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Abstract

The Fuji variety of apple, introduced in Japan, has excellent storage quality and good taste, such that it is the most commonly
cultivated apple variety in Gunwi County, North Gyeongsang Province, Korean Peninsula. Accurate prediction of harvest
maturity allows farmers to more efficiently manage their farm in important aspects such as working time, fruit storage, market
shipment, and labor distribution. Temperature is one of the most important factors that determine plant growth, development, and
yield. This paper reports on the beta distribution (function) model that can be used to simulate the the phenological response of
plants to temperature. The beta function, commonly used as a skewed probability density in statistics, was introduced to estimate
apple harvest maturity as a function of temperature in this study. The model parameters were daily maximum temperature, daily
optimum temperature, and maximum growth rate. They were estimated from the input data of daily maximum and minimum
temperature and apple harvest maturity. The difference in observed and predicted maturity day from 2009 to 2012, with optimal
parameters, was from two days earlier to one day later.
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(RDA, 2013). S741% 27124 28)(http:/kosis.kr)o]
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576,369 tono v, A} Al 57}e] oF80%7} F4) &
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BaEe) At B FA Ao 44718 o155
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2.1. Model 715 & Xtz £

Beta distribution model& <-53}o] dlalatu|g
2 T RS A3 91T U ArRE Ve
Azo} F2) Aate] AEARS ol g3 784
g2 71404 2005 FE 2012 A7A] =318t o+
HZ]O:]—‘] ol 4 2 4;(1 7]311-3—2— 0|83} q.
(Table 1). 7] Alhe] AR E 7ARE %}
3k 91719} AX|4]7]7] $J5te] S Ao ERTrate
QAR ATRO A Qe FK ﬁq
2005 95E 2012711 2] Hop7], ¥ll7] 9 4471
o) T3t A} E 0] 85} tH Table 2).

2.2, Beta distribution model M% 2! 315
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A 2431 Q9] 29 shto|n, BE YEEFZ 314 9]
SHFE AH o AL, Hile 9 Hz
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7] $R3t o] AgAom FAR A9 Feel
bilinear H @l o] 7J¥F=] 21t Yin et al., 1995).
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Table 1. Daily maximum and minimum temperature of Gunwi province from Korea Meteorological Administration (Table 1)

Date Daily maximum temperature (C) Daily minimum temperature (C)

2005-01-01 0.3 -10.8

2005-01-02 5.7 -10.7

2005-01-03 10.8 -7.1

2005-01-04 4.7 -8.7

2005-01-05 2.8 -13.9

2005-01-06 6.1 -4.2

2005-01-07 33 -6.9

2005-01-08 2.0 -12.7

2005-01-09 -1.2 -12.8

2005-01-10 0.9 -14.1

- Omitted below -

rn=a +uT (T< Tnpt) ey T:Rmax*b(T Topt) @)
ry=a,+b,T (T> IZW)

121} linear =9 B1= bilinear R @2 2 of u}
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45 o) el HEele Aol ofrh 1
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BDMO| 218 247].& 0TolA 23171 40T
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oo Tmax =T T Tnax— Lope
A= e () ®

max max opt opt

r : daily rate of growth

R, : maximum rate of growth

max

Table 2. Fuji apple phenology data of Gunwi province in South Korea

Year Blooming time Full blooming Harvest maturity
2005 April 26 April 26 October 26
2006 April 24 April 28 October 30
2007 April 24 April 27 October 27
2008 April 20 April 23 October 30
2009 April 14 April 20 October 26
2010 April 14 April 20 October 26
2011 April 28 May 01 October 31
2012 April 25 April 28 October 29
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Fig. 1. The shape of temperature response curves derived by
applying a beta distribution equation. The minimum
and maximum temperatures are fixed at 0 and 40°C
and the optimum temperature are 15, 20, 25, 30C
respectively.
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=
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» Year 2005 ~ 2008

Beta model run
» Predict Harvest maturity
* Year 2009 ~ 2012

5

Fig. 2. The flow chart of predicting harvest maturity and estimating model parameter with model input data for beta

distribution model.
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Table 3. Monthly maximum and mean temperature of Gunwi province from 2005 to 2012
Month Temperature (C) 2005 2006 2007 2008 2009 2010 2011 2012
T 217 18.1 19.2 212 21.9 15.7 18.2 19.8
! Ton 13.3 112 116 12.9 13.0 8.7 10.3 11.8
T o 254 245 256 26.1 277 244 229 247
: T ean 17.4 17.5 17.8 17.8 18.6 16.2 16.0 16.8
T ax 30.0 29 28.4 26.8 30.0 30.0 28.4 27.6
¢ T ean 232 21.9 21.9 20.5 229 22.1 21.7 21.2
T ax 309 27.8 29.2 34.0 303 30.4 29.6 30.4
7 Toun 25.1 232 237 273 243 249 24.6 25.1
T ax 30.9 335 32.6 31.6 30.9 31.7 29.0 31.3
; T oun 25.1 26.7 26.7 247 24.6 263 24.0 25.7
T 26.8 253 26.0 28.4 27.7 265 26.1 252
’ . ean 209 18.1 21.1 21.0 19.9 20.1 194 188
VAN 204 24.0 21.8 229 20 19.7 19.5 203
10 12.5 15.1 14.1 14.1 12.7 123 113 113
519} o] @A 73 The|E S o]-8slo] 2000

= L

o] FET 40T ST 41e] oAlE A
SR mehulEE etk 2 Tetulehe v
T8 A BT Mgt B HAge
=\ 3} 4] ®}HH ] Nelder-Mead method
& olgslo] 74 Al 44710] B2 e
Aol Haghe MRS S A3} 1S A

R 201288714]9] $4] A}
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Table 4. Estimation of parameter from 2005 to 2008 and prediction of harvest maturity from 2009 to 2012

Input parameter Estimated parameter Prediction of harvest maturity
NO. Tax ]:wt R Tk Tom R Year

() (0 ) () () 2009 2010 2011 2012
1 40 20 180 43.0 20.5 169.9 i OzéT . (ng -Nf)V -N‘(‘)V
2 40 20 170 41.6 19.9 168.3 -(?éT -(f(ng -NA(;V -Nf)V
3 35 20 180 37.8 20.3 162.7 -(i(ziT -(;)gT -N?)V -N‘é)V
4 35 20 170 38.4 17.7 162.5 _gé], _02(6:T -Ni)V -C?gT
5 30 20 160 329 19.6 147.8 _gé], -033T -(;gT -égT
6 30 15 170 33.1 15.3 142.9 —(i(liT —OzéT _5(8:_1_ _02(7:_[
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Table 5. Estimation of parameter from 2005 to 2008 and prediction of harvest maturity from 2009 to 2012

Error
(Predicted - Observed)

Parameter evaluation

Year i
2009 2010 2011 2012 OIZ:(I)r ol;/l::;r Nii‘xelt:(l)lrm RMSE
1 -2 +2 +5 +6 15.0 3.8 6.0 42
2 -3 +1 +4 +5 13.0 33 5.0 3.6
3 -4 +4 +4 +6 18.0 4.5 6.0 4.6
4 -3 0 +1 +1 5.0 1.3 3.0 1.7
5 -2 +4 -1 0 7.0 1.8 4.0 23
6 -5 -1 -3 -2 11.0 2.8 5.0 3.1
| eARE ol §3to] P 4Bt} &3 554 2.0] 7} Aot

ko] @27} 2|47t EA| ke d Harv)e, o 247
2, ANPgEEE FA5IAL o]FA =43 wtet
UE S o]-g3l0] 2009 2012139 F1] ALt
TEYS A5Gt 43 7t wetnlE 9] BrkE
Qlste] oSt =8kdut PEe fEkUute] jolE
S 2HError) & 1L oH wetu|E] 7} 2|4 o] mletu|E
JAAE B7Isl7] fIste] eate] HuigrEe] oA, &
arEol Aeg o, AU Hdia BAlEE
QXHRMSE, Root Mean Square Error)& —-5}%iTt}
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