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Table 1 PCA results of sheath colors of mulched Ph. violascens shoots
LR B B TR E [ i
Eigenvectors of different color factors of the first principle component
@ﬁﬁiim AR R T
Upper bamboo sheath Middle bamboo sheath Lower bamboo sheath
I Upper o Middle N Lower | Upper 1 Middle ™ Lower I Upper o Middle N Lower

L 0.248 0.201 0.140 0.243 0.247 0.195 0.236 0.224 0.113

a -0.166 -0.201 -0.105 —0.204 -0.208 -0.173 -0.219 -0.230 =0.127

b 0.242 0.175 —0.080 0.236 0.229 0.054 0.214 0.193 —0.033
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Fig. 1 Cluster dendrogram of appearance colors of mulched Ph. violascens shoots(Only taking L X a x b cluster analysis
results of all samples and typical samples as example, the rest omitted)
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Table 2 Discriminant analysis results of mulched Ph. violascens shoots with different sheath colors

THIN Rk 57 =
BRI EY| Forecast group members/Pieces
Cluster basis Type AT it — 5% 28 LI HiF R
Cluster analysis Total Consistent rate Cross validation Total Accuracy rate
5124 Group 1 19 3) 22 19 3) 22
L #3225 Group 2 13 13 93.3 13 13 93.3
232 Group 3 10 10 10 10
25125 Group 1 23 23 23 23
@ 5225 Group 2 12 12 97.8 12 12 97.8
#3139 Group 3 1) 9 10 1) 9 10
#5135 Group 1 29 1) 30 28 ) 30
b 4522 Group 2 7 7 97.8 )] 6 7 933
5325 Group 3 8 8 8 8
#3512 Group 1 22 1) 23 21 0)) 23
Dx<a 2822 Group 2 15 15 978 14 ) 15 93.3
#5325 Group 3 7 7 7 7
#512% Group 1 29 1) 30 28 ) 30
Lxb #5225 Group 2 8 8 97.8% 8 8 93.3
232 Group 3 7 7 1) 6 7
25125 Group 1 24 ) 25 22 3) 25
axb 5225 Group 2 12 (1) 13 95.6 (1) 10 2) 13 86.7
#5325 Group 3 7 7 7 7
#5135 Group 1 22 ) 24 22 ) 24
Lxaxb 2522 Group 2 14 14 95.6 14 14 95.6
3% Group 3 7 7 7 7
TR A #312% Group 1 20 20 20 20
Typical sample %23 Group 2 4 4 100.0 4 4 100.0
Lxaxb 4532 Group 3 7 7 7 7

i 0 AET AR

Note: The number in () is the number of misjudgments.

£3 FREFXVERRASEARES LR

Table 3 Regression validation and comparison of mulched Ph. violascens shoots sorted with different sheath colors

TRFNLE R 52 B 5 AN R SRS 3 AT A4 R SR 8/ 3
TiH Forecast group members/Pieces Consistent members of clustering analysis based on different classified basis/Pieces
Item LR RS TR N
e UEFN T"J\Q\J’I‘#uu /N I 4 b %@ b 250 an
Typical sample Predicting sample Sum
#5135 Group 1 20 2 22 21 21 22 22 22 22 22
522 Group 2 4 11 15 12 11 6 14 7 12 13
3% Group 3 7 1 8 8 7 7 7 7 7 7
A1l Total 31 14 45 41 39 35 43 36 41 42

HERfi 2 Accuracy rate /% 91.1 86.7 77.8 95.6 80.0 91.1 93.3
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Table4 L x a x b clustering analysis results of sheath colors of mulched Ph. violascens shoots

BTl it/ FaE RS NIV AR B S G NHSZ

Type Total/Pieces Sample No. of stable shoot Sum/Pieces Sample No. of unstable shoot Sum/Pieces a &
#5125 Group 1 24 1~13, 18, 20~22, 26, 30~31 20 14, 24, 27, 29 4 34.02 5.41 10.62
2522 Group 2 14 15, 34, 41, 43 4 16, 17, 19, 23, 25, 28, 32~~33, 44~45 10 43.44 3.80 15.41
39 Group 3 7 35-40, 42 7 61.32-1.27 22.39

23 ARIMRBFRBEBEEMNHFBERRER 2%, ﬂ% KV b (E 57 M 10,62, 15.41 Al
231 BEFTHFFHEECEIMETS FEAREH 2239, KEFHHEIFKK N 480, 698, WLlH
o], EmEAHAESON L, o, b EFESE 3. Liﬁﬁ?%lﬁlﬁﬁi*fﬂmfﬁi XFELSE, AR 2 2R
25 (R5). LIEMS 1 KM 3258, i WHE, BI3IXWABZE, KiMaEHHRE 1KE
SEREVAEAEIN . BB 12, H 228, IR LME B 3R, EFMXEN, 1KY
G3NR 34.02, 43.44 F1 61.32, KEPEHIGIEKK S 2 KEp EHAE HEFARE; H3Kall
942, 17.88, Hrfr, uqﬂiﬁ ESARERAY S, WE/NFHE 1 F 2. H1k H
AN XTH:;&% BOURECR; B3 A, 235 BEIKFE e il 541, 3.80 #1-1.27,
FoREY, £RERBE. KE b HESFBEN *l‘ﬂ¥i®W¢EﬁEYi\ﬁ 1.62, 5.07, XLy,
B, FIREEIREHEN. F 18K 5H RETE BIZ Lk,

£S5 TRMNBEXRBBSEMNEAEQEERERILR

Table 5 Comparison of color indexes of mulched Ph. violascens bamboo sheaths sorted with different sheath colors

T 4 S A S o

Cilorzjz A Upper bamboo sheath Middle bamboo sheath Lower bamboo sheath gﬁ& e

" Type C/';//"/ Range
parameter I Upper o Middle I Upper 1 Middle I Upper T Middle °

#5125 Groupl 25.36£5.18c/c  39.82 £ 8.95¢/ab 27.66 £ 5.06¢/c  28.79 + 6.46¢/c 38.48 +£3.69c/b 44.00+6.73c/a  22.47 40.24
%23 Group2 3553+ 11.24b/c 47.67+11.01b/ab  37.25+6.91b/c 4032+ 11.53b/bc  46.69 £2.69b/b  53.17+4.10b/a 24.18 43.37

L 32K Group3  56.91 +4.46a/b  62.55 + 6.03a/ab 57.86 +5.95a/b  64.85 + 5.08a/ab 59.84 +3.76a/b 6590 +2.76a/a 9.24 22.13

A5 RHCVY% 40.00 26.50 34.20 39.70 18.90 19.10

%% Range 4430 42.70 44.80 49.20 32.20 36.50

%1% Groupl ~ 420+1.90a/c  4.88+249a/bc  4.94+1.40a/bc 5.54+2.07a/b 6.26 = 125a/ab  6.66+2.03a/a 51.06 13.54

%275 Group2  431+2.08a/  2.92+3.47b/ 479+ 1.69a  4.26+2.73a/ 375+ 1.60b/ 275+ 1.42b/ 61.50 12.45
@ 3% Group3  —1.05+2.55b/  —2.37 £ 2.96¢/ —0.93+£2.38b/ —3.14+1.70b/ 0.15+ 1.64c/  —0.30+1.48¢/ —184.79  9.11

B RECV% 81.70 121.20 67.40 99.40 57.70 73.20

1% Range 11.20 14.90 13.10 13.70 10.60 13.60

#5125 Groupl 535+4.11c/b  14.35+4.58b/a 7.26 £3.43c/b  7.87£4.30c/b 13.37+2.13c/a  15.50+£2.71c/a 31.93 24.49
522K Group2  11.78+5.99b/b  17.04 = 4.09b/ab 13.53 £3.84b/b 14.17 + 6.33b/ab 17.12+£1.97b/ab 18.84+£3.13b/a 32.42 23.22

b 232 Group3 223242262/ 22.16+2.40a/ 2225+224a/ 2326+ 1.12a/ 2193+ 1453/ 2241+099%/ 7.92 7.78
ARG RECTY% 75.60 30.10 55.30 59.30 23.20 20.80
% # Range 24.60 18.70 21.80 23.30 14.70 17.30

-2

Group1-Group? 12.03 8.53 11.46 13.20 9.37 10.51
AE SRARSRIR 24.43 16.60 23.10 27.19 14.46 13.57

Group2-Group3

IR 36.21 25.10 34.22 40.16 23.81 24.00

Group3-Group1
e AANEFRFORZERLE (p<0.05) . /I TRFRRKMER, P EFRRRENZER. FH.

Notes: Different lowercase letters indicate significant differences at level 0.05. The letters before "/" indicate inter-class differences, and the letters after "/"
mean intra-class differences. The same below.
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Table 6 Comparison of color indexes of mulched Ph. violascens shoot pulps sorted with different sheath colors

553 MR, P4 3058, 19.89, X
HKla) a2

i

BESH 2851 ot i T W%
Color parameter Type Upper Middle Lower Range
#513% Groupl 76.63 + 2.77/ab 73.98 + 3.26/b 79.39 + 1.50/a 11.72
4522 Group2 77.19 +2.63 75.88 + 1.60 78.30 +2.94 8.26
L P
#5324 Group3 76.83 +£2.37 76.53 +2.20 78.87 +1.07 6.39
7 Range 9.09 9.20 7.90
#512% Groupl -5.33+1.01b/b —6.19 + 1.87b/b -3.09+ 1.12/a 6.97
#522% Group2 —4.17 + 1.51b/b —4.70 + 1.53b/b —2.56+0.33/a 471
a e
#3%¢ Group3 —2.17+0.62a —2.37+0.75a ~1.99 + 0.41 1.87
4% Range 5.44 7.68 3.03
#5125 Groupl 27.42 + 1.65a/a 29.55 + 3.82a/a 1431 +3.15/b 23.99
%522 Group2 23.50 + 3.44b/a 25.84 + 5.44a/a 12.75 + 1.05/b 20.40
b ;
#32% Group3 18.57 + 1.33¢c/a 18.75 + 1.29b/a 13.58 + 0.89/b 8.07
%7 Range 12.41 16.27 8.00
13555523 Groupl1-Group2 4.12 442 1.97
AE #2245 5325 Group2-Group3 5.34 7.49 1.15
#5326 555124 Group3-Groupl 9.40 11.73 1.42
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Table 7 Correlation coefficients of color parameters between sheath and pulp of mulched Ph. violascens shoots

FiE b3 LEFEE rpg R iR i T
S il HRW Sheath HR Upper sheath HW Middle sheath R Lower sheath
Range  Pulp Upper Middle Lower
a b pulp a b pulp L a b pulp It a b

P L 0.217 0.004 0.131 ! —0.113 0.200 —0.185 L 0.332 —0.286 0.283 1L -0.026 —0.075 -0.016
=
All " a  0.808** —0.520%* 0.796** 0.834**-0.611* 0.856** a 0.832**—0.758** 0.826** q 0.586* —0.479 0.691**
SAMpIES g 706% 0326% —0.683** b —0.915%* 0.683*%-0.922%% b  —0.908** 0.789**-0930** b 0219 0.192 -0306

L 049 0.135 0.333
LN a 0.684** 0.277 0.670**
Group 1

b —0917** —0.325 —0.864**

L 0.073 0 —0.004
LiEeN a  0.798** —0.267 0.786**
Group 2

b —0.778** 0.273 —0.709%*

L 0.258 0.510 —0.217
BIR L gsgse 0063 0380
Group 3

b —0.335 -0.398 —0.097

VE: *RIRNP<0.05, **R/KP<0.01,

Notes: * for a significant correlation at level 0.05, ** for a very significant correlation at level 0.01.
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Table 8 Comparison of morphological index differences among mulched Ph.

violascens shoots sorted with different sheath colors

S K H4z e = FELLL FY L FEK FEEE FERE AR
B i J CINCEs o .
Type Sheath Basal Fresh weight/e Edible rate/% Ratio of shoot Ratio of shoot Sheath Sheath Sheath Sheath
yp length/cm  diameter/cm weightg ®  to sheath/% to stump/% length/cm width/cm  thickness/mm  weight/g
512
(gfrou%p 1 31.84 +£3.76a 4.95 + 0.44a 288.73 +49.89a 57.67 +5.94b 26.07+2.82 16.32+5.90a 10.61 £0.87a 14.68 £ 1.11a 1.23+0.11 6.18 +£1.03a
EHvES
Group 2 30.38 +£3.44a4.71 £ 0.69a 250.39 + 80.09a 62.43 +3.74a 25.27+231 12.23+3.61b 9.65+0.80b 13.91+1.81a 1.20+0.16 527+ 1.59b
%32
ioiép3 24.29+4.17b4.19 £ 0.68b 162.50 + 51.58b 64.57 +3.31a 23.47+£4.03 11.89+3.10b 8.03+1.34c 12.15+1.77b 1.13+0.19 3.27+1.03¢c
CVI% 14.91 12.92 28.95 9.42 36.76 13.08 11.96 11.87 29.07
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Correlation between External Color and Quality of Mulched
Phyllostachys violascens Shoots

HE Yu-you, CHEN Shuang-lin, GUO Zi-wu, XU Sen

(Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, Zhejiang, China)

Abstract: [Objective] To study the change of appearance color and the relationship between color and quality of
Phyllostachys violascens shoots from mulched forest land in order to provide references for bamboo shoot production,
management and quality evaluation. [Method] The color parameters, including lightness value (L), redness value
(a), and yellowness value (b), in the lower, middle and upper parts of sheath and pulp were determined by colorimeter,
and statistical analysis methods such as principal component analysis, cluster analysis, discriminant analysis, ANOVA
and correlation analysis were carried out for these color parameters and morphological characters of mulched Ph.
violascens shoots. [Result] The results showed that the L, a, and b of the middle and upper parts of bamboo sheaths
were the main color parts and chromaticity factors of the bamboo shoot appearances. The color of bamboo shoots
could be divided into three types (dark, medium and light) based on L x a % b clustering. The consistent rate of
discriminant analysis and cluster analysis was 95.6%, and the accuracy of regression validation was 93.3%, showing
highly feasible and well effective of the clustering method. There were significantly differences in the color of bamboo
sheath and bamboo pulp among different color types of mulched Ph. violascens shoots, the same with the morphology
of shoot and its sheath, the edible rate, etc., and a strong correlation existed between the internal and external products
of the bamboo shoots. Bamboo shoots with lighter color had a well-proportioned yellowish-white appearance, bright
white pulp, small and thin sheath, light-weighted stump, and the edible rate was higher by more than 11% compared
with that of the darker ones. [Conclusion] The bamboo shoots of mulched Ph. violascens have abundant changes in
appearance traits such as color, morphology, etc., and generally, light-colored bamboo shoots possess more appearance
quality advantages.

Keywords: mulched Phyllostachys violascens shoots; color of bamboo sheath; quality; correlation
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