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ABSTRACT
Oenothera elata Kunth, Hooker’s evening primrose, is a biennial to short lived
perennial found in a variety of habitats ranging from xeric to mesic. Currently it has
limited use in landscapes. A similar species, Oenothera biennis L. or common
evening primrose, is currently grown as a pharmaceutical. The seed oil contains
gamma linolenic acid (GLA) which has been used to treat ailments including eczema,
arthritis, auto-immune disorders, and cholesterol. Most primrose production is in
China because of the cooler climates which allow for increased GLA in the seed.
Hooker’s evening primrose is found in warmer climates and has a similar oil profile to
that of common evening primrose when grown in Lubbock, TX. This may mean there
is potential for Hooker’s evening primrose production as a niche crop in this area.
Best management practices must be established and cost of production must be
determined before production can increase, therefore the objectives of this research
were 1) to determine spacing, irrigation, and fertility requirements for this species, 2)
to evaluate several pre and postemergence herbicides for use on O. elata, 3) to
determine harvest best management practices by evaluating different harvest methods
and defoliants, and 4) to determine cost of production.
Research was conducted at the Texas Tech University Greenhouse complex
and the Texas Tech University Plant and Soil Science Research Farm in Lubbock, TX.
All experiments were replicated twice throughout the 2009-2011 growing seasons. To
determine irrigation, spacing, and fertility needs an experiment was set up as a splitsplit plot design with irrigation (33%, 66% or 100% ET) as the main plot, spacing (0.3
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m, 0.6 m, or 0.9 m) as the sub-plot, and fertility (133.79 kg N ha-1, 89.19 kg N ha-1,
44.60 kg N ha-1, and 0 kg of N ha-1) as the sub-sub plot. This experiment had six
blocks and every combination was represented once in each block. Data taken
included: yield, visual appearance (1-10), number of flowers, PGI, and percent floral
density. Pre and post emergence herbicide experiments were set up as randomized
complete block designs with five replications. These experiments were conducted in
the greenhouse. For both phytotoxicity, PGI, and dry root and shoot weight data were
taken. For the postemergence herbicide experiment 4 month old seedlings were
placed in containers and acclimatized for 28 days before treatment with one of the
following herbicides: glyphosate, glufosinate, fenoxaprop, fluazifop, sulfosulfuron + a
non-ionic surfactant, quinclorac + methylated seed oil, mesotrione, and quinclorac +
mecoprop + dicamba + methylated seed soil. For the preemergence herbicide studies
applications of oxadiazon, isoxaben, oryzalin, prodiamine, dithiopyr, metolachlor,
pendimethalin, and isoxaben + trifluralin were applied and a four month old seedling
was transplanted into the container two days later. To determine harvest practices,
two different experiments were set up as randomized complete block designs. Both
experiments had 4 blocks and each treatment was represented once within a block.
One experiment compared yield after the use of three defoliants (Paraquat, a mixture
of Ethephon + Cyclanilide and Thidiazuron + Diuron, and Ethephon) to that of a nontreated control. The other compared yield of two different harvest methods (hand and
Hege combine). Cost of production was determined using determined best
management practices.
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Data suggests Hooker’s evening primrose planted at 0.9 m spacings will often
increases appearance, flower number, plant growth index (PGI), and floral density.
This spacing will not decrease yield. Irrigation equivalent to 66% evapotranspiration
(ET) will increase appearance, PGI, and number of flowers in times of drought but
will not influence yield. Fenoxaprop and fluazifop may be used as post emergence
herbicides with excessive phytotoxicity or reduction in growth. All preemergence
treatments except for trifluralin + isoxaben had low phytotoxicity and did not reduce
growth. Machine harvesting does not decrease yield and should reduce the cost of
production. Defoliants can be used to harvest this species without a loss in yield.
Paraquat, a mixture of Ethephon + Cyclanilide and Thidiazuron + Diuron may be
preferred over Ethephon alone. Cost of production is estimated at $1906.89 per acre.
Growers will need to receive approximately $0.48 per pound in order to break even.
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CHAPTER I
INTRODUCTION AND LITERATURE REVIEW
Evening Primrose Taxonomy
Oenothera elata Kunth is a member of the Onagraceae family (Arnold, 2008).
This herbaceous family has 600-700 species that can be found worldwide in xeric to
aquatic environments. Although Oenothera can be found all over the world, it is
native to North and South America (Dietrich et al., 1997). The greatest number of
species can be found in Mexico and the northern part of Central America (Harte,
1994). Most plants in this family flower only once when long days and short nights
occur. The yellow, white, or rose to purple colored flowers open either near sunset or
near sunrise (Correll and Johnston, 1970).
Oenothera elata, also known as Hooker’s evening primrose, is a biennial to
short-lived perennial herb that grows 0.4 to 2.5 meters tall (Dietrich et al., 1997). The
species can be found in a variety of habitats from as far north as Oregon, south as
Panama, east as East Texas, west as coastal California. It is commonly found along
streams, in meadows, on rocky slopes, in arroyos, and in disturbed habitats. Leaves
are dull green to gray-green with white veins and bluntly dentate or sub-entire
margins. Yellow to pale yellow flowers occur from June through September with
petals 3 to 5.5 cm long and 3 to 5.3 cm wide. Flowers are pollinated by hawkmoths
when they are flowering and hybridization is common when other species are present.
It is questioned whether or not the true species concept works for Oenothera or if they
all fall under Renner complexes and new species are actually hybrids of hybrids
(Harte, 1994). Seeds are in capsules 2-6.5 cm long that are gray-green when mature
1
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(Dietrich et al., 1997). The seeds are brown to almost black in color and are 1 to 1.9
mm long and 0.6 to 1.2 mm in diameter. O. elata is in the Euoenothera group of this
family given the ovaries are nearly square when cross sectioned and seeds have sharp
edges (Harte, 1994).
Evening Primrose as an Ornamental
Hooker’s evening primrose is an herbaceous perennial from USDA hardiness
zones 6 through 11 (Arnold, 2008). In general, Oenothera species require full sun,
well-drained soil and are drought tolerant. Wet soils tend to lead to fungal infections,
but other than this, there are few disease or pest problems (Arnold, 2008).
Occasionally, powdery mildew may establish on the foliage but is easily controlled.
Additionally, metallic flea beetles, Altica litigata, may cause damage to the foliage.
The yellow flowers are very attractive as well as its wispy growth form
(Arnold, 2008). The plant generally reaches 0.75 meters tall by 0.75 meters wide.
Most evening primrose is planted in xeriscapes, southwestern landscapes, rock
gardens, and patio containers.
Evening Primrose as an Herb
Hooker’s evening primrose has oil inside the seed which is thought to have
many health benefits which has led to increased production of this herb in recent
years. The oil in the seed contains an essential fatty acid, γ-linolenic acid (GLA)
which is the herb’s active ingredient (Deng et al., 2001). GLA is not found in the
normal human diet but is an essential intermediate in human metabolism. Those
individuals who have health issues such as diabetes preventing the production of this
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intermediate compound from α-Linolenic acid (an Omega-3 fatty acid) must
supplement their diets to accommodate this (Balch, 2003).
Oenothera biennis, common evening primrose or German rampion, is the
primary crop cultivated for GLA production; however GLA may also be found in
borage (Borrago officinalis), black currant (Ribes nigrum) and hemp (Cannabis
sativa) (Peschel et al., 2007). Oenothera biennis L. is the species most commonly
grown for medicinal use because it is easier on the stomach than the other sources.
A typical O. biennis primrose seed contains over 20% oil of which 9% is GLA
(Barre, 2001). Genetic engineering is being done to increase the GLA content in O.
biennis (Sayanova et al., 1997; Freyssinet & Thomas, 1998). Balch et al. suggests that
O. elata and O. jamesii have similar oil contents to the more widely used O. biennis
(2003). GLA is thought to have many health benefits. Several of the studies
conducted in this area are discussed below.
In the past evening primrose oil (EPO) or GLA has been used to treat several
ailments including dermatitis, rheumatoid arthritis, blood pressure control, immune
diseases, diabetes, respiratory infections, premenstrual syndrome, cancer, and gastric
ulceration (Barre, 2001). Although there were flaws in many of the studies, several
concluded EPO was beneficial in treating dermatitis, rheumatoid arthritis, and blood
pressure (Fiocchi et al., 1994; Bahmer, 1992; Belch et al., 1988; Pullman-Mooar et al.,
1988; Fievet et al., 1985). There have been fewer studies concerning diabetes;
however, some show promise specifically in the area of diabetic neuropathy
(Horrobin, 1997 and 1992). In one study, children being given GLA supplements
missed fewer days of school due to respiratory infections (Venuta et al., 1996).
3
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Not all studies have found EPO to be beneficial. Ulcerative colitis studies
showed no difference between patients receiving placebos and those receiving EPO
(Greenfield et al., 1993). Most evidence does not support the use of EPO for
premenstrual syndrome (Khoo et al., 1990). Still other studies are inconclusive.
There is limited evidence that suggests migraines may be reduced with GLA
supplementation however the study is not double blind which means a need for future
research (Wagner and Nootbaar-Wagner, 1997). Cancer research is something that
needs to be improved upon in this area before any conclusions can be made (Cai et al.,
1999; Jiang et al., 1997).
Enhanced foods have become an important field for nutrition. Many products
have been enriched with Omega-3 fatty acid to improve their overall health profile.
EPO-enriched and cholesterol reduced yogurt was used in a study to determine if
blood cholesterol could be lowered in mice and if the taste was altered after eight
weeks of feeding (Lee et al., 2007). The study suggests there was no difference
between the control and the EPO-enriched yogurt; however, there was a significant
decrease in quality of taste when EPO was added.
Plant byproducts have been heavily sought after for their use as radical
scavengers in dietary supplements, anti-aging compounds in cosmetics, and natural
preservatives in “health” products (Peschel et al., 2007). Peschel et al. suggests
evening primrose cakes created after cold pressing for the oil may be a good source of
antioxidants. The extract ranked higher in total phenolic content when compared to
several already commercialized products like green tea and rosemary.
Current Growth Practices for Oenothera spp.
4
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Oenothera elata is a Texas native species and is not currently grown for
commercial oil production; therefore there is little information in the literature
concerning best management practices. Some potential insights may be gleaned as to
how this crop might be grown by looking at the production practices of other primrose
species. Oenothera biennis is the primrose most commonly grown for EPO
production and provides a potential model for many crop management issues.
Currently most of the production has been moved from Europe and Canada to cooler
and moister environments with inexpensive labor. Much of the production is currently
done in China.
Primrose seeds need after-ripening before they are planted (Harte, 1994).
After ripening appears to occur after 5 months in O. biennis (Ensminger and Ikuma,
1987). Shelf life of primrose seed is six to seven years if seed is stored between 12
and 18°C (Harte, 1994). Low temperatures of 5°C or even freezing soaked seeds
twelve hours or more before planting tends to increase germination. In addition, seed
will not germinate without several hours of artificial or natural light a day
(Schwemmle, 1960). Another study suggests seed irradiation of O. biennis for 36
hours will allow for maximum seed germination (Ensminger and Ikuma, 1987).
Optimal soil temperature for primrose seed germination is 20°C (Harte, 1994).
Oenothera laciniata, cutleaf evening primrose, has maximum germination under 0.5
cm of soil with a temperature of 24°C and no water stress (Clewis et al., 2007).
Primrose may be grown as an annual or biennial. This means you can plant
primrose in the fall or spring. Research suggests the harvest index (seed mass as a %
of total crop biomass) is similar in both fall and spring sown crops (Fieldsend and
5
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Morison, 2000). In England, primrose is often grown as a biennial where the
transplants are planted in August and mature the following year in October. Primrose
may also be grown as an annual where it is planted in April for a November harvest.
In some areas of China where primrose is grown as an annual, O. biennis seed is sown
between 15 March and 15 April (Deng et al., 2001). Seed is covered with 0.4-0.5 cm
of soil. Polyethylene sheeting can be used to increase soil temperature. In other areas,
seeds are sown in a greenhouse first and transplanted later. When growing primrose as
a biennial, the seed is sown in July through September. Primrose having formed a
rosette by autumn can overwinter temperatures as low as -22°C. Seeds are sown at a
rate of 3.0 to 9.5 kg/ha. Optimal germination percentage is 80-98%. Seeds are
normally soaked in water at 40-50°C for 24-48 hrs before planting. Some research
suggests seeds planted in the spring have a higher harvest index when compared to fall
seeded plants (Ghasemnezhad and Honermeier, 2008). This may be due to spring
seedlings having enough chilling for vernalization but do not enough to experience
cold stress. This, along with favorable growing conditions in the spring and summer,
allows spring sown evening primrose to grow faster and produce more seed.
Row spacings of O. biennis in China range from 33-60 cm (Deng et al., 2001).
Seeds are thinned to a density of 75,000 plants per hectare in Shandong to 210,000
plants per hectare in Liaoning and 300,000 plants per hectare in Jilin. Texas native
evening primroses (O. elata, O. jamesii, and O. rhombipetala) were planted at 30 cm,
60 cm, and 90 cm spacings and seed yield and oil content where compared (Murphy et
al., 2004). The study reports that spacing did not influence oil content and even
though individual plant yields were often higher in longer spacings, the overall yield
6
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of the acreage did not change. This suggests growers may want to plant at 90 cm
spacing to minimize transplant costs.
Little information is available concerning fertilizer application and yield
response in Oenothera sp. One study using containerized O. biennis showed there was
an increase in yield with increasing nitrogen levels (Ghasemnezhad and Honermeier,
2008). This is probably because of the increased branching and plant growth
stimulated by the additional fertilizer. This study also showed that GLA content
increased with increasing nitrogen levels.
In China, fields are hand weeded two to four times each growing season (Deng
et al., 2001). Currently, there has been no research conducted to look at the tolerance
of O. elata to herbicide treatments. A few greenhouse studies have evaluated the
tolerance of O. biennis to preemergence and postemergence herbicides. Tri-allate,
pentanochlor, isoxaben, and trifluralin were four pre-emergent herbicides that were
found safe to use on O. biennis (Richardson and West, 1986). In this article, they also
noted propachlor was used in a previous test on O. biennis with some success but in
the later tests did not exhibit tolerance to the herbicide. Richardson and West suggest
a difference in cultivar might be one reason this occurred. Another study discussed
pre-planting application of herbicides as well as post-emergence and combinations of
pre-plant and post-emergence herbicides (Stringer et al., 1985). This study suggests
the post-emergence herbicide ethofumisate used by itself results in a significant
reduction of shoot weight when compared to the untreated control. When using a preplant and post-emergence combination, chlorthal-dimethyl + phenmedipham and
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propachlor + diclofop-methyl killed few plants and had a comparable shoot weight to
the control.
Some species of primrose can act as weeds in an agriculture setting; therefore,
research concerning the control of Oenothera sp. is underway. Previous research
shows Oenothera laciniata is best controlled using a mixture of 2,4-D and glyphosate
or paraquat (Clewis et al., 2007).
Oenothera spp. Pests
Warm, wet conditions, long-term accumulation of water, and overcrowded
plants can cause root rot, leaf light, and loss of leaves (Deng et al., 2001). Altica spp.
is a beetle that feeds on evening primrose (Pettis et al., 2004). In 2002, McKenney et
al. determined that Altica litigata fed significantly on 9 of the 12 Oenothera species
tested (McKenney et al., 2002). The metallic blue to green females oviposit small
orange eggs on the upper and lower sides of the leaves (Pettis et al., 2004). The larvae
hatch and feed on the leaves for the first three instars before dropping to the ground
and emerging the next spring to feed on native vegetation. During some seasons, A.
litigata populations will mass and result in serious predation of Oenothera foliage
resulting in the need for treatment to retain yield. The metathoracic legs on the adults
allow them to scatter easily when disturbed.
Current Harvest of Oenothera biennis
Oenothera biennis is an indeterminate grower resulting in seed ready to harvest
while the plant is still flowering. The lack of a terminal date presents harvesting
issues. In China, primrose flowers from June to September and the capsules ripen
from the middle of August through the first of October (Deng et al., 2001). Plants are
8
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harvested after 2/3 of the capsules have become ripe. A study done by scientists in
England suggest yields are highest when 75% of the pods on a stem are brown
(Simpson and Fieldsend, 1993). In Germany, seed quantity and quality of fall and
spring sown primrose maximizes at 100 and 75-80 days after flowering
(Ghasemnezhad and Honermeier, 2007). Research has shown GLA levels are highest
in mature seed (black) when compared to immature (green or grey) seeds except when
harvest is done too late (Yaniv and Perl, 1987). Another study suggests GLA levels
are higher when temperatures are cooler during seed filling (Yaniv et al., 1989).
Yield of evening primrose is highly variable. The harvest index can be
anywhere from 5-14% (Simpson and Fieldsend, 1993). Grown as a perennial in
England, yields can be as high as 900 kg/ha (Fieldsend and Morison, 2000). A
program led by Scotia Plant Research Unit bred for no-shedding pods doubled the
yield of primrose from 500 kg/ha to 1,000 kg/ha (Simpson and Fieldsend, 1993).
Yield varies from 1,125 kg/ha to 2,700 kg/ha in China under better conditions (Deng
et al., 2001). Some research suggests that both spring and fall sown crops could
produce higher than 1800 kg/ha but much is lost in harvest (Fieldsend and Morison,
2000).
Most primrose is harvested by hand which is a limiting factor in production.
Simpson and Fieldsend compared combine and swath harvesting a non-shedding
cultivar of Oenothera sp. and found that combine harvests had lower yields when
compared to the swathing (1993). They suggest this is because there is still green
tissue on the plants and the seed sticks to the green material during the combine
process. Another study suggests that there is no difference in yield when comparing
9
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harvest treatments of separating the capsules from the plant, using desiccants, or
harvesting traditionally (Ghasemnezhad and Honermeier, 2008). Desiccants were
found to be more beneficial for oil quality and quantity when compared to flame
defoliation (Ghasemnezhad and Honermeier, 2007).
Limited work is being done on the storage of evening primrose seed over time.
One study suggests when storing primrose seed attached to the plant, high storage
temperatures can decrease the GLA levels in the seed in two weeks (Yaniv and Perl,
1987). This result is not true if the seed is stored after removal from the plant. This
indicates the importance of immediately separating and cleaning the seed.
Economics of Oenothera spp.
Herbal product sales are increasing by ten percent a year in the United States
(Coltrain, 2001). In 1990, 2.5% of the U.S. population used some form of herbal
product but by the year 1997, 12% of the population used herbal medicine (Gardiner et
al., 2007). Various analyses have now estimated that around 19% of the U.S.
population uses herbs.
The farm level value of herbs in North America is more than $1 billion
(Coltrain, 2001). Consumers spent over $12 billion on products. Both of these
numbers are increasing by 10% annually. Among herb users in the USA, it is
estimated that 4.7% of them use evening primrose (Gardiner et al., 2007). Evening
primrose oil is thought to take around 14% of the total supplement market (Grocer,
1994). This means annually, consumers spend roughly $1.6 billion dollars on evening
primrose oil. An increasing market for evening primrose oil means an increase in seed

10

Texas Tech University, Amber Bates, May 2012

supply which can come from improved cultivars, expanded production areas, or better
management practices (Simpson and Fieldsend, 1993).
In 2001, China was producing 90% of the world’s supply of evening primrose
because of low labor cost and ideal growing conditions (Deng et al., 2001). In 1986,
cultivation of the crop began after wild seed gathering could no longer keep up with
demand. Global oil demand has been consistently on the rise since 1985 but the
supply (and price) has fluctuated dramatically due to many small farmers with no
knowledge of the world market getting in and out of production. In 1992, the
Liaoning and Jilin provinces of China had an output of seeds of about 10,000 tons but
the export market at that time required 2500-5000 tons (Deng et al., 2001). In 2001,
export demand was estimated at 1000-1200 tons of oil per year. A more recent scope
on supply and demand has not been conducted.
To date there is little information in the literature which discusses best
management practices of Oenothera elata specifically. Therefore, the objectives of
this research were to compare plant growth index, flowering, and yield of Oenothera
elata plants subjected to three irrigation regimes, four fertility rates, and three spacings
and to compare yield of Oenothera elata plants exposed to two harvest methods, four
harvest aid chemicals, eight preemergence herbicides, and eight postemergence
herbicides.
Finally, there is little information in the literature concerning the cost of
production of Oenothera elata. Therefore, using the data in the best management
practices experiments, the objectives were to create a budget to predict what primrose
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oil should be sold for, and to determine the cost effectiveness of some best
management practices.
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CHAPTER II
EVENING PRIMROSE RESPONSE TO FERTIZER, SPACING, AND
IRRIGATION TREATMENTS

Abstract
Oenothera biennis, evening primrose, is a wildflower native to much of the
western United States grown as both an ornamental and for neutraceutical uses.
Gamma linolenic acid (GLA) is found in the oil of the seed and is the herb’s active
ingredient. GLA is used to reduce blood cholesterol levels, ease the side effects of
eczema, and help treat autoimmune diseases. O. biennis is currently grown in over 15
countries with mostly cool moist climates. In recent years, much of the global
production has been moved to China. O. elata, Hooker’s evening primrose, has
similar oil profile to O. biennis but it is adapted to a hotter and dryer climate. This
adaptation would allow for the production of this high value niche crop in more
environmentally demanding locations throughout the United States. In order to
facilitate O. elata to be placed in commercial production for high value cropping, best
management practices for production must be determined. This study focused on
using a combination of different spacing, irrigation, and fertilizer treatments to
determine best management practices for maximum seed yield and plant growth of O.
elata as a row crop. Plots were assigned a 0.3, 0.6, or 0.9 m spacing at planting and
later assigned a fertilizer treatment of 133.79 kg N ha-1, 89.19 kg N ha-1, 44.60 kg N
ha-1, or 0 kg of N ha-1 and an irrigation treatment of 33% ET, 66% ET, or 100% ET.
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Plant growth data was taken throughout the growing season and yield was calculated
at experiment termination.
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Introduction
Oenothera elata Kunth, Hooker’s evening primrose, is a member of the
Onagraceae family (Arnold, 2008). Members of this family can be found worldwide
in mesic and xeric climates. Many members are grown as an ornamental in USDA
hardiness zones 6-11 (Arnold, 2008). Hooker’s evening primrose is an herbaceous
biennial wildflower reaching 0.4 to 2.5 m tall (Dietrich et al., 1997). Yellow flowers
open from June through September near sunrise or sunset (Dietrich et al., 1997;
Correll and Johnston, 1970). Its wispy yellow flowers and height makes it a nice
choice for strong color at the back of the bed. Its drought tolerance and full sun
requirement make it suitable for planting in xeriscapes, southwestern landscapes, rock
gardens, and patio containers (Arnold, 2008).
Oentohera biennis L., common evening primrose, is another member of the
Onagraceae family. This primrose is the species generally grown for pharmaceutical
use. The herb’s active ingredient is an essential fatty acid, gamma-linolenic acid
(GLA) which is found in the seed (Deng et al., 2001). Evening primrose is the most
widely grown pharmaceutical source of GLA as the GLA found in borage (Borrago
officinalis), black currant (Ribes nigrum) and hemp (Cannabis sativa) is harder on the
digestive system (Peschel et al., 2007). Currently, most of the global production of O.
biennis has been moved to mainland China to take advantage of the cool moist climate
and the inexpensive labor. Yaniv and Pearl (1987) reported an increase in temperature
resulted in a decrease in GLA in primrose seed. A typical O. biennis seed contains
20% oil of which 9% is GLA (Barre, 2001); likewise, O. elata has similar oil contents
and profile in warmer climates suggesting it could be used for GLA production in
19
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more xeric areas (Balch et al., 2003). Recently, there has been an interest in the cold
pressed cakes of O. biennis for use as radical scavengers in dietary supplements, antiaging compounds in cosmetics, and natural preservatives in “health” products (Peschel
et al., 2007). Having the same basic attributes would allow O. elata to compete in this
production and marketing niche.
O. biennis is grown commercially in at least fifteen different countries as a
neutraceutical (Carter, 1988). There is little hard information regarding spacing,
irrigation, and fertility practices concerning this crop or O. elata. In China, row
spacings of O. biennis vary from 33-60 cm (Deng et al., 2001). Seeds are thinned to a
density of 75,000, 210,000, and 300,000 plants per hectare in Shandong, Liaoning and
Jilin respectively. In a previous study in the United States, three Texas native evening
primroses (O. elata, O. jamesii, and O. rhombipetala) were planted at 0.3 m, 0.6 m,
and 0.9 m spacings and, although individual plant yields were often higher at 0.6 m
spacings when compared to 0.3 m spacings, overall yield of the acreage was the same
(Murphy et al., 2004). Plants spaced 0.90 m apart caused a reduction in yield. This
suggests growers may want to plant at 60 cm spacing to minimize transplant costs.
Little information is available concerning fertilizer application and yield
response in Oenothera sp. One containerized study found O. biennis had a yield and
GLA increase with increasing nitrogen levels (Ghasemnezhad and Honermeier, 2008).
This was believed to be a result of the increased branching and plant growth
stimulated by the additional fertilizer. Little other fertility work has been reported.
Although, there is limited information about Oenothera sp. yield response to
irrigation, other oilseed-crops have demonstrated increased yields with increased
20
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irrigation. Canola yields averaged 1,168 kg ha-1 when irrigated and 835 kg ha-1 when
cropped dryland (Smith et al., 1988). Similarly, increased yields and decreasing oil
contents were reported with increased irrigation of canola in Montana (Sims et al.,
1993).
There has been some research conducted concerning O. biennis and its
response to fertility and spacing treatments; however, little information exists about
best management practices for O. elata or if O. elata will produce similar results to
those seen in O. biennis. If best management practices were established, this could
lead to an increase in production of O. elata. Therefore, the objective of this
experiment was to compare different spacing, fertility, and irrigation combinations in
order to determine best management practices for the field production of O. elata.
Materials and Methods
Research was conducted in the summer of 2010 and 2011 in Lubbock, Texas.
Transplants were grown at the Texas Tech University Plant and Soil Science Gardens
and Greenhouse Complex (33.65° N: -101.82° W; U.S. Department of Agriculture
hardiness zone 7) and treatments were applied at the Texas Tech University Quaker
Avenue Research Farm (33. 41° N: -101. 54.18° W; U.S. Department of Agriculture
hardiness zone 7).
In December 2009 and 2010, O. elata, seeds were sowed in 22 x 11 cm
rectangular containers (1 L). These containers were then stratified in a commercial
walk-in cooler set at 1°C for eight weeks. In mid-February 2010 and 2011, the
containers were moved from the cooler to a greenhouse bench for germination. The
bench was equipped with a mist system to water to soil saturation three times daily.
21
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After seedlings had two true leaves, seedlings were transplanted in a TLC® 58 Nova
plug tray (TLC Containers L.L.C.; Clifford, Michigan) and then placed back on the
mist bench.

In May 2010 and 2011 plug trays were moved to a shade house outdoors

to acclimatize for several weeks before planting in the field. Containers were watered
each day to soil saturation during the acclimation period.
In mid May 2010 and 2011, seedlings were transplanted at the Quaker Avenue
Research Farm using a Holland Rotary 1 Transplanter (Holland Transplanter Co.,
Holland, Michigan). Seedlings were randomly assigned a 0.3, 0.6, or 0.9 m spacing.
Seedlings assigned a one, two, or three foot spacing were placed in every cone, every
other cone, and every third cone respectively during transplanting. All plants were
watered as needed for establishment. Plants that did not survive the initial transplant
were replaced within two weeks of the first planting.
In late June 2010 and 2011, plants with the same spacing were randomly
assigned a high, medium, low, or no fertility treatment. An 18-6-12 fertilizer was
measured and applied at a rate of 133.79 kg N ha-1, 89.19 kg N ha-1, 44.60 kg N ha-1,
and 0 kg of N ha-1 for the high, medium, low and control treatments respectively.
Plants with like spacing and fertility were randomly assigned a 100%
evapotranspiration (ET), 66% ET, or 33% ET irrigation treatment. Rainbird XeriBug™ two-gallon per hour emitters (XB-20PC; Rain Bird Corporation, Azusa, CA)
were inserted into irrigation tubing to deliver the water. Plants receiving 33%, 66%
and 100% ET were assigned 1, 2, and 3, emitters respectively. Data collection
occurred every two weeks starting in mid to late August 2010 and 2011. Plant height
and width (North/South and East/West) were recorded using a tape measure. Plant
22
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height and the two plant widths were averaged together to determine plant growth
index (PGI) (Behandary et al. 1997). The number of flowers, percent floral density,
and overall rankings were estimated for each plant. At experiment termination, yield
was calculated for each treatment. Pods were harvested by hand and sent trough a belt
thresher. The crushed pods were separated from the seed using standard seed sieves.
Seed were weighed using a Scout Pro scale (SP402; Ohaus Corporation, Pine Brook,
NJ) to determine yield.
Daily weather data (minimum and maximum air temperature, minimum and
maximum relative humidity, total daily incoming shortwave radiation, and wind speed
and direction) were collected at the Quaker Research Farm using a datalogger (Model
23X; Campbell Scientific, Inc., Logan, Utah). Measurements were taken every ten
seconds and hourly means were recorded. Measurements were used to calculated
evapotranspiration (ET).
The experimental design was a conventional split-split plot arrangement of a
randomized complete block design with irrigation as the main plot factor, spacing as
the sub-plot factor, and fertility as the sub-sub plot factor; date of sampling was
analyzed as a repeated measures factor. There were six blocks and within each block
each spacing/fertility/irrigation treatment combination was represented once. Analysis
of variance was used to analyze flower number, PGI, percent floral density, visual
rankings, and yield data using a mixed model with fixed treatment and random blocks
(SAS; Version 9.2 for Windows; SAS Institute, Cary, North Carolina). Mauchly’s
(1940) test was used to test for sphericity. When sphericity was violated, GreenhouseGeisser adjustment to tabular degrees of freedom was used (Kirk, 1995). When factors
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interacted, simple main effect F tests were conducted; significant F tests were
followed with pairwise Fisher’s least significance difference test (P≤0.05). Pairwise
comparisons used error terms specific to the contrast when sphericity was violated
(Kirk, 1995).
Results and Discussion
In 2010, there were no differences in flower number, PGI, floral density, and
appearance among any of the irrigation or fertility treatments. There was an
interaction between date and spacing in 2010. In 2011 there were no differences in
flower number, PGI, floral density, and appearance among any of the fertility
treatments. There were differences among irrigation and spacing treatments. The
2010 season was ideal for plant growth in Lubbock, TX. Precipitation amounts were
higher than average and temperatures were lower than average that year. However, in
2011, there was both record heat and a historic drought during the growing season
which may suggest why differences among irrigation differences occurred this season
and not in 2010.
In 2010, plant overall appearance increased with each increase in spacing
regardless of date (Figure 2.1). For example, on DOY 245 average overall appearance
of plants at 0.3 m spacings was 4.8, 0.6 m spacings was 5.6, and 0.9 m spacings was
5.9. In 2011, generally appearance increased as spacing increased (Figure 2.2). On
DOY 250 and DOY 278 appearances increased with each increase in spacing. On
DOY 264, 0.3 m spacings had a similar visual appearance to 0.6 m and 0.9 m spacing
but 0.6 m spacings did not have a similar visual appearance to 0.9 m spacing. In 2011,
there was also an increase in appearance as irrigation increased in some cases (Figure
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2.3). On DOY 250 and DOY 264 plants watered 100% of ET levels had higher visual
appearances than those watered at 33% or 66% of ET levels. On those days plants
watered with 33% and 66% of ET levels had similar appearances. On DOY 278 there
were no differences in visual appearance due to irrigation. Plant overall appearance
generally decreased as the season progressed in 2010. This is most likely because the
plant had almost stopped flowering and harvest time was nearing by the end of the
data set. Plant energy had shifted from vegetative growth to seed filling. In 2011
appearance increased between DOY 250 and 264 and then decreased on DOY 278. In
2011 plants were slow to mature and had a shorter blooming period than in 2010 due
to the very limited rainfall and excessive heat. Data from 2010 and 2011 indicates that
when O. elata is used as an ornamental, 0.9 m spacing would maximize beauty in the
bed.
As expected, PGI increased with an increase in spacing in 2010 although there
was no clear trend (Figure 2.4). On DOY 259, increases in PGI occurred with each
increase in spacing. On DOY 245 and 273, there was no difference in PGI between
0.3 m and 0.6 m spacings. PGIs for 0.9 m were higher when compared to that of 0.3
m and 0.6 m spacings on those two dates. In 2011, PGI increased with each increase
in spacing similarly in each date (Figure 2.5). Only one line is shown on the graph
because all dates had a similar regression. There was also an increase in PGI between
plants watered at 33% ET levels and those watered 100% ET levels (Figure 2.6).
Again, only one line is shown because data for all dates were pooled. There was no
increase in PGI between plants watered at 33% ET and those watered 66% ET or those
watered 66% ET and those watered 100% ET. PGI had generally increased as the
25
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2010 and 2011 season progressed indicating plants were getting larger as expected.
The increase in PGI at each spacing is most likely because there is less competition
among plants. Begon et al. (1996) defines competition as an interaction between
individuals because of a shared supply of a limited resource, leading to a reduction of
performance.
In 2010, flower number increased with each increase in plant spacing on DOY
245 and DOY 259 (Figure 2.7). For example, on DOY 259, the average number of
flowers per plant was 6, 12, and 17 for 0.3 m, 0.6 m, and 0.9 m spacings respectively.
On the DOY 273 flower numbers were the same regardless of spacing. In 2011, on
DOY 250 the number of flowers per plant with 0.3 m spacing was similar to plants
with 0.6 m spacing and the number of flowers on plants with 0.6 m spacing was
similar to plants with 0.9 m spacing; however, plants with 0.9 m spacing had more
flowers when compared to plants with 0.3 m spacings (Figure 2.8). On DOY 264,
there was an interaction between spacing and irrigation (Figure 2.9). At 33% ET and
66% irrigation levels spacing is not significant, however at 100% ET irrigation levels
flower numbers decreased for plants on 0.3 m spacings when compared to those
planted on 0.6 m or 0.9 m spacings. At 100% ET irrigation levels, flower numbers are
similar for 0.6 m and 0.9 m spacings. On DOY 278, flower number increased with
both irrigation and spacing, but there was no interaction (Figure 2.10). Flower number
increased for plants with 0.9 m spacings when compared to plants with 0.3 m or 0.6 m
spacings. Plants with 0.3 m and 0.6 m spacings had similar flower numbers. Flower
numbers decreased as the season progressed in 2010. This is most likely because data
was not taken for the first time until plants were in full bloom and the full bloom
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period does not last six weeks in Lubbock, TX. The increase in plant size could be
responsible for additional blooms on a plant and likely means more branching. In O.
elata, flowering occurs on every branch, causing a larger plant to have more blooms.
In 2011, flower numbers were highest on DOY 264. It appears the increased
temperatures and drought stress caused a delay in flowering and a shorter period of
flowering.
Floral density increased with each increase in spacing on DOY 245 and DOY
259 for 2010 (Figure 2.11). Floral density was 13%, 17% and 21% for 0.3 m, 0.6 m,
and 0.9 m spacings respectively on DOY 245. On DOY 273 floral density was the
same (5%-6%) regardless of spacing treatment. Floral densities were highest on DOY
245. Similar results were seen in 2011 where the data was pulled (Figure 2.12). Floral
density increased with each increase in spacing regardless of date.
Yield increased with each increase in spacing in 2010 (Figure 2.13). In 2011,
yields varied with different spacings (Figure 2.14). Plants at 0.9 m spacings had
higher yields than those at 0.3 m spacings. Similar yields were observed between
plants at 0.3 m and 0.6 m spacings and plants at 0.6 m and 0.9 m spacings. Overall,
the yield for 2011 was less than 2010 due to the dramatically reduced rainfall and
increased temperatures during the 2011 growing season.
Based on this research, it may be beneficial to plant O. elata on 0.9 m spacings
regardless of use. This increases appearance when used as an ornamental and does not
cause a reduction in yield when grown for oil. It should be noted this will also
decrease production costs and increase profit. Conversely, Murphey et al. (2004)
reported that O. elata had a reduction in yield when planted at 0.9 m spacings when
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compared to 0.6 m spacings. O. biennis also has a different recommended planting
rate when compared to O. elata. O. biennis is planted at 0.33 m to 0.6 m spacings for
maximum yield (Deng et al., 2001). Spacing at 0.9 m may be of increasing
importance during unseasonably warm years or during times of limited rainfall, as
there will be less competition for the limited water.
It may not be beneficial to grow O. elata as a dryland crop in regions with less
than 45.7 cm of rainfall a year. There were no differences in plants grown at 66% ET
and 100% ET irrigation levels in 2011 indicating O. elata has some drought tolerance.
O. elata yields could be increased with 40 cm or less irrigation/precipitation during the
growing season. Cotton would likely be the alternative crop in this area. Wanjura et
al., (2002) suggested cotton grown with drip irrigation in Lubbock, TX had a
maximum lint yield at 74 cm of irrigation/precipitation. As water becomes scarce, this
may be an acceptable niche crop for some growers.
It is important to note the 2010 and 2011 growing seasons were very different
which could explain why there was a response to irrigation in 2011 and not in 2010.
In 2010, the hottest month was August with temperatures averaging 34 °C (National
Weather Service, 2010). There was 38.6 cm of rain from May through October while
the plant was in the field. Approximately 27.5 cm was reported before August when
plants had vegetative growth. In 2011, the hottest month was much earlier in the
growing season (National Weather Service, 2011). Temperatures averaged 38.2 °C in
June and remained 37.3 °C on average in August. 2011 was the fourth warmest year
on record. Rainfall during the growing season was 8.2 cm with 6.6 cm occurring in
September and October when the plant is flowering and seed filling. For this region,
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2011 was the driest year on record. There was 5x the rainfall in 2010 when compared
to 2011. With the record heat and drought in 2011, soil profiles depleted early in the
growing season so irrigation was of extreme importance given the limited water
resources. In 2010, precipitation was frequent during the growing season so water was
not as limiting.
Data suggests O. elata has no measureable PGI, floral density, visual
appearance, flower number, or yield response to fertilizer. This suggests O. elata
requires minimal inputs for field production. Conversely, Granic (1988) recommends
80 to 100 kg N ha-1 at the 3-5 leaf stage for Oenothera sp. In a greenhouse study,
Ghasemnezhad and Honermeier (2008) reported that maximum yields were produced
at 2 g N per container (the maximum dose studied). The limited fertilizer required by
O. elata would decrease production costs and increase profits while producing the
same yield.
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Fig. 2.1. Effects of three spacings (0.3 m, 0.6 m, and 0.9 m) on visual appearance of
field grown O. elata in Lubbock, TX in 2010. Vertical bars represent standard error
(SE) of the mean. SE is smaller than symbol when vertical bar is not shown.
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Fig. 2.2. Effects of three spacings (0.3 m, 0.6 m, and 0.9 m) on visual appearance of
field grown O. elata in Lubbock, TX in 2011. Vertical bars represent standard error
(SE) of the mean. SE is smaller than symbol when vertical bar is not shown.
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Fig. 2.3. Effects of three irrigation treatments (33% ET, 66 % ET, and 100% ET) on
visual appearance of field grown O. elata in Lubbock, TX in 2011. Vertical bars
represent standard error (SE) of the mean. SE is smaller than symbol when vertical
bar is not shown.
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Fig. 2.4. Effects of three spacings (0.3 m, 0.6 m, and 0.9 m) on plant growth index
(PGI) of field grown O. elata in Lubbock, TX in 2010. Vertical bars represent
standard error (SE) of the mean. SE is smaller than symbol when vertical bar is not
shown.
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Fig. 2.5. Effects of three spacings (0.3 m, 0.6 m, and 0.9 m) on plant growth index
(PGI) of field grown O. elata in Lubbock, TX in 2011. Vertical bars represent
standard error (SE) of the mean. SE is smaller than symbol when vertical bar is not
shown. Only one line is show because dates were pooled.
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Fig. 2.6. Effects of three irrigation treatments (33% ET, 66% ET, and 100% ET) on
plant growth index (PGI) of field grown O. elata in Lubbock, TX in 2011. Vertical
bars represent standard error (SE) of the mean. SE is smaller than symbol when
vertical bar is not shown. Only one line is show because data were pooled.
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Fig. 2.7. Effects of three spacings (0.3 m, 0.6 m, and 0.9 m) on flower number of field
grown O. elata in Lubbock, TX in 2010.
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Fig. 2.8. Effects of a spacing (0.3 m, 0.6 m, and 0.9 m) and irrigation (33%ET, 66%
ET, and 100% ET) interaction on flower number of field grown O. elata in Lubbock,
TX in 2010 on DOY 250. Regression lines were pooled over irrigations.
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Fig. 2.9. Effects of a spacing (0.3 m, 0.6 m, and 0.9 m) and irrigation (33%ET, 66%
ET, and 100% ET) interaction on flower number of field grown O. elata in Lubbock,
TX in 2010 on DOY 264. The single line represents regression for 100% ET.
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Fig. 2.10. Effects of a spacing (0.3 m, 0.6 m, and 0.9 m) and irrigation (33%ET, 66%
ET, and 100% ET) interaction on flower number of field grown O. elata in Lubbock,
TX in 2010 on DOY 278. The single line represents regression for 100% ET.
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Fig. 2.11. Effects of three spacings (0.3 m, 0.6 m, and 0.9 m) on percent floral density
of field grown O. elata in Lubbock, TX in 2010. Vertical bars represent standard error
(SE) of the mean. SE is smaller than symbol when vertical bar is not shown.
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Fig. 2.12. Effects of three spacings (0.3 m, 0.6 m, and 0.9 m) on percent floral density
of field grown O. elata in Lubbock, TX in 2011. Vertical bars represent standard error
(SE) of the mean. SE is smaller than symbol when vertical bar is not shown. One line
is shown because dates are pooled.
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Fig. 2.13. Effects of three spacings (0.3 m, 0.6 m, and 0.9 m) on yield of field grown
O. elata in Lubbock, TX in 2010. Vertical bars represent standard error (SE) of the
mean. SE is smaller than symbol when vertical bar is not shown.
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Fig. 2.14. Effects of three spacings (0.3 m, 0.6 m, and 0.9 m) on yield of field grown
O. elata in Lubbock, TX in 2011. Vertical bars represent standard error (SE) of the
mean. SE is smaller than symbol when vertical bar is not shown.
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CHAPTER III
TOLERANCE OF OENOTHERA ELATA KUNTH TRANSPLANTS TO
POSTEMERGENCE HERBICIDES

Abstract
Experiments were conducted in 2010 and 2011 at Texas Tech University in Lubbock,
TX. One Oenothera elata Kunth seedling (7 cm wide) was transplanted into 11.3 liter
pots. Herbicide treatments consisted of glyphosate at 1.68 kg ai ha-1, glufosinate at
0.84 kg ai ha-1, fenoxaprop at 0.10 kg ai ha-1, fluazifop at 0.45 kg ai ha-1, sulfosulfuron
at 0.06 kg ai ha-1 + a non-ionic surfactant at 0.25% v/v, quinclorac at 0.42 kg ai ha-1 +
methylated seed oil at 0.5% v/v, mesotrione at 0.21 kg ai ha-1, and quinclorac +
mecoprop + dicamba at 0.69 kg ai ha-1 + methylated seed soil at 0.5% v/v. Fluazifop
(14%) and fenoxaprop (19%) treatments exhibited phytotoxicity similar to the
untreated check 7 days after treatment (DAT). Quinclorac, glyphosate, and
sulfosulfuron exhibited O. elata phytotoxicity of 26 to 37%, regardless of treatment, 7
DAT. Phytotoxicity ≥ 50% was observed for mesotrione, quinclorac + mcpp +
dicamba, and glufosinate 7 DAT. O. elata phytotoxicity increased for all treatments by
28 DAT. Fluazifop (21%) was the only treatment that exhibited phytotoxicity similar
to the untreated check 28 DAT. Fenoxaprop, glyphosate, and glufosinate produced O.
elata phytotoxicity of 31 to 40%, regardless of treatment, 28 DAT. Phytotoxicity ≥
58% was observed for quinclorac, mesotrione, sulfosulfuron, and quinclorac + mcpp +
dicamba 28 DAT. Fluazifop exhibited similar above-ground (12.4 g) and belowground (16.4 g) biomass as the untreated check (10.8 and 14.7 g, respectively) 28
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DAT. All other treatments exhibited 1.6 to 5 g above-ground and 0.8 to 4.3 g belowground biomass 28 DAT. Fluazifop (24.3) and fenoxaprop (18.8) treatments exhibited
a PGI similar to the untreated check (24.7) 28 DAT. A PGI index ≤ 16.2 was observed
for all other treatments 28 DAT, with the lowest PGI index (8.6) exhibited by
quinclorac + mcpp + dicamba.
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Introduction
Hooker’s evening primrose (Oenothera elata Kunth) is a biennial to shortlived perennial herb that grows 0.4 to 2.5 m tall (Dietrich et al,. 1997). Plants can be
found as far north as Oregon, south as Panama, east as East Texas, and west as coastal
California in a variety of habitats ranging from xeric to aquatic (Arnold, 2008;
Dietrich et al., 1997). Leaves are dull green to gray-green in color with bluntly dentate
or sub-entire margins (Dietrich et al., 1997). Flowers (3 to 3.5 cm wide) occur from
June through September and give rise to gray-green seed capsules 2 to 6.5 cm long
(Correll and Johnston, 1979; Dietrich et al., 1997). Seed capsules split into four
sections and may contain as many as 500 seeds (Harte, 1994).
Drought tolerance and the production of showy flowers have led to the
utilization of O. elata in landscapes throughout USDA hardiness zones 6 - 11 (Arnold,
2008). Common evening primrose (Oenothera biennis L.) is commercially grown for
seed production in over 15 different countries (Carter, 1988). O. biennis seed oil
contains γ-linolenic acid (GLA), which has been used to treat ailments including
dermatitis, rheumatoid arthritis, high blood pressure, immune diseases, diabetes,
respiratory infections, and cancer (Barre, 2001, Deng et al., 2001). In recent years, O.
biennis cakes created from cold pressing practices for oil have been heavily sought
after for their use as radical scavengers in dietary supplements, anti-aging compounds
in cosmetics, and natural preservatives in “health” products (Peschel et al., 2007). Oil
production throughout the world reached 3,000 to 5,000 tons in the later part of the
20th century (Simpson and Fieldsend, 1993). Demand for Oenothera spp. seed
multiplied 10 to 15-fold over a period of 15 years during this same time frame
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(Simpson and Fieldsend, 1993). Similar seed production and oil content has been
documented in O. elata; however, cultivation of this species has been limited (Balch et
al., 2003).
Several Oenothera spp. have been identified as difficult to control weeds in
agronomic environments. O. biennis is a problem in glyphosate resistant crops grown
primarily in Iowa (Owen, 2008) and along roadsides and waste areas in Canada (Hall
et al., 1998). Cutleaf evening primrose (Oenothera laciniata Hill) has become an
increasing problem in cotton production in the southern United States following the
rapid adoption of conservation tillage (Culpepper et al., 2005). Tolerance to several
postemergence herbicides has also led to an increase in O. laciniata in horticultural
crops such as pecans and strawberries (Gilreath and Santos, 2005; Smith et al., 2001).
Previous research has focused on the efficacy of several postemergence
herbicides for the control of Oenothera spp. present in agronomic crops. Glyphosate
(0.84 kg ae ha-1) and paraquat (0.7 kg ai ha-1) applied alone exhibited 60 and 56%
control of O. laciniata, respectively, 28 days after treatment (DAT) (Culpepper et al.,
2005). Tank-mixing glyphosate (0.84 kg ae ha-1) with 2,4-D (0.56 kg ai ha-1) increased
O. laciniata control to 97% 28 DAT. Reynolds et al. (2000) observed similar control
(80 to 100%) 28 DAT when tank-mixing glyphosate (0.56 kg ae ha-1) and paraquat
(0.53 kg ai ha-1) with 2,4-D (0.75 kg ai ha-1). Combinations of glyphosate (0.84 kg ai
ha-1) plus flumioxazin (0.036 kg ai ha-1) and paraquat (0.7 kg ai ha-1) plus dicamba
(0.28 kg ai ha-1) provided 83% control of O. laciniata 28 DAT (Culpepper et al.,
2005). However, Stringer et al. (1985) only observed 9 to 12% control and a 23 to
41% reduction in shoot weight of O. biennis 4 weeks after treatment (WAT) in
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response to ethofumesate at 0.4 and 1.6 kg ai ha-1. Mesotrione at a rate of 0.035 to
0.14 kg ha-1 only provided 35 to 50% control of O. laciniata 4 WAT in corn (Armel et
al., 2003).
Varied responses of Oenothera spp. to postemergence herbicides suggests that
options may exist for the control of weeds present within O. elata when grown as a
field crop. Enhanced weed control during early establishment may reduce competition
for water and nutrients as well as increase seed yield. Therefore, the objective of this
research was to determine the tolerance of O. elata grown in the greenhouse to various
postemergence herbicides.
Materials and Methods
Experiments were conducted in 2010 and 2011 at the Texas Tech University
Plant and Soil Science Greenhouse in Lubbock, TX. One four-month-old O. elata
seedling (approximately 7 cm wide) was transplanted into 11.3 liter pots containing a
Brownfield sandy clay loam (Loamy, mixed, superactive, thermic Arenic Aridic
Paleustalfs) with a pH of 8.1 and organic matter content of 1.4%. Slow release
fertilizer (14N – 14P2O5 – 14K2O) (Osmocote. The Scotts Company LLC, Scottslawn
Rd., Marysville, OH 43041) was applied at the time of transplant at a rate of 97 kg ha-1
N. Greenhouse temperatures were maintained at 34/26 C (day/night) with average
midday (1200 and 1300 hr) solar radiation ranging from 636 to 754 µmol m-2 s-1.
Irrigation was supplied through an overhead irrigation system calibrated to deliver
approximately 3.8 cm of water wk-1. Transplants were allowed to grow and acclimate
for 28 days before the application of herbicide treatments. Pots were arranged in a
randomized complete block design with five replications. Herbicide treatments were
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applied July 13, 2010 and May 5, 2011, and consisted of glyphosate (Roundup
ProMax®, Monsanto Co., 700 Chesterfield Parkway North, St. Louis, MO 63167) at
1.68 kg ai ha-1, glufosinate (Finale®, Bayer Environmental Science, 2 T.W. Alexander
Dr., Research Triangle Park, NC 27709) at 0.84 kg ai ha-1, fenoxaprop (Acclaim
Extra®, Bayer Environmental Science, 2 T.W. Alexander Dr., Research Triangle Park,
NC 27709) at 0.10 kg ai ha-1, fluazifop (Fusilade II®, Syngenta Professional Products,
P.O. Box 18300, Greensboro, NC 27419) at 0.45 kg ai ha-1, sulfosulfuron (Certainty®,
Monsanto Co., 700 Chesterfield Parkway North, St. Louis, MO 63167) at 0.06 kg ai
ha-1 + a non-ionic surfactant (X-77® non-ionic surfactant, Loveland Industries Inc.,
Greeley, CO 80632) at 0.25% v/v, quinclorac (Drive XLR8®, BASF Specialty
Products, 26 Davis Dr., Research Triangle Park, NC 27709) at 0.42 kg ai ha-1 +
methylated seed oil (Dyne-Amic®, Helena Chemical Company, 225 Schilling Blvd.,
Suite 300, Collierville, TN 38017) at 0.5% v/v, mesotrione (Tenacity®, Syngenta
Professional Products, P.O. Box 18300, Greensboro, NC 27419) at 0.21 kg ai ha-1, and
quinclorac + mecoprop + dicamba (Onetime®, BASF Specialty Products, 26 Davis
Dr., Research Triangle Park, NC 27709) at 0.69 kg ai ha-1 + methylated seed oil
(Dyne-Amic®, Helena Chemical Company, 225 Schilling Blvd., Suite 300,
Collierville, TN 38017) at 0.5% v/v. An untreated check was included for comparison.
Treatments were applied using a CO2 pressurized backpack sprayer equipped with
XR8004VS nozzle tips (Teejet, flat-fan extended range spray tips. Spraying Systems
Co., North Ave. and Schmale Rd., Wheaton, IL 60129) calibrated to deliver 375 L ha-1
at 221 kPa.
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Data collected included O. elata phytotoxicity, biomass measurements, and
plant growth index (PGI). Phytotoxicity was evaluated 7 and 28 DAT on a scale of 0
(no O. elata phytotoxicity) to 100% (complete plant death). Plants were destructively
harvested 28 DAT in both experiments. Plants were divided into shoots and roots,
dried, and weighed to determine above-ground and below-ground biomass (g). Plant
height and two plant widths (perpendicular to each other) were recorded 28 DAT in
order to calculate plant growth index. PGI was calculated by averaging the plant
height and two plant widths according to Behandary et al. (1997). Percent O. elata
phytotoxicity, biomass measurements, and PGI were arcsine square root transformed
prior to analysis. Transformation did not improve variance homogeneity; therefore,
non-transformed data were used in analysis and presentation. There were no
significant run-by-treatment interactions, so data were combined and subjected to
analysis of variance, using error partitioning appropriate to a randomized complete
block design analysis in the general linear models procedure provided by SAS (SAS,
Statistical Analysis Systems, 2002-2008, Release 9.2, Statistical Analysis Systems
Institute, Cary, NC 27513). Means were separated using Fisher’s protected LSD at the
0.05 significance level.
Results and Discussion
Phytotoxicity. Fluazifop (14%) and fenoxaprop (19%) treatments exhibited
phytotoxicity similar to the untreated check 7 DAT (Table 1). Quinclorac, glyphosate,
and sulfosulfuron exhibited O. elata phytotoxicity of 26 to 37%, regardless of
treatment, 7 DAT. Phytotoxicity ≥ 50% was observed for mesotrione, quinclorac +
mcpp + dicamba, and glufosinate 7 DAT.
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O. elata phytotoxicity increased for all treatments by 28 DAT (Table 1).
Fluazifop (21%) was the only treatment that exhibited phytotoxicity similar to the
untreated check 28 DAT. Fenoxaprop, glyphosate, and glufosinate produced O. elata
phytotoxicity of 31 to 40%, regardless of treatment, 28 DAT. Culpepper et al. (2005)
observed slightly greater injury (60%) of O. laciniata with applications of glyphosate
at (0.84 kg ae ha-1) 28 DAT, while Shankle et al. (2001) observed 91% control 3 WAT
with glyphosate at 1.1 kg ae ha-1. Phytotoxicity ≥ 58% was observed for quinclorac,
mesotrione, sulfosulfuron, and quinclorac + mcpp + dicamba 28 DAT, with the
highest level of phytotoxicity (90%) exhibited by quinclorac + mcpp + dicamba.
Armel et al. (2003) observed 35 to 50% control of O. laciniata 4 WAT in response to
mesotrione at 0.035 to 0.14 kg ai ha-1. Mesotrione at 0.21 kg ai ha-1 exhibited 63% O.
elata phytotoxicity 28 DAT in our research.
Biomass (g). Fluazifop exhibited similar above-ground (12.4 g) and below-ground
(16.4 g) biomass as the untreated check (10.8 and 14.7 g, respectively) 28 DAT. All
other treatments exhibited 1.6 to 5 g above-ground biomass and 0.8 to 4.3 g belowground biomass 28 DAT. Stringer et al. (1985) observed only 9 to 12% injury of O.
lanciniata with 23 to 41% reduction in shoot fresh weight 4 WAT in response to
ethofumesate applied at 0.4 to 1.6 kg ai ha-1.
Plant Growth Index. Fluazifop (24.3) and fenoxaprop (18.8) treatments exhibited a
plant growth index similar to the untreated check (24.7) 28 DAT (Table 1). A plant
growth index ≤ 16.2 was observed for all other treatments 28 DAT, with the lowest
plant growth index (8.6) exhibited by quinclorac + mcpp + dicamba.
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Methods employed in this research may have accounted for greater O. elata
phytotoxicity. Plants grown under greenhouse conditions are often more susceptible to
herbicides, and therefore exhibit higher levels of phytotoxicity. Lingenfelter and
Curran (2007) observed 98% control of wirestem muhly [Muhlenbergia frondosa
(Poir.) Fern.] in the greenhouse in response to glyphosate (0.42 and 0.84 kg ai ha-1) 4
WAT. The same applications made in the field only exhibited 60 to 87% control 4
WAT depending on year or location. Conversely, Coffman and Gentner (1980)
reported 68 and 30% Italian ryegrass (Lolium multiflorum Lam.) phytotoxicity 1 WAT
in response to trifluralin at 1.1 kg ai ha-1 when applied in the field and greenhouse,
respectively. Transplant size may also have an effect on herbicide phytotoxicity. O.
elata transplants utilized in our research were 7 cm wide and allowed to grow and
acclimate for 28 days in the greenhouse before herbicide application. Larger
transplants or a longer acclimation period may have reduced herbicide phytotoxicity.
Miller et al. (2003) observed greater yields (34 kg ha-1 x 1000-1) of large transplant (5
to 6 true leaf) cabbage (Brassica oleracea L.) compared to small transplants (4 to 5
true leaf) (5 kg ha-1 x 1000-1) in response to preemergence applications of
pendimethalin at 1.7 kg ai ha-1.
Based upon the results of this trial, fenoxaprop and fluazifop may be used for
postemergence weed control in O. elata without causing excessive phytotoxicity and
growth reduction. Although non-selective herbicides, glyphosate and glufosinate,
exhibited ≤ 40% O. elata phytotoxicity 28 DAT, large reductions in biomass and PGI
may result in too high of a yield loss to warrant use.
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Table 3.1. Response of Oenothera elata Kunth to postemergence herbicides in the greenhouse in Lubbock, TX.a
Treatment

Rate
kg ai ha-1

7 DATb
__

28 DAT

% phytotoxicity__

Above-ground
__________

Below-ground

PGI

biomass (g)__________

Untreated check

____

0

0

10.8

14.7

24.7

Glyphosate

1.68

34

35

2.4

1.5

14.6

quinclorac + mcpp + dicambac

0.69

56

90

1.7

0.8

8.6

Glufosinate

0.84

59

40

2.4

1.1

15.5

Fenoxaprop

0.1

19

31

5

4.3

18.8

Fluazifop

0.45

14

21

12.4

16.4

24.3

Mesotrione

0.21

50

63

3.6

1.4

12.3

Sulfosulfuron

0.06

37

69

2

1.1

16.2

quinclorac

0.42

26

58

1.6

0.8

14.3

LSD

____

19

28

5.6

9.9

8.1

aData

were pooled across experimental runs.
Abbreviations:
DAT, days after treatment; PGI, plant growth index.
b
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cQuinclorac

+ mcpp + dicamba and quinclorac alone were applied with a methylated seed oil at 0.5% v/v. Sulfosulfuron was
applied with a non-ionic surfactant at 0.5% v/v.
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CHAPTER IV
TOLERANCE OF OENOTHERA ELATA KUNTH TRANSPLANTS TO
PREEMERGENCE HERBIDICES

Abstract
Research was conducted in 2010 and 2011 at Texas Tech University in
Lubbock, TX. Herbicide treatments were applied on July 13, 2010 and April 5, 2011
and consisted of oxadiazon at 3.4 kg ai ha-1, isoxaben at 0.56 kg ai ha-1, oryzalin at
2.24 kg ai ha-1, prodiamine at 1.68 kg ai ha-1, dithiopyr at 0.56 kg ai ha-1, metolachlor
at 2.13 kg ai ha-1, pendimethalin at 0.67 kg ai ha-1, and isoxaben + trifluralin at 2.8 kg
ai ha-1. One Oenothera elata Kunth seedling (7 cm wide) was transplanted into 11.3
cm pots two days after treatment (DAT). Dithiopyr (8%) and metolachlor (12%)
treatments exhibited similar phytotoxicity to the untreated check 7 DAT. Phytotoxicity
≥ 13% was observed for trifluralin + isoxaben, pendimethalin, prodiamine, oryzalin,
isoxaben, and oxadiazon 7 DAT, with the highest level of phytotoxicity (24%)
exhibited by trifluralin + isoxaben treatments. O. elata phytotoxicity decreased for all
treatments except trifluralin + isoxaben, pendimethalin, and oryzalin 28 DAT.
Oryzalin (16%) and trifluralin + isoxaben (60%) were the only two treatments that did
not exhibit similar phytotoxicity to the untreated check 28 DAT. Pendimethalin,
prodiamine, dithiopyr, metolachlor, isoxaben, and oxadiazon all exhibited ≤ 13% O.
elata phytotoxicity 28 DAT. There were no significant differences in above-ground or
belowground biomass of any of the treatments when compared to the untreated check
28 DAT. Trifluralin + isoxaben (0.27g) and oryzalin (0.26g) exhibited the lowest
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above-ground biomass, while pendimethalin, prodiamine, dithiopyr, and isoxaben all
exhibited higher above-ground biomass (0.54 to 0.63 g) than the untreated check (0.53
g) 28 DAT. All treatments exhibited below-ground biomass (0.17 to 0.25 g) less than
the untreated check (0.29 g) 28 DAT. No significant differences in plant growth index
(PGI) were detected for any of the treatments when compared to the untreated check
28 DAT. Prodiamine (11.1), isoxaben (11.7), and dithiopyr (12.5) exhibited a PGI
higher than the untreated check (10.9) 28 DAT, while trifluralin + isoxaben (6.5) and
oryzalin (7.1) exhibited the lowest PGI.
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Introduction
Hooker’s evening primrose (Oenothera elata Kunth) is a biennial to shortlived perennial native to areas as far north as Oregon, south as Panama, east as East
Texas, and west as coastal California (Dietrich et al. 1997). Plants are often found in
full sun along streams and rocky slopes as well as in meadows and disturbed areas
(Arnold 2008, Dietrich et al. 1997). O. elata shoots (0.4 to 2.5 m tall) emerge from the
center of a basal rosette at approximately the 20 to 50 leaf stage (Dietrich et al. 1997,
Harte 1994). Leaves are dull green to gray-green with bluntly dentate or sub-entire
margins (Dietrich et al. 1997). Showy yellow flowers (3 to 3.5 cm wide) usually only
occur once at sunrise or sunset during periods of long days and short nights (Correll
and Johnston 1970, Dietrich et al. 1997, Harte 1994). Flowers are pollinated by hawk
moths (family Sphingidae) and give rise to seed capsules measuring 2 to 6.5 cm long
(Dietrich et al. 1997). Each capsule splits in four places and contains up to 500 seeds
(Harte 1994).
Drought tolerance and floral attributes of O. elata have led to its use as an
ornamental plant in xeriscapes throughout arid and semi-arid regions of the United
States (Arnold 2008). Common evening primrose (Oenothera biennis L.) has been
commercially cultivated in over 15 countries for seed oil production (Carter 1988). O.
biennis oil contains high levels of γ-linolenic acid (GLA), an Omega-3 fatty acid
essential for human metabolism (Deng et al. 2001). Ailments including dermatitis,
rheumatoid arthritis, high blood pressure, immune diseases, diabetes, respiratory
infections, and cancer have been treated with O. biennis oil (Barre 2001). Recent
interest in Omega-3 enriched foods has led to the evaluation of cold pressing cakes
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formed during oil extraction for anti-aging compounds in cosmetics, radical
scavengers in dietary supplements, and natural preservatives in “health” products
(Peschel et al. 2007). O. biennis seed normally contains 20% oil of which 9% is GLA
(Barre 2001). Similar oil content has been reported for O. elata; however, cultivation
has been limited (Balch et al. 2003).
In many areas of the world, Oenothera spp. are considered difficult to control
weeds. The increase in conservation tillage practices in the southern U. S. has
increased the severity of cutleaf evening primrose (Oenothera lanciniata Hill)
infestations in cotton (Culpepper et al. 2005). Tolerance of O. lanciniata to several
postemergence herbicide applications has also increased its prevalence in horticultural
crops such as pecans and strawberries (Gilreath and Santos 2005, Smith et al. 2001).
O. biennis has also been observed along roadsides and waste areas in Canada (Hall et
al. 1998) and in glyphosate tolerant crops in Iowa (Owen 2008).
The presence of weeds in agricultural fields may increase the time and costs of
crop production as well as reduce crop yields and quality (Anderson 1996). Bridges
(1992) estimated that the average annual monetary loss due to weed competition in 46
U.S. grown crops was $4.1 billion in 1991. Losses are directly proportionate to the
amount of light, water, and nutrients that weeds intercept from the agronomic crops
they infest (Buchanan and Burns 1970). The critical weed free period for many crops
exists during early establishment. The critical weed free period for sorghum (Sorghum
bicolor L.), beets (Beta vulgaris L.), and field beans (Phaseolus vulgaris L.) to prevent
yield loss is 4, 9 to 12, and 5 to 7 weeks, respectively (Burnside and Wicks 1967;
Dawson 1964; Dawson 1965). Early critical weed free periods and phytotoxicity
62

Texas Tech University, Amber Bates, May 2012

concerns associated with many postemergence herbicides make preemergence
herbicide applications even more important.
O. biennis is often established from seed, but due to poor germination, O. elata
is first propagated in the greenhouse and transplanted into the field during the rosette
stage. Few research trials have focused on the tolerance of Oenothera spp. to
preemergence herbicides. Richardson and West (1986) observed no reduction in O.
biennis fresh shoot weight grown from seed 42 days after treatment (DAT) in response
to isoxaben (0.075 kg ai ha-1) and trifluralin (1.0 and 2.0 kg ai ha-1). However,
applications of simazine (0.25 and 0.5 kg ai ha-1), chlorsulfuron (0.01 and 0.02 kg ai
ha-1), and metsulfuron (0.00375 and 0.0075 kg ai ha-1) were lethal to O. biennis 42
DAT. Stringer et al. (1985) reported 91 to 100% survival of seeded O. biennis 68 DAT
in response to trifluralin (0.8 kg ai ha-1), EPTC (2.0 kg ai ha-1), propachlor (4.0 kg ai
ha-1), and linuron (0.25 kg ai ha-1). Linuron (1.0 kg ai ha-1) and lenacil (0.5 or 2.0 kg ai
ha-1) reduced O. biennis survival below 9% 68 DAT.
No research has investigated the response of O. elata transplants to
preemergence herbicides. Varied phytotoxic responses of Oenothera spp. to
preemergence herbicides suggests that options may exist for the safe control of weeds
present within O. elata when grown as a field crop. Enhanced weed control during
early establishment may reduce competition for water and nutrients as well as increase
seed yield. Therefore, the objective of this research was to determine the tolerance of
O. elata transplants grown in the greenhouse to various preemergence herbicides.
Materials and Methods
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Experiments were conducted in 2010 and 2011 at the Texas Tech University
Plant and Soil Science Greenhouse in Lubbock, TX. Pots (11.3 liters) were filled with
a Brownfield sandy clay loam (Loamy, mixed, superactive, thermic Arenic Aridic
Paleustalfs) with a pH of 8.1 and organic matter content of 1.4%. The trial was
arranged in a randomized complete block design with five replications. Herbicide
treatments were applied on July 13, 2010 and April 5, 2011 and consisted of
oxadiazon (Ronstar FLO. Bayer Environmental Science, 2 T.W. Alexander Dr.,
Research Triangle Park, NC 27709) at 3.4 kg ai ha-1, isoxaben (Gallery. Dow
AgroSciences LLC., 9330 Zionsville Rd., Indianapolis, IN 46268) at 0.56 kg ai ha-1,
oryzalin (Surflan. United Phosphorous Inc., 630 Freedom Business Center, King of
Prussia, PA 19406) at 2.24 kg ai ha-1, prodiamine (Barricade. Syngenta Professional
Products, P.O. Box 18300, Greensboro, NC 27419) at 1.68 kg ai ha-1, dithiopyr
(Dimension. Dow AgroSciences LLC., 9330 Zionsville Rd., Indianapolis, IN 46268)
at 0.56 kg ai ha-1, metolachlor (Pennant Magnum. Syngenta Professional Products,
P.O. Box 18300, Greensboro, NC 27419) at 2.13 kg ai ha-1, pendimethalin (Pendulum.
BASF Specialty Products, 26 Davis Dr., Research Triangle Park, NC 27709) at 0.67
kg ai ha-1, and isoxaben + trifluralin (Snapshot. Dow AgroSciences LLC., 9330
Zionsville Rd., Indianapolis, IN 46268) at 2.8 kg ai ha-1. An untreated check was
included for comparison. Treatments were applied using a CO2 pressurized backpack
sprayer equipped with XR8004VS Teejet nozzle tips (Teejet, flat-fan extended range
spray tips. Spraying Systems Co., North Ave. and Schmale Rd., Wheaton, IL 60129)
calibrated to deliver 375 L ha-1 at 221 kPa. One four-month-old O. elata seedling
(approximately 7 cm wide) was transplanted into each pot 2 DAT. Slow release
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fertilizer (14 - 14 - 14) (Osmocote. The Scotts Company LLC, Scottslawn Rd.,
Marysville, OH 43041) was applied at the time of transplant at a rate of 94 kg ha-1 N.
Greenhouse temperatures were maintained at 34/26 C (day/night) with average
midday (1200 and 1300 hr) solar radiation ranging from 636 to 754 µmol m-2 s-1.
Irrigation was supplied through an overhead irrigation system calibrated to deliver
approximately 3.8 cm of water wk-1.
Data collected included O. elata phytotoxicity, biomass measurements, and
plant growth index (PGI). Phytotoxicity was evaluated 7 and 28 DAT on a scale of 0
(no O. elata phytotoxicity) to 100% (complete plant death). Plants were destructively
harvested 28 DAT in both experiments. Plants were divided into shoots and roots,
dried, and weighed to determine above-ground and below-ground biomass (g). Plant
height and two plant widths (perpendicular to each other) were recorded 28 DAT in
order to calculate PGI. PGI was calculated by averaging the plant height and two plant
widths according to Behandary et al. (1997). Percent O. elata phytotoxicity, biomass
measurements, and PGI were arcsine square root transformed prior to analysis.
Transformation did not improve variance homogeneity; therefore, non-transformed
data were used in analysis and presentation. There were no significant run-bytreatment interactions, so data were combined and subjected to analysis of variance,
using error partitioning appropriate to a randomized complete block design analysis in
the general linear models procedure provided by SAS (SAS, Statistical Analysis
Systems, 2002-2008, Release 9.2, Statistical Analysis Systems Institute, Cary, NC
27513). Means were separated using Fisher’s protected LSD at the 0.05 significance
level.
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Results and Discussion
Phytotoxicity. Dithiopyr (8%) and metolachlor (12%) treatments exhibited similar
phytotoxicity to the untreated check 7 DAT (Table 4.1). Derr (1993) observed similar
phytotoxicity (0 to 12%) 2 weeks after treatment (WAT) to transplants of lanceleaf
coreopsis (Coreopsis lanceolata L.), ox-eye daisy (Chrysanthemum leucantheum L.),
blanket flower (Gaillardia aristata Pursh), and purple coneflower [Echinacea
purpurea (L.) Moench.] in response to metolachlor at 4.5 and 9.0 kg ai ha-1.
Phytotoxicity ≥ 13% was observed for trifluralin + isoxaben, pendimethalin,
prodiamine, oryzalin, isoxaben, and oxadiazon 7 DAT, with the highest level of
phytotoxicity (24%) exhibited by trifluralin + isoxaben treatments.
O. elata phytotoxicity decreased for all treatments except trifluralin +
isoxaben, pendimethalin, and oryzalin 28 DAT (Table 4.1). Oryzalin (16%) and
trifluralin + isoxaben (60%) were the only two treatments that did not exhibit similar
phytotoxicity to the untreated check 28 DAT. Similar phytotoxicity (2.1 to 2.6 on a
scale of 1 = no injury to 5 = dead plant) was observed on begonia [Begonia
semperflorens-cultorum L. hybrid Group cv. ‘Vodka’] and salvia [Salvia splendens F.
Sellow ex Roem. & Schult cv. ‘Fireball’] 30 DAT in response to trifluralin + isoxaben
at 3.4 kg ai ha-1 (Thetford et al. 1995). Pendimethalin, prodiamine, dithiopyr,
metolachlor, isoxaben, and oxadiazon all exhibited ≤ 13% O. elata phytotoxicity 28
DAT. Gilreath et al. (2008) observed similar phytotoxicity of four true-leaf leek
(Allium porrum L.) transplants to pendimethalin (11%) at 1.1 kg ai ha-1, but greater
phytotoxicity in response to metolachlor (38%) at 2.3 kg ai ha-1 and prodiamine (18%)
at 1.7 kg ai ha-1 4 weeks after planting.
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Biomass (g). There were no significant differences in above-ground or below-ground
biomass of any of the treatments when compared to the untreated check 28 DAT
(Table 4.1). Trifluralin + isoxaben (0.27g) and oryzalin (0.26g) exhibited the lowest
above-ground biomass, while pendimethalin, prodiamine, dithiopyr, and isoxaben all
exhibited higher above-ground biomass (0.54 to 0.63 g) than the untreated check (0.53
g) 28 DAT. Neal and Senesac (1990) reported no reduction in above-ground biomass
of stock plant division transplants of plantain lily (Hosta lancifolia Engl. cv.
‘Albomarginata’) 92 days after initial treatment in response to sequential applications
of isoxaben (1.1 kg ai ha-1), oryzalin (4.5 kg ai ha-1), and trifluralin + isoxaben (4.24
kg ai ha-1). All treatments in our research exhibited below-ground biomass (0.17 to
0.25 g) less than the untreated check (0.29 g) 28 DAT. Derr and Salihu (1996)
observed similar below-ground biomass results (0.4 to 0.9 g) on abelia (Abelia x
grandiflora x A. Schumannii Rehd. cv. ‘Edward Goucher’) 5 weeks after sequential
application of oxadiazon (4.48 kg ai ha-1), isoxaben (1.12 kg ai ha-1), and oryzalin
(4.48 kg ai ha-1) compared to the untreated check (1.4 g).
Plant growth index. No significant differences in PGI were detected for any of the
treatments when compared to the untreated check 28 DAT (Table 4.1). Prodiamine
(11.1), isoxaben (11.7), and dithiopyr (12.5) exhibited a PGI higher than the untreated
check (10.9) 28 DAT, while trifluralin + isoxaben (6.5) and oryzalin (7.1) exhibited
the lowest PGI.
Methods employed in this research may have accounted for greater O. elata
phytotoxicity. Plants grown under greenhouse conditions are often more susceptible to
herbicides, and therefore exhibit higher levels of phytotoxicity. Lingenfelter and
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Curran (2007) observed 98% control of wirestem muhly (Muhlenbergia frondosa
(Poir.) Fern.) in the greenhouse in response to glyphosate (0.42 and 0.84 kg ai ha-1) 4
WAT. The same applications made in the field only exhibited 60 to 87% control 4
WAT depending on year or location. Conversely, Coffman and Gentner (1980)
reported 68 and 30% Italian ryegrass (Lolium multiflorum Lam.) phytotoxicity 1 WAT
in response to trifluralin at 1.1 kg ai ha-1 when applied in the field and greenhouse,
respectively. Transplant size may also have an effect on herbicide phytotoxicity. O.
elata transplants utilized in our research were 7 cm wide when herbicides were
applied. Larger transplants may have reduced herbicide phytotoxicity. Derr and Salihu
(1996) reported that a decrease in efficacy of several preemergence herbicides on
redtip photinia (Photinia x fraserii Lindl.), azalea (Rhododendron obtusum Planch. cv.
‘Tradition’), abelia (Abelia x grandiflora x A. Schumannii Rehd.), and Japanese holly
(Ilex crenata Thunb. cv. ‘Helleri’) may have been caused by an increase in plant size.
Miller et al. (2003) observed greater yields (34 kg ha-1 x 1000-1) of large transplant (5
to 6 true leaf) cabbage (Brassica oleracea L.) compared to small transplants (4 to 5
true leaf) (5 kg ha-1 x 1000-1) in response to preemergence applications of
pendimethalin at 1.7 kg ai ha-1.
Based upon the results of this trial, pendimethalin, prodiamine, dithiopyr,
metolachlor, oryzalin, isoxaben, and oxadiazon may be used for preemergence weed
control in O. elata without causing excessive phytotoxicity and growth reduction.
Trifluralin + isoxaben treatments exhibited 60% O. elata phytotoxicity 28 DAT,
which may result in too high of a yield loss to warrant use.
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Table 4.1. Response of Oenothera elata Kunth to preemergence herbicides in the greenhouse in
Lubbock, TX. a
Treatment

Rate
kg ai ha-1

_

28 DAT

Aboveground

% phytotoxicity_

________

Belowground

PGI

biomass (g)________

Untreated

____

0

0

0.53

0.29

10.9

trifluralin + isoxaben

2.8

24

60

0.27

0.19

6.5

pendimethalin

0.67

13

13

0.58

0.17

10.6

prodiamine

1.68

15

6

0.57

0.25

11.1

dithiopyr

0.56

8

4

0.63

0.23

12.5

metolachlor

2.13

12

9

0.41

0.2

9.1

oryzalin

2.24

14

16

0.26

0.23

7.1

isoxaben

0.56

13

7

0.54

0.21

11.7

oxadiazon

3.4

15

10

0.39

0.21

8.1

12

15

0.34

0.15

5.4

LSD
a

7 DATb

Data were pooled across experimental runs.
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b

Abbreviations: DAT, days after treatment; PGI, plant growth index.
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CHAPTER V
YIELD RESPONSE OF HOOKER’S EVENING PRIMROSE TO HARVEST
TREATMENTS

Abstract
Common evening primrose (Oenothera biennis L.) is a wildflower currently
grown for ornamental and medicinal purposes. The gamma linolenic acid (GLA)
found in the seed is the herb’s active ingredient. GLA has been shown to reduce
cholesterol, help treat autoimmune diseases, and reduce the side effects of eczema.
Currently, common evening primrose is grown primarily in China and in the northern
United States and Canada where the climates are cool and moist. Hooker’s evening
primrose (Oenothera elata Kunth) has a similar oil profile to common evening
primrose but is adapted to a more hot and arid environment. Common evening
primrose is primarily hand harvested to prevent shattering given its indeterminate
growth habit increasing the cost and keeping it from being more widely grown. Little
research has been done to see if this crop has potential to be mechanically harvested.
This study focused on comparing yields of Hooker’s evening primrose harvested with
a Hege research combine (Hans-Ulrich Hege, Wurtt, Germany) or by hand and with
the use of three crop defoliants compared to a water control. Paraquat (1,1’-dimethyl4,4’-bipyridinium dichloride), Ethephon ((2-chloroethyl) phosphonic acid), and a
mixture of Ethephon + Cyclanilide (1-(2,4-dichlorophenylaminocarbonyl)cyclopropane carboxylic acid) and Thidiazuron (N’phenyl-N’-1,2,3-thidiazol-5ylurea) + Diuron (3-(3,4-dichlorophenyl)-1,1-dimethylurea) defoliants were sprayed
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on the crop in October of 2009 and 2010. Two weeks after application, the crop was
hand harvested and yields were compared to the control. There were no differences in
yield when comparing the control to the harvest aid treatments in either year. In
November of 2010 and 2011, plants were harvested by hand or using a Hege research
combine and yields were compared. There were no differences in yield when
comparing the two harvest methods. These results open the potential for producers to
mechanically harvest this crop reducing labor expense without sacrificing yield.
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Introduction
Hooker’s evening primrose (Oenothera elata Kunth) is a wildflower that can
be found as far north as Oregon, south as Panama, east as East Texas, and west as
coastal California (Dietrich et al., 1997). It is commonly found in a variety of places
including rock slopes, along streams, disturbed areas, and meadows (Dietrich et al.,
1997). The plant can reach up to 2.5 meters tall and requires full sun (Deitrich et al.,
1997; Arnold, 2002). Bright yellow flowers open at sunrise or sunset during periods
of long days and short nights (Correll and Johnston, 1970; Harte, 1994). The showy
flowers, drought tolerance, and full architecture lead to occasional use in landscapes.
Evening primrose can be grown for pharmaceutical use. The seed contains an
essential fatty acid, gamma-linolenic acid (GLA) which is the herb’s active ingredient
(Deng et al., 2001). GLA can also be found in borage (Borrago officinalis), black
currant (Ribes nigrum) and hemp (Cannabis sativa); however, evening primrose is the
primary source of GLA used in pharmaceuticals because it is gentle on the stomach
(Peschel et al., 2007). Common evening primrose (Oenothera biennis), is the primary
species grown for oil production at this time with a typical seed containing 20% oil of
which 9% is GLA (Barre, 2001); however, Hooker’s evening primrose has similar oil
profile suggesting it could be used for GLA production in the future (Balch et al.,
2003). More recently, there has been an interest in the byproducts of common evening
primrose for use as radical scavengers in dietary supplements, anti-aging compounds
in cosmetics, and natural preservatives in “health” products (Peschel et al., 2007). At
this time, the industry is maturing and new potentials for this crop continue to arise.
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Common evening primrose is grown commercially in at least 15 different
countries (Carter, 1988). Currently, China is one of the lead producers given its cool
moist climate and available labor. Common evening primrose flowers in China from
June to September, and capsules ripen from the middle of August through the first of
October (Deng et al., 2001). Plants are harvested after 2/3 of the capsules have
become ripe. In England, yields are highest when 75% of the pods on a stem are
brown (Simpson and Fieldsend, 1993). GLA rates are highest in mature seed (black)
when compared to immature (green or grey) seeds except when harvest is done too
late (Yaniv and Perl, 1987).
Yield of common evening primrose is highly variable. The harvest index can
range from 5-14% (Simpson and Fieldsend, 1993). In England, yields can be as high
as 900 kg ha-1 when the plant is grown as a perennial but research suggests both spring
and fall sown crops should produce greater than 1800 kg ha-1 but much is lost in
harvest (Fieldsend and Morison, 2000). Yield varies from 1,125 kg ha-1 to 2,700 kg
ha-1 in China where there are better growing conditions (Deng et al., 2001). A
breeding program by Scotia Plant Research Unit doubled yield of common evening
primrose from 500 kg ha-1 to 1,000 kg ha-1 by selecting for no-shedding pods
(Simpson and Fieldsend, 1993). In 2009, yields approaching 1800 kg ha-1 were
mechanically harvested in Texas for Hooker’s evening primrose (McKenney, 2009).
Most primrose is harvested by hand because the water content in the leaves is
still high when the pod matures causing machinery to clog (Deng et al., 2001).
Simpson and Fieldsend compared combine and swath harvesting on a non-shedding
cultivar of primrose and found that combine harvests had lower yields when compared
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to the swathing (1993). They suggest this is because there is still green tissue on the
plants and the seed sticks to the green material during the combine process. Another
study suggests that there is no difference in yield when comparing harvest treatments
of separating the capsules from the plant, using desiccants, or harvesting traditionally
(Ghasemnezhad and Honermeier, 2008). Desiccants were found to be more
beneficial for oil quality and quantity when compared to flame defoliation
(Ghasemnezhad and Honermeier, 2007).
There has been some research conducted concerning common evening
primrose harvest methods; however little information exists about potential harvest
practices of Hooker’s evening primrose or if Hooker’s evening primrose will have
similar results when harvested like common evening primrose. Better established
harvest methods could lead to an increase in production of this species. Therefore, the
objectives of this experiment were: 1) to evaluate the use of four defoliants for use as a
harvest aid and 2) to compare the use of two different harvest methods for Hooker’s
evening primrose.
Materials and Methods
Research was conducted at the Texas Tech University Plant and Soil Science
Gardens and Greenhouse Complex (33.65° N: -101.82° W; U.S. Department of
Agriculture hardiness zone 7) and at the Texas Tech University Quaker Avenue
Research Farm (33. 41° N: -101. 54.18° W; U.S. Department of Agriculture hardiness
zone 7) located in Lubbock, Texas.
In December 2009, 2010, and 2011 Hooker’s evening primrose seeds were
planted in 22 x 11 cm rectangular containers (1L) and placed in a commercial walk-in
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cooler at 1°C for eight weeks to allow for stratification. Every February, the
containers were removed from the cooler and placed on greenhouse benches under a
mist system to allow for germination. After seedlings had two true leaves, seedlings
were planted in a TLC® 58 Nova plug tray (TLC Containers L.L.C.; Clifford,
Michigan). Containers were watered each day to saturation. In April, all seedlings
were placed outdoors under a hoop house to acclimatize. Containers were watered
each day to soil saturation.
In early May, seedlings were transplanted at 0.61 m spacings at the Quaker
Avenue Research Farm using a Holland Rotary 1 Transplanter (Holland Transplanter
Co., Holland, Michigan). The soil is classified as a Brownfield sandy clay loam
(loamy, mixed, superactive, thermic Arenic Aridic Paleustalfs) with a pH of 8.1 and
organic matter content of 1.4%. Plants were weeded and irrigated according to
standard practice throughout the growing season.
Experiment 1
In late October 2009 and 2010, 6.1 m plots were randomly assigned one of
four defoliation treatments. Control plants were sprayed with water. Plants assigned
a Paraquat (Gramoxone, Syngenta Crop Protection Inc., P.O. Box 18300, Greensboro,
NC 27419) treatment were sprayed using a rate of 1.12 kg ai ha-1. The Ethephon
(Super Boll, Etigra 501 Cascade Pointe Ln., Cary, NC 27513) treatment was sprayed
using a rate of 4.48 kg ai ha-1 and the Ethephon + Cyclanilide (Finish, Bayer Crop
Science LP, 2 T. W. Alexander Dr., Research Triangle Park, NC 27709) and
Thidiazuron +Diuron (Ginstar, Bayer Crop Science LP, 2 T. W. Alexander Dr.,
Research Triangle Park, NC 27709) mix treatment used a rate of 1.47 kg ai ha-1 and
79

Texas Tech University, Amber Bates, May 2012

0.42 kg a.i. ha-1 respectively. All chemicals were sprayed using a CO2 pressured
backpack sprayer equipped with 8002VS nozzle tips (Teejet, flat-fan spray tips.
Spraying Systems Co., North Ave. and Schmale Rd., Wheaton, IL 60129). At time of
spray in 2009 average wind speeds were 5.6 km h-1 and the temperature was 14.4°C.
At time of spray in 2010 average wind speeds were 24.1 km h-1 and the temperature
was 24.4°C so plots were sprayed between gusts to prevent drift.
Two weeks after spray, pods were hand harvested and sent through a belt
thresher. The crushed pods were separated from the seed using standard seed sieves.
Seed were weighed using a Scout Pro scale (SP402; Ohaus Corporation, Pine Brook,
NJ) to determine yield.
Experiment 2
In early November of 2010 and 2011, 12.2 m plots were randomly assigned
one of two harvest treatments. Plots assigned a hand harvest treatment were harvested
using pruners. Plots assigned a machine harvest treatment were harvested using a
Hege research combine (Model 125; Hans-Ulrich Hege, Wurtt, Germany). Pods
harvested from either treatment were sent through a belt thresher. The crushed pods
were then separated from seed using standard seed sieves. Seeds were weighed using
a Scout Pro scale (SP404; Ohaus Corporation, Pine Brook, NJ) to determine yield.
Both experiments were conducted as randomized complete block designs.
There were four blocks and within each block each treatment was randomly assigned
to a 12.2 m plot. Analysis of variance was used to analyze yield data using a mixed
model with fixed treatment and random blocks (Version 9.2 for Windows; SAS
institute, Cary, North Carolina). For experiment one, Mauchly’s (1940) test was used
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to test for sphericity. Significant F tests were following with pairwise Fisher’s least
significance difference test (P≤ 0.05).
Results and Discussion
Experiment 1
In 2009 and 2010, Ethephon had lower yields when compared to the other two
defoliants and the control, although not statistically significant (Table 5.1). In 2009,
average yield per plot for the Paraquat treatment was 100.0 g, the Ethephon treatment
was 41.2 g, the Ethephon + Cyclanilide and Thidiazuron + Diuron mix was 88.1 g,
and the water control was 88.3 g (Table 5.1). The 2010 growing season was an
especially wet year in comparison to 2009 resulting in higher yields across all
treatments and the control. In 2010, the Ethephon treatment again had the lowest yield
average with 122.4 g. The average yield per plot for the Paraquat treatment was 136.8
g, the Ethephon + Cyclanilide and Thidiazuron + Diuron mix was 156.3 g, and the
water control was 135.6 g (Table 5.1). These results confirmed the results seen by
Ghasemnezhad and Honermeier (2008) who saw no differences in yield when
comparing a defoliant treatment of 1.5l kg ha-1 diquat to traditional harvest or
removing the pods from the plant and drying at 40°C. Another study by
Ghasemnezhad and Honermeier (2007) showed an increase in yield of evening
primrose when sprayed with diquat 3.0l kg ha-1 when compared to conventional
harvest. This would suggest use of defoliants would be acceptable. Defoliants other
than Ethephon may be preferred. In this study, Ethephon had the lowest yield each
season. Deng et al. (2001) states one major limitation to machine harvesting evening
primrose is the green material often gums up harvest equipment. The defoliants could
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decrease water content in plant materials enough to use harvest equipment. Defoliants
could also increase capsule shatter when harvesting causing seed loss. This may be
overcome by correct harvest timing and by identifying and utilizing a more shatter
resistant line than is currently available. Most crops can be harvested 4-10 days after
defoliant application unless there are adverse weather conditions like cold weather,
high humidity levels, or precipitation (Palmer and Sanderson, 1976). In these cases
growers may have to wait longer than 10 days to harvest.
Experiment 2
In 2010 and 2011, yields were decreased by using the Hege research combine,
although not significantly (Table 5.2). The average yields for hand harvest plots for
2010 and 2011 were 135.6 g and 202.9 g respectively (Table 5.2). The average yields
for the Hege research combine plots for 2010 and 2011 were 113.0 g and 123.6 g
respectively (Table 5.2). Research has also suggested a decrease in yield can be
expected with O. Biennis when combine harvested when compared to swathing
(Simpson and Fieldsand, 1993). It should be noted, during both harvest years seed
was visibly lost from the combine during harvest by passing through the equipment
freely due to the small seed size. In an attempt to reduce this seed loss, all air volume
was stopped. This visibly reduced seed loss in the field during both harvests. There is
a high potential that adjustments could be made to existing equipment to help improve
yield during mechanical harvesting. Researchers have also suggested seed loss
resulting from direct combine harvesting may be due to plant stems not being allowed
to dry out allowing the seed to stick to the moist plant material.
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A combination of desiccants and combine harvest adjustments may be suitable
for harvesting O. elata. While, the use of the combine and desiccants did not reduced
yield in this experiment, the plant was green enough at harvest to cause the equipment
to jam. This increased the time it would have taken to harvest as well as allowed more
seed to be lost. The desiccant may prove to defoliate the plant and ripen the capsule
while at the same time, decreasing the water content enough for a timely combine
harvest.
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Table. 5.1. Yield response of Hooker’s evening primrose to harvest aids in Lubbock,
TX. a Each number is the mean of 4 blocks. Mean separation within columns is not
significant at the 0.05 level.

Year

Treatment

Rate
kg ai ha-1

2009

2010

Seed yield per 6.1 m2
______

g ______

Untreated

____

Paraquat

1.12

100

Ethephon

4.48

41.2

Ethephon +
Cyclanilide/
Thidiazuron +
Diuron

1.47 / 0.42

88.1

Untreated

____

135.6

Paraquat

1.12

136.8

Ethephon

4.48

122.4

Ethephon +
Cyclanilide/
Thidiazuron +
Diuron

1.47 / 0.42

156.3
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Table. 5.2. Yield response of Hooker’s evening primrose to harvest methods in
Lubbock, TX. a Each number is the mean of 4 blocks. Mean separation within
columns is not significant at the 0.05 level.
Year

Treatment

Seed yield per 12.2 m2
______

2010

2011

g ______

Hand

135.6 a

Hege

113

Hand

202.9

Hege

123.6
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CHAPTER VI
ECONOMICS OF LUBBOCK, TEXAS GROWN HOOKER’S EVENING
PRIMROSE (O. elata)

Abstract
Hooker’s evening primrose, Oenothera elata Kunth., can be grown as an
annual in the landscape in USDA hardiness zones 6 through 11. It has a full
architecture and showy yellow flowers that make a nice addition to the landscape. O.
biennis L., common evening primrose, is currently grown for the oil in the seed.
Evening primrose oil (EPO) has many omega-6 essential fatty acids, one of which is γlinolenic acid (GLA) and has been used to treat aliments such as premenstrual
syndrome (PMS), diabetes, scleroderma, Sjogren’s syndrome (an autoimmune
condition), and eczema. O. elata has similar oil contents making it suitable for GLA
production. O. elata is able to grow in warmer climates than O. biennis. Research
shows herbal sales are increasing by as much as 10% a year and almost 20% of the
population now takes an herbal supplement daily. This could indicate an increased
demand for GLA in the future. Currently there is little research indicating the cost of
production or what level of input is profitable in Oenothera sp. Therefore the
objective of this research was to create a budget to determine the price required per
pound of seed in order to realize a profit growing O. elata. Using data from the 20092011 growing seasons and custom agriculture rates for Texas, a budget was created.
Whenever possible, custom rates for cotton were used because this would most likely
88

Texas Tech University, Amber Bates, May 2012

be the alternative crop produced. Data indicated production costs for O. elata will be
$1767.86 per acre. Growers would need to secure a price of $0.46 per lb of seed in
order to break even.
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Introduction
Oenothera elata Kunth, Hooker’s evening primrose, can be grown as an
herbaceous perennial in USDA hardiness zones 6 through 11 if given full sun and
well-drained soil (Corell and Johnson, 1979; Arnold, 2008). Its full architecture,
showy yellow flowers and drought tolerance make it a nice addition in a xeriscape,
southwest landscape or rock garden or as an accent in the back of a perennial bed, or
in a patio container (Arnold, 2008).
Oenothera biennis L., common evening primrose, is used to treat a number of
ailments including: premenstrual syndrome (PMS), diabetes, scleroderma, Sjogren’s
syndrome (an autoimmune condition), and eczema (Khalsa, 2007). Evening primrose
oil (EPO) has many omega-6 essential fatty acids, one of which is γ-linolenic acid
(GLA) which is thought to be the herb’s natural active ingredient (Khalsa, 2007).
GLA is also found in black currant, borage, and fungal oils (Barre, 2001); however,
these oils may cause stomach irritation, thus, O. biennis is most commonly used in the
industry because of its digestibility. GLA is used as a neutraceutical providing a
necessary fatty acid for individuals that cannot metabolize omega-3s effectively
(Balch, 2000).
O. biennis typically contains 15% protein, 24% oil, and 43% cellulose plus
lignin (Hudson, 1984). The fatty acids can be broken down further to 65-80% linoleic
acid and 7-14% of GLA with 9% the industry standard (Hudson, 1984). Previous
research indicates that O. elata has a similar oil profile and is suitable for GLA
production (Balch et al., 2003).
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Americans are starting to accept the idea of alternative medicines. Herbal
product sales are increasing by ten percent a year in the United States (Coltrain, 2001).
Alternative medicines are being more widely accepted throughout the United States.
The use of herbs for health reasons is increasing. In 1990, 2.5% of the U.S. population
used some form of herbal product but by the year 1997, 12% of the population used
herbal medicine (Gardiner et al., 2007). It is estimated that around 19% of the U.S.
population uses herbs (Gardiner et al., 2007). An increase in herbal supplement sales
should make the demand for evening primrose even greater in the future.
The farm level value of herbs in North America is more than $1 billion
(Coltrain, 2001). Consumers spent over $12 billion on products. Both of these
numbers are increasing by 10% annually. Among herb users in the USA, it is
estimated that 4.7% of them use evening primrose (Gardiner et al., 2007). Evening
primrose oil is thought to take around 14% of the total supplement market (The
Grocer, 1994). This means annually, consumers spend roughly $1.6 billion dollars on
evening primrose oil.
Research suggests O. elata may be a high value alternative crop for more arid
regions. To encourage production of this crop, a budget and break even analysis must
be calculated and profit maximization should be determined.
Best management practices influence production costs as well as yield. The
availability of water on the rolling high plains and many other semi-arid places is of
big concern. Decreasing water levels will continue to increase water costs (Taylor et
al., 2009). With the current legislation passed in Texas in 2012, the farmer needs to
think immediately about what the profit maximizing level of water is for a crop.
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Crops will have an increase in yield when there is an increase in available water. A
study in 2009 revealed when there is a decrease in water availability, the yield of
green pepper is decreased (Gadissa and Chemeda, 2009). Crops have a negative yield
response with an increase in water after a point, indicating it is possible to overwater
crops. When this point is reached, additional water will not further increase yields.
For example, Wanjura et al. (2002) reported that maximum lint yields for cotton
irrigated with a drip system in Lubbock, TX were reached at 74 cm. Additional water
caused a decrease in yield. It is possible to overspend on water and decrease profits.
Roberts et al. (2006) suggests if farmers could apply variable rates of water across a
field based on plant needs, then the farmer could receive higher profits.
Increasing fertilizer rates often increases yields. Increasing fertilizer costs are
causing farmers to ask if additional fertilizer amounts are worth the cost. An increase
in essential oils is seen in mint with an increase in fertilizer rates up to a point, but
then yield does not differ with increased fertilizer application (Alsafar and Al-Hassan,
2009). In switchgrass, applying fertilizer at a rate of over sixty pounds per acre does
not increase yields any further (Mooney et al., 2008).
Although spacing does not have many input costs, it is important to think about
what spacing maximizes yields, thus maximizing profit for the farmer. In some crops
like switchgrass, the denser the crop is planted, the higher the yield (Mooney et al.,
2008).

A partial budgeting technique to determine optimum plant population in

cotton was necessary because of rising seed costs (Larson et al., 2003). Researchers
recommend seeding at a rate of 15.5 plants per square meter for cotton (Larson et al.,
2003).
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In Canada it was reported 700 kg ha-1 of seed must be harvested in order for
production of O. biennis to be plausible (Belisle, 1990), but overall little research has
been done concerning production costs of Oenothera sp. Growers will be hesitant to
grow a new crop without some form of economic analysis; therefore the objective of
this research was to determine cost of production and thus the price required per
pound of seed in order to make a profit growing O. elata. This information will lay
the groundwork for future economic research for this species.
Theoretical Framework
In order for the value of evening primrose seed for oil to be determined, a
budget must be created. A budget is a financial plan of future operation. The
producer must look at both the inputs and outputs of the enterprise system in order to
make a profit. These inputs or factors include ownership and operating costs. The
sales of outputs or products are revenue from the end products being sold (James and
Eberle, 2000).
Farmers are considered to be price takers for inputs purchased and outputs
sold, so it is important for farmers to manage their resources in such a way to ensure
profit maximization (Wang et al., 2009). In order to ensure highest profits, farmers
should attempt to decrease production costs. Production costs in this experiment are
variable costs of production plus established costs annualized and can be modeled in
Equation 6.1.
OE production = OE fertilizer + OE irrigation + OE insecticide + OE herbicide
+ OE establishment + OE labor + OE harvest
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In this equation, OE production is evening primrose production cost, OE fertilizer is
fertilizer costs, OE irrigation is irrigation costs, OE insecticide is insecticide costs, OE
herbicide is herbicide costs, OE establishment is establishment costs, OE labor is
labor costs, and OE harvest is harvest costs. Fertilizer, water, herbicide, and harvest
costs can be highly variable and costly. Because increasing profit means decreasing
production costs, research will deal with trying to increase revenue for the grower.
Assuming a grower knows all inputs and the potential yield for the crop, he or
she can determine how much revenue the crop must bring to break even. This concept
can be shown in Equation 6.2.
Break even price = Total Costs
Expected Yield

(Equation 6.2)

This is a useful equation for a grower who is interested in growing a niche market crop
and has difficulty finding what the few current competitors are selling for. The selling
price for O. elata seed needs to be determined.
Production functions must be created to determine how a farmer could
maximize profitability of their enterprise. A production function describes the rate at
which resources are transported into products (Doll and Orazem, 1984). A typical
production function is shown in Equation 6.3,
Y= f(X1, X2, X3, …, Xn-1 | Xn),

(Equation 6.3)

where Y is yield and X1, X2, etc. are inputs. Y is the output or yield which is often
times called the total physical product (Doll and Orazem, 1984).
Average physical product (APP) is the total amount of output divided by the
number of units of input involved. APP can be calculated using Equation 6.4,
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APP = Y/X,

(Equation 6.4)

where Y is yield or output and X is units of input. This measures the average rate at
which an input is transformed into a product (Doll and Orazem, 1984).
Marginal physical product (MPP) is the change in output or yield resulting
from a change in inputs. MPP can be calculated using Equation 6.5 or 6.6,
MPP = ∆Y/∆X

(Equation 6.5)

or
MPP = dY/ dX,

(Equation 6.6)

where ∆Y is change in yield, ∆X is change in units of input, and dY/dX is the first
derivative of Y with respect to X. The MPP is the slope of the total production curve
(Doll and Orazem, 1984).
Graphically total physical product (TPP), APP, and MPP can be represented as
seen in Figures 6.1 and 6.2. Figure 6.1 shows an example of a TPP curve. Figure 6.2
shows both the MPP and APP curves. Using the production function and the
information given above, farmers can indicate a range for inputs so they can stay in
Stage II production (Doll and Orazem, 1984). This is desirable because during Stage
II production growers maximize profit. Stage II begins where average physical
product equals marginal physical product and ends when marginal physical product
equals zero (Doll and Orazem, 1984).
Production functions will be created using the commonly used quadratic
method. Belanger et al. (2000) conducted a study comparing the effectiveness of three
statistical models when studying potato yield response to nitrogen fertilizer. They
suggest the quadratic and exponential models are better for creating production
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functions when compared to the square root model. Economically optimum amounts
of fertilizer were slightly greater for the quadratic model when compared to
exponential model but both were very accurate. In 2006, a study looking at corn
response to nitrogen and tillage rates also used the quadratic method (Kwaw-mensah
and Al-Kaisi, 2006).
Assuming a production function is available and one knows the costs involved
to operate, he or she can determine profit maximization. Profit must be determined
first. Profit can be written algebraically as Equation 6.7,
π = PyY – PxX – OTC,

(Equation 6.7)

where π is profit, Py is the total value product, PxX is the price of the input times the
input, and OTC is the other total costs (Doll and Orazem, 1984).
Profits are maximized when the slope of the total value product function equals
the slope of the total cost curve (Doll and Orazem, 1984). To maximize the function
in the above paragraph, the first derivative must be set to zero (Doll and Orazem,
1984). This can be written algebraically resulting in Equation 6.8.
π = Py(dY/dX) – Px = 0
Py (dY/dX) = Px
Py*MPP = Px
VMP = MIC (Doll and Orazem, 1984)

(Equation 6.8)

Graphically this can be shown in Figure 6.3, where VMP is value of marginal product
and MIC is marginal input cost. In this case, MIC is the same as the price of input
(Doll and Orazem, 1984).
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Profit is also sometimes called net revenue (Cochran et al., 2005). Net revenue
can be written more simply in Equation 6.9,
NR = PyY – IC,

(Equation 6.9)

where NR is net revenue, Py is price, Y equals yield and IC equals input costs (Cochran
et al., 2005). If a farmer is going to realize profit, net revenue needs to be a positive
number. If a farmer cannot cover the cost of his inputs, he or she will not be able to
remain in business indefinitely if he or she continues to run things the same as before.
Results and Discussion
Table 6.1 describes the projected budget for the 2012 growing season.
Information to build this budget was based on current field practice and best
management practices. Hand labor hours were approximated based on the average
from the 2010 and 2011 growing seasons. Although O. biennis is planted at 2 ft
spacings (Deng et al., 2001), our data suggests that 3 foot spacings are optimal for O.
elata. There is no yield loss using 2 ft spacings. Fertilizer rates of 40 lb N A-1 were
also found to be optimal. The species also seems to be fairly drought tolerant.
Because O. elata is not currently grown for commercial production, several
assumptions had to be made. Irrigated cotton rates were used for rent because this
would be the most likely alternative crop for growers in this area. The cost of
transplants was based on cantaloupe production in Texas. Because there are no
custom rates available for transplanting, sprigging rates were used. It is also assumed
the producer used custom operators for production operations and rents the land. This
was done in a study that analyzed a corn-soybean rotation plan to keep the budgets
simple and accurate (Funk et al., 1999). Custom rates include labor, repair and
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maintenance costs of tractors and implements, and fuel costs, so these costs were not
included in the budget (AgriLife Extension, 2011a). Yields were based on the 2009
yield data for this crop in Lubbock TX (McKenney, 2009).
In 2012, it is projected production costs for O. elata will be $1906.89 per acre
(Figure 6.4). Growers would need to secure a price of $0.48 per lb of seed in order to
break even. Currently, there are no published prices for primrose seed to determine if
growers could break even on O. elata but the value of primrose oil in a capsule can be
roughly estimated. Although the selling price of evening primrose oil capsules vary, it
is not uncommon for 60 capsules to cost approximately $14. A typical bottle of oil
can contain almost 78 g primrose oil. Most primrose seed will contain approximately
20% oil (Barre, 2001). If yield is 3960 lbs A-1 then approximately 792 lbs A-1 or
359245.26 g A-1 will be oil. The supplement market value for one acre of primrose oil
would be $64479.92. This may indicate the $0.48 a lb necessary to break even can be
realized.
Granic (1988) reported in Canada, Oenothera could be produced for slightly
more than sunflower seed or rapeseed. Texas crop budgets for 2011 indicate that
sunflower production for seed in District 1 costs $451.07 an acre (AgriLife Extension,
2011b). According to this information O. elata production costs are more than double
that of sunflower production. The differences may be contributed to the costs of
transplants and transplanting. O. biennis is primarily grown from seed (Granic, 1988).
O. elata must be transplanted at this time.
Because, this will most likely be a niche crop, there would be fewer acres
grown than traditional agricultural crops. This indicates a need for profit
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maximization. Future research should focus on determining the best planting, fertility,
irrigation, spacing, and harvesting practices for profit maximization.
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TPP

Fig. 6.1. Total physical product (TPP) curve. As input (x) increases yield (y) increases
to a certain point and then will decrease (Doll and Orazem, 1984).
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Fig. 6.2. Marginal physical product (MPP) and average physical product (APP) curve.
Stage II is where production should occur because profits will be realized here (Doll
and Orazem, 1984).
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Fig. 6.3. VMP = MIC, where VMP is value of marginal product and MIC is marginal
input cost. In this case, MIC is the same as the price of input. (Doll and Orazem,
1984).
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Item

Quantity Unit

DIRECT EXPENSES
Seeda
Transplants (cost less seed)b
Fertilizer (N)
Fertilizer (P)

0.5
21
40
10

Water
Defoliants (Gramoxone)
Herbicide (Isoxaben)
Insecticide (Pyrethroid ex. Asana XL)c
Custom Hired
Insecticide Application Ground
Herbicide Application Ground
Fertilizer Application Ground
Shaping Beds
Transplantinge
Harvesting with Combinef
Defoliant Application Ground
Hand Labor
Weeding

Price
Amount
dollars dollars
90.00
33.50
0.50
0.75

45.00
703.50
20.00
7.50

18
20
1
24

Lb
Thou
Lb
Lb
acre
in
Oz
Lb
Oz

8.00
0.22
155.05
2.24

144.00
4.40
155.05
53.76

4
1
1
1
1
1
1

Acre
Acre
Acre
Acre
Acre
Acre
Acre

4.90
4.97
5.00
8.80
53.33
27.75
4.83

19.60
4.97
5.00
8.80
53.33
27.75
4.83

20 Hr

10.30

206.00
-----------1463.49

1 Acre
37 Row

75.00
50.00

75.00
368.40

TOTAL DIRECT EXPENSES
FIXED EXPENSES
Cash Rent -Irrigatedg
Irrigation Ownership Costsh
TOTAL FIXED EXPENSES

443.40

TOTAL SPECIFIED EXPENSES

1906.89

Fig. 6.4. Cost of production for O. elata. aApproximation based on sales price of O.
biennis per pound. bApproximation based on cantaloupe transplant costs. Assumes a 3
ft spacing. cIt could take as many as 4 sprays at two week intervals to control Altica
ligata. dCustom hire rates include implement, operator, fuel, and account for repair
and maintenance. eUsed cost of sprigging grass. fUsed 2011 custom rates for soybean.
g
Used irrigated cotton rent and cotton water rates because cotton would be the most
likely alternative crop in this area. hThis is 1/5 of the irrigation supply cost per acre
because drip lines used last 5yrs.
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CHAPTER VII
FINAL DISCUSSION

Data suggests that Hooker’s evening primrose planted at 0.9 m spacings will
often increases appearance, flower number, plant growth index (PGI), and floral
density. This spacing will not decrease yield. Irrigation equivalent to 66%
evapotranspiration (ET) will increase appearance, PGI, and number of flowers in times
of drought but will not influence yield. Fenoxaprop and fluazifop may be used as post
emergence herbicides with excessive phytotoxicity or reduction in growth. Other
postemergence herbicides trialed caused excessive phytotoxicity, a reduction in
growth, or both. All preemergence treatments except for trifluralin + isoxaben had
low phytotoxicity and did not reduce growth. Machine harvesting does not decrease
yield and should reduce the cost of production. Defoliants can be used to harvest this
species without a loss in yield. Paraquat, a mixture of Ethephon + Cyclanilide and
Thidiazuron + Diuron may be preferred over Ethephon alone. Cost of production is
estimated at $1906.89 per acre. Growers will need to receive approximately $0.48 per
pound in order to break even.
There is a need for future research in O. elata production. Because of two very
different growing seasons, irrigation and fertility studies could be repeated to further
prove that O. elata is a plant requiring low production inputs. Future herbicide studies
could be conducted outside in a field setting. Herbicide efficacies are often influenced
by plant/transplant size. Studies could focus on age and size of plants/transplants in
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the future. Future harvest studies could work on narrowing down time of spray and
rates best suited for O. elata. Rates in this experiment were based on cotton and
timing was based on approximation from literature; however, nodes could be counted
or days after flowering tracked to try to determine a more optimal spraying time and
amount. Future economics work should focus on profit maximization. Studies will
need to be conducted to determine yield response curves to irrigation and fertilizer in
order for this to happen.
Overall, there is still much work needed to increase production of this crop in
the Texas High Plains. Initial research contained in this document proves promising.
Aside from expanding upon topics discussed here, there also needs to be work done to
enhance germination in order to eliminate transplanting. This is major production cost
and many growers don’t have the equipment necessary to do this. This may be a huge
limiting factor in the future.

108

Texas Tech University, Amber Bates, May 2012

Appendix A
MEANS OF TREATMENTS 2010-2011
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Table A.1. Spacing effects on 2010 Visual Appearance Means (1-10).

1

Spacing (m)
0.6
5.5759 b

DOY
245

0.3
4.8090 a1

0.9
5.8854 c

259

4.4653 a

5.3973 b

5.5556 c

273

3.2535 a

4.6398 b

4.7303 c

Spacing means followed by the same letter are not significantly different (P > 0.05).
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Table A.2. Spacing effects on 2010 Plant Growth Index Means.

1

DOY
245

0.3
80.8329a1

Spacing (m)
0.6
83.5368a

259

82.4070a

86.2272b

93.5957c

273

87.6408a

88.6624a

96.3368b

0.9
91.6323b

Spacing means followed by the same letter are not significantly different (P > 0.05).
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Table A.3. Spacing effects on 2010 Number of Flowers Means.

1

DOY
245

0.3
16.4604a1

Spacing (m)
0.6
23.1028b

0.9
31.9676c

259

6.4421a

11.6526b

16.8032c

273

4.2269a

4.5175a

4.7002a

Spacing means followed by the same letter are not significantly different (P > 0.05).
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Table A.4. Spacing effects on 2010 Percent Floral Density Means.

1

DOY
245

0.3
13.4630a1

Spacing (m)
0.6
16.5975b

0.9
20.6586c

259

3.9549a

11.0425b

13.8507c

273

5.7245a

5.2797a

4.5000a

Spacing means followed by the same letter are not significantly different (P > 0.05).
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Table A.5. Spacing effects on 2010 Yield Means.
0.3
Yield
1

Spacing (m)
0.6

0.9

8.6762a1 12.2528b 16.5142c

Spacing means followed by the same letter are not significantly different (P > 0.05).
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Table A.6. Spacing effects on 2011 Visual Appearance Means (1-10).

DOY
250

0.3
2.7234a1

Spacing (m)
0.6
3.1632b

0.9
3.5359c

264

3.2662a

4.0729b

4.3403b

278

3.1690a

3.5567b

3.8993c

Spacing means followed by the same letter are not significantly different (P > 0.05).
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Table A.7. Irrigation effects on 2011 Visual Appearance Means (1-10).

1

Irrigation (% ET)
66
3.1690ab

DOY
250

33
2.8484a1

100
3.4051b

264

3.5949a

3.9525ab

4.1319b

278

3.6331a

3.4074a

3.5845a

Irrigation means followed by the same letter are not significantly different (P > 0.05).
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Table A.8. Spacing effects on 2011 Plant Growth Index Means.

DOY
250, 264, &
278
1

0.3
52.8556 a1

Spacing (m)
0.6
58.6048 b

0.9
66.6213 c

Spacing means followed by the same letter are not significantly different (P > 0.05).
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Table A.9. Irrigation effects on 2011 Plant Growth Index Means.

DOY
250, 264, &
278
1

33
55.3273 a1

Irrigation (% ET)
66
100
59.0039 ab
63.7505 b

Irrigation means followed by the same letter are not significantly different (P > 0.05).
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Table A.10. Spacing effects on 2011 Number of Flowers Means on DOY 250.

DOY
250

1

0.3
2.5347 a1

Spacing (m)
0.6
3.4039 ab

0.9
5.2350 b

Spacing means followed by the same letter are not significantly different (P > 0.05).
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Table A.11. Spacing x fertility interaction effects on 2011 Number of Flowers Means
on DOY 264.

1

0.3

Spacing (m)
0.6

Irrigation
(% ET)
33

0.9

13.7778a1

10.1979a

16.6354a

66

13.3819a

18.8715a

17.1667a

100

12.3819a

19.6250b

22.4653b

Spacing means followed by the same letter are not significantly different (P > 0.05).
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Table A.12. Spacing x fertility interaction effects on 2011 Number of Flowers Means
on DOY 278.

1

Spacing (m)
0.6

Irrigation
(% ET)
33

0.3

0.9

0.8507a1

1.2674a

1.5451b

66

1.2292a

2.0417a

4.0660b

100

0.8958a

1.0833a

2.6389b

Spacing means followed by the same letter are not significantly different (P > 0.05).
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Table A.13. Spacing effects on 2011 Percent Floral Density Means.

DOY
250, 264, &
278
1

0.3
10.1034 a1

Spacing (m)
0.6
11.6115 b

0.9
13.4537 c

Spacing means followed by the same letter are not significantly different (P > 0.05).
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Table A.14. Spacing effects on 2011 Yield Means.

0.3
Yield
per
Plant
(g)

Spacing (m)
0.6

0.9

8.1449a1 9.9589ab 13.1925b

1

Spacing means within a data followed by the same letter are not significantly
different (P > 0.05).
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