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ABSTRACT

This study was conducted to estimate of future productivity for major spicy vegetables by the

change of meteorological factors, temperature and precipitation. Based on analysis of meteorological

factors, incidence of major disease(phytophthora blight and anthracnose) for hot pepper was over

50% with temperature over 18.3°C in May and precipitation over 532 mm in July. And the me-

teorological factors in the August have deeply related to the incidence of virus disease(CMV and

BBWV2) for hot pepper, however, both the meteorological factors and the incidence of virus di-

sease showed to the opposite tendency. An analysis of the relevance of the white rot disease and

the meteorological factors for garlic, a disease was highly investigated with temperature 15.0°C to

15.9C in April to May. On the onion, higher incidence of white rot was investigated with tem-

perature over 4.0°C in November to January and precipitation over 40 mm in March. The occurren-

ce of major disease for spicy vegetables and meteorological factors as a result of regression ana-

lysis, the optimal cultivation area of peppers and onions will be gradually expanded to the central

regions in the near future in Korea.
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1. HE

Qaluats AY 100487 W 71L0] AL
1.9C, 8 03C A58t Agol ZopAl o
Zo] ZlojAn] BEZ A3A|7|7}F wepAl Aoz
B3 glon olo] utel ARE AEjAz| Q] HE,
g3 msf] =71, 2z msf =71, ML o

R 27 A4l 9%t A A 52
o uhAFsEL Qlth(7l@t o], 2009; Al, 2011,
=, 2009). =YL& AAEA o] FHIn, 7|&
2|90 ZajA EAS s 24 = skt
713¥3t = A EA D AR o] FEkS
O]X| =0, 1998), 71& 27 ulel 25 zfuf
PN L A=F2E 81 km7t BAfstaL, 1&
Ao 2L 154 m7t ZolRITHS, 2012).

L-2|tete] ciEA oFEx Aol 3o AfujH
AL 19819 151,037 haS AAHOoZ z&Ho=
7rAasto] 2010d ] T 44,464 haoll HEEW
S tHKOSIS, 2013). 39| 2rgk AA Q9o 7}

S o
SH=2
+F WAl A2 712, F5A ooE A9

N
d

A

L

Bu orlr oX ret 4
0.

571 8915 ZI8Qlol 3/E AbAIstL gich(o]
9t o], 1995). L3 ALA Q0] 26~36CQl L
27 ASAEE, 9gH7IRol 12T ES
71202 AALEIF 1,100~1,300Col ETA|
23S Azt 712 ARSol uhel mbEr|=
g 0.4, $37]1= ufy 0.54UA whakz| e 9)
oo, AAYE oy 0.03U% etz 9Tk,
2008).

0t 2 19874 49,198 haZ Auj=A o] Hcf
o] o] o]& 2000t Fut W 26,547 ha7tA|
Z9ou, 2 271 FAO 9o 2010H =
7 27,222 ha®l AHAL 7R 9 tHKO-
SIS, 2013). U529 AufAz= Lo FEOA of
Ao 2Rz 2 LayetNE A EoF 2ut
star A=RSIA] e A fEA Eo] 71 A|ulofA
ezt A El= ZkZo|th Q2uete] YRR Y
oAl AuEIEL QL ulLo Zxo ,
g R FFALANAN 22 A= FE2 3
A El(Al, 2011), 9157t S3ters Axst

u

o
L golozl BRI YAYE TR0l B4
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23} 718 = 7]ArQcl0] FEAF 3A 3L A
tholet o], 1995).

Ytz uhsE @A 4RSI, FARITE
OhsHths Ao R 240A] ASE0l 2 5§
AL 7kl gichol€t o], 1995). kb= 1970d
of Zuk o] 2010ulch B 21,323 ha7kA] AAuf
HAo] A &AM 08 SIS, FdEE F
NBEZ AQG BE oA ujzo] 27t
sk §la, olg AhdE 20034 °olF A
obmt ApHASl 50% ol AAstE glct
(KOSIS, 2013). Fuhe= A8A20] 20~25CQl
Lrixuro] ARGl AHZE upso] w|3to]
A& E sigHAlol i 2 A2 7ML 9}
ok ofubxfufo]l QloiMiE mrhgol Olgt &3
of Zolstofof stu], B8] ALH Lo Bfoln
32 SEAF]7] o] Balgt 2AolRt & 4
gich. olgt 0](1995)% opute] Aol uxE 2

Qe a7 7R 710l ol g

=

Atz st

239 tjgA 8 W9l HH(Phytophthora
blight)Z} EbAI® (Anthracnose)S E3Fgt Z ooy
o pasl g wshg 22 9o, volsay
1990yt HHRE Aol Zrtsto] X Z7HA]
= wah gtk 1 AWe L& Ase] Azt
Iz AGolA F5otH, 13 EHAYL ke
2ol Z7hEI Aol Wgol FZHTHE, 2010)
% dtolglay 7t X2 o A7 He
Cucumber mosaic virus(CMV)&}t Broad bean wilt
virus 2(BBWV2)= 7r4pEF B2 o2 Z71EL 2]
SlEol osl AFEI= SFMAGFA vlolgixolch
(£ 5, 2007).

wetyl faql ohst gubols oF 209 &

o wafyt ubAst=G], 2 & o vt Al

o L.

a 70 EORHYA WA TAYH S FAM (whi-
te rot)olCHZS} 71, 1996). EAMM o gaH o &

FgEel wet Wy Ao 2 Qe ehis
97 5, 2005), %7hSRE AL
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Ol @Wol ex 2ukdt dfof Yol Al W=
org 2] 9lth(Kim & Kim, 2002).

2 QoAM= feuete] 7148919 wisto
o2 30 FEAAQl 23 uhg, kel AUl
o7l ZQ wflo] urAl W= wlw BASCH
o] |9 WAL AdYE hE7|2n FF4T9
H3to]] o3t BAMS Aoz stgon |et 8

S

o
EQQU(EYF 9 AuA 29, Bk AT =
o thet AL was

ZAA AL AN FAALESE SAEE 2o
= EHE 3 4 o= AAste] 7 =9 o
A2 stglon, 7k =] P2 A=Al ¥

stz AT QO AE 9l e 7]

>

A
E A, FEE AN, SHRE AR, 5

YR AAA, HARE WA, HedE 3R
AGA, B EGA, AAGE ARA 22
T AZRE AFAlct

el ARBEARAN BT 94 A
7hQEl 1970958 7|23t ZHaero] whalglo] 7]
29 Ay 3 7 92 U AR ool Ane
of & ol el WAARS LAY AR
01(2009)0] o wEu AW sirtolo]
ANG W22 209 B 1LS wlmg A7
A2 u2g ATE =2EQickn dgisd),

olo] wat 1o At 9 A Wg7lLol

2 =] WEolee dEY & 9L o2 W

[

A9 AARLE RAPIAl W=7 747 2 A
iAol 331 Aol, 2t SHAlet FAXTE A
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3t =9 AujHA o2 gHAtste] AlAbstgich

225 71489l t QS BA] s
Z&= FE g9l I¥(Phytophthora blight)2} &t
A¥ (Anthracnose), L2]aL Zefjofl m[sf7} Z7}%]
3 9= uto]gAH¥ 9] Cucumber mosaic virus
(CMV)&} Broad bean wilt virus 2(BBWV2)2.2
SRt o, o gut= X2 7 2 9ydl
ol ZAPH SR (white 002 STt ¥
A A gl AZA El 2oy 4y 2tg
= 19994 E¢ 2005E7tR|9] HilE 2AEE ©

g3to] 7|AkQQITte] B BAMS B3 AMTHA

EUSe =1

—_

ru[o

BB

3. A%
3.1 L2|uate] A gy s14aql Wt

Lelvtet 9 AFe A7t "y 7]e3t

Zr5EFo] W3S Hoi(Fig. 1), 1970¢lth Tg7|
L0 126Colgort, 20006 TF )
T2 1}74 4099 d7F HF 0.8C7t f}}% [ &L
Z¥ek2 19704 dmF 1,273.2 mmolglett
2000L,th°ﬂ% A™WF 1,363.1 mm=E TF 89.9
mm7} Z7Fstgch AXRYE 7]L9 H#HItg By
H0G~59)2 "3 1.127TC, A5(6~8Y)2 HH
0.42°C, 7F&(O~119)e —©F 1.04C 22 A
£(12~29)2 ZF 0.81C7t LotA B >7HS >
Ag> g eAR AY FH7120] F53
ok §31 &, 98, 7Fd HE7eel Ao
F ZMxk(standard deviation)= 1970WTH 6.552,
1980dth 6.383, 19904 th 6.363 L] 20004
g 617022 HA Fol 5ol AH g 72
ot FAAET YgE & 4 Ytk AME B4
Zo o] E(6~8Y)0] 1970WtiEct BHF 42.5 mm
= 24 FrRtgen, 7O~ 192 BF 14
mm7k gobzch olel W B(G~sU)S W
102 mm, A&(12~2¢)& HF 3.7 mm7}t 22
= gict
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Fig. 1. Comparison of monthly temperature(C)
and precipitation(mm) between 1970’s and 2000’s
in Korea.

2199 714ka.919 W3t A=E B (Table 1),
1970¢ i iyl 2000¢icie] HE7]2L ZAHUR
BRIt WF 15CR M gol Aaetgla, 34
L FYE 30l B 1364 mm7t gobA A
HAMK A7 = &Y, 4=
ZA, 2241.}5 A AL, Xz—l i1e 2—] )g Ei:,'ry]_q_
o] 0.85C, 742 914 mm A5stgoen, o
BzdhAtYE TR AMtEE AF AANUE
AF, AANEE 23 ARE AF)L BF7]20]
0.78°C, 73422 83.7 mm ArSsto], FEAubE
Ct= 824ko] 7]AQ 019 Higt A kv o =2
Al ubgstgich,

2%0| 1% At 3

32 71489 Wa] e
R

A& Al
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Table 1. Changes of temperature and precipitation by decades on 9 regions in Korea

1970’s 1980’s 1990’s 2000’s
Region Temp. Preci. Temp. Preci. Temp. Preci. Temp. Preci.
(T) (mm) () (mm) () (mm) () (mm)
Suwon 11.1 1,263.4 11.1 1,184.3 123 1,388.5 12.4 1,335.9
Chuncheon 10.7 1,260.1 10.6 1,210.1 11.1 1,381.0 114 1,396.5
Cheongju 115 1,173.5 11.6 1,233.1 12.6 1,261.3 13.0 1,246.6
Seosan 11.7 1,166.6 11.5 1,220.2 12.0 1,319.6 11.6 1,250.2
Jeonju 12.9 1,220.5 12.6 1,329.4 134 1,274.8 13.7 1,331.8
Gwangju 13.2 1,368.0 13.2 1,406.0 13.9 1,309.6 14.1 1,476.2
Pohang 13.4 1,142.8 13.5 1,085.8 14.4 1,129.2 14.5 1,227.8
Jinju 13.3 1,494.3 12.7 1,544.9 13.2 1,455.3 13.6 1,529.0
Jeju 153 1,370.1 15.2 1,507.0 16.0 1,505.1 16.1 1,476.8

(source : Korea Meteorological Administration)

SR A2 2006058 2013712 87K
Y mg AuioiAe] Ay 29 Table 29 7F

= U AeiEA 0] 47,449 haolgloH,
ZAAEETE 9,960 haZ HAS] 21%Z AHA|
Aedl, £3] M52 2,048 haZ A2 X 2
7kA 3 9itt. otsol A Auiw

A& 26,800 hadldl, 0|3 Ao] 7,887 haZ

N
fo
[e]

29.4%, AF7t 7,022 haZ 26.2%2 XAISE Q)
o, HagEe ngat Algto] zHzh 2,456 ha
9 2,374 ha® 2 HE xRSt it ofmt=
19,133 ha®l AEIHAL sixm gl AHehd
Z71 8,724 ha® A+ tiy] 45.6%0°|H, o]% #
it Zoko 3715 ha® 2| Zof oFmb Ajuj
2| olct,

Table 2. Ranking of cultivation areas in average of 8 years from 2006 to 2013 for hot pepper, garlic

and onion in Korea

Hot pepper Garlic Onion
Rank Region Cultivation area Region Cultivation area Region Cultivation area
(ha) (ha) (ha)
Total 47,449 Total 26,800 Total 19,133
1 Andong 2,048 Goheung 2,456 Muan 3,715
2 Yeongyang 1,566 Sinan 2,374 Sinan 1,821
3 Bonghwa 1,400 Changnyeong 1,985 Hampyeong 1,380
4 Uiseong 1,195 Seogwipo 1,801 Changnyeong 1,276
5 Goesan 1,002 Haenam 1,695 Haenam 1,129
(source : Korean Statistical Information Service)
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Table 3. Change of cultivation area for hot pepper in each regions in Korea (ha, %)

Resion 1976~ | 1981~ | 1986~ | 1991~ | 1996~ | 2001~ | 2006~ | 2011~
celo 1980 1985 1990 1995 2000 2005 2010 2013
ol 103,750 | 120912 | 90,072 | 81,932 | 76838 | 64,707 | 49240 | 44,464
(100) (100) (100) (100) (100) (100) (100) (100)
- 12473 | 12945 | 8380 | 6,726 | 6,740 5634 | 4291 3,897
Yeongs 120) | (107) 9.3) 82) (8.8) (8.7) (8.7) (8.8)
Canewon 6230 | 9,832 8250 | 6442 5280 | 4212 3306 | 3,024
Bw (6.0) 8.1 9.2) (7.9) (6.9) (6.5) 6.7) (6.8)
Chunschoonebae | 22374 | 25292 | 13233 | 12775 | 11318 | 0671 6,060 | 4,515
Hngeheong @16 | 209 | a47 | 56 | 47 | 49 | 123) | (102)
Chunscheonaman | 10828 | 11487 | 8392 7,955 7,877 7,076 5318 | 4,696
Hngeheongha (10.4) 9.5) 9.3) ©.7) (103) | (109 | (108) | (106)
14333 | 15281 | 10378 | 10382 | 10317 | 8012 6074 | 5623
Jeollabuk
138) | 26 | 115 | 27 | 34 | 124 | 123 | @26
ol 7449 | 9917 | 10288 | 11250 | 11367 | 10,023 | 8454 | 8236
eotianam (72) 82) 14 | 137 | 48 | 155 | 172) | @85)
rcommsangbac | 22932 | 28748 | 25984 | 22280 | 20211 | 16966 | 13172 | 11373
yeongsangbw 1) | @38 | @88 | @12 | 63 | @62 | @67 | (256)
Creomasanenam 7076 | 7,188 5050 | 4066 | 3,698 3082 | 2,533 3,033
veongsangn (6.8) (5.9) (5.6) (5.0) 4.8) 4.8) .1) (6.8)
I 56 223 117 45 30 30 33 68
au 005 | (018) | ©13) | 005 | (004 | 005 | 007 | (0.15)
(source : Korean Statistical Information Service)
3.2.1 229| AujwA wister [ALal | ogele 71t e 4L °1% 59§
22t 1981Y 2 £ AuigAol 151,037 Qtel AuiHA ] S22 2 1975~1979
haZ Aol E=g3t olx AgMoR Zhasty WO 7T~8Y B FRFLS AR A vl
20109 thol]l Sol2tALE B 44,464 haol HHER 482 mm7t E93L, 712 FF 02C F53tg

= o
QU CHTable 3). 7t =¥ AujHA ] ulg HILE
Be, SHREE 19704d0) S5 AT cful B
21.6%P L1, 2010¢toll= Ha 102%=Z Al
WAl 2A| 292, ML 7o JI7t B9t
72%O14 18.5%2 ZA| Z7kstgct.

B30 44719 T~890 T1e QR Py
At Abol ] Zrai4e RS ATHTable 4),
1970E5€] 201267kA] 7]Ak 01Tt AuieA 7t
ol W7t THIRE QS e BolAE ¢

grout, syl gelzt

-

o
i
2134 7

o WP 4,197.1 havt SYch. ol9h 7L Aze

2 ol3RE A& urEEo] 7]20] detstm 7}

3.2.2 vhs@ i AufHA wset 7|4k
a9

0h52 19874 49,198 haZ AufHZ o] Z|cf
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Table 4. Influence of the meteorological factors to change of cultivation area for hot pepper in Korea

Climate factors
. Cultivation area
Periods Temperature Precipitation (ha)

() (mm)
1970~ 1974 25.2 270.5
1975~1979 254 (+0.2) 222.3 (—48.2) 14,406.2
1980~ 1984 24.9 (-0.5) 270.0 (+47.7) 18,603.3 (+4,197.1)
1985~1989 25.0 (+0.1) 289.2 (+19.2) 15,220.5 (—3,382.8)
1990~ 1994 25.5 (+0.5) 2413 (—47.9) 12,040.1 (—3,180.4)
1995 ~1999 25.6 (+0.1) 302.3 (+61.0) 12,528.5 (+488.4)
2000~2004 254 (—0.2) 323.3 (+21.0) 10,632.6 (—1,895.9)
2005 ~2009 254 (0) 303.6 (—19.7) 8,273.2 (—2,359.4)

Table 5. Change of cultivation area for garlic in each regions in Korea (ha, %)

Reui 1976~ | 1981~ | 1986~ | 1991~ | 19996~ | 2001~ | 2006~ | 2011~
egion
& 1980 1985 1990 1995 | 2000 | 2005 2010 2013
ot 27326 | 33300 | 43381 | 40,698 | 40606 | 33,083 | 26547 | 27,222
ota
(100) (100) (100) | (100) | (100) | (100) (100) (100)
_ 807 984 1572 | 1,520 | 1269 882 640 814
Gyeonggi
(3.0) (3.0) (3.6) a7 | G .7 2.4) (3.0)
1297 | 1279 1,284 832 595 416 353 428
Gangwon
47 (3.8) (3.0) 20 | (@5 (13) (13) (1.6)
3300 | 3,066 | 2,541 | 1,667 | 1,114 683 631 735
Chungcheongbuk : ’ ’ ’ :
B a12.1) ©9.2) (5.9) @y | e @.1) 2.4) @7
Chunoch 6483 | 7.848 | 7788 | 5547 | 3921 | 284 | 2330 | 2712
ungcneongnam
geheongn @37 | @36 | 180) | 136 | ©7 (8.5) (8.8) (10.0)
1,163 1,459 1,420 936 871 650 636 710
Jeollabuk
43) (4.4) (3.3) 23 | @n 2.0) 2.4) 2.6)
5493 | 7,693 | 12,809 | 16,016 | 19282 | 13,794 | 9780 | 8553
Jeollanam
@01 | @31 | @95 | 394) | @15 | @17 | (368 | (l4)
. - 5100 | 6177 | 8529 | 6205 | 5090 | 4262 | 3,646 | 4370
. as7 | ass | 97 | as2) | 125 | 29 | 1371 | e
3171 | 3,580 | 5052 | 6582 | 6029 | 5622 | 5,051 5,828
Gyeongsangnam
aLe) | 107 | 16 | 162 | (148 | 170) | (190) | @14
. 512 1224 | 2387 | 1392 | 2435 | 3951 3,481 3,072
eju
! (1.9) G.7) (5.5) G4 | 60 | 119 | @31 | (13)

(source : Korean Statistical Information Service)
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of o]2 o]& 20004t 4t W3 26,547 ha7tA]
92, 22 Z7F Al glol 20104+
B3 27,222 hall AEHAL FFAZ 9 Th(Table
5). A19E AujHA ] Wl A BHY, AlRE
o dd= 2eEa A=bdEsr 19759yt
ofu] 2010 cheoll o] AMujuA v|-go] Z7stg
oo, ymz A9 AR Zrastgict 2010
o &9 Astd=, FAEdE R AF=] A=
oie] AeiwA wl-go] 27t 11.3%, 9.8% Lz
9.4%# Z7¥8t0] o5 371 A|Fo] AL thy] 64.1
%ol gt 9ld| ol 1970ult] ol5 371 A
9] u]go| 33.6%01P=dl wls] ZA Zrst

ZAe 4 & grh gmb: 1970WTh Tk o],

18- 971 - FER

2010¥ ] B3 21,323 ha7tA] Zjej A o] 2] &2
o2 ZUhtgetl, Add=et AdR=E A
gt BE 2oA AujHA o] Zrtsta gl o]
% Aehd=E 20039 ol A oFut AuiHA
9] 50% o4& XFAlstaL Qlck(Table 6).

Gt A= 2 iAARIQ AT ol
71AER01(1975 U H 20126 7kA] 11~129Q9] o
#7123 599 FFahI AuidA kel {AS
Hlwgt Ak, HEhdEs 11~1299 B47]290]
7120] 0.1°C AZol wzt 16.8 ha?t 27tst=
Ao ATH(R*=0.0049), 7}52L 10 mm Z7}o]
utet 88.9 havt Z7kst= Ao AFZHR® =0.0267)
£ 29k 28y AAEEE ARG A

Table 6. Change of cultivation area for onion in each regions in Korea (ha, %)

Rewi 1976~ | 1981~ | 1986~ | 1991~ | 19996~ | 2001~ | 2006~ | 2011~
cglon 1980 1985 1990 1995 2000 2005 2010 2013
ot 8384 | 10962 | 10,132 | 11912 | 13989 | 15792 | 17817 | 21323
100y | 00y | (100) | 100y | 00y | (100) | (1000 | (100)
veonmai 4 1 6 38 52 58 136
veongg 0.04) | (001 - 005) | 027) | (033) | 033) | (0.64)
Ganewon 26 36 31 3 215 106 29 27
e ©31) | (033 | 03D | ©03) | @5 | 067 | 016 | (0.13)
6 2 16 51 62 91
Chungcheongbuk ] ]
B ©007) | (01 ©12) | ©32) | ©35 | (043)
Chunechoonens 188 182 141 220 216 246 305 513
ingeheongnam 22) (1.7) (1.4) (1.9) (1.5) (1.6) (1.7) 2.4)
Jeollabuk 240 285 196 312 363 517 906 1,353
cotiabu 2.9) (2.6) (1.9) 2.6) 2.6) (33) 5.1) (63)
3970 | 5323 | 4313 | 5508 | 6653 | 8235 | 9722 | 11,119
Jeollanam
@73) | (486) | @26 | @62 | @16 | 21 | 46 | (2.1
o - 1310 | 2254 | 2,550 | 2468 | 2777 | 2778 | 2443 | 249
yeongsangbu (156) | 06 | @520 | @07 | (199 | a76 | a37n | ain
reonsanenam 2396 | 2,120 | 2372 | 2836 | 2824 | 2804 | 3241 | 4708
yeongsangna 286) | (193) | @34) | @38 | 02 | 83 | 182 | @21
. 245 759 528 558 886 913 1,051 881
! 2.9) (6.9) (5.2) 4.7) (63) (5.8) (5.9) 1)

(source : Korean Statistical Information Service)
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Fig. 2. Variation of cultivation area between gar-
lic and onion from 1975 to 2012 in Korea.

gol w9 ot 7T sl2o] olgt AuAA

9] xtol uj@ A9Qich

bt Qfute] AuiwA o] w3t ol vl
Hd(Fig. 2), 1975W%E 549 o922 F 2HEQ

AR e AT A gl Ag & & 9
oh. ohsol AuimAe] Zvtsta opute] Auw
Mo 7tastg®m, ubs AujmAe] Zhaol wet
OFm} e AL =7kt 751‘6‘]:2. A SHA Lret
Woich 20094 o]¥ 2L ofut xfefmAo] oh:
AuEA L Yoizch

ol
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Table 7. Relationship between temperature or precipitation and year to estimate of incidence for

anthracnose and phytophthora blight on hot pepper in four regions in Korea

Temperature” Precipitation”
Regions
Ra* C.d” R.a. Cd.
Chungcheongnam Y=0.0065x+24.521 0.0087 Y=2.082x+172.66 0.0402
Jeollabuk Y=0.0136x+25.704 0.0284 Y=1.626x+169.55 0.059
Jeollanam Y=0.0157x+25.491 0.0373 Y=2.3391x+167.81 0.1005
Gyeongsangbuk Y=0.0224x+24.736 0.0405 Y=1.418x+155.57 0.0399
* Temperature : average of July and August from 1975 to 2012.
¥ Precipitation : average of August and September from 1975 to 2012.
* Regression analysis.
" Coefficient of determination(R%).
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