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Abstract 

Zinc element is very essential in planting process; supplying plants with zinc element improve 

plant growth, development and performances in norm and under stresses. The new introduced nano 

zinc preparations should be evaluated and revised for their safety usage in agriculture. Methods: in 

this work the zinc oxide fertilizer in naturally bulk form is used as positive control to visualize effect 

of zinc oxide in nano form in different concentrations (50, 100 & 200ppm) on Pisum sativum plant. 

The study concerned some morphological traits and the total soluble seedling’s protein profile after 

the soil around root was injected with used materials, in addition to cytogenetic studies on the mitosis 

system after the direct treatment for 3hr and after the 24hr of recovery experiment. Results: the study 

confirms the great risk of the nanoforms usage on all the studied parameters on the level of the two 

higher concentrations if compared to -ve and +ve control. It induced lowering in all the 

morphological parameters. On the level of cytogenetic parameters, it empathized its chromo-toxic 

effect on the DNA physical constituent and mutagenic effect via induction of micro/ macronucleus in 

resting cells.  It also affected the gene expression via disappearance of some protein bands from 

image. Conclusion: lower concentration of nano zinc oxide particles can be used to enrich new 

reclaimed lands in limited conditions (if necessary) to avoid its mutagenic harm on plant as 

recommended alternative and to evade the risk of soil suffocation with  excess ZnO fertilizer in bulk 

form. 

Keywords: Pisum sativum L., ZnO-NPs, plant growth, mitosis apparatus, protein profile  

I. Introduction 

Nanotechnology is one of the most-trendy approaches in all areas of science and technology. 

It creates and utilizes nano-sized particles ranges between 1 and 100 nm in at least one dimension [1]. 

Nanoparticles display completely new physical, chemical and biological properties compared to 

larger particles of bulk material and these novel properties have led to a wide range of applications in 

agriculture, crop improvement and medical fields [2]. In recent years, nanotechnology has a great 

application in the field of agriculture; especially in pest and disease management. It can be used in 

the preparation of new formulations like insecticides, pesticides, pheromones, insect repellents and 

fertilizers [3, 4]. 

The speedy expansion of using nanotechnology has increased attention over the impact of 

nanoparticles (NPs) on the environment, elevating concerns for environmental hazards and adverse 

health effects [5, 6]. Nanoparticles can arrive to the environment due to different human activities, 

such as chemical manufacturing; or during environmental remediation efforts, domestic wastewater 

and crop improvement [7]. Release of nanoparticles in the environment may have harmful effects on 

plants, thus affecting the whole food chain. Nanoparticles may binds to some vital cellular 
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constituents leading to production of reactive oxygen species (ROS) causing oxidative stress, 

cytotoxicity and genotoxicity [8, 9, 10]. 

Zinc oxide is one of the nanoparticles that have attracted research attention in the recent years. 

ZnO-NPs have several uses, involving sunscreens, personal care, and paints [11]. Also, they have 

been used as delivery mediator for drug treatment and applied for tumor cell [12]. ZnO-NPs could 

reach  to plants either directly or indirectly. Direct exposure includes their application as fertilizers 

and as fungicides [13, 14]. While indirect way could occur through the release of ZnO-NPs into the 

soil, water, and air because of excess production, use, and disposal. Thus, the ecological risk of using 

ZnO-NPs must be validated for its’ benefit /harm issue and it represents essential research point.  

 Lately, phytotoxicity of ZnO-NPs on plant growth has been documented in cabbage [15], rice 

[16], black mustard [17], corn [18], Arabidopsis [19] and Pea [20]. 

 Additionally, Wang et al., [21] reported a significant decline in the dry weights of shoots and 

roots of maize after ZnO-NPs treatment.  ZnO-NPs caused genotoxicity in broad bean [22]. Also, 

Wang et al., [23] declared that, 50 and 100 mg/L of ZnO-NPs had an inhibitory effect on plant 

growth on Ginkgo biloba. 

A limited number of studies have been focused on the genotoxic impacts of NPs on plant 

systems. Studies on the assessment of toxicity of zinc NPs on plants are insufficient. Since plants 

provide efficient systems for screening the cytotoxic and genotoxic potentials by several types of 

chemicals [24, 25]. Several plant bioassays have been suggested to reveal the toxic effects of 

nanoparticles (NPs). Pea plant is an excellent model plant to evaluate genotoxic effect of 

environmental contaminants due to its sensitive mitotic dynamics and large size of chromosomes.  

  The pea (Pisum sativum L.) is one of the cultivated legume crops that belong to the Fabaceae 

family, a diploid crop with the number of chromosomes (2n = 14) [26]. The pea is an important 

legume cultivated and widely consumed throughout the world. As a rich source of protein, essential 

amino acids (lysine and leucine) carbohydrates, vitamins and minerals like potassium, phosphorus, 

calcium, copper, iron, and Zn, peas are important in human nutrition. Consumed mainly as green 

peas, total production worldwide is around 21.22 million tons [27].  

   Assessment of the mitotic index, phase index, chromosomal aberrations, and micronuclei 

induction would be important to give a confirmation and explanation to the cytogenicity of NPs in 

plants. Previous studies pointed to a decrease in MI values in the root tips of Allium cepa and Vicia 

faba with increasing concentration of ZnO-NPs [28, 29]. 
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 Protein content represents the final basic product of gene expression. Therefore, any 

noticeable alteration in protein-banding pattern brought by any mutagen is considered a reflection for 

genetic variations [30]. Based on that, any alteration in protein profile could be beneficial for 

revealing the mutagenic effects of pollutants or chemicals such as nanoparticles.  

The aim of this study was to evaluate the toxic hazard effects of ZnO-NPs on morphology, 

cytogenicity, and biochemistry levels in Pisum sativum L. plant. 

II. Methodology 

The field work of the present study was carried out in green house of Cairo University, faculty 

of agriculture, Giza, Egypt. 

The cytology and cytogenetic works were carried out in the Department of Genetics and 

Cytology, Biotechnology research institute, National Research Centre, Dokki, Cairo Egypt. 

• Plant materials: 

The Pea (Pisum sativum L.) seeds (Var. Master B) were used for all the conducted 

experiments and were obtained from the vegetable crops research department, Horticulture Research 

Institute, Agricultural Research Centre, Giza, Egypt. 

• Chemicals:  

- Zinc element symbol (Zn) with atomic weight 65.38 in bulk size (EDTA Zn) and Nano zinc 

oxide were kindly afforded and prepared by Dr. Mohamed Abd-Elwahab in physiology department, 

faculty of agriculture, Cairo University, Giza, Egypt. 

- Cytogenetics study: The chemicals for cytogenetic studies were prepared according to [31] 

with some modifications. 

- Biochemical studies: the chemicals for protein fingerprint were prepared after [32]. 

• Methods: 

1- Preparation of Zinc nanoparticles:  

All the used reagents were of analytical grade and the nanoparticles were prepared from their 

precursors. Zinc in the form of zinc chloride (ZnCl2) was purchased from Sigma Chemical Co. (St. 

Louis, MO, USA). Zinc nanoparticles were obtained by the top to bottom molecular chemical method 

[33]. Nano zinc was prepared from an aqueous solution of zinc chloride. Sodium hydroxide solution 

was added slowly in a molar ratio of 1:2 under vigorous stirring for 8 h. The obtained precipitate was 
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filtered and washed thoroughly with deionized water in a mixed water/toluene system using a high-

speed stirrer, and then washed again with ionized water alone for 3 h. The precipitate was dried in an 

oven at 100 °C, (2.75 g nanoparticles powder) then exposed to 1.5 psi of pressure for 3 days 

discontinuously (7 h per day) [34]. 

2- Field work: 

Seeds of pea were planted at the beginning of November under normal field conditions in 40 

cm diameter pots filled with soil mixture (sand & clay) were arranged into three separate groups in 

three rows, a row for each examined concentration (50, 100 and 200ppm) apart from each other, as 

described: 

1- Group (1) for non-treated soil as negative control. 

2- Group (2) for treatment with zinc oxide in bulk size as a positive control. 

3- Group (3) for treatment with zinc oxide in nanoform. 

 Seeds were sown in each pot, and injected twice after 40 days of sown, with time interval 20 

days between two injections.   

The plants in each pot were tested for the variation in metric traits (plants height, fresh & dry 

weights of shoots, fresh & dry weights of roots, number of leaves, number & weight of pods/plant 

and weight of 100 fresh seeds).  

3- Cytogenetic studies: 

Nearly equal sized pea seeds were germinated on filter paper rolls in large beakers with 3cm 

height tap water at the bottom, after germination 2-3 cm long root were directly treated for three 

hours with negative & positive control and the tested material in the three used concentrations 

(50,100 &200 ppm), then after that, the roots were fixed in carnoy's fixative for 24 hours at 4°C 

followed by rinsed several times in tap water stored in 70% ethyl alcohol in refrigerator till slides 

preparation. At the time of preparation of the slide, the roots were rinsed in a descending series of 

ethanol concentration from 70% to 30% to distilled water for 30 min. in each. 

Hydrolysis followed in 1N HCl at 60oC for 10 min. after cooling, the roots were rinsed with 

distilled water and the root tip stained with a drop of aceto-carmine stain immediately and covered 

with cover slip, then squashed between blotting paper folds. 
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The prepared slides were examined under light microscope, 1000 cells were scored from each 

root of 9 plants (3plants/ replicate) the frequencies of the different stages of mitosis, as well as the 

frequencies of different mitotic abnormalities were determined. 

4- Biochemical analysis: 

Total proteins were extracted from the treated plant’s leaves to perform sodium dodecyl 

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). 1g of leaves was grinded and mixed with 1 

ml of extraction buffer in Eppendorf tube and left in refrigerator overnight, then vortexed for 15 

seconds and centrifuged at 12,000 rpm at 4˚C for 20 min. The supernatants containing total proteins 

were transferred to new Eppendorf tubes and kept at deep-freeze until use for electrophoretic 

analysis. The marker of the used protein is BLUltra Pre stained Protein Ladder (GeneDirex, Cat No. 

PM001- 0500). In this method, 10% protein separating gel were used. Protein fractionations were 

performed on vertical slab gel (19.8 cm x 26.8 cm x 0.2 cm) using the electrophoresis apparatus 

manufactured by Cleaver, UK. The images were captured by digital camera (Sony, made in Japan) 

and transferred directly to the computer and then the protein bands were analyzed by Total Lab 

program to find out the molecular weight of each band and that to find the effect of each treatment on 

gene expression of different genes responsible for the formation of proteins in pea plant. 

5- Statistical analysis: 

The mean values of 3 replicates in obtained data were tested via analysis of variance (one-way 

ANOVA) using Statistica 7 software to evaluate the significant differences between treatments and 

Tukey’s tests at p ≤ 0.05 were applied to compare means. 

III. Results & discussion 

The difference in the morphological measurements of the pea’s plant is the interaction of 

plant metabolism and environmental effects. Plant height, number of leaves, and shoot weight are 

important and simply noticeable forms of growth variations in the plant which eventually lead to the 

upsurge in total biomass of the plant and which has been noted with the addition of different types 

and concentrations of zinc. Compared with negative control (water) & positive control (bulk form), 

soil application of ZnO in nano form at different concentrations (50, 100 and 200 ppm) showed lower 
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values of vegetative growth parameters, including plant height, shoot fresh weight, root fresh weight, 

shoot dry weight, root dry weight, and number of leaves Table (1) and Figure(1).  

A similar trend was observed in total yield and its components. Whereas, the minimum values 

of the number of pods per plant, weight of pods per plant and weight of 100 fresh seeds were 

observed in plants treated with nano ZnO at different concentrations. The maximum values were 

noted in plants supplied with bulk ZnO at different concentrations. It can be observed from Table (1) 

that the pea’s plants treated with ZnO-NPs at 200 ppm showed the lowest values of vegetative growth 

measurements and total yield per plant compared with all of the other treatments. 

On the same track, [35] pointed to the inhibitory effect of ZnO-NPs on the root growth of 

Allium cepa plant and referred to this inhibition as the cytotoxic effect of released Zn+2 dissociated 

from ZnO-NPs. Yang et al., [19] pointed to the effects of different concentrations of ZnO 

nanoparticles (ZnO-NPs) on the growth performance of Arabidopsis thaliana seedlings illustrating 

that ZnO-NPs caused strong inhibitory effects on several plant growth indices such as root length.  

Also, Sorahinobar et al., [36] referred to the suppression in the growth parameters after treatment of 

the mung bean plant with ZnO-NPs to the induced oxidative stress (ROS).  

Several studies related to our findings such as [37, 38, 39, 40] reported the negative effect of 

higher levels of ZnO-NPs on plant growth indices. Srivastav et al., [41] referred to the ZnO-NPs 

toxicity (at a concentration of 50 to 200 ppm) to the perturbed homeostasis of Zn and its impacts on 

other elements’ homeostasis.  

The relative suppression in the studied parameters was previously obtained by [42] when 

testing the Ag-NPs on the Vicia faba plant; and referred to this suppression as the effect of nano-

silver on the cellular energy level via affecting the ATP production. The study conducted by [43] 

showed a decrease in the fresh and dry weights of the seedlings of Portulaca oleracea L. in the 

treated groups compared to the control group and they declared that loss may be due to the disruption 

of the biosynthesis and transfer of growth regulators, such as gibberellic acid and auxin, in the plants 

treated with ZnO-NPs. This outcome is consistent with the studies on the Brassica napus plant 

conducted by [44]. Also, study of [45] on the toxic effects of 200, 500, 1000 and 1500 mg L−1 of ZnO 

NPs on the growth and metabolism of Brassica juncea displayed a decline in the fresh and dry 

weights of plants in a dose-dependent manner. Similarly, a high concentration (2000 mg/mL) of ZnO-

NPs displayed poor growth, crop yield and pod development in Arachis hypogaea [46]. 
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The obtained data were in conflict with [47] who observed ZnO-NPs increased root 

elongation whereas, the bulk treatments showed both root and stem elongation, this conflict may have 

resulted from the different experimental conditions and used concentrations.   

The outcome is consistent with [48] who recorded that, yield parameters (the number of 

mature pods per plant, number of seeds per pod and weight of 100 seeds) for the second generation of 

pea plant treated with silver nanoparticles were reduced. 

Table(1): Influence of different treatments of ZnO in bulk and Nano form on growth indices of 

pea plant (plant height, shoot fresh weight of shoot & root, dry weight of shoot& root, number of 

leaves, number & weight of pods/plant and weight of 100 fresh seeds). 

 

 

Treatment Plant 

height 

Shoot 

fresh 

wt. 

Root 

fresh 

wt. 

Shoot 

dry  

wt. 

Root 

dry  

wt. 

No. of 

leaves 

No. of 

pods 

/plant 

Wt of 

pods 

/plant 

Wt of 

100 fresh 

seeds 

 Control 84.67 b 9.50 b 5.60 b 1.77 c 3.50 c 11.07 b 2.33 b 12.33 c 36.80 c 

B 50ppm  92.67 a 11.60 a 8.60 a 2.80 b 5.90 a 13.00 a 4.33 a 19.83 a 39.09 b 

100ppm 91.67 a 10.70 a 7.80 a 2.70 b 5.10 b 13.33 a 3.33 ab 22.93 a 47.33 a 

200ppm 92.33 a 10.10 ab 8.80 a 3.90 a 6.10 a 13.67 a 3.00 ab 16.13 b 33.30 d 

N 50ppm 69.33 c 9.80 b 1.50 c 1.50 cd 0.90 d 10.67 b 1.67 c 9.20 d 25.10 e 

100ppm 63.67 c 8.60 bc 1.90 c 1.40 d 1.30 d 8.67 c 1.33 c 7.10 d 20.90 f 

200ppm 52.33 d 7.10 c 2.50 c 0.80 d 0.40 e 7.33 c 0.00 b 0.00 e 0.00 g 

Means followed by different letters point to significant differences between the treatments  

according to Tukey HSD test (p ≤ 0.05).  B: bulk - N: Nano. 
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Control 50ppm 100ppm 200ppm 50ppm 100ppm 200ppm 

Zinc oxide in bulk form Zinc oxide in nano-form 

Figure 1(a-g): Snapped photograph from field experiment show the detected changes in the 

whole pea plant after soil injection for two times with zinc oxide in bulk and prepared 

nanoform. 

Cytogenetic studies on the Pisum sativum root tip meristems were carried on to reveal the 

direct effect of zinc oxide fertilizer in nanoform relative to -ve control (water) and to +ve control 

(bulk sized) on the mitosis apparatus -as a sign to plant healthy growth- to confirm its advantage or 

disadvantage if applied as fertilizers. 

The obtained results revealed that zinc oxide in bulk size enhanced the mitotic index over 

control (13.78%) to reach (15.36%) after 200ppm of zinc oxide.  

On the other hand, the nano form zinc oxide induced a concentration dependent decrease in 

the mitotic index to reach its highest value 8.62% after 200ppm (Figure 2& Table 2). This reduction 

in the mitotic index was previously obtained by [49] when applying the Ag-NPs (1%, 3% and 5%) on 

the Allium cepa plant; and referred to this decline as the ability of nano-silver to inhibit or block the 

formation of several metabolites essential for a normal sequence of mitosis. The mitotic normal 

currency is affected by many factors such as the rate of the DNA synthesis [50], the easygoing cell 

cycle [51], protein synthesis and metabolites’ availability [52].    

 

a g f e d c b 
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Figure (2): The mean performance of mitotic index in Pisum sativum root-tip meristems after 

3hours of direct treatment with bulk & Nano zinc (A) and after the 24 hr of recovery after 

treatment with bulk & Nano zinc (B). 

Table (2): The mean performance of mitotic index, percentage of abnormalities and phase index 

in Pisum sativum root-tip meristems after 3hours of direct treatment with bulk & Nano 

zinc (a) and after the 24 hr of recovery after treatment with bulk & Nano zinc (b). 

0

5

10

15

20

BULK NANO BULK NANO

(A) DIRECT TREATMENT (B) RECOVERY EXP.

Mitotic index

50ppm 100ppm 200ppm Control

Treatment Mitotic index % abnormalities Phase index 

Prophase Metaphase Ana-telophase 

Bulk Nano Bulk Nano Bulk Nano Bulk Nano Bulk Nano 

(a) 3h Direct treatment 

50ppm 13.42 b 10.52 c 14.49 b 31.78 a 47.61 a 32.95 c 23.10 b 35.20 a 29.29 b 31.85 ab 

100ppm 15.36 a 9.80  cd 14.83 b 35.71 a 37.77 b 41.25 ab 25.24 b 25.35 b 36.99 a 33.40 ab 

200ppm 15.36 a 8.62  d 15.12 b 34.28 a 44.76 a 36.90 bc 24.82 b 28.81 b 30.42 ab 34.29 a 

Control 13.78    b 4.76 c 48.19 a 23.06 b 28.75 b 

(b) 24h recovery after treatment 

50ppm 14.02 b 8.46 c 14.10 c 27.60 b 45.07 a 40.34 b 24.08 b 30.43 a 30.85 ab 29.22 ab 

100ppm 14.94 a 8.00 cd 12.79 c 32.78 a 40.13 b 42.20 ab 24.78 b 31.75 a 35.10 a 26.05 b 

200ppm 15.23 a 7.27 d 15.31 c 33.18 a 43.49 a 37.30 c 23.46 b 33.62 a 33.05 ab 29.08 ab 

Control 13.62 b 5.87 d 46.08 a 23.73 b 30.19 ab 

Means followed by different letters point to significant differences between the treatments  

according to Tukey HSD test (p ≤ 0.05).                       
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The decrease in the growth parameters as result of mitotic index after nano zinc oxide was 

previously obtained by [35] after treatment the Allium cepa plant with 5& 50µg/ml of ZnO-NPs for 

12, 24 and 36 h.  

The mitosis decline observed in our experiment came in contradiction with [53], who 

highlighted mito-accelerating effect of the nano zinc oxide on Vicia faba root tip meristems. Thus, it 

may be due to the used concentrations, experimental conditions and the nano-particles preparation 

method.  

It is worth mentioning that, the recovery experiment for 24 hr after treatment didn’t fix the 

mitotic index after nano zinc oxide treatment which reflects the irreversible damage on the mitotic 

apparatus (Figure 2). 

Regarding that the mitotic index sheds its effect on plant growth; the collected data about the 

increasing in plant growth indices after treatment with zinc oxide in bulk form; and about the decline 

in same studied parameters after treatment with zinc oxide in nanoform are very reasonable.  

The progressive concentration dependent reduction in the mitotic indexes after the nano 

treatment was accompanied by lowering the prophases on response to the expanding the metaphases 

and ana-telophases after all used concentrations. The changes in phase’s duration pointed to 

acceleration in the cell cycle which is often followed by genome instability, allowing cell survival on 

count of mutation induction [54]. It is worth  mentioning that, direct treatment with zinc in bulk size 

did not affect the phase indexes except after 100ppm concentration which expand the ana-telophases 

on response to prophase shortening (Table 2).  

Recovery after treatment with bulk form of zinc oxide showed little shrinkage in prophase on 

response to ana-telophase expansion after 100ppm concentration only. The same concentration 

(100ppm) of nano zinc oxide expanded metaphases on response to the ana-telophase shrinkage, 

200ppm expand the metaphases over prophases (Table 2). 

The mitodepressive effect of ZnO-NPs was combined with abnormal mitosis; this came in 

agree with [55] when carry on a comparative study on the ZnO-NPs (0.5, 1 and 3%) as soil fertilizer 

with two bio-fertilizers Moringa and yeast extracts on Vicia faba plant and referred this depression to 

the direct effect of nano zinc oxide on the cellular mitochondria structure and integrity which is 

expected to handicap the mitochondria to carry normal function.  

The treatment with nano- zinc oxide raised the risk of abnormal mitosis relative to-ve and + 

ve controls. Worth to mention that, the induced percentage of anomalies in mitosis after nano zinc 
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oxide exceeds over twice the induced anomalies after bulk sized particles. This finding came in agree 

with [56, 53] may be explained by the massive penetration of the very tiny particles of nano-zinc into 

the root cells to reach the chromosome modules. 

In contradiction with [57] who pointed to the concentration dependent increase in the 

anomalies and the cytotoxic effect in Pisum sativum L. and Hordeum vulgare L. plants after exposure 

to nano- ZnO at 1, 10, and 30 times of maximal permissible concentration (MPC). Our data revealed 

that, the induced damage after treatment with nano zinc oxide was highly sever and in concentration 

independent manner as the 100ppm of nano zinc oxide induced the highest significant percentage of 

abnormal mitosis to reach 35.71% (Table 2). This contradiction may be related to the used 

concentrations or to the experiment conditions. Also, Daphedar et al., [58] referred to the decline in 

mitotic index which was associated with a significant increase in abnormality index after treat the 

Cicer arietinum plant with the higher concentration of ZnO-NPs to the remarkable damage of DNA 

and to arrest of the cell division at various phases of cell cycle and induce the formation of 

chromosomal abnormalities. 

Despite that zinc oxide in bulk form enhanced the plant growth through mitotic high 

performance; it induced a considerable percentage of abnormalities classified into three classes of 

disorder in the following arrangement (disturbances, DNA liquification and structural aberrations) 

according to their occurrence (Table 3&Plate 1, 2, 3). 

Our data revealed that treatment with zinc oxide in bulk size for three hours induced the 

percentage of DNA liquification in concentration dependent decrease from 49.71% after 50ppm to 

38.76% after 200ppm. Considering the second class of aberration types, bulk ZnO induced rising 

percentages of disturbances to reach 54.07% after 200ppm ~ double the percentage in control 

(27.12%). The third class also, exceeded over control in a fluctuated way to reach 7.18% after 

200ppm (Table 3). 50& 100ppm induced highest percentage of liquification while the 200ppm of 

ZnO induced the highest percentage of disturbances and structural aberrations which means that it 

affects the chromosome mobility and structure more than it affects the DNA physical constituent.  

The 24hr. of recovery after treatment lowered the percentage of liquified DNA relative to 

control with the exception after 100ppm of concentration which induce nearly the same percentage as 

control. The increase in the stickiness after this concentration came on response the second class of 

aberration (disturbance) shrinkage to reach 28.49% (Table 4). 
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Treatment with nano zinc oxide affect the DNA constituent as it induced a concentration 

fluctuated increase in the percentage of stickiness (sticky & sticky bridges) to reach the highest value 

after 100ppm (48.89%). Chromosomes liquification was attributed to partial dissociation and 

alteration of the nucleoproteins as chromosome content [59, 35], or to the alteration in DNA 

depolymerization and folding proteins [60]. Nano zinc oxide recorded the highest significant 

percentage of disturbances to reach after 50ppm (65.12%).  Alteration in chromosomes mobility was 

observed earlier with [53] when tested the ZnO-NPS coated with PVP on the Vicia faba plant root 

meristem cells and referred this to the indirect effect on: microtubules which is protein in nature and 

constitute the spindle fibers, on the centrioles and/ or the associated protein in cell division. Also, it 

increased the percentage of aberration of the third class (structural in types such as: fragments, ring 

and micro/ macronucleus) over control and among treatment to reach 10.90% after 200ppm (Table 

3& Plate1, 2, 3).   
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Table (3): Percentage of different types of abnormality relative to the abnormal mitosis and its distribution among phases in means in 

Pisum sativum root tip meristems after the 3h of direct treatment with zinc oxide in bulk and nano form. 

 

 

 

Treatment % of different types of abnormality 

Chromatin liquification Disturbances& Spindle disorder Structural aberration 

Pro. Meta. Ana-

telo 

Sum % of 

stick. 

Pro. Meta. Ana-

telo. 

Sum % of 

dist. 

Pro. Meta. Ana-

telo. 

Sum % of 

stru. 

 3h. Direct treatment 

  Control 0.22 a 2.11 b 2.44 d 4.78 c 72.88 a 0.11 b 1.44 d 0.22 c 1.78  c 27.12 c 0.00 a 0.00 d 0.00 b 0.00 c 0.00 c 

B 50ppm 0.11 a 3.44 b 6.11 bc 9.67 b 49.71 b 2.11 a 6.33 c 0.67 b 9.11 b 46.86 ab 0.00 a 0.56 c 0.11 a 0.67 b 3.43 b 

100ppm 0.00 b 3.78 ab 7.22 b 11.00 b 48.29 b 2.33 a 5.89 c 2.89 a 11.11 b 48.78 a 0.00 a 0.44 c 0.22 a 0.67 b 2.93 b 

200ppm 0.11 a 3.11 b 5.78 c 9.00 b 38.76 c 2.56 a 9.22 b 0.78 b 12.56 b 54.07 a 0.00 a 1.33 ab 0.33 a 1.67 a 7.18 a 

N 50ppm 0.00 b 3.78 ab 6.89 b 10.67 b 31.89 c 2.78 a 15.33 a 3.67 a 21.78 a 65.12 a 0.00 a 1.00 b 0.00 b 1.00 ab 2.99 b 

100ppm 0.33 a 5.89 a 10.89 a 17.11 a 48.89 b 3.78 a 10.33 b 1.56 a 15.67 ab 44.76 b 0.00 a 1.89 ab 0.33 a 2.22 a 6.35 a 

200ppm 0.11 a 2.78 b 11.22 a 14.11 a 47.74 b 2.78 a 8.11  b 1.33 a 12.22 b 41.35 b 0.00 a 3.00 a 0.22 a 3.22 a 10.90 a 

Means followed by different letters point to significant differences between the treatments according to Tukey HSD test (p ≤ 0.05). 

B: bulk - N: Nano – Pro: prophase – Meta: metaphase – Ana-telo: anaphase-telohase – Stick: stickness – Dist: disturbance – Stru: structural. 
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Table (4): Percentage of different types of abnormality relative to the abnormal mitosis and its distribution among phases in means in 

Pisum sativum root tip meristems after the 24h of recovery after treatment with zinc oxide in bulk and Nano form. 

Treatment % of different types of abnormality 

Chromatin liquification Disturbances& Spindle disorder Structural aberration 

Pro Meta Ana-

telo 

Sum % of 

stick 

Pro Meta Ana-

telo 

Sum % of 

dist. 

Pro Meta Ana-

telo 

Sum % of 

struc. 

  24h. recovery after treatment 

 Control 0.00 a 2.33 b 3.33 d 5.67 c 70.83 a 0.22 b 1.56  d 0.00  d 1.78 e 22.22 e 0.00 a 0.56 d 0.00 b 0.56 c 6.94 c 

B 50ppm 0.00 a 2.78 b 6.56 c 9.33 b 47.19 b 2.67 a 4.89 c 0.44 c 8.00 c 40.45 c 0.00 a 1.78 c 0.67 a 2.44 b 12.36 ab 

100ppm 0.00 a 4.44  a 9.00 a 13.44 a 70.35 a 1.89 a 3.56 cd 0.00 d 5.44 d 28.49 d 0.00 a 0.22 d 0.00 b 0.22 d 1.16 d 

200ppm 0.22 b 2.67 b 7.44 b 10.33 b 44.29 b 1.78 a 8.33 b 0.33 c 10.44 b 44.76 b 0.00 a 2.22 b 0.33 a 2.56 b 10.95 b 

N 50ppm 0.00 a 1.33 b 5.00 cd 6.33 c 27.14 c 2.00 a 10.11 ab 2.33  a 14.44 ab 61.90 a 0.00 a 2.22 b 0.33 a 2.56 b 10.95 b 

100ppm 0.00 a 1.00 b 4.22 d 5.22 c 19.92 c 2.44 a 12.44 a 2.56  a 17.44 a 66.53 a 0.00 a 3.11 ab 0.44 a 3.56 ab 13.56 ab 

200ppm 0.00 a 1.56 b 4.89 cd 6.44 c 26.73 c 2.00 a 9.89  ab 0.89  b 12.78 b 52.99 ab 0.00 a 4.22 a 0.67 a 4.89 a 20.28 a 

Means followed by different letters point to significant differences between the treatments according to Tukey HSD test (p ≤ 0.05). 

B: bulk - N: Nano – Pro: prophase – Meta: metaphase – Ana-telo: anaphase-telohase – Stick: stickness – Dist: disturbance – Stru: structural. 
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Plate 1(a-f): Show the induced defect on spindle mechanism and chromosome movement 

(turbogenecity) after treatment with zinc oxide: irregular prophases after 50ppm in bulk 

form (a), prometaphase after 50ppm in nanoform (b), clumped metaphase after 100ppm in 

bulk form (c), partial sticky metaphases with laggared chromosomes after recovery exp. 

from100ppm in nano(d)& bulk forms(e) and sticky anaphase with laggard chromosomes 

after100ppm in bulk form(f).  

 

  
 

Plate 2(a-c): show the induced alteration in physical nature of DNA (chromotoxicity) after 

treatment with ZnO: sticky metaphase after 50ppm in bulk form, and sticky anaphases 

with multi-bridges after 100ppm of bulk (b)&nanoform(c). 

a b c 

d e f 

a b c 
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Plate 3(a-f): Show the induced alteration in chromosomes integrity and structure 

(Clastogenecity) after treatment with ZnO: sticky metaphase with fragment and laggard 

after 100ppm in nano form(a), sticky anaphase with fragment& micronucleus in resting 

after 200ppm in nanoform (b), split prophase & fragment in metaphase after the recovery 

exp. From 100ppm in bulk form (c) and ring chromosomes in pro-metaphase after100ppm 

in bulk form (d) and disturbed metaphase with ring chromosome after recovery exp. from 

100ppm in bulk form (e), sticky metaphase with fragment after 50ppm in nanoform.(f). 

Recovery experiment emphasizes the irreversible damage on chromosome structure to reach 

20.28% after treatment with 200ppm. One the other hand the second class of aberration includes 

spindle disorder such as: pro-metaphase, clumped metaphases, disturbance and laggard chromosomes 

came on the front of other two classes induced higher percentages to reach 66.53% after the 100ppm 

(Table 4). 

The micro/macro nucleus induction refers to the defect in the cell mend system and to the 

structural damaged DNA. The absence of the micro/ macro nucleus in resting cells investigated after 

the treatment with lower concentration 50&100ppm and very slight percentage after 200ppm of zinc 

oxide in bulk form declared its safety on the genome constituents, yet the surprisingly scored micro/ 

macro nucleus after the recovery experiment argue this assumption.  

It is clear that, nano zinc oxide is more mutagenic factor as it induced a remarkable number of 

micro/macro nucleus to reach 0.23 & 0.15% after direct treatment with 100 &200ppm respectively. 

d 

b 

e 

c a 

f 
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Follow the micro/macro nucleus after the recovery experiment declares irreversible damage after 

treatment (Table 5 & Plate 4). 

Table (5): The mean percentage of interphase cells with micro/macro nuclei in Pisum sativum 

root-tip meristems after 3hours of direct treatment with bulk & Nano zinc (a) and 

after the 24 hr of recovery after treatment with bulk & Nano zinc (b). 

Treatment   

Number of scored interphase 

cells 

 

% of micro/ macro. nuclei  

Bulk Nano Bulk Nano 

(a) 3h Direct treatment 

50ppm 865.78 c 894.78 b 0.00 c 0.02 c 

100ppm 846.44 d 902.00 ab 0.00 c 0.23 a 

200ppm 846.44 d 913.78 a 0.01 c 0.15 b 

Control 862.22 c 0.00 c 

(b) 24h recovery after treatment 

50ppm 859.78 c 915.44 b 0.04 d 0.12 c 

100ppm 850.56 d 920.00 ab 0.03 d 0.24 a 

200ppm 847.67 d 927.33 a 0.05 d 0.18 b 

Control 863.78 c 0.00 e 

         Means followed by different letters point to significant differences between the treatments 

according to Tukey HSD test (p ≤ 0.05). 

Plate 4(a-c): Show the scored micro/ macro nucleus in resting cells after treatment with ZnO 

after 200ppm in bulk form (a), 100ppm in nanoform (b) and after the recovery exp. from 

200ppm in nanoform(c).  

 
 

 

a b c 
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Data analysis of the SDS-PAGE image was summarized in 0/1 (Table 6).  Eleven protein 

bands were recorded in the control plants (non-treated seedlings) ranged from 68 to 7 KD. The soil-

injection with the examined materials induced some variation in the Protein PAGE extracted from 

seedlings leaves by induction of 8 monomorphic bands recorded at molecular wt. 54, 35, 29, 23, 21, 

16, 9 and 7 KD in addition to three missing bands considered as negative markers at molecular wt. 

68,61, and 14KD. 

Soil injection around root with ZnO in bulk form affected the protein profile of the Pissum 

sativum only after the lowest used concentration 50ppm; the same concentration which scored the 

highest percentage of DNA stickiness. After the 50ppm concentration of bulk zinc oxide the total 

scored protein bands were 10 bands with one missing band at molecular weight 61 KD, while the 

higher used concentrations did not affect the protein profile (Table 6 and Figure 3). 

Treatment with the ZnO in nanoform seemed to be more serious as the two higher used 

concentrations 100 &200 ppm scored 10 bands for each with recorded missing bands at molecular 

weight 14 & 68 KD respectively (Table 6 and Figure 3). It is worth mentioning that; these two 

concentrations induced higher percentages of chromosomal aberration at DNA liquification class in 

addition to the induction of micro/ macro nucleus at interphase (resting cells). Missing bands from 

protein profile after treatment with ZnO-NPs was observed and recorded earlier by [55] and referred 

this result to the aroused DNA stickiness.   

Sever stickiness of DNA may prevent some genes expressing themselves into protein via the 

transcription -translation process; thus, may explain the missing of the protein band related to the 

genes. This deduction came in accordance with [61]. 

 In agree with Salama et al., [62] who referred the missing of the bands to the complete 

blocking of the correlated gene as kind of response to the treatment stress. 

Induction of micro /macro nucleus is considered as remarkable sign for the mutagenic effect 

of the treatment on the plant. The mutagenic effect also, shed its light on the protein profile and gene 

expression. [63, 64] pointed to the effect of nanoparticles on the plant cells and referred it to the 

easily penetration, absorption, translocation, and accumulation of very small sized nanoparticles in 

plant through cell wall to reach deep inside, and to modulate gene expression [65, 66]. 
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Table (6): The effect of treatment with zinc oxide in bulk and nano-sized forms on the Pisum 

sativum seedling’s- soluble protein electrophoresis in 0/1 analysis. 

 

 

 
Lane 1: Control.   

Lane 2-4: Zinc oxide in bulk form (50,100&200ppm).   

Lane 5-7: Zinc oxide in nanoform (50,100&200ppm). 

M: Molecular weight protein marker.  

Figure (3): SDS-PAGE total proteins of Pisum sativum seedlings grown under 

stress of around soil injected with different concentration of ZnO in bulk form 

and nanoform fertilizers. 

Row  

No. 

M.W 

KDa 

Cont. Bulk sized No Nano sized No Band 

description 50ppm 100ppm 200ppm 50ppm 100ppm 200ppm 

Lane 1 Lane 2 Lane 3 Lane 4 Lane 5 Lane 6 Lane 7 

1 68 1 1 1 1 1 1 0 -ve marker 

2 61 1 0 1 1 1 1 1 -ve marker 

3 54 1 1 1 1 1 1 1 monomorphic 

4 35 1 1 1 1 1 1 1 monomorphic 

5 29 1 1 1 1 1 1 1 monomorphic 

6 23 1 1 1 1 1 1 1 monomorphic 

7 21 1 1 1 1 1 1 1 monomorphic 

8 16 1 1 1 1 1 1 1 monomorphic 

9 14 1 1 1 1 1 0 1 -ve marker 

10 9 1 1 1 1 1 1 1 monomorphic 

11 7 1 1 1 1 1 1 1 monomorphic 

Total bands 11 10 11 11 11 10 10  

Difference  -1 0 0 0 -1 -1  
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IV. Conclusion:  

Application of nano zinc oxide fertilizers via soil injection around roots of pea plant showed 

concentration dependent reduction in all vegetative growth parameters, also the two higher 

concentrations showed a direct effect on mitotic apparatus, induced chromosome misleading, 

alteration in DNA physical nature, in addition to slight clastogenic effect which shed its light on the 

protein profile. Based on that, the nano-zinc particles can be used to enrich poor new reclaimed lands 

in very limited conditions (if necessary) only at the lower concentration level to avoid its mutagenic 

harm on plant as recommended alternative and to evade the risk of soil suffocation with  excess zinc 

oxide fertilizer in the bulk form. 
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 العربي لملخصا

الدراسات المورفولوجية والخلوية والكيميائية الحيوية على تأثير أكسيد الزنك في الصورة السائبة      

 مقابل الصورة المحضرة نانوياً كأسمدة على نبات البسلة 

 ,4 محمد عبد الوهاب محمود ,3 عماد عبد الحميد عبد الدايم ,2 رانية توفيق علي ,۱نهله عثمان احسان, ,*۱صفاء محمد صالح

 .۱ثريا رشاد محمد

 مصر.  -القاهرة  -جامعه عين شمس -كلية البنات للأداب والعلوم والتربية  -قسم النبات  ۱
 مصر. -الدقي  -المركز القومي للبحوث -قسم الوراثة والخلية  ٢
 مصر. -الجيزة  -جامعه القاهرة  -الزراعة كلية  -قسم الخضر  3
 مصر. -الجيزة  -جامعه القاهرة -كلية الزراعة  -قسم الفسيولوجي  4

 :الملخص العربي

الزراعة؛      عملية  في  جداً  ضرورياً  الزنك  يعملعنصر  النبات   حيث  نمو  تحسين  على  الزنك  بعنصر  النباتات  إمداد 

المقدمة لاستخدامها  الجديدة  النانوية  الزنك  تقييم ومراجعة مستحضرات  يجب  الضغوط.  بشكل طبيعي وتحت  وأدائه  وتطوره 

الزراعة.   في  ايجابية الطرقبأمان  قياسية  كعينة  الطبيعية  السائبة  في صورته  الزنك  أكسيد  سماد  استخدام  تم  العمل  هذا  في   :

جزء في المليون(    ٢00،  ۱00،  50صورة المحضرة بتقنية النانو وبتركيزات مختلفة )ال لتصور الدراسة على أكسيد الزنك في  

. تناولت الدراسة بعض الصفات المظهرية )السمات المورفولوجية( والمحتوى البروتيني الكلي الذائب للشتلة البسلةعلى نبات  

بعد حقن التربة حول الجذر، بالإضافة إلى الدراسات الوراثية الخلوية على نظام الانقسام الميتوزي بعد المعاملة المباشرة لمدة  

أكدت الدراسة الخطورة الكبيرة لاستخدام الأشكال النانوية على جميع   النتائج:ساعة.    ٢4ساعات وبعد تجربة الاستشفاء لمدة    3

القياسية السلبية والايجابية حيث أدي ذلك إلى انخفاض في   العوامل المدروسة على مستوى التركيزين الأعلى بالمقارنة العينة 

جميع المعايير المورفولوجية وعلى مستوى المعايير الوراثية الخلوية، فقد اظهرت تأثيرها السام على المكون الطبيعي للحمض 

النووي وتأثيرها المسبب للطفرات عن طريق تكوين النواة الصغيرة / الكبيرة في الخلايا الساكنة )المهيئة لدخول الانقسام(.  كما  

التعبير الجيني من خلال اختفاء بعض حزم البروتين من   يمكن استخدام تركيز اقل من    :جالاستنتا  الصورة.اثرت ايضا على 

جزيئات اكسيد الزنك النانونية لتخصيب الأراضي المستصلحة الجديدة الفقيرة في ظروف محدودة جداً )إذا لزم الأمر( لتجنب  

 اختناق التربة بسماد أكسيد الزنك الزائد في الشكل السائب. التأثير المطفر على النبات كبديل موصى به ولتجنب مخاطر

 ملف البروتين -الانقسام الميتوزي  -نموالنبات  -جزيئات اكسيد الزنك النانونية  -نبات البسلة  الكلمات الدالة:

 

 


