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ABSTRACT

This study was conducted to investigate the changes in the levels of soluble carbohydrate, antioxidant capacity, total
phenolic acid and fatty acid composition of olive during cold acclimation and deacclimation related with freezing tolerance
(FT). Three olive cultivars, Amphisis, Gorgan and Manzanilla were selected and leaf samples were prepared from field-
grown trees from autumn to summer at six times (November, December, December, February, April and July). The FT was
measured by exposure to artificial freezing (0°C to —25°C). Result showed that there was a significant difference between the
olive cultivars in terms of FT at each stage of sampling. The FT of cultivars increased during the cold acclimation stage and
declined in deacclimation stage. Soluble carbohydrates, antioxidant capacity, total phenolic content, leaf dry matter,
especially from the beginning of cold acclimation until full acclimation, in cold-tolerant —~Amphisis— cultivar was more than
the Gorgan and Manzanilla cultivars. The highest ratio of unsaturated to saturated fatty acids in both January and July was
observed in Amphisis cultivar. Therefore, compounds such as soluble carbohydrates, total phenolic content, and fatty acids
can be used as biochemical indicator of FT in screening of olive cultivars.
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Figure 1. Diagram of minimum and maximum daily air temperature during the sampling period from November 2016
to July 2017.
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Table 1. Results of variance analysis effect of cultivar (C) and sampling date (S on some biochemical and
physiological traits of cultivar olive leaf.

Mean of squares

Source of variance  df  Freezing Leaf soluble  Antioxidant Total Leaf Relative Leaf
tolerance  carbohydrate capacity phenolic content  density  water content  dry matter
Cultivars (C) 2 67.367 77.901" 89.221" 321.099 0.075" 206.569" 48.1417
Sampling dates (S) 5  118.453" 739.932" 549.625™ 3407.081" 0.225™ 853.724" 428.109™
CxS 10  6.075" 5.429" 3.934™ 49.135™ 0.005™ 8.175™ 3.908™
Error 30 0.950 15.192 12.329 38.574 0.002 22.868 4.338
CV (%) 12.13 7.83 4.93 742 8.98 7.10 3.59

oy ) 50 Jlaiml e (o lo g Dglds 5 jlo sire Diglas Sgud i 5 4y e g % NS
ns, *, **: Non-significantly difference and significantly difference at 5 and 1% of probability levels, respectively.
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Table 2. Mean compression interaction effect of cultivar and sampling date on some biochemical and physiological traits of

olive leaf.
. Sampling dates
Cultivars Nov. Dec. Jan. Feb. Apr. Jul. Mean
Freezing tolerance (°C)

Amphisis -8.95d -15.11¢c -14.47 a -11.37 ab -5.27 ef -4.00 fg -9.86 a
Gorgan -7.86 de -9.48 de -13.55d -10.78 be -4.86 ef -2.90¢g -8.24 b
Manzanilla -5.61 ef -7.55a -8.51 ab -8.33d -4.00 fg -2.04h -6.01c
Mean -747c¢ -10.71b -12.18a -10.16 b -4.71d -2.98e
Leaf soluble carbohydrate (mg.g* FW)
Amphisis 36.22 hi 53.02 c-f 63.39a 57.54 a-d 47.17 fg 55.93 b-e 52.21a
Gorgan 34.73i 51.83 d-f 59.50 a-c 51.61 d-f 42.37 gh 51.41d-f 48.58 b
Manzanilla 34.35i 51.93 d-f 61.21 ab 49.82 ef 42.45 gh 52.09 d-f 48.64 b
Mean 35.10d 52.26 b 61.37a 52.99 b 44.00 c 53.14b
Antioxidant capacity (%)
Amphisis 71.70 d-f 79.96 ab 8l.44a 80.06 ab 69.19 e-g 59.09 h 7357a
Gorgan 70.03 e-g 76.33 a-d 77.57 a-c 76.33 a-d 68.50 fg 57.54 h 71.05b
Manzanilla 69.09 e-g 74.79 b-e 76.55 a-d 72.38 c-f 65.08 g 56.91h 69.14 b
Mean 70.27b 77.03a 78.52 a 76.26 a 67.59b 57.85¢
Total phenolic content (mg.g™* FW)
Amphisis 82.52 e-g 90.52 c-e 112.71a 11165a 75.13 fg 55.44 h 88.00 a
Gorgan 74.00 fg 84.27 d-f 108.45a 106.31 ab 74.21 fg 54.40 h 83.61 ab
Manzanilla 73.70¢g 85.67 de 97.19 bc 93.53 cd 72474 54.75h 79.55b
Mean 76.74c 86.82b 106.12 a 103.82 a 73.94c 54.86d
Leaf density (g.cm™)
Amphisis 0.63 ab 0.55c-e 0.61 a-c 0.66 a 0.23h 0.40g 0.51a
Gorgan 0.47 ef 0.52 de 0.58 b-d 050e 0.15i 0.29h 0.42b
Manzanilla 0.48 ef 0.51 de 0.53de 0.43 fg 0.14i 0.25h 0.39b
Mean 0.53b 0.53 b 0.57a 0.53 b 0.17d 031c
Relative water content (%)
Amphisis 74.11a-c 71.00 c-e 47.26 i 63.41 e-g 65.03 d-g 61.89 gh 63.78 b
Gorgan 79.10 ab 74.35 a-c 51.40i 70.17 c-f 70.18 c-f 60.58 gh 67.63 ab
Manzanilla 81.56 a 78.00 a-c 54.33 hi 72.73 b-d 73.56 bc 63.02 fg 7054 a
Mean 78.26 a 74.45a 51.00d 68.77b 69.59 b 61.83¢
Leaf dry matter (%)
Amphisis 55.36 c-e 57.38 cd 7196 a 65.33b 50.67 fg 58.39 cd 59.85a
Gorgan 53.44 ef 55.57 c-e 66.67 b 64.03 b 49.22¢g 56.77 c-e 57.62b
Manzanilla 53.76 ef 54.19 de 64.73 b 63.85¢ 47209 56.23 c-e 56.66 b
Mean 54.19d 55.71 cd 67.79a 64.40 b 49.03 e 57.13¢

355l (6l cixe Dglay LSD (ygel bl 5 ooy iy Jliio] o 5o oS i B> SO Blas b sl Kb st o 58
In each column means followed by at least a common letter, are not significantly different at 5% probability level as compared by LSD test.
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Table 3. Pearson correlation coefficients between freezing tolerance and some biochemical and physiological traits in
three olive cultivars at all sampling stages.

Correlation coefficient (r)

Traits Amphisis Gorgan Manzanilla
Leaf soluble carbohydrate 0.32" 0.37™ 0.33™
Antioxidant capacity 0.86" 0.80" 0.86™
Total phenolic content 0.80" 0.87" 0.85"
Leaf density 0.67 0.83" 0.75"
Relative water content -0.18™ -0.16™ -0.02"
Leaf dry matter 0.55" 0.69” 0.58"

Aoy ) 50 Jloisl mdas )8 ls g Dglai g jlo g Sglds S o 5 4 sk g % S
ns, *, **: Non-significantly difference and significantly difference at 5 and 1% of probability levels, respectively.
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Table 4. Composition of fatty acids in the three olive cultivars in January and July months.
. Fatty acid composition (%)

Stage Cultivar Ciso0 Ciso Caoo Cig1 Cis2 Cis:3 Unsat. Sat. Unsat./Sat.

Amphisis 14.80 2.70 3.83 26.10 9.19 43.38 78.67 21.33 3.69
Jan.  Gorgan 18.53 5.63 2.85 20.49 11.37 41.13 72.99 27.01 2.70

Manzanilla 20.52 5.30 2.76 16.96 10.51 43.95 71.42 28.58 2.50

Amphisis 18.09 3.94 3.38 24.55 13.84 36.20 74.59 25.41 294
Jul.  Gorgan 22.25 435 221 14.44 11.53 4522 71.19 28.81 2.47

Manzanilla 22.57 5.38 3.33 14.42 15.38 38.92 68.70 31.28 2.23

ez ol Unsat. .ol Sedgid Cras cwml Setlgid Cirn el Stlgl Cin cdomsl o)1 :Conp el S jlttsl Cigo o] Sally :Caso

EL....;‘ uyes ol Sat. n&L.u." o

Cig0: Palmitic acid; Cyg0: Stearic acid; Cyo.0: Archidic acid; Cyg4: Oleic acid; Cyg,: Linoleic acid; Cig3: Linolenic acid; Unsat.: Unsaturated fatty acid;

Sat.: Saturated fatty acid.
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