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Effect of Salt Stress on Chlorophyll Fluorescence and Grain Yield of Some
Sunflower (Helianthus annuus L.) Cultivars
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Table 1. Analysis of variance for salt stress effect on some physiological characters of sunflower cultivars

Mean Square Sl o SSke

s fe JBalS sue bk bk s ISS 5 Slas e Sl g
@aI5T (Fo)emes’ (Fin)astes Mt e sk,
df  SPAD reading Initial Maximum OPSII Ion leakage RWC
S.0.V. S o _ fluorescence fluorescence _
Replication IS5 2 7.74 3.67" 8.46™ 0.000079 0.12™ 0.23™
Salt (S) st 3 83.22" 35380.04" 1102420.13™ 0.00105™ 309.25" 14.57"
Variety (V) o 6 29.017 111712 368482.09" 0.000146" 165.64" 245"
SxV Sosix s, 18 227" 1152.08" 42627.7" 0.000017"" e 0.54™
Error Lt 54 0.747 4777 5.514 0.00000868 0.194 0.039
C.V.(%) (IS ks s 2.73 0.67 0.12 0.35 1.84 13.41
* and **: Significant at the 5% and 1% probability levels, respectively. Y 518 Qe el 53 )l fme 5 4 ey 2
BIFEaRa N

ns: Not- Significant

ARN%
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Table 2. Mean of some physiological characters of sunflower cultivars in different salt

stress levels

s o Jos A5 e S €nS sl iy leysb e sl S5 Sas
r;) S (,‘1-» Pl 6"’") (FO) (Fm) I o
Salt Variety SPAD Ion leakage Initial Maximum OPSII
level reading (dsm™) fluorescence fluorescence
Farrokh 35.43ab 18.00p 297.66m 1601.66w 0.831a-d
Progress 31.83d-g 19.60no 317.01k 1941.661 0.833ab
Zaria 32.52de 17.78p 287.330 1705.33t 0.832a-c
2dsm’ Bilizar 3591a 15.28r 235.01r 1557.66z 0.823f-1
Hysun 33 33.30cd 19.010 281.66p 1655.50yu  0.826d-g
Armavirosky 35.90a 16.65q 262.66q 1822.330 0.832a-c
Euroflour 32.06d-g 26.73¢ 212.66s 1591.33x 0.835a
Farrokh 34.14bc 23.57h 311.011 1614.66v 0.829b-¢
Progress 30.63g-j 26.69¢ef 351.66f 2013.33k 0.830a-d
Zaria 31.53e-h 19.94mn 341.33h 1890.66m 0.827c-f
4dsm’ Bilizar 34.90ab 22.49i 283.66p 1576.66y 0.820h-k
Hysun 33 32.60de 20.65lm 332.00i 1741.33s 0.822f-]
Armavirosky 32.50gde 17.96p 342.33h 1834.66n 0.823f-i
Euroflour 31.20e-i 29.46¢ 235.33r 1602.00w 0.824e-h
Farrokh 34.13bc 26.60¢ 373.66d 2182.66d 0.816kl
Progress 28.66k 28.22d 362.33¢ 2031.33j 0.823f-1
Zaria 29.83i-k 21.67jk 346.66¢g 2038.66i 0.821g-k
6dsm’ Bilizar 32.434d-f 25.05¢g 294.66mn 1581.33r 0.816kl
Hysun 33 32.30m 22.471 334.011 1806.00p 0.817j-1
Armavirosky 30.83f-j 21.19kl 352.66f 2168.66¢ 0.814Im
Euroflour 30.16h-k 32.69b 292.66n 1743.00s 0.821g-k
Farrokh 31:50e-h 30.04c 393.66b 2323.33c¢ 0.814lm
Progress 26.831 29.94¢ 401.66a 2464.33a 0.820h-k
Zaria 26.731 22.26ij 353.66f 2118.66f 0.818i-1
8dsm” Bilizar 29.40jk 25.05¢g 389.66¢ 2108.00g 0.809mn
Hysun 33 31.50e-h 25.12¢g 354.33f 2044.00h 0.8141lm
Armayirosky 29.76i-k 25.78fg 361.66¢ 2350.33b 0.807n
Euroflour 28.83k 34.45a 322.33j 1796.33q 0.818i-1

I Sl e sl STl (glatals iz 0505T ulil p bl o S ke 5 oSG il (613 457 O g 5 ol 5 SObe
Means, in each column, fallowed by at least one letter in common are not significantly different at the 5% probability

level-Using Duncan’s Multiple Range Test.
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Table 3. Mean comparison for effect of salt stress on same physiological characteristics of sunflower

5% s Js S els (Fo) w8’ uibp o7 (Fin) iy il 50 5515 > Sas o) S Sl Sash) e Aoy
I e 28 (e s
Salt levels ds m” SPAD reading Initial fluorescence Maximum OPSII Ion leakage (ds m™) RWC (%)
fluorescence

2 33.85a 368.14a 2172:14a 0.830a 28.02a 89.75a

4 32.5b 336.66b 1935.95b 0.825b 25.41b 86.63b

6 30.99¢ 313.904c 1724.76¢ 0.818c 2291c 84.7¢

8 29.22d 270.571d 1667.85d 0.814d 19.01d 81.37d

RS RSV RGIRIT 4 7.0 Jlaz ch“ BE) QQl: Slaals Lo 05057 sl A2l o alin O (51515 457 (O g2 2 s Ld_\.a;nfd\.:‘
Means, in each column, fallowed by similar letter are not significantly different at the 5% probability level-using Duncan’s Multiple Range Test.
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Table 4. Analysis of variance for grain yield

REBIRE P wls 5 Shes
S.0.V. S e df Grain yield
Replication S 2 5042316.68"
Salt (S) Cosd 3 689921.20"
Ea Call sl 6 244610.90
Variety (V) o5 6 3312157.50”
SxV 5% 55t 18 295845.60™
Eb o slls 48 675384.76
C.V.(%) (S ks s 40.06

1Y 510 | cla..» 23,15 gme S5 Aty %
* and **: Significant at the 5% and 1% probability levels, respectively.
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Fig. 1. Mean seed yield of sunflower cultivar (Columns with similar letter are not significantly
different at the 5% probability level-using Duncan’s Multiple Range Test).

=5« 55 3 (Gao, 2006) IS S
SRV PUPEP S UPNEC U ¥
e oLt Ll 5 o Vb (a5 S Ol
YL ails 3 Shes L sl 55 plelis S

o Jes bl g 5 L A il s

\YY

O Ser 53138 b e g5
345 45 S 0L (Paknejad et al., 2007)
Ll 3, Shes o (Sucar o by oS
SN cpomar 35 Fy/Fi s Fy, Fin sl el

3 (Zelate and Yordanov, 2005) sls, 4 s


www.sid.ir

s> Slas 5 Jo3 )8 il s 2 6058 25 )

(J&A)zrf}:{)dl::&;
Grain yield (kg ha™)

a
b
[
i |
0 i
2 - & 2

(o ez s3) S5 7 shaw
Salt levels (ds m™)

Al B i s s S i) (S 55 Calies - ga o Ols KT wls 3 Shae (. 5Le Y IS8

{0 513 smn S35 20 Jlozm! edan 53 STl glasals o O a7

Fig. 2 . Mean seed yield sunflower in different salt stress levels (Columns with similar letter
are not significantly different at the 5% probability level-using Duncan’s Multiple Range Test).
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Fig. 3. Mean of relative water content of sunflower cultivar (Columns with similar letter are
not significantly different at the 5% probability level-using Duncan’s Multiple Range Test).
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Fig. 4 . Mean of relative water content sunflower different salt stress levels (Columns with
similar letter are not significantly different at the 5% probability level-using Duncan’s Multiple

Range Test).

bl ()5 4 Somd e (035 5 TSI > Oljn o eSSl o8y Jolie
Ny Ly asils 3, Shes Ol e 2 205 5 o051

YO


www.sid.ir

WAY Jle o) o)led Y=Y al” 5y 9 g5 (81034 dlxe”

References
Ali Dib, T., Monneveux, P. H., Acevedo, E., and Nachit, M. M. 1994. Evaluation of
proline analysis and chlorophyll fluorescence quenching measurements as drought

tolerance indicator in durum wheat (Tritium turgidum L.). Euphytica 79(1-2): 65-73.

Allakhverdiev, S. I., Sakamoto, A., Nishiyama, Y., Inaba, M., and Murata, N. 2000.
Ionic and osmotic effects of NaCl-inactivation of photosystems I and II in
Synechococcus spp. Journal of Plant Physiology 123: 1047-1056.

Andrews, J. R., Fryer, M. J., and Baker, N. R. 1995. Characterization of chilling-
effects on photosynthetic performance of maize crops during early season growth
using chlorophyll fluorescence. Journal of Experimental Botany 46: 1195-1203.

Arzani, A. 2008. Improving salinity tolerance in crop. plants: biotechnology view.
In vitro Cellular and Development Biology Plant 44(5): 373-383.

Asia Khaton, M., Qureshi, S., and Hssain, M. K. 2000. Effect of salinity on some
yield parameters of sunflower. International Journal of Agriculture and Biology 4:
382-384.

Atlassi Pak, V., Nabipour, M., and Meskarbashee. 2009. Effect of salt stress on
chlorophyll content, fluorescence, Na™ and K ions content in rape plants (Brassica
napus L.). Asian Journal of Agricultural Research 3(2): 28-37.

Behra, R. K., Mishra, P.,;and Choudhury, N. K. 2002. High irradiance and water
stress induce alterations in pigment composition and chloroplast activities of
primary wheat leaves. Journal of Plant Physiology 159: 967-973.

Ben Hamed, K., Castangna, A., Salem, E., Ranieri, A., and Abdelly, C. 2007. Sea
fennel (Crithmum maritimum L.) under salinity conditions: a comparison of leaf and
root antioxidant responses. Plant Growth Regulation 53: 185-194.

Bilger, W., Schreiber, U., and Bock, M. 1995. Determination of the quantum
efficiency of photosystem II and of non-photochemical quenching of chlorophyll
fluorescence in the field. Oecologia 102(4): 425-432.

Cha-Um, S., Supaibulwattana, K., and Kirdmanee, C. 2009. Comparative effects of
salt stress and extreme pH stress combined on glycinebetaine accumulation,
photosynthetic abilities and growth characters of two rice genotypes. Rice Science
16(4): 274-282.

Chen, J., and Junying, D . 1996. Effect of drought on photosynthesis and grain yield

\Y#


www.sid.ir

ls s Slas 5 35 IS il b 5 5555 15

of corn hybrids with different drought tolerance. Acta Agronomica Sinica 22(6):
757-762.

Dehshiri, A., Modares Sanavi, M., Rezai, H., and Shirani Rad, A. 2012. Effect of
elevated concentration of atomospheric carbon dioxide on some traits of three
rapeseed (Brassica napus L.) varieties under saline conditions. Seed and Plant
Production Journal 28(2): 35-52 (In Persian).

Desingh, R., and Kanagaraj, G. 2007. Influence of salinity stress on photosynthesis
and antioxidative systems in two cotton varieties. General and Applied Plant
Physiology 33(3-4): 221-234.

Downie, A., Myazaki, S., and Bohnert, H. 2004. Expression profiling of the response
of Arabidopsis thaliana to methanol stimulation. Journal of Experimental Botany
65:2305-2316.

Drazkiewicz, M. 2000. Chlorophyllase: occurrence, functions, mechanism of action,
effects of external and internal factors. Photosynthesis 30(3): 321-331.

El- Hendawy, S. E., Hua, Y., Yakout, G. M., Awod, A. M., Hafiz, S. H., and
Schimidhalter, U. 2005. Evaluating_salt telerance of wheat genotypes using
multiple parameters. European Journal of Agronomy 22: 243-253.

Flowers, T. J., and Flowers, S. A. 2005. Why does salinity pose such difficult problem
for plant breeders? Agriculture Water Management 78: 15-24.

Gao, T. 2006. Silicon decreases transpiration rate and conductance from stomata of
maize plants. Journal of Plant Nutrient 29: 1637-1647.

Gonzalez, L., and Gonzalez-Vilar, M. 2003. Determination of relative water content.
Pp. 207-212. In: J. Manuel and R. Goger (Eds.). Handbook of plant ecophysiology
techniques. Kluwer Academic Publishers, London.

Grafts- Brander, S. J., and Salvucci, M. E. 2002. Sensitivity of photosynthesis in a C4
plant, maize, to heat stress. Plant Physiology 129: 1773-1780.

Jabari, F., Ahmadi, A., and Poustini, K. 2006. Relationships between anti-oxidant
enzyme activates and chlorophyll content of different wheat cultivars. Journal of
Agricultural Science 37(1): 307-316.

Kafi, M., Bagheri, A., Nabati, J., Zare Mehrjerdi, M., and Masoumi, A. 2011.
Effect of salinity on some physiological variables of 11 chickpea genotypes under

hydroponic conditions. Journal of Science and Technology of Greenhouse Culture

YV


www.sid.ir

WAY Jle o) o)led Y=Y al” 5y 9 g5 (81034 dlxe”

1(4): 55-70.

Kamkar, B., Kafi, M., and Nassiri Mahallati, M. 2004. Determination of the most
sensitive developmental period of wheat (Tritium aestivum L.) to salt stress to
optimize saline water utilization. Pp. 1-6. In: Proceedings of the 4™ Crop Science
Congress of Iran.

Karimi, H., Abasspour, N., and Mahmoodzadeh, H. 2012. Effect of salinity on some
physiological attributes of four grape cultivars in vineyards of Uremia in Iran. Seed
and Plant Production Journal 28(2): 113-119.

Kaya, C., Higges, D., and Kirnak, H. 2001. The effects of high salinity (NaCl) and
supplementary phosphorus and potassium on physiology andnutrition development
of spinach. Journal of Plant Physiology 27 (3-4): 47-59.

Liang, J., Zhang, J., and Woog, M. 1997. Can stomatal closure caused by xylem ABA
explain the inhibition of leaf photosynthesis under soil drying? Photosynthesis
Research 51: 149-159.

Lu, C.,, Qiu, N,, Lu, Q., Wang, B., and Kuang, T. 2002. Does salt stress lead to
increased susceptibility of photosystem II' to” photo inhibition and change in
photosynthetic pigment composition in halophyte suaeda salsa grown outdoors?
Plant Science 163: 1063-1068.

Macdonald, G. E., Shilling, D. G., and Bewick, T. A. 1993. Effects of endothall and
other aquatic herbicides on chlorophyll fluorescence, respiration and and cellular
integrity. Journal of Aquatic Plant Management 31: 50-55.

Mahmood, S., Iram, S., and Athar, H. R. 2003. Intra-specific variability in sesame
(Sesamum indicum) for various quantitive and qualitive attributes under differential
salt regimes. Pakistan Journal of Research (Science) 14(2): 177-186.

Masojidek, J., Trivedi, S., Halshaw, L., Alexiou, A., and Hall, D. O. 1991. The
synergistic effect of drought and light Stress in sorghum and pearl millet. Plant
Physiology 96: 198-207.

Maxwell, K., and Johnson, G. 2002. Chlorophyll fluorescence- a paractical guide.
Journal of Experimental Botany 51: 659-668.

Modares, A., Sorush, A., and Jalali, M. 2004. Changes in chlorophyll fluorescence
and content of suflower plants under stress and Zn and Mn application. Journal of

Desert 9(1): 93-109

YA


www.sid.ir

ls s Slas 5 35 IS il b 5 5555 15

Moffatt, J. M., Sears, R. G., and Paujsen, G. M. 1990. Wheat high temperature
tolerance during reproductive growth: 1. Evaluation by chlorophyll fluorescence.
Crop Science 30(4): 881-207.

Morgan, J. M. 1992. Osmotic components and properties associated with genotypic
differences in osmoregulation in wheat. Australian Journal of Plant Physiology 19:
67-76.

Munns, R., and Tester, M. 2008. Mechanisms of salinity tolerance. Annual. Review of
Plant Physiology 59: 651-681.

Munns, R., James, R. A., and Lauchi, A. 2006. Approaches to increasing the salt
tolerance of wheat and other cereals. Journal of Experimental Botany 57(5):
1023-43.

Munns, R. 2002. Comparative physiology of salt and water stress. Plant Cell
Environment 25: 239-250.

Netondo, G. W., Onyango, J. C., and Beck, E. 2004. Growth and gas exchange
characteristics of Avocado plants under salinity stress. Crop Science 44: 806-811.
Ommen, O. E., and Donnelly, A. 1999. Chlorophyll content of spring wheat flag
leaves grown under elevated Co, concentrations and other environmental stresses
within the “ESPACE- wheat” project. European Journal of Agronomy 10: 197-203.

Orcutt, D. M., and Nilson, E. T. 2000. The physiology of plants under stress, soil and
biotic factors. John Wily and Sons, New York. 696 pp.

Paknejad, F., Nasri, M., Tohidi Moghadam, H. R., Zahedi, H., and Jami Alahmadi,
M. 2007. Effects of drought stress on chlorophyll fluorescence parameters
chlorophyll ‘content and grain yield of wheat cultivars. Journal of Biological
Sciences 7(6): 841-847.

Passarkli, M. 2010. Handbook of Plant and Crop Stress. 3 edition. CRC press.
1245 pp.

Poor Mousavi, M., Galavy, M., and Daneshian, J. 2007. Effects of drought and
manure on water content and membrane stability and leaf chlorophyll content of
soybean. Journal of Agriculture Science and Natural Resources 14(4): 125-133.

Poustini, K., and Siosemardeh, A. 2004. Ion distribution in wheat cultivars in
response to salinity stress. Field Crops Research 85: 125-133.

Reddy, M. P., and Vora, A. B. 2005. Salinity induced changes in pigment composition

VY4


www.sid.ir

WAY Jle o) o)led Y=Y al” 5y 9 g5 (81034 dlxe”

and chlorophyllase activity of chelidonium. Indian Journal Plant Physiology 29(4):
331-334.

Rezaeizad, A., 2005. Responses of some sunflower genotypes to drought stress using
different stress tolerance indices. Seed and Plant 23(1): 43-58.

Sadat Noori, S. A., and McNeilly, S. 2003. The genetic architecture of salt character in
bread wheat (morphological characters). Pp. 1242-1243. In: Proceedings of the 10"
International Wheat Genetics Symposium.

Shi, D., and Sheng, Y. 2004. Effect of various salts alkaline mixed stress conditions on
sunflower seedling and analysis of their stress factors. Environmental and
Experimental Botany 54: 8-21.

Shofield, M. P., Richard, J. C., Caver, B. P., and Mornhi, N. W. 1988. Water
relation in winter wheat as drought resistance indicators. Crop Science 28: 526-531

Sultan, A. 2005. Effect of NaCl salinity on photosynthesis and dry matter accumulation
in developing rice grains. Environmental and Experimental Botany 42(3): 211-220.

Taiz, J., and Zeiger, E. 2001. Plant Physiology. Benjamin/Cummings Publication
Company. 379 pp.

Tawfik, A., and Noga, A. 2001. Priming of cumin (Cuminum cyminum) seeds and its
effect on germination, emergence and storability. Journal of Applied Botany 75:
216-220.

Yamasaki, T., Yamakawa, T., Yamane, Y., Koike, H., Satohand, K., and Katoh,
S. 2002. Temperature -acclimation of photosynthesis and related changes in
photosystem II electron transport in winter wheat. Plant Physiology 128: 1087-1097.

Zareh, M., Daneshiyan, J., Zeynali Khaneghah, H. 2004. Genotypic variation in
soybean cultivars for drought tolerance. Journal of Agriculture Science 35(4): 859-
867.

Zlatev, Z. S., Yordanov, I. T., 2004. Effects of soil drought on photosynthesis and
chlorophyll fluorescence in bean plants. Bulgarian Journal of Plant Physiology

30 (3-4): 3-18.

1


www.sid.ir

