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Evaluation of winter chill requirement models using the observed apple tree
phenology data in Kahriz (Urmia, Iran)
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ABSTRACT
The flowering phase of apple trees is the most critical step in relation with low temperatures and frost events.
Therefore, forecasting the time of flowering is important. If a model can predict the exact time of flowering, it would
be feasible to care for flowers agianst late spring freezing (LSF). In this study, we evaluated three temperature-base
chilling models namely: Chilling Hours (CH), Utah Model (UM) and Dynamic Model (DM) versus the observed
phenological records of apple tree (13 years) in Kahriz (Urmia, Iran). The said models were applied to explain their
efficiency and ability for predicting apple phenological dates. The study was performed for apple cultivars in Kahriz
station by using phenological observations, daily minimum temperature and maximum screen temperature data
(2002-2014). The winter chilling was determined by the three chilling models and remaining heat was estimated
using the Growing Degree Hour concept. The model results showed that the Dynamic Model (DM) performed the
best results in explaining apple flowering phenology stage with RMSE of lower than four days and relative errors less
than 3%. Meanwhile, the probability of LSF was estimated by statistical distributions. By comparing the probability
of frost occurrence with the date of the predicted flowering date, the risk of frost damage on apple flowering was
determined. The results demonstrated that early flowering varieties, which their flower buds are activated before 25th
of March, are exposed to LSF risk, with probability of 50 percent.

Keywords: chilling hours, chilling requirement, dynamic model, flowering, late spring frost.
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Figure 1. Geographical locations of apple farms in Kahriz (Western Azerbaijan, Iran)
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Table 1. Date and probability events (%) when temperatures are less than zero before and after the stated DOY (based
on 28-year temperature recordeds at Kahriz)

Probability of T<0 C

Probability of T<0 C

Date (DOY)" events before the specified events after the specified
DOY (%) DOY (%)

2" April (93) 90 10
30™ March (90) 80 20
28™ March (88) 70 30
25" March (85) 60 40
23" March (83) 50 50
20" March (80) 40 60
18™ March (78) 30 70
15™ March (75) 20 80

9" March (69) 10 90

* Day of Year
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Table 2. Comparison between the predicted and observed flowering dates during Springs of 2001 to 2014.

Predicted date of flowering (DOY)”

DM Model

UM Model

CH Model

17™ April (108)
23" April (114)
18" April (109)
26" April (117)
16" April (107)
1% May (122)
19™ April (110)
22" April (113)
17" April (108)
14" April (105)
15" April (106)
12" April (103)
20" April (111)

6™ April (97)
23" April (114)
16™ April (107)
13" April (104)
28™ April (119)

6" May (127)
13" April (104)
11™ April (102)
28™ March (88)
18" April (109)
15" April (106)
29™ March (91)
19" April (110)

20™ April (111)
20™ April (111)
15" April (106)
17" April (108)
12" April (103)
17" April (108)
17" April (108)
5™ May (100)
17" April (108)
10™ April (100)
15" April (106)
3 April (94)
22" April (113)

44
Observed date of flowering (DOY) Year

19™ April (110) 2001-2002
19" April (110) 2002-2003
18" April (109) 2003-2004
23 April (114) 2004-2005
14" April (105) 2005-2006
23 April (114) 2006-2007
21 April (112) 2007-2008
29™ April (120) 2008-2009
18" April (109) 2009-2010
17" April (108) 2010-2011
18" April (109) 2011-2012
o™ April (100) 2012-2013
21 April (112) 2013-2014

* Day of Year
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Table 3. Comparison of statistical indices for predicted flowering dates as obtained from studied chilling models

Statistics of the observed and predicted dates of flowering

Index

CH Model UM Model DM Model

RMSE (Day) 44 10.8 3.8
EF 0.2 -4.1 0.4
MAPE (%) 34 78 2.7
K-S (based on observed distribution 0.140) 0.167 0.122 0.134
P-Value (ns: not significant) ns” ns ns
S DM (55801 5 o)l Billas sloaslive juolie s b LasSl o5l polio mjsi (ke & K-S (03] )0 sho (28 (5nd) (o9 ylosine #

(oyls 1,
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Figure 2. Probability distribution of the observed apple flowering dates (OBS), in comparison with the model.
Predicted dates (DOY: Day Of the Year; starts from the first of January); OBS (Observed); DM (Dynamic Model);
CH (Chilling Hour Model); UM (Utah Model).
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Figure 3. The effect of average air temperature for cooling (X axis) and warming (left Y axis) phases on

the date of flowering (DOY:; right Y axis); small black circles on figure are the observed flowering DOY
during Springs of 1381 (2001) to 1393 (2014).

sl Lrals b molidl ol las sty ol mls
Wl oo ataan VB (e 0 5ol 5,90 Jsbo yo Igo
SELdny A sl ol plalr 4
S a4 azg b Gl et e S0
ozl 0oy 0+ bl 55 b babes (Sojle e
Sy )l olen a4 1) LS s el
Farajzadeh et (2009) Eccel et al. law g oulsplx!
Oukabli 4(2010) Yazdanpanah et al. (2010) al.
oolaiwl (g bl slo by, 5l L aS (2003) et al.
2o RMSE S oyl (S O S ilos S
Zo,b 0yl <l aSSl > ol oaslcansay 55, can
ol e gl 3L b as 5l eslaill L ealS
Jio Gl sl oo 59, Sz 5l S Giegh
3ledle 00 5l i oS 5 L (2010) Farajzadeh et al.
oL Gl Sl sbles b glope s syl

3 Ot B0l GlagSUl LSy gt cpl o

oolaiwl wylaie c8lo, b Swelns sazmy (goX!
Ao o g0 jo Lo yuoss dow ol a5 jsbyles ol
ol.i’;.m.i‘ o s 00 juws )LAT ‘SMHIA; 9 g_t;“"’LA)"‘""
&b 5eSle) 5 SET wms e Gl xS
QLT Yo 25 50 o 2350 G5y S ooz,
5o leaslex oSy Jlsl a5 noy9,8 Ve culdd
ABY o 35y lopw slacels uls G
>0 ;0 lga (sloo Bogue g Cawl ugandis a0
55 b ol LS el Sl e oS (25
A0 YA L Ve o oy adsl s co g B
Ol G gowin j0 4 jebles .l gl
O i b 208 2o )b cconl oaosls las VS
3 il A g )3 o slod (gl Ao

BB oo T 5895 39, 00 (le 4 skl 890 Jobo



55 w3l oslaal b aibinsy olo yw 5L aﬁ—lﬁ SLsSl obsl iy s 5 s0iYy 39,9

) @9I5 55, aVlo o) 8590 Jsb o o] e
3 2580 sledin GlasSIl (e 5l S oo (e
UM CH il eI dus 5l i opal 5o (logms
DM oSl a5 ols olis mls .ol colaiw! DM
el cllsl dnge o5l po 1) s 0 5eS
ally gl sl Soslasl b anglie jo olo
Dby wile guiz g)ll slaghs, By
SOt Sl &S g ras SBASLD (P S
L y9aS 5o Sbplis plsys biny Jole
Gl 5 Bk ol @l el oad ool
5 oldler ars b glow 5L 35T slasSll
Ol el m e e B Blaay
Ol e Seslis (98 RMSE a5 (g j5boas s o0
Loavalio jo a5 coul 0gr 59, Sl 5l yieS G
o%9, 4 Yazdanpanah et al. (2010) s.ax gl
> yo slp 95 033k plp RMSE L (grae &S00
sor s olrl G et e (aolS
diiw b9, 4 (2010) Farajzadeh et al.
3333 S5 p gy e plp RMSE L gl
Slite 8lm, b Saalis (aloye s 555 Caly
o F3e tale ol 5 Lo bl &L
2 ey ¥l peS gl b plopw 53 el
L G;‘;.il.cﬂ o EL o (ghlopesly Sl 00w Jobo
) o 28 @80 @b hpdy oble ods
Lools les gy 9550 lasSl S (oo (i
SELBnsy ol 380 @)l Gl oe ool 0 S
A0 8590 50yl Slage) p b &l oS i |,
Sl 4 ol ol clealdl o Jlsplis ols
5 ale) ployw 5L GlaJae gurailys 45538
5 Sl Gl Gl cels laed, Sl cex

RIS VY PRV

REFERENCES

&b Smotm @ RMSE laglie Sl aneS
Ofen lacdl> oy g o Sy ales xSl
ol 03 35, Cad Uz sboglie o RMSE
bl A o olas, o i RMSE o5 >0
0ads jo, oz 3l S Sewelins oS L Badd ol yo
5y99 5 el (slashy, 3l i Sl 55 o
3k gl gy 4o 4SSl b ccasloals colanul Slej
5 e s b e ml b ol
@ pend B a5 el ails YL cds cwlillge

Syl lued slapddl

slagsll 5l (S p Sby)l Saa b agh

gl 2yl slr lors 5L el 225
3 2 olas ) w9 Lo (gre
03 pmms (S M0 y00ld 8590 G gl Gl W8 o
sloools 3 J}M Cﬁ.l (635J9.;é) ‘So-L..,;.m» alw
Sl o] o8l Lln o wlidles
@l 2l plxl asag)l 1S (550laS wlidlee
O Gl Sl o 5l Swlos 69351 by
Sy9lp &l Fp s (Brme g LSl bl Baa
o IS0 ylm,mx slds> o ooz 4l
‘54.3151 6[.0).3.;.:& )Lo.& ppeS bas alo QLM., r°.§)
)olpwduoswéuouu&ﬁ@)o
sl culdl 3..,1.‘ » )'5)43[_5.;'; seelo Jﬁb
SlophSie ol wm)b leee Slbay
cBo by Lleglis iy ged 9wl slaal> e
Looolw lagsl ol 05 (ot (S pdy oL
g olS &lyg, tole)S g huloyw L a4 axg

1. Alburquerque, N., Garcia-Montiel, F., Carrillo, A. & Burgos, L. (2008). Chilling and heat
requirements of sweet cherry cultivars and the relationship between altitude and the probability of
satisfying the chill requirements. Environmental and Experimental Botany, 64, 162-170.

2. Bennett, J. (1950). Temperature and bud rest period: Effect of temperature and exposure on the rest
period of deciduous plant leaf buds investigated. California Agriculture, 4, 11-16.

3. Campoy, J., Ruiz, D. & Egea, J. (2011). Dormancy in temperate fruit trees in a global warming
context: A review. Scientia Horticulturae, 130, 357-372.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

VA0 5l ¥ 8,Les FY 5,90 ol SLEL psle av-

Cesaraccio, C., Spano, D., Snyder, R.L. & Duce, P. (2004). Chilling and forcing model to predict
bud-burst of crop and forest species. Agricultural and Forest Meteorology. 126, 1-13.

Darbyshire, R., Webb, L., Goodwin, I. & Barlow, S. (2011). Winter chilling trends for deciduous
fruit trees in Australia. Agricultural and Forest Meteorology, 151, 1074-1085.

Eccel, E., Rea, R., Caffarra, A. & Crisci, A. (2009). Risk of spring frost to apple production under
future climate scenarios: the role of phenological acclimation. International Journal of
Biometeorology, 53, 273-286.

Farajzadeh, M., Rahimi, M., Kamali, G.A. & Mavrommatis, T. (2010). Modelling apple tree bud
burst time and frost risk in Iran. Meteorological Applications, 17, 45-52,

Fishman, S., Erez, A. & Couvillon, G. (1987). The temperature dependence of dormancy breaking in
plants: computer simulation of processes studied under controlled temperatures. Journal of
Theoretical Biology, 126, 309-321.

FAOSTAT. (2015). Food and Agricultural Organisation of the United Nations, FAO statistical
databases. http://faostat3.fao.org/browse/Q/QC/E

Fox, D. (1981). Judging air quality model performance: A summary of the AMS workshop on
dispersion models performance. Bulletin of the American Meteorological Society, 62, 599-6009.
Greenwood, D., Verstraeten, L., Draycott, A. & Sutherland, R. (1987). Response of winter wheat to
N-fertiliser: Dynamic model. Fertilizer Research, 12, 139-156.

Javanshah, A., Alipour, H. & Hadavi, F. (2005). A model for assessing the chill units received in
Kerman and Rafsanjan areas. Acta Horticulturae, 726, 221-226.

Linvill, D.E. (1990). Calculating chilling hours and chill units from daily maximum and minimum
temperature observations. HortScience, 25, 14-16.

Luedeling, E. & Brown, P.H. (2011). A global analysis of the comparability of winter chill models
for fruit and nut trees. International Journal of Biometeorology, 55, 411-421.

Luedeling, E. & Gassner, A. (2012). Partial least squares regression for analyzing walnut phenology
in California. Agricultural and Forest Meteorology, 158, 43-52.

Luedeling, E. (2012). Climate change impacts on winter chill for temperate fruit and nut production:
A review. Scientia Horticulturae, 144, 218-229.

Luedeling, E., (2013). ChillR: statistical methods for phenology analysis in temperate fruit trees. R
package. version 0.54.

Luedeling, E., Gebauer, J. & Buerkert, A. (2009). Climate change effects on winter chill for tree
crops with chilling requirements on the Arabian Peninsula. Climatic Change, 96, 219-237.

MAJ, Ministry of Agriculture Jihad, Database Center. Iran (2015). http://www.maj.ir/Portal/Home/#
Nekoonam, F., Fattahimoghadam, M. & A. Ebadi. (2012). A study of the environmental factors
affecting some of the biological characteristics of flower in four iranian commercial apricot cultivars.
Iranian Journal of Horticultural Science, 43, 175-187.

Oukabli, A., Bartolini, S. & Viti, R. (2003). Anatomical and morphological study of apple (Malus X
domestica Borkh.) flower buds growing under inadequate winter chilling. Journal of Horticultural
Science & Biotechnology, 78, 580-585.

Richardson, A.D., Keenan, T.F., Migliavacca, M., Ryu, Y., Sonnentag, O. & Toomey, M. (2013).
Climate change, phenology, and phenological control of vegetation feedbacks to the climate system.
Agricultural and Forest Meteorology, 169, 156-173.

Saure, M. (1985). Dormancy release in deciduous fruit trees. Horticultural Reviews.7, 239-300.
Shaeffer, D.L. (1980). A model evaluation methodology applicable to environmental assessment
models. Ecological Modelling, 8, 275-295.

Weinberger, J. (1950). Chilling requirements of peach varieties. Proceedings American Society for
Horticultural Science, 56, 122-128.

Yazdanpanah, H., Ohadi, D. & Soleimani, M. (2010). Forecasting different phenological phases of
apple using artificial neural network. Journal of Research in Agricultural Science, 6, 97-106.

Zhang, J. & Taylor, C. (2011). The Dynamic model provides the best description of the chill process
on ‘Sirora’ pistachio trees in Australia. HortScience, 46, 420-425.

Zhuang, W., Gao, Z., Wang, L., Zhong, W., Ni, Z. & Zhang, Z. (2013). Comparative proteomic and
transcriptomic approaches to address the active role of GA4 in Japanese apricot flower bud
dormancy release. Journal of Experimental Botany, 64, 4953-4966.




