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ABSTRACT

meeﬁ'ectsofsahmﬂ\eguwﬂ\,ionmd.mﬁmmnmﬂaﬁmwm

investigated in vitro in Paspalum vaginatum. Rhizome

calli obtained from

Paspalum vaginatum were exposed to five concentrations of NaCl (0, 2, 4, 6, 8 gm/L).
Relauvegwwﬂxrate,xonommﬂ*ahcnsmdpmhmmmﬂaﬁmwmqumnﬁed
Relative growth rate influenced by increasing NaCl. In response to salinity, Na®, CI' and
pmhneommntahmsmeasedsngmﬁcmﬂymcalhmﬂmmmxmgNuCloamm
while K* concentration decreased. These results suggested an implication of CI' and K in
salt resistance at cellular level in these genotypes and that proline is a8 symptom of injury
in stressed Paspalum vaginatum calli rather than an indicator of resistance.

INTRODUCTION

Salt stress research benefits agricul-
ture because soil salinity significantly limits
plant productivity on agricultural lands. Plants
need essential mineral nutrients to grow and
develop. However, excessive soluble salts in
the soil are harmful to most plants. In fact, no
toxic substance restricts plant growth more
than does sait on a world scale. It is estimated
that salinity affects at least 20% -f world's
arable land and more than 40% of irrigated
land to various degrees (Rhoades and
Loveday, 1990). In costal areas periodic inva~
sions of scawater directly add salts to the soil.
Salinity is a major factor limiting the crop
productivity in the arid and semi-arid areas of
the world. Plant tissue culture techniques
provide a promising approach to develop salt-
tolerant plants. In vitro selection of salt
tolerant cell lines and regenerated plants has
been roported in several species such as Potato
(Sabbuh and Tal, 1990), rice (Lutts e al,
1999); Hordeum (Sibi and Fakir, 2000),
wheat (Barakat and Abdel-Latif, 1996) and
sunflower (Alvarez ¢f al,, 2003). This suggests
that tissue culture seloction can be used to
improve salt tolerance of plants.

Paspalum vaginatum is a warm
season turfgrass. It has been around, but has
yet to gain it's place in the turfgrass industry.
Paspalum vaginatum is also referred to as
Seashore Paspalum, Siltgrass, Sheathed Pas-
palum, Salt Jointgrass, Seaside Millet, Sand

, and Saltwater Couch. It is native to
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are broad differences in salt tolerance among
turfgrasses, little is known about how grasses
adapt to salinity. Also, there are some alter-
native grasses which may hold promise for
use as turfgrasses in extreme environments
(e.g. high salinity, extreme drought) Geungjoo
Lee et al, (2002). The aim of this study is to
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invistegate the effect of different concentration
of NaCl on callus induction and to determine
the relative salinity tolerances of a broad range
of warm season grass (Paspalum vaginatum)
to introduce it in the North-West Coastal
region of Alexandria where irrigation with
high- quality water is a problem.

MATERIALS AND METHODS

The present work was carried out at
the Central Laboratory for Biotechnology
Molecular Biology of the Faculty of Agricul-
ture, Alexandria University, during 2006 and
2007. The present investigation consisted of
conducted on three different Turf grasses
cultivars (in vitro culture technique) to iden-
tify the optimum conditions for plant rege-
neration. Results published in the 1* Part (El-
Mokadem and El-Naggar. 2008).

The second experiment included the
in vitro selection among cells under different
levels of salt as a mean for selecting salt
tolerance.

Only one cultivar was used for in
vitro selection, Paspalum vaginatum which
was chosen as it has the highest capacity to
regenerate plants from rhizomes cultures.

The plants were grown at the
Floriculturc and Omamental Horticulture
Research Garden, El Shatby. Rhizomes expla-
nts were excised and then surface sterilized by
immersing them in 95% ethanol for 1 minute
followed by 0.1% mercuric chloride for 15
min and washed with six changes of sterile
distilled water.

Explants were cultured on modified
MS medium supplemented with 1 mg/L BA, 5
mg/L 2,4-D, 30 g/L sucrose and 10 g /L agar.
The pH was adjusted to 5.8 using 1.0 M HCI
or 1.0 NaOH prior to autoclaving at lkg/cm?,
121 °C for 15 minutes.

Explants were aseptically excised
and placed in 9-cm Petri dishes containing 20
ml of culture medium and each dish contained
5 explants under 16 hours illumination (2,000
Lux, daylight fluorescent tubes) and 25+1 °C
for 30 days.

In vitro salt treatments

For this work the selection strategy
was made by using direct selection methods.
After two subcultures, the growing calli were
transferred to callus culture medium contai-
ning 0, 2, 4, 6, 8 g/L NaCl. Three successive
subcultures (4 weeks each) were performed at
each NaCl concentration. Petri dishes with the
explants were arranged in a totally rando-
mized design with a complete factorial dis-
tribution for 5 treatments. Six replicates were
taken into regencration media of each NaCl
concentration. To determine the growth from
the exposed calluses to the different concen-
trations of NaCl, the difference in fresh weight
between initial and 30, 60, and 90 days was
measured. The following in vitro traits were
recorded:

Callus induction response

1- Callus induction (%).

2- Calus weight (mg).

3- Embryogenic callus (%). -

Callus necrosis percentage was deter-
mined visually as percentage of necrotic callus
and relative fresh weight growth of non-
necrotic calli.

Estimation of K' and Na" were
determined as described by Gulati and Jaiwal
(1993). chloride was determined according to
Gilliam (1971). Proline content was estimated
according to Bates et al. (1973).

Morphogenetic response:

Embryogenic cultures from all gene-
rations were placed on regeneration media in
Jars containing 25 ml of sterile media without
NaCl for shoot elongation. The regeneration
medium had the same components as callus
induction medium, except for the omission of
the auxin source.
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Regenerated plants were acclimated
off by removing culture Jars caps and expo-
sing the succulent plant tissue to the atmos-
phere. Acclimated plants were washed by tap
water to remove the agar then established in
plastic pots filled with sterilized peat moss.
The pots werc incubated under moist con-
ditions for adaptation establishment

Statistical analysis:

Data were statistically analyzed as a
completely randomized design (CRD) with .
six replicates. All in vitro traits data, except
for the callus weight were subjected to arcsine
transformation, before statistical analysis.
Comparisons among means were made by
using the L.S.D. test of significance. Analysis
wascamedoutusmgSASprogram

RESULTS AND DISCUSSION

Selection for Tolerance to NaCl:

Data presented in Table 1 indicated
that the percentage of callus induction, embr-
yogenic callus and callus weight (mg), were
significantly influenced by NaCl concentra-
tions. It is clear that the relative growth of
rallus was markedly decreased, in response to
iacreasing NaCl concentration as compared to
the control (Figurel). These results may be
attributed to the toxic effects of Na* and CI'
lons accumulated in the cytoplasm causing
reduction in cell division and elongation
(Khan et al. 2000). Similar effects of high
concentrations of sodium chloride on the
callus weight have been reported. Smith and
McComb (1981) reported that the exposure of
callus to a saline environment may lead to
water stress and specific ionic imbalances
perhaps resulting in ion toxicity. Furthermore,
cells grown under stress may have to spend
more metabolic energy than those grown in
the absence of stress (Croughan ¢/ al., 1981).
They also wportzd that this extra energy most
probably is used up in regulating osmotic
adjustment. Reddy and Vaidyanath (1986)
reported that the callus growth of

decreased markedly with increasing NaCl
concentration in the medium. They also
suggested that the observed decline in fresh
weight in the NaCl environment may be due
to the diversion of some quantum of energy
from growth and metabolism. Lupotto et al.
(1989) reported that the effect of salt on the
established embryogenic cultures derived
from immature embryos of maize resulted in a
rapid depression of the general callus growth,
with necrosis and degeneration of the tissue at
concentrations above 80-90 mM NaCl (5 g/L
NaCl). Explant necrosis was observed at high
NaCl concentrations this result was in agree-
ment with Jain et al.(1991) on Brassica junica
and Sandra and Jaime (2006) on Melia
azedarach L. The presence of a high concen-
tration of salt in the culture medium produces
a loss in regeneration potential. This result
may be due to the high osmotic potential of
the saline medium, a higher osmotic potential
affects water and nutrient uptake, which may
in turn inhibits the metabolic activities nece-
ssary for bud initiation and growth (Vijayan et
al. 2003).

Table (1): Means of callus induction %, unbryogenlc callus and callus weight (mg) of

aginatum as influenced

| Concentrations

Callus induction %

Callus weight (mg)

NaCl concentrations.

Embryogenic callus %

| of NaCl (gm/L)
: 0

71.5

91,5

60.7

48.4

47
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Fig (1): Effect of NaCl concentrations on the relative growth of callus of Paspalu;l

vaginatum

In vitro salt selection

Fig. (2): In vitro salt tolerance selection of Paspalum vaginatum. Regeneration of callus in
culture media (A), organogenic callus (B,C). Plants obtained from in vitro NaCl

selection (D).

The obtained results in the present
investigation agree with previous studies
(Croughan et al.,1978, Watad et al., 1983,
Winicov, 1991). Croughan ef al. (1978) obser-
ved that the concentrations of Na* and CI" in
alfalfa cells cultured on media containning
NaCl increased with increasing NaCl level
while the concentration of K* was decreased.
Watad ef al. (1983) reported that Na" content

rose steadily in Nicotiana cell line as external
NaCl concentration increasing. The K con-
tent decreased with increasing NaCl levels in
the medium. Winico (1991) reported that Na
content in the regenerated shoots of alfalfa
increased with increasing NaCl concentration
while K* content in the regenerated shoots
was decreased .
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Table (2): Mean effect of NaCl concentrations on ion and proline contents (mg/gram dry

weight) in Paspalum vaginatum.

NaCl Ion contents (mg/gm D.W) Proline content
(g/L) Na' K Cr (mg/gm D.W)

0 9.2 17.15 742 5.05

2 25.14 15.21 35.63 7.03

4 33.51 15.52. 35351 10.22

6 39.65 16.03 65.40 12.03

8 44.89 13.22 85.63 17.25
L.S.D 3.8 22 3.7 2.1

Proline content:

Proline content in stressed calli was
different from non-stressed (control). It
increased with the increasing in salt stress
{Table 2). The highest proline content was
obtained at (8g/L NaCl). Proline has been
shown to accumulate in a number of plant
tissues in response to salt stress (Greenway
and Munns, 1980; Chandler er al, 1986.
Chandler and Thorpe, 1987). Greenway and
Munns (1980) suggested an adaptive role for
proline accumulation in relation to survival,
rather than maintained growth, since it only
accumulates when growth inhibition is already
pronounced. It has been found that the
accumulated proline mediates tolerance by
serving as a source of cytoplasmic osmoticum
(Stewart and Lee, 1974, Watad ef al., 1983,
Daines and Gould, 1985) and protecting
cytoplasmic enzymes and cellular structures
(Le Rudulier er al,, 1984), It has also been

argued that proline counteracts the inhibitory
effect of NaCl (Pandey and Ganapathy, 1985).

Plant regeneration:

The growth of callus on the medium
containing 8 g/l NaCl was very poor and
became necrotic after two subcultures (Figure
3). The regeneration of plants from some calli
occurred after two subcultures and the regene-
ration was successful (Figure 4).

In conclusion, turf-type Paspalum
Vaginatum cultivars with the -best callus
induction and regeneration rates have been
identified. Tissue culture conditions of turf-
type Paspalum Vaginatum have been
optimized, Also we are determind the relative
salinity tolerances of a broad range of warm
season grass (Paspalum vaginatum) to
introduce it in the North-West Coastal region
of Alexandria where irrigation with high-
quality water is a problem,

—

Fig. (3): Necrosis of callus obtained from Pasum vaginatum after o subculture as

affected by NaCl concentrations.
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Fig. (4): Regeneration of plants of Paspalum Vaginatum
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