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The article analyzes research conducted on yellow-podzolic soils in a private farm
located in the Bagdati Municipality of the Imereti region. The primary aim of the
study was to enhance the physical and chemical properties of the soil to meet the agro-
industrial requirements for grape cultivation. Another objective was to establish the
productive properties of the soil for young vineyards in the context of climate change.
The tasks included monitoring grapevine growth and development, identifying limiting
factors, and mitigating their impact under the altered agro-landscape conditions caused
by climate change. The study explores and selects effective agro-ecological technologies
for the care and cultivation of grapevines in waterlogged soils of the Imereti region.
It identifies reclamation methods for physically degraded waterlogged soils, outlines
strategies to maintain the qualitative characteristics of grape varieties, and provides
approaches to increase their productivity. Additionally, the article describes the research

methods applied and presents the achieved results.
Keywords: Soil; Reclamation; Grapevine; Agro-Ecological Technologies.

Introduction. Climate-smart agricultural production is a significant direction
within Georgia’s agricultural conditions. In this context, the preservation of grape
quality and its high productivity stands out as critical for vineyard cultivation
(Lortkipanidze, Kheladze). This process becomes increasingly challenging in the
context of global warming and altered climatic conditions. The primary obstacle is
the high incidence of pests and diseases, which hinder the development of newly
planted vineyards. Factors such as elevated temperatures and high humidity due
to global warming further exacerbate the formation and spread of these issues.

Viticulture in Georgia is primarily developed in regions with temperate and
warm climates. For instance, our research areaislocated in the village Dimi, Imereti
Municipality, which belongs to the moist subtropical zone of western Georgia and
features specific bioclimatic soil conditions (Kubaneishvili). The yellow-podzolic
soils prevalent in this area are characterized by complex relief conditions. Their
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waterlogged nature is influenced not only by their clayey composition but also
by an abundance of surface water and proximity to groundwater. The compacted
clay horizon, which often extends across the entire profile down to the parent
rock, creates suboptimal conditions for the normal growth and development of
grapevines (Lortkipanidze, Urushadze, Bajelidze, Lominadze). Such conditions
present significant barriers to vineyard establishment.

The existing soil and climatic processes in the research area hinder the growth
and development of two-year-old grapevine plantings. The combination of
waterlogging, poor aeration, and clayey soil resulted in root rot development in
the grapevine plants.

Under the influence of climatic conditions - specifically high humidity and
elevated temperatures - the root systems of the vineyard were poorly developed,
leading to weakened immunity and a high incidence of downy mildew. To
improve the physical and mechanical properties of the soil in the research
area, we planned and implemented agro-reclamation measures. Open drainage
channels were constructed below the root zone of the grapevine to remove excess
moisture from the soil surface (Lortkipanidze, Kelenjeridze).

According to the chemical analysis of the soil (Table 1), the pH is 5.5, which
is slightly acidic. This acidity weakens the uptake of nutrients by the vineyard,
particularly phosphorus (P), which is a key source for the formation of the
rhizosphere. The analysis confirms that the available forms of nutrients in the
soil are present in low quantities. To ensure the complete absorption of essential
nutrients required for the growth and development of the grapevine, it is
necessary to correct the soil pH from 5.5 to 6.0.

Table 1. Chemical analysis of soil

Sample Nutrient elements - %
laboratory ; dersliin{;glaiion PH | Humidity
registration d N P,0, K,0 (H,0) %
number ata (total) | (total) | (total)
202300038/1 0-20cm | 1 0,15 0,12 0,37 6,01 24,44
20230003872 | 2940 11 | 011 | 011 | 029 | 593 | 2700
2023000383 | *00 1 1 | 007 | 008 | 034 | 555 | 254
Table 2. Chemical analysis of soil
Sample 'laboratory Sample identification data Humus %
registration number
202300037/1 0-10Ld 1 3,22
202300037/2 10-30 cm 1 3,17
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In the farm, we divided the study area into three parts according to the
following scheme:

1. I - Controling; 2. II - With organic fertilizer (manure); 3. III - With
“Kodahumus”.

The first plot is a control, in the form of conditional manure. On the second
plot, we introduced organic fertilizer (poultry manure) - in the form of burnt
manure. In the experiment, we used straw as a manure cover, so the manure we
used was distinguished by good physicochemical and biological properties. The
nutritional elements in the manure are in forms inaccessible to the plant before
planting (4), we spread the manure on the surface and then deeply plow it into
the soil with a motoblock. The rapid decomposition of manure was influenced
by the soil reaction, since the environment was weakly acidic and decomposed
relatively quickly, the acidic nature slows down the process of assimilation of
organic fertilizer (Kelenjeridze, Kelenjeridze).

After planting the vines in the third part of the study area, we treated the
inter-row and inter-row spaces of the vines with “Kodahumus 20”. “Kodahumus
20” is a preparation of organic origin and is made on the basis of humic acid.
It is intended for improving the physical and chemical properties of the soil.
“Kodahumus 20” helps to conduct biological processes in the rhizosphere. It
is an organic fertilizer, a liquid organic collector based on humic extract. It is
obtained from leonardite and fulvic acids. “Kodahumus 20” improves the soil
structure, makes the nutrients in the soil available to the plant in unabsorbed
forms, improves their absorption capacity, increases the number of beneficial
microbes in the soil and their activity, thereby increasing the total mass of the
root and improving the ability to retain water.

We observed the phenological phases of the vine culture grown on all three
plots. Based on the monitoring, an effective form of fertilizer was identified on
soils with yellow soil.

In the vine culture planted on the third part of the study area, we applied
“Kodahumus 20” to each individual vine root, at a dilution concentration of 1
liter of “Kodahumus 20” in 500 liters of water, in a total of four stages: 1. Stage -
April 26, 2023, 2L per plant; 2. Stage - May 26, 2023, 2L per plant; 3. Stage - June
25, 2023, 2.5L per plant; 4. Stage - July 21, 2023, 2.5L per plant.

On the research plot, grapevine treatments began in early spring. Throughout
the growing season, we conducted observations and descriptions of the
phenological phases of the newly planted grapevines. Daily, we measured the
length of pre-selected seedlings, recorded the number and length of shoots,
counted leaves and clusters, and measured the weight of clusters and the weight-
radius of berries. The process was accompanied by visual inspections across the
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three divided sections of the plot to: a) Identify differences; b) Make notes, and;
c) Highlight problems.

To facilitate monitoring, specific grapevine plants were selected at the
beginning, middle, and end of each test plot. This approach covered the
microclimate across the entire area. The test plants in each section were subjected
to uniform conditions. Each vine selected for agro-ecological monitoring was
marked and assigned a plot-specific number. Every other day, we measured the
growth and development of the selected seedlings, recorded visual changes, and
noted the number of leaves.

At the start of monitoring, the best growth and leaf count were observed in
Plot III, where the area was treated with “Kodahumus 20.” Moderate growth was
noted in Plot II, where manure was applied. The lowest growth and leaf count
were observed in the control Plot I, where no fertilizers were used.

On May 2, 2023, during a visual inspection of the research area, small signs of
downy mildew were noticed: In Plot I: plant 1.1; In Plot II: plants 2.11 and 2.16;
In Plot III: plants 3.3 and 3.4.

We continued our observations. By May 6, 2023, the number of plants infected
by downy mildew had increased: In Plot I: plants 1.1, 1.3, 1.9, 1.14, and 1.16;
In Plot II: plants 2.8, 2.10, 2.16, and 2.20; - In Plot III: plants 3.3, 3.11, and 3.12
(Photo 1, Photo 2).

From the observations, it became clear that the highest incidence of downy
mildew occurred in the control plot, followed by the manure-treated plot, with
the lowest occurrence in the Kodahumus-treated plot. On May 6, 2023, the area
was treated with a combined mixture targeting mites, worms, and downy mildew.
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Picture 2

During May and June, under conditions of high temperatures and humidity,
cases of downy mildew increased in the newly planted vineyard. The vineyard
was treated with the fungicide Zorvec Vinabel. On May 29, 2023, in Plot II,
where decomposed manure had been applied, fungi were observed in the inter-
row spaces of the vineyard. This fungus proved beneficial during the hot summer,
as its roots (mycelium) have the ability to absorb water, thus keeping the soil
moist.

By June 26, 2023, monitoring revealed that the highest incidence of downy
mildew was in Plot II, which had been treated with manure. This pattern
persisted until the end of the growing season. However, by August 8, 2023, no
active downy mildew outbreaks were observed.

Summarizing the overall monitoring data, grapevine growth and development
were most prominent in Plot II (Table 3) (Chachkhiani 2015: 69-42). The results
from Plot III, treated with Kodahumus 20, showed no significant difference
compared to Plot I (Table 4). However, in the control Plot I, grapevine growth
and development lagged noticeably behind both the Kodahumus-treated and
manure-treated plots.
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Table 3. Comperehensive monitoring data

I I - Vine hegefe (o) I - Nizmber of leaves
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Date
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2024
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0006 | 25|20 (2m3 (256 |za3| 254 | 2w | 20| o1 | 2 |27 | 207 |28 | 23 | 23
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Table 4. Comperehensive monitoring data
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The activation of pest and disease hotspots was first observed in Plot II, where a
variety of pest and disease species were prevalent from the early stages. It should
be noted that the rational use of organic fertilizers provides an opportunity to
produce environmentally safe products. However, it also comes with challenges,
such as the potential for creating hotspots or breeding grounds for pests and
diseases.

Treatments on the research plots continued until the end of September. Across
all three plots, the zoned grapevine cultivars demonstrated various nutrient
deficiencies at different stages of vegetation. On June 1, 2023, yellowing was
observed along the edges of the leaves on vine 1.13. By June 5, the issue had
expanded to vines 1.1, 1.2, 1.3, 1.5, and 1.7. This process gradually became
widespread on Plot I, while only a few vines on Plots II and III showed similar
symptoms.

Observations during the vegetation process revealed varying levels of nutrient
demand among the plots. Plot III exhibited the least nutrient deficiencies,
whereas Plots I and II showed the most. For instance, deficiencies in calcium (Ca),
magnesium (Mg), potassium (K), iron (Fe), and phosphorus (P) were prominent.
This is attributed to the soil’s poor physical properties, which resulted in low
water-air balance and slightly acidic reactions (Lortkipanidze, Kelenjeridze).
Under slightly acidic soil conditions, with a pH below 6.5, nutrients such as
Fe, P, and Al become immobilized, making them unavailable to the plants. In
particular, phosphorus deficiency hinders the development of the root system,
further limiting the plant’s ability to absorb necessary nutrients from the soil.

In September 2024, a repeated chemical analysis of the soil was conducted. Soil
samples were taken separately from Plots II and III for analysis to determine the
impact of the applied organic fertilizers—manure and Kodahumus 20—on the
improvement of soil quality (Tables 5 and 6).

Table 5. Chemical analysis of soil with Decomposed Manure

filzpili iallj :1’ ia; c(;rr}i Sample identification data | Humus % Ph  (extracted
number water)
202400363/1 Plot 1 0-15 13 4,02

202400363/2 Plot 1 15-30 1O 2,81

202400363/3 Plot 1 0-20 LA 5,81
202400363/4 Plot 1 20-40 b0 5,80
202400363/5 Plot 1 40-60 1O 5,54
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Table 6. Chemical analysis of soil Treated with “Kodahumus 20”

f:;ﬁiztiogzii?g Sample identification data | Humus % Evlzter) (extracted
202400364/1 Plot 2 0-1519 2,73

202400364/2 Plot 2 15-30 ba 2,36

202400364/3 Plot 2 0-20L0 6,32
202400364/4 Plot 2 20-40 Lo 6,20
202400364/5 Plot 2 40-60 LO 6,09

The analytical research results shown in the table demonstrated that using
burned manure increased the humus percentage content from 3% to 4%, with
a slight effect on pH reaction (Table 5). Meanwhile, Kodahumus had a greater
impact on changing the pH reaction and adjusted the weakly acidic soil towards
neutral (Table 6), although it initially had a minor effect on soil humus content.
Based on the experiment, it appears better to apply Kodahumus, since we can
adjust humus content through pH reaction changes, while changing humus
content doesn’t significantly affect soil pH. It’s noteworthy that during the 2024
vegetation period, no nutrient deficiencies were observed in the Kodahumus-
treated plot, implying that this preparation created an optimal environment
for vines in the soil, corrected the pH, thereby making existing soil nutrients
available to the plant for full absorption, which cannot be said for the manure-
treated plot.

Asaresult of theresearch, the physical properties of yellow-podzolic soils within
the study area have been enhanced. These soils have become more agriculturally
productive, with an increase in humus content and the transformation of
previously inaccessible nutrients into forms readily available for plant uptake.
Despite their excessive moisture and heavy mechanical composition, it has
become possible to cultivate high-quality agricultural products on these soils.

Conclusions: 1. Application of burned manure on low-humus soil showed
improvement in humus percentage from 3% to 4%; this was reflected in yield
increase from 122 to 160 kg; 2. Kodahumus-20’s effect revealed a change in pH
reaction from 5.5 to 6, which represents optimal soil-climatic conditions for vine
cultivation in the Imereti region: soil physical properties improved.
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