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Variation and Cluster Analysis of Morphological
Characters and Nutrient Content of Chucrasia tabularis Seed
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Abstract ; This study was conducted to investigate the variation in seed traits and nutrient contents among 26
provenances of Chukrasia tabularis from 8 countries in Asia and Australia. There were highly significant differences
among provenances in seed length,seed width,seed thickness,seed length-width ratio, 100-seed weight, contents of
soluble protein , soluble sugar,and starch in seed. Although provenances showed mixed performances across the seed
parameters measured ,seeds from Australia and Malaysia were generally larger and heavier,and had higher protein,
sugar,and starch contents than those from other countries. Significant correlations between seed traits and environ-
mental attributes were observed. Nutrient contents were correlated negatively with altitude, suggesting that prove-
nances from lower altitude had higher nutrient contents and vice versa. Principal component analysis revealed that
seed length ,width and weight, soluble protein, soluble sugar,and starch contents were useful characteristics in ex-
plaining the variation pattern among provenances. This study indicated marked variation in seed size parameters and
nutrient content among C. tabularis provenances and the influence of geographic location and climate on the varia-
tion.
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Table 1 Location and rainfall of 23 seed sources of Chukrasia tabularis
P H U5 i 7 Wik e e He U5 i % Tl B
Code Origin Latitade  Longiude ™ ™ [Gode Origin Latitude  Longitude (™ ™™
Altitude Rainfall Altitude Rainfall
AU L SNGINAEpEL T 17°18'S 143°43'E 850 1200 |(|LK2  HrH=-R-0AIAHE  07°19'N  080°02'E 600 1400
CN1 HE-=1 18°25'N  109°50'E 50 2010 ||LK3 e 2 R-HIK 06°57'N 081°09'E 750 1400
CN2 o [ - 19°09'N  108°64'E 45 1980 ||TH1 B - AT 16°20'N  099°16'E 180 1100
CN3 HE-EL 19°25'N 109°03'E 65 1680 || TH2 e e 1] 18°13'N  098°30'E 300 900
LAl ERIREPIFB(1)  20°00'N  102°00'E 450 1800 ||TH3 ZEE-m B 12°05'N  099°36'E 250 1600
LA2 ER-REPIIB(2)  20°00'N  101°00'E 500 1700 ||TH4 2 1 -FLAL 16°44'N 102°20'E 230 850
LA3 EA VR v 20°35'N  102°30'E 800 1800 |TH5 ZE R 17°36'N  100°03'E 500 1000
MY P - 03°44'N  101°49'E 360 3000 ||TH6 FE - 15°38'N  099°13’'E 350 1600
MM1 it -5 3 19°57'N  095°58'E 209 1200 ||VN1 e -7 3 14°14'N  108°35’'E 750 1900
MM2 2 - 1) 4 19°50'N  095°57'E 220 1200 |[VN2 e - 20°25'N  105°28'E 100 2200
MM3 i) - AR 20°53'N  095°10'E 180 660 ||VN3 - L B 20°50'N  104°45'E 900 2000
MM4 i o) -5y T 2 21°56'N  094°53'E 155 710 ||[VN4 e - Ak 20°21'N  105°108'E 50 1800
LK1 WrE 22 R-REE 07°06'N 080°41'E 500 1000 ||[VNS - 22°00'N 105°10'E 75 1900




2 34 i

A SRR T S FR AR 8% A8 57 A 431

1.2 #FK . EERBHREMNNE

FHEL bR R R A3 551000 2 JRR AR b~ 4 4 | 5 A
JE | DAFP b KR B o A B DA TR ) e K
PR S HL e B DA 10 55 75 TR0 ) e R B g Ry LR
e BAREE) E o3 07, IR T K 9 L, B
R 3 R E AR, B EE 30 KiFhF, SRA AR E
A FPURMAR D 7 (1 BB, AR IR E R 5 Y
1.3 FERMFEFRESNE
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¥ EXCEL 2003 154 R A F- Y (H Az 55
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AT 255307 Duncan 2 8 AL AHCHE 0T
WA RIS

2 GRE5HMH

2.1 A EFIERFRMFRSIEFISME

2.1.1 FEASHRME bk 2RI RRBIRR I R Fh 1
K98 R Kt 2= 5 R (P <0.01), 26 1
TR T K 28 M 6.79 mm, 224K IR BN 5.77 ~
8.82 mm, Hrf = [ DR PG MY dc K, 28 11
TH3 feJd, A & 25 & M 1.53 fiF; S B8
4.52 mm, BTG 3. 82 ~5.52 mm, e B
2RI LK2 £ 55, B TH3 =25, Bl & 25 # 10
1.45 £ JEBE XM 4 0.70 mm, 284k 35 0.59 ~
0. 82 mm, Hirp = { T B 22 R Y LK1 A1 LK3 55, 4
I MM2 T MM3 i, /#2541 1,39 551K
FE LA IME S 151, B 4kya B 1,41 ~ 1,77,
FE AR AU f ok, Y CNT S5e/)s, A 2
JEF 1. 26 1%,

[FIES, 26 A F I A RS Pl 7 s o 22 S Al b 3
(P<0.01) ,B{EHN1.06 g, Hrb 7 AHTH 2R
LK2 PR P 7 /5 b7 B A 7 (1,52 ¢) , & FI{E W
1. 43 i B FI ) VN3 552 (0. 81 g) , A F AR
76.42% ., JRAKFRIE (8] R 19 5 kLB A — o 1Y P
A S L RRAR A3 A X R S A R IR R L
FPEFRF405%

2.1.2 EFYFME  ARIFEF TR Y ST b S
(AR EHESR A ) AR, BT 8 IR o R
WA AR, B A K IR m F 1 o R ) R

FRUS R 2 Wl R R SRR AR TR
VA RN JE A it 22 S 3 R B KT (P <
0.01) . JBRASTRIE (] (% W] V5 04 B 1 L ATV A R UE 3
Fr IR A, IR [R] R R ] Y AR Y
ASNE R 14,12 ~51.65 mg/g, 7= F K F WA AU 7%
Sf e, 4% [ (1 THS B fil; nT s s 5 2 9 A2 1 oy
10.36% ~16.63% ,/= KA AU & it fem, 28
IR TH3 & & B Al 38 B & w2 iRl 18.82% ~
70. 74% 77 IR AU & i s, B 19 VNS
i, HRRRBRD 25 T A48 A AL SR 48 At
LA S R, B IR B A 5 R BB R R 30. 5% ~
33.4% V34920 32. 2% ; T Fl 7 I 48R 1048 5 R 5L
AR N 32. 7% ~37.6% ,F-44135.3% ., FEHERhFIEA
SRR S RO TR B SR T 178 R R 8, X
VLB RBRFT T IE A 32 D A BRI Z 5 A K
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Table 2 Character parameters of seed morphology of Chukrasia tabularis from different provenances

K HRE(G) , \
ETR= £ (mm) F& (mm) JEE(mm) Lenatl 100-seed FETEEA (ng/g)  ATEVER(% ) TER (% )
_ength- -see
Code Length Width Thickness 8 Soluble protein Soluble sugar Starch
width ratio weight
AU 8.42+0.67B  4.76 £0.55C  0.75+0.19DE  1.77 +0.49A 1.43 £0.34AB 51.65 £5.32A 16.63 £2.33A 70.74 £7. 14A

CNI1 6.25+0.23M  4.51 £0.26EF 0.77 +0.08CD  1.41+£0.35G  0.98 +0.42CDEF  33.85 +4. 56H 12.68 +3.62DEFG ~ 45.79 +8.26DE

CN2 6.82+£0.34FGH 4.53 £0.29EF  0.73 0. 12EF  1.51 £0. 46DEF 1.09 £0.30ABCDE  36.37 £6.31FG 13.14 £2. ISDEFG ~ 46. 84 +6. 34D

CN3 6.38 £0.31LM  4.45 +0.34EFG  0.62 £0.09L  1.44 +0.42EFG 0.96 +0.41CDEF  39.36 +1.28CD 13.66 5. 41CDEF ~ 44.77 +£5.51FG

LAl 5.96 £0. 49N 4.01£0.35]  0.79+0.16BC 1.49 +0.63BCD 1.11£0.24ABCD  31.20 +4.981 14.20 +2.18BCD  52.27 +1.24C

LA2 6.54 £0.57JKL  4.53 £+0.47EF  0.63 +0. 18K 1.46 +0.38DEF 1.06 +£0.21BCDE  30.07 +4. 291 13.41 £0.75DEF  50.09 +2.79CD

LA3 6.75+0.63GHI] 4.24+0.61H 0.70 +0.09GH  1.60 0. 66BC  0.91 +0.36CDEF 26.37 £2.74) 10. 55 +1. 091) 40.03 +5. 14HI

MY 8.82+0.62A  5.43+0.61A 0.71£0.2FGH  1.63 +0.56B  1.28 +0. 12ABCD  44.02 +7. 69B 15.22 +1.07ABC ~ 62.61 +6.31B

MMI  6.80 +0.40FGHI 4.38 +0.59GH 0.63 £0.07JKL 1.56 +0.46BCD 0.92 +0. ISCDEF  25.40 +4.96] 14.49 +2.78BCD  44.35 +3.48FCG

MM2  6.58 +0.561JKL 4.39 £0.42GH  0.59 +0.26M  1.51 +0.52CDE 0.90 +0.23BCDE ~ 22.64 +5.51K 14.33 £1. 15BCD  56.35 +64.75B

MM3  6.66 +0.77HIJK 4.59 +0.41DE  0.59 +0.18M  1.46 +0. 50DEF 0. 88 +0. 23DEF 20. 89 £6. 15L 13.09 +1. 24DEFG ~ 41.93 +5.12]

MM4  6.81 +0.56FGH 4.39 £0.58GH 0.71 £0. IFGH 1.55+0.58BCD 1.04 +0.45BCDE  29.61 £3.211 14.22 +2. 11BCD ~ 50. 14 +3.12CD

LK1 8.35+0.84B  4.81+0.31BC 0.82+0.17FG ~ 1.74+£0.71A  1.11 £0.37ABCD  43.82 +4.46B 15.49 £1.99AB 37.19 6. 131

LK2 8.03+0.84C  5.52+0.62A  0.72+0.23FG  1.46 +0.57DEF  1.52 +£0.42A 37.64 £5.26M 11.63 +1.72GHI] ~ 29.01 £4.43K

LK3 6.65+0.51HIJK 4.35+0.44GH  0.82+0.18A  1.53 +0.60BCD 1.16 +0.21ABCD  40.76 +1.21C 12.20 +0.93EFG ~ 38.01 5. 69C

THI 6.53£0.58KL  4.24+0.32H  0.80 +0.24AB 1.54 £0.60BCD 1.02 £0.39BCDE ~ 26.43 +£2.43] 12.13 £2.97EFGH ~ 46.47 £4. 58DE

TH2 6.68 +0.43HIJK 4.46 £0.3EFG  0.62 +0. 17KL  1.52 +0.49CDE  0.86 +0. 17EF 18.35 +1.97M 11.50 +1.26GHIJ ~ 31.11 £6.31JK

TH3 5.77 £0. 61N 3.82+0.48]  0.71£0.2FG  1.51 £0.57CDE  1.00 +0. 33ABC 24.67 +2.34] 10.36 +3. 98] 38.37 £5.551

TH4 6.91 £0.51FG  4.41 £0.51FG  0.76 0. 14D 1.57 £0.62BC  0.95 +0.41DEF 17.65 +£3.79M 12.72 +1.36DEFG ~ 39.29 +4.95HI

THS 7.37+0.67E  4.73£0.36CD  0.72 +0. 12FG 1.57 £0. 361 0.85+0. 11F 14.12 +1. 71N 10. 57 +0. 89HIJ 22.82 +4. 16L

TH6 7.01 +0.76F  4.48 £0.37EFG 0.70 £0.22GH  1.58 +0.42BC  1.23 £0. 22AB 33.64 +4.48H 15.56 +1. 08AB 48.48 +6.21D

VNI 6.93 £0.52FG ~ 4.39+0.5FGH  0.65 +0. 16JK  1.59 +0.41BC  0.94 £0.23CDEF  29.79 5. 681 11.97 £+4.22FGHI ~ 39.44 +6. 99HI

VN2 7.72£0.62D  4.92+0.51B  0.68 £0.17HI =~ 1.58 +0.38BC  0.97 +0. 18CDEF  36.17 +3. 68FG 13.76 +3.69BCDE ~ 43.61 +5. 12F

VN3 6.07 £0. 51N 4.15 0. 341 0.60 £0.09M  1.48 £0.32CD  0.81 £0.36EF 34.71 £5.21GH 13.37 +1. 15DEF  42.17 £9. 89GH

VN4 6.50 £0.47LK  4.58 £0.27E  0.66 +0.111] ~ 1.43+0.32FG 1.06 £0. 15BCDE  37.53 +3.49DE 13.03 2. 13DEFG ~ 45.22 +3.26EF

VN5 6.82+0.67FGH 4.57£0.19E  0.70 £0.07GH 1.50 £0. 54CDE 1.12 +0.29ABCD  37.53 +5. 91EF 12.89 +4.38DEFG ~ 18.82 +2. 11M

S]] 6.79+1.19 4.52 +0.51 0.70 0. 10 1.51+0.23 1.06 £0.23 31.01 £9. 39 13.24 +1.68 44.82 +12.48
Mean

AR R 37.6 32.7 33.8 35.5 36.9 30.5 32.8 33.4

(% )CV

F 247.74 ™ 99.70 ** 103. 54 ™ 44,14 4,17 392.80 " 146.50 ** 190. 50 **

SRR E PR R Z S B3, ™ P <0.01, T

Different capitals in the same column indicate highly significant difference, ** ;P <0. 01, the same as below
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Table 3 Correlation coefficients among character parameters of Churasia tabularis seed

& R = Kol EEE TR e TR AR
Length Width Thickness Length-width 100-seed M Soluble sugar Starch
ratio weight Soluble protein content content
content

£ Length 1
%L Width 0.83* 1
J& Thickness 0.31 0. 05 1
K 5% Lt Length-width ratio 0.71* -0.13 0.34 1
E KT 100-seed weight 0.70** 0.62™ 0.61* 0.42 1
ANAEPERR 7 i Soluble protein content  0.57 * 0.60 " 0.35 0.57" 0.88* 1
AIVAMERE & i Soluble sugar content (.45 * 0.54* -0.10 0.34 0.69 ** -0.61" 1
TERY & Starch content 0. 34 0.35 0.09 0. 40 0.64* 0.49" 0.60 " 1
2% Longitude -0.21 0.42 0.36 -0.51°" 0.37 -0.32 -0.18 -0.27
LR Latitude -0.59" -0.56* -0.36 0.34 -0.56" -0.47" -0.28 -0.59"
MR Altitude -0.35 -0.43 -0.51 -0.33 -0.29 -0.39 -0.27 -0.33
K& 9 % Rainfall 0.17 0.24 0.43 -0.26 0.51* 0.26 0.37 0.38

AHOC, LB BEE M1 2 W8 /NP N IS FR ) B
FEZ B/, Bl 5 T o 1 3 N P9 09 5 92 4 o
Az G,
2.3 WMERMFRREZMEZAERD ST

L 26 AN RRBE A IR - R A BT, R T 5
MESHERA 3 DN E SR & IR AT &
AT (R 4) . B4 AT 1 FEE 2 s
TRy, =0.797x, +0.59x, +0.317x, +0. 091x, +
0.693x, +0.027x, +0.097x, - 0. 114x,,y, =0. 084x, +
0.036x, — 0. 173x; + 0.202x, + 0.133x, + 0.591x, +

x4 REMFREZWERNELS S0

0.574x, +0.457x,, 55 1 R 8er mHB R m B+
HAREMRUCER T > BRE > 58 > &, £
S 7R B SRR WAE S 2 3o b
NSRS R AL d = el LT R
BE O i, AR RO T R B SR A R R
B E R M 2 K 0 TTER R B
71.03% F127.39% , B2 TTHR 3K 5] 98.42% ,
AR TR IE M EEFL, £
B4 53 A 45 SR 3 B 5% i) JRR R R I B ) S
ARBFD T SFHE (PP F1) S EORLER

Table 4 Principal component analysis of influencing factors on seed quality of Chukrasia tabularis

2 T A8 & Factor loading

F R ; g,
A e e BFIER BB (%)
rincipal X Al M . .
< wE H K- A e Eigenvalue Cumulative
component IS i B KRSk ERE B o TER g
1 0.797 0.596 0.317 0.091 0. 693 0. 027 0.097 -0.114 189. 742 71.03
2 0.084 0.036 -0.173 0.202 0.133 0. 591 0.574 0.457 58.571 98. 42

2.4 AEMERBRFHFHERIRBRESTER
AR5 AO B A R AR R SR 1 & 1 i b, %
26 DRRBRFFIREAT BT RIS AT, 45 R ILIE 1, 26
AFRIRBERI 7R 2 ANEERE 5 1 SRR IR A
LHORPYAE. 2 AP, R s Bl IR AR AR
BRI SR AR 2 SRR R Y 24 ARl
Uk A P AR e S0 L2 R AT S X

(FDTFIE AR R 33T, (2 VNS A1 MM2 A5 26957,
R R AR R VNS (3K & 5 B LT HAtb 4
ASFRIE, MM2 FEG Y 4 AR R SE R & R
ERRY N30 NI RS S 7 i | L e A= 7 ) T
25 e HAT—E Y HBERASON; , RIR [ R oA XA R
TEFPFHR B IR o ok B IR A6 X
AIRPIERI 3/ GE TR T & AR AR
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Fig.1 The principal components cluster dendrogram

of twenty-six provenances of Chukrasia tabularis

3 HipSitie

(7] — AR AN [R] AR AR R A T3 o AR Ak i A
IS 7 AL AR A8 S | S i it A% 7228 S W] AR iR
IAEFRF-RE A HRRIE BRI, (] — A AN ) s o
FHIEE RN it DL 4 i A K SR I A ER
R A2 PP IR de s AL 4% =Xl
I RPIEARA ) T 1 AL BRI, T3 oy AR
FEILE . ERIRER A F IS 251 DR
e R ) R A AR S 1 R R R/ INAE S R AR
UL, 25 IR AN [R) PR B A5 AR Ak 2 A= 78 S B
A T A B 5 S 1 1) B ) AR R I T S A A S
A EA S DG AR B 1 RE 05 i B AR T 52 TP R
PR~ R/ INAR S 04 S B 4811 R 7 ST 058 ) SRR A
T A 08 43 ) 2 v B FRR 9 1. 36 £5 A 1. 21 1%,
5 IRRBITE 2% 0 22 G 1Y v AR /NS S AR AH
W, FhJE ] A FD A2 (11,1 ~ 14.1 mm) FIEE 2
(8.1 ~12.1 mm) 2= 34 B 3%, A5 AL )3 5 kY,
ANTRI R (] Fh R AT AR AR S, B
B2 R LK2(1. 52 g) /22 1B VN3 (0. 81 g) Y
1. 88 i, — MR, >k BRI 53 A1 X R 5 A 18 K )
DAl S R A S R i BN R i
DALER A E e g 2 E R . AR
JRRASR e~ 14 T 4 R A 34 [ T o 5 AR R, R
SRR B[R] — [ Rl IX e, (L PR o o) oA 2 R R
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