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Abstract: Successful natural regeneration can play its ecological protection function with three conditions; (1) Abun-
dant and good seed resources; (2) Micro-habitat suitable for seed germination; (3) Ecological conditions for the sur-
vival of seedlings and young trees. However, Casuarina equisetifolia coastal protection forest( C. CPF) in Hainan Island
exists unable to naturally regenerate by itself. To explore obstacle factors of unable natural regeneration of C. equisetifolia
itself, the ecological conditions affecting seed germination of C. equisetifolia, such as C. equisetifolia allelopathy, soil
pH, salinity, temperature, matrix type and moisture were studied. The reason is that ecological conditions affecting seed

germination are one of the three conditions that restrict the success of natural regeneration, and the other two conditions
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are the quantity and quality of provenances, and ecological conditions for survival of seedlings and saplings
respectively. C. equisetifolia cones, litters and in-situ habitat soil were collected from the C. CPF near Houwei Village,
Haikou City, Hainan Island. The seed germination test was conducted by paper dish method, with 100 seeds per dish
and three repeated treatments. The C. equisetifolia litter, humus and sandy soil extracts were diluted into five concentra-
tion gradients respectively and a total of 15 extracts were obtained. The pH was set to 5.0, 5.5, 6.0 and 6.5 concentration
gradients for the germination solution. Salinity was set to 0.02%, 0.05% and 0.10%. The temperature was set to 25, 30
and 35 °C. The PEG method was used for water stress test, with five concentration gradients of 0, 50, 100, 150 and 200
g - L. The orthogonal test was designed as three factors and four levels. The results were as follows: (1) There was no
significant difference of seed germination rate between CK group and the one treated with different water extract concen-
trations of different extracts. (2) pH, salinity and temperature within the set range had no significant effects on seed ger-
mination rate of C. equisetifolia. (3) The germination rate of C. equisetifolia seeds treated with PEG solution with differ-
ent concentration gradients was significantly different, and the seed germination rate of C. equisetifolia decreased sharply
with the increase of PEG solution concentration. (4) Different matrices and watering frequencies also had significant
effects on seed germination rate. Combining PEG drought stress, matrix and watering frequency, it can be found that
C. equisetifolia seeds have weak drought resistance and are sensitive to water, therefore, moisture is the main limiting
factor for the germination of C. equisetifolia seeds. Meanwhile, the poor water retention of litters and coastal sandy soil
also restricts the germination of seeds to varying degrees.
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AWK ( Casuarina equisetifolia ) EAF %% B Bt
ARG (5K AE,2017) LR ERE R A (MK E
45,2000) R r TR ER P (I E 452000 ) FT B
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L a8 Ay F L A T R AR g Y TR X ) A 2R B 4
ARF AT ARBR ol %6 By 5 A 35 B 7 T A= ekt AR %
TR T R U VD b b %) A R SR BN AT AR
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WA & =A% A (1) BB IR 70 F R A 1Y
Fate; (2) W & 0938 B R SR (2 NI AR,
2004 ; i F5 L AE,2014) 5 (3) ) HiFI LB R DA%
MRS . AR B b 1 R R FE R (1 764.63
Aem? e a’l) PP IR B (3 9 AN ) A
F T390 KRN 11.3% , B F W (55 2 J& ke
10 B85 B B & 3N 22.3% ~ 30.0% (45 W 4%,
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MAEE—E N ER, —MBIET, Ky el b
Y pH A ER VR A T RE N
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1 R RS AR PR K SR T ) B R A R R K A,
P T & 2F R BEK 3G w4 &, IR 52 8 5w (6
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I8, (AT ST 3 AR AR X A RR B 4T L 2l A5 TR
7T T X6F A JFR 88 ol A B R W AR Bk = R 58
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A2 25 AR SCR R 7 IR | S T R
L iy A A ot £ pHL R R S R W
R BV AE N R AT 05T, DA 2 — 28 48 78 KRR
B B TC T KK SR Y R A A

1 AkE 77

1.1 BB

Wb AL T T [E 1 R 8 b E I Ve VD Hb i R
JBR BV 52 5 4P bR, b AL v R T D T ( R A
110° 26’ 46.25" E.20° 02’ 23.32" N ) , % b X J&
TR 2 KU S AR BRI AL 2 067 mm,
AESEZE K 1 834 mm, AFEF YR EE R 24.3
C, 1 34 e i U B R AR ST 3 S5 AR TR BE 43 0
28.8 C (7 J1)F118.0 °C (1 ). WFo¢H A 8
MR LR, R RR BB BE R 1 467 BE - hm™ P2
fE R 8.6 cm, F-YIR E A 11.67 m, AR A B
0.85, &Y F-IEE RN 4.67 cm,
1.2 X3 #F 4

A PR B R SRR B G 7 2 TR BE 2 2 Y
Y M E A BT 1+ HEX T 2018 4F 10 H R A
T 1T 5 FE AT B 3 A JRR B 7 7 AR R 0 A &
W, ARRERLH T 2 mm R+ 5
1.3 ik A%
1.3.1 AEMfe LI ZFRBRIR G EAFTH A
X
1311 V&Y (Rd& Y + A T ) Fn 3 32 W
PEWOTE: S R BT A T | 6 A
ARG 250 ¢ 2R T 2 L2&B/AK 24 h
WAF 125 ¢ - LIRIEW, B 5 2818 K 5 5 7 B A
25.50.75.100.125 g - L' AW ERL B L3t 15
ORI, 53 1 DA ZE AR /K b B 5 W 1) Ak B 44
AR CK 4,
1.3.1.2 Frdf iy K58 T 2018 4F 11 _LAJJF
Uy, PEIURRORE 52 38 1 F - 35 57 B T Al A U2 I 4R
(35 SR ELAR 90 mm) H, AEIIL 100 K7, 43 5 A
[i) ¥ 32 114) A IR 8 V5 2 YRGS i 4R 72 40 T, A% Ak R
3L, ARSIt HRrLk 20 d, & H @ & #b 7 3

Fr LA 0T 7 e B Y 12 B2 W O3 s i & I 1 %5
B & Il DLR 25 sl IR AR B K F AP I K
i,
1.3.2 pH 185 3 phit 85 & X% pH {H- 5 R Wria by
AR S DI A RR 8 it AR 35 1 3980 B VR 1) S I {E R
FEMESEATICHRI Y, AR pH {E°8 5.21~6.30,
ERREJEH N 0% ~0.03% . L, f#i F§ NaOH 1 HCI
3 BCE pH M 5.0.5.5.6.0.6.5 PUANES B (0 &
W, NaCl BC & R0 0.02% .0.05% ,0.10% —
AR EE BB R VS W, oy B DAZE IR K W kTR
(RIAL BRLH A 23R 56 i CK 20, 30k BURh R 58 2 1)
Tl 35 57 B F Al A OB 8 48 09 85 3% L ( B 4% 90
mm) H1, BRI 50 A%, 23 5 AN [F] pH (B 95 W R AS
] R BE Y NaCl 5 OB AR 78 0 i, S A0 B & 3
L, ASH &R e A 2E 20 d, 5 H @ A S 5 510
Hxt I pH B R BE AV SR B L D148
1.3.3 B E A K Wit 8 £ iK% PEG 6000 fEH
— BB EVE R, T DL R AR Y 3 SR K
T WK 3 k3, F AR S8 AE 40 %58 7K 43 Jih 30 ) o) 7
AT 43 A He Bt 5 v (AR 55, 2003 ) . i PEG
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JERRRE i 0 g - LA ZEIBAKIE M AR CK
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-0.60 MPa( P25 £555 2002 ; 5l P55 2011) , 1EHK
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Table 1  Factor and level table of orthogonal test for Casuarina equisetifolia seeds

SEN KF1 K2 K3 K- 4
Factor Level 1 Level 2 Level 3 Level 4
AT Wt a4 i )2 JE T )z

Matrix Sandy soil Red soil Litter layer Humus layer
B Ge K % 1d1& 3d1k 5d1% 7d1K

Frequency of watering Once a day Once every three days Once every five days Once every seven days
C.He/ki 1 %40 mL 17k 80 mL 1 120 mL 1 160 mL

Watering capacity 40 mL every time

80 mL every time

120 mL every time 160 mL every time

JEAE T B A 25 IR 1 1) 52 e R A 48 0, JFG R i e R

IHEAXIT .
B GIRGE AR R R B
PR )= i
B % H 3 A Microsoft Excel 2007 F1 IBM
SPSS 19.0 #AT4E it 7 Hr, ek HIH R & 7 22 51
B2 PR 35 2553 W X [A) 25 A A B A 7 R %
FAR ZEFRBGHAT 534, I 2R 1B 52 4 25 462 5 ( Dun-
can) VAT 2 ILEL,

2 HEXRERM

2.1 AEWIN L EERIR KT AR BT &R0

VLR B 4 e 4R WA S K 3 o 8 Y B
R RmME 2 P, #£2 255050 Mk YR
W5 TR B B b1 & ZEY0 B R 25.3% ~33.3% , 77
2557 B 2R WA ] v B2 il V2 40 122 44 V1) A JRR 4 b -
W RRITEEMN2ZS, HER 100 ¢ - LTINS IR E
(R & R T CK 4L, 65 5 12 45 00 Ak B 1y
T K FRILH N 20.7% ~38.0% , J7 2553 b 45 - ik

x100%

TRV E L TP 75,100 g - L4 A FE 7R B
Ph2s 5 AR A AL B J0 W 22 S0, HLOi & %
LRV T R M A, DR AN AR S R
PEROR R R R E N, 2 HERE
TR B )T 1 R RV A 30.0% ~36.7% , H45+
HER LW B R0 R R B M T CK 4 (H )5 %
SYHT RS R A B R B B S v 25 5, U 3
AN TR ¥ JE TR B TROOT AR SRR B b (4 B R e AN R
22 pH 5EERAKEM FIHELNZM

ANTA] pH B R AR 5 Bl 19 8 & 45 R iE 1
FIoR B & FR0 N 25.3% ~33.3% , H A Al ] 3
FoAh S CK 2 B & A0 Y, i 7 22 4 i vl
HIL7E pH 5.0~ 6.5 36 B N AR RR 8 A1 8 & %0 1
EMES S CK UMl k%25 A0E, [
K HRAMANEATBE pH (EA AR b 1) B 3 i 3

R &R I A &5 AN K 2 B KRR E b
B & R K 26.7% ~32.0% , B % 5 5 20
B S A8 A e 34 T 22 0 A s 3 D 4% vk R (] i % R
T 2P T B 0.10% 1k B L)L T ) NaCl %f A
JBR P8 R R TC

£2 TRBRAESRETAREMFHEE (Ll %)

Table 2 Germination rates of Casuarina equisetifolia seeds at different concentrations of extracts ( Unit: %)

PR JE Extract concentration (g - L)

00( Engi;) 25 50 75 100 125
7% Litter 29.3 £ 2.5a 31.3 £ 4.1a 333 £5.7a 32.7 £ 7.5a 253 £ 4.1a 32.0 £ 1.6a 30.9 £ 6.0A
J& 54 )% Humus 28.7 + 9.3ab 31.3 + 2.5ab 38.0 + 0.0a 20.7 + 5.0b 28.0 + 7.1ab 29.3 + 8.3A
+ 3 Soil 30.0 £ 7.5a 33.3 £ 1.9a 30.0 £ 1.6a 36.7 £ 9.8a 34.0 £ 5.7a 32.8 £+ 6.9A

e RPBIEHTHME + bruE:; FTARRE/NG FREFRIRTE 0.05 P25 B3 P FIEERAuh CK 4, BFNARKE

FHEFRIRTE 0.05 K TP EFBE

Note; Data in the table are x+s; different lowercase letters in the same lines indicate significant differences at 0.05 level; the data in

“mean” column excludes CK group, and different capital letters in the same columns indicates significant at 0.05 level.
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Fig. 1 Germination rates of Casuarina equisetifolia
seeds at different pH values
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Fig. 2 Effects of different NaCl concentrations on seed

germination rate of Casuarina equisetifolia

2.3 iR .PEG =K DB RKKEMHFHEZH
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A Tk 5% A JBR B~ 1 A 238 5 e G 1] 3 i
AN, AR R W R R AR 14.5% (25 °C) |
10.9% (30 °C) .10.5% (35 °C ), 15 2243 ¥ ] %0,
AN TR BE T AR JRR B R 1 R R0 B M 22 R
ETA R 271 T A 18 L 3 AN 2 53 W) A JRR 8 o 7 1
A

PEG ¥ B2 X5 A JBR 3 Fl 1~ 1 & 28 1Y 52 ) 4 141 4
FR AR EE PEG WAL B H TP 8 & AR
BEE PEG VB2 RN, o A R A W i R %, B
TREH AR A PEG W B9 19 i BE SR 3G K,

1,100 g - L7 RE b BRAH B & RV B R 7.3% ~
10.0% , ‘@ I T B4 i 0 & R Tk i & 1 I
RN 150 ¢« L' HIF LR R 0.7%~3.3%; 4
PEG ¥4 200 g - LR BRE A F ok # %, H
150 g - L"AbFRZH 5 200 g - L' AL B4 0 B &
25,

40
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20 -

BA&ZE Germination rate (%)
=
T
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Fig. 3 Effects of different temperatures on seed

germination rate of Casuarina equisetifolia
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Fig. 4 Effects of different PEG concentrations on seed
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24 BHABEATHERRBRERS SR
TEIETT  DEOK AT R GE K & 3 R 2 4 K F-F0 3
AR IE AR I AL HL T, AR b1 19 & 25K
ZRAR R (£ 3) . AFEREET,
Pl 78l & R A7 7E B E 2% % (P=0.000<0.05) ,
Horp g A R RS, N 51.2% KV JE B
1% AR 15.3% ; B+ & FE H R B/ IMKICH 2L+ >
Wt~ EFHIE SRR . AN RIBEsK A B o] F 51 &
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Table 3 Orthogonal test of simulated habitat for germination rate of Casuarina equisetifolia seeds
3R Bk e s
Levels and factors FHy kR
Average
PE Tree - e ) 5 - inati
5L E reatment Ji'kfrﬁ (7337J<}f')ﬁf§h ‘@Eﬂ(i genr;;r[l:llon
Matrix Frequency of watering Watering capacity (%)
(A) (B) (€)
1 A, B, C, b+ Sandy soil 1d1K 1 X 40 mL 50.0 £ 5.3
Once a day 40 mL every time
2 A, B,C, b1 Sandy soil 3d1k 1 % 80 mL 38.0 £ 10.6
Once every three days 80 mL every time
3 A, B,C, b1 Sandy soil 5d1k 1K 120 mL 40.0 = 11.1
Once every five days 120 mL every time
4 A B,C, b+ Sandy soil 7d1K 1 YK 160 mL 38.7 £ 17.0
Once every seven days 160 mL every time
5 A,B,C, 21+ Red soil 1d1 1 X 80 mL 533 1.2
Once a day 80 mL every time
6 A,B,C, 21+ Red soil 3d1k 1 ¥k 40 mL 453 £ 4.2
Once every three days 40 mL every time
7 A,B,C, 21+ Red soil 5d1k 1K 160 mL 57.3 = 10.1
Once every five days 160 mL every time
8 A,B,C, 21+ Red soil 7d1K 1 %X 120 mL 48.7 + 13.6
Once every seven days 120 mL every time
9 A,B,C, Wi?% )2 Litter 1d 1%k 1% 120 mL 30.7 + 14.2
Once a day 120 mL every time
10 A,B,C, iV 2 Litter 3d1k 1 7K 160 mL 10.0 £ 5.3
Once every three days 160 mL every time
11 A,B,C, Wi?%)Z Litter 5d1% 1 ¥ 40 mL 9.3 +5.0
Once every five days 40 mL every time
12 A,B,C, 52 Litter 7d1K 1 ¥k 80 mL 11.3 = 8.1
Once every seven days 80 mL every time
13 A,B,C, JE& 5 2 Humus 1d1k 1% 160 mL 54.0 £+ 2.0
Once a day 160 mL every time
14 A,B,C, JEFE)Z Humus 3d1k 1K 120 mL 453 + 10.3
Once every three days 120 mL every time
15 A,B,C, &5 )2 Humus 5d1k 1 %X 80 mlL 31.3 £ 12.2
Once every five days 80 mL every time
16 A,B,C, JEFE)Z Humus 7d1k 1 ¥K 40 mL 28.0 + 13.1

Once every seven days

40 mL every time

JKF 1 Level 1
JKF 2 Level 2
JKF- 3 Level 3
IKF 4 Level 4

41.7 + 5.6b
51.2 £5.3a"
15.3 £10.3¢
39.7 £ 12.2b

47.0 £11.0a*
34.7 £ 16.8b
34.5 + 20.0b
31.7 £ 16.0b

33.2 £18.5a
33.5 x17.4a
41.2 £7.9a
40.0 £21.6a

T RPEARAFIIME + drfE2E; RIFRT & KTX A R/NG FERIRIE 0.05 K P25 B H; « " hiZF KBt

7}(\/0

Note; Data in the table are x£s; different lowercase letters corresponding to each level under the same factor show significant differences at
’ p te} g
0.05 leve]; wE is the best level of this factor.

R LS HA BEM(P=0.003<0.05) , HripeK
BREE R 1 d 1 IRESRF i AR s (O 47.0%) ,
EETRAKBESMAN3IdI®R.S5d1LRMTd

1 U BB AR

YRR 67K R B AR SRR B D T4 8 kR
U FEI N 33.2% ~41.2% , SR AR IR B2 K o -

LSIA
o

i (P=0.107>0.05) , H i & & 55
PR K i RIS HA B A DG
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MR AR 22 L, B K-35 AR 45 5 AR Y B &k
M AR (A) L £ (A,) PR (B) Bl d
1K (B,) KR (C) BT & /KRG8 %% 57,
PIE 4 AR T, R 15 rh B o 323 et Al
G HE A,B C,,

3 W5 E®

Tt 117 A Ry A W A 3 SR — A B B
Hid R Fm sz A 5 RS R R, A5
R AR 136 1 R/ ARIR S B LKA S/ —
BEW R AR S (R SR i AN 20K, 2018 ) 5 BRIE R R
FEAK o IR U VR L R pH A R K AR
A%

ARPRER PEW S A B b7 17 & A B A L RE
Mo EFMEE(2012) WFFE 4 R R, IS B&
FE A JRR 8 8 Y% W) 1% 3 WX T 2 ( Vatica man-
gachapoi) P F 1 W K BLAT B 3 0 A T, 1H AR R
B [ e 288 (19 41 0 AN [ o 2 1) 9528 B2 VR0 AR R
AP RYB AN BA MR, R 2 BRI
PR PR AL R M7l & RS T CK 4, BEIAR
JFREO A B ATl AN B EAE R KRR B IR
PRV & 28 1 T 0k B 1) Ji R O s 4 R -
S b 3% 0 AR A 5t 23] T AR S 40 ) Ao
B &, A2 K ( Cunninghamia lanceolata ) Fh ¥ 1 #§
R WA FL YA 7% W) A A AR AR s 1 0 ML AR (EIE
4 2017) ,

BEE U Y pH H1ER BE X A RR 25 Fh 5 19 W] &
ToRE W, A WFFETE 1 R 48 W 1Y R B R0 pH
ALY g — DY RV, 45 T A B H R IR
SN B K AR A S5 R R WITE 5.0~ 6.5 1Y pH
FI/NT 0.10% 8 B2 19 26 5 8, A JBR 35 B 1 33 fig
W HY CK 4 & To i 1k 22 5 UE IR R %
MRGT 25N 14 pH B FTER J3 1 38 38 25 400 1) A R
BT &, X 5 IR PEE (2010) BFFE SR JEAH
— B, BIAR PR 3 AT RUAE IR A9 ER R (0.10%) T
IEE AR Hm Eh R B R

AR BR B b R S0 U A AR A R A T Y
i R AT S ), B K o3 B 30 2 ) 24 A R B A
TR E R A T, Bh 1RO R LA TR
WK AR 2 TR R T8 & R PEG 1
KT R AL PR B W) W T AR AR R
HRUL B AR T BIREE R DE T R T Y

AROR B (1E 24 5 55,2016 JEIE 4 ,2017) o A4
U RBRE RN 10 & R 2B E PEG AR
1M 2 3 R R, K 3 ~0.20 MPa( Bl PEG ¥
100 g « L) I AJBR B8 b 1 ¢ 52 31 2 A o], >4
K -0.40 MPa( H) PEG ¥ JE }y 150 g - L)
If, AR RR B B 7 B AR Tk k. X 5 K o A
(2010) HYBIFFEIN R i 7K e Ml AR B TC ¥ i 4 1Y)
SE0R— By B A5 R rh R i T SRR
WF5E i, KT & 1Y i 5o - 1.20 MPa, Ji A2
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