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ABSTRACT 

Silver nanoparticles (AgNPs) are one of the foremost commonly utilized nanomaterials in various 
areas, particularly within the agricultural part. Plants are the essential component of the environment 
and the foremost imperative source of diet for mankind; hence, understanding the impacts of AgNPs on 
plant development and advancement is significant for the assessment of potential natural dangers on 
diet security and human wellbeing forced by AgNPs. The present study investigated the potential 
phytotoxicity of silver nanoparticles (AgNPs) on Banana (Musa acuminate cv. "Grand Nain") and 
compared it with the impacts of the same silver ions concentrations under in vitro conditions. The 
explants were cultured in MS medium containing various concentrations of AgNPs or AgNO3 (0, 1, 5, 
10, 50, 100, and 200 mg l-1). The results appeared that lesser concentrations of both AgNPs and AgNO3 
had an invigorating impact on the growth of the plantlets as well as pigments content, whereas the 
greater concentrations initiated an inhibitory effect. A notable increment in proline, H2O2 content in 
addition to total phenolic and enzymes associated with the biosynthesizing and degrading phenolic 
(PAL and PPO) was detected with an increment within the concentration of both AgNPs and AgNO3. 
Activities of SOD, CAT and POD increased significantly in treated banana plantlets demonstrated that 
these enzymes were initiated after AgNPs or AgNO3 exposure and abetted to scavenge the ROS. All of 
these outcomes demonstrate that the Nano form of silver is less toxic than silver ions. 
  
Keywords: AgNPs, AgNO3, Musa acuminate, Plant growth, Proline, Phenolic Enzyme activity.   

 
Introduction 

For a long time, nanotechnology has consistently patently entered different regions of life that 
involve fabricating, medical and symptomatic applications (Tong et al., 2014; Biffi et al., 2015; Hu et 
al., 2015). The nanoscale size, structure and surface characteristics of nanoparticles (NPs) provide them 
novel physical and chemical properties which are distinctive from bulk material (Stampoulis et al., 
2009). It is considered to be particles of size lesser than 100 nm. Lately, NPs have fascinated plentiful 
attention for their potential employments in plant development advancement, controlled discharge of 
agrochemicals and crop protection (Khot et al., 2012; Nair and Chung, 2015). 

Silver nanoparticles (AgNPs), which have antimicrobial properties, are a standout among the 
foremost regularly utilized NPs within the plant (Chen and Schluesener, 2008). The positive or negative 
impacts of AgNPs on plants depend upon the size, shape, surface coating, period of exposure, plant 
species and developmental stage (Remédios et al., 2012). However, it has appeared that as the sum of 
AgNPs rises in plants, there's a decrement in root length and biomass, which shows heightened in 
harmfulness (Yin et al., 2011). Lin and Xing (2007) too appeared that nanomaterial interaction with 
plant had variable impact on root initiation and development and it depends upon the properties and 
concentration of NPs, and types of the plant. 

It has been shown that both silver and AgNPs can activate the abiotic creation of reactive oxygen 
species (ROS) (Miao et al., 2009). ROS created in excess under stress conditions can respond with 
proteins, lipids and DNA molecules, subsequent a number of metabolic disorders, destruction of cell 
membranes and in result cell death (Miller et al., 2010; Lushchak, 2011). To relieve and repair the harm 
caused by ROS, plants have created a complex antioxidant system. Amino acids and polyamines, as a 
common antioxidant take portion in numerous metabolic processes and are included within the defense 
against abiotic stresses (Hall, 2002; Kocsy et al., 2011). Proline, one of the vital amino acids, considered 
as a pointer of environmental stress, has vital defensive parts. Alia and Saradhi (1991) detailed that 
heavy metals stress leads to proline cumulating. The free radical generation is one of the early responses 
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of plants to stress, which can completely disturb normal metabolism through oxidative harm of cellular 
components. To overcome oxidative stress, plants can actuate a sequence of detoxification response 
catalyzed by antioxidative enzymes, including superoxide dismutase (SOD), catalase (CAT), and 
peroxidase (POD) (Zhang et al., 2005). The harmfulness of the nanoparticles may be related with the 
probable discharge of toxicants from their surface, such as metal ions or remains after synthesis 
(Franklin et al., 2007; Navarro et al., 2008). 

Nanotoxicity studies in plants have commonly intensive on intense impacts (Kumari et al., 2012; 
Sabo-Attwood et al., 2012). Such studies can simply assess direct nanotoxicity impacts without any 
vision into chronic impact, which can anticipate having a diverse conclusion result. Very few studies 
have taken place to evaluate the toxicity of nanoparticles in tissue cultured plants under in vitro 
conditions which have the potentials to evaluate the long term impacts. Plant tissue culture framework 
gives a perfect environment to think about the impact of AgNPs on plants. This can be since; the sterile 
environment and the chemically characterized culture medium avoid most of the unessential 
components which seem to impact nanoparticle interaction with plants. So the current consider was 
carried out to assess the application of silver nanoparticles and the same mass of silver ions on the 
growth of banana explant, study the toxicity impacts of AgNPs and antioxidative defense mechanisms 
to gain insights into the action of AgNPs on banana (Musa spp.) under in vitro conditions. 

 
Materials and Methods 
 
Synthesis and characterization of silver nanoparticles 

Silver nanoparticles were synthesized by chemical process as defined by Bryaskova et al. (2011). 
Five grams of PVP was melted in 250-ml deionized water under blending at room temperature. 
Different sum of silver nitrate (0.025, 0.05, and 0.1 g) dissolved in 0.5 ml (water) was added dropwise 
under blending to 20 ml of PVP (2%). As a reduction agent, NaBH4 was utilized. The freshly prepared 
aqueous solution of NaBH4 (5 ml) in various concentrations was added gently under vital stirring to the 
solution. The samples were blended for 1 h under stirring hence driving to formation of silver 
nanoparticles. The morphological structures of synthesized AgNPs were visualized employing a 
transmission electron microscope (JEM 100 CXII). The stock suspension was made by dissolving nano-
powder in double distilled water, followed by sonication for 10 min. in a water bath sonicator, and all 
dilutions were freshly set before utilize. 
 

 
 

Fig. 1: Representative TEM image of AgNPs synthesized by PVP. 
 
Plant materials and treatments  

Banana (Musa acuminate cv. "Grand Nain") meristem cultures were collected from Horticulture 
Research Institute ARC, Giza, Egypt. In the laboratory of Fruit Crops Department, Faculty of 
Agriculture, Assiut University, Single shoot tip explants were subcultured on MS (Murashige and 
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Skoog, 1962) basal medium without any plant growth regulators, 30 g l-1 sucrose and 2.5 g l-1 Gilrite. 
The pH of the media was adjusted to 5.7 utilizing 1 M NaOH or HCl and autoclaved at 121 ºC for 20 
min. Consistently explants (1 cm long) were taken from 4 weeks old in vitro explants and transferred 
on MS medium containing 0, 1, 5, 10, 50, 100 and 200 mg l-1 silver nanoparticles (AgNPs) 30-50 nm. 
Comparative concentrations were utilized for silver nitrate (AgNO3). Plants were developed in culture 
room at 25 ± 1 oC with 16 h photoperiod under 2500 lux light inferred from normal white fluorescent 
lamps. All experiments were carried out with five replications. After 4 weeks, a number of roots/explant, 
root length and fresh weight (FW) of plantlets were measured at that point; the plantlets were oven-
dried at 70 ºC for 48 h in order to decide the dry weight (DW). For the advance investigation, the 
samples were collected and directly frozen in liquid nitrogen and kept at -80 ºC. 

 
Photosynthetic pigment measurement 

The pigment fractions (chlorophyll a, chlorophyll b and carotenoid) were assessed in 95% ethanol 
extractions at 60oC taking after the spectrophotometric method (Unico UV-2100 spectrophotometer) at 
663, 644 and 452 nm according to the strategy of Lichtenthaler (1987). 

 
Proline content 

Proline concentration was decided utilizing the acid–ninhydrin strategy (Bates et al. 1973). 
Absorbance was decided spectrophotometrically at 520 nm (Unico UV-2100 spectrophotometer) 
utilizing toluene as a blank. 

 
Phenolic compounds 

The total content of phenolic compounds was tested by Folin–Ciocalteu’s phenol reagent 
technique (Kofalvi and Nassuth, 1995). The total content of phenolic compounds was calculated from 
a calibration curve prepared with gallic acid and calculated as µg g−1 FW. 

 
H2O2 content 

Shoot samples were extracted with cold acetone and the intensity of yellow color of supernatant 
was measured at 415 nm (Mukherjee and Choudhuri, 1983). The concentration of H2O2 was calculated 
from a standard curve plotted with a known concentration of H2O2 and stated as mg/g fresh weight. 

 
Preparation of enzyme extracts and assay of enzyme activates 

About, 0.5 g of leaves tissues were homogenized in 5 ml of 100 mM potassium phosphate buffer 
(pH 7.8) including 0.1 mM ethylenediaminetetraacetic acid (EDTA) and 0.1 g polyvinylpyrrolidone 
(PVP). The homogenate was centrifuged at 18,000 rpm for 10 min. at 4 oC and the supernatants used 
for enzyme assays. All enzyme activities were made at 20 oC using a Unico UV-2100 
spectrophotometer. The specific activity was expressed as units/mg protein. Protein evaluation was 
done by the strategy of Lowry et al. (1951) using bovine serum albumin (BSA) as a standard curve.  

The action of phenylalanine ammonia-lyase, phenols biosynthesizing enzyme, [PAL; EC 4.3.1.5] 
was evaluated according to Havir and Henson (1968). Absorbance was decided spectrophotometrically 
at 290 nm. Polyphenol oxidase activity, phenols demeaning enzyme, [PPO; EC 1.14.18.1] was 
measured according to Kumar and Khan (1982). The absorbance of the purpurogallin shaped was read 
at 495 nm. Total superoxide dismutase action [SOD; EC 1.15.1.1] was analyzed by following the 
autoxidation of epinephrine (adenochrome) as defined by Misra and Fridovich (1972). Autoxidation of 
epinephrine was determined calorimetrically at 480 nm for 1 min. Catalase [CAT; EC 1.11.1.6] was 
done spectrophotometrically at 240 nm by determining the kinetics of H2O2 decay (Aebi, 1984). 
Peroxidase activity [POD; EC 1.11.1.7] was measured spectrophotometrically at 470 nm following the 
method of Tatiana et al. (1999). 

 
Statistical Analysis 

One-way ANOVA test was performed and taken after by Tukey’s test multiple comparisons 
performed the use of the statistical package SPSS version 22.0 (SPSS, Chicago, IL). 
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Results 
 
Growth parameters 

The results appeared that sequencing in augmented AgNPs or AgNO3 concentrations initiated an 
inhibitory impact on the fresh and dry weight of banana plantlets (Fig. 2 A & B). The maximum 
reduction in FW was found to be 55.46% at 200 mg l-1 AgNPs, as compared to control. At low 
concentrations (1 and 5 mg l-1) appeared a significant increment in FW with an increase of 16.46 and 
21.47%, respectively over the control (Fig. 2A). As respect for AgNO3, low concentrations (1 and 5 mg 
l-1) presented a non-significant difference within the FW compared to the control. With increasing 
AgNO3 concentrations (10-200 mg l-1) a significant diminish within the FW was observed in the treated 
plantlets. In addition, the result indicated a significant effect in DW of banana plantlets at low 
concentration of AgNPs (1 and 5 mg l-1) whereas a non-significant effect was detected at the same 
concentrations of AgNO3 relative to control (Fig. 2B). Generally, the observed results demonstrate that 
AgNO3 caused more harmful impact on fresh and dry weight of plantlets than the AgNPs. 

 

  

Fig. 2: (A) Fresh weight and (B) Dry weight of Banana (Musa acuminate cv. "Grand Nain") under the influence 
of different concentrations of silver nanoparticles (AgNPs) and silver nitrate (AgNO3). The data are 
means + SD (n = 5). Different letters, small for AgNPs and capital for AgNO3 treatments, indicate 
statistically significant differences (P < 0.05). 

 
Significant diminishes within the root number were observed at AgNPs concentrations, 

particularly at 10, 50, 100 and 200 mg l-1, which led to 5.8, 4.6, 4.6 and 4.0, respectively (Fig. 3A). On 
the other hand, treatment of banana plantlets with the low concentrations (1 and 5 mg l-1) of AgNPs 
showed an increment within the number of roots (9.2 and 8), respectively in comparison to the control. 
As respect for AgNO3, concentrations (1-50 mg l-1) showed a non-significant increment within the 
number of roots/plantlet. With increasing AgNO3 concentrations 100 and 200 mg l-1 a significant 
reduction in the number of roots/plantlet was observed. 

Moreover, the results displayed that the increment within the concentrations AgNPs treated by 
banana plantlet had different variants in root lengths (Fig. 3B). It was observed that with the increment 
in AgNPs or AgNO3 concentrations, root lengths also increase. Nevertheless, after a certain 
concentration (200 mg l-1) of AgNO3 the root length was found to decline. Treatments with 10 and 50 
mg l-1 of AgNO3 illustrated a higher increment in root length, as compared to AgNPs. The most elevated 
increment in the root length was observed to be 89.29 and 178.57% within plantlet exposed to 50 mg l-

1 of AgNPs and AgNO3, respectively.  
 
Photosynthetic pigments  

The contents of Chl-a+b and carotenoids displayed a diminishing trend with the increment of 
AgNPs or AgNO3 concentrations while the impact of AgNPs at respective concentrations was lesser as 
compared to AgNO3 (Fig.  4A & B). Though, it was clear that the percentage diminishment for 
carotenoids was lesser than chlorophylls. The most elevated contents of Chl-a+b were achieved when 
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the explants were treated with a concentration of 1 mg l-1 for either AgNPs or AgNO3 by an increment 
of 34.96 and 55.28%, respectively over the control (Fig. 4A), whereas the lowest levels of Chl-a+b were 
recorded at the highest concentration (200 mg l-1). In addition, treated banana explants with low 
concentrations (1 and 5 mg l-1) of AgNPs and AgNO3 resulted in an increment within the carotenoids 
level relative to the control. AgNPs and AgNO3 at 10 mg l-1 had no significant reduction in the 
carotenoids of the explant. It is worth to say that treatments the banana explant with AgNPs appeared a 
higher diminishment in the contents of Chl-a+b and carotenoids compared to AgNO3. 

 

  

Fig. 3: (A) Number of roots/ plantlet and (B) Root length of Banana (Musa acuminate cv. "Grand Nain") under 
the influence of different concentrations of silver nanoparticles (AgNPs) and silver nitrate (AgNO3). The data 
are means + SD (n = 5). Different letters, small for AgNPs and capital for AgNO3 treatments, indicate 
statistically significant differences (P < 0.05). 

 

  

Fig. 4: (A) Chlorophyll a+b and (B) Carotenoids of Banana (Musa acuminate cv. "Grand Nain") under the 
influence of different concentrations of silver nanoparticles (AgNPs) and silver nitrate (AgNO3). The 
data are means + SD (n = 5). Different letters, small for AgNPs and capital for AgNO3 treatments, 
indicate statistically significant differences (P < 0.05). 

 
Free proline accumulation 

A gradual increment in AgNPs concentrations caused a significant increment in the accumulation 
of proline in banana explant (Fig. 5). The most prominent increment in proline content has occurred in 
medium containing 200 mg l-1 of AgNPs or AgNO3. The proline accumulation at 200 mg l-1 of AgNPs 
and AgNO3 increased by 53.60 and 62.08%, respectively compared to control. In comparison with 
control, the reduction in the proline content (11.65 and 15.89%) was observed within the explant 
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exposed to 1 mg l-1 of AgNPs or AgNO3, respectively. Besides, the results showed that the low 
concentrations of AgNO3 (1 and 5 mg l-1) had no significant difference in proline content in the banana 
explant. 

 

 
Fig. 5: The proline content of Banana (Musa acuminate cv. "Grand Nain") under the influence of different 

concentrations of silver nanoparticles (AgNPs) and silver nitrate (AgNO3). The data are means + SD 
(n = 5). Different letters, small for AgNPs and capital for AgNO3 treatments, indicate statistically 
significant differences (P < 0.05). 

 
Total phenolic compounds 

The results showed up in (Fig. 6) illustrated that the AgNPs or AgNO3 treatments resulted in a 
significant stimulatory effect on the synthesis of total phenolic compounds at all concentrations 
contrasted with untreated explants. The most elevated increment in total phenolic compounds was 
observed to be 279.58% in the explant exposed to 200 mg l-1 of AgNPs, as compared to that of AgNO3 

(269.76%), over the control. The most negligible increment in total phenolic compounds (48.01 and 
107.96%) was significantly observed in banana explant exposed to 1 mg l-1 AgNPs and AgNO3, 
respectively. 

 

 

Fig. 6: The total phenolic compounds of Banana (Musa acuminate cv. "Grand Nain") under the influence of 
different concentrations of silver nanoparticles (AgNPs) and silver nitrate (AgNO3). The data are means 
+ SD (n = 5). Different letters, small for AgNPs and capital for AgNO3 treatments, indicate statistically 
significant differences (P < 0.05). 
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Hydrogen peroxide  
Hydrogen peroxide, as a ROS, is commonly created in various biological systems and has been 

considered as a vital sign molecule that mediates several physiological and biochemical processes 
within the plant. The results confirmed that H2O2 of banana plantlet augmented gradually with the 
increasing of AgNPs or AgNO3 level (Fig. 7). Moreover, AgNO3 enhanced accumulation of hydrogen 
peroxide in banana more than AgNPs. Both AgNPs and AgNO3 treatments improved the H2O2 content 
in banana plantlet by 18.73 and 41.70% at 1 mg l-1 concentration, respectively, over the control. A 
further increment in H2O2 content was observed with increasing AgNPs and AgNO3 concentration in 
the highest treatment (200 mg l-1) relative to the control. The data demonstrates that the harming impact 
of AgNO3 was more than AgNPs. 

 

 

Fig. 7: The H2O2 content of Banana (Musa acuminate cv. "Grand Nain") under the influence of different 
concentrations of silver nanoparticles (AgNPs) and silver nitrate (AgNO3). The data are means + 
SD (n = 5). Different letters, small for AgNPs and capital for AgNO3 treatments, indicate 
statistically significant differences (P < 0.05). 

 
Enzyme Activities 

The activity of PAL was measured to investigate whether AgNPs or AgNO3 treatments 
influenced the synthesis of phenolic compounds in banana explants under in vitro condition. As shown 
in Table-1, AgNPs had a similar impact in PAL activity; with lower concentrations (1 and 5 mg l-1) 
exhibited similar values as the control, whereas higher concentrations (100 and 200 mg l-1) considerably 
augmented the PAL activity. All the concentrations of AgNO3 (1-200 mg l-1) significantly increase PAL 
activity compared to the control as well as to the corresponding AgNPs concentrations. 

The PPO activity was determined in banana explants to assess the degree of oxidation of 
phenolic compounds resulted from AgNPs or AgNO3 treatments. The data in Table-1 showed that no 
significant change in PPO activity was measured after exposure to AgNPs at 1 mg l-1 concentration, 
however, enhance was found by 76.79 and 125% of the control when exposed to 5 and 10 mg l-1, 
respectively. In addition, AgNO3 and particularly AgNPs treatments in general induced an increase in 
PPO activity especially after exposure to 5, 10, 50, and 100 mg l-1 of AgNPs and AgNO3. On the other 
hand, at 200 mg l-1, higher PPO activity was appeared after exposure the explants to AgNO3 than 
AgNPs. 

Likewise, AgNPs or AgNO3 treatments induced significant changes in SOD activity compared 
to the control (Table-1). The result showed a gradual increase in SOD activity by increasing the 
concentration of AgNPs and AgNO3 to their highest value when using a concentration of 200 mg l-1. 
Also, the activity of SOD in AgNO3 treated banana explants was higher than that of AgNPs treatments. 
In addition, the result showed that there were no significant differences between 1 and 5 mg l-1 of AgNPs 
treatments and also when using the concentration of 5 and 10 mg l-1 of AgNO3.  

The treatment of banana explants with different concentrations of AgNPs or AgNO3 resulted in 
a significant increase in CAT activity under in vitro condition (Table-1). At low concentrations (1 and 
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5 mg l-1) of AgNPs showed non-significant increases in CAT activity relative to control. With increasing 
AgNPs concentrations (10-200 mg l-1) significant increases in CAT activity was observed. As regard 
for AgNO3, all the application of AgNO3 concentrations significantly induced CAT activity compared 
to the control as well as to the corresponding AgNPs concentrations. The high concentration of AgNO3 
(200 mg l-1) treatment showed the highest increase in the CAT activity with about 12.4-fold as compared 
to AgNPs that triggered a 9.8-fold increase over the control. 

The POD activity in banana explant was also increased with increasing the concentration of 
AgNPs or AgNO3 (Table-1). Data manifested that the activity of POD showed no significant difference 
in response to 1 mg l-1 of AgNPs relative to control. In addition, there was no significant difference 
between 5 and 10 mg/l of AgNPs in the POD activity. The maximum activity of POD was observed in 
the banana explanst treated with 200 mg l-1 of AgNPs. As regard AgNO3, significant changes within the 
activity of POD were observed with the applying of all concentrations of AgNO3. There were no clear 
differences in POD activity when comparing AgNPs with AgNO3. 

It was clear from the results of the activity of enzymes that the PAL activity was higher than 
the activity of other enzymes accompanied by the high increase within the amount of total phenolic 
compounds under AgNPs or AgNO3 in banana plantlets. Overall, the results appeared toxicity in 
bananas plantlets when treated with both AgNPs and AgNO3, particularly within the high 
concentrations. Likewise, the AgNO3 toxicity was relatively higher than that of AgNPs. Using low 
concentrations AgNPs had a positive effect on growth, chlorophyll content of banana plantlets and no 
efficiency in enzyme activity. 

Table 1: The phenylalanine ammonia lyase (PAL), polyphenol oxidase (PPO), superoxide dismutase 
(SOD), catalase (CAT) and peroxidase (POD) activity of Banana (Musa acuminate cv. "Grand 
Nain") under the influence of different concentrations of silver nanoparticles (AgNPs) and 
silver nitrate (AgNO3). 

Treatment 
Enzymes activity (mg protein-1 min-1) 

PAL PPO SOD CAT POD 

Control 0 60.18 + 0.33aA 0.056 + 0.001aA 0.078 + 0.003aA 0.397 + 0.014aA 0.072 + 0.001aA 

AgNPs 

(mg l-1) 

1 60.01 + 0.32a 0.076 + 0.001ab 0.183 + 0.002b 0.395 + 0.019a 0.075 + 0.001a 

5 61.76 + 0.25a 0.099 + 0.003bc 0.230 + 0.005b 0.405 + 0.005a 0.208 + 0.002b 

10 81.00 + 0.26b 0.126 + 0.003c 0.323 + 0.008c 1.405 + 0.050b 0.204 + 0.002b 

50 90.58 + 0.19c 0.251 + 0.006d 0.440 + 0.025d 2.068 + 0.013c 0.509 + 0.003c 

100 111.43 + 0.48d 0.375 + 0.017e 0.571 + 0.017e 3.288 + 0.059d 0.626 + 0.005d 

200 120.20 + 0.17e 0.526 + 0.009f 0.645 + 0.012f 3.900 + 0.034e 0.705 + 0.002e 

AgNO3 

(mg l-1) 

1 70.75 + 0.72B 0.068 + 0.002A 0.238 + 0.017B 0.541 + 0.013B 0.136 + 0.002B 

5 81.55 + 0.44C 0.098 + 0.001B 0.349 + 0.011C 0.642 + 0.009C 0.288 + 0.005C 

10 121.12 + 0.91D 0.221 + 0.007C 0.425 + 0.010C 0.814 + 0.007D 0.388 + 0.005D 

50 131.75 + 0.74E 0.352 + 0.004D 0.536 + 0.017D 2.993 + 0.011E 0.393 + 0.006D 

100 146.20 + 0.70F 0.513 + 0.004E 0.685 + 0.027E 3.988 + 0.024F 0.719 + 0.007E 

200 148.28 + 1.36G 0.645 + 0.011F 0.762 + 0.034E 4.935 + 0.009G 0.755 + 0.012F 

The data are means + SD (n = 5). Different letters, small for AgNPs and capital for AgNO3 treatments, indicate 
statistically significant differences (P < 0.05). 

Discussion 
 

In later a long time, an increment within the use of nanoparticles as pesticides have been found; 
therefore, it could be an essential importance to clarify whether and how the nanoparticles are toxic to 
plant cells. The presented experiments were spotlighted on a study of comparison of silver (applied in 
two forms, i.e., as ions and nanoparticles) on physiological and biochemical replies of banana (Musa 
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acuminate cv. "Grand Nain") under in vitro conditions. AgNO3 and AgNPs caused a critical diminish 
in development parameters (fresh & dry weight, number of roots and root length) at the higher levels 
(100 and 200 mg l-1), but significantly increased at low concentration. The decrease in development 
parameters could be directly connected with a lessening in photosynthetic performance or may be 
ascribed to toxic level of AgNPs or AgNO3. Improvement of fresh and dry weight at low concentrations 
of AgNPs and AgNO3 was likely related to expanding of leaf area and subsequently, resulted in more 
light capture and more biomass production. It appeared that the ability of AgNO3 within the 
enhancement of growth indices was better to that of AgNPs. These results correspond with (Mahajan 
et al., 2011; Seif et al., 2011; Salama, 2012). It was previously identified that decline in growth 
characteristics under AgNO3 is due to expanded uptake of silver by plants (Harris and Bali, 2008).  

The diminishment of root parameters at higher concentration chosen with (Adani et al., 2010; 
Ruttkay-Nedecky et al., 2017) who found that the existence of NPs on the root surface can clog root 
transport channels for water and ions, blocking root hydraulic conductivity and nutrient absorption. 
Moreover, Vidyalakshmi et al. (2017) assumed that AgNPs and AgNO3 were treated at various 
concentrations to the rooting media of banana, caused toxicity, diminish of root number and root length 
at high concentrations. The utilization of AgNO3 (50 µM) in the culture medium of cherry rootstocks, 
caused a lessening in root length (Sarropoulou et al., 2016). Besides, the current study detailed that 
application of AgNPs or AgNO3 invigorated root length induction. The response varied depending on 
the applied AgNPs or AgNO3 concentration. Tamimi (2015) on banana pronounced that the rooting 
media invigorated with 10 mg l-1 AgNO3 gave the most elevated number of roots per shoot. Mahmoud 
and Kosar (2014) detailed that the most elongation and the number of roots per strawberry explant were 
gotten on MS medium supplemented with 4 mg l-1 AgNO3. 

Silver NPs or AgNO3 concentrations assessed in this study showed diminishing pattern within 
the contents of chl-a+b and carotenoids with the increment of both AgNPs and AgNO3 concentrations. 
The decline within the level of photosynthetic pigments blocked the photosynthetic process 
encouragement banana growth inhibition. This result is in line with Tripathi et al. (2017) who found 
that AgNPs can disrupt the synthesis of chlorophyll in leaves and, in this way, influence the 
photosynthetic system of the plants. Qian et al. (2013) appeared that AgNPs seem to gather in 
Arabidopsis leaves, encourage disturb the thylakoid membrane structure, and diminish chlorophyll 
content, driving to the suppression of plant growth. In rice (Oryza sativa L.) seedlings, Nair and Chung 
(2014) detailed that, after application of AgNPs for one week, total chlorophyll and carotenoids contents 
were diminished significantly. In Lupinus termis L. seedlings, after treated for ten days with AgNPs, 
the shoot and root elongation, fresh weight, total chlorophyll, and total protein contents were 
significantly reduced (Al-Huqail et al., 2018). 

The curious perception is the rise of proline content in banana plantlets treated by both silver 
forms (AgNPs and AgNO3). Proline is one of the osmoprotectants produced in plants in response to 
stress conditions. So distant, it has appeared that under diverse stresses, the proline concentration 
expanded frequently to values a few times higher than that detected in control conditions. Individually 
of the osmoprotective role of proline, a few consider having appeared that this molecule can assistance 
uphold redox balance in cells (Mohammadkhani and Heidari, 2008). Including of proline in antioxidant 
defense and its cooperation within the deactivation of the hydroxyl radical (˙OH) was shown by Sankar 
et al. (2007) as well as within the steadying of singlet oxygen (1O2) (Matysik et al., 2002). 

In stress conditions, plants improved the initiated oxidative harm by different defense 
mechanisms. Plant phenolics are one of numerous antioxidant systems included either in enzymatic or 
non-enzymatic antioxidant responses (Márquez-García et al., 2009; Kowalska et al., 2014). They can 
act as metal chelators, as antioxidants by giving electrons to other antioxidant defense. Gradual increase 
of total phenolic compounds (TPC) was observed on banana plantlets exposed to either AgNPs or 
AgNO3 treatments and reached maximum value at high concentrations of each (200 mg l-1). 
Additionally, the concentrations of TPC improved the elicitation of AgNPs in the callus culture 
of Prunella vulgaris (Fazal et al., 2016). In vitro renewed shoots of Vanilla planifolia grown-up in MS 
medium accompanied with 25 and 50 mg/l AgNPs exhibited a significant increment in total phenolic 
compounds when relative to the control (Spinoso-Castillo et al., 2017). In Solanum tuberosum, Homaee 
and Ehsanpour (2015) observed an increase in total phenolics both by AgNPs and AgNO3 
recommending the positive impact of treatments in enhancing scavenging capacity of explants. 
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The NPs treatment created toxicity that's intervened through the formation of ROS inside the 
cells (Thiruvengadam et al., 2015). H2O2 aggregation in plant cells driven to lipid peroxidation, DNA 
damage and it may inactivate enzymes by oxidizing their sulfhydryl groups. Within the display 
examination, the amount of H2O2 content in explants treated with AgNO3 was recognizably higher than 
those of AgNPs proposing that phytotoxicity of AgNO3 is much more than AgNPs. Past considers 
appearing an improvement of H2O2 levels within the rice seedlings (Nair and Chung, 2014) and in 
tomato (Karami Mehrian et al., 2015). Furthermore, the harmful impacts of AgNPs were revealed in 
mung bean by the increment in H2O2 levels and changes within the mRNA expression levels of SOD, 
CAT and APX genes, demonstrating plant defense reactions under AgNPs stress (Nair and Chung, 
2015). 

In this consider there was a high increment in PAL activity by expanding the concentration of 
AgNPs and AgNO3 in the banana plantlets and was accompanied by a high accumulation of phenolic 
compounds. This recommends that PAL activation and augmented of phenolic compounds can act as a 
source of non-enzymatic or enzymatic antioxidants and defend banana explant from oxidative stress. 
These results are in contract with prior studies stated by (Pawlak-Sprada et al., 2011; González-
Mendoza et al., 2018), which propose antioxidant and metal chelating properties of phenolic and 
flavonoid compounds in plants exposed to heavy metals. 

Polyphenol oxidase (PPO) is a copper-containing enzyme, mindful for the enzymatic browning 
response happening in numerous fruits, and a few consider report a positive relationship between PPO 
expression and resistance to biotic or abiotic stress (Boeckx et al., 2015). The current study exposed 
that, a gradual increment in the action of the PPO enzyme by increasing both AgNPs and AgNO3 up to 
a greatest of high concentration in banana plantlets. This rise in PPO activity can be proposed that 
AgNPs and AgNO3 activated a move in plantlets metabolism towards the augmented synthesis of 
phenolics that was clear in our study and PPO action, hence giving more antioxidant and defense against 
AgNPs and AgNO3. Comparable to this result, Abdel-Wahab et al. (2019), in Solanum nigrum calli, 
found that the application NPs significantly increased the action of PPO. Moreover, when A. 
thaliana was exposed to the high concentration of CeO2 NPs, the activities of PPO were significantly 
actuated (Ma et al., 2016) illuminating a conceivable role of secondary metabolism in protection against 
oxidative stress. 

Under stressful conditions, the inequity between the renewal and removal of ROS results in 
oxidative stress (Cvjetko et al., 2017; Tripathi et al., 2017). Plants have created antioxidant defense 
systems, including enzymatic and non-enzymatic ROS scavenging systems, to keep ROS as low as 
possible (Gill and Tuteja, 2010). SOD, CAT and POD are enzymatic components of the antioxidant 
mechanism. The event of O2

− is scavenged by the SOD enzyme, resulting in H2O2 and O2 as products. 
H2O2, at that point, can be detoxified by CAT and POD. In the present study, rises of SOD, CAT, and 
POD activity were observed when banana explant was exposed to 100 and 200 mg l-1 AgNPs or AgNO3, 
proposed that the explant was undergoing oxidative stress. Likewise, the concentration of AgNPs and 
AgNO3 increases, the action of POD was expanded and accompanied by an increase in the H2O2 content, 
proposing banana explant may adjust themselves to the exposure of AgNPs or AgNO3 by an effective 
defense system. Furthermore, this increased of POD action may be moderated by the high phenolic 
compound concentration. 

Reliable with this study, the SOD activity was expanded by 2.52 times when Wolffia globosa 
were treated with 10 mg l-1 AgNPs, recommending that the ROS- scavenging mechanism was triggered 
(Zou et al., 2016). Besides, Bagherzadeh Homaee and Ehsanpour (2016) inspected the impacts of 
AgNPs on potato (Solanum tuberosum L.) and observed that the actions of SOD and CAT were 
significantly augmented in AgNP-treated plantlets. When seeds of Ricinus communis were exposed to 
AgNPs, a critical increment within the activities of antioxidant enzymes (POD and SOD) was observed 
relative to non-treated seeds (Yasur and Rani, 2013). Furthermore, numerous studies have detailed that 
AgNPs and AgNO3 may actuate oxidative stress in plant cells (Jiang et al., 2014; Nair and Chung, 2014; 
Barbasz et al., 2016). 

 
Conclusion 

From the results it can be concluded that both AgNPs and AgNO3 at 1 and 5 mg l-1 progressed 
the growth and development of banana plantlets (fresh & dry weight, number of roots and root length 
as well as pigments content), whereas the utilize of high concentrations had a harmful impact. 
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Moreover, significant increase in the content of proline, total phenolics and enzymes associated with 
the biosynthesizing and degrading these phenolics was observed with increase in concentration of both 
AgNPs and AgNO3. Based on biochemical reactions of treated explants on H2O2 contents, it can be 
considered that phytotoxicity of AgNO3 was stronger than AgNPs and the toxicity is likely due to 
induction of oxidative stress. 
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