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A METHOD FOR DETERMINING THE NUTRIENT NEEDS OF SHADE TREES
WITH SPECIAL REFERENCE TO PHOSPHORUS

A Broroaicarn method for estimating the amount of avail-
able phogphorus supplied to shade trees by various soils
is presented. The procedure is based upon the principle
of proportional nutrient absorption whereby leaf analy-
ses, interpreted on the basis of an established referenee
seale, indicate soil phosphorus supply in terms of rock
phosphate fertilizer,

Shade tree feeding has recently beeome an extensive
business. Although some professional foresters and
forest schools are still inelined to view tree fertilization
as nonsenge, if not guackery, it iz apparent thai many
tree owners believe that results justify the expenditure.
Txperiments have shown that well fed trees are not only
of greater sethetic value to their owners (luxuriant foli-
age of good color) but are better able to withstand insect
and fungus attack or adverse weather conditions than
are undernourished, and consequently less vigorous
speeimens, The need for supplementary feeding is eon-
siderable since many shade trees are forced to grow in
the limited volume of soil hetween eity strects and side-

walks, or on crowded suburban lawns where they must

compete with thick turf. Soils of such locations are
often low grade fill not particularly rich in mineral
nutrients.
TREE FEEDING METHODS
A good share of the shade tree feeding today is done

with so-called balanced fertilizers, eontaining, in various

proportions, all of the essential nutrients most likely to
he deficient in soils. ach concern engaged in tree feed-
ing or the manufacture of tree fertilizers has their own
particular “‘blend’’ of tree food which is supposed to—
and usually will—correct any ordinary nutrient defiei-
ency. Obviously, since all the important food elements
are supplied, this method is about fool-proof; whatever
the deficiency, it is corrected. The use of balanced fer-
tilizers has, in the majority of cases, produced -satisfae-
tory results. Of this there iz ample proof. But the
efficiency of the method may be guestioned. ,

It is well known that many soils are deficient in only
one or two essential nutrients, Thus a soil low in only
phosphorus—a rather common condition—is, according
to current practice, supplied unneeded quantities of
nitrogen, potash, magnesium, ete. in order to correct a
phosphorus deficiency. Certainly this procedure is
wasteful. It may even be dangerous if the soil fer-
tilized is maturally rich in the unneeded elements sup-
plied. High nuirient concentrations are often toxie to
plants and trees are no exeeptions. Regarding this
geveral tendency toward ‘‘shotgun’’ fertilization, the
following question may be asked: assuming a knowledge
of the nutrient requirements of the species to be fed, i
it not equally important to know how nearly the seil in
guestion fulfills these requirements—what nufrients are
deficient, and to what degree? Apparently some kind of
soil analygis is essential if tree feeding is to be placed
upon an economic, as well ag an effective, basis.

SOIL ANALYSIS

The ordinary methods of direct chemical analysis are
not completely satisfactory because no distinetion is
made between available {to trees in this case) and non-
available nutrients, Certain of the so-called extraction

"indicate the latter.

methods in which ‘‘available’’ nutrients are leached
from soils with various solvents are preferable. But it
is doubtful if any solvent duplicates exactly the nutrient
extractive and absorptive powers of plants growing in a
natural environment,

Probably the mosi reliable methods for evaluating the
chemical fertility of soils depend upon the reaetions of
“indieator’ or ‘‘test’’ plants—nutrient extraction by
plants, Many speecies have been found to absorb nutri-
ents in proportion to the available supply. Thus, if the
relation is suffieiently good, a measure of the former will
Procedurés based upon this prin-
ciple of proportional absorption—biological methods—
have been sueeessfully used to determine the fertilizer
requirements of various field and garden crops and of
coniferous seedlings (Mitchell, 1934). This experiment
was conducted to test the reliability of shade tree leaf
analysis as an indicator of soil nutrient conditions.

DETAILS OF EXPERIMENT

Four guarter-aere sample plots were established in an
even-aged (about 40 years) stand of mixed hardwoods
composed mainly of red oak (Quercus borealis Michx. ),
chestnut oak (Quercus montane Willd,), and red maple
(Acer rubrum L.). The stand had been rather heavily
thinned ; all trees were in the dominant or eo-dominant
elasses and spaeing was relatively wide and regular, The
control plot was left untreated and the others were sup-
plied varying amounts of finely ground rock phosphate.
An even distribution of the fertilizer was obtained by
gridironing the plots with chalk line. Plots were fer-
tilized May 28, 1934, all trees were numbered, and di-
ameter measurements taken. On Qctober 1 of the same
year leaves of the various species were gathered, dried
and stored in labeled envelopes for chemical analysis.?
Lieaves were taken from approximately the same
location on each tree, ¢.e,, from the end of the branches
near the top of the crown on the south side. Standard-
ization of leaf sampling is important because it has been
found (Mitehell, unpublished; Gast, personal communi-
cation) that the chemical composition of leaves varies
with the location on the tree. Also, sinee most shade
trees are open-grown, it is best to sample only leaves .
exposed to full sun light. '

DISCUSSION OF RESULTS

CORRELATION BETWEEN LEAFP ANALYSIE AND PHOSPIORUS
SUPPLY

Chemical analyses indicate that there is a distinet re-
lation between phosphorus supply and the phosphorus
content of red oak leaves. In Iig. 1, A the phosphorous
content values (expressed as a percent of the dry weight
of leaves, Py) are shown plotted against units of rock
phosphate supply (P). Points in the figure represent
the arithmetic means of all Py, observations correspond-
ing to any partieular value of P, The line of average re-
lation (regression line) was calculated according to the
method of least mean squares using individual observa-
tiong {42) rather than the means. Two statistical meas-
ures of acecomplishment were calculated: the correlation

1 Five or six leaves from each tree were dried, the petioles
removed, and the leaf material finely ground, Phosphorus de-
terminations in duplicate were made of each sample, using a modi-
fication of the Fiske and Subbarow (1925) method,
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But it is with the prediction of ' supply
that this investigation is primarily eon-
cerned. Therefore it is necessary to deter-
mine and test the reHability of the average
relation between the two variables nsing Pg,
rather than P as the independent variable.
The regression line, regression equation and
statistieal indexes with P, as the indepen-

P%=0.0893 P+0.214  Jent, and P as the dependent variable are
SE=£0.08

ces w92 efficient, since it is a two-way average measur-

gshown in IMg. 1, B. The correlation co-

ing the degree of association between two
variables, is the same with either variable in-
dependent. The regression equation and
standard errors are, however, quite different.
But the data indicate that phosphorus supply
(in terms of units of rock phosphate) can be
determined with the aid of the equation,

P =14195 P, — 3.0,
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Fig, 1,—The relation between the quantity of rock phosphate fortilizer
supplied to ved oak trees (units of P.), and the percent phosphorus content of

R = 14195 PZ = 3.0
SE= £0.53
cc= 9092

with a fair degree of aecuracy, i.e., = 0.53
units of P.

OrTIMUM SUPPLY

Although it is evident from the data pre-
gented that the phosphorus content of. red
oak leaves is proportional to the available
supply, measures other than chemieal analy-
gis are necessary to defermine the optimum
supply of this food element. "Theoretically,
this supply should produce the most satisfac-
tory combination of height, diameter, twig
and branch growth, Hardiness, luxuriance
and color of foliage are other important fae-
tors that must be considered, Deuber (1930),
who investigated the nutrient requirements of
sugar maple seedlings, reports the following:
“Twig growth of the phosphorus-starved
trees was very limited, the leaves were few
in number, small and of a dark reddish-green
cast.? The margins of a number of leaves
curled downward, dried and later dropped
oft.’” Taking all of these factors into com-
sideration the optimum supply of P, for red
oak on the soil used in this experiment, has
been tentatively located at three units. This
is, of eourse, subject to change on the basis
of future observations.

MpuASURING THE PHOSPHORUS AVAILABILITY
OF Soirs

The information gained from this experi-

the leaves (Pw), Both regrossion lines are ghown: A, with F as independent yanf forms the basis of a method for evaluat-

varlable, and B with P% as independent variable.

ing the available phosphorus supply of soils

coefficient (OC) and the standard error (818), These are
shown in IMig. 1, A. Both are highly favorable. Ap-
parently, if the phosphorus supply (in terms of units of
rock phosphate) is known, the phosphorus content of the
ieaves can he predieted with the aid of the regression
equation, -
Py, = 0.0693 P 4 0.214,

with a high degree of accuracy, t.e., == 0.08 Pg.?

2 (fiven an approximately normsl distribution, the majority of
all predictions will fall within the limits of the standard error of
estimate.

of unknown fertility. Assume, for example,
that a ved oak shade tree on an estate lawn shows
gigng of undernourishment. An expert is called in
to remedy the condition. To do an efficient job it is
not only necessary to determine what nutrient or
nutrients are deficient, but to what degree. * As regards
phosphorus—other nutrients are discussed later—the
following proeedure is possible,

8 The reddish-green cast noted by Deuber may be s eolor ve-
aetion similar to that reported by Mitchell (1984); phosphorus-
gtarved white pine scedlings developed lower needles of a ffpur-
plish tinge,’’ . Delieved due to the produetion of anthroeyanins.



A chemical analysis will show the phosphorus content
of the leaves. Assume this value to be 0.29%. Inter-
polatmn using Fig. 1, B—although solving the regres-
gion equation for 1 is more precise—shows that, accord-
ing o the average relation between the fwo VELI'la.blBS
* the P value corresponding to 0.29% is 1.12 (See Fig. 1).
© On the bagis of thiz relation it is evident that the soil
nnder examination supplies—to the red cak tree in ques-
tion—a quantity of evailable phosphorus equivalent, in
effect, to 1.12 units of rock phosphate, plus the unknown
amonnt of P supplied by the soil uged in determlmng the
reference scale, The tentative optimum supply is 3
units, of which the unknown soil is eapable of supplying
the equivalent of 1.12. The difference (1.88 units)
should, if applied, correct the phogphorus deficiency
within an error of = 0.58 units, Thus a leaf analysis
not only reveals a P deficienay, but can be aceurately
used to measure its magnitude.

DISCUSSION OF METHOD

Agcording to the proposed method soil phosphorus
supply is evaluated in terms of units of rock phosphate.
This measure may be called the phosphorus availability
equivalent (as read from the vertieal seale of I'ig. 1, B).
The difference between the availability equivalent and
the optimum is the amount of P {as units of roek phos-
phate) that any given soil will need. The zero of the
reference scale may prove confusing. It is not an abso-
Jute zero since the soil used in the experiment undoubt-
edly supplied some phosphorus. This fact, however,
does not influence the accuracy of the procedure; the
same type of soil formed the basis for each of the fertili-
zation plots, and may therefor be regarded as a constant,

In order to establish a reference seale approaching as
nearly as possible the minimum, the plots were laid out
on a soil known to be very deficient in phosphorus
(Mitchell, 1934). The scale ean, however, be used to
evaluate lower supplies if encountered. Thus, if Py, is
found 4o be 0.20, the corresponding value of P is a nega-
tive value (ﬁ().lﬁ). The difference between —0.16 and
3.00 ig 8,16, the amount of roeck phosphate to be supplied.
But it is not desirable to carry caleulations much beyond
the basie data.

Similar standards eould, of course, be determined on
the ‘bagis of other phosphorus fertﬂlzers (superphos-
phates, bone meal, ete.). Rock phosphate was chosen
because it is cheap, eagily obtained and is less subject to
leaching than the more soluble phosphates. Further-
more recent unpublished experiments have shown that
it is an excellent source of phosphorus for coniferous
species, Judging from the speedy response noted in this
experiment where the fertilizer was applied only four
months before leaf samples were taken, rock phosphate
is a good source for hardwoods as well.

There is some evidence to show that the mineral nutri-
ent coneentration of tree leaves varies with the season
{time).
centage content* of phosphorus, potassium and nitro-
gen in leaves of 23 species of deeciduous trees tended
to be higher at the beginning of the growing season than
at the end. The opposite was true of silica, ash and eal-
cium, Copper, manganese and zine remained constant,

4 8ince the minsral nutriemts wers expressed only on a per-
centage (of dry wt.) basis, variations in these values do not
neeegsarily indicate either franslocation or even changes in the
total quantities present hecause leaf weight ean not be eonmdered
8 congtant. - (See disecussion, Mitchell, 1934, p, 756). :

MeHargue and Roy (1932) found that the per-

From this it would seem that the reference seale estab-
lished is applicable only in the fall of the year. But,
even though the nutrient concentration does vary with
time, it is possible to work out a three wvariable align-
ment chart (time, P, and Py,) so that the reference scale
may be applied at any time during the growing season.

OTHER NUTRIENTS .AND: SrECIEs

Analyses have gshown that the phosphorus eontents of
red maple and chestnut oak leaves are, as with red oak,
proportional to the phosphorus supply. DBut, in the case
of maple, although the line of average relation is of
approximately the same slope, the Py, values are nearly
twice as large for identical treatments. This ix in apree-
ment with the findings of MeHargue and Roy (loe. eit.,
Table 1, p. 384),

Preliminary analyses indicate that there is a correla-
tion between the phosphorus, nitrogen and potassium
content of the leaves of various deciduous trees, and the
quantities of these nutrients supplied by soils, The reli-
ability of these relations_is being tested.

SUMMARY AND CONCLUSIONS

Experimental results indicate a close association be- -
tween soil phosphorus supply and the gquantity of this
element in red oak leaves. Statistical analysis of the
data shows that either variable may be predleted with
a relatwe]y high degree of accuracy.

It is therefore possible to determine from leaf analyses,
using the caleulated average relation between. the two

“variables as a reference scale—'‘standard of compari-

son’’—, the phosphorus supply of soils In terms of units
of rock phosphate fertilizer. Some data have been ob-
tained to show that the availability of other mineral
nutrients may be similarly evaluated.

Leaf tests in conneetion with the feeding of a rela-
tively large number of trees growing on essentially the
same goil type—a condition encountered on many estates
—are believed to be entirely practical, Sinee many soils
are deficlent in but one or two of the essential nutrients,
the savings in unnecessary fertilizer ingredients, if this
waste could be prevented, would more than offset the
cost of leaf analysis.

Tree fertilization based upon definite knowledge of
both the nutrient requirements of the speeies and the
chemieal fertility of the soil is certainly more precise
and effieient than the blanket applieation, without such
information, of the best balanced fertilizer ever mixed.
It is not possible to prepare a single fertilizer, regardless
of the empirical formula upon whieh it is based, that
will be specifically applicable to any and all soil con-
ditions.
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