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Abstract : A pot experiment was carried out at the green house of National Research Centre,
Dokki, Egypt, during two winter seasons of 2013/ 2014 and 2014/ 2015. To investigate the
physiological role of Aspirin (acetyl salicylic acid) with different concentrations on growth,
some biochemical aspects and yield of two wheat cultivars (Giza 168 and Giza 10). Wheat
grains were soaked for 6 hours in different concentrations of Aspirin (2 mM and 4 mM). The
obtained data show that, Aspirin treatment improved wheat plant growth and yield via
increasing growth parameters (plant height, number of tillers and leaves /plant and dry weight
of plant), antioxidant enzymes (polyphenol oxidase PPO, phenyl alanineammonia lyase PAL,
catalase CAT and peroxidase POX), total phenol contents, antioxidant activities (DPPH) and
nucleic acids contents (deoxyribo nucleic acid DNA and ribonucleic acid RNA). Data clearly
show that, higher concentration (4 mM) of Aspirin was more effective than lower concentration
(2 mM) in improving plant growth parameters, some biochemical aspects and yield parameters
(spikes number/plant, spikes weight/plant and grains weight/plant).
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Introduction

Wheat (Triticum aestivum L.) is a very important cereal crop all over the world, after maize and rice
wheat is considered the third cereal crop cultivated, meanwhile, it considered the second cereal after rice as the
main food crop regarding to dietary intake. Wheat crop is a hardy crop so it can grow in different environmental
conditions thus lead to large scale cultivation as well as storage of crop for long time. About 70% of this crop is
used for food, about 19% as animal feed and the 11% remaining for used in industrial applications as biofuels.
Grains of wheat considered the basic ingredients of bread and other bakery products in addition to pastes as
wheat grains can be ground into flour semolina, etc. So, it considered the main source of nutrients for most of
world populations Abd Allah et al* Yu et al % Also, wheat grains helps in prevention of diseases and health
promotion as it is an excellent source of natural antioxidants and its high nutritional values Abd EI-Rheem et
al® Hussein et al *. However of this importance of wheat grains its local production is not sufficient for the
annual demands. Thus increasing local production is the main target to overcome this deficiency. This might be
reached via using varieties with more productivity, enhancing practices of culture as well sowing in newly
reclaimed soils or using some growth regulators as seed presoaking or foliar treatments during different growth
stages Singh and Pal °. In Egypt, wheat sown at (1-15) November the normal sowing date, and it might be
exposed to high temperature stress during the stage of grain filling (at March or April) due to EI-Khamaseen hot
wind for one or more days thus in turn reduces growth, yield and quality of grains mainly by shortening the
reproductive and ripening growth phases Sadak and Orabi ® Hamouda et al .
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Presoaking is one of different strategies to increase plant production, seed priming (pre-sowing seed
treatment) is low cost, low risk technique and easy technique that help in raising plant productivity under
different environmental conditions Sadak ® Bakhoum & Sadak °. Phytohormones as Salicylic acid is one of
plant growth regulators used in enhancement of plant production. Pre sowing treatment with salicylic acid has
been shown to be useful for germination, growth and yield of different crops Kaur et al '°. The enhancement
role of seed presoaking with different growth bioregulators on plant growth and grain yield might be due to the
their involvement in increased rate of photosynthate translocation from leaves to grains Kiseleva and
Kaminskaya **. Priming of seeds enhance germination speed and uniformity as well as stimulates different
biochemical changes in seeds that are vital in breaking dormancy, enzyme activation, hydrolysis and
mobilization of seed reserves and the emergence of embryonic tissues Catav et al'2.

Salicylic acid (SA) is a widespread phenolic compound and an endogenous growth regulator that
regulate many physiological processes in plant and known as a potential signal molecule for modulating
responses of plants to different environmental stresses Sakhabutdinova et al *>. SA have a synergetic effect on
plant growth, induction of flowers, control the uptake of ions by roots and stomatal movement in plants, affects
on biosynthesis of ethylene and reverse abscisic acid effects on leaf abscission. Moreover, enhancing
chlorophyll and carotenoids pigments biosynthesis, rate of photosynthesis and modifying the activity of some
important enzymes levels Sadak et al **. Also, SA is an important non enzymatic antioxidant that plays an
important role in some physiological processes regulation in plant species. SA affects on different biochemical
processes of plants depends on SA concentrations, plant growth stage at which SA added, environmental
conditions and type of plant. Acetyl salicylic acid and salicylic acid application to pea plants improved plant
growth as plant height, leaves number, fresh & dry weights El-Shraiy and Hegazi *°, Kamel et al *°. Foliar
treatment of salicylic acid improved growth and yield of different plant species Abd El-Hamid and Sadak *"
Dawood et al *® Orabi et al ** Orabi et al *® Sadak and Abd Elhamid ** on different plant species.

So, this study was undertaken to study the physiological role of acetyl salicylic acid (asprin) on growth,
some biochemical aspects and yield of two cultivars of wheat plants.

Materials and Methods

A pot experiment was carried out at two successive winter seasons 2013/2014 and 2014/2015 in the
green house on National Research Centre, Dokki, Giza, Egypt to study the effect of soaking of wheat grains in
different concentrations of Aspirin on growth, some biochemical aspects and yield attributes of wheat plants.
Wheat (Triticum aestivum cv. Giza 168 and Giza 10) grains were obtained from Agricultural Research Centre,
Ministry of agriculture and Land Reclamation, Arab Republic of Egypt. Wheat grains were soaked in different
concentrations of Aspirin (0. 2 and 4 mM) for 6 hours. The experiment were carried at 15" and 16" of
November in the two successive seasons, 10 uniform air dried grains of wheat were sown along a centre row in
50 cm diameter earthen — ware pots containing equal amounts of clay soil. Wheat grains were sown in complete
randomized design. Fertilization were carried out with the recommended doses 5g phosphorous/pot as triple
phosphate, 6 g nitrogen/pot as urea and 5 g potassium/pot as potassium sulphate during preparation of pots and
after sowing. Watering was carried out according to the usual practice. Thinning was done after 15 days from
sowing as five uniform seedlings were left in each pot. Plant samples were taken after 90 days from sowing for
measurement of growth parameters and some biochemical aspects. Some plant leaves were stored in deep
freezer at -20°C until used for estimation of some antioxidant enzymes (poly phenol oxidase (PPO), phenyl
alanine ammonia lyase (PAL), catalase (CAT) and peroxidase (POX), phenolic contents and DPPH activity.
The rest of plants were weighted and dried in an electric oven at 70°C till constant weight for estimation of dry
weight, and air dried for deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). At harvest, measurements
of the yield and its components were recorded (160 days after sowing) as (spikes numer/plant, spikes
weight/plant and grains weight/plant).

Chemical analysis:
Analysis of enzyme activities:

The method used for extracting the enzymes was described by the method of MuKherjee and
Choudhuri #. Polyphenol oxidase (PPO; EC 1.10.3.1) activity was assayed using the method of Kar and
Mishra®®. The activity phenyl alanine ammonia lyase (PAL, EC, 4.3.1.1) enzyme was carried out according
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Beaudoin et al . Catalase (CAT; EC 1.11.1.6) activity assayed according to the method of Chen et al %
Peroxidase (POX; EC 1.11.1.7) activity assayed using the method adopted by Bergmeyer®. The enzyme
activities were measured by using the Spekol Spectrocolorimeter (Carl Zeiss AG; Jena, Germany).

Estimation of total phenols:
Total phenols contents was extracted and determined as described by Daniel &George %.
Determination of DPPH activity:

The free radical scavenging activity was determined (Liyana-Pathiranan and Shahidi *®) using the 1.1-
diphenyl-2-picrylhydrazil (DPPH) reagent.

Estimation of Nucleic acid contents:

DNA and RNA were extracted with 10% perchloric acid following the method adapted by Schmidt &
Thannhauser” with some modifications as described by Morse & Carter®®. DNA was estimated by
diphenylamine colour reaction (Burton®'), while RNA was estimated colorimetrically by the orcinol reaction
(Dische®). The nucleic acids were determination by Spekol Spectrocolourimeter VEB Carl Zeiss

Statistical Analysis:

The results were statistically analyzed using MSTAT-C software (MSTAT-C*). The mean comparisons
among treatments were determined by Duncan’s multiple range test (Gomez & Gomez*) at 5 P < 0.05.

Results

Plant growth parameters : Table (1) presented the effect of soaking wheat grains in Aspirin different
concentrations ( 0.0, 2 mM or 4 mM ) on growth parameters as plant height (cm), number of tillers & leaves /
plant and dry weight of shoot/ plant (g). Data clearly show that, treatment wheat plant with Aspirin increased
significantly most of the above mentioned growth parameters of the two cultivars (Giza 168 and Giza 10) as
compared with control plants. These increases were gradually with increasing Aspirin concentrations thus 4
mM concentration of Aspirin was the most effective treatment in both tested cultivars. Giza 10 cultivar was
superior to Giza 168 cultivar in all the studied morphological parameters.

Table (1): Effect of Aspirin on morphological parameters of two cultivars of wheat plant (Giza 168 and
Giza 10). Data are means of two seasons.

Cultivar Giza 168 Giza 10
Aspirin (mM) 0.0 2mM 4 mM 0.0 2mM 4 mM
Plant height (cm) 61.00° | 63.33° 64.50° 73.0° 76.67° 78.33°
Tillers number/plant 2.67° 3.67° 4.33 3.67° 4.67° 5.33°
Leaves number/plant 10.67° | 11.33® 13.00° 12.33 13.67° 14.67°
Dry wt of shoot/plant (g) 1.85° 1.94% 2.11% 2.15° 2.62" 3.22°

Means with different letters above bars were significantly different at the 0.05 level according to Duncan’s
multiple range test.

Activities of antioxidant enzymes:

Plants have different antioxidant system such as enzymatic antioxidants as peroxidase (POX), catalase
(CAT), phenyl alanine ammonia lyase (PAL) and poly phenol oxidase (PPO). Table (2) show that, soaking of
wheat grains with Aspirin different concentrations (2 & 4 mM) induced significant increases in different
enzyme activities as POX, CAT, PAL and PPO as compared with control untreated plants. These increases
were gradual increases with increasing Aspirin concentrations from 2mM to 4 mM.
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Table (2): Effect of Aspirin on antioxidant enzymes (Unit/min/g/f wt) of two cultivars of wheat plant
(Giza 168 and Giza 10) Data are means of two seasons

Cultivar Giza 168 Giza 10
Aspirin (mM) 0.0 2mM 4 mM 0.0 2mM 4 mM
POX 13.97° 17.26° 18.64° 16.32° 19.21° 23.45°
CAT 55.11° 58.61° 68.80° 63.77° 66.89" 81.23°
PAL 17.61° 18.48% 19.74° 21.84° 23.75® 24.80°
PPO 14.93° 16.54% 18.41% 18.90™ 21.16° 27.71°

Means with different letters above bars were significantly different at the 0.05 level according to Duncan’s
multiple range test.

Changes on phenolic contents:

Data presented in Table (3) show the effect of grain soaking of wheat two cultivars on phenolic
contents of plant. Data clearly show that different concentrations of Aspirin (2 mM or 4 mM) increased
significantly phenolic contents of the two cultivars as compared with the corresponding controls. Higher
concentration (4 mM) of Aspirin was more pronounced than lower concentration (2 mM) as it caused 29.80%
and 46.07% compared with 19.21% and 38.76% of Giza 168 and Giza 10 respectively.

DPPH antioxidant activity:

Table (3) presented the results of free radicals scavenging activity (DPPH) of wheat plant extracts of
the two cultivars (Giza 168 and Giza 10). The Table show that Aspirin treatment to wheat plant increased
significantly DPPH antioxidant activity of the two used cultivars. Soaking wheat grains with 4 mM Aspirin
was more effective than 2 mM as higher concentration caused 46.68% of increases and 39.22% of increase in
comparison with 22.20% and 24.58% of lower concentrations of cultivar Giza 168 and Giza 10 respectively as
compared with untreated controls.

Changes in DNA and RNA contents:

Data presented in Table (4) added also, that increasing Aspirin concentration from 2 mM to 4 mM
significantly increased RNA & DNA contents in the two wheat cultivars (Giza 168 & Giza 10). The
percentages of increases in RNA contents changed from 24.22 % to 39.68% in Giza 168 cultivar and from
14.29% to 38.10% in Giza 10 cultivar. Moreover the percentage of increases in DNA contents increased from
24.22% to 39.84% in cultivar Giza 168 and from 13.38% to 38.03% of cultivar Giza 10 as compared with their
corresponding controls.

Table (3): Effect of Aspirin on total phenols (mg/g fresh wt), DPPH%, RNA and DNA (mg/g dry wt) of
two cultivars (Giza 168 and Giza 10) of wheat plant (Data are means of two seasons)

Cultivar Giza 168 Giza 10
Aspirin (mM) 0.0 2mM 4 mM 0.0 2mM [ 4 mM
Total phenols (mg/g fresh wt) 1.51° | 1.80° 1.96° | 1.78° | 2.47* | 2.60°
DPPH % 25.13° [ 30.71° | 36.86° | 29.37° | 36.59" | 40.89°
RNA (mg/g d wt) 1.28° | 1.59° 1.79° | 1.47° | 1.68° | 2.03°
DNA (mg/g d wt) 1.23° | 1.53° 1.72° | 1.42 | 1.61™ | 1.96°

Means with different letters above bars were significantly different at the 0.05 level according to Duncan’s
multiple range test.

Yield and yield attributes:

As presented in Table (4) different concentrations of Aspirin had stimulative effect on yield and its
attributes (spikes humber/plant, spikes weight / plant and grains weight / plant). These increases were gradually
by increasing Aspirin concentration from 2 to 4 mM. The percentages of increases increased from 16.75% to
25.0%, 15.42% to 21.66% and 39 for cultivar Giza 168 and increased from 6.38% to 25.14%, 4.39% to 11.58%
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and 8.89% to 23.87% in cultivar Giza 10 for spikes number/plant, spikes weight / plant and grains weight /
plant.

Table (4): Effect of Aspirin on yield and yield attributes of two cultivars (Giza 168 and Giza 10) of wheat
plant (Data are means of two seasons)

Cultivar Giza 168 Giza 10
Aspirin (mM) 0.0 2mM [ 4mM 0.0 2mM 4 mM
Spikes no/plant 40° | 467° | 50° | 533 | 567° | 6.67°

Spikes wt/plant (g) 577° | 6.66° | 7.02° [ 751° | 7.84° | 8.38°
Grains wt/plant (g) 361° | 5.02° | 527 | 574° | 6.25° [ 7.11°
Means with different letters above bars were significantly different at the 0.05 level according to Duncan’s
multiple range test.

Discussion

One of most effective techniques for improving crop productivity is by using exogenous application of
some potential growth regulators. Salicylic acid is one of these growth regulators and induce significant effects
on different physiological aspects in plants, one of salicylic acid compounds is Aspirin As these compounds
affect on plant in variable manner, enhancing certain processes and inhibiting others (Raskin *). The obtained
results showed the stimulatory effects on vegetative growth parameters of wheat plant cultivars (Table 1). It was
found that, soaking sunflower seeds in salicylic acid improved growth parameters of sunflower cultivars
(Dawood et al '), Others confirmed the obtained results***%" on different plants, respectively, also, it was
noticed that, acetyl salicylic acid pretreatment increased growth parameters of barley plant (Kabiri and
Naghizadeh *). This stimulative effect of Aspirin on wheat two cultivars might be resulted from its stimulatory
effect on photosynthesizing cells (Zhoi et al **). As well as the increases in dry weight of shoots of the two
cultivars of wheat plant could be attributed to the increased number of tillers and leaves per plant that lead to
increased photosynthetic processes. In addition this promotive role of Aspirin might be resulted from its
bioregulator roles on various biochemical & physiological processes in plant such as regulation of sink / source,
cell elongation, division, and differentiation, biosynthesis of proteins, activities of different enzymes, and
increase in antioxidant capacity of plants (Blokhina et al “°).

The antioxidant enzyme systems (such as POX, CAT, PAL and PPO) of wheat plant increased in
response to grain soaking with Aspirin different concentrations of the two cultivars as compared with control
plants (Table 2). These increases might be attributed to the Aspirin direct function in enhancing active oxygen
species (AOS) such as H,O, So the increases in antioxidant enzymes activities increases for decomposing the
harmful AOS (Wendehenne et al **). Similar results were obtained by Orabi et al** on cucumber plant, Orabi et
al'®*?° on faba bean & tomato and Gholamnezhad et al*® on wheat plant. With regard to PAL enzyme contents
of wheat leaves in this study, the close relationship between the higher activities of PAL and the higher levels of
phenol contents of wheat plants was conducted (Table 2 & 3). In controlling biosynthesis of phenols from
phenylalanine, PAL is one of the key enzymes. PAL enzyme catalyzes the elimination of ammonia from
phenylalanine to give trans-cinnamic acid. This reaction is the first step of phenyl propanoid pathway in plants
which results in the diversion of L-phenylalanine into secondary metabolism with subsequent production of
phenolic compounds (Hassanein et al**).

Regarding to phenolic contents in the present study, soaking grains of the two wheat cultivars with
Aspirin increased phenolic contents of the two cultivars (Giza 168 and Giza 10) as compared with control
plants. Moreover, these increases in phenolic contents could be due to that phenols act as a substrate for many
different antioxidant enzymes (Lewis and Yamamoto®). In addition to the other role of this antioxidative
phenolics properties is the phenolic ability to decrease fluidity of membrane (Bakry et al *°). Data of increased
phenolic contents in response to Aspirin treatment are in agreements with the earlier results using t-cinnamic
acid on roselle plant by Sadak et al *’, using trans cinnamic and benzoic acid on termis plant by El-Awadi et
al®®. These increases in phenolic contents might be one aspect of salicylic acid or Aspirin role as plant growth
regulators Pokorny *. Moreover, these increases could be due to phenolic contents role as an efficient
mechanism in different plant metabolic processes regulation and resulted consequently overall plant growth®
With respect to yield and yield attributes of the two cultivars of wheat plant in response to different
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concentrations of salicylic acid treatment, Table (4) show that soaking wheat grains of the two cultivars (Giza
168 and Giza 10) in Aspirin different concentrations generally, increased significantly yield and yield attributes.
These results are confirmed with the earlier obtained data of many investigators (Merwad et al ** Rady et al ** &
Hussein et al *%) on different plant species. These increases in yield might be a reflection of the increased growth
and development and also, these increases could be due to Aspirin (salicylic acid) effect on improving growth
that followed by stimulation of some physiological processes and translocation of the product of photosynthesis
from source to sink®..

References

1.  Abd Allah, M M Sh, H M S El-Bassiouny, B A Bakry, Mervat Sh Sadak., 2015, Effect of Arbuscular
Mycorrhiza and glutamic acid on growth, yield, some chemical composition and nutritional quality of
wheat plant grown in newly reclaimed sandy soil. Res. J. of Pharma. Biol. and Chem. Sci. 6(3): 1038-
1054

2. Yu, L., JPerret, B Davy, J Wilson, C L Melby, 2002, Antioxidant Properties of Cereal Products. J of
Food Sci. 67: 2600-2603.

3. Abd EI-Rheem Kh. M., Sahar M. Zaghloul and Entsar M. Essa, 2015. The stimulant effect of the
Spirulina algae under low levels of nitrogen fertilization on wheat plants grown in sandy soils, Inter. J.
of Chem Tech Res. 8(12): 87-91.

4.  Hussein M.M., Sabbour M.M. and Sawsan Y. El-Faham, 2015. Adenine and guanine application and its
effect on salinity tolerant of wheat plants and pest infestations. Inter. J. of Chem Tech Res. 8(12): 121-
129.

5. Singh S. and M. Pal, 2003. Growth, yield and phenological response of wheat cultivars to delayed
sowing. J. Plant Physiol., 8,(3): 277-286.

6.  Sadak, Mervat Sh. and Salwa A. Orabi., 2015. Improving thermo tolerance of wheat plant by foliar
application of citric acid or oxalic acid. Inter J of Chem. Tech. Res. 8 (1): 111-123.

7. Hamouda, H.A.; El-Dahshouri, M.F.; Manal, F.M. and Thalooth, A.T 2015, Growth, yield and nutrient
status of wheat plants as affected by potassium and iron foliar application in sandy soil. Inter. J. of
Chem. Tech. Res. 8(4): 1473-1481.

8.  Sadak, Mervat Sh, (2016). Mitigation of salinity adverse effects on wheat by grain priming with
melatonin. Inter. J. of Chem. Tech. Res. 9(2):85-97.

9.  Gehan, Sh. H. Bakhoum and Mervat, Sh. Sadak (2016) Physiological role of glycine betaine on
sunflower (Helianthus annuus L.) plants grown under salinity stress , Inter. J. of Chem. Tech. Res.
9(3):158-171.

10. Kaur, J., O S Singh, N Arora, 2002. Kinetin like role of TDZ (Thidiazuron) in salinity amelioration in
wheat (Triticum aestivum). J. Res. Punjab Agric. Univ. 39: 82-84.

11. Kiseleva, I S, O A Kaminskaya, 2002. Hormonal regulation of assimilate utilization in barley leaves in
relation to the development of their source function. Russian J. Plant Physiology. 49:534-540.

12. Catav S S, I Bekar, B S Ates, G Ergan, F Oymak, E D Ulker, C Tavsanoglu, 2012, Germination
response of five eastern Mediterranean woody species to smoke solutions derived from various plants.
Turkish Journal of Botany 36: 480-487.

13. Sakhabutdinova, A R, D R Fatkhutdinova, M V Bezrukova and F M Shakirova, 2003. Salicylic acid
prevents damaging action of stress factors on wheat plants. Bulg. J. Plant Physiol., 214-219. [Special
issue].

14. Sadak Mervat Sh. Safaa R. El-Lethy and Mona G. Dawood, 2013. Physiological role of benzoic acid
and salicylic acid on growth, yield, some biochemical and antioxidant aspects of soybean plant, World
J. of Agri. Sci. 9 (6): 435-442,

15. El-Shraiy, A M, A M Hegazi, 2009, Effect of acetylsalicylic acid. Indole-3-butric acid and gibberellic
acid on plant growth and yield of pea (Pisum sativum L.). Aust. J. Basic Applied Sci., 3:3514-3523.

16. Kamel, H K., Zeinab, A. Z. and Eman, A. A. Abd EI-Moneim 2016, Influence of treatment with Aloe
vera extract, honey solution and salicylic acid on quality maintenance of ‘Wonderful” pomegranate
fruits during cold storage. Inter. J. of Chem Tech Res. 9(3): 01-15,

17.  Abd El-Hamid I M, Mervat Sh Sadak, 2012, Performance of flax cultivars in response to exogenous
application of salicylic acid under salinity stress, Journal of Applied Sciences Research, 8(10): 5081-
5088.



Mervat Sh. Sadak et a//International Journal of ChemTech Research, 2016,9(9),pp 124-131. 130

18.

19.

20.

21.

22.

23.

24,

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41,

42,

Dawood, M.G., M. Sh. Sadak and M. Hozayen, 2012. Physiological role of salicylic acid in improving
performance, yield and some biochemical aspects of sunflower plant grown under newly reclaimed
sandy soil. Australian J. Basic and Applied Sci., 6: 82-89.

Orabi, Salwa A, B B Mekki, Faida A. Sharara, 2013, Alleviation of adverse effects of salt stress on faba
bean (Vicia faba L.) plants by exogenous application of salicylic acid. World Applied Sciences Journal
27 (4): 418-427, 2013

Orabi SA, Dawood MG, Salman SR. 2015.Comparative study between the physiological role of
hydrogen peroxide and salicylic acid in alleviating the harmful effect of low temperature on tomato
plants grown under sand-ponic culture. Sci. Agri. 9 (1): 49-59.

Sadak, Mervat, Sh. and Ebtihal, M. Abd Elhamid , 2013, Physiological response of flax cultivars to the
effect of salinity and salicylic acid. 2013, Journal of Applied Sciences Research, 9(6): 3573-3581
MuKherjee SP, M A Choudhuri, 1983, Implication of water stress induced changes in the levels of
endogenous ascorbic acid and hydrogen peroxide in vigna seedling. Physiol Plant 58:166-170

Kar M, Mishra D, 1976, Catalase, peroxidase and polyphenol oxidase activities during rice leaf
senescence. Plant Physiol 57:315-319

Beaudoin—-Egan, L., T. Thorpe, 1985. Tyrosine and phenylalanine ammonialyase activities during
shoots inhibition in tobacco callus cultures. Plant Physiol., 78:438-441.

ChenY, X D Cao, Y Lu, X R Wang, 2000, Effect of rare earth metal ions and their EDTA complexes
on antioxidant enzymes of fish liver. Bull Environ Contam Toxicol 65:357-365

Bergmeyer HU, 1974 “Methods of enzymatic analysis” I, 2nd edn. Academic Press, New York

Daniel H D, C M George CM, 1972, Peach seed dormancy in relation to endogenous inhibitors and
applied growth substances. J Am Soc Hortic Sci 97:651-654

Liyana-Pathiranan, C.M., Shahidi F., 2005, Antioxidant activity of commercial soft and hard wheat
(Triticum aestivum L) as affected by gastric pH conditions. J. of Agri. and Food Chem., 53:2433-2440.
Schmidt G, S J Thannhauser. 1945, A method for determination of deoxyribonucleic acid, ribonucleic
acid and phosphoproteins in animal tissues. J. Biol. Chem. 1945, 161: 83.

Morse ML, Carter CF. 1949, The synthesis of nucleic acid in cultures of Escherchia coli, strain B and
B/R.. J. Bacteriol. 1949, 58: 317.

Burton K.A, 1956, study of the conditions and mechanism of the diphenylamine reaction of
colorimetric estimation of deoxyribonucleic acid. Biochem. J.,1956, 62: 315.

Dische E L. 1953, Physiological effects of certain herbicides on rice field weeds. J. Amer. Chem. Soc.
1953, 22: 3014.

MSTAT-C, 1988. MSTAT-C, a microcomputer program for the design, arrangement and analysis of
agronomic research. Michigan State University East Lansing.

Gomez KA, Gomez A. A. 1984, Statistical Procedures for Agricultural Research. John Wiley & Sons
Inc., Singapore; p. 680.

Raskin, 1., 1992. Role of salicylic acid in plants. Annual Rev. Plant Physiol. Mole. Biol., 43: 439-463.
Ahmed F.F., Mansour A.E.M. and Merwad M.A. 2015. Physiological studies on the effect of spraying
salicylic acid on fruiting of sukkary mango trees, Inter. J. of Chem Tech Res. 8 (4): 2142-2149,
Hashish, Kh., Azza, A.M.Mazhar; Sahar, M. Zaghloul ;Nahed, G. Abdel Aziz, Mona H. Mahgoub and
Rawia, A. Eid., 2015., Application of salicylic acid on Calendula officinal L is to alleviate the adverse
effects of salinity stress Inter. J. of Chem Tech Res.8(6): 379-388,

Kabiri R, M. Naghizadeh, 2015, Exogenous acetylsalicylic acid stimulates’ physiological changes to
improve growth, yield and yield components of barley under water stress condition. Journal of Plant
Physiology and Breeding, 5(1): 35-45

Zhoi, X M, A F Mackeuzie, C A Madramootoo, D L J Smith, 1999. Effects of some injected plant
growth regulators, with or without sucrose, on grain production, biomass and photosynthetic activity of
field grown corn plants. Agro. Crop Sci., 183: 103-110.

Blokhina, O., E. Virolainen and K.V. Fagerstedt, 2003. Antioxidants, oxidative damage and oxygen
deprivations stress. (A review) Ann. Bot., 91: 179-194.

Wendehenne, D., J. Durner, Z. Chen and D F Klessig, 1998, Benzothiadiazole, an inducer of plant
defences, inhibits catalase and ascorbate peroxidase, Phytochemistry, 47:651-657.

Orabi Salwa A, Salman SR and Shalaby Magda A.F, 2010, Increasing resistance to oxidative damage in
cucumber (Cucumis sativus L.) plants by exogenous application of salicylic acid and paclobutrazol,
World J. of Agri. Sci. 6 (3): 252-259.



Mervat Sh. Sadak et a//International Journal of ChemTech Research, 2016,9(9),pp 124-131. 131

43.

44,

45,

46.

47,

48.

49.

50.

51.

52.

Gholamnezhad J, F. Sanjarian, E.M. Goltapeh, N. Safaie, K. Razavi,2016, Effect of salicylic acid on
enzyme activity in wheat in immediate early time after infection with Mycosphaerella graminicola,
Scientia agriculturae bohemica, 47(1): 1-8

Hassanein RH, Hemmat K.I. Khattab, Hala M.S. EL-Bassiouny, Mervat Sh. Sadak 2005. Increasing the
active constituents of sepals of Roselle (Hibiscus subdariffa L.) plant applying Gibberellic acid and
Benzyladenine. J. of Applied Sci. Res., 1(2):137-146.

Lewis, N.G., E. Yamamoto, 1990. Lignin: occurrence, biosynthesis and biodegradation. Ann Rev. Plant
Physiol., 41: 455-561.

Bakry, B.A., D.M. El-Hariri, Mervat Sh. Sadak, H.M.S. El-Bassiouny, 2012, Drought stress mitigation
by foliar application of salicylic acid in two linseed varieties grown under newly reclaimed sandy soil.
J. of Appl. Sci. Res., 8(7): 3503-3514.

Sadak Mervat Sh, Salwa, A. Orabi and Bakry A. Bakry, 2015, Antioxidant properties, secondary
metabolites and yield as affected by application of antioxidants and banana peel extract on roselle
plants, American-Eurasian J. of Sustainable Agricultural 9(4): 93-104.

El-Awadi ME, Y R. Abdel-Baky, Mervat Sh. Sadak , Abo Bakr A. Amin A, and Mona G. Dawood.
2016. Physiological response of Lupinus termis to trans-cinammic acid and benzoic acid treatments
under sandy soil conditions. Res, J. of Pharm, Biol. and Chem. Sci. 7(2): 120-129.

Pokorny, J., 2001. Introduction. In: Pokorny, J., N. Yanishlieva and M.H. Gordon, Editors, antioxidants
in food: Practical application. Woodhead Publishing Limited, Cambridge, pp: 1-3.

Merwad, M.A., Eisa R.A. and E.A.M. Mostafa, 2015, Effect of some growth regulators and
antioxidants sprays on productivity and some fruit quality of zaghloul date palm. Inter. J. of Chem Tech
Res, 8 (4): 1430-1437.

Rady, MM., Mohamed, G F, AM Abdalla, Yasmin H M Ahmed, 2015, Integrated application of
salicylic acid and Moringa oleifera leaf extract alleviates the salt-induced adverse effects in common
bean plants J of Agricultural Technology 11(7): 1595-1614

Hussein, M.M ;. Camilia ,Y. EI-Dewiny and El-Faham S.Y. 2015, Mineral content response in onion to
antioxidant application under salt stress conditions Inter. J. of Chem Tech Res 8(12): 20-27.

%k Kk %k k



