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HERBERT A. LUNT 

T H E  DEMAND for forest nursery stock has been greatly accelerated in 
recent years by the agitation for tree-planting as a phase of soil conser- 
vation and flood control. In addition, the need of reforestation from the 
standpoint of timber and pulp wood production is becoming increasingly 
urgent. Without a doubt, tree planting for all three purposes will con- 
tinue indefinitely as a permanent feature of the Nation's conservation 
program. Hence, the demand for nursery stock will be maintained a t  a 
higher level than i t  was prior to the present decade. 

From the standpoint of the soil, we are faced with two problems: (a) 
increasing the productive capacity of old nurseries, and (b) maintaining 
the productive capacity of new ones; and this in the face of a diminishing 
supply and increasing cost of farm manure. Furthermore, i t  has been 
felt that some methods should be devised which would shorten the period 
of time normally considered necessary for the stock to remain in the nursery 
and which would also furnish larger, more thrifty plants, better able to 
survive when set out in the field. Whether this can best be accomplished 
by wider spacing, by root pruning, by fertilization, or by some other means 
is an important question confronting the nurseryman. 

In some instances continued cropping, together with the scarcity of 
manure, has created a real need for the use of commercial fertilizers in 
order to produce trees of average size, t o  say nothing of larger stock. As 
will be brought out later, continuous croppingto nursery stock constitutes a 
serious drain on the soil, and satisfactory results cannot be expected unless 
plant food is added in the form of manure or commercial fertilizers or both 
and, in addition, a more or less systematic rotation of crops is practiced. 
Many nurserymen are aware of the situation and follow a very com- 
mendable system for the maintenance of the fertility of the soil. Others, 
equally desirous of keeping up soil fertility, for some reason do not succeed, 
and they are faced with the problem of finding a remedy or moving their 
beds to other fields that are in a good state of fertility. 

REVIEW OF LITERATURE 

Experiments in soil management in the forest nursery go back a t  least 
65 years. Von Schroeder (19) cites the work of Dulk on Scotch pine, 
Norway spruce and beech in 1874 and 1875, and of Schiisse on pine and 
spruce in 1872, 1879 and 1882. From his own experiments von Schroeder 
concluded among other things that, in the second year, spruce requires 
about as much nitrogen as does lupine and red clover, and more phosphorus 
than red clover. 
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Rather extensive researches by Vater early in the present century were 
published between 1905 and 1909 (26). For the succeeding 20 years hls 
research on the subject of forest tree nutrition and fertilization has con- 
tinued with greater emphasis on the forest than on nursery stock. 

Among other European investigators who have worked on this problem 
may be mentioned Helbig, 1910 (2); Schwappach, 1916 (20); Kuhnert, 
1930 (5) ; Leiningen-Westerburg, 1930 (6) ; Deines, 1930 (1) ; Manchard, 
1933 (7); NBmec, 1932-38 (lo), ( l l ) ,  (12), (13), (14), (15), (17), (18); 
Sorensen, 1936 (21); Siichting, Jessen and Maurmann, 1937 (23); and 
Wetzel, 1937 (29). Materials most commonly used in fertilizer work in 
Europe are: ammonium sulfate, sodium nitrate, calcium nitrate, urea, 
Thomas slag, bonemeal, kainit, muriate and sulfate of potash, burnt lime 
and marl. Basalt meal is being tried as a fertilizer (3) with apparent 
success, especially as a supplement t o  manure to  which i t  is added in the 
compost pile. 

In this country experience in nursery fertilization is rather limited, 
although in recent years there have been quite a number of contributions 
on the subject. The earlier work up to 1931 was adequately reviewed by 
Toumey and Korstian (25). They emphasize the importance of main- 
taining the organic matter content of the soil, since in producing nur- 
sery stock nothing is left or returned to the soil. They state that "farm 
manures are the most useful fertilizers for general purposes that can be 
used in nursery practice either alone or in combination with other materials 
composted with them". For commercial fertilizers they recommend the 
use of organic fertilizer such as dried blood, ground fish, tankage, etc., a t  
the   ate of 500 to 1500 pounds per acre, applied on seedbeds prior to plant- 
ing, or as a top dressing, a t  the beginning of the second year. The senior 
author had good results in growing successive crops of coniferous seedlings 
on sandy loam by applying in alternate years prior t o  preparation of the 
seedbeds the following: cow manure, 10 to 30 tons, per acre; bonemeal, 250 
to 400 pounds; unbleached hardwood ashes, 1100 to 800 pounds. After 
preparation of the beds and just prior t o  seeding, similar amounts of bone- 
meal and ashes were worked into the surface soil. The authors mention that 
in Europe some areas have been cropped to nursery stock continuously 
for 70 years. Fertility is maintained by using a compost of moor soil, 
ashes and nursery stock. 

McIntyre and White (8), working with Norway spruce, pitch pine and 
white pine, reported that "in nearly all cases the seedlings grown on fer- 
tilized soil were larger, better developed and heavier than those grown on 
the checks". In  some cases dried blood produced the largest seedlings; 
in other cases phosphorus; in still others LNPK (lime, nitrogen, phos- 
phorus, potassium). 

Extensive experiments a t  the Savenac Nursery in Montana (28) with 
Engehann spruce (Picea engelmannii) and western yellow pine (Pinus 
ponderosa) indicated a definite improvement in the rate of growth with 
the use of fertilizers. With the spruce, a t  least a year was saved over the 
five or six-year period formerly necessary to produce sizable seedlings. 
Dried blood and bonemeal or. large amounts of sheep manure seemed to 
be most effective. The pines were benefited most by a lawn-dressing type 
of fertilizer analyzing 4.6 percent nitrogen and 8.8 percent phosphoric 

acid. A blood-and-bone mixture was second best and sulfate of ammonia 
third. 

Wilde (32) found that coniferous nursery stock was definitely benefited 
by the application of fertilizers, provided the right amount was used. Fer- 
tilized plants were better able to withstand heat and drought than those 
unfertilized. Wilde further reports (30) (31) that certain kinds of forest 
duff constitute ideal fertilizing material, although, because of the im- 
practicability of using sufficiently large amounts to meet the needs of the 
nursery stock, i t  is necessary to use commercial fertilizers in addition. For 
stimulating stunted or otherwise handicapped plants, he recolnmends the 
use of liquid humate. 

Although one finds, as he peruses the literature, conflicting reports as to 
the results of fertilization in the nursery, i t  is apparent by and large that 
nursery stock does respond to feeding. This is more evident in recent 
years, especially in this country, as a result, no doubt, of more carefully 
controlled experiments. The field of tree nutrition is only now beginning 
to be investigated and the possibilities for the future are most promising. 

Our studies in nursery-soil management and seedling nutrition are by 
no means finished; but i t  seems expedient t o  publish as a progress report 
the fmdings obtained so far. 

EXPERIMENTAL 

At the suggestibn of Mr. H. W. Hicock, Assistant Forester a t  the 
Station, experimentation was started in 1929 to determine whether,there 
is any way either to shorten the period necessary for a seedling to remain 
in the nursery, or t o  obtain larger plants in the usual period of time. Red 
pine was chosen because a t  that time i t  was being planted to a much greater 
extent than any other species. 

In a preliminary experiment in butter tubs, red pine seedlings were 
grown in four soils, ranging from a coarse, infertile sand to a well-fertilized, 
loamy sand tobacco soil. The results, given in Table 1 and Figures 108 
and 109, show .that red pine is responsive to differences in fertility, par- 
ticularly where the roots are confined as they were in this case. 

SEEDBED STUDIES 

Experiments a t  Windsor 

A series of fertilizer experiments were carried out in seedbeds a t  the 
Windsor nursery over a period of six years. The soil was RiIerrimac loamy 
sand, rather well supplied with available phosphorus as a residue from 
previous treatment. It was low in potash, nitrogen and organic matter. 
Physically i t  was essentially the same as the soil in tubzNo. 4. of the pre- 
liminary butter tub experiment (Table 1). The rainfall averaged 46 inches, 
well distributed throughout the year. 
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Tub No. 1 
Coarse sand 
from barren 

Tub No. 2 Tub No. 3 Tub No. 4 
hledium Medium Loamy sand 

sand from so~ld from from wcll- 
n. 1': 

plantation 1 tot%m 1 b E &  k i d  

Soil Properties 
DH 1 4.. 38 1 4.40 1 4 .71  I 4 . 7 9  
'Total Nitrogen 'io 

c .  Organic Carbon ,'G 
N :C 

C Loss- on-ignit ion /o 
Moisture Equivalent % 
Total Colloids 70 
Total Sands F /'o 

Tree Counts ant1 Measurements 
Oct. 15, 1930 No. of trees 
(1  yr. in tubs) Length of stem, 

cm. 

(3 yrs. in tubs) Grow-th of leader 
in 1932. cln. 1 8 .8  

0.029 
0.639 

21.8 
2.25 
3.68 
3.20 

90.5 

21 

3 .6  
Oct. 7, 1931 New growth of 

leader, cm. 
(2 yrs. in tubs) Total new growth 

(leader -f sum 
of side branches, 

cm.) 
Oct. 27. 1932 TotalHeieht.cm. 

Fertilizers were applied prior to second season only 

2.6 

8 .0  
14.4 

0.042 
1.167 

27.6 
4.16 
7.20 
6.60 

Where t,he fertilizer was applied either prior to or shortly after seeding, 
there was considerable yellowing of the needles, and in some cases, particu- 
larly in the use of concentrated soluble materials, there was definite in- 
jury. Growth response was slight and inconsistent. On the basis of dry 
weight per 10 plants, the mean of all treatments was 1.30 gm., as compared 
with 1.22 gm. for the untreated plots. Those receiving Hyperhumus 
showed up best with an average of 1.4.7 gm. 

In another case, the untreated plots and those receiving Sorbex were 
superior to those receiving either fish, Milorganite, an organic mixture 
(5-6-4), or an 11-6-6 mixture. 

Where fertilizer treatment was not made until the beginning of the 
second year, the response was more satisfactory, ranging up to 69 percent 
increase in dry weight for peat moss plus 20-8-8 over the average of the 
checks, as seen in Table 2. I t  will be noted that there is a fairly good 
correlation between needle length and dry weight of the plants. It appears 
that fish, peat moss, and the formulae 20-8-8 and 6-17-13 were beneficial, 
while Milorganite and 15-30-15 were of questionable value. 

0.078 
1.199 
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FIGURE 110. Relation between fertilizer treatment, number and weight of 
plants per square foot. Windsor seedbeds. 

Treatment 

Peat moss t 20-8-8 

Fish 
Fish 

20-8-8 
6-17-13 

15-30-15 

Sulfate of ammonia 

Peat moss 

Milorganite 
Milorgani te 

Untreated 
Untreated 
Untreated 
Untreated 
Untreated 

Mean, all treatments 

Dry weight 100 plants 

mm. 

82.2 

61'5 
55.0 

60.6 
66.4 - 

69.2 

47.7 

: 
52.2 
46.3 
33.9 
40.9 
32.5 

The treatments were repeated, and the following spring measurements 
were made which are recorded in Table 3. When based on weight per 100 
plants, all treatments except Milorganite produced larger plants than were 
obtained in the untreated plots. The 20-8-8 mixture alone and with peat 
moss was by far the best of the lot, producing a gain of 133 and 100 percent 
respectively. In agreement with the findings of other workers, the top- 
root ratio is higher in fertilized trees than i t  is in those untreated, which is, 
of course, a disadvantage in transplanting. The plant with a well-de- 
veloped root system in proportion to top is in a better position to survive 
and makc good growth than is one not so favored. 

Interesting relationships between size of plant and density of the stand 
are shown in Figures 110 and 111. The five checks and the peat moss 
treatment arrange themselves nicely below the theoretical average; the 
hlIilorganite is approximately in the average, while the other treatments are 
all above the average. 

B. -- 
22.6 

: 
23.2 
17.6 
13.3 

18.0 

17.3 

16.6 
11.2 

18.5 
14.7 
11.7 
11.4 
10.7 

Av. 

82.2 

58.3 

63.5 

69.2 

47.7 

43.6 

41.2 

52.5 

Av. 

22.6 

21.6 

18.0 

18.0 

1 7 . 3 ,  

13.9 

13.4 

16.7 

Relative 

169 

161 

134 

134 

129 

104 

100 
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TABLE 3. EFFECT OF FERTILIZATION ON RED PINE SEEDLINGS 
Three Years from Seed JVhen Dug 

(Planted Spring 1932. Drlg Apr. 5, 1935) 

Plot 
No. 

12 Peat Rloss t 
20-8-8 

6 20-8-8 
4 15-30-15 
8 6-17-13 
7 Sr1lfate of 

ammonia 

Dry weight 100 plants 
Top-root ratio 

(T/R) 
No. of plants 1 Dry Weight 
per sq. ft. per sq. ft. 

-- 

5.31 

6 .43  
4 . 0 2  
3 . 9 1  

4 .75  

Av. Av. 

5.31 

4 . 7 9  

4 .75  

Stand 
den- 
.sity 

Good 

Good 
Good 
Good 

Good 

Good Fk; 1 1 4 2 . 0  1129 12:;; 1 4 . 2 0  1 ii: 1310 1 iii 1129  lv.gmd 

Untreated 
n t r e  I I I I : I I Z1 I I E I I E% 
Untreated Good 

Good 1 :  3 0 . 8  9 5  3 . 5 8 1 $ : 4 3 8 1  ::!(135 l G o o d  
Mean 1 1 41.2 1 1 1 4.38 1 1 299 1 1ff5.81 

L 
O o roo 200 300 400 500 

NO. OF PLANTS PER SQ. FT. 

FIGURE 111. Relation between fertilizer treatment, number of plants per 
square foot and weight of 100 plants. Windsor seedheds. 

Seedbed Fertilization a t  t h e  Peoples Forest Nursery 

In the spring of 1935 experimental work was started in a limited way 
on the Peoples Forest Nursery a t  Barkhamsted. The nursery is situated 
on Merrimac loamy sand. Seedling beds of one-year-old plants (seed sown 
spring, 1934) of red pine, white pine (P. strobus), larch (Larix decidua); 
Norway spruce (Picea Abies), and white spruce (P. glauca) were selected 
and each species received the following treatments: 

Plot 1 Fish 300 1bs. p2r A. (27 lbs. N/A) 
2 " 600 " ( 5 4  " )  
3 12-16-12 100 :: '': (12 " ) 
4 200 (24 " ) 

The materials were applied dry on May 8 and brushed off the trees with 
a broom.. 

On July 31 i t  was observed that white pine trees treated with 200 
pounds of 12-16-12 appeared slightly greener than the untreated trees, 
and on white spruce the light, complete fertilizer treatment seemed slightly 
superior. Norway spruce appeared to be somewhat better on the portions 
of the bed receiving either amount of 12-16-12 than i t  did on either fish- 
treated or the no-treatment portions of the bed. Otherwise, no differences 
were noted. 

Early in April, 1936, i t  was observed that the Norway spruce trees 
which had received 600 pounds of fish were somewhat superior to those 
growing under other treatments. On the other hand, white spruce with 
12-16-12 fertilizer was slightly better than with either fish or no treatments. 

In  no case were the results a t  all striking, and no definite conclusions 
could be drawn from the work. It is quite probable that the date of 
application, May 8, while seemingly early enough, was still too late to be 
of use to the current season's growth. This is especially true in the case of 
fish meal which becomes available slowly. The work a t  this nursery was 
conducted more for demonstrational purposes than for scientific accuracy, 
and for this reason no actual measurements of the trees were made. It 
was felt that if the effect of treatment was not great enough to be detected 
by ocular observation, i t  was not significant. 

In the following spring fertilizers were applied (April 15, 1936), to three 
species of 1-0 stock (seed planted 1935) as follows, using areas 4 by 10.9 
feet (1/1000 A.) for each treatment: 

Norway spruce 7-6-6 100, 800, 1200 Ibs./A in duplicate 
Fish 500, 1000, 1500 Ibs./A sinfles 

500, 1000, 2000 lbs./A 

White spruce 7-6-6 400, 800, 1200 Ibs./A sinfles 
Fish 500, 1000, 1500 Ibs./A 

White pine Same as for white spruce 

On July 23 i t  was observed that growth on one set of treatments on 
Norway spruce appeared slightly inferior to the untreated portion. NO 
differences could be noted on any other beds. On October 27 there were 
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no differences apparent except in the case of Norway spruce where the 
fish treatment seemed to cause slightly poorer growth, and the 7-6-6 fer- 
tilizer slightly better growth, than the untreated portions. 

Conclusions on Seedbed Studies 

From the foregoing presentation the following conclusions may 'be 
drawn, applicable to the conditions of the experiments: 

1. In general, the use of fertilizers and soil amendments has been 
beneficial to  red pine seedlings to a greater or lesser degree. 

2. There has been an inconsistency in the response of these seedlings to 
different kinds of fertilizer-sometimes one, sometimes another giving best 
results. However, there was a tendency for the organic fertilizers to be 
superior to inorganic types. Of the complete fertilizers used, the one high 
in nitrogen (20-8-8) seemed to give best results. 

3. I t  is very easy to over-fertilize seedlings, particularly with con- 
centrated, soluble materials. In the light of the experiences of hlitchell 
(9) and others in seedbed work, i t  is quite probable that more satisfactory 
results can be obtained from the use of fertilizer if i t  is applied in frequent, 
light doses in soluble form. The seedlings grow so slowly that excess 
soluble fertilizer is either leached out before i t  is absorbed, or, if too con- 
centrated, i t  injures the seedlings. 

TRANSPLANT BED STUDIES 

Experiments at Windsor 

First Experiment, Blain Series 

Commencing in the spring of 1930 a series of experiments were started 
to determine the response of conifers, especially red pine, to fertilization 
in the transplant bed. Sixty plots 4 by 8 feet were laid out a t  \Vindsor on 
hlerrimac loamy sand, 42 of which constituted the main series of 1.4 treat- 
ments in triplicate, while the remaining 18 plots were used for extra treat- 
ments of one kind or another. The amount of nitrogenous fertilizer was 
based on 100 pounds of nitrogen per acre. The materials used in the main 
series and the rate of application, in pounds per acre, were: 

Ammonium sulfate 475 Manure (cow) 20.000 (wet) 
Calnitro 500 Potassium sulfate "10 
Castor pomace 2,000 Sodiu~n nitrate 666 
Cottonseed meal 1,500 Superphosphate (16%) 30 
Fish meal 1,165 Urea 220 
Limestone -1-,000 6-8-7 1,325 

The organic materials, including the 6-8-7 mixture, were applied prior 
to planting and worked into the soil with a hoe. All other fertilizers were 
applied as a top dressing, using the dry salts mixed with sand to aid in 
obtaining uniform distribution. Red pine seedlings, two years from seed, 
were planted May 5 ,  6 and 7, 30 trees to the row and 15 rows to the full 
size plot. 

Soil samples from all plots, representing some 16 treatments, were 
collected on four separate dates during the summer and tested for acidity, 
ammonia nitrogen and nitrate nitrogen. The findings are given graphically 
in Figure 112. I t  is to  be noted that some of the treatments had a very 
distinct effect upon soil reaction. Both treatments containing urea and all 
organics except tankage caused an increase in acidity. The extreme 
acidity resulting from the high applications of Nitrophoska can be ascribed 
to the high nitrate content. The ammonia nitrogen data for the first three 
periods \\-ere not very reliable and should not be taken too seriously. The 
data on nitratcs are dependable and they show quite striking differences 
with respect to both date of sampling and treatment. 

Results of Treatment 011 Growth of Plants, Main Series 

The main series will be discussed first before considering the single plots. 

Because the planting stock was used as i t  came from the beds without 
selection, the trees in this experiment varied greatly in size. At the time 
of measurement in April, 1931, i t  was necessary to recognize three size 
classes: small, medium and large. Five typical trees of each size-class 
were removed from each plot. The 1930 growth of leader and the needle 
length were measured, and the green weights of the whole plant and dry 
weights of both tops and roots were obtained. In order to make fair com- 
parison between plots, the number of rows or fractions of a row of each 
size class was estimated and these values were used in calculating the 
weighed totals. This latter value is the sum of the products of the measure- 
ment in question and the number of plants of each plant size. For example, 
the data for the green weight of the plants in plot 1 are as  follows: 

Average 
Class green weight No. of rdws Weighed value 

per ~,lnnt (2 x 3) 

Small 1 . 7  2 . 0  3.4 
Medium 9 .4  11.0  103.4 
Large 24.2  1 . 0  2 i . 2  - 

Weighed total 131.0 

The data so calculated are found in Table 4. I t  must be borne in mind 
that these data are only of limited value because of the original variation 
between plots. Under the conditions of the experiment i t  appears that t.he 
soluble materials were most effective in influencing growth. Eight of the 
14 treatments showed a positive response, while 5 were negative. That 
soluble fertilizers stimulate top growth rather than root development is 
shown by the ratio of tops to roots. Shoot growth was well correlated with 
dry weight, but little can be said for needle length in this respect. 

Shoot growth and needle length were compared statistically and found 
to have a correlation of .702 f .024, based on 198 measurements. 
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\lrindsor, Main Series, Season of 1930 
Arranged in order of decreasinq weight of whole plant 

Weighted totals (except needle length) 

No. of 
Treatment plots 

Sodium Nitrate + K 3  
Ammonium Sulfate + K 2  
Calnitro + K 3  

Total dry weight Shoot 
grqwth 

cin. 

7 5 . 5  
67 .2  
68 .4  

Needle 
length 

cm. Roots 

4 40 
,A. ; 

3 20  ,.' >* 4' ,4, '. 
i - N 3 ~  !! L - ./ --A- 

CHECK - 6-8-7 6-8-7 t L CALNlTRO 

K 
Urea + K 
Urea + P K  
Urea 
Manure 
Untreated 8 1 152.4 1 100 1 3.36 1 57 .5  1 8.19 

,.-.-. 
U R E A  

6-8-7 + lime 2  
Castor pomace + K 3 
6-8-7 - 
Fish + K 4 
Cottonseed meal + K 3  

,< '.., 
." ,. *., 

,'/ .. 
' f  7 
L 

A M .  SULF. 

Mean* 50 1 f74.8 1 I I 1 

132.0 
126.6  
119.0 
116.1 
102.7 

*Obtained by averaging all plots; not simply an average of the figures given above. 

UREA P K  

87 
83 
79 
77 
68 

Windsor, Mkin Series. (Plant,ed 1931) 
(Average of 3  plots for each treatment) 

Treatments 

3 .53 
2.91 
3 .62  
3 .13 
3 .02  

cm. 

-- 

Relative 

. 42 .8  
58 .2  
50.3  
52 .4  
4 9 . 3  

Fish 
Muriate of potash 
Nitrate of soda 
Caqtor pomace 
Cottonseeci meal 
16-15-17 
RIanure 
Urea + K 
Sr~lfate of ammonia 
Urea 
16-15-17 + 1, 
Urea PK 
Check 
Calnitro 

7 .53  
7 .93 
8.30 
8.45 
8.57 

- -. 
0 

CAST. POM. 
I I 

C.S.M. 

(7 , \.-- 
TAW !AGE 

I \  : 

, ; '., 'Y 

F I S H  

0 
MILORG. 

Second Windsor Experiment with Transplants, Main Scries 
Nitrophoska 

~6 $8 Ed% 
Nitrophoska 
y 7 
26 28 28 24 

All plants in the main series (beds 1-42) were removed. The beds were 
spaded and fertilized as in the original application in 1930, except that in 
place of the 6-8-7 mixture, a new "forest formula" 26-15-17*, \\-as used a t  

F I G U ~ E  112. Soil test-, \lrindsor transplant beds. 1930. 
* 16-15-17: Potassium nitrntc 16 parts. potassium chloridc 20, sodium nitrate 16. Ammoptins "A" 32. 

urea 16. 
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the rate of 75 pounds of nitrogen per acre. Two-year-old red pine seedlings 
which had been hand-selected to insure uniformity were carefully 
planted May 11-18, all by one man. In the fall 10 average trees were 
measured to determine the amount of growth put on in the current year. 
As we see in Table 5, the differences were small, the average heights ranging 
from 7.27 cm. to 8.10 cm., or an increase of 11 percent. 

For the next year, 1932, treatments were repeated on the basis of 75 
pounds of nitrogen per acre for the organics, and 100 pounds for the soluble 
fertilizers, the latter in two applications. KC1 was used in place of KzS04, 
and a 20-8-8 mixture was substituted for the 16-15-17. In late September 
the total height was taken of all trees in every other row of every plot. 
Later, 25 average trees were cut out and dry weights obtained. 

The data, contained in Table 6, show that, based on height of plants, 
the organic fertilizers were superior to the inorganics: but the dry weight 
figures show a somewhat different picture, some of the soluble materials 
being equal or superior to the organics. In all cases, however, the treated 
plots produced larger trees than the untreated. 

In April, 1933, all trees were removed; but before this was done 35 
average trees from the triplicate plots of 8 different treatments were saved 
for planting out. The trees were selected by measurement based on the 
previous fall's results. The land was re-worked, fertilized as in previous 
years, and planted to  oats and later to buckwheat. The yields of both 
crops were closely correlated with pH of the soil, the sodium nitrate and 
the limed plots being the best, and the sulfate of ammonia plots the poorest. 

TABLE 6. HEIGHT AND DRY WEIGHT OF RED PINE TRANSPLANTS, FALL, 1932 
Windsor, Main Series. (Planted 1931) 
(Average of 3 plots for each treatment) 

1 Height 1 Dry wt. per tree (tops only) 
Treatments I I 

Relative Relative 
-- I Em. I 

Fish 
Cottonseed meal 
Castor pomace 
Urea 
Urea PK 
Manure 
20-8-8 + L. 
Urea K 
NaN03 
K 
20-8-8 
Calnitro 
Ammonium Su1fat.e 
Check 1 22 .0  1 100 1 6 .28  ( 100 

Results with Other Rlaterials on the Single Plots 

As stated on page 732, of the 60 plots laid out and planted in 1930, 18 
were single plots used for trying out a variety of materials which could not 
be included in the main series. These materials and their rates of appli- 
cation were: 

Bloodmeal 1,000 Peat Moss 19,060 (aF dry) 
Hyperhumus 32,670 Red pine duff 14.,720 
R4agnesium sulfate 300 Sulfur 200 
Milorganite 2,224 Tankage, bone 3,000 

Nitrophoska (15-30-15) 666, 1,333, 2,666 

At the end of the first season, only one treatment, 666 pounds of Nitro- 
phoska, gave results definitely superior to those on the untreated plots. 
The gain was 30 percent. The two poorest treatments were red pine duff, 
52 percent below the checks, and the high application of Nitrophoska, 63 
percent below. I t  will be recalled that the latter resulted in a very high 
degree of acidity in the soil. 

These trees were not removed a t  the end of the first season but were 
carried through until the fall of 1931, with the treatments essentially the 
same as in 1930 except Nitrophoska which was not repeated. Final meas- 
urement in the fall did not reveal any striking results one way or another. 
I t  was noted, however, that plots which received a complete fertilizer 
the current year were somewhat superior to those treated only in the pre- 
ceding year. 

In the refertilization of the plots on April 18, 1932, sulfur, magnesium 
sulfate and red pine duff were dropped, and Hyperhumus or Milorganite 
used in their stead. Only the lowest application of Nitrophoska was used. 
The plots were then planted with hand-selected, two-year pine seedlings. 
Measurements made in the fall of 2932 and again a year later revealed 
considerable inconsistency in the growth response to the various treatments. 
The maximum increase was 46 percent, but in many cases the gain was 
slight. Yields of an oat crop which followed the removal of the pines 
showed very little correlation with the growth of the latter. 

Summary of the work on the Windsor transplant beds 

The foregoing presentation of the results obtained in the transplant 
beds a t  Windsor indicates a general response to fertilizers, ranging up to 
46 percent better than the untreated plots. Frequently,~differences due to 
treatment were hardly noticeable in the field and could be ascertained only 
upon actual measurement. There was much inconsistency in response to  
different kinds of fertilizer and the results obtained do not warrant any 
positive conclusions on the matter. 

Transplant Bed Experiment at Rainbow 

In order to obtain additional data on the response of red pines to ferti- 
lization, a transplant bed was established on coarse sand a t  the Rainbow 



Connecticut Experiment Slalion Bulletin 416 

plantation. In April, 1933, a fairly open area was cleared of a few gray 
birch and young spruce and pine, and then plowed and harrowed. On 
April 28 it was laid off' into 48 plots, each 4 by 5.3 feet, and fertilized as 
follou~s : 

Plot Nos. Treatment 

0 
x 
P 
K 
1'K 

NK 

NPK 

NPK 
NHs 

NPK 
N 

Check 
Blood Tankage 
Precipitated bone 
!elfate of potash 

Precipitated bone 
Sulfatc of potash 

i 
Blood Tankagc 
Sulfate of potash 
Blood Tankage 
Precipitated bone 
Sulfate of potash 

Porrnr~la (20-8-8)* . ulfate of aulrnonia 
{i'.1etP of potash 
JUitrate of soda 
\bulfatr of potash 
h-itrophoska (I 5-30-1 5) 
Dried grountl fish 

Amount Fertilizer 
pcr plot per acre 

ms. g. 

*For cornposition of 20-8-8. see p. 2 6 .  

Early in May 14,400 hand selected, tw-o-year red pine seedlings were 
planted, 30 trees per row and 10 rows per plot. Tncidcntally, the 2 1.,540 
trees (nursery-run stock), taken from the nursery, graded out as follows: 

Selected trees 60.4 percent; large discards 4.6; small discards 35.0. 

I t  is believed that these figures represent better than average nursery be( 
run, for the section used was chosen for its uniformity. 

Because of injury from some of the treatments, notably amrnoniun 
sulfate and sodium nitrate, the amount of fertilizer applied in 1934 wa., 
only half that of the original application. Thus, the amount used was 
equivalent to 25 pounds of N in the inorganic fertilizers, and 37.5 pounds 
in the tankage and fish treatments. In 1935 the amount was increased 
to two-thirds of the original, or 33.3 pounds of inorganic N and 50 pounds 
of organic N. In  order to prevent over-crowding during the last year, 
every other tree was cut out in November, 1934, and the trees removed 
from each plot were dried and weighed. Measurements taken in October 
1933 concluded the work on this particular transplant bed. arid the plants 
were removed the follon ing spring. 

Results 

The first season there was very little difference in height of the trees 
on the various plots, but there was a marked difference in stand, the nitrate 
of soda and the sulfate of ammonia plots showing definite injury. 

The results for the second season are given in Table 7 ,  in.which the 
treatments are arranged in order of decreasing total dry weight per plot. 
Here we find the organics alone and phosphorus alone superior to the 
checks, with a gradual decrease to the ammonium sulfate plots which were 
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distinctly poorer. Dry weight per 100 trees shows little correlation with 
the weight for the whole plot. On the other hand, average height per tree 
shows remarkably good correlation with total dry weight, although, in 
agreement with Nkmec's results (Is),  height varies much less than weight. 

Both the sum of the heights and the total sum of the growth arc well 
correlated with total dry weight. I t  should be noted that in ever)- case 
except one the check plots were superior t o  the mean, even when the ob- 
~ ious ly  injured plots 9 and l0.are omitted from the mean. Needle length 
is inversely related to height and growth. 

Results for the 1935 season are found in Tahlc 8. I t  is interesting to 
note that the check plots dropped to tenth place relative to the sllln nf 

TABLE 7. EFFECT OF FERTILIZATION ON RED PINE GROWTH 
Rainbow, 2nd Season, 1934. (Planted 1933) 

(Order based on total dry weight per plot,) 

TABLE 8. EFFECT OF FERTILIZATION ON RED PINE GROWTH 
Rainbow, 3rd Scason, 1935. (Planted 1933) 

(Ortler based on 5 of heights) 

Plot 
No. 

2 
12 
3 
8 
1 
5 
6 

11 
7 
4 

10 
9 

Treatment 

Tankage 
Fish 
P 
20-8-8 
Check 
I'K 
Tank. + K 
Nitrophoska 
Tank.PK 

NaNOs + K 
hm.Sulf. + K 
Mean 
Rlean(omitting 

9 and 10) 

Total dry wt. 
per plot 

No. Treatment 

PI( 
20-8-8 
Tankage 
17ish 
P 
Tank + K 
Tank + PK 
K 
Nitroplioska 
Check 
haKO3 
Am. Sulf. 
Mean 

g. 

797 
760 
727 
687 
681 
655 
649 
610 
592 
570 
519 
374 
635 

673 

S heights. Av. for 
eucl~ plot 

ctn. ( Relative 

Relative 

117 
112 
107 
101 
100 

96 
93 
90 
87 
8 t  
76 
55 

Dry weight per 
100 trees 

Av. growth per tree 
in 1935 

cm. Relative 
1 -  

Z, growth 
1n 1935 
-- 

cm. I 
2529 
2.522 
2188 
2167 
238g 
2305 
228-1 
22 1. & 
2213 
2234 
1780 
1639 
2160 

Av. 
height 

cm. 

2'1.. 0 
2 3 . 8  
2 2 . 9  
23 .2  
2 2 . 4  
2 2 . 2  
2 2 . 3  
2 2 . 1  
2 1 . 8  
2 0 . 7  
20 .9  
20 .2  
22.2 

g. 

634 
572 
576 
619 
558 
527 
601 
571 
581 
492 
545 
582 
572 

Av. 
height 

each plant 

cm. 

Relative 

114 
103 
103 
111 
100 

9 -  
108 
102 
104 
88 
98 

106 

113 
113 
111 
111 
107 
103 
102 
101 
101 
100 

80 
73 

Growth 
in 1934 
4 of all 

plnlltu in 
each plot 

2960 
3092 
2cl38 
2641 
2749 
1 7 1  
2-1.19 
2539 
193& 
1948 
1.185 
1463 
2320 

2 1.89 

1:322 
4155 
3.572 
3213 
3123 
3859 
4168 
366' 
3317 
2808 
3018 
2911 
3541 

Needle 
lengtll 
mln. 

-- 
9 0 . 3  
9 2 . 0  
9 5 . 5  
9 7 . 4  
95 .9  

108.1 
113.7 
103 .6  
108 .2  
101.7 
107.1 
120.9  
103.4 
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heights, and to  the twelfth place from the standpoint of 1935 growth. 
The 20-8-8 treatment advanced from seventh place in 1933, to fourth in 
1934, and second in 1935. The correlation between height of the individual 
tree and the sum of the height measurements is good, indicating that tree 
size as well as stand density is influenced by the treatment. Soil tests, 
made from time to  time, revealed no definite correlation with growth of 
the plants, although the effect of treatment was generally registered in the 
tests. The data in Table 9 are typical. 

TABLE 9. SOIL TESTS BY THE U N K V E ~ S ~ L  RAPID METHOD 
Rainbow Transplant Bed-Oct. 10, 1934 

(Pounds per Acre) 

Treatment ( Plot No. 1 pH* I NHs-N I NO3-N I P I K I Al 

Check 
Tankage 
P 

Of special interest is the amount of nitrate accumulation obtained when 
soil from some of the treatments was incubated 26 days. This is shown 
in Table 10. All of the treatments tested caused an increase in nitrification 

~ a n k k ~ e  + PK 
20-8-8 
Am. Sulf. + K 
NaNOs + K 
Nitrophoska 
Fish 

TABLE 10. EFFECT OF SOIL TREATMENT UPON NITRIFICATION 
D u n ~ ~ c :  A 26-DAY PERIOD OF INCUBATION 

Rainbow Transplant Bed-July, 1934. 

NO3-N in ppm. 
Plot Treatment ,- 

Initial Final Gain 

i 
8 
9 

10 
11 
12 

1 Check 
2 Tankage 
8 20-8-8 
9 Am.Snlf. + K  

10 NaN03 + K 
11 Nitrophoska 
12 Fish 

greater than that in the untreated soil. Of particular significance is the 
low and relatively uniform nitrate content present on the date of sampling, 
indicating the active absorption of nitrates by the plant roots. Asigniti- 
cant accumulation in the soil occurs only when root competition is elimi- 
nated. 

4.80 
4.70 
4.65 
4..70 
4.60 
4.80 

In this experiment the average length of needles, collected from the 
mid-point of the current season's leader, was correlated with growth as 
follows: 

Coefficient of correlation (r) between 

6.0 
6 .0  
7 . 5  

10.0 
8 .0  
7.5 

1933 needle length and 1933 height $ plant +.815& .065 
1933 " " " 1934 " 
1934 " 6' 6' 1934 " '6 '<  +.496k .146 

-.952 & .018 
1934 " " 

" 1934 total weight of plot -.873& .016 
1934 " " " 193 i. growth, 5; all plants, in each plot -.837+ .059 
1931, " " 

" 1935 growth, av. per tree +.463& .153 

Thus we see that there is a good relationship between needle length and 
height, weight, or growth of plant in the same year, although i t  is direct 
in 1933, the first year, and inverse in 1934. The existence of an inverse 
relationship during the same year would suggest a direct relationship be- 
tween needle length one year and growth the next year. However, the 
data on hand do not bear that out. In  order to make adequate comparisons 
with growth, i t  is necessary to take into consideration the number of needles 
as well as the length. Since the number was not determined, i t  is not 
possible to explain Lhe apparent discrepancies in the foregoing correlations. 

Early in June, 1935, there appeared a definite yellowing of one-half to 
three-fourths of the needle length of the needles on about 10 plots, in- 
cluding all plots receiving sulfate of ammonia. Apparently this condition 
was associated with inadequate soil moisture, for i t  disappeared a few 
weeks later, following about two inches of rain. 

<2 - 9 
2 
2 
2 

<2 

Summarizing the results of this particular work, i t  may be said that on 
this soil the response of red pine transplant stock to fertilization was not 
significant until the third season. Of the various materials compared, the 
organics-both tankage and fish-when used alone, were found near the 
top of the list in every case, The 20-8-8 mixture also made a fairly good 
showing. There was a relationship between needle length and growth 
during the current season. All treatments 'caused an increase in nitrifi- 
cation upon incubation of the soil. 

Experiments at Peoples Forest Nursery 

75 
40 
20 
25 
10 
35 

On May 8, 1935, fertilizers were applied as top dressings to 2-0 stock 
which had been put in the transplant bed the preceding month. The 
species and the treatments given were as follows: Red pine, white pine, 
Scotch pine, Norway spruce, white spruce, Douglas fir, and hemlock. 

Treat ment,s : 

1.50 
125 
150 
175 
17.5 
150 

Observations made July 31 indicate that all species except red pine, 
hemlock and Douglas fir showed some benefits from fish applica.tions, 
especially in the heavier amounts. 

200 
2.50 
300 
150 
200 
175 
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In the spring of 1936 a somewhat more extensive experiment was carried 
out as follows: 

Transplant beds, planted with 2-0 stock, spring, 1936. 
a. Applied before planting 

horway spruce 7-6-6 500, 1000, 1500 Ibb./A. 
Fish 800, 1600, 2400 " " 
" 800, 1600, 3200 " " 

IVhite spruce 7-6-6 500, 1000, 1500 :: :: 
Fish 800. 1600, 2400 

b. Applied as top dressing after planting 
White pine 7-6-6 100, 800, 1200 1: 

Fish 500, 1000, 2000 
Norway sDruce 7-6-6 100. 800. 1200 " " " A 

Fish 500, 1000, 2000 " " 

All treatments were applied between April 7 and 16. 
No actual measurements of the trees were made for the reason that if 

the effect of treatment was not apparent to the eye, i t  was deemed not 
significant. This does not mean, however, that no increase took place. 
Further reason for not taking measurements was the fact that the trees 
were not selected and hence were for the most part quite irregular in size. 
On July 23, the treated white pine trees were greener and slightly larger 
than were the untreated trees. No other differences could be detected. 
Thus, the work of two seasons a t  this nursery yielded us little in the way of 
positive results from the use of fertilizers. The amounts used covered a 
range wide enough easily to come within the requirements of trees. I t  
is interesting to observe that as much as 3,200 pounds of fish to the acre, 
equivalent to about 288 pounds of N, was not injurious. 

SOIL FRA3IE STUDIES 
Windsor Frames 

Ten concrete soil frames, each measuring 32 inches by 10 feet or 26.66 
square feet., were filled with Enfield v.f.s.1. which rested on the natural 
subsoil of the Merrimac series below 20-ipch depth. The initial soil treat- 
ment was as follows: 

Nos. 1 & 6 NK 150 %s./A 
KNO, 200 

2 8 7  N P  Preci~itated bone 316 - - 
t J 

Calnitro 278 

140 
150 

KKO, 200 
[~reciiitated bone 316 

5 & 10 NPKX (Cottonseed meal 880 
Castor Pomace 37 l 
Precipitated bone 223 

\ , ,c~, 108 

These amounts provided approximately 80 pounds of N, 120 of PzOs 
and 90 of KzO per acre. A crop of tobacco .was grown in 1931 and then, in 
the middle of April, 1932, 72 hand-sclected rcd pine seedlings, 2-0 stock, 
were planted in each frame. In  the fall, the total height of each trec was 
measured, and two fasiclcs (pairs) of needles were collected from the mid- 
point on each stem. Treatment in 19.33 was idcntical to that of the pre- 
ceding year. 

In 1934 every other tree was cut out and weighed. Fi\-c trees from 
each plot were pulled out in order to get some idea of the root system. 
Because of this reduction in number of trees, fertilizer applications were 
altered as follows: Calurea, I<N03 and Calnitro were reduced by one- 
third; Cottonseed meal and castor pomace reduced by one-fourth. 

In the fall, measurements were made as usual. From time to time the 
soil was sampled for reaction and fertility tests. On April 2, 1935, all trees 
in the outside rows, and every other tree in the center row, were cut out, 
leaving six per frame. As the trees by this time were getting beyond the 
age of transplant bed stock, consideration of their later development is 
reserved for another publication. 

The results from the first three growing seasons are given in Tables 11 
and 12. Unfortunately, there were no untreated frames for comparison. 
This omission is of less consequence in the case of a crop like tobacco which 
would do practically nothing without fertilization. But for pines which 
have low requirements, i t  is desirable to determine whether or not the 
treatment is beneficial. One is never certain whether the best growth is 
actually superior, or whether it is merely normal, and the other treatments 
are below normal. 

There was one more disturbing factor in connection with these frames. 
An apple tree near frame No. 1 offered so much competition that the pines 
nearest the tree were definitely handicapped. The apple tree roots were 
able to penetrate the frame from below, and even though the roots were 
severed once, the original handicap could not easily be overcome. 

As seen in Table 11, PI< was the best treatment in every case, and NK 

TABLE 11. HEIGHT, NEEDLE LENGTH AND SOIL TESTS 
lJiindsor Soil Frames. Red Pine 

I I I I I 

Av. cur- Av. 
Treat- height rent needle 
n e o t  I cm. I x a a o I  kttzth 

I I cm. I mm. 

Soil Tests 
(Pounds per acre) 

107.8 8/22/32l 
:;:2 I L ~ K X I  i::: 1 !: 1 90.8 1 
1st NPK 11.1 80.8 
season I NP 1 10.8 1 . . . I 76.9 1 

Fall 28.2 16.3 118.2 10/30/332 
NPKX 24.7 13.2 143.4 

I E K  1 22.6 1 11.5 / 11 1.3 / 
season 

Mean*** 

' / 
1 A l l  results by quick test. 

a pH detcrmit~ed 1, quirlllydronr method. 
1\11 obllcr results i y  quick test.: 

Fall 
1931 
3rd 
season 

Mean*** 

N P  
N K *  
NK** 

* Frnmr No. 6, not aITwtrd by apple tree. 
** Frarnr N o  1. close to npf)lc tree *** In IIO cusr i s  Frame No 1 lncluded iu the mean. 

PK 
KI'KX 
NPK 
NI' 
NK* 
NK** 

21.8 
17.2 
16.1 
22.9 

58.7 
55.0 
51.6 
17.3 
15.8 
37.9 
52.3 

11.0 
7.1 
5.6 

11.8 

129.0 
116.8 
150.1 
136.3 

30..5 
30.3 
37.0 
25.5 
28.6 
21.8 
29.4 

128.7 
120.1 
1:10.5 
128.8 
1:30.3 
126.2 
127.7 

1./11/342 
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inches between rows. Calculations of density according to several planting 
plans give the following results, along with which we present figures given 
by Manchard (7) in Germany: 

Trees per Trees per 
acre sq. ft .  

Peoples Forest Nursery Spacing 1.7'' x 4" x 7' 
No alleys 933,450 21.4 
With 3' alleys 653.100 . . . .  

\Vindsor Nursery 
No alleys 
11'ith 2' alleys 

Saratoga (N. Y.) Nursery 
No alleys 

Data from Germany (Manchard) 
Spruce 
Fir 

In Bohemia the practicc in many nurseries is to plant onl) nine, and in 
some cases only four, trees to the square foot. 

According lo Siichting and Jessen (24,) the net dry weight per unit area 
varies somewhat with density but not in proportion. On the other hand, 
size of the individual trees is greatly influenced by density, inversely oj 
course. This was illustrated in Figures 110 and 111. 

The results of the analyses are given in Tables 17 and 18. One may 
observe a marked difference between species, due partly to differences in 
percentage composition, and partly to the great variation in density of the 
stands. For example, in the 1-0 stock (1935) there were, as a fair average, 
about 225 Scotch pine trees per square foot, or 3,090 pounds of dry matter 
per acre. White pine, on the other hand, was much less densc and the 
individual trees were somewhat smaller in size. Scotch pine analyzed 
highest in N and showed the highest amount of nitrogcn per acre. With 
respect to the other constituents, Scotch pine did not have the highest 
percentage composition, but it did have the largest amount per acrc be. 
cause of the greater quantity of dry matter. 

When compared on the basis of 100 trees per square foot, the difference: 
among species are considerably reduced. While this basis of comparison  ha^ 
its advantages, i t  is not necessarily any more correct, for were there only 100 
trees instead of 225, for example, each individual tree would be consider- 
ably larger. 

Quite striking are thc relatively high amounts in the 2-0 stock. Thc 
percentage composition is generally less than in the 1-0 stock but the mucl 
greater size of the trees, together with the relatively high densit?., make! 
for a high dry matter yield and consequently high requirements. Un 
fortunately, it was not possible to have all species represented in all age 
classes. The phosphorus content of Norway spruce was high in both years, 
but becalise of the wide variation in the dry weight of the t\\-? spruces, 
nothing definitc can be said respecting the dcmands of one specie 111 rela- 
tion to those of the other. While larch appeared to have a higher require- 
ment than spruce in the 1-0 stock, the relationship is just the reyerse in 
the 2-0 stock. The calcium content of the spruce was definitell- higher 
than that of the pines in all three age classes. 
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COIIPOSITION AND A~IOUNT PER ACRE OF SEEDLINGS A N D  TR.~NSPLANTS. 1935 
Comparison of Species 

Trees Dry wt.  
per sq. per A. P K 

It. b s .  I % 1 % la/A 1 % b / A  1 % C ~ / A  1 %Ashi, 

1-0 as found 
R P  10.5 1311 
11 P 85 895 
SP 225 3090 
A- S 5 997 
\\ S 175 748 
DF 100 1033 

2-0 hased on I00 trees per s n  ft.. 

151 17 .501 56 .4,7 52 3.56 395 
178 18 .500 51 .59 60 1.02 ,111 

.I I( I .,,,a , .,.,,, 
2- 1 planted 1.7'- 4,'' 2 

1-0 hased on 100 trres per sa. ft. 

NS 150 4271 2.00 87 .263 11 
113 200 11917 1.70 202. .192 23 
Larch 60 66115 / 1.10 74 1 .I65 11 

2.18 29 
1.86 17 
2.55 79 
2.10 21 
2.00 15 
1.60 16 

Allowing no alleys. 

,598 8 
./I60 4 
.5% 16 
.623 6 
.565 4 
.430 4 

256 3 
.225 2 
.281 9 
28% 3 

,257 2 
I 2 

57.5 2.5 
,562 67 
,378 25 

. - 

Because of the wider spacing of the 2-1 stock, the dry weight and con- 
sequently the nutrient content were, for the most part, less than in the 
case of the 2-0 stock. If allowed to remain a second year in the transplant 
bed, as is frequently the case, the dry matter would considerably exceed 
that of the 2-1 age class. Some idea of these differences may be obtained 
from the following data: 

R P  21.21 8796 
1 V  P " 7107 
S 1' " 8116 
N S " 6345 
\V S " 1,120 
DF " 5397 
Hem. " 5750 

Age of stock 

1-0 
2-0 
2-1 
2-2 
2-3 

.37 5 

.53 5 

.51 16 

.73 7 

.71 5 

.49 5 

.84 36 
7 91 
.36 24 

Average 
Red pine 
(Lunt) 

4.28 56 
5.61 50 
4.09 126 
6.51 66 
7.17 5E 

. . . . 

5.33 228 
5.68 677 
4.03' 269 

1 Av. of lnrae and small. 

1.49 131 
1.60 11.1. 
1.65 134 
1.60 100 
1.70 69 
1.70 0 
1.70 85 

dry weight per tree 
Norway spruce 

(Mancl~nrd) 
$'?(I. pectinata) 

(Manchard) 

.I58 ]:I. 
,229 16 
.149 12 
.246 16 
.I79 7 
,253 14 
. 1 9 2 l 0  

.42 37 

.55 39 

.45 37 

.76 4,8 

.GI .25 

.79 12  

.69 35 

.61.4. 5.1, 

.569 40 

.652 53 

.584 37 
,5213 22 
.C23 23 
.690 36 

4.05 356 
6.00 426 
3.111 279 
5.32 338 
5.51 227 
3.00 162 
1.56 2.75 
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TABLE 19. PEOPLES FOREST NURSERY 
ANNUAL NUTRIENT REQUIREMENTS FOR NURSERY STOCK. 

Pounds per Acre 

Formulae for Calculating Above Results: 
R, = a 
R2 = b-a 

Where R1 = Requiry'ments f$ the 1st yypr (2-0 st2ck) 
R2 = 2nd (2-0 1 
RI = a " 3rd " (2-1 " 1 
a = amount of mate:ial contained jf 1-0 st:ck 
h =  " 2-n " - - 
C = 

'6 4' " " 2-1 " 

d = 2 ~ .  ?f tr:es p:r 9q. f!. iy transplant bed (2-1) 
e = seedbeds (1-0 and 2-0) 

RP 

llrP 

SP 

NS 

II'S 

- 

The data in Table 19 differ from those tablesin 17 and 18 in that while 
the latter give the actual composition, the former represent the net re- 
quirements for each year. In other words, t o  ascertain the requirements 
for the stock during the second year, one must subtract the amount of 
material present in the first year. In  addition, for the third year, allom~ance 
must be made for differences in density, as indicated by the formulae a t  the 
bottom of Table 19. These calculations are based on the average com- 
position for the two years represented in Tables 17 and 18. 

p 2 0 5  

14 
32 
23 - 
69 

_ _ _ - - - -  
9 

25 
3 2 
- 
66 

23 
34 
21 

78 
pppp--- 

9 
27 
21 
A 

57 

5 
37 
11 
- 
53 

1-0 
2-0 
2-1 

1-0 
2-0 
2-1 

1-0 
2- 0 
2-1 

1-0 
2-0 
2-1 

1-0 
2-0 
2-1 

N 

41 
15 l 
8 %  - 

279 

27 
135 
82 
- 
24 1- 

i i 
-- 

170 
82 - 

329 

25 
93 
53 
- 
171 

15 
137 
5 2 
- 
204 
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Ca 

9 
42 
18 
A 

69 

8 
35 
26 
- 
69 

15 
36 
2 3 
- 
74 

9 
45 
25 
- 
79 --- 

5 
62 
17 
- 

8E 

P 

6 
1 C 
10 

30 

11 
11 
111 - 
29 

10 
15 
9 

A 

3 1 

4 
12 
9 
- 
25 

_ _ _ - _ _ _  
2 

16 
5 
- 
23 

While in most instances the requirements for nutrients were low, high 
and medium for the 1-0, 2-0 and 2-1 stock, respectively, there are several 
cases in which this relationship does not hold. Thesc are: Scotch pine- 
N and P; white pine--K. In the former cases, there was little difference 
in the demands made by 1-0 and 2-1 stock; in the latter case there was 
little difference between 2-0 and 2-1. 

Comparison of these results with the findings of other investigators is 
limited because of lack of similarity in species. However, comparable 
data on Scotch pine and Norway spruce are available and arc given in 
Table 20. Excepting the data reported by Dulk and Schiitze, which are 

CaO 

13 
50 
2.5 - 
97 

P 

11 
49 
26 
- 
86 

- -  
21 
50 
3 2 - 

103 
-- 

13 
63 
35 
- 
111 

7 
87 
24 - 

118 

K 

15 
49 
34 
- 
98 

8 
38 
36 
- 

82 

19 
55 
:3 6 
- 
110 

8 
35 
18 - 
62 

4 
48 
16 

68 

TABLE 20. ANNUAL REQUIREMENTS OF NURSERY STOCK ACCORDING 
TO DIFFERENT INVESTIGATORS 

Pounds per Acre 

K20 

18 
59 
41 
- 
118 

10 
46 
43 
- 
99 

23 
66 
4 3 - 

132 

10 
42 
22 

72 

5 
5 8 
19 
- 
82 

D M  per 
Investigator N p205  K t 0  CaO Dry 100 trres 

matter R. 

Scotch Pine 1-0 

Dulk and Schiitze 96 39 7 1 7 1 . . .  . . .  
Others 62 22 27 67 . . . . . .  
Manchard 85 2 1. 35 21 4028 63.3 
Lunt 77 2 3 2 :3 21 3244 12 

Norway Spruce 1-0 . . 

Dulk and Schiitae . . 31 36 77 . . . . . .  
von Schroeder 24 7 12 12 1 3 0  11.0 
Manchard 
Lun t, 

Norway Spruce 2-0 

von Schroeder 117 49 58 71 10058 109 
Manchard 88 27 4.5 78 7 1.83 118 
Lunt 93 27 12 6 3 6863 4 2 

Norway Spruce 2-1 . . 

von Schroeder* 55 27 62 59 17867 275 
Rlanchard 79 2 1. 3 3 93 6250 867 
Lunt 53 21 22 3 5 4.275 208 

*Probably 3-0 instead of 2-1. 

unusually high in every case, the agreement among the others is remark- 
ably good, especially so in the case of Manchard and the writer. Rlanchard 
obtained larger amounts of dry matter per acre and also per tree. This is 
due partly a t  least to thc difference in density of the stand as shown on 
page 752. It is probable, also, that the German nursery soil was in a higher 
state of fertility. Manchard's soil was a diluvial sand varying to loamy or 
moorish, slightly acid and of good fertility. In every case Manchard found 
a considerably higher calcium content and in some cases a higher potash 
content than did the writer. 

I t  is interesting to compare the demands of the trees with the amount of 
nutrient material supplied in the fertilizers used in these studies. Accurate 
comparisons are impossible, of course, due to variat,ions in the rate and 














