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Greenhouse and field resistance in cucumber to
root-knot nematodes
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Summary - Ten cultigens were evaluated for resistance o Meloidogyne arenaria races | and 2, and M. javanica under greenhouse and
field conditions. Resistance to M. areraria races 1 and 2, and M. jevanica was verified in Cucterris sativies var. hardwickii ling LT 90430
and to M. arenaria race 2 in C. sativies var. sarivis Southern Pickler and Mincu in o greenhouse test, Another cultigen of C. sanivus var.
hardwickii (P1215389) was found to be resistant to M. arenaria race 2 but not 1o other root-knot nematode species tested, LI 90430 s the
cultigen of choice 1o develop root-knot nematode resistant cocumbers, since it has multiple root-knot nematode resistance and is cross-
compatible with cucumber, Greenhouse and field data were positively correlated (r = 0.74) over both years, Experiment repeatabilities
were calculiated from the cultigens infecied with root-knot nematodes under both greenhouse and field conditions, Four environments
{greenhouse and field over 2 years) were used in the analysis, Repeatabilities were high in all instances (ranging from 0.83-0.99) and
indicated that the environment (feld or greenhouse) was not an important factor in assessing root-knot nematode resistance for the
cultigens evaluated.

Zusammenfassung — Resistenz von Gurken gegen Warzelpallennematoden im Gewdchshaus wnd im Freiland - Unter Gewlichshaus-
und Freilandbedingungen wurden zehn Cualtigene auf ihre Resistenz gepen Meloidogyne arenaria Rassen | und 2 und gepen M. favanica
pepriit, Bei Cucumis sativas var, hardwickii Linie LY 90430 wurde im Gewiichshausversuch Resistenz gegen M. arenaria Rassen |
und 2 sowie gegen M. javanica nachgewiesen, und in C. sarivies var. sativies “Southern Pickler” und “Mincu” Resistenz pegen M, are-
naria Roasse 2. Cultigen C. sativas var. hardwickii (P1 213589) war resistent gegen M. arenaria Rasse 2 aber nicht gegen die anderen
gepriiften Arten von Wurzelgallennematoden, LI 90430 ist das Cultipen der Wahl bei der Entwicklung von Gurken, die gegen Wurzel-
gullennematoden resistent sind, da es multiple Resistenzen gegen Wurzelgallennematoden besitzt und krevzungsveririiglich mit Gurke
isl. Die Ergebnisse der Gewlichshaus- und Feldversuche waren tiber beide Versuchsjahre hin positiv korrelient (r = 0,74), Ausgehend
voon den Cultigenen, die im Gewlichshaos und im Freiland mit Wurzelgallennematoden infiziedt waren, wurden die Wiederholbarkeiten
der Versuche berechnet. Dabei wurden vier verschiedene Umweltbedingungen (Gewichshous und Freiland tiber zwei Jahre) verwen-
det. Die Wiederholbarkeiten waren in aflen Fillen hoch (0,83-0,99) und zeigten an, dass die Umwelt (Freiland oder Gewichshaus) kein
wichtiger Faktor bei der Bestimmung der Resistenz gegen Wurzelgallennematoden bei den gepritfien Culligenen war.

Keywords: Cucuenis sativies, cocurbit, disease resistance, Meloidogyne arenaria, M. hapla, M, incpgnita, M. jovanica, vegetuble
bresding.

Root knot, caused by Meloidogyne spp. is one of the
most important diseases in tropical and sub-tropical ar-
eas of the world where cucumber (Cucunis sativis L.) is
grown (Metscher & Sikora, 1990}, Three root-knot nema-
tode species (M. arenaria, M. incognita, and M. javan-
iver) are of primary importance in the southeastern U.S.
Cultivars resistant to one or more of these species would
be useful to cucumber growers, providing disease control
with minimal use of nematicides. Many advances have
been made in breeding for root-knot nematode resistance
in several important horticultural crops, but little progress
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has been made in cucumber (Fassulionis, 1979), Recently,
resistance to M. arenaria races | and 2. and M. javan-
ica was found in C, sativis var, hardwickii (R.) Alef. line
LI 90430 (Walters er al.. 1996): and resistance o M, are-
narig race 2 was found in C. sarivus Southern Pickler,
Mincu, Producer, and Poinsett {Walters e al.. 1993), The
purpose of this study was 1o verify the resistance in these
cultivars, breeding lines, and accessions (hereafter collec-
tively referred 1o as cultigens) as well as to determine
if greenhouse resistance was effective under field condi-
fhons.
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Materials and methods

VERIFICATION OF GREENHOUSE RESISTANCE

Four cucumber (. sarivies var, sarivas) cultigens, South-
ern Pickler, Mincu, Sumter, and Wisconsin SMR-18, two
cultigens of C. sarivis var, ferdwickii (P1 215589 and line
LI 90430}, and two cultigens of C. mendiferus (PL4R2443
and PI 482454) were evaluated for resistance in a green-
house to six root-knot nematodes (M. qrenaria races 1 and
2, M. incognita races | and 3, M. javanica, and a Wis-
consin population of M. fuipla) to verify the results of an
earlier study {Walters er al,, 1993),

Plants were grown from seed in 15 em diam. (1750 cm?
volume) clay pots that contained a moist, steam-sterilized
loamy sand (85% sand, 10% silt, and 5% clay). At the
two-leaf stage, plants were thinned to 1/pot. Greenhouse
temperatures averaged 24 to 32°C (day) and 20 to 24°C
inight). The experiment was a split-plot treatment arrange-
ment in a randomized complete block design with 4 repli-
cations. Whole plots were the six nematodes and subplots
were the eight cultigens.

Each pot was infested with 3000 root-knot nematode
caes two weeks after planting, Eggs were extracted from
infected Rutgers tomato ( Lycopersicon esculentum Mill.)
roots using a 1% NaOC] solution stirring for 4 min (Byrd
et al,, 1972). Pots were irrigated twice daily using drip
irrigation with fertilizer injection,

Ten weeks afier soil infestation, plants were harvested
and rated for the percentage (0 to 100%) of the roots
palled (Barker er af.. 1986). Roots were weighed and cut
into | to 3 cm long segments, and egps were exiracied
from a 5 g subsample of roots (Byrd ez al., 1972). Number
of eggs per root system wus counted and used 1o caleulate
reproduction factor,

Cultigen means for gall index and reproduction factor
[Rf = Pf (final egg number per root system )/ Pi (ini-
tial inoculum level)] were compared vsing Fisher's LSD
at 2 = (.05, Data were analyzed utilizing the GLM pro-
cedure of SAS (Anon., 1989,

CORRELATION OF GREENHOUSE WITH FIELD
RESISTANCE

& second experiment was run in the greenhouse and
field in 1994 and 1995, The treatments were ten cultigens
and three nematodes (M. javarica, and M, arenaria races
| and 2). Field sites were infesied with M. javanica,
M. arenaria race 1, or M. grenaria race 2, and planted
with the same cultigens.
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Cultigens were chosen based on resistance from previ-
ous tests, LT 90430 was reported to have resistance to all
three nematodes. Southern Pickler and Mincu have resis-
tance to M. arenaria race 2, and Producer is o parent of
Southern Pickler. Susceptible checks included in this ex-
periment were Straight 8, Coolgreen, W1 2757, Poinsert,
Sumter, and Wisconsin SMR-18.

Greenhouse test. Plants were grown from seed in 15 ¢m
diagm. (1750 em® volume) clay pots filled with a moist,
steami-sterilized loamy sand (85% sand, 109% silt, and
3% clay), At the two-leaf stage. plants were thinned
I/pot. Temperatures averaged 35°C days and 24°C nights,
Plams were irrigated vwice daily, and fertilized once a
week with Peter's® 20-20-20 (N-P-K) (W.R. Grace & Co.,
Fogelsville. PA. USA).

The experiment was a split-plot treatment arrangement
in a randomized complete block design with four replica-
tions. Whaole plots were the three nematodes and subplots
were the ten cultigens.

Root-knot nematode populations were maintained on
Rutgers tomatoe in the greenhouse for use as inoculum,
Inoculum was prepared by extracting eggs from infected
roots using a4 1% NaOC] solution and stirring for 4 min
(Byrd er al,, 1972). Pots were mfested 2 weeks after seed-
ing with 5000 root-knot nematode eggs. Plants were eval-
uated 12 weeks after planting (10 weeks after inocula-
tion). using the gall-index system described previously,
Field rest. Three fields at the Central Crops Rescarch Sta-
tion, Clayton, North Caroling, were each infested on 10
May 1994 with one of three rool-knot nematodes: M. ja-
vanica, M. arenaria race |, or M. arenaria race 2. Nema-
todes were allowed to increase on a tobaceo (Nicotiana
tabacum L) crop grown in the field: Meloidogvne are-
naria race | numbers were increased on Coker 371-Gold,
and M, javanica and M. arenaria race 2 were increased on
Speight G-70. Eggs of each root-knot nematode were ex-
tracted from Rutgers tomato using a 1% NaOCI solution
and stirring for 4 min (Byrd ¢f al., 1972}, Initial field in-
lestation was accomplished by inoculating each plant with
2500 eggs utilizing the technigue described by Fortnum er
al. (1987).

Plants were transplanted at an in-row spacing of 55 cm
with rows .2 mapart and 600 m long. For the second year
of the test, tobacco plants were transplanted the second
week of May and were not inoculated (assuming that the
inoculum would carry over from the previous year), Ap-
proximately 2 months after planting, all ficlds were sam-
pled to determine the root-knot population density. Fif-
teen cores were taken randomly from cach infested row,
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and numbers of nematodes were determined. Soil samples
were processed by elutriation and centrifugation to extract
juveniles (Byrd er al., 1976}, and roots were collected dur-
ing elatriation for counting of eggs in roots (Byrd et al.,
1972). All rows had more than 250 nematodes/500 cm?
soil. After an estimation of root-knot nematode popula-
tion densities, the wbacco was mowed at soil level, and
the field was disked so that beds could be formedon 1.2 m
centers. The cucumber test was established during the first
week of August for both years,

Three field experiments were conducted to evaluate
the resistance of the [0 cultigens (listed previously in
the greenhouse test) o M. javanica, M. arenaria race |,
or M. arenaria race 2. Experiments were designed as a
randomized complete block with four replications, Two
plants were grown in each field plot. Plots were 1.5 m
long and were planted on raised, shaped beds 1.2 m apart
{centre o centre), and separated at each end by 1.5 m
allevs, Guard rows of susceptible Sumter surrounded each
1est

Plants were harvested 10 weeks afier planting (mid-
Uctober) and root-gall index data were obiained, Gall-
index data were analyzed wvsing the GLM, CORR, and
VARCOMP procedures of SAS (Anon,, 1989).

The greenhouse and field data were vsed to calculate
an experiment repeatability. Repeatability was estimated
from coltigen gall-index data for 1994, 1995, and both
years for each root-knot nematode as well as over all three
nematodes as follows: () = 0°G /(a6 + 0 GE /e +
a* error/re) where R = repeatability, o7 G = genotypic
variance, oG E = genotype-environment inferaction
variance, o error = experimental error variance, ¢ =
number of environments, r = number of replications
within environments ( Halluer & Miranda, 19581). This for-
mula was used because it contains the genotype = envi-
ronment variance component and allows one o observe
the effects of the environment on cultigens infected with
root-knot nematodes,

Results

VERIFICATION OF GREENHOUSE RESISTANCE

Accessions (P1 482443 and PT482454) of C. menudiferuy
were resistant to all roo-knot nematodes evaluated (zall
indices = 20% and reproduction factors of 1 or less in
all instances). These accessions were the only cultigens
tested that were resistant to M. fucognita races | and 3;
all others were susceptible (Table 1), A cultigen is consid-
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ered highly resistant if it has a gall-index rating < 10%
and resistant if = 20%. Cocomis sarives var, furdwickii
Pl 215589 and line L) 90430 showed some resistance
to M. imeogmita race 3 (Table 1). Previously, we did not
find this resistance in LI Q0430 (Walters er af., 1993).
PL 215589 had a slightly higher gall index than did LJ
S0430, but supported less nematode reproduciion than did
LI 90430, However, additional testing of 1.1 90430 {data
not shown ) revealed that 1t was not resistant o M. incog-
nita race 3. Based on gall indices, resistance to M. fncog-
mita race 3 in the C sarfvis var, hardwickii cultigens was
less (P < (1.05) than what was found in the O metufiferns
accessions, However, reproduction factors did not differ
between the C. sarivis var frardwickii cultigens and the
C. metuliferns cultigens (Table 1), L) 90430 and the ac-
cessions of C. memdiferus were resistant W M. arenaria
race |. Several culligens were resistant o M. arenaric
race 2 and expressed linde galling and no reproduction
i Table 1). Only LI 90430 and the C. memiiferus cultigens
were highly resistant to M. arenaria race | and M. javan-
ica, Sumter and Wisconsin SMR-18, the two susceptible
controls, showed susceptibility to M. incognita races | and
3, M. arenaria races | and 2, and M. javanica,

Zimmer and Walkol (1968) reported that M. fapla
was g problem of cucumber mainly in northem arcas of
MNorth America. A population of M, fapla was oblained
from Wisconsin, and all cultigens tested were found 10
be resistant with no reproduction occurring on any of the
cultigens (Table 1. Sumter had a gall index of 14 which
was the highest of all culugens infected with M. hapla,
bur was not statistically different (# = 0.05) from most of
the other cutigens tested. Thus, all cultigens of cucumber
appear to be resistant to M. hapla, confirming an carlier
study wsing a Norh Carolina population of M. fhapla
{(Walters ef al., 1990),

Correlation of greenhouse with field resistance

The greenhouse test was run to verify resistance of L]
Q0430 to M. javanica, and M, arenario races | and 2, and
of Southern Pickler and Mincu o M. arenario race 2 (Ta-
ble 2). All other cultigens tested were susceptible 1o all
three root-knot nematodes. Cuoltigens found resistant in
areenhouse tests were also resistant under field conditions
(Table 2. However, the resistance of L1 90430 to M. are-
maria race 2 was of o higher level than that found in either
Southern Pickler or Mincu in both greenhouse and field
tests (Table 2).
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Table 1. Resistance af Cocumis sativas, C. 50 var hardwickii, and C. metaliferus to all major species of root-knat nematodes in o

,L’J'T‘l."l'l'fﬂ'}!i.i:-‘ rest

Cultigen Mil i3 Mil Ma2 Mj
Gi RS Gi Rf Gi  Rf Gi - Rf Gi Rf Gi Rf

L1 90430 53 18 26 2 1 0 B0 10 0 oo
Mincu 55 39 45 13 31 5 14 Ll 41 3 [} {1
Southern Pickler fi3 28 35 0 13 3 13 L} 30 6 12 11
171 215585 4% 15 3l | 23 6 17 0 46 ] o0
Pl 4824432 1l 0 7 i} 0 6 0 7 0 2 0
Pl 4824542 7 0 12 i 15 i 8 i 4 1 6 0
Sumter’ 52 43 15 43 10 32 48 25 4 0
Wis. SMR-187 57 40 18 7 2y I3 23 2 an 33 7 0
Mean 43 3 2% fi 24 5 15 I 28 [l 90
LSD(P <0050 18 43 14 g 1 g 4 I 15 9 0

Data presented are means of 4 replications. Plants were rated for resistance using the gall-index (G} system (0-100% of roots galled) 10
weeks alter planting (8 weeks after inoculition), £ = Ff (final nematode density )P (initial nematode densityd and is caloulated as
final number of gggs in ool 5000 (number of eggs that each pot was initially inocalated withy, Mil = Meloidogyne incognita race 1,
Mi3 = M. incognita race 3, Mul = M, arenaria race |, Ma2 = M, arenaria race 2, Mj = M. javanica, and Mh = M. hapla, Wisconsin

population.

1 Chctmis sativaes var, hardwickil,

3 Cucnmis meniiferus,
¥ Susceptible controls,

Table 2, Rect-knot nematede gall indices for Cucomis caltigens tested in greenhouse and field for 1994 and 1995

Cultigen Field Greenhouse

Mean Mal Ma2 Mj Menn Mal Ma2 M
Southern Pickler 53 T ot i 54 51 i3 78
Mincu A0 a7 26 fil} 54 Al i3 78
1.1 90430 13 18 ] 13 8 6 1 i
Pirinsctt i 4 A) 74 B 58 67 73
Prowucer 6l T2 4% fif 76 68 TA Hd
Coolgreen 63 iy 38 64 T35 a4 T8 77
Straight & 67 it 64 69 B0 71 Rty 53
W1 2757 a6 67 67 05 65 il 62 75
Wis, SMR-18 ik 71 4 o 74 vl T8 1
Sumter 65 T hTil i i) 58 it B2
Mean 57 (%} 46 62 62 55 ol 71
LD (P = 0.05) 3 13 S 11 17 |2 7 12

Lrata for each root-knol nematode are means of eight replications (four replications/yvear) of one plant (greenhouse) or two plants (field),
The gall index system rates the percentage of the roots that are galled, ranging from 0 1o 100%. Mal = Meloidogvne areraria race 1,
Ma2 = M. arenaria race 2, and Mj = M. javamnica.

! Caenmis sarivees var, hardwickii,
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Table 3. Correlationy (r) of root-knot sematode gall-index data for Cocumis cultigens in greenhouse versus field over tvo years

Year Correlations

Chverall Mal Ma2 Mj
9 072 0,70 0.79 (.83
1995 076 N.81 091 .57
Both Years .74 0.75 0.85 (1,54

All correlations are significant mt P < 0.0001. Mal = Meloidogyne areraria race 1, Ma2 = M. avenaria race 2, and Mj = M. javanica,

Table 4. Greenhouse versus field repeatabiliv of root-knot nematede root-gall development for Cucumis culiigens tested in 1994 and

1905
Cultigens” Experiment Repeatability!

Cwverall Mal Mu2 Mi
Field-Ciregnhouse 19594
Ten .80 0l (L5 (o2
Six ez (.45 (L83 092
Three ney 0,598 (Lt .04
Field-Greenhouse 1995
Ten (1,504 (L7 (08 {145
Six (1,495 0,99 L a7
Three (194 (o9 o9 .95
Both Years
Ten 0497 (.08 .98 097
Six 097 {144 (.98 (LO8
Three .99 00,99 .99 (.90

| Experiment repeatability: R = a?G/(e°G + a?GEfe + o ermor/re), where a2G = genotypic variance, #2GE = penotype-
environment interaction varance, ooeror = experimental error varianee, ¢ = number of environments, and r = number of replications
within environments. Mal = Meloidogyne arenaria race 1, Ma2 = M. arenaria race 2, and Mj = M. javarica.

2 ten = all cultigens evaluated; six = Southern Pickler, Mincu, Producer, L1 9040, Wis, SMR- 18, and Sumter; three = LI 90430, Wis,

SMRE-18, and Sumiter.

Greenhouse and field data were highly correlated for
root galling in both 1994 and 1995 for all nematodes (Ta-
ble 31, There was a significant correlation (¢ = 0.74,
P = 0.0001) between field and greenhouse for all nema-
todes over both years. Some of the variability observed be-
tween greenhouse and field for gall-index was due 1o sus-
ceptible cultigens, Depending on the environment, these
cultigens often developed fewer or more root galls. Most
important, however, was that LY 90430 was consistently
resistant in the field and greenhouse tests (Table 2).

Repeatabilities were calculated based on two environ-
ments (greenhouse and field For 1994 and 1995), and on
four environments (greenhouse and field over years)h. In

Yol L3k 1999

analyzing data, three cultigen combinations were used: 7}
all cultigens, i) resistant cultigens (L1 90430, Southern
Pickler. and Mincu) plus check cultigens (Sumier, Pro-
ducer, and Wisconsin SMR-18), and ii}) one highly re-
sistant cultigen (L1 90430) plus two susceptible checks
(Sumter and Wisconsin SME-18). In all instances, re-
peatabilities were high, ranging from (.83 o 0.99 (Ta-
ble 4). Repeatabilities were essentially the same for all
three nematodes and were slightly higher for 1995 com-
pared to 1994, The repeatabilitics calculated based on
three cultigens (L1 90430 and two susceptible checks)
were slightly higher than the other two cultigen combina-
tions for both years. This difference can be explained by
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the ratings for these three cultigens being more consistent
compared to the ratings of the cultigens within the other
two combinations. The experiment repeatabilities calcu-
lated indicated that the environment (field vy greenhouse
or 1994 v, 1995) was not an important factor in evalual-
ing root-knot nematode resistance.

Discussion

The tests conducted indicated that the environment
ifield or greenhouse) was not an imporiant faclor in as-
sessing rool-knot nematode resistance for the cultigens
evaluated. Cultigens found to be resistant under green-
house conditions were also resistant in the field, This is
important since cucumbers can be developed under green-
house conditions for rooi-knot nematoede resistance with-
oul the possibility of the resistance breaking down in the
field afier resistant cultivars have been developed,

The two C. metuliferns accessions evaluated (P1482443
and Pl 482454} were resistant 1o all root-knot nema-
todes evaluated under boih greenhouse and field condi-
tions. However, the genes in C metaliferus controlling
root-knol nematode resistance cannot be readily vsed in
developing root-knot nematode resistant cuocumber culu-
vars, since C. metdiferus is not cross-compatible with cu-
cumber (€. surivas). This is primarily due o the differ-
ence in chromosome number berween the two species, and
all attempts o produce interspecific hybrids have failed
(Deakin eral, 1971 LI 90430 is resistant to M. arenaria
races | oand 2, and M. javanica, and the resistance was
shown to be high enough to control nematodes under field
conditions. L] 90430} is cross compatible with the culii-
vated cucumber and should be vsed o develop root-knot
nematade resistant cucumber cultivars, since it is the most
resistant cultigen in the species of C. sarfvis having mul-
tiple root-knot nematode resistance,
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