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A computer model was used to evaluate the effects of five production variables that could be influenced by agricultural
research or by grower management on crop returns, costs and margins per hectare. The five variables investigated were the area
harvested per machine per year, yield per hectare, harvester efficiency in cucumber recovery, rate of harvesting, and the
interaction between harvesting rate and harvest timing. A benchmark production system considered to be applicable to potential
production conditions was defined. A range of values for each production variable based on available research and extension
information was identified. Yield per hectare and the proportion of the cucumbers recovered by the harvester had the largest
influence on the margin per hectare. Substantial areas must be harvested per machine per year to achieve the economies of scale
associated with a pickling cucumber harvester. The rate of harvesting and its interrelationship with timeliness of harvest had a
lesser effect on costs and margins than the other factors evaluated. This study indicated that growers and research personnel
should concentrate upon increasing the yield of marketable cucumbers. A 11/ ha yield increase would raise producers' margin per
hectare if costs associated with the specific yield improving technologies were less than $113.75/ ha. Engineering research to raise
the machine efficiency in cucumber recovery by five percentage points could produce economic gains of similar magnitude.

INTRODUCTION

Pickling cucumber production in
Ontario involves hand-harvesting the crop
several times during the season. The area
produced per grower has been limited by
harvest labor supply resulting in area per
farm typically not exceeding 5-6 ha.
Increasing labor costs and declining labor
availability have caused industry personnel
to consider production systems based on
mechanical harvesters developed in other
production areas (Cargill et al. 1974).

Research in Ontario has been

concentrated on the development of the
biological components of a machine-harvest
system suited to the raw product
requirements of the Canadian processors
and to the growing conditions of Southern
Ontario (Ontario Vegetable Research
Council 1976). The management
components of the machine-harvest
production system, such as fertilizer
practice, seeding rates, etc. are substantially
different to those required for hand-harvest
production.

No agricultural studies have been
conducted in Canada on machine factors,
such as cucumber recovery efficiency, which
will influence growers' returns and raw
product quality. Such studies may be
desirable because prices, grade standards,
and processors' raw product quality
requirements differ between Canada and
other production areas.

The purpose of this study was to examine
the effects of factors that could be influenced
by research personnel or growers on the crop
returns, costs and margins per unit area
from machine-harvest production of
pickling cucumbers. A computer model that
could evaluate time-dependent factors was
used in the study. A benchmark production
system, considered to be applicable to
Southern Ontario, was defined and used as a

basis for evaluation of the production
variables.

The effect of changes in four production
variables, i.e. area harvested per machine
per year, yield per unit area, efficiency in
cucumber recovery and rate of harvesting,
was examined using a comparative statics
approach. The interaction effect of rate of
harvesting and harvest timing was evaluated
using a dynamic approach. The model
specification and information used to define
production variable ranges are given in the
following section. Subsequently, the
analytical results are reported and discussed.

MODEL SPECIFICATION

Algorithm Description
Costs, crop returns and margins were

calculated using a general purpose crop
mechanization computer model (Colwell
1979) based on the algorithm summarized in
Fig. I. Each machine operation was
classified as either operation-dependent or
operation-independent. The rate at which
dependent operations can be completed was
assumed to be directly influenced by the rate
of completion of an earlier operation.
Independent operations were not directly
influenced by other operations within the
production system. Independent operations
were divided into two subclasses. Time-

critical operations must be completed within
a specified time period. The algorithm
calculated the maximum output based on
specified machine work rates, workday
length and maximum days available to
complete the operation. Areas in excess of
this maximum could be completed by
purchasing more machines, using custom
services, completing the operation in an
untimely fashion with a yield or quality loss,
or not completing the operation.
Independent operations that are not time-
critical are assumed to be completed with the
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specified machine capacity.
The algorithm, on completion of the cost

analysis of all individual machine
operations, cumulates costs and calculates
crop returns and margin per unit area. Crop
returns are the cumulative value of the

products of yield and price of each of the five
cucumber grades. Margin represents the
return to the grower for his investment risk
and management skills and is defined as
total cucumber sales less variable, labor,
machinery, land and miscellaneous costs.

Benchmark Production System
The benchmark production system

which consisted of the operations outlined in
Table I was based on the use of machines

commonly available on progressive
Southern Ontario farms. A precision seeder
and a pickling cucumber harvester were
assumed to be purchased as new equipment
to be used specifically in pickling cucumber
production. The remaining machinery was
assumed to be 3 yr old on average and
machine costs represent 1975 prices.
Elsewhere, 1977 prices have been used.
Machine performance characteristics,
fertilizer, seed and spray application rates
were decided in consultation with research

and extension personnel and upon
published extension information
(O'Sullivan 1978; Ontario Ministry of
Agriculture and Food 1975, 1978;
Thompson 1966).

The transport operation was classified as
a machine-dependent operation. The
number of trucks required was dependent
upon the harvester work rate and the
harvested yield per hectare. The trucks had a
capacity of 5.4 t and were assumed to travel
160 km to and from the processing plant at a
speed of 56 km/h with a combined loading
and unloading time of 1.5 h. Seeding,
spraying and harvesting were considered to
be potential time-critical operations.
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Figure 1. Summary flowchart for algorithm.

A benchmark production area of 50 ha per
grower was assumed reflecting extension
recommendations (O'Sullivan 1978).

Selection of Evaluation Ranges for
Production Variables

A range of 17 - 136 ha has been selected
for the area harvestedper machine per year.
The upper limit is based on a maximum
harvest season of 60 days, and a 75%
probability of a particular day being suitable
for harvest. With these assumptions, the
upper limit represents approximately 60% of
the theoretical seasonal capacity of the
available mechanical harvesters. A

conservative upper limit was chosen because
in practice, growers attempting to harvest
areas close to the theoretical machine

potential may incur crop return losses due to
untimely harvesting even where scheduled
plantings are included as a management
practice.

Yields per hectare varying from 10 to 18
tonnes have been evaluated representing
ranges occurring in experimental studies
relating yield to changes in plant
populations (Cantliffe and Phatak 1975), in
harvest date (Miller and Hughes 1969) and
in applied irrigation water (personal
communication, Fulton 1975). Harvester
efficiency was defined as the percentage of
the available cucumbers harvested by the
machine and suitable for use by the
processor. A range of 50 - 90% was selected
for evaluation based on the findings of
studies on harvester efficiency conducted in
the U.S.A. (Marshall et al. 1970, 1971).
Rates of harvesting between 0.1 and 0.5
ha/h have been evaluated. No experimental
studies report harvester operation rate
effects. However, extension publications
recommend harvesting 4 ha/day (O'Sullivan
1978). The lower end of the range
represented operating rates observed under
less than ideal conditions of weed control,
weather or vine growth.

Evaluation of the economic implications
of interactions between rate of harvesting
and harvest timing involved the following
alteration of the benchmark production
system. The production area (50 ha) was
assumed to consist of 12scheduled plantings
of 4 ha each and one final planting of 2 ha.
These plantings were assumed to reach their
optimum stage for harvesting on
consecutive days. Machine harvesting rates
between 0.3 and 0.5 ha/h were chosen for
evaluation and were assumed to reflect

differences in weather, soil, crop conditions
and operator skill. A harvesting strategy
based on completion of one scheduled
planting before starting on the next planting
was assumed and resulted in the harvesting
schedule indicated in Table III. This

benchmark production system is designed to
examine the economic effects of various

harvesting rates in a situation of tight crop
scheduling. The crop area harvested later
than the optimum date (Table III) is
assumed to have a higher yield and a lower
grade as measured by $/t. Conversely the
cucumbers harvested earlier than optimum

However, the seasonal capacity of the
seeder, sprayer and harvester, where
scheduled planting occurs, usually exceeds
the area grown per producer. Therefore
short-term production bottlenecks during
the harvest season, caused by factors such as
poor harvesting conditions or rapid
maturation of the fruit, are more likely to be
of greater importance to the producer. The
effect of harvest timing was investigated,
since least flexibility is likely in this
operation. A harvester work rate of 0.3 ha/ h
and a daily harvesting period of 10 h were
assumed in the benchmark system. All labor
used in the production system was valued at
$3/h and annual land costs consisted of an
opportunity cost of 9% of the land value
estimated at $6000/ha.
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Crop returns per hectare depend on the
yield per hectare and the crop quality.
Commercial grade sizes in Ontario for
pickling cucumbers are based on cross-
sectional diameter and are /:< 2.5 cm; 2: 2.5
- 3.2 cm; 3: 3.2 - 4.1 cm; 4:4.1 - 5.1 cm; and 5:
>5.1 cm. Market prices in 1977 ranged from
$383.02/1 for grade / to $42.10/1 for grade 5
(Table II). In this study grade 5 cucumbers
are assumed not to be accepted by the
processors, who have a contractual option
on delivery of such cucumbers. The assumed
grade distribution reported in Table II and
the yield of 14.25 t/ha were based on studies
of economically optimal machine harvest
strategies (personal communication,
O'Sullivan 1979) in which the machine
recovered 82% of the available cucumbers.
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TABLE 1 BENCHMARK SYSTEM - MACHINE OPERATIONS

Operation
Machine(s)

used

Work rate

(ha/h)
Machine cost-salvage

value ($)

Plowing 6 furrow +

82 kW tractor

1.2 3 900

20 000

Primary cultivation Cultivator +

82 kW tractor

4 1 500

20 000

Secondary cultivation Cultivator +

harrow +

packer +
82 kW tractor

4 4 500

20 000

Fertilizer

Seeding

Application completed
by custom operator
Precision seeder

37 kW tractor

0.61 3 700

7 500

Spraying Sprayer +
60 kW tractor

3.25 1 300

12 000

Row cultivation Cultivator +

60 kW tractor

1.2 12 000

Harvesting Harvester +

82 kW tractor

0.30 33 000

Transporting Trucks (used) Dependent on
harvester work rate

5 000

TABLE II. ASSUMED GRADE DISTRIBUTION AND CROP PRICES

Cross-sectional

Grade diam. range Proportion of crop Price

(cm) (% by wt) ($/tonne)

1 <2.5 3 382.02

2 2.5 - 3.2 10 275.83

3 3.2-4.1 39 154.57

4 4.1 -5.1 32 65.97

5 >5.1 16 42.10

TABLE III. EFFECT OF CHANGES IN HARVESTER WORK RATE ON TIMELINESS OF

HARVESTING FOR A 50-ha SCHEDULED PLANTING PRODUCTION AREA

Harvester work rate (ha/day)

Harvest date 3 3.5 4 4.5 5.0

Area harvested (ha)

3 days early 3

2 days early 3 17

1 day early 29 20

Optimum date 6 14 50 18 10

1 day later 12 27.5

2 days late 12 8.5

3 days late 12

4 days late 8

are assumed to have reduced yield and an
increased $/t value. The daily rates of
change in yield per hectare and crop grade
used in this study were 2.27 t and 16.6 $/t,
respectively, and were mean values derived
from three experiments involving 33 dates of
harvest (personal communication,
O'Sullivan 1977). The effect of increased
machine harvest rates on the percentage
recovery of cucumbers from the available

crop may be of practical importance to the
grower. Because of a lack of experimental
data, a simplifying assumption was included
that increased harvesting rate had no effect
on harvester efficiency.

RESULTS AND DISCUSSION

Area Harvested per Machine per Year
As the area harvested per machine

increased, total costs per hectare decreased.
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The rate of decline was reduced as the area

harvested increased (Fig. 2). The reduction
in cost per hectare was achieved by
allocation of the overhead costs, e.g.
depreciation, interest, insurance and storage
costs, associated with enterprise-specific
machinery over a larger area of production.
The cucumber harvester and the precision
seeder were assumed in this study to be
exclusively used for cucumber production.
Increasing the production area per year
from 17 ha to 68 ha reduced the machinery
costs per ha from $586 to $247. Further
increases in the area harvested to 119 ha

resulted in a reduction of $48/ha. The
benchmark results reported in Fig. 2
indicate that the major proportion of cost
reductions in processing cucumber
production due to economies of scale can be
achieved with production area per harvester
of between 68 and 85 ha per year.
Attempting to realize the small cost
reductions from subsequent expansion of
production area would only be justified
where grower management skills and crop
planting schedules ensured that crop returns
per hectare did not decline by amounts
greater than the cost savings. Where timely
harvesting occurred, savings in machinery
costs per hectare would be transferred into
increased margins per hectare, as indicated
in Fig. 2. It should be noted that the
production levels at which major cost
reductions were achieved, i.e. 68 - 85 ha, are
substantially below the assumed maximum
area harvested per machine per year in this
study.

Yield per Hectare
The effects of increasing yields per

hectare on costs, returns and margins for the
benchmark system are noted in Table IV.
Crop returns per hectare increased linearly
from $1024 to $2165 as yield was increased
from 10 t/ha to 18 t/ha without any change
in average unit crop value. Total costs
increased more slowly, since the only extra
cost was the increased charge for
transporting the harvested cucumbers to the
factory. Margins for the assumed
benchmark production system increased
from $-163/ha for a yield of 10 t/ha to
$+747/ha for a yield of 18 t/ha.

The grower or researcher can increase
yields per hectare by delayed harvest and /or
by the use of improved production
management practices. Increasing yield per
hectare by delayed harvest will be
accompanied by lower returns per tonne
because a larger proportion of the
cucumbers will be classified as grades 3-5
which command a lower unit price than
grades 1 and 2. This situation is examined
further in a subsequent section.

Increased yields per hectare can be
achieved without loss of crop value per
tonne when production practices that
provide a maximum number of marketable
fruit ready for harvest at one time are used
(O'Sullivan 1978). The rate and efficiency of
harvesting can be reduced where excessive
vegetative material, such as vine growth or
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Figure 2. Effect of increasing area harvested per year on crop returns, machinery costs, total costs and
margin.

TABLE IV. EFFECT OF YIELD PER HECTARE ON CROP RETURNS, COSTS, AND
MARGIN PER HECTARE

Crop Variable Labor Machinery Totalf
Yield returns costs costs costs costs Margin
(t/ha) ($/ha) ($/ha) ($/ha) ($/ha) ($/ha) ($/ha)

10 1204 482 56 270 1367 -163

12 1444 482 56 270 1367 77

14 1685 482 66 285 1392 293

16 1925 482 66 285 1392 533

18 2165 482 76 301 1418 747

f Total costs includes miscellaneous costs (e.g. interest on operating capital ) of $19/ha.

TABLE V. EFFECT OF MACHINE EFFICIENCY IN RECOVERY OF PICKLING CUCUM

BERS ON CROP RETURNS, COSTS AND MARGIN PER HECTARE

Machine Crop Labor Machinery Totalf
efficiency returns costs costs costs Margin

(%) ($/ha) ($/ha) ($/ha) ($/ha) ($/ha)

50 1037 56 270 1367 -330

60 1244 56 270 1367 -123

70 1452 56 270 1367 85

75 1555 66 285 1392 163

80 1659 66 285 1392 267

90 1866 66 285 1392 474

t Total costs includes miscellaneous costs (e.g. interest on operating capital) of $19/ha.

weeds, is present. Production practices
including effective weed control and
selective use of nitrogen fertilizer, which
limit the quantity of vegetative material to
be processed by the harvester, can maintain
the rate and efficiency of harvesting in
situations where yield is increasing.

The situation analyzed in Table IV
assumed that yields increased through
improved management of the existing
inputs. However, yield increases may occur
due to changes in the quantities of inputs.
The differences between margins per hectare
for various yield levels can be used to

provide an indication of the maximum cost
change which could be justified for new yield
increasing technologies. As indicated in
Table IV a yield increase of 81/ ha resulted in
a margin change of $910/ha which is
equivalent to $113.75/1. Therefore, yield
improving technologies which increase costs
per tonne by less than $113 will be
economically viable.

Harvester Efficiency
Increases in machine efficiency primarily

influenced the crop returns per hectare
(Table V). Increasing machine efficiency
from 50 to 75%, with the assumed
benchmark production system, raised crop
returns from $1037 to $1555/ha. Costs
increased slightly at 75% efficiency because
the yield increase necessitated an extra truck
to transport the product to the processor.
Each 1% increase in machine efficiency
resulted in an average margin increase of
$20/ha.

Harvester efficiency may be improved
through changes in cultural practices,
proper harvester adjustments or harvester
design changes. Attention to detail in
cultural practice and harvester adjustment
by the grower will result in increased field
recovery with minimal cost changes. Where
harvester efficiency is increased through
machine design changes or through the use
of more expensive cultural practices, extra
costs may be incurred. However, the
substantial margin increases attained in the
benchmark situation indicate the potential
profit increases to be attained from
improvements in machine efficiency.

Rate of Harvesting
The results reported here refer to

situations where altering the harvester
operation rate did not influence crop
returns. Situations where machine

operation rates influenced the timeliness of
harvest are discussed in a subsequent
section. Raising harvester work rates
reduced total costs per hectare because of
lower labor and machinery costs, and
consequently increased total margin per
hectare (Fig. 3). Work rate had no effect on
the fixed or overhead costs of the harvester

since these are dependent, for an enterprise-
specific machine, on the area harvested per
year which was constant in this study at 50
ha. However the costs per hectare for using
the tractor which provided harvester power
decreased as work rate increased because the

tractor and labor time to harvest each

hectare declined. Similarly there were some
labor and machinery savings associated with
trucking costs. The total cost and margin
difference between harvesting at 0.2 ha/h
and 0.4 ha/h was $52/ha.

Interaction of Harvesting Rate and Harvest
Timeliness

Crop returns per hectare declined when
the harvester operation rate exceeded or fell
below 0.4 ha/h which represented the daily
quantity of crop available for harvest at the
optimum yield and quality combination
(Fig. 4). Machinery and labor costs per unit
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Figure 3. Effect of machine harvest rate on machinery costs, total costs and margin.
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Figure 4. Effect of timeliness of harvest on crop returns, total costs and margin.

area declined as the harvester operation rate
increased because the tractor powering the
harvester, and the trucks hauling the
cucumbers were required for a shorter time
period. A decline from 0.4 ha/h to 0.3 ha/h
in the average harvester operation rate
resulted in a margin reduction of $134/ha.
Harvesting some of the crop before the
optimum date also reduced the margin by
$106/ha when the harvester work rate was
increased from 0.4 to 0.5 ha/h. In the
simulated situation, late harvesting because
of poor harvester work rates had more effect
on margins than early harvesting, since costs
and crop returns are both reduced by early
harvesting while late harvesting causes lower

crop returns and higher costs per hectare.

CONCLUSIONS AND DISCUSSION

The five production variables evaluated
in this study could be influenced by
agricultural research programs or grower
management skills. The ranges evaluated for
each variable in this study were based on
previous research findings or available
extension information.

The results for a benchmark production
system are summarized in Table VI. Margin
per hectare was most influenced by changes
in yield per hectare and harvester efficiency
measured as the proportion of the
cucumbers available in the field that were
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recovered by the machine. The increased
margins obtained in the simulation results
for these two factors were caused primarily
by increased crop returns per hectare which
indicates the importance of marketable yield
per hectare as a profit factor. Much of the
agricultural research effort in Canada is
concentrated upon increasing the yield and
quality of pickling cucumbers available in
the field. This effort has not been matched in

Canada by agricultural engineering research
to increase the machinery efficiency in
cucumber recovery, a factor which this study
indicates is of major economic importance
to producers. The margin changes obtained
for these two factors indicate the maximum

extra costs per hectare which could be
economically justified by growers for
technological improvements. In this study, a
1 t/ha change in yield altered margin by
$113.75/ha while a 5% increase in machine
efficiency raised margins by $100.5/ha.

This study has indicated that substantial
cost reductions can be achieved through
economies of scale in the use of specialized
machinery such as the cucumber harvester.
The majority of the cost savings through
harvesting larger areas per machine per year
were achieved with production areas of 68
ha, which represented half of the assumed
maximum area which could be harvested

each year by a single machine if scheduled
planting was practised.

As harvesting rate increased in situations
where timeliness of harvest was not affected,
total costs decreased and crop returns per
hectare did not change resulting in increased
margins (Fig. 3). When timeliness effects
were considered increasing harvesting rates
influenced costs and returns (Fig. 4). When
harvesting commenced at the optimum time,
harvest rates that were lower than crop
availability resulted in reductions in crop
returns and increases in costs. Where

harvesting rates exceeded crop availability,
crop returns and crop costs both declined.
The reduction in margins was greater when
crop availability exceeded harvest rates.
Therefore when timely harvesting cannot be
attained it would be preferential for the
grower to harvest a portion of his crop
before its optimum harvest date.
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TABLE VI. SUMMARY OF SIMULATION RESULTS

Assumed

range

Change in~\

Production

variable

Crop returns
$/ha

Total costs

$/ha
Margin:}:

$/ha

Area harvested

per grower per yr

17- 136 ha 0 -395 +395

Yield per ha 10- 18 t +961 + 51 +910

Harvester efficiency 50 - 90% +829 + 25 +804

Rate of harvesting 0.10-0.50 ha/h 0 -166 + 166

Interaction between

timeliness of harvest

ing and rate of
harvesting

0.30-0.40 ha/h + 91 - 43 + 134

0.40 to 0.50 ha/h -130 - 24 -106

t Change values are given for increases from the lower to upper end of the range.
% Margin per hectare is crop returns per hectare less total costs per hectare and represents the grower

return for investment risk and management skills.
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