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In 2018, severe diebacks have occurred on yuzu trees cultivated in Goheung, Jeonnam Province. On-farm
surveys at 18 randomly selected orchards revealed the dieback incidence ranged from 7.5% to 100% with
an average of 43.6%, and 56.6% of the affected yuzu trees were eventually killed. In order to find the reason
for this sudden epidemic, we investigated the weather conditions that are exclusively distinct from previous
years, hypothesizing that certain weather extremes might have caused the dieback epidemic on yuzu trees.
Since different temperatures can cause freeze damage to plants depending on their dormancy stages, we
investigated both periods when yuzu becomes hardy under deep dormancy (January-February) and when
yuzu loses its cold hardiness (March-April). First, we found that daily minimum air temperatures below -10°C
were recorded for 7 days in Goheung for January and February in 2018, while no occasions in 2017. In particu-
lar, there were two extreme temperature drops (-12.6°C and -11.5°C) beyond the yuzu cold hardiness limit in
2018. In addition, another occasion of two sudden temperature drops to nearly 0°C were occurred right after
abnormally-warm-temperature-rises to 13°C of daily minimum air temperatures in mid-March and early April.
In conclusion, we estimated that the possible damages by several extreme freeze events during the winter of
2018 could be a major cause of severe diebacks and subsequently killed the severely affected yuzu trees.
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o2 Aol ek AR AN AHE FReix 57
ofl= A AR o] AdT 7ol 24 FRIIstA B/
o U= 7153171 % 5F3ItHSong &, 2013). 1980y ©] %

2E 7o) mAE gm0 2 BT Aujeze] F55
AT 0AE HH o = TRt AFR A4 2219 E"‘;@r
Tel3 ATk Qg LA HeE ale) 271 5o
= Qlsf Aujr o] Hap EoE3L = A olHH(96: 5,120
ha—"18: 1,700 ha) (Choi%} Kim, 1998; =7} &4 34, http:/
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o] B {2 8 Yo 2= P2 R H (mela-
nose), A ¥ (gummosis), 2= F L @ ZH(stem pitting),
B4 8 (anthracnose), &% (phytophthora blight) 0] ]2
(The Korean Society of Plant Pathology, 2009), --A}o]] |3}
£ dsl= MFe 2 F 55 217 400 EAEHIAR 1 F
oA Z-g-ofet Z=1he] w7t 71 st Lee 5, 1992).
o|2gt WaljFo] WAL 72 71E3 Aol Sl=l,
AA| 2 Kim 520152 A& F3¢ 54 7)dds "HE
o= QIF FAF A, &4 Hafi7F AR 4
A|¥ge] AR ool 4= 9SS B 11519 21, Choi2t Kim
(1998)2 Z-5-off WA} LFA7| 78 FE7IR] 9] 7]& Afo]
o YHTH TAE H gt v} leh

BE 428 G0 YolSn AAs] LR} Holx A
#-2<=2}(cold acclimation) ¥H8-& ZA| =1L, A1 A2
2347142 AR FH(dormancy)ol] ol EA =W 73t
FHd(cold hardiness)S 7FA|A| Eo] SA oA AJEo] 7}
oA "t} (Cooper, 1965; Irving™} Lanphear, 1967). A1}
Fe 2UE & AES 7he iddo] 71 Hold Ao s
U2 A UA|TH(Ikeda 5, 1980), A&H F|#]7]&0] -9°C 0|5}
2 W7 G 23 Ao Ant AulztE 7155tk Wk
A} grAdsto] fEjuEtoA B BlEs AU F
3l(freeze damage)E W= 7|22 AEY o= -10°Co| 1L,
GEY = -8°CE ¢HA JHKim 5, 1997; Kong, 1994;
Kwack 5, 2009). 2 Y& E&(Trade Winds Fruit, https:/
www.tradewindsfruit.com/content/yuzu.htm)o|y o=+ 35
LA (United States Department of Agriculture, USDA)2] 2]
S 715 (http://planthardiness.ars.usda.gov)ol| 2]5tH
-12.2°Col| A Aobd 4= ohar dEfA AT ALE 2
A 27} 10.28°C7HA] WojR Aol 4 A7} MAFFTH=
oJH ATAE mlRo] B 1) 10°CH Yom Aoz A
e TJ3E UL H10 2 dAEICHReger 5, 2003).

A&3 7]:20] 10°C olal7} Fld §AFF} ofwe) F
71 Seizttt stejEte S U= 7He ol =l &
7Hao] AEEAL AL BAF] EA HH gdite
oJUHA F3l9] 7He Aol otk whebA [ARE Aul
of| 2gket A, & Auf| FAR| - A H 2| A7]=0] -10°C
o3tz HojX|A| b= Aotk A o= SEuttoA=
ARt 0 & A|FL=7HA] FAF QFAAAR| G o= H T glom,
aRt 25 5 A9 AAE, 59, ¢ 53 EHEo] 2T
A9 {2 Al 7HeA G o 2 B7star glot E3h F4L 7
o, A, A 5hE, &, &S QY FE, Algte] o]z A

o o

oo 82} Aul FAR|G o2 BFE Y, THTE B&o] Z7
A, 3 2 23 9tk

i

b33, FR7A fAR RS EEA AL
(Kim 55, 1997; Kong, 1994).

A= A7 tebA, & F718 A FHetat
7], Topr], W7 = XYPstHA, Tl E U 5 = A2
T7} AR}F FolAA dok oAl & Y, A T2 FHo| Bl
&= Al7]oll= WRHdol S5 HojA -10°CLE 0°C Afo] 9]
A7 2NN FlE U= 5 JrhHManner 5, 2006). E3F
oldEell ol kit 7]2o] ALE ) A A7
o] FA5H| XA =¥ Fal TA L= HTE =2 724
= SE TS 4 ok fgt 7|2 0 2 QI AR
Fro] o7HA 0 2 7&3tE|o] Ao 2 BFE 2o HoF
A E7E E7] wzolth

AA| 4=l A F3l|7E DAYSHA EH 1 Hreo whak f
AL AAbege] Azhet S v, Akt S8z st
of AR 7HAE REA o = et WA ofof| U AAIE
Zretd= Aodle gallE o2 U AeTE 4 AEF
o] A =7] ol Arfs7tol Az FFE vlA= 714
Asfiztar & o= Aok SRR 2uete] A Fsli7t Aztst
A % woll= tF& WA R 22} uhotsiA] Zohr] wi&
of 1 3 AAFT} B3l E AT 4= Y= AT AR AR
ojt}. fAte 22 &2 AR 7%, 10~15% H = 2] 53f
£ SIS A2k A wert EE A9 18 duilE
AR 4= Yl AL R dEA gl 50~60%2] F8l7t
A A foll= 1 8l EHiE AY AR Xot= Aor B
=9 cHZekri S, 2016).

2018 15+ 8 VA5 B4l fARRO| B3 E 9
A== Az T AHdieback) F/4do] WAYsHA] -2 AulE
7kl Ackek msj7h AYsE AL Auls RS2 vle] tiitol
=S} wEbA 2 Aol FARHE LA S48 EATE
ZALE YL, o)A 712 BiE ol e S8l EA 7 A
< G5 T 713 EAS Fof Y 8 A E
33t o] Y8l Ald 11A7e] ALE A7) Htgk
I FAPFRY] Y SHAIR =S v e = fARHR 2] Al
YA E A ELAr, 20189 AR IASA T 712
o] AFHGS 2] 9J8f 2018 1€3t 2 9] LE A7)
22 2000~2017'd 22 A)7|9] ' =3]A)7|-2, 12]a €
A7)0 gk 309 Bt &7 v gck opA|ete 2
2018 A9 g 7|2W3tE vige 2 o 717 714
< 3] A8l FA sl 2017d9] Az} 23 v]wste] f
AR AL} FEf 2ke] A 7S HESHI
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AJ(United States Department of Agriculture, USDA)2] A&
34 7] (http://planthardiness.ars.usda.gov)& HIEO 2 3t
AFEe) S A BN E 28] 913 200020104
Y ASE FHA7NE BHUE IR R A9 4
& WA= A5ttt o5 918l Kim 5-(2012)0] 71443
o] 27 |AITE-2 vlEHO &2 PRISM (Parameter-elevation
Regressions on Independent Slopes Model) A3} 7]&<
ol- &3l AR A 1 km AR} BA7 SRS HIFL 2
2000~20109 7]7+e] A&d S2|A7|-& Fatgh= 2 A
2 AXIEIAI, o]5 QGIS AZ Eo|(HH3.2.2)E o]8-3) Z+
ZFo] A gty 71E 9AME R A =of F&5HTE vt
o] FHA7| L BHEES vigto 2 u|3 FRAo] A5y 7|&
% 5a~9b71A| 9] GA 7} AL EH T 2 HAE 7129 Hel=
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w3t} 201747} 20189 TEEWATBEAHE] L HA

Fig. 1. Symptoms of different levels of dieback on damaged or
killed yuzu trees in Goheung-gun in 2018.
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Fig. 2. Plant hardiness zone map based on the average annual
minimum winter temperature for 2000-2010 in Korea.
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Table 1. Incidence of severe diebacks on yuzu trees in the investigated orchards in Pungyang-myeon, Goheung-gun in 2018

No. Location Number of Number of damaged trees Number of
surveyed trees (incidence rate) dead trees (incidence rate)

1 Dangdu-ri 80 25(31%) 22 (28%)
2 Bongyang-ri 1 30 13 (43%) 7 (23%)

3 Bongyang-ri 2 70 21 (30%) 18 (26%)
4 Bongyang-ri 3 98 37 (38%) 20 (20%)
5 Bongyang-ri 4 125 32 (26%) 8 (6%)

6 Bongyang-ri 5 60 0(17%) 3 (5%)

7 Bongyang-ri 6 60 20(33%) 11 (18%)
8 Handong-ri 1 120 9 (8%) 6 (5%)

9 Handong-ri 2 80 11 (14%) 4 (5%)

10 Handong-ri 3 70 27 (39%) 20 (29%)
11 Handong-ri 4 300 100 (33%) 80 (27%)
12 Handong-ri 5 57 16 (28%) 6 (11%)
13 Handong-ri 6 70 52 (74%) 32 (46%)
14 Handong-ri 7 46 46 (100%) 35 (76%)
15 Handong-ri 8 52 47 (90%) 17 (33%)
16 Handong-ri 9 56 56 (100%) 20 (36%)
17 Handong-ri 10 65 65 (100%) 23 (35%)
18 Handong-ri 11 72 72 (100%) 41 (57%)

Total 1,511 659 (44%) 373 (25%)
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Eht o2 o] ] Talrt oS Ak Lhehgg-2 selst
ek oI A s e cheto) s el 24y
3R AR EL AAE o] ek 97} i elgd
3, o}k o] B 9 LR B2 IS Aol
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ki 1 24 348 99 G UFAAE S 19
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8a 79 o]l A9z FfolA= A Al ARG o=
75 4= Qo T3 ShA] theket Ui A E HR e 2 &
(Kim 5, 1997; Kong, 1994; Kwack 5, 2009), 53¢] 7}5Al¢]
ZAHAITE 5] BAIZQ] Azt 7He g A9 A=A
#7]0] -0.4°C 0|4} Bl 8b x|l 2 B 4= Sk

A28 AA71 &g vigo z g §RLRe] ) A 4
A2 24P 98, 22T DEALo] S22 Aufar]
of dupit A7Et 71$E 7ML U=AE ok 7] f§,
2000-20104 E<ke] A& H 22X/ PGS vge
Heele] A% WeHA =S st UA AFEY] o
RAjo] SRR Ao QA ] 7]1%-& SZah 9ag) ob
Fofol 43H 2102 UehithFig. 2. THe0 2§17
W gtAIQl 8a 2 AR A Al AR F o= E R
AL A8, Y, AF, ks o, A5 G F32, 4lb o]
B Gl & Al A[Fo] ZHE| o] k. did A HE
ol M= AR FAZF A= AL Q17] el o8] W FAR
0] Fallof Hekgh 7|2 ANA AL IS E 49
AcH=7HeAIEZE, http:/kosis.kr/). AA| £ o|2gt 7]+ 2] £
A0 I3 HALE A7 ARl 275D A
2o 3G 9 TARZH S @Ao] Y A FoqA] A&
o 2 ® %3 QQtHKim, 1993; Personal communications).
I = Estar o ds] of=7t {4} Aull AR A 7
AR 529] A7} ol ZOIA T ek AL B Al
A FAFES W 2= BHE ofg 7] 7Hd s
7Hs oM gteh AA= FAR] Wigtdel digt A 2=
A= 7] o AR =S AASIL $l=Tl(lkeda 5, 1980;
Kong, 1994; Kwack 5, 2009; Rieger 5, 2003). 0|24 \|9dH =2
HEE $AUR) e T& A AR} B2 ol %
A VR E A8 4 Atk A Mg WS S86=
Hoket 7120) Q7] Tl 5, 2L EolzkE ueky 7
Aol wheh &2 AR Aot A7, AL 9, R A
o, 450 B Sof niet ey dabt ke vekd 4 9l
7] wj&Zo|ctk(Laynex} Ward, 1978; Rajashekar <, 1982). 7+ ¥
Az A= JA| 3 7|7 of2] Aol 234 Auli== 52 A+
AAYA 2 A (natural selection)o]] 213+ A-8-(adaptation)
2 37) o] 2 x| 7270 AT FALEE Afolo]
+ Wgtdol th=A vehd 7s4do] lth(Einset, 1986; Jump
2} Penuelas, 2005).
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Fig. 3. Annual variations of the monthly minimum value of daily
minimum temperatures in Goheung for January and February
from 2000 to 2018. Red dotted lines indicate a climatological value
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1981-2010 as a reference for comparison.
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