J. Agric. Sci. Mansoura Univ., 28(5):3513 - 3550, 2003

EFFECT OF GAMMA RAYS, ABSCISIC ACID AND
PUTRESCINE ON PRODUCTION OF WHEAT PLANTS

MCRE TOLERANT TO SALINITY: -

A- GROWTH, CHEMICAL COMPOSITION, HORMONAL STATUS,
AND PRODUCTIVITY OF WHEAT PLANTS GROWN IN POTS
UNDER SALINE CONDITIONS

El-Shafey, Y.H; S.M. Salem; O. M. El-Shihy; A. M. Ghallab and

Hanaa F.Y. Mohamed
Plant Physiol. Sec., Fac. of Agric., Cairo Univ., Egypt.

ABSTRACT

Pot experiment were carried out during two succassive seasons;
1999-2000 and 2000-2001, to investigate the effectiveness of the exogenous
applications of gammarays, abscisic acid and putrescine in improving the
salinity tolerance of the salt-sensitive Giza 167 wheat cuiltivar aiming to
approach nearly similar tolerance and productivity of the untreated salt-
tolerant Sakha 8 cultivar, when both of them were irrigated with 15%, 30%
and 45% sea water, i.e. 4950, 9900 and 14850 ppm respectively, in addition
to the fresh (tap) water, i.e. 147 ppm in the control treatment. The obtained
data strongly confirmed the absolute superiority of the weekly spraying either
with 10uM putrescine or 2 ppm ABA as well as the grains irradiation with 15
KR gamma rays treatments, especially the first one, in inducing the highest
degree of the physiological tolerance to salinity in the treated sensitive Giza
167 cultivar plants which enables them to be adapted to the all applied levels
of salinity, and even could confirmed their superiority at least, up to 30% sea
water level in comparison with the salt-tolerant Sakha 8 cultivar plant under
the same conditions. This physiological tolerance to salinity brought about by
creating more negative osmotic potentials (Osmotic Adjustment) through the
accumulation of much more quantities of inorganic osmotica, i.e. N, P, K*, Mg
*2 Ca" and the highest K'/Na" ratio as well as the lowest quantities of Na*
and lowest Na*/Ca*? ratio in addition to considerable accumulation of organic
protective osmolytes, i.e. sugars, proline, free amino acids and protein in their
growing tissues as well as the produced grains which greatly exceeded the all
other treatments especially both sensitive and tolerant untreated controls up
to 30% sea water level. This was accompanied with an endogenous
hormonal status, induced by these three treatments, in favor of increasing
tolerance to salinity, i.e. the accumulation of cytokinin in the stressed roots
alongside the sugars, associated with another accumulation of I1AA, GA3 and
ABA in the stressed shoots, in addition to the lowest invertase activity in the
stressed leaves in favor of accumulation more non-reducing sugars.
Moreover, the most interesting feature of the obtained data is that, the
superiority of these treatments as regards growth, dry matter accumulation,
chemical composition, endogenous hormonal status, invertase activity, was
reflected in much more pronounced degree on the productivity of the treated
piants, so much so that, it could highly significantly surpassed the
corresponding productivity of the all other treatments even that the salt-
tolerant untreated control up to 30% sea water level. Therefore, the obtained
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results in the first part of this study strongly suggested that the salinity
tolerance of the salt-sensitive Giza 167 cultivar can be improved to a
considerable extent, hence, it can be successfully cultivated in the new
Egyptian fands and could tolerate the irrigation with the diluted sea water up
to 30% level and nevertheless, approach their optimal productivity which
highly significantly exceeded the comparable productivity of the salt-tolerant
Sakha 8 cultivar under the same 30% sea water salinity level, if these
sensitive plants were weekly sprayed either with 10 yM putrescine or 2 ppm
ABA as well as when their grains were irradiated with 15 KR gamma rays
before sowing.

INTRODUCTION

Wheat [Triticum aestivum L.] is a highly demanded winter cereal crop
in Egypt as the main source of food for the Egyptian people. Unfortunately,
the total production from this crop in Egypt is still insufficient to cover the local
consumption. Thus, there is a great need to overcome this gap between the
local national production and the consumption demand, through the
increasing of wheat productivity per unit area which can be achieved through
the applying of some specific physiological treatments, in addition to the
expansion of wheat cultivation in the newly reclaimed areas which represents
the great hope in increasing our cultivated land and consequently the
ecanomic agricultural production. 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
cuitivars and consequently 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 to accommodate
wheat cultivars to grow in salinities outside the natural range of tolerance and
nevertheless obtain appropriate economic productivity.

On the other hand, it is well documented that, two types of plant
responses to salinity are distinguished, firstly, the “ preexisting resistance
mechanisms” that enable the plant to cope with salinity within its natural
range of tolerance, and secondly, the adaptation. Both the strategies
employed by intact salt-resistant plant can be found in salt adapted cell lines.
The adaptation is achieved during a specific physiological treatments (such as
irradiation treatments with gamma and laser rays as well as fast neutrons,
biofertilizers treatments, soil and foliar fertilization, applying of the specific
growth regulators) and involves changes in the plant behavior and expression
of properties that were not evident before the treatment. A plant is considered
“adapted to salinity” when the increase in the mean relative growth rate of the
salt-treated plant occurs so that the growth is restored to a value more or less
similar to that of the control plant, or when the plant has acquired the capacity
to complete its life cycle in saline environment in which the nonadapted plant is
not able to do so (Amzailag et al., 1990a).
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The irradiation with fast neutrons and gamma rays may provide
insight into the mechanism of action of the radiation in producing
physiological and genetic variability, thus have been used directly to produce
useful variation in quantitively inherited characters”(Brock, 1970), therefore,
the results previously obtained by many authors suggested the possibility of
successful application of the gamma rays (El-Shafey et al., 1998 and Ghallab
and Nesiem, 1999) and fast neutrons (El-Shafey et al., 1994) to improve
salinity tolerance of the sensitive wheat cultivars, since the mutagen agents
including gamma rays and fast neutrons are the effective tools for inducing
genetical changes in the treated plant material.

On the other hand, ABA is the primary hormone that mediates plant
responses to cold, drought and salt stress (Wu et al., 1997). Also, Gong et al.
(1990) found that during NaCl! stress, ABA content in wheat and barley leaves
increased with duration and intensity of stress. Moreover, Maslenkova et al.
(1993) found that endogenous level of ABA increased with salinity stress and
that this level correlates with plant resistance to the stress. Also, the recent
current researches disclosed that the grain soaking in 1 ym ABA stimulate
the growth of wheat seedling root system, especially root hairs which could
increase the water absorption and consequently improves seedling growth
under salt stress. Moreover, the treatment of sorghum with ABA during the
first week of salinization (150 mot NaClim®) enhanced growth and
accelerated the adaptation to high salinity (300 mol NaCi/m®), i.e. abifity to
survive, growth and set grains upon exposure to NaCl concentration which
lethal for nonadapted plants (Amzallag et al., 1990b), meanwhile the weekly
foliar spraying with 10 uM ABA increased salinity tolerance and consequently
increased root length and dry weight as well as grain yield/plant and 1000
grains—weight of wheat plants (Nesiem and Ghallab, 1999). Similarly,
Krishnamurthy (1991) reported that the foliar application of putrescine
inhibited Na" and CI uptake and accelerated the accumulation of K*, Ca*?,
Mg™?, proline and endogenous putrescine in the leaves of salt-stressed rice
plants. Also, it prevented chlorophyll degradation. On the other hand, Galston
(1983), Evans and Malmberg (1989) and Bagni and Torrigiani (1992)
described diamine putrescine and polyamines as a new class of plant growth
regulators are present in the afl examined plants. Thus, improved plant
growth under saline conditions (Altman et al., 1983), and considered as one
of the important factors involved in growth and its regulation (Smith, 1985).

Therefore, the main objective of the present study was to investigate
the effectiveness of the exogenous application of gamma rays, abscisic acid
and putrescine in improving tolerance to salinity of the salt sensitive Giza 167
wheat cultivar aiming to approach nearly similar tolerance and productivity of
the salt-tolerant Sakha 8 cultivar, when both cultivars were grown in pots and
irrigated either with tap water (in contro! treatments) or with the different
concentrations of the diluted sea water, i.e. 15.0%, 30.0% and 45.0%.

MATERIALS AND METHODS

The present work was carried out during two successive seasons:
1999/2000 and 2 000/2001 in the wire green house of the Plant P hysiology
Division, Facuity of Agricuiture, Cairo University, Giza, Egypt, and included
two pot experiments. Wheat (Triticum aestivum L.) grains cultivars; the salt
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tolerant Sakha 8 and the sensitive Giza 167 one were obtained from the
Department of Wheat Research, Ministry of Agriculture, Giza, Egypt and were
used in both seasons Before sowing, samples from the used soil, tap water
and sea water were taken for the chemical analysis according to the standard
procedures. (Piper, 1950; Jackson, 1958 and 1973 and Lindsay and Norvell
(1978). The chemical analyses of the used soil were as follows: pH = 7.66,
EC =0.72 ds/m, HCoz + Coz = 2.1 Me/t, C" =11 Me/l, So, = 4.0 Me/! ,.Ca =
8.0Me/l Mg=40Me/l,Na=9.7 Me/l and K = 2.1 Me /I. and for tap water
as follows:

pH=7.1, EC = 0.23 ds/m* , HCo; = 1.51 Me/l , CI" = 0.54 Me/l , So, = 0.36
Me/l, Ca =085Me/l,Mg=061Me/i, Na=091Me/l,K=0.12 Me /
and Sodium Adsorption Ratio[SAR] = 1.1. Meanwhile the chemical analyses
of the used sea water (obtained from the Mediterranean Sea, Gleem Region,
Alexandria) were as follows: EC = 51.56 ds/m = 32998.4 ppm** about 33000
ppm, pH =7.8, HCo; = 6.2 Me/l, CI =721 Mell, So, = 46.9 Me/l, Ca =
51.5Me /I, Mg = 154.5 Me /I, Na = 556.0 Me /|, K = 11.8 Me /l and Sodium
Adsorption Ratio[SAR] = §4.8.

On the other hand, it seems logic to investigate the effect of some

specific physiological treatments only on the salt-sensitive Giza 167 cultivar
aiming to approach nearly similar tolerance and productivity of the
comparable tolerant Sakha 8 one. Thus, in the first season, a group of 10
treatments were designed to be applied on the salt-sensitive Giza 167 cultivar plants,
in addition to both the untreated controls of the tolerant as well as the sensitive
cultivar as follows: ’
1- Control | Jthe tolerant untreated cuitivar]. 2- Control Il [the sensitive
untreated cultivar]. 3, 4, 5, and 6 the grains irradiation either with 5, 10, 15 or
20 KR gamma rays before sowing. 7, 8, and 9 the grains soaking either in 2,
4, or 6 ppm ABA before sowing. 10, 11 and 12, the weekly spraying either
with 2, 4, and 6 ppm ABA.

Also, four levels of salinity at the rate of 0.0, 15% , 30% and 45% sea water
(51.56 ds/m) were used for the irrigation of the plants of each treatment, for each
cultivar. Thus, the electrical conductivity (EC) of the four different salinity levels of
the irrigation water were 0.23 {(control tap water irrigation), 7.73, 15.47 and 23.20
ds/m, respectively. Accordingly, this experiment included 48 treatments with 4
replicates for each, arranged in a completely randomized design. Meanwhile, the
most promising four treatments in the first season were selected to be applied in
the.s econd one which were grains irradiation e ither with 15 0r20 KR gamma
rays, soaking in 2.0 ppm ABA and the weekly spraying with 2.0 ppm ABA in
addition to the both two new treatments; soaking+spraying with 2 ppm ABA and
the weekly spraying with 10 yM putrescine as well as the both untreated controls
for both tolerant and sensitive cultivars. The same salinity levels as the first
season were used for the irrigation of the plants of each treatment, for each
cultivar, accordingly this experiments included 32 treatments, with four replicates
for each, arranged also, as did in the first season, in a completely randomized
design.

*1 ds/m =.1 mmoh/cm = approximately 640 ppm.
**The concentration as ppm = Me/L X atomic weight of each element.
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960 pots of 50 cm in diameter were prepared for each growth season;
(20 pots for.each treatment in the first season.and 30 in the second one). In
each pot an equal amount of gravel was placed in its bottom, then the pots
were filled with an equal quantities from a mixture of 2:1 clay and fine sand
(Ghaltab and Nesiem, 1999) and were prefertilized according to the same
authors with 2.2 g superphosphate (15.5% P205); 1.1 g potassium sulphate
(48% K20) and 2.0 g urea (46% N).

In both experiments, mature wheat grains of the salt-sensitive Giza 167
cultivar were soaked for 12 hours in distilled water, then exposed to the
different doses of gamma rays [5, 10, 15 and 20 KR] in the first experiment
and [15 and 20 KR] in the second one from “ Gamma cell 220, model
G.C.220 type 13, Atomic Energy of Canada Cobalt 60 at dose rate 19.8
rad/second provided by the Radiation Technology Center, Nasr City, Cairo,
Egypt. For ABA soaking treatments, mature grains of the salt-sensitive Giza
167 cultivar were soaked for 24 hours in the dark at 20 + 1 OC in distilled
water (control) or in one of ABA concentrations before sowing. In the spraying
treatments with ABA (started 3 weeks after sowing) the plants were weekly
-sprayed with one of ABA concentrations supplemented with 0.025%
Tween20 solution and maintained till the milky ripe stage [95 days after
sowing] according to Nesiem and Ghallab (1999). At the same time the salt-
sensitive control plants were sprayed only with 0.025% Tween20 solution.

Grains of both wheat cultivars were hand planted on 15™ of Nov.1999 in
the first season and on 14™ of Nov. 2000 in the second one at the rate of 10
grains / pot. The pots were irrigated with tap water until the complete
germination (7 days), then the plants were later thinned to leave only four
plants / pot. Afterwards, the plants were equally irrigated either with tap water
(in the control treatments) or with one of the different concentrations of sea
water when needed. During the experimental growth period of both seasons
two samples were taken at 75 and 105 days after sowing from each
treatment. At each sampling date in the first season 20 plants were then
carefuily cleaned with moist muslin to remove any adherent dirt, and were
arranged to form 4 replicates, then, the plants were separated into shoots
and roots and the following growth characters were recorded: 1- Plant height.
2- Length of the main root. 3- Average number of tillers /plant. 4- Average
number of leaves /plant. Thereafter, the plant parts were dried in an electric
oven at 70 °C for 48 hours, and the crude dry weight of both shoots and roots
were determined. Meanwhile, in the second season, 30 plants were taken at
each sample date and were divided into two groups. The first group, (18
plants) were arranged to from 3 replicates for growth measurements and dry
weight determination. The crude dry materials were kept for nutrients,
carbohydrates and total free amino acids estimations. The second group (12
plants) was separated into roots and shoots and kept as fresh materials for
proline, phytohormones and invertase activity estimation. At harvest (145 day
from sowing) the following yield components were recorded: 1- Average
number of spikes / plant. 2- Average number of grains / plant. 3- Weight of
spikes (g) / plant. 4-Grain yield (g)/plant. 5-Weight of 1000 grains (g). 6-
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Weight of straw (g)/plant. T he ¢ rude dry materials of the produced grains
were kept for chemical analyses.
Chemical analyses:

The root and shoot as well as produced grains in the s econd s eason;
2000-2001, were chemically analyzed in order to determine their chemical
composition.

Hot ethanolic extract of dry plant material was used fore determination of
reducing, non-reducing, and total sugars in the different plant parts were by
phosphomolybdic acid method according to (A.O.A.C., 1975). Total free
amino acids were determined using ninhydrin reagent, (Moore and Stein,
1954). Free proline in the fresh materials was determined calorimetrically
using sulphosalicylic acid ninhydrin. method as described by Bates et al.
(1973). T he total nitrogen content of the dried m aterial was determined by
using the modified- micro-Kjeldahel method as described by Peach and Tracy
(1956). Crude protein was calculated as follows:- crude protein (C.P.) = Total
nitrogen % X 6.25. Determination of K, P, Na, Ca and Mg were carried out on
the ground dry material. The samples were digested in a mixture of sulphoric
acid, salicylic acid and hydrogen peroxide according to Linder (1944).
Phosphorus was determined sepectrophotometrically by using stannous
chioride method according to (A.O.A.C., 1975). Potassium, Sodium, calcium
and magnesium were determined by the Atomic Absorption Spectrophotometer
(GBC, 932 AA). Endogenous phytohormones determination; indol-3-acetic
acid (IAA), cytokinins (equivalent zeatin), gibberellic acid (GA) and abscisic
acid (ABA) were determined in freeze-dried plant parts using Gas Liquid
Chromatography according to Ibrahim (1997). Extraction of invertase enzyme
from the fresh tissues of wheat leaves collected in the first sample was
carried out according to (Rathert, 1982 b). Invertase activity was expressed in
terms of ymol glucose liberated during 1 min. per (g) fresh weight of the pellet
(105 °C) obtained from centrifugation of the crude extract, according to
Rathert (1982 a).

Statistical analysis:

Data of growth characters and yield components were statistically
analyzed by using three factorial completely randomized design and the
mean values were compared using the least significant difference test [New
L.S.D.] at5 % and 1% levels [Gomez and Gomez, 1984].

RESULTS AND DISCUSSION

it is worthy drawing attention to that the most effective treatments
that were applied in both seasons exhibited the same trend of effect in both
cases. Therefore, the tabulated and discussed data of the various
determinations represent t he results obtained in the second season,; 2000-
2001.

A- Growth characters:

Comparing the effect of saline irrigation (% sea water) on the piant
height, root length, number of tillers and leaves /plant, dry matter
accumulation in the roots, shoots and the whole wheat stressed cultivar
plants (Tables 1 and 2) it can clearly noticed that, the all studied parameters
showed™ a gradual highly significant reduction in response to increasing
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samples, if compared with the fresh water irrigation (in the control treatments
of both tolerant and sensitive cultivars). These results are in full agreement
with those previously reported by Sharma and Gary (1985), Ghallab and
Nesiem (1999) with wheat and Salem et al. (2002) with faba bean. In this
connection, also, Mansour (1994) reported that salt stress (100 mM NacCl) for
7 days decreased water permeability and osmotic potential of 10 days-old
wheat seedling of Urban (salt-sensitive) and Sakha 8 (salt-tolerant) cultivars,
especially Urban. Botella et al. (1997) also confirmed the significant reduction
of root and shoot growth of wheat plants due to salinity. Moreover, Khan et al.
(1997) demonstrated that, plant height, shoot and root growth were seriously
decreased by salinity (0.0 up to 200 mM NaCl). In addition, Sherief et al.
(1998) concluded that Giza 162 wheat cultivar was the most sensitive one at
the higher concentration of salinity (10.0 — 15.0 ds/m) while Sakha 8 and
Sahel 1 showed the highest tolerance to salinity. Nevertheless, dry weight of
the all wheat cultivars were decreased with increasing salinity level. On the
other hand, the situation was completely different when compared the mean
values of the all previously mentioned studied growth parameters as well as
dry matter accumulation in the same stressed plants of the sensitive Giza 167
cultivars when treated with the different applied treatments. The obtained
data in Tables 1 and 2 clearly confirmed the absolute superiority of the
weekly spraying either with 10 uM putrescine or 2 ppm ABA as well as the
grains irradiation with 15 KR gamma rays, especially putrescine treatment
which recorded the highest highly significant increases, expressed as Mean
T, in the all growth parameter and dry weights over the respective Mean T
values of the salt-tolerant Sakha 8 control plants in both collected samples.
Meanwhile, the s econd group of treatments, i.e. 20 KR gamma rays, grain
soaking in 2 ppm ABA and soaking + sprayingwith 2 ppm ABA, recorded
their highly significant increments only over the salt-sensitive Giza 167 control
plants under the same conditions. Moreover, the superiority of the first group
of treatments was clearly emphasized when the effect of the interaction
between the treatments and salinity level was considered, since, they
recorded their highly significant excellence over the sait-tolerant Sakha 8
control plants up to 30% sea water level, meanwhile the second group of
treatments could recorded this excellence only up to 15% sea water level, in
the all growth parameters and dry weight except that the root length and dry
weight when no significant differences were detected due to the interaction
between treatments and salinity levels, nevertheless, both group of
treatments caused a considerable increases over the salt tolerant control in
the root length and dry weight either up to 30% sea water for the first group or
up to 15% for the second one. The favorable effects of gamma rays, ABA and
putrescine in stimulation the growth and dry matter accumulation of the salt-
stressed plants and consequently improving their tolerance to salinity to a
considerable extent was previously evidenced by several workers; El-
Halim et al. (1989) and Ghallab and Nessiem (1999) who concluded that the
possibility of successful application of gamma rays to improve salinity
tolerance of the sensitive wheat cultivars. The vital role of ABA in improving
adaptation of the salt-stressed plants especially the salt-sensitive cultivars,
was also emphasized by Amzallag et a/. (1990a) and N esiem and Ghallab
(1999). With putrescine, Prakash and Prathapsenen, (1988) suggested that
the exogenous application of putrescine can be used successfully to alleviate
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Table (1): Effect of gamma rays, abscisic acid and putrescine treatments on the plant height, root length (cm) and nurmber

. of tillers and leaves/plant of the salt-sensitive Giza 167 wheat cultivar plants in comparison with the untre=ated
salt-tolerant Sakha 8 cultivar plants under saline conditions (%sea water) during 2000-2001 season. -
5 108 75 105 -
reatments WeSeawater 10 1 15 | 30 | 45 [Meant] 0 | 15 | 30 | 45 JMeant] o ] 15 | 30 [ 45 IMeant] o | 15 1 30 | 45 [ENicaaT
Plant height Root length -

akha 8 contro) 49 | 5480 | 4676 | 3927 | s1.00 § 7430 | 6340 | S140 | 4193 | s788 ] 2820 ) 2431 | 2062 | 1633 | 2287 [ se22 [ 2731 | 2321 | 1990 2541
|Giza 167 eontrol 59.50 43.13 4038 30.30 44.58 66,40 4870 4.0 33.00 4738 26.52 19.51 16.33 1441 19.19 9.11 .13 M 1633 2148
jGamma rays 15 KR 7594 | 6814 | 8549 | 2177 | 8.4 | 8586 | 7655 [ 6566 | 2280 | 271 J 3543 | 3022 | 2831 | 1344 | 2685 | 3991 | 3850 | 311 | 1832 3036

amma rays 20 KR 7888 | 6913 | 2823 | 1933 | 4889 | 8830 | 7550 | 30.00 | 2130 | s388 ] 3550 | 2843 | 1581 | 1282 ) 2264 | 3631 | 3222 { 1633 | w3 U8

aking in 2 ppm ABA 7999 | 6690 | 2640 | 1943 | 4818 | 8920 | 7430 | 2950 | 2090 | s3s3 | ;88 | 3031 1400 | 1123 | 2186 § 3830 ! 3386 | 1691 | 102 24890
oaking + spraying with 2 ppm ABA] 7587 | 6757 [ 2803 | 2233 | 4845 | 3430 | 7820 | 3040 | zase | s43s | 3282 | 20a5 | 1302 | 1230 | 2204 § 36ss | ;am | 163 | 146 U
[Weekly spraying with 2 ppm ABA 8047 | 6451 | 5450 | 1967 | 5479 | 8690 | 7820 | €660 [ 2080 | eda2 | 3660 [ 3321 | 2833 | na62 ) 2744 | 3881 | 344 | 099 | 1433 PPy
[Weekly spraying with 10 uM puirescine] 83.53 | 71.20 | 863 | 2027 | 6091 | 8950 | 7620 | 7090 | 2130 | 6448 )} 3850 | 3440 | 2930 | 1221 ) 2860 | 4060 | sesz { se; | 1sm: 3091
HM“'I (S) 7471 | €80 | 4355 | 24.08 8303 | 7t | 4821 | 2568 3293 | 2869 | 2083 | 1330 3597 | ass | nes | 1540
[New LSD value at 0.08 0.01 0.08 0.01 0.08 0.01 0.05 0.01

Salinity (S) 1.70 218 2.66 353 n .27 2.02 .69

[Treatment (T) 2.40 a9 376 499 .42 265 18 3.30

KS) X (T) 4.50 6.38 7.51 9.9 N.S. N.S. NS. NS.

Number of tillers Number of leaves

Sakha 8 control 373 313 293 1.6 EXT) 393 340 306 183 331 s.11 7.81 1 6.66 142 X 8.21 ™ 7.0 198
IGiza 167 controt . i .21 10 1.64 .3 3.43 156 .11 2.03 253 721 6.88 622 576 6.52 7.93 7.23 6.71 6.01 9
IGamma rays ISKR - 599 %) 3.96 0.66 kX ;) 6.06 Y] 399 0.87 384 9.04 8.88 8.61 490 186 1191 | 952 as4 | sm e
|Gamma rays 20 KR 5.87 3 B} 0.63 296 897 4.5 120 0.73 3.10 893 8.65 538 486 6.96 9.9 931 ST 49 758
tolldng in 2 ppm ABA 515 4.09 1.10 wn wm 524 502 117 0.84 3.07 8.95 8.78 533 4.76 696 10.11 219 s | oso 7.51
Soaking + spraying with 2 ppm ABA]  5.09 an [ B} 0.69 rm 533 4.67 118 0.96 3.04 9.84 873 536 464 1714 1096 | 946 5.66 m 14

eekly spraying with 2 ppm ABA s542 43 417 .62 3.6 594 4.6 4.01 0.67 381 296 899 199 amn 791 .09 9.33 8.94 5.01 8.5
[Weekiy spraying with 10 uM putrescine] 617 490 451 073 4.00 629 s.01 4.66 087 an 1002 | s8s (%)} 488 812 1.3 | 1018 | 981 5.02 9.01
Mean (S) 5.09 392 2.61 1.04 s.21 428 .61 123 9.01 848 634 5.15 1028 | 9.8 1.36 537 |
INew LSD value at 0.08 0.01 0.08 0.0 0.08 0.01 0,08 0.01

Salinity (5) 0.34 0.32 0.28 033 0.22 0.29 0.26 0.38 ]

reatment (T) * 0 0.45 0.36 0.47 031 0.41 037 0.49
E) X () 0.67 0.89 0.70 0.90 0.62 0.82 013 0.98
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Table (2): Effect of gamma rays, abscisic acid and putrescine treatments on the dry weight of roots, shoots and the
whole plants of the salt-sensitive Giza 167 wheat cultivar in comparison with the untreated salt-tolerant

Sakha 8 cultivar plants under saline conditions (%sea water) during 2000-2001 season.

78 105 75 105 75 108
 eeatmeats o sea water] 0 I 15 L;‘ as IM;."‘ ° I 18 [30 I 4s r";.“' ° l 18 l 30 | as Mo o] 15 l 30 l 4s IM.;'“ 0 I 15 I 30 [45 e o—l 15 l 30 lAs IM;_"
Roots Shoots Whole
akha 8 control 068{053{0410261 050 JO97]107)]0511042] 066 §5.19)4.1813.76)|337} 401 ] 689)]61215121451) 566 §587)471]4.17)363] 460 J786]685]5.63)]493] 632
IGiza 167 control 052]031({0.27]011} 030 | 0821040]{036§0.13)043 J404|3.0512.65]|2.17] 298 |5.10]4.21|391]320]| 4.11 4563362921228 3.28 |592]|4.61]427]333] 48
IGamma rays 1S KR 1.07]077 0681007 | 0.65 | 1.45| 1.09 | 088 | 0.08 | 0.883 | 658 | 5.81 | 488 | 0.97 | 4.64 J10.83; 9.79 | 7.67 ) 1.10| 736 § 7.95 ] 658 | 5.56 § 1.04 | 5.28 §12.33]10.88 m 1.18] 824
IGamma rays 20 KR 0.96]1080]0.18 | 0.07| 0.50 § 1.40| 1.08 | 0.25 | 0.07]| 0.70 | 657 | 5.47 | 1.60 ; 0.93 | 3.64 J10.69{ 9.10| 1.93 | 1.07{ 8.77 {1 7531 627 | 1.78 | 1.00 | 415 [12.09{10.18 l.ll 1.13 ] 640
sldng in2 PPm ABA 101078 016 005 | 050 | 13371.1170.22 | 0.06] 0.68 | 63471581 | 1.38 | 0.86 | 3.60 110.96| 8.86 | 1.57 | 1.04 | 563 | 735 | 659 ] 1.54 | 091 ] 4.10 [12.29]1 997 | 1.72 | 1.10 | &.29
lkhl‘ + lprl"In‘ with 2 ppm ABAJ 095078 [0.13 {0.06 [ O.48 § 132 [ 1.00 [ 0.18 [ 0.06 | 0.66 J 6255601159100 3.67 1099/ 82011821119 553 §7.30164611.72]1.04 ] 416 J12.21]9.28 ] 200 } 1.25 | 439
Wukly lpnylng with 2 ppm ABA 1111077 065)10041 064 § 145|128 0861 0.06]| 091 §661]549]523]1.15] 4.62 1085|983 |836]1.01| 761 | 7.72] 626|588 | 1.19| 5.26 J12.30{11.08] 9.42 | 1.07 | 847
MM lpflyl“ with 10 uM putrescine 119/ 0871070 | 006 | 071 | 1.56]| 133 | 093 | 0.08{ 0.98 | 696 ] 595|587 | 1.16 | 4.99 |10.99|10.88{ 9.67 | 1.20] 811 § 8.15] 6.82 | 6.57 | 1.12 | 5.6 §12.55|12.21|10.60] 1.28 | 9.16
IMean ss! 8941070 | 0.40 | 0.10 1291101} 052|012 6121518337 | 145 9.66 | 8.37{ 503 | 1.79 705588377158 1094] 9381536 191
[New LSD value at 0.05_0.01 005 0.01 0.05_0.01 00s_0.01 088 0.01 005 001
“n“, (S) 0.06 0.08 0.09 0.12 0.27 038 0.85 093 0.00 o.11 0.24 0.25
reatment m 0.09 0.11 &13 018 038 050 1.21 1.40 0.12 0.14 031 0.3
S) X m NS. NS. N& NS 0.76 1.08 1.61 191 1.18 136 13 2.9
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the NaCl stress injuries in rice plants and consequently improved their growth to a
considerable  extent. Bagni and Torrigiani (1992) reported that diamine
putrescine and polyamines are recognized as new class of plant growth
regulators present in the all plants examined so far. Moreover Parakash and
Thrope (1991) emphasized that di- and polyamine (mainly putrescine) are
required for growth and differentiation in many plant species, thus might
serve as reserve of carbon and nitrogen during de novo organogensis.
Krishnamurthy (1991) reported that the foliar application with 10 uM
putrescine on the salt stressed rice plants grown in pots, considerably
increased their shoot fresh and dry weights and grain yield.

B: Chemical composition of the growing plants

1-Sugars, free proline and total free amino acids:

As shown in Tables 3, 4 and 5, and in sharp contrast with that obtained

data with the growth parameters and dry weight (Table 1 and 2), increasing
salinity level in the irrigation water caused a gradual increase in the
concentrations of sugars, i.e. reducing, non-reducing and total sugars,
proline and total free amino acids in the roots and shoots of the stressed
wheat plants in both collected samples, when compared with those
irrigated with the fresh water in control treatment. Moreover, it could be
realize in Table 3 that, both stressed plant organs accumulated much more
quantities of non-reducing sugars, which greatly surpassed the respective
quantities of reducing ones under the all salinity levels in both samples.
Supportive evidence for these results was found in the reported data by
Strogonov (1970) who concluded that, under saline conditions, the
accumulation of non-toxic substances such as sucrose, proline, organic
acid and protein considered to be a protective adaptation.
Moreover, Santarius (1973) found that, the sugars as osmolytes enable
plants to keep better water relations under stress conditions. Also, Simpson
(1981) stated that, glycophytes adapt themselves to somewhat saline
conditions by lowering osmotic potential through converting starch to sugars.
Itoth and Kumuro (1987) reported that, both K™ and sugars contribute to the
osmotic adjustment in many species, and in (1990) Gananasiri insured this
concept, suggesting that, osmoregulation is stressed plants was higher with
K" and sugars, both of them were found to correlate negatively with osmotic
potential. Also, Kirst (1990) described sucrose as one of the compatible
solutes, that increase during salt stress. Ashraf et al. (1991) stated that
salinity decreased dry matter accumulation and increased solutes
accumulation,proline betaine and total soluble sugar, such accumulation,
thus considered as a suitable screening for salinity tolerance. More recently,
Pessarakli (2002) concluded that plant use solubie sugars as an osmoticum
under saline conditions. Hence, the plants that fail to increase soluble sugars
biosynthesis could not tolerate salt stress. Also, Salem et al. (2002) reported
that both the salt-tolerant faba bean two cultivars; Giza 429 and Giza 843
showed much higher degree of osmotic adjustment through the accumulation
of considerable quantities of organic protective osmolytes, i.e. sugars
{especially non-reducing ones), proline and free amino acids in their shoots
and roots, which greatly exceeded that in the salt susceptible two cultivars,
i.e. Giza 674 and Giza 3.
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Table (3): Effect of gamma rays, abscisic acid and putrescine treatments on the reducing, non-reducing and total
sugars concentrations (mg glucose/g dry weight) in the shoot and root of the salt-sensitive Giza 167
wheat cultivar plants in comparison with the untreated salt-tolerant Sakha 8 cultivar plants under saline
conditions (%sea water) during 2000-2001 season.

s 108 s 1 108 | s 1 105 |
Seawater {0 |15 3ﬂ45 i ﬂ 1smm“ [ [15 l 30 l45 IMm"l‘l o] 1ﬂso hs le 1' 01 15Fﬂ45 }vlmll 0 l lSlSO[(ihun ;’
Reducing sugars Non-reducing sugars 1 Total sugars
Shoots

akha 8 control 32.94[38.15 |49.95]55.94| 4424 | 40.42)46.34[60.94)67.44] 53.79] 36.98| 4417 | 63.72] 7560 ss.t2 Javoe] 6554] emosl 9680|7531 | ensz|szasfriren 9936 | so3shitamassrficiaqd 1o
[Giza 167 control 28.64131.63] 38.95]41.32] 35.14 33,16 | 39.98|47.97 [Sa.51 | 4391 | 26.40] 30.16] 41.46] S6.68] 068 | 31.21] 4291 eas5] 7793 Samm suj 6179 n4|1 9800 B | &7 s2anizein ne
IGamma rays 15 KR 49.74]53.66159.81| 61.34] 56.14 |35.99{63.70| 71.26 | 74.36] 6633 | 52.53] 6107 72.10] 79.33] 6626 | 6323 M.60] 89.77] 99.62] 8306 102271114 7¥131.91 14 12240 {11922143300161.0M1 7390 14939
IGamma rays 20 KR 35.37{46.22{42.13/45.06 | 40.70 6(57.11]51.54 ] 45.92] 51.71] 53.411 60.86] 348 J 6254 .41 1227 52] 04 § 129 919Y 975410597 941 hossonisahisodizesy 12248
aking in 2 ppm ABA 36.29]40.71 |42.66{44.89 | 41.14 L 45.0950.06 [s2.89]36.31| 51.09 | 4455 | 52.62] 56.64) 61.65] s3.87 | 652 6900 'unj 9.01] A1 | 50.84] 93.33] 99.30h0s. 9501 nerpisomizenhisse] 1nse
king + spraylng with 2 ppm ABAJS.91141.05143.01145.10] 41.27 J44.70{S1.56 |s3.25]58.92 [ $1.36 ] 45.82 | 52.51] S423] 60.78] 3334 ] 66.74 6891) 72.01] T936] 717 | 8173 93.54 97.24105 9451 JH14512047M125. 213528 12812
eckly spraying with 2 ppm ABA s3.81{58.68)61.11] ses |se.zsfsa 20|22 frase] em [ s33d 6231] 1008] wa2] 6730 | snso] suse| soasizal] wes horrAncaprrcdiaosy 1135 hasdisaediniiresd 155
eekly spraylug with 10 uM putr 19]54.16]59.91 | 61.45| 5668 56.61[65.06]73.73| 15.02] 67.61] s4.16] €3.87) 74.59] moas| en1s | @41 95.20{100.000103.20) 92.08 hrosashisoMisesdiarsd 12486 Laszicoadirestinead 19e

ean (S) 40.0144.17{49.51{52.03 47.31]53.06]60.63|64.40 45.01] 5230} 61.52| 69.30] 5943 7243 m244] 911 85.02{ 96.47111.0%121.3 6oz anisci

Roots
ﬁh:smmrd o719 [10.5715 30018.4313.20f10.0913 517502 adrs 1191 1938 25 50f 3401|2270 [r3.10{27.04 3379 46.01 2999 [10.70029.95040.88]s2.44] 3599 Tas.1s]en.sofs1.37les.es| 4590
IGiza 167 conirol $9118.5700.33(12.5¢ 9.72 § 8.41|10.4)] ll;j’ls.llll 6sf11.01]13.21] 1 19 15.11 !um 16401 22.60129.11]  20.02 [17.92]21.78[27.28]32.33] 24.83 | 20.39126.81]35.27[44.23] 31.67
|Gamma rays 15 KR 12.51f14.9419.77120.3416.8918.6420.9X24.8925.21{ 22.42§22.29| 28.99) u.Jj 36.11) 3066 J30.98135.4) 42.61] 4751 39.13 §35.70143.93154.12]56.45] 4755 149.64| 56.3467.50{12.72] s138
jGamma rays 20 KR s.a6l11.4212.61h3.9211.78fu1. 50138901 4.11)16.0713.89012.61| 20.21) 22.13{ 25.61{ 2039 [20.77| 28.591 30.01] 32.41| 2795 [22.77k31.63|34.74139.53] 3207 [an.a7| 42 12 ase
E»klng in 2 ppm ABA s.sslin6ii2.51)13.81 11881 1.4413.7214.2416.10013.87]13.98) 2050 22.18{ 26.13]  20.6% [21.01] 28.10] 3028 32.79) 28.04 §23.56]32.11[34.69[39.92] 3257 R31.4dl41sBesaslas 9] a1
oaking + spraying with 2 ppm ABAJ 9.04[11.3113.0614.02{ 11.86}t1.4d13.69{14.5716.1313.94]14.01] 20.66) 23.11 2641 2108 2071} 27.9¢ 3001|329 2274 [23.0931.97ps617]40.03] 3291 [az.nafer.estessafensz] ares
[Weekly spraying with 2 ppm ABA  [13.0415.10019.02}20.20016.86]18.9820.16(24.9525.11]22.30123.28] 28.87 35.36] 3691 3111 [30.21]36.62 4337 47.72 39.48 |363443.97|s438]57.19] 4797 es.19jse.78i68.3217283] 6178
[Weekly spraying with 10 uM putrescine]14.5916.59(19.84120.69(17.93]19.6321 8525.1526.31{23.24] 24.59 30.27 36.78) 38.01| 32.41 |31.72 37.97 44.80{ 47.85] 4059 | 39.1846.86(36.62{58.70] 30.34 |51.35(59.8769.95|74.16] €2.0
ean (S) hoadizsihisadherd — fardieasiesipon|  Ji69s[22.7d 2696 3037 22.56] 29.76 34.69 39.4 27.40)35.27]42.36]47.13) 36.32]45.79]s3.20]59.76
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Table (4): Effect of gamma rays, abscisic acid and putrescine treatments on free proline concentration (mg/g fresh weight)
in the shoot and root of the salt-sensitive Giza 167 wheat cultivar plants {n comparison with the untreated salt-

tolerant Sakha 8 cultivar plants under saline conditions (% sea water) duriog 2000-2001 season. i

75 105
reatments % Sea water ™y 15 | 30 | 45 [MeanT| 0 | 15 [ 38 | 45 ]MeanT
Shoots

akha 8§ control 217 2.62 M 4.63 334 2.95 343 4.92 5.28 4.18
1za 167 control 1.89 2,13 2.55 3.08 241 .21 278 3.18 3.37 2.88
jGamma rays 15 KR 3.27 3.76 4.56 4.39 4.12 3.66 4.15 522 5.7 4.69
iGamma rays 20 KR .22 2.87 197 141 1.62 3.17 3.59 3.78 3.39 3.61
osking in 2 ppm ABA 2.13 2.85 291 3.33 2.81 3.43 3.68 375 3.87 3.68
aking + spraying with 2 ppm ABA .21 2.39 2.9 3.40 2.87 310 3.75 3.81 3.92 3.65
eckly spraying with 2 ppm ABA 3.37 3.86 4.58 4.95 4.19 3.89 4.27 5.39 5.81 4.84

[Weekly spraying with 10 uM putrescine | 3.49 3.91 4.61 5.02 4.26 3.93 4.32 5.48 5.91 4.91

ean (S 259 | 311 [ 364 [ 3.9 3.29 | 374 | 444 | 472
Roots

féakhl 8 control L14 138 | 214 | 2.89 1.89 133 L.71 3.12 4.24 2.60
izz 167 control 0.96 L1 133 L7 118 115 1.36 1.64 1.93 1.52
Gamma rays 1S KR 1.74 247 2.89 291 2.50 1.97 2.53 3.86 4.7: 3.27
[Gamma rays 20 KR 137 1.96 213 2.36 1.96 1.88 2.12 2.67 2.94 2.40

oaking in 2 ppm ABA 1.46 1.88 221 230 1.96 1.96 2.09 2.44 2.83 2.33

oaking + spraying with 2 ppm ABA 1.58 1.99 2.29 2.41 2.07 1.98 2.15 2.62 2.92 242

‘eckly spraying with 2 ppm ABA 1.88 242 2.81 295 2.52 2.07 2.60 392 4.80 3.38
Weeﬂx spraying with 10 uM putrescine | 1.98 2.49 2.38 2.99 2.59 2.19 2.79 3.99 4.91 3.47
[Mean (S) 1.51 1.96 1.34 2.57 1.82 2.17 3.03 3.66

Table (5): Effect of gamma rays, abscisic acid and putrescine treatments on total free amino acids concentration (mg/g dry
weight) in the shoot and root of the salt-sensitive Giza 167 wheat cultivar plants in comparison with the untreated
salt-tolerant Sakha 8 cultivar Elants under saline conditions (% sea water) during 2000-2001 season.

75 105
reatments % Seawater ™37 75 T 30 | 45 |MeanT| 0 | 15 | 30 | 45 |MeanT
Shoots
akha 8 control 5.13 6.23 8.85 9.93 7.54 5.85 6.95 9.81 10.16 8.19
iza 167 control 3.86 4.18 5.13 -| 6.98 5.04 4.11 535 6.53 .79 5.95
|Gamma rays 15 KR 713 8.91 10.13 | 11.53 9.43 7.84 9.38 11.64 | 12.66 | 10.38
IGamma rays 20 KR 5.87 6.96 719 7144 6.87 6.16 713 8.34 9.51 1.7
oaking in 2 ppm ABA 5717 6.76 7.08 7.63 6.81 6.35 173 8.41 9.41 7.98
E:/)akh\g + spraying with 2 ppm ABA 538 | 684 | 711 | 779 | 691 | 648 | 7.29 | 845 | 953 | 7.94
eckly spraying with 2 ppm ABA 729 | 893 | 1026 | 11.61 | 952 | 843 | 946 | 11.73 | 12.75 | 10.59
[Weekly spraying with 10 uM putrescine | 7.44 | 8.98 | 1037 | 11.66 | 9.61 | 8.64 | 9.61 | 11.84 | 12.88 | 10.74
[Mean (S) 6.05 7.22 8.27 9.32 6.73 7.86 9.59 10.59
Roots
akhs 8 control 218 .| 288 4.19 4.81 38 2.4 3.24 5.44 5.81 4.33
jGiza 167 contrel 127 195 2.16 2.36 1.94 1.16 138 P2 .98 2.56
k;lmml rays 15 KR 3.01 4.17 5.16 5.54 447 349 5.01 6.60 6.88 5.50
amma rays 20 KR 293 3.19 3.38 3.52 3.26 3.16 4.12 4.41 4.71 4.10
oaking in 2 ppm ABA 2.69 3.24 3.41 3.53 322 319 4.22 4.51 4.73 4.16
|Soaking + spraying with 2 ppm ABA 235 3.01 3.45 3.59 328 315 4.31 4.55 4.76 4.19
[Weekly spraying with 2 ppm ABA 345 | 476 | 525 | 583 | 482 | 394 | 518 | 666 | 691 | s.67
[Weekly spra with 10 utrescine | 3.35 4.98 5.36 5.96 4.91 4.19 5.21 6.69 6.93 5.76
Mean LS)' 2.73 3.52 4.05 4.39 3.27 4.21 3.20 5.46

The considerable accumulation of proline as a striking sequence and main
feature of increasing water or salt stress has been previously confirmed by
several workers, due to its major physiological functions under such stress
conditions.These functions include osmoregulation; as a compatible
cytoplasmic solute it apparently counteracts the osmotic potential of the
vacuole salts (Dov-Posternak, 1987). Moreover, proline and other compatible
solutes are believed to cause the minimal inhibition of metabolism.

Also, proline is organic osmolytes solute with an amphiphilic molecule
protects the hydrophobic parts of proteins which suffer first when water
potential is lowered. By forming association with the hydrophobic proteins of
macromolecules, proline converts them into hydrophilic parts, (Kirst, 1990). In

3524



J. Agric. Sci. Mansoura Univ., 28(5), May, 2003

general, proline concentrations are directly proportional to the salinity level or
to the intensity of water stress. Restoring plants to optimal growth conditions
results in a rapid decline in proline content. In addition Giovanna et al. (1989)
found that, free amino acids concentration increased in tomato leaf tissues
treated with salt 3.5 times compared with control. Also, Good and
Zaplackinski (1994) reported that, the concentration of free amino acids
(particularly proline) often increases markedly in the leaves or other plant
tissues with exposure to many biotic or abiotic stress. Moreover, Sharma et
al. (1996) reported that the greater effects of chloride salinity on wheat plants
were mediated through decline in soluble carbohydrates, protein synthesis, N
and K" content and K'/Na* ratio concomitant with greater accumulation of
proline and amino acids. The considerable accumulation of sugars, proline,
free amino acids in the stressed plant organs was more obvious when such
stressed plants were treated with the different physiological treatments. In
this concern the recorded data in Table 3, 4 and 5 clearly confirmed the
superiority of the weekly spraying either with 10 uM putrescine or 2 ppm ABA
and grains irradiation with 15 KR gamma rays, respectively, in inducing the
highest increments in the Mean T of sugars, proline and amino acids over the
Mean T of salt-tolerant control values, in both samples. The same conclusion
can be also drawn when consider the effect of the interaction between
treatments and the all applied salinity levels on the sugars, proline and free
amino acids concentrations, since the superiority of these three treatments
was emphasized under the all salinity levels up to the highest one, i.e. 45 %
sea water. Meanwhile, the treatments with 20 KR gamma rays, soaking in 2
ppm ABA and soaking + spraying with 2 ppm ABA induced these increments
only over the respective Mean T values of the salt-sensitive control, and
could exceeded the respective values of the salt-tolerant control only up to
15% sea water level.

The favorable effects of the exogenous application of gamma rays, ABA
and putrescine were previously evidenced by many authors. Ghaliab and
Nesiem (1999) reported that salt tolerance which was more pronounced as a
result of 50 KR gamma rays treatment, was associated with high
accumulation of ABA, sucrose, proline and amino acids in the roots and
shoots of both partially salt tolerant Sakha 92 and the sensitive Giza 163
cultivars. Moreover, the grains produced from the treated plants with 5.0 KR
gamma rays were characterized by increased accumulation of protein,
sucrose and mineral nutrients by increasing salinity levels up to 20.0% sea
water. Therefore, they suggested the possibility of successful application of
gamma rays to improve salinity tolerance of the sensitive wheat cultivars.
With the same both wheat cultivars Nesiem and Ghallab (1999) reported that,
the foliar applications with ABA increased tolerance of both cultivars to
salinity through the increasing root length and dry weight as well as grain
yield (g)/plant. The same authors added that, ABA treatment m ay partially
increase the ability to counteract salinity by accumulating relatively higher
amounts of sugars, free proline, amino acids and endogenous ABA as well as
lowering the Na" level and increase K" and Ca" in the shoots. On the other
hand, Prakash and Prathapasenan (1988) mentioned that the exogenous
application of putrescine increased K' level and chlorophyll content in the all
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tissues of salt-stressed rice plants. Moreover, Krishnamurthy (1991) reported

that foliar application of 10 uM putrescine prevented chlorophyll in the leaves
of rice plants exposed to saline conditions.
2-Total crude protein:

As would be expected according to well-documented previously
published data by several authors, which indicated that plant metabolism and
more specifically protein synthesis are adversely affected under sait stress.
Supportive evidence for this view is found in the recorded data in Table 6,
which clearly reveal that total crude protein concentrations in the stressed
shoots and roots showed gradual decrease associated with the increase in
salinity level to reach its maximum at the highest level of salinity in the
irrigation water, i.e. 45% sea water as compared to the fresh water irrigation
in the control treatment.

Decreasing p rotein | evel d ue t o s alinity was p reviously reported by
Youssef (1989); Farahat (1990); Shehata (1992); Younis et al. (1993);
Ramanjuiu et al. (1993); Sharma et al. (1996) and Salem et al. (2002). The
negative effects of salinity on protein level in the stressed plants as a resuit of
the decreased protein synthesis as well as increased activities of hydrolyzing
enzymes was previously reported by Sallam ( 1999) who m entioned that in
faba bean plants, proline, free amino acids and protease (proteinase)
increased with increasing salinity level. On the other hand, in certain cases,
however, an increased protein level was recorded u nder s alt s tress, w hich
would be e xplained as due to the increased synthesis of new salt induced
proteins or the decreased activities of proteolytic enzymes.

The favorable positive effects of the applied physiological treatments
which were previously evidenced as regards sugars, proline and free amino
acids accumulation in the stressed wheat plants, were also reflected on the
total crude protein concentration in the treated roots and shoots (Table 6)
when considered the mean values of each treatment regardless salinity ievel
(Mean T). Consequently, the response of protein concentrations in the
stressed roots and shoots to the various applied treatments corresponded to
similar trend that described with sugars, proline and free amino acids
concentrations. However, when considered the interaction effect between the
applied treatments and the salinity levels, it could be noticed that the weekly
spraying either with 10 yM putrescine or 2 ppm ABA as well as irradiation
with 15 KR gamma rays exerted their positive increments on the protein
concentrations over the respective values of the salt-tolerant control up to 30
% sea water {evel, meanwhile, 20 KR gamma rays, soaking in 2 ppm ABA
and soaking + spraying with 2 ppm ABA treatments, were able to do so, only
up to 15 % sea water at both sampling dates. The super positive effect of
putrescine treatment on the protein contents in the roots, shoots and the
whole treated plants under saline conditions would be explained as due to
important regulatory role played by putrescine in promotion of plant growth
and development (Smith, 1982 and Parakash and Prathapsenan, 1988)
influencing protein and nucleic acid synthesis (Slocum et al. 1984) and
associated with photosynthetic activity (Chatterjee et al. 1988) or because
putrescine and polyamines have been frequently described as endogenous
plant growth regulators or intercellular second messengers mediating the
effect of phytohormones (Galston 1983) or because that putrescine and
polyamines- are involved in important biological processes, e.g. ionic balance,
and DNA, RNA and protein stabilization (Lucarini and Sangwan, 1987) or due
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to that putrescine and possible the polyamines may serve ‘as reserves of
carbon and nitrogen in the plants (Parakash and Thrope, 1991), putrescine
brought about a considerable alleviation of stress injury induced by salinity
(Reddell ef al. 1986) or due to that foliar apPIication with putrescine
accelerated the accumulation of K*, Ca*? , Mg*, proline and prevented
degradation o f c hlorophyll as well as inhibition of the reductions of s olubie
and total protein as well as RNA and DNA contents in the plant tissues
exposed to salinity (Krishnamurthy, 1991).In this concern ,Willadino et
al.(1996) also reported that the stimulation of shoot growth under saline
conditions induced by putrescine application may be due to its effects on the
synthesis of macromolecules for polyamines which are known to increase
nucleic acids synthesis and stimulate various processes associated with the
synthesis of protein as well as promote cell division. On the other hand,
increasing protein content induced by gamma rays irradiation under saline
conditions was previously reported by Kumar and Yadav (1983); with wheat,
El-Shafey et al. (1998); with rice and wheat and Ghallab and Nesseim (1999)
with wheat. As for ABA, its effectiveness-in increasing protein content of the
salt-stressed plant was previously stated by Mundy and Chau (1988) with rice
and Nesseim and Ghallab (1999) with wheat.

Table (6): Effect of gamina rays, abscisic acid and putrescine treatments on totai crude protein concentration (mg/g dry
weight) in the shoot and root of the salt-semsitive Giza 167 wheat cultivar plants in comparison with the
untreated salt-tolerant Sakha 8 cultivar plants under saline conditions (% sea water) during 2000-2001 season.

75 108
}-rr..gm,m, % Sea water 0 15 | 30 48 |MeanT| 0 [ 15 30 45 |MeanT
Shoots
[Sakha 8 control 16381 | 13550 | 12100 | 953 | 12886 | 18278 | 15250 | 12828 | 10638 | 14247
Giza 167 control 15275 | 10758 | 9086 | mm.63 | 10561 | 16688 | 12028 | 10128 | 8236 | 1M
[Gamma rays 13 KR 199.69 | 107.06 | 162.56 | 45.00 | 14858 | 20069 | 19750 | 17444 | S6M | 15748
IGamma rays 20 KR 19128 | 12778 | 6309 | 4313 | 10633 | 19628 | 17750 | se94 | S35 | 1m
oaking In 2 ppm ABA 15250 | 16730 | 6781 | 4281 | 11s16 | 193.06 | 170.63 | 881 5125 | 12094
oaking + spraying with 2 ppm ABA 187.78 | 168.88 | 6381 “3s 11745 | 19506 | 17625 | 6831 4938 | 12228
eckiy spraying with 2 ppm ABA 203.78 | 18519 | 165.00 | 4744 | 15009 | 20750 | 19300 | 17750 | S5.69 | 15892
20750 | 199.06 | 180.06 | s0.63 | 1$9.31 | 21278 | 20063 | 188.81 | $7.00 [ 16508
[Mean (S) 18613 | 16018 | 11488 | ss01 19462 | 173.78 | 12084 | 64.04
Roots
akha 8 control 106.63 91.50 T $9.63 84.17 | 11228 9438 32.06 68.13 3.2
IGiza 167 control 90.00 | 7875 | S831 ( 4925 | 69.08 | 9438 | 8328 | 6631 S48 | 7483
[Gamma rays 15 KR 13625 | 11644 | 10694 | 2838 [ 9700 | 14781 | 13400 | 125.06 { 3663 | 110.38
[Gamma rays 20 KR 1750 | 100.7s | 4736 | 1750 7408 | 12863 | 11138 | 5080 ss | M7
oaking in 2 ppm ABA 1825 | 10431 | 4300 | 2683 | 761 ] 12631 | 10878 | 47.00 | 3194 | 7880
oaking + spraying with 2 ppm ABA 11881 | 105.63 | 4656 | 2736 7464 | 12750 | 10938 | 4738 M | Ma
eckly spraylng with 2 ppm ABA 1383 | 12303 | use | nn 18401 | 14381 | 13194 | 13000 | 3330 | 109.81
[Weekly spraying with 10 uM putrescine | 14613 | 135.06 | 125.06 | 3586 | 11048 | 15600 | 13878 | 13138 | 3706 | 11892
ean (S) 12148 | 10795 | 7838 | 3876 12927 ] 11410 | 8434 | 4087

3-Nutrient elements:
a-Nitrogen, phosphorus and potassium:

The obtained results in Tables 7, 8 and 9 showed that the
concentrations of N, P and K were adversely affected by increasing salinity
level in the irrigation water. Hence, such concentrations tended to decreased
gradually by increasing salinity level to reach their lowest Mean S values in
the stressed plants irrigated with 45% sea water level. The detrimental effects
of salinity on nutrients uptake and accumulation in the stressed plants have
been previously reported by several workers. It is well documented that
nutrient concentrations and contents were adversely affected under saline
conditions. Moreover, salinity appears to affect the distribution pattern of
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nutrient elements with various plant organs. In this regard, Said et al. (1966)
and Balasubramanin and Sinha (1976), found that in most cases, salinity
deccreased soluble protein and total nitrogen content in the different organs of
cowpea plants.

Table (7): Effect of gamma rays, abscisic acid and putrescine treatments on nitrogen concentration (mg/g dry weight) in
the shoot and root of the sensitive Giza 167 wheat cuitivar plants in comparison with the untreated salt-

tolerant Sakha 8 cultivar plants under saline conditions (%sea water) during 2000-2001 season.
75 105
hreatments % Seawater 07T 15 | 30 | 45 |MeanT] 0 15 | 30 | 45 [MeanT
Shoots

akha 8 control 26.21 21.68 1936 | 1522 | 2062 29.24 | 24.40 | 2052 17.02 22.80
iza 167 control 4.4 17.20 1449 11.46 16.90 26.70 19.24 16.20 13.21 18.84
jGamma rays 15 KR 3195 | 2993 | 2601 7.20 27 | 3227 | M6 | 2791 9.01 25.20
[Gamma rays 20 KR 30.60 | 2044 | 10.17 6.90 18.51 3140 | 28.40 9.11 - 8.60 19.38
Enaking in 2 ppm ABA 29.20 26.80 10.35 6.35 1843 30.89 7.0 n.o 8.20 19.35
oaking + spraying with 2 ppm ABA 30.04 21.02 1o 110 181 | an 2820 | 10.9 750 19.86
RVeekly spraying with 2 ppm ABA 32.60 Jon 26.40 7.59 24.18 320 J.ze 28.40 891 15.43
Weekly spraying with 10 pM putrescine | 33.20 31.85 28.81 8.10 25.49 34.20 32.10 30.21 9.12 26.41

IMean (S) 29.78 26.38 18.38 8.80 3114 27.81 19.29 10.25

Roots

|Sakha 8 control 17.06 14.64 r 12.6 9.54 13.47 17.96 15.18 13.13 10.90 14.29
[Giza 167 control 14.40 12.60 9.3 7.88 11.08 15.18 1332 10.61 3.78 11.97
[Gamma rays 15 KR 21.80 18.63 17.11 4.54 15.52 2365 | 2144 19.69 5.86 17.66
[Gamma rays 20 KR 18.30 16.60 7.61 440 11.85 20.10 17.90 8.08 5.10 12.80
osking in 2 ppm ABA 1892 1669 120 430 18 | 2021 1740 752 1 12.56
oaking + spraying with 2 ppm ABA 19.01 16.90 7.48 441 1194 20.40 1750 1.66 517 nn
eekly spraying with 2 ppm ABA 2.1 20.50 18.99 5.01 16.66 23.01 . 20.80 536 17.57
eekly spraying with 10 uM putrescine | 23.38 21.61 20.01 5.69 1767 | 2496 | 2220 | 2110 5.93 18.55

[MemS) 19.44 17.27 | 1254 5.72 20.68 18.26 f 1).57 6.54

Table (8): Effect of gamma rays, abscisic acid and putrescine treatments on phosphorus concentration (mg/g dry weight)
in t he s hoot and root of t he sensitive Giza 1 67 wheat cultivar plants in comparison with the untreated salt-

tolerant Sakha 8 cultivar plants under saline conditions (%sea water) during 2000-2001 season.

75 105
reatments % Seawster " T 15 | a0 45 [MeanT] 0 | 15 | 30 | 45 [MeanT
Shoots
Sakha 8 control .19 285 .54 2 2.68 3.29 a8 291 2.36 2.94
Giza 167 control 2.51 2.04 1.96 1.67 2.05 2.64 236 218 1.97 2.28
[Gamma rays 15 KR 4.62 3.93 333 111 325 5.95 4.65 .85 1.16 3.9
iGamma rays 20 KR 1.87 KK 1.25 1.06 2,38 4.19 3.61 1.34 Lil 2.56
oaking In 2 ppm ABA a7 3.25 1.20 110 232 4.13 3.93 1.30 1.20 2.64
Soaking + spraying with 2 ppm ABA 379 3.28 1.22 1.13 2.36 4.22 3.99 1.35 122 2.70
eekly spraying with 2 ppm ABA 4.72 3.93 3N 119 .39 6.11 517 4.34 1.34 4.24
L‘Veek;ly spraying with 10 uM putrescine | 4.87 4.19 4.05 1.22 3.58 6.23 5.23 4.92 1.44 4.46
IMean (S) 3.91 3.35 141 1.33 4.60 4.02 2.77 1.48
Roots
[Sakha 8 contral 2.24 2.02 1.98 133 1.89 2.41 .24 217 1.53 2.09
[Giza 167 control 1.92 1.81 1.57 118 1.62 1.84 1.68 1.56 0.92 1.50
[Gamma rays 15 KR 311 277 2.55 0.57 2.25 3.20 2.88 2.67 0.68 2.36
[Gamma rays 20 KR 2.89 2.55 1.20 0.54 1.80 292 2.61 1.25 0.60 1.85
oaking in 2 ppm ABA 2.81 2.51 1.22 0.59 1.78 2.91 2.62 133 | 0.68 1.89
oaking + spraying with 2 ppm ABA 282 | 255 | 115 | oss | 177 | 293 | 266 | 127 | 0.66 | 1.8
eekly spraying with 2 ppm ABA 3as 1.80 2.56 0.60 228 3.29 291 2,69 0.70 240
Weekly spraying with 10 uM putrescine | 3.22 | 291 | 259 | 065 | 234 | 335 | 301 | 28 | 073 | 248
fean (S) 2.77 2.49 1.85 I70.75 2.86 2.58 1.97 0.81

Also, Hammad (1979) pointed out that, increasing NaCl salinity tended to
decrease the total N percentage in barley plant. Moreover, Waheb and
Zahran (1981) found that in Vicia faba plants, salt stress retarded the growth
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and N content. Also with Vicia faba El-Shakweer and Barakat (1984) showed
that, N, P and K contents were depressed by increasing salinity. Similar
results were reported by Aly (1987); El-Gayar (1988), Hamdy (1988); Nour et
al (1989) Khalil (1991); Kumar and Singh (1996) and Salem et al., (2002).

In contrast, the substantial favorable effects, which in turmn induced the
consistent considerable increases in nutrients concentrations due to the
effect of the applied treatments was recorded in the treated plants of Giza
167 s ensitive c ultivar. The recorded datain Table 7,8 and 9 s howed that
such stressed plants when weekly sprayed either with 10 yM putrescine or 2
ppm ABA or their grains were irradiated with 15 KR gamma rays showed
much higher Mean T values of these nutrient concentrations than the
respective values of the salt-tolerant control plants, meanwhile the second
group of treatments could only exceeded the salt-sensitive control in this
respect in both collected samples.

Table (9): Effect of gamma rays, abscisic acid and putrescine treatments on potassium concentration (mg/g dry weight)

in the s hoot 2 nd r oot o f the s ensitive Giza 167 wheat cultivar plants in comparison with the untreated salt-
tolerant Sakha 8 cultivar plants under saline conditions (%esea water) during 2000-2001 season.

75 105
rreatments YoSeawster "G T 15 | 30 | 45 |MeanT| 0 | 15 | 30 | 45 [MeanT
Shoots
akha 8 control 3491 | 31.60 | 2539 | 1910 | 27.75 | 38.86 | 33.21 28.13 | 21.76 | 30.49
iza 167 contro} 28.23 ) 2549 | 2000 | 1610 | 22.46 | 33.88 | 27.58 | 2240 | 17.90 | 25.44
[Gamma rays 15 KR 40.96 | 37.87 | 33.51 9.42 30.44 | 45.01 | 43.71 | 38.89 | 10.30 | 34.48
[Gamma rays 20 KR 38.11 | 33.14 | 15.22 9.36 23.96 | 41.29 | 37.57 17.07 | 10.10 | 26.51
oaking in 2 ppm ABA 38.16 | 32.77 | 1519 | 9.65 | 23.94 | 42.02 | 37.75 | 17.30 | 10.40 | 26.87
oaking + spraying with 2 ppm ABA 38.81 | 32.79 | 15.49 9.75 24.21 | 42.85 | 38.27 17.87 | 10.42 | 2735
‘eekly spraying with 2 ppm ABA 40.28 | 37.25 | 3525 9.90 30.67 | 46.78 | 44.99 | 3869 | 10.49 | 3524
eekly spraying with 10 utrescine | 41.92 | 39.42 | 37.43 | 10.17 | 32.24 | 47.35 | 4535 | 41.66 | 10.56 | 36.23
ean (S) 37.67 | 33.79 | 24.69 | 11.68 42.26 | 33.55 | 27.75 | 12.74
Roots
akha 8 control 21,88 | 18.12 | 16.18 | 15.06 | 17.81 | 25.86 | 20.72 18.57 17.25 | 20.60
|Giza 167 control 16.87 | 15.54 | 13.28 | 1116 | 1421 18.69 | 16.30 14.84 | 12.27 | 15.53
[Gamma rays 15 KR 32.52 | 25.68 | 22.55 7.80 22.14 | 34.67 | 28.99 | 25.26 8.30 24.31
[Gamma rays 20 KR 23.37 | 21.%7 9.60 m 15.58 | 25.81 | 22.17 10.99 8.61 16.90
oaking in 2 ppm ABA 23.63 | 2111 9.61 7.64 15.50 | 25.38 | 21.82 10.95 8.14 16.57
oaking + spraying with 2 ppm ABA 23.95 | 21.87 9.4 7.58 15.84 | 2563 | 22.57 | 10.02 8.46 16.67
[Weekly spraying with 2 ppm ABA 32.90 | 2642 | 23.19 | 848 | 22.75 | 34.98 | 31.85 | 26.72 | 9.40 | 25.74
[Weekly spraying with 10 uM putrescine | 33.55 | 27.64 | 24.80 8.04 23.51 | 35.37 | 33.20 | 27.90 9.96 26.61
ean (S) 26.08 | 22.24 | 16.14 9.19 28.30 | 24.70 18.16 | 10.30

Moreover, when consider the effect of the interaction between salinity level
and treatments, it could noticed that, the first group of three treatments
recorded their considerable increases in nutrients concentrations over the
salt-tolerant control up to 30% sea water level, while the second group (20
KR gamma rays, soaking in 2 ppm ABA and soaking + spraying with 2 ppm
ABA) could do that only up to 15% sea water. In this concern, special
referring to the superiority of putrescine treatments followed by spraying with
2 ppm ABA then 15 KR gamma rays must be recorded. Increasing nutrient
accumulation induced by gamma rays + sodium azide under saline conditions
was previously recorded by El-Shafey et al. (1998) with rice and wheat,
Ghailab and Nesiem (1999) with 5.0 KR gamma rays with wheat. As for
putrescine, Parakash and Thrope (1991) concluded that putrescine may
serves as reserve of carbon and nitrogen during de novo organogensis. On
the other hand, Chudinova et al. (1985) reported that increasing intracellular
concentrations of putrescine in P. filifolia under saline conditions had an
adaptive significance increased its salt tolerance. Also, Krishnamurthy (1991)
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mentioned that foliar application with 10 uM putrescine accelerated the
accumulation of K', Ca™, Mg'?, in the salt-strg5s6d [iGg plants. Moreovar

Manoj-Sharma ef al (1997) stated that foliar application of putrescine
increased K' content in chickpea plants under chloride salinity. Vantoai
(1993) suggested that ABA applications could improve plant resistance to
drought and salt stress. Similar results were reported by Nesiem and Ghallab
(1999).

b-Calcium, magnesium and sodium:

Unlike N,P and K" which were negatively affected by salinity, the
complete reverse was true with Ca*? Mg*?and Na* concentrations, especially
the latter one (Mean S) in the stressed shoots and roots of wheat plants
(Tables 10, 11 and 12). Thereby, a gradual marked increases were recorded
over the non-stressed control (fresh water irrigation) in such nutrient
concentrations, which positively correlated with the increase in salinity level in
the irrigation w ater to reach their maximum values in the shoots and roots
irrigated with 45% sea water in the all collected samples.

In this concern, Saber (1988) found that, the Mg"? and Ca'? content in
the shoots and roots of Casuarina plants were increasing as salinity increased.
Kandeel and Abu-Grab (1992) reported that, salinity application tended to
increase the contents of Ca*?, Mg*? and Na"*, but decreased K* content of faba
bean plants. Also, Hamada et al. (1992) found that, Na‘, Ca*’, and Mg’
contents increased, while K* and N content decreased in barely plants with
increasing salinity. Moreover, Hamada and El-Enany (1994) mentioned that,
Ca"? concentration in shoots as well as K" and Ca'? contents in faba bean roots
increased with increasing NaCl salinity. More recently, Mansour and Hussein
(2002) noted that Na*, Ca"?, CI" and proline contents increased by increasing
salinity in turfgrasses.

Table (10): Effect of gamma rays, abscisic acid and putrescine tr on calci ration (mg/g dry weight) in
the shoot and root of the sensitive Giza 167 wheat cultivar plants In comparison with the untreated sait-tolerant

Sakha 8 cultivar plants under saline conditions (%sea water) during 2000-2001 season.
75 105
reatments %o Seswater ™7 T 05 | 30 | 45 [MeanT] 0 | 15 | 30 | 45 [MeanT
Shoots
akha 8 control 546 6.64 7.22 8.42 6.54 6.71 i 194 9.80 10.94 8.86
[Giza 167 controt 391 4.61 579 6.02 5.08 4.83 582 128 8.68 6.65
jGamma rays 15 KR 6.12 mn 3.99 9.85 817 191 8.95 10.01 10.11 9.25
IGamma rays 20 KR 4.11 5.23 5.61 5.31 5.19 5.01 6.91 7.08 8.29 6.82
oaking in 2 ppm ABA 4.15 532 5.66 583 5.4 5.06 6.92 1.09 8.22 6.82
oaking + spraylag with 2 ppm ABA 421 | 541 | 570 | 591 | 831 | 510 | 695 | 710 | 817 | 683
eekly spraying with 2 ppm ABA 618 [ 785 | 901 | 974 | 820 | 794 | 897 | 1019 | 1025 | 934
Weekly spraying with 10 uM putrescine 621 | 7.90 | 905 | 983 | 825 | 798 | 899 | 1025 | 1036 | 9.40
[Mean (S) 5.04 6.34 7.13 7.68 6.32 7.68 8.60 9.38
Roots
‘Sakha 8 control 3.22 4.43 an 6.28 4.76 4.52 5.79 152 I 8.23 6.52
|Giza 167 control 1.92 2.52 3.68 4.91 3.26 2.18 3.49 372 |-672 4.68
[Gamma rays 15 KR 4.82 5.6 6.49 62 589 5.61 6.69 8.45 8.89 741
jGamma rays 20 KR 1.56 395 4.23 4.69 3.86 3.67 4.40 an 6.36 4.89
anking in2 ppm ABA 243 | 392 [ 435 | 462 | 383 | 3712 | 432 | s15 | 632 | 488
oaking + spraying with 2 ppm ABA 249 3. 442 4.61 3.87 374 4.36 5.21 6.35 4.92
LWeekly spraying with 2 ppm ABA 4.81 s 7.15 7.69 6.34 582 6.80 829 8.43 134
[Weekly spraying with 10 uM putrescine] 489 | s81 | 721 | 771 | 641 | 592 | 694 | 842 | 851 | 745
ean (S) 3.39 4.49 533 5.39 447 535 6.73 7.48
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Table (11): Effect of ganuna rays, abscisic acid and putrescine tr on ! tration (mg/g dry weight)
in the shoot and root of the sensitive Giza 167 wheat cultivar plants in cornparlson with the untreated salt-tolerant
Sakha 8 cultivar plants under saline conditions (%esea water) during 2000-2001 season.

75 105
[Treatments % Sea water ﬂ 15 ho ' 45  |Mean T 0 l;lS‘L 30 - IJ IMean T
) Shoots
akha 8 control 3.54 4.29 4.88 4.99 443 4.14 4.64 538 5.79 4.99
iza 167 control 2.46 2.69 318 3.88 3.08 297 a7 an 4.13 3.50
[Gammz rays 15 KR 513 5.65 5.95 6.11 N 5.94 6.22 6.78 6.21 6.29
[Gamma rays 20 KR 2.96 3.87 3.96 4.01 3.70 313 4.10 4.62 4.89 4.19
oaking in 2 ppm ABA 2.93 3.78 3.91 4.05 3.66 3.26 4.17 4.58 47 4.18
oaking + spraying with 2 ppm ABA 2.96 3.69 3.89 4.12 3.67 3.17 424 4.65 4.96 4.26
[Weekly spraying with 2 ppm ABA 5.26 57 5.91 6.24 5.78 5.89 6.44 6.81 6.93 6.52
[Weekly spraying with 10 pM putrescine | 5.39 5.81 5.99 6.31 5.88 5.99 6.58 6.86 6.99 | 6.61
[Mean (S) 3.83 4.43 4.71 4.96 4.31 4.95 5.42 5.58
Roots - .
akhs 8 control 218 2.30 .79 2.95 2.56 2.4 2.88 an 3.36 295
iza 167 control 1.63 1.7 1.83 1.94 1.78 1.79 1.96 2.08 .15 1.99
|Gamma rays 15 KR 3.34 3.69 3.88 3.98 3 3.65 3.89 3.98 4.15 3.9
[Gamma rays 20 KR 1.78 1.92 2.07 2.29 2.02 1.88 .11 2.26 2.34 2.15
oaking in 2 ppm ABA 1.69 1.84 11 .22 1.97 1.91 2.14 2.29 2.38 2.18
oaking + spraying with 2 ppm ABA 175 | 189 | 204 | 225 | 200 | 195 [ 221 | 234 | 2.1 | 223
Weekly spraying with 2 ppm ABA 3.48 3.62 3.81 391 an 3.77 391 4.07 4.19 3.99
eekly spraying with 10 uM putrescine | 3.51 3.79 3.88 3.99 3.79 3.84 3.95 4.10 4.23 4.03
[Mean (S) 2.42 2.60 2.81 2.94 2.65 2.88 3,03 3.15

Moreover, Salem et al. (2002) reported that although N, P and K” levels in the
shoots, roots and the whole faba bean plants cultnvars were negatlvely
affected by s ea water irrigation, the ¢ oncentrations o f Ca', Mg and Na’
showed positive gradual increases over the non- stressed control, with
mcreasmg salinity level in the irrigation water.

Comparing the response of Ca *2 concentration in the plant organs to
the various applied treatments irrespective the salinity level (Mean T), the
obtained data in Table 10 clearly reveal that only the shoots and roots which
were weekly s prayed either with putrescine, or with 2 ppm ABAor15KR
gamma rays showed a considerable increases in their Ca *2 concentratlons
over the respective ones of the salt-tolerant control, meanwhile Ca'?
concentrations in the plant organs treated with one of the other three
treatments were slightly exceeded only the salt sensitive control in the both
collected samples.

Taking into consideration the effect of the interaction bhetween
dlfferent treatments and salinity levels, it could be noticed that, the increases
in Ca"? concentration over the salt tolerant control were recorded in the roots
at the all applied salinity levels in both samples, and in the first sample in the
shoots as well as up to 30% in the last sample, only as affected by the most
effective treatments, i.e. putrescine, spraying with 2 ppm ABA and 15 KR
gamma rays, meanwhile, the other three treatments, exerted their increases
in Ca™ concentration only over the respective values of the salt-sensitive
control up to only 15% sea water in both taken samples, except in the roots of
the first sample whice reccrded these increases up to 45% sea water Ievel
Comparing the effect of various physiological treatments on Mg™
concentration irrespective the salinity level (Mean T), the obtained data in
Table 11 which strongly confirmed the superiority of the weekly spraying
either with putrescme or 2 ppm ABA and 15 KR gamma rays treatments in
increasing Mg*? concentration in the treated shoots and roots over the
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respective values of the salt-tolerant control in both collected samples.

Supportive evidence for the superiority of the above mentioned three
treatments is found in the recorded values of Mg*? concentration due to the
effect of the interaction between these treatments and s alinity l evels w hich
clearly reveal that the Mg*? concentration in the treated shoots and roots with
these treatments showed much higher values than the corresponding values
of the sait-tolerant control at the all applied salinity level up to the highest
one; 45% sea water, meanwhile the treatments of 20 KR gamma rays,
soaking in 2 ppm ABA and soaking + s praying with 2 ppm ABA, exhibited
higher Mg*? concentration values only over the sensitive control ones if the
Mean T was considered or when the interaction b etween these treatments
and salinity level up to the highest one, were detected. The effectiveness of
gamma rays increasing nutrients accumulation in wheat and rice plants under
saline conditions was previously reported by El-Shafey ef a/ (1998) and
Ghallab and Nesiem (1999), and of ABA, by Nesiem and Ghallab (1999) with
wheat also. As regards putrescine Knshnamurthy (1991) found that, foliar
application of 10 uM putrescune mhlblted Na’ and CI' uptake and accelerated
the accumulation of K*, Ca*?, Mg'? and proline in the leaves of salt-stressed
rice plants.

Table (12): Effect of gamma rays, abscisic acid and putrescine treatments on sodium concentration (mg/g dry weight) in
the shoot and root of the sensitive Giza 167 wheat cultivar plaats in comparison with the untreated salt-

tolerant Sakha 8 cultivar plants under saline conditions (%sea water) during 2000-2001 season.
—__—""'_L_—")T" e
75 105
rreatments % Sea water 0 [ 15 | 30 | 45 IMeanT] 0 | 15 | 30 | 45 JMeanT
Shoots

|Sakha 8 control 2.57 3.9 4.23 4.98 3.94 .19 4.66 s.18 5.96 4.78
|Giza 167 contral 3.68 5.02 6.13 7.81 5.66 4.37 583 7.40 8.88 6.61
{Gamma rays 15 KR 1.88 .1 2.93 841 3.8 213 3.0 343 ) 10.13 | 4.68

231 .58 6.95 3.97 5.20 2.36 3.19 9.90 | 10.17 { 6.53
2.4 .72 6.87 8.93 5.22 2.97 an 9.54 | 10.59 ; 6.56
243 2.63 6.74 822 5.01 295 328 9.46 | 10.56 | 6.56
1.77 .17 1.9 8.50 3.36 .16 299 | 3.22 | 10.06 | 4.61
1.99 2.12 2.73 8.56 3.85 2.14 .77 3.11 10.01 | 4.51

2.37 .92 4.95 3.05 285 | 3.60 | 641 9.55
Roots

ISakha 8 control 2.28 331 3.88 4.11 3.40 .83 3.19 4.06 4.94 3.76
|Giza 167 controt 3.19 4.84 514 6.74 4.98 3.27 4.14 6.14 7.18 5.18
Gamma rays 15 KR 136 1.56 1.86 7.27 | 301 1.93 2.1 | 244 8.01 3.63
jGamms rays 20 ¥R 1.38 L.79 6.95 712 4.09 1.84 .32 7.10 8.90 5.04
oaking in 2 ppm ABA 1.56 1.86 6.08 7.49 4.28 1.72 2.34 121 8.51 4.9%
E:,nk!ng + spraying with 2 ppm ABA 1.88 1.99 6.02 7.43 433 1.97 .23 713 8.17 4.88
eekly spraying with 2 ppm ABA 142 1.51 1,98 123 3.4 1.89 2,01 2.36 8.06 3.58
[Weekly spraying with 10 pM putrescine 1.59 1.63 1.82 7.19 | 3.06 1.97 199 | 2.16 8.02 3.54

[Mean !S! 1.8_3 1.31 4.10 6.82 2.18 2.58 4.83 7.72

Probably the most interesting and important finding in the obtained
results concerning sodium concentration is found in the comparison between
the salt-tolerant Sakha 8 control and the salt-sensitive Giza 167 one in their
Na" concentrations. The obtained results in Table 12 evidently indicate,
unlike the all determined chemical constituents in the present study, Na’
concentrations in the shoots and roots of the salt-tolerant control showed
much lower values than that the respective ones in the salt-sensitive control
at the all applied salinity levels in the ail collected samples which emphasized
the superiority of the active osmoregulation process in the tolerant plant
tissues of Sakha 8 controi, since salt tolerance is related to the ability of
plants to either e xclude Na* or avoid Na" excess as recently evidenced by
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Salem et al. (2002) who disclosed that the physiological tolerance which
characterized both the salt-tolerant Giza 429 and Giza 843 faba bean
cultivars brought about by creating more negative osmotic potential
(Osmoregulation or Osmotlc Adjustment) through the accumulation of much
more quantltles of N, P, K*, Ca™ Mg and lowest quantities of Na* as well
as higher K’/Na” ratio and Iower Na */Ca® one in addition to the considerable
accumulation of sugars ( especially non-reducing ones), proline, free amino
acids and protein in their shoots and roots. Similar results also previously
reported with wheat by M aftoun and S epashah (1989); Gorham and Jones
(1990); Zsoldos et al. (1990) in addition to Schactman and Munns (1992) who
reported that, two mechanisms of salt tolerance were suggested, the first is
lowering Na* accumulation and the second is ions compartmentation within
the ieaves. Here, it is of great interesting and importance to find the same
trend of the negative effects on Na* concentration due to the different applied
physiological treatments, especially spraying with putrescine, 2 ppm ABA and
irradiation with15 KR gamma rays ones, which were manifested by their high
positive effects on the all previously mentioned components in the present
study, i.e. sugars, proline, free amino acids, protein, N, P, K, Ca*? and Mg*2.
This can be evidenced by comparing the effect of various treatments
regardless level (Mean T) on Na* concentrations (Table 12) in the shoots and
roots of the salt-sensitive Giza 167 cultivar treated plants. The obtained data
in this respect clearly reveal that Na* concentrations in the roots and shoots
of the weekly sprayed plants either with putrescine, or 2 ppm ABA or their
grains were irradiated with 15 KR gamma rays showed much lower mean
values than those in both sensitive and tolerant controls in both collected
samples. These data represent a strong s upportive e vidence on the highly
degree of the physiological tolerance in the treated plants of the sensitive
Giza 167 wheat cultivar which enable them to be adapted to salinity (through
the active Osmoregulation process) and consequently lowering Na'
accumulation in their tissues below its levels in both sensitive and tolerant
controls up to 30% sea water level if the interaction between these three
treatments and salinity level was considered. It is of great importance to
mentioned also that the other three treatments, i.e. 20 KR gamma rays,
soaking in 2 ppm ABA and soaking + spraying with 2 ppm ABA, resulted in
increasing the tolerance to salinity in the treated plant, though to lesser
extent. Since, the mean values of Na* concentration (Mean T) in the treated
plant organs, exceeded the respective mean values of the salt-tolerant,
meanwhile the s ame treated plant organs showed lower mean values than
that in the salt-sensitive and tolerant controls in both collected samples only
at 0.0% and 15% levels, and surpassed them at 30% and 45 % sea water
levels. In this regards, it is well documented that the salt tolerance between
wheat cultivars was due to higher shoot K* and lower Na® accumulation
(Maftoun and Sepashah, 1989) and a high wheat leaf K'/Na" ratio has been
associated with salt tolerance. According to Sharma (1995) salt tolerance in
wheat is related to the ability of plants to exclude Na* or avoid Na* excess.
Accordmgly, K'/Na' ratio (Table 13) showed gradual decreases,
contrary to Na*/Ca*? (Table 14), in the stressed shoots and roots in response
to increasing salinity levels as compared to the respective ratios of the non-
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stressed control organs. Comparmg the effect of different treatments (Mean
T) onthe mean values of K'/Na" ratio in the stressed shoots, the obtained
data confirmed the absolute superiority of spraying with putrescme 2 ppm
ABA and irradiation with 15 KR gaitima rays treatments in increasing K'
concentration in these plant organs as well as their negative effects on Na*
concentration in the same stressed shoots, thus the treated shoots with each
one of the above mentioned treatments showed the highest values of this
ratio than the respective ones of the salt-tolerant control which emphasized
the superiority of active osmoregulation process in the treated shoots of the
salt sensitive Giza 167 cultivar. On the other hand, K'/Na" ratio in the shoots
treated with either 20 KR gamma rays, soaking in 2 ppm ABA or soaking +
spraying with 2 ppm ABA, exceeded only the respective ratios of the salt-
sensitive control in both samples In the stressed roots the resulits in Table 13
reveal that, although K'/Na® ratio induced by the all applied treatments
exceeded those of the salt-tolerant control, the highest considerable
increments in K'/Na’ ratio over the respective ones of the tolerant c ontrol
were recorded by the roots sprayed with putrescine or 2 ppm ABA as well as
15 KR gamma rays respectively, which strongly confirm the high activity of the
osmoregulation process in these treated roots and consequently increased
their tolerance to salinity especially the roots of the plants treated with
putrescine.

Moreover, the superiority of the most effective treatment was more
pronounced when consider the effect of the interaction between these
treatments and salinity levels on K'/Na® ratio in the roots and shoots which
clearly reveal that such treatments, i.e. spraying with putrescine, 2 ppm ABA
and 15 KR gamma rays considerably increased K'/Na" ratio in both organs
over the respective ratio of the salt-tolerant control up to 30% sea water, and
only up to 15% sea water ievel for the other three treatments.

Tabie (13): Effect of gamma rays, abscisic acid and putrescine treatments on K*/Na” ratio in the shoot and root of the sait-

sengitive G iza 1 67 w heat c uitivar plants in comparison with the uatreated sait-tolerant Sakha 8 cultivar plants
under saline conditions (%sea water) during 2000-2001 season.

75 105
L,..,....m % Sea water 0 [ 15 | 30 ] 45 |MeanT| 0 | 15 | 30 | 45 JMeanT,
Shoots

akha 8 control 13.58 7.92 6.00 384 7.84 12.28 7.13 5.43 3.65 7.10
[Giza 167 control 7.67 s.08 3.26 2.06 4.52 7.78 4.73 3.03 2.02 4.38
[Gamma rays 15 KR 21,79 | 1798 | 11.44 L12 13.08 } 21.13 | 14.52 | 11.34 1.02 12.00
[Gamma rays 28 KR 1650 | 12.84 | 219 1.04 814 | 13.90 | 12.04 1.79 0.95 717
Eolking in 2 ppm ABA 16.31 | 12.05 .2 1.08 7.91 14.15 | 12.10 1.81 0.98 7.26

oaking + spraying with 2 ppm ABA 1597 | 1247 | 230 | 119 | 798 | 1453 | 11.78 | 1.89 | 0.99 | 7.30
[Weekly sprayiag with 2 ppm ABA 2276 | 1717 | 1L.79 1.16 13.22 | 21.66 | 15.05 | 12.02 1.04 12.44
[Weekly spraying with 10 pM putrescine | 21.07 ) 18.59 13.71 119 13.64 | 22.13 | 1637 | 13.39 1.10 13.25
PMean (S) 16.96 | 13.01 6.61 1.59 1593 | 11.72 6.34 1.47

Roots

'Snldn 8 control 9.60 5.47 4.17 3.66 573 9.14 6.50 4.57 3.49 393
[Giza 167 control 5.29 an 2.58 1.66 319 51N 3.94 2.42 1.72 3.48
[Gamma rays 15 KR 2391 ( 1646 | 12.12 107 13.39 | 17.96 | 13.48 | 10.35 1.04 10.71
[Gammta rays 20 KR 16.93 | 12.05 1.59 110 792 14.03 9.56 1.55°) 0.97 6.53

oaking in 2 ppm ABA 1515 | 11.35 | 158 1.02 7.28 14.76 932 1.52 0.96 6.64
Foaklng + spraying with 2 ppm ABA 1274 | 10.99 | 1.65 1.02 660 | 13.01 | 1012 | 143 1.04 6.40
[Weekly sprayiag with 2 ppm ABA 2317 | 1750 | 11.71 117 1339 | 1851 | 1588 | 1132 117 1.7
[Weekly spra; with 10 utrescine | 21.10 | 16.96 l.l.g 1.12 13.20 | 17.95 | 16.68 | 12.92 1.24 11.20
Mnn !S! 15.99 | 11.78 6.13 1.48 13.89 | 10.68 5.76 1.45

More supportive evidences for the absolute s uperiority of s praying with
putrescine, or 2 ppm ABA and irradiation with 15 KR gamma rays treatments
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in stimulation the osmotic adjustment process which in turn increasing the
salinity tolerance in the treated plants, can be deduced from the recorded
Mean T values of Na'/Ca'?inthe same organs (Table 14) which evidently
indicate that, because their sever inhibitory effects on Na®' uptake and
accumulation and/or Na* exclusion as well as their positive effects on Ca",
the treated shoots and roots showed much lower values of Na*/Ca’ ratio than
the respective ones of both sensitive and tolerant controls in both collected
samples. However the organs treated with the other three treatments showed
higher Na*/Ca*? ratio than that in the salt tolerant control.

Another interesting finding in the obtained data in Table 14 which
represents another strong evidence for the superiority of spraying with
putrescine, 2 ppm ABA and grains irradiation with 15 KR gamma rays is that,
the treated shoots and roots with any of these treatments showed much lower
Na‘/Ca’ ratio than that in both tolerant and sensitive controls at the all applied
salinity leveis except only at the highest one, i.e. 45% sea water, meanwhile,
Na' / Ca" in the shoots and roots treated with the other three treatments
showed much higher values, thus, exceeded the respective values of
Na'/Ca’ ratios of the salt sensitive as well as the salt-tolerant controls at 30%
and 45% sea water levels in both samples. The Iowenng of Na" accumulation
as well as the higher K'/Na" ratio and lower Na‘/Ca'? as an adaptive
mechanism in favor of more tolerance to salinity was recently evidenced by
Salem et al. (2002). The suggestion of the possibility of successful application
of gamma rays to improvement salinity tolerance of the sensitive wheat
cultivars was reported by Ghallab and Nesiem (1999). Also, Gong et al.
(1990) found that seedlings of barley and wheat previously treated with ABA
had significantly lower Na® and CI" contents and Na'/K" ratio. In addition,
Nesiem and Ghallab (1999) reported that ABA treatment may partially
increase the ability to counteract salinity by accumulating relatively hlgher
amounts of sugars, free prohne free amino acids as well as lowering the Na*
level and increase K™ and Ca'? in the shoots may induce better performance
for the sensitive wheat cultivar plants.

Table (14): Effect of gamma rays, absclsic acid and putrescine treatments on Na'/Ca? ratio In the shoot and root of the
salt-sensitive Giza 167 wheat cultivar plants in coraparison with the untreated salt - tolerant Sakha 8 cultivar
piants under saline conditions%) sea water) during 2000-2001 season.

75 105
Treatments % Sea water [— 15 | 30 | 45 |MesnT| 0 15 | 30 | 45 [MeanT
Shoots
akha 8 controf 047 0.60 0.59 0.59 0.56 0.48 0.59 0.53 0.54 0.54
’Gizl 167 control 0.54 1.09 1.06 1.30 1.10 0.90 1.00 1.02 1.02 0.99
jGamma rays 15 KR 0.31 0.27 0.33 0.85 0.44 0.27 434 0.34 1.60 0.49
IGamma rays 20 KR 0.56 0.49 1.24 1.54 0.96 0.57 0.46 1.40 1.23 0.92
oaking in 2 ppm ABA 0.56 0.51 121 1.53 0.95 0.59 0.48 1.38 1.29 0.92
oaking + spraying with 2ppm ABA | 058 | 049 | 118 | 139 | 091 | 058 | 047 | 133 | 129 | 02
eekly spraying with 2 ppm ABA 0.29 0.28 0.33 0.87 0.4 0.27 0.33 0.32 0.98 0.48
Wee!!x spraying with 10 uM putrescine 0.32 0.27 0.30 0.87 0.44 0.27 0.31 0.30 0.97 0.46
IMean {S) 0.50 ] 0.50 0.78 l 1.12 0.49 0.49 0.82 1.04
Roots
akha 8 control on 0.7 0.76 0.65 0.72 0.63 0.558 0.54 0.60 0.58
IGiza 167 control 1.66 1.92 1.40 1.37 1.59 1.18 1.19 1.07 1.06 1.13
IGamma rays 15 KR 0.28 0.28 0.29 1.10 0.49 0.34 0.32 0.29 0.90 0.46
iGamma rays 20 KR 0.54 0.45 143 1.52 0.99 0.50 0.53 1.3% 1.40 0.96
oaking in 2 ppm ABA 0.64 0.47 1.40 1.62 1.03 0.46 0.54 1.40 1.38 0.94
oaking + spraying with 2 ppm ABA 0.76 0.51 136 1.61 1.06 0.53 0.51 1.37 1.29 0.93
eekly spraying with 2 ppm ABA 030 | 026 | 028 | 094 | 045 | 032 | 030 | 028 | 096 | 047
eekly spraying with 10 uM putrescine 0.33 0.28 0.25 0.93 0.45 0.33 0.29 0.26 0.94 0.46
[Mean (S) 0.65 0.62 0.90 1.22 0.54 0.53 0.83 1.06
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Also, in accord with the obtained results in the present study Krishnamurthy
(1991) reported that, foliar application with 10 uM putrescine inhibited Na’
and CI" uptake and accelerated the accumulation of K*, Ca*?, Mg'?, proline
and endogenous putrescine in the leaves of salt-stressed rice plants.
4-Invertase activity:

As shown in Table 15 salinity e xerted its detrimental negative
effects also on invertase activity, thus, showed gradual decrease in the
stressed leaves of 75 days-old plants by increasing salinity level to reach its
lowest activity at 45% sea water level, as compared with the non-stressed
control leaves. The data also reveal that invertase activity in leaves of the
salt-tolerant Sakha 8 cultivar control showed much lower values than the
respective ones in the salt-sensitive one, as did with Na’. Moreover,
treatments of the weekly spraying either with putrescine, or 2 ppm ABA and
15 KR gamma rays showed the same trend of reduction that described with
the salt-tolerant cultivar control, and even with much lower activity, in favor of
inducing more tolerance to salinity in the sensitive treated plants of Giza 167
cultivar through the increased accumulation of non-reducing sugars
especially those treated with putrescine which recorded the lowest in the
Mean T of invertase activity, i.e. 33.68% pymol glucose/min/g fresh weight
compared with 41.72 in the tolerant control and 52.37 in the sensitive one In
the meantime, invertase activity expressed as Mean T of treatment of 20 KR
gamma rays, soaking in 2 ppm ABA as well as soaking + spraying with 2 ppm
ABA showed higher values than that in the salt-tolerant control. In addition,
the leaves of the treated plant with the weekly spraying either with putrescine
or 2 ppm ABA as well as 15 KR gamma rays exhibited the lowest activities in
comparison with the all other treatments including both sensitive and tolerant
control at the all salinity levels except the highest one, while the other three
treatments showed much higher activities than that in the salt tolerant controi
atthe all salinity levels. Supportive evidence for this finding is found in the
results obtained by Dubey and Singh (1999) who reported that invertase
activity decreased in rice shoots of the sait tolerant cultivars, whereas
increased in the salt sensitive ones. In this concern, also Chraibi et al (1995)
repertad that although the energy charge in Chicory suspension cells was not
modified during the growth cycle, regardiess the growth conditions, yet, ABA
modified the intercellular carbohydrate metabolism and inhibited acid
invertase activity. On the other hand, Parakash and P rathapasenan { 1989)
found that spraying putrescine before NaCl application in the irrigation water
on the salt-stressed rice which had been pretreated with putrescine resulted
in intermediate values of invertase activity, between the controis and the
untreated salt-stressed plants. Another fact that may be of interest is that,
invertase activity in the leaves of the all applied treatments, tended to
decreased gradually by increasing salinity level to reach the lowest values at
the highest leve! of salinity in favor of more tolerance to the increased level of
salinity through the accumulation of more quantities of non-reducing sugars.
Such behavior seems to induce more ability of the treated plants to tolerate
the increased salt concentrations in the plant medium, especially those plants
treated with putrescine, spraying with 2 ppm ABA and 15 KR gamma rays.
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Table (15):Effect of gamma rays, abseisic acid and putrescine treatments on Invertase activity as p mol /glucose / min per
g fresh weight in the leave of 75 days-old plants of the salt-sensitive Giza 167 wheat cuitivar in comparison with the

8,
untreated salt-tolerant Sakha 8 cultivar plants under saline conditions (% sea water) during 2000-2001 season.
% Saa water

reatmen [ 15 30 48 Mean T

2kha B control 70.68 44.24 31.29 20.67 41.72

iza 167 control nu 58.04 46.82 32.42 5237
jGamma rays 15 KR 55.53 39.68 17.59 22.89 36.42
IGamma rays 20 KR 61.64 52,73 . 41.32 30.72 46.60
Eo:ldng in 2 ppm ABA 63.11 51.54 40.93 30.89 46.62

oaking + spraying with 2 ppm ABA 62.73 50.89 39.23 30.18 48,76
[Weekly spraying with 2 ppm ABA 53.79 37.69 26.36 21.75 34.90
[Weekly spraying with 10 pM putrescine 51.58 35.92 25.84 21.39 33.68
[Mean (S) 61.41 46.34 34.92 26.36
5-Phytohormones:

Depending on t he p reviously o btained data in the present study as
regards growth, dry matter accumulation and chemical composition, the
treated plants with the most effective three treatments, i.e. the weekly sprying
either with 10 pM putrescine or 2 ppm ABA as well as grain irradiation with 15
KR gamma rays w ere s elected for hormonal analyses at the first sampiing
date, i.e. 75 days after sowing. The obtained data in Table 16 regarding
hormonal analyses clearly reveal that the concentrations of IAA, GA; and
cytokinin (ug/g fresh weight) were adversely affected by increasing salinity
level, thus, showed a gradual decreases with increasing salinity levels to
reach their lowest values in the stressed shoots and roots of 75 days-old at
the highest level of salinity, in the meantime, a complete opposite trend was
obtained with ABA concentration under the same conditions. in this concern,
Meiri and Shalhevet (1973) reported that saline conditions restrict the
synthesis of cytokinins in the roots and their translocation to upper plant parts
can also be inhibited. Moreover, Kuiper et al. (1990) mentioned that cytokinin
concentrations in root and shoot tissues of wheat and barley decreased
rapidly after an exposure to 65 mol NaCl/m®. Zeinab and Sallam (1996)
reported that cytokinin activity decreased with increase in salt stress in barley
plants. The same authors added that with increasing Na* concentration, the
tryptophan synthase a-monomers were gradually dissociated from the
oligomers producing less active isoenzyme.

Table (16):Effect of gamma rays, abscisic acid and putrescine treatments on IAA, ABA, GA3 and CK concentrations (ug/g
F.W.) in the shoots and roots of 75 days old piant of the salt - sensitive Giza 167 wheat cultivar in comparlson with the

untreated salt-tolerant Sakha 8 cultivar plants under saline conditious (%sea water) during 2000-2001 season.
N {AA ABA GA3 CK
rcumens cawater | o Lxs lnTu rl'l' o l 185 L:o Iu E“" o Lls ] 3 T« k“‘” o Lrs rJo Lu J““
T T T
Shoots
JSakha 8 control 22.16/18.34[15.19[11.76| 16.36] 2.41 | 3.01 | 3.28 | 3.98 | 3.16 [23.45|20.19(19.27|11.66 18.89 [25.42[23.93[21.19[17.16 21.93
pill 167 control 18.5115.99]13.14| 10.68) 14.58 | 2.83 | 2.72 ) 299 | 3.11 | 184 [18.93]16.35]13.96| 8.86 | 14.53[22.67]18.16( 16.35[12.93| (7.53
iGamma rays 15 KR 31.45(26.90022.92 8.05 [ 22.33 ] 235 [ 3.85 | 3.71 | 3.82 | 336 [29.74(28.85(22.84] 752 ( 21.49 §35.19(21.76)26.11 10,15 25.30
[Weekly spraying with 2 ppm ABA fss.as{30.61{3428] €29 | 2431 | 233 358 | 3.7 | 2.8 | 237 fro.0]22.62[24.00] 762 | 2.0 pas.arsrs| 2700 hro32) 2636
[Weekly spraytng with 10 uM p 35.0931.97(26.68! .71 | 2551 2.31 | .68 | 3.99 | 3.8 | 3.41 [33.81/20.81)25.71] 7.70 | 24.01 |36.01/32.94| 27.85|10.69] 26.87
Mesn (S) .02 )20.40 990 |  Ja3s[a30]s30]an]  haraslnsefaiafser 31.03{27.81 2370 12.28
) Roots
akhs 8 control 10.70( 8481573 14411 933 1104 1,61 ] 1,991 289 | 191 J13.a3]10.20) 824 | .18 | 9.76 J20.61|26.84[23.62]19.94] 24.78
Giza 167 control 6911801 14581301 ] a9z J125|138]1.68 ) 1.99 | 138 J11.77| 838 | 661 | 436 | 7.77 J26.3(21.35[19.712)16.23] 20.90
[Gamma rays 15 KR 17.21[1433]11.62) 2.81 | 1190 116 [ 201 | 231 | 249 | 199 189t 15.52]11.93 5.04 | 1288 |30.54]35.79|30.52|13.66| 20.63
[Weekly spraying with 2 ppm ABA ]i9.91[15.46{12.64] 2.84 [ 1271 | 115 | 2.03 | 234 | 285 | 2.02 J20.18]18.25(14.51] 5.25 | 14.58 |38.88]36.8231.33[13.73] 30.18
[Weelly spraying with 10 uM putrescine [22.22/17.651348) 106 | 14.15] 1.17] 2.09 | 2.36 | 2.99 [ 2.05 J22.28]20.66 (1636 3.89 [ 1630 [40.71[37.91 [ 31.65[13.81 31.02
ean (S) 1s.9[12.01 9.8 [ 3.1 11712 214 2% 1731 14.60[11.53| 8.54 34.60(31.74[27.3718.47,

3537



El-Shafey, Y.H et al.

This reduced the biosynthesis of L- tryptophan and consequently that of 1AA,
so that wheat growth was retarded or even stopped. The same authors
added that at higher salinity there was an accumulation of gibberellin
inhibitors and no gibberellin a ctivity was found in-barley plants. El-Desouky
and Atawia (1998) stated that in sour orange the biological activities of
cytokinins, gibberellins and auxins were significantly reduced by excess
salinity (5000 ppm) in the irrigation water. Meanwhile, Prakash and
prathapasenan (1990) reported that when rice plants were subjected to salt
stress (12 ds/m), the extension growth and dry weight of the shoot system as
well as GA-like substances were markedly reduced.

On the contrary, and in full accordance with the obtained results in
the present work, Jones et al., (1987) demonstrated that physiological studies
have shown that endogenous ABA levels increased in plant tissue subjected
tc NaCl salinity. Gong et al. (1990) found that ABA centent in wheat and
barley leaves increased with duration and intensity of NaCl stress. Moreover,
Masienkova et al. (1993) reported that ABA level increased with salinity
stress, and that this level correlated with plant resistance to the salt stress.
On the other hand, Wu el al. (1997) considered ABA is the primary hormone
that mediates plant responses to stresses such as cold, drought and salinity;
thus its endogenous level increases with salinity stress. On the other hand,
the obtained results also indicated that both organs of the salt-tolerant control
contained much higher hormonal concentration than that the salt-sensitive
one under the all applied salinity levels, also, the roots of the same tolerant
control contained much higher concentrations of cytokinin than that of its
shoots at the all applied levels of salinity, as mentioned earlier with sugars in
the same roots, which associated with another accumulation of IAA, GA; and
ABA in the shoots of the same tolerant control suggesting that the hormonal
status in the salt-tolerant control piants most directly involved in inducing
some sort of resistance against salinity. Probably the most interesting feature
of the hormonal status analysis data is that, the same recorded observations
with the salt-tolerant control, were more obvious in the sensitive Giza 167
cultivar plants when treated either with the weekly spraying with 10 uM
putrescine or 2 ppm ABA or when their grains irradiated with 15 KR gamma
rays. This can be evidenced from the comparative results of the such treated
organs of 75 days-old plants and that of salt-tolerant controi in the first
sample which clearly reveal that the concentrations of the all estimated
hormones in the above mentioned treated plants greatly exceeded the
comparable c oncentrations in the s alt-tolerant ¢ ontrol in favor of increasing
the salt tolerance in the treated plants over even that tolerance degree of the
untreated tolerant Sakha 8 control, to reach their particular highest increases
over the sait-tolerant control in the treated plants with these treatments. This
conclusion can be drawn, if the mean value of each treatments (Mean T), or
the effect of the interaction between salinity levels and treatments were
considered up to 30% sea water level. This represents another supportive
evidence for the absolute superiority of these treatments especialy putrescine
one. This can also be evidenced by calculating the percentage of increases in
the mean value of concentrations (Mean T) of each hormones in both shoots
and roots, over the comparable values of the sait-tolerant control as affected
by these treatments which were in the treated shoots 51.3%, 44.2%, 32.4%
for I1AA, 7.8%, 6.6%, 6.3% for ABA, 27.1%, 18.7%, 13.8% for GA3 and
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22.5%, 20.2%, 17.6% for cytokinin. Meanwhile, the respective values in the
treated roots were 93.0%, 73.4%, 56.8% for |1AA, 7.3%, 5.8%, 4.2% for ABA,
67.0%, 49.1%, 31.7% for GA3, and 25.3%, 21.9%, 19.7% for cytokinin, for
spraying with putrescine, 2ppm ABA and irradiation with 15 KR gamma rays,
respectively. For another interesting comparison, the ratios of the mean
values of IAA in the treated shoots / that in the treated roots for the various
treatments were calculated. These ratios were 1.8:1, 1.9:1 and 1.9:1 contrary
to that of cytokinins which were 0.86: 1 , 0.87:1 and 0.87:1. This comparison
clearly confirmed that in the treated plants with the most effective three
treatments the shoots accumulated much more quantities of IAA which
considerably exceeded the comparable quantities in its roots, contrary to
cytokinin which appeared in much higher concentrations in the roots as
compared with the treated shoots of the same plants. Thus, it could be
concluded that the applied three treatments especially the supper one, i.e.
putrescine induced a especial hormonal status in the treated plants, which in
favor of more tolerance to salinity, this in particular, was accompanied by
accumnulation of considerable amounts of sugars in their roots since the piants
that fail to increase soluble sugar biosynthesis could not tolerate salt as
evidenced by Pessarakli (2002). The most interesting finding also is that the
accumulation of either of IAA in the shoots or sugars and cytokinins in the
roots was considerably exceeded the comparable accumulation even in the
salt-tolerant cultivar control, which might indicate noticeable increases in the
tolerance of the treated plants to salinity over that of the salt tolerant Sakha 8
control as previously evidenced by El-Ghamrawy ef al. (1999).

As regards the beneficial effects of the exogenous application of
ABA, gamma rays and putrescine. Raggiani et al. (1993) suggested that
ABA-induced accumulation of 4-aminobutyrate is a mechanism involved in
the tolerance of p lant tissues to stress conditions. Also, [tis assumed that
ABA is involved in the normal induction of the synthesis of the 26-KD protein
(Osmotin) and the presence of NaCl is necessary for the protein to
accumulate (Brassan et al. 1985). Similary, Singh et al., (1987) reported that
exposure of tobacco cultured cells to ABA, led the cells to synthesize a 26-kD
protein. Moreover, Pekic et al. (1993) suggested that in wheat, rice and maize
ABA improved crop tolerance under salinity stress conditions. Moreover,
Gong et al. (1990) found that in barley and wheat seedlings treated with ABA
their salt resistance and survival rate improved significantly compared with
the untreated once. In addition, Nesiem and Ghallab (1999) found that foliar
application with ABA would increase the capacity for osmoregulation in Giza
163 than the partially salt-tolerant Sakha 92. As for gamma rays, Ghallab and
Nesiem (1999) suggested that possibility of successful application of gamma
rays to improvement salinity tolerance of the sensitive wheat cultivars. As for
the positive effects of the exogenous application of putrescine on the plants
under saline conditions, Galston (1983) stated that putrescine and
polyamines have been frequently described as endogenous piant growth
regulators or intracellular second messengers mediating the effects of
phytohormones. Similar conclusion was also drawn by Line (1984); Smith,
(1985); Evans and Malmberg (1989); as well as Bagni and Torrigiani (1992).
Moreover, Chaudinova et al. (1985) reported that the increased intracellular
putrescine and polyamines in Puccinellia filifolia (halophyte) under saline
conditions had an adaptive significance and together with other changes in
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metabolism, increased its salt tolerance. On the othe hand, Reddell et al.
(1986) found that application of putrescine on Casuarina obesa brought about
an alleviation of stress injury induced by NaCl, thus significantly increased
growth. Also, Slocum et al. (1984) demonstrated its influence in protein and -
nucleic acid synthesis. Meanwhile, Chatterjee ef al, (1988) confirmed its
association with photosynthetic activity in rice plants.

C- Chemical analyses of the produced grains:

The chemical analyses of the produced grains either from both controls
or the treated Giza 167 plants (Tables 17-20) clearly show that the sugar
concentrations in the grains showed a similar positive trend to that obtained with
the organs of the growing plants. Thus, sugar concentrations, especially the non-
reducing ones, showed gradual increases by increasing salinity levels to reach
the highest levels at the highest level of salinity. Also, the same observation
could be drawn when compared the mean values of sugars due to each
treatments (Mean T) or the effect of the interaction between treatments and the
salinity levels, with special referring to the absolute superiority of putrescine
treatment which recorded the highest increments over the salt-tolerant control in
the all sugar fractions at the all salinity levels, followed by the weekly spraying
with 2 ppm ABA then the grains irradiation with 15 KR gamma rays. Moreover,
free amino acids in the grains were similarly positively affected by increasing
salinity levels as did in the stressed shoots and roots. Also, the response of
amino acids in the produced grain as affected by the various treatments were
similar to that in the plant organs. As for protein concentrations in the grains,
although it adversely affected by increasing salinity levels, unlike sugars and free
aminog acids, the mean values of protein ¢ oncentration (Mean T) in produced
grains by the treated plants either with the weekly spraying of putrescine or
2ppm ABA or 15 KR gamma rays irradiation showed much higher concentrations
over the respective value of the salt-tolerant control which continued up to 30%
sea water level, meanwhile, the other three treatments exceeded the tolerant
control up to 15% level. As for the nutrient concentrations in the produced
grains, the obtained data show that, as did with their concentrations in the
growmg plant organs, although N, P and K* were negatively affected by
increasing salinity level, the complete reverse was true with Ca™, Mg" and
Na’, especially the latter one. It is to be observed that the all ‘estimated
nutnent showed much lower vaiues especiaily Na® in the grains than their
concentrations in the stressed roots and shoots.

On the other hand, nutrient concentrations in the grains showed general
behavior in response to the various treatments similar to that obtained and
recorded in the plant organs. Moreover, the most important observation as
regards the superiority of spraying with putrescmeé 2 ppm ABA and irradiation
with 15 KR gamma rays in increasing N, P, K*, Ca™ and Mg content as well as
reducing Na™ quantities to the lowest level in the plant organs which even much
lower than that of the salt-tolerant control, this observation was more pronounced
in the produced grains due to the same most effective previous three treatments,
ie. the Mean T of Na' due to the three treatments were 0.89, 0.96 and 0.93,
respectively compared with 1.45 and 1.15 mg/g dry weight in the sensitive and
tolerant control, respectively.

Also, the same three treatments recorded the lowest Na'
concentration values in the produced grains as compared with the ali other
treatments including both controls at the all applied salinity levels up to 45%
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Table(17):Effect of gamma rays, abscisic acid and putrescine tr onr g non-r g and total sugars concentration (mg
glucose/g dry weight) in the grains of the salt-sensitive Giza 167 whest cultivar plaats in comparison with the grains
produced by the untreated s alt-tolerant S akha 8 cultivar plants under saline c onditions ( % sea water) d uring 2 000-2001

season.
o, Reducing sugars . Non-reducing sugars Total sugars
[Treatments a Sea » ~— T™
water o 15 ) 30 a5 [V o | 15 | 30 | 45 0 [ 15[ 30 ( 45 V"
T T T

akha 8 control 4.73 | 6.44 [10.60]15.02| 9.20 J18.67]25.50(29.47(33.26(26.73|23.40(31.94(40.07(48.28| 35.92

iza 167 control 3.43 [ 4.54 | 6.45) 9.79 | 6.05 }14.88{18.17)20.59)| 25.23(19.72]18.31(22.71(27.0435.02| 25.77
IGamma rays 15 KR 6.42 | 9.55 (13.59(18.83|12.10{24.24{28.18|35.51 | 40.21 |32.04]30.66/37.73|49.10| 59.04| 44.13
Gamma rays 20 KR 5.04 | 7.99 | 9.01 |11.12] 8.29 ]20.17(26.01{28.1029.02(25.83]25.21{34.00{37.11{40.14| 34.12
Enmng in Z ppm ABA 5.11 | 8.01 | 9.10 |11.13] 8.34 }20.18{26.07)28.25)| 29.14(25.91] 25.29(34.08|37.35[ 40.27| 34.25
P“:fnv spraying with 2ppm Y 191811 | 9.20 [11.17) 8.42 |20.21(26.15[28.19{29.15{25.93|25.40] 34.2637.39|40.32{ 34.34
[Weekly spraying with 2 ppm ABA | 6.41 | 9.66 [13.63(18.94 12.16129.19 35.1638.17|47.02)37.54}36.20| 44.82 ) 51.80 65.96 | 49.70
[Weekly spraying with 10 uM

utrescine 6.94 | 9.92 14.08)19.20|12.54130.53 3636 40.84|48.53 39.08]37.47/46.28 $4.92/67.78) 51.61
Mean (5) s.41] 8.03 [10.71]14.40 22.33[27.7031.14[35.20]  [27.74]35.73[41.85]49.60]
Table (18):Effect of g rays, abscisic acld and p tr .on free amino aclds and crude protein concentrations (mg/g

dry weight} in cthe grains of the salt-sensitive Giza 167 wheat cultivar plants in parison with the grain produced by the

untrested salt-tolerant Sakha 8 cultivar ghlm under saline conditions (% sea water) during 2000-2001 season.

% Sea water Free amino acids Crude protein
reatments 0 15 | 30 | 45 [MeanT]| 0 15 30 45 |Mean T
akha 8 controt 0.99 1.81 2.7 3.29 2.20 11138 | 88.94 79.00 65.50 86.20
iza 167 control 0.87 0.91 1.54 2.53 1.46 97.63 72.81 61.50 41.44 68.34
jGamma rays 15 KR 1.61 2.15 2,95 3.01 2.43 13513 ] 119.75 | 101.13 | 31.19 96.80
iGamma rays 20 KR 1.08 2.08 2,28 2.61 1.99 115.38 | 103.44 | 54.25 27.78 75.20
oaking in 2 ppm ABA 1.03 .02 2,19 2.58 195 112.56 | 103.94 | $5.06 25.38 74.23
oaking + spraying with 2 ppm ABA 1.04 1.99 2.15 2.59 1.94 11631 | 112.63 | 55.81 30.50 78.81
eekly spraying with 2 ppm ABA 1. 2.27 .99 3.09 282 138.88 | 126.31 | 108.81 | 31.38 | 101.34
‘eekly spraving with 10 nM putrescine | 1.80 | 239 | 3.08 | 3.8 { 261 [ 147.50 | 135.00 | 115.00 | 32.25 | 107.44
ean (S) 1.26 1.95 2.48 2.86 61.41 46.34 78.82 35.67
Tabie (19):Effect of g rays, sbscisic acid and p 4 on N,P,K",Na*,Ca**Mg'? concentrations (mg/g dry weight)

in the grlins of the salt-sensitive Giza 167 whest culdvar plants in comparison with the grains produced by the grains
produced by the untreated sslt-tolersnt Sakha 8 cultlvar plants under saline conditions (% sea water) during 2000-2001

Season,
senwair | 9 [ 15 [0 [ 48 Prf o 15 [0 [us PO 0 s [ a0 [ o o
N P K
akha 8 control 17.82{14.23{12.64{10.48(13.79§ 1.98 | 1.83 1 1.61 | 1.40 } 1.71 | 3.49 ) 2.885 | 246 [ 2.11 | 2.73
[Giza 167 control 15.62(11.65| 9.84 | 6.63 (10.94§ 1.75 ( 1.57{1.34 ( 1.16 [ 1.46 1 2.6612.40 | 2.23 } 1.71 | 2.28
jGamma rays 15 KR 21.62]19.16/16.18] 4.99 |15.49] 2.53 | 2.18 [ 2.01 | 0.99 | 1.93 | 5.19| 4.33 | 3.46 { 1.62 | 3.65
[Gamma rays 20 KR 18.46116.55/ 8.68 1 4.44 112.03§ 2,13 ) 2.03 } 1.11 | 0,72 | 1.50 } 4.13 | 3.18 | 116 [ 1.01 | 2.36
oaking in 2 ppm ABA 18.01{16.63( 8.81 | 4.06 [11.88 2.18  2.04 1 1.09 1 0.75 1 1.52 1 4161 3.11 | 1.14 ] 1.08 | 2.37

oaking + spraying with 2 ppm ABA [18.61]18.02] 8.93 | 4.88 |12.62] 2,15 [ 2.08 | 1.10 | 0.81 | 1.54 § 4.23 [ 3.18 [ 1.21 | 1.09 | 2.43
eckly spraying with 2 ppm ABA  122.22/20.21117.41] .02 116.22] 2.87 | 2.19 ] 2.64 | 0.98 | 2.02 | 5.28 [ 4.39 [ 3.52 | 1.63 | 3.1
eekly spraying with 10 uM putrescioe | 23.60{21.60118.40{ 5.16 (17.15] 2.95 | 2.22 { 2.07 | 1.01 | 2.06 ] 5.32 | 4.41 | 3.59 | 1.66 | 3.7%

IMean (S) 19.50/17.26/12.61] .71 2.32[2.02{ 1.55 [ 0.98 | 4.31(3.48 [ 235 1.49

Na Ca Mg
akha 8 control 0.80 | 1.11 {126 | 1.41 [ 115 | 1.96 | 2.46 [ 2.93 [ 3.91 [ 282 [ 282 2.99 | 3.45 [4.26 | 3.38
Giza (67 controf 091|131 1.63 [ 1.96 | 145 1.27] 1.59) 1.91 | 211 [ 1.72 | 2.01 | 255 | 2.88 | 3.02 | 272
Gamma rays 15 KR 0.52|0.84 { 1.04 | 1.32 | 0.93 | 2.35| 2.98 | 3.32 | 3.52 | 3.84 | 3.15 | 2.26 | 3.69 | 3.88 | 3.49
Gamma rays 20 KR 0.74) 101 ) 174 | 1.99 | 1.37 | 218 | 2.64 | 2.81 [ 2.99 [ 2.65 § 2.89( 3.08 { 3.25 [ 3.48 | 3.18
oaking in 2 ppm ABA 0.63] 103 [ 1.76 [ 2.01 | 1.36 ) 211 1 2.59 | 2.78 | 2.93 | 2.60 | 2.92 [ 3.09 ] 3.22 [ 3.0 | 3.18

oaking + spraying with 2 ppm ABA [ 0.71 | 1.01  1.79 | 2.02 { 1.38{ 2.16{ 2.62 ( 2.80 | 2.96 { 2.64 | 2.98 | 3.10 | 3.26 | 3.67 | 3.22
Weekly spraying with 2 ppm ABA ] 0.52[0.91] 1.05 [ 1.34 | 0.96 | 2.47 3.01 | 3.40 | 3.71 | 3.15 [ 313334 { 3.79 | 3.91 | 3.54
[Weekiy spraving with 10 uM putrescae | 0.49] 0.75 | 1.1 1.30 | 0:89] 2.51 | 3.10 | 3.51 [ 3.79 | 3.23 ] 3.28 [ 3.41 [ 3.82 | 4.01 | 3.62

pean (S) 0.67]1.00] 1.41 167_L 212[2.62{293 (324 [2.94]3.10 ]szsn

Also, the same three treatments recorded the lowest Na® concentration

values in the produced grains as compared with the all other treatments

including both controls at the all applied salinity levels up to 45% sea water

level. The other three treatments exhibited some favorable effects, though to
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lesser extent, in this regard compared with the fi rst three treatments. In
addition, and as would be expected although K'/Na" ratio in the produced
grains was negatively affected by sahnlty levels, contrary to Na */Ca*® ratio in
the same grains.  The produced grains from the plants which weekly sprayed
either with putrescine or 2 ppm ABA or 15 KR gamma rays showed the
completely opposite trend to that of salinity. Thus, they recorded the highest
mean values (Mean T) of K*/Na® ratio, i.e. 5.39, 4.89 and 4.92, respectively
compared with 2.59 and 1.75 for both tolerant and sensitive controls,
respectively as well as 2.47, 2.70 and 2.58 for the other three treatments. On
the contrary, the same super treatments recorded the lowest mean values
(Mean T) of Na‘/Ca*? ratio in the p roduced grains, i.e. 0.27, 0.30 and 0.30,
respectively, and 0.51, 0.50 and 0.50 for the other three treatments

Table (20): Effect of gamma rays, abscisic acid and putrescine treatments on K*/Na* and Na'/Ca™ ratios of the grains of
the salt-sensitive Giza 167 wheat cultivar plants in comparison with the grains produced by the untreated salt-
tolerant Sakha 8 cultivar plants under saline conditions (% sea water) during 2000-2001 season.

% Sea water K/Na Na/Ca
[Treatments 3 151 30 | 45 |Mem1]| 0 15 | 30 | 45 JMeanT
akhs 8 control 4.36 2.57 1.95 1.50 2.59 0.41 0.45 0.43 0.36 0.41
iza 167 control 9 1.83 1.37 0.87 175 0.72 0.82 0.85 0.93 0.83
jGamma rays 15 KR 9.98 5.15 333 1.23 4.92 0.22 0.28 0.31 0.38 0.30
Gamma rays 20 KR 5.58 312 0.67 0.51 247 0.34 0.38 0.62 0.67 0.50
oaking in 2 ppm ABA 6.60 .02 0.65 0.52 2.70 0.30 0.40 0.63 0.69 0.50
oaking + spraying with 2 ppm ABA | 5.96 3.18 0.68 0.54 2.58 0.33 0.39 0.64 0.68 0.51
Weekly spraying with 2 ppm ABA 10.15 4.8 338 1.22 4.89 0.21 0.30 0.31 0.36 0.30
eekly spraying with 10 sM putrescine | 1086 | 588 | 358 | 1.28 | 539 | 020 | 024 | 029 | 034 | 027
[Mean (S) 705 | 369 | 1.94 | 09 034 | 041 | 051 | 055

D-Yield components:

The obtained data in Tables 21 and 22 and clearly reveal that the all
studied vield components (Mean S) were highly significantly decreased in the
sait-stressed wheat plants as compared with the respective values of yield
components of the non-stressed control plants.

The detrimental and injurious effects of salinity on the growth and
productivity of the stressed plants which were confirmed in the present work
are in accordance with those previously reported by several authors. Kumar
et al. (1987) mentioned that increasing salinity level in the irrigation water
decreased growth and yield components of wheat plants. Such reduction
amounted to 30-100% in the grain yield of wheat as evidenced by (Hanks et
al., 1989). Similar resuits with barely were reported by Al-Khaffaf et al.
(1990), and by Padole (1991) with wheat. Moreover, Holloway and Alston
{1992) reported that salt stress (0, 13, 39 or 75 mmol/kg) decreased tillering,
dry matter production and grain yield of the stressed wheat plants. Moreover,
Zeng et al. (2000) reported that in rice plants the reduction of tillers
number/plant and spikelet number /pancile were the major causes of yield
loss under salinity. Recently, Salem et al. (2002) indicated that salinity or
salinity + Orobanche infection resulted in highly significant reduction in the
seed yield (g) /plant of the most resistant faba bean cultivars, i.e. Giza 429
and Giza 843.in spite of their superiority in growth, dry matter accumulation
and c hemical ¢ ompositions. Accordingly, t hey recommended that a s pecial
specific physiological treatments must be applied on both cultivars, in order to
increasing their salt tolerance and consequently approach their optimali
productivity under such saline conditions. However, The most interesting and
important feature of the obtained data in the first part of the present
investigation in spite of the sever negative effects of salinity on yield
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component of stressed plants is that, the highly significant positive responses
of the all studied yield components of the sensitive Giza 167 cultivar plants
were recorded as a result of the weekly spraying either with 10 uM putrescine

or 2 ppm ABA as well as the grain irradiation with 15 KR gamma rays, so- - -

much so that, their yield components were highly significantly exceeded the
comparable ones of the salt-tolerant untreated Sakha 8 control at the all
applied salinity levels, except only the highest one, i.e. 45% sea water. The
‘superiority of these treatments can be evidenced by calculating the
percentages of the highly significant increases in the grain vyield/ g plant due
to each treatments over the salt-tolerant control at 30% sea water level which
were 53.0%, 44.4% and 38.4% for spraying with putrescine, 2 ppm ABA and
15 KR gamma rays freatments, respectively. In the meantime, the recorded
percentages by the same three freatments over the salt-sensitive control
were, 126.5%, 113.7% and 104.9%, respectively at the same 30% sea water
fevel. On the other hand, the highly significant increases in the grain yield due
to the other three treatments, i.e. 20 KR gamma rays, soaking in 2 ppm ABA
and soaking + spraying with 2 ppm ABA were recorded either over the Mean
T of the sensitive control or over the tolerant one were recorded only up to
15% sea water level, meanwhile, at 30% and 45% sea water levels, a highly
significant reduction in the vyield components due to the same three
treatments were recorded in comparison with the respective yield of both
controls.

Increasing the yield and its components due to gamma rays, ABA and
putrescine treatments under saline conditions has been reported by several
investigations. In this concern, El-Halim et al. (1989) reported that aithough
wheat germination rate, plant growth and yield components decreased with
increasing salinity, the same parameters increased when the wheat grains
were irradiated with 2-8 KR gamma rays. Also Ghallab and Nesiem (1999)
suggested that possibility of successful application of gamma rays to
improvement salinity tolerance of the sensitive wheat cultivars. On the other
hand, Aldesuquy et al. (1998) studied the effects of presoaking wheat grains
in two different antitranspirant solutions (sodium salicylate at 5 mM or
abscisic acid at 1 mM) and found that both antitranspirant increased growth
and pigment contents as well as yield components of stressed wheat plants.
Gong et al. (1990) found that barely seedlings and wheat previously treated
with ABA had significantly fower Na" and CI" contents and Na'/K" ratio, in
addition, their salt resistance and yield were significantly improved compared
with the untreated ones.

Moreover, Nessiem and Ghallab (1999) reported that foliar
applications of ABA increased tolerance of Giza 163 (sensitive) and Sakha 92
(partially salt tolerant) to salinity expressed in increasing root length and dry
weight as well as grain yield/plant and 1000 grains-weight. T hey a tiributed
the increase in the grain yield/ptant due to the effect of ABA on enhancement
of assimilates translocation to the grains under salinity. In addition, the
superiority of putrescine treatment in improving salinity tolerance of the
stressed piants, which in turn, led to enhancement of their productivity under
saline conditions was previously evidenced by several workers as due to that
putrescine associated with cell division and active growth and metabolism
(Biondl et al., 1993), plays an important regulatory role in plant growth
promotion (Smith, 1982); influenced protein and nucleic acid synthesis
(Slocum et al, 1984), associated with photosynthetic activity in rice
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(Chetterjee et al., 1988), mediators of hormone action in many pfants (Bernel-
Lugo, 1983), also putrescine and polyamines described as endogenous plant
growth regulators or interacellular second messengers mediating the effect of
phytohormones (Galaston, 1983). The increased interacellular concentrations
of putrescine and polyamines under saline conditions had an adaptive
significance increased the salt tolerance (Chaudinova et al., 1985). Moreover,
Prakash and Prathapasenan (1988) concluded that foliar application of
putrescine (10° M) significantly increased the growth and yield of salt-
stressed rice plants.

Table (21):Effect of gamma rays, abscisic acid and putrescine treatments on number of spikes, weight of spikes and weight

of straw / plant of the satt-sensitive Giza 167 wheat cultivar plants in comparison with the untreated salt-tolerant
Sakha 8 cultivar plants under saline conditions (%sea water) during 2000-2001 season.
Mean

0 llsl Jd as [Meamp o 15J 30 1451’"“"‘ 0 I 15 ] 30 [ 4s
TM . : :
Number of spikes/plant Weight of spikes/plant Weight of straw/plant

1

akha 8 control 2.41 (2,20 2.02 [1.30{ 1.98 { 3.29 ;2.65] 2.10 }1.65] 2.42 } 7.33 | 6.03 | 4.55 | 3.54 | 5.36
[Giza 167 control 2.03 11.61] 1.40 10.72( 1.44 | 3.02 {1.92{ 1.32 10.92} 1.80 | 6.48 | 4.36 | 2.92 | 1.87 | 3.91
[Gamma rays 15 KR 4.14 13.16) 2.66 |0.11] 2.52 | 5.28 |3.69{ 2.95 10.13] 3.01 $10.26] 8.09 | 6.99 } 0.19 | 6.38
jGamma rays 20 KR 3.89 12.87) 0.63 j0.10] 1.87 | 4.67 [3.43( 0.54 [0.11{ 2.19 § 9.96 | 7.77 { 1.21 | 0.15 } 4.77

oaking in 2 ppm ABA 3.84 [2.85] 0.69 10.08) 1.87 } 4.71 |3.41] 0.44 [0.12( 2.17 § 999 { 7.75 | 1.17 { 0.13 | 476

oaking + spraying with 2 ppm ABA 3.76 {2.91] 0.71 {0.09] 1.87 } 4.74 |3.40] 0.41 |0.11( 2,17 | 9.97 { 7.71 [ L.11 { Q.41 | 4.73
[Weekly spraying with 2 ppm ABA 4.18 {3.271 2.69 {0.10] 1.56 1 5.44 14.06) 3.13 [0.12] 3.19 | 10.38( 8.17 | 6.96 | 0.21 | 6.43
[Weekly spraying with 10 uM putrescine | 4.43 [3.47( 2.77 |0.11{ 2.70 | 5.63 }4.15} 3.25 0.16] 3.30 J10.41] 831 | 7.01 | 0.23 | 6.49

Mean (S) 3.59 12.79] 1.70 {0.33 4.60 13.34] 1.77 }0.42 9.3517.27 [ 3.99 | 0.80
[New LSD value at 0.05 0.01 0.05 0.01 0.05 0.01
alinity (S) 0.16 0.21 0.19 025 0.43 0.57
Pﬁ'rutmmt (1)) 0.22 0.30 0.27 0.36 0.61 0.81
S) X(M 045 0.59 0.54 0.72 1.21 1.6t

Table (22):Effect of gamma rays, abscisic acid and putrescine treatments on number of grains, grain yield (g) / plant and
weight of 1000 grains of the salt-seusitive Giza 167 wheat cultivar plants in comparison with the uatreated sait-
tolerant Sakha 8 cuitivar plants under saline conditions (%sea water) during 2000-2001 season.

i % <ca water Ll 15 | 30 [45 [M;."‘ 0 [wj 30 [45 M.‘r"““ 0 l lsi aoJ as Men
Number of grains/plant Grain yield(g)/plant Weight of 1000 grains
Jsakna 8 control 98.65} 80.36{ 60.02 ‘92" 72.06] 2.52 | 1.76] 1.51 {1.38] 1.79 | 42.48{31.8325.62{18.24| 20,54
Giza 167 controt 75.40| 59.11 40281 *}® | 51.20] 1.88 |22 1.02 [0.84] 126 35.50{ 24,53 1938 1211 f23.12
Gamma rays 15 KR 185511388 ) 5516 197 1993) 3.66 |2.56] 2.09 [031 2.6 [58.33}a1.66] 32,88 2.5 | 35.11
Gamiaa rays 20 KR ”:'9 1007 19,08 1% 160.97) 3.08 |2.40] 0.43 [0.26] 1.54 Ja8.10|38.68{12.02 7.03 | 2646
aaking in 2 ppm ABA 1293 10;;.7 18.02) '3 63,06} 3.11 {242 .41 034 1.57 Ja8.7 3009 12.26) 7.11 (2673
saking + spraying with 2 ppm ABA HBI1 10041 165119 6131 | 3.04 [232] 030 0.5 1.50 f47.90|37.82 13,13 7.0 | 26.48
Weekly spraying with 2 ppma ABA | 154/ 1377 05,95 193 181 395 [2.53] 2.18 [0.34] 225 |59.63]40.41|33.73) 7.85 | 36.41

209.8/158.8101.6110.4{120.1

[Weekly spraying with 10 sM putrescine o 0 3 7 9 4.25 12,911 2.31 [0.36] 2.46 161.45}46.49)35.33 7.96 ) 37.81

Mean (S) “;ﬂ 10881 55,31 ‘2‘6 19 [2.27] 1.29 {051 50.23{38.06|23.04] 9.49
New LSD value at 0.05 0.01 0.05 001 0.05 0.01
Salinity (S) 531 6.40 0.09 0.12 LIS 153
Treatment (T) 794 9.89 0.18 0.21 ) 163 L6
$)X(M 14.88 19.01 0.31 0.45 325 432

A wide survey of the obtained data of this first part in the present
investigation s trongly ¢ onfirmed the s uperiority of the weekly s praying e ither
with 10 uM putrescine or 2 ppm ABA as well as grain irradiation with 15 KR
gamma rays in inducing the highest degree of the physiological tolerance to
salinity which enables the stressed plants of the sensitive Giza 167 cultivar to
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be adapted and keep better performance against the all applied leveis of
salinity and even confirmed their superiority up to 30% sea water level in
comparison with the salt-tolerant Sakha 8 cultivar.

Such highest degree of adaptation induced-by these above mentioned
three treatments, strongly indicating the induction of high degree of the
physiologicail tolerance in the treated plants brought about by creating more
negative osmotic potential "Osmotic Adjustment” in their tissues, as
previously evidenced by several authors, through the accumulation of much
more quantities of inorganic osmotica, i.e. N, P, K*, Ca'?, Mg?as well as
highest K “/Na* ratio and the lowest Na*/Ca** ratio in addition to the lowest
quantities of Na” in their shoots and roots. This in addition to the considerable
accumulation of organic protective osmolytes, i.e. non-reducing sugars,
proline, free amino acids and protein which greatly exceeded that in the all
other treated or untreated control planis, as an adaptive mechanism enable
the treated plants to adjust the ratio between the protective and toxic
intermediates of metabolism in favor of more tolerance to salt stress.
Moreover, this was accompanied by an endogenous hormonal status in such
treated plants was also, in favor of more physiological tolerance to salinity
through maintaining of the most favorable water relation, i.e. the high
accumulation of IAA, GA; and ABA in the treated shoots as well as cytokinins
(and sugars) in their roots. This in addition to the considerable reduction in
invertase activity in the treated tissues in favor of more accumulation of non-
reducing sugars, especially in the stressed roots. Such behavior in the
treated plants evidently increased their ability to counteract salinity stress,
thus were able to keep better performance against salinity till harvest, which
was reflected in a highly significant increments in their yield components over
the respective yield of the all other treatments including even the sait-tolerant
control up to 30% sea water level. This strongly indicates that, these results
are not only of academic interest but also of great applied importance. If we
consider these results from the economical applied point of view, the
obtained results strongly suggested that the tolerance to salinity of the sait-
sensitive Giza 167 cultivar can be improved to a considerable extent, hence,
it can be successfully cuitivated in the new E gyptian |and areas and could
tolerate the irrigation with the diluted sea water up to 30% sea water level,
and nevertheless, approach their optimal productivity which highly
significantly exceeded the comparable productivity of the salt-tolerant Sakha
8 cultivar plants under the s ame saline conditions, if these sensitive plants
were weekly sprayed either with 10 pM putrescine, (which was superior
amongst the all applied treatments), or 2 ppm ABA as well as when their
grains were irradiated with 15 KR gamma rays before sowing. Further
genetical and physiological studies must be done to disclosed whether the roles
of the weekly spraying either with 10 uM putrescine or 2 ppm ABA as well as
grain irradiation with 15 KR gamma rays in improving salinity tolerance of the
sensitive wheat cultivar were attributed to some alternation in the properties of
the cell membranes, enhancement in the physiological metabolic processes
rates, somatic mutation (especially with gamma rays) or to any other genetic
changes at the cell level.
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