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Abstract

This study presents a novel method for cultivating wheat in isolated environments designed to dramatically reduce water
consumption in agriculture. As wheat is a critical staple crop for addressing global food shortages and hunger, developing
efficient cultivation techniques is essential for sustainable agricultural advancement. The research evaluates multiple
disinfection and sterilization strategies to ensure successful germination and growth under minimal-water, isolated conditions.
Among the tested approaches, Method 5 utilizing Whitex as a disinfectant proved to be the most effective, promoting healthy
seed germination and growth while preventing mold formation. In contrast, alcohol-based methods, though successful in
inhibiting mold, impeded germination, underscoring the importance of balancing sterility with seed viability. The findings
demonstrate the feasibility of isolated growth systems as a means of substantially reducing water use, offering a promising
pathway for agricultural production in arid and resource-limited regions.

Keywords: Isolated Plant Growth, Water Conservation, Seed Disinfection, Controlled Agricultural Environments, Mold
Prevention

1. Introduction

Freshwater on Earth is becoming more crucial for humanity
every day [1, 2]. With limited freshwater resources,
particularly in hot and dry regions, and the looming
water crisis facing humanity, significantly reducing water
consumption in agriculture is paramount[3]. This inefficient
water use not only leads to environmental problems like

productivity and threatens food security [4].Traditional and
uncontrolled methods of cultivating plants and grains result
in high water consumption compared to the product's weight
[5]. For example, wheat requires approximately 1500 kg of
water to produce 1 kg of grain, while tomatoes, cucumbers,
and other similar crops need around 120 kg of water per 1
kg of produce (Tablel).

depletion of groundwater, but also limits agricultural

Food Produced Water needs for food production kg of water per kg of food
Rice 1900-4000

Wheat 900-2000

Potato 500-1500

Tomato 8-150

Tablel: Water Consumption Mmount in Grains Production Using Traditional Methods

(in kilograms) needed to produce 1 kilogram of each food type
[6]. Therefore, efforts must be made to reduce these ratios by a
factor of 10 to 5.

The bar chart below (Figure 1) shows the water consumption for
different food types based on the provided data in TABLE 1. The
chart compares the minimum and maximum water requirements
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Figure 1: Water Consumption Chart

Furthermore, from a mass and energy balance perspective,
consuming 200 or 1500 kg of water to produce a mere 1 kg
of product is highly inefficient, unreasonable, and unaccepted
Table [7]. To address this imbalance in input and output mass,
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measures must be taken to bring the balance closer to more
reasonable proportions. There are many kinds of water losses
in plant growing, and they can be categorized in different ways,
illustrated in Figure 2. Here are some common types.
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Figure 2: Types of Water Losses in Plant Growing

1.1. By Process

e Evapotranspiration: This is the most common type of water
loss and is the combined loss from both evaporation from the
soil surface and transpiration from plant leaves. It's the major
factor determining water needs for crops [8].

* Runoff: This is water that flows over the soil surface, usually
due to heavy rainfall or poor soil structure. It's a loss of water
that doesn't benefit the plants [9].

* Deep Percolation: This is water that moves down through the
soil profile beyond the root zone. While some deep percolation
is natural, excessive loss can deplete soil moisture and nutrients
[10].

¢ Leaching: This is the movement of dissolved nutrients (like
nitrogen) through the soil profile. It can be a loss of nutrients for
the plants[11].

1.2. By Stage of Growth

* Seedling Stage: Seedlings are very vulnerable to water loss, as
their root systems are small and their leaves have a high surface
area[12, 13].

* Vegetative Stage: Plants in the vegetative stage are actively
growing, requiring more water[14].

* Reproductive Stage: Flowering and fruit development require
significant water|[15].

e Senescence: As plants age, their water requirements
decrease[16].

1.3. By Plant Type

* C3 Plants: These plants, like wheat and rice, have higher water
requirements than C4 plants.

* C4 Plants: These plants, like corn and sorghum, are more
efficient in using water[17].
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¢ Xerophytes: Plants adapted to dry environments are
particularly water-efficient[18].

1.4. By Environmental Factors

* Temperature: Higher temperatures increase evaporation rates.
e Humidity: Lower humidity increases transpiration rates.

¢ Wind: Wind increases evaporation and transpiration rates[19].

Therefore, it is very important to find new ways to produce
agricultural products with less water consumption. Modern
agricultural techniques like drip irrigation, precision farming,
and drought-resistant crop varieties can reduce water
consumption[20]. Adopting these practices can help conserve
water resources, improve agricultural yields and contribute to
sustainable agriculture[21]. New agricultural methods have
succeeded to a small extent in reducing water consumption
for crop production. The technique proposed in this article has
significantly reduced this amount of water and is not comparable
to previous methods. In this way, plant growth and grains is done
in isolated conditions which means the system is sealed and
does not exchange mass with the outside environment but can

exchange energy. The seeds are provided with a specific amount
of water and CO2 (or other plant growth needs) at the beginning
and then the system is isolated.

The important point in this technique is disinfection of the seeds
before isolation. If this isn't done correctly, mold or fungus can
grow, killing the plant. This research uses alcohol in different
forms and Whitex (sodium hypochlorite) for disinfection, which
will be discussed in more detail later. Wheat, being the most
widely consumed grain and having a high-water requirement,
was chosen as the sample plant in this experiment.

2. Experimental

2.1. Materials

All materials used in this work were purchased from Merck or
Aldrich and used as received.

2.2. Methods
About one gram of wheat was used in each of the four samples
(Figure 3) as follows.

Samples: 1 2

3

4

Figure 3: Condition of Five Samples After a Few Days

Sample 1 (Control):
One gram of wheat, without disinfection, was placed in a small
container with water-soaked Kleenex for 5 minutes. After

removing excess water, the wheat was spread on the surface of
the Kleenex with a spatula and the container was tightly sealed
(FIGURE 4).

Figure 4: Starting Conditions of all Samples Included Wetted Wheat and Kleenex
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* Kleenex weight: 1.20 grams.

* Wheat weight: 1.0 grams.

* Number of wheat seeds: 25.

* Container, Kleenex, wheat, and water weight: 355.07 grams.

* Nylon weight under the lid: 0.27 grams.

 Total initial weight (container, lid, Kleenex, nylon, wheat,
water): 369.43 grams.

* Net weight of water: 8.31 grams.

* Ratio of wheat to water: 1.0/8.31.

* Ambient temperature (day/night): 25-30 degrees Celsius.

Sample 2 (Alcohol Disinfection)

The container was sterilized with 70% alcohol. One gram of
wheat was added, soaked in a small amount of 70% alcohol
for a few minutes, and then rinsed with water once or twice.
After that, a small amount of water was added; not covering the
surface of the wheat, and the container was sealed.

Sample 3

Wheat was soaked in 70% alcohol in a beaker for a few
minutes, and then the alcohol was decanted. The wheat was
then transferred to a folded Kleenex, which was soaked in water
for about a minute. Excess water was squeezed out. After that,
the Kleenex was submerged again in a container of water and
transferred to the final container. Finally, the container was
tightly sealed. This method aimed to minimize contact between

the wheat and alcohol after disinfection.

Sample 4

Wheat was soaked in water in a Kleenex, following the
procedure outlined in previous samples, and then transferred to
a container. Next, 70% alcohol was sprayed twice on the wheat
for disinfection. Finally, the lid of the container was closed.

Sample 5

First, 2 cc of homemade 5% Whitex was mixed with 8 cc of
tap water in the container. Then, wheat was added and mixed,
while the container and lid were also disinfected with the Whitex
solution by turning the container. After that, the container
remained sealed for 10 minutes, and then the Whitex solution
was decanted. Next, the wheat was washed twice with tap water,
then transferred to a Kleenex and soaked in water for 5 minutes.
Finally, the wheat was placed in another container and sealed.

3. Results and Discussion

Sample 1

Changes observed in sample 1 over 15 days are summarized in
Table 2. The information in Table 2 is crucial for understanding
the experiment's progression and comparing the growth and
development of sample 1 with other samples that underwent
different disinfection treatments.

Day Total weight (g) Weight loss | Wheat germ length (cm) Mold Description

% The tallest the shortest | presence
3 369.35 negligible 1.5 1 - The mold is too
5 369.38 4.5 2 + much and the
6 369.35 6 2 + greens are gone.
7 369.34 6 2 +
15 +

Table 2: Results of Sample 1 During 15 Days

Sample 2 (Alcohol Disinfection)

After several days, the total weight remained unchanged, but the
wheat seeds did not germinate at all. The color of the wheat seeds
turned brown or chocolate. This method proved ineffective, with
no germination and a change in wheat color suggesting potential
damage.

Sample 3 (Minimized Alcohol Contact)

After several days, only a few roots appeared, and a small
amount of wheat (a few millimeters) sprouted. Some limited
germination occurred, but it was significantly less than expected.

Sample 4 (Alcohol Spray)

After several days, only a few wheat seeds sprouted and
rooted individually. There was limited individual germination,
indicating that this method also had a negative impact.

Sample 5 (Whitex Disinfection)

After several days, the following results were observed, as
detailed in Table 3. This Table provides further details about the
germination success, growth, and no mold was observed for this
sample. Figure 5 illustrates this success very well.
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Figure 5: Condition of Sample 5 After 9 Days

Day Total weight Wheat germ length (cm) Mold Average Wheat
(2 The tallest the shortest presence | germ length (cm)

2 According 2 0.2 - -

3 to previous 4 2.5 - -

4 researches, this 6 2.5 - 5-6

5 type of system is 8.5 3 - 6-8.5

6 completely isolated 10 - - -

7 and there will be no 13 - - -

9 weight loss. 13.5 4 - 12.5

Here is the line chart (Figure 6) illustrating the growth of the
tallest wheat germ length over the days. The diagram shows a
clear upward trend, indicating consistent growth throughout the
experiment. This visualization highlights the effectiveness of the

Table3: Result of sample S During 9 Days

disinfection and isolation process for Sample 5, with no mold

Wheat Germ Length (cm)

14r

12

10

== \Wheat Germ Length

Days

Figure 6: Growth of the Tallest Wheat Germ Length Over the Days (Sample 5)

and steady germination. Based on the results of this experiment,
alcohol is not an effective method for disinfecting wheat seeds
or grains for growth in an isolated environment. While alcohol
prevented mold growth, it also inhibited germination entirely.
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4. Conclusion

Method 5, which involved the use of Whitex for disinfection,
was identified as the most effective technique for cultivating
wheat under isolated conditions. This method successfully
promoted seed germination and growth while preventing mold
development, highlighting its potential for applications in
water-scarce agricultural practices. In contrast, alcohol-based
disinfection methods effectively inhibited mold but also impeded
germination, emphasizing the need for balanced approaches that
preserve both sterility and seed viability. The study demonstrates
the feasibility of isolated growth systems in significantly
reducing water consumption, a critical step towards sustainable
agriculture in arid and resource-limited regions. Future research
should focus on understanding the dynamics of key factors such
as COz, Oz, and water vapor within the isolated environment.
Additionally, conducting a mass and energy balance analysis
could enhance the overall efficiency and scalability of this
method. This novel approach has the potential to revolutionize
traditional agricultural practices, conserve freshwater resources,
and contribute meaningfully to global food security amidst
climate change and increasing water scarcity.
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