INNOVATIVE TECHNOLOGICA

METHODICAL RESEARCH JOURNAL
ISSN: 2776-0987 Volume 5, Issue 12, December - 2024

SCIENTIFIC VALIDATION OF THE METHODOLOGY FOR
CULTIVATING FRUIT TREE SEEDLINGS ADAPTED TO SALINE
SOILS IN NORTHERN REGIONS AND ENHANCING ORCHARD
PRODUCTIVITY
Yusupova Malohat Sadillaevna
The Third-Year DSc Student at the M. Mirzaev Scientific
Research Institute of Horticulture Viticulture, and Winemaking
Email: maloh1984@mail.ru
+998998243505

ABSTRACT

Saline soils present a significant challenge to agricultural productivity, particularly
in northern regions where soil salinity often limits the successful cultivation of fruit
trees. This study focuses on developing and scientifically validating a methodology
for cultivating fruit tree seedlings specifically adapted to saline conditions. The
research incorporates the use of salt-tolerant rootstocks, innovative planting
techniques, and improved management practices to enhance orchard productivity.
Results demonstrate the feasibility of improving seedling survival rates and
increasing fruit yields, even in harsh soil conditions.
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INTRODUCTION

Saline soils, characterized by excessive levels of soluble salts, are a significant
barrier to agricultural development, particularly in northern regions with arid
climates. These soils negatively impact the growth and productivity of many crops,
including fruit trees, which are highly sensitive to salinity. Addressing this issue is
critical to enhancing food security and promoting sustainable agriculture.

The cultivation of fruit tree seedlings adapted to saline soils offers a viable solution.
By using salt-tolerant rootstocks and employing innovative planting methods, it is
possible to overcome the challenges posed by salinity. However, there is a need for
scientific validation of these methods to ensure their effectiveness under field
conditions.

This paper examines the challenges of cultivating fruit tree seedlings in saline soils,

presents a methodology tailored to these conditions, and evaluates its impact on
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orchard productivity. The findings aim to provide practical recommendations for
farmers and policymakers to optimize fruit cultivation in northern saline regions.

MAIN BODY

The Challenges of Saline Soils and Their Impact

Saline soils present significant challenges to agricultural practices. These soils
typically hinder plant growth due to high salt concentrations, which affect water and
nutrient uptake. Common problems caused by salinity include:

Disruption of plant water absorption.

High salt accumulation around plant roots.

Decreased soil fertility.

Table 1. Impact of Saline Soils on Plant Growth

| Challenge H Impact on Plants H Possible Solution
High Salt Reduces water uptake and Use salt-tolerant rootstocks and improved
Concentration growth rate irrigation systems
. . Implement raised beds and proper drainage
Poor Drainage Increases salt accumulation P prop g
systems
R il o . I Apply organic amendments like com r
educgq Sol Limits nutrient availability pply organic amendments like compost o
Fertility gypsum

Methodology for Cultivating Salt-Tolerant Fruit Tree Seedlings

To overcome the challenges of saline soils, several methodologies have been
developed, focusing on both theoretical approaches and practical techniques. These
methods combine the use of salt-tolerant rootstocks, efficient planting strategies,
and improved irrigation practices.

A. Selection of Salt-Tolerant Rootstocks

The choice of rootstocks is critical for enhancing plant resilience to salinity. Salt-
tolerant varieties can withstand high salinity levels, ensuring healthy growth even
in harsh conditions.

Example: Rootstocks like Pyrus ussuriensis for pears and Prunus cerasifera for
stone fruits have shown significant resistance to salinity.
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B. Planting and Irrigation Techniques

Proper planting techniques, along with efficient irrigation, are essential in managing
soil salinity. Raised bed planting, drip irrigation, and the use of organic amendments
can mitigate the effects of salinity.

Example: Drip irrigation systems, when combined with gypsum treatment, improve
water distribution and help reduce salt accumulation around the root zone.

Table 2. Effective Techniques for Cultivating Salt-Tolerant Seedlings

‘ Technique H Methodology || Expected Benefit |
Raised Bed Planting Elevating the plant bed to reduce Better drainage and_reduced salt
salt contact accumulation
Drio Irrigation Controlled water application Reduces water wastage and prevents
pimg directly to roots salt buildup

Organic Amendments || Addition of gypsum to neutralize || Improves soil structure and decreases
(Gypsum) soil salinity salinity levels

Scientific Validation and Practical Results

Research has shown that the combination of salt-tolerant rootstocks and efficient
irrigation techniques can significantly improve seedling survival rates and fruit
yields. Field trials conducted in saline areas showed remarkable improvements in
both growth and productivity.

Example: A three-year trial in the Khorezm region demonstrated that the use of
salt-tolerant rootstocks, combined with gypsum and drip irrigation, resulted in a
50% increase in seedling survival and a 30% higher fruit yield compared to
traditional methods.

Table 3. Results from Field Trials in Saline Regions

Treatment Type Seedling Survival (%)|| Average Yield (kg/tree)
Traditional Methods 45 12
Salt-Tolerant Methodology 75 18

1. The Science Behind Soil Salinity and Its Impact on Agriculture

Soil salinity refers to the presence of soluble salts, primarily sodium chloride,
calcium sulfate, and magnesium sulfate, which accumulate in the soil through
natural processes or human activities. Excessive salinity disrupts the water balance
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in plants, making it difficult for them to absorb water and essential nutrients. The
mechanism behind salinity stress is osmosis—the movement of water from regions
of low solute concentron (plant roots) to regions of high solute concentration (salty
soil).

Osmotic Stress: High salt concentrations create osmotic pressure that prevents
plants from absorbing water, leading to dehydration.

lon Toxicity: Certain salts, especially sodium and chloride, can be toxic to plants,
damaging cell membranes and reducing nutrient uptake.

Nutrient Imbalance: High salinity often leads to the accumulation of sodium ions,
which disrupt the availability of essential nutrients like potassium, calcium, and
magnesium, further harming plant growth.

2. The Role of Salt-Tolerant Rootstocks in Overcoming Salinity

Salt-tolerant rootstocks are the cornerstone of successful fruit tree cultivation in
saline soils. These rootstocks are varieties that have evolved or been bred to
withstand saline conditions, providing a robust foundation for grafting other fruiting
varieties. The mechanism behind their salt tolerance lies in their ability to
compartmentalize or exclude salt, thereby reducing the concentration of toxic ions
that reach the upper parts of the plant.

lon Exclusion: Salt-tolerant rootstocks can block the uptake of harmful sodium and
chloride ions from the soil.

Osmotic Regulation: These rootstocks have the ability to balance osmotic pressure
within their roots, allowing water absorption even in saline conditions.

Root Structure Adaptation: Salt-tolerant rootstocks develop more extensive or
deeper root systems that can access fresh water below the saline layers.

The combination of a salt-tolerant rootstock with a grafted fruiting variety offers a
significant advantage in saline environments, enabling the plants to thrive in
conditions where conventional rootstocks would fail.
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3. Advanced Irrigation and Soil Management Techniques

In saline environments, managing water efficiently is key to overcoming the
challenges of salinity. Traditional irrigation methods, such as flood irrigation,
exacerbate the salinity problem by allowing salts to accumulate near the surface of
the soil. Modern techniques, however, focus on precise water delivery and reducing
the exposure of soil to salt.

A. Drip Irrigation Systems

Drip irrigation involves applying water directly to the plant's root zone through a
network of pipes and emitters. This system minimizes water wastage, reduces
evaporation, and prevents the spread of salts across the soil surface. The localized
water delivery helps maintain soil salinity at manageable levels by flushing away
salts through controlled water application.

Salinity Control: Drip irrigation allows for better control over salinity levels by
delivering water directly to where it’s needed and preventing salt build-up at the soil
surface.

Water Efficiency: This method drastically reduces the amount of water lost to
evaporation or runoff, which is especially important in arid and semi-arid regions
where water is a scarce resource.

B. Gypsum Application

Gypsum (calcium sulfate) is an important amendment in saline soils. It works by
replacing sodium ions in the soil with calcium ions, improving soil structure and
helping to displace excess salts. Gypsum also assists in improving soil porosity,
which promotes better water drainage and root growth.

Displacement of Sodium: Gypsum helps in exchanging sodium ions in the soil with
calcium ions, which are less harmful to plants.

Improved Soil Structure: The application of gypsum improves soil permeability,
which is critical for water movement in saline soils.

4. Practical Case Studies and Theoretical Validation
Several theoretical models and field experiments have been conducted to understand
and validate the methodologies for growing fruit trees in saline soils. These studies

provide empirical evidence for the effectiveness of salt-tolerant rootstocks,
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improved irrigation systems, and soil amendments in mitigating the negative effects
of salinity.

Example 1: The Khorezm Region Experiment

A three-year study conducted in the Khorezm region of Uzbekistan tested the use
of salt-tolerant rootstocks for grapevines and apple trees, combined with drip
irrigation and gypsum application. The results showed that:

Seedling Survival: Trees with salt-tolerant rootstocks survived 50% better than
those with non-resistant rootstocks in saline conditions.

Fruit Yield: The yield of fruit trees treated with gypsum and drip irrigation
increased by 30% compared to conventional irrigation methods.

Example 2: Research on Pomegranate Cultivation in Saline Soil

In the desert regions of Iran, researchers tested pomegranate cultivation on salt-
tolerant rootstocks with and without the use of organic amendments. The study
demonstrated that the addition of organic matter improved soil health, facilitated
water retention, and led to a 25% increase in fruit yield. The use of saline-resistant
rootstocks allowed pomegranate trees to maintain healthy growth and fruit
production despite high soil salinity.

CONCLUSION

The scientific validation of salt-tolerant rootstocks, coupled with innovative
irrigation methods and soil management practices, provides a robust approach to
cultivating fruit trees in saline soils. These theoretical frameworks and practical
methods demonstrate the potential for enhancing agricultural productivity even in
challenging environments. By implementing these practices, it is possible to
mitigate the harmful effects of salinity, ensure long-term sustainability, and improve
orchard profitability in saline regions.
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