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ABSTRACT 

The present sludy was designed to compare the effectiveness of helium·neon 
laser rays (0.0. 60.120 and 180 minutes) and Ethy1methansulphOnate (EMS) (0.0, 5. 15 
and 25 mM). each alone or in combinalion. In improving the lalerance 10 salinity in salt­
sensitive Giza 168 wneat cultlvar. The sail-tolerant Sakha 93 cultivar, was used to be 
compared with the sensitive one under the same salinity levels (0.0, 15%.30% and 45% 
sea salted water). For this reason preliminary experiment was conducting during 
199912000 season. and the main experiments during 2000/2001 and 200112002 
seasons. The results of the main experlments confirmed the previous conditions drawn 
from the data obtained from the preliminary one. The most promising three Ireatments 
were, 120 min. laser rays, 15 mM EMS and 120 min. laser rays + 15 mM EMS. The 
obtained results of the main experiments clearly confirmed the effectiveness of all 
selected treatments with an absolute superiority of combined treatment (120 min. laser 
rays + 15 mM EMS) which yielded significant (and at the meantime the highest) 
increases In the calli fresh 'Neight over the untreated ca11i either which the derived from 
the tolerant and sensitive cultivars. Meanwhile , the other two treatments. i.e. 120 min. 
laser rays or 15 mM EMS recorded their significant Increments over the respective 
values of the sensitive control onty (control II). Also, the calli derived from grains of the 
combined treatment exhibited more tolerance 10 salinity and was able to produce the 
signifICant increment over both controls up to 30% sea salted water level, and only up 
10 15% sea sailed water level for the other treatments. The obtained wneat plantlets 
derived from calli treated with the combination of laser rays + EMS were tolerance up to 
30% sea salted water level and were able 10 continue their growth in sand cullura tin 
maturity and till grain production which yielded as grains I plant more than two folds of 
the control of the tolerant cultivars Salcha 93 and more than four fotds that of the 
sensitive one Giza 168. The data also revealed that tolerance which was more 
pronounced as a result of the double treatment exist as we11 as for the single treatment 
of each and was associated with high accumulation of much more quantities inorgank 
osmotica, i.e. N, P. K, Mg. Ca and the highest KINa ratio as well as towest quantities of 
Na and lowest Na I Ca ratio, in addition to considerable accumu lation of organic 
ptoteclive osmolytes. i.e. sucrose, proline and amino acids into calli and shOot tissues. 
This was accompanied with an accumulation of endogenous hormones. i.e . 1M, GAl 
and ABA in the stressed shoots. in addition to the lowest invertase activity in the 
Slressedleaves in favor of accumulation more non-reducing sugars. Such accumulation 
increased as the salinity level was increased in order to adjust the ratio between the 
protective and toxic intermediates of metabolism in favour of more tolerance to salinity. 
Such behaviour seems to induce more ability for wheat plants to continue their growth 
till maturity and prOduction of grains even under 30% sea sailed water. The. produced 
wheat grains from the different treatments especially the double one. were 
characterized with increased accumulation of proteIn, sugars and mineral nutrients by 
increaSing salinity level In the medium. Sodium level gradually decreased from the calli 
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and shoot tissues to aHain minimum vatue in the produced grains. The obtained data 
suggested the possibility of successful application of the combination of laser rays and 
EMS to improve salinity tolerance of economic crops such as wheat. 

INTRODUCTION 

Wheat {Triticum aesfivum L.J is the most important growing cereal 
crops in Egypt . The amount needed is greater than Ihalloc211y produced . Due 
to restricted resources of freSh water from the River Nile. , the use of less 
quality and saline water or even diluted sea water became an important source 
of irrigation water especially in the newly cultivated areas. Therefore, the 
production of salinity tolerant lines of wheat is highly recommended in order to 
fulfill the great need from this crop by the majority of lhe Egyptian population. 

Biotechnology and plant tissue culture technique are effective tools for 
producing sail lolerant cet! lines., tissues and plants. Irradiation with fast 
neutrons, laser and gamma rays may provide insight into the mechanism 0 f 
action of the radiation in physiological and genetic variability, thus have been 
direclly used to produce useful variation in quantitatively inherited characters, 
such as quality and maturity time ( Cholakov, 1995 ) . This in addition to the 
other mutagen agents including Ethy1melhanesulphonate [EMS J as a chemical 
mutagen which is an effective tool for inducing genetical changes . The 
induced gene mutations might involve the polygene of the qualitative trails, or 
the major genes controlling the qualitative ( Ahmed, 1998 ). Therefore, the 
results previously obtained by several authors suggested the possibility of 
successful applications of gamma rays ( Whan et a/., 1991 ; EI-Shihy et 
al.,1994 a and band Ghallab and Neslem, 1999), fast neutrons (EI-Shafey et 
a/., 1994) and EMS ( Wong et al., 1986) to improve salinity tolerance of the 
sensitive wheal and rice cultivars, since these mutagen agents are considered 
the most effective lools for inducing Ihe useful genetical changes in the treated 
plant materials. 

Moreover, Whan, 6t a/., (1991) mentioned lhat t'wo salt resistant 
mutants of citrus were obtained after treating callus with gamma rays [ 5-8 KR] 
and EMS { 0.3-0.5 % J and screening with sodium chloride . Also, Wang­
lunshun et aI., (1995) found that the original wild type of sterile culture of Lycim 
barbarum ceased to grow at 1 % NaCI. but the mutant which were treated with 
0.34 % EMS continued their growth up to 1.5 % NaCI. RecenUy, Harb et af. , ( 
2002 ) suggested the poss ibility of successful application of EMS to improving 
salinity tolerance of banana which associated by the accumulation of sugars, 
free amino acids, proline and soluble phenol in banana tissues in response to 
increasing salinity level. EI-shafey et af., (2003) suggested the possibility of 
successful application of gamma rays, putrescine and abscisic acid to improve 
satinity tolen~nce of wheat. 

Therefore, the present work was conducted 10 effectiveness of both 
single and combined treatments with laser rays and chemical mutagen 
substance EMS (Ethylmethanesulphonatel in improving salinity tolerance of the 
cultured wheat calli as well 2S the produced plants grown under different levels 
of salin ity. aiming to induce [In vitro] salt tolerant cell lines, tissue, planllets and 
finally plants . In the present experiments, the salt tolerant cultivar of wheat was 
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used, to be compared with the sensitive one under the same experimental 
conditions in order to evaluate the improving extent in such sensitive cullivar. 

MATERIALS AND METHODS 

The present work was carried out in the Biotechnology and 
Bioengineering Lab. and greenhouse of Plant Physiology Department, Faculty 
of Agriculture. Cairo University, as well as the National Institute of Laser 
Enhanced Sciences, Cairo Unv;r., during three successive seasons. During 
1999 I 2000 season as a preliminary experiment and 2000 , 2001 as well as 
2001 12002 seasons as Ihe main experiment. In the present work. two cultivars 
were used, the sail tolerant Sakha 93 cullivar and the susceptible one; Giza 
168. Wheat grains of both cutllvars were obtained from the Department of 
Wheat Research, Ministry of Agric., Giza. Egypt. On the other hand, it seems 
lOgic to investigate the effect of helium-neon laser irradiation ( HN land EMS 
treatments only on the sensitive cu!tivar aiming 10 approach nearly similar 
degree of tolerance of the comparable one. . 

The preliminary experiment done in the first growing season, was 
carried out in order to select Ihe promising treatments for the main experiments 
in the following two successive growing seasons. Therefore, the preliminary 
experimenl included 1 7 I reatments, while I he main 0 ne included 0 nly 5. The 
trealments were carried out during Ihe preliminary experiment as follows: 
( 1 I Control I ( Tho lolerant cullivar ) , I 2 J Control /I (The sensitive cullivar ) 
, l3 J 60 minutes HN ( Helium-Neon Laser irradiation), { 4 I 120 min. HN, 
I 5 ] 180 min. HN. I 6 ] 5 mM EMS. 171 10 mM EMS. 18] 15 EMS. 
(g) 60min. HN+ 5 mM EMS . ! 10] 60min. HN+ 10mM EMS , 
( 11 J 60 min. HN + 15 mM EMS, (12) 120 min. HN .. 5 mM EMS, 
1131120 min. HN + 10 mM EMS. 114 I 120 min. HN + 15 mM EMS. 
115) 180 min. HN + 5 mM EMS. 116 J 180 min. HN + 10 mM EMS. 
117 J 180 min. HN -+ 15 mM EMS. 

1- Laser rays treatments : 
Mature wheat grains of the sensitive curtivars (Giza 168 ) were soaked for 12 
hourse in distilled water, then exposed to the different doses of helium-neon 
laser irradiation ( 0.0 , 60 min., 120 min. and 180 min. in the preliminary 
experiment and only to 120 min. in the main one J from " Helium- Neon Laser 
beam at 632 nm wavelength and 20 mINt. Output power • provided by the 
National Institute of laser Enhanced Sciences. Cairo Univ., Giza, Egypt. 

11- Embryos isolation and caUus init/alion : 
The unirradiated grains ( conlrol treatments, which were only soaked for 12 
hours in distilled waler ) and the irradiated ones , were surface steritized for 30 
min. with sodium hypochlorite [ clorax J and rinsed 5 limes with distilled water . 
The embryos were excised aseptically undel sterilized condilions and then 
were cultured in 100 ml jars, containing 30 ml of agar solidified MS medium 
(Murashige and Skooge, 1962) supplemented with 2 mg I l 2.4-0 ( 2.4 
dichrorophenoxy acetic acid J ' 100 mg I L myo-inositol, 3 % sucrose and 

1763 



EI-Shihy, O. M. et al. 

adjusted 10 a pH of 5.7. The embryos were cultured and incubated in a growth 
room at 2 5 ± 2 ° C. day I night cycle, controlled by means of air conditioned 
system under 16 hours light and 8 hours darkness, using day light florescent 
lamp ( 110 em long) and supported by ( 40 jJE J cm2 

/ S ) light intensity. 

HI- Ethylmethansulphonate { EMS J treatments : 
Embryos initiated from unirradiated grains were obtained at the same 

previously mentioned conditions in [ \I J ' then were cultured in tOO ml jars 
containing 30 ml agar solidified MS ( Murashige and Skoog, 1962 ), 
supplemented with 2 mg I L 2.4·D, 100 mg I L myo-inositol. 3 % sucrose and 5 
ml I L EMS at different concentrations [ 0.0, 5 , 10 and 15 mM in the 
preliminary experiment and 10 mM in the main one] were also supplemented 
and adjusted to pH 5.7 . 

IV- The combined treatments of laser rays and EMS: 
Embryos initiated from irradiated grains with different doses of laser rays 

were obtained at the previously mentioned conditions in [ II J, then were 
cultured under Ihe different levels of EMS. In the preliminary experiment all 
possible combinations between laser rays and EMS were made , while the 
main experiment only combined treabnent 120 min. + 10 mM EMS was 
investigated. 

V· Salinity treatments for callus: 
The produced calli from each treatment ( 6 weeks after culture) either in the 

preliminary experiment or in the main one were subdivided into 100 mg 
inoculums pieces and subcullered OIl a solidified MS medium + the same 
concentration of 2.4-0 , myo-inossitol and sucrose were supplemented to the 
differenllevels of sea sail, i.e. 0.0, 15 %,30 % and 45 % by using sea sailed 
water r Sea salt obtained from Sigma Co. USA I where 40 gm I L from the sail 
gave EC ::: 33000 ppm .. Each treatment included 20 replicates. The cultures 
were incubated for 6 weeks under the same pre .... ,ously mentioned conditions in 
[ 111 . After 6 weeks in culture under different levels of salinity, th e fresh weights 
of growing calli produced from each treatment were recorded . 

For each treatment 10 replicates of the obtained calii were dried in an 
oven at 70 °C for 48 hours and then the crude dry weights were determined. 
The dried calli were powdered and prepared for chemical determinations. Only 
small part of the calli was kept fresh for proline estimation. 

The rest of the carn produced from all investigated treatments ( 10 
replicates for each J were divided into 100 mg incoulum pices and sub--cultured 
on the plant regeneration media" [ the same culture medium but supplemented 
with 2 mg I L SAl' (N6-benzyl-aminopurine]. The 300 ml jars, containing 50 
ml of agar solidified MS medium were used. After B weeks on plant 
regeneration media supplemented with different levels of salinity, the calli were 
transferred to the rooting media ( 50 ml of agar solidified MS medium 
supplemented with 2 mg I L NAA + 3 % sucrose + 100 mg myo-inositol + the 
differenllevels of salinity 1 . 
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VI - Plant regeneration and grain production : 
After 4 week.s on rooting media, the root form alion was realized and the 

produce p/anUets were transferred to grown in s and c ullure u nder t he green 
. house conditions. The complete nutrient so!ulion as described by HewiU ( 
1952 ) was used. The nutrient solution was applied twice a week either alone 
tor the controls or mixed with the same previously mentioned levels of salinity 
through a subirrigation device permitting drainage of excess solution . Washing 
with lap water followed with distilled water was made at fWo-weeks interval 
immediately before solution addition to prevent salt accumulation. In bolh 
preliminary as well as the main experiment. a sample of 5 replicates ; 15 
plants. from each treatment was taken at 45·days old, each trea tment was 
obtained. Plant height, number of leaves I plant and dry weight of shoot were 
recorded. The shoots were dried in an oven at 70 "c for 48 hours and then the 
crude dry weight were determined . The dried shoals of each treatment were 
powdered a nd prepared for chemical a na!ysis . For proline, invertase activity 
and endogenous phytohormones estimation. part of the shoal system was kept 
fresh, and 5 replicates from each treatment were left 10 grow Ii!! harvest. 

At harvesting slage, after two months in sand cullure. grain yield was 
recorded . The grains were dried in an oven at 70 oc; for 48 hours and the crude 
dry weights were detennined. The dried grains were pOwdered and prepared 
for chemical analyses. 

It is warth to be mentioned that all experiments in the three successive 
seasons were repealed 4 times. 

The mean values of calli fresh weights , growth and yield of the preliminary 
as well as the main experiments were statistically analyzed and compared 
using New l .S.D. at 5 % levels (Gomez and Gomez, 1984 ). 

Chemical analysis: 
For the determination of total nitrogen, the modifred ~ Micro Kjerdah l~ 

apparatus of Pamas and Wagner as described by Jones et al. (1991) was 
used. Crude protein was estimated by multiplying lotal N% by 6.25, then the 
protein content of grains were determined. For total p , K. Ca, Na. and Mg 
determination, the wet digestion of ptant material was carried out as 
recommended by Piper (1947). Phosphorus was eslimated calorimetrically 
using the stannous chloride reduced m olydophosphoric b lue color method in 
sUlphoric acid system as described by Jackson (1973). K, Na, Ca and Mg were 
determined by the Atomic Absorption Sepclrophotometer (GBe, 932 AA). 

Hot ethanol extract was used for determination of sugars (reducing. non­
reducing and total) using Ihe phosphomolybdic aCid method (A. O. A. C., 
1975). Total free amino acids were determined us ing ninhydrin reagent (Moor 
and Siein, 1954). Free proline concentration in the fresh material was 
determined colormetrically using sulphosaliCylic acid ninhydnn meth ods as 
described by Bales et al. (1973). Extraction of invertase enzyme from the fresh 
leaves was carried out according to Rathert (1982 ). Invertase aClivity was 
expressed in terms of ~ mol glucose liberated during 1 min. per (g) fresh weight 
of the pettet (105°C ) obtained from centrifugation of crude extract, according to 
Sumner and Howell ( 1935 ). 
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Extraction of planl hormones was carried out according to Sadeghian 
(1971). Methanolic extract of the fresh leaves were used for endogenous 
hormones estimation by Gas-liquied chromatography (GLC) [Ali-Unicam-610 
Series) according 10 the method described by Vogel (1975). The glass Column 
(1.5 X 4 mm) was packed with 1% OV-17. Temperature: InjectOf 260°C. 
detector 300°C and column initially for 3 min . at 200 DC then increased to 220 
°c (rate 20°C Imin.) for 4 min .. then increased again to 240 QC (rate 20 
°C/min .) now rates : carrier gas (N z special) 30 ml I min .. hydrogen special 33 
mVmin. and synthelic air 330 mVmin. and the chart speed 1 cmfmin . 

RESULTS AND DISCUSSION 

Callus Fresh Weight: 
The results in Table 1 clearly revealed that the fresh weighl of wheat 

calli (Mean S) graduaUy decreased as the salinity level increased when 
compared with the control treatment of either the tolerant or the sensitive 
cullivar (control I and II respectively). 

Decreasing the wheal calli groW"lh as salinity level was increased in Ihe 
medium were previously reported by Barakat and Abdel-Latief (1995). fl­
Hennaway (1996), Ahmed (1998), Quraishi at a/., (2000) and EI-Shafey ef al. 
(2003). 

Table (1) : Calli fresh weight (g) derived from wheat embryos exposed to 
different laser rays and EMS treatments grown under different 
levels of salinity (% sea salted water) for 6 weeks, the 
Inoculum weight was 100 mg (combined analysis for two 
seasons) 

Treatments 

onlroll 

Control II 

120 min. 

15 mM EMS 

120 min. -+ 15 mM EMS 

Mean (S) 

• New L. S. O. value at 5 Y. 
Salinity IS) 
Treatment (T) 
(5) x (T) 

Control 

3.89 

3.40 

5.14 

5.09 

5.68 

4.68 

0.17 
0.25 
0.54 

% sea salted water 

15 30 45 
Mean (T) 

3.18 2.58 1.99 2.88 

2.45 1.91 1.24 2.25 

3.88 1.27 0.39 2.67 

3.82 1.35 0.37 2.66 

4.62 3.55 0.56 3.65 

3.59 2.13 0.88 

When consider the mean values of calli fresh weights due to each 
treatment ( Mean T) regardless I he s alinily level, it C Quid be noticed thai. the 
superiority was confirmed for the combined treatment of laser rays and EMS 
which produced the significant yield of callus fresh weight over the untreated 
calli either which the derived from the tolerant and sensitive cullivars . 
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Meanwnile, lhe other two treatments, i.e 120 min. laser rays or 15 mM EMS 
recorded their signifICant increments over the respective values of the sensitive 
control ooly {Control II). 

The percentage of i ncrement in the callus fresh weight induced by the 
combined treatment over ils control (COOl£oIlI) was 62.22 % and over the sall­
lolerant control (control I) was 26.74 % . Comparing the effect of the interaction 
be~Neen treatments and salinity level clearly reveal Ihal, the calli derived from 
grains of Ihe combined treatment exhibited mQ(e tolerance to salinity and was 
able to produce the significant increment over bolh conlrol up to 30% sea 
salted water level , and only up 10 15% sea salted water level for the olher two 
treatments. Similar results were reported byE t-Shihy e t al. ( 1994 a ) 0 n I he 
faba bean ca11i as affected by fast neutron and gamma rays treatments, as well 
as el-Stlafey et al. (1998) on wheat calli as affected by the combination 
between 15 KR gamma rays + 5 mM sodium azide. 

The an derived cam either from the both con trols or the aJi other 
trealments were able to continue lhelr growth even at the highes t level of 
salinity, though with differential degrees, and were also able to produce shoots 
under the all salinity levels. . 

Chemical analyses of callus tissues: 
Comparing the results obtained in Table 2, clearly revealed that 

increasing salinity levels caused high accumulation of lhe protective 
compounds (Mean S), i.e. sugars and proline as well as free amino acids. As 
with calli fresh weights (Table 1), the Mean T of the combined treatment 
between laser rays and EMS which recorded considerably increased the 
accumulation of Ihe prevlous protective compounds over the respective Mean 
T of the untreated calli of the tolerant cullivar; meanwhile, the single treatment 
of either laser rays and EMS exceeded onty the sail-sensitive c onlrol in I his 
regard. Comparing the effect of the in teraclion between treatments and salinity 
level clearly reveal thai, the combined treatment accumulated much more 
concentrations of sugars and prO/ine as well as free amino acids which greatly 
exceeded both conlrols up to 30% sea salted water level, and only 15% sea 
salted water level for the olher two trealments. tn this connection. Lone et al. 
(1987) found that the extemal addition of proHne and glycine betaine to the 
culture of barely embryos increased shoot elongation under satine c ondilion. 
Barakat and Abdel-Latief (1995) and EJ-Shafey et al. (199B) reported that 
proline accumulation increased several folds in salt stressed wheat callus. 

Also, many reportes proved the rapid increase in synthesis and 
accumulation of sugar under saline conditions. Kirst (1990) described sucrose 
as one of the compallble solutes that increase during satt stress. Moreover, 
Pessara ki (2002) concluded that the plants that fail to Increase soluble sugars 
biosynthesis could not tolerate sail. Also, EI-Shafey at al. (2003) found that 
high accumulation of the protective substances, I.e. sucrose and proline in 
wheal calli as the satt level was increased. 

Concerning amino acid accumutalion wilh increasing salinity levels. 
Cano et al., (1996) reported Ihat amino acid concenlrations increased in 
tomato callus with increasing salinity levels. Also, Fatouh Youssef (2003) who 
indicated that leaves of tolerant wheat plants showed high degree of osmotic 
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adjustment by the accumulation of more K· ,proline. sugars and amino acids. 
As for the efficiency of EMS in this regard. Harb et al. (2002) suggested the 
possibility of successful application of EMS as a chemical mutagen to improve 
salinity tolerance of banana, which was associated with increasing 
accumulation of the protective substances such as lolal sugars. free amino 
acids, praHne and soluble phenols in plant banana tissues with increasing 
salinity levels in MS media on which the shoal tip of banana plants were 
cultured . 

Also, the obtained data in Table 2 clearly show that. although the 
concentrations of Na,Ca and Mg gradually increased in the calli tissues of the 
untreated control treatments, i.e. control I and control " as Ihe salt level 
increased in the medium, the concentrations of N, P and K exhibited the 
opposite trend. Moreover, when detecting the effect of different treatments on 
N, P, K. Na, Mg and Ca levels, It could be realized that Mean T of calli treated 
with combination between laser rays and EMS confirmed the superiority of Ihe 
previous nutrients accumulation over the respective Mean T of the salHolerant 
control; meanwhile the other two treatments could only exceeded the Mean T 
of the salt-sensitive control. As to the cani fresh weight (Table 1) as we!! as the 
accumulation of the protective compounds (Table 2), the data of nutrients 
accumulation recorded in Table 2. strongly confirmed the superiority of the calli 
derived from grains exposed to the combined treatment of laser rays and EMS 
regarding the clear positive response between salinity levels up to 30% sea 
salted waler level and nutrient accumulation; meanwhile the single treatment of 
either laser rays and EMS exceeded only up to 15% sea salted water level. 
Excess salt in the rool medium impaired N uptake, the competitive relationShip 
between NOJ · and cr are well documented in Zarate (1990). Wilkinson (1994) 
recorded an increase of Na· and Mg'" absorption at high exchangeable sodium 
percentage values in wheat plants grown under salinity conditions; while N, P, 
Ca and K absorption decreased. Also, Marschner (1995) indicaled that Ca'" is 
strongly competitive with Mg'" and binding sites on the root plasma membrane 
appear to have less affinity for the highly hydrated Mg'" than for Ca· .. . 
Moreover, Trivedi et aI, (1991) and EI~Shafey et 8J. (2003) working on wheat 
callus and they found that total N, P, K and Ca decreased with increasing 
salinity level. 

On the other hand, the ratio of KINa in the calli tissues either untreated 
or treated with laser rays and EMS each alone or in combination was highly 
influenced by increasing Na concentration as the salinity levels increased in the 
medium even in the treated calli. Therefore, KINa raUo was gradually 
decreased as the salinity levels increased in the medium. 

In saline soit, the Na" I K- ratio is very high. Therefore, It seems 
logically to expect that plants which tolerate salinity such as halophytes must 
develop a mechanism for the preferential uptake of K' from mixture rich in Na' . 
These plants must have a very developed absorption system (Rengel, 1999). 
Protein synthesizing system from wheat germ is sensitive to K' I Na" • its 
activity was substantially reduced when K' INa" 1 Of less (Pessarakli, 2002). 
The foregoing callus data (Tables 1 and 2), draw the attention to the most 
promising effect of the combination between 120 min laser rays .. 15 mM EMS, 
which induced the maximum significant increases in caW fresh weight This 
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combined I reatment induced the higher accumulation 0 f 5 ugars, proline, free 
amino acids and nutrient elements in the calli tissues up to 30% sea 5 ailed 
water l evel . T he o nly s ignificant increment in calli (resh weight and the only 
inaemenls in the accumulation of different components even over the tolerant 
control were also recorded as a result of th is combined treatment. unlike the 
other single oncs. 

Table 2: Effect 0 f l aser r ays and E MS t reatmants 0 n reduc ing 5 ugars, 
non-reducing sugars, total sugars as mg glucose/g. D. W.o free 
amino acids as mg/g. O. W., Proline as mg/g. F. W. , and 
concentrations of N, P, K, Na, Ca and Mg as mg/g. D, W. of 
wheat calli grow under different levels of salinity (OJ. sea salted 
~fortwo 
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Growth and Yield of the regenerated plants: 
The results in Table 3 reported the different values of plant height, 

number of leaves, shool dry weight as well as the grain yield (g.lplant) after 45 
days in sand culture irrigated with the different levels of salinity ('% sea sailed 
water). The obtained results clearly revealed the same expected negative 
correlation between salinity levels and growth of wheat plants (Mean S). 
especially, in the untreated treatments (conlrol I and II). These results are in 
agreement with these reported by Singh et al. (2000), Hanafey Ahmed ef al. 
(2002) and EI·Shafey et a/. (2003) on wheal plants . 

It is important to mention thai the reduction in wheat grain yield due to 
salinity may be allributed to the inhibitor effects of salinity on most growth 
characters , may be through its effects on photosynthesis and transpiration. In 
this respect, m any workers s uggested that t he reduction in plant growth and 
yield due to salinity may be attributed to the effect of salinity on many metabolic 
processes including protein, nucleic acids and polyamine synthesis (Reggian; 
et al., 1994), aclivity of the mitochondria and chloroplasts (Singh and Dubey, 
1995), decreasing transpiration, stomatal conductance and photosynthesis 
(Ashraf and O'leary, 1996 and Adams at 8/., 2004 ), restricts the absorption of 
water by plant roots and water use efficiency (Rengel, 1999), the toxic effects 
of certain ions present in soil solulion (Pessarakli, 2002) and Jor imbalance in 
phy1ohormone levels through its effect on either the biosynthesis or the 
destruction of the plant hormones (Dunlap and Binzel, 1996). 

Also, the obtained data in Table 3 clearly show the significan t stimulative 
effecls of laser rays and EMS either each alone or in combination on the 
growth, dry mailer accumUlation and grain yield I plant of the regenerated 
wheat plants. The growth and yield values reached their maximum under 15% 
sea salted water level for all treatments followed by a sharp decrease under 
30% and 45% for 120 min. laser rays and 15 mM EMS treatments ; while sharp 
decrease was found under 45% sea salted water level for the combined 
treatment. Hence. the clear superiority of Ihe combination between laser rays 
and EMS in inducing the highest degree of sail tolerance of Ihe regenerated 
wheal plants could be clearly seen and which even surpassed over both 
untreated contrOls: meanwhile the other two treatments recorded the significant 
increases in the mean values (Mean T) of the above growth and yield of the 
regenerated wheat plants only over the respective values of the sait-sensitive 
control. As a resull of Ihe silmulative effects of the combination treatment, Ihe 
grain yield per plant of the treated wheat was more than two folds· of the 
respective yield of the tolerant control (Sakha 93 ) and more four folds than 
Ihat of the sensitive control ( Giza 168 ) under 30% sea salted waler level. This 
result needs further investigation in a broad scale of pot experiments and in the 
fietd . Similar results were reponed by EI-Shafey at al. (1998) with wheal as 
affected by the combination between 15 KR gamma rays + 5 mM sodium azide 
and with rice by5 KR gamma rays +1 mM sodium azide. Also, Whan et a/. 
(1991) successfully produced two salt-resistant citrus mutants using gamma 
rays and EMS. Recently. Harb et ai, (2002) suggested the possibility of 
successful application of EMS in improving salinity tolerance of banana plants. 
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Table 3: Effect of laser rays and EMS treatments on growth characters of 
regenerated wheat plants (45 days-old) grown is sand culture 
under different levels of salinity ('I. sea salted water) (Combined 

for 

Tr ... lmenls 
0 .0 15 30 

0.13 
0.18 

., 

Chemical analyses of the regenerated plants: 

0." 
0.38 

A-Sugars, praline, total free amino acids and Invertase activity: 
As previously revealed with the calli tissues (Table 2) increasing 

salinity levels (% sea salted waler) caused high accumulation of the protective 
compounds, Le. sugars, proline and tree amino acids (Mean S) in the 
legenerated (45 days - old) plants (Table 4). The present results strongly 
con firm the previous conclusion drawn from the callus data. regarding the 
superiori ty of the combination treatment of laser rays and EMS. The 
regenerated wheal plants from grains exposed to laser rays + EMS exhibited 
the highest degree of salt lolerant. I.e. the positive correlation betoNeen such 
treatments and improving of salinily tolerance. Since under 30% and 45% sea 
salted w aler I evels a t salinity, the wheat plants with the combination of laser 
rays + EMS accumulated nearly 2 folds of Ihat of the tolerant control I and 
more than 2 folds of the sensitive one (control II). On the contrary. the other 
two treatments (laser rays and EMS each alone) caused noticeable reduction 
in the accumulation of the protective compounds when compared wilh the 
lolerant control (control I) and sensitive conlIol (conlro/ II ). 

AJso. the absolute superiority was confirmed here the combined 
Irealmenl of laser rays and EMS in inducing the highest increases in the Mean 
T of concentrations of the prolective compounds in the produced shoot tissues 
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over the respective Mean T of the salt-tolerant control; meanwhile the other two 
single treatments either with laser rays or EMS exceeded only the salt -
sensitive control in this regard . These findings are in great agreement with the 
opinion of Binzet and Reuveni (1994) reported thai under saline conditions the 
accumulation of non toxic substances such as sucrose. proline. organic acids. 
pigments, nucleic acids and protein is considered to be protective adaptation 
and the survival of planls under saline conditions depends upon the regulation 
of metabolic processes and the quantitative ratio between the protective and 
toxic metabolic intermediate. 

Table 4: Effect of laser rays and EMS treatments on reducing sugars, non­
reducing 5ugars, total sugars as mg glucoSlt/g. D. W., free amIno acIds 
as: mg/g. D. W., Proilne as mg/g. F. W'J and Invertase activity as 1.1 mol f 
glucoso I min. I g. F. W. in the shoots of regenorated J'lants grown In 
sand culture under different levels of sallnlly (% sea .salted water) for 

Moreover, il has been suggested that the high concentration of organic 
solutions in the cytoplasm could have the following roles : a - a contribution to 
the osmotic balance when electrolytes are lower in the cytoplasm than the 
vacuole, b- a protective effect of enzymes in the presence of high electrolytes 
in the cytoplasm (Marschner. 1995). The sugars as osmolytes can enable 
plants to keep better water relations under stress conditions. Also, sucrose 
protected isolated chloroplasts against desiccation (Rengel. 1999). More 
recenlly. Pessarakli (2002) concluded thai plant use so{uble sugars as an 
osmolicum under saline conditions. Hence, the plants that fail to increased 
soluble sugars biosynthesiS could not tolerate salt stress. El-Shafey et al. 
(2003) reported thai salt-Iolerant Sakha 8 wheat cullivar showed much higher 
degree of osmotic adjustment through the accumulation of considerable 
quantities of organic protective osmolytes, i.e. sugars (especially non-reducing 
ones), prOline and free amino acids in their shoots and rools, which greally 
exceeded Ihat in the salt susceptible Giza 167 wheat cultivar. 

The endogenous concentration of free proline in plants can be used as 
an indicateor of salt tolerance. For each plant, it appears that Ihere is an 
external salt concentration a bovewhich the plant's proline level sharply rises . 
This critical point is directly 10 the abilily of plant to tolerale salt. Thus. 
measurements of condition can be used to determine s~lt resistance of plants 
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( Pessarakli, 2002). Moreover, proline and other compatible solutes are 
believed to case the minima! inhibition of metabolism. Also, proline is organic 
osmolytes solute with an amphiphilic molecule protects the hydrophobic parts 
of proteins which suffer first when water potential is lowered. By forming 
association with the hydrophobic proteins of macromolecules, proline converts 
them into hydrophilic parts ( Binzel and Reuveni, 1994). In addition, Good and 
Zaplachinski (1994) reported that, Ihe concentIalion of free amino acids 
(particularly proline) often increases markedly in the leaves or other plant 
tissues with exposure to many biotic or abiotic stIess. Recently, Salem at al. 
(2002) with faba bean and Falouh Youssef (2003) with wheal found that 
proline, sugars and free amino acids increased with increasing salinity level. 

New dass of genes, called "Osm" (Osmotic tolerance) genes that is 
used for protection against osmolic stress and may work in a similar manner in 
plants, bacteria and animals now attracted the allen/ion of physiologists. 
through their action following salinity. The over produced proline may be 
explained on the basis that osmogenes govern the production of a class of 
molecule:; such es betaine and proline that protect the cell and its constituents 
against- dehydration Osm" ( Pessarakli, 2002). 

Also, many reports proved the rapid increase in synthesis and 
accumulation of sugar under saline conditions . Nasir et al. (2000) reported that 
leaves of salt tolerant line sugarcane showed high degree of osmotic 
adjustment by the accumulation of more K', free proline and sugar contents. 
Cordobe st 81. (2001) found that roots from salt·treated of Chloris gayana 
plants accumutated higher concentrations of soluble sugars. 

Conceming accumulations of amino acids wilh increasing salinity 
levels, El·Shafey et 8f. (1998) and Falouh Youssef (2003) reported that amino 
acid concentration increased in wheat callus with increaSing salinity levels. 

As for the efficiency of EMS in this regard. Harb et 81. (2002) 
suggested the possibility of successful application of EMS as a chemical 
mutagen 10 improve salinity tolerance of banana, whichwasassoclaledwilh 
increasing accumulation of the protective substances such as total sugars , free 
amino acids, proline and soluble phenols in plant banana tissues with 
increasing salinity levels in MS media on which the shoots tip of banana planls 
were cultured. 

Concerning the invertase activity in the regenerated shoots of 45 days 
- old. the obtained results in Table 4 ctearty showed the negative correlation 
between increaSing salinity level and invertase activity, was also more 
pronounced as a result of combined treatment (15 mM EMS + 120 min. laser 
rays) which recorded much lower activities as compared with that in the salt­
tolerant control at the all applied levels of salinity as well as when calculating 
the mean value of this treatment (Mean T), the only exception is that, at 45% 
sea salted watel when the enzyme activity in the treated plants was nearly 
equal to its activity in the sail-tolerant conlrol. On Ihe contrary, the other two 
treatments, i.e. 120 min laser rays and 15 mM EMS increased invertase activity 
ovel that in the salt-tolerant control at 15%, 30% and 45% sea salted water and 
consequently the mean values of these treatments (Mean T). This finding 
added another supportive evidence for the superiority of the combined 
treatment in incleasing salinity tolerance of the regenerations brought about by 
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inhibiting invertase activity in favour of accumulations of more quantities of 
non-reducing sugars. which play the vital role in -improving salinity tolerance of 
the regenerated in vitro plant. This finding also strongly indicating that the high 
degree of tolerance to salinity in the trealed-sensitive wheat plants. was 
transmissible to the regenerations under in vitro conditions. 

Supportive evidence for this finding is found in the results by Dubey 
and Sing (1999) who reported that invertase activity decrease in rice shoots of 
Ihe salt-tDlerant cultivars, wheares increased in the salt-sensitive ones. 
Moreover, Fatouh Youssef (2003) who disclosed that the invertase aClivity in 
the leaves of 75 days - old wheal plants of the salt-tolerant Sakha 8 cullivar 
showed much lower activities than that of the leaves of Ihe salt-sensitive Giza 
167 cullivar at the all applied salinity level (0.0, 15.0, 30.0 and 45.0 % sea 
water). Moreover, the same auther added thai. the physiological treatments 
(ABA. gamma rays and puterscine) that induced more tolerance to salinity in 
the salt-sensitive Giza 167 wheat cullivar, resulted in much more reduction in 
the activity of invertase enzyme in the trealed leaves. 

B- Minerals: 
The .1utrient elements concentration in the shoot tissues of growing 

wheal plants (45 days - old) are shown in Table 5. The obtained results 
exhibited the same previous trend drawn from the obtained data of calli 
analysis (Table 2) either for the untreated or treated plants. The concentrations 
of N. P and K in the regenerated shoots tended to decreased gradually by 
increaSing salinity level in tne medium (Mean S) to reach their lowest values at 
highest level of salinity, i.e. 45 % sea water level, the concentrations of Na, Ca 
and Mg contrary increased. 

Comparing the nutrient elements concentrations of the treated plants 
shows that all treatments, accumulated different nutrients over both control 
treatments under zero and 15% sea salted water salinity level. Such 
accumulation was decreased under higher levels of salinity 30% and 45% sea 
salted water levels as a result of 120 min. laser rays and 15 mM EMS and 45% 
sea water level with combined treatment (laser rays + EMS). 

The combined treatment CQuid exceeded accumulation of the nutrients 
over the respective values of both controls (MeCln T), meanwhile the other two 
treatments (120 min laser rays and 15 mM EMS) could only exceeded the 
Mean T of the sait-sensitive control. The results confirm the previous findings 
drawn with calli tissues (Table 2). The favorable eNects of the combined 
treatment were reflected on the growth and yield of the regenerated plants 
(Table 3). protective compounds (Table 4) and nutrient uptake (Table 5). These 
effects may be as a result of plant adaptation to stress conditions. Increasing 
nutrient accumulation induced by gamma ray + sodium azide under saline 
conditions was previously recorded by EI-Shafey et a/. (1 998) with (ice and 
wheal, Ghallab and Nesiem (1999) with 5.0 KR gamma rays with wheat. Harb 
et al. (2002) with EMS with banana and EI-Shafey et a/. (2003) with 15.0 KR 
gamma rays with wheal. 

The ratios K INa and Na I Ca were gradually decreased as the salinity 
levels increased in the medium. This was also true even, in the treated plants 
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with laser rays and EMS either alone or in combination, because the rate of Na 
increases was higher than thai of K or Ca as the salinity levels increased. 

Pessarakli (2002) stated that reduction in N under saline conditions 
may be due to reduction in waler absorbed and a decrease in root 
permeabilily. The high concentralion of Na in the high salt level suggested Ihat 
under saline conditions sodium innux across the plasmalemma to the vacuole 
may playa major role in permilling turgor maintenance. Some crops show 
marked beneficial effects of Na especially if the K supply is limited. These 
crops take up large amounts of Na which contribute to the osmotic potential of 
the leaves and increases resistance 10 waler stress. In the wheat plants, the 
yield response to Na often exceeds that of K (GhaUab and Nesiem, 1999). 
Also. under saline conditions Na has important specific effects. Both Na and K 
will move along the electrochemical gradIents of tissue but because of 
discrimination of the cell membranes or Na excursion the ultimate 
concentration ralio may be 20 K to 1.0 Na (Wilkinson, 1994). 

Table 5: Effect of laser rays and EMS treatments on N, p. K, Na, COl and Mg 
concentrations (mg/g. D. W.) as well as KINa and NalCa ratios In the 
shoots of regenerated wheat plants grown In sand culture under 
different 'e ... els of salinity (% sea salted water) for 45 days.old 

I I 

Treatments 
0.0 15 30 45 

39.HI 33_111 2H7 10. 10 JO. 

'" 

n. 

'" 

1775 



EI·Shihy, O. M. et al. 

The specific effects of Na I Ca ralio was recorded by severa! works. It 
is evidenced that the adequale level of Ca in the plant has beneficial effect for 
reduction Na uptake; thus plants with high Ca I N a r alia had m are a bilily I 0 
exclude Na under saline conditions ( Kent and Lauchi, 1985 ). Also, the low Na 
I Ca ratio is important in maintaining membra f'le function as reported by 
Greenway and Munnus ( 1980' ) who added that, growth of beans was 
markedly influenced by the Na I Ca ralio , at high external Na CI. Growth of 
beans decreased and Na increased in the leaves ant when Na I Ca exceeded 
17. Moreover, Nuttan at al. (2003) found that in wheat plants when KiNa ratio 
was 2 .5, adverse effects of salin ity could be expected. KINa ratio 1.5 is 
corresponding to 50% reduction in growth. 

Taiz and Zeiger (1991) postulated that Mg concentration in 
chloroplasts may influence photosynthesis during water stress through its role 
in coupling electron transport to ATP production. The plants with the lower 
tissue Mg concentrations maintained higher photosynthetic rates as leaves 
became hydrated. 

c· Phytohormones: 
The obtained data in Table 6 regarding hormonal analyses of the shoot 

tissues of growing wheat plants (45 days·old) clearly reveal that the 
concentrations of inolde-3-acetic acid (1M ) and gibberelic acid (GA:!) ()JIg. 
F.W.) were decreasing by increasing salinity levels (Mean S) to reach their 
lowest values at highest level of salinity, i.e. 45% sea salted water level, the 
concentration of a bscisic acid ( ABA) contrary increased. S imilar results were 
reported by EI-Antably et al. (1994), Arner et a/. (1995), Ibrahim and Shehata 
(2000) and EI-5hafey et .,. (2003). 

Table 6: Effect of laser rays and EMS treatments on Indol-3-acetlc acid (1M), 
gibberellic acid (GA3) and abscls lc acid (ABA) concentrations (1l9 / g. F. 
W. ) in t he shoots of regenerated plants grown in sand culture under 
different levels of salinity (% Sea salted water) for 45 days - old 

I I 

Comparing the concentrations of the all estimated hormones of the 
treated plants shows that all treatmen ts, greaUy exceeded the comparable 
concentrahons 0 f a II estimated hormones over both control treatments under 
15% sea water level . Such accumulation was decreased under higher levels of 
salinity 30% and 45% sea water levels as a result of single treatments (120 min 
laser rays and 15 mM EMS) and 45% sea water level with combined treatment 
(Jaser rays + EMS). The combined treatment could exceeded accumulation of 
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lAA, GA, and ABA over the respective values of both controls (Mean T), 
meanwhile the olher two treatments (120 min laser rays and 15 mM EMS) 
could only exceeded Ihe Mean T of the salt-sensitive control. In this concern, 
Wilkinson (1994) elucidated the effects of radialion on plant metabolic sites 
wnlch are included the synthesis of DNA, enzymes, amino acidS, proteins and 
auxins, in addition to photosynthesis bul he indicaled that auxin synthesis 
seems to be the most sensitive non-genetical process affecled by irradiation, 
thus the resultant altered concentration of auxim would be logical cause of 
many secondary effects. Accordingly, it could be postulated Ihatlhe combined 
treatment seems the most suitable one for enhancing plant gro'wVth and 
development through stimulation of auxin biosynthesis. 

Moreover, Zeinab and SalJam (1996) reported that with increasing Na 
concentration, Ihe tryptophan synthesis cc- monomers were gradually 
dissociated from the oligomers producing less active isoenzyme. This reduced 
the biosynthesis of l-tryptophan and consequently thai of 1M, so that wheat 
growth was retarded or even stopped. Also. the same authors added that at 
higher salinity there was an accumulation of gibberellin inhibitors and no 
gibberellin activity was found in wheat plants. EI-Desoky and Atwa i (1998) 
slaled that in sour orange the biological activities of cy\okinins, gibberellins and 
auxins were significanUy reduced by e)(cess salinity (5000 ppm) in the irrigation 
water. 

For ABA, Maslenkova et 81. (1993) reported that ABA level increased 
wilh salinity stress, and that this level correlaled with plant resistance to the salt 
stress. Also, Wang·Yongyin 81 aJ. (2001) and Halung ( 2004 )considered ABA 
is the primary Mrmone that mediates ptant responses to stress such as CO{d, 
drought and salinity; thus its endogenous level increased with salinity stress. 

ChemIcal analyses of the produced grains: 
Comparing the sugar concentration in wheat grains (Table 7) as 

affected by different treatments under sa;;nity levels (0/0 sea sailed water), 
clearly revealed that the same observed trend with calli tissues o( the growing 
shoot plants; as to sugar accumulation, it was recorded the same especially in 
case of the grains either trealed or that of the untreated control treatments. The 
present results show that the produced grains of 120 min . laser rays and 15 
mM EMS accumulates more sugars, mainly sucrose, over both controls IiII 15% 
sea salted water level . 

While for the combined treatment (laser rays + EMS) till 30% sea 
sailed waler level; Mwever sugar concentrations in the grains produced from 
these treated plants were nearly equal to that in the grains of untreated salt­
lolerant control at 45% sea salted water level. Thus, the combined treatment 
greatly exceeded both controls when the Mean T was considered, for reducing, 
non-reduced and totar sugars. Meanwhile, the other two treatmenrs (12D min. 
laser rays and 15 mM EMS) greatly exceeded only the Mean T of the salt­
sensitive control . The amount of sucrose were 5-6 folds that of reducing 
sugars. 

The crude protein concentration in the wheal gra ins of treated plants 
showed the same observed trend drawn with sugars. Regarding the control 
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treatments, i.e. control I and II the crude protein adversely affected by 
increasing salinity levels in the medium. 

The results in Table 8 represenllhe percentage (on O. w t. bases) of P. 
K. Ca. Mg and Na as well as KINa ratio. 

Table 7 Sugar concentrations (mg glucose I g. O. W.) and crude 
protein (mg/g . O. W.) in wheat grains produced from treated 
calli with laser rays and EMS and plantJets grown in sand 
culture under different level of salinity. (Combined analysis 

0.0 0.0 15 30 45 

6.29 9.79 9.99 7.62 31 .56 33.92 37.39 40.1 9 35.77 

35.98 40.21 47.18 50.1 8 43.39 160.65 136.13 113.32 42.91 113.25 

Table 8: The percent of P, K, Ca, Mg and Na concentrations as well as KINa 
ratio in wheat grains produced from treated calli with laser rays and 
EMS and pl<Jnetlets grown In sand culture under different levels of 

I 

In the control treatments of the torerant (Sakha 93) or sens itive (Giza 168) 
cultivars. P and K concentrations in the wheat grains decreased as the 
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salinity levels increased. while Ca, Mg and Na concentrations exhibited Ihe 
opposite trend. As regard the nutrient concentratiOt1 affected by laser rays 
and EMS treatments under the different levels of salinity, the obtained data 

. showed nearly the same trend of the sugar concentration in the grains wilh 
special superiority of the combined treatments. Comparing Na concentration 
in calli, shoot lissues as well as in the grains (Tables 2, 5 and 8). clearly 
shows that ils level declined from calli and shoot tissues 10 altain ils minimum 
values in the grains (2.5%, 2.1% and 0.13%) for 120 min. laser rays " 15 mM 
EMS under 45% sea salted water level. In this concem. Marschner (1995) 
staled thai frui l are very low in Na and CI and high in K even when grown at 
high NaC! concentration. In these results. the concentrations of K and Na in 
wheat grown under 45% sea water level for the same combined treatment 
was 1.19% and 0 .13% respectively. 

Therefore, it might be expected that KINa ratio must be decreased in 
their response to decreasing salt concentration even under the different laser 
ra ys and EMS treatments. In this respect. Marschner (1995) stated that, in 
salin soil the Na/K ratio is very high. Thus, the plants which are loleranl fa 
salinity such as halophytes must develop a mechanism for preferential 
uptake of K from mixture rictl in Na. These plants must have a very 
developed Mabsorption systemw

• 

CONCLUSION 

A wide survey of all foregoing results in the present study, clearly 
reveal thai the main experiments (during the 2nd and 3rd growing seasons) 
confirm the previous conclusion drawn from the results obtained from the 
preliminary ones (in the 1" season) as regards the most promising treatments . 
Moreover. the results obtained during the two growing seasons of the main 
experiment confirm the absolute superiority of the combination of laser rays + 
EMS compared with the single treatment of each elone. The results 
emphasized its superiority in inducing the higher degree of sail tolerance and 
consequenlly growth of the caUi and induction of plant regeneratiOt1. toterant up 
to 30% sea water level and which were able to continue their growth till 
maturing and even attained grain production and yielded grains/plant more 
than two folds t hat oft he control of the tolerant cullivar Sakha 93 and more 
than four fold that of the sensitive one Giza 168 under Ihe 30% sea water tevel . 
Such high degree of tolerance exhibited by combined treatment (120 min laser 
rays -+ 15 mM EMS) was positively associated with higher accumulation of the 
endogenous hormonal status (IAA, G~ and ABA) protective substances, i.e. 
sucrose, proline and amino acids in the shoot tissues. This accumulation was 
posilively correlated with the increase in salinity levels in the medium. This in 
addition 10 the considerable reduction in invertase aclivity in the treated shool 
tissues in favor of more accumulation of non-reducing sugars. This is also 
applied to the considerable accumulation of much more quantilies of inorganic 
osmolica, i.e. N, P. K, Ca and Ca as well as highest KiNa ralio, as will as 10 the 
lowest quantities of Na in their calli and shoots. 
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The obtained dala of combined trealment during the two gfow1h 
seasons of the main experiment offered strong evidence for the absolute 
superiority of such treatment in inducing higher degree of tolerance to salinity 
through the accumulation more quantities compared even with the tolerance 
control, of the proleclive solutes in order to adjust the ratio belween the 
protective and toxic intermediates of metabolism in favor of more tolerance to 
salinity. Moreover, such behavior in the !reated plants of the combined 
treatment evidenlly increased their ability to counteract salinity stress, thus 
were able to keep better performance against salinity till harvest This was 
reflected in a significant increments in the grain yield/plant over the respective 
yield of all other treatments including even the salHolerant control up to 30% 
sea salled waler level. 

The obtained data suggested that the combination between laser rays 
and EMS may be successfully applied to improve salinity tolerance of 
economic crops such as wheal. but it must be applied widely and after precise 
study with each crop to approach ils optimal effectiveness in improving 
tolerance to salinity. 

Furlher genetical as well as physiological studies are needed al the cell 
level to disclose whether, Ihe role of laser rays and EMS, in regulaling the 
uptake and accumulation of different solutes, is allributed to some alternation 
in Ihe properties of Ihe cell membranes or to any other genelic changes or 
somatic mulaHon. 
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