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ABSTRACT

In vitro tissue culture experiment was conducted to e valuate the extent of
improvement in salinity tolerance of the sensitive Giza 167 cultivar due to the
previously a pplied treatments in the pot experiments during the first part (A) of the
present investigation. The embryonic catli, plantlets and plants regenerated from the
grains produced either by the salt-sensitive untreated and treated plants of Giza 167
cultivar or by the untreated plants of Sakha 8 one, in the second pot experiment
season; 2000-2001 were used to be tested in vitro under the same salinity levels
previously applied in the first part of this study. The obtained results from the in vitro
experiments were in full accordance with those obtained in the first part, as regards
the absolute superiority of the regenerated calli, plantlets, and plants from the mature
grains of the previously treated plants (in the pot experiments) with the weekly
spraying either with 10uM putrescine or 2 ppm ABA as well as the grains irradiaticn
with 15 KR gamma rays in their growth, chemical composition (in both tissues and
grains), and invertase activity as well as their grain yield (g)/plant and 1000 grains-
weight which recorded the highest highly significant increments over the respective
values of those produced from the grains of the salt-tolerant Sakha 8 control, also, up
to 30% sea water level, nevertheless, without applying any treatments under such in
vitro conditions. This finding strongly indicating the possibility of transmission of the
physiological tolerance to salinity induced by those treatments previously applied in
the pot experiments in the first part with nearly equal extent from the parent tolerant
plants to their regenerations under in vitro conditions, thus enable them to be adapted
to the all applied levels of salinity in the media and therefore, could complete their life
cycle till harvest and grains production which were highly significantly exceeded that
both controls also up to 30% s ea water under in vitro conditions, as did under pet
experiments conditions in the first part. Therefore, the obtained results strongly
suggested that the tolerance to salinity of the salt-sensitive Giza 167 wheat cultivar
potted plants and even their regenerated plants under in vitro conditions, can be
improved to a considerable extent, thus could tolerate the irrigation with saline water
up to 30% sea water and nevertheless, attained their optimal productivity which highly
significantly exceed the productivity of the salt-tolerant Sakha 8 cultivar control under
the same 30% salinity level in both cases, if these sensitive plants were weekly
sprayed either with 10 uM putrescine or 2 ppm ABA or when their grains were
irradiated with 15 KR gamma rays before sowing only in the pot e xperiments, with
special referring to the putrescine treatment in this concern.

INTRODUCTION

Wheat [Triticum aestivum L.} is the most important cereal winter crop
in Egypt. The amount needed for the local consumption is greater than the
total productivity from this crop in Egypt. Thus, increasing its productivity and
the cultivated areas are highly demanded. increasing wheat productivity per
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unit area can be achieved through the applying of some specific physiological
treatments (such as gamma and iaser rays irradiation as well as with fast
neutrons, biofertilizer treatments, soil and foiiar fertilization in addition to the
exogenous application of the plant growth regulators) in addition to the
expansion of wheat cultivation in the newly reclaimed areas. On the other
hand, and due to the restricted resources of the fresh water from the River
Nile, the use of saline water or even diluted sea water becomes the only
source of irrigation water in such newly cultivated areas, but the sensitivity of
some wheat cultivars to salinity will restricts or even prevents their cultivation
in such reclaimed areas. Thus, it is mandatory to improve the salinity
tolerance of such sensitive wheat cultivars and conseguently enhancing their
ability to tolerate salinity which, in turn, increasing the possibility of their
successful cultivation in such newly reclaimed areas. Therefore, there is
increasing attention fo accommoedate wheat cuitivars to grow in salinities
outside their naturat range of tolerance and nevertheless obtain appropriate
economic productivity. Moreover, great efforts are being directed towards the
development of salt-tolerant crop genotypes through the use of plant
breeding strategies involving the introgression of the genetic background
from saline-tolerant wild species into cuitivated plants. With recent
developments in biotechnology, there is also the potential for obtaining salt-
tolerant crop genotypes by the use of somatic ceil selection or protoplast
fusion or by gene transformation using recombinant DNA methodologies.
(Hayashi et al., 1997).

On the other hand, cell culture may offer many advantages for
isolation of mutants in higher plants. Unlike the whole plant, a very [arge
nurnber of cells can be screened at one time for a described trait. Because
the cell is grown in a uniform cultured environment, reproducible selection
schemes can be employed. Efficient mutagensis of plant celt cultures is
possible, as the cells can be uniformly treated with physiological mutagen.
Mutant cell lines have been selected which have a direct application in both
fields and basic researches in plant genetics (EI-Shihy ef al, 1994a).
Moreover, plant tissue and cell culture techniques are effective tools for
preducing salt toierant cell tines, lissues and plants as well as the evaluation
of the improving extent in the tolerance to salinity in the sensitive plant
materials which offers several advantages during the physioloegical studies. In
this concern, Yang et al. (1990) found that growth and Na'/K’ ratio in
salinized calii were correlated with the previously determined whole plant
responses. Thus, they concluded that callus growth and Na'/K’ ratio c ouid
therefore, be used as indicators of whole plant salt tolerance in sorghum.
Similarty, El-Hennawy (1996) stated that the significant differences in calli
growth rates of 11 wheat cultivars in response to salt stress. Moreover,
Bhaskaran et al, (1986) suggestied that sorghum seedlings from the salt-
selected plant obtained adequate nutrients to allow higher shoot dry matter
accumulation than that of the parent population.

Therefore, the aim of the present study was to evaluate the extent of
tolerance improvement in the salt-sensitive Giza 167 wheat cultivar due {o the
previously applied treatments in the pot experiments in the first part (El-
Shafey et al., 2003a) of this investigation. Thus, the generated calii, plantiets
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and plants from the embryos of the mature grains produced by the all treated
plants as well as both sensitive and tolerant controls in the second pot
season were taken to be tested under the same salinity levels through in vitro
tissues culture experiments.

MATERIALS AND METHODS

The present work was carried out in the Biotechnology and
Bioengineering lab. as well as the plastic greenhouse of the Plant Physiology
Division, Faculty of Agriculture, Cairo University, Giza, Egypt. This part
including one in vitro tissue culture experiment which was conducted during
the period from May, to October 2001. The grains produced by the plants of
both used cultivars in the second pot experiment season [2000/2001] were
used to be tested through this tissue culture experiment.

Preparation of culture media:

For preparation of 1 liter from the culture M3-medium (Murashige
and Skooge, 1962) 4.40 g powder MS-medium was used in addition to the
other components; sucrose 30 gil, agar 8 g/l and 2 mg/l 24-D (2-4
dichlorophenoxy acetic acid) and the pH was adjusted to 5.8. The cuiture
medium was slerilized by Russian autoclaving at 121 °C at (15 Psi for 30
min).

Embryo isolation and callus initiation:

The produced grains in first part by the plants of control | and contrc!
Il as well as the different treatments were soaked for 12 hours in distiled
water and surface sterilized for 3G min. with sodium hypochlorite {Clorox) and
few drops from Tween 20 and rinsed 5 times with sterilized distilled water.

The embryos were excised aseptically under sterilized concentrations
by using the American air Jaminar flow apparatus {NU.Air} and then were
cuitured in jars containing 50 ml agar solidified MS medium s upplemented
with 2 mg/l 2,4-D and 3% sucrose and adjusted to pH of 5.8. The embryos
were cultured and incubated in a growth room at 25 “C + 2 under 16 hours
light and 8 hours darkness, using day light florescent lamps and supported
with (40 ME- cm?/S).

Salinity treatments for callus:

The produced calli for each treatment (8 weeks after culturing} were
subdivided into one g inoculum pieces and subcuitured on a salidified MS-
medium + the same concentrations of 2,4-0 and sucrose but supplemented
with the different levels of salinity at the rate of 0.0%, 15%, 30% and 45% sea
water and the pH was adjusted at 5.8. Jars of 300 ml in size, containing 50 ml
of agar solidified MS-medium were used. The cultures were incubated for 6
weeks under the same previously mentioned conditions, under the different
ievels of salinity, the fresh weights of the growing calli were recorded after 2,
4 and 6 weeks, and 10 replicates were used for each treatment in this
respect.

Plant regeneration media:

The calli (20 replicates) of the all tested treatments were subdivided
infto 500 mg inoculum pieces and subcultured on the “plant regeneration
media” {the same media but supplemented with 1 mg/l zeatin riboside). After
4 weeks on plant regeneration media supplemented with the different levels
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of salinity, the shoots were produced, then left to grow for another 4 weeks on
the same media. At 8 weeks (4 + 4 weeks), the root formation was realized.
Acclimatization of the growmg plantlets, plant growth and grain
production:

The produced plantlets were washed with tape water for three times
to remove all of agar traces, then soaked in Vita Fax 2.0 g/t for 1 min. and
transferred to grow under plastic greenhouse conditions in black plastic pots
containing an equal amount of the mixture of peatmoss and fine sand 1:1
{v/v} (Murali ef al., 1993), the pH of the peatmoss was adjusted to 6.0 by
adding CaCO,. The white fluorescent lamps which giving intensity of about
1500 jux for 16 hours per day were used. The temperature was 28°C and the
relative humidity 85% by adding water every three hours for haif hour through
the mist, and the complete nutrient solution as described by Hewitt ( 1952)
was added every three days. Irrigation of the growing plants was done by
using the same mentioned levels of salinity. During the growth period, 15
shoots from each treatment were sampled after 45 days and their shoot
heights were recorded, then the shoots were divided into two groups. The
first one, i.e. 10 shoots were dried and their crude dry weights were
determined, then prepared for nutrients, sugars and free amino acids
estimations, while the second group, i.e. 5 shoots were kept as fresh
materiais for proline and invertase activity estimation as already mentioned in
detail in the first part of this work. At harvest, i.e. after 2 months in pots, the
grain yield {g)/plant and the weight of 1000 grains were recorded. The mature
wheat grains of each treatment were powdered and prepared f or ¢ hemical
analyses as previously done in the first part of this work.

Data of calli fresh weights, growth parameters of the regenerated
shoots and yield component were statistically analyzed and the mean values
were compared using New L.S.D. values at 5% and 1% levels (Gomez and
Gomez, 1984).

RESULTS AND DISCUSSION

a-Callus fresh weight:

The results in Table 1 clearly reveal that fresh weight of the embryonic
wheat calli after 2, 4 and 6 weeks showed gradual highly significant decrease
as the salinity level increased to reach the lowest values at the higher level of
salinity; 45% sea water as compared with the fresh weight of the non-
stressed control.

Decreasing the calli growth in response to increasing salinity level in the
medium was previously reported by EI-Shafey et al. ( 1994); E|-Shihy et al.
(1994 a&h); El-Hennawy (1996); Safarnejad (1996), Ahmed (1999) and
Quraishi et al. (2000). On the other hand Yasuda et af (1982) reported that
the growth of sugar can calli was inhibited by inclusion of different levels of
NaCl on the culture medium and no plant regeneration was obtained.

On the cther hand, when consider the mean values of calli fresh
weights due to each treatment (Mean T) regardless the salinity level it could
be noticed that, a similar trend to that previously described due the effect of
the same treatments on the morphological characters and dry matter
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accumulation of the stressed shoots and roots (in the first part, El-Shafey ot
al, 2003a ) can be drawn on the case of callus fresh weight. Hence, the all
treatments resulted in increasing calli fresh weight, but the superiority was
confirmed for the treatments of the weekly spraying either with 10 uM
putrescine or 2 ppm ABA as well as grain irradiation with 15 KR gamma rays
which vielded the highest highly significant increases in the calli fresh weight
over the respective values of both sensitive and tolerant controls. Meanwhile,
the other three treatments, i.e. 20 KR gamma rays, soaking in 2 ppm ABA or
soaking + spraying with 2 ppm ABA recorded their highly significant
increments over the respective values of the sensitive control only. This was
true, either after 2, 4 or 6 weeks in culture, with clear superiority of putrescine
treatment which yielded the highest highly significant increases in the mean
value (Mean T) of calii fresh weight over the salt-tolerant conirol which were
19.0%, 18.7% and 20.4% after 2, 4 and 6 weeks, respectively, meanwhile the
respective percentage of the same treatment at 30% sea water were 18.6%,
21.8% and 27.3% respectively. Comparing the effect of the interaction
between treatments and salinity level clearly reveal that, although, no
significant differences were recorded due to the interaction after 2 weeks, the
recorded calli fresh weight values either after 4 or 6 weeks showed that the calli
derived from the grains of the treatments of spraying with putrescine, 2 ppm ABA
and 15 KR gamma rays recorded their highly significant increment over both
controls up to 30% sea water, and only up to 15% sea water level for the other
three treatments. Similar results were reported by El-Shihy et al (1994 a) on the
faba bean calli as affected by fast neutron and gamma rays treatments, as well
as E)-Shafey et al. (1998) on wheat calli as affected by the combination between
15 KR gamma rays + 5 mM sodium azide.
Table (1):Effect o [ salfnity (reatments on the calli fresh weights (g) derlved [rom wheat embryos of the mature
grains p rodueed by the salt-sensitlve Gira 167 wheat cultivar plants treated with gamma rays, absciic

acid a nd p utrescine In ¢ omparison wlth { hose produced by the untreated salt-tolerant Sakha § cultivar
plants under saline conditions (%esea waterj duriag 2000.200] seeson. Fresh weighty were recorded alter

‘ 2,4,and 6 weeks, the inoculum weight was 1.0 g,
Mean Mean Mean:
4 4 [} ' sLm 1451 0 LISJ 301 r
Ll‘re:mrmm ;:3 water il el el : T bl
2 Weeks 4 Weeks 6 Weeks

Sakha & control 223 [1.8¢] 136 11y 174 | 2so [2.77] 200 [186] 240 [ 348 [ 302 | 256 [ 1.63 | 170
JGiza 167 contral 1.65 |141] 1.36 |0.97| 135 | 2.47 [2.25( 171 (0.96) 1.85 | 3.36 | Z.41 | 1.88
IGamms rays 18 KR 197 [2.33( 1.99 [6.83{ .02 { 2.84 (.55} 2.98 |D.d1] 2.69 | 8.16 | 4.01 | 3.1
Gamma rays 10 KR 247 (2.08) L14 |0.77] 1.62 | 3,60 [3.31) 1,19 |0.44] 2,14 | 4.96 | 367 | 1.24
paking In 2 ppm ABA 144 |212| 152 |0.78| 1.62 | 3.46 |1.34) 1.20 [0.42] .11 | 4.89 [ 3.88 | 1.26
aking + sprayiog with 2 ppm ABA | 2.43 [2.13( 010 [a.77{ £.61 § 252 (3.0 009 |043) 204 f 474 | 378 | 126
eckly sproying with 2 pper ABA | 293 ]2.99) 184 Jo.81) 2.0s | .93 |3.67] 2.86 j0.4z| 272 | .03 [ w01 | 312
[Weekly spraying with 10 uM puirescine | 2.98 [2.61| 1.85 |0.85! 2.07 [ 4.14 [3.88] 2.96 |0.45] 286 § $.22 | 417 | 3.26

[Mean (5) 151 (2.14] 1.50 [0.89, 3.43 [2.27] 2.06 0.64 4621365 224 [06a ]
New LSD value at .08 0.0 0.05 0.01 .05 0.01
aliniey {S) 013 0.7 013 018 016 0.22
E’rellmeul('ﬂ 0.18 0.24 0.19 0.2% 0.23 oM
5) X (T} NS NS 0.7 0.50 0,56 0.51

N — o .

It is worthy to point out here that, the all derived calii either from the both
controls or the all other treatments were able to continue their growth even at
the highest level of salinity, though with differential degrees, and were able to
produced shoots under the all salinity level. In this concern, the treatments of
the weekly spraying eitner 10 uM putrescine or 2 ppm ABA as well as 15 KR
gamma rays were superior in recording the highest significant mean values of
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calli fresh weight (Mean T) as well as the highest significant increases over
both controls up to 30% sea water level. This clearly indicating that such
growing calli showed superiority in their salinity tolerance under the in vitro
conditions induced by the sume thice treatments, as did in e pot
experiments in the first part of this work. Therefore, Yang et al (1990)
concluded that callus growth and Na'/K" ratio could be used as indicator of
whole plant salt tolerance in sorghum.

b-Shoot height and dry weight of the regenerated plants:

The results in Table 2 represent the different values of plant height and
shoot dry weight (g/plant) of regenerated 45 days-old plants which, irrigated
with the same different levels of salinity (% sea water) under the green house
conditions in the black plastic pots contained a mixture of peatmoss and fine
sand 1:1 (v/v). Comnparing the heights of the produced shcots from wheat calii
of the differeint treatments when grown under different levels of s alinity (%
sea water), it is to be observed that the exact identity to the trend previously
described in the pot experiments due the negative effects of salinity on shoot
height as well as the p ositive effects of different applied treatments on the
same parameter. Thus, the treatments of spraying with putrescine, 2 ppm
ABA, and 15 KR gamma rays irradiation showed superiority in inducing the
highly significant increments in the shoot height of the regenerated plants
over both untreated controls, meanwhile the other three treatments recorded
the highly significant increases in the mean values (Mean T) of shoot height
only over the respective values of the salt-sensitive control. The absolute
superiority in inducing the highest significant increments in the shoot height
over the respective values of tolerant control was confirmed for putrescine
treatments (23.0%). Meanwhile, although no significant differences were
recorded due to the interaction between salinity levels and treatments, the
same putrescine treatments recorded the highest considerable increases in
the shoot height (40.4%) as compared with the tolerant control at 30% sea
water, while the increases values due to the spraying with 2 ppm ABA and 15
KR gamma rays treatments were 31.0% and 29.1%, respectively, at 30% sea
water level. As regards shoot dry weight of regenerated 4 5 d ay-old plants,
the recorded data in Table 2, are in full accordance with those previousty
obtained due to the effects either of salinity or the different treatments on
shoot dry weights of the potted plants in the first part of this study. Therefore,
although the same expected negative correlation between salinity level and
growth and dry matter accumulation of the regenerated shoots dry weight
was recorded, on the contrary, the highest significant positive effects on
increasing the dry matter accumulation of shoot still recorded with putrescine
treatments (30.5%) followed by spraying with 2 ppm ABA (26.7%) then 15 KR
gamma rays (21.9%) over the respective mean value (Mean T)of the salt
tolerant Sakha 8 control. However, the other three treatments -were highly
significant exceeded the respective Mean T of the salt-sensitive contrct only.
Moreover, the most effective treatments, i.e. weekly spraying either with
putrescine, 2 ppm ABA as well as 15 KR gamma rays could highly significant
surpassed the salt-tolerant control in this regard up to 30% sea water,
meanwhile, the other three treatments surpassed it only up to 15% sea water
level. Similar results were reported by El-Shafey et al. (1994) with wheat as
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affected by the combination between 15 KR gamma rays + 5 mM sodium
azide and with rice by 5 KR gamma rays + 1 mM sodium azide. In accord,
also with the obtained results in the present work, Tal et al. (1977) found that
a positive correlation between salt tolerance of the whole tomato plants and
calli derived from different organs of these plants. Moreover, Nabors et a/.
(1980) stated that tobacco plants regenerated from salt-tolerant cells had a
high survival rate in the presence of salt and the plants were reported to
transmit tolerance to the generation.Meanwhile, Nabors and Dykes (1985)
reported that more than 4000 plants have been regenerated from tissue
culture derived from in vitro selected NaCl-tolerant celis of rice, wheat. In
each case, the selected tolerant cells were heritable and stable in the
regenerated plants. On the other hand, Whan et al. (1991) succeeded in
producing two salt-resistant mutants of citrus after treating callus with gamma
rays (5-8 KR} and ethyl methane sulfonate.

Table (2):Effect of salinity treatments on the plant height and shoot dry weight (/plant) of the regenerated plants (45 days

- old) produced from mature grains embryos of the salt-sensitive Giza 167 wheat cultivar plants treated with
Gamma rays, abscisic acid and putrescine in comparison with those produced by untreated salt-tolerant Sakha 8

} cultivar plants grown in greenhouse under the same saline conditions (%sea water) during 2000-2001 season. !
Yescawater] 0 | 18 | 30 ] 45 |MeanT] o | 15 i 30| 45 |MeanT
Treatments Plant height Shoot dry weight

akha 8 control 30.56 | 27.19 | 1234 15.23 | 23.33 1.52 L4 0.93 0.62 1.0%
jGlza 167 control 27.18 | 222 17.43 12.60 19.85 L35 0.87 0.66 041 0.82
jGamma rays 15 KR 37.22 | 31.64 | 28.83 10.22 pxAs) .0 1.68 138 0.08 1.28

amma rays 20 KR 34.65 | .83 15.02 | 10.33 .71 1.89 1.52 0.39 0.07 0.97

aking in 2 ppm ABA 3586 | 19.57 14.37 $.81 22.40 1.87 1.63 0.37 0.07 0.99

aking + spraying with 2 ppm ABA | 3658 | 3087 | 13.34 | 948 | 2257 | 188 | 1.5 | 038 | 006 | 097
[Weekly spraying with 2 ppm ABA 3886 | 3338 | 2927 1030 | 2788 | 212 | 188 | 112 | 009 | 133
Wul_g_lz spraying with 10 pM putrescine 40.20 | 3536 | 3137 | 10,30 | 29.31 2.18 1.96 1.14 0.10 1.37
[Mean ’S! 35.10 | 30.26 | 21.50 11.03 1.85 1.53 0.82 0.19

New LSD value at IM')_S 0.01 0.05 0.01
alinity (S) 1.24 1.64 0.07  0.09
reatment (T) 1.78 132 0.10 0.13

S} X (T} NS NS 0.19 0.26
e —

c- Chemical analyses of the generated plants:

Data in Table 3 concerning sugar concentrations in the shoots of the
regenerated plant of 45 days-old grown under the different salinity levels,
clearly showed the same general behavior and response that obtained with
sugar concentrations in the shoots of the growing plants in pots in the first
part as affected by the same treatments under the same salinity levels. Thus,
the present results in Table 3 strongly s upported the previously ¢ onclusion
drawn in the pot experiments (in the second season) regarding the positive
effects of increasing salinity level on sugar concentrations.

On the other hand, it is of great interest to observe that, the absolute
superiority was confirmed here also for the treatments of spraying either with
putrescine or 2 ppm ABA as well as 15 KR gamma rays in inducing the
highest increases in the Mean T of concentrations of sugars (especially non-
reducing ones) in the produced shoots tissues, especially those derived from
the calli of the grains produced by the treated plants with putrescine which
recorded the highest accumulation of sugars in the produced shoots tissues
over the respective Mean T of the salt-tolerant control shoots, meanwhile, the
other three treatments exceeded only the salt-sensitive control in this regard.
Moreover, if the effect of the interaction between treatments and salinity level
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was considered, it could be realized that the three super treatments
accumulated much more concentrations of sugars which greatly exceeded
both controls up to 30% sea water level, while the other three treatments
exceeded the tolerant control up to 15% only. This finding is in full
accordance with the conclusion previously drawn with sugar analyses in the
shoots of potted plants under the same conditions in the first part of this
investigation (El-Shafey et al, 2003a). The obtained results are in
accordance with those obtained by Ei-Shihy et al. (1994 a) with gamma rays
and faba bean. Also, this finding represents great support for the opinion of
Strogonov  (1970) who concluded that under saline conditions the
accumulation of non-toxic substances such as sucrose, proline, organic acid
and protein is considered to be a protective adaptation and that the survivai
of plants under s aline ¢ onditions d epends upon the regulation of metabolic
processes and the quantitative ratio between the prolective and toxic
metabolic intermediates. Similarly, ltoth and Kumora (1987) reported that
both K" and sugars contribute to the osmotic adjustment in many plant
species. Moreover, Gananasiri et al. (1990) suggested that osmoregulation in
stressed plants was higher with K™ and sugars. Both of them were found to
correlate negatively with osmotic potential. In addition, Kirst (1990}
considered sucrose as one of the compatible solutes that increase during salt
stress. More recently, Pessarakli (2002) concluded that the plants that fait to
increase s oluble sugars biosynthesis c ould n ot tolerate s alt. Moreover, it is
well known that sugars as osmolytes enable plants to keep better water
relation under water and salt stress conditions. This strongly suggesting an
active protective mechanism in the produced shoots, induced by the most
effective treatments, i.e. the weekly spraying either with putrescine or 2 ppm
ABA as well as 15 KR gamma rays, in favor of increasing tolerance to salinity
in the regenerated plants, as did with the parent plants grown in the pot
experiments in the first part of this work. This also indicate that the tolerant
plants were reported to transmit t olerance to their generation as previously
concluded by Nabors et al. (1980).
Table (3):Effect of salinity tr on the reducing, non-reducing and 1otal sugars concentrations (mg glucose/g dry
weight) in the slicots of the regenerated plants (45 days - old) produced from calli of the grains of the sait -
sensitive Giza 167 wheat cultivar planis treated with Gamma rays, abscisic acid and putrescine in comparison with

the untreated salt-tolerant Sakha 8 cultivar plants grown in greenhouse under the same saline conditions (%sea
water) during 2000-2001 season.

Reducin sugars Non-reducing sugars Total sugars
% Sea water

Treatments o | 153048 ““;,“‘ o (15| 30| as “;‘“ o {15 { 30 | 45 '“;,“"

akha 8 contral 17.65|30.05(38.01(42.7834.62{29.99]31.38[40.09{19.16]37.66|57.6461.43(78.10[ 91.94] 72.28
[Giza 167 controt 21.33{26.01[35.11{37.01|20.87}26.45|29.70|36.18  40.51 [33.21 4778 55.71 7129 77.52 | 63.08
Gamma rays 15 KR 31.85{32.16[40.06{41.1636.56{ 34.52|36.31 |45.92|47.16{0.98] 66.3769.47(85.98 38.32| 77.54
Gamma rays 20 KR 30.16131.33(33.01{35.49(32.50]32.51|34.11|35.2237.84/34.92(62.67,65.43,68.23| 1333 67.42
Soaking in 2 ppm ABA 29.62|11.3033.11/35.96132.50| 31.82{32.34|35.18(37.12{35.37{61.44|64.64|68.29, 73.08) 66.87
ﬁ";:”“ mapraylngwith Zppm 54 4y 131.28(33.46(35.42132.40]30.67(33.22)35.07|37.90| 35.22{60.09|64.50(68.53| 73.32| 66.62
[Weekly spraying with 2 ppm ABA [31.42{35.11{40.77(41.82|37.28{34.19}37.27 46.11 | 47.66[ 1131 | 65.61 | 72.38|86.88 [ 80.48| 7a.59
[Weekly spraying with 10 yM

eiresin 33.74|35.34]40.02[41.72137.71|35.14{38.92 | 46.68|47.78| 42.13| 68.88 74. 26 36,70 89.50| 79.84
Mean (5) 29.40(31.70]36.69118.92 31.91]34.28]40.06]43.14 61.31/65.98]76.75(82.06

As for proline concentrations in the regenerated shoots, data in Table 4
showed similar trend to that obtained in the shoots of the potted plants in the
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first part with proline concentrations either due to the positive effect of safinity
of proline concentration or the superiority of spraying with putrescine, 2 ppm
ABA as well as 15 KR gamma rays in inducing considerable increases in the
mean value (Mean T) of proline over the respective value of the salt tolerant
control and up to 30% if the interacticn between salinity and treatments was
considered. This represents another supportive evidence of the increasing
tolerance to salinity in the regenerated shool, since, the endogenous
concentrations of free proiine in the stressed plants can be used as an
indicator of salt tolerance. For each plant, this appears to be an external salt
concentration above which, the plant's proline level sharply rises. This critical
point is directly related to the ability of plant to tolerate salt. Thus,
measurements of proline concentrations can be used to determine salt
resistance of plant. In Sorghum bicolor leaves, proline did not start to
accumulate until the concentration of total monovalent cations reached a
three fold of approximately 200umol/g fresh weight (Weimberg et al., 1682},
Moreover, the accumulated proline in Aster tripofium plants decrease quickly
when plants were transferred to 2 medium without NaCl (Goes and Larther,
1982). Evidently, the main feature of increasing salinity concentration in the
plant medium is the accumulation of proline in the stressed lissues.

The data of invertase activity in the regenerated shoots of 45 day-old in
Table 4 clearly showed the same constant trend that obtained and described
in the case of stressed leaves of the growing wheat plants in the pot
experiments in the first part of this work, that is, the negative correlation
between increasing salinity level and invertase activity, was also more
pronounced as a result of spraying with putrescine, 2 ppm ABA and 15 KR
gamma rays irradiation which recorded much lower activities as compared
with that in the salt-tolerant control at the all applied leveis of salinity as well
as when calculating the mean value of each treatment (Mean T), the only
exception is that, at 45% sea water when the enzyme activity in the treated
plants was nearly equal to its activity in the salt-tolerant control. On the
contrary, the other three treatments, i.e. 20 KR gamma rays, soaking in 2
ppm ABA and soaking + spraying with 2 ppm ABA increased inveriase
activity over that in the salt-tolerant control at 15%, 30% and 45% sea water
and consequently the mean values of these treatments (Mean T)
corresponded to the same trend. This finding added another supportive
evidence for the superiority of spraying with putrescine, 2 ppm ABA and 15
KR gamma rays trealments in increasing salinity tolerance of the
regenerations brought about by inhibiting invertase activity in favor 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 alsc strongly indicating that the high degree of tclerance to salinity in
the treated-sensitive wheat plants, was transmissible to the regenerations
under /in vitre conditions. Also, this finding is in full accordance with the
conclusion drawn by Nabors et al (1980) who concluded that plants
regenerated from salt-tolerant cells had a higher survival rate in the presence
of salt, and the piants were reported to transmit tolerance to the generations.

The concentration of free amino acids in the regenerated shoot in in vitro
tissue culture expetiments (Table 5) showed nearly similar trend to that
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recorded in the treated shoots in the first part of this investigation as regards
the positive correlation between increasing salinity level as amino acids
concentrations. In addition, the treatments of spraying either with putrescine
or 2 ppm ABA as well as grains irradiation with 15 KR gamma rays induced
their considerable increases in amino acid concentrations over both controls
only up to 30% sea water, in addition lo exceeding the mean values of
concentrations of the sall tolerant control {(Mean T). Meanwhile, the other
three treatments exceeded only the Mean T of the salt sensitive contral and
surpassed the salt-tolerant one only up to 15% sea water level.
Table ( 4):Eflect o £s alinity t reatments o ¢ be proline c oncentrarion (mg/g fresh weight) and invertase activicy (umol glu/
min.g fresh weight) in the shoots of the regenerared plants {43 davs- old yproduced Trom calli of the grains of the
sall-sensitive Giza 167 wheat cultivar plants treated with Gamma rays, abscisic 2cid and putrescine in comparison

with the unireated salt-tolerant Sakha 8 cultivar plants grown in greenhouse under t he same galine ¢ enditions
{Yosea warer) during 2000-2041 season.

Y% Sea water Proline Invertase

Treatments 0 5 | 45 TMeanT] O 15 30 45 IMean T
[Sakia 8 conarot 1.53 297 | 48 591 L 408 | 6634 | 4105 | 3606 | 1840 | 3399
Giza 167 control 1.38 1.51 182 4.07 270 | 9.0 | 8333 1 43.51 | 2840 | 48.39
[Gamma rays 15 KR 19 | 4.93 509 | sS4 478 | 54.46 [ 34.26 | 2638 [ 2031 | 3400
JGamma rays 20 KR 1.98 349 | 369 | 296 | 3.51 | 5964 | 48.69 | 3839 [ 2854 | 4282
1Soaking in 2 ppm ABA 2.86 188 | 31m 1.98 183 | 6uda | 4920 | 3947 | 27.5 | 4444
iSoaking + spraying with 2 ppm ABA | 2.95 14 [ 217 ] 396 354 | 6304 | 4634 | 3865 | 1536 | 4237
[Weekiy spraying with 2 ppin ABA 4,14 4.73 514 5.2 481 [ 50.33 | 3541 | 2422 | 2141 | 1285
[Weekly spraying with 10 uM putrescine 4.19 4.88 517 | 836 4.90 48.77 | 3130 [ 2341 19.13 | .90
[Mean (5) 302 | 370 [ 441 { a0 £9.15 | 42.58 | 3102 | 21.76

The recorded data in Table 5 clearly reveat that the same constant
behavior and trend of response that previously described due to the negative
effect of salinity as weli as the positive effect of the different treatments on
crude proiein concentrations in the growing treated shools in the pot
experiments in the first part can be drawn here in the case of regenerated
shoots under in vitro conditions (Table &) with special referring to the absolute
superiority of the weekly spraying with 10 pM putrescine treatment which
recorded the highest increments in protein concentrations (Mean T) as well
as up to 30% sea water over the respective values of the salt-tolerant control
followed by spraying with 2 ppm ABA then the grain irradiation with 15 KR
gamma rays.

Table (5): Effect of salinity treatnwents on the free amino acids and crude protein concentrations (mg/g dry weight) in the

shoots of the regenerated plants (45 days - old) produced from calli of the g rains of ¢ he salt-sensitive Giza 167

wheat cultivar plants treafed with Gamma rays, abscisic acid and putrescine in comparison with the untreated salt-

telerant Sakha 8 ceitivar plants grown in greenhouse under the same saline conditions [%esea water) during 1000-
2001 season.

o Sea water Free amino acids Crude protein

[Treatments 0 is 38 | 45 [MeanT] 0 15 ] 30 | 45 [MeanT
[7kha & contral 477 [ 69 [ 1019 | 1475 | 9.8 | 13309 | 128.38 | 107.56 | 78.38 | 11313
jGiza 167 coarrol 373 | 489 | 957 | 1008 [ 7.09 | 12513 ] 10943 | 97.00 | S9.44 | ¥7.50
jGamma rays 15 KR 6.11 B.86 12.26 1312 10.09 | 168.75 | 153.25 | 12506 | 55.63 ( 115.67
(Gamma rays 20 KR 591 196 an 941 7.87 [ 1564 | 4T3 8138 | 5161 | 109.64
[Soaking in I ppm ABA 597 7.86 8.31 9.72 7.97 1%6.50 | 140,88 | 739 | 53.83 | 106.61
Koaking + spraying with 2 ppm ABA 5.88 7.88 818 9.63 1.89 162.69 | 138.50 | 68,87 4444 )03
[Weekly spraying with Z pgm ABA 6.3t 8.63 1285 | 1A 10.24 | [87.69 | 165.69 | 133.31 | 5513 | 13545
[Weekly spraying with 10 pM putrescine 6.39 8.91 13.10 13.76 10.54 ) 197.38 | 168,75 | 13844 | 5569 | 14006
[Mean (5) 564 | 775 | 1034 | 1171 161.59 | 144.02 | 10334 | 57.02

Regarding N, P and K* concentrations in the regenerated shoots of 45
days-old plants, the results in Table 6 showed that N, P and K
concenirations in the regenerated shoots tended {o decreased gradually by
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increasing salinity level in the medium {ec reach their lowest values at the
highest level of salinity, i.e. 45% sea water level. As for the spraying with
putrescine, 2 ppm ABA and irradiation with 15 KR gamma rays, their
superiority was confirmed here also, that is, the enly appreciable increases
over the Mean T over the salt-tolerant control of nutrient concentrations were
recorded by these three treatments, which also exceeded the sali-tolerant
control in their concentrations of N, P and K' up to 30% sea water level,
meanwhile the other three treatments exceeded it only up tc 15% sea water
level.

As for Ca™ and Mg™ concentrations in the regenerated shoots, the
recorded data in Table 6 clearly showed that a similar trend to that previously
obtained due to the effect of salinity on Ca"? and Mg+2 in the growing shoots
in the pot exoeriments can be drawn in the case of regenerated shoots,
regarding the positive correlation between Ca™ and Mg"? concentrations and
increasing salinity levels. Moreover, when detecting the effect of different
treatments on Ca’™* and Mg levels, it could be realized that for both nutrient
concentrations, the treatments of putrescine, spraying with 2 ppm ABA and
15 KR gamma rays were also superior in the all studied cases either in their
exceeding the salt-tolerant control up to 30% sea water level or in the Mean T
for Ca** and Mg™ concentrations, meanwhile the other three treatments
could only exceeded the Mean T of the salt-sensitive control and could
exceeded the tolerant one only up to 15% sea water level.

The m ost interesting and important c omparison is t hat b etween both
tolerant and sensitive control which clearly indicate that, as did in the first
part, the salt-sensitive Giza 167 control shoots contained much lower
quantities of the all estimated components than that the salt-tolerant one,
except only with invertase activity and Na" concentrations, when the reverse
trend was recorded.

Table (6): Effect of salinity treatments on the NP, K* ,Na*,Ca" Mg concentrations (mg /g dry weight ) in the
shoots regenerated plants (45 days - old) produced Irom calli of embryos of mature grains of the saft-
sensilive Giza 167 wheat cultivar plants treated with Gamma rays, abscisic acid and putrescine in

comparison with the untreated sali-tolevant Sakha 8 cultivar plants grown in greenhouse under the same
saline conditions (Yesea water) during 2000-2001 season.

lean Mean| Nlean

S % Sea water ] ; 151 20 l 45 }'NT 0 I 1 l |45 l T a | 15 | 30 FS LI,

N P K

akha § control 22.11)20.54 [ {2.21|12.54|18.16) 2.64 | 142 | 214 | 1.39 | 2.15 |25.14|21.25|19.63|15.77|20.45
iza 167 conerol 20.02[17.54[15.52| 9.51 |£5.65] 2.02 | 1.05 | 1.86 | 1.03 | 1.74 | 22.82|18.91|17.43(12.64|17.95
IGamma rays 15 KR 27.00]24.52(20.01) 8.90 120.11] 3.19 [ 2.98 | 2.64 | 0.95 | 2.44 [29.2328.33|24.81|10.72(23.27
BGammna rays 20 KR 25.03(23.54(13.02) 4.58 |17.541 3.02 | 2.82 | 1.69 | 0.88 | 2.10 | 26.84|23.62 16.43|10.35]19.30
naking 1 2 ppm ABA 25.0:4)22.54(12.03| 8.62 |L7.06( 3.04 | 1.87 | 1.59 | 0.82 | 2.0% |27.25|24.11|16.63[10.31|19 58
[Soaking + spraving with 2 ppm ABA [26.03|22.16[10.01| 7.00 [16.56( 3.06 [ 2 89 | (.44 | .79 | 2.08 |26.36/24,32(16.42/10.56]19.42
[Weekly spraying with T ppm ABA 30.03|26.51|21.33( 4.82 |21.67] 3.16 | 2.99 | 1.B4 | 0.95 | 2.4% |32.18/28.17|23.41|10.82[23.65
[Weekly spraying with 10 pM putrescine |31.58(27.00/22.15) 8.91 [22.41] 2.19| 3.10 | 2.89 | 0.99 | 2.54 |33.52]29.18|26.16] 10.91 | 25.04

Mean {5) 28.86)21.04/16.54] 9.12 2.92 127712141098 27.97124.74)20.12]11.54

Na Ca Mg
akha 8 conirol 219 2.65| 294 | 3,15 | 2.68 | 5,44 | 717 [11.02(12.99( 9.08 | 2.88 | 2.99 | 5.51 | 7.15 | 4.3
Kiiza 147 coneral 237070 3421405 | 316 0300 1 502 2.95 [10.96) 731 ] 2.05) 2.64 | 441 | 5.6 ] 3.5
Gammn rays |5 KR 1.97 | 2.16 | 1.58 | 4.33 | 279 | 6.85 | 9.96 |12.22[12.64[10.42] 314 | 1.87 | 6.04 [ 6.70 | 4.96
amma rays 20 KR 201|233 4.85 587 [3.65 | 6.31 | 8,99 | 9.16 [ 9.04 | 8.38 | 3.05 [ .77 | 3.1 | 416 | 3.72
oaking in I ppm ABA 207|238 | 487 577377 6.29 | 8.84 | 9.08 | 5.57 | 8.45 [ 3.06 | 3.7 | 398 | 4,18 |3 74

[Soaking + spraying with 2 ppm ABA [2.06 | 2.36 | 4.98 [ 5.31 ) 3.68 [ 6.25( 8.89 [ 9.11 [ 9.69 [ 8.48 [ 3.09 [ 3.72 [ 3.95 | 4.19 | 1.74
[Weekly spraying with 2 ppm ABA | 1.99 | 2.22 | 254 | w31 | .77 | e | .97 [tr3812.75)10.51] 3.24 | 1,93 | 6.16 | 6.89 | 5.0
[weekty spraying wich 10 uM putreseine | 196 2.18 | 2.54 | 4.30 | 2.75 | 6.59 [ 3.99 1245 ar.79)10.56] 3.37 | .05 | 6.24 | 696 | 5.16

Mean {3) 2081139 (353 [ 4.65 5.1 | 8.6 |10.67]11.33] 2.99 13,59 s.00 (570
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The recorded data in Table 6 clearly showed that Na® concentrations
corresponded to the same previously obtained trend in the first part of this
work due to increasing salinity level, though, with slightly higher values in the
regenerated shoot. Moreover, when considered the mean values of each
treatments {Mean T) of Na* concentration it could be noticed that, the shoots
of putrescine, 2 ppm ABA and 15 KR gamma rays treatments showed nearly
equal mean values of concentrations compared to the salt-tolerant control,
meanwhile, Na' concentrations in the other three treatments e xceeded the
respective Mean T of Na* concentrations in both controls. On the other hand,
although, the three super treatments showed lower Na' values than both
controls up to 30% sea water and nearly s imilar values to that of the s alt-
sensitive one at 45% level, meanwhile the other three freatments, i.e. 20 KR
gamma rays, scaking in 2 ppm ABA and soaking + epraying with 2 ppm ABA
exceeded both controls at 30% and 45% sea water level.

Nevertheless, K'/Na' and Na'/Ca’? ratios in Table 7 exhibited the same
trend that previously recorded with the growing shoots in the pot experiments,
so that, in spite of the negative effects of increasing salinity levels on the
K'/Na’ ratio, the treatments of the weekly spraying either with putrescine or 2
ppm ABA as well as grain irradiation with 15 KR gamma rays were superior in
recording the highest values of K'/Na’ ratio, i.e. 10.88, 10.15 and 9.87,
respectively which greatly exceeded the Mean T of both controls, i.e. 7.92 and
6.19 for tolerant and sensitive ones, respectively as well as the higher
individual values over both controls up to 30% sea water levels, i.e. K'/Na®
ratio recorded by the same putrescine, spraying with 2 ppm ABA and 15 KR
gamma rays at 30% sea water were 10.30, 9.22 and 9.62, respectively
meanwhile, the comparable ratios for tolerant and sensitive controi at the
same 30% level were 7.16 and 5.10 respectively. Meanwhile, the other three
treatments exceeded only the Mean T of the salt-sensitive control and
exceeded both control up to 15% sea water only, This strongly indicating the
superiority of spraying with putrescine, 2 pprm ABA and 15 KR gamma rays in
inducing more tolerance to salinity even in the regeneration which produced
from the treated ptants. Since, Yang et a/. (1990) concluded that Na'/K" ratio
and callus growth could be used as indicatars of sarghum whole p lant s alt
lolerance. As regards, Na'/Ca*? (Table 7) and as did with shoots of the potted
plants, in spite of the positive effect of the h'ghest two levels of salinity, i.e.
30% and 45% sea water levels on Na'/Ca’, the obtained values strongly
confirmed the superiority of the same super treatments in inducing the lowest
mean value (Mean T), i.e. 0.26, 0.26 and 0.27 compared with 0.32 and 0.49
for both tolerant and sensitive controls, respectively, as well as 0.42, 0.43 and
0.43 for the Mean T of other three treatments, in addition to the lowest values
of Na'/Ca*? ratio under the all salinity levels up to 30% sea water, at which
they recorded by the same super treatments, i.e. 0.20, 0.2 and 0.21
compared with 0.25 and 0.34 for both tolerant and sensitive controls as
well as 0.55, 0.54 and 0.50 recorded by the other three treatments. This
clearly indicate that the regenerated shoots were characterized by higher
accumulation of N, P, K*, Ca™ , Mg*? , proline, protein, sugars and free amino
acids, in addition to the lowest quantities of Na* compared to both controls up
to 30% sea water level. In the all of these cases the superiority of spraying
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with either putrescine, 2 ppm ABA and 15 KR gamma rays was confirmed in

inducing the highest degree of adaptation in the regenerated plants due to

increasing the physiological tolerance that brought about by accumulation of

both incrganic osmotica, i.e. ions as well as the organic osmolytes, i.e.

sugars, proline, amino acids and protein.

Table (7): Effect of salinity treaements oa the K'/N2* and Na“/Ca™ ratios in the shoats of the regenerated plants (45 days-
wid) produced from calli of embryos of the mature grains Uhe salt-sensitive Giza 167 wheat cultivar plants reated

with Gammua ravs, abscisic acid and putrescine in comparisont with the unireated sait-tolerant Sakha & cubtivar
(ants grown in greenhouse under the same saline conditions {%osea water) during 2000-2001 season.

% Sea water K/Na Na/Ca

reatments o 15 30 45 [MeanT| ¢ 15 ] 30 | 45 JsteanT

akha 8 control {148 807 716 50 7.92 0.4 0.7 0.25 0.24 032

iz 167 conirol 9.63 6.98 510 .08 6.19 0.712 0.54 0.34 013 .49
[Gamma rays 15 KR 14.84 12.54 9.62 148 2.87 0.29 0.23 0.21 0.34 0.27
jGamma rays 20 KR 13.15 1044 3.61 1.76 .1 0.32 0.26 0.50 0.65 0.41

oaking in 2 ppm ABA 1306 | 10,13 | a4 179 | w12 | 033 | 017 | 654 | bed | 043
anking + spraylng with Z ppm ABA | [2.50 1831 1l 1.99 7.10 0.33 0.27 0.5% 0.55 0.2

Weekly spraying with 2 ppm ABA 16.17 12.69 9.1 1.51 10.15 0.29 0.22 021 034 0.26
[Weekly spraying with 10 uM putrescine | 17.31 13.39 | 10.30 2.5¢ | 10.38 2,28 | D22 0.20 0.4 0-26
Mean (5) [ 1350 | 1052 | 646 | 2.64 037 [ 03¢ | 035 [ 043

The specific effects of Na'/Ca'? ratio was recorded by several workers.
It is evidenced that the adequate level of Ca™ in the plant has beneficial effect
for reduction Na* uptake, thus, plants with high Ca**/Na’ ratio had more ability
to exclude Na™ under saline conditions (Kent and Lauchi, 1985). Aiso, the fow
Na*/ Ca™ ratio is important in maintaining membrane function as reported by
Greenway and Munns (1980) who added that, growth of beans was markedly
influenced by the Na'/Ca'? ratio, at high external NaCl. Growth of beans
decreased and Na® increased in the leaves only when Na'/Ca’” exceeded 17.
Moreover, Hue and McCall {1989} found that in Maca domia seedlings, when
plant K'/Na" ratio was 2.5, adverse effects of salinity could be expected.
K’/Na" ratio of 1.5 is corresponding to 50% reduction in growth. Moreover, Hu
and Cramer (1993} reported that growth of Brassica carinata, was significantly
positively correlated with Ca’® concentration as well as K'/Na’ and Ca’%/Na’
and negatively with Na“ under saline conditions. Recently, Salem et al. (2002)
found that the most salt-tolerant faba bean cultivars, i.e. Giza 429 and Giza
843 showed much higher Ca™ and Mg'? roncentrations as well 2s K'/Na'
ratic and the lowest Na’ quantities as well as the lowest Na'/Ca*? ratio
compared with the other sensitive two cuitivars, ie. Giza 3 and Giza 674. On
the other hand, depending on the response of K", Na* and Ca'? level to
increasing salinity, it seems, therefore, logic to expect that K'/Na" ratio must
be decreased and Na'/Ca’ afiow the opposite pattern in their response to
increasing salinity leveis. Thus, and because the higher Na'/K" in saline soils,
Epstein (1972) stated that the salt-tolerant plants such as halophytes or those
glycophytes which treated with specific reatments that induce such tolerance
{as did in the present work) must develop a mechanism for preferential uptake
of K from mixture rich in Na’. These plants must have a very develop
"absorption system".
d- Chemical analyses of the produced grains:
Comparing sugar concentrations in the produced grains from the
regenerated plants grown for two months under greenhcuse conditions and
irrigation with the same 0.0%, 15%, 30% and 45% sea water levels {Table 8)
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clearly reveal that, the same trend and response of sugar concentrations to
either increasing salinity levels or to the various treatments in the in vitro
regenerated shoots (Table 3) can be also drawn in the case of the produced
grains (Table 8). In the produced grains, the superiority of spraying with
putrescine, 2 ppm ABA and irradiation with 15 KR gamma rays, was more
pronounced here over the salt tolerant control up to 30% sea water, however,
sugar concentrations in the grains produced from these treated plants were
nearly equal to that in the grains of untreated salt-tolerant control at 45% sea
water level. Thus, the same super three treatments greatly exceeded both
controls when the Mean T was considered, for reducing, non-reducing and
total sugars. Meanwhile, the other three treatments showed lower values than
both controls at 30% and 45% sea water level. il is to be observed here also
and as did with sugars in the all previous cases in both part of this work, the
concentration of non-reducing sugars considerably exceeded that of reducing
ones under the same conditions. This can be reafized by comparing the
concentrations of both sugars in the produced grains at 30% sea water level,
which disclosed that the amount of non-reducing sugar was more than four or
even five folds that of reducing sugars.

When comparing the concentrations of crude protein in the in vitro
produced grains (Table 9) one couid realize that the same response and
constant trend that found and described with protein concentrations in the
produced grains from the treated plant in the pot experiments in the first part
(El shafey et al., 2003a) and that obtained in the regenerated shoots (Table
5) can be also drawn in the case of the produced grains from the regenerated
plants (Table 9).

Tabie (8):Effect of salinity on the red poo-reducing and total sugars concenirations (mg plucose’y dry weight) in the

mmmwdmdfummmwmnnwmchmwm:unimpum
treated with Gamma rayx, abscisic acid and putrescine in comparison with those produced by the untreated salt-solerant

Sakhna, & cultivar piants mwmdﬂnmg&mﬂﬂaﬂ(%su water) 2000-2001 scason.
Raducing ary Non-reduciep sugars Total sugsrs
Se: 17

[Trestment T o [as { a0 as M o Las | s | as P o ) s | 30 [ as PO
ks 8 control 2.86 | 4.16 [ 811 [10.22] 634 {23.99(12.06]31.58{37.47]a0.28) 26.85] 32.22{ 30.69|47.69] 36.61
iz8 167 control 242|203 [ 613 ] 728 | .74 |20.15|24.02)32.30|33.91|27.62]22.57(27.23 [38.44(41.19[32.34)
[Gamma rayn 15 KR 4.21{ 597 [ 9.3 | 9.65 | 7.34 |28.91)32.52)36.11| 36.67{33.5533.12| 38.49| 48. 44| 45.52 [40.89]
amma r+v1 10 KR 3,93 58| 581 606 | 825 126.55(30.14|31.85(32.18]30.18]30.45(35.12| 37.67[ 38 24} 35.43|
aking in ? ppm ABA 193] 8.01) 5.8 | 607 | 5.26 )2652|30.20[31.83)32.20[30.19]30.50]3531 32,71 [38.27]35.05
aking + 1praying wit 2 ppm ABA | 3.87 | 5.19 | 5,86 | &.10 | 5.26 |26.03(30.16{31.72}32.21{30.06}29.90)35.35/37.59|38.4135.3)
[Weekly spraying with 2 ppm ABA | 4.72 | 6.09 | 9.40 | 9.91 | 7.4 |29.56/32.71)36.22(37.0333.85) 33.78(38.80| 45.62 | 46.94 (4129
[Weekly spraying with [0 ubl putrescine | 4.29 | .11 | 9.50 1 9.97 | 147 30.64!3:.93 36.30)37.08)34.24]34.93|39.0445.80|42.05 4171

[Mean (S) 371 sa2[7.50] 818]  J26.54]30.11]33.49]34.86 I;w.z'r 35.22{41.00{42.0¢4

Table (9): Effect of salinity treatments on the crude protein concentratinn and free amino acids (mg/g dry weight) in the
graios produced from calli of embryos of the mature grains produced by the sali-sensitive Giza 167 wheat
cultivar plants treated with gamma rays :abacisic acid and putrescine in comparison with those produced by the
untreared salt-toterant Sakha 3 cultivar plants grown In greenhouse uader the same saline conditions (Yesea

waler) during 2000-2001 season

% San water Free amino aclds Crude protein
[Treatmants [ 15 3 45 | Mesn T [ 18 k1 35 |Mesn T
[5akna 8 control 0.9¢ 177 237 3.61 18 | 12313 [ 9813 | as.00 | 7131 | 9264
Giza 167 control 0.87 0.9) 118 A 168 | 10.75 | 71.56 | 66.38 | 4621 | 7350
jGamma rays t5 KR 217 L2 1.58 2.61 141 | 10478 [ 119.44 | 10500 [ 4130 | 10168
[Gamuma rays 20 KR .23 1.9 .10 M 191 | 128.19 | 108.50 | 61.25 | 3456 | 8s.81
aking in 2 ppm ABA 141 1.06 1.13 236 199 | 140.63 | 13638 | 6188 | 3800 | 8BAT
king + spraying with 3 ppm ABA] 131 1.97 116 21 194 | 14138 | 12003 | 6113 | 3819 | 89.67
eekly spraying with I ppm ABA j R} .37 1.5 1.63 141 | 15378 | 130.88 | 10863 | 39.00 | 108.06
[Weekly spraying with 10 pM putrescine| 2.3 1.58 1.61 2.69 2.52 | 1%7.5%0 | 138.78 | 1£0.00 | 9131 | 11189
[Mean (51 1.54 1.9 234 2.66 £37.87 | 113.72 | 82.03 | 43.13
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On the other hand, in spile of that free amino acid concentrations
were positively affected by increasing salinity level, however, and as did with
pratein concentrations in the grains produced in the both first and second
parts, tne only increments in free amino acids concentrations over both
controls at 30% sea water level of salinity as well as Mean T, were recorded
in the produced grains only as a result of spraying with putrescine, 2 ppm
ABA and 15 KR gamma rays treatments, which represents another
supportive evidence for the superiority of these treatments (Table 9).

When comparing nutrient concentrations in the produced grains
(Table 10), it could be easily realized that, N, P and K" concentrations
exhibited the same behavior and response either negatively to increasing to
salinity levels or positively to the various treatments, either in these produced
grains and the regenerated zhoots <f the same plants {Tabigs 10 and 6
respeciively) or in the grains preduced from the parent treated plants in the
first part of this study. Thus, the same trend can be, certainly, drawn in the all
of these cases, with the same special referring to the superiority of spraying
with putrescing, 2 ppm ABA and irradiation with 15 KR gamma rays
treatments. Moreover, it is worth mentioning that, the superigrity of these
treatments was more pronounced when detecting Mg+2 and Ca™
cancentrations in the produced grains under in vitro canditions. The obtained
data in Table 10 clearly reveal that the only marked increases in Ca™ and
Mg'? concentrations over both contrels values up to 30% and over the
sensitive one at 45% sea water level were recorded only by the previous
mentioned super treatments, thus, they greatly exceeded the Mean T of both
controls, meanwhile the other three treatments failed to approach both
controfs vaiues at 30% and 45% sea water levels in this regard.
Table (103: Effect of salinity treatments on the N,P, K' Na".Ca”,Mg™ concentrations (mg /g d ry weight ) inthe g rains
produced from calli of embryos of malure grains of the salt-sensitive Giza 167 wheat cultivar plants treated with

Gamma rays, abscisic acid and putrescine in comparigson with the untreated salt-lalerant Sakha 8 cultivar plants
grown in greenhouse under the same saline conditions (34sea water) duriag 2000-2003 season.

I Tean | lean Mean

1]

[Creatments % Sea water ¢ 15 ] 3 ‘ a5 T Q 15 | 30 | 45 ILT 1] | 15 I M 45 T
N P K

kha 3 conirol 19.70]15.2213.64111.41|14.98) 1.72 1.04 | 1.d1 ]| 3.63 3-]9} 2.9] | r4l ] .04
iza 167 coutrol 16.60{12.45[10.62] 7.41 |11.76] 1.42 0.87 F J.A4 | 28E( 1.98 | 1.4l | 2.35
Gwtilea ayy 13 XR 23.16]19-11]16.80| 6.62 |16.42] L.08 073 | L6 | 4534153 3.28 | 1.01 | 3.24
amma rays 26 KR 22.11{17.36/ 9.50 } 5.51 113.70) 2.01 066 ) 134 407 | 338 | 531 0.84 | 2,40
oaking in X ppm ABA 22,50118.62| 9.94 | 5.60 |14.16] 2.01 0.64 | 1.35]3.96| 3401 140|094} 2,40
oaking + spraying with 2 ppm ABA |22.60(19.22| 9.78 | 5.79 {14.35] 2.03 0.6 |1.34]4.0213.49 131|097 | 144
[Weekly spraying with 2 ppm ABA  |24.60{21.42[16.90{ 6.24 [17.29] 2.61 0.78 | 1.66 | 448 | 408|327 108 | 3.22
jweekly soraving with 10 uM putréscane | 23.20122.20{17.60| 6.6t |17.90] 2.22 0.80 | 174 | 5101450 | 3.44 ] 1.07 | 3.53
Tean (S) 22.06/18.2013.13] 6.90 1.94 1.75] 1.35]0.77 4127 3.652.37¢1.21
Na Ca Me
Sakha 8 comtral 0.76 | L2t | 132 145 | 159 ] 1,71 236 ) 4.88 [ 6.92 | .97 | 2.73 | 2.96 | 431 | 6.31 | 4.08
[Giza 167 control 085|134 | 146 | 155 | (.30 1.28 | .62 [ 3.17 | 443 [ 2,63 | 113 | 2.44 | 3.71 | 416 | 2.86
[Gamma rays 15 KR 0481096 1.28 | 1.56 [ 1.07]2.33|2.96 | 543 | 582|414 295]|3.21 [ 579|596 4.48
{Gammaz rays 20 KR T4 107 | 059 164 (r.26 2,02 (281 (2.00 376 (2931287, 3,11 34311391 ] 3.37
[Soaking in 2 ppm ABA 072 LIS | 1.56 | 1.6% | (.28 ] 2.22 (289 (3.4 | 3.71 | 2.97 | 2.95 | 3.04 | 0.5 | 2.89 | 338
Suaking + spraying »ith 2 ppm ABA ) 073 | 116 ] 158 ) 1.61 ] 1.27]2.29]2.99 | 3.09 [ 261 | 295 ] 2.96 [ 3,17 | 3.49 | 3.86 | 1.37
Weekh spraving with 2 ppm ABA 0467297 | 1.22 | 1.36 [ 1.00 | 2.71 | 3.26 | 5.51 [ 893 [3.35]3.21 | 3.41 | 5.82 [ 5.9% | +.60
W eekhy spraving with 10 pM putrescine | 0.39 | 0.89 ( 1.14 | .34 | 0.94 ] 2.93 I 3,32 | 5.64 ] 599 [4.47]3.50 | 3.56 | 599 | 609 | 4.79

Mean {5) 0641 1.09 [ 1.39{1.53 3.20 .75 [ 4.22 [ 502 | 1.79 | 3.1 { .53 | 5.02

As regards Na’ concentrations in the produced grains (also, Table 10),
the obtained data clearly reveal that although the p ositive relation b etween
Na' level and increasing salinity fevel, the superiority of the most effective
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three treatments in towering its concentrations to the lowest levels as
compared to the all other treatments at the all applied salinity level up to 45%
sea water one as well as in the Mean T was confirmed. On the other hand, it
is worthy drawing attention to the most interesting comparison between Na'
level in the produced grains (Table 10} and its respective concentrations in
the in vitro regenerated shoots (Table €) which clearly reveal that Na'
concentration was gradually declined fromn the regenerated shoot tissues to
attain its minimum levels in the produced grain especially as a result of the
most effective treatments. This can be realized by comparing Na'
concentrations due to these three treatments in the regenerated shoot tissues
at the highest level of salinity, i.e. 45% sea water which were, 4,30, 4.31 and
4.33 mg/g dry weight (Table 6} and the respective concentrations in the
produced grains (Table 10} which were, 1.34, 1.36 and 1.56 mg/g dry weight
for the treatment of the weekly spraying putrescine, spraying with 2 ppm ABA
and irradiation with 15 KR gamma rays, respectively. Accordingly, the
percentages of reductions in Na' were, 68.8%, 684% and 64.0%
respectively. Nevertheless, and due to the slightly lower concentrations of K
due to the same treatments at 45% sea water level, the same above
mentioned super treatments recorded the highest values of K'/Na“ ratio,
(3.02, 2.68 and 2.56} only up to 30% level compared with 2.20 and 1.36 for
both tolerant and sensitive caontrols, respectively {Table 11} and 0.84, 0.90
and 0.82 for the other three treatments in spite of the sever negative effect of
increasing salinity level on this ratio. On the contrary, the lowest Na'/Ca"?
ratios, (0.20, 0.22 and 0.24) were recorded at 30% sea water levels hy
spraying with putrescine, 2 ppm ABA and 15 KR gamma rays, respectively
compared with 0.27 and 0.46 for both tolerant and sensitive controls as well
as 0.51, 0.51 and 0.53 for the other three treatments at the same salinity
levels. Meanwhile, at 45 % sea water level the most effective three
treatments values of Na'/Ca*’ ratio were nearly equal to that of the salt-
tolerant control (Table 11), thus, could record also the lowest Mean T values
in this regard as compared the respective Mean T values of both controls.

Table (11); Effect of salinity treatments on the K'/Nz" and Na'/Ca™ rutios in the grains produced from calli of embryos

of the matere grains the sait-seositive Giza 167 wheat coltivar plaots treated with Gamumna rays, abscisic acid
and putrescing (n comparison with the aotreated salt-tolerant Sakha 8 cultivar plaors grown in greenhouse

wnder the same szline itions {Yesea water) durtng 2000-2001 season
% Sea water K/Na Na/Ca
reatments [] 13 30 s IMewaT! @ 13 30 5 |Mean T
sicha § control 478 | 264 | 220 | 166 | 282 | 04 | oS50 [ 027 | wh | 038
iza 167 conerol 369 | 235 ) 136 | 91 | 203 | 066 | 083 | Ba6 | 025 | 038
IGamma rays 15 KR 9.44 | 430 | 236 | o6 | aza | w21 | 032 [ 024 | 027 | 026
iGamma rays 20 KR 530 316 0.82 0.51 2% .33 9.38 .53 D44 042
sking in 2 ppm ABA s30 | 296 [ 000 | 0% | 148 | 032 | et0 | 081 | 046 { o2
sking + spraying with 2 ppm ABA| 581 | 361 | w4 | 057 | 248 | 032 | eer | 041 | o4s | o4z
MWeekly sprayisg with 2ppmABA | 974 | 421 | 268 | 077 { 435 § 037 | 030 | 022 | 023 | 023
W eelly spraving with 10 M putrescine | 13.08 | 506 | 302 | 080 | s49 | 013 | 027 { are | onz2 | om
Mean (5) 715 | 343 | 180 | 080 033 [ 043 | 937 [ o33 [

e-Yield componentis:

For a certainly the most intefesting and important feature of the
obtained results in the in vitro tissue culture experiment is that the productivity
of the regenerated plants, i.e. grain yield (g)/plant and the weight of 100Q
grains, grown under the same salinity levels in the irrigation water,
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nevertheless, without applying any treatments on these regenerated plants
depending only on those previously applied on the parent plants in the first
part of this study. The exact identity of both obtained trends of response of
Giza 167 wheat plant productivity in both paris of this study under the same
salinity | evels, i.e. either of those treated in the pot experiments in the first
part (El-Shafey et al., 2003a) or of the regenerated untreated plants under in
vitro conditions in this second one, is of significant importance from bath
academic as well as applied point of view. This can be realized by comparing
the recorded data in Table 12 with those previously obtained in the first part
of this study. This comparison clearly reveal that the same trend that obtained
as regards grain yield (g)/plant and the weight of 1000 grains (g) due to the
effect of different treatments in the second season of the pot experiments in
the first part, can be drawn in the case of the same parameters in the
productivity of the regenerated plants under in vitro conditions (Table 12),
though with lower values, which is quite expected.

For an interesting comparison, the percentage of the highly significant
increases in grain yield {g)/plant over the comparable yield of the salt tolerant
control due to putrescine, 2 ppm ABA and 15 KR gamma rays in both the two
parts of this work (A and B) were compared. These percentage of increases
in the case of the pot experiments (in the second season of the first part) at
30% sea water level were, 53.0%, 44.4% and 38.4% induced by puirescine,
spraying with 2 ppm ABA and 15 KR gamma rays, respectively, meanwhile,
the comparable values in the second one (Table 12) were, 65.3%, 56.8% and
56.9%, respectively at the same 30% sea water level, which clearly indicate
that the efficiency of these treatments were more pronounced in the
regenerated plants.

Table (12): Effect of salinity treatments on the grain yield (ghplant and weight of 1000 grains (g) produced [rom the
regenerated plants of the salt-sensitive Giza 167 wheat cultivar treated with Gamma rays, abscisic acid and
putrescine in comparison wilh those produced by the untreated salt-ilerant Sakha 8§ cultivar plams grown in

reenhouse under the same saline conditions {Yasea water) during 2000-2001 season.

L seasg
a % sea water 0 15 30 45 |[MeanT[ ® 15 [ 30 [ 45 [MeanT
Teaiments Grain vield (zyplant Waight of 1000 grains
akha 8 contral 132 [ oas | 072 | 083 | 086 | fesd | 1352 | 949 | 783 | 1195
iza 167 contral res ) oss | o8 103 ) osr | 1zs2 ) 924 | 709 | 511 | sa9
amma rays iI5 KR 1.97 1.42 113 o0.07 1.15 21.36 19.14 14.02 0.96 13.90
amma rays 20 KR 1.84 &n | 0.11 0.06 0.84 20.61 18.26 126 0.0 10.67
oaking in 2 ppm ABA 186 | 133 | 011 | 045 | o084 | 2056 | 1880 | 225 | 087 | 1044
oaking + spraying with 2 gpm ABA 183 139 0.4} 0.06 0.85 20.54 18.88 2.13 0.83 10.62
bW eekly spraying with I ppm ARA 173 | 14z | owas | eo7 | neo | 2213 | 1988 | 1aa2 | 098 | a7
.\mug spraving with 10 ubl guccescine | 201 | 186 | 519 | 0.08 | 139 | 2284 | 2072 | 1453 | 097 | 1477
IMean (5) 1.711 128 | 064 | 015 19.6 | 1740 | 825 | 237
[New LSD value at &85 0.01 .08 .01
alinity (S) 008 0.1 L1 148
Fru(m:nt m &12 215 1.54 200
) X (M 023 0.3 310 410

Another interesting and important finding can be deduced from such
comparison is that, the highly significant increments in the grain yield (g)j
/plant and the weight of 1000 grains o ver the respective v alues of the sall
tolerant Sakha 8 control at 30 % sea water level as well as in the Mean T of
both yield components, in both parts of this investigation, were only recorded
as a result of the weekly spraying with 10 uM putrescine or weekly spraying
with 2 ppm ABA as well as the grain irradiation with 15 KR gamma rays. This
strongly confirmed the absolute superiority of these treatments in improving
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the tolerance to salinity in the treated sensitive Giza 167 wheat plants in the
pot experiments and even in their regenerations under the in vitro tissue
culture experiment so much so that they could approach their optimal
productivity which highly significantly exceeded the comparable productivity
of both sensitive and the tolerant controls under the same salinity level up to
30 % sea water one, with special referring to the excellence of putrescine in
the all cases.

Evidently, the most interesting feature of the obtained data in the present
in vitro study is that their complete similarity with those obtained in the pot
experiment, in the first part of this work (El-Shafey et al., 2003a) as regards,
the growth data, chemical compositions and productivity of the treated plants
in the first part o f this study, with those of untreated c alli and r egenerated
plants regarding growth, chemical compositions and productivity of such
regenerated plants in the second part at least, up to 30% sea w aterievei.
These findings strongly suggesting that the induced-higher degree of the
physiological tolerance to salinity in the regenerated plants under in vitro
conditions due to the previously applied treatments on the parent plant in the
pot experiments, was nearly equal to that of the treated plants in the first part
of this work, which enable such regenerated plants to be adapted to the all
applied levels of salinity, thus, could successfully complete their fife cycle till
harvest and even their produced yield was highly significantly exceeded that of
both tolerant and sensitive controls under the in vitro tissue culture conditions, as
did in the pot experiments up to 30% sea water level, nevertheless, without
applying any treatments under such in vitro conditions. This clearly indicating that
the induced tolerance to salinity by the applied treatments, especially the weekly
spraying either with 10 pM putrescine or 2 ppm ABA as well as the grain
irradiation with 15 KR gamma rays, in the potted plants in the first part was able
to be transmissible, with nearly the equal degree, to the regenerated plants under
in vitro conditions.

Accordingly, it can be concluded that the obtained resuits in this second
part strongly confirmed the previous conclusion drawn from the results of the first
one, with special referring to the absolute superiority of the weekly spraying with
10 uM putrescine treatment followed by the weekly spraying with 2 ppm ABA,
then, the grain irradiation with 15 KR gamma rays ones, in both parts of the
present investigation .

On the other hand, in order to make more assurance and obtain a definite
decisive conclusion, the wheat grains produced by the treated salt-sensitive Giza
167 cultivar plants with the most effective mentioned three treatments must be
tested in the field, as did under in vitro conditions, at least under the saline
irrigation with 30% sea water level.
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