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ABSTRACT 
Drought is abiotic stress that directly influences crop growth performance, including wheat. In this study, the nanotechnology method 

was applied to decrease the impact of drought on wheat growth. For this purpose, three types of drought resistance nanoparticles (Silicon 

dioxide (SiO2), Zinc oxide (ZnO), and Copper (Cu)) were used with two wheat varieties (kalar1 and kalar2) in the Garmian district. The 

results showed that nanoparticles increased specific leaf area, chlorophyll, soluble carbohydrate, catalase enzyme activity, phosphor, 

and potassium under drought stress compared with the control. SiO2 and ZnO nanoparticles had better impacts on some morphological 

and biochemical parameters than Cu. Different drought-resistance nanoparticles could be used to cope with drought impact in the 

Garmain district and improve wheat growth.    

© 2022 Production by the University of Garmian. This is an open access article under the LICENSE  

https://creativecommons.org/licenses/by-nc/4.0/ 
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1. Introduction 

The growth performance of agricultural crops is highly subjected 

to the effects of abiotic (Environmental conditions) and biotic 

(species interactions) factors[1, 2]. The crops in the tropical and 

sub-tropical regions are highly suffering from the changes in 

environmental conditions[3]. Many studies showed that the 

productivity of agricultural crops have been declined due to 

environmental stresses[4]. For example, high temperature and low 

precipitation rates caused significant damage to agricultural 

productions[5]. Furthermore, inter and intraspecific competition 

among coexisting species, invasion of weeds, bacterial, viral, and 

fungal pathogens are the main biotic factors that have adverse 

impacts on plant crop productions[6, 7]. 

Drought is considered the most harmful factor that has a direct 

impact on the productivity of cereals[8]. It is defined as a shortage 

in the amount of water needed by plants to survive[9]. The main 

reason beyond this phenomenon is the elevation of the 

atmospheric temperature and declining/ un organizing in the 

precipitation rates[10, 11]. This stress is multidimensional and 

causes changes in plants' physiological, morphological, 

biochemical, and molecular traits[12]. Many plants have improved 

their resistance mechanisms to tolerate drought stress, but these 

mechanisms are varied based on plant species[13, 14]. Studies 

showed that wheat is more drought tolerant than maize, sorghum 

or millet[15]. 

Poaceae family is one of the important crops in the world, and it 

is the second most important staple food crop with high economic 

value and an important food source[16]. Due to the increase in 

population rates, it is necessary to use modern agricultural 

technologies to increase the drought tolerance of crops and ensure 

food requirements[17].  Technologies have been applied in the 

agricultural field to solve problems. Nanotechnology is one of 

those technologies which has been recently involved in 

agriculture for different purposes, such as fungicides, herbicides, 

nano-fertilizers and reducing drought impacts[18]. 

Nanotechnology is promising for agriculture and food products 

which deals with atomic or molecular aggregates of 1 to 100 nm 

in size[19]. Nanoparticles (NPs) are organic or inorganic materials 

which is used worldwide  [20]. The different chemical and physical 

properties of nanoparticles such as chemical composition, size, 

surface covering and reactivity (positive and negative), help 

* Corresponding author 

E-mail address: dalia.hashim@garmian.edu.krd (Instructor).  

Peer-reviewed under the responsibility of the University of Garmian. 

http://www.garmian.edu.krd/
http://passer.garmian.edu.krd/
http://garmian.edu.krd/en/
http://passer.garmian.edu.krd/
https://creativecommons.org/licenses/by-nc/4.0/
mailto:dalia.hashim@garmian.edu.krd


 
  

 

 
  

 

 Jasem et al. Passer 4 (Issue 2) (2022) 197-210 

206 

plants to overcome the undesirable environmental conditions that 

affect plant growth and development[21]. 

Many studies showed the importance of the application of 

different nanoparticles, such as Nanoparticles of gold (Au), silver 

(Ag), copper (Cu), zinc (Zn), aluminium (Al), silica (Si), zinc 

oxide (ZnO), caesium oxide (Ce2O3), titanium dioxide (TiO2) and 

magnetized iron (Fe) in agricultural managements[19]. 

Furthermore, studies showed that applying nanoparticles 

increases the drought tolerance in plants via increasing leaf water 

contents and above-ground biomas[22, 23]. The physiological and 

chemical characteristics of plants have different response to 

nanoparticles. For example, the regulation of plant growth, such 

as seed production and chlorophyll formation, is mediated by Cu-

nanoparticles[22]. 

Copper nanoparticles (Cu) mediate many physiological and 

biochemical regulations in plants[22].   For example, Nano-Cu 

have positive impacts on the activity of superoxide dismutase 

(SOD)  ascorbate peroxidase (APX), and catalase (CAT) 

enzymes[24].  These enzymes regulate many biochemical reactions 

in plants[22]. It is also required in photosynthesis, which is 

essential for plant respiration and assists in the metabolism of 

carbohydrates and proteins[25]. Nanoparticle-Cu is responsible for 

drought stress in controlling maize growth and development[22,26].  

Furthermore, zinc oxide (ZnO) nanoparticles in agriculture are 

contributed mainly in the regulation of crop growth, quality 

enhancement, and inducting stress tolerance, while the 

underlying mechanisms remain elusive[27]. Nano-ZnO-induced 

drought tolerance was investigated in crops[27, 28] . 

Silicon is the most abundant chemical element in The Earth's 

crust[29]  It is found in soils and can be taken up by plant roots in 

large quantities. Silicon is known to have beneficial effects when 

added to the soil[30]. Silicon rich fertilization generally resists 

drought and improve salt stress tolerance, but its effects are 

inconsistent[31]. Nanoparticles may have negative or positive 

effects on agricultural crops, depending on the crop and its 

growth stage, nutrition, tillage, and applied nanoparticles[32]. In 

response to drought stress, crop grains show various 

morphological, biochemical, physiological and molecular 

responses[33]. Numerous physiological changes occur in plants 

due to insufficient water sources in plant development's 

vegetative and reproductive phases[34, 35]. 

The overall objective of this study was to test the efficiency of 

some drought resistance nanoparticles on two wheat varieties (K1 

and K2). Therefore, we hypothesized that nanoparticles will 

improve growth performance in both varieties under drought 

stress and increase drought resistance enzymes in both varieties. 

2. Materials and Methods 

This experiment was conducted in plastic house at Kalar city 

(34°38'54.5" N and 45°19'19.4" E), under the following 

conditions temperature (20-40 C°), pH 7.5, moisture 4-7 and light 

(1500-2000 lux). The design of the experiment was randomized 

complete block design (RCBD) with two blocks (replicates) and 

48 pots/ block. Two newly released wheat varieties in the region 

were used: kalar1 and kalar2]36[  . Seed treatments were carried out 

using the colloidal solution of Cu, ZnO and SiO2 nanoparticles 

(NPs). Variants of the experiment were as follows: 

K1/Unstressed/Control, K1/Unstressed/cu, K1/Unstressed/SiO2, 

K1/Unstressed/ZnO, K1/Stressed/Control, K1/Stressed/cu, 

K1/Stressed/SiO2, K1/Stressed/ZnO, K2/Unstressed/Control, 

K2/Unstressed/Cu, K2/Unstressed/SiO2, K2/Unstressed/ZnO, 

K2/Stressed/Control, K2/Stressed/cu, K2/stressed/SiO2, 

K2/Stressed/ZnO.  Nanoparticles were purchased from (3302 

Twig Leaf Lane, Houston, TX77084, USA). The purity and the 

diameter of nanoparticles were as follows, Zinc oxide 

nanoparticles  (ZnO, 99%, 10-30nm). Colloidal Copper 

nanoparticles (Cu, 1000ppm in H2O, 40nm), Silicon dioxide 

nanoparticles powder (SiO2, 98+%, 20-30nm, amorphous). Most 

of nanoparticles were spherical or cubic shapes.  Zinc oxide 

(ZnO) and silicone oxide (SiO2) powders were dissolved in 

distilled water while copper (Cu) was used as a solution, a 

concentration of 50 mg\l was prepared from each nanoparticle. 

The solutions were homogenized using (ultrasonic homogenizer 

processor) to shake nanoparticle and distil water for 30 minutes. 

The seeds (10g) were soaked for 24 hours in the homogenized 

nanoparticle solution]37[ The soaked seeds put on filter paper for 

30 minutes then planted in the pots using sandy clay loam soil 

under controlled temperature and humidity in plastic house. The 

treatments were assigned randomly to the pots within each block 

(3 pots for each treatment). The seeds were cultivated in pots in 

November, 2021. After seed germination, water stress was 

applied on drought treatments based on field capacity.  Each pot 

was irrigated every 5-6 days for water stressed treatments, and 2-

3 days for unstressed treatments. The physiological and 

morphometric measurements were then taken using seedling 

leaves for all treatments. The enzymatic activity of catalase 

(CAT) and peroxidase (POD) were determined according to 

Aebi[38] and Bergmeyer[39], respectively. Soluble  carbohydrate 

was determined according to a method by Willenbrink,[40]. The 

specific leaf area (SLA)  was determined according to  Chanda 

and Singh,[41]. Chlorophyll meter (SPAD 502) was used to 

determine the chlorophyll content index according to Ling et 

al,[42]. For elements assay, samples were digested according to 

Pequerul et al[43], potassium estimated by flame photometry and 

phosphor estimated using spectroscopy. 

3. Statistical Analysis 

The data were analyzed using analysis of variance (ANOVA) R 

software, and Tukey test was used to tease out the differences 

among control, drought and nanoparticle treatments[44]. 

3. Results  

Our results revealed significant effects of nanoparticle treatments 

on the growth performance of both wheat varieties under drought 

stress. For example, specific leaf area (SLA; cm2/gm) (F1,10=7.88, 

P<0.001) in Kalar1 treated with silicon dioxide SiO2 

nanoparticles (NPs) had a higher value (435.9 cm2/gm) than the 

Kalar2 value (405.25cm2/gm) treated with the same nanoparticle 

(Figure 1E). In a similar manner, SiO2 had a higher impact on 

SLA (423.4cm2/gm) under drought stress compared with the 

other nanoparticle and control (F3,368=18.332, p<0.001) (Figure 

1D). 
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Figure 1: The response of specific leaf area (SLA; cm2/gm) to: (A) 

nanoparticles (NPs), (B) varieties (K1 and K2), (C) interaction between 

drought stress and varieties, (D) interaction between nanoparticles and 

stress conditions, and (E) interaction between nanoparticles and 

varieties. Different letters mean significant differences at (α<0.05). 

SiO2 nanoparticles treated pots under drought stress had higher 

chlorophyll content index (13.28) in compare with other 

treatments (Figure 2A). In addition, chlorophyll content in K1 

treated with ZnO and Cu nanoparticles increased (13.44 and 

13.03, respectively) compared with control. However, in K2 

variety, pots treated with SiO2 and ZnO nanoparticles showed an 

increase in chlorophyll content (13.73 and 12.79, respectively) 

(F3,80 =7.884, P=0.01).  

 

Figure 2: The response of chlorophyll content index to (A) interaction 

of nanoparticles and drought stress and (B) interaction of nanoparticles 

and varieties. . Different letters mean significant differences at 

(α<0.05). 

The interaction between irrigation treatment (drought vs 

irrigated) with nanoparticles showed significant differences 

(F3,80=2.791, P=0.04) in the response of soluble carbohydrates to 

the different nanoparticles. For example, Zinc oxide (ZnO) 

nanoparticles showed a higher effect on soluble carbohydrate rate 

(39.57%) under drought stress than the effect of SiO2 (28.93%) 

and Cu (32.26%) nanoparticle compared with the control (Figure 

3C).  

 

Figure 3: The response of soluble carbohydrate to: (A) drought stress, 

(B) nanoparticles and (C) interaction between nanoparticle and drought 

stress. Different letters mean significant differences at (α<0.05). 

In addition, catalase activity (F3,80=3.595, p=0.01) and seedling 

height (F3,80=3.761, p=0.01) of kalar2 treated with SiO2 

nanoparticle were higher (1.11U/g and 18.50cm, respectively) 

than the similar nanoparticle in kalar1 (0.91U/g, and 12.17cm, 

respectively) (Figure 4A and 5A). However, the interaction 

between nanoparticles and drought stress in seedling height 

showed no significant difference under drought stress (Figure 

4C). While catalase activity under drought stress treated with 

SiO2 and ZnO (0.88U/g and 0.92U/g, respectively) nanoparticles 

increased compared with control (0.48U/g) (Figure 5D). 
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Figure 4: The response of seedling height to (A) interaction between 

nanoparticles and varieties, (B) varieties and (C) interaction between 

nanoparticle and drought stress. Different letters mean significant 

differences at (α<0.05). 

 

Figure 5: The response of enzyme catalase to (A) interaction between 

varieties and nanoparticles, (B) nanoparticles, (C) drought stress and (D) 

interaction between nanoparticles and drought stress. Different letters 

mean significant differences at (α<0.05). 

Compared with irrigated pots, peroxidase activity decreased 

under drought stress (0.95U/g) (Figure 6A). Contrarily, 

peroxidase enzyme activity was higher in nanoparticle-treated 

pots compared to the control (F3,80=17.854, P<0.0001) (Figure 

6B). 

 

Figure 6: The response of enzyme peroxidase to (A) drought stress and 

(B) nanoparticles. Different letters mean significant differences at 

(α<0.05). 

Furthermore, the interaction between nanoparticles and drought 

stress showed that nanoparticles treated pots have higher 

phosphorus concentration (SiO2 = 7.9%, ZnO = 7.3% and 

Cu=6.0%) than control (4.5%) (Figure 7D). In addition, the 

phosphor concentration in Kalar2 was higher than in Kalar1 

(7.3% and 6.7%, respectively) (Figure 7C). 

 

Figure 7: The response of phosphor to: (A) drought stress (B) 

nanoparticles (C) varieties, and (D) interaction between nanoparticles 

and water stress. 

The concentration of potassium was higher in irrigated pots 

(0.73%) in comparison with drought (0.61%) (Figure 8A). With 

the respect to water stress, Zinc oxide and silicon oxide 

nanoparticles had more impact (0.72 and 0.71% respectively) on 

potassium concentration than other nanoparticles (figure 8B). In 
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the opposite manner to irrigated pots, nanoparticles showed not 

significant influence on potassium concentration in pots under 

drought stress (figure 8C).  

 

Figure 8: The response of potassium to: A- water stress B- nanoparticle 

C-interaction between nanoparticle and water stress. 

Discussion 

Environmental stresses, particularly drought, negatively affect 

plant growth and productivity worldwide, causing significant 

yield losses of crops[37]. In comparison to pots treated with 

nanoparticles, the control pots were decreased in Carbohydrate, 

Catalase, peroxidase and both potassium (K) and phosphor (P) 

due to drought stress. The decrease in carbohydrate content 

occurred mainly due to the decrease in the photosynthesis[45]. 

Drought stress decreases the yield through changing the amounts 

and activities of photosynthetic pigments as well as osmolyte 

content and enzyme activity[46]. 

The application of SiO2 nanoparticles can improve the growth via 

enhancing the root weight. Silicon oxide nanoparticles also 

facilitate water uptake and its transportation into other plant 

parts[47]. Leaf area plays a key role in plant development as it 

indicates the size of stimulatory system, which helps plant growth 

and development. In this study, it was noticed that the application 

of SiO2, Cu and ZnO NPs significantly enhanced specific leaf 

area (SLA), soluble carbohydrate, chlorophyll, catalase, 

phosphorous concentrations and plant growth of wheat under 

drought stress compared with control. Furthermore, SiO2 had 

more influence on SLA than other NPs because SiO2 could 

alleviate the effect of  water stress more than others[48]. In 

addition, SiO2 NPs increased chlorophyll content in both varieties 

and this may due to the role of SiO2 NPs to improve the 

photosynthetic pigments by enhancing endogenous levels of 

cytokinins, which stimulate chlorophyll synthesis and improve 

chloroplast ultrastructure[46, 49]. Furthermore, increasing  

carbohydrate contents under drought stress could be attributed to 

increase osmotic pressure in plants for more absorption of soil 

water and spraying with solution containing NPs, and increase the 

levels of osmolytes[50]. Silicon also partially offsets the negative 

impact of drought on plants by increasing the catalase activity. 

On the other hand, protein accumulation changes the response to 

drought stress. Drought stress reduces starch deposition in wheat 

grain, resulting in an increase in grain protein content[51, 52]. The 

photosynthetic cells usually have higher copper contents. 

Therefore, the potential of Cu as an electron carrier in redox 

reactions of the electron transport chain also helps plants to 

tolerate drought stress conditions. It is also evident that Cu 

contributes to plant growth and help in the process of wheat 

reproduction[53] . In addition, SiO2 and ZnO nanoparticles 

improve plant production by increasing the activity of antioxidant 

enzymes in plant tissues such as CAT, peroxidase and SOD. SiO2 

also plays an important role in balancing the uptake, transport, 

and distribution of elements in drought-stressed plants through 

water uptake and development of root[51]. In agreement with our 

findings, SiO2 and ZnO nanoparticles have improved the catalase 

activities, while they had no influence on peroxidase activity. 

Furthermore, zinc plays an important role in protecting and 

maintaining the stability of cell membrane structures[54, 55] . The 

application of nano-formulations of ZnO and Cu also increases P 

and  K uptake and boosts  performance of crop plants under 

stress[56]. 

Finally, the findings of this study revealed that using 

nanoparticles can improve crop function and increase drought 

tolerance in kalar1 and kalar2 variety.  

Conclusion 

The addition of nanoparticles can help in improving wheat 

growth in Kalar1 and Kalar2 varieties under drought condition. 

Therefore, we recommend the use of nanoparticles as a new 

method to cope drought impacts and enhance wheat growth 

during seedling stage. 

Conflict of interests 

None 

References 

1. Gull, A., A.A. Lone, and N.U.I. Wani, Biotic and abiotic stresses in plants. 
Abiotic and biotic stress in plants, 2019: p. 1-19. 

2. Ahmad, B., A. Raina, and S. Khan, Impact of biotic and abiotic stresses on 
plants, and their responses, in Disease resistance in crop plants. 2019, 

Springer. p. 1-19. 

3. Lemi, T. and F. Hailu, Effects of climate change variability on agricultural 
productivity. Int. J. Environ. Sci. Nat. Resour, 2019. 17: p. 14-20. 

4. Mathur, S., P. Raikalal, and A. Jajoo, Physiological responses of wheat to 

environmental stresses, in Wheat Production in Changing Environments. 2019, 
Springer. p. 31-61. 

5. Altaf, A., et al., Effects of environmental stresses (heat, salt, waterlogging) on 

grain yield and associated traits of wheat under application of sulfur-coated 
urea. Agronomy, 2021. 11(11): p. 2340. 

http://passer.garmian.edu.krd/


 
  

 

 
  

 

 Jasem et al. Passer 4 (Issue 2) (2022) 197-210 

210 

6. Abdulkhair, W.M. and M.A. Alghuthaymi, Plant pathogens. Plant Growth, 

2016. 49. 

7. Villalobos, F.J., L. Mateos, and E. Fereres, Control of weeds and other biotic 
factors, in Principles of Agronomy for Sustainable Agriculture. 2016, 

Springer. p. 459-469. 

8. Lipiec, J., et al., Effect of drought and heat stresses on plant growth and yield: 
a review. International Agrophysics, 2013. 27(4): p. 463-477. 

9. Jaleel, C.A., et al., Drought stress in plants: a review on morphological 

characteristics and pigments composition. Int. J. Agric. Biol, 2009. 11(1): p. 
100-105. 

10. Akbar, H. and A.T.d.S. Jaime, High temperature combined with drought 

affect rainfed spring wheat and barley in south-eastern Russia: Yield, relative 
performance and heat susceptibility index. Journal of Plant Breeding and 

Crop Science, 2012. 4(11): p. 184-196. 

11. Machado, S. and G.M. Paulsen, Combined effects of drought and high 
temperature on water relations of wheat and sorghum. Plant and Soil, 2001. 

233(2): p. 179-187. 

12. Wang, J.-Y., et al., Effects of drought stress on morphophysiological traits, 
biochemical characteristics, yield, and yield components in different ploidy 

wheat: A meta-analysis. Advances in agronomy, 2017. 143: p. 139-173. 

13. Salehi-Lisar, S.Y. and H. Bakhshayeshan-Agdam, Drought stress in plants: 
causes, consequences, and tolerance, in Drought Stress Tolerance in Plants, 

Vol 1. 2016, Springer. p. 1-16. 

14. Basu, S., et al., Plant adaptation to drought stress. F1000Research, 2016. 5. 
15. Blum, A. and A. Ebercon, Cell membrane stability as a measure of drought 

and heat tolerance in wheat 1. Crop Science, 1981. 21(1): p. 43-47. 
16. Kashyap, P.L., et al., Nanotechnology in wheat production and protection, in 

Environmental Nanotechnology Volume 4. 2020, Springer. p. 165-194. 

17. Afsheen, S., et al., Synthesis and characterization of metal sulphide 
nanoparticles to investigate the effect of nanoparticles on germination of 

soybean and wheat seeds. Materials Chemistry and Physics, 2020. 252: p. 

123216. 
18. Shang, Y., et al., Applications of nanotechnology in plant growth and crop 

protection: a review. Molecules, 2019. 24(14): p. 2558. 

19. Hafeez, A., et al., Potential of copper nanoparticles to increase growth and 
yield of wheat. J. Nanosci. Adv. Technol, 2015. 1(1): p. 6-11. 

20. Faizan, M., S. Hayat, and J. Pichtel, Effects of zinc oxide nanoparticles on 

crop plants: A perspective analysis, in Sustainable Agriculture Reviews 41. 
2020, Springer. p. 83-99. 

21. Hong, J., et al., Foliar application of nanoparticles: mechanisms of 

absorption, transfer, and multiple impacts. Environmental Science: Nano, 
2021. 8(5): p. 1196-1210. 

22. Van Nguyen, D., et al., Copper nanoparticle application enhances plant 

growth and grain yield in maize under drought stress conditions. Journal of 
Plant Growth Regulation, 2022. 41(1): p. 364-375. 

23. Zaimenko, N.V., Didyk, N. P., Dzyuba, O. I., Zakrasov, O. V., Rositska, N. 

V., & Viter, A. V. , Enhancement of Drought Resistance in Wheat and Corn 
by Nanoparticles of Natural Mineral Analcite 

       Ecologia Balkanica, 2014. 6(1). 

24. Adhikari, T., et al., Growth and enzymatic activity of maize (Zea mays L.) 
plant: solution culture test for copper dioxide nano particles. Journal of Plant 

Nutrition, 2016. 39(1): p. 99-115. 

25. Yasmeen, F., et al., Proteomic and physiological analyses of wheat seeds 
exposed to copper and iron nanoparticles. Biochimica et Biophysica Acta 

(BBA)-Proteins and Proteomics, 2017. 1865(1): p. 28-42. 

26. Mostofa, M.G., et al., Physiological and biochemical mechanisms associated 
with trehalose-induced copper-stress tolerance in rice. Scientific reports, 

2015. 5(1): p. 1-16. 

27. Sun, L., et al., Nano-ZnO-induced drought tolerance is associated with 
melatonin synthesis and metabolism in maize. International Journal of 

Molecular Sciences, 2020. 21(3): p. 782. 

28. Seghatoleslami, M. and R. Forutani, Yield and water use efficiency of 
sunflower as affected by nano ZnO and water stress. J. Adv. Agric. Technol, 

2015. 2. 

29. Dosaj, V. and H. Tveit, Silicon and Silicon alloys, Production and Uses. Kirk‐
Othmer Encyclopedia of Chemical Technology, 2000: p. 1-21. 

30. Janislampi, K.W., Effect of silicon on plant growth and drought stress 

tolerance. 2012: Utah State University. 
31. Song, X.-P., et al., Exploration of silicon functions to integrate with biotic 

stress tolerance and crop improvement. Biological Research, 2021. 54(1): p. 

1-12. 
32. Šebesta, M., et al., Field application of ZnO and TiO2 nanoparticles on 

agricultural plants. Agronomy, 2021. 11(11): p. 2281. 

33. Shakeel, A.A., et al., Morphological, physiological and biochemical 

responses of plants to drought stress. African journal of agricultural research, 

2011. 6(9): p. 2026-2032. 

34. Taran, N., et al., Effect of zinc and copper nanoparticles on drought 

resistance of wheat seedlings. Nanoscale Research Letters, 2017. 12(1): p. 1-

6. 
35. Maiti, R. and P. Satya, Research advances in major cereal crops for 

adaptation to abiotic stresses. GM crops & food, 2014. 5(4): p. 259-279. 

36. Awtaq, S.A., et al., Kalar1 and Kalar2, newly released wheat varieties for 
cultivation under rain-fed conditions. Kurdistan Journal of Applied Research, 

2021: p. 35-43. 

37. Linh, T.M., et al., Metal-based nanoparticles enhance drought tolerance in 
soybean. Journal of Nanomaterials, 2020. 2020. 

38. Aebi, H., Catalase, in Methods of enzymatic analysis. 1974, Elsevier. p. 673-

684. 
39. Bergmeyer, H.-U., Methods of enzymatic analysis. 2012: Elsevier. 

40. Wardlaw, I.F. and J. Willenbrink, Carbohydrate storage and mobilisation by 

the culm of wheat between heading and grain maturity: the relation to sucrose 
synthase and sucrose-phosphate synthase. Functional Plant Biology, 1994. 

21(3): p. 255-271. 

41. Chanda, S. and Y. Singh, Estimation of leaf area in wheat using linear 
measurements. Plant Breeding and Seed Science, 2002. 46(2): p. 75-79. 

42. Ling, Q., W. Huang, and P. Jarvis, Use of a SPAD-502 meter to measure leaf 

chlorophyll concentration in Arabidopsis thaliana. Photosynthesis research, 
2011. 107(2): p. 209-214. 

43. Pequerul, A., et al., A rapid wet digestion method for plant analysis, in 
Optimization of plant nutrition. 1993, Springer. p. 3-6. 

44. MacFarland, T.W., Learn R with Sample Lessons in Education and the Social 

Sciences, Health, and the Biological Sciences, in Two-Way Analysis of 
Variance. 2012, Springer. p. 1-7. 

45. Shokat, S., et al., Activities of leaf and spike carbohydrate-metabolic and 

antioxidant enzymes are linked with yield performance in three spring wheat 
genotypes grown under well-watered and drought conditions. BMC Plant 

Biology, 2020. 20(1): p. 1-19. 

46. Zahedi, S.M., et al., Selenium and silica nanostructure-based recovery of 
strawberry plants subjected to drought stress. Scientific reports, 2020. 10(1): 

p. 1-18. 

47. Karimi, J. and S. Mohsenzadeh, Effects of silicon oxide nanoparticles on 
growth and physiology of wheat seedlings. Russian Journal of plant 

physiology, 2016. 63(1): p. 119-123. 

48. Esmaili, S., V. Tavallali, and B. Amiri, Nano-silicon complexes enhance 
growth, yield, water relations and mineral composition in Tanacetum 

parthenium under water deficit stress. Silicon, 2021. 13(8): p. 2493-2508. 

49. Wu, H.-H., et al., Mycorrhizas alter sucrose and proline metabolism in 
trifoliate orange exposed to drought stress. Scientific Reports, 2017. 7(1): p. 

1-10. 

50. Salajegheh, M., et al., Effects of titanium and silicon nanoparticles on 
antioxidant enzymes activity and some biochemical properties of Cuminum 

cyminum L. under drought stress. Banat's Journal of Biotechnology, 2020. 

11(21): p. 19-25. 
51. Behboudi, F., et al., Improving growth and yield of wheat under drought 

stress via application of SiO2 nanoparticles. Journal of Agricultural Science 

and Technology, 2018. 20(7): p. 1479-1492. 
52. Ahmad, S.T. and R. Haddad, Study of silicon effects on antioxidant enzyme 

activities and osmotic adjustment of wheat under drought stress. Czech 

Journal of Genetics and Plant Breeding, 2011. 47(1): p. 17-27. 
53. Ahmed, F., et al., Applications of copper and silver nanoparticles on wheat 

plants to induce drought tolerance and increase yield. IET 

nanobiotechnology, 2021. 15(1): p. 68-78. 
54. Abd El-Aziz, G.H., et al., Positive and Negative Environmental Effect of 

Using Zinc Oxide Nanoparticles on Wheat under Drought Stress. Open 

Journal of Applied Sciences, 2022. 12(6): p. 1026-1044. 
55. Panda, S., Physiological impact of Zinc nanoparticle on germination of rice 

(Oryza sativa L) seed. J Plant Sci Phytopathol, 2017. 1: p. 062-070. 

56. Maswada, H.F., et al., Nanomaterials. Effective tools for field and 
horticultural crops to cope with drought stress: A review. Spanish journal of 

agricultural research, 2020. 18(2): p. 15. 

 

http://passer.garmian.edu.krd/

