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Table 1- Characteristics of meteorological stations in
the studied cities

Longitude Latitude

Station (Degrees)  (Degrees) Height (M)
Kerman 56.95 30.26 1757.7
Anar 55.25 30.88 1409
Zarand 56.56 30.08 1670

Sirjan 55.68 29.46 1739.4
Shahrebabak 55.13 30.1 1824.1
Rafsanjan 56 30.25 1521
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Table 2- Climatic norms of meteorological parameters in the studied stations
axlllao 590 5l ptes (owlidlsd Sb olSins] 33 canlll b Jloyi ~Y Jguor

Station Kerman  Sirjan Shahrebabak Rafsanjan Anar Zarand
Wind Direction (10 m) N SE N WN NE SE
Wind Speed (10 M) _Max (km/h) 45 45 35 35 30 25
Daily Max Precipitation (mm) 42.2 62.2 51.2 36 40.2 38.3
Precipitation_Avr ANNUL (mm) 132.2 137 149 85.7 69.4 100.9
Rel. Hiumidity (2 M) _Avr (%) 34.2 34 35.4 29.4 314 336
Rel. Hiumidity (2 M) _Min (%) 205 238 21.2 20.7 34 227
Rel. Hiumidity (2 M) _Max (%) 46 48.3 50.5 38.9 44.6 47
ET (mm) 1339 1758 1982 2801 1931 2278
Average Frost Days 86 60 90 41 58 60
Sunny Hours (SHH) (Horse) 1761 2566 2679 2879 2423 3133
T miny Abslute (°C) -30 -14.8 -17.8 -16.9 -17.6 174
T (max) Abslute (°C) 42 42 40.8 43 448 42.4
T Mean (°C) 16 17.3 15.2 18.8 18.2 17.2
T (avg Min (°C) 7 9.5 6.9 11.4 10 9.1
T (avg) Max (°C) 24.9 25.3 23.7 26.2 26.6 25.3
50
o 40 Maverage ®Wmin @max
£ 30 24.9 25.3 3.7 26.2 26.6 5.3
= 18.8
g 20 16 17.3 15.2 ) 18.2 17.2
9.5 : 10 9.1
5 1w 7.0 6.9
0
kerman sirjan shahrebabak rafsanjan anar zarand
station

Figure 2- Long-term values of temperature in the studied stations
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Table 3- Chilling requirement of pistachio cultivars
(Hokamabadi and Javanshah., 2013)

Cultivar Hours
Kalehghouchi 600
AhmadAghaei 800
Owhadi 900
Akbari 1200
gs b9,

aS Cowl by Jow oolawl 9,90 sl Jow 51 oo S
e i S o b e Sl gy S
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(and Allan, 1994

Table 4- Calculation of cooling demand by the Utah
method (Linsley- Noakes and Allan, 1994)

T(C) PCU
<14 0
15-24 0.5
24-91 1
9.1-124 -0.5
>12.4 1-

1 The Utah method
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Table 7- Probability of cold hours estimated by the

dynamic method, Utah and cold hours for Kale Gochi
variety for the beginning of the swelling stage of

germination
station CP UTH CH
Anar 53.2 841 916
Kerman 62.3 907 996
Zarand 59.7 10267 1050
Rafsanjan 53.7 863 832
Sirjan 65.6 863 936
SHahrebabak 80.1 1042 1127
province 58.5 889 941

(Solizd Gy 41 00 ol grlo pus ilelr Jlosol —A Jga
o 3L by JLET (gl (Buid oy 5l orlo s el 9 Uigy
ailg>
Table 8- Probability of cold hours provided by the

dynamic method, Utah and cold hours for the variety
Hazelnut for the beginning of the swelling stage of

germination
station P99% P 99% P 99%
Anar 53.54 843 918.7
Kerman 55.87 886 859.8
Zarand 65.15 1026 1050.6
Rafsanjan 64.8 928 1079.1
Sirjan 66.1 838 947
Stahrebabak 81.83 1094 1173.1
province 58.45 891 942.9
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Table 5- Probability of cold hours provided by dynamic

method, Utah and cold hours for Ahmed Aghaei variety
at the beginning of swelling stage of germination

station CP UTH CH
Anar 53.6 843.4 998
Kerman 54.2 870.7 1100
Zarand 80.2 1110.0 937
Rafsanjan 66.5 1026.3 1050
Sirjan 63.1 1129.7 1058
SHahrebabak 54.3 889.9 1049
province 59.2 945.2 803
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Table 6- Probability of accumulated chill hours

estimated by dynamic, Utah and cold hours methods for

Akbari variety at the beginning of swelling stage of bud

break

station CP UTH CH
Anar 55.4 873 882
Kerman 55.6 892 946
Zarand 92.6 1423 642
Rafsanjan 64 907 1049
Sirjan 65.5 821 947
Shahrebabak 81.6 1088 1173
province 53.1 787 839
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Table 12- Probability of chilling hours provided by
different methods during oil spraying with pods in
Kerman province

Probability cp cu ch
50% 47.63 723.64 691.097
75% 43.82 665.14 621.04
95% 40.77 618.34 565
% 40.16 608.97 553.79
S S A
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Table 9- Chilling hours generated by different methods

for different varieties of pistachio in Kerman Province

cultivar CP CcuU CH
AHMADAGHAEI 59.2 945.2 803.1
Akbari 53.1 786.5 838.6
KALE GHUCHI 58.5 889.4 940.9
FANDOGHI 58.5 890.7 942.9

PYRRW Q.w;b loyw Oleln fy (Kwod o s -1+ Jooo
Ol plewl 33 g sl (Fiailez by g Alise s b9,
Table 10- Correlation coefficient between chill hours

provided by different methods and beginning of the
swelling time pistachio in Kerman province

day CP CuU Ch
day 1
CP 021 1
CuU 0.3 0.92 1
Ch 016  00.92 0.92 1

Slebo (e 5 Sialsr ol o S5, Ak,
Ll o0 ooﬁ] Loy
Swelling Day =121.5+0.04Cp
—0.02Cu-0.0001Ch
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Table 11- Statistical Results Between Calculated chilling
hours Values and and beginning of the swelling time
pistachio in Kerman province

Coefficients SE t Stat P-value
Intercept 121.5539 7.1713 16.9501  0.0000

CP 0.4263 0.2309 1.8465  0.0692
Cu -0.0225 0.0163 -1.3798 0.1722
Ch -0.0001 0.0177 -0.0048  0.9962
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Estimation of the required chill units for bud break of four pistachio cultivars
in Kerman province
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Abstract

Adequate winter chilling is required for release from dormancy and regular bud break of pistachio trees. Determination
of chilling requirement is important in evaluation of frost damage risk at critical phenological stages and also
agronomic practices management. In this study, the phenological stages of four pistachio cultivars, including Akbari,
Kaleh Ghouchi, Ahmad Aghaei and Fandoghi, were observed and recorded during four consecutive years of 2018 to
2022 in Kerman, Anar, Zarand, Rafsanjan, Sirjan and Shahrbabak regions across of Kerman Province, south of Iran.
The accumulated chilling requirements (chill units) were calculated using three different methods. According to the
calculations, for Ahmad Aghaei's cultivar the required chill units for bud break were 59,945,803 the dynamic method,
Utah model and chill hours model, respectively. These amounts for Akbari cultivar were 55,786 and 838 respectively.
The corresponding CUs for Fandoghi cultivar were, 58 890 and 942 hours. The calculated values for KaleGouchi
variety were 58,889 and 940 hours. The results showed that dynamic model did a better job in prediction of bud break
onset at with higher correlation (r=0.2) and less variability comparing to the other two models. Therefore, this model
can be recommended for prediction of the beginning the budbreak of pistachio trees in the region. The bud break
phenological stage may vary according to the variety, climatic conditions and topography of each region.

Keywords: Bud break, Utah method, Chill hours model, Dynamic model, phenological stages
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