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Abstract Article inf.
The wheat plant, Triticum aestivum L., is one of top cereal crops in the world,  Received:
followed by the rice and corn crops; and it is one of the most important food crops for ~ 15/5/2021
more than a third of the world's population. in recent times, several studies focused on Accepted:
finding ways to increase and encourage growth and production of wheat, and among ~ 29/7/2021
these methods is the use of nanomaterials. The present study has been conducted to ~ Published:
evaluate the nanomaterials titanium dioxide (TiO2) and zinc oxide (ZnO) efficacy in 31/8/2021
the growth promoting of three cultivars of wheat plant (lbaa 99, Abu Ghraib and  keywords:
Bhooth 22). Laboratory experiments proved the non-toxicity of TiO2 and ZnO on the Biochemical

germination of wheat seeds. All treatments were 100% germinated, whereas the
results showed the superiority of TiOz in stimulating all examined parameters. The
examined parameters, whether in Petri plates or pots, including the length of the
radicle and hypocotyl, compared to a control treatment. The results of the pots
experiment showed that the concentration of 100 ppm significantly exceeded the rest
of the tested concentrations (0, 25 and 50 ppm), and the Abu Ghraib cultivar was the
most responsive to nanomaterials. It is worth noting that the nanomaterials TiO, and
ZnO at a concentration of 100 ppm led to an increase in some biochemical indicators,
including photosynthesis pigments, carbohydrate content and proline, compared to the
control treatment in the cultivar Abu Ghraib .The current study recommends that TiO>
and ZnO should be used in the treatment of wheat plants, with more studies being

conducted on other economic plants.
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1. Introduction:

The wheat Triticum aestivum L., belongs to the Poaceae family and occupies the top position
in the list of cereal crops in the world, followed by the rice and corn crops [1], and it is one of the
most important food crops for more than a third of the world's population as it contains proteins
and calories more than any other crop, it contains 7-22% of protein and 55% of carbohydrates,
and 20% of the calories. Wheat is grown over large areas in the world, with a total production up
to 734.74 million tons in the agricultural season 2018-2017 [2], while global production of
wheat reached about 761.5 million tons worldwide in the year 2020 [3]. In Irag, the total
production of wheat crop reached 4,343 million tons for the year 2019, while Basrah governorate
recorded a total production of 29021 tons [4]. As a consequence of high increase in the
population, Iraq imported more than two-thirds of its need of wheat [5]. The cultivation as well
as production of wheat suffers from a lack of production for many reasons, including a lack of

key nutrients, diseases and insects.

Nanotechnology has emerged using nanomaterials in order to improve growth and
production in economic plants, as demonstrated by many applied studies [6, 7, 8].
Nanotechnology has also been used to enhance plant defense responses and in genetic
manipulation of plant cells [9], as well as used in modifying the forms of chemical pesticides to
make them more effective and less harmful. Nanoparticles were also used in the manufacture of
nanopesticides because of their high efficiency in killing pathogens even though at the lowest
concentrations. These nanoparticles are used as fungicide carriers and encapsulation of active
ingredients in nanocapsules [10]. Global production of nanoparticles is expected to reach 10,000
tons, and total sales are expected to reach 50 billion dollars in 2026 [11]. Rico et al. [12]
indicated that after nanoparticles entered the plant cell, they can be transported in the form of
symplasm or apoplasm and can be transferred through the plasma membrane from one cell to
another, the nanoparticles, and once the nanoparticles become in touch with the plant cell
surface, they entered through stomatal openings and move towards different tissues. It has also
been pointed out that the absorption, transfer or transformation, and accumulation of
nanoparticles in plants is a very important state related to the plant species, the stage of growth
and the growth environment, functions, biochemistry, and the method of delivery [13-15]. The

present study aims to prepare two types of nanomaterials, namely titanium dioxide and zinc
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oxide at the laboratory, and to determine their stimulation effects for the growth of different

wheat cultivars, based on phenotypic and biochemical characteristics.

2. Materials and Methods

2.1 Preparation of nanomaterials

A 1 g of pure zinc oxide (ZnO) and titanium dioxide TiO2 were taken, and add into 50 ml of
distilled water, and transferred to the Sonication device to prepare the ZnO and TiO: particles
nanostructures, the sample time for ultrasound was fixed to 2 seconds and the extinguishing time
was 1 second and the total preparation time was 15 minutes. A sample was taken from the
prepared material and deposited on crystalline silicon slides for the purpose of SEM scanning

electron microscopy [16].
2.2 Phytotoxicity of nanomaterials on the wheat plant

- On the seeds of different cultivars of wheat in the petri dishes

Petri dishes with a diameter of 9 cm were used, and 10 seeds were placed in each plate for
three cultivars of wheat which were Abu Ghraib, Ibaa 99 and Bhooth 22, with triplicates each,
and the concentrations were used 0, 25, 50, 75 and 100 ppm of each substance (Zno and TiO3)
[17]. A 5 ml of each treatment was added, and then the treated dishes were placed, as well as the
control treatment, in the growth room (incubator) at a temperature of 25 ° C. Then the
germination rate of wheat seeds was calculated after seven days of treatment. The radicle has
been separated from the hypocotyl for the growing seedlings and their lengths were measured,
then they were dried in an electric oven at 70 ° C for 72 hours, and then the dry weights were

measured [18].

- On plants of different cultivars of wheat in pots

Plastic pots of 1 kg, 10 cm high and 15 cm wide, were used as contain of sterile peatmoss, in
this experiment three cultivars of wheat were used, which were Abu Ghraib, Bhooth 22 and Ibaa
99, and were irrigated with nanomaterials at a concentration of 0, 25, 50, 75 and 100 ppm and an
amount of 250 ml 24 hours before planting the seeds, then 10 seeds were planted in each pot,

with three replications for each concentration, and the plants were then watered with water
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whenever needed, and a second spray was used with nanomaterials 10 days after planting, a third
spray after 20 days , and after 30 days from planting. Several phenotypic characteristics of the
plant were measures as:

Number of germinated seeds

1. Germination percentage (GP%) = Total number of seeds X100

Average plant height (cm): The height of the plant is measured by a tape measure from the soil

surface to the top of the plant.

4. Fresh and dry weight of the shoot and root (g): The fresh weight was calculated by taking
three plants for each treatment by cutting the plants at their contact area with the soil then the
plants were dried using an electric oven at a degree of 60 ° C for a period of 72 hours, then the

dry weight was calculated using the sensitive scale.

Some biochemical characteristics were estimated at 100 ppm in the nanomaterials treatments
under study with the most responsive cultivar Abu Ghraib:

Photosynthetic pigment:

The pigments chlorophyll a, chlorophyll b, total chlorophyll, carotenoids and anthocyanins were
estimated, and these pigments were extracted according to the method of [19] by grinding 200
mg of leaves into 8 ml of acetone (80%) using chilled ceramic mortar and separating the filtrate
using a centrifuge (3000 rpm). Eppendorf model (R5804) German-made. Wavelengths 470, 534,
663 and 645 nm were measured in the filtrate and acetone was used as a control sample for the
purpose of calibrating the device using a UV-1100D spectrophotometer manufactured by
EMcIAB GmbH of Germany with four cells and the values of plant pigments were estimated

depending on the following equations according to [20] and expressed in units (mg / g):

Chlorophyll —a = 12.7 (OD663) — 2.69 (OD645) x Vol./Wt)
Chlorophyll — b = 22.9 (0D645) — 4.68 (0D663) x Vol./Wt)
Total chlorophyll = 20.2 (OD 645) + 8.02 (OD 663) x Vol./ Wt.)
Anthocyanins = 0.0821 x A534 - 0.0439 A643 — 0.002423 x A661
Carotenoids = A 740-17.1 x (Chl-a+ Chl-b)-9.479 x anthocyanins)/119.26

Total carbohydrates
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Total carbohydrates were estimated by using the modification of phenol-sulphuric acid
colorimetric method [21] and expressed in mg /g dry weight unit. Absorbance was measured at a
wavelength of 490 nm with a spectrophotometer. Total dissolved carbohydrates were estimated

using Glucose standard curve.

Proline content

The proline content in the leaves tissues samples was estimated according to the protocol [22],
by mixing 0.5 g of tissues in 10 ml of Sulphosalicylic aqueous solution 3% and the filtrate was
separated using a centrifuge at a speed of 6000 rpm, then the filtrate was transferred into new test
tubes and add to it 2 ml of glacial acetic acid and 2 ml of acid ninhyderine solution prepared by
dissolving 1.25 g of nanhydrin in 50 ml of a mixture of 30 ml of acetic acid and 20 ml of
phosphoric acid. Subsequently, the test tubes were heated in a water bath at a temperature of 100
° C for one hour, then the reaction was stop by placing the tubes in an ice bath, then transferred
in to a separating funnel and add 4 ml of toluene with shaking for 20-30 seconds and then leave
it at a room temperature, until they are two separate layers, then the transparent (lower) layer is
discarded. Estimate the proline content in the (upper) coloured layer by reading the absorbance at
a wavelength of 520 nm using a spectrophotometer, and toluene as a control sample, the proline
content was estimated using standard proline curve according to the following equation and
expressed in units (m mole/g fresh weight):
Proline = (micrograms proline x volume of toluene (ml) / 115.5) x (5 / sample weight g)
where 115.5 is the molecular weight of proline.
2.3 Statistical analysis

All laboratory experiments were carried out using complete randomised design, and all results
were compared by calculating the least significant difference (LSD). The experiments were
carried out with three replications for each treatment. Data percentage was arcsine transformed,
and the results were analysed with GenStat Discovery Edition software with probability levels of

0.01 in laboratory experiments and 0.05 in field experiments.

3. Results and discussion
3.1 Surface morphology of prepared nanoparticles
Figure 1 shows the nanoparticle shape of the TiO2 and it was clear that the compound may

form in the form of mostly spheres of different sizes, with different grain diameters dominating
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the range 200-250 nm, with the presence of granules at larger diameters in this range and lesser
ones. It is also noticed that granules with diameters less than 100 nanometers appeared in small
numbers, and tend to cluster together to form a larger granule. The second figure represents a
scanning electron microscope image of the compound ZnO and shows the presence of small-
sized granules within the nanoscale. The image showed that the granules were with diameters
less than 100 nm, and the predominant range was 30-40 nm, with the appearance of larger
masses of these grains due to their clustering together. The microscope image did not show a
distinct geometrical shape for the ZnO nanoparticles as in the case of the TiO> compound in

which the grains were formed as spheres.

Figure 1:FESEM images of (A) ZnO and (B) TiO2 nanoparticles
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3.2 The effect of nanomaterials (titanium dioxide and zinc oxide) on the seeds

of different cultivars of wheat in dishes

3.2.1 Effect of nanomaterials on germination percentage of wheat

The results of the statistical analysis,indicated that there were no significant differences
between the treatments, as the germination percentage reached 100%, this result proved that the
two nanomaterials had nontoxic effect on wheat seeds. This result is in agreement with the
results of several studies, including [23], in the ability of nanoparticles of zinc oxide in
improving all indicators of wheat plant growth (germination percentage, root length, fresh and
dry weight of the plant and chlorophyll content); and increasing the germination percent of onion
plants [24].

3.2.2.Effect of nanamaterials on hypocotyl length (cm)

The results of the statistical analysis as shown in Table (1) proved significant differences
between the cultivars in the extent of their response to the treatment with nanomaterials, as the
cultivar Abu Ghraib was the most responsive to the nanomaterials reaching the highest hypocotyl
length (7.07 cm), followed by bhooth cv. (6.47 cm). The results of the analysis indicated that
titanium dioxide surpassed zinc oxide and recorded the highest average of hypocotyl length of
8.07 cm compared with zinc oxide, which recorded an average of 7.770 cm. The concentration
of 100 ppm exceeded all examined concentrations in all treatments, regardless of the cultivar and
nanomaterial, as the average of hypocotyl length increased from 5.43 cm in the control
treatment to 8.68 cm, compared to the concentration of 75 ppm, which recorded a rate of 7.58
cm. The results of the statistical analysis also indicated that the treatment of the cultivar Abu
Ghraib with titanium dioxide showed the best response, as it increased the length of the
hypocotyl by an average of 7.15 cm, while the treatment of the cultivar with the zinc oxide

showed the lowest average (5.91cm).
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Table 1: The effect of different concentrations of nanomaterials (zinc oxide and titanium

dioxide) on the length of hypocotyl of different wheat cultivar

Source
_ Concentration (ppm) avera | of LSD
Cultivar NM o
ge variation | 0.05
0 25 50 75 100 cultivar | 0.42
nanomat
6.54 |538 (642 |720 |940 |ZnO |6.99 ) 0.12
Abu erial
Ghraib ) concentr
6.45 |483 |651 (806 |9.79 |TiO2|7.15 ) 0.92
ation
Cultivar
Average | 6.54 |[511 |[6.47 |7.63 [9.69 |7.07 + 0.36
material
Cultivar
535 |5.37 566 |7.21 |849 |ZnO |6.42 1.01
+conc.
Bhooth :
) nanoateri
535 |513 |559 |[790 |[864 |TiO2 |6.52 Ns
al +conc.
Average | 5.35 |5.25 5.63 7.56 8.57 6.47 Ns
439 |496 |5.03 |7.47 7.70 | ZnO |5.91
Ibaa 99 i
439 |529 |544 |763 |[807 |TiO2 |6.16
Average | 439 |5.13 5.24 7.55 7.89 6.04
Average
543 |5.16 |578 |7.58 |8.68
of conc.
Interaction between conc. and nanomaterial
Nanoma Concentration ppm
] Average
terial 0 25 50 75 100

Zn0O 543 |524 |570 |729 |853 |6.44
TiO2 543 |508 |58 |7.86 |883 |6.61
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3.2.3 Effect of nanomaterials on radicle length (cm)

The results of the statistical analysis indicated that the concentration of 100 ppm exceeded all
the concentrations used, as it increased the average of radicle length from 5.31 cm in the control
treatment to 7.09 cm, followed by the concentration of 75 ppm, which recorded a rate of 6.94
cm. The results also showed that there were significant differences between the cultivar as Abu
Ghraib cv. had a higher response than the other two cultivars, followed by a Bhooth cultivar with
a length of 6.00 cm (Table 2). The results also showed that titanium dioxide recorded the highest
average of length radicle which was 6.14 cm, compared to the zinc oxide, which recorded 6.04
cm. This result is consistent with what [25] and [7] found, who confirmed the role of titanium
dioxide in increasing plant growth characteristics due the role of this substance in increasing the
ability of plants to absorb light, which is well reflected in the photosynthesis process. It was also
found that zinc oxide enhances the cation exchange capacity of the roots, because of their small
size, which absorbed by the roots, and improves the ability of the roots to absorb water and

dissolved nutrients, especially the nitrogen [6].

Table 2: The effect of different concentrations titanium dioxide and zinc oxide on the radicle

length of wheat cultivars

Source
) LSD
_ Concentration (ppm) mate | avera | of
Cultivar _ o 0.05
rial | ge variation
0 25 50 75 100 cultivar | 0.19
nanomat
Abu 4.69 5.39 5.81 6.93 8.08 ZnO | 6.18 " 0.09
eria
Gharib
4.69 5.71 5.77 7.92 8.50 TiO2 | 6.52 | Conc. 1.05
Cultivar
Average (4.69 |555 |[579 |7.43 |829 |6.35 + 0.22
material
Cultivar
5.66 5.46 5.69 6.78 6.44 ZnO | 6.01 0.71
Bhooth +conc.
5.66 5.34 5.62 6.74 6.64 TiO2 | 6.00 | nanomat | 0.11
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erial
+conc.
Average | 566 |540 |566 |[6.76 |6.54 |6.00 0.26
5.42 5.59 5.63 6.65 6.40 Zn0O | 5.94
5.19 5.59 5.55 6.64 6.50 TiO2 | 5.89
Average | 531 |559 |559 |665 |[6.45 |[5.92

1baa99

Average
551 5.22 5.68 6.94 7.09
of conc.
Interaction between conc. and nanomaterial
Nanoma Concentration ppm
. Average
terial 0 25 50 75 100

Zn0O 525 [548 |571 |6.79 |6.97 |6.04
TiO: 518 |564 |565 |710 |[7.21 |6.15

3.3 The effect of nanomaterials on wheat plant in pots

3.3.1 The effect of different concentrations of nanomaterials (titanium dioxide

and zinc oxide) on the percentage of germination of wheat plant

The results of this experiment also agreed with the experiment of phtotoxicity of
nanomaterials in petri dishes, where the results showed that all treatments gave a percentage of
100% germination, and confirmed that both nanomaterial were non-toxic. This result was in
agreement with the results of many studies, including [26] who showed that the use of these
nanoparticles leads to an increase in the productivity of the coriander plant without any toxic
effects mentioned, as well as with [27] mentioned that the use of such materials, leads to an
increase in all growth parameters (seed germination, an increase in the fresh and dry weight; and
the chlorophyll content) in sunflower plant. It also agreed with findings of [28] that titanium had
an important role in fixing nitrogen and converting inorganic nitrogen into organic nitrogen. It is
known that nitrogen has an important role in building proteins and new plant tissues, which leads
to improved seed germination and an increase in the fresh and dry weight of the plant. [29]

mentioned in the fact that the small size of nanoparticles of zinc oxide and titanium oxide can be
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easily absorbed by the plant through the stomata.) [30, 31, 32] also pointed out that due to their
small size, they were able to easily penetrate the pores of the roots and thus improve the ability
of the roots to absorb water and dissolved nutrients. This result also agreed with [33] that the use
of zinc oxide nanoparticles leads to increased germination and productivity of peanuts, and with
what [34, 35] have shown that Zinc Oxide Nanoparticles increases enzyme activity, as it is a
cofactor for more than 300 enzymes inside the cell and has an important role in gene expression

and protein synthesis.

3.3.2 The effect of different concentrations of nanomaterials (titanium dioxide

and zinc oxide) on plant height (cm)

The results of the statistical analysis as shown in Table (3) indicated the superiority of the
Abu Ghraib cultivar from the other two cultivars, as it recorded the highest average plant height
of 25.11 cm, followed by the Bhooth cultivar, which recorded an average of 23.48 cm and did
not differ significantly from the 1baa99 cultivar. The results also showed the superiority of
titanium dioxide compared to zinc oxide, where an average plant height was recorded as 24.63
cm, while zinc oxide recorded an average of 23.01 cm. The results of the statistical analysis also

showed the significant differences between the concentrations used.

Table 3: The effect of different concentrations of titanium dioxide and zinc oxide on the height

of the wheat plant

Source
_ LSD
) Concentration (ppm) mate | avera | of
cultivar _ o 0.05
rial | ge variation
0 25 50 75 100 cultivar | 1.34
19.88 [20.82 |24.63 |25.66 |29.74 24.15 | nanomat | 1.10
Abu ZnO )
erial
Gharib -
19.88 | 20.73 | 25.81 | 30.64 |33.28 | TiO. | 26.07 | Conc. 2.05
19.88 Cultivar | 1.23
+
Average 20.77 | 25.22 | 28.15 | 3151 |6.00
nonomat
erial
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Bhooth | 19.85 | 19.81 |21.88 | 2441 |27.38 710 22.67 | Cultivar | 1.85
+conc.
19.85 | 20.09 |23.92 |26.58 |30.99 . 24.29 | Material | 2.01
Tz +conc.
Average |19.85 |19.95 |22.90 |2549 |29.18 |23.48 2.85
19.20 |20.44 | 2182 |24.16 |2564 |ZnO |22.25
1baad9 19.20 |20.31 | 22.15 |26.38 |28.67 | TiO2 | 23.54

Average | 19.20 | 20.87 |21.98 |28.15 |31.51 |22.89
Average | 19.64 |20.53 |23.36 |26.31 |29.28

of
concent

Interaction between conc. and nanomaterial
nanomat Concentration ppm
. Average
erial 0 25 50 75 100
ZnO 19.64 |20.35 |22.77 |24.74 |27.58 |23.01

TiO2 19.64 |20.71 |23.96 |27.86 |30.98 |24.63

3.3.3 The effect of different concentrations of nanomaterials on the fresh

weight of the shoots (gm).

The results showed that there were no significant differences between the cultivars in the
degree of their response to the treatment with nanomaterials, and the results of the statistical
analysis indicated the superiority of titanium dioxide, as it recorded the highest rate of fresh
weight of 0.335 g, while the average of zinc oxide was 0.014 g as shown in Table (4). Results of
the statistical analysis showed that the concentration of100 had the highest average for fresh
weight which was 0.370 g, while the control treatment recorded the lowest percentage of 0.273
g. The results also showed that there were no significant differences between the interaction
factors of the nanomaterials and the concentration, as well as the treatment of the cultivar and the

concentration.
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Table 4: The effect of different concentrations of nanomaterials (titanium dioxide zinc oxide
nanoparticles) on the fresh weight of the root total of wheat plant cultivars

Source
_ LSD
) Concentration (ppm) mate | avera | of
Cultivar _ o 0.05
rial | ge variation
0 25 50 75 100 cultivar | NS
0.322 | nanomat
Abu 0.286 [ 0.301 | 0.320 | 0.336 | 0.371 | ZnO " 0.21
eria
Gharib
0.286 | 0.305 | 0.325 | 0.370 | 0.380 | TiO2 | 0.333 | Conc. 0.19
Cultivar
+
Average | 0.286 | 0.303 | 0.322 | 0.353 | 0.375 | 0.327 NS
nonomat
erial
Cultivar
0.218 [ 0.301 |0.312 | 0.326 | 0.378 | ZnO | 0.307 NS
+conc.
Bhooth nanomat
0.301 [ 0.305 | 0.330 | 0.377 |0.390 |TiO, | 0.340 | erial NS
+conc.
Average | 0.259 | 0.303 |0.321 |0.351 |0.384 |0.323 NS
b9 0.270 [ 0.280 |0.317 |0.364 | 0.331 | ZnO | 0.305
aa
0.280 [ 0.332 | 0.320 | 0.364 | 0.372 | TiO2 | 0.333
Average | 0.275 | 0.306 |0.318 | 0.347 | 0.351 |0.319
Average
0.273 [ 0.304 | 0.320 | 0.350 | 0.370
of conc.
Interaction between conc. and nanomaterial
Nanoma Concentration ppm
] Average
terial 0 25 50 75 100
ZnO 0.258 [ 0.294 | 0.316 | 0.342 | 0.360 |0.314
TiO2 0.289 [ 0.314 | 0.325 | 0.370 | 0.380 | 0.335
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3.3.4 The effect of different concentrations of nanomaterials on the dry weight
of the shoots (g).

The results of the statistical analysis shown in Table (5) indicated that there were significant
differences between the cultivars, as the cultivar Abu Ghraib had the highest shoot dry weight of
0.034 g. While the 100 ppm concentration showed the highest dry weight (0.040 g), compared to
the control which was 0.025 g.

The results of the statistical analysis also showed that there were no significant differences
between the interaction treatments of the cultivar and the nanomaterial, as well as between the

cultivar, concentration and nonomaterials.

Table 5: The effect of concentrations of ZnO and TiO2 nanomaterials on dry weight of different
cultivars of wheat plant

Source
: LSD
_ Concentration (ppm) mate | avera | of
Cultivar _ o 0.05
rial | ge variation
0 25 50 75 100 cultivar | 0.002
0.026 | 0.030 | 0.033 | 0.037 | 0.045 0.034 | Nanomat | 0.001
Abu ZnO _
erial
Gharib
0.030 | 0.031 |0.036 |0.042 |0.041 | TiO2 | 0.035 | Conc. 0.001
0.028 Cultivar | NS
+
Average 0.030 |[0.034 |0.039 |0.043 |0.034
nanomat
erial
Bhooth | 0.023 | 0.027 | 0.029 | 0.035 | 0.044 710 0.033 | Cultivar | NS
n
+conc.
0.026 | 0.027 |0.034 |0.039 |0.037 Ti0 0.030 | Material | NS
102
+conc.
Average | 0.024 | 0.027 |0.021 | 0.035 |0.044 |0.031 NS
Ibaag9 0.022 | 0.024 |0.028 |0.033 | 0.036 | ZnO | 0.031
aa
0.024 | 0.025 |0.032 [0.036 |0.024 |TiO |0.029
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Average | 0.023 | 0.024 | 0.030 | 0.034 | 0.039 | 0.030
Average | 0.025 | 0.027 | 0.032 | 0.037 | 0.040

of conc.
Interaction between conc. and nanomaterial
Nanoma Concentration ppm
. Average
terial 0 25 50 75 100

Zn0O 0.023 | 0.027 | 0.034 |0.039 |0.043 |0.031
TiO: 0.026 | 0.027 | 0.030 |0.035 |0.038 |0.033

3.3.5 The effect of different concentrations of nanomaterials on the fresh and

dry weight of the root system (g).
The results of the statistical analysis shown in Table (6) and (7) showed that there were no
significant differences between all examined treatments in their effect on the fresh and dry

weight of wheat in its different cultivars.

Table 6: The effect of different concentrations of nanomaterials on the fresh weight of the root

system (Q)
Source
. LSD
) Concentration (ppm) mate | avera | of
Cultivar _ o 0.05
rial | ge variation
0 25 50 75 100 cultivar | NS
0.213 | nanomat
Abu 0.156 |0.217 | 0.227 |0.230 |0.238 | ZnO " Ns
eria
Gharib
0.217 |0.219 |0.231 |0.226 |0.236 | TiO2 | 0.225 | Conc. Ns
Cultivar
+
Average | 0.186 |0.218 | 0.229 | 0.228 | 0.237 | 0.219 Ns
nanomat
erial

This article is an open access article distributed under

the terms and conditions of the Creative Commons Attribution- 320
NonCommercial 4.0 International (CC BY-NC 4.0 license)
(http://creativecommons.org/licenses/by-nc/4.0/).



http://creativecommons.org/licenses/by-nc/4.0/

Basrah Journal of Science Vol. 39 (2), 306-328, 2021

Cultivar
0.213 |0.217 |0.223 |0.226 |0.223 | ZnO | 0.223 Ns
+ conc.
Bhooth nanomat
0.213 | 0.217 [0.227 |0.223 |0.222 | TiO2 | 0.222 | erial + | Ns
conc.
Average | 0.213 | 0.217 [0.225 |0.224 |0.234 |0.222 Ns
0.212 |0.216 | 0.225 |10.233 [0.219 | ZnO | 0.219
Ibaa99
0.212 1 0.216 [0.224 |0.219 |0.220 | TiO2 | 0.220

Average | 0.212 | 0.216 |0.224 |0.226 | 0.221 | 0.219

Average
0.203 | 0.217 | 0.226 | 0.226 |0.230
of conc.
Interaction between conc. and nanomaterial
Nanoma Concentration ppm
. Average
terial 0 25 50 75 100

Zn0O 0.193 | 0.196 |0.225 |0.229 |0.226 | 0.218
TiO2 0.214 | 0.217 |0.227 |0.222 | 0.226 | 0.221

Table 7: The effect of different concentrations of nanomaterials on the dry weight of the root

system (g)
Source
: LSD
) Concentration (ppm) mater | avera | of
Cultivar o 0.05
ial ge variation
0 25 50 75 100 cultivar | NS
0.026 | Nanomat
0.025 ]0.025 |0.027 |0.028 |0.028 | ZnO ) Ns
Abu Gharib erial
0.025 [0.026 |0.028 | 0.031 |0.034 | TiO2 | 0.028 | Conc. Ns
Cultivar
Average 0.025 |0.025 |0.027 |0.029 |0.031 | 0.027 + Ns
material
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0.019 |0.02 |0.021 |0.023 |0.03 |zZnO |0.022 Cultivar Ns
+ conc.
Bhooth nanomat
0.019 |0.024 |0.026 |0.027 |0.033 | TiO2 |0.025 |erial + | Ns
conc.
Average 0.019 |0.022 |0.023 | 0.025 |0.031|0.023 Ns
0.022 |0.022 |0.024 |0.025 |0.029 | ZnO | 0.024
102299 0.022 |0.025 |0.026 |0.030 |0.032 | TiO2 | 0.027

Average 0.022 10.023 | 0.025 | 0.027 | 0.030 | 0.025

Average of

0.022 10.023 | 0.025 |0.027 |0.031
conc.

Interaction between conc. and nanomaterial
Nanomateri Concentration ppm

Average

al 0 25 50 75 100
ZnO 0.022 [0.022 [0.024 |0.025 |0.029 | 0.024
TiO2 0.022 [0.025 [0.026 |0.029 |0.033 | 0.027

3.4 Efficiency of the nanomaterials TiO> and ZnO (100 ppm) in growth
promoting of Abu Gharib cv.

The results that obtained from biochemical analysis indicated that the treatment of the
nanomaterial titanium dioxide led to increase all examined biochemical parameters compared to
control treatment and zinc oxide (Table 8). The total chlorophyll increased from 2.88 mg /g in
the control treatment to 3.99 mg /g in its treatment, additionally TiO, treatment showed a
significant accumulation of carotenoids and anthocyanin which reached 1.02 and 0.98 mg/qg,
compared to the control treatment( 0.79 and 0.76 mg/g), respectively. The results of the
carbohydrate content and proline were identical with the above-mentioned results in terms of
stimulating titanium dioxide treatment, as they reached 2.81 and 7.69 mg/g in the control
treatment, reaching 3.56 and 8.25 mg/g in TiO: at a concentration of 100 ppm, respectively.
The results of increasing the stability index of plant pigments under study due to nanomaterials
are in agreement with many studies that have shown that nanomaterials of titanium oxide

increase the ability of plants to absorb light and thus this is reflected in the efficiency of the
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photosynthesis process in the plant, including what [36] found in terms of increasing the rate of
chlorophyll, carotenoids, and anthocyanin in cucumber plants. Our results were in agreement
with [37] who confirmed the increase in the chlorophyll content in mint when treated with
titanium oxide nanoparticles. The increase of carbohydrates content as a response to ZnO
treatment is in accordance with [38] who showed an increase in the accumulation of
carbohydrates in the wheat plant when treated with zinc oxide. As for the significant increase in
the content of the amino acid proline in the leaves, this result also agreed with [37] in the ability
of titanium oxide nanoparticles to improve growth and productivity as well as increase the

proline content in the plant, as well as consistent with what [39] found.

Table 8: Efficiency of the nanomaterials TiO2 and ZnO (100 ppm) in stimulating some

biochemical parameters of the wheat plant cultivar Abu Ghraib

- Abu Gharib cultivar (mg/g)

g Chlor.a | Chlor.b | Total chlor. | Caroten. | Antho. | Carbohydrates | Pro.
Control | 2.93 0.95 2.88 0.79 0.76 2.81 7.69
TiO2 2.20 0.82 3.99 1.02 0.98 3.56 8.25
Zn0O 2.23 0.89 3.88 1.00 0.95 2.74 7.99
LSD 0.01 0.01 0.02 0.02 0.05 0.06 1.03
(0.05)

4. Conclusions

The results of the current study proved the efficiency of the laboratory-prepared nanomaterils

titanium dioxide and zinc oxide in supporting the growth of three different cultivars of wheat
plant, which were the 1baa99 and Abu Ghraib and Bhooth 22. Results proved the non-toxicity of
the examined concentrations (0, 25, 50, 75 and 100 ppm) of each nanomaterials on germinated
seeds. A promoting effect in both petri plates and pots experiments on wheat cultivars were
observed in TiO; treatment; TiO treatments showed the highest level of responses in all

examined wheat cultivars. Additionally; the 100 ppm concentration was the best one in wheat
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growth support compared to all tested concentrations. It is worth noting that the Abu Ghraib
cultivar was the most responsive to all the concentrations of the two nanomaterials. Here, the
current study recommends the use of TiO2 and ZnO in wheat open fields; further studies are

required with more economic plants.
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