creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

1% =
e AN AEol mA= I

20194 2¢

AZgsta gt
) ) o 3}

AR



7157} g A HEd vXe= JI
AFEE A -
Effect of climate on the wvariability of citrus

yield in Jeju island

o] =S o ANBLS] FTEToR AZFPI

20183 11€

AZgste gt
) 2) o 3}

AR



-~

i

SREEE ()
CREE ()
CREE ()

20183 11€

AZ Y ystd

o olg} AAEY] FT=RL IS



11

Hr
=2

v

Hr
el
1

Vi

wr
N
al7)

gace)

A A Y AT B

=i
R

1.

AL
;OO

Ho

g

!
0

g

12

g

Bl

Lz Al

16
18

2
26
2
33

1. stoptstr] 715-9F At

ol & Jjstr] 7159 A
3. A 719 Ak
4. ARG 7] 7159} A

-
=

2.



39

o
sl
B

KH

wr
N
aig
_JTI



List of tables

Table 2.1. Growth period of Citrus in Jeju special self-governing province. ==+ 9

Table 4.1. Correlation between yield and precipitation and number of rainy days

by 10 days in first physiological fruit drop period. «=:-seesseeesseeeeeseeess 31
Table 5.1. Statistical values of multiple regression equation In Jeju, ===--=oeeeeeeees 38
Table 5.2. Statistical values of multiple regression equation in Seogwipo. «+«««----: 39
Table 5.3. Estimated and observed production change by year in Jeju. ««--xeeeee 41

Table 5.4. Estimated and observed production change by year in Seogwipo. - 43



List of figures

Flgure 21 FIOW Chart Of thlS Study. ........................................................................ 7
Figure 3.1. Change of citrus cultivation area from 1966 to 2017, ««eeooseeeeeeeereeeeees 13

Figure 3.2. Annual area of closed citrus orchard and expenditure in Jeju special

self-governing province (1997~2009). After Yoon(2012). ««seeeeeeeeeseee: b
Figure 3.3 Change of citrus production from 1966 to 2017, -seereeersremmneemneeeneennns 17
Flgure 34 Change Of CltI‘uS y1€1d from 1966 tO 2017 ........................................... 19

Figure 35. Annual thinning area in Jeju special self-governing province
(1901-2017). +++ersvsressrssessemssssssssessessssssississ s 20

Figure 4.1. Correlation between citrus yield and climate factors in physiological
flower bud differentiation period (previous October). ««-eeeseeeeeeeeen: 22

Figure 4.2. Correlation between citrus yield and climate factors in morphological
flower bud differentiation period (February to March). «««--eeeeeeeeeeeees 24

Figure 4.3. Relationship between citrus yield and temperature of morphological
flower bud bursting period in SEogWipO, -+ w--+sweessseeessmrerssscivinnnee. 95

Figure 4.4. Correlation between citrus yield and climate factors in bud bursting
DEFIOA (ADIIL), wreseeeessseresseresssesiis it 27

Figure 45. Correlation between citrus yield and climate factors in flowering
DEEIOA (MAY), +vrrvesssssssssssssssnsssimansssvsnssssssnssssssnssssssmassssivesssssssssssssmssass 27

Figure 4.6. Relationship between citrus yield and number of rainy days of bud
DUFSHNG PEFiOd N SEOGWIPO, ++wrressseeressrresssssemsssrerissirissseiei 98

Figure 4.7. Correlation between citrus yield and climate factors in first
physiological fruit drop period (JUnE), - w-wsseeeessseeessmeemessseneinnnee. 30

Figure 48. Correlation between citrus yield and climate factors in second

physiological fmlt dl‘Op DeriOd (JUIY) .................................................. 32

_iv_



Figure 49. Correlation between citrus vyield and climate factors in fruit
enlargement period (August to OCtObel‘). ............................................ 33
Figure 4.10. Relationship between citrus yield and mean temperature(ATmean),
maximum temperature(ATmax) of fruit enlargement period in
SeOgWipO. .............................................................................................. 35

Figure 4.11. Correlation between yield and number of days with maximum
temperature over 30 C of fruit enlargement period in Seogwipo. - 36

Figure 5.1. Comparison between estimated production and observed production in

Figure 5.2. Comparison between estimated production and observed production in

SeOgWiDO. .............................................................................................. 42



ABSTRACT

Effect of climate on the variability of citrus yield

in Jeju island

Kang, Min cheol
Department of Geography
Graduate School of Konkuk University

The purpose of this study is to investigate the effect of climate on
the citrus yield wvariability. The changes of -cultivation area, citrus
production and yield in long term were investigated. Correlation between
climatic factors and citrus yields by each growing season was analyzed.
Citrus production variability was estimated by using climate factors.

During the study period, citrus cultivation area has been increasing
from 1960s to 1990s. After 2003, cultivation area decreased and stable in
2010s. Citrus production has been increased from 1960s to 1980s. After
1990s, production is slightly increasing but not obvious. Citrus yield has
been increased from 1960s to 1980s, decreased 1990s and increased again
after 2000s.

In physiological flower bud differentiation period (previous October),
mean and maximum temperature of Jeju has a positive relationship with
citrus yield. Mean, maximum and minimum temperature of Seogwipo has
a positive relationship with citrus yield. In morphological flower bud
differentiation period (February to March), mean, maximum and minimum
temperature of Seogwipo has a positive relation with citrus yield. In bud
bursting period (April), number of days with precipitation of Seogwipo
has a negative relationship with citrus yield. In flowering period (May),
sunshine duration of Jeju and Seogwipo and solar radiation of Jeju has a
positive relationship with citrus yield. In first physiological fruit drop

period (June), mean, minimum temperature, sunshine duration and solar

_Vi_



radiation of Jeju has a positive relationship with citrus yield. Precipitation
and number of days with precipitation has a negative relationship. In
Seogwipo, sunshine duration has a positive, number of days with
precipitation has a negative relationship with citrus yield in this period.
In the second physiological fruit drop period (July), mean, maximum
temperature and solar radiation has a positive relationship with citrus
yvield in Jeju, maximum temperature and minimum temperature has a
positive, precipitation has a negative relationship with citrus yield in
Seogwipo. In fruit enlargement period (August to October), mean,
maximum temperature, sunshine duration and sunshine duration has a
positive, solar radiation has a negative relationship with citrus yield in
Jeju.

As a result of multiple regression analysis, 68.2% of citrus yield
variability can be explained by sunshine duration of the first
physiological fruit drop period and fruit enlargement period in Jeju. In
Seogwipo, 60.196 of citrus yield variability can be explained by the
number of precipitation days of the bud bursting period and sunshine
duration of the first physiological fruit drop period. Analysis shows that
abnormal climate and alternate bearing also affects on the citrus yield

variability.

Keyword : climate variability, citrus, yield, growth period
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Data

(statistical data of citrus production, cultivation area, field citrus
vield, climate data such as temperature, rainfall, sunshine duration
and solar radiation)

¥

Changes in citrus cultivation
» (Citrus cultivation area change

» (Citrus production change
* (Citrus yields change
v

Extracting climate factors affects citrus yield

* Perform correlation analysis between climate and yield
- temperature, rainfall, number of rainy days,
sunshine duration, solar radiation
— Analysis has been performed by each growth period
* Increase reliability by bootstrap technique

\

Citrus yield variability caused by climate

Perform multiple regression analysis

- simplify climate factors using stepwise regression

- build regression equation using climate and yield

* Compare estimated production and observed production

v

‘ Investigate the effect of climate on the citrus yield ‘
v

‘ Conclusion ‘

Figure 2.1. Flow chart of this study.
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Table 2.1. Growth period of Citrus in Jeju special self-governing

province.
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Figure 3.1. Change of citrus cultivation area from 1966 to 2017.
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& 199030l FWEE S7FEAIZE hshE Tk AlFel A 1991 FE] 19959
74A Bt A E AL 7487haolw o] 717+ ¢k A A 1,266ha %713
ATt 19919 el A 19953 7bA] A FAEZA A Ft ha AJwiH A2 13,807ha$l
om o] 7|zt Fot A A 125ha S7kete] Ao wskrk ¢tk 1996
of ATt AAX BF E AujH Aol ddZe] Hla] ¢ 2000ha® &%
slo], Aol A 9787ha, AHAXNA 16,01bha® 7] S= At} o] F 23
T7hE B AP wEtE A% ol 19960 = ol B A=
@ AEAA AGE 8 g AuE A dFRAE AAEAY 1 AR
71E SAART 2 AuEAe] o We Ao ZAEJT. o= 1996
oz Ada el 5o 938 1995 ol e #E A el
A HAte AL BolFEt F, A0 /=29 Ax g e AfudF
74 1990 rﬂ W7k A] FEetAl Srbstdthal 58 5 Aok
1990t $REEEH AuHE A2 FASAT. AlFelA g Awid A
199611 ~1998 el ZH o] AuwjH A2l 9787has 7|53t o] & A A3 THAastY
ok A FEe 7hE Awid AR 1998We] Hdl AiH A 16,083has 7] 53t

o

<

3) A 7IAL TAIE EAE WA, SAK|eH 2 Apol,, 19964 99 119,
https://news.naver.com/main/read.nhn?mode=LSD&mid=sec&sid 1=102&0id=001&aid
=0004056702
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Figure 3.2. Annual area of closed citrus orchard and expenditure
in Jeju special self-governing province (1997~2009). After Yoon(2012).
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Figure 3.3. Change of citrus production from 1966 to 2017.
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Figure 4.1. Correlation between citrus yield and climate factors in

physiological flower bud differentiation period (previous October).
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Table 4.1. Correlation between yield and precipitation and number of

rainy days by 10days in 1st physiological fruit drop period.
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Figure 4.8. Correlation between citrus yield and climate factors in

second physiological fruit drop period (July).
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Figure 4.9. Correlation between citrus yield and climate factors in fruit

enlargement period (August to October).
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Figure 4.10. Relationship between citrus yield and mean
temperature(ATmean), maximum temperature(ATmax) of fruit

enlargement period in Seogwipo.
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Figure 4.11. Correlation between yield and number of days with
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Table 5.1 A|FolA 7|58 45 ol&s] AHE 3|2 A4 54
S A Holth FAXNLS FAFE a=0.01 ol A FAHoZE {9
ahth. Fgke 18.196°]t). R23tS 0.682% Equation 515 E3] A thn
TE AT Aolo MBS 632% UBT F 9
Table 5.1. Statistical values of multiple regression equation in Jeju.

. Significant
R? Adjusted R? F-value
level
Eq. 5-1 0.682 0.644 18.196 0.000

MAZAAE SAZ AAYES Sl F Mo TAACE 723 374
o] AT 1 F R* kel & Equation 525 AA|SFATE AVYield
G A A G Ao, ARNg,w= Holrle A, ASSypv 12 A
7)ol dxATE AT30,,E FANY7] dH 07 30T AdS5=
Eig=d

=l

lo
sy

AYield=— 0.634ARN 5+ 0.061ASSzp +0.036 (Equation 5.2)

Equation 5.2+ Wobr] Al 14 Aedar] dxAts 59w
FE ok e VFeavt dAsttha pAE w, wolr)e] A
A7k A=y 14 Frekd @A E AAbgE 0.634t/ha At
B, 12k AEgay] dxARte] ddERET 1A Sk deu A
ArEE 0.061t/ha S 7HEk

_38_



Table 5.2. Statistical values of multiple regression equation in

Seogwipo.
. Significant
R? Adjusted R? F-value
level
Eq. 5-5 0.601 0.554 12.802 0.000

Table 5.2= AFEAA 7|58 45 ol & AHD A4 TA4 &
e A Aotk IANE FYFF a=001 olstel ] EAACE
ol3tt}. Fghe 12.8020]t} R?3k2 06012 Equation 55& T3] A thy]
g AAEF Aol MES 60.1% AT 4 )

2. AFWECE 24E BUATH A BT v

OF3 s At A3 713849 WEol AiE WMo 60%
oS ANT F Uvhes As I Vo WEoRE < W
Agk Ak Hso] AA A HES duiy & Bojst=A &Rl
A&l F ANEF S dEHE v st

ol ZA7tA o] EAL dHA T i (t/ha)S ol &Ry FAHE A
AbeEd AA A 7He] ztol & Blalety] fE AREE AT AAE
o g AAFWS Aistad. dxE e AAbEFE Equation 53¢
2ol AASIATE. Production, = tAX=S A AYield, = 7]15 849

e
oft
o

Production, = (AYield, + Yield, _,) x Area,” (Equation 5.3)

Figure 512 AFolA FAH" Aiga A4 AdFs d=d= Al

3 Aot} 201243 2017 o] 9]¢ dAmel i A Agx S3bo] zpo] 7}

7) AYield= Yield, — Yield,_, 2.2 732]3}9 &2 2 Equation 53 “AJ b=tz A
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Figure 5.1. Comparison between estimated production and observed
production in Jeju.
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Table 5.3. Estimated and observed production change by year in Jeju.

. Observed production
Jeyu increased decreased total
Estimated increased 3 2 10
) decreased 1 8 9
production total 9 10 19

élXﬂ A 7}0}91‘:}
Figure 52 A 732X FAE s A4 Augds d=d= ¥

wgk Aojty, FA4E bR Abw Wst AFS wgsiy AFEG

s

Aol "ejE Zlog BT 53] 20019, 2007, 2011d 9= A
cbkol SR = o) HaFA Hlem, 2003d = oF 109 Eo] o
F4 HAAe

20012 Ao wd g7 Ao to]l whEh uio] AAE

e AE, 2002). stERl= 1192 HAd=
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Tl #d Ut Aa Fd s gl e =AY
T 7= 4H, 2008). sFH = 0982 HAdE 34
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Figure 5.2. Comparison between estimated production and observed

production in Seogwipo.
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