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Several years of research and development by various organizations to produce baby carrots and small red beets are
discussed. Baby carrots are of interest to processors who wish to replace a considerable dollar value in imports. Small
red beets are of interest for the developing salad-bar trade. Agronomic work such as variety testing and population trials
have shown an increased yield at high densities. Various seeders have been tested with models suggested for various
harvest techniques. The use of bed formers was evaluated. Harvesting trials included top pullers as used with conven
tional-sized crops and a European bed-type harvester with special features.

INTRODUCTION

The production of baby carrots and
small red beets for either fresh market or

for processing presents a unique mecha
nization problem. The product size is
small so higher yields than possible with
conventional production methods must be
attained. Investigation testing and devel
opment of equipment for this specialized
operation has been carried out over several
years to assist growers in production of
these crops.

Baby carrots are grown using devel
oped varieties of carrot (Daucus carota)
selected for their ability to mature at a
small size. The desirable root size is less

than 19 mm in diameter and 115 mm in

length, about the size of a finger. Other
varieties produce a globe-shaped root very
much like a radish or the stump-rooted
varieties which produce a wide-shoul
dered, short, tapered root common in con
served product from England. Small baby
carrots are of interest to consumers and

institutional users as the small roots have

good appearance, taste and texture. The
product commands a premium price over
conventional carrots, whether canned,
frozen or fresh.

The same situation is true with small red

beets. Small roots command a higher price
for certain packs whether pickled or con
served. Small beets are in demand for the

growing salad-bar trade.
Bed production methods of growing

vegetable crops such as carrots and red
beets are used routinely in Europe but only
to a limited extent in North America. Most

such root crops on this continent are har
vested by top-pulling harvesters such as
the FMC-Scott-Viner Red Beet and Carrot

Combine (FMC Corp., Columbus, Ohio)
that pull the plants from the soil after
being loosened by an integral digging
blade. Tops are removed by a roll-bar top

per situated at the upper end of lifting
belts.

In contrast, bed-type lifters require that
the crop be defoliated in a separate oper
ation prior to lifting. Bed-type harvesters
lift considerable soil with the roots, re
quiring extensive soil elimination capac
ity.

Initial trials with production of baby
whole carrots indicated that yields were
limited when producing small roots at the
wide spacings necessary for the top-pull
ing machines. Bed production equipment
was imported from Europe and tried at
several locations for both small carrots

and for small red beets. This led to de

velopment of companion seeding, bed-
forming and topping equipment as de
scribed here.

HISTORY

Initial trials for growing baby carrots
made use of a TAWCO radish combine

(TAWCO Products, Columbus, Ohio;

Figure 1. A mounted three-row Tawco Radish combine.
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Hergert 1973) (Fig. 1). The TAWCO
combine is similar to the FMC Red Beet

and carrot combine but has multiple rows
and is built using smaller components.
Spacing between rows was 230 mm. The
TAWCO radish combine was not strong
enough to handle large acreages of baby
carrots. Attempts to install an undercutter
on the machine were not successful as the

tractor-mounted frame was not strong
enough to handle the increased load. Op
eration with a separate undercutter pro
duced problems with loose soil ahead of
the pick-up belts of the combine, resulting
in frequent plugging. Loss of carrots was
considerable when using the TAWCO,
due to top breakage and carrots left in the
ground. Another problem was insufficient
clearance for the tops to fall from the ma
chine, and blockages around the topping
mechanism were common. Topping with
a forage harvester ahead of the combine
reduced foliage sufficiently to allieviate
this problem but over-all, the machine did
not work to expected potential.
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Figure 2. An FMC Red Beet and Carrot combine mounted on a special four-wheel drive
chassis modified for harvesting baby carrots.

The second attempt at harvesting small
carrots was with a modified FMC red beet

and carrot combine (FMC Corp., Colum
bus, Ohio; Fig. 1). Close-pitch conveyer
and elevator chains were installed to retain

the small roots. Row spacing had to be
adjusted to 360 mm to suit the harvester,
limiting yield.

Subsequent to tests with row machines,
a SAM bed-type harvester (Special
Agraishe Machines, Broerijkib, Oos-
twoold (N.H.) Holland; Fig. 1), and a
Martin defoliator (Etablissements Martin,
45 Batilly-en-Gatinais, 4350 Beane la Ro-
lande, France) were imported under an
Agriculture Canada DREAM (Develop
ment, Research and Evaluation of Agri
cultural Mechanization) contract. As part
of the contract, test plots were established
with a co-operating grower on muck soils
in the Sherrington area of Quebec (Leclair
1975).

The harvester (Fig. 3) was a digger-type
of machine having a lifting belt 1000 mm
wide. A vibrating digging share loosened
the carrots ahead of the belt. The belt car

ried the product to a rubber finger bed
made up of 10 rows of rubber star-shaped
wheels. The rotation of the rubber star-

wheels carried the product rearward,
rubbed soil from the product and elimi
nated loose soil. From the rubber finger
bed, the product moved on to a recipro
cating sorting table where soil fell through
a screen. Manual sorting could also be car
ried out at the screen to remove soil clods,
sod, rocks and other debris. The harvester
deposited the product in a bulk box carried
on a fork at the rear.

The defoliator is a machine having two
rotors, 1.5 m wide mounted transversaly
to the direction of travel. Each rotor is
made up of an axle with four rows of flex
ible paddles 4 cm wide and extending 15

Figure 3. A Special Agrishe Machine (SAM) rootcropharvester operating in baby carrots on
muck soil.

cm from axle brackets. The rotors are

turned from the tractor power-take-off
through a gear box and belt drives. The
front rotor turns with the paddles pushing
foliage rear-ward; the rear rotor turns the
opposite direction causing a pulling action
on the foliage at the point between the ro
tors. The lifting and pulling action was
sufficient to break the stems from the

crowns. Foliage was ejected out of the
full-width opening at the rear.

The first year of tests with the SAM
harvester and the Martin Defoliator, com
bined with recommendations from a New

Crop Development contract research re
port (Leclair 1975), indicated that better
seeders were required to obtain higher
densities. Moreover, improvement in the
surface levelling of the bed was required
to facilitate topping and harvesting.

EQUIPMENT DEVELOPMENT
Equipment, such as top-pulling har

vesters, used in the row production of
small vegetables does not differ from ma
chines used routinely for larger vegetables
except for the minor modifications de
scribed above. Equipment development
and evaluation in this project were pri
marily for bed production as described
below.

Initially, two new seeders and a bed for
mer were developed. The first seeder was
patterned after machines used in forestry
nursery operations where grooves were
formed in the soil by a heavy grooved
roller, the seed was broadcast into the
grooves and the grooves were flattened by
a following roller. A second seeder having
a similar roller, but without the grooves
was built with eight shallow-planting
openers complete with coverers and pack
ing wheels. Both seeders were equipped
with research-type seed dispensers (War
ren 1978) to facilitate variety testing.

Later in the project, another new seeder
was built following the second design, but
using 18 double-disc openers with depth
control wheels designed to plant at 50-mm
spacing (Fig. 4). Discs were made re-
moveable and adjustable, allowing exper
imentation with row spacing and mini-
beds 50-150 mm wide as opposed to bed
planting. The research type seed dispenser
used on the previous model was further
developed to allow up to 18 rows to be
planted from a single bulk hopper box.

A Brillion (Brillion Iron Works, Bril-
lion, Wis.) seeder was also modified to
accommodate a seed dispenser similar to
the above to test the Brillion grass seeder
concept with vegetables.

A tractor-mounted bed former was de

veloped to produce an elevated, flat, even
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Figure 4. The ESRI 18-Row bed seeder used for density tests and used commercially in an
8-row format for baby carrots and small red beets.

bed. The former was made of steel plate
and had wing plows at the front to move
soil from the tractor wheel path to the bed
area. Soil was forced into the bed former

by a tapered section at the front. Angled
levelers inside the former also helped
move soil from the edges toward the cen
ter. An adjustable forming plate at the rear
leveled the top of the bed.

A rotary crowner, capable of cutting the
crowns from the carrots prior to digging,
was developed. The crowner consisted of
a machine with three vertical shafts each
driving rotary cutting blades that cut the
carrots slightly below the ground surface.
Expelling blades were positioned above
the cutters to move the tops from the beds.
Complete crowning and top removal was
accomplished by positioning a 450-mm
diam. cutter at the center of the machine
and slightly ahead of the following 560-
mm diam. cutters. The second set of cut

ters turned in opposite directions causing
debris to be moved to each side and into
the wheel tracks. The crowner was ad
justed to the proper working depth but
with a very slight incline to provide relief
under the cutters at the rear. Initially, the
crowner was mounted on front and rear

rollers, which allowed good depth control
but under certain conditions would break
small carrots. The crowner was subse
quently supported by rubber tires running
in the tractor wheel path with hydraulic
depth control. Discs were attached to the
rearof thecrowner to trim foliage hanging
down into the wheel path at the edge of
the bed.

EQUIPMENT AND TECHNIQUE
EVALUATION

Seeding
Literature indicated that baby carrots

grown at extremely high densities (Lough-
ton 1975) could result in yields equal to
or higher than those for normal carrots.
This information prompted development
of the ESRI indentation drum seeder and

modification of the Brillion seeder for pro
duction on solid beds. The ESRI eight-
row seeder with 150-mm row spacing was
used along with the solid-bed seeders in
tests on organic soils (Millette 1976). Use
of the solid-bed seeders (Drum type or
Brillion) did not show any appreciable
gain in total or marketable yields over the
high-density row-type machines. During
the course of our tests at different loca

tions, test seedings with the solid-bed
seeders were lost on occasion due to water

erosion during heavy rains shortly after
seeding, or to dry conditions at the time
of germination due to the shallow planting
depth (Muehmer 1976).

Research at ESRI has indicated, and
others have verified with more extensive

research (Salter 1979), that row arrange
ments have little effect on yield but that
density is the most important factor af
fecting yield. Furthermore, little effect
was found between yields of two mini-
beds compared to a full-width bed (Mil
lette 1980). It has been found, however,
that growers of specialty crops wanting
only a certain size of product can advan
tageously influence the potential yield by
choosing the correct planting arrange
ment. For example, research at Simcoe
(Loughton 1979) indicated a higher yield
of 19-mm-diam. and smaller carrots from
high-density rows than from beds.

Tests comparing bed planting to high-
density precision planting using a 10-unit
Stanhay (FMC Corp., Burlington, Ont.)
planter, with triple line coulters, did not
show any significant advantage for pre
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cision planting (Loughton 1976a), al
though in another test comparing four
methods (drum, Stanhay with 10 rows,
Stanhay with six units arranged in three
pairs of rows to produce three mini-beds,
and the ESRI eight-row seeder) a slightly
higher yield was obtained with precision
planting in wide rows or mini-beds
(Loughton 1976b).

Similarly, red beets appear to respond
only marginally to bed planting where a
high percentage of small roots are wanted.
Tests using the ESRI 18-row seeder pro
duced equal yields in the 25- to 45-mm
grade compared to row culture, but pro
duced considerably higher total yields.
Density tests showed yields optimizing at
400 seeds/m2 and falling off as population
increased or decreased, although yield of
small roots remained about equal for all
populations above 300 seeds/m2 (Lough
ton and Baker 1979).

With carrots on muck soils, Bernier
found total yields optimizing at between
500 and 600 plants/m2 requiring a seeding
density of 2000-2500 seeds/m2 (Bernier
1976). On sandy soils, seeding rates of
2500 seeds/m2 showed considerably
higher yields, both in small sizes and total
yield when grown in the eight-row bed
format. With four rows (300-mmspacing)
total yields (including oversize) were not
affected by seed density above 1000
seeds/m2. Throughout the tests with bed
production techniques, a noticeable in
crease in the size of roots, whether carrot
or beet, was present at the edge of the bed
next to the tractor wheel path.

Date of planting is important to the suc
cess of growing small root crops. Proces
sors prefer to have such crops maturing
late in the season after other crops have
been processed. This practice, often re
quiring planting in late June or early July,
has ended with severe loss in some cases
when irrigation was not available, espe
cially in Southern Ontario. Best success
is obtained when planting early in the sea
son, as with other crops.

The eight-row seeder, in the tests de
scribed above, has proven to be a reliable
method of planting crops at high density.
The staggered opener design eliminates
soil interference as found with other units
(Leclair 1975) and the capital cost of about
$400 (1981) per row is favorable in rela
tion to others. The single-hopper design
saves seed and reduces the effort required
in filling, changing and/or emptying seed
for a large number of rows. The combi
nation of a smoothing roller and individual
packing wheels provides an excellent
method of obtaining a good seed bed and
even depth for uniform germination. There
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does not appear to be any advantage to in
creasing the number of rows per meter
above eight.

Topping
Performance of topping equipment is

related directly to the end use of the prod
uct. The Martin defoliator performed well
on carrots destined for fresh market sales

and on red beets for processing. There was
minimal damage to the crowns of the
crops and any remaining top was easily
removed in washing or processing opera
tions.

Crown removal was considered a pre
requisite for small carrots destined for pro
cessing. The ESRI rotary crowner worked
well in this regard where soil preparation
before seeding produced an even bed, as
was the case with the defoliator.

A flail-type mower of the type normally
used for highway maintenance could also
be used for top removal providing the ma
chine is fitted with gauge wheels rather
than the follow roller. Flail-type forage
harvesters may also be adapted, with most
models requiring a change in position of
the trailing wheel behind the cutting sec
tion. Topping is not as complete as with
the Martin Defoliator and damage to the
crowns can result if ground is uneven.
Beet and potato defoliators could no doubt
also be adapted.

Harvesting
Bed harvesting in all tests was done

with the SAM harvester imported from
Holland. Several other harvesters made in

Holland have similar working features.
Bed harvesting equipment is also avail
able from specialty manufacturers in
Canada and the United States.

Initially, the harvester was tried on or
ganic soils with disappointing results. The
harvester was supplied with a 28-mm
pitch chain-belt having a 19-mm opening
between the rods. This opening was too
large and the chain-belt was replaced with
one having the same pitch, but larger rods,
allowing the same sprockets to be used
(Groleau, de Guise et al. 1976). Soil elim
ination with the new chain was insuffi

cient with the result that several types of
assists were tried to break up clods and to
force soil through the limited soil-elimi
nation area. Later the chain was replaced
with a 20-mm pitch chain having 9-mm
rods and 11-mm openings. The soil elim
ination capacity was greatly increased, re
sulting in abandonment of all of the add
on assists. The only modification to stay
on the harvester was an increased size of
screened sorting area at the rear to allow
more time for sorters to remove debris in
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bad conditions. A problem often encoun
tered is that plantings were made at the
same width as the harvester and product
was lost at the edge of the cutting blade.
An attempt to widen the cutting blade
caused plowing problems with crop loss
from the plowing action. A wider har
vester or narrower planted area would be
the most reliable way to reduce edge
losses. The imported model was equipped
with a box fork at the rear. An elevator for

filling boxes on a wagon would be a more
desirable alternative for most growing
systems.

Harvesting losses with the chain made
of wide bars was considerable (as high as
20% in one test) but this loss was reduced
to a negligible amount when the correct
belt was installed. Power requirements
were surprisingly low considering the ma
chine is lifting a layer of soil 1 m wide by
up to 220 mm thick. A 25-kW tractor was
capable of pulling the harvester in sandy
loam conditions. A tractor capable of trav
elling at less than 1.2 km/h when pro
ducing 550 rev/min at the power take-off
was required. In most cases, two sorters
were required on the machine, but four
were required where there was consider
able debris in the soil.

Capacities of the various machines for
bed and row production were calculated
(Table I). Capital costs of the various
components of the system are speculated
for each system (Table II).

DISCUSSION

The advantages of bed production tech
niques over row production are (1)
Slightly higher yield production; (2) Pos
sibility of lifting vegetables late in the sea
son after tops have weakened; and (3)
Ability to remove crowns from carrots in
the field.

The disadvantages are (1) Slower seed
ing and harvesting rates due to increased
number of operations; (2) Increased pos
sibility of soil debris mixed with the prod
uct; (3) More susceptibility to work stop
pages due to wet weather; and (4) Higher
capital cost and need for specialized
equipment.

A grower or processing company con
templating production of baby carrots or
small red beets, whether by row or bed
production, must carefully consider the
use of the product. A sampling of the yield
from a baby carrot field will indicate up
to 14 tonne/ha of product of the ideal size
for baby carrots and up to 15 tonne of
oversized carrots. For processing, the
oversized carrots may be cut into 60-mm-
long pieces before steam peeling which
will produce an acceptable "whole style"
product after grading. Alternatively, over
sized carrots may be sliced. Attempts to
utilize only the "true baby carrot size"
from a field run can only be economic for
premium markets such as fresh-market
packs. Likewise with beets, all sizes in the

TABLE I. CAPACITIES OF MACHINES FOR BABY CARROT PRODUCTION

Width

Speed Capacity
Estimated

Working Adjusted! cost

Machine (m) (m) (km/h) (ha/h) ($000)

6-row seeder

220-mm spacing 1.2 1.5 5 0.7 3

5-row seeder

350-mm spacing 1.4 1.7 5 0.8 2.5

Bed seeder (8-row) 1 1.5 5 0.7 3

Bed former 1 1.5 8 1.2 1

Defoliator 1 1.5 4 0.6 2.5

Crowner 1 1.5 4 0.6 2.5

TAWCO combine

(3-row) 0.70 0.75 3.2 0.25 12

FMC combine 0.35 0.35 6.4 0.25 20

Bed harvester 1 1.5 1.3 0.2 20

tAdjusted widthincludes halfof wheel pathson each side for capacity in hectares per hour.

Item

Tractors required
Operators required
Capital cost (Table I)$

($000)

TABLE II. FARM REQUIREMENTS

TAWCO

system

2t
2

15(1+7)

FMC

system

2

3

22.5(2 + 8)

tTAWCO harvester is mounted and requires full-time use of one tractor.
tNot including tractors.

Bed

system

2

4

27.5
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field run must be utilized for profitable
production.

As with any crop, economic returns to
the grower are most important. For ex
ample, in 1979 Marcotte calculated dif
ferences in return for beets grown in the
conventional way to high-density beets
grown for a high percentage of small
roots. The price spread paid by the pro
cessor at that time was $85/tonne for beets
between 25 and 32 mm diam. and $45/
tonne for beets over 60 mm. Returns for

the small beet production were $1279/ha
from a total yield of 22 tonne/ha. For con
ventional production, returns were $1627/
ha from a total yield of 30 tonne/ha. On
the basis of projected yields, a premium
of 90% for the small roots appears insuf
ficient (Marcotte 1979).

CONCLUSION

Throughout our tests, we did not find
a significantly increased yield from bed
planting over row culture for small roots
of carrot or beets. A decision to grow
these crops using the bed method should
be made if the following criteria apply (1)
row production equipment is not avail
able; (2) new production, where small-
root vegetables will be the principle prod
uct, and the size of the operation will war
rant the capital expense; (3) ground frost
is sufficiently light that root crops can be
protected in the soil, with a covering of
straw, for harvesting whenever conven
ient; (4) carrots or beets are to be left in
fields late in the fall to suit processing
plantschedulingand there is danger of top
weakening which may hinder top pulling

operations; (5) other crops, such as on
ions, will be grown where the same equip
ment can be used; (6) applications where
it is desirable to remove the crowns from
the carrots in the field.

Equipment for bed production is suffi
ciently developed that use of equipment
and techniques discussed will provide ef
ficient bed production operation. Like
wise, with row production, use of existing
equipment and techniques such as the
modified FMC Red Beet and Carrot Com

bine provide a suitable method of handling
small-root vegetables.
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