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Callus and organ formation in the in vitro culture

of tissue segments derived from carrot plant
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Fig. 2. Effect of growth regulators on callus for-
mation in culturing disk-shaped segments
(5mm in diameter, 1 mm in thickness)
derived from cambium tissue of carrot tap
root. (culture period: 8 weeks).
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Fig. 3. Effect of growth regulators on callus

growth in culturing disk-shaped segments
(5mm in diameter, 1mm in thickness)
derived from cambium tissue of carrot tap
root. (culture period: 8 weeks)

growth index 0: no callus formation, 1: the

same

AZUKI bean, 3:

size as rice grain, 2: the same size as
the same size as soybean, 4:

the same size as broad bean.
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Effect of growth regulators on root for-
mation in culturing disk-shaped segments

(5mm in diameter, 1 mm in thickness)
derived from cambium tissue of carrot

tap root. (culture period: 8 weeks).
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Effect of growth regulators on shoot for-
mation in culturing disk shaped segments
(5mm in diameter, 1 mm in thickness)
derived from cambium tissue of carrot
tap root. (culture period: 8 weeks).
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Table 1. Changes in callus formation in
culturing carrot cambium tissue
(5mm in diameter, lmm in
thickness) on medium containing

auxins
culture period {weeks)

auxins

conc. 2 4 6 8 10 12

10-5 M

1AA 98.0% 98.0% 98.0% 98.0% 98.0% 98.0%
NAA 945 945 945 979 979 979
2, 4~-D 899 898 935 935 935 935
1BA 955 955 955 955 955 955
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Fig. 6. Changes in callus growth in culturing
carrot cambium tissue (5 mm in diam-
eter, lmm in thickness) on medium
containing auxins. {growth index are
shown in Fig. 3).
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Fig. 7. Effect of growth regulators on organ
formation in culturing disk-shaped
segments (5 mm in diameter, 1 mm in
thickness) derived from cambium tis-
sue of carrot tap root. {culture period:
8 weeks).
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Fig. 8. The formation and growth of callus in cul-

turing various types of segments of car-
rot tap root. (culture period: 8 weeks.
growth index are shown in Fig. 3.)
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Fig. 9. Effect of growth regulators on the forma-
tion and growth of callus in culturing seg-
ment derived from petiole of carrot. (cul-
ture period: 8 weeks)
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Fig. 10. Effect of growth regulators on the fo-

rmation and growth of callus in cul-
turing segment derived from scape of
carrot. (culture period: 8 weeks. growth
index are shown in Fig. 3).

Table 2. Percentage of callus clumps
forming root and shoot in
culture of various types of
tissues of carrot. (culture pe-
riod : 8 weeks)

Organ formation
. ‘ NAA (%)
tissues ot carrot

(M) root shoot
bi " 10-6 17.7 0.0
cambium tissue 10-5 93.0 390
endogenous 10-6 23.3 10.0
lateral root 105 65.4 50.0
. 10-6 5.6 0.0
petiole 10-5 571 286
10-6 154 0.0
scape™ 10-5 900 250
phloem 10-6 3.3 0.0
parenchyma 10-5 7.7 3.8

* no organ formation on medium containing BA.
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Fig. 11. Differences in callus formation in cul-
turing segments of various sizes derived
from cambium tissue of carrot tap root.
(culture period: 8 weeks).
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Table 3. Number of segments forming
roots in culturing the segme-
nts of various sizes derived
from carrot tap root on me-
dium containing NAA and
BA. (culture period: 8 weeks)

number of segments

regul )
growth regulators forming roots

NAA BA
(M) M) 8 b c
0 0
10-8 0
10-7 0
10-6 0 3/17
10-5 0 918 566 212
0 10-6
10-8 10-6
10-7 10-6 1/24
10-6 10—6
10-5 10-6 1/12
0 10-5
10-8 10-5
10-7 105 3/5
10-6 10-5
10-5 10-5 1/8
a: 5mm in diameter, 1 mm in thickness.

b: 10 mm in diameier, 2 mm in thickness.
c: 10mm in diameter, 6 mm in thickness.
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Twa EBbhs,
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) PAADHE: HPAABBRBRLOARORE
928 k% Table 4, 5 iR LT, KN AN © NAA
10-6 M X LAAF Tiidiz 100% W 3 v 7 v AR B R

Table 4. Changes in callus formation
in culturing petiole of va-
rious cultivars of carrot

NAA culture period (weeks)

cultivar
2 4 6 8 10 12

(%) (%) (%) (%) (%) (%)
Koshin- | 1076 | 345 400 500 500 50.0 500
Gosun | 10-5 | 889 89.3 100.0 100.0 100.0 100.0

Kuroda- | 107 | 87.0 90.5 905 905 905 90.5
Gosun | 10-5 | 57.7 87.5 100.0 100.0 100.0 100.0

10-6 | 46.2 929 923 100.0 1000 —*
10-5| 333 958 958 958 1000 —

Kintoki

* no value was obtained because of finishing
of culture.

Table 5. Changes in callus growth in
culturing periole of various
cultivars of carrot

NAA culture period (weeks)

cultivars
2 4 6 8 10 12

Koshin- | 1076 01 01 03 04 05 06
Gosun | 10-5| 01 03 10 23 35 43

Kuroda- | 1076 | 03 06 08 14 14 14
Gosun | 10-5| 01 05 12 24 24 29

10-6| 01 05 11 14 18 —*

Kintoki
10-5| 01 04 13 17 19 —

* no value was obtained because of finishing
of culture.
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Table 6. Number of callus clumps
forming organs in culturing
petiole of various cultivars
of carrot. (culture period: 8
weeks)

number of forming
. NAA organs
cultivars
root shoot
(M) b
_ 10-6 | 5/23 @L7* 0
Koshin-Gosun
10-5 | 24/25 (96.0) 6/25 (24.0)
10-6 | 8/15 (53.3) 0
Kuroda-Gosun
10-5 | 11/13 (846) 3/13 (23.1)
Ki i 10-6 2/13 (15.4) 0
intoxt 10-5 | 14/15 (933) 0

* percentage of organ-forming.
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Summary

The present experiments were carried out to
establish a method of vegetative propagation of
carrot with excellent qualities. Special efforts were
made to examine the effects of growth regulators,
the differences in the type of tissues or cultivars
and the influence of the size of the cultured seg-
ments related to callus and organ formation. The
medium was prepared by adding 20 g/¢ sucrose,
7.0 g/¢ agar and growth regulators (NS-benzylade-
nine and NAA) to Murashige Skoog’s medium (MS
medium). The cultures were incubated under condi
tions of constant temperature (23°C) and 16-hour
illumination with a 40-watt daylight fluorescent
lamp (1,000 1x) per day. The experimental results
are summarized as follows.

1. In experiments using the disk-shaped seg-
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ments (5 mm in diameter, 1 mm in thickness) of tap
root tissue with cambium of cv. ‘Késhin-Gosun’,
callus formation was excellent at high concentra-
tions of NAA (10-6 M, 10-5 M). The callus growth
was optimal at 10-6 M. of NAA and 10-6 M of BA.
Root formation was observed at 10-6 M and 10-5M
of NAA. Shoot formation occurred on medium
containing only 10-5M of NAA.

In comparison of NAA, TAA, IBA and 2, 4-D,
callus and organ formation were optimal at 10—5 M
of NAA.

2. Segments derived from various types of tis-
sues were cultured on MS medium containing 10-5
M and 10-5M of NAA. The formation and growth
of callus were optimal in the tissue segments of
the cambium of tap root and scape, good in the
segments with endogenous lateral root, and not so
good in the segments of the phloem parenchyma
of tap root and petiole. Percentage of root forma-
tion was 93% in cambium tissue, 90% in scape,
65% in endogenous lateral root, 57% in petiole, 8%
in phloem parenchyma. Shoot formation was ob-
served in each segments at 10-35M of NAA and it
was optimal in the segments of endogenous lateral
root (50%), followed by cambium tissue (39%), pet-
iole (29%), scape (25%) and phloem parenchyma
(4%). A definite relationship between organ forma-

tion and the size of segments were observed using

various sizes of tissue disks. Segments of small
size (5 mm in diameter, 1 mm in thickness) were
better than larger ones (10 mm in diameter, 2 mm
in thickness and 10 mm in diameter 6 mm in thick-
ness) for callus growth and organ formation.

3. Tissue segments of two European cultivars
‘Koshin-Gosun’, ‘Kuroda-Gosun’ and an Oriental
cultivar ‘Kintoki’ were cultured on MS medium
containing 10-6M and 10-5M of NAA. With
regards to the organ formation, no difference was
seen between root and shoot formation of two
European cultivars, namely in all these cultivars,
root and shoot formation were equally observed
at 10-5M of NAA. In the Oriental cultivar ‘Kin-
toki’, root formation was induced at 10-5M of
NAA but no shoot formation was seen at any other
concentration of NAA.

4. Shoot formation occurred only on callus
clumps with roots already formed. One clump
with many shoots was divided into several pieces
with shoots and roots or with one shoot. Then
the pieces were transplanted on the MS medium
containing no growth regulators in order to en-
hance root growth. After 3 weeks of culturing
for habituation, many plantlets were induced in
test tubes, and then many completely normal plants
were obtained through transplanting into soil.
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1. Callus formation in the tissue segment
derived from carrot tap root.

Root formation from callus.

. Shoot formation from callus.

Growth of regenerated plantlet.

or oA W N

Transplant of plantlet culturing for
habituation on medium without growth
regulators.

6. Growth of carrot plant after trans-
planting to soil.



