol A &N gtol §edoz thea hex wrgkth B HdAelA NH ¢l &
BN NOy o 89N gtuT feoldow o kA ZAEoL, 7% A A
NH, 9 NOs ¢ 8°N @& feldom s tex egt.

N2 Ao & da wrs BAEAAL §159A0N Fedow g2
A srexebe, Ao Wi &ONgtol feldow B (U1£17%) B £7%
AR (146+33%)01 A H Ekor, oA 4=l Fol walo] garh

Ak FEE #g5dAdA 24 B2 5°N gt Lo AAAAS A H7)
FAA N E ABBAS HolA &t}
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F.3-4-2 5715 UA RESS] FALe} Bl A P
A& Total-N NH,-N NOs-N NH4-N + NOs-N
i N(%) N(mg kg')  N(mg kg ) N(mg kg ")
1 0.17 8.6 35.2 43.8
2 0.12 13.3 23.2 36.5
3 0.22 23.1 16.6 39.7
4 0.26 12.1 78.6 90.7
5 0.19 6.3 25.0 31.3
6 0.27 59.4 155 749
7 0.34 20.8 20.5 41.3
8 0.16 60.1 51.6 111.7
9 0.14 119 10.2 22.1
10 0.21 179 16.9 34.8
11 0.35 78.7 80.7 159.4
12 0.16 15.1 214 36.5
13 0.17 19.6 20.3 39.9
14 0.13 10.4 28.2 38.6
15 0.17 187 40.0 58.7
16 0.21 18.2 175 35.7
17 0.25 24.6 25.4 50.0
18 0.13 6.6 22.0 28.6
19 0.11 7.4 335 40.9
20 0.18 60.5 40.6 101.1
it 0.20 24.7 31.1 55.8
SD 0.07 215 194 34.8
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3-4-3. f+71E 4~

=13
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Nl

o] FAXL
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59

o

M)

A& Total-N NHs-N NOs3-N NHs-N + NO3-N
ME NG 65N (%) 6N (%0) 5N (%)
1 9.0 1.9 9.0 7.6
2 7.3 5.7 11.2 9.2
3 10.6 2.4 20 9.8
4 10.6 6.9 6.2 6.3
5 7.3 2.3 14.9 12.4
6 99 19.8 7.3 17.2
7 10.5 11.6 15.3 134
8 7.3 8.8 10.8 9.7
9 5.6 0.3 6.7 3.2
10 104 6.3 55 59
11 114 21.6 94 154
12 11.1 79 13.6 11.2
13 8.6 95 16.8 13.2
14 7.0 1.3 75 5.8
15 9.9 10.6 13.1 12.3
16 6.7 27.6 9.6 18.8
17 8.8 9.9 125 11.2
18 6.1 2.2 116 94
19 6.4 09 21.6 179
20 12.0 22.5 9.3 17.2
It 8.8 9.0 11.6 114
SD 2.0 8.0 45 4.4
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E 344 B FEAA BEFY] TR} FUIH Ao
Al & Total-N NH4-N NO3;-N NHs-N + NO3-N
Me N(%) N(mg kg ") N(mg kg ') N(mg kg ")
1 0.16 5.6 10.5 16.1
2 0.15 7.1 55.2 62.3
3 0.14 7.2 47.3 54.5
4 0.15 7.6 45.2 52.8
5 0.10 56 70.6 76.2
6 0.14 4.3 52.1 56.4
7 0.15 55 39.8 45.3
3 0.10 6.2 13.7 19.9
9 0.12 6.7 27.1 33.8
10 0.14 4.6 254 30.0
11 0.17 5.6 36.6 42.2
12 0.16 6.9 32.7 39.6
13 0.14 6.7 479 54.6
14 0.12 49 24.5 29.4
15 0.13 7.1 58.2 65.3
16 0.15 4.1 29.1 33.2
17 0.15 6.4 32.3 38.7
18 0.15 8.7 24.1 32.8
19 0.17 3.9 26.8 30.7
20 0.1 6.5 35.1 41.6
ot 0.14 6.1 36.7 427
SD 0.02 1.3 15.3 15.6
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® 345 BAEAA wEFe] 2Ax0h Bolu A2E L)
Al 5 Total-N NH4;-N NOs3;-N NHs-N + NOs-N
ME AN 5N (%)) 6N (%) 59N (%))
1 5.8 75 3.3 4.8
2 6.1 89 5.7 6.1
3 5.3 8.3 4.3 4.8
4 55 51 55 54
5 6.8 6.9 54 55
6 6.2 9.2 3.7 41
7 6.4 49 54 5.3
8 5.6 2.4 1.8 2.0
9 5.9 109 36 5.0
10 5.0 8.7 4.1 4.8
11 52 4.4 5.7 55
12 51 51 46 4.7
13 6.9 11.1 45 5.3
14 6.1 2.4 5.7 5.2
15 5.6 79 4.4 4.8
16 5.6 9.3 6.3 6.7
17 7.2 5.3 45 4.6
18 4.8 85 54 6.2
19 6.6 129 47 5.7
20 7.0 11.6 5.8 6.7
Lt 5.9 9.0 47 5.2
SD 0.7 3.0 1.1 1.0
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#E 3-4-6. BB FAA FEA Y dagdd B ArEda]
Hg A
A
N(%) 6N (%) AEE

1 3.2 49 Zea.

2 2.95 3.4 Zea

3 3.20 4.8 Solanum
4 3.90 0.6 Solanum
5 1.97 53 Capsicum
6 2.72 3.7 Capsicum
7 2.44 5.0 Capsicum
8 2.84 5.6 Brassica
9 3.63 0.3 Brassica
10 2.14 5.0 Brassica
1 4.80 2.3 Cucumis
12 3.82 2.5 Cucumis
13 2.72 2.9 Cucumis
14 2.22 5.3 Cucumis
15 4.05 3.7 Lactuca
16 2.37 45 Lactuca
17 2.19 4.8 Spinacia
18 1.77 6.4 Spinacia
19 2.50 45 Perilla
20 1.63 5.7 Sesamum

Bt 2.90 4.1
SD 0.84 1.7
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71594
NEHE
N(%) 5N (%) 2 EF
1 4.27 14.6 Zea
2 2.76 20.7 Zea.
3 4.45 134 Solanum
4 5.12 15.3 Capsicum
5 2.52 13.6 Capsicum
6 2.53 16.6 Brassica
7 3.18 16.0 Brassica
8 3.72 10.5 Cucumis
9 414 16.2 Cucumis
10 2.35 11.8 Cucumis
11 2.47 14.8 Cucumis
12 3.61 14.3 Lactuca
13 2.98 14.2 Lactuca
14 1.26 13.3 Lactuca
15 493 12.1 Lactuca
16 1.60 9.6 Spinacia
17 2.58 9.3 Spinacia
18 3.93 199 Perilla
19 4.42 21.2 Sesamum
20 4.29 144 Sesamum
i 3.36 14.6
SD 1.09 3.3
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N kg'S ¥3etgar, pHE 580Ut EF Wl 2449 6°NE +89%¢°l Tt

E9F 25gS 48709] 100ml incubation flaskell €At} 24704 =2 o] 3I&£S
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o} flaske= 24A17bell 3 FAIE SAHS L, FiEs el dA st
A AFo] vs R FANG FHTFE HAUEAT 4
G2 TANA, ESEEFS YA FrIAow Z442F 3MA Y flaskel A AlRE
A F &k Aot

NO; )= 7t flaske] E el 60mlel 2M KCI& <& 7}3t
Z3dth. FEY F 16mlE 57, HiBOs-indicator &4 o2 ¥ 3] 3}o]
%

= =]
=1 , T
129 $EE SARET, A FEAS FFH, LSOEN0E 27, £

=
= == y
RS ZAA A& 18 7FE(ammonium sulfate)= &°N =4 o] A}43519
NH,-N 5% 749 ¥ A+ v 9 first-order kineticsE Al&3te] &
53ttt

In(C/Co) = -

( Cot 7] 714 5%, C AZE tell A9 713 5%, ki SE4F)

s

NH, -N &% Zaol tidh s994 234y e bl A oate] Al

1 N
tn 10 %8, 4+1 )=( Dinf

(f AIZF toll Al wh-g3lA] Fe 71de] vl & §0%7] NH-N¢ a°N, &:
A1 7Hel A NHy -N9 &°N)

NH,-N 5= 2xslEco A 74 %< 1648914 344 mg kg ‘o2 F2A3}
A Aastga, TESNAE 368 St 16249014 242 mg kg Loz A A F]

w7149 H%7} Michaelis A4 (K)ol B8k 2S¢ first-order Kinetics

o ZFET NHY-N % o] g x5 BXsiEddA] 021d°
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NH; 9] 6°N& BxsEFo| A 0404 +57.2% %, ESHE R A E +0.89)] A
+21.0% = S7 et th NHy -N & fhaol] #dEe= 59Y9a B35y s
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gk NO3 ¢ &°NE gaduhgd o] NO; o ¥%7F @7l w#ol(5 mg kg
ol3h) 4 8HA Fgkrh.

o] Ao NHy F% Fad #H®E w992 2T ans EEYS
S

1.0DES EXstESFA.0)A o ok F5st-F7]8 wkgo FJExldo] 37
HzAGA B W s/AzAAE Aaks W] wEn AuHew
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S Azxste] B84 ] W ARAES 308 olUlE ©ET 5 AT F 6
Aol wigol A 15709 FEo] uisiA F 32719 AEE FHEY B Ay
Frlsoz SAsHA sEEE gl AW wkde gEnEE AYstvia
s s AR AT £ 0 Ade A4S H8E ste Ak A x3st
Ik B Aol gatuas e 4 dEE 5% oldte] EUN e
ZHATha shlEd wdl fEElgell A ZARS Al s s 57 AlEClA o
° ‘H%é}air:}. Y3 fUlEAER R FOAE ASE W o3l BN #
S A e ARG Azl disiAE 16717F 43 f7]sakE
S gl 28y U A 117 A8l daidEs A AARS YA AR
B B3 AP F712 vEd maA BT Bast Aok

# 3-6-1. U FrEFelA AujEm Qi f7lEAEe] BN 4

A= 5N (%) A= 5N (%)
4} 1.73 Y 5 9.29
a 3.71 A% 9.89
) 4.25 ! 10.32
Zh= 4.47 AL 10.62
S o] 4.61 g5 11.34
&5 5.29 x| A 2] 11.79
a1 5.65 Bl % A 11.92
A 6.55 a3 12.94
) 7.07 2 7 2 13.22
=] 7.20 e 1351
4} 7.34 g5 14.36
7l 750 5w} 16.02
el 757 g5 17.69
St 7.79 90 21.09
%%} 797 ns%F 21.93
2 A Q) %] A &) 8.64 Y5 2597
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LW A% AelA el WF AxgFt 5ON ghe] FAH wol

¥ 1-1 A% A7l ge wF da) Ree) 6N

5N (%)

Treatment
20 ¥ 40 o 60 o
Control 14 2.1 2.2
C4 14.3 165 12.0
U2 -4.1 0.4 0.3
C2/U1 34
12.0 10.7
C2/C2 9.6
Ul1/U1 -2.2
-2.6 -1.0
U1/C2 2.7
LSD (P=0.05) 1.2 41 24
T 1-2. 93 AS 20¢ o B9 A4 i°N
20 ¢
Treatment 94 =4 W4
. LSD (P=0.05)
&N (%)
Control 14 16 0.8 2.9
C4 15.3 145 115 1.7
U2 -3.7 4.2 -4.0 1.7
C2/U1
135 12.1 10.4 1.1
C2/C2
U1/U1
-0.9 =27 -3.4 1.0
Ul1/C2

_65_



b
—
e
=
ol
o
Ho
o~
o
e,
=2
K,
-z
d
e
i)
P
Lo
I:.I'»—A
ZQ, 1

40 &

Treatment 94 =4 4

- LSD (P=0.05)

i N (%)
Control 0.8 -0.4 -0.1 4.6
C4 178.9 18.0 135 39
U2 0.6 0.3 -1.1 46
C2/U1

13.4 85 11.7 3.2
C2/C2
Ul1/U1
1.8 0.8 -0.9 2.8
Ul1/C2
Eo1-4. w3 A 604l A F9E A 8PN
60 &

Treatment 94 =4 B

- LSD (P=0.05)

i N (%)
Control 15 19 2.9 2.3
C4 125 9.9 13.6 1.7
U2 -1.3 -1.6 2.2 45
C2/U1 55 19 0.2 3.0
C2/C2 8.8 9.4 11.1 3.4
Ul1/U1 -4.0 -2.9 -0.5 3.8
Ul/C2 14 4.0 3.6 2.3
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3. @l Aol e Ao 6PN kel AAH W)

% 3-1. BEIEGo A wjFAztel wE NH, 9 sweb 6°Ne| W3
Incubation time NH4 -N concentration 5°N of NH, -N

(day) (mg kg ') (%)

0 164.75 -0.44
0.17 159.85 0.02
0.42 155.73 0.86
1.04 150.04 2.68
2.17 118.64 9.52
3.25 97.09 20.68
5.04 54.73 38.60

7 34.40 57.23

¥ 3-2. LB A HjFA 7t w2 NH, o F%=9 a°Ne| s}

Incubation time NH; -N concentration 8N of NH, -N
(day) (mg kg ") (%)
0 162.40 0.80
4 132.73 2.72
12 92.42 5.80
16 65.70 9.62
20 52.62 12.31
24 42.14 14.99
30 33.75 17.56
36 24.19 21.02
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3-3. EX S EF A wgAzte] wWE NO; o FEeo} 6°Ne ws}

=]

Incubation time NOs; -N concentration 5°N of NO3 -N
(day) (mg kg ) (%0)
0 32.00 -3.34
0.17 36.41 -4.93
0.42 48.03 -6.24
1.04 52.34 -10.2
217 70.21 -18.04
3.25 108.13 -16.78
5.04 131.53 -15.00
7 167.37 -8.63
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