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THE INFLUENCE OF STRESS INDUCED BY NaCl
ON MORPHOGENETIC ASPECTS OF THE CALLUS
INITIATED FROM IMMATURE MAIZE EMBRYOS

V. Urechean

Agricultural Research Sation, Smnic, 54 Blcesti Str., Craiova, Dolj, Romania

Summary. The present work is an attempt to establish the most sensitive and
tolerant genotypesto the treatment with NaCl depending on the callus weight
and the morphogenetic aspects.

Callusresulted from immature embryos of 17 maize genotypes was stressed

with NaCl by two treatment variants:

A — The callus was washed with salt solution at various concentrations (5.0
g/l NaCl and 12.5 g/l NaCl) for one hour and cultivated on agar solid
medium, without growth regulators, for one month;

B — The callus was cultivated on agar solidified medium with added NaCl
(10mM and 40mM) for one month. Callus grown on nutrition medium
without growth regulators was used as control.

For both treatment variants we analysed the colour, proliferative ability,

shape, rhisogenesis (morphological particularities), type of callus formed,

number of somatic embryos, embryogenic area and callus weight.

Depending on these parameters we can select the genotypes which have the

ability to restart metabolic processes after the salt stress and will be used in

the maize breeding programs

Key words: Zea mays L., callus tissue, immature embryos, morphological
particularities, NaCl

Abbreviations: NaCl — Sodium chloride; MS—Murashige and Skoog (1962)
medium NBMC, (Ng — macroel ements according to Chu et al., 1975); Bs —
microel ements according to Gamborg et al. (1968); MS—vitamins according
to Murashige and Skoog (1962).
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Introduction

It is well known that a plant can survive under stress conditions by mechanisms of
tolerance or stress avoidance (Levitt, 1980).

Stress avoidance enables the reduction of the stress intensity by morphological
adaptation.

The assumption of tolerance mechanismsisto endure the stress by altering normal
metabolic activity, restarting growth and the development after the removal of the
stress factor.

Concerning the tolerance to salts, maize is amoderately tolerant crop, but selection
studies for tolerance to NaCl are just at the beginning.

In vitro techniques allow the selection of the variants tolerant to a stress factor
by using isolated cells, callus and tissues.

Inregard of maize, asit isarecalcitrant speciesto in vitro culture, the selection
studiesfor cellular linesresistant to stress factors are few.

Tuberosa and L ucchese (1990) selected cellular lines tolerant to Basta herbicide
and studies concerning the somatic embryogenesisin stress conditions were made by
using different substances with an osmatic role: sucrose, mannitol, proline, abscisic
acid and gibberellic acid (Emons et a., 1993).

The present paper is concerned with the evolution and morphological
characteristics of the callusinitiated from immature maize embryostreated for an hour
with salt solutions at concentrations of 5,0 g/l NaCl and 12,5 g/l NaCl.

In order to prolong the state of shock caused by the salt stress on the maize callus,
we resorted to the addition of solid culture mediawith NaCl at various concentrations
(10 mM NaCl and 40 mM NaCl) and the cultivation of the callus on these mediafor
amonth.

In order to select cellular linesresistant or tolerant to NaCl, analysis of the callus
at the very first stages, when it is submitted to the selective pressure should be
undertaken.

Materials and M ethods

We used callus derived from immature embryos of 17 maize genotypes, 4 inbred lines
(Lc 3, Lc 15, W 153, A 188), 12 F, hybrid combinations derived from the diallelic
crossing of the 4 parental forms and one U simple hybrid with ahigher oil contentin
the grain.

For thefirst treatment variant, the callus was treated with salt solution at various
concentrations (S;= 5,0 g/l NaCl; S,=12,5 g/l NaCl) for one hour and cultivated on
solid medium NBMC,, (original formula: Ng - macroelements, B - microelements,
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MS - vitamins) added with 30 g/l sacharose; 7,5 g/l agar; pH = 5,8, without growth
hormones, for one month.

The material taken from the initiation medium was cultivated on the same solid
medium NBMC, with 30 g/l succrose added 7,5 g/l agar; pH = 5,8, without growth
regulators, for one month.

In the case of the second treatment variant, the callus taken of the initiation
medium was cultivated on basic solid medium M S (Murashige-Skoog 1962) with 30
o/l sucrose; 7,0 g/l agar and the following NaCl concentrations: S;= 10 mM NaCl,
S, =40 mM NaCl, for one month.

For both treatment variants we analysed the following characteristics. colour,
proliferative capacity, shape, rhisogenesis (presence or absence of roots, root colour
and shape) type of callusformed (nonembryogenic, embryogenic type |, embryogenic
type I, rhisogenic) number of somatic embryos and their embryogenic area (for callus
of typell) aswell asthe callusweight (during the treatment period) in three replications
(one callug/replication).

The proliferative intensity of the callus was classified into 3 size categories:
weakly proliferative callus; proliferative callus; intens proliferative callus).

The shape of the calluswas noted: | (irregular); R (round). Theweight of the callus
was determined by the difference between theinitial and the final weight.

Results and Discussions

For the control variant (not treated with NaCl solution) which was the comparison
base for both variants of treatment, the analysis of the morphological characteristics
showed that the 17 maize genotypes, developed callus from white to yellow-green,
of al types, with or without roots.

The callusweight did not show negative values and during this period (one month)
no somatic embryos were formed. No necraotic or anthocyanic areas appeared at the
calluslevel, but some callus showed anthocyanic roots.

Inthe S, treatment variant (Table 1), most of the callus wereirregular of typel.
Only one genotype W 153xLc 15, formed a completely round and nonembryogenic
calus.

As concerns the proliferative ability, the dominant callus were the average
proliferative ones. The colour varied a great deal from white to yellow-green, with
embryogenic areas, but also with necrotic areas, or callusthat at the beginning of the
treatment period was yellow and then became necrotic .

At the genotype level, the characteristics were generally the samefor all thethree
replications, except the genotype W 153xA 188.

Concerning the callusweight, we recorded negative values for the genotypes: Lc
15; W 153; Lc 3xA 188; Lc 15xA 188; W 153xLc 3; A 188xLc 15; and the lowest
value (- 62,6 mg) wasfor Lc 15.
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Embryogenic areas with visible somatic embryos were formed by the callus
belonging to the following genotypes: Lc 3; W 153xLc 3; A 188xW 153 and U.

As concerns the somatic embryos number on embryogenic callus type I, we
noticed U genotype (8 somatic embryos on 15 sq.mm area).

We can suggest that the treatment of the callus initiated from imature embryos
with salted solution ( 5,0 g/l NaCl), for one hour, stimulated the somatic
embryogenesis.

S,= 12,5 g/l NaCl (Table 2) is the treatment variant that develops all types of
callus, most of them without roots and proliferative medium.

Lc 3, Lc 3xA 188, A 188xLc 3, A 188xW 153 and U genotypes formed
embryogenic calustype |l with visible somatic embryos. In the hybrid combinations
formula, Lc 3 and A 188, were predominant.

As concerns the callus weight, we recorded negative values for 5 genotypes: Lc
15; Lc 15%A 188; W 153xLc 15; A 188xLc 3; A 188xLc 15.

It is notable that an increase of the NaCl concentration up to 12,5 g/l stimulated the
growth of roots, the devel opment of the somatic embryos and the proliferative
capacity of the callus obtained from immature maize embryos.

The morphological analyses showed that on S; = 10 mM NaCl medium variant
(Table 3) the proliferation of the callus is inhibited at the beginning and developed
yellow-brown or totally brown calluswithout necrosis. Later on its surface devel oped
white-yellow callus.

There are genotypes which forms embryogenic callus of typell: A 188;

W 153xLc 15; A 188xLc 3, and aso genotypes, which forms callus of type Il
with somatic embryos that become necrotic after afew days (Lc 15xLc 3). Negative
values of callusweight were recorded at: Lc 3; Lc 3xW 153 and A 188xW 153. The
highest value of callus weight was recorded at A 188 (459,8 mg callus).

The medium variant S, = 40 mM NaCl (Table 4) represents for many callus a
shock dose which first inhibits its growth and development, and forms brown or
necrotic areas. After afew days, some of the callus restarted metabolical processes,
followed by roots appearance and even by the development of the white-yellow or
yellow callus on the brown areas.

No somatic embryos formed and the callus weight had negative values at the
following genotypes: W 153 (- 7,8 mg); Lc 15xLc 3 (- 10,5 mg).

By prolonging the state of shock caused by salt stress on the maize callus, by
adding NaCl to culture media, we can say that, at 10 mM NaCl, the browning of the
callus occurs with the inhibition of callus growth and development and then the
metabolic processes restart, forming white-yellow callus even on the brown areas.

The 40 mM NaCl represents a shock dose for most of the callus initiated from
immature embryos, having the effect of browning or necrosis.

Therestarting of metabolic processes after this shock period is slower and somatic
embryos are not formed.
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352 V. Urechean

The reaction of the callus initiated from maize immature embryos to salt stress
showed that, for all treatment variants, the genotypeisthefirst factor which determines
cellular proliferation.
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