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A concern which has restricted the use of parthenocarpic pickling cucumbers in the 

United States has been firmness of fruit processed by brining. Fruit firmness and defects 

of parthenocarpic and nonparthenocarpic pickling cucumbers were evaluated in 1992 and 

1993. Fruits were produced with or without pollination by growing plants with or 

without floating row covers to exclude pollen vectors. Parthenocarpic cultigens grown 

with row covers were not significantly different from nonparthenocarpic cultigens grown 

without row covers for fresh fruit firmness in both years. Processed fruit firmness was 

similar in 1992, but less for parthenocarpic cultigens in 1993. 

Combining ability of a parthenocarpic and nonparthenocarpic set of parents for fruit 

firmness and related morphological characteristics were investigated using a factorial 

mating design. General combining ability was greater than specific combining ability for 

all traits of fresh and most traits of processed fruit, indicating primarily additive 

inheritance. Fruit, mesocarp, and endocarp firmness, length, and length:diameter ratio 



were positively correlated phenotypically and genetically. Seed cavity diameter and seed 

cavity:fruit diameter ratio were positively correlated phenotypically and genetically, but 

negatively correlated to all other traits. 

Generation means analysis was used to determine the relative importance of genetic 

effects in the inheritance of fruit and mesocarp firmness in crosses between 

parthenocarpic and nonparthenocarpic pickling cucumbers. The primary genetic effects 

in crosses between parents with extreme differences for firmness were additive. Epistatic 

effects were also detected, but the nature of these effects could not be determined 

because the generations required for such analyses were unavailable. One parental inbred 

line was evaluated as a potential donor of favorable alleles for improvement of firmness 

using several statistics and was not a source. 

The endogenous calcium concentration of cucumber tissue influences tissue softening 

and effectiveness of calcium applications for firmness retention during processing. 

Genetic differences for fruit calcium concentration in cultigens which differ in fruit 

firmness were investigated. Cultigens were not different in fruit calcium concentration, 

thus a relationship between fruit calcium concentration and fruit tissue firmness among 

cultigens was not shown. 
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The Influence of Genetic Factors and Pollination on Fruit Firmness in 
Parthenocaipic and Nonparthenocarpic Pickling Cucumbers 

Chapter 1 

Introduction 

Cucumber, Cucwnis sativus L., is a warm season herbaceous annual crop grown for 

its immature fruits which are eaten fresh or processed. Several types of cucumbers are 

grown throughout the world. In North America, slicing and pickling types are most 

common. Slicing type fruits are uniformly dark green, thick skinned, tapered at blossom 

and stem ends, slightly waited, and eaten fresh. Pickling type fruits are mottled, 

relatively thin skinned, blocky, warted, and primarily processed. Greenhouse slicing 

cucumbers are also grown. Greenhouse cucumbers are parthenocaipic and therefore set 

fruit without pollination. They are dark green, long and slender, thin skinned, tapered 

at blossom and stem ends, smooth, and eaten fresh. In other parts of the world, 

particularly the Middle East, the Beit Alpha type predominates. Beit Alpha cucumbers 

are generally lighter green, uniform in color, thin skinned, smooth, and mild in flavor. 

Pickling cucumbers can be classified into two types, American and European. 

Unlike the American type, the European type is often highly parthenocarpic. European 

type pickling cucumbers are characterized by many small warts, whereas the American 

type has few, large warts.  This thesis pertains to the pickling types of cucumbers. 

In 1992, 103,210 acres of cucumbers for pickles were harvested in the United States, 

which produced 589,620 tons of cucumbers (USDA, 1993). Michigan and North 

Carolina are by far the primary producing states, with 21,500 and 20,100 acres 
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respectively. Texas (7,900 acres), South Carolina (7,600 acres), and Wisconsin (6,200 

acres) are third, fourth, and fifth, respectively, in pickling cucumber production. 

Pickling cucumbers are grown, however, in many other states including Oregon. At $27 

million, cucumbers for pickling rank 16* in processed value in Oregon, following 

hazelnuts which have a processed value of $36 million (Azarenko, 1994). 

Development of parthenocarpic pickling cucumber cultivars has received much 

attention due to the desirable seedless fruit and potential production benefits in cool, wet 

weather when pollen vectors are less active. Parthenocarpic cultivars are now widely 

used in Europe, but not in the United States. Firmness of the brined fruits is a concern 

which has restricted their use. This limitaiton probably resulted from the poor processed 

quality of cultivars when first introduced (Korosne and Milotay, 1987; Zwinkels, 1987). 

Apparently, breeding efforts have produced parthenocarpic cultivars which are acceptable 

after processing (Korosne and Milotay, 1987; Zwinkels, 1987). However, in this 

country, the perception that parthenocarpic cultivars are inferior to nonparthenocarpic 

cultivars remains. 

Whether parthenocarpy per se influences quality besides seedlessness in fruits is 

difficult to determine due to the problems of designing a method for comparing seedless 

and seeded fruit (Casas Diaz et al, 1987). Breeding for parthenocarpic pickling 

cucumbers, dePonti (1976) associated carpel separation, sponginess, and cavities with 

parthenocarpic fruits. In chapter three, fruit tissue firmness and defects of genetically 

parthenocarpic and nonparthenocarpic pickling cucumber cultigens with or without 

pollination was compared. 
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A logical approach for the improvement of fruit firmness in parthenocarpic pickling 

cucumbers would be to transfer fruit firmness from outstanding nonparthenocarpic lines 

to those which are parthenocarpic.   Selection has primarly focused on whole fruit 

firmness, small seed cavities, and thick firm mesocarp.    Mesocarp and endocarp 

firmness, however, have not been measured and related to other fruit firmness 

components in fresh or processed fruits.    This information would be valuable for 

development of pickling cucumber hybrids with improved firmness.   In chapter four, 

combining ability of several parthenocarpic and nonparthenocarpic pickling cucumbers 

for fruit firmness components, including mesocarp and endocarp firmness,  was 

investigated and correlations between components determined. 

Knowledge of genetic effects in the inheritance of fruit and mesocarp firmness in 

parthenocarpic by nonparthenocarpic crosses is required for efficient improvement. 

Investigation of genetic effects, as well as, evaluation of a cucumber line as a potential 

donor of favorable alleles for improvement of fruit and mesocarp firmness is presented 

in chapter five. 

The endogenous calcium concentration in pickling cucumber fruit tissue has a large 

influence on the rate of tissue softening during processing (McFeeters and Fleming, 

1989).  Environment and, to a smaller degree, genotype have been shown to influence 

cucumber fruit calcium concentration (Engelkes et al, 1990). Since fresh and processed 

firmness are related (Sneed and Bowers, 1970), it was of interest to determine if firm 

genotypes contain higher levels of calcium than those which are less firm.  Chapter six 

investigated this question. 



Chapter 2 

Literature Review 

Fruit firmness in cucumber 

Components and morphological relationships. 

Cucumber fruit are composed of exocarp (skin), mesocarp (carpel wall), and 

endocarp (seed cavity) tissues (Fig. 1). Each of these tissues have firmness properties. 

Fruit morphology greatly influences fruit firmness. Increased fruit firmness is related 

to longer fruit length, greater length:diameter ratio, smaller seed cavity size, and smaller 

seed cavity:fruit diameter ratio (Lower and Edwards, 1986). Long slender fruit tend to 

have a greater proportion of their fruit diameter in mesocarp than in endocarp and are 

firmer than shorter, rounder fruit where the endocarp constitutes a proportionately larger 

fraction of the fruit diameter. Physiologically, rapid fruit maturation is positively related 

to seed cavity growth rate and, consequently, decreased fruit firmness (Lower and 

Edwards, 1986). 

Inheritance. 

The inheritance of fresh fruit firmness in nonparthenocarpic cucumbers was primarily 

additive in studies by Peterson et al (1978) and Smith et al (1978). Peterson et al, (1978) 

concluded from generation means analysis of crosses between soft and firm cultivars that 

fruit firmness was a highly heritable quantitative trait without cytoplasmic effects. Smith 

et al, (1978) found that most of the genetic variance for fruit firmness (measured on 



whole fruit with the skin on), flesh firmness (measured on whole fruit with the skin off), 

and carpel wall thickness (shortest distance between skin and seed cavity) was additive 

for a reference population created from random mating of 18 monoecious 

nonparthenocarpic pickling cucumber lines. Narrow sense heritabilities for these 

characteristics were 0.42 for fruit firmness, 0.45 for flesh firmness, 0.49 for carpel wall 

thickness, and were much higher than those computed for yield components such as fruit 

number (0.17) and fruit weight (0.02). A relatively large genotype by environment 

interaction was found for fruit firmness. Phenotypic correlations between fruit firmness, 

Exocarp 

Mesocarp 

Endocarp 

Figure 1.  Tissue components of cucumber fruit. 
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flesh firmness, and carpel wall thickness were positive and relatively high ranging from 

0.44 for carpel wall thickness and flesh firmness to 0.94 for flesh and fruit firmness. 

Genotypic correlations were also positive and relatively high ranging from 0.56 for fruit 

firmness and carpel wall thickness to 1.07 for flesh and fruit firmness. 

Other genetic factors. 

George and Munger (1980) investigated the influence of the white and black spine 

color alleles on skin toughness and fruit firmness in two near isogenic lines of 'Wisconsin 

SMR 18' pickling cucumber and concluded that skin differences associated with the spine 

color alleles occurred only in mature fruit where cell wall thickness was greatest in the 

mature pericarp of white spined fruit. 

Nongenetic factors. 

Fruit firmness may vary with harvest date. Fritz and Weichmann (1986) reported 

that later harvests of parthenocarpic cultivars 'Colet' produced softer fruit, while 'N 179- 

80' produced firmer fruit. Breene et al, (1972) reported no major affect of harvest time 

on fruit firmness. 

The effect of nitrogen fertilization on fruit firmness has also been investigated. In 

a study by Fritz and Weichmann (1986), fruit firmness was similar regardless of the 

nitrogen level applied. 



Firmness measurement. 

The Magness-Taylor fruit firmness tester has commonly been used for determination 

of firmness of fresh and processed whole cucumbers and is a reasonably good predictor 

of sensory firmness (Thompson et al, 1982; Sneed and Bowers, 1970). The force 

required to penetrate mesocarp tissue using a firmness tester has been highly correlated 

with means of sensory panel firmness ratings (r=0.88) (Thompson et al, 1982). 

Firmness measurements can vary with the location on the fruit from which they are 

taken. Mesocarp and endocarp are firmer near the stem end than near the blossom end 

of fruits. In addition, mesocarp tissue is firmer near the skin and becomes progressively 

less firm toward the seed cavity (Thompson et al, 1982). Therefore, it is important that 

firmness measurements are consistently taken from the same location on the fruit for 

accurate comparisons. 

Increases in fruit diameter and size cause decreases in mesocarp and endocarp 

firmness in fresh and processed fruit (Thompson et al, 1982). Consequently, samples 

to be used for fruit firmness determination must be similar in size. 

Fruit defects. 

Carpel separation, the separation of fused carpels forming a hollow in fruits, and 

placental hollows, holes in the placental tissue which surrounds the seed cavity, are 

visually undesirable and may lead to problems in processing. Carpel separation and 

placental hollows create a chamber in the fruit where gas can accumulate and increase 
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the percentage of bloating in processed cucumbers (Sneed and Bowers, 1970). Bloating 

results when gas becomes trapped inside brined cucumbers by outer liquid-clogged tissues 

(Fleming and Pharr, 1980). 

Carpel separation has not been related to yield or flowering habit (Wilson and Baker, 

1976), but may vary significantly over consecutive harvest dates (Sneed and Bowers, 

1970) or occur during mechanical harvesting and grading (Marshall et al., 1972). 

Increases in flesh firmness tend to reduce carpel separation (Lower and Edwards, 1986). 

The occurrance of placental hollows, however, tends to increase as fruit firmness 

increases and seed cavity size decreases (Lower and Edwards, 1986). Water stress and 

nitrogen have also been implicated as causal agents of fruit defects (Elkner, 1982). The 

occurrance of fruit defects was greatest for plants grown in soil with low moisture and 

high nitrogen content in a study by Elkner (1982). 

In an inheritance study by Wilson and Baker (1976) carpel separation exhibited 

dominance over non-separation. Additive genetic variance exceeded dominance variance 

and significant environmental variance was observed. Narrow sense heritability estimates 

ranged from 0.39-0.45 which suggested improvement through selection was possible 

(Wilson and Baker, 1976). 

Parthenocarpy 

Parthenocarpy, the formation of seedless fruits, occurs in many horticultural crops 

and may be natural or induced artificially (Gustafson, 1942). Natural parthenocarpy may 

be obligatory as a result of genetic sterility, or may be facultative where seedless fruits 
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are produced due to environmental stimuli.   Vegetative parthenocarpy occurs without 

external stimulation.  Stimulative parthenocarpy requires external stimuli such as 

pollination.   Banana, citrus, grape, pineapple, and cucumber are some economically 

important crops with parthenocarpic fruit production (Gustafson, 1942). 

Natural parthenocarpy in cucumber. 

Parthenocarpy occurs naturally without pollination in cucumber as a result of genetic 

and nongenetic factors (Gustafson, 1942; Pike and Peterson, 1969; Rudich et al, 1977). 

Genetic factors. The inheritance of parthenocarpy in cucumber has been investigated 

by several researchers. Pike and Peterson (1969) reported that parthenocarpy was 

inherited as an incompletely dominant gene in a cross between gynoecious parthenocarpic 

and gynoecious nonparthenocarpic inbred lines. Homozygous dominant plants produced 

parthenocarpic fruits by the fifth node of the plants main stem, heterozygous plants 

produced parthenocarpic fruits after the fifth node, and homozygous recessive plants 

produced no parthenocarpic fruits. dePonti and Garretsen (1976) using generation means 

analysis of a cross between gynoecious parthenocarpic and gynoecious nonparthenocarpic 

lines concluded parthenocarpy, measured as the percent of female flowers which 

produced parthenocarpic fruits, was inherited as "three independant, isomeric major 

genes with additive action, together with a non-allelic interaction of the homozgote- 

heterozgote type". That is, the data fit an additive - dominance digenic interaction 

effects model. More recently Kim et al, (1992a) in a cross between monoecious 
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nonparthenocarpic and gynoecious parthenocarpic cultivars, concluded parthenocarpy was 

inherited as a single gene expressing incomplete dominance. 

While parthenocarpy can be regarded as a qualitative trait (the ability to produce 

fruits without pollination) it is often treated as a quantitative trait (the ability to produce 

a certain yield of parthenocarpic fruits) in breeding (El-Shawaf and Baker, 1981a; 

dePonti and Garretsen, 1976). The inheritance of parthenocarpic yield was investigated 

by El-Shawaf and Baker (1981a) by using diallel analysis of six gynoecious pickling 

cucumber lines which were genetically parthenocarpic and nonparthenocarpic. General 

and specific combining ability for yield characters (fruit number on the main stem, fruit 

number on the laterals, and total fruit weight) were significant. However, the general 

combining abilities were much greater than the specific combining abilities. Narrow 

sense heritabilities ranged from zero to 0.32 for these yield characters, with the number 

of fruits on the main stem being the most heritable (El-Shawaf and Baker, 1981a). 

Parthenocarpy has been associated with higher levels of indoleacetic acid (IAA) in 

the ovary of cucumber fruits which set without pollination (Kim et al, 1992a; 1992b; 

Takeno and Ise, 1992). Takeno and Ise (1992) concluded that within a cultivar ovaries 

which are predicted to develop parthenocarpically (longer ovaries at anthesis) contain 

higher levels of IAA at anthesis than those which were not. They propose that different 

cultivars may have different endogenous auxin levels, regardless of parthenocarpic 

intensity. This proposal has not been substantiated. 

Nongenetic factors. Environmentally, short photoperiods and low temperatures 

promote, while long photoperiods and high temperatures inhibit parthenocarpic fruit set 
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(Rudich et al, 1977). Ontogenetically, normal flowering and development in genetically 

nonparthenocarpic cucumbers will result in some parthenocarpic fruit set. Cucurbit 

flowering and fruiting, including monoecious cucumber, is characterized by a sequence 

of four physiological stages (Nitsch et al, 1952). The monoecious cucumber plant begins 

flowering with male flowers, then produces a mixture of male and female flowers, which 

is followed by female flowers only, and finally females which develop into 

parthenocarpic fruits (Nitsch et al, 1952). The intensity of femaleness (the ratio of 

staminate to carpellate flowers) has also been related to parthenocarpic fruiting. Strong 

femaleness (predominately carpellate flowers), in otherwise genetically nonparthenocarpic 

plants, promoted earlier and greater numbers of parthenocarpic fruits (Rudich et al, 

1977). Parthenocarpic fruiting in genetically nonparthenocarpic plants is much less 

compared to genetically parthenocarpic plants, especially under environmental conditions 

which promote parthenocarpy (Rudich et al, 1977). Highly parthenocarpic lines have 

produced two to four times more fruits than genetically nonparthenocarpic plants when 

environmental conditions favor parthenocarpy (Rudich et al, 1977). 

Artificial parthenocarpy in cucumber. 

Parthenocarpy can be artifically induced in cucumber by using auxin transport 

inhibitors, principally 2-chloro-9-hydroxyfluorene-9-carboxylic acid (chloroflurenol) 

(Cantliffe et al, 1972; Beyer and Quebedeaux, 1974; Dean and Baker, 1983; Ells, 1983). 
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Parthenocarpy and its relation to other characteristics. 

The parthenocarpic locus (Pc) in cucumber has been placed in linkage group IV 

(Pierce and Wehner, 1990).  Genes in linkage group IV within 17 map units of Pc are 

D (dull fruit skin, dominate to shiny), u (uniform immature fruit color, recessive to 

mottled or stipeled color), Tu (tuberculate or warty fruit, dominant to smooth), and te 

(tender fruit skin, recessive to tough) (Fanourakis and Simon, 1987; Pierce and Wehner, 

1990). The gene ss (small spines, recessive to large coarse spines) is 26 map units from 

Pc. 

Pollination and parthenocarpy. 

Genetically parthenocarpic cultivars produced significantly less fruit fresh weight 

when pollinated than without pollination in a study by Denna (1973) which included 12 

genetically parthenocarpic cultivars. Furthermore, parthenocarpic fruits inhibited vine 

growth less than nonparthenocarpic fruits, but the level of inhibition was still great. 

Despite requiring insect pollination for fruit set, cucumbers are not highly attractive 

to bees and honey bee hives are commonly placed near nonparthenocaipic pickling 

cucumber fields to ensure optimum fruit set (DeGrandi-Hoffman, 1987). Insect 

pollination is avoided, however, in the production of parthenocarpic pickling cucumbers 

by using gynoecious cultivars and field isolation from pollen bearing nonparthenocarpic 

cultivars. 
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Calcium and cucumber fruit firmness retention 

Cucumbers often soften during fermentation and brine storage. Calcium has been 

effective as a firmness retention agent in cucumbers by preventing both enzymatic and 

nonenzymatic softening (Hudson and Buescher, 1980). Calcium has inhibited mesocarp 

softening in blanched cucumber tissue under acidic conditions (McFeeters and Fleming, 

1989; 1990). While calcium decreases the rate of softening, it does not completely stop 

it. 

Calcium appears to have at least two major functions in protection against tissue 

softening; cross linkage of pectin macromolecules (Grant et al, 1973) and reduced 

demethylation of pectins (Hudson and Buescher, 1985; 1986). Calcium has been 

proposed to inhibit softening by cross-linking negatively charged pectin carboxyl groups 

forming a three dimensional gel structure, referred to as the "egg-box" model (Grant et 

al, 1973). Hudson and Buescher (1985) propose that calcium reduces softening by 

protecting pectin macromolecules from demethylation (deesterification). Deesterification 

of pectins causes them to uncoil from their ordered configuration and reduces firmness 

(Hudson and Buescher, 1985). Recently, evidence against the egg-box model as an 

explanation for inhibition of softening by calcium in cucumber has been reported 

(McFeeters and Fleming, 1991). Calcium applied as a chloride salt is now used in most 

commericial cucumber pickle products (McFeeters, 1986) and is most effective when 

applied at the initiation of brining (Hudson and Buescher, 1985; Tang and McFeeters, 

1983). 
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The endogenous calcium concentration in pickling cucumber fruit tissue has a large 

influence on the rate of tissue softening during processing (McFeeters and Fleming, 

1989).   Calcium applications become less effective as the endogenous fruit calcium 

concentration increases (McFeeters and Fleming, 1989). Environment and, to a smaller 

degree, genotype have been shown to influence cucumber fruit calcium concentration 

(Engelkes et al, 1990). 
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Abstract 

Fresh fruit firmness, processed fruit firmness, and fruit defects of genetically 

parthenocarpic and nonparthenocarpic pickling cucumber cultigens produced with or 

without pollination were investigated by growing plants with or without floating row 

covers to exclude pollen vectors at Brooks, Oregon in 1992, and 1993, in two 

experiments. In the first experiment, in 1992, parthenocarpic cultigens grown with row 

covers were not significantly different than nonparthenocarpic cultigens grown without 

row covers for fresh fruit firmness; processed fruit firmness was also similar. In the 

second experiment, in 1993, fresh fruit firmness of parthenocarpic cultigens grown with 

row covers was not significantly different than nonparthenocarpic cultigens grown 

without row covers, however processed fruit firmness of parthenocarpic cultigens was 

less. Fruit defects were most frequent for nonparthenocarpic cultigens grown without 

pollination in each experiment. 

Introduction 

Parthenocarpy, the formation of seedless fruits, occurs naturally without pollination 

in cucumber as a result of environmental stimuli and genetics (Gustafson, 1942; Pike and 

Peterson, 1967; dePonti and Garretsen, 1976; Rudich et al, 1977; Kim et al, 1992). 

Environmentally, short photoperiods and low temperatures promote, while long 

photoperiods and high temperatures inhibit parthenocarpy (Rudich et al, 1977). 

Genetically, parthenocarpy is inherited as a single codominant gene (Pike and Peterson, 
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1967; Kim et al, 1992) or as three independant genes (dePonti and Garretsen, 1976), and 

parthenocarpic yield is quantitative (El-Shawaf and Baker, 1981). 

Genetically nonparthenocarpic cucumbers will set parthenocarpic fruit as a result of 

normal flowering and plant development. Cucurbit flowering and fruiting, as in 

monoecious cucumber, is characterized by a sequence of four physiological stages (Nitsch 

et al, 1952). The monoecious cucumber plant begins with male flowers, then produces 

a mixture of male and female flowers, which is followed by female flowers only, and 

finally females which develop into parthenocarpic fruit (Nitsch et al, 1952). The 

intensity of femaleness (the ratio of staminate to carpellate flowers) has been related to 

parthenocarpic fruiting. Strong femaleness (predominately carpellate flowers), in 

otherwise genetically nonparthenocarpic plants, promoted earlier and greater numbers of 

parthenocarpic fruits (Rudich et al, 1977). Nonparthenocarpic plants produce less 

parthenocarpic fruits than genetically parthenocarpic plants, especially under 

environmental conditions which promote parthenocarpy (Rudich et al, 1977). Highly 

parthenocarpic lines have produced two to four times more fruits than genetically 

nonparthenocarpic plants when environmental conditions favor parthenocarpy (Rudich et 

al, 1977). 

Despite requiring insect pollination for fruit set, cucumbers are not highly attractive 

to bees and honey bee hives are commonly placed near nonparthenocarpic pickling 

cucumber fields to ensure optimum fruit set (DeGrandi-Hoffman, 1987). Insect 
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pollination is avoided, however, in the production of parthenocarpic pickling cucumbers 

by using gynoecious cultivars and field isolation from pollen bearing nonparthenocarpic 

cultivars. 

Development of genetically parthenocarpic pickling cucumber cultivars has received 

much attention due to the desirable seedless fruit and potential production benefits in 

cool, wet weather when pollinators are less active. Parthenocarpic cultivars are now 

widely used in Europe, but not in the United States. Firmness of the brined fruit is a 

concern which has restricted their use. This limitation probably resulted from the poor 

processed quality of cultivars when first introduced (Korosne and Milotay, 1987; 

Zwinkels, 1987). Breeding efforts have apparently produced parthenocarpic cultivars 

which are acceptable after processing (Korosne and Milotay, 1987; Zwinkels, 1987). 

However in this country, the perception that parthenocarpic cultivars are inferior to 

nonparthenocarpic cultivars remains. 

Whether parthenocarpy influences quality besides seedlessness in fruits is difficult 

to determine due to the problems of designing a method for comparing seedless and 

seeded fruit (Casas Diaz et al, 1987). In tomato, parthenocarpic fruits have had higher 

percent soluble solids, pH values, and higher total solids than nonparthenocarpic fruits 

(Casas Diaz et al, 1987). However, small fruit size (I. Rylski, 1979; Scott and George, 

1984) and puffiness (I. Rylski, 1979) have also been associated with parthenocarpic fruits 

in some tomato lines. Incorporating parthenocarpic genes to improve soluble solids in 

tomato has apparently been associated with soft fruit, high pH, small fruit and low yields 

(Casas Diaz et al, 1987).   Breeding for parthenocarpic pickling cucumbers, dePonti 
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(1976) associated carpel separation, sponginess, and cavities with parthenocarpic fruits. 

The objectives of this research were to determine whether genetically parthenocarpic 

pickling cucumber cultivars are inferior in fresh firmness, processed firmness and fruit 

defects to nonparthenocarpic cultivars, and to investigate the influence of pollination on 

these characteristics in the two types of cultivars. 

Materials and Methods 

Plant material. 

The cultivars and inbred lines, hereafter referred to collectively as cultigens [defined 

by Wehner (1995) as improved cultivars, breeding lines, land races, feral cucumbers, and 

plant introductions], used in these experiments were genetically parthenocaipic or 

nonparthenocarpic with imperfect flowers and were either gynoecious, predominately 

female (mostly carpellate with a few staminate flowers), or monoecious in plant sex 

expression (Table 1). Cultigens were characterized by few, large warts (American type) 

or many, small warts (European type) and were white spined and vining in growth habit. 

Seeds of the cultigens were provided by Bejo Zaden BV (P.O. Box 50 - Trambaan 1, 

1749 ZH, Warmenhuizen, Holland), Nunhems Zaden BV, (P.O Box 4005, 6080 AA, 

Haelen, Holland) and Sunseeds (Research Station, 8850 59th Ave. NE, Brooks, Oregon). 

The experiments in which the cultigens were included are summarized in Table 1. 
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Table 1. Characteristics and sources of genetically parthenocaipic and nonparthenocarpic 
cucumber cultigens used in Experiments I and H. 

Type 

Cultigen Source Sex1 Fruity     Experiment1 

Adonis 

Alstar 

Anka 

Arena 

Parmel 

Serena 

W744 

WI1983 

Alert 

Calypso 

Clinton 

Furax 

Ilonca 

Parker 

Stimora 

Genetically parthenocarpic 

Bejo 

Bejo 

Nunhems 

Bejo 

Nunhems 

Nunhems 

Sunseeds 

Sunseeds 

G 

G 

G 

G 

G 

G 

G 

G 

Genetically nonparthenocarpic 

Bejo PF 

Sunseeds G 

Sunseeds M 

Nunhems PF 

Nunhems PF 

Nunhems PF 

Nunhems PF 

E 

E 

E 

E 

E 

A 

A 

A 

E 

A 

A 

A 

E 

A 

E 

I 

I 

i,n 
i 
i 

i,n 
n 
n 

i 

i,n 
n 

i,n 
i,n 
i 

i 

z G = gynoecious, PF = predominately female, M = monoecious. 
y A = American pickling type having few, large warts; E = European pickling type having many, small 

warts. 
' Indicates in which experiment the cultigen was included: I = Experiment I, 1992; 11 = Experiment 11, 1993. 



21 

Data collection. 

Data were collected for the following traits of fresh and processed fruit: fruit 

firmness, mesocarp firmness, endocarp firmness, fruit length, fruit diameter, fruit 

length:diameter ratio, seed cavity diameter, seed cavity diameter:fruit diameter ratio 

(seed cavity ratio), placental hollows, and carpel separation. Fruit morphology data was 

collected because increased fruit firmness is related to longer fruit length, greater 

length:diameter ratio, smaller seed cavity size, and smaller seed cavity ratio (Lower and 

Edwards, 1986). 

Hand harvested fruits were graded and fruits 2.7 - 3.8 cm in diameter retained for 

data collection. Ten randomly chosen fruits were measured per plot for each trait. 

Fruit, mesocarp, and endocarp firmness were measured using a U.C. Firmness Tester 

(FPT) with a 7.9 mm round tip (fruit) and 2.0 mm flat tip (mesocarp and endocarp) 

plunger, respectively. Firmness was expressed as the Newtons (N) of force required to 

penetrate the tissue. Fruit firmness was measured in the center of the fruit with the skin 

on. Estimates of mesocarp and endocarp firmness, unbiased by fruit morphology, were 

obtained from fruit cross sections approximately 2 cm thick taken from the stem end side 

of each FPT puncture. Mesocarp readings were made by puncturing the fruit wall 

equidistant from the exocarp (skin) and endocarp once per cross section. Endocarp 

readings were made by puncturing the locular area within a carpel avoiding carpel walls 

and developing seed coats once per cross section. Fruit length, fruit diameter, and seed 

cavity diameter were measured directly. Fruit length:diameter and seed cavity 

diameter:fruit diameter ratios were calculated. The occurrence of carpel separation, the 
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separation of fused carpels forming a hollow through part or the entire length of a fruit, 

was noted as were placental hollows, the localized separation of mesocarp often 

appearing as a hole where the mesocarp and seed cavity join. Fruits which remained 

after harvest data collection were brined by a commercial processor and evaluated after 

approximately four months of preservation. 

Experiment 1, 1992. 

In order to compare fruit firmness of genetically parthenocarpic and 

nonparthenocarpic cultigens, unpollinated and pollinated fruits must be produced 

simultaneously at the same location for each cultigen. To accomplish this task, 

pollinating insects were excluded or allowed unrestricted access to plants by the use of 

floating row covers (Agryl P-17, McConkey Co., P.O. Box 1690 Sumner, WA; 

nonwoven polypropylene, approximately 17 gmsm2, 85% light transmissive). A split- 

plot experimental design was used with cultigen as the main plot factor and presence or 

absence of row cover the sub-plot factor. Six genetically parthenocarpic and six 

nonparthenocarpic cultigens were direct seeded in single row plots (6.1 m long) 0.8 m 

apart in a complete randomized block design with three blocks on 19 June, 1992, at 

Brooks, Oregon, and thinned to 7.6 cm apart on 30 June, 1992. Subplot (3.1 m long) 

treatments were randomly assigned. Row covers were applied when flowering had begun 

in all plots on 24 July, 1992. Open and old flowers were removed in both the pollen 

vector excluded and unrestricted subplots at this time. Standard cultural practices were 

followed using sprinkler irrigation until row covers were applied, and drip irrigation 
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thereafter.    Three weekly morning (0700 - 0900) harvests were taken beginning 6 

August, 1992, when a majority of the plots had reached the optimum stage for once-over 

mechanical harvest (Miller and Hughes, 1969). Row covers were replaced immediately 

after each plot was harvested.   Data was analyzed using analysis of variance.   Error 

heterogeneity, as determined by F tests, prevented combining the first harvest data with 

that of the second and third. Therefore, the first harvest data was omitted. T tests were 

used to test for differences between the mean of parthenocarpic and nonparthenocarpic 

cultigens grown in the pollen vector exclusive and unrestrictive environments.   To 

maintain consistency between fresh and processed fruit data analysis, first harvest data 

was also not used.   Data for the processed fruit was insufficient for an analysis of 

variance, therefore means and standard errors were used. 

Experiment II, 1993. 

Fruit firmness of genetically parthenocarpic and nonparthenocarpic cultigens was 

compared again in 1993 using the floating row cover technique of Experiment I. Four 

genetically parthenocarpic and four nonparthenocarpic cultigens (Table 1) were direct 

seeded in plots 3.1 m long and 0.8 m apart in a complete randomized block design on 

30 June, 1993, at Brooks, Oregon. Floating row covers were randomly assigned and 

applied on 7 August, 1993, after flowering had begun. Open and old flowers were 

removed in all plots at this time. Standard cultural practises and drip irrigation were 

used. Plots were harvested once, when they reached the optimum stage for once-over 

mechanical harvest (Miller and Hughes, 1969).  In contrast to 1992, there was greater 
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variation in fruit development by cultigen and row covered plots were slightly delayed 

which prohibited simultaneous harvest of all plots.  Row covered plots were harvested 

one week after uncovered plots by cultigen.  Therefore, the data presented is for first 

harvested fruits of all plots which were taken from 23 August through 7 Sept., 1993. 

The number of fruits produced in 1993 was lower than in 1992 and the number of fruits 

measured per plot were subsequently reduced to five.   Endocarp firmness was not 

measured.    Data was analyzed using analysis of variance following procedures for 

missing plots and plot means were weighted by the number of observations in each mean. 

Multiple t tests were used to test for significant differences between cultigen means, as 

well as, the mean of parthenocarpic and nonparthenocarpic cultigens grown in the pollen 

vector excluded and unrestricted environments. Five processed fruits were measured per 

plot when possible.    Data for the processed fruits was insufficient for analysis of 

variance, therefore means and standard errors were used. 

Results 

Experiment I. 

Parthenocarpy, cultigen, and row cover effects were significant for each fruit 

firmness component in the analysis of variance (Table 2).  A significant interaction 

between parthenocarpy and row cover was detected for each component except fruit 

firmness.  The interaction of cultigen with row cover was significant for length, 

length:diameter ratio, seed cavity diameter, and seed cavity ratio (Table 2). 



Table 2.   Analysis of variance of fresh fruit firmness components of genetically parthenocarpic and nonparthenocarpic pickling 
cucumber cultigens grown in the presence or absence of floating row covers for Experiment I at Brooks, Oregon in 1992. 

Mean squares 

Firmness (N) 

Length SCD" SCRX 

Source df Fruit Mesocarp Endocarp (cm) LDR1 (cm) (xlO-3) 

Block (B) 2 2.21 0.03 0.07 0.10 0.048* 0.009 0.1 

Parthenocarpy (P) 1 156.65" 11.11"" 2.69"" 0.77* 0.038* 0.319"" 28.4— 

Cultigen (C)/P 10 126.99"" 1.29"" 0.35- 0.45" 0.048"* 0.048*" 3 9"" 

Error a 22 12.29 0.17 0.06 0.14 0.009 0.007 0.5* 

Row cover (R) 1 272.53"" 15.90"" 1.84"" 1.24- 1.227"" 1.494"" 66.6— 

PxR 1 0.30 0.97" 0.61" l.OT" 0.039* 0.069*** 4.2"" 

C/PxR 10 10.56 0.10 0.08 0.21* 0.017* 0.009* 0.5* 

Error b 24 7.28 0.11 0.06 0.07 0.007 0.004 0.2 

cv(%) 3.44 4.78 10.39 2.81 2.756 3.710 2.6 

1 LDR = length :diameter ratio. 
y BCD = seed cavity diameter. 
x SCR (seed cavity ratio) = seed cavity diametenfruit diameter ratio. 
*'**•"*' '"Significant at p=0.05, 0.01, 0.001, 0.0001 by F tests, respectively. 
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Genetically parthenocarpic vs. nonparthenocarpic cultigens.  The mean of 

parthenocarpic cultigens grown with row covers and the mean of nonparthenocarpic 

cultigens grown without row covers was not significantly different for fresh fruit 

firmness, mesocaip firmness, and endocarp firmness (Table 3). The parthenocarpic 

cultigen mean for length and length:diameter ratio was significantly greater than, and 

the seed cavity diameter and seed cavity ratio significantly less than, the mean for 

nonparthenocarpic cultigens (Table 3). These relationships were also evident in the 

processed fruit of parthenocarpic cultigens grown with row covers and 

nonparthenocarpic cultigens grown without row covers (Table 4). 

Genetically parthenocarpic cultigens were significantly different for each fresh 

fruit firmness component, as were nonparthenocarpic cultigens (Table 5).  'Serena' 

and 'Adonis' had the firmest and softest fruits, respectively, of parthenocarpic 

cultigens grown with row covers (Table 5).  'Calypso' and 'Alert' had the firmest and 

softest fruits of nonparthenocarpic cultigens grown without row covers, respectively 

(Table 5).  The range of fresh fruit firmness among parthenocarpic cultigens grown 

with row covers (89.6 - 73.0 N) was greater and higher, than that for 

nonparthenocarpic cultigens grown without row covers (81.1 - 70.6 N). After 

processing, Serena and 'Anka' had the firmest and softest fruit, respectively, of 

parthenocarpic cultigens grown with row covers (Table 6).  Calypso and 'Ilonca' had 

the firmest and softest processed fruit of nonparthenocarpic cultigens grown without 

row covers, respectively (Table 7).  The range of processed fruit firmness among 
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Table 3. P values of t-tests for differences between the mean of parthenocarpic and 
nonparthenocarpic cultigens grown in the presence or absence of floating row covers for 
Experiment I at Brooks, Oregon in 1992. 

Treatment 

p values 

Nonparth.* Parth.y Nonparth. 
Component Mean Row Cover No Cover No Cover 

Parth. 
Row Cover 

Fruit firmness 79.0 0.0046 0.0002 0.3128 
Mesocarp firmness 6.91 0.0001 0.0001 0.1691 
Endocarp firmness 2.18 0.0001 0.1096 0.4139 
Length 9.98 0.0001 0.0001 0.0001 
Length:diameter 3.23 0.0029 0.0001 0.0001 
sciy 1.67 0.0001 0.0001 0.0001 
SCRW 0.54 

Nonparth. 
Row Cover 

0.0001 0.0001 0.0001 

Fruit firmness 82.0 0.0001 0.0004 
Mesocarp firmness 7.97 0.0001 0.0001 
Endocarp firmness 2.76 0.0001 0.0001 
Length 9.55 0.4801 0.7381 
Length:diameter 3.14 0.0001 0.0001 
SCD 1.48 0.0001 0.0001 
SCR 0.49 

Parth. 
No Cover 

0.0001 0.0001 

Fruit firmness 75.0 0.0026 
Mesocarp firmness 6.20 0.0001 
Endocarp firmness 2.05 0.0202 
Length 9.48 0.6966 
Length: diameter 2.93 0.9846 
SCD 1.90 0.0020 
SCR 0.58 

Nonparth. 
No Cover 

0.0001 

Fruit firmness 78.1 
Mesocarp firmness 6.75 
Endocarp firmness 2.25 
Length 9.52 
Length: diameter 2.93 
SCD 1.82 
SCR 0.56 

1 Genetically nonparthenocarpic cultigens. 
y Genetically parthenocarpic cultigens. 
* SCD = seed cavity diameter. 
w SCR (seed cavity ratio) = seed cavity diameterfruit diameter ratio. 



Table 4.  Processed fruit firmness components* for the mean of genetically parthenocarpic or nonparthenocarpic pickling cucumber 
cultigens grown in the presence or absence of floating row covers for Experiment I at Brooks, Oregon in 1992. 

Firmness (N) 
v No. Length SCDX 

Treatment      obsn. Fruit Mesocarp Endocarp (cm) LDRy (cm) SCRW 

Parth.v 73      63.5 ± 0.9     7.77 ± 0.15     1.72 ± 0.07      9.0 ± 0.1     3.20 ± 0.04    1.31 ± 0.03    0.46 ± 0.01 
Row cover 

Nonparth."       186     64.6 ± 0.9     7.96 ± 0.09     1.65 ± 0.03      8.4 ± 0.1     2.78 ± 0.02    1.56 ± 0.04    0.52 ± 0.02 
No cover 

Parth. 194     59.2 ± 0.7     6.94 ± 0.10     1.48 ± 0.03      8.5 ± 0.1     2.76 ± 0.02    1.65 ± 0.02    0.53 ± 0.01 
No cover 

Nonparth. 31      63.8 ± 1.9     8.05 ± 0.23     1.94 ± 0.22      9.2 ± 0.2    3.16 ± 0.05    1.27 ± 0.04    0.43 ± 0.01 
Row cover 

z Data are means ± standard errors. 
y LDR = fruit length:diameter ratio. 
x SCD = seed cavity diameter. 
w SCR (seed cavity ratio) = seed cavity diameter: fruit diameter ratio. 
v Parth. = the mean of the genetically parthenocarpic cultigens. 
u Nonparth. = the mean of the genetically nonparthenocarpic cultigens. 

to 
oo 



Table S.   Mean fresh fruit firmness components of genetically parthenocarpic and nonparthenocarpic pickling cucumber cultigens grown in the presence or 
absence of floating row covers for Experiment I at Brooks, Oregon in 1992. 

Row Cover No Cover 

Firmness (N) 

Length SCDW 

Firmness (N) 

Length SCD 
Cultigen Fruit Meso" Endo* (cm) LDR* (cm) SCRV Fruit Meso Endo (cm) LDR (cm) SCR 

Genetically parthenocarpu r* 

Serena 89.6 7.49 2.11 10.1 3.16 1.63 0.51 81.5 6.84 2.06 9.3 2.98 1.70 0.55 
Alstar 82.3 7.03 2.56 9.6 3.16 1.62 0.53 77.1 5.93 2.16 9.4 2.84 1.88 0.57 
Parmel 77.5 6.97 1.99 10.3 3.29 1.80 0.57 73.5 6.25 1.83 9.4 2.89 2.00 0.62 
Anka 77.4 6.80 1.82 10.2 3.35 1.63 0.53 74.3 6.35 2.07 10.0 3.04 1.92 0.59 
Arena 74.2 6.51 2.27 10.3 3.23 1.66 0.52 73.8 6.00 2.12 9.6 2.93 1.88 0.57 
Adonis 73.0 6.65 2.34 9.5 3.20 1.67 0.56 69.7 5.83 2.04 9.3 2.87 1.99 0.61 

Genetically nonparthenocarpic 

Calypso 88.0 9.22 3.36 9.5 3.14 1.40 0.46 81.1 7.42 2.54 9.8 3.10 1.70 0.54 
Furax 87.8 8.20 2.62 9.0 2.95 1.35 0.44 81.0 6.81 2.18 9.1 2.76 1.78 0.54 
Parker 81.0 8.33 3.08 9.2 3.05 1.42 0.47 81.3 7.12 2.25 9.5 2.92 1.82 0.56 
Stimora 80.0 7.50 2.78 9.7 3.22 1.55 0.51 77.1 6.50 2.32 9.8 2.98 1.81 0.55 
Ilonca 78.9 7.30 2.16 10.0 3.22 1.64 0.53 77.2 6.19 1.94 9.2 2.76 1.93 0.58 
Alert 76.1 7.26 2.55 9.9 3.22 1.55 0.50 70.6 6.48 2.25 9.8 3.02 1.91 0.59 

LSD,* 4.6 0.57 0.41 0.5 0.15 0.11 0.02 4.6 0.57 0.41 0.5 0.15 0.11 0.02 

1 Meso = mesocarp. y Endo = endocarp. 
* LDR = fruit length: diameter ratio. w SCD = seed cavity diameter. 
v SCR (seed cavity ratio) = seed cavity diameter: fruit diameter ratio. 



Table 6.   Processed fruit firmness components2 of genetically parthenocarpic and nonparthenocarpic pickling cucumber cultigens 
grown in the presence of floating row covers for Experiment I at Brooks, Oregon in 1992. 

No. 

Firmness (N) 

Length SCDX 

Cultigen obsn. Fruit Mesocarp Endocarp (cm) LDRy (cm) SCRW 

Genetically parthe inocarpic 

Serena 9 71.4 ± 1.7 8.54 ± 0.42 1.87 ± 0.32 9.4 ± 0.4 3.16 ±0.07 1.38 ± 0.12 0.45 ± 0.02 
Alstar 11 67.0 ± 2.0 8.81 ± 0.36 2.16 ± 0.19 8.2 ± 0.2 3.06 ± 0.10 1.25 ± 0.09 0.46 ± 0.02 
Parmel 19 63.1 ± 1.5 7.29 ± 0.31 1.42 ± 0.09 9.5 ± 0.4 3.33 ± 0.07 1.41 ± 0.07 0.49 ± 0.01 
Anka 10 57.7 ± 3.2 8.08 ± 0.21 1.52 ± 0.12 9.0 ± 0.1 3.26 ± 0.13 1.22 ± 0.06 0.44 ± 0.02 
Arena 10 59.2 ± 1.8 7.71 + 0.16 1.93 ±0.10 8.9 ± 0.3 3.21 ± 0.04 1.14 ± 0.04 0.41 ± 0.01 
Adonis 14 63.3 ± 1.8 6.93 ± 0.30 1.67 ± 0.09 8.8 ± 0.3 3.12 ± 0.10 1.35 ± 0.06 0.48 ± 0.01 

Genetically nonparthenocarpic 

Calypso 
Furax 
Parker 

— — — — — — — — 

__ — _— —. — — _« 

Stimora 6 70.8 ± 2.5 9.28 ± 0.54 2.37 ± 0.39 8.7 ± 0.3 3.30 ±0.12 1.10 ± 0.07 0.42 ± 0.03 
Ilonca 19 63.6 ± 2.5 7.86 ± 0.26 1.87 ± 0.30 9.2 ± 0.3 3.13 ±0.06 1.31 ± 0.05 0.44 ± 0.01 
Alert 6 57.5 ± 4.4 7.47 ± 0.35 1.72 ± 0.59 9.7 ± 0.7 3.12 ± 0.10 1.32 ± 0.09 0.43 ± 0.01 

z Data are means ± standard errors. 
y LDR = fruit length:diameter ratio. 
x SCD = seed cavity diameter. 
w SCR (seed cavity ratio) = seed cavity diameter:fruit diameter ratio. 

u> 
O 



Table 7.   Processed fruit firmness components1 of genetically parthenocarpic and nonparthenocarpic pickling cucumber cultigens 
grown in the absence of floating row covers for Experiment I at Brooks, Oregon in 1992. 

No. 

Firmness (N) 

Length SCD* 
Cultigen obsn. Fruit Mesocarp Endocarp (cm) LDW (cm) SCRW 

Genetically parthenocarpic 

Serena 40 70.7 ± 1.3 8.07 ±0.18 1.66 ± 0.04 8.9 ±0.1 2.92 ± 0.03 1.57 ± 0.03 0.51 ± 0.01 
Alstar 35 59.7 ± 1.8 7.09 ± 0.23 1.52 ± 0.07 8.4 ± 0.2 2.72 ± 0.05 1.61 ± 0.04 0.52 ± 0.01 
Parmel 31 56.6 ± 1.6 6.36 ± 0.23 1.28 ± 0.04 8.6 ± 0.2 2.69 ± 0.05 1.76 ± 0.03 0.55 ± 0.01 
Anka 29 54.5 ± 1.1 6.96 ± 0.26 1.33 ± 0.08 8.7 ± 0.2 2.92 ± 0.05 1.60 ± 0.05 0.53 ± 0.01 
Arena 29 57.4 ± 1.3 6.77 ± 0.20 1.54 ± 0.08 8.3 ± 0.2 2.70 ± 0.05 1.64 ± 0.07 0.52 ± 0.01 
Adonis 30 52.0 ± 1.4 5.99 ± 0.19 1.49 ± 0.07 8.1 ±0.2 2.58 ± 0.06 1.74 ± 0.07 0.54 ± 0.02 

Genetically nonparthenocarpic 

Calypso 30 72.5 ± 2.3 8.47 ± 0.18 1.60 ± 0.07 9.4 ± 0.2 2.95 ± 0.04 1.52 ± 0.03 0.48 ± 0.01 
Furax 41 69.9 ± 1.4 8.33 ± 0.14 1.66 ± 0.05 8.4 ±0.1 2.73 ± 0.04 1.50 ± 0.03 0.48 ± 0.01 
Parker 29 68.2 ± 2.4 8.51 ± 0.25 1.62 ± 0.07 8.1 ±0.1 2.75 ± 0.04 1.75 ± 0.26 0.61 ±0.11 
Stimora 35 60.0 ± 1.4 7.63 ± 0.19 1.73 ± 0.10 8.3 ±0.1 2.82 ± 0.04 1.52 ± 0.04 0.51 ± 0.01 
Ilonca 28 53.7 ± 2.0 7.14 ± 0.19 1.39 ± 0.08 8.1 ± 0.2 2.58 ± 0.06 1.66 ± 0.06 0.52 ± 0.01 
Alert 23 61.0 ± 1.5 7.47 ± 0.20 1.94 ± 0.12 8.4 ± 0.2 2.90 ± 0.08 1.43 ± 0.05 0.49 ± 0.01 

1 Data are means ± standard errors. 
y LDR = fruit length:diameter ratio. 
x SCD = seed cavity diameter. 
w SCR (seed cavity ratio) = seed cavity diametenfruit diameter ratio. 

w 
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parthenocarpic cultigens grown with row covers (71.4 - 57.7 N) was similar to that 

for nonparthenocarpic cultigens grown without row covers (72.5 - 53.7 N). 

In general, fruit defects were most frequent at the first harvest and less frequent 

with each subsequent harvest (Table 8). The occurrence of defects among the 

parthenocarpic cultigens grown with row covers was somewhat less than the 

nonparthenocarpic cultigens grown without row covers at the first harvest, but was 

greater in the second and third (Table 8). 

Influence of pollination. The mean of the genetically parthenocarpic cultigens 

grown in the absence of row covers was significantly less for fruit and mesocarp 

firmness than when grown in the presence of row covers without pollination 

(Table 3). Fruits of parthenocarpic cultigens were more round when pollen vectors 

were unrestricted, as would be expected if fruits had been pollinated, indicated by the 

significantly larger seed cavity diameter and seed cavity ratio, the shorter fruit length 

and smaller length:diameter ratio (Table 3). Nonparthenocarpic cultigens also 

responded to the pollen vector exclusive and unrestrictive environments in the same 

fashion (Table 3).  In addition, the endocarp of nonparthenocarpic cultigens was 

significantly firmer grown with row covers than without row covers (Table 3).  It 

seems in this experiment, that pollination adversely effected fruit firmness by altering 

fruit morphology. 

Fruit defects occurred most frequently in nonparthenocarpic cultigens grown 

without pollination (Table 8).  This suggests adequate pollination of 

nonparthenocarpic cultigens is important to avoid fruit defects.  In the absence of 



Table 8.   Placental hollows and carpel separation by weekly harvest of genetically parthenocarpic and nonparthenocarpic pickling 
cucumber cultigens grown in the presence or absence of floating row covers for Experiment I at Brooks, Oregon, in 1992. 

Row < :over No cover 

Harvest 1 

PHZ    CSy 

Harvest 2 

PH     CS 

Harvest 3 

PH    CS 

Harvest 1 

PH     CS 

Harvest 2 

PH     CS 

Harvest 3 

PH CS 
Cultigen (%) <%) (%) (%) (%) (%) (%) (%) (%) (%) (%) <*) 

Genetically parthenocarpic 

Serena 22 0 0 0 0 0 23 0 7 0 0 0 
Alstar 33 0 0 0 0 0 30 7 0 0 0 0 
Anka 0 0 17 7 7 0 30 7 7 0 0 0 
Parmel 42 13 20 7 3 0 73 10 7 7 0 0 
Arena 67 0 27 10 17 0 47 0 10 0 3 0 
Adonis 25 0 19 5 14 7 40 10 1 1 0 0 

Genetically nonparthenocarpic 

Furax 67 33 17 4 14 9 59 7 3 0 0 0 
Calypso 75 0 38 0 20 0 47 3 3 0 0 0 
Parker 100 60 65 35 58 5 70 15 7 0 3 3 
Stimora 63 13 37 3 12 4 47 3 10 3 0 0 
Ilonca 71 14 53 7 27 4 60 7 7 0 0 0 
Alert 88 33 60 32 38 7 67 7 10 3 0 0 

z PH = placental hollow. 
y CS = carpel separation. 

u> 
u> 
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pollination, parthenocarpic cultigens grown with row covers appeared less susceptible 

to fruit defects than nonparthenocarpic cultigens (Table 8). This is indication that 

selection against fruit defects in the development of parthenocarpic cultigens has been 

effective. 

Experiment II. 

Parthenocarpy was significant for all firmness components except fruit firmness in 

the analysis of variance (Table 9).  Cultigen was significant for each fruit firmness 

component. Row cover was significant for all components except length and seed 

cavity ratio.  A significant interaction between parthenocarpy and row cover was 

detected for each component except fruit firmness and length:diameter 

ratio.  The interaction of cultigen with row cover was significant for fruit firmness, 

mesocarp firmness, and seed cavity diameter (Table 9). 

Genetically parthenocarpic vs. nonparthenocarpic cultigens.  As in Experiment I, 

the mean of the parthenocarpic cultigens grown with row covers and the mean of 

nonparthenocarpic cultigens grown without row covers was not significantly different 

for fresh fruit and mesocarp firmness (Table 10). The mean of the parthenocarpic 

cultigens grown with row covers was significantly greater than that for the 

nonparthenocarpic cultigens grown without row covers for length:diameter ratio and 

seed cavity ratio (Table 10).  Length and seed cavity diameter were not significantly 

different, though they were greater for the mean of parthenocarpic cultigens grown 

with row covers (Table 10).  These fruit morphology relationships between cultigen 



Table 9.   Analysis of variance of fresh fruit firmness components of genetically parthenocarpic and nonparthenocarpic pickling 
cucumber cultigens grown in the presence or absence of floating row covers for Experiment II at Brooks, Oregon in 1993. 

Mean squares1 

Firmness (N) 

SCDX Length SCRW 

Source df Fruit Mesocarp (cm) LDRy (cm) (xlO-3) 

Block (B) 2 103.5 0.1 2.20 0.10 0.004 1.69 

Parthenocarpy (P) 1 224.0 8.0* 5.38* 0.44" 1.210"" 117.3"" 

Cultigen (C)/P 6 857.1"" 12.2"" 6.35*" 0.85"" 0.697"" 79.3"" 

Row cover (R) 1 41.7"" 11.2" 0.20 0.71- 0.217* 1.66 

PxR 1 28.4 6.1* 5.87* 0.01 0.678"* 13.4* 

C/PxR 6 169.1* 3.9* 1.46 0.05 0.179" 2.62 

Error 25 64.5 1.3 1.23 0.05 0.052 2.56 

cv(%) 10.7 14.4 12.3 7.7 14.3 9.4 

1 Calculated from sum of squares adjusted for blocks. 
y LDR = length:diameter ratio. 
* SCD = seed cavity diameter. 
w SCR (seed cavity ratio) = seed cavity diametenfruit diameter ratio. 
•.••.*••.•••* Significant at p=0.05, 0.01, 0.001, 0.0001 by F tests, respectively. 
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Table 10. P values of t-tests for differences between the mean of parthenocarpic and 
nonparthenocaipic cultigens grown in the presence or absence of floating row covers for 
Experiment n at Brooks, Oregon in 1993. 

Treatment 

p values 

Nonparth.* Parth." Nonparth. 
Component Mean Row Cover No Cover No Cover 

Parth. 
Row Cover 

Fruit finnness 74.9 0.4467 0.3055 0.4634 
Mesocarp firmness 7.69 0.0054 0.6012 0.7585 
Length 9.34 0.0105 0.0757 0.0935 
Length:diameter 3.12 0.1456 0.0383 0.0001 
SCD" 1.69 0.0001 0.2663 0.0624 
SCRW 0.56 

Nonparth. 
Row Cover 

0.0001 0.2957 0.0003 

Fruit finnness 76.3 0.0671 0.9262 
Mesocarp firmness 8.48 0.0006 0.0013 
Length 8.64 0.2351 0.2196 
Length: diameter 3.04 0.6019 0.0081 
SCD 1.41 0.0001 0.0006 
SCR 0.49 

Parth. 
No Cover 

0.0001 0.0397 

Fruit firmness 73.1 0.0579 
Mesocarp firmness 7.57 0.8173 
Length 8.92 0.9362 
Length: diameter 3.01 0.0139 
SCD 1.64 0.3566 
SCR 0.55 

Nonparth. 
No Cover 

0.0017 

Fruit firmness 76.1 
Mesocarp firmness 7.62 
Length 8.94 
Length:diameter 2.89 
SCD 1.60 
SCR 0.52 

Genetically nonparthenocaipic cultigens. 
y Genetically parthenocarpic cultigens. 
x SCD = seed cavity diameter. 
w SCR (seed cavity ratio) = seed cavity diameter:fruit diameter ratio. 
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types were also evident in processed fruit (Table 11). However, fruit and mesocarp 

processed firmness was less for parthenocaipic cultigens grown with row covers than 

nonparthenocarpic cultigens grown without row covers (Table 11). 

Genetically parthenocarpic cultigens were significantly different for all fresh fruit 

firmness components except length when grown with row covers (Table 12). 

Nonparthenocarpic cultigens were significantly different for each component when 

grown without row covers (Table 12).  Serena and Anka had the firmest and softest 

fruits, respectively, of parthenocarpic cultigens grown with row covers.  Clinton and 

Donca had the firmest and softest fruits, respectively, of nonparthenocarpic cultigens 

grown without row covers.  The range of fresh fruit firmness among parthenocarpic 

cultigens grown with row covers (82.1 - 70.9 N) was within that for 

nonparthenocarpic cultigens grown without row covers (85.7 - 65.8 N).  After 

processing, Serena and Anka had the firmest and softest processed fruit of 

parthenocaipic cultigens grown with row covers, respectively (Table 13).   Clinton and 

Ilonca had the firmest and softest processed fruit, respectively, of nonparthenocarpic 

cultigens grown without row covers (Table 14). The range of processed fruit 

firmness among parthenocarpic cultigens grown with row covers (61.7 - 49.4 N) was 

smaller and somewhat lower than that for nonparthenocarpic cultigens grown without 

row covers (79.2 - 53.5 N).  In addition, parthenocarpic cultigens grown with row 

covers were less firm after processing than all of the nonparthenocarpic cultigens 

grown without row covers except in one case. 



Table 11. Processed fruit firmness components1 for the mean of genetically parthenocarpic and nonparthenocarpic pickling cucumber 
cultigens grown in the presence or absence of floating row covers for Experiment II at Brooks, Oregon in 1993. 

Treatment 

Firmness (N) 

No. 
obsn. Fruit Mesocarp 

Length 
(cm) LDRy 

SCD* 
(cm) SCR™ 

Parth.v 

Row cover 

Nonparth." 
No cover 

Parth. 
No cover 

Nonparth. 
Row cover 

36 57.1 ± 1.7 7.87 ± 0.20 8.5 ± 0.1 2.97 ± 0.05 1.39 ± 0.04 0.48 ± 0.01 

58 67.3 ± 1.7 8.61 ± 0.22 8.2 ± 0.1 2.81 ± 0.03 1.35 ± 0.03 0.46 ± 0.01 

52 65.1 ± 1.3 8.39 + 0.14 8.0 ± 0.1 2.79 ± 0.03 1.41 ± 0.03 0.49 ± 0.01 

32 66.8 ± 2.9 8.95 ± 0.30 8.6 ± 0.2 3.04 ± 0.04 1.29 ± 0.05 0.45 ± 0.02 

z Data are means ± standard errors. 
y LDR = fruit length:diameter ratio. 
x SCD = seed cavity diameter. 
w SCR (seed cavity ratio) = seed cavity diametenfruit diameter ratio. 
v Parth. = the mean of the genetically parthenocarpic cultigens. 
" Nonparth. = the mean of the genetically nonparthenocarpic cultigens. 

00 



Table 12.  Weighted least square means* of fresh fruit firmness components for genetically parthenocarpic and nonparthenocarpic pickling cucumber cultigens 
grown in the presence or absence of floating row covers for Experiment II at Brooks, Oregon in 1993. 

Row Cover No Cover 

Firmness (N) 

Length 

Firmness (N) 

Length SCD SCDW 

Cultigen Fruit Mesoy (cm) LDRX (cm)            SCR"                 Fruit Meso (cm) LDR (cm) SCR 

Genetically parthenocarpic 

Serena 82.1 ab 8.21 b-f 9.5 a 3.20 a-c 1.57 cd        0.53 a<               73.7 c-f 7.28 cd 9.1 a-e 3.11 ab 1.47 b 0.50 b 

WI1983 73.7 b-f 7.96 b-h 9.0 a 2.84 de 1.92 ab        0.61a                77.8 b-f 8.42 a< 8.5 c-f 2.80 cd 1.79 a 0.59 a 
W744 72.8 b-f 7.30 c-h 9.5 a 3.12 a-d 1.61 b-d       0.53 a-d              73.4 c-g 7.41 cd 8.7 b-f 3.01 *-c 1.51b 0.52 b 
Anka 70.9 c-f 7.30 e-h 9.4 a 3.31 a-c 1.68 b-d       0.59 a                 67.7 e-h 

Genetically nonparthenocarpic 

7.16 cd 9.4 a-d 3.13 ab 1.78 a 0.59 a 

Clinton 81.9 .b 8.84 a-e 8.7 a 2.83 de 1.31 e          0.43 e                 85.7 ab 8.98 ab 8.7 b-f 2.80 cd 1.39 b 0.45 c 

Calypso 79.6 abce 9.53 a-c 8.8 a 3.19 a-e 1.32 e           0.47 cd                  81.7 a-e 7.55 b-d 9.9 a-c 2.88 cd 1.78 a 0.52 b 
Ilonca 72.1 d-f 7.18 e-h 9.5 a 3.23 a-c 1.74 a-c       0.59 a                 65.8 f-h 7.06 cd 9.1 a-e 3.14 ab 1.70 a 0.58 a 
Furax 71.7 c-f 8.37 »-g 7.5 b 2.89 bde 1.25 e         0.48 c-d              71.4 d-h 6.88 cd 8.1 d-f 2.75 cd 1.51b 0.51b 

* Weighted least square mean separation within a column by multiple t tests, p=0.05.  Means with the same letter are not significantly different from one 
another. 

y Meso = mesocarp. 
" LDR = fruit length:diameter ratio. 
w SCD = seed cavity diameter. 
v SCR (seed cavity ratio) = seed cavity diameter: fruit diameter ratio. 

v© 



Table 13.   Processed fruit firmness components1 of genetically parthenocarpic and nonparthenocarpic pickling cucumber cultigens 
grown in the presence of floating row covers for Experiment II at Brooks, Oregon in 1993. 

No. 
obsn. 

Firmness (N) 

Length 
(cm) LDRy 

SCDX 

(cm) Cultigen Fruit Mesocarp SCRW 

Genetically parthenocarpic 

Serena 
WI1983 
W744 
Anka 

9 
10 
5 

12 

61.7 ± 3.2 
60.8 ± 1.8 
59.6 ± 7.5 
49.4 ± 1.9 

8.88 ± 0.31 
7.02 ± 0.29 
8.27 ± 0.34 
7.66 ± 0.37 

8.7 ± 0.4 
8.3 ± 0.2 
8.2 ± 0.2 
8.7 ± 0.3 

3.04 ± 0.09 
2.69 ± 0.07 
3.25 ±0.11 
3.03 ± 0.05 

1.30 ± 0.03 
1.55 ± 0.07 
1.12 ± 0.04 
1.43 ± 0.06 

0.46 ± 0.02 
0.50 ± 0.02 
0.44 ± 0.01 
0.50 ± 0.01 

Genetically nonparthenocarpic 

Clinton 
Calypso 
Ilonca 
Furax 

9 
8 

15 

72.2 ± 3.8 
81.9 ±5.1 
55.6 ± 2.9 

9.31 + 0.53 
10.54 ± 0.36 
7.89 ± 0.33 

7.7 ± 0.2 
9.5 ± 0.3 
8.8 ± 0.2 

2.86 ± 0.07 
3.21 ± 0.08 
3.07 ± 0.05 

0.92 ± 0.04 
1.26 ± 0.07 
1.52 ± 0.05 

0.34 ± 0.01 
0.43 ± 0.01 
0.53 ± 0.01 

1 Data are means ± standard errors. 
y LDR = fruit length:diameter ratio. 

* SCD = seed cavity diameter. 
w SCR (seed cavity ratio) = seed cavity diameter: fruit diameter ratio. 

4^ 
O 



Table 14.  Processed fruit firmness components1 of genetically parthenocarpic and nonparthenocarpic pickling cucumber cultigens 
grown in the absence of floating row covers for Experiment II at Brooks, Oregon in 1993. 

No. 
obsn. 

Firmness (N) 

Length 
(cm) LDR" 

SCD* 
(cm) Cultigen Fruit Mesocarp SCRW 

Genetically parthenocarpic 

Serena 
WI1983 
W744 
Anka 

15 
15 
7 

15 

72.0 ± 1.8 
68.3 ± 1.6 
62.1 ± 3.0 
56.3 ± 1.5 

8.42 ± 0.24 
8.68 ± 0.26 
8.69 + 0.34 
7.93 ± 0.29 

Genetically m 

8.5 ± 0.2 
7.4 ± 0.3 
7.2 ± 0.2 
8.4 ± 0.2 

onparthenocarpic 

2.80 ± 0.04 
2.72 ± 0.07 
2.86 ±0.10 
2.82 ± 0.05 

1.45 ± 0.03 
1.34 ± 0.05 
1.17 ±0.05 
1.56 ± 0.05 

0.48 ± 0.01 
0.49 ± 0.01 
0.46 ± 0.02 
0.52 ± 0.01 

Clinton 
Calypso 
Ilonca 
Furax 

15 
15 
15 
13 

79.2 ± 1.7 
69.4 ± 2.7 
53.5 ± 1.7 
67.1 ± 3.4 

10.27 ± 0.27 
9.06 ± 0.36 
6.91 ± 0.24 
8.13 ± 0.32 

7.7 ± 0.1 
8.6 ± 0.2 
8.1 ± 0.2 
8.2 ± 0.3 

2.79 ± 0.05 
2.90 ± 0.07 
2.76 ± 0.05 
2.77 ± 0.07 

1.18 ±0.05 
1.33 ± 0.05 
1.57 ± 0.05 
1.33 ± 0.06 

0.42 ±0.01 
0.45 ± 0.01 
0.53 ± 0.01 
0.45 ± 0.01 

1 Data are means ± standard errors. 
y LDR = fruit length:diameter ratio. 

* SCD = seed cavity diameter. 
w SCR (seed cavity ratio) = seed cavity diameter: fruit diameter ratio. 
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The occurrence of fruit defects among the parthenocaipic cultigens grown with 

row covers and nonparthenocarpic cultigens grown without row covers was quite 

similar, essentially zero (Table 15).  One parthenocaipic cultigen produced a very low 

frequency of defects. 

Influence of pollination. The mean of the genetically parthenocaipic cultigens 

grown with row covers, and therefore without pollination, was significantly different 

from the mean grown with row covers for only one fruit firmness component, 

length:diameter ratio which was greater (Table 10). This suggests that perhaps 

parthenocaipic fruit set occurred in the absence of row covers.  However, the mean 

of the nonparthenocarpic cultigens grown without row covers for lengthrdiameter 

ratio, seed cavity diameter, and seed cavity ratio was significantly greater than when 

grown with row covers, which would indicate pollination occurred (Table 10). In 

addition, the mesocarp firmness of nonparthenocarpic cultigens grown with row 

covers was greater than when grown without row covers (Table 10).  It seems likely 

then, that many fruits grown without row covers were pollinated. 

Failure to detect differences in fruit firmness components between genetically 

parthenocaipic cultigens grown with or without row covers may be due to differences 

in harvest time for these treatments.  The one week harvest delay of row covered 

plots may have resulted in fruits for data collection that were somewhat larger than 

those from uncovered plots. The values of measurements for fruit grown with row 

covers would therefore be greater and obscure differences due to pollination. Failure 

to detect differences may have also been caused by the two parthenocaipic cultigens 
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Table IS. Placental hollows and carpel separation of genetically parthenocarpic and 
nonparthenocarpic pickling cucumber cultigens grown in the presence or absence of 
floating row covers for Experiment n at Brooks, Oregon, 1993. 

Row cover No cover 

Cultigen 
PHZ             CSy PH 

(%) 
CS 

Genetically parthenocarpic 

Serena 
WI1983 
W744 
Anka 

7                 0 
0                 0 
0                 0 
0                 0 

Genetically nonparthenocarpic 

0 
0 
0 
0 

0 
0 
0 
0 

Clinton 
Calypso 
Ilonca 
Furax 

54                23 
18                0 
0                 0 
0                 0 

0 
0 
0 
0 

0 
0 
0 
0 

2 PH = placental hollows. 
y CS = carpel separation. 

included in this experiment, but not Experiment I.  Fruits of these cultigens, WI1983 

and W744, may not react morphologically to pollination as distinctly as other 

parthenocarpic cultigens. 

Fruit defects, as in Experiment I, occurred most frequently in nonparthenocarpic 

cultigens grown without pollination (Table 15). 
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Experiment I vs. Experiment II. 

Comparisons between Experiments I and n are confounded by three factors, 

experimental design, harvest, and cultigen sets.  The difference in experimental 

design, split-plot randomized complete block for Experiment I and randomized 

complete block for Experiment II, does not seem particularly limiting other than 

differences in the degrees of freedom contained in the error terms for testing effects. 

Differences for the harvest analyzed, second and third for Experiment I and first for 

Experiment H, may be more important. However, despite using the criterion for 

once-over mechanical harvest in each experiment, determining when to harvest was 

still subjective. Therefore, considering that different cultigen sets were used and that 

different fruit development patterns existed in each experiment, it seems unlikely that 

the first harvests would be similar for these experiments.  The determination of which 

data to analyze seems most appropriately handled within each experiment. 

The cultigen sets in Experiments I and n were not identical, however, some 

cultigens were used in each.  When only a balanced set of cultigens common to each 

experiment were used for analysis, parthenocarpic cultigens Anka and Serena and 

nonparthenocarpic cultigens Calypso and Furax, the results were similar to those 

previously presented for Experiments I and n. Ilonca, the respectively poor 

nonparthenocarpic cultigen, was omitted in order to strengthen the comparisons 

between parthenocarpic and nonparthenocarpic types.  In Experiment I, the mean of 

parthenocarpic cultigens grown with row covers was not significantly different from 

the mean of nonparthenocarpic cultigens grown without row covers for fresh fruit 
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(p=0.2347) and mesocarp firmness (p=0.8554) (Appendix 1). While in Experiment 

H, fresh fruit firmness was not significantly different (p=0.9074) and mesocarp 

firmness was significantly greater (p=0.0116) for the mean of parthenocarpic 

cultigens (Appendix 2). The processed fruit firmness results were also similar to 

those previously presented. In Experiment I, the processed fruit firmness of 

parthenocarpic cultigen Serena grown with row covers (71.4 N) was similar to that 

for the nonparthenocarpic cultigens Calypso (72.5 N) and Furax (69.9 N) grown 

without row covers (Appendix 3), though the mean of Serena and Anka (64.2 N) was 

less than the mean of Calypso and Furax (71.0 N) (Appendix 4). In Experiment H, 

processed fruit firmness of parthenocarpic cultigens grown with row covers, Serena 

(61.7 N) and Anka (49.4 N), was less than the nonparthenocarpic cultigens grown 

without row covers, Calypso (69.4 N) and Furax (67.1 N) (Appendix 5 and 6). The 

results for fruit defects were also essentially the same as previously described 

(Appendix 7). 

Discussion 

The perception that parthenocarpic cultivars are inferior to nonparthenocarpic 

cultivars is questionable.  In this study, genetically parthenocarpic cultigens produced 

in a pollen vector excluded environment were generally not inferior for fresh fruit 

firmness compared to genetically nonparthenocarpic cultigens produced in a pollen 

vector unrestricted environment. Unfortunately, whether genetically parthenocarpic 

cultigens are inferior to nonparthenocarpic cultigens for processed firmness remains 
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inconclusive.  It appears, however, that certain genetically parthenocarpic cultigens 

can possess acceptable processed firmness.  Fruit defects may, at times, be more 

prevalent in parthenocarpic cultigens than nonparthenocarpic cultigens when grown 

under the cultural conditions each type requires.  Pollination appears to be an 

important factor in fruit firmness and defects. In general, in the absence of 

pollination, an increase in firmness occurred which was related to fruit morphology 

via smaller seed cavity diameters and seed cavity ratios, and longer length and greater 

length:diameter ratios.  Adequate pollination seems important to avoid fruit defects in 

nonparthenocarpic cultigens.  Selection appears to have produced parthenocarpic 

cultigens which are less susceptible to fruit defects than nonparthenocarpic cultigens 

when fruits are unpollinated. 

Designing a method for comparing seedless and seeded fruit is difficult, especially 

when the fruit are used at an immature stage during rapid fruit growth such as in 

pickling cucumber.  Pollinating flowers by hand would be extremely labor intensive 

and difficult, if not impossible, to produce the large numbers of pollinated and 

unpollinated fruits needed for simultaneous comparison.  Further, due to strong fruit 

set inhibition caused by developing fruits in cucumbers, plants would require periodic 

removal of set fruits to prevent abortion of those to be included in the experiment. 

Row covers offered the advantage of producing pollinated and unpollinated fruits at 

approximately the same time with little labor.  Nonetheless, the effect the row cover 

had on firmness, if any, can not be separated from the nonpollination effects. In 

order to limit the extent of any unknown influences the application of row covers was 
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delayed until flowering.  However, row covers reduce light transmission and are 

commonly used to increase temperatures for early season crop production.  It would 

have been desirable to produce pollinated fruits under the row covers and unpollinated 

fruits without row covers for comparison.  Placing bees in the row covers, if it were 

possible, would not ensure pollination as some fruits could still be parthenocarpic. 

Pollination by hand in row covered and uncovered plots would be most accurate, but 

the labor to produce sufficient amounts of pollinated and unpollinated fruits 

simultaneously in a short period would still be prohibitive, even if only a few 

cultigens were used.  A study using one cultigen of each parthenocarpic type with row 

cover pollinated and unpollinated, and no cover pollinated and unpollinated 

treatments, might be most feasible to determine the influence of the row covers on 

fruit firmness. 

Fruit produced in the absence of row covers may be parthenocarpic or pollinated. 

In these studies it was assumed fruits produced without row covers would be 

pollinated. This assumption is likely to break down when cool, wet weather 

conditions exist. The very warm and dry 1992 season was quite different than the 

cool, damp 1993 season. It seems reasonable that perhaps parthenocarpic fruit set in 

plots without row covers could have been a substantial factor in 1993 responsible, in 

part, for the lack of firmness differences between row covered and uncovered 

nonparthenocarpic cultigens. 

In summary, parthenocarpic cultigens with fresh fruit firmness equivalent to 

nonparthenocarpic cultigens were consistently identified. Whether parthenocarpic 
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cultigens are inferior to nonparthencarpic cultigens for processed fruit firmness was 

inconclusive as consistent results were not obtained.  Adequate pollination appears 

necessary to avoid a high frequency of fruit defects in nonparthenocarpic cultigens. 

Pollination also appears to reduce fruit firmness in both types of cultigens by 

promoting changes in fruit morphology. 
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Abstract 

A concern which has restricted the use of parthenocarpic pickling cucumber cultivars 

in the United States has been firmness of fruit processed by brining. Selection for 

mesocarp and endocarp firmness, in addition to morphological traits associated with 

firmness such as fruit length, length:diameter ratio, seed cavity size, and seed cavityrfruit 

diameter ratio may produce cultivars with improved firmness. Combining ability of a 

set of parthenocarpic and nonparthenocarpic parents for fruit firmness and these related 

morphological characteristics was investigated using a factorial mating design grown in 

1992 and 1994 at Brooks, Oregon. General combining ability was much greater than 

specific combining ability for all traits of fresh and most traits of processed fruit, 

indicating that most of these traits are inherited in an additive manner. Fruit firmness, 

mesocarp firmness, endocarp firmness, length, and length:diameter ratio were positively 

correlated phenotypically and genetically to one another. Seed cavity diameter and seed 

cavity:fruit diameter ratio were positively correlated phenotypically and genetically, but 

were negatively correlated to all other traits. Hybrid selection for fresh mesocarp 

firmness, among the components measured, would be the most efficient strategy for 

concurrent selection of increased endocarp firmness of processed fruit. 

Introduction 

Fruit firmness is an important breeding objective in the development of new 

pickling  cucumber  cultivars  and  is  influenced  by  several  genetically  controlled 
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characteristics.  Each of the components of cucumber fruits [exocarp (skin), mesocarp 

(carpel wall), and endocarp (seed cavity)] have firmness properties.   Morphologically, 

increased fruit firmness is related to longer fruit length, greater length:diameter ratio, 

smaller seed cavity size, and smaller seed cavityrfruit diameter ratio (Lower and 

Edwards, 1986).   Physiologically, slow seed development and fruit maturation rates 

increase fruit firmness (Lower and Edwards, 1986). 

Developing hybrid pickling cucumber cultivars which possess all these desirable fruit 

firmness components, and which process well, is difficult and labor intensive (Lower and 

Edwards, 1986). Firmness of the brined fruit is a concern that has restricted the use of 

parthenocarpic cultivars in the United States. This limitation probably resulted from the 

poor processed quality of parthenocarpic cultivars when first introduced in Europe 

(Korosne and Milotay, 1987; Zwinkels, 1987). Of particular concern was the relatively 

soft endocarp. Selection for small seed cavities and thick, firm mesocarp has apparently 

produced parthenocarpic cultivars with acceptable firmness (Korosne and Milotay, 1987; 

Zwinkels, 1987). Mesocarp and endocarp firmness per se, however, have not been 

measured and related to other fruit firmness components in fresh or processed fruit. This 

information would be valuable in developing pickling cucumber hybrids with improved 

processed firmness. 

The objectives of this research were to determine the combining ability of 

parthenocarpic and nonparthenocarpic pickling cucumbers for fruit firmness components 

before and after processing, and to determine phenotypic and genetic relationships 

between these traits. 
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Materials and Methods 

Plant material 

Five nonparthenocarpic and four parthenocarpic inbred pickling cucumber cultigens 

[defined by Wehner (1995) as improved cultivars, breeding lines, land races, feral 

cucumbers, and plant introductions] representing a range of fruit firmness characteristics 

before (Table 16) and after (Table 17) processing were used. Nonparthenocarpic 

cultigens were monoecious and included 'Clinton' (North Carolina State University) and 

123-1005 (Sunseeds) which were indeterminate and M27 (North Carolina State 

University), SR551 dwf (Cornell University), and 'Armstrong Early Cluster'(Sunseeds) 

which were determinate. Parthenocarpic cultigens were gynoecious and included W744, 

WI1701, and WI1983 (USDA-University of Wisconsin) which were indeterminate and 

23HA-5715 (Heinz) which was determinate. All cultigens were white spined with few, 

large prominant warts except Armstrong Early Cluster which had black spines and less 

prominate warts. 

Experimental design. 

A factorial mating design (Comstock and Robinson, 1948; 1952) was used to evaluate 

general and specific combining ability. Nonparthenocarpic cultigens were used as male 

and parthenocarpic cultigens as female parents to produce 20 Fj hybrids in the 

greenhouse. Male parents varied greatly for earliness. Uniformity of fruit set among 

the hybrids was increased by using a gynoecious set of female parents. The parents and 

hybrids were direct seeded in single row plots (6.1m long) in a complete randomized 



Table 16.   Fresh fruit firmness 
design. 

components of pickling cucumber cultigens tested for combining ability using a factorial mating 

Firmness (N) 

Length 
(cm) LDRX 

SCDW 

(cm) Parent Fruit Meso.r Endo.y SCRV 

Male - Nonparthenocarpic 

Clinton 82.1 8.44 2.52 9.5 2.95 1.60 0.50 

123-1005 77.5 7.91 2.41 11.2 3.66 1.45 0.47 

M27 74.7 6.84 1.63 10.0 3.03 1.85 0.56 

SR551 dwf 71.9 7.15 2.02 9.7 3.03 1.98 0.62 

Armstrong Early Cluster 58.5 6.10 

Female - 

1.78 

Parthenocarpic 

6.6 2.07 2.10 0.66 

WI1983 80.7 8.04 2.13 9.5 3.02 1.89 0.60 

WI1701 79.2 8.02 2.40 11.1 3.41 1.83 0.56 

W744 77.6 7.53 2.07 10.4 3.22 1.80 0.56 

23HA-5715 76.2 7.92 2.22 9.7 3.01 1.81 0.56 

LSDa05 4.1 0.46 0.25 0.6 0.14 0.12 0.03 

' Meso. = fruit mesocarp. 
, Endo. = fruit endocarp. 
* LDR = fruit length:diameter ratio. 
w SCD = seed cavity diameter. 
v SCR (seed cavity ratio) = SCDifiruit diameter. 



Table 17. Processed fruit firmness components of pickling cucumber cultigens tested for combining ability using a factorial mating 
design1. 

Firmness (N) 

Length 
(cm) LDRW 

SCDV 

(cm) Parent Fruit Meso.y Endo.x SCRU 

Male - Nonparthenocarpic 

Clinton 74.7b-d 9.67a-d 2.00bHi 7.4b 2.82d-g l.lOe 0.42d 

123-1005 84. lab 10.05a-c 2.51a 9.3a 3.45a-d 1.06e 0.38e 

M27 60.2de 7.02g 1.50d-h 8.6a 2.98b-g 1.35cd 0.46c 

SR551 dwf 60.5de 7.97ef 1.58d-h 9.1a 3.07b-g 1.54bc 0.51b 

Armstrong Early Cluster 39.7f 6.05h 

Female - 

1.46f-h 

Parthenocarpic 

6.0c 2.06h 1.85a 0.63a 

WI1983 74.3b-d 9.03b-e 1.75c-g 8.6a 2.93c-g 1.51b-d 0.51b 

WI1701 69.8b-d 9.24a-e 1.92b-f 9.5a 3.44a-e 1.37bHi 0.47c 

W744 75.6a^ 9.13a-e 1.78b-g 9.6a 3.28a-f 1.51b-d 0.51b 

23HA-5715 68.5b-e 8.61c-f 1.66c-h 8.9a 2.98b-g 1.56bc 0.52b 

* Least square means.  Mean separation within a column by multiple t tests, p=0.05.  Cultigen means with the same letter are not significantly different from one 
another. 

'' Meso. = fruit mesocarp. 
x Endo. = fruit endocarp. 
w LDR = fruit length:diameter ratio. 
v SCD = seed cavity diameter. 
" SCR (seed cavity ratio) = SCD:fruit diameter. 

o\ 



57 

block experimental design with three blocks at Brooks, Oregon, on 24 June 1992 and 27 

June 1994.   Standard cultural practises with drip (1992) or sprinkler (1994) irrigation 

were followed. Experiments were harvested twice, one week apart, beginning when a 

majority of the plots reached optimum stage for once-over mechanical harvest (Miller and 

Hughes, 1969) on 17 August 1992 and 15 August 1994, respectively.   Fruits which 

remained after harvest data collection were brined by a commercial processor and 

evaluated after four months preservation. 

Data collection. 

Data were collected for the following traits on fresh and processed fruit: fruit, 

mesocarp, and endocarp firmness, fruit length, fruit length:diameter ratio, seed cavity 

diameter, and seed cavity: fruit diameter ratio. Hand harvested fruits were graded and 

fruits 2.7 - 3.8 cm in diameter retained for data collection. Ten randomly chosen fruits 

were measured per plot for each trait. Fruit, mesocarp, and endocarp firmness were 

measured using a U.C. Firmness Tester (FPT) with a 7.9 mm round tip (fruit) and 2.0 

mm flat tip plunger (mesocarp and endocarp). Firmness was expressed as Newtons (N) 

of force to penetrate the tissue. Fruit firmness was measured in the center of the fruit 

with the skin on. Estimates of mesocarp and endocarp firmness, unbiased by fruit 

morphology, were obtained from fruit cross sections approximately 2 cm thick taken 

from the stem end of each fruit adjacent to the FPT puncture. Mesocarp readings were 

made by puncturing the fruit wall equidistant from the exocarp and endocarp once per 

cross section.   Endocarp readings were made by puncturing the locular area within a 
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carpel, avoiding carpel walls and developing seed coats once per cross section.   Fruit 

length, diameter, and seed cavity diameter were measured directly. Fruit length:diameter 

and seed cavity:fruit diameter ratios were calculated. 

Statistical analysis. 

Data from the first and second harvests within a year could not be combined due to 

error heterogeneity. To avoid confounding effects with differences in hybrid earliness 

only data from the second harvest was used from each year. A combined years analysis 

was performed after determination that heterogeneity of error variances for each trait 

were not significant by F tests. Parents were analyzed separately from the combining 

ability analysis as larger error variances would be associated with inbred lines which 

generally are expected to respond to environments with greater variability than hybrids. 

Of the fresh fruit firmness components measured, the error mean squares of the parents 

were significantly greater than those of the hybrids for endocarp firmness (p=0.05) and 

seed cavity diameter:fruit diameter ratio (p=0.05). The analysis of variance for 

combining abilities followed that described by Hallauer and Miranda (1988) for a 

factorial mating design repeated over environments. Cultigens were considered fixed 

effects, and years and blocks random effects (Table 18). Therefore, conclusions pertain 

only to the cultigens used in this study. The general combining ability (GCA) effect of 

each parent and the specific combining ability (SCA) effect of each cross were estimated 

using methods described by Simmonds (1979). Positive combining ability effects were 

defined in terms of the desirable characteristics for a pickling cucumber as follows: 



Table 18. Analysis of variance for a factorial mating design repeated over years for a mixed effects model where male and female 
parents are fixed effects and years and blocks random effects. 

Source of Variation df Mean squares Expected mean squares 

Year(Y) y-1 MSy a2
e+mfa2

b.y+b:y02
mfy+b:ymo2

fy+b:yfa2
nv+b:ymfa2

y 

Block/Y y(b-l) MS, ^e+mfa2^. 

Male m-1 MS,,, o2
e+b:yff2

mfy+b:yfo2
my+b:yyf0m 

Female f-1 MSf a^+biyo^+bryma^+biyym^f 

Male x Female (m-l)(f-l) MS^ ^e+bry^+bryy^ 

Malex Y (m-l)(y-l) MS^ ^e+bry^+biyfa2^ 

Female x Y (f-l)(m-l) MSfy ^e+biy^+biyma2^ 

Male x Female x Y (m-l)(f-l)(y-l) MS^ o2
e+b:y(rJ

mly 

Pooled error y(b-l)(mf-l) MSe < 

y,b,m, and f refer to the number of years, blocks, males, and females, respectively. 
y,b,m,f an^ e represent the effects of years, blocks, males, females, and error, respectively. 
o and 4> refer to the variance and fixed effect, respectively. 
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increased firmness, shorter fruit length, smaller length:diameter ratio, seed cavity 

diameter, and seed cavity: fruit diameter ratio.  The standard errors of the effects were 

calculated as described by Cox and Frey (1984) for combining ability effects over 

location by substituting combining ability effects over years.   Standard errors were 

calculated as foUows:      SEocAfa^ = {MSfy[(f-l)/mfyb]},/2 , SEoc^ {[MS^Km- 

l)]/mfyb]},/2.   MSfy and MSmy are the female x year and male x year mean squares, 

respectively,  multiplied by the corresponding proportion of the total number of 

observations [males x females x blocks(year) x years].   Standard errors for specific 

combining ability effects were calculated as SEJCA = {MS,^ [(m-l)(f-l)/mfyb]},/2, where 

MSnjy is the female x male x year mean square.  To test the significance of the effects 

two-tailed t-tests were used where t = GCA/SEQCA or SCA/SEs^. 

To maintain consistency between the data analysis of fresh and processed fruit 

only second harvest data for the processed fruit was used.  Due to the uneven retrieval 

of processed samples in 1992 this data could not be used and only data from processed 

fruit in 1994 was analyzed. The analysis of variance for combining abilities of processed 

fruit followed that of Hallauer and Miranda (1988) for a factorial mating design in one 

environment.  The standard errors of the general and specific combining ability effects 

were determined by the method of Owens et al (1985) by substituting the appropriate 

mean squares from the analysis of variance into the following equations and taking the 

square root: 

Male effect(Mi) = £ [1-1/m] Female effect^ = £ [l-l/fj 
rm rf 
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Male x female effectCMFy) = 2? [1-1/m-l/f-l/mf] 
r 

where o2, m, f, and r are the mean squares used as error, the number of males, females 

and replications, respectively. 

Phenotypic (rpy) and genetic (roy) correlations for pairs of fresh fruit firmness 

traits, i and j,  were estimated from: 

rOij  =  (ffflOij - ^(hy)ij)/(^(h)i " <?(hy);)1     (Pm - (T^j) 

and for pairs of processed fruit firmness traits, i and j, were estimated from: 

ros = (^ooij - ^/(o2^ - a^"2 (a2^ - ^)1/2 

respectively, where h, hy, and e represent the hybrid, hybrid x year, and error effects, 

respectively (El-Shawaf and Baker, 1981; Hallauer and Miranda, 1988). Numerators 

were estimated by covariance analysis using analysis of variance of cross products for 

a pair of traits, i and j. Denominators were estimated from the analysis of variance 

(Table 19). 



Table 19.  Analysis of variance for hybrids produced via a factorial mating design repeated over years for a mixed effects model 
where hybrids are fixed and years and blocks random effects. 

Source of Variation df Mean squares Expected mean squares 

o^+ho^.y+biyo^y+bryha^ 

# a2
e+h<Tlh.y 

o^+biya^y+bryy^ 

oi
e+b:ya1

hy 

^ <  

y,b, and h refer to the number of years, blocks, and hybrids, respectively. 

y (, h and e represent the effects of years, blocks, hybrids, and error, respectively. 
a and 4> refer to the variance and fixed effect, respectively. 

Year(Y) y-1 MSy 

Block/Y y(b-l) MSb 

Hybrid h-1 MSh 

Hybrid x Y (h-l)(y-l) MShy 

Pooled error y(b-l)(h-l) MSe 

Ox 
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Results 

General combining ability. 

The GCA mean squares of the male parents were significant and consistently greater 

than those for the female parents for each trait measured on fresh fruit (Table 20). Male 

parent mean squares for GCA x year were less than those for GCA. The GCA x Y 

mean squares were, however, significant for fruit firmness, mesocarp firmness, endocarp 

firmness, and length. Among female parents only the GCA mean square for 

length:diameter ratio was significant. GCA x year mean squares were less than those for 

GCA except for fruit and mesocarp firmness which were greater. The only significant 

GCA x Y mean square for the female parents was length. 

For processed fruit, GCA mean squares of the male parents were also significant and 

consistently greater than those for the GCA of the female parents for each trait (Table 

21). GCA mean squares of the females were significant for length, length:diameter ratio, 

seed cavity diameter, and seed cavity diameter: fruit diameter ratio. 

In general, the GCA effects of the male parents for fruit, mesocarp, and endocarp 

firmness before and after processing were in agreement (Table 22). Clinton and 123- 

1005 had the largest positive effects, while Armstrong Early Cluster had the largest 

negative effects for firmness of each tissue of fresh and processed fruit. M27 had a 

significant negative effect on endocarp firmness of fresh fruit and each tissue firmness 

of processed fruit. SR551 had significant negative effects for fruit and mesocarp 

firmness of processed fruit.  Regarding length and length:diameter ratio, 123-1005 and 



Table 20. Analysis of variance for combining ability of fresh fruit firmness components between male nonparthenocarpic and female 
parthenocarpic parents grown at Brooks, Oregon, in 1992 and 1994. 

Mean squares 

Firmness (N) 

SCD" Length SCRX 

Variation df Fruit Mesocarp Endocarp (cm) LDRZ (cm) (x 10-3) 

Year(Y) 1 15.2 0.45 1.62 14.7 0.27 0.84 0.9 

Block/Y 4 8.7NS 0.10NS 0.02NS 0.6* 0.04* 0.01NS 0.5NS 

GCAmgjj, 4 781.2" 5.98* 1.00* 15.5" 2.16"" 0.46"" 27.2"* 
vGCAfemales 3 10.4NS 0.26NS 0.13NS 2.2NS 0.43"* 0.06NS 2.1NS 

USCA 12 79NS 0.21NS 0.03NS 0.3* 0.04NS 0.01NS O^8 

GCA^e, x Y 4 43.4* 0.64" 0.14* 0.9" 0.01NS 0.01NS 1.2NS 

GCAfeouUe8 x Y 3 34.8NS 0.34NS 0.07NS 0.6" 0.01NS 0.02NS 0.6NS 

SCAx Y 12 12.7NS 0.12NS 0.04" 0.1NS 0.03* 0.01* 0.7* 

Error 76 10.5 0.11 0.02 0.2 0.02 0.01 0.3 

cv(%) 4.3 4.4 6.0 4.6 3.9 4.3 3.0 

z LDR = lengthrdiameter ratio. 
y SCD = seed cavity diameter. 
x SCR (seed cavity ratio) = SCDifruit diameter ratio. 
w GCA,,,^, = general combining ability of male parents. 
v GCAfc,,,,^, = general combining ability of female parents. 
u SCA = specific combining ability. 
*■ "• "*• " *•NS   Significant at 0.05, 0.01, 0.001, 0.0001, or not significant by F tests, respectively. £ 



Table 21.  Analysis of variance for combining ability of processed fruit firmness components between male nonparthenocarpic and 
female parthenocarpic parents grown at Brooks, Oregon, in 1994. 

Mean squares 

Firmness (N) 

sciy Length SCRX 

Variation df Fruit Mesocarp Endocarp (cm) LDRZ (cm) (x lO3) 

Block 2 26.2NS 0.46NS 0.02NS 0.64NS 0.08NS 0.01NS 0.6NS 

"GCA^ 4 1229. r** 10.03"" O^S'"' 7.95~- O^O*"* O.IS*** 16.6"" 
vGCAfemaje8 3 49.0™ 0.14NS 0.01NS 1.36* 0.24- 0.03* 1.3* 
USCA 12 19.8NS 0.31NS 0.03NS 0.32NS 0.02NS 0.01NS 0.7* 

Error 36 11.4 0.32 0.03 0.35 0.03 0.01 0.3 

cv(%) 5.3 7.1 10.1 6.6 5.4 6.2 3.5 

z LDR = length:diameter ratio. 
y SCD = seed cavity diameter. 
x SCR (seed cavity ratio) = SCD:fruit diameter ratio. 
w GCAguie, = general combining ability of male parents. 
v GCAfcmljei = general combining ability of female parents. 
u SCA = specific combining ability. 

.NS Significant at 0.0S, 0.01, 0.001, 0.0001, or not significant by F tests, respectively. 



Table 22.  Estimates of general combining ability effects for fresh and processed1 fruit firmness components of pickling cucumber 
cultigens used as male parents in a factorial mating design and grown at Brooks, Oregon, in 1992 and 1994. 

General combining ability effecty 

Male parent 

Firmness (N) 

Length SCDW 

Fruit Mesocarp Endocarp (cm) LDRX (cm) SCRV 

+4.72* +0.37* +0.19* +0.22 +0.07* +0.07* +0.02* 
+11.93"" +0.93*" +0.12" -0.19* -0.01 +0.04* +0.02** 

+5.37" +0.47* +0.14 -0.90" -0.38"" +0.17*" +0.03" 
+7.70"' +0.95"* +0.16" -0.78*" -0.31*" +0.14" +0.04*" 

-1.27 -0.26 -0.21* -0.54* -0.14" +0.03 +0.01 
-2.05* -0.43" -0.18" -0.34" -0.11" +0.01 +0.00 

-0.02 +0.16 +0.11 +0.01 +0.01 -0.07" -0.02* 
-2.84" -0.22* +0.01 -0.07 -0.02 -0.04* -0.01* 

-8.80" -0.74" -0.23* +1.20" +0.44"" -0.19*" -0.05- 
-14.74"" -1.22*" -0.11" +1.37- +0.44**" -0.15" -0.06*** 

1.04 0.127 0.059 0.146 0.018 0.016 0.005 
0.70 0.089 0.025 0.090 0.022 0.019 0.004 

Clinton 

123-1005 

M27 

SR551 dwf 

Armstrong Early Cluster 

SE 

z Fresh value is the top number, processed value the bottom number. 
y Positive effects defined as: increased firmness, shorter fruit length, smaller LDR, SCD, and SCR. 
x LDR = length:diameter ratio. 
w SCD = seed cavity diameter. 
v SCR (seed cavity ratio) = SCD:diameter ratio. 
•,••,•••,•••• sjgjjjffcjmt at p=o.05, 0.01, 0.001, or 0.0001 by two tailed t tests, respectively. ON 
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Armstrong Early Cluster had the largest positive and negative effects, respectively, for 

fresh and processed fruit. M27 had significantly negative effects for these traits on fruit 

prior to and after processing.   The GCA effects of the male parents for seed cavity 

diameter and seed cavityrfruit diameter ratio were consistent before and after processing. 

123-1005 and Armstrong Early Cluster had the largest positive and negative effects, 

respectively. Clinton had significant positive and SR551 significant negative effects for 

these traits. 

Among female parents the GCA effects for fruit, mesocarp, and endocarp firmness 

were not significant (Table 23).    GCA effects for length of processed fruit were 

significantly negative and positive for WI1701 and WI1983, respectively.   Effects for 

lengthrdiameter ratio were significant for processed fruit, except for WI1983.  23HA- 

5715 had the largest positive and WI1701 the largest negative effects for lengthrdiameter 

ratio, respectively.    The effect for seed cavity diameter:fruit diameter ratio was 

significant for W744 for processed fruit samples.    Fruit cross sections taken after 

processing of parents and F1 progeny are shown in Figure 2. 

Specific combining ability. 

The SCA mean squares were less than the GCA mean squares of the male and female 

parents for all traits measured on fresh fruit (Table 20). SCA mean squares were only 

significant for length. The SCA x year mean squares were greater than SCA for fruit 



Table 23.  Estimates of general combining ability effects for fresh and processed2 fruit firmness components of pickling cucumber 
cultigens used as female parents in a factorial mating design and grown at Brooks, Oregon, in 1992 and 1994. 

General combining ability effecty 

Firmness (N) 

Length 
(cm) LDRX 

SCDW 

(cm) Female parent Fruit Mesocarp Endocarp SCRV 

W744 -0.14 
+2.10 

-0.11 
+0.10 

+0.01 
-0.02 

-0.09 
-0.17 

-0.08* 
-0.09* 

+0.06 
+0.05 

+0.010 
+0.014" 

23HA-5715 -0.65 
-2.43 

-0.04 
-0.02 

-0.05 
-0.03 

+0.20 
+0.16 

+0.13" 
+0.14* 

-0.05 
-0.06 

-0.002 
-0.009 

WI1701 +0.02 
+0.59 

+0.08 
+0.05 

+0.09 
+0.05 

-0.34 
-0.34* 

-0.13" 
-0.13* 

-0.02 
+0.00 

-0.010 
-0.003 

WI1983 +0.77 
-0.26 

+0.07 
-0.14 

-0.05 
-0.01 

+0.23 
+0.34* 

+0.07* 
+0.08 

+0.01 
+0.01 

+0.002 
-0.003 

SE 1.08 
0.81 

0.107 
0.102 

0.049 
0.029 

0.143 
0.103 

0.019 
0.025 

0.027 
0.022 

0.005 
0.005 

z Fresh value is the top number, processed value is the bottom number. 
y Positive effects defined as: increased firmness, shorter fruit length, smaller LDR, SCD, and SCR. 
x LDR = length:diameter ratio. 
w SCD = seed cavity diameter. 
v SCR (seed cavity ratio) = SCD:diameter ratio. 
•,«•••,•••• sjgnjfaant at p=o.05, 0.01, 0.001, or 0.0001 by two tailed t tests, respectively. 

ON oo 



Figure 2.  Fruit cross sections of parents (males left column; females top row) 
and F1 progeny (intersection of male and female rows) of pickling cucumber 
crosses taken after processing. 
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and endocarp firmness.    SCA x year mean squares were significant for endocarp 

firmness, length:diameter ratio, seed cavity diameter, and seed cavity:fruit diameter 

ratio. 

For processed fruit, SCA mean squares were less than the GCA mean squares of the 

male and female parents for all traits measured except for mesocarp and endocarp 

firmness, in which case the female GCA mean squares were greater (Table 21). The 

only significant SCA mean square was seed cavity:fruit diameter ratio. 

Significant SCA effects were detected for length:diameter ratio in fresh fruit, as 

expected from the analysis of variance (Table 24). Hybrids with significant positive 

effects for length:diameter ratio were W744 x Clinton, 23HA-5715 x M27, and WI1701 

x 123-1005. Those with significant negative effects were 23HA-5715 x Clinton and 

WI1701 x M27. Other significant SCA effects were detected that were not expected 

from the analysis of variance results, particularly effects for mesocarp firmness, 

length:diameter ratio, and seed cavity diameter:fruit diameter ratio. Significant positive 

effects for mesocarp firmness occurred in the crosses W744 x SR551 and WI1701 x 

Armstrong Early Cluster. W744 x Armstrong Early Cluster had a significant negative 

effect. A significant postive SCA effect for length: diameter ratio occurred for 23HA- 

5715 x M27. SCA for seed cavity diameter:fruit diameter ratio was significantly 

negative for 23HA-5715 x 123-1005. 

Significant SCA effects for seed cavity: fruit diameter ratio among processed fruit 

were detected as expected from the analysis of variance (Table 25). Hybrids with 

significant positive effects for seed cavity:fruit diameter ratio were 23HA-5715 x SR551, 



Table 24.   Estimates of specific combining ability effects' for fresh firuit traits of pickling cucumber cultigens crossed in a factorial mating design and grown 
at Brooks, Oregon, in 1992 and 1994. 

Male 

Armstrong Early 
Female Fruit trait" Clinton 123-1005 M27 SR551 dwf Cluster 

W744 Fruit firm." - 0.332 + 1.476 + 0.379 - 0.329 - 1.194 
Meso. firm." - 0.089 + 0.054 + 0.016 + 0.296* - 0.277* 
Endo. firm.v ♦ 0.027 + 0.032 -0.006 + 0.039 - 0.091 
Length + 0.372** - 0.071 -0.173 - 0.031 -0.098 
LDRU + 0.073 - 0.018 -0.060 -0.020 + 0.025 
SCD' + 0.038 + 0.005 - 0.010 - 0.010 - 0.023 
SCR* + 0.003 + 0.008 -0.003 -0.005 -0.003 

23HA-5715 Fruit firm. ♦ 0.587 + 0.004 -2.174 + 0.579 + 1.004 
Meso. firm. + 0.009 + 0.182 -0.066 - 0.236 + 0.112 
Endo. firm. + 0.051 + 0.066 - 0.072 -0.127 + 0.083 
Length - 0.228* -0.191 + 0.407- - 0.071 + 0.082 
LDR -0.094 -0.044 + 0.164* + 0.004 - 0.031 
SCD -0.047 -0.049 + 0.006 + 0.046 + 0.044 
SCR - 0.016 - 0.021* + 0.010 + 0.017 + 0.010 

* Positive effects defined as: increased firmness, shorter fruit length, smaller length:diameter ratio, seed cavity diameter, and seed cavity:fruit diameter ratio. 
y SE = 1.128, 0.109, 0.065, 0.101, 0.057, 0.036, and 0.008 for fruit, mesocarp, and endocarp firmness, fruit length, length:diameter ratio, seed cavity 

diameter, and seed cavity: firuit diameter ratio, respectively. 
* Fruit firm. = fruit firmness. 
w Meso. firm. = mesocarp fimmess. 
v Endo. firm. = endocarp firmness. 
u LDR = fruit length:diameter ratio. 
1 SCD = seed cavity diameter. 
1 SCR (seed cavity ratio) = seed cavity diameter:fruit diameter ratio. 
*• ** Significantly different from zero at p=0.05 and 0.01 by two tailed t test, respectively. 



Table 24 cont. 

Male 

Armstrong Early 
Female Fruit traity Clinton 123-1005 M27 SR551 dwf Cluster 

WI1701 Fruit firm." + 0.251 + 0.028 + 0.591 - 0.337 - 0.532 
Meso. firm." + 0.067 -0.131 -0.118 - 0.058 + 0.240' 
Endo. firm.v - 0.024 - 0.079 + 0.054 + 0.019 + 0.029 
Length -0.132 + 0.286* - 0.237" + 0.026 + 0.058 
LDRU + 0.003 + 0.103 -0.110 + 0.010 -0.005 
SCD' + 0.016 + 0.023 + 0.008 -0.022 -0.025 
SCR" + 0.013 + 0.008 -0.003 -0.005 - 0.013 

WI1983 Fruit firm. -0.506 - 1.508 + 1.205 + 0.087 + 0.722 
Meso. firm. + 0.013 - 0.105 + 0.168 -0.002 - 0.075 
Endo. firm. - 0.054 - 0.019 + 0.024 + 0.069 -0.021 
Length - 0.012 -0.025 + 0.003 + 0.076 -0.042 
LDR + 0.019 -0.042 + 0.006 + 0.006 -0.011 
SCD -0.007 + 0.021 -0.004 - 0.014 + 0.004 
SCR + 0.001 + 0.006 -0.005 -0.007 + 0.006 

' Positive effects defined as: increased firmness, shorter fruit length, smaller length:diameter ratio, seed cavity diameter, and seed cavity:fruit diameter ratio. 
y SE = 1.128, 0.109, 0.065, 0.101, 0.057, 0.036, and 0.008 for fruit, mesocarp, and endocarp firmness, fruit length, length:diameter ratio, seed cavity 

diameter, and seed cavity:fruit diameter ratio, respectively. 
x Fruit firm. = fruit firmness. 
w Meso. firm. = mesocarp firmness. 
v Endo. firm. = endocarp firmness. 
u LDR = fruit length:diameter ratio. 
1 SCO = seed cavity diameter. 
' SCR (seed cavity ratio) = seed cavity diameter:fruit diameter ratio. 
*• ** Significantly different from zero at p=0.05 and 0.01 by two tailed t test, respectively. 

a 



Table 25. Estimates of specific combining ability effects' for processed fruit traits of pickling cucumber cultigens crossed in a factorial mating design and grown 
at Brooks, Oregon, in 1994. 

Male 

Armstrong Early 
Female Fruit traif Clinton 123-1005 M27 SR551 dwf Cluster 

W744 Fruit firm." - 3.267* + 3.523* - 1.112 - 0.747 + 1.603 
Meso. firm.w - 0.483 - 0.036 + 0.225 + 0.175 + 0.120 
Endo. firm.v + 0.026 + 0.053 - 0.037 + 0.038 - 0.080 
Length + 0.290 -0.133 - 0.216 + 0.255 -0.196 
LDRU + 0.051 + 0.058 - 0.020 - 0.070 -0.020 
SCD' + 0.051 -0.065 - 0.055 + 0.068 + 0.001 
SCR* + 0.014 -0.006 - 0.014 -0.001 + 0.007 

23HA-5715 Fruit firm. + 0.085 - 1.825 + 2.120 + 0.125 - 0.505 
Meso. firm. + 0.127 - 0.326 - 0.026 - 0.056 + 0.280 
Endo. firm. + 0.056 -0.007 -0.027 -0.112 + 0.091 
Length - 0.023 + 0.005 -0.138 -0.138 + 0.293 
LDR - 0.052 -0.024 + 0.059 + 0.019 -0.002 
SCD + 0.027 -0.069 - 0.029 + 0.014 + 0.057 
SCR + 0.006 - 0.034*" + 0.009 + 0.021* -0.002 

' Positive effects defined as: increased firmness, shorter fruit length, smaller length:diameter ratio, seed cavity diameter, and seed cavity: fruit diameter ratio. 
y SE = 1.512, 0.254, 0.072, 0.263, 0.073, 0.043, and 0.008 for fruit, mesocarp, and endocarp firmness, fruit length, length:diameter ratio, seed cavity 

diameter, and seed cavity:fhiit diameter ratio, respectively. 
* Fruit firm. = fruit firmness. 
w Meso. firm. = mesocarp firmness. 
v Endo. firm. = endocarp firmness. 
u LDR = fruit length:diameter ratio. 
' SCD = seed cavity diameter. 
' SCR (seed cavity ratio) = seed cavity diameter: fruit diameter ratio. 
*** Significantly different from zero at p=0.05 and 0.01 by two tailed t test, respectively. 



Table 25 cont. 

Female 

Male 

Armstrong Early 
Fruit traif Clinton 123-1005 M27 SR551 dwf Cluster 

Fruit firm." -0.189 - 3.739* + 1.516 + 1.551 + 0.861 
Meso. firm.w + 0.179 -0.144 -0.004 -0.194 + 0.162 
Endo. firm.v -0.009 -0.181* + 0.059 + 0.084 + 0.047 
I «ngth + 0.108 + 0.225 - 0.388 - 0.078 + 0.133 
LDRU - 0.032 + 0.116 -0.122 + 0.009 + 0.029 
SCD1 + 0.009 + 0.034 -0.007 -0.044 + 0.009 
SCR' - 0.010 + 0.020" + 0.003 - 0.015 + 0.003 

Fruit firm. + 3.371* + 2.041 - 2.524 - 0.929 - 1.959 
Meso. firm. + 0.177 + 0.505 -0.196 + 0.075 - 0.561* 
Endo. firm. - 0.073 + 0.135 + 0.005 - 0.010 - 0.058 
Length - 0.375 -0.097 + 0.741" -0.040 - 0.230 
LDR + 0.033 -0.150" + 0.083 + 0.043 -0.008 
SCD - 0.086 + 0.100" + 0.090* - 0.038 -0.066 
SCR - 0.010 + 0.020" + 0.003 -0.005 -0.008 

WI1701 

WI1983 

* Positive effects defined as: increased firmness, shorter fruit length, smaller length:diameter ratio, seed cavity diameter, and seed cavity:fruit diameter ratio. 
y SE = 1.512, 0.254, 0.072, 0.263, 0.073, 0.043, and 0.008 for fruit, mesocarp, and endocarp firmness, fruit length, length:diameter ratio, seed cavity 

diameter, and seed cavity: fruit diameter ratio, respectively. 
x Fruit firm. = fruit firmness. 
w Meso. firm. = mesocarp firmness. 
v Endo. firm. = endocarp firmness. 
u LDR = fruit length:diameter ratio. 
' SCD = seed cavity diameter. 
* SCR (seed cavity ratio) = seed cavity diameter: fruit diameter ratio. 
*"* Significantly different from zero at p=0.05 and 0.01 by two tailed t test, respectively. 

2 
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WI1701 x 123-1005, and WI1983 x 123-1005. 23HA-5715 x 123-1005 had a significant 

negative effect. Significant SCA effects for other trait were also detected. SCA for fruit 

firmness was significantly positive for WI1983 x Clinton and W744 x 123-1005, while 

significantly negative for W744 x Clinton and WI1701 x 123-1005. Significant negative 

effects for mesocarp and endocarp firmness occurred for WI1983 x Armstrong Early 

Cluster and WI1701 x 123-1005, respectively.    The SCA effect for length was 

significantly positive for WI1983 x M27, which indicated fruit were shorter than 

expected based on parental performance.    The SCA for length:diameter ratio was 

significantly negative for WI1983 x 123-1005, indicating fruit were more slender than 

expected.  WI1983 x M27 and WI1983 x 123-1005 also had significant positive effects 

for seed cavity diameter. 

Phenotypic and genetic correlations. 

Hybrids were significantly different for all fresh (Table 26) and processed (Table 

27) fruit traits. The hybrid by year interaction was significant for all fresh fruit traits 

except length and length:diameter ratio (Table 26). All phenotypic and genetic 

correlations were significant, correlated in the same direction, and in generally close 

agreement for each trait (Table 28). Phenotypic and genetic correlations of fresh and 

processed fruit were also quite similar. Fruit firmness, mesocarp firmness, endocarp 

firmness, length, and length:diameter ratio were positively correlated phenotypically and 



Table 26.   Analysis of variance for fresh fruit firmness components of hybrids produced by crossing male nonparthenocarpic and 
female parthenocarpic parents in a factorial mating design and grown at Brooks, Oregon, in 1992 and 1994. 

Mean squares 

Firmness (N) 

say Length SCRX 

Variation df Fruit Mesocarp Endocarp (cm) LDRr (cm) (x 10-3) 

Year(Y) 1 15.2 0.45 1.62 14.7 0.27 0.84 0.9 

Block/Y 4 8.7NS 0.10™ 0.02NS 0.6* 0.04* 0.01NS 0.5NS 

Hybrid 19 171.1"" 1.43"' 0.25" 3.8"" 0.55"" 0.11"" 6.6"" 

Hybrid x Y 19 22.7" 0.26" 0.07"" 0.3NS 0.03NS o.or 0.8" 

Error 76 10.5 0.11 0.02 0.2 0.02 0.01 0.3 

cv(%) 4.3 4.4 6.0 4.6 3.9 4.3 3.0 

z LDR = length:diameter ratio. 
y SCD = seed cavity diameter. 
x SCR(seed cavity ratio) = SCD:fruit diameter ratio. 
** "• " •"" NS Significant at 0.05, 0.01, 0.001, 0.0001, or not significant by F tests, respectively. 



Table 27.  Analysis of variance for processed fruit firmness components of hybrids produced by crossing male nonparthenocarpic 
and female parthenocarpic parents in a factorial mating design and grown at Brooks, Oregon, in 1994. 

Mean squares 

Firmness (N) 

SCD" Length SCRX 

Variation df Fruit Mesocarp Endocarp (cm) LDRZ (cm) (x lO"3) 

Block 2 26.2NS 0.46NS 0.02NS 0.64NS 0.08NS 0.01NS 0.6NS 

Hybrid 19 279.0"" 10.03"" 0.25" 2.09"" 0.24"" 0.04"" 4.1"" 

Error 36 11.4 0.32 0.03 0.35 0.03 0.01 0.3 

cv(%) 5.3 7.1 10.1 6.6 5.4 6.2 3.5 

z LDR = length:diameter ratio. 
y SCD = seed cavity diameter. 
x SCR (seed cavity ratio) = SCD:firuit diameter ratio. 

'      '       Significant at 0.01, 0.0001, or not significant by F tests, respectively. 



Table 28.   Genetic (above diagonal) and phenotypic (below diagonal) correlations1 of cucumber fruit firmness components measured on fresh and processed 
fruity of Ft progeny from a factorial mating design using female parthenocarpic and male nonparthenocatpic parents grown at Brooks, Oregon in 1992 and 1994. 

Trait 

Firmness (N) 

Length (cm) SCDW 

Fruit Mesocarp Endocarp LDR* (cm) SCR" 

*** 0.99 0.99 0.73 0.80 -0.96 -0.87 
*** 1.00 1.01 0.83 0.80 -0.87 -0.91 

0.92 *** 0.95 0.67 0.71 -0.82 -0.71 
0.94 *** 0.96 0.81 0.78 -0.95 -0.95 

0.78 0.87 *** 0.58 0.56 -0.57 -0.52 
0.68 0.77 +** 0.58 0.52 -0.61 -0.67 

0.69 0.60 0.43 *** 1.02 -0.84 -0.71 
0.79 0.73 0.40 *** 0.98 -0.90 -0.91 

0.73 0.64 0.51 0.98 *** -0.83 -0.73 
0.74 0.72 0.48 0.93 *** -0.94 -0.90 

-0.86 -0.69 -0.51 -0.74 -0.80 **+ 1.00 
-0.71 -0.74 -0.56 -0.64 -0.82 +*• 0.98 

-0.81 -0.60 -0.38 -0.66 -0.67 0.96 *** 
-0.86 -0.84 -0.51 -0.82 -0.84 0.90 *** 

Fruit firmness 

Mesocarp firmness 

Endocarp firmness 

Length 

LDR 

SCD 

SCR 

* All correlations presented are significantly different from zero at p=0.05. 
y Fresh value is the top number, processed the bottom number. 
* LDR = fruit length:diameter ratio. 
" SCD = seed cavity diameter. 
v SCR (seed cavity ratio) = SCD: fruit diameter ratio. 

oo 
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genetically to one another.  Seed cavity diameter and seed cavity: fruit diameter ratio 

were positively correlated phenotypically and genetically to each other and negatively 

correlated to all other traits. 

The weakest phenotypic and genetic correlations were between endocarp firmness and 

the morphological components length, length:diameter ratio, seed cavity diameter, and 

seed cavity diameter: fruit diameter ratio for fresh and processed fruit. The phenotypic 

and genetic correlations between endocarp firmness and the firmness of the other fruit 

tissues were relatively high. Genetic correlations between endocarp, mesocarp, and fruit 

firmness were very similar. The strongest phenotypic correlation for endocarp firmness 

was with mesocarp firmness for fresh and processed fruit. 

Discussion 

General and specific combining abilities can be used as estimates of additive and 

dominance/epistatic effects, respectively, in the inheritance of a trait (Hallauer and 

Miranda, 1988). In this study, GCA was greater than SCA for all traits measured on 

fresh and most traits measured on processed fruit. Therefore, the primary type of gene 

action was additive. Dominance effects (SCA) were greater than the additive effects 

(GCA) for mesocarp and endocarp firmness of the female parthenocarpic parents for 

processed fruit. Parental performance per se for fresh and processed fruit could 

therefore be used to adequately predict performance of the hybrids for all traits except 

processed firmness of mesocarp and endocarp. It must be emphasized that GCA and 

SCA estimates pertain only to the set of parents included in the analysis (Hallaur and 
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Miranda, 1988) and that GCA and SCA estimates for the processed fruit are likely 

overestimated as interaction with environment was not included.  The greater diversity 

within the nonparthenocarpic versus the parthenocarpic parents for the characters 

measured probably resulted in the consistently larger GCA mean squares of the male 

parents for fresh and processed fruit and not to differences due to parthenocarpy. 

The expected mean squares for the analysis of variance of combining ability of a 

fixed set of parents reveals that genetic correlations can only be calculated in a broad 

sense.   Thus, all types of genetic effects, including dominance, are included in the 

genetic correlations.    Dominance effects in this study, however, were relatively small 

and would not be a major component of the genetic correlations.  Phenotypic selection 

among the hybrids for the traits measured on fresh fruit will likely be effective in 

selection for improved processed firmness as phenotypic and genetic correlations were 

in close agreement and quite similar for fresh and processed fruit. The positive genetic 

correlations among fruit firmness, mesocarp firmness, endocarp firmness, length, and 

length:diameter ratio indicates these traits are linked or pleiotropic.   Thus, selection 

among the hybrids for firmness alone would likely select for increased length and 

length:diameter ratio as slender, long fruits tend to be firmer than shorter, stout fruits. 

This could present a problem if the hybrids selected exceed the strict market 

specifications for these traits which are necessary for packing in jars.  The phenotypic 

and genetic correlations for endocarp firmness are of particular interest since this tissue 

has been targeted as a relatively weak spot in parthenocarpic material (Zwinkels, 1987). 
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Among the components measured, hybrid selection for fresh mesocarp firmness would 

be the most efficient strategy for concurrent selection of increased endocarp firmness of 

processed fruit. 
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Abstract 

Generation means analysis of parental, F,, F2, and backcross generations was used 

to determine the relative importance of genetic effects in the inheritance of fruit and 

mesocarp firmness in crosses between parthenocarpic and nonparthenocarpic pickling 

cucumbers. The primary genetic effects in crosses between parents with extreme 

differences for fruit and mesocarp firmness were additive and independant of whether a 

parthenocarpic parent had been used in the cross. This suggested fruit and mesocarp 

firmness could be transferred successfully from nonparthenocarpic to parthenocarpic 

germplasm and fixed through selection. Epistatic effects were also detected, but the 

nature of these effects could not be determined because the generations required for such 

analyses were unavailable. A parental inbred line used in the generation means analysis 

was evaluated as a potential donor of favorable alleles for improvement of fruit and 

mesocarp firmness in two parthenocarpic by nonparthenocarpic hybrids using several 

statistics. The donor inbred line, which was unacceptable in fruit type for processing, 

was not a source of favorable alleles. The information presented should be helpful to 

plant breeders interested in developing breeding programs for parthenocarpic pickling 

cucumbers. 

Introduction 

Fruit firmness is one of the most important quality attributes of pickling cucumbers. 

Consumers expect processed cucumbers to be firm, crisp, and flavorful.   Seediness is 
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highly undesirable as it is unattractive and generally associated with poor quality. 

Parthenocarpic pickling cucumbers offer the advantage of seedlessness.   One concern 

which has restricted their use, however, has been firmness of processed fruits (Korosne 

and Milotay, 1987; Zwinkels, 1987).   Sponginess was an immediate concern in the 

development of parthenocarpic pickling cucumbers from parthenocarpic slicing types 

(dePonti, 1976).  Consequently, poor fruit firmness has generally been associated with 

parthenocarpic pickling cucumbers.   Genetic improvement in fresh fruit firmness of 

parthenocarpic pickling cucumbers may increase their acceptability following processing 

because fresh and processed fruit firmness are related (Sneed and Bowers, 1970).   A 

logical approach for improvement would be to transfer fruit firmness from outstanding 

nonparthenocarpic lines to those which are parthenocarpic. 

The inheritance of fresh fruit firmness in nonparthenocarpic cucumbers was primarily 

additive in studies by Peterson et al (1978) and Smith et al (1978). Peterson et al (1978) 

concluded from generation means analysis of crosses between soft and firm cultivars that 

fruit firmness was a highly heritable quantitative trait without cytoplasmic effects. Smith 

et al (1978) found that most of the genetic variance for fruit firmness, measured on 

whole fruit with the skin on, and flesh firmness, measured on whole fruit with the skin 

off, was additive for a reference population created by random mating of 18 monoecious 

nonparthenocarpic pickling cucumber lines.   Smith et al (1978) reported narrow sense 

heritibilities of 0.42 for fruit firmness and 0.45 for flesh firmness for their reference 

population. 
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Fruit firmness is influenced by several genetically controlled characteristics which 

include the exocarp (skin),  mesocarp (carpel wall), and endocarp  (seed cavity) 

components of fruit which have inherent firmness properties,  as well as,  fruit 

morphological components such as fruit length, diameter, lengthrdiameter ratio, seed 

cavity size, and seed cavity diameter: fruit diameter ratio (Lower and Edwards, 1986). 

Flesh firmness measured on whole fruit with the skin off would include all these 

components except exocarp.   It would be desirable to determine the genetic effects 

involved in the inheritance of mesocarp firmness in pickling cucumber, particularly for 

crosses involving parthenocarpic material. 

Improvement of quantitative traits in single-cross hybrids of elite inbreds requires 

knowledge of which populations carry favorable alleles that are not present in the 

inbreds. Breeders often search for such favorable alleles in germplasm which is exotic, 

agronomically unadapted, and/or horticulturally unacceptable.   Germplasm collections 

which characterisitically contain unadapted material are resources which may contain 

potential donors of favorable alleles. Several statistics can be used to identify and predict 

the potential of a donor parent to contribute favorable alleles to a single-cross hybrid. 

Once the combinations of donor and hybrid have been identified breeding efforts can be 

efficiently allocated to specific populations with potential for improvement. Application 

of this method to improvement of fruit and mesocarp firmness in pickling cucumber may 

prove beneficial. 

The objectives of this research were to determine the importance of additive, 

dominance, and epistatic effects involved in the inheritance of fruit and mesocarp 
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firmness in parthenocarpic by nonparthenocarpic pickling cucumber crosses, to compare 

the manner of inheritance in these crosses with the inheritance in a cross between 

nonparthenocarpic pickling cucumbers, and to evaluate an unimproved cucumber line as 

a potential donor of favorable alleles for improvement of fruit and mesocarp firmness. 

Materials and Methods 

Plant material. 

Four pickling cucumbers with different degrees of fruit firmness were chosen as 

parents for crosses. Monoecious nonparthenocarpic parents 'Clinton' and 'Armstrong 

Early Cluster'(AEC) were firm and soft, respectively. Gynoecious parthenocarpic 

parents WI1983 and W744 were relatively firm and soft, respectively. AEC was much 

softer than the other parents. WI1983 and Clinton, which were similar, were the most 

firm. W744 was intermediate in fruit firmness. The parents were white spined with few 

large warts and indeterminate, except AEC which was black spined with many smaller 

warts, and determinate. The parents were assumed to be homozygous having been 

maintained by selfmg for several generations. Five crosses were made: firm by soft 

nonparthenocarpic (Clinton x AEC), soft parthenocarpic by soft nonparthenocarpic 

(W744 x AEC), firm parthenocarpic by soft nonparthenocarpic (WI1983 x AEC), soft 

parthenocarpic by firm nonparthenocarpic (W744 x Clinton), and firm parthenocarpic by 

firm nonparthenocarpic (WI1983 x Clinton). Reciprocal F,, F2, and Fj backcrosses to 

each parent were generated from each cross for generation means analysis in the 

greenhouse.   All entries were direct seeded at Brooks, Oregon on 17 June, 1993, in a 
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complete randomized block design with two blocks.  Genetic variances for the parental 

and reciprocal Fl generations which do not segregate were expected to be smaller than 

those for the segregating backcross and F2 generations.  Therefore, it was desirable to 

measure  more plants  in  the  segregating  generations  and  fewer plants  in  the 

nonsegregating generations to increase efficiency. Consequently, parental and reciprocal 

F, generations were planted in single row plots 6.1 m long and backcross and F2 

generations were planted in single row plots 15.2 m long.    Within a block the 

nonsegregating and segregating generations were grouped together.   Standard cultural 

practices and sprinkler irrigation were used. 

Data collection. 

One fruit 2.7 - 3.8 cm in diameter was harvested from each plant and used for 

firmness evaluations. The parents used in this study varied in earliness, as did the 

generations derived from them. Consequently, fruits were not harvested simultaneously 

but over a period of time beginning 9 August and ending 19 August, 1993. Fruit and 

mesocarp firmness were measured using a U.C. Firmness Tester (FPT) with a 7.9 mm 

round tip and 2.0 mm flat tip plunger, respectively. Firmness was expressed as Newtons 

(N) of force to penetrate the tissue. Fruit firmness was measured in the center of the 

fruit with the skin on. Estimates of mesocarp firmness, relatively unbiased by fruit 

morphology, were obtained from fruit cross sections approximately 2 cm thick taken 
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from the stem end of each fruit adjacent to the FPT puncture. Mesocarp readings were 

made by puncturing the fruit wall equidistant from the exocarp and endocarp once per 

cross section. 

Statistical analysis. 

Least squared means were used to account for differences in the number of fruits 

measured per block per generation. Reciprocal F,s were pooled after concluding that 

reciprocal cross differences which were detected were likely the result of errors in 

sampling due to the data collection procedures. For example, significant differences in 

fruit and mesocarp firmness were detected between reciprocal crosses of W744 x Clinton 

(Table 29). It has been established that longer fruit length, smaller seed cavity diameter, 

and seed cavity diameter: fruit diameter ratio (seed cavity ratio) are usually correlated 

with increased fruit and mesocarp firmness (Lower and Edwards, 1986). Fruit firmness 

also generally increases as fruits get older and the skin gets tougher, but mesocarp 

firmness decreases. In this study, fruit firmness, fruit length, seed cavity diameter, and 

seed cavity ratio were significantly smaller, yet mesocarp firmness was significantly 

greater, for W744 x Clinton than Clinton x W744. These combinations of fruit firmness 

components indicate that fruits measured for W744 x Clinton were probably younger than 

those measured for Clinton x W744. It is likely that sampling error produced these 

differences. In addition, the means for fruit firmness of Clinton x W744 and mesocarp 

firmness of W744 x Clinton exceeded the means of WI1983 x Clinton for these traits 



Table 29. Comparison of fruit firmness components for reciprocal crosses of the F, generations used for generation means analysis1 

Firmness (N) 

Length Diameter SCDV 

Cross Fruit Meso.x (cm) (cm) LDRW (cm) SCR" 

Clinton x AECy 82.9 a 8.30 a 7.54 a 3.09 a 2.46 b 1.70 a 0.55 a 
AEC x Clinton 74.9 b 8.03 a 7.48 a 2.90 b 2.59 a 1.59 a 0.55 a 

W744 x AEC 65.0 a 6.74 a 7.63 a 3.00 a 2.55 a 1.83 a 0.61a 
AEC x W744 65.4 a 7.18 a 7.69 a 3.00 a 2.57 a 1.82 a 0.61a 

WI1893 x AEC 71.7 a 7.06 b 7.85 a 3.12 a 2.52 a 1.88 a 0.60 a 
AEC x WI1983 74.0 a 7.77 a 7.73 a 3.14 a 2.47 a 1.88 a 0.60 a 

W744 x Clinton 75.7 b 8.76 a 8.08 b 3.00 a 2.71a 1.45 b 0.49 b 
Clinton x W744 84.3 a 7.98 b 8.79 a 3.14 a 2.81a 1.68 a 0.53 a 

WI1983 x Clinton 82.1a 8.45 a 7.89 a 2.87 a 2.75 a 1.47 a 0.51a 
Clinton x WI1983 82.7 a 8.41a 8.15 a 3.00 a 2.72 a 1.58 a 0.53 a 

1 Data are least square means. Mean separation within columns and reciprocal crosses by t tests. Means with the same letter are not significantly different from one 
another. 

y AEC = Armstrong Early Cluster. 
x Meso. = mesocarp firmness. 
w LDR = fruit lengthtdiameter ratio. 
V SCD = seed cavity diameter. 
11 SCR = seed cavity diameter:fruit diameter ratio. 

O 
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which was unexpected, while the mean of the reciprocal crosses for these traits did not. 

Therefore, reciprocal Fj crosses were pooled and bias that may have occurred through 

sampling was reduced. 

Multiple t tests were used to test whether generation means within a cross were 

different. Generation means analysis was performed using Cavalli's joint scaling test 

procedure as described by Mather and Jinks (1982) and extended to include digenic 

interactions as indicated by Rowe and Alexander (1980). The method used was weighted 

least squares, or multiple linear regression (Mather and Jinks, 1980; Rowe and 

Alexander, 1980). Weighted least squares were used to estimate the genetic parameters 

since generation means are not known with equal precision. Generation means and their 

expectations were weighted by the inverse of the squared standard error for that 

generation. The correction factor for the joint scaling test presented by Rowe and 

Alexander (1980) was not used because, as Beaver and Mosjidis (1988) have pointed out, 

it was not necessary when variances for genetic populations are assumed to be different. 

Perfect fit estimates of the genetic effects were obtained using the generation means 

available and the coefficients of genetic effects for an analysis of generation means (Table 

30). Estimates of the genetic effects were tested for significance using t tests. X2 tests 

were then used to test the fit of observed means to those expected for inheritance models 

of increasing complexity beginning with the additive - dominance model and then the 

digenic interaction models as necessary. 

Several statistics were used to test whether AEC was a potential donor of favorable 

alleles for improvement of fruit and mesocarp firmness of hybrids WI1983 x Clinton, 
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Table 30.   Coefficients of genetic effects in the analysis of generation means with six 
generations. 

Genetic effects1 

Generationy m a d aa ad dd 

P' 1 0 1 0 0 

P -1 0 1 0 0 

Fi 
5   0 1 0 0 1 

F2 0 1/2 0 0 1/4 

BC 1/2 1/2 1/4 1/4 1/4 

BC -1/2 1/2 1/4 -1/4 1/4 

z Genetic effects as follows: m (mean), a (additive), d (dominance), aa (additive x additive), ad (additive x 
dominance),     dd (dominance x dominance). 

y P' = high parent, P = low parent, BC = backcross to high parent, BC = backcross to low parent. 

Table 31. Locus classes for inbred parents of a single cross hybrid (P, x PJ and donor 
(PD) inbred line based on the presence of favorable (++) and unfavorable (--) alleles in 
the inbred lines which are homozygous for favorable (++) or unfavorable (--) alleles at 
each locus. % 

Locus class P. 

A + + 

B + + 

C + + 

D + + 

E 

p 
— 

G 

H 

+ + 
+ + 

+ + 
+ + 

+ + 

+ + 

+ + 

+ + 
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released as 'Fremont' by the USDA/ARS, University of Wisconsin - Madison (Peterson 

et al, 1986), and W744 x Clinton. AEC which has unacceptable fruit type for processing 

was recently included in the USDA cucumber germplasm collection.   The number of 

favorable alleles present in the donor inbred line (PD) but absent in the inbred parent lines 

(P, and P2) of the single-cross hybrids (/XQ) (Table 31) were estimated using one of four 

Ha estimators for each of the two hybrid and donor inbred line combinations as described 

by Dudley (1984, 1987). The net merit of a donor inbred line (N, or N2), the difference 

between the number of favorable alleles which may be gained (/*0) and the number which 

may be lost 0tD or /xF) by using a donor to improve the parents of a single-cross hybrid, 

were estimated as described by Bernardo (1990). N, is the net merit of a donor inbred 

line when a new inbred line is to be developed from P, x PD, and N2 is the net merit of 

a donor inbred line when a new inbred line is to be developed from P2 x PD. /xD is the 

number of class D alleles and ftp is the number of class F alleles (Table 31).   The 

probability of a net gain of favorable alleles (PNG, or PNG2) from a donor inbred line 

was also determined.    PNG, and PNG2 have been defined by Metz (1994) as 

IWO^G+MD)] when a new inbred line is to be developed from P, x PD, and I/IO/MO+MF] 

when a new inbred line is to be developed from P2 x PD.   PNG, and PNG2 were 

estimated as described by Metz and modified by Knapp (personal communication) using 

four estimators of the PNG parameters which correspond to the four fiQ estimators 

described by Dudley (1987).   The predicted three-way hybrid means were estimated 

using yjy, ,„, x¥D   = [(yPl x y^,) + (y^ x y^)]^ , where y*, yp, and yp,, are the least 

squared means of the inbred parent and donor lines. 
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Results 

Generation means analysis. 

Generation means were significantly different for fruit firmness within each cross 

(Table 32). The degree of generation mean separation, however, varied between crosses. 

In general, the greatest degree of generation mean separation occurred in crosses between 

parents with extreme differences for fruit firmness which would be expected, as in the 

cases of Clinton x AEC, WI1983 x AEC, and W744 x Clinton, and occurred regardless 

of whether a parthenocarpic parent was used. Generation mean separation was less in 

crosses between parents with similar fruit firmness as in W744 x AEC and WI1983 x 

Clinton. Perfect fit estimates of genetic effects from the joint scaling test identified the 

primary effects for fruit firmness as additive in the crosses Clinton x AEC, W744 x 

AEC, and W744 x Clinton (Table 33). Additive and dominance effects were the primary 

genetic effects in the cross WI1983 x AEC. Additive x dominance digenic interaction 

effects were significant in the cross WI1983 x Clinton. 

Subsequent X2 tests for fit to the additive - dominance inheritance model for the 

crosses Clinton x AEC, W744 X AEC, WI1983 x AEC, and W744 x Clinton were 

significant and indicated that this model was inappropriate and that digenic interactions 

models should be tested for these crosses (Table 34). WI1983 x Clinton also did not fit 

the additive - dominance inheritance model which was expected from the perfect fit 

estimates. Clinton x AEC and W744 x Clinton fit all of the digenic interaction 

inheritence models indicating epistatic effects were present.  Epistatic effects were also 



Table 32.  Mean fruit firmness of generations derived from five pickling cucumber crosses. 

Cross1 

Generationy Clinton x AECX W744 x AEC WI1983 x AEC W744 x Clinton WI1983 x Clinton 

P' 82.76 (2.13) a 
N=17 

69.56 (2.13) ab 
N=17 

79.16 (1.97) a 
N=19 

82.76 (2.13) a 
N=17 

82.76 (2.13) b-d 
N=17 

BC 83.63 (1.28) a 
N=51 

72.16 (1.23) ab 
N=56 

— 81.78 (1.27) a 
N=51 

87.42 (1.33) a 
N=47 

F, 80.73 (1.35) a 
N=46 

67.29 (1.40) b 
N=42 

74.21 (1.22) b 
N=56 

82.93 (1.54) a 
N=34 

84.13 (1.18) be 
N=62 

F2 74.51 (0.86) b 
N=123 

68.70 (0.71) b 
N=166 

73.14 (0.78) b 
N=147 

78.40 (0.87) b 
N=118 

79.61 (0.83) c-e 
N=131 

BC 69.43 (1.23) c 
N=56 

62.16 (1.31) cd 
N=49 

68.84 (1.34) c 
N=46 

74.07 (1.27) c 
N=52 

78.00 (1.20) de 
N=59 

P 54.60 (3.85) d 
N=5 

54.60 (3.85) d 
N=5 

54.60 (3.85) d 
N=5 

69.56 (2.13) c 
N=17 

79.16 (1.97) de 
N=19 

z Data are least square means (standard error).  N = the number of plants from which fruit were measured.  Mean separation within columns by multiple t tests. 
Means with the same letter are not significantly different from one another. 

y P'= high parent, P = low parent. 
x AEC = Armstrong Early Cluster. 

so 



Table 33. Perfect fit estimates of the additive, dominance and digenic interaction genetic effects for the inheritance of fruit firmness 
in five pickling cucumber crosses. 

Cross1 

Genetic 
effecty CxAEC W744 x AEC WI1983 x AEC W744 x C WI1983 x C 

m 60.6 ± 5.4- 68.2 ±  5.1- 66.9 ± 0.1" 78.1 ±  5.2*" 68.6 ±  5.1*" 

a 14.1 ± 2.2" 7.5 ±  2.2* 12.3 ± 2.2" 6.6 ±   1.5" 1.8 ±   1.4NS 

d 35.5 ± 14.4NS 2.8 ± 13.9NS 17.7 ± 3.4" -3.5 ± 13.7NS 28.6 ± 13.4NS 

aa 8.1 ± 4.9NS -6.2 ± 4.6NS o.o ± o.rs 
-1.9 ± 5.<rs 12.4 ± 4.9NS 

ad 0.2 ± 5.7NS 5.0 ±  5.TS -7.4 ± 7.9NS 2.2 ± 4.7NS 15.2 ±  4.6* 

dd -15.4 ± 9.4NS -3.7 ± 9.3NS -10.4 ± 4.0NS 8.4 ± 9.1NS -13.1 ±  8.8NS 

' C = Clinton, AEC = Armstrong Early Cluster. 
y Genetic effects as follows: m (mean), a (additive 

Values are parameter estimates ± standard error, 
s), d (dominance), aa (additive x additive), ad (additive : K dominance), dd (dominance x dominance). 

*NS Significant at 0.05, 0.01, 0.001, or nonsignificant by two-tailed t tests. 

ON 



Table 34. P values for X* tests of the goodness of fit to inheritance models of increasing complexity for fruit firmness in five pickling 
cucumber crosses. 

Cross1 

Model Cx AEC W744 x AEC WI1983 x AEC W744 x C WI1983 x C 

Additive - dominance < 0.001 0.02-0.01 <0.001 <0.001 <0.001 

Digenic interaction 

additive x additive 0.30-0.20 0.70-0.50 <0.001 0.70-0.50 0.005-0.001 

additive x dominance 0.30-0.20 0.05-0.02 < 0.001 0.70-0.50 0.02-0.01 

dominance x dominance 0.30-0.20 0.30-0.20 <0.001 0.90-0.80 <0.001 

* C = Clinton, AEC = Armstrong Early Cluster. 

*4 
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present in the cross W744 x AEC which fit the additive x additive and dominance x 

dominance inheritance models.   WI1983 x AEC, however, failed to fit the digenic 

interaction models.   The model which best fit WI1983 x Clinton was an additive x 

dominance model as was expected from the perfect fit estimate, however, the fit was not 

sufficient for acceptance of the model.  The failure of WI1983 x Clinton (firm x firm) 

to fit an inhertiance model agrees with the general similarity in generation means for this 

cross. Failure to fit a model also may indicate more complex inheritance such as higher 

order genetic interactions or linkage of interacting genes or both.  These effects could 

not be tested because the additional generations which are required for such an analysis 

were not available. 

Generation means were significantly different for mesocarp firmness within each 

cross, but the degree of mean separation varied between crosses (Table 35). Generally, 

crosses between parents with extreme differences for mesocarp firmness produced 

generation means with greatest separation as in Clinton x AEC, WI1983 x AEC, and 

W744 x Clinton, and occurred regardless of whether a parthenocarpic parent was used, 

which agreed with the fruit firmness results.  Generation mean separation was less for 

crosses between parents of similar mesocarp firmness as in W744 x AEC and WI1983 

x Clinton.   Except for the backcross to W744, generation means in the cross W744 x 

AEC were not different and varied by less than one Newton.  Generation means in the 

cross WI1983 x Clinton also varied by only one Newton. Perfect fit estimates from the 

joint scaling test indicated that the primary genetic effects were additive for mesocarp 

firmness in the crosses Clinton x AEC and W744 x Clinton (Table 36).   All genetic 



Table 35.  Mean mesocarp firmness of generations derived from five pickling cucumber crosses. 

Cross1 

Generationy Clinton x AECX W744 x AEC WI1983 x AEC W744 x Clinton WI1983 x Clinton 

P' 9.01 (0.26) ab 
N=17 

7.30 (0.26) b 
N=17 

8.59 (0.24) a 
N=19 

9.01 (0.26) a 
N=17 

9.01 (0.26) a-c 
N=17 

BC 8.65 (0.16) a-c 
N=51 

8.21 (0.15) a 
N=56 

— 8.80 (0.16) a 
N=51 

9.27 (0.16) ab 
N=47 

Fi 8.41 (0.16) be 
N=46 

7.17 (0.17) b 
N=42 

7.66 (0.15) bd 
N=56 

8.53 (0.19) a 
N=34 

8.62 (0.14) b-d 
N=62 

F2 8.02 (0.10) d 
N=123 

7.00 (0.09) b 
N=166 

7.32 (0.10) c-e 
N=147 

8.50 (0.11) a 
N=118 

8.62 (0.10) b-d 
N=131 

BC 7.83 (0.15) d 
N=56 

6.90 (0.16) b 
N=49 

7.10 (0.16) c-e 
N=46 

7.86 (0.16) b 
N=52 

8.34 (0.15) cd 
N=59 

P 7.18 (0.47) d 
N=5 

7.18 (0.47) b 
N=5 

7.18 (0.47) d 
N=5 

7.30 (0.26) c 
N=17 

8.59 (0.24) cd 
N=19 

1 Data are least square means (standard error).  N = the number of plants from which fruit were measured.  Mean separation within columns by multiple t tests. 
Means with the same letter are not significantly different. 

y ?'= high parent, P = low parent. 
x AEC = Armstrong Early Cluster. 

vo 



Table 36.   Perfect fit estimates of the additive, dominance and digenic interaction genetic effects for the inheritance of mesocarp 
firmness in five pickling cucumber crosses. 

Cross' 

Genetic 
effect" CxAEC W744 x AEC WI1983 x AEC W744 x C WI1983 x C 

m 7.2 ± 0.7" 5.0 ± 0.6" 7.9 + 0.0" 8.9 + 0.6" 8.0 + 0.6" 

a 0.9 ±0.3' 0.1 ±0.3NS 0.7 + 0.3NS 0.9 + 0.2** 0.2 + 0.2NS 

d 2.0 ± 1.8NS 5.7+1.7* -2.0 + 0.4* -1.1±1.7NS 1.7±1.6NS 

aa 0.9 ± 0.6NS 2.2 ± 0.6* 0.0 ± 0.0NS -0.7 + 0.6NS 0.8 ± 0.6NS 

ad -0.2 ± 0.7NS 2.5 ± 0.7* -0.5 ± 1.0NS 0.2 + 0.6NS 1.4 + 0.6NS 

dd -0.8 ± 1.2NS -3.6±l.r 1.8 + 0.5* 0.8 + i.rs -1.1±1.1NS 

* C = Clinton, AEC = Armstrong Early Cluster.  Values are parameter estimates ± standard error. 
* Genetic effects as follows: m (mean), a (additive), d (dominance), aa (additive x additive), ad (additive x dominance), dd (dominance x dominance). 
v,—,NS significant at 0.05, 0.01, 0.001, or nonsignificant by two-tailed t tests. 
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effects were significant except additive effects in W744 x AEC.    Dominance and 

dominance x dominance effects were significant for WI1983 x AEC.   Genetic effects 

were not significant for WI1983 x Clinton. 

X2 tests for fit to the additive - dominance inheritance models for the crosses W744 

x Clinton and WI1983 x Clinton were not significant and indicated this model was 

appropriate for these crosses (Table 37).   The X2 tests were significant for Clinton x 

AEC, W744 x AEC, and WI1983 x AEC which indicated the additive - dominance 

model was inappropriate. Therefore, digenic interaction inheritence models were tested 

for these crosses.   Clinton x AEC fit all the digenic interaction inheritance models 

indicating that epistatic effects were present.    As expected when generation means are 

similar, W744 x AEC failed to fit the digenic interaction models.  WI1983 x AEC also 

did not fit the digenic interaction models.   Possible factors for such lack of fit to the 

inheritance models tested were discussed previously. 

Donor allele analysis. 

The number of favorable alleles (ji^ and the probability of net improvement (N, and 

N2) were negative for each hybrid for fruit and mesocarp firmness (Table 38). 

Therefore, AEC would not be a source of favorable alleles for improvement of fruit and 

mesocarp firmness in these hybrids. PNGj was positive while PNG2 was negative for 

fruit and mesocarp firmness for each hybrid. Thus, the probability of improvement in 

fruit and mesocarp firmness for WI1983 and W744 was greater than for Clinton when 



Table 37.  P values for X2 tests of the goodness of fit to inheritance models of increasing complexity for mesocarp firmness in five 
pickling cucumber crosses. 

Cross' 

Model CxAEC W744 x, AEC WI1983 x AEC W744 x C WI1983 x C 

Additive - dominance 0.02-0.01 <0.001 0.05-0.02 0.20-0.10 0.10-0.05 

Digenic interaction 

additive x additive 0.95-0.90 <0.001 <0.001 - - 

additive x dominance 0.30-0.20 <0.001 0.01-0.005 - - 

dominance x dominance 0.50-0.30 <0.001 <0.001 - - 

* C = Clinton, AEC = Armstrong Early Cluster. 

8 
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Table 38. ua, N„ N2, PNG,, PNG2, and PTC estimates1 for Armstrong Early Cluster 
(AEC) as a donor of favorable alleles (PD) for fruit and mesocarp firmness in two single- 
cross pickling cucumber hybrids (P, x Pj). 

P1xP2 PD Uo N, N, PNG,     PNG2      PTC 

Fruit firmness 

WI1983 x Clinton AEC -1.36     -1.70     -4.96 1.34 -0.60 77.47 

W744 x Clinton AEC -1.06     -1.10     -7.82 1.04 -0.19 74.01 

WI1983 x CUnton 

W744 x Clinton 

Mesocarp firmness 

AEC      -0.20     -0.11      -0.48     0.68       -2.70        8.04 

AEC      -0.18     -0.06     -0.68     0.60      -0.56        7.79 

z Estimators defined as follows: UQ = the number of favorable alleles, N, = net improvement to parent 1, 
N2 = net improvement to parent 2, PNG, = probability of net gain for parent 1, PNG2 = probability of net 
gain for parent 2, PTC = predicted three-way cross mean. 

AEC was the donor inbred line. The predicted three-way cross was greatest for WI1983 

x Clinton x AEC for fruit and mesocarp firmness. 

Discussion 

The primary genetic effects in crosses between parents with extreme differences for 

fruit and mesocarp firmness were additive. These results agreed with the manner of 

inheritance for fruit and flesh firmness that has been reported (Peterson et al, 1978; 

Smith et al, 1978), and with combining ability studies that have been conducted by the 

author. The results were also independant of whether a parthenocarpic parent had been 

used in the cross.    This suggested fruit and mesocarp firmness could be transferred 
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successfully from nonparthenocarpic to parthenocarpic germplasm used in this study and 

fixed through selection. Therefore, development of parthenocarpic pickling cucumbers 

with improved fresh, and thereby processed, fruit and mesocarp firmness should be 

possible. 

Epistatic effects were also detected but the nature of these effects could not be 

determined because the additional generations which are required for such an analysis 

were not available. For most crosses in this study, however, the epistatic effects which 

were detected were relatively insignificant compared to the primary genetic effects. 

Epistatic effects could be biased by linkage (Mather and Jinks, 1982) or sampling error. 

Ignoring these possible biases, it would not be surprising that epistatic effects occur for 

a character such as fruit firmness which is influenced by many different genetically 

controlled factors. Fruit morphological factors like length, diameter, length:diameter 

ratio, seed cavity diameter, seed cavity ratio, as well as physiological factors such as 

fruit and seed maturation rates affect fruit firmness (Lower and Edwards, 1986). 

Mesocarp firmness, as measured in this study, was influenced by fewer morphological 

factors than was fruit firmness. Therefore, some sources of epistatic effects may be 

removed. A model without epistatic effects fit the inheritance of mesocarp firmness in 

some cases. 

Generation means analysis is based on first order statistics which are calculated with 

greater accurracy than second order statistics such as variances that often have large 

standard errors (Mather and Jinks, 1982). Generation means analysis, however, has 

important limitations. The magnitude of additive and dominance effects for a trait should 
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not be directly related to the magnitude of additive and dominance variances for that 

trait.   The generation mean which is expressed is the result of varying degrees of 

cancellation of positive and negative effects between the parents involved which 

consequently influences the calculated additive and dominance effects.  Nonetheless, it 

can be useful in identifying the genetic effects involved in specific crosses and should be 

used along with other techniques which use higher order statistics, such as combining 

ability analyses, in determining the inheritance of a trait. 

Armstrong Early Cluster was not a source of favorable alleles for improvement of 

fruit and mesocarp firmness in the hybrids WI1983 x Clinton and W744 x Clinton. 

Breeding effort should not be directed to these populations for these goals. Thus, the 

donor allele analysis was useful in identifying these populations as unlikely to yield 

improvement in fruit and mesocarp firmness. AEC, however, has other traits which may 

be useful for population improvement such as earliness (Walters and Wehner, 1994) and 

flowering habit characterized by clusters of many flowers per node. 

Improvements in fruit firmness have been reported for parthenocarpic pickling 

cucumbers (Korosne and Milotay, 1987). In studies conducted by the author which 

included parthenocarpic and nonparthenocarpic cultivars currently available, a 

parthenocarpic cultivar was equal in fresh firmness to the best nonparthenocarpic 

cultivars. Results regarding the processing firmness were, however, inconclusive. It 

appears firmness of parthenocarpic pickling types can be improved to levels acceptable 

to the industry. The information presented here should be helpful to plant breeders 

interested in developing breeding programs for parthenocarpic pickling cucumbers. 
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Abstract 

The endogenous calcium concentration of cucumber tissue has a large influence on 

the rate of tissue softening and effectiveness of calcium applications for firmness 

retention during processing. To determine whether genetic differences for fruit calcium 

concentration existed in pickling cucumbers which differ greatly in fruit firmness four 

cultigens, 'Clinton', 'Armstrong Early Cluster', W744, and WI1983 were grown at 

Brooks, Oregon in 1992 and 1994. Fruit cross section samples approximately two cm 

thick from the center of fruit 2.7 - 3.8 cm in diameter were stored at - 23 C, dried, 

ashed, and calcium concentration determined by atomic absorption spectrophotometry. 

Cultigens were not different in fruit calcium concentration, thus a relationship between 

fruit calcium concentration and fruit tissue firmness among cultigens was not shown. 

Introduction 

The endogenous calcium concentration in pickling cucumber fruit tissue has a large 

influence on the rate of tissue softening during processing (McFeeters and Fleming, 

1989). Calcium applications, which promote firmness retention in processed cucumbers 

(Hudson and Buescher, 1980; Tang and McFeeters, 1983), become less effective as the 

endogenous fruit calcium concentration increases (McFeeters and Fleming, 1989). 

Environment and, to a smaller degree, genotype have been shown to influence cucumber 

fruit calcium concentration (Engelkes et al, 1990). 
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Calcium has been effective as a firmness retention agent in processed cucumbers by 

preventing both enzymatic and nonenzymatic softening of brined fruit (Hudson and 

Buescher, 1980).   Calcium added as a chloride salt is now used in most commercial 

cucumber pickle products (McFeeters, 1986) and is most effective when applied at the 

initation of brining (Tang and McFeeters, 1983).  Calcium appears to have at least two 

major  functions in  protection  against  tissue softening;  cross  linkage of pectin 

macromolecules (Grant et al, 1973) and reduced demethylation of pectins (Hudson and 

Buescher, 1986). 

The objective of this research was to determine whether pickling cucumber cultigens 

showed genetic differences for fruit calcium concentration, and to determine whether 

there was a relationship between fruit calcium concentration and fruit firmness among 

the cultigens. 

Materials and Methods 

Pickling cucumbers 'Clinton', 'Armstrong Early Cluster', W744, and WI1983 

were direct seeded in single row plots (6.1 m long) in a complete randomized block 

experimental design with three blocks at Brooks, Oregon on 24 June 1992 and 27 June 

1994. Standard cultural practices with drip (1992) or sprinkler (1994) irrigation were 

followed. Plots were hand harvested on 24 August 1992 and 28 August 1994, graded, 

and fruit 2.7 - 3.8 cm in diameter retained for firmness and calcium evaluations. 
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Firmness evaluations. 

Fruit and mesocarp firmness were measured on ten fruit per plot using a U.C. 

Firmness Tester (FPT) with a 7.9 mm round tip and 2.0 mm flat tip plunger, 

respectively. Fruit firmness was measured in the center of the fruit with the skin on. 

Mesocarp firmness was measured on fruit cross sections approximately two cm thick 

taken from the stem end of each fruit adjacent to the FPT puncture. Mesocarp 

measurements were made by puncturing the fruit wall equidistant from the exocarp and 

endocarp. 

Calcium analysis. 

Fruit cross sections approximately two cm thick were taken from the blossom end 

of each fruit adjacent to the FPT puncture and included exocarp, mesocarp, and endocarp 

tissues. Sample fresh weights were taken in 1994, but not in 1992. Samples were stored 

at - 23 C, then washed with deionized water, dried at 50 C for 48 hours, and ashed in 

a muffle furnace at 500 C for five hours. Ashed samples were dissolved in ten ml of 

five percent nitric acid. Calcium concentration was determined by atomic absorption 

spectrophotometry. 

Statistical Analysis. 

Covariance analysis indicated calcium concentration on a fresh weight basis for, 1994 

(Appendix 10), and dry weight basis for, 1992 and 1994 combined (Appendix 11), was 

not a significant covariate for either fruit or mesocarp firmness using data from 
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individual plot samples. Therefore, fruit tissue firmness and fruit calcium concentration 

in individual fruits were not related.  In addition, calcium concentration on a fresh and 

dry weight basis yielded the same covariate results.   Data was subsequently analysed 

using plot means and analysis of variance. Calcium concentration as percent dry weight 

was used.    Data from 1992 and 1994 were combined after determination that the 

heterogeneity of experimental errors (cultigen x block) were not significant by F tests. 

Percent data was transformed using the arc sin of the square root prior to statistical 

analysis. 

Results 

Cultigens were significantly different for fruit and mesocarp firmness as expected 

(Table 39). Cultigens with greater fruit firmness also had greater mesocarp firmness 

(Table 40). Cultigens were not significantly different in fruit calcium concentration 

(Table 39 and 40). Calcium concentration was significant for block within year (Table 

39). 

Discussion 

The pickling cucumber cultigens used in this study contained fruit calcium 

concentrations similar to those previously reported in other pickling cucumber cultivars 

(Engelkes et al, 1990). The significant block within year source of variation in the 
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Table 39. Analysis of variance for fresh fruit firmness, fresh mesocarp firmness, and 
fruit calcium concentration of pickling cucumber cultigens grown at Brooks, Oregon, in 
1992 and 1994. 

Mean squares1 

Firmness (N) 

Cay 

Variation df Fruit Mesocarp (% dry wt) 

Year 1 204.5* 0.85 0.0454 

Block/Year* 4 11.5 0.19 0.0089** 

Cultigen 3 865.3*- 5.80"** 0.0012 

Cultigen x Year 3 22.7 0.04 0.0019 

Error* 11 7.3 0.12 0.0011 

cv(%) 3.7 4.6 4.7 

z Calculated from sum of squares adjusted for blocks. 
y Mean squares of data transformed by the arc sin of the square root. 
x Error term for year. 
w Error term for all sources of variation except year. 
*• **• **** Significant at p = 0.05, 0.01, 0.0001 by F tests, respectively. 

Table 40. Fresh fruit firmness, fresh mesocarp firmness, and fruit calcium concentration 
of pickling cucumber cultigens grown at Brooks, Oregon, in 1992 and 1994*. 

Firmness (N) 

Ca 
Cultigen Fruit Mesocarp (% dry wt) 

Clinton 82.1a 8.4 a 0.44 a 

WI1983 78.3 b 7.7 b 0.41a 

W744 73.9 c 7.4 b 0.42 a 

Armstrong Early Cluster 55.0 d 6.1c 0.44 a 

; Data are least squared means.   Mean separation within a column by multiple t tests, p = O.OS.   Means with 
the same letter are not significantly different from one another. 



114 

analysis of variance suggests some environmental influence on fruit calcium concentration 

which agrees with the results of Engelkes et al (1990). 

Cultigens were not genetically different from one another in fruit calcium 

concentration.   Therefore, a relationship between fruit calcium concentration and fruit 

tissue firmness among cultigens was not shown.   This suggests that selection of firm 

pickling cucumber genotypes may not be related to enhanced fruit calcium concentration. 

References 

Engelkes, C.A., I. Widders, and H. Price.   1990.  Ontogenetic changes in calcium 
concentration and content in pickling cucumber fruit as influenced by genotype and 
environment. J. Amer. Soc. Hort. Sci. 115(4):555-558. 

Grant, G.T., E.R. Morris, D.A. Rees, PJ.C. Smith, and D. Thorn. 1973. Biological 
interactions between polysaccharides and divalent cations: the egg-box model. FEES 
Letters 32(1): 195-198. 

Hudson, J.M. and R.W. Buescher.   1980. Prevention of soft center development in 
large whole cucumber pickles by calcium. J. Food Sci. 45:1450-1451. 

Hudson, J.M. and R.W. Buescher, 1986. Relationship between degree of pectin 
methylation and tissue firmness of cucumber pickles. J. Food Sci. 51(1): 138-140,149. 

McFeeters, R.F.   1986.  Pectin methylation changes and calcium ion effects on the 
texture of fresh, fermented, and acidified cucumbers, p.217-229.  In: M.L. Fishman 
and JJ. Jen (eds.).  Chemistry and function of pectins.  Amer. Chem. Soc., Div. 
Agric. and Food Chem., ACS symposium series 310, Washington D.C. 

McFeeters, R.F. and H.P. Fleming. 1989. Inhibition of cucumber tissue softening in 
acid brines by multivalent cations: Inadequacy of the pectin egg box model to explain 
textural effects.  J. Agric. Food Chem. 37:1053-1059. 



115 

Tang, H.C.L. and R.F. McFeeters.   1983. Relationship among cell wall constituents, 
calcium and texture during cucumber fermentation and storage. J. Food Sci. 48:66-70. 



116 

Chapter 7 

Summary 

Parthenocarpic cultigens with fresh fruit firmness equivalent to nonparthenocarpic 

cultigens were consistently identified. Whether parthenocarpic cultigens are inferior to 

nonparthenocarpic cultigens for processed fruit firmness was inconclusive as consistent 

results were not obtained. Adequate pollination appears necessary to avoid a high 

frequency of fruit defects in nonparthenocarpic cultigens. Pollination also appears to 

reduce fruit firmness in both types of cultigens by promoting changes in fruit 

morphology. 

General combining ability was much greater than specific combining ability for fruit 

tissue firmness and related fruit morphological characteristics indicating these traits were 

inherited in an additive manner. Among the fruit firmness components measured, hybrid 

selection for fresh mesocarp firmness would be the most efficient strategy for concurrent 

selection of increased endocarp firmness of processed fruit. 

The primary genetic effects in crosses between parents with extreme differences for 

fruit and mesocarp firmness were additive and independant of whether a parthenocarpic 

parent had been used in the cross. This suggested fruit and mesocarp firmness could be 

transferred successfully from nonparthenocarpic to parthenocarpic germplasm and fixed 

through selection. Epistatic effects were also detected, but the nature of these effects 

could not be determined because the generations required for such analyses were 

unavailable. 
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Genetic differences for fruit calcium concentration in pickling cucumbers which 

differed greatly in fruit firmness were not detected, thus a relationship between fruit 

calcium concentration and fruit tissue firmness was not shown. 

The information presented in this thesis should be helpful to plant breeders interested 

in developing breeding programs for parthenocarpic pickling cucumbers. 
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Appendix 1. P values of t-tests for differences between the mean of parthenocarpic 
(Serena and Anka) and nonparthenocarpic (Calypso and Furax) cultigens grown in the 
presence or absence of floating row covers for Experiment I at Brooks, Oregon in 1992. 

Treatment 

p values 

Nonparth.* Parth." Nonparth. 
Component Mean Row Cover No Cover No Cover 

Parth. 
Row Cover 

Fruit firmness 83.5 0.0770 0.0204 0.2347 
Mesocaip firmness 7.15 0.0001 0.0164 0.8554 
Length 10.2 0.0006 0.0064 0.0011 
Length:diameter 3.26 0.0149 0.0040 0.0009 
SCD* 1.63 0.0004 0.0018 0.0241 
SCRW 0.52 

Nonparth. 
Row Cover 

0.0003 0.0017 0.0716 

Fruit firmness 87.9 0.0021 0.0143 
Mesocarp firmness 8.71 0.0001 0.0001 
Length 9.25 0.0466 0.3063 
Lengthrdiameter 3.05 0.5927 0.1223 
SCD 1.38 0.0001 0.0001 
SCR 0.45 

Parth. 
No Cover 

0.0001 0.0001 

Fruit firmness 77.9 0.1361 
Mesocarp firmness 6.59 0.0214 
Length 9.62 0.1867 
Lengthrdiameter 3.01 0.2226 
SCD 1.81 0.0854 
SCR 0.57 

Nonparth. 
No Cover 

0.0255 

Fruit firmness 81.1 
Mesocarp firmness 7.11 
Length 9.42 
Lengthrdiameter 2.93 
SCD 1.74 
SCR 0.54 

* Genetically nonparthenocarpic cultigens. 
y Genetically parthenocarpic cultigens. 
x SCD = seed cavity diameter. 
w SCR (seed cavity ratio) = seed cavity diameterrfruit diameter ratio. 
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Appendix 2. P values of t-tests for differences between the mean of parthenocarpic 
(Serena and Anka) and nonparthenocarpic (Calypso and Furax) cultigens grown in the 
presence or absence of floating row covers for Experiment II at Brooks, Oregon in 1993. 

Treatment 

p values 

Nonparth.* Parth." Nonparth. 
Component Mean Row Cover No Cover No Cover 

Parth. 
Row Cover 

Fruit firmness 76.5 0.6806 0.0055 0.9074 
Mesocarp firmness 7.76 0.0001 0.0067 0.0116 
Length 9.47 0.0018 0.4460 0.0868 
Length:diameter 3.26 0.0010 0.0059 0.0001 
SCD* 1.62 0.0016 0.9600 0.7268 
SCRW 0.56 

Nonparth. 
Row Cover 

0.0003 0.3610 0.0142 

Fruit firmness 75.6 0.0373 0.7648 
Mesocarp firmness 8.92 0.0001 0.0001 
Length 8.17 0.0053 0.0372 
I ,ength:diameter 3.04 0.1269 0.0012 
SCD 1.29 0.0015 0.0013 
SCR 0.48 

Parth. 
No Cover 

0.0012 0.0305 

Fruit firmness 70.7 0.0103 
Mesocarp firmness 7.22 0.9284 
Length 9.26 0.2777 
Length:diameter 3.12 0.0001 
SCD 1.63 0.7620 
SCR 0.55 

Nonparth. 
No Cover 

0.0305 

Fruit firmness 76.3 
Mesocarp firmness 7.24 
Length 8.95 
Length:diameter 2.82 
SCD 1.65 
SCR 0.52 

* Genetically nonparthenocarpic cultigens. 
y Genetically parthenocarpic cultigens. 
w SCD = seed cavity diameter. 
v SCR (seed cavity ratio) = seed cavity diameter:fruit diameter ratio. 



Appendix 3. Processed fruit firmness components1 of genetically parthenocarpic (Serena and Anka) and nonparthenocarpic (Calypso 
and Furax) pickling cucumber cultigens grown in the presence or absence of floating row covers for Experiment I at Brooks, Oregon 
in 1992. 

No. 

Firmness (N) 

Length SCD* 
Cultivar obsn. Fruit Mesocarp (cm) LDRy (cm) SCRW 

Row cover 

Serena 9 71.7 ± 1.7 8.54 ± 0.42 9.4 ± 0.4 3.16 ±0.07 1.38 ±0.12 0.45 ± 0.02 
Calypso ~ — — — — — — 

Furax ~ — — — — — — 

Anka 10 57.7 ± 3.2 8.08 ± 0.21 9.0 ± 0.1 
No cover 

3.26 ± 0.13 1.22 ± 0.06 0.44 ± 0.02 

Serena 40 70.7 ± 1.3 8.07 ± 0.18 8.9 ±0.1 2.92 ± 0.03 1.57 ± 0.03 0.51 ± 0.01 
Calypso 30 72.5 ± 2.3 8.47 ± 0.18 9.4 ± 0.2 2.95 ± 0.04 1.52 ± 0.03 0.48 ± 0.01 
Furax 41 69.9 ± 1.4 8.33 ± 0.14 8.4 ±0.1 2.73 ± 0.04 1.50 ± 0.03 0.48 ± 0.01 
Anka 29 54.5 ± 1.1 6.96 ± 0.26 8.7 ± 0.2 2.92 ± 0.05 1.60 ± 0.05 0.53 ± 0.01 

1 Data are means ± standard errors. 
y LDR = fruit length:diameter ratio. 
x SCD = seed cavity diameter. 
w SCR (seed cavity ratio) = seed cavity diameter: fruit diameter ratio. 

00 



Appendix 4. Processed fruit firmness components2 for the mean of genetically parthenocarpic (Serena and Anka) or 
nonparthenocarpic (Calypso and Furax) pickling cucumber cultigens grown in the presence or absence of floating row covers for 
Experiment I at Brooks, Oregon in 1992. 

Treatment 
No. 
obsn. 

Firmness (N) 

Fruit Mesocarp 
Length 

(cm) LDRy 
SCD* 
(cm) SCRW 

Parth.v 

Row cover 

Nonparth." 
No cover 

Parth. 
No cover 

Nonparth. 
Row cover 

19 

71 

69 

64.2 ± 2.4 8.29 ± 0.23 9.2 ± 0.2 3.21 ± 0.07 1.29 ± 0.07 0.45 ± 0.02 

71.0 ±1.2 8.39 ±0.11 8.8 ±0.1 2.83 ± 0.03 1.51 ± 0.02 0.48 ± 0.01 

63.9 ± 1.3       7.60 ±0.16        8.8 ± 0.1       2.92 ± 0.03      1.58 ± 0.03      0.52 ± 0.01 

z Data are means ± standard errors. 
y LDR = fruit length:diameter ratio. 
x SCD = seed cavity diameter. 
w SCR (seed cavity ratio) = seed cavity diametenfruit diameter ratio. 
v Parth. = the mean of the genetically parthenocarpic cultigens. 

" Nonparth. = the mean of the genetically nonparthenocarpic cultigens. 
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Appendix 5. Processed fruit firmness components2 of genetically parthenocarpic (Serena and Anka) and nonparthenocarpic (Calypso 
and Furax) pickling cucumber cultigens grown in the presence or absence of floating row covers for Experiment 11 at Brooks, Oregon 
in 1993. 

No. 
obsn. 

Firmness (N) 

Length 
(cm) LDRy 

SCDX 

(cm) Cultivar Fruit Mesocarp SCRW 

Row cover 

Serena 
Calypso 
Furax 
Anka 

9 
8 

10 

71.4 ± 1.7 
81.9 ± 5.1 

57.7 ± 3.2 

8.54 ± 0.42 
10.54 ± 0.36 

8.08 ± 0.21 

9.4 ± 0.4 
9.5 ± 0.3 

9.0 ± 0.1 

No cover 

3.16 ±0.07 
3.21 ± 0.08 

3.26 ± 0.13 

1.38 ± 0.12 
1.26 ± 0.07 

1.22 ± 0.06 

0.45 ± 0.02 
0.43 ± 0.01 

0.44 ± 0.02 

Serena 
Calypso 
Furax 
Anka 

15 
15 
13 
15 

72.0 ± 1.8 
69.4 ± 2.7 
67.1 ± 3.4 
56.3 ± 1.5 

8.42 ± 0.24 
9.06 ± 0.36 
8.13 ±0.32 
7.93 ± 0.29 

8.5 ± 0.2 
8.6 ± 0.2 
8.2 ± 0.3 
8.4 ± 0.2 

2.80 ± 0.04 
2.90 ± 0.07 
2.77 ± 0.07 
2.82 ± 0.05 

1.45 ± 0.03 
1.33 ± 0.05 
1.33 ± 0.06 
1.56 ± 0.05 

0.48 ± 0.01 
0.45 ± 0.01 
0.45 ± 0.01 
0.52 ± 0.01 

z Data are means ± standard errors. 
y LDR = fruit length :diameter ratio. 
x SCD = seed cavity diameter. 
w SCR (seed cavity ratio) = seed cavity diameter: fruit diameter ratio. 

u> 
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Appendix 6. Processed fruit firmness components2 for the mean of genetically parthenocarpic (Serena and Anka) and 
nonparthenocarpic (Calypso and Furax) pickling cucumber cultigens grown in the presence or absence of floating row covers for 
Experiment II at Brooks, Oregon in 1993. 

Treatment 
No. 
obsn. 

Firmness (N) 

Fruit Mesocarp 
Length 

(cm) LDR" 
SCDX 

(cm) SCRW 

Parth.v 

Row cover 

Nonparth." 
No cover 

Parth. 
No cover 

Nonparth. 
Row cover 

21 54.6 ± 2.2 8.18 ± 0.28 8.7 ± 0.2 3.04 ± 0.05 1.37 ± 0.04 0.48 ± 0.01 

28 68.3 ±2.1 8.63 ±0.25 8.4 ± 0.2 2.84 ± 0.05 1.33 ± 0.04 0.45 ± 0.01 

30 64.2 ± 1.9 8.15 ±0.18 8.5 ± 0.1 2.82 ± 0.03 1.50 ± 0.03 0.50 ± 0.01 

8 81.9 ±5.1 10.50 ±0.36 9.5 ± 0.3 3.21 ± 0.08 1.26 ± 0.07 0.43 ± 0.01 

1 Data are means ± standard errors. 
y LDR = fruit length:diameter ratio. 
x SCD = seed cavity diameter. 
w SCR (seed cavity ratio) = seed cavity diameter:fruit diameter ratio. 
v Parth. = the mean of the genetically parthenocarpic cultigens. 
u Nonparth. = the mean of the genetically nonparthenocarpic cultigens. 
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Appendix 7. Placental hollows and carpel separation by harvest of genetically 
parthenocarpic (Serena and Anka) and nonparthenocarpic (Calypso and Furax) pickling 
cucumber cultigens grown in the presence or absence of floating row covers for 
Experiments I and n at Brooks, Oregon, in 1992 and 1993, respectively. 

1 PH = placental hollow. 
y CS = carpel separation. 

Experiment I Experir 

Harvi 

nent n 

Harvest 1 

PIT     CSy 

Harvest 2 

PH     CS 

Harvests 

PH     CS 

5St 1 

PH CS 
Cultivar (%) (*) (*)    (%) (%) (%) <*) <%) 

Row cover 

Serena 22 0 0       0 0 0 7 0 
Calypso 75 0 38      0 20 0 18 0 
Furax 67 33 17      4 14 9 0 0 
Anka 0 0 17      7 

No cover 
7 0 0 0 

Serena 23 0 7       0 0 0 0 0 
Calypso 47 3 3       0 0 0 0 0 
Furax 59 7 3       0 0 0 0 0 
Anka 30 7 7       0 0 0 0 0 



Appendix 8.   F tests used in the analysis of variance of a factorial mating design repeated over years for a mixed effects model 
determined by equating mean squares and solving for the components. 

Source of 
Variation 

Mean 
square F test Expected mean squares 

Year(Y) MSy [MSy+MS.,, 

Block/Y MSb MSfc/MSe 

Male(M) MSm MSJMS^ 

Female(F) MSf MSf/MSfy 

MxF MS^ MSJMS^ 

Mx Y MSffly MSJUS^ 

Fx Y MS* MSfy/MS^ 

MxFx Y MS^ MS^/MSe 

Pooled error MSe 

o2
e+mfa2

b.y+b:yo2
infy+b:ymo2

fy+b:yfo2
my+b:ymf(72

y 

a1
e+mfal

h.y 

(^e+bry^+bryf^+bryyf^ 

a2
e+b:yo2

mfy+b:ym(j2
ftr+b:yym0f 

^e+bry^+bryy^ 

<Tie+b:yo2
mfy+b:yf<Tl

ay 

<7le+b:yaz
lD[y+b:ym(jZfy 

o2
e+b:yo2

mfy 

o2. 

y.b.m, and f refer to the number of years, blocks, males, and females, respectively, 

y.b.m.f an^ e represent the effects of years, blocks, males, females, and error, respectively, 
a and ^ refer to the variance and fixed effect, respectively. 

An indirect F test which solves for the component of interest, i.e. biymfo^, as follows: 
[((72

e+mfo2
b:y+b:y<72

1Bfy+b:ymff2
(y+b:yfo2

ny+b:ymf(72
y)+(o2

c+b:yff2
n(y)+(ff2

e)] / [(^e+mfo2
b:y)+((72

e+b:y<72
m,y+b:yfo2

1By) + 
(ff2I+b:ya2

inftr+b:ymo2^)] = brymfo2,,. 



Appendix 9. F tests for the analysis of variance of hybrids produced via a factorial mating design and repeated over years for a 
mixed effect model where hybrids are fixed and years and blocks random effects, determined by equating mean squares and solving 
for the components. 

Source of Variation       Mean squares      F test Expected mean squares 

Year(Y) MSy [MSy+MSJ/tMS^ ,+MSb]« o2
e+ha2

b.y+b:yo2
hy+b:yha2

y 

Block/Y MSb MSb/MSe c^e+ho2^ 

Hybrid MSh MSh/MShy ai
e+b:y^by+b:yy<t>h 

Hybrid x Y MShy MShy/MSe ^c+biyo2* 

Pooled error MSe a2. 

y,b, and h refer to the number of years, blocks, and hybrids, respectively, 

yj, l, and e represent the effects of years, blocks, hybrids, and error, respectively. 
c and ^ refer to the variance and fixed effect, respectively. 
' An indirect F test which solves for the component of interest, i.e. biyho2,, as follows: 

[(•2.+lwa
fcy+b:yfl11J+b:yhoap+(«i2J]/[(»2.+b:y<»2

b)+(*2.+h«1
kT)l = biyho2,. 

w 
■^ 
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Appendix 10. Analysis of covariance for determination of significance of fruit calcium 
concentration on a fresh weight basis as a covariate for fruit and mesocarp firmness of 
pickling cucumber cultigens grown at Brooks, Oregon, in 1994 using individual plot 
sample data. 

df 

Mean squares1 

Firmness (N) 

Variation Fruit Mesocarp 

Block 2 33.7 0.58 

Cultigen 3 4633.3"" * 22.47— 

Cultigen x block 5 34.7 0.81 

Cultigen x calcium 48 46.2 0.77 

Error 51 40.3 0.52 

cv(%) 9.2 10.0 

z Calculated from sum of squares adjusted for blocks. 
**** Significant at p = 0.0001 by F tests. 
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Appendix 11. Analysis of covanance for determination of significance of fruit calcium 
concentration on a dry weight basis as a covariate for fruit and mesocarp firmness of 
pickling cucumber cultigens grown at Brooks, Oregon, in 1992 and 1994 using individual 
plot sample data. 

df 

Mean squares2 

Firmness (N) 

Variation Fruit Mesocarp 

Year 1 608.8'" 3.76* 

Block 1 166.4 2.23 

Year x block 1 97.7 2.82* 

Cultigen 3 129.9* 0.85 

Cultigen x block 3 121.4 0.98 

Cultigen x year x block 3 159.0* 1.53 

Cultigen x calcium 4 21.3 1.52 

Error 213 50.4 0.64 

cv(%) 9.8 10.9 

z Calculated from sum of squares adjusted for blocks. 
***** Significant at p = 0.05, 0.001 by F tests. 


