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CHAPTER I 

INTRODUCTION 

The ability to regulate abscission processes is desirable for 

growers and handlers of many fruit, vegetable, flower and agronomic 

crops. For example, there are pressing agricultural needs to reg¬ 

ulate flower retention and thinning plus fruit set and abscission 

in most fruit species, to defoliate and to prevent flower and pod 

drop in several vegetable and agronomic crops before harvest, and 

to preserve petals and leaves on cut flowers for extended vase life. 

Recorded losses due to premature flower and pod abscission in soy¬ 

beans, an important food crop that has witnessed decreased yields 

over the past two decades (60) ranges from 43 to 81% of the repro¬ 

ductive structures (61) and researchers have speculated that if 

premature abscission could be prevented or reduced, then yields 

would increase (57, 64). Estimated economic losses in Massachusetts 

due to premature fruit drop of McIntosh apples ranges from 25 to 

75% of the crop each year (56). 

Currently, the application of growth regulator sprays and 

other chemicals to plants or plant parts serves as a major method 

of abscission control. Commercial fruit crop production can in¬ 

volve application of growth regulator sprays for thinning flower 

and fruit set, for preventing preharvest drop, and for loosening 

fruit prior to mechanical harvest (65). Defoliation of cotton is 
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accomplished by spraying plants with organic phosphorus compounds 

(43). Petal and bud drop in cut flowers are controlled by the 

use of NAA, 2,4-D, and inhibitors of ethylene biosynthesis (29). 

Yet, use of growth regulators and other compounds has disadvan¬ 

tages. Carbaryl, a regulator spray routinely used for apple 

fruit thinning in the spring, has become environmentally objectable 

since it may eliminate mite predators (65). Napthaleneacetic acid, 

succinic acid 2-2 dimethyl hydrazide, and 2,4-5TP used to prevent 

preharvest abscission in apple, can cause decreases in fruit size, 

influence retention of fruit quality during storage and injure 

twigs, shoots and buds on trees when used at high rates (65). 

2,4-D prevents bud and petal drop in sweet pea but causes spike 

distortion (29). 

Development of an alternative method for abscission control, 

one which does not require growth regulators or other chemical com¬ 

pounds or one which could reduce the amount of or enhance the 

effect of growth regulators, appears highly desireable. Recent 

work has indicated that the treatment of plants with low intensity 

light during the dark period can alter the abscission process in 

apples, cherries, plums and olives (14, 18). Still, the conditions 

and mechanisms that enable light to influence abscission have been 

virtually unstudied. Only a few (36, 37, 23) published reports on 

light inhibition of abscission are available. 

Recent advances in lighting technology (15, 55) through dev¬ 

elopment of new light sources and delivery systems make feasible 
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relatively inexpensive lighting of large areas of land in crop 

production. Before photocontrol of abscission can be effectively 

used as a successful economical management practice more basic 

research is needed on the most effective characteristics of light 

on inhibiting abscission and the physiological consequences of 

photocontrol of abscission must be elucidated. 



CHAPTER II 

LITERATURE REVIEW 

Abscission is a natural plant process where the release of 

pollen, spores, seeds and fruit provide plants with a means for 

regeneration and for extending species distribution. The selec¬ 

tive shedding of plant parts allow certain species to endure times 

of water and temperature stress. The natural thinning of fruit 

and flowers results in increased quality of the remaining fruit 

(42). 

Abscission is known to be initiated and occur due to a variety 

of natural and artificial stimuli including temperature, daylength, 

water, mineral nutrition, soil conditions, atmosphere gases, path¬ 

ological agents and physical injury (5, 7). Recent reviews (5, 8) 

have summarized the role of metabolic processes and various hor¬ 

mones in abscission. In most instances abscission involves the 

synthesis and/or action of plant hormones such as IAA (4, 6, 47), 

ethylene (2, 3), abscisic acid (21, 52), cytokinins (19, 33) and 

gibberellins (11, 19). 

The abscission process generally occurs in an abscission zone 

where enzymes function in tissue digestion (62, 63). Although 

many enzymes may be involved, the more important ones are reported 

to be cellulase (1, 21, 50, 51), pectinase (46, 50) and poly- 

galacturnase (48, 52). A rapid rise in tissue respiration is 
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often accompanied with the action of these enzymes (53). 

Light has been shown to influence growth and development 

processes in plants not only through photosynthesis but also 

through modification of physiological and photomorphogenic 

processes. Research in the 1920's by Garner and Allard (26, 27) 

systematically deduced the role of daylength in differential 

growth. McClelland (44) several years later demonstrated that 

bulb production per onion plant could be altered by growth under 

I 

different photoperiods. Research has also elucidated the impor¬ 

tance of the discovery of phytochrome in mediating physiological 

processes in plants (13, 17, 32). 

Use of supplemental light to improve quality and yield in 

plants has concentrated in the area of horticultural crops such as 

chrysanthemums, poinsettia and roses (10, 12). Recent inves¬ 

tigators have begun studying the effects of supplemental low-in¬ 

tensity lights on growth and yield of vegetable and agronomic 

crops (55) through physiological control of developmental mechan¬ 

isms in plant tissue. Results indicate increases in vegetable 

growth and number of flowers and bolls in cotton and an increase 

in the fresh weights of the primary ear in com. 

Investigations on photocontrol mechanisms in the physiological 

processes of abscission have been done primarily with studies using 

leaf abscission in mung beans (22, 24) and fruit abscission with 

apples (18, 36). Although the mechanism of light control of ab¬ 

scission is not known, results of the above investigations indicated 
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that the red portion of the spectrum was the most effective and 

that phytochrome may be involved. 

Red light has been shown to effect other physiological pro¬ 

cesses in plants such as levels of carbohydrates and nitrogenous 

substances (16, 41, 45), rates of respiration (30, 31, 49, 66), 

synthesis and activity of enzymes (9, 25, 35, 54), and levels and 

transport of hormones (28, 38, 40, 58, 59). Photocontrol of ab¬ 

scission could be expressed through one or more of these plant 

processes. 

Recent work by Brooks (18) indicated that the photoreceptor 

for control of apple fruit abscission was probably located in the 

leaves with regulation through a translocatable substance. Appli¬ 

cation of NAA to light-treated trees had no effect on photocontrol 

of abscission and suggested that auxin was not involved. 



CHAPTER III 

MATERIALS AND METHODS 

Plant material. Seedlings of mung beans, Vigna radiata (L.) 

Wilczek cv. Jumbo, were used in these experiments. Seeds were 

imbibed in tap water for 24 hr at room temperature and subsequently 

seeded 1 cm deep in vermiculite contained in plastic trays (5 x 

25 x 50 cm) (100 seeds/tray). Trays containing seeds were placed 

into a controlled environmental chamber with a constant day/night 

temperature of 29°C and a 16 hr light period (irradiation level of 

11 W/m^, fluorescent to incandescent ratio of 12 to 1), for growth 

and development of the seedlings. 

After 8 days experimental plant cuttings were made by slicing 

the hypocotyls of the developing seedlings 5 cm below the apical 

bud with a razor blade. The cuttings, consisting of primary oppo¬ 

site leaves and apical bud attached to 5 cm of hypocotyl, were in¬ 

serted vertically into 50 ml beakers containing approximately 45 ml 

of distilled water, submerging the cut portion of the petiole until 

it reached the bottom of the flask. The beakers containing the 

cuttings were transferred into specially constructed exposure 

chambers designed for free air/gas exchange (Figure 1) for treat¬ 

ment with light. 

Testing of the abscission zone. Abscission was quantitatively 
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measured, using a modified version of the recording abscissor, 

described by Craker and Abeles (20), where the pull strength re¬ 

quired to separate a petiole from the stem was determined. This 

pull strength was recorded as the break strength of the leaf ab¬ 

scission zone and represents the force required to separate a 

petiole attached to the leaf from the stem at the abscission zone. 

The clamp of the abscissor was attached onto a distal end of 

a primary leaf while the opposite leaf was held against a sta¬ 

tionary object. A steady horizontal force was placed on the ab¬ 

scission zone by pulling the abscissor away from the held leaf 

until one of the abscission zones separated, releasing a leaf from 

the stem. The separation force recorded represents the break 

strength of the abscission zone with one recorded abscission 

measurement per plant. Results are expressed as grams of force 

necessary to separate leaf from stem (break strength) at an ab¬ 

scission zone. Break strength from a sample of cuttings from the 

plant population were measured in the beginning of all experiments 

and represent initial break strength. 

Light investigations. 

Light quality, irradiance level and duration. To investigate 

and define the optimum light treatments for regulation of ab¬ 

scission, the effects of light quality, irradiance level and dura¬ 

tion on the abscission process were measured. One or more sheets 

of acetate light filters (Table 1) either wrapped around the fluor¬ 

escent light tubes or placed on the window of the exposure boxes 
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TABLE 1 

LIGHT SOURCE AND ACETATE FILTERS USED FOR LIGHT TREATMENTS 

Light 
Quality 

Light Source Filters Peak % Bandwidth 

Blue 40W cool White 
fluorescent 
tubes 

Roscolux Brilliant 
Blue #69 & weather- 
able transparent 

440 40 

Green 40W cool white 
fluorescent 
tubes 

Roscolux Moss 
Green #89 & weather 
able transparent 

540 40 

Red 40W cool white 
fluorescent 
tubes 

Cinemoid Orange #5, 
Cinemoid Red #6 & 
weatherable trans¬ 
parent 

660 15 

Far red 25W Incandes¬ 
cent bulbs 

Rohm and Hass 
Plexiglas #2025 

730 15 

were used to establish defined wavelengths of light. Irradiance 

levels were controlled by varying the distance between the light 

source and the plant material and/or by shading the plant mater¬ 

ial with sections of cheesecloth placed on the window of the ex¬ 

posure boxes or wrapped around the fluorescent tube. The dura¬ 

tion of the light treatments was regulated by the removal or 

addition of an opaque layer over the window of the exposure boxes. 

All experiments were completed in controlled environment cham¬ 

bers (constant temperature of 29°C). 

Receptor site. The receptor site for the light stimulus was 

determined by selectively removing or shading portions of the 
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test plant. Leaf fractions were excised from the distal portion 

of the leaves. The remaining plant material, minus the excised 

portions, were placed in beakers as previously described and 

treated with red light (300 mW/m2) for 5 days. 

Hormonal investigations. 

IAA, GA, ABA and kinetin. The role of selected plant hormones 

(IAA, GAg, ABA and kinetin) in the photocontrol of leaf abscission 

was investigated by treating plants with physiological concentrations 

(2, 19, 21) of these hormones. Hormones were dissolved into the 

basal water solution contained in beakers for uptake into the plant 

via the transpiration stream. The plants were placed with either red 

light or dark for 5 days. Plants with no hormone addition to the 

water in each light treatment served as controls. After the light 

treatment period, the abscission zone was tested for break strength. 

Ethylene. The role of ethylene in photocontrol of abscission 

was investigated by determining the effect of red light on the pro¬ 

duction of ethylene from plants and the effect of ethylene in the 

light inhibition of abscission. 

Plants in these experiments were grown and excised as pre¬ 

viously discussed. One plant was placed with the cut end of the 

stem inserted into the water of a one dram (6 ml) vial containing 

approximately 4 ml of distilled water. The vial containing the 

plant was inserted into an inverted 125 ml Erlenmeyer flask and 

placed in light or dark following an 8 hour time period for 

bleeding off of wound ethylene, flasks containing the plants were 
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sealed with a rubber serum cap for collection of any light-induced 

ethylene. After the beakers containing the plants had been sealed 

and treated with the appropriate light treatment for 12 hours, gas 

samples were removed from each flask by inserting the needle of a 

syringe through the serum cap and withdrawing a 2 ml gas sample. 

Ethylene in the samples was identified and quantitatively measured 

by gas chromotography (2). Fresh weights of the plants were re¬ 

corded at the end and ethylene values are expressed as nl/g of 

fresh weight. 

The effect of red light on ethylene action was determined by 

injecting ethylene into the flasks containing cuttings, producing 

a gaseous environment containing 10 ppm ethylene. At 24 and 48 

hours after ethylene treatment, break strength of the abscission 

zone was measured and compared with identically treated control 

plants that had no ethylene added to the flask. 

Phytochrome. To determine the role of phytochrome in the photo¬ 

control of leaf abscission, break strength of the abscission zones 

of cuttings were measured to determine if red light inhibition of 

abscission was reversible by subsequent far red treatments. Cut¬ 

tings were placed in exposure boxes equipped with either red, far 

red, or opaque exposure windows for the desired light treatment. 

The cuttings were treated daily with 12 hr of red and 12 hr far 

red. After 5 days break strength of the abscission zone was 

determined. 



CHAPTER IV 

RESULTS 

Placing cuttings of mung beans in the dark initiates reduction 

in break strength in the abscission zones of the primary leaves 

(Figure 2). A significant decrease in break strength was observed 

following the third day of treatment in the dark. The greatest 

decrease in breakstrength was observed from day 3 to day 4. Almost 

all leaves had abscised by day 7. 

Light appears to retard the abscission process (Table 2). Red 

TABLE 2 

RED LIGHT INHIBITION OF LEAF ABSCISSION IN MUNG BEANS 

Treatment * Break Strength^ 

(g) 

Dark Control 0 

Red Light 9.8 ± 0.5 

Initials 10.3 ± 0.4 

o 
1. Red light irradiance level of 800 mW/m . 
2. Data are means ± s.e. from 3 replicates each containing 

20 plants measured after 5 days. Break strength of 
initials taken at time 0 and break strength of red light 
and dark controls taken after 5 days. 

light was the most effective wavelength when compared on relative 

quantum effectiveness (Table 3). Blue and green light were less 

effective than red but more effective than far-red. Far-red had 

13 
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0 12 3 4 5 6 7 
Time (Days) 

Fig. 2. Break strength of leaf abscission 
zone of mung bean cuttings placed in dark. Means 
± s.e. from 3 replicates each containing 8 plants 
at each sampling date. 
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TABLE 3 

LIGHT QUALITY AND INHIBITION OF LEAF ABSCISSION 

Wavelength Peak Trials1 
O 

Relative Quantum Effectiveness 
(nm) (no.) 

Red 660 5 1.00 

Blue 440 2 0.41 

Green 540 2 0.27 

Far Red 730 1 -0.02 

1. Each trial consists of 20 plants with 5 day treatment 
period. 

2. Calculated by dividing the response (% of initial break 
strength at each light quality tested minus % of initial 
break strength of dark controls) by the irradiance. Data 
were corrected to equal quanta at 660 nm and all values 
normalized to an arbitrary value of 1 at 660 nm. 

no effect on delaying loss of abscission zone break strength. 

The receptor site for the light inhibition of abscission 

appears to be located in the leaves. Experiments that removed 

portions of leaves and the remaining plant treated in red light 

resulted in a decrease in break strength (Table 4). The decrease 

appears to be proportional to the amount of leaf removed. When h 

of the leaf area was removed, the break strength decreased by 40% 

of initial break strength as compared to control plants (no leaf 

portions removed). When most of the leaf area was removed no in¬ 

hibition of abscission is observed. Experiments which either 

removed the apical bud or covered the stem had no significant 
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TABLE 4 

LOCATION OF LIGHT RECEPTOR SITE 

Treatment^- Break Strength 
(% of initials) 

2 

Control 72.3 ± 2.1 

No Apical Bud 73.4 ± 3.8 

Minus H leaf 40.6 ± 8.3 

No Apical Bud + Minus % leaf 31.5 ± 5.2 

Stem Covered 71.1 ± 5.2 

Minus ~ All leaf 0 

1. Red light at 300 mW/m^ for 5 days. 
2. Data are means ± s.e. from 3 replicates each 

containing 8 plants. 

effect on break strength of red light treated plants. 

The effectiveness of red light in delaying abscission is en¬ 

hanced by increased levels of irradiation. An irradiation level 

O 

of 800 mW/m was sufficient to completely inhibit the abscission 

process (Figure 3). As the level of irradiation is lowered, the 

amount of inhibition is decreased (r = 0.97). 

Maximum red light inhibition of abscission is observed when 

plants are treated with light each day of the treatment period. 

Plants placed in the dark for 1 day or longer before red light 

treatment have a reduction in break strength that is not rever¬ 

sible by subsequent red light treatments (r = 0.97) (Figure 4). 
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Fig. 3. Irradiance level and light control of 
abscission. Light was at indicated level of irra¬ 
diance for 5 days. Means ± s.e. from 3 replicates 
of 20 plants each. 
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Fig. 4. Influence of dark pretreatment on light 
inhibition of abscission. Data are means ± s.e. of 3 
replicates of 20 plants each sampling period. Red 
light irradiance level of 650 mW/m^. 
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Plants treated in red light and subsequently placed in the dark 

for periods of 1 day or longer before testing for break strength 

of abscission zone also indicate a decrease in break strength that 

appears proportional to the amount of time in the dark (r = 0.99) 

(Figure 5). While red light treatments must occur every day for 

maximum effect of inhibition of abscission, 12 hours of red light 

per day is equally effective as 24 hours (Figure 6). Lesser 

treatment periods than 12 hours per day result in decreased break 

strength. 

IAA, GA3, ABA and kinetin addition to the water for uptake 

into the plant had no significant effect on break strength of red 

light or dark treated plants (Tables 5, 6, 7, 8). Red light had 

no effect on ethylene synthesis (Table 9), but appeared to have a 

delaying effect on ethylene action (Table 10). Red light was 

partially able to overcome ethylene's ability to induce abscission 

in plants for up to 24 hours. Break strength of ethylene treated 

plants in the dark compared to dark controls (no ethylene added) 

after 24 hours decreased by 86%, while the ethylene treatment to 

red light treated plants decreased only 25% of the break strength 

of red light treated plants that received no additional ethylene. 

By 48 hours ethylene treated plants were essentially all abscised 

regardless of the light quality treatment. 

Phytochrome appears to be involved in the light delay of leaf 

abscission in mung beans (Table 11). Red light inhibition of 

abscission was reversible by subsequent far-red treatments. Red 
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Fig. 5. Influence of red light pretreatment on 
dark induced abscission. Data are means ± s.e. of 3 
replicates of 20 plants at each sampling period. Red 
light irradiance level of 650 mW/m^. 
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0 6 12 18 24 
Time (Hr/Day) 

Fig. 6. Daily light requirement for inhibition 
of abscission. Light treatment for indicated number 
of hours per day at 650 mW/m^. 
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TABLE 5 

IAA AND LIGHT CONTROL OF LEAF ABSCISSION 

Treatment* 
2 

Break Strength 
(% of initials) 

Dark Control 19.5 ± 4.7 

Dark + IAA 21.4 ± 7.9 

RL Control 78.6 ± 6.8 

RL + IAA 72.4 ± 9.9 

1. IAA concentration of 5 x 10“^M. Red light (RL) 
at 300 mW/m^ for 5 days. 

2. Data are means ± s.e. from 3 replicates each 
containing 20 plants. 

TABLE 6 

GA3 AND LIGHT CONTROL OF LEAF ABSCISSION 

Treatment* Break Strength^ 

(% of initials) 

Dark Control 17.7 ± 6.7 

Dark + GA 10.3 ± 2.6 

RL Control 70.8 ± 5.5 

RL + GA 68.0 ±11.8 

1. GA3 concentration of 5 x 10“^M. 
at 300 mW/m^ for 5 days. 

Red light (RL) 

2. Data are means ± s.e. from 3 replicates each 
containing 20 plants. 



23 

TABLE 7 

ABA AND LIGHT CONTROL OF LEAF ABSCISSION 

Treatment 

Dark Control 

Dark + ABA 

RL Control 

RL + ABA 

Break Strength^ 

(% of initials) 

14.6 ± 4.9 

10.7 ± 3.9 

70.6 ± 2.6 

65.7 ± 7.0 

1. ABA concentration of 5 x 10“^M. Red light (RL) 
at 300 mW/m^ for 5 days. 

2. Data are means ± s.e. from 3 replicates each 
containing 20 plants. 

TABLE 8 

KINETIN AND LIGHT CONTROL OF LEAF ABSCISSION 

Treatment 

Dark Control 

Dark + Kinetin 

RL Control 

RL + Kinetin 

2 
Break Strength 

(% of initials) 

18.0 ± 6.5 

20.6 ± 2.8 

84.1 ± 11.2 

85.8 ± 5.8 

1. Kinetin concentration of 5 x 10“^M. Red light 
(RL) at 300 mW/m^ for 5 days. 

2. Data are means ± s.e. from 3 replicates of 20 
plants each. 
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TABLE 9 

RED LIGHT AND ETHYLENE PRODUCTION 

Treatment 1 

Dark' 

2 
Ethylene 

(nl/g • Fwt) 

57.3 ± 19.7 

RL 43.9 ± 10.8 

1. Red light (RL) irradiance level of 207 mW/m^. 
2. Data are means ± s.e. from 3 replicates of 4 

plants each. 

TABLE 10 

ETHYLENE AND LEAF ABSCISSION 

Treatment 
1 2 

Break Strength 

(% of initials) 

24 hr 48 hr 

Dark Control 93.4 ± 5.7 56.5 ± 21.0 

Dark + Ethylene 13.0 ± 12.8 0 

RL Control 115.5 ± 6.1 101.7 ± 6.3 

RL + Ethylene 75.2 ± 11.5 2.9 ± 2.9 

1. Red light (RL) irradiance level of 5500 mW/m . 
2. Data are the means ± s.e. from 3 replicates of 

20 plants each. 



25 

TABLE 11 

ROLE OF PHYTOCHROME AND LIGHT CONTROL OF ABSCISSION 

Treatment Break Strength^ 
(% of initials) 

Red/Dark^ 87.2 ± 3.2 

2 
Red/Far-Red 14.6 ± 3.7 

Dark 13.9 ± 5.7 

1. 12 hr red l;Lght (1000 rnW/m^) , 12 hr dark per 

day for 5 days. 
2. 12 hr red light (1000 mW/m^), 12 hr far-red 

(1000 mW/m^). 
3. Data are means ± s.e. of 2 replicates of 20 

plants each. 

light delayed abscission to 87% of initial break strengths. Red 

reversed by far-red was the same as dark treated controls. Far- 

red light by itself had no effect on abscission (Table 2). 



CHAPTER V 

DISCUSSION 

Results of these investigations indicate that light can be 

used to effectively inhibit abscission in plants. Although mung 

bean cuttings placed in the dark normally initiate leaf abscission 

within 3 days and almost completely abscise by 7 days, addition of 

red light stopped abscission processes and break strength of the 

abscission zone remains similar to that of vigorously growing 

plants. The data agrees with previous suggestions (14, 36) on 

light inhibition of abscission in apples, soybeans and plums. Ex¬ 

amination of various wavelengths demonstrated a relative quantum 

effectiveness in the red light band of over 2 times other wave¬ 

lengths. Previous reports (18, 24), have suggested that light reg¬ 

ulation of abscission was under phytochrome control and data in 

this report support this hypothesis. Treatment with far-red light 

would quantitatively reverse red light inhibition of abscission. 

Removal of leaf sections and/or tissue fractions indicate that 

the leaves are the primary reception site for red light inhibition 

of leaf abscission in mung beans. Covering the stem and removing 

the apical bud had no effect on light inhibition of abscission. 

However, removing the leaf (leaving just an abscission zone) pre¬ 

vented light from inhibiting abscission processes. Removing h 

26 
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of the leaf area reduced the inhibition of the red light by approx¬ 

imately 50%. Brooks (18) working with red light control of apple 

fruit drop, also observed that the leaves appeared to be the re¬ 

ception site and that the light stimulus inhibiting fruit abscis¬ 

sion could be blocked by using girdling techniques to prevent trans 

location of the message to the fruit. 

Red light inhibition was directly related to the level of 

irradiance (r = 0.97). After 5 days at the highest level of irra- 

o 
diance tested (800 mW/m ), break strength of the abscission zone 

had only decreased by 5% from initials. Lower irradiance levels of 

red light were only partially effective as those at the higher 

levels. Previous investigations by Curtis (54) comparing two 

2 2 
levels of irradiance (800 mW/mz and 4200 mW/m ) indicated no sig¬ 

nificant difference in their effectiveness in preventing abscission 

but these results may be explained by the fact that both these 

levels are above the light saturation level. Although previous 

work with apples (18) showed no significant difference in inhibi- 

tion of fruit abscission at irradiance levels of 100 mW/m and 

2000 mW/m , this may be due to apples reaching light saturation at 

a lower irradiation level than for mung beans. 

Maximum effectiveness in red light inhibition of abscission 

processes only occurred when the mung bean cuttings received a 

minimum of 12 hours of light per day. An intermediate level of 

abscission inhibition occurred with light treatments of 6 to 12 

hours per day, while light treatments of less than 6 hours per 
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day had no effect in preventing abscission in miing beans. The 

reason for the minimum light requirement is not known. 

Application of light at time periods after dark abscission 

has been initiated, or removal of plants from an abscission in¬ 

hibiting red light treatment indicated that red light was necessary 

each day to prevent abscission and that the abscission processes 

were stopped and/or started with application of the red light or 

dark respectively. Cuttings placed in the dark decreased in 

break strength upon removal from red light. These results suggest 

that red light inhibition is relatively quick acting and not per¬ 

manently changing physiological processes. Indeed, red light 

appears to delay or inhibit abscission processes through control 

mechanisms in the later stages of abscission processes as the re¬ 

quired 1 to 2 day normal aging period required for abscission to 

start once fresh cuttings are placed in the dark are not observed 

with transfer of the red light treated cuttings to the dark. 

Apparently, the early aging requirements proceed even in the light 

so that the loosening of the abscission zone can occur quickly 

upon transfer of the lighted cutting to the dark. 

Of the growth regulators tested only ethylene had any sig¬ 

nificant effect. Treatment of cuttings in the dark with IAA, GA, 

ABA and kinetin could not substitute for the red light response 

and suggest that these hormones play no role in light inhibition 

of abscission. Brooks (18) found no effect of NAA on apples. 

Although ethylene production was neither stimulated nor in- 
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hibited by red light, red light could delay the abscission in¬ 

ducing effect of exogenous ethylene. The addition of ethylene to 

dark treated cuttings significantly decreased the break strength 

as compared with controls (no ethylene), while ethylene in red 

light cuttings could inhibit ethylene’s inducing action for up to 

24 hours. After 24 hours red light could no longer inhibit 

ethylene's response and abscission occurred. Red light may work 

by controlling low level physiologically active internal concen¬ 

trations of ethylene. 

Results of these studies suggest that carefully programmed 

light treatments could control leaf abscission. The process 

appears to be a phytochrome response with the leaf as the reception 

site. The response is rapid and does not appear to be hormonal. 



C H A P T E R V I 

CONCLUSIONS 

Low level irradiance retards the dark-induced leaf ab¬ 

scission process in mung beans. Red light was found to be the 

most effective wavelength of light for controlling abscission. 

These results are similar to those reported by Curtis (22, 24). 

The site of red light reception appears to be in the primary 

leaves. The level of inhibition of abscission was proportional 

to the amount of leaf present. These results should be viewed 

cautiously since leaf portions were excised to determine the amount 

of leaf necessary for maximal effect and the physiology of a cut 

leaf may be different than that of an intact leaf. Removal or 

shading of the stem had no effect on inhibition of abscission and 

may indicate that the receptor site is not located in these plant 

parts. 

The level of red light irradiation and the length of red light 

treatment period are influential factors in determining the amount 

of inhibition of abscission. Maximum effect of inhibition is ob¬ 

served when plants are treated with red light every day of the 

treatment period for at least 12 hours per day with the highest 

level of irradiation tested (800 mW/m^). 

Phytochrome appears to function in the photocontrol of ab¬ 

scission and is supported by previous work by Curtis (23) and 

30 
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Brooks (18). While phytochrome appears to be involved, the mech¬ 

anism of phytochrome action in the photocontrol of abscission is 

not known. 

A role for the plant hormones IAA, GA3, ABA and kinetin in 

the photocontrol of abscission has not been determined from these 

studies. Addition of these hormones to the plant for uptake into 

the plant had no effect on the abscission process. 

Red light may be functioning by delaying ethylene action for 

up to 24 hours after ethylene treatment. This inhibition of ab¬ 

scission was lost after 48 hours. Red light had no effect on 

ethylene synthesis. 



REFERENCES 

1. Abeles, F.B. 1969. Abscission: Role of cellulase. Plant 
Physiol. 44: 447-452. 

2. Abeles, F.B., L.E. Craker and G.R. Leather. 1971. Abscission: 
The phytogerontological effects of ethylene. Plant Physiol. 
47: 7-9. 

3. Abeles, F.B., G.R. Leather, L.E. Florrence, and L.E. Craker. 
1971. Abscission: regulation of senescence, protein syn¬ 
thesis, and enzyme secretion by ethylene. HortScience 6: 
371-376. 

4. Abeles, F.B. and B. Rubenstein. 1964. Regulation of ethylene 
evolution and leaf abscission by auxin. Plant Physiol. 39: 
963-969. 

5. Addicott, F.T. 1968. Environmental factors in the physiology 
of abscission. Plant Physiol. 43: 1471-1479. 

6. Addicott, F.T. and R.S. Lynch. 1951. Acceleration and retar¬ 
dation of abscission by indoleacetic acid. Science 114: 
688-689. 

i 

7. Addicott, F.T. and R.S. Lynch. 1955. Physiology of abscission. 
Ann. Rev. Plant Physiol. 6: 211-238. 

8. Addicott, F.T. and J.L. Lyon. 1973. Physiological ecology of 
abscission. In: T.T. Kozlowski, ed. Shedding of Plant Parts. 
Academic Press, London, pp. 85-124. 

9. Attridge, T.H. 1976. Photocontrol of enzyme levels. In: 
Smith, ed., Light and plant development. Buttersworth, Lon¬ 
don. pp. 185-192. 

10. Bickford, E.D. and S.D. Dunn. 1972. Lighting for plant 
growth. The Kent State University Press. 221 pp. 

11. Bomman, C.H., A.R. Spurr, and F.T. Addicott. 1967. Abscisin, 
auxin and gibberillin effects on the developmental aspects 
of abscission in cotton (Gossypium hirsutum). Amer. J. Bot. 
54: 125-135. 

32 



33 

12. Borthwick, H.A. 1962. In: Proc. Plant Science Symposium. 
Campbell South Co., Camden, NJ. 

13. Borthwick, H.A. 1972. The biological significance of phyto¬ 
chrome. In: Bitrakas, K. and W. Shropshire, eds. Phyto¬ 
chrome . Academic Press, London, pp. 27-46. 

.14. Bottecelli, C.P., P. Kadkade, and J. Krugler. 1978. Ab¬ 
scission - the shedding of plant parts. GTE Profile. 4 pp. 

15. Bottecelli, C.P. 1979. Photoregulation of abscission. GTE 
Technical Newsletter Vol. 1, No. 3. 

16. Briggs, W.R. 1963. Red light, auxin relationships, and the 
phototropic responses of com and oat coleoptiles. Amer. J. 
Bot. 50: 196-207. 

17. Briggs, W.R. and H.V. Rice. 1972. Phytochrome: Chemical and 
physical properties and mechanisms of action. Ann. Rev. 
Plant Physiol. 23: 293-334. 

18. Brooks, C.A. 1980. Photocontrol of the abscission process in 
apple fruit. M.S. Thesis, University of Massachusetts, 
63 pp. 

19. Chatterjee, S.K. and A.C. Leopold. 1964. Kinetin and gibber- 
ellin actions on abscission processes. Plant Physiol. 39: 
334-339. 

20. Craker, L.E. and F.B. Abeles. 1969. Abscission: Quantita¬ 
tive measurement with a recording abscissor. Plant Physiol. 

44: 790-793. 

21. Craker, L.E. and F.B. Abeles. 1969. Abscission: Role of 
abscisic acid. Plant Physiol. 44: 1144-1149. 

22. Curtis, R.W. 1977. Phytochrome involvement in stimulation and 
alleviation of inhibition of plant growth by malformin. 
Plant Physiol. 60: 622-624. 

23. Curtis, R.W. 1978. Phytochrome involvement in the induction 
of resistance to dark abscission by malformin. Planta 141: 

311-314. 

24. Curtis, R.W. 1978. Participation of phytochrome in the light 
inhibition of malformin-induced abscission. Plant and Cell 

Physiol. 19: 289-297. 



34 

25. Engelsma, G. 1965. The influence of light of different 
spectral regions on the synthesis of phenolic compounds in 
gherkin seedlings in relation to photomorphogenesis. II. 
Indoleacetic acid oxidase activity and growth. Acta Bot. 
Neerl. 14: 73-93. 

26. Garner, W.W. and H.A. Allard. 1920. Effects of the relative 
length of day and night and other factors of the environ¬ 
ment on growth and reproduction in plants. J. Agr. Res. 
18: 553-606. 

27. Garner, W.W. and H.A. Allard. 1923. Further studies in 
photoperiodism, the response of the plant to relative length 
of day and night. J. Agr. Res. 23: 871-920. 

28. Goeshl, J.D., H.J. Pratt and B.A. Bonner. 1967. An effect 
of light on the production of ethylene and growth of the 
plumular portion of etiolated pea seedlings. Plant Physiol. 
42: 1077-1080. 

29. Halevy, A.B. and S. Mayak. 1981. Senescence and postharvest 
physiology of cut flowers - Part 2. In: J. Jarick, ed., 
Horticultural Reviews, Vol. 3. AVI Publ. Co., Inc. 
Connectucut. 

30. Hampp, R. and A.R. Wellburn. 1979. Control of mitochondrial 
activities by phytochrome during greening. Planta 147: 
229-235. 

31. Hartman, E. 1973. Phytochrome mediated responses in moss 
callus tissue. II. Oxygen metabolism and the influences of 
acetylcholine. Z. Pflanzchphysiol. 71: 349-365. 

32. Hillman, W.S. 1967. The physiology of phytochrome. Ann. 
Rev. Plant Physiol. 18: 301-324. 

33. Huber, V.W. 1979. Die rolle von abscisins^ure and cytokininen 
in pflanzen unter strekein wirkungen. Ber. Deutsch. Bot. 

Ges. Bd. 92: 193-207. 

34. Imaseki, H., C. Phon, and M. Furuya. 1971. Phytochrome ac¬ 
tion in Oriza sativa L. IV. Red and far-red reversible 
effects on the production of ethylene in excised coleoptiles. 
Plant Physiol. 48. 241-244. 

Johnson, C.B. 1976. Rapid activation by phytochrome of ni¬ 
trate reductase in the cotyledons of Sinapsis alba. Planta 

128: 127-131. 

35. 



35 

36. Kadkade, P.G. and C.R. Bettecelli. 1979. Photocontrol of 
abscission. I. Differential effects of light quality on 
selected plant systems. HortScience 14: 435. 

37. Kadkade, P.G., C.R. Bottecelli, D.W. Greene and L.E. Craker. 
1979. Photocontrol of abscission. 2. Preharvest drop of 
’McIntosh' apples. HortScience 14: 435. 

38. Kang, B.G. and S.P. Burg. 1973. Role of ethylene in phyto¬ 
chrome-induced anthocyanin synthesis. Planta 110: 227-235. 

39. Kang, B.G. and P.M. Ray. 1969. Ethylene and carbon dioxide 
as mediators in the response of the bean hypocotyl to light 
and auxins. Planta 87: 206-216. 

40. Kasperbauer, M.J., T.S. Tso and T.P. Sorokin. 1970. Effects 
of end-of-day red and far-red radiation on free sugars, 
organic acids, and amino acids of tobacco. Phytochemistry 
9: 2091-2095. 

41. Klein, W.H., L. Price and K. Mitrakos. 1963. Light stimulated 
starch degradation and leaf morphogenesis. Photochem. 
Photobiol. 2: 233-240. 

42. Kozlowski, T.T. 1973. Extent and significance of shedding of 
plant parts. In: T.T. Kozlowski, ed., Shedding of Plant 
Parts. Academic Press, London, pp. 1-44. 

43. Martin, J.H., W.H. Leonard and D.L. Stamp. 1976. Principles 
of Field Crop Production. 3rd edition. Macmillan Publish¬ 
ing Co., Inc., New York. 118 pp. 

44. McClelland, T.B. 1928. Studies on the photoperiodism of 
some economic plants. J. Agr. Res. 37: 603-628. 

45. Mitrakos, K. and N. Margaris. 1974. Phytochrome effect on 
acid metabolism of higher plants. Planta 116: 17-25. 

46. Moore, D.J. 1968. Cell wall dissolution and enzyme secretion 
during leaf abscission. Plant Physiol. 43: 1545-1559. 

47. Mousedale, D.M. and M. Knee. 1981. Indole-3-acetic acid and 
ethylene levels in ripening apple fruits. J. Exp. Bot. 32: 
753-758. 

Osborne, D.J. 1958. Changes in the distribution of pectin 
methylesterase across leaf abscission zones of Phaseolus 
vulgaris. J. Exp. Bot. 9: 446-457. 

48. 



36 

49. Pecket, R.C. and F. Al-Charchafchi. 1979. The photocontrol 
of respiration in light sensitive lettuce seeds. J. Exp. Bot. 
30: 839-842. 

50. Ratner, A., R. Goren and S.P. Monselise. 1969. Activity of 
pectin esterase and cellulase in the abscission zone of cit¬ 
rus leaf explants. Plant Physiol. 44: 1717-1723. 

51. Reid, P.D., H.G. Strong, F. Lew and L.N. Lewis. 1974. Cell¬ 
ulase and abscission in the Red Kidney bean (Phaseolus 
vulgaris). Plant Physiol. 53: 732-737. 

52. Sagee, 0., R. Gorem and J. Rior. 1980. Abscission of citrus 
leaf explants: Interrelationship of abscisic acid, ethylene, 
and hydrolytic enzymes. Plant Physiol. 66: 750-753. 

53. Salisbury, F.B. and C.W. Ross. 1978. Plant Physiology. Wads¬ 
worth Publishing Company, Belmont, California. 422 pp. 

54. Schopfer,P. 1977. Phytochrome control of enzymes. Ann. Rev. 
Plant Physiol. 28: 223-252. 

55. Seibert, M. and L.E. Craker. 1976. Response of selected field 
crops to night lighting. Trans. ASAE 19: 1156-1157, 1162. 

56. Southwick, F. 1981. Personal communication. 

57. Subhadrabandhu, S., M.W. Adams, and D.A. Reicosky. 1978. Ab¬ 
scission of flowers and fruits in Phaseolus vulgaris L. I. 
Cultival differences in flowering pattern and abscission. 
Crop Sci. 18: 893-896. 

58. Suzuki. T., N. Kondo and T. Fujii. 1979. Distribution of 
growth regulators in relation to the light-induced geotropic 
responsiveness in Zea roots. Planta 145: 323-329. 

59. Suzuki. S. and R.B. Taylorson. 1981. Ethylene inhibition of 
phytochrome-induced germination in Potentilla norvegica L. 
seeds. Plant Physiol. 68: 1385-1388. 

60. U.S. Department of Agriculture. 1978. Agricultural statistics. 
U.S. Government Printing Office, Washington, D.C. 

61. Van Schaik. P.H. and A.H. Probst. 1958. Effects of some en¬ 
vironmental factors on flower production and reproductive 
efficiency in soybeans. Agron. J. 50: 192-197. 

Webster, B.D. 1968. Anatomical aspects of abscission. Plant 
Physiol. 43: 1512-1544. 

62. 



37 

63. Webster, B.D. 1973. Anatomical and histochemical changes in 
leaf abscission. In: T.T. Kozlowski, ed., Shedding of 
Plant Parts. Academic Press, London, pp. 45-84. 

64. Webster, B.D., M.E. Craig, and C.L. Tucker. 1975. Effects of 
ethephon on abscission of vegetative and reproductive struc¬ 
tures of Phaseolus vulgaris L. HortScience 10: 154-156. 

65. Westwood, M.N. 1978. Temperate-Zone Pomology. W.H. Freeman 
and Company, San Francisco. 448 pp. 

66. Yunghans, H. and M.J. Jafee. 1972. Rapid respiration changes 
due to red light or acetylcholine during the early events 
of phytochrome mediated photomorphogenesis. Plant Physiol. 

49: 1-7. 






