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One of the sources of water is air-water vapor. To evaluate water supply with air-
water vapor, a study was conducted as a factorial experiment in a completely
randomized design with three replications. The studied factors included irrigation
method (irrigation by thermoelectric module and control) and plant species (wheat,
foxtail millet, and radish). Analysis of variance showed that the interaction effect
of plant species and irrigation method on all seed germination characteristics was
significant. The mean comparison showed that irrigation by thermoelectric module
germinated wheat, foxtail millet, and radish seeds. So that all the seeds germinated.
Irrigation by thermoelectric module increased seed germination, caulicle length,
radicle length, caulicle weight, radicle weight, seed vigor based on length, seed
vigor based on weight, and root to shoot ratio compared to the control (without
irrigation). Overall, irrigation by the thermoelectric module can germinate the seeds
of wheat, foxtail millet, and radish and can be considered as a new method of
irrigation in arid and semi-arid regions where farmers do not have access to water

for growing plants.

Highlights
e  Thermoelectric module can germinate the seeds.

Thermoelectric module increased caulicle length, radicle length, caulicle weight, radicle weight, seed vigor based on

length, seed vigor based on weight, and root to shoot ratio.

1. Introduction

Drought is a natural phenomenon that occurs in all
regions. Drought due to climate change has a negative
effect on freshwater resources (Seo et al., 2022). Drought
affects agriculture, the environment, and socio-economic
issues. Climate change is increasing drought and reducing
farmers' food security (Alahacoon and Amarnath, 2022).

Dew is one of the sources of water supply that is often
neglected. To form dew, the air hits the cold surface and
water vapor condenses into water droplets. Dew can wet
the crop canopy and be used for evaporation and
transpiration (Moratiel et al., 2016). Dew and hoar frost
together account for 4.2-6% of the total annual rainfall in
the alpine grassland. In drier months, dew and hoar frost
make up 16.1% of the total monthly rainfall. Dew and hoar
frost are of ecological importance. Dew and hoar are
involved in the water budget of low-lying mountains and
alpine grassland (Groh et al., 2018). In the arid valley of the
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Irrigation by the thermoelectric module can be considered as a new method of irrigation.

Andes, the annual deposition of night dew is about 5-10
mm per year and acts as one of the water sources in meeting
the water needs of natural vegetation, especially in dry
seasons (Kalthoff et al., 2006). In the study of dew
formation among Haloxylon ammodendron trees, it was
found that air temperature, relative humidity, the difference
between air temperature and dew point, and wind speed
were effective on dew formation. The dew formation
threshold was 50% air relative humidity and 4.27 m /s wind
speed. With the increasing canopy of H. ammodendron, the
amount of dew produced increased (Zhuang and Zhao,
2017). In the study of the amount of water produced in
different condensers with different dimensions, it was
found that passive dew condensers with a surface of 1
square meter provided enough water for the survival of tree
seedlings during drought season (Snyder et al., 2018). Dew
can be effective up to 3% in soil moisture. Collecting and
storing dew with an area of 2 square meters in the amount
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of 4.5 liters per plant per month can easily meet the needs
of a tree sapling (Tomaszkiewicz et al., 2017). Evaluation
of dew formation characteristics in a semi-arid region in
China showed that the dewfall was 1/18th rainfall, but the
number of dew formation days was 2.6 times that of rainy
days. Dew is therefore a vital source of water to reduce dry
periods and support plants (Jia et al., 2019). The water-
energy nexus is important in the production of atmospheric
water. Today, hybrid atmospheric water production
systems and problems of new atmospheric water
production techniques are investigated (Raveesh et al.,
2021). High quality water is produced by condensation.
Factors such as climate and structure affect the quantity and
quality of air condensation. There is a lot of interest in
growing plants in closed water systems worldwide (Jurga
et al., 2023). Sunlight is a cheap and available source of
atmospheric water production. Nowadays, integrated
systems are used because they use several methods to cool
water vapor. This method increases productivity (Shafeian
et al., 2022). In the study of the effect of factors such as
temperature and relative humidity on the performance of
the atmospheric water production system, it was seen that
hot and humid air produced more water with less energy
consumption. This study showed that the production of
atmospheric water is a suitable method for India, which is
prone to water scarcity (Raveesh et al., 2023).

Seed germination is one of the drought-sensitive stages.
In the study of the drought effect of polyethylene glycol
(PEG) on kenaf seed germination, it was observed that seed
germination increased at 10% PEG concentration
compared to control and 20% PEG concentration. Radicle
growth was reduced at 10% PEG concentration (Tang et
al.,, 2019). Drought induced by PEG reduced seed
germination and seedling growth of wheat (Wang et al.,
2020). PEG-induced drought decreased germination and
seedling growth in Vigna unguiculata L. Walp. while
increasing proline content (Carvalho et al., 2019). Drought
induced by PEG reduced the percentage and rate of seed
germination in Cantaloupe (Cucumis melo L.) and radish
(Raphanus sativus L.) (Bakhshandeh and Gholamhosseini,
2019).

Production of water from water vapor in the air is one
of the new sources of irrigation. Research on the use of air-
water vapor for irrigation of plants is limited, so this study
was conducted to determine the seed germination
characteristics of wheat, foxtail millet, and radish using
water produced by the thermoelectric method.

2. Materials and methods

To evaluate water production with thermoelectric
module and its effect on seed germination of wheat
(Triticum aestivum L.), foxtail millet (Setaria italica (L.) P.
Beauv.), and radish (Raphanus sativus L.), a laboratory
study was conducted as a factorial experiment in a
completely randomized design with three replications in
the Faculty of Agricultural Science and Engineering of
Razi University in 2016. The studied factors included
irrigation method (irrigation by thermoelectric module and
control) and plant species (wheat, foxtail millet, and
radish). Controls were intact seeds that were not irrigated.
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The control treatment was used to ensure that the air
humidity did not affect the germination of seeds. The seeds
were placed in a Petri dish containing a filter paper. Seeds
of control treatment and seeds related to irrigation
treatment with thermoelectric module were both placed in
the relevant Petri dishes. In the irrigation treatment with the
thermoelectric module, the device was first connected to
electricity. The filter paper was then placed on the module
until sufficient moisture was absorbed by the filter paper.
The filter paper was then placed on the bottom of the Petri
dish and the seeds were placed on it.

The thermoelectric module used had dimensions of 4
cm by 4 cm by 0.5 cm. The internal resistance of the device
was 2.5 to 2.8 ohms. The voltage used was 12 volts.
Cooling power was 60 to 72 watts. The device model was
TEC1-12706.

After one week, seed germination characteristics
including seed germination percentage, caulicle length,
radicle length, caulicle weight, and radicle weight were
calculated. The seed germination criterion was two
millimeters of growth of the caulicle. Caulicle length and
radicle length were measured with a ruler.

To measure caulicle and radicle weight, caulicle and
radicle were first placed in a paper bag, and then transferred
to an oven at 75 ° C. After 24 hours, caulicle dry weight
and radicle dry weight was measured with a digital scale.
Seed vigor based on length and seed vigor based on weight
were obtained by the following equations (Eqg. 1 and 2),
respectively (Yosefi and Heidari, 2022).

Seed vigor based on length (%cm) = Seedling length
(cm) x Seed germination (%) (D)

Seed vigor based on weight (%mg) = Seedling weight
(mg) x Seed germination (%) 2)

Before data analysis, outliers were identified and
deleted if necessary. First, the data were analyzed for a
variance to determine significant effects. Then the means
were compared. SAS software was used to analyze the data.
Data were compared using Duncan's test at a 5%
probability level.

3. Results

Analysis of variance showed that the interaction of
irrigation method and plant species on germination
percentage, caulicle length, radicle length, caulicle weight,
radicle weight, seed vigor based on length, seed vigor based
on weight, and root to shoot ratio was significant (Table 1).

Mean comparisons showed that irrigation with
thermoelectric module resulted in 100% germination of
wheat, foxtail millet, and radish, while in control (without
irrigation) no seeds germinated (Figure 1A). Mean
comparisons showed that the seeds irrigated with a
thermoelectric module had a longer caulicle length than the
control seeds. The caulicle length was the highest in wheat
and the lowest in foxtail millet (Figure 1B). Mean
comparisons showed that the seeds irrigated with a
thermoelectric module had a longer radicle length than the
control seeds. The radicle length in radish was longer than
in foxtail millet and wheat (Figure 1C). Mean comparisons
showed that the seeds irrigated with a thermoelectric
module had higher caulicle weight than the control seeds.
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The caulicle weight was the highest in radish and the lowest
in foxtail millet (Figure 1D).

The mean comparison showed that the seeds irrigated
with a thermoelectric module had higher radicle weight
than the control seeds. Radicle weight was highest in wheat
and lowest in foxtail millet (Figure 2A). The mean
comparison showed that the seeds irrigated with a
thermoelectric module had higher seed vigor based on
length than the control seeds. Seed vigor based on length in
wheat and radish was higher than foxtail millet (Figure 2B).

The mean comparison showed that the seeds irrigated with
a thermoelectric module had higher seed vigor based on
weight than the control seeds. Seed vigor based on weight
was highest in wheat and lowest in foxtail millet (Figure
2C). Mean comparisons showed that in wheat and foxtail
millet, seeds irrigated with thermoelectric module had a
higher root-to-shoot ratio than control. Root to shoot ratio
was highest in foxtail millet and lowest in radish (Figure
2D).

Table 1. Analysis of variance of the effect of water production by thermoelectric method on seed germination traits of wheat, foxtail millet, and

radish
Source of - Caulicle Radicle Caulicle Radicle  Seed vigor based on  Seed vigor based on  Root to shoot
s df Germination . - . .
variation length length weight weight length weight ratio
Irrigation (1) 1 45000** 69.38** 113.58** 96.56**  69.46** 44471156** 3373650** 1.62**
P'a”t(ﬁ,‘;ec'es 2 (e 225%%  257%%  2001%*  39.77** 66379** 823155%* 0.42%
IxP 2 0** 2.94** 3.43** 22.94%*  52.74** 66379** 997785** 0.51**
Error 12 0 0.02 0.23 0.01 0.05 2461 2333 0.01

** indicates significance at the probability level of 1%.

4. Discussion

Hosseini et al. (2020) reported that dew-irrigation
resulted in seed germination and growth of flax, fenugreek,
and fennel, which is consistent with the results of the
current study. Seed germination is a stage with low water
requirements. The amount of moisture required for seed
germination is two to three times the weight of the seed
(Bewley and Black, 1978). Due to the low water
requirement of seeds for germination and seedling growth,
this irrigation method can be used to germinate seeds in
areas that do not have access to water resources for growing
plants. Drought tolerance during Periploca sepium seed
germination was due to the higher activity of antioxidant
enzymes and the accumulation of some salts (An and
Liang, 2013). Different wheat cultivars had different
responses to different levels of dryness caused by
polyethylene glycol (Blum et al., 1980). The drought
caused by polyethylene glycol decreased the germination
percentage of castor bean (Ricinus communis L.) seeds,
which is consistent with the results of this study (Babaei et
al., 2023).

Dew is an important source of water available in arid or
semi-arid regions, and some researchers have sought to
measure the amount of dew produced in ecosystems. Dew
is reported to form in 53% of the nights in the Mongolia
Plateau sandy ecosystem. The dew produced was about
0.15 mm per night and both plant species C3 and C4 used
dew (Liu et al., 2020). By using waste rock burials, the air
vapor temperature can be lowered to the dew point and
water can be produced. These rock wastes can contribute to
reforestation in arid areas (Juficka et al., 2020). In the study
of the effect of dew on the sand desert ecosystem, it was
found that the relative humidity threshold for dew
formation and absorption was 30% and dew was involved
in the moisture budget and photosynthetic performance of
vegetation (Zhuang et al., 2021).

Various methods for dew collection have been studied
by  researchers such as  superhydrophilic /
superhydrophobic hybrid surfaces (Hou et al., 2020),
hierarchical superhydrophobic surfaces (Rykaczewski et
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al., 2013), cactus spines (Yi et al., 2019), and tailoring
silicone (Liu et al., 2021).

Irrigation of plants at the seed germination stage with
thermoelectric module probably has higher water use
efficiency than conventional field irrigation methods,
because, in this method, only a part of the soil is wet. With
this method, water can be provided to seeds and plants
continuously. This method of irrigation does not require a
piping system and some costs such as irrigation fittings will
be reduced. Due to the novelty of this method, its design at
the farm scale requires special research.

The reduction of some seed germination characteristics
such as caulicle length, caulicle weight, radicle weight, and
seed vigor in foxtail millet compared to wheat and radish
may be due to the thermophilic nature of this plant.

Water production with a thermoelectric module is
suitable for dry and semi-dry areas. In these areas, due to
sunny weather, electricity can be generated by solar panels.
Due to the high wind speed in these areas, it is possible to
generate electricity from wind. Clean energies such as wind
and solar energy protect the environment. The
thermoelectric module can also be used for afforestation
and desert greening.

As a renewable resource, the sun has the ability to
provide fuel for life on earth and clean and sustainable
energy for all its inhabitants. Solar energy can be converted
into electricity through solar photovoltaic modules. The
advantages of solar energy are a renewable energy source
and its diverse applications, and the disadvantages of solar
energy include high cost, dependence on weather,
expensive solar energy storage, high volume occupation,
and creating pollution caused by the transportation and
installation of solar systems with the emission of
greenhouse gases (Novasi, 2024). Wind energy is also one
of the fastest growing energy sources in the world due to
its many advantages. Some of its advantages are the
cheapness of wind energy, the inexhaustibility of wind
energy, the cleanness of the source, and the stability of
wind energy. Disadvantages of wind energy include noise
pollution of wind energy, damage to wildlife, pollution
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caused by the production of wind energy production
facilities (Hills, 1996; Pakpasabeghlim, 2024).
Considering the high cost of electricity to extract water
from the air, the thermoelectric module can be used in
sensitive plant growth stages such as germination and
establishment, which require little water. In addition, this
module can be used in arid and semi-arid areas for
supplementary irrigation in rainy conditions for plants that

require little water, such as medicinal plants. According to
the above, little energy is consumed in low-input systems
such as dry farming of medicinal plants, so energy
consumption for water production by thermoelectric
method has little effect on the stability of the system. Using
renewable and cheap energy such as solar energy to
produce electricity increases the stability of the production
system.
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Figure 1. Mean comparisons of the effect of irrigation method and plant species on germination characteristics of wheat, foxtail millet, and
radish. A: Seed germination percentage, B: Caulicle length, C: Radicle length, and D: Caulicle weight. Thermoelectric and Control are the
method of irrigation with thermoelectric module and without irrigation, respectively. The means with at least one common letter in each trait
according to the Duncan test at a 5% probability level are not significantly different. The bar shows mean + standard error.

Due to the fact that thermoelectric irrigation has the
same water quality as distilled water, therefore plant
irrigation with thermoelectric method does not cause soil
salinity, while micro-irrigation methods such as drip
irrigation cause soil salinity and decrease soil quality in the
long run due to the presence of salts in the water. Other
irrigation methods, such as surface irrigation, which
consume a lot of water, can make water and soil salty much
faster. If the supply of electricity for water production by
thermoelectric method is from fossil sources such as oil, it
can cause air pollution. The production of the necessary
facilities for thermoelectric irrigation is expensive and is
involved in the production of carbon dioxide, but it should
be kept in mind that the thermoelectric irrigation system
requires a lot of facilities because in this irrigation method,
electric wires take the place of water pipes. The pipes in
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drip irrigation are mostly plastic and have a lot of cost and
pollution.

Water production by thermoelectric method increases
in conditions. Climatic factors such as air humidity are
effective in producing water from the air. The higher the air
humidity, the more moisture can be extracted from the air
by spending less energy. Harvesting water is more suitable
in humid environments or in seasons with high air
humidity. In arid and semi-arid regions, air humidity is low,
but it is possible to produce water from air. It is suggested
to conduct similar research on water production by
thermoelectric method in farm conditions in different
seasons of the year in terms of air humidity. The reaction
of different plants to the thermoelectric irrigation method
will definitely be different. Since the production of water
by thermoelectric method is energy intensive, it is



Agriculture, Environment & Society (AES)

necessary to conduct more research on dry and medicinal
plants that require less water. Considering that the
thermoelectric method uses cold to produce moisture from
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Figure 2. Mean comparisons of the effect of irrigation method and plant species on germination characteristics of wheat, foxtail millet, and
radish. A: Radicle weight, B: Seed vigor based on length, C: Seed vigor based on weight, and D: Root to shoot ratio. Thermoelectric and
Control are the method of irrigation with thermoelectric module and without irrigation, respectively. The means with at least one common
letter in each trait according to the Duncan test at a 5% probability level are not significantly different. The bar shows mean + standard error.

5. Conclusion

Irrigation by thermoelectric module improved all seed
germination traits such as seed germination percentage,
caulicle length, radicle length, caulicle weight, radicle
weight, and seed vigor in wheat, foxtail millet, and radish
and can be considered as a new method of irrigation in arid
and semi-arid regions where farmers do not have access to
water for growing plants. The following are recommended.
1. Evaluation of water production system by the
thermoelectric method in different climates in terms of
relative humidity and air temperature. 2. Evaluation of the
amount of electricity and surface of the thermoelectric
device on the amount of water production and the rate of
germination and plant growth. 3. Evaluation of different
seeds in terms of seed size, shape, and appendages in
irrigation method using the thermoelectric device.
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