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Table 1. Mean comparison of the interaction of Paclobotrazol and calcium on leaf ion leakage percentage of
pistachio seedlings of Kaleguchi cultivar in cold stress conditions

Paclobotrazol (mg 1)  Calcium (g I'Y)

Cold stress (° C)

2 -4
0 0 42,397 51.29 65.22
0 3 40.8i 48.4¢ 58.40
0 6 38.4im 4531 53.4¢
75 0 39.6€ 418" 50.8¢
75 3 36.0" 38.3m 48.7¢
75 6 347 30.3 45.6'
150 0 35.3" 40.4K 4329
150 3 275" 33.6° 393K
150 6 20.1t 26.0° 32.7°

3,105,508 b g lo e cglis susy0 B b 0 S5l g3 sl o 5 yitie gy SOL JBlas slay Silo
Averageswith same lettersin each rowor columnare not significantly different at level of5% accordingto Duncan test.
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Table 2. Mean comparison of interaction of Paclobotrazol and calcium on total chlorophyll content (mg g-1 FW)
of pistachio leaf in cold stress conditions

Paclobotrazol (mg 1)  Calcium (g I'Y) Cold stress (° C)
2 4

0 0 179 1.63 0.83k
0 3 1.94f 173 1.51i
0 6 1.99¢f 1.94f 1.59i
75 0 179 1.62/ 1.50
75 3 1.94f 1.90f 1.77h
75 6 2.04de 1.951 1.95%
150 0 1.96% 1.91f 1.90f
150 3 2.10pc 2.05¢d 2.08°
150 6 2.302 2.14b 2.04¢

3,10 5085 b g lo e cglis suoy0 B el [ S5l yge3T el pp S e Bgym L JBlas slaySilo
Averageswith same lettersin eachrowor columnare not significantly different at level of 5% accordingto Duncan test
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Table 3. Mean comparison of interaction of Paclobotrazol and calcium on carotenoid content (mg g-* FW) of
pistachio leaf in cold stress conditions

Paclobotrazol (mg I1)  Calcium (g I?) Cold stress (° C)
2 -4

0 0 0.60f 0.559" 0.34%
0 3 0.62d 0.59% 0.46¢d
0 6 0.67b¢ 0.61de 0.60f
75 0 0.59% 0.49Ni 0.41)
75 3 0.61d% 0.60f 0.451
75 6 0.62¢ 0.61de 0.559h
150 0 0.65b¢ 0.62 0.40
150 3 0.68° 0.75 0.42i
150 6 0.872 0.822 0.59%

5,05 %085 b (6,10 gime glas auo y0 O el 50 (SSIs (yge 3T el pp S jiiie B9y oL Jlos sle e Sileo
Averageswith same letters in eachrowor columnare not significantly different at level of 5% according to Duncan test
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Table 4. Mean comparison of interaction of Paclobotrazol and calcium on proline content (ug gt FW) of
pistachio leaf in cold stress conditions

Paclobotrazol (mg 1)  Calcium (g I'Y)

Cold stress (° C)

2 4
0 0 28.2M 364 38,11
0 3 32.6'm 39.1K 51.20"
0 6 34.4) 465N 68.2>
75 0 335m 27.8" 49.40
75 3 33.qm 43,0 52,09
75 6 46.2 75.29 57.49-F
150 0 345 52.79 53,50
150 3 29.8m 58.3de 62.3¢
150 6 53.6f 67.4bc 80.9?

3,105,508 b g lo e glis susy0 B g 0SSl yge3T el pp S e gy SOL JBlas slay Silo
Averageswith same letters in eachrowor columnare not significantly different at level of 5% accordingto Duncan test
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Table 5. Mean comparison of interaction of Paclobotrazol and calcium on total phenol content (ug g FW) of
pistachio leaf in cold stress conditions

Paclobotrazol (mg 1)  Calcium (g I'Y) Cold stress (° C)
0 2 -4

0 0 53.4! 58.29h 56.61
0 3 55.2k 59.3¢h 58.29h
0 6 58.7h 64.2¢f 69.5P
75 0 51.6°P 52.9m 60.3%
75 3 52.2" 60.8f 61.5
75 6 54.3k 65.2¢ 65.2¢
150 0 47.2 51.8" 66.20d
150 3 50.37 337 39.2¢
150 6 51.20 26.2¢f 32.9°

15 R0 L (sl gre gl o3 O el 55 (S0 (gl Gebl S e By Sl Jilas (Lo Sile
Averageswith same lettersin eachrowor columnare not significantly different at level of 5% according to Duncan test
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Table 6. Mean comparison of interaction of Paclobotrazol and calcium on the soluble sugars content (mg g-*
FW) of pistachio leaf in cold stress conditions

Paclobotrazol (mg I'Y)  Calcium (g I'Y) Cold stress (° C)
0 -2 -4

0 0 12.5° 13.5° 15.5K
0 3 13.7° 14.4n 16.5n
0 6 15,75 14.4n 17.2f
75 0 14.9m 15.1!m 16.5"
75 3 16.0 16.21 17.0f
75 6 16.3" 16.77h 18.20
150 0 16.21 17.1¢f 17.4cde
150 3 16.4n 17.3de 17.9bc
150 6 17.5¢d 17.8° 18.72

35,105,505 b (5,la gme gl oy O eban 58 S5 (g3 T el pp 5 i gy oL JBlos sl Sileo
Averages with same letters in eachrowor columnare not significantly different at level of 5% according to Duncan test
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Table 7. Mean comparison of interaction of Paclobotrazol and calcium on starch content (mg g-* DW) of
pistachio leaf in cold stress conditions

Paclobotrazol (mg I'*)  Calcium (g I'Y) Cold stress (° C)
0 -2 -4

0 0 80.4° 71.3° 62.2"
0 3 93.5' 78.24 75.0P4
0 6 123.4¢ 89.3" 93.2!
75 0 97.3iik 85.7" 85.1"
75 3 103.29 91.4m 98.3ik
75 6 124.8¢ 107.7% 102.3"
150 0 120.1d 96.4K 90.7m
150 3 134.10 115.7de 101.4hi
150 6 176.42 122.2¢ 112.18

5515 55055 L (613 ghne g5 0oy O ek 10 (S35 il S e g > Sl Bl (slacySile
Averageswith same lettersin each rowor columnare not significantly different at level of 5% according to Duncan test
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Table 8. Mean comparison of interaction of Paclobotrazol and calcium on soluble proteins content (mg g fw) of
pistachio leaf in cold stress conditions

Paclobotrazol (mg 1)  Calcium (g I'Y)

Cold stress (° C)

0 2 4
0 0 0.1047 0.068" 0.027°
0 3 0.114f 0.075™ 0.051°
0 6 0.120¢h 0.083™ 0.073™
75 0 0.107" 0.092 0.088KIM
75 3 0.1120i 0.108"i 0.117¢f
75 6 0.131b¢ 0.1237°0 0.120¢
150 0 0.131P¢ 0.130P¢ 0.129°%
150 3 0.138" 0.144% 0.1099"
150 6 0.149 0.148 0.079™
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Averageswith same lettersin eachrowor columnare not significantly different at level of 5% according to Duncan test
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Table 9. Mean comparison of the interaction of Paclobotrazol and calcium on leaf ion leakage percentage of
pistachio fruit of Akbari cultivar in cold stress condition

Paclobotrazol (mg I1)  Calcium (g I?)

Cold stress (° C)

+4 0 -2

0 0 237 24.6" 46.6°
0 3 21.6™ 23.41 4375
0 6 21.5m 23,31 35.7¢
75 0 23.31 24.5h 43.75
75 3 19.40 235 41.2¢d
75 6 19.8° 21.20 38.9%
150 0 21.7m 23.7 35.5¢F
150 3 19,60 23.1 31.4f
150 6 17.39 21.5m 28.69
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Averageswith same letters in eachrowor columnare not significantly different at level of 5% accordingto Duncan test
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Effectof Paclobutrazol and Calcium on Increasing of Chilling Tolerance of
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Abstract

To investigate the effects of paclobutrazol, calcium (Ca), and temperature treatment (cold) on resistance
to chilling of pistachios seedlings (Akbari cultivar), a factorial greenhouse experiment was carried out
in a completely randomized design with three replications. The treatments included paclobutrazol (O,
75, and 150 mg.t), Ca (0, 3, and 6 g.I* of calcium chelate source) and temperature (0,-2, and -4 in the
greenhouse and 0, -2, and +4 °C in the garden). The results showed that with decreasing temperature,
total chlorophyll, carotenoids decreased, but the combined use of paclobutrazol and Ca increased the
amount of these parameters compared to the control. Also, with decreasing temperature, the amount of
electrolyte leakage increased, while using of paclobutrazol and Ca reduced the amount of this parameter
compared to control seedlings. Measurement of osmotic regulatory parameters showed that the
concentration of starch and soluble protein in leaves decreased with decreasing temperature. However,
with the combined use of paclobutrazol (150 mg.I*) and Ca (6 g.I-1) at -4 ° C, the concentration of
proline, total phenol, soluble sugars, starch and soluble protein were increased compared to the control
by 112, 28, 20, 80, and 196% respectively. The results of the garden experiment also showed that with
decreasing temperature, the amount of ion leakage, in the control fruits increased. Application of
paclobutrazol and Ca treatments reduced electrolyte leakage, so that the lowest percentage of electrolyte
leakage was observed at -4, 0, and -2 °C when paclobutrazol and Ca were used simultaneously and at
the highest levels and the electrolyte leakage rate decreased by 27, 12, and 38% compared to control
fruits, respectively. Finally, the results of this study showed that the combined use of Ca and
paclobutrazol can reduce the damage caused by chilling in seedlings and pistachio trees.
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