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Table 1. Effect of experimental factors on the physiological and biochemical indices evaluated in leaves.
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Mexican lime
M\j)xi‘)
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For each experimental factor and evaluated index, means followed by the same letter are not significantly different by LSD test at p < 0.05.
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Fig. 1. Maximum quantum yield of photosystem II (Fv/Fm), water potential and relative water content (RWC) in
leaves of citrus seedlings under water stress and after rewatering.C S/2: control plant at the middle of stress

period, DS/Z: drought treated plant at the middle of stress period, CS: control plant at the end of stress

period, DS: drought treated plant at the end of stress period, CR: control plant after rewatering period, DR:
drought treated plant after rewatering period. Data are means of 4 replicates £ SD. Bars with the same letter
are not significantly different using LSD test at P < 0.05
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Fig. 2. lon leackage, malondialdehyde (MDA) content, total chlorophyll content and hydrogen peroxide (H»O;) content in leaves of citrus seedlings under water stress and after
rewatering. C S/2: control plant at the middle of stress period, D S/2: drought treated plant at the middle of stress period, CS: control plant at the end of stress period, DS:

drought treated plant at the end of stress period, CR: control plant after rewatering period, DR: drought treated plant after rewatering period. Data are means of 4 replicates
+ SD. Bars with the same letter are not significantly different using LSD test at P < 0.05.
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Fig. 3. Superoxide dismutase (SOD), catalase (CAT), guaiacol peroxidase (GPX) and ascorbate peroxidase (APX) activity in leaves of citrus seedlings under water stress and
after rewatering. CS: control plant at the end of stress period, DS: drought treated plant at the end of stress period, CR: control plant after rewatering period, DR: drought
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treated plant after rewatering period. Data are means of 4 replicates + SD. Bars with the same letter are not significantly different using LSD test at P < 0.05.
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Table 2. Effect of experimental factors on the enzymatic activity ratios evaluated in leaves.
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Fig. 4. The ratio of catalase (CAT), guaiacol peroxidase (GPX) and ascorbate peroxidase (APX) to superoxide
dismutase (SOD) activity in leaves of citrus seedlings under water stress and after rewatering. CS: control
plant at the end of stress period, DS: drought treated plant at the end of stress period, CR: control plant after
rewatering period, DR: drought treated plant after rewatering period. Data are means of 4 replicates + SD.
Bars with the same letter are not significantly different using LSD test at P < 0.05.

STy 03357 Cedlid 4 (APX) 5lapnS Ty ol 55l 3 (GPX) 5Ty JsSLlsS (CAT) VLIS cloey 35T Copllad i —F IS

095 HLL ,o 3ol olS :CS o )bgs (5 Ll plxil 5 s g (Sciis 2 Lyl j0 LS e slaJleils sloS y (SOD) 5bgenns
G)L.‘:‘—‘ 0,90 )| O oS 2 oL:f :DR ‘o)Lgsb Lg)Lﬁ—‘ 0,90 )1 ) dald ol.:f CR (S 090 UL»L 9O O R ol,,f :DS S

alie By, slls lacygiw s sime B S (yg05] ol poied Jlae Slosl £ 1S5 oz 1Sl bosls o,lgs
Al do 0 0 iz e jo (g5l cre Dglas

wl sseed G5 25 ol o)kss okl 1 g SUgemd ST 4 VB 3T codlad o 5o o gime ol

5 STy JSLIsS slae 5T collad cod jo SBlie Gralidl g aall 5 (Sas i 0)50 (bl 4 Comd @2¥,5,5),
95 5 Al e Slol a4y S Uk oSy 5 ©F (Sgoad ¥ i505l) sloaily ) jBgenns deaSTngw 4 jlanS]y Db eS|
U o 5| bsate 985 53 oo (LaSToly s sa (85 Wifo WIgH oo bl ) S 3l Ll 53 2

Yoy


https://dorl.net/dor/20.1001.1.16807154.1400.22.3.8.3
http://journal-irshs.ir/article-1-497-fa.html

[ Downloaded from journal-irshs.ir on 2024-05-02 ]

[ DOR: 20.1001.1.16807154.1400.22.3.8.3 ]

Ohles 5 lac

G sl 50 9,00 el Glain Lulyd 4 65555 P cenS 5055 Y58 5 ol ssed laaly o i )
Slacasl g88g pac p s (ool e 0BT laazls b)) oS Gl @ a4z b Koo Sjle 4 Bl Bl e85 00y
potcie nl & Wlon (oo 5T led S (21531 g i B jolSJ5 0w 25 (slaasly 53 (25 5] (A Sl e
0ab oS Wa> slo 5 b sy g 50 ke (el Sz (HBle FVL ol co)ligd (syll el 3l 5 oS sl
cobo b b pe glag) e 3l dled 4 cosligs )bl 51 oy s550e Slam T cedlad [l 51 iy Cool Jaioms s

)5 (Jsge 3str Gosmy 4 3l a5 2L L po Lo 3T

S5 A

slal )3 (Sis A5 Joow olls S99 4 et Siegh 4 bape slaazs ol ol oS A5 lea
L8] éu)y Lﬁbcbl.v u.!‘ )\b k_;..o U“"" J"-”U 6Yb U‘?" J.a}o ).u ].0[_‘> U“'Qj)" LsLbc\.JLu w‘ ol c)l.w‘ l.ll.uj.nlg.b 9 [‘,.Nﬁ..i.l)
5 hosete & Ulgs 0 )lisd (o)l Jlosd 51 g il (nl g W pd S @Y )5Sl il 4 0ad o)y slacl & (slaisS
Sl & )l 5 g9z ] (K25 o b agzlye ;5 ol 2 0938l 05 055 Sulslsn it (sanl Comdy 4 S
g Wlgio 4 b byl o] o 15Ut Lol &) 6,555 olg5 o)lig 6yl ol 5l g ey 53 g A o3 Ll polSJg
ol 3 4l 65 el ol stz 55 gl sl 3o o gad ke ypme |y ol sais] 4o lsbo byl b >l sk,
Y550, Al g b Gl 255wl o8l ol alias wge fol gl slaaz 5 o)l Bus (nl b o) 8 Lis bl
2)igd )kl 3l s (5 5 Wags Y (oo glageuly @) 4 Ul )b sladly S0 g 51 0g GialesT ol Laul b 5o
Ll yols ol (gl ool (sl oot pa5 Slaal Slane 5l aws ) oo Sl onlply W30 L3k 1) 095 (rb Condg
i G Llyd 4 ol ssed il cslin (255El ol 2 0938l 5 Wsd o pmime wiadyl laasly @¥,5S,

Dbl ge s oS 5 0wl opl ol lp cute gLl Glgiea

.

1. Adouli, B., S. Raheb and B. Golein. 2005. Citrus cultivars and rootstocks. Promational Media Unit, Ministry
of Jihad Agriculture, Mazandaran Branch. 13 p. (In Persian)

2. Ahmad, P., G. Nabi, C.A. Jeleel and S. Umar. 2011. Free radical production, oxidative damage and antioxidant
defense mechanisms in plants under abiotic stress. In: Ahmad, P. and S. Umar (Eds.). Oxidative stress: role
of antioxidants in plants. Studium Press Pvt. Ltd, New Delhi, India. pp: 19 - 53.

3. Ahmadi, K., H.R. Ebadzadeh, F. Hatami, R. Hosseinpour and H. Abdeshah. 2019. Agricultural statistics:
horticultural products. Tehran Press, Ministry of Jihad Agriculture. 3: 159 p. (In Persian)

4. Anjum, S.A., L.C. Wang, M. Farooq, M. Hussain, L.L. Xue and C.M. Zou. 2011. Brassinolide application
improves the drought tolerance in maize through modulation of enzymatic antioxidants and leaf gas
exchange. J. Agron. Crop Sci. 197: 177-185.

5. Beauchamp, C. and I. Fridovich. 1971. Superoxide dismutase: improved assays and an assay applicable to
acrylamide gels. Anal. Biochem. 44: 276-287.

6. Bhatt, D., M. Negi, P. Sharma, S.C. Saxena, A.K. Dobriyal and S. Arora. 2011. Responses to drought induced
oxidative stress in five finger millet varieties differing in their geographical distribution. Physiol. Mol. Biol.
Plants. 17: 347-353.

7. Bonhomme, L., R. Monclus, D. Vincent, S. Carpin, S. Claverol, A.-M. Lomenech, V. Labas, C. Plomion, F.
Brignolas and D. Morabito. 2009. Genetic variation and drought response in two Populusx euramericana
genotypes through 2-DE proteomic analysis of leaves from field and glasshouse cultivated plants.
Phytochem. 70: 988-1002.

8. Campos, P.S., V. nia Quartin, J. chicho Ramalho and M.A. Nunes. 2003. Electrolyte leakage and lipid
degradation account for cold sensitivity in leaves of Coffea sp. plants. J. Plant Physiol. 160: 283-292.

9. Cattivelli, L., F. Rizza, F.-W. Badeck, E. Mazzucotelli, A.M. Mastrangelo, E. Francia, C. Mare, A. Tondelli
and A.M. Stanca. 2008. Drought tolerance improvement in crop plants: an integrated view from breeding to
genomics. Field Crops Res. 105: 1-14.

10. Chance, B. and A.C. Maehly. 1955. Assay of catalases and peroxidases. Methods Enzymol. 2: 764—775.

11. Chen, S., G. Lin, J. Huang and G.D. Jenerette. 2009. Dependence of carbon sequestration on the differential
responses of ecosystem photosynthesis and respiration to rain pulses in a semiarid steppe. Glob. Chang. Biol.
15: 2450-2461.

References Y

YZA


https://dorl.net/dor/20.1001.1.16807154.1400.22.3.8.3
http://journal-irshs.ir/article-1-497-fa.html

[ Downloaded from journal-irshs.ir on 2024-05-02 ]

[ DOR: 20.1001.1.16807154.1400.22.3.8.3 ]

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,
23.

24
25
26

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41

o S slodl (pleand o 5 Sglp 8 slogily

Dhindsa, R.S., P. Plumb-Dhindsa and T.A. Thorpe. 1981. Leaf senescence: correlated with increased levels
of membrane permeability and lipid peroxidation, and decreased levels of superoxide dismutase and catalase.
J. Exp. Bot. 32: 93-101.

Elsheery, N.I. and K.F. Cao. 2008. Gas exchange, chlorophyll fluorescence, and osmotic adjustment in two
mango cultivars under drought stress. Acta Physiol. Plant. 30: 769-777.

Georgiou, A., and C. Gregoriou. 1999. Growth, yield and fruit quality of ‘Shamouti’ orange on fourteen
rootstocks in Cyprus. Sci. Hort. 80: 113-121.

Gholami, M. 2012. Evaluation of drought resistance in fig (ficus carica L.) using physiological indices and
proteomics analysis. Ph.D. Thesis, Shiraz University. 120 p. (In Persian)

Gholami, M., M. Rahemi, B. Kholdebarin and S. Rastegar. 2012. Biochemical responses in leaves of four fig
cultivars subjected to water stress and recovery. Sci. Hort. 148: 109-117.

Gimeno, V., L. Diaz-Lo6pez, S. Simon-Grao, V. Martinez, J.J. Martinez-Nicolas and F. Garcia-Sanchez. 2014.
Foliar potassium nitrate application improves the tolerance of Citrus macrophylla L. seedlings to drought
conditions. Plant Physiol. Biochem. 83: 308-315.

Heath, R.L. and L. Packer. 1968. Photoperoxidation in isolated chloroplasts: I. Kinetics and stoichiometry of
fatty acid peroxidation. Arch. Biochem. Biophys. 125: 189-198.

Huang, B. and D.M. Eissenstat. 2000. Linking hydraulic conductivity to anatomy in plants that vary in specific
root length. J. Am. Soc. Hort. Sci. 125: 260-264.

Imahori, Y. 2014. Role of ascorbat peroxidase in postharvest treatments of horticultural crops. In: Ahmad P.
(Ed.). Oxidative damages to plants. Elsevier Inc. Academic Press, Elsevier, USA. pp. 425-451.

Irigoyen, J.J., D.W. Einerich and M. Sanchez-Diaz. 1992. Water stress induced changes in concentrations of
proline and total soluble sugars in nodulated alfalfa (Medicago sativa) plants. Physiol. Plant. 84: 55-60.

Jones, H.G. 2012. How do rootstocks control shoot water relations? New Phytol. 194: 301-303.

Kouchaki, A. and A. Alizadeh. 1995. Crop production in dry regions, Vol 1. Astan Quds Razavi. 260 p. (In
Persian)

. Kramer, P.J. 1969. Plant and Soil Water Relationship: a Modern Synthesis. McGraw Hill, NY, USA. 25 p.
. Kramer, P.J. 1983. Plant and soil water relationships. Academic Press, NY, USA. 347 p.
. Lawlor, D.W. and G. Cornic. 2002. Photosynthetic carbon assimilation and associated metabolism in relation

to water deficits in higher plants. Plant Cell Environ. 25: 275-294.

Lichtenthaler, H.K. 1987. Chlorophylls and carotenoids: pigments of photosynthetic biomembranes. Methods
Enzym. 148: 350-382.

Liu, C., Y. Liu, K. Guo, D. Fan, G. Li, Y. Zheng, L. Yu and R. Yang. 2011. Effect of drought on pigments,
osmotic adjustment and antioxidant enzymes in six woody plant species in karst habitats of southwestern
China. Environ. Exp. Bot. 71: 174-183.

Maxwell, K. and G.N. Johnson. 2000. Chlorophyll fluorescence—a practical guide. J. Exp. Bot. 51: 659-668.
Medina, C.L., E.C. Machado and J.M. Pinto. 1998. Photosynthesis of Valencia orange tree grafted on four
rootstocks and submitted to water deficit. Bragantia (Brazil). 57: 1-14.

Morgan, J.M. 1984. Osmoregulation and water stress in higher plants. Annu. Rev. Plant Physiol. 35: 299—
319.

Munné-Bosch, S. and J. Pefiuelas. 2004. Drought-induced oxidative stress in strawberry tree (Arbutus unedo
L.) growing in Mediterranean field conditions. Plant Sci. 166: 1105-1110.

Nakano, Y. and K. Asada. 1981. Hydrogen peroxide is scavenged by ascorbate-specific peroxidase in spinach
chloroplasts. Plant cell Physiol. 22: 867—880.

Ohashi, Y., N. Nakayama, H. Saneoka, and K. Fujita. 2006. Effects of drought stress on photosynthetic gas
exchange, chlorophyll fluorescence and stem diameter of soybean plants. Biol. Plant. 50: 138-141.

Ozden, M., U. Demirel and A. Kahraman. 2009. Effects of proline on antioxidant system in leaves of
grapevine (Vitis vinifera L.) exposed to oxidative stress by H,O,. Sci. Hort. 119: 163-168.

Pompeu Junior, J. 2005. Porta-enxertos. In: Mattos Junior, D., J.D. De Negri, R.M. Pio and J. Pompeu Junior
(Eds.). Citrus. Centro Apta Citros Sylvio Moreira, IAC, Cordeiropolis. pp. 61-104.

Richards, L.A. 1949. Methods of measuring soil moisture tension. Soil Sci. 68: 95.

Rieger, M. 1995. Offsetting effects of reduced root hydraulic conductivity and osmotic adjustment following
drought. Tree Physiol. 15: 379-385.

Sairam, R.K., P.S. Deshmukh and D.S. Shukla. 1997. Tolerance of drought and temperature stress in relation
to increased antioxidant enzyme activity in wheat. J. Agron. Crop Sci. 178: 171-178.

Sharma, B.D., D.K. Hore and S.G. Gupta. 2004. Genetic resources of Citrus of north-eastern India and their
potential use. Genet. Resour. Crop Evol. 51: 411-418.

. Singh, H.P., D.R. Batish, R.K. Kohli and K. Arora. 2007. Arsenic-induced root growth inhibition in mung

bean (Phaseolus aureus Roxb.) is due to oxidative stress resulting from enhanced lipid peroxidation. Plant
Growth Regul. 53: 65-73.

Y54


https://dorl.net/dor/20.1001.1.16807154.1400.22.3.8.3
http://journal-irshs.ir/article-1-497-fa.html

[ Downloaded from journal-irshs.ir on 2024-05-02 ]

[ DOR: 20.1001.1.16807154.1400.22.3.8.3 ]

Ohles 5 lac

42. Sircelj, H., M. Tausz, D. Grill and F. Bati¢. 2005. Biochemical responses in leaves of two apple tree cultivars
subjected to progressing drought. J. Plant Physiol. 162: 1308-1318.

43. Syvertsen, J.P. 1981. Hydraulic conductivity of four commercial citrus rootstocks. J. Am. Soc. Hort. Sci. 106:
378-381.

44, Syvertsen, J.P. and J.H. Graham. 1985. Hydraulic conductivity of roots, mineral nutrition, and leaf gas
exchange of citrus rootstocks. J. Am. Soc. Hort. Sci. 110: 865-869.

45. Thakur, A. 2003. Use of easy and less expensive methodology to rapidly screen fruit crops for drought
tolerance, in: VII International Symposium on Temperate Zone Fruits in the Tropics and Subtropics 662. pp.
231-235.

46. Vasconcellos, L.A.B.C. and W.S. Castle. 1994. Trunk xylem anatomy of mature healthy and blighted
grapefruit trees on several rootstocks. J. Am. Soc. Hort. Sci. 119: 185-194.

47. Verslues, P.E., M. Agarwal, S. Katiyar-Agarwal, J. Zhu and J. Zhu. 2006. Methods and concepts in
quantifying resistance to drought, salt and freezing, abiotic stresses that affect plant water status. Plant J. 45:
523-539.

48. Xu, L., L. Han and B. Huang. 2011. Antioxidant enzyme activities and gene expression patterns in leaves of
Kentucky bluegrass in response to drought and post-drought recovery. J. Am. Soc. Hort. Sci. 136: 247-255.

49. Xu, Z., G. Zhou and H. Shimizu. 2010. Plant responses to drought and rewatering. Plant Signal Behav. 5:
649-654.

Yv-


https://dorl.net/dor/20.1001.1.16807154.1400.22.3.8.3
http://journal-irshs.ir/article-1-497-fa.html

[ Downloaded from journal-irshs.ir on 2024-05-02 ]

[ DOR: 20.1001.1.16807154.1400.22.3.8.3 ]

Iranian Journal of Horticultural Science and Technology 22 (3): 349-370 (2021)
Research article

Physiological and Biochemical Responses of Citrus Seedling Rootstocks to
Drought Stress and After Rewatering

P. Assar”, A. Shekafandeh and L. Taghipour?!

Responding mechanisms to water stress were evaluated for 8-month-old seedling rootstocks
of Mexican lime, sour orange, volkameriana and rangpur lime in greenhouse conditions.
Watering regime was withholding water for 14 days and then rewatering for 3 days at field
capacity. Physiological and biochemical indices were evaluated in seedlings leaves at a
minimum of two times (end of drought stress and rewatering periods). According to the results,
drought led to a significant reduction in the water potential and relative water content of all
rootstocks compared to controls, but all differences disappeared after rewatering. Evaluation of
the maximum quantum vyield of photosystem 2, malondialdehyde content and ion leakage
showed that the photosynthetic apparatus of rootstocks, except for volkameriana, was
oxidatively damaged due to photoinhibition, but only sour orange had no ability to recover its
normal physiological condition after rewatering. According to data analysis, the decreased
chlorophyll content of Mexican lime and rangpur lime leaves under stress was likely to be part
of the mechanisms responsible for alleviating photoinhibition-related oxidative damage to the
photosynthetic apparatus. Under stresss, the chlorophyll content of volkameriana and sour
orange leaves was increased and decreased, respectively; which was irreversible for sour
orange. Enzymatic antioxidant efficiency of volkameriana, Mexican lime and rangpur lime
seedlings under water stress was appropriate and improved by rewatering resulting in
acclimation to stress conditions. In conclusion, volkameriana rootstock had the best
performance in stress tolerance compared to other evaluated rootstocks. Mexican lime and
Rangpur lime had similar physiological and biochemical reactions to water stress and
rewatering. The sour orange rootstock had no ability to show appropriate reactions to stress or
to recover its normal condition after rewatering.

Keywords: Mexican lime, Drought stress, Rangpur lime, Enzymatic activity, Chlorophyll
fluorescence, Volkameriana.

1. Former Ph.D. Student at Shiraz University and Assistant Professor of Horticultural Science, Department of
Horticultural Science, College of Agriculture, Jahrom University, PO Box: 74135-111, Jahrom, Associate
Professor of Horticultural Science, Department of Horticultural Science, School of Agriculture, Shiraz
University, PO Box: 71441-65186, Shiraz, and Assistant Professor of Horticultural Science, Department of
Horticultural Science, College of Agriculture, Jahrom University, PO Box: 74135-111, Jahrom, Iran,
respectively.

* Corresponding author, Email: (Pedramassar@gmail.com, Pedramassar@jahromu.ac.ir).


https://dorl.net/dor/20.1001.1.16807154.1400.22.3.8.3
http://journal-irshs.ir/article-1-497-fa.html
http://www.tcpdf.org

