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Analysis of total flavonoids, crude protein and its
components in different lines of common buckwheat, rice

tartary buckwheat and golden tartary buckwheat

RAN Pan', YANG Lijuan® CUI Yasong®, CAI Qizong*, XIA Yufei?,
CHEN Qingfu®”
(1. Research Center of Buckwheat Industry Technology, Guizhou Normal University, Guiyang
550001, China; 2. Shangshi Huaqing Ludian Chongwen Middle School, Zhaotong 657000,
Yunnan, China; 3. Wenshan No.1 Middle School, Wenshan 663000, Yunnan, China)

Abstract: In order to explore the nutritional and health value of buckwheat varieties, the variation
of crude protein, total flavonoids, protein components and fruit characters of 56 different lines
strains of buckwheat seeds were studied. The results were as follows: Common buckwheat, rice
tartary buckwheat and golden tartary buckwheat seeds have crude protein content average of
13.19%, 15.44% and 11.72%, respectively, total flavonoids average of 0.14%, 2.50%, and 2.09%,
the average of albumin content of 5.22%, 6.13% and 4.56%, respectively, the average of globulin
content of 1.29%, 1.15%, and 0.91% respectively, the average of gliadin content of 0.42%, 0.58%,
and 0.55%, respectively, and the average of glutenin content of 2.66%, 3.36%, and 2.80%,
respectively. The protein component content orders of all types of buckwheat were in accordance
with albumin > glutenin > globulin > gliadin. Among the fruit traits, the variation coefficient of
1 000-fruits weight, fruit area and diameter of common buckwheat were the largest, and the
variation coefficient of fruit perimeter, fruit length-width ratio, fruit length, fruit width and 50 mL
volumetric weight of rice tartary buckwheat fruit were the largest. Correlation analysis showed
that: There are significant or much significant correlations between crude protein content and
length-width ratio and fruit length in common buckwheat, between crude protein content and fruit
perimeter and fruit length in golden buckwheat, between crude protein content and fruit width,
between total flavonoids content and fruit area, fruit width, fruit diameter and 50 mL volumetric
weight in rice tartary buckwheat fruits. Through the study, the buckwheat lines with high protein
content or high flavonoid content, such as common buckwheat Guitian 1808-166, golden tartary
buckwheat (Duoku74, Duoku78),black rice buckwheat (1906-136 and 43-2) were found. The
results in this study have some guiding significance for the quality breeding of buckwheat and the
development of new buckwheat products.

Key words: self-fertile common buckwheat, golden tartary buckwheat, rice tartary buckwheat,
crude protein, total flavonoids, fruit characters
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Table 1 Name and traits of sample

ELES

i 'S Hih R AR ¥4 LRI IR
Line Name of the lines Species name Traits Source
number

T1 1808-166 Bifit 2 SHLFR F. esculentum EAAE, AR Self-fertility and homostyly RCBIT
T2 Kitt 145 F.esculentum HAAEM, fetERK Self-incompatibility and heterostyly RCBIT
T3 1412-23 F. esculentum HAZWH, fEFEFK Self-fertility and homostyly RCBIT
T4 75 1412-16 F. esculentum BHAZA[H, ferEFK Self-fertility and homostyly RCBIT
T5 1412-45 F. esculentum BHAZA[H, ferEFHK Self-fertility and homostyly RCBIT
T6 1412-1 F. esculentum HAZWH, fEFEFK Self-fertility and homostyly RCBIT
T7 1412-16 F. esculentum BHAZA[H, ferEFK Self-fertility and homostyly RCBIT
T8 1412-69 F. esculentum BHAZA[H, ferEFHK Self-fertility and homostyly RCBIT
T9 1412-1 4T F. esculentum HAZAE, ferEFHK Self-fertility and homostyly RCBIT

D1 £ 74 F. tatari-cymosum AR E, Kokl Self-fertility and large fruits RCBIT
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M36 43-2 F. tataricum S Easy to deshell RCBIT

M37 X 13 F. tataricum 5 i5% Easy to deshell RCBIT
M38 %k 127 F. tataricum Silii5% Easy to deshell RCBIT
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Table 2 Differences in crude protein, total flavonoids and protein components among different
common buckwheat lines

142 T3, 4 0.52 %:;

HEE SR REFGE BEASE HEAOSE ERAEOSTE AEASE
MRS Crud}e rgtf.c}n Total Albumin Globulin Gliadin Glutenin
Line number conte ntp (%) flavonoids content content content content
°’ content (%) (%) (%) (%) (%)
T1 14.05+40.10a 0.1840.01b 3.9340.69b 1.1440.34b 0.28+0.11b 2.1140.21bc
T2 13.9740.35a 0.1340.01d 4.9040.61ab  1.3240.36ab  0.3840.08ab  1.7240.18bc
T3 13.57#0.42ab  0.2140.01a 4.7340.82ab 1.1040.25b 0.52+40.09a 2.6540.37b
T4 12.9240.16b 0.1640.01c 6.64+0.31a 1.5940.09ab  0.4140.07ab 2.2240.08b
T5 13.2240.39b 0.1540.01c 5.4940.18ab  1.4140.26ab 0.49+0.05a 3.260.70ab
T6 12.8440.21bc  0.0740.01e 5.09+1.70ab 1.7240.31a 0.52+40.20a 4.2440.52a
T7 12.7540.27bc 0.0740.01e 6.1140.41ab 1.3940.14ab 0.514).12a 4.1640.32a
T8 12.4840.21c 0.1740.01bc 5.80+2.63ab 0.9440.05b 0.2640.13b 1.1340.31c
T9 12.9240.26bc  0.1540.01c 4.3440.99ab 1.03#0.46b 0.3740.08ab 2.45+1.35b
5 5t 5 5 N N § -
Variation range 12.48~14.05 0.07~0.21 3.93~6.64 0.94~1.72 0.28~0.52 1.13~4.24
YA
Average 13.19 0.14 5.22 1.29 0.42 2.66
PR 22
Standard 0.56 0.05 0.87 0.24 0.10 1.17
deviation
CV (%) 4.21 33.69 16.60 18.97 24.14 43.90

E: FSEER R A RN TR R 2R EE (P<0.05) . T,
Note: Different lowercase letters in the same column indicate significant differences (P<0.05). The same below.
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WA & B AL SV I E 2.32%~2.81%, 178 A AL 57V [HI7E 4.42%~7.30%, 3R H 738 577 [
7F 0.90%~1.40%, B 2 (1 128 5730 FBIFE 0.27%~0.79%, 73 28 [ ¥4 7 Ji [l 7F 2.19%~4.33%.
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Table 3 Differences in crude protein, total flavonoids and protein components among different
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R Y AR 13.44%~18.20%,
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golden tartary buckwheat lines

MEaan SRMGE WEAGR REASR MBEAGE AEALRE
MRS Crud\e rl;tﬁn Total Albumin Globulin Gliadin Glutenin
Line number contentp (%) flavonoids content content content content
%’ content (%) (%) (%) (%) (%)
D1 14.4440.38e 2.81#0.11a 5.2942.27ab 1.1440.48a 0.48+0.06ab 2.1940.70b
D2 18.20#0.46a 2.5740.16bc  6.20+.41ab 0.90+#0.15a 0.2740.12b 2.5540.46b
D3 16.8440.10b 2.4340.04c 7.30+1.30a 1.1440.45a 0.4740.24ab 3.0140.19ab
D4 14.8340.15de  2.6340.09b 5.59+2.39ab 1.1140.52a 0.49+0.14ab 4.33+.15a
D5 14.9540.15d 2.4740.05¢c 6.22+.42ab 1.4040.40a 0.7940.19a 4.1140.81ab
D6 15.8240.25¢ 2.4740.11c 6.9540.86ab 1.1540.38a 0.6540.31a 3.9940).79ab
D7 15.3540.33cd  2.4240.10c 6.04+1.81ab 1.2940.48a 0.66+40.14a 3.67+40.70ab
D8 15.1240.27d 2.42+40.01c 7.18+1.12ab 1.2040.33a 0.73#0.25a 2.5240.34b
D9 13.4440.24f 2.3240.06¢ 4.42+41.48b 1.0540.46a 0.66#0.21a 3.89+1.89ab
AR 530 _ _ _ _ - 5
Variation range 13.44~18.20 2.32~2.81 4.42~7.30 0.90~1.40 0.27~0.79 2.19~4.33
YA
Average 15.44 2.48 6.13 1.18 0.59 3.32
PR 22
Standard 1.39 0.15 0.94 0.17 0.16 0.87
deviation
oV (%) 9.00 6.03 15.35 14.30 26.71 26.26

23 KEFAFMABRHAEA. S EH. EA4SSENER

ZERWER 4 R, MRRIPKTE TS R, HE
B A8 6 B E 1.63%~2.56%, 15 & 1 F738 S Ju I 7E 2.68%~7.01%, ¥R [ 1748 796 Fl 7
0.42%~1.29%, VAR A KIAS FIEEIE 0.17%~0.75%, A4 A AR YL HEAE 1.74%~3.99%.
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Table 4 Differences in crude protein, total flavonoids and protein components among different rice
tartary buckwheat lines

R IO EALE 9.48%~14.19% , M

PU=N=|
[=EER=d

. . HE SR ERMEE WEATE  HREATE MEROTE SERATE
Fu%éﬁﬁ Crude orotein Total Albumin Globulin Gliadin Glutenin
Line number contentp (%) flavonoids content content content content
content (%) (%) (%) (%) (%)
M1 10.5940.08fg  1.9940.12de 3.03+1.06¢ 0.8140.32bc 0.4620.01b 3.23+1.29ab
M2 10.6340.12f 1.63+40.03f 5.06+#.17b  0.94#0.12ab  0.48#0.02b  3.2840.80ab
M3 11.4140.13e 1.90#0.09e  5.29#1.16ab  0.7020.16bc  0.5540.03ab  3.23#0.41ab
M4 9.4840.14h 1.7240.04f 4.9440.87bc  0.6540.34bc  0.5540.12ab  2.7440.61ab
M5 10.2140.24g  1.7540.24f 5.07+1.16b 0.8440.39b  0.56#0.02ab  2.68+0.8ab
M6 14.1940.07a  2.2440.05c 7.01#1.39a  1.00#0.33ab  0.53#0.05ab  2.64+0.78ab
M7 9.7840.31h 1.7440.04f 3.55+1.17bc  0.5840.03bc  0.5640.27ab 2.4140.71b
M8 11.2140.08e  1.6330.01f  3.46+1.12bc  1.0320.09ab  0.3240.09bc  2.91+40.77ab
M9 9.9940.17gh  1.9520.1de 3.2040.75¢c  0.80#0.33bc  0.6140.34ab  2.58+1.17ab
M10 9.7240.24h 1.9340.08de 2.6840.05¢ 0.6740.23bc  0.2940.08bc  2.67#1.22ab
M11 10.2040.17gh  1.9940.07de  3.6940.33bc  0.85#0.37b 0.7540.13a  3.61#0.38ab
M12 10.7540.21f  1.8320.02ef  4.4840.84bc  1.00#0.70ab  0.43#0.14b 3.994).66a



M13
M14
M15
M16
M17
M18
M19
M20
M21
M22
M23
M24
M25
M26
Mm27
M28
M29
M30
M31
M32
M33
M34
M35
M36
M37
M38

AR S

Variation range

¥
Average
B O 22
Standard
deviation
CV (%)

11.240.34ef
10.0749.08gh
12.0020.18d
9.6040.12h
11.7940.18de
11.4340.1e
13.8240.56ab
12.93#0.12c
12.14349.21d
12.5540.08cd
11.9349.51d
12.0620.14d
14.1140.25a
12.6740.26¢
12.02490.28d
12.0420.12d
13.0720.76bc
12.8040.30c
13.0520.11bc
13.4130.41b
11.0640.12ef
12.7740.11c
12.1620.12d
11.3640.31e
12.9140.04c
12.1020.16d

9.48~14.19
11.75
1.32

11.22

1.7740.09ef
2.5640.09a
1.9040.03e
2.02490.05de
1.8040.03ef
1.8320.05ef
1.7140.08f
2.0449.07d
2.3520.05bc
2.2740.19c
2.3840.09bc
2.4240.04b
2.1520.09cd
1.8520.09ef
2.4640.08ab
2.4740.13ab
2.3920.15bc
1.7940.04ef
2.1620.04cd
2.49+0.09ab
2.0749.03d
2.4440.07ab
2.1740.02c
2.2840.04bc
2.49#0.01ab
2.5640.06a

1.63~2.56

2.09

0.29

13.89

3.50+1.43bc
3.1240.57c
4.96+1.91bc
3.224#1.71bc
4.88+1.63bc
4.30+1.95bc
5.3040.60ab
5.6640.39ab
5.0320.71bc
3.84490.51bc
3.84+1.28hc
4.6840.78bc
4.0449.89bc
5.2740.55ab
5.20+1.08ab
4.81+1.22bc
4.61+.11bc
5.8240.71ab
5.0520.78b
4.45+1.09bc
4.82+1.75bc
4.76+.12bc
5.23+1.38ab
4.85+1.53hc
4.8440.97bc
5.43+1.17ab

2.68~7.01

4.56

0.92

20.15

0.6440.13bc
0.4249.05¢
0.6449.15bc
0.5940.18bc
1.1340.30ab
1.1230.17ab
1.02490.13ab
1.1440.26ab
0.7429.06bc
0.8440.10b
0.9040.20ab
0.85#0.21b
0.8140.25hc
1.2940.16a
1.100.20ab
0.9520.24ab
1.0220.35ab
1.2240.27ab
1.1420.30ab
0.9420.19ab
0.9620.13ab
1.1140.27ab
1.1020.2ab
0.9740.26ab
0.8820.03ab
1.1820.24ab

0.42~1.29

0.91

0.20

2214

0.3440.11bc
0.1740.04c
0.4140.01bc
0.3620.03bc
0.4740.1b
0.3820.09bc
0.4840.13b
0.3449.16bc
0.4840.07b
0.4640.13b
0.1740.05c
0.3320.08bc
0.4820.25b
0.3020.02bc
0.3140.08bc
0.54#0.11ab
0.7540.17a
0.54#0.11ab
0.7029.12ab
0.61#0.16ab
0.5440.13ab
0.6820.27ab
0.61#0.19ab
0.5640.3ab
0.7340.28a
0.71#0.11ab

0.17~0.75

0.55

0.14

26.04

3.91+40.35a
3.1340.46ab
3.21+3.01ab
2.6240.3ab
2.68+0.7ab
2.6940.82ab
2.78+1.14ab
2.774.14ab
2.2730.57b
1.74490.86b
2.1040.23b
2.9540.39ab
3.2520.48ab
2.93+1.68ab
2.7440.14ab
2.2240.1b
2.7320.47ab
3.2240.7ab
2.93#0.15ab
2.7240.24ab
3.5140.27ab
3.4740.33ab
3.4620.77ab
3.1140.33ab
3.8740.59a
3.60+1.07ab

1.74~3.99

2.80

0.63

22.46
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Table 5 Comparison of mean contents of crude protein, total flavonoids and protein components
among buckwheat types

KA

Types

HEA &=
Crude protein
content

(%)

ISY- Tl s

Total flavonoid

content (%)

BEAGE
Albumin
content (%)

HREOSE
Globulin
content (%)

BHEASE AEASE

Gliadin
content (%)

Glutenin
content (%)




CB 13.1940.55b 0.1440.05¢c 5.2240.87b 1.2940.24a 0.4240.10b 2.66+.17b
GTB 15.4441.39%a 2.5040.15a 6.1340.94a 1.1840.17a 0.5940.16a 3.3240.87a
RTB 11.75#.32c 2.0940.29b 4.5640.92b 0.9140.20b 0.5540.14b 2.8040.63ab
7¥: CB. fli#; PTB. £#3%; RTB. X#FH. TH.
Note: CB. Common buckwheat; GTB. Golden tartary buckwheat; RTB. Rice tartary buckwheat. The same below.
2.5 AEERBFERLMERIBR
I TR R SR IEAT S (GR 6) , AFEBFEE F R ENERAFAEAFIFE AR 5
Bkt TR, Bz TR AR B VG HEAE 28.21~47.23 g, HIME Y 33.50 g;  HSCmIAA AR R ELA
18.64~27.08 mm?, ¥ty 20.60 mm?; LS KAR R FE A 17.12~20.90 mm,  H{i N 18.02
mm; ST AR R YEHCA 1.36~1.59, ME A 1.43; RSLKAR FEHY 6.06~7.61 mm, %
5N 6.47 mm; SESZHA RYEEA 4.26~5.22 mm, {E N 4.56 mm; HESZEAAE FIEEN
4.85~5.84 mm, #J{E 7} 5.08 mm; 50 mL %A FYuE N 22.06~25.74 g, ¥J{E N 23.81 9.
ST, BT R EARFIEEN 29.33~42.75 g, Mk 34.81 g; FSHiARAR F TG H
A 16.03~20.91 mm?, MM 17.71 mm?; HsgfE K AR G 16.19~18.91 mm, M 16.99
mm; ST AR R YE R 1.27~1.50, ¥WMEA 1.39; HRSLKAR FIEHY 5.44~6.78 mm, 3%
9 5.89 mm; Lo As RGN 3.96~4.56 mm, HIMEHAN 4.29 mm; B EHAAA FIEE N
4.50~5.14 mm, IJMEA 4.72 mm; 50 mL FEAZ VLA 22.37~24.59 g, HEH N 23.49 g,
KT, BT R EARFEEN 11.70~20.16 g, ¥ME )k 13.89 g; S SCiifiAs F 76 H
N 7.45~11.88 mm?, HMH Ny 8.65 mm?; HSZH KAF G N 10.59~13.76 mm, N 11.55
mm; SR TE AR R YE R 1.25~1.75, ¥WMEA 1.44; RSKARFEHA 3.71~5.25 mm, )
B4 4.13 mm; RS8R EE M 2.58~3.62 mm, IMEA 2.90 mm; SSCE AR B EA
3.07~3.86 mm, ¥J{E A 3.29 mm; 50 mL & E AR 7y H A 22.00~28.66 g, HME A 25.92 g.
F 6 AR FFEEZ SR AR

Table 6 Variation of fruit characters of buckwheat types

SRR b A2 5 P A 22 HlE  BREH HE
Fruit character Types Variation range Standard deviation Average CV (%) Range
CB 28.21~47.23 5.92 33.50a 17.66  19.02
TR E 5
1 000-fruits weight (g) PTB 29.33~42.75 3.69 34.81a 10.60  13.42
RTB 11.70~20.16 2.04 13.89b 14.70 8.45
CB 18.64~27.08 2.58 20.60a 12.53 8.44
R 5
Fruit area (mm?2) PTB 16.03~20.91 1.39 17.71b 7.88 4.88
RTB 7.45~11.88 1.03 8.65¢c 11.93 4.43
CB 17.12~20.90 1.15 18.02a 6.40 3.78
REFK -
Fruit perimeter (mm) PTB 16.19~18.91 0.79 16.99b 4.63 2.72
RTB 10.59~13.76 0.81 11.55¢ 6.98 3.18
CB 1.36~1.59 0.07 1.43a 4.76 0.23
I b ~
Fruit length-width ratio PTB 1.27~1.50 0.08 1.39% 5.89 0.23
RTB 1.25~1.75 0.12 1.44a 8.12 0.51
CB 6.06~7.61 0.48 6.47a 7.42 1.55
RS PTB 5.44~6.78 0.37 5.89b 6.32 1.35
Fruit length (mm) ' ' ' ' ' '
RTB 3.71~5.25 0.31 4.13c 7.39 1.54
CB 4.26~5.22 0.28 4.56a 6.10 0.96
SRS (mm) _
Fruit width PTB 3.96~4.56 0.18 4.29b 411 0.60
RTB 2.58~3.62 0.21 2.90c 7.27 1.04

R ER CB 4.85~5.84 0.31 5.08a 6.01 1.00



Fruit diameter (mm) PTB 4.50~5.14 0.18 4.72b 3.86 0.64

RTB 3.07~3.86 0.19 329c 567 079

50 mL AT CB 22.06~25.74 1.18 238la 496  3.68

50 mL volumetric weight (g) PTB 22.37~24.59 0.77 2349 328 222
RTB 22.00~28.66 131 2592c 505  6.66

2.6 ANRIRBFFE R MRS R LR A T

ZERINE 7 R, BARFEZEAIFFE S MR Pearson MO RELAT 40, #HFFMTFRHEAS
B REKECEREE FMHX, SREUKEEZEFEMHL #RSE5REASE. EA
TEEREIMER, HRELEFEHRSTEZM N BEATESRUKE L EWEE
AR, BREASTESAEASTEEEEIEMX, BAEATESAEASTEEWEE EH
5y BebiRey, BREBESZKEH. B9z 50 mL AESHMIEPREEZF ML KR, HER
PR [A) 1) 2 80 3 Bl Y 2 TE A O

SEFMTHEOSESEAEASE. RUAK. ROUKEEEEAAC SIS
BEHEERTLEEEFEMECR: BEOGEERE TR E, REmi, Rk S0 EE 7
G, HRsK, B, RLEFREREIMES REOSEESRAEOTEEWREEIE
FHOG; RSk, RscTRiEERSumA. R, Bk, Rk, R/ REEE
B R IEAR DG RSLT A S RS K SR R . RS E AR R T B R 2 IR AR OGS
RS R RS vs . R HAR R R BN IEA DG, Rk v th s s K 2 B 3 1EAH
Ky SRR SR 5 RS B AR AR 2 IR AR

KEFFFREASESEEN SR 2 DS IR, 5EEABREQEMEE FMHX,
5 EWEE A SIS RS R TR E, R, R EHA R B AKX,
HREEEWEZ TR, SRE S0 mL AHERERF LMK HEASELSREATER
Wi EAOG; MAEASESAREATERL S EMIS; FmRd, FseThE SR
KB LT WA R R AR R S K 5 S K e LR B A e s R st 5 3
SEEARA 50 mL 25 O W A OO

7 RIS SRR 5 SRR A7 b 2B

Table 7 Correlation analysis between quality characters and fruit characters of buckwheat varieties

sk

, . BRER WEAEN BAEA TR RS Rk \ 50 mL
MBS MRS HEA S AR A TN T B -
5iH wu Hl o ot R R T £ [IEA RS Fruit « . B HHE
0 S O = o . - . . . D, £
g . Globulin  Gliadin Glutenin 1000-  Fruit Fruit 3 3 ) 50 mL
Item Types Crude  Total ~ Albumin ) . length Fruit Fruit Fruit .
i i content  content content fruits  area  perimeter k i . volumetric
protein flavonoids content . -width  length  width  diameter .
weight . weight
content content ratio

&S cB 1
o
Cude protein

content RTB 1

1

MIEEE CB 0378 1
Total

flavonoid

content RTB 0.385* 1

GTB 0.160 1

CB -0.636 -0.296 1

HEERATE
Albumin GTB 0.608  -0.172 1
content 0.607*

RTB . 0.103 1

CB -0.082 -0.711* 0.342 1
HEATE
Globulin GTB -0371 -0.236 0374 1
content 0.568*

RTB 0.084  0.576** 1



VAHEA  CB -0.125 -0423  0.241 0.635 1

o GTB -0.726* -0.220 -0.031  0.827** 1
Gliadin
content RTB -0.204 0.038 -0.082 -0.001 1
WEL AR CB -0316 -0.712* 0.326  0.759*  0.896** 1
Glutenin  GTB -0.282 -0.565 -0.143  0.115 0.275 1
content

RTB 0.048 -0.068  0.190 0.240 0.340* 1

R CB 0535 -0.022 -0.493 -0.081 -0.269 -0.394 1
TR
1 000-
fruits weight RTB -0.360* -0.321* -0.093  -0.059  0.169  0.022 1

GTB -0.651 -0.063 -0.871** -0.196 0.292  0.292 1

CB 0.597 0.109 -0.288 -0.122 -0.175  -0.37 0.887** 1

R
) GTB -0.657 -0.182 -0.799** -0.089 0.326  0.124 0.942** 1
Fruit area
RTB -0.274 -0.351* 0.015 -0.036 0.250 0.105 0.837** 1
CB 0638 0133 -0370 -0.170 -0.253  -0.432 0.917** 0.993** 1
R K
Fruit GTB -0.711* -0.228 -0.860** -0.140 0.292  0.226 0.931** 0.968** 1
perimeter
RTB -0.267 -0.314 -0.037 -0.031 0.248 0.123  0.804** 0.981** 1
N CB 0.719* 0.200 -0.823** -0.249 -0.468 -0.414 0.409 0.216 0.320 1
gkt
Fruit length GTB -0.406 -0.544  -0.208 0.045 0.055 0.013 0.118  0.336 0.428 1
-width radio
RTB 0279 0.208 -0.018 0.278 0.015 0126 -0.157 -0.030 0.146 1
ran CB 0.744* 0.150 -0.533 -0.202 -0.342 -0.48 0.922** 0.938** 0.971** 0.537 1

Fruit GTB -0.677* -0.406 -0.711*  -0.085 0235  0.156 0.746* 0.875** 0.922**  0.738* 1

length
9 RTB -0.127 -0.186 -0.108  0.087 0.193  0.139 0.559** 0.744** 0.853**  0.624** 1

CB 0.368 0.076 -0.042 -0.085 -0.047  -0.271 0.775* 0.948**  0.909** -0.102  .783* 1

RIFE
Eruit GTB -0.435 0150 -0.732* -0.150 0.284  0.215 0.903** 0.795*  0.737* -0.287  0.434 1
width -0.455*
RTB , 04200 -0075  -0.204 0.195 0.03 0.829** 0.864** 0.775** -0.503** 0.353* 1
PR CB 0601 0120 -0.306 -0.139 -0.176  -0.372 0.884** 0.999**  0.992** 0.222  0.940** 0.946** 1
0

Fruit GTB -0.650 -0.176 -0.793* -0.077 0.329  0.118 0.941** 0.999** 0.961** 0.320 0.864** 0.801** 1

diameter
! RTB -0.317 -0.371* -0.038  -0.034 0228  0.110 0.874** 0.992** 0.981**  -0.015 0.756** 0.867** 1

50mL #5#E CB 0.061 -0.259 -0525  0.218 -0.005 0.120 0.12 -0322  -0.242 0526 -0.079 -0.495 -0.325 1
50mL

. GTB 0.158 -0.197 0.398 0.374 0176  0.640 -0.281 -0.449  -0.462 -0429 -0.525 -0.149  -0.436 1
volumetric
weight RTB 0.149 0.321* -0.008 0.104 -0.079  -0.057 -0.199 -0.517** -0.517** 0.021 -0.354* -0.458** -0.520** 1

T *RORTE 005 KP ERFMR; R 0.01 K ERREMR.
Note: * means significant correlation at 0.05 level; ** means extremely significant correlation at 0.01 level.
3 Wik
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AHEFOR B AR B8R KETE v (R E A AR S S R AT L R R
it (R EfFAERZEZES, HhedrifEn. SERAMERSEX vRE, KEFrmHE
B A& ES T T T e A SR RGNS Pk, BARTIRE
RAER, FTRASEIL— R IEF 2 0GR (BRIKTE, 2018) , FirbAS G BIFR 22 B M AR A iy
EE TP AN EENERS G TR T — ER W IR WAL R K A2 —, Tk
ER AT, TR R, ISR A S 5 RS R T R A B R E A
. SRR E A SRR, BRI S ER AR, IR & R TAE R e i m
WA, fE— IR A BORIR . 43 B 2 1 AT 8 A i 22y, AW FCR I 7%
EEFR KEFRMBEASTES N 2.66%. 3.36%. 2.80%, HAEIFELEMMEHEIH—
SE R

=



HAT, S TF38 8 A A i & S 00T 78 AR TR R RS T 37 1, 6T kit
AT AN b o XN =A%% (2007) Xf 76 i 7R RIFIEATHE AR I, 5 FRF TR 3%
il & 2 IME A 2.46%, EHEB S ETHMEN 14.30%; GREKHEE (2016) #iE 7 100 £33
FEE SRS BN 2.078%; IIEZE (2011) WA T HEEANFESX LRI, £
T 7 REFEE A S EA SVEEA 13.79%~20.96%, #{H &84 56l 0.04%~0.25%; AHFFT
SEREGIAREA T, SEHES (2015) MERE —@MER, & 8E 51 EF 0T Re 26T
FOM B FRIEAEEIANE, VRIS BRI T 52 FE DR A1, B3 i 5 ) A [R] 1 238 s i o
AL (RECEE, 2011) o AL R R TR h & R E . S & 2R E
KRS FRAEN TR, dRNURE &S FAENRFFEEZ MF L E ERA RS, EFRE At
FUH G T ROR R B T IR AR R, BT A SR R TR L M —ASE T Ml . A SR i
HEeRImE A S S BT S R T DAE G M AR BRI, 32 ST RE08 SR AR
i RVE FRORAEANE -

32 FEZREMREM T MEHIRER

KT F 2 R SR Tl o IR AR DG PR FE AR IE />, B FHEE (20200 X85 FRFF AL 3 i
B EFPRAEIR PR D AT R I, T FERFRL B A S i SRR A RPRLRE A 2 B IR A
Ko BIFRGERE HAFAE— € 25, HENIR KRR 2 BRI BEE R R T 8. A0t 7T
RO, MFAFHEATESRLKREL, RELKERBERREEIEMG, &557FNHED
TEERILKEREEAMIC KEFFMHEAD S E S R BT E ML, DG E
HRSmA, Raevi. REEA. 50 mL 2 H A A s B . Ik, TEA S E R
TAE AT DU A SRR B m B MR, DUMER B HmE A Wl & &R 57 %
PR

SE MR-
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