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Effect of Salinity Stress on Some Physiological and Biochemical Responses
of Four Fig Hybrids
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Table 1- Some physicochemical properties of the substrate used in the experiment.
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Fig. 1. The effects of salinity level (A) and hybrids (B) on fig relative water content.
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Table 2. Interaction of salinity stress and hybrid on chlorophyll a, chlorophyll b, total
chlorophyll and carotenoids of four fig hybrids, SabzxPouz Donbali (SxP), SabzxKhormael
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(SxK), Sabzx Shahanjiri (S x Sh) and Sabzx Daneh sephid (S x D).

olass a Js b s,k JSdadsols Laass 535 5,18
Treatment Chlorophyll  Chlorophyll Total Carotenoids
a b chlorophyll (ug gt FW)
(MOg*FW) (Mgg'FW)  (ugg'Fw)
S0 (S5
Hybrid Sdlinity
(mmhos cm?)
SxP
0.6 477.04 cdt 320.03 b 797.07 cd 264.01 cde
SxP .
4 418.56 de 250.46 bed 678.02 cde 193.83 hi
SxP
6 449.66 cd 327.87b 77753 cd 238.80 efg
S<P 8 415.48 de 276.51 bc 691.98 cde 285.28 cd
SK 0.6 576.38 cd 286.81 hc 863.18 cd 294.23 bed
SxK
4 637.29 bc 321.95b 959.24 hc 298.07 bc
SxK
6 780.75 ab 455.44 a 1236.19 ab 340.19a
SxK
8 644.84 bc 339.66 b 984.50 bc 283.58 cd
Sx Sh
0.6 521.68 cd 221.61 bed 743.29 cd 226.59 fgh
Sx S 4 59453 bed 285.35 be 879.88 cd 274.91 cd
Sx Sh
6 465.16 cd 215.15 bed 680.30 cde 258.77 def
Sx Sh )
8 242 A7 ef 141.95d 384.42 ef 175.96 |
SxD .
0.6 424,04 ed 174.81cd 598.85 def 208.67 ghi
SxD 4 840.08 a 475.99 a 1316.07 a 201.65 hi
SxD
6 554.89 cd 309.48 b 864.37 cd 324.13ab
SxD )
8 176.34 f 158.86 cd 335.20 187.99

T Means with the same letters are not significantly different using Duncan test at P < 0.05.
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Table 3. Interaction of salinity stress and hybrid on proline, total sugars and starch of four fig
hybrids, SabzxPouz Donbali (SxP), SabzxKhormaei (SxK), Sabzx Shahanjiri (S x Sh) and
Sabzx Daneh sephid (S x D).

Jlas IERY JS i ol
Treatment Proline Total sugars Starch
S0 Gos (um g FW) (mg g DW) (mg g*DW)
Hybrid Salinity
(mmhos cm'?)
Sxp 0.6 3.00 gh 94.54¢f 76.480
SxP 4 12.68 e 21592 a 5255 ¢
Sxp 6 13.03 e 242,94 a 57.30
P 8 22.48 be 66.78 f 52.64 ¢
SxK 0.6 220 h 160.58 ¢ 93.80 a
SxK 4 757f 218.65 a 50.24 ¢
SxK 6 20.80 ¢ 205.89 ab 52.61 C
SKK 8 2750 a 163.31 ¢ 54.27 ¢
Sx Sh 0.6 2.74 gh 107.45 def 7155 b
Sx Sh 4 4229 157.88 ¢ 57.01c
Sx Sh 6 18.07 d 97.70 def 50.02 ¢
Sx Sh 8 23.72b 132.39 cde 31.30 d
SxD 0.6 2,51 gh 139.26 cd 7163 b
SxD 4 13.70 e 174.02 bc 50.22 ¢
SxD 6 18.13d 154.63 ¢ 55.73 ¢
SxD 8 22.17 bc 94.29 ef 51.65 C

tMeans with the same letters are not significantly different using Duncan test at P < 0.05.
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Table 4. Interaction of salinity stress and hybrid on stomata length and width, stomata density

and stomata conductance of four fig hybrids, SabzxPouz Donbali (SxP), SabzxKhormaei
(SxK), Sabzx Shahanjiri (S x Sh) and Sabzx Daneh sephid (S x D).

olass GHso Jsb B0 sbs GHso pSIs @less, culaa
Treatment Stomata Stomata Stomata Stomata

_ - length diameter density conductance
SHs8 GO (um) (um) (nmm?) (mmol Hz0 nr
Hybrid Salinity 5 1

-1 sY)
(mmhos cm™)

SxP 06 16.18 a 22.79 a 78.00 def 2619b

SxP 4 10.51d ef 18.06 cde 98.65 bcde 88.23 fg

SxP 6 11.74 bed 17.12 def 93.21 cde 68.93 gh

SxP 8 1529 a 20.13 bc 114.14 abc 43.23 i

SxK 06 15.24 a 21.66 ab 66.85 f 289.36 a

SxK 4 11.25 bede 16.38 efg 102.73 abcd 135.46d

SxK 6 11.99 bed 18.11 cde 73.38 ef 85.26 fg

SxK 8 10.90 cde 15.59 fgh 109.25 abc 97.86 f
Sx Sh 06 12.73 bc 20.33 bc 73.38 ef 212.00c
Sx Sh 4 9.47 «f 14.43 gh 109.52 abc 141.26d
Sx Sh 6 9.69 «f 14.13 gh 123.11 ab 105.23 ef
Sx Sh 8 8.75f 13.27h 127.46 a 61.76 hi

SxD 0.6 13.07b 19.09 cd 78.54 def 260.96 b

SxD 4 10.29 efd 15.17 fgh 113.05 abc 123.20 de

SxD 6 10.31 efd 15.66 fgh 128.82 a 72.46 gh

SxD 8 8.76 f 14.23 gh 106.53 abc 67.60 gh

tMeans with the same letters are not significantly different using Duncan test at P < 0.05.
I aa b gl e @ sl wem 5u ey Jlaia pelaes 5o (Sl ¢ 50T 5 suliianl b wiliie slacin b ola o Sibiet

(Y0) OloSan 5 Slal g 0l ¢ SaaeSlgu (sl solwsnle il Gt (sl sonss il sladS 40
Ol 581 ol Bl BAS (g5 9 OIS bl 3 G5 shB 5 sk O g5 5 skia e S wa S GBI S

L ol0ke o S s5ka S lsieds Wl e (sosad OB ) saadl GLALS Hu G5, aSIS 5 4y dlass

\OY


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.2.4.9
http://journal-irshs.ir/article-1-254-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

[ DOR: 20.1001.1.16807154.1396.18.2.4.9 ]

oLlEaa 5 2Ll

Slasl 5 s oo el culgd Ho 4S adl o LaGals o3lwl Had s S Jalods Jlaiale gl 5 il (a5 bl i
(V) 90K S8 o aaly o )9 i
S 5 4o
Jolas lauid (nls5n oS OF o Dlalis aloa 31 pusla (B s3s 5o swd (S 8wl sla S5y sidus
(28 I8 sosd GBS 58B 5e) IO Sulas 5 aSIE i, Sk s Jsb @il daud B 58 (i s,
e (EalS ol 51 Sie Bles 53 go e i mlacs 5o (g5 IS Jlael S uls (LS Gha 55 Gl sladass
o35 1o el s 5wy sl culaa 5 B, sh3 5 Job (RalS Giaas 5 S 8K D@ lads K
59 LB (5 e GBS 4 e Sslie Jaad [laie (A s3s Cpl o e Suse S50 Llea o Ll sl
W Jeala € SXK aX 5 g0 oS uls ol Lada s wiols Glas | (3 slite (Sl a5 sl AlAs glagh,
Slaie S el 4 als GLad s a5 ()0 Alias slapais 4 i (g yiculio QESI losa X juw o3,
e 51 gt SXK 50 5o s o JS a8 dansd 555,18 (S Jad 5,8 D g @ sladsd s, (ol g5 panS
e ot 9 G, ok 5 sk (RalS Hlae G S0k (o OIS balsd ) s s Ol eSS S50
S G OIS 4 500 Cpl cnalia saias Lis € wl 5 5Se 50wl SXSN 48,550 o B, &SI Ll
5500 485 90 e 0 e (55 38 (B3 0 SXK S50 5 mm JasS Hlaie [Sile (a3 col sladaats K gba
X )
Sl
by alas) sgdie eu g8 8l€B31 ta g3y slasliiel S sulitnl b 5 p5 b S Lo A s5s ol
5 Ol s el gale a8 5 aiaan o (Il culaa gl o 99,8 SIS pia 93y @ glae B a5
ol ol sloal oo oS Hhlaa Sl & o8 Bl (5,5l aS s il Sl agle o5 8 GIS,K 4K
il o st 5 S dlarace
References Qo
Shle Sl 518 cad w5 il o o OIS SIETAYA L Glal g 5 (@28 T pliblibs e ea e o8) )
Y AP (6o0sliS s 5 asle) Slel agle 4yds all @d )0 paw 5 (2138 salic
Ssb, it pob 2B AYAL ) (B ala s e gl (o g ea f o) (sse Ghla X
Ol SLels asle (Vitis vinifera L.) 5 <0 a8, e (S350o5m8 5 (5558000 olispmd 5 S
FY ¥ -7
Al s 5 wSE L Gl 5o gosd olidas 4 A wpale (OIS ATAY Bl Gasay o 5 f i ¥
AV AFO SAWVA (Gl el asle dlas . el GlalS
S5 (A 555 Gosd bide sl 2B ATAY a0 a5 Dseede g eolSE B g G saias ¥
A0 AVYVAY (g555liS e ls 4 (Prunus dulcis Mill) alols slbasdi s 5 (S35 5158550
P RVERVE N I ST T I VN "E LRI FR SR | | YRR BV S T RS CN BRI TS RN | SR
AVVFV=YOA (ol Sl 0538 5 asle alae LS 5o (a0 i85 5 (Sa5slsaind sad; sla S5
8 ¥0-0A (ks lewe S LASIE a5 s e ruysn ATVA Ly satansl & ) -f coluling £
O pd) ol (Aliard g @l udd 5 (355008 OIS ATAL laa ) 5 Plasdes g @M g cpp ool 1S Y
XY YPF-YYY (s50sliS pliun 5 asle) SLel agle a0 . S 135 5l 9 (OleaeuropaealLl.)

\OY


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.2.4.9
http://journal-irshs.ir/article-1-254-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

[ DOR: 20.1001.1.16807154.1396.18.2.4.9 ]

S sd slagely (R ssd JAS S

8. Abdolingad, R. and A. Shekafandeh. 2014a. Responses of two figs (Ficus carica L.)
cultivars under salt stress viain vitro condition. Agr. Sci. Develop. 3:194-199.

9. Abdolingad, R. and A. Shekafandeh. 2014b. Salt stress-induced changes in leaf antioxidant
activity, proline and protein content in ‘Shah Anjir’and *Anjir Sabz’fig seedlings. Int. J.
Hort. Sci. Technol. 1:121-129.

10. Agastian, P, S. J. Kingsey and M. Vivekanandan. 2000. Effect of salinity on
photosynthesis and biochemical characteristics in mulberry genotypes. Photosynthetica,
38: 287-290.

11. Arndt, S. K., S. C. Clifford, W. Wanek, H. G. Jones and M. Popp. 2001. Physiologica and
morphological adaptations of the fruit tree Ziz phus rotundifolia in response to progressive
drought stress. Tree Physiol. 21:705-715.

12. Ashraf, M. 1994. Breeding for salinity tolerance in plants. Crit. Rev. Plant Sci. 13:17-42.

13. Ashraf, M. 2002. Salt tolerance of cotton: some new advances. Crit. Rev. Plant Sci. 21:1-
30.

14. Ashraf, M. and P. J. C. Harris. 2004. Potential biochemical indicators of salinity tolerance
in plants. Plant Sci. 166:3-16.

15. Ashraf, M. and P. J. C. Harris. 2013. Photosynthesis under stressful environments: an
overview. Photosynthetica, 51:163-190.

16. Barrs, H. D. and P. E. A. Weatherley. 1962. Re-examination of the relative turgidity
technique for estimating water deficitsin leaves. Aust. J. Biol. Sci. 15 (3):413-428.

17. Bates, L.S., R.P. Wadren and 1.D. Teare. 1973. Rapid determination of free proline for
water-stress studies. Plant Soil, 39:205-207.

18. Chartzoulakis, K., M. Loupassaki and I. Androulakis. 2002. Comparative study on NaCl
salinity of six olive cultivars. Acta Hort. 586:497-502.

19. Chaves, M. M., J. Flexas and C. Pinheiro. 2009. Photosynthesis under drought and salt
stress: regulation mechanisms from whole plant to cell. Ann. Bot. 103:551-560.

20. Cuin, T. A., J. Bose, G. Stefano, D. Jha, M. Tester, S. Mancuso and S. Shabala. 2011.
Assessing the role of root plasma membrane and tonoplast Na'/H™ exchangers in salinity
tolerance in wheat: in planta quantification methods. Plant Cell Environ. 34:947-961.

21. FAO. 2008. Land and plant nutrition management service.
http:www.fao.org/ag/agl/agll/spush [Last accessed 25 April 2008].

22. FAO. 2013. FAOSTAT Agricultural Statistics Database. Retrived From
http://faostat3.fao.org/downl oad/ Q/QC/E.

23. Ferguson, L., T. J. Michailidesand H. Shorey. 1990. The Californiafigindustry. Hort. Rev.
12:409-490.

VOO


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.2.4.9
http://journal-irshs.ir/article-1-254-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

[ DOR: 20.1001.1.16807154.1396.18.2.4.9 ]

oLlEaa 5 2Ll

24. Fox, J. D. and J. F. Robyt. 1991. Miniaturization of three carbohydrate analyses using a
microsample plate reader. Anal. Biochem. 195:93-96.

25. Golombek, S. D., and P. Ludders. 1990. Gas exchange of Ficus carica in response to
sdinity. pp: 487-493. In: Beusichem, M.L., (Ed.). Plant Nutrition-Physiology and
Applications. Kluwer Academic Publishers, Dordrecht. The Netherlands. 822 P.

26. Gouiaa, S., H. Khoudi, E.O. Leidi, J. M. Pardo and K. Masmoudi. 2012. Expression of
wheat Na'/H" antiporter TNHXS1 and H*-pyrophosphatase TV P1 genes in tobacco from
abicistronic transcriptional unit improves salt tolerance. Plant Mol. Biol. 79:137-155.

27. Gucci, R. and M. Tattini. 1997. Salinity tolerance in olive. Hort. Rev. 21:177-214.

28. Hgjiboland, R., F. Norouzi, C. Poschenrieder. 2014. Growth, physiological, biochemical
and ionic responses of pistachio seedlings to mild and high salinity. Trees 28:1065-1078.

29. Hiwae, S. 2015. Fig (Ficus carica). pp: 159-175. In: Hiwae, S., (Ed.). Sustainable
Horticulture in Semiarid Dry Lands. Springer (India) Science + Business Media. 393 P.

30. Jiang, W. B., K. Maand Y. L. Wang. 1991. A preliminary study on physiological indexes
of salinity tolerance in fig (Abs.). Jiangsu J. Agr. Sci. 7:29-33.

31. Khayyat, M., A. Tehranifar, G.H. Davarynejad and M. H. Sayyari-Zahan. 2014. Vegetative
growth, compatible solute accumulation, ion partitioning and chlorophyll fluorescence of
‘Malas-e-Saveh’ and ‘Shishe-Kab’ pomegranates in response to salinity stress.
Photosynthetica, 52:301-312.

32. Lichtenthaler, H. K. 1987. Chlorophyll and carotenoids. pigments of photosynthetic
biomembrane. Methods Enzymol. 148:350-382.

33. Mane, A. V., T. V. Deshpande, V. B. Wagh, B. A. K

aradge and J. S. Samant. 2011. A Ciritical review on physiological changes associated with
reference to salinity. Int. J. Environ. Sci. 1:1191-1216.

34. McCready, R. M., J. Guggolz, V. Silvieraand H. S. Owens. 1950. Determination of starch
and amylose in vegetables. Anal. Chem. 22:1156-1158.

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

36. Munns, R. and M. Tester. 2008. Mechanisms of salinity tolerance. Annu. Rev. Plant Biol.
59:651-681.

37. Nayyar, H. 2003. Accumulation of osmolytes and osmotic adjustment in water-stressed
wheat (Triticum aestivum) and maize (Zea mays) as affected by calcium and its
antagonists. Environ. Exp. Bot. 50:253-264.

\OF


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.2.4.9
http://journal-irshs.ir/article-1-254-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

[ DOR: 20.1001.1.16807154.1396.18.2.4.9 ]

38.

39.

40.

S sd slagely (R ssd JAS S

Pandey, R. and R.M. Agarwal. 1998. Water stress induced change in proline contents and
nitrate reductase activity in Rice under light and dark condition. Physiol. Mol. Biol. Plants
4:53-57.

Parida, A. K. and A. B. Das. 2005. Salt tolerance and salinity effects on plants: a review.
Ecotoxicol. Environ. Saf. 60:324-349.

Saneoka, H., R.E. Moghaieb, G.S. Premachandra and K. Fujita. 2004. Nitrogen nutrition
and water stress effects on cell membrane stability and leaf water relations in Agrostis
palustris Huds. Environ. Exp. Bot. 52:131-138.

41. Santos, C. V. 2004. Regulation of chlorophyll biosynthesis and degradation by salt stressin

42.

sunflower leaves. Sci. Hort. 103:93-99.

Shabala, S. and R. Munns. 2012. Sdlinity stress: physiological constraints and adaptive
mechanisms. pp. 59-93. In: Shabala, S. (Ed.). Plant Stress Physiology. CABI. Publisher,
Oxford, England. 376 P.

43. Shabala, S. and I. Pottosin. 2014. Regulation of potassium transport in plants under hostile

conditions: implicationsfor abiotic and biotic stresstolerance. Physiol. Plant. 151:257-279.

44. Shabda, S., R. G. White, M. A. Djordjevic, Y. Ruan and U. Mathesius. 2016. Root-to-shoot

signaling: integration of diverse molecules, pathways and functions. Funct. Plant Biol.
43.87-104.

45, Solmaz, i., N. Sari, Y. Dasgan, H. Aktas, H. Yetisir and H. Unlu. 2011. The effect of salinity

46.

47.

48.

49.

on stomataand leaf characteristics of dihaploid melon lines and their hybrids. J. Food Agr.
Environ. 9:172-176.

Sotiropoulos, T. E., I. N. Therios, D. Almaliotis, |. Papadakis and K. N. Dimassi. 2006.
Response of cherry rootstocks to boron and salinity. J. Plant Nutr. 29:1691-1698.

Stahl, W. and H. Sies. 2005. Bioactivity and protective effects of natural carotenoids.
Biochem. Biophys. Acta 1740:101-107.

Verbruggen, N. and C. Hermans. 2008. Proline accumulation in plants: a review. Amino
Acids 35: 753-759.

Yamasaki, S. and L. R. Dillenburg. 1999. Measurements of leaf relative water content in
Araucaria angustifolia. Braz. J. Plant Physiol. 11:69-75.

50. Yarami, N. and A.R. Sepaskhah. 2015. Physiological growth and gas exchange response of

saffron (Crocus sativus L.) to irrigation water salinity, manure application and planting
method. Agr. Water Mang. 154:43-51.

oV


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.2.4.9
http://journal-irshs.ir/article-1-254-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

[ DOR: 20.1001.1.16807154.1396.18.2.4.9 ]

oLlEaa 5 2Ll

51. Zarei, M., M. Azizi, M. Rahemi and A. Tehranifar. 2016. Evaluation of NaCl salinity
tolerance of four fig hybrids based on vegetative growth and ion content in leaves, shoots,
and roots. HortScience, 51:1427-1434.

52. Zhu, M., M. Zhou, L. Shabala and S. Shabala, 2015. Linking osmotic adjustment and
stomatal characteristics with salinity stress tolerance in contrasting barley accessions.
Funct. Plant Biol. 42:252-263.

53. Zrig, A., H. Ben Mohamed, T. Tounekti, H. Khemira, M. Serrano, D. Vaero, and A.M.
Vadel. 2016. Effect of rootstock on salinity tolerance of sweet ailmond (cv. Mazzetto). S.
Afr. J. Bot. 102:50-59.

VOA


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.2.4.9
http://journal-irshs.ir/article-1-254-fa.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

[ DOR: 20.1001.1.16807154.1396.18.2.4.9 ]

Iranian Journal of Horticultural Science and Technology 18 (2): 143-158 (2017)

Effect of Salinity Stresson Some Physiological and Biochemical Responses of
Four Fig (FicuscaricalL.) Hybrids

M. Zarei, M. Azizi, M. Rahemi”, A. Tehranifar and S. Davar panah?

Soil salinization, resulting from the accumulation of water- soluble salts in the soil, adversely
impacts on agricultural production including figs. To investigate the effects of different salinity
levels (0.6, 4, 6 and 8 mmhos.cm® NaCl) on four fig hybrids, an experiment was performed as
factorial based on completely randomized design. The investigated seedlings were offsprings of
‘Sabz’ as maternal parent and four caprifigs namely ‘Pouz Donbali’(P), ‘Khormaei’(K),
‘Shahanjiri’(Sh) and ‘Daneh sephid’(D); (SxP, SxK, SxSh and SxD). Sdinity at level 8
mmhos.ctincreased proline (9.18-fold), carotenoids (8.04%) and stomata density (54.13%), and
also decreased relative water content (15.24%), starch (39/42%), length (23.68%) and width
(24.60%) of stomata and stomata conductance (73.59%) compared with the control treatment.
With increasing salinity level to 6 mmhos.cm™increased total soluble sugars, Chlp and total Chl
in comparison with the control treatment. The most proline, Chla, Chly, total Chl, carotenoids, total
soluble sugars, starch was measured in SxK hybrid, whereas the lowest rel ative water content was
measured in SxD hybrid and the lowest Chly and total Chl was measured in S x Sh hybrid.
Moreover, S x Sh hybrid had the most decrease in stomata length and width and most increasein
stomata density under the salinity condition, while the lowest stomata density was found in SxK
hybrid. Moreover, the most and lowest changes in the percentage of stomata conductance under
treatment 8 mmhos.cm™ in comparison with the control treatment were found in SxP and SxK
hybrids, respectively. Among the studied hybrids, SxK was shown salinity tolerance more than
other hybrids and it is possible to use of this hybrid in the salinity soils up to 8 mmhos.cm™.
Keywords: Carotenoids, Chlorophyll, Proline, Starch, Stomata Conductan.
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