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Abstract; Barringtonia racemosa is a typical semi-mangrove plant with important medicinal and ornamental values, but it
has been listed as an endangered plant and needs urgent protection. In order to explore the effects of different flooding
levels, flooding durations, and water salinity on the growth of B. racemosa, the best environmental combination suitable for

the survival of B. racemosa was screened out. In this study, two-year-old B. racemosa seedlings were used as experimental
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materials to simulate all-day tides. The L,(3*) orthogonal test design was used to analyze its growth and physiological
indicators. The results were as follows: (1) The first group (the flooded water level was ground height, the flooded time was
4 h, and the water salinity was 4%o) , the fourth group (the flooded water level was height under branch, the flooded time
was 4 h, the water salinity was 8%o) , and the sixth group (the flooded water level was height under branch, the flooded
time was 12 h, and the water salinity was 4%o) were most suitable for the growth of B. racemosa. (2) The MDA content in
the leaves of plants in the fifth group (the flooded water level was height under branch, the flooded time was 8 h, and the
water salinity was 12%o) was the highest, while the POD, CAT activities and soluble sugar content also reached the
highest, indicating that it could effectively resist adversity by activating the protective enzyme system and regulating osmotic
substances. (3) The 7th-9th groups (the flooded water level was plant height) all showed dead plants, and the mortality
rate was 33.33%, 8.33% and 25% respectively. Among them, the 9th group increased in plant height, ground diameter and
number of leaves both were the least. All the above results indicate that B. racemosa exhibits better morphological adaptation
and stronger resistance in environmental combinations where the flooded water level was less than height under branch, the
flooded time was less than 12 h, and the water salinity was less than 12%e. It grows under tidal water flooded environment
with salinity, while the flooded water level and water salinity have a significant effect on the growth of B. racemosa, and the
flooded time has no significant effect on the overall plant.
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From left to right, the leaves in the same part of Barringtonia racemosa treated by the ninth group, the third group, the sixth group and CK

group are in order.

B KRR e i b PR ZH 5 06 IR ] — B AL v R 28R/ R &

Fig. 1

Diagram of leaves morphology and size in the same part of treatment

groups and control group under waterlogging and salinity stress
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Total plant height increment (cm)

ckK 12 3 4 5 6 7 8 9
KL Treatment group
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400 -
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Total ground diameter
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= =
S S
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500 4

ckK 12 3 4 5 6 7 8 9
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Different lowercase letters indicate significant differences among different treatment groups (P<0.05). The same below.
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Fig. 2 Effects of waterlogging and salinity stress on the growth parameters of Barringtonia racemosa
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Fig. 3  Effects of waterlogging and salinity stress on
the contents of CAT, POD and SOD

in Barringtonia racemosa leaves
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Fig. 4 Effects of waterlogging and salinity stress on the contents of proline, soluble protein,

soluble sugar and MDA in Barringtonia racemosa leaves
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Table 2 Variance analysis of growth indexes of Barringtonia racemosa
under waterlogging and salinity stress (inter-subject effect test)
s " e B P TP W
Dependent variable Source Class I sum of Degrees of Mean square F Significance
squares freedom
73 K IK AL Flooded water level 135.488 2 67.744 1.647 0.218
Plant height W KK Flooded time 148.251 2 74.125 1.802 0.191
FKUERE Water salinity 1422.3 2 711.15 17.287 0.000
BV #EIKIKAE Flooded water level 11.556 2 5.778 7.077 0.005
Plant diameter WK K Flooded time 1.058 2 0.529 0.648 0.534
IKAKERFE Water salinity 18.447 2 9.224 11.297 0.001
4 HEIKIKAL Flooded water level 131.116 2 65.558 8.049 0.003
Number of leaves W5 7KK Flooded time 14.727 2 7.363 0.904 0.421
FKERE Water salinity 101.352 2 50.676 6.222 0.008
FAHRE M 5 /KK Flooded water level 1 760.984 2 880.492 1.653 0.217
The area of the W5 KK Flooded time 5 526.205 2 2 763.147 5.186 0.015
main root surface
IKARE: FE Water salinity 454.262 2 227.131 0.426 0.659
AR 22 187 X 57K K% Flooded water level 20 200.589 2 10 100.294 1.191 0.325
Surface area of lateral root w1 Flooded time 20 664.199 2 10 332.1 1.218 0.317
IKIRELE Water salinity 6 736.626 2 3368.313 0.397 0.677
MK AR IEL 757K KL Flooded water level 567 187.852 2 283 593.926 2.096 0.149
Number of lateral root tips e 1 itk Flooded time 1575 413.852 2 787 706.926 5.822 0.010
KM LR Water salinity 13 566.519 2 6 783.259 0.050 0.951
K3 EBHEBK-BEMETERERNAEST (ERBIRV ALK )
Table 3 Variance analysis of physiological indexes of Barringtonia racemosa under
waterlogging and salinity stress (inter-subject effect test)
s i i o HEE ¥y TR
Dependent variable Source Class Il sum of Degrees of Mean square F Significance
squares freedom
CAT 751k 8 IK KAV Flooded water level 48 722.226 2 24 361.113 10.657 0.001
Activity of CAT W K it K Flooded time 161 028.59 2 80 514.296 35.22 0.000
FKAAER B Water salinity 154 538.71 2 77 269.354 33.801 0.000
POD ¥ 4 WK KL Flooded water level 1167.424 2 583.712 6.671 0.006
Activity of POD W 7K K Flooded time 2 672.139 2 1 336.07 15.269 0.000
FKAAER BE Water salinity 170.299 2 85.149 0.973 0.395
SOD 751 WK KA Flooded water level 0.002 2 0.001 0.068 0.934
Activity of SOD Wi KK Flooded time 0.042 2 0.021 1.25 0.308
IKRERE Water salinity 0.099 2 0.05 2.983 0.073
A EEA SR ¥ 7K K7 Flooded water level 0.342 2 0.171 0.376 0.692
Soluble protein content s it Flooded time 1.149 2 0.575 1.262 0.305
IKRERE Water salinity 0.318 2 0.159 0.349 0.71
RIS ¥ 7K K57 Flooded water level 34.959 2 17.48 4.322 0.028
Soluble sugar content W KK Flooded time 37.212 2 18.606 4.6 0.023
FKAAER BE Water salinity 29.51 2 14.755 3.648 0.045
IR & i 57K IKA Flooded water level 8 160.987 2 4 080.494 0.897 0.424
Proline content ¥ K BF K Flooded time 20 102.436 2 10 051.218 2.209 0.136
KRR E Water salinity 36 618.606 2 18 309.303 4.024 0.034
MDA & & 8 IK KAV Flooded water level 33.432 2 16.716 12.677 0.000
MDA content W K Flooded time 6.918 2 3.459 2.623 0.097
TKAAER BE Water salinity 10.321 2 5.16 3.914 0.037




6 BEIT AT . P LR R ) T 0 1 K - B 3 A A= K R A e 881

e N RE AN B T HR s oy e AL ) A TR R
ATRFRIEE . [F] I A 00 H) 0 68, | T 2K P 5 2 32 1
EASE DR I (L /oS A e w4 P R S PS Y rd
EAR g N S U S G Bl N S N BE AU DB N
i it — LR ST

SE .

AMRAN N, RANI AN, MAHMUD R, et al., 2016. Antioxidant
and cytotoxic effect of Barringtonia racemosa and Hibiscus
sabdariffa fruit extracts in MCF-7 human breast cancer cell
line [ J]. Pharmacogn Res, 8(1): 66-70.

CHEN 1Z, LIN P, WANG WQ, 2006. Mechanisms of mangroves
waterlogging resistance [ J]. Acta Ecol Sin, 26 (2): 586 —
593. [ WRHGEL, ARG, ESCIM, 2006. ZLRAE4 i K 138 e
BIFFERERE [J]. AR5, 26(2) @ 586-593.]

CHEN YH, YAN CL, LI YH, et al., 2004. Study on the
characteristic of proline accumulation and active oxygen
metabolism in Rhizophora stylosa under salt stress [ J]. J
Xiamen Univ (Nat Sci) , 43(3) ; 402-405. [ BEdate | f™mH
¥, AL, A5, 2004. RO T LD ER S 1 PR
OB R AE BT [J]. BT R4 (H R B i)
43(3) . 402-405.]

FAN HQ, WANG WQ, 2017. Some thematic issues of mangrove
conservation in China [ J]. J Xiamen Univ ( Nat Sci),
56(3) : 323-330. [JUALTE, E3CW, 2017. P EIZIR bR
FRGTEZERB [J]. Z TR (ARBER) ,
56(3) : 323-330.]

HAN LX, OUYANG DJ, ZHANG GX, 2020. Growth, Na" and
K" distribution and osmotic regulation of Chionanthus retusus
seedlings under NaCl stress [ J]. Acta Bot Boreal-Occident
Sin, 40(3): 502-509. [HHiui &, BKBHEF, kASHF,
2020. NaCl JPpIenxf i 5 4l A2 I B 100 A [ 8 1
WTTYIBRYEE [J]. PEACA R, 40(3) : 502-509. ]

HE BY, FAN HQ, WANG M, et al., 2007. Species diversity in
mangrove wetlands of China and its causation analyses
[J]. Acta Ecol Sin, 27(11) ; 4859-4870. [ falxkJ, Jufii
H, B3, 4, 2007, ELAMRIRHY) R 2 HE0E IR
W L], AR, 27(11) : 4859-4870.]

HUANG JX, ZHENG MX, HUANG YY, et al., 2020.
Composition and distribution of semi-mangrove communities in
coastal areas in western Guangdong and their influence factors
[J]. Wetland Sci, 18(1): 91-100. [ #E52/Kk, MUWIEF, Hxi
E, 5, 2020. BT RLRAR PR S LA A K
FRZmaR T (1], fRiAE, 18(1) : 91-100.]

HUANG L, TAN FL, LIN J, et al., 2018. Physiological
response of Bruguiera gymnorrhiza seedlings to flooding
stress and salt stress [ J]. Prot For Sci Technol, (12): 1-
4. [ ¥, VISR, PREE, 4%, 2018. ABEL XK -EE
AR N [ )], BB, (12) : 1-4.]

HUANG YY, CAI SH, TAN §J, et al., 2020. Comparative
study on leaf traits of true mangrove and semi-mangrove
speices [J]. Guihaia, 40(3): 345-355. [ B4k, ZEK
16, IR, 55, 2020. ELAMREYFELLRAR P

AR BT [J]. ) V9IS, 40(3) : 345-355.]

JING JJ, ZHANG Y, BAL ZY, et al., 2015. The effects of salt
stress on osmoregulation substance and chromosome of wheat
substitution lines [ J]. J Plant Genet Resour, 16(4): 743—
750. [ S, sk, R, 4, 2015, FhMME XS NE
AR FRB BT W) T 5 M) e G AR (). g
FERRIRAR, 16(4) ; 743-750.]

JITHESH MN, PRASHANTH SR, SIVAPRAKASH KR, et al.,
2006. Antioxidative response mechanisms in halophytes:
their role in stressdefence [ J]. J Genet, 85(3) . 237-254.

KONG KW, ABDUL AZIZ A, RAZALI N, et al., 2016.
Antioxidant-rich leaf extract ofBarringtonia  racemosa
significantly alters the in vitro expression of genes encoding
enzymes that are involved in methylglyoxal degradation Il
[J]. Peer], 4. €2379.

LEE SY, PRIMAVERA JH, DAHDOUH-GUEBAS F, et al.,
2014.  Ecological role and
mangroveecosystems: A reassessment [ J ]. Glob Ecol
Biogeogr, 23(7) . 726-743.

LI L, 2009. Module experiment guide of plant physiology
[ M]. Beijing: Science Press; 48—98. [ Z=¥% 2009. ¥
PeE RS TE T (M. dbat: Bl 48-98. ]

LI TT, 2011. Assessment of mangrove degradation in China from
mangrove  communities [ D ]. Xiamen: Xiamen
University. [ 220505 2011. M LT AR 3 25 DAk b [ 21
RIMRGRAEARSE [D]. BT TR ]

LIANG F, HUANG QW, YU YP, et al., 2019. Physiological

response  of

services of  tropical

endangered  semi-mangrove  Barringtonia
racemosa to salt stress and its correlation analysis [ J]. J
Cent S Univ For Technol, 39(10): 12-18. [ 22557, #HFk
Hi, TRHERE, 55, 2019. PG LIAHEY) £ S X ERbha
A B S HARSAE T[], RO R R A 2417
39(10) ; 12-18.]

LIANG SY, YANG FC, 2009. Typical rare and endangered
plants of Hainan Island [ J]. Subtrop Plant Sci, 38(1) : 50—
55. [ R =, #ikd, 2009. 1675 5 25 W fa A
[J]. WAHHEYIRLF, 38(1) : 50-55. ]

LIAO BW, XU FH, 2012. Barringtonia racemosa, a large area
semi mangrove plant found in Leizhou Peninsula, Guangdong
Province [J]. Wetland Sci Manage, 8(4): 39. [ B3,
VIR, 2012, 7R 7 N 21 8 BRASC R T RR A 2 2044
HY)—F5 [J]. e SR, 8(4) . 39.]

LIAO BW, ZHENG DZ, ZHENG SF, et al., 1996. A study on
the afforestation techniques of Kandelia candel mangrove
[J]. For Res, 9(6): 586-592. [ B2 3¢, KB{EFE:, Fn
K, A, 1996, LAY PO IEMREARBIBFFE [J]. Aolk
FHEBFE, 9(6) : 586-592.]

LIN X, 1998. Barringtonia racemosa An  excellent
ornamental tree [ J]. Subtrop Plant Sci, 27(2) : 45-47. [ #k
Wi, 1998. T g ——— bl HIT S A {0 Ao el M UL 55 4
(1], WHGHAEYREIR, 27(2) : 45-47.]

MA SY, MA L, XU B, et al., 2020. Physiological responses of
symbiotic Rhizobium pea to exogenous calcium under salt
stress [J]. Chin J Appl Ecol, 31(3): 969-977. [ L,
L35, tRgh, 55, 2020. FR0 T AR AR B LA R X AR
DRESH A BRI R (1], REHZEAS“E4H, 31(3) : 969-977. ]

MANGORA M, MTOLERA M, BJORK M, 2017. Effects




882 OO0 M W

41 %

ofwaterlogging, salinity and light on the productivity of
Bruguiera gymnorrhiza and Heritiera littoralis seedlings
[J]. Afr ] Mar Sci, 39(2) : 167-174.

MURAKAMI A, ALI AM, MAT-SALLEH K, et al., 2000.
Screening for the in vitro anti-tumor-promoting activities of
edible plants from Malaysia [ J ]. Biosci Biotechnol
Biochem, 64(1) . 9-16.

NAIDOO G, TUFFERS AV, VON WILLERT DJ, 2002.
Changes in gas exchange and chlorophyll fluorescence
characteristics of two mangroves and a mangrove associate in
response to salinity in the natural environment [ J]. Trees-
Struct Funct, 16(2-3) : 140—-146.

NONG SX, LI M, 2006. Fine ornamental tree species
Barringtonia racemosa [ J]. For China, (21) 39. [ 4l
B, B, 2006. P R AR EE EE (1]
Mall, (21): 39.]

PARIDA AK, DAS AB, MOHANTY P, 2004. Defense

potentials to NaCl in a mangrove, Bruguiera parviflora;

Differential changes of isoforms of some antioxidative
enzymes [ J]. J Plant Physiol, 161(5) ; 531-542.

PERILLO GME, 1995.  Chapter 1
andsedimentology of estuaries; an introduction [ J]. Dev
Sedimentol, 53 1-16.

QIN HN, YANG Y, DONG SY, et al., 2017. Threatened species
list of China’s higher plants [J]. Biodivers Sci, 25(7) : 696—
744, [ BT, MUk, EALDE, A, 2017, hE R AEAEY 2
BRI [1]. AWZHEPE, 25(7) « 696-744.]

QIN HW, ZHONG Y, GAO F, et al., 2015. Influence of
submergence on growth and physiology of Iris pseudacorus
seedlings [ J]. Chin Agric Sci Bull, 31(11): 118-123. [ %
wE3C, BhEE, W95, 45, 2015, SEAKE XTI E A A4
KA B [J] P EAA @R, 31(11):
118-123.]

QIU FY, LI ZH, LIAO BW, 2010. Effect of salinity on the

growth and eco-physiological characteristics of semi-

geomorphology

mangrove species Pongamia pinnata seedlings [ J]. J Central
S Univ For Technol, 30(10); 62-67. [ IBX\F, 2= #E,
BEFIC, 2010. - 210 H11) 7K 2 B2 4y v T 6 1 9 wF 5T
(1], MOl R R4, 30(10) : 62-67.]

SALTER J, MORRIS K, BAILEY PCE, et al., 2007.
Interactive effects of salinity and water depth on the growth
of Melaleuca ericifolia Sm. ( Swamp paperbark ) seedlings
[J]. Aquat Bot, 86(3): 213-222.

SATYANARAYANA B, IDRIS IF, MOHAMAD KA, et al.,
2010. Mangrove species distribution and abundance in
relation to local environmental settings: A case-study at
Tumpat, Kelantan Delta, east Coast of peninsular Malaysia
[J]. Bot Mar, 53(1): 79-88.

SHAO CL, FU XM, WANG CY, et al., 2009. Investigation on
the status of mangrove resources and medicinal research in
China II. status of folk medicinal usage and medicinal
research [ J]. Period Ocean Univ Chin, 39(4): 712-718. [ fif
KA, #HM, TRE, 55, 2009. EPIQIWW TR &

HZGAAA WL RBIZH S 2595000 [J]. R
MM?E‘i( HARBIAAR) |, 39(4) : 712-718.]
TAN FL, YOU HM, HUANG L, et al., 2014. Physiological

adaptability of Kandelia candel seedlings to salt-water stress
[J]. Chin J Trop Crop, 35(11): 2179-2184. [ KI5 HK, it
W, B, 5, 2014, ko4 v xR - HE K OUE B A=
PRGN [J]. P VEMZA4R, 35(11) : 2179-2184.]

THOMAS TJ, PANIKKAR B, SUBRAMONIAM A, et al.,
2002. Antitumour property and toxicity of Barringtonia
racemosa Roxb seed extract in mice [ J]. J Ethnopharmacol ,
82(2-3) . 223-227.

WANG QL, CHEN JR, LIU H, et al., 2012. The growth
responses of two emergent plants to the water depth [ J].
Acta Hydrobiol Sin, 36(3): 583-587. [ EFkHk, PR,
XBEE S5, 2012, PFHEE KA ) 68 7K A2 42 Al B4 A e
(1. KRR, 36(3) : 583-587. ]

WANG XL, 2014. Study on growth differences and mechanism
of salt tolerance of Heritiera littoralis seedlings in Guangdong
Province [ D ]. Zhanjiang: Guangdong Ocean University.
[EF5MH, 2014. ] AR Fh Al i A 4K 2% 5 K ER AL
HRFSE [D]. WL, T AREEERE. ]

YI HL, XU FH, LIN GX, et al., 2015. Photosynthetic
characteristics of two semi-mangrove plants Thespesia
populnea and Cerbera manghas [ J]. Ecol Environ Sci, 24
(11): 18181824, [ b Z ok, V¥ 5 &, M) JE, 4%,
2015. *QIVHE%*ZJ I P R RO R 1 O S R PR AT Y
[J]. AT 2A4, 24(11) ; 1818-1824. ]

YOU HM, 2015. Adaptability of mangrove Kandelia obovata
seedlings to salinity-waterlogging [ J]. Chin J Appl Ecol, 26
(3): 675-680. [IFELH, 2015. B4 X6 B s /K 2R
SRR [J]. RIAESSR, 26(3) : 675-680. ]

YU D, CHONG YX, TU MH, et al., 1998. Study on the
threatened aquatic higher plant species of China [J]. Chin
Biodivers, 6(1): 13-21. [ TFF, R =, WH, 4,
1998. Hh Bl /K A 5 447 B ) 2 5 G I 5 [J]. LM Z R
P, 6(1); 13-21.]

ZHANG L, GAN QF, WU X, 2016. Application of SPSS 19.0
(Chinese version ) in Biostatistics [ M]. 3rd ed. Xiamen:
Xiamen University Press: 66—69. [5kF1, HitE, =d,
2016. SPSS19.0( 1 SChR) 7E A= et A RE I [ M. 3
Ji. BT TR At 66-69. ]

ZHENG W], LIN P, 1992. Effect of salinity on the growth and
some eco-physiological characteristics of mangrove Bruguiera
sexangula seedlings [ J]. Chin J Appl Ecol, 3(1): 9-
14, [RESCHL, ARG, 1992, b B2 X 2T A AR P 1 S 4 v 1Y)
AL PR AR SRR RS2 R [0 ). I AR 2 A4l
3(1):9-14.]

ZHONG JD, CHENG XL, MO YX, et al., 2018. Dynamic of
Barringtonia racemosa population in Jiulongshan mangrove
national wetland park , Leizhou [ J]. Wetl Sci, 16(2) ; 231-
237. [PhZEss , MUK, BEMIAY, A, 2018 FRANJUIELL
ZIA AR R A b EEE ARSI S (1], IR,
16(2) : 231-237.]

ZHU 7, 7ZHANG RF, LIU TW, et al., 2011.

accumulation and osmotic adjustment characteristics of the

Solute

mangrove Avicennia marina under NaCl-induced salinity

stress [ J]. Bot Mar, 54(3) . 335-341.

(REHE [Aki8)



