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SUMMARY

'Campbell Early', major grape cultivar, occupies more than 70% of cultivated areas in Korea. In this
study, we investigated the relationship between fruit quality and climatic environment in major
'Campbell Early' grape producing areas. The correlation between fruit quality and climate conditions
were analyzed in 11 major grape producing areas such as Sacheon, Naju, Yeongdong, Sangju, Cheonan,
Suwon, Yeongju, Yeongwol, Chuncheon, Hongcheon, and Yanggu. Full blooming stage, May 25 in
Sacheon area was 10 days earlier than any other areas and it was latest in Yanggu area. In result of
temperature analysis of grape growing stage for past 30 years by 10 year units, although maximum
temperature was not changed, minimum temperature was rising around the southern areas. The average
temperature of May increased over the past, but one of August was lower in 90's than the 80's. Grape
of the southern areas was a lot of splitting in 90 days after full bloom because of rain fall over harvest
season, ones from the central region in same period showed high sugar content, however, there was
still low sugar content in ones produced in Gangwondo region. The maturation of grapes was affected
significantly by the weather conditions, therefore, grape was produced in region with a long maturity
period showed high quality.

In order to evaluate the air temperature rising effects on citrus production, fruit characters, and
cultivation zone shift with meteorological parameters were observed from 2008 to 2009 years at 17
orchards with satsuma mandarin located on the different parts of Jeju island. The range of annual mean
air temperature was 12.8~16.8°C, with the maximum difference of 3.2°C among years in the same
orchard. orchards with annual mean air temperature above 15C were located only on the region lower
than 100m above sea level in the southern part. The average acid content juice at harvest was 1.2%
with range of 1.0~1.5%, and with similar variation among years and among orchards. Juice acid
content was negatively correlated with precipitation in May and July. The repression equation of
average acid content juice (Y) on precipitation in May and July (X) was Y=-793.63x+1255(R°=0.6513).
According to the estimated changes of average temperatures in Korean Peninsular over the coming 100
years, the average temperature is going to rise about 4C by A1B scenario, KMA and it is estimated
to rise about 2°C within next 30 years time from present normal year. If the weather of Korea rise
by 2°C in the next 30 years, the most suitable satsuma mandarin cultivation zone would be magnified
to southern coastal area form Jeju island. For this study was made GIS-driven temperature map based
on relevant topoclimatological models, and then analyzed geographic shift according to the projected
warming and agroclimatic zoning model in satsuma mandarin. If mean temperature rises by 2T,
suitable agroclimatic area in satsuma mandarin would be increase in 36 times than current area.

Most deciduous trees in temperate zone are dormant during the winter to overcome cold and dry
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environment. Dormancy of deciduous fruit trees is usually separated into a period of rest by
physiological conditions and a period of quiescence by unfavorable environmental conditions.
Inconsistent and fewer budburst in pear orchards have been reported recently and insufficient chilling
due to warmer winters is suspected to play a role in South Korea and Japan. Prediction of flowering
time under the climate change scenario may be critical to adaptation strategy planning for pear industry
in the future. However, existing methods for prediction of budburst depend on spring temperature,
neglecting potential effects of warmer winters on rest release and subsequent budburst. We adapted a
dormancy clock model which uses daily temperature data to calculate thermal time for simulating
winter phenology of deciduous trees and tested a feasibility of using this model in predicting budburst
and flowering of Niitaka pear, Fuji apple, Changhowon Hwangdo peach, them of the favorite cultivars
in Korea. In order to derive the model parameter values suitable for them, the mean time to rest release
was estimated by observing budburst of field collected twigs in a controlled environment experiment.
Thermal time (in chill-days) was calculated and accumulated by a predefined temperature range from
fall harvest until chilling requirement is met. Chilling requirement (maximum accumulated chill-days in
a negative number) is then offset by anti-chill days (in positive numbers) until the accumulated
chill-days become null, on which date budburst is assumed. Calculations were repeated with arbitrary
threshold temperatures from 4C to 10C (at intervals of 0.1), and a set of threshold temperature and
chilling requirement was selected when the estimated budburst date coincides with the field observation.
A heating requirement (in accumulation of anti-chill days since budburst) for flowering was also
determined from an experiment based on historical observations. The dormancy clock model optimized
with the selected parameter values was used to predict flowering of them grown in Suwon for recent
9 years. Predicted dates for full bloom were within the range of observed dates with 1.9 days of root

mean square Crror.
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1981~1990 1991~2000 2001~2007

Temp.(C)

1-2
2.4
4.8
6-7
7-9
9-10
10- 12
] 12- 13
13- 15
15 16

a7l 5. 2Lzt 10 T JEATI2 Wt

2. ZAAQ9 713849 FAEA

S EREECIEA I ER G B C PR
o] 23.5C2 7} &=gton], oFx o] 206CE 7%
T FFA 0] 265C R 7 ot oF 2C 2] Aol 7} Ay

>

-
A
re
i
[
o
ol
el

5 ee i A
whokeh 2i7] 28 g elo] 28.7CH
-

Ptk A7) Aol 15.7C K

T, 34 o] 193CR oF 4T Zol g Lhehich Lo} AHA 9 7] 20] &gkor], FUw
Aol e Ao@ hehgteh Wl 5 90%el WA B AT AWHE 2), ¢ AR F=
HBER Qoo FRAMC GF AT 24 AGL 15~1TES el FUE A% 14

~15EQlth EFEAHE 277 AgEgolE ekl Y 1¥okoen, SRANS A5
A O] FE7F =A UEbgh ey e A2 vl $ 90 oll= A7) 7t HA] grof 1Al
o Frrt AA o2 WA eyt
T o2 ZEo) H8) 53] 2dE GFS W] 4ld L FH o= AR oA A
F7HA] A El= i ZrEolets Hat gakES FEo] SAIE T Holtt thREe] AEo]
7153t JFS A3fel= Ho R AV|E 2Ess WS o] &3t 1Yy da= A9H
¢l 7] 24o] E7FsstH, 578N ofy et FH7| A = et 2% Hhg-o] oA 23}
" Fo} 1 o7t A% R 5 i 714l gt ko] thasel vE
ofA|, 7/dHE L] FFol AEA O 2 w9 A Yol FAs) kil =
OME} 713z Zﬂ l %4 FAof| 7|X]= 9T s Extsieh Al v, A<, 2HA,
=) 714Fe] 9eke wh=r} (Jang S 2002; A,
2002; Westwood, 1993). 7]*0 4 wel A 7p £7] oko} oL BHbR o] R Q 4 v} Lk W, b}
2 gaE Do) B Ao} olol B J|Fushe nEY BAS A B & Qe 7 FR
o] F& F9] Hdoh 29 A, 7] a2o] I st S Bt gtk E3E 7|
TSt A IS HIAA v FA Aoy o] ShRlEA T2 sl o
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gk jlo] 7% it EAR, 7| $HE = HozEe] AAE S HStAA 2 ZE9] FAA
ol 51} Auf Aol FFFE =THSeo, 2003). TH/AY A 49 7, 70| Fobx|H, Aot
7} QIR sHA A sHA o] Ao ko] HAE THA A HEE AfufR|et AfujAl 7S] o]0l
o] Fold fabof] Utk &, 2001). wheba e WA FF0] F FRAY A= 1EA
o] WAL 23kslr]7} 2ekst Aoz webEch
H 1, ZAIX|SHQ| ZE M7|(5~8Y) 7|AMQA
x| LRII2 7|2 7|2 UXAIZH PASTIRS Uit
B (‘C) (C) (C) (hr) (days) (‘c)
AbA 24 27.8 17.7 151.7 12.5 10.0
U= 23.5 28.7 19.3 170.4 15.0 9.4
o= 21.7 274 16.5 164.6 13.0 10.9
=24 21.5 26.1 17.3 200.9 10.7 8.9
o)Ak 2.3 27.8 174 196.3 10.0 10.5
Al 21.2 26.6 16.3 174.9 13.0 10.2
2 214 273 16.1 186.4 12.7 11.1
Ay 22.1 27.8 173 172.1 122 10.0
o+ 212 27.1 16.0 175.1 14.0 11.1
] 22.6 27.7 18.2 195.3 9.8 9.5
AR 21.7 25.7 17.9 152.4 13.3 7.8
=l 21.9 27.6 17.0 189.9 12.3 10.6
oF L 20.6 26.5 15.7 160.7 13.8 10.8
H 2. I EFAX[YO| niA EM EM(ODHS 90Y 71F)
X[ = =4 2 RS = At AT | EAlOH
(9) (mm) (mm) (9) (0Bx) (%) (N) (ug/9)
AR 358.6 21.2 18.8 52 13.9 0.5 14.2 43
o= 293.9 21.0 18.2 52 15.0 0.4 12.2 49
o 3427 214 18.8 5.1 13.5 0.7 16.8 5.1
(= 435.7 22.1 20.0 5.7 13.5 0.7 16.9 6.0
of| A 389.9 213 20.6 6.4 13.8 0.6 17.7 72
A 410.7 21.5 18.9 55 13.1 0.7 223 2.6
24 272.9 223 20.5 6.1 16.5 0.6 17.4 4.1
Ay 305.0 21.9 20.4 6.4 14.8 0.6 15.5 5.1
g 379.7 224 21.1 6.3 17.8 0.6 17.9 7.5
=2 446.7 222 19.9 5.7 16.3 0.7 14.8 5.8
= 352.8 21.7 20.8 6.1 15.5 0.6 17.9 47
=l 440.8 23.6 21.1 6.7 14.8 0.6 19.7 4.5
oFL 299.6 19.0 17.2 4.8 13.9 0.8 16.8 8.6

10. 2=450 W2

HOIZ= 2| MHui K|

TEWIoL HSUHY BT 715
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3. BEAE =4
29 137) A3t Ao SnE woly], woly] W sl 2R ATH(1Y
6.7, 8). Wbyt A AHHA o] 49 109, FA% FLA o] 482U 07 oF 119 Fol7}

wyeteict GFA el Sy

& =

o2 49 28U 79| Fol & viehyth BAYIE AP o] FbY et 59 19%0|9T Ahy
Lo PR 69 7Y olgith. FTAY HUIEE AL AL 400m7t 68 7| G B
600mi= 6% 13U oF UFY Hpo|7h WASIALt. soAe AT AHA o] 89 209 kel
A Wo| oF 89 259, FEAYo] 94U 19 o|AT, FAE FFA AL 99 109 o|giek.
% BEAS FRAY u]5F 89 252 o ek, oS MO R A H5ASE RAE
AINLY 9), FHAGS 859, FHAS 00Ul 4 95%0]9li1, FAE A2 10020] Weirk.
FTAYY B M Folof A oF SUL] Aol S vekic. HAY EFUL 45U A S
= B G} ol Aol UOHE HHUSTL FS GRAYLS DEQY PUL YA
of BT A0 ke, ¢ 2ARE B EW 2N vgOR so] mE PUUES
© %47} 909 ol4o] Hojof MEAL AT 57} ek

)
=y
rfo
T
ot
)
1o
et
)
fifo
N,
rfo
1o
o3
o|>
rlo
rfo
Loz
jinh

g Tl s 2 sl A sl zke] A%

o olojd AM EFS F98 4 olrhUang et al, 2002). EF AL 7|7k GEHOE Qlste]
19717 A AH T 0] Wolr} HlBAH o2 Qofu} S8kaFo] 7FATTH(Jacobs et
kel

al, 2002). ol= FHMAE AT ALLFE] FHoA 7AF Ao & T Aol

o) 93t vl &= 342 Hho} EgFo| H 1% v} Qlth(National Institute of Fruit Tree Science,
2003). whebA] R E2HstE QI dhgr o] Hotel 73| o] MES MWt AL 7| $HE}
[e]
o

Aer o)A uj-> FQsie

o et A9 Hparele] A
Jul 2 <] 7} 0] 5514 =] 4=H|(Seo and Kim, 2005), | ukete] A9 =

E7} 3 A7} wol 54 slr)of Aget Wae] WA gtong £aE 22277 98t 7}
T A& AU 7 Hm-amFol Aot A s sol AP wiAske dejetal skt
ol A =4l | ol HElE WAL AR

e AgS 8 o §ijF o AF54 L ARl ds a7 = =2 vEHTE

=
ol Me) W P ol sl Ba Folth g 4% W HAUE
2905 &

e d T, ARAZE HallE 5 oy 2059 E3A 0l A% FE2XEA, 2002;
Westwood, 1993). whahA] h=aful 2 2] o] Aakel gete wZ2e A = Qe H A7 g

2 747} glom, 7t Bgu) wF 27 Y Ao werd

I 716 2009AT =Z7t=¢ R&D AIZHATAIREDTA _ Agenda 5

IP:14.49.138.138, 2017-11-03 16:57:24



-~

Bzl Z50| wopy| BE.

6= 9%“

63112

=4S M2 HOZ=2 MUl Mx| S¥EIet HSH A 717

ro

10.

IP:14.49.138.138, 2017-11-03 16:57:24



o3 282

'I ."n. :",.
) -

g, 1102
112'% 11.1%_ 3

/oy 1130 i

20099 Z7t=¢ R&D AIHHTAIYE TN _ Agenda 5

IP:14.49.138.138, 2017-11-03 16:57:24



= A71(5~84) 71 aset T S47re] ARUAE BAT AT 3), Al Frel
BE7)& 22T HA7| o] AuBAT} A Ao ek, Bavleo] AssiE Hale
A7t otk E Hale] Akl A1yl ea Belo] 27 vehd Hivlo) gow 4
=7} bR, 447] LE7} ofof FaolA 4to] WAtk E Eak ZeUae
WAV e Ao etk Tt Ao W Wl oly] o] YA} o 3
do gAHom A% B 47b glof Tl Wk,

EE AR71E BVl GEn BAT Ak 4), o) e 59, 69 569, 5~7
4, 5~89 Sol A 7o) Ahmel BT Awo] Qi AR ekt Bty Lol A5 7
o) 4HE7} ot Al%te] Zeliieh Ed BAo) FrEehs 6~8Y| Bty L3t Aol Bk
o, o] Kbl AL Agtalua 73t Amet Ao] &t o] Y]Lo] Eow H}a
of W) Aygely] wiel )7k grobAAl A7 AThe wekElnh A%7] B Anyledt A
of FA0) ATWAZ AWR AR 3), @A B4 Ahmet WT Aol Yt 7Ll &
ol T4 4to] HAEA) ¥ Holgly] uioln], 4RI} WL HETh 2 Ao 487
o 7120l X gholof Weh. L= AS7] Fek HAYLu o] FULte] AuwAE A
AN 6), B87] A7 o) 4w e Auel Uxet wele] glrh 53 68
Apol o] HA 73 4w 9 Hwet Abo] A7) ekt ol 9HAl Ao} AR 277

2o] yroof TS At wu Ak fropich
R 90%el et o) Ao wule] FAE 2
A ;o] shEz) gh BEO R 7 2 37} £
S GEAS $EA7 7L A golE 2ao] Bersiy
22 HojEL),
Tpol A 2Ee A i T TS 840 FFE T, 7IgR0] Y FHof 7R+
oJsF Tk Ah:l—o] H2E 1;} ﬂjrxel
o2 7|4k dFS wh=th(Jang 5 2002; A, 2002; Westwood, 1993). =] 7, A<7] 112
o] F419] Y4t NS BFoHA At E | TSk B9 HSFHS WA w9 §
A} urAgolL o] SPARAA e Ao & Yele] H7IE Gk BAE, 7] FHsHs o
o] AATAS WA A 2 AEe] FAA o] Fit AujHo] FFL FErhSeo, 2003)

AT AP 10, 11, 12),
AFS hebyon], 349 2

SAMS obd H%717 HA ot

_I-{II rr 2

_I

10, 2EAS0l T2 HojErZe| HHHA BHTIIS M4 47 719
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H 3. Zk MKRI|(5~8E) 7|44t NHHEMT7IO| MEA EM
oS4 24 712 (c) i UZAZE | ZeYs | Lal
3 £l E3bg| (hr) (day) (‘C)
I(g) 0.11345 -0.09736 0.17383 0.58479 -0.6848 -0.20093
%74(mm) 0.19241 0.15267 0.10207 0.30503 -0.24301 0.01431
3)7(mm) -0.01257 -0.09762 -0.03101 0.45399 -0.3535 -0.05113
T 3(g) 0.03019 0.04341 -0.03226 0.49062 -0.35514 0.05924
F = (0Bx) 0.12158 0.19535 0.03442 0.13327 -0.03533 0.14097
AFE(%) -0.70659 -0.60178 -0.60723 0.30052 021371 0.16024
AZE(N) -0.64407 -0.53068 -0.61509 0.28943 -0.01165 0.23048
OFE Ao (ug/g) -0.12856 0.00168 013727 0.26054 027118 0.21643
¥4, Zr MR7| 7MMEAT7I2)Qt aHHEM7Io| MEtH 2
DA HH712(C)
5 6 78 88 |5~6% | 5~78 | 5~88 | 6~78 | 6~8¥% | 7~8H
T(g) -0.09753 | -0.09216 | 0.23666 | 0.34024 | -0.09912 | 0.02889 | 0.11345 | 0.08369 | 0.14948 | 0.32841
Z7(mm) | 0.16671 | 0.23684 | 0.23794 | 0.12376 | 0.20281 | 0.24162 | 0.19241 | 0.25345 | 0.11767 | 0.18066
ZA(mm) | -0.05773 | 0.06393 | 0.0572 |-0.04271 | -0.00404 | 0.02703 | -0.01257 | 0.08374 |-0.04127 | 0.00993
HEZg) |-0.03192 | 0.11372 | 0.13206 | -0.0231 | 0.02913 | 0.07393 | 0.03019 | 0.1536 |-0.00765 | 0.04683
ZE(°Bx) | 0.03088 | 0.18173 | 0.18145 | 0.08969 | 0.10779 | 0.13931 | 0.12158 | 0.20852 | 0.14984 | 0.131
AFE (%) -0.79812 | -0.76345 | -0.59441 | -0.46017 | -0.80999 | -0.7732 | -0.70659 | -0.70928 | -0.61945 | -0.50818
AE(N) -0.54442 | -0.54378 | -0.55071 | -0.59466 | -0.58227 | -0.60596 | -0.64407 | -0.57827 | -0.64415 | -0.57893
QFEAlOR
g 03677 |-0.25033 | 0.01895 | 0.09414 | -0.31415 | -0.22382 | -0.12856 | -0.09403 | 0.00178 | 0.07497
5 Zr M7 7MMZ|T7|2)et atHEMZIo| MEtH 2A
TN Z1712(°C)
5% 6 78 88 |5~6% | 5~78 | 5~88 | 6~78 | 6~8% | 7~8¥
(g) -0.3684 | -0.24575 | 0.12044 | 0.29291 | -0.23489 | -0.18985 | -0.09736 | -0.08437 | 0.00627 | 0.23182
Z7(mm) | 0.15077 | 0.13811 | 0.11827 | 0.11249 | 0.23096 | 0.1909 | 0.15267 | 0.18976 | 0.0476 | 0.11221
37 (mm) | -0.21002 | -0.03533 | 0.04861 | -0.02145 | -0.0303 | -0.07841 | -0.09762 | 0.0453 |-0.08278 | 0.01051
T 32(g) | -0.12863 | 0.09508 | 0.24877 | 0.07342 | 0.07462 | 0.05033 | 0.04341 | 0.20473 | 0.04819 | 0.15322
SE(°Bx) | 0.08947 | 0.17919 | 0.2134 | 0.19263 | 0.17608 | 0.17335 | 0.19535 | 0.22135 | 0.22224 | 0.20968
AL (%) -0.70173 | -0.51868 | -0.3389 | -0.33386 | -0.67311 | -0.63474 | -0.60178 | -0.49296 | -0.46849 | -0.33326
AE(N) -0.47703 | -0.31891 | -0.33812 | -0.49535 | -0.40052 | -0.45084 | -0.53068 | -0.34123 | -0.52377 | -0.44302
QFEAJoP
g -0.29088 | -0.15411 | 0.22545 | 0.33597 |-0.22815 | -0.14789 | 0.00168 | -0.03427 | 0.1716 | 0.32229
720 2009YE Z7HsY R&D AIHHTAIHETA _ Agenda 5

IP:14.49.138.138, 2017-11-03 16:57:24



H 6. T M27| 7IMRAEINI2)9 BUSNZI0| AR 24
T Z|X712(°C)

58 68 78 88 |5~6% | 5~78 | 5~88 | 6~7E | 6~8% | 7~8E
Ig) 0.14289 | 0.11823 | 0.0506 | 0.26749 | 0.1376 | 0.10769 | 0.17383 | 0.08074 | 0.11881 | 0.19253
Z7(mm) | 0.03184 | 0.16337 | 0.18353 | 0.06647 | 0.09888 | 0.12764 | 0.10207 | 0.17765 | 0.06006 | 0.11171
37 (mm) | 0.04328 | 0.02089 | -0.08412 | -0.08408 | 0.03055 | -0.00842 | -0.03101 | -0.02556 | -0.10729 | -0.09008
=) | 0.02719 | 0.00955 | -0.0472 | -0.0877 | 0.01556 | -0.00907 | -0.03226 |-0.01847 | -0.11417 | -0.08136
FE(°Bx) |-0.02174 | 0.07547 | 0.12401 | 0.0256 | 0.01954 | 0.03824 | 0.03442 | 0.08922 | 0.06606 | 0.06541
A (%) -0.46119 | -0.69055 | -0.74745 | -0.47437 | -0.585 | -0.66768 | -0.60723 | -0.7313 | -0.6331 | -0.58811
ZAE(N) -0.41615 | -0.62909 | -0.6651 | -0.62184 | -0.53471 | -0.59454 | -0.61509 | -0.66541 | -0.69271 | -0.66317
QFEAoRd
(uge) -0.16984 | -0.19598 | -0.19222 | -0.0389 |-0.18162 | -0.21856 | -0.13727 | -0.20495 | -0.11099 | -0.09348

)

-

6.43~16.43m

6.43~14.64m

7.14~16.43m

8.21~12.50 pm

32! 10. XIS Tlel X

AbE

Lt

| AFEI(X100) 2 2pA AFRI-,

Rl

Mot

bt s

8.21~15.36m

8.93~18.5m

8.21~14.64m

7.50~12.86pm

EF +d Z8 £=H &7

a2 1. X9E tm|e| ZZ] AFE(X100)2 oHet ARE-2,

10. 2450 WE Hol|Z22| e x| SeFErtet
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AR GA s A Ao A 2R A o] 71+A AR B B l%‘é}
0] 15.5C o4 2oL A AF=|(HA), 13.8~154C 2L Auf7F5=|( ;4

S AR (YA 35F o PRt LS| T2 AuA] ¥

712 =S UEZ] 8l 717380l A Ale S AIBAUR| &5 2te s “2d éM] E}
2 29 YAZE] QA HEH/H A AR} 2GS s ATLAE AP Ty TA o)A A7
A= 30m FO] AR dSEE o] &S AUTHIH 4).

A2 QAR E &7 s LEE 7%94 AYite] ARt 7R EE EESHAL, olF
AR, 2, HAR Q] 3THAR o] BES T AZE HE(1971~2000) AP F7| LEEE
of didste] F3HExE EAS EEA oM, 7|2 A=E AuidA HE 4= f1s AlB
Ay s Fto g Agr]E &= 7E2=E Walste] Aui2 A EB_% A&L=E AZlst
et
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1971-2000 B BRNS|T) < s o 2011-2040 BY BRAS|TH

21.30 4 < 21.30
| ERRLY.] e : " s -s0
-7 e -
7 -a0 700
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Ca-1a0 g -150
50170 | RESEREA]
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2041-2070 Y WFNESIT) @‘%. =
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W00 [ REAPRTT

2 4, AIB 7|2ASA|LIE|0| HERA7IREXE (2000, 2040, 2070, 2100).

H2E MFxz 2 THulx] 7|2, 47|, AHSE Hlw
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o] AT} FA] XS HesH WHshE AL Felvt U4 AoE AAHUt FE
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Table 1. Equations to calculate chill days (Cd) and anti—chill days (Ca) for the five cases
that relate the daily maximum (Tx) and minimum (Tn) temperature to the
threshold temperature (TC) and 0°C, where TM is the mean daily temperature
(Cesaraccio et al., 2004)

- i_Chill D
Case Temperature Chll(IC‘IJD)ays Anti (ilg,”)l ays
1 0<T <T,<T, C,=0 C,=T,-T.
T -T _
2 0<T <T <T. C, = {(TM Tn)—( < H cu:szT«
3 0<Tn<TxSTc Cd:_(TM_Tn) Ca:()
4 T,<0<T,<T, C, =t L C,=0
TX_]—vﬂ 2
T T T -T —
5 T <0<T <T. C, =~ x| | e c LT
T.-T, \ 2 2 “ 2
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Fig. 1. Average number of days to floral budburst of Niitaka pear since translocation
from 4°C chambers to 25°C chambers in 2007 (left) and 2008 (right). Vertical
bars indicate one positive and one negative standard deviation from the
center symbols which are the arithmetic means,
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Fig. 2. Average number of days to floral budburst of Niitaka pear since translocation
from orchards to 25°C chambers in 2007 (left) and 2008 (right). Vertical bars
indicate one positive and one negative standard deviation from the center
symbols which are the arithmetic means.
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Fig. 3. Comparison of the observed floral budburst dates with those predicted

by the dormancy clock model adjusted with parameters TC=5.8C, Cr=
—104.4 derived from the phenology data of NIHHS orchards and synoptic
temperature data at Suwon weather station in 1994—2007 (left), and with
parameters TC=5.4"C, Cr=—86.4 derived from both phenology and temperature
data at GARES orchards in 2001—2008 (right).
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Table 2, Selection procedure for an optimal parameter set (TC and Cr) for predicting budburst
of Niitaka pear based on comparison of chill-days model calculation under
predetermined rest release dates with observed budburst dates at the GARES
orchard in 2001—2008. The combination of TC = 5.4 and Cr = —86.4 shows the best
fit with the observation

Proposed Date for Rest Release
Observed Jan 10 Jan 17 Jan 24 Jan 31 Feb 7 Feb 11 Feb 14
budburst pred, Dev. Pred. Dev. Pred. Dev. Pred. Dev. Pred. Dev. Pred. Dev. Pred. Dev.

2001 3/25 330 -5 331 -6 328 -3 325 0 325 0 324 1 323 2
2002 3/21 15 6 315 6 319 2 318 3 320 1 318 3 317
2003 3/24 326 -2 326 -2 326 -2 326 -2 32 -2 323 1 321
2005 3/29 42 4 42 4 42 4 42 4 41 -3 331 -2 330 -l
2006 3/22 327 -5 327 -5 326 -4 326 -4 327 -5 326 -4 325 3
2007 3/16 313 3 314 2 313 3 310 6 39 7 39 7 34 12
2008 3/19 320 -1 320 -1 320 -1 320 -1 320 -1 319 0 318 1
Parameter Tc* 5.7 5.7 54 5.2 48 44 42
G -86.2 -87.1 -86.4 -86.2 -86.5 -81.8 -77.3
RMSE 4.9 49 39 43 44 43 5.8
3) FHEAE

Fig. 4= 17} 9 230 109 195 Sold@e Baf 248 WaFHa2ed 12717
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Fig. 4. Inter—annual variations in chill-days accumulation pattern
from 1 October to 28 February each year,
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Table 3. Determination of the heating requirement (in cumulative anti—chill days) for full
bloom of Niitaka pear based on the budburst date predicted by the dormancy
clock model adjusted with the selected parameters (TC = 5.4°C, Cr = —86.4).
Both data for phenology and temperature are from GARES orchards

Hr_8 : 2426 Hr_7 : 231.3
Observed Cumulative
fullloom  anti—chill days  Predicted Deviation Predicted Deviation
date (days) date (days)

2001 4/20 226.6 4/23 3 421 -1
2002 412 218.5 415 -3 4/14 2
2003 4/18 239.9 419 -1 4/18 0
2005 4/23 219 4/26 -3 4/25 2
2006 424 240.7 4/25 -1 4/23 1
2007 4/20 254.7 419 1 417 3
2008 4/14 220.1 417 -3 4/16 2
RMSE 26 2.0
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Fig. 5. Comparison of the predicted full bloom dates from 2000
to 2008 simulated by the chill-days model (solid rectangle)
and the DVS model (solid triangle) using daily temperature
data from GARES orchards. Observed full bloom dates
are shown as empty circles,
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Effect of Global Warming on fruit tree gy %ﬁﬂ*%l%

Potentialimpact of Global Warming on fruit producion

The favorable regions to cultivate satsuma mandarins and apples will
gradually move northward in Japan.

R j‘\J, J\b
h( r { 4
=~ g ol ! o !
Current P 4 '\/,\,\J_/) K P
dimate T 2020 % 2040%s ‘fﬁf\J 2060%s 7%
w Y 5 A '
D g [ 8 / {
™0 appropriate zone (15-18C) )
B above18C /VFJ
below 15C

Current ﬂ I

climate

I appropriate zone (7-13C)
I abovel13C
M below7C

'

Scenario of temperature increase: 0.37 C f10years [Sugiura and Yokozawa (2004) ]
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