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Table 1- Specifications Silicon oxide nanoparticle
Color White Purity 99.9%
Density 2.4 g/lcm? Particle size 20-15 nm
Melting point 1610 C° Formula Si02
Boiling point 2230 C° Molecular Weight 60.8 g/mol
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Table 2- Some chemical characteristics of biochar used in the experiment
PH EC C H 0 N S Ca Mg K Na
dSm? (%) ppm
9.6 3.5 72.3 2.11 4.5 0.42 1.02 581 1.93 2.23 0.48
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Table 3- Some physical and chemical properties of the soil used in the experiment

parameter value parameter value
Organic materials % 75 Clay % 9
bulk density (g/cm®) 1.43 Silt % 34
Porosity % 46 Sand % 57
Nitrogen % 0.05 soil texture sandy loam
field capacity % 19.1 Electrical conductivity (dS/m) 4.63
wilting point % 7.91 Acidity (unitless) 7.35
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Table 4 - Results of analysis of variance (mean square)

v df leaf Chlorophy Fresh
S 2 Height lenath I content RWC Na K Ca+Mg Prolin weight of
3£ (cm) g Spad % % % (meq/g) (malg) biomass
» O (cm)
value (9)
Ef']?ecc': 4 6536917 287  109.947 17777 0.0000395™  0.059™  112.44™  3252.9"  7186.1"
Nano
particle 2 119554" 5 799o™ 16938 0.002 39147 424297 7370.30 17776.7
effect
(n)
Biochar
effect 2 1542.2 5 92.90 169.61 0.002 29897 597157 172634 7685.3
(n)
o 4 221337 35" 12457  183.16" 0.003™ 3.290" 33736~ 23057.07 211155
error 32 45.02 0.2 7.48 12.09 0.000003 0.005 9.22 228.75 636.5
Coeffici
ent of 10.3 5.9 6.8 5.7 48 21.8 35.3 15.3 17.7
variatio
n (%)
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Table 4- Continues - the results of analysis of variance (mean square)
Dry
Sources df weight of  number of  sheath sheath ?fusrzsgg H; Wpy WPh
Change biomass pods weight length in a pod (Kg/ha) (Kg/m3) (Kg/m3)
(9
kel ns ns ekl el ns ns
Block , 30121 11.621 208.05 7.458 3.676 0.000032" 2.56 121.47
effect
Nano
Particle 2 505917 45018  1187.37  15.006°  4.006" 0.000358" 14.65" 347.40"
effect (n)
Biochar
effect 2 2405 3167 769.3" 11677  2.083" 0.001" 9.49™ 164.39”
(n
n*b 4 758877  139.057 32942  9.004" 2.625" 0.002" 40.66" 500.19"
error 32 26.7 0.84 15.3 05 0.2 0.000001 0.19 10.3
Coefficie
nt of
o 17.7 11.7 12.1 6.4 7.2 6 12.1 16.9
variatio
n (%)

*is significant at the five percent probability level, ** is significant at the one percent probability level and ns: no
significant difference.
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Table 5 - Average comparison results by Duncan's method

leaf
length
(cm)

df Height
(cm

Biochar
%

nano

particle
(mg/lit)
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Table 6 - Average comparison results by Duncan's method

nano Dry Numbe
particl biochar Wec')?ht nl:n;?e sheath  sheath s{e:;s H; Wpy (z\g/ 7:13
A .
(mg/lit % biomass  pods weight  length ina (Kg/ha)  (Kg/m3) )
) (9) pod
0 66.9134  1400" 552119 14003 1045c 0.14823" 6.1346° 41.386°
0 25 75.0150 1700  68.014" 16003 97 00™ 0.15899° 7.5571" 47.532°
5 80.7161 1900 g0.016° 17903 1174® 0.16824° 88907° 52.844°
T
50 25 902537 2200° 925197 17003 97007 pa7512¢ 102798 5ggy70
5 97:’2737 280la 123a225 17903 1200& 020710a 13631916 6634Oa
0 87.0174  5000° ge017° 17008 1p00r 016462° gs5g75° 5 .056°

In each column, averages with common letters are not statistically significant at the 1% probability level using

Duncan's test.
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Fig. 2 - Diagram of interaction effect of biochar and silica nanoparticles on water efficiency for the whole

Aerial organs
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Introduction

This research was conducted in order to investigate the combined effect of biochar and silica
nanoparticles on the yield and water efficiency of cowpea plants in the form of split plots in the form
of a randomized complete block design with five replications. The main plot of date palm leaf
biochar at three levels, including no biochar, 2.5 and 5%, and the secondary plot of silica
nanoparticles treatment at three levels, respectively, included zero, 50 and 100 mg/liter. The highest
efficiency of water consumption in terms of yield and biomass production was related to the
interaction effect of two treatments of 5% biochar and 50 mg nanoparticles, and the lowest was
observed in the control treatment. The highest amount of fresh and dry weight of the plant was
related to the interaction effect of two treatments of 5% biochar and 50 mg nanoparticles, which
caused an increase of 49.3% fresh weight and 45.5% dry weight of biomass compared to the control.

One of the solutions that can help to increase the plant's resistance to drought and increase the
efficiency of water consumption is the use of modifiers such as biochar and nanoparticles in
agriculture. Biochar is a new type of carbon material that is produced from thermal decomposition at
low temperature of organic raw materials under anaerobic conditions or with limited oxygen. In
recent years, biochar materials have shown significant potential in the field of environmental science
and agriculture. However, the main issue in different applications of biochar is the analysis of
biochar composition.

Various studies have shown that biochar increases crop yield and improves soil quality. Biochar
as a soil conditioner can remove carbon from the atmosphere. In addition, biochar has a higher
stability against decomposition and has a good ability to absorb ions compared to other forms of soil
organic matter. In a study, the effect of biochar on the yield of quinoa under the combined effects of
salinity and drought stress was investigated.

Considering the emerging nature of nano technology and the growing trend of research in the
field of nano and biochar, therefore, in this research, the combined effects of nano silica and biochar
on the performance and water productivity of cowpeas in Ahvaz region were investigated.

This research was carried out as pot cultivation in the open space between the greenhouse
complex of Shahid Chamran University of Ahvaz, Faculty of Agriculture

The treatments used included the treatment of silica nanoparticles at three levels of zero, 50, and
100 mg/liter and the biochar treatment of date palm leaves at three levels of BCO, BC1, and BC2. .
After establishing the plant in the pot, the experimental units were irrigated using a tank and drip
method.

15



The biochar used in this experiment is an organic material rich in carbon, which is prepared from
the leaves of the Nekhilat at a temperature of 500 degrees Celsius without the presence of oxygen.
The specifications of the biochar used can be seen in tables (1) and (2).

In this experiment, cowpeas of the local variety (Sosangerd) were used.

Table 1- Specifications Silicon oxide nanoparticle

Color White Purity 99.9%
Density 2.4 glcm2 Particle size 20-15 nm
Melting point 1610 C° Formula Si02
Boiling point 2230 C° Molecular Weight 6008 g/mol
Table 2- Some chemical characteristics of biochar used in the experiment
PH Ec C H @) N S Ca Mg K Na
dsm™ (%) ppm
9.6 3.5 72.3 2.11 4.5 0.42 1.02 581 1.93 2.23 0.48
Table 3- Some physical and chemical properties of the soil used in the experiment
parameter value parameter value
Organic materials % 75 Clay % 9
bulk density (g/cm®) 1.43 Silt % 34
Porosity % 46 Sand % 57
Nitrogen % 0.05 soil texture sandy loam
field capacity % 19.1 Electrical conductivity (dS/m) 4.63
wilting point % 7.91 Acidity (unitless) 7.35

To obtain the water requirement of beans, this plant should be grown in an environment that can
control the water balance. In order to achieve this goal, three micro lysimeters were used.

In order to measure the concentration of chlorophyll in the leaves, a hand-held chlorophyll meter

was used. For this purpose, the last developed leaf was selected from each plant, and from that leaf,
the SPAD number was read from seven separate points, and the average of seven The point was
considered as the number of chlorophyll in that plant.
To measure the relative leaf water content parameter, a leaf from fully developed young leaves from
each pot was randomly selected. In order to keep the samples fresh until the time of transfer to the
laboratory, the samples was placed in a plastic bag and quickly transported to the laboratory with a
container containing ice cubes and their wet weight was measured. To calculate the saturation weight
The samples were floated on distilled water for two hours at room temperature and low light.

Statistical analysis
Statistical analysis of variables was done using SPSS software, and Word and Excel software
were used to draw figures and tables.

Results and Discusspn

The results of table (3) show that the effect of the treatments and their mutual effects on water use
efficiency in terms of biomass production and water use efficiency in terms of product are significant
at the level of 1%. Elshayb et al (2022), while researching on the increase of water consumption
efficiency of rice plants under low irrigation conditions, showed that the combination of biochar
along with zinc oxide nanoparticles on physiological traits such as Chlorophyll content, relative
water content, plant height and leaf area index, as well as components related to yield had a positive
and significant effect and maximized water use efficiency , which is consistent with the results of this
research.
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The results of table (4) show that the use of treatments and their mutual effects on the fresh and
dry weight of the plant have a significant effect at the level of 1%.

Table 4 - Results of analysis of variance (mean square)

e o df leat  Chlorophy Fresh

S 2 Height length llcontent ~ RWC Na K Cat+Mg Prolin weight of

§ 5 (cm) (cm) Spad % % % (meg/g) (mg/g) biomass
value @

653.6017 287  109.94” 17777 0.0000395™  0.059"  112.44™  32529"  7186.1"

~

*k

1125.4" 5 79 99™* 169.38 0.002 3.914 4242.9 7370.30 17776.7

particle
effect
(n)
Biochar
effect

(n)

N

*k *

1542.2™ 5 92.90°

*

169.61" 0.002" 29897 597.15° 172634~  7685.3"

N

*k *

221337 35 1245"

*

183.16" 0.003" 3.290° 33736 23057.07 211155

n*b 4

error 32 45.02 0.2 7.48 12.09 0.000003 0.005 9.22 228.75 636.5

Coeffici

ent of 10.3 5.9 6.8 5.7 48 218 35.3 15.3 17.7
varlatio

N (%)

*js significant at the five percent probability level, ** is significant at the one percent probability level and ns:
no significant difference.

Conclusions

The results of the present research showed that the use of treatments and their mutual effects
increased the efficiency of water use in terms of yield and plant biomass production and on
physiological traits such as chlorophyll content, relative water content, plant height and leaf length,
as well as components related to performance had a positive and significant effect and led to their
increase. The interaction effect of two treatments caused a 37% increase in the efficiency index of
water consumption for all aerial parts of the plant and increased the fresh and dry weight of biomass
by 49.3% and 45.5%, respectively, compared to the control treatment. Finally, the results showed
that, in general, the combined treatment of Bc+Sio2 can be a suitable option for increasing the yield
and efficiency of water consumption in bean plants.
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