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SUMMARY
Data have been presented to show the Influence of nitrogen

applications and cultural practices upon tree composition, yield,
quality, and maturity of grapefruit.

The role of nitrogen in maintaining production has been shown
and the importance of its proper timing emphasized. A severe
nitrogen deficiency induced by continuous nitrogen starvation
practices resulted in somewhat reduced carbohydrate accumula-
tion, in much reduced bloom, and in almost complete crop failure.
The most satisfactory and uniform production over a period of 4
years was obtained "by winter nitrogen treatments designed to
bring about a relatively high nitrogen content of the tree at
bloom. Treatments which maintained a high nitrogen content in
the summer months following winter starvation have resulted in
somewhat irregular production tending toward alternate bearing.
The latter habit appears to have been accentuated by late harvest
of fruit.

The role of nitrogen nutrition in influencing commercial quality
was found to be of considerable importance. Treatments designed
to change the nitrogen content of the tree in the spring and
summer have been shown effective in altering fruit quality at
harvest. The use of nonleguminous cover crops, such as Sudan
grass, in the spring and summer along with the elimination of
nitrogen applications in the same period has been shown to bring
about a mild nitrogen starvation of the tree leading to the devel-
opment of an increased proportion of fruit of the higher commer-
cial grades and a decreased proportion of fruit salable only as by-
products or eliminated as culls.

Preliminary data upon the influence of irrigation upon quality
have been shown. Treatments restricting water have tended to
reduce quality.

The size of crop and age of tree have been shown to affect qual-
ity, and a summary has been presented showing the individual
and combined effects of the several factors known to influence
commercial fruit quality.

The influence of nitrogen nutrition in altering fall coloration
and maturity has been pointed out. Fruit from trees of low ni-
trogen content in the fall developed yellow color much earlier
than trees of high nitrogen composition. At the same time,
somewhat sweeter fruit as measured by the Brix: acid ratio of the
juice was obtained from trees which were starved for nitrogen by
competing cover crops In the summer months and had reduced
nitrogen content at time of fruit maturity.

The most satisfactory single treatment with regard to yield,
maturity, and quality at Yuma was the one employing winter
nitrogen applications and clean culture In conjunction with a
program of spring and summer cover crops bringing about a rela-
tively low nitrogen content of the tree in the summer and fall at
time of maturity. Trees thus treated matured good quality fruit
for the early fall markets and also yielded the best quality fruit
obtained in April in spite of the marked quality deterioration
observed in all cases where harvest was delayed until spring.



PHYSIOLOGICAL STUDIES OF YIELD, QUALITY,
AND MATURITY OF MARSH GRAPEFRUIT

IN ARIZONA

BY WILLIAM E. MARTIN

THE PROBLEM

The Arizona grapefruit grower is faced with three principal
problems of production: first, the improvement in market qualit}1-
over that commonly produced; second, the maturing and harvest
of fruit in good condition at the seasons of the year when market
conditions are most satisfactory; and third, the maintenance of sat-
isfactory production and quality at reasonable management cost.

Citrus fruit grown in the desert region often develops a rela-
tively thick rind and coarse external texture. Thus, while fruit is
clean and highly colored externally and its juice and flesh are of
excellent eating quality, many fruits are marketed as culls solely
because of thick rinds and coarse texture and tendency toward
pyriform shape. Commercial quality of both oranges and grape-
fruit is judged largely by external characteristics. Smooth, thin-
skinned fruit is classified into the higher market grades and
reaches the fresh fruit markets. Rough, thick-skinned fruit falls
into the lower grades and goes primarily to by-product plants
or is otherwise disposed of at greatly reduced prices.

There is much variation in the quality of grapefruit produced
in Arizona. Some districts normally produce early maturing
fruit which continues to grow during the winter, developing thick
rinds and coarse texture thus deteriorating in quality and mar-
ket value. Other districts usually produce fruit which matures
much later and which may be held on the trees throughout the
winter and remains in fairly good condition for the spring markets.
Within any district, however, extremes of high and low quality
may occur in adjacent groves and usually on the same tree (PL I).
Invariably, regardless of management or district, a reduction of
quality or "loss of grade" takes place through continued growth as
the fruit remains on the tree after maturity.

National supplies of grapefruit are heaviest from December
through March, and during this period prices are depressed and
market areas for Arizona fruit are limited. The two most favor-
able periods for marketing are in the fall while supplies are rel-
atively light and again in the spring when shipments become less
from districts nearer to the large eastern markets. With both
fall and spring markets demanding high quality fruit it is im-
portant to know how to obtain early maturing fruit of good
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quality and similarly how best to handle the groves to carry ma-
ture fruit through the winter months with as slight a deteriora-
tion in quality as possible.

Cultural practices in the groves must be such as to maintain
efficient production at reasonable cost if the growers are to stay in
business. Unnecessary cultivations should be eliminated, and
fertilizer applications made only when necessary to maintain
adequate production.

HISTORICAL BACKGROUND

CITRUS FRUIT PRODUCTION

Fertilizer experiments in Arizona (8) have shown that nitrogen
influences production and have indicated that probably under
most conditions applications of nitrogen must be made if yields
are to remain satisfactory over a period of years. The addition of
phosphorus and potassium has been found to have no effect upon
production under the conditions of the fertilizer trials in Arizona
(8). Very similar results with nitrogen applications and response
to phosphorus and potassium have been reported from California
(23) and South Africa (1). Under Florida conditions, however,
response from a considerable number of mineral fertilizers has
been reported (9). Fertilizer experiments carried out in the
arid regions demonstrated the importance of nitrogen. They have
not, in general, revealed when nitrogenous fertilizers should be
applied for maximum effect, what forms give most efficient util-
ization, or the relation of the seasonal nitrogen nutrition of the tree
to the maturity or quality of fruit produced.

CITRUS FRUIT QUALITY

Definition.—Quality is difficult to define. In citrus fruits it may
refer to flavor, color, appearance, texture, aroma, tartness, sweet-
ness, juice composition, rind thickness, and percentage of juice.
Possibly other factors have been accepted as contributing to
quality. The dietitian might include digestibility, food value,
mineral and vitamin content. From the standpoint of the trade
quality is the summation of the characteristics that make citrus
fruits desirable to those who buy them. Plate I shows fruit of
good, poor, and intermediate commercial quality.

Packing houses for years have graded fruit on the basis of
external texture and form, which ordinarily provide a good mea-
sure of juice content and rind thickness. This works well com-
mercially if the fruit is mature and has developed desirable
aroma and flavor. Present maturity regulations have done much
to eliminate the shipment of immature fruit so that texture and
form make quite satisfactory measures of market quality. In the
present discussion the term quality is almost synonymous with
packing house standards, and numerical measures of quality are
expressed in terms of commercial grades.





6 TECHNICAL BULLETIN NO. 97

understanding use of fertilizers almost any kind of orange could
be, as it were, manufactured to order." Potash was thought to
make the fruit more acid and to toughen and thicken the rind to
give firmness necessary for transportation. Phosphorus was
believed to increase the "saccharine qualities" and decrease
acidity. A thin rind was believed obtainable from the use of
"inorganic nitrogen in moderate amounts with considerable
potash and lime," while large-sized fruit could be achieved by
the application of "a heavy dressing of organic nitrogen and a
slight decrease of the other elements." Composts of "barnyard
and decomposing animal material" were to be used sparingly and
the "most wholesome growth and finest flavored fruit was to be
achieved by the judicious use of high grade commercial
fertilizers."

In 1913 Collison (24) showed that phosphorus applications had
no influence on sugar or acid content of the fruit but believed
that potash increased acidity.

Young (24) concluded in 1917 that nitrogen was the only fer-
tilizer element which seemed to exercise a specific effect on the
composition of oranges. Applications of nitrogen with or without
potash or phosphorus resulted in slightly lower sugar content and
somewhat coarser fruit with less juice.

In 1922 Vaile (23) found no clear-cut evidence that phosphoric
acid or potash used in conjunction with nitrogen had bettered
the quality of oranges.

Anderssen (1) reported that in South Africa navel oranges had
thinner rinds where no nitrogen was applied but found nitrogen
essential to increase production. He felt that the action of nitro-
gen was indirect and that its influence on quality was through
control of the uptake of phosphorus. A chemical study was made
of the composition of juice of fruit of a single size taken from
the various fertilizer treatments. It was found that thick-skinned
fruit from the nitrogen plots did not have more nitrogen but
rather less phosphorus. Similarly, thin-skinned fruit from trees
receiving no nitrogen did not have a lower nitrogen content of the
juice but a higher phosphorus content instead. From the use of
juice analysis data and by the aid of partial regression coefficients
he concluded the thick rinds were actually caused by reduced
phosphorus uptake which in turn was caused by nitrogen appli-
cations. This conclusion was not supported by any analyses of
rinds. No effects of potassium applications upon rind thickness
were found.

Recent investigations from Florida (2) have shown that po-
tassium applications tend to increase both rind thickness and
acidity of oranges as was noted in the early literature.

In a discussion of cultural factors affecting quality Batchelor
(3) pointed out the importance of selection to avoid inferior bud
sports, and of the effects of certain rootstocks, as rough lemon, in
causing coarse texture and premature decline of eating quality.
He stressed the importance of soil type, insect injury, and the in-



PHYSIOLOGICAL STUDIES OF MARSH GRAPEFRUIT 7

fiuence of local climatic conditions upon tree vigor and fruit
characteristics. The effect of arsenical sprays in reducing acidity
and hastening maturity was reported along with the effect of
zinc deficiency or mottle leaf in reducing fruit size and damaging
commercial quality. Batchelor concluded, "as a general rule any
treatment which produces a normally vigorous and healthy tree
is conducive to good quality."

Other recent reports from Florida (6, 9) indicate an improve-
ment in commercial quality of oranges following soil treatments
or "nutritional sprays" containing copper, zinc, and manganese.

The sum total of evidence would seem to suggest that serious
deficiencies of any major or minor elements will disrupt tree
growth and fruiting characteristics. The correction of such de-
ficiences should be expected to improve fruit quality. The liter-
ature on orange quality, however, has shown no consistent regula-
tive effect of any fertilizer element other than nitrogen. This
element, in excess, may delay maturity, reduce coloration, and
cause general coarseness and thick rinds with resultant lowering
of commercial quality.

Grapefruit.—The literature on grapefruit quality is more re-
cent and less extensive than that dealing with oranges. However,
many of the findings are of similar nature.

A study of Trinidad grapefruit by Hardy and Rodriguez (10)
in 1935 revealed "that high nitrogen content seems to be associated
with low quality." These workers stated further, "The fact that
the nitrogen content of culls both rind and juice is higher than
that of choice fruit again suggests that excessive soil nitrogen
or over-manuring with nitrogenous substances may lower the
quality of grapefruit not only in its effect on fruit composition
but also on the internal structure and anatomy of the fruit which
may decide rind thickness and juiciness of the fruit."

It was shown by Parker (19) that fruit size could be increased,
rind thickness reduced, and commercial grade and value markedly
improved by spraying with zinc in cases of severe mottle leaf.
Fruit symptoms of a number of mineral deficiencies have been
described in a recent Florida publication (6). In most cases the
described symptoms were such as to materially reduce the com-
mercial grade of the grapefruit produced.

In Arizona in 1933 (15) a study was made of certain special
practices upon texture, maturity, and yield of grapefruit. Gird-
ling during the summer months was found to make for early de-
velopment of color and of smooth textured, thin-skinned fruit
with high sugar and low acid content. High nitrogen treatments
increased acid in proportion to sugar content of the juice and re-
tarded the development of color. Later observations in Arizona
(13) indicated that skin thickness seemed to be associated with
the number of fruit per tree, the trees having the smallest yields
producing the fruit with the thickest rinds and poorest quality.

An interesting observation on the possible influence of summer
cover crops upon quality was made by Batchelor (3) in 1938 who
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observed that ain the desert sections in 1935 when so much trouble
was experienced with rough, poor quality grapefruit several
orchards which produced rather exceptionally good fruit that
particular season were badly neglected and overrun with Ber-
muda grass."

In the fall of 1937 an investigation was begun at the Arizona
station to study the physiology of fruit production in citrus.
Special emphasis was given to the effect of cultural and fertilizer
practices upon the nutrition of the tree and upon the yield and
quality of the fruit produced. Several reports (7, 16, 17, 18) have
been made since the start of this investigation. The data have
indicated that a relatively high nitrogen content of the trees at
time of bloom is necessary to set a good crop of fruit, while a
declining nitrogen content during the summer usually favors
the production of smooth-textured, thin-skinned fruit of high
commercial quality. This investigation now has been continued
for 4 years, and the purpose of the present paper is to present the
results in full and interpret them in terms of recent observations.

EXPERIMENTAL METHODS

PLOT STUDIES AND TREATMENTS AT YUMA

These studies were begun in December, 1937, when six plots
of thirty-six trees each in three adjacent rows were laid out on
the University of Arizona Yuma Mesa Experimental Farm. Each
plot was separated from the adjacent one by a guard row. The
trees were of the Marsh seedless variety and were planted in
1927, The soil is classified as Superstition sand containing over
90 per cent sand, is very well drained, uniform, and free of alkali.

The climate at Yuma is characterized by extremely low an-
nual rainfall (3% in.), low relative humidity, and high summer
temperatures, the maximum is commonly well over 100 degrees
F. from May to October. Winter conditions are relatively mild
but with light frost common during the months of December,
January, and February. Light intensity is high throughout the en-
tire year, and there are very few cloudy days during the growing
season.

Experimental treatments were devised so that the degree of
vegetativeness might be controlled at the several seasons of the
year. Cultural operations and fertilizer practices were used in
combinations that would tend to increase or decrease the degree
of vegetativeness and nitrogen content of the tree. Thus, when
a highly vegetative tree of high nitrogen content was desired,
quantities of quickly available nitrogen were applied and the
soil kept free of competing vegetation. Such handling was de-
signated as "high nitrogen treatment." On the other hand, when
a low degree of vegetativeness was desired no nitrogen was
applied, and nonleguminous cover crops of barley or Sudan grass
were grown. This type of handling was designated as "starvation
practice." Irrigation was in the manner usually employed in the
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commercial groves at Yuma and consisted of flooding between
borders, giving in effect basin irrigation using basins twelve
trees long and one tree wide. Water was from the Colorado River
and was almost free of nitrates. The soil was of such nature that
nitrates leached rapidly. The application of even as much as 5
pounds of calcium nitrate per tree yielded only 5 to 7 p.p.m. ni-
trates after two irrigations had been applied. Under these con-
ditions by the use of nonleguminous cover crops it was easy to
remove the remaining nitrogen from the soil when a shift from
high to low nitrogen nutrition was desired. Table 1 shows a sum-
mary of the plots and practices employed.

TABLE 1.—PLAN OF EXPERIMENT AT THE YUMA MESA
EXPERIMENTAL FARM.

Plot

1
2
3
4
5
6

Practices employed
Winter Spring

Dec-Mar.

High N
High N
High N
Starved
Starved
Starved

Apr.-June

High N
Starved
High N
Starved
High N
Starved

Summer
July-Aug.

High N
Starved
Starved
Starved
High N
High N

Designation

mm
NSS
NNS
sssSNN
SSN

As* may be seen from Table 1 the treatments have been desig-
nated by three letters indicating the type of nutrition employed
during the winter, spring, and summer seasons. These designa-
tions occur throughout this bulletin where results are presented
in graphical or tabular form.

Plot 1 (NNN) was treated to maintain the trees at a relatively
high plane of nitrogen nutrition and a highly vegetative condi-
tion at all stages of fruiting; that is, during the winter prior to
bloom, during the spring while the trees were blossoming and
later during the period of drop of young fruit, and finally during
the summer when the fruit grew rapidly and its form, texture,
and maturity characteristics became manifest.

Plot 3 (NNS) was treated to maintain a high level of nitrogen
during the winter and spring exactly as Plot 1. In the summer,
however, starvation practices were employed to shift the trees to
a low nitrogen nutrition.

Plot 2 (NSS) was treated to build up a low nitrogen condition
in the winter as were Plots 1 and 3, but starvation practices were
in the spring and continued through the summer.

Plot 4 (SSS) was kept in low nitrogen condition through the
entire season by continued use of starvation practices.

Plot 5 (SNN) was starved in the winter and prior to bloom, but
in the spring and summer practices were altered so as to build up
and maintain a high nitrogen content of the trees.

Plot 6 (SSN) was kept at a low nitrogen level in the winter and
spring by the use of starvation practices, but in the summer dur~
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ing the period of fruit enlargement and maturation high nitrogen
treatments were used.

An outline of the cultural operations and fertilizer practices
employed is shown in Table 2. The treatments have been uniform
for four seasons with the following minor exceptions: Plot 4, em-
ploying continuous starvation practices, was discontinued after
the second season because the trees had become almost completely
unfruitful. Sodium nitrate was substituted for calcium nitrate
in all plots, since the latter became unobtainable because of the
war.

Blossoming of grapefruit at Yuma normally occurs between
March 15 and April 1. As shown in Table 2:

During the winter months prior to bloom, Plots 1, 2, and 3 all
received identical treatment consisting of clean culture and the
application of 10 pounds of calcium or sodium nitrate per tree.
During this same period Plots 4, 5, and 6 received no nitrogen
applications and were starved by a competing cover crop of
barley.

During the spring, Plots 2, 4, and 6 received starvation treat-
ments, Sudan grass being planted in April. In this same period
Plots 1, 3, and 5 received nitrogen applications and were kept
in clean culture. The spring treatments were continued till the
middle of June.

During the summer after the drop of young fruit had ceased,
Plots 1, 5, and 6 received additional nitrogen applications and
were clean cultivated. At the same time Plots 2, 3, and 4 received
no nitrogen and were starved by a competing crop of Sudan
grass.

In the handling of the cover crops no material was removed
from the grove. The early planted Sudan crops were clipped
early in July and the clippings allowed to remain where they
fell. All Sudan crops were disked under about November 15,
and the winter barley crops about April 1. In this way no ma-
terial was removed from the grove except the fruit harvested, and
the nitrogen taken up by the cover crops was returned to the soil
when purpose of the crop had been achieved. The actual amount
of nitrogen taken up by the cover crop and the rate of decomposi-
tion of the cover crop following disking were not determined.

No specific fall treatments were made. Where starvation prac-
tices were employed during the summer the Sudan was allowed to
continue to grow until about November 15. On the other hand,
if high nitrogen practices were followed in the summer, the
clean culture was continued throughout the fall and no additional
nitrogen applications were made.

It may be noted from Table 2 that the total nitrate applied
differed materially from plot to plot. It is to be expected that such
differences over a period of years might be reflected in marked
differences in production through differences induced in tree
size. The purpose of the studies was to evaluate the effects of
definite levels of nitrogen nutrition rather than the specific effects
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of any definite amount of nitrogen applied at various times of
year. Differences m fruiting, then, should be taken to reflect
differences in nutrition rather than as results of a somewhat
complicated system of fertilizer applications.

OTHER FIELD STUDIES

In addition to the systematic studies conducted on the above
described plots on the Yuma Mesa Experimental Farm, miscellan-
eous other sources have provided data bearing on the problem of
yield and quality of grapefruit. These include plots in commercial
groves in the Phoenix area and on the Yuma Mesa; analyses of
leaf and shoot samples from commercial groves representing def-
inite stages of fruiting; yield and quality data from plots in per-
manent grass sod or from plots receiving differential fertilizer
or irrigation treatments on the Yuma Mesa Experimental Farm.
Additional information was obtained from a survey of orchard
management practices in commercial groves of the Salt River
Valley (18). In short, the procedure has been to treat and ex-
amine the data from systematic plot studies in terms of tree per-
formance as observed under a wide range of environmental and
growth conditions.

CHEMICAL COMPOSITION

Duplicate leaf and twig samples were taken at intervals
throughout the year to determine the effects of treatments on the
relative composition of trees in the several experimental plots.
The composition of leaves and twigs is believed to indicate the
composition of the upper part of the tree generally. No analysis
of large old wood was made. Four representative twigs about a
quarter of an inch in diameter were removed from the north,
south, and west sides of five trees in each plot. Five representa-
tive leaves were removed from each twig making a leaf sample
of 100 leaves. The remaining leaves were discarded, and the
twigs were then chopped up for the twig samples. During the
first 2 years a twig from the center of each tree was included in
the sampling. Both leaf and twig samples were dried at 70 to
75 degrees C. and ground in a Wiley mill to fineness of 60 mesh.
Samples for carbohydrate analysis were ground in an Abbe ball
mill to a fineness of 100 mesh. Total sugars and starch were
determined by the Shaeffer-Hartman method after extraction
with alcohol and salivary digestion, respectively. It was found
that substances were present in the sugar extracts which inter-
fered with the final titration in the Shaeffer-Hartman method
(20). Accordingly after reduction at 80 degrees C. for 30 min-
utes the Cu2O was filtered off on asbestos in a Gooch crucible
and then determined iodometrically with the Schaeffer-Hartman
reagents as usual. Total nitrogen was determined by the micro-
Kjeldahl method of Pregl as adapted to plant tissue by Stuart (22).
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GROWTH OBSERVATIONS

Observations of growth and vegetative behavior were made
throughout the year. Detailed observations and measurements
of type and amount of new growth were made at the time of the
spring flush of growth and blossoming.

A measure of the drop of young fruit was made in 1938 and
again in 1939. Canvas aprons were placed under two trees of each
treatment and all the young fruit which dropped was gathered.
Collections were made at weekly intervals from bloom till mid-
June, and the young fruit was segregated into size classes and
counted.

PRODUCTION AND HARVEST

Two harvests were made each season. Eighteen of the thirty-
six trees in each plot were regularly harvested about December
1 each year, and the remaining eighteen trees were harvested in
April after bloom and at the end of the commercial harvest period
in the Yuma district. This procedure was followed to determine
the effect of late and early harvest on subsequent production and
tree behavior and especially to observe the effects of the experi-
mental treatments on the deterioration of fruit quality as fruit
remained on the tree after reaching maturity. At each harvest
the number and weight of fruit from each tree were recorded.

MATURITY MEASUREMENTS

During the fall and winter of 1938-39 and again in 1939-40 fruit
samples were taken to determine the effects of treatments upon
the rate and time of coloration and upon other maturity charac-
teristics. The measurements were made by R. H. Hilgeman1 by
methods described elsewhere (11).

COMMERCIAL QUALITY

After each harvest the fruit from each of the experimental
plots was graded in the usual commercial manner at the plant of
the Yuma Mesa Fruit Growers Association. Records thus ob-
tained revealed the proportion of the fruit classified in each of
the four commercial grades as well as the commercial sizes of all
the fruit except the culls. The proportion of the total number
of fruit which fell into the first two grades (Fancy and Choice)
has been calculated for all treatments and used as a measure of
commercial quality.

EVALUATION OF DATA

Wherever possible and practical the data obtained have been
examined and tested for significance by the methods of analysis
of variance (21).

Associate Horticulturist, University of Arizona.
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PRESENTATION AND DISCUSSION OF DATA

GROWTH, VEGETATIVENESS, AND^ COMPOSITION OF THE TREE

GROWTH AS INFLUENCED BY SEASONAL NITROGEN SUPPLY

Trees of Plot 1 (NNN) which received nitrogen applications at
intervals throughout the winter, spring, and summer and were
kept in clean culture remained dark green throughout the entire
year. The main spring flush of growth preceding bloom attained
a length of 6 to 8 inches. It was initiated early and characterized
by large leaves. Additional flushes of growth were made in the
summer and fall.

Trees of Plot 2 (NSS) which received nitrogen only in the win-
ter and which were starved by Sudan grass cover crops in the
spring and summer had a spring flush of growth which started
early and was more or less comparable to that of Plot 1. No sum-
mer or fall growth was made. The leaves were dark green in the
spring but became lighter green as the season progressed and by
fall had attained a yellowish green color.

Trees of Plot 3 (NNS) which received spring and winter nitro-
gen followed by summer starvation behaved much like the trees
of Plot 2 except that the leaves did not become quite so yellowish
by fall.

Trees in Plot 4 (SSS) which were starved continuously and re-
ceived no nitrogen applications were relatively yellow throughout
the year. They made less spring growth, and this was initiated
late. No summer or fall growth was made. By the end of 2 years
of this treatment symptoms of severe nitrogen deficiency had
developed and the few remaining leaves were almost completely
yellow.

Trees of Plot 5 (SNN) which were starved in the winter but
received nitrogen in the spring and summer made a normal
spring growth somewhat late in starting. They remained dark
green in the spring and summer and made much summer and fall
growth. A relatively high degree of greenness was maintained
even during the period of winter starvation.

Trees of Plot 6 (SSN) which were starved in the winter and
spring but received summer nitrogen made normal spring
growth somewhat late in starting but became less green in the
late spring and early summer. In late June the cover crop was
disked under and heavy nitrogen applications made. The leaves
soon took on a dark green color, and the trees maintained a good
green color throughout the winter.

It has been evident from five seasons' observations that trees
given heavy winter nitrogen applications started growth 7 to 10
days earlier in the spring than trees of lower nitrogen content
which had been starved during the winter months. This early
initiation of spring growth due to treatment may be illustrated by
the samples taken on March 15,1938. At this time Plots 1, 2, and 3
had received equal winter nitrogen applications and Plots 4, 5,
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and 6 had been starved during the winter. The weight of new
growth found on four samples of twenty-five twigs from each
plot together with the average for the plot are shown in Table 3.
TABLE 3—WEIGHT OF NEW GROWTH ON MAECH 15, 1938, AS RELATED TO

WINTER CULTURAL TREATMENTS, YUMA MESA EXPERIMENTAL PLOTS.

Winter nitrogen applications Winter stavation practices

Plots

Observations*

Mean value

1

33.82
29 29
31.47
31 10

31.42

2

23 60
20.66
24.22
24.31

23.20

3

27.66
22.69
24 40
28.46

25 80

i 4

12.45
16.22
9.23

12 40

12 58

5

9.28
7 45

13 70
10.41

10 21

6

6.50
8.34

12.24
9 60

917

*Expressed as grams of new growth per twenty-five twigs

Growth had started earlier in Plots 1, 2, and 3 than in Plots 4,
5, and 6, and consequently at the date of observation a larger
amount of new growth had been formed.

TREE COMPOSITION AS INFLUENCED BY SEASONAL NITROGEN SUPPLY

Nitrogen content of leaves and twigs

Sampling for chemical analysis was made at approximately
the same dates in each of 4 successive years. For each plot the
leaf nitrogen curves were remarkably uniform for the different
years as may be seen in Figure 1 which shows the percentage of

Figure 1.—Seasonal changes in percentage of nitrogen of leaves as influ-
enced by treatment, 4 years' data from Yuma Mesa experimental plots.
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nitrogen on the dry weight basis for each of the six plots. The
data for Plot 4 show an interesting shift at the end of the second
season of continuous starvation. This treatment was terminated
by adding a large application of nitrogen on November 1, 1939,
and the leaves rapidly increased in nitrogen content following
this application as may be seen in Figure 1.

Data from all six treatments for the first and second years
were examined statistically, and the error due to sampling was
determined by analysis of variance. It was found that differences
in per cent nitrogen of 0.14 and 0.18 for the first and second years,
respectively, could be ascribed to errors in sampling and analysis.
Differences in composition greater than this amount (Av., 0.16%
N) could be ascribed to seasonal changes in the nitrogen content
of the leaves, or to treatments employed.

The nitrogen values for four seasons were combined to show
the average effect of treatment upon composition and are pre-
sented in Figure 2. Each point on the curves for Plots 1, 2, 3, 5,
and 6 is the average of four percentage nitrogen values obtained
on the date indicated in the four successive seasons. The data for
Plot 4 represent only the two seasons that this treatment (SSS)
was continued. In assembling the data for the five plots carried
four seasons without change, it was noted that in only six cases
out of 140 did the variation of any percentage nitrogen value from
the mean value plotted in Figure 2 exceed 0.16, the difference
ascribed to errors in sampling and analysis. Eesults shown in
Figure 2 are expressed as percentages of dry weight, and in all
cases leaves taken for analysis were those formed in the spring
flush of growth as far as could be determined.

Leaves from Plot 1 (NNN) which received continuous nitrogen
applications in the winter, spring, and summer maintained the
highest percentage of nitrogen. There was a slight decrease in the
nitrogen level throughout the spring, summer, and fall followed
by a rapid decrease in late winter.

The percentage of nitrogen in new leaves from Plot 2 (NSS)
was relatively high in the early spring but decreased rapidly in
the spring and summer as starvation practices were applied, and
the percentage of nitrogen continued to decrease slowly in the
fall.

In Plot 3 (NNS) a decrease in percentage of nitrogen was
noted in the spring, but it was not so rapid as in Plot 2, and the
initial point on the curve was much higher. This probably reflects
the spring nitrogen application received by the trees in Plot 3.
In both Plots 2 and 3 an increase in nitrogen was observed in
mid-December. This may be attributed to the winter nitrogen
applications made early in December and rapidly taken up by
the trees then relatively low in nitrogen.

The leaves of Plot 4 (SSS) were markedly deficient in nitrogen
and with a single exception revealed less nitrogen at each succes-
sive sampling. The lowest values of per cent nitrogen from yellow
leaves from Plot 4 were only about half as great as the values
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increases, and the percentage of nitrogen usually decreases often
without any actual withdrawal from the leaves. On the other
hand an increase in percentage of nitrogen during the season prob-
ably does represent an actual uptake of nitrogen by the leaves.

The dry weight of all leaves taken in sampling was recorded,
and the leaf nitrogen values were calculated on an absolute
basis expressed as milligrams of nitrogen per leaf. These data
together with the corresponding summaries of per cent nitrogen
and weight of leaves are shown in Figure 3.

PLOT t NNN PLOT 2 NSS PLOT 3 NNS PLOT 5 SUN PLOT 6 SSM

20

8 -

7

6

5

8 k> 12 5 6 8/0/223 S 6 8 10 (2 2 3

COLLECTED

Figure 3.—Seasonal changes in nitrogen content and dry weight of leaves
as influenced by treatment, summary of 4 years* data from Yuma Mesa
experimental plots.

It may be seen in Figure 3 that the leaves of Plots 1 and 5
showed a trend of slightly decreasing nitrogen percentage from
May to February. These same data calculated as actual amount
of nitrogen per leaf reveal an increase from May to October in
Plot 1 and from May to December in Plot 5. This actual uptake
might be expected since both plots were treated to maintain a
high plane of nitrogen nutrition during the spring and summer
and had no competition from cover crops. Plot 1 (NNN) had
somewhat more nitrogen per leaf than was observed in Plot 5
(SNN), and this was probably the result of the additional winter
nitrogen applications in Plot 1.

The leaves of Plot 6 (SSN) which received only summer nitro-
gen applications showed increasing percentages and amounts of
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nitrogen during the summer and fall, and this uptake continued
till December when the winter cover crop was put in.

The leaves from Plots 2 and 3 (NSS and NNS), on the other
hand, showed decreasing percentages of nitrogen from May to
October. These decreases represented actual withdrawal of
nitrogen from the leaves as the summer starvation practices be-
came effective. This withdrawal of nitrogen was more rapid in
leaves from Plot 2 which was starved by a spring Sudan grass
cover crop than was noted in Plot 3 which received spring nitro-
gen applications and no cover crop till late June. Just why there
should have been a spring decrease in actual nitrogen content of
leaves in Plot 3 is not clear, but it may have been caused by a tie-
up of nitrates in the soil as temperatures became favorable for
the decomposition of the previous season's Sudan grass cover
crop which had been turned under in late November. Leaves
taken in December and February showed some uptake of nitro-
gen following the early December nitrogen applications in Plots
2 and 3.

It should be pointed out that in every treatment a marked de-
crease in both percentage and amount of nitrogen was found to
occur between the February and March samplings. The samples
taken in March were of old leaves but were removed during the
spring flush of growth. The loss in nitrogen appears to be caused
by a migration of nitrogen from the old leaves prior to their fall
and presumably to the new growth. Data from all five plots and
covering five spring flushes of growth revealed in every case that
a portion of the nitrogen was withdrawn from the old leaves. At
Yuma the majority of old leaves fall in a few weeks after the
spring flush of growth and blossoming. No data were obtained
to indicate how completely the nitrogen was removed by the
time of actual shedding of the leaves.

Twigs as well as leaves were analyzed. In general, the changes
in percentage of nitrogen in twigs followed closely the correspond-
ing changes in percentage nitrogen of the leaves. They do not
provide quite as sensitive a measure of the cultural treatments
employed. The twigs showed approximately one half the nitro-
gen percentage found in the corresponding leaf samples.

As in the leaves, a consistent decrease in the nitrogen content
of the twigs was noted at the time of the spring flush of growth.
It seems evident that in grapefruit both leaves and twigs serve as
storage for nitrogen, and these reserves are drawn upon in pe-
riods of intense utilization as at the time of spring growth and
blossoming. This is in general agreement with the observations
of Cameron (5) who noted that in California orange trees there
was evidence of withdrawal of nitrogen from bark and leaves of
twigs bearing the spring flush of growth.

The relation of these data to the management of grapefruit
groves merits special emphasis. Clearly, they reveal that growth
and blossoming make large demands on nitrogen supplies, and
they suggest the importance of practices which make for a high
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nitrogen reserve in the tree and for readily available supplies in
the soil prior to bloom.

Carbohydrate content of leaves and twigrs

The experimental treatments employed in altering the nitro-
gen content had little effect upon carbohydrate accumulation
under most conditions. Seasonal shifts in carbohydrate concen-
tration were of larger magnitude than those due to treatment.
Data for 1 year but typical of those obtained each year are shown
in Tables 4 and 5.

TABLE 4.—SEASONAL CHANGES IN PERCENTAGE OF TOTAL SUGAR* IN
LEAVES AND TWIGS, YUMA MESA EXPERIMENTAL PLOTS, 1938.

Date of
sampling

2/18/38
3/15
4/19
6/14
8/20
10/28
12/21
1/31/39

Plot 1
1 (NNN)
! L

1 5.35
2.17
1.59
2.67
2.41
1.58
3.34
3.49

T

417
1.70
2 08
2.86
2.61
2.63
3 58
3.95

Plot 2
(NSS)

L

5.98
2.95
1.99
2.78
2.74
1.99
4.02
4.30

T

4.00
2.06
2.47
3.15
3.31
2.94
3.98
3.69

Plot 3
(NNS)

L
6.29
2.83
1.91
3.00
2.89
1.99
3.88
4.78

T

3.65
2.36
1.82
2.66
3.03
2.77
3.62
4.72

Plot 4
(SSS)

L

6.67
4.60
1.45
2.05
2.44
2.16
3.64
3.80

T
4.25
3.25
2.75
3.10
3.20
3.16
4.18
3.64

Plot 5
(SNN)
L

6.28
4.17
1.36
2.16
2.55
2.33
3.60
4.44

T

3.89
3.61
2.37
2.66
2.46
2.43
3.83
3.75

Plot 6
(SSN)

L

6.14
3.59
1.27
2.33
2.84
2.56
2.95
5.10

T

4.27
3.77
1.95
3.26
2.28
2.23
3.41
3.62

•Expressed as percentages of dry weight.

Appreciable amounts of sugars were present throughout the
year in both leaves and twigs. The greatest accumulation was
observed during the winter months preceding the start of spring
growth.

An interesting point is shown in the second line of Table 4.
On March 15 the percentages of sugar both in leaves and twigs
were higher in Plots 4, 5, and 6 than in Plots 1, 2, and 3. The latter
had received winter nitrogen applications, and the former had
been starved during the winter months. While the difference in
treatment may account for the observed difference in sugar con-
tent, the immediate cause was the difference in amount of new
growth which had been formed. As was pointed out in a pre-
ceding section the trees which received winter nitrogen started
growth earlier and on the date of observation had actually formed
more new growth as was shown in Table 3, Consequently, the
observed difference in sugar content on March 15 appears to be
related to earlier utilization in treatments receiving winter
nitrogen.

The seasonal variation in starch content of leaves and twigs is
shown in Table 5. Leaves were found to be almost devoid of
starch in the summer and fall regardless of treatment. New leaves
formed in March showed first significant accumulation of starch
at the following December sampling. Twigs on the other hand
contained some starch throughout the season. The percentage in-
creased as the season advanced and as the twigs became older.
The greatest accumulation was observed in the late January and
early February samplings.
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TABLE L E A V E S

Date of
sampling

Experimental treatments

Plot 1
(NNN)

Plot 2
(NSS)

Plot 3
(NNS)

Plot 4
fSSS)

Plot 5
<SNN)

Plot 6
<SSN)

2/18/38
3/15
4/19
6/14
8/20
10/28
12/21
1/31/39

L

2.70
0.93
tr .
tr .
t r .
t r .
1.36
4.12

T

6.75
1.38
1.40
1.28
2.59
3.42
5.05
7.87

L

3.88
1.25
tr.
tr.
tr.
tr .
1.36
3.67

T

7.48
2.54
1.43
1.32
2,60
3.22
4.03
7.76

L
1 4.68

1.70
tr .
tr .
tr .
tr.
1.93
4.54

T

7.44
1.90
1.32
1.32
2.35
3.76
5.04
7.72

L

5.30
5.37
tr .
0.69
0.66
0.70
1.41
1.28

T

8.97
5 05
1.08
1.08
2.95
2.73
3.11
4.75

L

3.46
4.89
tr .
tr .
tr .
t r .
2.08
2 98

T

7.31
6 92
1.46
1.38
3.00
3.28
4.63
7.51

L

2.22
4.56
tr.
0.62
tr.
0.80
2.18
2.28

T

8.07
6.90
0.90
1.63
3.28
3.32
450
8 50

•Expressed as percentage of dry weight.

As with the sugars, it was noticed that at the time of the March
15 sampling substantially higher percentages of starch in both
leaves and twigs were found in Plots 4, 5} and 6 where the trees
had been starved in the winter than in the other three plots which
had received winter nitrogen applications. Again, it is suggested
that the apparent accumulation in the plots receiving winter star-
vation was the result of delayed spring growth and utilization
when compared with the trees which started growth early follow-
ing winter nitrogen applications.

The early withdrawal of carbohydrates from twigs starting
growth early as a result of winter nitrogen applications has been
observed repeatedly. Twig samples before any growth had
started were taken from each plot in late January or early Feb-
ruary on 4 successive years. A similar series was taken about
the middle of March each year. In the interval between these
samplings spring growth had started and was much further ad-
vanced on the plots receiving winter nitrogen than on those given
winter starvation. A summary of the percentage of starch in these
twigs together with the proportion withdrawn at the time of the
March sampling is shown in Table 6.

TABLE 6.—EFFECT OF WINTER NITROGEN APPLICATIONS UPON PERCENT-
AGE OF STARCH BEFORE AND DURING THE SPRING FLUSH OF

GROWTH, YUMA MESA EXPERIMENTAL PLOTS.

Time of
observation

Before spring
growth began

During spring
flush of growth—

Proportion of
starch utilized (%)

Percentage of starch—dry

1938

+N -N

7.22 8.12

1.94 6.29

73 24

1939

4-N —N

7.78 6.92

2.17 4.29

72 38

]

+N

7.46

2.62

65

weight

1940

- N

6.48

5.29

18

basis

1941

+N

9.06

2.56

72

- N

10.43

4.25

59

Before spring growth began no significant difference in starch
content was noted. At the time of the March sampling, however*
the plots which received the winter nitrogen showed consistently
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lower percentages of starch and had utilized a far larger propor-
tion of their stored starch as a result of accelerated growth.

The seasonal fluctuations in starch of leaves and twigs are sim-
ilar to those reported by Cameron (4) in the young orange tree.
In grapefruit at Yuma, however, the withdrawal of starch from
leaves and small twigs seems more complete and the fluctuations
more rapid than those reported in young orange trees in Cali-
fornia.

A possibly significant effect of treatment upon starch accumu-
lation is shown in the data from Plot 4. By January 31, 1939, the
trees in this plot were quite yellow in color and were relatively
low in nitrogen in both leaves and twigs as may be seen in
Table 7.
TABLE 7—STARCH ACCUMULATION AS RELATED TO NITROGEN LEVEL OF

LEAVES AND TWIGS, YUMA EXPERIMENTAL PLOTS, JANUARY 31, 1939.

Per cent

Starch

Nitrogen

Plot 1
(NNN)

L

4.12

2 02

T

7.87

107

Plot 2
(NSS)

L

3 67

159

T

7 76

0 80

Plot 3
(NNS)

L T

4 54 7.72

166 0 84

Plot 4
(SSS)

L

128

125

T

4 75

0 67

Plot 5
(SNN)

L T

2 98 7.51

168 0.86

Plot 6
(SSN)

L T

2 88 8 50

1 82 0 97

The starch percentages of both leaves and twigs from Plot 4
were lower than those of any other of the experimental treat-
ments. This phenomenon appears to be related to the lack of
chlorophyll resulting from severe nitrogen deficiency. The short-
age of chlorophyll apparently had reduced photosynthesis with
the result that less starch had been formed. A comparison of
other treatments in which the nitrogen level was above acute
deficiency showed no significant effect of nitrogen content upon
carbohydrate accumulation.

To study further the relation of nitrogen content and leaf
color to carbohydrate accumulation a set of samples was taken
from a group of trees in a fertilizer experiment on the Yuma Mesa
Experimental Farm. The percentage of nitrogen and the carbo-
hydrate (sugar plus starch) content of the leaves were deter-
mined on the dry weight basis and the results are shown in Table
8. The plan of the fertilizer experiment has been previously
described in detail (8) and involved the application of various
forms of nitrogenous fertilizers with and without the addition of
potassium and phosphorus. Trees not receiving mineral nitro-
gen were yellow and showed symptoms of quite severe nitrogen
deficiency.

It is evident from the data in Table 8 that the plots receiving
mineral nitrogen had a relatively high nitrogen content of the
leaves and a much greater carbohydrate accumulation than was
found in the nitrogen-deficient leaves from trees receiving no
mineral nitrogen. It is pointed out that the trees are grown in a
region of extremely high summer temperatures and high light
intensity. Under these conditions there is some evidence that
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chlorophyll decomposition occurs rapidly, while respiration is
probably accelerated. According to the well-known carbohy-
drate: nitrogen relationship a somewhat reduced nitrogen supply
might be expected to alter metabolism and result in increased
carbohydrate storage. Under southern Arizona conditions, how-
ever, the very severe nitrogen deficiency resulted in a marked
reduction in the amount of chlorophyll present. It seems reason-
able under these conditions that photosynthesis should be limited
and the reduced carbohydrate accumulation a natural result.

Tests were made to determine to what extent carbohydrates
other than starch and sugars were present in leaves and twigs. A
series of samples from Plot 3 (NNS) was used for this purpose.
The insoluble acid hydrolyzable material was liquefied by re-
fluxing for 3 hours with 1:20 HC1 solution after extraction of the
soluble sugars, the reducing power of the resultant solution was
determined as usual, and the results were calculated as glucose.
The previously determined values of starch were subtracted and
the difference designated as hemicellulose. A summary of the
data obtained together with the corresponding amounts of starch
and sugar are shown in Table 9.

TABLE 9.—SEASONAL CHANGES IN CARBOHYDRATES* OF LEAVES AND
TWIGS, PLOT 3 (NNS), YUMA MESA EXPERIMENTAL PLOTS.

Date of
sampling

2/18/38
3/15
4/19
6/14
8/20
10/28
12/21
1/31/39
3/21
5/9
6/16
8/10

Leaves

Starch

4.68
1.70
tr.
tr.
tr.
tr.
1.93
4.54
0.84
tr.
0.74
tr.

Hemi-
cellu-
lose

6.57
7.07
8.25
7.75
6.85
6.89
5.83
5.72
6.05
8.55
6.57
6.43

Total
insol.
carbo.

11.25
8.77
8.25
7.75
6.85
6.89
7.76

10.26
6.89
8.55
7.31
6.43

Total
sugars

6.29
2.83
1.91
3.00
2.89
1.99
3.88
4.78
2.16
2.19
3.03
2.39

Twigs

Starch

7.77
2.39
1.37
1.39
2.66
4.09
5.04
7.72
1.73
2.25

Hemi-
cellu-
lose

11.13
14.17
14.53
14.81
13.66
11.35
11.31
10.18
12.47
12.13

Total
insol.

carbo.

18.90
16.56
15.90
16.20
16.32
15.44
16.35
X7.90
14.20
14.48

Total
sugars

3.65
2.36
1.82
2.66
3.03
2.77
3.62
4.72
2.59
3.12

•Calculated as percentage of dry weight.

As may be seen in Table 9 there is a considerable amount of
material present in both leaves and twigs other than starch which
may be hydrolyzed with acid to yield sugar or material capable
of reducing Fehling's solution. The nature of this material was
not determined, but it seems unlikely that it is a reserve carbo-
hydrate of much nutritional significance under common orchard
conditions. It was observed to occur in greatest concentration
at seasons of the year when the sugars and starch were relatively
low in the twigs. It was present when the leaves were devoid of
starch and did not appear to increase as the accumulation of
other carbohydrates took place.

The data on leaf composition have been calculated on the unit
basis, and the results are shown in Figure 4.
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r
PLOT I PLOT2 PLOrj PLOT4 PLOT 5 PLOTS

fruit since this is a factor which might operate directly or in-
directly through influencing nutrition. Accordingly, one half of
the trees in each of the plots on the Yuma Mesa experimental
plots was stripped of fruit early in December and the remainder
harvested in April. This procedure has been followed each year.
At the time of the initial harvest prior to treatments the crop ap-
peared to be quite uniform along each row, and the east six trees
or each of the three rows making up a plot were harvested early
leaving the west six trees for the
late harvest. This expedited har-
vest and record taking. Unfor-
tunately it injected an unforseen
variable, since the grove was
not so uniform as preliminary
inspection had indicated. In
every case it was found that the
trees selected for early harvest
had carried considerably more
fruit at the start of the experi-
ment than those chosen for late
harvest. This variation is shown
in Figure 5.

It probably would have been desirable to have harvested
alternate trees in each row early and the balance late. Produc-
tion was reasonably uniform from plot to plot, and the experi-
ment has been carried out as originally designed. The assump-
tion was made that the 1937 production was a measure of the
fruiting capacity of the trees at the time. Subsequent yields have
been calculated as percentages of the 1937 production and have
been used as a means of comparing the influence of the various
treatments and of time of harvest upon production.

YIELDS IN RELATION TO NITROGEN NUTRITION
Yields, calculated as percentages of production prior to treat-

ments are shown in Figure 6. The records are for 4 successive

Figure 5.—Production prior to
treatments, Yuma Mesa experi-
mental plots, 1937. (Unshaded
columns December harvest; shaded
columns, April harvest.)

PLOT t -M

'939 mo mi

PLOT 2-NSS

I9M *$»

PLOT 4PLOT 3 - MS PLOT 4 PLOT 5 - S
xss

£XPER/M£N TAL TR£A TME NTS

PLOT 6-SSN

Figure 6.—Per cent yields as influenced by treatment and time of harvest,
4 years' records from Yuma Mesa experimental plots (unshaded columns,
December harvest; shaded columns, April harvest).
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years and show the influence of both treatment and time of har-
vest upon the relative yields obtained.

The first season Plot 4 bore a crop comparable to those of Plots
5 and 6 which likewise had received no nitrogen prior to bloom.
This was presumably a result of reserves accumulated in the tree.
Yields from Plot 4 the second season, however, had dropped al-
most to zero. As has already been pointed out, the trees had be-
come extremely yellow as a result of extreme nitrogen deficiency.
The treatment of withholding nitrogen was discontinued and the
trees used for other purposes.

The second season Plots 5 and 6 (SNN and SSN) bore a great
deal more fruit than did Plot 4 which had received continuous
starvation. This showed clearly a carry-over effect of spring
and summer nitrogen applications as both Plots 5 and 6 were
maintained at a relatively high nitrogen level in the summer
months. Their yields the second season were considerably less,
however, than those obtained from Plots 1, 2, and 3 which had
been treated in the winter to give a high nitrogen content at time
of bloom.

The third season both Plots 5 and 6 bore a relatively large crop,
but in each case a marked decrease was observed in the fourth
season. These data suggest strongly that summer nitrogen appli-
cations not accompanied by winter nitrogen may have initiated
a cycle of biennial bearing. In Plot 5 which received both spring
and summer nitrogen treatments this trend is particularly ap-
parent.

The plots receiving winter nitrogen (1, 2, and 3) on the whole
maintained more uniform production than those which were sub-
jected to starvation practices during the winter months. The
effects of spring and summer nitrogen applications were less clear
cut. From the data at hand it appears that over the period of the
study the trees receiving additional spring nitrogen applications
(1 and 3) have tended to maintain slightly but not significantly
higher production than those of Plot 2 which received nitrogen
only in the winter months. All three of these pjtots had equal
winter applications. The slight difference in production may
have been caused by the cumulative effect of the additional ni-
trogen received each season. It is well to note that the trees in
Plot 1 (NNN) made several flushes of growth each year, whereas
those of Plot 2 (NSS) made but one. Thus the trees of Plot 1
tended to increase in size more during the period of this study
than did those of Plot 2. This might have contributed to the dif-
ferences in yield noted. At the same time even though Plot 1
remained at a higher plane of nitrogen composition all season
and made more flushes of growth than Plot 3 (NNS), a compar-
ison of yields of these two plots shows no significant differences
in production over the 4-year period, although in the last two sea-
sons Plot 1 yielded somewhat more fruit. The first two seasons'
results showed significantly more fruit on Plots 1, 2, and 3 than
was obtained from Plots 4, 5, and 6, These differences seemed
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definitely associated with corresponding differences in nitrogen
content at time of bloom as measured by leaf and twig analysis.

YIELDS IN RELATION TO TIME OF HARVEST

The effect of time of harvest upon yield is not definitely re-
vealed, but there is some evidence that late harvest ̂  tends to
accentuate the biennial fluctuations associated with high nitro-
gen summer treatments noted in Plots 5 and 6. This possible ef-
fect of time of harvest is of special interest in view of the recent
report by Hodgson (14) that in California late harvest of Valen-
cia oranges increases the tendency to bear biennially. In the plots
receiving winter nitrogen (1, 2, and 3) no significant effects of
time of harvest upon production were noted.

THE DROPPING OF YOUNG FRUIT

Growers have suggested that the excessive drop of young
fruit is largely responsible for the light crops harvested certain
years. For two seasons the total drop of young fruit from two
trees of each treatment was studied. As with most fruits, grape-
fruit trees bear far more blossoms than can possibly set and ma-
ture. As many as 22,000 were observed to open on some trees and
an undetermined number of buds shed without opening. Prob-
ably 50,000 blossoms may be produced by a large tree capable
of producing a crop of 600 to 800 fruits. In the experimental
treatments employed some effect of treatment upon time and
amount of dropping of young fruit was observed. These data are
summarized in Table 10.
TABLE 10.—DROPPING OF YOUNG FRUIT AS INFLUENCED BY TREATMENTS,

YUMA MESA EXPERIMENTAL PLOTS.

% Fruit dropped*
i^ inch.......

*4 to V2 inch *... .
V2 to 1 inch
+ 1 inch

% Fruit set* .

Total bloom „.„„......„...

% Yieldf

1938

Winter
mtrofien

Plots
1, 2, 3

86.10
7.66
2.04
0.65

3.55

10,523

209

Winter
starved

Plots
4, 5, 6

95.41
1.35
0.91
0.22

2.11

10,993

142

1939

Winter
nitrogen

Plots
1, 2, 3

92.42
2.58
1.13
0.30

4.97

8,460

172

Winter starved
Plots
5, 6

93.25
0.89
0.36
0.10

5.40

4,290

156 i

Plot 4

98.81
0.39

0.80

1,383

5

*Per cent of total bloom.
fPer cent of 1937 crop prior to treatments.

From 86 to almost 99 per cent of the young fruit were observed
to drop within the first 5 weeks following bloom before they had
attained a diameter of % inch. From 1 to 8 per cent usually
reached a diameter of % inch and fell in the fifth to eighth week
after bloom. From 0.3 to 2.0 per cent reached % to 1 inch in
diameter and fell in the sixth to tenth week. A few, 0.10 to 0.65
per cent, grew to a size exceeding 1 inch in diameter and dropped
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8 to 12 weeks after bloom. One to 5 per cent remained on the trees
to maturity.

In the spring of 1938 trees in all treatments had a good bloom
averaging about 10,000 blossoms per tree. The trees receiving
winter nitrogen set a larger proportion of their bloom than those
unfertilized during the winter months. Spring treatments and
time of harvest of the old crop had no consistent effect upon drop
of young fruit. The data of Table 10 show that winter nitrogen
applications which increased the nitrogen content of the tree at
bloom also increased the proportion of the fruit which dropped
after attaining a fair size. Trees which were starved in the winter
and had a relatively low nitrogen content at bloom dropped a
large proportion of their fruit in the very small stages. It appears
that the factors that made for a good set of fruit in 1938 were the
same that enabled a considerable number of fruit to reach a fair
size before dropping. Thus, where a good set of fruit was ob-
tained considerable numbers of large fruit dropped, and where
a light crop was set a large proportion of the fruit dropped before
attaining a diameter of % inch.

In the spring of 1939 the trees receiving winter nitrogen
treatments made a heavier bloom than those which had received
only summer or spring and summer applications. The per cent
of blossoms set was about the same, but the heavier bloom on
Plots 1, 2, and 3 (winter nitrogen) made for a considerably larger
crop than was borne on Plots 5 and 6 (winter starvation). Here
again, the trees receiving winter starvation shed a larger propor-
tion of their drops without having attained a size of % inch, and
the trees receiving winter nitrogen shed a greater proportion of
larger fruit.

Plot 4 (SSS) showed rather peculiar behavior the second
season. Less than 1,400 blossoms per tree were formed. This
was much less than was formed on any other treatment but still
sufficient for a good crop if any substantial number had set.
Actually nearly 99 per cent of the blossoms fell before reaching a
diameter of % inch, and no fruit over Vz inch dropped. A final
set of 0.8 per cent was achieved. This was under conditions of
severe nitrogen deficiency and somewhat reduced carbohydrate
accumulation prior to bloom.

FRUIT QUALITY

QUALITY AS RELATED TO TIME OF HARVEST AND CULTURAL
OPERATIONS AFFECTING NITROGEN NUTRITION

Previous progress reports on this study (16, 17) have indicated
that a low nitrogen content of the tree during the summer and
fall usually favors the development of smooth-textured fruit of
high commercial quality and that a high nitrogen content in the
summer is associated with reduced commercial quality. The in-
vestigation leading to this view has now been carried on for four
seasons. A summary of the results obtained each year on the
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Figure 7.—Commercial quality as related to treatment and time of harvest,
4 years' records, Yuma Mesa experimental plots (unshaded columns,
December harvest; shaded columns, April harvest; 0, average quality in
December; -f, average quality in April).

Yuma Mesa experimental plots is shown in Figure 7. It should be
pointed out that the numerical values of quality represent the
proportion of high and low quality fruit. Actually no treatment
resulted in all superior or all inferior fruit.

Time of harvest

Fruit quality regardless of treatment invariably deteriorated
as the fruit remained on the tree from December to April. Like-
wise, it may be seen in Figure 7 that the variations in quality
from year to year were in many cases of greater magnitude than
the differences due to treatment.

Spring treatment

The data dealing with the influence of treatments upon quality
have been grouped so as to evaluate the effects of treatments
employed at specific seasons of the year, and these data have
been subjected to statistical analysis.

The influence of spring treatment is shown by the data of Plots
2 (NSS) and 3 (NNS) which differed only by spring treatment
but received winter nitrogen and by Plots 5 (SNN) and 6 (SSN)
which also differed only by spring treatment but had winter
starvation. A summary of the effects of spring treatment is shown
in Table 11.

The average quality of fruit from Plot 2 (NSS) was definitely
superior to that of Plot 3 (NNS). It was slightly superior at the
December harvest, but the differences were not quite great
enough to show statistical significance (Table 11 A) considering
the number of comparisons involved. However, at the April
harvest although both had deteriorated markedly in quality the
differences in quality had become sufficiently great to be of sta-
tistical significance.

The average quality of fruit from Plot 6 (SSN) was somewhat
better numerically than that from Plot 5 (SNN), but the differ-
ence due to treatment was not sufficient to be of statistical signif-
icance (Table 11 B). It is the opinion of the writer, however, that
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TABLE 11.—FRUIT QUALITY* AS INFLUENCED BY SPKING TBEATMENTS,
YUMA MESA EXPERIMENTAL PLOTS, 4-YEAR AVERAGES (PER CENT).

Harvest

December ..
April
Average ....

Harvest

December ..
April
Average

Harvest

December ..
April
Average ....

(A) Following winter N and preceding summer

Treatment

Plot 3
(NNS)

52.1
23 5
37.8

(B) Following

Plot 5
(SNN)

48.8
12 5
30.7

Plot 2
, (NSS)

63.8
35.1
49.4

Due to
treatment

11.7
11.6t
11.6t

starvation

Difference

Necessary for
significance

12.4
8.6
5.2

winter starvation and preceding summer N

Plot 6
(SSN)

58 3
18.4
38.4

Due to
treament

9.5
5.9
7.7

Necessary for
significance

, 21.6
1 11.0

8.5

(C) Irrespective of preceding and following treatments

....

Spring
nitrogen

50.4
18.0
34.2

Spring
starvation

61.0
26.7
43.8

Due to
treament

lo.et
8.7f
9.6t

Necessary for
significance

10.2
8.0
5.2

*Sura of per cent of Fancy and Choice grades.
tDifferenee due to treatment was significant.

they represent real differences attributable to treatment, and that
spring starvation definitely improved quality even though fol-
lowed by summer applications of nitrogen. The high quality fruit
from the December harvest of Plot 6 in the last two seasons as
shown in Figure 7 serves to emphasize this point. That spring
treatment influences quality is further substantiated by a situa-
tion commonly recognized by growers—namely, that the form and
ultimate rind texture of the fruit can be detected in the early
summer.

The data of sections A and B of Table 11 have been combined
and a comparison made using eight pairs of observations differ-
ing in spring nitrogen treatment. The results are shown in C of
Table 11. The data so treated show that the average quality of
fruit from trees subjected to starvation practices from April to
late June was definitely superior at both harvests to fruit from
trees in clean culture and receiving nitrogen applications during
this period.

Summer treatment

The influence of summer treatments upon commercial quality
may be shown from a comparison of Plots 1 (NNN) and 3 (NNS).
In the first 2 years of this study the fruit from Plot 3 which re-
ceived summer starvation was noticeably superior to that of
Plot 1 in which a high nitrogen content was maintained all sea-
son. As treatments were continued into the third and fourth
seasons these differences in quality became less. A summary of
the influence of summer treatment upon quality is shown in
Table 12.
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TABLE 12—FRUIT QUALITY" AS INFLUENCED BY SUMMER
TREATMENTS, YUMA MESA EXPERIMENTAL PLOTS,

4-YEAR AVERAGES (PER CENT).

Harvest

December
April
Average

Treatment

Plot 1
(NNN)

48.7
20.9
34.8

Plot 3
(NNS)

52.1
23.5
37.8

Difference

3.4
2.6
3.0

*Sum of per cent of Fancy and Choice grades.

In Table 12 none of the differences in quality were great and
none were of statistical significance, but these differences are in
line with other data. The first year's results from Plot 4 (SSS)
provide additional evidence. In that season a fairly good crop
was borne, and a comparison of fruit quality from Plots 4 and 6
(SSN), which bore a comparable sized crop, shows the effect
of summer treatments. At the early harvest Plot 4 had 74.2 per
cent Fancy and Choice fruit compared with 45.7 per cent from
Plot 6. At the late harvest Plot 4 had 44.2 per cent Fancy and
Choice fruit, while only 21.8 per cent were obtained from Plot 6.
Here there was a considerable impairment of quality attributable
to high nitrogen summer treatments.

Spring: and summer treatment

The influence of spring together with summer treatments upon
quality may be illustrated by a comparison of data from Plots 1
(NNN) and 2 (NSS) using the data shown in Table 13.

TABLE 13.—FRUIT QUALITY* AS INFLUENCED BY SPRING AND
SUMMER TREATMENTS, YUMA MESA EXPERIMENTAL PLOTS,

4-YEAR AVERAGES (PER CENT).

Harvest

December
April
Average ..

Treatment

Plot 1 j
(NNN) i

48.7 '
20.9
34.8

Plot 2
(NSS)

63.8
35.1
49.4

Difference due
to treatment

15.1
14.2
14.6

Necessary for
significance

22.8
11.4
9.7

*Sum of per cent of Fancy and Choice grades.

The data in Table 13 show a considerable numerical difference
In quality In favor of the spring and summer starvation treatment
at the time of the December harvest. Owing to one discrepancy
in the data this difference was not statistically significant. At the
April harvest, however, the improvement in quality associated
with the spring and summer cover crop practices was definitely
significant. When the average quality data were examined sta-
tistically, the effect of spring and summer starvation practices
in improving quality became highly significant.
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The data presented represent only 4 years of observations, and
some of the effects are admittedly small. While some of the differ-
ences associated with treatment are not significant statistically
they do represent trends which line up in what is thought to be
a proper order. For example, if low nitrogen nutrition in spring
and summer each favor the development of good quality fruit
and if high nitrogen nutrition during these same periods makes
for reduced quality, then the best quality should be found where
starvation practices were employed in both spring and summer
regardless of winter treatment. Actually, in the winter nitrogen
series, treatments in which nitrogen was limited in both spring
and summer produced the best average quality of fruit, those
receiving only summer starvation the next best quality, and
the lowest average quality was observed in fruit harvested from
the trees receiving high nitrogen nutrition in both spring and
summer. Similarly, in the winter starved series, the trees which
received spring starvation followed by summer nitrogen pro-
duced better fruit than trees maintained at high nitrogen nutri-
tion in both spring and summer. This order in average quality
was maintained in both the early and late harvests as is shown in
Table 14.

TABLE 14.—FRUIT QUALITY* AS RELATED TO TREATMENT AND
TIME OF HARVEST, YUMA MESA EXPERIMENTAL PLOTS,

4-YEAR AVERAGES (PER CENT).

Time of
harvest

December
April
Average!

Plot 2
(NSS)

63.8
35.1
49.8

Plot 3
(NNS)

52.1
23.5
37.8

Treatments

Plot 1
(NNN)

48.7
20.9
34.8

Plot 6
(SSN)

58.3
18.4
38.6

Plot 5
(SNN)

48.8
12.5
30.7

*Sum of per cent of Fancy and Choice grades of total harvest.
fLeast difference in average quality necessary for significance, 9S per cent.

A number of experiments has been carried out in co-operation
with growers of the Salt River Valley and the Yuma Mesa in an
effort to extend observation of the factors affecting quality.

One such supporting experiment was set up in 1938 on the
Bartlett-Heard Ranch near Phoenix to evaluate the actual effect
of a competing spring and summer cover crop and contrast its
effects with those obtained by merely eliminating spring and
summer nitrogen applications. The plan of the experiment, leaf
composition, and quality at harvest in 1941-42 are shown in
Table 15.

Prior to the beginning of the experiment in 1938 the trees had
been fertilized with heavy annual applications of manure. Trees
were dark green in color, highly vegetative, and in a high nitro-
gen condition as revealed by leaf analyses. During the first two
seasons no difference in fruit quality or leaf composition resulted
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T A B L E ^
BARTLETT-HEARD RANCH 1941-42

Treaments Quality at harvest! Per cent N of leaves

Wmtei * Spring and summer Fancy 4 / 2 5 8 / 9 1 2 / 1 5

N
N
N

Starved—Sudan grass 50 89 82 22 214
Clean culture 4157 79 07 2 14
Clean culture &

N applications 32 27 73 97 218

172
2 01

215

167
197

2 10

•Clean culture, 10 pounds of sodium nitrate per tree
tHarvested May 23, 1942

from the treatments employed. During the third season differences
in leaf color and nitrogen content appeared and, with these, dif-
ferences in fruit quality were obtained.

In the latter season (1941-42) the trees starved throughout
the spring and summer by means of a Sudan grass cover crop
produced the best quality fruit. The trees which received no
spring and summer nitrogen and were merely kept in clean cul-
ture during those periods produced the next best fruit. Those
given extra spring and summer nitrogen and likewise main-
tained in clean culture produced the lowest grade fruit

Trees on all plots had approximately the same nitrogen con-
tent in the spring, but by August marked differences m leaf
nitrogen were noted and were still evident m December. The
trees which had the highest nitrogen content of leaves in October
and December had the poorest quality at harvest in May, and
those with the lowest nitrogen content m the fall and early winter
showed the best quality at harvest.

The influence of spring and summer nitrogen applications upon
quality was further revealed by an experiment carried out in
co-operation with the Yuma Mesa Grapefruit Company in the
spring of 1939. In this grove a spring application of nitrogen had
been usually applied in addition to the usual winter applications.
Coarse quality fruit had been common at harvest. The plan of
the experiment is indicated in Table 16.
TABLE 16.—FRUIT QUALITY AS RELATED TO SPRING AND SUMMER CULTURE

AND LEAF COMPOSITION, YUMA MESA GRAPEFRUIT COMPANY, 1939

Winter

N

N

Treatments

Spring

Sudan
grass

N & clean

Summer

Sudan
grass

Clean

Quality

% Fancy & Choice

44 2
27.4

Per cent

5/10

1.73
1.79

N of

7/16

1.57
1.80

leaves

9/29

128
1.60

Quality was obviously superior in the section of the grove
having the spring and summer cover crop. Where this cover
crop had been grown, the nitrogen content of the leaves was low
in the summer and fall. Conversely where no cover crop had
been grown and where nitrogen had been applied in the spring,
leaf nitrogen was relatively high in summer and fall, and the
quality of fruit at harvest was of much reduced grade.
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Another instance revealing the influence of spring and summer
nitrogen upon fruit quality was found in a Salt River Valley
grove (Rancho Santa Maria) which was irrigated with water
carrying 5 p.p.m. of nitrate nitrogen. This provided 0.74 pound
of nitrogen per tree annually, and fruit from this grove had
commonly been of rather low commercial quality. A portion of
the grove was not cultivated, and a dense Bermuda grass sod
developed. In the spring of 1941 about 3 weeks prior to bloom
% pound of nitrogen per tree in the form of urea was applied to a
group of trees, and the balance was left unfertilized. As the new
growth came out in the spring the leaves on the fertilized trees
developed a much darker green than on the unfertilized trees
and remained so all summer. Leaf samples were taken at inter-
vals during the summer and fall. The fruit was harvested and
graded in the usual commercial manner in February, 1942. The
nitrogen content of the leaves and fruit quality at harvest are
shown in Table 17.
TABLE 17—FRUIT QUALITY AS RELATED TO NITROGEN APPLICATIONS AND

LEAF COMPOSITION, RANCHO SANTA MARIA, 1941-42.

Quality of fruit Per cent N of leaves
Treatment

Bermuda sod—no N

% Fancy

45 25

% Fancy & Choice

77.78

i 5/22

1.75

7/21

1.71

8/19

184

10/10

142
Bermuda sod % lb N

in late winter 13 80 ( 64.85 2.11 1.90 190 167

From the data in Table 17 it is evident that the trees which
received nitrogen shortly before bloom maintained a considerably
higher nitrogen level throughout the summer and fall and pro-
duced fruit of much lower commercial quality than those which
received no nitrogen fertilizer and which showed a lower nitro-
gen content of the leaves. Yields were practically identical.
Bermuda grass is normally very efficient in the withdrawal of
nitrogen. One explanation of these results may be that the urea
nitrogen applied did not become available immediately and,
added to the amounts of nitrogen derived from the water, was
sufficient to cause too high a nitrogen content in the spring and
summer with resultant poor quality of fruit at harvest.

From the data now at hand it seems evident that spring and
summer nitrogen supply contributes in an important way to
fruit quality in Arizona. The control of nitrogen supply available
to the trees can be maintained to a considerable extent by the
grower through practices which are generally usable and
economical.

It also appears evident that those practices which make for
improved quality in the fall also contribute to better quality of
fruit held until spring for marketing. This would seem to have
important applications in the two areas of Arizona where grape-
fruit are produced.

The extremely warm temperatures at Yuma make for early
ripening and thus for early marketing of the fruit. Yuma fruit is



36 TECHNICAL BULLETIN NO. 97

most advantageously marketed from October to March. After
March there is considerable overmature soft fruit. On the other
hand, the relatively cooler temperatures of the Salt River Valley
make it difficult to enter the fall market. Competition with other
areas limits shipments there in the winter. It is coming to be
evident that the most favorable marketing period for Salt River
Valley grapefruit is in April, May, and June.

The evidence gained from the present studies suggests that
those practices which will enable the Yuma grower to produce
higher quality fruit for the fall market will also assist the Salt
River Valley grower to have better quality fruit at his most
satisfactory marketing season.

QUALITY AS RELATED TO WATER SUPPLY

Studies have been undertaken to evaluate the influence of irri-
gation supply upon fruit quality. Preliminary data have been
obtained and are presented as indicating another factor possibly
contributing in an important way to the commercial quality of
grapefruit.

In 1940 fifty-two trees growing in alfalfa sod on the Yuma
Mesa Experimental Farm were divided into two plots. From. July
1 to October 1 one plot was irrigated by flooding between borders
every 4 weeks. The other plot was irrigated by the same method
but at a 2-week interval as has been the usual commercial prac-
tice at Yuma during the summer months. At harvest commercial
quality was determined and the results are shown in Table 18.

TABLE 18.—FRUIT QUALITY AS RELATED TO IRRIGATION
INTERVAL, ALFALFA SOD, YUMA MESA

EXPERIMENTAL FARM, 1940.

Water applied
Number of J u l ^ 1-Oct. 1

trees '
Amount

I

26 3.02*
26 1.51

Interval
(weeks)

2
4

Fruit per
tree

321
336

Quality as
% Fancy & Choice

56.3
33.6

*Acre-feet per acre.

The trees watered only once a month wilted rather badly be-
tween irrigations and at harvest showed noticeably coarser fruit
of lower commercial grade.

In 1941 a further experiment was carried out on the Yuma
Mesa Experimental Farm using a group of trees in Bermuda
grass sod. Four plots of twenty-six trees each were irrigated
by flooding between borders in the usual manner, and two ad-
ditional plots were irrigated in a similar manner but at 1-week
intervals in the summer months. The results of this test are
shown in Table 19.
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TABLE 19.—QUALITY AS RELATED TO IRRIGATION INTERVAL,
BERMUDA SOD, YUMA MESA EXPERIMENTAL FARM, 1941.

Number of
trees

26
26
26
26
26
26

Irrigation
interval (weeks)

1
1
2
2
2
2

Production
(fruit/tree)

293
240
207
292
336
343

Quality as
% Fancy & Choice

55.84
54.96
48.76
50.92
53.29
51.59

The data in Table 19 show slightly better quality of fruit in
the treatments receiving the extra water through weekly irriga-
tions, especially where the number of fruit was comparable. Some
indication is shown that slightly better quality may be expected
with a larger number of fruit per tree, other conditions being
equal. This latter observation has been previously reported from
this station (13).

In addition to the above preliminary experimental data which
indicate a possible role of moisture in determining fruit quality,
there are a number of field conditions involving moisture relation-
ships which seem to provide supporting evidence that such
relationships influence fruit quality. The following enumeration
of some of these is presented as being of interest in a discussion
of fruit quality.

1. Grapefruit produced in humid coastal regions tend to be of
smoother texture, to have thinner rinds, and to be of more oblate
form than those produced in arid interior regions. This condition
is shown in the Rio Grande Valley of Texas where the grapefruit
producing areas are almost continuous from the shores of the
Gulf of Mexico inland for some 70 miles. The smoothest external
texture and thinnest rinds are found in the groves near the
Gulf. The external texture tends to become progressively
rougher and the shapes more elongate as the distance inland from
the Gulf shore is increased and the environment becomes more
arid.

It is doubtful that climatic differences are entirely responsible
for these marked variations in fruit quality. Marked differences
in soil type also occur. The soils near the coast where the best
quality fruit are grown, according to W. H. Friend,2 are predom-
inantly heavy clays or clay loams that tend to be somewhat saline
and have growth-suppressing characteristics and good moisture-
holding properties. The interior soils are generally lighter and
more porous and produce fruit of somewhat poorer commercial
quality. The influence of the soil type in the Rio Grande Valley

2In January, 1940, the writer in company with other Arizona workers
visited the Lower Rio Grande Valley and was shown the marked relation
of quality to geographic location and soil type by W, H. Friend, Superin-
tendent of the Lower Rio Grande Experiment Station at Weslaco.
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may actually be of more importance than climatic influences,
although the latter do exist and apparently correlate well with
commonly observed differences in fruit quality.

2. It is a common observation under arid Arizona conditions
that fruit borne on the outside exposed branches, or at the top
of the tree where transpiration is probably greatest, is commonly
of coarse texture with a thick rind, while fruit on the same tree
borne on inside branches under the dense canopy of leaves is
usually of superior quality.

3. In Arizona, grapefruit produced on trees interplanted with
tall date palms or on dooryard trees surrounded by tall shade
trees often is of better market quality than fruit grown on trees
in the open. Yields, however, are usually much reduced. In
1940 and again in 1941 during the hot summer months muslin
shades were placed on frames over grapefruit trees on the Yuma
Mesa Experimental Farm. Fruit quality at harvest was uniform
between the inside and outside of the tree and tended to be of
superior quality. Transpiration losses from the outer parts of the
tree were probably much reduced.

4. In Arizona large old trees growing close together commonly
produce fruit which is superior in commercial quality to that
produced on young trees more widely spaced in the grove.

5. Of the grapefruit districts in the arid Southwest the Coa-
chella Valley of California has been credited with producing the
finest quality fruit. It may be significant that some of their
groves are interplanted with tall date palms and that in this
district as a whole the growers have apparently used much larger
quantities of irrigation water than those in other districts of the
desert area.

KELATIVE INFLUENCE OF NITROGEN NUTRITION, MOISTURE SUPPLY,
AND OTHER FACTORS UPON FRUIT QUALITY

If only the data and observations of the effects of water supply
and moisture relations as outlined above were considered, a
predominant effect of humidity and transpiration might be in-
ferred. In fact, the observed improvement in fruit quality by the
use of spring and summer cover crops might be interpreted not
as a result of changes in the nitrogen nutrition of the tree but as
the result of increased humidity. That is, cover crops, especially
tall crops like Sudan grass, could conceivably through their
transpiration increase the humidity of the air sufficiently to re-
duce transpirational losses from the leaves and the subsequent
withdrawal of moisture from the fruit. There are two observa-
tions at hand which prevent such a conclusion.

1. The best quality fruit is commonly found on the "inside" of
the tree. It is usually borne on long twigs and hangs down in-
side the umbrellalike canopy of foliage. Such fruit-bearing twigs
often become almost leafless as the fruit matures. As opposite of
this condition suckers or vigorous small branches occasionally
arise from the trunk or main scaffold branches and bear fruitJ



PHYSIOLOGICAL STUDIES OF MARSH GRAPEFRUIT 39

This fruit is definitely "inside" fruit and subject to the same con-
ditions of humidity as that borne on long twigs hanging adjacent
to it, but very often this fruit has a coarse external texture, a
thick rind, and is of inferior commercial quality. It would be
difficult to explain this performance on the basis that humidity
or water relations alone control quality.

2. If it were contended that spring and summer cover crops
improved quality over that of a clean cultivated plot simply be-
cause the cover crop increased humidity and thereby created
more favorable moisture conditions about the tree, then differ-
ences in fruit quality between different kinds of cover crops would
have to be ascribed to differences in the humidity of the atmos-
phere induced by the cover crop. It seems unlikely that cover
crops would differ so much in amount of moisture transpired as
to cause any appreciable differences in the humidity of the air
surrounding the trees above them. It is especially unlikely that
Bermuda grass would cause a higher humidity than alfalfa. On
the other hand, a difference in nitrogen feeding power between
such leguminous crops as alfalfa and grasses like Bermuda is
well known.

In 1940 data on commercial quality were obtained from two
adjoining plots of grapefruit on the Yuma Mesa Experimental
Farm. These plots consisted of 104 trees each. In one a cover
crop of alfalfa had been planted in the fall of 1939. In the other
a Bermuda grass cover crop had been planted in the summer of
1939. Both were fertilized with 3 pounds of calcium nitrate and
3 pounds of 16-20 ammonium phosphate per tree in the winter
of 1939-40. Both were flood irrigated by the same schedule. Trees
in the alfalfa plot averaged 428 fruits per tree. Those in the Ber-
muda plot averaged 423 fruits per tree. As the summer advanced
the trees in the Bermuda plot became less green giving evidence
of decreasing nitrogen content. Those in the alfalfa plot remained
deep green. By November the color difference between the trees
in the two plots presented a striking contrast. At harvest on
December 1 fruit from the alfalfa plot graded 60.9 per cent Fancy
and Choice fruit, whereas that from the Bermuda plots graded
71.4 per cent. It seems unlikely that this could have been caused
by greater humidity above the Bermuda grass plots.

Similarly, if the effect of cover crops is due to humidity im-
parted to the atmosphere then a tall-growing crop like Sudan
grass would be expected to give a higher quality fruit than a low
growing grass like Bermuda. Actually little difference in the
action of the two has been observed in their effects upon quality,
except as nitrogen nutrition has been altered. In the same way,
the data of Table 15 show the effect upon quality obtained during
the last of 3 years of identical treatments in the plots on the
Bartlett-Heard Ranch. In the first 2 years of these treatments no
differences in quality were obtained although very tall and luxur-
iant Sudan grass crops were grown. It was not until differences in
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nitrogen content of the tree and leaf color were obtained that
clear-cut effects of cover crops upon quality could be shown.
Similar observations have been made elsewhere in groves with
large soil nitrogen reserves.

In evaluating all the data and observations now at hand it is
evident that atmospheric humidity and moisture relations do
have rather definite influences upon fruit quality. It is suggested
that these influences affect the turgor of the cells making up the
rind and in so doing alter the growth characteristics of the rind.
At the same time, it is evident that the nitrogen nutrition of the
tree has important effects on fruit quality. These two influences
are believed to be quite separate and distinct.

If the above interpretation is true and both moisture conditions
and nitrogen nutrition affect quality, then under conditions of
ample summer moisture combined with spring and summer star-
vation practices fruit of best market quality would be expected.
Similarly where both moisture and nitrogen situations were un-
favorable fruit of lowest quality might be expected, but where
one of these factors is favorable and the other unfavorable fruit
of intermediate quality should result. Data indicating the addi-
tive nature of these and other influences have been obtained.

In 1941 a study was made of the factors affecting the quality of
grapefruit in commercial groves of the Salt River Valley (18).
The study was in the nature of a survey made in co-operation with
the Arizona Citrus Growers. Groves were grouped according
to age, production, water applications, and summer cover crop
practices. Quality was reported as the price per field box to the
grower, and was calculated by the packing house from the rela-
tive proportion of high and low quality fruit harvested. Differ-
ences in price thus represented very real differences in fruit
quality. A summary of the influence of water supply and several
other factors upon quality is shown in Table 20.

The data of Table 20 are arranged in pairs. A comparison of the
corresponding figures in the two price columns shows a slight but
consistent improvement in quality (price) in each group receiv-
ing larger amounts of water. Similarly, the older trees, with one
exception, produced slightly superior fruit. Likewise, the groves
starved with spring and summer weeds produced somewhat
better fruit than the corresponding groves maintained in clean
culture. Finally, the groves having high production bore fruit of
consistently better quality than the corresponding groves of low
production. The four factors shown above appear to be cumula-
tive in their action. No single factor had a great effect, but to-
gether their effect was considerable. Thus, in the last column of#
Table 20 it may be readily seen that old trees of high production,
starved by spring and summer weed cover crops, and receiving
relatively large quantities of irrigation water produced the best
quality fruit. On the other hand the poorest fruit was obtained
from young groves of low production which were maintained in
clean culture. Unfortunately, no young groves of low production,
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TABLE 20.—QUALITY (AVERAGE PRICE PER FIELD BOX) AS IN-
FLUENCED BY WATER SUPPLY, AGE OF TREE PRODUCTION
AND COVER CROP PRACTICES, SEVENTY-SIX COMMERCIAL

GROVES OF SALT RIVER VALLEY, 1939-40.

Production
(boxes per

tree)

Spring and
summer

cover crops

Price per field box using

tree-

Old
Young

Old
Young

Old
Young

Old
Young

Under 3
acre-feet

cents
13.20
12.50

12.96

12.20
12.15

10.90

Over 3
acre-feet

cents
14.09
13.34

13.78
12.63

13.17
13.35

12.30
10.30

Over 4..

Under 4..

Weeds

Clean

Weeds

Clean

*Old—over 11 years; young—under 11 years.

clean culture, and restricted water supply were available for com-
parison.

MATURITY AND SIZE OF FRUIT

MATURITY OF FRUIT

The percentage of yellow color, together with the size of the
fruit, and the Brix: acid ratio of the juice provide the present
basis for maturity standards in Arizona. Fruit cannot be sold
until it has attained minimum requirements in each of these
characteristics.
Coloration

Maturity measurements were made on fruit from the Yuma
Mesa experimental plots during the first two seasons. Certain of
the results have been published by Hilgeman (11). Data upon
the effects of treatments upon both coloration and the Brix: acid
ratio are presented. Those for coloration are shown in Table 21.
TABLE 21.—PER CENT COLORATION AS INFLUENCED BY TREATMENTS, YUMA

MESA EXPERIMENTAL PLOTS.

Date

8/29
9/13
9/27*

10/11
10/25
11/18*
11/24
12/6

1938 season

Plot and treatment
1

NNN

10
15
22
31
33
54
84

100

2
NSS

16
23
26
47
74
91
98

100

3
NNS

19
23
25
38

1 53
60
96

100

5
SNN

10
10
8

23 f
26
34
88

100

6
SSN

15
17
16
34
38
48
86

100

Date

9/6
9/19

10/3
10/17
10/31
11/14
11/21
12/5

1939 season

Plot and treatment
1

NNN

12
13
17
26
22
36
40
76

2
NSS

17
28
46
54
72
94
93

100

3
NNS

15

36
46
31
56
76
94

5
SNN

15
23

1 16
30
29
50

| 51
78

6
SSN

12
16
23
28
23
54
57
84

•The upper line marks time of attainment of 25 per cent color; the lower line marks
the attainment of 60 per cent color.
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Fruit from Plots 2 (NSS) and 3 (NNS) which received sum-
mer starvation treatments colored earlier in both seasons than
did fruit from the other plots which had received summer nitro-
gen applications. This was observed to occur similarly in the
subsequent seasons, but no data were taken. Fruit of Plot 2 was ob-
served to color considerably earlier most years than in Plot 3.
The 2 years' data have been examined statistically, and Plots 1,
5, and 6 were not found to differ significantly among themselves
as may be seen from the lines drawn to show the time of attain-
ment of 25 and 60 per cent color.

Leaf samples were taken late in October at about the time
fruit samples were taken for maturity measurements. Compar-
isons of the percentage of nitrogen of the leaves and the color of
the fruit are shown in Table 22.
TABLE 22.—PER CENT COLORATION OF FRUIT AS RELATED TO

NITROGEN CONTENT OF LEAVES, YUMA MESA
EXPERIMENTAL PLOTS.

Plot and
treatment

2 (NSS)
3 (NNS)
5 (SNN)
6 (SSN)
1 (NNN)

Date of Sampling

October 25, 1938

Per cent N
of leaves

1.48
1.61
1.69
1.98
2.07

Per cent color
of fruit

74
53
26
38
33

October 29, 1939

Per cent N
of leaves

1.38
1.57
1.66
1.65
2.12

Per cent color
of fruit

72
31
29
23
22

Measurements of fruit coloration are not completely accurate.
However, it is interesting to note that the trees of Plot 2 (NSS)
which had the lowest percentage of nitrogen of leaves both years
had the highest color of fruit on the dates of observation. Plot
3 (NNS) with the next lowest nitrogen values was observed to
have the second highest color. Plot 1 (NNN) which had the
highest nitrogen content both years had the least coloration 1
year and the second lowest the other. The two other plots which
received summer nitrogen applications showed fairly high leaf
nitrogen values and relatively low percentage of color at the
time of sampling.

Brix:acid ratio

The ratio of total soluble solids to titratable acidity of juice was
determined both seasons, and the data upon these measurements
are shown in Table 23.

A critical examination of the data reveals several significant
points. Treatments affecting seasonal nitrogen content of the
tree had little effect upon the time in the fall when the juice at-
tained the legal 6:1 Brixracid ratio. This value of 6:1 is at pres-
ent the minimum required before fruit may be shipped, provid-
ing color and size requirements are met. Thus earlier shipments
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TABLE 23.—BRIX: ACID RATIO AS INFLUENCED BY TREATMENTS, YUMA
MESA EXPERIMENTAL PLOTS.

Date

8/29
9/13*
9/27

10/11
10/25
11/8
11/22
12/6
12/20
1/4.
1/17
1/31*
2/14
2/28
3/14
3/28
4/11

Mean

Least signif.

1938-39 season

Plot and treatment

1
N N N

5.12
5.70
6.13
6.70
6.56
6.58
6.63
6.56
6.98
6.55
6.76
6.94
7.10
7.02
7.17
7.20
7.38

6.65

2
NSS

5.36
6.00 j
6.52
6.80
7.20
7.19
7.40
7.36
7.30
7.44
7.22
7.43
7.77
7.53
7.55
8.06
7.78

7.17

diff.t

3
NNS

5.30
5.74
6.32
6.62
7.00
6 82
6.75
7.20
7.20
7.15
7.42
7.41
7.44
7 39
7.44
7.83
7.66

6.98

5
SNN

5.04
5.48
6.52
6 59
6 62
6.90
6.72
6.95
6.76
6.88
6.84
7.00
6.86
7.00
6.88
7.46
7.58

6.70

6
SSN

5.01
5.58
6 22
6.55
6.62
6.70
6.50
6.72
6.74
6.60
6 87
6.84
6.92
6.92
6.88
7.12
7.58

6.61

0.131

Date

9/6
9/19

10/3
10/17
10/31
11/14
11/21
11/28
12/5
12/12
12/20
12/27
1/9
1/23
2/6
2/21
3/5
3/21
4/2

Mean

Least signif.

1939-40 season

Plot and treatment

1
NNN
- _ _

6.24
6.64
6.94
7.44
7.21
7.19
6.81
6.87
6.72
7.04
6.96
7.04
7.08'
7.02
6.91
7.05
7.41
7.42

6.96

2
NSS

1 5.97
6.44
7.21
7.46
7.84
7.72
7.41
7.42
7.56
7.43
7.63
7.54
7.45
7.52
7.39
7.54
7.94
8.10
7.88

7.45

diff.t

3
NNS

6.70
6.18
6.62
6.94
7.54
7.42
7.33
7.30
7.36
6.94
7.59
7.40
7.32
7.14
7.70
7.35
7.55
7.71
7.84

7.26

SNN

5.57
5.95
6.81
6.94
7.06
6.94
6.74
6.83
6.90
6.59
6.90
6.88
6.88
7.44
7.08
7.38
7.57
7.72
8.06

6.95

6
SSN

5.13
5.90
6.36
6.70
6.83
6.63
7.09
6.88
6.74
6.76
6.98
6.58
6.86
7.09
6.86
7.06
7.15
780
7.58

6.78

........0.185

•The upper line marks the attainment of a 6:1 Brix: acid ratio; the lower line marks
the attainment of a ratio of 7:1.

tBetween means of treatments.

would not be made possible by the effects of any of the treatments
upon this measure of maturity.

However, the data of Table 23 reveal a striking relation of
treatment to subsequent increase in the Brix: acid ratio. That is,
as the season advanced the ratio increased much more rapidly in
the juice of fruit from Plots 2 (NSS) and 3 (NNS) which were
starved in the summer than it did in the plots receiving summer
nitrogen. This is shown in Table 23 by the line demarking the
7:1 ratio. Juice in fruit from Plot 2 attained a ratio of 7:1, 2 to 3
weeks earlier than that from Plot 3 and 7 to 10 weeks before that
from plots receiving summer nitrogen treatments. If such be-
havior can be commonly expected, it has two important applica-
tions to the fall marketing of grapefruit in Arizona.

Fruit is shipped as soon as it attains the 6:1 ratio and satisfies
other maturity requirements. Arizona shippers and particularly
those in the Salt River Valley sometimes find that fruit may
attain the 6:1 ratio at the usual time but instead of promptly in-
creasing, the ratio will hover near the 6:1 point for several weeks,
sometimes just above and sometimes just below. This uncer-
tainty creates difficulties in marketing and harvest, which would
be avoided if the ratio increased and remained well above the
6:1 value.

Another point is that the Brix: acid ratio of the juice is a fair
measure of sweetness to taste. Fruit with a ratio of above 7:1
is generally sweeter to taste than fruit with juice ratio values
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barely above the 6:1 point. The plots receiving summer starva-
tion bore fruit having a juice ratio of above 7:1 for a considerable
period in the fall, while the plots receiving summer nitrogen did
not attain this ratio till January or later. Thus, while the fruit
from all plots attained a legal ratio about the same time, the fruit
from plots receiving summer starvation was sweeter to taste
over a longer period and it is believed would provide better con-
sumer satisfaction from the first shipments on through much of
the harvest season than would fruit from plots which received
treatments designed to give a high nitrogen content of the tree
in the summer months.

In general, it may be said that where the nitrogen content of
the tree declined in the summer and fall as a result of starvation
practices, the effect in terms of fruit maturity was earlier coloring
and sweeter fruit.

SIZE AND WEIGHT OF FRUIT

The treatments which altered the nitrogen content of the tree
had no consistent and specific influence upon fruit size. When the
crop was light, the fruit tended to become large, and when a heavy
crop was set, the sizes at harvest were usually relatively small.
However, in some cases where the nitrogen content of the tree
declined after a good crop had been set, the sizes at harvest were
slightly smaller throughout the period of fruit shipment than on
trees of comparable set which had liberal nitrogen supplies during
the summer months. In cases of severe nitrogen deficiency
throughout the year few fruits were set, and these tended to be-
come quite large.

It is generally observed that old trees bear smaller fruit than
do younger trees under comparable conditions. Also, it has been
observed both under experimental and field conditions that where
there is acute water deficiency fruit grows slowly, remains small,
and develops much thicker' rinds than fruit given adequate
water supplies. ,

The time of harvest has a rather pronounced effect upon both
size and weight of fruit, since the fruit continues to grow for a
considerable period after it attains the legal maturity require-
ments. It was not possible to measure the size of fruit at harvest
in the Yuma experimental plots, but for three seasons all fruit
was weighed, at both the December and April harvests. Weight is
not necessarily a measure of size, since fruit tends to develop an
open center and a thick rind as it remains upon the tree. The
gains in weight between December and April are shown in Table
24.

These data show consistent gains in weight as the fruit re-
mained on the tree and indicate the magnitude of the tonnage
gained from late harvest. From the citrus growers' standpoint
this gain is generally more than offset by the deterioration in
quality if the fruit is to be marketed as fresh fruit during the
winter months. Also, the prices for large sizes have been low in
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TABLE 24.—WEIGHT OF FRUIT AS RELATED TO TIME OF HARVEST,
YUMA MESA EXPERIMENTAL PLOTS.

Season

1938
1940
1941

Average Weight of fruit harvested
(pounds per fruit)

December

0.74
0.79
1.04

April

1.07
1.14
1.31

Increase in weight
(per cent)

45
44
26

recent years. If the fruit can be held till early summer and
marketed at high prices, then the gain in tonnage may offset the
loss in quality. However, if the fruit is to be marketed as by-
products it may well remain upon the tree as long as possible
and still retain a juice with characteristics suitable for canning.

POINTERS FOR GROWERS

Grapefruit growers who come upon this technical report may
ask the questions, "What does it mean in terms of my operations?
How can I use it?"

The report is primarily a study of the influence of nitrogen
upon the tree, its composition, its fruit production, and upon the
quality and maturity of the fruit produced. A study of other
factors affecting fruit quality is also included.

Nitrogen has been shown to be a most important fertilizer
element. It must be applied under most Arizona field conditions
to ensure continued and satisfactory commercial production. Con-
tinued lack of this element makes for very yellow leaves, little
growth, a very light bloom, and almost no yield of fruit. An
excess of this element makes for dark green leaves, prolific
growth, usually ample bloom, and large yields of fruit. At the
same time, excess nitrogen is harmful and often causes the pro-
duction of rough, poor quality fruit. These sell at reduced prices.
A further influence of excess nitrogen is in delaying fall coloration
of the fruit. This sometimes prevents the grower from selling his
fruit on the early markets when prices may be more satisfactory
than later in the season.

The season of the year when nitrogen is most needed by the tree
is at the time of spring growth and blossoming in late March or
April. At this time a great drain is made upon the nitrogen re-
serves stored in the tree. At the start of this period of intensive
growth activity, adequate nitrogen should already be present in
the tree or a shortage may develop and fruit set may be seriously
reduced. This emphasizes the importance of applying nitrogen-
ous fertilizers so that they will be taken up by the tree, stored, and
ready for use before the time that spring growth actually starts.
Fertilizers applied at the time of bloom or after bloom have
little effect on the set of fruit.
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During the winter months trees seem to be dormant, but it is
at this time of year that they are building up reserve food stores.
These consist of sugars and starch which are used by the tree in
large quantities at the time of spring growth. These are man-
ufactured by the leaves and are stored in the roots, trunk,
branches, twigs, and old leaves. Yellow leaves of trees very
deficient in nitrogen do not manufacture a large supply of
these important food reserves. Consequently, in the spring such
trees have less of these materials available for use at the time
they are most needed in forming blossoms, new leaves, and
twigs. During the winter months leaves should be green to main-
tain sugar and starch production.

The influence of excess nitrogen in delaying coloration and in
causing coarse, poor quality fruit is principally a matter of spring
and summer supply. Commercial fertilizers applied too late in
the spring and becoming available to the tree after bloom may
reduce quality at harvest. Late winter or spring applications of
manure yielding nitrogen in late spring and summer may have a
like effect. Similarly, summer applications of nitrogenous com-
mercial fertilizers often reduce quality and delay maturity. Ir-
rigation waters high in nitrate nitrogen have a similar influence.
Trees with dark green leaves in the summer and fall and mak-
ing ample growth during these periods are very often the ones
late in coloring and with poor quality fruit at harvest.

A mild nitrogen deficiency in the tree in the spring and summer,
on the other hand, is desirable and often results in fruit of im-
proved market quality which colors early in the fall. Summer
cover crops of weeds or nonlegumes like Sudan grass can be
grown. These compete with the tree for nitrogen in the soil and
prevent excess nitrogen from getting to the tree, thus bringing
about a lowered nitrogen content in the tree. The leaves become a
light yellow-green color, and the fruit usually remains smooth
and develops its yellow color much earlier in the fall than on trees
liberally supplied with nitrogen.

By combining winter nitrogen fertilization with a program of
spring and summer cover crops it is possible to maintain satis-
factory production and at the same time improve commercial
quality. In an early district, as Yuma, trees given this treatment
have produced very good quality fruit for the earliest fall mar-
kets. In late districts in the Phoenix area trees so treated have
carried good quality fruit late into the spring. Winter nitrogen
applications seem to have very little effect upon the quality of
fruit remaining upon the tree. The practices which make for
early fruit of good quality also seem to favor the holding of fruit
on the trees in good condition. Quality does deteriorate during the
winter as the fruit remains on the tree, but this seems to be
largely independent of winter nitrogen treatments. If the fruit
is of superior quality in the fall, it will usually be relatively good
in the spring.
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The beneficial influence of summer cover crops appears to be
caused by a shift in the nitrogen nutrition of the tree. The mere
growing of a summer cover crop has no effect upon quality at
harvest unless some degree of nitrogen control is achieved. If
summer nitrogen applications are made, the purpose of the cover
crop is defeated. On the other hand, summer cover crops may
help very materially in improving fruit quality in districts
using irrigation water containing substantial amounts of nitrate
nitrogen. The action in such cases is in preventing excessive
nitrogen from getting into the tree. Summer cover crops disked
under in the fall return to the soil practically all the nitrogen
they have removed during their growth.

Summer nitrogen applications do not seem as efficient in main-
taining production as do equal applications made in the winter.
Some evidence has been obtained that alternate bearing of grape-
fruit follows a program of summer nitrogen without winter ap-
plications.

While nitrogen supplies to the tree in the spring and summer
do influence commercial fruit quality, there are other factors also
that appear important. Water supply is one and its influence
seems somewhat apart from that of nitrogen. When trees wilt
severely in the summer between irrigations and the fruit becomes
spongy for prolonged periods, something happens which often
causes the fruit to have thick rinds, rough and often warty tex-
ture, and reduced commercial quality at harvest. Two other
factors, familiar to most growers, are also operative and influence
fruit quality. These are age of tree and amount of fruit borne.
Old trees tend to produce better quality fruit than younger ones.
Trees with a heavy crop usually bear better fruit than trees
carrying a light crop, other conditions being equal. Just why
these two conditions affect fruit quality is not known, but their
influence is quite definite.
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