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ABSTRACT
ONION DORMANCY IN RELATION TO TEMPERATURE,

APPLIED GROWTH SUBSTANCES AND AN
ENDOGENOUS GROWTH INHIBITOR

By

Sauveur Mahotiere

The relationship between growth and dormancy character-
istics for two varieties of onions, the level of an endogenous
inhibitor present during the dormancy of these varieties, the
effect of wounding and oxygen treatment on dormancy release and
the effect of temperature and chemicals in promoting growth of
shoots excised from dormant bulbs were investigated.

For field studies, 'MSU 4535', a genotype with a long dor-
mant period matured later than 'Downing's Yellow Globe' with
an intermediate dormant period. The initial inhibitor content
of 'MSU 4535' was higher than that of 'Downing's Yellow Globe',
and it declined in-both'cultivars during storage. The inhibitor
resembled abscisic acid- (ABA) in several respects but was not
ABA itself. Dormancy release in onion is temperature-dependent
with 7.5-12.5°C being generally more effective than the range
of 0-5° and 20-30°C. Dormancy was more intense in large bulbs
than in medium or small ones. Transverse wounding was effec-

tive in breaking dormancy in onion but increasing the oxygen
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tension was not. Gibberellic acid (GA3 and GA4/7), ethephon,
and naphtaleneacetic acid (NAA) had no effect but kinetin did
break dormancy. Shoot apices excised from dormant bulbs
responded to temperature in a manner similar to the entire
bulb but a much shorter exposure was required. Kinetin and
sucrose were very effective in promoting growth of the shoot
apices when applied alone but had no effect in combination
with temperature. ABA applied before or after temperature
treatment nullified the temperature effect. 4-Hydroxy-5-
isopropyl-2-methylphenyltrimethylammonium chloride l-piperi-
dine carboxylate (Amo 1618) was effective in reducing growth
of the excised onion shoot apices only if applied prior to
temperature treatment. Sucrose fully overcame the effect of
Amo 1618 but not that of ABA. Kinetin slightly counteracted
the effect of ABA and Amo 1618. Low temperatures (0-5°C)
were more effective in increasing reducing sugars in onion
shoots than high temperatures (10-30°C). ABA and Amo 1618

nullified this effect.
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INTRODUCTION

The onset of dormancy in onion bulbs is associated with
senescence of the leaves. - Dormancy is important from many
aspects. The shelf~life of the bulbs depends upon the degree
of dormancy of the bulb which, in turn, is affected by culti-
var, and by cultural and storage practices. In addition,
dormancy permits the survival of the species under adverse
conditions. Bormancy may govern the production of both seeds
and-bulbs. The time of flower and bulb formation is controlled
by the  degree of dormancy of the bulbs and  the temperature to
which they are exposed-during storage.  Onion bulb' dormancy is
thus of interest to farmers, retailers, consumers, physiolo-
gists-and breeders.

For these reasons, a good understanding of the dormancy
phenomenon in this horticultural commodity is both interesting
and useful.

In this thesis, I have investigated the following:

1. Effects of temperature and growth substances in

brgaking dormancy of whole bulbs or isolated shoot
apices.

2. The levels of an endogenous inhibitor during the
dormancy of onion bulbs.



LITERATURE REVIEW

The Concept of Rest and Dormancy

Wareing and Saunders (136) define dormancy as a state in
which growth is temporarily suspended. This phenomenon is
caused either by external or internal conditions. To avoid
confusion between the two states of growth suspension, some
authors (74,120,132) term the former "dormancy! and the latter
"rest". Vegis (132) presented an extensive review of rest and
dormancy with temperature models for phases of rest. He dis-
tinguished three phases:

l. Early rest or predormancy.

2. Middle rest or true dormancy.

3, The state of potential maximum growth activity or

post dormancy.

Buch and Smith (21), however, used the terms rest and
dormancy interchangeably and questioned the real meaning of
the above distinction. Emilson (45), in his study on the
potato, also makes the distinction between rest and dormancy,
but notes that dormancy includes and may coincide with the
rest period.

Both states of growth suspension have been demonstrated

in onion bulbs (59,61,125,135). Wareing's and Saunders'



definition (136) fits this study which will be concerned
with internal conditions cantrolling true dormancy or rest
in onion bulbs. The general term of dormancy, however, will

be used.

Onion Bulb Formation and
Induction of Dormancy

Anatomical Changes

Before the onset of bulbing, the formation of leaf blades
is inhibited and bladeless sheaths are produced. These, along
with the sheaths of previously formed bladed leaves, increase
in thickness, resulting in swelling of the bulb (l1). This
swelling occurs by increase in cell size and development of
intercellular spaces without cell division (50,123). During
bulbing, the apparently mature (vacuolated) cells of the inner-
most leaves swell laterally and become isodiametric (30,108).
During the differentiation into sheath and blade, a rapid
increase in the diameter of the growing region occurs (54).
Thus, the base of the newly formed leaf is pushed farther and
farther away from the center. At the same time, the leaf
blade and the sheath continue to increase in thickness so
that by the time the younger leaf is- differentiated, no more
periclinal walls are formed. Further increase in the thickness
of the sheath to form the fleshy bulb-scale is due to the
formation and enlargement of intercellular spaces and to the

growth of the cells.



Hormonal Changes Associated With
Photoperiodism

The increase in cell size during bulbing suggests that
auxins are involved in the bulbing process (30). The investi-
gations of Leopold (78) indicated that the auxin content of
plants varied with the photoperiod under which the plants were
grown. Cook (34) studied the effect of daylength on the auxin
content of 8 different plant species including Zinnia and
Xanthium, and found that the plants grown under long days con-
tained more auxins and were considerably larger than those
grown under short day conditions. Clark and Heath (31) ob-
served a rapid increase of IAA following the transfer of young
seedling onions from short days to long days. The maximum
auxin content occurred after 3«5 long days, thereafter a
sharp decrease was observed. Tsukamoto (130), noted a remark-
able decrease in the auxin activity from the end of the bulb-
forming period to the lifting period.

Considering the bulbing ratio (i.e.,

maximum diameter of the base
minimum diameter of the neck

Clark and Heath (31) observed that a measurable increase in

the bulbing ratio occurred 14 days after the long-day treat-
ment, at which time the level of auxin in the long-day treated
plants had fallen to a value below that of the control. Thus,
IAA apparently initiated the bulbing process but continuation
of bulbing was independent of the IAA level (30). Gibberellins

may also be involved in photoperiodism. Cleland and Zeevaart



(33) found that the total amount of extractable GA in Silene
plants was 25-75% higher under long days than under short
days (46). These findings support Digby and Wareing's (39)
observation that Betula leaves exposed to long days contained
more GA than those exposed to short days. However, despite
the fact that onion is a long day plant, Tsukamoto (130)
demonstrated that the GA level was lower in onion plants
grown under long days than under short days.

The above discussion suggests that bulb formation in
onion is induced under long day conditions. Magruder and
Allard (84), using 18 of the most important varieties of
onions grown in the United States, found that increasing the
length of the photoperiod hastened  the maturity of all the
varieties studied.

One of the factors controlling the induction of dormancy
in woody plants is daylength:. In the majority of the species
so far studied, long days promote vegetative growth and short
days bring about the cessation of growth and the formation
of resting buds (135). According to Wareing (133), dormancy

in- Acer pseudoplatanus is controlled by the daylength to which

the mature leaves are exposed. There exists, however, some
evidence that in certain plant species dormancy is induced by

long photoperiods. Lunularia cruciata and onion fall into

this category (50,131).
Hemberg (51,52) appears to have first suggested that in-

hibitors are involved-in bud dormancy. In several woody



species, higher amounts of growth inhibitors have been ex-
tracted from leaves and buds-under short days than under long
day conditions (90,99,100). However, in the case of Lunularia
cruciata, more inhibitors were accumulated under long days
than under short days (131). Tsukamoto's study (130) also
demonstrated that storage leaves and inner leaves of onion
contained more inhibitors under long days than under short

days.

Exogenous Control of Dormancy in Onion

Temperature and Relative Humidity

When dormancy is broken, the primordial bladed leaves
at the center of the onion bulb may emerge as sprouts (1,58).
Under conditions of high relative humidity, the non-dormant
bulb may root (143) and in that case, root emergence precedes
sprout emergence (1,61). Removal of the roots can delay
sprouting (1).

From a commercial standpoint, a sprouted and/or rooted
onion is undesirable. Thus, keeping the onion  in a dormant
or nearly dormant condition has been the goal of many re-
searchers. Their investigations have been aimed at observing
the sprouting and rooting tendency of the onion bulbs at dif-
ferent temperatures after a certain period of time in storage.
Jones (6l1) planted bulbs which were periodically removed from

storage and demonstrated that they sprouted and rooted more



quickly, the longer they were held in storage. The most
critical factors during storage were temperature and relative
humidity. If bulbs were not removed from storage, sprouting
was usually greater at 10°C (50°F), than at 5°C (41°F) and or
at 0°C (32°F). Jones (62) stored bulbs for 4 months at 5
temperatures ranging from 3.7 to 30°C. Sprouting during
storage was progressively greater with increasing temperature
up to 16 to 20°C and then-decreased at 30°C. Thompson (126),
however, observed less sprouting in storage at 15.5°-21.1°C
(60-70°F) than at either 5-or 10°C (41 or 50°F). Wright et al.
(143) stored bulbs at 0, 5 and 10°C under controlled humidity,
and found that sprouting increased-with increasing temperature
but was little affected by humidity. The effectiveness of
intermittent  temperature in breaking dormancy of onion bulbs
was reported by Boswell (15) who observed that storage at 0°C
followed by 10°C caused more rapid growth- than storage at 10°C
for the entire period. Rooting was greatly favored by high
humidities but little affected by temperature. More recently,
Abdaila and Mann (1) demonstrated the presence of a rest
period in onion which-after harvest disappears at all storage
temperatures, the intermediate temperatures being in general
more effective than the extremes.- However, some investigators
have reported that extreme temperatures (30-40°C) were more
effective than intermediate or lower temperatures in breaking

dormancy in onion (1,82). Exposure of onion bulbs to freezing



temperature resulted in decay upon subsequent exposure to
high temperature (14). Quick vacuum cooling was also unsuccess-

ful in breaking dormancy in onion (60).

Controlled Atmosphere Storage

Controlled atmosphere storage was shown to be a good way
of controlling onion dormancy. Chawan and Pflug (35) working
with Downing Yellow Globe and Abundance onions concluded that
controlled atmosphere storage in general improved the appear-
ance and keeping quality of onions. The best storage condi-
tions were found to be 10% co, and 3% 02 or 5% CO, and 5% 02

2
at 5°cC.

Choice of Variety

Magruder et al. (85) on the basis of two years of tests
in seven areas of the United States, grouped onion varieties
according to their-suitability for storage. Despite great
variability in the production, maturity, time between harvest
and storage, and conditions of storage, there was a remarkable
agreement in storage rating quality within varieties. Among
varieties, however, there was great variation in storage life
and generally those varieties which rooted and sprouted quickly
were the poorest keepers. 'Bulbs stored at high temperatures

lost marketability faster than those stored at low temperatures.

Chemical and Physical Treatments

Besides environmental control and the choice of varieties,

chemicals have been tested as a way of controlling dormancy.



Maleic hydrazide applied before harvest retards sprouting and
improves the marketability of the product (57,58,59,141).

So far, use of chemicals for prolonging dormancy has been
more successful than- for shortening it.  Boswell (14) exposed
onion bulbs to an atmosphere saturated with ether at room
temperature but failed to break rest.

Contrary to its effects on sprouting of gladiolus corms,
ethylene chlorhydrin has not given any positive result in
onions. Loomis (82) suggested that the effect of ethylene
chlorhydrin in breaking the rest period may be associated with
hydrolysis of starch reserves, and that this and similar com-
pounds will not be-effective in plant organs which contain
little or no starch such as most bulbs.

The application of exogenous gibberellic acid induces
bud-break in-a number of woody species (135) and its effective-
ness in shortening the rest period of potato tubers is well
documented (81,105,106). Thomas (125), however, could not

break dormancy in onion bulbs with GA GA4/7 or naphthylene-

3’
acetic acid (NAA). However, transverse and longitudinal wound-
ing was very effective in promoting both sprout and root

elongation (14,82).

Anatomical and Biochemical Changes During
the Breaking of Onion Bulb Dormancy

Visible sprout and/or root formation are sometimes con-

sidered as unique indicators of the termination of the rest
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period. Such an approach may be misleading, for, the invisible
anatomical and physiological changes leading to the sprouting
and rooting phenomena may be of importance for the understanding
of dormancy and for its control. According to Chouard (28),
all organs or their primordia are present during dormancy but
either do not grow or grow slowly. He also noted that the fre-
quency of mitosis decreased with the inhibition of growth.
Abdalla and Mann (1) found that in onion the sprouts resulted
from the elongation of leaves which were formed before harvest,
suggesting that sprouting was independent of leaf initiation
during storage. The same investigators (1) observed mitotic
figures in the shoot  apex from twenty days before harvest until
fifty days after storage at 0, 15, and 30°C. Mitotic activity
decreased during storage while the cells had the capability to
enlarge. They concluded  that sprouting was independent of cell
division but was associated with cell enlargement in the inner
leaves.

Color changes have been observed during and after the rest
period in  the  shoot apices  of onion' bulbs. During rest, the
apices are white but they turn yellow or green when rest is
broken (58). The response of the onion bulb to storage sug-

" gests some biochemical changes  (125). . Bennett (9), studying
the level of total, reducing and non-reducing sugars under 0,
5 and 15°C storage temperature, could not show any significant
change in the soluble sugar level. With increasing temperature,

however, the level of reducing sugars was lower and that of



11

non-reducing sugars higher. With eleven temperatures ranging
from 0 to 40°C, the same conclusion was reached, i.e., low
temperature favored accumulation of reducing sugars. Also,
the aminonitrogen content of onion bulbs stored at higher
temperatures-was generally higher (144).

Recently, Poovaiah et al. (102), studying peroxidase
activity in onion bulbs with long vs short dormant periods,
found that peroxidase activity was higher in the short dormant
than in the long dormant bulbs.

Virtually all processes connected with growth, develop-
ment and metabolism in plants are governed one way or another
by hormones (71). There is evidence that bulbs do not escape
this rule. In fact, a possible relationship between tempera-
ture treatment'and'thé level of gibberellin~like activity
has been reported in tulips. Exposure to 5°C for 9 weeks
resulted in an increase in the activity of both free and bound
extractable gibberellins (4). The occurrence of gibberellin-
like substances in onion in free and bound form has been
reported, but their presence was not associated with any physio-
logical process (5). Thomas (125), however, studying the GA
level of Rijnsburger onions stored at 5°C, observed a decrease
in gibberellin activity before sprouting and an-increase as
sprouting commenced. Tsukamoto (130) and Kato (66) obtained
similar results by storing onions at room temperature, i.e.,
the gibberellin-like substance decreased after. harvest and
increased gradually until the period prior to sprout leaf

elongation.
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Abscisic acid accumulation has been correlated with
induction of rest period in buds of woody plants (44,134,80).
Its level has been reported to fluctuate during the rest
period, suggesting that ABA alone does not account for the
rest phenomenon' (36). Sondheimer et al. (117), however,
found that the most striking effect of chilling on Fraxinus
seeds was a decrease in ABA level. Regarding onion bulb
dormancy, few studies exist concerning the role of inhibitors
in controlling the rest period. An accumulation of inhibitor
tentatively identified as abscisic acid in onion bulbs was
observed shortly before harvest (130). Interestingly, this
inhibitor increased immediately after digging and then de-
creased during storage-at room temperature. Thomas (125),
working with- long and short dormant types of onions stored at
5°C also observed a decrease in the inhibitor level at the
end of dormancy. Furthermore, the long-dormant type contained
more of this inhibitor than' the short dormant type. He did not
decisively identify the inhibitory substance. ' Fresh juice
extracted from dormant onion applied to young seedling onions
inhibited their growth and this inhibition declined progres-
sively with time. Here again, this inhibitory substance has
‘not been identified (67), A substance inhibiting seed germin-
ation and identified as allyl sulphide was present in large
quantities in dormant onions and in lesser amounts in sprouting
bulbs (68). In a previous study, however, the same investi-
gators (66) found that the concentration of some inhibitory

" substances in- dormant- onion showed an opposite trend.
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In summary, the existing literature provides the follow-
ing information: Onion bulbs exhibit both rest and dormancy.
The bulbing process results from cell enlargement and is under
photoperiodic' and hormonal control. The end of the bulbing
process, which coincides with the induction of rest, is associ-
ated with low levels of auxins and gibberellins and a high
level of inhibitors.

Dormancy of onions is affected by genotype, temperature,
and O, levels. Maleic hydrazide

2 2
prolongs dormancy, while GA, IAA, ethylene chlorhydrin and

relative humidity and CO

ether vapor have been ineffective in breaking it. The breaking
of dormancy is associated with cell enlargement, and with

yellowing and greening of the shoot apices, increases in reduc-
ing sugar, peroxidase activity and gibberellin-like substances,

and a decrease in inhibitors.



MATERIAL AND METHODS

Field Study of Growth and Maturation

The growth and bulbing of cv Downing's Yellow Globe
onions were compared with that of cv MSU 4535 to determine if
a correlation existed between these characteristics and
storageability. MSU 4535 is an inbred line of long dormancy,
while Downing's Yellow Globe has an intermediate dormant period.
Seeds were sown at the MSU Muck Farm, May 29, 1970. Forty
plants of each variety were randomly selected and staked 5
weeks after emergence. Diameters of the neck and the base were
measured then and at weekly intervals thereafter until the
onset of senescence. The Downing's Yellow Globe variety
started maturing about one week before MSU 4535, but for con-
venience, both were harvested on October 16, when the tops
had dried and fallen. The bulbs were cured in ventilated
crates held in a workroom at ambient temperature for two weeks
at which time they were cleaned and sorted for storage experi-
ments.

In 1971, the varieties Abundance, Downing's Yellow Globe,
and Spartan Banner, short, intermediate and long dormant type

respectively, were grown. The seed was planted May 5 and the

14
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bulbs were harvested on October 11, according to the same
criteria as the previous year. The order of maturing from
earliest to latest was Abundance, Downing's Yellow Globe and
Spartan Banner. The curing procedure was the same-as previous-
ly described except that forced air was blown through the
crates to hasten drying and reduce losses from decay.

Constant temperature rooms were used for storage.

Effects of Temperature During Storage
of Whole Bulbs

Continuous Temperature

The first year, the sprouting response of Downing's
Yellow Globe and MSU 4535 onions to storage at 0, 10 and 20°C
was investigated. The bulbs were put in crates and placed in
controlled temperature rooms. - The relative humidity was not
controlled: Random samples  of 40 uniform bulbs were removed
after 2, 4, 8 and 16 weeks and 20 were planted with .their
bases in water at 20°C. The remainder was put in paper bags
and kept in dry air at the same temperature. The controls
were either held with their bases in water or they were put
in paper bags at 20°C from the beginning. Percentages of
bulbs rooting and sprouting were recorded weekly. In this
study sprouting and rooting are defined as the appearance of
leaves and roots at the top and the base of the bulbs,

respectively.
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When a long time was required for rooting and sprouting,
immersion of the bases in water often resulted in rotting.
However, as dormancy ended, root initiation occurred in a
matter of days. Also, because Downing's Yellow Globe and MSU
4535 have relatively short dormant periods, sprouting sometimes
occurred in samples stored for a long period of time at higher
temperatures. Furthermore, a 20-bulb sample did not permit
detection of small differences between treatments.

For these reasons, some modifications were adopted during
the  second year. Spartan Banner onions, a relatively long
dormant type, were used in 1971. Bulb samples were removed
from the storage rooms after 8 and 16 weeks at 0, 5, 10, 20
and 30°C. Three or four replicates of 20 bulbs each were used.
Moist peat moss was substituted for water and the dry treatment
was omitted. The rooting and sprouting data were recorded
daily until 50 percent of the bulbs had rooted and sprouted.

To determine variability due to size, the bulbs were
classified as follows:

Small (4-5 cm in diameter)

Medium (7-8 cm in diameter)

Large (10-11] cm in diameter)
These bulbs were stored at 10°C for 8 weeks and then planted
as usual. The controls were planted immediately after curing.

Effects of 0, 5, 10, 20 and 30°C on root development of
Spartan Banner were also studied. Bulbs were stored for 8
weeks and planted at 20°C in moist peat moss. Four replicates

of 10 bulbs each were used. Ten days after planting, the roots
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were carefully removed, washed, and dried with filter paper.

Their length and weight were measured.

Effect of Storage Temperature on
Growth of Apices in situ

During the first year, six sound and uniform MSU 4535
and Downing's Yellow Globe onion bulbs were removed from
storage after 5 and 8 weeks at 0, 10 and 20°C. At 10 and 20°C,
sprouting occurred in the Downing's Yellow Globe bulbs and not
enough bulbs were available for removal after 8 weeks. The
scales were removed to expose the shoot apex (see- Figure 1-34),
the shoot apices were then measured to assess the effect of
storage temperature on their elongation inside the bulb.
During the second year, a similar experiment was performed with
Spartan Banner, using temperatures of 0, 10 and 30°C for 8
weeks. In both cases, apices excised from unchilled bulbs
were used as controls. The apices, after measurement, were
grown according to the procedure described later (p. 21).
Effects of Intermittent Temperature,

Root Removal and Substitution by
Kinetin on Sprouting

These experiments were performed to answer  the following
questions: 1) Is continuous chilling necessary to break dor-
mancy in onion? 2) Does rooting govern sprouting and if so,

how? Abundance and Spartan Banner bulbs were used.



Figure 1.
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Photograph of excised shoot apices of dormant
Spartan Onion.

A. Shoot apices held at 10°C for 96 hours.
B. Shoot apices held at 10°C for 96 hours,
then grown in dark at 20°C in moist sand

for 96 hours.

Distance between bars = 1 inch.
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Treatment for Abundance

1l - Control, not stored

2 - 8 weeks at 10°C

3 - 8 weeks at 10°C, 2 weeks at 30°C

4 - 3 weeks at 10°C, 2 weeks at- 30°C, 3 weeks at 10°C

5 - 8 weeks-at 10°C, then derotted daily after planting.

Treatment for Spartan Banner

1l - Control, not stored

2 - 8 weeks at 0°C

3 - 8 weeks at 0°C, injected with half a-milliliter
of water and derooted daily

4 - 8 weeks at 0°C,injected with half a milliliter of
100 ppm kinetin solution and derooted daily.

After removal from storage, bulbs were planted in moist

peat moss at 20°C and examined daily until 50% had sprouted.

Effect of Wounding and Oxygen Treatment
of Unchilled Bulbs on Sprouting
and Rooting

According to some authors (109,113), dormancy in seeds is
related to oxygen deficiency. The effectiveness of wounding in
promoting sprouting has been- attributed to release of inhibi-
tory gases- (14) and oxygen penetration: to the growing point
(82). These experiments were designed to test this hypothesis
on onion bulbs. The sprouting and rooting procedure as well as
the number of bulbs used was the same as deseribed previously,
and MSU 4535 and Abundance were used. Two»kinds 6f wounding
were tested: transverse and longitudinal. In the first case,

one fourth of the upper portion of the bulb: was removed and
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in the second, the same proportion was removed from one side.
Care was taken to avoid damage- of the base-and the inner
shoots. The wounded bulbs were placed in water at 20°C.
Intact bulbs served as controls. To test the oxygen tension,
intact bulbs were exposed to a flow of 100 percent of oxygen
for 48 hours at the rate of 472 cubic centimeters-per minute.
The controls and the oxygen-treated bulbs were placed in

water at 20°C.

Growth of Excised Apices

Effects of Temperature Upon Subsequent
Growth of Excised Shoot Apilces

After assessing the effect of storage temperature upon
the growth of the apices in situ (p. 17), these excised shoot
apices were washed 3 times with distilled water and then
planted in moist sand in the dark at 20°C. Shoot length was
measured after 24, 48, 72, 96  and 120 hours. The controls
were shoot apices: excised from dormant bulbs kept at ambient
temperature. In 1970, only six MSU 4535 and Downing's Yellow
Globe shoots-were used per treatment for: lack of materials.
In the 1971 Spartan Banner experiments,. four replicates of
five apices each were used per treatment and the shoot apices
were- grown in moist sand for 96 hours (see Figure 1-B, page

19).
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Effect of Cutting Bulb Prior to Low
Temperature Treatment Upon Subse-
quent Growth of Excised Aplces

Greenhouse-grown Spartan Banner bulbs were used in the
first experiment. Intact bulbs and bulbs with the upper half
removed were exposed to 10°C for 24, 48 and 72 hours. Excised
apices were also included. The shoot apices were- then excised
from the treated bulbs, washed with-distilled water and planted
as previously described. After 96 hours, the final length was
recorded. A second experiment was performed according to the
above procedure. However-, the Spartan Banner bulbs used were
grown in the field, and five replicates of 5 shoots each were
used. The data were analyzed by using analysis of variance

and Duncan's multiple range test (41).

Effect of Temperature and Time of
Exposure Upon' Subsequent Growth
of Isolated Apices

Excised shoot apices were washed and exposed to 0, 5, 10,

12.5 and 20°C for 96 hours, and then treated as above.

Effect of High Temperature in Blocking
the Response: to Low Temperature

The excised shoots:' were - submitted to the following treat-

ments:
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1l - Controls, no treatment
2 - 10°C for 96 hours

3 - 10°C for 96 hours, 30°C for 24 hours or 20°C for
24 hours

4 - 10°C for 96 hours, 30°C or 20°C for 24 hours, 10°C
for 48 hours

5 - 10°C for 48 hours
6 = 20°C for 96 hours

The apices were then grown as previously described.

Effects of Chemical Treatment

The following chemicals were used either alone or in
combination: sucrose (10 percent); ethephon (100 ppm);
kinetin (100 ppm); GA3 or GA4/7
1618 (100 ppm) and IAA (1 or 10 ppm). Distilled water served

(100 ppm); ABA ( 1 ppm); Amo

as a control. The possible antagonistic effects of sucrose
and kinetin on ABA or Amo 1618 treatment were-also investi-
gated.

The apices were soaked in the test solution for 10 hours.
They were then either planted-directly at room temperature or
exposed to 10°C for 96 hours and then planted at room tempera-

ture.

Effects of Temperature, ABA, and Amo
1618 on Levels of Reducing Sugars
in Onion Shoots

Onion shoot apices (var. Spartan Banner) were exposed to

0, 5, 10, 20 or 30°C for 96 hours. Additional apices were
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dipped into solutions of ABA (1 ppm), or Amo 1618 (100 ppm)
for 10 hours before exposure to 10°C for 96 hours. Exposure
to temperature was carried out in the dark to prevent develop-
ment of chlorophyll. For extraction of reducing sugars the
method of McCready et al. (87) was followed with some modifi-
cations. One gram of the treated material was cut into small
pieces and ground in a mortar with 4 ml of hot 80 percent
ethanol. The mortar was-rinsed twice with 2 ml of hot 80 per-
cent ethanol. The extract was transferred to a centrifuge
tube, stirred, allowed to stand for 20 minutes, and then
centrifuged for 10 minutes at 10,000 rpm. The supernatant
solution was then-decanted  into a flask.

Reducing sugars were determined by the Nelson Method
(32,89). Aliquots of 0.2 ml of the supernatant solution in a
test tube was mixed with 1 ml of Nelson's reagent, prepared
just before use by mixing 25 ml of solution A consisting of:

12.5 grams of Na2C05

12.5 grams of pqQtassium sodium tartrate
10.0 grams of NaHCO3
100.0 grams of NaZSO4

500.0 ml of distilled water

with 1 ml of solution B consisting of:

50.0 ml of distilled water
1 drop of-concentrated HZSO4

7.5 grams of CuSO

The tubes were placed in a boiling water bath for exactly 20

minutes and cooled by plunging them immediately in a cold
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water bath. One ml of arsenomolybdate reagent was added to
each test tube and color was developed by shaking vigorously.
The volume was adjusted to 10 ml with distilled water and
read at 540 nm in a colorimeter.
Preparation of arsenomolybdate reagent:
Solution A

25 grams of (NH4)6 MO7024-4H20

450 ml of distilled water
21 ml of concentrated HZSO4
Solution B

3 grams of NazHASO4-7H20

25 ml of distilled water.
Solutions A and B were mixed and stored together at 37°C for
24 hours during which time the reagent turned yellow.
A freshly prepared solution of glucose (100 mg/l) was used
as a standard. Four replicates were run for each treatment.
The data were statistically analyzed and Duncan's new multiple

range test was used- for comparing the treatment means (41).

Level of Acidic Inhibitor.in Onion Shoots
During Storage

Extraction

The samples were extracted and the acid fraction prepared
according to the procedure used by Aung and De Hertogh(4) for
the extraction of gibberellins. - Shoot apices excised from

MSU 4535 and Downing's Yellow Globe bulbs were removed from



26

storage after 2, 4, 8 and 16 weeks at 10°C or 16 weeks at
0°C. After 8 weeks at 10°C, all the Downing's Yellow Globe
bulbs had sprouted, so no data are presented for Downing's
Yellow Globe stored at 10°C for 16 weeks.

After removal from storage, the onions were frozen and
kept at -18°C until extracted. The bulbs were allowed to
thaw for 4 hours. The shoots were then excised, frozen in
liquid nitrogen, homogenized with absolute methanol in a
Waring blendor, and extracted with constant  shaking for 48
hours- at room temperature. The extractions were run in
duplicate for each treatment. After filtration through
double Whatman paper No. 3 and Celite 535, the methanolic
extracts were concentrated in vacuo at 40°C. The dry residues
were resuspended in 0.33 M KH2P04 buffer at pH 8 and petroleum
ether. The aqueous phase was partioned' 5 times with fresh
petroleum ether-and the petroleum phase similarly partitioned
5 times with fresh buffer. The petroleum ether phase was dis-
carded. The aqueous phase was further - partitioned 3 times
with ethyl acetate; the latter being discarded. The pH of the
aqueous layer was adjusted to 2.5 with HCl, and extracted 5
times with ethyl acetate. After the excess water had been
frozen out, the ethyl acetate fraction was evaporated to dryness
in vacuo and the residue resuspended  in absolute ethanol. This
ethanolic solution constituted the- free acidic fraction and

was stored at 5°C until used.
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Chromatography

Duplicate aliquots of 10 grams of the acidic fraction were
evaporated in vacuo, dissolved in 0.2 ml of absolute ethanol,
and streaked on 100 micron thick silica gel thin-layer chroma-
tograms (Eastman Kodak Co.). Each aliquot was applied to a
section of a plate 6 cm wide, leaving a third section for use
as a blank control. The plates:were developed (ascending) to
a height of 15 cm in isopropanol:ammoninm hydroxide:water
(10:1:1, v/v). The developing tank was lined with filter paper
and equilibrated for 48 hours before use. Four chromatograms
(i.e., 2 per extraction), were developed for each treatment.
After drying, the chromatograms were eut into ten 1.5 cm sec-
tions representing 1 Rf unit, and eluted with absolute ethanol
for 12 hours. The eluates were evaporated to dryness in vacuo,
and aliquots were removed for assay with wheat coleoptile sec-
tions.

Once the zone of inhibition had been established by bio-
assay, eluates from the active region of the chromatogram were
combined, and aliquots representing 2 gram-equivalents fresh
weight of tissue were removed. Relative levels -of inhibitors
were determined by assaying these aliquots with wheat coleoptile

sections.

Wheat Coleoptile Bioassay

The general procedure followed was that described by
Nitsch and Nitsch (91). Genesee- wheat seeds were used through-

out the experiment. The seeds were germinated in the dark at
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25°C. When the coleoptiles were 2.5-3.0 cm long, 4-mm sec-
tions were cut 3 mm from the tip under green light. Five
sections were placed in a test tube containing 0.3 ml of 2

3M citrate buffer

percent sucrose, 10 2M phosphate and 5 x 10
(pH 5.0). A clinostat prevented geotropic curvature.
A microscope provided with a micrometer eyepiece was used to

measuyre the sections after 24 hours incubation in the dark.

Characterization of the Inhibitor

Thin Layer and Column Chromatography

An aliquot of the free acidic fraction (p. 27), equivalent
to 8 grams of onion shoot, was chromatographed on silica gel
thin-layer plates with fluorescent indicator. ' Four different
solvent systems were used:
~ Isopropanol:ammonia: water (10:1:1 v/v/v)

- Benzene:acetic acid:water (8:3:5 v/v/v)

- l-Butanol:n-propanol:ammonia:water (2:6:1:2 v/v/v/v)
- 1-Butanol:acetic acid:water (40:11:29 v/v/v)

B W N

For further identification, onion extract and synthetic
ABA were separately chromatographed in solvent 1. Standard
ABA was located by examining the plates under ultraviolet light,
and the corresponding zone on the extract plate was scraped and
methylated with diazald (N-methyl-N-nitroso-p-toluene~sulfonamide)
according to Schlenk and Gellerman (112) as modified by Powell
(103). Diethylether was substituted for the methylene chloride.

The methylation procedure involved:



29

1 - Dissolving the sample in a 1:9 methanol:ether
solution.

2 - Generating diazomethane from a test tube containing
1.5 ml of carbitol(2-(2-ethoxy-ethoxy)ethanol),
1.0 ml of 60% potassium hydroxide, and 1.5 ml of a
saturated solution of diazald (N-methyl-N-nitroso-p-
toluenesulfonamide) in ether into the sample tube in
a stream of nitrogen saturated with ether.

3 - Stopping the reaction upon appearance of a yellow
color in the sample tube.

4 - Evaporating the methanol:ether solution of the sample
tube under a stream of nitrogen.

Both the methylated extract and methylated synthetic ABA
were chromatographed on silica gel thin-layer plates in
solvent 1. The location of synthetic Me-ABA was detected under
UV light. Eluates of this region were bioassayed with wheat
coleoptile sections. Non-methylated ABA was chromatographed
as a control.

Synthetic ABA and the acidic fraction were also chromato-
graphhd on charcoal-celite (1:2) columns (charcoal:Darco G-60:
Celite-535:Johns-Manville, Lompac, California. One hundred
fifty ml of 60 percent acetone in water was used for elution.
Ten-ml fractions were collected, and evaporated under reduced
pressure at 40°C, and the residues were assayed with wheat

coleoptile sections.

Gas-liquid Chromatography and Mass
Spectrometry

Eluate from the zone of the highest biological activity
(Rf 0.4-0.7) on TLC silica gel plates developed in solvent 1,
and the active tubes (4 to 10) from the charcoal celite column

were methylated as previously described.
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Methylated samples were dissolved in chloroform before
injection into the Packard 7300 series gas-liquid chromato-
graph with flame ionization or electron capture detector.
One g -equivalent of tissue and 1 ng authentic ABA were in-
jected.

The samples were then dissolved in hexane and analyzed
in LKB 9000 Gas Chromatograph-Mass Spectrometer whose condi-

tions are also described in Table 1.
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