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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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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
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* nonsignificatn (acceptance test the null hypothesis K-S, in other words, the distribution rates of the pattern of the distribution of observational data

and model corresponds to the smallest difference DM).

5 UM CH (glasSl 50.53,51 1 5 (OBS) (gloanlios
yobds e o ol S0, b awslas gl |, DM
LAYAY BAYAY sla ol sogame o ouSilee
&b 3 e s u.:o..\lf b soye O Jleisd
L 55 DM 563l sl (DOY=110) Ly 330,58 T)
) co <350 (28 E )b oy ¥l S gllas
ot Gl e Sl Gy deye 0 Jleal b
b ¥ ceSilo ysboas UM g CH (65501 4 Lol S
M Ao e Slas, (aBly slag bl 59 59, 7
Cople Hbls 4 wilg co yol cpl S co 0yl 1,
b Se bl 5l (F 5o a5 sbar il oSl
Pkl s S0 208 Al e f )l alan a
3 DM 58 aSST b aisS o 9y51p aege

P @b sleesls bl miy Bl (gl
Z)LOT 9 Sl 059y ’/\f" dloabLiw LgLQu‘)M 6‘)‘3
IVYE Sealiys g5 51 oo gl slag b auss
(_gLDC.’)Lv 0)9").3 (_glﬁ |) S| u))...J FLY 0dgs
Slaeb! maw o bl a5l ax 1wl eals
o sme 5 gl Koo gillas yge5] Gl s ,00
S aw o 05510 e (SHle 4 (Y Jg92) s
(Y JS8) conl Soo 5 Comdly @ (5)LA—‘ Ll
¥ 5 G oo ol m sl p U
S 5 i Seelns Sl (So5eds s by
Gl 6 E8 b g Cwl oo oolaiwl (slagXl
szt Slild mis loged VUKL es e



ory

) Gl ¥ 59, DM (65l aS" ol 009y i)
90 aSSI b sl 03,5 55915 (G, Caan BB L)
9 52 59y O AL s 4 UM 4 CH (s3I
e yd WS sy5ba il 03,5 8515 5055 59, edze
e g8 5 g 59, 4w B L DM (651 1 YAY
Iy @5 goliian A e olas &l ase S

Silos S5 51

e 3 o3l b il (ployw Lo 3515 oSl (D)l 1956 5 9 S0EY5 59,95

Jle sl olo las asan G 5l a8 Ll o Sy
DRSS el i a5 AYAY g YYAA sl Lo L o
sleg b (DOY=100) (p o5 ¢ (DOY=120)
Sl 0ols 7y 35S sl o alS s 20lS
PN 4 L (55542 9)Skoe L DM (6551 (Y Jgor)
e Gl el 00,5 3 )50 1) 2alS slas ) LagSl
Voogy yo eddosalin ol AL VWWAA L

No of obs

INENENENENRNENANENENNNEN/ NRNRRRNRRENRRERE]]

OBS
DM
[ CH
E uM

L

DOY

110 115 120 125 130 135

S oled9,) gl L oaisd gl o (sloyl e b dulin 10 comw &350 (OBS) sasoanlive 2al5 7,6 Slgl 3 ase5 .V S
(UM-bg Jow CH-0ols Jow DM-Soliss Jaw OBS-saionnlice DOY-ay4il3 Too

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).
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