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ANALYSIS OF MACHINE SYSTEMS

H. N. Stapleton, Agricultural Engineer

The effects which a cotton grower is able to produce on his growing crop
results from his use of a system of cultural practices. Most of the cultural
practices are performed by machines, or by some combination of capital and
labor which develops an input cost. To optimize net return, costs must be
reduced, or yield and quality increased. Systems analysis offers an approach
for evaluating both alternatives.

In the cost -reduction approach, it is assumed that the increment -yield or
quality attributable to the performance of a practice must have an increment
value greater than the cost of performing the practice. Analysis of reports
of research since the 1930's show that machine practices for planting, pest
control, and harvesting, are usually the only ones to which an increment -yield
can be attributed.

For example: cultivations performed during the growing season may help
control pests (weeds), hill the row for more effective operation of the har-
vesting machine, and provide furrows for water control; but may also prune
roots and produce soil compaction. This kind of multiple effect (and cost)
for the machine practice provides a reason for cotton growers' interest in
reducing or eliminating cultivation.

In systems analysis, the systems adjacent to the system of interest must
also be analyzed if results of the analysis are to be useful. This has led to
the study of the plant and the environment subsystems, and the effect of
timing as the plant system is "phased -in" on its environment by the selection
of the time for planting seed.

Study and analysis of reports of research showed that cotton is "inde-
terminate" only by its ability to produce flowers throughout the growing season.
It is "determinate" in that it has a consistent and predictable method of, and
requirements for, germination and emergence; development of vegetation and
fruit; photosynthetic conversion; and maturity of seed and lint. Limits for
this "determinate" system are imposed by the environment (soil, climate, and
weather), by pests (weeds, insects, and diseases), and by the grower's cultural
practices.

The development of models and computer programs for the subsystems of the
plant and the environment is in progress. Reports of research from the Cotton
Research Center and other sources are providing the "data bank" for validating
the programs and testing the accuracy of the models. A program for the
planting -to- emergence stage is producing a hypocotyl length with time, as the
conditions of temperature, moisture tension, aeration, and impedance are pre-
scribed. A program for the production stage produces flowering cycles and
periods of cutout, but requires further data for the moisture variable (satura-
tion to stress) imposed by surface irrigation. Manipulation of plant configu-
ration vs. flowering cycle permits the inference that machines should be
developed which will permit alternatives in optimization of net return through
the use of some other configuration than 38 -40 -inch rows.
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In this concept, for the cotton system, the optimum plant system will
indicate an optimum cultural practice system for which the accompanying
machine system may be selected. These combined in an overall production sys-
tem program can evaluate alternatives for use in cost reduction and quality
control.
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