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The avocado industry in the American tropics and subtropics has developed in the last 
three to four decades. Wilson Popenoe, in his classic "Manual of Tropical and 
Subtropical Fruits" in 1920, estimates that avocado orchards of California, Florida, 
Cuba, and Puerto Rico at that time had a total area approaching one thousand acres. 
Today the combined estimated acreage of commercial avocado plantings is upwards of 
40,000 acres. In Florida alone there are between 10,000 and 11,000 acres (1) of 
avocado trees grafted to commercial varieties with 9,000 acres of these being on the 
soils of Dade County. There are approximately 25,000 acres of this tree crop growing in 
California and Florida, regions in which the addition of large quantities of mineral 
nutrient elements is required. 
A survey of literature to date on the mineral nutrition of avocados (2) shows that the 
requirements of the minor mineral elements are known more definitely than the 
requirements of the major plant foods, i.e., nitrogen, phosphorus, and potassium. The 
need by the avocado for these major plant foods is well recognized but the quantity of 
the element and the ratios of the elements to each other for optimum tree growth, fruit 
yield, and fruit quality is yet to be established. 
Pot culture work with avocados in California (3,4) indicates that avocado seedlings are 
gross feeders on nitrogen and that a greater potassium absorption occurred in the 
mature leaves of seedlings as the magnesium concentration in the culture solution 
increased and that of calcium decreased. Little or nothing is known about phosphorus 
absorption or utilization other than the assumption of its need in plant growth. Haas (5) 
described symptoms of phosphorus deficiency in avocado leaves from plants in solution 
cultures. Addition of phosphate to the phosphate deficient solution was followed by a 
prompt recovery by the new leaves. 
In order to help translate some of the information gained by pot culture work to field 
conditions a long term experiment was set up at the University of Miami Experimental 
Farm, on Miami Oolite soil, using four prominent commercial varieties of avocados. 
 
EXPERIMENTAL METHODS 
The experimental block of trees consists of 2K acres each of Waldin, Booth 7, Booth 8, 
and Lula avocados grafted onto Waldin (W. I.) rootstock. The trees were set in the field 
in May, 1949 at 23 ft. spacing each way. The individual fertilizer plots consist of 3 trees 
completely buffered. There are 18 plots of each variety, each plot receiving a different 
variation of N, P, and K. Treatments were started December 28, 1950. The nitrogen 



levels are 2, 4, and 6%, with 30% derived from natural organic sources and the 
remainder from half nitrate and half ammonia salts. The phosphorus levels are 0, 3, 6, 
9% P2O5, derived from superphosphate. The potassium levels are 0, 3, 6, 9% K2O, 
derived from potassium sulfate and muriate of potash. The Lula variety receives its 
source of potassium from potassium sulfate and the other three varieties receive theirs 
from muriate of potash. 
The fertilizer treatments are applied at 60 day intervals in quantities similar to regular 
grove practices. At five years of age the application per tree is 7.2 pounds. These trees 
are all adequately irrigated and minor elements are supplied uniformly by maintenance 
sprays. Magnesium is applied at the rate of 2 units each fertilizer application. 
Table 1 shows the variations selected for this experiment. Leaf samples were takerf in 
January and May, 1953, consisting of seven mature leaves taken at random from just 
behind the terminal growth on each tree in a plot. The leaves from the three trees in a 
plot were combined and considered as the representative sample of that treatment. The 
leaves were dried for 72 hours at 50° C. After being ground through a 40 mesh screen 
in a Wiley mill and thorough mixing, aliquots were taken for analysis. These aliquots 
were dried for one hour at 100° C. before being weighed for analysis. Total nitrogen was 
determined on 500 mgm. samples using the macro Kjeldahl procedure. Phosphorus and 
potassium were determined on 200 mgm.samples of leaves which had been wet-ashed 
by the nitric-perchloric acid method (6). Phosphorus and potassium, both expressed as 
p.p.m., were determined as previously described (7). 
The trunk circumferences were taken in inches, using a flexible steel tape, at a level on 
the trunk permanently marked approximately 1 foot above the root crown. These^ 
measurements are taken once each year. However, for this paper the total increment of 
growth of the trunk from the beginning of the experiment to date is used. Tree condition 
is based on visual appearance of foliage-color and luxuriance of leaf growth on a scale 
of from 1 to 10. The highest figure on the scale is the deepest green color and heaviest 
leaf population for a variety. Tree size is based on tree volume for a variety on a scale 
of from 1 to 5 with the highest number being the largest trees of that variety. Average 
weight of fruit per tree represents the average of total crop per tree in a plot for the 
1953-54 seasons, the first crop year for the experiment. 
 



 
 
EXPERIMENTAL RESULTS 
The data in Table 1 are but one year's results and represent too few samplings to 
analyze statistically but do indicate some general trends. Due to space limitations it is 
impractical to give the data for all four varieties. Only the data on the Lula variety are 
given in this paper, although the data for the other varieties were consulted in 
discussing trends or effects. 
 
Tree Condition and Size 
There is a direct correlation between tree condition and size with the levels of nitrogen 
applied. Where P & K levels were kept constant, increase in nitrogen resulted in 
increased depth of green leaf color, heavier foliage and larger trees. In plots of low 
nitrogen, with high phosphorus and variations in potassium, field observations seemed 
to indicate an increase in depth of green leaf color with the increased potassium in all 
varieties except Lula. 
 
Increase of Trunk Area  
The increase in the transverse area of the trunk is closely correlated with general tree 
condition and tree size. This means that the increment of trunk growth is directly 
affected by increased nitrogen levels. However, no apparent effect can be observed due 
to phosphorus or potassium levels in the fertilizer. 
 



Fruit Yields and Size 
The general trend, in fruit yield for all varieties, was for the high nitrogen level to give the 
greatest yield and the largest fruit. Phosphorus and potassium variations showed no 
consistent or distinguishable effect upon yield or fruit size in any of the varieties. 
However, it must be emphasized that this is but the first full crop under the conditions of 
the experiment. Alternate bearing tendencies and other natural effects on fruit bearing 
may change the accumulated yield figures. 
 
Nitrogen in the Leaves 
The nitrogen content of the leaf increases with added increments of nitrogen. This fact 
is substantiated by leaf color. Phosphorus and potassium variations appear to have no 
effect on the nitrogen concentration of the leaf. In general, leaves of the same age, 
under all nitrogen variations, gathered in the spring, tend to have less nitrogen than 
those of the same treatment and age gathered in the winter. 
 
Phosphorus in the Leaves 
When nitrogen levels are low, increasing the phosphorus levels in the fertilizer indicates 
a parallel increase of phosphorus in the leaves. At the highest nitrogen levels, increased 
phosphorus levels seem to have no influence on the amount of phosphorus found in the 
leaves. From these data apparently variations of potassium levels at the three nitrogen 
levels have no consistent effect on phosphorus in the leaves. 
 
Potassium in the Leaves 
As the nitrogen levels of the fertilizer are increased, there is a corresponding decrease 
in potassium in the leaves regardless of the potassium level in the fertilizer. However, at 
any one nitrogen level, when the potassium in the fertilizer is increased, it is directly 
reflected by increased potassium in the leaf. The two observations hold true consistently 
for all four varieties. There appeared to be no influence of the phosphorus levels in the 
fertilizer on the potassium content in the leaves. 
 
Observations on Analysis of winter and Spring Leaf Growth 
In general, leaves of the same age, under all nitrogen variations, gathered in the spring, 
tend to have less nitrogen than those of the same treatment and age gathered in the 
winter. This tendency is the same for phosphorus under the low and medium nitrogen 
levels, but little difference is noted at the highest nitrogen level. Under the conditions of 
this experiment to date, apparently season has no effect on potassium in the leaf. 
 
DISCUSSION 
General field observations, fortified by the first year's yield and analyses data on the 
avocado block under N, P, K, level variations, have indicated some general trends. Of 



the three major elements, nitrogen appears to have the most direct effect upon yield, 
tree growth and condition. It seems possible that adequate potassium applied on plots 
receiving low nitrogen, in itself has a visible beneficial influence on tree condition. This 
influence will probably be reflected in subsequent increased crop yields, larger trees 
and trees with more luxuriant growth than when low nitrogen levels are accompanied by 
corresponding low potassium levels. 
From the small amount of data available it would be unfair to state that the effect of 
variations of phosphorus levels is negligible. However, no visible or analytical 
differentiations can be discussed to date from this experiment. The Miami Oolite soils on 
which these test plots are growing have a low available phosphorus content, and as the 
soil preparation methods of land scarifying tend to make phosphorus less available, the 
plots receiving either none or very low phosphorus levels should in time show the visual 
effects of the lack of phosphorus. The trees in these plots for the first year and a half of 
their juvenile life received a grower type fertilizer containing high levels of available 
phosphorus. It is possible that because some tree crops have an apparent low total 
phosphorus requirement, the carry-over from phosphorus applied during the juvenile 
stage is still adequate. 
Even though only trends can be observed from this preliminary report, it is evident to the 
grower that the highest level of nitrogen, i.e. 6%, produces the most luxuriant tree with 
the best yields of good fruit. Some potassium must be included in the fertilizer as the 
leaf analyses show that at the highest nitrogen levels, if potassium is either withheld or 
applied at the lowest level, a very low potassium content of the leaf results. This 
condition on a continuous basis may drop the potassium content of the foliage so low as 
to be detrimental to tree growth. The indications are that phosphorus in the fertilizer can 
be kept at a rather low level but again if it is completely eliminated, eventual damage to 
the tree may result due to an actual deficiency of this element. 
The data show that seasonal differences must be taken into consideration when 
comparing leaf analyses between years. 
 
SUMMARY 
Nitrogen level variations in applied fertilizers appear to have a direct effect on tree trunk 
growth, tree size, tree condition and yield of Booth 7, Booth 8, Waldin and Lula 
avocados. 
Phosphorus and potassium level variations in the fertilizer have very little influence on 
the appearance of the tree or fruit yield in avocado as mentioned above under the 
conditions of this preliminary report. Increasing the nitrogen level in the fertilizer tends to 
increase the nitrogen in the leaf and decrease the potassium in the leaf. Increasing the 
potassium level of the fertilizer, at a constant level of nitrogen in the fertilizer, tends to 
increase the potassium level in the leaf without materially affecting the nitrogen content 
of the leaf in these four avocado varieties. Increasing the phosphorus levels, at the 
lowest nitrogen level in the fertilizer, tends to result in a slight increase of phosphorus in 
the leaf. However, at the two higher levels of nitrogen in the fertilizer, increased 
phosphorus level does not have this effect. 
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