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Developing foliar growth of ivy geraniums (Pelargonium peltatum) bleaches
white after exposure to temperatures greater than 30°C. This study investigated
chloroplast development in ivy geraniums under heat stress comparing a heat sensitive
cultivar, Temprano™ Lavender, and a heat tolerant cultivar, Contessa™ Red. Using
transmission electron microscopy and spectrophotometry, foliar bleaching under heat
stress was found to be due to an absence of developed chloroplasts within the bleached
new growth accompanied by lower chlorophyll content. To determine whether heat stress
related foliar bleaching could be prevented, cytokinin and gibberellins were applied in
combination, at different rates before, during or after a heat stress event. Applying 50 to
100 ppm gibberellins before heat stress reduced bleaching in new growth. Gibberellins
applied at 50 ppm within a week of a heat stress event decreased bleaching. Net
photosynthesis and chlorophyll fluorescence was greater in non-heat stressed plants than
heat stressed plants.
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CHAPTER I
INRODUCTION

Ivy geranium (Pelargonium peltatum) is grown for its ivy-like foliage and
distinctive geranium-like flowers. With its cascading habit, it is suitable for container and
hanging basket production. Ivy geraniums do not perform well in the southern United
States past late spring due to a low heat tolerance.
The newly developing leaves of ivy geranium develop white (bleach) when
placed under heat stress (above 30°C). When returned to ideal temperature, below 30°C,
normal, green growth may return to leaves that were once white (Dhir et al., 2013). Heat
stress occurs when temperatures rise beyond a tolerated threshold for a length of time
long enough to cause damage to a plant (Wahid et al., 2007). Not only does it decrease
the aesthetic value of the crop, it also inhibits photosynthesis, limiting the potential life of
the plant. Temperature influences chloroplast development, chlorophyll biosynthesis, and
the greening process (Mohanty et al., 2006).
Applications of plant growth regulators (PGRs), such as cytokinins and
gibberellins prevent degradation of chlorophyll, stimulate new chloroplast development,
and limit leaf yellowing (Gan and Amasino, 1995). Plant responses to PGRs are species
specific, so the applications must be observed at different times, rates, and stages of plant
development (Gent and McAvoy, 2000).
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The objectives of this research were to compare the development of chloroplasts
within the bleached, heat-treated leaves and non-bleached, non-heat-treated leaves of a
heat tolerant and a heat sensitive ivy geranium cultivar at different growth stages; and to
determine whether cytokinin and gibberellins can decrease or prevent foliar bleaching
and negative effects on net photosynthesis and chlorophyll fluorescence under heat stress.
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CHAPTER II
LITERATURE REVIEW

Plant Material
Ivy geraniums, Pelargonium peltatum, are mostly used in hanging baskets which
best displays how profusely the plant flowers and its gorgeous, trailing habit. P. peltatum
is an interspecific hybrid cultivated since 1701. Since then, a broad category of ivy
geraniums have appeared varying in size, foliage color, variegations, bloom color and
growth habits (Holcomb and O’Donovan, 1993).
The genus Pelargonium has over 270 different species categorized into sixteen
different sections and is native to southern Africa. P. peltatum requires cooler
temperatures compared to other Pelargonium species with optimum growing conditions
between 20 and 24°C. Commercially, production of ivy geraniums begins in January and
February to be ready for sale in April and May before temperatures become so warm it
disrupts the aesthetics of the plant (Dole and Wilkins, 2005).

Breeding
Contessa™ Red ivy geranium is known for its red, double flowers and compact
inflorescence that appears above the light green foliage and has a well-branched, bushy,
uniform growth habit and vigorous growth. It is a product of a breeding program by
3

Angelika Utecht in Spain in 1992. The female parent was a hybrid seedling designated
No. 361-7 (unpatented). It had dark-red, double flowers, slightly zoned, medium-green
foliage and vigorous growth but poorly-branched growth habit. The male parent was the
ivy geranium ‘Guimo’ (unpatented) but was commercially known as ‘Momo’. ‘Guimo’
was characterized by scarlet, single flowers, foliage without zonation, good branching
growth habit and vigorous growth. ‘Contessa™ Red’, originally known as ‘Fisbeach’,
was selected as one flowering plant within the progeny of the stated cross in 1993
(Utecht, 2002).
Ivy geranium ‘Temprano™ Lavender’ is characterized by large, violet, double
flowers, medium green growth with strong zonation, fast rooting ability, early flowering
and medium growth habit. It was produced from a cross made by Ingeborg Schumann in
Spain in 1985 intended to replace a commercial cultivar known as ‘Amethyst’. The
female parent was an unnamed hybrid resulting from a cross between ‘Salmon Queen’
and ‘Amethyst’ with an inbred line of ‘Rouletta’. The male parent was ‘Bardo Lolli’
known for large, dark rose, semi-double flowers. ‘Temprano™ Lavender’, originally
known as ‘Fisam’, was selected in 1986 as one flowering plant within the progeny of the
stated cross (Schumann, 1993).

Bleaching
Under heat stress the newly developing leaves of ivy geranium bleach, or turn all
white (Dhir et al., 2011). After experiencing elevated air temperatures, when placed back
in moderate temperatures, the plant resumes normal growth (Dhir, 2008). Foliar
bleaching in plants can occur from multiple stressors that include, but are not limited to,
4

high temperatures and excessive light levels (Brown, 1997; Venn et al., 2006) and can
occur in algae and higher plants (Asada, 1996; Ledford and Niyogi, 2005). A shift in the
ratio of chlorophyll a (Chl a) and Chlorophyll b (Chl b) is an indicator of heat bleaching
in Euglena gracilis (Thomas and Ortiz, 1995).

Chloroplast
The mesophyll cells in higher plants contain the most photosynthetic organs
called chloroplasts, which contain the light absorbing green pigments, the chlorophylls
(Chl). Chl a and Chl b are abundant in green plants (Taiz and Zeiger, 2002) and are used
as an indirect measure of photosynthetic biomass (Hurley and Watras, 1991).
Chloroplasts contain flatted sac-like structures called thylakoids which are stacked on top
of one another to form grana. Pigments are molecules that absorb light at certain
wavelengths and are found within the thylakoid membrane. Chlorophyll is the most
prevalent of the pigments found in the thylakoid membrane. Chloroplasts, which hold the
green pigment chlorophyll, develop from structures called proplastids which is also a
beginning structure to other plastids such as leucoplasts, storage and chromoplasts, which
hold yellow, orange or red pigments (Freeman, 2007).
Photosynthesis is the conversion of solar energy to chemical energy (Taiz and
Zeiger, 2002) and is the foundation of all life for plants and animals. Photosynthesis is
highly sensitive to stresses such as heat (Berry and Bjorkmann, 1980; Sharkey, 2005).
Temperature influences chloroplast development, chlorophyll biosynthesis and the
greening process (Mohanty et al., 2006). Thylakoid membranes are particularly sensitive
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to heat stress, which is expressed in their ultrastructure changes (Thebut and Santaris,
1982; Seemann et al., 1984) and in inhibition of photosynthesis (Starcket al., 1993).
Heat Stress and Photosynthesis
Heat stress can affect the chloroplasts within the plant, which in turn inhibits
photosynthesis (Haldimann and Feller, 2004; Karmin et al., 1999; Laekey et al., 2003).
Photosynthesis is very sensitive to increased temperatures which can decrease
photosynthetic rate to almost zero (Sharkey, 2005), but exactly how temperature affects
the plant is species specific (Reynolds et al., 1990). In certain situations for specific
plants, there is a critical temperature in which heat injury occurs and only slight increases
surpassing this critical temperature will result in permanent damage (Bilger et al., 1984).
Photosystem (PS) I is usually not damaged under heat stress (Haldimann and Feller,
2005) unlike PSII which can break down at temperatures higher than 45°C (Sharkey,
2005). Heat stress damage occurring to PSII usually includes the breakdown of thylakoid
membranes with damage also occurring to photosynthetic electron transport (Haldiman
and Feller, 2005). PSII is not as damaged under moderate heat stress temperatures as it is
under high temperature heat stress (Sharkey, 2005), but photosynthesis is reduced under
moderate heat stress because the activation state of ribulose-1,5-bispohspate
carboxylase/oxygenase (rubisco) is reduced (Haldimann and Feller, 2005). In heat
stressed plants, leaf temperatures can increase to become greater than the air temperature,
which then limits plant growth and crop yields. Plant transpirationis hindered by high leaf
temperatures especially under drought conditions (Sharkey, 2005). A photosynthesis and
respiration imbalance is also created at high temperatures. As temperatures increase
photosynthetic rates drop and the plant cannot replace the carbon used as a substrate for
6

respiration creating the imbalance between photosynthesis and respiration (Taiz and
Zeiger, 2002).
The optimum temperature for cool season plants is between 15-24°C and heat
injury often occurs at temperatures above 30°C (Huang and Gao, 2002). Temperatures
above 30°C reduce photosynthetic rate as a result of a reduction in PSII efficiency (Kadir
et al., 2006). Chl biosynthesis of cucumber seedlings was found to decrease by 60%
under heat stress due to disruption of Chl biosynthetic enzymes compared to normal
conditions (Tewari and Tripathy, 1998). In pea plants, net photosynthesis was reduced
with increasing temperatures up to 45°C (Haldimann and Feller, 2005). A reduction in
Chl accumulation in heat stressed plants could be caused by impaired synthesis and/or
faster degradation of the Chl (Mohanty et al., 2006).
Researching the effects of heat stress and how it affects chloroplasts and
photosynthesis may become more important as increasing temperatures correlated with
global warming become more apparent. Under heat stress, a plant does not operate at its
full photosynthetic capacity, which in turn disrupts growth parameters and aesthetics
(Haldimann and Feller, 2005).
Chlorophyll fluorescence
Chlorophyll fluorescence can be used as an indicator of the efficiency of the
photosynthetic apparatus. It is used as an indicator of the fate of excitation energy in the
photosynthetic apparatus (Andrews et al., 1995; Janssen and van Hasselt, 1994;
Mohammed et al., 1995), to determine the efficiency of PSII photochemistry (Maxwell
and Johnson, 2000) and can serve as a sensitivity indicator of thylakoid membrane
damage and functional changes of the photosynthetic apparatus (Seeman et al., 1984;
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Bukhov et al., 1987; Havaux, 1992; Daniel, 1997). Chlorophyll fluorescence can be used
to determine many types of plant stressors including temperature stress (Larcher, 1994;
Yamada et al., 1996). One of the first responses to environmental stress is an increase in
non-radiative energy dissipation, which is reflected in the amount of chlorophyll
fluorescence (Schreiber et al., 1994).
Light energy can be used for photosynthesis, dissipate as heat, or be re-emitted as
light (chlorophyll fluorescence). An increase in the efficiency of one will result in a
decrease yield of the other two. Fluorescence yield can be quantified by exposing a leaf
to light of defined wavelength and measuring the amount of light re-emitted at longer
wavelengths (Maxwell and Johnson, 2000). In order to gain useful information about the
photosynthetic performance of a plant from measurements of chlorophyll fluorescence, it
is necessary to be able to distinguish between the photochemical, light, and nonphotochemical, heat, contributions. The usual approach is to switch off one of the two
contributors, specifically photochemistry, so the fluorescence yield can be estimated.
Photochemistry is usually switched off because it is not possible to totally inhibit heat
dissipation (Maxwell and Johnson, 2000).
Cytokinin and gibberellin effects on chloroplasts
Cytokinins are mainly used to influence cell division in tissue culture and can
regulate shoot and root growth and delay senescence and chlorophyll degradation in leaf
tissues (Srivastava, 2002). Cytokinins affect chloroplast and etioplast ultrastructure,
chloroplast enzyme activities, pigment accumulation and photosynthetic rate (Lerbs et al.,
1984; Chory et al., 1994; Kusnetsov et al., 1994, 1998; Yaronskaya et al., 2006). Applied
exogenously to detached leaves, cytokinins keep chloroplasts active longer than in leaves
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not treated with cytokinins (Romanko et al., 1969). A common bioassay used is the
inhibition of senescence measured by the loss of chlorophyll, also called the green island
effect, where a detached leaf is placed in water and a drop of cytokinin is placed in the
center of a detached leaf. While the leaf treated with cytokinin stays green where the
cytokinin is placed, the other does not (Srivastava, 2002). Cytokinins affect chloroplasts,
but it is not known exactly how (Chory et al., 1994; Kusnetsove et al., 1994; Hutchison
and Kieber, 2002; Rashotte et al., 2003). Plastids contain genes and structures for
cytokinin expression which may also affect the activity of plastid and/or chloroplast
genes (Choquet and Wollman, 2002). Studies show certain chloroplast genes might
enhance or decrease transcription using cytokinins (Lerbs et al., 1984; Stabel et al., 1991;
Brenner et al., 2005). The most abundant cytokinins found in plants are zeatin, dihydrozeatin and isopentenyl adenine. The synthetic cytokinin, 6-benzylaminopurine (BA), is
most commonly used as a plant growth regulator (PGR) because it is easily accessible
and inexpensive (Srivastava, 2002). Cytokinins, such as BA, delay leaf yellowing in
numerous floriculture crops such as lilies (Lilium sp.), tulips (Tulipa gesneriana),
geraniums (Pelargonium sp.), gerbera daisy (Gerbera jamesonii), goldenrod (Solidago
canadensis), zinnia (Zinnia elegans) and miniature roses (Rosa x hybrida) (Franco and
Han, 1997; Kim and Miller, 2009; Padhye and Runkle, 2008; Philosoph-Hadas et al.,
1996; Pinto et al., 2005; Tjosvold et al.,1994).
Terpenes, or terpenoids, are mainly known as compounds produced by plants for
defending plants against insects and herbivores (Gershenzon and Croteau, 1991).
Terpenes can also play a factor in photosynthesis. Terpenes are formed by two or more
isoprene units. Isopentenyl diphosphate (IPP) is a five-carbon building block of terpenes
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which isomerizes to dimethylallyl diphosphate (DMAPP). DMAPP is used to synthesize
cytokinins. DMAPP and IPP are also the starting point for geranylgeranyl diphosphate
(GGPP) which is the branch point for synthesis of linear di-terpenes such as phytol for
chlorophyll (Srivastava, 2002).
Gibberellins (GA) are used in biochemical and morphogenetic responses in plants
and promote elongation of stems, petioles and flower pedicels (Srivastava, 2002). Some
species of plants are affected by cytokinins, others by gibberellins to delay leaf chlorosis
and senescence thus, plant responses are unpredictable and must be tested from species to
species at various PGR rates and timing of application (Gent and McAvoy, 2000). When
cytokinins and gibberellins are combined it can be very effective at reducing leaf
chlorosis in a number of floriculture and horticulture crops (Funnell and Heins, 1998;
Han, 2001; Kim and Miller 2009; Ranwala et al., 2000). It has been shown in Easter lily
(Lilium longiflorum) that applying a combination of gibberellins and cytokinins reduces
leaf chlorosis (Whitman et al., 2001). BA + GA4+7 were used on pansies (Viola x
wittrockiana) and violas (Viola cornuta) and prevented s-abscisic acid (s-ABA)-induced
leaf chlorosis in those crops (Waterland et al., 2010).
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CHAPTER III
IVY GERANIUM CHLOROPLAST DEVELOPMENT UNDER HEAT STRESS

Abstract
Ivy geranium (Pelargonium peltatum) has a ball-shaped inflorescence and ivylike leaves. It is mainly used as a horticulture crop planted in containers and hanging
baskets due to its cascading growth habit. Ivy geranium does not grow well in the
southeastern United States due to intolerance to warm temperatures. The newly
developing leaves emerge white under heat stress. The objective of this study was to
determine chloroplast development and chlorophyll content in ivy geranium leaves
subjected to heat stress, comparing two cultivars with different heat tolerance: heat
tolerant ivy geranium ‘Contessa™ Red’ and heat intolerant ‘Temprano™ Lavender’ at
5mm and l0 mm in leaf length. Plants were grown at either 20/15°C (control) or 35/25°C
day/night (heat stressed). Newly developing leaves of each cultivar were collected at 5
mm or 10 mm in length and chloroplast development, presence or absence was examined
using transmission electron microscopy. The heat treated plants produced bleached leaves
with fewer, if any, chloroplasts within the cells compared to the non-bleached leaves of
the control plants. Chlorophyll content was also reduced under heat stress.
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Introduction
Ivy geraniums (Pelargonium peltatum) are known for their ivy-like foliage and
distinctive geranium-like flowers. With its cascading habit, it is mainly grown in hanging
baskets and containers. Ivy geraniums do not perform well in the southeastern United
States past late spring. The newly developing leaves of ivy geranium turn white when
under heat stress (Fig. 3.1) which occurs above 30°C in this species (Dhir et al., 2013).
After high temperatures pass, normal, green growth returns to the leaves that were once
white. Ivy geranium requires cooler temperatures compared to other Pelargonium species
with optimum growing conditions between 20 to 24°C (Dole and Wilkins, 2005).
The mesophyll cells in higher plants contain the most photosynthetic organelles,
chloroplasts, which contain light absorbing green pigments, the chlorophylls (Chl).
Chlorophyll a (Chl a) and chlorophyll b (Chl b) are very abundant in green plants (Tiaz
and Zeiger, 2002) and are used as an indirect measure of photosynthetic biomass (Hurley
and Watras, 1991). Chl a is more heat sensitive than chl b (Weemaes et al., 1999). A shift
in the ratio of chl a and chl b is an indicator of heat bleaching in Euglena gracilis
(Thomas and Oritiz, 1995). Photosynthesis is the conversion of solar energy to chemical
energy (Tiaz and Zeiger, 2002) and is the foundation of all life for plants and animals. It
is highly sensitive to stresses such as heat (Berry and Bjorkmann, 1980; Sharkey, 2005).
Temperature influences chloroplast development, chlorophyll biosynthesis and the
greening process (Mohanty et al., 2006). Thylakoid membranes are particularly sensitive
to heat stress, which is expressed in ultrastructural changes (Thebut and Santaris, 1982;
Seemann et al., 1984) and in inhibition of photosynthesis (Starck et al., 1993).
Photosystem (PS) I is usually not damaged under heat stress (Haldimann and Feller,
18

2005), while PSII can break down at temperatures higher than 45°C (Sharkey, 2005).
Heat stress damage occurring to PSII usually includes the breakdown of thylakoid
membranes with damage also occurring to photosynthetic electron transport (Haldimann
and Feller, 2005). PSII is not as damaged under moderate heat stress temperatures as it is
under high temperature heat stress (Sharkey, 2005). Photosynthesis is reduced under
moderate heat stress because the activation state of ribulose-1,5-bispohspate
carboxylase/oxygenase (rubisco) is reduced (Haldimann and Feller, 2005). The optimum
temperature for cool season plants is between 15-24°C and heat injury often occurs at
temperatures above 30°C (Huang and Gao, 2002). Temperatures above 30°C reduces
photosynthetic rate as a result of a reduction in PSII efficiency (Kadir et al., 2006). Chl
biosynthesis of cucumber seedlings decreased by 60% under heat stress due to disruption
of Chl biosynthetic enzymes when compared to normal conditions (Tewari and Tripathy,
1998). In pea plants, net photosynthesis was reduced with increasing temperatures up to
45°C (Haldimann and Feller, 2005). A reduction in Chl accumulation in heat stressed
plants could be caused by impaired synthesis and/or faster degradation of the Chl
(Mohanty et al., 2006).
The objectives of this study were to determine chloroplast development and
chlorophyll content in two ivy geranium cultivars of different heat tolerance at different
growth stages when subjected to heat stress.
Materials and Methods
‘Contessa™ Red’ and ‘Temprano™ Lavender’ ivy geraniums were selected for
this study because of their differences in heat tolerance (Dhir et al., 2013). Rooted,
unbleached cuttings of ‘Contessa™ Red’ and ‘Temprano™ Lavender’ (Syngenta
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Flowers, Gilroy, CA) were potted in 10 cm diam. containers in ~70/30 v/v peat
moss/perlite substrate (Sunshine Gro Mix 1; Sungro Horticulture, Agawam, MA) and
fertigated with 200mg N·L-1 from 20-4.4-16.6 N-P-K fertilizer (Peters Professional 2010-20; Everris NA Inc., Dublin, OH) 3 times a week. The plants were grown in a
greenhouse from January 14, 2105 to April 6, 2015 at 23/21°C (day/night) until roots
were well established. Then unbleached plants were moved to growth chambers (CU32L; Percival Scientific, Boone, IA) set at 20/15°C day/night for the control chambers
and 35/25°C day/night for heat treatment chambers. Plants were kept in the growth
chambers for 21 days, until 100% bleaching occurred on the newly formed leaves. After
21 days, leaves at 5 mm or 10 mm in length with 0 or 100% bleaching were harvested
and placed in a fixative of glutaraldehyde. Standard transmission electron microscopy
protocol (Schneider, 2014) was used for embedding the samples in resin. Once
embedded, the samples were cut into thin sections and pieces of tissue were then viewed
using a transmission electron microscope (TEM) (JEM 1230, JEOL 120kV; JEOL USA,
Inc., Peabody, MA). Micrographs were taken while examining the specimens and were
visually evaluated for the presence or absence of chloroplasts.
This experiment was a split plot design, with four single plant replications
replicated over time. The presence/difference of chloroplast between the two temperature
treatments and leaf sizes were visually evaluated from the TEM micrographs.
The study to determine chlorophyll content was set up similar to the first. Rooted,
unbleached cuttings were potted in 10 cm diam. containers in ~70/30 v/v peat
moss/perlite substrate, fertigated with 200 mg N·L-1 from 20-4.4-16.6 N-P-K fertilizer 3
times a week and grown in a glass greenhouse from January 14 to April 6, 2015 at
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23/21°C (day/night) until roots were established. Then unbleached plants were moved
into growth chambers set at 20/15°C day/night for the control and 35/25°C day/night for
heat treatment. Once foliar bleaching occurred after 3 weeks, emerged leaves at 5 mm or
10 mm in length with 0 or 100% bleached leaves were harvested from all treatments.
Four 0.5cm2 disks were cut from each leaf. The leaf disks from a single leaf were then
placed in a vial with 10mL of 80% acetone. The vials were placed in a light-proof box
placed inside a refrigerator for 24 hours for extraction of Chl a and Chl b. The absorption
of the pigments was determined using a spectrophotometer (Nicolet Evolution 100 UVVisible; Thermo Fisher Scientific Inc., Waltham, MA) at wavelengths of 663 and 645nm.
A control blank of 10mL of 80% acetone was used. The following equations were used to
calculate pigment concentrations:
Chl a = 12.7A663nm – 2.69A645nm

(Hill, 1963)

Chl b = 22.9A645nm – 4.80A663nm

(Hill, 1963)

Where A= absorbance
Pigment concentrations were in μg·mL-1. Pigment concentrations were expressed on a
leaf area basis (μg·cm-2) using the conversion factor:
Chlorophyll concentration (µg·cm-2) = Chlorophyll concentration (µg·ml-1) x 10
2
where 10 is the volume of the acetone used (mL) and 2 is the total area (cm2) of the leaf
disks in one sample.
This experiment was a split plot design, with four single plant replications,
replicated over time. Chlorophyll concentration was analyzed using analysis of variance
(ANOVA). Fisher’s protected LSD test at P <0.05 was used to indicate significant
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differences between means. All statistical analyses were performed using SAS (9.4, SAS
Institute, Cary, NC).
Results and Discussion
Chloroplasts are greatly decreased (Figs. 3.2A, 3.5A) or completely absent (Figs.
3.3A, 3.4A) within the cells of bleached leaves compared to non-bleached leaves (Figs.
3.2B, 3.3B, 3.4B, 3.5B). There is also no visual difference in the presence or absence of
chloroplasts between ‘Contessa™ Red’ (Figs. 3.2A, 3.3A) and ‘Temprano™ Lavender’
(Figs. 3.4A, 3.5A) in the bleached leaves. Leaf size at time of sampling did not affect
chloroplast development between the 5mm (Fig. 3.2A, 3.4A) or the 10mm leaf samples
(Fig. 3.3A, 3.5A) in the bleached leaves. Within both cultivars, chloroplasts were
decreased or absent in bleached leaves. All of the non-bleached leaf samples were
visually similar in chloroplast presence and development (Fig. 3.2B, 3.3B, 3.4B, 3.5B).
Unlike leaves which bleach due to photo-oxidation when exposed to high temperatures
and light (Feierabend, 1977), when grown under heat stress, newly developing, ivy
geranium leaves bleach white due to a lack of chloroplast development. This indicates an
inhibition in the development of proplastids into chloroplasts in the new growth when ivy
geraniums are placed under heat stress. Similar results were found by Smillie et al. (1978)
in barley seedlings where the chloroplast structure was altered depending upon the
growth temperatures. Chloroplast ultrastructure was also damaged due to high heat stress
in two cool-season turfgrass species, perennial ryegrass and tall fescue, when placed
under heat stress (Sheng et al., 2006). Euglena gracilis algae chromatophores are also
known to disintegrate under heat stress (Ernest and Pringsheim, 1952).
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Chlorophyll a, Chl b, total Chl content and Chl a:b ratio were found to be lower in
heat stressed leaves than in non-heat stressed leaves (Table 3.1). These findings are
consistent with results from other studies such as Smillie (1978), where barley (Hordeum
vulgare L. cv. Abyssinian) was grown at seventeen different temperatures from 2°C to
32°C and found that at very low and high growth temperatures chloroplast biogenesis
was inhibited. Fu and Huang (2003) found chlorophyll content and photochemical
efficiency (chlorophyll fluorescence) declined under heat stress in creeping bentgrass
(Agrostis palustris Huds.). There were no differences in Chl a, Chl b or total Chl content
between ‘Contessa™ Red’ and ‘Temprano™ Lavender’. However, the heat tolerant
‘Contessa™ Red’ had a lower Chl a:b ratio than the heat sensitive ‘Temprano™
Lavender’ (Table 3.2) indicating Chl a was more heat sensitive than Chl b in ‘Contessa™
Red’. A lower Chl a:b ratio is an indication of damage to Chl a due to heat stress, further
research needs to be conducted to determine what damage is being done to Chl a, not Chl
b in ‘Contessa™ Red’, and how it compared to Chl a in ‘Temparno™ Lavender’. Similar
findings were found in broccoli juice (Weemaes et al., 1999; Loey et al., 1998) where Chl
a degraded faster than Chl b under heat stress. Camejo (2005) also found a decrease in
Chl a:b ratio in heat-stressed tomato plants.
Conclusion
While ‘Contessa™ Red’ is more heat tolerant, cultivar heat tolerance had little
influence on chloroplast development. New leaves of ivy geranium growing under heat
stress developed with few to no chloroplasts and were bleached white. Bleached leaves
developed under heat stress exhibited a reduced Chl content expected with a reduction in
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chloroplast numbers. The heat sensitive ‘Temprano™ Lavender’ had a higher overall Chl
a:b ratio than the heat tolerant ‘Contessa™ Red’; however, bleached leaves regardless of
cultivar heat tolerance, had lower Chl a:b ratios than unbleached (green) leaves.
Decreased or absent chloroplasts within bleached leaf cells of ivy geranium indicate a
disruption in the regulation of protoplast development into functioning chloroplasts due
to heat stress.
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Figure 3.1

Visual symptoms of foliar bleaching resulting from heat stress in ivy
geranium.
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Chloroplast

A

Chloroplast

B
Figure 3.2

Electron micrographs of chloroplast development in a 5 mm leaf of
‘Contessa™ Red’ ivy geranium grown for 21 days at (A) 35/25°C d/n
(bleached) showing decreased chloroplast development and (B) at 20/15°C
d/n (non-bleached) showing normal chloroplast development. Length of the
bar at bottom left of images represents 2 µm.
28

A

Chloroplast

B
Figure 3.3

Electron micrographs of chloroplast development in a 10 mm leaf of
‘Contessa™ Red’ ivy geranium grown for 21 days at (A) 35/25 ºC d/n
(bleached) showing decreased chloroplast development and (B) at 20/15 ºC
d/n (non-bleached) showing normal chloroplast development. Length of the
bar at bottom left of images represents (A) 2 µm and (B) 5 µm.
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B
Figure 3.4

Electron micrographs of chloroplast development in a 5 mm leaf of
‘Temprano™ Lavender’ ivy geranium grown for 21 days (A) at 35/25 ºC
d/n (bleached) showing decreased chloroplast development and (B) at
20/15 ºC d/n (non-bleached) showing normal chloroplast development.
Length of the bar at bottom left of images represents 2 µm.
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Figure 3.5

Electron micrographs of chloroplast development in a 10 mm leaf of
‘Temprano™ Lavender’ ivy geranium grown for 21 days (A) at 35/25 ºC
d/n (bleached) showing decreased chloroplast development and (B) at
20/15 ºC d/n (non-bleached) showing normal chloroplast development.
Length of the bar at bottom left of images represents 50 µm (A) and 5µm
(B).
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Table 3.1

Main effects of temperature on chlorophyll (Chl) concentration (µg·cm-2)
and ratio in leaves of ‘Contessa™ Red’ (heat tolerant) and ‘Temprano™
Lavender’ (heat sensitive) ivy geranium grown for 21 days at 20/15°C (d/n)
or 35/25°C (d/n) (heat stress).

Temperaturez

Chl a

Chl b

Chl a+b

Chl a:b

20/15°C

7.95 ay

6.04 a

13.99 a

1.30 a

35/25°C
2.39 b
4.08 b
6.46 b
0.57 b
Leaves at 20°C were non-bleached. Leaves at 35°C were bleached.
y
Means separation within columns using Fishers protected LSD test. Values with the
same letters are not significantly different at P < 0.05.
z

Table 3.2

Cultivar

Main effects of cultivar on chlorophyll (Chl) concentration (µg·cm-2) and
ratio in leaves of ‘Contessa™ Red’ (heat tolerant) and ‘Temprano™
Lavender’ (heat sensitive) ivy geranium grown for 21 days under two
temperature treatments, control (20/15 ºC d/n) and heat stress (35/25 ºC
d/n).
Chl a

Temprano™ Lavender 5.50 az

Chl b

Chl a+b

Chl a:b

5.18a

10.68 a

0.98 a

Contessa™ Red
4.84 a
4.93 a
9.77a
0.90 b
Means separation within columns using Fishers protected LSD test. Values with the
same letters are not significantly different at P < 0.05.
z
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CHAPTER IV
CYTOKININ AND GIBBERELLIN EFFECTS ON FOLIAR BLEACHING,
PHOTOSYNTHESIS, AND CHLOROPHYLL FLUORESCENCE IN IVY GERANIUM

Abstract
Ivy geraniums (Pelargonium peltatum) have ivy-like foliage and distinctive
umbels of flowers. With its cascading habit, it is mainly grown in hanging baskets and
containers. However, ivy geraniums have a low heat tolerance. The new, initiating leaves
of ivy geranium develop white when under heat stress. In this study, a heat tolerant
cultivar, Contessa™ Red, and heat sensitive cultivar, Temprano™ Lavender, were grown
under heat stress (35/25°C d/n) and non-heat stressed (20/15°C d/n) conditions. Two
plant growth regulators (PGRs), benzyladenine (BA) and gibberellic acid (GA3) were
applied at 0, 50 and 100 mg·l-1 in a complete factorial 0, 7 or 14 days after start of
temperature treatments. Plant growth regulators (PGRs) were applied to determine
whether foliar bleaching could be decreased or prevented and whether the PGRs affected
net photosynthesis and chlorophyll fluorescence under heat stress. Plants placed under
heat stress bleached more than the control. ‘Temprano™ Lavender’ bleached more under
heat stress than ‘Contessa™ Red’. PGRs applied early within the heat stress period
decreased bleaching in ‘Temprano™ Lavender’. GA3 applied before heat stress reduced
bleaching in ivy geranium new growth. Applying 50 mg·l-1 GA3 within a week of heat
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stress occurring may decrease bleaching. Net photosynthesis was greater in non-heat
stressed plants than heat stressed plants. In plants that PGRs were applied on day 14 had
higher net photosynthesis and chlorophyll fluorescence in ‘Contessa™ Red’ than
‘Temprano™ Lavender’. Both cultivars had greater chlorophyll fluorescence when no
heat stress occurred. Under heat stress ‘Contessa™ Red’ had higher chlorophyll
fluorescence than ‘Temprano™ Lavender’, but both were still significantly lower
compared to the non-heat stressed plants.
Introduction
Ivy geraniums (Pelargonium peltatum) are mostly used in hanging baskets which
best display its profusion of flowers and trailing habit. Ivy geranium is a broad category
of geraniums of varying size, foliage color, variegation, bloom color and growth habit
(Holcomb and O’Donovan, 1993) and require cooler temperatures compared to other
Pelargonium species with optimum growing conditions between 20°C and 24°C (Dole
and Wilkins, 2005). Under heat stress, above 30°C, newly developing leaves of ivy
geranium bleach, or develop white (Dhir et al., 2011). When returned to moderate
temperatures, the plant resumes normal, green growth (Dhir, 2008).
Applications of plant growth regulators (PGRs), such as cytokinins and
gibberellins, prevent degradation of chlorophyll, stimulate new chloroplast development,
and limit leaf yellowing (Gan and Amasino, 1995). Cytokinins can regulate shoot and
root growth and delay senescence and chlorophyll degradation in leaf tissues (Srivastava,
2002) and affect chloroplast and etioplast ultrastructure, chloroplast enzyme activities,
pigment accumulation and photosynthetic rate (Lerbs, et al., 1984; Chory et al, 1994;
Kusnetsov et al., 1994, 1998; Yaronskaya et al., 2006). Applied exogenously, cytokinins
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keep chloroplasts active longer in detached leaves than in untreated leaves (Romanko et
al., 1969). Plastids contain genes and structures for cytokinin expression which may also
affect the activity of plastid and/or chloroplast genes (Choquet and Wollman, 2002).
Along with kinetin, one of the most abundant cytokinins found in plants is zeatin.
Benzyladenine (BA) is an active synthetic cytokinin and is most commonly used as a
plant growth regulator (PGR) because it is effective, easily accessible and inexpensive
(Srivastava, 2002). Gibberellins are used in biochemical and morphogenetic responses in
plants promoting elongation of stems, petioles and flower pedicels (Srivastava, 2002). In
Easter lily (Lilium longiflorum) a combination of gibberellins and cytokinins reduced leaf
chlorosis (Whitman et al., 2001). Some species of plants are more affected by cytokinins,
others by gibberellins to delay leaf chlorosis and senescence thus, plant responses are
unpredictable and must be tested from species to species at various PGR rates and
application timing (Gent and McAvoy, 2000). When cytokinins and gibberellins are
combined, they can be very effective at reducing leaf chlorosis in a number of floriculture
and horticulture crops (Funnell and Heins, 1998; Han, 2001; Kim and Miller 2009;
Ranwala et al., 2000). BA + GA4+7 were used on pansy (Viola x wittrockiana) and violas
(Viola cornuta) and were shown to prevent abscisic acid (s-ABA) -induced leaf chlorosis
(Waterland et al., 2010). Cytokinins have been shown to delay leaf yellowing in other
floriculture crops such as lilies (Lilium sp.), tulips (Tulipa gesneriana), geraniums
(Pelargonium sp.), gerbera daisy (Gerbera jamesonii), goldenrod (Solidago canadensis),
zinnia (Zinnia elegans) and miniature roses (Rosa x hybrida) (Franco and Han, 1997;
Kim and Miller, 2009; Padhye and Runkle, 2008; Philosoph-Hadas et al., 1996; Pinto et
al., 2005; Tjosvold et al., 1994).
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Photosynthesis is very sensitive to increased temperatures which can decrease
photosynthetic rate to almost zero (Sharkey, 2005). The optimum temperature for cool
season plants is between 15 and 24°C and heat injury often occurs at temperatures above
30°C (Huang and Gao, 2002). Temperatures above 30°C reduce photosynthetic rate as a
result of a reduction in PSII efficiency (Kadir et al., 2006). Chl biosynthesis of cucumber
seedlings decreased by 60% under heat stress due to disruption of Chl biosynthetic
enzymes when compared to normal conditions (Tewari and Tripathy, 1998). In pea
plants, net photosynthesis was reduced with increasing temperatures up to 45°C
(Haldimann and Feller, 2005). A reduction in Chl accumulation in heat stressed plants
could be caused by impaired synthesis and/or faster degradation of the Chl (Mohanty et
al., 2006).
Light energy can be used for photosynthesis, dissipate as heat, or be re-emitted as
light (chlorophyll fluorescence). In order to gain useful information about the
photosynthetic performance of a plant from measurements of chlorophyll fluorescence, it
is necessary to be able to distinguish between the photochemical, light, and nonphotochemical, heat, contributions. The usual approach is to switch off one of the two
contributors, specifically photochemistry, so the fluorescence yield can be estimated.
Photochemistry is usually switched off because it is not possible to totally inhibit heat
dissipation (Maxwell and Johnson, 2000). Chlorophyll fluorescence can be used as an
indicator of the fate of excitation energy in the photosynthetic apparatus (Andrews et al.,
1995; Janssen and van Hasselt, 1994; Mohammed et al., 1995), to determine the
efficiency of PSII photochemistry (Maxwell and Johnson, 2000), and serve as a
sensitivity indicator of thylakoid membrane damage and functional changes of the
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photosynthetic apparatus (Seeman et al., 1984; Bukhov et al., 1987; Havaux 1992; Daniel
1997). Chlorophyll fluorescence is a strong indicator of many types of plant stressors
including temperature stress (Larcher, 1994; Yamada et al., 1996). One of the first
responses to environmental stresses is an increase in non-radiative energy dissipation,
which is reflected in the level of chlorophyll fluorescence (Schreiber et al., 1994).
The objectives of this study were to determine whether cytokinin and gibberellins
can be used to decrease or prevent foliar bleaching and their effect on net photosynthesis
and chlorophyll fluorescence in ivy geranium under heat stress.
Materials and Methods
Ivy geranium ‘Contessa™ Red’ (heat tolerant) and ‘Temprano™ Lavender’ (heat
sensitive) were used for their differences in heat susceptibility (Dhir et al. 2013). Rooted
cuttings of ‘Contessa™ Red’ and ‘Temprano™ Lavender’ (Syngenta Flowers, Gilroy,
CA) were potted in 10 cm (53 cm3) square containers in ~70/30 v/v peat moss/perlite
substrate (Sunshine Gro Mix 1; Sungro Horticulture, Agawam, MA) and fertigated with
200 mg N l-1 from 20 - 4.4 - 16.6 N-P-K fertilizer (Peters Professional 20-10-20; Everris
NA Inc., Dublin, OH) 3 times a week. The rooted cuttings were grown in a glass
greenhouse at 23/21°C (day/night) from January 14 to February 7, 2015 until roots were
well established. Unbleached plants were moved to growth chambers (Percival Scientific,
Boone, IA). Two growth chambers were set at 20/15°C day/night for the control and 2
more growth chambers were set at 35/25°C day/night for the heat stress treatment. A total
of 4 growth chambers were used. Plants were kept in the growth chambers for 21 days
with the heat stress treatment stopping on day 14 and continuing at the control
temperature until day 21. Plant growth regulators (PGRs), Configure (BA) (Fine
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Americas Inc., Walnut Creek, CA) and Gibberellic acid (GA3) (Sigma Chemical, St.
Louis, MO) were applied at 0, 50, or 100 mg·l-1. A total of nine combinations were used:
0/0, 0/50, 0/100, 50/0, 50/50, 50/100, 100/0, 100/50, and 100/100 mg GA3/BA ·l-1. The
PGRs were applied at 0.1 mg a.i. per plant per rate (plants were approximately 20 cm tall,
10 cm wide) on day 0 (before heat stress treatment), 7 (during heat stress treatment) or 14
(end of heat stress treatment). The growth of the new leaves was visually rated on a scale
from 1 to 5 where 1 = 0% bleaching, 2 = 25% bleaching, 3 = 50% bleaching, 4 = 75%
bleaching and 5 = 100% bleaching on days 0, 3, 6, 9, 12, 15, 18 and 21. On day 21, net
photosynthesis rate and chlorophyll fluorescence were measured using a portable
photosynthesis system LI-6400XT (LI-COR Inc., Lincoln, NE). The light intensity (PAR)
in the measuring chamber was set to 1500 µmol-2s-1, relative humidity was set to 30%
and temperature to 25°C. CO2 concentration of the leaf chamber was set at 410 µmol
mol-1 and the flow rate at 500 mol s-1. When the total coefficient of variation (%CV)
reached a value less than 0.5%, net photosynthesis (Pn) and the quantum efficiency
(Fv’/Fm’) was recorded. Similar settings and methodology were used in Wijewardana et
al., (2018).
The PGR data was analyzed as a split plot design with temperature as the main
plot factor with the plots containing randomized experimental units with treatments
consisting of combinations of the other four experimental factors. For analysis, each
rating was transformed to quantitative values using midpoints of the ranges of
percentages with 1= 13% bleaching, 2= 38% bleaching, 3= 63% bleaching, 4= 87%
bleaching, 5=100% bleaching. Analysis began with all five treatment variables and all
interactions up through the 5–way interaction. No 5-way or 4-way significant interactions
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were found. If a 3-way interaction term was found to be significant, it was retained in
subsequent models along with any 2-way interaction terms that were subsets of the 3-way
term. Because temperature was a common variable in significant 3-way interactions,
further analysis was run with separate models for each of the two temperatures and all the
other terms to determine which factors of the remaining terms were most important
(Table 4.1). Because ratings for all plants started at zero, an average rate of increase of
bleaching percentage through day 15 was calculated using the mean at day 15. Based on
preliminary graphical analysis, bleaching reached a maximum at day 18. Therefore,
bleaching at day 15 and day 18, with these two days analyzed as repeated measures were
used to calculate an analysis of variance (ANOVA). Shaffer-Simulated method at P
<0.10 was used to indicate significant differences of means.
The photosynthesis and chlorophyll fluorescence analysis was a split plot design
with 2 replications with 2 subsamples in each replication using analysis of variance
(ANOVA). Fisher’s protected LSD test at P <0.05 was used to indicate significant
differences between means. All statistical analyses were performed using SAS (SAS
version 9.4, SAS Institute, Cary, NC).

Results and Discussion
When PGRs were applied, slight bleaching occurred when 100 mg·l-1 BA was
applied to plants grown at 20°C (control) (Table 4.2). This may be due to cell elongation
which may make the cell appear lighter green compared to the control. There were no
differences when BA was applied to the 35°C (heat stressed) plants regardless cultivar.
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There were also no differences in ‘Contessa™ Red’ for day of PGR application
(DPA) at 20°C, but slight bleaching occurred in ‘Temprano™ Lavender’ at 20°C when
the PGRs were applied on day 0 (Table 4.3). This could be the same explanation as above
where excess cell elongation may have occurred. When ‘Contessa™ Red’ was placed
under heat stress, there was no difference in bleaching for any DPA (Table 4.3). In
‘Temprano™ Lavender’, bleaching rates increased as DPA increased (Table 4.3). These
results suggest decreased bleaching in ivy geraniums for ‘Temprano™ Lavender’ will
occur the earlier PGRs are applied within the heat stress period.
When 50 mg·l-1 of GA3 was applied on day 0 or 7 at 35°C, less bleaching
occurred in both cultivars. When 100 mg·l-1 of GA3 was applied to the 35°C treatment on
day 0, before heat stress occurred, less bleaching occurred (Table 4.4). If 100 or 50 mg·l-1
GA3 can be applied before a heat stress event, less bleaching may occur in ivy geranium
new growth. If heat stress has already occurred, applying 50 mg·l-1 GA3 within a week (7
days) of heat stress occurring may decrease foliar bleaching. When cytokinins and
gibberellins are combined, they have been found to be very effective at reducing leaf
chlorosis in a number of floriculture and horticulture crops such as Asiflorum lilies
(Lilium hybrid) (Funnell and Heins, 1998), cut Asiatic and Oriental lilies (Lilium sp.)
(Han, 2001), pot ‘Seadov’ tulips (Tulipa gesneriana) (Kim and Miller 2009) and
‘Stargazer’ lilies (Lilium sp.) (Ranwala et al., 2000). Similar results were found in pansies
(Viola x wittrockiana) and violas (Viola cornuta) when BA + GA4+7 were applied before
stress occurred to prevent abscisic acid (s-ABA) -induced leaf chlorosis (Waterland et al.,
2010).
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Temperature and the interaction between DPA and cultivar affected net
photosynthesis rate (Table 4.5, 4.6). Photosynthesis rate was measured 21 days after the
start of heat stress treatments which lasted 14 days. Plants grown in the control, 20°C day
treatments, had a greater net photosynthesis than those grown under heat stress, 35°C day
treatments (Table 4.5). When PGRs were applied on day 14, ‘Contessa™ Red’, had an
increased net photosynthetic rate 7 days after heat stress (Table 4.6). ‘Contessa™ Red’ is
more heat tolerant and may have exhibited an increase in photosynthetic rate when
returned to normal temperatures due to less potential damage to the development of the
photosynthetic apparatus in the leaf. PGRs applied on the last day of heat treatment could
have helped photosynthetic rate increase within the 7 days between heat treatment and
when the measurement was taken by promoting development of chloroplasts and new
growth. Photosynthetic rate in ‘Temprano™ Lavender’ was unaffected by date of PGR
application and did not change significantly over the course of the study. Photosynthesis
is very sensitive to increased temperatures which can decrease photosynthetic rate to
almost zero (Sharkey, 2005). Temperatures above 30°C reduce photosynthetic rate as a
result of a reduction in PSII efficiency (Kadir et al., 2006) Chl biosynthesis of cucumber
seedlings was found to decrease by 60% under heat stress due to disruption of Chl
biosynthetic enzymes when compared to normal conditions (Tewari and Tripathy, 1998).
In pea plants, net photosynthesis was reduced with increasing temperatures up to 45°C
(Haldimann and Feller, 2005). A reduction in Chl accumulation in heat stressed plants
may be caused by impaired synthesis and/or faster degradation of the Chl (Mohanty et al.,
2006).
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Chlorophyll fluorescence was greater in ‘Contessa™ Red’ than in ‘Temprano™
Lavender’ at 14 DPA (Table 4.6). ‘Contessa™Red’ may have greater ability to fluoresce
thus protecting PSII and making it more heat tolerant than ‘Temprano™Lavender’. Both
cultivars had greater chlorophyll fluorescence at 20/15°C than at 35/25°C with
‘Temprano™ Lavender’ having less chlorophyll fluorescence than ‘Contessa™ Red’ at
35/25°C (Table 4.7). There was no difference in chlorophyll fluorescence between
cultivars at 20/15°C. Chlorophyll fluorescence is an indication of PSII efficiency
(Maxwell and Johnson, 2000). The cause of fluorescence decline at high temperatures has
been related to the decline in the functioning of primary photochemical reactions,
primarily involving inhibition of PSII located in the thylakoid membrane system (Berry
and Bjokman, 1980; Weis and Berry, 1988). Decreased chlorophyll fluorescence in
‘Temprano™ Lavender’, but not ‘Contessa™ Red’ under heat stress may indicate
decreased PSII efficiency demonstrating the greater heat sensitivity of ‘Temprano™
Lavender’. Similar results were found in tomatoes where increased leaf temperatures
were correlated with declines in chlorophyll fluorescence (Willits and Peet 2001;
Murkowski, 2001). A decline in chlorophyll fluorescence was also found in heat
damaged broccoli florets (Tain,et al., 1996).
Conclusion
Foliar bleaching can be decreased in ‘Temprano™ Lavender’ with application of
PGRs early in a heat stress event. If 100 or 50 mg·l-1 GA3 can be applied before a heat
stress event, less bleaching may occur in ivy geranium new growth. If heat stress has
already occurred, 50 mg·l-1 GA3 may decrease bleaching if applied within a week of the
heat stress event occurrence.
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Plants which were not heat stressed (control) had greater net photosynthesis rates
and chlorophyll fluorescence than heat stressed plants with ‘Contessa™ Red’ having a
higher chlorophyll fluorescence than ‘Temprano™ Lavender’ under heat stress.
‘Contessa™ Red’ plants which received PGRs on day 14 and were measured for net
photosynthesis on day 21, 7 days after heat treatments ended, had greater net
photosynthesis rates than all the other treatments. ‘Contessa™ Red’ had higher
chlorophyll fluorescence than ‘Temprano™ Lavender’ when PGRs were applied on day
14, when the heat treatment ended, and chlorophyll fluorescence was measured on day
21, but fluorescence was still significantly lower than non- heat stressed plants.
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Table 4.1

Analysis of variance of foliar bleaching for Day 15 and Day 18 analyzed
as repeated measures. Interaction of day of PGR application (DPA)
before, during, and after heat stress event, benzyladenine (BA) and
gibberellic acid (GA3), and cultivar on bleaching in leaves of ivy
geraniums ‘Contessa™ Red’(heat tolerant) and ‘Temprano™ Lavender’
(heat sensitive) grown at two temperature treatments, control (20/15°C
d/n) and heat stress (35/25°C d/n).

Temperature (°C d/n)
(Main Factor)
20/15

35/25

z

Interactive Effects

Significancez

GA3 Rates
BA Rates
DPA
Cultivar

NS
**
**
**

GA3 rates*DPA
DPA*Cultivar
DPA*BA Rates

NS
**
NS

GA3 Rates * BA Rates
GA3 Rates*Cultivar
BA Rates*Cultivar

NS
NS
NS

GA3 Rates
BA Rates
DPA
Cultivar

NS
NS
**
**

GA3 rates*DPA
DPA*Cultivar
DPA*BA Rates

**
**
NS

GA3 Rates * BA Rates
GA3 Rates*Cultivar
BA Rates*Cultivar

NS
NS
NS

Analysis of Variance, Pα=0.10, significance indicated by ** with NS representing not
significant.
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Table 4.2

Interaction of temperature and cytokinin (BA) application on foliar
bleaching of ivy geranium ‘Contessa™ Red’(heat tolerant) and
‘Temprano™ Lavender’ (heat sensitive) grown at two temperatures,
control (20/15°C d/n) and heat stress (35/25°C d/n).

Cytokinin (BA) (mg·l-1)
Bleaching (%)z
0
0.0 by
50
0.0 b
100
0.4 a
35/25
0
35.1 a
50
36.6 a
100
34.7 a
z
Visual rating of bleaching where 0 = 0% bleaching, 1 = 13% bleaching, 2 = 38%
bleaching, 3 = 63% bleaching, 4 = 87% bleaching and 5 = 100% bleaching.
y
Means separation within columns by temperature using Shaffer-Simulated method .
Values with the same letters are not significantly different at Pα < 0.10.
Temperature (°C d/n)
20/15
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Table 4.3

Temperature
(°C d/n)
20/15

Interaction of temperature, cultivar and day of PGR (benzyladenine and
gibberellic acid) application (DPA) before, during, and after heat stress
event on bleaching in leaves of ivy geraniums geraniums ‘Contessa™
Red’(heat tolerant) and ‘Temprano™ Lavender’ (heat sensitive) grown at
two temperature treatments, control (20/15°C d/n) and heat stress
(35/25°C d/n).

DPA (day)
Bleaching Ratez
0
0.0 ay
7
0.0 a
14
0.0 a
Temprano™ Lavender
0
0.7 a
7
0.0 b
14
0.0 b
35/25
Contessa™ Red
0
10.7 a
7
18.5 a
14
15.9 a
Temprano™ Lavender
0
41.5 c
7
56.5 b
14
69.8 a
z
Visual rating of bleaching where 0 = 0% bleaching, 1 = 13% bleaching, 2 = 38%
bleaching, 3 = 63% bleaching, 4 = 87% bleaching and 5 = 100% bleaching .
y
Means separation within columns by temperature treatment and cultivar using ShafferSimulated method . Values with the same letters are not significantly different at Pα <
0.10.
Cultivar
Contessa™ Red
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Table 4.4

Interaction of temperature, gibberellic acid (GA3) rate and day of
application (DPA) before, during and after heat stress event on bleaching
in leaves of ivy geranium ‘Contessa™ Red’ (heat tolerant) and
‘Temprano™ Lavender’ (heat sensitive) grown at two temperatures,
control (20/15°C d/n) and heat stress (35/25°C d/n).

DPA
Bleaching Ratez
GA3 (mg·l-1)
(day)
0
0
0.0 ay
7
0.0 a
14
0.0 a
50
0
0.5 a
7
0.0 a
14
0.0 a
100
0
0.6 a
7
0.0 a
14
0.0 a
35/25
0
0
35.3 a
7
40.8 a
14
37.2 a
50
0
22.9 b
7
29.6 b
14
53.4 a
100
0
20.1 b
7
42.2 a
14
37.9 a
z
Visual rating of bleaching where 0 = 0% bleaching, 1 = 13% bleaching, 2 = 38%
bleaching, 3 = 63% bleaching, 4 = 87% bleaching and 5 = 100% bleaching
y
Means separation within columns by temperature using Shaffer-Simulated method .
Values with the same letters are not significantly different at Pα < 0.10.
Temperature
(°C d/n)
20/15
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Table 4.5

Net photosynthesis rate in green leaves of ivy geranium ‘Contessa™
Red’ (heat tolerant) and ‘Temprano™ Lavender’ (heat sensitive) grown
under two temperature treatments, control (20/15°C d/n) and heat stress
(35/25°C d/n).

Temperature
Net Photosynthesis Rate
(°C d/n)
(µmol·m-2s-1)
20/15
3.47az
35/25
2.07b
z
Means separation within columns using Fishers protected LSD test. Values with the
same letters are not significantly different at Pα < 0.05.
Table 4.6

Interaction of day of PGR application (DPA) and cultivar, ‘Contessa™
Red’ (heat tolerant) and ‘Temprano™ Lavender’ (heat sensitive), on net
photosynthesis rate and chlorophyll fluorescence in ivy geranium leaves
grown at two temperatures, control (20/15°C d/n) and heat stress
(35/25°C d/n) and measured 21 days after start of heat stress (7 days after
end of heat stress treatments).

Day of
Cultivar
Net Photosynthesis
Chlorophyll
Application
Rate (µmol·m-2s-1)
fluorescence (Fv/Fm)
(DPA)
0
Contessa™ Red
2.44 bz
0.47 abc
0
Temprano™ Lavender
2.67 b
0.49 ab
7
Contessa™ Red
2.48 b
0.47 abc
7
Temprano™ Lavender
2.76 b
0.46 bc
14
Contessa™ Red
3.57 a
0.50 a
14
Temprano™ Lavender
2.76 b
0.45 c
z
Means separation within columns using Fishers protected LSD test. Values with the
same letters are not significantly different at Pα < 0.05.
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Table 4.7

Interaction of temperature and cultivar for chlorophyll fluorescence in
leaves of ivy geranium ‘Contessa™ Red’ (heat tolerant) and
‘Temprano™ Lavender’ (heat sensitive) grown at two temperatures,
control (20/15°C d/n) and heat stress (35/25°C d/n) and measured 21
days after start of heat stress (7 days after end of heat stress treatments).

Temperature
Cultivar
Chlorophyll Fluorescence
(°C d/n)
(Fv/Fm)
20/15
Temprano™ Lavender
0.58 az
Contessa™ Red
0.56 a
35/25
Temprano™ Lavender
0.35 c
Contessa™ Red
0.40 b
z
Means separation within columns using Fishers protected LSD test. Values with the
same letters are not significantly different at Pα < 0.05.
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CHAPTER V
CONCLUSIONS

Chloroplasts within bleached cells of ivy geranium grown under heat stress are
highly decreased or completely absent compared to cells in non-bleached leaves. Heat
tolerance of the two cultivars, Temprano™ Lavender and Contessa™ Red, had little
effect on chloroplast development in bleached or non-bleached leaves nor did stage of
leaf development, 5 or 10mm leaf size. Decreased or absent chloroplasts within the cells
indicate a heat stress induced disruption in ivy geranium chloroplast development.
Chlorophyll content in bleached leaves was reduced and was expected considering the
reduction in chloroplast numbers and bleaching. The heat sensitive ‘Temprano™
Lavender’ had a higher overall chlorophyll a:b ratio than the heat tolerant ‘Contessa™
Red’ while bleached leaves, regardless development stage, had lower chlorophyll a:b
ratios than non-bleached.
Benzyladenine (BA) and gibberellic acid (GA3) applied early within the heat
stress period decreased bleaching in ‘Temprano™ Lavender’ but not ‘Contessa™ Red’.
Gibberellic acid applied at 100 or 50 mg·l-1 before a heat stress event reduced bleaching
in ivy geranium new growth. If heat stress already occurred, applying 50 mg·l-1of
gibberellic acid within a week of the heat stress occurrence may decrease bleaching.
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Non-heat stressed ivy geranium had higher net photosynthesis rates and
chlorophyll fluorescence than heat stressed plants. Plant growth regulator (PGR)
treatments applied on the last day of heat stress had greater net photosynthesis and
chlorophyll fluorescence in ‘Contessa™ Red’ plants. ‘Contessa™ Red’ had higher
chlorophyll fluorescence than ‘Temprano™ Lavender’ but still significantly lower than
non-heat stressed plants.
In conclusion, heat stress impaired development of chloroplasts in newly
developing leaves of ivy geranium Temprano™ Lavender or Contessa™ Red, at 5mm or
10mm leaf length. BA and GA3, applied early during a heat stress event helped decrease
foliar bleaching in ‘Temprano™ Lavender’, but not ‘Contessa™ Red’. Gibberellic acid
applied at 100 or 50 mg·l-1 before a heat stress event reduced bleaching in ivy geranium
new growth. If heat stress already occurred, applying 50 mg·l-1of gibberellic acid within a
week of the heat stress occurrence may decrease bleaching. Net Photosynthesis and
chlorophyll fluorescence was greater in non-heat stressed plants than heat stressed plants.
BA and GA3 when applied on the last day of heat treatment may increase net
photosynthesis and chlorophyll fluorescence in ‘Contessa™ Red’ plants, but do not
decrease foliar bleaching.
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