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ABSTRACT: An experiment in a greenhouse was conducted to study the influence of silver nitrate and silver 
nanoparticles on morphological, physiological, and anatomical characteristics of tomato plants. Silver 
nanoparticles were synthesized using green tea extract as capping and reducing agents. As observed in FE-
SEM images, the biosynthesized silver nanoparticles were circular with a diameter of 61 ± 6 nm. The 
following effects were observed: i) Morphology: Silver nitrate positively influenced the character of plant 
length, root length, root dry weight and root fresh weight. ii) Physiology: When tomato plants were treated 
with Bio-AgNPs and silver nitrate, antioxidant enzymes (SOD and Catalase) and chlorophyll were increased, 
while total sugar content in tomato leaves was decreased. Silver in silver nitrate or silver nanoparticles did not 
significantly affect proline content. iii) Anatomy: Exposure to Bio-AgNPs resulted in decreased cortex 
thickness, vascular bundle length, and the appearance of dark regions in the intercellular space in tomato stem 
pith and cortex tissues. In contrast, exposure to silver nitrate resulted in decreased stomatal length on both 
leaf surfaces, decreased number of stomata on the upper surface, and increased number of stomata on the 
lower leaf surface, compared to other treatments. 
Keywords: Bio-AgNPs; phytotoxicity; heavy metals; plant growth; chlorophyll; catalase; plant anatomy. 
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RESUMO: Um experimento em uma estufa de produção vegetal foi conduzido para estudar a influência do 
nitrato de prata e de nanopartículas de prata em caracteristicas morfológicas, fisiológicas e anatomicas de 
plantas de tomate. Nanopartículas de prata foram sintetizadas usando extrato de chá verde como agentes de 
cobertura e redução. Por imagens de FE-SEM, as nanopartículas de prata biossintetizadas apresentavam 
formato circular com um diâmetro de 61 ± 6 nm. Foram observados os efeitos: i) morfologia: O nitrato de 
prata influenciou positivamente o caráter do comprimento da planta, comprimento da raiz, peso seco e fresco 
da raiz. ii) fisiologia: quando as plantas de tomate tratadas com Bio-AgNPs e nitrato de prata, as enzimas 
antioxidantes (SOD e catalase) e clorofila foram aumentadas, enquanto o conteúdo de açúcares totais nas 
folhas de tomate foi diminuído. A prata, seja em nitrato de prata ou nanopartículas de prata, não afetou 
significativamente o conteúdo de prolina. iii) Anatomia: a exposição a Bio-AgNPs resultou na diminuição da 
espessura do córtex, no comprimento do feixe vascular e no aparecimento de regiões escuras no espaço 
intercelular nos tecidos da medula e do córtex do caule do tomateiro. Em contraste, a exposição ao nitrato 
de prata resultou na diminuição do comprimento dos estômatos em ambas as superfícies foliares, na 
diminuição do número de estômatos na superfície superior e, ao mesmo tempo, no aumento do número de 
estômatos na superfície inferior da folha, em comparação com outros tratamentos. 
Palavras-chave: Bio-AgNPs; fitotoxicidade; metais pesados; crescimento de plantas; clorofila; catalase; 
anatomia vegetal.     

 
1. INTRODUCTION 

Tomatoes are an annual herbaceous plant (LANNOY et 
al., 2001), one of the most important vegetable crops 
worldwide (BROOKIE et al., 2018). It belongs to the 
Solanaceae family and genus Solanum, which includes seven 
other wild species, scientifically known as Solanum lycopersicum 
L. (MILLS, 1990). Tomatoes are widely cultivated in many 
countries worldwide and are considered a staple vegetable 
due to their high nutritional value for most people 
(GIOVANNI et al., 2004). The plant has taproot roots, and 

its stems are round and covered with hairs that contain glands 
that secrete a greenish-yellow substance with a distinctive 
odor (FRANCO, 1999). The leaves are compound, pinnate, 
and mounted on the stem with a long neck.  Flowers are 
found in cluster inflorescences with limited growth, and the 
number of flowers in one inflorescence ranges from 4 to 8 
(NAJJA, 2008). Due to the importance of the tomato plant 
worldwide, in general, and in Iraq, in particular, it is necessary 
to use modern technologies to increase production and 
encourage the increase of cultivated areas to increase 
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productivity and economic resources. Among these 
technologies is the technology provided by nanotechnology. 

Nanotechnology is one of the new technologies that has 
entered all aspects of our lives and has been used to increase 
agricultural production and reduce environmental problems. 
It can be very useful in manufacturing new generations of 
fertilizers to use high-efficiency nutrients. Within reasonable 
bounds, nanotechnology is the creative Manipulation of 
matter at the molecular and atomic levels. Technology of a 
nanoscale size or below shows promise for enhancing current 
agricultural operations through better input management, 
sustainability, and upkeep in field and livestock agricultural 
output (MONREAL et al., 2015). 

Several studies indicated that using nano-materials 
increases plant productivity by increasing the plant’s 
absorption of nutrients. It also significantly improves root 
growth and the plant’s metabolism (SHAH; 
BELOZEROVA, 2009; GIRALDO et al.,2014). In a study 
done before (SAEIDEH; RASHID, 2014), it was found that 
treating the cowpea plant at a concentration of 50 mL L-1  of 
nanosilver, it increased the height of the plant and the length 
of the root system, as well as increasing the fresh and dry 
weight of the shoot and its chlorophyllate content. A study 
by SALAMA (2012) indicated that using nanosilver enhances 
growth parameters of Brassica juncea plants, such as root 
length, leaf area, and biochemical properties such as 
chlorophyll, carbohydrates, protein contents, and antioxidant 
enzymes. The germination rate, shoot length, root length, 
and dry weight of shoots and roots were all significantly 
impacted by treating wheat plants with silver nitrate and silver 
nanoparticles at concentrations of 10-20-40-80 ppm, 
according to the results of the Al-Salama et al. (2024) 
experiment. On the other hand, Farghaly; Nafady (2015) 
found that applying silver nanoparticles to tomato and wheat 
plants had a substantial detrimental impact, lowering the 
plants' dry weight and chlorophyll a content and inhibiting 
the germination rate, pigment fractions, and dry weight of the 
wheat. 

Hasan et al. (2021) observed an increase in shoot length, 
chlorophyll, carbohydrate, and protein content in lettuce 
plants in response to silver nanoparticles, while lettuce plant 
growth decreased by 40% when plants were treated with 
silver nitrate (AgNO3). Given the importance of the tomato 
from a nutritional standpoint, limited studies are available on 
the effect of silver nanoparticles. The research aims to 
synthesize silver nanoparticles using green tea extracts and to 
study the effect of Bio-AgNPs and silver nitrate on 
morphological, physiological, and anatomical variations of 
tomato plants.  

 
2. MATERIAL AND METHODS 
2.1. Preparation of Bio-silver nanoparticles and their 
characterization 

The Bio-AgNPs preparation procedure is conducted as 
outlined by Ridha et al. (2021). Dry green leaf tea was utilized 
to prepare colloidal silver nanoparticles due to the existence 
of natural compounds that act as reducing agents and capping 
agents. Dried leaves (5g) were soaked in one hundred 
milliliters of boiled deionized water and heated for ten 
minutes. The obtained extract was chilled and drained of 
debris. The deionized water was transferred to the filtered 
extract (15 ml) to reach the required volume of 98 ml. The 
pH of the final volume was adjusted to alkaline with a pH 
value of 9 by adding a few drops of NaOH (0.01M). A 

volume of silver nitrate solution (1 mL) with a concentration 
of 0.01M is dropped into the combination and agitated 
employing a magnetic stirrer at 500 rpm for one day. During 
this stage, the color of the solution was converted to brown. 
The prepared solution, which involved silver nanoparticles, 
was washed three ones using deionized water and centrifuged 
at 12000 RCF for ten minutes to separate AgNP. The 
deposition was collected and added to deionized water. The 
colloidal silver nanoparticles were preserved in a foiled bottle 
at 25 °C for the following investigations. The synthesized 
bio-silver nanoparticles were characterized using the 
following analysis: the UV-spectrophotometer, ultraviolet 
spectrophotometer, Fourier-transform infrared spectroscopy 
(FT-IR), Field emission scanning electron microscopy (FE-
SEM), Energy-dispersive X-ray analysis (EDAX).  
 
2.2. Determination of the effect of silver nanoparticles 
and silver salt on tomato plants 

The study was conducted in the greenhouse in the winter 
season of 2023-2024 in the College of Sciences, Babylon, 
Iraq. The study included the effect of irrigation on tomato 
plants with silver nitrate at a concentration of 50 mg L-1 and 
Bio-silver nanoparticles at a concentration of 10 mg L-1, on 
some morphological, physiological, and anatomical 
indicators of tomato plants. The seeds were planted in pots 
with a diameter of 17 cm containing 3 kg of soil and animal 
manure in a 1:1 ratio, in 9 pots with three replicates, with 
irrigation twice a week for each treatment. 
 
2.2.1. Morphological study 

Data were taken 60 days after randomly selecting three 
plants from each experimental unit for each replicate and 
then extracting their average. It included measuring the plant 
height with a metric tape from the area of contact with the 
soil to the end of the plant height (SING; STOCKOPF, 
1971).  The root length of each plant was measured using a 
metric ruler, according to the fresh weight of the shoot group 
after separating it from the root group after washing it from 
soil, then weighed using a sensitive electronic balance, Metler 
HK 160, and the average fresh weight was extracted by 
dividing the weights of the shoot plant by their numbers to 
calculate the fresh weight. Then, the same plants were placed 
in a Hirayama electric oven at 65 °C for 72 hours until the 
weight stabilized. Then, the plants were weighed using a 
sensitive balance to calculate the dry weight (AL-JUBOORY; 
SHAKIR, 2019). The same method was followed to calculate 
the fresh and dry weight of the root group. 
 
2.2.2. Physiological study 

Measurement of catalase (CAT) activity: The method 
outlined by AEIBI (1984) was used to assess CAT activity. 
This method is based on the change in absorbance at 240 nm. 
Using 0.5 g of fresh leaves powdered in 10 ml of sulfosalicylic 
acid aqueous solution, the proline content was calculated 
using the Bates et al. (1973) method. GSH (reduced 
glutathione) in the leaves was measured using the MORON 
et al. (1979) technique. Dithionitrobenzene (DTNB) and 
acid-soluble sulfhydryl groups (non-protein thiols, of which 
reduced glutathione makes up over 93%) combine to form a 
yellow complex. At 412 nm, the colored complex's 
absorbance was measured. The approach of (Marklund; 
Marklund, 1974) was used to measure SOD activity based on 
the enzyme's capacity to stop pyrrocalol from oxidizing at pH 
(8.2). The quantity of soluble sugars in the leaves was 
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measured using the DUBIOS et al., 1956 method. The 
standard curve was used to calculate the total amount of 
sugars. A field chlorophyll measurement device (SPAD) was 
used to measure the amount of chlorophyll. 
 
2.2.3. Anatomical study 
2.2.3.1. Preparation of stem cross sections 

The sections were prepared manually using a sharp blade 
for fresh samples from potted plants. The thin sections of the 
stems were placed on glass slides, and safranin stain mixed 
with 70% glycerin was added. They were covered with a 
cover slip and stored until examination. 
 
2.2.3.2. Preparation of leaf epidermis 

Ahmad et al. (2010) prepared the upper and lower 
epidermis by placing the fresh leaf on a glass slide. The 
epidermis was peeled off using a dissecting scalpel, washed 
with distilled water, immersed in a solution of artificial bleach 
until the chlorophyll pigment disappeared, and washed with 
distilled water again. After being moved to a different glass 
slide and stained with a solution of glycerin and safranin, the 
peeled epidermis was prepared for study by placing a cover 
slip on the slide. Using an Ocular micrometer and a Zeiss 
compound microscope, the samples were inspected, their 
stomata and cells measured, and they were photographed 
using an Infinix mobile lens. One-way analysis of variance 
(ANOVA) was used to analyze the data. The statistical 
program Minitab v17 was utilized to compare treatment 
group differences. 
 
3. RESULTS 
3.1. Physical features of biosynthesized silver 
nanoparticles 

Several analysis including an ultraviolet spectroscopy, 
The analysis of Fourier-transform infrared spectroscopy (FT-
IR) is written in section of the materials and methods, Field 
emission scanning electron microscopy (FE-SEM), Energy-
dispersive X-ray analysis (EDX)” were performed to 
characterize the physical features of biosynthesized silver 
nanoparticles and were applied and to evaluate its potential 
on morphological, physiological and anatomical factors of 
the tomato plant. 

As shown in Figure 1, the UV-Vis spectrum exhibited a 
strong absorption of biosynthesized silver nanoparticles at 
422 nm, in contrast to the green tea extract employed as 
reducing and capping agents, which is characterized by the 
absence of a specific peak related to the existence of AgNPs. 
FT-IR analysis obtained between 4000 cm-1 and 400 cm-1 is 
used to determine functional groups absorbed on the surface 
of biosynthesized silver nanoparticles. The FT-IR analysis 
obtained between 4000nm and 400 nm determines functional 
groups absorbed on the surface of biosynthesized silver 
nanoparticles. The FT-IR spectrum of biosynthesized silver 
nanoparticles revealed the existence of four functional 
groups, which matched with activity groups observed in the 
spectrum of green tea extract. The broad long curve at 3436 
cm-1  represented an O–H stretching of alcohol in 
polyphenols, and the peak at 2072 cm-1 demonstrated an N–
H stretching in amines (WIDATALLA et al., 2022). 
Moreover, the narrow, cute carve at 1636 cm-1 was 
recognized as C=O bonds, referring to the existence of 
ketones, quinones, carboxylic acids, and esters  (ROLIM et 
al. 2019). Finally, the curve situated at 678 cm-1 was indicated 
as an aliphatic chain (HAMOUDA et al., 2019). The FE-SEM 

images illustrated the Bio-AgNPs at different magnifications, 
exhibiting well-distributed Bio-AgNPs with spherical 
morphology, varying between 54 nm and 67nm (Figure 2). 
The EDAX is used to analyze the chemical structure of the 
nanoparticles created. The EDAX diagram of Bio-AgNPs 
demonstrated the existence of silver at a high ratio compared 
to low proportions of carbon, oxygen, and chlorine. The 
extra small curve may be associated with organic molecules 
found in plant extracts. 

 
 

Figure 1. Ultraviolet spectrum of biosynthesized silver nanoparticles 
(Bio-AgNPs) and green tea extract (A), FT-IR of biosynthesized 
silver nanoparticles (Bio-AgNPs) and green tea extract (B). 
Figura 1. Espectro ultravioleta de nanopartículas de prata 
biossintetizadas (Bio-AgNPs) e extrato de chá verde (A), FT-IR de 
nanopartículas de prata biossintetizadas (Bio-AgNPs) e extrato de 
chá verde (B). 

 

Figure 2. FE-SEM images of Bio-AgNPs at various magnifications. 
5 µm (A), 1 µm (B), 500 nm (C), and 200 nm (D). EDAX diagram 
of Bio-AgNPs (F).                                              
Figura 2. Imagens FE-SEM de Bio-AgNPs em várias ampliações. 5 
µm (A), 1 µm (B), 500 nm (C) e 200 nm (D). Diagrama EDAX de 
Bio-AgNPs (F). 

 
3.2.Morphological study: 

Significant differences were observed between the 
treatments in plant length (Table 1), as Bio-AgNPs treatment 
decreased to the lowest average plant length compared to 
other treatments. In contrast, silver nitrate treatment 
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recorded the highest value of 15.27 cm. Significant 
differences were found between values of tomato root 
length, as root length increased when plant was treated with 
silver nitrate to highest average for this trait, reaching 18.67 
cm, compared to the control and nano silver treatments, 
which recorded a convergence or similarity of 12.73 and 
12.17 cm, respectively, with a non-significant difference 
between them. Both silver nitrate and Bio-AgNPs caused a 
significant increase in fresh weight of tomato plant shoots 
compared to the control treatment, reaching 4.24 and 4.21 
grams, respectively.  

 
Table 1. Effect of silver nitrate and Bio-AgNPs on tomato plant 
morphology. 
Tabela 1. Efeito do nitrato de prata e Bio-AgNPs na morfologia da 
planta de tomate. 

Treatments / Parameters Control AgNO3 AgNPs 
Plant length (cm) 12.80 b 15.27 c 10.97 a 
Root length (cm) 12.73 a 18.67 b 12.17 a 
Fresh weight of stem (g) 3.25 b 4.24 a 4.21 a 
Fresh weight of root (g) 1.05 b 1.54 c 0.63 a 
Dry weight of stem (g) 1.50 b 1.54 b 1.27 a 
Dry weight of root (g) 0.36 b 0.48 c 0.24 a 

Different letters refer to Sig. at p≤0.05. 
Letras diferentes referem-se a Sig. em p≤0,05. 

 
The nano treatment gave the lowest values of fresh 

weight of root, dry weight of shoots, and root, which were 
0.63, 1.27, and 0.24 g, respectively, compared to other 
treatments, which recorded a convergence or similarity of 
12.73 and 12.17 cm, respectively, with a non-significant 
difference between them. Both silver nitrate and Bio-AgNPs 
caused a significant increase in fresh weight of tomato plant 
shoots compared to the control treatment, reaching 4.24 and 
4.21 grams, respectively. The nano treatment gave the lowest 
values of fresh weight of root, dry weight of shoots, and root, 
which were 0.63, 1.27, and 0.24 g, respectively, compared to 
other treatments. 

 
3.3. Physiological study 

Tomato leaves treated with silver and nano-silver showed 
high levels of antioxidant enzymes activity, both SOD and 
Catalase, with a significant difference from control treatment. 
Silver nitrate did not show any significant effect on non-
enzymatic antioxidant GSH compared to control treatment, 
unlike silver nanoparticles which caused a significant 
decrease of 43.05 μg g-1 of weight  The results of the statistical 
analysis did not show any significant difference between 
treatments in proline content of tomato leaves, as shown in 
(Table 2). The concentration of total soluble sugars in tomato 
leaves decreased after plant exposure to 10 ppm of nanosilver 
and 50 ppm of silver nitrate during irrigation for 60 days. It 
was noted from the results of the study that the treatment of 
tomato plants with nanosilver and silver-nitrate had a positive 
effect in increasing the content of chlorophyll pigment in 
leaves, which reached 48.87 and 47.63 µg/g.f.w., respectively, 
compared to the control treatment.  

 
3.4. Anatomical study 
3.4.1. Stem 

Table 3 and Plate 1 show the tomato stem's cross-
sectional characteristics. The stem's overall cross-section 
tends to be round and consists of a single layer of oval-
shaped cells on the outside.  

Table 2. Effect of silver nitrate and Bio-AgNPs on tomato plant 
physiology. 
Tabela 2. Efeito do nitrato de prata e Bio-AgNPs na fisiologia da 
planta de tomate. 

Treatments / Parameters Control AgNO3 AgNPs 
SOD (U/g.f.w) 32.97 a 43.47 b 44.71 b 
Catalase (Ku/g.f.w) 15.43 a 19.29 b 19.60 b 
GSH (µg/g.d.w) 52.41 b 51.25 b 43.05 a 
Chlorophyll (µg/g.f.w) 40.53 a 47.63 b 48.87 b 
Proline (µmole/g.d.w) 0.56 a 0.53 a 0.61 a 
Total sugars (gm/g.d.w) 5.09 b 3.59 a 3.41 a 

Different letters refer to Sig. at p≤0.05. 
Letras diferentes referem-se a Sig. em p≤0,05. 

 
Table 3. Effect of silver nitrate and Bio-AgNPs on the quantitative 
properties of tomato stem. 
Tabela 3. Efeito do nitrato de prata e Bio-AgNPs nas propriedades 
quantitativas do caule do tomateiro. 

        
          
Treatments 

Control AgNO3 AgNPs 

Epidermis thickness 21.9 a 20.0 a 28.8 b 
Cortex thickness 234.4 b 285.6 c 149.9 a 
No. of collenchyma cells 12.5 b 4.8 a 4.3 a 
No. of parenchyma cells 13.1 b 2.5 a 2.3 a 
No. of bundles 8.0 a 8.0 a 9.3 a 
No. of vessels 6.0 a 6.0 a 7.0 a 
Length of bundle 290.0 b 391.3 c 250.0 a 
Thickness of pith 1800.0 a 2087.5 b 1837.5 a 

Different letters refer to Sig. at p≤0.05. 
Letras diferentes referem-se a Sig. em p≤0,05. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Plate 1. Stem anatomical response of a tomato in the different 
treatments: control (A), silver nitrate (B), silver nanoparticles (C),  
dark regions in the intercellular spaces between parenchyma cells 
(D) in the Pith stem (10X). 
Placa 1. Resposta anatômica do caule de um tomateiro nos 
diferentes tratamentos; controle (A), nitrato de prata (B), 
nanopartículas de prata (C), regiões escuras nos espaços 
intercelulares entre as células do parênquima (D) no caule Pith 
(10X). 

 
The thickness of the epidermis varies, with the highest 

average thickness reaching 28.8 μm when treated with silver 
nanoparticles, compared to silver nitrate treatment, which 
recorded the lowest average thickness reaching 20 μm. The 
next layer is the cortex layer, which is divided into several 
distinct layers with different shapes and sizes. The outer 
cortex layer is characterized by smaller collenchyma (angular) 
cells than the spherical parenchyma cells of the inner cortex. 
The highest mean cortex thickness was recorded in the silver 
nitrate treatment at 285.6 μm, while the lowest mean 

Dark regions 
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thickness was recorded at 149.9 μm when treated with silver 
nanoparticles.  

The number of collenchyma and parenchyma cells was 
similar in silver nitrate and silver nanoparticle treatments, 
with a significant difference from the control treatment, 
which recorded the lowest mean values. The vascular tissue 
in the tomato stem appeared as a ring of vascular bundles of 
alternating sizes, i.e., small and large, connected by vascular 
elements. The vascular bundles were oval in shape, open 
collaterals, and varied in thickness. There were no significant 
differences between the numbers of vascular bundles and the 
number of xylem vessels per bundle in all treatments. 
Treatments differed in the lengths of the vascular bundles. 
The silver nitrate treatment recorded the highest average 
bundle length of 391.3 μm, with a significant difference from 
the nano treatment, which reached 250.0 μm as the minimum 
average bundle length. As for the Pith (composed of 
parenchyma cells of equal diameter and spaces between 
them), its average diameter increased when treated with silver 
nitrate by 2087.5 μm, compared to the control and nano 
treatments. Dark areas were also observed in the intercellular 
spaces under the epidermis, cortex, or pith. 
 
3.4.1. Leaf                       

An anatomical study of tomato leaf epidermis (Plate 2) 
showed that it contains irregularly shaped undulate walls on 
both the upper and lower surfaces. The shape of the walls 
changed from undulate to straight due to the nano-treatment 
in some upper epidermal cells (Tables 4 and 5).  

 
 

Table 4. Effect of silver nitrate and Bio-AgNPs on the quantitative 
properties of tomato upper epidermis. 
Tabela 4. Efeito do nitrato de prata e Bio-AgNPs nas propriedades 
quantitativas da epiderme superior do tomateiro. 

        
          
Treatments 

Control AgNO3 AgNPs 

Length of epidermis 87.5 b 70.6 a 63.1 a 
Width of epidermis 51.3 b 43.1 a 43.1 a 
Length of stomata 30.0 b 25.0 a 31.9 b 
Width of stomata 20.9 a 18.1 a 20.0 a 
No. of stomata 2.0 b 1.3 a 2.5 c 
No. of cells 69.8 a 69.5 a 73.5 a 

Different letters refer to Sig. at p≤0.05. 
Letras diferentes referem-se a Sig. em p≤0,05. 

 
 

Table 5. Effect of silver nitrate and Bio-AgNPs on the quantitative 
properties of tomato lower epidermis. 
Tabela 5. Efeito do nitrato de prata e Bio-AgNPs nas propriedades 
quantitativas da epiderme inferior do tomateiro. 

        
          
Treatments 

Control AgNO3 AgNPs 

Length of epidermis 68.1 a 75.6 a 96.9 b 
Width of epidermis 49.5 b 43.8 a 42.5 a 
Length of stomata 30.6 b 22.5 a 31.3 b 
Width of stomata 21.9 a 20.9 a 21.3 a 
No. of stomata 10.8 a 14.5 b 11.5 a 
No. of cells 49.5 a 82.5 c 59.8 b 

Different letters refer to Sig. at p≤0.05. 
Letras diferentes referem-se a Sig. em p≤0,05. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate 2. Leaf epidermis anatomical response of a tomato in the 
different treatments: control (A), silver nitrate (B), Bio-AgNPs 
(40X) (C), shape of walls changed from undulate to straight (D) as 
a result of nano-treatments. 
Placa 2. Resposta anatômica da epiderme foliar de um tomateiro nos 
diferentes tratamentos: controle (A), nitrato de prata (B), Bio-
AgNPs (40X) (C), formato das paredes alterado de ondulado para 
reto (D) como resultado dos nanotratamentos. 

 
Silver nitrate and nano treatments negatively affected the 

length and width of the upper epidermal cells, reaching 70.6 
and 63.1 μm, respectively, compared to the control 
treatment, which recorded the lowest average for these two 
traits, with a significant difference. As for the lower surface, 
it was observed that the nano-silver treatment gave the 
highest average length of epidermal cells compared to the 
other treatments, reaching 96.9 μm. In contrast, the width of 
the epidermal cells in the control treatment gave the highest 
average width, reaching 49.5 μm compared to the nano-silver 
and silver nitrate treatments. Stomata were found on tomato 
plants' upper and lower epidermal surfaces. Thus, the leaf is 
of the amphistomatous type. Silver nitrate caused a decrease 
in the length of all treatments. Nano-silver positively affected 
the number of stomata on the upper surface by 2.5 times 
compared to the rest of the other treatments, while the 
number of stomata on the lower surface reached 14.5 when 
treated with silver salts. There was no difference in the 
number of epidermal cells on the upper surface in all 
treatments. In contrast, the treatment with silver salts 
recorded the highest number of epidermal cells on the lower 
surface. 
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4. DISCUSSION 
Some research in recent years has pointed towards the 

production of nanoparticles using plants due to their 
availability, ease of handling, and safety, in addition to the 
plant containing many vital molecules such as phenols, 
terpenes, alkaloids, flavonoids, and others, which are known 
to be a medium for the creation of nanoparticles  
(KAVITHA et al., 2013). Silver nitrate positively affected 
plant length, unlike nano silver, which decreased plant length. 
This study agrees with El-Timsah; Gunner (2010) that nano 
silver at a concentration of ten mg L-1 reduced plant length 
in Linum usitatissimum and Hordeum vulgare. There was no 
significant effect of nano silver on root length, which was 
almost similar to the control treatment. This is what Abdel-
Azimb; Al-Sayed (2013) indicated that nano silver particles 
did not affect root length in fava bean plants.  

The results of treating tomato plants with silver 
nanoparticles and silver nitrate led to an increase in the fresh 
weight of the plant. The results were similar to the study of 
Hojjat (2015), where treating fenugreek plants with a 
concentration of 10 ppm of silver nanoparticles increased the 
fresh weight of the plant. As for the fresh and dry weight of 
the root as well as the dry weight of the plant, we note that 
silver nitrate caused a significant increase in the mentioned 
characteristics compared to the nano-treatment at a 
concentration of 10 mg L-1, which caused a significant 
decrease in them. This is consistent with the study of Castro-
Gonzalez et al. (2019), who reported that exposure of rice 
(Oryza sativa) to 0.5 mg L-1 of silver particles significantly 
reduces the biomass of roots and shoots. 

Our results show that treatment of tomato plants with 
nano silver and silver nitrate led to an increase in antioxidants 
SOD and catalase compared to the control. This is consistent 
with Gracia et al. (2006). Saleeb et al. (2019) reported that 
treatment with silver nitrate and nano silver caused an 
increase in GSH in sunflower plants. This is contrary to our 
results, in which silver nitrate did not significantly affect 
GSH, while nano treatment caused a decrease in GSH.  

The effect of nano silver or its salt negatively affected the 
plant's content of total soluble sugars, and these results are 
consistent with what was mentioned by (KRISHNARAJ et 
al., 2012). The study showed that the chlorophyll content of 
the leaves increased when treated with silver and nano salts, 
and the study results were consistent with the study of other 
researchers (SALAMA, 2012; RAZZAQ et al., 2015). 
Nanoparticles of essential and non-essential elements affect 
physiological processes, and plant growth and development 
depend on their size, composition, concentration, and 
method of use (COLBERT et al., 2022). 

The stem section of the tomato plant is circular, the 
epidermal cells appeared in a single row, and reached the 
highest average thickness in the nano treatment compared to 
the rest of the other treatments. Our results are consistent 
with those of Elfeky et al. (2013) in their study on Ocimum 
basilicum, where the epidermal cells in plants treated with 
nanoparticles became larger and reached their maximum size. 
The cortex was distinguished into angular collenchyma and 
parenchyma tissue; the silver nitrate treatment recorded the 
highest average thickness, compared to the nano treatment, 
which recorded the lowest average thickness. The vascular 
bundles were of the open type and lateral. Dark-colored 
deposits appeared between the intercellular spaces of the 
parenchyma cells in the cortex and pith region. Our study is 
consistent with the results of Geisler-Lee et al. (2013) and 

Castro-Gonzalez et al. (2019), in the presence of 
accumulations or deposits of nanoparticles in the spaces 
between cells through the reabsorption pathway that passes 
through the vascular bundles and moves to the next cells 
through the cell membrane and reaches the leaves (Table 1). 
The characteristics of the tissue sections in tomato plants are 
consistent with what was described by Tuylu (2018).  

As for the surface appearance of the epidermal cells, their 
cell walls appeared undulated in shape on both surfaces. Due 
to the nano-treatment, some of the shape of the walls 
changed from undulate to straight in some epidermal cells of 
the upper surface only, which is consistent with Liu et al. 
(2022), which indicates that the shape of the walls changes as 
a result of the plant cell being exposed to different stresses.  

Both nano-silver and silver nitrate varied in their effect 
on the dimensions of epidermal cells and stomata and their 
numbers for upper and lower surfaces. The effects of silver 
nanoparticles on plant anatomy, growth and development 
processes depend on the size of the shape, the concentration 
used, the duration of treatment, the type of plant, the plant 
organ used, and the condition of the treated plants, which 
may be positive, negative or neutral (TRIPATHI et al., 
2017b).   
 
5. CONCLUSIONS 

Exposure to silver nitrate improved most growth 
parameters of a tomato plant. In contrast, exposure to Bio-
AgNPs showed a negative effect on morphological 
characters except for fresh weight of the stem.  

Silver nitrate and Bio-AgNPs did not affect proline 
content in tomato leaves, while total sugars decreased to their 
lowest average in both treatments compared to the control. 
Bio-AgNPs caused a decrease in the non-enzymatic 
antioxidant GSH and an increase in the enzymatic activities 
of SOD, catalase and chlorophyll.  

The number of chlorenchyma and parenchyma cells in 
tomato stems increased when exposed to silver, whether 
silver nitrate or Bio-AgNPs. In contrast, silver showed no 
effect on the number of vascular bundles and xylem vessels 
per vascular bundle.  

The effects of bio-silver nanoparticles appeared as dark 
areas in the intercellular spaces between parenchyma cells in 
the stem and cortex. At the same time, silver in both forms 
in the surface view of tomato leaves showed a different effect 
on increasing or decreasing the number of cells and stomata.  
 
5.1. Recommendations  

Repeat the experiment using another plant and 
concentrations higher than 10 mg L-1 biosynthesized silver 
nanoparticles, paying attention to nanotechnology in 
agriculture and taking precautions against its negative effects. 
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