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ABSTRACT

The present study was designed to compare the sffectiveness of helium-neon
laser rays (0.0, 60, 120 and 180 minutes) and Ethylmethansulphonate (EMS) (0.0, 5, 15
and 25 mM), each alona ar in combination, ln improving the tolerance to saltily in salt-
sensilive Giza 168 wheat cultivar. The sall-lolerant Sakha 93 cullivar, was used lo be
compared with the sensltive one under the same salinity levels (0.0, 15%, 30% and 45%
sea salted watsr). For his reason preliminary expermenl was conducting during
1999/2000 season, and the main experments during 2000/2001 and 2001/2002
seasons. The resulls of the main experments confirmed the previous condilions grawn
from the dala oblained from the preliminary one. The most promising three treatmeats
were, 120 min. Laser rays, 15 mM EMS and 120 min. laser rays + 15 mM EMS. The
obtained resulls of the main expsriments cleardy confirmed the effectivensss of all
selacted treatments with an absolute superiorilty of combined lreatment (120 min, laser
rays + 15 mM EMS) which ylelded significant (and at the meantime the highest)
increases In the calll fresh weight over the untrealed calli either which the derived from
the tolerant and sensitive cullivars. Meanwhilg, the other two treatments, i.e. 120 min.
laser rays or 15 mM EMS recorded their significant Increments over the respeclive
values of the sensitive control only {(contral Il). Also, the calll derived from grains of the
combined treatment exhlbited more tolerance 1o salinity and was able to produce the
significant Incremant over both controls up to 30% sea salted water level , and only up
to 15% sea salled water level for the other treatments. The obtalned wheat planilets
derived from calll treated with tha combination of faser rays + EMS wers tolerance up to
30% sea salled water level and were able to continue their growth in sand culiure il
maturity and till grain production which yielded as grains / plant more than two folds of
the conlcol of the lolerant cullivars Sakha 83 and more Yhan four folds that of the
sensitive one Giza 168, The data also revealed that tolerance which was more
pronounced as a rasult of the double reatment exist as well as for the single ireatmenl
of each and was associated with high accumulation of much mora quantities inorganic
osmotica, i.e. N, P, K, Mg, Ca and {he hiphest K/Na ratio as well as lowest quantities of
Na and lowest Na / Ca ralio , in addition lo ¢pnslderable accumulation of organic
prolective osmolytes, i.e. sucrose, proline and amino acids into calil and shoot tissues.
This was accompanied wilh an accumulstion of endogenous hommones, i.e. |1AA, GAy
and ABA in lhe stessed shoots, in addiion to the lowes! invertase aclivity in the
stressed leaves in favor ot accumulation more nan-reducing sugars. Such accumulation
increased as the salinily fevel was increased in order 1o adjust \he ralio between the
prolective and toxic intermediates of metabolism in favour of more lolerance to salinity.
Such behaviour seems (o induce more abillty for wheal planis 1o conlinue Iheir growth
till malurity and production of grains even under 30% sea salled water. The produced
wheal grains from the diffecent treatments especially the double one, ware
characlerized with increased accumulation of protein, sugars and mineral nutrients by
increasing salinity level In the medium. Sodlum level gradually decreased from the calli
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and shoot tissues to altain minimum value in the produced geains. The oblained data
suggested the possibility of successful application of the combination of laser rays and
EMS to improve satinity tolerance of economic crops such as wheat.

INTRODUCTION

Wheael (Taticum aestivum L) is the most imporianl growing cereal
crops in Egypt . The amount needed is greater than that locally produced . Due
lo restricted resources of fresh water from the River Nile., the use of less
quality ang saline water or even diluted sea water became an important source
of irrigation waler 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 tha majority of the Egyptian population.

Biotechnology and plant lissue culiure technique are effeclive tools for
praducing salt tolerant cell lines., tissues and plants. Irradialion with fast
neutrons, taser and gamma rays may provide insight into the mechanism of
action of the radiation in physiological and genetic variability, thus have been
direclly used to produce useful variation in quaniitatively inherited characters,
such as quality and maturity time { Cholakov, 1995 ) . This in addition to the
other mutagen agents including Elhylmethanesulphonate [EMS ] as g chemical
mulagen which is an effeclive too! for inducing genetical changes . The
induced gene mutations might involve the palygene of the qualitative traits, 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 ef al, 1891 . El-Shihy et
al.,1994 a and b and Ghallab and Nesliem, 1999 ), fast neutrons (E)-Shafey et
al., 1994 ) and EMS ( Wong el a/, 1886 ) o improve salinity lolerance of the
sensitive wheat and rice cullivars, since these mulagen agenis are considsred
the most effective tools for inducing the useful genetical changes in the treated
plant materials.

Moreover, Whan, ef al, (1991) mentioned that two salt resisiant
mutants of citrus were oblained after treating callus with gamma rays [ 5-8 KR ]
and EMS [ 0.3-0.5 % | and screening with sodium chloride, Also, Wang-
lunshun et a/., (1295) found that the original wild type of sterile culture of Lycim
barbarum ceased 1o grow at 1 % NaCl, but the mulant which were treated with
0.34 % EMS continued their growth up to 1.5 % NaCl. Recenlly, Harb et af., (
2002 ) suggested the possibility of successful application of EMS to improving
salinity tolerance of banana which associated by the accumutation of sugars,
free amino acids, proline and soluble phenol in banana tissues in response {0
increasing salinity level. E)-shafey et al, (2003) suggested the possibiliity of
successful application of gamma rays, putrescine ang abscisic acid to improve
salinity tolerance of wheal.

Therefore, the present work was conducted to effectiveness of both
single and combined treatments with laser rays and chemical mutagen
substance EMS (Ethylmethanesulphonate) in improving salinity tolerance of the
cultured wheat calli as well 2s the produced plants grown under different levels
of salinity. aiming to induce [/n vitro] salt tolerant cell lines, tissue, plantlets 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
condilions in order to evaluate the improving extent in such sensitive cullivar.

MATERIALS AND METHODS

The present work was carried out in lhe 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 Unvir,, dufing three successive seasons. During
1999 / 2000 season as a preliminary experiment and 2000 / 2001 as wel! as
2001 / 2002 seasons as the main experiment. In the present work, two cultivars
were used, the salt tolerant Sakha 93 cultivar and the susceptible one ; Giza
168. Wheat grains of both cultivars were obtained from the Depaniment of
Wheat Research, Ministry of Agric., Giza, Egypt. On lhe other hand, it seems
logic 1o investigale the effect of helium-neon laser irradiation { HN Jand EMS
treatmenls only on the sensitive cullivar aiming lo approach nearly simiar
degree of tolerance of the comparable one. )

The preliminary experiment dong in the firsl growing season, was
carried out in order 1o select the promising trealments for the main experiments
in the following two successive growing seasons. Therefore, the preliminary
experiment included 1 7 treatments, while the main one included onty 5. The
treatrnants were carried out during the preliminary experiment as folfows:

[ 1] Control { ( Tho tolerant cultivar } ,[2 ] Conlo! 1) ( The sensilive cullivar )
. [ 3] 80 minutes HN ( Helium-Neon Laser irragiation), [ 4 ) 120 min. HN,
[5S) 180 min.HN, [ 6 ] 5 mM EMS, [7] 10mM EMS, [B] 15 EMS,
[9) 60min.HN+ 5 mM EMS, [ 10} 60min. HN+ 10mM EMS,
(11] 60 min. HN + 15 mM EMS, [12] 120 min. HN + 5 mM EMS,
[13) 120 min. HN + 10 mM EMS, [ 14 | 120 min. HN + 15 mM EMS,
[15] 180 min. HN + SmM EMS, [18] 180 min. HN + 10 mM EMS ,
[17) 180 min. HN + 15mM EMS.

- Laserrays treatments :

Mature wheat grains of the sensitive cultivars ( Glza 168 ) were soaked for 12
hourse in distllled waler, then exposed to the different doses of hefium-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 } from * Helium- Neon Laser
beam at 632 nm wavelength and 20 mwi. Oulpul power * provided by the
National Inslitute of Laser Enhanced Sciences. Cairo Univ., Giza . Egypt.

I- Embryos isolation and callus Initlatlon ;

The unirradiated grains { control trealments, which were only soaked for 12
hours in distilled waler ) and the Irradialed ones , were surface sterilized for 30
min. with sodium hypochlorile [ clorax | and rinsed 5 times with distilled water.
The embryos were excised aseplicelly under steritized conditions and Ihen
were cultured In 100 mi jars, containing 30 ml of agar solidified MS medium
(Murashige and Skoogs., 1962) supplemenied with 2 mg / L 2.4-D [ 2.4
dichlorophenoxy acetic acid | . 100 mg / L myo-inosilol, 3 % sucrose and
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adjusted to a pH of 5.7. The embryos were cultured and incubated in a growih
roomat25+ 2 °C. day/ night cycle, controlled by means of air conditioned
system under 16 hours light and 8 hours darkness using day light florescent
larp { 110 cm Jong ) and supported by ( 40 pE / em?/ S )light intensity.

li- Ethylmethansulphonate [ EMS ] treatments :

Embryos initiated from unirradiated grains were obtained at the same
previously mentioned conditions in [ Y ], then were cultured in 100 ml jars
containing 30 mi agar solidified MS ( Murashige and Skoog, 1962 ),
supplemenied with 2 mg /L 2.4-D, 100 mg / L myo-inositol. 3 % sucrose and S
ml / 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 .

V-  The combined treatments of laser rays and EMS :

Embryos initiated from irradiated grains with different doses of laser rays
were obfained at the previously mentioned conditions in [ Ul ], then were
cullured under the different levels of EMS. In the preliminary experiment all
possible combinations between laser rays and EMS were made , while the
main experiment oaly combined treatment 120 min. + 10 mM EMS was
invesligated.

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 subcultered on a solidified MS medium + the same
concentration of 2.4-0 , myo-inossitol and sucrose were supplemented to the
different levels of sea salt , i.e. 0.0, 15 % , 30 % and 45 % by using sea salted
waler [ Sea salt obtained from Sigma Co. USA | where 40 gm / L from the salt
gave EC = 33000 ppm. . Each treatment included 20 replicates. The cuifures
were incubated for 6 weeks under the same previously mentioned conditions in
[V1]. After 8 weeks in culture under different levels of salinity, the fresh weights
of growing calli produced from each treatment were cecarded .

For each treatment 10 replicates of the obtained calli 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 test of the calli produced from all investigated treatments [ 10
replicates for each ) were divided into 100 mg incoulum pices and sub-cullured
on the plant regenerahon media “ [ the same culture medium but supplemented
with2mg/L BAP | N® -benzyl-aminopurine . The 300 mli jars , containing 50
m) of ager solidified MS medium were used. After 8 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 / L NAA + 3 % sucrose + 100 mg myo-inositol + the
difterent levels of salinity ] .

1764



J. Agric. Scl. Mansoura Univ., 29 (4), April, 2004

VI-  Plant regeneration and grain production :

After 4 weeks on rooling media, the root formation was realized and the

produce plantiels were Iransferred 1o grown in s and culture under the green

-house conditions. The complete nutrient solulion as described by Hewitt (
1952 ) was used. The nulrient solution was gpplied twice a week eithes alone
lor the controls or mixed with the same previously meniioned levels ol salinity
lhrough a subirrigation device permilting drainage of excess solution. Washing
with tap water followed wilh distiled waler was made at two-weeks interval
immedlately before solution addition lo prevent sall accumulation n both
prehminary as well as the main experimenl, a sample of 5 replicates ; 15
plants, from each treatment was taken al 45-days old, each treaimeni was
obtained. Plant height, number of leaves / plant and dry weight of shoot were
recarded. The shools were dried in an oven at 70 °C for 48 hours angd then the
crude dry weight were delermined, The dried shools of each treaimenl were
powdered and prepared for c hemical analysis. For proline , invertase activity
and endogenous phylohormones eslimation, part of (he shoot system was kept
fresh, and 5 replicales from each treatmenl were left o grow lill harvest.

At harvesting stags, after two months in sand cullure, grain yield was
recorded. The grains were dried in an aven al 70 °C for 48 hours and the crude
dry weights were determined. The dried grains were powdesed and prepered
for chemical analyses.

It is worlh to be mentioned that all experiments in the lhree successive
seasons were repealed 4 limes,

The mean values of calli fresh weights, grawth and yield of the preliminary
as well as the main experimenls were slalistically analyzed and compared
using New L.S.D. at 5 % levels ( Gomez and Gomez , 1984 ).

Chemical analysls :

For the determinalion of iotal nilrogen, the modified * Micro Kjeldahl™
apparatus of Pamas and Wagner as described by Jones et ai. (1991) was
used. Crude prolein was estimaled by mulliplying total N% by 6.25, then the
protein content of grains were determined. For lotal P, K, Ca, Na, and Mg
delermination, the wet digestion of plant malerial was camied out as
recommended by Piper (1947). Phosphorus was estimated colorimetrically
using the stannous chloride reduced m olydophospharic blue ¢ olor method in
sulphoric acid system as described by Jackson (1973). K, Na, Ca and Mg were
determined by the Alomic Absorption Sepclrophotometer { GBC, 932 AA).

Hol ethanol extract was used for determinalion of sugars (reducing, non-
reducing and total) using the phosphomolybdic acid melhod (A. O. A. C.,
1875). Total free amino acids were delermined using ninaydrin reagent (Moor
and Slein, 1954). Free proline concentralion in (he fresh material was
determined colormetrically using sulphosalicylic acid ninhydrin methods as
described by Bates et al. (1973). Extraction of invertase enzyme from the fresh
leaves was carried oul according to Ratherl (1982 ). Invertase aclivity was
expressed in terms of u mol glucose liberated during 1 min. per (g) fresh weighl
of the pellet (105°C) obtained from cenlrifugation of crude extracl, according lo
Sumner and Howell ( 1835 ).
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Extraction of plant hormones was carried out according to Sadeghian
(1971). Methanaolic extract of the fresh leaves were used for endogenous
hormones estimation by Gas-bquied chromatography (GLC) [Ati-Unicam-610
Series) according to the methed described by Vogel (1975). The giass Column
(1.5 X 4 mm) was packed wilh 1% OV-17. Temperalure: Injecior 260°C.
detector 300 °C and columa initially for 3 min. at 200 °C thea increased to 220
°C (rate 20 °C /min.) for 4 min., then increased again to 240 °C (rate 20
°C/min.) low rates; carrier gas (N, speciat) 30 ml / min., hydrogen special 33
ml/min. ang synthetic air 330 ml/min. and the chart speed 1 cm/min.

RESULTS AND DISCUSSION

Callus Fresh Welght:

The results in Table 1 clearly revealed that the fresh weight of wheat
calli (Mean S) gradually decreased as the salinity level Increased when
compared with the control treatment of either the tolerant or the sensitive
cultivar (control | and Il respectively).

Decreasing the wheat calli growth as salinity level was increased in the
medium were previously reponed by Barakat and Abdel-Latief (1995), El-
Hennaway (1996), Ahmed (1998), Quraishi et al, (2000) and El-Shafey et al.
{2003).

Table (1): Calil fresh welght (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
Inocutum welght was 100 mg (combined analysis for two

seasons)
% sea salted water
Treatments Mean (T)
Control 15 30 45
Control | 3.89 J.18 2.58 1.99 2.88
Control Il 3.40 245 1.91 1.24 2.25
126 mia. 5.14 3.88 1.27 0.39 2.67
15mM EMS 5.09 3.82 1.35 0.37 2.66
120 min. + 15 mM EMS 5.88 4.62 3.55 0.56 3.65
[Mean 8) 4.68 3.59 213 0.88
New L. S. 0. value at 5%
Sallnity (S) 0.17
Treatment (T) 0.25
Sy xm 0.54

When consider the mean values of calli fresh weighls due to each
treatment (Mean T) r egardless the s alinity level, it c ould be noticed that, the
superiority was confirmed for the combined treatment of laser rays and EMS
which produced (he significant yield of callus fresh weight over the untreated
calli either which the derived from the tolerant and sensitive cultivars.

1766



J. Agric. Scl. Mansoura Univ., 29 (4), April, 2004

Meanwhile, the olher two treatments, i.e 120 min. laser rays or 15 mM EMS
recorded their significanl increments over the respective velues of the sensitive
control only (Control 11).

The p ercentage of increment in the callus fresh weight induced by the
combined treatment over ifs conlrol (control i) was 62.22 % and over lhe sall-
tolerant control (contral 1) was 26.74 % . Comparing the effect of the Interaction
between trealmeats and salinity level clearly reveal that, the calli derived from
grains of the combined Ireatment exhibited more tolerance to salinily and was
able to produce the significanl increment over both control up to 30% sea
salted waler level, and only up lo 15% sea salted water level for the other two
lreatments. Similar results were reported by EI-Shihyetal (1994 a ) on the
faba bean calll as affecled by fast neutron and gamma rays lrealments, as well
as El-Shafey et al. (1998) on wheat calli as 2ffected by the combination
between 15 KR gamma rays + 5 mM sodium azide.

The all derived calli silher from the both conlrols or the all other
trealments wers able o conlinue (helr growth even at the highest leve! of
salinity, though with differential degrees, and were also able to produce shools
under the all salinity levels. '

Chemicat analyses of callus tissues:

Comparing the resulls oblained in Table 2, clearly revealed that
increasing salinity {evels caused high accumulation of the prolective
compounds (Mean 8), 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
accumulalion of the previous proteclive compounds over the respeclive Mean
T of the untreated calli of the tolerant cullivar; meanwhile, the single treatment
of either laser rays and EMS exceeded only the salt-sensitive c ontrol in this
regard. Comparing the effect of (he inleraction between lreatments and salinity
level clearly reveal that, the combined treaimenl accumutaled much more
concentrations of sugars and proline as well as free amino acids which greally
exceeded baoth conlrols up to 30% sea salled water level, and only 15% sea
salted waler level for the other two trealments. In this connection, Lone ef al.
(1987) found lhat the external addition of proline and glycine betaine to the
culture of barely embryos increased shoot elongation under saline ¢ ondition.
Barakat and Abdel-Latief (1995) and El-Shafey et al. (1998) reporied thal
proline accumulation increased several folds in salt stressed wheal callus.

Also, many reporles preved the rapid increase in synthesis and
accumulation of sugar under saline conditions. Kirst (1990) described sucrose
as one of the compatible solules thal increase during salt stress. Moreover,
Pessaraki (2002) concluded that the plants that fzil to increase soluble sugars
biosynthesis could nol lolerate szil. Also, El-Shafey et al (2003) found that
high accumulation of the prolective substances, i.e. sucrose and proline in
whesat calli as lhe sall level was increased.

Conceming amino acid accumulalion with increasing salinily levels.
Cano et al., (1996) reported thal amino acid concenirations increased in
tomato callus wilh increasing salinity levels. Also, Fatouh Youssef (2003) who
indicaled thal leaves of tolerant wheal plants showed high degree of osmolic
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adjustment by the accumulation of mare K™ , proline, sugars and amino acids.
As for the efficiency of EMS in this regard. Harb st af. (2002) suggested the
possibility of successful application of EMS as a chemical mulagen o improve
salinity tolerance of banana, which was associaled with increasing
accumulation of the proteclive substances such as total sugars, free amino
acids, proline and solubie phenols in plant banana lissues with increasing
salinity levels in MS media on which the shoot tip of banana plants were
cullured.

Also, the obtained data in Table 2 ctearty show that, although the
concentrations of Na,Ca and Mg gradually increased in the calli tissues of the
unireated control treatments, i.e. control | and control Hl as the salt level
incceased in the medium, the concentrations of N, P and K exhibited the
opposite trend. Moreover, when detecling the effect of different lreatments on
N, P. K, Na, Mg and Ca levels, it could be realized that Mean T of calli ireated
wilh combination between laser rays and EMS confirmed the superiority of the
previous nutrients accumulation over the respective Mean T of the salt-toferant
control; meanwhile the other two treatments could oniy exceeded the Mean T
of the salt-sensitive control. As to the calli fresh weight (Table 1) as well 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 water Jeve) and nutrient accumulation; meanwnhile 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 NO; and CI' 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 absorplion decreased. Also, Marschner (1995) indicated that Ca™" is
strongly compatitive 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 al, (1951) and El-Shafey ef al. (2003) working on wheat
callus and they found that tatal N, P, K and Ca decreased with increasing
salinity fevel.

On the other hand, the ratio of K/Na in the calli tissues either untreated
or trealed with {aser rays and EMS each alone or In combination was highly
influenced by increasing Na concentration as the salinity levels increased in the
medium even (n the treated caili. Therafore, K/Na ratlo was gradually
decreased as the salinity levels increased in the medium.

In saline soil, the Na" / K ralio is very high. Therefore, It seems
logically to expect that piants which lolerate 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 / Na® | its
activity was substantially reduced when K™ / Na* 1 ot less (Pessarakli, 2002).
The foregoing caflus data (Tables 1 and 2), draw the attention to the most
promising effect of the combination between 120 min iaser rays + 15 mM EMS,
which induced the maximum significant increases in calli fresh weight. This
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combined 1 realment induced L he higher accumulalion of sugars, proline, free
amino acids and nutrient elements in the ¢alli tissues up to 30% sea s 2lted
water level . The only significant increment in calli {cesh weight and the onfy
increments in the accumulation of differen componenls even over the tolerant
canlrol ware also recorded as a resull of this combined lreatment, unlike the
other single ones.

Table 2. Effect oflaserrays and EMS treatments o n reducing s ugars,
non-reducing sugars, total sugars as mg glucosel/g. D. W., free
amino aclds as mglg. D. W., Proline as mg/g. F. W., and
concenlrations of N, P, K, Na, Ca and Mg as mg/g. D. W. of
wheat calli grow under different levels of sallnity (% sea salted
water) for 8 weeks (combined analysis for two seasons).

Reducing sugars I Non-reducing sugars l Total sugars-
reatments| % sea salted water
DO | 15 | 30 | #5 [wasnT| GO | 15 | 30 | 45 100 18 | 30 | T
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505 | 855 (632|038 |82 | 358 | 452|529 | 447 |48 1121 | 283 | V. 530

;

120 mn. + 1
M EMS

=3

676|986 |1204/1224(10,78] 385 683 (607 | 550 (1849|1474 | 11,32 | 308 | 1038

006
463
367

Coniral 1 310 | 485 | 0.63 [1255| 7.5 | 198 | 256 | 487 [ 794 | 495 [1617| 736 | 537 | 331 [ 553 ]
A
i}’
469

S4) | 771071138 Jg|im|sn |62 13.70 o] 529 | 2

!
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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, shoot dry weight as well as the grain yield (g./plant) after 45
days in sand culture irrigated with the different levels of salinity (% sea salled
water). The oblained resulls clearly revealed the same expecied negalive
correlation between salinity levels and growth of wheat plants {(Mean S),
especially, in the untreated treatments {conlrol | and [l). These results are in
agreement with these reported by Singh et al. (2000), Hanafey Ahmed et al.
(2002) and El-Shafey et al. (2003) on wheat plants.

It is imporlant {o mention thal the reduction in wheat grain yield due 1o
salinity may be altributed o the inhibitor effects af salinity on most growth
characters, may be through its effects on photosynthesis and transpiration. In
this respect, many workers suggested that the reduction in plant growth and
yield due to salinity may be attributed to the effect of salinity on many metabolic
processes inclugding protein, nucleic acids and polyamine synthesis (Reggiani
el al., 1994), activity of the mitochondria and chloroplasts (Singh and Dubey.
1995), decreasing transpiration, stomatai conductance and photosynthesis
(Ashraf and O'leary, 1996 and Adams e{ al., 2004 ), restricts the absorption of
walter by plant roots and water use efficiency (Rengel, 1998), the toxic effects
of certain ions present in soil solution (Pessarakli, 2002) and /or imbalance in
phytohormane levels through its effect on eilher the biosynthesis or the
destruction of the plant hormones (Dunlap and Binzel, 1996).

Also, the obtained data in Table 3 c¢learly show the significant stimulative
effects of laser rays and EMS either each alone or in combinalion on the
growth, dry malfer accumulation and grain yield / plant of the regenersled
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 the combination bstween laser rays
and EMS in inducing the highest degree of sail tolerance of the regenerated
wheat plants could be clearly seen and which even surpassed over both
untreated controls; meanwhile the other two treatments recorded the significant
increases in lhe mean values (Mean T) of the above growth and yield of the
regenerated wheat plants only over the respective values of the salt-sensitive
control. As a resull of the sitmutative effects of the combination treatment, the
grain yield per plant of the treated wheat was more than two folds™ of the
respective yield of the tolerant contro} ( Sakha 93 ) and more four folds than
that of the sensitive control ( Giza 168 ) under 30% sea salted water level. This
resull needs further investigation in a broad scale of pol experiments and in the
field. Similac results were reported by El-Shafey et as. (1398) with wheat as
affected by the combination between 15 KR gamma rays + 5 mM sodium azide
and withrice by 5§ KR gamma rays +1 mM sodium azide. Also, Whan et al.
(1991) successfully produced two salt-resistant citrus mutants using gamma
rays and EMS. Recenlly, Harb ef af. (2002) suggested the possibility of
successful application of EMS in improving salinity tolerance of banana plants.
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Table 3: EHect of laser rays and EMS treatments on growth characters of
regenerated w heal p lants (45 days-old) grown Is sand cuiture
under different levels of sallnity (% sea salted water) (Combined
analysis for two seasons).

Plant helght {cm.) [~ No.of leaves / Piant

| Trestmonts |- - % se:‘salted wa_(e_r_nl i .
ean 3

] 0.0 15 30 45 m 0.0 15 30 | 45 ‘m |

Control || 31,48 | 28.21 | 23.41 | 15.60 | 24.62 | 8.35 | 7.84 | 7.32 | 6.86 | 7.59 |

Control ||| 27.60 | 22.66 | 17.78 | 12.85 | 20.25 | 7.24 | 7.02 | 6.34 | 5.88 | 6.62 |
1120 min. 36,33 | 32.05 | 13.39 | 961 | 22.85 | 988 ;031|535 ]|3.88 | 7.12
ISmNEMS | 33.96 | 31.20 | 1296 | 942 | 21.91 969 |9.181528 | 3.75| 888
120 min. + 15 41.4% | 36.42 | 32.31 | 410.82 [ 30.24 | 10.32 | 9.24 | 9.06 | 5.10 | 8.43

mM EMS R

Mean(S) | 34.17 | 30.13 | 19.95 | 11.68 | 9.09 [ 8.52 | 8.67 [ 5.09 |
New L.S.D. at 5%
Salinity (3) 0.65 0.24
Treatment (T) 0.74 0.33
(S} x (M 1.49 0.68
Shoot dry walght {g/plant) Graln yleld {g. / plani

Control | 289 | 243 | 2.11 188 ] 233 | 259 | 181 [ 156 [ 1.42] 1.85

nteal 1) 239 | 150 | 169 | 143 | 185 | 192 [1.24 | 1.02 | 0.84 | 1.26
120 min. 327 | 273 ] 139 [ 1.11 | 213 | 345 | 270 ] 0.55 | 0.25 | 1.74
15mMEMS | 311 | 269 | 125 | 1.16 | 2.05 | 3.39 | 2.84 | 049 | 0.21 | 1.68
120 min. + 19 3.68 | 3.05 | 273 122 | 267 | 517 [ 4811428032 174

mM EMS | | |

Mean (S} T 3.07 [ 255 | 1.83 | 1.36 | [ 330 |[264]1.58 [ 0.62 |
New L.S.D. at 8%

L‘Salinily(&) 0.13 0.4

[Treatment (T) 0.18 0.38

S} x M 0.38 0.79

Chemical analysas of the regenerated plants:
A-Sugars, proline, total free amino acids and Invertase activity:

As previously revealed with {he calli lissues (Table 2) increasing
salinity levels (% sea salted water) caused high accumulation of the proteclive
compounds, 1.e. sugars, proline and free amino acids (Mean S) in the
regenerated (45 days — old) plants (Table 4). The present results strongly
confirm the previous conclusion drawn from the callus data, regarding the
superiority of the combinalion treatment of laser rays and EMS. The
regenerated wheat plants from grains exposed {o laser rays + EMS exhibited
the highest degree of salt tolerant, l.e. the positive correlalion between such
treatments and Improving of salinity tolerance. Since under 30% and 45% sea
salted water | evels of salinity, the wheat plants with the combination of laser
rays + EMS accumnulaled nearly 2 folds of that of the tolerant control | and
more than 2 folds of the sensitive one (control f1). On the conlrary, he other
two ireatments (laser rays and EMS each alone) caused noticeable reduction
in 1he accumutation of the prolective compounds when compared with the
tolerant contral (conltrol 1) and sensitive control (control If).

Also. the absolule superiority was confirmed here the combined
tceatment of laser cays and EMS in inducing the highest increases in the Mean
T of concentrations of the protective compounds in the produced shoot tissues
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over the respective Mean T of the salt-tolerant conirol, meanwhile the other two
single treatments either with laser rays or EMS exceeded anly the salt -
sensitive control in this regard. These findings are in greal agreement with the
opinion of Binzel and Reuveni {1994) reporied thal under saline conditions Ihe
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 plants under saline conditions depends upon the regulation
of m etabolic processes and the quantitative ratio between the proteclive and
loxic metabolic intermediaie.

Table 4: EHfect of laser rays and EMS treatments on reducing sugars, non-
reduclng sugars, total sugars as mg plucose/g. D. W, {ree amino aclds
as mg/g. 0. W,, Proline as mg/g. F. W., and Invertase activity as y mol /
glucose / min. ! g. F. W. in the shoots of regenerated plants grown In
sand cullure under different levails of salinity (% sea salted water) for
45 days - old {comblned analysis for two seasons).

Raducing Sugars | Non<edudng sugars [ Tolal sugars
% sea satied waler

Yceouments

oo | 15 [ 20 [ 45 |MB g0 [ vg [ a0 |45 [ME" a0 | 15 | 30 | g | N2
Conted | |29 13]31.85[4229146.35)237.20 13371 [40.99] 55.85 [57.88 | 47.08 [63.02 { 72.84 { 88.14 | 103,01 | 63.28
Comrol & 2210 | 27,08 [ 3881 | 4149 | 323 af 381 | a1l | 5284 | 4128 | B0 b 2| W T3.40
120 rei, 2 313 | 3257 | 37 5378 | SSE8 | 14,70 | «A b0 [ \ASR | 5497 | 10.97 | Ta0Y | A2 ed | M« 7Tﬂ_|
[ mEMS | Y82 | 39,08 | 3621 (389 [ 3443 | 3779 | T4Ad | 48X | 437 [T [ GoN | 7863 ) Moo | e | 1A |

120 min, | 44 a | eaar | esae | o702 | 7042 | 5067 | as.18 | 0781 | 100 15| 200 | vouo | venzr { 1eam2 | 16027 | 18081

Mean (3) 3180 | 90 0% | 148 | eaar W | 3007 (@1 0d | 63.08 Vo7 | 8618 | 0a<G | \1LT

Frea sming acidy [T forveriyg sctviry
[ 3 735 V10 [ 1178 | 874 | 0 27 | A | 880 ) <41 | G833 ] a22E [ 3118 | (A | 4618
Contal_\( 2 « 72 | OBS [ B4 | 3 G a3 | s TD_| Y285 ) 5595 | 4589 | zex> | S102
120 i [y %) 3 848 | 322 | 2% | @ 9 | G0z | 5077 | 4085 | 2218 | 402
8 mid EMS [-) \ 73 N 812 Em S 4.13 vy . B4 a.1) 4.3 26A% 2! 51 uﬁ
:?m:e"'ﬁ' e ez | 203 | 219 [ vror | s | ra | tor2 | e As | @)y | 3208 | By | st | 3
Mean (5) & 910 | sies | 1L Y49 | V76 ! 50y | ax @38 | 4594 | shza | 440

Moreover, it has been suggested that the high concenlration of arganic
solutions in the cytoplasm could have the following roles: a — @ contribution to
the osmotlc 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 cyloplasm (Marschner, 1995). The sugars as osmolyles can enable
plants to keep better water relations under siress conditions. Also, sucrose
protected isolated chloroplasts against desiccation (Rengel, 1998). More
recently, Pessarakli (2002) concluded that plant use soluble sugars as an
osmoticum under saling conditions. Hence, the plants that fail to increased
soluble sugars biosynthesis could not tolerate salt stress. El-Shafey et al.
(2003) reporied that salt-tolerant Sakha 8 wheat cultivar showed much higher
degree of osmotic adjustment through the accumulation of considerable
quantities of organic protective osmolytes, i.e. sugars (especially noa-reducing
ones), proline and free amino acids in their shoots and roots, which greatly
exceeded {hat in the salt susceptible Giza 167 wheat cultivar.

The endogenous concentration of free proline in plants ¢an be vsed as
an indicateor of salt tolerance. For each plant, it appears that there is an
exlemnal salt concentration abovewhich the plant’'s proline | evel s harply rises.
This critical point i3 directly to the ability of plant lo tolerate sait. Thus,
measurements of condition can be used to determine sall resistance of plants

1772



J. Agrle. Sci. Mansoura Univ., 29 (4), April, 2004

( Pessarakli, 2002). Moreover, proline and other compalible solutes are
believed to case the minimat inhibilion of metabolism. Also, proline is organic
osmolytes solule with an amphiphific molecule protects lhe hydrophobic parts
of proteins which suffer first when water potential is towered. By forming
association with the hydrophobic proleins of macromalecules, proline converts
them inlo hydrophilic pars ( Binze! and Reuveni, 1994). In addition, Good and
Zapiachinsk]l (1994) reported that, the concentration of free amino acids
(particularly proline) often increases markedly in the leaves or other plant
lissues with exposure to many blotic or abiolic sress. Recenlly, Salem ol &/,
(2002) with faba bean and Fatouh Youssef (2003) with wheat found that
proline, sugars and free amino acids increased wilh increasing salinity (evel.

New class of genes, called “Osm” ( Osmolic tolerance) genes thatis
used for protection against osmotic stress and may work in a similar manaer in
plants, bacteria and animals now atiracled the altenlion of physiologists,
through their aclion following salinity. The over produced proline may be
explained on the basis that osmogenes govern the production of a class of
molecules such as betaine and proline Lhat protect the cell and its constituents
against “ dehydralion Osm” ( Pessarakli, 2002).

Also, many repords pcoved 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 contenls.
Cordoba et al. (2001) found that roots from salt-treated of Chloris gayana
plants accumulated higher concentrations of soluble sugars.

Conceming accumulations of amino acids with increasing salinity
tevels, El-Shafey et al. (1998) and Fatouh Youssef (2003) reportied that amino
acid concentration increased in wheat caflus with increasing salinity levels.

As for the efficiency of EMS in this regard. Harb et a. (2002)
suggesied the possibility of successful application of EMS as g chemical
mutagen lo improve salinity tolecance of banana, which was associated with
increasing accumulalion of the protectlive substences such as total sugars, free
amino acids, proline and soluble phenols in plant banana lissues with
incraasing salinity levels in MS media on which the shoots tip of banana planis
were cultured.

Concerning the invertase activity in the regenerated shoots of 45 days
— old, the obtained resulls in Table 4 clearty showed the negalive correlalion
between increasing salinity level and invertase activity, was also mors
pronounced as a resuit of combined ireatment (15 mM EMS + 120 min. laser
rays) which recocdsd much lower activilies as compared with {hal in the salt-
toterant contol al the all applied levels of salinity as well as when calculating
the mean valus of this lreatment (Mean T), the only exception is that, at 45%
sea salled walter when the enzyme aclivity in the treated plants was nearly
equal to its aclivity in the salt-tolerant control. On the contrary. the other two
lreatments, i.e. 120 min laser rays and 15 mM EMS increased invertase aclivity
over that in the salt-tolerant contral at 15%, 30% and 45% sea salted waler and
consequentlly the mean values of these lreatments (Mean T). This finding
added another supporive evidence for the superiority of the combined
treatment in increasing salinity tolerance of the regeneacations bcought abaut by
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inhibiting invertase activity in favour of accumulations of more quantities of
non-reducing sugars, which ptay the vital role in-improving salinity tolerance of
the regeneraled in vitro plant. This finding also strongly indicating that the high
degree of tolerance to salinity in the treated-sensitive wheal planis, was
transmissible to the regenerations under in vitro conditions.

Supportive evidence for this finding is found in the resulls by Dubey
and Sing (1999) who reported thal invertase activity decrease in rice shoots of
the salt-tolerant cultivars, wheares increased in the salt-sensitive ones.
Moreover, Fatouh Youssef (2003) who disclosed that the invertase activity in
the leaves of 75 days — old wheat plants of the salt-tolerant Sakha 8 cultivar
showed much lower activities than that of the leaves of the sall-sensilive Giza
187 cullivac at the all applied salinity level (0.0, 15.0, 30.0 and 45.0 % sea
waler). Moreover, the same auther added thal, the physiological trealments
(ABA, gamma rays and puterscine) that induced more tolerance to salinity in
the sall-sensitive Giza 187 wheat cultivar, resulfed in much more reduction in
the activily of invertase enzyme in the (reated leaves.

8- Minerals:

The autrient elements concentration in the shoot tissues of growing
wheat plants (45 days - old) are shown in Table 5. The oblained resulls
exhibiled the same previous trend drawn from the obtalned data of calli
analysis (Table 2) either for the untreated or treated plants. The concentrations
of N, P and K in the regenerated sheols tended to decreased gradually by
increasing salinity level in the medium (Mean S) to ceach their lowest values at
highest level of salinily, i.e. 45 % sea water level, the concentrations of Na, Ca
and Mg contrary increased.

Compadng the nutrien! elements conceniralions of the frealed plants
shows thal all treatments, accumulated different nutrients over both control
trealments under zero and 15% sea salled water salinity level. Such
accumulation was decceased 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 freatment could exceeded accumulation of the nutrients
over the respective values of both controls (Mean T), meanwhile the other two
treatments (120 min laser rays and 15 mM EMS) could only exceeded the
Mean T of {he sall-sensitive control. The results confirm the previous findings
drawn with calli tissues (Table 2). The favorable effects of the combined
treatment were reflected on the growth and yield of the regeneraled plants
(Table 3), protective compounds (Table 4) and nutrient uplake {Table 5). These
effecls may be as a result of plant adapiation to siress conditions. Increasing
nuirien! accumulation induced by gamma ray + sodium azide under saline
conditions was previously recorded by El-Shafey et al. (1998) with rice and
wheal, Ghallab and Nesiem (1899) with 5.0 KR gamma rays wilh wheal, Harb
et al. (2002) with EMS with banana and El-Shafey et al. (2003) with 15.0 KR
gamma rays with wheat,

The ratios K/ Na and Na / Ca were gradually decreased as the salinily
levels increased in the medium. This was also frue even in the treated plants
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with laser rays and EMS either alone or in combination, because the rale of Na
increasss was higher than that 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 water absorbed and a decrease In root
permeabliily. The high concentration of Na in the high salt level suggested thal
under saline condilions sodium influx across the plasmalemma to the vacuole
may play 8 major role in permilting lurgor maintenance. Some crops show
marked beneficial effects of Na especially if the K supply is imited. These
crops take up large amounts of Na which confribute 1o the asmolic potential of
the lesves and increases resislance 1o water stress. In the wheat piants, the
yield response to Na often exceeds that of K (Ghallab and Nesiem, 1999).
Also, under saline conditions Na has important specific effects. Both Na and K
wil move along the elecirochemical gradlienls of tissue bul because of
discrimination of the cell membranes or Na excursion the ullimate
concentration ratio may be 20 K to 1,0 Na (Wilkinson, 1994).

Table 5: Effact of laser rays and EMS treatments on N, P, K, Na, Ca and Mg
concenirations {mg/g. D. W.) as well as K/Na and Nal/Ca ratios In the
shoots of regenerated wheat plants grown In sand culture under
different levels of sallnity (% sea salted water) for 45 days-old
_{Combinad analysls for two seasons).

| N | P

% sea salted water

|
Treatments Ve
00 | 15 | 30 | 45 (T‘i“ 0.0 | 15 | 30 | 45 |[Mean (T)
Conirol | 27.42 | 2847 | 2134 | 1566 | 2245 | 3.27 | 301 | 265 | 172 | 268 |
Control i 2482 | 29.75 | 19.24 | 11.70 | 9040 | 251 | 247 | 231 | 128 | 214
120 min 3104 | 2010 | 14,10 | 960 | 2103 | 3.79 | 356 { 160 | 0.91 249
15 mM EMS 3004 | 28.98 | 12.86 | 9.46 | 2081 | 3.85 | 249 | (.58 | 0.88 | 240
120 min - 19 '
ol EMS 29.96 | 3361 | 27.47 | 1016 | 27.60 | 3.96 | 383 | 358 | 059 | 300 |
Maan (S) 3068 | 2780 1922 | 11.33 344 | 328 | 236 | 1.16
K Na
Control | 3V.17 | 2635 | 2438 | 195 | 2535 | 272 | 329 | 339 | 361 | 333
Conirol 1l 20.20 | 23¢5 | 21681 | 1587 | 2228 | 294 | 338 | 324 | 515 | a0z
120 min 33.79 | 7088 | (965 | 12.78 | 2403 | 249 | 289 | 564 | 7.28 | 4.58
15 mid EMS 3269 | 2017 | 1918 | 1253 | 2338 | 258 | 285 | 60a | 715 | 468
120 min, » {5
s 4216 | 301y | 3234 | 1354 | 2108 | 243 | 28 | 305 | wer | 2327
Mean (5) 3362 | 28.89 | 2343 | a8t 283 | 302 | 4.47 | 569
et Ca Mg
Controd | 632 8.89 14.88 | 1711 11,76 | 3.57 | 4.7 7.43 | 997 8.42
Control i 410 022 | 1234 | 1609 | 569 | 254 [ 327 | 529 | 915 5.31
120 min. 782 | Vi 15 | 11.35 | v211 | 1063 | 483 | 500 | 583 | 693 | 582
15 mM ENS 775 | 1101 | 1131 | 1202 ) 1052 | 4.8) | 548 | 5.79 | €.78 | 567
120 mm. * 15
ik E’L"‘s 867 | 1230 | 1544 | 1588 | 1305 | 494 | 6801 | a75 | 803 | 716
Mean (S) 664 | 993 | 13.06 | 14.80 409 | 503 | 682 | 8.5 |
K/ Na Na/Ca

Conral | 1148 | 80 | 718 | 500 701 | 043 | 037 | 6.23 | 022 | 0.28
Coatrol_1I D62 | 808 | 500 | 304 568 | 072 | 054 | 034 | 0.32 [ 040
120 min_ 13.57 | 1034 | 3a8 | 176 | 525 | 031 | 026 | 045 | 060 | 0.43
16 mM EMS 1277 | 868 | 316 | 175 | ¢09 | 033 | 0.27 | 0.53 | 049 | 0.4a
120 min 19
ot EMS ¢ 37.35 | 1386 | 1064 | 2722 | 940 | 028 | 021 | 019 | 032 | 023

n(S) 1278 | 959 | 624 | 280 0.38 | 030 | 033 | 0.39
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The specific effects of Na / Ca ralio was recorded by several works. i
is evidenced that the adequate level of Ca In the plant has beneficial effect for
reduction Na uptake; thus plants with high Ca/ Nar atio had more ability to
exciude Na under saline conditions ( Kent and Lauchi, 1985 ). Alsq, the low Na
! Ca ratio is important in maintaining membrane function as reported by
Greenway and Munnus ( 1980 ) who added that , growih of beans was
markedly influenced by the Na / Ca ratio , al high exlemal Na Cl. Gsowth of
beans decreased and Na increased in the leaves onl when Na / Ca exceeded
17. Moreover, Nultall et al. (2003) found that in wheal plants when K/Na ratio
was 2.5, adverse affects of salinily coutd 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 pholosynthesis during water stress through its role
in coupling electron transport to ATP production. The plants with the lower
fissue Mg conceniralions maintained higher photosynfhetic rates as leaves
became hydrated.

C- Phytohormones:

The obtained data in Table § regarding hormonal analyses of the shoot
tissues of growing wheat plants (45 days-old) clearly reveal that the
concentrations of inolde-3-acelic acid (IAA) and gibberelic acid (GAs) (p/g.
F.W.) were decreasing by increasing salinity levels (Mean S) o reach their
lowest values at highest level of salinity, i.e. 45% sea salted water level, the
concentration of absclsic acid { ABA) c onfrary increased. Similar results were
reported by El-Antably ef al. (1994), Amer of al. (1995), Ibrahim and Shehala
(2000) and El-Shafey et a/. (2003).

Table 6: Etfect of laser rays and EMS treatments on Indol-3-acetlc acid (LAA),
gibberellic acid {GAy) and absclslc acld (ABA) concentratlons (ug/ g. F.
W.} in the shoots of ragenerated plants grown In sand culture under
different levels of salinlty (% sea salted water) for 45 days - old
(combined analysls for two seasons).
1AA [ GA [ ABA [
% sea salted water |

Trealments
Mean | |Mean _ |Mean
. 0.0| 15 |30 | 45 "7/ 0.0| 15 | 30 | 45 m |00 15|30 |45 @ |
Contol | |22.82|19.4316.11|12.47| 17.71 | 24.86]22.46|20.43|12.28] 20.03 |2.55/3.18]3.35/5,05] .79
Control 1l |19.62|16.89|13.03(11.32| 15.44 |20.07]17.33|14.70] 0.39 | 15.30 |2.67|2.88|4.11]4.80] 3.64
120 min, 33.34]28.41]11,62| 9.52 | 20.72 |20.52127.81]12.50] 8.18 | 10.43 |2.71]3.7613.85|3.96| 3.57
15 MM EMS |32 51(27.83|11.44] 0.39 | 20.20|20.19]27.23|12.45| B.00 | 10.24 |2 66]3.71|3.623.92] 3.53
rfg ey 9a7.19/33.48(26.28(10.08| 27.25 [35.8430.54|27 25] 8.21 | 25.48 |3.20l4.48/a 65[4 71| 4.28

Mean (S) 29.08]25.21|18.28{10.55 27.88[24.99|17.50] 9.25 278|3.60/4.16(4.51

Comparing the concentrations of the all estimaled hormones of the
treated plants shows that all lrealments, greatly exceeded the comparable
concentrations of all estimated hormones over both control treatmenls under
15% sea water level. Such accumulation was decreased under higher levels of
salinity 30% and 45% sea waler levels as a resutt of single treatments (120 min
laser rays and 15 mM EMS) and 45% sea water level with combined treatment
(laser rays + EMS). The combined treatment could exceeded accumulation of
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IAA, GA; and ABA over the respeclive values of bath conlrols (Mean T),
meanwhile the other two trealments (120 min laser rays and 15 mM EMS)
could only exceeded the Mean T of the salt-sensitive cantrol. In this concern,
Wilkinson (1994} elucidated ihe effecis of radiation on plant melabolic sites
which are included the synthesis of DNA, enzymes, amino acids, proteins and
auxins, in addition to photosynthesis but he indicated that auxin synlhesis
seems 1o be the most sensitive non-genetical process affected by ircadiation,
thus the resultanl altered concenlralion of auxim would be logical cause of
many secondary effects. Accordingly, it could be pastulated thal the combined
rreatmenl seems lhe most suilable one for enhancing plant growth and
development through stimulation of auxin biosynthesis.

Moreovsr, Zeinab and Saltam (1998) repcried lhat with increasing Na
concentration, the tryplophan synthesis «- monomers were gradually
dissociated from the oligomers producing less active isoenzyme. This reduced
the blosynthesis of L-tryptophan and conseguently that of 1AA, so thal wheat
growth w as retarded or even stopped. Also. the same aulhors added that at
higher salinity there was an accumulation of gibberellin inhibitors and no
gibberellin activity was found in wheat plants. El-Desoky and Atwai {1998)
stated that in spur orange {he biological aclivities of cytokinins, gibberellins and
auxins were significantly reduced by excess sallnity (5000 ppm) in the irrigation
water.

For ABA, Maslenkova ¢t al. (1993) reported thal ABA level increased
with salinity stress, and that this level correlated with plant resistance to {he salt
stress. Also, Wang-Yongyin 8! al. (2001) and Halung ( 2004 )considered ABA
is Ihe primary hormone thal mediales plant responses to stress such as cold,
drought and salinity; thus its endogenous level increased with salinity stress.

Chemical analyses of the produced grains:

Comparing the sugar concenlration in wheat grains (Table 7) as
affacled by different treatments under sainity levels (% sea salted water),
clearly revealed that the same observed trend with calli tissues of the growing
shoot plants; as to sugar accumulation, it was cecorded the same especially in
case of lhe grains either treated or that of the untrgated control treatments. The
present resulls show that the produced grains of 120 min. laser rays and 15
mM EMS accumulales more sugars, mainly sucrose, over both controls tilf 15%
sea salted water level,

While for the combined treatment (laser rays + EMS) till 30% sea
salled waler level; however sugar coacentralions in lhe grains produced from
these trealed plants were nearly equal to that in the grains of untreated salt-
tolerant convol al 45% sea salled waler level. Thus, the combined (reatment
greally exceeded both controls when the Mean T was considered. for reducing,
non-reguced and total sugars. Meanwhile, the other two treaiments (120 min.
laser rays and 15 mM EMS) greally exceeded only the Mean T of the salt-
sensilive control. The amount of sucrose were 5-6 folds that of reducing
sugars.

The crude prolein concentralion in the wheat grains of reated plants
showed the same abserved trend drawn with sugars. Regarding the contral
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treatments, i.e. control | and [l the crude protein adversely affecied by
increasing salinity levels in the medium.

The resulls in Table 8 represent the percentage {(on D. Wt. bases) of P,
K. Ca, Mg and Na as well as K/Na ratio.

Table 7 :

Sugar concentrations (mg glucose / g. D. W.) and crude

protein {(mg/g. D. W.) in wheat grains produced from treated
calli with laser rays and EMS and plantlets grown in sand
culture under different level of salinity. (Combined analysis
for two seasons).

Reducing sugars I Non-reducing sugars
0,
freativiaris /;Ise:ra‘ salted water —
00 | 15 | 30 | 45 [T 00 15 0 | 45 | T

Convol || 2.05 | 4.28 | 8.35 | 10.52 | 6.53 | 24.71 | 26.93 | 35.53 | 40.62 | 32.45
Conwol || 2.49 | 3.21 | 6.31 | 7.49 | 4.88 | 20.75 | 24.84 | 32.16 | 35.94 | 28.42
120 min 4.11 | 5.35 | 6.06 | 625 | 544 | 27.32 | 31.11 | 31.60 | 33.17 | 30.82
15mMEMS | 3.9 | 5.27 | 560 | 6.19 | 536 | 26.82 | 31.03 | 31.53 | 33.04 | 30.61
2000 " 442 | 629 | 979 | 099 | 7.62 | 3158 | 33.92 | 37.39 | 40.19 35.77 |
Mean (S) 3.50 | 4.88 | 7.30 | 8.09 32.79 | 27.97 | 33.66 | 36.50

Total sugars Crude protein
Control || 27.66 | 33.21 | 43.88 | 51.14 | 38.98 | 125.50 | 67.15 | B86.72 | 72.74 | 95.55
Control 11| 23.24 | 28,05 | 38.47 | 43.43 | 33.30 | 105.83 | 79.11 | 67.71 | 47.24 | 74.97
(120 min. 31.43 | 36.46 | 37.75 | 39.42 | 36.26 | 144.18 | 122.53 | 62.35 | 36.91 | 91.49
[l5mMEMS | 30.81 | 36.30 | 37.52 | 39.23 | 35.97 | 143.44 | 118.75 | 62.11 | 36.79 | 90.27
120 min. * 19 35,08 | 40,21 | 47.18 | 50.18 | 43.39 | 160.65 | 136.13 | 113.32 | 42.91 | 113.25
Mean (3) | 36.38 | 34.85 | 40.96 | 44.68 135.04 | 110.73 | 78.44 | 47.32

Table 8: The percent of P, K, Ca, Mg and Na concentrationg as well as K/Na
ratio in wheat gralns produced from treated calli with laser rays and
EMS and planstlets grown In sand culture under different levels of
salinity (combined analysis for two seasons).

P | K | Ca
)
Treatments Moan % sea salted wa':‘e;an o
00|15 (30 45 0.0[15| 30 | 45 0.0 | 15 | 30 | 45
m M m
Control | 016[(0.14(0121009] 0.13 |041]10.32|10.27 024 ]| 0.31 |0.17 |0.24|0.47|0.85] 0.28
Control 1l |0.13]0.11]0.08|0.07] 0.10 |0.32]0.28| 0.10 | 0.14 | 0.23 | 0.11 | 0.15 | 6.32 | 0.56 | 0.26
120 min 0.21]0.17]0.07 0,04 0.12 | 0.51|0.4510.11 | 1.01 | 0.52 | 0.22 | 0.28 | 0.30 | 0.44 | 0.31
1I5mMEMS |019]0.16|006|0.04] 0.11 |0.53|0.41/0,13|1.08| 054 10211027 |0.29|0.41] 0.28
Enzﬁgh';‘s"so,zs 0.21[0.19/0.65| 0.16 |0.65|0.48|0.38 [ 1.19 | 0.65 | 0.20 | 0.32| 0.54 | 0,65 | 0.43
Mean (S) 0.19(0.16[0.11]0.08 0480391021073 020|025 |0.38|063
Mg Na KiNa |
Control 1 |0.28]0.30]0.42]0.62] 041 |0.08]0.12]0.13]0.15] 0.12 | 5.13 | 267 ] 208 [160] 258 |
Caontral |l n11]025/037]044| 029 [0.00]013]0.15|016| 0.13 |358 |215(127 |o88] 177 |
120 min 0.32|0.34|035]0.37] 0.35 [0.07|0.11]0.18]0.16] 0.14 | 7.29 | 408|061 532 3.71 |
15mMEMS [0.30{033]|034|0.38]|0.33 |0.06]/0.91/0.19|0.20)| 0.14 | B8B83 |373|068|540| 385
r‘jﬁ i Yo0a5(037|0.39|0.42| 0.38 |0.04]000]0.11|0.13| 0.00 |13.75[533 (227 (9,15 722
Mean (S) _ |0.27/0.32|0.37|0.44 0.07[0.11]0.15|017 [6.57 | 3.55] 1.0 |4.29

(n the conlrol treatments of the tolerant
cullivars, P and K concentrations in the wheat grains decreased as the
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salinity levels increased, while Ca, Mg and Na concentralions exhibited the
opposile trend. As regard the nutrienl concentration aHecled by laser rays
and EMS treatments under the different levels of salinity, the oblzsined data
. showed nearly the same trend of the sugar conceantralion in the grains with
special superiorily of the combined treatments. Comparing Na concentration
in calii, shool lissues as well as in the grains (Tables 2, 5 and 8). clearly
shaws that its leve! declined from calli ang shoot tissues lo altain its minimum
values in the grains (2.5%, 2.1% and 0.13%) for 120 min. laser rays + 15 mM
EMS under 45% sea salted waler level. In lhis concern, Marschner (1995)
slated thal frull are very fow in Na and Cl and high in K even when grown al
high NaCi concentration. In these resulls, the concenlrations of K and Na in
wheat grown under 45% sez water level for the same combined treatment
was 1.19% and 0.13% respeclively.

Therefore, it might be expecled that K/Na ralio mus! be decreased in
their response to decreasing salt concentration even under the different laser
rays 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 tolerant to
salinity such as halophytes must develop a2 mechanism for preferential
uptake of K from mixture fich in Na. These planis mus! have a very
developed “absorption system”,

CONCLUSION

A wide survey of all foregoing resulls in the present study, clearly
reveal thal the main experiments (during the 2™ and 3“ growing seasons)
confirm the previous conclusion drawn from the rasults oblained from the
preliminary ones (i the 1* season) as regasds the mos! promising treatments.
Moreaver, the results obtained during the two growing seasons of the main
expenment confirm the absolute superiority of the combination of laser rays +
EMS compared wilh the single treatmenl of each slone. The resuits
emphasized its superiarity in inducing the higher degres of saft tolerance and
consequently growth of the calli and induction of plant cegeneration, tolerant up
1o 30% sea waler level and which were able 1o continue their growth till
maturing and even altained grain production and yielded grains/plant more
than two folds that of the cantrol of the tolerant cullivar Sakha 83 and more
than four fold Lhat of the sensitive one Giza 168 undes the 30% sea walter level.
Such high degree of tolerance exhibited by combined treatment (120 min laser
rays + 15 mM EMS) was positively associaled wilth higher accumulation of the
endogenaus hormonal status (JAA, GA, and ABA) prolective substances, i.e.
sucrose, proline and amino acids in the shool tissues. This accumulation was
positively corrglaled with Ihe increase in salinity levels in the medium. This in
addition 1o the considerable seduction in invenase aclivity in the treated shoot
tissues in favor of more accumulation of non-reducing sugars. This is also
applied 10 the considerable accumulation of much more quantities of inorganic
osmolica, i.e. N, P, K, Ca and Ca as well as highest K/Na ratio, as will as lo the
lowas! quantities of Na in their calt and shoots.
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The obtained dala of combined lreatmen! during the two growih
seasons of Ine main experiment offered strong evidence for the absolute
superiority of such treatment in inducing higher degree of tolerance lo salinily
through the accumulation more quantilies compared even with the lolerance
control, of the protective solules in order lo adjust the ralio between the
protective and toxic intermediates of metabolism in favor of more lolerance 10
salinity. Moreover, such behavior in the trealed pfants of the combined
trealment evidenlly increased their ability to counleract salinily siress, thus
were able to keep better peformance against salinity till harvest. This was
reflected in a signiflicant increments in the grain vield/planl over the respective
yield of all other treatments including even the sall-1olerant control up to 30%
sea salled water level.

The obtained data suggested that the combination between laser rays
angd EMS may be successfully applied to improve salinity tolerance of
economic ¢rops such as wheat, but it must be applied widely and after precise
sludy with each crop (0 approach ils optimal effectiveness in improving
tolerance to salinity.

Funher genelical as well as physiolegical studies are needed at the cell
level to disclose whelher, Ihe role of laser rays and EMS, in regulating the
uplake and accumulation of differenl solules, is atlributed to some alternalion
in the properties of the cell membranes or to any other genelic changes or
somatic mutatlion,

REFERENCES

Adams, B.16.; Ebbert, V. and William, W. A. (2004). Photosynthesis and
siress. Marcel Dekker Inc., New York. pp. 901-805.

Ahmed, E. |. (1998). Improvement of s alt talsrance In s ome v arieties of rice
and wheal through tissue culture technique. M. Sc. Thesis, Fac. Agric.
Cairo Univ.

Amer, M. A.; El-Antably H.; EI-Shamy L. and A. Raafat { 1995). E ndogenous
growth substances of tomato under salinization. Il. Effect of exogenous
lreatment with ABA or GA;. Egyp!. J. Bot., 35 {1): 11-23.

Ashraf, M. and O' Leary, J. W. (1996). Responses of some newly developed
sall-tolerant genotypes of spring wheat to sall stress: |. Yield components
and ion distribution. J. of Agronomy and Crop Sci. 176 (2) : 81-101.

A. 0. A. C. (197%8). Official melhods of analgsis. Association officia) of
Agricultural Chemists. Washington. D. C. 12" Ed.

Barakat, M. N. and Abdel-latief, T. H. (1885). In vitro seleclion for salt-toleranl
lines in wheat. Alexandria J. of Agric. Res., 40 (3): 139-165.

Bates, L. S.; L. P. Weldren and |. D. Teare (1973). Rapid delerminalion of free
prolin for water stress studies. Plant and Sail, {39): 205-207.

Binzell, M. I. And M. Reuveni (1994), Cellular mechanismis of sall lolerance in
plant celis. Horticultural-Reviews, (16); 33-69.

Cano E. A., Perez-Alfcea F.; Moreno V. ang Bolarin M. C. (1996). Response lo
NaCl of cultivaled and wild tomalo species and their hybrids in callus
cuitures. Plant Cell Rep., 15:791-794.

1780



J. Agric. Sci. Mansoura Univ., 29 (4), April, 2004

Cholgkov, D. (1995). Productivity of plants by laser and gamma irradiation of
cucumber seeds, Higher Instilute of Agric. Plovdiv (Bg). Parers of Jubilee
Scietific Session, October, Voi. 1), book 1, pp. 151-154.

Cordoba, A.. Arias C.; Grunberg K., Zenoff A. and Taleisnik E. (2001).
Characterization of the effect of high salinity on roots of Chloris gayana
Kunth; Carbohydrate; lipid accumulation and growth. Grass and Forage
Sci., 56 (2): 162-168.

Duby, R. S. and Sing, A. K. (1999). Salinity induced accumulation of soluble
sugars and salls the activity sugar metabolizing e nzymes in rice plant.
Biologia-Palntarum 42 (2):233-239.

Dunlap J. P. and Binzel M. L. (19396). NaCl reduces indole-3- acelic acid levels
in the rools of tomalo plants independent on siress induced abscisic
acid. Plant Physiol., 112:379-384.

El-Antably, H.; Amer, M. A., E)-Shamy, I. and Raffal, A. (1984): Endogenous
growth substances of tomato under salinization. . Effect of salinity stress
in relation on ontogeny. Egypt. J. Bot., 34 (2} : 199-208.

El-Desouky, S. A.and Atwai A. A. R. (1998). Growth performance of some
citrus rootstocks under saline conditions. Alex. J. of Agric. Research,
43(3): 231-254.

El-Hennawy, M. A. (1996). Salt tolerance in wheat using tissue cullure
techniques. Ana. of Agric. Sci. Cairo Univ., 41 (2): 785-803.

El-Shafey, Y. H.; EI-Shahy, O. M. and Salem, S. M. (1994). Production of salt
lolerant Jine through wheat calli realment with fast neutrons. Bull. Fac. of
Agric., Cairo Univ., 45 (1): 31-64.

El-Shafey, Y. R.; EI-Shihy, O. M.; Ghallab, A. M. and Ahmed, E. . (1998).
Physiological studies on increasing the salt tolerance of wheat and rice
plants through calli treatment with gamma rays and sodium azide. Annals
of agric., Sci., Mashtohor, 36 (1); 275-300.

El-Shafey, Y. H.; Salem, S. M.; EI-Shihy, O. M.; Ghallab, A. M. and Hanaa F. Y.
Mohamad (2003). Effect of gamma rays, abscisic acid and pulrescine on
production of wheal plants more tolerant to salinity: B-In vitro callus
Induction, plant regeneration, and grains produclion under saline
conditions. J. Agric. Sci. Mansoura Univ., 28(5): 3551-3570.

El-Shihy, O. M.; Salem, S. M. and Khalll, M. (1994a). Production of salt tolerant
line of (Vicia fabg) induced by protoplast Irradiation wilh fast neutrans
and gamma rays. Egypt. J. Appl. Sci., 9, 4: 393-418.

El-Shihy, O. M., Salam, S. M. and KnalWl, M. (1834 b). Production of salt
toleran! lines of (alfalfa) and Egyptian clover through Protoplasts. Fast
neutrons icradiation treatment. Egypt. J. Appl. Sci. 9, (6) : 383-418.

Fatouh Youssef, H. M. (2003). Physiological studies on production of wheat
plants more talerant to salinity via modern biotechnotogy. #h. D. Thesis,
Plant Physiol. Division, Agric. Botany Dept. Fac. Agric., Cairo Univ.,,
Giza, Egypt.

Ghallab, AL M. and M. R. A. Nesiem (19983). Increasing salt tolerance of wheat
planis through seed treaiments with gamma rays. J. Agric. Sci.
Mansoura. Univ., 24(2):449-470.

1781



El-Shihy, O. M. et al.

Gomez, K. A. and Gomez, A. A. (1984). Statistical procedures for Agricultural
Research. 2™ Ed. Inlernational Rice Res. Inst. J. Wiley and Sons, New
York, . Y.

Good, A. G. and Zaplachinski, S. T. (1894). The effects of drought stress on
free amino acid accumulalion and prolein synthesis in Brassica napus.
Physiol. Plant., 90 : 9-14.

Greenway, H. and Munnus, R. (1980). Mechanism of salt tolerance in
nonhalophytes. Ann. Rev. pfant physiolagy, 31:149-190.

Hanafy Ahmed, A. H.. Higazy, M. A.; El-Shafey, Y. H. and Moussa, S. F.
(2002). Effect of salinity, silicon and proline on the growlh, yield and
chemical composition of wheat plants. Proceedings of the 2™ congress
"Recent Technologies in Agric.” Fac. of Agric., Cairo Univ., 28-30 Oct. IV:
965-978.

Hatung, W. (2004). Plant response to sltress: Abscisic acid fluxes. Marcel
Dekker Inc., New York.

pp. 540-690.

Harb, E. M.; El-Shihy, O. M.; Hanafy Ahmed, A. H. and Mualla, N. A, (2002).
Using plant tissue culture technique for rapid propagation and salt
tolerance in banana plant. Proceeding of 2™ Congress on Resent
Technologies in Agriculture, Fac. Agric., Cairo Univ., 28-30 Oclober, IV:
978-994.

Hewill, E. J. (1952). Sand and water cullure melhods used in the study of plant
nutritlion. Common Wealth Agric. Bureau, England, 241.

brahim, S. . And S. A. Shehata (2000). Some physiological changes in callus
tissues of lomatlo (Lycopersicon esculentum) ireated with Thidiazuron
(TDZ) in relation to salinity stress. 8" Co. Agric. Dev. Ras. fac. Agric.,
Ain Shams Univ,, Cairo, Nov. 20-22. Annals Agric., Sci, Sp. Issue, (2):
487-499.

Jackson, M. L. (1973). Soil Chemical Analysis. Prentice Hall of India Private.
New Delhi., pp.144-197.

Jones, J. R.; J. Benton; B, Wolf and H. A. Mils (1981). Pfanl Analysis
Handbook: Methods of Plant Analysis and Interprelation. Micro-Macro
Publishing. Inc., USA. 30-34,

Kent, L. M. and Lauchi, (1985). Germination and seedling growih of cotton:
salinity and calcium interaction. Plant Cell Environ., 8: 155-1586.

Kirst, G. Q. {1590). Salinily tolerance of eukaryotic marine algae. Ann. Rev.
Piant Physiol., 41:21-53.

Lone. M. L.; Hyn-dones, R. G. and Bright, S. W, 3. (1887). Influence of praline
angd glycinebslaine on sall tolerance of cullured barley embryos. J. Exp.
Bot. 38 (188); 479-490.

Marschner, H. (1995). Mineral Nutrition of Higher Plants. 2™ ed., Academic
press, London, NewYork. 360-396.,

Maslenkova, L. T.; Zanev, Y. and Popova, L. P. (1993). Adaptation 1o salinity
as monitored by PS!l oxygen evolving reaclions in barley thylakoids. J.
Plant Physiol., 142:629-634,

Moor. S. and W. H, Stein (1954). A modified ninhydrin reagent for lhe
photometric determination of amino acids and related compounds. J.
Biol. Chem., (211): 907-913.

1782



J. Agric. Scl. Mansoura Unlv., 29 (4), April, 2004

Murashige, T. and Skooge, F. (1962). A revised medium for rapid growlh and
biosynthesis wilh fobacco lissue cullure. Plant Physiology 15:473-497.

Noasir M, N.; Qureshi R. H.; Muhammed A. and Akhtar J. (2000). Comparative
studies on two selecled sugarcane Lines for differences in physiological
{rails. Pakistan-Sugar Journal, 15 (1) : 52-61.

Nutiall, J.; Armstrong R. and Connor D. (2003). The effects of salinity. sodicity
and soluble boron on wheat yields in the Victorian Southem Malle. Proc.
of the 11" Australian Agron. Conference. Geelong., pp. 1-6.

Pessaraki, M. (2002). Handbaok of plant and crop physiology. New York,
Marcel Oekker Inc.

op. 563-581.

Piper, C. (1947). Soil and Plant Analysis. The Univ. of Adelalde, Adelaid., pp.
30

Quraishi, A.. Faheem-Tahir and Hamid-Rashid (2000). Effect of Nall on
callogenesis of Trticum aestivum L. Pakistan J. of Agric., Research,
16(1) : 28-30.

Ratherl, G. (1982). Influence of extreme K:Na ratios and high subsirate salinity
on plant metabolism of crops differing in sall tolerance. VI Relations
between carbohydrates and degradalive enzymes in salt tolerant and satt
sensitive cotton genotypes during initial salinity siress. J. of Plani
Nulrition, 8 (2): 1401-1413.

Reggiani, R Bozo. S. and Bertani, A. (1994). Charges in polyamine
metabolism in seedlings of lhree wheat cultivars differing in  sall
sensilivity. Plant Sci. 102 (2) : 121-128.

Rengel, Z. (1999). Mineral Nufrition of Crops: Fundamelal of Mechanisms and
(mplications. The food products press, Hawonth Press inc., New York.
141-160

Sadeghian, E. (1971). Einfluss voa chlerchelin chiorid (CCC) auf den
Gibberellin gehalt (GA;) von Getreidepflanzen Z. . Planzenern. U.
Bodenk., (130):233-241.

Salem, S. M.; El-Shihy, O. M.; Ghallab, A. M. and Yossef-lbrahim, H. M.
(2002). Studies on the correlation between resistance against Orobanche
and lolerance to salinity in some Vicia faba cullivars. J. Agric. Mansoura
Univ., 27 (7): 4643-46689.

Singh, A. K. and Dubey, R. 8. (1995). Changes in chioraphyll 2 and b conlents
angd activities of photosystems | and Il in rice seedlings induced by NaCl.
Photosynthetica, 31 (4): 489429,

Singh S. K., Sharma H. C., Goswami A. M,; Dalta, S. P, and Singh S. P.
(2000). In vitro growth and feaf composition ol grapevine cultivars as
affecled by sodium chloride. Biologia-Plantarum, 43 (2); 283-286.

Sumner, J. B. and Howell, S. F. (1935). A method for determination of
saccharass aclivity, J. Biol. Chem.. 108:51-54.

Taiz, L. and E. Zeiger (1991). Plant Physiology. The Benjamin Cummings
Publishing Co., inc. Calif., USA. pp. 195-220.

Trvedi, S.; Galiba, G.; SanKhla, N. and Erdeil, L. (1991). Responses to
osmotic and NaCl stress of wheat varleties differing in drought and salt
tolerance in callus cultures. Plant Sci. Limerick. 73:227-232.

1783



El-Shihy, O. M. et al.

Vogel. Al. (1875). A text Book of Practical Organic Chemisiry. Publish by
English Language Book Society and Longman Group Limited, 3" €d.,
pp. 197-569.

Wang-Lunshun, S.; Lu. W.; Sun, T.; Li, H. J. and Wang, Y. F. (1995). /n viro
selection of sodium chloride (olerant varieties of the 1ea iree and
differentiation of regeneration plants. Heredites 8eijing, 17 (6): 7-11.

Wang-Yongyin, S.; Mopper S.; Hasenslein K. H. and Wang Y. Y. (2001). Effect
of salinity on endogenous ABA, 1AA, JA and SA in lrds hexagona. J. of
Chemical Ecology, 27 (2):

327-342.

Whan, S.Y.;Deng, Z. A;Deng, X. X.and Zhang, W. C. (1991). Advances
made in vitro mutation breeding in citrus in:Kitto, P. H. (ed.) plant
mutation breeding in for crop improvement 1:263-269.

Wwilkinson, R. E. (1994). Plant Environment Interactions. Marcel Oekker Inc.,
New York, Hong Kong. pp. 198-245.

wong, C. K.; Woo, 8. C, and Ko, S. W. (1986). Production of rice plantiets in
NaCi stressed medium and evaluation of their progenies. Botanica)
Bulletin of Academia Sinica Taiwan, 27;11-23.

Zarate, G. P. (1990). Effect of salinity on mineral composilion of plants. Hort.
Abst. 80 (5):635. ‘

Zeinab, M. A. and Sallam H. A. M. (1996). Effect of kinetin and abscisic agid
application on barley plant grown under salinity condition. 1l: Changg in
some endogenous growth substances. Ann. Agric. S¢i., Cairo, 41 {1): 61-
73.

1784



