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Variation of Seed Morphology and Germination Within and
Among Species of Banksia

DU Peng-zhen, SUN Bing, CHEN Yong, LIAO Shao-bo
(Research Institute of Tropical Forestry, Chinese Academy of Forestry, Guangzhou 510520, Guangdong, China)

Abstract: The seed morphology, seed mass and germination of 18 provenances of five Banksia species introduced
from Australia were studied. The results showed that there were distinct differences in seed morphology, seed mass
and germination among Banksia species. The thousand-seed-weight of B. aemula reached the maximum of 106. 541
g, which was approximately three to eight times heavier than that of the other species. No significant correlation was
found between seed mass and germination rate. The germination rate of all Banksia species exceeded 60% , except
B. coccinea which did not germinate during the experiment. The germination rate of B. robur was the highest, reac-
hing about 80% . The germination speed of B. oblongifolia and B. robur was the fastest, whereas B. aemula was
the slowest. The germination initiation, germination speed, germination rate, the length of hypocotyls and radicles
were remarkably positively correlated with longitude, inferring that Banksia species introduced from west Australia
germinated later and more slowly with the higher germination rate and faster growth of hypocotyls and radicles com-
pared with that introduced from east Australia.
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ZAAPE T AR EL R 5 A 18 AT IR A FR -, H
W ZLAEBE 52K ( Banksia coccinea R. Br) 1 ASFhiE
FWILTEA (B. aemula R. Br. ) (KRNI 7E A (B.
oblongifolia Cav. ) F1 & M FF % K ( B. spinulosa R.
Br. ) £ 4 SRR 31 S BEFER (B. robur Cav. )5 ~Fh
I, RIS CRISO A i ik (1) o

®1 SHVEANMIERREESEF R

; " " /o C SRR K
44 s AR b HBR(S) ZBE(E) ——— e = s
AR AEMEERIR AR /mm
37858  Wide Bay, Qld 24.91°  152.32° 21.4 30.1 25.8 1021
. 38162  Ballina, NSW 28.84°  153.56° 19.6 28.2 23.9 1783
FALHE A
38504  Broadwater, NSW 20.02°  153.43° 18.7 28.6 23.7 1482
38505  Bribie Island, Qld 26.96°  152.96° 19.7 30.2 25.0 1414
LA AR 38335 Ravensthorpe, WA 33.58°  120.05° 14.1 28.9 21.5 426
35807  Wide Bay, Qld 24.91°  152.32° 21.4 30.1 25.8 1021
3 38168  Grafton, NSW 29.62°  152.96° 18.6 29.9 24.3 994
AN STV N
38524  Nowra, NSW 34.95°  150.54° 16.5 27.5 22.0 840
38198  Appin, NSW 34.17°  150.61° 15.2 29.3 22.3 803
37067  Wide Bay, QId 24.91°  152.32° 21.4 30.1 25.8 1021
. 36593  Redland Bay, Qld 27.68°  153.19° 20.4 29.6 25.0 1 085
L UBIZTN
38503 Hervey Bay, Qld 25.32°  152.88° 21.9 29.9 25.9 1100
38502  Grafton, NSW 29.62°  152.96° 18.6 29.9 24.3 994
35224 Brisbane, Qld 27.42°  153.11° 15.7 25.4 20.6 1186
38163 Maryborough, Qld 25.52°  152.72° 15.3 26.9 21.1 1154
W S PR AR 38164  Caloundra, Qld 26.80°  153.15° 21.4 27.6 24.5 1578
38199  Mullumbimby, NSW 28.64°  153.64° 20.8 27.5 24.2 1733
38177  Wide Bay, Qld 24.91°  152.32° 21.4 30.1 25.8 1021

R Qld RFEE 122 M (Queensland) s NSW X257 7 /K 1M ( New South Wales) ; WA X PG ( Western Australia) ,
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1.2.1 #FBEKREREMNE  FDYETCAR F
IRBERLIRI 3 0301, 536y 20 L, F AL T BR R R
(0. 01 mm) 43500 f2t A b b - B B B R R
1.2.2 #FFameEnE BAOPE AR AR
BEHLIMIR 8 fyalivgfh 5, B0y 100 K, T 432 —4)

B KPR i, 40 TR i,

1.2.3 #FAFKE KL% T 2012410 H 15 H
FEH E RO B2 A 58 B i AL B9 e () AR B T
T ) IR 2 (22°30°N,114°02'E) #4T , R FH 58 4 bl
PLX LR 50 8 110, 454 B 5 AC b ol ol I8 i AL B
300 Kiff+, 50 3 IREE , BIRELE 100 b, 58T
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PETEATP I 25 1 ift 0] 22 52 R AN [R] « Fob 1 9
FERTRLBT &, PESE A 5 AFf ] 1 2% 5 1 3 (P <

S AT 5 A 3 A Fh R AR W R
(P <0.05) ; £ I8 B 5 A 15 ) BE 5a A () Fh - J2
JiE ] 22 R A T S 3 AN ] 4 7
WEEF(P<0.05), M2 AJHPEEAS Fh
) ¢, 58 77 BE se AR AR AL HE 5w AR A1 BE R K
LIAEBE TR Fe /N, 5k 1 BE 50 AR TN A6 BE 58 A Fh 1
KIBRLAHETEAR 2 52 s F AP0 AR 1T 15 58
IR PR BE e AR e 28 | Bl s A AL BE 5 AR P 1
TRF R, 2 106.5 g, B m THAb 4 HFb, 2
JyH AR 4 ~9 £,

FREE] L3, B AL BE 7 A K [ ik JF 58 A et
BEFEA LA K5 1 BE e AR (45 AR R R FIE S 5 TR
A REZHER L FE (P <0.05) , NFHIL A
PIRhF IR 22 AN 3 AL SR 37858 FE MY
P74 B e, TR it A e, 38505 i 1) it 7
JE B R K B BE e K 38168 FERY R K ) | 90 JF
FE B ek, TRE BT i i =, 17 38198 AR AR 11
B B A A K Pt BE S K 37067 A B AT i
JE R R, TR & A e, 38502 AR Y AT K
JE B R 9 PR TE AR 38177 FRIR RN T TE I
JEL R R A, TR o ik v, 38163 A IR Y b T K

EH B 1Ay

0.05) ; FALH AR SR AP FARMF TR R 22 SEEAUSE R/, TR R AR
F2 SHHREANMFREEST

i s FFK/em FF9E/cm P FJE/em FFThRE g
37858 13.10(0.13)a 11.38(0.19)b 1.93(0.03)a 118.899(0.088) a

38162 10.38(0.15)d 11.61(0.19)b 1.88(0.11)a 86.425(0.077)c

FIETLA 38504 12.63(0.17)b 11.43(0.16)b 1.95(0.03)a 109.884(0.113)b
38505 11.92(0.22)c 12.17(0.21)a 1.87(0.04)a 110.956(0.087)b

i 12.01(0.08) A 11.65(0.09) A 1.91(0.03)A 106.541(0.222) A

EAN IS VN 38335 5.91(0.08)D 4.02(0.10)D 1.57(0.03)B 14.108(0.007)D
35807 8.39(0.12)¢ 4.09(0.07)b 1.09(0.02)a 17.047(0.020) c

38168 9.97(0.19)a 4.47(0.08)a 1.12(0.02)a 22.183(0.020)a

KR HE ve A 38524 8.89(0.19)b 3.86(0.09)c 0.99(0.02)b 15.701(0.027)d
38198 9.62(0.13)a 4.48(0.08)a 1.03(0.02)b 17.987(0.033)b

St (=] 9.21(0.18)B 4.22(0.08)C 1.06(0.02)C 18.229(0.045)C

37067 8.26(0.14)b 3.52(0.05)a 0.99(0.02)a 13.597(0.028)a

36593 8.88(0.15)h 3.21(0.05)b 0.90(0.02)b 11.167(0.009) b

et v A 38503 8.83(0.13)b 3.20(0.05)b 0.89(0.02)b 11.212(0.014)b
38502 9.03(0.12)a 3.24(0.06)b 0.93(0.02)b 11.601(0.017)b

i 8.75(0.07)C 3.29(0.03)E 0.93(0.01)D 11.894(0.020) F

35224 11.83(0.21)be 4.45(0.07)cd 1.05(0.02)b 24.861(0.020)d

38163 11.44(0.16)c¢ 4.34(0.07)d 1.03(0.02)b 23.629(0.032)e

38164 11.74(0.14)c 4.63(0.07)be 1.03(0.02)b 25.832(0.028)c

BWAPEA 38199 12.31(0.19)b 4.75(0.08)b 1.09(0.02)b 26.850(0.029)b
38177 13.15(0.20)a 5.22(0.08)a 1.19(0.02)a 35.190(0.032)a

Y 12.10(0.20) A 4.68(0.08)B 1.08(0.02)C 27.272(0.067)B

TE: RPN Duncan 28 L ZE R, R B R/NG FRER IR N 2257 B 3F (P <0.05) , [ 5 A [ K5 5 5 75 F ] 22 53 3% (P <
0.05) , 5 FR/R 25 AN 35 (P <0.05) ;565 P AUER bR ; FIF,
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FACBE SR 58 1 BE v R IR T & 28 R SR B
) 22 5 3, T S5 B B o AR Bk i B 5 A 1)
TRIRIMKEMRIZFARE (P <0.05) ;K
58] - FE 5 AR 38, o BE 7 A (1) K 25 3 b 1] 22 57 A Bk
FHSHAD 2 AR 22 R B E (P <0.05), 4
FHHE A 25 R AR = T 60% , 3 1 BE ve AR de i
LU A LT 58 AR VB BIE 8 A 1) R 2R 2155 20% 5 K IR
B e AR5 ) B 50 K & 2F R bR, & 2 bR i i
HLOTEACE e AR & 2 B i 1%, & 2E LR TR I 5 o
PR A A, B B s AR AR I

PR IE] L4 , 75 A6 BE 5 K b e 2850 OR0 & 28 1R
i ] 1) 25 S N B 3, 38505 U Y & 24 B e bt
IR PE 5E A 38524 BRI K 2 A, R K 2
R 38198 FIRAIIT 2 5, H R R, &
ZEUR AR B L5 B BE SR TP 36593 Rl & 2RI
o, KR e B, 38503 138502 il & 2R IAIL , A
B 50% , B ZF U6 W I 55 W 5 5 ) B 5 AR R ] & 2
AR ZE U 38 25 SR 1 3, 38199 138163 k2
ES5a=1

FACHE AR KB B A e nt BE v AR Sk )
BE 5w A v IR A B K I B 2 0 2 38504 38524
38503 38177 Fiil ; 7 4k BE 50 A P it BE 52 A v iR
HR A A AR IR 70531 2 38162 11 38503 Fifi,

R3 MFRFFLELSR

4 i KERY K/ d KEIRW/A R/ cm AR K/ em
37858 59.7(7.69)a 26.81(0.50)ab 21.3(0.33)a 9.94(0.37)b 5.53(0.28)b
38162 67.7(4.33)a 27.47(0.73)a 20.3(0.33)a 10.37(0.54)b 7.00(0.43)a
FALHF A 38504 53.3(3.76)a 27.11(0.21)ab 22.0(1.53)a 13.00(0.70) a 5.54(0.26)b
38505 60.7(3.76)a 25.76(0.67)b 20.0(0.58)a 11.40(0.60)ab 5.58(0.36)b
¥ 60.3(2.68)B 26.79(0.28) A 20.9(0.43)A 11.18(0.60)B 5.91(0.36)B
35807 65.7(3.93)c 24.62(0.88)a 16.3(1.33)a 7.81(0.32)c 7.48(0.52)a
38168 80.7(1.45)b 24.30(0.86)b 13.7(1.45)ab 10.74(0.37)b 6.45(0.52)a
K[ BE 55 A 38524 92.3(0.33)a 23.38(0.06)b 12.3(0.88)b 13.34(0.57)a 6.32(0.29)a
38198 48.0(3.51)d 24.39(0.52)a 16.0(0.58)ab 12.01(0.50)b 7.17(0.41)a
P 71.7(5.14)AB  24.17(0.32)C 14.6(0.69)BC 10.98(0.58)B 6.86(0.45)A
37067 60.7(3.48)b 25.29(0.41)a 16.0(1.00)b 10.05(0.44)b 6.18(0.37)c
36593 86.7(2.91)a 24.42(0.21)a 15.0(0.00)b 10.76(0.47) ab 7.18(0.43)be
e PETEAR 38503 47.3(4.33)b 25.67(0.95)a 16.0(1.00)b 11.42(0.41)a 8.82(0.59)a
38502 47.7(6.06)b 26.49(0.90)a 18.7(0.67)a 10.54(0.45) ab 7.51(0.46)b
¥ 60.6(5.17)B 25.47(0.37)B 16.4(0.53)B 10.69(0.45)B 7.42(0.50) A
35224 81.7(5.36)ab 24.78(0.66)a 13.7(0.88)a 13.17(0.74)a 7.58(0.39)a
38163 83.0(4.73)a 23.18(0.35)a 14.7(0.33)a 10.67(0.35)b 6.76(0.34)a
» 38164 69.7(2.03)b 24.21(0.76)a 13.0(1.00)a 10.67(0.35)b 6.76(0.34)a
3% PETEA
38199 84.3(4.33)a 24.75(1.14)a 15.3(1.45)a 12.59(0.48)a 7.73(0.46)a
38177 80.7(1.76)ab 24.13(0.42)a 14.7(0.67)a 14.09(0.58)a 7.84(0.46)a
¥ 79.9(2.04) A 24.21(0.31)C 14.3(0.42)C 12.24(0.57)A 7.33(0.40) A
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F TR S R AR L 2 SR O, R AR
R

K2R R E R RR SR G I 5 A AR AR
KEWBEEME(P<0.01), LI k2R,
R TR A R A 0 Ul R AR R K
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K s - i B 3 4

TR R ;; e Z; z; ALK RIRK i g zgz ZZ\E i;; ig

FFEK 0.54* 0.35  0.60" 0.49* 0.56* 0.58* 0.66* 0.37 -0.41 0.58* 0.28 -0.23 0.11 0.61*
Fh¥ i 0.94™ 0.99*-0.07 0.27 0.28 0.12 -0.18 -0.13 0.16 0.16 0.11 0.16 0.49"
Fih 7= 0.92** -0.32 -0.06 -0.05 -0.18 -0.48* -0.01 -0.17 0.02 0.14  0.07 0.27
R AT -0.05 0.29 0.31 0.15 =-0.17 -0.20 0.19 0.20 0.13  0.20 0.45
KR 0.64™ 0.65™ 0.74™ 0.66™ -0.26 0.74* 0.25 -0.33 0.05 0.43
K 0.99* 0.83™ 0.84™ -0.43 0.98* 0.52° 0.06 0.41 0.59*
KH 5 0.83™ 0.83™ -0.45 0.98™ 0.52* 0.07 0.41 0.58"
J A& 0.79* -0.19 0.86* 0.27 -0.20 0.12 0.48"
AR -0.41  0.88™ 0.47 -0.05 0.33 0.44

o FRBEMIE(P <0.05) ;= « FRWBEMRE (P<0.01),
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gado 2" XF Cistus ladanifer (IHF5E LA B 255 %10 %t
KHEWIX 6 FhFLASERN T AT 5T 458 BEAR — 2, b
TR G BU R R AR 1 ) R SR S AR AR B Y
BALRRPE Fh T IR 1 2545 b7 A U R b1
(AT B M b T2 6 T i R R

TEAEY) K R Bk g b, M B feaik p w] 28
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