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ABSTRACT

THE INFLUENCE OF PREPLANTING DIPS AND POSTPLANTING
TEMPERATURES ON ROOT GROWTH AND DEVELOPMENT
OF TULIPS, HYACINTHS, AND DAFFODILS

By

Nancy Thompson Jennings

The rooting of 'Paul Richter' tulips, 'Explorer'
daffodils, and 'Pink Pearl' hyacinths was conducted in dark,
temperature controlled growth chambers. Tulip and daffodil
bulbs were rooted at 5, 9, 13, 17, and 21°C whereas
hyacinths were rooted at 9, 13, 17, 21, 25, 29, and 33°C.
In 1973, each bulb species was sampled for root development
at weekly intervals for five weeks. This was repeated in
1974 for tulips and daffodils, but the hyacinths were
sampled at five day intervals for 25 days. Preplanting
treatments of a 30 minute benomyl-ethazol dip in 1973 and
1974 and a 30 minute water dip in 1974 were conducted in
conjunction with the time-temperature study. The para-
meters studied were number of bulbs rooted per pot, fresh
root weight, and average root length.

It was determined that 17°C for three weeks and
17°C for three to four weeks were the optimal temperatures

for root development of tulips and daffodils, respectively.
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For hyacinths, a range from 17 to 25°C for 10 to 14 days
was optimal. Under the above conditions, the root length
was 70 mm or greater and the number of bulbs rooted per pot
was 100% for each species. This growth is suitable for
carrying the bulbs through the cold treatment.

It was also established that 9 and 13°C were suffi-
cient for rooting tulips if four weeks were allowed for
development. Temperatures 5 and 21°C remained suboptimal
throughout the five week rooting period. Though yielding
100% rooted per pot, tulips at 5°C never obtained root
growth near the optimal 70 mm. Bulbs at 21°C produced
greater than 70 mm of root growth but they did not all
root. There was also a problem with Fusarium at 21°C. The
daffodils rooted well at 9 and 13°C but four to five weeks
were needed instead of three weeks at 17°C. Three weeks
were sufficient at 9 and 13°C for 100% rooting of bulbs
per pot. Daffodils which rooted at 5°C did not produce
roots longer than the optimal 70 mm during the five week
period. In most cases at 21°C, daffodil root development
was inhibited. Temperatures below 17°C and above 25°C were
also adequate for root development of the hyacinth but
development took from a week to 15 days longer than the
optimal range of temperatures took. An increase in Pythium
and Fusarium was observed at temperatures above 25°C.

The benomyl-ethazol and water preplanting dips
were effective in stimulating root growth for the first

two weeks for the tulips. This was not observed for
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hyacinths or daffodils. The benomyl-ethazol dip was also
significantly better than the non-dipped control and water
dip after five weeks of root growth for all bulb species.

It was observed that this was due to disease protection.
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I. LITERATURE REVIEW

Introduction

Many bulbous species are commercially forced to
produce high quality cut flowers and pot plants (De Hertogh,
1973). The first instance of scientific studies on forcing
bulbs was in 1909, when Nicholas Dames developed the
harvesting dates and a post harvest temperature sequence for
very early forcing of hyacinths (Hartsema, 196l1). Because
each bulb species is morphologically and genetically differ-
ent, Blaauw and his coworkers began to systematically
investigate the environmental requirements for development
of many of the important species (Hartsema, 1961). This
work has been continued by Rees (1972), De Hertogh (1974),
and others. Their research has demonstrated that almost
all species can be forced by precise control of the
environment, and in most instances, specifically temperature
control.

De Hertogh (1974) organized bulb forcing principles
into a three phase concept: production, programming, and
greenhouse phases. The production phase encompasses all
aspects related to field production of bulbs. The pro-

gramming phase comprises all handling of the bulbs from



harvest time until they are placed in the greenhouse. The
greenhouse phase is continued until the plants are developed
for marketing.

Rooting of bulbs is one of the prime factors in
both the production and programming phases. In the pro-
duction phase, bulbs are planted outdoors in October and
November and a good root system must be developed prior to
the onset of winter. In the programming phase of standard
forcing, a series of controlled temperatures is necessary
not only to root the bulbs but also to satisfy the cold
requirement needed to obtain shoot elongation. Briggs
(1972), de Pagter (1972), and De Hertogh (1973) have com-
piled the temperature sequences for satisfying the cold
requirement for many cultivars of tulips, hyacinths,
daffodils, and miscellaneous bulbs.

Beside temperature, there are several other
environmental factors which influence the initiation and
development of roots in bulbs. Among these are ethylene
(Kamerbeek and de Munk, 1976), bulb size and shape
(Schuurman, 1971), soil compaction in the field (de Haan,
et al., 1971, and Wiersum, 1971), and the fungicide
benomyl (Raabe, 1970, and Thomas, 1973), Current research
on these and other factors will be summarized in this

review on the physiology of bulb rooting.



Factors Influencing Root Initiation
and Development

Temperature

Mulder and Luyten (1928) observed root formation
between September and October at the basal plate of 'Pride
of Haarlem', a Darwin tulip. When the bulbs were received
in July, the basal plate, semi-circular in shape, had a
slightly projected broad, smooth surface. After storing at
17°C, the basal plate underwent enlargement, growing out
4 to 6 mm. Roots subsequently emerged from this plate.

From 1920-27, Versluys (1927) conducted research on
the periodicity of the formation and growth of roots of

Hyacinthus orientalis L. 'Queen of the Blues'. Using

temperatures of 12.5, 16.5, 19.5, 23.5, and 27°C, she
determined that 23.5 and 27°C stimulated root initiation
but were detrimental to root elongation. She concluded
that 16.5°C was the best temperature for both root initiation
and elongation.

White (1940) using temperatures ranging from 11 to

28°C observed that precooled Lilium longiflorum Thunb.

'Giganteum'’ rooted for six weeks produced the best root
system in the range of 16 to 20°C. At higher or lower
temperatures, a poorer root system was produced. Hartley
(1968) observed that there was no root growth at -1°C and
only limited growth at 4.5°C during the storage of 'Croft'
and 'Ace' Easter lilies, but considerable growth occurred

at 15.5, 21, and 27°C. Roots were found to be longest



at 21°C, but they were not as fibrous as those at 15.5°C.
De Hertogh and Blakely (1972) using temperatures of 5, 9,
13, 17, and 21°C found that nonprecooled 'Ace' lilies rooted
most rapidly at 21°C. However, Miller and Kiplinger (1966)
reported that temperatures above 20°C prior to cooling
could delay flowering and therefore De Hertogh and Blakely
(1972) concluded that a rooting temperature of 17°C should
be used in commercial practice. For precooled 'Ace’
lilies, the optimal rooting temperature was found to be 17
to 21°C, and temperatures above 20°C should be avoided.
Shoub and De Hertogh (1975) determined the amount of
root growth at various stages in the forcing of 'Paul
Richter' tulips. They showed that root development (mg/
bulb/day) was greatest at 17°C during the greenhouse phase.
The next best root development was observed after the bulbs
were planted and placed at 9°C during the programming
phase. They felt that root growth in general was more
optimal between 13 and 17°C but a definitive study of the
affect of temperature at each stage of root growth was not

conducted.

The Fungicide 'Benomyl’

Delp and Klopping (1968) reported that 1l-(butyl-
carbamoyl)-2-benzimidazole carbamic acid, methyl ester
(benomyl) has the unique characteristic of being a pre-
ventative, a curative, and a systemic fungicide as well as

being a mite ovicide. Benomyl has been demonstrated to be



effective against Botrytis spp., Fusarium spp., and

Penicillium spp. which are diseases affecting tulips,

hyacinths, and daffodils. Edington, Knew, and Barron

(1971) showed that Botrytis, Fusarium, and Pencillium

were highly sensitive to 50 ppm of benomyl.
Raabe (1970) found that a mixture of benomyl and

ethazol protected L. longiflorum roots from Pythium. With

increased disease control, he found that there was a corre-
sponding increase in root production. Lilies having a good
root system will not only grow better in the greenhouse but
will also have a better keeping quality in the home
environment. Bald et al. (1973) reported that Easter 1lily
bulbs which were dipped for five minutes in 150 ppm of
benomyl before shipping, produced a healthier root system
after planting.

Schuft (1970) and Becker (1971) observed the effects
of benomyl on grapes which were not related to its fungicidal
properties. The effects, which appeared beneficial to vine
performance, included changes in bunch shape, fruit set,
berry weight, leaf shape, and shoot vigor. Becker suggested
that some of the changes resembled those induced by
cytokinins. Schruft pointed out that there were certain
chemical structural similarities between benomyl and
cytokinins. Skene (1972) conducted tests of benomyl
suspensions in two cytokinin bioassays: the soybean callus

assay (Miller, 1968) and the radish cotyledon assay (Letham,



1968) . Cytokinin-like activity of benomyl was thus con-
firmed by its positive effects in both assays.

Thomas (1973a) has reported that benomyl in com-
bination with a mixture of the gibberellins A4/7 caused
the breaking of seed dormancy of four celery cultivars.
Previously, Palevitch et al. (1971) had shown celery seeds
to germinate under the influence of some cytokinins. Later,
Thomas (1973b) showed that benomyl possessed both cytokinin-
like and fungicidal activity. Skene (1972) suggested that
the effectiveness of benomyl as a systemic fungicide was
related in some way to its cytokinin properties. He found
that fungicides showing the highest cytokinin activity were

the most phytotoxic ones.

Ethylene

Radin and Loomis (1969) reported that low concentra-
tions (0.01 ppm) of ethylene reduced growth of radish roots
by 50% and that at a higher concentration (1.0 ppm) growth
was completely inhibited. de Munk and de Rooy (1971) found

that 'Apeldoorn' tulips infected with Fusarium oxysporum

f. tulipae produced ethylene concentrations up to 10 ppm.
They observed that tulips planted adjacent to the infected
bulbs had reduced root growth and a high percentage of
flower blasting. When they passed 6 ppm ethylene through
the soil and in the air around the tulips which were not
Fusarium infected the growth of shoots and roots were

totally inhibited. Flower buds were blasted and the shoots



were epinastic. The roots of the ethylene treated tulips
were also epinastic and produced an abundant amount of

protusions which were thought to be root hairs. Root hairs

are not normally present on tulips roots in the absence of
ethylene. There are many other anomalies observed in bulbs
due to the presence of ethylene. These have been reviewed

by Kamerbeek and de Munk (1976).

Soil Compaction

Wiersum (1971) has investigated the aeration
requirements of tulip roots. He found that the rate of
growth and penetration of the roots into compacted soils
was impeded. The restricted root growth impaired nutrient
uptake and lowered the supply of available moisture of the
bulb and shoot and crop yield was reduced. The longest
and healthiest roots were obtained in loose, well-aerated,
moist soil. de Hann and van der Valk (1971) also studied
root growth of several ornamental bulbs. They were con-
cerned with the effects of increased mechanical cultivation
and how it would influence crop yield. At pore-volume
values less than 42%, root growth did not occur. They
observed an increase in root penetration resistance. The
water and air content of the soil did not prohibit the
growth of roots and it was concluded that the decrease in
root growth was due to increased compaction. Wiersum
(1957) showed that from a mechanical point of view penetra-

tion was influenced not only by pore size but also by






rigidity of the pores. As long as the soil particles could
be displaced easily, the root tip could penetrate without
difficulty. They proposed that penetration resistance was

very strongly related to structural rigidity.

Bulb Size and Shape

Schuurman (1971) reported that root weight and root
length were linearly correlated to tulip bulb weight. He
showed that bulbs, although being of the same size grade,
gave different corresponding root weights. Normal shaped
bulbs (dry weight, 12 mg) produced 225 mg (dry weight) of
roots, while slighly flattened-radial shaped bulbs of the
same weight had 190 mg of roots. Strong flattened-radial
shaped bulbs had about 205 mg of roots. Since tulip roots
do not branch, he felt that the increase in tulip root
weight was due to number and length of the roots and that
other increases were due to increases in root diameter or

dry matter content.

Contractile Roots of Bulbous Species

It is a well established fact that the major
function of the root is to anchor the plant to the soil so
that water and nutrient uptake can occur (Esau, 1965).
Another important aspect of the anchorage of the plant to
the soil is by means of root contraction. Contraction
takes place during a certain stage of development of the
plant. The shoot apex is drawn near or below the ground

level and is placed in an optimal environment for growth



and for development of adventitous roots. Root contraction
is a common phenomenon and is widely distributed among
herbaceous perennial dictoyledons and monocotyledons
(Arber, 1925; Gravis, 1926; Rimbach, 1929).

Contractile roots are formed by the longitudinal
shortening and radial enlargement of the inner cortical
parenchyma cells, while the outer cells including the
cortical, exodermis, and epidermis are lifted over the
surface of the contractile region to form large wrinkles
(Chen, 1969). Contractile roots have been observed in many
bulbous monocotyledons and function to draw the bulbs to
considerable depths in the soil (Chan, 1952). The con-
tractile region on Narcissus bulbs was found on the upper
portion of the root near the basal plate and usually
extended over more than 1 cm (Chen, 1969). Chan (1952)
reported that roots of Narcissus in March which had attained
a length of 3-7 cm were capable of contracting. In the
course of 4 to 5 weeks the roots became 7 to 8 mm shorter.

According to Wilson and Honey (1966), who studied

Hyacinth orientalis, the contraction of the inner cortical

cells was a growth process in which the radial walls of the
cells increased in area and thus the cells increased in
volume. They explained the changing of the shape of the
cells from a rectangle to a cuboid by means of active
growth of the upper and lower transverse walls, which

consequently extended the cell radially.
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Chen (1969) reported that during the actual process
of contraction the radial expansion of the inner cortex
created a tension, tending to shorten both the outer cortex
and the stele. The pulling force was evidently greater than
the holding force and the rigidity of the outer cortex
which had more free space in which to move towards the
periphery of the root and thus was gathered into folds.

Sterling (1972), studying gladiolus roots, explains
that the driving force for contraction was the differ-
ential compressive stress between atmospheric pressure and

the negative pressure within the xylem.



ITI. INTRODUCTION

For the past sixty years, bulb research has focused
mainly on floral development and the cold requirement
needed for scape elongation and bulbing (Hartsema, 1961 and
Rees, 1972). These physiological responses have been found
to be mainly regulated by temperature. During the 1920s
and '30s, Blaauw and co-workers studied these areas
extensively. The area of root development, however, was
observed mainly as a secondary effect to floral develop-
ment. One major study was conducted by Versluys (1927) on

Hyacinthus orientalis L. 'Queen of the Blues'. She

observed that 23.5 and 27°C were favorable for root
emergence from the basal plate but for root elongation
lower temperatures between 15 and 17°C were more favorable.
Another study by De Hertogh and Blakely (1972) on Lilium

longiflorum Thunb. 'Ace' showed that temperatures between

17 and 21°C were optimal for root growth of this species.
Root development is a very important factor in the

forcing of bulbs. The major objective of this study was to

determine the optimal temperature requirements for root

growth of tulips, hyacinths, and daffodils. A secondary

11
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goal was to determine if the fungicides, benomyl and
ethazol, had a protective and/or stimulatory effect on the

rooting of bulbs, especially at the higher temperatures.



III. METHODS AND MATERIALS

Bulbs of Tulipa gesneriana L. 'Paul Richter'’',

Hyacinthus orientalis L. 'Pink Pearl' and Narcissus

pseudonarcissus L. 'Explorer' were received from the

Netherlands in mid-September 1973 and 1974. Upon arrival,
the bulbs were stored and handled as outlined in the
Holland Bulb Forcer's Guide (De Hertogh, 1973).

The following factors were common to the three bulb
species during the experiments for 1973 and 1974. The pre-
planting fungicidal treatment consisted of a 30 minute dip
in a mixture of 0.2% benomyl and 0.4% ethazol. 1In 1974,
another preplanting dip of 30 minutes in tap water was
added. A steam sterilized planting medium consisting of
soil, peat and sand (1l:1:1 by volume) was used. After the
initial postplanting watering, the bulbs were watered only
as needed to maintain a moist, well aerated medium. All
bulbs were rooted in dark, temperature controlled growth
chambers. No fertilizers were used. At the respective
sampling times, the soil was carefully washed from the
roots and the following parameters were measured: (1) number

of bulbs rooted per pot, (2) average root length (mm), and

13
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(3) fresh root weight (g/bulb). The experiment was set up

as a completely randomized design.

Tulip

1973

After removal of the tunic, 450 tulip bulbs were
dipped in the fungicidal mixture and planted six per 15
cm pot. After planting, 30 pots each of the control (non-
dipped) and fungicidal treated bulbs were placed at 5, 9,
13, 17, and 21°C. At weekly intervals for five weeks, three
pots of bulbs from each temperature and preplanting treat-

ment combination were sampled.

1974

The 1973 temperature and sampling time treatments
were used, but another preplanting treatment consisting of
the water dip was added. This study was conducted to
determine if the fungicidal treatment was having a cytokinin-
like effect on the bulbs, or if hydration was the major

factor. The number of replications and parameters measured

were the same as in 1973.

Hyacinth

1973
After the fungicidal dip, the hyacinths were
planted three per 15 cm pot. After planting, 30 pots of

each preplanting treatment were placed at 9, 13, 17, 21,
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25, 29, or 33°C. Again, three pots from each temperature
and preplanting treatment combination were sampled at

weekly intervals.

1974
The 30 minute preplanting water dip was added and
the sampling date was changed to every five days over a 25

day period instead of weekly.

Daffodil

1973

Small slabs and old roots were removed before
planting three per 15 cm pot. Thirty pots each of the
control and fungicidal dipped bulbs were placed at 5, 9,
13, 17 or 21°C. Three pots of bulbs from each temperature
and preplanting treatment combination were sampled at

weekly intervals.

1974

The 1973 temperature and sampling dates were used,
and the 30 minutes preplanting water dip was added. A
larger pot (20 cm) was used so that slabs did not have to
removed. In the previous year it was observed that roots

formed quickly in the area where slabs had been removed.



IV. RESULTS

The analyses of variance for all experiments are
presented in the Appendix. Individual tables show results
for 1973 and 1974 for the tulip (Appendix Tables 1 and 2),
hyacinth (Appendix Tables 3 and 4), and daffodil (Appendix
Tables 5 and 6). The analysis of variance was computed
for the following parameters: (1) number of bulbs rooted
per pot, (2) average root length (mm), and (3) fresh root
weight (g). Only the significant first order interactions
will be discussed. Tukey's omega-procedure was used for
mean separation on the first order interactions at the 5%
level of significance. These results are presented in

Tables 1-37.

Tulip 'Paul Richter'

Number of Bulbs Rooted per Pot

1973. At 9, 13, and 17°C, 100% of the bulbs rooted
within three weeks (Table 1). At 5°C, four weeks were
required while 21°C remained suboptimal throughout the five

week sampling period. The fungicidal dip resulted in an

16
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Table l.--The influence of temperature and sampling time
treatments on number of 'Paul Richter' tulips
rooted per pot, 1973.X

Temperature (°C)y

Time Week
(weeks) 5 9 13 17 21 Means
1 1l.5a 3.5b l.8a 2.8b l.8a 2.3
e e e e ef
2 3.3b 5.84d 4.8c 5.3cd 1.3a 4.1
£ £ f f e
3 5.7b 6.0b 6.0b 6.0b 2.3a 5.2
g £ g £ fg
4 6.0b 6.0b 6.0b 6.0b 3.0a 5.4
g £ g f gh
5 6.0b 6.0b 6.0b 6.0b 3.3a 5.5
g f g £ h
Temperature
Means 4.5 5.5 4.9 5.2 2.4

XThere were six bulbs per pot.

YMeans in rows followed by the same letter (a to c¢)
and means in columns followed by the same letter (e to h)
are not significantly different at the 5% level.
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increase in the number of bulbs which rooted only during
the first two weeks (Tablé 2).

1974. At 9 and 13°C, 100% of the bulbs rooted
within two weeks; whereas three weeks were required at 5
and 17°C (Table 3). Again, 21°C remained a suboptimal

temperature throughout the five week growth period.

Average Root Length (mm)

1973. After two weeks, 17°C was the optimal
temperature for root growth, but after three weeks, 9, 13,
and 17°C were not significantly different (Table 4). At
the five week sample period, 13°C produced the longest root
system. The benomyl-ethazol dip increased root length at
21°C, and this was due to disease protection (Table 5).
There was no significant difference between treated and
untreated bulbs at the other temperatures. The fungicides
did increase root length during the first three weeks when
averaging all temperatures (Table 6). However, after
three weeks, there were no significant differences.

1974. After the first week of rooting, tulip bulbs
at 21°C produced the longest roots (Table 7). However,
after three weeks 17°C was optimal and it remained so up
to week five. The fungicides did not increase root
elongation at the lower temperatures, but at 17 and 21°C
they were stimulatory (Table 8). The water dip also helped
root elongation at all temperatures except at 13°C. After
five weeks, both the water and fungicidal dips were better

than the control when averaging all temperatures (Table 9).
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Table 2.--The influence of preplanting treatments and
sampling time on number of 'Paul Richter' tulips
rooted per pot, 1973.X

Time (Weeks)y

Preplanting Temperature
Treatments 1 2 3 4 5 Means
Control 0.9a 3.4b 5.1¢ 5.3c 5.7c 4.1

e e e e e
Fungicidal 3.7a 4.9 5.3b 5.5b 5.3b 4.9
Dip £ f e e e
Week 2.3 4.1 5.2 5.4 5.5

XThere were six bulbs per pot.

YMeans in rows followed by the same letter (a to c¢)
and means in columns followed by the same letter (e to f)
are not significantly different at the 5% level.
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Table 3.--The influence of temperature and sampling time
treatments on the number of 'Paul Richter' tulips

rooted per pot, 1974.X

Temperature (°C)y

Time Week
(Weeks) 5 9 13 17 21 Means
1 2.3a 4.1b 5.0b 4.4b 2.4a 3.7
e e e e e
2 5.9b 6.0b 6.0b 5.3b 3.1a 5.3
f f e ef ef
3 6.0b 6.0b 6.0b 6.0b 3.7a 5.5
f £ e f £
4 6.0b 6.0b 6.0b 6.0b 4.la 5.6
f f e £ £
5 6.0b 6.0b 6.0b 6.0b 3.4a 5.5
f £ e f ef
Temperature
Means 5.2 5.6 5.8 5.6 3.4

XThere were six bulbs per pot.

YMeans in rows followed by the same letter (a to c)
and means in columns followed by the same letter (e to h)
are not significantly different at the 5% level.



21

Table 4.--The influence of temperature and sampling time
treatments on the growth of roots (mm/bulb) for

'Paul Richter' tulip, 1973.

Temperature (°C)¥

Time Week
(Weeks) 5 9 13 17 21 Means
1 la 3a 3a 8a 18a 6.6
e e e e e
2 3a 27b 18ab 47c 26b 24.2
e £ e f f
3 l2a 66¢C 73c 74c 36b 52.2
ef g £ g fg
4 28a 88c 91c 66b 47ab 64.0
fg h f fg gh
5 40a 108c 1304 95¢c 66b 8l.4
g i g h h
Temperature 16.8 58.4 63.0 58.0 38.6

Means

XMeans in rows followed by the same letter (a to c¢)
and means in columns followed by the same letters (e to h)
are not significantly different at the 5% level.
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Table 5.--The influence of preplanting treatments and
temperature on growth of roots (mm/bulb) for
'Paul Richter' tulip, 1973.

Preplanting Temperature (°C)¥ Preplanting
Treatments Treatments
5 9 13 17 21 Means
Control : 17a 60b 61b 54b 28a 44.0
e e e e e
Fungicidal 17a 57bc 65c 62bc 50b 50.2
Dip e e e e d

Temperature 17.0 58.5 63.0 58.0 39.0
Means

XMeans in rows followed by the same letter (a to c¢)
and means in columns followed by the same letter (e to 4)
are not significantly different at the 5% level.

Table 6.--The influence of preplanting treatments and
: sampling time on the growth of roots (mm/bulb)
for 'Paul Richter' tulip, 1973.

Preplanting Time (Weeks)X Preplanting
Treatments Treatments
1 2 3 4 5 Means
Control la 17b 48c 63d 89%e 43.6
g g g g g
Fungicidal 12a 31b 56¢c 65c 874 50.2
Dip h h h g g
Week 6.5 24.0 57.0 64.0 88.0
Means

XMeans in rows followed by the same letter (a to e)
and means in columns followed by the same letter (g to h)
are not significantly different at the 5% level.
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Table 7.--The influence of temperature and sampling time
treatments on the growth of roots (mm/bulb) for

'Paul Richter' tulip, 1974.

Temperature (ec) ¥

Time Week
(Weeks) 5 9 13 17 21 Means
1l 3a 3a 5a 14b 23 ¢ 9.6
f f f £ f
2 8a 13a 26b 50c 42c 27.8
£ g g g g
3 20a 29b 62c 84c 59c¢ 50.8
g h h h h
4 37a 56b 8ld 93e 70c 67.4
h i i Jj i
5 58a 79b 93c 1094 72b 82.2
i 3 3 3 i
Temperature 25.2 36.0 53.4 70.0 53.2
Means

XMeans in rows followed by the same letter (a to e)
and means in columns followed by the same letter (f to j)
are not significantly different at the 5% level.
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Table 8.--The influence of preplanting treatments and
temperature on the growth of roots (mm/bulb) for
'Paul Richter' tulip, 1974.

Preplanting Temperature (°C)x Preplanting
Treatment Treatment

5 9 13 17 21 Means

Control 25a 39 544 574 46¢C 44.2
ef f e e e

Water Dip 28a 36b 53¢ 764 54c 49.4
f ef e f b

Fungicidal 22a 33b 53c 774 59c 48.8

Dip e e e f

Temperature 25.0 36.0 53.3 70.0 53.0

Means

XMeans in rows followed by the same letter (a to d)
and means in columns followed by the same letter (e to f)
are not significantly different at the 5% level.
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Table 9.--The influence of preplanting treatments and
sampling time on the growth of roots (mm/bulb)
for 'Paul Richter' tulip, 1974.

Preplanting Time (Weeks)* Preplanting
Treatments Treatments
1 2 3 4 5 Means
Control 9a 24b 47c 624 79%9e 44,2
f f f f f
Water Dip 9a 27b 55c 724 85e 49.6
£ fg g g g
Fungicidal 10a 32b 51c 68d 83e 48.8
Dip f g fg g fg
Week 9.3 27.7 51.0 67.3 82.3
Means

XMeans in rows followed by the same letter (a to e)
and means in columns followed by the same letter (f to g)
are not significantly different at the 5% level.
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Fresh Root Weight (g/bulb)

1973. After three weeks, bulbs at 9, 13, and 17°C
produced good root growth. Within the five week rooting
period, 13°C was the optimal temperature with 9 and 17°C
being slightly suboptimal. Temperatures 5 and 21°C were
not conducive to good root growth (Table 10). When com-
paring the fungicide treatment with the control, over time,
they were not significantly different until the fifth week
(Table 11).

1974. The optimal temperature throughout the five
week period was 17°C with 13°C being the next best temper-
ature followed by 9°C (Table 12). Temperatures 5 and 21°C
remained suboptimal for root growth throughout the five
weeks. The fungicidal dip increased root growth at 17 and
21°C but did not increase it at the lower temperatures

(Table 13). The water dip was effective only at 17°C.

Hyacinth 'Pink Pearl'

Number of Bulbs Rooted per Pot

1973. The fungicidal dip had varying effects on
the number of hyacinths rooted per pot (Table 14). At 9,
25, and 33°C the fungicide increased the number rooted,
whereas at 29°C the control gave better rooting.

1974. There was no temperature or preplanting dip

effect on the number of bulbs rooted.



27

Table 10.--The influence of temperature and sampling time
treatments on the growth of roots (g/bulb) for

'Paul Richter' tulip, 1973.

Temperature (°ec)*

Time Week
(Weeks) 5 9 13 17 21  Means
1 0.02a 0.15a 0.09a 0.25a 0.41a 0.18
e e e e e
2 0.10a 1l.61lab 0.92a 3.05b 1.05a 1.35
e e b d f e
3 0.74a 5.31b 6.60b 5.19b l.11a 3.79
ef f g g e
4 2.35a 7.21b 9.64c 6.95b 1.79a 5.59
fg g h h e
5 2.97a 9.90c 12.074 9.63c 4,99 7.91
g h i i f
Temperature 1.24 4.84 5.86 5.01 1.87

Means

XMeans in rows followed by the same letter (a to 4)
and means in columns followed by the same letter (e to i)
are not significantly different at the 5% level.
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Table 1ll.--The influence of preplanting treatments and
sampling time on root growth (g/bulb) for 'Paul
Richter' tulip, 1973.

Preplanting Time (Weeks)X Preplanting
Treatments Treatment
1 2 3 4 5 Means
Control .04a .95a 3.90b 5.50c 8.64 3.80
f f b f g
Fungicidal .33a 1.74b 3.69c 5.68d 7.22e 3.73
Dip f f f f £
Week 0.19 1.35 3.80 5.59 7.91
Means

XMeans in rows followed by the same letter (a to e)
and means in columns followed by the same letter (f to g)
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