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Field planting experiments of mangrove on high-salinity beaches

CHEN Yujun', LIAO Baowen', LI Mei' ,DENG Zhihong®, WEI Junfa®, GUAN Wei'
(1 Research Institute of Tropical Forest, Chinese Academy of Forestry, Guangzhou 510520, China;
2 Forestry Bureau of Dianbai County, Dianbai 525400, China)

Abstract ; [ Objective ] Growth adaptability of different mangrove species to the environmental influence on
the high-salinity beach (higher than 30%0¢) was determined in order to provide reference and basis for
mangrove afforestation on difficult sites. [ Method ] Growth difference of mangrove species was analyzed
through field planting experiments on high-salinity beaches in relation to different beach elevations, soil
types and planting measures. [ Result and conclusion] Beach elevation had significant effects on the
growth and survival rate of mangrove species Rhizophora stylosa, Kandelia obovata, Laguncularia racemo-
sa and Sonneratia apetala on high-salinity beaches. The growth and survival rate reached maximum at
mean sea level beach elevation generally, while they showed a declining trend with the beach elevation
above or below mean sea level. At the sandy beach with elevation at mean sea level, L. racemosa and

S. apetala had a survival rate of over 80% , and the growth amount of L. racemosa was much larger than
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R. stylosa, K. obovata and S. apetala. At the muddy beach with elevation at 0. 2 m above mean sea lev-

el, the survival rate of both R. stylosa and K. obovata was over 70% while the survival rate of both

L. racemosa and S. apetala was lower than 20% . As for the growth amount, L. racemosa was close to

S. apetala, a little larger than R. stylosa and K. obovaia. Marine algae affected the growth of mangrove

plants in winter and spring. Saplings could suffer heavily especially in the windward area, among which

the survival rate of R. stylosa and L. racemosa in the windward area was only 40% of that in the leeward

side. At sandy site the growth and survival rate of R. stylosa saplings originated from hypocotyl was much

higher compared with those originated from seedlings, but at muddy sites, growth difference of R. stylosa

saplings wit 1iterent origins was relatively small. s tor planting measure antin epth o ocot
plings with diff igi latively 1. As for planting , planting depth of hypocotyl

within a certain range did not influence the growth and survival of mangrove saplings.

Key words : mangrove ; high-salinity beach; field planting
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Tab.1 Nutrition contents of different soil types

HHTS p wg-ke') _ wmeckeh)
AU R A X HER AR Ok
YAy 7.89 2.518 0.182 0.078 3.199 15.86 2.04 66. 05
Mixagpi 7.65 6.599 0.323 0.132 11.734 19.82 0.71 177.73
e 3.96 18.743 0.587 0.201 9.339 58.14 11.61 219.61
T8 o1 3.06 24.928 0.849 0.102 9.562 47.57 6.34 158.32
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Tab.2 Effects of mudflat elevation on the growth of mangrove species on site of sandy soil
St pi2 o
MRS /m AL il
H142/cm R 55/ m PRAFER/ % 142/ cm B 5/ m RAFH/ %o
0.7 0.50 £0.09a 0.45 +£0.10a 73.2 0.44 £0.12a 0.30 £0.04a 80.4
0.4 0.48 £0.09a 0.49 £0.08b 89.6 0.47 £0.10a 0.39 £0.07b 62.5
0.2 1.07 £0.20b 0.89 £0.09¢ 93.8 0.63 £0.13b 0.43 £0.09¢ 66.7
0 1.44 £0.29¢ 1.10 £0. 15d 95.7 0.72 £0.12¢ 0.46 £0. 10be 41.7
-0.2 1.19 £0.22d 1.03 £0.09e 31.9 0.68 £0.09bc 0.44 £0. 10c 38.0
PETHT 5 2/ m p ;ﬁéé* —— p %%@%_
W%/ em W /m iig/m  RAER/ % AR/ em WE/m AR %
0.7 3.00 £0.72a 1.09 £0.29a 0.74 £0.25a 89.7 0.88 £0.33a 0.57 £0.17a 21.7
0.4 5.47 £1.82b 1.61 £0.31b 1.24 £0.37b 88.2 1.74 £0.71b 0.86 £0.23b 52.6
0.2 5.83 +1.27be 1.85 +£0.26¢ 1.47 £0.31¢ 85.7 2.05 £0. 69bc 1.13 £0.30¢ 76.9
0 6.13 +1.03¢c 2.13 £0.20d 1.59 £0.21¢ 92.3 2.21 £0.82¢ 1.31 £0.31d 80.9
-0.2 5.94 +1.18be 2.07 £0.22d 1.52 £0.20¢ 81.2 2.09 £0.78bc 1.27 +0.28d 71.4

1) R PRGN 2 F ARG RN EEELER AR NS FEH, R FE2FREF(P>0.05,18D %) ;2) e i

R E -0.2 ~0.4 m B A JE5h G AP AL

2.1.2 RREBESHTHEZHELHES A K
#%ee AEJEST L IRAE T, WA B X 2L Bk
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Tab.3 Effects of mudflat elevation on the growth of mangrove species on site of muddy soil
T — AL , P
%/ cm B 755/ m TRA72R/ % 1%/ cm W 5/ m TRAF2/ %
0.7 0.56 £0.09a 0.37 £0.06a 78.9 0.53 +£0.06a 0.32 +£0.04a 73.5
0.4 0.60 +0. 10a 0.40 +£0.07a 81.8 0.57 £0.07ab 0.34 +0.05a 92.8
0.2 0.65 +£0.09a 0.52 +0.08b 71.4 0.59 +0.10b 0.38 +0.04b 84.9
0 1.40 +0.33b 1.07 0. 13¢ 98.4 0.70 £0. 12¢ 0.44 +£0.07c 93.8
-0.2 1.16 £0.23¢ 1.13 +£0.08d 77.9 0.68 +0.13¢c 0.43 +£0.07c 85.7
-0.4 1.24 +0.23d 1.11 £0.09d 46.9 0.61 £0.09b 0.40 +0.06b 54.5
A2/ #ﬁﬁﬁ , 4?%@% .
A%/ cm 7/ m WiE/m R/ % AR/ em i/ m g/ m o ORAEAR %
0.7 1.29£0.23a 0.61 +0.11a 0.15+0.04a 17.4 0.83+0.33a 0.64+0.18a 0.12+0.03a 15.7
0.4 2.13+0.78b 0.86+0.22b 0.28 +0.14b 39.5 1.58 £0.52b 1.08 £0.21b 0.21 £0.08bc 34.6
0.2 2.20 £0.32be 0.98 £0.12bc 0.21 £0.05ab 18.9  1.63 £0.51bc 1.14 £0.24bc 0.17 £0.11ab 16.4
0 2.53+0.65¢ 1.16 £0.17¢ 0.32+0.13b 50.8 1.83+0.57¢ 1.28 £0.25c¢d 0.23 £0.14c  39.0
-0.2 2.26 £0.46bc 1.14 £0.13¢  0.22+0.06ab 33.3 1.77 £0.54bc 1.30+0.29d 0.19+0.07b  26.5
-0.4 2.33 £0.55be 1.11 £0.14c¢ 0.27+0.10b 25.6 1.60+0.52b 1.21 £0.26¢c 0.15+0.06a 19.1

1) R 30484 2 R 0RO B S SR B LA — AMRF N B A AR AR REE (P >0.05,18D %) 2) i bih

JIE Sy vy A AL

2.2 TEFHXAMENERBFME

IR AP 2 A5, AERE T AR AYTE S0 T
IR BT LI AR R B B — E 1 22
P 7 Fp A A B0 T (e e BEAE O BT ) | 41
PREREAE VD st R o ) A A PR A R AR A

B TP b CRETAT =88 0.2 m) | ZLIEFHEAE VD
MR A A AN R AT R e = TR AR Y
TE DL 5 M T K1 S g I CRETRT R 5 0. 4 m) 2176
BEHAR I AR AR AE VD O T AR T TR TR, 4 i
ARV AT T TR (K 4).
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Tab.4 Growth performance of Rhizophora stylosa in different soil types

MEHT R O m

METT R 0.2 m

MET = 0.4 m

MR — - -
HifE/ em WE/m REFEER/% W/ cm PE/m ARER/ % W/ em HE/m ARER %
Mg 1.44 £0.29a 1.10+0.15a 95.7 1.07 £0.20a 0.89+0.09a 93.8 0.48 £0.09a 0.49 £0.08a 89.6
ek 1.40 £0.33a 1.07 £0.13a 98.4 0.65+0.09b 0.52+0.08b 71.4 0.60+0.10b 0.40+0.07b 81.8

1) Fd 38 h 2 A L RS SR B LA — AR B R4 AT ERFREE(P>0.05,18D i) ; i 4 4 I

A ¥ AP AAL

2.3 AEWMFHEERIBE
2.3.1 URBREHTARAMAGAKELE TF

i o
[E]

WD B AR (TR E R 0) , 3B AR Al AT 2
A5, 20N BRI B PR A RARAG, Hrp £ A Y
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WAFRART 30% , K H B2z, (0 LUl i 2 Uk
F LA DR AT AR 5 (95. 7% ) W D AE T K3
ARG, B 5 AR MG 1 5 19 DR A7 R AR v, i
80% , IR IF (3 5) 5 ZLIFME AR A9 A= 1 B 4
AN AR 0.7 em ZiAy B 0.5 m ZE AT, JO R 5
AR R, PL R A I A R R R K, A2 29 6.0
em, B2 2.0 m. £ V05 RGeS AR g 4% F T (e i
FRE 0.7 m) B ARRIAE 2 4R )5, BrikER g 4
Bl R BR T ORI SR R AT AR AR ST, ZLHERE B

x5

FIRL KA Y PRAT I B, (2 T0% LA b, i 5%
ARG RAF AT 90% 5 L1 L BK Al 71 TG A 1 3 1)
AR RN P 2D AR A A2 R T 0. 4 em,
MERART 0.5 m, HESRA M A KR ok, A2 3. 0
em A0 1,09 mo, {H 4 SRRl G A T — ik
SEH R T RARZ (R S).

AU FEV O AR, S AR R EL, 0%
AR BIRAT R A A A B R K, SR W HE A 3 B Fif
HIEAED M EAE K.

RS T SR E KRR

Tab.5 Growth performance of different mangrove species on sandy soil

P YD T (M 0)

VDI e e (M I 5 50 0.7 m)

Hi £/ em B /m R/ m PRI/ % HifZ/ cm B i/ m SR/ m RAFE/ %
LTI 0.69£0.09a 0.50 +0.07a 25.8 0.50+0.09a 0.45 +0.10a 73.2
LLYEMS (RSN TE AT ) 1.44 £0.29b  1.10 £0.15b 95.7

i 0.72+0.12a 0.46 +0. 10a 41.7 0.44+0.12a 0.30 £0.04b 80.4
ETE N 6.13+1.03d 2.13+0.20d 1.59+0.21a 92.3 3.00£0.72b 1.09+0.29¢ 0.74+0.25 89.7
T 5 2.21+0.82¢ 1.31+0.3le 0.43+0.26b 80.9 0.88+0.33¢c 0.57%0.17d 21.7

D) AP HIEA A 2 FAGEL, A HEELEA MR NEFELE , AFEZ2FRREE(P>0.05,L8D i%).

2.3.2 REAREHTARRAMAGAKELE FE
VT T PP AE 2 4R 5, 20 HE (2 R R AR TE 30
FRK A A RAT R ERAR 7, 76 70% LI _E, K St 5555
PLICARFNTCHEG F W IR A AR, 75 40% LU, Z%
KL — . 200 M ARG A K B, AR AR
0.6 cm Zify , B AR 0. 4 m 2245 P AR TN TG ks

R ER R, Hhhr R AR L 2.0 em, 5
B 1.0 m(£6).

AL UL FEVR AR T, 200 R A O 1 A K
BN RO AR &, & W] S 5 7 Y8 T i b A
L AN TG AR 1 5 1) AR AT R S AR, R W AE 8 o
ARG B R

R6 EFUBFHTIMMIERRI

Tab.6 Growth performance of different mangrove species on muddy soil

S S M IR B0 0.2 m)

U85 A (M IR 5 B0 0.4 m)

pi Wi Wi/m @m0 Wem  Wim @l m R %
AR % 0.67 0.14a 0.38 +0.05a 86.2 0.65+0.08a 0.39 +0.07a 86.5
LIS IR Al ) 0.65£0.09a 0.52 £0.08b 71.4 0.60+0.10b 0.40 +0.07a 81.8
Pt 0.59 +0.10a 0.38 +0.04a 84.9 0.57+.07b  0.34 +0.05b 92.8
e N 2.20+0.32b 0.98 +0.12¢ 0.21£0.05a 18.9 2.13+.78¢c 0.860.22¢ 0.28 +0.14a 39.5
Toi 1.63£0.51c 1.14+0.24d 0.170.11b 16.4 1.58+.52d 1.08 +0.21d 0.21 +0.08b 34.6

D) AP RAEH A2 FAGHL, R BB E LA MR DB FFHE AFTLEFREZ(P>0.05,18D %).

2.4 EEXARHEY ERKRIE

T 3 L Ak T T ol P 7 YA R A P A TR
D DT R 0 R BE B, D5 b, 1 M T K R
PO R RN 2P R, P B A 2D K
Iy oA DI, IR 9 S 2 BRI L AR, B R
TG T 40y 0 BTG B A A A0 R X3, Vi 95 22y S
WIS T, R H A RS, X 4l 2l
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Tab.7 Growth performance of mangrove species in different marine algae areas
; AR5y PLRA
M A DX - - - = —
Hif2/ em ME/m  BAERE/% AR/ em 5/ m dlE/m  PRAFE %
HXUH 1.01 £0.22a 0.85 +0.16a 87.0 3.64 £1.03a 1.58 £0.29a 0.88 £0.32a 88.2
10 A TE 0.80 £0.17b 0.62 £0.15b 35.3 3.49 £0.53a 1.44 £0.17a 0.69 £0. 14a 38.5

1) R P 848 2 F A w95 0L, B S 288 LA — ARG F 83 k= £ RE#(P>0.05,18D &%).

2.5 FhiETEMEXT L RAE 4 A K B9 RN SRR ORI FPAE RS A G4 2 4T A5 B H A R
2.5.1 FArHMASLLREY ARG TR VWM WAEREESAHE RN T, BEE %
FVR LA T AS IR AR A L0 RE LA 2 AR A 35N, 2 A A i) iy b A% A K da  a) 01, %0 3 1)
BRI A, PR AFRAR o, SE AR A0S, W AR E A FIm(£8).

®8 TEMEMEMLEML R EKER"

Tab.8 Growth performance of Rhizophora stylosa with different planting specifications

FIAE R y “{’/l\ﬁ)‘ii{ﬁ‘ - y {}E’ﬁﬂﬁ -
4%/ cm R/ m PRI %o Hii%/cm B/ m TRAFEZR/ %o
1.00 m x1.00 m 1.36 £0.24a 1.05 £0.13a 96.8
1.00 m x0.50 m 1.56 £0.22a 1.14 £0.12a 97.6 1.40 £0.33a 1.07 £0.13a 98.4
0.50 m x0.50 m 1.43 £0.25ab 1.04 £0.11b 97.6 1.30 £0.26ab 1.13 £0.08b 93.8
0.50 m x0.25 m 1.40 £0.30b 1.12 +0.18a 93.0 1.22 £0.26b 1.15 £0.10b 90.9
0.25 mx0.25 m 1.49 £0. 18ab 1.11 £0.05ab 95.2

1) AP REH2FAMGEINL, AFI KBS AR —AMIR DS FEE, AT EZFREEF(P>0.05,18D %) ; i H 0 iE

b 7 X AT

2.5.2 G ARFATG X ALK 40 A A K6 m
TERSE VY3 25 AF T (P = B2 0) , U A E 5C
IR 4 A AR ROR AT 3R 2 iy T DL S A 1 T 5 U
FERYTEOL. i 5 Al , DUl 8 R0 il A4 20 T
2 AR LR 1 AR AR R A AR 23 R B LSS A
FEAFHLAY 2. 1 A0 2.2 1, fRATARIB B DL SE A W E
AP 3.7 5. A K B, IR AE A AR 1 SRS B AT
I A AR 33k 3% W0 3l 2% A A T R Sl
HERRAURZE , BEA RO ALK 73 ISR )
TEESIAAT T, LAVl v 70 552 £ 1 7 A ) 40y A
AR IE SR B /N T U R S AR 3R 6 R,
TERSE YRS AF T (HEM = BN 0.2 m) , DAl
FEARIRYLL IR 2 484 i A A 4K i 5 LA SE
AT ORI 9 J0 0 38 22 5, ) i 2 P DA S A
PR Y 36. 3% , (HAR A7 SRS AIR T LS AE W A A
AR 4 175 . A 0 J5 v 3t 4% 1R R (Ot T g 32 A

ot 2 AL 0 A A B PR A R v T A S A
HOEMAE RO A BT A5 F T, LU A
SR ETE AR A BB A A A DRAE 3R 22 S M A
NGRS

2.5.3 R AEHIRE TR H o K9
AR, DALTIE ARG BE A 1/3 1172 F12/3 3% 3 FloR
(AR TR BE VT HEIT: , FEAR AR 1 AF i, A 4 T4
BEXT BB BT B A A B2 /N 1 T IR Al 4 AR
0, 0 R AR AR DT, A T bR Y BB 1 K
TR, WA 2 Bt K B T 3 2%, TR 0, 7 Fof e IR B
N, JPR Al S R A T IR P, Pl A TR EE LA B i
RS BE 1) 2/3 9 HL.

%9 FEMIEERER | FETBRH RN
Tab.9 Effects of planting depth of hypocotyl on the growth
of Rhizophora stylosa saplings

\ e p P AP TR #if%/cm Ws/m AR %
0‘4,‘ " ’U%%Eﬁjﬁﬁﬁ%lmﬁ]mz‘ﬁiﬁj Rl 173 0.59£0.06a  0.53+0.08a  96.8
AR A R IR T LA S A B T SRR 155 0, AR A L2 0,58 £0.08: 05920.000 1000
AR 5 DS AR R SRR O 8 25 22 5, IR AT R - o R '
FEEIE 273 0.59£0.07a  0.56£0.09ab  93.8

W5 LA AR T SRR ) 1 DU B
AU FEVD AR, LARA 5 52 A 1 5 Uk
LR SRS A A R R 2R 3 A 35 1) 22 e, AR

1) RS &EE LA —AMEANEFEH ATEFFR
% (P>0.05,LSD ik ) ; 2o 40 b B 4 35 1 X AR AL
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e iR e 14 A v A5 R T v B RS 34 T T
B B, B B R B A R AR AR 38, 2 M 1 v AT
TR T KT AR R A R R
TR G (H 5 DR 32 (0 5 e A L TR R 2 X
LER A S AT D EAR Y ok =R A1 TR =Y
KT 0.4 m i, 7270 BT A ot + 3 1 JH A2 R 5
AREIRTEREKAERKERN 50% , iR FERE T
Hie RORFFZRIN 5% . LU ARAE TR R (R] T, Y
R TET 3 ey I, YR 7K P VAE 92 I T st 6, AN RE 58 70Tl /2 21
RIAEIXS K 3 2K, i LU E R S A T R o5 —
D7 T, 230 KPS VRS, Z1AR AR 1) T 7K S 122 B (1)
T 3 AR PR AR EREE A st ) 3 K, PR AR P A2 )
P, P AR A R B 2 A2 B R A, PR A R A2
THT 5 J3E PR 52 W0 58 /)N, 24 B SR T g 88 I I £ 45 4 4 it
T PETER R
3.2 TERMITAREDLHHERNOZ

T ek B M, A 49 U b X 1 A A AR K
D] 53 R0 TP g B85 A 5. AE— 7 B TR K P, vb s A
JE A T LRI AR K AR, MR R SE I AL T
A i 2 e SCAR B . 0 e W T v R O B
I, LU HEZE VD BURIYR BT 45 18 T A 4 ft A AR ], b
BG4 em W 43R 11 mg 7EMER & B2 0. 2
m [, ZDHERE A V0 b 2% 09 A K I e TR BT 4%
PRI O0 s AH 22 ME T g B2 0. 4 m I, 20V 11 3t
BRAERKBEED BFME T UK TR & 1F. BT
Ay oAl B2 L, A VD TS M AR o M 2T VA A R
AR AR AT, Y976 80% LA L. bl W, e K e
JERIH (RRELRS 2 AN, WE AT e BN TS b 2 4>
S TR o BEXRT LI AR A A %) AR A S e B I, T
S5 1 T £ TARTAB A 1) A R e A 398 B A 8 2 2. W T
o BE 0 22 S P e e K A I, P UL 2K G A0
SNALIAAE YA KOG 3R . T ANR] , H 3Ry
B A 25 SR T AR R AR, FR O
FFARLIRHE Y Ja AR A PE R R
3.3 AEMHHERERM

TEm SRR A S rh, Vb o b b T SR AR A7 R
ARAR A 21 T% , F7 A 21T A FHRK 3t 18 DR A7 3
BT 70% . NAK & BF, ol Mh R R R
AR B {H TG i 5 00 M AR R g AR K AU
KARH) 30% F1 50% FoAq , 450018 HE A0 T 21 Vg 1 FHRK
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B AR S, A O, 6 VD 0T R b b T eI SR ) 3
PEI 2. 76385 38 V0 M 25 P8 T, 20 A ( LAV b i b
) AR FNTC T 2 () DR A7 2R 2 185 80% , {HAL
TR (LASIEAE YRR FNEKiH I PR R T 45%
AR AR, 2% B A 530 VD 45 40 T 2 A i b LA
S A TR 2RI 9 B B A A 3 0 PR AR 2. 78 8 0 =
Wb b, P AR TCIREE F O RAFR KT 40% , 78
30 U8 B E A B IR AF R IR T 20% , R BIX 2
PR U ST b g A K T R A AR 25
3.4 ThAEM RO REY S A K R R

TE Ry ER TR M VD b 25 F T, 2L S IRl i vy 2R
e FIVRAF 08 1 S A T )RR OO, 7R U8 R A%
FEF, LIRS 0 S AR 1T X0 A 0 20 B 4 B A
K FBTE 1 25 SR . X RIS DA A
FRRE B 2R AH B, DAl 1 T8 R 0 4 R 303
FAEVH AR T AR K. IR R B 517, 1 HA
T LR E T EEAEAE. BT LA, FE VD b AR T R A
7 R B R LTS SRR AE K, SR R AR AR
3.5 SR AMEY SR AR Mm

LI R A 1 A A B A2 1) 48 o b R IR A 1 55
S AN TR L BV LI B Z B4R BT
Ji AR H T S A Ry 9 P 30 A R R, S
MEBR Rl e AERW S, W B R i S R &)
B AIRY. 383 SR IR, TR T X LA AR 401 48 1) 52 i)
ERIRA/INE 56, 2RI 3K I 88 7 K PR o i 12
MO X ZAR A ) 4 2 ™ B A T AE RUIR /N Y
Hu Ty WEEE R I BN X AR RS /N BT AR K
BE PR R ol £ S 1 P BB B R I A%, %o vl g 1
JE AT 500, DR I AE £ A8 AR b AR 400 30 , 7 3t
ARG AT R B R 5 e A R, X A R B R A 2
SN, Lo AA K LTI PR, T DA A7 5 3 (1) 5
M 355 /)8.
3.6 5—MEEEZFTHEKILR

FE S5 AT X HEE RIS e TR IR R, i
IKER BE— W L RAK T 15%0, 45 WF5E 220 2.5 4F A
A TCHE S5 1 - S o 5.3 m, PS4 AR Sl 7.9
em' 3 AFEA IR S 1. 20 m, HB 4% 3. 01 em' .
AHIFFE v R B I 0 U M A5 F R, 2 AR AR TO
VESEME 1,14 m, Hi4R 1. 63 cm, i@ 1 HLARAS ) A= 3%
ZAF T BRI AR T LR B, JC IR S A = A
VI PR v R A8 A S B S — R B A5 1Y
26.9% F125. 8% . 5 ToEZ G DUAR{RL , TEAS W55
H e RV N U T A R 2 AR AR RO R v
HIAZ 32 0. 38 m F1 0. 59 cm, #f = Fl b 158 4= K 5
JEA R — R B 4T 1 47. 5% F11 29. 4% . X 564y
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