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Abstract 

 Nanotechnology comprises nano-particles (NP) attracted great impulse to alleviate the limitations in plant growth resulted 

from abiotic stresses. The field trial was conducted in two successive growing seasons of 2021/22 and 2022/23 at experimental farm 

located at 31 41- 11= E longitude and 26  22- 45= N latitude of El-Sheikh Allam, Al-Monshaah, Sohag Governorate. The study aims 

to follow the effect of applying different nano-synthesized soil amendments (zeolite, rock phosphate and rice husk) dressing or 

foliar at different soil moisture schedule (60, 75 and 90% of available water) in order to mitigate drought effects on wheat crop 

production and soil conditions. The results revealed that all nano-particle application and compost enhanced hydro-physical soil 

properties, wheat-water behavior and grain wheat yield. It was noticed that adding nano-zeolite converted from rock phosphate 

(AM1) was superior the other nano-particles soil conditioners even the compost type. This nano-particle (AM1) realized the highest 

values of porosity, field capacity, available water, infiltration rate, hydraulic conductivity, irrigation water productivity, grain yield 

and crop water productivity.  However, future investigation is still required to resolve the safety and health risks issues associated 

with nano-technology. 

  

Keywords: Nano-particles, Soil conditioners, Water stress, Wheat crop, water productivity. 

Full length article *Corresponding Author, e-mail: m_eways@yahoo.com  

 

1. Introduction 

Nano-particles (NP) attracted significant impulse to 

mitigate the negative effect of abiotic stresses in restricting 

plant growth. The exclusive properties of small sized nano-

particles, in addition to surface area increment and high 

reactive potentiality, opens new scope in agriculture sector. 

Nano-particles emerged as magic bullets for agriculturists, 

farmers, and scientists to improve plant performance under 

stress conditions. Adding inorganic and/or organic nano-

particles confer tolerance in plants against stresses. These 

particles cross talk with various plant hormones to make 

plants thrive under stress [1]. Water is crucial for life 

continuity and its deficiency leads to drought and severe 

growth conditions for plants. Drought restricts almost 45% of 

global agriculture area as the major environmental stress. 

Water scarcity not only manipulate water potential in cells but 

also affect the gaseous exchange and closure of stomata, in 

addition to ionic exchange, photosynthetic activity and 

transpiration rate [2-4] reported that the application of 0.02% 

TiO2-NP as foliar spray improved the vigor of wheat plants 

by enhancing yield traits such as plant weight and height, ear 

number, harvest index, 1000-kernal weight, seeds plant-1, in 

addition to the content of gluten and starch in plants grown 

under water shortage. 

Yasmeen et al. [5] found that the abundance of the 

Rubisco protein in wheat plants exposed to Fe-NPs was 3 fold 

that in untreated plants. [6] Stated that at different doses of 

ZnO and CuO-NPs (act as fertilizers), the Zn-NPs affected on 

roots and enhanced lateral root growth whereas Cu-NPs    

improved proliferated and root hair elongation in wheat 

seedlings subjected to drought. [7] Stated that chitosan and Si 

application increased the growth and plant water status, along 

with the physiological trials and yield attributes in the wheat 

plants under drought stress. [8] Stated that nano-particles 

(NP) application can boost crop production in the current 

hostile environment, mainly subjected to drought and salinity 

stresses. The study aims to follow the effect of applying 

different soil amendments (zeolite, rock phosphate and rice 

husk) in nano-synthesized forms, dressing or foliar at 

different soil moisture schedule (60, 75 and 90% of available 

water) in order to mitigate drought effects on wheat crop 

production and soil conditions. 

 

2. Materials and Methods 

 The field trial was conducted in two successive 

growing seasons of 2021/22 and 2022/23 at experimental 

farm located at 31 41- 11= E longitude and 26  22- 45= N 

latitude of El-Sheikh Allam, Al-Monshaah, Sohag 

Governorate (Fig.1). The area enjoys surface irrigation 

system and the main source of irrigation water is river Nile. 

The research was initiated to assess the effect of different 

synthesized nano-zeolites application as a smart soil 

conditioner either dressing or foliar on wheat crop grown on 

sandy soil under soil moisture stress. Nano-soil conditioner 
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(Nano-zeolite, clinoptilolite) named AM was synthesized by 

hydrothermal treatment at various crystallization temperature 

according to [9]. Also, nano-zeolite converted from rock 

phosphate named AM1 was synthesized according to [10] 

and nano-zeolite converted from rice husk named AM2 was 

synthesized according to [11]. The experiment was laid out in 

randomized complete design with three replicates. The 

treatments were three levels of soil moisture stress and three 

nano-soil conditioners plus plots treated with compost in 

addition to control plots received the traditional recommend 

fertilizer doses (15 total treatments). The plot width is 5 m 

and its length is 10 m with an area about 50 square meter 

(1/80 feddan). The plots were restricted with 2m width 

boundary as buffer zone in order to avert the horizontal 

leakage and to express soil moisture stress (60, 75 and 90% 

of available water). The treatments of each soil moisture 

schedule in each season were as follows: 

1) Traditional recommend fertilizer doses as control    

2) Compost named COM 

3) Synthesized nano-zeolite named AM 

4) Nano-zeolite from rock phosphate ore named AM1 

5) Nano-zeolite converted from rice husk named AM2 

 The added amount of compost was 4 kg/ m2 and the 

added amount of nano-zeolite as fine granular whether it is 

AM, or AM1 or AM2 was 13.5 g/ m2. The tested materials 

were mixed well with soil surface before cultivation. Also, 

the tested nano-zeolite (AM, AM1 and AM2) was foliar 

spraying on plants three times at 30, 45 and 60 day after 

sowing (DAS) by concentrated liquid of 25%. The pressure 

membrane apparatus and pressure cooker were used to 

determine permanent wilting point (PWP) and Field capacity 

(FC). An undisturbed and disturbed soil samples were 

saturated and equilibrated at 0.33 and 15 bar suction 

pressures, respectively, according to [12]. The estimation of 

available water capacity (AWC) was performed by the 

differences. The soil water content% was estimated 

gravimetrically before irrigation on soil dry weight basis. The 

plots were irrigated whenever the soil moisture reached the 

desired level (60, 75 and 90% from the AWC). The applied 

irrigation water was measured and delivered according to the 

technique of Water Requirements and Field Irrigation 

Research Dept., ARC, Egypt. The soil water content % was 

determined gravimetrically just before irrigation in order to 

estimate the actual Evapotranspiration (ETa), on soil dry 

weight basis, then one day after each irrigation, in addition to 

harvesting time. All samples were taken from 15 cm in the 

soil surface, then 60 cm deeper down. The actual evapo-

traspiration (ETa) was estimated in two successive irrigations 

as water depth in root zone by cm following the method of 

[13]. The later mentioned equation is used: 

𝐸𝑇𝑎 =  2 − 1/ 100 × 𝐵𝑑 ×  𝐷/100 ×  4200 

Whereas: 

ETa = water consumptive use (m3). 

2 = water content% in soil subsequent irrigation. 
1 = water content% in soil prior to irrigation. 

D = soil depth (cm). 

Bd = bulk density (Mg/m3).  

Soil bulk density of different soil layers before and 

after each season was measured using the core sampling 

technique as described by [14]. The total soil porosity was 

calculated using bulk and particle density as proposed by the 

formula of [15] as follows:  

𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑟𝑜𝑠𝑖𝑡𝑦 % =  (1 −   𝑃𝑏/𝑃𝑠)  ∗ 100 

 Where Pb is the bulk density (g/cm3), Ps is the 

particle density which is taken as 2.65 g/ cm3. The Infiltration 

rate was measured using the double ring infiltrometer as 

described by [16]. The estimation of hydraulic conductivity 

was carried out using the method of auger hole according to 

[17]. The Irrigation water productivity (IWP) and crop water 

productivity (CWP) were calculated according to [18] using 

the following equations: 

𝐼𝑊𝑃 (𝑘𝑔/ 𝑚3)  =  100 (𝑌/ 𝐼) 
𝐶𝑊𝑃 (𝑘𝑔/ 𝑚3)  =  100 (𝑌/ 𝐸𝑇) 

Where Y is the grain yield (kg/ fed.), I am the 

irrigation water applied (m3/ fed.) and ET is the seasonal 

water requirement (m3/ fed.). 

 Wheat (Triticuma-estivum vulgar) grains were sown 

in the winter seasons on November 27th and December 3rd, 

respectively of 2021/22 and 2022/23, in 800 cm long rows 

apart by15 cm space under flooding irrigation methods. 

Harvesting of wheat plants was on 1st and 2nd of May 2022 

and 2023, respectively. The agricultural practices applied for 

growing wheat werethe commonly practices and followed the 

Ministry of Agriculture recommendations. Ammonium 

nitrate was applied in two equal doses at the rate of 120 kg 

fed-1 as nitrogen fertilizer (33.5% N). The first dose applied 

before planting irrigation, while the second fertilization dose 

applied before the second irrigation (tillering stage). Calcium 

super phosphate was added as phosphorus fertilizer (15.5% 

P2O5) as 100 kg/ fed. As single dose through the soil 

preparation. Potassium sulphate (48% K2O) used for K 

fertilization as 50 kg/ fed. As double doses in conjunction 

with nitrogen fertilization.  

 At harvesting stage of wheat plants, soil samples 

were taken and collected for some soil analyses from plots 

representing each treatment from disturbed and undisturbed 

soils at 0-30 and 30-60 cm depths. After drying, disturbed soil 

samples were crushed then sieved through sieve (2 mm). The 

chemical and physical properties of soil and compost used 

were carried out following the methods of [16-19], 

respectively. The data are exhibited in tables (1&2). The data 

of grain and straw yield were recorded in each plot at harvest 

time, from 4 m2 (2m x 2m) in the centric area. These recorded 

data were used for the whole Fadden estimation. The 

Analysis of Variance (Two-way ANOVA) were performed. 

The comparison among treatments to distinct the significant 

differences were performed using Duncan multiple range 

tests at 5% level of probability using Costat software [20]. 

 

3. Results and discussion 

3.1. Results 

The use of nano clay and zeolite could improve 

fertilizer efficiency and crop production in coarse-textured 

soil. In corporating in organic amendments into sandy soils 

declined nitrogen losses and enhanced the N fertilizer yield 

of the agriculture systems.  

 

3.1.1. Some physical soil properties and nano-particles 

application  

 The effect of nano-particles application on some 

physical soil properties with soil moisture stress are 

represented in table (3). Data of saturation percent (SP) 

decreased with soil depth with values ranged between 25.5 

and 43.5 showing the common values of sand soil (Table 3). 

The SP values increased with nano-particles application 

especially in surface layers regardless the soil moisture stress. 
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The SP treatments were descendingly arranged as control < 

compost < AM < AM2 < AM1 regardless the soil moisture 

stress. Bulk density of the soil was improved by applying 

nano-particles. They varied from 1.32 mg/ m3 with AM2 

application at 60% available water (AW) and 1.70 mg/ m3 for 

control treatment at 60% AW. Total soil porosity values were 

positively increased by nano-particles application. They 

changed from 35.97% at 30-60 soil depth of control treatment 

with 60% AW and 49.90 % at 0- 30 soil depth of AM2 

treatment with 60% AW. It was noticed that total soil porosity 

values increased by adding AM and they almost remain stable 

with other nano-particles application (AM1 & AM2) despite 

soil moisture stress. Total soil porosity values were congruent 

with bulk density values since increasing total soil porosity 

always accomplish with decreasing of soil bulk density. 

 

3.1.2. Soil moisture constants and water permeate with 

nano-particles application   

 Regarding soil moisture constants, the data revealed 

that the soil moisture constants decreased with soil depth but 

being slightly high when available water capacity increased 

(Table 4). At field capacity boundary soil water content 

varied from 14.75 up to 23.75%; the soil moisture at welting 

point differed between 6.88 and 11.38%. The available water 

capacity varied from 7.88 to 12.45%. The added AM1as a soil 

conditioner realized the highest soil moisture constants 

among the other treatments (table 4) regardless the water 

stress. The increment ranged from 20.0 up to 45.0% for field 

capacity (FC), 24.0 up to 56.0% for WP and 14.0 to 41.0% 

for AW as average values of both seasons. Infiltration and 

percolation phenomena as affected by nano-particles 

application with water stress are shown in Fig. (2). The data 

showed that the infiltration rate values increased with nano-

particles application and by increasing available soil 

moisture; their values varied from 0.23 up to 0.795 cm h-1 as 

average value of two growing seasons. The highest 

infiltration rate was recorded at AM1 treatment despite water 

stress. The same trend was true for soil hydraulic conductivity 

and their values varied from 0.055 up to 0.195 mday-1. 

 

3.1.3. Wheat-water behavior 

 Irrigation water application (IWA) as affected by 

nano-particles application and water stress is presented in 

table (5). The amounts of IWA decreased either with nano-

particles application or with increasing available water. The 

amounts of IWA ranged between 2530.11 and 3022.08 m3/ 

fed. As average value of both seasons. The same trend was 

true for water consumptive use (ETa) since their values 

changed from 2123.00 to 1820.50 m3/ fed. As average value 

of both seasons (Table 5). Wheat grain yield (ton/ fed.) 

increased by nano-particles application while it decreased by 

increasing the available water. Data of grain yield recorded 

diverged from 1.91 ton/ fed up to 3.99 as average value of 

both seasons (Table 5). IWP and CWP affected positively 

since their values increased either by nano-particles 

application or increasing water stress. The IWP values ranged 

from 0.58 to 1.40 and CWP values changed from 0.81 to 2.00 

kg/ m3 of water as average value of both seasons. 

 

3.2. Discussion 

Nanotechnology in agriculture has gained good 

momentum in the last decade with an abundance of public 

funding, but the stage of development is good, even though 

many methods became under the umbrella of agriculture. 

Bulk density of the soil is connected with soil other properties 

such as moisture content and porosity (table 3). [21] 

Mentioned that there was negative fit between soil bulk 

density and nano-composite amendments at different levels, 

since it declined after applied treatments in comparison with 

control. Such reduction due to nano-composite soil 

amendments could be attributed to pore spaces increment 

which improved soil aeration in addition to soil moisture. 

Also, they observed a contradictory link between sandy soil 

total porosity and nano-organic or bulk organic soil 

amendments. Total porosity as average value of both seasons 

were increased either with organic and nano-organic soil 

conditioners compared to control treatment. This 

enhancement could be attributed to the increment in the pore 

space separate coarse sand particles, which rearranged around 

the puffy hydrogel particles.  

Hence, the soil volume increases and the ratio of soil 

dry mass to its volume declined due to the displacement and 

reorientation of soil particles around the hydrogel puffy 

particles that may create new pores [22]. According to [23] 

they reported that the sandy soil amended with 0.4% nano-

composite reduced bulk density value from 1.51 down to 1.21 

g/ cm3. The previously mentioned reduction could be 

attributed to water absorption by hydrogel particles in the soil 

matrix which become larger in size. Bayat et al. [24] reported 

the effect of applying engineered nano-particles<100 

nmMgO and Fe3O4 (ENPs) as soil amendment and subjected 

to different abiotic stresses. It was reported that magnesium 

oxide (MgO) ENPs resulted in the soil bulk density reduction 

as compared to Fe3O4 ENPs effect. Decline observed in 

density could improve root growth and penetration 

accompanied with better soil aeration. It was also found that 

MgO NPs improved soil structure, increased porosity, and 

reduced bulk density, whereas Fe3O4 ENPs only increased 

the tensile strength of the aggregates by strengthening bonds 

between Fe and soil particles [24]. [25] Stated that silver 

nano-particles can stimulate wheat growth and yield. Soil 

applied 25 ppm SNPs had highly favorable growth promoting 

effects on wheat growth and yield.  

Similarly, [26] concluded enhancing effect of 

applying MgO (ENPs) could be attributed to improvement of 

soil mechanical and physical properties resulted from their 

outstanding reaction capacity, adhesiveness, activity and 

specific surface. Regarding wheat-water behavior, [27] 

revealed that iron ENPs, with particle size smaller as 

compared to clay soil pores size, could easily leach down 

through soil. However, after period of time these pores 

mayformat aggregations and become blocked, as a result this 

could decline the hydraulic conductivity of the soil. [28] 

Found that nano-silica significantly increased the water 

storage capacity of soils up to 180% by the addition of 3 wt 

% nano-silica only. [29] Reported an increment of soluble 

silicate Si4+ after applying Si-NP that caused a rise in soil 

water properties behavior such as WP, FC, AW and soil water 

content (θs), which in turn resulted in increment of WUE and 

yield by about 178% when compared to silicon nano-particles 

(Si-NPs). The highest mean values out of all treatments were 

recorded in plants subjected to (400 nm) Si-NP. [30] 

Reported that amending soil with metal or metallic oxide 

nano-particles could improve hydraulic conductivity and 

porosity of the soil in addition to close the distance between 

the particles of the treated soil.
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Fig.1: Location of study  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Effect of nano-particles application on infiltration rate and soil hydraulic conductivity with water stress as average value of 

both seasons 
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Table 1: Some soil properties of the experimental site 

 

Property 

2021/22 2022/23 

Soil depth (cm) Soil depth (cm) 

0-30 30-60 0-30 30-60 

pH (1: 2.5) 7.89 7.91 7.88 7.94 

ECe (dS/m) 5.83 5.68 5.76 5.74 

CaCO3 % 47.75 51. 53 45.70 52.25 

OM % 0.25 0.15 0.35 0.18 

Sand % 85.30 83.90 85.10 84.80 

Silt % 13.10 14.10 13.00 13.20 

Clay % 1.60 2.00 1.90 2.00 

Texture class sandy sandy sandy sandy 

SP % 27.00 25.00 29.00 26.00 

FC % 15.50 14.50 16.50 15.00 

WP % 7.00 6.75 7.25 7.00 

AW % 8.50 7.75 9.25 8.00 

Bd (Mg/m3) 1.65 1.70 1.63 1.70 

Porosity % 37.26 35.85 38.26 36.09 

IF (cm/h) 0.22 ---- 0.24 --- 

HC (m/d) 0.05 0.06 

Available N (mg/ kg) 17.00 14.00 18.00 13.00 

Available P (mg/ kg) 8.61 7.78 8.67 7.91 

Available K (mg/ kg) 199.00 206.00 210.00 215.00 

pH= soil reaction, ECe= electrical conductivity, OM= organic matter, SP= saturation percent,  FC= field capacity,  WP= 

wilting point, AW= available water,  Bd= bulk density,  IF= infiltration rate, HC= hydraulic conductivity,  N= nitrogen,  

P= phosphorus, K= potassium, 

 

Table 2: Some chemical analyses of the added compost 

 

Property EC (1:2.5) pH (1:2.5) 
OM 

 % 

N 

% 

P 

% 

K 

% 

Compost  2.70 8.60 65.50 1.850 0.520 1.350 
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Table 3: The effect of nano-particles application on some physical soil properties with soil moisture stress during both growing 

seasons 

 

Treatments 
Soil depth 

(cm) 

Saturation percent Bulk density (Mg /m3) Porosity  % 

2021/22 2022/23 mean 2021/22 2022/23 mean 2021/22 2022/23 mean 

60% AW 

Control 
0-30 27.00q 29.00o 28.00 1.65a 1.63ab 1.64 37.26n 38.26m 37.76 

30-60 25.00s 26.00r 25.50 1.70a 1.70a 1.70 35.85o 36.09o 35.97 

Com 

0-30 35.00j 34.00k 34.50 1.45e 1.43f 1.44 43.14h 44.36g 43.75 

30-60 32.00m 32.00m 32.00 1.49e 1.48e 1.49 42.91h 43.30h 43.10 

AM 

0-30 40.00e 43.00b 41.50 1.32e 1.36e 1.34 49.43b 48.09c 48.76 

30-60 38.00g 39.00f 38.50 1.38g 1.40f 1.39 47.92c 47.37d 47.65 

AM1 

0-30 41.00d 44.00a 42.50 1.34h 1.36g 1.35 48.85b 48.09c 48.47 

30-60 38.00g 39.00f 38.50 1.40f 1.43f 1.42 46.97d 46.04e 46.50 

AM2 

0-30 40.00e 42.00c 41.00 1.32h 1.32h 1.32 50.00a 49.81a 49.90 

30-60 37.00h 38.00g 37.50 1.41f 1.41f 1.41 46.99d 46.79d 46.89 

75% AW 

Control 
0-30 28.00p 30.00n 29.00 1.61b 1.62b 1.62 39.47d 39.33d 39.40 

30-60 26.00r 27.00q 26.50 1.66a 1.69a 1.68 38.29m 37.17n 37.73 

Com 
0-30 36.00h 38.00g 37.00 1.38g 1.39g 1.39 46.09e 45.91e 46.00 

30-60 33.00l 34.00k 33.50 1.51d 1.49e 1.50 42.59h 42.91h 42.75 

AM 

0-30 42.00c 43.00b 42.50 1.35g 1.37g 1.36 48.67b 47.51c 48.09 

30-60 38.00g 38.00g 38.00 1.48e 1.48g 1.48 44.15g 43.51g 43.83 

AM1 

0-30 43.00b 44.00a 43.50 1.33h 1.35g 1.34 48.65b 48.47c 48.56 

30-60 37.00h 38.00g 37.50 1.47e 1.48e 1.48 43.89g 44.15g 44.02 

AM2 
0-30 41.00d 43.00b 42.00 1.34h 1.34h 1.34 48.66b 48.66b 48.66 

30-60 38.00g 39.00f 38.50 1.45e 1.48e 1.47 45.28l 43.94l 44.61 

90% AW 

Control 
0-30 30.00n 29.00o 29.50 1.64ab 1.61b 1.63 37.88m 39.47l 38.68 

30-60 28.00p 26.00r 27.00 1.70a 1.65a 1.68 36.09o 38.43m 37.26 

Com 
0-30 40.00e 41.00d 40.50 1.38g 1.35g 1.37 46.09f 47.67e 46.88 

30-60 36.00i 38.00g 37.00 1.51d 1.49e 1.50 41.92i 43.13h 42.53 

AM 
0-30 41.00d 42.00c 41.50 1.33h 1.37g 1.35 48.65b 47.10d 47.88 

30-60 38.00g 38.00g 38.00 1.47e 1.49e 1.48 43.68g 43.13h 43.40 

AM1 
0-30 44.00a 43.00b 43.50 1.36g 1.34h 1.35 47.89c 49.05b 48.47 

30-60 39.00f 40.00e 39.50 1.44f 1.46e 1.45 45.66e 45.11f 45.39 

AM2 
0-30 42.00c 41.00d 41.50 1.34h 1.32h 1.33 48.26c 48.84b 48.55 

30-60 38.00g 38.00g 38.00 1.47e 1.47e 1.47 44.53f 44.74f 44.63 
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Table 4: The effect of nano-particles application on soil moisture constants with soil moisture stress during both growing seasons 

Treatments 

Soil 

depth 

(cm) 

FC % WP % AWC% 

2021/22 2022/23 mean 2021/22 2022/23 mean 2021/22 2022/23 mean 

60% 

AW 

Control 
0-30 15.50i 16.50h 16.00 7.00e 7.25e 7.13 8.50d 9.25d 8.88 

30-60 14.50i 15.00i 14.75 6.75f 7.00e 6.88 7.75e 8.00e 7.88 

Com 
0-30 19.50e 19.00e 19.25 9.25c 9.00c 9.13 10.25c 10.00c 10.13 

30-60 18.00f 18.00f 18.00 8.50d 8.50d 8.50 9.50d 9.50d 9.50 

AM 
0-30 22.00b 23.50a 22.75 10.50b 11.00a 10.75 11.50b 12.50a 12.00 

30-60 21.00c 21.50c 21.25 10.00b 10.25b 10.13 11.00b 11.25b 11.13 

AM1 
0-30 22.50c 24.00a 23.25 10.75b 11.50a 11.13 11.75b 12.50a 12.13 

30-60 21.00c 21.50c 21.25 10.00b 10.25b 10.13 11.00b 11.25b 11.13 

AM2 
0-30 22.00b 23.00a 22.50 10.50b 11.00a 10.75 11.50b 12.00a 11.75 

30-60 20.50d 21.00c 20.75 9.75c 10.00b 9.88 10.75c 11.00b 10.88 

75% 

AW 

Control 
0-30 16.00h 17.00g 16.50 7.50e 8.00d 7.75 8.50e 9.00d 8.75 

30-60 15.00i 15.50i 15.25 7.00e 7.25e 7.13 8.00e 8.25e 8.13 

Com 
0-30 20.00d 21.00c 20.50 9.50c 10.00b 9.75 10.50c 11.00b 10.75 

30-60 18.50f 19.00e 18.75 8.75d 9.00c 8.88 9.75d 10.00c 9.88 

AM 

0-30 23.00a 23.50a 23.25 11.00a 11.12a 11.06 12.00a 12.38a 12.19 

30-60 21.00c 21.00c 21.00 10.00b 10.00b 10.00 11.00b 11.00b 11.00 

AM1 
0-30 23.50a 24.00a 23.75 11.25a 11.50a 11.38 12.25a 12.50a 12.38 

30-60 20.50d 21.00c 20.75 9.75c 10.00b 9.88 10.75c 11.00b 10.88 

AM2 

0-30 22.50b 23.50a 23.00 10.75b 11.25a 11.00 11.75b 12.25a 12.00 

30-60 21.00c 21.50c 21.25 10.00b 10.25b 10.13 11.00b 11.25b 11.13 

90% 

AW 

Control 
0-30 17.00g 16.50h 16.75 8.00d 7.75e 7.88 9.00d 8.75e 8.88 

30-60 16.00h 15.00i 15.50 7.50e 7.00e 7.25 8.50e 8.00e 8.25 

Com 
0-30 22.00b 22.50b 22.25 10.50b 10.75b 10.63 11.50b 11.75b 11.63 

30-60 20.00d 21.00c 20.50 9.50c 10.00b 9.75 10.50c 11.00b 10.75 

AM 
0-30 22.50b 23.00a 22.75 10.65b 11.00a 10.83 11.85b 12.00a 11.93 

30-60 21.00c 21.00c 21.00 10.00b 10.00b 10.00 11.00b 11.00b 11.00 

AM1 
0-30 24.00a 23.50a 23.75 11.40a 11.20a 11.30 12.60a 12.30a 12.45 

30-60 21.50c 22.00b 21.75 10.25b 10.50b 10.38 11.25b 11.50b 11.38 

AM2 
0-30 23.00a 22.50b 22.75 11.00a 10.70b 10.85 12.00a 11.80b 11.90 

30-60 21.00c 21.00c 21.00 10.00b 10.00b 10.00 11.00b 11.00b 11.00 
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Table 5: The effect of nano-particles application on wheat-water behavior with soil moisture stress during both growing seasons 

Treatments 

IWA ( m3/ fed) ETa ( m3/ fed) 
Grain yield 

(ton/fed) 
IWP (kg/ m3) CWP (kg/m3) 

2021/2

2 

2022/2

3 

2021/2

2 

2022/2

3 
2021/22 2022/23 

2021/2

2 

2022/2

3 

2021/2

2 

2022/2

3 

60% 

AW 

Contro

l 

3025.7

1 

3018.4

4 

2118.0

0 

2128.0

0 
1.95 e 1.87 e 0.64 d 0.62 d 0.92 d 0.88 d 

Com 
2947.1

4 

2936.1

7 

2063.0

0 

2070.0

0 
2.32 d 2.55 d 0.79 c 0.87 c 1.12 c 1.23 c 

AM 
2881.4

3 

2866.6

7 

2017.0

0 

2021.0

0 
3.75 a 3.82 a 1.30 a 1.33 a 1.86 a 1.89 a 

AM1 
2841.4

3 

2838.3

0 

1989.0

0 

2001.0

0 
3.97 a 4.00a 1.40 a 1.41 a 2.00a 2.00a 

AM2 
2892.8

6 

2912.0

6 

2025.0

0 

2053.0

0 
3.42 b 3.53 b 1.18 b 1.21 b 1.69 b 1.72 b 

75% 

AW 

Contro

l 

2795.7

7 

2797.2

2 

1985.0

0 

2014.0

0 
1.82 e 1.75 e 0.65 d 0.63 d 0.92 d 0.88 d 

Com 
2721.1

3 

2813.8

9 

1932.0

0 

2026.0

0 
2.25 d 2.37 d 0.83 c 0.84 c 1.16 c 1.17 c 

AM 
2670.4

2 

2686.1

1 

1896.0

0 

1934.0

0 
3.55 b 3.67 a 1.33 a 1.37 a 1.87 a 1.9 a 

AM1 
2660.5

6 

2648.6

1 

1889.0

0 

1907.0

0 
3.80 a 3.65 a 1.43 a 1.38 a 2.01 a 1.91 a 

AM2 
2683.1

0 

2691.6

7 

1905.0

0 

1938.0

0 
3.22 b 3.25 b 1.20 b 1.21 b 1.69 b 1.68 b 

90% 

AW 

Contro

l 

2600.9

8 

2605.3

9 

1861.0

0 

1885.0

0 
1.55 f 1.48 f 0.60 d 0.57 d 0.83 d 0.79 d 

Com 
2563.2

4 

2599.8

6 

1834.0

0 

1881.0

0 
2.18 d 3.22 b 0.85 c 1.24 b 1.19 c 1.71b 

AM 
2525.5

1 

2583.2

8 

1807.0

0 

1869.0

0 
3.19 bc 3.25 b 1.26 a 1.26 ab 1.77 a 1.74 ab 

AM1 
2508.7

4 

2551.4

9 

1795.0

0 

1846.0

0 
3.55 b 3.35 b 1.42 a 1.31 a 1.98 a 1.81 a 

AM2 
2517.1

2 

2576.3

6 

1801.0

0 

1864.0

0 
3.10 c 3.12 c 1.23 ab 1.21 b 1.72 ab 1.67 b 

4. Conclusions 

 Nano-fertilizers are essential sources of fertilizers, 

which can improve the crop production, compared to 

traditional chemical fertilizers. Hence, the use of nano-

materials constitutes an effective and environmentally 

friendly method to enhance plant tolerance to abiotic stress. 

It was noticed that adding nano-zeolite converted from rock 

phosphate (AM1) superior the other nano-particles soil 

conditioners even the compost type. This nano-particle 

(AM1) realized the highest values of porosity, field capacity, 

available water, infiltration rate, hydraulic conductivity, 

irrigation water productivity, grain yield and crop water 

productivity.  However, future studies are still required to 

resolve the health risks and safety issues associated with the 

nano-technology. 
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