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ABSTRACT

MINERAL NUTRITION OF YELLOW-POPLAR
(LIRIODENDRON TULIPIFERA L.)

by Raymond Francis Finn

Yellow-poplar (Liriodendron tulipifera L.) is an im-

portant timber tree species that occurs over a wide geo;
graphical range in the United States. It is one of the
most commonly planted tree species in the hardwood region
of the United States. However, yellow-poplar plantations
and other hardwood plantations usually have not grown and
developed satisfactorily. Part of this failure has been
ascribed to the inadequacy of available soil nutrients.

It is desirable, therefore, to have a standard which
can be used to judge the adequacy of available soil nutrients.
Foliar chemical analyses offer a possible means of providing
this standard. To use folilar analyses for diagnostic pur-
poses, the relationships between nutrient concentration,
growth or yield, and foliar concentration must be estab-
lished. This information is not available for yellow-poplar.
In 1960, experiments were initiated to supply the needed in-
formation.

A sand-culture technique was used to establish the
relationships between solution nutrient concentrations,

growth, and foliar nutrient concentrations. Nitrogen,
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phosphorus, potassium, and calcium solution nutrient con-
centrations were varied; all other nutrients were main-
tained at a fixed concentration.

Deficiency symptoms induced by omitting nitrogen,
phosphorus, potassium, and calcium singly and in combi-
nations from the nutrient solutions were studied in a sand-
culture medium.

Fertilizers were applied to sand, sandy-loam, and
clay-loam soils in pots containing yellow-poplar seedlings.
Nitrogen, phosphorus, potassium, and calcium were applied
to the soils at several rates, singly and in combination.
The effects on growth and follar nutrient concentrations re-
sulting from the application of fertilizers were observed.

Since mycorrhizae are known to affect the inorganic
nutrition and growth of forest tree species, an experiment
was designed to determine to what degree mycorrhizae are
important in the inorganic nutrition of yellow-poplar seed-
lings growing on a sand and a sandy-loam soil.

The results from the first experiment in which the
solution concentrations of N, P, K, and Ca were varied in-
dicate that there is a significant positive relationship
between solution nutrient concentration and foliar nutrient
concentration. The relationshilp in some cases is linear
and in others 1s defined by a second order polynomial
equation. Growth was significantly related to N, P, and

Ca solution concentrations, and hence, to foliar
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concentration. The relationship between solution potassium
concentration and growth was not statistically significant.

The omission of N, P, or K from the cultural solutions
resulted in the death of the seedlings. The omission of
calcium, however, did not retard growth. Fast-growing seed-
lings produced more severe deficiency symptoms than slower
growing seedlings. The omission of N + P or N + K or higher
order combinations of these three elements produced less
severe symptoms than when one of the three elements was
omitted.

When two or more elements were omitted from the basic
nutrient solution, the foliar deficiency symptoms were
generally characteristic of the symptoms produced by the
omission of only one element. Thus, when nitrogen and
phosphorus, simultaneously, were omitted from the basic
solution, a characteristic nitrogen deficiency symptom was
produced.

Foliar analyses indicated an increase in inorganic
nutrient uptake following fertilization. Growth response
to fertilization was not great. The most consistent re-
sponse was assoclated with the phosphorus fertilizer ap-
plied to the sandy-loam soil. Soil texture and associated
soil physical factors played a more dominant role in growth
than fertilization.

The adequacy of available soil N, P, K, and Ca was

indicated by the small growth response to fertilization.
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Foliar analyses indicated only a slight deficiency of avail-
able N, P, K, or Ca.

Seedlings in soil inoculated with organic material
from a yellow-poplar stand grew no better than those in un-
inoculated soil. There was no evidence of the formation of
mycorrhizae. It is suggested that this result may be due to
the use of inoculum in which the fungi were not active; and
hence, did not invade the seedling roots.

The main findings of this study are that a solution
nutrient concentration of a single varied element can be
identified for maximum growth. Foliar nutrient concentration
is correlated with solution nutrient concentration. There-
fore, a foliar nutrient concentration can be identified which
coincides with maximum growth. However, maximum growth
values determined separately in the N, P, K, and Ca series
differ by as much as seventy percent. This appears to be
caused by the strong ion antagonism between N, P, K, and Ca.
This antagonism is reflected in different foliar concen-
trations for elements which have the same solution concen-
tration in two or more of the series.

It is, therefore, doubtful that foliar nutrient con-
centration derived from single element studies will be very
useful as a standard for estimating the adequacy of soil
nutrients. Apparently, there is a range of foliar percent-
age combinations of elements that are correlated with es-

sentially the same amount of growth.
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CHAPTER I

INTRODUCTION

[norganic nutrition of forest tree species in the
States has reached a level of practical importance
nitant with the advent of the intensification of

practices which evolved during the past decade or

This 1s a result of the recognition by foresters
0oils may not have a sufficient supply of some of the
l1al inorganic nutrients to meet the tree's require-
for satisfactory growth and development. Foresters
cognize that application of inorganic fertilizers to
nutrient deficiencies in plantations 1s a practical
1 practice. It 1s now commonplace to fertilize hard-
antations. In the West a large timber company re-
fertilized thousands of acres of coniferous plan-
; and in the South, pulp companies are fertilizing
reages of planted cottonwood. Europeans have
d forest fertilization for many decades. Efficient
ctive fertilization of hardwood plantations is
ly important, since many hardwood species are in
pply. They often are planted on sites which may

kedly in their capacity to supply all the essential

1






ients in amounts required for the fastest growth and
lopment .

The major problem of efficient and effective ferti-
tion is the determination of the kind and amount of
ilizers to apply to achieve the maximum growth response
a particular species on a specific site. This entails
iled knowledge of the tree's ability to absorb and
ize nutrients from the soil. Field fertilizer studies
icted on an emperical basis have yielded very little
'mation on the nutrient requirements of forest tree
Les.

Soil factors that affect the growth and development
ees exert their influence through interactions with
other and with the tree. Therefore, it is extremely
cult, if not impossible, to isolate the independent
t of a single soll factor on the growth of a tree.
11s reason, field fertilization trials have yielded
* fundamental information on the nutrient requirements
‘est tree species. It is important, however, to know
dependent effect of single soil factors before inter-

effects can be clearly understood.
in approach to the solution of the nutrition problem
;row seedlings under uniform environmental conditions.
dlings are grown on chemically inert quartz sand.

t solutions are prepared, using distilled water,
1tain all the essential elements at fixed, non-

5 concentrations except the concentration of the







nt under study. The concentration of the element
' study 1s varied from deficiency levels to concen-
ons beyond the optimum level where growth is depressed.
these data it 1s possible to describe the mathematical
ionship between yield and the concentration of the
d element.
This relationship cannot be used directly for inter-
ng the nutrient status of fileld-grown seédlings or
because the concentration of available soil nutrients
. be determined directly.
Available soill nutrient concentrations can be esti-
by analyzing the leaves of soll-grown seedlings.
results can then be compared to foliar nutrient con-
tions obtained from the controlled experiments. The
ve quantitative availabilities can then be employed
iict the probable growth response to fertilization.
n 1959 and 1960, investigations were started to
‘he nitrogen, phosphorus, potassium, and calcium
on of yellow-poplar seedlings. Specifically, the
were designed to: (1) determine the relationship
yield and nutrient concentration; (2) determine
ationship between nutrient concentration and foliar
. concentration; (3) induce nutrient deficiency
, at low nutrient concentrations; (4) determine the
ship between yield and fertilized representative
ndy-loam, and clay-loam soils; and (5) determine

2t of mycorrhizae on yield and nutrient uptake.






Yellow-poplar was selected for study because it is

mportant timber species distributed over a large geo-
hical area, and is one of the most widely planted tree
ies. The wood is in demand for furniture, doors,

ow sashes, and musical instruments. The root system
sually deep and profusely branched. Fertility seems

2 an important factor in the growth of this species,

7 classified by Mitchell and Chandler (1939) as a
rogen-demanding" species. The specific nutrient re-
:ments of yellow-poplar have not been determined. This
'mation 1s required for evaluating the adequacy of soil
ent availability required for satisfactory growth and

opment .







CHAPTER II
STATEMENT AND SCOPE OF THE PROBLEM

Mineral nutrition of forest tree species is receiving
sed attention from foresters. In the past, their

3 were concentrated on coniferous species almost to
:lusion of hardwood species. The increasing impor-
f hardwoods in the forest economy has focused at-

. on the need for information that will assist land
s to grow quality trees on the shortest rotation

e. Adequate nutrition of the growing trees is a
equisite for satisfactory growth and development.
tudies have shown that yellow-poplar, a very im-
timber species, grows best on well-drained, moist
th a thick upper organic-enriched mineral horizon
1945). McCarthy (1933), however, states that, "the
e of chemical composition of the soil on growth of
oplar is apparently slight." Mitchell (1939),
(1933), Finn (1953), and Finn and White (1966)

nat the chemical composition of the soill has a
lgnificant effect on the growth of yellow-poplar.
low-poplar is planted on a wide variety of sites
e of the most important hardwood species used in

tion and afforestation. Consequently, a knowledge






s nutrient requirements would greatly aid the forest
nd manager in selecting sites best suited to the
ent requirements of the species.

Nitrogen, phosphorus, potassium, and calcium are the
nts most likely to be deficient on sites planted with
w-poplar. This study was designed to investigate the

K, and Ca requirements of yellow-poplar in sand-
ent culture medium and to describe induced foliar
iency symptoms. It was also designed to study the
t of N, P, K, and Ca fertilizers on yellow-poplar
ings planted in pots containing sand, sandy-loam, and
loam soil. And lastly, the study included an investi-
n to determine the effect of mycorrhizae on the growth

llow-poplar seedlings planted in two forest soils.







CHAPTER III
REVIEW OF LITERATURE
General

Forest tree nutrition was ignored by most foresters
' United States until the third decade of this cen-
About this time, a small group of foresters with
ng in soils and physiology initiated studies de-
to increase knowledge of the nutrient needs of

S species, factors that affect mineral nutrition of

trees, and methods of diagnosing nutrient require-

'he Harvard Forest Symposium on forest tree physi-
n 1957 summarized the work to that date and it was
ed in book form by the editor, Thimann (1957). The
ricultural Station (1957) sponsored a symposium

n the same year which covered the important topics
ral translocation in forest trees, mineral nutrient
ient of forest trees, techniques and analyses of
‘1ssue, mycorrhizae and light.

her important summaries of work on mineral nutrition
t trees were provided by Leyton (1958), Duke Uni-
(1959) symposium and by Gessel (1962).






Kozlowski (1956) edited a bibliography of forest tree
ology, and White and Leaf (1956) compiled a complete

bibliography with abstracts on the use of fertilizers

mendments in forestry. A compilation of the general

iques of using solution and sand culture methods in
-lon studies was provided by Hewitt (1952).

Most of the work on the mineral nutrition of forest
pecies has been directed toward conifers and this
as been ably documented in a voluminous literature.
latively few studies that have dealt with hardwood

s will be the subject of review in the following

sions.

Site-Fertilitz

fertility is one of the important factors of site

> 1t exerts a profound influence on growth and develop-
However, it is only one of a host of factors.

- and White (1956) have emphasized the necessity
ldering all site factors and to identify those
dominant influence. Some factors like physiography
perature cannot be manipulated; but others including
so1l moisture, and fertility can be changed by
“hinning, irrigation, or fertilization (Kramer and

¢1, 1960; Mitchell and Chandler, 1939; Rudolph,

owth is a complex process that results from the

ted interaction effects of environment and genetic






tial. Growth probably never reaches the maximum set

> limit of genetic potential. One or more factors

.lways be limiting. This 1s so, because the numerous

ndent factors would all have to be at optimum in
ation with each other, which is unlikely. For ex-
using N, P, K

s> and Ca at five levels in all combi-
S, 40

(1024) combinations would be required to

1sh an optimum concentration of these elements in
ation.

'he response that can be expected when the deficiency

limiting factor is corrected is given by Mitscherlich

statement, "the increase in a c¢rop produced by a

crement of a deficiency factor is Proportional to
rement of that factor from the maximum" (Bray, 1954) .
Whenever a factor approaches a minimum its relative

>ecomes very great (Spurr,1964).

Field Fertilization of Hardwoods

rly foresters generally emphasized the role of water
growth to the almost total exclusion of nutrients as
tant factor in site quality (Wilde, 1958). Many

S were convinced that sufficient nutrients were

n all soils for satisfactory growth. This belilef
changed by numerous field fertilizer trials which

nstrated an increase in growth of trees following

tion.
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n Iowa, McComb (1940) fertilized seedling black
and green ash growing on an acid, infertile glacial
Neither species responded much to nitrogen, but the
se to phosphorus was "tremendous." Denuyl (1944)
tained a marked increase in height of black locust
ng application of a complete fertilizer (2-12-6) at
e of one tablespoon per tree. First year response
ow-poplar seedlings on a Georgia stream bottom was
rked (McAlpine,1959). The increased height growth

e of yellow-poplar to phosphorus fertilization con-
through the fourth year. Yellow-poplar in south-
Michigan growing on a light soil and showing nutri-
iciency symptoms responded to fertilization signifi-
in increased height and diameter growth. Increased
rate was still evident at the last measurement which

1 at the end of five growing seasons (Finn and White,

ny species of hardwood trees in New York increased

- growth following an application of nitrogen ferti-
Mitchell and Chandler; 1939).

nt (1947) fertilized several species of coniferous
woods. The growth of pine, spruces, and red oak
srsely affected by lime, but sugar maple and white
benefitted by it. Hybrid poplar growth response
jen and to lime was highly significant. Chapman
und a delay of one year in height growth response

-poplar to nitrogen fertilizer. He also found
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e greatest height growth response resulted from

40 and 100 pound applications of nitrogen. Hannah
nke (1964) concluded from soil pot studies in south-
liana that phosphorus may be one factor limiting

of planted hardwoods on abandoned old fields.
cComb (1949) grew seedling green ash, American elm,
', and black locust in gray-brown podzolic forest

and prairie Clarion, Tama, and O'Neill soils.
as a marked differential growth response by species
ilizers. Black locust did not respond to nitrogen
zation, but did respond to phosphorus fertilization.
C horizon soil with residual total nitrogen at 600
per acre, the response of American elm to added nitro-
acre responses were small or nil. Phosphorus was
> be consistently and significantly deficient on

soil only. On O'Neill soil, red oak showed a marked
)wth response to phosphorus fertilization. Potassium
deficient on O'Neill or Clarion soils.

d oak was the only species with ectotrophic mycor-
nd was least tolerant to high soil pH. Green ash
most tolerant of the four species to alkaline soil.
e examples that have been cited indicate that some
> deficient in one or more inorganic nutrient ele-
lative to a particular species.
leral coverage of the practical aspects of forest
ilization have been provided among others by

1959), Mayer-Krapoll (1956), and Wilde (1958, 1961).
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’lots containing a mixture of red oak and red maple
rtilized with rock phosphate. The results showed
emely high correlation between rate of fertilization
iar concentration. However, the phosphorus concen-
. of the maple leaves was 100 per cent greater than
sphorus concentration of the red oak leaves (Mitchell
n,1935).

he mineral composition of leaves may be influenced
cent stands (Schomaker and Rudolph,1964). An adja-
xed hardwood stand contributed litter higher in

ts than the litter found on an area of poor growth.
rients from the contributed litter resulted in
nutrient content of the leaves of yellow-poplar grow-
re the litter from the adjacent stand was deposited.
1er nutrient content of the yellow-poplar leaves was
ed with greater diameter and height growth (Scho-

d Rudolph,1964). Black locust may.favorably affect
th of associated species by increasing soil nitrogen.
oplar, black walnut, and black cherry in mixture

ck locust had higher foliar nitrogen concentrations
n grown without black locust. The trees planted in
with black locust also grew faster in diameter and

an trees without black locust (Finn, 1953).

Other Effects of Fertilization

tilization may affect plant processes other than

Increased seed production by.beech and basswood
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chieved by applying basalt or diabase rock dusts to
reduced in productivity as a result of degradation
¢,1956).
Agricultural workers protect alfalfa against frost
e by applying potassium fertilizer. Yellow-poplar
s in southwestern Michigan suffered less mortality
frost damage during a hard freeze in May when foliar
ntrations of potassium were relatively high (White and
1964). Six coniferous species and two hardwood species
in sand cultures containing no potassium and in solu-
containing potassium were exposed to low temperatures.
ecles except one showed more cold resistance with
* amounts of potassium in the nutrient solution. High
.Cc pressure was related to the supply of large amounts
Sato and Muto,1951). Jack pine seedlings grown under
imum nitrogen supply of 200-250 ppm were as drought
ant as seedlings growing in a soil deficient in nitro-
However, increasing the supply of nitrogen above the

n level resulted in lower drought resistance (Bensend,

[n northern Wisconsin, Kopitke (1941) grew white and
‘uce, and white pine seedlings in quartz sand cultures
sandy nursery soils. Application of potash ferti-
promoted the accumulation of simple and invert sugar
seedling tissue, increased total solid content and
pressure, and lowered the freezing point of the ex-

sap. These changes indicate a marked improvement
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ability of nursery or planting stock to withstand
njury.

0blolly pine fertilized with nitrogen showed an in-
in height and diameter growth, a decrease in wood

', decrease in proportion of summerwood, decrease in
)all thickness and fiber length and no change in
idth. These changes are beneficial for some pro-

nd detrimental for others (Posey, 1965).

pH and Nutrients

1lde (1954) supports Aslander's (1952) contention
n the presence of a sufficient supply of available
ts the concentration of H ions in the soil is of
nportance to the growth of plants. Examples are

" acidophile plants, Tsuga, (Ables balsamea (L.)

(Picea mariana (Mill.) B.S.P.), and basophile
yellow-poplar, and Platanus spp., which in suitable
ents grow well on alkaline (pH 7.3-8.0) and strongly
' 4.6) soils respectively. Auten (1945) found no
between yellow-poplar site index and pH for any

within the range of conditions encountered in his

study in Iowa evaluated the effect of soil acidity

lents on the growth of one-year-old black locust

' ash. Four acidity levels were maintained: 4.3,
7.7, and three fertility treatments: no nitrogen,

and potassium, nitrogen, phorphorus, and potassium.
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 end of five months, seedlings of both species grew
regardless of pH when no fertilizer was added. Both
s showed a tremendous response to NPK fertilizer at
levels and no response to nitrogen or potassium indi-
that phosphorus was most limiting. Both species grew
. pH 4.3 when phosphorus was added and growth decreased
alues increased. When phosphorus was omitted growth
species increased up to pH 6.9 but decreased at pH
reen ash developed almost as well at the alkaline pH
ther pH levels but black locust grew poorly at pH 7.7.
ind Kapel (1942) interpreted the results largely in
" phosphate availability. The fact that best growth
| at pH 4.3 is attributed to the relatively high base
on and the apparently adequate quantities of indi-

important bases.

Residual Effect of Fertilizers

wumber of fertilized plots in the Black Rock Forest,
were resampled four to five years after fertilizer
s were applied. The leaf samples were analyzed for
phosphorus, or potassium. The following results
rved: (1) plots fertilized with sodium nitrate-
sulphate showed a significant decrease in available
(2) plots fertilized with an organic fertilizer
0od) showed a significant increase in available
(3) rock phosphate plots, a decrease in available

; and (4) potassium availlability increased slightly






ts fertilized with potassium chloride (Finn, 1942).
and Finn (1966) found the residual effect of ferti-
on growth of yellow-poplar to be evident five years
application. Although the effect was decreasing, it
1y would continue for an additlonal number of years.
fect of fertilizer on growth of a mixed plantation of
d hardwoods in Belgium was still apparent forty years

he fertilizer was applied (Delevoy, 1946).

Soil Moisture and Nutrients

lice (1944) found little correlation between mineral
by twenty tree species and precipitation as such, but
uptake was correlated with ground water table.
oisture withdrawal was found by Smika et al. (1961)
case at all soil depths with thg addition of ammonium
fertilizers to range soils. Moisture extraction was
ly correlated with fertilization rates. Early re-
dicated that fertilization stimulated root growth
ture use in the subsoil. Eck and Fanning (1961)
the uptake of nitrogen and phosphorus in relation to
placement under different soil moisture regimes.
y conditions uptake of phosphorus ceased when the
>hed the vicinity of the wilting point but nitrogen
parently continued. Nitrogen absorption increased
h of placement under dry conditions. On the wet

hosphorus increased with depth of placement; hence,
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increasing soil moilsture. Nitrogen uptake was not

ted by depth of placement under this moisture condition.
Varying moisture, under laboratory conditions, from

to one hundred percent of the moisture equivalent

ound by Burns and Barber (1961) to have no effect on

elease of non-exchangeable potassium except in one

The higher the temperature the greater was the rate
lease of non-exchangeable potassium. Hacskaylo (1960)
;igated the water requirements of white pine, black
., and sweet gum. He defined water requirement as the
e amount of water taken up by plants in any given
, per gram welght of dry matter produced. He found
enerally, mineral deficient trees require more water
it dry weight produced that non-deficient trees. The
Of efficiency in water utilization was black locust,
sum, and white pine. Water requirements were different
es with different nutrient deficiencies. For example,
er requirements for the "complete" series and -P, -K,
o, and -S series were similar. The remaining series,
, -Mg, -Fe, -B, -Zn, and -Mn all had higher water
nments than the other series. The water requirement
"complete" series was 368.25 ml. and 596.00 ml. for

series.

Light and Nutrients

e relationship between nutrient requirements and

tensity of American ash was investigated by
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vauer (1932). He concluded that if the supply of nutri-
vas sufficient to satisfy the needs of the plant, the

im light requirement was not lowered by increasing the
>nt supply. However, positive growth response to in-

:d concentration of nutrients could be obtained at

» 1light intensities.

Interactions Among Nutrients

Seedling growth of Sugi in relation to different concen-
ns of potassium applied in combination with nitrogen,
orus, and calcium was investigated by Furukawa (1963).
rmal seedling growth he concluded that a potassium
tration above 100 ppm was necessary. Nitrogen and
orus uptake were depressed as the uptake of potassium
seedlings increased.
ngestad's (1962) work on the nutrition of pine, spruce,
ch is very complete and includes comments on ion anta-
In birch, he found ion antagonism effects of NHu on
1, magnesium, and potassium. He also found potassium
istic to calcium and magnesium especially in birch.
was antagonistic to magnesium in pine and spruce and
gnesium to potassium and calcium. However, the vari-
in the percentages of the unvaried affected elements
21ly small according to Ingestad. Interactions be-
1e uptake of nitrogen, phosphorus, and potassium were
1 by Finn and White (1966) in a plantation yellow-

‘ertilization study. The data indicate that an
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ase of soil nitrogen increases phosphorus uptake and
a large increase in soil potassium decreases nitrogen
e. A small increase in soil potassium increases nit-
uptake. It was also apparent that the interaction
t on growth of the nutrients applied in combination
ifferent in some instances from the additive effects

> elements applied singly.

Mycorrhizae-Hardwoods

Much attention has been given to the mycorrhizae re-

ship in coniferous species for the past forty years,

e importance of this relationship in the nutrition of
rous species has been demonstrated in many studies.

(1936), Mitchell et al. (1937), Kessel (1927), McComb

, Rayner and Neilson-Jones (1944), Bjorkman (1942),

s (1958), and many others have contributed to the know-
of the function and mechanism of mycorrhizae in the

L nutrition of conifers. Almost without exception,

5 recognized that the mycorrhizal relationship benefits
e, and that thelr presence usually results in in-

~ growth.

ardwood tree speciles have received relatively little
on; and consequently, the mechanism and function of
izae in hardwood speciles is uncertain. The few

that have been conducted on hardwood mycorrhizae

the most part only preliminary. Some mention of
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rhizae in relation to hardwoods 1s made by Henry (1932),
sall (1914), McComb (1949), Trappe (1962), Dominik

%

Clark (1964) grew yellow-poplar in pots containing

rom adjacent areas with different vegetative covers.
ils were sterilized with methyl bromide and some were
lated" with plugs of soil from a forested area. He
that seedlings in the sterilized soil were consistently
r than seedlings grown in the inoculated soil. Micro-
sections of the roots of seedlings growing in the

ted soil showed that the roots contained endotrophic
izae, while those from the sterilized soil were non-
izal. Moose (1957) working with cuttings from apple
howed cuttings infected with an endotroph were

ly larger than uninfected cuttings.

1 New Zealand the roots of a species of Cornaceae in-
“ed by Baylis (1959) exhibited endotrophic mycorrhizae.
s with mycorrhizal roots were larger after one to

s than non-mycorrhizal seedlings grown in sterilized

minik (1958) identified the type or types of mycor-
ound on a number of species of hardwoods occurring

> natural vegetation growing on a slag heap in

and describes the anatomy of the mycorrhizae.

» present state of knowledge of hardwood mycotrophy
fficiently advanced to provide definitive answers

portant problems, but the avallable evidence seems
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indicate that endrotrophic, like ectotrophic mycorrhizae,
rt a positive effect on growth and probably on nutrient

ake.

Evaluation of Soil Fertility

. Analyses

The various methods that have been used to obtain a
ure of soil fertility have been summarized and described
itchell (1934). Direct chemical analyses of the soil or

extract, as well as indirect biological methods, have
employed to obtain a measure of soil fertility. The
bgical method consists of growing plants in a soil for
tain period, and then using the weight of the plants or
» nutrient content as an index of soil fertility.

Direct chemical analyses of the soil occassionally are
factory for an element; but the results for nitrogen
enerally inconsistent in relation to nitrogen values
termined by the biological method. However, some other
tigators including Gessel (1962), Wilde and Patzer
) have attempted to use direct soil chemical analyses
luate soil fertility. Schomaker (1964), studying
-poplar in Michigan, concluded that soil analyses
ot suitable for evaluating soil fertility. He did

correlation between growth and phosphorus content

subsoil, but no correlation with growth was found
1l nitrogen and potassium. Heiberg and White (1951)

2d soil and folilar analyses successfully to identify
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:assium deficiency and to use the information in pre-
ing a treatment for its correction. The deficiency
red in young coniferous plantations on sandy soils in
ern New York. Strong correlations were found between
r potassium and growth response and between soil and
r content of potassium. Positive relationships between
» nitrogen, soil nitrogen supply, and growth were de-
:d by Mitchell and Chandler (1939) for a number of

)od species in New York.

The principal reasons why direct chemical analyses of
il are generally unsatisfactory for estimating soil
ity is the failure of chemical extraction methods to
tely duplicate the tree's nutrient extractive mechan-
and to the complexity introduced into nutrient ab-

on in the presence of mycorrhizae.

501l analyses are a useful adjunct to foliar analyses
rmining whether deficiencies are due to a lack of
ment in the soil or to unavailability resulting from
sence as an insoluble compound or in being fixed or

within the space lattices of the clay crystal.

Analyses

bliar analyses have been used successfully by many
in the field of plant nutrition. Mitchell (1936)
| foliar analyses in studies on the nutritional

f forest tree species. Kenworthy (1950) adapted

od for diagnosing nutrient-element problems in
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11t trees. Goodall ang Gregory (1947) reviewed the

erature on this subject and indicated the nutrient

centrations associated with plants showing symptoms of
iciency or excess.

This method of assessing soil fertility has been adopted
r the relatively simpler and more direct soil analyses
hods because foliar concentrations indicate the level of
1lability of soil nutrients with greater precision and
lability than soil analyses do. Since nutrients in the
'€s have been extracted from the soil by the roots, it is
.cal that no other method of extracting soil nutrients can
tly duplicate the extractive action of the roots. Also,
lent uptake in roots is dependent on active transport,
h involves an expenditure of energy by the plant as well
N purely surface physical phenomenon and other physical
es. Many workers have shown that the foliar concentration
lements is a good indicator of the level of availability
¢ elements in the soil. However, the chemical compo-
n of the leaves varies with a number of factors, in-
ng their position in the crown, physiological age of
eaves, incidence of insect or disease damage to the
S, species of plant, availability and concentration of
lements in the soil.
Leaf sampling can be standardized to hold most of
factors constant. This standardization permits mean-

l comparisons to be made of foliar nutrient concen-

ns obtained through use of foliar analyses.
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ntially, foliar analyses are used to evaluate the level

vailability and concentration of soil nutrients. This

be done when lear sampling is standardized.
Foliar analyses have been used by many workers to

"€ abnormal leaf color to nutrient deficiencies. For

le, Fowells and Krauss (1959) nitrogen deficiency
oms; Mitchell and Chandler (1939) phosphorus deficiency

oms; Lunt (1947) calcium deficiency symptoms;

Stone
) magnesium deficiency symptoms; Wallace (1961) em-
d tissue analyses and color photographs to relate ab-
1 leaf color to nutrient deficiencies occurring in
cultivated plants,

)

including some fruit trees. Ashby
described induced nutrient deficiency symptoms in
od (Tilia americana B B
Mitchell and Chanler (1939) found a high degree of
ation between the nitrogen concentration of yellow-
leaves and nitrogen supply. Also, the leaves of
-poplar from trees receiving high nitrogen supply
econd only to basswood in nitrogen concentration.
ound that an increase of 180 pounds in the nitrogen
resulted in a 250 per cent increase in radial incre-
ind that the radial increment increase was linear.
ncluded that a further increase in nitrogen supply

robably result in still greater radial growth rates.






CHAPTER IV
METHODS AND PROCEDURES

Sand Culture Experiments

iners and Sand

A sand nutrient culture technique was employed to
the effect on growth of varying the nitrogen, phospho-
potassium, and calcium solution concentration. The
ntration of each of the four elements was varied
ately. The concentration of all other elements, ex-
“he one being varied, was maintained at a fixed con-
ition. The sand nutrient culture technique was used
dy the visible foliar deficiency symptoms. The
ms were induced by omitting nitrogen, phosphorus,
ium, and calcium singly and in combination from a
complete nutrient solution. For the first study,
allon glazed crocks were used. These contained 10
of quartz gravel (1/8"-1/4") and 35 pounds of Ottawa
silica sand. A one-inch glass tube extended from the
the gravel through the fine sand to one-inch above
id in the crock. A one-gallon glass amber Jug was
'ed by a rubber tube to the crock at a drain hole

ove the bottom of the crock. Solution was applied

25
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the crocks by pouring the Jug solution into the glass
es. After pouring, a pinch clamp on the rubber hose
released and the solution was allowed to drain back

> the jug. The same procedure was used in the deficiency

>riment, except that three-gallon crocks were used con-
1ing 7.5 pounds of quartz gravel and 26.25 pounds of

\wa white silica sand.

ure Solution

The basic nutrient solution in the growth study con-
ed of the following elements with the concentration
essed as parts per million: nitrogen 300, phosphorus
potassium 319, calcium 364, sulfur 232, iron 3.4,
esium 176, boron 0.5, manganese 0.5. Nitrogen, phospho-
potassium, and calcium concentrations were varied
ly in separate studies. Six liters of the appropriate
lon were added to each pot to saturate the sand, after
) the pinch clamp was released allowing the solution to
. into the reservoir Jug. After complete drainage, the
lon level in the reservoir jug was permanently marked
line. To replace water lost by evapo-transpiration,
lled water was added to bring the level of the solution
e line on the jug. This procedure maintained the concen-
on at a constant strength. Solutions in the growth study
changed twice during the course of the investigation to

e nutrients absorbed by the seedlings.
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Figure l.--General view of the fertilizer and sand
nutrient culture experiments (August 5, 1960).

Figure 2.--The arrangement of pots and nutrient
reservoir glass jugs used in the sand-culture nutrient
studies. Jugs are below the bench. Solutions were

hand-poured through the glass tubes shown in the middle
of the pots.
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The concentrations of the nutrient solutions were
dually increased over several weeks until full strength
reached in order to avoid too rapid a change in concen-
tion with consequent injury to the seedlings.

The basic procedure of adding nutrients to pots in
deficiency study was the same as that used in the growth
ly. However, only five liters of solution were applied
he deficiency study because the crocks (3 gals.) were
Ller than those used in the growth study. Smaller crocks
> used because they were just as suitable as the larger
ks for inducing deficiency symptoms, and required less
rials and solution. The concentrations of the elements
- in the deficiency study were as follows: nitrogen and
phorus 300 ppm, potassium and calcium 200 ppm, sulfur
ppm, magnesium 176 ppm, iron 3.7 ppm, boron 0.5 ppm,
anese 0.5 ppm. The concentrations stated are for the

ents, not their salts.

lings

All seedlings used in the four experiments conducted
960 were essentially the same. Seed was collected from
Lld growth stand on Michigan State University's Russ
5t in southwestern Michigan in the fall of 1959. The
was stored moist in polyethylene bags on February 1,
- at 40° F. The seed was planted on April 5, in 18

, containing brick sand to a depth of 1/4- to 1/2-inch,
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1 covered with burlap and subsequently kept moist with

stilled water. First germination occurred on April 25,

Seedlings planted in each study were straight, approxi-
ely the same length, having one or two secondary leaves,
- one to four lateral roots.

In the growth experiment, the seedlings were planted
the pots on May 18 and 19. Seedlings were planted in
deficiency experiment on May 19, in the fertilizer
eriment on June 9 and 10, and in the mycorrhizae experi-
t on July 26.

The seedlings used in the 1959 deficiency experiment
> collected from the same source as those used in the
) experiment, but were sowed in the fall of 1958, in
Bogue Nursery. They were lifted from the nursery and
ted in the pots on July 22, 1959. At the time of plant-

they were six weeks old and partially leafed out.

Soil Experiments

All soil used in the fertilizer and mycorrhizae experi-
5 was obtained from Michigan State University's experi-
.1 forests. The Spinks sand and Conover sandy-loam were
irred from the Baker Woodlot near the main campus on June
| the Bellfontaine clay-loam (B horizon) was collected
the Kellogg Forest. Some chemical and physical charac-

tlcs of these soils are shown in Appendix B.
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These soils were chosen because yellow-poplar is
idely planted on these and similar soils. The soils
hosen for this experiment provide a range in texture from
and to clay-loam and are expected to vary in fertility.
1ey were studied to learn if increasing certain soil nutri-
1ts would stimulate growth. The response would then be
sed as a measure of the adequacy of the level of the supply
" available nitrogen, phosphorus, potassium, and calcium.
The three soils were used in the fertilizer experiment
t only the Spinks sand and Conover sandy-loam were used in
€ mycorrhizae study.
Each soil was thoroughly mixed before placing it in
s container. The soil was placed in polyethylene bags
d the bags were then placed in metal cans 9 1/2-inches in

ameter and 12 1/2-inches tall.

rtilizers

Fertilizers applied in the soil experiment were reagent
2de chemicals. Nitrogen was added as sodium nitrate,
>sphorus as phosphoric acid (H3PO“), potassium as potassium
loride (KC1), and calcium as calcium chloride (CaCl2.6H20).
> appropriate amounts were dissolved in distilled water and
> resulting solution was added to the pots as a single
lication. No more additions were made during the experi-

1t .
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culum and Sterilization

The inoculum for the mycorrhizae experiment was col-
ted on July 25, from the soil beneath a 12- to 15-inch
yellow-poplar growing in the Baker Woodlot. The inocu-
 consisted of soll collected from six sample points from
upper six-inches of the A horizon. The soil from the
points was composited, placed in a polyethylene bag, and
t moist at room temperature.
One-half of the inoculum material was steam autoclaved
three hours at 15 psi and one-half of the soil was auto-
red at 11 psi for eight hours.
The soil was placed in polyethylene bags which were
1 placed in #10 cans (6" dia. x 7" tall).
Inoculum, either sterilized or non-sterilized, was
d to the cans designated to receive this treatment by
ving a plug of soil approximately one-inch by five-inches
replacing the removed soil by a like plug of inoculum
rial.
Soll moisture in both the fertilizer and mycorrhizae
riments was maintained approximately at field capacity

dding distilled water to replace water losses.

Harvesting

Seedlings in the sand-nutrient culture experiment
harvested at the end of the first growing season be-
1 August 29 and September 8 and seedlings from the de-

ncy study between September 9 and 14. Those from the
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ertilizer study were harvested between October 7 and 10,
nd seedlings from the mycorrhizae study between October
3 and November 1.

Seedlings growing in sand culture were removed from
16 pots and carefully washed with a minimum of water to
:move adhering sand particles from the roots. The same
‘ocedure was followed for seedlings growing in soil and
rcorrhizae experiments. The seedlings were allowed to
'y until the rinse water had evaporated. Leaves, petioles,
ems, and roots were then weighed separately to obtain
esh weights. Following oven-drying at 70°C for twenty-
ur hours, seedling parts were reweighed and their weights

corded.

Chemical Analyses of Seedling Parts

The oven-dried leaf parts were ground in a Wiley mill
1 stored in stoppered glass bottles.

Nitrogen was determined by a modified Kjeldahl method.
assium was extracted from the ground material and the
‘assium percentage was determined on a Beckman Model B
ctrophotometer. All other elements were analyzed spectro-
phically. Details of the methods used are given in

endix A.
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Experimental Design and
Statistical Analyses

The treatments in the four experiments were arranged
n a randomized block design. Blocks were oriented north-
outh on the greenhouse benches, which is in the direction
f the short axis of the greenhouse.

Each treatment in the two sand-nutrient culture experi-
nts were replicated three times, and each pot contained
ve seedlings. The three tallest were used in computing pot
tals. This was done because some seedlings were shorter
an others, and were shaded by the faster growing seedlings.
" the shorter seedlings had been used, nutrient effects would
ve been confounded with light effects.

Treatments in the fertilizer experiment were replicated
1ce, and in the mycorrhizal experiment three times. Four
edlings were grown in each can of the fertilizer experiment,
t only two seedlings were grown in each can of the mycor-
izal experiment because of the smaller sized can used. All
2dlings in each can were used to compute the treatment mean
1ce the seedlings were approximately uniform and did not
rtop one another.

All data were initially analyzed by analysis of vari-

e 1f the mean treatment differences were great enough to
tify this.

The sand—nutrient growth experiment data were further
lyzed be regression methods. The percentage of the ele-

t in the leaves, milligrams of the element per leaf,
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ven-dried weight of stems, roots, and leaves and stem
ength were the dependent variables and external nutrient
oncentration of the varied element was the independent
ariable.

The model used for regression was a second order

olynomial as follows:
y =a,+ax+a %2
0 X 2

Separate regression equations were calculated for
ich dependent variable in each of the four varied element
:ries. Tests of significance were made for the slope co-
‘ficients, lack of fit of the data to the curve, and cor-

lation coefficients.






CHAPTER V

RESULTS AND DISCUSSION

Sand Culture Growth Experiment

trogen Series

The mean oven-dried welghts of stems, roots, and
aves were greatest at 300 ppm solution nitrogen concen-
ation. The dry weight of stems was greater than the dry
1ght of roots. The stem-to-root ratios were markedly
fferent only at the 800 ppm level. At the 800 ppm level
e ratio decreased markedly (Table 1).

3LE 1.--Nitrogen series. Yellow-poplar seedling weights
D)) and stem/root ratios.

Nitrogen solution concentration (ppm)

dling

a0 100 200 300 400 800
---------- grams

m 3.2 5.2 6.1 3.5 1.5

t 2.2 3.5 4.y i 2.2

m + Root 5.4 8.7 105 5.6 el

ves 0.61 0.66 0.72 0.69 0.55

foles 0.05 0.09 0.07 0.10 0.04

dling 6.06 9.44  11.29 6.39 4.29
————————————————— ratio

m wt.

£ Wt 1.45 1.48 1.39 1.67 0.68
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Fresh weights of stems and roots were also greatest

the 300 ppm nitrogen concentration. The fresh weight
' roots, in contrast to the dry weight of roots, was
eater than the fresh weight of stems at all concentrations.
esh weight of leaves was constant between the 100 and 300
m level, but decreased at the two higher nitrogen concen-
atlons. 1In general, petiole fresh weight decreased as
trogen concentration increased. Stem-to-root ratios on
fresh weight basis were not markedly different over the
0-400 ppm range, but were much less at the 800 ppm level
able 2).

BLE 2.--Nitrogen series. Yellow-poplar seedling weights
resh) and stem/root ratios.

Nitrogen solution concentration (ppm)

2dling
Part 100 200 300 4oo 800

The primary criterion used for evaluating the re-

nse to change in nitrogen solution concentration was dry
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ight. However, other indicative measurements were also
ed to aid in evaluating the growth response. It was
und that branches per stem, number of leaves per seedling,
d the size of leaves were also at maximum values at 300
m nitrogen (Table 3, see page 39).

The percent moisture of the stems and roots on an
en-dried basis was greatest a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>