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A quantitative study of leaf colors of tea plants based on the colorimeter
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Abstract ; [ Objectives ] This study was conducted to explore the relationship and distribution of leaf color among tea plant populations,
and also to determine the best colorimeter parameter for a quantitative description of tea plant leaf color,so as to provide a theoretical
basis for leaf color description and classification. | Methods ] Taking 120 tea varieties (or lines) as the research object, the lightness
(L") ,redness(a” ) ,yellowness(b" ) ,chroma(C" ) ,total color value(E ") ,hue angle(h)and saturation(S™ )of tea plant leaves were
measured with a colorimeter and the statistical analysis was conducted, including normality test, non-parametric multiple comparisons,
principal component analysis , cluster analysis,and correlation analysis. [ Results]From yellow,green to purple green,L” ,b" ,C™ E™ ,
and S” values of leaves decreased gradually and a” value increased firstly then decreased. The h value was the biggest in green tea
plants,and there was no significant difference in the h value between purple green and yellow tea plants. Most of the seven parameters
were normal in green tea plants but abnormal in yellow and purple green tea plants, which suggested that the selection pressure of
yellow and purple green tea plants was bigger than that of green tea plants. The result of the principal components analysis indicated
that there were differences in lightness and saturation between groups of tea plants of different colors,and differences in redness and
greenness within groups. The result of multiple comparisons showed that the S* value had the best discrimination of leaf color of diverse
tea varieties(lines)and the a” value the worst. When the euclidean distance equaled 8.78,120 tea varieties(lines ) were clustered into
three categories , which was consistent with the classification that was divided by visual observation. L™ 6" ,C" ,E” and S™ values had
a strong correlation with the chlorophyll content, and all the correlation coefficients were bigger than 0.70;a¢" value had a strong
correlation with the anthocyanin content, and the correlation coefficients was 0.76. [ Conclusions ] The S value had the best

discrimination of leaf color of diverse tea varieties (lines) and had a relatively strong correlation with chlorophyll content and
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anthocyanin content,then it could reflect the content of chlorophyll and anthocyanin in tea plants to a certain extent,so the saturation
S* could be chosen as the best colorimeter parameter for accurately accessing the leaf color of tea plants.

Keywords : Camellia sinensis ;leaf color; colorimeter ; parameter
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Table 1 Names and leaf colors of 120 tea plant resources

£ FK Name (% Leaf color £ FK Name {2, Leaf color Z % Name €%, Leaf color £ FK Name M€, Leaf color
CE LS JRAE 120 o T £
Mi23 Yellow green V46 Yellow Sucha 120 Green TRI04 Green
% s T N % %
M106 R M36 sk MRS i TRIO3 *
Yellow green Yellow green Fudingdabai Light green Green
i3 itk s 28 He 22 5 iz A 5
Yellow green Green yellow Guixiang 22 Light green Bixiangzao Green
g g 5 = % %
M114 SR V68 sk Bk 1 B TRIOS =
Yellow green Yellow green Guilii 1 Light green Light green
M65 [ M54 Sy R4k 3 5 Eo Eil 16 £
Yellow green Green yellow Guilii 3 Green Yushan 16 Green
ity £ Hhs 126 Bzt o
Mi27 Yellow green M24 Yellow Zhongcha 126 Light green 0207-4 Green
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#£3%k 1 Table 1 continued
%% Name {4 Leaf color #,F% Name M-8, Leaf color £, % Name -4, Leaf color 7% Name £t Leaf color
M53 23111 B — ks 0318F UEES LRI T £
Green yellow Shengbaierhao Light yellow green Light green Liiyafoshou Green
4 e 5 4 5
M72 5 M30 AR THBO711 . W H61(3) . i
Yellow Green yellow Light green Huang 61(3) Light green
M4l EE I 3 23 ik 127 e He4r 3 5 23
Yellow green || Shengzhouyuehuang Green yellow Zhongcha 127 Light green Guihong 3 Green
H =] G - LIS - 23
V538 Yellow Jibai Yellow green TRI25 Light green TRI25 Green
o e o 4 5 st £ 2 s 10 v
Yellow green Zhonghuang 4 Yellow green Maoxie Green Dark purple green
M110 23 L e R Bsx M3-18 BES
Green yellow Taishanghuang Light green Kuguacha Light green Dark purple green
M32 23111 /NS H PNU Ry PR sk MAT-14 HES
Green yellow Xiaoyenaibai Yellow Dayewulong Middle green Dark purple green
Mi12 LRI SEH E SWE IRPSZS Mi5.4 E3
Green yellow Jinxiangbai Yellow Jinguanyin Middle green Purple green
M39 23 B EE KAl 23 M34-36 s Lk
Green yellow Huangjinjia Yellow green Shuixian Green Light purple green
s e 14 e At 2 . i
Yellow green Baijinya Yellow green Zuiguifei Green Purple green
4 F s S B 4
M58 R P Bl ® HK18 “* 72-54 s
Yellow green Tezaojihuang Yellow Green Light purple green
25 VALY Ve S 1 42
M69 B B04115 H . REH = 72-46 . sk
Yellow green Yellow Jianbohuang Green Light purple green
g ot 4 sy
M60 A M18 = %%‘F = 72-2 . sk
Green yellow Yellow Jinchun Green Light purple green
. e [ it i 5 _ T
Yellow green Zaonaibai Yellow Zaofengchun Green Light purple green
BN %5 A b 4 oy by
IRE1ST 2k 7956 ek 795 E M34.22 sk
Suhuang 157 Green Light purple green Purple green Light purple green
N s Vs S 42 o e
VBRI “ M71-4 e mag VI S
Jiulongdabai Green Purple green Light purple green Light purple green
5 A 2Ly S B4
0317E “ 72-44 | BRZ M47-5 =R Maags o OEER
Green Light purple green Purple green Light purple green
FIZ 62 4 s, s s
i.(i 6 7 % M34-94 RS 72-4 . e M34-39 . sk
Lingxi 6 Green Dark purple green Light purple green Light purple green
2 W by 4 5 o2
# 56 e 72.55 ' T M3-9 . s M13-12 ' e
Huang 56 Yellow green Light purple green Light purple green Light purple green
4 45 s s
%EE . . M M43-5 R M34-47 . B M34-32 . R
Laojunmei Light green Purple green Light purple green Light purple green
- =) = ey oy sy
o2t e M3-17 o M48-5 o M43-4 4
Ninghua 2 Light green Purple green Purple green Dark purple green
S % 4 e sy
FIFAE % M34-23 o w07 V-2 PR
Yujingliuxiang Green Purple green Light purple green Dark purple green
A % ey sy ey
Elﬂiﬁ‘_ & 72-57 R M34-94 R M34-73 . s
Baiyaqilan Green Purple green Purple green Light purple green
f % 4 Ly e 1 2 s
A 3 Vs s . 5 g wE
Zhengtaiyang Green Light purple green Purple green Ziying 1 Light purple green
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Fig. 1 Density plot of colorimeter parameters and pigment content of different color tea plants
AR E M - B, TE, The colors in the figure represent the visual color of leaves. The same as follows.
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Table 2 Chlorophyll content and anthocyanin content of 66 tea plant varieties( lines)

4R & &/ o A RS &/ o A NE2F Srirs v fe A
AR 0 T L BETR ot it/ U BREW e gr iU
AR (mg-g™") . ES (mg-g™") . EqN (mg-g™") 4
Anthocyanin Anthocyanin Anthocyanin
Name Chlorophyll . Name Chlorophyll . Name Chlorophyll .
content content content
content content content
e e
M123 0.43 18.02 K6 1.61 10.69 He 112 436
Lingxi 6 Baijinya
o =) =45 I
M106 0.35 13.42 Tﬂ: 2 1.48 11.36 H/i 3 7 1.58 6.90
Ninghua 2 Guilii 3
< P4
M113 0.32 8.96 fﬁﬁ%‘ 1.89 7.79 Aﬁﬂ‘?ﬂ 0.25 22.15
Yujingliuxiang Huangjinjia
M65 0.33 16.72 lf]j?ﬁ: 1.04 7.79 0318F 1.36 2.72
Baiyagilan
M127 0.26 24.98 TRI04 1.82 17.32 EE 1.40 9.45
Maoxie
TS
M53 0.28 10.28 TRI03 1.46 15.55 IR 1.44 11.29
Kuguacha
A R H I3
M72 0.30 23.15 A 1.55 15.04 R 1.83 30.86
Bixiangzao Jinguanyin
KAl
M53B 0.23 23.74 TRIO8 1.21 12.60 g 1.44 10.75
Shuixian
4
M32 0.24 11.25 0207-4 1.89 12.82 LT3 1.64 6.22
Hongkou 18
e JINY)
M39 0.23 11.25 A 1.57 7.29 (RUR 1.20 5.44
Lityafoshou Jianbohuang
4173 B
M46 0.22 20.47 ﬁfi 3 1.50 12.64 0317E 1.71 5.11
Guihong 3
M68 0.24 26.62 72-56 1.44 49.45 M3-18 1.43 200.68
M24 0.18 30.88 M71-4 1.51 150.52 72-54 1.78 226.35
1y —
Wﬂf? 0.66 24.58 72-44 1.40 79.66 M47-5 1.40 274.36
Shengbaierhao
M30 0.29 7.15 M34-94 1.30 306.07 M3-9 1.47 116.54
G
R e 0.16 21.49 72-55 1.15 157.16 M48-5 1.38 123.31
Shengzhouyuehuang
WH
Jibai 0.66 13.96 M43-5 1.71 182.66 M30-7 1.58 140.14
ibai
ﬁ =)
e 0.70 32.42 M3-17 1.40 213.80 M34-24 1.48 204.45
Zhonghuang 4
ey Y
. 0.62 21.92 M34-23 1.11 184.99 M34-22 1.31 108.06
Taishanghuang
I .
/.]\ fﬁm:’ . 1.15 9.92 72-57 1.49 259.23 M34-32 1.18 136.69
Xiaoyenaibai
S
i%ﬂt‘ . 0.20 29.99 M34-23 1.17 63.74 M43-4 1.09 246.38
Jinxiangbai
%k 126 £
Zhongcha 126 1.31 5.20 M15-10 1.38 302.13 Ziying 1 1.38 138.71
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(@ 54 Pumple green; Table 3 The availability of the load factor
O #{% Yellow
e for the original indicators
2 =
SRR AR £ F S 1 FHT 2
8 600 Original Principle Principle
A~ S variables component 1 component 2
or g o \ L* 0.978 0.188
. (¢ a* -0.518 0.813
&8 b 0.985 0.166
NS
-2 BY ) 25 c 0.991 0.129
PCl1 E* 0.980 0.194
2 ERSSH(PCA)JHE h 0.128 -0.959
Fig.2 Prinicipal component analysis( PCA ) score plot S 0.987 -0.123
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SERIREI KT (R 4) O TIESBE E . X 120 MREAR BT 2 5 A, A5 5] 7 140 4
Ao P LT et b7 CT ET h MSTHA B EESASE BN 1445 1 410,11 457 1467 .1 449 1 433
1 476(FK4), 25 L Z5M it a9 BE S™{EXT 120 ShFh (BRR ) B IX 53 BE e o " fE R 25 .
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Table 4 Multiple comparison results of different colorimeter parameters

BREUSHL KrfH PR TR HiRE R
Colorimeter parameters Chi-square value Number of significantly different combinations

L 1390.4 " 1 445
a 1269.3"* 1410

b 1396.1"" 1457
c” 1398.0"" 1 449
E 1394.6" 1 467

h 1286.7"" 1433
S 1394.9" 1 476

Note: “* P<0.01.
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Fig.3 Hierarchical clustering of tea plant varieties( lines)
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Table 5 Ranges of different colorimeter parameters in diverse colored tea plants

{0,221 B %L Colorimeter parameters # R Yellow system 2 R Green system LA R Purple green system
L* [47.15,63.96 ] [33.74,45.94] [25.04,35.34]
a [-9.81,0.08] [-10.27,-5.37] [-4.26,2.86]
b* [33.14,54.75] [13.45,26.03] [2.19,14.10]
Cc* [34.37,54.83] [14.86,27.58] [2.57,14.28]
E* [58.35,83.71] [36.89,53.56 ] [25.20,38.16]
h [89.91,106.41] [106.47,117.75] [57.27,109.80]
S* [0.70,0.88] [0.44,0.66 ] [0.10,0.43]
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Fig.4 Correlation analysis of colorimeter parameters
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