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Abstract. This article analyzes the agrotechnical, biological, technical and organizational
problems associated with single-pass machine harvesting of cotton grown at 76 cm row spacing under
the conditions of Uzbekistan. A vertical-spindle cotton picking apparatus is proposed that processes
cotton plants with 85-90% open bolls three times and provides picking of up to 93% of the crop in a
single pass, dropped cotton residues of up to 3—4% and cotton contamination of up to 8% (according
to the requirements of state standards).

Keywords: cotton plant, cotton, picking apparatus, vertical-spindle, drum, cotton doffer,
horizontal-spindle, picking completeness, single-pass picking, row spacing.

Introduction

Cotton is one of the strategic crops of Uzbekistan's agriculture, and its harvesting is the most
labor-intensive and most expensive stage of the entire season. Dependence on manual labor, the
shortage of seasonal labor, the prolongation of harvesting periods and modern requirements for
working conditions have made the mechanization of harvesting a pressing task.

In recent years, the fleet of cotton picking machines in the country has expanded, and the share
of machine harvesting has increased within the cluster system. However, alongside machines and
technologies developed for the traditional row spacings (60 and 90 cm), the issue of introducing
machinery and agrotechnologies adapted to the 76 cm (30 inch) row spacing, which is widely used in
world practice, is also being raised. In order to harvest cotton grown at such a row spacing in a single
pass, with high quality and without losses, the working organs of the picking apparatus, the
morphological characteristics of the cotton plant and the harvesting periods must be coordinated with
one another.

1. The essence of single-pass picking technology

Single-pass picking means that, during the period when the main part of the bolls (85-90%) has
opened, the machine enters the field once and picks the maximum share of the crop. Unlike multi-pass
harvesting, in this case:
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* the number of machine entries into the field and fuel consumption decrease;

* soil compaction decreases;

» the harvesting period is shortened, and the risk of deterioration of cotton quality due to weather
effects decreases;

* the cost per 1 ton of raw cotton decreases.

At the same time, this technology requires uniform ripening of the cotton plant, quality of
defoliation and high picking completeness of the picking apparatus.

"
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2. Main problems

2.1. Agrobiological problems

1. Uneven opening of bolls. The budding—flowering period of the cotton plant is prolonged, as a
result of which the bolls in the lower, middle and upper tiers open at different times. In single-
pass picking, bolls that have not yet opened lead to yield loss.

2. Morphological characteristics of varieties. In varieties that are tall, strongly branched, or
have bolls located close to the soil or very high, the working organs of the picking apparatus
cannot act uniformly on the plant. Varieties adapted to machine picking (short, compact, with
fully opening bolls and quickly shedding leaves) are insufficient.

3. Quality of defoliation and desiccation. Incomplete leaf shedding increases cotton
contamination and raises harvesting losses.

2.2. Agrotechnical problems

1. Accuracy of sowing and care. Deviation of the row spacing from 76 cm, crooked rows and
uneven plant density prevent the spindle drums from properly enveloping the plant.
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2. Soil and field relief. Unevenness of the field surface and the depth of irrigation furrows and
ridges make it difficult to keep the height of the picking apparatus stable.

3. Weeds. Their presence contaminates the cotton and causes the working organs to become
wrapped (entangled).

2.3. Technical and design problems

1. Non-adaptation of existing machines to the row spacing. Most of the machines widespread
in the Republic are designed for a row spacing of 90 cm (or 60 cm); adapting them to 76 cm
requires reconsideration of the arrangement and dimensions of the working organs.

2. Limitations of horizontal-spindle apparatuses. In horizontal-spindle apparatuses, picking
completeness depends strongly on the condition of the plant and the harvesting period; the
spindles become contaminated quickly, and a cleaning (moistening) system is needed.

3. Dropped cotton residues. Losses in the picking apparatus and in the conveying duct leave
part of the crop in the field.

4. Cotton contamination. Fragments of leaves, boll shells and twigs mix with the picked cotton
and affect its grade and price according to state standards.

2.4. Economic and organizational problems

 the high cost of high-capacity machines and insufficient service infrastructure;

» shortage of spare parts and skilled machine operators;

* inconsistencies in the planning of harvesting periods and field work;

* non-adaptation of the network for receiving and cleaning picked cotton to the properties of
machine-picked cotton.

3. Ways of solving the problems
3.1. Agrobiological direction

» creation and introduction of uniformly ripening cotton varieties suitable for machine picking;

* optimization of sowing dates and of fertilization and irrigation rates in such a way as to
accelerate yield formation and concentrate it in time;

» correct selection and timely application of defoliants and desiccants (when 60—70% of the bolls
have opened).

3.2. Agrotechnical direction

» ensuring the row spacing and straightness of the rows through precise sowing and care based
on GPS/GNSS;
» laser leveling of the field,
» comprehensive weed control.
3.3. Technical direction

The most effective solution is the use of a vertical-spindle picking apparatus adapted to 76 cm row
spacing. Its advantages:
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Threefold processing. When the cotton plant bush moves along the apparatus, it is subjected
to the picking process three times in succession, which ensures complete picking of cotton
from the open bolls of the lower, middle and upper tiers.

High picking completeness. The possibility of picking up to 93% of the crop in a single pass
at 85-90% open bolls.

Low losses. Dropped cotton residues of up to 3—4%.

Low contamination. Contamination of the picked cotton of up to 8%, within the requirements
of state standards.

Design simplicity. The system of separating cotton from the spindle by means of the drum and
cotton doffer and conveying it with an air stream reduces contamination of the working organs.

The main components of the apparatus: drums with vertically arranged spindles, the spindle drive,
the cotton doffer (a mechanism that strips cotton from the spindle), the pneumatic conveying system
and the hopper.

3.4. Economic—organizational direction

delivery of machines through leasing and preferential crediting;

expansion of service centers and the spare parts base;

training and retraining of machine operators;

planning of harvesting schedules in accordance with the dynamics of crop ripening.

4. Expected indicators of the proposed apparatus

Indicator Value
Row spacing 76 cm
Degree of boll opening 85-90%
Multiplicity of cotton plant processing 3 times
Picking completeness in a single pass up to 93%
Dropped cotton residues up to 3—4%
Cotton contamination up to 8%
Conclusion

The main obstacles to single-pass picking of cotton grown at 76 cm row spacing are the
uneven opening of bolls, insufficient adaptation of varieties to machine picking, the
incompatibility of existing machinery with the row spacing, and high harvesting losses and
cotton contamination.
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2. A comprehensive solution to the problem requires a combination of agrobiological (variety,
defoliation), agrotechnical (precise sowing, leveling) and technical (picking apparatus)
directions.

3. A vertical-spindle cotton picking apparatus that processes cotton plants with 85-90% open
bolls three times makes it possible to pick up to 93% of the crop in a single pass, and to reduce
losses to 3—4% and cotton contamination to 8%.
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