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flower lias been grown in areas such
as Safford and Buckeye on soils with
a high salt content.

Where salt problems are severe, in-
jury to germinating seeds may be re-
duced by planting safflower in double
rows on beds or by irrigating every

other furrow of single-row plantings.
Under high-salt conditions, safflower
plants have reduced growth, and
flower and mature earlier. An ap-
pressed branching characteristic is
often associated with high-salt con-
ditions.

The Safflower Plant
Description of Plant

Cultivated safflower, Carthamus
tinciorius, is an annual belonging to
the Compositae family. It is in the
same tribe, Cynareae, as most thistles.

Safflower has a taproot which may
penetrate to a depth of 6 to 8 feet
or more, and a strong central stem
with many branches. The central
stem and branches terminate in heads.
The extent of branching of safflower
varies with environment, plant spac-
ing, and variety.

The leaves and bracts of all com-
mercial safflower varieties have spines.
However, there are introductions and
experimental lines that are spineless.

When produced under irrigation in
lower-elevation areas of Arizona, saf-
flower grows to a height of 45 to 55
inches. At higher elevations it grows
to 30 to 45 inches. Plant height is
determined by such factors as date of
planting, soil fertility, salt content of
the soil, and soil moisture.

The composite flower of safflower
is called a head and may consist of
20 to 120 tubelike florets each of
which may produce a seed. The num-
ber and size of the heads on idividual
plants vary with factors such as varie-
ty, plant spacing, and soil fertility.
Size of head also depends on its posi-
tion on the plant. The primary and
secondary heads are largest while
tertiary and later heads are usually
smaller.

Elongation of the florets and polli-

nation occur early in the morning.
Each head has flowers opening for 3
to 4 days with the florets near the
periphery of the head opening first.
An individual plant may flower over
a period of 2 to 4 weeks depending
upon the extent of branching.

The color of flowers may be red,
orange, yellow, white, or a combina-
tion of these colors. Present commer-
cial varieties have flowers which are
yellow or orange in color. Both yel-
low and orange flowers are yellow in
the fresh stage, but yellow flowers
wilt to a brownish-yellow while
orange flowers wilt to an orange-red
color.

Flowers have an abundance of pol-
len and nectar which attracts bees and
other insects. Commercial safflower
varieties are mostly self-pollinated, al-
though bees and other insects may
cause some cross-pollination and in-
crease seed set. The amount of cross-
pollination will depend on the saf-
flower variety. (Refer to page 17 for
information concerning benefits and
uses of honey bees in safflower pro-
duction. )

Description of Seed
Seed size and color vary among

varieties. Seed of the Gila variety
average 6 to 7 millimeters in length
and weigh about 4 grams per 100
seeds (10,000 to 12,000 seeds per
pound.) Bushel weight for this varie-
ty varies from 40 to 45 pounds.
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to Phytophthora root rot. It was de-
veloped by U. S. Department of Agri-
culture personnel at Beltsville, Mary-
land, by backcrossing root rot resist-
ance into the variety N10.

US 10 is similar to Gila in yield,
maturity, and test weight but is lower
in oil and protein percentage. Seed
shattering of this variety may reduce
yield in areas where summer rains
occur during the harvesting season.

Ute
Ute was developed by U. S. De-

partment of Agriculture personnel at
Utah and released in 1965. It is com-
parable to Gila in yield and oil per-
centage. Under Arizona conditions it
is highly susceptible to disease and
lodging.

A101 and A12417
The lines A101 and A12417 have

seeds with brown striped hulls and a
characteristic "wet-straw" odor. The
seeds are actually brown to purple in
color with white stripes. Because of
the low hull percentage, the seeds
have an oil content much higher than
Gila. These lines averaged 45 to 50
percent oil in comparison to 35 to 40
percent oil for Gila.

These varieties were developed in
Arizona using the striped-hull genetic
mutant. They were released in 1964
as experimental varieties.

Mill tests have shown these varie-
ties to be commercially undesirable
because of the dark pigments asso-
ciated with the striped-hull gene. The

oil from these lines was less stable
and became rancid sooner.

Other Varieties
Varieties N10, Pacific 1, and in

some cases, N6 are grown under dry-
land conditions in other states, but
are not grown in Arizona because of
lack of resistance to Phytophthora
root rot. Several private companies
are also developing new varieties. In-
formation on these varieties may be
obtained from the companies develop-
ing them.

Future Varieties
Future varieties will have seed with

lower hull percentage and higher oil
and protein content. The meal will
be of higher quality and of more
value since it will have less fiber and
more protein. Also, safflower oil will
be of higher quality with greater sta-
bility and lighter color. The thin-hull,
striped-hull, light innerhull, and other
genetic mutants discovered at the
Arizona Agricultural Experiment Sta-
tion are being used to develop such
varieties.

Higher yields and more stability of
high yields from year to year will be
accomplished by the use of hybrid
safflower. The technique for pro-
ducing hybrid safflower has been de-
veloped by using the thin-hull gene
in the female lines. Experimental
hybrids have been tested for several
years in Arizona and the favorable re-
sults point toward hybrid safflower
for the future.

Place in the Rotation
Safflower produces best yields on

deep soils having good physical con-
dition. It may follow such crops as

cotton, sorghum, vegetables, alfalfa —
or other crops which are harvested
soon enough to permit land prepara-
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Seed and Seed Treatment
Most companies contracting with

growers to produce safflower also pro-
vide a source of seed for planting.
The seed should be of high quality
and properly treated. (See page 22,
"Production of Planting Seed").

The recommended fungicide for
seed treatment is a volatile mercury
dust such as Panogen 15 or Ceresan
75.2 Directions for application as
given on the container should be care-
fully followed. Since seed is poison-
ous after being treated, it is essential
that it be so labeled.

Seeding Rate
The seeding rate varies with row

spacing and date of planting. When
grown in rows 20 to 40 inches apart,
safflower is seeded at the rate of 20
to 35 pounds per acre. The planter

2Trade names are used in this publication
solely for the purpose of providing specific
information. Mention of a trade name does
not constitute a guaranty or warranty of the
product named and does not signify that this
product is approved to the exclusion of
comparable products.

should be calibrated at planting time
to deliver 15 to 18 seeds per foot of
row in order to obtain a stand of at
least 12 plants per foot. For solid
plantings with a grain drill, the seed-
ing rate should be 30 to 45 pounds
per acre (10 to 12 seeds per square
foot) to obtain at least eight plants
per square foot.

Stands of over 20 plants per foot
of row may lodge. High population
densities cause plants to be spindly
and more susceptible to frost damage.
When planting later than the recom-
mended planting date, plant height
and branching will be reduced. Un-
der these conditions, a higher rate of
planting and closer row spacing are
recommended.

Depth of Planting
Depth of planting varies with soil

type and method of planting. Seeds
are placed about 13a to 2 inches deep
when planted in moisture.

It is beneficial to mulch the soil to
preserve moisture since safflower seed
may germinate slowly. When seeds
are planted in dry soil and irrigated
up, they should be placed about one
inch deep.

Irrigation
Proper preparation of the soil is

necessary to facilitate good water
penetration. Safflower has a deep tap-
root and can use moisture from the
lower soil depths. A pre-planting irri-
gation adequate to thoroughly wet
the soil to a depth of six to eight feet
is recommended.

Succeeding irrigations should be
sufficient to maintain the subsoil mois-
ture. The first irrigation is normally
made six to eight weeks after planting
time, with more frequent irrigations

necessary as the season progresses.
Safflower should never be stressed

for moisture. When grown as a win-
ter annual, safflower requires about
3Ja to 4-acre feet of water per acre.
Actual water delivery will depend on
irrigation efficiency.

Water requirement is greatest dur-
ing budding, flowering, and seed de-
velopment. About 85 percent of the
total seasonal water requirement will
be needed during this period.

Generally, safflower needs about









flower growth is poor or where stands
are inadequate, summer weeds may
be a problem at harvest.

When weeds are present in saf-
flower stands they will reduce yield
and make harvesting difficult. Weed
seed may be difficult to remove from
safflower seed after harvest, and green
plant parts mixed with seed may cause
heating. Weeds which have been es-
pecially troublesome in Arizona plant-
ings are wild oat, wild sunflower, bar-
ley, London rocket, Russian thistle,
and Johnsongrass.

The best weed-control program is
one in which safflower is planted in
rows on beds and is cultivated. When
safflower is planted on beds, after a

preirrigation, weed seedlings on the
beds will be destroyed by harrowing
the top of the bed before planting.
Weeds in the furrows are killed later
by cultivation. When weeds are a
problem, one or two cultivations may
be necessary.

Several herbicides show promise for
controlling annual weeds in safflower.
Since safflower is a food crop, any
herbicide used must have clearance
by the U. S. Food and Drug Adminis-
tration, or appropriate legal authority.1

]For current recommendations concerning
the use of heihicides, refer to Bulletin A-l,
"Chemical Weed Control Recommendations
for Irrigated Areas "

Insects
Green peach aphids, lygus bugs,

leafhoppers, and thrips are the most
common destructive insects encoun-
tered on safflower in Arizona. Other
destructive insects that have been ob-
served in safflower fields are beet
armyworms, cabbage loopers, cut-
worms, leaf miners, seed corn mag-
gots, red spider mites, stink bugs, and
sunflower moths.

Large populations of several insect
predators are often found in safflower,
usually in association with the green
peach aphid. The most common in-
sect predators are lady beetles and
lacewing flies. Honeybees, as well as
several species of wild bees, usually
are found in safflower fields during
the flowering period. The flower is
especially attractive to pollinating in-
sects.

Green Peach Aphid
Myzus persicae

Infestations usually occur in early
spring and increase to heavy popu-

lations during March and April. The
aphids, which are sucking insects,
feed on the bottom of the leaves and
especially on new leaves in the grow-
ing whorl.

Observations indicate that safflower
can tolerate moderate populations of
aphids without economic damage. In
most years predators such as lady
beetles and lacewing flies increase in
large enough numbers to check the
aphid buildup. However, in certain
years when aphid infestations are very
heavy, insecticidal control measures
may be necessary.

On veiy susceptible lines and varie-
ties or under special conditions aphid
populations may build up and cause
extreme plant damage. Whorls of in-
fested plants twist and bend and plant
growth and branching are greatly re-
duced. Later, flowering is inhibited,
and partial sterility occurs. No saf-
flower lines resistant to the green
peach aphid have been found.
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Lygus Bugs
Lygus sp.

Lygus bug infestations may occur
in safflower during April, May, or
June when safflower is in the bud or
flowering stage. The lygus bugs most
commonly found are the adults which
have migrated from newly cut alfalfa
fields or from desert plants.

Both adults and nymphs may cause
injury by puncturing flower buds or
young heads to obtain food. This
puncture results in discolorations on
the side of the head or completely
deformed heads. Damage is expressed
as unfilled heads or darkened shrivel-
ed seed.

Lygus bug damage is usually most
severe in late-planted safflower. When
heavy infestations occur during the
bud stage or early flowering period,
control measures may be necessary.

No varieties or lines of safflower are
known that are resistant to lygus bugs
but there is variation among varieties
in resistance. In the breeding nursery
and yield tests, varieties which are
spineless generally show more lygus
damage than those that are spiny.

Leafhoppers
Empoasca sp.

High leafhopper populations have
occurred in localized fields during the
latter part of May and during June.
The leafhoppers suck plant juices
from the underside of the leaves.

Damage usually occurs first on the
lowest leaves and progresses upward
causing the leaves to "fire". The dam-
age is similar to moisture stress which
causes the safflower plants to mature
early. The apparent damage is re-
duction o£ yield caused by light seed
and reduced number of heads.

Thrips
Frankliniella occidentalis

Thrips may infest safflower in the
pre-bud stage or later and remain in

high numbers until the plants begin
to mature. The adults or nymphs may
injure safflower by feeding on very
young vegetative buds in the leaf axils.
These buds may turn a bronze color
and blast or cause malformed head
development. The extent of damage
will vary according to varieties and
thrips populations.

Although some breeding lines are
very susceptible, the varieties Gila and
Frio are fairly tolerant to low popula-
tions of thrips. When high popula-
tions occur, treatment may be nec-
essary.

Honeybees
Apis mellifem L

Large numbers of honeybees are
attracted by safflower during the
flowering period. Bees are especially
attracted to safflower because of its
abundant pollen and abundant nectar
which they gather readily.

The benefits of honey bees or other
insect pollinators to commercial varie-
ties depend upon the amount of self-
fertility in the variety. Since Frio is
lower in self-fertility than Gila, yield
increase from cross pollination is ex-
pected to be greater.

Experiments with the variety Gila
have indicated that honey bees may
increase seed set by 5 percent or more.
However, under different environ-
mental conditions the benefits from
pollinators may vary.

Control of Harmful Insects
There are several factors which

must be considered before applying
insecticides. These are presence of
insect predators, presence of pollinat-
ing insects, and Federal Pesticide
Regulations. Since safflower oil is
used as a food, insecticides for use on
safflower must be approved by the
U. S. Food and Drug Administration,
or appropriate legal authority.



Diseases of Safflower
The important diseases of safflower

in Arizona are Phytophthora root rot,
verticillium wilt, safflower rust, and
virus diseases. Until the release of the
variety Gila in 1958, Phytophthora
root rot was the limiting factor in the
production of safflower in Arizona.

Phytophthora root rot
Phytophthora drechsleri \

This root rot has been the most
serious disease of safflower in Arizona.
Plants killed by Phytophthora root rot
are most evident 4 to 5 days after an
irrigation. These plants have leaves
with a bleached-green color, and the
base of the stem and the roots are
completely darkened.

Little damage occurs in the seedling
stage because temperatures are too
cool for the organism to be active
during the winter months. The first
dead plants usually are found in the
spring when daytime temperatures of
85° to 90° F. occur. Dead plants may
occur individually or in patches. In
1950 when susceptible varieties of saf-
flower were planted, entire fields were
killed.

Only varieties of safflower resistant
to Phytophthora root rot are recom-
mended for planting in Arizona. In
spite of high resistance, Gila and Frio
are subject to some root-rot damage
under certain conditions. Root-rot
damage usually can be prevented in

Plant at left was killed by Phytophthora root rot. A
normal healthy plant is shown at right. Leaves of dead plant
are a bleached green and crown and roots are darkened.
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Certain practices are very impor-
tant to prevent damage from rust.
Planting seed should be treated with
a volatile mercury fungicide which
will kill most of the teliospores on the
seed. Safflower should not follow
safflower in the crop rotation as rust
spores from volunteer plants or in the
soil will infect new seedlings.

The incidence of safflower rust is
reduced when safflower is planted on
beds and furrow irrigated. Flood irri-
gation on the flat spreads rust spores
from infected plants to other plants
in the field.

The variety Gila was developed for
resistance to Race 1 of rust; however,
since then three other races of rust
have occurred. Gila and Frio are very
susceptible to the races of rust oc-
curring in Arizona.

Verticillium Wilt
Verticillium dahliae1

Verticillium wilt has caused some
damage to safflower in Arizona. The
usual symptoms are interveinal yel-
lowing of the leaves, occurring first on
the lower leaves and progressing up-
ward. The margins of the leaves turn

brown and eventually the leaves die.
The vascular tissue of the stem of the
infected plant is light brown.

Usually only one side of a plant is
infected and vascular bundles on that
side are darkened in color. The dis-
ease may progress to include all of
the branches of the plant.

Various degrees of damage are evi-
dent on different plants, some may be
killed before flowering, some may be
partially sterile, and some may de-
velop seeds in most heads but mature
early with light-weight seed. Diseased
plants are very noticeable as partially
yellowed plants during flowering and
later as prematurely dried plants. The
diseased plants may be randomly dis-
tributed throughout the field. In bad-
ly infested fields, large patches of
plants may be killed.

Other Diseases
Diseases, apparently caused by un-

identified viruses, have damaged saf-
flower in certain years. These dis-
eases are most often found in fields
having poor stands.

organism also causes Verticillium
wilt of cotton.

Harvesting
Safflower is ready for harvest when

the bracts on the heads turn brown
and the moisture content of the seed
is 8 percent or less. Most safflower
in Arizona is ready for harvest in late
June or early July, the date depending
on temperatures. At higher elevations
where safflower is planted in the
spring, harvest may be as late as
August.

A combine is used to harvest saf-
flower. The cylinder should be ad-

justed to a peripheral speed of 3,000
feet per minute or less. This will be
about 300 to 500 rpm for a 22-inch
cylinder. Suggested concave clear-
ance is % inch at front and H inch at
back. When these adjustments are
made, the heads will be rubbed in the
threshing action.

Cracked and broken seeds indicate
that the cylinder speed is too fast.
Cracking of seed should be kept at a
minimum. The quality of oil in crack-



ed seeds deteriorates more rapidly
than does oil in whole seed.

The reels should be adjusted with
ground speed to prevent shattering.
Reels with solid bats, when forced
down into the plant, may break off
heads. Use of a finger type pick-up
reel helps to reduce this loss.

The speed of the shakers should be
sufficient to prevent straw from clog-
ging the machine. Shaker speeds
greater than those used for small
grains are required.

Harvest should be completed as
early as possible, especially where
summer rains occur. Prolonged rain-
fall may initiate germination of the
seed in the head and reduce quality.
When mature safflower remains in
the field for long periods, severe
losses may result from feeding by
white-wing doves.

Where weeds are a problem at time
of harvest, it may be necessary to
swath the crop before combining. Pre-
liminary experiments show that swath-
ing may be done as early as three to
four weeks after flowering has gener-
ally ceased, with only moderate yield
losses.

Saf flower maturity for s\\ athing can
be determined by cutting seeds in the
newer heads to see how well they are
filled. When weather is fa\orable,
saf flower usually dries in two to three
days after swathing.

Since saf flower oil is a food, use of
a desiccant for killing weeds at har-
vest-time must be cleared by the U. S.
Food and Drug Administration or ap-
propriate legal authority.

Many combine operators have ex-
perienced engine over-heating be-
cause of clogging of the radiator by
white fuzz from seed heads. This is
also a fire hazard. It can be control-
led by using small mesh screen enclo-
sures around the radiator and air in-
takes and cleaning them often.

Storage of Safflower Seed
Fire losses caused by spontaneous

combustion in seed stored have oc-
curred. These usually have been
caused by storing seed with excessive
moisture.

Green plant parts and weed seed
usually have been the cause of the
high moisture. Two precautions to
follow are: 1) scalp seed before stor-
age to remove foreign material and
2) provide for forced-air circulation.

Production Costs and Yields
The costs per acre of producing saf-

flower are somewhat higher than the
costs of producing barley or other
small grains. Safflower has a longer
growing season than barley, requiring
about three additional irrigations.
Combining costs also are higher be-

cause slower operating speeds are
required.

Well managed crops of safflower in
Arizona have produced yields from
3000 to 4000 pounds of clean seed per
acre. Yields vary from year to year.
The state average yield has "been
somewhat less than 2500 lbs. per acre.
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Marketing
Before growing safflower, it is well

to be informed on markets. Much of
the safflower acreage of Arizona is
contracted in advance of planting. At
present there are no acreage controls
or government support prices.

The average contract price at plant-
ing time in 1959 to 1961 was $70 to
$74, in 1962, $80 to $85 per ton; and
about $75 to $80 per ton in 1963 and
1964. Contract prices for the 1965
and 1966 crops were about $90 per
ton. Actual prices received by grow-
ers were somewhat higher than con-

tract prices in 1959 to 1962, and in
1964 and 1965.

Safflower harvest occurs at a time
when most cotton oil mills are not in
operation. Some of the cottonseed
crushing plants in Arizona have modi-
fied their equipment to process saf-
flower seed.

These oil mills and those in nearby
states serve as market outlets. The
development of local markets by the
oil-seed processors and by grain, feed,
and seed companies, has helped to
establish safflower on a firm basis.

Production of Planting Seed
A sizeable acreage of safflower

grown in Arizona is harvested for
planting seed which is used in this
state and for export to other states
and countries. The production of
good planting seed requires special
attention by growers and processors.
Good quality planting seed for com-
mercial acreage is essential for highest
yields.

The term quality safflower seed im-
plies genetic purity, excellent germi-
nation, and freedom from weed seeds
and disease. Mechanical injury and
rain damage are factors which may
cause poor quality safflower planting
seed.

Quality seed should produce vigor-
ous seedlings. Poor quality seed pro-
duces weaker seedlings with a slower
initial growth rate. Higher planting
rates of lower germination seed only
partially compensate for poor germi-
nation.

Genetic Purity
Off-type plants and sterility should

be at a minimum in the seed source.
Safflower has a fairly high mutation
rate. Thus a sizeable build-up of off-
type plants may occur after only a
few generations.

New foundation stock seed is pro-
duced by planting selfed seed from
several hundred plant selections in
progeny rows. The variety is then re-
composited from those individual
plants whose progenies were true to
type and were agronomically desir-
able.

Cultural Practices
Plants for seed production should

be grown on beds, and weeds should
be controlled. In some cases it may
be desirable to use a complete fertili-
zer at planting time and to avoid the
second application of nitrogen. This
procedure will prevent some of the
late branching and will hasten ma-
turity. It may also reduce yield.

Even slight damage from lygus bugs
or the larvae of sunflower moths will
cause lighter or injured seed.
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Harvesting
Mechanical damage may materially

reduce seed quality. Internal damage
to the seed may have occurred even
when there is no evidence of seed-
coat injury. When minor external
damage is observed, the seedsman
should check the extent of internal
damage carefully. Damage to seed is
usually caused by excessive cylinder
speeds, close concaves, and worn out
elevator hoppers.

Harvest safflower for seed just as
soon as possible after maturity and
before moisture content has dropped
much below 8 percent. Remove green

plant material by scalping before
storage to prevent heating and to pre-
serve germination.

Seed Processing and
Seed Treatment

All planting seed, whether for seed
increase or commercial seed produc-
tion, should be treated as described
earlier in this publication. Safflower
to be used for certified seed should
be as free from disease as possible.
Fields with large numbers of plants
infected with leaf rust or \ erticillium
wilt should not be used for planting
seed.

Future of Safflower in Arizona
Safflower appears to have a bright

future in Arizona. It is well adapted
to the winter and spring climate of
the Southwest. Safflower seed pro-
vides a good edible oil, the meal pro-
vides protein supplement for live-
stock, and the processing of seed fits
in well with oil-mill operations.

Future acreage will be influenced
by the demand for safflower oil. It
will also be influenced indirectly by
cotton, feed grain, and other govern-

ment programs.
Breeding programs are giving em-

phasis to the development of varie-
ties having a lower percentage of
hull and a higher oil and protein
content. An effort also is being
made to increase yield, improve cold
and salt tolerance, and increase
disease resistance. The techniques
for producing hybrid safflower have
been developed and hybrid varieties
are in the testing stage.
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