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Downy Mildew Resistance of the Cucumber Germplasm Collection
in North Carolina Field Tests

Todd C. Wehner® and Nischil V. Shetty

ABSTRACT

Bowny mildew | Psewdoperonospora cubensiy | Berk, & Cort.} Ros-
tov] is an important discase in most cocumber {(Cucumis sativas L)
production areas of the world, Resistant eoltivars are svailable, bl
higher levels of resistanee are needed if yield losses are 1o be avoided.
The objective of this experiment was to evalunte all available plant
introduction accessions {(from the U5, National Plant Germplasm
System), cultivars, and breeding lines (hereafter eollectively referred
o as eultizens) of cocumber for downy mildew resistonee under field
conditions in North Caroling. All svailable cultigens were fested in
four biocks (2 yr and two replications) oader nadural Geld epidemics
af the discase. Mean ratings for downy mildew leal damage ranged
from 1.3 10 9.0 on a0 to 9 scale, The most resistant nine coltipens
originated from the USA, and were primarily adapled coltivars or
breeding lines. The most resistant cultigens, for which multiple-year
dota were available, were Gy 4, ‘Clinton’, P 234517, ‘Poinsett 767,
Gy 5, *Addis®, M 21, M 27, and *Galaxy”. The most susceptible cultigens
For which multiple vear dota were availoble, were PLIZEBYS, PLITA95Z,
P1 LTRARG, wned P 211985, We classified 17 cultipens as highly resistant
{1.3=3.00), 87 as moderately resistant (3.3=5.00, 311 as moderately sus-
ceptible {53-7.0), and 248 as highly susceptible (7.3-9.0) for the 663
cullipens with multiple-year duta. Mo plant introduction accessions
were foond o be more cesistant than the most resistant elite coltivars

and breeding lines fested.
DE‘IWNY MILpEW is a major foliar disease of cucumber
in humid production areas of the world (Palti and
Cohen, 1980}, Downy mildew on the genus Cucumis
has been reported from 70 countries worldwide (Cohen,
1981: Palti, 1974). Palti and Cohen (1980) studied the
host range of P. cubensis and reported 40 species of
approximately 20 genera in the Cucurbitaceae to be
hosts, 10 of which are in Cucumnis. Nine new Cuewmnis
species recently were identificd as hosts of P, cubensis,
with reparts that all Cricumis species are probably hosts
of P, cubensis (Lebeda. 1992a). Some of the important
cconomic hosts of P. cubensis are cucumber, melon
(C.melo L)), watermelon [Citriellius lenaces (Thunb.)
Matsum. & Makai|, and squash (Cuenrbita spp.) (Whi-
taker and Davis, 1962). Van Vliet and Meysing (1974)
suggested that P cubensis could he spread by both cu-
cumber beetles (Diabrotica undecinmpunciata howeard
Barber. Acalymma vinata Fabricius, and Diabrotica
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balteara LeConte) and wind, The primary source of in-
oculum in the field is through air borne sporangia,
which also serve as a sccondary source of inoculum
{ Thamas, 1996).

[n North Carolina, the estimated annuoal incidence of
downy mildew is 30%, and the average annual dollar
loss is 2.9% based on vield and guality reduction of
slicing and pickling cucumbers {51, Amand and Wehner,
1941, Those losses make it the [ifth most important
disease of cucumber in North Carolina. Fungicides de-
crease the impact of the disease, but are ineffective
under environmental conditions which arc highly favor-
able to the pathogen, such as prolonged periods of high
humidity in combination with high day and low night
temperatures. Dew is a4 major factor in the initiation,
development, and spread of the diseasc. Duvdevani et
al. ( 1946) reported that the prevention of dew formation
precluded downy mildew development. Therefore, re-
sistant cultivars offer the grower a safe and cost-effective
method of disease management,

Several races of £ cubensis have been reported { Bains
and Jhooty, 1976b: Palti and Cohen, 19580, Five patho-
types of P cubensis were reported based on their com-
patibility with specific hosts (Thomas et al., 1987). The
pathogen overwinters in areas with mild winter temper-
atures, such as the southern USA. as active mycelium
on either cultivated or wild species of cucurbits (Bamns
and JThooty, 1976a).

Early research on resistance 1o downy mildew showed
that there was at least one single recessive gene, dm,
controlling resistance in ‘Poinsett” (Van Vet and Meys-
ing. 1977). Although dm was reported in the review ol
cucumber genes., it was noded that there were probably
several genes controlling the trait (Pierce and Wehner,
1990). Doruchowski and Lakowska-Ryk (1992) re-
ported that inheritance of resistance to downy mildew
in an inbred hine from WI 4783 was controlled by three
recessive genes (dm-f, di-2, and dm-3 ), Van Viiet and
Meysing (1974) reported an inseparable association be-
tween the genes for downy mildew (dwe ) and powdery
mildew {pm ) resistance. The recessive gene i was
found to be linked or pleiotropic 1o one of the three
powdery mildew resistant genes (poi-1, pan-20 p-3)
{(Doruchowski and  Lakowska-Ryk, 1992), Lebeda
{19924} reported that there was limited variation in re-
sistance 1o P. cubensis among Creermis species and ac-
cessions, except for O mrefo (Cohen and Eyal, 1987,
Lebeda. 1991, Thomas, 1986). Kupper and Staub { 1¥558)
reporied that the genetic diversity of C. sativuy was low.
Barczynska et al. ( 1985) reported that there was imited
variahility for some disease traits. The interspecilic vari-
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Table 1. Mean dow ny mildew rating for 663 coltigens of Cremmis sarivis eld tested in Four blocks in North Carolina during 1984 and 1989,

Coltigen

Gy 4
Clinton
Pl 234517
Poinsett T
Gy 5
Aulalis
M2

M 27
Galaxy

Pl 2495062
Pl 2763
P1 390243
Mugnaolin
I 426104
Chipper
Gy 3

Gy 14

Gy i

PI 227207
Calypsn
PI 432864
PI 432868
PI 432879
PI 435046
Winnibaonm
P1 215
PI 474307
Poluris
Tublegreen 72
'l 350260
Pl 483342
Pl 487424
Pl 484752
Drasher 1T
Pl 103340
FI 227210
'l 271326
I 2768
1 330028
PI 358813
Pl 3R59G7
PI1 300238
PI 422182
Pl 432851
Pl 436672
Pixie

Pl 164433
Pl 267740
PI 36T85
FPI 3239
PI 430585
PI1 432863
PI 432870
Pl 432871
I 432887
"1 436648
Boston Pickling
Gy 2
Marketmore 76
FI 163216
'l 1R3127
P1 19T08K
PI 205k
1 2128%0
Il 3913568
Pl 4270548
PI 432558
PL 16734
PI ZRR238
FI 30243
PI 163222
F1 197085
P1 197087
PI 2av2069
'l 2208640
'L ZaTa7
PL 321007
PL 321009

Ohrigin

NC State Univ,

N Hiate Liniv,
LUSA, 50
Cormell Univ.

NU State Univ.
NI State Liniv.
ML State Liniv.
ML Stale Lniv,

Clemson Ulniyv.
Thailand
Japan

Jupan

NSSL
Philippines
Clemson Univ,
Clemson Univ,
Clemson Univ.,
M State Univ,
Japan

MO State Univ,
PR China

PR China

PR China
USSR

LS A-Wis
Burma

PR China

Cornell Ulniy,
Japan

Kurien

PR Ching

PR Ching
Petasesd

PR Ching
Jupun

Trnelin

Japan
Pakistan
Mulaysia
Kenya

Japan
Crechoslovakia
PH China
PR China
Clemson Univ,
India

India

Canada
Japun

PR China
FR China

FH China
PR China
PR China
PR China
MA5L

N State Liniv,

Cornell Univ,
Trnalin

Indfia

Ernelin

L'sA, CHhin
Il

PR Chinn
PR China
PR China
Toneline
Egpvp

PR China
India

India

Indiza
LISA, (i
kinrea

PR China
Tuiwan
Tuiwan

Rating

Mk ko s e
okl glanininia

!’\J

2.7

40

40
40
e
43
43
43
43
43
4.3
4.3
4.3
4.3
4.3
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
45
4.5
4.5
4.7
43
47
A8
48
44
4.8
43
13
4.4
4.4

Cultigen

PI 390247
'L 390200
PT 300264
I'I 432855
PI 432856
Pl 470254
PI 482464
P1 164465
PI 183056
Pl 227209
I 255933
Pl 265887
'l 2674942
'l 279466
Pl 357857
"l 3241
Pl 30257
P MMz
PI 418989
PLA19214
PI 422191
P 432892
Pl 432594
Pl ATH365
P1 483340
Pl 489754
Brice

Cubit

I'l 163223
Pl 164670
Il 164816
Il IRRROT
Pl 263049
I 2T1az7
PIL 279467
Pl 248332
P1 306180
Pl 321HHE
Pl 390246
P 3256
Pl 39262
PI 3001267
P1 426620
PI 432862
Pl 432865
PI 432867
Pl 432893
PI 436649
Sprint 440
Pl a3
PI 164679
PMLOITER2L
Pl 17678
PL 19T0EG
PI 211954
P 2624990
PI 263G
PI 26M&0
PI 267743
Il 267745
Pl 271331
I'l 321011
Pl 3265%
P1 343451
Pl M44E
P74
I 406471
Pl 435947
Pl 436608
PI 4022
PI 1693935
Pl 183224
'l 233038
PL 279465
PIL 36
PL 113334
PI 163214
FI 163217

Origin

Japun
Japan
Jupan

PR China
PR China
Indonesix
Limbahwe
India
Tmali
Japan
MNetherlands
Metherlnnds
Japan
Japun
Yuposluvin
Jupun
Joapun
Jupan

PR China
Hung Kong
Crechustovakia
PR Chinn
PR Chinu
PR China
Korea

PR China
NSSL
MESL
India

Inidia

Indlia
Philippines
LISSR
Tl
Japan
Tk
Faslund
Taiwun
Japan
Japuan
Japan
Jupan
Pakistan
PR China
FR China
PR Ching
PR China
PR Ching
Asgrow Seed
Turkey
Ernalin
Ervelin
Foneli
Indin

Tram
Metherlunds
LSSk
LISSR

PR China
Hrasil
India
Tuiwan
Hunpgary
LISSH

Iran

USA, Puerte Rico

Metherlanids
LSS5H

PR Ching
LisSH
Turkey
Epvpt
Metherlunds
Japan

LISSH

'R China
Inciu

India

Rating

4.8
4.8
4.8
4.8
4.8
4.8
4.8
5.0
a0
a0
a0
54
R
]
50
L]
50
50
5.0
50

sy L
inin b

LA LN LN LN LS A L L
mintalnlnlnlnininin

[Tya—
Bintnin

L th T Th
Titnththth
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Table 1, Continued.

WEHNER & SHETTY: SCREENING CUCUMBER FOR DOWNY MILDEW RESISTARCE

Cultigen Origin Hating Cultigen Ohrigin Ruting
Pl 163218 Tnelin 5.8 PI 271328 India [
Pl 167358 Turkey ER PI 233000 Crechostovakin 6.3
PL 171606 Turkey 58 i e = ] Poland i
Pl IT2R4G Turkey 5 Pl 326594 Hungary 6.3
P1 173889 India LH Pl 326505 Hungary 6.3
P1 173593 India 58 P A2y Turkey 6.3
P1 175680 Turkey 58 [ IRELE T Turkey 6.3
Pl 217644 India SR Pl 339248 Turkey 63
PI 222720 Irun Sk PI 344352 Turkey 6.3
PI 227208 Japan 5K 'l 357836 Yugostavia 6.3
P1 263042 PR China 5.8 PI 357849 Yugoslavia 6.3
P1 267744 "R China 3.8 P1 357853 Yupgoslavia 6.3
PI 267035 Japan 58 Pl 390245 Japan 6.1
PI 269451 Pakistan 58 Pl 3253 Japan [
PI 326597 Hunpary 5H Pl 391569 PR Chinu 6.3
Pl 5968 Kenya 54 PI 41462 PR Chinn 3
I 30953 LIs5H 58 P 41%HE0 PR Chinn [ 8]
FI 41732 USA, Puerto Rico ER PI 422180 Crechoslovukio f3
Pl 414158 U5 A, Hawai 58 Pl 432854 PR China fi.}
Pl 414159 U5 A, Hawaii 58 1 4328610 PR China 6.3
Pl 41893 PH China 58 Pl 458549 LISSH 6.
Pl 4117 PR China 58 PMR 551 Cormell Univ, 6.3
P1 422174 Crechoslovakia 58 Extra Early Mjst NSSL 6.5
PI1 422183 Crechoslovakio 5R Gint Wi Arnstadi MNESL 6.5
P14221%0 Crechoslovakia 5.8 Packer Asgrow Sced 65
P1 451976 Japan 58 P 10349 PR China [
Pl 483334 Korea 5.8 Pl 165029 Turkey 0.5
FI 104483 Turkey 6.0 P1 165500 onabin w5
Pl 137RM Iran (1 Pl1 174172 Turkey 05
FI 164819 Inilin LAl PI 1773600 Turkey 6.5
FI 1ad950 Tarkey LR] Pl ITERR4 Tuorkey 05
Pl 165506 India b PI I7T9%6TH India hE
Pl 167043 Turkey fih P1 179921 India 6.5
Pl 169319 Turkey 6 P1 181910 Syrin 6.5
Pl 169352 Turkey (K] P1 00818 Burma 6.5
P1 171648 Turkey 6.l 1 2059 Swrden 6.5
PI 212233 Japan .0 1 204953 Turkey 6.5
P1 249561 Thailund 0 Pl 222985 Iran .5
I 250047 Pakistun (Al Pl 224668 Korea [
Pl 255935 Netherlands ) Pl 263081 PR China [
P11 ZaMiR4 PR Chinn flb PI 204229 Frunce .5
Pl 270404 Jupan i PI 264667 Germuany 65
1321010 Tuiwan ol PI 285607 Poland [(%3
1 A2951 Denmark fiudb PI ZEEYH Hungary 6k
P1 351140 LISSH b 1 35TH3T Yuoposlavia [
P1 357801 Yugnslivin fid P1 357840 Yupgostavie 05
P1 35749 Yugoslnvia (1] Pl 358814 Mlalysia 6.5
P1 35784 Yugosluvia 6.0 Pl ATUZRE Yugostavia 6.5
P1 357845 Yugoslavia 6.0 P1 33026l Japan 6.5
P1 3722 Tl .l P 4190441 PR China 6.5
Pl 44270 Japan L] Pl 419136 PR China (%}
Pl 401733 USA, Puerto Hico [ PI 422172 Crechoslovakin 6.5
Pl 418264 PR China (A1) Pl 432852 PR China [
Pl 422173 Crechoslovakin (A1 PI 432696 PH Chins 65
P1 4328500 PR China 6.0 Pl 458852 LISSH 6.5
PI 4366049 PR China fidb Shumrock Resistunt Lowa AES 6.5
Pl 451975 Canads 6.0 Muronium MSSL 6.7
P 458840 USSR 6.0 Pl 164952 Turkey w7
'l 458850 LSSH 1] PI I6TI98 Turkey (%)
[unish Mustard MESL %] P11 16%380 Turkey 6.7
Delicatesse MS5L 6.3 Pl 169281 Turkey 6.7
Pl 169385 Turkey 3 PL 172845 Turkey 67
P1 171604 Turkey [ PI 1ToS16 Turkey )
Pl 174160 Turkey 63 P 182188 Turkey 6.7
Pl 175120 Lndia 3 Pl 206954 Turkey 6.7
PI 175681 Torkey 3 Pl 275412 Metherlamds 6.7
PI 177303 Svria h.3 'l 202011 Tsracl 0T
P1 17925% Turkey .4 P 357861 Yugaslavia 67
| EEEL Indin 3 P1 483341 Kuorea 6.7
Pl 185744 Epypt [ Arlington WS NSSL (8.3
Pl 1934096 Ethiopia 3 Chicago Pickling MNS5L (]
P11 ZIHHMS USA, Ohio 3 Davis Perfect MNSSL (%
Pl 220791 Afghanisian 3 Earliest 00 All NSSL o8
Pl 257486 'R Chinn 03 Everhearing MNSSL 0.8
PL 263079 LISSH 63 Pacer Harris-Moran 6.4
PI 264226 France 6.3 PI 19275 Turkey L%
Pl 267081 LISSH ] PI 167134 Turkey il
PI 267741 Japan 6.3 P1 169398 Turkey 6B

Continued next page
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Table 1. Continued,

Cultigen {drigin Ruting Cultipen Chrigtin
PIL 171602 Turkey 08 P1 2RA%HH) Hungary
PL 172840 Turkey 0.8 1 292000 Israel

PL 1725842 Turkey [ Pl 296120 Egypt

PIL 17567 Turkey 6.8 'l 314425 LISSR

Pl 1765240 Turkey (%] Pl 314426 LISSR

Pl 176525 Turkey 0.8 'l 319216 Egvpt

FI 177350 Turkey (8. P1 321iHM Taiwan

PI 192940 PR China [ Pl 355055 Iran

PI 206043 LSA, Puerto Rico 0.8 Pl 357434 Yugoshavig
P 214049 Tnilia (%] Pl 35THE Yugoshavia
12220049 Afghanistan [ Pl 35TH5S Yugoshivia
Pl 261608 Spatin B Pl 35THER Yuogoslavia
Pl 264665 Germany 6.8 P 357854 Yugoslavia
PL 271754 Metherdands [} P1 357862 Yugoslavia
Pl 281448 Koren (%] 1410 FR China
PIL 253512 Crechoslovakin (%] P1 422171 Crechoslovakia
Pl ZEHSIZ Hungary (W, PI 422177 Crechoslovakia
Pl ZE9G5H Anstrulin (%3 P1 422179 Crechoslovakia
PL 30D61T Poland [ Pl 422218 Isracl

PI 339245 Furkey [ P1 432457 PR China
P1 3484347 Turkey (%] Pl 458450 LISSR

P1 344437 Iran (%] Pl 478306 PR China
P1 348444 Lrun 08 Pl 453344 Karea

PI 357840 Yugoslavis (%] Struight & NS5L.

PI 357847 Y oposlavie (%] Double Yield N5SL

Pl 357852 Yupgoslavin (%3 MNappa 63 NSSI.

PL 260939 Metherlands (%3 P 1094K1 Turkey

Pl 368558 Yuposlavia (%] Japan

I 30854 LISSH (%] New Lealand
Pl 422170 Crechoslovakia (%} Tran

Pl 422186 Crechoslovakin wH Irun

PL 42705940 PR Ching (%3 Iran

Sunny South MNSSLL [ Iran

White Wonder NSSLL [} Turkey
Favor 11 MNSSL T.0 Pl 169377 Turkey
Muodel MNSSL T.0 P1 164307 Turkey

PI 354 Turkey 7.0 P1 1645400 Turkey

Pl LIRZT Brazil 7.0 PI 169401 Turkey

PL 137846 Iran 70 PI 172839 Turkey

PI 163212 India T4 P1 172843 Turkey

Pl 164284 India 70 P 172848 Turkey

Pl 164743 India 7.4 P1 172851 Turkey
1167197 Turkey 74 L 174170 Turkey

"l 169350 Turkey T 1 175684 Turkey

Il 169351 Turkey 7.0 PI 175694 Turkey

P1 169378 Turkey 7. PI 1Th521 Turkey

PL 171 Turkey 7.0 PI 1Th522 Turkey

1 172841 Turkey 7.0 PI 176524 Turkey
174173 Turkey 74 PI 176057 Turkey

P1 175683 Turkey 7.0 Pl 1TRREY Turkey

P1 175690 Turkey 0 FI 179260 Turkey

1 175691 Turkey 74 P1 181755 Lebanon

Pl 175692 Turkey T Il oig21e2 Turkey
P11Ta924 Turkey 70 P1 2046 Turkey

P 1To450 Turkey 7.0 PI 209067 LISA, Ohio
'l 17TRRRS Turkey 7.0 Pl 211584 Alghunixtan
Pl 181752 Syria 7.0 Pl 211728 Afghunistan
Pl 181753 Syrin 7.0 FI 211974 Iran

PL 181756 Lebamon 7.0 P1 211983 Lran

PI 181942 Syriu .40 PI1 21819 Lebanon

PI 182189 Turkey 1.0 1 2207 Afghanistan
PI 1IK2190 Turkey 1.0 P1 222THI Iran

'l 183231 Egypl 7.0 PT 222947 Iran

'l 202801 Syria 7.0 PI 22337 Alghunistan
P1 206425 Turkey 71 IP1 249550 Tran

PT 209K LSA, Orhin 0 P1 2554934 Metherlunds
M Z11%75 Trun T.0 Pl 255936 Metherbunds
1 21142 Tram T4 Pl 261609 Spain

Pl 212965 Inclin T.0 F1 26MITH LISSH

'l 226500 Iram T4 Pl 26MERS PR China
1 229%08 Canada 70 PI 26TORT LisSH

P1 2574K7 PR China T4 Pl 267742 PR China
PI 26MR3 PH China T4 PI 275411 MNetherlunds
Pl 264231 France 74 Pl 283001 Crechoslovakia
P 26664 Germany 740 L 285603 Paland

PI 269482 PPakistan 7.0 Pl 285606 Paland

Pl 27133 Inakin .0 PI 293923 LisA, 5C
PI 275410 Metherdands 7.0 PI Me503 LISA, New York
P1 285604 Poland 140 Pl Misw1s LISSH

Confimmed next page
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73
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T3
T3
T3
T3
73
T3
73
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Tuble 1. Continued.

Cultigen Origin Hating Culiipen Chrigrin Hating
Pl 339244 Turkey 7.3 Pl 248778 Iran 7.7
PI1 342950 Dremmark 7.3 PIL 263047 USSR 1.7
P1 3441K:7 Turkes 7.3 PI 281991 Hunpury 7.3
F1 344433 Trun 7.3 1 288994 Hungary 1.7
1 344438 Irun 1.3 P 33452 LiS5H 1.7
Pl 3544052 Denmurk 7.3 Pl 4353 Turkey 1.7
Pl 356809 LISSR T3 Pl 355053 Irun 7.7
PPl 357831 Yugoslavin 7.3 P1 35TRAGS Y upgoslavin 1.7
P1 357833 Yugoslavin 7.3 P1AMIZROG PR China T8
P1 357R51 Yurgershuvia T3 PI 100482 Turkey .8
Pl 357850 Yugoshuvin 7.3 Pl 164951 Turkey 7.8
Pl 357860 Yugasluvia 73 Pl 169343 Turkey 7.8
Pl 35TRAY Yugosluvia 7.3 P1 16934K Turkey TH
Pl 392292 LIS5R 73 Pl 169354 Turkey 7.8
Pl 414157 L'SA, Ohregon 73 11716803 Turkey 7.8
Pl 422167 Crechoslovikia 73 I 1716467 Turkey 7.8
I 432848 PR Chinn 73 P1 171611 Turkey 78
PL 432861 PR China 7.3 PI 172838 Turkey T8
Pl 458451 LIS5R 7.3 P1 174167 Turkey 78
PI 137844 Iran 1.5 P 1773 Irang TH
PI 165046 Turkey 1.5 Pl 181940 Syria 7.3
1 16705 Turkey 7.5 PI 193407 Ethiopia T4
Pl 167074 Turkey 7.5 PIL 204692 Turkey T4
Pl 1693 Turkey 7.5 Pl 2064952 Turkey T4
Pl 1659315 Turkey 15 PIL 211117 Isrnel 78
P1 169334 Turkey 7.5 PL 212599 Alghunixtan T4
PI 169353 Tuorkey 7.5 PI 220169 Afghanistan T8
PI 169382 Turkey 15 'L 221440 Adfghunistan 7.8
P1 165354 Turkey 7.5 Pl 222782 Trum T4
PI 169386 Turkey T.5 "I 223841 Philippines TH
PI 169391 Turkey 1.5 PI 226510 Iran T8
PI 169403 Turkey 1.5 Pl 228344 Iran T8
PL 716049 Turkey 15 Pl 257404 Tran 7.8
P1 175693 Turkey .5 P1 26348 LS5R 7.8
P1 1756407 Turkey 15 Pl 264228 France TR
PI 179203 Turkey 75 PI 26T0KG USSR 7.8
"1 204569 Turkey 7.5 Pl 271753 Metherlands T4
Pl 2114586 Iran 7.5 PI 283840 Crechoslovakin T8
P 212059 Gireece 75 PI 284699 Sweden T4
PI 217946 Pakistun 7.5 Pl 285237 Egypt 7.8
Pl 222244 Irun 7.5 PI 324239 Sweden 7.8
PI 227664 Iran 7.5 'l 338236 Turkey T4
PI 233932 Canada 15 1 330247 Turkiey T8
'l 255937 Metherlands 7.5 PI 344404 Tran 74
Pl 264227 Frunce 7.5 PL 351139 LISSH T4
P1 264600 Germany 7.5 Pl 355052 I=rucl 78
P1 264668 (rermany 1.5 Pl 356832 Metheramls 7.8
Pl 267747 USA, Oklahoma 7.5 P1 257868 Yugoslavia 74
P1 280096 US5R 75 PI 368350 Yuposlavin 18
PI 245605 Poland T.5 Pl 458844 LSSR 7.8
Pl ZH5608 Poland T.5 Pl 466921 LISSH T.H
P1 245609 Poland 15 Pl 135123 Mew Zealand #.0
F1 293432 Lebunon 1.5 Pl 13545 Adghunistan H.0
P1 338234 Turkey 15 P1 169393 Turkey 8.0
'l 338235 Turkey 15 PI 169340 Turkey 8.0
P1 3349250 Turkey 1.5 Pl 169402 Turkey 1.0
P1 344350 Turkey 1.5 PI 172844 Turkey K0
P1 34432 Iriin 15 P1 172847 Turkey i
PI 344435 Iran 15 PI 172652 Turkey B
P1 344440 Iran 7.5 PIL 174166 Turkey LA
P1 357841 Yugoslavia 75 PL 174177 Turkey LA
P'1 35TH42 Yuogoslavia 7.5 PI 1TH523 Turkey LAl
"1 35TH43 Yugoslavia 7.5 Pl 176526 Turkey LA
PI1 357663 Yugoslavia 75 Pl 17RRRS Turkey LA
PI 372587 Metherlands T.5 Pl 24568 Turkey B0
Pl 422169 Czechoslovakin 75 PF1 209068 LISA, Ohio B0
P 422198 Czechoslovakin 7.5 PI 211943 Iran L
Producer MSSL 15 P1 222243 Iran L]
Early Grn Cluster MNSSL 1.7 Pl 222986 Trun A.0
PI 137851 Iran 1.7 P1 246530 Afghanisian 8.0
PI 169349 Turkey 7.7 PI 251519 Iran 8.0
PI 171601 Turkey .7 Pl 25746 Spain K
P1 172849 Turkey 7.7 Pl 292012 Tsracl L
PI 174104 Turkey 1.7 Pl 296387 Iran R0l
P1 175689 Turkey 1.7 1 304805 USA, New Yark B0
Pl 206455 Turkey 7.7 P 34348 Turkey b
Pl 211977 Iran 1.7 PL 344430 Iran b
PI 226461 Iran 7.7 PI 344441 Iran pA]

Continued next page
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Table 1. Continued.

Cultigen Origin Rating Culfigen Chrigin Rating
I 344442 Irzm LR FI 183677 Turkey B3
Pl 356833 Careat Britain B P11 204567 Turkey 83
PIL 357848 Yuposluvia B Pl 227235 lrin 4.3
P1 357866 Yugoslavia j 4] PI 251028 Alghanistan 8.3
P 422168 Crechoslovakin B0 PI 27412 Crreal Eritain B3
P1 422176 Crechoslovakia 80 PI ZRR93 Hungary B3
P1 105263 Turkey 8.3 PI 206121 Egypt B3
P1 137847 Iran B3 PI 330241 Turkey B3
PI 167052 Turkey B3 P1 344351 Turkey 43
PI 1671809 Turkey k3 PI 357667 Yuguosluvia 8.3
PI 169390 Turkey 13 Pl 137856 Iran RS
P1 171613 Turkey #.3 PI 1693492 Turkey 55
PI 175605 Turkey 8.3 Pl 176954 Turkey 85
Pl 17560 Turkey HA 'L 357H35 Yugoslavia 8.5
P 176517 Turkey B3 I 288995 Hungary 8.7
P 1Te%51 Turkey ) PI 1706952 Turkey a0
PI 1764953 Turkey k3 P1 178886 Turkey 9.0
1 177301 Turkey 8.3 I 211945 Iran 9.0
'l 181474 Syria 8.3

T LSD (05} = 2.0, S

= coumirics listed as the origin of some accessions now no longer exist as political units (Caechoslovakia, U.S.8.R., Yugostavia).

Rating assessed visually one and two weeks after inoculation, and is based on (he percentuge leal area affected using o 0 1o % seale (0 = no damage,

9= plant dead).

ation of some Cucurbitaceae for resistance to 2. cubensis
is low (Lebeda. 1992a). Den Nijs and Custers { TYEHT)
suggested the use of wild Cucumis species 1o broaden
the genetic base for selection of resistance in cucumber.
However, Lebeda (1992a) reported that there was little
chance of producing cucumber cultivars carrying resis-
tance 1o F. cubensis based on interspecific crosses except
with . meln,

Cucumber cultivars resistant to downy mildew have
been developed (Sitterly, 1973). However, we were in-
terested in identifying higher levels of resistance to
downy mildew in the germplasm collection of all avail-
able cultivars, breeding lines, land races. feral acces-
sions, and plant introduction accessions {hereafter re-
ferred to collectively as cultigens). The objective of this
experiment was 1o evaluate all available cultigens of
cucumber for downy mildew resistance under field con-
ditions in North Carolina.

MATERIALS AND METHODS

All experiments were conducted at the Horticultural Crops
Research Station al Clinton, NC, using recommended horti-
cultural practices as summarized by Schultheis {1990, Most
cultigens were tested in four blocks (two replications in cach
ol 2yr). However, 218 cultigens were tested in only one replica-
tion. 5o those data should be considered preliminary until they
are verified.

Fertilizer was incorporated before planting at a rate of
HI-39-74 kg/ha (N-P-K) with an additional 34 kg Nfha applied
at the vine-tip-over stage (four to six true leaves). Seeds were
planted on raised, shaped beds with centers 1.5 m apart, Plats
L5 m long were seeded. and later thinned 1o five plants at
the first true leaf stage. The soil was an Onslaw loamy fine
sand (fine-loamy, siliceous, thermic, Spodic Palcudulis) with
a 6.4 pH. Irrigation was applied when needed to provide a
1otal of 25 to 40 mm per week. and a tank mix of 2.2 kg/
ha of naptalam (2-|(1-naphthalenylamino) carbonyi] benzoic
acid ) and 4.4 ke/ha of bensulide (€. 0-his L-methylethyl)-5-
[2-[{phenylsulfonyl) amino| ethyl] phosphorodithioate) was
apphied preplant for weed control,

Adlavailable (749) plant introduction accessions {Pls) from
the LLS. National Plant Germplasm System were tested in

FORE and 1989, along with 26 breeding lines and 106 cultivars
from the NCSLU collection for a total of 881 cultigens originat-
ing from 44 countries (Tables | and 2). The majority of culti-
gens lested were from the USA, Turkey. People’s Republic
of China. former Yugoslavia, Iran, India, Japan, former USSR,
former Czechoslovakia, and the Netherlands. The P1 acces:
sions were obtained from the North Central Regional Plant
Introduction Station in Ames, IA. Other cultigens were ob-
tained from commercial sources, public breeding programs,
ar the National Sced Storage Laboratory in Fort Collins, ©0,
An additional 53 cultipens were tested, but data will not be
presented in this paper because of poor emergence or growth
m the field.

No artificial inoculum was used. Fields were exposed to
natural epidemics in the course of the prowing season, Epi-
demics were encouraged by means of o row of susceptible
‘Wisconsin SMR 18" every fourth row in cach field 1o help
monitor and spread the inoculum, and by overhead irrigation
ftapplied twice weekly), Plants usoally showed significant
symptoms of downy mildew by the vine tip-over stage (approx-
imately 3 wk after planting),

Field plots were rated 2 and 4 wk after inoculation for foliar
lesions with a (to 9 visual rating scale (0 = no foliar SVIMPLOmS,
Lo 2 = race, 3 to 4 = shight, 510 6 = moderate. 7 1o § =
advanced. 9 = plant dead) (Jenkins and Wehner, 1983). We
standardized the amount of leaf damage in ratings 1 through
& from the eight levels deseribed pictorially for anthracnose
| Colletorrichum orbiculare {Pass.) Ellis and Halst,] leaf dam-
age by Thompson and Jenkins (1985), which corresponded 1o
rating units | through 8 (0 and 9 being obvious cndpoints),

The experiment was a randomized complete block with
2 yr. two replications, and 934 cultigens. Prior 1o analysis, data
were checked for normality, error variance homogeneity, and
additivity by residual plot analysis. Residual plots had 3 ran-
dom distribution, indicating that the statistical model was valid
and its assumptions were met (Fernandez, 1992), Raling scale
data were not transformed because assumptions for the analy-
sis of variance were met {Little, 1985), Data for some cultipens
were not available for all environments, so daia were analyzed
separately for cultigens with all four environments and culti-
gens with only two environments. Data were analyzed by the
Gicneral Lincar Models procedure of the Statistical Analysis
System (SAS. 1988),

The multiple comparison procedures for mean scparation
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Table 2. Mean downy mildew rating for 218 cultigens of Cucunis sativas field tested in North Caroling in two blocks in 1958 and 1989,

Cultigen

Garden
Transamerici
AR 7975
Centurion
Gy 54

H-19

P1 432886

I 481617
Puinsett

SC 5TM

Gy 57w

Pl 262974

Pl 279469
Picarow

FI 5365

M 41

PL 4325877
Pick

Wl 2757

AC 1811
Creneral Lee
Green Thumb
Homepreen 2
Marketsett
MR 200

Il 173892

'L 196249

'l 3004952
Redlands Log YWhi
Stoma
Curolina
Cross Connfry
Fancipak

Gy 1

MSL Q4290
{Mympian

Il 2659450

PI 3IHI2SS
Pl 390258

PPl 300268

P1 419142

'l 426170

Pl 432885

P1 264473
Profific

Il 419135
Auilni-Nazare
HAMX 44940
Maximore 102
"1 419108

"I 432876

PL 432850

PI 432888

PI 432891
Hegal
Staygreen
Snows Pickling
Pl 422145
Bl Model
Burpless 33
Discover
Dublin

EC 128264
Palmetto

Pl 167223

PI 220338

Pl 368553

Pl 370643

P1 390250

P 3940251

Pl 419078

P11 432859

I 432ER1

Pl 432597
Pickulod
Slice Max
Balam Khira

Clemson Liniv.

Chrigin Rating Cultigen
1.0 Dharumipuor-|
.o Heinz Pickling

Ferry-Muorse
Univ, Arkansas
Morthrup King
Clemson Lniv,
Univ, Arkansws
'R China
Bhutan
Clemson Univ.
Clemson Liniv.
Comell Univ.
Indin

Japan

Apwiy Inc.
Lambia

N Siate Univ,
it China
Clemson Lniv.
USDA-Wis
Abbott & Cohh
Ferry Muorse
Harris Seed
LISIA-Wis
Clemsan Unidy,
MNSSL

India

Talin

LSSH

New Warld Sceds
NESIL

Clemson Llniv,
Ferry-Morse
Asgrow Seed
N State Univ,
Michigan State
Hallar Seed
Pakistan

Jupan

Jupun

Jopan

PR China
Philippines

PR China

PR China
Sukatn Seed
PR China
Asprow Seed
Harris-Moran
Abboit & Cohbb
PR China

PR China

PR China

PR China

FR China

NI Siate Univ,
MNSSL

MNSSL
Crechoslovakia
™Nepal

Hustings
Asgrow Seed
Stokes Seed
NSAlL

MNSSL

Turkey
Alghunistan
Yugoslavia
LSS5R

Japun

Jupun

PR China

PR Ching

PR Ching

PR China
Burpee Seed
Sakata Seed
Mepul

e
A ]
50
S
A
54
SAb
A
50
50
54
s
R
50
50
A0
5.0
a0
55

Marketmore HOF
Mudalisg

PI 171612

I 175111

F1 419183

Pl 432873

Pl 432478

Pl 436673

"1 478304
Poinmarket
P51

Royul
Shogoin

Early Cluster
Early White Spine
PI 164173

PI 1713

PI 35THG4

Pl 368355

PI 368560

PI 391571

Pl 422188

PI 432674

PI 432RR3

Pl 432889
Conlgreen
Dranish Commin
Dielerow
Early Fortune
Muandarin

I'L 171610

F1 175680

'l Zod230

Il 277741

'l 357832

I'l 36B556

Pl 38559

'l 379

Il 370449

Pl 379252

I 390240

Pl 390243

Pl 390451

PI 391572

Pl 391573

PI 4221

PI 42224

PI 432853

PI 432809

P1 432472

Pl 432852

PI1 458847
W5 Dhavis Perlect
Alpha Green
Armsirg Erly Clstr
Ashley
Crystul Salad
Early Michigan
Long Green
M 22
Monopol

MR 25
Mational Pickling
P1 137845

PI 176518

1 176956

Pl 207476

PT Z1197%

Pl 22171

Pl 267943

PI 326598

1 357850

PPl 368548

'l 368554

Pl 368357

Chrigin Hating
MNepal 5.5
NSSL 5.5
Cornell Univ. 55
Harris-Maoran 5.5
Turkey 55
Imelin 55
PR China 55
PR Ching A5
PR Chinu 55
PR China 55
PR Ching 5.5
Clemon Univ. 55
NSSL 55

foe.

55

[

LX)

(A1}
Turkey .
Yugoslavin (X1
Yuposlavia )
Yugoslavin ol
PR China []]
Crechoslavakia LiR])
PH China b4
PR China [
PR "hina (]
Asgrow Seed 6.5
MNSSLL [
WESL 65
MSSLL 65
Vaughun hE
Turkey 6.5
Turkey 6.5
France .5
Metherlands 6.5
Yugoslavia 5
Yugoslavia 65
Yugoslavia 6.5
Trahig 65
Yugoslavia 6.5
Yugoslavia 5
Jupun [
Jupan 6.5
LIS5H (%
PR Chine 6.5
PR China 6.5
Crechoslovakio [IR
Crechoslovakin 05
PR China 6.5
PR China hs
PR China [
PR China 5
LISSH (%3
MNSSL [
MWESL T4
SunSeeds T4
Clemson Univ, 74
WSS T4
Burgess Seed T4
Morthrup King 740
NI State Uniy. T4
Wapeningen T
NSSL 7.0
NESL 74
Tran 74
Turkey 7.0
Turkey 7.0
Afghanistan 7.0
Iran 7.0
Alpghanistan 7.0
Jupan 7.0
Hungary 7.0
Y ugoslavia 7.0
Yuogoslavia T.0
Yugoslavia T
Yugoslavia 7.0

Condinued next page
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Tuhle 2. continued.

Cultigen Crigin Rating Cultigen hrigin Ruting
PI 369717 Paoland T PI 357838 Yugoslavia 1.5
Pl 370447 Y uposlavia T4 Pl 308552 Yugoslavia 7.5
PI 370450 Yupgoslavie T4 PL 372903 Metherfands T.5
Pl 372593 Metherlands 7.0 P1 379279 Yuposlavin 1.5
PI 3T2HIS Metherlunds 7.0 PI 30248 Japan 15
I'l 3T92R Y oguslavia T P1 390249 Japan 1.5
1 3ATU2Ed Yuoposlavia T4 PI1 422181 Crechoslovakia 7.5
Pl 370256 Y uzoisluvia 70 Pl 422189 Cerechostovakin 7.5
' 326E Japuan T4 Pl 422191 Crechsslovakin T4
11 4190HR PR China T Il 432866 PR China 1.5
Pl 422197 Czechosloyvakia 7.0 T 436610 PR China 15
Pl 432875 PR Chinu T Pl 458455 LISSR 15
Pl 43RKR53 LS5K T Poons Khira Mepal 7.5
P 458854 LISSH T4 Snake Clemson Univ. 7.5
Pl 489753 PR China T SR 551F Cormell Univ, T3
PR 27 NSSL 7.0 Yorkstate Pickling NSSL 7.5
SMR SR Asgrow Seed 7.0 Klondike MNSS1L B4
Spacemisier Cornell Univ. 1.0 Longfellow MNESL LA
Beit Alpha MR SunSeeds 1.5 PL 211967 Tran B
Rurpes Pickler Burpee Seed 7.5 P1 220784 Afphanistian LA
Chinese Long £arn Chris 7.5 P1 2515200 Iran 8.0
Farly Huossian MNEsL 1.5 PI 344349 Turkey K.
Marketer Asgrow Seed 7.5 Pl 368551 Yugosluvia B
Minn Dwf Cuke 11 Minnesota ALS 1.5 PI 3708 Yugoshavia B0
Pl 137857 Iran 15 1 376063 lsrael H0
Pl 173674 Turkey 15 Pl 3H2E4 Jupan #10
'L 174174 Turkey 7.5 Pl 432549 'R Ching LA
Il I7651% Turkey 7.5 Pl 211988 Tran 8.5
I'l 205141 Turkey T.5 'l 344443 Iram B
1211962 lean 1.5 Pl AT92TR Yugaslavia RS
Pl 218036 lrun 15 Pl ¥T42s1 Y ugaoslavia B.5
5

Pl 220309 Iran 7

PL 211980 Iran L]

< LSD) (0.05) = 4.1. Somie countries listed as the origin of some accessions now no longer exist as political units {Crechoslovakin, USSR, Yugoslavia),

Hati
B = plant dead).

of unstructured qualitative treatments for cultigens and germi-
plasm sereening is valid statistically and makes means listed
in a tahle simple for presentation (Petersen, 1977; Steel and
Torrie, 1E0). Single degree of freedom contrasts are notl ap-
propriate if no logical a priori structure exists among the
treatments of a test (Steel and Torrie, 1980), The LSD method
was used for mean separations because it controls the compari-
son-wise error rate hetter than do other methods (Steel and
Torrie, [980).

RESULTS AND DISCUSSION

The two replications from 1988 were more closely
correlated with each other than with the replications
from 1989, However, since the correlation was low (R =
0.29). the treatment of the two replications in 2 yr as
four blocks was not likely to violate the assumptions of
the analysis of variance. The mean of each of the four
environments was significantly different from all other
environments in the test (2 = (L001). The means for
environments ranged from 5.2 to 8.1, The large range ol
environment means indicated that cultigens not tested in
all four environments (1988, 1989) would be greatly
alfected because of the lack of data for a specific envi-
rommnent.

No implications could be made concerning the resis-
tance of feral accessions for a given country because
the assortment of cultigens for a given country included
any combination of improved cultivars, breeding lines,
land races. and feral cucumbers. A comparison among
countrics for only feral cucumbers was not possible be-
cause information available from the Germplasm Re-

wesessed visunlly ome and two weeks after inoeulation, and i based on (he percentage leaf aren affected using u § to 9 scale (0 = no dumage,

sources Information Network (GRIN) or from the
North Central Regional Plant Introduction Station did
not indicate if most accessions were feral or not.

The cultigens were ranked based on the mean downy
mildew leal rating averaged over environments and rat-
ing dates (Tables 1 and 2). The most resistant nine
cultigens. for which multiple-year data were available
{Table 1), were all of LLS origin and were primarily
elite cultivars or elite breeding lines. Those were Gy 4,
Clinton, PI 234517, Poinsett 76, Gy 5. Addis, M 21,
M 27, and Galaxy. Of all 881 cultigens tested, the two
with the lowest ratings were ‘Garden’ {sometimes re-
ferred to as “Dual’) and *Transamerica’ (Table 2). How-
ever, since they were tested in only two cnvironments,
ratings for those cultigens should be interpreted with
caution. The most susceptible cultigens for which multi-
ple-year data were available, were P1 288995, PL176952,
PL1T8ERA, and PL 211985

It is difficult 1o separate cultigens into classes such as
resistant and susceptible when rating for resistance on
a continuous scale. However, plant breeders often use
those terms for quantitative traits. In keeping with that
practice, cultigens evaluated in multiple ¢nvironments
and having ratings of 1.3 and 3.0 were classified highly
resistant, from 3.3 to 3.0 moderately resistant, from 3.3
ta 7.0 moderately susceptible, and from 7.3 to 9.0 highly
susceptible. The categories were somewhat arbitrary,
but resulted from the fact that the LSD was 2.0. Based
on those classifications, 17 cultigens were highly resis-
tant, 87 moderately resistant. 311 moderately suscepti-
ble. and 248 were susceptible (Table 1). For culligens
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eviluated in only two environments, we classified them
as resistant if they had ratings of .0 to 5.0 and suscepli-
ble if they had ratings of 5.5 to 9.0. Of the 218 cultigens
tested in 2 replications. 76 cultigens were classified as
resistant and 142 were susceptible (Table 2.

The degree of heterozyezosity for most of the cultigens
tested was unknown., However, helerozyposity for most
of the P1 accessions can be high. The PT accessions found
to be resistant in this study are likely 1o bave vseful
genes for resistance. However. those accessions found
to be susceptible may still carry recessive alleles for
resistance which were not discovered because of small
sample size and possible heterozvgosity.

No plant introductions were more resistant than the
most resistant cultivars or breeding lines tested in this
study. Some cultigens found to be resistant in other
studies were moderately resistant or susceptible in this
study. PI 234517 was highly resistant in our test, and
was reported susceptible (Lebeda, [992b) or resistant
(Staub et al.. 1989) in other studies. P1 197087 was the
major source of resistance for development of downy
mildew resistant cultivirs in the USA, but was only
moderately resistant in our test (Barnes, 1969). Van
Vet and Meysing (1977) reported that PE 97087 was
in the ancestry of Pl 234517, Since plant introduction
accessions are nol uniform in resistance, there may be
plants within the accession that are highly resistant, or
it may be that the accession has lost resistance as il
went through seed increase operations in the germplasm
system. Van Vet and Meysing (1977) observed the Pl
accession they used in their inheritance studies o be
uniformly resistant. In addition, they reported that het-
grozypotes were intermediate to the dominant and re-
cessive homozyeotes for the do gene, I would be useful
to test many plants of P1 197087 to determine whether
high resistance to downy mildew is still present in the ac-
cession.

Staub et al. (1989) evaluated the National Plant
Germplasm System collection of cucumber consisting
of 753 accessions for downy mildew resistance, and re-
ported that 6.2% of the accessions were uniformly resis-
tant, 7.2% were uniformly susceptible, and the remain-
der (B6.6%) were scpregating with at least some
resistant plants in a 10-plant row. The number of acces-
sions with one or more resistant plants seemed high to
us, and may have been due to escapes. However, the
22 PI accessions they mentioned as having resistance to
downy mildew were all highly or moderately resistant
inn our study, except three that were rated moderately or
highly susceptible (PI 163217, PI 451976, and P11 390244 ).
The PI accessions thal were resistant in both studies
were P1 167223, P1 197088, PI 234517, Pl 267942, Pl
279466, P1 279468, PI 288238, P1 321009, P1 358813,
PI 3255, P1 390259, P1 422182, P1 432865, PI 432870,
P1 432876, P1 436672, P1 483342, and PI 489754,

The most resistant cultigens should be retested to
determine whether plants with even higher resistance
can be selected from within each of them. Plant breeders
may be able to improve resistance to downy mildew by
combining genes from the most resistant plants in the
most resistant cultigens if unrelated gene loci are in-

volved, Use of different sources of resistance may also
improve the performance of cultivars in different pro-
duction areas of the world,
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