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Abstract

Experiments were conducted in controlled-environment cabinets to
show the effect of temperature and light intensity on the growth and
fruiting of snap beans. Leaf weights varied inversély'witb the
temperature, but stem weights and numbers of nodes were not greatly
affected by day temperature in the range of 750 tov95oF; Blossoming
and pod set were similar at day temperatures of 750 and 856F but were
reduced at 95°F. When day temperature was 95°F, a GOOE night temperature
resulted in incfeased bloésoming and fod set compared to QOQF. When
pods were harvested at marketable maturity, blossoming in bush beans
was cyclic. DPlants grown'at a light intensity of 1900 foot-candles
had a lower fresh and dry weight of leaves, stems, and pods, and
fewer blossoms and pods set than plants grown at 2700 and 4000 foot-
candles.

Field experiments showed that planting dates after May 29
reduced the yield of pods in pole'beans. Nitrogen level and row
direction did not affect yield of pods in pole beans. Number of pods
per plant in pole beans increased directly with the row spacing.
Chemical sprays at blossoming caused no increase in Yield of pods in
pole beans, and énly a slight increase in the yield of pods in bush
beans. Diffefences in yields of pods between varieties of bush beans

were due differences in the number of pods per plant.
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INTRODUCTION

Yield in beans is 1argely dependent on the set of pods and low set
of pods is closely associated with blossom drop. Investigators have
frequently attributed blossom drop in beans to high temperatures, low re-
lative humidity and low available soil moisture (Davis, 1945; Lambeth, 1950;
Williams, 1962). Other causal factors mentioned are size of plant
(Cordner, 1933), light intensity (Inoue and Suzuki, 1956), soil fertility
(Wolf, 1942; Lambeth, 1950), and insects (Baker, et al., 1946; Fisher, et al.,
1946). It has been reported that blossom drop could be reduced b& the
application of growth regulators (Murneek, .et al., 194kL; Fisher, et al.,
1946) and irrigation (Rahn, 1955; Williams, 1962) during the blossoming
periods.

Snap beans, Phaseolus vulgaris L., are distinctly divided into two

groups,'pole and bush beans. Pole beans blossom along the stem, which
continues to grow indefinitely, its ultimate length depending on environ-
mental conditions. In bush beans the inflorescence is at the tip of the
plant, and blossoming is terminal (Wade, 1937). Most varieties of the

species Phaseolus vulgaris L. are day neutral (Allard and Zaumeyer, 19hk).

Since pollination in the bean occurs before the blossom opens (Inoue and
Shibuya, l95h), beans are a higﬁly self pollinated crop and considered
cleistogamous. '

The objectives of this study were to investigate in controlled-
environment cabinets, the effect of temperature and light intensity on
the growth and fruiting response of bush beans and in field experiments to
investigate the effect of planting date,'nitrogen fertility, row spacing,
row direction and chemical sprays on the fruiting response of bush and

pole beans.
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LITERATUBE‘REVIEW

In field experiments with whité'pea beans, Davis (1945) studied the
effect of maximum temperature, minimum relative humidity, soll moisture,
leaf area and fertilizer on the set of pods. Maximum temperature influenced
the set of pods more than any other factor studied. Minimum relative
humidity and soil moisture exerted only a minor influence on the set of
pods. Leaf area and fertilizer levels did not influence the set of pods.

A significant relation between percent pod set énd the mean daily
tempergtufe was found for snap beans by Lambeth (1950). When the mean
temperature for the 2W-hour period aftér anthesis was above 78OF, the pod
set wag mgterially reduced. Lima beans shoved a similar response although
the correlation was not as high éince the lima bean was able to set pods
satisfactorily at considerably higher temperatures than did the snap bean.

Low night temperatures decreased the number of blossoms and delayed
the onset of blossoming (Viglierchio and Went, 1957). Low day temperatures
delayed the onset of blossoming but increased the number of blossoms.

Low night temperature (15°C) was favourable to flowef formation
but not to node formation in.béans (Watanabe, 1953 (a)).

In lima beans the weight of pods produced was marked;y affected»by
night temperatures both before and after anthesis (Bappaport and Carolus,
1956).

Controlled temperature experiments indicated that the minimum night
temperature was an important consideration, as was the maximum day tempera-
ture (Lambeth, 1950).

In general, bean plants showed greater stem growth at higher tempera-
tures (Viglierchio and Went, 1957). Plants grown at cool temperatures |

(17o day/lzoc night) manifested stunting, thick stems, short internodes, and
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small dark leaves. The plants eventually yellowed and died without
flowering. Plants grown at warm temperatures (30° day/24°C night) grew
rapidly, developed long internodes, thin stems and small pale leaves.
These frail spindly plants did not flower.

With constant temperature treatment the growth‘of'bean plants; in all
aspects measured, increased as the temperature increésed uﬁ to 2500 (and for
some attributes, up to 3000) (Dale, 1964). Growth was not always propor-
tional to the mean temperature, but growth under constant conditions was
superior to that uvunder élternating temperatures, having the same mean
temperature. Thermoperiodism as proposed by Went (1944) would predict
the reverse. ‘

Use of plastic cages to raise the growing temperatures of bush beans
for a five-day period after first bloom reduced yields from 22 percent to
67 percent in six plantings (Maék and Singh, 1964). Average maximum tempera-
tures under the perforated polyethylene plastic cages ranged from 84° to
101°F for the six plantings while maximum temperatures for controls with
no plastic cages averaged 7ho to 82°F. |

Soybeans grown in controlled enviromment cabinets showed that high
temperatures and lbng photoperiods result in incfeased blossom and young
pod drop (Van Schaik and Probst, 1958). No mature pods were produced with
a temperature of 60°F regardless of the daylength in several varieties of
soybeans.‘ Sheddiﬁg of blossoms was not caused by a lack of viable pollen.

Adverse effect of unfavourable temperature on plant growth were partly
or completely prevented by applying essentiél nmetabolites to plants
(KEtellapper, 1963). The nature of the effective metabolites depended on.
the species and on the temperature. Vitamin C stimulated the growth of

broad beans grown at 30O day and 23°C night temperature. The effect of
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high temperature on peas growing in artificial light was counteracted by
sucrose, a vitamin B mixture or riboside mixture, depending on the seed
source and temperature conditions.

Under conditions of high respiration; high temperatures, gnd limited
photosynthesis under low light intensity, sucrose sprays on tomatoes gave
the greatest dry matter increase (Berrie, 1960). At low temperatures and
high rates of photosynthesis the effects of sucrose sérays were negligible.

An increase in soil temperature from 5hOF to 78°F was related to
increases in dry weight of beans from 60 to 850 percent (Mack, et al., 196k4).
A similar relationship of phosphorus content of plants was found. Appli-
cations of high rates of phosphorus fertilizer did not compensate for thé
inhibitory effect of the lowest soil temperafure (54°F) on the growfh of
beans!

Beans grown under greenhouse conditions with four moisture levels
were found to have significantly different yield responses (Burman and
Bohmont, 1961). The higher moisture levels produced a greater weight of
beans, number of beans per pot, and number of pods per plant. The highest
moisture level (irrigation at 0.5 atmospheres) had a maximum growth rate
nearly three times as great as the lowest moisture level (irrigation at
4 atmospheres).

Supplementary irrigation of only 0.5 acre inch at the onset of
flowering and 2.0 acre inches split between applications atltbe onset of
flowering and during fruit development in beans increased yields up to
54.7.and 79 percent respectively, and gave more seeds per pod compared with
the controls (Gabelman and Williams, 1962). Most of the seeds which
developed on moisture-deficient plants were nearest the stigmatic end of
the ovary. Pods set late in the season had fewer seeds than those set

earlier, regardless of irrigation treatment.
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In limas bgans, a single irrigation at bloom caused no significant yield
in&éegse (Rahn, 1955). When the weather was hot and the relative humidity
low at the pod set period, an irrigation appeared to have some value.

Witbin éxperimental limits, water relations of the soil-plant complex
were considered to have a gregter effect on pod set than high temperature
(Lambeth, 1950). In all cases, satisfactory pod set was dependent upon’
maiﬁtenance of a.favourable moisture supply at the stigmatic surface.

Severe wilting between the time of anthesis and fertilization in beans
did not effect the percentagé of ovules fertilized élthough prolonged moisture
stress prior to anthesis effected a slight decrease in fertilization
(Williams, 1962). Drought influenced fruiting behavior almost exclusively
through its effect on processes other than fertilization; short periods
of moisture stress, especially during early bloom, induced long lasting
changes in subsequent fruiting behavior. The general pattern of abscission
found was as follows: unfertilized pods fell first, followed by the last
set pods on the plant, followed by a thinning process on each inflorescence,
the younger pods falling first.

Thrée stages of flower ébscission were recognized in thevrunner'bean
(Iwami, 1951); an early stage, attributed to'competition of nutrients
between the flowers and the developing plant; a middle stage, attributed to.
competition for nutrients between flowers; and a late stage, associated with
the decline of the plant.

Floral abscission during the initial stages of flowering in lima
beans was largely independent of the leaf area, and generally occurred
within 48 hours following the hooded bud stage in case of unfertilized
flowers (Lambeth, 1950). A minimum of one ovule per pod had to be
fertilized and start development to prevent abscission.

In lima beans, the pods at the base of the racemes reduced pod set
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toward the apical end (Cordner, 1933). Apical pod set could be increased
by basal defloration. Early blossoming racemes were more fruitful than
later blossoming ones, which stresses the importance of early pod set.
Fruit setting followed until "capacity set" was Obtaiﬁed; the remaining
reproductive structures were disposed of by abscissibn.

Failure to obtain a capacity set with large-seeded lima beans was
most frequently dve to lack of fertiliiation of the egg cells (Lambeth,
1950). The expression of climatic and edaphic factors on pod set was
primarily through pollen tube growth and fertilization.

Pod set and yield were considered to be rotnnecessarily comparable
since blossom, bud, and pod abscission may occur later in -the blossoming
period as a result of the competition‘for essential metabolites (Lambeth,
1950). If the cgpacity set was obtained during the first twd weeks after
blossoming, the yield was considered to be dependent primgrily on the
"active" leaf area and light.conditions.

In»beans, yield was not correlated with the number of blossom per
plant (Binkley, 1932). ThereAwas also a negative correlation between the
percent blossom and pod drop and yield pef plant.

Domestic marketability harvest curveé suggested that fruit production
may be cyclic in pole beans (Viglierchio and Wént, 1957). The frequency
of the cycle appeared to increase as the night temperature increased.

In three bean varieties there was a highly significant correlation
between increasing age and decreasing percent set of pods (Smith and Pryor,
1962). There was also a highly significant correlation between increasing
temperature and decreasing pod set, lin two of the varieties used.

After the planté’began to set fruit, there was a steady decrease in

the percentage of blossoms that set fruit, until the setting capgcity was

reached (Schrader, 1943).
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Side dressings ofAnitrogen fertilizers applied to beans increased
the percentage pod set, however, additioﬁal nitrogen applied during
blossoming decreased pod set, which emphasized the importance of timely
application in fertilizer pracﬁice (Lambeth, 1950).

In lima beans plants with good pod set had substantially higher
doncentraﬁions of nitrate nitrogen, potassium, available calcium and
magnesium, but less phosphate in the stems than piants with poor pod set
(Wolf, 1942). The concentrations of nitrate and availabie calcium were
closely associated with pod set. When the concentration of nitrate and
avéilable calcium in the stem was above 2250 and 9000 ppm, respectively,
the plant had a good set of pods and when the concentration was below 1250
and 6000 ppm, respectively, the plant had a poor set of pods.

A reduction in light intensity lowered the assimilation ability in
snap bean plants (Inoue and Suzuki, 1956). At less than 30 percent natural
light (no light intensities were given by the authors) growth was markedly
checked. As the light intensity was reduced the number of latent flower
bu@éé increased and the number of blossoms decreased. Severe restrictions
of light intensity resultéd in the increasé of flower bud drop and the
reduction of blossom number. Pod number was reduced to hélf that in the
control plot. The reduction in light intensity had almost no effect on
pollen germination. |

When light intensity was reduced by‘shading with cheesecloth without
markedly affecting the temperature (QOOF), tomatoes doubled their growth
and fruiting response (Johnson and Hall, 1955). Factors other than low
carbohydrate content liﬁited fruiting in tomatoes under conditions of high
temperature aﬁd light intensity. Reduced pod set was not die to the inability
of conductive tiséue to translocate carboﬁydrates.

Net uptake of carbon dioxide in bean plants at light intensities
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abbve the combensation point was not markedly influenced by temperature
(Ormrod, 1964). Net losses of respiratory carbon diox;de at the lower
light intensities and in darknéss were markedly affected by temperatﬁre
with uniformly increasing losses of carbon dioxide with increasing
temperature.

Bean pistils became receptive three days before anthesis, and the
percentage fruit set increased until the day before an%hesis (Inoue and
Suzuk;, 1959), If the style was cut one hour gfter pollination, the fruit
set was low (approximately 20 percent), but increased vith delayed time of
cutting and was low at high temperatures. Potted plgnts placed under
constant temperatures for four hours after pollinationfhad no pods af 10°
‘and 459C, a few pods between 30° and hOOC, and é good pod set between
150 and 2500. Potted plants placed under coﬁstant tem?eratures four hours
before pollination had no pods at 10° and h5°C'but in fhe 150 to 40°¢C
range, there were no significant differences between témperatures.

Beans flowered normally from midnight to sunrise (Watanabe, 1953 (b)).
Day and night temperature affected flowering, pod set being decreased by
high évening temperatures. Pollen activity was highesé at anthesis and 10
hours before it. Pollen germinatioﬁ and pollen tube grovth were fgvoured by
damp conditions and moderate temperatures, the optimum being 94 to 100
percent relative humidity and 20 to 25°C1

Germination of bean pollen was recognizable the aﬁternoon before
flowefing, but the percentage germination increased toyard the time of
anther-dehiscence'(anthesis occurred mainly between 5:b0 and 7:00 a.m.
(Inoue, 1955)), and then decreased rapidly and the pol&en grains almost
lost their vitality 5-6 hours after anthesis (Inoue anﬁ Shibuya, 1954).
The optimum ig_giﬁzg_temperature for pollen germination was 20° to 259¢

and the optimum relative humidity 80 percent. When bean plants were

I
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treated with temperatures between 250 to 30°C, the germinability was
greatly reduced,Acompared to the opfimum temperature.

The optimum.ig XEXE temperature for pollen germination was 15°C and the
critical tempefature 30°¢ (Abmadi, 1956). At 32.2°C blossoms dropped from
intact plants, but not at 21.1°C. Anatomical studies showed that abscissed
flowers were not fertilized. Blossom abscission of tbe dry beans under
adverse conditions was probably dvue to the inability of the pollen grains
to germinate.

Long-sustained high temperature (3OOC) and high night temperature
before pollen mother cell reduction division in beans resulted in abnormal
flowers; most of which had abortive pollen (Watanabe, 1953 (a)}).

Proper germination of the pollen grain was dependent upon a relatively
high sugar concentration (10 percent or more), boron (which may reach as
much as one percent of the total ash content of the stigmatic exudate),
gibberellins, and others as yet, ill-defined factofs (Nitsch, 1962).

In tomatoes, two responses correlated with higﬁer temperature were
associated with parthenocarpy (Johnson and Hall, 1954). The first was a
tendency for many varieties to exhibit style exsertion and the second
involved a loss of pollen viability at temperatures above 9OOF. ‘Thus,
if either condition was present, fertilization was either reduced or did
nof occur; and any fruits that developed were partially or entirely
seedless. .

Pollen grains contain guxins (Leqpold, 1955). When pollination occurs,
there is a great increase in auxin content in the ovaries. Without pollina-
tion such an increase is entirely lacking. The increase in auxin level
i-n" the ovary at the time of pollinated fruit-set is too great to be
accounted for simply on the basis of the auxin supplied by the pollen

itself. Evidence indicates that the enzymatic production of auxin is
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activated by pollination, possibLy'by increased availability of some
precursor'of'auxin.v As much as one hundred times more auxin is formed

in the ovary than is presented to the ovary by the ﬁollen. ‘This new supply
of auxin in the ovary stimulates overall plant growth. Natural parthenocarpy
takés place in ovaries which have naturally high auxin contents. Flower
ovaries can often be artificlally induced to set parthenocarpic fruit by

the application of auxins.

Fruit-set requires more than auxin alone (Leopold and Scott, 1952).
There is a requirement for organic_nutrients or substrates for growth. When
all mature leaves of tomato plants were removed from the plant there was
no fertilized or parthehocarpic fruit-set. As the number of mature leaves
increased, there was a quantitative increase in fruit-set. Artificially-
induced parthenocarpic fruit had a lower leaf requirement than fruit-set
by pollination.

When O.h percent indolebutyric acld was applied tocpen blossoms of
Fordhook bush lima beans there was a significant decregse in pod set
(Schrader, 1943).

The application of Parmone as a dust containing naphthaleneacetic
acid (NAA) ﬁo bush beans in three.applicaﬁions at one-week intervals
during the blossomingﬂperiod Significantly,reduced.the number of pods set
(Hardenburg, 1944).

In beans the greatest increase in yield (59 to T2 percent) was
cbtained from NAA and beta-naphthoxyacetic acid spra&s under high tempera-
ture, a fair increése (6 to 19 percent) when the weather was moderately
warm, and a decrease under cool temperatures (Murneek, et al., 19ulL).

The increase iﬁ yield under high temperatures was due to increase in pod

set and size.
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Wax beans with two applications of dusts at blossoming, containing
NAA at AO and 80 ppm gave'a 2h and 12 percent yield increase; respectively
(Fisher, et al., 1946). A decrease in yield was noted with dusts at 160 ppm.
The increase in yield was due to a greater number of small pods rather
than larger pods.

When low concentrations of 2, 4, 5-trichlorophenoxyacetic acld were
applied to lima beans at blosgoming, almost all their blossoms dropped and
the plant ceased to grow vegetatively for a period of 20 to 30 days (Marth
~and . Wester, 1954). After the plants resumed growth they developed more
axillary branches than controls and were very bushy in appearance. Pods
on the sprayed plants matured late and when no frost interfered, the sprayed
plants produced 18 to 35 percent more fresh marketable pods than did the
controls. Untreated plants on which early blossoms had been removed by
hand produced 33 percent more ppds than the controls, but the plants them-~
selves were no larger than the controls.

When 10 to 20 ppm of 2,4-dichlorophenoxyacetic acid (2,4-D) was applied
- to two-week old bean seedlings or 10 ppm of 2,4-D to four-week old seedlings,
the initial effect was to stop all further development for 10 to 14 days
(Wedding, et al., 1956). When the plant resumed normal growth, the new
leaves were twisted and otherwise deformed showing typicai 2,4-D induced
effects. The plants developed more slowly and usually had a bushy, stunted
appearance. The appearance of blossoms was delayed on thetreated plants
but ultimately developed in greater abundance than on untreated plants,
possibly due to increased branching. The treated plants also produced a
larger set of pods. Later treatments: and higher concentrations tended to
further delay both floral initiation and maturity of the fruit. Alpha-
ortho-chlorophenoxypropionic acid and N-meta-tolylphthalamic acid offered

promise in preventing fruit droplin beans when applied over the blossoms.
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Growth inhibition of bean plants caused by 2,4-D can be reduced by
using iron in the chelated form as ferric-~ethlylenediaminetetraacetate
(FeEDTA) with the 2,4-D (Wort, 1962).

When field beans were sprayed lh days after emergence wi@h high
concentrations of 2,4-D (100 ppm) together with FeSO) (300 ppﬂ?Fe); there
were no inhibitory effects on plant growth, number of pods set per plant;
seed size, yield of dry beans and dry matter yield 93 days after treatment
(Miller, et al., 1962). Delayed maturation was observed at 2,i-D levels
greater than 5 ppm, and with added Fe the delay was prolonged further. In
all cases where 100 ppm E,M-D along adversely affected vegetative and
feproductive development of beans, the foliar application of FeSOﬁ either
overcame the inhibitory effécts.

A significant reduction in bush bean yield occurred follpwing
application of a foliar spray combining 1 ppm 2,4-D and 100 ppm maleic
hydrazide (Mack, 1963). Treatments of 1 ppm 2,4-D alone or in combination
with an iron chelate, produced no significant differenqes in yileld when
compared to a control. Foliar sprays were applied.to plants when the
primary leaf was one-half to three-fourths expanded in size.

In tomatoes the dbscission of normal flowers occurred at time when
the vegetative growth was at a high level, ,(Johnson, 1956). A high level
of auxin existed and in moving to thé abscission zone offset the effect
of the auxin moving from the fertilized flower. The flower then falls,
according to the auxin gradient theory proposed by Addicott, et El':
(1955). At a low concentration of 2,4-D (1 ppm) applied distally to the
abscission zone generally prevented abscission in excised flowers
(Johnson, 1956), whereas the same concentration applied proximal to the
zone induced abscission. However, at a higher concentration (10 bpm),

applications on either side of the zone tended to prevent abscission.



- 13 -

Work with bean leaf explants showed that there was a two-phase
action of auxins on abécission (Briggs and Leopold, 1958). The primary
action of auxins was directly on the abscission zone and was of the two-
phase type with low concentrations accelerating and high concentrations
inhibiting abscission. The differences between proximal and distal
applications of auxins could be explained on the basis of differences in
transport, without the necessity of an auxin gradient involvement.

Lygus bugs, by "thid'feeding, caused a shedding of blossoms and young
pods up to two inches long in lima beans (Baker, et al., 1946). The
young pod commonly turned yellow, withered and dropped, these were referred
to by growers as "buckskins" and attributed to high temperature.

Various insects, especially Lygus bugs, induced'bud,‘blossom, and
small pod drop, and distorted and dwarfed the small leaflets of bean
plaﬁts (Fisher, et al., 1946). Some of the loss was prevented by dusting
with NAA applied at blossoming.

The optimum plbt sizes for total yield, number qf pods and earliness
in lima beans were found to be 15.0, 26.2 and 2h.}4 square feet}respectively,
when rows were planted three feet apart (Holle and Peirce, 1960). Single
or double row plots gave approximately equal efficiency for number of pods
and éarliness. A single row plot‘was required to satisfy the optimum
plot requirement for total yleld. Earliness data showed low coefficient
of variability in all combinations of plot and block dimensions. Datg
suggested that no replication was required to0 measure earliness. Extensive
replication was required for effective evaluation of total yield and

number of pods.
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MATERTALS AND METHODS

Two types of experiments were conducted, controlled-environment
studies and field experiments.

I. Controlled~Environment Studies.

A. Temperature Effects on Growth and Fruiting.

The present experiments of temperature effects on the growth and
flowering behavior of beans were conducted in controlled-environment
growth cabinets (Ormrod, 1962); Day and night temperatures were con-
trolled to EOE, using separate thermostats. Light was supplied by
standard bipin fluorescent tubes (2/3 Sylvania Lifeline cool white re-
flector and 1/3 Sylvania Gro-Lux) with a light intensity of approximately
2000 foot-candles (read with a Weston Model 756 illumination meter
without cosine filter) at a distance equivalent to half the distance
~ between the top of the plant and soii surface. The photoperiod was 16
hours. There was no humidity control.

One-gallon plastic pots with drain holes were filled with a fertile
SOii. A three-fourths inch layer of peat moss was placed on the soil to
reduce watér loss due to evaporation. A three-fourths inch layer of
gravel or sand was placed at the bottom of each pot to facilitate sub-
irrigation.

In the first experiment eight Stringless Green Pod bush bean seeds
were sown in each pot and seedlings were thinned later to four uniform
plants. In the other experiments four seeds were sown in each pot and
seedlings were later thinned to one plant. Temperature treatments were
imposed from seeding.

The pots were randomly placed on aluminum pans in the controlled-
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environment growth cabinets. The plants were watered from the top or

by sub-irrigation. The position of the plants was frequently moved to
minimize accumulated micro-climate effects due to location in the cabinet.

When blossoming commenced, in all experiments but the first, each
blossom was labelled to show date of blossoming.

‘There was no fixed time for harvest, since the effect of temperature
on blossom drop was considered more important for the purposes of this
study than the éffect of temperature on the yield of pods, leaves and
stems.

For statistical comparisons, pots were used as experimental units.
For all experiments there were eight pots per treatment, except Experiment
3, which had four pots per treatment.

The experiments conducted were as follows:-

Experiment 1. Effects of Variable Day and Constant Nigbt Temperature.
a) 90° day and 60§F night.
b) 80° day and 60°F night.
¢) 70° day and 60°F night.

This experiment was conducted to determine an effective tempera-
ture range for blossom drop studies. The pods were harvested at optimum
marketable ﬁaturity, that is when 15 percent of pdds were more than
27/64 inch diameter at the thickest portion of the pod. The average of
the four plants was used in ail comparisons between treatments.
Experiment 2. Effects of Variable Day and Variable Night Temperature.

a) 95° day and 80°F night.
b) 85° day and TO°F night.
¢) 75° day and 60°F night.

When the pods reached marketable maturity (21-24 /64 inch), the
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pods on one-half of the eightvplants in each temperature regime were
picked. The pods on the other four planté were allowed t? ripen.
Experiment 3. Effects of Constant Day and Variable Night Tempefature.
| a) 959 day and 80°F night.
b) 95° day and TO°F night.
¢) 95° day and 60°F night.

This experiment was repeated to provide additiondal information on
blossom and young pod drop.

Experiment 4. Repetition of Experiment 3.

This experiment was terminated when complete observations of
blossom and young pod drop for the first 15 days of blossoming were
made. |
Experiment 5.' Effects of Variable Day and Constant Night Temperature.

a) 95° day and 60°F night.
b) 85° day ;nd§,360°F night.
¢) 75° day and 60°F night.

This experiment was terminated when complete observations of
blossom and young pod drop for the first 15 days of blossoming were

made.

B. Light Intensity Effects on Groyth»én@ Fruit;ng.
Experimeﬁt 6.

The experiment was conducted in a Percival controlled-environ-
ment cabinet. Three light intensities were used: MOOO, 2700, 1900
foot-candles at plant level. The lights used were very high output
cool white fluorescent tubes. The temperature was 80°F day and TOPF
night, with a l6-hour photoperiod. The plants were prepared as in the

temperature study experiments, with one plant per pot and four pots
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per treatment. BEach blossom was individually labelled to show date of
blossoming. The plants were harvested when the pods reached optimum
marketable méturity.

Observations of Low Temperature Effects.

Observations were made of plants-grown in Percival controlled~
enviromment cabinets with day temperatures of 55° or 45°F, and night
temperature of LO°F. The light intensity was approximately 1100 foobt-
candles at plant level. The photoperiod was 16 hours.

II. Field Studies.

General Procedures.

Field experimgnts were conducted at the Univefsity of British
Columbis, Vancouver,'B.C; (Alderwood sandy loam) and at the Canada
Department of Agriculture Ixperimental Farm at Agassiz, B.C. (Monroe
silt loam) to qompare location effects on the fruiting response in beans.
Both pole and bush beans were used in these experiments.

All experiments with pole beans used the variety Blue Lake FML.

Six varieties of bush beans were studied; Stringlesé Green Pod, Tender-
crop (Asgrow), Tendercrop (Buckerfield's), Bush Blue Lake (Asgrow
#274), Bush Blue Lake OSU 949-1864-2, Bush Blue Lake BLS (Seed Research
Specialists) and Asgrow Early Wax.

Except for the row spacing studies, all pole beans were planted
in rows five feet apart. The seed was sown four to five seeds per foot.
In bush beans, the rows were planted three feet apart with nine seeds
pexr foot.

At Agassiz, all the rows were planted north and south. At the
Universit& of British Columbia except for the row direction experiments,

the rows were planted east-north-east to west-south-west.
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Except for the nitrogen experiment, all beans received 500
pounds of 6-27—25 fertilizer per acre at seeding. The fertilizer was
banded 14 inches to the side and 1% inches below the seed.

In all plots, except the planting date experiment, weeds were
controlled by the application of "Premerge" (Dow Chemical Co.) at the
rate of 3.6 pounds per acre in 30 gallons of water, at the "hypocotyi
hook" stage. Additional weed control was done by one machine cultivation
and hand hoeing. In the planting date experiment, all weeds were con-
trolled by machine cultivation and hand hoeing. The pole beans were
staked.

In all pole bean experiments, the experimental units were ten feet
by five feet, excépt in the row spacing studies, and in all'bush bean
experiments, 10 feet by three feet. There were five replicates per
treatment in all field experiments. In all experiments, éxcept Experiment
T, a randomized complete block design was used.

At harvest, the centre six feet of row (30 square feet plot) in
pole beans, and the centre eight feet of row (24 square feet plot) in
the bush beans were hérvested from each experimental unit. Data were
collected on number and fresh weight of pods when pods were approximately
21/64-27/6k4 inch in diameter at the thickest pbrtion of the pod, for all
pole bean experiments. Bush beans were harvested when approximately
15 percent of the pods were.more than 27/64 inch in diameter at the
thickest portion of the pod.

A. Pole Bean Experiments at the University of Britisp Columbia.

Experiment 7. Effect of Planting Date on the Fruiting Response.
Five different planting dates .were studied; May 1, 15, 29,

June 12 and 26. A Latin square experimental design was used.
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Experiment 8. Effect of Nitrogen Level on the Fruiting Response.

| Three levels of nitrogen were supplied:
0, 30 and 60 pounds per acre of available nitrogen as ammonium nitrate.
One hundred eighty_five pounds per acre of available phosphorus as
superphosphate and 175 pounds per acre of avallable potassium as KCL
were applied to all experimental units.

Blossom drop counts were made each week by gathering abscissed
blossoms and young pods.

Experiment 9. Effect of Row Spacing on the Fruiting Response.

Three row sﬁacings were studied; two feet, four feet and eight feet.
Experiment 10. Effect of Row Direction on the Fruiting Response.

The row direction experiment was set up in two directiops; with
the prevailing winds, east-north-east, west-south-west, and at right
angle to the prevailing winds, north-north-west to south-south-east.
Experiment 11. Effect of Chemical Sprays on the Fruiting Response.

Nine treatments and one control were used; Indoleacetic acid
(IAA) at 10 and 100 ppm, NAA at 10 and 100 ppm, sucrose at 1 and 20%,
2,4-D at 1 and 10 ppm and Z,R—D'at 10 ppm with FeEDTA gt 5 ppm. The
100 mg. NAA and 10 mg. 2,4-D were first dissolved in 30 and 5 ml. of
ethanol respectively, befqre'being diluted in a 1000 ml. of distilled
water. A "spreader" was used with all sprays.

Blossom drop countsvwere made each week.

B. Bush Bean Experiments at the University of British Columbia.

Experiment 12. Effect of Chemical Sprays on the Fruiting Response.
Three varieties of bush beans were used; Stringless Green Pod,
Tendercrop and Bush Blue Lake Asgrow #27h. The treatments were the

same as for the pole beans at the University of British Columbia.
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Blossom drop counts were made each week for the centre two feet
in each plot. At harvest, only the fresh weight of pods waé recorded.
Experiment 13. HEffect of Variety on the Fruiting Response.

The varieties, Bush Blue Lake OSU 949-1864-2, Bush Blue Lake
Asgrow #27&, Bush Blue Lake BLS (Seed Research Specialists), Stringless
Green Pod, Tendercrop (Buckerfield's), Tendercrop (Asgrow) and Asgrow
BEarly Wax were used. A two-foot row section in the centre of each plot
was used to determine the blossom drop. The number (graded to size
visually) and fresh weight of pods and the number of plants were

" determined from the centre eight feet of each plot.

C. Pole Bean_Experiment at_Agassiz.

Experiment 1lh. Effect of Chemical Sprays on the Frditing Response.
Seven treatments and one control were'used; JAA at 10 and 100 ppm,

NAA at 10 and 100 ppm, sucrose 1% solution, and 2,4-D at 1 and 10 ppm.

Blossom drop was counted each week.

D. Bush Bean Experiment at Agassiz.

Experiment 15. Effect of Chemical Sprays on the Fruiting Response.

Tendercrop beans were used, and the sprays were the same as on
the pole beans at Agassiz. Blossom drop (weekly counts) and number of
pods were détermined for the centre two feet of row in each plot. Fresh
wéights.of pods were determined at harvest.

Data obtained in all experiments was statistically evaluated using
analysis of variance methods followed by Duncan's multiple range tests.
Most of the statistical analyses were carried Qut using the I.B.M. TO40
computer (U.B.C. Computing Centre).

In the presentation of’results and in discussion only those
differences which were significant at the 5 percent level were con-

gidered to be meaningful and worthy of comment.
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RESULTS

I. Controlled-Environment Studies.

In Experiment 1 the leaf weight was inversely related to the
temperature (Tabie.l). As the temperaturé incréased from 70/60°F
to 80/60°F to 90/60°F, the fresh and dry weight of the leaves decreased.
There was no difference in response between the fresh and dry weight
of the stems. The height of the planté was greater at 90/60°F‘than at
the other two temperatures. At the highest temperaturé thé plants
ﬁere taller than at lower temperatures. Therevwas no difference in node
number between tﬁe lower temperatures but at 90/60°F there were fewer
ﬁodes. There was no difference in pod number and weight between the
two Llower temperatures, but at 90/60°F.there were fewer pods and the
pod weight was less.

In Experiment 2, when the pods were harvested at marketable maturity
(final harvest was three months after planting), the leaf weight was
inversely related to the temperature (Table 2). As the temperature
increased from 75/60°F to 85/70°F to 95/80°F, the fresh and dry weight
of leaves decreased. At the higher temperature, 95/80°F there was
less fresh and dry stem weight than at'lower temberaturesf ‘The height
of the plants grown at 95/800F was less than at lower temperatures but
the number of nodes was unaffected. The pod weight was similar at the
two lowef temperatures but at the high temperature pod weight was less
than at lower temperatures, There were more hlossoms at 85/70°F than

at 75/60°F'but at 95/809F there was a decrease in number of bloésoms

compared. to lower temperatures.



Table 1. Effect of 90/60, 80/60, and 70/60°F day/night temperatures on growth and fruiting of
Stringless Green Pod bush beans in Experiment 1.

Pod Weight
Leaf Weight Stem Weight  Height Nodes Fresh Dry 'Pods (number)
Temperature Fresh Dry ©Fresh Dry Total (number) Marketable Total Total Marketable Total
°F (gm.” (em.) (em.) (em.) (in.) (gm-)  (em.) (em.)
90/60 11.3¢* 1.35¢ 9.2a 1l.50a 16.4ha 8.3b T7.7b 8.6b 0.96b 3.0b 5.3b
80/60 13.hb 1.63b 9.0a 1l.52a 1lh.lb 9.3a 18.0a 19.2a 1l.92a 5.3a 8.0a
70/60 15.82 1.938 9.2a 1.80a 13.8 9.la 2l.la 2l.5a 2.07a 6.0a 7.6a

* means followed by the same letter are not significantly different at the 5% level
( Duncans multiple range test ).

—88—



Table 2. Effect of 95/80, 85/70, 75/60°F day/night temperatures and barvest time on growth
and fruiting of Stringless Green Pod bush beans in Experiment 2.

Temp.
op
Marketable
Matufrity
Harvest 95/80
85/70
75/60
Dry
Maturity
Harvest 95/80
85/70
75/60
First .
15 Days

of Blossoming

125.5a 17.06a 65.1a

5L.ba  6.46a 141.8a

22.6b 2.90b  2h.hc
50.6a . 5.4la 32.6b
Temperature Blossoms
Total
(number)
95/80 14 .6b
85/70 46.8a
75/60 43.9a

Leaf Weight Stem Weight Height

Fresh Dry Fresh. Dry Total

(gm.) (em.) (gm.) (em.)  (in.)

26.6c  L.4Oc L41.6b 8.34b  13.5b
94.1b 13.1kb 65.8a 16.22a 19.8a

16.77a  17.9a

6.40a  13.0b
L.57b  18.6a

5.53ab 20.la

Pods Set
(number)

0.1lb
16 .h4a
17.0a

Nodes

(number) Fresh Dry

11.2a

1.0b 0.1lb

10.8a 111.6a 10.45a

9.8a 129.3a 11.07a

11.0a
10.2ab

9.2b

Blossoms
Dropped
(number)

14 .5b
30.ka
26.9a

0.1llb
13.58a

ihr90a

Blossoms
Dropped
(%)
99.5a
65.1b
61.4b

Pods” Weight Blossoms

Total

(em.) (em.) (number)

25.0c
102.5a
67.8b

24 .0b
42.8a

42.2a

Pods Blossoms

Set Dropped

(number )(number)
2.2b 22.8b
52.8a 149.8a
41.8a 27.0p
2.0b 22.0a
1k .2a 28.5a
13.5a 28.8a

_ga_
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The number of pods set was reduced at temperatures above 85/7OOF. There
was no difference between the number of blossoms that dropped at 95/80°F
and 75/60°F'but there were more blbssoms at 85/7OOF.

In Experiment 2 when the pods were harvested at dry maturity
(harvested two months after plantiﬁg) there was no difference in fresh
and dry weight of leaves between 95/80°F and 75/60°F but at 85/70°F the
fresh and dry weight of the leaves was less than at the other temperatures.
The fresh weights of stems in all treatments were different, with.the
highest temperature giving the greatest weight, followed by 75/60°F and
the lowest weight at 85/7OOF; There was no difference in dry weight
of stems between 95/80°F and 75/6b°F, and no difference between 85/70°F
and 75/60°F, but at 95/80°F stems were heavier than at 85/70°F. The
height of the plants grown at 95/800F was.less than at lower tempera-
tures. There was no difference in the number of nodes between 95/80°F
and 75/60°F'but plants grown at 95/80°F had more nodes than plants
grown at 75/60°F. There were no differences in pod dry weight, tqtal
blossoms and pods sét between the lower two temperatures, but at 95/80°F
there were fewer pods set than at the lower teﬁperatures. There were
no differences in number of blossoms that dropped at all three tempera-
tures. |

When the first 15 days of blossoming at all temperatures were
compared there were no differences in total blossoms, pods set, blossoms
dropped and percentage blossoms dropped between 85/70°F and 75/60°F,
but these two temperature regimes had greater numbers of blossoms and
more pods set than at 95/80°F.

| When plant were harvested at marketable maturity, the blossoming

pattern was found to be cyclic (Fig. 1, 2, and 4). The first cycle had
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the greatest number of flowers, but subsequent cycles had a greater
percentage of pod set. The plants remained vigorous, and at 85/700F
and 75/60°F plants showed increased growth (Table 2).

When plants were harvested at dry maturity only one blossoming
occurred followed by senescence of the entiré plant (Fig. 3 and 5).

In Experiment 3 there were no differences between 95/80°F and
95/60°F or between 95/80°F and 95/90°F in fresh weight of leaves but
95/60°F plants had more leaf fresh weight than plants grown at 95/70°F
(Table 3). Plants grown af 95/800F'and 95/709? had the same dry weigﬁt
of leaves but plants growﬁ at 95/80°F had a higher dry welght of leaves.
Plants grown at all temperatures had similar fresh and dry weight of
stems. The height of the plant varied inversely with the night temperature,
with the plants grown with cooler nights being taller than those grown at
the high night temperature. There were similar numbers of nodes per
plant at all temperatures. The lowest night temperature resulted in a
higher yield of pods (fresh and dry) than the higher night temperatures.
The highest night temperatures resulted in a reduced number of blossoms,
pods set and number of blossoms dropped per plant compared to lower
night temperatures.

Results of Experiment 4 were very similar to those of Experiment 3
for which the same temperatures were used except that at the higher night
temperatures no pods set (Table 4 shows blossoming data only). There
was a decrease_in percent blossoms dropped at the lower night temperatures.

In Experiment 5 plants at 95/60°F, 85/60°F and 75/60°F had similar
numbers of pods but there was a reduction of pods set at the 95/600F
temperature (Table 5). The number of blossoms that dropped and the

percent blossoms dropped was highest at the highest day temperature.



» o ®
I |

AVERAGE NUMBER OF BLOSSOMS
)

‘Figure 1.

- 26 -

PODSET —3
BLOSSOM DROP NN

6 12 18 24 30 36 42 48 54
DAYS AFTER FIRST BLOSSOMING

Effect of 95/800F day/night temperatures
on the blossoming pattern of Stringless
Green Pod bush beans. No mature pods had
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Effect of 85/70°F day/night temperatures
on the blossoming pattern of Stringless
Green Pod bush beans when pods were har-
vested at marketable maturity.




- 28 -

10 —
@ PODSET —
S gl BLOSSOM DROP IR
[72]

9
m
w 6 |~

. O
o
W
2
S4r
4
w
(U4
g 2
w

E

6 12 i8 24 30 36
DAYS AFTER FIRST BLOSSOMING

Figure 3.
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vested at dry maturity. )
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on the blossoming pattern of Stringless
Green Pod bush beans when pods were
barvested at dry maturity.



Table 3. REffect of 95/80, 95/705 95/60°F day/night temperatures on the growth and fruiting of

Stringless Green Pod bush beans in Experiment 3.

Temperatures Leaf Weight
Op Fresh Dry
(gm.)  (em.)

95/80 55.8ab  6.55b
95/70 51.6b  6.55b
95/60 6l g 8.37a

Stem Weight

Fresh
(gm.)

31.8a

32.8a
29.8a

Dry
(em.)
5.84a
6.40a
6.16a

Height Nodes Pods Weight

Total (number) Fresh
(in.) (gm.)

12.80 8.5a 0.hb

14.8a 9.0a  2.2b

14.9a 8.8a 8.8a

Dry
(em.)
0.06b
0.32b

0.96a

Marketable maturity single harvest.

Blossoms Pods Set Blossoms

Total (number) Dropped

(number) (number)
13.8b 1.0b 12.8b
36.5a 4.8a  31.8a

41.0a 11.0a 30.0a

_'[E.-
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‘Table 4. Effect of 95/80, 95/70, 95/600F day/night temperatures on
fruiting of Stringless Green Pod bush beans in Experiment
4. First 15 days of blossoming.

Temperatures Blossoms Pod Set Blossoms Blossoms
OF Total (number) Dropped. Dropped
(number) (number) (percent)
95/80 13.8b 0.0b 13.8b 100.0a
95/70 2k .6a - 030B 24 .6a 100.0a
95/60 31.0a 1.5a 29.5a 95.h4b

Table 5. Effect of 95/60, 85/60, 75/6OOF day/night temperatures on
fruiting of Stringless Green Pod bush beans in Experiment
5. First 15 days of blossoming.

Temperatures Blossoms Pods Set Blossoms Blossoms
Total (number) ‘Dropped. - Dropped.
(number) (number) (percent)

95/60 26.5a 0.2b 26.3a 99.2a

85/60 26.8a 13.0a 13.80 49.0b

75/60 29.0a 15.2a 13.8b 46.9b
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In Experiment.6 fresh and dry leaf weight, fresh stem weight, fresh
and dry pod weight, total blossoms and blossom drop were all similar at
the 4000 and 2700 foot-candles light intensities, but were reduced at the
1900 foot-candles light intensity (Table 6). Dry stem weight varied
directly with the light intensity. Height and number of nodes were ot
affected by light intensity. Plants grown at 4000 aﬁd 2700 foot?candles
had more pods set than thqse growing at the lower light intensity.

Plants grown at 55/h06F resulted in stunted growth( The_number of
nodes and the total heighﬁ were lower than all other temperature regimes.
A few blossoms formed, but none set pods.

Seeds planted at 45/40°F did not germinate.

II. Field Studies.

In Experiment 7, the number and weight of pods were similar for the
first three planting dates (Table 7). Number of pods and ylelds wefe
lower at the last two planting dates compared to earlier planfing dates.

Ih Expériment 8, the level of nitrogen fertility had no effect on
the number and weight of podsy number of blossoms dropped or the number
of plants per plot (Table 8).

In Experiment 9, the number and weigbt of pods varied directly with
the row spacing (Table 9). The wider the rows apart, the greater the
yiéld per unit length of row. However, if the data were adjusted for
area, the narrower row spacings gaVe the greatest yield. The number of
plants per plot was similar at all row.spacings.

In Experiment 10, row direction had no effect on the number and
welght of pods, or the number of blossoms that droppeq (Table 10).

In Eﬁperiment 11, plants sprayed with IAA (100 ppm), sucrose (20%)

and the control had similar numbers of pods (Table 11). Only 2,4-D



Table 6. Effect of light intensity on the growth and fruiting of Stringless Green Pod bush beans

Light
Intensity
(ft.-cd)
4000
2700

1900

Leaf
Fresh

(gm.)
73.3a
67.9a
L8.4p

Weight
Dry
(gm.)
9.08a

7.36a

4 .64p

Stem Weight

Fresh
(em. )

53.8a
45.8a
25.6b

Dry
(gm.)

10.53a
T.10b

3.98b

Height Nodes

Total
(in.)

18.6a

.20.8a

18.5a

(number

8.0a

T.5a

8.0a

Pods Weight Blossoms Pods Blossoms
Fresh Dry Total Set Dropped
(em.) (em.) (number) (number) (number)
98.0a 10.54a 95.0a  32.8a  62.2a
86.6a 8.19a 7T73.0a 21.5ab  5l.5a
42.8b 3.97p 35.8b 13.2b 22.5b

with 80/70°F day/night temperature in Experiment 6. Marketable maturity single harvest.

1
W
=
1
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Table 7. Effect of planting date on the fruiting of Blue Lake
‘ ML pole beans at the University of B.C. in Experiment

7.
Pods Pods
Number Weight (gm.)
May 1 9T7ha 5171a
‘May 15 99%6a 5052a
May 29 1123a 5521a
June 12 Th3b 3281
June 26 336¢ 121kc

Table 8. Effect of nitrogén on the fruiting response of Blue Lake
’ FML pole beans at the University of B.C. in Experiment 8.

Nitrogen Pods Total Pods Weight Blossoms Dropped  Plants
Supplied (nunber) (gm.) (number) (number)
0 pounds 1045.0a 5339a 46.8a 20.0a

30 pounds 1013.6a 5169a 37.8a 19.8a

60 pounds 99k .6a 512kha Lo.6a 19.6a
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Table 9. Effect of row spacing on the fruiting response of Blue Lake
FML pole beans at the University of B.C. in Experiment 3.

Pods Number Pods Weight (gm.)
Row Adjusted Adjusted Plants
Spacing Total for area Total for area Number
2 Foot 48h.2¢ 1936.8a 2930c 11600a 23.8a
4 Foot.  775.80 1551.6b 4153b 8307b 23.6a
8 Foot g72.4ha  972.kc 5230a 5230c 22.6a

Table 10. Effect of row direction on the fruiting response of Blue
Lake FML pole beans at the University of B.C. in Experiment
10.

Pods Total Pods Weight Blossoms Dropped
(number) (gm.) (number)
" Bast~north-east : '
to west-south-west 805 .6a 5205a 53.0a

North-north-west : :
to south-south-east 794 .8a 5109a 51.6a
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Table 1ll. Effect of chemical sprays on the fruiting response of Blue
Lake FMl pole beans at the University of B.C. in Experiment

1L.
Chemical Sprays | Pods Pods Weight  Blossoms Droéped
(number) (em.) (number)
IAA - 10 ppm 1032.64 5353cd : 92.8de
- 100 ppm 1056.0cd 5538bc 148.8b
NAA - 10 ppm 928.2e 5071e 129.0bc
- 100 ppm 475.8¢g 264 Th 234 .4a
Sucrose - 1 % 1035.64 5257de 109.8cd
- 20 % 1112.4b 5712b 108.6cd
2;§—D -1 ppm 1190.0a 5707b 135.hbe
- 10 ppm 78L.ht L821r 73.2e
2;h—D - 10 ppm
& FeEDTA 5 ppm T7Ll.2f 451kg 78.6e

Control : 1085.0be 5965a 132.0bc
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sprayed at 1 ppm increased the number of pods. All»pther qhemical
sprays caused reductions inmnbers of pods. All treatments reduced pod
" weight compared to the control. The higher concentrations of Q,M-D and
NAA greatly reduced the yield. IAA (1Q Ppm) andAE,h;D (lO_ppm and 10
ppm with FeEDTA 5 ppm) sprayed plantsAshowed reduced‘blossom drop. Only
NAA (100 ppm) showed an increased blossom drop. Blossom drop in
other treatments was similar to the control. o o

In Experiment 12, plants sprayed with IAA (lOvppm) sucrose (20%)
and the control had similar weights of pods for the variety Stringless
Green Pod (Table 12). Only NAA (100 ppm) redgégd.the yield. ‘bther
sprays resulted in increased weight of pods compared to the controil.
The number of blossoms that dropped in all treatments were similar.

In Tendercrop bush beans IAA (10 and 100 ppm) and sucrose (1 and
20%) treated plants had similar fresh weights of pods compared to the
control (Table 13). NAA (10 and 100 ppm), 2,4-D (10 ppm and 10 ppm
with FeEDTA 5 ppm) resulted in increased yields compared to the controls.
Only 2,4-D (1 ppm) reduced the yield of beané. The number of blossoms
that dropped was similar for all treatments, except NAA (100 ppm) which
resulted in increased blossom drop.

In Bush Blue Lake Asgrow #27L4, IAA (10 ppm) and NAA (10 ppm) had
similar fresh weights of pods compared to the control (fable 1&). All
other treatments reduced the yield of beans. The number of blossoms
dropped were similar for all treatments.

In Experiment 13, Bush Blue Lake OSU 949-196L4-2 and Asgrow Early
Wax produced the highest total and marketable (medium size) number of
pods (Table 15). ALl other varieties had a lower number of pods (total

and mgrketable) with Bush Blue Lake BLS the lowest. Stringless Green
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Table 12. Effect of chemical sprays on the fruiting response of
Stringless Green Pod bush beans at the University of B.C.
in Experiment 12. ' '

Chemical Sprays Pods Weight Blossoms Dropped
(em.) (number)
TAA - 10 ppm 1280de 3.08
- 100 ppm ‘ l377b 3.0a
NAA - 10 ppm  1376b 2.8
- 100 ppm 1095 2.6a
Sucrose - 1 % 1320cd 1.6a
| -20% 1251e 2.6a
2,4-D -1 ppm 1362be 2.8a
- 10 ppm 1586a 1.2a
2,4-D - 10 ppm

& FeEDTA 5 ppm 154k a 2.6a

Control 125Te .3.8a
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Table 13. Effect of chemical sprays on the fruiting response of
Tendercrop bush beans at the University of B.C. in
Experiment 12.

Chemical Sprays Pods Weight BlossomsvDropped
(gm.) (number)
IAA - 10 ppm 1032cd 5.6ab
- 100 ppm 1118b 3.80
NAA - 10 ppm 12084 L .8ab
- 100 ppm 1196a 7.ha
Sucrose - 1 % 11lhbe 2.8b
Q 20 % 1089bc 5.4ab
2,4-D -1 ppm 9924d. 5.0ab
-~ 10 ppm - _1l267a 3.8
2,4-D - 10 ppm | ‘
" & FeEDTA 5 ppm 12284, 5.2ab

Control ' 111lhbe 3.0b
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Table 14. Effect of chemical sprays on the fruiting response of Bush
Blue Lake Asgrow #274 bush beans at the University of B.C.
in Experiment 12.

Chemical Sprays Pods Weight Blossoms Dropped
"~ (em.) (number)
IAA ~ 10 ppm 2262bc 6.2a
- 100 ppm - 2180cd 3.8a
NAA - 10 ppm 2367a 3.4a
- 100 ppm 1837 2.8a
Sucrose - 1 % 1902f 7.2a
- 20 % 2018e 6.2a
2,4-D -1 ppm 1879f 3.6a
- 10 ppm 21124 3.ha
2,4-D - 10 ppm

& FeEDTA 5 ppm - 21k3ad 3.8a

Control : 2313ab Y4 .6a



Table 15. IEffect 6f variety on the fruiting response of bush beans in Experiment 13.

Bush Blue Lake

OSU 949-
18kL-2

Pods (number) - Total 624 .2a
- Small * 203.8ab
- Medium 319.6a

- Large 100.8a
Pods Weight - Total 3053.0a
(em.) - Small 275 .0ab
- Medium 1723.0a
) - Large 952.0a
Pods Percent - Small 32.58b
~ Medium 51.2bc
- Large 16.3b
Blossoms Dropped (number) 7.8a
Plants (number) 49.8ab
Pods per Plant 12.6a

Asgrow

#27h

393.6b

109.4¢
197.6b
86 .6a
2308.0b
155.0c
1207.04
894 .0b
27.7Th

50.1bc

22.2a
2.2¢
34.3¢

9.7ba

BLS

271.0c
86.2¢c
115.2¢
69.6b
1304.0Ff
1.05.0c
556.0f
613.0¢
31.5ab
42.5¢
26.0a
2.2¢
37.ke
T.3de

Stringless
Green
Pod

336.6bc
9l.0c
230.4b
~15.2¢
1585.0d4
115.0c
1333.0c
136.0f
27.5b
67.8a
ki .6c
3.2be
56.0a
6.0e

Tendercrop
Bucker- Asgrow
field's

358.0be 389.6b
109.2¢ 141.4be
195.8b 179.8b
53.2b 67.6b
1486.0e 1460.0e
147.0c 191.0be
915.0e 738.0ef
432.0e 531.04
30.2ab 36 .kab
54 .3be 46.1c
15.4b 17.54ab
2.2¢ 5.2b
42.hbe 47.0ab
8.hcd 8.3cd

* Small - up to 21/6& inch in diameter at the thickest portion of the pod.

Medium - 21/64-27/64 inch in diameter at the thickest portion of the pod.

Large -~ 27/6h inches and up in diameter at the thickest portion of the pod.

Asgrow
Early

Wax

568.4a
251.6a
316.k4a
0.hc
1718.0c
318.0a
1400.0b
3.0g
40.9a
59.0ab
0.24
“5.0b
51.2ab
10.9ab

—an_
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Pod had a greater percentage of pods in the marketable;range than all
varieties except Asgrow BEarly Wax. All other varieties were similar
and lower. Bush Blue Lake OSU 949-1864-2 had the highest total weight
of pods followed by Bush Blue Lake Asgrow #27h4, Asgrow Early Wax,
Stringless Green Pod, Tendercrop and Bush Blue Lake BLS in order of
decreasing yield. Bush Blue Lake OSU 949-186L -2 also had the highést
marketable yield of pods followed by Asgrow Early Wax, Stringless Green
Pod, Bush Blue Lake Asgrow #27Th, Tendercrop and Bush ﬁlue Lake BLS.
Although differences were shown between varieties, blossom drop was
considered to be too low to effect yield.

Stringless Green Pod, Asgrow Early Wax, Bush Blue Lake 9h9-186k4-2
and Tendercrop had a similar nunber of plants per plot; Bush Blue Lake
Asgrow #274 and BLS were lower. Bush Blue Lake OSU 949-1864-2 had a
higher humber of pods per plant than all varieties excépt Asgrow Early
Wax. The lowest number of pods were Bush Blue Lake BLS and Stringiess
Green Pod.

In Experiment 14, plants sprayed with IAA (lQ ppm), sucrose (1%)
and the control had a similar number of pods (Table 16). All other
treatments had a lower number of pods with a severe reduction iIn pod
number caused by 2,4-D (10 ppm) and NAA (106 ppm) sprays. Only sucrose
(1%) had a fresh weight yield similar to‘the control. All other
treatments had lower pod weight with the higher concentration of the
sprays.

In Experiment 15, there were no chemical spray effects on number
and weight of pods and the number of blossoms dropped in Tendercrop

bush beans at Agassiz (Table 17).
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Table 16. Effect of chemical sprays on the fruiting response of Blue
Lake FML pole beans at Agassiz in Experiment k4.

Chemical Sprays Pods Pod Weight Blossoms Dropped
(number) ' (gm.) (number)

IAA - 10 ppm 726 .2abe | j688b 61.8bc
-100"ppm 596 .04 2984a T4 .Obe
NAA - 10 ppm 621.8cd 3370¢ 82.2b
- 100 ppm ' 2h1.8f 1hh2e 204 .8a
Sucrose - 1 % 789.k4ab ‘14031a 76 .6be
2,h;D -~ 1 ppm T709.2bcd 3702b 59.2¢
- 10 ppm 482.0e © 29184 69.2bc

Control 828.0a 4200= 82.6b
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Table 17. Effect of chemical sprays on the fruiting response of
Tendercrop bush beans at Agassiz in Experiment 15.

Chemical Sprays

IAA - 10 ppm
- 100 ppm
NAA - 10 ppm
- 100 ppm

Sucrose - 1 %
2,4-D -1 ppm
- 10 ppm

Control

Pods
(number)

227.2a
269.6a
259.4a
231.8a
226.2a
302.0a
237.8a
2kk.8a

Pods Weight
(gm.)

167ha
166ha
11l7ha
1732a
1728a
17§7a
1856a

1672a

Blossoms Dropped
(number)

7.6a
6.ha
6.6a
9.2a
5.6a
6.8a
5.6
4.6a
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DISCUSSION

J. Controlled-Environment Studies.

In all controlled-enviromment experiments, high day or night
temperature decreased leaf weights, while the stem weigbts at all
temperatures were relatively similar. At all temperatures the number
of nodes was similar. Height of the plants increased with increasing
day temperatures to 90°F'bﬁt at 95°F the height was reduced; When
the day temperature was 950F, cool night temperatures of TO°F or less
resulted in increased plant height compared to the 80CF night. A
comparison of number of nodes and total height indicated that at high
temperatures the internode length was shofter than at cool temperatures.
Plants grown at high temperatures had more axillary branching resulting
in similar stem dry weights for all treatments. The decreased height
of plants grown at high temperatures might be associated with the
destruction of auxin or suppression of auxin formation at high tempera-
tures. This auxin effect has been suggested by Leopold (1955). He
reported work with rice seedlings exposed to warm temperatures (26°C
or 7T9°F). These seedlings had a much lower auxin content compared to
those exposed to cool temperatures. The shorter stems and greater
axillary branching at the higher temperatures could also be associated
with low aixin production in the apical meristem.

In experiments conducted in the controlled-environment cabinets,
blossoming occurred at all temperature regimes studied. Blossoms on
plants growing at 95/80°F and 95/70°F and at 55/40°F temperatures did
not set pods. The plants grown at 95/80°F and low 55/L0CF temperatures
were stunted, and had small dark 1eaveé. The leaves remained dark green

for the duration of the experiments, (89 and 133 days for 95/SOQF and
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SS/hOOF) although some of the older leaves had dropped. These findings
were not in complete agreement with work done by Viglierchié and Went
(1957), who wéfk with Kentucky Wonder pole beans. They fouﬁd that high
day and night temperatures (30/24°C or 86/75°F) with an eight-hour
da& uéiﬁg natural daylight resulted in plants with very long internodes,
thin stems and small pale leaves. These plants did not bloom. Plants
grown at low day énd night temperatures (17/20°C or 62.5/53.5°F and
23/6°C or 73.5/h30F) with an eight-hour day using natural daylight
showedbstunting, thick stems, short internodes and small dark leaves.
The plants eventually yellowed and died without flowering. Cémpéring
Viglierchio and Wént's (1957) experiments with present experiments
woﬁld indicate tﬁat there was a daylength or varietal diffefence in
response of bean plants to low and high temperatures. \

Many workers (Davis, l9h5§ Lambeth, 1950; Iwami, 1951; van Schaik
and Probst, 1958; Smith and Prior, 1962; Mack and Singh, 196k) have
indicated that high temperatures caused blossoms to drop in beans.
Lanbeth (1950), Watanabe (1953(b)), Inoue and Shibuya (195h) and
Ahmadi (1956) showed that failure to set pods at higher temperatures
was associated with the ingbility of the pollen to germinate.

The results of the present experiments agreed with these findings
reported in the literature. High day temperatures (90 and 95°F) severely
reduced pod set,. When the temperature was held at 95OF, plants with the
lower night temperatmtes:.(éooF) set a few pods, but these pods had only
one or two seeds. High night temperatures resulted in 100 percent blossom
and immature pod drop. Pod set could take place at lower night tempera--
tures than 760F since Inoue and Shibuya (1954) found fhat bean pollen

germination was recognizable the afternoon before blossoming, and the
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percentage germination increased toward the time of'BlOSsoming (mainly
between 5:00 and 7:00 a.m. (Inque, 1955)). The temperatures after
pollination were more critical than the temperature before pollination
(Inoue and Suzuki, 1959). The results of the present experiments on
the effect of night temperature were in agreemeﬁt wifh studies on lima
beans reported by Lambeth (1950) and Rappaport and Carolus (1956).

Although Dale (1964) found that growth under constant conditions
was superior to that under alternating donditioné, the present experiments
showed that the blossoming number, under high day temperature conditions
(950F), was increasedss the night temperature was reduced. ‘These
findings are .in agreement with studies reported by Watanabe (1953(6)).

Plants grown at high day temperatures (950F) produced pods at all
night temperatures, but only at a night temperature of 60°F did any of
the pods reach marketdble size. FExamination of the immature pods
showed. that none of the ovules had developed. The fruit was therefore
parthenocarpic. Johnson and Hall (l95h) similarly found that high
temperature was associated with parthenocarpy in tomatoes. The immature
bean pods in the present experiments did not develop normally and
dropped after several weeks. Ahmadi (1956) found that young pods that
had dropped were not fertilized and Lambeth (1950) showed fhat at
least one ovule per pod had to be fertilized to sfart pod. development
and to prevent abscission. Since the immature, unfertilized pods remain
‘attached to the plant for a long period of time, several weeks must
elapse before true podrset can be determined.

There was no relation between the number of blossoms that formed
and the number of pods that set, which agreed with studies by Binkley

(1932). Even at temperatures low enough to ensure optimum conditions

\
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for pollination, not all blossom formed set pods. Pod set at lower
temperaturés occurred according to the “capacity set" concept first
explained by Cordner (1933)7 Since the plants at 850F and 750F day
temperatures had a similar plant size, they would be expected to have
a similar pod set. The number and fresh and dry weight of pods was
similar for plants grown at 850F and 75°F day temperatures. |

Pod set and blossom drop occurred throughout tbe‘blossoming‘period,
although the last blossoms formed failed to set fruit. The blossom drop
pattern was in agreement with Iwvami (1951), Schrader‘(19h3), and Lambeth
(1950) who found that once capacity set was attained the percentage of
blossoms that set was reduced.

Bush beans were found to have a cyclic pattern of blossoming if
the pods were har#ested at marketable maturity. The only previous
reference to:cyclic blossoming in beans was that of Viglierchio and
Went (1957) who worked with Kentucky Wonder pole beans.

When pods were harvested at marketable maturity, the'plants remained
vegetative, and showed renewed growth activity atAday temperatures of
859F or less. The leaf weight increased and the plants remained vigorous.
The stem dry weight of plants when beans were harvestgd_at dry maturity
two months after planting were h.ST and 5.53 grams for plants grown_at
850 and TSOF respectively. These plants were senescing. ‘When the}pods
were harvested at marketable maturity the stem dry wéights three months
after planting were 16.22 and 16.77 gréms for plants grown at 850 and
750F respedtively. The height of the plant and the number of nodes were
gimilar for both treatments.

When fertilizgtion occurs, there is a great incregse of auxin in

the plant (Leopold, 1955). This new supply of auxin moving into the
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plént stimulates overall plant growth. No conclusions relative to

the fruiting effect on plant growth habit could be drawn from plants
held at §5/8OOF'in the present experiments because marketable pods were
not produced at this temperature. The longer the plants were held at
the high temperature the lower the leaf weight, but the stem weight,
total height, and the number of nodes dia not change after two months.
The fact that there was no increase in growth with time of plants held
at 95/8OOF‘with no pod set, would indicate that the lack of auxin
supplied by developing embryos resulted in lack of vegetative growth
compared to plants that had pods.

From the present experiments it would appear that the cyclic blossom-
ing pattern was related to the capadity set concept of Cordner (1933)
at day temperature of 850F and less. The first cycle, which lasted only
15 days, had the gréatest number of blossoms. Even though the first
cycle of blossoms was the gfeatest, subsequent cycles had a higher
percentage of pods set. The blossoming cycle of plants grown at
85/70°E was shorter than that of plants grown at 75/60°F.i$here were
fewer days from blossoming to harvest in plants grown at 85/7OOF than
at 75/60°F.

Plants grown at 85/700F during a two-month blossoming period pro-
duced more blossoms than plants grown at 75/6OOF. Pod set and fresh
and dry weight of pods was similar. Equal yields between the two tem-
pérature regimes supportsvthe capacity set concept, since the plants
grown at 85/7OOF were no larger than plants grown at 75/60°F.

Blossom drop during the first 15 days of blossoming (first cycle)
could follow the theory proposed by Iwami (1951); an early stage of

blossom drop, attributed to competition for nutrients between the
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flowers and the developing plant; a middle stage, attributed to com-
petition for nutrients between flowers; and a late stage, associated
with the declihe of the plant. Lambeth (1950) found that if capacity
set was obtained during the first two weeks after blooming, the yield
was dependent primarily on the Mactive" leaf area and light conditions.

In the second and third cycle of blossoming the plants had fewer
blossoms and were more vigorous, and could therefore set a greater
percentage of pods. -

The high percentage of pod set in the last cycle, especially at
85/7OOF, was not indicative of the actual yields. Many of the pods
remained small, not reaching marketable size in the time normally
required‘by-other pods growing at the same temperature. It could bé
possible that the natural auxin level inAtbe plant was sufficiently
high to prevent the abscission of the &oung pods, even if they were not
fertilized. The extent of fertilization of'blossoms was not noted inJ
the present experiments.

Low light intensity caused a reduction in plant growth and number
of blossoms. The plants grown at low light intensities had a LoWer 1éaf
weight than plants grown at high light intensities, and the yield of pods
was similarly reduced. Plants grown at low light intensities had a lowv
pod set capacity. These findings were in agreement with studies reported
by Inoue and Suzuki (1956).

IT. Field Studies.

Plants started at planting dates to May 29, 1964 had similar numbers
and weights of pods. Plants started at later planting dates showed
reduced numbers and weights of pods. Soil temperatures remained low

until the end of May, then increased and remained constant for the
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remainder of the summer at the University of British Columbia. The
June plantings did not have a long enough growing season to produce
maxiﬁum yields.

The nitrogen level of the soil at the University of British Columbia
vas sufficiently high for vigorous bean growth because additional nitrogen
fertilizer gave no increase in growth. The field had been heavily
manured in the‘fall of 1963.

The row spacing experiments were conducted to determine the effect
of air drainage and related humidity as it influenced bean diseases and
the effect of plant to plant competition for light and soil nutrients on
the number of pods in beans. The two-foot row spacings were too close
to allow accurate blossom drop counts. As the row spacing increased,
the number and weight of pods per.plant increased. When the number and
weight of pods were adjusted for area, the narrow row spacings out-
yielded the wide row spacings. Comparisons between the eight-foot row
spacing and adjacent five~-foot row spacing showed similar results for
number and yield of pods per foot of row. These results indicated that
tﬁere was no effective increase in pods set in row spacings greater than
five feet. Even though yields per acre were increased at narrow row
spacings (11.6; 8.3 and 5.2 ton per acre for two, four and eight-foot
row spacings respectively), in-commercial fields of pole beans the rows
are planted five to six feet apart to increase air drainage and thus
decrease the incidence of diseases, and to facilitate havesting.

The row direction experiment was conducted to determine the effect
of air drainage and related humidity on the number of pods set and
'bIOSsoms‘dropped. Rows planted with the prevailipg wind should have

better air drainage thus reduce the incidence of Botrytis and Sclerotinia.
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There were no differences in number and welght of pods and blossom
dropped between the two row directions. Bean diseases were not a problem
at the University of British Columbia in the summer of 196L.

Auxins and sucrose sprays were applied to reduce blossom drop and
thus increase yields. Ahmadi (1956) using auxin sprays at blossoming
of dry beans found that there was an increase in the number of pods but
not in the number of seeds. Auxin applications developed some parthenocar-
pic fruit. Berrie (1960) found that the supplementary sucrose sprays
greatly increased dry weight in tomatoes if conditions for respiration
were high and photosynthesis low.

The present experiments showed that unless blossom drbp was
excessively high, there was no relation:between blossom drop and yield,
which agrees with findings by Binkley (1932).

In Blue Lake FML pole beans none of the sprays increased the
yield of beans. Only IAA at 100 ppm, NAA at 10 and 100 ppm and
2,4-D at 10 ppm with or without FeEDTA reduced yields. These findings
were in agreement with Murneek, et al., (1944) who found that auxin
decreased the yield of pods of plants growing at cool temperatures.

Bush beans were less affected by high-éqnqentrations of auxins than
pole begns. Only NAA at 100 ppm in Stringléss Green Pod bush beans
showed a reduction in yield. Increases in bean yields after using auxin
and. sucrose sprays were noted in Stringless Green Pod and Tendercrop
bﬁsh beans at the University of British Columbisa, buﬁ in no case were
these increases greater than 13 percent over the control. Murneek,
et al., (194L) found that auxin sprays'deéreased the yield of pods on
Stringless Green Pod plants growing at cool temperatures. Temperature

records for the summer of 1964 show that the maximum air temperature
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gt the University of British Columbia was 790F andithat only fo£ one day.
Controlled—environment studies showed that temperatures of sbove 850F
were required to cause blossom drop.

Bush Blue Lake OSU 949-186k-2 was the highest yielding bush variety
tested. There was not sufficient blossom drop in any variety to show
varietal differences. The number of pods per plot was not related to
the number of plants per ﬁlot. There were varietdl differences in the
number of pods per plant. High yielding varieties had the greatest
number of pods per plant.

Further work on the effect of temperature on growth and fruiting
responée should include studies on IAA content in the plant, axillary
braﬁching, total dry matter production of the plant (including fallen
leaves), percentage moisture in the plant, pollen germination, embryo
sac development and developing seeds, number of seeds per pod, position
of seed in the pod, development of flower primordia, and the effect
of constant day/night teméerature on pod set (especially 85OF).

Additional work should be conducted to determine the effect of
fruiting and harvesting on the cyclic pattern of blossoming in beans,
and the effect of cyclic blossoming on the IAA content and COp, uptake
in the plant, and to determine whether cyclic blossoming is a varietal
response.

Additional studies with chemical sprays should include the effect of
chemical sprays on the fruiting response when weather conditions are
adverse to pod set (in the fie'ld and in controlled-enviromnment cabinets),
effect of high rates of FeFEDTA to reduce grdwth inhibition caused by
E;M-D at blossoming, and the effect of auxin sprays on the fruiting response

when applied to yocung plants.
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There appeared to be a difference in number of pods on the sunny
and shady side of the row. Studies should be conducted to determine

the effect of row direction on the number of pods on either side of

the row.
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SUMMARY AND CONCLUSIONS

In controlled-environment studies using Stringless Green Pod bush
beané, high temperature was found to be the most critical factor affecting
pod set in beans. When day temperatures were high, low night temperature
increased blossoming and pod set. As the day or nigﬁt temperature
increased, fresh and dry weights of the leaves decreased. Blossom drop
occurred at all temperatures and pod set at temperatures of 85°F and
below was considered té oceur according to the capaciﬁy set concept.
Blossoming ocecurred at all temperature regimes studied.

When pods were harvested at marketable maturity, the blossoming
pattern in bush beans was found to be cyclic. Plants grown at 85/70°F
day/night temperatures had a shorter cycle than plants grown at 75/60°F.
Tﬁe cyclic blossoming pattern was considered to be associated with the
capacity sef concept. Plants harvested at marketable maturity were more
vigérous and resplted in higher fresh and dry weights of leaves and
stems and more blossoms and pods than plants harvested at dry maturity.

" Plants growﬁ at a light intensity of 1900 foot-candles had reduced
leaf and stem weights, number of blossoms and number and weight of pods
compared to plants grown at 2700 and 4000 foot-candles.

Field studies showed that planting dates after May 29 had reduced
number aﬁd weight of pods in pole beans at the University of B. C. The
nitrogen level in the scil at the University of B. C. was high and added
inérements of nitrogen caused no significant response in the yiéld of
pbds'in pole beans. As the row spacings increased, up to five feet, the
number and weight of pods increased per plant in pole beans. Row

direction had little effect.on the fruiting response of pole beans.
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Use of chemical spays caused no increase in yield of pods in pole
beans and only slight increases in yield of pods in bush beans. Of the
varieties tested, Bush Blue Lake OSU 949-186L4-2 had the highest number
and weight of pods. Yield of pods was related to the number of pods

per plant.
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