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WE: [H]) EH M E T 22 (Phragmites australis)'5T83% (Suaeda glauca) F15¢ YR 5 YR MU . [72] KA ZHsL
55, WEEHIRESA 0%CGTIR) . 0.5%(CD)s 1%(C2)s 1.5%(C3)~ 2%(C4)s 2.5%(CS)FN 3.5%(C6), WIE = 25 S50 LT 1
MAERGEREGH AR IOCSE, AR, [455R] TR T8 5t R T 5 aR 7otk
L AN AR R 7 25 P B B gk & B SERR G R YD) A L 744 3808 28 (ETR) 28 338 55 Eh B g n &2 R Radh
FRTR] G HE SR EE S0 B b 7257 25 (0 A 3 5 RV 1 e KB (ETRmax) 5 T %4038 T C1. C2 Fl C3 4bFE FHsS% ¥ ETRmax {EAH
Lot B TR N . B 1R B K G2 3R (F/F,)TE CS R C6 AbFE R 5T I BhyR N, H YDA ETR HE%
N fEus NS, HISTE C3 I EER A KB . 72 A K R H (g p) BB ERIR BESG BT T B, el 2 K RE(NPQ)
BE L IgE S #h B I RS THE RIS . T gp A1 NPQ [E B IS $h i Iy 2 eM 5Tk h . ERIRERIIET, %
1) NPQ {H4iE3] 0.6 UL, mTi8iE. 28 EATR, ShMmRam 7 A Empta ammam, R gm T ea b rLiE, %
RIERERE AR . AT, RIRFE SR ERERIE Y G AR A B, (REEXERERIMRIS, I A T s T iy E R
A AN G A R I P TR RO DG RE LUR OGS 45 MAS TR IR R e ) S5

KB P BE: NG OR: HERIOLSH

Effects of salt stress on chlorophyll fluorescence characteristics of Phragmites australis and
Suaeda glauca

Abstract: [Objective] The aim of this study was to clarify the fluorescence characteristics and photoprotection mechanism of
Phragmites australis and Suaeda glauca under salt stress. [ Method] The pot experiment was conducted with seedlings. The salt
concentrations of 0% (control), 0.5% (C1), 1% (C2), 1.5% (C3), 2% (C4), 2.5% (C5) and 3.5% (C6) were set to measure the
photosynthetic pigment contents and chlorophyll fluorescence parameters of P. australis and S. glauca seedlings, with subsequent
analysis of their changes. [Result] The photosynthetic pigment contents and chlorophyll fluorescence parameters of P. australis
and S. glauca had different changes under salt stress. Specifically, the photosynthetic pigment contents, actual photosynthetic
efficiency [Y(II)], and electron transport rate (ETR) of P. australis leaves decreased with increasing soil salt content. Under the same
light intensity, the potential maximum value of electron transport efficiency (ETRmax) of P. australis in control was higher than
those in other treatments. The ETRmax of S. glauca in the C1, C2, and C3 treatments increased compared to the control. The
maximum photochemical efficiency (F,/F,,) of S. glauca under C5 and C6 treatments were significantly lower than that of the
control. With the increase of salt concentration, the Y(II) and ETR values increased first and then decreased, and both had maximum
values at C3 treatment. The photochemical quenching coefficient (¢p) of P. australis gradually decreased with the increase of salt
concentration, while the non-photochemical quenching coefficient (NPQ) tended to increase and then decreased. Both gp and NPQ
values of S. glauca showed a decreasing and then increasing trend with the increase of soil salinity. Under different salt
concentrations, NPQ of P. australis was above 0.6, which was higher than that of S. glauca. In conclusion, the imposition of salt
stress inhibited the synthesis of photosynthetic pigments, affected photosynthetic electron transport, and lowered light energy
conversion efficiency in P. australis seedlings. Conversely, low salinity stress in S. glauca could promote photosynthetic pigment
synthesis, facilitate light energy absorption, and enhance electron transport rate. Nevertheless, high concentration of salt stress can
inhibit photosynthetic electron transport. P australis has a stronger ability to dissipate excess light energy as heat to protect
photosynthetic structures from damage.

Key words: Phragmites australis; Suaeda glauca; photosynthetic pigments; chlorophyll fluorescence parameters
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WL H 25, MR R AL (1R A 2021), PIRh 2 AENE IR S BUES KRG R E MR Y
(Loreau % 2001; Herbert & 2015). [At, % & 1E & R A R T SCE R A ST, A 8006E

R SRR YL AR RCR (£ RS 2021), MEDEEERERGFMPIOL & B RS M, HEY
WG RGETE, BIAOGENN, FEUEVROGRRFEAE . oA BRI GA i 8% R (R A 4%
2021; L4 usF 2013). JeE RS E D 0T DL EE S EOL A E R BN A 35 2017; Bl % 2008),
LA B RS ENEIRA RS2 R G B 15855 . A AT L s B B 1 2 GRS B
18(Zhang & 2019), M 283 5% 68 T HARMON I TP 6 G AF B Pus . TEHRE (T <712 1999),
B FH TR TEAEE W 8 56 1E T 16 & 4F FI4F1E (Osipova 45 2019). 4 A] LLE B0 PSSz b JE 4k
AR R R 3 BT 3 R P40 5 (R AR S 2017 29345 2017). (HIX MR AE IAEAE— 2 IRIE, Hihia
IR B S, ARG SR 24, HE I TR T AR UL % RE 1 e 2 32 2 0]
(Shin % 2020).

74 2 (Phragmites australis)-5 3% (Suaeda glauca) & V1 75 Vi LR e (1) 3 ZEAR F5 A B = SR 55 2018).
72 T I R A T R R [ B AT £h 1 (Vasquez £ 2005);  BRENE N B E A R B ORI R,
TR R 4 o B (FK AL 7245 2007;  Yang £F 2008). AR KX P AN YDA EE AR Rl NAR T B S, TR
VIR R A B — AR R P IR (EUE%5 2020; FHEFIXILL T 2014; SKAEECEALAKH] 2018), Rk & 16 il
oo SEERVIFPZFEVEIATEIEBE. WA T EA R SR IE R A I SEE S R VO S UM AR ERE, MO A
RE 100 A0 FE AR FURE D T 35, VLT3 Ve A P A2 0 0 B AL B L L A HE N R AR i A%

1 R5RHE
11 R SR e A0

2022 4 3 A 5 H#EF HE 500EM T, 5 H iR KRI— 8 8 im# R2 K BR 28
FREEAIE 5-10 Bk, METOAHIE - 5EFRLE LLIRA. 7 H 15 Hilt Tilth (NaCD &b#E, Lk 7 MEhE
BEEE: 0%(XFHE). 0.5%(C1). 1%(C2). 1.5%(C3). 2%(C4). 2.5%(C5)A1 3.5%(C6). 8 H 13 HillE A~ [F LR
i R R RO IS e RS &

1.2 XEBREAENE

K66 FE T E R 45 2% a(Chla). 4¢3 b(Chl b) FI2SEH % N & (Can & &E. U
Fro EREMKGERE, RIET 5% LR, BEE TEE IR EOLIR IR 48 h(H Rk H), BJafE
K 665 nm. 649 nm A1 470 nm FillE WG E I RS ABERS R,

1.3 HEFZERASENE

A5 A4 2 8 1) i 43 R 986X PAM-2500 (F22[E WALZ 24 8))ill5E 43278 28 MY eI 3 R
SR REBEAT 780 IR IE N, PRI 52 ) 8] A 22:00-2:00, 78 B A5 AE TR 363 B e B AT AR v
FIH P E B IR 2 a % T2 E gk, e RS N(PSH) &R E &% FviFm= (Fm-Fo )/Fm.
PSI SZBRE A ZCRLY (D] R TFALHE R (ETR). S22 K 2E(qp) FlAE el 22 3 K R E(NPQ). 1
MEFH LT, BRSO IER Fm f1 Fo IIE Yerh 2k, W B IBIMMEREEE, 46k
B HRSGIT R] )y 10s, I EEPudSema 2k, Sfadb T il G . T SR R e oK T AL
ORI A, K BARPDOEREEE: PR GG 2588 0. 14, 40, 71, 104. 140,
186. 248. 330. 551. 846 11193 umolm-2 s-1; fif3% A~ 0. 14. 40. 71. 104. 140. 186. 248. 330.
551. 846. 1193. 1736 12563 umolm-2s-1. Fm. Fo 735 9 id B 5 B K 98 A8 A e /N5 Yo Af

2 SLIGEER
2.1 FREEREHME TEML A& RS BOTW
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R 1 Aa, BEE LIRS RN, YA SRR av MHARER b IS P RS R 2 TRER.
TEEHEXIIEET 1%, ARG REFH D, SRS IR 2.5%M 3.5%0, M ZRDE
GORGEERYALRE, AHENRAZRTZE, SXHHEL, LEEEERN 1%, 1.5%F 2%, Chl
a RSN NI T 62.4%. 72.7%71 66.6%, Chlb &7 T 66.5%. 61.0%F1 72.5%, Car &7l
P& T 59.4%. 70.0%F1 68.0%. =ANAbBHEZEFAEE, HESXHERYEE.

=1 FERWETEESHENLECRESE
Tablel Photosynthetic pigment content of Phragmites australis and Suaeda glauca under different salt stress

R WK a SR Dﬁ%%? bq%\% KHE bERETE HRRadE ﬂJré;%%gmb@ﬁ% K bREE
/Img gt /mg g* Img gt /mg gt /mg gt /mg gt

SR 3.44230.457° 147740113 0.4660.082° 1.53320.183%*  0.881+0.102% 0.08540.022°
Cl  2.76040.097°  1.14420.048° 0.40140.053? 0.80140.153°  0.403+0.063" 0.08140.020°
C2  1.29530.120°  0.49520.038% 0.189+0.030° 1.59620.204%  0.761+40.133? 0.13640.010°
C3  0.938#0.243°  0.57520.134° 0.14020.063™ 1.91540.146°  0.9180.073° 0.12940.015%
C4  1.15120.409°  0.40720.151°  0.14940.088™ 1.39620.035°  0.790+0.018 0.05020.012°
C5  0.54740.199°  0.26120.105° 0.06040.017™ 0.51140.078°  0.26320.039° 0.04840.013°
C6  0.00240.003°  0.00020.003¢ 0.01620.002° 0.91020.048°  0.39120.021° 0.11240.011%

F: FRNNEFEBRRE—IERARLEZBESREZ (P<0.05), F2[E.
TEMEYOCA R S EREER LR R T m 2 e T G PR A (R 1) SxiAELL, ks
N 1.5%H), Chla 5 Chlb & &E&HE: 4 HHENT 19.9%F1 4.0%, HZERANEE. 4F 4 C1. C5 fl C6

Al Chla 5 Chlb SREEFRALZE, HEHAMEHERYEE. LRSS EN 1%, HEE Car SHEKH,
BEE T,

P LA AL, PN AR SRS IR RINE TR, ET SR LR RS
PR, RAeTHEREMES . BARRE, TESHRERCN A EN SR LR THE; MELESR
B, WOENSRBERH ST AR AR T3S SH0E SR B AT R AR
A CLALFETR, MEHSRSELDE R THE. £ C2. C3AC4 LB HEHGRSER TN, HE
RARE. 76 C6 BT, EHSRSERESTH Y., XU, ELIESSRERENEN FHZERLR
Bl 4 B R 1 6 RS PR I SR R R

6 L 17%
/] Wi
5_%
a
4 —+
a
3N b a &
a
21 } a a 2
b a
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: 2 s
0 bﬂ

bogii C1 Cc2 C3 C4 C5 cé

BB R
1 TEEME TAESRENHZEREE
Fig.1The total chlorophyll content between Phragmites australis and Suaeda glauca under different salt stress
F: ARNEFRRRE—LIE T AMEYIEZEREE(P<0.05).
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2.2 NENKEEIE THEMIEN N L i T

FWGE HL T 3% % (photosynthetic electron transport rate, ETR) e I SZBR G TR T A2 WL 145 3 2%
o ETRmax N PRI R RME, o A HTZA) GG R S AR S RE A R o H P 25 0l i 3
2R () 2)nr s, fE& L EERIIE T, BEYG G A 0GR IG5, AR H T T 3 R AT B R G
RIGiEWa TRE. MY T4 A ETR ¥ TARFEZL, ETRmax B35 135 £ e F2 5 in
SRR T REBE(E 2). ARSI NI B AE RO AR R DA E . J6iRA 1193 umol m? s
LI, XL C1 AT C2 AR IE BB K TR A C3. C4 Al C5 A MI{E 58y 846 pmol m2 51
I B oK AL, I REYERRI N ETR A RT FRE. BiEH 2R e S80S HE M ke /1 T k%,
A BT AL I FE 2 R B2 M . R 2 TN, CK AU e TAE R 5O RE R R i . SR
C3 Wb¥Ef ETRmax ZR AR, HHAWHER T,

ETR

0 ' I . I 1 . 1
0 186 330 551 846 1193

K& BHEEST /umol m? st
[ 2 EIELANE T A3 B0 PRI SN R 2%
Fig.2 Rapid Light Curve of Phragmites australis under different salt stress

E: fE Co BETAEMAXRETHEEZERLRNESERTLEY, TR,

P 3 A% 2 a5, 7EHIES HE N 0.5%. 1%A1 1.5%0, [FDGHE SR N HAE YR W 7155 50%
B T AR, ETRmax (A LB 2 50T 1 1 8.3%. 4.3%A1 4.0%; 435 & 1.5%, o Rk,
UMK ERIR R IO A A58, $EEDBRERI FRCE, (RsE e A E A kT . 2 LIRS a1
% 2.5%F1 3.5%HT, H ETRmax {EAH L @4 (CL) - BIBEK T 27.3% 1 43.7%, ZESFTE. E&WIaE
T, BIEY SO TE AR R Y m T .

. v C3
100 |- P S A o c4
= — e < cs

" > Co

75 - | ) —— - —
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s0- S
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ETR
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K& BHEESH/ umol - m2 7
3 IR I8 TSR R R S 5 2%
Fig.3 Rapid Light Curve of Suaeda glauca under different salt stress
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% 2 TEEET ETRmax # o EHEWL
Table2 Changes of ETRmax and o values under different salt stress

i ETRmax o
i TloE o] ges

W& 50.88+1.92° 9596+1.90° 0.3620.01° 0.3340.01°
Cl  42.5640.43° 103.88+1.95* 0.3340.01° 0.34#0.01°
C2  40.5840.68° 100.0843.39* 0.3540.01 0.3240.01°
C3  46.53+1.49% 09.7842.64*° (0.3440.01®®  0.3530°
C4  32.58+1.58° 85.92+46.54° (0.3440.01®°  0.33)°
C5  39.2543.45° 77.07+11.69° 0.32#0.02° 0.3320.01°
Cé — 60.08=-10.17" — 0.31+40.03

2.3 PSI| RGN EME FRIEEREMNTHL

P 4-ATTHL, P PSIH e K6k 2 R (FWIFm)AE C2 AbBE R A fc KM, H 5%, C1 Al C4
RIS . SXTHAHEL, C3 A1 C5 FFEME 77y 1.4%H1 2.4%. 18 4-C MIE b, J53EHJ PSII
SRR A BCRLY ()] A AR 3 3 R (ETR) BRI A X HE>C3>C2>C1>C5>C4, [ifi i 1A F2 FE N il £ 5218
TR . SXAHEL, C3 AL TR Y ETR 435 T 4.4%F1 4.3%, ZFAEE, Hibabwz
FRE. UHHTE LSS B 1L5%E, M b G ReR 2 ia i, LIRS SR T 1.5%,
I AR 52 184 0 7 2 06 A AR B 852 BT
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70 t
25 b L + b b b b b
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&
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4 EREMEXEEFIESEN F/F,» YADFL ETR BISZ0R
Fig.4 Effects of salt stress on F,/F,, Y(II) and ETR of Phragmites australis and Suaeda glauca
F: A CHESHAEEM F/F,. YADA ETR; B. DM F 554 EMN F/F,» YADFA ETR. FRIKNEFERRE
— IR EAIRE E R EE(P<0.05).

tHE 4-B. D. FrlEH, BEEREERAEENE N, Bzt &80 w2 238 n 5 k&3,
HI7E C3 A EEE B KAE,  UEHE B SR Mha G B T 6 & - T o BiEEM i e Ko 30%
(FV/F)TE C3 MBS X RRIF T 2R C5. C6 AHL) Fo/F, A EL X B A FRAK T 23.7%F1 34.7%, ZE5
BE. BE YA ETR BAMFEIM S W7E C3 AR, H5 3y i FR I b #RI T i 8] 6 2
EVER, TS HEIXD 2%/E, BRI YADM ETR B8 N, 5 C3 AL, Cc4. C5 Al
C6 ALFRR YAD A ETR fH 205 FBE T 20.5% 22.8%- 28.4%F120.4%. 22.7%. 28.3%, Z5FR3.

SRRE, EARLET, W0 PSI LR & 8F S B TR BB EEAR —3. E
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ERIRFEG N, P YDA ETR K2 T R&S, misEr YA ETR {H5% BTG TR
2.4 PS Il R AU FERREERUFERRHTK

MBS, BEERIREESEM, PR K RB(qP) ek B RS . C3 AR R T
0.7%, ZRARE. C2. C4 M C5 B XI5 TR T 10.9%. 18.6%F1 19.2%, ZREE. £ C3
AL FENE 2 PSIT ) HEL AL IS I MRS AR E, 1) C2. C4 A1 C5 AbFEW] Sk 55 1 PSII ) HL AL 3035 1 .
PR K R E(NPQ) il BRI BE G Ik A TH R % . C1. C2. C3 F1 C4 DY/ 4k fa) 2=
RAERE, HNPQ MLX A AFRFEE IR, 757008: 28.3% 21.6%. 34.9%F1 24.7%, HZEFE
. RTEIEWIE T, PR R PSIT i % 58I S e b0 42 DA T2 3R A2 AN R 2 B2 1) RE I DAL
PHEMI AN . C5 AHE R NPQ X FPE T 3.8%, ULEHTE SRS MMNE R, M LRATHEZ
TR, Hod G Re AR BRE 71 R P

A B
08 a a 0.7+ a
07k ab b Ea ab
0.6 ] —— b b 06fab = ab ab ab
el R EENEENS
0.4] 04
= 03l 0.34
0.2 0.24
0.1 0.1
00 |p 1 L I i I 00 L 1 1 i 1 | 1
%18 C1 C2 C3 C4 C5 5t# C1 €2 C3 C4 C5 C6
C D
0.6
1.2} X a 2 a
1.0¢ _I_ ab + ab OAS_“[ i a +
NS o oall
O‘0,8— e a
O B 0.3 4
> 06 L
0.4 0.2}
0.2 0.14
0.0

X% C1 C2 C3 C4 C5 XEC1 C2 C3 C4 C5 C6
ERBNBHE R
& 5 BT AEFER qp 71 NPQ FIFZME
Fig.5 Effects of salt stress on qp and NPQ of Phragmites australis and Suaeda glauca

WE: AL C NP qp 1 NPQ; By D AEERT qp 1 NPQ.

WEN qP BE LIRS IR E N I BE M EA S, WIRE Cl. C2 Fl C3 BRI 2 R A RE . C4 A
C5 bR qP BRI T B T 15.5%H01 5.9%, BLHILE C4 F1 C5 AL Nz PSIL S O R T IBORE FE %
fik. HH, C4 B RHIE PSII W TALE G B N, Co BT qP BB prilin, HESAR
F. UL R ia T e R AR g sR T BRI RE T, M 2R R TR EE FH DURIE B S A
Ko BEERIRIERIN, TGEM NPQ 2 e 5T . A AR NPQ HERAREE, KUITERMIET
B T I 1S N AFE R LAORA PSIT SO H 0 B 52 BRIV E AN B2 . ST RAEE, C1. C2. C3 Al C4 435l
TFET 12.8%. 27.4%. 34.6%F1 21.9%. i B FDG e LR IE AR L T . 855 qP AR ILTS
L, £ Cl. C2 Al C3 AFRN, HhFpiaxt il PSIT S A0 B2 ANBH R, s oz Re % i B A SR e I FK
RETE Z M T AL, DD ERERUR . 18 C4 AR, PSIT SN P O A FF EORE FE e 0o B R % ] g
S I FDE R AR L. 1T Y 4 SR EA B 2.5% 1 3.5%KF, qP A1 NPQ B, Ui BH & #h Wi ) R
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IR T AR TTRE ST, WRICE 2 R RE TR & A IR i i ot B SRR LR 6 R AL RIE H
Ak,
3 Wig

MEERRMEWIAT S EER R, S50 EMAT RIS, K s R0 RB T Y
PVAERARDL . 2R3 & S T B DU PE Y B 24565 2 — (Galicia-Campos 55 2022). KHEHEY b R BEKR
WrbRefk b R 1, FHES R PR B EEAEH . AR TR, A RO A RS EM LIRS
EhEI NS R R, MREE N Ak BT S BRI S  RIREE B A B O A B RS B A
e S, (HEEERIREMINS E A AEERTREE TR, WIS ORERZEME, &
AR AR S IR AR . XIGE SR UL, — IR FE R B vl R OE T AR AL, B0 T &
FOKMBERENE, R T A BRNEG K, M SRESRpESMEeEaREGm, FHEERER
%, X 5 X FTHRA%E(2019) IR 7845 B A — .

ANTRI A FEE 5 38 R 75 35 S0 (i B 2R, B8 S WA 1K AV FH g 6t 6B AR A 1) e R A B
Fv/Fm W PSIT R Ui KOG RERE 0% s YD AT LA PSIT S R HH 823 55 B 1 Sz JR A0 ' g
FHERRCR, MR SEhRCSBCER IR ETR FRAESZhR GRS N R B A& 8508 . W B3
B2 Fv/Fm. Y(IDF1 ETR 1 FEAR(F B A5 2022 B3R REE 2022).

AT, [FEER R R 2B ) ETR 335 1% 3003, ETRmax fl o ¥ 95 KA. BE$hk 1Y
L, AR YD), ETR Fl qP {AEVA R N . qP 7£— 2R b RE I PSIL S B i (1 FF TR BE A
BTN R, Ui B SRR AR T S AR SSRGS BT AR A, S PSTL RN H O T TSR P
K, FECT AR SRR, TG AR RS . R AT DUIE I 5 780 09 0% B DAARIR % 2URE
FLUEEAT B R AR, NPQ J2& PSI R 2k (5 3 WU 6 AN RE Tt A v -5 3 i DAFABE (1 T R Hicks 1) 30
73, J& PSIL B—Fh B IRARA LI (Shin 55 2020). 7 25 1) NPQ B FE 2RI BE I In 56 TH G By, Wl
FIE S FEHOL R RE LR S BE R A BRI, s wid |, RS AT REZ BN, Xt
TG BE BB AR 70 9555 o

AT, WEAA S EARREDERE. C1. C2 1 C3 4 F ETRmax Y& T4, YDA
ETR {HBA N, HERAEE. £ C3 AFH, FvFm. YDA ETR EHBH AR H K. HHHEKE,
C4. C5 F1 C6 AbFEFF Y(I)F1 ETR {22 FF%; C5 1 C6 AbFErF Fv/Fm (XK T 0.6, JEREFIMCR E%
BERAE, AR SEAMHII R (R K R 2011). 156 B 25 et BE (2 A ez hnblxt S e SR, 4w
PSI & B HCiE M, INTR TR I ik B Sh i 2 RO & PR ik, BE& A eihl. i
(1) NPQ A AN 25, 1 BAE £h Wi T ol 8 385 I AFE R LLOR S PS T B2 A0 B VE AN BR &2

4 &t

gibpnd, fEEMET, FEMEERDLE AR EE SRR IOCERNE AR RE. S
BRHFEENREGERSEEE N, PSI M HO IR L, IR GRE R A SR AL A H
TARIE T o GRS I8 R 2 35 AT DUE 3G i Ft R PAEBCCA IR IOC SN, 2 3R s Lk
FERLRE D N . XIEIN F, (RKRESRHEX e G AR S B S5 ME B AHEE KA R, £ EkE
AR AR T AR IR I PSIT VS 1, 10 BA B BRI AR R e T R FE R R A 22 51 RO G LT
fE3E 5200, FEPSIT B A RTEECOCH, 7 AU (Malnoé2018)
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