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Variation of biological traits and quality characteristics in
Lithocarpus litseifolius seeds from different provenances

YANG Zhiling"**, TAN Zifeng'*>, WANG Yiqing™*

(1. Research Institute of Subtropical Forest, Chinese Academy of Forest, Hangzhou 311400, China; 2. Key Laboratory of Tree Breeding of
Zhejiang Province, Hangzhou 311400, China; 3. Hunan Aokang BioTechnology Co. Lid., Xupu 419300, Hunan,
China; 4. Hunan Yao Tea Engineering Technology Research Center, Xupu 419300, Hunan, China)

Abstract; In order to investigate variation of biological traits and quality characteristics in Lithocarpus litseifolius seeds,
four biological traits, four nutrient contents and three quality characteristics were measured from ten provenances in eight
provinces. The correlation and cluster analysis of eleven seed characteristic parameters were carried out. The results were as
follows: (1) The mean values of single seed weight, seed length, seed numbers per panicle and panicle length were 1.82 g,

14.57 mm, 16.43 grain and 11.78 cm respectively, and variation of four biological traits of seeds from different provenances
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reached extremely significant level. (2) The average values of protein, fat, reducing sugar and starch of seed were 4.75
g/100 g, 0.97 ¢/100 g, 1.13%, 74.23 g/100 g respectively. Starch had the smallest difference among four nutrient
indexes. (3) The average values of hundred-grain weight, rate of water content and viability of seeds were 172.92 g, 42.05%
and 53.00% respectively. Three quality characteristics of seeds from different provenances varied greatly. (4) Variation of
four biological traits of seeds had positively or negatively correlation with starch and protein, and seed length had a positive
correlation with fat and reducing total sugar. (5) The correlation between biological traits and habitat factors was very
complex. Panicle length had a positive significant correlation with frost-free-period, the correlation coefficient reached
0.832. In the mean time, panicle length had a negative correlation with altitude, the correlation coefficient reached
-0.698. The quality of seed became slightly worse with latitude increasing. (6) Seeds were classified into three groups based
on clustering analysis. Group I was characterized by short panicle and high nutrient content. Group Il was seized of long
panicle and high viability. Group IIl had seeds numerous and high starch content. Seed clustering did not show geographical
effects. In a word, variation of biological traits and quality characteristics of seeds from different provenances were very

rich, which indicate that there is a genetic basis from different provenances for progeny differentiation, and provenance

W Fe 55 o TR Bl IR A 22 R A= W~ IR S e IR R AEAE 5 2025

screening needs to be combined with field experiments.

Key words: Lithocarpus litseifolius, biological trait,

cluster analysis

ARZEMAT ( Lithocarpus litseifolius ) 1= Zz 15 LI Fg 45
A DX, O L S bR H LA e (b AR AR ) S
Z22%,1998) , Bk Ny 2 A v e R i Rb (R
5 ,2016) , T 2017 44 [ 58 T H =M BT ot IR
B (ER DA A T Z R4 ,2017)

AR 22 A ) ] Dy s RTS8 B 2 X R P T AR 4
IR EESE , b R O s, A5 R A B
BrE | A SOMRAR XU R R (5 J R, 20125 4 8,
2012) . MACHEFE R BT, A 22 it 0y F R IR T — &
B IREAZEAC G %A WX R O 1L 9 55
TRk i (28 AR 4E 20145 TR 8145, 2016 5 KT 4y
85,2017, AKR4555,2017; T UK.04F,2019) 3 {75 [
WAHN B ) T F 3 A A R 2 Ak 2 W) 1 FE
Y., %K Kk AL RS AEFL (Ericaceae ) | 81 B #}
( Cynomoriaceae ) ., [ 4 B} ( Liliaceae ), & F}
(Leguminosae ) % FIr 7 — & 4 /K il & & 2 1%, 12
0.016~0.046 mg/g (Gosch, et al., 2010; 2% J& %5 |
2010) , ¥R R ( Rosaceae ) TV E % ( Fragaria X
ananassa ) B 3% 1% ( Rosa multiflora) | 3¢ 3 ( Malus
pumila ) | 1 % 48 ( M. spectabilis ) . ¥ B ( Pyrus
betulifolia ) — & A8 /K IR & T F =, 0 11.93 ~ 17.384
mg/ g( 2R, 20105 Bk ANEE, 2011 5 MG A JH &5
BK,2013) AR R BRZE M f) vh Z S A KRS A&
Yy I ME N 12.60% , 75 C R & A 2o B AE Y
e, HGEIRZE B B ORTF R T

BT R Z A b T B AR T AR R
Tt = A= ) 2 R P R 5 SRR S5 A ) T L B A R
LLIPR A 8 R B 0 105 425 i R 7 2 1 ok foff PRk 2P
ANIARACFI B B, /D BCRHRIEBILAL T Ji i AR 22 1
TR e IR B E AR, Qi A S (2015) £ 0F5R

quality characteristics, variation, correlation analysis,

AR PG 4 AR ] AR N LRR BRI S B AT
FEARR S B, (HL X B R 1] P ) A 28 ]
R VGRAE R A IR, f5 2 sR ik 78 . NIk, A
SCLAG3 AT DA 22 A B8 A ol 5 % 905 O b1 ), L 58
AN TRl 5 Aol = A 0 2 e AR B B R A T R F 5
5 R A DIE J5 B DR 0 £ I S e

1 AR5 7%

1.1 X 3E A 43

R EE A 8 N AR ZErR] 10 P,
Pl g M ER A BRI T ULER 1, 2019 4F
10—11 HFh+5¢ 4 iU B SR 48 | BE R 08 B ik R
Pl BERPUECR 4R 15 BR DL L RERR, BERERE oRAEFR
J¥ 1.0 kg, Fi P12 VRAT, E NIV
1.2 £ HRNE

AW R E 2% R RS (2013)
% AR SCTAC B R R R T B RO TR R
H S AR AN R AR R AR B ) L 22 S ok,
S RN I8 R e S 4 L LD 5
1.3 EFM T NE

B AR W7 3 RO A UE B Rk is H LY/T
1269-1999 (#K J7 % 45,1999 ) .GB 5009.6-2016 ( &
—¥E) (EEE 2y EEHA)R, Pe AR
FTE E R DA AR 2% 54 ,2017)  NY/T
1278-2007 ( F /NEEZE 2007 ) F1 LR LY € 3 )
(HE%,2013),
1.4 FREMRNE

P E R EE DA DY 43k R LA AR R (B 53
85,2009) , F 75 7K 5 R AR IR AL T 0 (F A
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Table 1  Geographical location and climatic factors from different provenances
- iy EFW
A i iﬁa{% H R A &R Annual SRR
i % 5} 3 Altitud o gl Average Annual frost- Average
Provenance Longitude Latitude ( u) ¢ L & ua: annual rainfall free humidity
m em(p;:éd) ure sunshine (mm) period (%)
(h) (d)
i NERAN 109°26" E 27°30" N 400 16.72 1220 1432 275 78.83
Zhijiang, Hunan
(HNZJ)
IR E M 113°51" E 27°24" N 450 22.10 2 076 1770 350 83.12
Huizhou, Guangdong
(GDHZ)
5 OR 110°15" E 27°19' N 1 050 16.9 1 500 1539 286 89.21
Xupu, Hunan
(HNXP)
WHT. Rt 118°50" E 27°25" N 900 17.4 1729 1 760 245 85.31
Qingyuan, Zhejiang
(ZJQY)
R P 108°23' E 28°53' N 601 15.05 1131 1 300 245 79.33
Youyang, Congqi
(CQYY)
W BT 110°18" E 26°20' N 950 12.5 1 466 1 800 240 82.10
Xinning, Hunan
(HNXN)
WL R 109°21" E 29°10" N 650 15.8 1 400 1 400 256 81.0
Laifeng, Hubai
(HBLF)
YL 113°05' E 25°09’ N 760 19.8 1774 1 606 288 79.10
Ganzhou, Jiangxi
(JXGZ)
g1 102°52" E 30°01" N 720 15.2 949 1313 280 83.83
Lushan, Sichuan
(SCLS)
TLPY 7% 11°52" E 28°48' N 750 17.8 1625 1982 279 84.45
Dexin, Jiangxi
(JXDX)

224F,2013) B AR WS I TTC G ok 2 (B
B ,2019) , eI ES ER 3 K,
1.5 #E5T

FHEAE Excel 2013 8 37 Fft A 1 24 MR R R
R TR BROHE SRS, 42 FH B SPSS 20.00 #E AT
T7 22500 AR BT R M

2 HREHHH

2.1 MFEYEERET

126 2 WAL, B ROk B I (EAE 0.98 g( ZIQY
P ) ~2.59 g ( HNXN Fh§ ) 22 6] , fe K Fl 1 8
/NPT 264% , >k H GDHZ F g i) 1 saokr
F(1.51 ~3.16 g) B, ¥ 7 R &K
(16.17%) , K F JXGZ Fh J5 Fl 1 Bfokr 5 AR 5 e J
R (0.89~4.41 ¢) , 2 5% ZER K (33.05%) , I
TR AE Akl AT A1 U A B 2245 B e,

FhFHAE 11.14 mm (ZJQY FhiE) ~17.00 mm
(JXDX Fi ) =Z 6], e K Fl K B by 5 0 AP 1Y
153% . 2k H HBLF i  HNXN Fh i ZJQY Ff it
R FRKA KRB, 25 2B T 10% ; HAth 7
AP A X B R R S RSN T 10% ., Fh
TRASZBIGMHE N 7.61% , K& 4 R4
S RN RS S HNNEE 7N

Pl K 4 {E 7 8.55 (ZIQY Fhi) ~15.04 cm
(GDHZ i) Z 18], F5e K A 7 K BE by 55 J F O 19
176% . )7 & M 22 fie /N Ml i K409 8 5.6 em
(CQYY ) F121.2 em ( GDHZ FhiE) , F K 28
SERBEIL 33.39% , BT KN 4 AP FAE Y S
AR AR S KA AR

Tl 7 Ko/ F Y9 {E 7E 9.65 4~ (HNZJ FhE ) ~
27.20 A~ (CQYY Rl ) Z 8], Fl 7 50/ Fp 7 e fa e
M CQYY R, 28 5 REAN 7.07% , i K72 F: 1
J& GDHZ Fli (52.60% ) , # 2= e K J& HBLF Ff
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Table 2 Variation and variance analysis of seed biological traits from different provenances
CL AR A o frK FF hFE T
Single seed weight (g) Seed length ( mm) Panicle length (cm) Seed numbers per panicle ( grain)
E £ BRRM ERRH =
s H £ BN ; BN £ ¥

ltem pifie PR gy DM To T e O Con” poe e R

e e Coeffi- PR 2= . FRifE2E . WRUEZE  Coeffi-

PR ifE 2 ient Interval — cient  Interval el cient  Interval —, ent Interval

xts mefn variance S of variance S of variance TES mefn variance
o variation variation o
variation varlation

1R T 1.51+ 29.25 0.77 ~ 13.92+ 8.53 11.46~ 13.07x 15.01 6.50~ 9.65+ 25.27 5~
HNZJ 0.44 2.83 1.19 17.08 1.96 15.90 2.44 18
IR E M 2.19+ 16.17 1.51~ 15.83+ 4.80 12.96~ 15.04+ 27.86 6.80 ~ 13.75+ 52.60 5~
GDHZ 0.35 3.16 0.76 17.45 4.19 28.00 7.23 32
iEaR el 2.22+ 21.28 1.02~ 15.25+ 7.96 11.86~ 11.23+  28.34  4.90~ 10.96x 47.30 3~
HNXP 0.47 3.14 0.21 18.81 3.18 15.90 5.18 30
Wi PRIt 0.98+ 20.30 0.59 ~ 11.14+ 18.33 4.60~ 8.55+ 23.97 4.17~ 11.67+ 31.57 5~
7JQY 0.02 1.86 2.04 14.70 2.05 13.80 3.68 23
R FH 1.49+ 24.96 0.73~ 12.81+ 8.43 10.53~ 11.56% 18.11 9.20~ 27.20+ 7.07 25~
CQYY 0.37 2.06 1.08 14.72 2.09 14.80 1.92 30
T P B T 2.59+ 25.81 0.77 ~ 15.73+ 16.92 8.33~ 10.45+ 22.70 7.00~ 21.24+ 28.15 9~
HNXN 0.67 3.52 2.66 18.71 2.37 17.50 5.98 39
il Iz 1.21+ 31.06 0.29~ 13.28+ 10.57 11.00~ 11.33+ 28.50 0.75~ 21.91x 40.82 8~
HBLF 0.38 2.66 1.40 16.33 3.23 17.50 8.95 40
TLVE M 1.70+ 33.05 0.89 ~ 15.61+ 8.75 11.00~ 13.01% 23.48 6.00~ 15.08+ 34.32 3~
JXGZ 0.56 4.41 1.37 18.00 3.06 21.00 5.18 28
PU I L 1.71+ 3236 0.58~ 15.14x  6.94  12.75~ — — — — — —
SCLS 0.55 2.75 1.05 17.42
VLGS 2.58+ 20.80 1.23~ 17.00+ 5.82 15.21~ — — — — — —
JXDX 0.54 3.75 0.99 19.00
H{E 1.82+ 25.51 0.29~ 14.57+ 7.61 4.60~ 11.78% 23.50 0.75~ 16.43+ 33.39 5.67~
Average 0.45 4.41 1.38 19.00 2.77 28.00 5.07 18.05
¥y 21.891 s 210.251 #% 1 298.659 = 276.737 #x
Average square
F18 107.068 104.357 51.727 35.243
F value

TE: RIPBARB N FRE AR R, wx FORALBREITE P<0.01 7K W) AR A0 26
ERFMR, TR, — FRMIRGKFTE /AT,

Note: All data in the table are x=+s.

* FRTEEIAE P<0.05 7K (BUM)

#% indicates significant differences at P<0.01 level (two-tailed) ; * indicates significant differences at

P<0.05 level (two-tailed). The same below. — indicates no seed numbers and panicle.

P (32 A), B 2 88 T 27 B H HNXN Ff g
HNXP #hj .GDHZ Fhii%%5 3 4>,

XPA [R) A 5 o 26 0 = MR R AT O 22 0 A
TEULER 2, MR 2 AT, il o] A Bk | Fh
K FFE/ R T R T K AE 4 DR R A
BB 2 7K (P<0.01)

22 MFEFERNER

3% 3 AT UL ol 8 5% o DAVE o 3, HiAth
BT = R AR O R B AR A
PEEME, B IE M & BRI CQYY (78.2 g/
100 g) HHEARF IR ZJQY (68.9 ¢/100g) F) 1.13 £,
Fh—FUEM & 1 4 A E IR e bn b 22 5 /o,

Fh 725 A S R ZJQY (7.70 /100 g) A
FhJE JXGZ(3.69 g/100 g) F 1.92 15, 60% Filt Ji Fh
THERARSE N 4~5 ¢/100 g, P FRENIBIE A
0.97 g/100 g, iz FhJi HBLF (1.60 g/100 g) A%
AR CQYY (0.40 g/100 g) B9 4 1%, #h T g5 &
Eiﬁéﬁiiﬁ‘?fﬁ& 70% PR Fh B 105 & 58 0.80% ~

0%, B iR R BOBE & & R JE HNXP
(1.96%)7@@1&5%&? HNZJ(0.54%) 1Y 3.63 15, Fh
Tl JEYE BN 0.54% ~0.96% 1.10% ~ 1.30% .
1.59% ~1.96% B FMIE 73 54 3 4~
23 MFREMHERETR

H e 3 Al WL, Fh 7 B ok F AR LR EE R 96.82 ¢
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Table 3 Variation of nutrient contents and quality

characteristics of seeds from different provenances

(HBLF i) ~237.88 g( HNXN Fpi§ ) | E % AH 22
I 2.46 i, B3 K R E S AL IR BE Ry 23.87%
(HNZJ Fhi) ~59.70% (JXGZ Fi) , Ff 75 7k R
R AR 2.5 £%, Bl K R I KA 5 1%

. v e e FRLEE
A e A Hundred- TRE ey 23.87% ~34.17% ,41.61% ~ 46.68% ,52.05% ~
Provenance lo(og/) 10(Og/ reducing 1O(Og/ f{:?glﬁl (;()I‘;em Vl(aL};oll)lty 5970%% 3 /I\%g& 5 ﬁ?‘ﬁiﬁj} i’g’[ﬁ/}’ﬂs rpgrg y\j
B 1008 e 1008 g () 12.50% (CQYY Flii) ~80.00% ( GDHZ Flii§ ) , 14
5 &5 6.4 1% ; A F R
WIRTEIL 5.64  1.40 096  75.3 237.88 46.68 65.00 {ﬁ\.zﬁﬁ*ﬁ%éﬁiﬁ 41 ’ﬁ:%i{ﬁjﬂ‘{ 37 ‘:'?%bj?
HNZJ SRR 25 i K B AR S T B (E KK S
r“éi]r;ﬁ%Z‘J\H 414 060 1.96 747 211.84 52.05 67.50 12.50% ~ 20.00% . 45.00% ~ 65.00% .67.50% ~
e, NGy
WM 3.69 090 1.74 711 173.68 59.70  20.00 80.00%75 3 ] #EF’AEO
HNXP 24 MFRIFESHMEXESN
Aﬁzu}c))aéfn 4.16 1.60 0.69 72.5 96.82 34.17 72.50 FF 11 /l\ffﬁt‘@%f‘ﬁrh , K 51k &
FRPGM 5.07 080 131 76.6 207.37 44.57 80.00 A 35 A S, H At A = IR 2 T T i 2867 i oA
covy WEMEEABS 4 D EY AR 0 m A, E
ﬁﬂ;ﬂfNT 4.07 0.40 0.55 78.2  177.70 41.61 12.50 *53\_]::'- 4 /l\/fl:;%%'@}lﬁﬂz m*ﬁ%, Hﬁ,ﬂb— \ﬁﬁ'riﬁl—?
WALRK 4.97 100 054 777 163.16 23.87 52.50 4 AR R AR 1 ) 567 AH G , TE B 5 AT 3
T‘z’;‘j}” AE IR T AR B E ARG, BT PR R
LPGESM 770 1.00 159 68.9 115.00 43.04 52.50 . o . ey ip
txGr TORLTE 5 Bk T % R T K 43 9 R A
B 436 130 1.22 745 11522 42.64  45.00 o, LA o A PR 2 () A I e B AR e A O, &
‘ZT;;:M 457 1.10 054  73.9 230.50 32.15 62.50 KA SR BB A, PR IR Ty 4
XDX ' ' S ' ' FE bR IE A OC , R H 5 5 R IF ) A G H A 5T
B 475 097 113 7423 17292 42.05 53.00 WIS ERRSZEH DAL, 3 DN EEIEm
Mean N p S N
22 [v) BE AT T [ B 670 ] AH G
*k 4 MFRFESHEXE
Table 4  Correlation of seeds characteristic parameters
¥ i v W J5 R
5y K- K- N =Y N - A9k & N
S PRAEERCER T mmm o BT we tedea TF s
Item mgde 1 oo ame'e 00C Protein Fat OE% Starch grain ater Viability
see: ength length  numbers reducing oy content
weight per panicle sugar wetg
Ap - HkL 1
Single seed eight
i 0.883 #* 1
Seed length
SN 0.292  0.555 1
Panicle length
Bl Fp T 0.017 -0.049 -0.132 1
Seed numbers per panicle
HEH -0.236 -0.495 -0.563 -0.33 1
Protein
Wi -0.021  0.093 -0.202 0.128 0.146 1
Fat
I -0.003  0.029 -0.101 =-0.517  0.130 =-0.254 1
Total reducing sugar
TEH 0.353  0.260  0.529  0.242 -0.398 -0.347 -0.507 1
Starch
HRLE 0.893 % 0.688 * 0.259 -0.033 -0.141 -0.344 -0.006  0.423 1
Hundred-grain weight
HIKER 0.174  0.193 -0.026  0.002 -0.149 -0.288  0.806 **-0.340  0.196 1
Water content
X0V} 0.406  0.347  0.146 -0.296  0.158  0.469  0.006  0.052  0.162 -0.268 1

Viability
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2.5 MFRFMESHEEERFHERED

FhFHFES BN A S DL 5. Hk 5 ] A,
Fift A MR 5 A B DR A S AR G B 4%, BE
455 s A LR, AU 7 500/ e FRR I & 12
BRI Ty 38 i Sl o R iF 2 B30 X0 W A 7 1) 34
T 150 B 25 i 3 14 o - o B AR 2 B A 28 B
ARAEVEHERS , B R EE | R AR L i R
SOHE FKR AN I IE s, R R
T80/ Fhy BENT €M SE A BG N, BEE A L
Tb, Ff TR AR SRR RIS SER ST
AR A [N & L R SN - W10 [0 N 21
Wi AR B KRR AR S A IE M B, AR R
R U ERTE - B S i a0 YA N Bl S 7 Y
PN AR KR B 5 AIEEIN T3
NI Y= B S 5 QN R A O DS N -4 = D5l =1 /1N
TEM S S AT A MR G 24, U P K S
TCREIIIAH SR8 B B K-,
2.6 FHFEESW

X 10 AR 11 DR RRE S B 1T bR ifE
FALEE >R FH RR G R B8 8 25 7 J7 e A7 SR 2L 43 #r
SR ILE 1, MG N 6.0 B AP EREIT .
55125, 45 ZJQY FhE  SCLS Al HBLF APk, iX
Sy LN I N L LS o8 S B I e Y V2 DB 84
A R AR IR W 8 R RO S R R, TER
AR, BB AR, AT S KR A R T
2, 8L 45 GDHZ Fh i | HNXP Ff i | HNXN F i |
JXDX Ffilt, 3 FE AU A9 b 7K AR P K K, BT
B M e e AR R AT L0 SR B | RS I A TE Ry
AR ERE A AR TR RS KR R A
M2, 645 CQYY FiE  IXGZ FhiE  HNZJ Fp, X
S LN e S | P S o R R R A R A 2 L A 3 e
Z RN G R SR S AR, TER
S, EORLE RN RS KRS A

3 W54 ®h

3 MFAEYEERERMRSHFE

Tl R B0 2 40 W %0 21 BGER 43 , Ak 7E i
KIEREE ST, BE3Z2 21 Y Fhast 4% 2R iy 3 il X
ATl 2 58 DAL 1% 5% e, KL 36 30 4 AR R 1 43 1k
(Strauss & Ledig, 1985) , iX Fl 431k & 8L 7E Fh 1 1Y
RAFAE AR A g2 MR ER
( Westoby et al., 1992 ;5K H P 1999 ; F %5,
2005) . HH, A A Z Ml Fh L5 P 22 PR WY
HIEE > A HEFESE (2015) BFSE T PE AR 321
ARl A 5P B BRL R [R] A= 2 R AR T AR S AR 22

ol 2y 2 M R R T 2C 5 0 HERE Y R e AR
[, ¥fE AR A7 48 1] LA

LRI (2009) SEE TIRATER & &N
50.00% ~ 70.00% , 7J ¥ 4 0% & & 4 2.00% ~
8.00% , FEFI & it K 1.17% ~8.72% , Mg 7 >
1.04% ~ 6.86% , 7% 15 (2014) #EA T 7¢ 2 FL s
T 2R TE Ry i, K IR 4 B ( Lithocarpus
chrysocomus) & %, & 30% ; 1 B 8] ( Lithocarpus
craibianus) B &, N 77.00% ; K 2% 0 4] & ) Ry
58.29% ~64.27% , 7R SCH AN [ B AR 22 ol Fif
BRI 5 i X T A AU (2009) YA Y
R R IEs & B T AR IE (2014) IS
ZiR 2 FUP TN R RS2 Rl T by A R
1R, AR H S Ry B IR AR ) T K

P FORLEE S K38 A2 i )2 Fh B i 3 0
HEHEIR . A SCHF SR FR 22 Aol - 35 7K 3R 8¢
B G J K B USCR 5 BB R0 R 538 T
Iz B AN AR Tt A TR AR 22 i A b A2
16 7 22 AU f | 3 2 2 R W R R Y T 35t A% R A
BB BB B Bl 1 & K S R AR O R A 1
— 5T
32 MFHAESHEREEFHMEXE

(] — 0 el A [i] ety o 19%) o o £ 2 S S
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Table 5  Correlation between seeds characteristic parameters and habitat factors
3D i"lgaﬁﬁ el e RN~
MH éé&f ?%E (@}Zi Avc:f;g?zﬁlnual Average H:A%HETE Ananauigl%?‘osl qj\ir{j;?
ftem Longitude Latitude Altitude temperature ann;f.a ! rainfall free period humidity
sunshine
Bl F b T 0.079 -0.301 0.247 -0.002 0.232 0.563 0.328 0.311
Single seed weight
K -0.036 -0.282 0.047 0.209 0.216 0.416 0.527 0.138
Seed length
FUUS S -0.202 -0.512 -0.698 * 0.609 0.223 -0.080 0.832 =% -0.341
Panicle length
T B/ Fh e -0.360 0.382 -0.034 -0.516 -0.406 -0.283 -0.440 -0.376
Seed number per panicle
FEHJE Protein 0.515 -0.144 0.207 -0.054 0.285 0.444 -0.258 0.261
gl Fat -0.132 0.291 0.062 -0.353 -0.134 0.109 -0.248 -0.098
i SR B 0.153 -0.389 0.564 0.366 0.424 0.118 0.300 0.549
Total reducing sugar
TEH -0.494 -0.064 -0.513 -0.158 -0.365 -0.314 0.213 -0.272
Starch
JER A 0.272 -0.463 0.188 0.078 0.346 0.583 0.255 0.177
Hundred-grain weight
BIKER 0.020 -0.399 0.557 0.191 0.344 0.077 0.162 0.235
Water content
H2 1% 71 Viability 0.067 -0.188 0.034 0.097 0.286 0.365 0.385 0.491
0 5 10 15 20 25 acutissima ) ( J§ B 4 2009) . F 5 ( Zenia
ZQY insignis ) ( MKHE S5 ,2016) | [ 4 ( Phoebe bournei) ( 4%
J 1555 ,2019) S5 R 2R 38 1A W Il b AL, 4R 3T
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Nz P, BATAR AT RE A2 ek N T 9 T 9 L AN ]
WG 8 Euclidean distance EI’J Fi o ARZHATFE M T AEY 2 R B
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Fig. 1 Cluster analysis results based on seed biological : 7K X i‘: j I 3 >N
traits and quality characteristics L B I 77 B R Al
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