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Abstract. Sustainable approaches, such as nanotechnology-based 
strategies, are being researched to increase the productivity of crops. This 
study aimed to evaluate the effects of nanopriming with selenium 
nanoparticles (Se NPs) for tomato (Solanum lycopersicum) and maize (Zea 
mays). Additionally, the impact of Se NPs delivered through a foliar 
application during the reproductive stage of both crops was evaluated. The 
results showed that Se NPs inhibited the germination rate in maize by up to 
100 % but increased the germination rate and vigor index in tomato by 50 
and 208 %, respectively (at 10 ppm of Se NPs). Chlorophyll and proline 
contents were significantly affected in both crops (tomato and maize), 
suggesting that Se NPs activated the stress defense systems. In contrast, the 
foliar application of Se NPs on tomato in the reproductive stage increased 
the length and width of the stem by 10.8 and 4.3 %, respectively. The 
chlorophyll content increased by 30.8 % at 10 ppm of Se NPs. Additionally, 
the proline content of reproductive maize plants increased by up to 1303.6 
%, indicating significant stressful conditions caused by the exogenous 
delivery of Se NPs. These results suggested that nanopriming seeds and 
foliar application of Se NPs positively impacted tomato. Conversely, the 
germination of maize seeds and the development of reproductive plants were 
severely inhibited by Se NPs. 

1 Introduction  
Tomato and maize are two of the most important crops worldwide and are essential to satisfy 
the global food demand. Tomato is the 2nd most crucial vegetable worldwide, and maize is 
the most important cereal crop [1], [2]. In plants, Selenium (Se) is a nonessential but 
beneficial element and has been used as a growth promoter in different crops [3], [4]. Se can 
be an essential micronutrient incorporated in metabolic pathways and nature, and it can be 
found in combination with nonmetals, metals, and the ionic or nanoparticulate form [5], [6], 
[7].  

Recent studies have focused on the effects that nanoparticles (NPs) of different chemical 
nature have on crops [8]. Two of the most critical delivery systems of metallic and non-
metallic NPs include seed priming and foliar applications [9], [10]. Seed priming is the 
delivery process of NPs into the seed coat, where the NPs can be internalized and impact the 
germination positively or negatively. In contrast, foliar delivery involves applying the NPs 
directly into the foliage as foliar spray [11]. Se NPs have been previously used in foliar 
applications and seed priming experiments in different crops, including tomato. However, 
most studies have focused on the effects of Se NPs in the alleviation of biotic 
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(phytopathogens) and abiotic (hyperthermia) stress with both standard delivery systems used, 
seed priming & foliar application [12], [13]. 

This work aimed to evaluate the effects of Se NPs on the germination of maize and tomato, 
as well as their early seedling growth. And also, to evaluate the effects on the reproductive 
stages of maize and tomato as a function of increasing concentrations of Se NPs (1, 10, and 
50 ppm) delivered through seed priming and foliar application in the reproductive stage in 
plants without induced stress conditions. 

2. Materials and methods 

2.1 Germination essays 

A stock solution of elemental Se NPs with a primary particle size of 50 nanometers (nm) was 
acquired from ID Nano. Se NPs were dispersed by ultrasonication at 185 W for 30 min and 
sterilized for 60 min by ultraviolet radiation. The experimental concentrations of 1, 10, and 
50 parts per million (ppm) were selected due to the positive effects previously reported for 
tomato, maize, and other crops [5], [12], [13]. Tomato and maize seeds were selected, 
sterilized, and thoroughly washed with MilliQ water. 20 seeds per treatment and crop (160 
seeds in total) were introduced in their corresponding treatment and they were shaken 
vigorously for 3 h at 250 rpm. MilliQ water was added as a control to seeds in Petri dishes, 
which were placed in an incubator with a controlled environment (humidity and temperature), 
and the germination trays had coconut fiber as substrate and were placed in natural conditions 
(non-controlled moisture and temperature). After 7 days, measurements of the germination 
parameters were conducted according to the literature [11], [14]. The parameters measured 
were germination rate, germination potential, mean germination time, germination index, and 
vigor index. 

2.2 Seedlings growth 

After 21 days, the length of maize and tomato seedlings germinated from nanoprimed seeds 
was measured with a scale (0 – 30 cm), and the fresh weight was obtained with an analytical 
balance (Ohaus Adventurer). Furthermore, the total chlorophyll content was determined 
spectrophotometrically according to the standard destructive method of Wintermans & De 
Mots [15]. The proline content was also calculated spectrophotometrically with the standard 
method of Bates [16]. 

2.3 Reproductive stage experiments and foliar application 

Maize and tomato plants in their reproductive stage were selected for treatment with Se NPs 
to analyze the effects of Se NPs in reproductive plants. One foliar application of 1, 10, and 
50 ppm of Se NPs delivered the treatments. To this purpose, 20 reproductive plants of each 
crop were selected and treated with 100 mL of the solution with each concentration. The 
parameters previously described were determined after the first production of tomato fruits 
and maize cobs. The total length of the stem was recorded with a measuring tape, while the 
width of the stem and the width of maize cob and tomato fruit were measured with a Vernier 
caliper. Furthermore, the total chlorophyll and proline contents were assayed according to 
the standard methods previously described. 
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2.4 Statistical analyses 

The total length and fresh weight of seedlings, total chlorophyll and proline content in 
seedlings and reproductive plants, the stem length and width in reproductive plants, as well 
as maize cob and tomato fruit width were statistically analyzed using one-way analysis of 
variances (ANOVA) with Sigma Plot 11 Software. The data were graphed using Origin Pro 
2023b. Multiple comparisons versus the control group were conducted with the Holm-Sidak 
method; significant differences are based on a probability of p < 0.05. Each result was 
obtained with a mean of 4 replicates, the ± standard error is represented with vertical lines 
with caps, and significant differences are represented by “*.” 

3 Results and discussion 

3.1 Germination of maize and tomato seeds primed with Se NPs 

The results showed that nanoprimed tomato and maize seeds are either positively or 
negatively (inhibited) affected by Se NPs. The germination of maize seeds was severely 
inhibited with all treatments (Fig. 1).  

 
Fig. 1. Germination of maize seeds primed with Se NPs. The left graphic represents Petri dishes, and 
the right represents trays. (GR) Germination rate. (GP) Germination potential. (MGT) Mean 
germination time. (GI) Germination index. (VI) Vigor index.  

All Se NPs concentrations applied reduced the germination rate and germination indexes 
between 20 – 100 % and 25 – 50 % in Petri dishes and trays, respectively. The germination 
potential and the mean germination time were also reduced between 66.7 – 100 % with 10 and 
50 ppm in Petri dishes, with slight increases of 11.1 % with 1 ppm, whereas in trays, the 
inhibition ranged from 25 – 50 % with all treatments. Furthermore, the vigor index was 
reduced between 91.4 and 100 % with 50 and 10 ppm, respectively, in Petri dishes, with a 
slight increase of 7.52 % for 1 ppm, whereas in trays, the reductions ranged from 59.4 – 95.5 
% with all treatments (Fig. 1).  

These results exhibit the negative impact of Se NPs in the germination of maize seeds, 
which is in accordance with studies using NPs of different natures in maize germination and 
growth [14], [17], [18]. Furthermore, the germination of nanoprimed maize seeds in Petri 
dishes was less impacted than in trays, showing slight increases in some parameters at 1 ppm 
of Se NPs. This is expected due to the controlled environment in Petri dishes, where relative 
humidity and temperature were kept constant at 95 % and 25°C, respectively. 
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In contrast with the results obtained in nanoprimed maize seeds, the germination of tomato 
seeds primed with 10 ppm of Se NPs was positive. The results showed that from the 
parameters measured, the germination rate, germination potential, mean germination time, and 
germination index increased between 25 and 50 % in Petri dishes and trays, respectively. In 
comparison, the vigor index increased between 168.1 and 208 % in Petri dishes and trays, 
respectively, with 1 and 10 ppm of Se NPs (Fig. 2).  

 
Fig. 2. Germination of tomato seeds primed with Se NPs. The left graphic represents Petri dishes, and 
the right represents trays. (GR) Germination rate. (GP) Germination potential. (MGT) Mean 
germination time. (GI) Germination index. (VI) Vigor index. 

The results obtained with nanoprimed tomato seeds are in line with the positive impact of 
Se NPs in tomato previously reported [12], [13], [19], where the applications have focused on 
Se NPs' effects in alleviating biotic (phytopathogens) and abiotic (hyperthermia) stress. 
Furthermore, the controlled environment explains the increased germination rate of Petri 
dishes as compared to trays, where the temperature (around 19.9°C) and humidity were 
significantly lower [20].  

The differences in the germination of maize and tomato seeds primed with Se NPs might 
rely on the different vasculature and photosynthetic pathways of each plant species [21]. While 
tomato is a dicotyledonous plant with a C3 photosynthetic metabolic pathway, maize is a 
monocotyledonous plant with a C4 photosynthetic metabolic pathway [22]. Such differences 
have been previously identified to shape the effects of NPs, as observed with CeO2 NPs in 
tomato and maize, where the translocation was more efficient in the dicotyledonous species 
(tomato) [23].  

The mechanisms of the improvement or inhibition caused by Se NPs and other types of 
NPs are still widely unknown; however, other studies have proposed that germination might 
be affected due to the NPs creating nanopores during their internalization into the seed [24]. 
Once internalized, the NPs can impact positively or negatively the metabolic pathways of the 
seedlings and the biogenesis of the organelles within the cells, ultimately affecting the growth 
of the seedlings [25]. To better understand the effects of Se NPs, the growth of germinated 
tomato and maize seedlings was evaluated. 

3.2 Growth of maize and tomato seedlings 

The growth of tomato seedlings germinated from Se NPs nanoprimed tomato seeds was 
slightly improved in all treatments. The total length increased between 1.3 and 12.6 %. In 
contrast, all treatments reduced the fresh weight between 10.3 and 25.6 %. Meanwhile, in 
maize growth, inhibition was severe, reducing the total length of the seedlings between 19.3 

Control 1 ppm 10 ppm 50 ppm
0

50

100

150

200

250

G
er

m
in

at
io

n 
pa

ra
m

et
er

s

 GR (%)
 GP (%)
 MGT (days)
 GI (GI units)
 VI (VI units)

Petri dishes

G
er

m
in

at
io

n 
pa

ra
m

et
er

s

Control 1 ppm 10 ppm 50 ppm
0

50

100

150

200

250  GR (%)
 GP (%)
 MGT (days)
 GI (GI units)
 VI (VI units)

Germination trays

4

BIO Web of Conferences 122, 01014 (2024)
EE&AE 2024

https://doi.org/10.1051/bioconf/202412201014



and 48.6 % and the fresh weight between 8.4 and 59.4 %, with 1 ppm causing the highest 
inhibition.  

The total chlorophyll content was significantly reduced in tomato, ranging from 0.6 – 27.9 
%. Additionally, the total chlorophyll content was slightly reduced in maize, where the 
decrease fluctuated between 5.3 – 8.6 %. Furthermore, the proline content was significantly 
increased in tomato and maize seedlings. The increases in tomato ranged between 110.2 and 
145.1 %, while in maize, they varied from 63.2 to 202.3 %.  

These results show that nanopriming tomato and maize seeds with Se NPs can negatively 
impact the growth of the seedlings, notwithstanding the increased germination and total length 
of the tomato. Moreover, the negative results obtained in the germination of maize, such as 
inhibition, continued throughout the seedling growth but were less severe. Still, the proline 
content increased in both crops, indicating induced-stress conditions (Fig. 2 & Fig. 3).  

 
Fig. 3. Seedling growth parameters of maize and tomato primed with Se NPs. The left graphic 
represents maize, and the right represents tomato. Total length (cm). Fresh weight (mg). Total 
chlorophyll content (mg/g fresh weight). Proline content (mg/kg fresh weight). Multiple comparisons 
versus the control group were conducted with the Holm-Sidak method; significant differences are 
based on a probability of p < 0.05. Each result was obtained with a mean of 4 replicates, the ± 
standard error is represented with vertical lines with caps, and significant differences are represented 
by “*.” 

Monitoring the proline content is important due to proline being associated with plants 
exposed to stressful conditions [26], [27]. Proline is a vital osmolyte involved in the 
antioxidative defense system, and the overproduction of proline maintains the osmotic balance 
by preventing electrolyte leakage [28]. Also, chlorophyll is an essential photosynthetic 
pigment synthesized from the same pathway as proline, which is glutamate [28], [29]. The 
mechanisms in which Se NPs affect the total chlorophyll and proline contents are still 
unknown; however, we hypothesize that upon internalization by the seeds, the Se NPs might 
affect the metabolic pathway in which the cells biosynthesize chlorophyll and proline. 
Furthermore, the significant increases in proline might explain the enhancement in the total 
length of tomato seedlings [26], [30]. 

3.3 Effects of Se NPs in the reproductive stage of maize and tomato plants 

The growth of maize and tomato plants in the reproductive stage mainly remained unaffected. 
However, slight increases in the stem length and width (10.8 and 4.3 %, respectively) were 
recorded at 10 ppm of Se NPs. Furthermore, the width of tomato fruits increased by up to 2.2 
% with the same treatment. Meanwhile, in maize plants, the length and width of the stem 
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were reduced by as much as 4.9 and 1.7 %, respectively, at 10 ppm concentration. Moreover, 
the width of the maize cob was decreased by 8.4 % with 50 ppm of Se NPs (Fig. 4). 

 

 
Fig. 4. Reproductive stage parameters of maize and tomato treated with a foliar application of Se 
NPs. The left graphic represents maize, and the right represents tomato. Stem length (cm). Stem width 
(cm). Fruit and cob width (cm). Total chlorophyll content (mg/g fresh weight). Proline content 
(mg/kg fresh weight). Multiple comparisons versus the control group were conducted with the Holm-
Sidak method; significant differences are based on a probability of p < 0.05. Each result was obtained 
with a mean of 4 replicates, the ± standard error is represented with vertical lines with caps, and 
significant differences are represented by “*.” 

The chlorophyll content of maize plants increased by 6.2 % with 1 ppm. However, it 
decreased between 8.3 – 10.7 % with 50 and 10 ppm, respectively. Moreover, the proline 
content increased by 498.8 and 1303.6 % with 1 and 10 ppm, while 50 ppm only increased it 
by 7.2 %. In contrast, the total chlorophyll content of tomato plants increased between 0.6 – 
30.8%, with 10 ppm achieving the best results. Whereas the proline content of reproductive 
tomato plants also increased in a range of 54.6 – 75.9 %, the lowest increase recorded at 10 
ppm (Fig. 4). In a previous study, foliar-delivered Se NPs in the reproductive stage of wheat 
(Triticum aestivum) at a concentration of 5 g Se NPs/Ha had positive results on the 
productivity [5]. Furthermore, 60 g Se NPs/Ha had positive results in the productivity of maize 
in field conditions [6]. However, the concentrations were significantly lower than those in the 
present study. The negative impact of foliar-delivered Se NPs was not as significant in 
reproductive maize plants as the seed priming. However, the proline content indicated that 
plants had abiotic stress conditions caused by the Se NPs; the internalization of Se NPs could 
explain this by damaging the tissues, which could cause membrane lysis and cell death [24]. 
In tomato, the results were positive in both the germination and the growth of reproductive 
plants with 10 ppm, which could be potentially due to the beneficial effects of Se in the 
antioxidative system of plants [31], [32], [33]. 

4 Conclusions 
In this study, nanopriming tomato and maize seeds with Se NPs resulted in different 
outcomes. Se NPs had a positive impact on the germination and growth in the early vegetative 
and reproductive stages of tomato, with 10 ppm achieving the best results. However, the 
results in maize showed that Se NPs severely inhibited all parameters with all treatments. We 
recommend using different concentrations of Se NPs and including more physiological 
parameters to bridge the knowledge gap between the effects of Se NPs and various crops. 
Furthermore, the development stage of the crops should also be considered, it appears that 
Se NPs have a more substantial impact on early seedling growth than in reproductive plants, 
but more research is essential to discern such differences. Moreover, the photosynthetic 
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metabolism of crops and their vasculature system are believed to substantially affect the 
impact of Se NPs, as shown in this study. Therefore, more studies are urgently needed to 
elucidate the mechanisms of internalization of Se NPs and their effects on plant tissues on 
deeper levels. Currently, nanotechnology in agriculture remains a promising tool to make 
agriculture more sustainable, but more research is essential before implementing NPs in 
commercial agriculture. 
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