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Influence of three types of salt stress on photosynthesis in Spartina alterniflora and Phragmites
australis
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Abstract

Aims The invasion of Spartina alterniflora has imposed significant influences on structure and functioning of
coastal saltmarshes. The Spartina marsh has been found to contain relatively higher sulfur content than the
adjacent native Phragmites marsh. This research is aimed to investigate if sulfur helps with S. alterniflora in
competition over Phragmites australis.

Methods Seedlings of S. alterniflora and P. australis were grown in an imitated mesocosm on the campus of
Nanjing University. Three common salts of the sea water, Na,SO,4, Na,S and NaCl were respectively added to the
cultural medium. Light response curves of the plants before and during the four days of treatments were obtained
by measuring gas exchange with varying light levels. Maximum quantum yield of photosynthesis 11 (PSII) and
light induction curves were also measured by chlorophyll fluorescence analysis.

Important findings Among the three salts, Na,S caused the greatest difference in the response of photosynthesis
between S. alterniflora and P. australis, and Na,SO,4 had the least effect. The Na,S treatment significantly in-
creased net photosynthetic rate (P,) and light saturation point (lsy) in S. alterniflora, but decreased P, in P. aus-
tralis. The NaCl treatment also increased P, in S. alterniflora to a less degree and decreased Py, in P. australis. The
Na,SO, treatment had little effect on P, in both S. alterniflora and P. australis. The non-photochemical quenching
(NPQ) in P. australis were promoted by all three salts, whereas it was only affected by Na,S and NaCl in S. al-
terniflora. Our results suggest that S. alterniflora has significantly greater tolerance to sulfate and sulfide than P.
australis. Therefore, sulfuric compounds and especially sulfide in saltmarsh environments might benefit the com-
petition of S. alterniflora over P. australis, which could contribute to the formation of the mono-specific vegeta-
tion of the invasive S. alterniflora.
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W NARAE NI AE R A BRAE S IR AL —
HEHH 7, WNAESRGMEEH SR L RN
{8 RN 5% (1) R R = A 1 2 2 52w (Arim et al.,
2006) . FMRA)FhiE L A] 35 4 B 4 B AL O T
BENAR ) AW 22 REPERFAE, AT A Y2k 25 A2 A7
ZE 1A, MR X3 T 2 AR BRI 22 B, 4
SHAES RGBS AT RE I HEFR S 1%
g, 7 EE M X 48 AR 45 %2 42 (Belnap et al.,, 2005;
Hulme et al., 2009)

H {¥ K (Spartina alterniflora) /& R ARl —Fh %
AR, AT T R TSI T T 2
AT 2 TA) ) R TR DA BT S a2 P i = T
BRI R EA63R, AnE R L
P36 [E 1 2 BLIA M e S5 V8 BHE A v A tkAk, R
TR T HRMENERE WO T
K, ZPPEEE TR AR, HEEZ A
Bl 5 R0 Hb X B N AR ] A1 ) A5 i 3 (Daehler &
Strong, 1996; Anttila et al., 1998; An et al., 2007;
Renny-Byfield et al., 2010). % T H.16 K E7E (R M
R AR TR IE R AN 2 R AT T R A, FRE
T1979F WL E 51 T2 (T HAR A&
MAEFY BRE 71, EMI30Z FEH, P K%
W E AR TRER RN, ok A SO RN
Wz & 7 ORE MR AR, R [ MR R
(Phragmites australis) — ¥ B * (Scirpus X
mariqueter) & 1% 5% 4+ 55 (Chung, 2006; Zhou et al.,
2009). HAl, HARLKECHESIANIRE E#IMSRANR
ViR B, MR 12 PE AR ) iR b
A BACK )7 A (B b 55, 2004; X8 H K %%,
2006; T IHP4E, 2006).

HICKREERRKERBES KGRI
12, B 7 5k N KES) T (BREA =5 M
TR ) IR R4, 5 2R A & % 37
58 PR IS SRR 1A K, A0 HARK B TR K b
TEL P 235 4 AR A B A B (7 B ORISR IR, 2009; £
W4, 2010), HACK N BRI R 32 1 S5 (i
%, 2009; HHESE, 2011). TSR, MOREZ KR IT

TR, FACKFLNS E6 78 PRI e B 35 B i 35
(% LANaCIAEALL) b, ABLF- B A 30 3o i 3 )i
% . Seliskar<%:(2004) & AL BT i 7T 15 M #h A AP 40
B, BACK BRI A 0 32 M 55, T0.4-0.9
mmol- L™ BRI Bh T HLAEK B 1 2 (K55 4
Stribling (1997) FIAF 7 U 5k 7R B A% K B0 i i 36 2.
BRI TR R, HARR RIS PO BRI #h ik B2 i) b
FHE R R s it FRATTHT I BB 7t s HAE K
LML BB A B v T AT M P AN B
(Suaeda salsa)#E(Zhou et al., 2009), ifij H H A K5
UL 2R GE T AR ol 2ok R v 1 1 g 5
R SCHEEE, 2011). T2 R 2 AR PR
T FEE Ry, B EACK BN S A R
& NALH 7S AR 1% R G 8 ko A
S

B AR FH A e S A A e B A 1 A BRAR I 2 —
AR LALI-COR. CIRASNALE K& SR e
for I B LA K APAM 9 AR 3R I i & 35 ¢ s 7 i
BCH a B, OO S RTE &0 0
BERCH R BRI R B, 2001; REE4ZE, 2006; #Hk
&, 2010). 1FNCHEY), HALKEIEE BRI
AT CotE P36 - AT ET A TAE IR, &k
WE T HACKE LG EEP)RE S T F
(Zhou et al., 2014) . {HFRATT 1 AN I 2 i %oF 5 F A 4
HeAAE A2 R . B AMUA 9 Skt R ks
TR BAGKE A K ARSI G, TR K
FAE 38 4% e WL (Stribling, 1997; Seliskar et
al., 2004) . 7555 ik BOE A L & AL A
Na; SO, MINaSHFAT AU 7T . A X NaCIEL AL 7
MIHRIE DR 2 (R8T fisk HofE, 1999; Zhou et
al., 2014), ARSI 0K 15 B % Na" BE /K i [FINaCl
AT LR IR SO A AR A H 2 HOR i 4%
ORI MR AR, BB AE B ALK B AN
FEIEPR—RGAEARIR, IHMEE %
22 BE A 7 R VE PR B X BAR KR B P A S A
SO IRAR, DN A T R AR B AEOK B AR AL B2
Bl AR -
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1 MRFFEE
1.1 SEIeMR

HAEK B2 D) T4 AWK AL 95 2R 80T
TS E 5 AR ORI X . BT ABE FC 1500, %M L AEK
FMERD P A MR R SR A & i (11459 +
109.2) pg-gF1(815.3 + 14.9) pg-g~, MHKELE N
2.95%-3.22% (Zhou et al., 2009). % [[l {4 (Fk =
10-15 cm, 75 cmZ& AR, A7 JE )R AT 518
cm. EAR21 cmfE IR, 45k, LUInER
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FEANTEN LK A ERF1% 22 A T 2R
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FUEAKTT-8H, kI KB A5
(¥ B AR R P S AR AT A B S 00 . AT TR
IF B FLAE K B 7% 25 $ AT iR 3250 mmol- L™ #IN@S,
AR N ST AT, T AR % NaySO,
FINaCIIH 32 58 T NapS (PESCaess:, 2011).
A SZES 43 %I BA50 mmol-LfNa,S0,. Na,Sa{100
mmol- L INaCIVAR be#E, 75150 mL, 4FFixbs
FRIANEE TR 2RI e R R, S
Sttt Ay, BRI R — R AL [ R ), 5 E
EREALFRAIRGEL hAE, DURE R — R A A B AT
BE I BE24 hfE s i o SEBGE BX M T 7] R 283 78
SRR BEATARC, 7 1 R 0 h AL B R S I
Feflixof R EE 10 Jday 0, Eh LTS 14K P X AH
[ R BRI HER G E 5% A day 1- 4.
1.3 MEHZE
131 SHRH™SENE

FIFHCIRAS-IMEHE RO AVE I E RS (PP Sys-
tem, Hertfordshire, UK)WllE Y160 it e .t
H 400 IR (LED)##10-2 000 pumol-m™2-s ™l 5E
5, 4EHF400 pmol-mol™ COLIKE, MIEIRE28 C. £
B IR BHREE JFICFPAE, 2 Hema e . R
i 2815 IE BRI B e A i S R (4.1.0), 95
BRKEETE R (Prax) s VAR TR (o) SR
(bsa) FHOEAME R (1) (73R 58, 2007, 2008).
132 MRHFRHASENZE

R 3t 1 48 X 1 - 4 K 98 6 X MINI-PAM
(WALZ, Effeltrich, Germany), 7£_Ei&ill5E CO, S /&
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S SHOT B AR RO B AT . RS & B
30 minjg, MEHRGN (PSR KEFF=HF/Fr
= (Fm — Fo)/Fmo FIFH A B H 36N 2 5615 5 il
28, THHEPSIE R T & dpsn = (Fn' — F)/Fr', Ot
WA Kge = (Fr' — FOI(Fm’ — Fo), AEeALE8K
NPQ = (Fm — Fn)/Fr's NH, Fr'« Fed3 AR 6 3E B ik
FEH LRI A RN SE R 58 6l Fo A6iE M 2
IR/ NRIGE, Fos Fod il I I B 5 e K 986G 1E
Fse /N e AE (Maxwell & Johnson, 2000).
14 ZIHHRGIT

FIFHSPSS 18.0%4f 7 4 A% 1 ik 2 £t 47
Gtk . SR LR R 5 22 43 A Al Duncan A 46 L3R
FEA ]S B {1 26 AH G S HOI 2 3% 0 S8 s =
EEN, Mp < 0.05K N NER R . TS
AR P BME AR ER 2, n = 3. SKHOriginPro 8.5
B e ER, A EIZIEN, B A IR .
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50 mmol-L ™' f{INa,SO, kb B J5, H ALK E L&
AR BN S R S . BAE KR
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11% (3R1). NapSOLMLER 5 H ALK FL Rl e 112 A
G R EM (2, £3). HEIMFHFLE, 4
HE IR BEACK AR T T732% (p <
0.05), < J&bifi% I 8] (R 4E KA T Bl 7, (HE B4R
AT AL B T (64) 6

HH ) 34 B2 1) Nap SO Ak B X6} 77 26 e B S AR 28 #1
WA I FH o R FRFS AR PN 35 e o7 i 2 A Ah B
HIASAL AN B S (BI1B) o (RSB S AT 7 m) I AL B 5 7
5 Pmax B T 2%-9% (F1). [FE 16K B AL,
NaySO A HE 5 7 2 afil I th 70 15 25 A8 1k (%62, #3),
{HIA A BERT R BE T 17%-39% (p < 0.05, %4).
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HELNIE FBE(p < 0.05, #5), ZJGF/Fn
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Fig. 1

Influence of Na,SO,4 on net photosynthetic rate (A, B), quantum yield of PSII (C, D), photochemical quenching (E, F) and

non-photochemical quenching (G, H) in Spartina alterniflora and Phragmites australis.
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R AR ERALEEX ALK SR 2 5ok & R A2 (umol-m2.s7) CRIME£ARAEIR ZE, n = 3)
Table 1

2 1

Influence of different salt treatments on maximum net photosynthetic rate in Spartina alterniflora and Phragmites australis (umol-m™:s™) (mean %

SE,n=3)
SEIEPN A HAEKHE S, alterniflora 72 P. australis
Day after treatment
Na,SO,4 Na,S NaCl Na,SO,4 Na,S NaCl
0 19.92 + 1.44° 21.25+0.58% 16.53 + 1.33° 17.89 + 1.90° 17.98 + 2.50° 15.65 + 0.24°
1 18.43 + 1.30° 2361+ 167 16.16 + 0.91° 16.36 + 2.75° 14.03 + 3.19° 15.76 + 2.20°
2 18.67 + 1.80° 25.39+1.16" 18.11 + 1.48° 16.81 +2.21° 15.08 + 2.52° 14,54 +0.12°
3 20.36 + 1.12° 24.41 +0.58% 19.33 + 1.42° 17.47 £2.27° 13.54 +2.43° 13.07 + 1.44°
4 22.07 + 2.05% 26.11+0.43° 17.60 + 1.31° 16.93 + 2.42° 11.64 + 3.81° 12.42 +1.07°
I+ 51 5030 170 SR ) B0 IR 3R 22 43 M Al Duncank@ 36, AS[Rl R 2 7+ B3 (p < 0.05)
One-way ANOVAs and Duncan tests were used within the same column of data; different letters indicate significant differences (p < 0.05).
2 R AR AR SR E A BT RCR IO CE A bR AE R %, n = 3)
Table 2 Influence of different salt treatments on initial quantum yield in Spartina alterniflora and Phragmites australis (mean + SE, n = 3)
VSEIEPR HAEKE S, alterniflora 7% P. australis
Day after treatment
Na,SO,4 Na,S NaCl Na,SO,4 Na,S NaCl
0 0.048 + 0.004° 0.050 + 0.001° 0.041 + 0.000° 0.038 + 0.003° 0.037 + 0.001° 0.036 + 0.002%°
1 0.047 + 0.002° 0.045 + 0.002% 0.045 + 0.000% 0.039 + 0.001° 0.026 + 0.005° 0.038 + 0.002%°
2 0.048 + 0.004° 0.040 + 0.002° 0.043 + 0.003% 0.039 + 0.004° 0.028 + 0.005° 0.034 + 0.003°
3 0.054 + 0.002° 0.042 + 0.003% 0.045 + 0.003% 0.038 + 0.003° 0.030 + 0.006° 0.041 + 0.001°
4 0.050 + 0.001° 0.046 + 0.003® 0.050 + 0.003" 0.037 +0.001° 0.027 + 0.006° 0.038 + 0.001%*
[ B B4 18] SR FH B[R] 2575 22 3 B Al Duncanf 36, AN Al = B R 22 7 2.3 (p < 0.05).
One-way ANOVAs and Duncan tests were used within the same column of data; different letters indicate significant differences (p < 0.05).
3 RFERACE T BAEKKORE 2GR S (umol-m 2.7 (PR E AR AR 2, n = 3)
Table 3 Influence of different salt treatments on light saturation point in Spartina alterniflora and Phragmites australis (mean * SE, n = 3)
VSEIEPRA HAEKE S, alterniflora 7% P. australis
Day after treatment
NaCl Na,SO,4 Na,S NaCl Na,SO4 Na,S
0 2440.0 +136.2° 2067.1+75.6° 2258.1+198.7% 1815.1 + 166.1° 2081.2 +169.7% 19112 +77.0°
1 2517.8+180.3° 2366.9 + 413.6° 2246.4 +124.7° 1958.9 + 66.4° 19435 +239.8° 21416 +113.0°
2 2520.5+0.8° 2221.7+315.2° 2313.3+182.0° 1973.9 +132.6° 1970.5 + 130.5° 1924.3 +124.7°
3 24759 + 149.5° 1951.2 +224.0° 2438.8+170.1% 17479 +161.2° 1942.0 +98.4° 2054.1 +98.6°
4 2371.4+191.0° 2230.3+114.1% 2613.2+191.2% 19055+ 118.9° 1917.9+177.4 17885+ 114.7°

IF) B 450408 180 SR FH B[R] 2575 22 43 W Al Duncant 36, R [l R R 22 57 7% (p < 0.05).
One-way ANOVAs and Duncan tests were used within the same column of data; different letters indicate significant differences (p < 0.05).

8 5 AL HE AT 25 AN B2 . Nap SO AL FE X B AV K E
&R TR ARG S 20 B2, P54
KW, BAEKF Gpg)iv gpn NPQELAL BRI T ] B
B (E1C. 1E. 1G).

Na SO b HE J5 S 1K 7 2B R IFn AL R RT A BT T
R, (HZ 55 AN (RS), HGH2RKKE 2 b2
B Ko E R IR e F il & B,
NaZSO4£Lf‘E¥}§7§%¢ps”~ QPigtHIﬂﬁﬁfigﬁg‘F%
(E1D. 1F), MNPQ_E Tt & (EI1H).
2.2 Na SUEXM B KEMASAEIERANSI
221 Na S IEXS B T RE A E Sl B thzk iy
20

S8 A NapS b B | 3R NaCl A1 NapSO44b FE Xif
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HAEK BRI A AR 152 m 3K . 50
mmol- L f{INa, S b It H A6 K B & S A s e B
MR HEAE F, A3 S e Bt 28 5 A 3 AT H I EH
2 FFH(EI2A) . B BT RIR, NaSAbEE 54Kk 1,
HAE K B P (B B BEHT B T 11%-23% (p <
0.05, 1), Ml B ALK oA B %, Ho kb )E
H2R TR ER R, BAERT R T720% (p <
0.05, &2). A5 H2-4 R HAL K E G L EH,
Hrp AR BAFAT Tt 7 16%, HARIEF St
EVE(RI) . IJEAI G LRA T N, HEE2RED
B3 FFH(p <0.05), FB3-4RAFrEIE(ERS).

B HACKEM, NaSAFEEXT 23 1t &Sk
AW BAT B IR o NapSALER 5 75 25 i
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Fig. 2

non-photochemical quenching (G, H) in Spartina alterniflora and Phragmites australis.

Influence of Na,S on net photosynthetic rate (A, B), quantum yield of PSII (C, D), photochemical quenching (E, F) and
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4 RFEFRACE T BACR SR 25 K6 S (umol-m2.s7) CPEIEEARHER 2, n = 3)
Table 4 Influence of different salt treatments on light compensation point in Spartina alterniflora and Phragmites australis (mean + SE, n = 3)

VSLIEPN g HAEKHL S, alterniflora 7 ¥ P. australis
Day after treatment

NaCl Na,SO4 Na,S NaCl Na,SO4 Na,S
0 57.2 +14.6 52.7 + 2.4° 454 +1.7% 376 +6.9° 52.4 +3.1% 33.0+14.8°
1 337+3.1° 35.9+4.4° 39.0 + 1.9° 25.1+7.8 345+2.9° 295+ 11.1%
2 30.8+2.4° 423+15% 67.0+7.1° 27.6+7.3 433+4.7% 27.7+13.9
3 26.1+0.9° 43.2+6.8° 58.2 +3.1% 46.7 £5.5° 423+6.8% 46.9 £5.5°
4 30.6 +4.6° 46.0 + 0.5® 53.6 +4.3" 324 +8.7° 31.9+1.0° 57.8+16.8%

) B B4 18] SR FH B 1R 35 75 22 3 B f Duncank 36, S [l B %R 22 7 .3 (p < 0.05).
One-way ANOVAs and Duncan tests were used within the same column of data; different letters indicate significant differences (p < 0.05).

K5 ANFIFR AL FALK BRI 2505 G T e KOG R IR R (P (H AR R 2, n = 3)
Table 5 Influence of different salt treatments on maximum quantum yield of PSII in Spartina alterniflora and Phragmites australis (mean + SE, n = 3)

QbR IS RAL HAEKE S, alterniflora 7% P. australis
Day after treatment
Na,SO, Na,S NaCl Na,SO, Na,S NaCl

0 0.810 + 0.000° 0.791 +0.011° 0.786 +0.017° 0.825 + 0.009° 0.797 + 0.009° 0.794 + 0.006°
1 0.796 + 0.006%° 0.806 + 0.007° 0.810 +0.001° 0.809 + 0.003° 0.788 + 0.034° 0.811 +0.010°
2 0.784 + 0.008" 0.783 £ 0.016° 0.813 + 0.005° 0.823 +0.007° 0.781 + 0.043° 0.808 + 0.014°
3 0.800 + 0.005® 0.773 £0.012° 0.809 + 0.004° 0.821 + 0.006° 0.816 + 0.008° 0.794 + 0.027°
4 0.795 + 0.003* 0.798 + 0.006° 0.809 + 0.003° 0.814 +0.011° 0.804 + 0.020° 0.812 + 0.009°

[ 5 55305 18] % i B TR 3% 22 43 M Rl Duncan 36, A8 [Al - RHR 3R 22 5 2. 3% (p < 0.05)
One-way ANOVAs and Duncan tests were used within the same column of data; different letters indicate significant differences (p < 0.05).
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Fig. 3 Influence of NaCl on net photosynthetic rate (A, B), quantum yield of PSII (C, D), photochemical quenching (E, F) and
non-photochemical quenching (G, H) in Spartina alterniflora and Phragmites australis.
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