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Development of Prediction Model on Fruit Width Using
Climatic Environmental Factors in ‘Fuji’ Apple

Hyun Hee Han*, Jeom Hwa Han, Jae Hoon Jeong, Suhyun Ryu, and YongHee Kwon

Fruit Research division, National Institute of Horticultural & Herbal Science, Wangju 55365, Korea

Abstract. In this study, we analyzed environmental factors including annual fruit growth and meteorological condi-
tions in Suwon area from 2000 to 2014 to develop and verify a fruit width prediction model in ‘Fuji' apple. The 15-
year average of full bloom data was April 28 and that of fruit development period was 181 days. The fruit growth
until 36 days after full bloom followed single sigmoid curve. The environmental factors affecting fruit width were
BIO2, precipitation in September, the average of daily maximum and minimum temperature in April, minimum tem-
perature in August, and growing degree days (GDD) in April. Among them, the model was constructed by combining
BIO2 and precipitation in September, which are not cross-correlated with each other or, with other factors. And then, the
final model was selected as 19.33095 + (5.76242 x BIO2) - (0.01891 x September precipitation) + (2.63046 x mini-
mum temperature in April) which was the most suitable model with AICc of 92.61 and the adjusted R? value of 0.53.
The model was compared with the observed values f rom 2000 to 2014. As a result, the mean difference between the
measured and predicted values of ‘Fuji’ apple fruit width was + 2.9 mm and the standard deviation was 3.54.

Additional key words : BIOCLIM, Meteorology, Akaike information criterion, Correlation analysis
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Ao -A =25, M26d M4 20174

o] mpal whke T oAl AlE BEdw AE F7)9 F
7HAustin et al., 1999)2 ==, AstHo=z A
X 1Y Exv JFT 3 A7 ZAHITH(Goffinet et
al., 1995). Wehr] AEZELA7]9] 7P 212 A7)
o] Ao} FEk FA FFS WITH(Austin et al,
1999)31 & A ok, AAH o R, o] Al7lel] 70| &
55 AMEEEe] et HEATPE AXG
(Calderon-Zavala et al., 2004; Warrington et al., 1999).
Kim(2002)2 #3 7]2o] oW prhpye] a9 2
I 5 9 gpAe] Ao RAFAR] FERS wxH, 2
TV B e e I viglel] 3HZR
A3FS Frha BA819al, Kim and Lee(2005y 742
Hlt7]9] 122 #ddef] £4] ¥ dFS = A
2 AN, JEF XA T Bige] 22 o
FE T FES AHse 9% E3F mob 4 Ae=
o=t} KA, Endo(1975)= 58] 7 Z7)= 7
vt HA471Q1 394, & 7€ deollA 99 gk Aol
A vltke] JEFS TA weral Sk
itz o g Ale] Ak &S Hdwe] Addy
(Noguchiet et al., 2003) 52} F3lld=e] 7V}
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o] AR, =] e vy kM 14*‘?*
o AP D F0He) BEL EH AT AL o
Soh=t] oF 15-40%°] EohdAdS 7Rital °‘E%X% 3l
E]—(Wulfsohn et al., 2012). =l A3k H|S=5)]
A o2 TR IR 5710} A% 24 2]
o]&3}aL A7o]tHKim and Lee, 2005). =& A
A7 @4 A == FE 7PN AEFY HoEE
Aokt oSl E8stal Qlal, oS Rule e} 1)
A A71E viE] AkkE ] 2 A AR S5
71 )3—3}_} 7o} 75_]} 1A AR&-3EAYH(Wulfsohn et al.,
2012), ZFet A9 B 5S4 FEHeR ad
=719} 3““/}— d=sk= WH(Austin et al., 1999;
Chakespari et al., 2010)2 ©]-83}ic}. -4, A 4
J%F Stajnko §(2004, 2009y L] o]n]AE 43}
AL o|uAE AFo® Agshe AlAElS sl A4

A7E 01]%—;}%1‘4

32
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£ 3% 93 mdo] Wagh),
B0 FHe 5T & 9
Hhi RE S T s, 2 el At )
o g dBe] HYoE A AL A5F

Sle wug ek Ak 3 PR 78S
P BAAUSL olgsiel JuEH ¥ md A

st HE5S AAlskAT

De Silva %(1997)~ J%%E‘

m[o B —1?

TE %

1. BOH7], A ME 9 T X2 24
AV (Malus domestica Borkh.) “$A]'9] w7jdz} 7))
3 B e 9 TYNNSATIA T
2000858 20149747 ZAFE ABE ol 8T AE
A 7% (Meier et al., 1994) 7|50l o5, wi7]=

Table 1. The code number and mean of BIOCLIM

BAF - R - 189

gk U] oF 70~80% 7N Al EALSIICH FET|=
g U W] 70~80%2] o] AeEe AR B 1
o] A AxE AYUH 97] $2 WAl 7853t
200637 201032 THRLL ZAIE Qo TR 2
AL o] FoR|R] oo} AT EAA A|Q)EtAar,
20140l = Yol ZAREA] kth. dxdEE A4
A7E AR G oY E5br) ol AR A
S5 A 1HF9] AR vro] I AREeE AEst

o A% F Wl F 109 1H9] AR 2]
ol olgshsich. B vl 23 Hap} gwE Wi

36d $HE A A4S AAEGTE ASTRE Bt
7P Ame 2000%31"%151 201437k 714 (KMA) 5

A7Pdiel S48 71 89 Tl B, A
7l~'@L HA72, % F, XA o] 9 ARES

e

2. ME7|5H%(BIOCLIM)
BB op|E A 715E ARE olgale] 19

o] AEZIF HFEES WHEQtK(Table 1). AE7|FH

e elo) WPHRETLE, ANLE, 25
B2RE ArcGIS(ESRI, California, USA)Q} Python

(Python Software Foundation, Beaverton, USA) 2X="1
S o83l AEdt 2AHEE AlFsle] FE3H
AE71T AFES A FAA Ha7le, A A5,
A WECle, Aee) ok ¥sl), 12 F ws
W BAEFOFE B B 2, gl B 3
Z3F 7S Ul (www.worldclim.org/bioclim).

3. MxE2(Growing Degree Days, GDD)
Grossman 2} Delong (1994)°] ARFeE & 7|y}
HA7|S o83 WHHoRE AeEds ARlEiiith

Code no. Mean Code no. Mean
BIO1 Annual Mean Temperature BIO11 Mean Temperature of Coldest Quarter
BIO2 Mean Dg;‘lr;‘fltf;;g_eéxi*;;‘g)mo“thly BIO12 Annual Precipitation
BIO3 Isothermality (BIO2/BIO7) (x 100) BIO13 Precipitation of Wettest Month
BIO4 Temperature Seasonality (standard deviation x 100) BIO14 Precipitation of Driest Month
BIO5S Max Temperature of Warmest Month BIO15 Precipitation Seasonality (Coefficient of Variation)
BIO6 Min Temperature of Coldest Month BIO16 Precipitation of Wettest Quarter
BIO7 Temperature Annual Range (BIO5-BIOG6) BIO17 Precipitation of Driest Quarter
BIO8 Mean Temperature of Wettest Quarter BIO18 Precipitation of Warmest Quarter
BIO9 Mean Temperature of Driest Quarter BIO19 Precipitation of Coldest Quarter
BIO10 Mean Temperature of Warmest Quarter
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INeAZfe] ZEQAIREE oS Hg AFelAe} 2
o] 7°C 7|5S& 33 (Zalom et al., 1983; DelJong and
Goudriaan, 1989; Marra et al., 2002; Day et al., 2008),
I 495E 119704 Vo] 742 A
tmax +tmin

GDD=ZI:[£——-———2-———~—)}—b

*3 2 18E oA # tmax € HIL2%) tmin ;- Y
HALE, b 1 ALE(7°0)

4. SHEM Y ZHMEY

Al S]] F7A $7dQ919] AR (correlation
analysisye 7|22 AIAIGTE o83t WHTE 2PF3
ok 20005 E 201497k4]2] 77 195E 129714
o] €4 7Pdagl, BIOCLIM, €9 GDDe 8121 5 ©f
| AT} 7Y AIE UEeRAE AEATE ol
Bale] vletelqict. Bdle] APEE Frksks Age Hi
5 ekt B Aveli HEsAREe Wil 3
o] wds Melstr] $8k] AIC(Akaike’s Information
Criteria)?} AHRO|EHTHS  ©|-83HHGujarati  and
Porter, 2009). ©] B& FAIEAS REZIHS o83}

k.

AIC = n log(RSS/n) + 2K

*n: TE RSS: F2F AlFS; RSS/m: MLEE U e+

A K: 29785 dgfnee] 4

21 3 nE
U9 FHAASZHSI AP A Q)
T AR FA FES 200095E 20149714 1593
WY, HE Y, W F ASds a8 HE 5
o] wd FBS ZABIATK Table 2). Wil 71
wEE de 2002902 49 2190000, Y =
d e 2013902 59 9ot 201432 AL|%H
14371ke] it LS 49 280 RFHAE 5.6
Jo|ltt. 20069 20109 ALt Hit AL 10
€ 26¢d0I9lor, Yy} FEdo] B AR 3§19
T & e AEdae] B 1819 o}t
g Axe] 7Pl wet d&dge] Aot Bl 3
ATt Gk o ThERl Fxe] o237 =8 7|7}
T £ 180¥€olEhs 719 AFH(Hwang et al., 1998;
Song et al., 2003; Park et al., 2011)¢} ARSI
T 3 oF 36 ol$HE Y FAES 10¢7HEL
2 Ao, 1 A 4L Fig 13 2o duky
o7 A= 9l sA} 9] AS ke ZleE oY
] Jedl(Atkinson et al, 1995; Austin et al, 1999;
Warrington et al, 1999), & A rollM= RIS 4= )3T}

Table 2. Full bloom date and mean final fruit width at harvest day after full bloom(DAFB) of ‘Fuji’ apple in Suwon for fifteen years.

Year Full bloom date Harvest date Fruit development period Final fruit width (mm)
2000 May 02 October 20 171 91.6
2001 April 26 October 20 178 85.9
2002 April 21 October 20 183 85.9
2003 April 29 October 20 175 87.1
2004 April 22 October 30 191 84.2
2005 April 29 October 30 185 88.9
2006 April 29 - -
2007 May 02 October 30 182 82.3
2008 April 22 November 04 196 93.0
2009 April 27 October 30 187 90.0
2010 May 05 - - -
2011 May 9 October 25 170 89.3
2012 May 01 October 24 176 83.1
2013 May 09 November 04 177 85.3
2014 - October 25 - 97.6
Mean April 28 October 26 181 88.0
SD 5.6 5.2 7.9 43

Ao -A =25, M26d M4 20174
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Fig. 1. Annual diagram of fruit width in accordance with Julian
Day in ‘Fuji’ apple.

HAo] 3R FAFE VA HaHAPEE, 4
o Az BIOCLIM, GDD2| o8] #7221 FojA
S AT WAE Uehe 2AE5S Table 322 YE}
Wtk BI029] 79, SkellA] Argsh ule}l o] i
25 oujatet], FAPESS] A FE P A
FES MFoEE, HuLEet HALREY duxprt 4
s g7o] ARt A= M 4 Utk At 7
e F2 oghY o]E ool AAsl=d|, ollx] A
29 7HEAE Hol¢}t BS FXlekes FoREY _%
of wz} delxIth(Jones, 1981). Bergh and Cloete(1992)
© TR & 2T ofke] e 2wt w97
Aol o FEFS A= QIR ogE A AFS
AQAZITAL Basiglth. 2 dATeds 2 Ao
THAES FA7] Wizl dutel] #eh I3k AeshH o
2 o] A2 e o] s Ao AE.

9go] ke Il B o) o JAIAE Yeh)
A=, gbdoz 79 dollr 9Y Jdkee] FAHY)
Zol 7] I A7 dFS ol vIX=H(Endo,
1975), YZA)IZHKim and Lee, 2005)0] £& IS F
ot SlGiT. weba, gdxet Fo| AREAE JEhie
999] & ke A 97 Hitle] 7840 FES
Aoz AFIHUY o, HEoAE 2 8719
B2 ko]l A mldiell AR FEgS miRite
AT(Kim, 2002)% AATH.

499 Pt7e, Harle, HA7e BT 3 94

He) ANVAS e, ) =l s

_‘

>

o

- @8 AT -

F5E - N8

TR S 7o) #=E5E Axido] sl H
o] I =7)7} #AA|=Y|(Calderén-Zavala et al., 2004;
Warrington et al., 1999), ##7]20] =245 74 3
4o ke AL ohlx w7 T W AEAE=E
I3l Aol FE ofso] WA o] Fozl AR A
Hr, P AHe Harled HA7)LY xjolx
A 713 HA7|Ro] B JAIAE Bl A7E
A=A, fFARE A7ATE 399 Hr|leo] 1°CF
7FPa S HHAHOE 120.95kg/10a Z7F8ch= A

= JHKim and Kim, 2014).

899 HAAREE I AT R JHAE Y
Wolth #HA 29 749 dEA 7FE A vERG
|, ShellA] AFgh vle} o] e 2= 3 7
A4S AAE 4= AckBergh and Cloete, 1992).

T3, mjdeic} 7|BAALE 70ce] FHARS AR
sl AHHAIE EAsIE, 499 AEEYo] A4
A Aol JHBAE VeI olHs A=
Al Amgh vk} o] 499] 7)Ro] He| AAAE
E7] wiio] ASEdE 22 AIE HQl How B
AEQ) d, Bolol A= vl & 3047kA19] Al
TU9 =377 Fo) JEEAlE YeRll= ®al(Han,
et al., 2016; Lopez and DeJong, 2007)% AT}

Table 3914 AAIS HQRIES 7t F5 1 A=
2P A8 THTable 4). Neter 5(1996)°] A|$Hah
U341 (Multicollinearity) 2WXMEAIS=2] +0.75 o)
2 AZ e AHEAE JeRdta 2451900 o
A], BIO29} 9€9] Zrakd 27 e el s
AE YA Z3k=t), ol F 8%lo] EHHo=E 3}
A Ao IS Y AT ¢ AT ¥, 4
Yol H7|-Hir|-HA 7, 849 HA7H 49
o] AELEYL MZ T =2 AAIAIE YRSl
wEbA, o]F 8]l FollA shte] KRIEwE et 7]
o] ZY¥oz S vx= BIO29t 9¥9] A
[T 22 28t RS AT Table 5).

Table 5141, 7FF £& 2de BIO2, 98 45, 4
4 FHxrle 2o] xdE 1H EE(AICc=92.61)°]H
BA"E ZAAFR?) EL 0.530]0t}. 0]2e A= )
o] Axd I FAH T dxRAIY] AT A
R? gko] 0.551 ©]th= Hal(Han, et al., 2013)9} HIS=3F

Table 3. Correlation coefficient between final width and environmental factors in ‘Fuji’ apple.

Cultivar BIO2 Prc_09? Tav04Y

Tmn04®

Tmn08™ Tmx04" Apr(GDD)"

Fuji 0.58* -0.60* 0.64*

0.57* -0.56* 0.66* 0.64*

* Significant at P=0.05.

? Prc_09 = September precipitation, *Tav04 = Average temperature in April, “Tmn04 = Minimum temperature in April, *Tmn08 = Mini-
mum temperature in August, "Tmx04 = Maximum temperature in April, * Apr(GDD) = Growing degree day accumulation in April.
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Table 4. Cross-correlation (Pearson correlation coefficients, r) among selected variables on environmental factors in ‘Fuji’ apple.

Variable BIO2 Prc_09? Tav04Y Tmn04 Tmn08" Tmx04" Apr(GDD)"
BIO2 1 - - - - - -
Prc_09 -0.43795 1 - - - - -
Tav04 0.414699 -0.27054 1 - - - -
Tmn04 0.222745 -0.18422 0.94346 1 - - -
Tmn08 -0.2359 0.316237 -0.75183 -0.7324 1 - -
Tmx04 0.510424 -0.30948 0.978694 0.855307 -0.72228 1 -
Apr(GDD) 0.414366 -0.27023 0.999998 0.943709 -0.75182 0.978542 1

Note : Variable with r>+0.75 was in the same.
“ Prc_09 = September precipitation, *Tav04 = Average temperature in April, *Tmn04 = Minimum temperature in April, *Tmn08 = Mini-
mum temperature in August, *Tmx04 = Maximum temperature in April, * Apr(GDD) = Growing degree day accumulation in April.

Table 5. Model evaluated for the fruit width in ‘Fuji’ apple.

Model no. Fruit width model AlCc AAICc Adjusted R? K
1 BIO2+Prc_099+Tmn04” 92.61 0.00 0.53 4
2 BIO2+Prc_09 93.31 0.70 0.36 3
3 BIO2+Prc_09+Tav04Y 93.55 0.94 0.50 4
4 BIO2+Prc_09+Apr(GDD) ™ 93.56 0.95 0.50 4
5 BIO2+Prc_09+Tmx04" 94.52 1.91 0.46 4
6 BIO2+Prc_09+Tmn08" 95.09 248 0.44 4

Note : AlCc is the Akaike’s Information Criterion corrected for small sample size; K is the number of estimable parameters in the model.
“Prc_09 = September precipitation, *Tmn04 = Minimum temperature in April, *Tav04 = Average temperature in April, *Apr(GDD) =
Growing degree day accumulation in April, "Tmx04 = Maximum temperature in April, “Tmn08 = Minimum temperature in August.

Table 6. Best model for the fruit width in ‘Fuji’ apple.

Predictor Parameter estimate Multiple R2 Adjusted R2 F P

(intercept) 19.331 0.64 0.53 5.93 0.01
BIO2 5.762

Prc_097 -0.019

Tmn_04Y 2.630

“Prc_09 = September precipitation, ¥ Tmn04 = Minimum temperature in April.

FXE et o 2EES 036-0.502] BRAE R?
e UERfe] 111 FElEG gho] vt webA, 11 B
d2s Aesigeor s Ik e 2
Table 67} 2t}

dire] BIO2, 98 5, 499 HARE oAM=
BIO29] A==(5.76242y7} TF 2 Q15(9¥ 773=0.02891;

st dSAE AS5A|9} Blws{TH(Table 7). Table 7
A B npel o], At X i P HAEA]
9} d=Xx)¢] FHEAlolE +2.9mm, FEAXFE 3.54%0}
o] RIS ARGl o] 1 o] A HABS =3t
A oo ko] adtng =2 AF7el o=
o] 7Fs3lths ©xo] tt. 3o g, 37l F7|d

49 HARE=2.63046)ET}F AX 4 A =700 7
T8 8RIe 91 & 5 ATk EFF BIO29} 44
HAALEE Ao WAE BAT, 99 AFHEe Fo #
AS BT

Table 69] ZH21S 200035FE 20143714 2006132
ALJet 13371e] BIO2, 9¥ 45, 49 HALEE 4F

Ao -A =25, M26d M4 20174

BIO2, 499] HA|7]2o] Aol J3Fs, 99| Aol
Fo] s mXER A5t I ARl areiE ook
g gegloz ol8H 4= it} FHHoE, 999 B
ere 3 37 Hiel 87.64mme 3.5%2! 3.04mm
o] gEe vH U QEHT & WHeE ZHEIA
ZThHE e wA|A]).
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Table 7. Modelled fruit width using selected model from 2000 to
2014 in ‘Fuji’ apple.

Year Observed Predicted Difference
2000 91.6 85.1 6.5
2001 85.9 89.1 -3.2
2002 85.9 90.6 -4.7
2003 87.1 85.7 1.4
2004 84.2 88.3 -4.1
2005 88.9 84.2 4.7
2007 823 82.4 -0.1
2008 93.0 92.6 04
2009 90.0 90.5 -0.5
2011 89.3 85.3 4.0
2012 83.1 86.6 -3.5
2013 85.3 83.2 2.1
2014 97.6 95.7 1.9
Mean +2.9
SD 3.54

e JAEE Ay Fes A5 Han et al,
2016; Hiisnii and Leylas, 2007; Ortega et al., 1998)3F
I Ao, FFe ArES &3 4 Jth(Kaack and
Pedersen, 2010). AR Fx]°9] 370 kS w|X|=
EQR059] B2 HEHoE S AAs=t
83 9 it wehA, FY 37 4S5 2d
A2 AH o2 AL F {5 SHA I
olmg F o AYslal o2 A& A7 odF ZdS
8l Z&A<0 7o) Fasitt

Ay

P | o
= S

d7e AR FAPe i A dS 2ds g
shal skl A9 2000378 20143714
o Azt B A TVde A $EedEs £

1

[e)
28Uolar, Wl F FERI7IA| ] e Ha 181
oAt Wi $ oF 36 o]FFEH A g o
A SAF Follen, B A IS vHe &3
8052 BIO2, 9€735%, 4€ Ha-HA A7, 82
HA71Z, 8ol 499 ASELoIATE T FollA, A
2 7ke] a9lo] wal AHAIAE YElA &= BIO2%}
9 e 7 g 215y sl mdle v
Aok AdkE =9 ZolA AICTt 92.610]0 BAHE R?
el 05302 7P Aol = 2ds AEEiole
™ I FF TS 19.33095H(5.76242xBI02)-(0.01891x9
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- @S AT - FE - D8

YT H2.63046x4LH A= )0t o] EES- 2000
WARE 20149714]9] ASX|9} vlwsid=dl, AR F
2 B7e] ASA| 9} o|SX]|9] HAtols £2.9mm,
THAR= 3.54%9H

<)

H

F7} FA0] : AE7EE, TVt Akaike H7IE,
A

A A

B =2 w228 AFAREAIREAES: PIo101
022017)%] Aol oJ3)] o] Fozl A
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