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PRBEF&CE

The realization that a definite problem ex ts

in attempting to manage the soil in this nursery

to produce coniferous planting stock makes field

experiments imperitive. A Masters canidate will

find that one growing season is far too limited

a period to make much definite progress in dis-

covering the most practical method. Nevertheles

through the combind effots of several interested

students over a period of years, the soil m:anage-

ment practices will be improved iLessurebly.

11Ths wi 1 tnrow tim y burden of coordination

upon our tried and true adviser, Professor Leigh

J. Young.

To Professor Young, the investigator is in-

debted for many suggestions and constructive

criticism in organizing and carrying through the

investigation. Not until one meets silviculture

'in the dir-t' does one begin to appreciate the

ability and resourcefulness of our professor of

s ilviculture.

To Professor Maurice W. Senstius, the in-

vestigator is endebted for suggestions concerning

soil and plant reactions in regards to individual



mqineral elemets. Professor Snstius's soils class

analyzed the nursery soil samples, the results of

which are incorporated into this paper.

Mr. Frank Murray offered suggeations as to

proceedure ,nd made accessible past nursery reccrds.

He was also helpful in discussion of past expertence

in the nursery. Frank Haggerdy cared for the plots

while the investigator was in camp, the su-mmer of

1940.

Professor William Kynoch made available the

facilities of the products laboratory which were

used in the dry weight determinations. Mr. Louis

A Patronsky was helpful with suggestions concern-

ing use of drying ovens -and balances.

Miss Ina Rankin, school librarian, is every

foresterts time-saver. Without her innumerable

hours would be lost and muoh vl uable material not

dis covered.

"I am a part of all whom I have met."

Adopting this philosophy, each member of the fac-

ulty and many other persons can be credited with

making this thesis what it is.
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Introduction

Twenty odd years ago the Regents of the University of

Michigan purchased some abandoned farm land southeast of the

Botanical Gardens. Expansion of the Botanical gardens req-

uired increased space. Likewise, the need for more land was

demanded for the Forest Nursery, then located on South State

street. Accordingly, the School of Forestry and Conservation

was given part of the recently acuired land at the Botanical

Gardens. The present Forest Nursery is located off Packard

street near the intersection of Stadium Drive, approximately

one mile and a quarter from campus.

Upon taking over the new location the management soon

discovered they had inherited a potential head-ache in soil

management. When moist, the soil is exceedingly heavy, dark

and very sticky. Having a high clay content, it has a high

cohesive capacity. Potentiometer test for pH revealed ;i

ranges of seven to nine--extreme alkalinity. Cedar (Thuja

occidentalis), Bavarian Scotch pine(IPinus sylvestris), and

Austrian pine(Pinus nigra austrica) nursery stock thrives

on this type of soil, being well adapted to heavy soils and

soils tending to be less acid. Nevertheless, there are many

other species which the management wishes to produce. Norway

pine (Pinus resinosa), White pineKinus strobus), Jack pine

Pinus banksiana), and White spruce (Picea glauca) produced

in this nursery are inferior to those produced in neighboring
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nurseries. Normally these species are adapted to excessively

heavy and alkaline soil conditions. Generally, the soils in

the other nurseries throughout thm state ave definitely lighter

in physical composition and show a considerably lower pH re-

action.

Organic manure would be the most desirable fertilizer,

since that would supply nutrient elenients, microorganisms and

improve the physical condition of the soil. Locally though,

the cost of manure is prohibitive and.in quanity unaivailable.

Buckwheat and soy bean cover crops have been grown and plowed

under on a definite rotation. Experience has proven that in-

tensive cropping can not be maintained at a high standard of

quality by the use of cover crops alone. The drain upon nut-

rient elements in the soil is soon noticeable in the appear-

ance of the planting stock.

Especially in the seed beds, sand has been worked into

the soil improving its physical condition. Chemical mineia

fertilizers must be relied upon to replenish the plant nut-

rients which have been absorbed in reproducing the nursery

stock. Whether green cover crops or mineral fertilizers alone

or used together will give the best economic results depends

upon local conditions and physical and chemical characteristics

of the soil. For various clemicals essential to plant growth,

there is available very little information on the quantitative

requireiiments of different species and ae classes of nursery

stock. Until such information is available, fertilizer ex-



periments must remain on an empirical basis and should be

conducted for each nursery and each set of different condi-

tions.

As Toumey states, "The sole purpose of fertilizer is to

increase growth and quality, whether it is brought about by

their ameliorating effect upon the soil by directly supplying

the essential plant nutrients in available form (Toumey and

MKorstian, 1931,p.282)"?. It is the problem of each forest nur-

sery to discover by local experiments just which fertilizer

practices best t& accomplish the above purpose.

This particular investigation was initiated to indicate

the effects of different chemical fertilizer treatments upon

Norway pine during the first year in the transplant beds.

The investigation has been further delimited to include only

the effects produced by three commonly used fertilizers, which

are, ammonium sulphate, superphosphate and muriate of potash.
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REVIEW OF LITERATTTRE

Nomal plant growth requires the presence of several ele-

ments which are secured from the soil and the atmosphere in var-

ious compounds. Plant tissue is buit up of carboxhydrates,

comprised of carbon and oxygen as absorbed through the foliage,

and hydrogen and oxygen as absorbed through the roots. This

process of photosynthesis combines the raw materials, carbon

dioxide and water, in the cells which contain chlorophyll and

t bugh the use of the energy of light a transformation into

suars and starches takes place. Extensive chemical reactions

in the plant develop fats and proteins, the latter containing

in addition other elements. The soil itself supplies the other

essential elements for plant development. Those recognized as

necessary are nitrogen, phosphorus, potassium, sulphur, magne-

sium, calcium, iron and manganese (Laurie and Chadwick,1931 p.85)

Trees remove mineral fertility from the soil as other

plants do. In the woodlot, much of this mineral fertility is

returned to the soil by the leaves and smaller branches, and

consequently the depletion of the forest soil is exceedingly

slow. However, in a forest nursery where trees are grown only

for a few years and then top and root removed,. very little

material is returned to the soil. Consequently, such nursery

soil must be replenished by barnyard manure, green manure, or

a commercial fertilizer. As very little is known about the

specific reuirements of forest trees, most forest nurseries
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keep their soil productive by the use of either barnyard or

green manure. Both contain all the mineral elements essestial

to plant growth, and also improve the physical condition of

the soil (Herbert, 1926, p.1). Some authorities believe that

bulky fertilizers of organic origin are best for use in permen-

ent forest nurseries (Wahlenoerg, 1930, p.1). The justifi-

cation for the use of commercial mineral fertilizers by these

authorities seems to be only the angle of cost or inavail-

ability of fertilizers of organic origin in the locality of

the nursery. They do not consider that fertilizer require-

ments may very for different soils and different species which

may be desireable to produce at each particular nursery.

Agronomists have demonstreted conclusively tiat three pre-

requisites are necessary for efficiency in the use of ferti-

lizers. They are:

(1) a knowledge of the nutrient requirements of the plant

to be grown,

(2) an evaluation of the nutrient-supplying powers of the

soil,

(3) date regarding when and in what form it is best to

apply fertilizers.

To obtain a knowledge of the nutrient requirements of the

species will require much investigation, through the use of

artificial media, requiring long periods of time and finely

regulated conditions. This research will be conducted by

highly trained
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ed specialists in the laboratories. Also, to obtain an ev-

aluation of the nutrient-supplying powers of the forest nur-

sery soil, there is no satisfactory technique available.

Methods of soil analysis, which have been developed for det-

erming suitability of agricultural soils for various field

crops can not be used as a dependable evaluation for chemical

fertility of forest nursery soils. This is due to the differ-

ences in nutrient absorptive powers, physiological growth, and

regions of the soil to which the roots extend for nutrient

absorption. * or satisfactory results, to obtain the time and

form of application of fertilizers will regjuire more extensive

investigation as demonstrated by the following. Efficiency

in the use of mineral elements is maximum, when the rate of

nutrient concentration is adjusted so zs to maintain the in-

ternal plant supply at or near the experimentally determined

optimum during the entire growing period. Thus, the supply

of available nutrients should be relatively low at the begin-

ning of the growing season in order to avoid toxic internal

adeum im, and should be increased thereafter in proportion

to the increased plant weight. (Mitchell, 1939 p.14).

On highly fertile natural soils, there is potentially

available (reserve) supply of mineral elements, absorbed in

organic and inorganic base-exchange compounds, upon which the

plants may draw. Thus, in nature, there may be increases in
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the rate of nutrient intake resulting from the action of normal

microfauna, normal microflora, weathering, and chemical exchange.

Often the importance of the fundamental relatiunships between the

rate of nutrient supply, the internal nutrient concentration, and

the seedling growth are overlooked or disregarded by the nursery-

man at the time of replenishment of plant nutrients on depleted

nursery soil (Mitchell, 1939,p.l14). The common practice of mixing

fertilizers into the soil early inhe season prior to use dis -

regards the above relationships. The fertilizer is applied at a

time, when the resulting high mineral nutrient concentration of

the soil solution is most likely to be harmful, and when the pl-

ants need the nutrientsthe least. This is especially true of

readily soluble fertilizers, when applied to soils of low-nut-

rient absorptive capacity.

Attention has been brought to the fact that the use of

fertilizer in the forest nursery serves one or both of two pur-

poses: first, the maintenance of soil productivity and second,

the improvement of the planting stock. Under the heading of

soil mAintenance are included the physical condition of the soil,

optimum balance of plant nutrients in available form, concentra-

tion of the soil solution, reaction of the soil solution, and

retention of a favorable microbial population. likewise, it is

often possible to fertilize the nursery soil as to give a direct

improvement in the planting stock. It may increase size in the

same amount of time or the same size in shorter time, by increas-

ed vigor of the stock, increased resistance to adverse weather
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conditions.

By proper regulation of the physical condition is meant

the keeping of collodial soil matter in a flocculated or loose

condition. This way heavy soils may be kept open and porous,

allowing ready entrance of air and water, and removal of the

excess water by under-drainage. In many cases, for better soil

structure and increased productivity artificial drainage may

be warranted. Heavier soils, because of the small size of in-

dividual particles, have the capacity to hold more water. Also,

because of the greater particle surface exposed the action of

water, larger quantities of nutrients are obtainable from soil

of this nature (Laurie and Chadwick, 191lp,63).

In considering the respective effects on plant growth

exerted by the three commonly deficient fertilizer elements,

it is noticed that they tend to check, balance, and support

one-another. This relationship is very important in ferti-

lizer practice, since it influences the results that may be

attained by the application (.f fertilizers and has much to do

with the economy of their utilization. The various elements

should be so balanced as to produce a large and normal crop

growth. Under actual field conditions, this is difficult to

to attain because the soil remains always a more or less un-

known 4uantity as to the probable availability of it constitu-

ents. Variation will occur due to the reactions of the ferti-

lizer when applied, and the extent to which it remains active
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remains active and available in the soil. Chemical reactions

with other elements in the soil affect the efficacy of a fert-

lizer. A knowledge of the nature and influence of various

fertilizers and of the culture and the response of the crop

is most essential. The ideal balance of the nutrient elements

should be striven for, even if it can seldom be closely approach-

ed (Lyon and Buckman,1937,p.308).

During long periods of experimentation and general use,

there has arisen several principles for the use of fertilizer:

They are:

(1) Two or more elements, may not be toxic, since one iton

reacts against another.

(2)Single elements may be toxic.

(5)Addition of single elements in normal iuantities is not

likely to be toxic, because of complexity of the soil.

(4)In some cases addition of a single element does not

increase produciion as the element is ,lready present

is sufficient 1uanity.

(5)TJse of a complete fertilizer will increase the effi-

ciency of production over the sum of the increments

of increase by use of single elements.(Young, 1939,

lecture notes)

In a general way the nutrient elements of the soil exist

in two conditions: (1) complex and rather insoluble forms, and

(2) simple compounds usually soluble in the soil water and rather

readily available to higher plants. Due to the chemical and bio-

chemical processes at work in the soil the general trend and final
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disposition of the elements is from the complex to the simpler

forms. It is from these simpler forras that the nutritional

wants of the higher plants are served. Since the simpler and

more soluble constituents of soils readily disappear in drain-

age or are synthesized by microorganism and higher plants, the

greater proportion of each nutrient remaining in the soil is

in a complex form. Thus, the complex group is a repository,

the fertility of -te soil depending not only on the total am-

ounts of various nutrients present but also on the ease with

which transfer is made to sim. le and available forms. There-

fore, a chemical analysis of the soil is uncertain value in

deciding what the fertilizer needs of a soil may be (lyon and

Buciknan, 1937,p.23).

The reaction of the soil solution, either acid, neutral,

or alkaline, has an important influence on the availability

of phosphorus, manganese, iron, and perhaps other nutrients.

Also, microorganisms and higher plants appear profoundly aff-

ected by the reaction of soil ions, Hydrogen or hydroxyl. In

addition these ions function as sources of hydrogen and oxygen

(Lyon and Buckman, 1937,p.31). Likewise, the reaction of the

soil solution affects the solubility of the soil minerals,

thereby may profoundly influence leaching losses. The most

favorable physical condition of a soil is usually reached,

when the reaction lies in the range of slight acidity through

neutrality and slight alkalinity. (pH 6.0-8.0). (Laurie and

Chadwick,1931,p.78). Soils must be limed, which are acid be-

ypnd the most favorable range of the crops to be grown. Ex-
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cessive alkalinity can be corrected by addition of gypsum, sul-

hur, aluminium sulphate and other materials. Most bacterial pro-

cesses take place best in the pH ran,:e of 6.0-8.0. Thus, it can

be concluded that the efficacy of all the other soil factors is

directly associated with the pH reaction of the soil.

The microorganisms with which we are concerned are the

bacteria. Their activities are influenced by the same factors

which affect the growth of crops; namely: moisture, temperature,

aeration, supply of available nutrients and organic matter. The

aerobic bacteria serve the valuable funtion of making available

nutrient elements in simpler form for the higher plants. Limit-

ation of abundant air supply sets in motion the activities of

of other bacteria which produce detrimental reactions. Soil tem-

peratures also ,exert much influence on bacterial growth. During

cold weather, the activity of bacteria is curtailed, and which

results in poor growth of plants, because nitrogen in the soil

is not made available. As previously described, the soil isa com-

plicated mediutp teeming with microorganisms of all sorts in which

many physical and chemical changes take place profoundly influen-

cing plants growing in the soil. Ideal conditions are attained

only when the physical changes are properly regulated, when the

chemical reactions are under control, and when bacterial activity

of the right sort takes place.

Fertilizers are more effective when applied in the form of

fertilized soil of compost. Thereby, the danger of excessive app-

lication is not likely to occur. Also, the plant nutrients are
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are brought to the young trees in their most useful form. Never-

theless, the quantity of the necessary fertilizer depends not only

upon the kind of soil, but also upon the species and the length of

time that the plants remain in the beds. The condition of the

stock invariably indicates whether adeiuate fertilizer has been us-

ed for acceptable results(Toumey and Korstain, 1931,p.288-9). In-

numerable materials have been used for fertilizer. Whitney lists

two hundred ninety six materials, one hundred thirty four inorgan-

ic and one hundred sixty organic, which have been tested on soils

or in culture solutions and resulted in increased plant growth,

vigor, or general health. On the other hand, the mineral elements

most likely to be deficient will be nitrogen, phosphorus, and -ot-

assium(Whitney, 1924,p.297). Thus, fertilizers which supply these

elements are called 'complete'fertilizers' and those which supply

one or two 6f these elements are called 'incomplete fertilizers'.

The three general classes of fertilizeIs are fertilizers of or-

ganic orgin, fertilizers of mineral origin, and green cover crops

turned under. It is understood that all materials which may im-

prove the soil conditions or the planting stock are desireable.

This investigation has been limited primarily to addition

of these three nutrient elements in mineral form, Accordingly,

it would seem adviseable here to describe the reactions of nur-

sery stock to a deficiency, normal amounts, and surolus of each

of these nutrient elements. It is not to be construed that appar-

ances of the plants as described in the followfing parsgraphs nec-

essarily indicates abnormality positively due to that one element.

Several different defficiencies may give similar superficial



appearances. The chemical material here described is the form

used during this investigation. Consequently, the grounds for

comparison of the transplants are thus detailed:

Nitrogen:

Although an_ analysis of the majority of soils shows suffi--

cient amounts of the needed elements, the degree of availability

varies and particularly with nitrogen. Of the three elements com-

monly deficient, the application of nitrogen seems to have the

luickest and most pronounced effect. Nitrogen supplement tends

to encourage vegatative growth and to impart to the leaves a dee

blue-green color. nitrogen is also a regulator, since it governs

to a certain extent the utilization of potassius, phosphorus and

other constituents. Plants receiving insufficient nitrogen are

stunted in growth and possess a restricted and fibrous root sy-

stem. Nitrogen deficient plants can be detected by yellowing

foliage which remains hanging on the branch, by short sickly

growth, and by premature loss of leaves. This is not conclusive

as several other deficiencies may leave the same symtoms. In

contrast, an over-supply of nitrogen is manifest by heavy, brittle

foliage, long stems and susceptible to pest attack. Also, succ-

ulence may delay maturing of foliage and buds in the fall there-

by subjecting the plants to winter-kil). At this nursery ammon-

ium sulphate has been used to supplement the nitrogen supply nat-

urally available. Ammonium sulphate is a grayish materials, a

by-product of coke manufacture, and contains twenty to twenty

five per cent ammonia. It is readily soluble in warm soils.
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Before it can be utilized by the higher plants it must be con-

verted into nitrate form by bacterial action. Ammonium sulp-

hate is acid forming and therefore greatly favored for useupon

alkaline soils. In this Crnn1o-OiOn, a simultaneous fertiliza-

tion with lime or carbonate of lime should be avoided, as by de-

composition of the salts the ammonia becomes li-berated and es-

capes into the atmosphere. (Tillotson,1917,p.79) Laurie and

Chadwick, 1931,p.86 ) Lyon and Buckman,1937,p305) Young, 1940,

Lecture notes).

Phosphorus!

Phosphorus is an essential constituent :y, all plants, and

its general deficiency may be noted, because of the steady with-

drawl of the material from the soil over a period of years.

Only infreiuently do we find a lack of response to the applica-

tion of soluble phosphorus. Phosphorus supplement may be att-

ended by the following conditions: rapid development of the pl-

ants, hastening of maturity, increase of root system, precipit-

ation of aluminium, by counteracting the ill effects of excess

nitrogen supply. It is serviceable in the production of nur-

sery stock which should have a strong, fibrous root system. IA-

so phosphorus will increase disease resistance. A deficiency

of phosphorus results in a restricted root system. Phosphorus

defficiency is frequently recognized by the yellowing of leaf

edges, shortening of growth, weakening of stems, and slow mat-

uting. Phosphorus deficiency may limit the availability of
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of potassium. There appears no ill effects due to over supply

of this element. Superphosphate (acid phosphate) was used dur-

ing this investigation as the source of phosphorus. Superphosph-

ate is rock phosphate treated with sulphuric acid to produce a

more soluble form of a combination of monocalcium and dicalcium

phosphates. It contains from sixteen to twenty per cent phosp-

horus. Then used with a ammonium sulphate, its solubility is in-

creased and thereby its availability to higher plants in increas-

ed. Phosphorus tends to alleviate the effects of over-liming.

Accordingly, a proper balancing of nitrogen and phosphorus is

necessary for normal plant growth(Laurie and Chadwick,1931,p.90)

Lyon and Buckman,1937,p.306)(Young, Lecure notes)

Potassium:

In a general way potassium exerts a balancing effect on

both nitrogen and phosphorus. Also, it is especially important

in a mixed fertilizer, if the potash of the soil is lacking or

unavillable. By increasing resistance to certain diseases and

encouraging the root system, it tends to counteract the ill eff-

ects of too much nitrogen. In delaying mnaturity, it works again-

st undue ripening, the influence of phosphoric acid. The pres-

ence of plenty of available potash in the soil has much to do

with the general tone and vigor of the plant. Potash deficiency

is readily recognized by thin stems and poor root systems. A

lack of potassium greatly impairs the capacity of a plant to

assimilate carbon dioxide. The leaves along the underside of

rim turn brown and the whole leaf appears blotchy. They do not

contain their normal amounts of sugar and starch. Potassium
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is likewise essential to nitrate changes which occur in the

plant. The addition of availaole potash rectifies the condition

by encouraging the process of photosynthesis, the utilization

of nitrate nitrogen in protein synthesis, the intake of water

and the development of fibrous root system. Potash is essen-

tial for starch development and translocation. Potassium

chloride (muriate of potash) was used in this investigation

as the source of potassium. This salt nas approximately forty

five per cent available potassium. (Lyon and Buckman, 1937,

p. 319) (Laurie and Chadwick, 1931, P.90) (Young, 1940 lecture

notes)

Previous experiments at other nurseries indicate that on

moist soils mineral fertilizers increase the size and vigor

of forest tree seedlings. This is a distinct advantage in

forest planting, as larger stock-can withstand drought and

other adverse climatic conditions cetter than smaller stock

of the same age. European experience indicates that the early

advantage gained by forest seedlings from fertilizer is not

maintained in later years. Commercial mineral fertilizers

act promptly and may be satisfactory where immediate results

are desired, but are likely to leach rapidly (Herbert, 1926,

p. 188). Increased susceptibility to disease was noted on

experimental plots at the Savenac Nursery where chemical

mineral fertilizers were used. This was attributed to heavy

nitrogeneous fertilization or disruption of the nutrient bal-

ance of the soil (Wahlenberg, 1930, p.2). Extensive studies
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in soil management must be carried out before concentrated

mineral fertilizers can be used with satisfactory results.

Nevertheless, forest nursery stock can be improved by the

proper use of mineral fertilizers.
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The Experiment

The purpose of the study is deemed here worthy of restate-

ment. In the Forest Nursery, University of Michigan, the contin-

ued production of coniferous planting stock requires the use of

heavy applications of fertilizer due to the condition of the soil

prior to University ownership as well as present intensive cropp-

ing practices. Organic fertilizers are available only at an ex-

orbinate rate. This study is attempting to discover the combin-

ation of ammonium sulphate, superphosphate, and potassium chloride

which will improve the soil condition and produce satisfactory

coniferous planting stock.
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Materials

Location:

The ground alloted for use on this experiment is part of

the Forest 1ursery on the south-east corner of the Botanical

Gardens, University of Michigan, off Packard Street about a mile

and a quarter south-east of campus. In the nursery the plots lie

in\two rows, running north-south four feet wes'; of the second sp-

rinkler line east of the windbreak. Also, starting at the center

road the plots run south thirty two feet. This ground the pre-

ceding two years was carrting transplant stock of Scotch pine,

Norway pine and Norway spruce. The third and fourth years prior

to the experiment the ground was sown to Bucxwheat. The fifth

year prior to the experiment, it supported a miscellaneous assow-

ment of conifers one to four feet in height.

Planting Stock:

The planting stock was 2-0 Norway pine from seed beds in tle

north-east corner of the nursery adjacent to and north of the roai.

These seed beds had been treated with formaldehyde prior to seed-

ing to prevent white grub (Phylophaga) infestation. Also, the bed z

were treated with ammonium sulphate of an indetermined amount.

The healthy and vigorous seedlings were of good color. The spac-

ing of plants appeared favorable in the seed bed and no white grb

damage was evident. Sand is used on seedbeds in this nursery but

not in the transplant beds which explains the improved physical

soil condition found in the seedbeds. The stock was selected fo:

uniformity by visual observation.
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Quantities of fertilizer:

In each case, the amounts of each fertilizer to be used were

first determined on a per acre basis. The limits of amounts being

determined by using quantities found favorable by other research;

also some additional quantities as purely a matter of chance based

on the Joil condition. The number of grams of each fertilizer app-

lied on each plot is given on the following page (p.28). Also, the

corresponding number of pounds per Acre is given. The number of

grams per plot were computed as follows:

28.349 grams eiuals one ounce

453.584 grams equals one pound

0.0002 or one fifth ml-acre equals one plot area

2.95 feet square equals one plot

0.0907 grams e uals one pound per plot

0.0907 x number of pounds per acre equals number of grams per

plot
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The plots were laid out, each being 2.95 feet square.

There wzs a one foot isolation zone laft around each plot.

The plots were numbered consecutively north to south. The

easterly row containing plots numbered one to twenty-one and

the westerly row containing plots numbered twenty-two to forty-

one.

On May 4, 1940 the fertilizers were weighed on balances

and the total for each plot placed in a sprinkling can which

was then half filled with water. This wes stirred until the

chemicals went into solution, then applied as evenly as possible

to the whole plot. This was followed by more water but not

fast enough to cause washing. When sufficiently dry the plot

was worked with a rake.

On May 10-11, 1940, one week after applying the fertilize7 ,

the two year old seedlings of Norway pine were dug and trans-

planted into the experimental plots. The ground, being very

moist, was difficult to work. Twenty seedlings were placed

per plot, four rows of five seedlings each. To avoid competi-

tion for nutrients, the plants were spaced about six inches

each way.

kround the first of June, the plots were weeded and the

surface soil worked to reduce caking which seemed present.

When needed, the over-head sprinkling system supplied water

from the city mains, throughout the summer. The plots were

weeded Tnd cared for by the forest properties crew during the

summer in the same manner as the other transplant beds.



On October 5, 1940, the trees were measured for height

before being dug. The mortality was recorded for each plot.

Alo8., at this time notes were taken on the general appearance

of the trees by plot and as compared to adjacent plots regard-

less of treatment--entirely visual observation.

The trees were carefully dug, so as to lose as few of the

fine roots as possible. To remove the dirt completely, the

trees were then washed. The trees were separated by plots, but

were not individually identifiable.

0
Lab,atory measurement followed. Pach tree was calipered at

first leaf scar, and the average determined for each plot. The

trees were then placed in an oven heated by steam at the Wood

Utilization labratory.. The heat was not allowed to exceed 1500

F. From each plot, the trees were placed on tray (tops of shoe

boxed)to catch any parts which might break and fall off. To

insure complete drying, the trays of trees were left in the oven

four days. The trays were then taken out and immediately weigh-

ed on balances. There was apparent, after weighting several

trays, an unaccountable variation. However, after bringing a

tray out of the oven, two or three minutes would make an app-

reciable difference in weight due to moisture absorption, Upon,

consultation) it was found that the high temperatures would

have no ill effects on either the balances or their accuracy

of weighting. Next, in the oven on the shelf the balances

were placed, while the weighing proceeded with aropen oven door.



The trees were cut at the ground line and the tops weighed sep-

arately from the roots. The trays of trees were again placed in

the oven, left twenty four hours and then reweighed to check dis-

crepancies in procedure.

Thus, the data is complete with records of the mortality,

average height, general condition of appearance, average diameter,

at ground level, average dry weight of top, and average dry weight

of roots.



Results of the 7xperiment

On the following page appears a diagram (I) of the Pack-

ard Street Forest Nursery, School of Forestry and Conservation,

University of Michigan. On this diagram will be found the loc-

ation of the experimental plots and the seed beds from which the

seedlings were selected.

The second diagram (II) shows the position of the plots in

relationship to the adjacent road and over-head water line.
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Tabular Statement

The following tabular statement (No. III) gives the treat-

ment made on each plot. The numbers correspond to the numbers

on the diagram of the nursery plan. The figures are given first,

on the basis of pounds per acre and second, the actual amounts in

grams applied to the plots.

The Dow listing represents a commercial by-product plant

stimulant produced in 1938 by Dow Chemical Company. The chem-

ical analysis is not available. The company gives an analysis

of the 1939 plant stimulant which they maintain has been stepp-

ed up over the 1938 product.

Their analysis is as follows:

Moisture 48.30%

Humus 28.30%

Total nitrogen 3.93%

P 05 2.30%2 5

MgO 0.68%

Sulphate 4.05%

lime (CaQ) 3.84%

Iron (Fe2O) 0.50%
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Plot No.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

ii.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

III FERTILIZMR

(NH )2 - 504

lbs./A Gm/plot

480 43.537

480 43.537

480 43.537

480 43.537

480 43.537

360 32.653

0

360 32.653

360 32.653

360 32.653

0

240 21.769

240 21.769

240 21.769

240 21.769

240 21.769

240 21.769

0

150 13.605

150 13.605

150 13.605

150 13.605

0

TREATMENT

Ca H4(POV

lbs/A Gm/plot

240 21.769

150 13.605

90 8.163

0

0

150 13.605

0

150 13.605

90 8.163

0

0

240 21.769

150 13.605

90 8.163

0

90 8.163

150 13.605

0

150 13.605

150 13.605

90 8.163

0

0

KCI

lbs./A

30

0

15

20

0

30

0

0

15

30

0

0

30

15

0

0

15

30

30

15

15

15

0

Gm/Plot

2.721

1.360

1.814

2.721

1.360

2.721

2.721

1.360

1.360

2.721

1.360

1.360

1.360
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Plot No.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

(NH4)2~~~So42

lbs./A Gm/plot

0

0

0

0

0

0

0

600 54.420

800 72.560

800 72.560

800 72.560

600 54.420

0

CaH 4 (1P04)2

lbs./A Gm/plot

240 21.769

240 21.769

0

150 13-605

0

90 8.163

90 8.163

240 21.769

300 27.210

150 13.605

0

150 13.605

0

KG)-

lbs./A

30

0

30

15

0

0

15

30

30

30

o

30

0

200

350

500

650

0

Gm/plot

2.721

2.721

1.360

1.360

2.721

2.721

2.721

5.442

2.721

18.14

31.75

45.35

58.95

Dow Complete fertilizer

0 0
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IV Fall Measurements

On October 5, 1941, these measurements were taken before

the transplants were dug. The mortality column gives the number

of trees on the plot which did not survive. The average height

column gives the average height in inches of the terminal bud

above the ground level or the actual length of the main stem.

The average diameter column gives the average diameter in mill-

imeters at the first leaf scar by use of V-shaped calipers.



IV

Total
Mortalil

Plot No.

1.

2.

3.0

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

>7.

18.

19.

20.

21

22.0

2

2

2

6

13

6

1

5

7

3

0

3

2

2

3

11

6

1

1

Fall Measurements

Average
y Height

Inches

3.71

3.33

3.57

3.81

3*03

3.60

3.58

3.06

3.55

3.49

3.36

3o98

4.29

3.94

3.84

4.52

4.31

4.10

4.36

3.92

4.19

3.94

Average
Diameter
Millimeter

2.50

2.73

2.43

2.52

2.23

2.64

2.62

3*17

2.47

2.50

2.64

2.83

3.18

2.93

2.66

2.82

3.29

2.72

3.04

3.10

2516

2.50
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Plot No. Total
Mortalit

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.:

36.

37.

38.

39.

40.

41.

0

0

0

0

0

1

6

1

3

12

14

12

14

0

1

1

1

0

1

Fall Measurements

Average
,y Height

Inches

3.48

4.19

3.72

4.23

3.53

3.59

3.99

4.19

3.068

4.00

2.o96

3.70

4-12

3.63

3.53

3.34

3.11

3.70

3.28

Average
Diameter
Millimeter

2.36

2.55

2.43

2.41

2.57

2.18

2.19

2.21

2.o20

2.23

2.22

2.17

2*56

2.32

2.31

2.45

2.12

2.29

1.99
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Dry Weight Measurements

In an attempt to lose as little as possible of the root sy-

stem, the transplants were carefully dug. The plants were washed

to remove the dirt. Those plants which gave evidence of grub dam-

age to the roots were rejected. The number in the second column

gives the number of trees remaining; only these were measured.

From here the trees lose their individual identity, the measure-

ments given being the total weight in grams of all remaining di-

vided by the number remaining. Before weighing, the trees were

dried in an oven for forty eight hours at temperatures not ex-

ceeding 1500 Fahreheit. The average weight in grams are record-

ed for the whole tree, for the portion above ground, and for

the portion below ground. The ratio of average weight of top

to average weight of root is found in the last column.
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Plot No.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

110

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

y Dry Weight Measurements

Based on Total Top
#trees grams grams

17 1.62 1.10

17 1.66 1.14

18 1.43 .95

13 1.40 .94

6 .82 .50

11 1.70 1.16

14 1.00 .75

16 1.34 .85

12 1.22 .88

18 1.49 .88

20 2.33 1.46

16 1.96 1.18

18 2.50 1.66

18 2.10 1.31

16 2.00 1.20

11 1.57 1.00

13 2.58 1.69

18 2.28 1.51

19 2.83 1.84

17 2.70 1.67

20 2.87 1.74

16 1.47

20 1.35 0.97

20 1.94 1.37

Root
grams

.52

.52

.48

.45

.32

.54

.38

.49

.33

.60

.87

.68

.84

.79

.80

.57

.86

.77

1.01

1.03

1.13

.56

.38

.58

Top/root
ratio

2.1

2.2

1.9

2.1

1.7

2.1

2.0

1.7

2.7

1.5

1.7

1.7

2.0

1.7

1.5

1.7

2.0

2.0

1.8

1.6

1.5

1.6

2.5

2.4
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Plot No.

25.

26.-

27.

28.

29.

30.

31.

32.

33.

34.o

35.v

36.

37.

38.

39.

40.*

41.

Dry Weight Measurements

Based on Total Top
# trees grams grams

20 1.53 1.v07

20 1,063 1.08

18 1.97 1.40

19 1.24 985

17 1.16 080

18 1.34 o92

17 1.v12 .78

8 1.25 .84

5 096 .74

7 *99 .69

6 1.75 1*32

20 .98 .53

17 1.52 1.05D

19 1.71 1.21

18 1.16 .81

20 1.063 1.12

17 1.07 .73

Ro ot
grams

.46

.55

*57

,v39

.36

.42

933

.41

,o22

3 0

.43

*45

.47

S50

*35

'51

o33

Top/Root
ratio

2.v3

2.0

2.5

2.2

2.2

2.2

2.4

2.0

3.*4

2.e3

3.0

1.*2

2.2

2.s4

2.3

2.2

2.2



Mortality

The mortality charts numbered VI, VII, & VIII are the first

to be analyzed. The white grubs are the unknown factor believed

to be very important as causing mortality. The average mortality

among control plots was six tenths of one plant per control plots

with noX control plot losin' over one plant. In contrast, the

treated plots lost as many as fourteen plants out of twenty.

From this it is belived that their must be some -cause for mor-

tality other than general grub infestation. Since four of the

five plots receivin6 600 or more pounds per acre of ammonium

sulphate had a mortality of over sixty per cent, chemical burn-

ing might have been the causal agent. The incomplete fertilize-

rs showed much higher losses than did the plots receiving a -al-

anced fertilizer. The counter-balancin, effects of the three

nutrient elements is credited with this last observed effect.
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Height

Bar charts numbered IX, X, & XI were next analyzed for the

effects of different treatments upon height growth. It was es-

pecially noted in the field that the trees in each plot were

not uniform in height. The avera:.e height of the plants in the

control plots was 3.49 inches. Eighty five per cent of the tr-

eated plots exceeded this average. From this it is eveident

that height growth was increased by most of the treatments. 7x-

amination of graph no.IX, nursery order, indicates no general

trend, thus the differences in heights are credited to the ind-

ividual plots and not to any general nursery condition. Ex-

amination of graph no. XI, superphosphate order, likewise ind-

icated, no significant trend. However, an over supply of ph-

osphorus would produce no ill effects and a deficiency would

be difficult to detect. Examination of graph no.X, amnmonium

sulphate order, does show some significant differences. The

plots treated with 360 or more pounds per acre of ammonium

sulphate are noticeably shorter than those treated with 150

or 240 pound. Two exceptions--800-300430 & 600-150-30--were

plots received well balanced heavy fertilizer applications.

From this it would seem that if very heavy applications of

nitrogen carriers are dade, there must also be heavy appli-

cations of phosphorus and potassium carriers. On the other

hand it appears that with a moderate application of nitrogen
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the counter-balancing effects of other minerals is not so ne-

cessary. From these graphs it appears that a well balanced

moderate fertilizer produced the most satisfactory results as

to height growth.
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Diameter

Determining just where ? diameter breast height? is on a

2-1 Norway pine was the first problem which had to be solved

before the trees could be calipered. It was found that the

diameter of trees at this age vary considerably within an in-

ch along the stem. The diameter at the first leaf scar was

atbitrairily chosen. This point was chosen as being most

comparable. The diameters were measured in milimeters by

use of V-shaped calipers. The bar charts no. XII, XIII, &

lIV were analyzed for diameter differences among the plots.

Examination 0"f chart no XII, nursery order, shows a large

difference in general between the plots in the easterly row

and those in the westerly row. Examination of charts no. XIII

& XIV illustrate two trends: First, with applications of 360

or more pounds per acre ammonium sulphate the plats failed

to show increase in diameter over the control plots. Second

without nitrogen supplement, the other treatments were in-

effective in increasing diameter growth. The best results

were consistently produced by plots receiving balanced com-

plete fertilizers 240-150-30 to 150-90-15. Incomplete fer-

tilizers were less satisfactory.
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Total Dry Weight

Bar charts numbered XV, XVI, and XVII illustrate graph-

ically the differences in average total weight per plant among

the plots. Examination of these charts brings out the.follow-

ing features: First, incomplete fertilizers usually produced

negative results. Second, applications of ammonium sulphate

to the extent of 360 or more pounds per acre produced little

growth stimulis during the first growing season. Third, with-

out a nitrogen carrier other mineral additions failed to app-

reciably increase the growth in total dry weight. This may well

be attributed to the acid radical of ammonium sulphate as well

as nitrogen supplement. The largest increases in total dry

weight over the control plots were attained by those plots

which were treated by balanced fertilizers 240-150-30 to 150-

90-15. This may be attributed to the temporary increased con-

centrations of plant nutrients in the soil solution or the acid

reaction of the materials added.
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Top Dry Weight

Bar charts numbered XVIII, XIX, and XX illustrate

graphically the variation in average top dry weight among

the plots. Examination of the graphs indicates that the

weight of plant tops varies about the same as the weight

of the total plant. When 360 or more pounds per-acre of

ammonium sulphate was used, negative results followed.

The plots which showed the largest top growth were those

receiving moderate amounts of complete fertilizers. As

previously noted, the variability among control plots

makes all conclusions of a dubious character.
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Root Dry Weight

Bar charts numbered XXI, XXII, and XXIII illustrate

graphically the variation in average dry weight of roots p3r

plant among the plots. Examination of the graphs shows results

similar to previous weight charts. Plots receivin6 360 or more

pounds per acre of ammonium sulphate give negative results. The

plots receiving no nitrogen carrier produced negative results.

The plots receiving incomplete fertilizers in most instances

failed to show larger root systems than the adjacent control

plots. Tn three plots which showed the largest increase over

nearest control plots were treated with moderAte complete fert-

ilizers --150-150-30, 150-150-15 and 150-90-15. Control plots

in this sector had exceptionally large root systems, therefore

while several of the other plots had large root systems they

do not show a higher weight than adjacent control plots.
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Ratio of Top to Root

Bar graphs numbered XXIV, XXV, and XXVI illustrate the

variation among the plots of the dry weight ratio of top to

root. The extreme variability of these graphs has been caused

by a variation in eigher top or root or damage and loss of parts

of either top or root. From these graphs it appears that heavy

nitrogen fertilization pushed the top-root ratio out of balance.

Probably, in this case, grub damage to roots reduced the fibrous

root system tremendously. It is evident that the balanced ferti-

lizer applications maintained a better top-root balance than did

other treatments.
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Soil Test

Soil samples were analysed by a soils class at the Uni-

versity under the supervision of Professor Maurice W. Senstius

of the geology department. The following soil test record is

an average of the reports of three student analysis.

Abbreviations:

pH -Negative logarithm of hydrogen ion concentration

ppm -Parts per million

Lbs.A/6in.- Pounds per acre in top six inches of the soil

Remarks - Based on fertility re'uirements for ordinary

agricultural crops
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Soil Test

Date: January, 1940

location: Nursery of School of Forestry and Conservation at
Botanical Gardens, Ann Arbor, Michigan

Type of class:Fine sandy loam

Reaction: pH 8.0

Carbonates: High content

Condition: Moist and poor

Data: P;m. Lbs. A/6 in. Remarks

Nitrates

Phosphorus

Potassium

Calcium

Magnesium

Ammonia

Nitrites

Iron

Aluminum

Manganese

Sulphates

Chlorides

Sodium

16

5

125

Trace

None

None

None

None

None

None

50

None

128

6

40

1000

None

None

None

None

None

None

None

400

None

Medium

Tjow

Medium

Good supply

Deficient

Deficient

Deficient

Normal supply
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Soil Test

Date: January, 1940

Location: Nursery School of Forestry and Conservation,

at Botanical Gardens, Ann Arbor, Michigan

Type or Class: Fine sandy loam

Carbonates: High content

Condition: Air dry sample

Data: Ppm Lbs.A/6 in.. Remarks

Nitrates

Pho sphorus

Potassium

Calcium

Magne sium

Ammonia

Nitrites

Iron

Aluminum

Manganese

Sulphates

Chlorides

Sodium

10

.5

5

150

Trace

None

None

None

None

Ngne

None

Trace

None

80

4

40

1200

--- w

Normal supply

Deficient

Medium

Good supply

None

None

None

None

None

None

None
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Soil Analysis

This soil analysis was made the winter prior to the start

of this experiment, therefore should be indicative of the gen-

eral soil condition.

The marl sub-soil produces an extremely alkaline soil cond-

ition. Without appreciable success, the management for many years

has been treating the soil to lower the pH. Most of the acid

fertilizing agents are neutralized by the basic substances.

Iron is undoubtedly present in sufficient luanity for

proper plant development. East nursery experience indicates

no iron deficiency. Generally in this region, there is pres-

ence of iron in the soil to abundantly supply plant require-

ments. Due to the extremely alkaline soil the testing methods

do not show the presence of iron.(Senstius, 1941, discussion)

Sulphate in form of amrnonium sulphate has been added in

large iuanities over a period of years. Th& tests detected

no sulphates for reason similar to negative test for iron.



Climate

The climate of Washtenaw County, Michigan is character-

ized by fairly cold winters and mild summers. The mean annu3al

precipitation is 31.31 inches, including melted snow and the

average snowfall is about thirty seven inches. Wind movement

and evaporation are low, humidity is moderately high, and tle

county receives about fifty per cent of the possible sunshine.

0
The mean annual temperature is 47.4 Fahreheit. Frost free

season is one hundred sixty four days from May 2 to October

13 inclusive. Prevailing winds are westerly.
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Discussion of Results

Within each plot the individual trees varied to a degree

which could not be so'lely attributed to biological variation

of response. In the first instance, only twenty seedlings were

transplanted to each plot. To be experimentally sound a greater

sampling would be necessary. In the second instance, the plants

only remained in the experimental transplant plots one growing

seaso4. It is believed that much of the first year's growth

in the transplant bed is expended in -establishment following

transplanting from the seed beds. In this case, the differ-

ent treatments might show no significant differences after

the first growing season, yet, in the second season the grow-

th0 response would be such as to make the differences between

plots valid and significant. Thirdly, Norway pine responds

to treatment to a lesser degree than white pine. If white

pine had been used, the differences might be more obvious.

White grubs(Phyllophaga sp.) were found irregularly

through the experimental plots. It was believed that the

grubs ere mainly responsible for the high mortality. Also,

it was impossible to accurately define the effect of the

grubs on the growth of the surviving trees.

The preliminary examination of most data is facili-

tated by use of diagrams. The tables of results (No. IV &

V) of the experiment are given here in bar graph form. For

purposes of comparison these graphs have arranged in three

0
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orders. The first arrangement gives the plots in the order as

they were located in the nursery. The second arrangement gives

the plots in the order of ammonium sulphate application. The

third gives the plots arranged in the order of superphosphate

application. On the graphs the plots are identified by the

pounds per acre treatment the plots received--the order being

ammonium sulphate, superphosphate and potassium chloride.

There are seven bar graphs for each of the three arrangements.

They will be analyzed in the following order: mortality,

height, diameter, total dry weight, top dry weight, root dry

weight, and ratio of top to root by dry weight.
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Individual Plot Analysis

Here the results of the several factors are studied to

determine the total effect of the particular treatment upon

the transplants.

Of the plots receiving 600-800 pounds per acre of ammonium

sulphate, all produced negative results except one. The plot

600-150-30 gave results considerably better in most phases than

the adjacent control plots. In one important respoect this -lot

failed, because it suffered heavy root damage. This may have

been caused by grubs or chemical burning. Its effects were the

following: mortality, fourteen trees; small root system, and

high top-root ratio. Thus, these plants would not make satis-

factory planting stock.

The plots 480-240-30, 480-90-15,360-150-30, an'd 360-90-

15 were examples of plots receiving com lete fertilizers with

heavy nitrogen concentration. All were inferior to the con-

trol plots in all respects. This is believed due to the grub

infestation primarily. The results were negative.

The plots 240-150-30,240-150-15, and 240-90-15, were ex-

amples of a well-balanced moderate complete fertilizer. These

plots out grew the control plots in all phases of measurement.

The positive results are believed due to the change in soil re-

action by use of two acid fertilizing agents, and also the plant

nutrients are immediantly available in water soluble form. The

results 'ere positive.

The plots 150-150-30, 150150-15, and 150-90-15, were ex-
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amples of complete balanced fertilizer. These plots consistent-

ly produced the largest growth increases over the control plots.

In these plots the nutrient solutions of the soil must have re-

mained in balance and near optimum concentrations. Also, none

of these plots lost over one plant. The top-root ratio was low

indicating a good balance between top and root. The treatments of

these plots were most satisfactory.

The plots 480-150-0, 360-150-0, and 240-90-0, were examples

of heavy applications of incomplete fertilizers with potassium

missing. The plots were inferior to the control plots. The top-

root ratio indicated well balanced plants. The mortality was high

indicating the presence of white grubs and their inevitable effect

upon growth. The deficiency of potassium may indicate the failure

of the plants to advantageously use the other two nutrient elements.

The results were negative.

The plots 480-0-20, 360-0-30-, 150-0-15, were examples of

heavy applications of incomplete fertilizers with phosphorus mis-

sing. The top-root ratios is low in the latter two cases as might

be expected when phosphorus is deficient. A deficiency of phosp-

horus may cause a restriction of root growth. The growth results

were negative.

The plots 0-240-30 and 0-150-15, were examples of an incom-

plete fertilizer with nitrogen missing. Mortality was zero.

Growth results show quite an increase over the adjacent control

plots. The top-root ratio is high which represents a poorly

balanced plant. Because of this last condition the trees would

not be the most desireable planting stock. This condition was
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probably caused by grubs and would not be a factor under condi-

tions of no pest population. The results were positive but

not satisfactory.

The plot 0-90-15 was an example of a very weak incomplete

fertilizer. The results indicate very little deviation from

the control plots. The results were negative.

The plot 480-0-0 was an example of a heavy application of

a nitrogenous fertilizer. This is comparable with the fertil-

izer application being used generally. in the nursery at the

present time. The grubs caused a mortality of thirteen plants,

thus this plot can hardly represent anything. The measurements

and weights place this plot as the poorest growth showing of

the entire experiment. The results were negative.

The plot 240-0-0 was an example of a moderate application

of a nitrogenous fertilizer. Mortality of three makes this

plot unsatisfactory from a comparison standpoint. Growth re-

sults are slightly lower in most respects than the adjacent cn-

trol plots. Explanation of these results would perhaps be more

satisfactory after two seasons growth. The results were negative.

The plots 0-240-0 and 0-90-0 were examples of phosphate

fertilizers. The plots were very similar to the control plots

in all measurements. There was no evident response. The re-

sults were negative.

The plot 0-0-30 was an example of a potash fertilizer.

Tne plot showed slight deviation from the control plots. The

mortality was zero. The response to growth stimulation was



non- existent.

The Dow plant stimulant plots were put in as a test to

see what the results might be. Previously, this fertilizer

had been used in the nursery with little apparent effect upon

the growing stock. The fertilizer was weak in nutrient supp-

lement. The analysis of its successor which is claimed to be

stepped up is nitrogen 3.9%, P 0 2.3%, and K 0 1.7%. The

four plots treated with this stimulant failed to respond.

The treatments were 200, 350, 500, and 650, pounds per acre.

The results were negative as there was v-ry little difference

between the treated plots and the control plots.
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Soil Test Comparison

For two reasons a satisfactory comparison can not be made

between the results of the soil test and the growth in the ex-

perimental plots.

1. The soil test does not show accurately the presence and

availability of the represented minerals. If, due to high pH,

the tests failed to indicate the presence of iron and sulphates,

how did this factor affect the tests of other minerals? How does

the extremely alkaline condition affect the availablility of these

minerals to the plants?

2. The effect of white 6rubs on the individual plots is in-

determinate. It is, therefore, impossible to assess accurately

the grub damage and isolate its effects.

Although the nitrogen supply seemed adequate from the

soil test,.the jlants did respond to treatment of nitrogen.

This might well be in response to the acid radical as affect-

ing the release of phosphorus previously tied up in insoluble

compounds.

Response to the addition of phosphorus or potassium al-

one was not indicated by the results. When ammonium sulphate

was used in conjuntion with the above minerals, there was a

definite and positive response. From this it is possible to

draw to conclusions: First, the soil is deficient in nitrogen

or second, the acid fertilizer created a more favorable soil

condition.

Where phosphorus and potassium were added together the

results were positive. This would seeminly indicate that there
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was a deficiency of these two elements, which is compatible with

the soil analysis.
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Suggestions for Further 7xperimentation

1. Sampling--It would be desireable to place at least a hundred

seedlins on each plot. Use of the regmular transplant boards

and planting four rows to each plot would facilitate the oper-

ation. This method would be convenient similar to usual nur-

sery procedure, and give adejuate sampling.

2. Growing season--By use of sufficient sampling it would be

desireable to make a complete analysis of half the trees in each

plot at the end of the first growing season, and analysis of the

other half at the end of the second growing season.

3. Species--White pine would probhbly res-ond to treatment more

readily than Norway pine, threby producing more tangible results

(Young, 1941, discussion).

4.Fertilizer--Uinder the existing condition of very alkaline soil,

it would be wise to use acid forming fertilizers. For nitrogen,

ammonium sulphate would be the best. For phosphorus, superphos-

phate is good but double or triple surperphosphate would be bet-

ter. For potassium, potassium sulphate would be most desireable

(Senstius, 1941, discussion).

5.Physical properties of the soil--The soil is in need of phy-

sical improvement which might well be of more importance than

the nutrient re uirements.

6. Application--it is believed that application of moderate

quantities of fertilizers twice each seeson over a period of

years would produce better results than a single heavy applicat-.n.

This procedure would result in decreased leaching.

This vould provide a more constant supply of nutrients in
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a water soluble form.
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Conclusions

1. The white grubs(Phyllophaga) operated to such extent RS to

cast suspicion upon any conelusions drawn from the results of

the experiment. The frequent occurrence of high top-root ratio

is considered to be evidence of grub damage to the roots more

than to any growth stimulant. This is further evidence of the

general presence of this pest.

2. A treatment which lowers the pH will in most instances show

a positive growth response. This is caused by the ielease of

mineral nutrients previouly tied up in insoluble compounds.

This response may not be indicated by stimulated growth the

first year due to the necessary time requirement for the nut-

rients to become available to the plants.

3. The moderate comilete fertilizer indicated best growth re-

sponse because it furnished an immediately available nutrient

supply, and being acid it temporarily created a more favor-

able soil reaction.

4.The treatments carrying heavy ammonium sulphate applications

would probably produce much better growth the second summer,

as then the total effects of pH change and mineral nutrient re-

lease would be in effect for the full growing season.

5. The Dow plant stimulant contains such a weak plant nutrient

supplement that this material is economically unsatisfactory

as a fertilizer. Chemical analysis and nursery experiment

indicate that very little response can be expected unless very

large amounts are used.
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Summary

1. This investigation was constructed to indicate the effects

of different chemical fertilizers upon Norway pine during the

first year in the seed bed. This investigation was further de-

limited to include only the effects produced by ammonium sulph-

ate, superphosphate, and muriate of potash.

2. About twenty years ago expansion of the forest nursery led

to the acquisition and location of the new nursery upon a very

unsatisfactory site. The soil was poorly drained, excessively

alkaline, not very rich in minerals, and had a marl base. It

was difficult to cultivate and the physieal composition was

unsatisfactory.

3. Extensive search of pertinent literature leads to the ac-

quisItion of a large body of gaen- 1lities coccrn>ng thie is3

of fertilizers in th5 forest uirs.ry. The different types of

fertilizers produce such divergent results on different types

of soil and on different species, that it is believed that

actual field experimentation is the most thorough approach to

developing a satisfactory soil management practice.

4. The research investigater must be observant to changes and

differences in plant growth. From his general fund of know-

ledge he must determine the causes oand effects 6f the condi-

tions he has observed. After such an analysis the observer

will be in a better position to determine future procedure in

nursery practice.

5. Students in the geology department analyzed a soil samplegrrom

the nursery. Due to the high pH the soil analysis did not indicate
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the presence of certain minerals in a satisfactory manner. The

tests indicated a deficiency in most minerals, but a very high

calcium content.

6. Intensive cropping practices constitutes a heavy drain upon

the mineral nutrient supply of the soil. Therefore, it is nec-

essary to regularly follow a mangement plan of soil building to

maintain volume and quality production.

7. Forty-one- one-fifth mil-acre plots were laid out in the nur-

sery. The different treatments were carefully determined; con-

tisting of complete fertilizers, incomplete fertilizers, addi-

tion of single elements and control plots. Also, four plots

were treated with varing iuantities of Dow Plant Stimulant (195).

The fertilizer amounts were carefully -eighed, dissolved and even-

ly applied to their respective plots. The ground was worked and

allowed to rest one week.

8. 2-0 Norway pine seedlings grown in the nursery, were transplant-

ed, twenty to each plot. These transplants received cultivation

during the summer similar to the other transplant beds.

9. White grubs infested the beds irregularly, ding much damage

to the root systems and causing the death of many trees.

10. In October the trees were individually measured for height

and diameter at ground level,and the mortality recorded. The

trees were dug, cleaned, oven-dried, and wei6 he& in the labor-

atory. Dry weight of top, roots and the whole plant were found.

11. The results are given in tabular form. For purposes of analy-

sis, bar graphs have been used to show the results visually and

thereby more easily compared. Graphs are given for mortality,
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height, diameter, average total dry weight, average top dry

weight, average root dry weight and top-root ratio.

12. Moderate applications of complete fertilizers produced

the largest increment of growth as compared ;with the control

plots durIng the first suZmer after application. This was be-

lieved due to immediate availability of the plant nutrients

and the favorable effect upon the pH condition of the soil.

13. Heavy applications of complete fertilizers while produc-

ing some stimulis were not among the-best. The second grow-

ing season might give these plots the decided advantage.

14. The plots receiving incomplete fertilizers produced er-

ratic results.

15. The Dow Plant Stimulant by analysis and field trial is

apparently too weak to be expected to produce satisfactory

results unless excessively large amounts are used.

16. Comparison of the soil analysis and the results of the

experiment fails to adequately prove anything. This is due

to inherent weaknesses of the soil analysis under extremely

alkaline conditions. klso, the grub infestation effected the

growth of the trees to such al, extent as to make deduction of

sound conclusions practically impossible.

17. During the course of the experiment there has arisen seve -

al difficulties which could be overcome by changes in the plan

of the experimient. These necessary changes concern sampling,

length of experiment(time), species, fertilizer, physical
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properties of the soil, and methods of application.

18. This investigation was constructed to set up leads to

successful soil management practice. It is only a beginning

and must be amplified and verified by much further field ex-

per imentat ion.
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