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Salt Stress in Carrot

Tomohiro Kivosug, Hiroshi Kamapa and Hiroshi HARADA

Gene Experiment Center, Institute of Biological Sciences, University of
Tsukuba, Tsukuba-shi, Ibaraki-ken, 305 Japan

(Received April 3, 1989)
(Accepted August 18, 1989)

I: is well known that embryogenic cells can be induced by exogenously applied auxin and that their
development into somatic embryos are inhibited by the same hormone.”> A number of researchers have
investigated morphological and biochemical aspects of somatic embryo development from embryogenic

" cells,2~® but only a few reports deal with an inductive process of embryogenic cells from somatic cells.
The reason for this is mainly due to diverse actions of auxin on plant tissues, such as the promotion
of adventitious root differentiation, callus formation and cell enlargement. To conduct biochemical and.
physiological studies on induction of embryogenesis from a somatic cell, it is necessary to develop a
new tissue culture system which does not require any auxin treatment of explants. Recently, we® !>
demonstrated that carrot somatic embryogenesis could be induced by treatment with high concentration
of sucrose, mannitol or heavy metal jons such as Cd?*, Zn2*, Ni** and Co?* in auxin-free medium and.
suggested that osmotic and other physiological stress might trigger the somatic embryogenesis. In.
this report, we describe the effects of salt stress on carrot somatic embryogenesis.

Seven- to ten-day-old seedlings of Daucus carota L. cv. US-Harumakigosun grown on vermiculite:
were surface-sterilized with 10% (v/v) sodium hypochlorite solution (available chlorite concentration of
ca. 1%) for 15 min, then rinsed three times with sterilized distilled water. Five mm long segments.
of cotyledons, hypocotyls, roots and apical tips were cut out from the seedlings. These explants were-
cultured in plastic Petri-dishes (60 15 mm) containing 8 ml of Murashige and Skoog’s'® agar (0.8% -
Difco Bacto agar) medium with 0.1 M sucrose (hereafter referred to as MS medium) to which no plant
growth regulator was added and NaCl was supplemented at a concentration of 0.1M to 0.4M. After
1 to 3 weeks in culture, the explants were transferred onto hormone-free MS medium without NaCl..
Cultures were carried out under a 16 hr light/8 hr dark illumination (approx. 3, 000 lux) at 25°C. Each
treatment consisted of at least twenty replicates and was repeated three times.

When apical tips were used as explants, the first and second leaves protruded and elongated during:
1-2 week culture on MS medium containing NaCl at a low concentration (0.1 M), but they did not
form somatic embryos before and even after the transfer to hormone-free MS medium without NaCl..
On the other hand, apical tips cultured with a high concentration (0. 2-0. 4 M) of NaCl or those cultured
for 3 weeks with a low NaCl concentration (0. 1 M), turned to red and formed somatic embryos on the:
surface of the explants and/or elongated leaves without visible callus formation after the transfer to.
hormone-free MS medium without NaCl (Figs. 1, 2). These embryos developed into young plantlets.
(Fig. 3).

When cotyledon, hypocotyl and root explants were cultured on MS medium with 0.1m to 0. 4™
NaCl, their color turned brown or white during the culture and no somatic embryos was observed
before as well as after the transfer to hormone-free MS medium without NaCl.

Frequency of somatic embryo formation obtained with apical tip segments has been summarized in
Fig. 4. Higher frequency with the shorter treatment has been observed at the higher concentration.



Fig. 4.
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¢ Fig. 1. Somatic embryos induced by salt stress
in carrot. Apical tip segments were
cultured for 3 weeks on hormone-free
MS medium with 0.3M NaCl, then
transferred to hormone-free MS me-
dium without NaCl. Somatic embryos
were formed on the surface of the ex-
plants without visible callus formation.
The photograph was taken 6 weeks
after the transfer (x20).

Fig. 2. Somatic embryos formed directly on
the surface of the first leaf grown from
an apical tip segment. The apical tip
segment was cultured under the same
conditions as described in Fig. 1 (X 60).

Fig. 8. Young plantlets derived from somatic
embryos which were induced by a 3-
week treatment with 0.3M NaCl. The
photograph was taken 10 weeks after
the transfer to hormone-free MS me-
dium without NaCl (x1.5).
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Effects of NaCl on somatic embryo formation in apical tip segments of carrot.
Apical tip segments were cultured on hormone-free MS medium with NaCl
for 1 to 3 weeks and then transferred to hormone-free MS medium without
NaCl. The concentrations of NaCl used were 0.1M(O), 0.2M (H), 0.3 M (@)
and 0.4M (A). Frequency of somatic embryo formation (%) was calculated
by applying the following formula;
No. of segments produced somatic embryos
No. of treated segments

% 100 !
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of NaCl excepting at 0. 4 M NaCl treatment, where many of the explants died (data not shown) render-
ing the frequency of somatic embryo formation a little low (ca. 10%).

As mentioned above, the treatments with NaCl at high concentrations induced somatic embyo forma-
tion on the apical tip segments of carrot. Recently, we found that the treatment of the same plant
material (carrot apical tip segments) with several different heavy metal chlorides (CdClz, CoClz, NiCls
and ZnCl;) induced somatic embryogenesis.!’’ In that experiment, the concentrations of the heavy metal
chlorides which were able to induce somatic embryo formation were quite low (0. 25-1. 0 mm) as com-
pared to that of NaCl. It is likely that the stress caused by heavy metal ions initiated the process of
somatic embryogenesis in carrot explants. On the other hand NaCl added to the media might have
acted as an osmoticum and resulted in the induction of somatic embryogenesis. It should be noted that,
in the case of sucrose treatment at high concentrations, both apical tips and cotyledonal segments form-
ed somatic embryos on their surfaces,”” while in the case of NaCl treatment, cotyledonal segments did
not form somatic embryos. These differences in the response of cotyledonal segments with NaCl and
sucrose treatments suggest that NaCl acts not only as an osmoticum but also exerts certain other phys-
iological effects. NaCl at a high concentration may modify metabolic function of cells, such as main-
tenance of membrane potential, triggering indirectly the induction of somatic embryogenesis.

In addition to NaCl treatment, our recent findings on induction of somatic embryogenesis in carrot
without auxin treatment® !? provide a new tool to investigate the mechanism of somatic embryogenesis.
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