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The use of animal manures for increasing the yields of farm 
crops and maintaining soil fertility is almost as old as agriculture. 
Much of the experimental work with farm manures has been limited 
to their application as a cheek on the performance of commercial fer
tilizers. 

Salter (1) has given a resume of the use of manures in which he 
places the probable value of the entire production of barnyard ma
nure in United States at 1 billion tons valued at 3 billion dollars which 
is more than the value of the wheat crop.2 He suggests that the com
monly used rate of application of manure is 8 tons per acre. It is 
also suggested in this article that phosphoric acid be applied in con
junction with manure. 

One of the difficulties of manuring is that it increases foliage 
growth and thereby a greater amount of moisture is required for the 
production of a crop, but this becomes a relatively unimportant fac
tor where ample water is available as under irrigation. Hastings (2) 
states that the value of a ton of farm manure in an irrigated rotation 
has ranged from a minimum of $1.00 to a maximum of $5.49 with a 
24-year mean indicated value of $2.77. This variation in the returns 
from a ton of manure implies that there is a considerable increase in 
the returns from a ton of manure to be obtained by proper applica
tion. 

Harris (3) states that the amount of manure used in the North 
Platte Valley is insufficient for best practices in maintaining soil 
fertility of the area; also, that the present method of handling the 
farm manures, in this area, permits a loss of from 25 to 50 percent 
of the value. 

In work here reported, an attempt is made to remove some of 
the variables which are present in the experimental work which has 
been done to obtain information bearing upon the more efficient 
utilization of this valuable farm product. It is believed that these 
studies, in which a reasonably accurate measure of the amount of dry 
matter in the manure applied is given, can be used to provide infor
mation regarding the value of manures, and suggest methods for 
the best utilization of manures in the growing of sugar beets in the 
irrigated areas. 

Materials and Methods 
The studies were conducted with the sugar-beet crop as indicator 

of values obtainable from various kinds of manure and with a varied 
rate of application. In the field tests, plots approximately 1/30 of 

1Associate Agronomist, Division of Sugar Plants, Bureau of Plant Industry, 
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an acre, consisting of 14 rows, 62.5 feet long were used. In deter
mining the results from plots, the 8 inside rows were harvested and 
weighed in the field; the 3 border rows on each side of the plot were 
discarded. The treatments were arranged as randomized blocks and 
the statistical reduction of data has followed the analysis of variance 
procedure (4). Sucrose percentage was determined by the Sachs-
Le Docte method from two 20-beet samples from each plot. Appar
ent purity coefficients were calculated from the values for dry sub
stance of the juice as obtained by the Bachler one-solution method. 

The manures used in this test were taken from open yards, not 
covered sheds or stables. For each type of animal, the hay was fed 
from open racks. The measurement of moisture content of the ma
nure was made immediately previous to spreading the manure since 
the moisture content would be quickly changed by any precipitation 
or prolonged dry period. A very different condition, in regard to 
moisture content of manure, exists where stables or sheds are used. 
Under such conditions, the type of animal and amount and type of 
bedding are the principal factors regulating the moisture content of 
the manure, while in these instances the frequency or the lack of pre
cipitation is the regulating factor. 

The manures used were yard manures produced over winter 
where straw was used for bedding in open yards, with dairy cattle, 
feeder lambs, and work horses, all of which were fed grain supple
ments. Moisture-content variation was recognized as a factor oper
ative to interfere with the interpretation with tests of manures from 
various sources, places, or animals, and an attempt was made in these 
tests to standardize the application to a 50 percent moisture-content 
base. The manure was oven dried at a temperature of 85° C. to 
determine moisture contents. A certain amount of sand and gravel 
was incorporated in the manure by the tramping of the dirt in the 
feed yards by the animals, and this was washed out of the dried 
manure and redried and weighed in order to exclude this weight of 
sand from the weight of the dry manure. The application rates were 
adjusted among the different kinds of manures and for the years, so 
that in 6 tons comparisons, the plots received actually 3 tons of dry 
matter. The manure to be used on any series of plots was piled in 
the yard and 5 samples of moisture and sand determinations were 
taken from each type of manure each year, and after moisture and 
sand determinations were made the weighed quantity of manure was 
hauled to each plot and carefully spread by hand. The manure was 
weighed in trucks on a platform scale. 

Where piled manure was used, the yard manure was placed in 
loose piles for 6 months or more, and applications were made upon 
the basis of the dry-matter content of the manure in the piles at the 
time of application. The fact that such piling of manures is con-
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ducive to considerable losses of the weight of the manure is well 
known. Piling of manures is not advocated and this is only a test 
of the value of such materials. 

Experimental Work 

Tests in Field of High Fertility.—An experiment was begun in 
1935 in a field near Scottsbluff, Nebraska. The treatments outlined 
below were repeated, using the same plots for 4 years. The growing 
of sugar beets without rotation provided some information on the 
cumulative effects of repeated manure applications. In this field, 
eighty 1/30-acre plots were used for treatments as shown in table 1, 
which gives the detailed data obtained. Since the results were, in 
many respects, consistent throughout these years of test, the data as 
summarized for the 4-year period, table 2, may be used in discussing 
these tests. For any individual method of treatment, a difference of 
0.72 ton in acre-yields of roots is required to place it outside of chance 
occurrence (odds of 19 :1 ) . For sucrose percentage, the amount of 
difference required for significance is 0.31; and indicated-available 
sugar, differences to be significant must reach 228 pounds; and for 
the apparent purity coefficients, the differences required are 0.30 
percent. 

The Interaction of Years x Blocks.—The replicates which are 
made up of years and blocks show significant F values for tons of 
beet roots, sucrose percentage of root, apparent purity coefficient of 
juice, and for indicated available sugar which indicates that there 
was considerable variation in the plot yields due to soil and seasonal 
variations. The effect of these variations can be calculated and 
eliminated in a test such as this one; however, it is of interest to note 
the various effects. Sucrose percentage indicates the greatest sea
sonal and soil variation by having the highest significance, and indi
cated available sugar is second in rank; purity coefficient is next in 
order, and tonnage of roots lowest, with all four factors being sig
nificant to much greater than the 1-percent degree (table 2). 

In all these calculations on replicates, it is found that years in
dicate a greater significance or influence than blocks, and all are 
above the 1-percent point except block effect upon sucrose content 
of roots. 

The interaction of years x blocks indicates significance beyond 
the 1-percent F requirement in all instances except for tons of beets 
where it falls between the 1 and 5-pereent points. None of the sig
nificance for this interaction is extremely high, as much of the vari
ation is absorbed by the blocks and years. 



1Manure used in treatments 2, 3, and 4 was piled for more than 6 months and manure for treatments 5 to 16, inclusive, was fresh from the 
yards. The yield figures represent the mean of 20 yields which are 5 replications of each treatment continued on the same plots over a period 
of 4 years. 

Table 1.—The yield summary of treatment of sugar-beet plots, with manure from different types of livestock and the application of 6, 12, 18, or 
24 tons per acre, over a period of 4 years at Scottsbluff, Nebraska.1 



(Table 1-—continued) 

Difference required for siguifieauee for the yield summary of sugar-beet plots, with manure from different types of livestock and the 

application of 6, 12, 18, or 24 tons per acre over a period of 4 years at Scottsbluff, Nebraska, 
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The Interaction of Treatment x Years x Blocks.—The interac
tions of treatment x years, treatment x blocks, and treatment x 
years x blocks are not significantly larger than error in many in
stances (table 2). Treatment x blocks is greater than error for tons 
of roots, sucrose content of roots, and indicated available sugar but 
is not significant for purity. Treatment x years is greater than 
error for purity and indicated available sugar and less thau error for 
sucrose content and tons of roots. Treatment x blocks x years is 
greater than error for the other items of sugar-beet yield. These in
teractions and their significance can be interpreted as indicating that 
there is more difference in effect of manures upon plots than for 
seasons on tons of roots and sucrose content or that these treatments 
were inclined to have similar effects during the 4 years of treatment 
but some plots responded more readily to treatment than others. 

With these criteria for testing results, it is found that among 
the kinds of manures no significant differences were found. In 
table 1, it is to be noted that if comparisons are made of items 2, 3, 
4, or 5, 6, 7, etc. in which the amount applied was held constant, the 
contrasts being made between sources, the values hold at very close 
levels throughout any rate group. For convenience, since the treat
ments throughout the years were balanced, the results for each kind 
of manure may be summarized, and the comparisons based on the 
experiment as a whole. 

The average acre-yield of roots over the 4 years for all plots re
ceiving horse manure was 18.8 tons, plots receiving cow manure av
eraged 19.3 tons, and the plots receiving sheep manure. 19.5 tons. 
The greatest difference here is 0.7 ton of roots and .72 is required for 
significance. The sucrose percentages found for these respective kinds 
of manure were 16.1, 15.8, and 16.0, none of these values differing 
significantly from the others. The greatest difference is .30 percent 
and .31 is required for significance. When the products of weight of 
roots, sucrose percentage, and apparent purity coefficients are ob
tained for each plot individually to give a value designated as indi
cated available sugar, these values, arranged in the same order as 
stated above for kinds of manure, are 5.392, 5,407, and 5,532 pounds 
per acre. The greatest difference here is 140 pounds, and 228 pounds 
are required for significance. Since none of the differences between 
these amounts is significant, this test does not produce any evidence 
that the manures obtained from horses, cows, or sheep, when com
pared on equivalent bases of dry weight, differ in agricultural value. 

The data from the 4-year experiment afford a comparison of 
manures stored for 6 months or more (table 1, classed as piled ma
nure) and manures taken directly from the feeding pens. These 
comparisons deal with only one application rate—6 tons gross, cor
responding in each case to 3 tons of dry matter. If items 2, 3, and 4 
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Table 2.—Analysis of variance of yield of tons of sugar-beet roots from plots various
ly treated with manure. 
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Table 2a.—Analysis of variance of sucrose content of sugar beets from plots various
ly treated with manures. 
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Table 2b.—Analysis of variance of apparent purity coefficient of sugar beets from 
plots variously treated with manures. 
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Table 2c—Analysis of variance of indicated available sugar per acre of sugar beets 
from plots variously treated with manures. 
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of table 1 are used in the appropriate comparisons with items 5, 6, and 
and 7. it is to be noted that the values obtained show about the same 
performance level for crop and sugar production. When these data 
are summarized, the stored versus fresh manure (horse, cow, and 
sheep), when compared on the same dry-matter level, gave results 
from applications to sugar beets which did not differ significantly. 

The data, also, may be used to determine the relative gains com
ing from the successive 6-ton increments in comparison with that ob
tained by a 6-ton application over the contrasted series. With this 
high-yielding field, as has been mentioned, the mean yield from un
treated plots was at the rate of 16.2 tons of roots per acre. The 
application of 6 tons of manure gave an increase in yield of 2 tons 
of roots per acre, or a 12.4 percent increase in yield. Increasing 
the applications to 12 tons per acre resulted in an average increase 
over the untreated of approximately 21.6 percent, hence the gain 
from the second 6-ton application over the first was slightly less 
than 9.2 percent. The addition of 6 more tons in the application 
rate so that 18 tons of manure were applied only increased the 
yield 0.3 of a ton per acre above the average yield obtained from the 
12-ton applications, and increasing the application to the rate of 24 
tons per acre resulted in an increase in yield of only 0.1 of a ton 
above the acre-yield of roots from the 18-ton application. There was 
a definite decrease in sucrose percentages as the rates of manure ap
plications increased, as shown in table 1, the sucrose percentages for 
plots receiving 18 and 24-ton manure applications being 15.6 and 15.5 
respectively. 

It is probably more informative to base consideration on acre-
yields of indicated available sugar with the respective 6, 12, 18, and 
24-ton rates of application. On this basis, there is about 8.3 percent 
increase over the unfertilized plots in the plots receiving 6 tons of 
manure. The gain of the plots receiving 12 tons of manure over the 
unfertilized plots is 14.8 percent. With still heavier application, the 
gains in yield are no larger than from the 12-ton application. There 
are direct implications from these diminishing returns as manure ap
plications increase above a certain point which will be further con
sidered after the results from the other test are presented. 

Tests in Field of Low Fertility.—In 1936, a second experiment 
was begun in a field of low fertility. Fifty 1/30-aere plots were used 
for 10 treatments to be replicated 5 times. The treatments, as shown 
in table 3, were as follows: Fresh cattle manure was used in 4 plots 
at rates of 6, 12, 18, and 24 tons (.50 percent moisture basis) per acre. 
In 4 plots these same rates of manure were used but a supplementary 
treatment of 150 pounds of treble superphosphate (43 to 45 percent 
P2O5) was given. One plot received only 150 pounds of treble super
phosphate, and one plot was not fertilized. The 4-year average for 
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acre-yield of roots in this field from the untreated plots was only 8.0 
tons. 

The detailed results for 1936, 1937, 1938, and 1939 are given in 
table 3. Since there is a fair concordance among the tests, the 4-year 
averages, as shown in table 4, may be used as a basis of discussing the 
experiments in this field. 

T a b l e 3 . — T h e y i e l d s u m m a r y o f t r e a t m e n t o f s u g a r - b e e t p l o t s , w i t h b a r n y a r d m a n u r e 
a p p l i e d a t t h e r a t e s o f 6 , 12, 1 8 , a n d 2 4 t o n s a n d ISO p o u n d s o f a c i d p h o s 
p h a t e p e r a c r e , o v e r a p e r i o d o f 4 y e a r s a t T o r r i n g t o n , W y o m i n g . 

Table 4.—Analysis of variance of yield of tons of sugar-beet roots front plots vari
ously treated with manure, 
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Table 4c.—Analysis of variance of percentage stand of sugar beets from plots vari
ously treated with manure. 

Table 4a.—Analysis of variance of sucrose content of sugar beets from plots vari
ously treated with manure. 

Table 4b.—Analysis of variance of gross sugar per aero of sugar beets from plots 
variously treated with manure. 
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The tests in the field of low fer t i l i ty have given in teres t ing re
sults which also have bear ing on the ra tes of ferti l izer appl ica t ion . In 
this 4-year test, only m a n u r e from cat t le-feeding pens was used, the 
rates being 6, 12, 18, and 24 tons of 50 percent d ry -ma t t e r m a n u r e 
per acre. The test also affords an o p p o r t u n i t y to evaluate effects 
derived from the supp lemen ta ry phospha te appl ica t ion which oc
cur red on one-half of each of the m a n u r e d plots. The plots wi thou t 
t rea tment had an average lower s tand of harves ted beets t han any 
t rea ted plots in the series, and the acre-yield of roots over the period 
was 8.0 tons. Sucrose percentage was high (17.6 pe rcen t ) a n d the 
pounds of gross sugar per acre as calculated was only 2,788 pounds . 
By the appl icat ion of 6 tons of m a n u r e per acre the acre-yield of 
roots was increased 4.9 tons, and the sugar-per-acre produc t ion in
creased 60.0 percent. F u r t h e r increase of 1 ton of roots was shown 
by an appl icat ion of 12 tons of m a n u r e and sugar-per-acre gain over 
un t rea ted plots was 72.4 percent . W i t h higher ra tes of m a n u r e ap
plication, slight gains were shown. 

The Effect of Different Rates of Application of Manure 

The amount of manure appl ied per acre is of much more impor
tance than the kind of manure . Tons of beets per acre, sucrose (ton-
tent of roots, and apparen t pur i ty coefficient are s ignif icant ly in
fluenced to the 1-percent F degree while indicated available sugar is 
significant to above the 5-percent F and not to the 1-percent F This 
is due to the l ighter appl icat ion of m a n u r e p roduc ing the lower yield 
of roots which had higher sucrose content and higher a p p a r e n t pu r i ty 
than the beets from the plots which received more than 6 tons of 
manure per acre per year . The highest yield of gross sugar and in
dicated-available sugar per acre was produced by the use of 12 tons 
of m a n u r e pe r appl ica t ion ( table 2 ) . The most efficient use of man
ure is indicated by the use of 6 tons of m a n u r e per acre a n d the least 
efficient use of m a n u r e is where 24 tons were appl ied per acre. This 
is t rue for both fields tested. 

The Relative Value of Sheep, Cow, and Horse Manure 

The effect of k inds of m a n u r e as calculated for y a r d manure s 
indicates a significant difference in the tons of roots and sucrose 
content but no signif icant difference for a p p a r e n t p u r i t y or indicat
ed-available sugar ( table 2 ) . Sheep and cow m a n u r e s produced higher 
tonnage of roots a n d lower sucrose content of beets t h a n horse manure , 
while all had prac t ica l ly the same p u r i t y coefficient and the indi
cated-available sugar and gross sugar per acre were sl ightly highest 
for sheep m a n u r e and lowest for horse m a n u r e . Since indicated-
available sugar per acre is the most efficient comparison of the value 
of m a n u r e used in sugar-beet product ion , it is upon th is measure of 
yield that the conclusions from these tests a re made. The indicat ions 
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from these tests are that equal amounts of cattle, horse, or sheep 
manure (based upon dry weight) are of equal value in the production 
of sugar beets. 

The item, rates x kinds, of piled manures includes only one rate 
-6 tons of manure per acre per year—and therefore the differences 
are entirely due to kinds of manure. No significant variation in 
effect of treatment is found which indicates no difference in the value 
of kinds of piled manures. 

The calculation of piled manures versus yard manures shows sig
nificance for tons of roots, sucrose content, and apparent purity but 
no significance for. indicated available sugar because the purity and 
sucrose content are lower and the tonnage higher for yard manures 
than for the piled manures. This item is of little value because the 
yard manures were used at different rates while the piled manure was 
applied only at the rate of 6 tons per acre. 

A record of the differences in dry matter in manures from dif
ferent kinds of animals and differences in the manure from the same 
kinds of animals during different years is included in table 5. 

The item of sand is made up of particles which were obtained by 
washing and "panning" the manure to float out manure and retain 
the heavy particles. In this manner, all fine soil is washed out and 
included in the weight of the manure. 

The Use of Phosphate with Manure 

Where 150 pounds of superphosphate (43 to 45 percent P2O5) 
were applied per acre, the increase in gross sugar per acre was 1,020 
pounds, the increase in sucrose percentage was 0.2, which is not sig
nificant, and the increase in roots per acre was 2.8 tons, which is sig
nificant. The addition of 6 tons of manure per acre along with 150 
pounds of phosphate gave a greater increase than the use of either 
150 pounds of phosphate or 6 tons of manure. However, in one in
stance, in which the use of phosphate along with a given amount of 
manure was compared with the use of the manure alone, there was 
significant increase in favor of the first. 

The use of 150 pounds of phosphate and 6 tons of manure per 
acre did give an increase in yield which more closely approaches that 
produced by 12 tons of manure than that produced by 6 tons of 
manure. With 12, 18, or 24 tons of manure, the yield was not in
creased by the addition of phosphate. The addition of phosphate to 
repeated heavy applications of manure is apparently not beneficial. 
However, with light applications of manure, phosphate should be 
added to this type of soil. Infrequent applications of manure should 
respond in a manner similar to the light applications of manure. 



Table 5.—Dry matter , sand, and water content of the manures used in these tests, in percentages. 
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Summary 

1. Horse, cattle, and sheep manures are of equal value for use on 
sugar beets if value is based upon the dry-matter content of the ma
nures. 

2. Six tons of manure per acre produced the greater increase in 
yields for each ton of manure. 

3. The maximum production per acre was obtained by the use 
of 12 tons of manure per acre. 

4. The use of 18 or 24 tons of manure does not increase the yield 
sufficiently to recommend the use of more than 12 tons per acre per 
yea r. 

5. Greater returns were obtained by the use of manure on low-
yielding; fields than on the fields of higher production. 

6. Phosphate was beneficial where used with a light application 
of manure. 
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