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ABSTRACT
Ef fects of environnent on flowering and fruit set

in sweet pepper {Capsicum annuum L.)

A study was nade of factors affecting flowering and fruit
set in pepper plants grown fromseed. The duration of the
initial vegetative phase of growh was prol onged when radi ant
exposures were low, as in the winter or when shadi ng was used
in the sunmmer. The change fromvegetative to reproductive
devel opment was al so del ayed by a reduction in night tenperatures
from20°C to 13°C. It is suggested that radiant exposure and
night tenperature affected flower initiation through effects on
the rate of growth and devel opnent of the whol e plant rather
than on processes specific to the control of flowering.

In experinments designed to exam ne responses to |long and
short photoperiods, results varied with the source of
Il lumnation used in providing the |ong-day treatnents.
Extension of an 8h day to 18h by the use of lowintensity
ilTumnation fromtungsten-filanent |anps del ayed fl ower
initiation by a few days but when warmwhite fluorescent |anps
were used to extend the day the tine to flower initiation was
unaf f ect ed.

A proportion of the flowers initiated stopped grow ng in
the bud stage and aborted. Conditions found to be conducive
to flower abortion were |ow radi ant exposures, high night
tenperatures, |ong-day treatnents produced by the use of tungsten
filament |anps and infrequent watering.

Pollination and fertilization were not prerequisites



for fruit set since parthenocarpic fruit devel opment coul d
occur. The incidence of parthenocarpy was hi gh when ni ght
tenperatures were low Low radi ant exposures, high night
tenperatures and infrequent watering were unfavourable to
fruit set and led to increases in the proportion of flowers
that were shed after opening. Under some conditions the
proportion of open flowers that set fruits could be increased
by pruning the plants to reduce the nunber of |eading shoots

or by spraying w th B-napht hoxyacetic acid.



Chagter-l

Introduction

Pepper is an important vegetable in Nigeria and up to
1970 peppers were exported to supply world markets. Since then
the volume of export trade has been considerably reduced due to
a rising domestic demand. In Nigeria sweet pepper is
cultivated outdoors as either a rainfed or irrigation crop,
mainly in northern States. The area of land devoted to the crop
is not known; production has been mainly limited to peasant
farmers and statistics on the crop are difficult to collect.
The long-term objective of research on peppers in Nigeria will
be the production of crops sufficient to meet domestic demand
and also to restore the export trade.

In the United Kingdom over the past few years, sweet
pepper has gained in popularity with the British public both
as a cooked vegetable and for use in salads. The area devoted
to sweet pepper in England and Wales in 1978 was 40 hectares
while tomatoes, the most important of the protected crop onm an
area basis, occupied 868 hectares (Ministry of Agriculture,
Fisheries and Food, 1978). In the United Kingdom peppers are
grown under glass or film plastics. Cropping programmes and
practices are based on those developed for tomatoes, because
the two crops have similar life cycles and general requirements.
The amount of experimental work that has been carried out on
effects of environment on growth and development is much less

for peppers than for tomatoes.



The developmental sequences that lead to the formation of
fruits in sweet pepper plants may be described in terms of the
whole plant and also in terms of the individual flowers. After
germination of the seed there is a vegetative stage during
which a primary shoot bearing a number of leaves is produced.
The initiation of leaves on the shoot ceases with the initiation
of flowers at the apex. From this stage the stem system
develops as a sympodium with the production of successive orders
of lateral shoots. The time to initiation of the first flowers
at the apex of the primary shoot varies with the environment as
also does the number of leaves formed on the shoot before the
flowers are initiated.

After the first flowers have been initiated, further
flowers are initiated terminally on the lateral shoots. The
rate at which these flowers are initiated may vary with the rate
of formation and growth of the shoots but in morphological terms
the initiation of the flowers on the branches is regular and
predictable (see Chapter 3).

Not all flowers initiated during the life cycle of the
plant develop into fruits. Some are abscised in the bud stage’
before opening; the term "flower abortion" will be used to
describe failure of flower development at this stage. Some
flowers are abscised shortly after opening; the term "post-
anthesis shedding” will be used to describe this. At a later
stage premature fruit drop reflect failure of fruit set; a
fruit is said to have "set" if it can be expected to develop
to maturity.

The object of the present investigation was to study all



stages of reproductive development but particul;; interest was
attached to factors influencing the post-initiation development
of flowers and fruit set.

Failure of fruit set is a potential cause of reductions
in fruit yield and has been observed in a number of different
environments (Gopalaratnam, 1933; Nagarathnam and Rajamani,
1963; Mote et al. 1973 and Park and Jeong, 1976). In Nigeria,
seasonal reduction in yields of sweet pepper often appear to be
associated with the failure of a major proportion of flowers
to set fruit. Thus it appeared possible that information on
factors affecting fruit set might provide a basis for the

development of techniques to increase fruit yields.

1.1 Flower initiation; onset of reproductive phase and growth

The influence of the environment on the change from
vegetative to reproductive development in pepper has generally
been assessed in terms of effects on the number of leaves
formed below the first flower, the time taken from the first
flower bud to become macroscopically visible or the time taken
for the first flower to open. Cochran (1938 and 1942), Deli
and Tiessen (1969) and Munting (1974) studied the time of
initiation of the first flowers by dissection of the shoot apices.

Cochran (1936) reported that temperature had a marked
effect on flower initiation. He used a hand lens to detect
early stages of flower development in "World beater" variety
of pepper (Capsicum frutescene L.). Within a range of
temperature treatments, from about 13°C to 35°C, Cochran found

that the higher the temperature, the earlier flower formation




occurred. Time from sowing to opening of first flower was
similarly affected by temperature. Deli and Tiessen (1969)
worked on sweet pepper, variety "California Wonder" grown at
night temperatures of 12°c and 18°c. They found that flowering
occurred earlier in the plants grown at the higher night
temperature. More recently, Rylski (1972) using the same variety
of sweet pepper "California Wonder" found that the number of
days to appearance of the first flower bud and to anthesis
decreased with an increase in night temperature from 10°Cc to 30°C

Flowering in peppers has been reported to be influenced in
different ways when plants are subjected to low night temperature
for a limited period at the seedling stage. Deli and Tiessen
(1969) found that the effect of a night temperature of 12°C
applied for 25 days in the early stage of growth was to reduce
the number of leaves formed below the first flower, while
Rylski (1972) reportéd that the effect of a night temperature of
10°c applied from the time of expansion of the cotyledons was
to increase leaf number to flower. This discrepancy may be
explained if it is supposed that in Deli and Tiessen's
experiments, the rate of leaf formation was reduced by the low
temperature treatments and that in Rylski's experiments the
rate of leaf formation was not affected.

There have been relatively few reports of experiments
concerned with the influence of total radiation on flowering in
peppers. Auchter and Harley (1924) reported that time to
appearance of the first flower buds and to first opening of
the flowers was not affected by shading to reduce normal light

intensities by about 60 percent in Maryland in the United States



of America during the summer. Deli and Tiessen (1969) found
that growing pepper seedlings in low light intemsity of 17,200
lux delayed anthesis for about 5 days.

Peppers were classified as day-neutral plants by
Salisbury (1963). Auchter and Harley (1924) reported that
extending natural long days of summer in Marylamd by the use of
filament lamps to 24h, caused small delays in times to
appearance of flower buds and opening of the first flower. When
Cochran (1936) lengthened the natural day length to 22h by the
use of tungsten-filament lamps, he found that the appearance of
first flower bud and anthesis were delayed by 9 and 11 days
respectively. The experiments were carried out in New York
from December to April when the natural day lemgth from sunrise
to sunset was between 10h and 14h. In 1942, using a different
variety of pepper "Perfection Pimiento" Cochram again reported
that flowering might be delayed by the long day treatment. He
estimated time of flower initiation by dissection and found
that long days delayed initiation by 5 days.

Rylski (1972) observed no effect of photoperiodic
treatments on time of first flower opening in sweet pepper in
Israel during winter. However, she found that plants grown in
short days consisting of 7h of natural light dewveloped more
leaves below the first flower than those grown im long days.
Long days consisted of 7h of natural day light extended by 1lOh
of artificial illumination from a fluorescent and a 200W
incandescent lamp together creating a light intemsity of 2,700

lux.

There is evidence that the moisture content of the soil



may influence flower initiation and the time to flower opening
in peppers. Cochran (1936) maintained plants with three
watering regimes. He found that frequent watering reduced the
time from sowing to initiation of the first flowers and time

to anthesis of the first flower.

1.2 Flower formation and flower abortion

After the first flowers have been initiated, further
flowers are initiated regularly on the branches that develop.
The environment of the plants can influence the rate at which
flowers are formed by influencing the rate of development and
growth of the branches. The number of flowers that open in a
given time will depend on the rate of flower formation, the rate
of development of the individual flowers after their initiation
and on the number that abort before anthesis is reached.

Workers have not always distinguished between these possible
effects of environment on flowering.

For three consecutive years, Cochran (1936) grew pepper
plants in glasshouses at four different temperatures of 13, 207,
25° and 35° respectively. The treatments commenced when the
plants were 6 weeks old. He found that the highest number of
flower buds was formed in plants grown at 25°C followed by
those at 20° and 35°C respectively; at 13%% development was
markedly retarded and no flowers opened. Similarly Dorland and
Went (1947) obtained more flowers at 30°C night temperature
than at lower night temperatures in Chilli peppers. Both
Cochran (1936) and Dorland and Went (1947) reported that many

of the flowers formed at the higher temperatures were aborted



whereas most formed at the lower temperatures opened. Dorland
and Went observed that the longer the plants were grown, the
lower was the optimum night temperature for flowering and after
23 weeks most open flowers occurred on plants grown at a night
temperature of 8,50C,

Deli and Tiessen (1969) reported that plants of sweet
pepper subjected to low night temperatures of 12°c for 25
nights branched more profusely than those grown at night
temperature of 18°¢c throughout. Associated with the increased
number of branches, more flowers were produced.

There is evidence that high day temperatures may lead to
increased flower abortion in sweet pepper. Rylski and Halevy
(1974) claimed that high day temperatures between 30° and 40°C
promoted flower abortion in Israel when light intensities were
low.

There have been few investigations on effects of radiant
exposure on flower abortion in pepper. Rylski and Halevy (1974)
obtained up to 100 percent abortion when 30 percent shade was
provided at flower bud developmental stages in sweet pepper.
Park and Jeong (1976) studied the effect of shading on flower
abscission in the hot pepper in Korea. They shaded plants
to cut out 60 percent and 25 percent of the natural radiation
in the glasshouse. They found that shading promoted abortion.
Similarly Song et al. (1976) reported that reduction of light
intensity promoted flower abortion in Korea.

Flower abortion has been reported to be influenced by
photoperiod. Deats (1925) and Cochran (1936) claimed that

extension of natural day length to 22 hours increased flower



abortion in peppers. However, Song et al. (1976) working with
hot peppers in Korea, claimed that shott day treatments increased

the incidence of flower abortion.

1.3 Fruit set; post-anthesis shedding

Many of the flowers formed in pepper plants do not develop
into fruits. 1In India Warade and Singh (1977) reported that only
5 percent of flowers formed set fruit. Mote et al. (1975) also
working in India estimated that up to 11 percent of the flowers
formed set fruit in pepper. How far failure of fruit development
was due to flower abortion before flower opening or to failure
of fruit set after flower opening as a result of flower shedding
was not indicated. In pepper, fruit set is not necessarily an
indication that pollination and fertilisation of the ovules has
occurred; there are a number of reports of the occurrence of
parthenocarpic (seedless) fruits.

Plant growth substances are known to promote fruit set in
a number of crops. Gibberellins and some auxins have been used
to achieve fruit set in some Scolanaceous crops, namely tomato
(Kepcka, 1966) and eggplant (Nothmann and Koller, 1975).
Relatively little is known concerning effects of growth
substances on fruit set in peppers. Rylski (1974) reported
that application of 100 ppm of GA5 to emasculated flowers of
sweet pepper increased fruit set in Israel. El-Maguid (1965)
observed increased fruit set in peppers as a result of applying
beta-naphthoxyacetic acid (NOA). NOA promoted parthenocarpy in
fruits.

Effects of temperature on fruit set in many species have



been reported by Nitsch (1965). Temperature, especially at
night time has been reported to influence fruit set in peppers.
When Cochran (1936) grew pepper plants at 35°C, he could not
obtain fruit set due to post-anthesis shedding. However, when
he transferred some plants from pre-anthesis temperature of 35°C
to post-anthesis temperature of l3°C, he was able to improve
fruit set from O percent to 99.3 percent. Cochran's results
suggest that a high pre-anthesis followed by a low post-anthesis
temperature may increase fruit set in pepper. Similar results
have been obtained by workers who carried out experiments on
effects of night temperature on fruit set in sweet pepper
(Tiessen, 1962; Wells, 1966; Hamadeh, 1967 and Rylski, 1973).
Rylski and Halevy (1974) recommend a pre-anthesis night
temperature of 20°C followed by a post-anthesis of 8-10°C night
temperature as a prerequisite for optimum fruit set in sweet
pepper in Israel.

There are several reports of effects of solar radiation
on fruit set in the pepper plant. An increase in fruit set in
sweet pepper when shading was provided to reduce solar
radiation reaching plants by 45 percent was reported from the
Carribean area (Schoch, 1972). Similarly Quagliotti (1976)
found that shading pepper plants with a black plastic net to
provide a 30 percent reduction in solar radiation increased
fruit set in Italy; whereas 50 percent shading reduced fruit set.

Cochran (1936) suggested that fruit set in peppers could
be increased by shading plants with slatted frames. Cochran
attributed the effect of shading to the reduced temperatures

that resulted. He did not indicate the percentage reduction in
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solar radiation due.to the shading applied. A decrease in fruit
set was obtained by Park and Jeong (1976) in Korea due mainly to
flower shedding, when they shaded hot pepper plants to give a
reduction of 60 percent or 25 percent of total solar radiation.
Post-anthesis shedding accounted for 83 percent of the failure
of fruit set.

There are two reports of effects of photoperiod on fruit
set in pepper. Deats (1925) could not obtain fruit set in
plants grown in short days of 6.5h day light. He obtained an
increase in fruit set in plants grown in normal day length of
12h natural day light as compared with plants grown in 18h days
consisting 12h of natural day light extended with artificial
illumination from tungsten filament lamps for 6h, These
findings were supported by those of Cochran (1936) who obtained
5.6 percent increase in fruit set in plants grown in normal day
length (12h day light) over those grown in long days (12h day
light + 10h artificial illumination from tungsten filament lamps.

Cochran (1936) reported that moisture content of soil
could influence fruit set in the pepper. In his experiments
where he maintained pepper plants at three watering regimes, he
obtained an increase in fruit set in plants receiving most
frequent watering. More recently Chmela and Vlcek {1974)
reported that an increase in fruit set in pepper was obtained
when plants were grown at high irrigation rate.

The number of fruits developed on pepper plants has been
found to influence subsequent fruit set just as reported for
tomato. Cochran (1936), Wells (1966), Kato and Tanaka (1971)

and Song and Park (1976) have found that fruiting in the pepper
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plant is cyclic. As number of fruits set is increased,
percentage fruit set rapidly decreases until it reaches the
lowest value at the time the highest number of fruits is set,

There is evidence that fruit growth in pepper is
influenced by the night temperature at which the plants are
grown. Wells (1966), Hamadeh (1967), Rylski (1972) and Rylski
and Halevy (1974) reported that when sweet pepper plants were
grown in a low temperature throughout, the fruits were elongated
and pointed at the stylar end, in contrast to the more blocky
type fruit developed at a high post-anthesis night temperature.
Rylski (1973) further reported that fruits set at a low night
temperature were parthenocarpic. She also associated the
promotion of fruit growth at a higher post-anthesis night
temperature to the seeds contained in the fruits. She obtained
a high correlation between seed number and fruit size.

There is evidence from the investigations previously
discussed that certain environmental factors may influence
flowering and fruit set in sweet pepper. The primary objective
of the present investigation was to make a systematic study of
effects of radiant exposure, photoperiod, night temperature and
water stress on flowering and fruit set in sweet pepper.
Interest was attached to factors controlling the change from
vegetative to reproductive growth with the initiation of flowers
particularly on the primary shoot to rates of flower formation
and to the incidence of flower abortion before the flowers
opened., Experiments were designed to examine factors that might
limit fruit set and to determine how far these limitations might

be removed by application of growth substances.
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Chapter 2

Materials and Methods

The materials and methods described in this section are
those which were generally used. Methods which were specific
to an individual experiment or group of experiments are

described in the appropriate chapters.

2.1 Seeds and composts

One cultivar of sweet pepper (Capsicum annuum L.) was
used throughout. This was the F; hybrid cultivar, "Bellboy".

The seed compost used was based on recommendation by the
Glasshouse Crops Research Institute (Bunt, 1976). It was a
loamiess compost with the bulk constituents of 50 pe;cent by
volume peat and 50 percent by volume sand. Base fertilizers

added were as follows:

Fertilizers kg m >
Superphosphate of lime 0.75
Potassium nitrate 0.4
Ground limestone 3.0

Seeds were sown in the compost in seed trays and were
germinated in a room maintained at 25°c  + 1°% until seedling
emergence when they were moved into a glasshouse with a
minimum temperature of 18°C. Seedlings were pricked out when
the cotyledons had fully expanded, usually 13 to 15 days after
sowing the seed. *

Seedlings were first planted in 10.8 cm diameter plastic
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pots. In some experiments, larger pot sizes were used, in
which case plants were potted-on into them. The following

pot sizes were used in the experiments to be described here:

Pot size Volume of compost
(cm) (cm3)
10.8 628.0
i12.7 1312.,0
15.2 1949.0
20.3 3622.0

Potting composts used were a proprietary peat-sand
compost, "Levington Universal" or John Innes potting compost
No. 2 (Bunt, 1976).

The composition of John Innes No. 2 potting compost was
as follows: 70 percent by volume sterilized loam, 30 percent
by volume peat, 20 percent by volume grit. To these bulk
constituents the following base fertilizers were added:

Fertilizers kg m_3

Hoof and horn 1.186
Superphosphate of lime 1.186
Sulphate of potash 0.593
Calcium carbonate 0.593
The composition of G.C.R.I. potting compost was as follows:
75 percent by volume peat, 25 percent by volume sand with the

following base fertilizers added:
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Fertilizers kg n3
Urea formaldehyde 1.0
Superphosphate of lime 1.5
Potassium nitrate 0.75
Ground limestone 2.25
Fritted trace elements
consisting B, Cu, Fe, 0.375

Mn, Mo and Zn

2.2 Plant management

When plants had four visible foliage leaves they were
fed with the solution of a proprietary fertilizer containing
nitrogen, phosphorus and potassium. Liquid feed was applied
once or twice a week.

Plants were raised in the glasshouse with the thermostat
set to give a minimum air temperature of 20°¢ during the day
and ventilators were opened when temperature exceeded 23%.

During the night a minimum temperature of 16°-18°C was maintained.

2.3 Control of photoperiod

Plants were placed on trolleys which stood in the
glasshouse for 8h (9.00h to 17.00h) during the day and were
pushed into light-tight compartments during the night. "Short
days" comprised 8h day light in the glasshouse followed by 16h
of darkness. "Long days" comprised 8h of day light in the
glasshouse followed by 10Oh of artificial illumination from
tungsten or fluorescent lamps and 6h of darkness.

Two 40W tungsten filament lamps were used in each



- 18 -

compartment to light a bench area of 1 m® formed by two trolleys.
Illuminance at plant height as measured with a megatron type C
cosine-corrected light meter was about 150 to 170 lux. The
lamps were suspended at about 100 cm above the plants. Where
"warm white" fluorescent lamps were used 80W lamp was used in
each compartment to give an illuminance of 360 lux at plant
height as measured with a megatron type C cosine-corrected
light meter. For this treatment two layers of muslin were used
as a neutral filter around each lamp.

Further light measurements were made with guantum sensor
made by Lambda Company to determine rate of energy received by
plants. Light energy at plant height from tungsten lamps was

2 -1

3.2 micro einsteins m ° sec and 4.3 micro einsteins m_2 aec-'1

from a fluorescent lamp.

2.4 Supplementary illumination and shading during the day

In some experiments, daily radiant exposure was varied
by the use of artificial lighting with 400W high pressure
mercury fluorescent lamps (MBFU) suspended about 100 cm above
the plants for 8h (9.00h to 17.00h) during the day. The lamps
were fitted with reflectors and when they were the sole light
source produced an illuminance of about 3000 lux at plant
height as measured with a megatron type C cosine-corrected
light meter. One lamp was used to light a bench area of about
1 m? formed by two trolleys.

In other experiments shading treatments were effected by
the use of a layer of green plastic netting, "netlon" which

covered the tops and sides of the trolleys on which the plants
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were placed. Similar trolleys without netlon were used for
the unshaded plants. The shading reduced solar radiation by
50 to 60 percent. The percentage reduction was in the higher

part of the range during dull weather and in the lower part

during bright weather.

2.5 Methods of flower emasculation

The whole corolla with anthers .intact was carefully
removed (with sterilized forceps) taking care not to damage
ovary and stigma, two or three days before flower opening
(anthesis). The forceps were dipped in alcohol after each
emasculation. This method of emasculation was recommended
by Pickersgill (personal communication). Shaking plants was

avoided to prevent cross pollination.

2.6 Records and measurements

Shoot height (cm) was measured from soil level to the
uppermost shoot tip which carried a visible flower bud.
Internode length (cm), unless indicated otherwise, represents
the mean length of the internodes of the primary shoot below
the first flower after their elongation had been completed.
The number of leaves below the first flower where recorded did
not include the two or three leaves originally subtending the
first lateral shoots that were carried upon these shoots as
they grew (see Chapter 3). Leaf area was determined using a
photo-electric planimeter and all leaves greater than 2 cm in
length were measured. Plant material was dried in a forced

draught oven at 80°C for 48 hours.



Plate 1 : Macroscopic stages of flower development

Stage 1

Flower bud is macroscopically visible to unaided eye;
Sepals are tightly closed, pedicels short and erected.

Stage 2

Sepals begin to open, petals are just visible;
Pedicel is elongated and erect.
Mean bud size is 5.0 mm.

Stage 3

Petal lobes are visible, petal is green.
Stalk is more elongated and curved;

Bud is drooping on pedicel;

Mean bud size is 13.0 mm.

Stage 4

Petals, 5-6 lobed. Lobes become distinct and protrude from
calyx, but remain unopen;

Petals are turning white in colour.

Pedicel greatly elongated and curved;

2 or 3 days before anthesis.

Mean size of bud is 23.0 mm.

Stage 5

Anthesis: Petals completely open and somewhat reflected.
Anthers dehisce and pollination may take place;

Flower drooping on pedicel. Elongation of pedicel ceased;
Style is short, straight and club-shaped.

Stage 6

Fruit set: 15 days after anthesis;

Petals, stamens dihisce;

Calyx and style persist;

Ovary size about 23-30 mm in diameter;

Fruit expected to be retained and to grow to maturity.
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In some experiments the shoot apices were dissected,
using a binocular microscope in order to detect whether flower
initiation had occurred. In most experiments, the time that
first flower bud became visible "first flower bud visibility
stage" was recorded. This was taken as the time a bud could
be seen without the aid of dissection or a microscope. Stages
of flower development were determined as described in Chapter 3
(see Plate 1).

The number of days from sowing to opening of the first
flower was recorded as "days from sowing to first anthesis".

A flower was said to have reached anthesis when the petals had

fully opened.

2.7 Flower abortion and shedding

Flowers that stopped growing and failed to reach anthesis
were recorded as "aborted" (see Plate 2a). When flowers were
abscised after anthesis this was termed "post-anthesis shedding"

(see Plate 2b).

2.8 Fruit set, growth and development

A fruit was said to have "set" when it could be expected
to complete normal development in the plant. Observations
suggested that fruits remaining on the plant 15 days after
anthesis generally met this requirement; such fruits were
regarded as "set".

In some experiments fruit volume was determined by water

displacement.
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2.9 Experimqntal design and analysis of results

The majority of experiments were of a factorial design
with randomised blocks. Some of them were of split-plot design.
They were designed to enable a test of the significance of
treatment effects to be made using an analysis of variance.
In a few experiments, it was not possible to replicate
temperature treatments due to limitations in the facilities
available, 1In these cases it was not valid to test the
significance of such treatments since their effects would be
confounded with positional effects. However, it was possible
to test the significance of their interactions with other
factors. Some experiments were replicated in time as a means
of checking results.

Positional effect in the glasshouse was minimised by
re-randomising position of plants and trolleys at weekly

intervals wherever possible.
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Chapter 3

Morphology of the Plant

The common cultivated varieties of pepper grown in
temperate regions are regarded as belonging to the species
Capsicum annuum L.; they vary mainly in the size of the plant
and in the shape, size and pungency of the fruit,

The nomenclature of Capsicum is confused. TInitially
colour and shape of the fruit were the main characteristics on
which species were classified. Whereas Shaw and Khan (1928)
used the characteristics of the flower to classify Capsicum
in India, leaf and calyx shape were used as means of
classification in America (Erwin, 1929).

It appears that different species names have been used to
denote the same varieties of Capsicum. Terpo (1966) made the
same observation. To overcome this, Heiser and Pickersgill
(1969) made a detailed study of herbarium material in which
they tried to find as many flower and fruit characteristics as
possible. fThey distinguished five cultivated species which are
generally accepted today. Rosengarten (1970) adhered to the
classification made by Heisser and Pickersgill in his book on
species. GSweet peppers fall into classification made by
Heisser and Pickersgill and they are accepted as belonging to
Capstcum annuum L., although Deli and Tiessen (1969) classified
them as Capsicum frutescens.

The description of morphology that follows is based on

observation made on plants of sweet pepper cultivar Bell Boy.
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The plant grows as a single primary stem until a number of
leaves have been formed and then a terminal inflorescence is
initiated on the primary shoot.

The branch system with the possible exception of the
stem below the first formed flowers is apparently dichotomous.
A flower, or group of flowers is formed terminally on the
primary shoot and either two or three laterals continue the
growth of the shoot (Fig. 1). The leaves subtending these
laterals are carried up on the shoots so that their points of
attachment come to be on the laterals that they originally
subtend (Fig. 2). Growth of each lateral is terminated by the
formation of one or two flowers while two sub laterals grow
out and again the subtending leaves are carried up on the
shoots as they grow. After the completion of elongation in
growth each lateral carries one leaf, representing the leaf
that originally subtended it and one or occasionally two
terminal flower buds.

The growth of the shoots are never equal - one is greater
in diameter and longer than the other(s) while its subtending
leaf is larger. One possibility is that the longer lateral
always has its origin in the axil of the leaf immediately below
the terminal flower and that the smaller branch arises in the
axil of the leaf initiated below this. The inequality of the
branches becomes more apparent with the growth of the plant
and a shoot may finally appear as a single main axis, made up
of the successive larger branches from which lateral shoots
(the smaller of the pairs) arise. When plants are grown for

relatively long periods further branches may arise from the
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axils of lower leaves on the primary shoot.

Dissection of the shoot tips indicated that when a
flower is initiated in sweet pepper, the leaf initiation at the
apex ceases, but the last-formed leaf primordia continue to
increase in size without younger primordia being formed to
take their place. At the same time as the first flower
primordium is differentiated, the first lateral shoot primordia
begin to develop at the side of the flower primordium, It is
believed that leaves subtending the first lateral branches are
initiated at this stage and are merely carried up the shoots.

The growth of the primary shoot is terminated with the
formation of one to five flowers. Normally only one or at
most two of these flowers develop to anthesis. In recording
flower development, 6 stages were recognised (see Plate 1).

The flowers formed at the tip of the primary shoot are referred
to as 1° flowers, those formed at the tips of the first branches
are referred to as 2° flowers, those formed on the next set of
branches are termed 3° and so on.

The flowers are usually self-pollinated although some
cross pollination of up to 16 percent may occur (Cochran, 1938,
Odland and Porter, 1941 and Free, 1975).

A typical mature fruit of "Bellboy" is about 8-12 cm long,
roughly square in transverse section, thick fleshed and green
in colour at first, turning red. Calyx and style persist on
the fruit. The fruit is usually 3-4 locular and may contain

many seeds (up to 400 have been observed).
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Chapter 4

Effects of Photoperiod and Radiant Exposure on

Flowering and Fruit Set (Exps. 1, 8, 3, 10 and 20)

Few investigations have been carried out concerning
effects of photoperiod on flowering in pepper. Cochran (1936)
reported that flower initiation and opening of the first
flowers were promoted by short days. Salisbury (1963)
classified pepper as day-neutral. More recently Rylski (1972)
noted that the number of leaves produced below the first
flowers was increased in short as compared with long days but
observed no effect of photoperiod on time of opening of the
first flowers. The object of the experiments described here
was to examine effects of photoperiod on the duration of the
vegetative phase and to assess separately effects on the time
of flower initiation, the number of leaves formed below the
first flowers and the time of opening of the first flowers.
Effects of daily radiant exposure on flowering were also
investigated and the possibility of interactions between photo-

period and total radiation was examined.

4,1 Experimental design

In experiments 1, 3 and 8 treatments were arranged in

factorial split-plot randomised blocks design with 3 or 4

replicates.
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Results

4.2 (Exps. 1 and 8) Effects of photoperiod, radiant exposure

and pot size on flowering and fruit set

In these experiments plants were grown in two photoperiods,

short and long days, from the time of cotyledon expansion.

Short days comprised 8h day light in the glasshouse followed

by 16h darkness; long days comprised 8h of day light followed

by 1lOh artificial lighting of low illuminance and 6h of darkness.
In Exp. 1 artificial lighting to lengtheathe day was from
tungsten filament lamps (170 lux at plant height); in Exp. 8
tungsten filament lamps were again used and a further treatment
employing warm white fluorescent lamps (F) (360 lux at plant
height) was included.

In both experiments plants were grown with and without
supplementary lighting from high pressure mercury fluorescent
(MBFU) lamps during the 8h of day light (see Materials and
Methods, Chapter 2). In the second experiment (Exp. 8) the
effect of using a larger pot size was tested and pots of 15.2
cm diameter were included as well as the usual size of 10.8 cm
diameter,

The experiments were started at about the same time of
year, Exp. 1 on 17.11.77 and Exp. 8 on 30.11.78 (Table 1).

In these experiments, carried out during the late autumn
and the winter, supplementary lighting markedly promoted growth
in dry weight of the shoot systems (Figs. 3a, 3b and 3c).
Associated with the increases in dry weight there were increases

in leaf area and plant height (Figs. 4a, 4b, 4c; 5a, 5b, 5¢).
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(mg)

Total shoot dry weight

440

360

300

240

180

120

60

a—p Short days, natural day light
o—0 Long days (T), natural day light

e——8 short days, natural day light with
supplementary lighting

4——a Long days (T), natural day light
with supplementary lighting

LSD (P=0.05) 64 days after sowing

24 34 44 5

Days from sowing



Total shoot dry wt (mg)

. ; Long days (T), natural day light with supplementary
&ois i lighting
. N—g Long days (7), natural day light with sunplementary
lighting
° ° Short days, natural day light with supplementary
lighting
450.0 L O—0 Long davs (T), natural day light
O—0 Long days (F), natural day light
&——A Short days, natural day light
400.0 L
350.8 L
LSD (P=0.05) 53 days
after sowing
300.0 L
250.0 }
200.0 -
)
150.0 I- []
w
100.0 »
50.0 L ) A

Days from sowing



Total shoot dry weight (mg)

A——A long-days (T), natural day light with
suoplementary lighting

» " Long days (F), natural day light with

500.0 } supplementary lighting

®—® Short .days, natural day light
with supplementary lighting

Long davs (F), natural day light

450.0 b O—0O Long days (T), natural day light

&——4A Short days, natural day light

400.0

350.0 F
LSD (P=0.05) 53 days

after sowing

300.0 F

250.0

200.0 F

150.0

100.0

50.0 1

34 43 53

Days from sowing
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It appeared that the increase in plant height due to supplementary
lighting was due in part at least to increased extension of

the internode (Tables 2a and 2b). How far any increase in
internode number due to an increased rate of leaf initiation
contributed to the effect was not measured.

The duration of the vegetative phase of growth was reduced
in the plants receiving supplementary illumination. Flower
initiation in these plants occurred about 20 days earlier than
in plants grown with no additional illumination during the 8h of
day light (Tables 3a and 3b). In the second experiment where time
of first appearance of flower buds was recorded it was found
that earlier initiation of flowers due to the supplementary
lighting was accompanied by earlier appearance of flower buds
(Table 4). In term of days from sowing the seed, the two
stages of flowering were promoted to a similar extent. It was
concluded that the main effect of supplementary lighting was on
time of flower initiation rather than on subsequent growth of the
flower initials. Earlier flower initiation due to increased
radiant exposure was generally accompanied by a reduction in the
number of leaves formed on the primary shoot below the flowers.
The reductions were small, usually of the order of one to two
leaves (Tables 5a and 5b).

Counts of flower buds made in later stages of growth of
the plants (Figs. 6a, 6b and 6c) indicated that the number of
flowers formed increased as a result of supplementary lighting.
It appeared that the main effect of supplementary lighting was
due to earlier formation of flowers at the tip of the primary

shoot and after this, rates of flower formation on the branches
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Table 2a (Exp. 1) Effects of photoperiod and radiant exposure
on length of internodes on the primary
shoot. 78 plants per treatment (3.11.77)

Length of internodes (cm) on the primary shoot (100 days after

sowing)

Radiant Short days Long days Radiant exposure

exposure (tungsten) mean
Natural day light 1.4 3.56 2.48
Natural day light
with supplementary - 4.717 3.54
lighting
Photoperiod mean 1.085 4.17

LSD to compare photoperiod means (P=0.05) = 0.5
LSD to compare radiant exposure means (P=0.05) = 0.4
Radiant exposure x photoperiod interaction (P=0.05) NS

Table 2b (Exp. 8) Effects of photoperiod, radiant exposure
and pot size on length of internodes on
the primary shoot. 12 plants per treatment
(16.11.78)

Length of internodes (cm) on the primary shoot (95 days after

sowing)
Radiant Pot Pot Radiant
exposure size Short days Long days Long days size exposure
{cm) (F) (Tungsten) mean  mean

Natural 10.8 1.63 1.76 7 3.03
day . 3.05
light 15.2 1:73 1.94 $:54 3.06
Natural day 10.8 1.81 2:11 6.0 3.31
light with 3.46
supplementary )
lighting 15.2 2.04 2.32 6.5 3.62
Photoperiod mean 1.8 2.03 5.93

LSD to compare photoperiod means (P=0.05) = 0.1

LSD to compare radiant exposure means (P=0.05) = 0.2

LSD to compare pot size means (P=0.05) = 0.1

Radiant exposure x photoperiod x pot size interaction (P=0.05) NS
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Table 3a (Exp. 1) Effects of photoperiod and radiant exposure
on _initiation of first flowers. 18 plants
per treatment (3.11.77)

Number of days from sowing to the time 50% of plants initiated
first flowers

Radiant Short days Long days Radiant exposure
exposure (tungsten) mean
Natural day light 52.6 62.0 57.3
Natural day light
with supplementary 34.0 40.0 37:0
lighting
Photoperiod mean 43.3 51.0

LSD (P=0.05) = 7.2
Photoperiod x radiant exposure interaction (P=0.05) NS

Table 3b (Exp. 8) Effects of photoperiod, radiant exposure
and pot size on initiation of first flowers.
12 plants per treatment (16.11.78)

Number of days from sowing to the time 50% of plants initiated
first flowers

Radiant Radiant
exposure Short days Long days Long days exposure
(F) (tungsten) mean
Natural day
light 50.1 48.0 54.3 50.8
Natural day
light with
supplementary 32.0 32,3 36.7 33.6
lighting
Photoperiod 41.1 40.1 45,5
mean

No effect of pot size on time of flower initiation was observed
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Table 4 (Exp. 8) Effects of photoperiod, radiant exposure

and pot size on time that first flower

buds bhecame visible,

12 plants per

treatment (16.11.78)

Number of days from sowing to the first appearance of flower

Radiant Pot Pot Radiant
exposure size Short days Long days Long days size exposure
(cm) (F) (tungsten) mean mean
Natural 10.8 70.6 64.9 75.4 70.3
day 70.1
light 15.2 69.7 65.5 74.4 69.9
Natural day 10.8 503 317 57.9 3.3
light with 53.3
supplementary :
lighting 315.2 50.6 51.6 $7.8 53.3
Photoperiod
mean 60.3 58.4 66.4
LSD to compare photoperiod means (P=0.05) = 1.4

LSD to compare radiant exposure means (P=0.05) =

LSD to compare pot size means (P=0,05) NS

Radiant exposure x photoperiod x pot size interaction (P=0.05) NS
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Table 5a (Exp. 1) Effects of photoperiod and radiant exposure
on nunmber of leaves formed on the primary
shoot before initiation of first flowers.
18 plants per treatment (3.11.77)

Number of leaves formed per plant on the primary shoot

Radiant Short days Long days Radiant exposure
exposure (tungsten) mean
Natural day light 12.2 12.7 12.5
Natural day light
with supplementary 11.4 11.8 11.6
lighting
Photoperiod mean 11.8 13.3

L8D to compare photoperiod means (P=0.05) = 0.3
LSD to compare radiant exposure means (P=0.05) = 0.6
Radiant exposure x photoperiod interaction (P=0.05) NS

Table 5b (Exp. 8) Effects of photoperiod, radiant exposure and
pot size on number of leaves formed on the
primary shoot before initiation of first
flowers. 12 plants per treatment (16.11.78)

Number of leaves formed per plant, on the primary shoot

Radiant Pot Pot Radiant
exposure size Short days Long days Long days size exposure
(cm) (F) (tungsten) (cm) mean
Natural 10.8 13,3 12.9 13.3 13.2
day 13.1
light 18.2 13.6 2.3 13:1 13.0
Natural day 10.8 13:3 11.8 12:1 117
light with 11.5
supplementary :
lighting 15.2 -10.8 11.1 322 11.4
Photoperiod
REAR 12.2 12.0 12.7

LSD to compare photoperiod means (P=0.05) = 0.4

LSD to compare radiant exposure means (P=0.05) = 0.7

LSD to compare pot size means (P=0.05) NS

Radiant exposure x photoperiod x pot size interaction (P=0.05) NS
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were not markedly affected by the treatment.

There was no consistent effect of photoperiod on time
to flower initiation; effects appeared to vary with the light
source used to extend the photoperiod. 1In Exp. 1 where
tungsten filament lamps were used, plants in short days
initiated flowers 6 to 11 days earlier than plants in long
days (Table 3a). In Exp. 8 there was again a small delay in
flower initiation due to the long day treatments using tungsten
filament lamps; in this experiment the delay amounted to 4 to
5 days (Table 3b). . Where the photoperiod was extended
using warm white fluorescent lamps, however, flower initiation
occurred at about the same time as in short days (Tables 3b
and 3c).

Records of the time flower buds first became visible
kept in Exp. 8 (Table 4) showed that delays in flower
initiation due to the use of tungsten filament lamps to lengthen
the day were reflected in delays in the appearance of the
flower buds. Where plants received supplementary lighting
during the 8h of day light there appeared to be no effect of
extension of the day with warm white fluorescent lamps. In the
absence of supplementary lighting, the long day treatments
with fluorescent lamps hastened the appearance of flower buds
by about five days.

Associated with the delay in flower initiation due to the
long day treatment with tungsten lamps used in Exp. 1 there was
a very small increase in the number of leaves formed on the

primary shoot below the flowers (Table 5a). In Exp. 8 the

corresponding treatment had no apparent effect on the leaf
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number to flower when plants were grown without supplementary
lighting but caused an increase of between one and two leaves
when supplementary lighting was used (Table 5b).

Figs. 6a, 6b and 6c indicate that effects of photoperiod
treatments on flowering were apparent at later stages of
development of the plants. 1In plants given supplementary
lighting, the number of flowers that had been formed in short
days was greater than in long days (using light from either
tungsten filaments or warm white fluorescent lamps) at the time
of the last counts (114 days in Exp. 1, 117 days in Exp. 8).
There was no evidence that the difference in the number of
flowers formed produced by the photoperiodic treatments was
increasing as the experiment progressed; it appeared that the
effect of short days was due to earlier formation of the first
flowers at the tips of primary shoot rather than any promotion
of flower formation in the branches that developed subsequently.
Where no supplementary lighting was used no effect of photoperiod
on the number of flowers formed was apparent.

Growth in dry weight of the primary shoots before flower
initiation occurred was affected by the photoperiodic treatments
given. Extension of the day length using either tungsten
filament lamps (Exp. 1 and Exp. 8) or warm white fluorescent
lamps (Exp. 8) produced increase in the growth in dry weight
(Figs. 3a, 3b and 3c¢) and increases in leaf area (Figs. 4a, 4b
and 4c¢). There was little difference between the two types of
lamp in producing these increases in growth at the early stages
of development of the plants. However, at the time the

experiments were terminated (114 days in Exp. 1 and 117 days in



Fig. 4a (Exp. 1)} Effects of photoperiod and radiant exposure

" on leaf area (cmz) {18 plants per treatment.

©3.11.77) ;



)

(cm

Leaf area

-

Short days, natural day light

H
c o Long days (T), natural day light
Short days, natural day light with
200 ®—® supplementary lighting
A——4 Long days (T), natural day light with
supplementary lighting
LSD (P=0.05) 64 days
after sowing
150
100
0
50
v
0
,%‘
0 1 1 1 1
24 34 44 54 64

Days from sowing



Fig. 4b (Exp. 8) Effects of photoperiod, radiant exposure

and 10.2 cm diameter pot on leaf area

(cmz) (12 plants per treatment. 16,11.78)
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Fig. 5¢ (Exp. 8) Effects of photoperiod, radiant exposure

and 15.2 cm diameter pot on plant height

(cm) (12 plants per treatment. 16.11.78)
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(b) (Exp. 10) Photograph showing effects of a 2h period |
. lighting with tungsten filament lamps at
different times in the 16h night (17.00Ch to
9.00h) on elongation of the primary shoot up
to 60 days after sowing (8.7.79)

From left to right lighting was as fellows:-

7.00h to 9,00h; 17.00h to 19,00h; 24.0Ch to

2.00h; short days (9.00h to 17.00h of natural
- day light}.
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Exp. 8), increase in growth of dry weight was greater in long
days with tungsten filament than with warm white fluorescent
lamps. Tables 6a and 6b indicate that there was a greater
contribution to the growth in dry weight of the stems than of the
leaves of the plants.

Long days also promoted the qréwth in height of the plants
(Figs. 5a, 5b, 5S¢ and Plate 3), and here the promotion was
markedly greater using tungsten filament as compared with warm
white fluorescent lamps (Plate 3a). Associated with the
increases in height were increments in the extension of the
internodes (Tables 2a and 2b).

Results of Exp. 8 indicated that there was no effect of
pot size on the time of change from vegetative to reproductive
development. Time of flower initiation (Table 3b), time of first
appearance of flower buds (Table 4 ) and number of leaves formed
below the first flowers (Table 5b) were all apparently unaffected.
With further development of the plants, those growing in large
pots generally formed more flowers than those growing in small
pots (Figs. 6b and 6c¢). This effect of pot size was greater in
the long day treatments that employed warm white fluorescent
lamps than tungsten filament lamps. The increases in flower
number were associated with more advanced stages of growth in
the plants; by the end of treatments, plants in large pots had
produced a markedly greater number of generations of branches
than those plants in the small pots. . Growth in dry weight of
the shoot systems was greater in the large pots than in the small
pots (Figs. 3b and 3c).

The results described so far have been concerned primarily
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Table 6a (Exp. 8) Effects of photoperiod, radiant exposure and

pot size on dry weight of stems.

12 plants

per treatment (16.11.78)

Dry weight (g) of stems per plant (117 days after sowing)

Radiant Pot Pot Radiant
exXposure size Short days Long days Long days size exposure
(cm) (F) (tungsten) mean mean
Natural 10.8 10.54 11.2) 14.13 11.96
day 14.13
light 15.2 12.92 18.63 17.34 16.3
Natural day 10.8 8.78 10.64 16.60 12.01
light with
18.3

supplementary
lighting 15,2 19.69 24.19 29.91 24.6
Photoperiod
i 12.98 16,17 19.5

Table 6b (Exp. 8) Effects of photoperiod, radiant exposure and

pot size on dry weight of leaves. 12

plants per treatment (16.11.78)

Dry weight (g) of leaves per plant (117 days after sowing)

Radiant Pot Pot Radiant
~ exposure size Short days Long days Long days size exposure
(cm) (F) (tungsten) (cm) mean

Natural 10.8 3.87 4.1 4.0 3.99
day 5.16
light 15.2 5.96 7.27 5.74 6.32
Natural day 10.8 3.15 4.07 8.89 5,57
light with 6.6
supplementary .
lighting 15.2 8.2 8.98 5.73 7.64
FhALaparing 5.45 6.11 6.09

mean




Fig. 6a (Exp. 1) Effects of photoperiod and radiant exposure

on flower formation (18 plants per treatment.

3:11,77)






