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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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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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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. 
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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. 
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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 



27 

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 



31 

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. 
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