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Abstract 
   Present study has comparatively investigated the effect of zinc oxide nanoparticles (ZnO NPs), ZnO 

bulk particles (BPs), and relevant metal ions (Zn2+) on the tissue culture of rapeseed (Brassica napus L.) 

to properly evaluate the impact of ZnO NPs on callus induction. For finding the best hormonal 

combination for inducing callus, hypocotyl explants were cultured on Murashige and Skoog (MS) media 

containing different combinations of plant growth regulators. After that, hypocotyl explants were 

cultured in MS media containing the best hormonal combination, supplemented with four different 

concentrations (10, 25, 50, 100 mg L-1) of ZnO NPs, ZnO BPs, or equivalent concentrations of Zn2+. 

Results showed that 10 mg L-1 ZnO NPs can induce callus and shoot regeneration, while the same 

concentrations of other treatments cannot. Callus growth was significantly retarded by 25, 50 and 100 

mg L-1 of all three types of treatment in a dose-dependent manner. Under highest concentration of ZnO 

NPs, callus was not induced. It can be concluded that optimum concentration of ZnO NPs can be 

beneficial for inducing callus and/or shoot regeneration in the plant tissue culture.  
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1. INRODUCTION 

   Main characteristic features of 

nanoparticles (NPs), the building blocks of 

nanotechnology, are high surface/volume 

ratio and high reactivity. These features 

differentiate NPs from bulk materials [1]. 

The critical size of the particles to show 

these unique features are smaller than 100 

nm [2], the size that limits NPs definition. 

Zinc oxide (ZnO) NPs are among the most 

applicable NPs in many fields, such as 

consumer products [3, 4].  

   The effects of NPs on different features 

of plants are depended on NPs type, 

organism species, exposure period, and 

NPs dose. There are some studies that have 

reported ZnO NPs can be beneficial for 

seed germination or other aspects of plant 

growth [5]. In contrast, most studies, 

mainly used high concentrations of ZnO 

NPs, have reported their phytotoxixity [4, 

6-17). However, Mousavi Kouhi et al. [18- 

20] have comparatively investigated the 

effects of ZnO NPs, their BPs, and Zn2+ on 

rapeseed and concluded that phytoxicity of 

NPs is not more than that of BPs or Zn2+. 

In recent years, nanotechnology has had 

novel applications in plant biotechnology 

and agriculture [1, 21]. However, 

investigation of the effects of NPs on plant 

tissue culture is scarce. Some studies in 

this field have reported that nanoparticles 

can be synthesized by plant callus [22-25]. 

Others have used NPs in plant in vitro 

propagation for biological decontamination 

[26-29]. 

   However, present study has 

comparatively investigated the effect of 

different concentrations of ZnO NPs, ZnO 

BPs, and Zn2+ on tissue culture of rapeseed 

(Brassica napus L.), aiming to find the 

potential role of ZnO NPs, having unique 

features, in inducing or inhibiting callus 

and/or shoot regeneration. Moreover, our 

comparative study allows to distinguish 

NPs-specific or substance dependence of 

ZnO NPs. 
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2. MATERIALS AND METHODS 

2.1. ZnO NPs and ZnO BPs 

   ZnO NPs powder with a size lower than 

50 nm, and ZnO BPs were purchased from 

Sigma-Aldrich Corporation. Particle size 

and morphology of ZnO NPs were 

characterized by transmission electron 

microscopy (TEM, Model 912 AB, LEO, 

UK). Hydrodynamic diameters of ZnO 

NPs and BPs were analyzed by dynamic 

light scattering (DLS) that is described in 

our previous work [18]. 

 

2.2. Seedlings Growth Condition 

Seeds of B. napus, cultivar Hayola 401 

were firstly surface sterilized with 70% 

(v/v) ethanol (1 min) and then with 5.5% 

(v/v) sodium hypochlorite (10 min). Seeds 

were then rinsed three times with sterile 

deionized water and placed in jars (10 

seeds per jar) containing 50% Murashige 

and Skoog (MS) [30] medium 

supplemented with 1% sucrose, without 

growth regulators and vitamins, and 

solidified with 0.8% agar. Jars were 

maintained at 24 ± 2 °C with 16/8 h 

photoperiod under fluorescent tube lights 

for one week. Hypocotyls of sterile 

seedlings were then used as a source of 

explants for additional studies.  

 

2.3. Finding the Best Hormonal 

Combination for Callugenesis 

For finding the best hormonal 

combination for inducing callus, hypocotyl 

segments (0.5-1 cm) were cultured in the 

jars containing MS media (3% sucrose, 

0.8% agar, pH 5.8) with different 

combinations of plant growth regulators 

(Table), at 24 ± 2 °C with 16/8 h photo-

period. 

 After six weeks, Fresh (FWC) and Dry 

weight of calli (DWC) were determined 

and callugenesis percentage (CP) [(number 

of explants containing callus/total number 

of explants) × 100] was calculated. Finally, 

the best hormonal combination for 

callugenesis was selected after data 

analyzing. 

 

Table 1. Different combinations of plant 

growth regulators for inducing callus 

abbreviated for addressing in text. 2,4-D: 

2,4-dichlorophenoxyacetic acid;  BA: 

Benzyladenine; NAA: Naphthaleneacetic 

acid. 

 

2.4. Investigation of the Callus Induction 

under Treatments 

Four concentrations of ZnO NPs and 

ZnO BPs (10, 25, 50, 100 mg L-1) were 

prepared by MS medium containing the 

best hormonal combination for inducing 

callus, 3% sucrose, 0.8% agar, and pH 5.8. 

Before solidifying agar, ZnO NPs and ZnO 

BPs suspensions were dispersed by an 

ultrasonic bath (Branson Ultrasonic Bath -

Model 8510) for 45 min. Four 

concentrations of Zn2+ at equivalent molar 

concentrations i. e., 8, 20.1, 40.2, 80.3 mg 

L-1, were also prepared by the same 

medium after dissolving calculated 

amounts of ZnSO4.7H2O. Hypocotyl 

segments (0.5-1 cm) were then cultured in 

the jars containing those media, maintained 

at 24 ± 2 °C with 16/8 h photoperiod. After 

six weeks, FWC, DWC and CP were 

determined, and the following traits were 

also calculated: 

Relative water content (RWC) of callus 

= [(FWC – DWC) / FWC] × 100 

Shoot regeneration percentage (SRP) = 

[number of regenerated explants/total 

number of explants] × 100 

 

Although hormonal combination was 

not optimized for shoot regeneration, 

Hormonal combination Abbreviation 

Without  plant growth regulators C (Control) 

1 mg L-1 2,4-D 1 D 

2 mg L-1 2,4-D 2 D 

1 mg L-1 2,4-D + 1 mg L-1 Kinetin D, K 

1 mg L-1 NAA + 1 mg L-1 Kinetin N, K 

1 mg L-1 2,4-D + 1 mg L-1 BA D, B 

1 mg L-1 NAA + 1 mg L-1 BA N, B 

1 mg L-1 BA 1 B 

2 mg L-1 BA 2 B 

1 mg L-1 NAA + 2 mg L-1 BA 1 N, 2 B 

1 mg L-1 NAA + 3 mg L-1 BA 1 N, 3 B 

1 mg L-1 NAA + 4 mg L-1 BA 1 N, 4 B 
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however, since shoot regeneration was 

observed under some treatments after six 

weeks, SRP was also calculated. 

 

2.5. Statistical Analysis 

Each experiment had four independent 

replicates. Experiments were arranged in a 

completely randomized design. A one-way 

ANOVA test followed by Duncan’s 

multiple range test using direct, arcsin-

transformed, or square root transformed 

data was performed with MSTAT-C 

software (p ≤ 0.05). 

 

3. RESULTS AND DISCUSSION 

After analyzing CP (Figure 1a), FWC 

(Figure 1b) and DWC (Figure 1c) of the 

calli induced by different combinations of 

plant growth regulators, it was found that 

the medium containing 1 N, 2 B was the 

best one for callus induction. Thus, it was 

selected for investigating comparative 

effects of ZnO NPs, ZnO BPs and Zn2+ on 

callus induction. Other combinations of N, 

B also induced a high degree of callus 

induction with a high FWC and DWC 

(Figure 1 and 2) so that some of their calli 

showed shoot regeneration (Figure 2). 

However, the results showed that a 1:1 

ratio of N, B was not efficient for 

induction of large calli, compared with 

their other combinations. In contrast, 

Akasaka-Kennedy and Yoshida [31] have 

used 1:1 ratio of N, B for callus induction 

of leaf explants of B. napus. 

 

 

 
Figure 1. Effect of different hormonal combinations on callugenesis percentage (a), Fresh (b) 

and Dry (c) weight of callus. Bars with asterisk indicate statistical difference at p ≤ 0.05. 
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Figure 2. Effect of different hormonal combinations on hypocotyl culture of B. napus 

seedlings after six weeks. This figure is a representative image for Figure 1. 

 

In some species [29, 32] including some 

rapeseed cultivars [33, 34] it has been 

reported that 2, 4-D or its combination 

with other growth regulators can be the 

best growth regulator for inducing callus. 

However, in the present study, FWC and 

DWC of the calli induced by 2, 4-D or by 

its combination with other growth 

regulators were not remarkable, although 

was significant in some cases compared 

with control. 
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Figure 3 shows TEM image from ZnO 

NPs, verifying the size reported by the 

manufacturer (<50 nm). As shown, 

Morphology of ZnO NPs is cube and rod 

shaped.  

 

Figure 3.  TEM image of ZnO NPs. 

Results showed that low concentration (10 

mg L-1) of ZnO NPs, ZnO BPs or Zn2+ did 

not significantly affect the CP (Figure 4a). 

However, both FWC and DWC were 

significantly increased under 10 mg L-1 

ZnO NPs, while it decreased under the 

same concentration of ZnO BPs (Figure 4 

b, c). Zn2+ in the same concentration did 

not significantly affect the same traits. All 

other concentrations (25, 50, and 100 mg 

L-1) of ZnO NPs, ZnO BPs or Zn2+ 

significantly decreased CP, FWC, and 

DWC in a dose-dependent manner (Figure 

4a-c), where under 100 mg L-1 ZnO NPs no 

callugenesis was observed. 

 

Figure 4. Effect of ZnO NPs, ZnO BPs, or Zn2+ on callugenesis percentage (a), Fresh (b) and 

Dry (c) weight of callus, and RWC (d). Numbers in the bracket indicate equivalent Zn2+ 

concentrations. Bars with different letters indicate significant difference at p ≤ 0.05.

   Results also showed that neither of 

treatments did not significantly affected 

RWC (Figure 4 d). Surprisingly, while the 

MS media contained a hormonal combin-

ation optimized for callugenesis, those 

supplemented with 10 mg L-1 ZnO NPs 
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showed a significant SRP. Such 

regeneration was not induced by other 

types of treatments (Figure 5). 

 

 
 

Figure 5. Effect of 10 (a-c), 25 (d-f), 50 (g-i), and 100 mg L-1 (j-l) of Zn2+ (a, d, g, j), ZnO BPs 

(b, e, h, k), or ZnO NPs (c, f, i, l) on hypocotyl culture of B. napus seedlings after six weeks. 

Control group is shown in Figure 2. Arrowheads indicate shoot regeneration. 

 

Few studies have investigated the effect 

of NPs on plant tissue culture, mainly 

focused on their benefit in microorganisms 

decontaminating. For instance, Mandeh et 

al. [26] studied the effect of TiO2 NPs on 

Hordeum vulgare tissue culture. They 



International Journal of Nanoscience and Nanotechnology                    139 

found that 60 mg L-1 TiO2 NPs could 

increase callugenesis and the size of calli, 

and also reduced bacterial and fungal 

contamination. In another study, Helaly et 

al. [29] reported the effect of 50, 100, and 

200 mg L-1 Zn NPs and ZnO particles on 

biological contamination and organogenic 

regeneration of banana in vitro cultures. 

They obtained the contamination-free 

cultures of banana in MS media sup-

lemented with the same NPs, with no 

negative effect on regeneration. They also 

reported that callus growth decreased with 

increasing the nanoparticles dose. Mahna 

et al. [27] used Ag NPs as an antimicrobial 

agent for decontamination of explants, 

before transferring onto the MS medium. 

They also reported that preexposure of 

seeds, leaf, and cotyledon explants to NPs 

had no effect on the explants viability. 

Although investigation of the effects of 

metal NPs on plant tissue culture is scarce, 

the effect of metals and their various salts 

on tissue culture have been widely 

investigated [35, 30]. For instance, the role 

of zinc in the growth of plant tissue 

cultures has been reported many years ago 

[36]. In a study, the effect of three metal 

compounds including ZnSO4, NiSO4, and 

CuSO4 was studied on the growth of 

secondary callus tissue of Nicotiana 

tabacum L. and Ruta graveolens L. and the 

result showed that the fresh weight of the 

callus tissue was decreased by the metal 

compounds in both plant species [37]. 

Induction of zinc tolerance in the calli of 

Setaria italica L. and regeneration of zinc 

tolerant calli were investigated by 

Samantaray et al. [38]. 

Study on the Effect of different 

concentrations of copper on tissue culture 

of Acer pseudoplatanus L. showed that 

callus growth was significantly reduced at 

10 mg l−1, with necrosis occurring at 20 

mg L−1 [39]. In another study, it has been 

reported that addition of AgNO3 to callus 

induction medium was significantly effect-

tive for shoot regeneration from leaves of 

rapeseed [31]. Ma et al. [40] were 

investigated the effects of rare earth 

elements including lanthanum nitrate 

(La3+) and cerium nitrate (Ce4+), on callus 

growth and shoot differentiation of 

Echinacea angustifolia. Their results 

showed that Low concentrations of La3+ 

and Ce4+ (0.01, 0.1 and 1 mgL-1) can 

increase callus growth while their high 

concentration (10 and 100 mgL-1) had a 

suppressive effect on its growth.  

In the present study, NPs in low 

concentration had an inductive effect on 

the callus growth and subsequently shoot 

regeneration. Authors speculate that NPs 

having small size and unique features [41], 

compared with BPs, can enter the explants, 

and thus affect some genetic reprog-

ramming features. However, due to the 

different mechanisms such as generation of 

ROS and oxidative stress [42], NPs in 

higher concentration may act as a 

genotoxic and cytotoxic agent. Kumari et 

al. [3] investigated cytogenetic and 

genotoxic effects of 25-100 mgL-1 ZnO 

NPs on root cells of Allium cepa, and 

reported their effects on mitotic index, 

micronuclei index, chromosomal 

aberration index, and lipid peroxidation. 

They concluded that cytogenetic and 

genotoxic effects of ZnO NPs were due 

more to their nano size than to ions 

dissolution or bulk size forms. 

  

4. CONCLUSION  

It can be concluded that optimum 

concentration of ZnO NPs can be 

beneficial for inducing callus and/or shoot 

regeneration in the plant tissue culture. 

Since inductive and inhibitory effects of 

ZnO NPs were more than those of ZnO 

BPs and Zn2+, these effects may be due to 

the NPs entrance into the explants tissues 

and their effects on different components 

of cells, including genetic material and 

program, rather than due to their ion 

dissolution or their physical interaction on 

explants surface. 
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