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Abstract: [Objective] In order to provide a reference for cultivar selection of saline land, leaf photosynthetic responses to salt
stress in diploid and tetraploid honeysuckle, especially the effects of salt stress on PS I and PS Il performance and coordination were
studied, the difference in leaf photosynthetic characters under salt stress was compared and the effects of salt stress on leaf Na*, CI
and malondialdehyde contents and the leaf biomass were analyzed so that revealed salt tolerance of the honeysuckle with different
ploidies. [Method] Tetraploid and diploid honeysuckle plants were used as experimental materials to study the effects of moderate
(150 mmol-L™" NaCl) and severe (300 mmol-L™ NaCl) salt stress on photosynthesis and photosynthetic apparatus by simultaneously
analyzing chlorophyll a fluorescence transient and light reflection at 820 nm as well as gas exchange parameters. Honeysuckle plants
were planted in plastic pots filled with quartz sand and cultured with Hoagland nutrient solution. NaCl was added to nutrient solution
incrementally by 50 mmol-L" step per day to provide final concentrations of 150 and 300 mmol-L™ for salt treatment, and the
treatment lasted for 15 days. The control plants were cultured with nutrient solution without adding NaCl. During salt treatment,
expanded leaves from the middle of a shoot were sampled for measuring parameters. [Result] Under moderate salt stress, leaf
photosynthetic rate, stomatal conductance and intercellular CO, concentration were significantly decreased in diploid and tetraploid
honeysuckle, and the decrease was lower in the tetraploid, indicating less stomatal inhibition on photosynthesis. Under severe salt
stress, leaf photosynthetic rate was also significantly decreased in diploid and tetraploid honeysuckle, and the tetraploid could
maintain higher photosynthetic activity than the diploid due to the lower decrease in leaf photosynthetic rate. After 7 days of severe
salt stress, leaf carboxylation rate and Rubisco activation state were significantly decreased in diploid honeysuckle.
PS Il photoinhibition was induced, resulting in the decline of quantum yield of electron transport to PS I . Therefore, PS I reduction
was inhibited, and the increased PS I oxidation should be observed in the 820 nm reflection transient. On the contrary,
PS [ oxidation was significantly decreased. Under severe salt stress, PS I photoinhibition also occurred in the leaves of diploid
honeysuckle, which could not effectively drive electrons to its acceptor side and then inhibited PS I oxidation. The significant
decrease of PS I oxidation resulted from the greater photoinhibition in PS I than PSII, and the coordination between PS Il and
PS [ was destroyed. After 15 days of severe salt stress, leaf carboxylation rate and activation state of Rubisco enzyme were
significantly decreased in tetraploid honeysuckle, and the decrease was lower than that in diploid honeysuckle. The capacity of
PSIland PS I was not significantly affected, and their coordination was maintained in tetraploid honeysuckle under severe salt stress.
Thus, tetraploid honeysuckle also had higher leaf photosynthetic activity than the diploid upon severe salt stress. After salt stress for
15 days, leaf Na', Cl" and malondialdehyde contents were significantly increased in diploid honeysuckle, whereas leaf dry weight per
plant was significantly reduced, and the change amplitude was greater than that in tetraploid honeysuckle, indicating lower leaf ionic
toxicity in the tetraploid, which might be responsible for maintaining higher photosynthetic capacity under salt stress. [ Conclusion]
Under salt stress, tetraploid honeysuckle possesses higher leaf photosynthetic activity in terms of greater leaf stomatal conductance,
higher Rubisco activation state and normal PSII and PS I coordination, and then could accumulate greater biomass. Therefore,
tetraploid honeysuckle has stronger salt tolerance and is more suitable for cultivation in saline land.
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Table 1 Changes in leaf dry weight, leaf Na', CI" and MDA contents after 15 days of salt treatments
b ke A E M Na' & i R CI 7 MDA & i
Ploidy Treatments (mmol-L") Leaf DW (g/plant) Leaf Na' content (mg'g’ DW) Leaf Cl content (mg'g”’ DW) Leaf MDA content (umol-g” DW)
IEERES 0 3.10+0.22a 8.89 = 1.08a 10.47 + 0.65a 0.70 £ 0.08a
Tetraploid 150 2.78 % 0.19ab 13.35+1.92b 14.95 + 1.29b 0.72+0.10a
300 2.40+0.13b 18.24 +2.06¢ 20.92 +2.04¢ 0.69 +0.03a
A 0 2.5440.10b 8.99 + 1.66a 10.23 +0.78a 0.68 = 0.03a
Diploid 150 1.89 4 0.16¢ 20.44 +0.75¢ 18.07 + 1.56¢ 0.89 = 0.06b
300 1.31+0.12d 32.01+1.66d 26.82 +2.84d 1.19 £0.04¢
Ft 0.000* 0.000* 0.000%* 0.000*
Fp 0.000%* 0.000* 0.005%* 0.000*
Ftxp 0.028%* 0.000* 0.038%* 0.000*

DW: T, RPN 5 RESLMHME (£ SD). F—FIEHR G AR RERRAR R R 8] 22 570k 5% W # K. Fie ShACHB0N: Fp: fEEROY;
Ftxp: AL S H AN . MRV I 5% 25 KT

DW: Dry weight. Data in the table indicate the mean of five replicates (+SD). Within each column, means followed by the different letters are significantly
different at P<<0.05 under different treatments. Ft: Salt treatment effect; Fp: Ploidy effect; Ftxp: Interaction effect of salt treatment and ploidy. * indicates the
effect is at the significant level of 5%
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Fig. 1

efficiency in the leaves of tetraploid (A, C, E, G) and diploid (B, D, F, H) honeysuckle under salt stress
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Effects of salt stress on photosynthetic rate, stomatal conductance and intercellular CO, concentration, carboxylation
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Fig. 2 Effects of salt stress on initial activity, total activity and activation state of Rubisco in the leaves of tetraploid (A, C, E) and

diploid (B, D, F) honeysuckle
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respectively indicate the treatments with 0, 150 and 300 mmol-L" NaCl for 7 days; T4, T5 and T6 respectively indicate the treatments with 0, 150 and 300
mmol-L" NaCl for 15 days

B3 ZEHEMIEER (A, B) FAZfEK (C. D) &REM FHERERREAIF S5 115 L0 820 nm e i 5 B £k B9S2
Fig. 3 Effects of salt stress on chlorophyll a fluorescence transient and 820 nm reflection transient in the leaves of tetraploid (A, B)

and diploid (C, D) honeysuckle
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Fig. 4 Effects of salt stress on the maximal photochemical efficiency of PSII, quantum yield for electron transport and the maximal

redox capacity of PS I in the leaves of tetraploid (A, C, E) and diploid (B, D, F) honeysuckle

3 it

S I A DU £ AR — 35 e B I 2 4
RO &%, PUASARR T BN T A5k, i
VU5 Ve R e F B0 4 H B B (KD B PR B, 2B
BRERS, AHRROSA . SHaF, M

PR B AL R P BB IE N AT, BERS
IRl /D> 28 I A T 5 RS (R 7K 20 BR B ik o R %
BRI RGN T CO, [y A 4 BLEH g, AR T4l
L2/ IOB e (B Kt S ) /S I O N R o At 2
R AL REAILIE] COL ¥R B, (HIR IR
A NEE, PST A PSITIPEREARZ M, LWL &



16 3

S

S SR AN AR L PR K52 ) 3283

I BRAR IR T A FLBR I DUk SR Ae 1 Koy
AT AR TR K. R LUE . R E Ik
BETARE, BeA R b oKy Ek, BIiE
g Sy omPY, R SR 0 R AE 4R R I R
LT EREA

B R IR SCIE I B Rubisco [R5 1 &
ARSI, d 8 6 il 55 2 PR s VE SR A A
A% LU Rubisco B IIRIUEIE RIS AR, 1
T CO, RMEEFE, MDY AR SR Z S N . b
Lu T 45 AR R, 428848 F Rubisco 1) 5
TP R G N AR . DR, SR R RE
SR DUAE AR % A 4 846 1 Rubisco M1 & A
1M T Rubisco MG RE . AHPEHA B FILL
TN FEOS T REM REL, I RGBT
JLHR . AWFFRY], FJEERMNEE SRR
FPS T A PSIDGHI, #0381 PS T 5 PSITHMMME.
HAETHOM Ak, PSTDA S G MMaBUR, &) T K AEN
Pk, BRSPS T AR, REIRY PS T 1)
VERL, FORAEARESS 6, PSILAN PS T Prifi it~ F%,
PS [ % 5 & A Ym0, g i 2 21l F 51 o
I 5 A W R B PS T 6, EhAabBE
WP, eI, B PS T YR B 4G 4K
T PSIL o AWFFUR I A S AL i PS TG4
S8 PS [ AR ST =80 B, AN REARES)
PS [ k)5 . Rk, 820 nm Yo/ 5 thek M Bos
PS T S ACIRER . (R4 RAH /R, PS T AL L A
BTG, XS PST R T OemE, ANRE
RUHE S LT ) B2 AR A3, ST PS T AL, i
PS I YR T PSIL, $3% PS 1 %40 IR
FHIRAE. SR SRR A e, AR
WO AR, 70 R R & A e PS TT i) 7™ = 437
fi, 1 PS T I P Re =1 F BRI EA K, &f
JNE T PS I el HEERMIE T, BEARDYR AL
HAEM B Rubisco B4kl F2 b 52 2090, H DY £5
WAARAEM B PS T A1 PSTIJF AR & A6, PS I
FUPS L Pp o P A oK 52 W0 35 56 0, X m BB e AR 4
MU EE T 3 O REMIRE L. = 2 T £h B8 ) i,
FEER WG R PS T A0 PSIT 1k At R 32 5 35 5% i,
FEJE N R BDGREFE O, RS T Ok e
XA B ) f 252

Allakhverdiev 2 £h 38 (V13235 15 FH n] i
MG 40 DS R MITERE, (R TR H 2 B0LE
MU AT 07 . 0 T = S S R B, #h

PR s e A Na' M CUg i, WA TREE, M
Rubisco MHE L, e E U, MBELE I af
S ciAiih A R N A D ) S El S N
PEBARAER R Na fl CI& g, (H30A 2230
JeE RGN RE, XA e X BRALE R 2 13 57
B A TR, B TOBA AL M.
JERRME R, AR AGERAET A Na' Ml CI & i
Bn, SECPS 1A PSIIGHH], 1 PUA A B R AL
Fr Na'Fl CI& R IniE e N T =ik, #FAEH]
B, B RERROCE RAMPERE. ST, &
T RENS MDA 1A DU RO 1A, 3
BURMEEN 2, BREMME, ERHPNAT,
GRS RAE R A MDA R N, B A 5
P, Wik — AR AR AR B E T
TEE. AN, AFEBMEGHAE Nafl Cris#pl
2 RSE T #h BE ) 22 5 KARA SN, A R T — 2P
WL

4 i

ERME T DA AR SR AL Na™ Rl CI'LL & MDA
TR BFERT RS, W ST RN
AR, RERRPNEN, DU RS L RELE R R RS
LSS, ZOLEERMAILIRS . EEShE R,
VO AR G AR AL BE 4E FF I =) Rubisco BEVEALARAS,
G 7 PS T A1 PSILGHiH, £R%F T PS T A1 PSILI¥I#0if
P, R TOREERIN R, Rk, DU RS IRAIEAE
ERPE N RELERER S O S R, B IRZ AR,
BT T SRR -

References

(1] swpfe, skt Bufbad, B, Wortd, Moo, i
TR R AR AR A SR MmN AR E R, 2011, 31(20):
6072-6079.
Shan Q H, Zhang J F, Ruan W J, Tang H J, Shen L M, Chen G C.
Response of soil quality indicators to comprehensive amelioration
measures in coastal salt-affected land. Acta Ecologica Sinica, 2011,
31(20): 6072-6079. (in Chinese)

[2] Rozema J, Flowers T. Ecology crops for a salinized world. Science,
2008, 322(5907): 1478-1480.

31 Mk W2 GRS RIE RS E. Y5270, 2001,
39(4): 357-371.
Yang J. The formation and evolution of polyploid genomes in plants.

Acta Phytotaxonomica Sinica, 2001, 39(4): 357-371. (in Chinese)



3284 eE VSO S 48 %:
[4] Munns R, Tester M. Mechanisms of salinity tolerance. Annual Review Zhao Y, Yang K J, Zhao CJ,Li Z T, Wang Y F, FuJ, Guo L, Li W S.
of Plant Biology, 2008, 59: 651-681. Alleviation of the adverse effects of salt stress by regulating

[5] Chaves M M, Flexas J, Pinheiro C. Photosynthesis under drought and photosynthetic system and active oxygen metabolism in maize
salt stress: Regulation mechanisms from whole plant to cell. Annals of seedlings. Scientia Agricultura Sinica, 2014, 47(20): 3962-3972. (in
Botany, 2009, 103(4): 551-560. Chinese)

[6] LuK X, CaoBH,Feng X P, He Y, Jiang D A. Photosynthetic response [16] Murata N, Takahashi S, Nishiyama Y, Allakhverdiev S 1L
of salt-tolerant and sensitive soybean varieties. Photosynthetica, 2009, Photoinhibition of photosystem II under environmental stress.
47(3): 381-387. Biochimica et Biophysica Acta-Bioenergetics, 2007, 1767(6):

[7] FengLL,HanYJ,LiuG AnBG, YangJ, YangGH,LiYS,ZhuY G 414-421.

Overexpression  of  sedoheptulose-1,7-bisphosphatase  enhances [17] Scheller H V, Haldrup A. Photoinhibition of photosystem I. Planta,
photosynthesis and growth under salt stress in transgenic rice plants. 2005, 221(1): 5-8.
Functional Plant Biology, 2007, 34(9): 822-834. [18] Kudoh H, Sonoike K. Irreversible damage to photosystem I by

[8] Takahashi S, Murata N. How do environmental stresses accelerate chilling in the light: Cause of the degradation of chlorophyll after
photoinhibition? Trends in Plant Science, 2008, 13(4): 178-182. returning to normal growth temperature. Planta, 2002, 215(4):

[97 Chen H X, Li W J, An S Z, Gao H Y. Characterization of PSII 541-548.
photochemistry and thermostability in salt-treated Rumex leaves. [19] Sonoike K. Photoinhibition of photosystem 1. Physiologia Plantarum,
Journal of Plant Physiology, 2004, 161(3): 257-264. 2011, 142(1): 56-64.

[10] Chen P, Yan K, Shao H, Zhao S. Physiological mechanisms for high [20] Stepien P, Johnson G N. Contrasting responses of photosynthesis to
salt tolerance in wild soybean (Glycine soja) from yellow river delta, salt stress in the glycophyte Arabidopsis and the halophyte
China: Photosynthesis, osmotic regulation, ion flux and antioxidant Thellungiella: Role of the plastid terminal oxidase as an alternative
capacity. PLoS One, 2013, 8(12): €83227. electron sink. Plant Physiology, 2009, 149(2): 1154-1165.

[11] Hussain S, Luro F, Costantino G, Ollitrault P, Morillon R. [21] RNWE, SHEM, Sid, s, m)a4, 228 E. NaCl ha
Physiological analysis of salt stress behaviour of citrus species and RGP N OCER O R G LFDE RS LGS, Y
genera: Low chloride accumulation as an indicator of salt tolerance. HEARREHR, 2011, 35(6): 681-686.

South Afirican Journal of Botany, 2012, 81: 103-112. Song X L, Hu CM, Meng J J, Hou X L, He Q W, Li X G. NaCl stress

[12] Kalaji H M, Govindjee, Bosa K, Koscielniak J, Zuk-Golaszewska K. aggravates photoinhibition of photosystem II and photosystem I in
Effects of salt stress on photosystem II efficiency and CO, Capsicum annuum leaves under high irradiance stress. Chinese
assimilation of two Syrian barley landraces. Environmental and Journal of Plant Ecology, 2011, 35(6): 681-686. (in Chinese)
Experimental Botany, 2011, 73: 64-72. [22] #6), £&, s, sKE, AR Hbax s RO R

[13] Tarchoune I, Degl'Innocenti E, Kaddour R, Guidi L, Lachaal M, GRiE PRI sEm. op E RO 22 AR, 2009, 31(2): 46-52.

Navari-Izzo F, Ouerghi Z. Effects of NaCl or Na,SO; salinity on plant Yao G, Wang X, Gao HY, Zhang L T, Bu J W. Effects of salt stress on
growth, ion content and photosynthetic activity in Ocimum basilicum photosystem activity in leaves of Festuca arundinacea. Chinese
L.. Acta Physiologiae Plantarum, 2012, 34(2): 607-615. Journal of Grassland, 2009, 31(2): 46-52. (in Chinese)

[14] PhBE, F927%, ZEsEsk, MRS, Mavh, VrscE, s, shihiaxt [23] Yan K, Chen P, Shao H B, Shao C Y, Zhao S J, Brestic M. Dissection

1o G A1 W6 A VR R SR PR R . [ RO R, 2012, of photosynthetic electron transport process in sweet sorghum under
45(16): 3265-3272. heat stress. PLoS One, 2013, 8(5): ¢62100.
Sun L, Zhou Y F, Li F X, Xiao M J, Tao Y, Xu W J, Huang R D. [24] Yan K, Chen P, Shao H B, Zhao S J. Characterization of
Impacts of salt stress on characteristics of photosynthesis and photosynthetic electron transport chain in bioenergy crop Jerusalem
chlorophyll fluorescence of sorghum seedlings. Scientia Agricultura artichoke (Helianthus tuberosus L.) under heat stress for sustainable
Sinica, 2012, 45(16): 3265-3272. (in Chinese) cultivation. Industrial Crops and Products, 2013, 50: 809-815.

[15] %, My, BT, R, EER, (M, 765, =0, 4 [25] Zhang Z S, Jia Y J, Gao H Y, Zhang L T, Li H D, Meng Q

VRSP B RO A RGN PR A A i sh . PR AR R,
2014, 47(20): 3962-3972.

W. Characterization of PSI recovery after chilling-induced

photoinhibition in cucumber (Cucumis sativus L.) leaves. Planta, 2011,



16 3

ks ERIRER AR AEE B ARAE D SR LR S0

3285

[26]

[27]

[28]

[29]

[30]

311

[32]

[33]

[34]

[33]

234(5): 883-889.
KT, TRV, RREE, SRR, TS, &K AEDERS
fEIRAZ SUME N #R PS T 5 PSS s, thER R,
2009, 42(12): 4288-4293.
Zhang Z S, Zhang L T, Gao H Y, Jia Y J, Bu J W, Meng Q W.
Research of the photoinhibition of PSI and PSII in leaves of cucumber
under chilling stress combined with different light intensities. Scientia
Agricultura Sinica, 2009, 42(12): 4288-4293. (in Chinese)
Chao DY, Dilkes B, Luo H B, Douglas A, Yakubova E, Lahner B, Salt
D E. Polyploids exhibit higher potassium uptake and salinity tolerance
in Arabidopsis. Science, 2013, 341(6146): 658-659.
Jiang A, Gan L, Tu Y, Ma H, Zhang J, Song Z, He Y, Cai D, Xue X.
The effect of genome duplication on seed germination and seedling
growth of rice under salt stress. Australian Journal of Crop Science,
2013, 12: 1814-1821.
Meng HB, Jiang S S, Hua S J,Lin X Y, Li Y L, Guo W L, Jiang L X.
Comparison between a tetraploid turnip and its diploid progenitor
(Brassica rapa L.): The adaptation to salinity stress. Agricultural
Sciences in China, 2011, 10(3): 363-375.
Wang Z M, Wang M Y, Liu L, Meng F J. Physiological and proteomic
responses of diploid and tetraploid black locust (Robinia
pseudoacacia L.) subjected to salt stress. International Journal of
Molecular Sciences, 2013, 14(10): 20299-20325.
RLLAH, FSCHE, B, Brefum, (Ihl, SRS, 4. NaCl [P
I A AR )95 DU 45 1A 76 TR 4J) e DNA FHRERAL ZE 500 A, rh ARl
Bl2#, 2014, 47(20): 4045-4055.
Zhu H J, Liu W G, Zhao S J, Lu X Q, He N, Dou J L, Gao L.
Comparison between tetraploid watermelon (Citrullus lanatus) and its
diploid progenitor of DNA methylation under NaCl stress. Scientia
Agricultura Sinica, 2014, 47(20): 4045-4055. (in Chinese)
Saleh B, Allario T, Dambier D, Ollitrault P, Morillon R. Tetraploid
citrus rootstocks are more tolerant to salt stress than diploid. Comptes
Rendus Biologies, 2008, 331(9): 703-710.
Mouhaya W, Allario T, Brumos J, Andres F, Froelicher Y, Luro F,
Talon M, Ollitrault P, Morillon R. Sensitivity to high salinity in
tetraploid citrus seedlings increases with water availability and
correlates with expression of candidate genes. Functional Plant
Biology, 2010, 37(7): 674-685.
Li W D, Biswas D K, Xu H, Xu C Q, Wang X Z, Liu J K, Jiang G M.
Photosynthetic responses to chromosome doubling in relation to leaf
anatomy in Lonicera japonica subjected to water stress. Functional

Plant Biology, 2009, 36(9): 783-792.
L, wLAR, AR, X DUR R SIRAEILE 1 5w s

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

R ZBUAEEE, 2005, 33(3): 441.

Tan Z, Shen H, Xu C Q, Liu J K. Cultivation techniques for growing a
high-yielding tetraploid cultivar of honeysuckle, Jiufengyihao.
Journal of Anhui Agricultural Science, 2005, 33(3): 441. (in Chinese)
Song J, Shi G W, Gao B, Fan H, Wang B S. Waterlogging and salinity
effects on two Suaeda salsa populations. Physiologia Plantarum,
2011, 141(4): 343-351.

Yan K, Chen W, He X Y, Zhang G Y, Xu S, Wang L L. Responses of
photosynthesis, lipid peroxidation and antioxidant system in leaves of
Quercus mongolica to elevated Os. Environmental and Experimental
Botany, 2010, 69(2): 198-204.

Sun J L, Sui X L, Huang H Y, Wang S H, Wei Y X, Zhang Z X.
Low light stress down-regulated Rubisco gene expression and
photosynthetic capacity during cucumber (Cucumis sativus L.) leaf
development. Journal of Integrative Agriculture, 2014, 13(5):
997-1007.

Strasser R J, Tsimilli-Michael M, Qiang S, Goltsev V. Simultaneous in
vivo recording of prompt and delayed fluorescence and 820 nm
reflection changes during drying and after rehydration of the
resurrection plant Haberlea rhodopensis. Biochimica et Biophysica
Acta-Bioenergetics, 2010, 1797: 1313-1326.

Schansker G, Srivastava A, Govindjee, Strasser R J. Characterization
of the 820-nm transmission signal paralleling the chlorophyll a
fluorescence rise (OJIP) in pea leaves. Functional Plant Biology, 2003,
30(7): 785-796.

MBI, RHFL, Strasser R J. PRIEM-LRRISCE B J1E M
A VERIWFTU MR . R A3 5 03 A2 244, 2005, 31(6):
559-566.

Li P M, Gao HY, Strasser R J. Application of the fast chlorophyll
fluorescence induction dynamics analysis in photosynthesis study.
Journal of Plant Physiology and Molecular Biology, 2005, 31(6):
559-566. (in Chinese)

Koca H, Bor M, Ozdemir F, Turkan I. The effect of salt stress on lipid
peroxidation, antioxidative enzymes and proline content of sesame
cultivars. Environmental and Experimental Botany, 2007, 60(3):
344-351.

Yan K, Chen P, Shao H, Zhao S, Zhang L, Zhang L, Xu G, Sun J.
Responses of photosynthesis and photosystem Il to higher temperature
and salt stress in sorghum. Journal of Agronomy and Crop Science,
2012, 198(3): 218-226.

Farquhar G D, Sharkey T D. Stomatal conductance and photosynthesis.
Annual Review of Plant Physiology and Plant Molecular Biology,

1982, 33: 317-345.



3286

doOE kW R %

48 %

[45]

[46]

[47]

(48]

Voncaemmerer S, Farquhar G D. Some Relationships between the
biochemistry of photosynthesis and the gas exchange of leaves. Planta,
1981, 153(4): 376-387.

Allakhverdiev S I, Sakamoto A, Nishiyama Y, Inaba M, Murata N.
Ionic and osmotic effects of NaCl-induced inactivation of
photosystems [ and [lin Synechococcus sp. Plant Physiology, 2000,
123: 1047-1056.

Chen X Q, Yu B J. Ionic effects of Na" and CI” on photosynthesis in
Glycine max seedlings under isoosmotic salt stress. Journal of Plant
Physiology and Molecular Biology, 2007, 33 (4): 294-300.

K, KIAE, EIE L. NaClX/NEG ST REM 0 3 202 th i
TSGR AEE AR, 2000, 17(4): 360-365.

Zhu X G, Zhang Q D, Kuang T Y. Damage to photosynthetic functions

of wheat by NaCl results mainly from its ionic effect. Chinese Bulletin

[49]

[50]

[51]

of Botany, 2000, 17(4): 360-365. (in Chinese)

Li S, Jiang P, Chen X, Fan P, Wang X, Li Y. Multiple
compartmentalization of sodium conferred salt tolerance in Salicornia
europaea. Plant Physiology and Biochemistry, 2012, 51: 47-52.
Oukarrouma A, Bussottib F, Goltseve V, Kalaji H M. Correlation
between reactive oxygen species production and photochemistry of
photosystems [ and [lin Lemna gibba L. plants under salt stress.
Environmental and Experimental Botany, 2015, 109: 80-88.

Mittal S, Kumari N, Sharma V. Differential response of salt stress on
Brassica juncea: Photosynthetic performance, pigment, proline, D1
and antioxidant enzymes. Plant Physiology and Biochemistry, 2012,

54:17-26.

(SR D



