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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 purvose
being to determine as nearly as possible the best fertilizer
or fertilizers to use on the seed beds at the llichigan State
College forest nursery. Also, to determine the relative
effect different fertilizers have on different species of
trees.

IExperiments 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 went 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
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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 llerbert 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.

Liost of the experiments were conducted upon white
and liorway spruce, but white pine, yellow »ine, Austrian
pine and Zuropean larch were treated with one or two different
fertilizers.

The tables give the results of the exveriment. The
trees are arranged according to the best development which
did not always happen to be the largest seedling, for it is
not necesserily length that is wanted, but a comnact, bushy

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






VHITE PINE

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 sovn in the Tollowing
spring and treuted withh "wip bust". The third batch of
seedlings were from beds sovm 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 Tirst 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). Tnis condition remained the same in the fall of the
second year. (Plate 3). There was a very much higher per
cent of survival and ermination in the Tall sovn beds than
in the spring sown beds. Tle 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 maenure. (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 sowvn. 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. IHowever, 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 nlants from damping off, thus
producing healthier »plants. %While poultry manure did not
have much effect upon the seedlings the first year, it would
undouvtedly improve the fall-sown vlants. Svring sowing of
white pine 1is 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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WEITE 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 thbse 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
developed, nor was the growth as uniform as those in the above
bed. (Plate 7 and 9).

The first year the bed treated with horse manure pro-
Quced fairly good seedlings, but the development was not main-
teined during the second year. The beds were uneven and the
tops did not have as good & 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
somewnat lacking in fibrous roots. (Plate 7 and 10).

The bed that was not fertilized produced seedlings
which varied greatly in size and root development., The beds
were uneven and thin., The fact that the beds were thin accounts

Tor a large amount of the root development 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 i1s apt to be injured greatly in transplanting.
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ITORWAY SPRUCL

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 Tirst 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 13). 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 Illorway spruce vere 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 vpoultry
manure, 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 lohg roots, well divided, but lacking many Tibrous 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.

llorway spnruce seed beds can be treated with horse
manure, poultry manure or amoniuwm 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. 3Both 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 1is 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 germnination or not heavy enough sowing of the seed.

(Plates 18, 19, 20).
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YELLOW PINZE
(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 LARCIH
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 22,23,24). There i
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
Tor water and food with the result that it was impossible %o
dig the seedlings without destroying some of the roots.

The Japanese larch should be sown only about a third
as heavy as it was sown in these beds unless this resulted from
an exceptionally high per cent of germination.

The larch should not be carried over the second year
in the seed beds, but used for field planting at the end of

the rirst year.

.
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TROTACATION CF Daliiilll 5T e
Considerable difficulty has been experienced at
the College nursery in cetting basswood seeds to germinate
within a year. A4 series of experiments were conducted upon

Py

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

cermination.

)

I'irst the seeds viere treated in various ways wo soften
the seed cases. The seced 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 <Tor a prolonged time in
the acids in which cases the enbryo was injured. sfter the
treatment the seed was planted in a greenhouse, but after a
period of four months no germination had taken nlace and in a
cutting test the seed was either dead or dormant.

The fall seed was »nicked from two trees and promptly

Planted in a greenhouse flat and placed under the bench where
the temverature was around 50°, The soil was kept moist. A
cutting test ol the seed was made at the time of planting to
See il the seed was Tertile and to determine vhether or not
the outer and inner seed coat was hard as is the case in stored
Seeds, 4 cutting test was conducted on five seeds from each
Tree and both gave 80 per cent, or four seeds were fertile. 1In
NO case was the inner seed coat so hard that it could not be

Cut with ease with a jack kniTe. ATter two weeks a cutting test

Was made on five seeds from each tree to determine, first, if

the seed coats had hardeneda and second, to note any change in
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the kernel itself. These cutting tests vere 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 endosvern started to develop. At the last cutting test
several of the endosperms had broken through the inner seed
coavts. 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 Devartment was carrying on experiments
on the rest period of seed and found that by storing bvasswood
seed at 70° for 3 months and then planting it no trouble was
experienced with the germination being delayed. Professor
Chittenden of the T'orestry 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 BASSVOOD BY CUTTIINGS
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 licLaughlin
06nducted 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
leaves., ~This year the experiment was repeated, using three
different soils for the experiment, namely; sand, fifty per cent

Sand 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 develop-
ing. Those in the pure sand in a few instances showed indica-
tions of root development. The basswood remained unchanged
except for decay. On liarch twentieth most of the willow and
Dpoplar cuttings in the sand-peat and peat had well developed
Troots and shoots as plates A and B show. Only about half of
the cuttings in the sand had developed roots, and these were not
SO well developed as in the sand-peat and the veat. All the
basswood cuttings in pure sand were decayed at the end that was
in the soil, while those in the sand-peat were decayed somewhat.
No roots had developed on any of these cuttings, and only a few
in the pure peat showed any indication of a callous. The
Tesults were negative as far as obtaining sprouts from basswood
cuttings was concerned, but the power of acid peat in stimulat-
ing growth o 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. TIrom the effect on willow and noplar it would
seem that if basswood will sprout it would do so in the peat.
I¥ may possibly be that older wiood should be used. It does not
seem probable that a tree sucih as the basswood that reproduced

from sprouts so freely should not reproduce from cuttings.






PLATZ 1
rirst Year Seedlings

Figure 1. white Pine treated vith vip bust.
Fi ure 2, White Pine spring sown, fertilized
rignure.

with »noultry



Tigure 3.
Figure 4,

PLATE II
First Year Seedlings .

Yhite Pine spring sown, not fertilized.
White Pine fall sown, not fertilized.



PLATL III
Second Year Seedlings

Figure 1, uhite Pine fell sown, not fertilized.



PLATE IV
Second Year Seedlings

Winite Pine treated with Dip Dust.

Figure 2.



PLATE V
Second Year Seedlings

Figure 3., White Pine spring sown, fertilized with
poultry manure.



PLATD VI
cond Year Zeedlings

Tigure ¢,
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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.
armonium sulphate.
poultry manure.



PLATE VIII
Second Year Seedlings

Figure 2, thite Spruce fertilized with poultry manure.



PLATE IX
Second Year Seedlings

Figure 4. VUhite Spruce fertilized with ammonium sulphate.



Tigure 8.

TLATTE X
Second Year Seedlings

thite Spruce Tertilized yith horse manure.



PLATE XI
Second Year Ceedlings

Tigure 1. “hite Spruce not rertilized.



-

Figure 1.
Figure 2,
Tigure 3.
Tigure 4.,

PLATE XTI
First Year Seedlings

Open 3eds

liorway Spruce not fertilized.

7 Spruce fertilized with poultry manure.
Spruce fertilized with ammonium sulphate.

Spruce fertilized with horse manure.
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PLATE XIII
First Year <Seedlings

9
. - \‘ 8
7?“ v 3
\ N v .\_
A kL
¥ U el
: ) —
; ’ <! 2 1l &
| A
| ! -5
- o ‘) '
. .

T ———

Tramed Beds

Figure 1. :.orway Spruce fertilized with horse and pouliry
. rianure.

g}gure 2., Iorwey Spruce fertilized with poultry manure.
Figure 3, Lnorway Spruce not fertilized.



PLATE LIV
Second Year Seedlings

slgure 1, .orwax

Spruce fertilized with armonium sulonhate.



PLATE XY
Second Year Seedlings

Tigure 1, Iiorway Spruce fertilized with horse manure.



PLATE VI
Second Year Seedlings

Tigure 1, rorway Spruce fertilized with poultry manure.



PLATE XVIT
Second Year Seedlings

Figure 1. lorway Spruce not fertilized.



PLATH AVIIT
First Year Seedlings

E@gure l. ifustrian Pine fertilized with pouliry nanure.
ylzure 2, wustrian Pine Tertilized with zwael.



PLATE XIZ
Second Year Seedlings

Tigure 1, =us%rian Pine Ffertilized with poultry ranure. .



PLATE XX
Second Year Seedlings

Figure 1. .iustrian Pine fertilized with ruei.



PLATE LXT
First Year Seedlings
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?igure 1. 7ellow rine fertilizzd with horse nmanure.
fizure 2, Tollov Firne Tertilized with mucl:.
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PLATE IX1I
fir=t Year Scedlings
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Jianure.

2anese Larch fertilized itk o
enainese Lareh not Tertilized,



PLATE XXTIIT
first Year Zeedlings
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rigure 1. Jopanrese Larei feritilized with horse manure,

eds
Tigure 2, J.penrese Larch fertiTized with heres ornure,
ceouter I Tl



PLATE 1ZIV
First Year See=dlings

Tigure 1.

d, edge o ped.
Tigure 2,

renesce Larch not fert
nancse Larel 1ot Jert &, center orf ted.
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ZLATE ZXVI

e sand.
a enc neat.
a

neat

Tigure 1, .11
Vigure 2, L1l
Ticure S, Wil

low cuttings propa -ated in v
lew cuttinos nronazated in swa
lov cuttinzs nronaated in oc
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