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ABSTRACT
Cucumber is a commonly consumed vegetable that is growing in popularity.
Recently, there has been an increase in cucumber cultivation in controlled environments.
The overall objectives of this research were to (1) identify a cucumber cultivar for
optimal growth in a controlled environment, (2) investigate the effects of elevated CO2 on
fruit production and plant growth, and (3) evaluate consumer perception of cucumber.
Ten Cucumis sativus L. cultivars were hydroponically, greenhouse-grown in a
randomized block design to evaluate fruit production and plant growth. Of the cultivars
screened, the gynoecious, parthenocarpic cultivars produced the most fruit; of which, the
cultivar ‘Rocky’ was chosen as the elite cultivar for optimal growth in a controlled
environment. ‘Rocky’ was chosen for evaluation in the growth chamber trials because it
is a quick-growing cultivar that yields a heavy, concentrated fruit set, a relatively high
harvest index, a low disease incidence, and is aesthetically pleasing. The elite cultivar
‘Rocky’ was grown at 400 and 2000 ppm CO2 to evaluate fruit production and plant
growth. Plants grown at 2000 ppm CO2 had an increase in vegetative and reproductive
growth when compared to plants grown at 400 ppm CO2.
As part of an outreach program, Texas Tech University horticulture students
participated in a Hydroponic Cucumber Lab in which they were able take care of
cucumber plants and taste the cucumbers they grew. In order to evaluate consumer
perception of cucumber, the horticulture students were administered a survey, consisting
of a pre- and post-test, which asked students demographic questions and questions about
their cucumber eating habits in general. A majority of the students indicated they liked
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cucumbers and the post-test showed that the student’s perception of cucumber had
changed. Sensory panels were conducted to evaluate appearance and taste perception of
cucumber. Two cultivars were evaluated: ‘Rocky’ and ‘Socrates’. Students indicated
they liked the appearance of ‘Socrates’ more than ‘Rocky’. ‘Socrates’ looks more like a
traditional slicer sold in supermarkets; ‘Rocky’ is a non-traditional pickler that is
harvested at a shorter length and has a smooth yellowish skin. Overall, students indicated
they liked the taste of ‘Rocky’ and ‘Socrates’.

ix

Texas Tech University, Leah Crosby, December 2008
LIST OF TABLES

2.1. Cucumber cultivar catalog descriptions of criteria considered essential for
growth in controlled environments

16

2.2. Cucumber harvest length of selected cultivars

17

2.3. Mean number of fruit, total fruit weight, average fruit weight, total plant
weight and harvest index of cucumber cultivars grown in the screening
trial (n=3)

20

2.4. Mean number of fruit, total fruit weight, average fruit weight, total plant
weight, and harvest index of cucumber plants grown in trial 1 of the
biomass trials (n=15)

21

2.5. Mean number of fruit, total fruit weight, average fruit weight, total plant
weight, and harvest index of cucumber plants grown in trial 2 of the
biomass trials (n=15)

22

3.1. Mean number of fruit, total fruit weight, average fruit weight, total plant
weigweight, harvest index, leaf stomata count, and leaf area of cucumber plants
as grown in an EGC at 2000 and 400 ppm CO2 in trial 1 (n=3)

31

3.2. Mean number of fruit, number of fruit aborted, total fruit weight,
a average fruit weight, total plant weight, harvest index, and leaf thickness of
a cucumber grown in an EGC at 2000 and 400 ppm CO2 in trial 2

32

4.1. Response of untrained panel for skin and flesh color, seed cavity,
and skin and flesh texture (n=138)

43

4.2. Responses of untrained panel for cucumber aroma and flavor (n=138)

44

4.3. Responses of trained panel for ‘Rocky’ and ‘Socrates’ skin color, flesh color,
seed cavity, and aroma summer 2007

45

4.4. Responses of trained panel for ‘Rocky’ and ‘Socrates’ skin texture, flesh
texture, flavor, bitterness, sweetness, and off-flavor summer 2007

45

A1. Gender frequency of student growers that participated in the cucumber
survey

50

A2. Cucumber like/dislike frequency of student growers that participated in the
cucumber survey by gender

50

x

Texas Tech University, Leah Crosby, December 2008

A3. Age range of student growers that participated in the cucumber survey

50

A4. Frequency of cucumber like/dislike by student grower age

50

A5. Frequency of home state of student growers that participated in the
cucumber survey

50

A6. Frequency of location of student growers youth

51

A7. Cucumber like/dislike by location of student grower’s youth

51

A8. College enrollment of student growers that participated in the cucumber
survey

51

A9. Cucumber like/dislike by college enrollment

52

A10. Cucumber like/dislike of student growers that participated in the survey

52

A11. Frequency of student growers cucumber consumption

52

A12. Frequency of type of student growers cucumber consumption

52

A13. Frequency of student growers cucumber peel removal

53

A14. Frequency of student growers type of condiments used when consuming
cucumbers

53

A15. Frequency of student growers increase in cucumber consumption during a
particular season of the year

53

A16. Frequency of seasonal increase in student growers cucumber consumption

53

A17. Frequency of student growers fresh vegetable consumption each day

53

A18. Frequency of likelihood of student growers eating more cucumber if the
cucumber is personally home grown

54

A19. Frequency of student growers cucumber preference of our cucumbers
versus store bought

54

A20. Frequency of location of student growers cucumber purchases

54

A21. Frequency of student growers reasons for not purchasing cucumbers

54

xi

Texas Tech University, Leah Crosby, December 2008

A22. Frequency of student growers opinion change of cucumber over course
of the Hydroponic Cucumber Lab

55

A23. Frequency of student growers positive or negative opinion change

55

A24. Frequency of student growers increase in cucumber consumption

55

A25. Frequency of change in student growers cucumber consumption

55

A26. Frequency of student growers favorite cultivar

55

B1. Nutrient solution composition

69

xii

Texas Tech University, Leah Crosby, December 2008
LIST OF FIGURES
A1. Institutional Review Board approval letter for survey

56

A2. Institutional Review Board approval letter for sensory panels

57

A3. Hydroponic Cucumber Lab grower day sign-up sheet

58

A4. Hydroponic Cucumber Lab data recorder sheet

59

A5. Cucumber consumer survey pre-test

60

A6. Cucumber consumer survey post-test

62

A7. Untrained sensory panel appearance evaluation sheet

63

A8. Untrained sensory panel taste evaluation sheet

64

A9. Trained sensory panel appearance evaluation sheet

65

A10. Trained sensory panel taste evaluation sheet

66

xiii

Texas Tech University, Leah Crosby, December 2008
LIST OF ABBREVIATIONS
Advanced Life Support System

ALSS

Environmental Growth Chamber

EGC

xiv

Texas Tech University, Leah Crosby, December 2008
CHAPTER I
INTRODUCTION
Cucumber Production
The United States (U.S.) produces 4 percent of the world’s cucumbers, ranking
fourth behind China, Turkey, and Iran (USDA, 2000). Cucumber grown in the U.S. has
an average farm value of $361 million annually (USDA, 2000). Florida leads the U.S. in
fresh market cucumber production, while Michigan leads production of processed
cucumbers (Cantliffe et al., 2007).

Field Production
In areas with a moderate climate, cucumber can be grown as a first crop during
the spring and also as a second crop during the summer-fall season (Simsek et al., 2004).
In cucumber field production, plants are traditionally grown in a well-drained soil
(Schultheis, 2000) with plastic mulch covering the soil, to prevent weed growth and
allow for fumigation of the soil, (Raupach and Kloepper, 2000) with water applied
through drip or furrow irrigation as needed (Hochmuth, 1992). During the 1960’s, the
technology of growing cucumbers shifted from sequential hand pickings to the use of
once-over destructive machine harvests (Connor and Martin, 1971), because of the
introduction of processing type cucumber with a concentrated fruit set.

Greenhouse Production
Greenhouse production of cucumber has increased due to the introduction of
gynoecious, parthenocarpic cucumber cultivars that are well suited to production in
greenhouses and, because of the controlled environment, cucumber production can be
1
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year round. An estimated 70% of greenhouse crops in 1974 were in soil culture, with
30% in one of several soilless systems (Hochmuth and Hochmuth, 1993). Since this
time, a transition to rockwool has gradually taken place in most greenhouse production
areas in the U.S. (Hochmuth and Hochmuth, 1993). Rockwool is an artificial media used
in hydroponic crop production. Hydroponics is a technology for growing plants in
nutrient solutions (water containing fertilizers) with or without the use of an artificial
medium (sand, gravel, vermiculite, rockwool, perlite, peatmoss, coir, or sawdust) to
provide mechanical support (Jensen, 1997).
Hydroponic cucumbers are traditionally grown in sterile media such as perlite or
rockwool (Shaw et al., 2000; Papadopoulos et al., 2006; Heuvelink and Korner, 2001)
with cucumber plants individually trellised on twine hung from a cable harnessed above
each plant with laterals removed (Shaw et al., 2000; Shetty and Wehner, 1998). A
temperature range of 24° C (75ºF) to 26° C (80°F) during the day and 18° C (64°F) at
night is optimum (U.C. Leaflet 2775). Chilling injury can occur if temperatures drop
below 12°C (45°F) (Chung and Staub, 2003). Cucumber crops require large amounts of
light and water for optimum plant growth and fruit production (Asgrow Seed Company,
1984) and a nutrient solution of 150 ppm N, 60 ppm P2O5, and 200 ppm K20 is
recommended (Al-Jaloud et al., 2006).

Diseases
Common cucumber diseases are anthracnose, bacterial wilt, scab, cucumber
mosaic, angular leaf spot and powdery mildew (Reviewed by Asgrow Seed Company,
1984). Mosaic viruses distort foliage and cause vein yellowing, yellow flecking, and
2
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mottling of leaves (Greenwood, 1993). Two common mosaic viruses are Cucumber
Mosaic Virus (Anderson et al., 1992) and Tobacco Mosaic virus (Wolf et al., 1989).
Millions of dollars have been lost as a result of direct feeding damage and plant diseases
caused by whitefly transmitted geminiviruses (reviewed by Lin et al., 2007). Cucumber
vein yellowing virus, a tentative member of the Potyviridae family, and cucurbit yellow
stunting disorder virus are two viruses that can be transmitted by whitefly (Bamisi
tabaci) to cucumber (Lecoq et al., 2000). Symptoms are vein yellowing, vein clearing,
and stunting with a reduction in fruit production; these are recently discovered viruses
that are still being researched to determine a genus (Louro et al., 2004; Lecoq et al.,
2000; EPPO, 2005).
Powdery mildew is a prevalent cucumber disease in greenhouse production and is
caused by Sphaerotheca fusca (Fr.) Blumer syn. S. fuliginea (Schlechtend.:Fr.) (McGrath
and Shishkoff, 1999). The management of powdery mildew in greenhouse operations has
become one of the most challenging research areas in plant pathology (Askary et al.,
1997). Control of this disease is mostly done by the application of fungicides (Daayg et
al., 1995) and should be implemented to prevent loss of fruit yield (McGrath, 1996).

Cucumber Growth Habit
Cucumber (Cucumis sativus L.) is a trailing (climbing), normally monoecious,
annual herb, with vines 2 to 10 feet long covered with stiff bristly hairs (McGregor,
1976). Cucumber is indeterminate in growth and may vary in sex expression (Galun,
1961). The cucumber is grown for its edible green fruit.

3
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Classes
Cucumber fruit fits into two classes: slicers and picklers (USDA, 2000).
Traditionally, slicers are grown for fresh consumption while picklers are grown for
processed consumption. Fresh market greenhouse-grown cucumbers are harvested yearround, while pickling cucumbers are harvested mainly in the spring and the fall (USDA,
2000). About 60 percent of cucumber consumption is fresh with the remainder in pickled
products (USDA, 2000). Rising fresh-market consumption likely reflects the popularity
of salads, the general trend toward more healthful lifestyles, and an increasing interest in
greenhouse cucumbers (USDA, 2000).
Slicers. Slicers refer to cucumbers that are sold fresh for immediate consumption
as a salad item (Schultheis, 2000). Slicers are characterized by thick, uniform, dark green
skin, and are bred for resistance to mechanical damage during handling and shipping
(Schultheis, 2000).
Picklers. Processing quality in select cultivars is characterized by thin skin, black
spines, firm texture, low bloating incidence, and a small seed cavity (USDA, 2000).
Pickling cucumbers are bred for an once-over destructive harvest and thus yield a
concentrated fruit set (Connor and Martin, 1971; Cantliffe and Phatak, 1975). Pickling
cucumbers are usually purchased by a small number of pickling companies that
encourage the use of particular cultivars by the growers to maintain the uniformity of
their product (Gusmini and Wehner, 2008).

4
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Types
Slicers and picklers can be further classified into cucumber types. Greenhouse
cucumber types grown for retail worldwide are American, Dutch (European) greenhouse,
Middle-Eastern (beit alpha), and oriental trellis (Shetty and Wehner, 1998). Types differ
in color, skin toughness, skin texture, and market size. American-type cucumbers are
dark in color, bred with thick skins for good keeping ability and protection during
shipping, and are harvested at 18 to 23 cm (Shetty and Wehner, 1998). European-type
(Dutch greenhouse) cucumbers are mild in flavor, seedless, have thin edible skin that
requires no peeling, and are harvested at 30 to 36 cm (U.C. Leaflet 2775). Middle
Eastern-type (beit alpha) cucumbers are distinct from other types of cucumber because of
their relatively thin, smooth skin, uniform lighter green color, and harvest length of 8 to
13 cm (Shetty and Wehner, 1998). Beit-alpha types will support several fruit per node
thus increasing their fruit yield when compared to Dutch-greenhouse type which only
support one fruit per node (Shaw et al., 2000).

Cucumber Flowering

Sex Expression
Depending upon the ratio of male, female, and bisexual flowers produced by the
plant, cucumber plants are classified as monoecious, gynoecious, andromonoecious, or
hermaphrodite (Shiffis, 1961; Saito et al., 2007; Galun, 1961). Monoecy, the most
common flowering phenotype, produces numerous male flowers with infrequent female
5
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flowers (Saito et al., 2007). Gynoecious cucumber plants produce only female flowers
(Malepszy and Niemirowicz-Szczytt, 1991). Andromonoecious plants produce perfect
and staminate flowers on the same plant, while hermaphroditic plants produce perfect
flowers with both staminate and pistillate organs (Yamasaki et al., 2001). Most
greenhouse-grown cultivars grown before 1980 were monoecious; however, modern
cultivars are gynoecious hybrids (Wehner and Guner, 2004). Although sex expression in
cucumber plants is determined genetically, it can be modified by environmental factors;
high nitrogen, short days, low light intensity, and low night temperatures are factors that
favor femaleness (Iwahori et al., 1970).

Fruit set
The initiation of fruit set involves the stimulation of the ovary to develop into a
rapidly growing fruit (Fuller and Leopold, 1975). In cucumber, fruit set can occur
through pollination or parthenocarpy- induced either naturally (genetic) or chemically by
application of growth regulators (Cantliffe et al, 1972; Boonkorkaew et al., 2008).
Pollination. Fruit set in cucumber is initiated when pollination of the pistillate
flower occurs, that is, when pollen is transferred to the stigma (Wein, 1997). For
successful pollination, both male and female or perfect flowers must be open on the same
day and insects, usually bees, transfer the pollen (Wein, 1997). Hand pollination can be
done but this practice is labor intensive. Cucumber fruit yield is dependent on pollination
unless the plant is parthenocarpic (Wehner and Guner, 2004; Strong, 1931).
Parthenocarpy. Pollination can be mimicked by exogenous hormone application
(induced parthenocarpy), mainly auxin and giberellin, or by endogenous growth signals
6
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(natural parthenocarpy) (Fos et al., 2001; Cantliffe et al., 1972; Dean and Baker, 1983).
There are conflicting reports involving the number and kinds of gene actions that control
parthenocarpy (Sun et al., 2006). Pike and Peterson (1969) suggest that parthenocarpy in
cucumber is controlled by an incomplete dominant gene while Sun et al. (2006) found
that it is controlled by multiple genes. The degree of parthenocarpic expression in
cucumber is said to be epigenetic or directly related to changes in the environment during
the growing season (Sun et al., 2006) and is more strongly expressed in lines that have a
higher proportion of female flowers (Wein, 1997). The mechanism for fruit-set initiation
in parthenocarpic cucumbers is localized in the immature ovary (Cantliffe and Phatak,
1975). An increase in the level of auxin present in the ovary has been reported to trigger
parthenocarpy in cucumbers (Beyer and Quebedeaux, 1974); however, recent research
conducted by Boonkorkeaw and others (2008) contradict reports that pollination activates
cell division by stimulating the synthesis of cytokinins and auxin in cucumber fruit.

7
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Overall Objectives
The Advanced Life Support System (ALSS) Program was an emphasis of NASA,
which sought to develop a human life support system, supplying food, water, and oxygen,
open with respect to energy but closed with respect to mass, that can operate for long
periods in space without re-supply from earth (reviewed by Naghshineh-pour et al.,
1999). NASA has requested smaller, quicker growing plants (Wheeler and Bugbee,
2001). This study was part of the ALSS program and investigated cucumber to be grown
and consumed as a fresh garden salad crop. Cucumber was a candidate crop that had
little research on crop management requirements such as growth habit, pollination
requirements, fruit production, and fruit type for optimal growth in a controlled
environment (Gitelson and Okladnikov, 1994). The overall objectives of this research
were to (1) identify a cucumber cultivar for optimal growth in a controlled environment,
(2) investigate the effects of elevated CO2 on fruit production and plant growth, and (3)
evaluate consumer perception of cucumber.
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CHAPTER II
PLANT GROWTH EVALUATION OF HYDROPONIC GREENHOUSE-GROWN
CUCUMIS SATIVUS L.
Literature Review
Cucumis sativus L. (cucumber) cultivars vary in growth habit, pollination
requirements, flower production, and fruit type; because of this variation different
cucumber cultivars are more suitable for growth in controlled environments than others.
Cucumber cultivars can have a trailing, bush, or compact vine growth habit (Kalloo and
Bergh, 1992). Compact vine or bush growth habit is beneficial for cucumbers grown in a
growth chamber because of limited plant growing area. Parthenocarpy in a controlled
environment is ideal because there is no need for pollination (insect or hand) to initiate
fruit production (Wein, 1997). Gynoecious flower production increases the number of
fruit harvested per plant because every flower has potential for fruit production
(Malepszy and Niemirowicz-Szczytt, 1991). Parthenocarpic and gynoecious cucumber
cultivars increase the potential to yield a high fruit load in controlled environments
resulting in a high harvest index. Since cucumber is consumed fresh, harvest index for
this study is defined as fresh edible biomass (market sized fruit) divided by fresh total (all
edible + non-edible) biomass. Plants exhibiting a high harvest index will more efficiently
use the limited growing area in a growth chamber.
Hydroponic, greenhouse-grown cucumber is traditionally grown in sterile media
such as perlite or rockwool (Shaw et al., 2000; Papadopoulos et al., 2006; Heuvelink and
Korner, 2001), and plants are individually trellised on twine hung from a cable harnessed
above each plant with laterals pruned off (Shaw et al., 2000; Shetty and Wehner, 1998).
14
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For greenhouse production of cucumber a nutrient solution of 150 ppm N, 60 ppm P2O5,
and 200 ppm K20 is recommended (Al-Jaloud et al., 2006). A temperature range of 240
to 260 C during the day and 180 C at night is optimum (U.C. Leaflet 2775). Cucumber
crops require large amounts of water and light for optimum plant growth and fruit
production (Asgrow Seed Company, 1984).

Objective
The objective of this study was to identify a high-yielding, relatively compact
greenhouse cultivar with no pollination requirement and minimal disease incidence for
further growth evaluation at 2000 ppm CO2.

Materials and Methods

Plant Material
Screening Trial. The screening trial was conducted summer 2007. Cucumber
cultivars were selected for screening based upon their catalog descriptions. The predetermined cucumber attributes looked for in the catalog descriptions were
parthenocarpy, gynoecism, high fruit load, and compact vine. Cultivars screened were:
‘Alibi’, ‘Amour’, ‘Diva’, ‘Genuine’, ‘H-19 Little Leaf’, ‘Marketmore 76’, ‘Rocky’,
‘Socrates’, ‘Tyria’ (Johnny’s Selected Seed; Winslow, ME); and ‘Cucumber Bush’
(Parks Seed; Greenwood, SC) (Table 2.1). Growbags were arranged in three completely
randomized blocks.
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Biomass Trials. Cucumber cultivars selected from the screening trial for further
evaluation were grown in two subsequent biomass trials, hereafter referred to as trials 1
and 2. The cultivars grown in the biomass trials were ‘Amour’, ‘Diva’, ‘Rocky’,
‘Socrates’, and ‘Tyria’. Growbags were arranged in five completely randomized blocks
with three replications in each block.
Table 2.1. Cucumber cultivar catalog descriptions* of criteria considered essential for
growth in controlled environments.
Cultivar

Parthenocarpy

Gynoecious

High
Fruit
Load

‘Alibi’y

Compact
Vine
*

‘Amour’

*

*

*

‘Cucumber Bush’
‘Diva’

*
*

‘Genuine’
‘H-19 Little Leaf’
‘Marketmore 76’
‘Rocky’
‘Socrates’
‘Tyria’

*
*
*
*
*

*
*
*

*
*

*All cultivars were from Johnny’s Selected Seed except ‘Cucumber Bush’ which was
from Parks Seed Catalogs.
y
An asterisk indicates the attribute indicated in the column.

Plant Culture
Cultural conditions were constant across each trial and were as follows: seed of
selected C. sativus cultivars (Table 2.1) were sown into 2.5-cm Grodan® rockwool plugs
(CropKing, Inc.; Wadsworth, OH), covered with coarse vermiculite, and placed in the
Texas Tech University Horticulture Gardens and Greenhouse complex (Lubbock, TX)
and watered by hand, as needed, with Verti-gro® solutions of 5-11-26 and 15-0-0 (Verti16

Texas Tech University, Leah Crosby, December 2008
gro®; Summerfield, FL) at a concentration of 28.5 mL and 34.2 mL per gallon,
respectively. This concentration was used throughout the experiment whether water was
applied by hand or pumps. After the first set of true leaves appeared on plants, plugs
were stepped up into 10-cm Grodan® rockwool cubes (CropKing, Inc.; Wadsworth, OH).
After the second set of true leaves appeared, the 10-cm rockwool cubes were stepped up
into 8 x 15 x 91 cm Grodan® rockwool growbags (CropKing, Inc.; Wadsworth, OH).
Verti-gro® solution (Verti-gro®; Summerfield, FL) was applied seven times a day at
three minute intervals, delivering approximately 320 mL of water to each plant at every
irrigation. The Verti-gro® solution was piped to each growbag through polyethylene
pipe with an emitter placed at each plant. Plants were trained, by twisting and clipping,
to string hung above each plant. Laterals were removed throughout growing season.
Multiple fruit per node were undisturbed.
Table 2.2. Cucumber harvest length
of selected cultivars.
Cultivar
‘Alibi’
‘Amour’
‘Cucumber Bush’
‘Diva’
‘Genuine’
‘H-19 Little Leaf’
‘Marketmore 76’
‘Rocky’
‘Socrates’
‘Tyria’

Harvest Length
(cm)
10-13
10-13
10
18-20
20
13
20-23
10-12
18-20
36

Data collected included number of fruit, fruit
weight, disease incidence, and harvest index.
Disease incidence was recorded on a scale of high,
>75% coverage; medium, 75<25% coverage; and
low, 25% coverage or less. At the termination of
the experiment, plants and any remaining

unmarketable fruit were harvested and weighed and harvest index was calculated by
dividing edible (fruit) biomass into total (edible and non-edible) biomass.
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Statistical Analyses
Data were analyzed using ANOVA (SPSS 12.0 for Windows) and differences
between mean values were determined using least significant difference (P<0.05).
Growbags were arranged in completely randomized blocks.

Results and Discussion
Screening Trial
The objective of this study was to identify an elite cultivar which performed well
in a controlled environment. ‘Rocky’ had a significantly higher number of fruit harvested
than the other cultivars screened (Table 2.3). ‘Rocky’ is a beit-alpha type pickler.
Picklers are bred for a concentrated fruit set (Cantliffe and Phatak, 1975) and beit alphatype cucumber are parthenocarpic and commonly set multiple fruit per node (Shaw et al.,
2000); the combination of these attributes could have led to a significantly higher number
of fruit harvested from ‘Rocky’. The fewest fruit was harvested from ‘Alibi’, ‘Cucumber
Bush’, ‘Diva’, ‘Genuine’, ‘H-19’, and ‘Marketmore 76’. Of these cultivars, ‘Alibi’,
‘Cucumber Bush’, ‘Genuine’, and ‘Marketmore 76’ are monoecious or predominantly
female, non-parthenocarpic cultivars. ‘H-19’ is a predominantly female, parthenocarpic
cultivar, but parthenocarpy is more strongly expressed in lines that have a higher
proportion of female flowers (Wein, 1997). Thus, a monoecious or predominantly
female cultivar is not suited for growth in a controlled environment, because not every
flower produced has the ability to become harvestable fruit. A non-parthenocarpic
cultivar is not suited for growth in a controlled environment, because female flowers
18
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must be hand pollinated to produce fruit; this can become a time consuming task and time
is valuable. The highest total fruit weight was harvested from ‘Amour’, ‘Genuine’,
‘Rocky’, ‘Socrates’, and ‘Tyria’. Of these cultivars, ‘Amour’, ‘Rocky’, ‘Socrates’, and
‘Tyria’ are gynoecious, parthenocarpic cultivars. A gynoecious, parthenocarpic cultivar
is suited for growth in a controlled environment, because every flower produced can
become harvestable fruit and there is no need for pollination to initiate fruit set. Average
fruit weight and plant weight of cultivars screened were not significantly different (Table
2.3). Cultivars with high harvest indices were ‘Amour’, ‘Cucumber Bush’, ‘Diva’,
‘Genuine’, ‘Rocky’, ‘Socrates’, and ‘Tyria’. Five cultivars were eliminated in this initial
screen; ‘Alibi’ and ‘H-19’ eliminated due to a significantly lower number of fruit, total
fruit weight, and harvest index; ‘Cucumber Bush’, ‘Genuine’, and ‘Marketmore 76’
because of high powdery mildew incidence. Powdery mildew is a serious disease in
greenhouse grown cucumbers. High infestations can reduce the number of harvestable
fruit (McGrath, 1996) and in this study cultivars which showed the highest degree of
powdery mildew also produced a low number of harvestable fruit. All cultivars
eliminated were monoecious, predominantly female, or non-parthenocarpic. Cultivars
studied in the Biomass Trials were ‘Amour’, ‘Diva’, ‘Rocky’, ‘Socrates’, and ‘Tyria’.
These are gynoecious, parthenocarpic cultivars that produce a high number of fruit and a
high harvest index, while exhibiting low disease incidence.
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Table 2.3. Mean number of fruit, total fruit weight, average fruit weight, total plant
weight and harvest index of cucumber cultivars grown in the screening trialxw (n=3).
Cultivar
‘Alibi’
‘Amour’
‘Cucumber Bush’
‘Diva’
‘Genuine’
‘H-19’
‘Marketmore 76’
‘Rocky’
‘Socrates’
‘Tyria’

# of
Fruit

Total
Fruit Wt.
(g)

Avg.
Fruit Wt.
(g)

Plant
Wt.
(g)

Harvest
y
Index

Disease
Incidence

14d
32b
7d
14d
15d
8d
8d
51a
24bc
14cd

1129e
3329abcd
1622cde
2583bcde
3898ab
1278de
1424cde
3459abc
4895a
3360abc

123±105
105±7
245±21
178±50
277±108
155±17
209±205
70±23
209±73
296±224

1047
733
883
1007
1473
893
960
760
1140
1183

0.49±.15c
0.82±.06a
0.65±.06abc
0.71±.08ab
0.72±.07ab
0.57±.12bc
0.55±.16bc
0.82±.07a
0.80±.10a
0.67±.21abc

medium
low
high
medium
high
medium
high
low
low
low

x

Values in the same column followed by the same letter are not significantly different
(P>0.05).
w
Mean values were determined using least significant difference.
y
Harvest index calculated by dividing edible biomass into total biomass.
Biomass Trials
Trial 1. The number of fruit harvested from ‘Amour’ and ‘Rocky was
significantly higher than ‘Diva’, ‘Socrates’, and ‘Tyria’. ‘Amour’ and ‘Rocky’ are
picklers and produce a concentrated fruit set, which increases the number of fruit
harvested. The total fruit weight of ‘Amour’, ‘Rocky’, and ‘Socrates’ was significantly
higher than ‘Diva’ and ‘Tyria’; however, the total fruit weight harvested from ‘Rocky’
was the highest. The average fruit weight of ‘Diva’, ‘Socrates’, and ‘Tyria’ was
significantly different than ‘Amour’ and ‘Rocky’ (Table 2.3); correlating with the harvest
length of each cultivar (Table 2.2). ‘Diva’, ‘Socrates’, and ‘Tyria’ produced fruit that
was longer than ‘Amour’ and ‘Rocky’ at harvest. The plant weight of cultivars was not
significantly different. The harvest index of ‘Amour’, ‘Rocky’, and ‘Socrates’ was
significantly higher than ‘Diva’ and ‘Tyria’. The plant weight of ‘Diva’ and ‘Tyria’ was
20
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not significantly different than the other cultivars and ‘Diva’ and ‘Tyria’ had the lowest
harvested fruit weight; this combination led to a low harvest index. ‘Diva’ and ‘Tyria’
were eliminated from further evaluation in a growth chamber due to low fruit number and
weight, which combined to get a low harvest index. ‘Amour’, ‘Rocky’, and ‘Socrates’
produced a high number of fruit and a high total fruit weight with a high harvest index
and were further evaluated in trial 2.
Table 2.4. Mean number of fruit, total fruit weight, average fruit weight, total plant
weight, and harvest index of cucumber plants grown in trial 1 of the biomass trialsxw
(n=15).
Cultivar
‘Amour’
‘Diva’
‘Rocky’
‘Socrates’
‘Tyria’

# of Fruit

Total Fruit
Wt. (g)

Avg. Fruit
Wt. (g)

Plant Wt. (g)

Harvest
Indexy

28a
10c
31a
16bc
10bc

4069ab
2236c
4203a
4034ab
3052bc

166±84b
243±71a
134±25b
249±48a
278±95a

906
1057
872
1092
1036

0.80±.07a
0.65±.15c
0.82±.04a
0.77±.05ab
0.71±.19bc

x

Values in the same column followed by the same letter are not significantly different
(P>0.05).
w
Mean values were determined using least significant difference.
y
Harvest index calculated by dividing edible biomass into total biomass.

Trial 2. In trial 2 an increase in insect number was noted, specifically whitefly.
Whitefly are vectors of viruses, two of which are cucumber vein yellowing virus and
cucurbit yellow stunting virus, symptoms of these viruses are vein yellowing, vein
clearing, and stunting with a reduction in fruit number (Louro et al., 2004; Lecoq et al.,
2000; EPPO, 2005). Each of these symptoms was noted on various plants grown in the
greenhouse. The number of fruit harvested from ‘Rocky’ was significantly higher than
‘Amour’, ‘Diva’, Socrates’, and ‘Tyria’ (Table 2.5). A significantly higher total fruit
weight was harvested from ‘Socrates’ than ‘Amour’, ‘Diva’, ‘Rocky’, and ‘Tyria’. The
21
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average fruit weight of cultivars was significantly different and significance correlated to
market size of each cultivar (Table 2.2); the longer the market size the higher the average
fruit weight. The plant weight of ‘Socrates’ was significantly higher than ‘Amour’,
‘Diva’, ‘Rocky’, and ‘Tyria’. Growing area was limited in a growth chamber. The
leaves of ‘Socrates’ were large, the plant was bulky, and the harvest length of the fruit
was long; because of this ‘Socrates’ was eliminated. ‘Amour’ and ‘Rocky’ were similar
cultivars when comparing fruit and plant production. ‘Amour’ was less aesthetically
pleasing than ‘Rocky’, because ‘Amour’ is a traditional American-type pickler that has a
black spine and warts. For this reason, ‘Amour’ was eliminated from further evaluation.
Table 2.5. Mean number of fruit, total fruit weight, average fruit weight, total plant
weight, and harvest index of cucumber plants grown in trial 2 of the biomass trialsxw
(n=15*).
Cultivar
‘Amour’
‘Diva’
‘Rocky’
‘Socrates’
‘Tyria’

# of Fruit

Total Fruit
Wt. (g)

Avg. Fruit
Wt.(g)

Plant Wt.(g)

Harvest
Indexy

17b
6c
22a
16b
8c

1744cd
1176d
2286bc
3579a
2525b

102±33c
221±73b
107±34c
238±67b
342±80a

321d
486c
521c
945a
793b

0.81±.10a
0.68±.09c
0.80±.08ab
0.79±.03ab
0.74±.06bc

x

Values in the same column followed by the same letter are not significantly different
(P>0.05).
w
Mean values were determined using least significant difference.
*
Diva n=13.
y
Harvest index calculated by dividing edible biomass into total biomass.
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Conclusion
Throughout each trial, gynoecious and parthenocarpic cultivars performed the
best in a controlled environment, because every flower had the potential to become
harvestable fruit and pollination was not required for fruit production. Of the 10 cultivars
screened, ‘Rocky’ yielded a concentrated fruit set, had a high harvest index, and was
aesthetically pleasing; thus, ‘Rocky’ was chosen for further evaluation in a growth
chamber at an elevated CO2 level.
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CHAPTER III
PLANT GROWTH EVALUATION OF HYDROPONIC CUCUMIS SATIVUS L.
GROWN IN A GROWTH CHAMBER AT 2000 PPM CO2
Literature Review
Cucumbers grown in a controlled environment such as a growth chamber need to
be gynoecious and parthenocarpic in order to efficiently use the growing area for fruit
production, because every flower produced on a gynoecious plant has the potential to
become harvestable fruit and parthenocarpic plants do not require pollination for fruit
production (Chapter 2). Elevated atmospheric CO2 levels strongly affect photosynthesis
and growth of many plants (Makino and Mae, 1999). Elevated CO2 can affect the CO2
response of photosynthesis in different ways; (a) initial slope of the CO2 is unaffected but
the photosynthetic rate increases; (b) initial slope decreased but slope of CO2-saturated
rate is not affected; (c) both initial slope and CO2-saturated rate of photosynthesis
decrease (Sage et al., 1989). Elevated CO2 levels have been noted to affect the growth of
plants by increasing plant mass (Makino and Mae, 1999), leaf area (Aguera et al., 2005),
fruit production (Heij and van Uffelen, 1984), weight of harvested fruit (Slack and Hand,
1985) and number of stomata (Kouwenberg et al., 2003). Elevated CO2 levels have also
been shown to decrease stomatal conductance thus increasing the water use efficiency of
the plant (Bunce, 2004) and increase the rate of ethylene production (Dhawan et al.,
1981). However, long term CO2 enrichment, a few weeks to months, can suppress
photosynthesis (Makino and Mae, 1999) as well as cause premature leaf senescence and a
decrease in fruit production (Heij and van Uffelen, 1984).
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Objective
The objective of this study was to evaluate plant growth and fruit production of
‘Rocky’ grown in a growth chamber at 2000 and 400 ppm CO2 concentrations.

Materials and Methods

Plant Material
Of the ten cultivars screened in the greenhouse trials (chapter 2), ‘Rocky’ was
selected for further evaluation of plant growth and fruit production at 2000 ppm CO2
because it is a gynoecious, parthenocarpic pickler that produced a concentrated fruit set,
had a high harvest index, and was aesthetically pleasing.

Growth Parameters
Trial 1. October 5, 2007, six ‘Rocky’ seed were each sown into one 2.5-cm
Grodan® rockwool plugs (CropKing, Inc.; Wadsworth, OH) and plugs were placed into
Environmental Growth Chambers (EGC) at 2000 or 400 ppm CO2 in a 1 x 1 m2 growing
area. After the first set of true leaves appeared on plants, plugs were stepped up into 10cm Grodan® rockwool cubes (CropKing, Inc.; Wadsworth, OH). Plants were grown in
recirculating Hydrosol 5-11-26 solution (Hummert International; Earth City, MO) at 16
hour light/8 hour dark photoperiod, 24°/20° C, 75/99 %RH, and ~650 µmoles/m2/sec.
Plants were trained, by twisting and clipping, to string hung above each plant. Laterals
were removed throughout growing season. Multiple fruit per node were undisturbed.
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Trial 2. April 2, 2008, 16 ‘Rocky’ seed were each sown into one 2.5-cm
Grodan® rockwool plugs (CropKing, Inc.; Wadsworth, OH). Four plugs each were
placed into an Environmental Growth Chamber (EGC), with two EGCs set at 2000 ppm
CO2 and two set at 400 ppm CO2, in a 1 x 1 m2 growing area. After the first set of true
leaves appeared on plants, plugs were stepped up into 10-cm Grodan® rockwool cubes
(CropKing, Inc.; Wadsworth, OH). Plants were grown in recirculating Verti-gro®
solutions of 5-11-26 and 15-0-0 (Verti- gro®; Summerfield, FL) at a concentration of
28.5 mL and 34.2 mL per gallon, respectively. The EGCs were set at 16 hour light/8
hour dark photoperiod, 24°/20° C, 75/99 %RH, and ~650 µmoles/m2/sec. Parameters
were monitored with a HOBO® (Onset Computer Corp.; Pocasset, MA) and Light
Probemeter (Quality Instruments, Inc.; Springhill, Fl). CO2 was regulated with a WMA-4
Analyzer (PP Systems; Amesbury, Massachusetts). Plants were trained, by twisting and
clipping, to string hung above each plant. Laterals were removed throughout growing
season. Multiple fruit per node were undisturbed.

Data Collection
Trial 1. Data collected throughout the experiment included number and weight of
fruit, leaf area, leaf stomata count, and plant weight. Fruit was harvested weekly at the
market length of 10-12 centimeters (Table 2.2), counted, and weighed. At 70 days after
planting, leaf samples were removed from the 10th and 20th nodes from the base of plants
grown at 400 and 2000 ppm CO2. An LSI 3100 Leaf Area Meter (LI-COR Biosciences;
Lincoln, NE) was used to calculate leaf area (cm2). Leaf stomata count was done
December 11, or 74 days after planting, leaves located at the 10th node from the apical
28
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meristem were harvested from each plant and leaf stomata count was obtained by
applying clear fingernail polish to upper side of three areas of the leaf blade: middle left,
upper right, and tip. As fingernail polish dried, it was removed from the leaf, bringing
with it the epidermal cells containing guard cells, resulting in a “fingernail print”. A total
of 3 fingernail prints were made from each of the 6 leaves resulting in 18 observations.
Using fingernail prints from each area of the leaf, stomata were counted using an
Olympus CX21 microscope (Olympus America; Center Valley, PA) at 40X
magnification. Area of field of view was calculated by dividing the field number on
eyepiece by magnification number of the objective (Personal Correspondence, Olympus
America). The number of 40X fields of view on a leaf was calculated by dividing the
area of the leaf by the area of one field of view. Number of stomata was obtained by
multiplying the number of 40X fields of view by the average number of stomata for each
leaf. The experiment was terminated December 18, or 80 days after planting, and plants
were harvested and weighed. Harvest index was calculated.
Trial 2. Data collected throughout the experiment included; number and weight
of fruit, number of aborted flowers, leaf thickness, and plant weight. Fruit was harvested
at the market length of 10 to 12 centimeters (Table 2.2), counted, and weighed. As fruit
was harvested, aborted flowers were counted and removed. The experiment was
terminated June 18, or 77 days after planting, and plants were harvested and weighed.
During the termination of the experiment, leaf samples were removed from the10th node
of cucumber plants grown at 2000 and 400 ppm CO2. A Mitutoyo digimatic caliper
(Thomas Scientific, Swedesboro, NJ) was placed on the right edge of leaves and turned
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until snug against each leaf sample to quantify leaf thickness. Harvest index was
calculated.
Statistical Analyses
Means were analyzed using the ANOVA procedure in SPSS 12.0 for Windows.
In trial one, 3 replications were sown. In order to increase replications, in trail two 4
replications were sown in 400 ppm CO2 and 8 replications were sown in 2000 ppm CO2.

Results and Discussion
Trial 1
Plant weight and leaf area of plants grown at 2000 ppm CO2 was significantly
higher than plants grown at 400 ppm CO2 (Table 3.1). However, the number of fruit
harvested, total fruit weight, average fruit weight, harvest index, and leaf stomata count
of plants grown at 400 versus 2000 ppm CO2 was not significantly different (Table 3.1).
Vegetative growth, as measured by plant weight and leaf area, of plants grown at 2000
ppm CO2 was significantly higher than plants grown at 400 ppm CO2; these findings
were consistent with those of Makino and Mae (1999) and Augera and others (2005).
However, 2000 ppm CO2 did not increase the plant weight enough to affect the harvest
index of the plants grown at 2000 ppm CO2. Magnesium deficiency symptoms of
interveinal chlorosis were noted on older leaves of plants grown at 2000 and 400 ppm
CO2. In trial 2, Verti-gro nutrient solution was used instead of Hydrosol. Due to varying
nutrient solutions, data from trials 1 and 2 were not pooled. Leaf curling, a symptom of
ethylene toxicity, was noted on plants grown at 2000 ppm CO2, elevated CO2 levels can
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increase ethylene production (Dhawan et al., 1981) and ethylene can initiate fruit abortion
(Van Doorn, 2002), in order to evaluate if an elevated CO2 concentration increased the
number of fruit aborted, in trial 2 number of fruit aborted throughout the experiment was
quantified.
Table 3.1. Mean number of fruit, total fruit weight, average fruit weight, total
plant weight, harvest index, leaf stomata count, and leaf area of cucumber plants
grown in an EGC at 2000 and 400 ppm CO2 in trial 1xw (n=3).
Treatment
(ppm)
2000
400

# of Fruit
Harvested

Total
Fruit Wt.
(g)

Avg. Fruit
Wt.(g)

Plant
Wt.(g)

28a
19a

2746a
1731a

97a
91a

654a
327b

Harvest
IndexY

Leaf
Stomata
Count
(#/leaf)

Leaf
Area
(cm)

0.79a
0.84a

174477a
188013a

431a
244b

x

Values in the same column followed by the same letter are not significantly different
(P>0.05).
w
Mean values were analyzed using ANOVA.
y
Harvest index was calculated by dividing edible biomass into total biomass.
Trial 2
Number of fruit harvested, total fruit weight, harvest index, and leaf thickness of
plants grown at 2000 ppm CO2 were significantly higher than plants grown at 400 ppm
CO2 (Table 3.2), yet plants grown at 400 ppm CO2 had a higher average fruit weight
(Table 3.2). Reproductive growth, as measured by number of fruit and total fruit weight,
of plants grown at 2000 ppm CO2 was significantly higher than plants grown at 400 ppm
CO2; yet fruit production did not increase enough to affect the harvest index of the plants
grown at 2000 ppm CO2. The number of fruit aborted in the two CO2 treatments was not
significantly different; this indicates that 2000 ppm CO2 did not increase the number of
fruit aborted. A few cucumbers grown at the elevated CO2 level showed chlorotic
symptoms on older leaves that indicated magnesium deficiency. A nutrient analysis was
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conducted on leaves grown at 400 and 2000 ppm CO2 that indicated the magnesium
deficiency was induced by excess nitrogen and not the elevated CO2 level. Magnesium
deficiency symptoms were not observed on all plants grown at 400 and 2000 ppm CO2
deficiency symptoms were only observed on plants that contained excess nitrogen.
Table 3.2. Mean number of fruit, number of fruit aborted, total fruit weight,
average fruit weight, total plant weight, harvest index, and leaf thickness of
cucumber grown in an EGC at 2000 and 400 ppm CO2 in trial 2xw.
Treatment

# of Fruit
Harvested

# of
Fruit
Aborted

Total
Fruit
Wt. (g)

Avg.
Fruit
Wt.(g)

Plant
Wt.(g)

Harvest
Z
Index

Leaf
Thickness
(mm)

2000w
400y

40a
22b

29a
31a

2314a
1567b

58b
70a

673a
860a

0.77a
0.64b

0.48a
0.31b

x

Values in the same column followed by the same letter are not significantly different
(P>0.05).
w
Mean values were analyzed using ANOVA.
z
Harvest index was calculated by dividing edible biomass into total biomass.
w
n=8
y
n=4

Conclusions
Plants grown at 2000 ppm CO2 had an increase in vegetative and reproductive
growth when compared to plants grown at 400 ppm CO2. However, in both trials, plants
grown at 2000 ppm CO2 produced a majority (~60%) of their edible biomass 50-70 days
after planting. Thus, if ‘Rocky’ is grown at an elevated CO2 level a rotation of three
weeks should be implemented, in order to consistently harvest fruit, with plants being
harvested and replaced every three weeks.
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CHAPTER IV
CONSUMER EVALUATION OF HYDROPONIC, GREENHOUSE-GROWN,
FRESH CUCUMIS SATIVUS L.
Literature Review
In 1999, the United States produced 2.4 billion pounds of Cucumis sativus L.
(cucumber), about half of which were fresh-market cucumbers (USDA, 2000). Desirable
quality parameters of fresh-market cucumber includes firm flesh texture, shiny, darkgreen skin color, and freedom from shrivel and mechanical injuries (Sargent et al., 2001).
A type of fresh-market cucumber grown for Mediterranean markets, beit alpha-type, was
recently introduced to U.S. greenhouse growers.
Most consumer perception of fresh-market cucumber is derived from consumer
interaction with store bought fresh-market cucumbers. Students, or cucumber consumers,
participated in a Hydroponic Cucumber Lab in which they cared for cucumber plants and
tasted cucumbers they grew. Surveys are used to evaluate consumer perception and
ascertain if perceptions change (McKenney and Terry, 1995).
To ensure that the cucumber cultivar selected for evaluation in the growth
chamber was a desirable tasting cucumber, untrained and trained sensory panels were
implemented (Zhoa et al., 2007; Nally, 1987). The untrained panel reported preference
and the trained panel reported varying degrees of each attribute (Lawless and Haymann,
1999).
Objectives
The objective of this study was twofold: first, to determine if student’s perception
of cucumbers changed as they participated in a Hydroponic Cucumber Lab throughout
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the semester by caring for, harvesting, and tasting the cucumbers they had grown and
second, to evaluate perception and preference of greenhouse-grown cucumbers by
implementing consumer sensory panels.

Materials and Methods

Hydroponic Cucumber Lab
As an outreach program for NASA, students enrolled in Principles of Horticulture
Labs, an introduction to horticulture lab taught at Texas Tech University, participated as
student growers in growing the ten cucumber cultivars evaluated in the greenhouse trials
(Chapter 2). Student growers signed up for grower days (Appendix A) on which it was
their responsibility to care for their assigned cucumber plants by training the plants
around a string suspended from the greenhouse ceiling by twisting and clipping the plants
onto the string (Appendix A). Student growers were also responsible for removing
laterals and pollinating the non-parthenocarpic cucumbers that were grown for the
greenhouse trial (Table 2.1). By caring for the cucumbers, the student growers interacted
with cucumber plants and tasted cucumbers that were not store bought.

Plant Material
As referenced in chapter 2, ten candidate cultivars were selected for screening
based on criteria deemed desirable for growth in controlled environments (Table 2.1).
Student growers cared for all 10 cucumber cultivars. Two beit alpha-type cucumber
cultivars were grown in the greenhouse trials (Chapter 2) ‘Rocky’ and ‘Socrates’. One of
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which, ‘Rocky’, was selected as the optimal cucumber cultivar for growing in a
controlled environment. Beit alpha cucumber was recently introduced to U.S. growers
and consumers; in order to successfully introduce a new specialty crop like beit alpha
cucumber, consideration must be given to develop market demand including consumer
preference (e.g., color, size, flavor) (Sargent et al., 2001). ‘Rocky’ and ‘Socrates’ were
selected for consumer evaluation, because they are beit-alpha type cucumber and ‘Rocky’
is the optimal cultivar for growing in a controlled environment.

Plant Culture
Seed of selected C. sativus cultivars were sown into 2.5-cm Grodan® rockwool
plugs (CropKing, Inc.; Wadsworth, OH), covered with coarse vermiculite, placed in the
Texas Tech University Horticulture Gardens and Greenhouse complex (Lubbock, TX),
and watered by hand, as needed, with Verti-gro® solutions of 5-11-26 and 15-0-0 (Vertigro®; Summerfield, FL) at a concentration of 28.5 mL and 34.2 mL per gallon with city
water, respectively. This concentration was used throughout the experiment whether
water was applied by hand or pumps. After the first set of true leaves appeared on plants,
plugs were stepped up into 10-cm Grodan® rockwool cubes (CropKing, Inc.;
Wadsworth, OH). After the second set of true leaves appeared, the 10 cm rockwool
cubes were stepped up into 8x15x91 cm Grodan® rockwool growbags (CropKing, Inc.;
Wadsworth, OH). Verti-gro® solution (Verti- gro®; Summerfield, FL) was applied
seven times a day at three minute intervals, delivering approximately 320 mL of water to
each plant at every irrigation. The Verti-gro® solution was piped to each growbag
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through polyethylene pipe with an emitter placed at each plant (Lamb et al., 2001).
Multiple fruits per node were undisturbed.

Survey Evaluation
Summer 2007 and spring 2008 semesters, a survey was conducted of student
growers to evaluate demographics, cucumber preference, and perception of cucumber.
The survey consisted of a pre- and post-test. Student growers were administered the pretest the first day of lab (Figure A4) and the post-test the last day of lab (Figure A5). In
order to prevent bias, the pre-test was administered before students had been informed of
the Hydroponic Cucumber Lab in which they would participate during the semester. The
post-test was administered the last day of lab after the Hydroponic Cucumber Lab was
terminated. The survey was limited to students who had taken the pre and post tests. The
survey asked students demographic questions as well as questions about their vegetable
eating habits in general and in particular if they liked cucumbers. If students indicated
they liked cucumbers they were asked to report the preparation method of their
consumption (eg. sliced, pickled) and what condiments they preferred, if any. On the
post test, they were asked if their opinion of cucumber had changed throughout the
experiment and if it had was the change positive or negative.

Participants
Growers. Students enrolled in Principles of Horticulture, the introduction to
horticulture class taught at Texas Tech University, summer/fall 2007 and spring 2008
were Student Growers. A total of 602 student growers participated in the Hydroponic
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Cucumber Lab in which the students trained cucumber plants grown for greenhouse trials
onto string by twisting, clipping, and removing laterals.
Survey Respondents. Participants for the survey were 183 of the 602 student
growers. The survey was implemented summer 2007 and spring 2008, of which, only
surveys of students present the first and last days of lab qualified as a participant.
Students reported their responses on the pre and post test by circling their answer or
writing the answer in the blank provided (Figures A4, A5).
Sensory Panelists. Cucumbers were evaluated by two sensory panels, untrained
and trained. Participation was voluntary and students who did not like cucumbers were
given the opportunity to not participate.
Untrained. Twenty-two students enrolled in Principles of Horticulture Lab
summer 2007 and 72 students enrolled in lab sections; 513, 516, and 507, spring 2008,
participated in the untrained cucumber sensory panels. The purpose of the untrained
panel was to report cucumber preference. Untrained panelists were not familiarized with
degrees of each attribute being analyzed. Evaluations were done on a hedonic eight-point
scale with eight being extremely desirable and one being extremely undesirable (Figures
A5,A6); the purpose of a hedonic scale is to measure the degree of like or dislike of a
product (Lawless and Heymann, 1999).
Trained. The trained panel consisted of ten friends and colleagues who attended
three training sessions two hours in length. The purpose of the trained panel was to
report degrees of each attribute. Panelists were first familiarized with the product
(cucumber) by comparing cucumbers grown by the Student Growers at Texas Tech
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University with store bought cucumbers and by learning to recognize the degrees of each
attribute being analyzed (Nally, 1987). Evaluations were done on a descriptive eightpoint scale: skin color, with eight being extremely green and one being extremely yellowgreen; flesh color, with eight being extremely whitish-green and one being extremely
yellow-green; seed cavity, with eight being with extremely developed seed cavity and
one being extremely seedless; skin texture, with eight being extremely crispy and one
being extremely soft; flesh texture, with eight being extremely crunchy and one being
extremely mushy; cucumber aroma/bitterness/flavor/sweetness and off-flavor, with eight
being extremely intense and one being extremely weak (Figures A7,A8) (Gajc-Wolska et
al., 2005); the purpose of a descriptive scale is to quantify varying degrees of each
attribute (Lawless and Heymann, 1999).

Sample Preparation
Samples of two cultivars, ‘Rocky’ and ‘Socrates’, were evaluated by panelists in a
classroom. Samples for the untrained and trained consumer panels were prepared
uniformly. Market-sized cucumbers were harvested from plants grown for the
Greenhouse Trials; ‘Rocky’ at 8-cm and ‘Socrates’ at 15-cm. Harvested cucumbers were
immediately washed and sliced. Slicing was done by taste and appearance evaluation.
Samples were identified by 3-digit random numbers. Cucumbers used for appearance
evaluation were sliced into 10-cm cross sections and an 1-cm transverse section with
each cultivar displayed on its own 15-cm diameter white paper plate. The plates were
carried past each panelist and panelists ranked the cucumber on its appearance.
Cucumbers used for taste evaluation were sliced into 1-cm thick transverse sections one
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slice with the skin intact and one slice with the skin removed these were displayed beside
each other on a 15-cm diameter white paper plate. A plate was passed out to each
panelist, and panelists tasted a bite and ranked the cucumber on taste. Additional
cucumber transverse sections were supplied to panelists on a need basis. Water and
saltine crackers were provided to panelist to cleanse their palate before and after tasting
each sample.

Statistical Analyses
Survey. Frequencies were calculated using SPSS 12.0 for Windows. In an effort
to assure reliability, an independent observer was secured to substantiate the data. A
random sample of 46 surveys (25%) were selected by the observer and directly compared
with the coded data set. A total of 2520 data entries were examined with 2516 correct
responses identified for the data set and 4 identified errors. This resulted in a 99%
reliability rating for the data.
Sensory. Data was analyzed by Independent Samples T-Test using SPSS 12.0 for
Windows. Homogenous data was pooled.

Results and Discussion

Survey Evaluation
Demographic data is found in Appendix A. Of the 183 students, 57% were
female and 43% were male (Table A1). Overall, 73% of the females responded that they
like cucumbers versus 59% of the males (Table A2). Panelists were not asked if they
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liked fruits/vegetables in general, if this question would have been asked it could
correspond to recent data that indicates more females like vegetables than males (Granner
et al., 2004). Of the respondents, 77% were 20 years old and younger with 65% of them
indicating that they like cucumbers (Tables A3, A4). When asked the location of their
youth, 93% indicated Texas as their home state, with 41% growing up in a suburban
setting and 36% growing up in a rural setting (Tables A5, A6); with 71% of students
growing up in a suburban area indicating that they like cucumbers, 63% of urban students
and 64% of rural students indicating they like cucumbers (Table A7). Of the student
participants, 27% were enrolled in the College of Agricultural Sciences and Natural
Resources with 23% and 12% enrolled in Business and Mass Communications,
respectively. Cucumber preference by college revealed that 82% of respondents enrolled
in the Arts and Sciences College indicated that they liked cucumbers followed by 81% of
students enrolled in both Human Sciences and Mass Communications indicating they
liked cucumbers (Table A9). On the pre-test, 67% of students surveyed indicated that
they like cucumbers, on the post-test 71% of students indicated that they liked cucumbers
(Table A10). This was an increase of 4% or 6 students. Questions asked about students’
cucumber-eating habits in general, on the pre-test revealed 23% indicated that they never
eat cucumbers, with 58% eating cucumbers at least once a month (Table A11). When
asked type of cucumber consumption, 58% of students indicated that they eat cucumbers
in a salad, 45% sliced, and 39% pickled (Table A12). This student response correlates
with recent research that shows fresh cucumber consumption is higher than pickled
cucumber consumption.
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A majority of students at 76% indicated that they did not remove the peel of the
cucumber before consuming (Table A13). Of the fresh cucumbers eaten with
condiments, a majority of students indicated that they eat them with ranch or salad
dressing and salt (Table A14). On the pre-test, 67% indicated they would be more likely
to eat cucumbers if they grew them. This same question was asked on the post test and
about 80% of students said they would be more likely to eat cucumbers if they grew their
own (Table A18). This could be a reflection of students’ response to whether student
grown cucumbers tasted better than store-bought cucumbers.
About 85% of students indicated that the cucumbers they grew taste better than
store bought cucumbers (Table A19). Students were asked the location of their cucumber
purchases. On the pre-test, about 28% of students indicated they bought their cucumbers
from the supermarket. This increased to 33% on the post-test (Table A20). This increase
correlates to whether students’ opinion of cucumbers changed over the course of the
class, 39% indicated that “yes” their opinion of cucumbers had changed. Of the students
that had an opinion change, 99% indicated that it was positive (Table A23). Positive
consumer attitudes are a prerequisite to sustained market demand for fresh fruits and
vegetables (Shewfelt and Bruckner, 2000). Cucumber producers need to be certain that
at each cucumber purchase consumers have a positive experience to ensure that market
demand for cucumbers continues to rise. Of the students that participated in the
Hydroponic Cucumber Lab, 64% indicated that they would be more likely to consume
cucumbers in the future (Table A24). Of the cucumber cultivars grown in the greenhouse
trial, ‘Rocky’ was the favorite cultivar with 24% of the students indicating that it was
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their favorite (Table A26). Overall, only 39% of students felt that their opinion of
cucumbers had changed (Table A22); however, 64% of students indicated that they
would be more likely to consume cucumbers in the future. This response was reflected in
the student’s frequency of cucumber consumption, on the pre-test 58% of the students
indicated they eat cucumbers once a month (Table A11) while on the post-test 79% of the
students indicated that in the future they would eat cucumbers once a month.
Sensory Evaluation
Untrained. The untrained panel indicated that the skin and flesh color of
‘Socrates’ is preferred over that of ‘Rocky’ (Table 4.1). There was no consistent
response for cucumber aroma and cucumber flavor. Summer 2007 the aroma of
‘Socrates’ was preferred over ‘Rocky’, while spring 2008 the aroma of ‘Rocky’ was
preferred over ‘Socrates’ (Table 4.2). Panelists indicated no difference in cucumber
flavor summer 2007; however, spring 2008 panelists preferred cucumber flavor of
‘Rocky’ over ‘Socrates’ (Table 4.2).
Table 4.1 Response of untrained panel for skin and flesh color, aroma, and skin and flesh
texturexyw (n=138).
Cultivar

Skin Color

Flesh Color

Aroma

Skin Texture

Flesh Texture

Rocky
Socrates

5.8b
6.8a

5.8b
6.6a

5.9a
5.9a

6.3a
6.4a

6.1a
6.1a

x

Values in the same column followed by the same letter are not significantly different
(P>0.05).
y
Pooled data from summer 2007 and spring 2008.
w
Data was analyzed by Independent Samples T-Test.
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Table 4.2 Responses of untrained panel for seed cavity and flavorxw (n=138).
Cultivar

Rocky
Socrates

Summer 2007
Seed Cavity
Flavor
6.4b
6.9a

5.6a
6.2a

Spring 2008
Seed Cavity
Flavor
5.6b
6.3a

6.6a
5.5b

x

Values in the same column followed by the same letter are not significantly different
(P>0.05).
w
Data was analyzed by Independent Samples T-Test.
Trained. The trained panel noted that ‘Socrates’ skin color was a deeper green,
the seed cavity was more developed, and the flesh texture was less crunchy than ‘Rocky’
yet there was no difference in flavor intensity (Tables 4.3,4.4). The dark skin color of
‘Socrates’ is due to the presence of chlorophyll in sub-epidermal cells (Whitaker and
Davis, 1962). The untrained panel preferred ‘Socrates’ skin color over ‘Rocky’ skin
color (Table 3.1). This indicates that consumers may desire a ‘very green’ skin color
over a ‘moderately green’ skin color. Panelist reported the seed cavity of ‘Rocky’ was
less developed than the seed cavity of ‘Socrates’. The market size of ‘Socrates’ is longer
and has a larger diameter, requiring more time from anthesis to harvest than ‘Rocky’.
The increased amount of time before harvest combined with the larger fruit diameter of
‘Socrates’ could have led to a more developed seed cavity in ‘Socrates’. A more
developed seed cavity is associated with a mushier texture due to the flesh surrounding
the seed becoming more watery as seed matures. Trained panelists reported this
difference and noted that the seed cavity of ‘Socrates’ was mushier than the seed cavity
of ‘Rocky’.

44

Texas Tech University, Leah Crosby, December 2008
Table 4.3. Responses of trained panel for ‘Rocky’ and ‘Socrates’ skin color, flesh
color, seed cavity, and aroma summer 2007xy.
Cultivar

Skin Color

Flesh Color

Seed Cavity

Aroma

Rocky
Socrates

6.1b
7.0a

3.6a
4.4a

2.3b
4.1a

4.0a
4.6a

n=24
x
Values in the same column followed by the same letter are not significantly different
(P>0.05).
y
Data analyzed by an Independent Sample T-Test.
Table 4.4. Responses of trained panel for ‘Rocky’ and ‘Socrates’ skin texture, flesh
texture, flavor, bitterness, sweetness, and off-flavor summer 2007xy.
Cultivar

Skin
Texture

Flesh
Texture

Flavor

Bitterness

Sweetness

Off-flavor

Rocky
Socrates

6.1a
6.0a

6.2a
4.7b

5.0a
4.8a

3.3a
2.9a

4.1a
4.0a

2.9a
2.7a

n=24
x
Values in the same column followed by the same letter are not significantly different
(P>0.05).
y
Data analyzed by an Independent Sample T-Test.
Conclusion
Overall, the Hydroponic Cucumber Lab effected the student’s perception of
cucumber. As Student growers interacted with cucumbers during the Hydroponic
Cucumber Lab something happened that caused the student’s perception of cucumbers to
change. Of the 71 students that indicated their opinion of cucumbers had changed, 99%
stated this change had been positive. This opinion change was reflected in the student’s
response to whether they would be more likely to consume cucumbers in the future, 64%
of the Student Growers that participated in the survey indicated they would be more
likely to consume cucumbers in the future. Of the Student Growers surveyed, 85%
indicated that their cucumbers tasted better than store bought cucumbers.
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The untrained panelists indicated that they liked the skin color and flesh color of
‘Socrates’ more than ‘Rocky’ in trial 1; however, trial 2 the untrained panelists liked the
flavor of ‘Rocky’ over ‘Socrates’. Thus, even though the appearance of ‘Socrates’ was
liked more than ‘Rocky’ the flavor of ‘Rocky’ was liked more than ‘Socrates’. The
trained panel indicated that ‘Socrates’ had a darker green skin color, a more developed
seed cavity, and a softer flesh texture than ‘Rocky’. The appearance of ‘Socrates’ was
very similar to a standard store bought slicing cucumber the student’s perception of
cucumbers is greatly influenced by the standard store bought slicing cucumber, thus
when panelist analyzed appearance they preferred the cucumber that looked most like the
standard store bought slicing cucumber. The sensory panels indicate that if ‘Rocky’ were
implemented in a controlled environment the growers would find ‘Rocky’ desirable.
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CHAPTER V
OVERALL CONCLUSIONS
Of the ten cucumber cultivars screened in the greenhouse trials, ‘Rocky’ was
chosen for evaluation in the growth chamber trials because it is a quick-growing cultivar
that yields a heavy, concentrated fruit set, a relatively high harvest index, a low disease
incidence, and is aesthetically pleasing. In the EGC trials, initially an increase in CO2
increased the number of fruit harvested; however, at 70 days after planting leaves begin
to senesce and fruit production decreased. Each EGC trial, the majority of edible
biomass was harvested from 50-70 days after planting. Thus, if ‘Rocky’ is grown at an
elevated CO2 level a rotation of three weeks should be implemented with plants being
harvested and replaced every three weeks when plants reach approximately 70 days after
planting.
A total of 602 students participated in the Hydroponic Cucumber Lab. Often
when students learned that the cucumber plants were being grown for NASA their
reaction was shock followed by curiosity. An Outreach program in which the
constituents are an active participant will most likely initiate more curiosity than hearing
a presentation or reading a newspaper article. Throughout the Hydroponic Cucumber
Lab, the students’ perception of cucumbers changed. It can be surmised that this change
occurred because the students worked hands-on with the cucumber plants and harvested
cucumber fruit from the vine, for some a first experience. The sensory panels indicated
that ‘Rocky’ is a desirable cultivar and if implemented in a growth chamber as part of an
ALSS participants will find it a likeable cultivar.
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APPENDIX A
CONSUMER EVALUATION SURVEYS AND RESPONSES

49

Texas Tech University, Leah Crosby, December 2008
Table A1. Gender frequency of student growers that participated in the cucumber survey.
Response
Male
Female

Frequency

Percent

78
105

42.6
57.4

n=183
Table A2. Cucumber like/dislike frequency of student growers that participated in the
cucumber survey by gender.
Gender

Response
Like
Frequency Percent
77
73.3
46
59.0

Female
Male

Dislike
Frequency Percent
28
26.7
32
41.0

Table A3. Age range of student growers that participated in the cucumber survey.
Response
20 or Less
21-24
25-29
30+

Frequency

Percent

140
33
4
5

76.9
18.2
2.2
2.7

n=183
Table A4. Frequency of cucumber like/dislike by student grower age.
Age

Response
Like
Frequency Percent
91
64.5
25
75.8
3
75.0
4
80.0

20 or less
20-24
25-29
30+

Dislike
Frequency Percent
50
35.5
8
24.2
1
25.0
1
20.0

n=183
Table A5. Frequency of home state of student growers that participated in the cucumber
survey.
Response
Texas
Surrounding States
Other

Frequency
171
6
6

n=183

50

Percent
93.4
3.3
3.3
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Table A6. Frequency of location of student growers youth.
Response
Suburban
Urban
Rural

Frequency
74
42
64

Percent
41.1
23.3
35.6

n=180
Table A7. Cucumber like/dislike by location of student grower’s youth.
Location of student’s youth.

Response
Like
Frequency Percent
51
70.8
26
63.4
43
64.2

Suburban
Urban
Rural

Dislike
Frequency Percent
21
29.2
15
36.6
24
35.8

n=180
Table A8. College enrollment of student growers that participated in the cucumber
survey.
Response
Agricultural Sciences and Natural Resources
Architecture
Arts and Sciences
Business Administration
Education
Engineering
Human Sciences
Mass Communication
Visual and Performing Arts
Undecided
Health Sciences Center

Frequency
49
3
17
42
15
3
16
21
5
11
1

n=183

51

Percent
26.8
1.6
9.3
23.0
8.2
1.6
8.7
11.5
2.7
6.1
.5
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Table A9. Cucumber like/dislike by college enrollment.
College

Response
Like
Frequency Percent
25
51.0
3
100.0
14
82.4
29
69.0
9
60.0
2
66.7
13
81.3
17
81.0
2
40.0
8
72.7
1
100.0

Agricultural Sciences and Natural Resources
Architecture
Arts and Sciences
Business Administration
Education
Engineering
Human Sciences
Mass Communication
Visual and Performing Arts
Undecided
Health Sciences Center

Dislike
Frequency Percent
24
49.0
0
0.0
3
17.6
13
31.0
6
40.0
1
33.3
3
18.7
4
19.0
3
60.0
3
27.3
0
0.0

n=183
Table A10. Cucumber like/dislike of student growers that participated in the survey.
Pre-Test
Frequency Percent
123
67.2
60
32.8

Response
Like
Dislike

Post-Test
Frequency
129
54

Percent
70.5
29.5

n=183
Table A11. Frequency of student growers cucumber consumption.
Response
Once a week or more frequently
Once every two weeks
Once a month
Once every three or four months
Never

Frequency
26
37
36
33
40

Percent
15.1
21.5
20.9
19.2
23.3

n=172
Table A12. Frequency of type of student growers cucumber consumption.
Response
Salad
Sliced
Pickled
Cooked
Other

Frequency
106
83
71
18
9

n=183

52

Percent
57.9
45.4
38.8
9.8
4.9
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Table A13. Frequency of student growers cucumber peel removal.
Response
Yes
No

Frequency
41
129

Percent
24.1
75.9

n=170
Table A14. Frequency of student growers type of condiments used when consuming
cucumbers.
Response
Salt
Pepper
Ranch or Salad Dressing
Vinegar or Oil
Other

Frequency
83
47
119
32
16

Percent
45.4
25.7
65.0
17.5
8.7

n=183
Table A15. Frequency of student growers increase in cucumber consumption during a
particular season of the year.
Response
Yes
No

Frequency
25
152

Percent
14.1
85.9

n=177
Table A16. Frequency of seasonal increase in student growers cucumber consumption.
ResponseZ
Spring
Summer
Fall
Winter

Frequency
7
20
0
0

Percent
25.9
74.1
0.0
0.0

Z

Students responded if their cucumber consumption increased depending on season
n=27
Table A17. Frequency of student growers fresh vegetable consumption each day.
Response
None
1-2
3-6
6+
Once a week

Frequency
8
132
29
12
0

n=181

53

Percent
4.4
72.9
16.0
6.6
0.0
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Table A18. Frequency of likelihood of student growers eating more cucumber if the
cucumber is personally home grown.
Pre-Test
Frequency Percent
120
67.0
59
33.0

Response
Yes
No

Post-Test
Frequency
147
36

Percent
80.3
19.7

n=179
Table A19. Frequency of student growers cucumber preference of our cucumbers versus
store bought.
Response
Yes
No

Frequency
136
24

Percent
85
15

n=160
Table A20. Frequency of location of student growers cucumber purchases.
Pre-Test
Frequency Percent
30
8.2
103
28.1
11
3.0
9
2.5
58
15.8

Response
Given to me
Supermarket
Farmer’s market
Grow them
Do not buy cucumbers

Post-Test
Frequency Percent
27
7.4
119
32.5
17
4.6
13
3.6
55
15.0

n=183
Table A21. Frequency of student growers reasons for not purchasing cucumbers.
Pre-Test
Frequency Percent
49
26.8
9
4.9
11
6.0
26
14.2
13
7.1
6
3.3
0
0.0

Response
Do not like
Do not know how to use
Do not buy groceries
Do not cook
Not worth the money
Not available
Indigestion

n=183

54

Post-Test
Frequency Percent
50
27.3
6
3.3
15
8.2
22
12.0
14
7.7
9
4.9
2
0.0
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Table A22. Frequency of student growers opinion change of cucumber over course of
the Hydroponic Cucumber Lab.
Response
Yes
No

Frequency
71
112

Percent
38.8
61.2

n=183
Table A23. Frequency of student growers positive or negative opinion change.
ResponseZ
Positive
Negative

Frequency
80
1

Percent
99.0
01.0

Z

Students responded if their opinion of cucumber had changed
over the course of the class.
n=81

Table A24. Frequency of student growers increase in cucumber consumption.
Response
Yes
No

Frequency
116
66

Percent
63.7
36.3

n=182
Table A25. Frequency of change in student growers cucumber consumption.
ResponseZ
Once a week or more frequently
Once every two weeks
Once a month
Once every three or four months
Never

Frequency
48
48
21
7
25

Percent
32.2
32.2
14.1
4.7
16.8

Z

Students responded if they would be more likely to consume cucumbers in the future.
n=149
Table A26. Frequency of student growers favorite cultivar.
Response
Amour
Diva
Rocky
Socrates
Tyria
H-19 Little Leaf
No Response
Other

Frequency
20
11
50
21
17
9
26
29

n=183

55

Percent
10.9
6.0
27.3
11.5
9.3
4.9
14.2
15.9
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Figure A1. Institutional Review Board approval letter for survey.
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Figure A2. Institutional Review Board approval letter for sensory panels.
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Figure A3. Hydroponic Cucumber Lab grower day sign-up sheet.
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Figure A4. Hydroponic Cucumber Lab data recorder sheet.
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Figure A5. Cucumber consumer survey pre-test.
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Figure A5. Cucumber consumer survey pre-test (cont.).
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Figure A6. Cucumber consumer survey post test.
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Figure A7. Untrained sensory panel appearance evaluation sheet.
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Figure A8. Untrained sensory panel taste evaluation sheet.
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Figure A9. Trained sensory panel appearance evaluation sheet.
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Figure A10. Trained sensory panel taste evaluation sheet.
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Figure A10. Trained sensory panel taste evaluation sheet (cont.).
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APPENDIX B
NUTRIENT SOLUTION COMPOSITION
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Table B1. Nutrient solution composition.
Source

Verti-Gro®

Peter’s
Hydrosol®

Nitrogen
Phosphorous
Potassium
Magnesium
Sulfur
Boron
Copper
Iron
Manganese
Molybdenum
Zinc

20*
10
25
3
0
.04
.02
.02
.02
.01
.02

5
11
26
3
4
.05
.015
.3
.05
.01
.015

* Expressed in percent composition.
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