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SUMMARY

During the period of this third report, results obtained previously were checked
and further developed.

With respect to the form of chilling, a varietal difference in response to cyclic
vs. continuous chilling seems to exist. The Elberta peach uses chilling hours supplied
by cyclic chilling more efficiently than those supplied by continuous chilling, The

Redhaven peach evinces no such difference.

Light was shown.to be essential, in addition to chilling, for the opening of leaf
buds. Terminal buds, however, were only slightly inhibited by the absence of light.

Leaf bud opening is favored by a long-day photoperiod which may be replaced by an
additional midnight illumination at a short photoperiod.

The active part of the spectrum lies in the red field and can be antagonized by

far-red if applied immediately after the red irradiation.

This relative activity of different parts of the spectrum, together with the ob-
servation on the efficiency of the midnight break, support the theory that phytochrome

is involved in the action mechanism of the phenomenon.

The change in light conditions outdoors in winter revealed that darkness in spring

practically prevented leaf bud awakening, while supplementary light markedly increased
the percentage of bud opening.

In experiments under field conditions, the effect of sunlight filtered by colored
filters on bud opening in the peach confirmed the results obtained earlier under arti-

ficial light conditions.

A preliminary investigation of the light effect in other dormant deciduous woody

plants indicated a similar reaction in apples and grape vines.







e B

¢ s illing requirements in relation to different cooling procedures

Since different results obtained, when the chilling requirement of peach buds was
satisfied by continuous cooling as compared with intermittent cooling, it was thought
desirable to repeat these experiments.

Three years ago (3) we reported that alternating temperatures (6—1600) were more
efficient than constant temperatures in breaking the dormancy of buds of excised Elberta
peach shoots. In our last report (4) we showed that excised Redhaven shoots were less
gengitive to this effect, and bud opening on intact plants of this variety was not en-
hanced by the alternating chilling.

One-year-old plants of both varieties, growing in 4-gallon containers, were sub-
Jected either to a constant 6°C or an alternating 6-18°C temperature. The plants werr
kept in the dark during chilling . Groups of plants were transferred to warm chamters
with a daily illumination of 16 hours (fluorescent light) on three successive dates,
After 21 days in the warm chamber, opening of leaf buds was recorded separately for the
main center branch and the lateral shoots (Table 1).

On the basis of the number of days of treatment, the constant low temperature was
the more efficient in breaking dormancy of Redhaven, but not so with Elberta, where
similar results were obtained under both conditions., No consistent difference in leaf
bud break wes found between that of the main branch and of the lateral shoots. When
the amount of chilling was calculated according to the conventional chilling threshold
of 7.2°C, a somewhat larger number of buds would seem to have opened in the vicinity
?f BOO—IOOO)chilling hours under the alternating regime than at constant temperature

see ig.14).

TABLE 1
THE EFFECT OF CONSTANT (6°C) AND ALTERNATING (6-18°C) COOLING

ON LEAF BUD BREAK OF ONE-YEAR-OLD REDHAVEN AND ELBERTA PLANTS
(Results expressed as percent hud break after 21 days in the lighted warm chamber)

. 60¢ 6-180C
Variety Dz.::iiof o 2 . .'::)«:z';liof . 1 :
. ne _branch shoot i branch shoot
Redhaven 44 €2 49 38 7 4
2 50 58 58 48 11 10
" 68 81 88 66 6] 42

Blberta 68 84 91 66 87 84
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A continuous linear increase in bud break was obtained between the two systems,
finding the threshold temperature at 9.5°C (fig. 1B). Thus it might be suggested that
temperatures above 7.2°C are effective, as was proposed earlier.
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Fig. 1 The effect of different amounts of continuous and intermittent chilling
on leaf bud burst of the Redhaven peach. (One-year-old plants held during
chilling in the dark at continuous 6°C or intermittent 6-18°C; and during
23 days of forcing conditions continuously at 23°C under a 16-hr daily
cycle. Chilling hours were calculated below the threshold values of (4)
7.2°C and (B) 9.5°C.)}

These results indicate that there is no, or only a very slight enhancement of leaf
bud break due to alternating as compared with continuous chilling in the case of the Red-
haven plant. It can also be concluded that the warm temperatures of the alternating daily
cycle did not reverse or reduce the chilling effect of the low temperatures in the cycle.

With Elberta after 68 and 66 chilling days, respectively, 91% of the leaf buds opened
in the 6°C chilling, and 84% in the 6-18°C chilling system. Therefore, when hours of
chilling were calculated on the basis of a threshold of 7.2°C, 740 hours of alternating
temperatures had an effect on bud opening similar to that of 1630 hours of continuous low
temperature.

The results for both the Redhaven and Elberta correspond well with those obtained in
the previous seasons. It might therefore be concluded that the generally higher efficiency
of alternating cooling on excised shoots (3) is not attributable merely to an artifact, but
rather to differential responses by different varieties.
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II. Bud opening in relation to light and different cooling procedures

Last year the first indications were obtained that light plays a major role in the
process of terminating leaf bud dormancy. It was shown that leaf bud opening was light-
dependent, while flower bud opening was not. The light requirement in leaf bud opening
was suggested to be independent of the state of fulfillment of the chilling requirement.
The mtive light spectrum was found in the red range. During the present year the light
effect on bud burst was further investigated and established.

In order to test the methodology, a comparison was made between the leaf bud break
on one-year-old intact and excised shoots of the same plants. They were chilled in a
constant and alternating system and forced, after cooling, in three different light re-
gimes. Redhaven plants and excised shoots were taken at the end of December and chilled
for 67 days in the dark at 6°C or 6-180C, and then forced in a warm chamber (230¢) for
2l days in the dark, or given 16 or 24 hours daily illumination (Fig. 2).

Constant Alternating
80 |- e
Intact plants
60. | »
Excised shoots
-y 40 I~ 3l
g
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0 16 24 (0] 16 24

Hours of illumination/day (in warm chambar)

Fig.2 The effect of constant and alternating chilling on leaf bud burst of Red-
haven peach shoots, under different light conditions at time of forcing.
(One-year-old trees in containers, and shoots from similar trees; chilling in
darkness for 75 days at constant 6°C or alternating 6-18°C for potted plants,
and 6-16°C for excised shoots;forcing for 21 days at 23°C with light for 0,16
or 24 hours daily.)
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In the dark, leaf bud burst was generally inhibited, irrespective of chilling me-
thod and the type of the plant material, i.e., intact or excised shoots.

No significant difference in bud break was found in this experiment between 16 and
24 hours' illumination, irrespective of the cooling method or the type of plant material.
The same number of days of constant chilling (at:6°C), however, was more efficient in
effecting opening of buds of intact plants than the alternating temperatures, while this
difference was not found with excised shoots. In this experiment no interrelation be-
tween the effects of chilling and light could be demonstrated. The light effect was dn-
dependent of the chilling system and the form of the plant material.

The relation between the effects of amount of chilling and light was tested on
excised shoots. One-year-old Elberta and Redhaven shoots were collected on Dec. 18,
1963 from one-year-old and mature trees, and chilled in the dark at 6°C for 44 and
68 days. Bud opening was determined after 21 days in warm chambers (239C) both in the

dark and in light (Fig. 3).

Bud opening (%)

YOUNG MATURE
Elberta Redhaven Elberta Redhaven
p
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60 | )

dark
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T 44 70 44 70 44 70' 44 70
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Fig. 3. The interrelation of light and chilling in their effect on leaf bud burst of
shoots from young and mature Elberta and Redhaven trees.(Shoots cut in the
orchard on Dec. 18, 19633 chilling at 6°C in the dark for 44, 53 or 70 days;
forced at 23°C under continuous light or darkness for 20 daya.)
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In this experiment the leaf buds on shoots of young trees in both varieties opened
more readily than those on shoots from mature ones, in light as well as darkness. This
may indicate a lower requirement for chilling and light with younger trees. It was also
apparent that more Elberta buds opened more readily than those of Redhaven from trees
of similar age. In the dark, leaf bud break was relatively low in both varieties and
ages, even after the longer chilling. The addition of light promoted leaf bud break in
both chilling periods. The long chilling followed by forcing in light generally caused
the highest leaf bud opening. From Fig.3 it is very apparent that the light effect is
additive to that of chilling and appears to be constant within the observed chilling
range in determining the extent of bud break. It would seem that one is independent of
the other, therefore the light effect appears to be relatively large when chilling is
insufficient.
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Fig. 4 The effect of light and chilling on flower bud break
of Elberta and Redhaven peaches.(For.details.see Fig.3)

The flower buds on the shoots from the mature trees reacted to light in a manner
similar to leaf buds (Fig. 4) except in the case of Elberta, which had received the
low chilling treatment. This response differs from our previous findings, that light
reduces flower bud opening, but it should be noted that in this experiment the light
intensity was much weaker than in our earlier work, i.e., 16 f.c. va. 320 f.c., as the
shoots were kept at a distance of 2m from the light source as compared with 10~-20cm in
previous experiments with excised shoots. This corresponds to our earlier observation
(4) that although flower bud burst is generally inhibited by light, small amounts of
light can enhance it. This relatively low light intensity did not interfere with its

effect on leaf bud opening.,




e

In a preliminary experiment, the interrelation between a thermal cycle during chil-
ling and a light cycle during forcing, was tested. Excised Elberta and Redhaven shoots
chilled at 6° and 6-18°C for two time periods (44 and 68 days) were forced in the warm
chambers in constant and cyclic (16 hours daily) illuminations and in darkness. The re-

sults, as percent of bud opening in each combination (of chilling and light), are pre-
sented in Fig. 5,

44 days 70 days
of chilling of chilling

20

Bud opening (%)

25

L/
0 16 24 é 16 24
Hours of illumination/day (in the warm chamber)

Fig. 5 The interrelation between daily cyclic cooling and cyclic illumination in their ef-
fect on leaf bud burst of Elberta (E) and Redhaven (R) peaches. (Excised shoots col-
lected Dec. 18, 1963, and held at 6°C or 6-16°C in darkness for 44 or 70 days; forc-
ing for 20 days at 23°C under O, 16 or 24 hours of light daily.)

The percent of bud break in this experiment was rather high in all lighted treatments.
Still, a rather definite correlation was found between percent bud break and the different
combinations of chilling and light. It would seem that when one of the two factors (cold,
light) was given in an alternating, cyclic manner and the other as a constant treatment -
the percent bud break was considerably higher than in treatments where both light and chil-
ling were given according to the same principle, either as constant or as an alternating
cycle. This was the case when either a high or a medium number of chilling days was given.
Such behavior would correspond to thermoperiodism (6). No suggestion for a possible explan-
ation of the metabolic pathways involved can be offered before further investigation of
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this phenomenon is made.

III. Bud opening in relation to light at time of forcing.

While the qualitative effect of light was established, the quantitative aspect re-
quired further investigation. The effect of light duration was further investigated on
leaf and flower buds by reducing the daily illumination from a previous minimum of 8
i hours (see Ref. 4) to as short a period as 75 minutes. In this experiment red light,
which had been found by us previously to be the active part of the spectrum, was used.
Excised Elberta shoots were collected on Nov. 5, 1963, and chilled in the dark at 6°C
for 77 days. After this they were subjected to different light cycles in warm chambers

for 20 days (Fig 6).
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Fig. 6 The effect of various daily cyclic light periods on leaf and flower
bud burst of the Elberta peach. (Excised shoots collected Nov. 5,
1963, held at 6°C in darkness for 77 days. Forcing for 20 days at
230C under O, 1¥4 , 8 16, or 24 hours of light daily.)

A diurnal cycle of about one hour light was enough to cause a major increase in
leaf bud break. Further increase in the duration of the daily illumination resulted in
increased leaf bud break up to an optimum under long-day conditions (16 hours light daily).
Continuous light was less effective in promoting leaf bud break, which corresponds to our
above mentioned findings concerning the relative effect of cyclic and constant conditions.
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Flower bud opening was negatively correlated to the length of daily light cycle, with
the continuous dark treatment causing the strongest flower bud opening. These results
suggest that in spite of the strong effect of small amounts of light on leaf bud break,
a longer exposure is needed for maximal opening. In addition, the data support a photo-
periodic nature of the light effect.

The effect of various periods of constant illumination was studied and compared with
the efficiency of very short' (75 mins.) and short (8 hrs) daily light ¢ycles. Elberta
shoots collected on Dec. 12, 1963, and chilled (6°C) in the dark for 67 days were trans—
ferred to warm chambers with: (a) continuous red illumination for 32, 80 'and 384 hours
(the first two followed by darkness up to a total period of 384 hours); (b) & 75-min. as
well as an 8-hour daily red light cycle; and (c) complete darkness. Leaf and flower bud
break was recorded after 16 days in the warm chamber (Fig. 7). :
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Fig. 7 The effect of varying lengths of continuous and cyclic illumination on
leaf and flower bud break of the Elberta peach(Excised shoots collected
Dec.12,1963; chilled at 6°C in darkness for 67 days;forced for 16 days at
23%¢ ungar 0, 32 or 80 hours of continuous light, or 1¥4 or 8 hour daily
cycles.
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The increase in light duration caused an appreciable definite increase in leaf bud
opening and a decrease in flower bud opening. Shorter periods of illumination showed a
greater effect per unit hour than the long one. Furthermore, it will be noted that the
short cyclic illumination, with.a total of only 20 hours of light, was markedly more
efficient in causing leaf bud burst than even four times as much constant light. As
against this, the short cyclic illumination had only a slight, not significant enhancing
effect on flower bud opening. Longer cyclic illumination caused the increasingly inhib-

itory effect met in previous experiments.

As relatively short illumination periods were found to affect leaf bud break, such
periods followed by darkness were tested on shoots chilled naturally in the field. The
effect of colored light on bud break was retested under such conditions. Excised Red-
haven shoots were collected from the orchard on March 2, 1964, shortly before natural bud
break and transferred directly, without additional cooling, into the warm chambers. There
the shoots were illuminated for four days with different filtered lights. After a subse-
quent dark period of 16 days, the percent of open buds was determined (Fig. 8).

30 7

na
o
|

Leaf Bud opening CE)

-
o
I
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Fig. 8 The effect of a short illumination with different colored lights on
leaf bud break of the Redhaven psach(ﬂhoots collected on March 2, 1964;
forcing at 23°C under continuous illumination with white, red, green or
blue lights for 4 days, followed by darkness for an additional 16 days.
A parallel group was kept in total darkness for the full 20 days.)
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Generally, the Redhaven leaf buds reacted to the various light stimuli in a way si-
milar to that found a year earlier for Elberta in spite of the markedly different ex-
perimental conditions. The relatively hight percentage of leaf bud break in the dark
treatment this year might be due to a previous light stimulus peceived in the orchard.
The shoots were taken from the orchard very close to bud break and had not received any
additional dark preconditioning, as compared with all other experiments. The red light
promoted leaf bud break under this year's conditions even more than the white, and the
blue caused the same slight inhibition as found previously for Elberta. The shorter light
period (4 days) was enough to cause the "light effect" on leaf buds, whereas the subse-
quent dark period did not reveal noticeable reversing or inhibiting phenomena. Flower
buds which had already begun to swell in the orchard seemed to have passed the light-
sensitive stage at the time of sampling, as in all treatments flower buds opened readily.
Furthermore, after the red and white light treatments, the percent of flower bud break
was even 15-20% higher than after the blue or green ones, or when not exposed to light.

Since a relatively short illumination by red light caused a high percentage of leaf
bud break, these buds were tested for activity of the phytochrome pigment system (1). The
spring-collected Redhaven shoots were given, in a warm chamber, four cycles of 1 hour red
(R), far-red (FR) and red, followed by far-red illumination. Percent leaf bud opening
after 16 additional days in the dark is shown in Fig. 9.

Bud opening (%)

R FR RtFR

Fig. 9 The effect of illumination with red and far-red light on leaf bud
burst of the Redhaven peach.(shoots collected on March 2, 1964;
forcing at 23°C. Illumination: 4 daily cycles of 1 hour red, far-
red or red followed by far-red ensued by darkness for additional
16 days.) :

The percentage of bud break in this experiment was rather low, possibly because of
the small total amounts of light. However, the inhibitory effect of far-red light was
clear. The far-red illumination following the red reversed the bud breaking effect
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of the red . light. These results indicate that the phytochrome pigment system is in-
volved in the opening of peach leaf buds.

The observations of the high activity of cyclic illumination on leaf bud break,
together with the maximal effect under long photoperiodic conditions (16 hours daily),
led to an examination of the photoperiodic night-break effect on these buds. The Red-
haven shoots which had been collected in spring (Harch 2) were tested (without addi-
tional cooling) for leaf bud break under short - and long-day conditions, Their effect
was compared with a short-day treatment when the long night was interrupted in its
middle by 1 hours' illumination. As before, only four light cycles were given in the
warm chambers, followed by 16 days of darkness. Results with both white and red light
are shown in Fig, 10.
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Fig. 10 The effect of a short photoperiod with a midnight light break, as
compared with short and long photoperiods, on leaf bud burst of the
Redhaven peach.(Shoots collected on March 2, 1964; forcing at 23°C
for 4 days under 8, 16 or 7 + 1 (midnight) hours of white and red
light daily)
Both the white and red light revealed a photoperiodic reaction. When the main short
photoperiodic (8 hrs) was shortened by 1 hour, which was applied as a midnight break,
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long-day conditions were simulated. The four light cycles were sufficient to show the
advantage of long-day conditions for the leaf bud break.

The photoperiodic nature of the reaction and the probable presence of phytocrome
suggest that leaf bud opening is governed by a combination of two types of reactions:
light reaction producing the photochemical impulse for the bud opening and a dark
reaction regenerating & precursor for the light reaction. It is suggested that in this
case, similar to that with seeds (1,2) the phytochrome pigment must be kept for a long
period in the active far-red form in order to cause leaf bud break. This is achieved
by preventing a long dark period during the active stage. The effectiveness of small
amounts of light indicates that a photomorphogenetic process with a rather low light
saturation level governs leaf bud break in the peach. Such a system might explain the
high efficiency of diurnal cyclic illumination versus that of continuon= light, the
better effect of long photomeriods as compared with short ones, as well as the'strong
effect of relatively short illumination (4 days) which is not anulled by subsequent
darkness.

IvV. d i in relation to light conditio uring chilling and forci

The effect of light on forcing of peach leaf buds in spring has been established.
It has already been indicated above that light conditions during the chilling period
might influence the extent of the light effect during forcing. Therefore experiments
were designed in order to examine the interaction between the effect of light given

as a preconditioning treatment during rest and that given at the time of forcing in
spring.

Potted Elberta plants were chilled for 68 days at 6°C in continuous darkness or
in light. From each of the two conditions, groups of six plants each were transferred
to dark, 16 and 24-hours-daily illuminated warm chambers (23°C) for 22 days. Percent
lateral and terminal bud break was determined, as shown in Table 2.

TABLE 2

THE COMBINED EFFECT OF LIGHT DURING CHILLING AND FORCING ON LATERAL AND .TERMINAL LEAF
BUD BREAK OF INTACT ELBERTA PLANTS (Chilled Dec. 24, 1963 - March 8. 1964 in dark and
light; recording of percent bud break after 22 days in warm chambers (2309C) under 3
different light conditions.)

Daily illumination Bud type Daily illumination during forcing (hrs)
| during chilling (hrs)  tested 0 16 24
0 lateral 20.0 89.4 91.3
terminal 74.0 90.8 99.3
24 lateral 39.2 94.3 88.3
terminal 98.0 98.8 98.1
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As shown earlier with excised shoots, darkness at time of forcing in the warm
chamber also markedly reduced the amount of lateral leaf bud burst with intact plants,
This was also the case, though to a lesser degree, with terminal buds, when they had
been dark preconditioned during the cooling period, but not after previous light treat-
ment. Thus dark preconditioning enhanced the light requirement at time of forcing. It
might be postulated that light given during the chilling period contributed to the re-
quirement for light at time of forcing. Terminal buds were markedly less inhibited by
darkness at forcing time. This lower light requirement corresponds to their lower chil-
ling requirement. The quantitative difference between lateral and terminal buds in burs-
ting might be associated with the different level of growth-regulating substances in the
buds (5)., i.e., auxins, gibberellins and flavonoid compounds (naringenin). These or re-
lated substances, which were found to be part of the dormancy breaking and bud opening
metabolism, may play together or in part a primary role in the dark and light reactions
as governed by the phytochrome pigment system.

Since under controlled conditions the light effect on leaf bud break was similar in
both excised shoots and intact plants, the influence of light during winter in relation
to light conditions in spring was examined on naturally wintered plants under outdoor
conditions at Bet Dagan.

On Jan, 29, 1964, three groups (18 plants each) of one-year-old Elberta plants, kept
outdoors in 4-gallon containers, were each (a) placed in a dark tent, (b) supplemented
with artificial illumination during the night, or (c) left in natural light conditions.

On March 2, shortly before expected bud break, the plants from each group were divided in-
to three equal parts: one was left in place and the other two were transferred to the al-
ternative treatments. Thus, nine groups receiving different combinations of winter and
spring light conditions were formed. About one month later, on April 7, 1964, the percent
of lateral leaf bud break was determined in each group (Fig. 11).

Similar to the results obtained under controlled thermal conditions, light at sprout-
ing time was found to be obligatory for bud opening also in this outdoor experiment. In
this case, this was so regardless of the light conditions during the winter. The addition
of light to the natural day-night cycle at sprouting time increased bud break in all of
the different light preconditioning treatments. The preconditioning, however, had a marked
effect on bud opening. Best results were obtained when the plants were dark-preconditioned
in winter and received either natural or continuous (supplemented) light during spring.
These light conditions approach those prevailing at higher latitudes during these seasons.
Supplemented light during winter increased bud opening, though to a lesser extent than dark-
ness. As with controlled conditions (see Table 2) here, too, it is possible that the "winter"
effect of light stems from its contribution to the requirement of light at time of forecing,
as the date of transfer from one light treatment to the other was somewhat arbitrary.

It should be noted, however, that natural conditions both during preconditioning and
forcing caused the weakest bud break of all the treatments receiving light during forcing.
This weak bud opening might be due to the repetition of the same light conditions in winter
and spring which seem to be less favorable for leaf bud break., It should be noted that the
chilling requirement of the plants in this experiment was not entirely fulfilled, hence the
percent of leaf bud break in the control (natural/natural) was quite low (14%).
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When plants which had been forced in the dark were kept for an additional 47 days
in the dark, the percent bud break remained very low. However, when the plants were
placed in natural outdoor light conditions after the dark forcing period, bud break
increased markedly (Table 3).

As the light effect on bud burst was found also with young plants under outdoor
conditions, we tried to obtain information about the behavior toward light of mature
trees in the orchard.

TABLE

THE EFFECT OF AN ADDITIONAL LIGHT AND DARK FORCING PERIOD
ON BUD BREAK OF INTACT ELBERTA PLANTS IN NATURAL THERMAL
CONDITIONS (second forcing April 7 - May 24, 1964).

Treatment Percent bud break
preconditioning forcing 2nd forcing after total of
52 days 35 days 47 days 67 days 114 days
dark dark dark 3.8 6.2
natural dark dark 0.8 7.0
light dark dark 0.9 1,2
natural dark natural 0.8 65.8

One~-year-old shoots, 12 per treatment, on six-year-old Elberta trees were covered
with transparent or colored cellophane, and others were painted with black, white, and
black covered with white plastic paint on March, 6 1964. Shoots left uncovered acted as
control. Percent bud break was determined on March 24, and the temperature of the buds
was recorded by means of thermocouples at mid-day on April 1, 1964. The results are pre-
sented in Fig, 12.

The variations in temperature among the different treatments make it difficult to
distinguish between light and temperature effects, especially as the rise in the latter
seems to be the primary factor for increased ud burst. The line connecting the control
and the colorless cellophane treatment represents the assumed responie to the thermal
factor alone. A closer examination reveals, however, that the blue cellophane cover re-
duced (relatively) leaf and flower bud opening, while the green increased flower bud
opening and the red increased le~f bud opening. These results obtained with sunlight
conditions, confirm those obtained under artificial illumination in the laboratory
(see Fig. 8).

Among the plastic paints, the white and the white or black seems to have some in-
hibitory effect on leaf bud opening but not on flower buds. This difference might point
to darkening as the cause, which would be expected to reduce only leaf bud opening.
However,; the expected effect was not observed with the dark paint, possibly because of a
thinner layer of paint applied, which did not eliminate light completely despite the
black ecolor.
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Fig. 12 The combined effect of temperature and light quality on leaf and flower bud
opening of Elberta peach in the orchard. (Blue, green, red and colorless
cellophane paper (41ayers) and black, white, and black covered with white

plastic paints; covering of shoots between Mar. 6 and Mar. 24 1964., temper-
ature recorded on Apr. 153

Preliminary experiments were conducted in order to test the light effect on
the bud break of cherry, apricot and grape shoots. No definite results could be ob-
tained because of insufficient chilling of the plant material. With grapes, a rather
strong increase in bud break was found due to far-red illumination. Red light, com-
pared to darkness, caused a weak inhibition. These effects will have %0 be investi-
gated in greater detail.




W1

Borthwick, H.A. and Hendricks, S.B. (1961) Effect of radiation on growth and deve-
lopment. Encye. Pl. Physiol. XV1:299-330, Ed. W. Ruhland, Springer
Verlag, Berlin,

Isikawa, 5. (1954) Light-sensitivity against the Germination I. "Photoperiodism" of
seeds. Bot. Mag. Tokyo 68:51-56,

Samish, R.M., Lavee, S. and Erez, A. (1962) The Physiology of Rest and its Application
to Fruit Growing. Spec. Bull, Nat. Univ. Inst. Agric., Rehovot. No. 45

——mmmmemmee=(1964) The Physiology of Rest and its Application to Fruit Growing.
Spec. Bull., Nat. Univ. Inst. Agric., Rehovot No. 68.

« Thimann, K.V., and SKoog, F. (1933) Studies on growth hormone of plants, III, The

inhibiting action of the growth substance on bud development. Proc.
U.S. Natl, dcad. Seci. 19:714~716.

Want, F.W. (1961) Thermoperiodicity Encyc. Pl, Physiol, XVI 11-23 Ed. W, Ruhland.
Spring Verlag, Berlin.







o S,

nownne axam ,(ovproon XY NP 'R3na) 1aT-noaa ,077920 7710 *RIN2 TIRA WUD 1310
+NIMMIPNAA TINR DR TIRD AYyn AT (T2 'yavp® YPo IR NBODINWY ,N1TMIyna YD nwydY hyiip avara
2y nTTIYD AyDEwA IRTM ,7a%32 5MInm epa UIn *RIND —~ N1 TIPY L,DBDI) AOKRAT ,REDI ,70Y n01)
*2a% 0Y'NIORYD N7AyD YRINA 1YAPNID NIRXINA DR OTIWOR AT0 YRIM PIPYIRLEYY '9pD Mooni1nnIvnn

+¥781 0°%y *ypo Yw oni1Miynn Yy ,ARTIN DINDPHOA ,0%310 0YYUPID NIYeyp

+ 79227 MBEN2 A1IT N3a1an by nYYazs OYONR DY@l ADTIEPA aynInn Y nY3I1OR7 N3°na




" ©-73y 21772 omon e ITEn-n?119170703 0P
(3 n"wn)

™k ‘x ,x7a% ‘v ,v0 "'»

a'*Ipn

Y2 N1TMIYRNY ApTan Yy nataon AMA YO NIpDRNa 1T R 49703 Yerhen Rwn v n"iv
+POIDKI IMVTPIY LD *XyY3 DYpD

,X"0 18-6 71%32 mMIna NEIPNA APIT LNYMTIAD NWDIY AMILRILDL YT an1YryY opMabR 1rav ,R2ED)
NYDIYT ATIVRIDOLA NIVIPY AL L 7A00=TT 7T LNRT DDIPY LDYPIAP NP YRIN WRD MY MW

<P NIYY RID 20NN DYDAWD L0'YIAP MNP RAIN Yv 1Y nymarneon

yIRYI L0TIpR n"17a N3sw L, 0% Yypp YU MIRY NYMDRATIAIRD NOTITY MUK RID)
v kA% - wIY> ,nanecn navk L,x"s 6-3 ,01 T70=-% 44 71732 RIYIN 1P NIDIPNA TIRAN hypONw

STIRATY TIIVRIDDLA PNITND 772 0P RIDI 1D .111?5 NJYRYIR Nybwn

p2%Y *YpE MITMNYNT By ,09D1IRY DYIXP DT PILI ,7DI1% TN AIRIA NYDON nprYAd
A%3pNI NI NITNIPNA YD DR L,INITA APTN N21AN ©Y ampta nawn mye 1/4-% waov ,reny potexa
GPRD PIN BY MITADI NINYI RUAWD NIT AYYPY AP NOIRT NYIYDD LAKTI TIP L1 DY RING

.NIDYX7] Nin%3 RY¥AVO

TIPOR L0732 IR 'yaxa ,Taba niyw 96 qoma aamab ponexa oY%y Cyps Yw phatan npUra
»72%0 7IKR2 YOyDR yopraN KIN DYTR MNXY - WIYD ,NOVIDD 7IRIA N2TIPA N3IY2 123pNIT NIRIIN
yDYITRA ANRY T'D NI RIWD LPINT=DITRA IRD LNDYYI0D 2127y hybwa v LIind MIRYw - 1M
1T IR NOXpRINA YYD D1MDIBYEN DIDAYHY ,NIpOHN TRIDY L711MRD Yo inYipe Yiveah ova
npna by *ypd Yw onyvMmiyna% axvan L,n%*%a nigna naEp AORN NDOINA LTXp DY YW ATRA YRIN

SJNRY 121200 YD TIIDILIDA DIRT VY NPYa¥D 1T AYyRIN L1 DY RInd nhapnay novm

(p**9x3°070) or*7%0x prypor ,(pr*%%70%) D2 718 DYpps nITIYNA Yo nYNRYYDEY npYTa
DYNY 0YIURILYA 0YPPDHR TIRD PYN RIT IR MTIYA2 DITNMIPRAN 21DPYT L,AKRID IRY JOIN 'RAINA

«NT0%2 NYHRITEID NITNIYRN P DYubnIn eIn YRINAw 93 L,07*YRI'DILI hYon®




. NIRYPNY 'RYTPIATNIRM *MIRYN Nann

MRYPAn pny pYyn non

o'yuvny 9aNn
orre) Ma-rxyy apnnn

M9-xY N1 omermnm anTIna A 1reraa orpnn

(i)

nRn

N 'R ,R2Y ‘W M TN

96 'rn Pvna anryTn onv1ray apnnn
1265 - m*awn nmaiam




