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WE: [E®] Pu. T8, ERMKBMETHEREE. [FE] DAaREZ 100 B M, @E
%#%Jﬁ@ﬂw\fi (Kt 00g, K30 g, K75 g, K90, K120 g kaO/BR/4F) Al €t AT 0 AR 47 2 & S0k
Roatr. [ERY TRELSEBIEERN, 2l LEEL 100 HEEMHTHFERAREZ L>K>K>K>K,
HaH. Lﬁ\ﬂ‘fﬁ\%ﬂ:% —Wr . = Wt fol Bod BOE#4T £ T (multiple scattering correction,
MSC) ®RIEAHE, = HMWE/N —FE (partial least square method, PLS) 5 WA X WiEz . T H A4 EFNE
VAR, o RO = M g A B R R R R R TN, EFONA R RER A, r=0.82;
iﬂ]%ﬁ#&m%iﬁn, RMSEP=0. 0038; ff% (Bias) #x{ /N, Bias=-2.34B-05. [Z# 1 @4 Het K R4k

W G et h A Ay PLS B AMEAL, IR BNE R 100 BAERH R A E. #—F ok
FJ):], W 477—515 nm. 541—588 nm. 632—669 nm. 701—718 nm Fz 754—794 nm zﬁ\%j’mﬁﬂﬁ/\ﬁé}‘ﬁé_ﬁ
100 # A8 ot Jr 49 & 8 A AL B AR K

XA WA R BEE, W R Gk W LR

A Spectrum Based Models for Monitoring Leaf Potassium Content
of Citrus sinensis (L)cv. Jincheng Orange

Y1 Shi-lai', DENG Lie®, HE Shao-lan’, ZHENG Yong-qiang', MAO Sha-sha'

(‘Citrus Research Institute, Southwest University, Chongging 400712; *Citrus Research Institute, Chinese Academy of Agricultural

Sciences, Chongqing 400712; *National Engineering Research Center for Citrus Technology, Chongging 400712)

Abstract: [Objective & Method] Field experiments were conducted to assess the potassium content in leaves of Citrus
sinensis (L)cv. Peng’an 100 Jincheng orange by using VIS/NIRS spectral method. Before calibration, principal component analysis
(PCA) and partial least square (PLS) techniques were applied in data pre-processing. [Result] The order of leaf reflective spectrum
intensity was K;>Ky>K;>K,>K, in the visible near-infrared range of 400-1000 nm, where the K fertilizer usage of Ko, K;, Ky, K3,
K4 treatments were 0 g, 30 g, 75 g, 90 g, 120 g(k,O/plant/year) , respectively. The calibration models of potassium content were built
by applying PLS and internal cross-validation test method and through processing the reflectance spectrum, the first derivatives, the
second derivatives and the reciprocal logarithm spectrum of Peng’an 100 Jincheng leaves using multiplicative scatter
correction(MSC). The results showed that the model of the second derivatives calibration of reflectance spectrum had the best
predicative ability, the highest correlation coefficient, the smallest root mean square error of predictation (RMSEP) and the smallest
absolute bias at 0.82, 0.0038 and -2.34E-05, respectively. [Conclusion] The second derivatives of reflectance spectrum could be
used to predict the potassium content in Peng’an 100 Jincheng leaves. And 477-515 nm, 541-588 nm, 632-669 nm, 701-718 nm and
754-794 nm were the characteristics of wavelengths of second derivatives of reflectance spectrum predicting potassium content in
summer shoot leaves of of Peng’an 100 Jincheng.

Key words: Jincheng orange leaf; potassium content; second derivatives; partial least squares (PLS); Vis/NIR-spectroscopy
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CoF7Ea XY MEAEY) o & A AL+ —
TR S0 SORBE M T A, RATREHZ Wi E (K78 97K
S, AR TR REEEAENY . BRIk, s
I PR o ERHEREEE IR R, BO

% GG, JRPIRIBGESE) B T A
BIRIUR N ELEIE, AAEAE T BB, AR R
SR ZE AR I i, B E,  (FORS
FEAN T o R G AT REAE AN TG A 23R A 1 o T R
WK Z AN ebr, IF HERER R, B3R . B
FUHET IS 73 A B MR S I PRI FR2 WK,
XTSRS YOS SRS WA, i R e i A
AR R AT EE BRI SEE . [ar NPTt
Ji& X A SR A — KK IR AR, oA [ AR R
By Ja BAAVEY 2 8 o B 2008 FEGTTE, Hh B REAR R T
U 213X 10* hm?, F=HZ) 2200 X 10* t, 5 tH 7L
—Ar, R — KA AR . HET, AT
SETEAL AR E 7500 Z FIT 3 e TR A KRS0
TRt O R g S VS R ) |
I HR 2 BUEE R R A5G R O R T
GRS 2R LA F Sl 1 e AR S SR
A R AT, FRIREEN R A a2 s R
ORGSR, B 7RISR T
2 S AR, UL ARG 2R 1 v
SWTI, RWARGE. DAY B rag =
MR A EEAEH, B FEE S ik, K
YRR ILE VI OC, g AR 25 mi L mT D=3 21 4k
AP BRI B, R, S kAR AN A
TGS RN TS b, R R TG
FORTREARG 82 S il e D RS2, Ay S IR A7 Pt
AR EFRIDCES W I ER S . TR K
5 ) R YOG e R ARG 170 T R I B
5] WA L0410 IR G RS BAR DGR, 7EA R
T TARFE TV IR AT R, Sl ST e A el T A PR
OGS N, DRI R SRS R PR e
SERT G TS S W A IR 22 A B LR R 34

1 #MRIERZE
1.1 Re#Hl

RIS R TR SR R ARG (Poncirous trifoliata)
2 100 Hi RS [Citrus sinensis(L)cv. Peng’an 100 Jincheng

orange]. HiAT 2007 4 9 Hrh Az, 2008 4 4 H
AER T EAR N 20 em. 7 45 em (K BAR TR R
+ 66 kg/#h) b, B 1 PR, iRV L, pH 8.04,
2R 85gkg! (N , 4 0.4 gkg' (P,Osit) ,
44 62.8 kg (K0 ) , HHLRG 154 gkg's
1.2 R

PR Kov Kiv Ko Ksv Kyt 5 ANIKE (B4
ARG HEMED , PR, 5KESZ, 325 B
BAE R B KoO S0%IMIH I B, 5 A By it FH 243 J31)
0. 30, 75, 90, 120 g/Fk/AE, XA EAY.
RKRS BT SIANTH 2845 A K, 4 6 ISR
1.3 RIWAE

2008 F 11 HERH e s, REIERE
R 10 Frkk, v, 8 RIHISEE ASD AR A
1) FieldSpec HH Yl Hasf A (325—1 075 nm) 7EE =
HREAT B G Bds R 5. LU USHIO A 7] ZE 77 (1)
A128932 T kA GYE, JEUEE BRI A 30 em.
HeiERAEBBELT 1.5 nm, Yt #%R4 3.5 nm, W%
R 25% W SR EE MR T DABRAE FTARGE FF o
I FCEAE 100 cmx100 em BAG [, BB H bR
Y BE BRI/ s PRUES L LB S VA 78 H
FRYIR L, AR GE 10 Fok, AEEIE 10 4 iliZk,
FEEOGIE R ZR B0 10 VPSR . -8 5 Kk
FETHEIE
1.4 HFELESESH

HL 400—1 000 nm i [H ¥ i dh SO GisEdE, M
HeiEAY F 77 ) ViewSpec Pro AW, FREL—Fr
(% A 1 &7 DR R GO /R LS B
Unscramble V9.7 #K A4 X B s 3E 4T AN [R) v e T VL AR B,
12 Ffid /s —3fedk (PLS) K P BBAS X6 UF AL AR Y

2 R

2.1 TREEHLEER 100 $2EEHHEREE
ARV AL EE, %2 100 Bk B RS A4
W PR, BEEWALHE R, e R
I, ALY TR (K)o Hi K,
AR, OIS RO R 42%; K, IR E T
Ky 400, JELUG Ky BT &8 0241 gkg!, L
X 28%. £8 SPSS 7 Gt o iR, ASFIEIE
MBS A2 [ 2 A % (P=0.388>0.05) .
2.2 AEIHESRKFEESR 100 (AT B LILHE
AN G R L 100 BRSSO B R
WE 1 P, AfLLEH, 7F 400—1 000 nm U B VG
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Table 1 The potassium content in summer shoot leaves of

Peng‘an 100 Jincheng in different potassium

treatments
b g Lo v
Treatments Potassium content (g-kg'l) Higher than the control (%)
Ko 0.188+0.079a
Ky 0.241£0.061a 28.43
K> 0.257+0.073a 37.06
Ks 0.257+0.058a 36.74
Ky 0.266+0.064a 41.53

ARRVNG FRER IR 0.05 AT 2 5 53
Different lowercase letters indicate the significant differences at the level of
0.05

8.00E-01
7.00E-01

6.00E-01
5.00E-01

K3

25} % Reflectivity

4.00E-01
— KO0

3.00E-01
Kl

2.00E-01
-_— K2
1.00E-01 — K4

0.00E+00
400 500 600 700 800 900 1000

#1< Wavelength (nm)

1 ER 100 REEHM FHEERE RS IERHE
Fig. 1 The reflective spectrum characteristics in summer
shoot leaves of Peng’an 100 Jincheng with different

potassium contents

W, BT A EATZK AR BRI 2 100 st b, LR
DA ] WG X ARG M s %, IF HAE 550 nm
WA — ARSI . AN 700—750 nm, S5z S IR E A
B, 7E 750—1 000 nm P& T TS mms A R, FEA

£ 2 RENILEFAIES LR PLS BRSO

TER— ) “CREE” o AR EAE, %
22 100 FEE I Fr (0 SR OGS A W] AN E, 7E 400—1
000 nm JGHIKN, KGR0 & Ky >Ko>K, >
Ko>Ky i#, BIREGET SR IN, f b o R A 5 AR
ke I H AT WA T LA, AR AE AL 2R 1) 2
DTG 22 SRR T S, XA B B2 WAL T R]
fig.
2.3 RIETARIETRIERE

Hl, e/ ik (PLS) efb2#it s i
ek AT )58 B Ve, AOTIE AT BR e, iRk
SRS I, A AR EO R B T kD
TR FESRLEE . R PRS 5 E nl RE AR )
W, AICEH Savitzky-Golay “TF7E (S-G) « £JC
WA IE (multiple scattering correction, MSC) . ¥
5 (Noise) A & 45fE{L (standardization of variables,
SNV) 4 Fi7E I AR, ARG AL T PLS
R IR LR 2.

K PLS $ENTAZ IEBLAL R, a0 B pleor ik b, A
AE SR SN b A5 U 2H 23 7 A I e et A4k, 0l
ETE R PRS2, mhosfs —LefRemg:
B TR MBI R D, AR GE B2 B AIC. R
2 AL, S-G O A P IR T g A 13 A,
W HAERIE TEAR BB 64% 15 B, 117 MSC. Noise
SNV X 3 Pl i 7t B 1) 3 18 3 B0 B0t DTk A A A
FH2o PLS A ST AL RS TR SR PIOIAH OC R B i
FR A TR O 2 SRR S AR T 35 Ty 22
AL, DA AS [F] FUAL B2 7 1R T 255 PRAY
MSC H1 SNV St il T ab BRI el B BEAHH 21, 2934
Kk, ASCRH MSC B IE 7.
2.4 EZR 100 FEEHHAFHSESRFNIERKIE

HESH

22 100 HrE RS J5UA RG24 MSC AL
TE R A HBAE IR, 32 FH e/ 3R PLS JEA7 1) Ji

Table 2 Analysis of modeling by partial least squares with different spectrum pretreatment methods

iy S F s b YA TR R R L A Uy 22 TR 75 7 i 22
Spectrum Principal Cumulative Correlation coefficient Root mean square Root mean square Bias
pretreatments components contribution rates of prediction error of calibration error of prediction

S-G 13 64 0.8717 0.0003 0.0034 1.000E-04
MSC 2 74 0.8147 0.0034 0.0039 6.170E-05
Noise 3 75 0.7623 0.0012 0.0043 1.430E-05
SNV 2 74 0.8147 0.0034 0.0039 6.160E-05
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UE 6 (reflectance spectrum, RS)  —Fiiior ot
i (first derivatives spectrum, FDS) . —Firisrtit
(second derivatives spectrum, SDS) LA 8|1 50x ¥t
i (reciprocal logarithm spectrum, RLS) i F#fid
L AEREERL, HANKRSHOR RN 3 iR,
M3 A AEH, FEHAC 400—1000 nm Y FE P,
JR A R GISAE 4 ROt B o @) 3 s £
A, i 231 oiik 3% 2 FDS>SDS>RS>RLS ¥

FDS F1 SDS & AAs L ¥ T AH ¢ R AH IR, B 7=0.82,
I HLA#IE =T RS F RLS @AY (W AH G R AL, 4 Ff
TRIIAH G R B ZE (ro01 230 =0.505) 5 I H FDS.
SDS (KA 77 22 (RMSEC) AT 2 77 %2 (RMSEP)
FGE /N, 9 H RMSEC 5 RMSEP AHX b .
H AR % (Bias) ZEXMEMA/NE SDS<FDS<RLS
<RS [atA, B sy 5 8o g e b A 0 i
FELO AN /)N, Bias=-2.34E-05.

F3 ERI00 BEEHEMFAIESHSEEGREBE (n=25)

Table 3 The precision of calibration models between spectrum and potassium content in summer shoot leaves of Peng’an 100

Jincheng (n=25)

Sl S % SR TR TIAH K F 5L AR Ty 7% T 321 75 72 7

Spectrum Principal Cumulative Predicted correlation Root mean square Root mean square Bias
component contribution rate (%) coefficient error of calibration error of prediction

RS 2 74 0.0034 0.0039 6.17E-05

FDS 2 76 0.0033 0.0038 3.28E-05

SDS 2 75 0.0033 0.0038 -2.34E-05

RLS 2 70 0.0037 0.0043 -3.73E-05

" SERRPE Kl 400-1 000 nm " Calibration wavelength of 400-1 000 nm

PLS AR 5t A5 A0 R v kg A5 58 o (R TG A G 3R
B Gr) FVSAR AR 7 22 K i3y 75 22, I Hatt
RMSEC 5 RMSEP JS i #0T, [A) I f 22 4 0] {8 582
ANEEBL S B PPN e SR SR TS BB B
(SIEO HO G P B T bR % SR, A
T IS o e b B . BRIk, mTRAR Rt
TR B T R T 2 100 HERS I A R
Ho
2.5 EZR 100 BEEHMHAHSES R NILHEX

B EFREEL[E])3 R EL

22 100 RS BRI S RS I ik &
MSC P48 SO0 UF AL 2 1) 5 B A5 284 (1 [ U] 2
Kl 2 fliose #E—Bgeit s &W], 477—515nm. 541
—588 nm.632—669 nm.701—718 nm 1 754—794 nm
BB R R EOh J5Uhh BRI (1) — B i o 5
HE bR RS i, RIUE, 477—515 nm. 541—
588 nm. 632—669 nm. 701—718 nm 1 754—794 nm
BB 100 A RS Fr BOR G I = o
P e AR A (R AR B

3 itig
A TR 10 22 100 BRI P40 A i 15 Rk

[E1151 5 8L Regression coefficients (B)

. . \ . CX R X-variables
400 500 600 700 800 900 1000
RESULT23, (Y-var, PC): (*,1) B0=0.024133

#% 1 Wavelength (nm)

Fr“O” AFEXTE ‘O’ significant x-variables
2 ERI00BEEHEMFHSES5 ZMMS LIEERE
BE)ARE
Fig. 2 The regression coefficients of the potassium content
and the second derivatives spectrum in summer shoot

leaves of Peng’an 100 Jincheng

WA DCHEREAT TS, MR EANE], 372 100 e
SR AR IR AP & 5, IR HAR R WA 2141 400
—1 000 nm FEANMPBIEF N, ARG S5 B B
AR R AR, X0 Ae A ARG
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R A0 PN P A B AL A R AR A, I TR T,
W RIEA o I 4 2L P A RSO RN S R R P 5 R
175 7 B S5O0t /KR 7k J2 AR [ 77K R R RO e
TRFIERE G, N B S E SR A g, 144N R
S5t 26 R N, ) WL HIAT A I (R AT BT 25 5
MIRGVE N Z AP A G R, L 5K FE . /N2 B
SEEEMI G5 R ZE IR, I FLA ARG I B ke i)
WEREE R, IXIEIKHG NI R A, NG
I BRI R IR 45 K A 1 R W Y 1 SO RRAE , JL AT
Az E AR AU LR DL SR A AN [A) A KR 7 I R R Dl %
T B IR 3 3 45 TR A AR IR AT . TR L0 A0 B
750—1 000 nm, I TEEK CREEE T JF
R AR, RGN ZE R AR, X5HE A
FUIEAR—HIO, Rk, R ARG 60 4 42
FHAG B 28 SR RO T ] R

HAT, 7] WAE2EAM o T BoR 32 B A ([
BV AR CRIR T BN AR (R
RURIEHD =35 A WLES & A Re il 2 P o i B 22
Ko T AR R PR AL £ A 22 e PRI (MLRD
BAEIE (SMR) « Esr i (PCA) S/ —
ek (PLS) %437 J7vE2. MLR Al SMR L4873 Ht
FESR I U T — SRR K S B, e
R ER, Srr AR IS PE. PCR R PLS (15
PR AU R T AR S R, T LU T
FE T ECR, B B AR DA RO T — Mk AR
I 1 $AS 22 R ST AR B 7 R U R, SR A
BB 1 BB S, I HLEE SMR AT MLR 234K B v
I, JRaaa iAo &k B s BEpLs & . FEAA
B5) . BEEER . JLHURSEARIE R g, Fi,
TGS B BT AL B

AIRKFIHFEE ASD 28wl ¥ M O i s
AT B A6 R G IS B R A, i T IR R O il £k
POk A EBEN L & FEAAIYS] . SRR .
R AEARI R Z 52 mT, 18 A OB i Ao s
W B AR S G B A S — B i g oy A
FOHHOG A . T8 R RE OIS 4 R
AT . AR ARAEA 2 TC U R E S AR B,
W 2 R SRR, R RO G i
534 MSC G FR, 328 FH i doe /N — 3 vk BT T (1)
B RTINS de A

T 32 A A% B 5 A A (R BR ), ASIFFT AR 1000
—2 500 nm (16 HE S 20 ARG T BT R B R IET
AT

4 i

(1) BEAESE RN, 222 100 B
i RGN HEEAE, 1 100 HEEAY
5 SRS TR AE AN [F] o E R LT 20 AN B ]
P, A it B A B ) D DY 1 e SR e o it 4 S P 44
AR R Pt JUIAET 20 A B X (750—1 000
nm) , SR RO IR IR 2 e i, DRI,
AT LA A 8 B DX A A I Py 5 St P B B X

(2) BRI ERE . — sy i R
FOHOETE AT MSC AP, 32 F fmd5e /N — 3¢k (PLS)
B PR AT S I A 7 PR S P A T [ A
B, JORSBEA TR B, R R RO G i — ity
fERTIME 2 100 Fpsrt 85 & 1A — i el AT
Aﬁo

(3) HREVE A ZAEEH S 1, H R 2y,
] S IR T A A AEAR IR OG5 L, s M ARG AN
[ AE B S R RO il e B, 4 v HH ) TG40 SIS R A2
AL B B TIRE I TR AT KR R ST 7T
BIES5KIE.
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