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Evaluation of chilling and heat requirements of flower buds in three commercial
apricot cultivars by using different models
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ABSTRACT

Estimating chilling and heat requirement of flower buds in fruit trees is important due to predicting flowering time for
approporiate site selection to escape spring frost damage. In this serearch, chilling and heat requirements of three
apricot cultivars (namely ‘Noori’, ‘Nasiri’ and ‘Shahroodi’) were estimated by chilling models (Chilling Hours, Utah
and Dynamic) and Anderson heat model during 4 years (2009 to 2013) under Karaj climate condition. Based on
different chilling models estimations, chilling requirements in apricot cultivars were estimated about 951-1100
chilling units, 41-53 chilling portion and 696-888 chilling hours in 'Noori', 1071-1286 chilling units, 47-63 chilling
portion and 768-1008 chilling hours in 'Nasiri' and 1093.5-1400 chilling units, 58-63 chilling portion and 945-1100
chilling hours in 'Shahroodi'. Heat requirements for flowering in ‘Noori’, ‘Shahroodi’ and ‘Nasiri’ were estimated
about 3964.5-4216.5, 3140-3587 and 4477.7-4859.7 growing degree-hours (GDH), respectively. Based on the results,
the Dynamic model was more homogeneous rather than the Utah and Chilling Hour models in different years with
showing lower coefficient of variation (4.95%) among different years. Results showed a high positive correlation
between chilling requirement and flowering date, but negative correlation found between chilling and heat
requirements. According to results, chilling requirement is an affective factor on change of flowering date in
comparison to heat requirement in apricot cultivars under Karaj condition.

Keywords: Chilling Hour model, dormancy, dynamic model, flowering, Utah model.
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Table 1. Minimum, maximum and mean temperatures of November, December, January and February and total mean
of temperatures in 7 studied years (2007-2013) obtained of Karaj weather station

November December January February
Year _ _ . Total Mean
Max Mean Min Max Mean Min Max Mean Min Max Mean
2007 111 1038 559 -844 -050 -447 -6.38 2.46 -196 392 1555 9.76 2.20
2008 0.78 11.02 590 -1.92 7.6 2.76 125 1020 5.72 425 1575 10.00 6.10
2009 0.93 9.4 5.16 3.60 1290 8.25 153 1060 6.06 6.31 16.62 11.46 5.20
2010 4.06 15.9 998 -260 6.80 206 -2.10 7.00 245 0.70 1193 6.34 7.70
2011 -098 825 3.63 -1.03 844 3.70 -240 550 150 -0.82 10.08 4.63 3.37
2012 220 1030 6.25 -1.70 7.60 2.96 310 1290 8.01 3.90 1420 9.04 6.56
2013 18 10.2 6.00 -3.00 6.00 130 -1.70 8.00 3.30 400 15.00 9.60 8.00
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Table 2. Estimating of chilling accumulation from Novamber to February with the Utah, Dynamic Models and
chilling hours between 0- 7.2 -C under Karaj weather conditions in 2007 to 2013 years. (For each month the chill
accumulation was estimated from November)

November December January February
Year Chill units (Utah model)
2007 503.5 588.5 736 999
2008 833 1242 17145 1996.5
2009 605.5 1111 1524.5 17515
2010 428.5 761 1143 1499.5
2011 952 1432 1786.5 2139.5
2012 719 11455 1620.5 1903
2013 7125 1019 1386.5 1736
Mean 679.14 1042.71 1415.93 1717.86
S.D. 182.53 286.56 369.18 377.62
cv (%) 26.87 27.48 26.07 21.98
Chill Portions (Dynamic model)
2007 24 32 49 64
2008 41 64 86 102
2009 26 50 70 84
2010 22 39 61 79
2011 43 45 66 86
2012 30 52 74 90
2013 36 56 77 94
Mean 3171 48.28 69 85.57
S.D. 8.38 10.68 11.91 12.05
cv (%) 26.42 22.13 17.27 14.08
Hours between 0-7.2 °C
2007 419 586 786 990
2008 526 957 1324 1567
2009 601 879 1207 1379
2010 242 572 955 1253
2011 766 1280 1719 2061
2012 442 881 1179 1411
2013 493 937 1217 1416
Mean 498.42 870.28 1198.14 1439.57
S.D. 162.35 241.46 293.51 327.71
cv (%) 3257 27.74 24.49 22.76
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Table 3. chilling and heat requirements for breaking of dormancy and flowering by chilling models (Utah, Dynamic
and Hours between 0-7.2 °C) and Anderson heat model in three apricot cultivars under Karaj condition in 2009, 2010,

2012 and 2013 years
Ayl Chill Unit Portions Hours betw Floweri
- ormancy ill Units - ours between owering
CultivarYear (F30in (Utah Model) (E,zl{”g"l"c 0and 7.2°C GDH (£, in field)
labratuary) odel)
Y,
2009 16 January 1037.5 46 854 4198.5 8 March
Noori 2010 20 February 1100 50 870 4216.5 30 March
2012 6 January 951 41 696 3964.5 1 March
2013 11 January 974 53 888 4181 9 March
Mean 1015.63 47.50 827 4140.17
S.D. 67.09 5.19 88.43 117.98
cv (%) 6.60 10.93 10.69 2.84
2009 5 February 1362.5 61 1040 3140 9 March
Sahroodi 2010 19 March 1400 63 1100 3246 3 April
2012 30 January 1284 58 945 3356 5 March
2013 25 January 1093.5 59 989 3587 13 March
Mean 1285 60.25 1018.50 3332.25
S.D. 136.50 2.21 66.77 191.36
cv (%) 10.62 3.68 6.55 5.74
2009 1 February 1286 58 1008 4477.7 14 March
Nasiri 2010 21 February 1165 63 968 4859.7 2 April
2012 13 January 1071 47 768 4852 8 March
2013 21 January 1091 57 937 4674.4 16 March
Mean 1135.25 56.25 927.25 4716
S.D. 117.26 6.70 92.20 180.41
cv (%) 10.32 11.91 9.94 3.82
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Table 4. Comparison between predicted and observed dates of apricot flowering in 2007, 2008 and 2011 years.

Observed Flowering Date (Fso) GDH Predicted Flowering Date

Year Cultivar Utah model  Dynamic model Hours between 0-7.2 °C

Noori 18 March 4140.17 - 19 March 21 March
2007  Shahroodi 21 March 3332.25 - 29 March -
Nasiri 23 March 4716 - 24 March 24 March
Noori 11 March 4140.17 8 March 9 March 10 March
2008  Shahroodi 12 March 3332.25 10 March 9 March 9 March
Nasiri 14 March 4716 11 March 12 March 13 March
Noori 21 March 4140.17 17 March 22 March 18 March
2011  Shahroodi 24 March 3332.25 16 March 22 March 15 March
Nasiri 27 March 4716 27 March 28 March 27 March

dloy5 @I85 )l (ot 6l 2loS 5 plopw 5L sladse 5 ,Slee s5lel o5, 8 Jsax
Table 5. Statistical evaluation of chilling and heat requirement models performance for prediction of flowering date

in apricot
Indices Utah model Dynamic model Hours between 0- 7.2 °C
RMSE (Root Mean Squared Error) 10.14 1.51 3.95
EF (Modeling Efficiency) -14.5 0.53 -4.09
MAPE (Maximum Absolute Percent Error) 334 3.75 12.31

Slr b il b (gl slacels g b isu daasly) 0555 &3, slp oo 5 (plo s lajls o (Sason & Jou
(Fs0) 205 )b 5 (0 4> o slacel) 2ul8

Table 6. Relationship between chilling requirements for breaking of dormancy (chill units, portions and hours
between 0-7.2 -C), heat requirements for flowering (growing degree hours) and flowering date (Fs)

Parameters Correlation Coefficient (r)
Chill units/GDH -0.54
Chill portions/GDH -0.28
Hours between 0- 7.2 «C/GDH -0.43
Chill units/flowering date 0.34
Chill portions/flowering date 0.51
Hours between 0- 7.2 -C /flowering date 0.48
GDH/ flowering date 0.10
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