
on of Carrot Root Sizes 
studies made of spacing and seed germination 
to determine possible cause of size variation 

Louis K. Mann and 1. H. MacGillivray 

Cullage of carrots grown for bunching 
causes considerable loss of yield because 
the roots are so highly variable in size. 

When carrot fields in the southwestern 
United States are harvested for the fresh 
market, all the roots are dug at one time. 
A large proportion of the roots are culled 
out in the field because they are too small 
or too large to bunch. 

Usually bunch weights .are standard 
and though the number of carrots per 
bunch may vary widely, six to seven roots 
of uniform size are preferred. In bunches 
of this size most of the roots vary between 
one and 1% inches in diameter. Any 
practice which would lead to a more uni- 
form root size would, in effect, increase 
yield. 

Two factors which might affect root 
size of field-grown carrots were studied: 
1, the distance between roots-the spac- 
ing-and 2, the nonuniform germination 
of seeds in the field. 

The effect of spacing on root size was 
examined in a commercial field by re- 
moving the tops, carefully mapping the 
position and diameter of the roots. 

was not uniform, the spacing was rela- 
tively wide as compared to commercial 
practice. Here again, the root diameter 
had little relation to spacing. The size 
distribution for 42 roots from this plant- 
ing indicates that, even with wide spac- 
ing, great variation in size occurs. 

While these data indicate that spacing 
is not a major factor controlling root size 
under field conditions, it is necessary to 
avoid planting so thickly that crowded 
and misshapen roots are formed, or so 
sparsely that yield is reduced. At the 
present time, precise spacing of carrots 
is difficult for the commercial grower be- 
cause of the low percentage of germina- 
tion of most carrot seed. 

Some growers are making trial plant- 
ings with pelleted seed to obtain more 
uniform spacing. 

Percentage of germination and number 
of seeds per ounce were determined for 
23 samples of Long Imperator seed. 

Six replicates of 100 seeds of Impera- 
tor were germinated on each of three 
media-on moist filter paper in small flat 
dishes, in soil flats in a lath house and 

A map showing the location and diameter of carrot roots planted by the use 
of a wide shoe. Note that small carrot roots may be located where there ir little 
competition from other roots. 

The rows studied in this bed were 
planted with a wide shoe so that the seeds 
were scattered in a band five or six inches 
wide. Spacing of the plants was quite ir- 
regular but despite this there was little 
evident relation between spacing and root 
size. 

In another test, seeds were planted by 
hand in 2" x 2" squares. While many 
seeds did not germinate, so that spacing 

under commercial conditions. Mean ger- 
mination for the seed in the field, in soil 
in flats, and in the petri dishes were 
47.376, 51.5%, and a.876 respectively. 

While field germination of carrots is 
markedly affected by soil and climate, a 
fair estimate of field germination prob- 
ably could be made with some knowledge 
of the conditions under which the seeds 
are to be germinated. 

In an attempt to increase germination, 
several treatments were tried, such as 
soaking in hot water-50-52" C, 10 
minutes-soaking in thiourea-0.1 to 
5.O%-and scarifying by cutting or with 
sulphuric acid-soaking in concentrated 
acid up to two minutes. None of these 
treatments increased germination over 
that of untreated seed. 

To determine if early or late germina- 
tion of seeds within a single planting had 
any effect on the size of the roots which 
develop in the field, seedlings were identi- 
fied as they appeared above ground by 
applying a small amount of oil paint to 
one of the cotyledons. 

All seedlings were painted on a certain 
date and then after a specified number 
of days the new crop of seedlings was 
marked. 

When the roots reached marketable 
size, all were dug and the maximum root 
diameter recorded. The seeds in two ex- 
periments were planted with a wide shoe 
that scattered them in a band five to six 
inches wide. In a third experiment the 
seeds were planted by hand in 2" x 2" 
squares. The roots which grew from the 
early-germinating seeds of the first two 
experiments were significantly larger than 
the roots from seeds which germinated 
later. 

Seeds which germinate early may pro- 
duce relatively large roots because they 
have more time for growth, or because 
they place the later germinating seedlings 
at a competitional disadvantage, either 
by shading or by the roots which, even 
in young plants, may extend laterally 
several inches. 

The difference in growing time for 
early and late seedlings is small relative 
to the total growth period and it seems 
doubtful that age differences alone could 
account for the mean size differences for 
the germination dates within the tests. 

In the experiment where the seeds were 
hand planted in 2" x 2" squares, the seeds 
were widely spaced, the competitional ef- 
fects were reduced and the size differ- 
ences were nonsignificant. 

Nonuniform germination of seeds in 
the field evidently contributes to the vari- 
ation in root size which seems to be as- 
sociated with competition between early 
and late germinating seeds rather than 

Continued on page 13 
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Nitrogen for 
experiments on the 
foliage as a source 

Orange Trees 
use of urea applied to the 
of nitrogen now under study 

Winston W. Jones and E. R. Parker 

Urea sprays designed to supply nitro- 
gen to the foliage of orange trees are 
being tested at the Citrus Experiment 
Station in Riverside. 

For many years it has been common 
practice to apply essential elements- 
zinc, manganese and, occasionally, cop- 
per which are needed in small quantities- 
to the foliage of citrus trees. 

Such materials as nitrogen, which are 
used in larger quantities by the trees, 
have been applied to the soil for absorp- 
tion by the roots. 

At the present time, a new proprietary 
urea product is being used in the produc- 
tion of apples in the eastern states where 
careful regulation of the nitrogen nutri- 
tion of the tree is important for the pro- 
duction of good fruit color. 

The experience with apples has stimu- 
lated interest among citrus growers in 
the use of urea sprays. 

The application of such nitrogen car- 
riers as sodium nitrate or ammonium 
sulphate to apple foliage has resulted in 
leaf injury at rather low concentrations 
of nitrogen. 

Urea caused less injury than the other 
nitrogen carriers and thus offered a pos- 
sibility that it can be used under some 
conditions as a foliage spray. 

Experiments with urea sprays on or- 
anges were started at the California 
Citrus Experiment Station in the spring 
of 1947. 

In one trial spray concentration of five 
pounds, 7% pounds, 10 pounds, and 15 
pounds of the urea product per LOO gal- 
lons of water were applied to Washing- 
ton navel orange trees at the Citrus 
Experiment Station. 

Applications were made on different 
groups of trees in February, in April, and 
in May. These treatments were repeated 
a second year to the same trees. 

Leaf analysis indicated little or no in- 
crease in nitrogen as a result of the 
sprays; however, nitrogen was relatively 
high in these leaves before the applica- 
tion of the spray. 

It appears that these nonvigorous trees 
were not limited by nitrogen and under 
such conditions very little absorption oc- 
curred through the leaves. No foliage in- 
jury resulted from the sprays and no tree 
response was noted. 

A second trial was started in Novem- 
ber 1947 in Azusa. A block of vigorous 

navel orange trees which were somewhat 
limited by lack of nitrogen were sprayed 
with urea compound at the rate of 10 
pounds per 100 gallons of water in No- 
vember 1947, April 1948, August 1948, 
and November 1948. 

Leaf samples were collected for analy- 
sis in February 1949. The leaves from 
the nonsprayed trees contained 2.39% 
nitrogen and those from the sprayed trees 
2.69% nitrogen. It is clear from the anal- 
ysis that the sprayed trees are at a higher 
level of nitrogen nutrition than are the 
unsprayed trees. In this experiment also 
there has been no noticeable tree re- 
sponse. There was no foliage injury ob- 
served. 

In a third trial, two applications of 
spray were made to the same trees. The 
first application of 15 pounds of the urea 
product per 100 gallons of water was 
made in February 1948, and the second 
of 10 pounds per 100 gallons of water in 
May 1948. These trees are in the unfer- 
tilized plots of the long-term fertilizer 
trial at Riverside, and are consequently 
nitrogen-starved. 

Leaf analysis in May-about 10 days 
after the spray application-showed the 
leaves of the check trees to contain 2.24% 
nitrogen and of the sprayed trees 2.52% 
nitrogen. 

In the following January-1949-with 
no additional spray, the leaves of the 
check trees contained 1.99% nitrogen 
and the sprayed trees 2.18%. 

In this trial the sprayed trees showed 
a marked increase in green color, a slight 
increase in vegetative growth, and an 
increase in fruit production over the un- 
sprayed trees which have produced very 
little fruit. 

A fourth trial, on Valencia orange 
trees in Mentone, was started in April 
1949. At this time the nitrogen in the 
leaves was relatively low and the leaf 
color as well as a light crop indicated a 
nitrogen deficiency of moderate degree. 

On April 1st the trees were sprayed at 
the rate of 15 pounds per 100 gallons of 
water. 

At the same time a soil application of 
an equal amount of nitrogen was made 
to other trees. Fifteen days later the 
leaves from the check trees contained 
2.19% nitrogen, from the soil application 
2.21% nitrogen, and from the sprayed 
trees 2.58% nitrogen. 

On May 25th the soil application was 
repeated and a part of the sprayed trees 
were resprayed. Ten days later the leaves 
from the check trees contained 2.17% 
nitrogen, from the soil application 2.1'7% 
nitrogen, from the trees sprayed once 
2.19% nitrogen, and from the trees 
sprayed twice 2.43% nitrogen. 

The use of urea in these spray trials 
with orange trees has caused no injury 
to this date. However, under some condi- 
tions injury has resulted to citrus and to 
other crops from the use of urea as a 
spray. 

Unless the nitrogen content is high for 
the condition of the trees, the nitrogen 
is readily absorbed by the leaves of 
orange trees. It is apparent that a more 
rapid increase of the nitrogen in the 
leaves can be accomplished by spray 
application than by soil application. 
Whether the amount of nitrogen that can 
be absorbed through the leaves will suf- 
fice for all the nitrogen required by the 
tree is yet to be determined. 

More research on the application of 
nitrogen to orange trees as foliage sprays 
is needed before its value is known. 
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CARROT VARIATION 
Continued from page 9 

simply the age differences among roots 
at the time of harvest. The factors which 
affect nonuniform germination in the 
field are not known. 

While spacing among individual roots' 
does not seem to be related to root size, 
thickness of planting will affect over-all 
variation in root size insofar as it con- 
trols the competitive effect among seed- 
lings germinating at different times. 

Even with uniform germination, there 
seems to be a remarkable inherent varia- 
tion in carrot root size where differences 
in time of germination and spacing are 
minor factors. 
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