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Abstract: Chlorophyll content is an important index of characterization for plant growth. The
traditional chlorophyll content determination methods mainly include spectrophotometry and chlorophyll
meter method (SPAD-502). The spectrophotometric method can determine chlorophyll content accurately

but time-consuming, laborious and damaged blades; the chlorophyll meter method acquire chlorophyll
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content rapidly but the measurement area is limited and repeatedly. Digital image processing technology
emerges in response to the needs of times, which provides a scientific basis for diagnosis of the apple tree
physiology. The apple leaves were collected from 60 new shoots prosperous long-term apple trees in
Mengyin of Shandong Province, and on the same night, the image were taken using a digital camera. The
chlorophyll contents were measured by the traditional chemical analysis in laboratory, including Chl.a,
Chl.b, Chl.(a+ b) and the SPAD value. There was a certain degree difference in the correlation analysis of
chlorophyll content with color data, in order to increase the accuracy of chlorophyll content estimation for
apple trees, the color parameters were combined based on the RGB values extracted from histogram in
Photoshop CS6.0 (Adobe System, Inc.) . Then the correlation analysis method was used to select the
sensitive color parameters (R, red; G, green; B, blue) . Compared to the trichromatic color values,
the combination of RGB values considerably improved the correlation coefficients. Among the color
parameters, B, B/R, G, B/G, G/ (R+G+B), B/ (R+G+B), (R-B)/ (R+B), (G-B) /
(G+B), (R-B)/(R+G+B) and (G-B) / (R+G+B) values were correlated significantly with
chlorophyll content respectively. The correlation coefficients (R) of these essential color parameters were
almost above 0.325, which suggested that leaf color parameters were significantly correlated with
chlorophyll content (P = 0.01). According to the result of systematic analysis and diagnosis, the univariate
regression model and support vector machine (SVM) regression model method acts as a non-parametric
regression technique, which analyzes the fitting the degree of relationship between predicted values and
measured values using the determination coefficient(R*), root mean square error( RMSE)and relative error
(RE) . In the univariate regression model, the fitting coefficients of the chlorophyll content based on the
G/ (R+G +B) color parameter achieved the highest R” = 0.736, as Chl.(a + b) > Chl.b > Chl.a > SPAD;
the R’ of other color parameters differed from 0.482 to 0.742, the improvement of the univariate regression
model stability were needed. The SVM model has the advantage of minimized parameter setting and
model structure risk. The effect of the SVM model was good for the estimation of chlorophyll content of
apple trees, including the fitting coefficients (R’) between estimated and measured value were 0.8754,
0.8374, 0.8671 and 0.8129, respectively, RMSE were 0.0194, 0.0350, 0.0497 and 0.9281, respectively,
RE were 0.8059%, 1.7540%, 1.1224% and 0.8059%, respectively, which demonstrated that the SVM
estimation had a higher accuracy. By the verification analysis, the SVM based on sensitive color
parameters for Chl.a had the best estimation, including R’ = 0.8275, RMSE = 0.0293 and RE = 1.8529%.
The conclusion were drawn that application of digital cameras based on RGB color model can estimate
apple leaf chlorophyll content rapidly. The potential of the imaging system with apple leaves has been
discussed in the article. The results can provide the technical support for precise management of orchard.
Keywords: apple; leaf; color parameter; chlorophyll content; SPAD value; support vector machine
(SVM); digital camera
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Table 1 The statistics description of chlorophyll content and SPAD of apple leaves

SRR A itz R/ME 7N} A5 AH%
Chlorophyll Mean SD Min Max cv

Chla 1.5851 0.0576 1.5026 1.6888 3.6368
ChlLb 1.3701 0.0865 1.2258 1.5604 6.3151
Chl.(a +b) 2.9553 0.1329 2.7385 3.2456 4.4985
SPAD 51.0625 1.8415 46.8000 55.0000 3.6064

R Ry Gy BASHRHIN 28 MBith 24575 Chla. Chlb. Chl.(a + b)Hl SPAD %4
AT MM, HR 2 WL, 4K B9ite240 5 Chla. Chlb. Chl.(a + b)fl SPAD ##5 2 .3
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G+B) XA EIMHKX AT £ RGB ZFEad, R M GHESHERSENMHXATKRMK, BHEY
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Table 2 The correlation between the color parameters and the chlorophyll content and SPAD of apple leaves

Bt 230 Color parameter Chl.a Chlb Chl.(a+b) SPAD
(R+G+B) /3 0.3283 0.5650 0.5101 0.3593
R 0.2026 0.4732 0.3959 0.2323
G 0.2099 0.4580 0.3892 0.2555
B 0.6768 0.7560 0.7855 0.6758
R-B -0.1811 0.1107 -0.0065 -0.1429
R-G 0.0899 0.3457 0.2640 0.0403
G-B - 0.2449 0.0233 -0.0910 -0.1836
R/G 0.0532 0.0843 0.0318 -0.1327
R/B -0.5354 - 0.4682 -0.5369 - 0.6095
G/B - 0.5495 -0.4895 -0.5569 -0.6235
G/R 0.0347 -0.0950 - 0.0467 -0.1294
B/R 0.7369 0.7264 0.7923 0.7424
B/G 0.7538 0.7502 0.8151 0.7479
R/ (R+G+B) -0.6121 -0.5493 -0.6230 - 0.6488
G/ (R+G+B) -0.7360 -0.8001 - 0.8405 -0.6948
B/ (R+G+B) 0.7411 0.7293 0.7961 0.7465
(R-B) / (R+B) -0.7282 -0.7065 -0.7776 -0.7428
(R-G) / (R+G) -0.0435 0.0899 0.0397 -0.1309
(G-B) / (G+B) -0.7434 -0.7318 -0.7987 - 0.7495
(R-B) / (R+G+B) -0.7019 -0.6692 -0.7399 -0.7200
(R-G) / (R+G+B) 0.1256 0.0062 -0.0504 -0.2054
(G-B)/ (R+G+B) -0.7656 -0.7783 - 0.8386 -0.7560
(G+B-R) /2R 0.6183 0.5635 0.6349 0.6566
(G+B-R) 2G 0.6314 0.5736 0. 6472 0.6583
(G+B-R) 2B 0.4289 0.3285 0.3998 0.4992
(R-G-B)/ (R+B) -0.6249 -0.5687 -0.6411 -0.6577
(R-G-B)/ (R+G) -0.5967 -0.5303 -0.6039 - 0.6408
(R-G-B) / (G+B) - 0.6044 -0.5345 - 0.6099 - 0.6398




Cheng Lizhen, Zhu Xicun, Gao Lulu, LiCheng, Wang Ling, Zhao Gengxing, Jiang Yuanmao.
Estimation of chlorophyll content in apple leaves based on RGB model using digital camera.

386 Acta Horticulturae Sinica, 2017, 44 (2): 381 - 390.

M2 R S B A R AU, MR REUKICA, 5 Chl(a+b)> 5 Chlb> 5 Chla> 5 SPAD 4,
MR R % 0.7855; B EMESH (R-B. R-G M G-B) 5SHGERSEMHMEZAEE, &
AR R %0 0.3457; EFIEHESECR, BR. B/G MM K REE R, B/IG S54RI R B,
R RABAIHEW YN, 5 Chl.(a+b)> 5 ChlLa> 5 Chlb> 5 SPAD {8, #ixiEitHox RELHE N
0.8151; fERrpdEfLEItEZ%E+H, G/ (R+G+B) M B/ (R+ G+ B) 5HERMMH<AEK R, G/
(R+G+B) HEXRBANEKI N, 5 Chl.(a+b)> 5 Chl.b> 5 Chla> 5 SPAD 18, fmitix
REAENHE N 0.8405, B/ (R+G+B) fHXARFKIK A, 5 Chl(a+b)> 5 SPADH > 5 Chla> 5
Chlb, fmEtHXFRE 0.7961; fEH—Et S+, (G-B) / (G+B) M (G-B) / (R+G+B)
MR IAER REE S, (G-B)/ (G+B) FHRARFENMEMKIN, 5 Chl(a+b)> 5 SPADH > 5
Chla> 5 Chlb, #¢imtHokRELIHME N 0.7987, (G-B) / (R+G+B) MK AKLIEKICN,
Lj Chl.(a+b)> 5 Chlb> & Chla> 5 SPAD fH, fxmitHX RELNE N 0.8386. Fit, KHLL L
PSR LR R i i S R B E AR, RS L ER AT

22 ERMHAHGESHSEMEESENRTERE
RTHESHE T RRTEMKX RN

SHTEER, HEER 9 B R B S s K ®3 BLMESHSHARERZ ANSTRED
. MRERE (R)
N 3y / 5k g,

ﬂfjﬂ H‘I‘H‘f;ﬁ@ E’]ﬁ&@;i}ﬁ ’ {Em SPSS ZE}\/{/_—F@ Table 3 The correlation coefficients between core color

jgﬁ 'ri N Xﬂ'iﬁ N TE%[*D _ W\ E Z;%E-Qiﬂ ° éé ‘L‘I‘% ’ parameters and chlorophyll content in the univariate model

ST R 2 IR A T Ao L X H i %ﬁimﬂ Chla  Chlb  Chi(a+b) SPAD

A, JH eSS ESENR B 0483 0610  0.646 0.504

= oo 2y 1 N B/R 0.526 0.572 0.658 0.561

W{%%%iﬁ (R JL‘% 3. U\ G/ (R+G+B) B/G 0.533 0.610 0.698 0.568

PO SHE L R S BT R E R 6 R+G+B) 0.581  0.653 0736 0.485
B/ (R+G+B) 0.539 0.588 0.666 0.563

Ko, HKIXCN, 5 Chl(a+b)> 5 Chlb> 5 (R-B) / (R+B) 0523 0562  0.652 0.553
Chla>15 SPAD fi, fiif§ '=0736, &5 (071 (000 oss b b 0se

B N AR AL B RS B R BRI T KCF, Bt (G-B)/ (R+G+B) 0575 0631 0724 0.574
ZH G/ (R + G + B) AM{E NS Wl VR4 3 S

AR SRIZOEESE; HAAEE S5

5 RXEBMATEEMIEG REANT 0482 ~ 0.724, ZFRMEK. Ht, KIEHABEK
(] YA (1) T S TR A

23 ERMAMRZEENZFEEHIRE

1 FH 228 B (SRR A LI R (SVMD, 7£ DPS R4k L v-SVR K7 52K RBF, L
Hita R S8R RBE SR 9 MESH (R3) NELELZEWNMN FHaRE=.

ME 2 T LUE H, 45 MEEARRET 9 MEURETE S HE LI Chlay Chlb. Chl(a + b)Afl
SPAD HFHENIEA (SVM) KGR AR BT, e R0 (RD 40914 0.8754. 0.8374.
0.8671 #10.8129, ¥ iRiR%E (RMSE) 43514 0.0212. 0.0350. 0.0497 #10.9281, #X}iR%E (RE)
734 0.8059%- 1.7436%- 1.1224%F1 1.1894%, HEAIPEAGTEARIDIEIT T P=0.01 H 2 ER LK.
TEX) 4 AN ERFE SR, JCHRKYE 9 MZ OB S HEE L IR Chla A5 MY R Ak




TESLI, RVGAE, M, 2 R, £ %, BRE, FEk
3T RGB B )32 R J it 4 R B Al .

24, 2017, 44 (2): 381 - 390. 387

L70 r chla @ 1.60 - cpip
~ . y=0.7984x + 0.3214 ~ ¥ =0.8243x + 0.2377
o 2 1.65 - R*=0.8754 B2 50 | R2=038374 L
o § RMSE=0.0212 o = RMSE=0.0350 *
> . >
£ 3 160 | REZ08059% . EB L | RE-LT46% o
m = mog L 4
= E = E * *
= g =g * .
E 3 155 £ 130 - o A
150 | | | | 120 L L L L L L L I}
1.50 1.55 1.60 1.65 1.70 120 1.25 1.30 1.35 1.40 1.45 1.50 1.55 1.60
3.30 1 Chl(a+h) 56 © SpAD
320 L y=0.7887x+0.6257 ~ y=0.6374x + 18.221
W B R =0.8671 *0¥%e w 3 M R -08120
o & 310 | RUSE-0.0497 o 5 5y | RMSE=09281
£ 3 300 [ RE=11224% £ 3 RE=1.1894%
@ 3 L
= £ 290 - = £ . ®
A sai
#EE 5 | u 48
270 L L | | | | 46 | | | | | | | | | |
270 280 290 3.00 3.10 320 3.30 46 47 48 49 S50 51 52 53 54 55 56
FPE(mg - &) FPE(mg - &)

Measured value Measured value

B2 FERMHAHZRSSHFEENEFERAENERSSNER
n=45; R NYSERE: RMSE NIJTRER: RE AMMRAE. T
Fig.2 Comparisons of the estimated and measured value of apple leaf chlorophyll content in SVM regression model
n=45; R’ represents the determination coefficient; RMSE represents the root mean square error;

RE represents relative error. The same below.
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Fig.3 Comparisons between estimated and measured value in verification
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WERMIK AL (r =-0.1811), iX5 Kawashima fll Nakatani (1998) 7E[RERISL %M T, R-B
LN SR B A M B I S R A — B, W R T B S HOY T A REYA AR &
Pk, B2 BRI, SRR BY SRR R R

BeAh, SCFRRRENLENIEEA (SVMD) A2 20 42 90 FACH Vapnik $2H 1, J& H #I K &R
WLgs 5 2 Tk AT A SN 3, BAF i o 7 ARZe . i 2: 2. 4R . Rl s
IINFEAREESEPR I . A AR IR AZ OB S E U RS R SRR AR SVM AR, ki)
K B AR E ME S T RIFRUR . {H2, XT SPAD 1E ) SVM LG AEAE FEAR T HAR M- 48 3K & = FR AR
Ut B SPAD fEAF NIk 2 & &0 55— FhOTERI e (A, 7205 R FE J7 T AN 1 5256 2 40 200 8 J7 v
HIFEHA -

AT AT B AR EGE SR Bitafl, 24T RGB BUEEAR S L 1 4T
MR S B TS AL, 1 B A A AR R S RS AR ATL P it 00 SRR T bR A0, ke SR el 7 S Pk 7 5
PR SR o A FE B0 B R U T LRSS R, B Ftgfie pe 4t 2 Hofhdt X, 6752
W PIRZE MWL . DA YLIERERE, B LEAR G R AW S, TR ES A LIRS 75
MTEE FRER R AERARGL, BRI AE RO K& e o B R B4 A0 5.

4 ZEig

BOAERE R B SE R AR S B 5T RGB it R4 ME 5% B {4, B/R. B/G. G/ (R +

G+B). B/ (R+G+B). (R-B)/ (R+B). (G-B)/ (G+B), (R-B) / (R+G+B). (G-B) /
(R + G+ B) BRI BIN R K, WHEET RGB Bt RG 0] LUHII SR 5 &

T A% Lo B 2 B ST I AR B [ U A R T ARG LS T SR ) B AL I VB A P TS i, 2T 9 Mg
SR BB S - Chlay Chlb. Chl(a+ b)fl SPAD SCHFHEMNAEA (SVM), g RE (RD
53924 0.8754.0.8374.0.8671 1 0.8129, 377 HR 1% 2 RMSE 43 7124 0.0194. 0.0350. 0.0497 F1 0.9281,
FHXTRZE RE 435108 0.8059% 1.7540%- 1.122%F1 1.1894%, HAYVPliiEtrd@st 7 P=0.01 &
FER KT 45 B RIERZ OB S E0Y Chla BIMEIRCR&E. A HSRSEZZ AP0
ZRERE T, RN AR T S ) SRR R A B IR 3
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