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Abstract: Natural regeneration is an important ecological process of forest resource reproduction, and good natural re-
generation can promote the transformation of artificial forest to near natural forest. In order to understand the status and
characteristics of natural regeneration of Hainan Casuarina equisetifolia coastal windbreaks, and to select the species with
good natural regeneration under natural conditions, the natural regeneration status of Hainan C. equisetifolia coastal

windbreaks was systematically investigated in this study by typical sampling method, and the natural regeneration charac-
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teristics of C. equisetifolia in different dry and wet climate zones were compared and analyzed by using the indexes of

natural regeneration density and species richness; the tree species with better natural regeneration quality were screened

by regeneration density and regeneration index. A total of 73 temporary quadrats were set, with the total sample areas of

2.51 hm’. The results were as follows: (1) The overall quality of natural regeneration in C. equisetifolia costal wind-

breaks was not good, and C. equisetifolia could not achieve the natural regeneration by itself, but the natural regeneration

of some other species was good in local area, and the percentage of good regeneration was 15.1%. (2) The natural re-

generation richness and diversity in the wet zone were much better than that in the semiarid zone, in which there were 28

families, 50 genera and 59 regeneration tree species in the wet zone; there were only 6 families, 6 genera and 6 regener-

ation tree species in semiarid zone. (3) The regeneration of trees was better than that of shrubs. (4) Litsea glutinosa,

Brucea javanica , Acacia confusa, Terminalia catappa, et al. were found to have stronger natural regeneration capability,

therefore, they were suitable for mixing plantation with Casuarina equisetifolia and could be used as mixed tree species or

associated tree species of C. equisetifolia costal windbreaks.

Key words; coastal windbreak, natural regeneration, tree species selection, Casuarina equisetifolia, Hainan Island
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Table 1 ~ Sample plot size, number and distribution of climate zones
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Fig. 1 Sketch map of climate zones and sample plot distributions
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Table 2 Criteria for seedlings, saplings and mature trees
o I %4t I %4 W 4 IV 4t V i
~F 9 . . - . . ..
Class Seedlings of Seedlings of Saplings of Saplings of Mature trees
Class [ Class 1I Class 1 Class IV of Class V
FRUE H < 0.30 0.30 < H < 0.50 H = 0.50 H 2.5 < DBH<5.0 DBH > 5.0
Criteria DBH < 2.5
x3 RAEMERTERME (A B - hm?)
Table 3  Evaluation standard on natural regeneration class (Unit: plant - hm™)
sy L = 2L Seedling height classes (m)
Class
< 0.30 0.30~0.49 = 0.50
K 1F Good = 5000 = 3 000 = 2 500
1 4E Medium 3 000 ~ 4999 1000 ~ 2999 500 ~ 2499
ANK Bad < 3 000 < 1000 < 500
x4 KEEBBHHRKIKR
Table 4  Stand condition of Casuarina equisetifolia coastal windbreaks
3% 4 - 234 ﬁ N N 23 a7 83 FOA G
. . wr opame MR e e RBRE SRR
SREIX I G 25 1) ) Mean tree . Litter Herbaceous
. Density Mean DBH . Canopy Illuminance .
Climate zones Age class (plant - hm?)  (cm) height lensit (Ix) thickness cover
pan m cm (]‘ﬂ) density X ((‘,m) (%)
PP RX HR AR 4 000.00 6.98 13.00 0.90 7 607 4.33 0.00
Semiarid zone Middle-aged forest
BT AR 1 559.62 12.94 13.49 0.77 7 744 5.76 1.54
Mature and over-mature forest
SEH4{E 1733.93 12.51 13.45 0.78 7734 5.65 1.40
Mean
T X P AR 2 060.94 6.41 9.34 0.68 18 367 2.39 8.75
Wet zone Middle-aged forest
Ji Ak 1 108.96 13.92 16.58 0.67 19 813 4.06 23.80
Mature and over-mature forest
S 1 380.95 11.77 14.51 0.67 19 400 3.55 19.50
Mean
4 13571 1451.55 11.92 14.30 0.70 17 067 3.99 15.89

Whole island mean

HN1.40%, FOE B E R AN A R R
(Achyranthes aspera) | ¥ 2l .> ( Boerhavia diffusa) .
W B ( Eleusine indica) 55, WRHX P LH 41%11
M A R AR S 2 REAR 55 8O 19.50% , ) Fif
FHH BN 4 B (Achyranthes aspera) | 5 T
( Bidens pilosa) . “HL & ( Eupatorium odoratum) . T
M+ J7 %8 (Asystasia gangetica) %5,

32 BHEBARESBHRRXAEFRE

PRI B e JE K SR BB 0 FF Bl TET R R 0.74
hm®( (5 29.48% ) , A K 5K 5 BT (1) FE Mo i ARl 1.77
hm®( 5 70.52%) (% 5), KRR T H 8% E N
1 323.74%k - hm™, Hoo TN 2h W d5c 22 (R 824.32
- hm?), V4R 2> (2 52.97 #& -+ hm?)
66.14% (A 1b A JC BB s A ), Horf 29.48%
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Table 5 Natural regeneration condition of Casuarina equisetifolia coastal windbreaks

B ok B

FIRTH % % Density of natural regeneration (plant + hm™)

gy A R Jo ik

= . : : A
KX P Number IS5 L 441l Priv e i R Hriek
Cimae T2 T sample Regoneraton | 90 1000 gt Mahbt Vo Vakm UK
Zones Natural sample area quality Converted  Seedlings  Seedlings Saplings Saplings Mature .
© regeneration ' 2 o seedli f Cl f Cl: f Cl: f Cl t f  resencration
plOtS (hm ) pruportlun 0 see: ll’lgS O ass [0 ass [©) ass o ass rees o inﬁX
grade (%) of Class 1 1 I\ Class V
© 1 (R)
28 ¥ 26 0.74 29.48 0 0 0 0 84.62 0
Whole No
island ZNE] 22 0.92 36.65 407.2 12.12 14.77 185.23 8.71 79.92 1 704.52
Bad
o4 14 0.47 18.73  2786.91 164.29 157.14  1180.36 62.5 101.79 11 400.02
Medium
K4f 11 0.38 15.14 9983.33 2068.18  431.82  3597.73  254.55 106.82 38 718.28
Good
B/ 73 2.51 100 2161.53 % 346.80*  99.66*  824.32%  52.97 = 89.84 * 8 534.25 =
Total/Mean
FFRK ¥ 9 0.21 60.00 0 0 0 0 80.56 0
Semiarid No (8.37)
zone N 3 0.12 3429  247.22 16.67 8.33 108.33 16.67 0 1 200.02
Bad (4.78)
rhi 1 0.01 2.86 1 400 0 700 0 0 5 600
Medium (0.40)
R 47 1 0.01 2.86 5200 0 2 600 0 0 20 800
Good (0.40)
B/ 14 0.35 100 524.4 = 3.57 * 1.79 258.93 3.57 = 51.79 % 2 142.86 =
Total/Mean (19.20)
MVE X g 17 0.53 24.54 0 0 0 0 86.76 0
Wet zone No (21.12)
AR 19 0.8 37.04 432.46 11.4 15.79 197.37 7.46 92.54 1784.28
Bad (31.87)
LR 13 0.46 21.30 2893.59  176.92 169.23  1217.31 67.31 109.62 11 846.2
Medium (18.33)
B4t 10 0.37 17.13  10461.67 2275 475 3 697.5 280 117.5 40 510
Good (14.74)
A/ 59 2.16 100 2550%  428.25%  122.88%  958.47%  64.69 % 98.87 * 10 050.82 *
Total/Mean (86.06)

T 1655 BB Dy 21 T 5 XS 0 X 2% SE T B B R o G e B AR MR T 20 L RoR BB M,

Note: Data in parentheses are the percentage of the number of sample plots with regeneration quality in semiarid zone and wet zone to the

total sample area of the island; “ *”

(A b A TG K AR T T, BT P A DL B B R b
33.87% , A R4 n ke 5 15.14%

XL RRFIX TR IX A 60.00% A
TCR AR T, B X R 24.54% 2 T 5 X HAlh
OB S S LN TR X, 2 T R IX S
TR IO R A A B 4R R A TR X
XS (R) IE K T TR X, A, 1
15.14% 1 B4 308 AE b 32 XN 14.74% , 2F
FE XA 5 0.40% 5 1 18.73% 1) 45 S ke

means the data are mean values.

MBI X 5 18.33% , 2 TR XA 7 0.40% , M HE 3
O A R, AT LA WV DX R I O
B TR,

AT B 19 A2 A B R R, A JRR B TAF B MR K SR T
B EEAERKBATAR(ERG), WHEERN
742.58 % + hm™, i & T/NF A 256.51 £k + hm?
FIHEAR 324.66 #F + hm™, BLA, T A B B B8 57
ol 78.20 Bk - hm?, 43 9 @& F/NFE K 10.96
P - hm?FEA 0.68 #k - hm™, MHHIZSHRE
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Table 6  Natural regeneration condition of different growth types
£ TUHT A Y R IR T T ¥ Densities of different natural regeneration grades (plant + hm™)
L= i T 2 ] Y H
REK K . sy RS
Climte somes Gronth & Togl Mg Wl Vagw  CoO0RM EEESE T
imate zones rowth form Mature Natural
Seedlings of  Seedlings of Saplings of Saplings of trees of i regeneration
Class 1 Class Il Class 1l Class IV rees ¢ regeneration index
Class V total
(R)
25 TEAR Tree 328.65 64.04 305.82 44.06 78.20 742.58 4 065.07
Whole island
/TR Small tree 5.14 11.99 233.22 6.16 10.96 256.51 2 022.60
HEAR Shrub 13.01 23.63 285.27 2.74 0.68 324.66 2 446.58
AT Total 346.80 99.66 824.32 52.97 89.84 1323.74 8 534.25
PRI TFAR Tree 1.79 0.00 1.79 3.57 28.75 7.14 75.00
Semiarid zone
JNFEAR Small tree 1.79 0.00 251.79 0.00 23.21 253.57 2 017.86
HEA Shrub 0.00 1.79 5.36 0.00 0.00 7.14 50.00
A1 Total 3.57 1.79 258.93 3.57 26.79 267.86 2 142.86
T X FEA Tree 406.21 79.24 377.97 53.67 89.97 917.09 5011.86
Wet zone
/PR Small tree 5.93 14.83 228.81 7.63 8.05 257.20 2 023.73
HEAR Shrub 16.10 28.81 351.69 3.39 0.85 400.00 3015.25
AT Total 428.25 122.88 958.47 64.69 104.80 1574.29 10 050.85

TRARBI A R Hom S W gy, 1%
i, IV G AR /N R FNE R Y 48] v A2,
¥ AT 2 b 25 5 v, DAL ARG e A 3 245 ) A X ¢
B FEAR T LA RE— A A R R B A
X—MG AT R X LA E NS, /N AR
TR B B R 253.75 Bk - hm®, Hir 251.79 B -
hm &R Ry KL, A7 oA 99.23% , b4k, B2 T
FIXUNTRA R T L i A6, FoAth AR K R L P % f
T, AR X, N [R) A= K TR A R i &5 A
A L5 AHRE IR WAL N ARFIEA
PR VR XS BRI DX TR R B 45 R AR
WA AL, BB A5 A T ANR AR IR
33AMEEBMMRRAEHNVMEEE

4 5 AR b R A RAR B Y 29 .50
J& .60 Ffi, Margalef & i 45 %ik7.295 1, Hh 7¢
A1 =F 5 B4 B = (3.030 8) ,HEARRZ (H
2.909 9) ,/NFE AR (H2.3492) (7)., FH
95 B B K P 53 300 A 7 e AR 2% 1 ( Litsea gluti-
nosa) F1E V5B (Acacia confuse) , —HIHTTA,
BIFEE R 706.02 Bk - hm™ 5 R E K

46.87% ., 7% Y % ( Pandanus tectorius ) A1 35 JH 1
( Brucea javanica) W) 55T % BE R 2, 43 5] o5 S0 HE Hr
LMY 7.84% F1 7.44% , I H/NFAR K15
J0 333.04 £k - hm™ WA R SR8 B ACH AL A
KRBT,

T BRI R AR BRI R A 6 A o AT
1 AP TR IXA 2 T 5 XY Margalef 4 & J&
FRECN 1.271 75 100 DR 3 2K SR B8 B AT 59
Fofr, LA AT 54 T Ry BV DX A BB AR A Margalef
FE B BRI IA7.185 5, Al L i DR SR S0
1 R TR TR

FEF T 5 D 32 204 R 9K T 0T A o B8 gt
AT, ZF S S /ANROR, S T DCH T A
HHT LR R TEIRE XA R AL T A
TS LR SR T I Bl fe 22, 35 706.02 #£ - hm?,
AN X T 47.61% (HAEE T R IXHE R 0;
A ( Terminalia catappa ) K ( Flacourtia in-
dica) F13E K W ( Carmona microphylla) J& 2+ 5 X
LSO A 7RI X N WA D g, A,
MAE R B3 2 mT LA, 2T B X SR i LN TR
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Table 7 Natural regeneration species richness of different growth forms

AR KA AR INRA WA &t
Climate zones Growth form Tree Small tree Shrub Total
ot B Family number 17 13 10 29
Whole island
JE %L Genus number 21 15 18 50
4L Species number 24 16 20 60
F = BEFE L SR 3.030 8 2.349 2 2.909 9 7.295 1
FFRKX B Family number 2(0) 2(0) 2(0) 6(0)
Semiarid zone )
JB %X Genus number 2(0) 2(0) 2(0) 6(0)
FEL Species number 2(1) 2(0) 2(0) 6(1)
F 1 EIRE SR 0.7213 0.265 9 0.7213 1.2717
T X BL#L Family number 16(15) 13(11) 10(8) 28(23)
Wet zone )
JEEL Genus number 20(19) 15(13) 18(16) 50(45)
FEL Species number 23(22) 16(14) 20(18) 59(54)
F 5 EIRE SR 2.899 8 2.377 2 29125 7.1855

E: SR 24 Margalel 4= & AR KL 455 P 2% U XA W i i

Note: SR means Margalef species richness index; the brackets indicate the number of species unique to the climate zones.
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Table 8 Ranking of species in the dry and wet zones according to regeneration density
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