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ABSTRACT

EFFECTS OF STRATIFICATION TEMPERATURE ON BREAKING DORMANCY
AND ON PROTEIN CHANGES IN PEACH SEEDS

By
Ahmed Mahhou

Constant vs alternating temperatures were compared as to their
effectiveness in breaking the dormancy (endodormancy) of peach seeds.
Temperature alternation between 5° and 10°C (5°/10°) for 16 and 8 hr,
respectively, hastened germination, whereas a similar regime 5°/15°
delayed germination, in comparison with constant 5° for 1008 hr (6 wk).
Seeds were also held at constant temperatures (5°, 10°, or 15°) for 3 wk
intervals, all receiving 6 wk at 5°. Response varied with time of
exposure to the higher temperature. Exposure to 10° or 15° during the
first 3 wk inhibited subsequent germination, whereas exposure during the
last 3 wk stimulated it. Exposure to 10° during the second 3-week
period promoted, whereas exposure to 15° inhibited germination. The
inhibitory effect of high temperatures was dependent upon cycle length.
This inhibition decreased or disappeared as the cycle ratio (days at
5°/days at high temperature) increased. Protein changes in peach seeds
were evaluated during stratification at 5° and incubation at 20°.
Soluble protein content remained constant in both axes and cotyledons
regardless of stratification temperature and duration. However, changes
were observed in the protein profile, but only at 5°C and only in the
cotyledons. These changes occurred prior to changes in size of the
axis. Similar changes occurred in cotyledons when the seeds were
partially imbibed and even when the cotyledons were stratified
separately from the axes. These changes therefore appear to occur prior

to, and to be independent of, germination.
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PART ONE

EFFECTS OF STRATIFICATION TEMPERATURE AND TIME ON

BREAKING DORMANCY OF PEACH SEEDS

LITERATURE REVIEW



INTRODUCTION

Seeds and buds of most deciduous fruit trees go through a dormant
phase. Dormancy, an adaptation which allows survival under adverse
environmental conditions, is of considerable economic importance.
Dormant organs are more resistant to unfavorable conditions, such as low
temperatures and drought, than are growing organs.

A number of treatments, including light and chilling, are effective
in breaking dormancy. However, the mechanisms of action of these
treatments are not well understood. Most deciduous fruit trees require
a period of cold treatment prior to resumption of growth. The dufation
of chilling required varies greatly among species and cultivars.

The lack of adequate chilling in zones with warm climates
constitutes a serious limitation to the culture of temperate fruit
trees. Symptoms include: 1) irregularity and delay in bud opening;

2) deformed leaves; 3) multiple pistils; 4) poor style and pollen
development; 5) abscission of buds. Thus, a better understanding of the
onset, maintenance, and removal of dormancy would help to increase the

range of conditions under which temperate zone fruits can be grown.



DORMANCY: DEFINITIONS AND DISCUSSION

Lang et al. (57) reviewed the terminology used to describe
dormancy. The authors considered the terms inadequate and confusing
because: 1) they are easily misused; 2) they are imprecise and lack
physiological meaning; 3) semantic differences between these terms are
often minute; 4) they are not easily translated from one language to
another; 5) they tend to be a mixture of physiological and seasonal
terms; 6) they have not been universally applied to all plant parts
exibiting similar dormancy phenomenon. There are almost as many
definitions for dormancy as there are scientists working on this
phenomenon. Evenari (36) defined dormancy as the absence of visible
growth of viable seeds ( or buds ) under favorable conditions of
moisture, temperature, and oxygen. Samish (72) defined dormancy as a
temporary suspension of visible growth, regardless of its cause. He
differentiated between 1) correlative inhibition when conditions causing
rest are due to factors arising outside the organ, and 2) rest, when the
factors responsible for growth cessation arise within the organ itself.
He further distinguished between different phases of rest. Qujescence,
which usually precedes the entrance into rest, results from unfavorable
growing conditions (temperature, water). Preliminary-rest results when
the dormant bud will no longer grow in response to favorable conditions,
but can easily be forced by subjection to heat, wounding or defoliation.
During Mid-rest only special treatments, such as light or cold, will
allow growth resumption. After-rest is a quiescent period which follows
chilling if the growing conditions are not favorablé.

Doorenbos (29) distinguished between: 1) summer-dormancy, when

growth of buds is inhibited by physiological processes inside the plant



but outside the bud; 2) winter-dormancy, when growth is prevented by a
physiological process inside the bud itself ; and 3) imposed dormancy,
when growth cessation results from unfavorable environmental conditions.
Saure (74) critized Doorenbos'’s terminology because "winter-dormancy"
begins during mid-summer, reaches its maximum by leaf fall, and can be
satisfied by mid-winter or even earlier. In addition, this term does
not apply to tropical and subtropical regions where dormancy can exist
despite the absence of temperatures characteristic of "winter". Saure
(74) also noticed that "imposed dormancy"” implies that this condition
should be removed as soon as favorable environmental conditions prevail.
In general this indeed occurs in temperate zones, but bud opening is
often delayed in regions with warm climates. Saure (74) proposed a
modification of Doorenbos’s terminology to separate the cause from the
season of inhibition. He defines: 1) predormancy as the stage during
which the lateral buds are directly prevented from breaking by the
growing shoot tip or adjacent leaves; 2) true dormancy or rest as the
phase when the source of inhibition is located within the buds; 3)
imposed dormancy as the period in which inhibition is due to external
factors and thus may be considered as the expression of an exogenous
inhibition. The intensity of true dormancy varies with time rather than
being constant. The low intensity stage of this phase was termed after-
rest by Samish (72), post-dormancy by Vegis (91), and late dormancy by
Saure (74). During this stage buds and/or seeds are able to start
growing in a narrow range of moderate temperatures. This range widens
progressively until growth activity reaches its maiimum.

Thus an extensive terminology has been used to describe the

phenomenon of dormancy. Lang et al. (57) proposed a new terminology



using the base word dormancy, which they define as a temporary
suspension of visible growth of any structure containing a meristem.
They differentiate between 1) ecodormancy, which is regulated by
environmental factors such as temperature, water, light, and nutrients
necessary for growth; 2) paradormancy, which is due to physiological
factors originating in a part of the plant other than the affected
structure itself (e.g. apical dominance) ; and 3) endodormancy, which
is regulated by physiological factors originating within the affected
structure. Lang et al. (57) summarized the extensive list of terms
found in the literature. They attempted to classify all of them under
one of the three categories of dormancy they advanced in their proposed

terminology (Table 1).

IYPES OF DORMANCY

Amen (3) attributed seed dormancy to the inability of the embryo to
resume growth as a result of an internal metabolic block or the
production of an inhibitor. Prolonged periods of chilling required to
break dormancy are usually attributed to a requirement for physical as
well as chemical changes within the embryo, i.e. metabolism of the
inhibitors and/or the accumulation of growth promoting substances (6).
The causes of dormancy are numerous and varied (3). These causes
include: 1) rudimentary embryos (orchids); 2) physiologically immature
embryos (lettuce, barley); 3) seed coats which are mechanically
resistant to embryo growth (Alisma plantago, Eucalyptus pauciflora); 4)
low or no permeability of seed coats to water and/of gases (legumes); 5)
the presence of germination inhibitors (apple, peach); 6) combinations

of two or more of the above; 7) secondary dormancy. The different



Table 1. Terms used to describe dormancy and the possibility of
replacing them by simplified terminology (after Lang
et al. 1987).

Endodormancy: After-ripening, autogenic dormancy, autonomic dormancy,
constitutional dormancy, constitutive dormancy, deep dormancy, deep
physiological dormancy, deep rest, dormancy, dormancy I, dormancy II,
early dormancy, endogenous dormancy, induced dormancy, innate dormancy,
intrinsic dormancy, late dormancy, main rest, middle rest, organic
dormancy, permanent dormancy, physiodormancy, physiological dormancy,
primary dormancy, real dormancy, rest, secondary dormancy, spontaneous
dormancy, true dormancy, true winter dormancy, winter dormancy, winter

rest.

Paradormancy: Correlative dormancy, correlative inhibition, early rest,
predormancy, preliminary rest, relative dormancy, shallow dormancy,

summer dormancy, temporary dormancy.

Ecodormancy: After-rest, aitogenic dormancy, aitonomic dormancy,
conditional dormancy, environmental dormancy, exogemous dormancy,
external dormancy, imposed dormancy, post-dormancy, post-rest,

quiescence, relative dormancy.




types of dormancy may have common control mechanisms. Dormancy can be
removed by exposing seeds to moisture and light, dry storage or moist

chilling. The latter is commonly used in breaking peach seed (and bud)

dormancy.
BREAKING DORMANCY BY CHILLING
1. Effects of constant temperatures on seed dormancy

Stokes (84) stated that after-ripening of seeds of most deciduous
fruit trees can be achieved by subjecting them in an imbibed state to
low temperature (1° to 10°C). The most effective temperatures are
between 2° and 5°C. She 1listed optimum temperatures, effective ranges,
and time required at optimum temperature for removal of dormancy in over
80 species: After-ripening does not take place at temperatures below
freezing, freezing causes injury in some species (84). The required
chilling period varies between 4 and 20 wk depending on species and
cultivar. Environmental factors, seed source and pollen source
influence chilling requirement (84). The author summarized the
characteristics of low temperature in after-ripening of rosaceous seeds
as follows: 1) effectiveness of low temperatures is -enhanced (i.e.,
increased percentage and/or rate of germination) by prolonging the
exposure period; 2) the temperature/response curve is of the optimum
curve type (as exposure time is increased the optimum temperature
declines); 3) any temperature within the effective temperature range
induces optimal germination if allowed to act long enough; 4) high
temperatures reduce or negate the effect of chilliﬂg; 5) the after-
ripening of partially stratified seeds can be completed at higher

temperatures (10-15°C), which have little or no effect if applied from



the beginning. Seeley and Damavandy (76) conducted an extensive study
to determine the effect of a series of temperatures (-2°, 0°, 29, 4°,
6°, 10°, 12°, 14°, and 16°C) on the removal of seed dormancy in seven
rosaceous species (apple, quince, peach, pear, apricot, and cherry
(Prunus avium and Prunus mahaleb)). The seeds were held at these
temperatures for periods varying from O to 2880 hr (120 hr intervals),
then their germination was tested at 25°C for 10 days. Optimum
temperatures for all species fell between 4° and 6°C. All factors tested
(seed source, temperature, time) and their interactions were significant
in every species. The temperature response-curves for peach seeds (76)
and buds (69) were parallel. However, the optimum temperature for seeds
was slightly lower (4°C) than that for buds.

The symmetry of seed chilling response for different species was
evaluated by measuring the curve area below and above the optimum
temperature (Table 2). The curves varied from highly asymmetric (peach)
to very symmetric (quince and Mazzard cherry). The symmetry response in
pear was apparently influenced by environmental conditions prevailing
during seed maturation, and/or pollen source. ‘'Bartlett’ pear seeds from
trees in a cold location had a lower optimum temperature and required
less chilling than those from a warm location. Seed germination
increased with chilling in a sigmoid curve. The authors suggested that
the sigmoidal shape of the curve could be attributed to: 1) genetic
variations among seeds within a population which could be normally
distributed in regard to chilling; 2) constant change in chill unit
value during the chilling period; 3) biochemical réactions in the first

(lag) phase which are required to synthesize or liberate dormancy-



breaking chemicals, leading to a linear active phase, then a saturation

phase (maximum response).

Table 2. Symmetry of seed chilling response (after Seeley and
Damavandy 1985).

Species Optimum Relative Area_ Ratio
Temp. (oC) Below Opt. Above Opt. Below/Above
Peach 4 30 70 0.4
Mahaleb Cherry 4 30 70 0.4
Apple 4 33 67 0.5
Pear (Cold 4 34 66 0.5
climate)
Apricot 6 44 56 0.8
Quince 6 50 50 1.0
Mazzard Cherry 6 50 50 1.0
Pear (Warm 6 52 48 1.1
climate)

Carlson and Tukey (18) studied the after-ripening requirements of
several sources and varieties of peach seeds. Each variety had
specific after-ripening requirements. The period required at 3°C to
attain maximum germination varied from 504 hr for ‘'McAllister’ to 2016
hr for ‘'Lovell’ and even longer for ‘Muir’. Sharma and Singh (79),
evaluated the effect of constant temperatures (0°, 7°, 10°, and 24°C) on
breaking dormancy of ‘'Sharbati’ peach seeds. Ten degrees gave the
highest percentage germination regardless of stratification period up to
10 wk. In contrast, seeds stratified at 0° failedito germinate, and few
of those held at 24°C germinated. The beneficial effect of 10°C on

stratification extended to seedling growth. The seedlings raised from
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seeds stratified at 10° were taller than those from seeds kept at 7°,
wvhile those from seeds held at 24°C were dwarfed.
2. Effects of constant temperatures om bud dormancy

Westwood and Bjornstad (99), studying the chilling requirements of
fourteen pear species from different locations, found that the effective
temperatures ranged between 2° and 10°C. Species originating from
warmer climates had lower chilling requirements and a higher optimum
range (7° to 10°C) than those from colder climates. Weinberger (95)
determined chilling requirements for over sixty peach varieties. The
chilling requirement varied between 700 hr for ‘'Sunhigh’ and 1300 hr
below 7.2°C for ‘Mayflower’. The chilling requirement of leaf buds was
higher than that of flower buds. Freeman and Martin (41) found that
mist, low light, and low temperature treatment hastened dormancy
removal and subsequent growth of peach floral buds. High temperature
and high light intensity had the opposite effect. Six degrees appeared
to be the optimum temperature for peach buds (32). However, the
temperatures below 6°C were just as effective. Chilling efficiency fell
as the temperature was increased to 100 which was 50% as effective as
6°C. The bud temperature responses depended on their location on
shoots. Thus, maximum bud break was obtained at 8°, 6°, and 3°C for
terminal and lateral buds on primary shoots, and lateral buds on lateral
shoots, respectively. In rabbiteye blueberry cv, flower buds have a
higher chilling requirement than vegetative buds (81), while the
opposite was reported for peach buds (95). Mechanical defoliation
enhanced the breaking of vegetative buds in blueberry, but had no effect

on flower buds.
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Gurdian and Biggs (46) compared the effect of 7.2° vs 12.8°C on
potted trees of four peach cv with different chilling requirements.
They reported that low chilling cv ‘Flordasun’, ‘Flordahome’, and
‘Okinawa’ responded well to both temperatures. In fact, the percentage
bud break of nonchilled trees of these cv reached 70 to 80X after 48
days of forcing. However, the shoots remained rosetted in the absence
of chilling. In contrast to low chilling cv, ‘'Nemaguard’ (a high
chilling cv) responded differently, 7.2° was more effective than 12.8°C.
The effect of both temperatures on low chilling cv appeared to be
quantitative since the buds resumed growth in the absence of chilling.
Percentage bud break in all cv was enhanced by both temperatures.
Except for ‘Nemaguard'.the length of time at either temperature had
little effect on the final percentage of buds released from dormancy.
Exposure to both temperatures promoted shoot growth of the four cv.

3. Relationship between chilling requirements of seeds and buds

Kester (53), studied the relationship between chilling requirement
of seeds and buds in almond. The author reported that: 1) Plants with
a chilling requirement for continued growth generally produce seeds with
a chilling requirement for germination. 2) The breaking of dormancy is
proﬁoted by low temperatures and inhibited by higher ones. 3) The
equilibrium point between promotion-inhibition is slightly higher than
15.6°C. 4) 10°C appeared to be the optimum temperature for after-
ripening. 5) There was a correlation between the chilling requirement
of seeds and date of bloom of the mother plants; early blooming
varieties, whether used as male or female parents, broduced seeds with
short chilling requirements. Kester concluded that embryo genotype

controls the chilling requirement in almond. The author suggested that
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almond embryos can be used to determine chilling requirement of the
resultant tree. The chilling requirements of pear seeds were highly
correlated with those of the mother plants (99). Crosses between
species with high and low chilling requirements yielded seeds with
intermediate chilling requirements.
4. Effects of high temperatures on breaking dormancy

Weinberger (96) reported that high temperatures counteracted the
effects of chilling. High temperatures caused a delay in bloom and
foliation and reduced fruit set of ‘'Sullivan Elberta’ peach. 1In
contrast, the breaking of rest was enhanced by shading which acts by
reducing bud temperature. Bennett (7) showed that exposure of pear buds
to high temperatures (23°C) during chilling delayed their development.
Continuous moderate temperatures (13-15°C) delayed peach flower bud
break more than did higher temperature for brief periods. However, the
latter had a more pronounced effect on leaf buds. The negative effect
of high temperatures was more pronounced in December than in November or
January. In another study, Weinberger (97) related monthly mean
temperatures to prolonged dormancy. January and December temperatures
were the most closely associated with breaking of rest in peach buds.
Average temperatures for these months were highly correlated (0.93) with
prolonged dormancy. Immersion of pear twigs in a water bath (45°C)
resulted in dormancy removal (19). A period of hot weather in August-
September, with temperature fluctuating between 36° and 45°C, had a
striking effect on breaking apple bud dormancy (19). Many of the trees
bloomed heavily and produced some new leaves 4 wk iater. The effect was
more pronounced on low chilling cv. Chandler (19) was able to break

dormancy of potted trees by holding them for 6 hr at 44-46°C. He
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concluded that 6 hr at 45° was just as effective in removing dormancy as
100 hr at 4.5°C. Chaudhry et al. (20) found that 3.5 hr at 45° was as
effective as 12 wk at 3°C in breaking rest of pear buds. However, the
bud activity and the vigor of sprouting were higher in cold-treated
plants. Thevenot et al. (87) reported that apple embryo dormancy can be
broken by subjecting seeds to 30° or 35°C in a moist atmosphere. They
attributed the efficacy of high temperatures in removing dormancy to the
limitation of oxygen to the embryo. Immersion in hot water (50-52°C)
for short periods induced sprouting in grapevine cuttings (74).
Temperatures above 20°C did not inhibit bud break of peach cv of South
China parentage (62). A wide range of temperatures can reduce dormancy
intensity. However, temperatures in the effective range do not have the
same effectiveness (74). Erez and Lavee (32) proposed using weighted
chilling hr to determine the chilling requirement of different species
or cv. In this model, 1 hr at the optimum temperature is given the
value of 1 chill unit, and the values of other temperatures are assigned
relative to the optimum depending on their effectiveness in removing
rest. This model has been adopted by many researchers involved in
modeling chilling requirements. The weighted chilling hr method and the
summation of chilling hr below 7.2°C assume that the effect of a
temperature is constant through the entire chilling period. Kobayashi
et al. (55) contended that the effect of a chilling temperature is not

constant; rather, it changes with the stage of development.

ALTERNATING TEMPERATURES
Under natural conditions, temperature is not constant but varies

diurnally and seasonally. Vegis (91) suggested that a given
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temperature could exert its maximum effect on growth even if
intermittent. Several hr a day could be satisfactory provided the
temperature during the rest of the day did not act in an opposite
direction.

1. Vernalization vs after-ripening

Purvis and Gregory (67) observed that vernalization of ‘'Petkus’

winter rye at 10°C could be reversed by high temperatures (20° to 25°0C).
The degree of devernalization depended upon the duration of the previous
vernalization period. Some devernalization occurred at 15° and 17°C.
They postulated that a neutral temperature may exist between 10° and
15°C at which no effect on subsequent flowering occurs. Vernalization
and the breaking of rest have some similar effective temperature ranges.
However, the two phenomena are different in that vernalization is the
acquisition or acceleration of the ability to flower by a chilling
treatment, whereas the breaking of rest allows active growth when
favorable conditions return but does not direcly cause the formation of
new kinds of organs (21).

2.

Overcash and Campbell (66) compared the effect .of continuous 4° vs
4/21°C in a diurnal cycle (16 and 8 hr respectively) on breaking rest of
‘Sunhigh' and ‘Redhaven' peaches. Continuous 4°C was more effective in
breaking rest. Interruption with high temperature resulted in a partial
negation of chilling. Peach leaf bud opening was reduced by 33% when
the average temperature was raised from 10-12° 18° for 15 days
while 80X reduction resulted from raising the averége temperature to
22.2°C for the same period (96). Erez and Lavee (32) compared the effect

of constant vs alternating temperatures on potted ’'Redhaven’ peach
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trees. No negation by a high temperature occurred up to 18° However,
21%r 8 hr in a diurnal cycle completely negated chilling

accumulation. When chilling was interrupted by 2 long periods (11-12
days) of high temperatures (20° lateral bud opening was enhanced in
comparison with the continuous chilling. The cycle length appeared to be
the major cause of response inversion. Intermittent high temperature
antagonizes chilling on a 24 hr cycle but not on longer cycles.
However, the authors did not mention the importance of the amount of
chilling accumulated prior to warm temperature interruption. In fact,
the first long period of interruption was applied only after the buds
had accumulated 912 hr at 6°C. A high temperature at later stages of
the chilling period could affect bud growth, thereby resulting in
increased bud opening. In addition these buds were held longer at the
forcing conditions. The degree of reversal of chilling depends on the
temperature, duration of interruption, and the chilling previously
accumulated (67). Erez et al. (33) studied the effect of high
temperature on chilling accumulation in ‘Redhaven’ and ‘Redskin’
peaches. They used a range of constant temperatures between 4° and 24°C
and a diurnal cycle of 16 hr at 6° and 8 hr at higher temperatures
(15°, 18°, 21°, or 24°C). Six degrees used in cycling treatments was
not included as a constant temperature. In addition, trees were
illuminated during alternating temperature treatments while those held
at continuous 4°C were not. Twenty-four degrees did not break rest. A
high percentage of bud break was obtained at 4° and at 6/15°C. The
latter treatment was significantly more effective ﬁer hr at low
temperature than the former; however, the total time was much longer in

alternating treatment, and 15°C may have acted for a longer time on
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growth rather than on rest per se. When alternated with low
temperatures, temperatures below or equal to 18°C did not prevent
chilling accumulation. However, temperatures above 18°C had an
inhibitory effect. The authors postulated that an hr at these higher
temperatures should be given -2 as a chill unit rather than -1 as was
suggested by Richardson et al. (69). They based their postulation on
the inhibition of 16 hr at 6° by 8 hr at 21° or 24°C. Erez and
Couvillon (35) reported that chilling efficiency rises with temperature
between 0° and 8°C if no moderate temperatures are interspersed. Zero
degrees by itself was without effect but when applied in a diurnal
cycle with 15° it was just as efficient as 8°C. Moderate temperatures
(10°-15°C) enhanced rest completion when they were applied subsequent to
chilling temperatures. The most effective moderate temperature was 13°C.
The response of leaf buds to intermediate temperatures was much higher
than that of flower buds. In one experiment 17/6°C (8/16 hr) inhibited
chilling accumulation in ‘Redhaven’ buds while 15/6°C was without
effect. However, in another experiment when 15° was alternated with

6° bud break was enhanced. Eighteen degrees was neutral and 21°
completely inhibited the effect of 6°. When the total chilling period
was divided into 3 equal periods and cycling was applied in different
stages, 15° in combination with 4°C in a diurnal cycle (8/16 hr,
respectively) enhanced flower bud opening only when applied in the last
stage. However, cycling was ineffective in promoting leaf bud break in
this experiment; in fact, it inhibited leaf bud opening when applied

during the first third of the chilling period.
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3. Effects of alternating tewperatures in relation to cycle length

Erez et al. (34) evaluated the effect of cycle length on chilling
negation by high temperatures in leaf buds of rooted cuttings of
‘Redhaven’ and ‘'Redskin’ peach. Cycle lengths were 1, 3, 6, and 9 days.
For 2/3 of the cycle the buds were held at low temperature (4° for 1
day cycle and 6° for other cycles) for the other 1/3 they were kept at
24°C. Little or no bud break occurred in 'Redskin’ plants kept under 1
and 3 day cycles; 6 and 9 day cycles were just as effective as
continuous 4°C. However, the cuttings were not uniformly treated. The
1 day cycle had 6° as a low temperature, while 4°C was used for other
cycles, and had much higher light intensity (4800 lux vs 40 lux). For
‘Redhaven’ bud break was significantly lower than that of the control
(4°C) but only in 1 day cycle. The authors concluded that chilling
negation by high temperatures is dependent on cycle length. Purvis and
Gregory (67) working with Petkus winter rye drew the same conclusion.

4.

Gilreath and Buchanan (42) used l-year-old cuttings of ‘'Sungold’
nectarine to study the effect of constant (0.6°, 3.3°, 7°, 10°, and
15°C) and alternating temperatures in a diurnal cycle of 14 hr (low
temperature) and 10 hr (high temperature) 7/30°, 7/15°, 0/7°C. The
effect of chilling interruption for 14 days at 30°C was also
evaluated. The plants were removed at 100 hr increments from 350 to 750
chilling hr. Bud break was evaluated, at a temperature regime of 27°
during the day and 13°C at night, as number of days required to reach an
arbitrary stage. In plants held at constant tempefatures floral bud
break was faster at 10° than at 7°C for most chilling periods. This

trend was also evident in plants subjected to 14 days of interruption
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halfway through the chilling period. There was no visible bud activity
in plants held at 15°C for less than 750 hr. Fifteen degrees, 3.39, and
0.6° were less effective than 10° and 7°C after 60 days of forcing.
Chilling interruption increased the initial bud break but reduced the
final number of buds that developed. No bud activity was apparent in
plants given 350 hr chilling with 14 days at 30°C. The authors
concluded that high temperature must have negated 175 hr accumulated
prior to high temperature exposure. Gilreath and Buchanan (42)
postulated that this constitutes a confirmation of a "temperature-
dependent fixation process". The effect of high temperature on chilling
negation depends on the duration of low temperature exposure. The
chilling effect becomes more stable and irreversible as chilling
proceeds and more "product" is generated. In regard to alternating
temperatures they reported that floral bud break was faster following
7/0° than at 15/7°, 30/7°, and continuous 0.6° but not as fast as
continuous 7°C. Bud break in plants held at 15/7° was intermediate
between continuous 7° and 15°C. No bud break occurred in plants held at
30/7° for up to 750 hr at 7°C, even after 67 days of forcing. The
authors concluded that a single prolonged exposure to high temperature
is not as antagonistic to chilling accumulation as frequent periods of
high temperature following short periods of chilling. Gilreath and
Buchanan (42) reported that high temperature negation was less
pronounced in low than high chilling peach cvs. They further stated
that low chilling peaches and nectarines reach cold base at a higher
temperature, and that the same trend is likely for fhe chilling
requirement and such cultivars could be more tolerant of high

temperatures. No vegetative bud break occurred in plants held
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continuously at either 0.6° or 15°C. There were no significant
differences among other treatments. Gilreath and Buchanan (42) compared
the temperature-chill unit model derived from the combined floral bud
break data to the Utah model (69). They reported that the low chilling
model is broader and has a higher optimum temperature. Both models reach
maximum chilling negation (-1 chill unit) at the same temperature.

There is no difference in response at the extreme low end of the curve,
approaching -1°C (0 chill unit). Cultivar differences are most apparent
at the optimum temperature and in the positive chill unit region at
temperatures above the optimum. They observed a shift in optimum
chilling temperature of 2° (from 6° to 8°C). This shift is significant
but the portion of the curve where the greatest divergence is noted
between 8° and 18°C may be even more important in total chilling
accumulation. The authors stated that winter temperatures in warm
climates often fall within this range, and therefore their possible
contribution to chilling should not be ignored. They postulated that
assigning fewer chill units to these temperatures may be the reason for
failure of high chilling models to predict rest completion under mild
conditions.

5.

Spiers (81) found no inhibitory effect of 18° (for 10 hr) in

alternation with 7°C (14 hr) on chilling accumulation in rabitteye
blueberry "Tifblue®. 23°C for 35 hr per week (7 hr a day, 5 days a wk)
partially reduced low temperature effect. The effect of insufficient
chilling was more pronounced on flower than on vegefative buds.
Gilreath and Buchanan (43) evaluated the effect of the same temperature

regimes used for "Sungold" nectarine (see above) on breaking rest of
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high ("Tifblue") and low chilling ("Woodard" and "Bluegem") blueberry
cv. The cuttings were removed at 100 hr increments ranging from 250 to
650 hr for "Woodard" and "Bluegem" and from 250 to 850 hr for "Tifblue".
Terminal floral bud break was similar for all cv at constant
temperatures of 0.6°, 3.3°, 7°, and 10°C. "Tifblue" did not respond as
well as low chilling cv to 15%, no visible bud activity being apparent
following 550 hr exposure to 15°C. The same trend was evident in
alternating temperature treatments. Differences among cv were more
pronounced in lateral than in terminal buds. "Tifblue" did not respond
at all to 15° or 7/15° and responded to 10°C only when exposed to the
maximum chilling duration (850 hr). The authors concluded that these
findings indicate a narrower range of effective chilling temperatures
for "Tifblue" and suggest that "Woodard" and "Bluegem" are better
adapted to mild climatic conditions due to a widening of the temperature
range over which chilling is effective. Vegetative bud break following
diurnal alternation was similar to that obtained under constant
temperatures. 7/15° was more effective in satisfying rest than regimes
of 0/7° and 7/30°C following 250, 350, and 450 hr of chilling, but not
at 550 hr or longer chilling hr duration. 0/7°C gave bud break
intermediate between 0.6° and 7°C only when at least 450 hr total time
was accumulated. In fact this regime slowed bud break under shorter
exposure periods. High chilling cv showed a narrower range of effective
temperatures than low chilling ones (43). Continuous 15° or 7/15° for
14/10 hr, respectively, were as effective as constant 7°C on low
chilling cv but were ineffective in breaking rest of high chilling cv.
Interrupting the chilling period halfway with 2 wk at 30°C enhanced the

rate but did not affect total bud break. However, when 30° was applied
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in a diurnal cycle (for 10 hr) with 7°C, a partial negation of bud break

resulted.

Fifteen degrees was not effective in breaking rest of ‘Montmorency’
sour cherry flower buds, but a 5/15° (16/8 hr) cycle was more effective
than constant 5°C (37). Felker and Robitaille (37) postulated that this
: c;cle provides sufficient chilling accumulation, insufficient continuous

hr at 15°C to nullify chilling, and enough concomitant heat unit

accumulation to increase the rate of bud break.

Scientists have devoted considerable research effort attempting to
understand the physiological basis of rest and the mechanisms of action
of low temperatures. The most popular hypotheses involve hormones; one
of these postulates that growth inhibiting substances accumulate in
seeds as they mature, leading to the onset of dormancy. During rest-
breaking treatments (chilling, light, dry storage, etc.) the inhibitors
are metabolized and/or growth promoting substances (cytokinins,
gibberellins) are synthesized and the seeds attain the potential to
germinate and yield normal seedlings. I shall examine the available
evidence regarding this hypothesis.

Abscisic acid (ABA)

The presence of ABA in seeds and other plant parts is well
established, and many attempts have been made to determine its
involvement in dormancy. This problem has been appfoached by:

1) comparing ABA content of dormant and nondormant seeds of the same or
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related species; and 2) effect of dormancy-breaking treatments on ABA
content, such as leaching of inhibitors from the structures covering
embryos to allow germination (94). 1In the latter it is not clear
whether leaching per se or imbibition alone is sufficient to initiate
other metabolic processes leading to a decrease in inhibitor content.
Rudnicki (70) reported that levels of ABA in applelseeds increased
with their maturation. ABA levels were higher in séed;coats than in
embryos. He postulated that translocation of endogenous ABA of seed
coat to embryo during stratification may play a regulatory role in
blocking some metabolic activities of embryo growth. Rudnicki and
Czapski (71) investigated the distribution and degradation of 14c_ABA 1n
apple seeds during stratification at 4°C. Total activity decreased in
seed coats and endosperm but increased in cotyledons and embryonic axes.
Seeley and Powell (75) found that levels of ABA were high in vegetative
apple buds during mid-summer before and after onset of dormancy. ABA
content increased to a maximum just prior to leaf fall and decreased to
a minimum just prior to bloom. Leaf removal reduced rest intensity.
The authors concluded that ABA peak and rest intensity are well
correlated. Balboa-Zavala and Dennis (4) investigated the content of
ABA in apple seeds as they mature. ABA levels were fairly high prior to
the onset of dormancy. As the latter developed both, free and bound ABA
decreased and as the embryos became fully dormant the ABA levels rose
sharply. ABA levels in seed coats and cotyledons did not appear to be
related to the intensity of dormancy. Patterns of ABA changes in apple
buds (‘'Antonovka’) were similar at 4° and 24°C (13’. High chilling
peach seeds contained higher levels of free and bound ABA-like

inhibitor(s) than low chilling ones (27). Diaz and Martin (27)
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suggested that this difference in initial ABA content could be the cause
of the difference in chilling requirements. ABA-like activity in peach
flower buds increased during autumn until leaf fall, then decreased
throughout winter until rest termination; levels of ABA were correlated
with chilling requirement of flower buds of three peach cv (15). During
maturation of peach seeds the ABA levels increased in embryonic axes but
remained low in the seed coats (11). The pattern of ABA in matﬁring
peach seeds varied from year to year but germination properties did not
vary accordingly. In most early studies on ABA levels vs intensity of
rest no attempt was made to determine the effect of stratification
temperature on ABA content. When this precaution was taken, ABA content
in apple (4) and peach seeds (12) declined in a similar fashion at 5°
and 20°C. But only the former treatment was effective in breaking
dormancy. The authors concluded that ABA alone does not control
dormancy. The decline in ABA content may be a prerequisite for dormancy
removal but chilling must have one or more additional effects. Ramsay
and Martin (68) investigated the seasonal changes of growth promoters
and inhibitors in apricot buds. The onset of rest was correlated with a
decrease in inhibitor and an increase in GA-like activity. The end of
rest was correlated with a decrease in the level of both ABA and GA-like
activity. Inhibitor content decreased to undetected levels as chilling
proceeded. Dennis et al. (26) found no consistent correlation between
ABA content and seed dormancy in several species of Pyrus. Using seeds
with a wide range of chilling requirements from 2 wk (‘Bartlett’) to 13
wk (‘Russian’) the authors could not relate either ABA or DPA levels to
the depth of dormancy. Mielke and Dennis (64) reported that both free

and bound ABA levels increased during autumn leaf abscission in sour
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cherry flower buds. The increase in ABA was prevented by mechanical
defoliation. However, early manual defoliation did not affect rest
intensity. Levels of endogenous ABA decreased in buds of several Vitis
vinifera cv during cold treatment (31). However, ABA content was higher
in lateral buds destined to grow the year of formation than in dormant
axillary buds which required a chilling treatment. The authors
concluded that the interaction (if any) between ABA and chilling would
be of secondary importance in bud burst of grapes.

Karssen et al. (52) used ABA-deficient mutants of Arabjdopsis
thaliana to determine: 1) the origin of ABA in seeds; 2) the role of ABA
in onset of dormancy; 3) the regulatory site of seed dormancy induction.
Reciprocal crosses of wild type and ABA-deficient mutants showed a dual
origin in developing seeds: seed coat ABA, which peaks mid-way through
seed development, and embryonic ABA, which reached much lower levels,
but persisted for sometime after the maximum in maternal (seed coat)
ABA. The onset of dormancy correlated well with the presence of the
embryonic ABA fraction but not with seed coat fraction. Effect of
maternal ABA was similar to that of exogenously applied ABA which did
not induce dormancy in ABA-deficient mutants. Dormancy was induced only
when the genome of the embryo contained the dominant allele and thus the
embryonic ABA fraction. Maternal ABA was not related to dormancy
induction; dormancy developed despite its absence. The pattern of
dormancy induction was dependent upon the genotypes of embryo and
endosperm. The authors stated that the probability that ABA and
dormancy are not causally related is very low sincehgenetic analysis
showed that a single gene is involved in the mutation. In other species

such as tobacco, in which the female parent has a greater influence on
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dormancy induction than the pollen parent, the maternal genotype may be
more actively involved in onset of dormancy. A dual origin of ABA has

not been established in seeds of other species.

SUMMARY

Considerable effort has been made to determine the relationship
between ABA content and dormancy in seeds and buds. ABA declines during
chilling in almost all species investigated (10). However, the decline
in ABA content is not limited to conditions that break dormancy. ABA
can decline at the same rate and to the same level when imbibed seeds
are held at warm temperatures which are inefficient in breaking rest.
Black (10) postulated that a decrease in ABA content is not sufficient
for dormancy removal. The latter must require changes, in addition to,
or other than, a decrease in ABA. In fact, ABA may decline or disappear
several weeks prior to the satisfaction of seed chilling requirement
(5). Other changes required for dormancy removal could involve other

growth regulators.

MECHANISMS OF ALTERNATING TEMPERATURES

Low temperature is required for breaking dormancy, while high
temperatures generally have a negative effect (84, 53, 96, 41). High
temperatures inhibit chilling accumulation when interspersed during
stratification. Purvis and Gregory (67) observed that high temperatures
(25°C) negate the effect of low temperatures (10°C) on vernalization of
Petkus winter rye. Devernalization was temperature‘and cycle length
dependent. They postulated that the first step in vernalization is

reversible. When high and low temperatures are alternated the advance
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towards the vernalized condition occurs during low temperature and
during the subsequent high temperature period the effect is partially or
completely annulled. The net effect of a single cycle would depend upon
the temperature coefficients of the forward and backward reactions. The
total effect of a series of cycles will depend upon the mode of
summation of the effect of the individual cycle as well as on the change
in sensitivity as vernalization proceeds. When relative durations of
exposure to low and high temperatures were maintained at a fixed ratio
the degree of reversal was inversely proportional to the absolute cycle
length. The vernalization is further fixed if a period of moderate
temperature (15°C) precedes the exposure to high temperature.

Purvis and Gregory (67) proposed a scheme to rationalize the effect

of low and high temperatures and their interaction:

a b c d
A g——=A' » B =—/=C -» D
a’ e’

a : occurs at low temperatures

a': occurs at high temperatures

b : occurs either at low or moderate temperatures (15°0)
c : occurs in the dark

c’': occurs in the light

d : occurs in the light.

A is a precursor converted to A’ at low temperatures, A’is an
intermediary of a specific substance B, C is produced by reversible
reaction proceeding forward in darkness (SD induction) and backward in
light, and C to D proceeds only in light. C and D Qre substances
responsible for flower initiation and development. B could also be

converted to a substance E which could be a vegetative hormone favoring
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leaf production.

Erez and Couvillon (33, 34, 35), evaluating the effects of constant
and alternating temperatures reported that a high temperature (> 20°C)
for 8 hr a day negated chilling accumulation. In contrast a moderate
temperature (15°C) promoted peach bud break when applied for 8 hr on a
daily cycle in the later stages of dormancy. The authors proposed a
scheme (a modification of Purvis and Gregory’s) to explain the promotive

effect of moderate temperatures on breaking dormancy of peach buds.

a b
A——>B——>C
a'

a : occurs at low temperature

a’': occurs at high temperatures

b : occurs at low temperature but occurs at a faster rate at
intermediate temperatures.

Intermediate temperatures permit more rapid conversion of B to C,
thus increasing the efficiency of low temperature on breaking rest. 1In
contrast high temperatures (> 20°C), when interspersed with chilling
temperatures, negate chilling accumulation and favor the conversion of B
back to A (Figure 1). The chemical natures of A, B, and C are not known
and no attempt has been made by the authors to explain what these
precursors might be. In contrast to the two-step reactions proposed by
Purvis and Gregory (67) and Erez and Couvillon (35), Saure (74)
suggested that there could be two distinct but overlapping temperature
reactions. The first reaction has a low optimum temperature, but as
chilling accumulates this optimum widens. During eﬁrly stages of
chilling (true dormancy) the inhibition potential is much higher and

chilling could be counteracted even by relatively moderate temperature
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(Figure 2). As chilling proceeds (late dormancy) the buds would
accumulate enough chilling so that the second reaction can proceed and
the range of temperatures capable of negating subsequent chilling

becomes narrower (> 23°C) (Figure 3).

CONCLUSIONS

-Dormancy is a general phenomenon experienced by almost all plant
organs during their life cycles. A considerable amount of work has been
devoted to attempting to understand the physiological basis of rest. A
number of models and concepts have been developed to explain the
mechanisms of rest, but none is capable of explaining all phenomena.
Some good correlations exist between physiological processes in seeds
and buds and natural inhibitor or promotor levels. However, there are
no cases known in which the role of an endogenous plant hormone has been

proven beyond doubt.
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Figure 1. Temperature response curve of proposed reactions
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INTRODUCTION

Peach seeds (and buds), like those of other temperate fruit trees,
go through a dormant period after maturity. Removal of such dormancy is
usually accomplished by a moist cold treatment. Effective temperature
range for removal of dormancy in rosaceous seeds and buds is between 0°
and 10°, with an optimum between 2° and 7°C (76, 84). However, the
optimum temperature does not appear to be constant throughout the
chilling period but rather changes with time. Saure (74) speculated
that as seeds or buds accumulate chilling the optimum is shifted to a
higher temperature. Any temperature within the effective range can
remove dormancy if allowed to act long enough. As a consequence
chilling requirement is sometimes expressed as the number of weighted
chilling hours (32). The chilling requirements of buds and seeds of the
same species are very similar (53). Seeds are easy to manipulate and

work with, and are therefore better suited for such studies.

PURPOSE OF MY RESEARCH
Since chilling requirement varies greatly among peach cultivars,
my objectives were to determine: (a) the temperature response of peach
seeds from several sources which differ in chilling requirements, (b)
whether the effect of temperature changes as stratification proceeds,
and (c) whether the promotive effect of moderate temperature observed in

peach buds also occurs with seeds.
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MATERIAL AND METHODS

Seeds of 5 different types were used: Siberian C (SibC), Lovell, a
Chilean seedling, a Brazilean seedling (Pessigo), and FL 9-4 which have
800, 1000, 450, 450, and 150 hr chilling requirements, respectively.

The seeds were obtained from the following sources: Siberian C -
Hilltop Nurseries, Hartford, Michigan; Lovell - a commercial orchard in
California; Chilean - Chile; Pessigo - Brazil; and FL 9-4 - Dr. Wayne
Sherman, University of Florida, Gainesville, FL. In all experiments the
seeds were treated in a similar fashion: dry peach pits were held at
5°C until used. Seeds were removed from the pits and soaked in a
fungicide solution (0.03% "Captan" = N-[(trichloromethyl) thio]-4-
cyclohexene-1,2-dicarboximide) for 24 hr. Seeds were placed in petri
dishes containing 2 layers of filter paper moistened with Captan
solution. Four dishes (10 seeds per dish) were used per treatment.
After various periods of stratification, germination capacity was
evaluated by holding seeds for 10 days at 20°C in the dark. The final
germination (X) represents total germination during stratification plus
10 days at 20°C. For alternating temperature treatments seeds were held
in styrofoam boxes placed in a 5°C room. The temperatures within the
boxes were raised for specified periods of time each day by using a
time-clock to illuminate an incandescent light bulb. A thermostat
prevented overheating and a fan mixed the air inside the box to equalize
temperature. Controls were kept at constant temperatures (5° for

alternating and 20°C for continuous temperature treatments).
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RESULTS
Section I. Effects of constant temperatures throughout stratifcation
pexriod
A. Effect of stratification temperature on germination of peach seeds
V. e (2 S

The purposes of this experiment were to determine the temperature
response curves of peach seeds exhibiting different chilling
requirements, evaluate the nature of these differences and assess
whether they are only quantitative (number of chilling hr) or
qualitative as well. The results were analyzed factorially (temperature
x time of stratification), after arcsin transformation of percentage
germination for each cultivar (Figures 4-7).

Germination of SibC seeds increased steadily with time at both 0°
and 5° and 0° was as effective as 5°C (Figure 4). Temperatures of 15°
and 20° were totally ineffective in stimulating germination, whereas
10°C resulted in about 20X germination after 1344 hr. In Chilean seeds,
0° was most effective at 336 and 672 hr followed by 5°¢c (Figure 5).
However, 10° was equally effective after 1008 hr, while 15° and 20°C
were ineffective regardless of stratification time. - The chilling
requirement was completed after 672 hr at 0°, after 1008 hr at 5° or
10°C. Although chilling Pessigo seeds for 336 hr increased germination,
response was essentially saturated within 672 hr at 0°, 5°, or 10°C
(Figure 6). At 15°C some increase in germination was apparent following
an additional 336 hr of chilling. Five degrees was somewhat more
effective than 0° or 10°, 15° was much less so, and 20°C had little
effect. In FL 9-4 seeds held at 5°, little response was obtained by

extending chilling beyond 336 hr; however, at 0°C 672 hr of chilling was
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much more effective than 336 hr (Figure 7). Response to 10° paralleled
that of Pessigo seeds at 15°, whereas neither 15° nor 20°C were
effective.

Maximum germination at 20° was reached after exposure to 0°, 5°,
and 10°C for 1008 hr for low chilling peach cv (Chilean, Pessigo, and FL
9-4) and and 1344 hr for SibC. (Figure 8). Chilean and Pessigo
exhibited a broader temperature response curve than did SibC or FL 9-4.
This suggests that some low chilling cv may have a wider range of
effective temperatures that break dormancy. Gilreath and Buchanan (43)
reported that low chilling cv of blueberry and peach have higher optimum

temperature and broader effective temperature range.
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The purpose of this experiment was to determine the optimum

temperature and relative efficiency of temperature so that weighted
chilling hr can be calculated. SibC and Lovell peach seeds were held at
-5, 0%, 5%, 10°, 15° or 20°C for periods up to 2016 hr (12 wk). The
germination was determined after 10 days at 20°C following each
stratification treatment. The results were analyzed statistically after
transforming percentage data to arcsin square root values. Mean
separation was performed by the Duncan’s multiple range test at the 5%
level. In the first experiment with SibC seeds, 5° appeared to be the
optimum temperature, followed by 0°, 10° was less effective, although
60% of the seeds germinated after 2016 hr of stratification, and 15°C
had very little effect (Figure 9). None of the seeds kept at -5°
(freezing) or 20° had germinated after 12 wk. Apparently exposure to
-5° irreversibly injured the seeds since no germination was observed even
after the seeds were restratified at 5°C for 2184 hr. The experiment
was repeated to determine whether the effect of the temperatures used
was consistent. Again in this experiment 5° appeared to be the optimum
temperature, while -5°C had a detrimental effect on seed viability
(Figure 10). When seeds of ‘Lovell’, another peach cultivar with a high
chilling requirement, were used the results were similar to those
obtained with SibC. Five degrees again was optimum, followed by 0°,

whereas 10° and 15°C had little and no chilling effect, respectively

(Figure 11).
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Fifteen degrees by itself had little chilling effect. The
efficiency of 10° varied with stratification time and experiments as
well as seed source. The effect of 10°C does not appear to be
consistent; it was partially effective in some instances but ineffective
in others. One hr at 10°C can be given a relative chill value of 0.4 in
experiment 1 and 0.6 in experiment 2 for SibC and only 0.2 for Lovell.

This variability appeared also with low chilling peach seeds.

Section II. Effects of alternating temperatures

The purpose of the following experiments was to 1) assess the
effectiveness of moderate temperatures, on breaking dormancy when
alternated with low temperature, 2) assess whether or not the promotive
effect of such moderate temperatures observed with peach buds occurs
also with seeds, and 3) evaluate the inhibitory effect of high

temperatures in relation to cyle length and stage of stratification.

1. Effects of continuously alterpating temperatureg in a diurnal
cycle

SibC peach seeds were exposed to diurnal cycles (16 hr at 5° and 8
hr at 10°, 15°, 20°, 25°C) to deCetﬁine if the promotive effect reported
for peach buds occurs with seeds. The results were statistically
analyzed as a factorial (temperature x time) after arcsin transformation
of square root of percentage germination (Figure 12). Little difference
was evident in percentage germination between treatments up to 672 hr at
5°, only constant 5° vs 5/20° differed significantly from one another.
However, the 5/10° regime significantly promoted germination, once 896

hr at 5° were accumulated, in comparison with 1008 hr at continuous 5°c,
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but differences thereafter were non-significant. Alternating 5° with
15°, 20° or 25° significantly reduced chilling accumulation and even
after the seeds held at these temperature regimes accumulated 1344 hr at
5°C the germination percentage remained very low. When the same
alternating temperature regimes were applied to ‘Lovell’ 20° and 25°
counteracted the effect of 5° regardless of period of stratification,
and 15°C partially negated chilling accumulation. In contrast, 10°C had
a promotive effect in early phases of chilling and was just as effective
as the control thereafter (Figure 13).

The same cycle was used for the two low chilling peach cv Chilean
and FL 9-4. Chilean seeds held continuously at 5°C gave the highest
percentage germination on the first sampling date. However, after 672
hr at 5°, 5/100, 5/13°, and 5/15°C all promoted germination, while
5/20° inhibited it. Both promotive and inhibitory effects disappeared
when the cycle was repeated until the seeds accumulated 1008 hr at 5°C
(Figure 14).

With FL 9-4 seeds moderate temperatures (10°, 13°, and 15°) when
alternated with 5° were no more effective than continuous 5°C regardless
of the chilling period. 5/20° caused partial negation when seeds were
stratified for short periods, but not after 672 hr at 5°C (Figure 15).

Ten degrees (8 hr) when alternated with 5° (16 hr) during
stratification promoted germination at 20° of seeds with high chilling
requirements, however, a temperature of 15°C or higher inhibited it.
Similar observations were reported by Aduib and Seeley (1) where 10°
promoted while 15°C inhibited the germination of "ﬁalford" peach seeds
when these temperatures were applied in a diurnal cycle of 16/8 hr at

5°C and higher temperatures, respectively. Thus 15°C, does not appear
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to be as effective in removing seed dormancy as was reported for peach
buds, suggesting that seeds may have a temperature threshold for
enhancing chilling effect on 16/8 hr cycle. When moderate temperatures
were applied to peach seeds with low chilling requirements they did not
inhibit subsequent germination at 20°C. In fact both 13° and 15°
promoted germination of Chilean peach seeds held for 672 hr at 5°c.
However, 10° ~ 5° for Chilean, although 15°C is much less so.
2. Diurnal alternation at different gtageg of gtratification

To determine if the effect of temperature alternation depends upon
the chilling accumulated or stage of stratification, the chilling was
divided into 3 equal subperiods (I, II, III) of 504 hr each. The seeds
were held at continuous 5°, or at 5/10°, 5/13°, 5/15°, or 5/20°C (16 hr
at 5° and 8 hr at higher temperature). Temperatures were alternated
either throughout the chilling period or only during one or two of the 3

periods.
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a. emper e

All treatments were continued until 1008 hours at 5°C were
accumulated (Figure 16). Alternating temperature of 5/10° again
promoted germination while 5/15° and 5/20° inhibited it; 5/13°C reduced
germination, but not significantly.

b. Diurnal alternation during 1 of the 3 stages

In this experiment the seeds were held at alternating temperatures
(5/10°, 5/13°, 5/15°, or 5/20°) for one of the three stages (I, II, or
III) and at constant 5° for the two other stages until all the
treatments had accumulated 1344 hr at constant 5°C. The final
percentage germination after 10 days at 20°C was transformed to arcsin
square root (germination %) and analyzed as a two factor (temperature x
stage) factorial.

Temperatures of 13°, 15°, and 20° all inhibited germination
significantly when alternated with 5°C during the first period (I) of
stratification (Figure 17). However, they had no significant effect in
subsequent two stages. A promotive effect of 10° was not evident,
probably because the control germinated well after 1344 hr at 5°C;
promotion would have required a shorter chilling period. It is
difficult to explain the inhibitory effect in early stages, of a
temperature regime such as 5/13° or 5/15°C. The same effect was
apparent in peach buds (35) although, the authors did not attempt to

explain the inhibition.
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c. Diurpnal alterpation at any 2 of the J stages

All seeds were held for 1176 hr at 5°C. The results are summarized
in Figure 18. 5/13° and 5/15° regimes did not inhibit germination
significantly in this experiment as they did when applied in the first
stage alone (Figure 17). However, in the first experiment seeds
accumulated more chilling (1344 vs 1176 hr) and more total time. Only
the 5/20°C temperature regime significantly negated germination when
applied during the first and second or first and third stages. None of
the temperatures significantly inhibited germination in the later
stages. This suggests that either the chilling unit changes with time,
or that there are two distinct but overlapping reactions with two
different optimum temperatures, as Saure (74) suggested. Therefore the
inhibitory effect of a high temperature in early stages could be

compensated for by its promotive effect as chilling accumulates.
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B. Alternating temperatures in long cycles
1. First experiment
In addition to diurnal alternation, the effect of a series of long
cycles was examined in order to determine whether or not the promotion
or negation of a certain temperature is dependent on cycle length. 1In a
first experiment, the ratios of days at 5°C to days at higher
_temperatures (10°%, 15°, 20°, and 25° used were 1/1, 2/1, 3/1, 2/2, 4/1,
5/1, 3/3, &/2,>6/1, 4/4, 6/3, and 5/5. All cycles were repeated until
the seeds accumulated 1344 hr at 5°C. The percentage germination data
were transformed to arcsin of square root of percentage germination,
then analyzed as a 2 factor factorial.
a. °C/days at higher temperature=1/1
Temperature significantly affected response, but cycle length did
not, and interaction was non-significant (Figure 19). 5/20° and 5/25°C
significantly reduced germination regardless of cycle length, whereas
5/10° and 5/15° had neither a promotive nor an inhibitory effect.
Probably germination response was saturated following chilling for 1344
hr. Promotion or inhibition by a moderate temperature would have
required shorter stratification periods.
b. Cycles of days at 5°C/days at higher temperature=2/1
At this ratio the main effects of both temperature and cycle
length, as well as their interaction, were significant (Figure 20).
Only 20° and 25°C significantly inhibited germination. The degree of
inhibition by 20°, but not 25°, decreased as the cycle length increased
from 6 days to 9 days. No promotion was apparent #t any temperature or
cycle length, probably because the seeds held at continuous 5°C were

approaching maximum percentage germination after 1344 hr.
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c. te es and increasin
time at 5°C

Main effects of both temperature, cycle length and their
interaction were significant (Figure 21). Moderate temperatures (10°
and 15°C) did not significantly reduce germination at any cycle length.
However, 20° and 25°C partially negated chilling on short cycles but not
on those longer than 4 days. Thus, the inhibitory effect of high
temperature declines as the proportion of time at low temperature
increases. Four days at 5°C are required to prevent the inhibitory
effect of high temperatures. The threshold cycle for both 20° and 25°C
appeared to be 4 days. Any cycle shorter than this threshold
significantly inhibited chilling accumulation. However, no beneficial
effect of moderate temperatures (10° or 15°C) was evident since the
stratification period was too long (1344 hr at 5°C) and germination

percentage was saturated.
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2. Second experiment
Siberian C peach seeds were subjected to the same treatments as in
experiment 1, but the time of exposure to 5°C was limited to 1008 hr.
In addition to long cycles a diurnal cycle (16/8 hr) was included.
a. nglgg_gf_ﬂgxg_g;_j?ﬁzggxg at higher temperature=1/1
Ten degrees, 13°, 15° and 20° were alternated with 5°C for 16/8 hr,
1/1, 2/2, and 3/3 days respectively. The results are summarized in
Figure 22. The alternating 5/10°C promoted germination in comparison
with constant 5°, but the difference was significant only on the 6 day
(3/3) cycle. The effects of 13° were non-significant, but 15°C
significantly inhibited chilling accumulation in the diurnal.and the 2
day cycles. In contrast 20°C had an inhibitory effect regardless of
cycle length. However, when main effects for temperature were compared
10° and 13° significantly promoted chilling accumulation while 15° and
20°C inhibited it. The main effects for cycle length and interaction
were not significant.
b. Cycles of days at 5°C/days at higher temperature=2/1
The cycles used were 16/8 hr, 2/1, 4/2, and 6/3 days. 10° and 13°
slightly promoted germination (not significant at 5% level) in
comparison with continuous 5°, while 15°C inhibited it on diurnal and 3
day cycles but not on longer ones (Figure 23). This confirms the fact
that the inhibitory effect of 15° is cycle length dependent. On the

other hand, 20°C was inhibitory, regardless of cycle length.
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time at 5°C

Increasing cycle length again showed that the inhibition of
germination by 15° and 20°C depends on relative time of exposure to high
vs low temperature (Figure 24). 15°C inhibited germination at 16/8 hr,
1/1, and 2/1 days but not as the cycle length was increased to 4 and 5
days. Comparison of temperature main effects showed that 10° promoted
germination while 15° and 20°C inhibited it relative to constant 5°. On
the other hand 13° was without effect. Main effects of both temperature
and cycle length and their interaction were significant. The inhibitory
effect of 20°C also declined as cycle length increased, but was still
evident on the 5 day cycle. The threshold cycle was similar to that in
experiment 1. Inhibition by 20°C was much greater in seeds chilled for

1008 hr than in those chilled for 1344 hr.



3 s o0 Q9
9 ‘3‘.‘298
g) an.n;ln
. N =
,3 NOUE
: N =
g-
S ————

! =

|

abc

T L

S S AN

ab

=

—

i //f///////////////

ATRR.._—-_—_-_-,

fgh

d e

L L L L

abcd

NN

Y

s /////////////

abc

\\\\\\\\\\\\\\\\

e

100 -

(°/,) UOIDUIWISD

4/

n

2N

/1

SISO
ASSSSSSSSSS

ermination (°/) (during stratification plus’10 days at 20°C)

P
>
o
o
-
o
| .
£
N .
Y )
S Z 30
O.cd
S
U5
& 0
=&
U
| .
<&
QL
(«F)
o
oL
-
L*
Roe)

Figure 24 Effect of stratification temperature ,5°C vs %° alternated with higher temperatures,



68

Section III. Effects of constant temperatures at various times during
stratification

A total chilling period of 1512 hr (9 wk) was divided into three
equal periods of 504 hours (3 weeks) each and continuous temperatures of
5°, 10°, and 15°C were used in to assess: 1) the effect of moderate
temperatures at different stages of chilling; 2) whether or not the
chill unit value chanées with time.

Experiment 1: Ten degrees was just as effective when given in the
third stage alone as when used continuously in a diurnal cycle, but did
not stimulate germination when applied during the first stage. 15°C had
a similar promotive effect when it was applied subsequent to 1008 hr of
chilling, but reduced response to subsequent chilling when given during
the first stage (Figure 25).

Experiment 2: Again both 10° and 15°C had a promotive effect when
applied in the last stage, but inhibited germination in stage 1. Ten
degrees had a positive effect when applied in the second stage of
stratification while 15°C had an opposite effect (Figure 26).

Experiment 3: In a third experiment, the control (1008 hr at 5°C)
germinated better than in the two first experiments. Seeds exposed to
moderate temperatures in later stages appeared to respond, differences
were not significant when given in the early stages, 15° inhibited
response to chilling, but 10° had no effect (Figure 27).

The fact that 15° was generally inhibitory in the diurnal cycle and
during early stages of stratification, but promoted germination in stage
3, suggests that the beneficial effect of a moderafe temperature during
late stages could be attributed to promotion of germination. However,

response was not consistent. The promotive effect of moderate
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temperature in late stages could also be attributed to a change in chill
unit as stratification proceeds. It is difficult to explain the
inhibitory effect of moderate temperatures in early stages, since one
would expect that such temperatures would be without effect on

subsequent chilling.
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Section IV. Attempt to elucjidate the mechanism of tewperature effect

It would be helpful if one could separate between the effect of a
temperature on chilling and its effect on germination per se. One
approach to this problem is to determine if partially chilled seeds
germinate better at an intermediate temperature such as 10° or 15° than
at 20°C or higher. A second approach is to use polyethylene glycol
(PEG) to prevent germination during stratification. PEG, a viscous
liquid miscible with water, lowers the osmotic potential of the medium,

limiting water uptake and thereby preventing radicle elongation.

1. Effect of temperature on germination of partially and completely
stratified seeds

Siberian C peach seeds were stratified for various periods at 5°,
then their ability to germinate was tested at 10°, 15°, 20° and 25°C
(Figure 28). Temperatures did not. affect germination significantly

except that 25° inhibited germination after 1344 hr at 5°C.

2. Effect of PEG and stratificatjon temperature on germination of

Siberian C peach seeds

Experiment 1. Temperature (5°, 5/10°, and 5/15°C), and PEG
concentration (0, -1, -3, and -5 bars) were tested in a completely
randomized factorial design. The seeds were held at different
temperatures until 896 hr at 5° had been accumulated. The PEG was then
washed out and the seeds were germinated at 20°C (Figure 29). Neither
PEG nor germination temperature affected the results; 10° on a diurnal
cycle was promotive while 15°C had an inhibitory effect relative to the
control (896 hr at constant 5°C). Some seeds held'at 5° for 1344 hr
germinated during stratification despite the presence of PEG at -1 or -3

bars.



74

100 -

90 4

801

[ o3

(3] [02]
o o o
1 1 1

Germination (%)
8

20+

10 4

Time at %° (wk)

Figure 28. Effect of tempercture on cermination of Sibericn C
peach seeds foillowing stratification at5°C.



~
vl

100 -
/ 7 EZZ Central
90 V%W 7-l< i
804 ' | [_ m ol
) ‘l m -58ers
3 604 “ /
g 50 Continuous 5° EhIB
2-/N
> I
204 il / |
SN NI 7
AENIE 7N /AT
50C 5/10°C TR

Figure 29. Effect of stratification temperature 5° continuous
(1344 hr ) or alternated wiht higher temperatures
for16/8 hr ,for 856 hr at 5°C,with or without PEG
on2%erm1nct|on (%) (during stratification plus 10days
at ) of SiberianC peach seeds.



76

Experiment 2. The chilling period was divided into 3 equal periods
of 3 wk each. 5%, 10°, and 15°C were alternated at different stages
with or without PEG. The PEG was washed off following stratification
and seeds were held for 10 days at 20°C for germination.

In the absence of PEG, 10° and 15° had the expected effects: both
promoted germination in stage 3, and 10° was also effective in stage 2;
both inhibited in stage 1 and 15° inhibited in stage 2 as well (Figure
30). Response of PEG-treated seeds was much more difficult to
rationalize. Ten degrees promoted in all stages at the high PEG
concentration, but only in stages 2 and 3 at the low concentration.
Fifteen degrees inhibited at all stages at the low concentration and at
both stages 2 and 3 at the high concentration, but promoted germination
in stage 1 at high concentration. Because PEG limits radicle emergence,
rather than the early phases of germination, per gse, this experiment
does not provide conclusive evidence as to the mechanism of temperature
effect. It is possible that a moderate temperature such as 15°C affects
germination rather than chilling. This suggestion is supported by the
fact that 15°C by itself has no chilling effect and that its beneficial
effect was observed in all but one experiment when it was given in the
late stages while during the early ones it inhibited. The chill unit
value might also change with time, so that in early stages low
temperature is required for removal of an inhibitor (ABA metabolism) or
synthesis of a promoter (GA) and that a moderate temperature at a later

stage is beneficial for enzymatic or metabolic reactionms.
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