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Hiroyuki MukoBATA, Kiyonobu NamaTa and Toshihiko KUSABA :
Studies on a simple technique for evaluation of tulip cultivar resistance
to bulb rot caused by Fuysarium oxysporum f. sp. tulipae
(2) Comparison of disease development among soil-inoculation,

bulb-dipping, and bulb-needling methods

Summary

The following three inoculation methods for examining the resistance to the bulb rot (caused
by Fusarium oxysporum £, sp, tulipae) were compared and their availability is discussed in this
report,

(1) The soil-inoculation method : the bulbs were planted in the soil artificially infested with
the pathogen fungus. (2) The bulb-dipping method : the bulbs were dipped into the suspension
of the pathogep before planting, (3) The bulb-needling method : the bulbs were pricked with
needles dipped with the conidial suspension,

The reaction of the 21 cultivars to the pathogen varied continuously from highly resistant

to highly susceptible in the above three inoculation tests. There is no visible difference of culti-

var resistance between soil-inoculation and bulb-dipping tests. Namely, results from inoculation

with isolate No, 32 showed close correlation between them, The coefficient of disease development
is 40.934 between soil-inoculation and bulb-dipping tests, while the one of disease development
is 4+0.731 between soil-inoculation and bulb-needling tests. However, in some cultivars, the
resistance varied in bulb-needling method from the others. Lucky Strike and Red Emperor were
relatively resistant in the soil-inoculation and bulb dipping tests although they showed susceptible )
reaction in the bulb-needling test. !
In regard to spore density of the” soil-inoculation method, the rotted bulbs increased in
proportion to the enhancement of inocula,
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Table 1. Comparison of the percentages of infected tulip bulbs to
bulb rot among 21 cultivars inoculated with Fusarium oxysporum
f. sp. tulipae by means of soil-inoculation method

Cultivar Isolate P:r.cefnti:g: Percentage of infected offspring bulbs
of infecte
no. plants Total bulbs Main bulbs Lateral bulbs
No. 32 0 0 0 0
Athleet No. 105 0 0 0 L3
Cont, 0 0 0 0
Q f Night Ne: 108 20 13 2.0 &t
ueen ol 1 0. . . .
& Cont, 20.0 9.5 20.0 5.6
Red Matad go.lgg 23.0 g.G 1(5).0 g.o
e atador o.
Cont, 5.0 1.1 5.0 0
No. 32 0 0 0 0
Lucky Strike No. 105 5.0 L8 5.0 0
nt, 0 0 0 0
No. 32 45.0 15.8 10.0 18.9
Albino No. 105 25.0 9.1 10.5 8.3
Cont. 0 0 0 0
No. 32 85.0 18.3 55.0 6.5
Spring Son No. 105 40.0 13.8 35.0 6.7
& Cont. 5.0 1.4 5.0 i
Attil ll:llo. 3§ 78.9 @.4 2.9 18.2
e cgﬁlto 55.0 21.4 45.0 12.0
M Wi go. 32 95.0 ;42.2 Q.D ﬁ,s
erry Widow Conths %.2 80.4 810 80.2
No. 32 0 0 0 0
Adorno No. 0 0 0 0
Conlt(.)5 0 0 0 0
No. 32 40.0 18.7 35.0 12.7
Yell D 15.0 5.3 0 7.1
ow Hover lggﬁlt?s 23.8 12.2 14.3 11.3
Golden Oxf No 168 200 TR .0 %8
olden Oxford — Ho.105 55.0 15.1 30,0 10.6
No. 32 55.0 21.1 25.0 19.6
Parade 3 15.0 10.7 15.0 9.1
Iégnlt?s 10.0 4.1 5.0 3.7
No. 32 10.0 3.1 0 3.8
Mount Ereb No. 10.0 2.5 0 3.3
e anlt(.)s 10.0 2.4 0 3.2
No. 32 0 0 0 0
Halcro Ng, ]85 0 0 0 0
Cont. 0 0 0 0
No. 25.0 8.8 5.0 10.8
Renown Ng. 1(3)§ 25.0 12.2 15.0 10.3
Cont 19.0 6.8 9.5 5.3
No, 10.0 1.8 10.0 0
Red Emperor Ng. 13% 22.2 4.7 1.1 2.9
Cont, 15.0 5.5 10.0 4.2
No. 32 50.0 17.7 45.0 4.8
Purissima No 152 2.4 7.0 14.3 34
nt. 0 0 0 0
. No. 32 0 0 0 0
Zombie Ng. 105 0 0 0 0
Cont 0 0 0 0
. . No. 32 5.0 1.3 5.0 0
eichleri No, 105 30.8 8.3 231 2.9
................. Cont o o 0 o
. 32 5.0 2.3 42
tubergeniana Emir No. 105 0 0 8 0
______________ ont. 5.0 2.3 0 4.2
No. 32 o o T T
pulchella humilis No. 105 20.0 18.0 28.0 8
Cont. 0 0 0

* —:not examined ** Examination was carried out on August 1 in 1983,




96 ERAERFRLE mas FRF594F

Table 2. Comparison of the percentages of infected tulip bulbs to bulb
rot among 21 cultivars inoculated with Fusarium oxysporum f. sp.
tulipae by means of bulb-dipping inoculation method

. Isolate Percentage f infected offspring bulbs
Cultivar no. of infected Zercentage of in Ib
- plants Total bulbs Main bulbs Lateral bulbs
No. 32 0 0 0
Athleet No.105 42 0.9 0 1.2
nt. 0 0 0 O
No. 32 0 0 0
Queen of Night  No. 105 12.5 8.9 8.3 6.5
Cont, 8.3 1.9 4.2 1.2
No. 32 , .3 1.2
Red Matador No. 105 1(2) 5 5.7 g 0
Cont, 0 0 0 0
No, 32 . X 8.3 0
Lucky Strike No.105 %3 2 0 L4
Cont 13.0 47 130 ] e
No. 32 50.0 15.6 .8 5.6
Albino No. 105 16.7 : 12.5 4.4
Cont. 3.3 gi’ 12 28
No. 32 8. : 1 45.8 14.1
Spring Song No. 105 gog 23% 20.8 5.6
Cont. 43 3.2 0 LAz
o - s - e
Attila No. 105 1‘1’2.7 52,3 12.5 2.5
nt. 8.3 1.8 8.3 o
No. 32 0 8 80.0 60.1
Merry Widow No. 105 39,2 %,s 83.3 7.7
nt, 73.9 3.2 65 34.2 .
No, 22 0 - 0 0 0
Adorno . No. 105 X . 4.2 1.0
Cont. i3 5 42 o8
No. 32 . . 91.7 2.2
Yellow Dover No.105 333 .3,8? 75.0 26.5
Cont. 3.5 12.7 25.0 90
No. sz oo 100 39.2
Golden Oxford No. 105 1%,3 ;8:3 66.7 20.0
Cont, 542 283 500 21.3
No. 32 """ ) 91.7 19.8
Parade No. 105 22,3 %g, § 50.0 41
nt, 50.0 17.4 48 9.4
No. 32 3 .6 0 3.3
Mount Erebus No. 105 zgg §.9 12.5 89
nt, 1235 3.4 8.3 22
No. 32 4.2 0.9 0 1.1
Halcro No.105 4.2 0.7 4.2 0
Cont, 8.3 6.4 8.3 5.9
No. 32 " 130 2.9 13.0 H
Renown No.105 16,7 82 16.7 33
at. 8.3 1.9 2 —
No. 32 33.3 10.1 33.3 4.8
Red Emperor No. 105 45.8 14.0 29.2 18'7
nt, 4.2 0.7 4.2
No: ‘32 58.3 33.7 45.8 29.7
Purissima No, 105 0 0 9 2
Cont, 12,5 5.9 12.5 3.8
No. 32 12.5 2.9 12.5 b
Zombie No. 105 43 1.1 4.3
Cont, 42 1.0 43 O e
3.2
No. 32 20.8 8.0 20.8 0
eichleri No. 105 4.2 L2 iz
Cont, 4.2 1.1 4z o .................
0
No. 32 4.2 L7 4.2 2.9
. 6.9 12,5 .
tubergeniana Emir No,.lg)s %gg 08 208 49
.......... o
. No. 32 0 0 9 5.3
- 7.1 8.7 ’
pulchella humilis gga{l.)s gz 38 8.0 0

* Examination was carried out on August from 1 to 3 in 1983,
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1) LSRR - BEEE R No. 32 35 X 0F No. 1050434
R¥F%, ikl gX4h Th¥h 1.5x10° {His L U6.5%
10° EEFD L » 218 i O BRAR A {1 < AR BEE 0 Sl
ERP IR E LTty Lic, Table
Liwmd &b No 322 Bl ot s, gealmaiil sl
B e IR DOERNR S b, Athleet, Red Matador,
Lucky Strike, Adorno, Halcro, Zombie, eichleri,
tubergeniana Emir, s X U¢ pulchella humilis © 9
R TIERFRBANELIRDO 5 R L EED,
ThiEfitE e E L Ohic, et Merry Wid-
ow, Golden Oxford, isXur Attila Ti3#30~40%
DRIFERBETRL, BFUBENEMH -7, ¥ Albi-
no, Spring Song, Yellow Dover, Parade, #sXU*
Purissima Ti3#) 15~20% D RRERRA R L, LiL2
Bl bRl 2187,

No. 105 #BEM L =34, No.32 ik~ TLtkizEwn
RFREHE Hhtc, &L, Athleet, Adorno, Hal-
cro, ¥ XU Zombie /g FDRME TR L BDHH

hishotz, LL, No, 2 BSEo Ltz
No. 105z BfitE ¥ R L, EEfio Control KCo%E
RIET R R L T RREC L bR L
fcbDEFELBRDH, Queen of Night, Red Mata-
dor, Yellow Dover, Golden Oxford, Red Emperor,
35 X7 tubergeniana Emir TiiiEfiX CEEMBLD
HEBRRMEVEROBENZED bhi, CoBHKD
WTIRBBHTisl,

2) BEHEM : No.32 % X U No., 1050 3 F5% 1 ml
b, ThER5.1x10°fH, X U°8.8X10°{H& Lic
BHRCBEHESE LR R%Y Table 2 wiRpd, o
s T SE1RMER Tl b R0 2R
Bbbhitc, Ticbb, No.32 pigffiicyf L Athleet,
Queen of Night, Red Matador, Lucky Strike,
Adorno, Mount Erebus, Halcro, Renown, Zombie,
tubergeniana Emir, Js X 0% pulchella humilis o11
S 3 ZREOBEFHRREARL, WFhbighi
LBbhi, 2hicyL Merry Widow, Golden Ox-
ford, Attila, XU Yellow Dover 350~60%%&
OBVCRFRBERL, BRELEL LR, *7- Sp-
ring Song, Parade, is X 0' Purissima GiZ#20~40
% DORIFFB1RRB O, LR 2 AlobEHEEYRLA,

No. 10515 L €4 Merry Widow, Yellow Dover,
35 L 0% Golden Oxford 7¢ & Ti%30~70% DEI\ FRIFER
®ERLI, —F, Athleet, Red Matador, Lucky
Strike, Adorno, Halcro, Zombie, 35X 7¥ tuber-
geniana Emir O& R 2 ZRFBOEL - -BRERBE R
L, At LBbhic,

BED X Sk, BEEMEKC X3 &REOEHEREE
GEREGET I ARBRC I KT H o LML,

3) SHERE - SHERIT X o> TR KR %L Table 3 i©
7+, Table 30 5 LEBRRA 1 ~ 6 ~DEHIT19824F
8 A0BKRATVYy 7~2I~DOEMIFE 9 B27R T
o7z, No.32 3 XU No. 105 DISFIREER BilE OBE,
FhEh 6.3%104E/ml 35 XU 5.4x10"0/m! :iE
L, BEOHBAFIEN5.2x10"ME/ml 35 X 093.1x107
E/ml L Utc, SHERH I\ T L L5 X OB 8L
B L R REHT L RIFOERNFDH
hic, Tibd, No.32 ML c18AHICIX Merry
Widow, Yellow Dover, Parade, Lucky Strike,
Albino, ¥ XU Spring Song DFMMEETNIX7.5~11.5
cm?® L, FLVRBERNED bhiz, —F Ath-
leet, Zombie, Mount Erebus, ¥s XUt Halcro —Tix
0.3~0.7cm?® LRBEERBII BN/ E L, BELILE
YEERRTOT, Btk FLbhi, No.105 OEAR
<% Lucky Strike, Merry Widow, Red Matador,
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Table 3,
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Comparison of lesion area formed

in the tulip bulbs among 21 cultivars
inoculated with Fusarium oxysporum f,

sp. tulipae by means of bulb-needling
inoculation method

Lesion area (cm2)

Cultivar
Isolate No, 32 Isolate No, 105
1 Athleet 0.60 0.53
2 Queen of Night 0.61 0.56
3 Red Matador 0.77 0.39
4 Lucky Strike 8.35 5.61
5 Albino 7.77 0.61
6 Spring Song 7.54 0.92
7 Attila 5.17 2.11
8 Merry Widow 11.52 3.4
9 Adorno 0.87 0.75
10 Yellow Dover 9.26 1.85
11 Golden Oxford 9,36 0.57
12 Parade 8.60 0.36
13 Mount Erebus 0.33 0.37
14 Halcro 0.39 0.49
15 Renown 0.45 0.37
16 Red Emperor 5.28 2.82
17 Purissima 3.28 0.44
18 Zombie 0.67 147
19 eichleri 2.48 1.87
20 tubergeniana Emir 0.31 1.05
21 pulchella humilis 0.39 2.86
* From 10 to 15 bulbs of each cultivar were inoculated,
kept at 25C. The lesion area was examined 18 days
after inoculation, and calculated by width of the rott-
ed parts of the outer scale,
Cultivar
1 Athleet
2 Queen of Night
3 Red Matador
. 4 Lucky Strike
§ Albino
%, r=+0.934°* 6 Spring Song
y =1.44+1.380x 7 Atila
2 8 Merry Widow
E 9 Adorno -
10 Yellow Dover
g 11 Golden Oxford
k) 501 12 Parade
h-] E 13 Mount Erebus
5,-.‘5* 14 Halero
fé % 15 Renown
§>. y 16/@5 16 Red Emperor
k] ;,’9 1,2,4,9,13,14,18,20,21 17 Purissima
o 93,15 . 18 Zombie
50 % 19 eichleri

Percentage of infected bulbs

by soil-inoculation

20 tubergeniana Emir
21 pulchella humilis

Fig. 1 Comparison of the resistance to bulb
rot among 21 cultivars inoculated with
Fusarium oxysporum £, sp. tulipae isolate
No.32 by means of soil-inoculation and
bulb-dipping inoculation methods.
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Cultivar

Athleet
Queen of Night
Red Matador
Lucky Strike
Albino
Spring song
Attila
Merry Widow
9 Adorno
10 Yellow Dover
11 Golden Oxford
12 Parade
13 Mount Erebus
14 Halcro
15 Renown
16 Red Emperor

1,2.3,9,13,14,18,20,21 17 Purissima

@15 18 Zombie
0 19 eichleri
20 tubergeniana Emir
21 pulchella humilis

=+0.731"*
=1.68+0.207x

r
y
12F

O OGN W N -

Lesion area by bulb-needling

50%
Percentage of infected bulbs
by soil-inoculation

Fig. 2 Comparison of the resistance to bulb
rot among 21 cultivars inoculated with
Fusarium oxysporum f. sp. tulipae isolate
No.32 by means of soil-inoculation and
bulb-needling inoculation methods.
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Table 4. Effects of the densities of spores on diesese development
in bulbs of the tulip cultivar, Spring Song, inoculated with
Fusarium oxysporum f. sp. tulipae isolate No.32 by means ot

soil-inoculation method

Percentage

Percentage of infected offspring bulbs

Density of spores of infected

(spores/g) plants Total bulbs Main bulbs Lateral bulbs
Cont. 0 0 0 0
1x103 20.0 7.1 13.3 9.8
1x10¢ 33.3 14.9 33.3 6.3
1x105 86.7 42.6 80.0 25.0
1x108 100 51.0 100 33.3

* Examination was carried out on August 4 in 1982,

Liss & 5 BB 8 BRL T, Spring Song
XY, BESA4BCRFBERXFALELL
Table 4 {ZR_3T &30, FATREEC AL TRFREH
BE -7, &< 10° @B LoBETCRFRRIZANL,
URBELFR D #940~50% BT 5 = LAVHBA L,

vV % =

RFERTEF 2 — Y » F20 S A, LREG B
CHERE, B Iv BHEMidT X 5 BRBEY gL,
TORER, LEEMS L OBRHERET & 5 BRERT
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Eijk 52 iz X s Brusfikc & 5 RREERE
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R E—BRILDMA LB, VT LT mEiisk
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