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Selection of salt-tolerant plants for high-salinity wastewater treatment by
constructed wetlands™
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A}gm Currently, efficient technology for combining wastewater treatment and water reuse is urgently required to cope
with water shortage and increased high-salinity wastewater. As an emerging technique for wastewater treatment, constructed
wetlands have the advantages of high efficiency, low cost, and so on. However, owing to the scarcity of wetland plants that can
survive in environments with high salt concentrations, constructed wetlands encounter huge obstacles in the treatment of high-
salinity wastewater. In this study, based on extensive field investigations and literature review, 23 salt-tolerant coastal plants
with characteristics of salt tolerance, waterlogging resistance, pollution tolerance, high purification ability, rapid growth, large
biomass, simple cultivation, wide distribution and landscape effect were selected, and salt tolerance of each species was rated.
The species with the highest salt tolerance were Bolboschoenus planiculmis, Paspalum vaginatum, Ruppia maritima, Sesuvium
portulacastrum, and Suaeda salsa. The result can provide more choices of plants for constructing artificial wetlands, and
contribute to integration of sustainable purification function and landscape service.

[@wﬁb constructed wetland; wastewater with high salinity; salt-tolerant plant; pollution-resistant plant; plant selection
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Table 1 List of salt-tolerant plant species used in the constructed
wetlands

BN U .
WD g, BT ]
Salt - . R
Species Latin name Life form
tolerance

A Ji AP =¥ Bolboschoenus planiculmis (F. Schmidt) #i7< Herb
T. V. Egorova

A VS R Paspalum vaginatum Swartz ®LZK Herb

A NES: Ruppia maritima Linn. HK Herb

A Vi Sesuvium portulacastrum (Linn.) Linn. # 7K Herb

A Ihp % Suaeda salsa (Linn.) Pall. ®L 7K Herb

A- R Hibiscus tiliaceus Linn. FeA Arbor

A- W EAE  Thespesia populnea (Linn.) Soland. ex 7§/ Arbor
Corr.

A- 5B 5 Fimbristylis sieboldii Miquel ex KL Herb
Franchet & Savatier Enum.

A- WHLAER  Paspalum distichum Linn., B Herb

A- ik Phragmites australis (Cav.) Trin. ex Steud. # 7% Herb

B+ kM Ficus microcarpa Linn. f. Fe A Arbor

B+ HATE Melaleuca cajuputi subsp. cumingiana F¥ K Arbor
(Turczaninow) Barlow

B+ {REGW  Bacopa monnieri (Linn.) Pennell ELZA Herb

B+ FI4E Y55 Bidens pilosa Linn. var. radiata Sch. -Bip. % 7% Herb

B+ ¥ Sesbania cannabina (Retz.) Poir. UL
WK Herb
or subshrub

B+ KMk Typha angustifolia Linn. B Herb

B Ky g Broussonetia papyrifera (Linn.) L'Hér. F¥ K Arbor

ex Vent.

B i A6 A Aegiceras corniculatum (Linn.) Blanco £ A& 8 /]N
Fr A Shrub
or small arbor

B S Bk Nerium oleander Linn. M#EK Shrub

B 53 Acrostichum aureum Linn. HR Herb

B BI$EYS Cyperus malaccensis subsp. monophyllus %75 Herb

(Vahl) T. Koyama
B BN Rumex japonicus Houtt. HRK Herb
B IK 24 Schoenoplectus tabernaemontani (C. C. #. /X Herb

Gmelin) Palla
A: SR ER s A+ERA-: W 3R AE 137 8l TAZ BT B: WP #; B+EB-:
it £ 8 1178 T B .
A: Strong salt tolerance ability; A+ or A-: Salt tolerance ability floating up and

down in class A; B: Moderate salt tolerance ability; B+ or B-: Salt tolerance
ability floating up and down in class B.

R =z Ab, sEhiyb[Cladium jamaicence subsp. chinense
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Fig. 1 The habitat and morphology of the plants with salt-tolerant ability
in class A. 1-2: Bolboschoenus planiculmis; 3-4: Paspalum vaginatum; 5-6:
Ruppia maritima; 7-8: Sesuvium portulacastrum; 9-10: Suaeda salsa; 11-12:
Hibiscus tiliaceu; 13-14: Thespesia populnea; 15-17: Fimbristylis sieboldii;
18: Paspalum distichum; 19-20: Phragmites australis.
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Bi[Pennisetum alopecuroides (Linn.) Sprengel]&5: 4 H A5 —&E 1Y
it KR ANTE KA EE T, [RIRE(EAS 1.

e &aw

IR 38 s Ak o 375 7K A BIF 5 RS S8 401 ik A 22
WL ASSCNAR 7 3 R AREE B AR AR AL
V9K ARE ST N T 3t 107 BOR 25 75 THI A 2370 38 4 A8 ) 2 47
48, LA A A T Ak e T K i S AR )
P TSR B0 T 8 2 5 N T b Ak B R S K ) A
R, ity ZHE— B KA e L A SRR O TR A
TR AL RE T, S n T TR ATTRELLUT B 58 TAE: (1)
S8R X AR A IO P N T i PR I | ORI e
YR E R AR B RART ST (2) BF 5 iy & FH G A A4
[SPNERITE A &

R eftwonssd

1 Tz, IR, 2B AL kB K AL BRI T SR (0], R R S
I, 2007, 32 (6): 94-98 [Lei Y, Xie QL, Li YH. The study on the
treatment of high salinity wastewater [J]. Environ Sci Manage, 2007, 32
(6): 94-98]

2 SCAE, R, £ e, BG. EER BOK I AR A SR 5T R (D], 3R

23% FHFF

877

10

11

12

13

14

B Rl2%, 1999, 20 (3): 104-106 [Wen XH, Zhan XM, Wang JL, Qian Y.
Review of the biological treatment of salinity wastewater [J]. Environ
Sci, 1999, 20 (3): 104-106]

PR, MR ME R S R AL TS K AL B R B SE (). )N AR
T., 2010, 38 (2): 157-162 [Lu XJ, Lin H. Study on treatment of hard-
biodegradable hypersaline wastewater from chemical industry [J].
Guangzhou Chem Ind, 2010, 38 (2): 157-162]

WL, W E, RS S KA A B R ]. AR T,
2008, 35 (11): 90-94 [Xu R, Zeng W, Wen KW. Discussion about
the Technology of the high-salt wastewater biological treatment [J].
Guangdong Chem Ind, 2008, 35 (11): 90-94]

AR, WA, RS, A, HIDE, 2K R R R s
IR A A BR[T]. Toalk /K 4 ¥R, 2005, 25 (10): 1-5 [Cui YW, Wang SY,
Zhu'Y, Li GX, Gan XQ, Peng YZ. Seawater substitute and bio-treatment
of saline wastewater [J]. Ind Water Treat, 2005, 25 (10): 1-5]

RIE, VFIRG, BHHERE, SREAE, 2. N TR i /K ab B AR 58 0 I F
X)) FREE R F 5T, 1991, 4 (5): 17-22 [Zhu T, Xu ZC, Hu KP, Ma GH,
LH. Application research on constructed wetland systems for wastewater
treatment [J]. Res Environ Sci, 1991, 4 (5): 17-22]

Calheiros CSC, Quitério PVB, Silva G, Crispim LFC, Brix H, Moura
SC, Castro PML. Use of constructed wetland systems with Arundo and
Sarcocornia for polishing high salinity tannery wastewater [J]. J Environ
Manage, 2012, 95: 66-71

R4 SR, W, SRR L. AT b Ak B R BE ¥ KA 3 T R E Y
FER[I]. Tl KARBE, 2009, 29 (11): 1-3 [Qiu JQ, Wang J, Zhang YS.
Applicability of constructed wetlands to the treatment of wastewater with
high salinity and its research progress [J]. Ind Water Treat, 2009, 29 (11):
1-3]

Vo, WS, RV, IR FEL I, STMIAN. £ MO T 0 3 A= 3 s 7K
B AL A T[T A A5 2R 448, 2014, 33 (9): 2510-2517 [Yang Q, Lan CY,
Tan FY, Chen LE, Hu LL. Purification efficiency of domestic wastewater
by mangrove constructed wetlands [J]. Chin J Ecol, 2014, 33 (9): 2510-
2517]

PRIIRI, SRIE5E, BRok e, fmil, 28058, SR SO0 T i
5 KAk B ZR G A 8 A B A R B S (0], PR A2, 2010, 31
(3): 660-666 [Chen ML, Wu XF, Chen YH, Jiang LJ, Ji ZH, Ma Q.
Construction of a landscaping-type wetland system for wastewater
treatment and analysis of plant denitrifying effect [J]. Environ Sci, 2010,
31 (3): 660-666]

De Lange HJ, Paulissen MPCP. Efficiency of three halophyte species in
removing nutrients from saline water: a pilot study [J]. Wetlands Ecol
Manage, 2016, 24: 587-59612

ESCO, WRB. R U7 I AL PR (—) [M]. JE T ETTRAA
fiitt, 2013: 1-444 [Wang WQ, Chen Q. Salt-Tolerant Plant Resources
From Coastal Areas of South China (1) [M]. Xiamen: Xiamen University
Press, 2013: 1-444]

ZJe L, A AR, ARG, 2. ST AR ) A AR R AR Al R R
X5 K EALROCR BT IEI]. Al PREE 242441, 2013, 32 (8): 1625-
1632 [Li LS, Ni XL, Li ZG, LJ. Growth characteristics and sewage
cleaning effect of five wetland plants [J]. J Agro-Environ Sci, 2013, 32 (8):
1625-1632]

SR, B AE, EAE, AR, AR, XU, R EA, SR X1
T3 i AL CA sl SR BE ) AUWI B E A D). 3 R4l AR R
24K, 2015, 33 (3): 234-240 [Wu CB, Duan RJ, Wang L, Guo JC, Fu SP,
Liu J, Li RM, Hu XW. Preliminary evaluation on Cd enrichment ability

http://www.cibj.com/ Chin J Appl Environ Biol )i ] 53 E54:9)2F

(14



878

i B KA BN T b i SR AR R S

20

21

22

23

of eleven species of tropical coastal plants [J]. Nat Sci J Hainan Univ,
2015, 33 (3): 234-240]

Kantrud HA. Wigeongrass (Ruppia maritima L.): a literature review [J].
US Fish Wildl Serv, 1991, 10: 1-58

EBa, R, f LM, k&, BiEF. &3 Ruppia maritima)%f
T AR K LA D], AR RL 7244, 2005, 24 (4):
775-779 [Wang WH, Ji M, Xue YW, Zhang ZY, Tang YP. Purification
efficiency of Ruppia maritima on reclaimed wastewater [J]. J Agro-
Environ Sci, 2005, 24 (4): 775-779]

MO, FAE 8, RFTDE, B K. I IR R 5 1 0 K rh R
TIURLW) T R VR A SE ST ZE (0], ST T 2 i (B AR B2 i), 2011,
50 (5): 909-914 [Lin YQ, Wu JX, Zhen XQ, Huang LF. Removal of
suspended particulate matter in seawater by Sesuvium portulacastrum
planted in floating-bed [J]. J Xiamen Univ (Nat Sci), 2011, 50 (5): 909-
914]

LRI, R, EICW, SREDE. AR YRR () [0]. SRR
Bl 2013, 42 (2): 174-176 [Jiang QY, Hou XL, Wang WQ, Zhang YH.
New materials of plants in Fujina Province (I) [J]. Subtrop Plant Sci,
2013, 42 (2): 174-176]

FMEE, FELL, B, i, BORG, SR B O£ i e
TR LR R A R TS R AN (D). AR AR, 2013, 33 (10):
3083-3091 [Wang YP, Bai JH, Xiao R, Gao HF, Huang LB, Huang C.
Assessment of heavy metal contamination in the soil-plant system of the
Suaeda salsa wetland in the Yellow River Estuary. Acta Ecol Sin, 2013,
33 (10): 3083-3091]

SO, BRMS . LTA AR AR S R G AR TS Y SR [D]). TR R
2, 1999, 23 (3): 45-48 [Wang WQ, Lin P. Studies of the heavy metal
pollution in mangrove ecosystems-a review [J]. Mar Sci, 1999, 23 (3):
45-48]

AR, B, . FRE LR bR A TS K T HE SR (D], VR R
Fl27, 2005, 24 (4): 77-80 [Li X, Mo CR, Lu J. A review of studies on
purification of wastewater by mangroves in China [J]. Mar Environ Sci,
2005, 24 (4): 77-80]

ARB, MR, B SC. SRR R IR A XL T BT K i R
RN [T, 2O B2, 2012, 40 (27): 13441-13443 [LI M, CHEN
ZL, LIAO BW. Physiological responses of five south china coastal
wetland plants to artificial saline wastewater [J]. J Anhui Agric Sci,
2012, 40 (27): 13441-13443]

BRI A, FAALEE, RIS, SRR, X . BT 15 K X480 R AR A 3 4
FRIFZ I [I]. 2R RR%, 2007, 35 (17): 5078-5079 [Wei GY, Zhao

N SHE A Y244t  Chin J Appl Environ Biol

http://www.cibj.com/

24

25

26

27

28

29

30

31

LJ, Zhu LQ, Han CJ, Liu Y. Effect of municipal sewage on physiological
index of four tree species [J]. J Anhui Agric Sci, 2007, 35 (17): 5078-5079]
Flle, WK KEDK ARG E S T 4w 5 YR IR T R [T]. 2R
RS R, 2010, 33 (5): 96-102 [Wang Q, Cheng SP. Review on
phytoremediation of heavy metal polluted water by macrophytes [J].
Environ Sci Technol, 2010, 33 (5): 96-102]

BOMRER, AR, IR ), BANEE, & AUk JC LRI R R A
TG KA AR PR 22 )], FRBE R 540K, 2009, 32 (8): 48-52
[Zeng LH, Li S, Xu GX, Shan SD, Cao ZH. Treatment of rural domestic
wastewater with soilless cultivated plants [J]. Environ Sci Technol, 2009,
32 (8): 48-52]

HANE, B, EARE, BURLL, A F, Ei. dla SOK AR
LR G XS Cu, PoRICARY 2Bk 5 AW & R FFAE()]. I5E TR 4R,
2014, 8 (4): 1447-1453 [Dong XX, Yan CZ, Wang ZS, Zhao PH, Zhou
SL, Wang M. Removal efficiency and accumulation characteristics of
Cu, Pb and Cd in combined purification systems [J]. Chin J Environ
Eng, 2014, 8 (4): 1447-1453]

BRED, YeoR, Jr R, T, AR PR, ST, ST I 4 R T
DRV 55 R w5 SRR AE (D). 40k TR 24412, 2014, 30 (14): 198-205 [Chen
Q, Shen Y, Fang YM, Yan J, Li PP, Zhang KM. Heavy metals pollution
risk and characteristics of plant accumulation along Zihu River [J].
Trans Chin Soc Agric Eng, 2014, 30 (14): 198-205]

FRSCH, S, M. T L R A AR £ AR Ao T 4 R RIS
FR[I). NS A 2E 4, 1996, 2 (3): 207-213 [Zhen W, Wang
WQ, Lin P. Absorption and accumulation of heavy metals in degiceras
corniculatum mangrove forest in the estuary of the Jiulong River in
Fujian [J]. Chin J Appl Envion Biol, 1996, 2 (3): 207-213]

Wi, PIvaT i, /. — b et 0 U R Ak PR T 3 K g F
Y], FRBE ST 2k & 2, 2016, 41 (2): 55-57 [Chen Y, Sun KD, Wang
SB. A pilot study of an improved subsurface flow wetland in city sewage
treatment [J]. Environ Sustain Dev, 2016, 41 (2): 55-57]

BRAM B, X B, R T TR K A A 25 B 0 T A 3 T K U SR
M55 [T]. B8 TRE#4R, 2011, 5 (5): 1067-1070 [Cai PY, Liu AY, Hou
XL. Study on effects of seven hydrophytes on nitrogen and phosphorus
removal from domestic sewage [J]. Chin J Environ Eng, 2011, 5 (5):
1067-1070]

Gao F, Yang ZH, Li C, Jin WH. Saline domestic sewage treatment
in constructed wetlands: study of plant selection and treatment
characteristics [J]. Desalin Water Treat, 2015, 53 (3): 593-602



