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Abstract approved

The nutrient elements needed for the optimum
growth and yield of pear trees is vitally important to the
pear growers. The knowledge of the amounts and kinds of
fertilizer to apply to obtain this growth could increase
the production and cut the costs for these growers.

Field experiments have been made on the nutri-
tional elements needed for pears, but the results were
affected by many variants, such as the availability of
the elements and rainfall. The growing of fruit trees in
sand with controlled nutrient so1utons added had been
used to obtain data not possible to obtain under field
conditions. Since other factors affect the absorption
of the nutrient elements in the field experiments, an
experiment for the application of varied nutrient solu-
tions on one year old Anjou pear trees, grown in sand
culture, was undertaken. The purpose was to try to
determine the influence that the concentration and the
ratio of nitrogen and phosphorus in the nutrient solu-
tions would have on the amount of nitrogen and phosphorus
which the pear trees would absorb into the leaves.

One year old pear trees were grown in a sand
culture in a greenhouse through one growth period. The
experiment was set up as a factrial with three levels
each of nitrogen and phosphorus. The solutions were
applied through an automatic system which irrigated
the trees every hour. The solutions were checked daily
and were changed once every week. The trees were har-
vested and the leaves were analyzed for nitrogen and
phosphorus.

The results indicated that the supply of nitrogen
was adequate at all levels to support normal development
of the leaves of the trees. The supply of nitrogen in
the nutrient solution did not cause the percent of
nitrogen in the leaves to vary by a statistically
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significant amount.

The analysis of the variations of the percent of
phosphorus in the leaves showed significant differences
between treatments. The main effect of the phosphorus
in the nutrient solution was to increase the phosphorus
content of the leaves as the supply of phosphorus was
increased. The main effect of phosphorus on nitrogen
was negative at all levels. This effect was noticeable
at the highest phosphorus level, but it was not sta-
tistically significant.

The ability of the njou pear tree, to absorb
both nitrogen and phosphorus from a nutrient solution
with very low levels of each of the elements, implies
that heavy fertilization with either of these elements
may not be necessary for normal, vigorous growth; this
is especially true in the case of phosphorus.
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TIlE IIFLUENGE OF CONCENTRATION AUD RATIO OF NITROGEN

AND PHOSPHORUS IN THE ROOTING MEDIUM UPON NITROGEN AID

PHOSPHORUS IN THE LEAVES OF THE ANJOU PEAR TREES

INTRODUCTION

The production of pears in Oregon has become an

important segment of the economy of the state, and a

substantial factor of the agricultural industry. In 1958

the growers produced 5,300,000 bushels of marketable

pears, ranking second in production in the United States.

Fertilization is vitally important, not only from the

viewpoint of production, but also from the viewpoint of

cost. The amounts and the kinds of fertilizer to apply

for the optimum growth and yield have always been, and

still are very controversial questions.

Several field experiments have been made to

determine the nutrient elements needed for pears. How-

ever, many varients, such as differences in the elements

in the soil, the availability of these elements, rain-

fall, and the weather, affect the absorption of the

elements by the trees in the field trials. The nutrient

supply cannot be completely controlled in these experi-

ments, for "One of the principal difficulties in testing

the effect of phosphorus on tree performance has been

the high fixing power of soils for this material, which
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prevents the trees from absorbing it. (36, p. 426).

The growing of fruit trees in sand with controlled

nutrient solutions added has been used to obtain data not

possible to determine under field conditions. Several

experiments have been made on apples, peaches, and citrus

fruits under sand culture, but no record of any experi-

ment on pears In sand culture has been found. Many

authors agree that the nutrient responses of the pear and

the apple are similar; however they do not Imply that

direct comparisons should be made because of this simi-

larity. Even varieties of the same fruit react differ-

ently, and this reaction must be considered In the

interpretation of the leaf analysis. Kenworthy

(23, p. 46) says that varieties of the same fruits will

each have an optimum value for certain nutrient elements,

and therefore variety must be considered when establish-

ing any optimum value for certain nutrient elements. As

far as this author could ascertain, relatively little

work, in comparison with other fruits, has been done on

the nutrition and foliar analysis of pear trees. Most,

if not all experiments have been done in the field, not

in sand culture.

Since other factors affect the absorption of the

nutrient elements in the field experiments, and experi-

ment for the application of varied nutrient solutions on

L_
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one year old Anjou pear trees, grown in sand cuJ.ture,

was undertaken. The purpose was to try to determine the

influence of concentration and ratio of nitrogen and

phosphorus in the rooting medium upon the nitrogen and

phosphorus content in the leaves of knjOu pear trees.

Pear trees were grown in the greenhouse in a sand

culture, with controlled nutrient solutions, through one

growth period. Analyses for the chemical composition of

the leaves of the trees were made to determine the

amount of nitrogen and phosphorus assimilated by the

leaves of the trees growing in the various nutrient

solution treatments.

Leaf analysis has been used as a means of inter-

preting the nutritional status of plants for many years.

The leaf analyses in this experiment were made to try

to determine the relationship between the concentration

and ratio of nitrogen and phosphorus in the solutions

to the amount of these nutrients absorbed by the trees

as indicated by the leaf composition.

I
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REVIEW OF LITERATUBE

Efforts to learn how to correlate the nutrient

supply with the internal concentration of nutrient ele-

ments in the plant have been progressing rapidly since

the Law of Restitution was promulgated by von Liebig in

1840. He believed that one must return all the elements

to the soil which were removed from the soil by the

plant. This was the Law of Restitution as applied to

plants.

All types of plants have been used in experi-

menting in the past. One experiment, made by Weinbold

(1862-1864), used certain weeds to try to determine the

nutrient content of the soil. (14, p. 12).

In 1947 Goodall and Gregory reviewed and published

an exhaustive treatise on the work which had been done on

the chemical composition of plants. The early experi-

ments in pot cultures were compared with field trials,

and the advantages and disadvantages of each were

discussed. As the problem of plant nutrition evolved,

early researchers concentrated upon the composition of

the soil, and for a time emphasis was placed on soil

analysis. However it was found that not all of the

elements present in the soil ware inmiediately available

to the plant.

-

I
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These men then turned to plant analysis. The

parts of the plants, which had been harvested, were

analyzed and the aniount of each element contained in the

mature plant was determined. The problem was to devise

a method of analyzing a plant during the course of the

growing period, and of determining any deficiencies of

any element by comparing the relative amounts of each

element in the plant. Using this means of determining

the elements which were deficient in the plant, research

workers hoped that a simple formula could be devised so

that every plant could be made to grow and produce at

its maximum ability.

The review tells how the component parts of the

plants wore examined; some parts were found to be better

indicators of the nutritional status of the plants than

others. All parts of the plant have been analyzed, and

it is generally accepted that the leaves provided the

most convenient and the most reliable part of the plant

for analysis.

Some annual cereal plants have been used to allow

the investigators to make observations throughout the

entire life cycle of the plant, thus the nutrient supply

could be con elated with the growth, yield, and quality

of the plants.

The greater amount of the early work in foliar



analysis was done on plants which were showing symptoms

of deficiency, hence a great amount of data has been re-

corded which relates to abnormal plants. This raised the

question concerning the chemical composition of normal

plants.

Some work has been done on the normal plant. Two

men, Kenworthy and Proebsting, have done research on the

normal plant, and have contributed valuable data on pears

in particular. In 1934 Proebsting (35, p. 57) found that

normal growth and yield may occur in bearing Bartlett

pear trees with wide differences in the leaf composition.

The nitrogen varied from 1.80% to 2.65%, while the

phosphorus varied from .20% to .29%. Proebsting was

impressed by the magnitude of the difference in leaf

composition with so slight a difference in tree behavior.

In 1950 Kenworthy (23, p. 42) reported that normal pear

leaves contained from 2.13% to 2.75% of nitrogen, arid

from .110% to .161% of phosphorus on the dry weight basis.

Kenworthy (23, p. 46) made a survey of several kinds of

fruits, apples, pears, peaches, and plums, and of all

these fruits examined, the Bartlett pear tree had the

narrowest range of phosphorus. He suggested that

variety must be considered in any attempt to establish

an optimum value for certain nutrient elemsnts because

of the differences between the fruit trees, and even
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between the varieties of the same fruit trees.

Extensive experimentation has been done on apples

and peaches, both in field and sand culture, and exten-

sive data are available on foliar analyses and nutrient

content of the rooting medium. Several field experiments

have been made to determine the nutrient elements needed

for pears. Boynton (3, p. 642-665) has reviewed the

literature on pear tree nutrition. Two field trials of

fertilizer experiments on Anjou pears were made by

Overholser and Claypool (32, p. 299-303) in 1936, and by

Degnian (10, p. 25-26) in 1945. Other nutrient ox-

periments were made on other varieties of pears, all in

field trials, by Proebsting (35, p. 55-57) in 1934,

Lilleland, Brown, and Conrad (26, p. 1-7) in 1942,

Bryant and Gardner (4, p. 101-103) in 1943, Kenworthy

(23, p. 4l-46) in 1950, and a later experiment by

Proebsting (34, p. 27-30) in 1953.

Leaf analysis is a tool used to determine the

amounts of the essential elements present in the plant.

To make proper use of this tool, a representative sample

of leaves must be collected to determine the mean value

for each element, and consideration should be given to va-

riety, time of year and element concerned (37, p.2$9). It

was found that each horticultural variety had a different

mean value for several elements (23, p. 42), and the

.

-1



gradients in leaf content, varying with each element

during the growing season, must be considered (37, p.244).

Therefore any mean value that may be established should

be based on the element, the variety, and the

physiological age of the leaf.

Inter-relationships of the different macro

nutrient elements are evident in studying the results of

leaf analysis. An example of this is the inverse re-

lationship between nitrogen and phosphorus. Proebsting

in 1934 (35, p. 57) noted that an increase in the

nitrogen fertilization depressed the phosphorus content

of the leaves regardless of the phosphate fertilization.

Batjer, et al., (1, p. 43) noted that the phosphorus

content in the leaves of apples in sand culture in-
creased as the nitrogen was reduced in the nutrient

solution. Nightengale (30, p. 191) found that by

decreasing the nitrate concentration in the nutrient

supply, plants may be induced to accumulate more

phosphorus. Conversely, high phosphate levels may be

associated with nitrogen deficiency. Others who have

noted this same relationship are Cain and Boynton

(5, p. 13), Gooda].l and Gregory (14, p. 56), and

Wadleigh (45, p. 668).

Overholser and Claypool (32, p. 229-303) found

that Anjou pear trees did not respond to phosphorus



without nitrogen in combination with it. They also

found that when nitrogen alone, or nitrogen in combina-

tion with phosphorus and potassium was applied, and the

trees were compared to non-fertilized trees, the ter-

minal growth, trunk circumference, loaf size,

chlorophyll content, total yield, fruit size, and the

surface green color were all increased by the nitrogen

treatments.

In Proebsting's field experiment (34, p. 27-30)

on Bartlett and Winter Nellis pear trees, one half of

the orchard was in sod culture and the other half was

clean cultivated. The pear leaves collected from trees

grown in sod culture had lower nitrogen contents and

higher phosphorus contents than the ones grown under

clean cultivation.

Boynton (3, p. 658) states that the pear tree Is

much more tolerant to low phosphate availability than

most annual crop plants. Results obtained by Kenworthy

(23, p. 43) on Bartlett pear trees were in substantial

agreement. He found that the range in the percent of

phosphorus in the leaves of normal pear trees was the

most limited range of phosphorus In any of the fruit

trees checked.

In 1940 Batjer and Degman (2, p. 101) made the

generalization that soils of the United States, adaptable



to fruit growing, have a sufficient supply of phos-

phorus to meet the requirements of the apple trees.

They added that there are a few instances where a

response has been observed to phosphorus applications.

They found that apple trees in sand culture did not re-

flect any change in growth as phosphorus was decreased

until the concentration was less than 4 p.p.m. Defi-

ciency symptoms appeared below this level. In another

sand culture experiment using apple trees, (1, p.43)

an increase in the nitrogen supply increased the growth

at all levels of phosphorus and potassium. At the high

phosphorus levels the nitrogen in the foliage was roughly

proportional to the amount of nitrogen in the solution.

The level of nitrogen inversely affected the phosphorus

content of the leaves.

In his study of plant nutrition Hoagland (23,

p.48) has evolved the theory of metabolic salt accumu-

lation. iloagland (16, p. 49) first observed this

phenomena in barley plants in liquid media in the

"so called" water culture. Hoagland stated that

Intake of nutrient ions was not merely a diffusion

process proceeding to attainment of equal concentra-

tions or activities of a solute in internal and external

phases as had been taught."

After further study Hoagland found that certain



conditions were necessary for salt accumulation (22,

p. 57). One of the indispensible requirements for salt

accumulation (movement of salt against an osmotic

gradient) by excised barley roots was a supply of oxygen.

The process of salt accumulation is definitely dependent

on aerobic metabolism.

Shear and Crane (37, p. 239-248) (38, p. 319-326)

have developed the concept of nutrient balance. They

consider nutrient balance to be of the utmost importance

in plant nutrition. An explanation of nutrient balance,

stated as simply as possible, is "All other factors

being constant, plant growth and symptom expression are

functions of the two variables of nutrition, intensity

and balance, as they are reflected in the composition of

comparable leaves sampled when the plants are in the

same stages of growth or development. At any level of

nutritional intensity there exists an optimum balance

among these elements at which maximum growth for that

intensity level will result. The maximum potential

growth and yield for any given plant, however, will be

obtained only when the proper balance between all of the

nutrient elements occurs in combination with their

optimum Intensity." (38, p. 320)

Shear, Crane, and Myers (37, p. 239-240) believe

that the leaf composition is the only valid criterion of
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the nutritional status of the plant. Leaf analysis

offers the only means of applying the results of a sand

or solution culture experiment to the field work, since

the interpretation of the nutritional status on the basis

of leaf composition is not concerned with the manner by

which that composition was attained, but only with the

effect, on the growth, of the changes in the leaf com-

position. They further point out that the function of

leaf analysis is to determine the direction and extent of

nutrient unbalance within the plant. All elements and

the interactions between these elements must be consid-

ered in bringing about a nutrient balance within a plant.

In 190? Osterbout (31, p. 117) defined a balanced

solution as one that is not toxic to the plant because of

mutual antagonism or balance. He believed that such a

solution might be of little or no value to the plant.

He also observed that a solution of high nutrient value

may be unbalanced and cause toxic effects in the plants.

In 1947 Wittwer (46, p. 244-256) emphasized the

importance of nutrient balance by observing that a lack

of balance among the nutrient elements was more detri-

mental to the plant than a deficiency in all the

elements.

The following is a brief statement of the concept

of nutrient balance: In order to obtain maximum growth



13

for any plant, an optimum balance must exist among the

nutritional elements. Each plant may have specific

levels for any element in order to make maximum growth.

Leaf composition is the criterion used to establish the

nutritional status of the plant.

Another theory of plant nutrition is the view-

point adopted by Ulricb (42, p. 158) in which the concept

of critical nutrient levels, within the plant, has been

combined with the ideas associated with the theory of

limiting factors.

According to Ulrich the critical nutrient level is

that range of concentration of a given nutrient within

which the growth of the plant is restricted, in compari-

son to the growth of plants at a higher nutrient

level (42, p. 159).

When the nutrient concentration of the plant

remains above the critical level throughout the entire

growth period, the possibility of a response in growth

from addition of more nutrients is highly improbable.

Conversely, when the nutrient concentrations of the

plant remains below the critical level, then the possi-

bility of a growth response under field conditions

increases rapidly as the nutrient concentrations

decrease (42, p. 161).

Thus the theory of critical nutrient level states
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that a plant can grow normally within a wide range of
nutrient concentration.
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MATERIALS AND METHODS

Me chani o al Apparatus

A controlled process for delivering a dotermined

amount of nutrients was necessary for the sand culture

experiment on Anjou pear trees; therefore an automatic

irrigation system was a necessary prerequisite for this

experiment. An investigation of systems, which had been

used for similar experiments, revealed that both Gauch

and Wadleigh (13, p. 543) and Chapman and Leibig (7,

p. 141-173) had used automatic systems for sand culture

experiments. However neither of the systems was satis-
factory for this particular experiment, but from ideas

derived from their systems, and from a study of the

requirements for this specific experiment, an automatic

system for irrigating the trees was devised. (See

Figures 1 and 2.)

Nutrient solutions were kept in storage crocks on

a shelf under the bench on which the trees were grown.

Compressed air was used to move the nutrient solutions

from the storage crocks to the containers above them.

The air was controlled by a solenoid valve placed between

the compressor and the experimental area. This valve

was controlled by a furnace stoker timer switch which

could be adjusted to various time intervals. The



I

2
3
4
5
6

*2 CROcK
SAND
GRAVEL
SUPPORT SLQCI
UPPER 9WCH
5 CROCK

7 NUTRN'r SOLUTION
S SUPPORr BLOCk
0 F-0QR
10 &GAL-JUG

I AIR INLET LIPJ
)Z SOLUTON IWL7

I3SOLUTIQN %NLLI
14 I-YYCHCcvw
5 tRAINCOcpc

I SOLIJTION LV&L
NDEX

I7COVER ON CROci
IBORAU4 LINE

Figure 1. Crossectlon of mechanical apparatus

16



1?

interval selected for this experiment was three minutes

of every hour.

An air distribution system was necessary in order

to have an adequate air supply simultaneously for each

of the solution cultures. In order to accomplish this,

a manifold was constructed under each table so that each

treatment of each replication was directly connected to

the source of the compressed air. To make it possible

for the manifold to be an open system when the pressure

was shut off by the magnetic valve, a manually operated

petcock was installed in the line. This valve was

adjusted so that sufficient pressure was transmitted to

the nutrient solution transfer system to raise the

solutions properly without causing any back pressure

when the compressed air was shut off by the control valve.

The nutrient solutions were supplied to the tree

through a series of containers. Two-gallon glazed

earthenware crocks, in which the trees were later planted,

were placed on the top of benches in the greenhouse;

there were three benches with two rows of nine crocks on

each bench. Each crock had an opening in the bottom, in

which a drainage tube was placed so that it drained into

a larger Number Five crock underneath, which served as a

storage container or reservoir for the nutrient solu-

tions. These nutrient storage crocks, placed on a shelf

.1



approximately six inches high, were covered with a

plywood board, in which an opening had been made for the

drainage from the upper crock. There were two openings

in these crocks; one was about a third of the way down

from the top, and the other about an inch orso up from

the bottom. In the upper opening a small glass tube,

which had been bent to a 900 angle, was inserted. Each

glass tube was calibrated to indicate 20 liters on each

individual crock; thus a quick, accurate check could be

made, and the solution could be maintained at an exact

level at all times. The lower opening was connected to a

small necked one-half gallon bottle by glass and rubber

tubing. A small one way valve, which allowed a free

gravity flow of the solutions from the storage crooks

into the smaller container, was installed in this line of

tubing. When the air pressure was applied, the reverse

flow in this line would close the valve, and the air

pressure would force the solutions up and over the edge

of the crocks on the upper bench through a second tube

which reached to the bottom of the bottle. This bottle

served two purposes; as a means of measuring the exact

amount of solution applied, and also as a sealed chamber,

thus enabling the nutrient solutions to be forced into

the crooks on the bench above. The excess nutrient

solution drained by gravity into the storage crock below,



Figure 2. Nutrient reservoir and transfer system
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thus completing the solution cycle.
All glass tubing and bottles were painted black

to exclude all light; black rubber stoppers were used

to assure air tight seals.

Planting The Trees

The Anjou pear trees, used in this experiment,

were purchased from Otto Bohnert, Central Point, Oregon.

Seventy-five vigorous one-year-old scions of the Anjou

pear tree, which had been grafted on two-year-old blight

resistant rootstock, P8? x P18, developed by Professor

F. C. Reimer, of the Southern Oregon Agricultural x-

periment Station at Medford, were received with bare

roots. The size and vigor of the trees, as shown in
Figure 3, is apparent.

Each tree was numbered, the scion was cut off

just above the second lateral bud, and the roots were

trinmied so that the tree would fit in the crock. All

fibrous roots were carefully removed, leaving only the

main root system, thus ensuring an accurate measurement

of all the new root growth. Each tree was weighed after

trimming and the weight recorded. The severity of the

pruning is evident in the photograph in Figure 4.

Crocks had been prepared for the planting of the

trees by covering the bottom opening with a pad of fiber



Figure 3. Sine and vigor of the original trees
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glass gauze to keep the sand out of the drain tube, and

by placing a layer of gravel about an inch thick over the

gauze to provide for drainage. The crocks were then

partially filled with white beach sand. This sand had

previously been washed and leached of all possible

mineral salts, then air dried so that the sand would

flow easily around the roots and sterns of the trees.

The trees were placed in position and the sand filled

in, leaving an inch and a half space at the top of the

crock. (See Figure 5.)

The trees were all planted on February 17, 1951,

and were watered with tap water until treatments wore

started on May 1, 1951. Forty-five trees of uniform

size and vigorous growth were selected for the experi-

inent. The uniformity of the size of the trees is

apparent in the photograph in Figure 6. Nine of the

remaining trees were planted in a sixth replication, and

were given the same treatment so that they could be used

as replacements, if necessary.

The forty-five trees selected f or the experiment

were randomized within each replication; the trees were

arbitrarily numbered one through nine, and by using

random number tables the trees in each replication were

given a randomized position on each bench. The nine

nutrient solution treatments were randomized in the



Figure Li.. Rootstock and scion after pruning

Figure 5. Rootstock and scion after planting
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Figure 6. Uniform appearance of the trees selected
4:-
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same manner, The selection of the trees to receive

certain nutrient solutions, and the placement of the

trees on the greenhouse benches were all determined by

chance.

On the first day of May, the nutrient solutions

were placed in the storage crocks, and the automatic

system was set to apply a single irrigation of one half

gallon of the solution each day. This schedule of

irrigation was maintained until May the fifteenth, then

the system was adjusted to apply two irrigations a day

during the daylight hours. On May twenty-sixth the

frequency was increased to three irrigations each day

during the daylight hours. At this time the growth was

so rapid that evidence of wilting was observed, and in

order to insure completely adequate irrigation, a new

timing clock which operated on hourly intervals was

installed. It was adjusted to hold the air valve open

for three minutes of each hour, twenty four times each

day. This schedule was maintained for the rest of the

growing season.

As the trees grow, they used a great amount of

water; however the liquid level was maintained daily by

adding water until the solution level was raised to the

index mark on the sight tube on each reservoir crock.

The pH of the solutions was checked daily and when they
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became above pH 6.8 they were lowered to pH 6.5 by adding

hydrochloric acid, dIluted 1:10.

The solutions were changed completely every week

during the entire growth cycle. This practice main-

tained the concentration of all nutrient elements, and

also eliminated the necessity of making chemical analyses

of the several treatments to determine when the concen-

tration of any nutrient element needed to be replenished.

Nutrient Solutions for Treatments

The basic nutrient solution used in this experi-

ment was Hoagland's (25, p.37) four salt solution,

which supplies nitrogen, phosphorus, potassium, calcium,

magnesium, and sulphur. Iron, in the form of iron

tartrate, was added to this solution. The minor

elements, boron, manganese, zinc, copper, and molyb-

denum, were supplied in a supplementary solution.

The concentration of nitrogen and phosphorus for

the solutions was determined by establishing a high

level of each, Modifications of the basic solution were

used for the medium and low levels. potassium nitrate

and calcium nitrate were used as the source of nitrogen.

Potassium nono-hydrogen phosphate was used as the

source of phosphorus. In each case the equivalent

weight is equal to the atomic weight of the element.

I
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Therefore one milliequivalent of nitrogen Is equal to

14 mg per liter or 14 ppm; and one milliequivalent of

phosphorus is equal to 30.98 mg per liter or 31 ppm.

Table 1 contains the concentrations of nitrogen and

phosphorus as milliequivalonts and as parts per

millionfor each treatment.

Table 1

TheConcentration of Nitrogen and Phosphorus
In the Nutrient Solutions

Nitrogen Phosphorus

Level me. ppm Level me ppm

N3 15 210 P3 1.0 31.0

N2 10 140 P2 0.5 15.5

N1 1 14 P1 0.1 3.1

A factorially arranged experiment, having three

levels each of nitrOgen and phosphorus, with five

replications, was used. Table 2 contains the concentra-

tions of nitrogen and phosphorus in milliequivalents and
the nitrogen to phosphorus ratio of each treatment.

All other nutrient elements were held at constant

levels, as shown In Table 1 in the appendix.
Stock solutions of each salt required, and



supplementary solutions of the minor elements, were

prepared in sufficient quantities to make all necessary

changes during the course of the experiment. Ton percent

hydrochloric acid solution was prepared for use in

maintaining the pH of the solutions.

Table 2

The Concentrations of Nitrogen and Phosphorus
in Milliequivalents and the Nitrogen to
Phosphorus Ratio of the Treatments

N1P1 N1P2 N1P3 N2P1 N2P2 NP3 N3P1 N3P2 N3P3

me.
of N 1.0 1.0 1.0 10.0 10.0 10.0 15.0 15.0 15.0

me.
of P 0.1 0.5 1.0

ic/P 10 2

Measurement of Growth

0.1 0.5 1.0 0.1 0.5 1.0

100 20 10 150 30 15

The top growth of each tree was measured and

recorded each week; any changes in the leaf color of

texture were noted and recorded. After the terminal

bud had formed, the trees were harvested. (See Figure 7.)

Harvesting of the Trees

Each tree was separated into tip leaves, basal

leaves, tip stem, basal stem, new roots, old roots,



Iigure 7. Trees prior to harvest
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Figure 8. New root growth of one replication



stock, and scion. Each fraction was labeled, washed

thoroughly, placed i-i a paper bag, dried to constant

weight at 103° C. and weighed. Woody fractions were cut

into 1/4 to 3/8 inch segments before drying. All sand

and other particles were washed from the roots by

placing them over quarter-inch mesh hardware cloth,

which had been stretched over the top of a metal drum.

The dried samples were ground to rpinus 40 mesh,

stored in glass bottles, then redried prior to weighing

out aliquots for chemical analysis.

Analysis of the Leaves

The leaves were analyzed chemically for total

nitrogen and total phosphorus.

Total nitrogen was determined by using a modified

semi-micro Kjeldahl technique. A brief outline of this

procedure has been included in Table 2 in the appendix.

All analyses were made in duplicate and the average of

the two values was used as the value for the sample.

Total phosphorus was determined by the method

described by Fiske and Subbarow (12, p. 375-400), using

the remainder of the acid digest from the nitrogen

determination. Details of the method are given in Table

3 in the appendix.

I -
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The data on the average percentages of nitrogen

and phosphorus in the leaves, the dry weight of the

leaves, and the total nitrogen and phosphorus accumu-

lated in the leaves has been arranged in tables which

show the behavior of one nutrient element at three

different concentration levels, while the other nutrient

element was constant.

Tables 3, 4, and 5 show the response of phos-

phorus in the leaves as the nutrient supply of phos-

phorus was varied, and the nutrient supply of nitrogen

remained constant. Each nutrient level of nitrogen was

considered separately.

Tables 8,9, and 10 show the response of nitrogen

in the leaves, as the nutrient supply of nitrogen was

varied, and the nutrient supply of phosphorus remained

constant. Each nutrient level of phosphorus was

considered separately.

The Responses of Phosphorus in the Leaves, as the phos-

phorus in the Nutrient Solution was Varied According to

the Treatment

Low Level of Nitrogen. When the nitrogen supply was

maintained at the lowest level, and the phosphorus

supply was varied in the solutions, the following
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results were obtained:

Table 3

Low Level of Nitrogen

Treatment N1P1 N1p2 N1P3

Percent of
phosphorus 0.171 0.211 0.206
in leaves

Dry weight
of leaves,gr 28.5 27.5 26.3

Total
phosphorus 0.04836 0.05920 0.05606
in leaves, gr

As the supply of phosphorus was increased from

the low level to the medium level in the solutions, an

increase in the percent of phosphorus in the leaves was

noted. A higher phosphorus concentration did not

increase the percent of phosphorus in the leaves.

The dry weight of the leaves was greatest at the

lowest phosphorus level, and the dry weight of the

leaves declined slightly as the concentration of phos-

phorus was Increased in the nutrient solution.

The total phosphorus In the leaves followed the

same trend as the dry weight of the leaves.

Medium Level of Nitrogen. When the nitrogen supply was

maintained at the medium level and the phosphorus supply
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was varied, the following results were recorded:

Table 4

Medium Level of Nitrogen

Treatment N2P1 N2P2 N2P3

Percent of
phosphorus 0.183 0.186 0.229
in leaves

Dry weight
of leaves 23.0 21.9 23.6

Total
phosphorus 0.04344 0.04150 0.05460

In this series the percent of phosphorus in the

leaves increased as the concentration of phosphorus was

increased in the nutrient solution.

The dry weight of the leaves varied negligibly

in all treatments.

The total phosphorus in the leaves varied only

slightly and in the same manner as the dry weight of the

leaves.

High Level of Nitrogen. When the nitrogen supply was

maintained at the highest level and the phosphorus supply

was varied, the following results were observed:
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Table 5

High Level of Nitrogen

Treatment N3P1 N3P2 N3P3

Percent of
phosphorus 0.174 0.208 0.240
in leaves

Dry weight
of leaves 28.7 39.2 16.2

Total
phosphorus 0.05270 0.08366 0.04122

In this series the percent of phosphorus in the

leaves increased as the concentration of phosphorus was

increased in the nutrient solution.

The dry weight of the leaves increased as the

supply of phosphorus was increased from the low level to

the medium level, but further increases in the phos-

phorus concentrations in the nutrient solution resulted

in a reduction in the dry weight or the leaves.

The total phosphorus in the leaves responded in

the same nanner as the dry weight of the leaves.

The data previously discussed are summarized in

Tables 6 and 7. The percentage of phosphorus in the

leaves is illustrated in Figure 9. The curves on the

left illustrate the effect of nitrogen; the curves on

the right show the effects of phosphorus.
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Table 6

Average Percent of Phosphorus in the Leaves

N1P N2 N3 Average

P3 .3.71 .183 .174 .176

P2 .211 .186 .208 .202

P3 .206 .229 .240 .225

Average .196 .199 .207

Table 7

Total Phosphorus Accumulated in the Leaves (ing)

N2 N3 Average

P1 48.3 43.4 52.7 48.0

P2 59.2 41.5 83.6 61.4

P3 56.0 54.6 41.2 50.6

Average 54.5 46.5 59.2

The Responses of Nitrogen in the Leaves as the Nitrogen

Concentration in the Nutrient Solution Was Varied

A000rding to the Treatments

Low Level of Phosphorus. When the phosphorus supply was

maintained at the lowest level and the nitrogen supply
was varied, the following results were obtained:
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Table 8

Low Level of Phosphorus

Treatment P1N1 P1N2 P1N3

Percent of
nitrogen 2.33 2.43 2.29
in leaves

Dry weight
of leaves 28,5 23.0 28.7

Total nitrogen
in leaves 0.6522 0.5696 0.6814

An increase in the percent of nitrogen In the

leaves was observed as the supply of nitrogen was in-

creased from the low level to the medium level; however,

a decrease in the percent of nitrogen was observed when

the nitrogen supply was increased to the highest level.

The dry weight of the leaves was essentially the

same at the low and high levels of nitrogen, but the

dry weight of the leaves decreased at the medium level

of nitrogen.

The total nitrogen in the leaves varied In the

same manner as the dry weight of the leaves.

Medium Level of Phosphorus. When the phosphorus supply

was maintained at the medium level in the nutrient

solution, and the nitrogen supply was varied, the

following results were obtained:
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Medium Level of Phosphorus

Treatment P2N1 P2N2 P2N3

Percent of
nitrogen 2.34 2.10 2.33
in leaves

Dry weight
of leaves 27.5 21.9 39.2

Total nitrogen
in leaves 0.6470 0.4646 0.9422

The percent of nitrogen in the leaves responded

in an irregular manner in this series of treatments. A

decrease in the percent of nitrogen in the leaves was

observed when the nitrogen supply was at the medium level.

The dry weight of the leaves was the heaviest

at the high level of nitrogen. The dry weight of the

leaves was less at the low level of nitrogen; and the

dry weight of the leaves was the least at the medium

level of nitrogen.

The total nitrogen in the leaves varied in the

same manner as the dry weight varied.

High Level of Phosphorus. When the phosphorus supply

was maintained at the highest level In the nutrient

solution, and the nitrogen supply was varied, the

following results were obtained:



Treatment

Percent of
nitrogen
in leaves

Dry weight
of leaves

Total nitrogen
in leaves
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Table 10

High Level of Phosphorus

P3N1 P3N2 P3N3

2.20 2.22: 2.14

26.3 23.6 16.2

0.5988 0.5276 0.3670

The values for nitrogen were generally lower in

this series with high phosphorus. 10 difference was
noted in the percent of nitrogen in the leaves in the

treatments receiving the low and medium levels of nitro-

gen in the nutrient solutions; however a slight decrease

in the percent of nitrogen in the leaves was noted at
the high level of nitrogen in the nutrient solution.

The dry weight of the leaves decreased as the

nitrogen supply in the nutrient solution was increased.

The total nitrogen in the leaves also decreased as

the nitrogen supply increased.

These data previously discussed are smrmiarized in

Tables 11 and 12. The percentage of nitrogen in the

leaves is Illustrated In Figure 10. The curves on the

left illustrate the effects of nitrogen; the curves on

the right show the effects of phosphorus.



P1

p2

P3

Average

tuI

Table 11

Average Percent or Nitrogen in the Leaves

N1 N3 Average

2.33 2.43 2.39 2.35

2.34 2.10 2.33 2.26

2.20 2.22 2.14 2.19

2.29 2.25 2.25

Table 12

Total Nitrogen Accumulated in the Leaves (ing)

N1 N2 N3 Average

P1 652.2 569.6 681.4 634.4

P2 647.0 464.6 942.2 684.6

P3 598.8 527.6 367.0 497.8

Average 632.6 520.6 663.5

The Growth of the Trees

Length of Shoot. The progress which the trees made

during the growing season was recorded each week. Nota-

tions were made concerning leaf color and size, as well

as the general vigor of the trees.
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Table 13

Average Length of Shoot Growth in Centimeters

N1 N2 N3 Average

P1 177.5 147.0 1640 162,8

P2 188.8 157,6 230.9 192.4

P3 155.3 157.1 102,4 138.3

Average 173.8 153.9 165.7

In the treatment, N$P2, the trees grew more

vigorously than In any other. Four of the five trees

grew 207 centimeters or more; the tallest grew 368

centimeters. Only three trees, each in a different

treatment, grew over 200 centimeters. The leaves were

large and dark green.

In the treatment, N3P3, the trees made the poorest

growth of any treatment. The trees did not start their

growth well in this solution; three trees had to be

replaced, and one had to be replaced twice. Three trees

of this treatment made very poor growth responses; one

grew only 47.5 centimeters, one, 77.5 centimeters, and

one 86 centimeters. Only one tree in all other treat-

ments made as poor growth, 76 centimeters, as the above

mentioned trees. In general, the leaves In this treat-

ment had light green to yellow veins.
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The ratio of nitrogen to phosphorus in the N3P2

solution was 30, in the N3P3 solution, it was 15.

The growth of the trees in the other seven treat-

inents did not vary significantly from the average, as

can be observed in Figure 11.

p Weight of Component Parts. The dry weights of the

leaves, stems, roots, and the total dry weight are

shown in Tables 14, 15, 16, and 17.

P1

P2

P3

Average

P1

F'2

P3

Ave rage

Table 14

Total Dry Weight of the Leaves in Grams

N3 Average

28.5 23.0 28.7 26.7

27.5 21.9 39.2 29.5

26.3 23.6 16.2 22.0

27.4 26.2 28.0

Table 15

Total Dry Weight of Shoots in Grams

N1 N2 N3 Average

37.8 31.7 37.4 35.6

40.8 25.7 55.2 40.6

36.3 29.9 16.8 27.7

38.3 29.1 36.5

I

I
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Table 16

Total Dry Weight of New Roots in Grams

N1 N2 N3 Average

P1 5.7 3.0 5.1 4.6

P2 8.9 4.1 8.4 7.].

P3 8.7 8.2 4.4 7.1

Average 7.7 5.1 5.9

Table 17

Total Dry Weight of New Growth in Grams

N1 N2 N3 Average

P1 71.8 57.7 71.2 66.9

P2 77.1 57,7 102.7 79.2

P3 71.3 61.7 37.6 56.9

Average 73.4 59.0 70.5

The Effect of the Nitrogen to Phosphorus Ratio in the

Nutrient Solutions

As the previous results indicate, the trees re-

sponded to different nitrogen to phosphorus ratios in

the nutrient solutions, The following table shows the

relationship between the nitrogen to phosphorus ratio in

the nutrient solutions to the nitrogen to phosphorus

ratios in the leaves.
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Treatment

N/P ratio
in nutrient
solution

N/P ratio
in leaves

Table 18

Ratios of Nitrogen to Phosphorus

N1P1 N2P1 N3P1

10 100 150

13.483 13.112 12.930

Treatment N1P2 N2P2 N3P2

N/P ratio
in nutrient 2 20 30
solution

N/P ratio
iii leaves 10.929 11.195 11.262

Treatment N1P3 N2P3 N3P3

N/P ratio
in nutrient 1 10 15
solution

N/P ratio
in leaves 10.681 9.663 8.903

As the nitrogen supply was increased in the

nutrient solution at all phosphorus levels, the nitrogen

to phosphorus ratio in the leaves did not follow a

regular trend. At the highest and lowest levels of
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phosphorus in the nutrient solutions, a decrease in the

nitrogen to phosphorus ratio in the leaves was observed.

At the medium level of phosphorus in the nutrient solu-

tion, the nitrogen to phosphorus ratio in the leaves

increased. (See Figure 12.)

As the phosphorus was increased in the nutrient

solution at all nitrogen levels, the nitrogen to phos-

phorus ratio in the leaves decreased. Therefore one

can conclude that more phosphorus was absorbed by the

trees as the supply of phosphorus was Increased in the

nutrient solution. (See Figure 13.)
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DISCUSSION

Effects of Nitrogen

In all of the treatments, the supply of nitrogen

in the nutrient solution did not cause the percent of

nitrogen in the leaves to vary by a statistically sig-

nificant amount, as substantiated in Table II. These

results indicated that the supply of nitrogen in the

nutrient solutions was adequate, at all levels, to

support normal development of the leaves of the trees.

It was further indicated that when the supply of avail-

able nitrogen was kept constant, the trees were able to

absorb adequate nitrogen from the nutrient solutions,

even when the concentration of nitrogen was maintained

at the low level of one milliequivalent of nitrogen per

liter. One may conclude from this evidence that the

available nitrogen supply must be lowered to less than

one milliequivalent per liter before deficiency symptoms

will be evident in the Anjou pear tree, under the

conditions of this experiment.

The leaf phosphorus was not affected by the level

of nitrogen, as shown in Table 6. The main effects of

nitrogen were not statistically significant at the five

percent level. These data are included in Tables 6 and

11, and are plotted in Figure 14.
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Effects of Phosphorus

The statistical analyses of the variations of the

percent of phosphorus in the leaves showed significant

differences between treatments.

The main effect of the phosphorus in the nutrient

solution was to increase the phosphorus content of the

leaves as the supply of phosphorus was increased, as

shown in Table 6. This response was in accord with the

findings of Proebsting (34, p. 27-30), Lilllland,eta].

(26, p. 1-7), and others working in the field of plant

nutrition.

The main effect of phosphorus on nitrogen was

negative at all, phosphorus levels, but the magnitude of

this effect was not statistically significant at the five

percent level. These data are presented in Table 11 and

illustrated in Figure 15.

The depression of nitrogen absorption was

detectable at the medium phosphorus level of 0.5

inilliequivalents per liter. At the high phosphorus

levels, 1.0 mi].liequivalents per liter, the depression

of nitrogen absorption was the most severe of all
of the treatments. The growth and. development of

the trees which received the N3P3 treatment were

the poorest of all of the treatments. Du.ring the

growth period, the most apparent physical reason



0.231. L.EIAF NIToGENX

I
p

0.221

0.21

O.2C

I

o.søL

1.0 10.0 l.O
N, Na f43

F,GE 14. LEAF PHOSPI4ORU AND L..E

NITROGEM A2 NFWED S(
LEVEL OFN%TROGEN %NTI-i
NUTRIENT SOLOTION,

o 221
N. LEAF NITROGEN xA'01 N

0.24

a21

0J

O.IBL / LEAF F'14OSP4ORUS

OJT
0.1 0.5 1.0
P1 Pa

FI6uRcs LEAF pHo5p%4oRt)5

AND LEAF ('(ITROGEN AS
INFLUENCED Y LEVEL OF
PHOPHORU. IN NUTFIENT
SOLUTIONS.



53

that the trees did not grow well was that the root

system railed to develop adequately. The shoots started

to grow, but dried up, stopped growing, and died. The

original trees that died were replaced by other trees

which had received identical treatment and had been

maintained for replacement purposes.

After the trees were harvested, the analyses of

the leaves and the weights of the component parts of the

trees verified the observation that the treatment,

N3P3, produced the poorest growth response and contained

low levels of nitrogen and high levels of phosphorus in

the leaves.

Effects of Nitrogen to Phosphorus Ratio

Of all the treatments N3P2 produced the best

growth. The concentration of nitrogen in this treatment

was 15.0 milliequivalents per liter, and the concentra-

tion ofphosphorus was 0.5 rnilhiequivalents per liter;

the nitrogen to phosphorus ratio of the solution was 30.

The trees that grew in this treatment exceeded all others

in average length of shoot, dry weight of shoot, leaves,

roots, and total dry weight of new growth.

The second best growth occurred with the treat-

ment N3P1, in which the nitrogen concentration was also

15.0 milliequivalents of nitrogen per liter, while the
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phosphorus was reduced to 0.1 inilliequivalents per

liter; and the nitrogen to phosphorus ratio was equal to

150. The trees of this treatment bad large, dark green

leaves and appeared to be normal vigorous trees.

The next best growth occurred with treatment

in which the nitrogen concentration was at the low level

of 1,0 inilliequivalent per liter, the phosphorus concen-

tration was 0.1 milliequivalents per liter, and the

nitrogen to phosphorus ratio was 10. The wide range in

the nitrogen to phosphorus ratio between these last two

treatments indicated that the Anjou pear trees were able

to absorb sufficient nitrogen and phosphorus to support

normal growth, even when the level of supply was as low

as in treatment N1P1.

This ability of the Anjou pear tree, to absorb

both nitrogen and phosphorus from a nutrient solution

with very low levels of each of the elements, implies

that heavy fertilization with either of these elements

may not be necessary for normal vigorous growth; this is

especially true in the case of phosphorus. Therefore,

unless the soil is known to be low in available phos-

phorus, it may not be economical to fertilize with

phosphorus.
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A study on the influence of the concentration and

ratio of nitrogen and phosphorus in the nutrient solution

upon the concentration of nitrogen and phosphorus in the

leaves of Anjou pear trees was made during one growth

period.

Materials and Methods Used in the Experiment

1. The trees were grown in earthenware crocks

with white beach sand as the physical support and root-

ing media,

2. Nutrients were supplied in a solution, which

contained all of the micro and macro elements considered

essential for plant growth.

3. The concentrations of the nutrient solutions

were maintained by weekly changes of the entire volume

of the solution for each treatment.

4. The volume of the nutrient solution was main-

tamed by daily addition of water.

5. The pH of the solutions was checked daily and

was kept slightly acid with dilute hydrochloric acid.

6. The circulation of the solutions was accom-

pushed by the use of compressed air. The cycle was

automatically controlled by a time clock, relay system,

and a solenoid valve situated in the air inlet line.
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7. During the course of the experiment, observa-

tions were made of the rate of growth of the shoots, and

of the visible responses of the trees, such as the color

of the leaves, chiorosis, necrosis, and any other niani-

festations that occurred during the period of growth.

8. After the terminal bud had formed, the trees

were harvested and separated into new roots, leaves, and

stems. The dry weights of these components were deter-

mined.

9. Only the leaves were chemically analyzed for

nitrogen and phosphorus.

Observations Made from the Experiment

The following observations were made from the

analyses of the data compiled.

1. The Anjou pear trees grew satisfactorily when

the phosphorus was at very low levels.

2. More phosphorus was absorbed by the trees as

the supply of phosphorus was increased.

3. The concentration of phosphorus adversely

affected the absorption of nitrogen by the trees.

4. The trees responded to an increased nitrogen

supply at the low and medium levels of phosphorus, but

not at the high level of phosphorus.

5. The ratio of nitrogen to phosphorus in the
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leaves varied within a narrow range, while the nitrogen

to phosphorus ratio in the nutrient solutions varied

over a wide range.
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ppendix 1

Composition of Nutrient Solutions

Treatment Salt Molar Ionic Balance 1M Stock
Concen-
tration

me.
cation

me.
anion

Solution
mi/liter

N3P3 Ca(NO3)2 0.005 10.0 10.0 5.0

iO3 0.005 5.0 5.0 5.0

MgS% 0.002 Lj.O 1.0 2.0

0.001 1.0 1.0 1.0

*

N3P2 Ca(NO3)2 0.005 10.0 10.0 5.0

KJO3 0.005 5.0 5.0 5.0

MgS% 0.002 i..0 L.0 2.0

KH2P% 0.0005 0.5 0.5 0.5

K2S% 5M 0.00025 0.5 0.5 0.5

N3P1 Ca(NO3)2 0.005 10.0 lQ.0 5.0

KNO3 0.005 5.0 5.0 5.0

MgS% 0.002 Ij..0 14.0 2.0

KH2PO14 0.0001 0.1 0.1 0.1

K2801t. .SM o.000145 0.9 0.9 0.9

* Each of the nine treatments had 1.0 ml of
minor element solution, 1.0 ml of iron
solution, and 0,25 ml of 10% HC1 added per
liter.
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Appéiidixi 1 (Cont'd)

Composition of Nutrient Solutions

Treatment Salt Molar Ionic Balance lM Stock
Concen-
tration

me.
cation

me.
anion

Solution
mi/liter

N2P3 Ca(NO3)2 0.0025 5,0 5.0 2.5

03 0.005 5.0 5.0 5.0

MgS% 0.002 !..0 1.j..0 2.0

0.001 1.0 1.0 1.0

CaS% .O1M 0,0025 5.0 5.0 250,0

N2P2 Ca(NO3)2 0.0025 5.0 5.0 2.5

03 0.005 5.0 5.0 5.0

MgS% 0.002 tko 2.0

0.0005 0.5 0.5 0.5

CaS% .O1M 0.0025 5.0 5.0 250,0

123% .5M 0.00025 0.5 0.5

N2P1 Ca(NO3)2 0.0025 5.0 5.0 2.5

KNO3 0.005 5.0 5.0 5.0

MgS% 0.002 1..0 LI..0 2.0

IcK2P% 0.0001 0.1 0.1 0.1

CaS% .0114 0.0025 5.0 5.0 250,0

123,011. .514 0.00o1,5 0.9 0.9 0.9
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Appàln.±x l(Cont'd)

Composition of Nutrient Solutions

Treatment Salt Nolar Ionic Balance 114 Stock
Concen
tration

me.
cation anion

Solution
mi/liter

N1P3 KNO3 0.001 1.0 1.0 1.0

NgS% 0.002 14.0 1.0 2.0

0.001 1.0 1.0 1.0

CaS% .0114 0.002 11.0 1.0 200.0

K28014 .514 0.002 14.0 14.0 11.0

CaC12 0,003 6.0 6.0 3.0

N1P2 KNO3 0,001 1.0 1.0 1.0

Mg8014 0.002 14.0 1.O 2.0

0.0005 0.5 0.5 0.5

Ca5014 .0114 0.002 14.0 14.0 200.0

K28014 ,5M 0.00225 14.5 14.5 14.5

CaCl2 0.003 6.0 6.0 3.0

N1P1 KNO3 0.001 1.0 1.0 1.0

MgSO14 0.002 14.0 11.0 2.0

KR P014 0.0001 0.1 0.1 0.1

CaSO14 .0114 0.002 1.,0 14.0 200.0

K2S014 .514 0.002145 11.9 14.9 14.9

CaC12 0.003 6.0 6.0 3.0

I



Appendix 2

A Brief Outline of the Modified Semi-Micro KJeldahl

Nitrogen Determination Used to Analyze the Leaf Tissue

Reagents Used:

Sulfuric acId, concentrated, nitrogen free
Potassium sulfate, reagent grade
Copper sulfate
Powdered selenium metal
Sodium hydroxide, 15N
Boric acid, 4% solution
Hydrochloric acid, 2N, standardized
Sodium carbonate
Indicator; Methyl red and brom-cresol green

Proceedure:

Weigh and transfer to a 100 ml Kjeldahl digestion

flask, 100 nig of leaf powder, which has been dried in an

oven at 103°C and cooled in a desicator. Add one gram

of a catylist mixture, composed of 100 grams of 1(2504,

25 grams of CuSO4, and 1 gram of selenium metal. From a

burette add 3 nil of concentrated H2504 while rotating the

flask gently so as to wet all of the sample and prevent

the 1088 of nitrogen, thus charring the tissue.

Place the digestion flask over a low heat under a

hood, and heat until all frothing has ceased and the

heavy fumes have diminished somewhat. When the solution

will boil without frothing, raise the temperature and

boil vigorously, rotate the flask occasionally to insure

complete solution. Clearing of the solution should be
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evident in twenty to thirty minutes. After the clearing

process has been completed, continue heating the solution

for one half the length of time required to clear it.

Allow the liquid to cool slightly, then dilute with
50 nil of water in the digestion flask. Add enough 15 N

NaOH to the diluted liquid to make the solution basic.

Determine the correct amount of NaOH by titrating 3 ml of

H23% with the 15 N NaOff.

Connect the digestion flask to a distilling condenser,

have a glass bulb trap placed between the flask and the

condenser to prevent accidental passage of the alkaline
solution through the condenser to the collection flask.

Collect the ammonia in 5 ml of Li.% H3B%, placed in a 250 ml

erlenmeyer flask. Distill for ten minutes after condensa-

tion is observed In the bulb of the trap. All of the NH3

will be carried over after boiling for ten minutes.

Titrate the solution with the standardized hGI and calculate

the percent of nitrogen with the following formu.].a:

(ml HC1) - ( ml blank) x 100 =
weight of tissue



Appendix 3

The Colorimetric Determination of Phosphorus

Sample Digestion:

100 mg of the dried leaf tissue was placed in a

50 ml beaker, 3 ml of concentrated sulfuric acid was

added to the sample. The sample was thoroughly wet with

the acid and then placed over low heat until the frothing

and fuming was reduced so that more heat could be applied.

As soon as the solution cleared, it was then boiled for

an additional period equal to half the time required to

clear. After the solution was cooled, it was diluted to

100 ml with water.

Reagents Used:

Sulfuric acid, concentrated

Sulfuric acid 10 N

Molybdate solution:

Dissolve 25 gr of amnmonium mnolybdate in

200 ml of water, rinse into 1 L volumetric

flask containing 500 ml of 10 N sulfuric

acid. Dilute to 1 L with water.

Standard phosphate solution: (5 nil 0.4 mg P)

Dissolve 0.3509 gr of pure monopotassium

phosphate in water, add 10 in]- of 10 N

sulfuric acid to bring volume to 1 L.

-



Sodium sulfite 20%

Sodium bisulfite 15%

Aminonaptholsulfonic acid 0.25%

Dissolve 0.5 gr of the above dry powder in

195 nil of 15% sodium bisu].flte, add 5 in].

of 20% sodium sulfite, and shake until

dissolved. Add additional sodium sulfite

1 in]. at a time if more Is needed to dissolve

the aminonaptholsulfonic acid.

Proceedure:

Take a 10 nil aliquot of the acid digest and dilute

it to 25 ml. From this solution pipette 1 nil into a 50

in]. volumetric flask. To the flask, add 4 in]. of the

inolybdate solution, and allow it to stand for a few min-

utes. Add 20 in]. of water and follow with 2 in]. of amino-

naptholsulfonic acid. Complete the volume with water and

allow it to stand until the color has stabilized. Iead

the samples on a colorimeter and compare the readings with

a working curve. The working curve was prepared by di-

luting a series of standards from the standard phosphate

solution, using the above described proceedure. A check

standard was run with each series of samples In order to

verify the curve for each set of samples.



Appendix 4

Length of Shoots in Centimeters

P1

Ày

P2

Ày

P3

N1 N2 N3

294.0 185.0 172.0
114.0 186.0 180.0
149.0 161.0 158.5
176.0 76.0 200.0
154.5 127.0 109.5

177.5 147.0 164.0

340.0
168.5
169.5
127.0
139.0

172.0
156.5
168.0
126.0
154.0

70

180.5 207.0
226.0 141.5
155.0 208.0
113.0 230.0
113.5 368.0

157.6 230.9

169.0 86.0
130.0 123.0
152.5 47.5
157.0 79.5
177.0 176.0

Av 155.3 157.1 102.4
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Appendix 5

Dry Weight of Shoot in Grams

N1 N2 N3

62.5 47.0 32.5
19.5 47.0 42.7

P1 32.1 27.2 30.0
36.3 8.5 62.0
38.5 29.0 20.0

Ày 37.8 31.7 37.4

70.0 9.0 59.0
36.3 48.5 28.9

P2 32.3 58.0
24.5 18.5 38.5
33.5 20.2 91.5

Ày 40.8 25.7 55.2

41.0 23.5 8.0
32.5 19.5 26.5
42,7 31.0 2.5
19.5 32.0 10.5
46.0 43.5 36f5

Ày 36.3 29.9 16.8
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Appendix 6

Dry Weight ot Leaves in Gx'as

N1 N2 N3

L.5 31.5 28.5
10.0 28.5 35.0

P1 30.5 23.5 214.0
a6.5 9.5
21.0 22.0 16.0

28.5 23.0 28.7

1.3.5
26.5

13.0
37.0 24.0

P2 28.0 25.5 14.3.8

20.5 17.8 35.0
19.0 16.0 52.5

27.5 21.9 39.2

35.0 20.0 11.5
26.0 18.5 22.7
28.5
16.8

23.0
214.5 12.5

25.0 32.0 30.0

Lv 26.3 23.6 16.2
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Av

P2

iv

P3

Lv

.&ppendix 7

Dry Weight of Roots

N1 N2 N3

10.5 3.5 4.0
14.5 14.5 5.5
4.0 3.5 3.5
5.5 1.5 8.5
14.0 2.0

5.7 3.0 5.1

2.0.5 2.5 10.0
5.0 6.5 14.5
8.8 6.0 9.5
6.0 3.5 5.0
14.0 2.0 13.0

8.9 4.1 8.4

23.0 114.0 4.0
6.5 14.5 5.0
4.5 4.0 2.0
3.0 7.0 2.0
6.5 11.5 9.0

8.7 8.z 14.14
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Appendix 8

Total dry weight of New Growth

N1 N2 N3

116.6 80.2 65.0
42.0 80.0 83.2

P 66.6 54.2 57.5
70.3 19.5 110.5
63.5 53.0 40.0

AV 71.8 57.7 71.2

134.0 24.5 109.5
67.8 92.0 57.4

P2 76.3 6.8 111.3
51.0 39.8 78.5
56.5 38.2 157.0

Ày 77.1 57.7 102.7

99.0 57.5 23.5
65.0 42.5 54.2

P. 75.7 58.0 9.0
39.3 63.5 25.0
77.5 87.0 75.5

Ày 71.3 61.7 37.6
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Appendix 9

Average Percent of Nitrogen in the Leaves

N2 N3

2.27 2.31 2.56
2.62 2.58 2.44

P, 2.09 2.44 2.13
2.56 2.49 2.3?
2.10 2.32 1.93

Av 2.33 2.43 2.29

2.21 2.31 2.69
2.88 2.15 1.96
2.13 2.26 2.31
2.51 1.80 2.25
1.95 1.95 2.42

Av 2.34 2.10 2.33

2.61 2.50 2.38
2.28 2.04 2.28

P 2.49 2.14 1.72
1.89 2.24 2.11
1.73 2.18 2.22

Av 2.20 2.22 2.14



Appendix 10

Average Percent of Phosphorus in the Leaves

N
1

0.170
0.213

p 0.164
1 0.187

0.123

Av 0.171

0.211
0.251
0.195
0.219
0.177

Ày 0.211

0.260
0.235

P3 0.217
0.192
0.128

Ày 0.206

0.185
0.174
0.193
0.198
0.163

0.183

0.198
0.198
0.185
0.175
0.174

0.202
0.225
0.250
0 235
0 231

0 229

N
3

0.179
0.185
0.174
0.179
0.153

0.174

0.214
0.192
0.192
0.238
0.206

0.208

0.258
0.230
0.207
0.213
0.294

0.240
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Appendix 11

Table of Means

Average Percent Nitrogen

N1 N2 N3 ? means

P1 2,328 2.428 2.286 2.3I.7

P2 2.336 2.09L. 2.326 2.252

P3 2.200 2.220 2.lLj.2 2.187

N means 2,288 2.247 2.251 2.262 a M

Average Percent of Pbosphorus

0.17114 0.1826 0.17140 0.1760

P2 0.2106 0.1860 0.20814 0.2017

P3 0.20614 0.2286 0.214014 0.2251

N means 0.1961 0.1991 0.2076 0.2009 G N

LSD
P= 0.0199 Av, % P in leaves= .0268



Appèndit Ii 1ó.t'd)

Table of Means

Total Dry Weight in Grams

N1 N2 N3 P means

P1 71.78 57.71i. 71.2i. 66.92

77.12 51.66 102.7i. 77.17

P3 71.30 61.70 37.6Li. 56.88

N means 73.40 57.03 70.51. 6,99 G N




