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Seecharan, R., Colwell, M. and Hergert, G. 1988. Estimated costs
of mechanical strawberry harvesting. Can. Agric. Eng. 30: 221—
226. A Microcomputer Budget Management System (MBMS) was
used to estimatecosts of strawberry production based on mechanical
harvesting and a 5-yr productioncycle. Data used were collectedover
3 yr starting in 1982 from a cooperative project involving ESRC,
Research Branch, Agriculture Canada, Ontario Ministry of Agricul
ture and Food and growers in Southern Ontario. The results indicate
total costs of $98 450 for a 5-yr cycle on 4 ha of operationwith the
average unit cost of strawberries being $0.53/kg. A significant pro
portion of the production costs are attributed to the machine harvester
andextendingthe sizeof operationreducesper hectarecosts from $627
(4 ha) to $404 (8 ha). The maximumsize of enterprise (8 ha) is dic
tated by the number of harvest days (10) and machine field capacity
(0.08 ha/h). As a result of economies of size, the average unit cost of
strawberries varies from $0.53 (4 ha) to $0.51 (8 ha) for a 5-yr cycle.
Varyingthe selling price or machine capacity of the harvester does not
result in any significant reduction in the average unit cost. Other sen
sitivity results indicate that the base results are sensitive to interest rate
changes. For instance, the average unit cost per kilogram of straw
berries varies from $0.42 for a 3% decrease to $0.67 for a 3% increase
in interest rates compared with $0.48 for a 10% increase and $0.59
for a 10% decrease in yields.

INTRODUCTION

Strawberries are Canada's most important berry crop especially
in Ontario, Quebec, British Columbia and Nova Scotia, with
hand picking being the method of harvest. However, research
ers and others involved with the strawberry industry have
recentlyexpressed a need for cost estimates of machine harvest.
Such estimates would assist researchers in determining what
changes or adjustments are required in machinery performance
and the yield levels required to justify mechanical harvesting.

This information is especially important since the goal of the
strawberry research and development program in Canada is to
displace 80% of imported frozen strawberries with domestic
production within a decade (program initiated in 1982). In 1985,
Canada imported 4 893 702 kg of frozen strawberries valued
at $5.2 million (value at the point of entry) (Statistics Canada
1985) with Ontario being the major importer (2 951 384 kg of
strawberries valued at $3.2 million). It was also felt that
mechanical harvesting will lead to less reliance on labor, which
over the years has become more difficult to mobilize due to the
short-term employment opportunities in the strawberry
industry.

The objective of this study is to estimate the costs of estab
lishing and harvesting strawberries mechanically for a harvest
cycle at 5 yr on 4 ha of operation and to determine:

(1) the average unit cost of strawberry production;
(2) the effect on the average cost of producing strawberries

by increasing the size of field operation; and
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(3) to determine the sensitivity of the results to changes in
crop yields, interest rates, machine capacity and price of
machine harvester.

MATERIALS AND METHODS

Costs of production for strawberries were determined using a
Microcomputer Budget Management System (MBMS)
(McGrann et al. 1986). The planting system is solid bed and
the production cycle includes a fallow and planting year and
three years of production.

All costs were determined by a survey of growers and data
collected during a co-operative project involving the Engineer
ing and Statistical Research Centre (ESRC), Agriculture
Canada, Ontario Ministry of Agriculture and Food, growers
and processors. Fields were established in the Blenheim area
of Southern Ontario for the purpose of field scale assessment
and data collection. Information used also included those pub
lished by Ontario Ministry of Agriculture and Food (OMAF)
and the Quebec Department ofFood, Fisheries and Agriculture.

Most cultural practices were similar to conventional methods
of producing strawberries except harvesting. Machine harvest
ing includes the use of:
(1) Equipment:

• tractor,

• forklift,
• truck,
• harvester.

(2) Labor:
• driver/operator,
• general labour.

(3) Containers.
The amount of input resources used for each year, prices and

other relevant data are outlined in Seecharan et al. (1986).

Machinery Costs

Machinery costs include depreciation, interest on investment,
repair and maintenance, fuel and lubrication and insurance.
Depreciationis dependent on the portion of the remaining life
used in the current year and on the current market value adjusted
for salvage value. The formula is as follows:

D = ((HAU/RL) x (M x (1 - (SV x 0.01)))) / HAU (1)

where:

D = current depreciation per hour,
HAU = hours of annual use,
RL = remaining life,
M = current market value,
SV = salvage value as a percent of current market value.
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Costs of repair andmaintenance were computed as follows:

R = (FHL x CHL + FOL X COL + PLS) IAOH (2)

where:
R = repairand maintenance cost per hour (R&M),
FHL = on-farm hired labor (h),
CHL = cost of on-farm hired labor for R&M,
FOL = on-farm owner labor for R&M (h),
COL = cost of on-farm owner labor for R&M,
PLS = off-farmparts, labor and supplies for annual R&M,
AOH = annual operating hours.
Interest on the harvester was calculated based on the current

marketvalueadjusted for one-halfof depreciation in thecurrent
year. Thetotalinterest costwasthendivided byhours of annual
use as shown below:

IC = ((M-D x HAU12) x (IR x 0.01)) / HAU (3)

where:

IC = interest cost of capital,
M = current market value,
D = depreciation as defined in depreciation calculations,
HAU = hours of annual use,
IR = interest rate (%).
Insurance costs (machinery) were based on 1% of current

market value.

Machine Capacity

Machine field capacity was computed as follows:

H = (S x W x FE) I 10 (4)

where:

H = hectares per hour,
S = speed in kilometres per hour,
W = operating width (m),
FE = field efficiency (%).
Annual use (hours) for the strawberry harvester was specified

as the actual amount used per hectare since this machine was
restricted to harvesting strawberries, unlike other equipment
which could be used for other field operations.

Interest

The interest rates used were the current rates discounted for the

rate of inflation. These included:

(1) 8.5% for intermediate-term borrowing,
(2) 7% for intermediate-term equity,
(3) 8% for borrowing operating capital,
(4) 5% for operating capital equity

Capital

It was assumed that the operator borrowed 50% of operating
capital and 50% of intermediate capital (capital required to pur
chase machinery, equipment, trucks, etc. with a life expectancy
of greater than 1 yr but less than 10 yr).

Transportation Costs
Cost of transporting berries to the processing plant (a distance
of 8.85 km one way) was based on estimates by ESRC.
Approximately five trips per hectare were required (a time of
1 h and 24 boxes per trip) and included the time of travel to
and from the processing plant, loading and unloading of boxes.
Each box held approximately 136 kg of berries (after removal
of debris).
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Table I. Total production costs (5-yr cycle), 0.4 ha (1 acre)

Cost description Quantity Unit $/unit Total

Variable cash cost

2-4D 1.64 L 3.14 5

Ammonium nitrate 0.1 t 230.43 23

Benlate 0.22 kg 44.90 10

Captan 35 kg 9.50 333

Cyprex 1 kg 18.00 18

Fertilizer 10-10-10 1 t 176.00 176

Fertilizer 10-10-20 0.55 t 191.50 105

Guthion 2.6 kg 17.50 45

Roundup 2.82 L 26.9 76

Sinbar 3.00 kg 66.60 199

Strawberry plants 10 000 Pit 0.045 450

Thiodan 4.10 kg 14.70 61

Vorlex (optional) 136.4 L 5.52 753

Blossom picking 0.4 ha 547.00 221

Cultivating 0.4 ha 20.53 8

Discing 0.8 ha 20.70 17

Fertilizer applied 1.6 ha 25.32 41

Fumigation (optional) 0.4 ha 24.71 10

Harrowing 0.8 ha 16.06 13

Hoeing/weeding 1.6 ha 247.20 400

Irrigation full (optional) 1.2 ha 625.00 750

Irrigation half (optional) 0.4 ha 308.90 125

Land levelling 0.4 ha 20.00 8

Mowing/raking 0.8 ha 12.80 10

Planting 0.4 ha 368.00 148

Plowing 0.4 ha 34.40 14

Rock picking (optional) 0.4 ha 64.40 26

Rolling 0.8 ha 77.83 63

Runner training 0.4 ha 333.70 135

Spraying 9.2 ha 13.80 127

Fuel 92

Lube 14

R&Mt (off-farm) 77

Hired operator labor 113

Interest (operating capital
borrowed) 414

R&M hired labor 18

Hired other labor 226

Total cash cost 5324

Non-cash cost

Interest (operating capital equity) 291

R&M owner labor 29

Total non-cash cost 320

Fixed cost description
Cash cost

Interest (intermediate capital borrowed) 5995

Taxes, license & insurance 1415

Total cash cost 7410

Non-cash cost

Interest (intermediate capital equity) 420

Depreciation 370

Total non-cash cost

Total costs 1

790

3 844

tR&M = repair and maintenance cost.

Yields

Strawberry yields were based on yield results obtained from
experimental plots on farmers' fields (ESRC 1985). Since the
experimental plots were large (from 2 to 4 ha) and under owner
management it is not unreasonable to assume that farmers would
obtain yields close to the experimental results.
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Table II. Harvester costs ($/ha)t

$/ha

Variable cost

Fuel 19.77
Lube 0.98

Hired operator labor 37.82

R&Ut (off-farm) 18.34

Hired R&M labor 4.76

Owner R&M labor 6.87

Fixed cost

Depreciation 98.45

Interest 393.31

Taxes, license and insurance 46.70

Totals

$.54

538.46

$627.00

tBased on 4 ha of operation.
$R&M = repair andmaintenance costs.

Yields for the various years were as follows:
• Harvest year 1 = 14 651 kg/ha (no yield results were

obtained from the experimental plots for the 1st harvest
year. It was assumed that yields for the 1st harvest year
are approximately 10% less compared with yields for the
2nd harvest year.)

• Harvest year 2 = 16 279 kg/ha
• Harvest year 3 = 15 275 kg/ha

Sensitivity analysis. The following parameters were varied:
(a) Crop yields (by 10%);
(b) Machine capacity (by varying the operating width of the

strawberry harvester from 0.9 to 1.8m);
(c) Interest rate (by 3% for both short and intermediate term

borrowing); and

Table III. Sensitivity results — changes in
strawberry yields

Average unit costt
Crop yields ($/kg)

5-year cycle

Yield changes
184 820 (base yields) $0.53
203 307 (10% increase) $0.48

166 388 (10% decrease) $0.59

tThis average unit cost does not include an annual
charge ]for the use! of land.

Table IV. Sensitivity results — average unit cost of strawberries

($/kg)based on area harvested and machine capacity. Average unit
cost (5-yr cycle)

Size of field
Machine capacity (ha/h)

operation (ha) 0.06 0.08 0.10 0.13

0.4 0.823 0.740 0.691 0.658

0.8 0.664 0.621 0.596 0.578

1.6 0.585 0.562 0.548 0.539

2.4 0.559 0.542 0.532 0.526

3.2 0.545 0.532 0.524 0.519

4.0 0.537 0.526 0.520 0.515

4.8 0.532 0.522 0.516 0.512

5.6 0.528 0.519 0.514 0.511

6.4 0.526 0.517 0.512 0.509

7.2 0.523 0.516 0.511 0.508

8.0 0.522 0.514 0.510 0.507
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Table V. Sensitivity results — average unit cost ($/kg) of straw
berries based on area harvested and price of harvester. Average
unit cost (5-yr cycle)

Size of field
Price of harvester

operation (ha) $51 000 $40 000 $35 000 $30 000

0.4 0.740 0.688 0.664 0.640
0.8 0.621 0.595 0.582 0.570
1.6 0.562 0.548 0.542 0.535
2.4 0.542 0.532 0.528 0.524
3.2 0.532 0.525 0.521 0.518
4.0 0.526 0.520 0.517 0.514
4.8 0.522 0.517 0.515 0.512
5.6 0.519 0.515 0.513 0.510
6.4 0.517 0.513 0.511 0.509
7.2 0.516 0.512 0.510 0.508
8.0 0.514 0.511 0.509 0.507

(d) Price of the machine harvester.

Harvester

The harvester used for this study was a self-propelled model
which is adapted for solid set fields and built by Canners
Machinery Ltd., Simcoe, Ontario (Fig. 1). The harvester is
capable of cutting a 1200-mm-wide swath. Material flow is as
follows:

1. The cutter-bar (A) cuts the crop at ground level.
2. A pick-up type reel (B) aids in moving the crop past the
cutter bar and onto a conveyer (C).
3. The conveyer drops the material containing a mix of leaves,
stems and berries into an air stream created by a fan (D).
4. Leaves and loose stems are lofted by the air stream and are
ejected out the rear of the harvester with assistance from the
leaf belt (E).
5. Berries, most attached to the trusses, are dropped to a grid
chain (F).
6. As the berries move backward they are subjected to the air
flow of two additional fans (G) that tend to blow the trusses
upward where excess stem is removed by a dual hedger bar
assembly (H).
7. Berries are dropped from the grid chain on to a cross con
veyer (J) to be dumped into bulk bins carried on a self-unload
ing line support.

RESULTS

The estimatedcosts for producing strawberriesfor machine har
vest assuming a 5-yr production cycle are indicated in Table I.
All costs are shown on a per-acre basis (0.4 ha) using the
MBMS program. However, since the maximum recommended
size of operationis 4 ha, the harvestcost is significantly reduced
from $4626 (0.4 ha of operation) to $627 (4 ha of operation)
due to economies of size (Table II). Based on 4 ha ofoperation,
the total 5-yr cost (one fallow year, one planting year and three
production years) would be $98 450. As a result, the average
estimated unit production cost of strawberry product delivered
to a nearbyprocessing plant would be $0.53 kg of strawberries
on 4 ha of land base using average total yields (184 820 kg).

The productioncosts include fumigation, irrigationand rock
picking which may be optional. If these costs were excluded,
the average unit cost would reduce by $0.03 by excluding fumi
gation, $0.04 by excluding full irrigation andby less than$0.01
by excluding rock picking, as $0.45/kg based on a 5-yr cycle
and on 4 ha of operation.
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Figure 1. Aonce-over strawberry harvester showing: A. cutter bar; B. pick-up reel; C. intake conveyor; D. Separation fan; E.leaf conveyor;
F. Grid chain; G. hedging fans; H. hedgers; J. cross conveyor.
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As indicated in Fig. 2, the harvester cost per ha declines from
$4626 (0.4 ha) to $404 by increasing the size of field operation
to 8 ha. As a result, for a 5-yr cycle, the average unit cost at
designated size of field operation would vary from $0.74 on
0.4 ha to $0.5/kg on 8 ha. Eight hectares (8 ha) is the predicted
maximum area that can be presently harvested over 10 d at pre
sent machine capacity and reliability.
Sensitivity Results
Yields. Table III shows that when yield is increased by 10%
(205 579 kg) this results in an average unit cost of $0.48/kg.
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Figure 2. Average total cost of the strawberry-harvesting operation based on area harvested.

A decrease of 10 percent (168 201 kg) results in an average
unit cost of $0.59.

Machine capacity. The average cost of producing strawberries
for processing was affected less by machine capacity than by
size of operation (Table IV and Fig. 3). Machine capacity may
be altered by changing the width of cut or improving the effi
ciency to increase forward speed. Increasing the capacity of the
machine from 0.06 ha to 0.13 ha/h decreased costs by $0,022/
kg on 4 ha and by $0.015/kg on 8 ha of operation. Expressed
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Figure 3. Averagetotal cost of the strawberry-harvesting operation based on areaharvested and machine capacity
(ha/h).
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Figure 4. Average total cost of the strawberry-harvesting operation based on areaharvested and price of harvester.

in terms of machine harvest costs per hectare, the cost reduc
tions (Fig. 3) range from $836 (machine capacity of 0.06 ha/
h) to $418 (capacity0.13 ha/h) on 4 ha and from $539 to $269,
respectively, for similar machine capacities on 8 ha of
operation.
Price ofmachine harvester. It is expected that the manufactur
ing volume, complexity and operating width of the harvester

will affect the selling price. Various selling prices of the straw
berry harvester, the average unit cost per kilogram of straw
berries and total costs based on size of field operations are indi
cated in Table V and Fig. 4. As shown in Table V average unit
cost increases to $0.012/kg when the harvester price increases
from $30 000 to $51 000 based on 4 ha. On 8 ha of field oper
ation average unit cost increases by only $0.007/kg and this
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indicates thatthe selling price of theharvester hasno significant
effect on cost of production.

Interest. Increasing the rate of interest by 3% (for both short
and intermediate term borrowing) would result in average unit
cost of $0.67/kg. A decrease of 3% would result in $0.42/kg
of strawberries.

DISCUSSION AND CONCLUSIONS

The results are based on average cost estimates. Since these
costs are expected to vary from region toregion because of soil,
climate, diseases and pests, individual operators could adjust
or substitute their own costs to more accurately simulate indi
vidual enterprises. This was demonstrated by omitting such
operations as fumigation and irrigation.

The resultsindicatehigh total productioncostsbasedon small
field operations and show that these costs are reduced substan
tially due to economies of size, indicating that the machine
would be underutilized on smaller units of operation.

Harvester capacityandharvestercost areshown to have little
effect on the cost of production. For instance, increasing
machine capacity from 0.06 to 0.13 ha/h would result in an
average unit cost reduction of about$0.02 on both 4 and 8 ha
of operations. No doubt, development of strawberry varieties
that can extend the harvest season would increase the use of the
harvester and this would most likely further reduce the oper
ating costs. Similar trends are indicated based on selling price
of the harvester since there is no significant reduction in the
average unit cost. However, the results indicate significant
changesin averageunit cost as a result of interestrate changes.

This study did not evaluatethe cost of a hand picked harvest
of strawberries, however other studies (Hagarty 1984;
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McKibbon 1985) have reported harvest laborcosts of approx
imately $3785 and $4648/ha, respectively. On smaller areas,
harvesting mechanically is much more expensive compared
withhand pickedharvest, however, asthe sizeof field operation
increases mechanical harvesting is much more attractive eco
nomically. In addition, mechanical harvesting canalleviate any
perceived labor shortages which frequently confrontthe grower
during the harvest season.

In conclusion, this study estimates costs and circumstances
under which mechanicalharvesting costs can be reduced. The
study indicates that production should be a minimum of 4 ha
since machinery harvesting costs are significantly higher on
smaller areas of operation.
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