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AsstracT. Leaf and stem resistance to gummy stem blight [Didymella bryoniae (Auersw.) Rehm.] in five resistant by
susceptible crosses of cucumber (Cucumis sativusL.) was investigated using gener ation means analysis. No single gene of
major effect controlseither leaf or stem resistanceto gummy stem blight in thesefive crosses. The mean number of effective
factorscontrolling leaf resistancein thecross‘Slice’ x ‘Wis. SMR 18 wasestimated to beat least five. Estimates of broad-
and narrow-sense heritabilitiesindicated that environmental effects were larger than genetic effects. In general, additive
variancewasthelar ger component of geneticvariance. Epistasiswassignificant in most cr osses, and dominancewaspr esent
in several crosses. Additivegeneeffectscontributed mor etoresistancethan to susceptibility in contrast with dominancegene
effects. Reciprocal differencesfor leaf rating wer edetected in thecrossesM 17x ‘Wis. SMR 18 and ‘Slice’ x ‘Wis.SMR 18'.
Phenotypiccorredationsbetween leaf and stemr atingswer emoder ate(r =0.52t00.72). Estimatesof geneticgainfor resistance
togummy stem blight ranged from low tomoder ate. Br eeding methodsthat makebest useof additivevarianceshould beused
because much of thevariancefor resistanceisadditive, and dominanceeffects, at least in these cr osses, tended to contribute

to susceptibility.

Gummy stem blight causes severe defoliation and stem necrosis
in the late stages of cucumber production. It is the second most
important cucumber (Cucumis sativus) disease in North Carolina
(St. AmandandWehner, 1991), andisaseriousdi seaseof greenhouse
cucumbers in The Netherlands, where it causes fruit rot (Van
Steekel enburg, 1982). Gummy stem blight of cucumber is caused
by Didymella bryoniae (Auersw.) Rehm (synonyms: Mycosphae-
rella citrullina (C. O. Sm.) Gross., and Mycosphaerella melonis
(Pass.) Chiuand Walker) and itsanamorph Phoma cucur bitacearum
(Fr.:Fr.) Sacc. (Farr e d., 1989) (synonyms. Ascochyta cucumis
Fautr. and Roum., and Phyllosticta cucurbitacearum Sacc.).

Severd cultigens (breeding lines, cultivars, and plant introduc-
tions) resistant to gummy stem blight have been reported. Using
field screening methods in Wisconsin, ‘Homegreen #2' and
Pl 200818 were reported to be resistant (Wyszogrodzka et al.,
1986). In The Netherlands, greenhouse screening methods were
used to identify severa plant introduction accessions as resistant,
including Pl 200818 (Van Der Meer etd., 1978). InNorth Caroling,
Pl 164433, ‘Slice’, Pl 390264, M 17 and M 12 werereported resis-
tant using fiel d screening methods (Wehner and St. Amand, 1993).

Wyszogrodzkaet a. (1986) reported that therealized heritability
for foliar resistance in one cycle of mass selection within
‘Homegreen #2' was 0.14 to 0.35. However, a comprehensive
assessment of theinheritanceof resistancein cucumber hasnot been
reported. Knowledge of the genetic basis and heritability of resis-
tance to Didymella bryoniae is essential for efficient development
of resistant cultivars. Thus, astudy was designed to determine the
typesof geneaction controlling foliar and stem resistance, estimate
the genetic and environmental components of variance, estimate
heritability and gain from selection, estimate the minimum number
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of effectivefactorscontrolling res stance, andinvestigatetheeffects
of cytoplasmic inheritance on resistance.

Materialsand Methods

PLANT MATERIAL. Parents were selected based on their diver-
sity and previously reported levels of resistance. Resistant cu-
cumber parents used were: Pl 200818, ‘Homegreen #2', NCSU
M 17, and ‘Slice’. Susceptible parents used were: ‘Wisconsin
SMR 18 and‘Marketmore 76'.NCSUM 17,'Slice’, ' Wis. SMR
18, and ‘Marketmore 76" are highly inbred lines. Seeds of P
200818 and the open-pollinated ‘Homegreen #2' used in this
study were self-pollinated and selected for resistance for five
generations before use. M 17 and ‘Wis. SMR 18’ are pickling
types; ‘Homegreen #2’, ‘ Slice’ and ‘Marketmore 76’ aredlicing
types; and Pl 200818 is an accession from Burma.

CROSSESAND GENERATIONS. Crossesweremade betweenresis-
tant and susceptible parents asfollows: Pl 200818 x ‘Wis. SMR
18, ‘Homegreen #2' x ‘Wis. SMR 18', ‘Homegreen #2' X
‘Marketmore 76', M 17 x ‘Wis. SMR 18, and ‘Slice’ x ‘Wis.
SMR 18'. Generation means analysiswas performed using each
resistant (P,) and susceptible parent (P,), F, and F, generations
including reciprocals (F,' and F,"), and backcrosses of the F; to
each parent (B, and B,). All crosseswere controlled pollinations
in agreenhouse.

| NOCULUM PREPARATION AND APPLICATION. Onevirulent, single
spore isolate of D. bryoniae (DB-H-23) collected from a diseased
cucumber in North Caroling, wasincreased in petri plates contain-
ing 10 mL of cucumber malt extract agar (CMEA), using mycelial
pluginoculation. The CMEA wasprepared by tindalizing apuréeof
wholefreshly harvested cucumber fruitsand usingthepuréeinplace
of one third of the water needed for standard malt extract agar
(Difco, Detrait, Michigan, USA). Inoculated plates were then
incubatedfor 10to 14 dat 24 °C+ 2 °C, withal2 h photoperiod. The
florescent lampsprovided =40to 90 umol -mr2-s* PPFD at theupper
surface of the plates. These culture conditions promoted formation
of spore-producing pycnidia. Inoculum was prepared by flooding
plateswith5to10mL of acidified steriledistilledwater and scraping
the surface of the agar with a rubber spatula. The solution was
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acidified using concentrated lacticacidtoapH of 3.5to4.5and also
contained 20 drops/L Tween-80, asurfactant. Thelow pH andthe
surfactant increased spore discharge from pycnidia and greatly
reduced spore agglutination. The liquid from each plate was
filtered through four layers of cheesecloth to remove mycelium,
pycnidia, and dislodged agar. The spore suspension was stan-
dardized to a concentration of =1 x 10° sporesmL using a
hemacytometer. Thefinal pH of theinoculumwasunadjusted and
ranged from pH 5.4 to 6.8. The inoculum was maintained in the
dark at 5 °C for =15 h until use. Svedelius and Unestam (1978)
reportedincreasedinfectivity when plantswerefirst sprayed with
casein hydrolysate and sucrose. Therefore, immediately prior to
inoculation, Tween-80 (10 drops/L), casein hydrolysate (0.05%
w/v, Sigma Chem.), and sucrose or dextrose (0.1% w/v, Sigma
Chem., St. Louis, Mo.) were added to the inoculum.

Plantswere sprayed nearly to runoff at the vine-tip-over stage
(four to six true leaves) 3 weeks after planting using a backpack
sprayer (Solo, Sindelfingen, Germany) at 100 to 140 kPa (15 to
20psi). Inocul ationwascompl eted within 2 h after sunrise, before
guttation exudateshad dried from theleaves. Overheadirrigation
was used (25 to 40 mm) on the day prior to inoculation and 3 d
after inoculation to encourage uniform disease devel opment and
spread theinoculum. Every fourth row was planted with suscep-
tible ‘Wis. SMR 18’ to enhance uniformity of disease spread.

EXPERIMENTAL DESIGN AND DATA ANALYsIs. Field tests were
conducted at the Horticultural Crops Research Station, Clinton,
N.C. Plotswere3 mlong and wereplanted on rai sed, shaped beds
1.5 mapart (center to center) separated at eachend by 1 malleys.
Guard rows of susceptible ‘Wis. SMR 18’ surrounded each test.
Standard cultural practiceswereusedfor crop production (Hughes
etal., 1983). Field plotswith 15 plantseach were arranged intwo
randomized blocks with unequal numbers of plots for each
generation. Parent, F;, and F,' generations were each planted in
one plot per block. Backcross generations (B, and B,) were each
planted intwo plotsper block, F, and F,' wereeach plantedinfive
plots per block. Thetest was planted 8 July 1991 and repeated 6
July 1992. Individual plantswererated 2 weeks after inoculation
for foliar and stem lesions both yearsusing alinear 0Oto 9 scale (0
= no symptoms and 9 = 100% necrosis) indicating the average
degreeof necrosison all leaves, or theaverage degree of necrosis,
cankers, and exudates on all stems. Each increase of the scaleis
equal to =11.1% more necrotic area.

Analysis of variance using GLM procedures of SAS (SAS
Inst., Inc., Cary, N.C.) indicated that year and replication effects
were nonsignificant, and transforming the data by log, square
root, or arcsin had no effect on the additivity of the scale or
distribution of thedata. Therefore, generation meansanalysiswas
conducted without adjusting the data for year and replication
effects or for scale effects. Phenotypic correlations between | eaf
and stem resistance were cal culated using the CORR procedure
of SAS. Midparent heterosiswasestimated for individual crosses
as the percentage deviation of the mean F, value from the
midparent value. Differences between means and mean pairs
were tested using single degree of freedom contrasts. Additive
(0?4) and dominance (0%, or nonadditive) genetic variances and
narrow-sense heritability h? were estimated by the method of
Warner (1952). Environmental variance was estimated as 6% =
(0%, + 0%, + 2 0% )/4 (Wright, 1968). Broad-sense heritability
wasestimated asH = (0%, — 0%)/0%,. Gene effectsbased on asix
parameter model were estimated using the nonweighted method
and notation described by Gamble (1962) and are defined as
follows:
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m= F2

a=+B;—-B,

d=-0.5P, - 0.5P, + F, —4F, + 2B, + 2B,
aa=-4F,+ 2B, + 2B,

ad =-0.5P, + 0.5P, + B, — B,

dd=P, + P, + 2F, + 4F, - 4B, — 4B,

The number of effective factors controlling resistance was
estimated by five methods. Method 1 was proposed by Wright
(1968), method 2 was proposed by Mather and Jinks (1982), and
methods 3 to 5 were proposed by Lande (1981). All of the
effective factor formulas assume that segregating genes for
resistance are al located in one parent, resistance genes are not
linked, all resistance genes have equal effects on resistance,
epistatic effects are absent, dominance effects are absent, and
genotype x environment effects are absent (Wright, 1968).

Results

PARENT AND PROGENY MEANS. Meansand their sesfor parental
F., F,, reciprocals, and backcross generations for leaf resistance
arelistedin Table 1 and for stem resistancein Table 2. The most
resistant parent for leaf rating was ‘Slice’, followed by
‘Homegreen #2'. Pl 200818andM 17 wereintermediatetoresis-
tant. Both ‘Wis. SMR 18 and ‘Marketmore 76" were very
susceptible for both leaf and stem ratings. Since all F, and
backcross generationshad normal or only slightly skewed distri-
butions without the presence of distinct bimodal peaks, chi-
sguare tests were not performed. Heterosis for leaf and stem
resistance was positive (toward the susceptible parent) or near
zero for all crosses, except for stem resistance in the crosses
‘Homegreen #2' x ‘Marketmore 76’ (-35%) and M 17 x ‘Wis.
SMR 18’ (—14%). Pooled means of the F, and F;' (F;) were not
significantly different from pooled means of the F, and F,' (F.p)
for leaf or stem rating in three crosses (Pl 200818 x ‘Wis. SMR
18, ‘Homegreen #2' x ‘Marketmore 76',andM 17 x‘Wis. SMR
18') astested by singledegree of freedom contrasts (Tables1 and
2). Inthe cross ‘ Homegreen #2' x ‘Wis. SMR 18’, the F,» mean
wassignificantly different fromtheF,,and wasshifted towardthe
susceptible parent for both leaf and stem ratings. In the cross
‘Slice’ x ‘Wis. SMR 18, the F,» mean was significantly different
from the F» and was shifted toward the resistant parent for both
|eaf and stemratings. No crossproduced significant transgressive
segregant progeny.

CyTorLasmic errecTs. No significant differenceswerefound
between F, (P, x P,) and F,' (P, x Py) or between F, (F, x F;) and
F' (F, x F) for crosses Pl 200818 x ‘Wis. SMR 18 and
‘Homegreen #2' x ‘Wis. SMR 18’ for either leaf or stem ratings
(Tables 1 and 2). Crosses M 17 x ‘Wis. SMR 18" and ‘Slice’ x
‘Wis. SMR 18" however, had highly significant (P = 0.0044 to
0.0001) differencesbetweenreciprocasin both F, and F, genera-
tions with differences ranging from 0.7 to 1.3 rating scale units
(8%t014% of thetotal rating scale) for leaf and stemratings. The
F, and F, were moreresistant than their reciprocalsintheM 17 x
‘Wis. SMR 18’ cross, but theF,' and F,' weremoreresistantinthe
‘Slice’ x ‘Wis. SMR 18 cross. In the ‘Homegreen #2' x
‘Marketmore 76’ cross, the occurrence and direction of recipro-
cal differences varied between generations and between leaf and
stemratings(Tablesland2). TheF, and F;' differedinleaf ratings
by 0.8 rating scale units (P = 0.0162), but the F, and F,' were not
significantly different. However, for stem ratings in the same
cross, theF, and ;' differed by 1.3rating scaleunits (P =0.0053),
but the F, and F,’ were not significantly different.
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Table 1. Leaf rating means (number plantstested) + Se for resistance to gummy stem blight in cucumber for parent and offspring populations from
five crosses. Rating isfrom 0 (no disease symptoms) to 9 (completeleaf necrosis). Meansare from two replications each year in 1991 and 1992.
Resistant and susceptible parentsindicated by (R) and (S) respectively.

Population®

Parents of cross

Pl 200818 (R)
X

‘Wis. SMR 18 (S)

‘Homegreen #2' (R)

X

‘Wis. SMR 18 (S)

‘Homegreen #2' (R)

X

‘Marketmore 76’ (S)

M 17 (R)
X

‘Wis. SMR 18’ (S)

‘Slice’ (R)
X

‘Wis. SMR 18’ (S)

Contrasts among generations

2
Contrasts among F, and F,'

Fl
F,
Contrast among F, and F,’
F2
Er

2

43+03 (29) ¢
6.1+0.3(59) a
6.0+ 0.2 (59) ab
56+0.1(223) b
5.8+ 0.1(93) ab
62+0.2(35) a

58+0.3(25) a
6.1+02(34)a

54+0.1(112) a
58+0.1(111) a

3.4+0.1(44) ¢

5.1+0.2(68) b

52+02(61) b
58+0.1(227) a
58+0.2(88) a
6.2+0.2(35) a

48+02(33)a
56+0.3(28) a

58+0.1(127) a
5.7+ 0.2 (100) a

34+0.1(44)d

25+03(14) e
53+0.2(76) ¢
5.3+ 0.1(147) ¢
58+0.2(64) b
6.8+0.3(30) a

49+02(39)b
57+02(37)a

54+0.2(69) a
52+0.2(78) a

49+04(32)c
4.7+0.2 (106) ¢
55+0.1(73) b
55+0.1(313) b
55+0.2(81) b
6.2+0.2(35) a

50+0.2(39) b
6.1+0.2(34) a

52+0.1(182) b
6.0+0.1(131) a

22+02(35)e
3.7+0.2(75)d
54+02(74) b
44+0.1(165) ¢

5.7 +0.1(104) ab

6.2+0.2(35) a

6.1+02(31)a
50+0.2(43) b

48+0.2(90) a
40+0.1(75) b

“Population notation (females listed first in each cross): P, = (resistant parent); P, = (susceptible parent); F, = (P, X P,); F;'= (P, X P); B, = (F, X

P); B, = (Fy X P,); F, = (F, x Fy); By = (F) x F)); Fy, = (F, pooled with F,'); F,, = (F, pooled with F)). _
YWithin a cross and contrast group, means followed by the same letter are not significantly different at P < 0.05 based on single degree of freedom

contrasts.

PHENOTYPIC CORRELATIONS. Thephenotypiccorrelationbetween
leaf and stemratingsover al crossesand generationswas moderate
(r=0.67,P=0.0001). Correlationswithin crossesweresimilar for
all crossesrangingfromr =0.69tor =0.72 (P =0.0001), except for
M 17 x ‘Wis. SMR 18 which wasr = 0.52 (P = 0.0001).

GeneErrecTs. Geneeffectswereestimated usingthenonweighted
method and notation of Gamble(1962) and arelistedin Table3. The
midpoint rangedfrom5.3t05.8for al crossesfor | eaf rating, except
for ‘Sice’ x ‘Wis. SMR 18', which was significantly lower (4.4).
The midpoint for stem rating varied with each cross. Additive (a),

dominance (d), and additive x additive (aa) effects were nearly
alwaysnegative (toward theresistant parent) for both leaf and stem
ratings. Dominance x dominance (dd) effects, where significant,
were always positive (toward the susceptible parent) and had the
greatest magnitudeof any singleeffect for bothleaf and stemratings.
However, positive dd effects were usually reduced by negeative d
effects. Because of the opposite signsof d and dd effects, the sums
of thesignificant a+ aaeffectswere usualy of agreater magnitude
thanthe sumsof thesignificant d + dd effectsfor both leaf and stem
ratings. Oneform of epistasis, additive x dominance (ad), was not

Table 2. Stem rating means (number plantstested) + St for resistance to gummy stem blight in cucumber for parent and offspring populations from
five crosses. Rating isfrom O (no disease symptoms) to 9 (compl ete stem necrosis). Meansare from two replications each year in 1991 and 1992.
Resistant and susceptible parents indicated by (R) and (S) respectively.

Population

Parents of cross

Pl 200818 (R)
X

‘Wis. SMR 18’ (S)

X

‘Homegreen #2' (R) ‘Homegreen #2' (R)

X

M 17 (R)
X

‘Wis. SMR 18 (S) ‘Marketmore 76’ (S) ‘Wis. SMR 18’ (S)

‘Slice’ (R)
X

‘Wis. SMR 18’ (S)

Contrasts among generations

2
Contrasts among F, and F;'

Fl
F,
Contrast among F, and F,’
F2
Er

2

47+0.3(19) ¢
55+ 0.4 (46) b
6.1+ 0.2 (40) ab
55+0.1(173) b
5.6+0.2(74) b
6.8+0.3(13)a

59+05(15) a
6.2+0.3(25)a

52+03(62)a
56+02(111) a

13+01(27) e
4.1+ 0.3(50) d
51+0.2(53)c
57+02(181) b
6.1+ 0.2 (71) ab
6.8+03(13)a

50+0.3(26) a
52+04(27)a

59+02(81)a
55+ 0.2 (100) a

1.3+0.1(27) d
15+0.3(8) d
3.0+0.2(56) ¢
35+0.2(99) ¢
44+03(47) b
76+02(23)a

3.0+04(29) a
29+03(27) a

45+06(21) a
32+02(78)b

31+03(22)c
3.1+0.2(86) c
43+0.2(54) b
46+0.1(263) b
47+02(64) b
6.8+0.3(13)a

3.9+0.3(29) a
46+0.2 (25 a

41+02(132) b

51+02(131) a

15+ 0.2 (26) f
27+02(58) e
45+0.2(54) ¢
38+02(102) d
53+0.2(86) b
6.8+03(13)a

50+04(21)a
42+03(33)a

43+03(27)a
30+02(75)b

“Population notation (females listed first in each cross): P, = (resistant parent); P, = (susceptible parent); F, = (P, X P,); F;'= (P, x P); B, = (F, X
P):B,=(F xP,); F,=(F xF), F,)=(F'xF}); Flp = (F, pooled with F,"); sz = (F, pooled with F,).
YWithin across and contrast group, meansfollowed by the same letter are not significantly different at P < 0.05 based on single degree of freedom

contrasts.
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Table3. Estimatesof geneeffects+ Sefor leaf and stem resi stanceto gummy stem blight in cucumber for fiveresistant (R) by susceptible (S) crosses
from two replications each year in 1991 and 1992. Rating is from 0 (no disease symptoms) to 9 (complete leaf or stem necrosis). Estimates

calculated using the method of Gamble (1962).

Parents of cross

Pl 200818 (R)

X X

‘Homegreen #2' (R)

‘Homegreen #2' (R)
X

M 17 (R)
X

‘Slice’ (R)
X

Effect ‘Wis. SMR 18" (S) ‘Wis. SMR 18 (S) ‘Marketmore76’ (S) ‘Wis. SMR 18 (S) ‘Wis. SMR 18’ ()

Leaf estimates
m 56+01" 58+0.1" 53+01" 55+01" 44+0.1"
a 0.3+0.3 -0.7+0.3" -33+0.3" -0.8+0.2" —20+0.2"
d 0.6+0.8 1.4+0.7 —44+09" -1.7+06" -1.7+07
aa 1.3+0.8 -15+07 —46+09" -1.7+06" 1.1+0.7
ad 1.2+04" 06+0.3 -16+04" -0.2+0.3 0.0+£0.3
dd -26+15 -03+12 88+15" 34+11" -07+11

Stemn estimates
m 55+0.1%" 57+02" 35+02" 46+01" 34+02"
a -0.1+04 —20+04" —29+04" -16+0.3" —2.6+03"
d -1.3+1.1 1.3+1.0 -1.5+1.3 —22+0.8" -1.6+1.0
aa 0.3+1.0 —25+10 —22+13 -3.0+0.8" 25+10
ad 04+05 0.3+04 0.3+0.5 0.2+04 0.1+04
dd 02+19 -04+17 53+21 6.0+15" -1.3+16

FEE

significant for stemratinginany cross, andwheresignificant for leaf
rating, was usually of minor effect.

V ARIANCE COMPONENTS AND HERITABILITY ESTIMATES. Theenvi-
ronmental component of variance was larger than additive or
dominancevarianceinfour of thefivecrossesfor leaf ratingandin
two of thefive crossesfor stem rating (Table 4). For both leaf and
stemratings, additivevariance waslarger than dominancevariance
inthreecrosses(* Homegreen #2' x‘ Wis. SMR18', ‘ Homegreen #2'
X ‘Marketmore 76', and ‘Slice’ x ‘Wis. SMR 18'). Dominance
variance was large only in the progeny of the Pl 200818 x ‘Wis.
SMR 18 cross. Estimates of the variance components varied
considerably between crosses. Additive varianceranged from—-3.0
to 5.2, and dominance variance ranged from —1.8 to 4.4.

Heritabilities varied considerably between crosses (Table 4).
Negativeestimateswereassumedto bezero (Robinsonet al ., 1955),
but are reported as recommended by Dudley and Moll (1969) for
future comparisonsand were used i n variance component estimates
to avoid truncated sampling distributions (Gordon et d., 1972).
Broad-sense heritabilities (H) ranged from 0.0t0 0.66, and narrow-
senseheritability (h?) rangedfrom0.0t0 1.02. Geneticgainper cycle
for selection at the 10%level (Gs) wascalculated as Gs = (1.76) (h?)

“"Estimate significantly different from zero at P = 0.05 or 0.01, respectively.

(0r2), and ranged up to 1.8 for leaf rating and 4.0 for stem rating.
Estimates of gain were larger for those crosses with a larger
differencebetween parentsand weredightly larger for temratings.

ErFrecTIVE FACTORS. Estimatesof theminimum number of genes
(effectivefactors) controlling leaf and stem resistance are presented
in Table 5. Estimates ranged over all crossesfrom —3.1to 10.3 for
|eaf rating, and from—0.1to 7.1 for semrating. M ean estimatesfor
each crossranged from—0.8to 5.2 for leaf ratingand from 0.0t0 3.3
for stem rating.

Discussion

No cross exhibited complete dominance or distinct bimodal
distributions, suggesting that no singlegene of major effect controls
either leaf or stem resistance to gummy stem blight in these five
crosses. Dominance and most types of epistasis will bias the
edtimate of effective factors downward (Wright, 1968). It islikely
that estimates of the number of effectivefactorswere highly biased
(reduced) by the failure to meet the analysis assumptions of no
epistasisand no dominance, because some dominance effectswere
present in several crossesand epistasiswassignificantinall crosses

Table 4. Estimates of additive (02,), dominance (0°,), and environmental (o) variances, broad- (H) and narrow- (h?) sense heritabilities, and
genetic gain through selection (Gs) for leaf and stem resistance to gummy stem blight in five resistant by susceptible cucumber crossesfrom two

replications each year in 1991 and 1992.

Leaf rating Stem rating
Cross 0% o, o H h> G o, o’y 0% H h Gs
Pl 200818 x Wis. SMR 18 =30 3.4 18 020 00" 00" 31 4.4 20 044 00" 007
Homegreen #2 x Wis. SMR 18 0.8 05 17 044 027 08 21 0.6 19 058 045 17
Homegreen #2 x Marketmore 76 16 -10 20 023 063 18 52 -18 17 066 102 4.0
M 17 x Wis. SMR 18 -0.6 0.2 25 00" 00" 00" 07 12 18 052 019 07
Slice x Wis. SMR 18 08 -03 19 021 034 09 10 0.7 22 044 026 09
2V ariance components calculated as follows: 02, (02 p* 0%, +2 0251)/4 0%, =20%,— (0%, + 0%,,), 0%, = 0%, + 0%, — 0%, — 0°.
)oZ, h2

YHeritahilities calculated as follows: H = (cr2 —crf
*Genetic gain calculated asfollows: Gs = (1. 76) (h?)
WV alue assumed to be zero due to negative estimate.

(o |:2)
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Table 5. Estimates of the minimum number of genes or effective factors (EF) controlling leaf and stem resistance to gummy stem blight in five
resistant by susceptible cucumber crosses from two replications each year in 1991 and 19927

Leaf rating Stem rating
Cross EF, EF, EF, EF, EF, Mean EF, EF, EF, EF, EF, Mean
Pl 200818 x ‘Wis. SMR 18 13 -03 10 -01 0.1 0.4 02 -01 0.1 0.0 0.0 0.0
‘Homegreen #2' x ‘Wis. SMR 18’ 0.7 22 0.7 11 05 1.0 12 25 0.9 12 0.8 13
‘Homegreen #2' x ‘Marketmore 76' 23 17 23 08 =31 0.8 17 19 15 10 3.2 19
M 17 x ‘“Wis. SMR 18’ -06 07 06 -03 -16 -08 09 46 0.8 23 05 18
‘Slice’ x ‘Wis. SMR 18' 4.6 4.8 39 24 103 5.2 21 71 21 35 15 33

EF, = (P,—P))1.5-2h(1 - h)]/8[0?., — 0.25(0?,, + 0%, + 20%.))], whereh=F, - P,/P, —P,.

EF, = [0.5(P, — P)1%/[20%, — (0%, + 075,)].

EF,=(P,— P1)2/8[ 0252 - 0.212(01,l + 0%, +20%)].

EF, = (P,—P)%/8[20%,,— (0%, + 0°,,)].

EF, = (P,— P)%/8[0%, + 0%, — (0%, + 0.50%, + 0.507,)].

exceptin‘Slice x ‘Wis. SMR 18’ for leaf rating and in Pl 200818
X ‘Wis. SMR 18’ for stemrating. In additiontolacking epistasisfor
leaf rating, the cross ‘Slice x ‘Wis. SMR 18 aso had little
dominance; therefore, estimates of the minimum number of effec-
tive factors for that cross are likely to be more accurate than the
estimatesfrom other crosses. Themean number of effectivefactors
for ‘Sice’ x ‘Wis. SMR 18 was estimated to be at least 5 for leaf
ratings. If the resistance genes found in this cross are linked in
coupling phase, theactua number of genesaffectingleaf resistance
could be much greater.

The generdly low estimates of broad- and narrow-sense herita-
bilities indicate that the environment in which the plants are tested
has alarger effect on leaf and stem rating than the genotype. This
finding isin agreement with the low realized heritability (0.14 to
0.35) for mass selection in ‘Homegreen #2' reported by
Wyszogrodzkaet al. (1986). Breeding effortstoincreaseresistance
will require good control over environmental variation. In general,
additive variance was the largest component of genetic variance.
Significant estimatesof additivegeneeffects(aand aa) wereusually
negative, indicating that additive effects contribute more to resis-
tancethan to susceptibility, in contrast with significant estimates of
dominancegeneeffects(d and dd) whichwereusualy positive. The
presenceof epistasiswasusual ly significantinall crosses; therefore,
genetic models which assume no epistasis do not accurately de-
scribe leaf or stem resistance to gummy stem blight in cucumber.

Reciprocal differences consistent with cytoplasmic inheritance
weredetectedin crossesM 17 x ‘Wis. SMR 18" and‘ Slice’ x ‘Wis.
SMR 18’ for leef rating. Asamaternal parent, theresistant cultigen
M 17 produced moreresistant offspring than asapaterna parentin
theM 17x ‘Wis. SMR 18’ cross; however, asamaterna parent, the
resistant cultigen‘ Slice’ produced fewer resistant offspring than as
apaterna parentinthe’ Slice’ x‘Wis. SMR 18’ cross. Becausethese
two resistant cultigenswere crossed to the same susceptiblefemale,
these data indicate that even though ‘Slice’ is more resistant than
M 17,thecytoplasmof M 17 may contributemoretoleaf resistance
than the cytoplasm of ‘ Slice' . The sametrend for these two crosses
was apparent for stem rating also, but the F, and F,' were not
significantly differentineither cross, eventhough themagnitudesof
the differences were similar to those for leef ratings. Thefailureto
detect reciprocal differencesin the F; generation for stemrating in
these crosses may have been due to the smaller number of plants
ratedfor stemlesions. Noreciprocd differencesweredetectedinthe
‘Homegreen #2' x ‘Wis. SMR 18’ cross. Reciprocal differencesfor
leaf rating in the ‘Homegreen #2' x ‘Marketmore 76" cross were
detected in the F, generation but not in the F.

Thereareno other reportsof cytoplasmicinheritancefor any trait
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in cucumber and some inconsistencies are present in these results;
therefore, interpretation of the current evidence for cytoplasmic
inheritance should be withheld unless corroborated further .

Phenotypic correlations between leaf and stem ratings were
moderate. Thelack of high correlations between the two traits and
thediffering estimates of geneeffectsfor thetraits, suggest that | eaf
and stemresi stancemay beinfluenced, at least partially, by different
genes.

Genetic gain for resistanceto gummy stem blight should below
to moderate using theresistancefoundin * Slice’, ‘Homegreen #2,
and M 17. Breeding methods, such as recurrent selection, which
makethebest useof additivevariance should beused becausemuch
of the variance for resistance is additive. Also, methods with
excellent environmental control should be used because environ-
mental variation is as large or larger than additive variation. The
possibility that cytoplasmic effects exist in cucumber should be
investigated further, especialy inthe context of diseaseresistance.
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