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S 4 s B E DR, AE S = R A
H RIKIZIEITHE3 IR, 75 H 2B 7K b3 i 25 45 2%
Ji, B Pl AR KRS BT AR I 22 BT A 5
TR E TR P YIS 723, HH TR 4K IR
TET-HEIRERAAR . B RS FF Hoagland sHC 5 H 45 &
RS AR S IR 3R JE AT 2 R, DAORIEAEA) P
T A T 2 [F) I AU, 1 BT K B (2 7 L3 1) M
BRI &t i R AR 2K e 4r . IR R )
TR FH T SI256, LR 2B BEAS TR N SEEG F

R 1 &&EKIEEFRES

Tab. 1 Nutrient solution formula for hydroponic culture of C.

PEP, FNE PG A BRI EEHE10 g/L;
BEA. B, C. D WUMBREECER 2), A3 NTAT
JKJFITN: 2.2—2.4 mg/L; TP: 0.11—0.18 mg/L. 5K
W Rpse14d, B3—4 KRB UHEYIRE; BIF T8 — s
o FE A A B ) R
FR2 BMERSRIE. REEEA S

Tab. 2 Composition of alkali and mixed salt and alkali in two-
stage experiments

2H 5| Sfjl’iir}%i_ty % Alkalinity NaCl NaHCO; Na,CO, I

Group (g/L) (mmol/L)  (g/L) (g/L) (g/L)
A 0 0 0 0 0 7.53
B 0.632 7 0 0.42 0.212 9.04
C 0.884 10 0 0.672 0.212 9.13
D 1.472 17 0 1.26 0.212 9.23
a 0.3 1.9 0.15 0.135 0.015 8.22
b 0.6 3.8 0.3 0.27 0.03  8.64
c 1 6.3 0.5 0.45 0.05 8.75
d 2 12.6 1 0.9 0.1 8.85
e 4 25.2 2 1.8 0.2 8.95

demersum

2 W ik W

Chemical Concentration Chemical Concentration

formula (mmol/L) formula (mmol/L)
KNO; 0.2 FeSO,-7H,0 0.05
KH,PO, 0.004 KI 0.0005
CaCl, 0.5 H;BO; 0.01
NaCl 0.05 MnSO,-H,0 0.01
MgS0,-7H,0 0.5 ZnS0O,-7H,0 0.003
EDTANa, 0.05 Na,Mo0O,-2H,0 0.0001

1.2 SEIEIT

AR F T B KR R 2, R E e
0.2—1.5 g/L; B8 EEHHCO; fI/bECO; #21t,
JE I 7E1—17 mmol/L; & & Wk 7 LANaCl.
NaHCO;. Na,CO;=F#h K3, 13 Lt yNaCl :
NaHCOj; : Na,CO5=10:9: 1,

AH R 2R B8 (mmol/L)=HC O35 (mmol/
L)+2CO§* (mmol/L);

5 ¥ (g/L)=NaCl(g/L)+NaHCO5(g/L)+Na,CO;
(g/l)s

X Gy B — 5 DA SR A B AR 4 i A K
(Y52, () B D RS0 S B /K A 7K 5 2% 1, S8 40
Tl P55 Ao P55 X R R R A S 60 R T

B BERRRESLIG . SCI0 G E N2 LM
12, A [F] A= ) 5 11 4 0 98 5 | ok 2 T B 35 32 T )

B IRAIBIESLL . SR E NS emx
20 cm*30 cm¥E BT 154, FFAN 5% B v & 0 5 T &
IREEFIFEFEHITEL0 g/L; # Ea by ¢ d. e LMD
Bk 2), BH3NFAT. KFTN: 4.9—5.1 mg/L;
TP: 0.13—0.19 mg/L. SEE A MA35d, F7 RI—X
FYIRE T 5 LB AR AR I 5E

PR BL SR 36 ¥ 7625 ClE IR = W kAT, #BH AR
F3E3000 1x. BE_EYG3E200 1x, YemE A [a] L 12h -
12h. LG FE R S i b 70 258 B K o WS AE
KRS, B S 5 TR I 2 A2 B AR b, EOURE B 18] 9
MR EF9:00—11:00; TS50 45 A1 45 AR E 7K
JFRFRRR, WE K R AE 248 H7 o
1.3 SHNZE

T B B A AR bR 52 T V5% (D
FERR AR AL S R IR AR) U i E i
B (POD) K A i il K Wy vk, 8 5 A0 4 B 4L g
(SOD)K FH U DU Pk, i %08 (Pro) R FH R 12 B =
Wi Ee ik, T3 B (MDA) K 6 AC B b 22 B ik,
S K CREIR AU O B

KR AL S B Eh . pHEE K FH Y SIK i 78
22 WM ASCN 5 , A el 55 R P e 6] B, o i 4k
S, KB FR S E(TN). BBE(TP). ¥ FEAE
(COD)IIM5E S W, CRKFZE K W 40 47 7732y 1,
14 BEEZITHH

{8 FHSPSS 22.0% A% B s i3t 47 Ge vk o i,
K5 5 M1 (One-way ANOVA) 7 #7240 51 2 [8] 11
ZE R REVE, P<O.01BHA A T3 2 7, P<0.05
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Fig. 1 Effects of alkalinity on POD, SOD, MDA and Pro of C. demersum
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1/3, F735 T R I &t i #0303 i P 2 e 3
IEHT eAb R 2H 4 £ 5 O A A0 T (K 2).

e VAR A 2H 38 R AAE B S5, X R ARG R
FE AL B A AR A R I H BN I R E e . 7R
TR SRAR b I R 4 R AR AR AR AR AL LK 3, X
POD#HE 34T FLIR R J7 22 407, 45 R W= 26 ) 2 18]
77 R #H(P<0.05). TEBTRES, & AFEZHPODYE P
ORI ES, EFE14RFBTHA, 255
/No dAbERAH ()4, 7R 2821 RN PODIA 2 i K,
S B A 4 2 LK, MR (] A AR KRS R AR TR
()2 5, G mBEERIONE o AR s, Bivk. i
FHT, M AFTE . 205 FRI& A%, PODIX
WA, 72 SLI0 3SR HIRIKR A BRZH Y POD Y
BT —5. MeibBA )4 M EE, PODEME—H T

B | TS ol

151, < 0 H BN M R IR E R, B2 1K R AR
o & EMIPODYE AR AL 5 A KRS8 fh i 25
5,

TEIRA SR E T (K 3), &M #ESODE AR
W —A TR TR, G TR AR B,
AR EEE. 21df5SODM T-Fase, 4 fhk
RS EWEARRE IER, il 7 &miEd
TN T RSk WK 3R ETLLE B, TR edb
PR ) SODYE 1 it 1, S5 PODE ARt 35— 2,
5 AR S HSODE M i T %, R elbHAH
LM FEPIGAET., SODH TH i, R4 g/LER
ZEH T L N A TR

MDA & 2t e i (a3 KA — e MR R, 2
JE T PR, iR ie o M 3 B 4 ) 2 18] TG B B 2
F(P>0.05). FHEER & e b H 41 B B 5 HAth 41 51

g T I

F14K

B2 AFEEET T emitKiEs

Fig. 2 The growth trend of C. demersum under different saline and alkaline conditions
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m, HAMNMER S EERAK, Gt % o
g R, L AT B2 R (P>0.05). B
WERVN, IR & B AN BEIE N T L VAR AR,
M AT RE AT —FIE E G bR, R A FRA 1) & fa 352
B LB 30 FE R
TESE a5 AF R, a2 S U 4T i 28 2
— o ERIERIR AR R, SRR B R R R,
CIR YLy Dlrvan WAL E R & ¥ N Bk 2
KABEMP A FCAE R, = i AE i £ 14 1)
EAAE IR —C ., WE 4R, &g E
BB SIS S S, AT RBLH R AR 4
i 36 A I R 2R B B BRI, B L S RE IR TR A .
-3 2% i G THRG 56 o0 T 45 SR W, 2103 2 T|) T B
Z5(P>0.05).
R 3RT AN, 7EAN IR ERh A i T 4 e X K rh
R ISCAN R, 2% o 3R A5 Tt R A FE T o T PR 1)
Fadh . FRAAEHR M, Mk B e, R K
W 2 BII0H . AR PRV ITE B0 52 BB,
IS0 T A B . e kb P AH VR & SR Bk 5
i, AR, Lala RIS, 5
TR R B IE T 5%, CODAE LI TR IR R W N, 78
SEHG 25 R 5 AR I H AR (R CODM Ry L &,
CODEFESHY A & & RA NI EA K, XrE—
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T
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<
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—
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LA R RS, i s ARSI 45 R, R EERAET
BRIy AINaC N X2 . AT DL Y, ZE[F— 7K F R
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3.1 MEKBERZESH

TEYTEW B I8 T 2 7= AT PR, B 4 i &
R S5 1) 2 DiRE, POD. CAT. SODZ&HiE AL EE/E
WS AT 2 Th i, SRR N T, R
PELE R, R EE B R AT
A KB bR, TUEALEE 2 G050 38 () R AL 3 s
UK, G 7 [ 3 55 4 K e (R S TR T AS R e
FIARAR AT A AR, BT DL — M i X e 2
S50 (1 L 8R4 SR B S A R A I B e A R

TERRE 2644 T 4 388 1) B BB A T 92 0o 55 s LA
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PSR, S, & = R UK
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Fig. 4 The effect of mixed salinity on chlorophyll of C. demersum
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3 TREIEHEME TKRERERE
Tab. 3 The removal rate of water quality index under different
salinities and alkali stress (%)

ZH3 Gruop TN TP COD
a 57.57 81.26 -514.01
b 51.49 80.11 —136.77
c 56.50 77.92 —191.60
d 51.51 70.98 -75.22
e 38.62 —608.38 -76.62

K, MDATE 8 J5 B &, 5 AR F e B ok Ak T
G 81 388 1) A T I R S — 3

FEJR A 2RO N, cZH(BE: 6.3 mmol/L, #;
1 g/L) B 0845 1F N IPOD I P 5 DAL (5 & -
17 mmol/L, #J¥: 1.472 g/L)ir i 104%, 5 i B
TR SRR 4 fh R A B A0 0 B KT
BB . A I R AL F A (b)) 4 f 8 EL AR R
J5E b B A (a2H ) A B4 T8 47, 1 R R R AR EE A (c
d. e ) U FR B e R, RS 3 R R I AR
(2 A AR 25 2, AR B 4 T A R
KT G R BT, 5 W0 R TR AT R A K
R EHBR(HCOS « CO3™%5), [R AR B i)
TRl % 4 8 38 1 2B KRS B B R R B i KT e
(3B S VR FH, T s B SR RO W I 2 . 4
1 FE T PODYE PEAE B 264 T I TE T i, A=
TR E AR A 14 e B B A A

ARSI HH AR TR A R N 4 FESODAH K AR TE
100 U/gbl I, 573k 51400 U/g, 37 T X825
FE B TR N & A ESODE LT 7£100 U/gbd
T, A BEIE300 Ulg). A UL, VRA Shisx 4 f i
R EEGEEL KT 887,
32 ERISEHEETHK

b A R 1 S e 5 e AR A 4 R 1 2
FIFITNRE, 51 A M3 . Mt My R 2%, i@ it
MDA [ 81T DL R 57 I A R FE . i
AR AR, N AN B2 R H R R
HEIC, PrA e RS R R B A IR, 440
PR (453 DR AR T 17 480 2R B RE T, A4 Y KR SR AL
WA o S A P i R A A S B TS RE A R
BT, AR AN E, 3 S BN SR

wll. EAHT 9 b 4 MDA & B 7E SRR S
F4 BUUERS

A B AR R, (H B TR0 AR A T A AR AR B
AT bk FT 75 S 5k ke 4D I 56 20 o 4 0 9 1) AR 9
AR, CRAP AL 20 5 B
33 ZEATYIRTK

T TEDT LI A2, B T R o 55 Tk
YN N ANEIE TR 2 A, i 2 5 A RO WL
RIRE KT BIE K, IR & & n/E Nt #h
ol U R AT . R Sh v S I R A
9% R — BELAFEAE Gri, 2 Ti8E WA 0 b i
RIRIMNEH H A IR ATEHERESE . AR
(R AR ALERAS—FF, AN ] FH &R 1 & B AR K
of HC VA FE D BT R . AEAS S2Ih b A R S
POk R N EROK, S HUEALEE RGO REL
FFE I R A
34 HKERNITK

TR S R B, e s R S T R
IR A M, Sk R R AE Y e A e S ) 2
At AEARSLIG SR, RIS R S T
BRI A W EAH S MEP>0.05), 1 B Eh B e A
REAN S B & O A (R, 1 (Rl B2t
HAE SRR e A R N R, e LA fridt—
SRR, HEREVRINN, HER GBI
P S RE D A 1, (ELRE R S A SR R
Yot e 1k 5e, W5 HARIEIRZES AT, 1E NIEY)
T} 3£ 14 4 T 11 2 % 4R A

FH DI SR I, K FTHCOS RE R KR
FEfRTE BT 2 5 WA /E A . Kahara®% %
VT2 JUKAE Y B A R K HHC O FICO, 1 EE
s 22 W AT B IR B, 4 f FEREFIFTHC O 1R A
N & TR, 7E1.5 mmol/L(£5£0.915 g/L)4ME
HCO; iR FE FRe(E B & B AR K . MRYESZI0 45
B R Hr NI TS, I3 H L6 T INaHCOS X 4
i 5 (0 A KRR BEE ] . HCOS Mk AR (2 3k 2E
KAER G S, WRES & alEf S5, i
SRR R R A HOE R S IR L, LS
ik — B0 7T
35 HEWEMHXEEERBUKH BN Mm

Bk T e 2 W, A 2 R R R R
EIREIAE ST AW IR A S S FR AR A AR
FeMEr M W 4, TN. TPEFRR S E Bk % L2

RATRBAAX M

Tab.4 Correlation analysis of each index and mixed salinity

IESEEY TNEERF TP R CODZ[R%E POD SOD MDA Pro 2t FKatb
R -0.927" -0.909" 0.627 0.952" 0.604" _0.254 0.697 0117
VR * e RIROR B E M ZE FP<0.05. P<<0.01

Note: *, ** Represent significant correlations at P<<0.05, P<<0.01, respectively
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FHVARTNE o MELHE A A0 e, X < A IR
AN, PEIRERFISZIGOR .

4 ZHip

TEAHH 7T, POD A 4 F 5 N6 5 A 3 () 32
BHUAAYT B, 2450 52k 1T B, PODR
e AR R B HLE PR R SR 17 mmol/L. #h
1.472 g/LUL T I, 45 35 35 AR 28 0 R B X,
e EERNSE WY, X L] 1 NP 4
IR A TR R

& i ] BRI FHHC O 1E 8 6 & TN LRI,
et | B A K, ShAOT H R I H AR A = 30 R 08
THEE1.472 /L, B8 17 mmol/LII /KA, A2 4
BERIER AR, M INEEE2 g/L, WE
12.6 mmol/L)H, & & R Agx 4 f 35 2L 40 7 AR i,
B AR TERE HARME VG 2 W . 3hFE4k 8 Tt
FEREBEHRE T (#5724 g/L, B /225.2 mmol/L) R,
Hppao sl 7T &maEaREBE M EHE, &
Ja B ) 4 i B F AR K AR T e IR .
U, b R AR FE AN e ) e i o B A B R 3,
& 1 PEIX K RERF FIHCOS HLAETT 32— B 1R & 2hl
Fo 3 AR A T 1 R e e K R

BE3CHk:

[11 Cui Z. Eco-hydrological regulations based on habitat re-

quirement of Grus leucogeranus—a case study in Baihe
Lake, Momoge National Nature Wetland Reserve, North-
east China [D]. Thesis for Master of Science. Changchun:
Northeast Institute of geography and Agroecology
Chinese Academy of Science, 2017: 2. [£E#. £ T H#S
A2 BT 7 SR AR M A AR SCR BRI 7T [D]. LA i
3, K o E R R AR A 5 ROl AR ST AT
2017:2.]

[21 Yao S C, Xue B, Lii X G, et al. The hydrochemical cha-
racteristic of Lakes in Songnen Plain [J]. Wetland Sci-
ence, 2010, 8(2): 169-175. [Wk %, i, B 2B, 2. /2
T BRI TE K A SRR AE B 5T [J]. ¥Rt ARl 2010, 8(2):
169-175.]

[31 LiH F. Eco-physiological responding characteristics of
Scirpus planiculmis on coupling of water table depths and
salinity in Momoge Wetland [D]. Changchun: Northeast
Institute of geography and Agroecology, Chinese
Academy of Sciences, 2013: 23-50. [ZRHJ7. WEKIE
b AR 0 7K 35 52 LA P A A B AR 25 0 RRFAE [D].
KA R B AR AL 5 RO AR 2B TTRT, 2013:
23-50.]

[4] Xiao Q, Zheng H L, Chen Y, et al. Effects of salinity on
the growth and proline, soluble sugar and protein con-
tents of Spartina alterniflora [J]. Chinese Journal of Eco-

[3]

[6]

(7

[8]

91

[10]

(1]

[12]

[13]

[14]

logy, 2005, 24(4): 373-376. [ 98, HiF T, BFBE, &. &
FEX BAR K EAK R B vIEHRAE A S &
FIFEI [T]. A2 E, 2005, 24(4): 373-376.]

Deng C N, Zhang G X, Li H'Y, et al. Eco-physiological
responses of Phragmites australis to different water-salt
conditions in Momoge Wetland [J]. Acta Ecologica Sini-
ca, 2012, 32(13): 4146-4153. [FBERE, EOH6H, 240 H,
&, BETORE IR 25 0 K SR AR A B A B AR S A R (1], AR
AR, 2012, 32(13): 4146-4153.]

LiuZ L, Zhu Y L, Hu C M, et al. Effects of NaCl stress
on the growth, antioxidant enzyme activities and reactive
oxygenme tabolism of grafted eggplant [J]. Chinese
Journal of Applied Ecology, 2007, 18(3): 537-541. [XI]1E
&, KA, W, & SIS GO T A
PR E A PR SRR S (7). B A A 24,
2007, 18(3): 537-541.]

Zou X J, Lie Z C, Xue L. Effects of salt stress on soil nu-
trient and enzyme activity of four landscape plants [J].
Journal of Northeast Forestry University, 2019, 47(3):
74-78. [ARRH, F N, BEAr. EhME X4 E AR E ) L
TR0 R MR [T]. ARALARAL R 22 243), 2019,
47(3): 74-78.]

Munns R. Comparative physiology of salt and water
stress [J]. Plant Cell and Environment, 2002, 25(2): 239-
250.

Yang J Y, Zheng W, Tian Y, et al. Effects of various
mixed salt-alkaline stresses on growth, photosynthesis,
and photosynthetic pigment concentrations of Medicago
ruthenica seedlings [J]. Photosynthetica, 2011, 49(2):
275-284.

Gong B, Wang X, Wei M, et al. Overexpression of S-ad-
enosylmethionine synthetase 1 enhances tomato callus
tolerance to alkali stress through polyamine and hydrogen
peroxide cross-linked networks [J]. Plant Cell Tissue &
Organ Culture, 2016, 124(2): 377-391.

Xiong J, Huang J T, Nie L, et al. The effects of nutrient
concentration on purification ability and eco-physiology
of Ceratophyllum demersum [J]. Acta Hydrobiologica
Sinica, 2013, 37(6): 1066-1072. [FESI, @M, HH, 5.
AN [F)E TR 55400 4 e R T AR P R G AR B AR 2 (1 R T
[3]. /KA 2E4R, 2013, 37(6): 1066-1072.]

Donk E V. Switches between Clear and Turbid Water
States in a Biomanipulated Lake (1986—1996): The Role
of Herbivory on Macrophytes [M]. New York: Springer,
1998: 290-297.

Gu Q L, Chen G, Xie T. Anatomical studies on the vegeta-
tive organs of Ceratophyllum demersum L [J]. Chinese
Wild Plant Resources, 2005, 24(6): 41-44. [z, FRRKI,
. G 0 TR B IS R AT AL (], b L AR
FNBEIR, 2005, 24(6): 41-44.]

Li H S. Principles and Techniques of Plant Physiological
Biochemical Experiment [M]. Beijing: Higher Education
Press, 2000: 134-137, 164-169. [Z=&E. A4 # 4 14
IR SR AMEOAR [M]. JE5: SAEHCE R, 2000:


http://dx.doi.org/10.3321/j.issn:1000-4890.2005.04.005
http://dx.doi.org/10.3321/j.issn:1001-9332.2007.03.013
http://dx.doi.org/10.3969/j.issn.1006-9690.2005.06.013
http://dx.doi.org/10.3969/j.issn.1006-9690.2005.06.013
http://dx.doi.org/10.3321/j.issn:1000-4890.2005.04.005
http://dx.doi.org/10.3321/j.issn:1001-9332.2007.03.013
http://dx.doi.org/10.3969/j.issn.1006-9690.2005.06.013
http://dx.doi.org/10.3969/j.issn.1006-9690.2005.06.013

220

KR R

44 %

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

134-137, 164-169.]

Wang X K, Huang J L. Principles and Techniques of
Plant Physiological Biochemical Experiment [M].
Beijing: Higher Education Press, 2015: 274-287. [ £ 2%
%, WL R, MY ARSI IR AR [M]. 283K
b5 BEHE A, 2015: 274-287.]

Editorial Board of Water and Wastewater Monitoring and
Analysis Methods of the State Environmental Protection
Administration. Methods for Monitoring and Analyzing
Water and Wastewater [M]. Beijing: China Environmen-
tal Science Press, 2002: 210-257. [[F S FABL R 5 JF /K
AR A B IN T3 I i gm 2R 2. KRR K Ml o3 A7 773
M]. Jb 5t A E PR ERL H AR AL, 2002: 210-257.]

MaJ M, Jin T X, Jin P, et al. Responses of Elodea nuttal-
lii and Vallisneria natans to the stress of nitrate [J].
Journal of Henan Normal University (Natural Science),
2007, 35(3): 115-118. [, ¥rlAIE, ¥k, & 5
TRV S T G L PR R L [, ] R K S AR (]
SIREBLEER), 2007, 35(3): 115-118.]

LiY, Liu G B, Gao HW, et al. A comprehensive evalua-
tion of salt-tolerance and the physiological response of
Medicago sativa at the seedling stage [J]. Acta Pratacul-
tutae Sinica, 2010, 19(4): 79-86. [ZEV, XU B3, w2z,
S5 BRALTE S BT PR L5 VPN B B M T AR B
SORE [T, FElk 4R, 2010, 19(4): 79-86.]

Zhao Y. Determination of Betainens and proline in plant
tissues under salt-stress [D]. Beijing: Chinese Academy
of Agricultural Sciences, 2004: 14-57. [}X 5. i~
T AL R SR AN T A B AL I BT 7T [D]. kst
BB 2EBE, 2004: 14-57.]

Yang S, Zhang H X, Zhang L. Physiological and bio-
chemical indices of salt tolerance and scanning of salt-tole-
rance plants: a review [J]. Journal of Northwest Forestry
University, 2010, 25(3): 59-65. [#7F, T35, 5KIH. 18
Wi 3 AR BAE AR AR A ERAE A IR 1 45A (D], PEAEAR
2R 2R, 2010, 25(3): 59-65.]

Xia Y, Sun M G, Li G L, et al. The effects of salt stress
on the contents of chlorophyll in seedling leaves of four
garden tree species [J]. Journal of Shandong Agricultural
University (Natural Science), 2005, 36(1): 30-34. [E [H,
PN, ZEE T, & Ha I AR SR F e
FHERER S AR [J]. ARV R 2244k (H
SRBLEEAR), 2005, 36(1): 30-34.]

Cheng X W. Response characteristics of wetland plant
species under saline-alkaline stress during their propaga-
tion and growth stages [D]. Changchun: Northeast Insti-
tute of Geography and Agroecology, Chinese Academy of
Sciences, 2018: 59-66. [F£ZE1H. W@ HIAE ) LA AN A KAE
R E R RARAE [D]. K& b ERE LRI
T RN A A FTRT, 2018: 59-66.]

Wang W H, Ji M. Comparison on salt tolerance of nine
submerged macrophytes [J]. Journal of Agro-Environ-
ment Science, 2007, 26(4): 1259-1263. [ 4, .
9P YT AKE MDY ERAE LU [J]. AL R 22 2 4R,

[24]

[25]

[26]

[27]

(28]

[29]

[30]

B1

[32]

[33]

2007, 26(4): 1259-1263.]

Qiao X, Huang A J, Chu G X. Research Progress in the
effects of salt stress on plant and the mechanism of plant
resistance [J]. Xinjiang Agricultural Sciences, 2011,
48(11): 2089-2094. [F+ /8, $H& %, #5518, MR 0
o ey 157 e FC TS R AL ERATE 7E 0k J (3], B s AR,
2011, 48(11): 2089-2094.]

Chen S Q, Sun H Q, Chu Z S. Advance in antioxidative
enzyme system of submerged macrophytes under ammo-
nia stress [J]. Environmental Science & Technology,
2016, 39(11): 42-46. [FR13%, FNERE, MR T, ZWa
TFUUKED YRR R AR [T]. R
A&, 2016, 39(11): 42-46.]

Cao T, Ni L Y. Responses of antioxidases of Ceratophyl-
lum demersum to the increase of inorganic nitrogen in wa-
ter column [J]. Acta Hydrobiologica Sinica, 2004, 28(3):
299-303. [H4F, (i SR E. & AR KA TEHLR
F i R [J]. 7K AE AP 2ER, 2004, 28(3): 299-303.]
Liu Y, Wang S R, Jin X C, et al. Effects of different nutri-
tional condition on the growth and antioxidant enzyme
activity of three submerged macrophytes [J]. Ecology and
Environmental Sciences, 2009, 18(1): 57-63. [XI|#, T3¢
His, eAHAL, &5 KAE FRIKTER SRR AL K S
FALEERG R [T]. AEASIREE2E4R, 2009, 18(1): 57-
63.]

Ci D W, Zhang Z M, Ding H, et al. Evaluation and selec-
tion indices of salinity tolerance in peanut seedling [J].
Acta Ecologica Sinica, 2015, 35(3): 805-814. [ZE3(fH, 5k
B, VAL, S5 TR I ER A VR AN B 8 A i ik
[7]. 24K, 2015, 35(3): 805-814.]

Liu Q, Gao Y N, Liu X, ef al. Review on the mechanisms
of the response to salinity-alkalinity stress in plants [J].
Acta Ecologica Sinica, 2017, 37(16): 5565-5577. [XIf#,
e, MR, S R AT ER B AE ) e SLATL ) A A g
& 7). 2R, 2017, 37(16): 5565-5577.]

Wang L Y, Zhao K F. Some physiological response of
Zea mays under salt-stress [J]. Acta Agronomica Sinica,
2005, 31(2): 264-266. [ERI#E, BT K. KL &
Jolb 3y A BRI 7 [J]. 23K, 2005, 31(2): 264-266.]
Zhao F B, Wang L Q, Ji G H, et al. Effects of NaCl stress
on plant biology and MDA content of 3 submerged plants
[J1. Environmental Pollution & Control, 2012, 34(10):
40-44. [RAXGR, ENRIY, ZFmte, S SR ax 3Rk
TP F b B P v ) S BRI [0, PR
1595715, 2012, 34(10): 40-44.]

Liu J, Zhu J K. Proline accumulation and salt-stress-in-
duced gene expression in a salt-hypersensitive mutant of
Arabidopsis [J]. Plant Physiology, 1997, 114(2): 591-596.
Wang X M, Zhao X X, Chen J Y, et al. Effect of low salt
stress on several physiological and biochemical indica-
tors of five accessions of sea rice [J]. Chinese Journal of
Tropical Agriculture, 2018, 38(8): 1-6. [EJEM], R EH,
MR RH, &, G SR 1a XT SANIG K R b B A AL
FekREIRZm [T, POl RN, 2018, 38(8): 1-6.]


http://dx.doi.org/10.3969/j.issn.1000-2367.2007.03.034
http://dx.doi.org/10.3969/j.issn.1000-2367.2007.03.034
http://dx.doi.org/10.3969/j.issn.1000-2367.2007.03.034
http://dx.doi.org/10.3969/j.issn.1000-2367.2007.03.034
http://dx.doi.org/10.3969/j.issn.1000-2367.2007.03.034
http://dx.doi.org/10.3969/j.issn.1000-2367.2007.03.034
http://dx.doi.org/10.3969/j.issn.1000-2367.2007.03.034
http://dx.doi.org/10.3969/j.issn.1000-2367.2007.03.034
http://dx.doi.org/10.11686/cyxb20100411
http://dx.doi.org/10.3969/j.issn.1000-2324.2005.01.006
http://dx.doi.org/10.3969/j.issn.1000-2324.2005.01.006
http://dx.doi.org/10.3969/j.issn.1000-2324.2005.01.006
http://dx.doi.org/10.3969/j.issn.1000-2324.2005.01.006
http://dx.doi.org/10.3969/j.issn.1000-2324.2005.01.006
http://dx.doi.org/10.3969/j.issn.1000-2324.2005.01.006
http://dx.doi.org/10.3969/j.issn.1000-2324.2005.01.006
http://dx.doi.org/10.3969/j.issn.1000-2324.2005.01.006
http://dx.doi.org/10.3321/j.issn:1672-2043.2007.04.011
http://dx.doi.org/10.6048/j.issn.1001-4330.2011.11.023
http://dx.doi.org/10.3321/j.issn:1000-3207.2004.03.013
http://dx.doi.org/10.3969/j.issn.1674-5906.2009.01.011
http://dx.doi.org/10.3321/j.issn:0496-3490.2005.02.025
http://dx.doi.org/10.3969/j.issn.1001-3865.2012.10.009
http://dx.doi.org/10.3969/j.issn.1001-3865.2012.10.009
http://dx.doi.org/10.3969/j.issn.1000-2367.2007.03.034
http://dx.doi.org/10.3969/j.issn.1000-2367.2007.03.034
http://dx.doi.org/10.3969/j.issn.1000-2367.2007.03.034
http://dx.doi.org/10.3969/j.issn.1000-2367.2007.03.034
http://dx.doi.org/10.3969/j.issn.1000-2367.2007.03.034
http://dx.doi.org/10.3969/j.issn.1000-2367.2007.03.034
http://dx.doi.org/10.3969/j.issn.1000-2367.2007.03.034
http://dx.doi.org/10.3969/j.issn.1000-2367.2007.03.034
http://dx.doi.org/10.11686/cyxb20100411
http://dx.doi.org/10.3969/j.issn.1000-2324.2005.01.006
http://dx.doi.org/10.3969/j.issn.1000-2324.2005.01.006
http://dx.doi.org/10.3969/j.issn.1000-2324.2005.01.006
http://dx.doi.org/10.3969/j.issn.1000-2324.2005.01.006
http://dx.doi.org/10.3969/j.issn.1000-2324.2005.01.006
http://dx.doi.org/10.3969/j.issn.1000-2324.2005.01.006
http://dx.doi.org/10.3969/j.issn.1000-2324.2005.01.006
http://dx.doi.org/10.3969/j.issn.1000-2324.2005.01.006
http://dx.doi.org/10.3321/j.issn:1672-2043.2007.04.011
http://dx.doi.org/10.6048/j.issn.1001-4330.2011.11.023
http://dx.doi.org/10.3321/j.issn:1000-3207.2004.03.013
http://dx.doi.org/10.3969/j.issn.1674-5906.2009.01.011
http://dx.doi.org/10.3321/j.issn:0496-3490.2005.02.025
http://dx.doi.org/10.3969/j.issn.1001-3865.2012.10.009
http://dx.doi.org/10.3969/j.issn.1001-3865.2012.10.009

14 TN < i T R A6 P A PR LRI 221

[34] Xiao W, Jia H X, Pu L M. Studies on physiological index 2003, 75(3): 217-227.
of some halophytes [J]. Acta Botanica Boreali-Occi- [37] Zhang Y H, An'Y J, Zhu C, et al. Physiological effects of
dentalia Sinica, 2000, 20(5): 818-825. [ &, Tk, 7 dissolved inorganic carbon on common submerged mac-
Bl JURH SR AE AP ShAE B AR AT AT [7]. VEALAEY rophytes [J]. Acta Hydrobiologica Sinica, 2009, 33(6):
224K, 2000, 20(5): 818-825.] 1020-1030. [3K Z 8%, @A, KB, . KAETH KA

[35] Dou Y Y, Wang B Z, Zhang L, et al. Mitigtive effect of X LT AKAR AR KRN AE B R[], KA AR ZER,
HCO3-DIC on eutrophication stress on Vallisneria natans 2009, 33(6): 1020-1030.]
[J]. Ecology and Environment, 2008, 17(4): 1581-1585. [38] Zhang Y L, Wang X Y, Liu Y, et al. Effects of different
[EHH, FARE, 5k, 25 BRER SR L s FE U NPK fertilizer rates on the ion absorptoin and distribution
L (Vallisneria natans) P BWER [J]. £SHE, of reed canarygrass (Phalaris arundinacea) under salt
2008, 17(4): 1581-1585.] stress [J]. Acta Agrestia Sinica, 2014, 22(6): 1318-1323.

[36] Kahara S N, Vermaat J E. The effect of alkalinity on pho- [k, B, X, 5. Shha ™ 2B AN RS 5 5
tosynthesis-light curves and inorganic carbon extraction TS AR [J]. AR, 2014, 22(6): 1318-
capacity of freshwater macrophytes [J]. Aquatic Botany, 1323.]

STUDY ON PHYSIOLOGICAL REACTION OF CERATOPHYLLUM
DEMERSUM TO SALINITY AND ALKALINITY STRESS

LONG Yi-Nian"’, LU Rui"?, WANG Pei', LIN Li-Li"’, CHEN Yu-Hua"’, XIAO En-Rong' and WU Zhen-Bin'

(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan
430072, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. Wuhan University of
Technology, Wuhan 430070, China)

Abstract: As a representative lake in Momoge Wetland Reserve, White Crane Lake is facing the risk of salinization
and eutrophication.In order to slow down the salinization trend and provide research basis for the restoration of sub-
merged vegetation and survival of species diversity of White Crane Lake, this study investigated physiological indexes
of Ceratophyllum demersum in different alkalinity (0, 7, 10 and 17 mmol/L) and mixed saline-alkaline (salinity of 0.3,
0.6, 1, 2 and 4 g/L, corresponding alkalinity of 1.9, 3.8, 6.3, 12.6 and 25.2 mmol/L). The results showed that when the
salinity was below 1.5 g/L, alkalinity had no effect on C. demersum. Within the range of the alkalinity gradient set in
the experiment, C. demersum grown normally. Although C. demersum peroxidase (POD) and proline showed gradient
change, C. demersum was still able to tolerate the alkalinity conditions below 17 mmol/L. With the increase of mixed
saline-alkaline concentration, the growth of C. demersum showed a trend from flourish to decline. Under the condition
of salinity of 0.6 g/L and alkalinity of 3.8 mmol/L, C. demersum had the best growth with the high-promoting and low-
inhibiting ability. With the increase of salinity to 2 g/L and alkalinity to 12.6 mmol/L, C. demersum were under stress
and survived partially, and the POD content increased sharply and the difference between plants was large. When sali-
nity increased to 4 g/L and alkalinity reached 25.2 mmol/L, all C. demersum died after 21 days explained by the high
concentration of mixed saline-alkaline and the low removal rate of nitrogen and phosphorus that are negatively corre-
lated. This study provides reference for the restoration of submerged vegetation in salinized lakes.

Key words: Salt; Alkali; Stress; Ceratophyllum demersum; Momoge Wetland
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