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Variation in Seed Morphology and Germination Characteristics Be-
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Abstract: Pterocarpus santalinus is one of the most famous rosewood (Hongmu) species in the world. Its large-scale
development is restricted due to limited seed production in China. A grafted clone seed orchard was established recently
using suprior tree materials by Experiment Station of Research Institute of Tropical Forestry, Chinese Academy of For-
estry in Jianfengling, Hainan Island, and most trees in the orchard have flowered and fruited. The differences in seed
quality among superior trees in the introduction garden and the grafted clones need to be studied. Here the morphologi-
cal traits were measured, and germination tests were conducted for the seeds of P. santalinus collected from six superior
trees in the introduction garden and the grafted clones in the seed orchard at the experiment station. The coefficients of
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variance for the seed morphological traits were much lower than those for seedling growth traits among superior trees or
the grafted clones, and the coefficients of variance was the lowest for the weight of 1000-grain seeds, indicating that the
variations of seedling growth were more abundant than those of seed morphorlogy Seed length was significantly differ-
ent at 0.05 level among the superior trees with No. 7 performing the best, and seed length, width and thickness differed
remarkably among the grafted clones, in which No. 9% performed the best in seed length and width, and No. 7” did the
best in seed thickness. The germination rate and potential differed significantly among superior trees (No. 3 and No. 9
performed the best, respectively) or the clones (No. 5 did the best), and significant difference occurred in the length of
epicotyl, hypocotyl, radicle and total seedling among the superior trees (No. 3 did the best), and in the length of radicle
and total seedling among the grafted clones (No. 7" did the best), demonstrating that abundant variation in seed germi-
nation and seedling growth existed among superior trees and among the grafted clones. Significance of difference be-
tween each superior tree and its clone varied with gene type, and clones performed as a whole, better than relevant su-
perior trees in seed length and width, seed germination and seedling growth. It was indicated from relationship analysis
that seed weight was significantly correlated with germination rate at 0.01 level, the germination rate of the plumper
seeds was higher. In conclusion, seeds from the grafted clone seed orchard performed better in the seed morphorlogy
and germination than those from the superior trees in the introduction garden, and significant difference was absent in
seed weight among the superior trees or the grafted clones, and between each superior tree and its clone (P=0.05), the

seeds developed fully in the seed orchard with 1000-grain weight near 100 g, more than that for scattered individuals
early grafted (92.9 g). The findings would provide scientific evidences for elite variety selection, seed orchard estab-
lishment and robust seedling cultivation.
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Fig. 1 P. santalinus superior trees with seeds collected
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Tab. 1  Growth performance of P. santalinus superior trees and their clones
Pess (5lFnpE ) TetE R (IR )
Superior trees (introduction garden) Clones (grafted seed orchard)

5 s Mtz > SRR AR S S 3l A
Code Tree height/m DBH/cm Code No. of fruited clones Mean tree height/m Mean DBH/cm

1 18 44.5 1 0

3 17 34.3 3" 1 10.7 28.2

5 17 34.6 5" 2 10.5+0.0 22.1£2.5

7 18 31.8 7" 9 9.6+1.4 22.6+4.0

9 18 33.4 9" 4 8.3+1.0 22.8+5.3

11 18 37.5 1" 2 9.242.0 19.3+1.3

e LSRR BRI R AR WIFAEZS 2,
Note: No. 1 has not flowered and fruited yet.
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Fig. 2 Pods of P. santalinus superior trees and
relevant grafted clones
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Tab. 2 Seed morphological variation among P. santalinus superior trees and their grafted clones

B ¥ S e T ) ThiE
= Seed length Seed width Seed thickness 1000 grains weigh
Code 3 3 3 3
M:fn{/ﬁmm Cvie M:;jn{/ﬁmm CvI% Mjfn{/%nm Cvie l\jga%i/ g Cvie
1 11.02+0.80% 7.26 5.45+0.42 7.71 2.22+0.18 8.11 102.77+3.20 3.00
3 10.46+0.97" 9.27 5.49+0.21 3.83 2.10+0.48 22.86 98.58+4.22 4.44
5 10.85:£0.69" 6.36 5.60+0.88 15.71 2.28+0.13 5.70 99.76+4.97 5.56
7 11.24+1.61° 14.32 5.87+0.45 7.67 2.16+0.27 12.50 97.62+1.93 1.11
9 10.21+1.38° 13.52 5.56+0.96 17.27 2.15+0.34 15.81 99.40+4.61 4.44
11 10.720.90° 8.40 5.55+0.76 13.69 2.09+0.39 18.66 101.31+4.48 4.00
Mean 10.75+1.14 10.60 5.59+0.76 13.60 2.17+0.32 14.75 99.90+1.86 4.00
3" 10.36+0.93¢ 8.98 5.59+1.03° 18.43 2.04+0.21° 10.29 98.63+0.03 3.12
5" 11.22+0.59° 5.26 6.39+0.63"" 9.86 2.11£0.15"" 7.11 101.83+4.90 4.00
7" 11.810.84° 7.56 6.57+0.56™"" 8.52 2.28+0.24° 10.53 99.91+5.68 5.56
9* 12.43+0.88"" 7.08 6.99+0.74™" 10.59 2.13+0.28° 13.15 100.66+4.92 4.00
1" 11.910.73" 6.13 6.34+0.85"" 8.96 2.060.25" 12.14 97.84+6.47 5.00
Mean 11.55+1.06 9.18 6.33+0.85 13.41 2.12+0.24 11.32 99.84+5.51 5.00

TE: SRR B SR 4% JE M R (5] 19 Duncan’s 21 WSS R, RR/NEFRRR 2T BE (P<0.05). "R t Kighsh R,
Sr N FR OO S X0 et R A 22 5 B (P<0.05) MR P (P<0.01),

Notes: The letters present results of Duncan’s multiple range test between superior trees or grafted clones, different lowercase letters in-
dicate significant difference (P<0.05). " and ™" are results of independent t-test, * indicates significant difference between the superior tree and
the relevant clone (P<0.05), ** indicates extremely significant difference between the superior tree and the relevant clone (P<0.01).
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Tab. 3 Variation in seed germination among P. santalinus superior trees and their grafted clones

%7 TWRARBIH mEl] S5 E] KA KB KRR KRB
Code Initiation/d  Peak/d End/d Germination rate/% Germination potential/%  Germination index Germination speed
1 1 3 5 70.00+7.04% 40.00£11.38™ 14.52£3.70 2.82+0.21°
3 1 3 4 81.00+5.62° 42.00+£3.67% 16.64+£1.50 2.53+0.09"
5 1 2 4 76.00+7.48% 40.00+4. 65 15.42+1.24 2.67£0.10"
7 1 3 4 66.00+6.69° 41.00+8.27% 15.29+3.97 2.59+0.14"
9 1 2 4 78.33+8.04 46.67+9.61° 17.79+0.78 2.4240.16°
11 1 3 4 79.00£12.05" 36.33+5.28" 15.99+1.99 2.61+0.14°
Mean 1 3 4 75.06+9.22 41.06+7.76 15.94+2.56 2.61+0.18
3" 2 2 3
5" 2 3 3 96.67+1.15*" 74.67+20.53° 19.00£1.02" 2.47+0.40°
7* 2 3 4 86.37+9.22"" 50.88+9.91° 11.37+5.97 2.80+0.12*
9* 2 2 4 84.50+15.26° 54.00+11.20° 14.96+4.98 2.64+0.24°
1* 1 3 4 64.00£12.96 37.50+3.42° 12.06+3.25" 2.93+0.17"
Mean 2 3 4 77.00£0.24 52.47+15.54 13.48+5.28 2.71+0.25

TE: PR A 8 B JE M R B9 Duncan’s 28 [WEER, RR/NE FRFRRZERFBE (P<0.05), "™ RAST t ks R,
I BRI S X RJCHE R B 22 B3 (P<0.05) FIZEFHREE (P<0.01),

Notes: The letters present results of Duncan’s multiple range test between superior trees or grafted clones, different lowercase letters in-
dicate significant difference (P<0.05). “and ™" are results of independent t-test, * indicates significant difference between the superior tree and
the relevant clone (P<0.05), ~* indicates extremely significant difference between the superior tree and the relevant clone (P<0.01).

12 hOEHE/12 h BRI ZEAE T, URFFAEfE i n 50 2 KaRBR Zm g, Hoar 4 BRODIHESS 3 Kk
Ld WRITFIRRZE, BR T 5 5 9 SOUM MM T B, KM EMTES 4 RARZFER (1
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Tab. 4 Variation in seeding growth among P. santalinus superior trees and their grafted clones

o ;%mﬁﬁ TR B %ﬁﬁg %ﬁgﬁﬁ
Code Epicotyl length Hypocotyl length Radicle length Total seeding length
{8 Mean/mm CV/% #1{8 Mean/mm CV/% 1 Mean/mm CV/% {8 Mean/mm CV/%
1 9.73+2.73° 28.06 8.58+1.95" 22.73 22.49+10.17% 4522 40.80+12.41° 30.42
3 13.11%3.39° 25.86  10.09+3.51° 34.79 26.91+10.80° 43.13 50.12+13.01° 25.96
5 11.39+3.76" 33.01 8.24+2.42" 29.37 20.99+8.50° 40.50  40.63+11.38° 28.01
7 10.30+3.46° 33.59 8.31£2.09" 25.15 18.75+9.00¢ 48.00 37.37+11.85¢ 31.71
9 11.47+3.45° 30.08 8.31+1.88" 22.62 23.91+9.14° 38.23 43.69+11.51° 26.34
11 12.80+4.17* 32.58 7.94+1.54¢ 19.40 23.02+8.88" 38.58  43.77+11.09° 25.34
Mean 11.47+1.33 30.53 8.58+0.77 25.68 22.68+2.75 4228  42.73+4.32 27.96
3" 13.23+8.20 61.98 7.77+1.44 18.53 8.65+3.32"" 38.38 30.03+5.86"" 19.51
5" 12.87+3.32" 25.80 9.22+2.57" 27.87 30.84+10.61"" 34.40 53.45+11.39"" 21.31
7" 13.35+3.75™ 28.09 9.34£1.917 20.45 32.69+28.22""" 86.33 55.89+28.56"" 51.10
9* 11.41+3.62 31.73 9.32+2.08" 22.32 27.64£10.80"" 39.07 48.83+11.64™" 23.84
1" 11.06+3.49" 31.56 7.34£1.76" 23.98 15.34£6.43%" 41.92 34.15+8.19" 23.98
Mean 12.38+1.07 35.83 8.60+0.97 22.63 23.03+10.51 48.02  44.4711.67 27.95

T TR0 8] SR otk 2 6] 1 Duncan’s 2 1 LUACEE R,

RN FHFRRZERBE (P<0.05), ™9 t IR,

TP A S R TR R ] 22 5 3 (P<0.05) 2SR BE (P<0.01),

Notes: The letters present results of Duncan’s multiple range test between superior trees or grafted clones, different lowercase letters in-
dicate significant difference (P<0.05). " and ™" are results of independent t-test, * indicates significant difference between the superior tree and
the relevant clone (P<0.05), ~" indicates extremely significant difference between the superior tree and the relevant clone (P<0.01).
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Tab. 5 Pearson correlation coefficient between seed morphology and germination traits

AR Trait SL SW ST TGW GR GP GI GS EL HL RL
SW 0.931"

ST 0.023 0.020

TGW 0.033 0.235 0.040

GR 0.012 0.309 0.137 0.826"

GP 0.543 0.582 0.007 0.418 0.521

GI -0.619  —0.410  —0.293 0.406 0.426  —0.031

GS 0.647 0.415 0.122  -0.335 —0.445 0.157  —0.929"

EL -0.173  —0.003 0.055 0.557 0.728" 0.343 0.088 -0.125

HL 0.013 0.203 0.156 0.245 0.684" 0.428 0.233 -0.384  0.583

RL 0.091 0.365 0.288 0.636 0.923"  0.455 0.183 0326  0.764 0.810”

TSL 0.073 0.336 0.248 0.612 0.914™ 0.473 0.170 -0.300  0.813" 0.835"  0.995"

TE: SL. SW. ST M TGW NFFRKE . % . EEEMTHRE; GR. GP. GI M GS NEZR . KR KIIEBOME FHE;
EL. HL. RL Al TSL b FJRfl . FHRHD . R BERIZE I BB . "R B HE (P<0.05), "RARH B EFMIR (P<0.01),

Notes: SL, SW, ST and TGW refer to seed length, width, thickness and weight of one thousand grains; GR, GP, GI and GS refer to ger-
mination rate, potential, index and speed; EL, HL, RL and TSL refer to lengths of epicotyl, hypocotyl, radicle and total seedling length. *
indicates significant correlation (P<0.05), " indicates extremely significant correlation (P<0.01).
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