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ABSTRACT

The Effects of Temperature and Irradiance on the

Growth and Development of Petunia x hvbrida ‘Snow Cloud’

by

Mark P. Kaczperski

Petunia is one of the most popular bedding plants

produced. The effects of 5 day temperatures and 5 night

temperatures ranging from 10° to 30%: at irradiances of 13

and 6.5 mol°day’1°m'2 were determined. Days to flower, leaf

unfolding rate and number of lateral shoots produced were a

function (Hf average temperature. Leaf unfolding rate

increased as average temperature increased, while days to

flower and number of lateral shoots decreased. Fastest time

to flower was achieved at 25° at the higher irradiance with

delay and bud abortion occurring at higher temperatures.

Plant height and average internode length increased as day

temperature increased cnr irradiance decreased. Average

lateral break length decreased with increasing day

temperature but did not show an effect of night temperature.

Plants at all treatments unfolded an average of 18.8 leaves

on the mainstem by anthesis and required a minimum of 13

nodes on the mainstem before initiating a flower bud.
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LITERATURE REVIEW



I ODUCTION

The petunia, or Petunia x hybgida Vilm., has been one

of the most popular bedding plants since its introduction in

the early 1850’s, and is largely responsible for the birth

of the bedding plant industry (Kaczperski et al., 1988).

Although other bedding plant species have enjoyed rapid

rises in popularity and have been labeled the number one

bedding plant, the petunia has always been found in the top

five (Anonymous, 1988; Lieberth, 1988; Mellon and Goldsmith,

1985).

Petunia x hybrida, a member of the Solanaceae family

and native to South America, is a cross between two other

species, Petunia axillaris and Petgnia violacea. It was

introduced to Europe by 1850 and to the United States by

1880 (Everett, 1981). Presently there are five classes of

Petunia x hybrida. These are grandiflora singles,

grandiflora doubles, multiflora singles, multiflora doubles

and floribunda singles (Ball, 1985). The most commonly

produced commercial varieties are the grandiflora and

multiflora singles..

New cultivars of Petunia x hybrida are continually

being introduced for commercial production, assuring the

plant’s popularity for some time to come. Because of this,

a predictive model of plant growth and development would be
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an important addition to the available knowledge already

used to grow petunias profitably.

Many environmental factors were recognized early as

having an influence on plant growth (Hanson, 1917; Krizek et

al., 1970; Mohr, 1964; Post, 1942: Roberts and Struckmeyer,

1938; Vince, 1964; Went, 1953; Zeevaart, 1976). Light,

temperature, water, fertility levels and other factors can

be manipulated alone or in various combinations to produce

differing plant responses. Of these factors, light and

temperature seem to have the greatest effect on petunia

growth, as measured by days to flower and plant height

(Carpenter and Carlson, 1974).

 

PHOTOPERIOD

Three separate characteristics of light can influence

plant growth. These are duration, intensity and quality

(Garner and Allard, 1920). The effects of duration, or

photoperiod, have been studied in some depth. Garner and

Allard were the first to discuss the concept of

photoperiodism (1920). After studying the effects of day

and night length on several plant species, they suggested
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the term ‘photoperiodism’ to describe the response of plants

to the relative length of day and night.

In 1931, Alex Laurie (1931) demonstrated that flowering

of several photoperiodic greenhouse crops could be

controlled by lighting or shading the plants to obtain the

desired response. He also demonstrated that rooting of

cuttings of several plant species could be increased by

extending the photoperiod during the rooting process.

Through his work he was able to verify that photoperiodic

manipulation was cost effective and had practical uses in

commercial floriculture.

After Laurie’s experiments, Withrow and Benedict (1936)

showed that extending the photoperiod to 21 hours per day

with incandescent lamps during the short days of winter

increased dry weight gain and decreased time to flower in

  

Viola 'tricolor' (pansY), Mathiola incana (stock), and

Callistephus. chinensis (aster). Viola. tricolor' and
 

Callistebhue chineneie also produced more flowers per plant

under the extended photoperiod. Mathiola incana produced

less. Petersen (1955) later stated that the slow rate of

plant growth during the low light conditions of winter was

due more to the short photoperiod than the low light

intensity. Therefore, extending the photoperiod, especially

for seedlings and cuttings, would result in an increased

growth rate.
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Plants can be divided into one of several photoperiodic

response groups (Salisbury, 1982). These groups are day

neutral, quantitative short or long day, and qualitative

short or long day; In most cases there are no distinct

lines separating the different response groups. Instead,

the response groups tend to blend together (Figure 1).

Roberts and Struckmeyer (1938, 1939) examined the

effects of photoperiod on petunia and several other species

of plants. They found that at a constant temperature of

12.8°C (55°F), flowering of petunia was induced by

temperature and that the plants flowered under both long

days (16 hour photoperiod) and short days (91/2 hour

photoperiod). When the plants were grown within the range

of 17.2°-18.3°C (63°-65°F) or 21.1°-23.8°C (70°-75°F), they

flowered only under long days, thus making them

thermophotoperiodic. This concept was later stated by Post

(1942).

Van der Veen and Meijer (1959) classified petunia as a

non-obligate long day plant. Carpenter and Carlson (1974)

reported that petunias became responsive to photoperiodic

manipulations at the six-leaf stage, about 20 days after

transplanting. The photoperiod supplied to the plant prior

to this stage had no effect on days to flower or plant

morphology. However, in the work of Piringer and Cathey

(1960), petunia seedlings were exposed to long or short days

up to the six-leaf stage. The seedlings given long days



Figure 1. Flowering responses of different hypothetical

plants for various photoperiods. l. A truly day-neutral

plant, flowering about the same at all photoperiods. 2.

Plant that is slightly but probably insignificantly promoted

in its flowering by long-days. 3. and 4. Different degrees

of a quantitative long-day response. 5. Qualitative or

absolute long-day plant with a 12 hour critical photoperiod.

6. Qualitative short-day plant. 7. Quantitative short-day

plant (Salisbury, 1982).
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were taller and had a greater leaf area than seedlings

exposed to short days even though both groups were at the

same stage developmentally at the end of the experiment.

Days to flower can be greatly reduced in many plant

species when grown under long days (Carpenter, 1974:

Carpenter and Beck, 1973; Carpenter and Carlson, 1974;

Hughes and Cockshull, 1966; Lane et al., 1965; Roberts and

Struckmeyer, 1939; Seeley, 1955). Carpenter and Carlson

(1974) were able to reduce time to flower by 30 to 45 days

in petunias tar growing them under long days instead of

short days.

Besides flowering, photoperiod can affect other aspects

of plant growth. Long days induce stem elongation in many

plants (Vince-Prue, 1975). Elongation is accomplished by

stimulating internode expansion during active growth. The

increased internodes result in longer stems and taller

plants (Carpenter and Carlson, 1974; Cathey and Piringer,

1961). In 1961, Cathey and Piringer (1961) discovered that

when petunias were grown under an 8 hour photoperiod, the

plants developed a rosette growth habit. This rosette

growth was due to greatly shortened internodes. However,

when the photoperiod was increased to either 16 or 24 hours

the internodes elongated, resulting in taller plants with an

alternate leaf pattern. I

Another effect of photoperiod on petunia morphology was

the reduction of the number and length of basal branches
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when the plants were grown under long days (Carpenter and

Carlson, 1974). When grown under short days, the plants

produced a large number of basal branches. However, when

the photoperiod was extended to 16 or 24 hours, the number

of branches was reduced along with the length of each

individual branch. Similar results were reported by Wolnick

and Mastalerz (1966). When petunias were grown under a 9

hour photoperiod, the pflants branched freely. When the

daylength was extended to 16 hours using incandescent bulbs,

branching was inhibited. This inhibition however, may be

more of a response to light quality, not photoperiod

(Kasperbauer, 1971).

Length of photoperiod has been found to influence leaf

size. Hughes and Cockshull (1966) obtained leaf areas 35%

greater on petunias grown under long days when compared to

those grown under short days. In either case, the plants

had the same number of total leaves" Comparable results

were later reported for Antirrhinum majus and Pelarqonium x

hortorum (Flint, 1960; Merritt and Kohl, 1985). Merritt and

Kohl (1983) suggested that increased plant growth in Petunia

x hybride grown under long days was due to increased leaf

size. This increase provided a larger sink for the plant

prior to the closing of the plant canopy.

Different methods can be used to extend photoperiod.

Lane, Cathey and Evans (1965) determined that for best plant

growth, the most effective method of lengthening the day
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period was to provide light for 8 hours immediately

preceding the natural photoperiod instead of extending the

length at the end. Hewever, Hughes and Cockshull (1966)

stated that a 4 hour night break similar to lighting

schedules to maintain a vegetative state in Chrysanthemum

was as effective as adding 8 hours of additional light to

the natural photoperiod.

Many different types of lamps, if they produce

sufficient intensity, can be used to extend the photoperiod

(Carpenter and Beck, 1973; Carpenter and Carlson, 1974;

Cathey and Campbell, 1975). However, some plant responses,

such as flowering and stem elongation, are influenced by

phytochrome conversion (Borthwick and Hendricks, 1960;

Canham, 1966; Cathey, 1974; Holmes and Smith, 1977a; Lane et

al., 1965; Mohr, 1962, 1964; Salisbury, 1961; Searle, 1965;

Smith and Holmes, 1977; Vince, 1964; Zeevaart, 1976). Light

sources high in red light would have a greater effect on

reducing time to flower than those sources lacking red light

(Carpenter, 1974; Doorenbos and Wellensiek, 1959). In 1974,

Carpenter (1974) found that high pressure sodium lamps were

one of the best sources to use in decreasing flowering time

if low light levels were to be used. They also worked

equally as well at high light levels, such as those found in

supplemental lighting of the crop. .

Photoperiod is a very important factor to consider when

examining the effects of light on petunia growth. It
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affects not only time to flower but plant morphology as

well. Photoperiod is easily controlled through the use of

shadecloth and supplemental lighting, making it a useful

tool for controlling petunia growth.

INTENSITY

Benefits can be realized in many plant species when

they are grown with supplemental light. Supplemental

lighting is a term that refers to increasing the natural

light levels received by the plants with one or more

electrical light sources. When using supplemental light to

extend the photoperiod of plants, low intensities can be

used. However, if sufficiently high intensities are used,

plant growth will be accelerated (Armitage et al., 1983;

Carpenter, 1974; Carpenter and Anderson, 1972; Carpenter and

Beck, 1973; Carpenter and Carlson, 1974; Krizek et al.,

1968; Petersen, 1955).

Increasing the light intensity, especially during the

low light levels of winter, has been shown to decrease the

time to flower for several plant species. IEarly work by

Withrow and Benedict (1936) showed a significant decrease

in time to flower for Viola tricolor, Mathiola incana and

Cellistephus chinensis when the plants were grown with

supplemental lights. Plants were illuminated with specially
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filtered incandescent lamps. The filters excluded infrared

light with wavelengths longer than 1400 mu. Wavelengths in

this range reportedly raised leaf temperatures 1° to 2°C and

the filters eliminated this problem. As a result, time to

flower for Viola tricolor was decreased 67%, for

Callistephus chinensis 33% and for Mathiola incana 39%

because of the additional irradiance.

Armitage et al. (Armitage and Tsujita, 1979; Armitage

et al., 1981; Armitage et al., 1983) and Carpenter and

Rodriguez (1971a) demonstrated in several studies that time

to flower could be reduced in hybrid seed geraniums, a day

neutral plant (Post, 1942), through the use of high

intensity lighting, especially when the plants were

illuminated from flower initiation to visible bud. This

decrease was found to be true for several cultivars (Figure

2), and was shown to be an effect of cumulative

photosynthetically active radiation (Craig and Walker, 1963;

Erickson et al., 1980).

Carpenter and. Beck. (1973) ‘reported. substantial

decreases in time to flower for several floricultural crops

when grown with supplemental high intensity lighting. They

grew petunias, impatiens, marigolds and zinnias under either

natural winter light conditions, photoperiodic extensions

with incandescent lamps or 24 hour continuous high intensity

lighting. In all cases, the plants receiving the high

intensity lighting flowered first, the extended photoperiod
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Figure 2. The relationship between quantum flux density at

an 18 hour photoperiod and number of days to flower for 3

cultivars of hybrid seed geranium, a: ‘Sprinter Scarlet’, b:

‘Sooner Red’ and c: ‘Ringo’(Armitage et al., 1983).
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plants second and the ones grown under natural light

conditions last. These results, they stated, showed that

the quicker flowering time was due to, at least in part,

the high intensity lighting and not just a photoperiodic

response.

Carpenter and Carlson (1974) determined the effects of

high intensity lighting on Petunia x hybrida. Plants were

grown under the low light conditions of winter, under winter

light conditions with the photoperiod extended with

incandescent lamps at 10.8 micro-mol°s"°m'2 (50 f.c.)

(Thimijan and Heins, 1983) or with 24 hour supplementary

light provided from high pressure sodium lamps at 131.7

micro-mol°s'1°m'2 (1000 f.c.). Three different cultivars

were tested. Plants grown under the high pressure sodium

lamps flowered an average of 45 days earlier than those

plants grown under natural light conditions, and 17 days

earlier than those grown under the 16 hour photoperiod

(Table 1). They concluded that time to flower in Petunia x
 

hybrida could be reduced by 2 days for every 1 day they were

lit with high pressure sodium lamps.

Table 1. The effect of 3 lighting regimes on flowering

of 3 cultivars of Petunia x hvbrida (Carpenter and

Carlson, 1974).

DAYS TO FLOWER

 
 

TREATMENT Happiness White Magic Blue Meqic

Natural Light 83 85 92

16 Hour Inc. 56 59 60

24 Hour HPS. 38 42 45
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Besides reducing time to flower, supplemental lighting

of adequate intensity can be used to increase plant growth

and quality. Carpenter and Rodriguez (1971b) showed in that

they were able to obtain a higher percentage of flowering

stems and a significant increase in the number of bottom

breaks in three cultivars of cut roses by lighting them from

1800 hours to 0300 hours with fluorescent lamps. Similar

results were obtained by Carpenter and Anderson (1972).

Pansy, stock and aster all experienced a significant

increase in both fresh and dry weight when given

supplemental lighting from incandescent lamps (Withrow and

Benedict, 1936). Idents received 100 f.c. daily from 3

hours after sundown until dawn. In addition to the increase

in fresh and dry weights, pansies produced longer stems and

more flowers per plant when given supplemental light,

although the diameters of individual flowers were less than

those receiving only natural light conditions. Asters also

produced longer stems and more flowers but had an increased

flower diameter when given supplemental light. Stock, on

the other hand, produced fewer flowers per plant though the

stems were longer when given supplemental light.

Erickson et al. (1980) presented evidence that seed

geraniums produced more lateral shoots and experienced

decreased plant height but showed no difference in dry

weight gain when lit with high pressure sodium lamps. In

this experiment plants were lit 24 hours per day at a level
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of 40 micro-mol°s'1°m'2. Armitage et al. (1981) further

demonstrated that specific leaf weight of hybrid seed

geranium also increased with increasing intensity.

Krizek et en” (1968) stated that increased seedling

growth for many bedding plant species could be obtained

through the use of high intensity lighting. Seedlings grown

with supplemental lights would be ready for transplanting

sooner, have a greater fresh weight and display increased

vigor over seedlings grown under natural light conditions.

In 1971 R. A. Norton (1971) outlined the benefits of

supplemental light when used in Washington state and the

northwest region of the country. Several bedding plant

species, including petunia, were grown under natural light

conditions or with supplemental lights provided by

fluorescent lamps. Petunia showed a 246% increase in dry

weight accumulation when they received the extra light.

Other species tested showed equal or greater gains in dry

weight.

Work by Carpenter and Beck (1973) showed that increased

plant growth in petunias was obtained when the plants were

supplemented with high pressure sodium lamps in addition to

natural day light. Plants under the HPS lamps were slightly

taller and had longer roots than plants grown only under

natural day light. -

In other work by Carpenter (1974), petunias were

provided with 536 micro-mol°s"°m'2 (10 w/ftz) (Thimijan and
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Heins, 1983) from high pressure sodium lamps for 24 hours a

day in addition to natural daylight. When these plants were

compared to petunias grown under normal winter light

conditions, the lighted plants luui increased basal

branching, an increased fresh weight as well as a compact

growth habit. The plants grown under the supplemental light

were of greater quality than those grown under natural

conditions.

Intensity also has an effect on the post production

life of petunias. Armitage and Kowalski (1982) tested the

effects of three light levels and three temperatures on the

post production life of Petunia x hvbrida ‘Coral Sea’. At

warm temperatures and high light levels, plants produced the

greatest increase in dry weight. At lower temperatures,

light level had less of an effect (Figure 3).

Like photoperiod, light intensity has been shown to

have a profound effect on the growth and development of

P_etunia x hvbrida. As a bedding plant, petunias are

normally grown when natural light conditions are quite low.

Increasing these low levels with supplemental light will

produce a strikingly different plant.
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Figure 3. Percentage of change in dry weight from day 1 of

post harvest conditions for ‘Coral Sea’ petunia illuminated

13 hours day'1 with fluorescent and incandescent lamps in:

a. 10°, b. 20° or c. 30°C. High = high QFD (900

micro-mol°s'1wmz), Medium == medium (QFD (600

micro-mol's'1'm'2), Low = low QFD (300 micro-mol-s"°m'2)

(Armitage and Kowalski, 1982).
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Quality

Light quality can greatly affect plant growth.

Petunias and most other plants are highly responsive to

light at wavelengths between 400 and 700 nanometers for

photosynthesis and other plant processes (Figure 4) (Cathey

and Campbell, 1977). The importance of light quality became

apparent after Garner and Allard published a paper in 1920

that discussed the concept of photoperiod (1920). With the

discovery of the manipulation of photoperiod to control

flowering, the study of the effects of different light

sources on plant growth became a highly researched area.

Over the years many types of artificial lamps have been

developed in an attempt to either imitate natural sunlight

or at least develop light sources that will provide adequate

plant growth using only necessary wavelengths. The spectral

energy emission curves of several current light sources are

presented (Figure 5) and can be compared to that of solar

irradiation (Figure 6) (Cathey and Campbell, 1980).

Some of the earliest work with electric lighting came

before Garner and Allard’s landmark paper. As early as

1891, L. H. Bailey (1891) experimented with using

electric arc lamps to increase growth of petunia and other

plants. He discovered that petunias illuminated during the

night grew much taller than plants grown under natural light

conditions. However, the lamps Bailey used emitted large
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Figure 4. Photosynthesis action spectrum for a) dim light

and b) intense light (Cathey and Campbell, 1977).
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Figure 5 . Spectral radiant power curves for some

current horticultural lamps (adapted thxmi Cathey and

Campbell, 1980).
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Figure 6. Solar spectral irradiance (Cathey and Campbell,

1980).
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amounts of ultraviolet rays that damaged the plants unless

the light first passed through window glass to screen out

the ultraviolet rays.

Much of the early work with light quality, or color, is

now understood to be invalid (Kwack and Dunn, 1961; Van der

Veen and Meijer, 1959). These early studies often reported

conflicting and confusing accounts (Burns, 1933; Daster and

Mehta, 1935; Popp, 1926; Shirley, 1929) most often because

of the inability of these researchers to produce narrow

wavelength bands for study. Many times, the eye was used to

estimate light quality. ldght that appeared blue to the

human eye was termed blue light in research, red appearing

light was used as red light and green appearing light as

green light. Unfortunately, this system did not allow for

the overlapping of the colors as seen by the human eye.

Withrow and Benedict (1936) tried to refine the study

of light quality by using special filters to obtain narrower

bands of wavelengths than previously obtained. Aster, stock

and pansies were illuminated with one of eight colors,

including a white light control, ranging from blue to

infrared. They found that pansies grown under the

orange/red light (about 650 nm and up) flowered earliest and

produced the most flowers (19.1 flowers) when compared to

the control (1.9 flowers), while plants grown under blue

light (380-510 nm) produced the least (0.8 flowers).

Similar results were found with aster. However, the
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orange/red wavelength inhibited branching ixi stock which

decreased flower number. In all 3 species studied, the

tallest plants were the ones grown under either orange/red

or red (680 nm), and the greatest fresh and dry weight was

produced by pdants grown under orange/red. Green light

(455-550 nm) plants produced the lowest dry weights and

plants grown under the blue light appeared to be stunted.

After examining work of previous scientists, Post

(1942) published a bulletin outlining the effects of light

and temperature cn1 various floricultural crops. He

concluded that the visible part of the spectrum was

important to plant growth, while the extremes in the

ultraviolet and infrared regions were run: important and

could be detrimental to plant growth.

The advent of the fluorescent lamp greatly increased

the accuracy with which light quality was studied” ‘When

coated with different phosphors, wide ranges of spectral

composition could be achieved (Thomas and Dunn, 1967). As a

result, fluorescent lamps became very popular for

experimental use in the early 1940s and remained so until

the late 19703.

Naylor and Gerner (1940) compared incandescent lamps to

fluorescent lamps and their effects on tomato and tobacco.

They concluded that incandescent lamps emitted too much heat

and produced poor growth and as a result were unsatisfactory

to be used as a single light source. Plants grown under



29

fluorescent lamps, however, were short, sturdy, had a deep

green color and were superior to those grown under the

incandescent lamps or natural winter conditions.

The work by Naylor and Gerner was later supported by

Stoutemyer and Close (1946). Seedlings of several bedding

plant species grew best when fluorescent lamps were used as

a single light source. Since the fluorescent lamps emitted

more energy in the lower region of the spectrum than

incandescent (Figure 5), seedlings started under fluorescent

were sturdier and of better quality than seedlings started

under incandescent.

Particular wavelengths of light have been shown to

affect several different plant processes. Wassink and

Stolwijk (1956) stated that in experiments with etiolated

peas and avena, phototropism showed the maximum response in

the violet-blue spectral region. Red light exerted the

greatest influence on leaf growth and internode inhibition

in peas and beans, internode inhibition in barley seedlings,

mesocotyl inhibition in avena and opening of the plumular

hook in bean. In studies with light grown Brassica

followed with 4 hours of spectral light, blue, violet and

infrared radiation encouraged stem elongation immediately

while other wavelengths inhibited it. Similar results were

reported by Holmes and Smith (1977b). 4

The most noticeable effect of light quality on plant

growth in early studies was the ability of some wavelengths
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to stimulate photoperiodic response while other wavelengths

elicited diminished or no response (Downs et al., 1958;

Piringer and Cathey, 1960; Van der Veen and Meijer, 1959).

Work by Downs. et al. (1958) showed that the far red

wavelengths found in incandescent lamps promoted stem

elongation. In several plant species, such as dill, millet,

barley and wheat, stem elongation is necessary before

initiation can occur. In these plants, then, incandescent

lamps triggered flowering by promoting stem elongation.

Van der Veen and Meijer (1959) examined the effects of

different wavelengths on flowering in Hyoscvamus niqer, a

long day plant, and Salvia occidentalis, a short day plant.

The results of their study with Hvoecvamus niqer are

presented in Table 2. Flowering was encouraged by blue,

high intensity red and infrared light wavelengths when

supplied during long days, but flowering in response to

night interruptions was very wavelength specific.

When a similar experiment was performed with Salvia

occidentalis the same effects of wavelength on photoperiod

were achieved (Table 3). They were able to conclude that

when extending photoperiods of plants to manipulate

flowering, quality of the light is as equally important as

the length of exposure. They also concluded that while the

color of the light has no actual influence on flower

initiation, it does effect the daylength.
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Table 2. The effect of color and time of application of

light on flowering in Hyoscyamus nige; (Van der Veen and

Meijer, 1959).

 

 

Night

Photoperiod Color Breakz Effect Flowering

16 blue no long-day yes

16 green no short-day no

16 redY no short-day no

16 redx no long-day yes

16 green + no long-day yes

far red

10 blue blue short-day no

10 blue green long-day yes

10 blue red long-day yes

10 blue far red short-day no

10 green blue short-day no

10 green green short—day no

10 green red short-day no

10 green far red short-day no

10 red blue short-day no

10 red green short-day no

10 red red short-day no

10 red far red short-say no

I 2.5 hours lighting during the middle of the dark period.

Y Low intensity. (Exact intensity not stated.)

‘ High intensity. .(Exact intensity not stated.)
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Table 3. The effect of color and time of application of

light on flowering in Salvia occidentalis (Van der Veen and

Meijer, 1959).

 

 

Night

Photoperiod Color Breakz Effect Flowering

16 blue no long-day no

16 green no short-day yes

16 redY no short-day yes

16 redx no long-day no

16 green + no long-day no

far red

10 blue blue short-day yes

10 blue red long—day no

10 blue far red short-day yes

10 green blue short-day yes

10 green red short-day yes

10 green far red short-day yes

10 red blue short-day yes

10 red red short-day yes

10 red far red short:eav ves

z 2.5 hours lighting during the middle of the dark period.

Y Low intensity. (Exact intensity not stated.)

“ High intensity. (Exact intensity not stated.)
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The early 19605 saw many new types of lamps introduced

for commercial and experimental use. The best plant growth

could be achieved by using a balance of wavelengths of light

with peaks in certain key areas to attain desired

results. This effect was often obtained by mixing several

sources of fluorescent lamps with incandescent since red and

blue light seemed to control most plant processes

(Carpenter, 1974).

Helson (1965) reported an experiment in which cool

white fluorescent lamps were compared to Gro-Lux lamps, a

commercial brand of fluorescent lamp developed for plant

growth. The spectral emission curves of the two types of

fluorescent lamps can be compared in Figure 7 (Thomas

and Dunn, 1967). They found that tomato pdants grew to

similar heights under both types of fluorescent lamps when

used alone, and that plant height could be increased for

both light sources by adding incandescent. Also, the

Gro-Lux lamps, with their increased output in the red area,

combined with incandescent, allowed plants to produce

greater leaf area and dry weight when compared to cool white

fluorescent and incandescent.

The duration of exposure to a particular wavelength was

shown to affect the plant response (Vince, 1964). Blue

light promoted internode elongation in Tropaeolum majus when

the exposure was brief, but inhibited internode elongation

as the period of exposure increased (Figure 8).
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Figure 7. Spectral emission curve of a) cool—white

fluorescent lamp and b) Gro-Lux lamp (Thomas and Dunn,

1967).
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Figure 8. The effect of irradiation on internode elongation

in Tropaeolum majus, showing the change in relative

effectiveness of red and blue light as the daily duration of

illumination is increased (Vince, 1964).
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Petunias were being researched extensively at this time

and much of that research included the effects of light

quality (Boodley, 1963; Cathey and Campbell, 1975; Lane et

al., 1965; Ogawara and Ono, 1958; Piringer and Cathey, 1960;

Van der Veen and Meijer, 1959; Wolnick and Mastalerz,

1966). Red light was shown tr) accelerate seed

germination in light sensitive seeds (Borthwick et al.,

1952; Downs et al., 1958; Morgan and Smith, 1981). This

acceleration was also shown tn) be true 131 petunia

(Ogawara and Ono, 1958). The germination percentage was

greatly increased when seeds were exposed to red light

rather than green or blue.

Van der Veen and Meijer (1959) demonstrated the effects

of light color on stem elongation and growth habit of

petunia. They stated that the petunia first maintains a

rosette growth habit, followed by a period of elongated

growth and finally flowering. When plants were exposed to

blue light, the rosette habit was absent and the plant

flowered quickly on an elongated stem. If the plants are

given green or red light, the rosette habit remained

and the plants flowered late, if at all. The effect of the

red light could be reversed if the plants were exposed to

alternating days of red light and far red light. with the

exposure to far red light, the rosette habit was broken and

the petunia plant elongated and flowered. Similar

conclusions ‘were later reached. by IBoodley (1963) and
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Piringer and Cathey (1960). Piringer and Cathey (1960) grew

petunias under 8 hours of natural light conditions and then

extended the photoperiod with 8 hours of fluorescent or

incandescent lamps. The incandescent lamps provided the

plants with large amounts of far red irradiation and the

petunias flowered 2-3 weeks earlier, depending on cultivar,

than their counterparts grown with fluorescent lamps as a

supplemental source.

Light quality has also been shown to affect lateral

branching in petunia and other plants (Bogorad and McIlrath,

1960; Kasperbauer, 1971; Tucker, 1976; Tucker and Mansfield,

1972; Vince-Prue, 1977; Wolnick anui Mastalerz, 1966).

Petunias exposed tn) far red light flowered earlier than

controls grown under natural short days, but exhibited none

of the lateral branching. Similar results were shown for

Xanthium (Bogorad and McIlrath, 1960; Tucker and Mansfield,

1972), tobacco (Kasperbauer, 1971), tomato (Tucker, 1976)

and fuschia (Vince-Prue, 1977).

Quality of light is known to affect many aspects of

plant growth. Quality can influence germination, time to

flower, branching patterns and other plant characteristics.

Some wavelengths have antagonistic effects on others,

especially red and far red (Morgan and Smith, 1981; Van der

Veen and Meijer, 1959). Thus, light quality is very

important when considering light sources for studying plant

growth.
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Duration, intensity and quality are of equal importance

for plant growth. Light for plant growth can not be

selected on the basis of one characteristic to the exclusion

of the other two. Each characteristic of light -- duration,

intensity and photoperiod -- can exert a profound effect on

plant growth. The researcher must decide before hand what

type of plant characteristics are desired, and then choose a

light source that will balance duration, intensity and

quality to obtain the desired results.

Temperature

The effects of temperature are many and can vary from

plant to plant. Went (1953) indicated that physiological

effects can occur in plants at temperatures ranging from 0°

to 40W:, though plant injury results at either extreme of

this range. Went also discussed the concept of optimum

temperature for plant growth" Optimum temperatures were

different from plant to plant and even plant part to plant

part. He found that tomato roots grew best at 309C while

cotton roots grew best at 25°, sunflower roots at 20° and

pea roots at 10°. And even though tomato roots grew best at

30°, stems elongated fastest in tomato at only 18°.'

Several early studies discussed the effects of

temperature on flowering (Cathey, 1954; Furuta and Nelson,
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1953; Hanan, 1959; Post, 1940). Furuta and Nelson (1953)

grew Chrysanthemums at temperatures from 21.7° to 37.8°C (71°

to 1009F). Buds were formed at all temperatures but did not

develop at 37.8°. Buds formed at 29.4° (85°F) did develop

but flowering was delayed by 11 days. Post (1940) and Cathey

(1954) both found that low night temperatures prevented bud

formation in Chrysanthemum, delayed flowering, and reduced

the total number of buds. Hanan (1959) performed a similar

experiment with carnation but studied the effects of day

temperature. Decreasing day temperature from 23.9° to

11.1°C (75° to 52°F) likewise delayed flowering but had no

effect on total flowers formed.

In other studies of the effects of temperature and

flowering, Smith and Langhans (1962) determined that night

temperature had a greater effect on time to flower in Easter

lilies than did day temperature. However, the plants were

exposed to night temperatures for 151/z hours and day

temperatures for 81/2 hours possibly skewing the results.

Litlere and Stromme (1975) found that temperatures above

259C delayed flower initiation in hydrangea. Temperatures

in this range also increased the number of blind shoots,

thus reducing flower number.

In some plants, temperature may effect some stages of

flowering but not all. Armitage et al. (1981) found that

temperature highly influenced flowering in seed geranium

from the stage of visible bud to anthesis, but had little
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effect from initiation to visible bud. Similar results were

reported by White and Polys (1987).

Wilson (1966) examined the effects of temperature on

growth rate in plants. He investigated the effects of

temperature on net assimilation rate, relative growth rate

and relative leaf area growth rate in maize, rape and

sunflower. The plants had an optimum temperature for these

factors between 20° and 30W:, in which the rate peaked and

then dropped off (Figure 9).

Petunia growth is greatly influenced by temperature

(Holcomb and Mastalerz, 1985; Krizek et al., 1970; Krizek et

al., 1972; Krizek et al., 1968; Mastalerz, 1965; Merritt and

Kohl, 1982; Shedlosky anui White, 1987; Wolnick and

Mastalerz, 1966). At the seedling stage, the plants require

a higher temperature than what is needed for satisfactory

growth at later stages (Holcomb and Mastalerz, 1985; Krizek

et al., 1970; Krizek et al., 1972; Krizek et al., 1968).

Increased temperatures at the seedling stage promoted faster

growth and sturdier seedlings (Krizek et al., 1968). Early

growers of petunias routinely used low temperatures, usually

10° to 15.6°C (50° to 60°F) to promote branching. However

Krizek et al. (1970) recommended that better results through

increased growth could be obtained by growing petunias and

most other bedding plants at 26.7° to 29.4° (80° to 85°) days

and 21.1° to 23.9°C (70° to 75°F) nights during the seedling

stage.
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Figure 9. The effects of temperature on: a) net

assimilation rate, b) relative growth rate and c) relative

leaf area growth rate for maize (Wilson, 1966).
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In a later study by Krizek et al. (1972), petunias were

grown under one of the following temperature regimes: 18°

days/12° nights, 24° days/18° nights or 30° days/24°C nights.

Day temperatures corresponded to a 16 hour photoperiod.

Fourteen days after transplanting, the lowest temperature

combination was found to be severely limiting to petunia

growth, while the the other two temperature combinations

greatly enhanced growth. At 30° days/24° nights and 24°

days/18° nights plants showed an increase in fresh weight of

the tops, dry weight of the tops, total leaf area and number

of nodes developed when compared to the lowest temperature

combination. However, the authors stated that the highest

temperature combination during later stages of growth would

be detrimental to the plant. They did not suggest a stage

of plant growth in which detrimental effects would be

detected.

Early research on petunias and temperature usually

involved night temperature because it was easier to control

than day temperature, especially in the early spring

(Carlson and Rowley, 1980). Piringer and Cathey (1960)

examined the effect of night temperatures ranging from 10°

to 26.7°C (50° to 80°F) on petunias. They found that as

night temperatures decreased, stem length and internode

length decreased while time to flower and the number of

basal branches increased, confirming results they reported

in a previous experiment (Cathey and Piringer, 1961).
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In a study by Seeley (1955), the effect of night

temperature on flowering in petunia was investigated.

Petunias were grown at night temperatures of 10° or 15.6%:

(50° or 60° F)‘under natural light conditions during April

and May. Petunias grown at both temperatures were short and

compact, but plants grown at 15.6° night temperatures

flowered earlier, had an increased number of flowers with a

greater fresh weight and increased flower diameter than

those grown at 10°.

In general, overall plant growth and development was

slowed in petunias as temperatures dropped below 15.6°C

(60°) (Cathey and Campbell, 1975; Wolnick and Mastalerz,

1966). Total crop time to produce a flowering plant is

approximately eleven weeks when the plants are grown at 10%:

(509E) (Boodley 1970) but only eight weeks if 15.6° (60%

temperatures are maintained (Carlson and Mischel, 1980).

Fluctuating temperatures were compared to constant

temperatures by Mastalerz (1965). In his experiment,

petunias were exposed to one of four temperature regimes for

four weeks after transplanting. Plant gain was measured by

comparing fresh weight. Lowest fresh weight gain was seen

at the coolest temperature combination of JIPC (50°F) NT and

15.6° (60°) DT. Greatest fresh weight gain was obtained

when the plants were grown at a constant 26.7° (80°) DT and

NT. The most important fact from this experiment came from

two middle treatments. Both received an average 18.3° (65°)
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temperature over each twenty-four hour period, but one group

was grown at a constant 18.3° while the second was grown at

10° for the 12 hour night and 26.7° for the 12 hour day.

Plants grown at 18.3° constant temperature had a final fresh

weight of 2.5 grams, while the plants grown at fluctuating

temperatures attained a final fresh weight of only 1.8

grams.

In recent years, root zone heating has been examined

for its practicality in the production of petunias and other

bedding plants (Merritt and Kohl, 1982; Shedlosky and White,

1987). Merritt and Kohl (1982) exposed seedlings of Petunia

x hvbrida ‘Snow Cloud’ to 2 root zone temperatures. The

first ranged from 15.6° to 19.4°C and the second 21° to 35°.

The plants were also divided into 2 photoperiods of 9 or 13

hours and air temperatures of 15.6° nights and 21° days that

corresponded to the 9 hour photoperiod. Plants were grown

in their respective environments for 25 days. Within each

photoperiod, plants grown at the higher root zone

temperature showed an increase in mainstem, branch and total

leaf area and an increased dry weight when compared to the

lower temperature in.the same photoperiod.

In a similar study by Shedlosky and White (1987), White

Cascade petunias were grown at several combinations of night

temperatures ranging from 7° and 21°C soil temperatUre and 7°

or 16° air temperatures. The results are presented in Table

4. In treatments without root zone heating, the plants at
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the warmer (16°) night temperature produced greater fresh

and dry weights than the cooler temperature as would be

expected. However, if soil temperatures were increased to

21°, similar results were obtained for both fresh and dry

weights for either air temperature.

Table 4. The effects of night air and soil temperatures on

the mean fresh and dry weights of White Cascade petunia

(adapted from Shedlosky and White, 1987).

Treatment Temp

  

 

_eir Soil Fresh wt. Dry 2;;

(°C) (°C) (g1 Id)

7 Ambient 48.4 2.4

16 Ambient 66.0 3.7

16 16 85.9 4.6

16 21 93.7 4.5

7 16 73.8 4.0

7 21 90.0 4.6
 

Temperature has been shown to exert a major influence

on plant growth and development. Temperature can affect

germination, time to flower and plant morphology.

Temperature can affect plant growth as night temperature,

day temperature or average temperature. In most cases,

however, temperature does not act alone but interacts with

other environmental factors such as light. These

interactions, then, are an important consideration in plant

growth.
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Temperature-Light Interaction

Rarely do plant responses result from single

environmental factors. More often, plant responses are due

to a combination of several different factors (Blackman,

1919; Cathey and Piringer, 1961; Garner and Allard, 1920;

Krizek et al., 1972; Lane et al., 1965; Merritt and Kohl,

1982; Piringer and Cathey, 1960; Roberts and Struckmeyer,

1938, 1939; Seeley, 1955; Wolnick and Mastalerz, 1966). The

interaction of temperature, light and other factors was

recognized early. In 1917 Hanson (1917) described an

interaction of several environmental factors by observing

their different effects on leaves from the outer and inner

portion of the crown of trees in a forest. Gilbert (1926)

stated that temperature was found to be a determining factor

in influencing' time of flower jprimordia formation in

Xanthium, but that this temperature effect was closely

associated to the relative day length.

Miller (1960) studied the effects of adjusting the

night temperature to the amount of light received during the

day. Snapdragons were grown durimg the winter at night

temperatures of 15.6°, 10° or 4.4°C (60°, 50° or 40°F). After

bright, sunny days, treatments were each adjusted upward

5.6° (10°) for the night. On days of average intensity, all

treatments remained the same. On dark, cloudy days, the

treatments at 15.6° and 10° were each adjusted down 5.6°.
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Adjusting temperatures upward after sunny days resulted in

decreased time to flower and slightly smaller plants,

showing an interaction between light intensity and night

temperature. However, shifting downward after a dark day

had no effect.

Armitage et al. (1981) demonstrated a different type of

interaction in seed geraniums. Bud initiation and

development from germination to visible bud was highly

dependent on light intensity and temperature had little

effect. However, from visible bud to flower, flower bud

development was highly dependent on temperature, with no

effect from light intensity.

Early work with petunia was conducted by Roberts and

Struckmeyer (1938, 1939). They demonstrated a strong

interaction between photoperiod and temperature as related

to flowering in petunia. They grew petunias and several

other types of plants at 2 photoperiods, 9 and 16 hours, and

three temperature regimes ranging from 12.8° to 23.8°C (55°

to 75°F). The results for petunia are presented in Table 5.

Table 5. The effects of temperature and photoperiod

on flowering in petunia (Roberts and Struckmeyer, 1939).

Temperature (°Ql
  

 
 

Photoperiod 21.19-23.8° 17.2°—18.3° 12.8°

(hours) (warm) (intermediate) (cool)

16 Flowered Flowered Flowered

9 No Flower No Flower Flowered
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Petunias were shown to flower under long days at any

temperatUre, but under short days only at temperatures below

17.2°.~ They concluded that flowering in petunia could be

induced by long days at any temperature and during short

days flowering was induced only by low temperature. This

idea was later restated by Post (1942). He said that if

petunias are to flower before April, during short day

conditions, they must be grown with cool temperatures or

flowering will not occur until the natural photoperiod is

long enough to induce flowering. However, the petunia was

later shown to be a non-obligate long day plant (Van der

Veen and Meijer, 1959).

Piringer and Cathey (1960) demonstrated the interaction

of photoperiod and temperature on lateral branching in

petunia. They found that if plants were grown with a 16

hour photoperiod at temperatures of 15.6%: (60°F) and above,

the majority of the plants would be single stemmed with

little or no lateral branching. Hewever, if plants were

grown at a 9 hour photoperiod at temperatures between 10%:

(50°F) and 15.6°, they would be very branched and compact.

At temperatures between 10° to 15.6° and a 16 hour

photoperiod, the plants would branch but develop only half

as many branches as the plants at the same temperature but

shorter photoperiod. Finally, under short days and

temperatures above 15.6°, plants would be slightly branched

with longer internodes than branches of pdants grown at
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cooler temperatures (Figure 10).

Merritt and Kohl (1982) studied the effect of root

temperature in combination with photoperiod on petunia

growth. The plants were grown at high (24°C) or low (15.6°)

soil temperatures and 9 or 13 hour photoperiods. Air

temperature was maintained at 21° DT and 15.6° NT and

adjusted to the 9 hour photoperiod for all four treatments.

Responses obtained were similar to those of other

experiments dealing with temperature or photoperiod. A high

soil temperature under short day conditions produced the

most lateral branches while high soil temperatures and long

days produced the fewest. However, the high soil

temperature and long days did produce the greatest leaf area

and dry weight gain as would be expected. Plants grown

under cool soil temperatures in combination with short days

produced the least amount of leaf area and experienced the

lowest dry weight gain. These results are similar to

results obtained by Carpenter and Carlson (1974) in their

study of photoperiod and by Seeley (1955) in his study of

temperature.

The separate effects of light and temperature on plant

growth are difficult to evaluate. Plants have optimum

conditions for growth (Went, 1953), but environmental

factors are closely related. A petunia will have an optimum

temperature for growth at a given light intensity, but this

optimum will change if the light intensity is changed.

 

I
f
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Figure 11L The effect of temperature and photoperiod on

lateral branch formation in petunia for: a) 9 hour

photoperiod, temperature less than 15.6°C, b) 9 hour

photoperiod, temperature greater than 15.6°, cm 16 hour

photoperiod, temperature less than 15.6° and d) 16 hour

photoperiod, temperature greater than 15.6° (adapted from

Wolnick and Mastalerz, 1966).
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9 Hour Photoperiod 9 Hour Photoperiod

Temperature < 15.6°Ci Temperature > 15.6°C

 

'16 Hour Photoperiod- 16 Hour Photoperiod

Temperature < 15.6°C Temperature > 15.6°C

Figure 10
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Likewise, other factors such as humidity and nutrient status

may alter optimum light and temperature levels. Therefore,

light and temperature effects are best discussed in relation

to.each other and other environmental factors.

Miscellaneous Factors

Many factors other than light and temperature influence

plant growth. Plant responses to temperature, light levels

and duration can be generated through other means. Jeffcoat

(1977) showed that basal branching similar to that found

under short day photoperiods or cool temperatures could also

be induced by the addition of cytokinins to the plants.

Short height as found in petunias produced at cool

temperatures, short photoperiods cm: high intensity

supplemental lighting could also be induced by foliar

applications of daminozide or other plant growth regulators

(Cathey et al., 1965; Cathey and Piringer, 1961; Wolnick and

Mastalerz, 1966). Gibberellins have been found to decrease

time to flower (Evans and Lyons, 1988; Lyons and Widmer,

1983) and cause stem elongation (Pressman et al., 1985).

Thus, many factors other than light and temperature can

influence plant growth.
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Plant Growth Analysis

Quantifying plant growth for the purpose of making

predictions about growth and development can be divided

into two categories, the classical approach and the

functional approach. Williams (1946) described a method for

determining relative growth rate. Relative growth rate was

defined as the ratio between the change of plant dry weight

over time to the total plant dry weight. Similar ratios

have been defined as a method of predicting plant growth

(Cooper and Thornley, 1976; Fukai and Silsbury, 1978;

McMurtrie and Wolf, 1983). Studies that use ratios fall

into the category of the.classical approach.

The functional approach for plant growth study involves

fitting mathematical functions to raw data using regression

analysis. Many functions have been developed and adapted for

describing plant growth (Erickson, 1976; Hunt, 1978;

Richards, 1959). In 1976, a model was specified as a set of

mathematical equations that quantitatively represented a

particular system (Thornley, 1976). The term modeling is

now commonly applied to the functional approach of data

analysis as relating to plant growth and development.

Two extensive reviews of the literature have been made

recently on plant growth analysis (Hopper, 1985; Karlsson,

1984). For this reason, a detailed review will not be made

here.
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Conclusion

Plant growth is a complex process that is not easily

broken down into separate components. The previous

literature review examined two of the most influential

aspects of the environment, light and temperature. These

two factors are the easiest to study because they are the

easiest to control (Carlson and Rowley, 1980). While the

influence of other factors can not be totally eliminated,

their effects can be minimized and held constant to enable

the researcher to study light and temperature effects with

some accuracy.

Modeling plant growth demands a high degree of accuracy

if the model produced is to have any value. The best

predictive model is the simplest one that will still be

reliable in predicting plant growth. The model to be

developed for Petunia x hvbrida will use only light and

temperature because these two factors can be used to

accurately predict plant growth. The data from these two

parameters will be developed into predictive equations which

will then be the basis for the model.
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The Influence of Temperature and Irradiance on the Growth

and Development of Petunia x hybrida Vilm.

M. P. Kaczperski, W. H. Carlson, and M. G. Karlsson
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Additional index words. Day temperature, night temperature,

average daily temperature.

Abstract. Petunia x hvbrida ‘Snow Cloud’ plants were grown

under 25 temperature combinations ranging from 10° to 30%:

and at PPF levels of 100 or 200 micro-mobs"-m‘z (6.5 and 13

mol'day4°mi, respectively). Days to flower was a quadratic

function of average temperature, with 25°C being the optimum
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temperature for minimal time to flower at 13 mol-day”°mi.

Plant height increased linearly and average internode length

increased quadraticly as day temperature increased, The

number of lateral shoots decreased quadraticly as average

temperature increased, and the average length of each shoot

decreased quadraticly as day temperature increased.

A fundamental objective CHE most commercial

establishments growing bedding plants is to produce a crop

meeting the quality standards of the market in the shortest

time possible. Growers may manipulate irradiance,

photoperiod, temperature, nutrition and other factors alone

or in combinations to achieve the desired results. Thus

production time relies heavily on past experience of the

grower and the techniques used to produce the crop. Many

times this method results in substandard plant quality or

inefficient production methods.

The plant’s response to the environment has been used

to develop production strategies to increase the efficiency

of producing floricultural crops (Grueber et en”, 1986;

Karlsson et al., 1983; Karlsson et al., 1988). Much of the

research involving irradiance and temperature effects on

Petunia x hybrida, a popular bedding plant (Lieberth, 1988),

was conducted 15 to 30 years ago (Boodley, 1970; Carpenter

and Carlson, 1974; Mastalerz, 1965: Seeley, 1955) and many
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of the suggested production techniques are now outdated.

Only recently has interest in this area of petunia research

been renewed (Armitage and Kowalski, 1982; Merritt and Kohl,

1982: Merritt and Kohl, 1983). The purpose, therefore, of

this study is to determine the influence of irradiance and

temperature on the growth and development of petunia so that

new production strategies can be developed for the crop.

Materials and Method

Petunia seeds of the cultivar ‘Snow Cloud’ were sown

in No. 406 plug trays (plug size:1.5 X 1.5 X 2.0 cm, 3.0 ml

by volume) containing a commercial peat-lite mix (Michigan

Peat Co., Sandusky, MI). Plug trays were covered with clear

polyethylene and placed under constant light at 200

micro-mol°s'1°m'2 (17.3 mol°day'1°m'2) and a 23°C constant

temperature. The polyethylene was removed after 5 days and

the plug trays were placed on capillary matting. Ten days

after sowing, the seedlings were transplanted into 9 cm pots

(345 ml by volume) filled with the same commercial peat-lite

mix. Plants were irrigated as necessary to prevent water

stress and fertilized with 10.7 mM nitrogen and 3.18 mM

potassium from CaNO3 and KNO3 at each irrigation. ’

The seedlings were placed in 1 of 5 walk in 5.85 m2

growth chambers maintained at either a constant 10°, 15°,
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20°, 25° or 30°C air temperature. Seedlings were placed at a

spacing of 123.5 plants mf. Each chamber was maintained at

an 18 hour photoperiod and divided to provide photosynthetic

photon flux (PPF) levels of 100 or 200 micro-mol°s'1'm'2 (6.5

and 13 mol°day4°mi, respectively). Plants were moved among

growth chambers to supply a factorial combination of 5 day

temperatures (DT), 5 night temperatures (NT) and 2 PPF

levels. Changes between NT and DT corresponded with the

change in photoperiod.

Leaf temperatures were measured with a Sensortek

BAT-12R meter and Omega copper-constanstan thermocouple.

The difference between temperature set points and leaf

temperature was less than 1.5”:; temperature set points were

used for data analysis. PPF was provided by a mixture of

cool-white fluorescent and incandescent bulbs (input wattage

90:10, respectively) and PPF levels were adjusted by raising

the lamps to maintain the proper PPF at the canopy top. PPF

levels were determined with a LI-COR LI-185A meter and

LI-19OSB quantum sensor.

Data were collected for each treatment at time of

flowering. The experiment was terminated 120 days after

sowing the seed, at which time data were collected on

remaining plants not reaching flowering. Data collected

included days from sowing to flower, plant height, average

internode length, number of lateral shoots and average

lateral shoot length. A plant was in flower when the outer
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edge of the corolla reflexed perpendicular to the corolla

tube. Plant height was measured from the soil line to the

top of the mainstem. Average internode length was

determined for the internodes on the mainstem and did not

include any lateral shoots. Lateral shoots were counted and

measured if they had attained a minimum length of 4 mm and

were measured from the point of attachment to the mainstem

to the end of the stem of the shoot.

Results and Discussion

Plants grown at a constant 10%: temperature at either

irradiance and those grown at 15° NT and 10° DT at 6.5

mol°day'1'm'2 did not flower within 120 days from sowing

(Table 1). Days to flower was determined to be a function

of average temperature (AVG) for each irradiance (Figure 1).

As AVG increased, days to flower decreased. Plants grown

under 13 mol°day'1°m'2 flowered 3 to 23 days before their

respective counterparts at the lower irradiance except the 2

highest AVG (25° NT/30° DT and constant 30°), which showed

no significant difference in time to flower between the 2

irradiances. Irradiance had more of an effect in reducing

time to flower at the lower AVG than at the higher AVG.

Isopleth plots were developed from the equations to show the

response of time to flower to varying NT and DT at an 18

hour photoperiod (Figure 2).
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Increasing air temperature has long been known to

decrease time to flower in petunia (Seeley, 1955). It has

also been shown that increasing the soil temperature while

maintaining commercial production air temperatures would

produce similar results (Merritt and Kohl, 1982). Plants in

this study , grown at 13 mol'day’1°m'2, showed a

significant decrease in flowering time as the average air

temperature approached 25°, with higher temperatures

slightly delaying the crop. This delay may have been due,

at least in part, to the increased bud abortion experienced

at the higher average temperature (data not reported).

Similar bud abortion was found at the lower irradiance also.

Raising the irradiance from 6.5 to 13 mol°day"°m'2

decreased time to flower in petunia (Figure 1) by up to 3

weeks. High intensities of fluorescent lights (287

micro-mol°s"°m’2) used to supplement natural light

conditions when growing petunias were shown to decrease time

to flower by up to 12 days when compared to plants receiving

low intensity incandescent lighting to extend the

photoperiod (Carpenter and Beck, 1973). In our study,

plants flowered in 67 days when grown at an average air

temperature of 20° at an irradiance of 6.5 mol°day"°m'2.

However, when the intensity was doubled to provide a total

Q, the plants flowered in onlyirradiance of 13 mol'day”°m

56 days. At the higher irradiance, the average temperature

could be lowered to 15° and still flower at the same time as
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the ones grown at 20° at the lower irradiance. 'The plants

could be supplied with a high night temperature with little

heating during the day and result in fuel savings for

commercial applications using heat blankets since a smaller

area is heated at night to the warmer temperature. Time to

flower would not increase.

Plant height (Table 2, Figure 3) increased as DT

increased or irradiance decreased. Plant height was

influenced more by low irradiance at 30° DT than at 10° DT.

Plants grown at 10° DT and an irradiance of 13 mol°day"°m'2

were similar in height to those grown at the lower

irradiance and corresponding night temperature. However, as

DT increased, the difference in plant height at the same

NT/DT combination increased when the two irradiances were

compared (Figure 4). Plants grown under 13 mol°day"°m‘2 at

30° DT were up to 6 cm shorter than plants grown under 6.5

mol'day'1°m’2 and 30° DT. Plants grown at 20° constant

temperature at either irradiance were much taller than

expected based on the data collected from plants from the

other treatments. Since this response could not be

reproduced :h: subsequent trials, it was considered

anomalous and data from these treatments were not used in

data analysis for plant height or average internode length.

Plant height was dependent on internode length since

all plants flowered with a similar number of nodes on the

mainstem. The effects of DT and irradiance on average

"
2
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-
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internode length were similar to their effects on pdant

height (Table 3). As DT increased, average internode length

increased significantly. Likewise, plants at the lower

irradiance had longer average internode length than plants

at the higher irradiance. The effect of NT was less

significant than either DT or irradiance (Figure 5).

Krizek et al. (1972) reported that increasing both UT

and NT increased plant height in petunia seedlings.

However, they only used 3 temperature regimes in which an

increase in NT accompanied an increase in DT. They did not

discuss separate effects of NT and DT, just the combined

effects.

The difference between day temperature and night

temperature (DIF) has been shown to influence internode

length and plant height (Erwin et al., 1989). Internode

length increases as DIF increases. DIF did not have as

great effect in this experiment as has been seen in other

plants. However, the 18 hour photoperiod may have decreased

the effect of DIF, and DIF may have been more apparent if a

shorter photoperiod was selected.

The number of lateral shoots formed by the plants was

a function of average temperature (Table 4). Plants formed

a similar number of lateral shoots at both irradiances. As

average temperature increased, the number of lateral shoots

decreased (Figure 6). The average length of each lateral

shoot varied widely within each plant. IHowever, average
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length was strongly influenced by day temperature (Table 5).

As day temperature increased, the average length decreased.

Night temperature had no effect.

Previous work showed that higher temperatures decreased

lateral branching in petunia (Carpenter, 1974: Carpenter and

Carlson, 1974: Piringer and Cathey, 1960) similar to the

results found in this study. Petunia and other crops have

shown increased lateral branching when light intensity

increased (Carpenter, 1974: Erickson et al., 1980). An

increase in lateral branching under a higher intensity was

not evident from our data. However, the higher intensity

1°m'2), was not as highused in this study (200 micro-mol°s'

as intensities used ix: other experiments (533

micro-mol's‘1°m'2 (Carpenter, 1974)).

Plant quality is the main underlying factor to consider

when selecting combinations of irradiance, day temperatures

and night temperatures for forming plant production

strategies for petunia. Plant growth can be increased by

raising temperatures (Krizek et al., 1972), but this

increased growth rate will also result in lower plant

quality by increasing plant height and reducing lateral

branching (Merritt and Kohl, 1982; Piringer and Cathey,

1960). Lateral branching and reduced plant height,

resulting in increased quality, can be obtained by lowering

the growing temperatures. However, this will result in a

corresponding delay in time to flower and an extended

'
"
'
”
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production period. Individual growers must first determine

the quality their particular market will demand. Only then

can a proper selection of combinations of temperature and

irradiance be made to produce petunias of desired quality in

the shortest time.
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Table 1. Mean number of days to flower for Petunia x

hyttida ‘Snow Cloud’ in response to day and night

temperatures between 10° and 30W3, and irradiances of 13 or

6.5 mol°day'1°m’2 for an 18 hour photoperiod.

 

13 mol°day'1°m'2

 

 

Night

temperature Dav temperatureti%n

(°c) 1o 15 20 25 3o

10 NF 77 60 51 49

15 105 74 57 50 49

20 83 68 56 50 49

25 74 64 53 46 49

3O 66 57 51 46 52

6.5 mol'day'1°m'2

10 NF 100 74 58 54

15 NF 89 67 56 54

20 101 81 67 55 52

25 87 69 59 52 51

30 82 66 56 52 51

Significance

NT ***

DT ***

Irradiance ***

NT X DT ***

NT X Irradiance ***

DT X Irradiance ***

NT X DT X Irradiance ***

 

If.

Significant at the .1% level.

NF - Treatments did not flower within 120 days from sowing.
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Table 2. ,Mean plant height in centimeters for Petunia x

hybrida ‘Snow Cloud’ in response to day and night

temperatures between 10° and 30°C, and irradiances of 13 or

6.5 mol°day"°m'2 for an 18 hour photoperiod.

 

13 mol°day'1°m'Z

 

 

Night

temperature Dav temperature (°C)

(°C) 10 15 20 25 3o

10 11.3 12.5 17.5 21.6 21.6

15 11.7 12.2 15.2 19.4 22.9

20 11.2 12.0 25.4 22.1 23.0

25 12.7 14.2 19.1 19.5 20.8

30 13.3 13.8 19.4 21.5 25.3

6.5 mol°day'1°m'2

10 11.8 17.8 20.6 23.3 27.1

15 12.6 17.9 21.3 27.6 26.7

20 14.6 16.9 27.0 25.2 28.6

25 16.6 16.3 21.6 26.1 27.5

30 13.5 16.4 23.3 25.2 37.5

Significance

NT ***

DT ***

Irradiance ***

NT X DT ***

NT X Irradiance NS

DT X Irradiance ***

NT X DT X Irradiance ***

 

NS, it

respectively.

' Nonsignificant and significant at the .1% level,
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Table 3. Mean average internode length in centimeters for

Petunia x hybrida ‘Snow Cloud’ in response to day and night

temperatures between 10° and 30W2, and irradiances of 13 or

6.5 mol°day'1'm'2 for an 18 hour photoperiod.

 

13 mol°day'1°m'2

Night

temperature Dav temperature (°C)

Lie) 1o 15 20 25 3o

10 0 6

15 0 6

20 0.6

25 0 6

30 0 7 H
F
-
F
‘
H
t
-

k
3
H
t
A
U
J
N

6.5 mol°day'1'm'2

10 0 7

15 O 7

20 0.8

25 0 9

30 O 8 P
‘
H
r
-
F
‘
H

©
L
fi
U
1
m
t
fi

Significance

NT *

DT ***

Irradiance ***

NT X DT *

NT X Irradiance NS

DT X Irradiance ***

NT X DT X Irradiance ***

 

“vi"' Nonsignificant, significant at the 5% and .1%

levels, respectively.
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Table 4. Mean lateral shoot number for Petunia x hvbrida

‘Snow Cloud’ in response to day and night temperatures

between 10° and 30°C, and irradiances of 13 or 6.5

mol:day”:mq for an 18 hour photoperiod.

 

13 mol°day°1°m'2

 

 

 

Night

temperature Dav temperature (%D

(°C) 10 15 20 25 3o

10 8.2 8.0 8.0 7.0 5.0

15 7.4 7.0 7.0 6.0 4.6 ;

20 8.4 7.8 6.4 4.6 4.4

25 8.0 7.8 7.0 4.4 4.2

30 8.4 8.2 7.6 5.2 3.4

6.5 mol°day"°m'2

10 7.4 7.2 7.2 6.0 3.8

15 7.2 7.0 6.4 5.4 3.0

20 7.4 7.4 5.0 4.6 3.6

25 7.6 7.0 6.4 2.8 2.6

30 8.8 8.4 4.6 3.4 3.8

Significance

NT *‘k'k

DT ***

Irradiance ***

NT X DT ***

NT X Irradiance NS

DT X Irradiance NS

NT X DT X Irradiance NS

 

%.*" Nonsignificant and significant at the .1% level,

respectively.
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Table 5. Mean lateral shoot length in centimeters for

Petunia x hybrida ‘Snow Cloud’ in response to day and night

temperatures between 10° and 30W3, and irradiances of 13 or

6.5 mol'day”°m4 for an 18 hour photoperiod.

 

13 mol‘dayq'mq

Night

temperature . Dav temperature (°Cl

(°C) 10

10 8 1

15 7 7

20 8.7

25 8 4

30 9 7

N
N
N
N

0
’
X
.

.
.
m

O
Q
U
-
b
q

L
A
)

5
3
5
‘
9
3
7
5
’
0

K
O
N
m
m
U

6.5 mol°day4°mq

10 8 1

15 7 2

20 8.1

25 9 6

30 7 4 U
H
N
H
N

O
\
l
i
—
‘
\
l
b

H
H
P
—
‘
O
O

o
w
o
m
m

Significance

NT NS

DT ***

Irradiance *

NT X DT NS

NT X Irradiance NS

DT X Irradiance NS

NT X DT X Irradiance NS

 

“"'"" Nonsignificant, significant at the 5% and .1%

levels, respectively.
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Figure 1. Days to flower for Petunia x hybrida ‘Snow

Cloud’ in response to average daily temperature between 10°

and 30°C for:

a) 13 mol°day'1'm'2

(Days to Flower = 190.205-(11.1917*AVG)+(O.219176*AVG2))

r2 = .915

b) 6.5 mol'day'1°m'2

(Days to Flower 212.741-(11.7O45*AVG)+(0.211953*AVG2))

r2 = .937
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Figure 1. Days to flower for Petunia )< hybrida ‘Snow

Cloud’ in response to average daily temperature between 10°

and 30°C for:

a) 13 mol°day‘1'm'2

(Days tO Flower = 190.205-(11.1917*AVG)+(0.219176*AVGZ))

b) 6.5 mol°day°1°m'2

(Days to Flower 212.741-(11.7045*AVG)+(0.211953*AVG2))
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Figure 1. Days to flower for Petunia x hvbrida ‘Snow

Cloud’ in response to average daily temperature between 10°

and 30°C for:

a) 13 mol 'day'1°m'2

(Days to Flower = 190.205-(11.1917*AVG)+(0.219176*AVG%)

:3 = .915

b) 6. 5 mol'day'1°m'2

(Days to Flower 212.741-(11.7045*AVG)+(0.211953*AVG%)

:3 = .937
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Figure 2. Isopleth plots of days to flower for varying

combinations of night and day temperature between 10° and

IMPC for Petunia x hvbrida ‘Snow Cloud’ at a) 13 mol°day'1'm'2

and b) 6.5 mol°day4'm¢.
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Figure 3. Isopleth plots of plant height in centimeters

for varying combinations of night and day temperature

between 10° and 30%: for Petunia x hybrida ‘Snow Cloud’ at:

a) 13 mol-day4°mq

(Plant height = 3.78643+(O.3204*DT)+(0.35232*AVG))

r2=.750

b) 6.5 mol'day4°mi.

(Plant height = 3.01463+(0.40296*DT)+(0.5216*AVG))

r2=.810
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Figure 3. Isopleth plots of plant height in centimeters

for varying combinations of night and day temperature

between 10° and 30%: for Petunia x hybrida ‘Snow Cloud’ at:

a) 13 mol'day4°mq

(Plant height = 3.78643+(O.3204*DT)+(O.35232*AVG))

r2=.750

b) 6.5 mol'day4°mq.

(Plant height = 3.01463+(0.40296*DT)+(0.5216*AVG))

r2=.810
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Figure 4. Plant height in centimeters for Petunia x hvbrida

‘Snow Cloud’ at 30°C NT and DT between 10° and 30° at

irradiances of 13 and 6.5 mol°day'1'm'2.
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Figure 5. Isopleth plots of average internode length in

centimeters for varying combinations of night and day

temperature between 10° and 30%: for Petunia x hvbrida ‘Snow

Cloud’ at:

a) 13 mol°day'1'm'2

(Average internode length = 0.143507 + (0.037663*DT) +

(0.00063527*DT*NT) - (0.000023821*NT*DT2))

r2=.733

b) 6.5 mol°day4'mq.

(Average internode length = 0.13144 + (0.069617*DT) -

(0.0009204*DT2)-+ (0.000011519*NT*DT2))

r2=.809
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Figure 6. Lateral shoots formed by Petunia x hvbrida ‘Snow

Cloud’ in response to average daily temperature between 10°

and 3 0°C for:

a) 13 mol'day’1°m'2

(Number of shoots = 9.29607-(0.OO634*AVG2))

b) 6.5 mol'day4°mq

(Number of shoots = 8.85987-(0.00723*AVG%)
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Quantifying Leaf Unfolding Rates, Leaf Number and Minimum

Node Number in Petunia.

M. P. Kaczperski and W. H. Carlson

Depattment of Horticulture. Michigan State University,

East Lansing. MI 48824-1325

Additional index 'words. Petunia >< hvbrida 'Vilm., day

temperature, night temperature, average daily temperature,

minimum leaf number.

Absttact, Petunia x hybrida ‘Snow Cloud’ plants were grown

under 25 temperature combinations ranging from 10° to 30%:

and at PPF levels of 100 or 200 micro-mol°s'1'm'2 (6.5 and
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13 mol'day"°m'2, respectively). Leaf unfolding was a

quadratic function of average temperature at 13 mol'day'1-m'2

and a linear function of average temperature at 6.5

mol'day”°mi. Plants initiated flowers after initiating a

minimum of 13 leaves on the mainstem and unfolded an average

of 18.8 leaves on the mainstem by flowering of the first

bud.

Leaf unfolding rate has long been used to determine

rate of development for several crops (Blaney et al., 1967;

Leopold and Guernsey, 1953: McKinney and Sando, 1944:

Wilkins and Roberts, 1969). In the floriculture industry,

the use of leaf unfolding rates are used to time Easter

lilies (Blaney et al., 1967: Wilkins and Roberts, 1969).

Leaf unfolding can be used in the production of Petunia x

hybrida and other floricultural crops if the number of

leaves the plant will produce is known along with the rate

of leaf unfolding (Collins and Wilson, 1974).

Accurate timing of petunia and other bedding plant

species has become increasingly important in recent years

to reduce production time because of rising production

costs. Commercial producers are seeking to produce crops in

the least amount of time to reduce overhead costs of the

crop and to allow for the possibility of double or triple

cropping production space while still maintaining the

standard of quality needed for their market. The purpose of
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this experiment was to determine if leaf unfolding could be

developed into a method of timing petunias and increasing

commercial production efficiency.

Petunia seeds of the cultivar ‘Snow Cloud’ were

sown in No. 406 plug trays (plug size:1.5 X 1.5 X 2.0 cm,

3.0 ml by volume) containing a commercial peat-lite mix

(Michigan Peat Co., Sandusky, MI). Plug trays were covered

with clear polyethylene and placed under constant light at

200 micro-mol°s'1'm'2 (17.3 mol°day'1'm'2) and a 23°C constant

temperature. The polyethylene was removed after 5 days and

the plug trays were placed on capillary matting. Ten days

after sowing, the seedlings were transplanted into 9 cm pots

(345 ml by volume) filled with the same commercial peat-lite

mix. Plants were irrigated as necessary to prevent water

stress and fertilized with 10.7 mM nitrogen and 3.18 mM

potassium from CaN03 and KNO3 at each irrigation.

The seedlings were placed in 1 of 5 walk in 5.85 m2

growth chambers maintained at either a constant 10°, 15°,

20°, 25° or 30°C air temperature. Seedlings were placed at a

spacing of 123.5 plants mi. Each chamber was maintained at

an 18 hour photoperiod and divided to provide photosynthetic

photon flux (PPF) levels of 100 or 200 micro-mol°s"°m'2 (6.5

and 13 mol'day”°mi, respectively). Plants were moved among

growth chambers to supply a factorial combination of 5 day

temperatures (DT), 5 night temperatures (NT) and 2 PPF

levels. Changes between NT and DT corresponded with the
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change in photoperiod.

Leaf temperatures were measured with a Sensortek

BAT-12R meter and Omega copper-constanstan thermocouple.

The difference between temperature set points and leaf

temperature was less than 1.5%3: temperature set points were

used for data analysis. PPF was provided by a mixture of

cool-white fluorescent and incandescent bulbs (input wattage

90:10, respectively) and PPF levels were adjusted by raising

the lamps to maintain the proper PPF at the canopy top. PPF

levels were determined with a LI-COR LI-185A meter and

LI-190SB quantum sensor.

Data were collected at time of transplant and every

five days thereafter until the plants flowered. The

experiment was terminated 120 days after sowing the seed.

Data collected included the number of unfolded leaves on the

mainstem excluding any leaves that formed on lateral side

shoots, and the node number at which flowering occurred. A

leaf was considered unfolded when it had attained a minimum

width of 0.5 cm. Multiple linear regression analysis was

used to determine the relationship between temperature and

leaf unfolding. Equations were developed for each PPF level

and used to create isopleth plots for leaf unfolding at

different night and day temperature combinations.

Leaf unfolding rate (Figure 1) was a function of

average daily temperature, although the rates were not the

same for each PPF level. At 10° and 30°, plants at both
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irradiances had similar leaf unfolding rates, Inn: at an

irradiance of 13 mol'day”°mi, plants unfolded leaves at a

faster rate for the mid range temperatures. At 20° constant

temperature, 'plants unfolded leaves 21.6% faster at 13

mol°day'1°m‘2 than at 6.5 mol°day4°mi.

The number of nodes to first flower was influenced by

PPF level and temperature (Table 1). All plants grown at

10° constant temperature and those grown at 15° nights and

10° days at 6.5 mol°day‘1°m'2 did not flower within 120 days

from sowing. Plants in the remaining treatments initiated

flower buds when they attained a minimum of 13 nodes on the

mainstem. All plants formed the same number of nodes before

initiation except those grown at a constant 30° temperature,

and those grown at 20° nights and 30° days at 6.5

mol°day"°m’2. These plants produced up to 6 additional

nodes before initiation.

Unlike Easter lily or Chrysanthemum, petunia initiates

flowers axilarily while the terminal meristem remains

vegetative. As a result, additional leaves unfold above the

flower bud as it develops. All plants unfolded an average

of 18.8 leaves by anthesis except those grown at a constant

30° temperature, and those grown at 20° nights and 30°Idays

at 6.5 mol°day'1°m'2 (Table 2). These plants unfolded as many

as 6 additional leaves before anthesis. I

Increased light intensity accelerated growth rate in

peas (Vince, 1964). p This acceleration occurred at all
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stages of leaf development: ,initiation of the leaf

primordia, enlargement and maturation. Similar results were

obtained with lettuce (Verkerk and Spitter, 1973). Little

difference in leaf unfolding was found between temperatures

in the range 9° NT and 17° DT to 17° NT and 25° DT for

lettuce grown in the greenhouse under low light conditions

of winter. However, leaf unfolding increased as the light

level was increased. This increase led to the conclusion

that light was the more important factor in determining leaf

unfolding in lettuce.

Heins et al. (1982) reported that increased growth rate

of Easter lilies at high irradiances could be explained by

the resulting increase in leaf temperature at the higher

irradiance. Irradiance had no effect on leaf unfolding rate

which was later determined to be a linear function of

average daily temperature (Karlsson et en”, 1988). The

difference between leaf temperature and temperature

setpoints in this study was less than 1.5°. We therefore

concluded that the increased rate of leaf unfolding in

petunia was due to the increased PPF as seen in lettuce

(Verkerk and Spitter, 1973).

Minimum node number before initiation has been detected

in other plants. Armitage (1984) reported 15 nodes were

required before flower buds were initiated in.the seed

geranium cultivar ‘Sooner Red’. Explanations were offered

for minimum node number before initiation (Holdsworth, 1956;

 



103

Kester, 1976). The first was that the plant morphologically

must initiate a set number of leaf primordia and obtain a

degree of anatomical maturity. Secondly, it was suggested

that vegetative growth represented unfolding of parts

already present in the embryo. Lastly, photoperiodic or

other floral induction simply takes time.

High temperatures and low light levels induced flower

bud abortion in the plants used in this study (Table 3).

When bud abortion was taken into account, plants grown at

20° nights and 30° days at 6.5 mol°day"°m'z initiated their

first bud at the same node as the other plants, but the

plants grown at 30° constant temperature at either PPF did

not. These plants may have initiated between the 13th and

15th node like the rest, but these buds aborted before

reaching the visible bud stage and were not detected.

The increase in leaf number on the mainstem of plants

grown at a constant 30°1and those grown at 20° nights and 30°

'2 can likewise be attributed todays at 6.5 mol°day“°m

flower bud abortion. Since the terminal meristem remains

vegetative, it continues to produce leaves while the plant

produces and aborts several flower buds. ‘When the plant

develops a flower, additional leaves have formed.

Isopleth plots were developed from equations

describing leaf unfolding rates for various night and day

temperatures at an 18 hour photoperiod (Figure 2).

Different night and day temperature combinations can be
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selected from the plots when the the necessary leaf

unfolding rate is known for petunias between the stages of

transplant and flower. The plants will produce an average

of 18.8 leaves when reaching anthesis under an 18 hour

photoperiod except at the highest temperatures (Table 2).

However, extreme temperatures such as those that would

induce bud abortion are not used in commercial production

and can be dismissed.

Petunias must form a minimum of 13 nodes before

initiating a flower and will form an average of 18.8 leaves

by anthesis when grown at an 18 hour photoperiod. Leaf

unfolding rates were found to be an average temperature

response within a given PPF level. This information can be

used by the commercial grower as an aid in timing the crOp

if adequate growing practices are used, since other factors

such as water availability and nutrition can affect plant

responses to irradiance and temperature. Under normal

conditions, leaf unfolding provides a good indication of

stage of development for petunia.
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Table 1. Mean number of nodes required on the mainstem to

initiate the first flower for flatunia x hvbrida ‘Snow

Cloud’.

13 mol°day'1°m'2

Night Dav Temperature (°C)

Temperature 1°01 10 15 20 25 3o

10 NP 14.6 13.6 14.2 13.4

15 14.2 13.8 14.6 14.0 ’13.2

20 14.6 14.0 13.4 14.6 14.6

25 14.0 14.4 13.6 14.2 14.8

30 13.8 13.6 14.0 13.2 17.8

6.5 mol°day'1°m'2

10 NF 14.6 14.2 14.0 15.4

15 NP 15.0 15.0 14.2 14.6

20 15.0 15.0 14.6 14.2 16.0

25 14.8 14.2 14.0 14.6 15.4

30 14.2 14.6 14.6 14.8 18.4

Significance

NT *

DT ***

Irradiance ***

NT X DT ***

NT X Irradiance NS

DT X Irradiance NS

NT X DT X Irradiance NS

 

t in
NS, ,

Nonsignificant, significant at the 5% and

.1% levels, respectively.

n Did not flower over the course of the experiment.
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Table 2. Mean number of leaves formed on the mainstem at

anthesis in Petunia x hvbrida ‘Snow Cloud’.

 

13 mol'day4°mq

 

 

Night
Dav Temperature

(%H

Wture
(°C) 10 15 20 25 30

10
NP 17.6 18.4 19.6 19.2

15
17.6 18.2 19.6 19.0 19.8

20
18.2 17.8 18.6 19.6 19.0

25
18.2 19.4 19.2 19.4 19.4

30
18.0 18.2 18.4 17.8 23.0

6.5 mol°day'1°m'2

10
NF 18.0 18.4 18.4 19.2

15
NF 18.2 18.4 18.4 19.0

20
18.4 18.8 18.8 18.4 20.2

25
18.2 19.0 19.0 18.8 18.6

30
17.8 18.8 18.6 18.6 23.4

Significanc
e

NT

***

DT

***

Irradiance
***

NT X DT
***

NT X Irradiance
NS

DT X Irradiance
NS

NT X DT X Irradiance NS

NS"fi'fifiNonsignificant
and significant at the .1%

level, respectively.

M Did not flower over the course of the experiment.



Table 3. Mean number of buds aborted by Petunia x hvbrida 4
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‘Snow Cloud’ at an irradiance of 6.5 mol'day'7°m'2

 

Aborted

0
0

C 0
.
.

U
1

 

Night Day

Temp (3C) Temp (°C)

10 30

15 30

20 30

25 30

30 30 I
+
l
+
l
+
l
+
l
+

H
O
D
-
'
0
0

\
O
U
l
O
—
‘
O
U
T

 

2 Mean i SE.
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Figure 1. Rate of leaf unfolding of Petunia x hybrida ‘Snow

Cloud’ in response to average daily temperature between

10° and 30%: from 10 days after sowing to anthesis for:

a) 13 mol°day4°mq

(Leaves per Day = -0.2737+(0.05059*AVG)-(0.000722*AVG%

r2=.922

b) 6.5 mol'day'1'm'2

(Leaves per Day = -0.09315+(0.02322*AVG)

r2=.947
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Figure 2. Isopleth plots of leaves unfolded between 10 days

after sowing and anthesis for varying combinations of night

and day temperature between 10° and 30°C for Petunia x

hybrida ‘Snow Cloud’ at a) 13 mol°day'1'm'2 and b) 6.5

mol ° day'1' m’2 .
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Irradiance: 13 mol'dar‘1n"
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