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CHAPTER I 

GENERAL 

1. Introduction 

Gladiolus belongs to the 'flower-bulbs' which general term in the Dutch 
horticulture indicates material such as bulbs, corms, tubers, scales etc. of 
ornamental plants. In the Dutch flower-bulb industry, the position of gladiolus 
is second to none except tulips. This is evident from the fact that gladiolus 
occupies an average of 25 % of the total area under flower-bulbs. Though refer
ences indicate that gladiolus has been known to Greeks and Romans (3,1916),* 
the large flowering and summer-blooming gladiolus of to-day has a starting 
point as late as 1837, when BEDDINGHAUS of Belgium, as a result of an inter
specific cross, obtained Gladiolus gandavensis. This hybrid was used by breeders 
like LEMOINE and LEICHTLIN who have a lion's share in the development of 
modern gladiolus. During the 18th and 19th centuries, in the Netherlands stress 
was laid mainly or perhaps entirely on the spring-flowering gladiolus and a 
remarkable Dutch contribution to this period came from SCHNEEVOOGT of 
Haarlem, who introduced Gladiolus ramosus (see KRELAGE 25, 1946, p. 689). 
After introduction of Gladiolus gandavensis, development of summer-flowering 
gladiolus continued at a tremendous rate and to-day, as a result, spring-
flowering gladiolus occupies less than 1 % of the total acreage under gladiolus. 
About 85 % of the summerflowering cultivars that are grown in the Netherlands 
are of Dutch origin which is a great achievement in the light of the fact that the 
first Dutch cultivars were offered as late as 1905 by ALKEMADE of Noordwijk 
(see 31, 1961, p. 19). The rapid growth of the acreage under gladiolus can be 
seen from table 1 (31, 1961 ; 45, 1944 to 1962). 

* Refers to number and year of publication of literature list on page 45. 
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TABLE 1. Growth of area under cultivation of gladiolus in the 
Netherlands, in comparison with tulips. Area of gladiolus 
both in hectares (ha) and in % of total area of flower-bulbs, 
tulips only in %. 

Year 

1910 
1939 
1946 
1950 
1955 
1960 

Gladiolus 

ha 

250 
1117 
973 

1689 
2380 
3545 

/o 

15 
15 
30 
29 
24 

Tulips 

% 

49 
43 
39 
38 
34 

2. Corm and cormel 

In the present investigations corms and cormels of gladiolus have been used 
as experimental material and various terms have been employed to describe 
the parts and the origin of them, for instance, 'outer hard shell of cormel', 
'cormels originating from corms' or 'corms originating from cormels'. To avoid 
confusion, a short description of corm, cormel and of their role in the growth 
cycle of gladiolus is given. For detailed information see GEIGER (19, 1929), 
PFEIFFER (34,1931) and HARTSEMA (20,1937). The corm of gladiolus is a modified 
stem, bearing nodes, internodes and buds. It serves as 'mother corm' to produce 
a new corm and cormels which are referred to as 'originating from corm'. The 
cormels can, in a similar manner as the mother corm, produce corms and 
cormels which are, obviously, referred to as 'originating from cormels'. The 
corm or cormel which has been used for planting, shrivels and dies during the 
growth of the plant. This shrivelled mother corm or cormel can be, later, 
detached easily from the new corm due to the formation of an abscission layer. 
The corm and the cormel of gladiolus are ontogenetically different and, obvi
ously, consideration of size should not be mistaken for a distinct line of separa
tion between them. Cormels are borne on the stolons which originate from the 
axillary buds in the junction of the mother corm and the new corm. A mature 
cormel varies in size from a pin head to a hazel-nut. Its fleshy tissue is sur
rounded by a single hard shell which fits loosely to it. This shell, many times 
referred to as 'outer hard shell' may be naturally broken in certain cultivars. 

3. Dormancy 

Contrary to recent discoveries like photoperiodism, growth promoting and 
inhibiting substances etc., the phenomenon of dormancy was recognized much 
earlier. Failure of seeds to germinate or refusal of buds of deciduous trees or 
of bulbous plants to resume growth under conditions that are usually favourable 
for growth, is attributed to the stage of inactivity which is described by the 
general term 'dormancy'. As long as the regulation of cultivation of plants 
rested to nature's will and the human beings adapted themselves to it, the cycle 
of dormancy and resumption of growth was accepted without challenge. The 
possibility that the plants may be manipulated to recommence growth at will, 
was realized perhaps only in this century. 
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According to CROCKER (6, 1948), various workers between 1906 and 1913 
demonstrated that the dormant rosaceous seeds can be made to sprout by 
removal of the seed coat and by the well known horticultural practice of low 
temperature stratification. After the establishment of the Boyce Thompson 
Institute in 1924, a research team intensively studied seed and bud dormancy in 
a number of plants and the mentioning of their results cannot be avoided, 
almost without exception, by anyone dealing with the subject of dormancy. 

As far as gladiolus is concerned, the attention was drawn to the problem of 
dormancy as a side-issue in the attempts to obtain flowering in winter and, later, 
due to a controversy, which started around 1930, on the right temperature to 
break dormancy. To get a clear picture of this situation, events which occurred 
earlier than 1930 have also to be taken into account. WEINARD and DECKER 
(49, 1930) found, in the trials during 1922 and 1925 that the corms stored at 
temperature around 21° to 27 °C sprouted earlier than those stored at 3°C. 
DENNY (7, 8, 1926) demonstrated the use of chemicals, especially ethylene 
chlorohydrin, in breaking the dormancy of potato tubers. After this discovery 
LOOMIS and EVANS (28, 1928) concluded that storage temperatures between 
25 °C (for 4 weeks) and 39 °C (for 1 week) were equal in effectiveness and were 
superior to the treatment of ethylene chlorohydrin, in breaking the dormancy 
of corms. DENNY (9, 1930) repeated, with some modifications, the work of 
LOOMIS and EVANS and came to quite an opposite conclusion, namely, the 
treatment of ethylene chlorohydrin was effective in breaking the dormancy 
immediately after harvest as well as in the later stages of storage, while high 
temperature storage at 30 °C was effective only in the latter case. During the 
next five years various reports were published indicating superiority of high 
temperature storage in breaking dormancy. EMSWELLER (14, 1930) used 3£°, 
8°, 12° and 30 °C and obtained the earliest flowering in the lots stored at 30 °C. 
VOLZ and KEYES (48, 1933) showed that the corms stored at 30 °C sprouted and 
flowered earlier than those stored at 10° to 18°C. In 1933 LOOMIS (27, 1933) 
published his second report and recommended again the use of high temper
atures, from 20°C (8 to 10 weeks) to 40°C (for 1 week). FAIRBURN (17, 1934) 
obtained more vigorous growth and earlier flowering from corms stored at 
32 °C than from those stored at 10° or 21 °C. Considering DENNY'S lack of 
success with high temperatures in his previous work, DENNY and MILLER (12, 
1935) used a wide range of temperatures from 3° to 35 CC. They established that 
the corms stored at low temperatures of 3° or 10 °C were sooner out of dormancy 
than those stored at room temperature (18° to 25°) or at 35 °C. However, before 
even DENNY and MILLER in 1935 used low temperature for breaking the dorm
ancy, it was a common practice in the Southern States of America to use 
refrigerated storage (26, 1934) for gladiolus to obtain better and uniform 
sprouting. It is often less emphasized that those workers who used a high tem
perature treatment for breaking dormancy (14, 1930; 27, 1933; 17, 1934) have, 
practically without exception, recommended it for only a short duration, while 
they were in favour of low temperatures for long storage. In the light of his 
results, DENNY'S explanation (9, 1930; 10, 1936) was that high temperatures, 
being ineffective when applied to freshly dug corms which are in the early stages 
of dormancy, show a forcing effect only when these corms have reached the 
later stages of dormancy. The phenomena, (a) disappearance of dormancy 
slowly at high temperatures and rapidly at low temperatures, and (b) a pushing 
effect, as shown by early sprouting and flowering and realized by high temper-
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atures, have been named 'dual effect of temperature' by MANN and LEWIS (30, 
1956). This would be called 'thermoperiodicity' nowadays. Various other 
workers showed the beneficial effect of low temperature in breaking the dor
mancy of gladiolus (43, 1954; 37, 1955; 41, 1958; 46, 1960). 

4. Scope of the present investigations 

It is evident from the discussion of literature on dormancy of gladiolus that 
the physiologically interesting question remains whether dormancy disappears 
at high temperatures. A negative answer implies a doubt about the existence of 
dormancy at the harvesting time. As the information available on the conditions 
which are responsible for inducing the dormancy, is scant, it was decided to set 
the problem of dormancy in gladiolus on a more physiological basis. The ex
perimental work carried out, in the first instance, established the role of envi
ronmental factors which existed during the formation of corms and cormels in 
inducing dormancy. Furthermore, the conditions which, during storage, favour 
the disappearance of dormancy have been studied with special reference to 
storage temperatures. While attacking these main aspects of the issue, a variety 
of secondary problems had to be investigated. They can be enumerated as 
follows : influence of soil temperature on disappearance of dormancy, effect of 
storage temperatures on growth of plants, respiratory behaviour during storage 
and, particularly, in relation to outer hard shell, etc. As the Dutch cultivars are 
used as experimental material, additional knowledge obtained about their 
behaviour is a great gain for a horticulturist. 

CHAPTER 11 

MATERIAL AND METHODS 

1. Growth and selection of plant material 

During the four years of experimental work, the corms and cormels were 
obtained from a commercial firm in Noordwijk. Some cultivars had to be 
grown in the experimental garden of the Laboratory of Horticulture, Wagenin
gen, because the firm discontinued to grow them. In most of the cases corms 
and cormels originating from corms were used, but under unavoidable situa
tions those originating from cormels were also used. 

Under the Dutch climatic conditions, gladiolus is grown during only one 
season per year. As soon as the temperatures begin to rise around March or 
April, the corms and cormels of summer-flowering hybrid gladiolus cultivars 
are planted and the crop is harvested in September or October. Some represen
tative data are presented in table 2 so as to give some idea about the conditions 
during an average growing season (33, 1959; 45, 1962). 

After the harvest, corms and cormels are air-dried for two weeks and then 
cleaned. The cormels were passed through different sieves to separate large 
and small sizes from an average medium size (70 to 90 cormels weigh 10 g) 
which, unless mentioned otherwise, has been used for the present experiments. 
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TABLE 2. Climatic conditions in the Netherlands during an average growing season of 
gladiolus. 

^ \ M o n t h 

Condition ^ \ 

Air (°C) 
Soil (°C) 
Rain (mm) 
Sun (hours) 
Day 

March 

5.0 
4.6 

42 
123 
12h 14' 

April 

8.5 
8.5 

45 
164 
I4h 17' 

May 

12.4 
12.9 
49 

212 
15h 58' 

June 

15.5 
15.7 
54 

222 
16h44' 

July 

17.0 
17.6 
77 

202 
16h 02' 

Aug. 

16.8 
17.4 
82 

191 
14h 19' 

Sept. 

14.3 
14.6 
72 

146 
12h 17' 

Oct. 

10.0 
10.8 
72 

101 
10h 19' 

2. Storage and planting 

For storage at various temperatures between 6° and 27°, wooden thermostats, 
placed in a room cooled to 0°C, were used. The temperature fluctuated over 
1°C for the thermostats between 6° and 20 °C and over 2°C for those above 
20 °C. Experiments in relation to soil temperatures and with controlled growing 
conditions were carried out in growth rooms and greenhouses. For construction 
and working of these structures see BRAAK and SMEETS (5, 1956; 1962 in press). 
For long-day treatment the natural daylength was lengthened to 16 hours by 
using supplementary light, 4 incandescent lamps of 40 Watt each per square 
meter area, hung 50 cm above the plants and controlled automatically by an 
electric clock which could be set to give the desired extention of daylength. 
For shortday treatment, the plants are covered with black cloth from 4.30 p.m. 
to 8.30 a.m. to provide 8 hours of daylight and 16 hours of darkness. When 
growing conditions are not specified, the experiments were conducted in a 
greenhouse which was maintained between 18° and 22 °C except on certain 
days, especially during summer, when outside temperature rose above 22 °C. 
The corms and cormels were planted in a mixture of peat and sand (1:1 by 
volume) when only sprouting behaviour was studied, while on the occasions 
when the plants had to be grown to maturity a soil mixture was used of 30 % 
peat-soil, 30 % leaf mould, 20 % farmyard manure and 20 % sand, mixed and 
steam sterilized at 96 °C for 1 hour. 

3. Respiration measurements 

The rate of respiration is expressed in terms of cubic centimeters of carbon 
dioxide evolved per hour per kilogram fresh weight and was measured by a 
'Mikrogas' apparatus. The principle involved will be described briefly, while 
for details reference is made to KAMERBEEK (22, 1962) and KILBINGER (23,1953). 

Air, devoid of carbon dioxide, is passed over respiring cormels and the carbon 
dioxide evolved in the respiration is brought into contact with a specific reac
tion liquid (alkaline solution) ; the conductivity of the latter changes in propor
tion to the concentration of the reacting gas (carbon dioxide). The electrical 
reading of the variation in the conductivity will indicate directly the value of 
the carbon dioxide concentration. The alkaline solution and the carbon dioxide 
evolved in respiration, travel simultaneously and continuously through the 
reaction vessel. Thus the concentration of carbon dioxide can be measured at 
any moment. The parts of the reaction vessel (test cell) are shown in fig. 1 
(51, 1958). 
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C02 from corme I s 

FIGURE 1. 
Parts of test cell for res
piration measurements. 
From WöSTHOFF (51). 
Details in text. 

alkaline solution 

An alkaline solution passes through a glass spiral a, where its temperature is 
ajdusted, to a glass spiral c in which it reacts with carbon dioxide. A gas separator 
d removes the residual carbon dioxide from the solution. The electrodes b and 
e are parts of a measurement circuit which measures the electrical conductivity 
of the alkaline solution before and after the uptake of C02 . The pointer of a 
recording devise is coupled with the axis of the potentiometer of the measurement 
circuit and thus the value measured can be read from the scale. 

CHAPTER III 

EXPERIMENTS 

1. DISAPPEARANCE OF DORMANCY DURING STORAGE 

1.1. Introduction 
As a practice of decades, the Dutch growers have been storing the cormels 

of gladiolus, after the harvest and during the winter months, in a room or a 
cellar which is protected from frost and the temperature of which is around 
5 °C. Whether another storage temperature would be more beneficial for sprout
ing is not known. However, the results of a preUminary report (2, 1959) have 
shown that the cormels when stored, in the latter half of the winter months, at 
3° to 9° sprouted better than those stored at 15° or 20 °C. The percentages of 
sprouting obtained after storage at 23° to 33° were either comparable to those 
of 15°C storage or the lowest among all the storage groups, depending on cultivars. 
To obtain a picture as complete as possible, various storage temperatures 
between 6° and 27 °C were used throughout the period which followed the 
harvesting. Besides, the influence of some morphological factors on sprouting, 
namely shell and size, has also been studied. Since the latter results will be used 
in our temperature studies we shall deal with them first. 

1.2. Shell and size of cormel 
It was observed that in certain cultivars a part of the cormels have a naturally 

cracked outer shell. As an illustration, the percentages of the cracked cormels 
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in case of three cultivars will be given. In 'Friendship', 'Josephine' and 'Mecky', 
the total numbers of cormels produced by 16 corms of 10-12 cm size were 954, 
331 and 390 respectively and the percentages of cracked cormels were 1, 17, 20 
respectively. The percentages in the latter two cultivars are sufficiently high to 
justify a special attention. 

The development of a crack in the shell of a cormel may possibly be due to the 
difference between the rates of growth of the inner soft tissues and the outer 
shell, the latter being slower. This conclusion is supported by the fact that in the 
cormels originated from the same mother corm, those which have cracked 
shell are, usually, larger in size than the rest of them. ROISTACHER et al. (36, 
1957) reported that in case of cv. 'Margaret Beaton', the cormels with a naturally 
cracked shell showed a higher tetrazolium rating and gave better sprouting than 
those with intact shell. Unfortunately, the history of storage of the cormels has 
been unstated. The same workers also mention the unexpected finding that the 
tetrazolium rating was sometimes very low in case of freshly harvested cormels 
with cracked shells. This behaviour is difficult to understand since the freshly 
harvested cormels usually give a high tetrazolium rating. 

Experiment 1. - In order to get a better knowledge of the sprouting of the 
cracked cormels, an experiment was planned. Immediately after the harvest 
213 cormels, produced by 8 corms of cv. 'Mecky', were divided into 8 x 2 groups 
according to uncracked or cracked shell. One half of the cormels of both groups 
was planted immediately at 20 °C while those of the second half were planted 
after a cold storage at 10° for 18 days. After 60 days from planting it was 
observed that none of the cormels without cold storage sprouted. In case of the 
cormels which received 18 days of cold storage, the sprouting percentages for 
uncracked and cracked cormels were 10 and 88 respectively. This shows that 
the naturally cracked cormels are earlier out of dormancy than the uncracked 
ones. The condition of the cormels, uncracked or cracked, has been included in 
following experiments and it will be discussed in more details later on. 

It was further observed that the cormels exhibit a wide range in size. The 
interest in the morphological factor of size was aroused mainly due to two 
reasons, a. To justify the use of average medium size of cormels in the later 
series of trials, b. The findings of MAGIE (29, 1959) that the smaller cormels 
could stand a higher temperature in hot water treatment when compared with 
larger cormels. Since the effectiveness of disease control by hot water treatment 
is correlated with the temperature of the water bath, the smaller cormels could 
be used to obtain relatively more disease-free corms and cormels. 

In literature several references, dealing with the factor of size of cormel in 
relation to sprouting, could be found but none of them is satisfactory for the 
following reasons, a. Lack of information on storage temperature (11, 1934). 
b. Conclusions drawn from a single planting (1, 1958; 39, 1961). c. Sprouting 
recorded for as long as 200 days while the soil temperature is unstated (11,1934). 
In the light of these facts an experiment was planned using cormels of cv. 
'Blauer Domino'. 

Experiment 2. - At the harvesting time, each individual mother corm of 
12-14 cm was bagged together with its own cormels. The bags were removed to 
a cold storage at 10 °C and 8 corms with their cormels, 352 to 556 in number, 
were removed after 0, 35, 77,102 or 136 days and planted at 20 °C. At the planting 
time the cormels were graded after the following method. First of all, the cormels 
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with naturally cracked shell, irrespective of size, were removed and grouped as 
'cracked'. From the uncracked cormels, very small cormels were separated as 
'pin-heads', while the rest of them passed through sieves of different sizes so 
that 3 groups could be formed, namely 'large', 'medium' and 'small'. The 
numbers of cormels per 10 g for the 3 latter groups averaged 27, 77, 166 respec
tively. The sprouting obtained after 60 days from planting was calculated as 
percentages of the cormels planted. The results are presented in table 3 which 
indicates that: 

TABLE 3. Experiment 2. - The sprouting percentages after 60 days of the cormels of cv. 
'Blauer Domino' with naturally intact or cracked shell. The cormels of the former 
group were further divided according to size as large, medium, small and pin-heads. 

Cormels 

Large 
Medium 
Small 
Pin-heads 

Cracked 

0 

44 
8 
8 

10 

100 

Days in cold storage 

35 

75 
9 
8 
2 

100 

77 

54 
31 
0 
5 

100 

102 

95 
40 
12 
15 

100 

136 

100 
46 
12 
19 

100 

a. The percentages of sprouting of the uncracked cormels from all the 4 groups 
in all cases, are lower than those of the cracked cormels, except that the large 
intact cormels after 136 days of cold storage also reached 100% sprouting. 

b. In the uncracked cormels, the percentages of sprouting of the large ones are 
the highest among all groups at all instances. 

c. For the first 35 days of the storage the medium, small and pin-head sized 
cormels sprout for 10% or less and hence are in deep dormancy. In the 
following periods of storage up to 136 days, the medium sized cormels show 
better sproutings than those of the small and pin-head sizes. The latter two 
groups rather continue to exhibit deep levels of dormancy, the pin-heads 
being slightly better than the small ones. 

Experiment 3. - A year later an experiment in a similar manner was performed 
with cv. 'Josephine'. The modifications were that the mother corms were planted 
along with the different size groups from which the group of pin-heads was 
excluded, while the days of cold storage were 0,22, 55 or 76. The sprouting per
centages obtained for cormels are given in table 4 in which the percentages for 
the mother corms are not included because they reached, in all 4 plantings, 
100% indicating that mother corms sprout better than the cormels they produ
ced, including those with cracked shells. Since the results of table 3 have been 
described at length, those of table 4 may be given in brief as follows : 

a. The percentages of sprouting of uncracked cormels are lower than those of 
the cracked ones. 

b. In uncracked cormels of various sizes, the large ones sprout the best. 
c. The medium sized cormels sprout better than the small ones with an excep

tion at 22 days storage. 
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TABLE 4. Experiment 3. - The percentages of sprouting after 60 days of the cormels of 
'Josephine' with naturally intact or cracked shell. The cormels of the former group 
were further divided according to size as large, medium or small. 

Cormels 

Large 
Medium 
Small 

Cracked 

Days in cold storage 

0 

23 
5 
2 

67 

22 

37 
25 
27 

83 

55 

53 
28 
14 

93 

76 

59 
50 
34 

96 

1.3. Storage temperature 
For nearly 40 years the subject of storage temperature has been attracting 

the attention of the scientists from various countries. Nevertheless, CROCKER 
(6, 1948, p. 240), while summarizing the work of his co-workers on gladiolus, 
stated, "Because of the great variation in behaviour of corms of different 
varieties, both as to depth of dormancy and factors that overcome dormancy, 
it is evident that each variety must be studied separately to determine the best 
forcing methods". Though in principle CROCKER'S statement is endorsed, the 
application of it in the present experimental series had to be limited. 

During three years, an extensive series of experiments was performed, using 
a number of cultivars. Considering the bulk of data at hand, it may be justified 
to discuss the representative data only, mainly with reference to 4 cultivars, 
namely 'Genoveva', 'Albert Schweitzer', 'Salome' and 'Rosenpolka'. 

Immediately after the harvest, the cormels were removed to storages at 6°, 
10°, 15°, 20° or 27 °C. At various intervals samples of cormels were taken from 
each storage temperature and planted in a greenhouse maintained at 20 °C. 
Just before the planting, the outer shells of the cormels were either left intact 
(uncracked) or completely removed (cracked). For each treatment 25 cormels of 
medium size were used. The plantings were continued throughout the storage 
period which was divided into two parts, 'primary' and 'secondary'. The 
primary period consists of approximately 130 days, counted from the beginning 
of November to the beginning of March. The secondary period consists of 
approximately one year counted from the beginning of March. This division 
of the storage period is based on the simple reasoning that the Dutch growers 
can plant at the end of either the primary or the secondary period. 

1.3.1. Do rmancy and p r ima ry pe r iod of s to rage 
Experiment 4. - The sprouting percentages obtained in 11 plantings during 

the primary storage period for the cormels harvested in 1958, have been pre
sented in fig. 2. Before we discuss the results in details a general trend of 
them may be described as follows. 

For uncracked groups (fig. 2 a, c, e, g): 
a. The sprouting percentages obtained after the temperatures of 6° and 10 °C 

are the best in all groups. In many instances the sprouting after 10°C is 
better than after 6 °C. 

b. The percentages of sprouting obtained after 15°, 20° and 27 °C indicate that 
dormancy disappears in these groups either slowly and at an irregular rate 
or not at all. 
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FIGURE 2. Experiment 4. - The percentages of sprouting of cormels of 4 cultivars of 1958 
harvest, stored at 6°, 10°, 15°, 20° or 27° for 130 days. During the period of storage, 
the cormels were removed at various intervals and planted either uncracked or 
cracked. Cultivars : a, b = 'Genoveva' ; c, d = 'Albert Schweitzer' ; e, f = 'Salome' ; 
g, h = 'Rosenpolka'. 

Meded. Landbouwhogeschool, Wageningen 62 (5), 1-47 (1962) 11 



For cracked groups (fig. 2 b, d, f, g): 
c. The levels of sprouting after 15° and especially 20° reach, in many instances, 

those levels of 6° and 10°C. 
d. Except for 'Rosenpolka', the sprouting percentages obtained after 27° 

storage suggest that the dormancy disappears either at an irregular and slow 
rate or not in any degree. 

For uncracked and cracked groups: 
e. The percentages of sprouting are higher in the cracked group than in the 

uncracked ones. 

From fig. 2 a, b, c, d it will be seen that the cultivars 'Genoveva' and 
'Albert Schweitzer', in main lines, fit in the general framework mentioned just 
now, though they differ from each other in the depth of dormancy. The numbers 
of days of storage at 6° or 10°C and for any condition of shell required to reach 
the 70% level of sprouting is smaller for 'Albert Schweitzer' than for 'Geno
veva'. This means that the level of dormancy in 'Albert Schweitzer' is lower 
than in 'Genoveva'. After storage at 27 °C there is nearly no sprouting response 
in 'Genoveva', while in 'Albert Schweitzer' it is irregular and at a particular 
instance as high as 35 % sprouting was obtained, anyhow better than in 'Geno
veva'. 

On the basis of the same argument offered for the two previous cultivars as 
regards the depth of dormancy, it may be concluded that 'Salome' was at a deeper 
level than 'Genoveva'. A few striking points to be noted in fig. 2e, f are as 
follows : 
a. The percentages of sprouting after storage at 15°C are nearly always 0% 

in uncracked cormels, while for cracked cormels they do not reach the levels 
of 6°, 10° or 20 °C. 

b. Even after cracking, the sprouting percentages after storage at 27 °C remain 
at the 0% level. 
As regards the depth of dormancy and the response of sprouting for storage 

temperatures of 6°, 10° and 15°C, the last cultivar, 'Rosenpolka', is comparable 
with 'Salome' (fig. 2g and h). The sprouting percentages after 20° storage are 
rather similar to those of 'Salome' in uncracked condition, while in cracked 
condition they do not rise as high as 'Salome'. A curious behaviour of 'Rosen-
polka' is that the sprouting percentages obtained after 27 °C storage were higher 
than those of 15° or 20° storage, planted either uncracked or cracked. 

1.3.2. Do rmancy and secondary pe r iod of s to rage 
The plantings of experiment 4 as described in the preceding section, were 

continued in the same manner during the secondary storage period and the 
results are given in fig. 3. 

In all the 4 cultivars either uncracked or cracked, the percentages of sprout
ing after 6° or 10°C storage continue to attain the high levels reached during the 
primary period, indicating that the condition of out of dormancy was main
tained by these temperatures. However, in the cultivars 'Genoveva' and 'Albert 
Schweitzer' (fig. 3a, b, c, d) the sprouting percentages begin to show somewhat 
lower values after about 300 days of storage which may be perhaps due to 
partial loss of vitality. 

The sprouting response, obtained after 15° or 20° with uncracked cormels, 
shows a very irregular pattern and except for 'Albert Schweitzer', the percent-
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FIGURE 3. Experiment 4. - The percentages of sprouting of cormels of 4 cultivars of 1958 
harvest, stored at 6°, 10°, 15°, 20° or 27°C for 510 days. During the storage period 
from 130 to 510 days the cormels were removed at various intervals and planted 
either uncracked or cracked. Cultivars: a, b = 'Genoveva'; c, d = 'Albert 
Schweitzer'; e, f = 'Salome'; g, h = 'Rosenpolka'. 
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ages are, as a rule, below the 50 % level (fig. 3a, c, e, g). In 'Albert Schweitzer' 
the sprouting percentages are in most of the instances above the 50 % level and 
in the latter part of the secondary storage they rise as high as those of 6° and 
10°C. After cracking, the sprouting percentages for 'Genoveva' and 'Albert 
Schweitzer' (fig. 3 b, d) during most of the secondary period and for 'Salome' 
and 'Rosenpolka' (fig. 3f, h), during the latter part of the period reach as high 
as those of 6° and 10°. 

After 27 °C storage and uncracked condition, the percentages of sprouting 
are nearly 0% for 'Genoveva' and 'Salome' (fig. 3a, e) while in 'Albert Schweit
zer' and 'Rosenpolka' (fig. 3 c, g) they are irregularly fluctuating. After cracking, 
all the cultivars except 'Salome' reach, in the latter part of the secondary period, 
levels as high as those of 6° and 10° indicating clearly that the dormancy had 
been broken. 

1.3.3. Do rmancy from year to year 
Experiment 5. - Since the sprouting behaviour for the cormels harvested in 

1958 was known, as described in experiment 4, plantings were carried out 
during the primary periods of storage, using the cormels of the 1959 and 1960 
harvests. This was done to see whether dormancy and the influence of storage 
temperatures differ from year to year. The results of 'Genoveva' and 'Rosen-
polka' for 1959 and 1960 are presented in fig. 4, in addition to the results of 
1958 which have already been given in fig. 2 a, b, g, h. A few salient features can 
be pointed out as follows : 
a. In 'Genoveva' with uncracked cormels the storage temperatures of 6° or 

10° proved to be the best during all the three years. After storage at 15° or 
20 °C the sprouting percentages were higher for 1958 than those of 1959 or 
1960. With cracked cormels all the storage temperatures, except 27 °C, behave 
more or less in a similar manner in different years. The percentages of sprout
ing after 27 °C were lowest for 1958 and 1960, while for 1959 they were as 
high as the others. 

b. In 'Rosenpolka' with uncracked cormels the level of dormancy differs from 
year to year, being highest for 1959, lowest for 1958, in intermediate position 
in 1960. However, after cracking, these differences were no longer so con
spicuous. An exceptional dormancy breaking effect after 27° storage obtained 
in 1958 was not to be found for 1959 and 1960. 

c. In both cultivars the response of cracking, after 15° or 20° storage, was less 
pronounced for 1958 than for 1959 and 1960. 

1.3.4. Change in s to rage t empe ra tu r e 
As seen from the foregoing experiments, the dormancy disappears sooner 

after storage at low temperatures than after high ones. To know how the 
sprouting response is influenced by changing a low storage temperature to a 
high one and vice versa, two experiments were planned. 

Experiment 6. - Cormels of 'Salome', 'Genoveva' and 'Rosenpolka' stored 
for 27, 57 or 85 days at 6° or 27°C were either changed to a storage temperature 
of 27° or 6°C, or continued in the same storage for 42 more days. This makes 
the following treatments : 

6° during 27 + 42, 57 + 42 or 85 + 42 = 69,99 or 127 days. 
6° during 27, 57 or 85 days, and followed by 27° during 42 days. 
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FIGURE 4. Experiment 5. - The percentages of sprouting of cormels of 2 cultivars of 1959 and 
1960 harvest, stored at 6°, 10°, 15°, 20° or 27°C for 130 days/During the period 
of storage the cormels were removed at various intervals and planted either 
uncracked or cracked. Cultivars: a, b = 'Genoveva'; g, h = 'Rosenpolka'. 
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27° during 27 + 42, 57 + 42 or 85 + 42 = 69, 99 or 127 days. 
27° during 27, 57 or 85 days, and followed by 6° during 42 days. 

The material was planted, either uncracked or cracked. The sprouting percent
ages are given in table 5, the columns of which are numbered and abbreviated, 
while referring, as col. 1, col. 2 etc. The results indicate that: 
a. The sprouting percentages obtained after 6° storage were considerably higher 

than those after a change from 6° to 27 °C. The differences are larger for the 
uncracked cormels than for the cracked ones. (Compare col. 3 with 5, and 4 
with 6). 

b. The percentages of sprouting obtained after 27° storage were lower than 
those after a change from 27° to 6°C. (Compare col. 7 with 9, and 8 with 10). 

c. The striking differences between col. 5 and 6 on the one hand and col. 9 
and 10 on the other hand suggest that the temperature during the last part 
of the storage period has the greatest influence. 

TABLE 5. Experiment 6. - The percentages of sprouting of the cormels stored at 6°, 6° 
followed by 27°, 27°, or 27° followed by 6°, and planted either uncracked (U) or 
cracked (C). Details of duration of storage periods in text. 

1 

" \ ^ 

Cultivar 

'Salome' 

'Genoveva' 

'Rosenpolka' 

2 

Storage 

" \ ^ Shell 

Days^^\ 

69 
99 

127 

69 
99 

127 

69 
99 

127 

3 4 

6° 

U 

36 
64 
88 

48 
68 
72 

44 
60 
60 

C 

80 
92 
88 

72 
80 
86 

80 
84 
64 

5 6 

6°-^27° 

U 

0 
4 

12 

0 
8 
4 

4 
8 
0 

C 

10 
76 
72 

28 
60 
68 

24 
20 
16 

7 

r 

u 

0 
0 
0 

0 
0 
0 

28 
24 
48 

8 

° 

C 

0 
0 
0 

32 
36 
8 

32 
40 
52 

9 

27° 

U 

64 
84 
64 

40 
44 
60 

28 
60 
64 

10 

^6° 

C 

88 
96 
92 

68 
60 

100 

44 
64 
76 

Experiment 7. - The cormels of cultivars 'Albert Schweitzer', 'Genoveva', 
'Gustav Mahler' and 'Rosenpolka' were stored for 157 days or 188 days at 6° 
followed by 6°, 15°, 20° or 27 °C for 42 days and planted either uncracked or 
cracked. The results are shown in fig. 5 and may be briefly stated as follows: 
a. By the change in temperature, the sprouting percentages were influenced 

the least for 'Albert Schweitzer' and the most for 'Rosenpolka', while those 
for 'Genoveva' and 'Gustav Mahler' occupy an intermediate position. 

b. As a rule, the percentages of sprouting decrease with the rise in storage 
temperatures from 6° to 27 °C. This decrease is more pronounced for un
cracked cormels than for cracked ones and with cracked cormels more for 
those percentages obtained after 165 days of storage than for those after 
188 days storage. 

1.3.5. Discuss ion 
The cormels were in dormancy at the time of harvest. When they were stored 

at 6° or 10 °C, the sprouting percentages increased with the duration of the 
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FIGURE 5. Experiment 7. - The percentages of sprouting of cormels stored at 6° for 157 days 
(unbroken lines) or 188 days (broken lines), changed to 6°, 15°, 20°, or 27 °C for 
42 days and planted either uncracked or cracked. 

storage and they soon reached such high levels that the cormels were shown 
to be more or less completely out of dormancy. From the time this condition 
of out of dormancy was reached, the low temperatures maintained it at the 
same high level for a period of a year or so, at the end of which some cultivars 
began to show a somewhat lower level of sprouting, perhaps due to a partial 
loss of vitality. 

When the higher storage temperatures of 15° or 20°C were used, an irregular 
pattern of sprouting was obtained, perhaps indicating a state of an unstable 
equilibrium for the processes involved in breaking the dormancy. In many 
cases the removal or cracking of the shell replaces the need of low temperature. 

With the exception of one cultivar, the sprouting after storage at 27 °C was 
considerably low which was somewhat improved by cracking during the primary 
period. However, at the end of the secondary period, the treatment of cracking 
could give high sprouting percentages, comparable to those of low temperatures. 
Thus, it is possible to break the dormancy without using low temperatures, 
when the storage lasts very long. However, low temperatures seem to be in
dispensable to maintain the condition of out of dormancy. 

It is also worth mentioning that the control of dormancy was possible by 
changing high temperature to low and vice versa. Also, the depth of dormancy 
differs from year to year. This fact leads us to think of a possibility of a control 
of dormancy from the time it sets in in the cormels. This will be treated in section 
5 of this chapter. 

2. SOIL TEMPERATURE 

2.1. Introduction 
The results obtained with regard to the temperature requirements for the 

germination of seeds have indicated that not only from species to species or 
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from cultivar to cultivar within the same species differences occur, but that also 
other factors such as storage conditions, age etc., have influence (24, 1955; 42, 
1956). In comparison with the analogous case of seeds, little is known about the 
sprouting of gladiolus. In the controversial report of LOOMIS and EVANS (28, 
1928) mention is made of the high soil temperatures for breaking the dormancy 
of gladiolus corms. EMSWELLER and TAVERNETTI (15, 1931) used electric cables 
to heat the soil (15,6° to 21,1°) and obtained earlier sprouting and flowering 
compared with those from unheated soil. The results of VEGA (46, 1960) suggest 
that temperatures between 13° and 30 °C are favourable for sprouting of cormels, 
cultivar 'Picardy'. 

Before describing our experimental results, some more discussion on certain 
aspects of this problem is necessary. Very shortly after the cormels are planted, 
imbibition starts and it is followed by a series of biochemical reactions resulting 
in sprouting as indicated by some visible signs of starting of growth. Failure 
of sprouting under favourable conditions may be considered as due to dormancy. 
From a quantitative aspect of this phenomenon, a sample of cormels which is 
completely in or out of dormancy would sprout for 0% or 100% respectively. 
If the above picture is accepted as valid, it would imply that the conditions 
preceding the planting determine the stage of dormancy, while the conditions 
following the planting express it by the degree of sprouting. In other words, 
the conditions under which sprouting occurs, would not be favourable for 
breaking the dormancy. In the experiments to follow, a range of soil temper
atures is used to verify these assumptions. 

2.2. Soil temperature and sprouting 
Experiment 8. - The cormels of c.v. 'Josephine' which were stored at 10 °C 

for 6 weeks after harvest, were planted at various soil temperatures. For each 
soil temperature 75 cormels were used. The sprouting percentages obtained 
after 60 days from planting are presented in table 6. 

TABLE 6. Experiment 8. - Sprouting after 60 days from 
planting at various soil temperatures. 

Soil temperature 
(in °C) 

6° 
10° 
14° 
17° 
20° 
23° 
26° 

Sprouting % 

1 
21 
66 
65 
72 
74 
88 

These results clearly indicate that the sprouting percentages increase with 
the rise of soil temperature. However, the duration of 60 days is not sufficient 
to complete the sprouting, especially at low soil temperatures. This will become 
clear from the next experiment. 

Experiment 9. - The cormels of c.v. 'Albert Schweitzer' were stored for 
5 months after harvest at 6 °C. They were planted at various soil temperatures 
from 6° to 26 °C, for each treatment 2 x 50 cormels. A period of 129 days was 
allowed to complete the sprouting. The results are illustrated in figure 6. 

18 Meded. Landbouwhogeschool, Wageningen 62 (5), 1-47 (1962) 



lOO IIO I20 I30 
DAYS FROM PLANTING 

FIGURE 6. Experiment 9. - Sprouting percentages of the cormels of 'Albert Schweitzer' 
obtained in 130 days after planting at various soil temperatures, indicated at start 
and end of the lines. 

a. 

c. 

These results may be summarized as follows : 

At the soil temperature of 26 °C the sprouting started first and was completed 
in the shortest period of time. 
The progress of sprouting was more or less similar for the cormels planted 
at soil temperatures between 14° and 23 °C. 
The progress of sprouting was unfavourably effected at a soil temperature 
of 10 °C and considerably so at 6°C. 

d. The soil temperatures clearly influence the progress of sprouting, but when 
the time factor is omitted, final sprouting percentages between 85% and 
100 % are reached under all the temperatures between 6° and 26 °C. 

After knowing a general pattern of response in case of cormels which were 
out of dormancy, it is interesting to see how the storage temperature - especially 
an unfavourable one for breaking the dormancy - and the condition of the 
shell influence the sprouting behaviour. In this respect two seperate experiments 
were performed. 

Experiment 10. - In section 1 of this chapter it was demonstrated that the 
cormels stored at 6° or 10 °C sprout better than those stored at 20 CC. For the 
present experiment, 2 x 50 cormels of c.v. 'Leif Erikson', stored at 6° or 20 °C 
for 5 months after harvest, were planted at each of various soil temperatures 
between 6° and 26 °C. The results are given in table 7 and indicate : 

a. The final percentages of sprouting obtained at the soil temperature of 26 °C 
is higher than those percentages obtained at various temperatures between 
6° and 23 °C. An analysis of variance has revealed that sprouting percentage 
at 26° is significantly superior to the rest of the percentages which do not 
differ one among the other. 

b. The progress of sprouting decidedly slows down at soil temperatures of 10° 
and 6°C. 

c. At any soil temperature between 6° and 26 °C, the percentage of sprouting 
was lower and the number of days required to complete sprouting was larger 
in case of storage at 20° than that of 6 °C. 
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TABLE 7. Experiment 10. - Sprouting percentages obtained after 129 days and average 
numbers of days required to complete sprouting of the cormels, cv. 'Leif Erikson', 
stored at 6° or 20 °C and planted at various soil temperatures. 

Soil 
temperature 

6° 
10° 
14° 
17° 
20° 
23° 
26° 

Storage temperature 

6 

% 

56 
58 
66 
54 
64 
60 
78 

3 

days 

83.5 
43.8 
26.6 
24.9 
24.5 
23.7 
20.2 

70° 

/ o 

24 
24 
22 
18 
24 
28 
40 

days 

123.2 
87.7 
33.5 
33.7 
43.6 
40.9 
30.3 

Experiment 11.- The soil temperatures of this experiment are slightly different 
from those which were used in the previous experiments. The cormels of cultivars 
'Josephine', 'Africa' and 'Pall Mall' which were stored for 4 months after 
harvest at 10° or 20°C, were planted at soil temperatures of 8°, 11°, 14°, 17° or 
20 °C. For each of the soil temperature treatments, 160 cormels were used which, 
just before planting, were divided into two groups. One of the groups was 
planted with the shells of the cormels intact or 'uncracked', while in the second 
they were removed or 'cracked'. This treatment was included, because the 
removal of the shell has been, in many instances, proved to increase the sprout
ing percentage, as discussed in section 1 of this chapter. The observations were 
recorded for 104 days and the sprouting percentages obtained have been 
mentioned in table 8. From this table it can be noted that as a rule the sprouting 

TABLE 8. Experiment 11. - Sprouting percentages after 104 days, obtained at various soil 
temperatures, of the cormels of three cultivars stored at 10° or 20°C and planted 
with the shell uncracked at planting time (U) or removed = cracked (C). 

^ \ Cultivar 

^ \ Treatment 
Soil \ ^ ^ 

temperature ^ \ ^ 

8° 
11° 
14° 
17° 
20° 

'Josephine' 

U 

90 
90 
93 
90 

100 

0° 

C 

88 
98 
95 
98 
98 

20° 

U C 

48 70 
68 83 
68 85 
55 83 
55 100 

'Africa' 

10 

U 

55 
58 
53 
30 
78 

0 

c 

98 
98 
95 
98 
95 

20 

U 

0 
15 
8 
3 
0 

° 

c 

63 
83 
70 
40 
55 

'Pall Mall' 

10 

u 

15 
20 

8 
5 
5 

° 

C 

48 

20° 

U C 

0 30 
35 28 28 
40 
45 
28 

8 35 
5 38 
0 38 

percentages, obtained for any storage or for any shell condition, are not in
fluenced by the soil temperatures. An overall analysis of variance supports this 
conclusion, and therefore, a special stress may not be given on a few exceptions 
of it. The cracked cormels sprout better than the uncracked ones, with very few 
exceptions of minor importance. Higher sprouting percentages are obtained in 
'Josephine' and 'Africa' by storage at 10 °C than by storage at 20 °C. The aver
age numbers of days required for sprouting of the cormels of experiment 11 
have been presented in fig. 7. From this figure one can read the following. 
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FIGURE 7. Experiment II. - Average numbers of days required to complete sprouting of the 
cormels which were stored at 10° or at 20 °C and planted, with shell uncracked (U) 
or cracked (C) at soil temperatures of 8°, 11°, 14°, 17° or 20 °C. 

a. 

b. 

c. 

'Josephine' separates itself from the remaining two cultivars. The treatments 
of the storage or shell seem to have no influence on the number of days 
required for sprouting, except for soil temperature of 8°C. Obviously, the 
following conclusions are drawn for 'Africa' and 'Pall Mall' only. 
For the cormels stored at 10 X , the number of days required for sprouting 
are smaller as the soil temperatures become higher from 8° to 20 °C. The 
cormels stored at 20 °C show irregular behaviour which may be, perhaps, 
due to the very low percentages of sprouting. 
The cormels stored at 10 °C required lesser days to complete sprouting than 
those stored at 20 °C. 

d. At any soil temperature and with storage of 20 °C, the uncracked cormels 
required more days for sprouting than the cracked ones. In case of cormels 
stored at 10 °C this conclusion holds true only for soil temperature of 8 °C. 

2.3. Soil temperature and dormancy 
It is evident from the earlier experiments that the dormancy is broken by 

storage at 6° or 10 °C in a dry condition. Whether it is possible to break the 

Meded. Landbouwhogeschool, Wageningen 62 (5), 1-47 (1962) 21 



dormancy by providing the same low temperatures in moist condition, like in 
soil, is not known. To obtain more information on this point, two experiments 
were planned in which low temperature was provided in a moist condition 
either in one continuous period or in the form of diurnal alternation with high 
temperature. 

Experiment 12. - Cormels of 'Leif Erikson' prestored at 20 °C for 5 months 
after harvest were used. These cormels were divided into 6 lots and two of them 
were planted at 10° or at 20° as controls. The remaining 4 lots were removed 
to 6°C storage where the cormels of two lots were kept dry in paper bags and 
those of two other lots were covered with moist soil. Each of the lots represents 
2 x 50 cormels. After 66 days of storage at 6 °C, the two lots which were in 
paper bags were planted at soil temperatures of 10° or 20 °C, while those two lots 
which were covered with moist soil, were transferred, in undisturbed condition 
with soil, to 10° or 20 °C, where the soil temperature reached the level of the air 
temperature within 8 hours. The results of sprouting of all the 6 lots were 
recorded for a period of 129 days. They are presented in table 9. 

TABLE 9. Experiment 12. - Influence of storage at 6 °C for 66 days in dry state or in moist 
soil on the sprouting percentages obtained during 129 days and on the average 
numbers of days required to complete the sprouting of the cormels of 'Leif Erikson', 
pre-stored at 20 °C for 5 months after harvest and planted at soil temperatures of 
10° or 20°, compared with controls which were planted immediately after the pre
storage. 

Storage at 6°C 
for 66 days 

Control 
Dry 
In moist soil 

Control 
Dry 
In moist soil 

Soil 
temperature 

10° 
10° 
10° 

20° 
20° 
20° 

Sprouting 
% 

24 
92 
82 

24 
82 
72 

Days 

88 
55 
26 

44 
28 
24 

The results of table 9 clearly indicate that in case of cormels, which had 
received low temperature both in dry state or in moist soil, the sprouting per
centages are higher and the average numbers of days required to complete 
sprouting are less than those obtained for the cormels which received no cold 
(control). As far as sprouting percentage is concerned, the effectiveness of the 
low temperature of 6 °C for 66 days, either in dry storage or in moist soil, is 
almost the same. For the cormels with low temperature storage in moist soil, the 
days required to complete sprouting were the least among all treatments, 
especially at a soil temperature of 10 °C, indicating a possibility that the pro
cesses involved in sprouting have already started without visible signs during 
storage at 6°C. 

Experiment 13. - The cormels of cultivars 'Friendship', 'Salome' and 
'Josephine', stored at 20° or 27 °C for 6 months after harvest, were planted at 
soil temperatures of 10°, 22 °C or at a diurnal alternating temperature cycle of 
16 hours at 10°C and 8 hours at 22°C. Per treatment 2 x 40 cormels were used. 
For the alternation of temperatures a simple method was used. The cormels 
were planted, as usual, in boxes containing soil. These boxes were put on a 
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trolley which was allowed to stand in an air temperature of 10 °C from 4 p.m. 
to 8 a.m. (16 hours) and in an air temperature of 22 °C from 8 a.m. to 4 p.m. 
(8 hours). A single transfer of the trolley from one temperature to another 
required not more than a couple of minutes. Due to a regular alternation in the 
air temperatures, the cormels are actually exposed to a cyclic rise and fall of soil 
temperature which is shown in fig. 8. 

u 2 0 

IO°C 

16 18 2 0 22 24 2 4 6 8 IO 12 14 16 
AIR TEMPERATURE AND TIME OF THE DAY (HOURSI 

FIGURE 8. Experiment 13. - Soil temperature fluctuations due to a cyclic diurnal alternation of 
16 hours at 10° and 8 hours at 22 °C in the air temperature. 

The cormels were allowed to sprout during 118 days or during 236 cyclic 
alternations of temperature. The results obtained are presented in table 10. 
TABLE 10. Experiment 13. - Influence of soil temperatures of 10°, 22° or a cyclic diurnal 

alternation of 16 hours at 10° and 8 hours at 22 °C on the sprouting percentages 
( %) and on the average numbers of days required to complete sprouting of the 
cormels of 3 cultivars stored at 20° or 27 °C. 

Soil 
temperature 

10° 

22° 

10° Z 22° 

Cultivar 

^ ^ \ S t o r a g e 

S p r o u t i n g ^ \ ^ 

/o 
days 

% 
days 

/o 
days 

'Friendship' 

20° 

23 
114 

37 
46 

90 
97 

27° 

30 
78 

25 
29 

58 
83 

'Salome' 

20° 

0 
CSD 

3 
80 

33 
115 

27° 

0 
CO 

0 

0 

'Josephine' 

20° 

13 
114 

5 
41 

68 
109 

27° 

23 
112 

3 
51 

35 
114 

This table indicates that a diurnal cyclic alternation of temperature can break 
the dormancy. The effectiveness of this treatment is quite clear from the rela
tively high percentages of sprouting obtained in most cases. The only exception 
is 'Salome' of 27 °C storage which could point to a deep level of dormancy that 
has not been broken by the given number of cycles. The average numbers of 
days required tö complete sprouting are considerably higher for alternating 
temperature than those required for soil temperature of 22 °C. This could 
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perhaps be explained by the necessity of breaking dormancy in a part of the 
cormels, before sprouting can start, and this takes time. 

2.4. Maintenance of the dormancy 
It has been established from the results of the foregoing experiments that the 

sprouting can be obtained at any soil temperature from 6° to 23 °C and that 
the sprouting percentages reach about the same level under all these temper
atures provided a sufficient time is given. Applying these findings to an imagi
nary set of cormels which are in partial dormancy and are planted, we can 
expect a certain percentage of them to sprout during a period, the length of 
which is dependent on the soil temperature. A question can be asked about 
the unsprouted cormels in this particular case. How long can they lie in an 
unsprouted condition in moist soil? Or in other words, how long their dormancy 
will be maintained? The maximum period for sprouting, used so far, had been 
129 days during which none of the constant temperatures between 6° and 23 °C 
could break the dormancy. In the following experiments longer periods than 
129 days have been used. 

Experiment 14. - The cormels of the 7 cultivars were stored at various tem
peratures between 6° and 27 °C for 9 or 42 days after harvest and then planted 
in a greenhouse maintained at about 20 °C. For each cultivar 250 cormels were 
used. The sprouting was recorded for a period of 62 days from planting and 
for the following period of 197 days. In table 11 the percentages of sprouting 
are mentioned, totalized over the different storage groups. In this table we see 
that the two cultivars, 'Albert Schweitzer' and 'Leif Erikson' were in partial 

TABLE 11. Experiment 14. - Sprouting percentages obtained 
after 62 days from planting and after the fol
lowing 197 days at a soil temperature of 20 °C, in 
7 cultivars. 

Cultivar ~̂~~~ 
Days 

'Albert Schweitzer' 
'Salome' 
'Leif Erikson' 
'Genoveva' 
'Friendship' 
'Rosenpolka' 
'Gustav Mahler' 

62 

26 
3 

35 
4 
3 
3 

< 1 

197 

13 
8 
4 
3 

< 1 
< 1 
< 1 

dormancy, while the remaining 5 cultivars were in nearly complete dormancy, 
sprouting for less than 12 percent. The very low sprouting percentages, obtained 
after 62 days and 62 + 197 = 259 days from planting, indicate that the dor
mancy of the unsprouted cormels is maintained in the moist condition at 20 °C. 
This conclusion was supported by the results of an experiment carried out a 
year later under similar conditions with 5 cultivars. 

To understand more about this phenomenon of maintaining the dormancy of 
the cormels in moist condition, two experiments were performed using low 
temperature interruption. 

Experiment 15. - Due to the complicated nature of the method used in this 
experiment, it is necessary to explain it step by step and simultaneously with 
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the table 12 in which the results are presented. The columns of this table are 
numbered and, while referring, abbreviated as 'col. 1', 'col. 2' etc. 

TABLE 12. Experiment 15. - Sprouting percentages of the cormels of 4 cultivars, stored after 
harvest at 6°, 10°, 15°, 20° or 27° for 9 days or 42 days and planted at a soil temperature of 
20°C. Col. 3, 5, 7, 9 give the sprouting percentages after 62 days (- cold). Col. 4, 6, 8,10 give 
the percentages of sprouting after a cold treatment (+ cold). 

1 2 

\ Cultivar 

\ C o l d 
Storage^x 

Temp. | Days \ 

6° 

10° 

15° 

20° 

27° 

9 
42 

9 
42 

9 
42 

9 
42 

9 
42 

! 
3 4 

'Albert 
Schweitzer' 

+ 

12 44 
64 96 

4 52 
88 96 

20 68 
4 76 

8 84 
4 84 

0 84 
4 56 

5 6 

'Leif 
Erikson' 

+ 

20 64 
28 96 

32 44 
56 92 

4 92 
16 72 

40 48 
12 92 

12 
4 

80 
80 

7 8 

'Gustav 
Mahler' 

+ 

0 16 
0 20 

0 16 
0 32 

0 12 
0 20 

0 12 
0 32 

0 
0 

8 
48 

9 10 

'Rosenpolka' 

+ 

0 32 
0 52. 

0 68 
0 68 

0 8 
1 36 

0 76 
0 48 

0 
0 

72 
80 

a. The cormels of 4 cultivars, 25 cormels per treatment, were stored after 
harvest at 6°, 10°, 15°, 20° or 27 °C for 9 days or 42 days and then planted at 
a soil temperature of 20 °C. 

b. The sprouting percentages obtained after 60 days from planting were 
recorded (col. 3, 5, 7, 9). 

c. From the 61st day onward some sprouts came still up, but by the time the 
boxes were removed to low temperature (see d), most of the sprouted plants 
had died. 

d. The boxes, in which the cormels were planted, were removed to the low 
temperature of 5 °C, those of 9 days storage after 255 days, those of 42 days 
storage after 262 days. These boxes remained at 5 °C for 42 days and were 
then brought back to the original greenhouse temperature of 20 °C. The 
cormels were not disturbed during the transfer of the boxes. 

e. The percentages of sprouting were recorded for 40 days after the end of the 
cold treatment. This is 337 days from planting for the cormels stored during 
9 days, 344 days for the cormels stored during 42 days (col. 4, 6, 8, 10). 

The results show that in all the 4 cultivars the sprouting percentages obtained 
for - cold are lower than those for + cold (compare col. 3,5,7,9 with 4,6,8,10). 
This indicates that the cold treatment of 5° for 42 days has broken the dormancy 
of the cormels. 

A surprising fact which came out in this experiment is that the cormels, lying 
in moist soil in dormancy as long as 255 or 262 days, maintained the differences 
in the levels of dormancy which existed at the time of planting during the whole 
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period in moist condition and exhibited them after exposure to the low tem
perature. This will be seen by comparing the figures of 9 days storage with those 
of 42 days storage in col. 4, 6, 8, 10, the figures from the latter storage being, 
as a rule, higher. It may be clarified that the use of the expression 'difference in 
the levels of dormancy at planting time' is based on the assumption that the 
level of dormancy after 9 days from harvest is higher than that after 42 days. 

An objection may be raised, expecially in cases of cultivars 'Albert Schweitzer' 
and 'Leif Erikson', that the totals of the percentages obtained after 60 days and 
after cold treatment sometimes exceed 100 (col. 3 + 4, 5 + 6). This situation 
arises due to failure of removal of the cormels which had sprouted before the 
cold treatment and, later, resprouted along with those cormels which did not 
sprout at all. This objection, however, does not hold true for cultivars 'Gustav 
Mahler' and 'Rosenpolka' as they were in dormancy during all the period before 
cold treatment. 

To verify the results in a more accurate way, the following experiment was 
planned, a year later, on rather similar lines except that the precaution was taken 
to remove all the sprouted cormels before the beginning of the cold treatment. 

Experiment 16. - The method used can be described in the same way as in the 
previous experiment and simultaneously with table 13 in which the results are 
presented. 

TABLE 13. Experiment 16. - Sprouting percentages of the cormels of 2 cultivars stored after 
harvest at various temperatures between 6° and 27 °C for 10 or 57 days. Col. 3 and 
5 give the sprouting percentages after 62 days (- cold). Col. 4 and 6 give the per
centages of sprouting after a cold treatment (+ cold). 

1 2 

^ \ - ^ ^ Cultivar 

Storage~^\ C o l d 

Temp. | Days " \ ^ 

6° 

10° 

15° 

10 
57 

10 
57 

10 
57 

! 
20° i 10 

! 5 7 

27° 10 
57 

3 

' L a C 

-

12 
56 

0 
60 

0 
0 

0 
0 

0 
0 

4 

oruna' 

+ 

40 
37 

48 
15 

44 
59 

24 
52 

44 
67 

5 6 

'Africa' 

-

0 
8 

0 
32 

0 
0 

0 
0 

0 
0 

+ 

91 
96 

96 
95 

96 
96 

100 
100 

92 
100 

a. The cormels of 2 cultivars, 'La Coruna' and 'Africa' were stored after harvest 
at various temperatures between 6° and 27° for 10 or 57 days. They were 
then planted at a soil temperature 20 °C. 

b. The sprouting percentages obtained after 62 days from planting were 
recorded (col. 3 and 5). 

c. All the sprouted cormels, as recorded under b and a few more which came 
up after the 63rd day onward, were removed from the soil. 
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d. The boxes, in which cormels were planted, were removed to the low tem
perature of 5 °C, those of 10 days storage after 229 days, those of 57 days 
storage after 182 days. These boxes remained at 5°C for 42 days and were 
then brought back to the original greenhouse temperature of 20 °C. 

e. The percentages of sprouting were recorded for 65 days after the end of the 
cold treatment. This is 336 days from planting for the cormels stored during 
10 days, 289 days for the cormels stored during 57 days. The numbers of 
sprouts obtained, were converted into percentages of unsprouted cormels at 
the beginning of the cold treatment (col. 4 and 6). 

With 2 exceptions the sprouting percentages under col. 3 and 5 are lower 
than those of col. 4 and 6, indicating that the dormancy was broken by the cold 
treatment. In col. 4 the sprouting percentages obtained at 15°, 20° and 27 °C and 
10 days storage were lower than those obtained at similar temperatures and 
57 days storage. The sprouting percentages under col. 6 are above 91 indicating 
that the cold treatment was sufficient enough to remove the differences in the 
levels of dormancy. 

A similar experiment was performed with 'Rosenpolka', but half of the 
cormels were cracked before planting. The sprouting percentages as well as the 
mean numbers of days required to complete sprouting are recorded in table 14. 

TABLE 14. Experiment 16. - The percentages of sprouting of cv.' Rosenpolka' recorded in the 
same manner as in table 13, and average numbers of days to complete sprouting 
which were calculated during 0 to 62 days and during the following 65 days after 
the cold treatment. 

1 2 

^"~""~--~_^^ Treatments 

Storage ^~~~~-~^^ 

Temp. 

6° 

10° 

15° 

20° 

27° 

Days 

10 
57 

10 
57 

10 
57 

10 
57 

10 
57 

3 4 j 5 6 

- Co l d 

Uncracked 

/ o 

0 
0 

0 
4 

0 
0 

0 
0 

0 
0 

days 

cv 

CV) 

CV 

33 
CV 

CSD 

CV) 

CV) 

CV) 

cv 

Cracked 

% days 

0 
44 

0 
80 

0 
28 

0 
12 

0 
0 

CV) 

33 

cv 
31 

cv 
33 

cv 
33 

cv 
cv 

7 8 9 10 

+ Cold 

Uncracked 

°/ 
/ o 

20 
32 

32 
40 

32 
32 

32 
16 

36 
56 

days 

27 
25 

23 
22 

27 
23 

26 
29 

24 
26 

Cracked 

% 

76 
85 

91 
100 

71 
100 

96 
62 

88 
92 

days 

20 
18 

18 
19 

19 
19 

20 
19 

16 
19 

The results obtained are, in general lines, supporting the previous results. 
The main features can be listed as follows. 

a. The sprouting percentages of col. 3 and 5 are lower than those of col. 7 and 
9 respectively, indicating again that dormancy can be broken by low tem
perature for uncracked as well as for cracked cormels. 

b. The sprouting percentages of col. 7 are lower than those of col. 9 suggesting 
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