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Nursery Practice in the

Fertilizing and PrOpagation of Seedlings

The major part of this thesis deals with the

effects of fertilizers upon young seedlings; the purpose

being to determine as nearly as possible the best fertilizer

or fertilizers to use on the seed beds at the Michigan State

College forest nursery. Also, to determine the relative

effect different fertilizers have on different species of

trees.

Experiments of this nature have been carried on

at various tree nurseries in different parts of the

country with varying results. Different soils require

different kinds of fertilizers as well as do various

kinds of plants. It has of late been proven that the

effect of fertilizers on the same soil give different

results, varying with the condition of the soil, how the

soil was prepared, and the time of year the fertilizer was

applied. These factors have a marked effect on the growth

of the plants. It is not advisable to go to a dealer and

tell him you want a corn fertilizer, wheat fertilizer or

tree fertilizer. It is necessary to know the nature of the

soil and the conditions under which the fertilizer is to be

used. Almost any fertilizer will help any crOp, on any

type of soil, but that fertilizer may not be the best to

use. This study has been carried out to determine the best

94654



 



-2-

fertilizer to use under the special conditions found in the

seed beds at the Michigan State College forest nursery where

the beds are prepared in a very uniform way upon a rather

uniform soil. The soil is a gravelly loam, with some

tendency towards a clay.

In 1924 Professor Herbert carried on an experiment

with a large number of fertilizers at various strengths. A

few of those that gave the best results were used in this

experiment on other seedlings. The fertilizers used were

horse manure, poultry manure, ammonium sulphate and muck.

Fifty seedlings dug in various locations in the seed beds

were measured in order to obtain an average seedling grown

under average conditions. The trees were carefully washed

to remove all dirt possible without destroying the roots.

They were then measured and weighed in the fall of the first

and second year.

Most of the experiments were conducted upon white

and Norway spruce, but white pine, yellow pine, Austrian

pine and European larch were treated with one or two different

fertilizers.

The tables give the results of the experiment. The

trees are arranged according to the best development which

did not always happen to be the largest seedling, for it is

not necessarily length that is wanted, but a compact, bushy

root system with many fibrous roots and a good healthy top.



 



Seedlings from four beds were weighed and measured.

The first batch of seedlings were from beds that had been

fall sown and did not receive any fertilizer. The second

seedlings were from beds that had been sown in the following

spring and treated with "hip bust". The third batch of

seedlings were from beds sown the following spring and treated

with poultry manure. The seedlings from the last bed were

Spring sown and were not fertilized.

The results of the first year showed that plants

from the beds sown in the fall had the best root systems. The

beds were uniform in height, color and density. (Plate 1 and

2). This condition remained the same in the fall of the

second year. (Plate 3). There was a very much higher per

cent of survival and germination in the fall sown beds than

in the spring sown beds. The beds treated with "Dip Dust"

produced plants with compact root systems and healthy plants

with good color. (Plate 4). They were not as dense as in the

fall sown beds. They were more evenly distributed and more

uniform in height than those in the beds treated with

poultry manure and in the spring sown beds that were not

fertilized. These seedlings continued to develop during

the second year better than the beds that were not fertilized

or fertilized with poultry manure. (Plate 5 and 6). The

beds treated with poultry manure made a very unsatisfactory

growth during the first year, in that the trees did not

have a healthy color, nor were they very thick in the bed.

(Plate 2). The seedlings improved greatly the second year,



 



but only about one-tenth as many seedlings could be obtained

from that bed as from the fall sown beds. The roots at the

end of the second year were compact and the seedlings in much

better condition than they were in the fall before. The

spring sown bed that did not receive any treatment gave

very marked results as compared with the fall sown bed

that received the same treatment. The seedlings were sparse,

uneven and not as well colored as the fall sown. The

root systems were not compact. (Plate 6).

The results of this series of experiments show

very plainly that white pine should be sown in the fall to

get a full stand and that it does very well when fall sown

without any fertilizer treatment. Iowever, the seedlings

could be improved by a light application of Dip Dust or

poultry manure. Dip Dust apparently has some fertilizing

value or else protected the plants from damping off, thus

producing healthier plants. While poultry manure did not

have much effect upon the seedlings the first year, it would

undoubtedly improve the fall-sown plants. Spring sowing of

white pine is poor practice owing to the delayed germination

resulting in a poor stand of uneven seedlings, all of which

goes to make them costly.
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WHITE SPRUCE

Beds of white spruce were treated with poultry

manure, ammonium sulphate and horse manure and one bed was not

fertilized.

The bed treated with poultry manure produced slightly

the best seedlings the first year and the second year the

seedlings were much better than those from the other beds. The

roots were compact and well covered with fibrous roots. The

seedlings made a very uniform growth and had a good healthy

color. (Plate 7 and 8).

The bed treated with ammonium sulphate produced

seedlings the first year almost as good as those from the beds

treated with poultry manure and at the end of the second year

the seedlings were well developed with compact root systems,

'but the roots were coarser and the fibrous roots not as well

(leveloped, nor was the growth as uniform as those in the above

tied. (Plate 7 and 9).

The first year the bed treated with horse manure pro-

duced fairly good seedlings, but the development was not main—

tained during the second year. The beds were uneven and the

tOps did not have as good a color as in the above two beds.

They were somewhat better than the seedlings from the bed that

‘Was not fertilized. The roots were fairly uniform but were

somewhat lacking in fibrous roots. (Plate 7 and 10).

The bed that was not fertilized produced seedlings

\Nhich varied greatly in size and root deveIOpment. The beds

‘were uneven and thin. The fact that the beds were thin accounts

:for a large amount of the root deveIOpment of these seedlings

as each plant had more room to develop than the seedlings in



 



the other beds. (Plate 7 and 11).

The results of these experiments on white spruce

show that poultry manure and ammonium sulphate can be used on

seed beds to produce a good stand of seedlings with well devel-

Oped root systems, and larger seedlings in a shorter time than

from untreated beds.

‘ The use of horse manure will improve the seedlings

somewhat over those not fertilized, but the improvement is

hardly great enough to justify the eXpense.

Beds that are not fertilized tend to produce fewer

seedlings of uneven growth and having a spreading root system

that is apt to be injured greatly in transplanting.
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NORMAY SPRUCE

During the first year of the experiment some of the

beds of Norway spruce were boxed and some were not. Part of

these beds were transplanted last spring so comparative re-

sults cannot be given for the second year. However, at the end

of the first year all of the beds that were not boxed produced

better seedlings than the framed beds, (Plate 12), for they were

more even in size over the entire bed, whereas in the framed bed

the seedlings were tallest along the edges, decreasing to the

center of the bed. (Plate 15). This is due to the fact that

those along the edge had more room being able to send their

roots into the path. Also, the frame shelters the seedlings

along the edge and thus they grow in a moister situation.

The beds of Norway spruce were treated with the same

fertilizers as the white spruce, except one of the framed beds

which was treated with a mixture of horse and poultry manure.

In the open beds treated with horse manure and poultry

Inanure, the results were very similar to the beds treated with

:poultry manure, giving a more even stand and better colored

tops than those in the beds treated with horse manure which were

‘uneven and had a yellowish cast. (Plates 12, 15, 16).

The seedlings from the beds treated with ammonium

sulphate were larger and heavier than those from the above two

‘beds, but the roots were not as divided and the root hairs

‘were in bunches. Perhaps the seedlings were every bit as good

as those from the above beds. The results were very close.

(Plates 12 and 14).
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The bed that was not fertilized produced seedlings

with long roots, well divided, but lacking many fibrous roots.

The seedlings made an uneven growth and had a yellowish cast.

(Plates 12 and 17).

The bed that was treated with both horse and poultry

manure (one year results) produced the best seedlings of any of

the beds.

Norway spruce seed beds can be treated with horse

manure, poultry manure or ammonium_sulphate with equally good

results and with a stand of enough better quality seedlings

to pay for the extra cost.
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AUSTRIAN PINE

Only two beds of Austrian pine were treated; one

with poultry manure and the other with muck. Throughout the

two years the beds treated with poultry manure produced the

best seedlings. The seedlings from the beds treated with

poultry manure had well divided root systems with numerous

fibrous roots, while those from the bed treated with muck were

more even in growth. Both beds were of good color.

It would be better to transplant Austrian pine at

the end of the first year because of the long root system

which by the end of the second year is hard to handle without

severe damage.

There is very little choice in the two fertilizers

and the one that is most readily available could be used. The

seedlings in both beds were very scattered,owing either to

poor germination or not heavy enough sowing of the seed.

(Plates 18, 19, 20).
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1171311011" PINE

(One year's results)

Only two beds of yellow pine were treated; one

with horse manure and the other with muck. The best seedlings

came from the bed treated with horse manure, but with muck a

very close second. These seedlings have a long root system as

in the Austrian pine and were transplanted at the end of the

first year. (Plate 21).
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JAPANESE LARCH

Only two beds of Japanese larch were used in the

experiment; one was treated with horse manure and the other,

as a check, not being fertilized. (Plates 22,25,24). There

was a very pronounced difference between the bed treated with

horse manure and the check bed. The seedlings were larger, had

better developed root systems and color than in the check bed.

There was a pronounced difference in the seedlings at the edge

of the bed and in the center with both the treated and untreated

seedlings, those at the outer edge being very much larger with

better developed root systems.

Measurements were not made on the larch the second

year owing to the difficulty of getting the entire root system

and also because the needles were falling off. It was still

evident, however, that the bed treated with horse manure was

producing the best seedlings. The difference between the outer

edge and center of the beds was even more marked than in the

first year. There was almost one foot difference in the height.

{There were several spots in the center of the bed where all the

:seedlings were dead, due to lack of moisture and crowded condi-

'tions. This crowded condition forced the roots to go deeper

fwor water and food with the result that it was impossible to

dgig the seedlings without destroying some of the roots.

The Japanese larch should be sown only about a third

at; heavy as it was sown in these beds unless this resulted from

811 exceptionally high per cent of germination.

The larch should not be carried over the second year

3J1 the seed beds, but used for field planting at the end of

the first year .
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Considerable difficulty has been experienced at

the College nursery in getting basswood seeds to germinate

within a year. a series of experiments were conducted upon

basswood seed in an effort to find some wai to speed up

germination.

First the seeds were treated in various ways to soften

the seed cases. The seed was treated with nitric, sulphuric

and hydrochloric acids, some were soaked in hot water, others

in cold. Some were placed in hot water and the water allowed

to cool and freeze, then reheated and refrozen several times,

but with no results as the seed coats were not softened except

in cases where the seed was treated for a prolonged time in

the acids in which ases the embryo was injured. after the

treatment the seed was planted in a greenhouse, but after a

,period of four months no germination had taken place and in a

czutting test the seed was either dead or dormant.

The fall seed was picked from two trees and promptly

3Jlanted in a greenhouse flat and placed under the bench where

iflae temperature was around 500. The soil was kept moist. A

Ciitting test of the seed was made at the time of planting to

Sens if the seed was fertile and to determine nhether or not

tile outer and inner seed coat was hard as is the case in stored

Seneds. a cutting test was conducted on five seeds from each

tI‘ee and both gave 80 per cent, or four seeds were fertile. In

n£> case was the inner seed coat so hard that it could not be

Glrt with ease with a jack knife. After two weeks a cutting test

Wesmade on five seeds from each tree to determine, first, if

thNB seed coats had hardened and second, to note any change in
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the kernel itself. These cutting tests were made every two

weeks as long as any of the seed remained. In no case had the

seed coats hardened and the kernel remained as it was when

planted for a few weeks, then it gradually begun to swell and

the endosperm started to develop. At the last cutting test

several of the endosperms had broken through the inner seed

coats. In no case had the seed coats hardened and all the good

seed had started to germinate. In the mean time, Professor

Laurie of the Horticultural Department was carrying on eXperiments

on the rest period of seed and found that by storing basswood

seed at 700 for 3 months and then planting it no trouble was

experienced with the germination being delayed. Professor

Chittenden of the Forestry Department found that by burying

the seed for one year a rapid germination was obtained with a

very small loss from moldy seed-

PROPAGATION OF BASSWOOD BY CUTTINGS

Owing to the difficulty of getting basswood seed to

germinate, an experiment was carried on to see if it is possible

to produce basswoods from cuttings. In 1927 Professor McLaughlin

conducted some experiments with basswood cuttings, placing the

cuttings in sand. The results were negative, and the cuttings

seemed to decay in the soil although some of them developed

Ileayes. This year the eXperiment was repeated, using three

(Irfferent soils for the experiment, namely; sand, fifty per cent

saiud and peat, and acid peat. Along with the basswood cuttings,
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cuttings of purple willow and pOplar were used, as these last

two strike root very easily from cuttings, they were used to

show the effect, if any, of the different soils upon the root-

ing of the cuttings. Twenty-five cuttings from last year's

wood of basswood, willow, and poplar were placed in each soil

bed. Those in the sand were placed erect with at least one

bud beneath the soil. Those in the sand-peat and peat were

placed horizontal and covered with the soil. These cuttings

were.placed in the beds on January twenty-first. In three

weeks the willow and pOplar in the sand-peat and peat showed

signs of root development. Also a few had indications of

callouses. The basswood were unchanged except for some decay

at the ends. In another week the willow and pOplar in sand-

peat and peat had several roots, and small shoots were deveIOp-

ing. Those in the pure sand in a few instances showed indica-

tions of root development. The basswood remained unchanged

except for decay. On March twentieth most of the willow and

;poplar cuttings in the sand-peat and peat had well deveIOped

1?oots and shoots as plates A and B show. Only about half of

‘the cuttings in the sand had develOped roots, and these were not

sue well developed as in the sand—peat and the peat. All the

bEISSWOOd cuttings in pure sand were decayed at the end that was

131 the soil, while those in the sand-peat were decayed somewhat.

NI) roots had developed on any of these cuttings, and only a few

irl the pure peat showed any indication of a callous. The

stsults were negative as far as obtaining sprouts from basswood

(Hittings was concerned, but the power of acid peat in stimulat-

ing growth of roots on cuttings was well demonstrated on the

Willow and poplar .
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Plates 25, 26 and 27 show the effect of peat on

root production. From the effect on willow and poplar it would

seem that if basswood will sprout it would do so in the peat.

It may possibly be that older wood should be used. It does not

seem probable that a tree such as the basswood that reproduced

from Sprouts so freely should not reproduce from cuttings.



 

 
 



PLATE I

First Year Seedlings

 

 
 

Figure l. Hhite Pine treated with Dip bust.‘ _L‘

Figure 2. hhite Pine spring sown, fertilized with poultry

1:1anure .



 

Figure 5.

Figure 4.

 

PLATE II

First Year Seedlings .

 
, i _.____-—

White Pine spring sown, not fertilized.

White Pine fall sown, not fertilized.



Figure l.

 

PLATE III

Second Year Seedlings

 
Lhite Pine fall sown, not fertilized.



PLATE IV

Second Year Seedlings
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Figure 2. White Pine treated with Dip Dust.



 

? PLATE v

Second Year Seedlings
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Figure 5. White Pine spring sown, fertilized with

poultry manure.



 

‘ PLAT: VI

ecoLd Year Seedlings

 

 
Tigure 4. 1.4-1429. Pine spring: soy."-
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PLATE VII

First Year Seedlings

Spruce

Spruce

Spruce

Spruce

Spruce

fertilized with

fertilized with

fertilized with

not fertilized.

not fertilized.

 
 

horse manure.

ammonium,sulphate.

poultry manure.



PLATE VIII

Second Year Seedlings

 

  
 

Figure 2. White Spruce fertilized with poultry manure.



PLATE IX

Second Year Seedlings

 

 
Figure 4. White Spruce fertilized with.ammonium sulphate.



 

 

 

Figure 30

 

'PLATE 1

Second Year Seedlings

 

Lhite Spruce fertilized with horse manure.



PLATE KI

Second Year Seedlings

 

 
Figure l. Zhite Spruce not fertilized.
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Figure I.

Figure 2.

Figure 3.

Figure 4.

  

PLATE XII

First Year Seedlings

 

 

Open Beds

Norway Spruce not fertilized.

horway Spruce fertilized with poultry manure.

Horway Spruce fertilized with ammonium sulphate.

Norway Spruce fertilized with horse manure.



PLATE XIII

First Year Seedlings

 

 
   

 

Framed Beds

Figure l. Zorway Spruce fertilized with horse and poultry

manure.

EiSure 2. horway Spruce fertilized with poultry manure.

Figure 3. Korway Spruce not fertilized.



Second Year S

 

 

 

 
Figure 1° norway Spruce fertilized with ammonium sulphate.



PLATE KY

Second Year Seedlings

 

 
Figure 1. Forway Spruce fertilized with horse manure.



 

 

PLATE X

Second Year Seedlings

 

Figure l.

 
  

Uorway Spruce fertilized with poultry manure.



PLATE XVII

Second Year Seedlings

1

 

 

Figure l. horway Spruce not fertilized.



PLATE XVIII

First Year Seedlings

   

   

E48ure l. austrian Pine fertilized with poultry manure.

zlgure 2. Austrian Pine fertilized with much.
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Second Year Seedlings
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Figure l. Austrian Pine fertilized with poultry manure..



PLATE XX

Second Year Seedlings

 

 

Figure l.

 
Austrian Pine fertilized with much.



PLATE XXI

Fizst Year Seedlings
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PLATE XXII

First Year Seedlings
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Figure 1. Japanese Larch fertilized with horse manure.

figure 2. Javanese Larch 10t fertilized.
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PLATE XXIII

First Year Seedlings

     

fertilized with horse fianure,r h

cu, b'zdo

I nese arch fertilized 11th horse nature,
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PLATE 1:1;IV

First Year Seedlings

 

  
 

Figure 1. Japanese Larch not fertilized, edg o? bed.

rigure 2. .a= ose lard} not fertilized, Center of bed.
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ELATE XXVI

 

nropafated in pure sand.

and peat.

Figure l. gillow cuttings 3-

figure 2. ”illow cuttings propagated in sand

Figure 5. Lillow cuttings propafated in acid pea..
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