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ABSTRACT 
       With limited water resources in semi-arid regions, which receive precipitation 

below potential evapotranspiration and are characterized by excessive heat and 

drought stress, drought is one of the most severe abiotic stress which adversely 

affects crop growth and productivity. This study was carried out to investigate the 

negative effects of drought stresses on some Egyptian varieties of barley and its 

alluviation by using Nano silica particle application. To this end, a pot experiment 

was laid out in a completely randomized design with three replications, this 

experiment includes three varieties of Egyptian barley (Giza 129, Giza 133 and 

Giza 136) three levels of drought (80%, 60% and 40% of field capacity)  and Nano 

silica were applied as foliar in concentration of (0.0 , 25.0, 50.0 and 100.0 mg l
-1

. 

       The results showed that by water deficit both No of tiller/ plant and plant height 

(cm), photosynthesis, straw and grains yield and thousand grains weight was 

significantly reduced in all studied barley varieties, for example, at (40% FC) the 

reduction in straw and grain yield reached to 39.4, 21.3% for Giza 136 and 31.8, 

33.0% for Giza 133 and 11.4, 12.3% in Giza 129 compared to the normal condition 

(80% FC) respectively. Data revealed the better performance of ‘Giza 129’ variety 

above ‘Giza 133’, followed by ‘Giza 136’ in the reduction rate of straw and grain 

yield and photosynthetic features against soil water deficit. On the other hand, Data 

showed increases have exceeded by 16.9% and 20.6 % in straw and grains 

respectively at using the highest concentration (100 mg/l) of Nano silica application 

compared to untreated plant, therefore it could be stated that this concentration of 

Nano-silica had the ability to mitigate some the adverse effect of drought. 

KEYWORDS:(Nano silica, Water stress, Morphological, chemical composition, 

yield, barley) 

INTRODUCTION 

          Recent trends show reductions in crop productivity worldwide due to severe 

climatic change. Different abiotic stresses significantly affect the growth and 

development of plants. Salinity and drought stresses are the most common abiotic 

stresses and important limiting factors to agricultural productivity, especially in arid 

and semi–arid regions, and are major constraints for barley production (EL Sabagh 

et al., 2019). 
           Drought is a meteorological term and is commonly defined as a period 

without significant rainfall or period low precipitation. Generally, drought stress 

occurs when the soil available water is reduced and atmospheric conditions cause 

continuous loss of water by evapotranspiration, (Cheruth et al., 2009). Drought 
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affects the morphological (induced senescence), physiological (stomata or osmotic 

adjustments and translocation of nutrients from older leaves to developing tissues 

and seeds), and biochemical processes (changes in the ratio of chlorophyll (chl) 

content, beta carotenoids, and reduced photosynthesis) in plants, resulting in growth 

inhibition of different barley genotypes (EL-Shawy et al., 2017 and Temel et al., 

2017). The decrease in photosynthesis at drought stressed plants can be attributed 

both to a decrease in stomatal conductance (stomatal closure) and/or to non-

stomatal limitations (impairments of metabolic processes) factors, (Mafakheri et 

al., 2010). At present, most researchers agree that the stomatal closure and the 

resulting CO2 deficit in the chloroplasts is the main cause of disrupts photosynthetic 

pigments and reduces the gas exchange leading to a reduction in plant growth and 

productivity under mild and moderate stresses (Flexas and Medrano, 2002; 

Shakeel et al., 2011).  

         These adverse effects can be mitigated by include soil management practices, 

as well as crop, foliar applications of anti-oxidants and growth regulators that 

maintain an appropriate level of water in the leaves to facilitate adjustment of 

osmotic and stomatal performance. Also, numerous nutrients have been identified 

to act as drought stress ameliorants such as Nitrogen (Gevrek and Atasoy, 2012), 

Potassium (Raza et al., 2012), Selenium (Nawaz et al., 2013), and Salicylic acid 

(Waseem et al., 2006). On the other hand, plants can partly protect themselves 

against drought stress by accumulating osmolytes. Proline is one of the most 

common compatible osmolytes in drought-stressed plants. For example, (Alexieva 

et al., 2001 and Mafakheri, et al., 2010) reported that the proline content increased 

under drought stress in pea and chickpea cultivars. 

           Nanoparticles have unique physicochemical properties compared with their 

bulk counterparts.: their tiny size (at least two dimensions between 1-100 nm), and 

ability to traverse barriers (cell walls and plasma membranes) facilitate effective 

absorption, which is able to enter into plant cells and leaves, and can also transport 

DNA and chemicals into plant cells, their very large specific surface area can result 

in a good level of interaction with intracellular structures (Galbraith, 2007; 

Torney et al., 2007; Monica & Cremonini, 2009). Because of those numerous 

benefits of nanoparticles; use of nanotechnology in the field of biotechnology and 

agriculture has increased considerably in recent years to boost the yield, (Siddiqui 

et al., 2015). Ajey Singha, et al., (2015) showed that Nanoparticles accumulated in 

the plant cells may be transported by apoplast or symplast through plasmodesmata, 

however, the exact mechanisms by which plants take up nanoparticles and plant-

specific accumulation of nanoparticles is are still unknown and remain to be 

explored. 

       The recent available in literatures indicate that some engineered nanomaterials 

can enhance plant-growth in certain concentration ranges and could be used as nano 

fertilizers to increase yields and/or minimize environmental pollution, Liu, and 
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Lal, (2015). So, Nanotechnology has the potential to act as an alternative for the 

conventional agriculture system and thus can be a cure for the major problems faced 

by agriculture in present times. (Kalteh et al., 2014; Haghighi et al., 2012; Li et 

al., 2012; Siddiqui et al., 2014) reported that application of nano-SiO2, enhance 

improving the tolerance of plants to abiotic stress caused due to increase in the 

accumulation of proline, free amino acids, content of nutrients, antioxidant enzymes 

activity. Suriyaprabha et al., (2012) indicated that seed germination increased by 

nano SiO2 which provided better nutrients availability to maize seeds. Also, 

Changbai larch (Larix olgensis) seedlings when exposed to nano SiO2, improved 

seedling growth and quality, including mean height, root length and diameter, 

number of lateral roots of seedlings and also induced chlorophyll biosynthesis, 

(Bao-shan et al., 2004). Application of silica nanoparticles has shown to increase 

plant growth and development by increasing photosynthetic rate, transpiration rate, 

stomatal conductance for gas exchange, electron transport rate and other 

physiological parameters, (Al-Whaibi, 2014). SiO2 NPs increase photosynthetic 

rate by changing the activity of carbonic anhydrase and synthesis of photosynthetic 

pigments (Siddiqui et al., 2014 and Xie et al., 2012).  

           Barley (Hordeum vulgare L.) is ranked fourth for world cereal crops in both 

quantities produced and in acres of cultivation, after wheat (Triticum aestivum L.), 

rice (Oryza sativa L.), and maize (Zea mays L.). It is well grown in the 

Mediterranean region due to high tolerance against heat, drought, and salinity 

compared to other small grains (Zhou, 2009 and El-Wahid et al., 2015). It has 

been given the least importance in Egypt among the cereal crops and cultivation 

confined to marginal lands associated with drought and saline conditions. Barley 

strains and cultivars (Hordeum vulgare L.) differ considerably in their response and 

adaptation to drought stress (Zare et al., 2011). Among all the factors limiting 

barley productivity, drought remains the single most important factor affecting the 

world food security and sustainability in agricultural production. Drought is 

undoubtedly one of the most important environmental stresses limiting the 

productivity of crop plants around the world (Bohnert et al., 1995; Farooq et al., 

2009). The present study was therefore carried out with the hypothesis that Nano 

silica particle as a foliar application could play a significant role in attenuates the 

damaging effects of water stress to some barley varieties production under drought 

stress.   

MATERIALS AND METHODS 

        Pots experiment was conducted during the growth winter season of 2017 at El 

Gharbia governorate, Egypt, in the open filed under natural weather conditions 

(climate of middle delta).  Three varieties of Egyptian barley were obtained from 

Agricultural Research Center (ARC, Giza, Egypt), e.g.  Giza 129, Giza 133 and  

Giza 136, they selected according to its sensitivity for drought which recorded 

through our previous experiments and were cultivated in pots experiment to test the 
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ability of different concentrations of Nano silica (0, 25, 50, 100 mg l
-1

) as foliar 

application to increase the resistance of barley to drought. The field capacity of clay 

soil used in pots experiment was determined by saturating the soil with water, the 

pots were covered with plastic sheets and left to drain for 3 days. Pot weights were 

recorded after 3 days of drainage. The weight of soil moisture at field capacity was 

calculated as the difference between the soil weight after drainage and soil weight 

after oven drying for 105 °C for 24 h. 

        In clean plastic pots (29 × 25 cm in diameter and depth, respectively) 

containing 10 kg of clayey soil, 15 Grains of barley were sown in each pot on 17
th

 

November, 2017 and irrigated to 100% of field capacity, The experimental soil has 

FC, 31ml /100g soil;  pH, 7.2; EC, 1.1 ds m
-1

 and 42 mg /kg soil of available N. The 

pots were placed under natural filed conditions. The pots experiment was arranged a 

completely randomized design with three replicates. Total pots = [3 varieties of 

barley (Giza 129, Giza 133 and Giza 136) × 3 levels of drought (80%, 60% and 

40% FC %) × 4 different concentration of Nano silica (0, 25, 50 and 100 mg l
-1

) × 3 

rep.] = 108 pots. 

        After 15 days from sowing, plants were thinned to 10 plants / pot and all pots 

were watered till the field capacity was full. The water stress treatment was started 

after the appearance of the fourth leaf on day 21. While water was totally withheld 

from the stressed plants until the soil moisture content reached 60% and 40% of 

field capacity. The stressed plants were still at this moisture content until ripening 

by weighing the pots weekly and watering as required (irrigated once a week). The 

control pots were irrigated weekly (to reach 80% of field capacity) until ripening. 

Different concentrations of Nano silica (0, 25, 50 and 100 mg L
-1

) were added via a 

foliar application on plant growth after 30, 45, 60 and 75 days from sowing, the 

control plants were sprayed with tap water. In addition, for improving and 

accelerating the growth of plants, each pot was received NPK macronutrient (20: 

20: 20) Crystalline at the recommended rates, (20 g /pot) through life cycle of plant 

devised par two time at 25 and 45 days from sowing. 

Biochemical parameters 

Chlorophyll content: Leaf greenness present in a plant was measured on day 90 

after planting and determined using the Minolta-SPAD Chlorophyll Meter (Minolta 

Camera Co., Osaka, Japan). The SPAD-502 chlorophyll meter measures the 

chlorophyll absorbance in the red and near-infrared regions and calculates a 

numeric SPAD value which is proportional to the amount of chlorophyll in the leaf 

(Minolta, 1989).  

Proline content: First, 0.4 g of fresh plant material was homogenized in 1.5 ml of 

distilled water and then incubated in water bath at 100 °C for 30 min. Then, the 

samples were cooled to room temperature (22 °C) and centrifuged for 10 min at 4 

000 rpm. Next, 1 ml of a 1% solution of Ninhydrin in 60% acetic acid was added to 

0.5 ml of the supernatant and incubated at 100 °C for 20 min. After cooling to 22 
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°C, 3 ml of toluene was added and the samples were shaken and left in the dark for 

24 h for phase separation. One ml of proline extract was introduced to a cuvette and 

the absorbance was measured by spectrophotometer at a wavelength of λ = 520 nm 

according to (Bates et al., 1973, and Maria et al., 2014). 

         At harvest maturity (in 30
th

 April, 2018), all plants in each experimental unit 

(pot) were hand-harvested to measure yield and yield components. Number of 

tillers /plant, plant height, 1000-grain weight, and total grain, straw weight were 

recorded for the harvested plants. Data were expressed as a value per different 

variety of barley. The harvested barley varieties were oven dried for 48h at 70°C, 

dry weights recorded, grinded and digested for Nitrogen determinations. Crud 

protein content (%) in seeds was determined by multiplying the nitrogen 

percentage by 5.75 according the method described by A.O.A.C., (1984). 

Statistical analysis: The collected data were subjected to a convenient statistical 

analysis as a split split plot design by using MINITAB Statistical software Program 

for Windows Release 16, according to Barbara and Brain (1994). The ANOVA test 

was used to determine significance of (p ≤ 0.05) treatment effect and the least 

significant difference (L.S.D.) test was used to determine significance of the 

difference between individual means. 

RESULTS AND DISCUSSION 

         This study is devoted to investigate the effect of Nano-silica application under 

different drought stress levels (80, 60 and 40% of FC) on the morphological, 

chemical, and yield components of some Egyptian varieties of barley (Giza 129, 

Giza 133 and Giza 136).  

Morphological and growth properties: 

        Some morphological and growth properties are important parameters in the 

estimation of productivity potential of the plant. Data presented in Table (1) clearly 

showed that the Nano-silica treatment as an individual factor (C) increased 

significantly the mean values of No of tiller/ plant for all the studied varieties. In the 

same time the mean values of plant height (cm) decreased significantly compared 

with non-addition of Nano silica (the control). Regardless the varieties of barley, 

the interaction between levels of humidity (FC%) and Nano silica concentration 

(B*C) on the mean values of both No of tiller/ plant and plants height (cm) were 

decreased significantly, these results may be due to, the relative increase caused by 

the addition of silica nanoparticles versus the negative effect of drought on the 

varieties of cultivated barley. Abiotic stress generally affect morphological 

parameters in most varieties of barley, numerous of researchers noticed theses 

negative effects on enlargement of barley cells (James et al., 2002), reduces the 

number of tillers, spike length, number of spikelet's spike
-1

, biomass plant
-1

, and 

finally grain yield plant
-1

 (Ahmad et al., 2013; 2015). The results were agreement 

with this trend, which is clear in the individual effect (B) of the different drought 

stress levels (60 and 40% of FC) on the mean values of both No of tiller/ plant and 
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plant height (cm). These morphological properties were significantly decreased 

compared to the control (80% FC), by 26.25% and 5.26% at the level 60% FC and 

reached 43.63%, 18.62 % at 40% FC respectively in the same order. This reduction 

may be happened because of the reduction in photosynthetic ability of barley under 

water stress conditions. Reversely, positive effect of Nano silica application on No. 

of tiller/ plant does not exceed 10.43% at the maximum Nano silica concentration 

used as individual factor (C). Although the use of drought-sensitive varieties in the 

experiment, the varieties can be arranged in descending order : Giza 136 > Giza 133 

> Giza 129 according to their sensitivity to drought, that the decreasing percentage 

calculated in growth properties (ex No. of tiller/ plant ) from the interaction data 

between (A*B) in Table (1) by (30.80, 50.40%), (30.87, 46.21%) and (17.49, 

34.60%) at the drought stress levels (60 and 40% FC) respectively compared to the 

normal condition (80% FC ) for the previous same order of barley varieties. On the 

other hand, the morphological data in Table (1) clearly showed that the mean values 

interaction (A*B) of both No. of tiller/ plant, and plants height are similar for the 

varieties of Giza 136 and Giza 133 at the natural condition (80% FC). But their 

response to drought levels are significantly different particularly at the drought 

stress level (40% FC), as the decreasing percentage calculated to No. of tiller/ plant 

for Giza 136 was more than Giza 133 (50.40 and 46.21%, respectively). On the 

contrary, the decreasing percentage calculated to plant height for Giza 136 was little 

than Giza 133 (18.77 and 24.90 %, respectively). 

As a general, the decreasing percentage in all studied morphological properties for 

the variety of Giza 136 is more than Giza 133 and more than Giza 129, these results 

indicate that the barley variety Giza 136 is more sensitive to drought than Giza 133 

follows by Giza 129. These varieties showed contrary trend with Nano silica 

addition as, Giza 136 is less response than Giza 133 and then follows by Giza 129, 

this may be due to the used Nano silica concentrations are non-sufficient to causes 

higher increases which resist the deleterious effects of drought on the 

morphological and growth properties. In addition, the statistical analyses for the 

varieties as the individual factor (A) showed that the barley variety Giza 136 is the 

least branching (No. of tiller/ plant) and tallest plant (plant height) compared to 

Giza 129 which is the most branching and the shortest plant, while Giza 133 is 

moderately. 
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Table 1: Effect of Nano silica application on some morphological characters of 

some barely varieties under different field capacity (FC%) during the 

winter season 2017 

 
        

 

 

Field 

capacity 

(FC %)  (B)

Nano- 

Silica 

mg/l (C )

Giza 

129

Giza 

133

Giza 

136

Giza 

129

Giza 

133

Giza 

136

0 60.75 75.17 70.47 68.79 4.60 4.17 4.87 4.54

25 61.13 72.80 71.85 68.59 4.90 5.35 5.00 5.08

50 56.25 65.35 65.48 62.36 5.20 6.00 5.25 5.48

100 57.60 69.93 72.25 66.59 6.35 5.60 4.90 5.62

0 61.85 69.17 70.47 67.16 4.27 3.30 3.60 3.72

25 53.63 64.25 71.85 63.24 4.55 3.95 3.75 4.08

50 51.20 61.50 65.48 59.39 4.50 3.27 3.20 3.66

100 53.50 61.78 72.25 62.51 4.05 4.10 3.30 3.82

0 57.17 52.08 59.57 56.27 3.47 2.97 2.43 2.96

25 49.85 53.33 54.90 52.69 3.50 2.80 2.30 2.87

50 48.55 50.50 56.38 51.81 3.45 2.90 2.35 2.90

100 54.38 56.80 56.63 55.93 3.35 2.70 2.85 2.97

55.49  c 62.72  b 65.63  a 4.35  a 3.93  b 3.65  c

66.58  a 63.08  b 54.18  c 5.18  a 3.82  b 2.92  c

64.08  a 61.51  b 57.85  c 61.68  b 3.74  b 4.01  a 4.01  a 4.13  a

58.93 70.81 70.01 5.26 5.28 5.00

55.04 64.17 70.01 4.34 3.65 3.46

52.49 53.18 56.87 3.44 2.84 2.48

59.92 65.47 66.83 4.11 3.48 3.63

54.87 63.46 66.20 4.32 4.03 3.68

52.00 59.12 62.44 4.38 4.06 3.60

55.16 62.83 67.04 4.58 4.13 3.68

mean (A )

mean (C )

mean (A *C )

 LSD at 0.05 level

(A : 1.02)      (B : 1.02)     ( C : 1.18)     

( A*B :1.77)     (A* C : n)        (B* C : 

2.04)    (A*B* C :3.54)

(A : 0.18)   (B : 0.18)   ( C : 0.21)     ( 

A*B : 32)    (A* C : n)          (B* C : 

0.36)    (A*B* C : 0.63)

mean (B )

mean (A*B)

80%

60%

40%

Item study Plant height (cm) No of tiller/ plant

Treatments Varieties (A)

mean    

 (B*C)

Varieties (A)

mean   

(B*C)
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Plant chemical composition:  

Photosynthetic pigments: 

         Photosynthesis is one of the main responsible process for biomass 

accumulation in plants. Its rate depends on the content of chemical change pigments 

in foliar tissues, their composition, and ratio. Data in Table (2) clearly showed that 

total chlorophyll contents (SPDA) significantly decreased with increasing the 

drought stress condition as an individual effect (B) . the observed minimum values 

in total chlorophylls were 42.3, and 41.2% at 60% and 40% FC respectively 

compared to the control condition (43.5% at 80% FC). This decrease in chlorophyll 

could be rendered to the inhibition in biosynthesis of Chlorophyll precursors under 

water stress conditions according to Makhmudov, (1983). Recently, Anjum, et al., 

(2011) reported that the reduction of photosynthesis under drought stress could be 

attributed to the formation of proteolytic enzymes such as chlorophyllase, 

destruction of chlorophyll molecules by reactive oxygen species (ROS), decline in 

membrane permeability, reducing water availability and nutrients particularly 

magnesium. 

         Concerning the interaction between the effect of drought stress levels and 

Nano-silica application (B*C), the chlorophyll contents (SPDA) in the treated 

plants with Nano-silica was gradually increased up to the maximum of mean values 

at the highest concentration of Nano silica (100 mg/l) compared to untreated plant 

(control) under the same level of water stress. This trend supported with the 

findings of Suriyaprabha, et al., (2012). These increments in total chlorophylls 

contents decreased with increasing the drought stress. They were 47.45, 45.76 and 

44.61% at the levels of water stress; 80, 60, and 40% FC, respectively. It was 

noticed also, that highest values for SPAD Chlorophyll in the leaves of varieties 

barley (factor A) registered at Giza 133 followed by Giza 136 and Giza 129 under 

all treatments. On the other hand, statistical data presented in Table (2) appeared the 

positive role of Nano Silica application as individual factor (C) as it showed 

significant increase in the content of total chlorophyll as a resulting of 

concentration. This will be promoted photosynthetic activity and rate in plants 

grown under water deficit conditions, then followed by increasing plant growth. 

Although we did not directly measure the photosynthetic rate, transpiration rate, 

stomatal conductance for gas exchange, electron transport rate and other 

physiological parameters, in leaf tissues, but increasing chlorophyll and plant 

growth were positively related to these previous physiological parameters as a result 

of Nano-silica application. This result is in line with many reported results (Al-

Whaibi, 2014 and Siddiqui, et al., 2014). 
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Table 2: Effect of Nano silica application on chemical composition of some 

barely varieties under different field capacity (FC%) during the 

winter season 2017. 

 
 

Proline content (mg/g FW): 

         It is worthy to mention that Proline is one of the important compatible solutes 

that accumulates under abiotic stress conditions and has been considered to play an 

actual role in osmotic adjustment (Nayyar and Walia 2003). In addition, these 

physiological trait (proline accumulation, and osmotic adjustment) are considered to 

be associated with plant adaptability to drought-prone environments (Farooq et al., 

2009). However, other investigators consider increased proline levels as a symptom 

of injury rather than a cause for stress tolerance. Data presented in Table (2) showed 

that the mean values of Proline content increased  up to 0.61 and 0.80 mg/g with 

increasing the drought stress (B) to 60 and 40% FC respectively, compared to 0.49 

mg/g at the control (80 % FC ) either in the treated or untreated plants with Nano 

silica application for all varieties of barley. These results fit with reports in the 

Field

capacity

(FC)% (B)

Nano- 

Silica 

mg/l (C )

Giza 

129

Giza 

133

Giza 

136

Giza 

129

Giza 

133

Giza 

136

Giza 

129

Giza 

133

Giza 

136

0 34.46 44.13 42.01 40.20 0.547 0.453 0.451 0.484 8.1 8.3 5.4 7.2

25 37.13 46.13 43.07 42.11 0.567 0.470 0.447 0.494 9.1 9.7 6.1 8.3

50 38.75 48.84 45.11 44.23 0.577 0.460 0.450 0.496 10.0 11.0 7.7 9.6

100 41.07 52.07 49.22 47.45 0.557 0.447 0.447 0.483 11.3 12.3 9.4 11.0

0 33.60 42.23 40.85 38.89 0.660 0.597 0.603 0.620 7.7 7.6 5.1 6.8

25 35.79 45.66 43.22 41.55 0.673 0.600 0.590 0.621 8.6 9.4 5.6 7.9

50 37.63 47.44 44.12 43.06 0.637 0.580 0.600 0.606 9.9 11.3 7.1 9.4

100 40.86 49.73 46.70 45.76 0.623 0.560 0.540 0.574 10.7 12.0 8.0 10.2

0 31.83 38.82 38.88 36.51 0.800 0.840 0.907 0.849 7.1 8.1 4.4 6.5

25 35.74 44.96 41.88 40.86 0.807 0.830 0.907 0.848 8.3 8.5 5.6 7.5

50 37.99 47.19 43.25 42.81 0.783 0.820 0.903 0.836 9.3 10.8 6.8 9.0

100 39.38 49.17 45.28 44.61 0.653 0.623 0.757 0.678 10.4 11.4 8.1 10.0

37.02  c 46.36  a 43.63  b 0.657  a 0.607  c 0.633  b 9.2  b 10.0  a 6.6  c

43.50  a 42.32  b 41.2  c 0.489  c 0.605  b 0.803  a 9.0  a 8.6  b 8.2  c

38.53  d 41.51  c 43.37  b 45.94  a 0.651  a 0.654  a 0.646  a 0.579  b 6.8  d 7.9  c 9.3  b 10.4  a

37.85 47.79 44.85 0.562 0.457 0.448 9.6 10.3 7.2

36.97 46.27 43.72 0.648 0.584 0.583 9.2 10.1 6.4

36.24 45.03 42.32 0.761 0.778 0.868 8.8 9.7 6.2

33.30 41.73 40.58 0.669 0.630 0.654 7.6 8.0 4.9

36.22 45.58 42.72 0.682 0.633 0.648 8.7 9.2 5.8

38.12 47.82 44.16 0.666 0.620 0.651 9.7 11.0 7.2

40.44 50.33 47.06 0.611 0.543 0.581 10.8 11.9 8.5

mean (A *C )

varieties (A)

mean    

( B*C )

Item study Total chlorophylls (SPDA units)

80%

60%

40%

Proline content (mg/g F.W) Protein content (%)

Treatments Varieties (A)

mean    ( 

B*C )

Varieties (A)

mean    

( B*C )

 (A : 0.026)   (B : 0.026) ( C :0.030 )   

  ( A*B :0.044 )     (A* C :0.044)      

(B* C : 0.051)      (A*B* C :0.089)

mean (B )

mean (A*B)

mean (A )

mean (C )

LSD at 0.05 level

(A : 0.273)   (B : 0.273)    ( C :0.315 )  

( A*B :0.473)  (A* C : 0.473)    (B* C : 

0.546)   (A*B* C :0.945)

(A : 0.015)     (B : 0.015) ( C :.018 )    

 ( A*B :0.027)          (A* C :n)      (B* 

C : 0.031)      (A*B* C :n)
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literatures (Alexieva et al., 2001; Mafakheri et al., 2010; Mauad et al., 2016 and 

Nermeen et al., 2017), which reported that the proline content in higher plants 

increases under different drought stresses. This result supports the view that proline 

accumulation is a symptom of stress-related injury. The highest content of proline 

in the untreated plants (0.91-0.84 mg/g) were recorded with 40% FC, in both Giza 

136 and Giza 133 respectively, then reached to 0.80 mg/g for Giza 129. Although 

the proline content in the treated plants significantly decreased with increasing the 

Nano silica concentration particularly their highest concentration (100 mg/l) at the 

same level of drought, the proline content in plant treated and grown under drought 

stress (40 % FC) were still higher than those with the other FC levels. It reached 

0.76, 0.62 and 0.65 mg/g for Giza 136, Giza 133 and Giza 129 respectively. These 

results may be due to the deleterious effect of drought stress at 40 % FC, which was 

higher than the positive role of Nano silica to improve the plants tolerance. So, the 

regulative role of Nano silica on the accumulations of proline and their roles in 

drought tolerance needs further investigation. 

Protein content (%): 

Data presented in Table (2) show highly increases in grain protein percentage 

as a result to use Nano-silica concentrations (C) on the selected varieties of 

Egyptian barley and was grown under water stress. These percentages reached 7.9, 

9.3 and 10.4 % in plants treated with 25, 50 and 100 ppm respectively compared to 

untreated plants that contained 6.8%. It is clear to mention that increasing the water-

deficient (B) up to 60 and 40% FC declined the protein content to 8.6 and 8.2% 

respectively compared to 9.0% at the normal condition (80% FC). This result may 

be attributed to decreasing availability of nutrients in soil and reducing its 

translocation to grains particularly Nitrogen element with increasing the drought 

stress. Generally, the highest percentage of protein content was observed at Giza 

133 followed by Giza 129 then Giza 136 at the same conditions of water levels. 

This percent was decreased with increasing the drought stress and was increased 

with increasing the Nano silica concentration may be due to nano-SiO2 mediates 

the synthesis of protein, amino acids, nutrient uptake and stimulates antioxidant 

enzyme activity as indicated by Li, et al., (2012). 

Yield component (g/pot): 

Straw and grains yield: 

       Concerning the effects of drought stress (B), data presented in Table (3) clearly 

indicate that the mean values of both straw and grains yield were markedly declined 

with increasing the drought stress level (60 and 40% FC) compared to the control 

condition (80% FC). This decline in straw and grains yield reached 17.1, 10.6% and 

30.2, 21.8% at the level of 60 and 40% FC respectively. These results were 

confirmed by several previous studies showing that water deficit stress significantly 

affects straw and grains yield in barley. (Vaezi el al., 2010, Azhand, et al., 2015, 

EL-Shawy et al., 2017) observed that a reduction in growth and grain yield of 
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different barley genotypes is significantly influenced by limitation and variation of 

soil moisture regimes. They discussed this reduction and attributed it to different 

reasons such as; closure of stomata and decrease in CO2 concentration as an initial 

response to water stress, which inhibit biomass production due to limitation of 

photosynthesis and so that decreased of grain yield. It may be also, due to the 

negative role of water-deficiency on the availability of nutrients uptake and their 

translocation to new developing tillers and this might cause the death of the new 

tillers and depressed the number of spikes primordial, and also reduced available 

assimilates for grain filling and finally decreased grain yield. 

       Although previous results, the selected varieties of barley (A) showed different 

response at the same drought stress level, it is clear that the reductions in straw and 

grains yield were higher in Giza 136 and Giza 133 than Giza 129 at the same level 

of drought stress according to their sensitivity. The percentage of maximum 

reductions recorded with the highest level of drought stress (40% FC) compared to 

the other levels of drought were 39.4, 21.3% and 31.8, 33.0% for Giza 136 and Giza 

133 compared to 11.4, 12.3% in Giza 129 in straw and grains yield respectively. 

This reduction may be attributed to the different responses of barley varieties 

cultivated to drought stress, which was affected by decreasing the number of fertile 

florets and the number of grains per spike, as well as the number of tillers bearing 

sterile spikes according to (Samarah, 2005). On the contrary, the mean statistical 

values of Nano silica application as an individual factor (C) showed highly 

significant increases in straw and grains yield of treated plant compared to the 

untreated ones (control) particularly with its highest concentration (100 mg/l). This 

value was exceeded the control by 16.9% and 20.6 % in straw and grains 

respectively. Thus, it could be stated that Nano-silica had beneficial effects and 

overcome the harmful injury that occurred by drought stress. Findings are in line 

with (Siddiqui et al., 2014 and Al-Whaibi, 2014), who reported that Nano silica 

promotes the growth and develops various higher plant species by increasing the 

different physiological parameters, and also it enhances the improvement of plants 

tolerance to drought stress.  

Concerning the interaction effects between the factors (B*C) on the yield of 

barley, data showed a significant increase in straw yield and non-significant 

increase in grains yield with increasing the Nano silica concentration compared to 

the control (untreated plant). These increment in the straw has varied with different 

FC levels, it reached to 23.6, 15.0 and 10% by using the highest concentration of 

Nano silica (100 mg/l) with the levels 80, 60 and 40% of FC respectively. This 

meaning that the positive role of Nano silica decreased with increasing the drought 

which may be attributed to the large competition between their different effects. 

Thus, it could be stated that the Nano-silica concentration used had not sufficient to 

overcome the deleterious effects that occurred by the highest levels of drought 

(40% FC). On the other hand, it was noticed that the statistical analyses of (B*C) 
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interaction showed similar results or non-significantly effects between the flowing 

treatments on straw yield, for example, the treatments (50 or 100 mg/l Nano silica 

with 60% FC and other 80% FC without treated plant). Also, the treatments (50 or 

100 mg/l Nano silica with 40% FC and other 60% FC without treated plant) 

Table 3: Effect of Nano silica application on yield components of some barely 

varieties under different field capacity (FC%) during the winter 

season 2017. 
 

 
        

Thousand grain weight (g): 

        Data in Table (3) showed that water stress (B) induces a significantly reduction 

in thousand grain weight by 6.3 and 17.2 % at 60 and 40 % FC compared to the 

normal condition (80% FC) respectively.  The decrease in thousand grain weight 

under water stress could be attributed to water deficiency during the growth, 

flowering and grain filling stages, which reduce available assimilate for grain filling 

and re-translocation of stored assimilates to grains which in turn cause a reduction 

Field

capacity

(FC)%  (B)

Nano 

Silika 

mg/l (C )

Giza 

129

Giza 

133

Giza 

136

Giza 

129

Giza 

133

Giza 

136

Giza 

129

Giza 

133

Giza 

136

0 60.33 79.07 108.62 82.7 26.33 22.60 23.05 24.0 30.09 44.29 39.93 38.1

25 63.43 113.57 113.72 96.9 28.90 27.27 26.28 27.5 32.48 45.62 40.01 39.4

50 65.78 116.64 112.17 98.2 29.22 27.80 27.00 28.0 29.02 44.48 41.30 38.3

100 66.40 127.43 112.65 102.2 30.27 25.08 27.35 27.6 31.03 44.32 43.99 39.8

0 57.50 72.63 87.47 72.5 24.17 19.03 20.87 21.4 32.61 37.51 38.20 36.1

25 61.00 86.60 88.98 78.9 24.83 20.90 22.68 22.8 31.62 38.90 41.45 37.3

50 63.63 87.07 90.00 80.2 25.53 26.27 23.00 24.9 29.70 35.95 40.33 35.3

100 65.07 94.17 91.00 83.4 28.27 25.83 25.67 26.6 29.10 41.14 40.44 36.9

0 52.33 71.67 64.44 62.8 21.00 16.67 18.90 18.9 23.92 33.14 34.68 30.6

25 56.43 74.67 66.42 65.8 24.40 15.33 18.58 19.4 25.89 33.63 35.63 31.7

50 57.45 75.73 68.93 67.4 27.55 17.60 21.07 22.1 28.34 34.22 35.29 32.6

100 60.68 75.80 71.13 69.2 27.65 19.20 23.03 23.3 25.98 37.89 37.89 33.9

60.84  b 89.59  a 89.63  a 26.51  a 21.96  b 23.12  b 29.15  b 39.26  a 39.09  a

94.98  a 78.76  b 66.31  c 26.76  a 23.92  b 20.92  c 38.88  a 36.41  b 32.21  c

72.67  c 80.54  b 81.93  ab 84.93  a 21.40  c 23.24  bc 25.00  ab 25.81  a 34.93  b 36.14  b 35.41  ab 36.86  a

64.0 109.2 111.8 28.7 25.7 25.9 30.7 44.7 41.3

61.8 85.1 89.4 25.7 23.0 23.1 30.8 38.4 40.1

56.7 74.5 67.7 25.2 17.2 20.4 26.0 34.7 35.9

56.7 74.5 86.8 23.8 19.4 20.9 28.9 38.3 37.6

60.3 91.6 89.7 26.0 21.2 22.5 30.0 39.4 39.0

62.3 93.1 90.4 27.4 23.9 23.7 29.0 38.2 39.0

64.1 99.1 91.6 28.7 23.4 25.4 28.7 41.1 40.8

Item study Straw weight (g/pot) Grain weight (g/pot)

80%

60%

1000 grain weight (g)

Treatments varity (A)

mean    ( 

B*C )

varity (A)

mean    

( B*C )

varity (A)

mean    

( B*C )

mean (B )

mean (A *C )

40%

mean (A )

mean (C )

LSD at 0.05 level

 (A : 3.11)   (B : 3.11)     ( C : 3.59)     ( 

A*B :5.38)     (A* C : 6.21)      (B* C 

:6.21)      (A*B* C :10.76)

 (A : 1.4)   (B : 1.4)     ( C : 1.62)     ( 

A*B : 2.42)     (A* C : n)      (B* C : 

n)      (A*B* C : n)

 (A : 1.49)   (B : 1.49)     ( C :1.72)     

( A*B :2.58)     (A* C : n)      (B* C : 

n)      (A*B* C :n)

mean (A*B)
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in grain size. Also, water stress conditions decrease the weight of 1000-grain by 

lower level of carbohydrates stored in vegetative organs in growth and to the 

decrease in leaf area duration which resulted in the shortened grain-filling period. 

On the other hand, treated plants by one of the different Nano-silica concentrations 

(C) showed significantly increases in thousand grain weight compared to untreated 

plants (control), although, the different concentrations of Nano silica did not show 

different significantly effects among them, the highest rate used (100 mg/l) showed 

significant increases in thousand grain weight by 5.5% compared to the control 

(untreated plants). These results indicated that the concentration used of nano-silica 

in the experiment has promoted the parameters of barley yield but it was not 

sufficient to curb the damaging effect of drought stress. Concerning the varieties of 

barely (A), the means value of thousand-grain weight was similarly in Giza 133 and 

Giza 136 (39.3 and 39.1g) respectively, while it was higher than Giza 129 (29.15g). 

CONCLUSION 

         Water deficit throughout growing season affects the growth, and yield of 

Barley crop. The occurrence of drought in the region became an inevitable matter, 

which is important for screening the barley varieties tolerance and their response to 

this stress. In this present work, application of Nano silica concentrations improved 

the morphological, chemical composition and yield components of barley, but are 

insufficient to curb the deleterious effects of drought, so we recommend to increase 

the concentration of Nano silica application above 100 mg/l. 
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 تطبيق اننانو سيهيكا نهتخفيف من آثار انجفاف عهى بعض أصناف انشعير انمصرية
 و احمد حسنين احمد حسنين فريد عبد انعزيز هلال 2قدريه مصطفى انعزب و  1 –احمد خهيم عامر  1

 انًزكش انقٕيٗ نهجحٕس –قسى رغذّٚ انُجبد 2يزكش انجحٕس نشراعّٛ –يعٓذ ثحٕس الاراظٗ ٔانًٛبِ ٔانجٛئّ  1

 

يع يحذٔدٚخ يٕارد انًٛبِ فٙ انًُبغق شجّ انقبحهخ، ٔانزٙ رزهقٗ أيطبرًا أقم يٍ انزجخز انًحزًم 

الإجٓبد انلاحٕٛ٘ انذ٘ إَاع انجفبف، ٚعذ انجفبف أحذ أشذ  ٔرزًٛش ثبنحزارح انًفزغخ ٔالإجٓبد انُبرج عٍ

انجفبف عهٗ جٓذ ٚؤثز سهجبً عهٗ ًَٕ انًحبصٛم ٔإَزبجٛزٓب. أجزٚذ ْذِ انذراسخ لاسزقصبء اٜثبر انسهجٛخ ن

انزٙ ًٚكٍ أٌ رهعت دٔراً ْبيبً فٙ  سهكبثبسزخذاو جشٚئبد انُبَٕ انزخفٛف يُٓبثعط أصُبف انشعٛز انًصزٚخ ٔ

يع ثلاثخ  كبيم انعشٕائّٛفٙ رصًٛى  صصرحسٍٛ أداء انُجبد ٔاسزذايزّ. رحقٛقب نٓذِ انغبٚخ ، رى ٔظع رجزثخ ا

/ انُجبد ٔاررفبع انُجبد  الاشطبءيكزراد. أٔظحذ انُزبئج أَّ َزٛجخ نهعجش انًبئٙ ، فقذ اَخفط كم يٍ عذد 

ثشكم يهحٕظ فٙ جًٛع أصُبف  ّنف حجالأٔيحصٕل انقش ٔانحجٕة ٔ ٔسٌ  )سى( ، ٔانجُبء انعٕئٙ ،

يحصٕل انقش ٔانحجٕة ٔصم  فبٌ الاَخفبض فٗ( FC٪ 44انشعٛز انًذرٔسخ ، عهٗ سجٛم انًثبل ، عُذ )

 .12٪ فٙ انجٛشح 12.3،  11.4ٔ  133٪ فٙ انجٛشح 33.4،  31.3ٔ  131٪ فٙ انجٛشح 21.3،  4..3إنٗ 

" .12( عهٗ انزٕانٙ. ٔكشفذ انجٛبَبد عٍ الأداء الأفعم نصُف "انجٛشح FC٪ 34طجٛعٛخ )يقبرَخ ثبنحبنخ ان

" فٙ يعذل اَخفبض يحصٕل انقش ٔانحجٕة ٔخصبئص انزًثٛم انعٕئٙ 131" ٔ "انجٛشح 133يٍ "انجٛشح 

٪ ٔ ..11ظذ ظزٔف عجش يٛبِ انززثخ. يٍ َبحٛخ أخزٖ ، أظٓزد انجٛبَبد أٌ انشٚبداد رجبٔسد ثُسجخ 

يجى / نزز( يٍ رطجٛق َبَٕ سٛهٛكب يقبرَخ  144٪ فٙ انقش ٔانحجٕة عهٗ انزٕانٙ ثبسزخذاو أعهٗ رزكٛش )24.1

ُبَٕ سٛهٛكب نذّٚ انقذرح عهٗ رخفٛف ثعط اٜثبر نهززكٛش انثبنُجبد غٛز انًعبنج ، نذنك ًٚكٍ انقٕل أٌ ْذا 

 جٓبد انجفبف ثشكم يهحٕظ.انسهجٛخ نهجفبف ، ٔنكُٓب غٛز كبفٛخ نهحذ يٍ اٜثبر انسهجٛخ نلإ


