Determination of a Pre-Vernalization Phase in Carrot
(Daucus carota L.) cv. Flakkee!

ABSTRACT

The present study was conducted to determine the
presence of a prevernalization phase in carrot (Daucas carota
L. ¢v. Flakkee), before vernalization at low temperatures,
Carrot plants and seedlings in the following phenofogical
stapes: 91010, 7t 8, 5t0 6, 3tod, I Lo 2 leaves and in
cotyledon stage, grown under long-day conditions (14 h, 280
Umol s'm?) and temperatures ranging from 25"+ 1°C day
and 207+ 1°C night, were simultancously exposed at low
temperatures (7" % 1°C day and 5° + 1°C night) and short days
(10 b, 280 Ummol §"' m') during 55 days. In addition, per-
minating and dried sceds were also treated. Later, the plants
were exposed to long days (16 h) and 25" 4 1°C day and 20° +
1°C nights. Only those plants which were at the stage of 9 {o
10 leaves at the beginning of the cold treatment bolted and
flowered normally. This Indicates that ¢v. Flakkee has a
pre-vernajization phase which lasts until the 9 to 10-lcaf stage
isreached.

INTRODUCTION

N arrots, vegetative rosctte plants, have been clas-
sified as day-ncutral plants with a vernalization
- requirement necessary for flower initiation
(2,4,12,13). Atherion ¢t al (1) suggested that carrots
are short-day (SD)-long-day (LD) plants, with cold
requirements Lo flower,

In Argenting, carrots of European origin have a
biennial behavior, that is, sced sown in "La Consulia”
{Mendoza, 33°44°S) in April remain in the roselle stage
during spring and summer. The shoot is vernalized the
next winter and flowering occurs during the spring of
the second year. Other groups of carrots, the "Criolla-
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COMPENDIO

{il presente trabajo fue realizado con ol fin de determinar
Ia existencia de una fasede prevernalizacién en Daucus carola
L. cv. Flakkee, Se utilizaron plantas de zanahoria en fos
sipuicntes estados fenoldpgices: 9 a 10 hojas, 7a 8 hojas, 5a 6
hajas, 3 a 4 hojas, 1 a 2 hojas y en estado cotiledonar, que
crecicron on condiciones de dias largos (14 h, 280 Umol 57!
m™) en temperaturas de 25°C + 1"Cenlalozy 20°4£1°Cenla
oscuridad, y fucron expuestas simuftineamente a condiciones
con bajas temperaturas (7" x I'Cenlaluzy 5 + 1°C cn la
oscuridad) ¥ dias cortos (10 h, 280 Umol 51 m?) durante 55
dias. De igual manera fucron teatadas fas semilias seens en
estado avanzado de germinacitn.  Posteriormente todo el
material se sometid al tratamiento de dias Jargos (16 h) bajo
el mismo régimen térmico de 25°C en la luz y 20°C ¢n la
oscuridad. Séko fas plantas correspondientes al estadode 9 a
10 hojas entallaron y florecieren al inicio del tratamiento cn
frio. Estos hechos indican que el ev. Flakkee posee una fase
de prevernatizacion gue culmina con ia ernision de la novena
a décima hojas.

type” population, have a high percentage of bolting
during the same sowing ycar, cven when the carrols are
sown in the late winter or carly spring. Lonaand Crmko
(8) suggested that European carrots have a long pre-
vernalization phase, which might be absent in the
"Criolla-typc” population.

The minimum vernalization treatment required for
carrot {lower initiation and carrol scedsuatk develop-
ment in cultivars like Chantenay, French Forcing, Nan-
tes and Imperator varies between periods of 15 t0 60
days at lemperatures ranging from 4°C o 15°C (9).
Scveral authors agree that carrots must reach a certain
stage of development before low temperatures can be
cffective in promoting flowering (3, 6, 8§, 4). On the
other hand, Kumaki (7) was able to vernalize carrol
seeds. He exposed them to temperaturcs of 2°C 1o 3°C
during three months. No reports have been published
on veralization requirements in cv. Flakkee.

The aim of our work was (0 determine the existence
of a prevernalization phasc in cv. Flakkee measured in
chronological age and number of leaves under control-
led conditions. This will contribute to the adjustment
of sowing dates for seed production, especially for the
"seed-10-seed” method.
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MATERIAL AND METHODS

Carrot seeds of cv. Flakkee were periodically sown
in flats containing a mixture of peat, soil and sand
(1:1:1). When the seedlings reached the second leaf
stage, they were individually potied in 950 cm® con-
tainers. Plants were grown in a Sherer Growth Cham-
ber Model Cel 512-37 (Sherer-Gilletie Col), at
temperatures of 25°C £ 1°C/day and 20°C + 1 ‘C/nightd
under long photoperiods (14 k, PAR:280 Umol s m™
provided by cool white Nuorcscent twbes and incandes-
cent lamps. Thereafter, 20 plants from cach of the
following phenclogical stages: 1102, 3104,5106,7
to 8, 9 1o 10 feaves and at the cotyledonary stage were
simultancously exposed {o low temperatures (7°C &
1°C/day and 5°C + 1'C/nigit) under shori-day condi-
tions (10 h, PAR: 280 Umol s m'z) for the next 55
days (Table 1). These conditions were selected (0
simulate winter conditions.

Seeds were germinated by sowing them on humid
filter paperat 25°C in Pedri dishes. Four days later, they
were potted in 950 cm” comnainers. Dried sced were
also sown directly in individual pots. Both treatments
were exposed to the same cold conditions as described
above.

After cold treatment, the plants were placed upder
long photoperiods (16 h, PAR:280 Umol s m'z) at
25°C + 1°"C/day and 20°C & 1°C/night o promotc
flowering.

Plants were periodically watered with hall-steength
Hoagland’s nutricnt solution (5). Leal development,

bolting and (lowering were recorded twice weekly.
Plants were considered bolted or flowered when the
lirst elongated internode and/or the first primordium of
umbel could be scen macroscopically. A completely
randomized cxperimental design, including 8 weat-
ments replicated twenty times, was used (Table 1).

Tuble . Time (in days) between sowing date and the
beginning of cold treatmicnt in carrol cv.

Flakkee.
Treatment Number of leaves Bays after sowing
1 Dried seeds 0
2 Germinaling sceds 4
3 Cotylcdonary leaves 20
4 12 33
5 3-4 49
6 5-6 83
7 7-8 84
8 9-10 102

RESULTS

Only those plants that were al the stage of 9 1o 10
leaves at the beginning of the cold treaument (treatment
8) bohed and flowered. Other treatments remained as
vegetative rosctle plants (Table 2). At the end of the
experiment, there was a 67 percent of the planis in
treatment 8 flowered, while none in the olther ircatments
did.

Table 2. Effect of cold treatment on leaf number, bolting and {Jowering in carrot piants cv. Flakkee with difTerent number of

developed leaves.

Treatment Leaf number Leaf number Days after Bolting
before cold after cold eold treatment and Howering
treatment® treatment® {0 reach 50% al the end (%)

bolting Nowering boliing flowering
1 Dried seeds Ger sceds NB NFF 0 0
2 Ger. seeds 15 NB NF 0 0
3 EC 23 NB NIF 0 0
4 2 i9 NB NF o 0
5 35 66 NB NF 0 4]
6 6 71 NB NF 0 G
7 73 g NB NF 0 0
8 93 109 112 155 67 67

References: Ger. sceds: Germinating seeds, EC: Expanded cotyledons, NB: No bolting, NI: No flowering, *: Mean values.
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During the cold treatment, there was a moderate
devclopment of new leaves. It was comparatively
greater in treatment 4 than in the other phenological
stages (Table 2). Moderate sced-stalk elongation was
observed in flowered plants.

DISCUSSION

This study shows that cv, Flakkec has a pre-ver-
aalization phase, which lasts until the planis have at
least 910 10 lcaves (about 14 weeks form sowing, under
the experimental conditions tested). ‘These results do
not agree with those from Kemaki (7), who was able o
vernalize carrots at seed stage. Cultivar dilferences
may account for this fact.

Further studies are necded 10 determine the critical
temperatures and exposition Lime necessary 1o vernal-
ize cv. Flakkee.

These results could assist in sclecting arcas and
sowing dales for seed production with more gccuracy,
when the "sced to seed” method is required.
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