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Prepared by P.W. Simon, Research Geneticist
USDA, Agricultural Research Service, Department of Horticulture, University of
Wisconsin, Madison, WI 53706
Phone: (608) 262-1248

History
-- Carrots originated in Afghanistan and possibly northern Iran and Pakistan.
-- Queen Anne's Lace is wild carrot which interpollinates readily with carrot and occurs
in disturbed ecological areas (roadsides, vacant lots, etc.) all around the world in
temperate regions with adequate moisture.
--Domestication of carrots took the following path:

900 - 1000 AD:  Purple and yellow carrots had been spread from Afghanistan to the

eastern Mediterranean.
1300s: Purple and yellow carrots in western Europe and China
1600s: Yellow carrots in Japan
1700s: In addition to purple and yellow, white carrots were reported in

Europe with an orange type first reported in The Netherlands and
adjoining regions
Today: Orange carrots predominate world-wide although some white
types persist in western and eastern Europe (for livestock), some
red (not orange) in Japan, some yellow and purple in the Mideast,
and some purple, yellow, and red from Turkey to India and China
-- The US collection of carrot and its wild relatives is at the USDA Plant Introduction
Station in Ames, Iowa. The USDA Carrot Genetics and Breeding Project is at the
University of Wisconsin.

Consumption

-- Outside the US and Canada which consume Imperator type (long, thin) carrots, the rest
of the world consumes shorter, thicker-rooted conical (Danvers or Chantenay type) and
cylindrical (Nantes) carrots.

- Carrots are worth approximately $300 million per year to US growers, with over half
the production in California.

Nutrition

-- Carrots provide 30% of the vitamin A in the US diet.

-- Vitamin A is synthesized in the human metabolism by the breakdown of carotenes, the
orange pigments in carrot roots. Vitamin A itself occurs in meat, liver, eggs, milk, and
other animal products.

- Over-consumption of vitamin A can be toxic to humans but over-consumption of
carotenes is never toxic since carotene breakdown is well-controlled. Over-consumption
of carotenes or carrots can give the skin an orange tone but this is not harmful.

-- Vitamin A deficiency is a significant world problem, especially in the developing
world. The magnitude of human suffering fromVitamin A deficiency is comparable to
that of protein deficiency and second only to caloric deficiency.

-- One crop of high-carotene carrots (twice the US carotene content) on one square meter
of land produces enough carotene to provide an adult with all the vitamin A needed in a
year.
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Commerecial Value of the World Carrot Seed Crop
P.W. Simon, Department of Horticulture, 1575 Linden Drive, Madison, W1 53706

The commercial value of the world carrot seed crop is not well-documented. To obtain
an estimate of this value, a survey was taken of 24 vegetable seed companies in North
America, South America, Europe, and Asia. Thirteen of these companies completed and
returned the survey.

Surveys were sent to carrot breeders or research directors (one per company) in 1995,
with instruction to complete the accompanying table with the U.S. dollar value of the
seed crop (what growers pay) and hectarage planted for each of the root classes listed.
Responses requested were not for their individual company’s market share but rather for
the estimate of the entire world carrot market. They were invited to seek input from
sales, production, and other personnel in their company.

Estimates of commercial sales markets were included. Therefore, state-run seed
production operations outside the normal commercial markets (as may exist in some
former U.S.S.R. states or parts of Asia) would not be included in these estimates.
Similarly, local productions for regional dissemination would not be included in these
estimates. The former source of carrot seed (state-run operations) could be sizeable but
the latter (local production) probably is not.

The 1995 worldwide commercial value of the carrot seed crop was estimated to be $88
million (U.S.). About half of the seed value and area was in Nantes types for Europe and
Asia. About 25% of the value but only 10% to 15% of the area was in Imperator types
for North America and Australia. Value estimates generally had a two-to-three fold range
among respondents. World production area estimates made by respondents were slightly
lower than FAO values. Survey estimates for Africa were especially low whereas those
for Asia, South America, and Australia were high.
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U.S. Seed Production of Umbelliferous Crops, 1940-1980

Year\Crop Carrot Celery Parsley Parsnip Dill
1940 3900/1290 6634 2501220 260/180 48/23
1945 7280/2630 102/44 335230 260/190 81/36
1950 2550/1220 58/37 147/121 88/75 34120
1955 1560/840 28/23 130/110 57/55 23/14
1960 1600/810 5032 140770 70/50 T 2019
1965 1840/830 20/14 110/90 50/40
1970 1570/1130 40135 140/100 50/40
1975 2350/1440 70/40 100/85 5035
1980 1900/1100 35/15 210/120 4525

Source: USDA Agricultural Statistics. Values in acres harvested/1000 pounds produced.
These values were not included in USDA Agricultural Statistics after 1980.



U.S. Seed Production of Umbelliferous Crops, 1940-1980

Year\Crop Carrot Celery Parsley Parsnip Dill
1940 3900/1290 66/34 2507220 260/180 48723
1945 728072630 102/44 335/230 260/190 81736
1950 2550/1220 58737 147/121 88775 34720
1955 1560/840 28723 130/110 57/55 23/14
1960 1600/810 5032 140770 70/50 . 2019
1965 1840/830 20/14 110/90 50/40 -
1970 1570/1130 40/35 140/100 50/40 ——
1975 2350/1440 70/40 100/85 50/35 —
1980 1500/1100 35/15 210/120 45025 -

Source: USDA Agricultural Statistics. Values in acres harvested/1000 pounds produced.
These values were not included in USDA Agricultural Statistics after 1980.
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FAX

February 18, 1997

TO: BRYAN RENK and PAULANNE CHELF, WARF
FROM: IRWIN GOLDMAN

This Fax Contains & Pages , 1wl ud\'w? C ouan_






Y
University of Wisconsin-Madison

Department of Horticulture College of Agricultural and Life Sciences
1575 Linden Drive

Madison, WI 53706-1590

TEL: 608-262-1490

FAX: 608-262-4743

February 18, 1997

Dear Bryan and Paulanne:

The world carrot seed market is estimated at $88 Million and the United States carrot crop
itself is valued at $300 Million, according to figures put together by Phil Simon of the
USDA-ARS (see attached documents).

The cut-and-peel baby carrot market seems to be expanding all the time and there is great
interest in new products. A new trade magazine called Carrot Country lists a number of the
newest trends in carrot production in the US, and if you are interested I have many of the
issues here in my office.

Thanks again for all of your help.

Look forward to seeing you again soon,

Providing Equal Opportunities in Employment and Programming






Carrots

Acreage:

%ﬂd VAGAAL

95-108,000

Farm Value:  $250-330 million annually

Crop:

75% fresh market, 25% processed; cultivars are hybrids, often adapted for
use in many U.S. production areas

Export Value: 5%
Breeding Effort: 3 public programs (ARS, Wisconsin, Texas), 10-13 private seed companies.

This ARS program contains 0.9 out of 1.5 total public FTE’s U.S.Per Capita
Consumption: 4.0-4.5 kilos (increasing slightly)

- A. Production Efficiency

1).

2)

Newly available carrot germplasm from the Far East and Mideast will contribute
genetic characteristics which reduce root color defects (yellow core or cambium,
green shoulder), impart early maturity and allow carrot production into warmer spring

weather of California, Florida, and Texas. Genetic variation is available to impart
stronger tops, thereby improving the efficiency of mechanical harvesting (since
carrots are mechanically harvested by lifting the top). Improved production efficiency
with lower producer costs will result as the carrot germplasm base is broadened.

Improved germplasm capable of higher seed yields in cold spring and hot summer
production conditions will assure steady seed supplies with the development of more
stable cytoplasmic male sterility.

B. Disease Resistance - It is estimated that 8% of the carrot crop is lost to disease.

1)

2)

Continued selection for resistance to Alternaria leaf blight and motley dwarf plus an
opportunity to improve resistance to nematodes, cavity spot and root dieback pests
will reduce disease losses and the threat to consumer health and the environment due
to pesticides.

Resistance to nematode resistance (especially southern nematodes) occurs in

.unadapted and foreign carrot germplasm. Incorporation for resistance in U.S.

cultivars will permit continued carrot farming in major production areas where
nematicides are or soon will be banned.



2-

- 3) Newly developed method for selection to postharvest soft rot resistance will yield

germplasm capable of longer storage to extend carrot availability for domestic use and
to improve export quality.

C. Quality

1) Carrots provide 30% of the U.S. vitamin A supply and have the highest level of
carotene (a potent cancer protectant) of any U.S. natural food. New germplasm
including domestic and foreign breeding stocks could easily triple carrot carotene
content from 90 to 270 ppm. ARS experimental stocks with over 900 ppm carotene
are available. Human nutrition could be improved by incorporating high carotene
content into new broadly based germplasm. Carrots with 300 ppm carotcne‘costing
$.30 per pound could provide 100% of the adult RDA of vitamin A for 1.8 per day.

2) Fresh meby increasing sweetness and reducing
harsh, chemical flavor. Carrot consumption can be increased and their nutritional

benefits realized as a consequence of flavor improvement. Increased sweetness in raw
carrots is also conferred to the processed product. Several new raw carrot snack
products with high carotene content and excellent flavor are being commercially
tested.

3) Knowledge of the genetics of carrot sugar storage and availability of unique
germplasm has generated interest in expanded uses for carrot. Marketing trials are
- underway to evaluate carrot deep-fried chips, dc_ydm;d_ear_rm, and carrotsas a
biomass or sugar ¢rop.

D. Related Basic Research

1) Development of a carrot RFLP linkage map

2) Relationship of gene expression in whole plants and tissue culture for selecting high
carotene in culture. |

3) Evaluation of Daucus germplasm for genetic markers

4) Biochemistry of sugar, carotene, and volatile terpenoid biosynthesis
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Fig. 2. Light micrographs of transverse sections of sterile anthers, petaloid floret, and longitudinal section of aborting ovules of carrot. A:
Sterile brown anther from fine foliage plant derived from ‘Hicolor 9. Note hypertrophy of sporogenous tissue and anther walls ( X 280). B:
Later stage of anther development. Same plant as A. Locular contents completely collapsed (X 168). C: Brown anther from sterile plant in
B9668. Sterility conditioned by cytoplasm from ‘Tendersweet’ (x 280). D: Later stage of anther development from same plant as C with
locular contents and anther walls collapsed ( X 168). E: Petaloid floret from sterile plant in line B3615. Note aborted ovules (arrows) ( X 64).
F. Fertile floret from plant in line C60-1 showing 2 aborting and 2 functional ovules (X 64).

walls with anticlinal thickenings. There was no evi-
dence of meiosis, and the sporogenous tissue consisted of
hypertrophied vacuolate cells. These cells filled the entire lo-
cule; only an outer thin layer of tapetum was apparent (Fig.
2A). At a later stage (Fig. 2B), anthers of this sterile showed
collapse of the sporogenous tissue (compare with Fig. 1C). There
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were no plump or stainable pollen grains in primary or second-
ary umbels. Sterile progeny from crosses with B493 and B9304
had anthers structurally comparable to those of the fine foliage
male-sterile parent, whereas progeny from the cross.with B10138
were fully fertile with a normal endothecium and tapetum.
The young anther from brown anther sterile B9668 (condi-
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tioned by ‘Tendersweet’ cytoplasm) was similar to brown anther
sterile derived from B493 x HC271. Endothecial cells were small
and thin-walled, and the tapetum was inconspicuous. Meiosis
did not occur-and the small cells in the locule remained spo-
rogenous (Fig. 2C). Cells remained small throughout anther
development Collapse of sporogenous tissue was similar to that
shown in Fig. 1C, except that cells external to the locule also
were collapsed near the stomium (Fig. 2D). There were no
plump or stainable polien grains in any umbels of B9668 plants.

Petaloid florets from line B3615 sterile had stamens structur-
ally similar to petals, as described in petaloid sterility (3, 10,
15). Thus, no sporogenous celis were observed in petaloid plants.

In spite of differences in anther development among the var-
ious carrot lines, ovule development was the same in all. Study
of ovule morphology indicated aborted ovules at the upper level
of the floret in sections made through the nectary (Fig. 2E), as
first described by Borthwick (2). A longitudinal section of the
fertile floret from C60-1 and of both petaloid and brown anther
male steriles showed the pistil with a split stigma, style, and 2
aborted ovules subtended by the 2 large normal functional ones
(Fig. 2F).

Brown anther pamal male sterile lines had aborting pollen.
No meiosis occurred in completely sterile lines. In partially
fertile plants derived from the B493 x HC271 brown anther male
sterile, meiosis had occurred and there were some completely
sterile anthers and some with nearly all fertile pollen. However,
in sterile plants, sporogenous tissue was abnormal, and there
was no evidence of meiosis, similar to the brown anther sterile
line B9668. The fine-foliage brown anther sterile had hypertro-
phied sporogenous cells, different from the other brown anther
steriles. In mature stages, the locular contents of all brown an-
ther steriles was collapsed.

The 3 examples of brown anther male sterility found in carrot
all fail to enter meiosis, like male sterility in petunia (4). In this
way, those 3 carrot lines differ from onion (8), beet (14), barley
(11), and maize (9), where microsporogenesis usually is normal
and male sterility is manifested during microgametogenesis. It
is interesting to note that in both carrot (12) and petunia (7),
the brown anther type of male sterility is subject to partial res-
toration to fertility under certain environments. Since high tem-
perature also has been reported to partially restore fertility in
onion (16), further work is needed to examine the relationship
between pre-meiotic expressmn of male sterility and predxspo-
sition toward partial restoration to fertility.
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EXPERIMENTAL PROTOCOLS

Controlled Pollinations
of Carrot

P.W. Simon and C.E. Peterson

USDA, ARS, Department of Horticulture, Univeriity of Wisconsin, Madison, W1,
53706 :

mnanza experiments with carrot require controlled pollinations to produce
sced. Seed production with carrot varieties has recently been described (Peter-
son and Simon, in press). This protocol includes the principal features and
points of interest which may be uscful to researchers’ need to produce seeds

from carrots.

Procedures A

1. Grow relatively vigorous plants. Weak or diseased plants are subject to storage
loss during vernalization and they set few seeds. Plants with pencil-sized roots
may be large enough (particularly for undomesticated germplasm) but larger
plants are preferable. Plants regenerated from tissue culeure, like those trans-
planted or grown in compacted soil, often develop deformed roots. Such plants
can be used for seed production as long as storage roots are at least 5 cm long.

2. Vernalize roots. Biennial plants generally require 6 to 8 wecks cold storage
(2 to 5°C) for floral induction. Cool growing conditions and passage through
tissue culture can reduce the cold storage requirement. Segregating undomes-
ticated germplasm can range from plants with annual habit to those with
vernalization requirements exceeding 12 weeks. Roots can be vernalized in
two ways: One is to simply place plants growing in pots into a cold room
with a 12 to 16 hour photoperiod, watering as necessary (too litcle water
encourages fungal actack, too much drowns plants). Dead or dying leaves
must be removed promptly and tops can be cut back to 5 cm to reduce trans-
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piration. Storage losses are often very high with this method. Another metho
is to harvest plants and trim tops back to 2 to 4 cm, dip them in a fungicid
mixture, dry until we surface moisture remains, pack in paper bags with a:
equal volume of wood shavings, and place paper bags in closed polyethylen
bags at 2-5°C. Puncture plastic bags after several weeks when water dropler
accumulate inside the polycthylenc film. Better storage survival is realized |
lateral and fibrous roots are removed, soil is removed by washing gently, an:
senescing leaves are removed. Even with these precautions wild species ar
often very susceptible to pathogen infection during storage.

3. Grow vernalized plants. Place vernalized plants in a cool greenhouse (13° v
15°C) or ficld until seed stalk development is evident in 4 to 6 weeks, Warme

conditions (18° to 23°C) are then preferable for more rapid development

Control of microbial (Alternaria, Cercospora, aster yellows, motley dwarf) anc
insect pests (aphids, spider mites, lygus bugs) is essential to assure seed pro

duction.

4. Make crosses, Isolate umbels from 1 to 5 plants in small cloth cages whe:
first flowers dchisce. Stigmata are receptive when they split. Because of pro
tandry, umbcls representing several stages of floral maturity should be in
cluded to assure pollen availability when the pistil is receptive. Pollination i
best performed by introducing housefly pupae on a regular 3-4 day schedul:
to insure the presence of adule flies for continuing pollen transfer during the
period of receptivity. As an alternative, pollen movement is possible by han:
or brush but seed set will be very low. Hybridization can be accomplished b-
hand-emasculation but this is very tedious. Unreceptive flowers are emascu
lated, and all other flowers are removed. Umbels with ¢masculated flower
are caged with the desired pollen parent and live flies. In 4 to 6 weeks th-
developing seed tutns brown. Harvese (before the sced shateers) into pape
bags to dry completely. Remove spines by rubbing. Heat treat for Xantho
monas if necessary. Sced is now ready to plant.
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