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Three Oregon snap beans were tested for photope- 

riodic response on the basis of their overall flowering 

patterns.  Oregon 1604 and Oregon 4848 showed the same 

cumulative flowering curves and percent pod set under 

both 11 hour SD and 16 hour LD photoperiods.  Under SD, 

Oregon 2065 produced a similar flowering pattern to 

Oregon 1604 and Oregon 4848.  Under LD, however, Oregon 

2065 showed a 4 day delay in days to first flower and a 

2 week delay in flowering if the few flowers on the 

terminal raceme were not included.  Flowering rates and 

total number of blossoms produced were also increased 

and percent pod set decreased by LD in Oregon 2065. 

Oregon 2065, then, was judged to be a SD plant with 

respect to flowering while Oregon 1604 and Oregon 4848 

did not demonstrate a photoperiod response under the 

conditions of this experiment. 



The primary leaves and first trifoliate leaf of 

Oregon 2065 were individually tested for photoperiod 

sensitivity.  Both the primary leaves and the first 

trifoliate leaf were found to be sensitive to photope- 

riod as evidenced by their strong influence on flower- 

ing at the node of their insertion.  Nodes with an SD 

(9 hour photoperiod) leaf bloomed normally while nodes 

with an LD (16 hour photoperiod) leaf failed to produce 

open blossoms.  Observations of inflorescence develop- 

ment of plants on which leaves were given opposite 

photoperiod treatments showed that a lack of open flow- 

ers at the nodes with an LD leaf was the result of 

inflorescence abortion in all treatments but one.  When 

both leaves were given LD visible inflorescences failed 

to develop. 

The primary leaves and first trifoliate leaf of 

Oregon 2065 were subjected to 8 different sequences of 

LD (16 hour) and/or SD (9 hour) photoperiods.  SD 

periods generally promoted flowering while periods of 

LD inhibited flowering.  The timing of the periods of 

SD and LD influenced the onset of flowering and flower- 

ing rate.  Comparison of the cumulative flowering 

curves for each treatment showed that the partially 

defoliated plants reached their greatest sensitivity to 

photoperiod treatments 14-21 days following emergence. 



There was evidence that leaves become permanently SD 

induced; when a sufficient number of consecutive SD 

were applied to the primaries and first trifoliate leaf 

as they expanded to full size, subsequent transfer to 

LD did not affect flowering.  There.was no evidence 

that the leaves ever became permanently LD induced. 

Rather, the plants eventually overcame the LD inhibi- 

tion of flowering showing that Oregon 2065 is a quanti- 

tative SD plant. 
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PERCEPTION AND REPRODUCTIVE RESPONSE OF COMMON BEANS 

(Phaseolus vulgaris L.) TO PHOTOPERIOD 

CHAPTER 1 

INTRODUCTION 

Snap beans are the third most economically impor- 

tant vegetable crop grown in Oregon; gross farm sales 

in 1981 were $20,647,000.  They are virtually all 

canned or frozen. 

The beans are mechanically harvested in a once- 

over system that destroys the plants.  An ideal plant- 

type for such a system is a determinate bush which has 

a concentrated period of pod development.  In Oregon, 

processors schedule the plantings from mid-April to 

early July to ensure an orderly flow of produce to the 

processing plants from mid-July to mid-September. 

In some instances, cultivars which usually have a 

concentrated pod development exhibit a problem known as 

"split set".  "Split set" is a nonspecific term for a 

condition characterized by the presence of only a few 

bean pods per plant of the correct size at the harvest 

date.  Yet, on the same plant, there are also many 

small pods that have resulted from a later flush of 

bloom.  If the harvest is carried out as scheduled, 

usable yield is low.  If it is delayed until the small 
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pods develop, the processors' harvest schedules are 

disrupted. 

Two basic explanations could account for this 

unconcentrated yield, erratic flowering patterns or 

early abscission of developing pods.  The work de- 

scribed here was designed to begin an examination of 

the first possibility. 

Flowering is a basic process that depends, to some 

degree, on most of the physiological processes occur- 

ring within the plant.  Innumerable environmental fac- 

tors may affect flower initiation and development di- 

rectly or indirectly by influencing physiological sys- 

tems that support flowering.  It would be unlikely to 

expect that one specific environmental factor could 

cause such an encompassing problem as unconcentrated 

flowering patterns.  For this reason, it was decided to 

look first at the underlying physiology of flowering in 

P. vulgaris rather than testing, in an empirical fash- 

ion, all factors that might possibly affect the general 

flowering process.  With a better understanding of 

flowering physiology, research can more clearly examine 

environmental influences on the specific aspects of 

flowering. 

In dealing with flowering physiology in P. vulgar- 

is, a tool was needed that could control the onset of 
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flowering in a reproducible manner.  Photoperiodism is 

one such tool.  By applying proper daylengths, plants 

can be kept in a vegetative mode or induced into flow- 

ering.  Since a photoperiodic response in P. vulgaris 

has been reported, it was undertaken here to find an 

Oregon line that was sensitive.  Once the flowering 

response of this sensitive cultivar had been recorded 

under long and short photoperiods, the other major 

objective of this work was to examine the perception of 

photoperiod by a sensitive line.  With this informa- 

tion, future research can be conducted, particularly 

grafting experiments between sensitive and insensitive 

cultivars, to consider the existence of inhibitors 

and/or promoters in controlling flowering. 



CHAPTER 2 

LITERATURE REVIEW 

Since photoperiodism in plants was first discovered 

by Garner and Allard over fifty years ago, voluminous work 

has been published on the subject.  The results often 

appear contradictory because each plant variety has unique 

physiological characteristics and adaptations that inter- 

act with photoperiod to yield differing responses.  In the 

following review, discrepancies occur even among research 

papers restricted entirely to common beans (Phaseolus 

vulgaris L.).  This may be due to varietal differences, 

experimental conditions or the manner in which the photo- 

period response is measured.  In studies with P. vulgaris 

three methods of reporting flowering response to photope- 

riod are commonly used.  These are the number of days from 

sowing to first flower, total number of flowers produced 

and the flowering rate (number of open flowers per day). 

General Effects of Photoperiod on Flowering in Beans 

The first studies of photoperiodism in beans were 

designed to determine the type of photoperiod response, 

if any, among the many cultivars.  Therefore, simple 

studies were carried out that tested groups of bean 

cultivars under various photoperiods.  Cultivars were 
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rated as day neutral or SD based on a comparison of 

days to first flower over a series of photoperiods. 

The photoperiod sensitive plants showed a delay or no 

flowering under LD treatments.  Examples of such a 

survey were conducted by Allard and Zaumeyer (1) with 

species and cultivars of Phaseolus and other legumes 

grown in the United States; and by Hartmann (12) with 

tropical Phaseolus sp. introductions.  Once these 

studies identified certain cultivars as photoperiodic 

in their flowering response, experiments were initiated 

to begin examination of the many aspects and fine 

details of the reproductive response to daylength. 

Ojehomon (22) described the development of flower 

buds in determinate varieties of P. vulgaris.  Normal- 

ly, a determinate bean plant will produce a short 

series of nodes along the main stem that finally termi- 

nates in an inflorescence.  The first flower to open is 

in the axil of the uppermost leaf followed by the 

lowermost flowers on the terminal inflorescence. 

Thereafter, flower opening becomes general, many flow- 

ers opening simultaneously on branches at different 

nodes.  Flowers which developed into fruit were pre- 

dominantly those that formed on the main axis and first 

formed secondary branches.  Most of the flowers on the 

later developed tertiary branches abscised and quater- 
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nary branches did not develop.  However, under LD (13 

and 15 hours), Ojehomon, et al. (23) found that photo- 

period sensitive cultivars showed abscission of buds 

developing on the main axis and secondary branches. 

This was followed by vigorous growth of tertiary and 

quaternary branches which produced numerous normal 

blossoms.  This pattern of growth resulted in a delay 

of appearance of the first open flower and the peak 

production of flowers.  In addition, it was noted that 

the period of flower production was extended. 

Ojehomon, et al. (24) and Zehni and Morgan (29) 

showed that the response described in the previous 

paragraph was elicited regardless of whether an 11 hour 

(SD) photoperiod was extended to 16 hours with natural 

daylight or with low intensity incandescent light (50 

footcandles at pot level).  Later, Morgan and Zehni 

(19) demonstrated that P. vulgaris was sensitive to 

light breaks during the dark period, a common feature 

among SD plants.  A 6 minute light break two-thirds of 

the way through a 13 hour dark period inhibited flower 

development to a similar degree as a continuous long 

photoperiod.  It was also found that the production of 

open flowers was delayed and their overall numbers 

reduced when 2 hours of low intensity incandescent 

light was given after rather than before the 13 hour 

dark period.  The investigators concluded that these 
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results provide evidence for the assumption that the 

bean's flowering patterns were truly photoperiodic 

since their responses were similar to those plants with 

responses known to be mediated by phytochrome. 

The embryonic development of flower primordia in 

P. vulgaris has been studied to determine when ab- 

normalities developed that eventually resulted in flow- 

er bud abscission (24,29).  It was observed that all 

cultivars initiated flower primordia at the same rate 

regardless of daylength.  These plants were designated 

day neutral with respect to floral initiation.  This 

finding is supported by anatomical studies of Padda and 

Munger (25).  For photoperiod sensitive cultivars under 

LD treatments, the first initiated primordia developed 

normally until the stage of microsporogenesis.  Morgan 

and Zehni (19) later showed, however, that degeneration 

could occur at earlier stages in floral development in 

later formed primordia.  The degree of inhibition was 

more a function of when LD were first applied than of 

the stage of development reached by a particular flower 

bud. 

The results of research with photoperiodism in 

soybeans (Glycine max (L.) Merr.) shows some differ- 

ences from P. vulgaris.  Soybeans have a more indeter- 

minate growth habit, forming a terminal inflorescence 
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only after a long series of node formation.  Flowers 

are normally first initiated in the axil of the fourth 

or fifth leaf from the apex of the main axis.  Unlike 

P. vulgaris, SD are necessary to initiate flower pri- 

mordia in soybeans.  Continued exposure to an inductive 

photoperiod is required for further initiation of pri- 

mordia and, as in beans, for normal development to 

visible flowers (3).  Nielsen (21) found that if pri- 

mordia were initiated in SD and then transferred to LD, 

degeneration in floral development usually occurred at 

some point in the process of microsporogenesis.  Work- 

ing with later-maturing soybean cultivars. Lawn and 

Byth (14), broke reproductive growth into three phases: 

pre-flowering, flowering, and post-flowering.  If, as a 

result of planting date, a phase occurred during the 

longest days of summer, the duration of that phase was 

extended. 

Major (16) worked with soybeans to develop a math- 

ematical description of the photoperiod response.  He 

determined that the delay in flowering could be de- 

scribed as a linear increase in time to flowering as 

daylength increased above a maximum optimal photope- 

riod.  Furthermore, the slope of this linear response 

line obtained in non-optimal photoperiods provided an 

estimate of the plant's photoperiod sensitivity. 



Photoperiod-Temperature Interactions 

Temperature-photoperiod interactions have been 

described among P. vulgaris cultivars.  Coyne (6,7,8) 

tested several bean cultivars for a photoperiod re- 

sponse under various temperature regimes.  The presence 

of a response was based on the number of days to first 

flower.  The temperature regimes included high and low 

mean temperatures that were either constant or con- 

tained a diurnal change.  Cultivars were variable in 

their response to temperature and photoperiod combina- 

tions.  For example, Oregon 949 was day neutral under 

270C day and 240C night.  Yet, under 240C day and 190C 

night or 22 C constant, the line was photoperiodically 

responsive.  Great Northern Nebraska #1 selection 27 

was photoperiodic under either the high or low tempera- 

ture regime as long as there was a diurnal change. 

There was no difference in days to first flower in this 

selection under a constant temperature.  Using other 

bean varieties, similar photoperiod-temperature re- 

sponses were obtained by Padda and Munger (25) and 

Masaya (17). 

In 1979, Muhammad and Wallace (20) examined the 

effects of day temperature, night temperature, mean 

temperature and day/night difference in temperature on 

days to first flower.  This work was initiated to 
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consider Coyne's results in more detail.  At an inter- 

mediate photoperiod (12 hours) it was determined that 

days to first flower was controlled primarily by the 

night temperature. 

Wallace and Enriquez (28) designed a study to 

distinguish between purely temperature effects on days 

to first flower and a true photoperiod-temperature 

interaction.  They reported that as the photoperiod was 

lengthened and daytime temperature raised, there was a 

progressive decrease in days to first flower in both 

photoperiod sensitive and insensitive lines.  This was 

termed the universal temperature response i.e., a phys- 

iological Qln-like reaction to temperature.  However, a 

point was reached where the higher temperatures and 

longer daylengths caused a large increase in days to 

first flower in photoperiod sensitive lines.  The au- 

thors described this latter result as the photoperiod- 

temperature response. 

Perception and Translocation of the Photoperiod 

Effect 

Working with Biloxi soybeans, Borthwick and Parker 

(3) determined that the leaves were the photoreceptors. 

Control of initiation was exercised through application 

of photoperiods of proper duration to the leaves, re- 
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gardless of the photoperiod being experienced by the 

shoot tip. 

Later, in 1940, Borthwick and Parker (4) experi- 

mented with the sensitivity of individual soybean 

leaves to photoperiod.  At any one time, the individual 

leaves on the plant differed in their capacities to 

cause floral initiation under photoperiodic stimula- 

tion.  A leaf increased in its ability to effect flower 

initiation as it expanded.  The most effective leaf was 

one that had most recently attained full size. This 

most active leaf, functioning alone, was able to cause 

initiation of as many flower buds per plant as were 

formed when all the leaves operated simultaneously. 

After reaching full size, leaves gradually lost their 

effectiveness in bringing about floral initiation. 

They concluded that the ability of different leaves to 

supply a flowering stimulus was correlated with their 

relative states of maturity and not with their dis- 

tances from the growing points where the flowers were 

formed.  Also apparent in their experiment was the fact 

that the flowering stimulus readily moved up and down 

the stem from the node of the most recently mature leaf 

Fisher (9) reached a somewhat different conclusion 

while working with Lincoln and Ogden soybeans.  Rather 

than considering the influence of individual leaves, 

ratios of mature to immature leaves were evaluated.  It 
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was found that continuous removal of all immature 

leaves starting when 3, 4, 5, or 6 trifoliate leaves 

were mature induced earlier flowering and flowering at 

lower nodes.  Removal of mature leaves delayed flow- 

ering, and the first flowers appeared at higher nodes. 

Fisher concluded that the commencement of flowering was 

more closely related to the ratio of mature of immature 

leaf areas than to the age of the plant. 

Zehni, et al. (30) tested the influence of the 

primary leaves versus the first trifoliate leaf on 

flowering in a Peruvian variety of P. vulgaris.  The 

plants were defoliated except for the two test leaves 

which were individually treated with LD or SD in the 

four possible combinations.  In terms of the total 

number of flowers per plant, their results showed that 

the photoperiod received by the first trifoliate leaf 

determined the flowering response regardless of the 

photoperiod treatment given to the primary leaves. 

Response to Photo-Inductive Cycles 

Unlike Xanthium, whose leaves become permanently 

induced after one or a few SD cycles, the leaves of G. 

max continue to respond to changing photoperiods over 

several weeks.  The frequency and duration of light and 

dark periods has a considerable influence on how the 



13 

plant responds. Hamner (11) subjected soybeans to 

cycles of varying lengths of light and dark not neces- 

sarily summing to 24 hours.  In this case, photope- 

riodic induction did not take place unless the dark 

period was definitely more than a certain minimum dura- 

tion.  Once this minimum duration was provided, the 

number of floral primordia initiated depended upon the 

duration of the light period, increasing up to a maxi- 

mum exposure and then decreasing with longer light 

periods.  Furthermore, Hamner determined that the total 

number of flower primordia formed and the rate of 

floral development depended on the number of photoin- 

ductive cycles of treatment, one cycle being insuffi- 

cient . 

Long (15) reported that the effect of two long 

dark periods (SD) did not persist for more than 24 

hours in soybeans.  The induction period of several 

long dark periods acted more or less independently of 

previous treatments if the various treatments were 

separated by one or more short dark periods (LD). 

Thus, an unbroken series of inductive cycles must be 

provided in order to stimulate the continued initiation 

of flower primordia in soybeans.  Carr (5) reported 

results similar to Long's except that two long dark 

periods were found to be sufficient to bring about 

floral initiation. 
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Overall, Huxley, et al. (13) found that 5 tropic- 

ally adapted soybean cultivars required at least 49 

consecutive SD cycles before flower retention and pod 

development were not aversely affected by exposure of 

the plants to LD. 

Mode of Action of Photoperiod 

Work with plant response to various cycles of 

light and dark led to research on the possible mode of 

action within the plant of the photoperiod stimulus. 

Three possible explanations have been studied:  produc- 

tion in the leaves of a translocated promotor under an 

inductive photoperiod, production of an inhibitor in 

noninductive daylengths, or a combination of the two. 

Early work carried out by Schwabe (26) with Biloxi 

soybeans showed that one LD can annul the effect of two 

SD.  Furthermore, evidence from treatments in which a 

"neutral" 24 dark period was inserted between LD and SD 

suggested that the inhibitory effects of LD did not act 

by destroying the effects of the previous SD induction. 

Rather, LD prevented response to the inductive effects 

of the following SD until the inhibition had been 

dissipated.  Schwabe concluded that the processes lead- 

ing toward flowering were the result of an active 

inhibition created by the LD treatment.  He felt that 
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the LD response was the result of the formation of an 

inhibitory substance. 

More support for a flowering inhibitor was pub- 

lished in 1965 by Fratianne (10).  Dodder (Cuscuta 

sp.), a parasitic angiosperm, was introduced to soybean 

host plants.  The dodder flowered if growing on flower- 

ing host soybeans.  When non-flowering dodder was in- 

troduced to soybeans under noninductive photoperiods, 

neither plant flowered.  However, if this soybean host 

was defoliated, the dodder began flowering.  In another 

experiment, Fratianne (10) used the dodder to bridge 

between two soybean hosts, each under different photo- 

periods.  No transmission of a flowering promoter from 

the plant in SD to the non-induced plant in LD could be 

demonstrated since the non-induced plant never flow- 

ered. On the other hand, flowering on the induced plant 

was considerably weaker than that of the photoinduced 

controls.  Fratianne felt that these results were most 

easily explained by the presence of a translocated 

inhibitor produced in noninductive photoperiods. 

Zehni, et al. (30) believe that both an inhibitor 

and a promotor are involved in the control of flowering 

in P. vulgaris.  Their experiment consisted of giving 

the first trifoliate leaf one photoperiod treatment and 

the rest of the same plant the opposing photoperiod. 

Even when there were several SD leaves inserted between 
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the LD first trifoliate and the terminal meristem, 

there was a significant drop in the number of flowers 

produced as compared to the SD controls.  Conversely, 

when the first trifoliate received SD and the rest of 

the plant LD, there was greater flower production over 

the LD controls.  These results suggest that both in- 

hibitors and promoters control flowering in beans. 

The Identity of the Flowering Hormones 

Many attempts have been made to identify the 

chemical substance, be it inhibitor, promoter, or an 

intermediary, that relays the daylength information 

from the leaf receptors to the flowering meristems.  A 

special flowering hormone "florigen" was long ago pro- 

posed but has never been identified.  Lately, research- 

ers are more interested in examining the roles of known 

plant hormones in flowering. 

Research was initiated with a photoperiod sensi- 

tive variety of P. vulgaris to determine a chemical 

basis for the proposed inhibitory and promotory effects 

of LD and SD respectively (2, 18).  Exogenous applica- 

tion of synthetic or extracted endogenous abscisic acid 

(ABA) to the differentiating flower buds of plants in 

SD resulted in inhibition and finally abscission of the 

buds.  The response was similar to that found in plants 
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under LD treatments.  Indolacetic acid and gibberellic 

acid applications had no effect.  Next the ABA concen- 

trations in the leaves, buds, petioles and stems of 

plants under various photoperiods were considered. 

Higher concentrations were found in organs on plants in 

LD, the greatest amounts being located in the inhibited 

buds.  The investigators proposed that these findings 

suggested that under the influence of LD greater 

amounts of ABA were synthesized in the leaves with an 

associated increased accumulation of ABA in the buds. 

One other experiment showed that cytokinins might be 

involved in the promotion of flower development in SD. 

Cytokinins were applied to bean plants in LD.  This 

treatment stimulated the development of flower buds 

which would have otherwise aborted. 

Subhadrabandhu, et al. (27) assessed the role of 

ABA in the abscission of young bean (P. vulgaris) pods, 

though not in relation to photoperiod.  In the culti- 

vars tested, they found no causal relationship between 

levels of extractable ABA in the pods and pedicels, and 

fruit abscission.  It was further pointed out that 

measuring ABA content in abscissing organs is measuring 

the result of abscission rather than its cause.  In- 

stead, ABA levels should be measured at the induction 

of abscission.  Thus, considerably more work needs to 
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be accomplished before the physiological processes 

occurring between daylength perception and flowering 

is fully explained. 
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CHAPTER 3 

THE REPRODUCTIVE RESPONSE OF THREE OREGON LINES 

OF SNAP BEANS (Phaseolus vulgaris L.) TO PHOTOPERIOD 

DIANE WINTERS PRIVETT 

ABSTRACT 

To identify a photoperiod sensitive line of Oregon 

snap beans, three cultivars were tested under 11 hour 

SD and 16 hour LD treatments.  Overall flowering pat- 

terns were used as the criteria for judging whether a 

treatment elicited a differential response to photo- 

period.  The first flowers to bloom opened on the 

terminal raceme in all cultivars.  In Oregon 2065, the 

first flowers appeared 4 days later under LD as com- 

pared to the SD treatments.  Oregon 2065 showed a 2 

week delay in days to first flower under LD if the few 

blossoms of the terminal raceme were not included. 

Flowering rates and total number of blossoms produced 

in Oregon 2065 were increased while percent pod set was 

decreased under long photoperiods.  Oregon 2065, then, 

demonstrated a SD photoperiod response with respect to 

flowering.  In contrast, Oregon 1604 and Oregon 4848 

showed the same flowering patterns and percent pod set 

in both SD and LD.  These two cultivars did not demon- 



20 

strate a photoperiod response under the conditions of 

this experiment. 
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INTRODUCTION 

Snap beans of determinate habit have been selected 

for once-over mechanical harvesting systems in the 

Willamette Valley of Oregon.  An important requirement 

for a productive crop is a concentrated period of pod . 

development.  However, under undefined conditions some 

cultivars show only a few mature pods at harvest time 

along with many immature pods.  This condition is known 

generally as "split set".  Two basic explanations could 

account for this unconcentrated yield, i.e., erratic 

flowering patterns or early abscission of developing 

pods.  The work described here was designed to begin an 

examination of the first possibility. 

Varieties of P. vulgaris were reported as photo- 

periodically SD plants by Allard and Zaumeyer (1). 

Since then some physiological work on plant hormonal 

effects on flowering in P. vulgaris has been undertaken 

using photoperiodic control to manipulate flowering 

(2,6).  Several investigators (3,4,5,9,10) have also 

considered environmental factors, namely temperature, 

as interacting with photoperiod to affect flowering 

physiology in P. vulgaris.  They have reported results 

showing that certain cultivars will respond to photope- 

riod under one temperature regime but remain day neu- 

tral in another regime.  However, there was no consis- 
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tent pattern of response among the cultivars tested. 

The objective of this research was to identify a 

photoperiod sensitive cultivar among Oregon lines of P. 

vulgaris and to describe in detail the nature of its 

reproductive response.  The usual method employed for 

determining the presence of a photoperiodic response in 

P. vulgaris is to watch for a delay in the number of 

days (on the order of several weeks) to the first open 

blossom (1,3,4,5,9,10).  Although two Oregon varieties 

have been rated by this procedure by Coyne (3), it was 

believed here that the method does not adequately de- 

scribe the reproductive response of P. vulgaris to 

photoperiod.  Investigators at Cambridge (8) used a 

more comprehensive survey of flowering response, i.e., 

they recorded the time and location of each blossom 

that opened throughout the flowering period.  The 

latter procedure was chosen for this experiment to 

identify a photoperiodic response among the Oregon 

cultivars screened.  These were used to develop flower- 

ing response curves that show how flowering patterns 

are altered by photoperiod.  This basic information 

will be necessary for critical evaluation of photope- 

riod responses in future physiological studies of 

flowering in Oregon lines. 
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METHODS AND MATERIALS 

Cultivars Oregon 1604, Oregon 4848, and Oregon 

2065 were selected for experimental photoperiod tes- 

ting.  Oregon 1604 is presently grown commercially and 

is known to yield well under many conditions.  This 

cultivar was chosen as an insensitive control.  Oregon 

4848 has shown poor flowering characteristics in field 

trials.  Oregon 2065 has demonstrated photoperiodic 

tendencies when grown both in the field and in the 

greenhouse at different times of the year. 

Container media consisted of sterilized loam soil 

and crushed pumice (2:1, v/v).  Fertilizers were added 

at the following rates:  calcium nitrate l.lg/kg; su- 

perphosphate 1.4 g/kg; sulpomag 0.7/kg; and fritted 

trace elements 0.06g/kg.  The pH was adjusted to ap- 

proximately 6 with dolomitic lime.  Two liter (15 cm) 

pots were filled with media and watered well.  Then, 4 

bean seeds were placed on the surface of the media and 

covered with about 2 cm of sand.  The pots were not 

watered again until several weeks later when the soil 

began to dry.  The beans were germinated under their 

respective photoperiod treatments.  Five days later the 

plants were thinned to one per pot. 

Photoperiod was controlled in photoperiod chambers 

located in a greenhouse where temperatures averaged 
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29 C daytime maximum and 18 C nighttime minimum.  The SD 

treatment consisted of 11 hours of natural daylight. 

During the 13 hour dark period the plants were covered 

with a sheet of black polyethylene plastic supported on 

an overhead frame.  The LD treatment also exposed the 

plants to 11 hours of natural light.  These plants were 

covered at the same time and in the same manner as the 

SD treatment.  However, incandescent lights were 

mounted under the cover to provide light at a low 

2 
intensity—0.9 W/m  at pot level.  This low intensity 

light was sufficient for a photoperiodic response yet 

prevented the plants treated with LD from receiving a 

significant photosynthetic advantage.  These lights 

extended the photoperiod 5 hours for a total of 16 

hours of light in the LD treatment.  The treatments 

were continued until the end of the experiment. 

Four pots per cultivar were arranged randomly in 

each of the two photoperiod treatment chambers.  Once 

the plants began blooming, the number and location of 

newly opened blossoms were recorded daily until no new 

flowers appeared.  In addition, the number of pods 

present 52 days from sowing was noted. 
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RESULTS AND DISCUSSION 

Oregon 1604 and Oregon 4848 did not demonstrate 

any significant differences between the LD and SD 

treatments in terms of days to flower, total flowers, 

flowers per node, flowering rate (as shown by the slope 

of the flowering curves), or percent pod set (Table 

3.1, Figs. 3.1, 3.2, 3.4, 3.5).  Thus, no response to 

photoperiod could be detected in these cultivars under 

the conditions of this experiment.  In contrast, Oregon 

2065 under LD showed clear changes in the reproductive 

parameters mentioned above when compared to the SD 

treatment (Table 3.1, Figs. 3.3, 3.6). 

The first flower to bloom in all three cultivars 

usually occurred in the axil of the uppermost leaf 

(here considered part of the terminal raceme) or occa- 

sionally at one position higher on the terminal raceme. 

This is the normal flowering pattern for determinate P. 

vulgaris as described by Ojehomon (7). 

In Oregon 2065 the difference between the growing 

points of the two treatments was evident to the unaided 

eye as early as 19 days after sowing (Fig. 3.7).  While 

the growing points of Oregon 1604, Oregon 4848 and SD 

Oregon 2065 plants swelled with spherical buds, the 

growing points of Oregon 2065 in LD remained small and 

vegetative until considerably later.  Surprisingly, 

though, the first flowers to bloom (Table 3.1) in 
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Oregon 2065 opened only 4 days later under LD as com- 

pared to the SD treatments, a difference that might be 

easily overlooked.  However, there was a delay of 2 

weeks under LD if the few flowers of the terminal 

raceme were excluded.  During the delay, vegetative 

growth continued primarily in the form of extensive 

branching at the two nodes below the terminal raceme. 

Once reproductive growth commenced at nodes other than 

the terminal, the extra branches bloomed profusely. 

This response is evident in Table 3.1, which shows the 

total flowers produced by Oregon 2065 in LD far ex- 

ceeded the other treatments in the experiment. 

Table 3.1 shows that percent pod set in Oregon 

2065 under LD was considerably less than in the other 

treatments.  Actually, the total number of pods set per 

plant was approximately the same in all treatments. 

The low percent set in Oregon 2065 in LD was due to the 

abnormally large number of blossoms produced in rela- 

tion to the number of pods a plant can normally main- 

tain. 

These results support previous findings that show 

a delay in flowering under LD treatments among photope- 

riod sensitive P. vulgaris cultivars.  The delay of 

flowering in Oregon 2065 was most apparent at racemes 

other than the terminal raceme where the first flowers • 

appear.  This indicates that the overall flowering 
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patterns might be a clearer standard test for photope- 

riod sensitivity than days to first flower. 

Considering the number of nodes per plant (Table 

3.2), LD treatments produced slightly fewer nodes per 

plant in all cultivars.  Oregon 2065 formed fewer nodes 

than Oregon 1604 and Oregon 4848 under both photoperiod 

treatments.  There was no significant interaction be- 

tween cultivar and photoperiod, however. 

The overall concern that brought about this in- 

terest in initiating a study on flowering physiology in 

Oregon beans was the problem of unconcentrated yield -- 

"split set".  Recreating "split set" was not an objec- 

tive of this experiment.  Yet, it is interesting that 

the flowering pattern demonstrated by Oregon 2065 in 

LD, with a gap of 10 days between the first flower 

appearing on the terminal raceme and those appearing on 

branches, could conceivably result in "split set". 



TABLE 3.1  Flowering responses of Oregon 1604, Oregon 4848, and Oregon 2065 
to short (SD) and long (LD) photoperiod treatments.  Each value is a mean 
for 4 plants. 

Days to First 
Total Open Days to Flower Excluding Percent 

Cv Trt Flowers First Flower Terminal Raceme Pod Set 

1604 SD 60.8a 29.0a 29.0aY 39ax 

LD 55.5a 28.3a 28.5a 31ab 

4848 SD 72.8a 28.5a 28.8a 35a 
LD 64.5a 27.8a 28.8a 41a 

2065 SD 46.8a 28.6a 29.6a 25b 
LD 124.5b 32.5b 42.8b 12cW 

Days counted from the date the seeds were sown. 
^Mean separation by Duncan's Multiple Range Test, 1% level. 
Mean separation by Duncan's Multiple Range Test, 5% level. 
Harvest date was 5 weeks from the beginning of the main flowering period. 
The other treatments, with their more concentrated blooming period, were 
harvested 3 weeks from the beginning of flowering. 

M 
00 



TABLE 3.2  Number of nodes produced per 
plant under short (SD) and long (LD) 
photoperiods. 

Cultivar 
Photope: 
SD 

6.8 

riod 
LD 

6.5 

Cultivar 
Mean 

1604 6.6a  Z 

4848 6.3 6.0 6.1a 

2065 6.0 5.3 5.6b 

Photoperi 
Mean 

od* 
6.3 5.9 

2 
Mean separation by Duncan's Multiple 
Range Test, 5% level. 

^Significant difference among LD and SD, 
5% level. 

to 
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FIG. 3.1  The cumulative flowering response of Oregon 
1604 to short (SD) and long (LD) photoperiod treat- 
ments . 
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FIG.  3.2  The cumulative flowering response of Oregon 
4848 to short (SD) and long (LD) photoperiod treat- 
ments . 
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FIG. 3.3  The cumulative flowering response of Oregon 
2065 to short (SD) and long (LD) photoperiod treatments 
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FIG. 3.4  The number of blossoms produced at each node 
by Oregon 1604 under short (SD) and long (LD) photo- 
period treatments. 
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FIG. 3.5  The number of blossoms produced at each node 
by Oregon 4848 under short (SD) and long (LD) photo- 
period treatments. 
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OREGON 2065 
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LD 

FIG. 3.6  The number of blossoms produced at each node 
by Oregon 2065 under short (SD) and long (LD) photo- 
period treatments. 
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a)  Oregon 1604 

b)  Oregon 2065 

FIG. 3.7  Terminal bud development at 19 days from 
sowing in two varieties of Phaseolus vulgaris exposed 
to LD and SD. 
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CHAPTER 4 

THE PERCEPTION OF PHOTOPERIOD BY THE 

PRIMARY LEAVES AND FIRST TRIFOLIATE LEAF 

IN AN OREGON LINE OF Phaseolus vulgaris L. 

DIANE WINTERS PRIVETT 

ABSTRACT 

The primary leaves (node 1) and first trifoliate 

leaf (node 2) of the bush snap bean, Oregon 2065, were 

individually treated with either 9 hour SD or 16 hour 

LD photoperiods to determine their photoperiod sensi- 

tivity.  Days to first flower was the same in treat- 

ments where the primary leaves received SD, regardless 

of the treatment received by the first trifoliate leaf. 

There was a delay in days to first flower in LD/SD 

(primary leaves/first trifoliate leaf) plants while 

LD/LD plants failed to begin flowering during the 50 

day period of the experiment.  Compared to the SD/SD 

control, plant height was greater in the LD/SD and 

LD/LD treatments.  The number of nodes produced per 

plant was unaffected by the treatments.  SD/SD and 

LD/SD plants produced the same total number of flowers 

but they differed in the nodal distribution of blos- 

soms.  SD/SD plants showed an even distribution of 



39 

blossoms at all nodes while the LD/SD plants did not 

produce flowers at node one where the LD primaries 

were inserted.  SD/LD produced fewer total flowers with 

most occurring at the first node where leaves were 

treated with SD.  No flowers appeared at node two under 

the influence of the LD first trifoliate leaf (SD/LD 

and LD/LD).  Regular inventory of developing inflores- 

cences demonstrated that a deficiency of flowers was 

the result of inflorescence abortion, rather than a 

failure of inflorescences to develop, except in the 

LD/LD treatment where the latter was observed.  On the 

basis of these findings, it was concluded that both the 

primaries and first trifoliate leaf are sensitive to 

photoperiod and are capable of influencing flowering in 

Oregon 2065. 
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INTRODUCTION 

Photoperiodism is a useful tool for studying basic 

flowering physiology in that the onset of flowering can 

be easily controlled in photoperiodically sensitive 

plants.  Photoperiodism has been demonstrated in sev- 

eral cultivars of P. vulgaris (1,2), and photoperiodic 

control has been used here as an approach to studying 

flowering physiology in snap beans.  In earlier work 

(Chapter 3), an Oregon cultivar, Oregon 2065, was iden- 

tified as an SD plant, and the effect of photoperiod on 

the flowering patterns was described in some detail. 

The work reported here examines one aspect of photope- 

riod perception in Oregon 2065, i.e., the sensitivity 

of the first formed leaves to photoperiod. 

Zehni, et al. (8) designed an experiment in which 

a photoperiod sensitive Peruvian bush bean was defo- 

liated except for the two primary leaves (primaries 

treated as a unit) and the first trifoliate leaf.  The 

leaves were then given differential photoperiod treat- 

ments.  Their results showed that the flowering re- 

sponse was determined by the photoperiod received by 

the first trifoliate leaf.  The photoperiod received by 

the primary leaves appeared to have little or no in- 

fluence on flowering. 
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In bush beans, the first flower is initiated 10 

days (20 C) from sowing (3).  It is, therefore, 

reasonable to assume that any photoperiod effects on 

flowering could be expected to be strongly governed by 

the earliest formed leaves, including the primary 

leaves.  The object of this experiment was to repeat 

the work of Zehni, et al. (8) and test the photoperiod 

sensitivity of the primary leaves and first trifoliate 

leaf in Oregon 2065. 
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METHODS AND MATERIALS 

Oregon 2065 was the bean cultivar selected for the 

experiment.  This Oregon release has been shown to be 

sensitive to photoperiod (Chapter 3). 

Container media consisted of crushed pumice, loam, 

sand and peat (3:2:2:2; v/v).  Media preparation and 

planting procedures are the same as those described in 

Chapter 3. 

Each plant received one of 4 possible combinations 

of photoperiod treatments to leaves inserted at the 

first two nodes (Fig. 4.1).  There were 7 plants per 

combination.  Three days following emergence, the pri- 

mary leaves (node one) began receiving their respective 

photoperiod treatments.  Daylength treatments for the 

first trifoliate leaf (node two) were started as soon 

as the leaf was nearly unfolded and beginning to ex- 

pand.  Any other leaves developing on the plants were 

pinched off as they appeared. 

All leaves received 9 hours of natural daylight. 

During the remaining 15 hours of the 24-hour cycle, the 

plants were randomly arranged in a photoperiod chamber. 

The chamber was covered by 100% shade cloth supported 

on an overhead frame.  Following 9 hours of light, 

leaves receiving the SD treatment were individually 

covered with an opaque paper envelope.  The envelopes 
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were a dull black on the inside and white on the out- 

side.  For leaves receiving LD, the 9 hour photoperiod 

was extended using incandescent lights mounted inside 

the chamber.  The light was at a low intensity (0.9 

2 
W/m ) for 7 hours totalling 16 hours of light for the 

LD photoperiod treatment.  The low intensity light was 

sufficient for photoperiod activity yet prevented any 

photosynthetic advantage for leaves treated with LD. 

LD leaves were not covered with envelopes.  The treat- 

ments to the leaves were continued until the experiment 

was terminated.  The photoperiod chamber was located in 

a greenhouse where temperatures averaged 29 C daytime 

maximum and 19 C nighttime minimum. 

Developing inflorescences were tagged each week. 

These inflorescences were recognized as a mass of 

spherical buds (buds at least 2.5mm in diameter).  Once 

a week the tagged inflorescences were inventoried to 

check whether or not they had aborted and fallen away. 

As blossoms opened, their number and location were 

recorded daily for 20 days. 
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RESULTS AND DISCUSSION 

Flowering began (Table 4.1) on the same date for 

both the treatments in which the primary leaves re- 

ceived short days, SD/SD and SD/LD.  There was a delay 

of about 3.5 days to first flower in the LD/SD plants 

where the primaries received LD.  In this case, repro- 

ductive growth was apparently slowed until the first 

trifoliate leaf had matured sufficiently to respond to 

its SD treatments.  During the delay, extra vegetative 

growth occurred in the form of additional branching at 

the higher nodes.  Where both the primaries and first 

trifoliate leaves received long days, LD/LD, the plants 

failed to begin blooming within the 50 days of the 

experiment. 

The first flower to open always appeared in the 

axil of the uppermost leaf in treatments SD/SD and 

SD/LD.  This agrees with the developmental pattern 

described for bush beans by Ojehomon (3).  In the LD/SD 

treatment, 4 plants opened their first flower in the 

axil of the uppermost leaf while in 3 plants first 

flowers appeared at other nodes. 

Plant height was affected by the treatments (Table 

4.1).  SD/SD and SD/LD plants averaged 33 cm shorter 

than LD/SD and LD/LD plants.  Extra height in the 

latter treatments was due to greater internode elonga- 
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tion since the number of nodes produced per plant was 

unaffected by the photoperiod treatments.  LD treat- 

ments to entire plants have been shown to promote stem 

elongation in P. vulgaris (7).  Detailed studies with 

individual leaves have not yet been conducted that 

could explain the difference in height of the SD/LD and 

LD/SD treatments. 

The total number of flowers (Fig. 4.1) that opened 

on LD/SD plants was not significantly different from 

the SD/SD controls, yet the nodal distribution of flow- 

ering differed (Fig. 4.2).  No flowers bloomed at the 

first node of LD/SD plants, but numerous flowering 

branches produced at the higher nodes compensated for 

the lack of blossoms at the first node.  The SD/LD 

plants produced fewer total flowers than the two pre- 

vious combinations described, and the majority of these 

flowers occurred at the first node.  One blossom in 7 

plants appeared at node two and a few occurred at nodes 

3, 4, and 5.  The LD leaf inserted at the second node 

prevented flowering at that node and apparently reduced 

blooming at the higher nodes. 

These responses indicate that the photoperiod 

received by the leaves at each of the first two nodes 

strongly influenced the flowering pattern at the node 

of the leaf's insertion.  The node with a leaf re- 
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ceiving SD treatments produced branches that bloomed 

profusely.  In contrast, nodes with LD leaves did not 

produce any open flowers.  This describes the response 

regardless of whether the leaves being treated were 

primary leaves or the first trifoliate leaf. 

The results are different from the data presented 

by Zehni, et al. (8).  With respect to the total number 

of flowers reported for each plant, their results 

showed two response groups.  There was strong flowering 

in the SD/SD and LD/SD plants while there were very few 

blossoms on the SD/LD and LD/LD plants.  This implied 

that the primary leaves had no effect on flowering 

which depended, instead, on the photoperiod treatment 

received by the first trifoliate leaf.  This discrepan- 

cy with our findings may be due to cultivar differences 

in the photoperiod sensitivity of the primaries. 

The photoperiod received by the leaves at each of 

the first two nodes also influenced flowering at the 

upper nodes (Fig. 4.2).  As long as at least one leaf 

received SD treatments, flowering occurred at the ter- 

minal raceme.  Flowering at nodes below the terminal 

were most strongly influenced by the uppermost leaf, 

but both leaves had an effect since blooming patterns 

did not show the extremes demonstrated at the first two 

nodes.  Apparently, the factor(s) responsible for con- 
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trolling flowering moved toward the apex primarily from 

the uppermost leaf (in this case, the first trifoliate) 

along with a contribution from the primaries.  This 

corresponds with the movement of photosynthates de- 

scribed for intact and defoliated soybeans (5).  With 

some exceptions, investigators have found that the 

flowering stimulus moves with carbohydrate in the 

phloem (6).  Although this experiment was not designed 

to investigate the translocation characteristics of the 

flowering factorCs), Oregon 2065 seems to fit this 

general scheme. 

The development of inflorescences at each node was 

closely followed during the experiment.  This was 

carried out to determine whether the reduction in flow- 

ering at a node was due to a lack of inflorescences 

being produced or the result of bud abortion after 

development had begun.  Plants with leaves receiving 

opposite photoperiods (SD/LD and LD/SD) developed in- 

florescences at all nodes (Fig. 4.3).  However, the 

node with an LD leaf showed abortion of its developing 

inflorescences before open flowers were produced.  The 

nodes with an SD leaf inserted showed abortion rates 

comparable to the SD/SD control plants.  In contrast, 

plants with both sets of leaves receiving LD failed to 

produce any visible inflorescences during the period of 
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the experiment.  Similarly, for a Peruvian variety of 

P. vulgaris, Ojehomon, et al. (4) found that under LD 

buds were initiated normally.  After some development, 

all buds abscised on the main axis and first formed 

branches. 

In conclusion, the results of this experiment 

clearly demonstrate that both the primary leaves and 

first trifoliate leaf are capable of responding to 

photoperiod and thereby influence flowering in Oregon 

2065. 



TABLE 4.1  Flowering and vegetative responses of Oregon 2065 with 
primary leaves and first trifoliate leaves treated with either 
short (SD) or long (LD) photoperiods.  Each number is the mean of 
values for 7 plants. 

Treatment: 
Primary Leaves/ 
First Trifoliate 

SD/SD 

SD/LD 

LD/SD 

LD/LD 

Days to Number of Plant 
First Flower Nodes Height 
(From Sowi ng) Per Plant (cm) 

31.4a 5.3a 58^ 

31.6a 5.3a 54a 

35.0b 5.0a 81b 

>50x   98b 

JMean separation by Duncan's Multiple Range Test, 1% level. 
'Mean separation by Duncan's Multiple Range Test, 5% level. 
No plants had bloomed by Day 50 when this experiment was terminated. 

£> 
<& 
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foliate) treated with either short (SD) or long 
(LD) days.  Bar heights represent the mean value 
for 7 plants. 
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CHAPTER 5 

EFFECTS OF THE INTERPOSITION OF LONG AND SHORT 

DAY TREATMENTS ON THE FLOWERING OF A PHOTOPERIOD 

SENSITIVE LINE OF Phaseolus vulgaris L. 

DIANE WINTERS PRIVETT 

ABSTRACT 

The primary leaves and first trifoliate leaf of 

an Oregon snap bean, Oregon 2065, were subjected to 8 

different sequences of 9 hour SD and/or 16 hour LD 

photoperiods.  This procedure showed changes in effec- 

tive photoperiod perception by the leaves over time. 

SD periods generally promoted flowering while periods 

of LD inhibited flowering.  The timing of the periods 

of SD and LD influenced the onset of flowering and 

flowering rate.  Comparison of the cumulative flowering 

curves for each treatment showed that the partially 

defoliated plants reached their greatest sensitivity to 

photoperiod treatments 14-21 days following emergence. 

After a period of consecutive SD, the primaries and 

first trifoliate leaf became permanently SD induced. 

This occurred, however, only when the SD were applied 

as the leaves were approaching maturity.  There was no 

evidence that the leaves were ever permanently LD 
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induced.  The experiment also demonstrated that snap 

beans are a quantitative SD plant in that they even- 

tually overcome the flowering inhibition of LD. 
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INTRODUCTION 

Photoperiodism is a useful tool for studying basic 

flowering physiology in that the onset of flowering can 

be easily controlled in photoperiod sensitive plants. 

In developing this tool for P. vulgaris, research has 

been carried out to characterize photoperiod perception 

by the leaves (Chapter 4).  This is important since it 

is believed that inhibitors and promoters are produced 

in the leaves of beans in response to photoperiod and 

move out of the leaves to developing flower buds (3). 

Considering perception by individual leaves, 

Zehni, et al. (3) showed that the first trifoliate leaf 

of a Peruvian variety of P. vulgaris influenced flow- 

ering, but the primary leaves had little or no effect. 

A similar experiment was carried out on an Oregon snap 

bean, Oregon 2065 (Chapter 4).  In this case, both the 

primaries and the first trifoliate responded to photo- 

period by affecting the flowering patterns.  Borthwick 

and Parker (1) also examined the perception of photope- 

riod by leaves in their early work with SD soybean 

(Glycine max (L.) Merr.) plants.  They found that the 

effectiveness of a leaf in initiating flowers was a 

function of leaf maturity rather than its position on 

the plant.  Leaves were most effective when just reach- 

ing full expansion. 
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Photoperiod sensitive plants differ in their re- 

quirements for photo-inductive cycles.  After one or 

two short day cycles, the leaves of the SD plant, 

Xanthium, become permanently SD induced (2).  These 

plants continue to initiate and develop flowers long 

after the leaves have been returned to LD treatments. 

However, the leaves of soybeans continue to perceive 

and respond to changing photoperiods over time since 

plants readily revert to vegetative growth when trans- 

ferred to LD (2).  This characteristic of photoperiod 

perception by the leaves has not yet been reported in 

P. vulgaris.  The purpose of the following experiment 

was to determine whether the leaves of photoperiod 

sensitive Oregon 2065 are permanently SD induced, be- 

come permanently LD leaves, or continue to respond to 

changing photoperiods. 



58 

METHODS AND MATERIALS 

Oregon 2065, a photoperiod sensitive bush bean, 

was planted in a sterile media mix (see Chapter 4) 

according to the procedures described in Chapter 3. 

Plants received either LD or SD treatments in a 

prescribed sequence.  The SD treatment consisted of 9 

hours of natural daylight.  During the 15 hour dark 

period, the plants were covered with 100% shade cloth 

supported on an overhead frame.  The LD treatment also 

exposed the plants to 9 hours of natural light.  These 

plants were covered at the same time and in the same 

manner as the SD treatment; however, incandescent 

lights were mounted under the cover to provide light at 

2 
a low intensity (0.9 W/m ).  These lights extended the 

photoperiod 7 hours from the time of covering for a 

total of 16 hours of light in the LD treatment.  The 

low intensity light was sufficient for photoperiod 

activity yet prevented any photosynthetic advantage for 

leaves treated with LD.  The photoperiod chambers were 

located in -a greenhouse where the temperatures averaged 

25 C daytime maximum and 19 C nighttime minimum. 

There were 8 different treatments consisting of a 

sequence of 3 photoperiods in various combinations 

(Table 5.1).  Each treatment was represented by 9 

plants.  All plants were exposed to SD for the first 7 
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days following emergence.  Then, the pots were placed 

randomly in their respective photoperiod chambers. 

Differential treatments began on Day 7, at which time 

the plants had two primary leaves that were near full 

expansion and the first trifoliate leaf was just dis- 

cernible at the shoot tip (Fig. 5.1a).  The second 

period of the sequence began on Day 14 following emer- 

gence, when the primaries were fully expanded, the 

first trifoliate had unfolded and expanded to about 

half of its full size, and the second trifoliate was 

visible (Fig. 5.1b).  On Day 21, the third period was 

initiated.  Both the primary leaves and the first tri- 

foliate leaf were at their maximum size (Fig. 5.1c). 

The plants remained in the third period of the photope- 

riod sequence until Day 76 following emergence.  The 

last transfer took place before the first plants began 

blooming on Day 27. 

The plants were defoliated except for the first 

two nodes (nodes counted acropetally from the node of 

the primary leaves) on the main axis.  This was carried 

out to limit the number of leaves at different stages 

of maturity that were responding to the photoperiod 

changes.  Ideally, the plants should have been defo- 

liated to one leaf, but plants grew abnormally (i.e., 

leaves were too small and internodes too short) with 
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less than the two primary leaves and first trifoliate 

used here. 

Once the plants began blooming, the number and 

location of newly opened blossoms were recorded daily 

for 50 days.  A cumulative flowering response curve was 

plotted for each of the 8 treatments to show overall 

flowering patterns.  Statistical analysis consisted of 

analysis of variance of mean days to first flower, 

nodes per plant and plant height. 
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RESULTS AND DISCUSSION 

SD periods generally promoted flowering while 

periods of LD inhibited flowering.  The timing of the 

periods of LD and SD influenced the onset of flowering 

and flowering rate (Fig. 5.2).  If the LD periods were 

applied before SD, the inhibition in flowering came in 

the form of a delay in days to first flower roughly 

equivalent to the delay in the onset of SD (compare 

LLS, LSS, LSL, SSS).  If LD were given after one week 

of SD (SLL or SLS), inhibition was usually in terms of 

a reduced flowering rate (see slope of flowering re- 

sponse curves) when compared to the SSS control.  If LD 

came after two consecutive weeks of SD (SSL), the final 

photoperiod of the sequence had no obvious influence on 

flowering; the SSL curve was identical to the SSS 

control curve. 

The response of the plants to the timing of the 

photoperiods could depend on the stage of leaf develop- 

ment.  SLL, treated with one week of SD during the 

first period, did not produce as strong a flowering 

response, in terms of flowering rates, as LSL treated 

with SD during the second period.  Conversely, when LD 

were given during the second period of the sequence, 

there was a greater inhibition of flowering rate than 

if applied the first period.  This can be seen by 

comparing flowering rates of SLS and LSS, as well as 
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those of SLL and LSL.  It would appear that these 

partially defoliated plants reach their greatest sensi- 

tivity to photoperiod treatments during the second week 

of the treatment sequence when the primary leaves had 

just completed expansion and the first trifoliate leaf 

was approaching full expansion.  This finding is sup- 

ported by Borthwick and Parker (1) who reported that 

soybean leaves gradually increased in their sensitivity 

to photoperiod until they were just fully expanded and 

then their capacity to initiate flowers declined. 

There is evidence in this experiment that after a 

sufficient period of SD the leaves are no longer re- 

sponsive to LD.  This is demonstrated by the fact that 

the SSL response curve is identical to the SSS control. 

Yet, a plant is still capable of responding to LD 

during the third period as seen in comparing LSL and 

LSS flowering curves.  These treatments differ only in 

the photoperiod received during the third period.  The 

final portion of the LSL curve shows a decline in 

flowering rate, relative to the LSS curve, due to the 

inhibition of the LD given in the third period.  There- 

fore, it seems that after a sufficient period of conse- 

cutive SD, which were applied as the primaries and 

first trifoliate leaves reached maturity, the leaves 

became permanently SD induced. 
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Further support for the conclusion that bean 

leaves become permanently induced comes from the SLL 

treatment.  These plants received SD as the primary 

leaves reached full size, but the first trifoliate leaf 

was still developing and expanding.  All the flowers 

from the first flush of blossoms occurred at the first 

node where the primary leaves were inserted.  This 

could be explained if the primary leaves became perma- 

nently SD induced.  The first trifoliate leaf appa- 

rently did not receive a sufficient number of SD at the 

proper stage of leaf development to become permanently 

induced.  The first trifoliate was still able to re- 

spond to LD causing inhibition of flowering at its node 

of insertion.  A previous study (Chapter 4) demon- 

strated that these leaves of Oregon 2065 strongly con- 

trol flowering at the node of their insertion. 

An alternative explanation to permanent SD leaf 

induction could be a lack of sensitivity to LD by the 

flower primordia.  In cases where the plant no longer 

responded to LD treatments, the flower primordia could 

conceivably be developed to a point where the stimulus 

from the leaves no longer had an effect.  However, it 

was observed during the experiment that buds continued 

to be initiated and developed on newly formed branches 

of the SSL and SLL (node one) treatments long after the 
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plants had been permanently transferred to LD. 

In contrast to the above, there is no evidence 

that the leaves ever became permanently LD induced.  In 

treatment LLS where leaves received two consecutive 

periods of LD, the plants readily flowered when exposed 

to SD in the third period.  With time the plants even- 

tually lost their sensitivity to the influence of LD. 

Both SLL (a second flush of flowering) and LLL plants 

began blooming 70 days from emergence regardless of the 

fact that they were still under LD treatments.  This 

cultivar, therefore, shows a quantitative response to 

photoperiod. 

The different treatments did not have a signifi- 

cant effect on the number of nodes per plant (Table 

5.2), but plant height for treatment LLL was signifi- 

cantly greater than the rest (P<0.05). 

The results of this experiment show that the 

leaves of P. vulgaris require a period of consecutive 

SD at a certain stage of development before becoming 

permanently SD induced.  Until that point is reached, 

the leaves can perceive and respond to changing photo- 

period treatments as evidenced in their flowering pat- 

terns . 



TABLE 5.1  The photoperiod sequences of short (SD) and/or long (LD) days 
applied to the 8 different treatments of Oregon 2065. 

Treatment 
7-14 Days 

After Emergence 
(First Period) 

Photoperiod Sequence 

14-21 Days 
After Emergence 
(Second Period) 

21-76 Days 
After Emergence 
(Third Period) 

SSS 

SSL 

SLL 

SLS 

LSL 

LSS 

LLS 

LLL 

SD 

SD 

SD 

SD 

LD 

LD 

LD 

LD 

SD 

SD 

LD 

LD 

SD 

SD 

LD 

LD 

SD 

LD 

LD 

SD 

LD 

SD 

SD 

LD 

U1 



TABLE 5.2  Flowering and vegetative responses of Oregon 2065 to 
8 different sequences of 3 periods of short and/or long photo- 
periods.  Each number is the mean of values for 9 plants. 

Treatment 
Days to 

First Flower 
(After Emergence) 

Nodes Per Plant Plant Height 
(cm) 

SSS 

SSL 

SLL 

SLS 

LSL 

LSS 

LLS 

LLL 

28.3 

28.9 

39.3 

30.4 

32.2 

33.8 

40.7 

66.9 

4.1 

4.2 

4.4 

3.9 

4.2 

4.3 

4.1 

4.4 

61.7 

65.0 

70.5 

60.4 

61.3 

71.9 

62.8 

82.0 

LSD 0.05 
0.01 

5.96 
7.92 

ns 
ns 

13.5 
ns 

OS 
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FIG. 5.1  Stage of leaf development when plants were 
transferred to each of the 3 periods of the photoperiod 
treatment sequence. 

a) Day 7 following emergence.  The two primary 
leaves are nearly fully expanded and the first 
trifoliate leaf is just discernible at the shoot 
tip. 
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b) Day 14 following emergence.  The primary leaves 
are fully expanded, the first trifoliate leaf has 
unfolded and expanded to about half of its full 
size, and the second trifoliate is visible at the 
shoot tip. 
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c) Day 21 following emergence.  Both primary leaves 
and the first trifoliate leaf are at their maximum 
size. 
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TREATMENT: 
SSS — 
SSL  
SLL — • 
SLS •--•—• 
LSL o oaoo 
LSS  ———- 
LLS o o 
LLL o 

30 40 50 60 70 
DAYS FROM   EMERGENCE 

FIG. 5.2  The cumulative flowering response of Oregon 
2065 to 8 different sequences of 3 periods of short 
and/or long photoperiods.  See Table 5.1 for an ex- 
planation of the treatments.  Values are means of 
data from 9 plants. 
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CHAPTER 6 

CONCLUSIONS 

Unconcentrated yields ("split set") observed in 

some cultivars of common beans may be due to irregular 

flowering patterns.  Photoperiodism, one of many fac- 

tors known to govern flowering patterns, was selected 

here as a starting point in the study of flowering 

problems that may lead to "split set" in beans.  The 

results of research in photoperiodism among beans are 

practically useful in several respects.  Decisions 

regarding planting dates and growing latitudes for 

optimum pod production would be affected by the pres- 

ence of photoperiodic tendencies in a cultivar.  Within 

a particular planting date or latitude, an interaction 

of photoperiod with another environmental factor such 

as temperature, would explain year to year variations 

in a cultivar's performance.  Finally, photoperiodism 

provides a practical method for investigating the basic 

control mechanisms of flowering; information that can 

be usefully applied to day neutral cultivars. 

The three experiments conducted here laid the 

foundations for using photoperiodism as a tool for 

studying flowering in beans. The first experiment 

(Chapter 3) identified photoperiodism in an Oregon line 
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of beans and quantified a reproducible flowering re- 

sponse in the cultivar.  The second experiment (Chapter 

4) showed that both the primary leaves and first trifo- 

liate leaf control flowering patterns at the node of 

their insertion.  The third experiment (Chapter 5) 

demonstrated that the primaries and first trifoliate 

leaf eventually become permanently SD induced if a 

sufficient number of consecutive SD are applied at a 

certain stage of leaf development.  It also showed that 

the leaves never become permanently LD induced and the 

plants do, in fact, overcome the LD inhibition of 

flowering in time.  Knowing these perception charac- 

teristics of the individual leaves will allow for pro- 

per evaluation of plant response in future investiga- 

tions . 

The basic question raised by these experiments 

concerns the mode of action of photoperiod.  Do inhibi- 

tors, promoters or both control flowering in the bean 

plants and what are the characteristics of their trans- 

location?  In the second experiment, the fact that 

flowering at the defoliated nodes showed the effects of 

promoting and inhibitory action from the leaves seems 

to indicate a balanced inhibitor/promoter system.  How- 

ever, grafting experiments between sensitive and insen- 
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sitive cultivars should be undertaken to provide fur- 

ther evidence. 

The mechanism of the quantitative flowering re- 

sponse in beans is another important point to be inves- 

tigated.  What happens with time that eventually allows 

the plant to overcome the inhibition of flowering by 

LD?  There are three possibilities that can be consi- 

dered: 

(1) With an increasing canopy cover, the light 

quality received by most of the leaves contains a 

higher proportion of far-red light.  For a phytochrome 

mediated condition, the far-red light would stimulate 

an SD response. 

(2) The quantitative response to photoperiod may 

be a case of juvenility.  As the meristem ages, the 

later leaves may not be photoperiod sensitive.  With 

time the proportion of insensitive to sensitive leaves 

could become high enough to overcome the LD inhibition 

of flowering. 

(3)• The leaves produced by the plant may all 

initially be sensitive to photoperiod, but the sensi- 

tivity may diminish as they age.  In time there would 

be far more old insensitive leaves than young sensitive 

leaves.  The plant, then, would no longer respond to 

LD. 
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The first two explanations are eliminated by the 

fact that the third experiment used only the primary 

leaves and first trifoliate leaf.  These did not pro- 

vide enough canopy cover to significantly alter light 

quality.  By the second premise, the defoliation should 

leave the plants with only photoperiod sensitive leaves 

that would always inhibit flowering.  Thus, the infor- 

mation gathered so far would support the third hypothe- 

sis.  Yet experiments that closely examine the effect 

of different leaves of varying ages on flowering need 

to be carried out to provide more evidence. 

By pursuing this line of research, it is hoped 

that the basic mechanisms of flowering in beans will 

eventually be uncovered.  Then, this information can be 

applied to field situations.  Breeding programs in 

common beans will need to be redirected.  Tests can be 

conducted to determine how various cultural practices 

affect the flowering mechanisms and then modified ac- 

cordingly for the most productive yields. 
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