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Abstract ; [ Objective | Understanding the composition, temporal and spatial dynamics of soil seed bank under natu-
ral conditions is important for revealing the mechanism of natural forest regeneration. [ Method ] The seed amount,
type, temporal and spatial dynamics of soil seed bank of Dacrydium pierrei in Bawangling, Hainan were observed for
3 years by geostatistics and other methods. The relationship between seed amount, type, temporal and spatial dy-
namics and environmental factors was analyzed. [ Result] (1) The proportions of sound seeds, mildewy seeds, hol-
low seeds, defective seeds in the soil seed bank of Dacrydium pierrei were 0. 48% , 45. 55% , 29. 68% , and
24.30% respectively. (2) The amount of seed followed a reversed ‘]’ shape curve decreasing relationship with the
distance from mother trees. (3) The seed of soil seed bank has obvious spatial pattern. (4) The pattern of vertical
distribution of seed amount was litter layer (87.78% ) > 0 —5 cm layer (11.01% ) > 6 —10 cm layer (1.2% ),
the distribution amount showed a sharp decrease in 0 =5 cm layer, there was almost no seed to be distributed to the

6 — 10 cm layer. (5) The amount and ratio of non-viable seeds was higher, reaching up to 100% , the amount of vi-
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able seeds was small, the germination rate was as low as 14% , and the seeds lifespan of D. pierrei in the seed bank

is less than one year. [ Conclusion] The characteristics of soil seed banks show it is very difficult for D. pierrei to

complete natural regeneration.
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Tablel The basic situation of mother tree and community characteristics of Dacrydium pierrei
(e AL VIR Wl SERIRE PEMAE CFRE I i IR BE V-6
Diameter ~ Number Average Aspect Average slope Average Average Average crown  Average canopy Average
class /K elevation/m /(%) DBH/cm height/m  diameter /(m X m) density coverage/ %
M, 3 1141.0 PEde 25 £7 29 +8 22 +10 4.0+3.5 0.80 7t 80 £ 70 %L 40
M, 3 1125.4 ld 6+3 43+16 2412 3.04.0 0.75 I 75 i 70 & 40
M, 3 1132.1 Jt 24 +7 56 +25 20 +8 5.0+7.0 0.90 7+ 90 £ 70 ¥¥ 40
M, 3 1120 4 11 +6 63 +21 18 +8 8.0+7.0 0.80 7% 90 £ 60 40
M, 3 1170 At 19 +5 80 £16 20 10 8.0+10.0 0.75 7+ 90 £ 60 £E 30
Mg 3 1130 3] 20 10 84 £19 28 +9 9.0+10.0 0.90 7% 90 £ 70 ¥ 30
M, 4 1190 g 15 +8 95 +45 19 £7 12.0+11.0 0.80 7+ 90 £ 60 %E 40
Mg 3 1221 R 8+2 103 £53 23 %5 10.0 £13.0 0.90 770 #E 20 ¥ 10
M, 4 1 090 iii) 63 111 +£52 2410 9.0£12.0 0.90 77 90 £ 60 £E 30
M 3 1200 Jt 17 £5 119 41 22 +9 13.0+9.0 0.80 7% 90 3£ 60 % 40
M, 3 1224 4 21 9 138 +32 16 +8 7.0+11.0 0.70 77 90 £ 70 %L 30
R2 TEMTFEREARTAR
Table 2 Quadrat design scheme of soil seed bank
I Bl i BB P 0GR IR
5 Distance Diameter class of mother tree of Dacrydium pierrei > Q014 Fh T R I
/m M, M, M; M, M; My M; My My, M,, M,
1 e VvV + = @ V x e V x e P 20144 R0 T HERETT
2 x @ V o+ x @ V = @ V =
3 vV o+ @ VvV o x x e V x e V =
4 e VvV x e V vV e VvV o« e
5 « @ VvV ox e VvV e x e V
6 Vo eV ox e V vV e Vv
7 e VvV + e V + e V e x @ . BER Mother tree
8 + @V = e VvV o+ @ V & 4 A Fp+ 7 PERE I Seed bank quadrats in April
190 \*/ * : \./ \*/ : \./ \*/ : \./ v 9H Fh - EFE )7 Seed bank quadrats in September

T VAR 2014 4RRE D7 43 A5 @413 2015 4EREDT 431 5+ R
2016 4FHEJT o0 o
Note: V/ represent sample distribution in 2014 ; @ represent sample

distribution in 2015; # represent sample distribution in 2016.

D 12 AR FEREJjSeed bank quadrats in December
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Fig. 2 Sketch map of test plot of seed bank
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Table 3 Number and proportion mean value of soil seed bank in Dacrydium pierrei ( mean value + standard deviation)
(seeds. m?)

2 i, Composition

e o ST TR LR WL
Total Sound seeds Mildewy seeds Hollow seeds Defective seeds
I 1493.75 +154.98 0 781.25 +94.43(52.30)  762.50 +102.08(25.96)  337.50 £30.65(21.74)
I 918.75 £292.13 6.25 £4.50(0.68)  418.75 +161.87(46.58) 375.00 £35.77(29.95) 193.75 +47.54(22.79)
I 1 662.50 +259. 83 12.50 +4.43(0.75)  631.25 +105.13(37.77) 300.00 +£93.81(33.12) 462.50 £66.19(28.36)
Ao/ % 100 0.48 45.55 29.68 24.30

e TR 4 A, T8 9 AR, ALK 12 F R0 ; 8l 2014—2016 4F 3 4[] H BRI T390, 155 N B RoR %28
Ty o5 LR TR BRI E (% ), R IR
Note: First sampling time of per year (April) ; second sampling time of per year ( September) ; third sampling time of per year ( December) ; the

number in brackets indicates the proportion( % ) of such seeds to the total amount of soil seed banks,The same bolow.
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P T 59 m A, 25 0F TR T B . 7E 9
CRECR 3 w1251 December Aty 1 m A7 DR T > BT > BT >
£ g LB SEUFRNT 32 m AR ERSAD T > 20 AT > B
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Fig. 4 Seed composition distribution in soil seed bank
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Table 4 Density and vertical distribution of soil seed bank in Dacrydium pectinatum ( mean value + standard deviation)
(seeds - m~2)

T2 HkE s} a] Time Fa 3 2R Test parameter

Soil layer/cm 1 I 111 df F P
Y2 Litter layer 1 181.25 £116.57(79.08)  881.25 £508.99(95.92) 1 468.75 £400.91(88.34) 10 25.94 0.000 2
0~5 268.75 £225.81(17.99)  31.25 +30.46(3.40) 193.75 +163.78(11.65) 9 15.76 0.002 5

6 ~ 10 43.75 £37.5(2.93) 6.25 £4.50(0.68) 0 10 11.42 0.003 6
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Fig. 5 Seasonal distribution of seed in soil seed bank
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Table 5 Distribution of soil seed banks ( mean value * standard deviation)
fiEh= FFEE Seed number/ (seeds. m~2) A P P
Distance/ cm /R East i South 74 West 4t North Mean/ (seeds + m =)
1 4 918.7 £355.7 8 662 £475.5 5225 £223.5 13 618 +£592.5 8 106.25 £334.31 19.7 0.000 5
2 2 256.3 £209 1 675+125.2 3 537.5 £391 1 793.75 £382.5 2315.6 £276.94 26.3 0.003 4
3 3 100 +388 1 831 £316.2 3025 +£363 3762.5 £726.5 2929.7 +448.44 28.1 0.005 7
4 1 206 +230.25 156.2 +116.3 1 087.5 +341.25 1368.75+274.5 954.7 £125.56 16.4 0.001 1
5 2775 £381.25 1 481 £320.7 4 818.8 +390.5 2 293.7 £279.75 2 842.19 £268.06 15.7 0.000 9
6 2312.5 +326.3 850 +£151.8 2137.5 +£237.9 468.75 +115.4 1442.19 +385.2 11.9 0.006 1
7 103 £74.5 350 £121.6 6 183 £507.7 316 £209. 1 1738.25 +214.19 13.5 0.003 7
8 1112.5+321.2 637.5 £254 1925 £274.3 2 875 +467.4 1 637.5 +£376.2 14.2 0.004 5
9 381.25 +154.1 2175 £382.7 2 837.5 £431.8 400 +201 1448.44 +397 20.8 0.001 0
10 125 +57.9 150 +67.5 75 +18.1 50 £54.5 100 +46.8 15.3 0.003 3
S Total 18 290.5 17 968.5 30 851.8 26 946.45 94 057.25 16.7 0.005 2
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Table 6 Dynamics of seed

vigor in soil seed banks

TRORE B 1) LR ¥R A G JIFI T Viable seed JEiE JIRhF Lifeless seed
Time Experimental seed number {8 Value/ (seeds + m~2) H. = Rate/ % {4 Value/(seeds - m~2) L3 Rate /%
1 50 0 0 50 100
I 50 7 14 43 86
111 50 16 32 34 68

3.3.2 REMFEGFHLKRS BETAHLAR
+ )2 AN (R HURE s (] 1 i S 4 - S A R B

RT TEMFEMHTFHEZRS

Table 7 Seed germination status of soil seed bank
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3.4 LEMTEOMTES oo . X X
PG 235 S om0 . B Y S R A R A m 10 0 0

fvjE TR RIS IS 1 a, AR R
F7E1.2.3.9.10 11 12 A BBfEAA4r 71, A 4.
5.6.7.8 A A SR R 0, X BLHT R
RPN FPERPFHE 9 HInF G T A AT 1, HEK
3 AR5 1 LFae e  Fh 1 0 F5 A i, i)
AFT a,

4 ik
ARSI, Bl 7R MR F O R TR 22
SEFF T T o7 B (0. 48% ) | B 02 Fh T 4

(45.55% ), =5 0 Bl 1 (29. 68% ) FiI B 45 Ff 1
(24.30% )Rz BELJZHITE, L 3ER T 50 F



90 oL R

32 &

TR, A v R R T BT AR R
XFF R B, 1P 1 ¢ o 10 b 5 2 46 P AR
B2 R I R Bl 2 BT R 2E AL A
SV R A S B e ) ARy AR AR R T, DA B
TR TR R A S R R ) R AR R
X ANRE R SEAE 3 AT Bl BT AR K R BT s ek AL #l i 1A

WFTEAI, Bl a2 A b 1 3 HL 0 b 1 B i
WOREZ=A A 5%, 3 IRIBURE Fr 394 b1, T A AS [ B
(2552 55 b1 UGN 8] 77 AE 22 57, 7675 J& Bl 329 AR b
FERIR BT R AL I I, XS N KA F AN, 155
Fob 2R S B A AR g 98 T £ 26 il A, AE AN
[R5 L, Fh 3 R 22 el 3 (P <0..01) , 2
b A T AR 6 e W R /N BT 2, i A A 0
W4T AT RESE 32 i) KGR I S o e b, A [a] i 2 Bl
PIRR I IMEAFAE 2257, BT LA AEAE A P37

A B, - e Ph 1 1 5 ) 0238 (1]
Ry ERAT R AR AR o ASBIRTE AN [ R 3t i 1k
AU Ay s R, Horp RAEBLRIU & HOR K P
FHON 0.7, LU G HOR AR, e T 30T
JERR T A 5 4 5 (8] 52 R, AEIEK 1 050 ~
1200 m Py BEA Bl BE R 19, A % BE R 0 1Y,
GRS/ 8 A 5% [ 55 3 A T 4 B HBORE i
LA 5, IR B AT [ AT TR 23 BT i 240 T 9K BB
B AL A IR LA 25

b SRR T T I E A5 R, A I
by L Rt A SRR (9 58 i ek A, HL 2% A
& (P<0.01), i TR A Ss il R B % AR
Wi, DG SR AR | HERER R, HA R 21T, A
SRR AN, 3 UIBURE R G T B BT o
el freis 9 100% o ASBIESE K R, Bli 4 4 4 5 b
JPE (R e RAR S PO Bl TR 5 B B o
IET, B2 AN A IR ML 2. 73 5h,
Tolt 5 T3 B K30 52 R JEE )2 ), 152 it JBE ) 5
ZUAEE B UL RE PR, R e ORI R
MR T & IR e R 2 —

TR0k e s B O SR 10 A A A1 L
A IASETE 1 ao ANBIFIEBOA XA R B A2 14 i 17
A ke ST 28 14 R [ 760225 ) 3 A A S 114 2 S P A
ST ST 53 SCHRGE

5 %ib
447 - 590 T P 5 0 Bl T4 B T it

75 WK RE IS8 T i UL, b1 RO 5 B R B
LTI ISR AR, AT WA S (45 6 5 8] A
AL LAk, BT R PR YR, TGk S IR
AT 4 A DT REARR B 5 3R, TR, DAy fle o i 4
AR TR, AT LA YA N S o A ) £, 43t
i & e R NUREp PG

SE

(1] 5, Ak, & J, &5 BRAR L3R 7 EOF R 7 ik Liik
[J]. 2l Bleg, 2008, 36(9) ; 3657 —3659.

(2] B3CE, A TIEMFREMBIRINELRI)]. TR XK
M AFSE, 2006, 24(6) . 195 —198,203.

[3] Bossuyt B, Honnay O. Can the seed bank be used for ecological res-
toration Aoverview of seed bank characteristics in European Commu-
nities[ J]. Journal of Vegetation Science, 2008, 19 (6): 875
-884.

(4] TRAEBA, ShORZR, skouHl. by R BEGE ol R Vb AR 4 30 285 e X
TR T RELAEE S AR R R [T ], A ARk, 2016,
35(3): 612 -620.

[S] 5k 7, #3CHE, WELRRE, . W L IRt [T ].
Rl 2016, 14(1) : 97 -102.

[6] MRk &E. ARMKRE B ROt e [J]. 3 bkolk 0F 52,
2014, 5(2) . 41 -45.

[7] Laura K W, Paul K, Brian M S, et al. Quantifying the seed bank of
an invasive grass in the sub-Antarctic: seed density, depth, persist-
ence and viability[ J]. Biological Invasions, 2016, 18(7) ; 2093 —
2106.

[8] Holl KD, Loik M E, Lin EHV, et al. Tropical montane forest res-
toration in Costa Rica: overcoming barriers to dispersal and establish-

Restoration Ecology, 2000, 8(4) : 339 —349.

[9] Wijdeven S M J, Kuzee M E. Seed availability as a limiting factor in

ment[ J].

forest recovery processes in Costa Rica[ J]. Restoration Ecology,
2000, 8(4): 414 —424.

[10] RLLIR. P L0 0AZ TARHETE T W . 30 Fh 2 bR 47 %
SERFHERIRTR D], A8 AR iR, 2006.

(11] wammfe. ¥ 35 3% od V0 A Ak - 3D PR 5 401 i e e AR A 5
[D]. WZEHEIRK: WEEHRIEKRE, 2013,

[12] Peter J G, Kingsley W D, Todd E E. Plant recruitment from the
soil seed bank depends on topsoil stockpile age, height, and storage
history in an arid environment[ J]. Restoration Ecology, 2016, 24
(S2) . 853 -S61.

[13] Cui LJ, Li W, Zhao XS, et al. The relationship between standing
vegetation and the soil seed bank along the shores of Lake Taihu,
China[ J]. Ecological Engineering, 2016, 96 45 —54.

[14] Wang G D, Wang M, Lu X G, et al. Effects of farming on the soil
seed banks and wetland restoration potential in Sanjiang Plain,
Northeastern China[ J]. Ecol Eng,2015, 77 265 —274.

[15] Qian J Q, Liu Z M, Jean-Hugues B H, et al. The vertical distribu-
tion of soil seed bank and its restoration Implication in an Active

Sand Dune of Northeastern Inner Mongolia, China[J]. Land Deg-



552 1 FAFME, A 1 P 5 W R XA S OR BB L AP R ATE 91

radation & Development, 2016, 27(2) : 305 -315.

[16] Li X, Jiang D, Zhou Q, et al. Soil seed bank characteristics be-
neath an age sequence of Caragana microphylla shrubs in the
Horqin Sandy Land region of northeastern China[J]. Land Degra-
dation &amp; Development, 2014, 25(3) . 236 —243.

[17] Nakamura A, Kinugasa T, Shiota M. Species characteristics of
woody seedling on a slope in a revegetation field with soil seed bank
[J]. Journal of the Japanese Society of Revegetation Technology,
2006a, 32, 159 - 164.

[18] Nakamura K, Honda K, Taniguchi S. A case study on the revege-
tation method using topsoil seed bank in Yakushima Island[J]. J
Jpn Soc Reveg Technol ,2006b, 32 203 -206.

[19] He M X, Li HY, Mo X Q. Optimization of application parameters
of soil seed bank in vegetation recovery via response surface meth-
odology[ J]. Ecological Engineering, 2015, 84 362 —369.

[20] Peres S. Saving the gene pool for the future: Seed banks as archives
[J]. Studies in History and Philosophy of Biological and Biomedic-
al Sciences, 2016, 55. 96 —104.

[20] MymnE, RN, 2B, 55, PE35IK e U v oty L 3 2
FHE S35 AR )] TR S, 2013, 27(11)
62 -68.

[22] 5k 2, ik, RE WL ER 7R S YR SN RS
KR HPAE4R, 2004, 59(6) : 830 -888.

(23] &afr, T 8H G %, % ARIBARRE TR LR
TR T ERHEDISE ()], 2Bl Fil 2013, 19(14) : 25 -
26,55.

[24] 058, 22, REEAR. RIRMEM L IRh 72 25 i) 43 A5 BIF 52
[J]. sl Rsl, 2015, 40(4) . 30 -33.

[25] MR, SRMHL, MERE S5, RS B E IR REEAAZR P I
MARE ARG SR SRR VEDFFE [ T]. Mok BR =205, 2008,
21(1): 37 -43.

(26] flsr [, S50 hEEYLE T —-mAWEE[M]. dt
AU BEE R, 1992,

[27] Ash J. Growth rings, age and taxonomy of Dacrydium ( Podocar-
paceae) in Fiji[ J]. Australian Journal of Botany, 1986, 34 197
-205.

(28] A &L MRS PUZLRGIgAR IR AE b R 0y A ()], M=l
(ChR) , 1991, 33(2) : 130 - 139.

[29] Gunnar K, Peter P, Biffin Ed, et al. Diversification history and hy-

bridisation of Dacrydium ( Podocarpaceae) in remote Oceanial J].
Australian Journal of Botany, 2011, 59(3) . 262 —273.

[30] JNilE, £ B, BRES:, %. 35T cpDNA unl-F FF 885
BT R SAAFIRE Y DK E B3R [T ] sl o223 HARFL
R, 2005, 44(5) . 70 - 74.

[31] 2B, Moke, B/, 55 1R 91 T 08 R MR RE AR I 2
5 R R R ARAE L], A%k, 2015, 34(6): 1507
-1515.

[32] ZRBE)R. V5 g 0 T 0 Il 240 00 T B 25 4 B K R S v A F 5T
[D]. #I1: MK, 2015.

[33] Zpduii, At R 5 30T 0 BT Ll b AR 34 0 -2 A
BERERAY X RRE R[] Pl WP R 244, 2011, 9(2)
101 - 107.

[34] REDL, B By, SaEle, % M5 5 X8 EZE SR
YRS MMIE L] MW ES ¥, 2014, 38 (6): 576
-584.

[35] FFjaBl, WHioC. e 08 ERKH AR AN OISR
(1. m)AkhEeiT, 2011 (2): 51 -53.

[36] X8 W, Blidsy#s X0 B AR 38 1% 4540 F R 5o K B b B 5T
[DI. T Hrilies:, 2005.

[37] 5k ¥, iz, KA WLES LR R R AR S
BB AR R (1] Y 2R, 2004, 12 (1) ;123
-130.

[38] 5k ¥, rkiz. ZURRIE L 4 SRARMR IR 1 PR ik B 40 A
HYRERIELT]. AMEFEE, 2004, 12 (1) : 131 -136.

[39] T, MRS, KER, & BRALAF Rk 2
[J]. mwaEmMol R, 2016, 43(3) : 196 —199,207.

[40] B3, BT, A, 5. KO LSRR ¥ M A I =5 20 A
R LI]. ZRALMOL Iz 24, 2011, 39(1) . 7 -10.

[41] ¥ K, FEAL RARUAEMA K HF 5/ # =]
TP 25244, 2002, 26 (1) 51 -57.

[42] F5/bii, dIEM, X JE. BHRIFERAF 7SI AL 525
FE SR D). BT, 2014, 33(1) ; 82 86,

[43] Danny A P H, James M B, Kathryn M, et al. Seed bank dynamics
govern persistence of Brassica hybrids in crop and natural habitats

[J]. Annals of Botany, 2015, 115(1) ; 147 -157.

(ST IR EFH)



