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Determination of Calibration Curve for Total Nitrogen Contents Analysis in
Fresh Rice Leaves Using Visible and Near Infrared Spectroscopy

Young-Rip Kwon', Mi-Hwa Baek, Dong-Chil Choi, Joung-Sik Choi, and Yeong-Geun Choi
Jeollabuk-do Agricultural Research and Extension Services, lksan 570-704, Korea

ABSTRACT : Near Infrared Spectroscopy (NIRS) has
been used as a tool for the rapid, accurate and nondestruc-
tive assay of the fresh rice leaf in nitrogen content. NIRS
used in this study was visible and near infrared spectros-
copy type instrument, Foss model 6500. To obtain a useful
calibration equation, standard regression between the
data was analyzed by chemical analysis and by NIRS
method. Accuracy of calibration equation for nitrogen
content on fresh leaf of rice were 0.879, 0.858 and 0.819,
respectively. Accuracy of calibration equation after outlier
treatment increased as 0.017, 0.02 and 0.061 improved
each with 0.896, 0.878 and 0.880, respectively. Calibration
equation combined using merge function after accuracy of
calibration equation more increased by 0.911. Difference
analysis value between calibration equation and lab value
by kjeldahl showed 0.001%. With this as same result is the
possibility of closing the deterioration of the sample in
order to omit a construction and pulverization process it is
judged with the fact that the nitrogen content measure-
ment of the fresh rice leaf which the possibility of reducing
an hour and an expense is by a near infrared spectroscopy
technique will be possible.
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dalsich AlERe A2QIMINEE 11-4.5-5.7kg/10a% 319
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F53E-4 7] (NIRSystems, Model 6500, FOSS, Sweden)g ©|
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1, 2, 3 - principle component element

Fig. 2. Three dimensional diagram of fresh rice leaf.
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Numbers of sample

Total nitrogen

Fig. 3. The ranges of the total nitrogen contents in the fresh rice leaf.

= AAA Azteby AztEnh e o, AE,
FoAHe] AEE merge 7152 o83l ¥ A
Fig. 30X HEi= upel o] Wlud Agxel 77k F&
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vl stk

B ARG A2eT 7

h=3

=g sla) ABAL Aste]
2=

SEC, SECV, 1-VRgto] |52
sk A dE AR dg ALEe] s EF
Q AHSEC: standard error of calibration)} A7 Al =%
coefficient of determination)= WeRATE SECE X & |1

o 7hea5 JgdE slARde] AYUert 558 vk

gArde] AL =7k BFAHSEP; standard error
of prediction), 25, AR 2|3t o) 5gke] Hrat 3}
apEAzke] Haatel 2jo)Q) BiasE YERHTE A9 FHEQ
SEP 2 & Jied BFRde SEC B rdf 7hers,
Biast 09l 7755 7 Rdo] FE3hS ofu|ith

B ARG 2o HE e YA o] 0.878, F3t
o] 0.858, X0 0.8198 UEPITKTable 1). o]&gt
A= Begona(1995) So] A Aoldlx] Adelx B3t
AL, zeld 4o vgiMe dou, I8, a4 43

Table 1. Calibration by partial least squares method in fresh rice leaves.

Numbers of sample
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4 #71E, pH 3= Hxd A34E YeblTh Antonio
(1995) 52 Z=2u9} glojmelroA A AFEE 0.964~
0.953& B3I, AZRAEE 0.988-0.9728 RIS C

o, AzA 87} AAA R v 0.02 AT o AHE et
Wt B Ao Agel v wE o] AAAIEIF 0.1 A 2A

YUelgtsd old die FF Ead7AE deth
Berardo(1995) T2 AA AlSFe] FY7F SXNA 0.85~
0.98% Rslgie=t], olefg Axje} vlwshd £ A7ellA 0.1
Az A JeRdt) Dardenne(1995) 52 AA| Al E4o
A Bl w} 078014 09871 Houdle] Alge wat &
ztol & vERlTE AR olA Outlier 7HE AAT & 7
2lg A ZAE At 7} 0.896, FrRHoA 1S A A
S T HAEAE oA A A3 0878, AN 4HE

™ o=
AAS & AZae A 2%t A3t 08802 2z 1.7, 2.0,

= 012
6.1%4 FEUTE g, b, AEAGe MRS ol83}o
247} NS A Al vIsl merge 71%%& o185t A
FAE s, oA ThE AAG F AEHE oA F
A% A 09112 Ao=rt HE FIEUAY. B A%
A48 Outlier® AT 3o d&gke] TFAka HF

219] EFEQalgre] SAEJATHTable 2). ol9t #e Axe

Region Outlier treatment - Bias Slope S.D. SEP No. of Sample r
I Before -0.004 0.997 0477 0.166 153 0.878
san After 0.000 1.000 0.471 0.152 150 0.896
P Before -0.011 1.01 0.491 0.184 103 0.858
uan After -0.000 1.00 0.484 0.168 101 0.878
| Before 0.004 0.953 0.473 0.202 120 0.819
oungup After 0.001 1.001 0.479 0.165 116 0.880
Total Before -0.001 0.976 0.522 0.174 376 0.889
ota After 0.001 0.995 0.525 0.157 369 0911

S.D. : standard deviations, SEP : standard error of prediction
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Table 2. Calibration by partial least squares method in fresh rice
leaf.

Outlier SEP

SED(C) AVE. Bias

Region treatment  (C) Means limit global H limit

Tksan Before 0.167 3.572 0250 0.885 0.116

After  0.152 3.583 0.250 0997 0.116

Puan Before 0.185 3215 0.258 0977 0.119

After 0.169 3229 0258 0977 0.119

Jounsu Before 0.202 3.751 0.268 1.033 0.124

B9 Afler 0.116 3.746 0268 1.020 0.124

Total Before 0.174 3.531 0254 0943 0.117

After  0.157 3531 0254 0938 0.117

SEP(C) : standard error of prediction(calibration)

SHEe dugoz ARel A el AEHE 93

Aoz A 5, s MFE Folx, AFIS <

A3l st B4 B7RA AsE A dFe A%
s amviEadzel APAY Bod FE L3 wHY
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T 28 el AAE HH A0 wEt WS
A Y REoR AF AMHEHE 144,15 244,01 28]
2,10,10,1% 233tk Table 3~35). akx|H 2] 12} v 0.832,
22} B1E- 0.8558 YR 0.0132] Xpo]E BT} Hekx|o 9
12} BlE 0878, 22k "|E 0.805, 0.8092 e 0.073~
0.0699] x}o]l& BSTE FAH-L 12} vl 0.813, 22} HlE
0.833, 0.8442 YERY 0.02~0.0312] x}o]E BT} TotalolA]
= 13 HE 0.863, 2% HIE 0.865, 0.8555 LFERH 0.002~
0.008¢] ol HTY.
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Table 3. Results of validation test for determining total nitrogen

content by partial least squares method in different rice
groups(1-4-4-1).

Region é\"" of Mean Range SEC I-VR SECV
ample

lksan 150  3.583 2.58-4.47 0.156 0.832 0.193

Puan 101 3229 237~404 0.173 0878 0.199

Joungup 116  3.748 2.91~4.80 0.170 0813 0.206

Total 367 3.532 2.16~4.76 0.153 0863 0.195

SEC : standard error of calibration, SECV : standard error of cross
validation. 1-VR : 1-variance ratio
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Table 4. Results of validation test for determining total nitrogen

content by partial least squares method in different rice
groups(2-4-4-1).

No. of

Region S Mean  Max SEC 1-VR  SECV
ample

Tksan 148 3581 4986 0.143 0855 0.178

Puan 102 3223 4683 0169 0805 0214

Joungup 116 3745 5180 0.138 0833 0.195

Total 366 3533 5084 0.150 0865 0.190

Table 5. Results of validation test for determining total nitrogen
content by partial least squares method in different rice groups(2-
10-10-1).

Region SN 0. of Mean Range SEC 1-VR SECV
ample

Tksan 148  3.581 4986 0.143 0.855 0.178

Puan 102 3223 4683 0.192 0.809 0.212

Joungup 115 3739  5.164 0.159 0.844 0.187

Total 369  3.532 5101 0.163 0.855 0.199

ol £ 1) AL T] 4z, 244 el 7
&< a5k gou, Asje ajuel 7Y B ohjzt A
fog ZHANARSG A £ e A o] UrHHymowitz
et al., 1974; Marten et a/ 1983; Rubenthaler & Bruinsma
1979; Shenk et al 1981).

Table 62 ¥ AR Aigee] FAMEE Rololn), &4
w4 Hagsh NIRSZH Bagol el dolrt gl
FOEA 2 0.009%, H3AGS 0.004%, Totale 0.001%=
Uelton, AAAoR2 0~0.009%] 2ol wl¢ A ol
Zg Jephginh olaie Aske NIRSEAIZI] S48
1o] B8e] ST i SIBIYT 2SI Gelofisl 2

N

HEGL f7lEzte] FoiA] Frol o3 dojx=d| olE
EgielME 0-H, C-H, N-H, C=0 59 #5571 3skag
o] tpFsA YR )& —%EP_&H FE, S AR,
AR T B AES FA A&EA 24E 5 it

(Abrams et al., 1987; Clarke et al, 1992). AAet FE]
A H¥ge= vwd & Holuh SPADRLE H#oka wol
o] Zx =4 ‘JrE}kkE}(Table 7).

ZANM = E3e] WYy} sekd Ba)a Aol W

Table 6. Mean value of lab data and nirs data in fresh rice leaf .

Region Lab NIR Different
Iksan 3.583 3.583 0.000
Puan 3215 3.226 0.009

Joungup 3.751 3.747 0.004
Total 3.531 3.532 0.001
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Table 7. Ingredient verification of fresh rice leaf calibration.

Chemicals %% Mean Range SEC SECV I1-VR
Sample

N 150 3.583 2.58~447 0.156 0.193 0.832

Moisture 529 71.14  79.03  1.154 1211 0.788

SPAD 534 3827 4691 2217 2291 0368

SEC : standard error of calibration, SECV : standard error of cross
validation. 1-VR : 1-variance ratio

Table 8. Difference by methods of nitrogen content calibration in
fresh rice leaf.

Region Calibration %% sgc R
Sample
e PLS 153 0.156 0878
MLR 153 0.254 0.715
o PLS 103 0.173 0.858
MLR 103 0275 0.686
o PLS 120 0.170 0.819
B MLR 120 0.288 0.630
ol PLS 376 0.153 0.889
MLR 376 0315 0.636
4408 i
.‘ :‘o‘:_‘:’/#/) - -

;‘382 - 2963 I5H 4187 4578
jfope. 1.007 RSQ D873

Fig. 4. Correlation between lab data and NIRS measurements for
fresh rice leaf of total nitrogen.
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