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Table 1. Effect of experimental factors on the physiological and biochemical indices evaluated in leaves.
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Under stress
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 (H20>) 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
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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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. 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.
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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, Chlorophyli
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).



