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ABSTRACT: Two successive seasons were carried out during 2007/2008
and 2008/2009 at Agricultural Experimental Station of Desert Research
Center (DRC) located in El-Kharga Qasis, E! Wadi El Gadded Governorate to
study the biochemical indicators which associated with counteraction of heat
stress infury in wheat by using induced resistance .i.e. Calcium chioride,
Phenylalanine, Methionine, Methanol, Ethephon and Salicylic acid as a foliar
application as well as tap water as a control. The two genetic matetials used
were; Sids1 {heat tolerant) and Gemmeiza7 (heat sensitive). Resuits showed
that all foliar application treatments appeared to be effective on all growth
trafts and grain yield. Sids1 exceeded GemmeizaZ7 under most of foliar
application treatments. Cafcium treatment (0.8% CaCly) was the best foliar

application foliowed by Ethephon treatment (300 ppm} then Salicylic acid (25
ppm), which associated with heat tolerance in wheat cultivars. The other
foliar application treatments coming in the second order. These results
associated with increase in some biochemical constituents such as
photosynthetic pigments, antioxidant enzymes (catalase and peroxidase)
and/or decrease in other constituents such as malondialdehyde content
which related to the counteraction of heat stress injury.

Analysis of zymogram gel superoxide dismutase (SOD) pattern revealed the
presence of five bands for both wheat cultivars. Band number 5 is presented
in all samples of both cultivars under all foliar application treatments
included control. Bands (No. 3 and 4) were not presented in all the samples
of Sids1 and Gemmeiza7 in case of control and all foliar application
treatments (except ethephon treatment). Unique bands (No.3 and 4) were
appeared in wheat planis freated with ethephon at rate 200 and 300 ppm.
Also, there were detectable changes in band intensity for wheat cultivars
grown under different foliar application treatments which associated with
heat tolerance in plants. Also, data showed that 16 amino acids were
detected including acyclic and cyclic amino acids. Acyclic amino acids
contain: aliphatic unsubstituted amino acids (Glycine, Alanine, Valine,
Leucine, and Isolucine) and aliphatic substituted: hydroxy (Serine,
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Threonine), thio (Methionine}, carboxy {Aspartic, Glutamic)}, diamino (Lysine)
and guanidino (Arginine). Cyclic aminoe acids include: aromatic
(Phenylalanine, Tyrosine), heterocyclic (Histidine} and imino acid (Proline).
There was a marked increase in amino acids content in plants as a result to
foliar application treatments and this is depending on the concerned amino
acid, dose of foliar applications and wheat cultivars. Also, carboxy amino
acids recorded the high amounts with all foliar application treatments and
mostly higher than other amino acids possibly due to their being precursors
for synthesis of most amino acids which associated with heat tolerance. The
utilization from such field experiments:

v In study and evaluation of heat tolerance basics for wheat plants under El
Wadi ElI Gedeed conditions which known as heat stress, with
recommendation to use heaf tolerance genotypes such as Sids1, which
associated with biochemical constituents.

= The benefit from biochemical indicators which associated with heat
tolerance to improve sensitive genotypes such as Gemmeiza7 by using
induced resistance.

Key Words: Wheat, Heat stress, Biochemical counteraction, Antioxidant

enzymes, Malondialdehyde, amino acids, Growth and Yield,

INTRODUCTION

In Egypt, there is shortage in wheat production as it only covers about
64% of the local consumption. Therefore, the improvement of wheat
productivity is being a native goal and a great attention should be paid to
overcome or minimize the gap between production and consumption. This
may occurred by expansion through reclaimed areas which represent the
good hope of cultivated lands in increasing our agricultural production and
subsequently in overcoming the deficiency in food requirements, as well as,
increasing the vertical production through using chemical materials which
are safe on human health and environment. Most of new reclaimed lands are
subjected to heat and high solar radiation stress as in Ef Wadi El Gadded
(New Valley) region which considered as a good hope for agricultural
expansion. It represents about 45 % of the total area of Egypt and has about
3.3 million Fad. Heat and solar radiation stress are the most serious factors
limiting growth of severa! plants there.

Plants exposed to environmental stress factors, such as high light
intensity and heat stress suffer from oxidative damage catalyzed hy reactive
oxygen species (ROS} e.g. superoxide radical O”, hydrogen peroxide H;0;
and hydroxyl radical OH' . ROS are known to be primarily respensible for
impairment of cellular function and growth depression (Cakmak, 2007).
Enhanced respiration rates relative to photosynthesis at high temperatures
are more detrimental in C; plants (wheat) than in C,; hecause the rates of both
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dark respiration and photorespiration are increased in C; plants at higher
temperatures (Taiz and Zeiger, 2002).

As a part of the photorespiratory pathway, H.O, is produced in the
peroxisomes, where it can also be formed during the catabolism of lipids as
a by-product of § oxidation of fatty acids {(Wu et al, 2007). Also, high
temperature injury can result in considerable pre-harvest and post-harvest
crop losses. One mechanism of injury involves the generation and reactions
of ROS {Liu and Huang, 2000). Celiular increases in ROS can either act as
secondary messenger that switch on cellular defense mechanisms, as in the
hypersensitive response, or can cause cell dysfunction and act as drivers of
cell death (Foyer and Noctor, 2005). In order to limit oxidative damage under
stress condition plants have developed a series of detoxification systems
that break down the highly toxic ROS (Larkindale and Huang, 2004).

Application of some chemical materials as foliar application is one of the
most important way to reduce the adverse effect of heat stress on wheat
plants. In this respect, Gong et al. (1998) reported that calcium may have a
role in heat stress signaling. It has been shown that calcium signaling
inhibitors and calmodulin inhibitors limited survival and increased electrolyte
leakage from membranes after treatment. Also, application of salicylic acid
(SA) has recently been reported to increase heat tolerance in plants, and
associated with its protection against oxidative damages (Larkindale and
Huang, 2004). Also, Hayat et al. (2010) found that SA is an endogenhous plant
growth regulator has heen found to generate a wide range of metabolic and
physiological responses in plants thereby affecting their growth and
development. According to Nonomura and Benson (1992)a,b who stated that
application of methanol have been reported to increase yield in a number of
C; but not C, crops. The Ethephon (2 chloroethyl phosphonic acid) is
considered as a source of ethylene which is degraded when reaching the
internal plant tissues releasing then ethylene, chlorate and phosphate ions.
Ethylene is synthesized from methionine through a sequential action of the
enzymes aminto cyclopropane-t-carbexylic acid synthase and amino
cyclopropane-i-carboxylic acid oxidase {Yueri &f al, 2002). Ethylene has
been implicated in a number of stresses induced pathways (Foyer et al,
1997).

The present study aims to study the biochemical indicators which
associated with counteraction of heat stress injury in wheat plants by using
induced resistance.

MATERIALS AND METHODS

l. Field experiments
Two field experiments were carried out during 2007/2008 and 2008/2009
seasons at Agricultural Experimental Station of Desert Research Center
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{DRC) located in EI Wadi El Gadded Governorate (El Kharga Farm) to study
the biochemical counteraction of heat stress injury in two wheat cultivars.
Plant materials growth conditions

The grains of two wheat cultivars; Sids1 and Gemmeiza7 were obtained
from the Field Crop Institute, Agriculture Research Center. In each season,
wheat gralns were sown in first week of November. The expenments were
designed in split plot design with tree replicates. The plot was 6 m?, each plot
was fertilized with super phosphate at the rate of 200 Kgffad. before planting,
potassium sulphate at the rate of 100 K;O0 Kg/fad. and ammonium nitrate at
rate of 180 Kg/fad. The fertilizers were added in two equal doses after 30 and
80 days from sowing Mechanical and chemical analysis of soil and irrigation
water are presented in Table {1).

Treatments

The field experiment included two main factors {thirty six treatments):
1. Wheat cultivars:

Two wheat cultivars Sids? (heat tolerant) and Gemmteiza7 (heat sensitive)
2. Foliar application treatments:

Six chemical treatments each with three concentrations in addition to
control as follows:
Tap water (control}
Calcium chloride (CaCl,) at 0.2, 0.4 and 0.8 %.
Phenylalanine {PA) at 20, 40 and 60 ppm.
Methionine {Met) at 20, 40 and 60 ppm.
Methanol (MOH) at 10, 20 and 30 %.
Ethephon (Eth) (2 dichlorcethyl phosphonic acid} at 200, 300 and 400
Ppm.
s Salicylic acid {SA) at 25, 50 and 100 ppm.

Each treatment was sprayed on plants at a rate of 400 liter/Fad. after 45
and 85 days from sowing. Ail treatment.-.. were appiied in the morning.

Plant sampling

Two plant samples were taken during the experiment from each treatment.
The first one was taken 75 days from sowing to determine photosynthetic
pigments, antioxidant enzymes, malondialdehyde and amino acids as well as
growth traits {pant height, fresh and dry weights/plant). The second sample
was taken after harvesting to determine the following traits; plant height {em)
and grain yield (ton/fad.}.

ll.Chemical analysis

Moisture
The moisture content of wheat's shoot was determined according to
AQO.A.C. (1995).
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Photosynthetic pigments

Chlorophyll {(Chl}) a, b and carotenoids were extracted and estimated
according to A.0.A.C. (1975) and calculated according to the formula of
Wettstein (1957).

Lipid peroxidation level
The level of lipid peroxidaticn in the plant tissue was quantified by
determination of malondialdehyde (MDA), a breakdown product of fipid
peroxidation according to Health and Packer (1968} and modified by Zaho et
al. (1994).
Table {(1): Mechanical and chemical analysis of the experimental soil and
chemical analysis of underground irrigation water at El-Wadi EI-

Gedeed.
a) Mechanical analysis of the experimental soil.
] Characters Values
Total sand (%) 51.05
Clay (%) 30.94
Silt (%) 18.01
Texture class . Sandy clay loam
k) Chemical analysis of the experimental soil.
Characters Values o
pH 8.12
E.C. (mmhos/cm) 2.44
Soluble cations {meg/L}
Ca" 7.08
Mg 2.15
Na' 16.04
K 0.a88
Soluble anions {meg/L)
CO;= —
HCOy 5.59
cr 14.39
L s0.° _ 6.17 |
¢} Chemical analysis of irrigaﬁon water. T T
Characters _ Values |
pH 7.38
E.C. (mmhos/cm} 1.23
Soluble cations {(meg/L}
ca™ 1.70
Mg 1.0
Na' 9.11
K 0.51
Soluble anions (megiL)
coy R
HCOy 3.12
cr 5.96
{ey 3.25
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Soluble protein
Soluble protein contents of wheat shoots were determined according to
Lowry's method (Lowry et al., 1951).

Antioxidant enzymes
Catalase activity (E.C 1.11.1.1.6})

The extraction was performed according to Maxwell and Bateman (1967)
with some modifications. The catalase (CAT) activity was determined as the
change in absorbance at 240 nm, at Spectronic Genesis.5 as: (A Absa) /mg
protein/tmin,

Peroxidase activity (E.C 1.11.1.7)

Peroxidase (POX} was determined by using O-Dianisidine method
according to Worthington Biochemical Corp (1972). The change in
absorbance was recorded at 460 nm for 3 minutes by Spectronic 601
spectrophotometer (A Absyg) /mg protein /3 min.

Superoxide dismutase isozyme (EC.1.15.1.1)

The (SODs) were extracted from plant samples and separated by native
polyacrylamide gel electrophoresis (PAGE} according to Stegman et al
(1985). After electrophoresis, the isozyme of interest was identified by
incubating the gel in an appropriate substrate solution such that o coiored
product was produced at the site of the enzyme Wilson and walker {2000).
The staining ingredients were mixed and poured over gel according to
Siciliano and Shaw (1976}.

Identification and determination of protein amino acids

The hydrolyzed protein amino acids were determined according to the
method described by Pellet and Young (1980). Amino acids composition was
determined by amino acid analyzer apparatus model "Eppendrof-Geramany
LC 3000

lll.Statistical analysis

Data were analyzed statistically according to the procedure outlined by
Snedecor and Cochran (1982).Combined analysis over growing seasons was
done when the homogeneity test was insignificant according to Gomez and
Gomez (1984). Duncan's muitiple range test was used for the comparison
between means (Duncan, 1955).

RESULTS AND DISCUSSION
I. Growth traits

Data in Table {2) clearly demonstrated that CaCl, significantly increased
all growth traits as compared with the control. But the maximum value of
plant height was achieved at rate of 0.4 %. Also, the maximum value of fresh
and dry weights was obtained by CaCl, at rate 0.2 %. In this connection,
Sids1 exceeded Gemmeiza? in fresh and dry weights. Concerning the effect
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of interaction between foliar application and wheat cultivars, data showed
that the highest value of plant height was obtained by Sids1 after treatment
with 0.4 %. Also, applied CaCl, at rate 0.2% gave the maximum value of fresh
weight and dry weight for Sids1 and Gemmeiza7, respectively. The
enhancement in growth parameters of wheat plants after treatment with
CaCl; may be ascribed to: 1) calcium may be involved in plant tolerance to
heat stress by regulated antioxidant metabolism or / and water relations
(Jiang and Huang, 2001) 2) plays a major role in the initiation of many signal
transduction processes in higher plant cells, including bud formation, polar
growth, gas exchange regulation, secretion, movements and light and
hormone regulated growth and development (Hepler and Wayne, 1985} 3) this
nutrient actively influences one of the processes most vital to plant growth
and nitrogen metabolism (Lo pez-Lefebre et al., 2000) 4) increasing cell
division {Tuteja and Mahajan, 2007) 5) Ca**accumulates as calcium pectate in
the cell wall and binds the cells together, also Ca* required for pollen tube,
growth and elongation (Sanders et af., 2002) 6) Ca' required as a counter
cation for inorganic and organic anions in the vacuole and as an intracellular
messenger in the cytosol (Mahajan and Tuteja, 2005).

Foliar application of PA and Met significantly enhanced growth
parameters in wheat plants, In this regard, the maximum value of plant height
was obtained by applied PA and Met at rate of 40 ppm. Also, the same dose
of PA gave the highest value of fresh weight. In this connection, there was
significant effect between the two wheat cultivars in dry weight after
treatment with PA. Regarding the effect of interaction, data showed that the
highest values of plant height were obtained by Sids1 and Gemmeiza7 after
treatment with 40 ppm Met and 40 ppm PA, respectively. Applied PA at 20
ppm recorded the highest value of fresh weight for Gemmeiza7? and dry
weight for Sids1. But the highest values of fresh weight and dry weight were
achieved by Gemmeiza7 at rate of 60 ppm Met. These results were
compatible with those aobtained by Abd El-Aziz et al. (2009). The stimulative
effact of amino acids {PA and Met) on growth parameters may be attributed
to: 1) amino acids produced a high quality of inflorescences {Abd El-Aziz and
Balbaa, 2007} 2) the role of amino acids in increase the content or activity
levels of endogenous promoters particularly gibbereilins and 1AA {Wilkins,
1989).

Data in Table (2) showed that MOH treatments appeared to be effective on
growth parameters. In this respect, the maximum values of plant height,
fresh weight and dry weight were obtained by applied MOH at rate of 20 %.
Concerning the effect of interaction, data elucidated that the highest values
of plant height and dry weight were obtained by Gemmeiza7 at rate of 30 %
MOH. Also, the same cultivar recorded maximum value of fresh weight after
treatment with 20% MOH. The effect of MOH on growth parameters is well
documented by Madhaiyan et al. (2006).
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Table (2): Growth traits as affected by foliar application, wheat cultivars and
their interaction at 75 days from sowing.

Foliar lT 7 Plant haight (cm) hl Fresh weight (gmy { Dry weight (gm} 1
applicaf_irm I Sids1  “Gem7 [ Maan i Sids 1 *Gem? -V-N?ean | Sids *Gem7 | Mean

Calcium chloride (%)
| Controi | 8433d  7873e | 8153C i 131a0c  11030d | 12060C | 28.52c 22560 | 25.748
0.2 | 104.300  96.82c ’ 100,608 | 180.40a  174.80a | 177.50A ‘32.41b 36.31a | 34364
0.4 ! 410602 mz.mblwesm | 140406 12810¢ ‘ 134.208 | 2143d  2216d = 21.79C
|

0.8 | 10210b  102.10b | 10240B | 13410c  142.20b . 138108 | 24470 3100bc | 27738
i
Mean L 100204 94968 f

146.50A 138.908 [ 2680 A 28014 4'

Phenylalanine (ppm)

7 Contral” 1 84334 7873e | g1.53D [ 131.40pc  110.30¢ | 1208C | 2892¢ 2256e  2574BC
20 ‘ 93326 §1.07bc | 9218B ‘ 121.0cd 1539 0a i 13758 J‘ 41942 3443p  331BA
40 L9187 be 103108 | 97.51A | 1436ab 151.10a 14744 | 2805¢ 27.85cd | 27858
] 60 i 88.10cd  S050bc | 89.30C | 115.00d 115.00d ] 15.0C | 232  2M46de | 2383C
i Mean | &3.20A S08EA | 127.70A 132604 | 30.53A° 27.27TB ‘

o Mathionine [ppm)
Control | B433c 78.73d |, 8153C 131.40be 110.30¢d i 120.90AB [ 28.92b 22.56cd 2BT4A
20 88.94b 88.84 b 86.89B 123.46-d 103.70d 1Mis0B 21.27d 2623 ¢ ‘ 23.25B

40 j 8327a  918yab | 9262A | 12810bc  13570ab | 131.30A i 2073d  2097d , 2085C
60 | 90.74ab  91f3ab | 90.93AB | 110.7¢ca 154702 | 132704 L 2202d  3314a @ 27.56A
Mean | B9.32A B7TETA | | 122.408 126708 | [ 23234 2547A ‘
—_ . L
Methanol [%]
Confrol = B433d 7873e ;| 8153C | 131406  11G30d | 12090C | 28.92a 22.58bc | 25.74AB
10 i 102.7ab 102.30ab 1025 A 139.70 a 11430d | 127.20B 2443 b 2460k | 24.51B
20 ! 19140 10360ab | 1025A | 140.40a  14230a \ 141304 | 2234bc  3089a | Z661A
30 | 9384c  105.30a | 99.588 | 12420c  11430d ; 119.30C | 2040c  30.91a | 25.65AB

Mean 9557 A 97 47 A 133.90A 120904 | “T2407A 27.2dA
| L

. Ethephon (ppml ]
Control | 84.33d 78.73e 81.53C | 131.40ab  110.30cd | 120.50AB | 2882b 2256cd | 2574B
124.00AB | 18.21e 2067d | 19.44C

200 1.51b 98.07a 94.76 A | 104.00cd 144102 |
300 86.49¢cd  85.41cd 8595 B S8.65 ¢ 130.60ab 114708 | 17508  2330c - 2040C
400 80.50 e 88.32¢ 84.418 _L118.60b_c 141.20a 129904 | 2045p  3491a ' 3203A
!'_ Mean _i_ss.?m B7TE2ZA | 112206 131.60A _L _jl_za.u.q 2536 A i
i Salicylic acid {ppm)
[ Contral | B433d 7873e | 8153C | 13t.40¢c 11030 | i2080C | 28.82¢c  22B6e | 2574C
25 ' 88.43¢  90.33ac . 89.28 B 131.60 ¢ 1692.00a ‘ 150.30 A | 2527d 4470 a \ 3488 f
50 88.19 ¢ an.i7be | 29.18B 125.20d  143.80b 134.40B | 26.23d  34B2b | 30.02B
100 92.48 ab 92,59 a 92,68 A | 129.10cd  146,30b 137,708 | 21.41e 2607d ‘ 235.24 D
Mean BB.36 A 88.03 A | [ 128308 14230 A #5218 317RA |

Values followed by the same better (s} are not significantiy different at p< 0.05. * Gem7=Gemimeiza7

From data listed, it could be noticed that plants applied with Eth showed
promotive effects on growth parametets. The maximum value of plant height
was achieved by the lowest rate of ethephon at 200ppm. However, the
maximum vaiues of fresh weight and dry weight was obtained by Eth at 400
ppm. In this concern, Gemmeiza?7 recorded the higher value of fresh weight
than Sids1. Concerning the effect of interaction, the highest values of plant
height and fresh weight was obtained by Gemmeiza7 after treatment with 200
ppm Eth. Whereas, the highest value of dry weight was recorded by
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Gemmeiza7 at rate of 400ppm Eth. These results were compatible with
Hussein (2007} on harley. Also, Ethephon mode of action acts via liberation
of ethylene, which is absorbed by the plant and interferes in the growth
process {Thomson, 1993).

Also, SA significantly enhanced plant growth traits in wheat plants. The
maximum value of plant height was obtained by applied SA at 100 ppm.
Whereas, the maximum value of fresh and dry weights was achieved by SA at
25 ppm. In this connection, Gemmeiza7 exhibited the superior value at fresh
weight and dry weight than other cultivar. Concerning the effect of
interaction, data showed that the highest values of fresh weight and dry
weight were obtained by Gemmeiza7 after the treatment with 25 ppm SA. But
the highest value of plant height was obtained by Gemmeiza7 when SA
applied at rate 100 ppm. The aforementioned results were in agreement with
those which were obtained by Singh and Usha (2003) and El| Shraiy and
Hegazi (2009). Also, the enhancement in growth traits after treatment with SA
may be ascribed to: 1} accumuiation of hormones in wheat seedlings
{Shakirova et al., 2003) 2) the positive role of SA in improving hormonal
regulation and improvement of leaf turgidity by causing stomatal closure,
decreasing the rate of transpiration, increasing relative water content (El
Hakem, 2008) 3) regulating some chemical contents such as total soluble
proteins, total phenols, proiine, total soluble carbohydrates and sugars (El
Shraiy and Hegazi, 2009) 4) generate a wide range of metabolic and
physiological responses (Hayat et al., 2010} 5§) plays an important role in
regulating a member of plant physiclogical processes (Arfan ef al., 2007).

l.Chemical determinations

1. Photosynthetic pigments

Photosynthetic pigments in leaves are recorded in Table (3). It is clear
that, CaCl, treatments significantly increased photosynthetic pigments in
leaves as compared with the control. The maximum vaiue was achieved by
CaCl, at rate 0.8 % (except Chl a at rate 0.4%). There was a significant effect
in some photosynthetic characters which declared that Sids1 explored
higher values of Chl b, (a+b) and total pigments than Gemmeiza7. As to the
effect of interaction, data showed that the highest values of Chl a,
carotencids and total pigments were obtained from Gemmeiza? after
treatment with CaCl, at rate 0.8%.While, Sids1 plants treated with 0.4%
recorded the maximum values of Chi b and Chi (a+b}. In this regard, the
effect of CaCl; on increment of photosynthetic pigments content under heat
stress is well documented by Fu and Huang {2003}).

The enhancement in photosynthetic pigments in wheat leaves after
treatment with CaCl, may be ascribed to: 1) the effect of such substance on
increasing the biosynthesis of these pigments and the protection of the
photosynthetic apparatus from damage by heat stress (Zhao and Tan, 2005)
2} some of NAD kinase, which associated with the chloroplast, was
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dependent on calcium and light activated 3) NADP product served as the
terminal electron acceptor for photosystem | (Jarrett ef al., 1982).

Results showed that PA and Met significantly enhanced the increment of
photosynthetic pigments in wheat leaves. Under foliar application of PA,
Gemmeiza7 had a higher Chl b, carotenoids, Chl (a+b) and total pigments
than other cultivar. While, Sids? exceeded Gemmeiza7? in Chl b after
treatment with Met. in this accord, the interaction effect was also proposed
that the highest values of Chl a, b, carotenoids, Chl {a+b) and total pigments
were cobtained by Gemmeiza7 when PA applied at rate 40 ppm. Also, the
maximum values of Chl a, carotenoids, Chl (a+b) and total pigments were
obtained by Gemmeiza7 after treatment with Met at rate 20ppm. The
increment in photosynthetic pigments in wheat leaves after treatment with
PA and Met may be due to the enhancement of pigment biosynthesis {Abd EI-
Aziz et al., 20098). The positive effect of amino acids on enhancing
photosynthetic pigments may be due to: 1) help to increase chlorophyll
concentration in plants leading to higher degree of photosynthesis
(Hahlbrock and Scheel, 1988) 2) Met serves as a methyl group donor in
various plant tissues (Cleland, 1963} 3) the succinyl COA {Kerb’s cycle
intermediate) and the amino acid glycine, initiate the biosynthetic pathway
leading to chlorophyll formation (Abd El-Aziz et al., 2009)

Data in Table (3} clearly showed that MOH significantly enhanced
photosynthetic pigments. The maximum value was achieved by MOH at rate
10%. The higher Chl a, {a+b) and total pigments values were obtained by
Gemmeiza7 and this revealed a significant effect achieved by this cultivar,
but the other remaining photosynthetic pigments parameters had no
significant effect between the two cultivars. The interaction effect can be
deduced from tabulated data, the highest values of Chl a, {a+b) and totai
pigments were produced from Gemmeiza7 after treatment with 10% MOH.
The interpretation of MOH role in enhancement the plants under stress
conditions is that: 1) reduce photorespiration {C; plants} and increasing
efficiency of carbon utilization {(Nonamura and Benson, 1992h} 2) their
protective function and have a particular role in the nrotection of leaf cells
from photooxidative damage (Neill and Gould, 2003) 3} affects the expression
of hundreds of genes and that multiple detoxification and signaling pathways
are activated may contributed to increase in photosynthetic pigments
{Downie et al., 2004),

Application of Eth decreased Chl a content. But plants treated with 400
ppm recorded the highest values of Chi b, (a+b) and total pigments. In this
regard, there was a significant effect between the two cultivars exhibited by
Gemmeiza7. As to the effect of interaction, data exhibited that the highest
value of Ch! a was achieved by Gemmeiza7 when Eth applied at rate 3¢0ppm.
Also, the same cultivar recorded the highest values of Chl (a+b), carotencids
and total pigments after treatment with 200ppm.
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Tabie (3): Photosynthetic pigments in leaves as affected by foliar application, wheat cultivars and their

interaction at 75 days after sowing.

Values followed by the same letter s) are nat

signiticantly different at p< 0.65. "Gem7=Gemmefza7

Foliar Photosynthetic pigments (mg / 100 g fresh wt.]
application
Chilorophyli a Chiorephyll b Carotenoids | Chiorophylia+b | Total pigments
Sids 3 *Gem7 | Mean Hids 1 “Gem? T Mean Sids1  *Gem? | Mean Sids 1 Gem? I Mean | Sids1  *Gem7 | Mean |
‘Calcium chionde { %) o
Controd 106.04  115.0d | 110.5C 44.00c 2567d | 34.83C | 43.67d  3333e | 38.50C | 150.0¢ 140.7?[145.3(: I 193.7¢ mmﬁ
Q.2 161.0a 126.7c 143.88 £567h 42.00¢ 49.23 B 59.00b 49.67cd ¢ 54.32B 217.7a 167 0c 192.38 | 276.7a 218.3c 247.58
0.4 147.0p  1330c | 140.0B | 77.00a  39.67c | 5833A | 54.67bc  51.67c | 5347B | 22d.0a  1727c |198.3AB| 278va  224.3c | 2515B
0.8 151.0b 163.0a 157.34A 44.00¢c 51.67b | 47.83 B 52.00c B6.00a £9.00A 195.7b 214.7a 205.2A 247.7b 2B0.7a 264.2A
Mean | 14144  134.4A 5547 A 38758 ! T 52334 5G47A 196.8A 17388 24928 72438 |
- T T - Phenylamlanine [ppm) - 77; —
Control | 106.0d  116.0d | 110.5C | 44.00f ~ 2567h | 34830 | 4367a  33.33¢ | 850G | 150.0e  W40.7e | 145.3C | 193.7e  174.0f | 183.BC |
20 305 ATIO0b | 17208 | 34003 5300d | 4350C | 46004  6167ac | 53838 | 207.0cd 2240b | 21558 | 25304 286.0bc | 269.58
40 t46.7¢  189.0a | 167.84 | 4367a 26.00a | 67.63A | 57.00bc  6€7.67a ! 6233A | 196.3d  2750a | 2357A | 2533d 34274 | 298.6A
80 157.7Tbc  152.0c | 154,88 | S7.00c 72.00b | 64.50B | S567¢c  64.67ab | 6017A | 21d.7bc 22400 | 219.3B | 270.3cd  288.7b | 279.58
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applied with 40ppm Met gave the lowest value in leaves of Sids1. The effect
of Met in alleviating the MDA toxic product in leaves may be due to ethyiene
which is synthesized from Met through a sequential action of the enzymes
amino cyclopropane-1-carboxylic acid synthase and amino cyclopropane-1-
carboxylic acid oxidase (Yueri et al., 2002). In the same trend, Larkindale and
Knight (2002} declared that plants have evolved mechanisms to cope with the
problems caused by high temperatures.1-aminocyclopropane-1-carboxytic
acid {a precursor to ethylene) could protect plants against heat induced
oxidative injury.

Table (4): Antioxidant enzymes and lipid peroxidation in shoots as affected
by foliar application, wheat cultivars and their interaction at 75 days
from sowing.

Foliar Catalase ac.tivity _Auulmg Peroxidase qctivit)_r A/mg Malondialdehyde content
application protein/ {min protein/ 3min i {nmol / g fresh wt.}
Sids1  *Gem7 | Mean | Sids1 *Gem7 | Mean | Sids1 *Gemn7 | Mean
Caiciumn chioride (%}

Control | 0.029¢ 0.103e j 0.066D ;, 9.05f 890f | BS5750 | 107.60a 109.70a I 108.60 A
0.2 i 0571c  0052e [ 0311C | 1253¢  11.50d { 1202B | 9513¢ 98.58b | 96.85B
04 . 0.332d 1.036a | 0.684A | 19.41a 1815b | 1878 A | 4063 f 99.34b | 69.98C
0.8 . 0803bh 0.132e | 04688 | 11.47d 1049e | 1D.98C ! 6501d 52.11e ;| §856D

Mean | 0.434A 0331B 13.11A 12.26B 77.08B  89.83 A |
Phenylalanine {ppm}

Control 0029e 0103de; 0.066D | 805bc B890bd | B47B | 10760a 109.70 2 } 108.60 A
20 0.283c¢ 0580b | 0431B | 5167d 6.617cd | 589C 75.74 d 54749 . 65240
40 0563k 0.020e | 0.292C | 10.9¢ b 10.25bc | 10.57 8 ' 69.42¢ 81.32b . 7537B
60 1.280a 0.163cd| 0.726A | 31.96a 3094a | 31.45A B7.14F 79.00c | 7307 C

Mean 0541 A 0.216B 1427TA 1418 A 1 7897A  BE19A |
Methionine (ppm}

Contro! | 0.029f 0103ef | 0.066D | 2.05d 880d | 8975C | 107.60¢ 109.7 bc | 10860B
20 0.923a 0.240d | 0.582A | 2269b 2816a | 2542A | 886.24d 88.83d | 87.54C
40 0.388c 0.570b | 0479B | 12.61cd 1692c | 1476B | €9.02f 73.33e | 7118D
60 0.528b 0.147de | 0.338C | 15.06¢c  13.95¢c : 1451B | 111.9b 160.1 a 136.0 A

Mean 0467 A 0.265B [ 1485B 1698 A 3.7 B 108.0 A
Methanol (%}

Control | 0029 O.tn3de | 0.066C | 905e 890 e BOT75C : 10760b | 109.70a 10860 A
10 | 0522% 0511b ! 0517A | 1932a 14.17bc | 1671A 9353 d | 10430c | 9891 B
20 0.542b G.282c¢ | 0.412B | 13.03cd 1582b | 1443B  75.98¢ 79.48¢ | 7773 C
30 . 0853a 0133d | 03938 | 1513 b  11.64d | 13.38B | 68.35h 7118g | 69.76 D

Mean ; D437 A 0.25T A 1413 A  12.628B 86.36B 9116 A
Ethephon {(ppm)

Contral 0029e 0.103d | 0066C | 9.065¢cd B880cd | 89758 | 107.60d | 109.70 ¢ ‘ 10860 B
200 0.088d 0.330a | 0.210A | 6147e T7.887de | 7.017C | 139.90h | 142.50a | 141.20 A
300 0.183 b 0124cd | 0.159B | 10.34c 9027 cd | 9.6828 . 89.78f 93.57e 9168 C
4G0 0.175bc  0.092d | 0.134B | 17.76b 22624 | 2019A . 83.76¢g 78.36h | 81.06 D

Mean 0.122A 0.162A 10.82A 1211 A 105.2A  106.0 A
Salicylic acid [ppm)

Control | 0.028Ff 0.103e | 0.066C | 9.05cC 850c | 8975C | 10760b | 109.70a |108.60 A
25 | 0195d 0.330c | 0.262B | 7.753 d 7.32d | 75350 | 100.60c | 97.79d | 9918 B
50 ; 0.132e 0.029f | 0.081C | 11.33b 1091b | 11.12B | 43.84f 43,69 e | 46.26 C
100 0.827a 0.733b | 0.780A | 16.97a 17.79a | 17.38A | 2841 h 29.56 g | 2898 D

Mean 0.296 A 0.299A 11.28A 11.23 A 7010 A | 7143 A

Values followed by the same letler (s} are not significantly different at p< 0.05. *Gem7=Gemmeiza’?
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From the obtained data, MOH significantly alleviated the effect of heat
stress and production of MDA in leaves, but the most effective treatment was
30% MOH. In this connection, there was a significant effect appeared
achieved by Sids1.Concerning the effect of interaction, data showed that the
minimum value was obtained by Sids1 treated with 30% WMOH. Also,
application of Eth in low levels decreased MDA content. The lowest MDA
content was obtained after treatment with 400ppm. Results observed that
200ppm Eth accumulated the highest MDA value and this result is compatible
with Yonghua ef af. (1995). In this regard, Larkindale and Knight (2002)
showed that Eth a source of ethylene alleviated the thiobarbituric acid
reactive substances and increased survival. Concerning the effect of
interaction, data showed that the lowest value of MDA was produced by
Gemmeiza? with 300ppm.

Application of SA significantly enhanced the alleviation of MDA content. It
was decrease with increasing levels of SA. The lowest value of MDA content
was obtained by Sidst after treatment with 100 ppm. The effect of SA in
alieviating MDA is well documented by and Agarwal et al. {2005) and Shi et al.
{2006). SA may switch on pathways that result in preventing of oxidative
damage or repair that damage, also it acts as a potential non enzymatic
antioxidant as well as plant growth regulator, which plays number of plant
physiological processes (Larkindale and Knight, 2002 and Arfan et al., 2007).

3. Antioxidant enzymes

3.1. Catalase and Peroxidase

Data in Table (4) demonstrated that CaCl; significantly enhanced CAT and
POX activities in wheat leaves. But the maximum values were achieved by
applied CaCl, at rate 0.4 %. In this concern, there was a significant effect
between the two cultivars, where Sids1 exhibited the superior value in the
activity of both enzymes. As to the effect of the interaction, data displayed
that the highest value of CAT activily was obtained by Gemmeiza7 after
treatment with 0.4%. Also, the highest value of POX activity was cbtained by
Sids1 under the same conditions. These results are agreed with Chen ef ai.
{2004} and Kolupaev et al. (2005). The enhancement in antioxidant enzymes
activities after treatment with CaC |, may be attributed to: 1) Ca may be
involved in regulated antioxidant metabolism and helped maintain higher
activity, this associated with reduces in H,0; and alieviate the damage to cell
membranes. 2} Ca treatment resulted in a transient increase in cytosolic Ca*’
concentration during heat stress and may alleviate heat injury and enable
plant cells to better survive (Gong et al,, 1998). 3} Ca also may switch on
pathways that result in prevention of oxidative damage or repair of that
damage (Larkindale and Knight, 2002}.

It is apparent from data in Table {4) that all treatments of PA and Met
promotive the activity of antioxidant enzymes in leaves as compared with the
control. The maximum values of CAT and POX activities were achieved by PA
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at rate 80 ppm and application of Met at rate 20 ppm. In this concern, there
was a significant effect hetween the two cultivars, where Sids1 recorded the
highest value of CAT activity after treatment with PA and Met. While,
Gemmeiza7 achieved the superior value of POX activity after treatment with
Met. Regarding the effect of interaction, data showed that the highest values
of CAT and POX in PA treatment were recorded by Sids1 after treatment with
60 ppm. While, the highest value of CAT activity was obtained by Sids1 after
treatment with Met at rate 20ppm. Also, the same dose of Met gave the
maximum value of POX activity in leaves of Gemmeiza7. There is no previous
work which can clarify the mode of action of each Met or PA effect on the
defense mechanism (antioxidant enzymes;} in plants but in a few words, it is
speculated that Met is the precursor of ethylene in plant which can be
implicated in a lot of defense mechanisms in plants against oxidative injury
50 it may be have the same behavior and effect. In the same line, PA which is
a precursor of the SA biosynthesis in plant has the same trend of heat stress
impedance and oxidative stress amelioration.

Table (4) shows that application of MOH significantly increased
antioxidant enzymes CAT and POX activities in leaves. But the maximum
values were achieved at rate 10%. In this concern, there was a significant
effect between the two cultivars in POX activity, where Sids1 recorded the
higher POX activity than Gemmeiza7. As to the effect of the interaction, data
displayed that the highest value of CAT activity was obtained by Sids1 after
treatment with 30%. Also, the same cultivar recorded the highest value of
POX activity when MOH applied at rate 10%. The enhancement effects of
MOH may be contributed to the positive effect of this volatile organic
compound in growth parameters, photosynthetic pigments and the
amelioration of MDA toxic product content.

Application of Eth significantly increased catalase activity in wheat
leaves. This was true for POX activity only under high level of Eth. The
highest value of CAT activity was achieved by Gemmeiza? when Eth anplied
at rate 200 ppm. Howaever, the maximum value of POX activity was recorded
by Gemmeiza? after trsatment with 400 ppm. These resuits are well
established by Larkindale and Huanyg (2004). Concerning SA, it appeared to
be effective on CAT and POX activities in leaves. The maximum values of
both enzyme activities were achieved after applied SA at rate 100ppm for
both cultivars. The aforementioned results were in agreement in some extent
with Shi et al. (2006) and Saleh et a/. (2007)

3.2. Superoxide dismutase

Analysis of zymogram gel SOD pattern revealed the presence of 5 bands
for the two wheat cultivars Table {5) and Fig. (1&2). Band number 5§ is
presented in all samples of the both cultivars under ali treatments and the
control. In contrast, bands (No. 3 and 4) were absent in all samples of Sids1
and Gemmeiza7 in case of control and ali foliar application treatments
{except Eth treatment). Unique bands {No.3 and 4} were observed due to
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treated plants with Eth at rate 200 and 300 ppm (except band No.4 for
Gemmeiza7 when treated with 200ppm Eth). Also, unique band (No.3) was
observed in Gemmeiza7 after treatment with 400 ppm. On contrary, bands
{No.1 and 2} were disappeared in Gemmeiza? when Eth applied at rate
400ppm. In the same direction, band number 1 in Sids1 and Gemmeiza7 was
disappeared after treatment with Eth at rate 400 and 200 ppm, respectively. In
this regard, bands {No.1 and 2) were absent in case of Sidst when CaC |,
applied at rate 0.4% and Met at rates 40 & 60ppm. In addition, there were
detectable changes in band intensity for both cultivars grown under different
treatments. Bands intensity for Sids1 {(No. 1, 2 and 5) was increased after
treatment with CaCl, and PA (except No.1 and 2 with 0.4% CacC I,). Also, there
was slight increase in band intensity (No.5) when Gemmeiza7 treated with
CacCl, (0.2 and 0.8%) and PA (20ppm). These results were agreed with those
obtained by Zai et al. (2001} and Kolupaev ef al. (2005).

l :
i ‘ B W 8 J 2 2 3 ‘i ; e & 8|8 &8 gle g 8
I {
- ! ]
8 cacl, PA -l et £ MOH ! Eth ! SA
‘ 5 (%) (Ppm) I ppm) §J (%) (ppm) | (e
Fig.(1):Zymogram of superoxide dlsmutase banding pattern in shoots of

Sids1 as affected by foliar application at 75 days from sowing.

| .

{ s 3 2/8 8§ 8 | g 8 8| ! e & g8/8 &8 8|2 g 8
g B i Met | e MOH A
- CaCh, {9 PA £ th

‘ g aCl, {%) {ppm) | {ppm) § (%) Eth {(ppm) (ppm) |

Fig.(2):Zymogram of superoxide dismutase banding pattern in shoots of
Gemmeiza7 as affected by foliar application at 75 days from sowing.
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Tabfe (5): Profile of superoxide dismutase isozyme pattern in shoots of two
wheat cultivars as affected by foliar appfication at 75 days from

sowing.
, 5 Bandintensity |
| £ Treatments !
5= Calciym | '
Iz P um - Fhenytalanine | Methionine Methanol Ethephon Salicylic acid '
o = chloride o } |
| g = { %) {ppm} {ppm} %) . {ppm (ppm) ‘
| @ | © 102 04 08120 40 B0 120 40 60 [10 20 30 200 300 400 |25 50 100 |
1
[ ) Sids 1 '
f4 71721 0 2120 19 1818 0 0 (10 13 1.0J1.3 12 0 (13 13 14
2 [ 18|25 0 28625 27 25|28 0 0 (17 17 16{17 17 20/13 18 19
3| e 06 o 0|0 0 O0j0 0 O0f{0 © 0'18 294 olo o @ :
4 o !o o olo o ©o;0 ¢ o0]lo 0 0j21 22 0|0 ¢ O |
5 127 ;30 31 28!30 30 29|29 32 33[28 2.5 2.412.4 23 26|25 25 26
Gemmelza7
1 ‘1.3 13 13 13 |1.3 13 12 12 12 13 ‘1.5 16 15J0° 15 0 |16 16 16 '
2 0t |11 11 11141 19 10 (10 1.0 10 (16 16 16 .15 16 0 |16 17 17 |
30 60 o o |9 0 0 o 0O 0 |0 0O O |1.e 16 1710 o o0
4 10 0 ¢ ¢ ‘o ¢ o (¢ 0 © |p o o0 0 17 € |0 O O
5 [10 J11 10 11311 10 10 {10 10 11049 18 18{18 18 18 |19 13 19 J

In Table (5) application of Met had a slightly positive effect on bands
intensity of Sids1 (No1, 2 and 5) at rate 20ppm only, but the other foliar
applications (20 and 40ppm) exhibited only the appearance of one band
(No.5) which had high intensity. in spite of that, Met had no effect on the
second cultivar Gemmeiza7 (except band No.5 with 60ppm). Additicnally,
bands intensity (No.1, 2 and 5) was increased after treatment with Met, Eth
and SA on plants of Gemmeiza7 {(except bands No.1 & 2 with 400 ppm Eth
and band No.1 with 200ppm Eth). in this respect, band intensity for Sids1
{No.2) was increased when Eth applied at rate 400 ppm and SA applied at
rates 25 and 100ppm. Also, band number 5 for the same cuitivar took the
same trend after treatment with 10% MOH. These results agreed with Choi et
al. (2004). The induce effect of SA on SOD was mentioned by He ef al. {2005).

4. Amino acids

Tzhle {8 and 7) indicated the 18 amino acids were detected including
acyclic and cyclic amino acids. Acyclic amino acids contain: aliphatic
unsubstituted amino acids (AUAA) such as (Glycine, Alanine, Valine,
Leucine, and Isolucine} and aliphatic substituted (ASAA) such as hydroxy
{Serine, Threonine}, thic (Methionine), carhoxy (Aspartic, Glutamic), diamino
{Lysine} and guanidino (Arginine). Cyclic amino acids contain: aromatic
(Phenylalanine, Tyrosine), heterocyclic (Histidine} and imino acid (Proline).
a. Acyclic amino acids

CaCl; increased the AUAA except valine, and ASAA except serineg,
methionine, lysine and arginine with 0.2% in shoots of Sids1. The highest
values of acyclic amino acids were obtained at high rate. In the same trend,
CaCl, enhanced all acyclic amino acids in shoots of Gemmeiza7, except
glutamic acid with 0.2% and (aspartic & arginine) with 0.8%.
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Table (6): Protein amino acids composition in shoot of Sids1 as affected by foliar application at 75 days

_ from sowing. B — . S
[ T o __ ___ Amino acids (mg/g dry wt} - o
Acyclic amino acids Cyclic amino acids }
- Aliphatic substituted R e " .
Aliphatic unsubstituled Hydrox Thio Carboxy Diamine Guanldinel Aromatic Heterocyclic  Imino
Foliar app“ﬁﬂﬂ(“‘ T T ° T e T T T T T T T ST
@ @ o @
g g = & £l £ £ £ % g 2 g £ 2 e
o = = [ 3 = 8 8 o s ‘D £ = 8 2 =
E ] & 2 2 3 o = a ] S =) £a £ it 2
(0] < ] P‘f E g 4 I -~ o< aw = T [
S S R I o
Control J;t‘;r 161 0982 948 207 132 | 132 138 003 236 340 248 2.39 141 021 1.84 242
— e . U S .
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o%
L bl 0.8 7.26 863 674 BT 554 | 606 543 009 1408 1682  8.00 474 597 167 478 13.93
ooyt 20 293 386 382 400 243 | 231 234 025 677 &61 274 202 1 238 084 1.8 6.24
enyl-
Alanine 40 326 468 405 457 290 | 261 286 005 637 7.54 345 255 283 1.40 215 8.62
m
fpm) &0 642 7.93 743 BO3 625 { 560 508 097 1114 1449 619 4.04 6.07 242 4.69 13.60
20 271 408 348 357 242 | 226 208 007 642 690 243 213 229  0.80 1.78 5.64
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{ppm)
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Satleyli 25 183 2.74 243 244 1862 1.52 1.68 0.04 3.5 4.38 1.55 1.34 1.50 1.08 1.29 3198
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m
topm) 100 | 649 735 537 749 485 | 501 497 045 085 1336 646 475 575 2.50 ab9 12.83
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Table (7): Protein amino acids compaosition in shoot of Gemmeiza7 as affected by foliar application at 75
days from sowing.

Amino acids (mgig dry wi} o _ T
T B . _Acychcaminoacids " T Cyclicaminoacids |
Aliphatic unsubst:tuted 77H§dr$c)7 ﬁ?;ipgéi%r:j&glaﬁ@;@}@i Aromatic Hetergoyclic !mui-r_lo
Foliar application . . @ 2 E o Y o . o " .
£ 2 £ 3 g g c E g £ zE £ £ 2
§ § % 2|% § £ 4§ ¢ g 5 g 8 3 5
= = 5 3 @ E & 2 B = E & e & T L
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Meanwhife, the highest values of acyclic amino acids in Gemmeiza7? were
recorded after treatment with CaCl, at rate 0.4 %. However, application of PA
enhanced the increment of AUAA except valine, and ASAA concentrations
except arginine with 20ppm in Sids1. Also, there was increasing in the
content of ali acyclic amino acids in shoots of Gemmeiza7 after treatment
with PA, except (aspartic & glutamic) with 40 ppm and arginine with (40 & 60
ppm). However, acyclic amino acids reached the highest values by applied
PA at rate 60 ppm for Sids1 and 20 ppm for Gemmeiza7. All treatments of Met
promotive the biosynthesis of AUAA except valine, and ASAA except
arginine in shoots of Sids1. Meanwhile, the low level of Met {20 ppm)
promotive the biosynthesis of acyclic amino acids in shoots of Gemmeiza?7.
Under foliar application of MOH, acyclic amino acids content in shoots of
both cultivars responded positively with the high rate, except giutamic acid
in Gemmeiza7.

Data cleared that Eth treatment raised the concentration of AUAA except
valine, and ASAA in shoots of Sids1 as compared with control {(without Eth).
The same trend was observed in the foliar application of Eth at 200 and 400
ppm where there was an increment of most amino acids {AUAA and ASAA)
obtained by Gemmeiza?. All foliar application of SA showed a marked
increase in AUAA except valine in Sids1 cultivar. Also, the same phenolic
compound elucidated a marked increase in ASAA except lysine and arginine
with 25 and 50 ppm as compared with the controi. Concerning Gemmeiza7,
AUAA were increased after treatment with SA at rate 25 and 100 ppm. Also,
ASAA such as serine, threonine and lysine took the same trend. Other ASAA
appeared to be decreased or increased depending on the concerned aming
acid and doses of foliar application (SA).

b.Cyclic amino acids

Data in Table {6 and 7) showed that CaCl, increased aromatic, heterocyclic
and imino amino acids content in both cultivars, except PA and histidine with
0.2% in shoots of Sids1. Application of PA appeared to he effective on
increase the content of all cyclic amino acids in wheat plants, except
histidine with 20 ppm in Sids? and tyrosine with 60 ppm in Gemmeiza?.
Resuits declared that application of Met showed a marked increase in
aromatic and imino amino acids in Sids1, while the heterocyclic amino acid
showed an opposite trend. Also, there was a marked increase in all cyclic
amino acids content in Gemmeiza7 after treatment with Met, except PA and
histidine with 60 ppm. These resulis were compatible with Abd El-Aziz et al.
(2009) and El Saber et al. (2010). Data in the same tables showed that MOH
increased heterocyclic and imino amino acids concentration in both
cultivars, except histidine with 20 ppm. Regarding aromatic amino acids,
MOH at rate of 10% showed a marked decrease of PA content in shoots of
Sid1, also decreased tyrosine content in Gemmeiza? at rate of 20 % and 30%.
Concerning Eth, it was raised the content of aromatic, heterocyclic and imino
amino acids (except PA with 300ppm) in shoots of Sidsi, as compared with
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the controi. Also, all doses of Eth had a positive effect on proline
biosynthesis in Sidst. But Eth at rate of 200ppm enhanced the decrement of
PA and histidine in Gemmeiza7, also Eth at 400 ppm decreased tyrosine
content as compared with the control.

Data in Table (6 and 7) showed that SA appeared to be effective on
accumulation of amino acids content i.e. aromatic and imino acid (proline) in
Sids1. But SA at rates 25 and 50ppm decreased the accumulation of
heterocyclic amino acid ({tyrosine). n addition, there was a marked increase
in all cyclic amino acids content in Gemmeiza7 after treatment with SA,
except PA and histidine with 50 ppm. Furthermore, the increment of amino
acids in plant by SA might be due to this substance affects the enzymatic
activity and translocation of the metabolites e onion bulb (Amin et al., 2007).
In general, data in Table (6 and 7) showed that carboxy amino acids recorded
the high amounts with all foliar appiication treatments and mostly higher
than other amino acids possibly due to their being precursors for synthesis
of most amino acids Amer (1989). These results were compatible with
Sakhabutdinova et al. (2003), Deef (2007} and Hussein ot al. (2007).

lll.Plant height and grain yield

Data in Table (8) demonstrated that CaCl; enhances plant height and grain
yield under heat sfress conditions. There was a significant effect between the
two wheat cultivars. Sids1 exhibited higher value of plant height than
Gemmeiza7. Concerning the effect of the interaction, data showed that the
highest value of plant height was achieved by Sids1 after treatment with
0.4%. But the highest value of grain yield was achieved by Sids1 after applied
CaCl, at rate 0.8% as compared with the control. The obtained results were in
harmony with that obtained by Kumar and Minhas (2001) and Kumar et al.
(2007).

Foliar application of PA and Met enhances plant height and grain yield.
There was a significant effect between the both cultivars. Gemmeiza?
recorded the higher grain yield than Sids1after treatment with PA, bui Sids1
exhibited higher vafue in grain yield than Gemmeiza7 after treatment with
Met. Concerning the effect of the interaction, data showed that, the highest
value of plant height was achieved by Gemmeiza7 when PA applied at rate 40
ppm, but Sidst gave the highest value in such parameter after applied Met at
rate 40ppm. Also, the maximum values of grain yield were achieved by
Gemmeiza7 with 60 ppm PA and Sids1 with 60ppm Met. The above results
are compatible with Gamal EI-Din and Abdel Wahid (2005)

Application of MOH enhances plant height and grain yield. In addition,
Gemmeiza7 exhibited the superior value of plant height and grain yield than
the other cultivar. Concerning the effect of the interaction, data showed that
the highest value of plant height was achieved by Gemmeiza? after treatment
with MOH at rate 30 % foliowed by the same cultivar with 20%.
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Table (8): Plant height and grain yield as affected by foliar applicaticn, wheat
cultivars and their interaction at harvest.

Foliar ! Plant height (cm) 1 grain yield (Kg ! fad) R
application |  Sids 1 Gem7 | Mean | Sids1 *Gem7 | Mean
_ Calcium chioride (%) _ B
Control | Ba36e  8506e | 8471C 961.3 ¢ 7613 g 861.3D
0.2 105.90 b 98.69d | 102.30B 1070 e 1380 d | 1225C
0.4 112.80 a 101.00 cd 106.90 A 1480 ¢ 1547h ! 1513 B
0.3 1 103.50bc 102.30b-d 102.90 B 1730 a 1510 bc - 1620 A
Mean | 10160 A 96.758B | 1310 A 1300A |
i o Phenylalanine {ppm) L i
! Control B436e 85.06 ¢ 84.71D 961.3 e 761.3f ; B61.3D
20 98.44 b 93.23 cd 95.83 B 1088 d 1076d | 1082C
40 93.66 cd 107.9a 100.8 A 1080 d 1373 ! 1227 B
60 95.07 be 90.71d 9289 ¢C 1263 ¢ 1563a : 1413 A
Mean | 9288 A 94.23 A | 1098 B 1194 A ]
. Methionine {ppm) ;
Control 84.36 ¢ 8506 ¢ 8471 B 9%613e 761.3f - 861.3D
20 91,46 ab 91.E1 ab 91.49 A 1230 b 1073d | 1152B
40 94.97 a 92.68ab : 93.8ZA 1076 d 1146¢ | 1108C
60 90.69 b 93.95ab 92.3Z A 1290a  1230b = 1260 A
[ Mean 90.37 A 90,80 A 1138 A 1053 B |
Methanol (%)
Control 8436 ¢c 85.06 ¢ 8471 C 961.3d 761.3e  861.3C
10 104.5 a 1030a 103.8AB 1000 d 1240b  1120B
20 1046 a 1052 a 1049 A 1193 ¢ 430 a | 1312 A
; 30 94.8C b 106.6 a 100.7 B 990 d 1199¢ ' 1004 B
Mean 97.07B 99.97 A | 1036 B 1158 A -
~__Ethephon {ppm) ]
Control } 84.36 e 8506e | B84.71C 961.3 e 761.3f | 861.3D
| 200 93.80 be 9878a | 96.29A 1473 be 1123 d | 1298B
i 300 95.06 ab 87.25 de 891.15B 1663 a 1477h . 1570A
! 400 92.41 bc 90.16cd | 91.29B 1420 ¢ 1073d | 1247 C
L Mean 1 91a1A 9031 A t 1380 A 1109 B _'_ ﬂ
,? Salicylic acid (ppm) e i
Control B4.36 ¢ 85.06 ¢ P gATIC | 9613d 7613¢ . B861.3B
25 94.46 ab 93.32ab | 9392R 1417 & 1440b | 1428 A
50 95223 90.35b | 92.78B 1420 b 1420 b ' 1420 A ;
100 i 97.33a 97.56a | 9744 A 1620 a 1220c  © 1420 A
Mean | 9284A 9158 A | 1355 A 1210B | j

Values followed by the same letter ts) are not significantly different at p< 0.05. *Gem7=Gemmei.

Also, the highest value of grain yield was achieved by Gemmeiza7 when
MOH applied at 20%. These results were in complete agreement with
Nonomura and Benson {1992)a. The positive effect of MOH on yield may be
attributed to stimulation of plant hormone production (Madhaivan et al.,
2006).

Data in Table (8) clearly demonstrated that Eth enhances plant height and
grain yield. Sids1 exceeded Gemmeiza7 in grain yield under the same
conditions. In this regard, Sids1 gave the highest value of plant height when
Eth applied at rate 200 ppm. However, the maximum value of grain yield was
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obtained by Sids1 after treatment with Eth at rate 300 ppm. This result goes
in line with Saha et al. (1995). Results showed that SA enhances plant height
and grain yield. There was a significant effect hetween the two cultivars in
grain yield. Sids1 exhibited the higher value than the other cultivar. The
maximum value of plant height was achieved by Gemmeiza7 after applied SA
at rate 100 ppm. But the highest value of grain yield was obtained by Sids1
with 100 ppm SA. These results were in the same connection with Shakirova
et al. (2003) and Amin et af. (2008).
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