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ABSTRACT

Citrus tolerate low temperature and weak drainage. Growing citrus in warm regions, expose them to drought. This research
was conducted to investigate drought effect on relative water content, ion leackage, malondialdehyde, soluble sugars,
potassium and calcium nutrients in nucellar seedlings of citrus natural genotypes with two susceptible and tolerant
rootstocks in factorial test based on randomized completely design with three replications in glasshouse conditions. Factors
included commercial Citrus genotypes and two level of irrigation (optimum irrigation and withholding irrigation). The
results showed that Poncirus because of lower ion leakage (31.85 %), lower malondealdehyde accumulation (134.4
nm/gdw) and higher calcium content (57 mg/gdw) compared with other genotypes was more tolerant to drought. Rough
lemon because of higher malondealdehyde accumulation (356.9 nm/gdw), high ion leakage (69.43 %) and lower calcium
content (32.63 mg/gdw) compared with other genotypes, was susceptible to drought. Genotype of Shelmahalleh because of
high ion leakage (77.17 %) and slight total soluble carbohydrate accumulation was susceptible to drought after Rough
lemon. Therefore, we could consider ion leakage as a proper physiological marker for drought tolerance with regard to
means comparison and its good correlation to survival time.

Keywords: lon leakage, leaf relative water content, malondialdehyde, unknown genotype, Withhold irrigation.
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Table 1. ANOVA of Leaf relative water content, lon leackage and Malondialdehyde in citrus genotypes

Mean of Squares

Source Degree of Freedom Relative water lon Malondialdehyde
content leakage
Rootstock 9 196.737 891527 35233.22"
Irrigation levels 1 66385.4" 115892.08" 191764.43™
Rootstock x Irrigation levels 9 122.51" 598.44" 13333.5™
Error 40 34.83 35.13 2952.79
CV% 9.23 13.54 28.58

** Significant difference at 1% of probability level.
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Table 2. Mean comparisons of interaction between citrus genotype and irrigation level on some physiological and
biochemical characteristics

Genotype Irrigation Relative water content (%) lon leakage (%) Malondialdehyde (nm/g dw)
5-5 Control 70.14 ™ 14.21 " 253 ¢
5-5 Stress 32.13™ 88.19 *¢ 416.2°
Moalemkooh Control 85.94 ** 12.38 266 "
Moalemkooh Stress 37.7m 69.54 " 356.9
Shelmahalleh Control 83.59 ™ 15.15 " 276.7 "'
Shelmahalleh Stress 55.34 ™" 77.17°" 206.4 "
3-3 Control 81.18 ™ 16.87 " 149.3 1P
-3 Stress 24.47" 93.57 ¢ 3435
6-3 Control 85.18 ™ 15.23 "P 245.1 **
6-3 Stress 4562 " 96.63 ° 364.8%
8-4 Control 84.72 % 12.87 " 230.4 ¢
8-4 Stress 42.07' 24.48™ 341.6%°
Off-type Control 95.36 ° 13.87 " 84.89 ®
Off-type Stress 46.22 ™ 87.08 ** 299.2 "¢
2-5 Control 85.84 2° 14.79"® 1195 ™"
2-5 Stress 37.58 MM 89.15%° 100.8"°
Poncirus Control 81.07™ 9.77° 142.3 %P
Poncirus Stress 42.17'" 31.85Im 1344
Rough lemon Control 85.13 *° 14,7 63.67°
Rough lemon Stress 49.42 % 69.43 " 356.9 ™

il ey Y s jo jls pae BB (g j 40 S i sladd > Gl sla Silee
The means with similar letter in each column didn’t have significant difference at 1 % level.
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Table 1. ANOVA of Total soluble carbohydrate content, Potassium and Calcium in genotypes

Mean of Squares

Source Degree of Freedom Total Soluble carbohydrate Potassium Calcium
Rootstock 9 3666.95" 30497 45783
Irrigation levels 1 34775.87" 105.38" 1928.9”
Rootstock x Irrigation levels 9 2726.41" 9.66 ns 151.89 ns
Error 40 116.4 7.56 0.026
CV% 16.12 16.54 10.53

Dldgme WS gas g 0o y3 B 5V Jlossl mdas )5 ls s BT ins g 5
** * ns: Significantly differences at 1 and 5% of probability levels, and non- significantly differences, respectively.
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Table 4. Mean comparisons of interaction between genotype and irrigation level on some biochemical characteristics

Total soluble carbohydrate Potassium Calcium

Genotype Irrigation (ma/g dw) (mg/g dw) (mglg dw)
55 Control 10.85 7 17.71°9 33.92%7
5-5 Stress 52.01 ™" 14,28 * 55.17 *©
Moalemkooh Control 19.65 ™ 16.3 %9 40.55*"
Moalemkooh Stress 96.02 *¢ 17.09 ¢9 57.03%
Shelmahalleh Control 43.86 ™ 17.55 9 33.53*"
Shelmahalleh Stress 48.45™P 16.07 ¢" 44,57 %"
33 Control 53.77"° 14.12 ¢ 50
3-3 Stress 7432 19.35%¢ 52.6 ¢
6-3 Control 50.72 ™ 142 33.23*"
6-3 Stress 75.83 ¢ 17.87 "9 35.43*"
8-4 Control 73.1™ 14,59 * 14.3'
8-4 Stress 164.6° 19.66 *¢ 46.8"
Off-type Control 48.31MP 17.71°9 45,159
Off-type Stress 82.65™ 19.66 ** 452"
2-5 Control 18.27 ™ 16.38 ©9 51.07 *¢
2-5 Stress 163.1° 14.67 * 51.73 *¢
Poncirus Control 80.46 " 18.18 " 35.13*"
Poncirus Stress 64.49'" 17.32°9 57%®
Rough lemon Control 105 ** 16.85 ©9 325
Rough lemon Stress 51.57™° 17.79 ™9 32.63*"

il oy Y s jo jls cae BB (gt 2 40 S i gladd > gl sle Siles
The means with similar letter in each column didn’t have significant difference at 1 % level.
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Table 5. Correlation between survival time and physiological and biochemical characteristics

RWC  lon leakage

Malondialdehyde

Total soluble carbohydrate Potassium  Calcium

Survival time  0.171 -0.525 -0.114

-0.058 -0.031 0.135

** Significantly differences at 1% of probability level.

ol g g Vb Je i o 4 5 Al
a5, 0 ol Sl U5 Jsle Sljaueg S
dlio & axg b cplply il 18 conles gom
399 b (S el Lo g3 (Sod 5 o Sile
3 welie Siedgd Silas plareas | o olg oo iy

o, Ry si“’ Q@ Lot Eone

S5 Kl
leds b abpbly Sl 8595 5l dlie ol
5 olS,e 8aKingh YOIWS)V-AYVS g
ol Gl Colem 51 a5 el (6500 5 dad glooss
20,5 (oo (Sloyu3 g SiS cdegans

REFERENCES

oy V Jlozsl mdas jo jls e BYS s

L S Az
[CR PSR- R omiwo@ @Lu sl
e bolBalp o (Ses il a4 Cewles
L) d"ﬁ)""w"}’ el ooy ‘bﬁ")‘ J") JJYO 9 Slao
5 dnallogglle a8 gazd Gioml G s Lo
oS (350 5 sz S ygueolannSTyy Al o
2 peedS Foml Ol g VL G i gz
plp o oS Gl b0 dap Bl Koo b auglis

1. Alizadeh, A., Alizadeh, V., Nassery, L. & Eivazi, A. (2011). Effect of drought stress on apple dwarf
rootstocks. Technical Journal of Engineering and Applied Science, 3, 86-94.

2. Allario, Th., Brumos, J., Colmenero-Flores, J. M., Pina, J. A., Navarro, L., Talon, M., Ollitrault, P. &
Morillon, R. (2012). Tetraploid rangpur lime rootstock increases drought tolerance via enhanced
constitutive root abscisic acid productionpce. Plant, Cell and Environment, 36(4), 856-868.

3. Afji, E., Arzani, K. & Ebrahimzadeh, H. (2003). Accumulation of proline and total soluble sugars in five
cultivars olea europaea L. exposed to drought stress. Iran Biology Journal, 16 (4), 47-59. (in Farsi)

4. Beniken, L., Omari, F. E., Dahan, R., Van Damme, P., Benkirane R. & Benyahia, H. (2013). Screening
of ten citrus rootstocks to drought stress. In 1% International Plant Breeding congress, 19.


https://biblio.ugent.be/person/000121058424
https://biblio.ugent.be/publication?q=author%3D%22Dahan%2C+Rachid*%22+or+(type+exact+bookEditor+and+editor%3D%22Dahan%2C+Rachid*%22)
https://biblio.ugent.be/person/801000502942
https://biblio.ugent.be/publication?q=author%3D%22Benkirane%2C+Rachid*%22+or+(type+exact+bookEditor+and+editor%3D%22Benkirane%2C+Rachid*%22)
https://biblio.ugent.be/publication?q=author%3D%22Benyahia%2C+Hamid*%22+or+(type+exact+bookEditor+and+editor%3D%22Benyahia%2C+Hamid*%22)

4

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

WWAF e oF 5ot (FA 8,50 ol Ll pole

Bollat, 1., Dikilitas, M., Ercisli, S., Ikinci, A. & Tonkaz, T. (2014). The effect of water stress on some
morphological, physiological and biochemical characteristics and bud success on apple and quince
rootstocks. Scientific World Journal, Article ID 769732, 1-8.

Cimo, G., Lo Bianco, R., Gonzalez, P., Bandaranayake, W., Etxeberria, E. & Syvertsen, J. P. (2013).
Carbohydrate and Nutritional Responses to Stem Girdling and Drought Stress with Respect to
Understanding Symptoms of huanglongbing in Citrus. Hortscience, 48(7), 920-928.

De Campos, M. K. F., de Carvalho, K., de Souza, F. S., Marur, C. J., Pereira, L. F. P, Filho, J. C. B. &
Vieira, L. G. E. (2011). Drought tolerance and antioxidant enzymatic activity in transgenic ‘Swingle’
citrumelo plants over-accumulating proline. Environmental and Experimental Botany, 72, 242-250.
Garcia-Sancheza, F., Syvertsena, J. P., Gimenoc, V., Botlab, P. & Perez-Perezb, J. G. (2007). Responses
to flooding and drought stress by two citrus rootstock seedlings with different water-use efficiency.
Physiologia Plantarum, 130, 532-542.

Ghaderi, N., Talaei, E., Ebadi, E. & Lesani, H. (2010). Effect of drought stress and renewable
irrigation on some of the physiological charachteristics in three Vitis cultivar included sahani,
farokhi and white seedless. Iran Horticultural Science Journal, 41(2), 179-188. (in Farsi)
Haghighatnia, H., Nadian, H. A. & Rejali, F. (2011). Effects of mycorrhizal colonization of growth,
nutrients uptake and some other characteristics of Citrus Volkameriana rootstock under drought
stress. World Applied Science Journal, 13(5), 1077-1084.

Heath, R. L. & Packer, L. (1968). Photoperoxidation in isolated chloroplasts. Kinetics and stoichiometry
of fatty acid peroxidation. Archives. Biochemistry and Biophysics, 125, 189-198.

Javadi, T., Arzani, K. & Ebrahimzadeh, H. (2003). Investigation of soluble sugars and proline content in 9
genotypes pyrus serotna under drought stress. Iran Biology Journal, 17(4), 369-387. (in Farsi)

Jimenez, S., Dridi, J., Gutierrez, D., Moret, D., Jrigoyen, J. J., Moreno, M. A. & Gogorcena, Y. (2013).
Physiological, biochemical and molecular responses in four prunus rootstocks submitted to drought stress.
Tree Physiology, 33(10), 1061-1075.

Jones, H. G. (1993). Drought Tolerance and Water-Use Efficiency. In: J. A.C. Smith & H. Griffiths
(Eds.), Water Deficits Plant Responses from Cell to Community (pp. 193-203). Bios Science Ltd. Oxford.
Metheney, P. D., Ferguson, L., Goldhamer, D. A. & Dunai, J. (1994). Effects of irrigation on Manzanillo
olive flowering and shoot growth. Acta Horticulturae, 356, 168-171.

Mahajan, S. & Tuteja, N. (2005). Cold, salinity and drought stresses: An overview. Archives of
Biochemistry and Biophysics, 444, 139-158.

Morgan, J. M. (1984). Osmoregulation and water stress in higher plants. Annual Review Plant
Physiology, 35, 299-319.

Nasr-e-esfahani, A. & Golchin, N. (2008). Estimating of water use efficiency of farm crops in
Esfahan, Gorgan and Gonbad regions. Planning Economic & rural Development Research Institute,
pp. 25-34. (in Farsi)

Rabiei, V., Talaei, A. R., Peterlonger, E., Ebadi, A. & Ahmadi, A. (2004). Effect of deficit irrigation
on vitis fruit compounds in cultivar merlot at late season. Journal of Iran Agricultural Sciences,
34(4), 961-968. (in Farsi)

Rodriguez-Gamir, J., Primo-Millo, E., Forner, J. B. & Forner-Giner, M. A. (2010). Citrus rootstock
responses to water stress. Scientia Horticulturae, 126, 95-102.

Rosban, M. R. (2009). Investigation of physiological mechanisms of drought tolerant in seedling
rootstock of Pistacia. Doctora of science thesis, pp. 158-264. (in Farsi)

Save, R., Biel, C., Domingo, R., Ruiz-Sanchez, M. C. & Torrecillas A. (1995). Some physiological and
morphological characteristics of Citrus plants for drought resistance. Plant Science, 110, 167-172.
Somogyi, M. (1952). Note on sugar determination. Journal of Biological and Biochemistry, 195, 19-23.
Wang, S., Liang, D., Li, C,, Hao, Y., Ma, F. & Shu, H. (2011). Influence of drought stress on the
cellular ultrastructure and antioxidant system in leaves of drought tolerant and drought sensitive
apple rootstocks. Plant Physiology and Biochemistry, 51, 81-89.

Whitlow, T. H., Bassuk, N. L., Ranney, T. G. & Reichert, L. D. (1992). An improved method for using
electrolyte leakage to assess membrane competence in plant tissues. Plant Physiology, 98, 198-205.

Wu, Q. Sh., Zou, Y. N., Xia, R. X. & Wang, M. Y. (2007). Five Glomus species affect water relations of
Citrus tangerine during drought stress. Botanical Studies, 48, 147-154.

Xie, S. X., Lu, X. P., Ni, Q. & Zhao, X. L. (2012). The effect of water stress on ABA, Jaand
physiological characteristic of Citrus. In: XII International Citrus Congress, 125.

Yazdani, N., Arzani, K. & Arji, E. (2007). Modulation of drought stress with Paclobutrazol application in
two Olea cultivars (Blaidi and Meision). Iran Agricultural Science Journal, 38. (in Farsi)


http://www.ncbi.nlm.nih.gov/pubmed/24162335

