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UPTAKE OF MINERALS BY TREES IN
SUCCESSIVE YEARS

JL I. PLICE, OkJalloma A. Hd JL College, Stillwater
The uptake of mineral material by plants, as shown by foliar analyses,

has been studied by many workers. Most of the studies in this connection
have involved cereal and grass plants, mostly annuals. Numerous determi
nation. of the mineral constitution of tree leaves have also been made.
However, these studies reveal the mineral uptake by plants for a period
of one season only. It Is known that environment and heredity influence
plant nutrition. Blnce environment changes from place to place and hered
ity ceases at the death of a plant, the seeming inconsistencies in mineral
uptake by annual plants, as ~hown by foliar analyses, may be self-explana
tory.

In view ot such tacts, It seems probable that more fundamental infor
mation regarding the innuence of ellmate on mineral metabolism of plants
could be obtained from tollar analyses by utlllzing tree leaves over a period
of successive years. A tree is a perennial plant whose heredity, for this
purpose at least, Is fixed. Its edaphic environment is also practically con
stant. The cUmate, then, is the most important variable. It is true that
dltferent trees react differently to both edaphic and climatic environment.
However, this is true, doubtleBS, for all plants.

The choice of tree leaves as a medium of study for mineral nutrition
as innuenced by climate seems to have several advantages over short-lived
plants, as follows:

(1) The ash content of plants can be Innuenced strongly by the growth
of preceding crops. This Is true qualitatively as well as quantita
tively.

(2) Different soil physiological conditions are produced by dftferent
cultural operations.

(3) Analyses are not comparable from year to year when plants are
grown on different soUs.

Even should "standardized" plants be used to study mineral uptake,
I.e., plants of selected and flxed heredity, they should be grown in the
same spot in the soil each season in order for one to be able to draw valid
conclusions. Edaphic conditions vary within narrow and unpredictable
limits, even in small soU areas. Although much is known of the effect
of single factors in plant growth, the anabolism of any plant involves mul
tiple factors. Changing the site only slightly sets in action a complication
of 8till different factors.

PRESENT STUDY
The present work was undertaken in order to learn more about the

effect of the weather on the mineral uptake of plants, using the ash con
tents of tree leaves as evidence. The study began with thirty-six trees,
representing twenty-four species, and ended with twenty-two trees of twenty
species. The remainder became victims of the axe, disease, insects, and
lightning. With the exception of one tree, a pecan, all trees grew on an
area of land leBS than a quarter-seeUon in extent. This land was originally
pratrie and Is fairly uniform In nature. The first five trees shown In the
tables grew nearly uniformly spaced on a plot of ground about flUy feet
square. They are reported to be of the same age, having been started In
a nursery and transplanted at the same time, whUe sapllngs about thirty
yean ago.

The leaves here reported were collected each autumn for five successive
seuonB. 1938 through 1942. They were taken mature and unweathered as
follows: trom the first eleven trees shown in Table II the leaves were
picked each autumn trom the same limbs and branches on approximately
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the bottom quarter of the tree when they were ready to abscise: from the
remaining eleven trees leaf cm.mples were collected dally after they fell
untU all leaves had fallen. In each Instance they were well mixed and
two-pound samples were saved. These were dried at 960 C. ground to paIS
through a sieve of halt-millimeter mesh and 200 grams were saved for
analysis. Determinations were made as shown In the tables. Weather data
were taken including temperature, precipitation, and evaporation from a
free water surface. Water-table levels were measured monthly.

PRESENTATION OF DATA

In Fig. I Is shown the average water levels, In feet, of eight wells In
the Stillwater Creek basin In which the trees studied are situated. In the
same figure Is also shown the cumulative departure from normal precipi
tation, in inches. for the period of time involved. Table I presents the
precipitation. temperature, and warm-season evaporation. In Table 11 are
given volume weighU of the ground leaf material, hydrogen-ion concentra
tion expressed as pH, total nitrogen, crude ash, and eight ash constituents.
All determinations were made according to recognized methods and all re
sults are averages of at least triplicate determinations. The data for the
first eleven trees shown in Table 11 are those for the hand-picked leaves.
Table III shows the yearly distribution, or arrangement, of the various
kinds of leaves accordingly as they were highest or lowest in the several
elements during the different years.

DISCUSSION OF METEOROLOGICAL DATA

As seen in Fig. 1, after several previous low-moisture seasons, there
was a sharp gain in precipitation from the beginning of 1938 until mid
summer that year. Then began an Irregular drop that lasted until near
the end of 1940. At this time, and continuing through 1942, there was an
extremely large gain in moisture. Ground-water levels during the years
followed, quite comparably, the trends tor precipitation. The net gains for
moisture In 1941 and 1942 were large.

Corresponding with the gain in moisture there was a definite decrease
in temperature tor the period. This is related to the decrease In evapor
ation from 1939 through 1942. It Is possible that air movement is as great
a factor in evaporation as temperature. Although complete data on wind
mileage is not available and is not here presented, there was a very noUce
a.ble let-up in wind movement during the last few years.

During the period of the present work a complementary study of drain
age water from the soil was made by use of lysimeters. From a battery of
forty-eight of these the leachings of meteorological water through four
fallow-soU cores were measured and averaged, and samples analyzed. The
soil in these lysimeters, fine sandy loam in texture, consisted of undisturbed,
natural, cylindrical cores, two and one-halt by tour and one-half teet In
dimensions, and weighed nearly two tons each. The average amount of
leachate through each core for the years 1938 through 1942 was respectively
20, 16, 134, 274, and 287 liters. The concentration of total bases In the drain
age water was fairly constant regardless of the total amount of leaching:
thus, the more leaching the more bases lost. Nitrates seemed to form to
the greatest extent during the fall and winter. Llxiviatlng rains early In
the spring cause the nitrates to pour out in the drainage water particularly
from fallow soils. All of these conditions seem to be closely related to
local and general weather patterns and these, in turn, appear to be closely
related to crop yields (Bean 1942).

Conditions causing the loss of nitrates were quite noticeable during
the present study. Nitrate formation was especially favored In FebruarY
and March. 1938, but the following rainy May caused severe nitrate 101&e8
and tree leaves were yellowlsh-colored until late Bummer. The only drain-
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ACADEMY OF SCIENCE FOR 19"

age that oecuned In 1938 took place during that month. Favorable rains,
whieh did not cause leaching, then caused strong accumulation of nitrates
for the season of 1939 and the foliage that year had an extremely blackilh
green color. Nearly all the leaves had their highest nitrogen contents In
1939. From then on. rains, whieh caused leaching Just at the nitrate
forming periods, caused a eumulative decrease of this nutrient and foliage
beeame continually more yellowish untll, all during 1942, xanthophyll al·
most dominated chlorophyll In coloration effect.

DISCUSSION OF ANALYTICAL DATA-TABLE II

Vol.me weight. The figures for this determination tended, somewhat
inconsistently, to Increase with larger ash content. Probably the most out
standing discrepancies in this connection occurred in the eases of the apri
cot, sycamore, black loeust, and loblolly pine in the fall of 1942. The leaves
of these trees fell three weeks earlier than the others that year and their
ash weights are lower and their volume weights are higher than for the
preceding year. It has been found that volume weight, or apparent apecitic
gravity, of ground leaf material is as highly correlated with the physical
nature of the leaf as with its ash content. Early-fa111ng, greenish-colored
leaves, when finely ground give a more flaky and leBS fibrous product
than ground ripe leaves--the latter being quite "nutty" in comparison, thus
occupying a larger volume per unit of weight.

Aciditt/. The hydrogen-ion concentration tended, somewhat inconslst·
ently, to decrease (increase in pH) with larger ash content. It ia Quite
generally presumed that the more total bases a plant material contains
the lower is its resulting acidity. However. substantial data in another
connection, not herewith presented, show that some tree leaves with high
base content have strong acidities; conversely, some leaves with low base
content show comparatively weak acidities. It seems certain that this
feature is not necessarily a base-content characteristic; instead, it leems
to be more closely related to anion hook·up. Anion contents vary as greatly
as and more diversely than those of cations.

Total nitrogen. The data show a gradual but general decrease In
nitrogen contents since 1939. This is especially true for the hand·picked
samples. The explanation of this seems to be the continual lOBS of nitrates
in drainage waters since that year. In the field ot horticulture it is known
that, for vegetable crops, at least, the more nitrogen plant tissue contains,
the less mineral matter and fiber it contains, relatively. The same thing
seems to be true for tree leaves, as the ash and mineral figures indicate
herein.

Of all the trees studied, two-thirds contained their highest nitrogen
values in 1939; the other third was scattered somewhat unequally through
the other seasons. In 1942, two-thirds of the trees had their lowest nitrogen
contents, the rest having theirs mainly in 1938 (see Table III). It has al
ready been mentioned that 1939 was the year most favorable to nitrate
accumulation.

Orv.de ash. With few exceptions, the ash contents of the leaves were
on a downgrade from 1938 through 1940. From that time onward there
was an almost exaggerated increase in this material. This variation seems
to be directly correlated with moisture conditions. The precipitation curve
(cumulative departure from normal) In Fig. 1 shows the moisture drop
from 1938 through 1940 with the 8ubsequent 81m greater rise from then
through 1942. A curve for the ash contents would appear much the eame.

There eeems to be lOme doubt as to whether mineral uptake by trees
fa comparable to that by small plante sa shown by foliar analylis. It 18
P«l8aible that the feeding propensities of the latter may differ from tho8e
of th~ fonner owing to the seeming disparity in the natures of their ra-
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IJ)eCtlve root BJ'ltema. It II quite generally known that lmall plants, such
.. grauee. have shalJow root systems but it is not generally recognized
that, in comparison with lize, the feeding zone of tree roots il mostly
Quite .hallow.

It may be expedient to mention here that ash analyses are often mie
underltood and consequently misinterpreted. That fs, attempts are otten
made to compare the sum of the bases determined with the amount of ash
obtained. A balance between the two Is seldom obtainable and wide die
crepancles are common. This is due to several reasons. If ashing is done
carefully at a low temperature, in order to prevent volatllization of some
of the constituents, some carbon Is always left unburned)! The amounts
of such residue may be as high as 15 or 20 percent of the total ash, de
pending on the proportion of certain mineral elements present-particularly
soda. potasli, and smca. Further, seldom are any but the so-called most
Important elements determined; anions in particular are unaccounted for.
Other undetermined items, including titanium and the rare earths, may
often amount to as much as five percent of the total ash. In addition,
the ash consists mostly of a mixture of oxides and carbonates which, with
Intcatea and unknown acid radicals, does not permit close calculation. In
the present work the ash is, in every instance, saturated with carbon
dioxide but contains indefinite amounts ot unburned carbon. No determi
nations of uncommon elements were made.

Bilka. In general, this material seems to correspond directly to the
amount of ash present. Twelve trees had their highest sllica contents in
1942, the other highest ones being distributed fairly uniformly throughout
the years. The largest number of trees had their lowest silica contents in
1939. This, it Is remembered, is the year in which available nitrogen was
present in greatest amounts. Further, as already mentioned, ash constitu·
ents (particularly silica) diminish as succulence increases.

Oalclum. This element Is present even more nearly proportional to
ash than Is slUca; It generally constitutes about one-third of the ash con·
tent. Thirteen of the trees had their highest lime content in 1942, the
rest being nearly equally divided between 1938 and 1941. Ten trees had
their lowest contents in 1940, the others being equally divided between 1938.
1939, and 1942.

Calcium is an element the avaUabillty of which is generally believed
to be closely related-{)ther things being equal-to the presence of hydrogen
fons in the soil. Further, it fs commonly believed that an Increase in
BOll moisture generally results in an increase in pH, or a decrease in
acldlty. In the beginning of the present study the acidity ot all soils in
volved ranged between pH 6.2 and 6.5. At the close no significant changes
fn this respect could be detected. A slight callche concentration underlies
this entire area at varying depths of several teet but in no instance was
it observed to be in close contact with the feeding-root zones of the trees
involved.

Complete agreement does not exist among workers regarding the rela
tionship of the mineral uptake by plants to the kind of season they l1nder·
go. Other data trom this statton indicate that, for cereals and grasses,
phosphorus and potassium are taken up more abundantly by plants in wet
years (Murphy and Danfel 1936 and Daniel.and Harper 1936). On the
other hand, calcium is taken up to a greater extent in drier years. The
present data, tor trees, seem not to agree entirely with this. The difference
In depths of root lones Is a probable explanation.

Mopelf,.,n and pAo.tpAortU. It fs difficult to deduce any clear-cut
reason for the various distributions of these elements in the different years.

• 'l'bIa amounl He" to be eoutaJlt for the aame aample of matertal. With full aeee
to alr, UIq lUIle \elDlMratul'e and tlIIle for lpltlOD, aoocl cbecb are replarly obt&lJled.
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It is possible that some unobserved or undetected factor. or factors, is re
sponsible for the seeming diversities in use of these elements by the trees.
This is possibly true to a somewhat lesser extent for some of the other
elements also. Further, it is true that sUght increases or decreases In ele
mental amounts, in some instances, would have shifted the distribution
standings.

Potassium. Slightly more than half of the trees contained their highest
amounts of this element in 1938 and exactly half of them contained their
lowest amounts in 1940. For tlle latter, this Is in agreement with the idea
of little potassium in dry years but not a single tree contained its highest
potassium content in 1942. A possible explanation for this seeming im.
passe might be that, in the soils involved, potassium does not rapidly be-.
come available, particularly in dry seasons. The year of 1936 was quite
dry; 1937 was somewhat more favorable In this respect. Then, in the early
part of 1938, the weather was abnormally warm and plenty of moisture was
received. Owing to this combination of favorable circumstances and to
the probable small take-up of potassium during the immediately preceding
years, a larger-than-ordinary amount of this element may have been avall
able.

Of all the elements given in the analysis, iron and aluminum seem to
show the least relationship to possible weather influences. Manganese is
only slightly more clear in this connection. Such characteristics as high
ash for hackberry, low ash for pine, and high manganese content for pin
oak, etc., are species peculiarities and do not come within the purview ot
this study.

A further study of the chemical data shows a seemingly greater con·
sistency and agreement of elemental uptake with weather conditions tor
the hand-picked leaves than for the nonpicked leaves.s The probable ex
planation of this is connected with the growth of succulent foliage, or
water-sprout leaves. It was noticed that the formation of such leaves oc
curred each year and varied greatly in amount from tree to tree and from
season to season. This condition seems to occur mainly in the top halt ot
trees and may be restricted to a few limbs or be scattered irregularly
over many limbs and branches. These succulent leaves were always higher
in nitrogen and lower in ash than the normal leaves.. It is here believed
that the tendency toward water-sprout formation on trees Is greater in
subhumid than in humid areas.

The question of differences in ash content of leaves from the bottom,
middle, or top part of the tree may be apropos here. European studies tn
this connection are mostly of old vintage (Fliche and Grandeau 1876,
Schroeder 1878, and WolU 1880) and give confiictfng results. Serex (1917)
in the United States, believed that this unproved phenomenon was a species
proprium; some of the trees in his study were higher in ash in top leave.
and lower in the bottom leaves while other trees were the reverse. How
ever, his data is not extensive enough to be significant. In the present
work an attempt was made to answer this question. It was found that
variations occurred in a few instances but were entirely inconsistent from
tree to tree and year to year. As already mentioned, the prevalence of
water-sprout leaves seemed to offer the most plausible explanation of these
inconsistencies.

In connection with leaf analysts, in general, it bas been noticed that
the nitrogen content of various tree species growing west of the 95th meri
dian Is significantly higher than for the same species growing east ot this

• The seemtnc irregularities In the chemical contenLl of the .1lppel'1 and Aalatte tlJIl
leues In 1942 may possibly be partly due to the fact that the bottom limbe were pruned
~ these trees durlng the sUDlJIIer aDd the leaf nmpJes were conaequently taken from
_er up than before.
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Jill.. The l&IDe appean to be true, aJ8o, for calcium bat lees cons1etently
10 (PUce. JlS).

The IUmmer of 1943 was different from other sammers involved in the
.tudy In that, whUe it was droughty enough to injure pastures and crops
b841y, .afficient molature from 1942 remained In the subsurface and sub
IOU to permit the trees to grow luurlantly all season. Consequently. leaf
I&lIlple. from all the trees were collected again in the fall of 1943 and
wUJ be analyzed as betore. Increment borings in the trees will also be
taken to ascertain whether there is any correlation between annual incre
ment of wood and the chemical content of the leaves.

Note. Since completion of the above material an article was uncovered
in an old German publication (Stahl-Schroeder 1904) in which the follow·
ing interesting data are given. In one experiment with oats, using potted
.oill with moisture content increasing gradually trom 36 up to 96 percent
ot thefr water-holding capacity, It was found that as the moisture content
of the soU Increased there was a continuous increase In the ash, stlica, and
pholphorus content ot the oat grain. At the same time there was a con
ltant decrease in total nitrogen, reaching a minimum at 90 percent. At
this point, however, nitrogen began to increase and continued to do so up
to 95 percent ot the water-holding capacity ot the soU.

SUMMARY

In an ettort to study mineral uptake by plants so' that climate would
be the only (or main) variant, analyses were made of tresh mature leaves
ot twenty-two trees ot twenty species tor tive successive years. From half
of the trees the leaves were picked trom approximately the bottom quarter
of the trees as they were just ready to abscise; trom the others the leaves
were collected as they tell. Weather and other data taken consisted of pre
cipitation, evaporation, temperature, water table levels, and drainage from
natural sol1 lysimeters.

In the early spring of 1938, after several years of droughty weather,
heavy rains put soil moisture to a temporary high level. Decreased precip
itation then reduced soil moisture until late 'in 1940. Then began greater
than average rainfall and soil moisture rose to the highest levels ever
measured In the SUllwater Creek basin.

Chemical analyses ot the leaves show that mineral uptake seems to
follow trends of solI moisture. With few exceptions, the ash materials,
particularly slUca and calcium, decreased from 1938 through 1940 and
gradUally increased to new high levels trom then through 1942. Total
nitrogen Increased with decreasing soU moisture and vice versa; vegeta
tion In general was quite yellowish in color all during the summer of 1942.
Magnesium and manganese varied somewhat irregularly and iron and alum
Inum entirely 10. Acidity decreased somewhat irregularly with increasing
1011 moisture. Volume weight Increased irregulat'IY with increasing ash
content. Moat trees had their highest potash content in 1938 and their
lowest in 1940.
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