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Effect of Salinity and Drought Stresses on Growth and Eco
physiological Parameters in Carob Seedlings
(Ceratonia siliqua L.)
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Fig. 1. Effect of different salinity levels and irrigation intervals on stem height of carob seedlings. Similar letter
in each column are not significantly different at 5% level of probability using Duncan multiply range test.
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Fig. 2. Effect of salinity levels and irrigation intervals on leaf area of carob seedlings. Similar letter in each
column are not significantly different at 5% level of probability using Duncan multiply range test.
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Fig. 3. Effect of salinity levels and irrigation intervals on shoot dry weight ot carob seedlings. Similar letter in
each column are not significantly different at 5% level of probability using Duncan multiply range test.
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Table 1. Interaction effect of salinity levels and irrigation intervals on growth indices of carob seedlings.

skl 590 S)3 s adlu lad Sy e olusll 5059 Ak, B9 Ady) SiS 0y ade, Jsb
Irrigation period ~ Salinity level  Stem diameter Number Shoot fresh ~ Root fresh Root dry Root length
(Day) (mM) (mm) of leaves weight (gy  weight (g) weight (g) (cm)
0 3.96+0.390 a 13£0.5a 5.93+0.25a 1.99+0.19 a 0.36+0.005 be 16.75+0.75 a
5 80 3.56+0.610 b 10.44+0.29 be 2.42+0.66 b 1.24£0.12b 0.32+0.017 be alg(.:4li0.44
160 2.47+0.290 be 9+0 de 1.69+0.020 be 1.09+0.16 bc  0.3+0.01c tl)ial&t()j
0 12.83+0.62
10 3.11£0/36 cd 10.16+0.5 de 2.36+0.17 b 1.36+0.15ab  0.28+0.016 bc bed
80 2.88+0.20 de 7.83+0.5d 1.224+0.057 be 1£0.11 be 0.33+0.02 be 12.54+0.5 c¢d
160 2.5240.13 ef 7.9940.33 de 1.37+0.27 be 1.35+0.13ab  0.5+0.015a 11.17£0.5d
0 2.48+0.39 f 8.11£0.22 de 1.07+0.97¢ 0.65+0.04 ¢ 0.14+0.01d 11.0.16 cd
15 80 2.63+0.37de 8.66+0 de 1.7540.56 be 1.24+0.122b  0.36+0.017 ab 11)3'510'88 a
160 2.640.11ef 9.06:05cd  LI3013c  103:0.03be 04450015 17702

tMean values with similar letters in each column are not significantly different at 5% level of probability using
Duncan multiply range test.
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Fig 4. Effect of salinity levels and irrigation intervals on the content of chlorophyll a and chlorophyll b in carob
seedlings. Similar letter in each column are not significantly different at 5% level of probability using
Duncan multiply range test.
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Table 2. Interaction of irrigation intervals and salinity stress on ecophysiological and biochemical parameters of carob
seedlings.

ool 5se o5 gl Jolae slanis oalsse JS dasg k8 PP
B A A R Y B W
(mgg ) 1 RWC (%)
(Day) (mM) (mgg' FW)
0 1.61+£0.031¢ 0.64+0.026 d 0.78+0.05 a 0.77+£0.5 a 73.62+0.015a
0 80 1.3£0.2d 0.72+0.03 cd 0.74+0.008 ab 0.69+0.062 a 60'83§2'0072
160 1.41+£0.2 cd 0.72+0.03 cd 0.64+0.02¢ 0.62+0.034 a 63.94+0.011abc
0 1.47+0.1 cd 0.64+0.33 d 0.73+0.01cd 0.58+0.023 a 69.21+0.019 ab
10 80 1.99+0.023 b 0.72+0.24 cd 0.72+0.006 cd 0.68+0.022 a 62.92§2.005
160 2.52+0.2 a 1.18+0.03 a 1.18+0.03a 0.7+0.005 d 53.51+0.0016 ¢
0 1.61+£0.017 ¢ 0.18+0.03 a 0.81+0.009 bed 0.71£0.02 d 54.02+0.009 ¢
15 80 1.52+0.23 ¢ 1.04+0.042 abc 1.04+0.042 abc 0.62+0.02 ¢ 54.02+0.009 ¢
160 1.52+0.2 be 0.96+0.03 abc 0.96+0.03 abc 0.54+0.024 59.01+0.015 be

1 Mean values with similar letters in each column are not significantly different at 5% level of probability using
Duncan multiply range test.

il o 5SSIS 93T 10 gl 50 (g )lo sime Digles gl S e By SO L Lo Sile T

L et

ke ikl Hee Gl b e8I (Ses 5 ate) 5 e pll mete oully a3z sz 4 axs b
s oanlie 5)lal 55, 10 5 10 gob G )i Dol 4 ST el malS W) a5 e el mte
R 9 (S RS s 4 SB 0 ke Sl 18l 4 Bl oo |y miieke paie 0l palS (o w0 JSS)
(YD) ols s oS (glaiy ) picmws dxwgi g ol yialS Jdoay o] Gde alS
oS

WIS gie (A g 5)9d hSenp 55U 2 (2ler I S SR dmosls (il ly i sleazes el
599 50 bl wald 4y Cowd (ghlo pixe s plee plal pds clale Sobal e Lalidl b GYgo o oo 558 4o
Vo a9 50 el e (it oS (gpsboa 058 Mgy Gl ST Sl (l5ee (5)0 GRaIBI L gy Ve ol
oIBl ul xS il (alidl olse plail padS” (e (6598 Gl L 59, V0 kel y90 50 b aalie Yge L
il By radS ke 55kl j30 Rl L cd S 5 Sas Jleas 236 ) ade; peedS (F J5u2) 095 5l e
ol GBI sl (S (15 (P JS5) ki oanlie 53kl 55, V0 51+ sk (o syl sire Dglis az ST ol L
3 il b S e B slisl A5 0aS S, JiKm Sy sy 45 355ise sadlysian a8 il 5 20l
igdooe A Wi, 5 Jlub 4y, Ldlne oaisl 53 (oowedS sl JULS o255 (3L 5y a0 Sl sl Ui

g omed b 5g5 V0 ilel 590 @ S Vaa o VP (6555 b 39, 10 (s)lal 590 50 alse plail S (l5ee (1)
S o ol S g5le lgeas a5 col LS Gy LmalS 51 5L glacs, Jlad el o] cle oS el LmalS 4
oo 51 g e lase 10 S i ialS Cde wilos ST 5155 1 Kk ez e LSl 0als )l olS o pelS

AY) 098 oo punlS (030 s Iyl i ) 0 A S Al se S A o G ol

V-Y


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.2.1.7
http://journal-irshs.ir/article-1-330-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-08 ]

[ DOR: 20.1001.1.16807154.1399.21.2.1.7 ]

g Ay slodzminli o iS5 (59 slo i

B

24 A 25

- a
1 z =@
: =1 F) ~ Q G
L ] ) N
—= a = + .
;:] = 3 8 a
A~ - | 5 .

E 15 - 3 f;‘:
9 o E $00
- = oo
g i | &~2
25 3T b ‘2 5
! =% s =&
o = X 0

o2 -~ 3¢
3 0’_— F 05 .
=N " 5
a"\_‘ —
3 0 - T T ) 0

[ VT i 10 Irrigation (day) 0
232 1wt oo

Irrigation (day)

Ly

Fig 5. Effect of different salinity levels and irrigation intervals on Mg concentration in roots and shoots of carob
seedlings. Similar letter in each column are not significantly different at 5% level of probability using
Duncan multiply range test.
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Fig. 6. Effect of irrigation intervals on Ca concentration of root in carob seedlings. Similar letter in each column
are not significantly different at 5% level of probability using Duncan multiply range test.
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Table 3. Interaction of salinity and irrigation intervals on nutrients concentration of shoots and root in carob
seedlings.

el 50 Sosd @lse plal mo Aty s tlsp phl ly ELLY rvwlf
Irrigation period Salinity level Na concentration of ~ Na concentration K concentration gfa S;zr;f%fgl\;)g
(Day) (mM) shoot (% DW) of root (% DW) of shoot (% DW)
0 0.16+0.038 ¢ 0.36+0.04 ¢ 1.11£0.18 cd 0.84+0.038 ¢
5 80 0.017+£0.016 ¢ 0.63+£0.017 ¢ 0.6+£0.094 d 1.18+0.01 be
160 0.25+£0.011e 0.96+0.02 cd 3.06+0.052 ab 1.16+0.05 be
0 0.15+£0.04 ¢ 0.43+0.02 cd 1.38+0.061 cd 0.79+0.012 ¢
10 80 0.56+0.008 ¢ 1.20+0.008 ¢ 2.12+0.053 cd 1.17+0.04 bc
160 0.594+0.022 ¢ 1.734£0.08 b 3.93+0.051 abc 1.96+0.022 a
0 0.19+0.008 d 0.80+0.044 cde 2.64+0.069 cd 1.04+£0.018 ¢
15 80 0.60+0.01 b 2.51£0.05 a 1.58+0.07cd 1.32+0.02 be
160 0.7240.032 a 2.754+0.03 a 1.20+0.08 cd 1.3240.02 be

1 Mean values with similar letters in each column are not significantly different at 5% level of probability using
Duncan multiply range test.

sl e SIS ge3T 10 mlaw j0 (gl e Sglss glls S i By S b o Sk T

S 5 A%
2 e sl i bl Glgl 5 0xS e JE it ame Jelse U 5 a5 Canl losssy plalS wl,
sloopal, 65 @l ogs sladldls o5 wb pazie Giagh (nl el p 0SS (o 5en Soidard slagasle
5 Sroml SloceS 5 Sl Guizes 5 ady; Job (Pl g S phe Jie sud) slagatls galS alex 5l (gl
lio (5,08 5 (Sds BT plp 50 peeslly 5 peedS CBlil g 2lse plail @ o] JE) pas 5 ady; )0 made Bl

V-f


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.2.1.7
http://journal-irshs.ir/article-1-330-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-08 ]

[ DOR: 20.1001.1.16807154.1399.21.2.1.7 ]

g Ay slodzminli o iS5 (59 slo i

03 9 Yse e At mhaw U (5500 05,5 laJlils a5 0,5 lo Glgice Gl (nl Gleazl & az g b oS e
S oo oz 1 59,V 0 ke

References P

NEF) VY 228 ) ol sl iy 4 s (Allium sativum L) yw o551 93 (S5358l90 508
FY AWV Fe LA ple 4yt plol S s i g i

L (Psidium guajava L.) lglsS So5ee 58 sl jamli (608 e SIS gl AVAY | Lol o g o) iy ¥
XY (V) AP -A% alS 0,515 g il 8 .S e ol 5l solau!

5 St omlid S, lagals (B p (St 5 5B ey YA Lo 1y (5585 p a ccngn ¥
TV () V-Y0 (2lS adei sla gl 4 s . Slpl (6905 Jlls oleniion

L Jsg 9 Glnl bsb ais% 50 sl Jlos S a4 Joow b)) IVAF L old g )aallsd L) e ol Corw ow O
Sy o) Ll s g, = (oale o (slopaic i 5 (Saislosed (Sislshye cslo il edlanl
Yo (V) VYY-10F (g0 ,,5 cwliss
e OF 05 8o

S St s Seletiee Sleogad sy A5 SATAY  olo) 7 g Sleal g et S g Gnuimege Y

N0 (V) NOYYY (alS ol & 9ué GF677 Gl (59, 00l Wgw plol bl lacuiss

8- Abbas, G., M. Saqib and J. Akhtar. 2016. Differential response of two acacia to salinity and water stress.
Pakistan. J. Agr. Sci. 53: 17-25.

9- Abdul-Majid, S., A. Rehana and M. Ghulam. 2007. Potassium-calcium interrelationship linked to drought
tolerance in wheat. Pakistan. J. Bot. 39: 609-1621.

10- Diamantoglou, S. and K. Mitrakos. 1981. Leaf longevity in Mediterranean evergeen sclerophylls. Pp. 17-19
in Components of Productivity of Mediterranean-climate Regions - Basic and Applied Aspects (N.S.
Margaris and H.A. Mooney, eds.). Junk Publishers, The Hague. Ecotoxicol. Environ. Saf. 60:324-349.

11-Duran-Zuazo V.H., H. Martinez-Raya and J. Aguilar-Ruiz. 2003. Salt tolerance of mango rootstock
(Magnifera indica L. cv.Osteen). Spanish. J. Agr. Res. 1:67-78.

12- El-asri, A., F. Ait Aguil., A. Douaik and A. Ouazzani Touhami. 2014. Evaluation of the impact of water
stree and irrigation on carob tree year seedlings in Northeast of morocco. J. Pure Appl. BioSci. 2: 286-297.
13- El-Kahkahi, R., M. Mouhajir., S. Bachir., A. Lemrhari., R. Zouhair., M. Ait Chitt and R. Errakhi. 2013.
Morphological and physiological analysis of salinity stress response of carob (Ceratonia siliqua L.) in

Morocco. DOI: 10.17311/sciintl.2015.73.81.

14- Fanaei, H.R., M. Galavi., M. Kafi and A. Ghanbari Bonjar. 2009. Amelioration of water stress by potassium
fertilizer in two oilseed species. Inter. J. Plant Prod. 3: 41-54.

15- Flexas, J., J. Bota., J.M. Escalona,. B. Escalona and H. Medrano. 2002. Effects of drought on photosynthesis
in grapevines under field conditions: an evaluation of stomatal and mesophyll limitations, Fun. Plant Bio:
29:461-471.

16- Ganjali, A., A. Kafi.,, A. Bagheri and F. Shahriyari. 2005. Screening for drought tolerance in chickpea
genotypes (Cicer arietinum L.). Iranian J. Agr. Sci. 3: 103-122.

17- Greenway, H. and R. Munns. 1980. Mechanisms of salt tolerance in non halophytes. J. Plant Physiol. 31:
149-190.

18- Gusegnova, .M., S. Suleymanov and J.A. Aliyev. 2006. Protein composition and native state of pigments of
thylakoid membrane of Wheat genotypes differently tolerant to water stress. Biochem.71: 223-228.

19- Hessini, K., M. Ghandour., A.A. Albouchi., H-W. Soltani Koyro and C. Abdelly. 2008. Biomass production,
photosynthesis, and leaf water relations of Spartina alterniflora under moderate water stress. J. Plant Sci.
Res. 121: 311-318.

21- Hopkins, W.G. and N.P.A. Huner. 2009. Introduction to plant physiology, Fourth Edition, John Wiley &
Sons, Inc., New York, USA, pp.503.

22- Irigoyen, .J., D.W. Emerich and M. Sanchez-Diaz. 1992. Water stress induced changing concentrations of
proline and total soluble sugars in nodulated alfalfa (Medcago sativa) plants. Physiol. Plant. 84: 67-72.

V-0


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.2.1.7
http://journal-irshs.ir/article-1-330-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-08 ]

[ DOR: 20.1001.1.16807154.1399.21.2.1.7 ]

OhlKes g ol

23- Kameli, A. and D.M. Losel. 1995. Contribution of carbohydrates and other solutes to osmotic adjustment in
wheat leaves under water stress. J. Plant Physiol. 145: 363-366.

24- Kavi Kishor, P.B., S. Sangam., R.N. Amrutha., P.S. Laxmi., K.R. Naidu., K.R.S.S. Rao., S. Rao., K.J.
Reddy., P. Theriappan, and N. Sreenivasulu. 2005. Regulation of proline biosynthesis degradation, uptake
and transport in higher plants: Its implications in plant growth and abiotic stress tolerance. Cur Sci. 88: 424-
438.

25- Kumar, D., M.A. Hassan., M.A. Naranjo., V. Agrawal., M. Boscaiu and O. Vicenten. 2017. Effects of
salinity and drought on growth, ionic relations, compatible solutes and activation of antioxidant systems in
oleander (Nerium oleander L.). PLoS ONE 12: e0185017. https://doi.org/10.1371/journal.pone.0185017.

26- Lawlor, D.W. and G. Cornic. 2002. Photosynthetic carbon assimilation and associated metabolism in
relation to water deficits in higher plants. Plant, cell Envir. 25: 275-294.

27- Lebon, E., A. Pellegrino., G. Louarn and J. Lecoeur. 2006. Branch development controls leaf area dynamics
in grapevine (Vitis vinifera) growing in drying soil. An. Bot. 98: 175-185.

28- Perez-Perez, J.G., Robles, J.M., Tovr, J.C., and Boti, P. 2009. Response to drought and salt stress of lemon
‘Fino 49’ under field conditions: Water relations, osmotic adjustment and gas exchange. Sci Hort. 122: 83—
90.


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.2.1.7
http://journal-irshs.ir/article-1-330-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-08 ]

[ DOR: 20.1001.1.16807154.1399.21.2.1.7 ]

Iranian Journal of Horticultural Science and Technology 21 (1): 95 - 106 (2020)

Effect of Salinity and Drought Stresses on Growth and Eco
physiological Parameters in Carob Seedlings
(Ceratonia siliqua L.)

Z. Damani, H.R, Karimi*, A.A. Mohammadi Mirik and M. Esmaelizadeh!

In order to evaluate the tolerance of carob seedlings to drought and salinity stresses based
on growth and ecophysiological indices, a factorial experiment was conducted based on a
completely randomized design with three replications. Factors included drought at 3 levels (5,
10 and 15 days irrigation intervals) and 3 salinity levels (0, 80 and 160 mM NaCl). The
results showed that drought and salinity stresses reduced the vegetative indices of carob
seedlings so that the lowest vegetative indices were observed in 15 days irrigation interval
and 160 mM NaCl. The shoot fresh and dry weight decreased with increasing salinity and
drought intensity. The highest shoot fresh and dry weight were recorded in control plants and
the lowest shoot fresh and dry weight were recorded in plants treated with 160 mM NaCl and
15 days irrigation interval. The results of this study also showed that relative water content of
leave decreased in plants treated with 10 days irrigation interval with increasing salinity
levels while there was no significant difference between salinity levels in 15 irrigation
intervals. The results also showed that the concentration of Na in root and shoot was
increased with increasing salinity and drought stresses so that the highest concentrations of
Na in shoots and roots were observed in plants treated with 15 days irrigation interval and
160 mM NaCl. According to the results of this study, it can be concluded that carob seedlings
can tolerate 10 days of irrigation and 80 mM salinity.

Keywords: Carob tree, Chlorophyll, Stress, RWC.
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