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Control of Fusarium Wilt of the Strawberry Caused by Fusarium oxysporum f. sp.
fragariae of Solarization with Compost and Calcium Cyanamide Application
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Field experiments were conducted to evaluate the effectiveness of soil solarization at the Nonsan Strawberry
Experiment Station, Korea in 2006 and 2008. In in vitro tests, exposure times to achieve an LD, of Fusarium
oxysporum f. sp. fragariae were 6.6 days and 5.1 days at 45°C and 50°C, respectively. A 100% lethal
temperature was 46.7+0.1°C for the same fungus. For field trials, solarization was conducted during the
summer season using polyethylene mulch in a plastic house. The organic matter+calcium cyanamide+
solarization treatment increased pH, organic matter, and calcium content compared to those before treatment
in soil analysis, but no effect had an urea+solarization treatment. The temperatures at 10 cm depth were
different in each treatment and the highest temperature was recorded from July 30 to August 10. The average
temperature in organic matter+calcium cyanamide+solarization treatment at 10 cm depth was 3~4°C higher
than that in all the other treatments. All solarization treatments reduced the soil population of E oxysporum f.
sp. fragariae at 100% in 2008 relative to the non-treated control. All solarization treatments reduced
Fusarium wilt incidence to 0% in 2006 and 2008. The effect of organic matter+calcium cyanamide+
solarization against F. oxysporum f. sp. fragariae indicates that there may be future alternatives to traditional
solarization for disease control as well as reducing the time needed.

Keywords : Control, Fusarium wilt, Solarization, Strawberry

o] 74 Wal A2 AujF o] e FE &
Zed 1970~80tH ‘Hokowase’® ZZoA Al EL
Z J&7t AN H(Cho2} Moon, 1984) =L
o 73k ‘Nyoho’9} ‘Akihime’ %] =0
oF #AIZF SR etk eyt 2 FujelA &
g3t Fe T dHoA SF% ‘Dochiotome’
‘Redpearl’ F&2 A5 AF4o=2 SEY] A
v 7kl A B2 T&7F @A s Atk (Nam 5, 2005).
T FHZoe A EFOoE Ad4EY & ‘Akihime
FLNME AZE she IR A A] B o] =L

owf Fu) 60% ol AA s AFNHE diA

*Corresponding author
Phone) +82-41-733-3161, Fax) +82-41-733-3163
Email) namtel7@korea.kr

ur
=

Aol Al &
2009a).

Fusarium oxysporum f. sp. fragariae®l 2
21 (Winks2} Williams, 1965)2 £ A9
o] EFolA o3l 7I7F A= 7 At wheba] Al
P EF AEWH O Z methyl bromide
% (De Cal %, 2004; Shaw<$} Larson,

1999; Yuen 5, 1991), PR EE ©]-&3 AEZ WA (Nam

Aol whd F7FEAMo] At (Nam 5,

z:s_]__r«ﬂ-

3

F

5, 2009b), validamycin®] #312] (Ishikawa 5, 2005) &
o] 453 9tk 13} methyl bromideE |3 EY
&35 Y gte EA Hete ol & A
o] A7}t Y= glom, A= oF
g A= FE ol skr] Ao 4
stojof aln] E¢fl] WA WETF =2 A



B go] A7t =2 (Chellemi 5, 1997;
Pinkerton 5, 2002; Stapleton, 2000; Tamietti®} Valentino,
2006), BT 25A] 40°C AFo 2= 8-14Y g
Al AlEeHto]l AEHA Fevhar Bizskith(Komada
¢} Fukui, 1982a). BHFE &% 34538 98] =4 =
Aol vjd HFA 3} A3]4 4 (Calcium cyanamide, CaCN,)
el e g AL dA dEA s A 2olrt gink
319 o 1k (Komada$}t Fukui, 1982b) ©.0]Z5 Ajuj &l
v d3-2 W] F solani f. sp. cucurbitae 2 1742]
basal stem rot2 L O71E= F oxysporum WA &34 0]
2} 3l tHBourbos 5, 1997; Choi 5, 2007). 53+ Lodha
(1995)= Hursl B<F9] HYYE &5 Al 84 (Urea,
(NH,),CO)E A 2shd T2l vlal E oxysporum f. sp.
cumini®} Macrophomina phaseolina YAl 334 o]} 3l
H]— o]
W}E}H
7l N= utgoﬂ Eﬂﬂ Hoh 742 HLZﬂ
2t in vitro’d o A 159—”@‘&4 ZIA}
ZAVSlaL, A| S

=
=
al

o

Sl 718 o HSAss ok WA Aelol o % AE
e Al w3 AEa,
e L
7] AlEeWde] 250 A I3E =xh FAE
F oxysporum f. sp. fragariaee Z'd =4k B7] AujE
FoRRE AP AFAA AE Bkt et JJf—r)
S 2RE FEgh § gr]o] WdAe] gl T #F

Ao o] &3 THNam 5, 2005). ©]5 #F2] AR
T9F AAMES A7) 913l potato dextrose agar(PDA;
Difco, USA) ®j=]ell X]7¢ F 28, 35, 40, 45, 50°C¢]
FlolEdlM 1, 3, 5, 79 &S g 5 Aio] 28°C
2700 A 27 vl AR GES AT o
AR A& (%) (1-2=8 wAdA o] #F 27/
28°CHl A o[ A o] #F 2 7)x1009] F21o o3 ALt
AThPark 5, 2002). AP A T 4902 A3}
Hom AlsH o] g 229 AAEA-2 Microsoft
Excel®] EXPE+E o] &3} LTyt LT g 7122 &
}310}/\}\1:]”-
e <k

FI 2%R

1o o

o

=
T=

O
=

&

_?4

£%. o
Zl

=
=
[e]

U=

D7] AujEzd vjdel-g-2~9o H
& 200632+ 2008 2130l A

o

ol\

Aol o @] et A 33
AES SN HFD 25 152 ol 7]
= AT e LEL(%?: 50%, w45 50%), A YR E;

3%/10a], €712 [LAH (=R 50%, S5 50%), A
%_]H]E_' 3§/loa]+/\-]§;] l_/}:[] ]-/:11;@];0/\ 20(}1/\) 55(/\—1
3])-55(A ot =), ZHE); 60 kg/3008] A 2T, 2.4
[ 46% °), 232 38HeHR); 2 kg/300%] A2+, B
FEEE AT 4x 2 At AT Alel= 3.0m’
o] buffer7& FHOH HWE2TE HYE FAHTE A
Aot A TE WL 40m’e] GTAR AAE T
HYE 4252 200002 7€ 20€ 55 89 23Y, 2008
74 2545F 8Y 23U7HA] AAEAH. ﬂ%"k‘*‘ Eate
1% 1 OHEES WE7] 9 @] A|IESH T Fol9
HI 2] (Correll %, 1987)°l14] 28°C, 180 rppm
HH°ko}°4 FARAEN (1x10° EAH/m)S =F

A3 Bl EFHZ01

Z]

i

ofh

H\ZI‘I
T

St & Hjdsl-2 9] Fe] dxE Eﬂ@]lﬂiﬂ(WatchDog
model 2000, Spectrum Tech. Inc., USA)Z H|°|HE 43
stRom vi2 Hofl e HlEsh 2 Wi 259 =
A A2 2R TUg WHORE ST
Eo}e 313y 9 AIE4l T 2E AL HYYE &5
A A Fo EF olsled LS flal A7 3
A QoA EHE BEAoZ AUl 5em ZQo)7kA 9
EFS AFskATE AHS BEFe] st EgelstE)
E712(EENEH)0N w2t 771, pH, K, Ca, Mg=
ZAbe T pHE ESF SR/RTE 152 346k pH
meter® S 3IA 3L, ESF71ELS TyrinH, |8 ol
© | N-NH,OAc(pH7.0) B o2 §=ZA% Zat=n B3
29 7] (Inductively Coupled Plasma)E ©]-&3}o] &4 313
th A7 A3 F EGHY NS ES olst
SHEA S Q) AFHT B 1goll s 455 A9
]2l peptone PCNB 1] %] (Nash®} Snyder, 1962)E ©]-&3}
o] AR
D7) XSS BAET.
20061 = 2008 A
28k ABE Aol HAste] Al
Abatdth. Al@ - vl 2] o]l A] 3Rk
A T 40m’2 ATk A 27F ¥AE CoStat F7
Z 13 (CoHort software, Berkeley, CA)S ©]-83] non-
4-3}o] Kruskal-Wallis test £4]2 4

= =2

o=
=21

=
=

=
=

|

°]

parametric S ©]

A&k



34 iy .

gl

dn A nEF

D7) AESHTFY 59 dg UgE 2L 2]
A B2t E oxysporum f. sp. fragariae TN 2] XA}
AZRE AR A 45°CAlA 50% AAR= 1Y, 100% =]
A= 6.640] 28 EFEAOH 50°CA Q] 50% XARE 0.1
o, 100% A= 5.190] 28 =HE Ao A AT

Table 1. Lethal days for Fusarium oxysporum f. sp. fragariae
isolates by temperature treated

Temperature LDs,? (days) LDo" (days)
50°C 0.1 days 5.1 days
45°C 1.0 days 6.6 days

*Days to lead 50 and 100 percent lethality.

Table 2. Lethal temperatures for Fusarium oxysporum f. sp.
fragariae isolates

Isolate LTy LT
FO77 40.0 46.5
FO79 40.3 46.5
FO81 423 46.6
FO83 389 46.6
FO071201 37.9 46.8
FO080704 40.7 47.0
FO091202 414 46.5
Average 40.240.6 46.7+0.1

“Temperature for 90 and 100% mortality.
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Table 3. Chemical properties of soil before and after solarization alone and combination

K Ca M
Treatment Year Timing pH N OOM - g
(1:5) (%) Ex. Cations (cmol+/kg)

Before 6.9 21 0.14 5.6 1.7

2006
Sola_rization+organic After 7.2 30 0.24 6.7 22
matter (OM) 2008 Before 4.8 16 0.81 5.8 3.9
After 5.5 19 0.68 3.8 2.9
Before 6.7 18 0.16 5.7 1.9

2006
SolarizationtOM+ After 7.8 24 0.23 94 0.8
calcium cyanamide 2008 Before 5.0 11 0.61 4.5 23
After 5.6 16 0.62 4.5 2.6
Before 7.1 23 0.19 6.0 2.0

2006
o After 7.2 9 0.10 5.9 14

Solarization+urea

Before 5.0 13 0.70 4.5 2.9

2008
After 5.1 15 0.70 4.5 34
o 2006 - 6.4 13 0.11 5.8 1.7

Solarization

2008 - 5.8 22 0.81 5.6 3.1

*Soil dilution.
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Table 4. Average and high temperature at 10-cm soil depth in solarization and non-solarization plots at the Nonsan Strawberry

Experiment Station in 2008

Treatment Average Temp. (°C) High Temp. (°C) Hours >47°C
Solarization+organic matter (OM) 38.6 49.7 29
Solarization+OM-+calcium cynamide 40.5 54.8 111
Solarization+urea 39.1 51.5 51
Solarization 383 48.4 11
Plastic house 324 39.2 0
Atmosphere 26.8 35.6 0

Table 5. Effects of soil solarization on the soil population of Fusarium oxysporum f. sp. fragariae

Propagules of F. oxysporum f. sp. fragariae (x10° CFU)/g soil

Treatment 2006 2008
Before After Before After
Solarization+organic matter (OM) 7.7 0 35 0
Solarization+OM-+calcium cyanamide 3.7 0 4.0 0
Solarization+urea 5.3 0 4.5 0
Solarization 9.0 0 4.0 0
Control 9.3 9.0 4.0 3.5
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Table 6. Rate of Fusarium wilt incidence caused by Fusarium
oxysporum f. sp. fragariae according to different treatment

Treatment 2006 2008
Solarization+organic matter (OM) 0a’ Oa
Solarization+OM-+calcium cyanamide O0a Oa
Solarization+urea Oa Oa
Solarization Oa Oa
Control 20.0b 13.3b

“Within a column, the same letters do not differ significantly based on
the non-parametric Kruskal-Wallis’s test (p=0.05).
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