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SUMMARY
VARITiES should be selected for their yielding ability, quality, marketability

and especially for the specific season to be grown.

PLANTING DATES for cabbage and broccoli fall into two distinct periods;
one for the early crop and one for the late crop. For cauliflower, a single
planting period is used and thus the harvest time depends on the variety se-
lected.

PLANTING RATES vary widely with crop, method of planting and season.
For direct-field seeding of cabbage and broccoli, planted two rows per bed,
use 2V2 to 3V2 pounds per acre. For cauliflower and broccoli, planted one row
per bed, use 1 V2 to 2V2 pounds per acre.

SOILS should be fertile with good water-holding capacity, but well drained
for best production. Lighter, warmer soils are best for early maturity, while
heavier types generally produce highest yields.

IRRIGATION is a critically important procedure in cole crop production.
The pre-planting irrigation is used to supply subsurface moisture, germinate
weed seeds for easy, early destruction and to leach out harmful salts. For broc-
coli and cauliflower, irrigations during the bud and head formation period
should be relatively frequent. Less frequent irrigations are more desirable for
cabbage during the later stages of head development. None of these crops
should be stressed for water after the "forcing" period is started.

TRANSPLANTING is sometimes practiced in commercial cauliflower pro-
duction. Plants for this purpose should be 6 to 8 inches tall, stocky, well de-
veloped and healthy. Cabbage and broccoli may be transplanted, but this prac-
tice is not recommended.

SPACING varies with crop, variety, number of rows per bed and season.
CABBAGE plants are spaced 12 to 16 inches apart and are planted two rows
per bed. BROCCOLI plants are spaced 18 to 20 inches apart when using a
two-row-per-bed planting and 1 5 to 18 inches in a single-row-per-bed planting.
CAULIFLOWER is most often planted as a single-row-per-bed crop and plants
are spaced 1 8 to 24 inches apart in the row.

FERTILIZERS are essential for maximum production. Nitrogen is most often
needed, although phosphates are sometimes required. Feed-lot manure is very
effective in bringing about maximum yields and is highly recommended.
Fertilizer requirements are higher for cauliflower than for broccoli and cabbage.

HARVESTING of broccoli and cauliflower requires precise timing, judged
by the condition of edible parts, if best quality is to be obtained. Immature
and overmature heads, buds, or "curds" are undesirable for market.

INSECTS that damage cole crops are cabbage loopers, aphids, beet and
yellow-striped armyworms and field crickets.

DISEASES that often seriously affect the production of these crops are
sclerotiniose, yellows and downy mildew. Loose head formation is sometimes
a problem, especially with certain varieties.



GROWING
COLE CROPS

IN ARIZONA

By
W. D. Pew

Horticulturist, Agricultural Experiment Station
The University of Arizona

The combined acreage of the three
major cole crops — cabbage, broccoli
and cauliflower — represents an im-
portant segment of the Arizona vege-
table industry.

Cabbage, Brassica oleracea var. cap-
itata, is the most widely grown mem-
ber of this group in Arizona. The
acreage of this crop has been extreme-
ly erratic, ranging from a low of ap-
proximately 650 acres to a high of
1,700 acres per season during the
past 10 years. In spite of this wide
fluctuation from year to year there
has been a general over-all increase in
acreage during this period.

Yields have also been highly er-
ratic. Undoubtedly these wide fluc-
tuations appropriately represent the
market conditions for this crop over
the years.

Unlike cabbage plantings, the acre-
age of broccoli, Brassica oleracea var.
italica, has steadily decreased until the
1957-58 season when a substantial
increase was recorded. The acreage
for this crop has ranged from a low
of 450 acres in 1956-57 to a high of
1,000 acres in 1948-49.

However, associated with the acre-
age decline has been a sharp increase
in yield per acre. These yield in-





A typical plant of the Round Dutch variety.

and weigh about 3 to 4 pounds each.
The interior of the head is fine tex-
tured, tightly formed with a small to
medium core, white and tender.

Resistant Copenhagen Market is a
popular early commercial variety. It
matures in 65 to 70 days and is just
slightly later than Resistant Golden
Acre.

Resistant Golden Acre

Resistant Golden Acre is a small to
medium-sized variety, round to saucer-
shaped with short stems and thin, up-
right leaves which stand away from
and expose the head. Plants are gray-
green.

It is an early selection from Copen-

hagen Market that grows rapidly and
matures early.

The heads are approximately 6
inches in diameter,- 6 to 6Vi inches
in depth, and weigh 2Vi to 3 pounds
each. The interior of the head is fine
textured, tightly formed with a small
to medium core, white and tender.

This variety is widely used in com-
mercial production for very early cab-
bage. It matures in 60 to 65 days and
is slightly earlier than Resistant Copen-
hagen Market.

Round Dutch

Round Dutch is a medium-sized,
very compact, short-stemmed variety.
The leaves are thick and waxy and



are semi-upright with a green to blue-
green color.

Heads are round to slightly deepei
than broad, flattened at the base, meas-
ure 7 to 9 inches in diameter and
weigh about 5 pounds. It is an ex-
cellent late variety.

The heads are very firm, of high
quality, medium textured with a me-
dium core and have a white to cream-
colored interior. It matures in 85 to
95 days.

Danish Ball Head

Danish Ball Head is a medium to
large-sized, late maturing, short-
stemmed variety. The heads are deep,
round and solid. The leaves are thick
and waxy and are semi-upright with
a green to blue-green color.

Danish Ball Head is an excellent
variety for higher elevation planting

and is well suited for storage and
kraut. It matures in 100 to 110 days.

Broccoli

De Cicco

De Cicco is an extremely early strain
with medium plant height. The plants
are light green. They are prolific and
develop large, early, center heads that
carry the light, bright-green color char-
acteristic of the plants. This variety
has an average production of excellent
quality side shoots.

Waltham 29

Waltham 29 is an early variety.
Plants are short, sturdy and dark blu-
ish-green. The plants are moderately
heavy producers of high quality, dark

A typical center head of De Cicco broccoli.
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Atypical center head of AAedium Strain broccoli.

A typical curd of cauliflower of the Arizona 16 (Snowball Type) variety.
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green center heads. The side shoots
are vigorous growers and are of ex-
cellent quality. This variety is recom-
mended for the early planted crop.

Medium Strain

Medium Strain is a mid-season va-
riety with medium to vigorous plant
growth. The plants are deep bluish-
green. This variety produces excel-
lent quality, compact center heads and
a large number of side shoots. Both
the center head and side shoots are
the same rich bluish-green color char-
acteristic of the plant.

Cauliflower
Arizona 16 (A Snowball Type)

Plants of this variety are medium
to tall with upstanding medium-green
outer foliage that is normally heavy
enough to cover and protect the head
as it matures. The heads tend to be
slightly larger than those of the Snow-
ball X variety. They are of excellent
quality, firm to solid and pure white.

Arizona 16 is slightly earlier matur-

ing than Snowball X. It is well adapted
to Arizona conditions.

Snowball X

Plants of this variety are generally
large with medium bright green outer
foliage. It produces ample foliage to
cover the heads. The heads have ex-
cellent quality and are smooth, deep,
solid and white. This variety takes a
few days longer to mature than Ari-
zona 16. It is well adapted to Arizona
conditions.

February

February is a winter-type cauli-
flower. Plants are deep blue-green,
large, vigorous, upright and have
heavy foliage characteristics. It is def-
initely a "self-protecting" variety.

"Self-protecting" means that it pro-
duces ample foliage to cover the de-
veloping and maturing head and thus
eliminates having to tie the leaves to
protect head from sun discoloration
and damage.

The heads are very deep and heavy
and are snow white, but tend to be
less smooth than those of Snowball
X. It is an excellent late-maturing
variety.

PLANTING DATES

Cabbage
In commercial cabbage production,

two fairly distinct planting periods are
used. They are commonly referred to
as early and late crops. The early

crop matures in the fall, while the
late one matures in the winter or
spring.

The planting dates and the period
in which the crop is grown will de-
pend largely on the variety and type
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of crop desired. Cabbage is a rather
cold tolerant plant; thus, the date of
planting varies widely in different
areas.

Early Crop
(Elevations Under 3,000 Ft.)

Fields for early harvest are usually
planted to Copenhagen Market or
Golden Acre. The very earliest fields
are most often planted to the Golden
Acre variety. For the early crop, the
generally accepted planting period ex-
tends from July 25 through August 15.

The most desirable time is the first
5 days in August. However, planting
dates with this crop are relatively flex-
ible and are not as exacting as with
some of the other vegetable crops.

The lower portions of these areas
warm up faster in the spring than do
the higher ones. Hence, dates of seed-
ing in the cold frames range from
March 1 to April 15, and transplanting
from April 15 to June 1.

Broccoli
As in cabbage production, there are

two cropping periods that are referred
to as early and late crops. These cor-
respond to the fall and winter or spring
seasons, respectively. The time for
planting will depend largely on the
cropping period selected and the vari-
ety to be used. Broccoli is slightly
less cold tolerant than cabbage.

Late Crop
(Elevations Under 3,000 Ft.)

Seeding for late harvest is usually
restricted to the Dutch type cabbage,
with the Round Dutch varieties and
selections most popular. As with the
early crop, there are no well defined
limits in planting dates.

Usually, however, the planting pe-
riod extends from the last week in
September through the middle of Oc-
tober. Small acreages are sometimes
planted later than this for very late
spring or early summer production.

Early Crop
(Elevations Under 3,000 Ft.)

Early fields are usually seeded to
either the De Cicco or Waltham 29
variety. However, the very earliest
fields are generally planted to De Cic-
co.

For this crop, the usual planting
period is from August 1 through Sep-
tember 10. The most desirable time
is the first 10 days in August. Plant-
ing these varieties later than this is
not recommended.

Elevations Over 3,000 Ft.

Generally seeds are sown in cold
frames or "cabbage beds" 6 to 8 weeks
before the transplants are to be set
out in the field. The date of seeding
will depend on the temperatures at
the different elevations.

Late Crop
(Elevations Under 3,000 Ft.)

Seeding for the late crop is usually
restricted to the Medium Strain vari-
ety. Unlike the early crop, the plant-
ing time covers a fairly long period
with no well defined limits in plant-
ing dates.

11



The planting extends from the first
week in October through the middle
of November, or even later.

Elevations Over 3,000 Ft.

Seeding is usually done in cold
frames or "broccoli beds" 6 to 8 weeks
before the transplants are to be set out
in the field. The time of seeding de-
pends on the temperatures at the dif-
ferent elevations.

The lower portions of these areas
warm up faster in the spring than do
the higher ones. Seeds are, therefore,
sown in cold frames from April 1 to
June 15, and transplants are set out
from May 15 to July 15. The spe-
cific date of transplanting depends on
the temperature and length of growing
season at the particular elevation.

Cauliflower
Elevations Under 3,000 Ft.

Seeding cauliflower is done during
a relatively long, continuous period
from July 15 through September 10
rather than two distinct periods. The
maturity and harvest date is deter-
mined largely by the variety rather
than planting date. Cauliflower is rel-
atively cold tolerant so the date of
planting may vary widely between the
different areas.

Unlike cabbage and broccoli, the
method of planting is more important
than date of seeding in determining
the harvest period. Any of the fol-
lowing three methods of planting may
be used: First, direct-field seeding as
described with cabbage or broccoli;
Second, transplanting young plants
from a plant production bed; Third,
and most common procedure, a com-

bination of the two preceding methods.
This involves direct-field seeding a
small portion of the anticipated acre-
age and at thinning time, the thinned-
out plants are used to transplant ad-
ditional acreage.

For each acre of direct-seeded crop,
an additional 7 to 10 acres can be
planted with the thinned-out trans-
plants, if they have been properly
grown and handled. If this method is
followed, extreme care should be taken
not to direct-seed too thickly so that
the plants will be well developed and
stocky. Thick plantings produce poor-
ly developed, spindly and undesirable
transplants.

When transplanting from direct-
seeded fields, the time of planting
should be delayed until plants are 6
to 8 inches in height so that the plants
have reached the appropriate size for
transplants before being pulled.

This crop is seeded between August
10 and 20 with the plants being ready
for transplanting in late September or
early October.

Seeding for plants to be taken from
a plant bed is usually done between
the 15th and 20th of July. These will
be ready for transplanting in late Sep-
tember.

The chief advantage for transplant-
ing is the increased uniformity of head-
ing and/or head size and maturity.
Fields planted with transplants will be
10 days to 2 weeks later in maturity
than the fields from which the trans-
plants were pulled.

Elevations Over 3,000 Ft.

As with broccoli and cabbage, cauli-
flower is seeded in cold frames or
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"cauliflower beds" 6 to 8 weeks be-
fore the transplants are to be set out
in the field. The date of seeding will
depend on the temperatures at the dif-
ferent elevations.

The lower parts of the higher ele-

vations warm up faster in the spring
than do the higher parts. Seeds are
sown in cold frames from March 1 to
April 15, and transplants are ready
for field setting from April 15 to
June 1.

PLANTING RATES
Planting rates for cabbage, broccoli

and cauliflower will vary depending
on date of seeding, method of seeding
— particularly with cauliflower — va-
riety and condition of seedbed. Cab-
bage and broccoli, planted two rows
per bed, will require from 2Vi to
3Y2 pounds of seed per acre to pro-
duce an adequate stand. For one rea-
son or another, some growers will
plant at heavier rates, ranging as high
as 4 to 5 pounds per acre.

Such heavy rates often produce too
thick a stand and result in the develop-
ment of seedlings that are spindly,
weak and elongated. Seedlings with
these characteristics are difficult to
thin and do not develop into desirable
transplants.

Direct-field seeding in cauliflower
and broccoli, planted one row per bed,
will require \Vi to 2Vi pounds per
acre. When using specially prepared

seedbed areas for growing transplants,
the rates should be 1 to 1 Vi pounds of
seed for each 7 to 10 acres of de-
sired field production.

Cabbage and broccoli seeds germin-
ate quickly and produce strong, vigor-
ous seedlings. Germination for cab-
bage and broccoli usually occurs with-
in 4 to 6 days with a stand being es-
tablished in 8 to 10 days. Cauliflower
seeds germinate slower and produce
less vigorous seedlings than is the case
with either cabbage or broccoli. The
seeds will usually germinate in 6 to 8
days with a stand being established in
10 to 14 days. Cauliflower seedlings
grow slower, develop a purple rather
than green coloration and hence are
more difficult to see than those of cab-
bage or broccoli. Therefore, a closer
inspection may be necessary to deter-
mine if an adequate stand has been
obtained.

PLANTING AND SEEDBED
PREPARATION

Seedbed preparation and planting
cole crops are very similar to the

method used for other bedded winter
grown vegetable crops.
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Before seeding, the soil should be
plowed or worked deep enough to al-
low for proper water penetration and
movement, and adequate aeration
throughout the growing season. These
two factors are essential for good plant
growth.

Excessive tillage is not necessary
nor is it advised in attempting to ac-
complish seedbed preparation. If there
is a hardpan in the upper two feet of
soil, it should be eliminated by proper,
not excessive, tillage.

All tillage operations should have
two aims: (1) To provide for optimum
moisture penetration and movement
and soil air-water balance; (2) To
eliminate soil irreglarties in the field.
Remember, excessive tillage will not
properly accomplish either of these
aims.

After plowing, the area is then bor-
dered and the pre-planting flood ir-
rigation is applied. Although the
corrugation, rather than the border,
method may be used for the pre-plant-
ing irrigation, it is not recommended
because of the tendency for salt to
accumulate on the peaks of the many
corrugation ridges. The corrugation
method may be advisable on improper-

ly leveled land or runs longer than
recommended.

Following the pre-planting irriga-
tion, the borders are removed and the
land given one or two diskings to dry
and loosen the upper six inches of
soil. When the soil has had time to
dry out, to the proper moisture level,
a light float or drag is applied, being
drawn at an angle different from that
to be used in furrowing-out and plant-
ing.

Listing or furrowing-out is the next
operation, followed by seeding in a
dry soil with a lettuce-type sled or
planter unit, except where transplant-
ing is to be done. In seeding, the
packer wheel may be used, but its
use is not generally needed. If the
packer wheel is used, care must be
taken to adjust the planter shoe depth
in relation to the packer wheel to pre-
vent covering the seed too deeply.

The seed depth for planting cab-
bage, broccoli and cauliflower will
range between % to % of an inch,
with Vi inch the most nearly ideal.
After installing the head or feeder
ditches and tail or drainage ditches,
the field is ready for the germination
irrigation.

SPACING
Bed width for these crops will de- are either 40 or 42 inches apart. The

pend on the equipment available to 40-inch bed is most popular,
the grower and the season the crop P i a n t spacing within the rows is not
is to be grown. Generally the beds so well defined, but varies widely de-
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pending on the grower's desire. Space
between individual plants after thin-
ning will range from 12 to 24 inches.

For cabbage, the distance between
plants is dependent, to a large degree,
on variety with the larger, late varities
being spaced farther apart than the
smaller, early varieties. However, un-
less the soil is very fertile and will
normally produce exceptionally large
plants, the most economical yields of
the popular-sized heads will be ob-
tained where the plants are spaced 14
to 16 inches apart in the row.

The width between seed rows on a
single bed should be from 13 to 15
inches.

For broccoli and cauliflower, plant
spacing within the row will range from
12 to 24 inches depending on a num-
ber of factors. The chief factors to
consider are the number of seed rows
per bed, fertility and soil tilth.

Unless a soil is normally very fer-
tile and tends to produce large plants,

the largest and most economical yields
of the popular-sized heads and/or buds
will be obtained from plants spaced
from 15 to 18 inches apart on single-
row-per-bed plantings and from 18 to
20 inches on double-row-per-bed
plantings. In each case the narrower
spacings are for broccoli and the wider
spacings for cauliflower.

The width between seed rows on
each bed should be from 13 to 15
inches.

The selection of whether one or two
rows per bed is used depends on bed
spacing, season of growth, variety and
desired size of heads or marketable
parts. For cabbage and late-crop broc-
coli, two seed rows are usually planted
per bed.

Although cauliflower may be
planted in two rows per bed, only a
single row per bed is recommended
under most production conditions.

Early-crop broccoli is also most
often planted as a single-row-per-bed.

SOIL TYPE
These crops grown on most soil

types in Arizona will produce satis-
factory to excellent yields. Yet, a large
degree of success in growing the cole
crops depends on how well each of
the various types of soil is handled
by the individual grower in the pro-
duction processes. Each soil type must
be considered individually, particularly

for irrigation and fertilization require-
ments and application procedure.

If the grower has a choice of soil
types, he would be wise to choose a
medium textured soil with good drain-
age and good water-holding capacity
for his early crop, to get highest yields.
Lighter, warmer soils should be se-
lected for planting of the late crops
during the colder months.
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IRRIGATION
A pre-planting irrigation is import-

ant in cole crop production for the
following three reasons:

(1) To re-supply the sub-surface
soil with ample moisture that may be
utilized late in the growing period.

(2) To germinate and sprout weed
seeds which can then be destroyed
during subsequent disking operations
before the crop is seeded.

(3) To leach the soluble salts be-
low the bed zone and improve the pos-
sibility for maximum germination and
seedling growth.

The length of time the "germination
irrigation" — the irrigation following
the planting operation — is applied
varies, depending on soil type, time
of application, length of run, slope
and season. However, generally speak-
ing, it should be applied for a long
enough period so that the beds are
"blacked" (soaked through). Where
short runs (Vs-mile rows) are used
on the more ideal soils, an 18 to 24
hour irrigation should be long enough.

The second irrigation will follow
in about 2 to 3 days for the early crop,
especially where hot, dry days prevail
or where the soil surface is dried out
by wind. For the late crop, seeded
during the cooler months, the second
irrigation may not be needed for 7
to 10 days following the first irriga-
tion.

The duration of the second irriga-
tion need not be as long as the first,
but should be long enough to moisten
the beds beyond the seed row. Moist-
ening just to the seed row will result

in a deposition of salt in this zone
which may interfere with germination
and stand establishment.

Running irrigation water continu-
ously for several days up to 10 days
or more, as is sometimes done, is not
recommended because this practice will
almost always waterlog the soil and
retard germination, rot the seed and
interfere with root development. Thus,
irregular emergence and spotty stands
may result. If the soil becomes satur-
ated with water, the germinating seed-
lings will turn brown, rot and die from
lack of soil air.

A third application is usually neces-
sary just before thinning time to soften
the soil around the plants as an aid
in thinning. Shortly after thinning, the
plants should receive a short-duration
irrigation as an aid to recovery from
the effects of thinning. This irrigation
is especially important where the pre-
thinning irrigation is not used.

All following irrigations should be
determined by the status of the plants
and not by a pre-arranged schedule
of days.

Under no circumstances should ex-
cessive watering be used. Maintaining
a high level of water in the soil is not
only expensive and wasteful, but will
slow plant growth. However, once
rapid growth or the "forcing" period
is initiated after thinning, the plants
should not be allowed to stress for
water at any time.

To maintain adequate soil moisture,
irrigations will usually be required at
intervals of 10 days to 2Vi weeks,
depending on age and growth of plants
and soil and weather conditions.
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FERTILIZATION
Arizona soils generally need nitro-

gen and the application of this fertil-
izer material will produce the quickest
and most pronounced effect of any
nutrient on these crops and their pro-
duction. In applying nitrogen to a cole
crop, it makes little difference which
source is used so long as it is applied
correctly and in adequate amounts.
An ample supply of nitrogen early in
the growth period is very essential
in proper plant development for high
yields.

The quantity of nitrogen needed will
depend on soil type, previous cropping
history, natural fertility, residual fer-
tilizers and several other factors. On
the average, a total application of 60
to 90 pounds of nitrogen has been
found ample to provide excellent
yields. Yet under certain conditions,
especially with cauliflower, as much as
150 pounds of nitrogen may be needed.

Application

Many methods of applying fertil-
izers are practiced in commercial pro-
duction. One very effective method
is to apply approximately 1/2 to 2/3
of the total amount of nitrogen fer-
tilizer expected to be used as a pre-
planting application and the remaining
1/2 to 1/3 in one or two side dress-
ings.

The early amount may be broad-
cast and worked well into the soil,
injected, or applied in the water dur-
ing the pre-planting irrigation. Fol-
lowing this procedure, the listing or
furrowing-out operation in the prepa-
ration for seeding will fold and con-
centrate the fertilizer out of the fur-

rows into the beds where it is readily
accessible to the plants.

The first side dressing is made fol-
lowing thinning and before or in the
next irrigation. If more nitrogen is
needed, as indicated by the plant's ap-
pearance, another application can be
made before heading begins. Fertil-
izing after the heads are forming is
not recommended.

Pre-planting injections of fertilizer
on these crops should not be deeper
than 6 to 8 inches. The position of
the side dressing, after the plants are
established and thinned, is 2 to 3
inches to the furrow side and 2 to 3
inches below the seed level.

For injection placement as a side-
dressing application, the fertilizer
should be placed approximately 6 to
10 inches from the plant row and 6
inches deep. Late applications of sup-
plemental nitrogen may effectively and
efficiently be applied in the irrigation
water in the form of agricultural am-
monia or with other readily soluble
nitrogen material dissolved in the ir-
rigation water.

For soils that give a phosphate re-
sponse to plants as determined from
previous crop experience, an applica-
tion of 30 to 50 pounds of P205 is
recommended. An application of
phosphate — where needed — should
be made early in the growing season,
either as a pre-planting application be-
fore listing or as a side dressing im-
mediately after thinning.

Never apply phosphate fertilizer late
in the growing period and never use
phosphate as the only fertilizer ma-
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terial in producing any of the cole
crops if maximum yields are to be
expected.

There is no reliable evidence to in-
dicate that the addition of potash fer-
tilizer is necessary to produce an ex-
cellent yield of any cole crop grown
in the major producing areas of Ari-
zona. Arizona soils normally contain
more than enough potash for crop
production. However, if the soils are
known absolutely to be low or deficient
in potash, it should be included in the
fertilizer program.

Use Manure

It is suggested that where possible
the use of good quality feed lot ma-
nure be included in the fertilizer pro-
gram for cole crops. This type is
preferred, but quality poultry, sheep
and other animal manures may be
used at approximately one-half the
rate recommended for the feed lot
type. Experiments have shown that on
most soils these crops respond remark-
ably well to applications of animal ma-
nure.

The use of animal manures is par-
ticularly effective on broccoli and caul-
iflower. Yields have been markedly
improved with applications of 5 tons
of poultry manure or 10 to 20 tons
of high quality feed lot manure.

When applying either type, broad-
cast it as uniformly as possible and
disk it thoroughly into the soil. If the
manure is applied at suggested rates
and properly disked in, it may be ap-
plied at any time prior to planting
without danger of burning.

Manures containing lime, boron,
high salt concentrations or other detri-
mental material should be avoided.
Freedom from viable weed seeds
should also be a requisite when buy-

ing manure. The effluent from dis-
posal plants, whether treated or not,
and sewage sludge should not be used
on vegetable crops because of possible
health hazards.

When manures, in appropriate quan-
tities, are included in the fertilizer pro-
gram, the chemical fertilizers should
be reduced by about 1/2 the amount
normally required for the first year
and 1/3 the second year. In any
event, the use of manures should be
supplemented with chemical fertilizers
for best results.

Green manure crops such as guar,
papago peas, sesbania or alfalfa may
be used to substitute, in part, for ani-
mal manures. These crops, however,
are much less effective in bringing
about the desired results than are ani-
mal manures.

Green manure crops should be
turned under a month or more in ad-
vance of planting. After the cover
crop has been chopped or disked
down, and prior to plowing the soil,
about 75 lbs. of actual nitrogen should
be applied to aid in the decomposition
of the crop residue. This procedure
will minimize the possibility of nitro-
gen competition between the subse-
quent crop and the decomposition of
the green manure crop residue.

Keep Plants Growing

In cole crops production it should
be t\\e ob\ect\Ne oi a fettilizeT ptogcam
to insure that the plants are kept in a
very vigorous growing condition after
thinning so that adequate foliage is
produced. This is especially true with
cauliflower where foliage must be
grown to cover the developing head.
If the "curd" is exposed to the sun, it
will turn brown, become bitter and
will be unmarketable.
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CULTIVATION
As with most vegetable crops, there

are only a few reasons why cultivating
may be necessary. These are:

1. To control weeds. (This is the
most important reason.)

2. To mulch the soil to facilitate
side dressing with commercial fertil-
izers.

3. To loosen top soil as an aid in
water penetration.

4. To allow for soil aeration.

Excessive cultivations are time con-
suming and expensive. Cultivate only
when there is a good reason for do-
ing so. Above all, do not cultivate
when fields are too wet or too dry.

TRANSPLANTING
Transplanting is practiced more

often with cauliflower than with cab-
bage or broccoli. The three most im-
portant reasons for this are: cauli-
flower seed is expensive; transplanted
plants produce a more uniform crop;
and transplanting extends the harvest
period from any given planting. For
these and other reasons, growers
sometimes use the plants thinned from
direct-field-seeded areas to transplant
additional acreage.

Use Good Plants

Although cabbage and broccoli
plants are easily transplanted, using
plants from seedbeds or plants thinned
from direct-seeded fields, it is not gen-
erally recommended for commercial
production. If you desire, however,
to transplant any of these crops, use
only good, healthy, disease-free, well-
hardened plants for this purpose.

The most desirable sizes for trans-
planting are those ranging from 4 to
6 inches in height for cabbage plants
and 6 to 8 inches for broccoli and

cauliflower. Plants larger than this
are more difficult to handle in trans-
planting and a larger percentage fails
to grow.

Dig Plants After Irrigation

Plants for transplanting may be dug
or pulled from the moist soil following
an irrigation.

Transplanting may be done either
in wet seedbeds while the water is
still being applied or they may be
transplanted just ahead of the water
application. In transplanting by hand,
the tap root should be placed to the
inside of the forefinger and pressed
evenly and firmly into the side of the
bed, being sure that the entire root
system is well covered with soil. Me-
chanical transplanters may be used.

Depth of placement should be just
slightly lower than the original level
of the seedling before pulling from
the seedbed. Individual plants are
spaced as described in the spacing sec-
tion of this bulletin.
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Continuous application of irrigation
water, after transplanting, should not
be made. Moisten the beds thorough-
ly, immediately following or during
transplanting, and than apply water
only as often as is necessary to keep
the soil moist and not soaking wet.

Rotting and scalding of the trans-
plants will occur where the soil is
kept too wet, especially when the
weather is hot, as is often the case
at normal transplanting time. Irrigate
at night, if possible, until transplants
are established.

HARVESTING
Cabbage

Harvesting of the early crop begins
late in October or early November
and continues through December. For
the late crop, harvesting begins in
February and continues through
March. Only well developed, mature,
firm heads are cut, trimmed and
packed for shipment.

Several methods of packaging are
used in marketing this crop. The two
most common are 50-pound mesh bags
and wooden crates. A variety of crate
types are used for this purpose. The
type of crate selected is markedly af-
fected by the demands of the pur-
chaser.

The smaller sizes of high quality
cabbage are usually packed in crates
for shipment to distant markets. The
larger sizes are usually bagged for mar-
keting both at the local as well as dis-
tant markets.

Broccoli
Harvest of the early crop begins

about November 10 and continues

through December. The center buds
develop before the side shoots make
much progress and thus are harvested
first.

Cutting the center heads stimulates
side-shoot development. Heads and
buds are cut so that the over-all length
is 8 to 10 inches. The freshly cut
heads are loaded in trailers and wagons
and transported to the field or ranch
packing sheds.

In the shed, culling, grading and
packing is done. Overmature and
loose, as well as immature heads, are
discarded and only those which are
of proper maturity, firm and compact
are bunched and crated.

Heads selected for packing are
trimmed to an over-all length of ap-
proximately 7 inches and tied in
bunches ranging in size from 1% to
2 pounds, although a few Wi -pound
bunches are tied and packed.

After being trimmed and tied, the
bunches are sorted and packed ap-
proximately as follows: One and one-
half pound bunches make a 32-bunch
crate; \3A pound bunches make a 28-
bunch crate; and 2 pound bunches
make a 24-bunch crate, The inside
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At the packing sheds the heads are
trimmed and sorted so when packed
the crates will contain either 9, 10,
11, or 12 uniform heads and are re-
ferred to by these numbers as 9's, 10's,
etc. The larger the number of heads
per crate, the smaller the individual
head size. In trimming for "Jacket
Packed" crates, the leaves are cut so
that the outer leaves extend well above
the "curd" itself. The over-all height

of a properly trimmed head is about
10 inches. This affords protection to
the tender edible parts from abrasion
while handling and shipping.. Heads
in a "Jacket Pack" are packed one
layer deep in the crate. No jacket
leaves are required in other types of
packing, especially where heads are
individually wrapped or packed with
cushions, partitions or with other
means of protecting heads from bruis-
ing.

YIELDS
As with most perishable vegetables,

the actual commercial yields depend
almost entirely on the current market
price and market demand. A good
market and a high price stimulates
heavy cutting. A poor market price
and demand results in much of the
crop being left in the field that would
otherwise have been harvested and
marketed. The following yields are
based on those normally expected
when not influenced by price or de-
mand:

For cabbage, the average yield is
between 350 and 400 fifty-pound sacks
per acre with a good yield being -500
to 550 fifty-pound sacks per acre..

For broccoli, the average yield is
between 125 and 135 crates per acre
with an excellent yield being 185 to
200 crates per acre.

For cauliflower, the average yield
is between 325 and 350 crates per acre
and an excellent yield is 400 to 450
crates per acre.

INSECTS
The author wishes to express his appreciation to Dr. Paul D. Gerhardt,

Associate Entomologist, Agricultural Experiment Station, for supplying infor-
mation on insects.

Cabbage Looper

The cabbage looper Trichoplusia ni.
(Hbn), is probably the most widely
encountered and most harmful insect
pest of cole crops in Arizona and is
found throughout the growing season.
The eggs are white and are deposited
on the host plant by the female moth.

These eggs hatch into green larvae
with a black colored head.

After the first molt the head color
changes to green. The shade of green
associated with these larvae may vary
considerably. Many larvae have a
white stripe running longitudinally
down the sides and back. The adult
is a night-flying moth with grayish-
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brown to black wings and various gray
or black markings. The chief identi-
fying mark on the moth is a silver
spot on the forewing.

To control the cabbage looper use
15% Toxaphene + 5% DDT + 40%
sulfur dust at 20 to 25 lbs. per acre.
Applications may be made from seed-
ling stage up to head formation. After
heads begin to form, use Phosdrin
emulsifiable concentrate 2 pounds/gal-
lon at 1 to 2 pints in 10 to 25 gallons
of water per acre as a spray. Repeated
applications may be necessary. The
cabbage looper is susceptible to a virus
disease known as "polyhedroses"
which, under certain conditions, will
control this insect.

Cabbage looper, (a) mature larva;
(b) adult. Note silvery white mark on
forewings.

Field Crickets

Field crickets, Acheta sp., are pres-
ent in most cabbage fields in small
numbers, but occasionally may build
up sufficiently to cause considerable
damage, especially when cole crop
plants are small. Damage from this
insect is usually confined to the Yuma
area. The adults are 3/5 to 1 inch in

length. Their hind legs arc very heavy
and are used for jumping.

The adults vary widely in color, but
are usually brown to almost black.
During sunshiny days these insects
find shelter under vegetation, trash or
in cracks in the soil. The females pre-
fer damp soil in which to lay their
eggs.

Crickets may be controlled by dust-
ing with 10% chlordane or 2% Diel-
drin at 15 to 25 pounds per acre.
Apple peel bait is also effective when
used at 10 to 15 pounds per acre.

Cabbage Aphid

Cabbage aphids, Brevicoryne bras-
sicae (L.), are very common and very
injurious to cole crops. Aphids are
soft-bodied insects that are about the
size of pin heads and are gray-green
in color. They cause considerable
damage by sucking the plant juices.

The presence of aphids makes the
cole crops unattractive. They often
go unnoticed because of their green
color that is nearly the same as that
of the plants and because they infest
the inner areas of the immature heads.

Areas where they are active become
sticky from a honey dew secreted by
the insects. In addition to discoloring
and distorting the appearance of the
produce, they also transmit certain
plant diseases.

Parasites and predators are often
helpful in keeping down the numbers
of this insect, but at times it becomes
necessary to use insecticides. At the
first sign of aphid activity, a control
program should be started. In these
cases, either a thorough application of
5% Malathion dust or 2% Parathion
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dust at 15 to 25 lbs. per acre, applied
by ground equipment, is effective.

Sprays may also be used to control
this aphid. Either Demeton (systox)
emulsifiable concentrate at 1 quart per
acre or Phosdrin 2 lbs. per gallon
emulsifiable concentrate at 1 quart per
acre in 15 to 30 gallons of water is
effective. With either dusts or sprays a
thorough application is absolutely es-
sential.

Armyworms

Two species of armyworms, Beet
Avmyworm,Laphygma exigua (Hbn),
and Yellow-Striped Armyworm, Pro-
denia ornithogalli Guen., are some-
times serious and destructive pests on
young cole crop plants, particularly
in the seedling stage.

The larva of the beet armyworm
varies in color from green to almost
black. The important distinguishing
mark is a black spot on the second
thoracic segment. The adult is a small
grayish moth. The fore wings are dark-
er in color than the hind wings and are
marked with a variety of patterns of
lines and figures.

The larvae of the yellow-striped
armyworms are larger than the beet

Yellow-striped armyworm. (a) Ma-
ture larva; (b) Adult.

armyworm and are velvety black to
brownish with two bright yellow stripes
on the sides plus many fine lines and
are reddish on the underside. The
Moths are gray-brown with the fore
wings mottled and the hind wings
uniformly silvery gray.

Insecticides used to control these
worms are 10% DDT dust, 15% Tox-
aphene + 5% DDT dust or 20% Tox-
aphene applied at 15 to 20 pounds per
acre. Sprays of the above insecticides
may also be used for control of these
worms.

Other Insects

Occasionally other insects become
a problem in cole crop production.
Cutworms are often very injurious to
small plants. The Harlequin cabbage
bug may cause considerable crop
damage, particularly in Graham
County and the higher elevations of
the State.

If these insects or others not men-
tioned become a problem, consult your
County Agricultural Agent for speci-
fic control.

Best controls have been obtained by
applying insecticides with ground dust-
ers and sprayers. Research has shown
that when applications- can be applied
at weekly intervals when insects first
appear late applications are seldom
needed.

Airplane applications of insecticides
to seedling plants are not usually satis-
factory. If the airplane is used when
plants are small, a heavy rate, 25 to
30 pounds per acre, will be needed,
while with ground equipment 15 to 20
pounds per acre is adequate.
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Carefully read all labels and follow
instructions explicitly in using insecti-
cides, especially the phosphate types.

Note:

The minimum days for last appli-
cation before harvest time have been
established for the following insecti-
cides: Toxaphene, 7 days for cabbage
and not later than when edible parts
begin to form for broccoli and cauli-
flower; DDT, applications not later
than when edible parts begin to form
or, for cabbage, 14 days if outer leaves

are removed; Malathion, 3 days for
broccoli and 7 days for cabbage and
cauliflower; Parathion, 21 days; Phos-
drin, 4 days; dieldrin, 30 days for broc-
coli and 21 days for cauliflower and
cabbage; "Demeton" (svstox), 21 days;
chlordane, no application after edible
parts begin to form.

Parathion, "Demeton" (systox), Mal-
athion and Phosdrin are extremely
hazardous chemicals. Each must be
handled with care and caution and in
accordance with directions on the
label

DISEASES
The author wishes to express his ap-

preciation to Dr. Robert B. Marlatt,
Associate Plant Pathologist, Agricul-
tural Experiment Station, for supply-
ing information on diseases.

Sclerotiniose

Sclerotiniose, (Fungus: Sclerotinia
sclerotiorum), commonly called sclero-
tinia disease by growers, has been
found in Arizona broccoli, but does
more damage to cabbage. Most in-
fections seen here start in the stem at
the soil surface. The disease is most
severe from late November to March
if plants are large and the weather is
cool.

Occasionally the top of the plant
rots first. When the stem is severely
decayed, the top or head wilts. Cab-
bage heads become watery and are
covered with a white mold.

Eventually the mold is filled with
hard pieces of fungus called sclerotia.

These can be about the size of a bean
or smaller and eventually are black.

The hard, black sclerotia can stay
alive in the soil for years. They can
also be spread by equipment in a field
or for miles from one field to an-
other. Many other cool-season vege-
tables, especially carrots, celery and
lettuce, are susceptible to the disease.

In Arizona, experiments with head
lettuce have shown that the fungus
is best controlled by applying 1,000
pounds per acre of calcium cyanamide
at least a month before planting.

Yellows

Yellows, (Fungus: Fusarium oxy-
sporum f. conglutinans), is another dis-
ease caused by a fungus that can live
in the soil for many years. Although
broccoli and cauliflower can be in-
fected, only cabbage has been injured
in Arizona. Yellows is a warm-weath-
er disease, therefore, only early fall
plantings have been severely damaged.
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Cabbage yellows (Fusarium). (a) Yel-
ows-infected plant, (b) Resistant
Golden Acre, one of the desirable
varieties.

If a young plant is infected, it be-
comes yellowish-green and stops grow-
ing or grows very slowly. The lower
leaves die as the disease becomes
severe and the whole plant may be
killed.

Cabbage that survives an infection
does not head properly. The remain-
ing yellowish-green leaves may roll
inward slightly at the margins and dead
lower leaves become brown or almost
black. The disease is easily identified
by splitting the tap root lengthwise.

Brown or black streaks can be seen
inside the root.

The best control is provided by
growing yellows-resistant cabbage va-
rities or by planting in October or later.
Experiments in Arizona have shown
that Resistant Golden Acre and Re-
sistant Detroit do not get the disease
and are high quality, early green va-
rities. Red Hollander is a good resist-
ant red variety, but is not as early.

Downy Mildew

Downy mildew, (Fungus: Perono-
spora parasitica), is more often found
on broccoli, but occasionally on cab-
bage and cauliflower in Arizona. Brus-
sels sprouts, kohlrabi, collard and ruta-
baga are also reported to be susceptible
to the disease, but no infections have
been found here.

During cool, damp weather the dis-
ease can be found on the lower, older
leaves. The fungus is spread through
the air. Heads of cauliflower or broc-
coli have never been seriously dam-
aged, but outer cabbage leaves may
become unsightly. Leaves first have
tiny purple specks which later become
greenish-yellow and can approach the
size of a half-dollar. These spots are
often covered on top and bottom by
a downy, white mold and eventually
the infected areas turn brown.

Downy mildew is seldom serious
enough to require chemical control.
Zineb (3 to 5% ) and chloranil (5%)
dusts have both given good control
in other areas.

Loose Heads
(Cause Unknown)

Occasionally cabbage leaves will be
folded back along their margins or
folded inward so that they do not over-
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lap evenly. This results in a loose, Seed Treatment
poor-quality head. Cabbage and broccoli seeds have

An experiment in Arizona showed been treated with seven of the usual
t X , * • seed-disinfectants m attempts to lm-

that the Golden Acre variety was more p m v e s t a n d s i n A r i z o n a J n t h e s e ex_
susceptible to loose heading than were periments, treated seeds have never
Resistant Golden Acre and Resistant resulted in better stands than seeds
Detroit. that received no treatment.
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