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Seed morphological structure and quantitative
trait analysis of Canarium album
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( College of Horticulture, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract. Seeds of the major cultivar Canarium album (Lour.) Rauesch. ‘ Changying’ in
Fujian were used as test materials. The morphological structure of the mature seeds and seeds
in different developmental periods were observed, with quantitative traits measured and
analyzed. We used probability grading to establish indices to grade normal distribution.
Results showed that variations in seed phenotypic traits and morphology were large, and the
variation coefficients of characters ranged from 6.77% to 19.04%, with abundant genetic
diversity. There were 12 types of loculus features, with the proportion of three loculi accounting
for 97.80%. The number of embryos varied from 0 to 4. According to the K-S test, all
characters conformed to normal distribution, and could be divided into five grades. This study
provides a new understanding of seed morphology for the systematic study of C. album
germplasm as well as a reference for the standardization of C. album genetic resources and
breeding.
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A. Phenotypic traits of seed; B. Morphological structure of seed; C. Seed traits. a. Dorsal surface of kernel; b. Ventral surface

of kernel; c. Dorsal surface of embryo; d. Ventral surface of embryo. 1. Stone pore; 2. Blunt ridge; 3. Suture; 4. Sharp ridge;
5. Endocarp; 6. Seed coat; 7. Cotyledon; 8. Radicle; 9. Hypocotyl; 10. Plumule.
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Fig. 1 Phenotypic traits and morphological structures of Canarium album seeds
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A. Vertical and transverse sections of flowers or fruits; B. Seeds and embryos on different days post-anthesis. a. Two upturned
ovules with symbiosis in each loculi of seed, attached to central axis placenta; b. One expanded and one unexpanded ovule;
c. Both ovules not expanded. Bar = 1.00 mm.
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Fig. 2 Growth and development of C. album seeds
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Fig. 3 Types of loculi of C. album seeds
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Table 1 Statistics for loculus features of C. album seeds
DERA D ik i %ck () AP (%)
Loculus types Number of loculi Number of embryos Number of seeds Percentage

-0 0 15 0.17
-1 2 1 65 87 0.76 1.01
-2 2 7 0.08
Ir-o 0 1845 21.44
II-1 1 4190 48.68

3 8418 97.80
-2 2 2343 27.22
-3 3 40 0.46
V-0 0 36 0.42
V-1 1 39 0.45
V-2 4 2 23 102 0.27 1.19
V-3 3 3 0.03
V-4 4 1 0.01
&it - - 8607 8067 100 100

Fe I, I, VERFFOLELE, 0 ~ 4 FoRIRMEE; 1-0° R FOoE 800 0% O MR, DIEHE,

Notes; II, I, IV indicate number of C. album seed loculi, 0 to 4 indicate number of seeds (e. g., ‘ -0’ represents C. album

seed has two loculi within 0 seeds).

* 2 HHIMTFREMERGEITOH
Table 2 Statistical analysis of phenotypic traits of C. album seeds

E-ZIUEEN ¥fE SN e/ MHE brifEzE 2 A5 RAL
Phenotypic trait Mean Max Min SD R CV(%)
MLl E Single stone weight (g) 1.55 2.34 0.75 0.29 1.60 19.04
1% Longitudinal diameter (mm) 31.72 37.31 23.37 2.37 13.94 7.46
}£#% Transverse diameter (mm) 10.44 12.65 8.76 0.73 3.89 6.94
¥ $8%L Stone shape index 3.04 3.84 2.34 0.21 1.50 6.77

INB.TT%) , HHEFP T R AR AR 6.77%
~19.04%, FWIMHIF T2 RIRER K,
2.4 WHFHFREMERN S RITEH

XP R AR B AR T IE A PRI, 25 R
N(E3), HEANERBIRHFEESS M (P >
0.05), K, PR MARTE R R 5 H(FK 4),
IR 150 iy KE P AR E, i,
WA IR H R i T a1, 5 R
(4, W RAWER BRI AN .

()R, 19, PE < 1.17 g(tl/h),
i 9.33%; 2 %%, 1.17 ~ 139 g (/M), &
18.00%; 3 %%, 1.39 ~ 1.70 g(H), i} 45.33%;
4%, 1.70 ~1.92 g(K), H16.00%; 5%, 1
PIRRE > 1.92 g(K), A 10.67%.,

()P 1K, REHIRE < 28.69 mm (H
/N), 1 8.00%; 2 %%, 28.69 ~ 30.48 mm(/)h),
1 16.67%; 3 %%, 30.48 ~ 32.97 mm (), &

45.33%; 4 %, 32.97 ~ 3476 mm ( K), &
21.33%; 5%, ¥EYE >34.76 mm(HK), &
8.67%,

(3) BiAR. 1 9%, MM < 9.51 mm(#k
/N), i 8.00%; 2 %, 9.51 ~ 10.06 mm (/}h),
17 23.33%; 3 4%, 10.06 ~ 10.82 mm (), 5
41.33%; 4 2%, 10.82 ~ 11.37 mm ( K), &
15.33%; 5 %%, HRMERE > 11.37 mm(Hk), &
12.00%,

(4) BILHE 5. 1 &, BIEHEE < 2.78 ()
N, 5 8.00%; 2 %, 278 ~ 2.94 (/N), &
19.33%; 3%, 2.94 ~ 3.15(H), 5 42.67%; 4
%%, 3.15 ~ 3.31(K), i24.00%; 5%, s
> 3.31(#hK), 5.33%,

PFREEE RN, MR 2 R PRIRFTF & IER
OYAR, ARG BSHER , LIRS R &
RIMER I 50 Gbn e A R AT B2 A 850
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Table 3 Kolmogorov-Smirnov (K-S) normality test of phenotypic traits of C. album seeds

2 Extreme difference

EZIUECRN — - K-S 1{d Sig {8
Phenotypic trait WAL TEAR A AL K-S value Sig value
Absolute Positive Negative
Hil T Single stone weight (g) 0.095 0.095 -0.066 1.160 0.135
Y012 Longitudinal diameter (mm) 0.060 0.040 -0.060 0.734 0.655
4% Transverse diameter (mm) 0.085 0.085 -0.048 1.040 0.230
#IEFEHL Stone shape index 0.075 0.049 -0.075 0.920 0.366
F 4 HWHFHFREEREEIR
Table 4 Probability grading of phenotypic traits of C. album seeds
E3LE N 25 Grade
Phenotypic trait 1 2 3 4 5
MU E Single stone weight (g) <1.17 117 ~1.39 1.39 ~ 1.70 1.70 ~ 1.92 > 1.92
Y\ Longitudinal diameter (mm) < 28.69 28.69 ~ 30.48 3048 ~ 3297 3297 ~ 34.76 > 34.76
7% Transverse diameter (mm) < 9.51 9.51 ~ 10.06 10.06 ~ 10.82 10.82 ~ 11.37 > 11.37
#IEFEHL Stone shape index <278 2.78 ~ 2.94 2.94 ~ 3.15 3.15 ~ 3.31 > 3.31
< 5000 = 50.00r
il S
. g 40.00 ~ _3 40.00+
XE S =
=~ B 30001 ~ 2 30.00}
23 P}
& © 2000 R e 20.00F
W 8 s
R g 1000} & 'Z 10.00f
: NN B
T o 1 9 70 4902 402 0.00 T 416 _aal®
A 3 1 9 9 @9 9 1 A.
<A '{~'\‘\?’g~'\ —{0—-)\ >A 4'28 9~300A8~32'3291~3A >
HAZE () Mz (mm)
Single stone weight Longitudinal diameter
c 50.00 < 50.00f
S kel
. 34000 _ E 40.00
< % 30,00 o
2 30. 2 30.00
b b
& £ 20.00 & 2 2000
S % S
X 510.00 I l R g 1000
- mmJ. “ 000
5\ \3 22 1 T 1% A5 24 N
<9 \,«0 6~«0 2,««3 >n3 42.279,22 Aﬂssﬁ,ﬁs >3
ﬁﬁ% (mm) A2
Transverse diameter Stone shape index
4 BT FREERSENNESS
Fig. 4 Frequency distribution grading of C. album seed phenotypic traits
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9.52% ~ 25.06%, iXHLIGiE A 2 ok H S0 A B
B, TR AR SR R SR I AONE B E  ak E
w1,
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5 RAVEEMRIG I, S SRR R AR
TP, SEEME RN IR R ST, BB IS RS
FEE, &G THEYSTFB, 2L Mg
TR IR I8 5 kA

SENW:

(1]

B, SR, fE, SKSCkR, Umut AS, B3I, 4. B
A= BARBRGR AN BT 5% U5 R R S 2 A SO A
TRV J]. B4, 2016, 33(1): 8-15.

Lang BB, Zhu B, Xie M, Zhang WB, Umut AS, Huang
CH, et al. Variation and probability grading of the main
quantitative characteristics of wild Actinidia eriantha germ-
plasm resources [ J]. Journal of Fruit Science, 2016, 33
(1). 8-15.

NSk, A, T, BEHE, By, ik, % 5%
BAREFI BTG IR A SRR T R e PR (U], R EA
Bl2k, 2017, 50(22) ; 4362-4383.

Sun ZZ, Li QY, Wang XK, Zhao WT, Xue Y, Feng JY,
et al. Comprehensive evaluation and phenotypic diversity
analysis of germplasm resources in mandarin[ J]. Scientia
Agricultura Sinica, 2017, 50(22) . 4362-4383.

Hannachi H, Gémez JJM, Saadaoui E, Cervantes E.
Stone diversity in wild and cultivated olive trees ( Olea eu-
ropaea L..) [ J]. Dendrobiology, 2017, 77. 19-32.

Isaza C, Anaya K, Paz JZD, Vasco-Leal JF, Hernandez-
Rios I, Mosquera-Artamonov JD. Image analysis and data
mining techniques for classification of morphological and
color features for seeds of the wild castor oil plant ( Ricinus
communis L.) [ J]. Multimed Tools Appl, 2018, 77(2):
2593-2610.

PRFFNE, BISCOE, #EBRIEE, A%, ek, =W, Sk
IRFh R IRR PR Z R T [ U] A3, 2016,
31(12) . 1318-1322.

Chen XP, Hu WS, Jiang JM, Deng CJ, Xu QZ, Jiang
F, et al. Diverse seed characteristics of longan germ-
plasms[ J]. Fujian Journal of Agricultural Sciences, 2016,
31(12) . 1318-1322.

ERE, 'R, XRE, HE, Mp, i, % o
A S LR R TR R B PRIE G [ ], W Rl K2
R ARREIR) , 2016, 42(5) : 489-495.

Wang MJ, Huang L, Liu KY, Yang GS, Zhong XH, Xu
F, et al. Phenotypic traits of leaf, flower, fruit and seed of
Vitis davidii[ J]. Journal of Hunan Agricultural University
(Natural Sciences) , 2016, 42(5) ; 489-495.

PREESR, RLLZG, B, (TR, XISCE. A5 R
DA ARV R R S S5 A S g [ J ], Bk 24k, 2017,
31(6): 1076-1085.

Lu XQ, Zhu HJ, Zhao SJ, He N, Liu WG. Study on the
morphological structure variation of the seeds of artificially
inducing autotetraploid watermelon[ J]. Journal of Nuclear
Agricultural Sciences, 2017, 31(6) : 1076-1085.

IMIS, (R, REI, RER, K. MBI TR
BZ R R TR S AR J]. PR AL K2
4, 2013, 33(11); 19-25.



420

7R 1

%537 %

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Sun P, Fu JM, Zhou DS, Liang YQ, Zhang JJ. Seed
phenotypic diversity and germination growth of Diospyros
plants[ J]. Journal of Central South University of Forestry &
Technology, 2013, 33(11) . 19-25.

kA, X, RECE, ZEIRT, TR SIR)E 29 MY
BIR T ROESHIFE[J]. W24, 2018, 45(6): 1147 -
1159.

Mei Z, Xu L, Zhou HL, Li ZY, Yu SX. Studies of the
seed micromorphology of twenty-nine species of Hydran-
geal J]. Acta Horticulturae Sinica, 2018, 45(6) . 1147 -
1159.

Raven PH, Zhang LB, Al-Shehbaz IA. Flora of China: Vol.
11. Canarium[ M]. Beijing: Science Press, 2008; 108 —
110.

Zeng HL, Miao S, Zheng BD, Lin S, Jian YY, Chen S, et
al. Molecular structural characteristics of polysaccharide
fractions from Canarium album (Lour.) Raeusch and their
antioxidant activities [ J]. J Food Sci, 2015, 80 ( 11):
H2585-H2596.

Wen LR, Lin S, Zhu QQ, Wu D, Jiang YM, Zhao MM, et
al. Analysis of chinese olive cultivars difference by the
structural characteristics of oligosaccharides [ J]. Food
Anal Method, 2013, 6(6) : 1529-1536.

Chang Q, Su MH, Chen QX, Zeng BY, Li HH, Wang W.
Physicochemical properties and antioxidant capacity of
chinese olive ( Canarium album L.) cultivars[J]. J Food
Sci, 2017, 82(6) . 1369-1377.

Xiang ZB, Wu XL. Chemical constituents of chinese white
olive[ J]. Pharmaceut Chem J, 2017, 51(6) . 465-470.
Kuo CT, Liu TH, Hsu TH, Lin FY, Chen HY. Antioxidant
and antiglycation properties of different solvent extracts
from chinese olive ( Canarium album L.) fruit[ J]. Asian
Pacific Journal of Tropical Medicine, 2015, 8(12) . 987 -
995.

Duan WJ, Tan SY, Chen J, Liu SW, Jiang SB, Xiang HY,
et al. Isolation of anti-HIV components from Canarium al-
bum fruits by high-speed counter-current chromatography
[J]. Anal Lett, 2013, 46(7) . 1057-1068.

WG, BREE, R, MRENER, BhEK, iR, % PhE
TR BT UR PR S B FE MO GE R [ ] SR A4,
2017, 38(11) . 2188-2194.

Lai RL, Chen J, Feng X, Lin LX, Zhong CS, Wei XX,
et al. Advances on germplasm resource evaluation and
cold resistance research in chinese olive of China[J].
Chinese Journal of Tropical Crops, 2017, 38(11) . 2188-
2194,

PSR S EO RO A1 20 S S R B 20 A M SRAR AR TR
[J]. "PERJRR, 2012, 41(4) : 85-88.

JEIRNE, FRLANT, BhEEE, BrAlE, AV B X 6
TOHE Gt A SR SR B 34T ST [ U] R 2R, 2009,

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

[30]

[31]

38(6): 23-25.

BRYT IR R SE R BIVEAR SRR i M H A 7 2R e [ U] 2R
4k, 2015, 32(5) ; 797-805.

Wu RJ, Wang JF, Wei XX, Chen J, Hu HQ, Pan SL.
Fruit character diversity analysis and numerical classifica-
tion of chinese olive germplasm resources[ J]. Journal of
Fruit Science, 2015, 32(5); 797-805.

TidkeE, RAfE, FHEE, WREEL, BEEE, WA MR
BIBEIRn AR SRR AT [ U] B EY R IR, 2012,
33(6): 975-980.

Wang JF, Wu RJ, Wei XX, Chen J, Hu HQ, Pan SL.
Diversity analysis of the leaf phenotypic characters of chi-
nese olive germplasm resources[ J]. Chinese Journal of
Tropical Crops, 2012, 33(6) : 975-980.

FEEE, Jrdkie, BREE, WIS, R MOBTHERRERE
AFFIEWLEE BB P AR J ] ML SRR, 2014,
15(5) ; 967-974.

Wei XX, Wang JF, Chen J, Hu HQ, Wu RJ. Characte-
ristics and classification of the pollens of male chinese
olive [ J]. Journal of Plant Genetic Resources, 2014,
15(5) : 967-974.

Foes, RUfE, BREE, WFR. MR BT T IRAE P R B
BB E AN [ Cl/h E R 202 2. 88 w2 BURUR
b A 7R 3 DX A B SR AR O B 1 A0 A 7 B AR S8 IR 231 3
L. dtat. hiERZ¥%2:, 2016.

X, LR /N TR T R HOR [M ] e
Aol i sk, 2002; 109-137.

KEI, PR=FH. P W R 622 (M), B 1
Bleg AR A, 1992, 75-80.

| Al =y A MRS FIRROAR R AR . v [ AAS A ) i
F[M]. dext: BEMl s s, 2001 822-824.

TYUITE, SREEAR, XUEREL, MIVTHE, S BEUR. vEORE A
FBTPHRAE RS [ J] . PEALARARBER 222 (B ARF
2047, 2018, 46(2) . 92-103.

Yin MY, Zhu XC, Liu HM, Liu JQ, Wuyun TN. Flower

phenotypic variations of germplasm resources of Siberian

e

apricot ( Armeniaca sibirica) [ J]. Journal of Northwest A &
F University ( Natural Science Edition) , 2018, 46(2) . 92—
103.

E R A eE (M) Jent, RAFET AR, 2006 1-7.
XHIL, ARAS, BUTE. hER R ISR B HIR
WJ]. VALY AR, 2004, 24(1) . 178-188.

Liu CJ, Lin Q, He JX. Methods and terminology of study
on seed morphology from China[ J]. Acta Botanica Boreali-
Occidentalia Sinica, 2004, 24(1) . 178-188.

VERIA]. MBORIE [ M] . JEat,: AR AL, 1999 37—
49.

Endress PK. Patterns of angiospermy development before

carpel sealing across living angiosperms: diversity, and



554

MHEARSE . M ( Canarium album) FhFTEAZ5 16 580 MR H 421

[34]

[35]

[36]

[37]

[38]

[39]

morphological and systematic aspects [ J]. Bot J Linn
Soc, 2015, 178(4) ; 556-591.

WAL, P HEYIES M. R BIHURRA R R AR,
1984, 207-280.

Linkies A, Graeber K, Knight C, Leubner-Metzger G. The
evolution of seeds[J]. New Phytol, 2010, 186(4). 817 -
831.

MAEBE, 230K, RAYR. B B LR R A E
AR (ZE ) [J]. MOl RN, 1997, 26(4) . 189~
199.

Gross T, Broholm S, Becker A. CRABS CLAW acts as a
bifunctional transcription factor in flower development[ J].
Front Plant Sci, 2018, 9. 835.

Kinet JM, Sachs RM, Bernier G. The Physiology of
Flowering: Vol. Tl The Development of Flowers [M].
Boca Raton: CRC Press, Inc., 1985. 25-26.
Mohammed MS, Shimelis HA, Laing MD. Phenotypic
characterization of diverse Bambara groundnut ( Vigna
subterranea (L.) Verdc.) germplasm collections through
seed morphology [ J]. Genet Resour Crop Ev, 2016, 63
(5): 889-899.

He ZY, Xia WS. Nutritional composition of the kernels from
Canarium album L. [J]. Food Chem, 2007, 102 (3):
808-811.

EFHY, v, R, oK, EXGK. 53R Sk A
FNF BT SEER SO S SR [ J]. R 24k, 2017,

[40]

[41]

[42]

34(3): 295-302.

Wang JM, Shang JL, LiN, Xu YY, Ma SW. Genetic diver-
sity analysis in imported wild melon ( Cucumis melo L.)
germplasm resources based on morphological characters
[J]. Journal of Fruit Science, 2017, 34(3) ;. 295-302.
FEATE, KW, JrHE. BRI TR Y R MR
FHIRAEPR R [ J ], R el B2, 2005, 38(4): 770~
776.

Wang LR, Zhu GR, Fang WC. The evaluating criteria of
some botanical quantitative characters of peach genetic
resources| J]. Scientia Agricultura Sinica, 2005, 38(4) .
770-776.

h/Nir, RO, HERGN, EEN, T, R SEEiA
i AP B IER SRR MR A S MR AR [ ] A A 38 A TR IR
4%, 2013, 14(6) ; 1185-1189.

Ma XH, Zhao QF, Dong ZG, Tang XP, Wang M, Ren
R. Variation and probability grading of main quantitative
traits of table grape resources[ J]. Journal of Plant Genetic
Resources, 2013, 14(6). 1185-1189.

I, XEAE, KT, SREM, SERCE, XL A
(Armeniaca vulgaris) Fi 5T 5 U 55 F BEHCEE PR AR S K
RO%[J]. B, 2013, 30(1) ; 37-42.

Zhao HJ, Liu WS, Liu N, Zhang YP, Zhang QP, Liu S.
Variation and probability grading of main quantitative traits
of apricot ( Armeniaca vulgaris) germplasm[ J]. Journal of
Fruit Science, 2013, 30(1); 37-42.

SRS 7K F)





