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Fig. 1 Morphology of S. portulacstrum under different environmental salt stress after 40 d hydroponic
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Fig. 3 The response of chlorophyll content in the leaves of S. portulacstrum to environmental salt stress (n=3)
Nl 4 fros: BRI 4R E a IR b & & ILE TSR (p>0.05), HIELREE
B oA Sy i 2R ALy ‘

3.0 1

r(‘ hl-alChi-b
N
n
1

2.0

0 5 10 15 20 25 30 35
#hEE

B4 g ikt iR a Mt b SRt (n=3)

Fig. 4 The ratio of chlorophyll a to chlorophyll b under different environmental salt stress (n=3)

222 B (MDA) WM& E
WK 5 fioR: ANEZLEAE NS HH A MDA & &% 5 AW E (p>0.05), B MDA Xt

LR LA BB
BEE AR NN, i S A ATV ERE S IR (&1 5D, fEERE 35 AbEEAL



H i 4(8.2910.18) molg, SEMR/KALFRALN 2.3 £, Ui W] ERMHARERE 5 T dH i R AN AT

VIR o

(@/8)vam

S ® L] -t N S
v [ [} [—] < {—
I I 1 T (
(9.9.9.9.9.0.0.9.9.9.0.0.9.0.9.9.9.0.9.0.9 XA
L s e ssessssesettasosed
O DG D000 0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.00.0¢

190200000, 0.0.0.0.90.9.9.9.0.9.9.0.9.9.9.9. XA
= R
OOt teteteteteote e e o te tete etetetetetetote et

2020202 %00 00 0,000,000, 90. 9.0, 9.0.9.9.9.9.9.9
D00 IRARRHHHAXRK]
R0 RRRRRR]
ORRaa e e e e tetetetete e et te e e e e %!

a0 0 0 0 0. 0 0 0 0 0 0 0 00 0 090000000
DRI LIARIAIRARKKN
D00 RARRHIHHARXRH
eeteleletetetetetelete e e e te 0 o e 0 00 %

9a9.9.9.9.9.0.9.9.9.0.9.9.9.9.9.0.9.9.0
= ettt tatetetatatoraty
w0momowom&0momowowomomomomomomomowowowo

Pa0.0.9.9.9.9.9.9.9.9.9.9.9.9.0.9.9.9.9
B A
a.«.0000000000000000000000000000000@

Da0.0.0.9.0.9.9.0.9.9.9.0.9
e ssatetetesosatet
Itetetetetetetetetete oo

) "R
B8 MDA
a

10
8
6
4
2
0

(B/Bu) e it Ju

40

35

30

25

20

15

10

#h

=3)

PERES & (n

0T I

40d J it S A RELRR T

Fig. 5 MDA and soluble sugar contents in leaves of S. portulacstrum after 40 d hydroponic (n

K5 /K

:3)

2.3 SIS AR AL KM KT KIEH

231 WRAKE

o EE AL PR AR i AR

e ik

FEALFRA h M BLFL A BRI AE

4d 5, . IRER

K3
BEE

U 12

, BB HTAR BRI, R 487

TR AN SE

7.
H

Bt

mEh A

+

N
=

SRR IICEE A (0~10) >34 (15 #120) >

1SN
Al

R

HPRRDVH.

Fith

(25~35) %, H



—— S0
—&— S05
—&— S10
wo-@-+- S15
woo-B-- S20
- - S25
- M- S30
- 4A- S35

15

B IR (H/d
P 6 AN [ 2 PR PR U DR T AR 5 5 R I T PR A2 A A 0L

Fig. 6 The variation of root numbers with culture time of S. portulacstrum under different gracients of salt stress

W 7 fos: KE5 40d Ja, #hE 15 ABR AR TR R K, 9(1.62+20.44) g5 fEERTE
35 ALFRALA, MRJFECN(0.4140.18) g; HARLES SEMEEE (& 2) M, fEihE L
THRIUE e BT RIS, RUDE M1 SR W DMt S IR AN R B 5AEK, &k
FEN 3 BOR SR R T 2R, 7 A M8 RN

2.5
ab a
2.0 [
151 T b [ b
C]
Hﬂﬂ" 4 " ]’ be
10 |
1.0 \ J I y
0.5
J [
0.0 T T T T T 1 T 1
0 5 0 15 20 25 30 35

hE
7 XFEh A AL 40d JEiE S INIRETE (n=9)
Fig. 7 Root weights of S. portulacstrum after 40 d hydroponic (n=9)

232 RRESN
WRARTE T RAEMRIR R H B ORBEAE PR bR, ) DU BB AR A KOS - BB SR
This, RAFIEISG EIHE TRERZES (& 8), HREMBIERE 156 ABHF, A



(10.9+0.3) mg TTC/(g * h). #hJEF 20 F1 25 AbFRAL, R RIE/1BiE il & T 12%F0 19%,
PEMEEL /N EhE 35 AFRZHAR &G JI{HIN (5.9+£0.8) mg TTC/(g « h), %¢Eh/E 0 fl 15 /b FE4H
7393 T K 30%A11 46% (p<0.05), FRHILEH . ARERZA S, SR ARG IBGE, 1w
A8 U SR R0

12 -
a
T
=10 be D¢ %// b
= I 7R
S . / c
=
E /
E 8 ) 4
N %
e e
W&
2 64
7
7
4 T v T v T v 1 . T . T v 1 | v
0 5 10 15 20 25 30 35

ThEE
8 /K 40d i R ARG/ (n=3)
Fig. 8 Root activities of S. portuladastrum for 40 d hydroponic (n=3)

3
UG R —Fh 2 AR R R A, e AR Eh AR, 7R VR RN ER R AT e 58 i AR
L MU SRR 2 2 R R R A R, 2 — PR R IILE AR . i BAR B
SR T R BE 7T, (EAEAS RIS ER I8 N TR I R A5 M) A K AN AR 38 AR AL SR AR A7
TEW R 22 7 o M O S5 RS LR 7K BERE L350 B9k I, 1/2 2K B REIST i By ik i 3K
AR R, T A K GERE N 24 A K. 75— 71, Messedi 5524231 57 285 B3R B 5 U5 7E 400
mmol/L NaCl ¥ (FHYS T ERAF 23.4) REBIRFHb ARG, 78 iy T b 5 BE I AR K BH (2 52 3
] o 8 @I T D UG RO AE KRR S R 18 1 OC JR N8 HE i B 14 78 #hFE 30 1 35 2%
NAEKSZ BRG], KR, WA R RAREEE M ER, FEAR Y, A KRR S R
EARE, R ER KT 20 MUALERA, W DU A AR B B AR AL, R BRI T ) AR
WG, AP EIEKAZANE] SRS R E . TR, KOS EMEREAN AEKE
(RGY) fifisg Eh - R e R RS, Hash A Kais il —e
FEEE R ERT A A A, 45 alb A0 EA =AW R 2R, ERIREEN I



AR, LTI, W VAT R R B R IR AR A AE TR RUK AR IR AEAE, LS
A ASTRIR KRG 264 T S S BB SRR 5 T 187

RIVAVERENE VT 2 AR h AR R ) BB 2 1570, R AE R4 K 43 AN I A R A &
LA S, AHIF 5 ity By g 2L ) i P A e B PR 5 R P T i R R, X —
S5 R 5 TR AE AR RIE T AE RAHL, Ul T S A7t RE R R TV PR RV O BB S AT LA,
Xof KRG v R Wl 7 A — E AR E o Ak, BoR SCEE IR R WILE NaCl i il ik
PRI R IR A R, JERIE DA RR- IR RN E, SRR-HEREE N,
H.32 NaCl JHpes i B BRI 2 Tl 2 R & B B0 IR T i 14.5%~30.5%,  [R]I 45 & A AT 7T
AR #h BEAC B A5 5, BT A AE /KA, ERB A I BE A8 )5 B AT VA LR RE A 2 R
FM, SR R FEREE ST

38 5 5% [E RO TR S A . (MDA 4 B S =4, a2 on
AR I B i D R 227, MDA I S BB B — A7 JE g — 1k, IEIETE R B
WA IEA DI FE R, MDA J2 [ R B S otk 8 AT 7E g Bkt 227 MDA & &
BT R W E I IR AR A AN B3, KT MDA X 358 s S ANGEUEE,  RIT - 240 i oA A7 g i
Bt .

WiRF . RERZIEEMENEYSE, RORKE5EKEEIUE 7 KRGS
FRAAG o ASHIE T H, DTG SR AT 4 Ak PR P S U AR R B B o 5 e I ) SR B Y g« S 7
R 2E; 55— e, ANEACERZL AR B 2 5, (REREE AL (0~10) > #hEEA (15
20D >mEh A (25~35), Him#hHBRRI R RIRFAE: Uk, MRARVE SR v kE
PSS T B ads, 5 S W S OV S M SR S PR T AL, e ren i HH TE 3R 15

FIALBRA T, REIEKIRAT, EHIERRE (<15) WLt SRR AAE, fmtt

PURMEEST, TN SR AN FIE AR W A . IRAUK T, - PREmERE KK H .

445 #»

1 fEmEhfE (25~35) %M, SN AEKSERE . BHRED, ZWKEEE, A
JRACTEREINE, BT

2) HERMWESNRAKE, @S SERAE IR E TR, G p k&
(0~15) AI AR il IR R PUEALRE ST, M amAR R XTI E I K T



3) W HNEMREE R THRE . K& BRI AR R AR A K A8 br o R E 24 I
FE R B2 5~15 YR Y, 17 e o0 B AR AR S I A O

4) BRTTEVERESL, Mg A B AR L AR AR Y SRR P A R AR
AU, AR AL BE ]G B 2 %

LREANFER LR T g A TR A 2 AN & T BA AL SR AR, PTHDD i 8 KR S A ) AR I
EH LR 0~15. AHTFYHE SV TR IE R BORKHET 5 7 3 e K s e e fit
TSRESH MBI SR

B XSRINAL L R T AN B AT i S B SR P SR A B B, MK T RIS ARSI 70 M
MR TSR, —IFEUA

S 3R

(1] JEEM. PEEYEM] st B A, 1996, 26: 30-32.

[21 S=REE, HER FEF S BYENEKFERG PR BERBBRICRITED]. KESFERE,
2011, 32(5): 94-99.

[31 MR T ERREIRT FE[M]. b5 BhEE R, 2004, 2: 34-35.

[4] S3Efk, S22, BAAM, % WA Y Sk (Sesuvium  portulacastrum) X PR £ B 18 (1 52
P S EFRIMMALR G VRN [I]. RS ITH, 2017, 48(3): 568-575.

[6] Wufh, o0, fPHE, & —RhACRMTS BT A ME R S E Y — i R[], Al A
24, 2010, 18(6): 689-695.

[6] LOKHANDE V H, NIKAM T D, SUPRASANNA P. Sesuvium portulacastrum (L.) a promising halophyte:
cultivation, utilization and distribution in India[J]. Genetic Resources and Crop Evolution, 2009, 56(5): 741-747.
(71 WReiiE, REEFT, ABERE M A IR IRBOR I BTG QKR Q] H B, 2005(5): 50-53.

[8] ZF5LT, Rilgs, Aothl, 55, 4la BAESTRIRK A KBUE A [T A5k, 2007, 28(11):
2448-2452.

[91 Zf, T, WM, 55 AESLEFIREARN B E TR KB B SEE SR [I]. o E 4 KHEK,
2008, 24(3): 34-38.

[10] HU G J, MIN Z, HOU H B, et al. An ecological floating-bed made from dredged lake sludge for purification



of eutrophic water[J]. Ecological Engineering, 2010, 36(10): 1448-1458.

[11] LI X N, SONG H L, WEI L L, et al. An integrated ecological floating-bed employing plant, freshwater clam
and biofilm carrier for purification of eutrophic water[J]. Ecological Engineering, 2010, 36(4): 382-390.

[12] HASEGAWA P M, BRESSAN R, ZHU J K, et al. Plant cellular and molecular responses to high salinity[J].
Annual Review of Plant Biology, 2000, 51(51): 463-499.

[13] ZEmit, FT &, fH0, & S NiES G Faad]. raduEY 4R, 2010, 30(2): 287-292.
[14] LOKHANDE V H, NIKAM T D, PATADE VY, et al. Effects of optimal and supra-optimal salinity stress on
antioxidative defence, osmolytes and in vitro growth responses in Sesuvium portulacastrum L.[J]. Plant Cell,
Tissue and Organ Culture (PCTOC), 2011, 104(1): 41-49.

[15] WANG D, WANG H, HAN B, et al. Sodium instead of potassium and chloride is an important macronutrient
to improve leaf succulence and shoot development for halophyte Sesuvium portulacastrum[J]. Plant Physiology
and Biochemistry, 2012, 51(2): 53.

[16] #pck, BomZE, 4wy, 55, ShAEMYIE St Sh i AR BRRRIE D). AEZS 4R, 2010, 30(17): 4617-4627.
[17] HOAGLAND D R, ARNON D I. The water-culture method for growing plants without soil[J]. California
Agricultural Experimental Station Circular, 1950, 347(5406)."357-359.

(18] Ahtn. B EB MBI FLEAR[M]. LAt R HikRA:, 2006: 40-92.

[19] #BMe, FRAKE, @)1, 5. AN TTC VLD EHE S5 b 2 a4 BRI IR0 (], A0l A2, 2008,
1(1): 39-42.

[20] BR&fH, SosE, TS, & —FhillE YA KRR 7. 1L AR, 2007, 20(2): 24-28.

[21] MESSEDI D, LABIDI N, GRIGNON C, et al. Limits imposed by salt to the growth of the halophyte
Sesuvium portulacastrum[J]. Journal of Plant Nutrition and Soil Science, 2005. 167(6): 720-725.

[22] MESSEDI D, SLAMA |, LAABIDI N, et al. Effect of nitrogen deficiency, salinity and drought on proline
metabolism in Sesuvium portulacastrum[J]. Biosaline Agriculture and Salinity Tolerance in Plants, 2006: 65-72.
[23] MESSEDI D, SLEIMI N, ABDELLY C. Some physiological and biochemical aspects of salt tolerance of
Sesuvium portulacastrum[J]. Springer Netherlands, 2003, 16(18): 3605-3626.

[24] Sk¥EHE, VEfh, 2LT0R, 55, WA 0 AN R b 4R i 2B 8 ) AR A AN A R B2 [J]. PEJBAEA 2% 4R, 2009,
29(6): 1240-1245.

[25] K3, FEMgPL, LW, . NaCl fid Fifg ik (Sesuvium portulacastrum L.)FE R P B8 il s BR 1M &



AR B AR [I]. BT AR R ETIR, 2013, 32(3): 35-39.

[26] EEME, BEMA, ) A NEYIR BUS SR PR IRV [J]. AW LA 4R, 1986(2): 57-59.
[27] F5E, Tifse. JURh AR PR A B bR OB U] DU 54, 2000, 20(5): 818-825.

[28] FLOWERS T J, TROKE P F, YEO A R. The mechanism of salt tolerance in halophytes[J]. Annual Review of
Plant Physiology, 1977. 28(28): 89-121.

[29] FRZWI, 7KF, WA, 55 e SR R ) &SGR AL RE TN [I]. SR I 2 2

1%, 2016, 34(2): 10-13.

Effects of Salinity on Growth, Physiology
and Biochemistry of Hydroponic Sesuvium

portulacastrum L.
LI Weilin *?, LUO Donglian *?*, YANG Fang !?, ZHENG Huidong *?,
LIN Oit
(1. Key Laboratory of Cultivation and High-value Utilization of Marine Organisms in Fujian
Province, Fisheries Research Institute of Fujian, Xiamen 361013, China; 2. Fujian Collaborative
Innovation Center for Exploitation and Utilization of Marine Biological Resources, Xiamen

361013, China)

Abstract: Sesuvium portulacastrum, a typical halophyte, has been applied in ecological
remediation of polluted waters combined with floating bed technology in recent years. The present
investigation intended to study the growth and physiological responses of hydroponic S.
portulacastrum under different environmental salt conditions, and explored the salinity
adaptability of S. portulacastrum and suitable salinity range for promotion of this ecological
floating bed technology. Results showed that S. portulacastrum could grow fast and healthy at low
salinity (S<20); However, the relative growth yield (RGY) slowed down, the internode became

shorter and leaves more freshy with the increase of environmental salinity, and the survival rate



decreased to less than 80% in the highest salt stress groups (5=35). With the increase of salinity,
the soluble sugar and stem girth increased, while the fresh weight, roots weight and roots activity
first increased then decreased. All the S. portulacastrum plants in the experimental group with
salinity 15 displayed the strongest root activity (10.940.3 mg TTC/(geh)), the highest roots weight
and grew better than others during the study, which indicated that the suitable salinity range for S.
portulacstrum was 0 to 15. Our results suggest that appropriate salinity was conducive to the
growth of S. portulacastrum compared to fresh water and sea water, and S. portulacstrum have
high salt-tolerance, in which osmotic adjustmet is one of the mechanisms of adaption to the
environmental salt stress.
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