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FOREWORD

The production of grapefruit in Arizona increased .sixteen fold in the
13-year period ending with the production year of 1032-33. Acreage of
grapefruit in Arizona on January 1, 1933, was estimated at 14,000 acres,
almost all of which was of the Marsh Seedless variety. More than
12,000 acres of this grapefruit was in Maricopa County.

The material for this circular was collected by Air, Reuben M. Hess,
Assistant County Agricultural Agent in Maricopa Count} at the time
the major portion of the study was made, and who is now Field Super-
intendent for the Arizona Citrus Growers Association, and by Dr.
George W. Barr, Extension Economist, University of Arizona. In the
fall of 1932 Mr. J. H. O'Dell became Assistant County Agricultural
Agent, and continued the work formerly done by Mr. Hess. The auth-
ors jointly made all the tree measurements and collected the information
on practices and costs.

Professor A. F. Kinnison, head of the Horticulture Department of
the University of Arizona, assisted by Mr. Hess, was responsible for
the interpretation of citrus practices. Dr. Barr had charge of the sta-
tistical treatment of the data.
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Soil Influences Tree Size

Most of the twenty groves were located on one of the following soils:
Cajon loam; Mohave sandy, loam; or Mohair fine gravelly sandy loam,
highly calcareous phase. The grapefruit trees seem to grow equally well
on the Cajon loam and Mohave sandy loam, but were retarded in growth
on the Mohave fine gravelly sandy loam, highly calcareous pttase. The
latter soil is above the mam floor of the valley, is gravelly in texture,
and lacks organic matter. Trees on this soil type, as a group, made
about two-thirds of the growth that was made by trees on the other soil
types. The exact location of these soil types may be obtained from a
soil map published by the Bureau of Soils, United States Department of
Agriculture, dated 1927.

Fertilizer Stimulates Growth

The fertilizer applied to these grapefruit groves consisted almost en-
tirely of manure. Figure 1 shows the total amount of manure and of
commercial fertilizer applied to each of the groves from planting time
to the summer of 1932. On the seven groves making greatest growth,
shown at the top of the chart, an average of 15 tons of manure was
applied per acre, compared to an average of 9 tons per acre applied to
the seven groves making" the least growth. In addition to the applica-
tion of manure, small amounts of commercial fertilizer were applied on
some groves.

Cover Crops Associated With Rapid Growth

Growing of cover crops to add fertility to the soil was practiced on
13 out of the 20 groves at some time during the 6-year growing
period. The cover crops grown (not considering weeds), in order of
importance were sesbania, sweet clover, sour clover, alfalfa, and cow-
peas. It was not possible to measure exactly the effect of a cover crop,
except that in the seven groves that made the best growth during the
6-year period, one or more cover crops had beenj grown in six of them,
while in the seven groves that made the least growth in the 6-year
period, cover crops had been grown in but two.

Freezing Not a Major Factor

In the two winters 1930-31 and 1931-32, 14 out of the 20 groves
were damaged to some extent by freezing. In most instances
the damage was confined to fruit loss and to the freezing of the new
growth. In only four cases was the freezing serious in nature. In three
out of these four cases, the groves were in the colder belts of the valley,
as indicated by a frost map of the valley, prepared by the Weather Bu-
reau Office at Phoenix, and indicating mean minimum temperatures for
December and January. This 2-year study indicates that this map can
not be relied upon entirely to determine frost-free areas, but, in general,
is indicative of the cold spots.

Progress Toward Uniformity of Tree) Size

The trees in some of the groves were much more uniform than in
other groves. This possibly was due to a variation in soil within the
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prior to betting out of the grapefruit trees. Only 5 tons of manure per
acre had been applied prior to the summer of 1930. Seven and one-half
tons per acre were applied November, 1930 and 9 tons October, 1931.
An increased amount of water also was applied in 1931, and the system
of irrigation changed from furrow to basin. Grove F> progressed from
seventeenth position to thirteenth position. The owner applied more water
in the years 1931-32, He also changed from the furrow systern in 1930
to the border system in 1931, and to a cross-furrow system in 1932.
Then, too, an increased amount of manure and alfalfa hay was applied.
Grove C jumped from tenth position to fourth position in the 2-year
period. In this instance, alfalfa had been grown as a continuous cover
crop for the first 3 years, then the alfalfa had been turned under. The
reasons for increased growth in these three groves seemed to be in-
creased use of fertilizer, increased use of water, and the utilization of
a cover crop (alfalfa), which in the first 3 years of the trees' growth
possibly had retarded rather than stimulated growth of the trees.

In three instances, Numbers D, E, and F, the trees grew much less
rapidly in the years 1931 and 1932 than they had done previously.
Grove D dropped from third position to ninth position. Eighteen tons
of manure per acre had been applied on this grove while the trees were
small, but none had been applied since the summer of 1930. Examina-
tion of this grove in the summer of 1932 indicated that Bermuda was
competing with the trees for moisture and fertility. Grove E dropped
from fourth to tenth position in the 2-year period. In this case, manure
had been applied when the trees were small, but none was applied since
the summer of 1930. Then, too, freezing was a factor that caused some
retardation in this grove. Grove F dropped from fourteenth to eigh-
teenth position in the 2-year period. In this case, the grove had been
clean cultivated for the first 3 years and then for the 3-year period of
1930 to 1932 inclusive, alfalfa had been grown with the trees. It ap-
pears that the alfalfa competed with the trees for moisture and fertility
and reduced the rate of growth. At the same time) in this grove, most
of the fertilizer was applied when the trees were small. Then, too, the
grove was badly frozen in the winter of 1931-32. Many of the trees
were killed back to the stump, although these frozen trees were elimi-
nated from the comparisons on relative tree growth.

Combined Influence of Growth Factors

Figure 2 shows graphically the relationship between the effect of four
factors in tree growth: fertilizer, cover crop, soil, and freezing. In this
chart, the grove shown at the top, Number 18, made the best growth
over the period of 6 years. A relatively larger amount of fertilizer was
applied, cover crops were known, the soil was good and the grove was
not frozen in any year. The grove that made the next best growth,
Number 23, also had been treated with relatively! heavy applications of
manure, a cover crop had been grown, the soil was good and the freezing
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This study has led the writers to feel very strongly the desirability of locat-

ing: grapefruit groves on one of the more productive soil types, in as warm a
belt as such soil types ean be obtained. It also has led the writers to conclude
that rapid growth advantages can be obtained by the application of relatively
large amounts of manure. This statement is made even in view of the fact
that application of 20 or 30 tons of manure per acre did not compensate for
the retarding effect of poor soil type.

METHOD OF CONDUCTING STUDY

Largest Trees Produce Most Fruit
This study of the growth of grape-

fruit trees is based on the assumption
that rapid growth of young" trees is de-
sirable. The authors have no way of
showing that the ultimate production
of trees which grow more rapidly in
the first 6 years, will be better as to
quality or greater as to quantity, than
the production of trees which grow
more slowly. Study of individual tree
production on three of the groves dur-
ing the fourth and fifth growing sea-
sons, however, showed very definitely
that each succeeding larger group of
trees in the grove produced more field
boxes of fruit. Tn the groves studied a
SO-percent greater tree circumference
resulted in a 100-percent larger produc-
tion.

The comparison between trees and
between groves was based upon bearing
capacity of the trees as indicated bv
gross weight of tree. The weight of the
tree, in turn, was calculated from a for-
mula derived by the Agricultural Ex-
tension Service, from experimental
data carried on by the Agricultural Ex-
Iperiment Station of the University of
Arizona. Approximately 100 Marsh
Seedless grapefruit trees set out in
1Q27 were cut down at the Yuma Ex-
periment Station, the circumference of
the tree trunk beino- measured and the
weight of the tree obtained at the time
the tree was removed. Calculation
showed a close correlation between the
circumference squared and the tree
weight, and this relationship was used
in estimating the weight of trees.

At the time of the first measurement,
November, 1930, which was at the end
of the fourth growing season, the cir-
cumference of each seventh tree trunk
was measured with a steel tape, 2 inches
above the bud union. A permanent
white lead mark was placed at the point
of measurement and the succeeding
measurements of the trees in November,
1931 and November, 1932, were made
at the same point.

Growth was determined in two ways:
first, bv comparing the average weight
of the trees, not including replants;
and second, bv comparing gross weight
of trees per acre. Tn the latter case,
replants and number of trees per acre
were factors. The study showed that
up to the sixth year, crowding1 of trees
was not a deterrent factor in growth.
Consequently, all calculations referred
to in this circular are based on average
weight of trees, not including replants.

Actual Tree Circumference

For the benefit of any grower who
may wish to compare the size of his
younyf grapefruit trees with the aver-
ages in this study, the following figures
are given. The average sized tree had
circumference measurements as follows :
9 inches at end of fourth growing1 sea-
son; 11*4 inches at the end of the fifth
growing season; and 13JA inches at end
of the sixth growing season. Similar
figures for the average tree in the grove
making largest growth by years were
12, 15, and 18 inches respectively. Like
figures for the largest tree of the stitdv
by years were I4§& 18^J, and
inches respectively.
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