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Soil Changes As Influenced By Cropping 
And Fertilizer T reattnent 

By LEo F. PuHR1 

Yields of crops are dependent in a large 
.,measure on the supply of plant food in the soil. 
It has been recognized that the capacity of the 
seil to supply sufficient plant food for maxi
,rnum crop production is reduced by continu
ous cropping, unless adequate measures are 
taken to restore the depleted fertility constitu
ents. Although many of our soils, which were 
~developed under grass vegetation and a sub
humid climate, had a high virgin fertility, past 
~il management practices have not included 
adequate provisions for the return to the soil 
~(in the form of crop residues, legumes, ma
nures, or fertilizers) of a substantial portion of 
the plant food removed by crops. Associated 
lwith removal of plant food by cropping, is the 

loss of soil organic matter. Loss of this constit
uent, which exerts a controlling influence on 
certain biological, physic a 1, and chemical 
properties of soils, also may affect crop produc
tion adversely. Specific knowledge concerning 
the rate of depletion of our soils with respect 
to soil organic matter, nitrogen and phosphor
us is 'mperative to sound recommendations re
garding crop rotations, fertilizer application 
and other soil-building practices. 

This investigation is concerned with soil 
fertility changes which are the result of crop
ping practices and fertilizer treatment on plots 
at the Agronomy Farm of the South Dakota 
Agricultural Experiment Station. 

Previous Investigations 

The following review of literature is con
fined to experiments which were conducted 
under soil, climate, and cropping systems sim
ilar or related to those of this investigation. 

Peevy, Smith and Brown (8) 2 studied the 
ffects of rotational and manurial treatments on 

the organic matter, nitrogen and phosphorus 
iOntent of soils. It was shown that losses of or
ganic matter and nitrogen were less with 3-
and 5-year crop rotations, which included a le
gume crop, than the two-year rotation of corn 
and oats. Decrease in organic matter and nitro
~gen where manure was applied was much less 
than instances when crop residues were re
t med. Losses of total phosphorus were gen
erally insignficant. A partial explanation was 
that crops take up phosphorus from the sub
soil, and that erosion has removed some sur
face soil which results in some soil originally 
below six inches, being incorporated with the 
plowed layer. 
.,. Smith, Brown and Peevy ( 9) determined 
the effect on soil of continuqus cropping to 

1 

corn. They reported considerable decreases in 
organic matter, nitrogen and phosphorus in 
all plots during a 20-year period, even when 
large applications of manure were made. 

Muhr et al (7) found that at the end of a 16-
year crop rotation the surface soil of the check 
plots had decreased signficantly in nitrogen. 
The plots which had manure treatments at the 
end of the same rotation had a significantly 
higher content· of soil nitrogen than the un
treated or check plots. 

Metzger ( 6) studied the influence of crop
ping systems on soil nitrogen and organic car
bon. The data indicate that corn caused a de
crease in soil nitrogen and carbon, more than 
any other crops or cropping systems, and that 
applications of manure did not produce signifi
cant increase of nitrogen or carbon, which 
could be attributed directly to the manure and 
not to increased crop residues. 

](Associate Agronomist, South Dakota Agricultural Ex
periment Station. 

2See "Literature Cited" on page 10. 
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De Turk, Bauer and Smith ( 4) concluded 
from a study of the Morrow plots that crop
ping the land without soil treatment, reduced 
the total amounts of phosphorus, nitrogen and 
soil organic matter. Soil treatment consisting 
of manure, limestone, and phosphorus main
tained the total nitrogen, phosphorus and or
ganic matter at a higher level in the treated 
plots than that found in ·the untreated plots. 

Blair and Prince (2) studied the effects of 
the application of manure, nitrogen, potas
sium, and phosphate fertilizers on the organic.. 
matter, nitrogen and phosphorus supply in 
soils. Organic matter and nitrogen was ID· 
creased in the soil only on the plots which re
ceived manure in combination with mineral~ 
fertilizers. Total soil phosphorus was increased 
by application of phosphate fertilizers. 

Purpose of Investigation 

The purpose of this investigation was to de

termine the soil changes associated with long 

continued cropping and fertilizer treatment. 
This investigation is particularly concerned 
with the changes in the nitrogen, phosphorus, 

and organic matter contents of soils extendi~ 
over a period of 31 years. Since these soil con
stituents are highly important from the stand
point of crop production, any change in their 
quantity or nature as the result of croppin~ 
practices or soil treatment is important. 

Plan and Experimental Methods 

History of Experimental Plots. The Soils 
plots, established in 1908 for the purpose of 
conducting complete fertility field tests, were 
studied from the standpoint of the effect of 
crop production and fertilizer treatment on the 
chemical composition or fertility of the soil. 
The results obtained by fertilizer treatment on 
the yield of crops on these plots has been previ
ously reported in South Dakota Agricultural 
Experiment Station bulletins, No. 280 and No. 
325. 

The Soil. The soil type on the plots involved 
in this project is Barnes loam, and is a member 
of the Chernozem group. This soil has been 
derived from the weathering of glacial drift. 
The following is a brief profile description: 

Horizon 1, 0-7 Inches. In texture, this layer 
is a loam, dark to black in color, with a decid
ed granular texture. Horizon 2, 7-14 inches is 
a transitional layer, between the horizon of 
dark surface soil and the underlying lighter 
colored soil which is the zone of lime accumu
lation. This layer is slightly finer in texture 
than the layer above. Containing less organic 
matter than the first horizon, it ranges in color 
from dark to light brown. In Horizon 3, 14-40 
inches at a depth of approximately 18 inches, a 
definite zone of calcium carbonate accumula
tion, consisting of a highly calcareous, grayish
yellow, silty clay loam occurs. Beneath this 

zone of lime accumulation is found the parent 
glacial drift from which the soil was derived. 

Plan of the Plots. Fig. 1 illustrates the gen
eral plan of the complete fertility test plots an 
the explanation of the crop rotation practiced 
and the fertilizer treatment. ' 

The five-year rotation is the same for each 
acre or block with respect to the corn crop and 
red clover crop which occurs on both acres the 
sanie year, but the others, wheat, oats, and bar
ley never occur on both acres the same year. 

Soil Treatment. Fertilizer was applied at th 
rates per acre as indicated in Fig. 1., each year 
in the five-year rotation except the years wh~ 
the plots were in clover when no fertilizer was 
applied. From 1908 to 1939, there were 25 ap
plications of fertilizer. All the crop residues in
cluding straw and corn stalks were removed 
each year, and only the remaining stubble resi
dues were returned to the soil. The clover crop 
was not returned to the soil, but was harvestad 
for hay and seed. 

Soil Sampling. Samples were taken from 
each soil fertility plot in the years, 1915, 1922, 
1929, and 1939. In order to secure representa
tive soil samples, each plot was divided into 1 
sections, and one boring was made in each sec
tion. The soil was sampled at two depths O to."' 
inches and 7 to 14 inches. The 12 borings from 
each plot and each depth were thoroughly 
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Block 1. Rotation Corn-Oats-Wheat-Barley-Red Clover 

0 N p K 0 NP NK PK NPK 0 

0 ,-f 

~ 
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Block 2. Rotation Com-Wheat-Barley-Oats-Red Clover .. 
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Fig. 1. Plan of the Complete Fertility Plots at 
Brookings, South Dakota 

.. 

0-Check or unfertilized 
N-Nitrogen, as nitrate of soda, 350 pounds 

per acre 

mixed in preparing a composite sample. From 
the composite sample a sub-sample was vyith
drawn for analysis. In 1908, a single soil sam
ple of surface soil was taken from each plot. In 
this manner, a soil sample was secured which 
was representative of all plots, rather than of 
an individual plot. 

Methods of Analysis. Nitrogen was deter
mined by the Gunning-Hibbard method ( 1). 

P-Phosphorus, as superpbospbate, 200 pounds 
per acre 

K_.:_Potassium, as potassium chloride, 200 
pounds per acre 

Total carbon was determined by the method of 
Winters and Smith ( 11). Organic carbon was 
converted to organic matter by use of the fact
or 1.724. Total phosphorus was determined by 
the colorimetric method as described by Dick
man and Bray (3), on aliquots from sodium 
carbonate fusion. For determination of avail
able phosphorus, the Truog method was used 
(10). 

Experimental Results 

Nitrogen Changes in Surface Soil. The data 
presented in Table 1 and Fig. 2 reveal the 
'changes in the nitrogen content of the surface 
wil of all the plots from 1915 to 1939. The 
part most worthy of note is the highly signifi
cant (Table 4) decline in total nitrogen of all 
plots irrespective of fertilizer treatment. 

Plots which received no fertilizer and the 
plots which received nitrogen and phosphorus 
alone, and those with a complete fertilizer 
~K had the highest average residual nitro
gen content after 24 years of cropping and fer
tilizer treatment. Although all plots exhibited 

a downward trend in nitrogen content, this 
change in the treated plots did not differ sig
nificantly from the check or no-treatment plots. 
The N x P x K interaction was however sig
nificant. All other fertilizer treatments had no 
significant effect on nitrogen changes. The 
average surface soil nitrogen content of the NP 
and NPK plots was somewhat higher than the 
other plots at the beginning of the experiment. 
This variation in nitrogen contei:it between 
plots was not significant as indicated by analy
sis of varianc~. 
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The average reduction in surface soil nitro- no significant effect on the changes in the nitro-1 
gen from 1915 to 1939 was 786 pounds per gen composition of the subsurface soil. 
acre for the untreated or check plots and 1,044 Factors Contributing to Nitrogen Losses. In 
pounds for all the fertilizer-treated plots. order to compare the actual loss of soil nitro-ii 

Plots receiving nitrogen alone and nitrogen gen as revealed by chemical analysis of the soiJ I 
in combination with K or P had an average with the removal by crops, the total yield o1 
loss of 1,078 pounds of soil nitrogen per acre crops for all plots from 1915 to 1939 were cal
for the same period. The potassium- and phos- culated. The amounu of nitrogen removed 
phorus-fertilized plots lost 1,034 and 918 from the soil from 1915 to 1939 by the harvest
pounds of nitrogen from the surface soil re- ed grain, straws and stalks, based on the aver
spectively per acre. age nitrogen composition of the recorded 

Nitrogen Changes in Subsurface Soil. Re- yields, are presented in Table 3. 
sults of the analysis for nitrogen in the subsur- As the amount of nitrogen removed by crops 
face soil for all plots are presented in Table 2 is directly proportional to the yield, plots re-1 
and Fig. 3. While the decrease in nitrogen in ceiving fertilizer removed the most nitrogen. 
the subsurface soil is not large enough to be The largest nitrogen removal in crops was 
significant, it does show that the general trend from the plots receiving phosphorus alone and J 

is downward. The fertilizer applications had the least nitrogen from the check or unferti~rl 

60 

~ u 
< 30 
~ 
g: 

~ 
Z 20 
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z 
~ 

~ 
t"" 10 

z 

1908 IZZJ 1915 - 1922 ~ 1929 ISSI 1939 D 

A 0 N p K N K 
FERTILIZERS APPLIED 

Fig. 2. Changes in the nitrogen content of the surface soil under different fertilizer treatments • 
from 1915 to 1939. 

Note: A-represents the average nitrogen content of all plots in 1908 before fertilizer was applied. 
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40 
1915 - 1922 888 192·9 ~ 1939 0 

0 N .. p K NP NK PK NPK 
FERTILIZERS A.PPLIED 

Fig. 3. Changes in the nitrogen content of the subsurface soil under different fertilizer treatments 
· from 1915 to 1939 . 

. lized plots. (Table 3) Plots receiving phos
phorus alone produced the highest yield of all 

i. crops and the untreated plots the lowest yield. 
In every case the loss of soil nitrogen as re
vealed by chemical analysis .was higher than 
the calculated amounts removed in crops. The 
loss of soil nitrogen from the check or unfer
tilized plots may be largely accounted for by 
removal in crops. The loss not accounted for 
by crop removal may be attributed to erosion 
or volatilization of the soil nitrogen. Losses of 

,.soil nitrates by leaching under subhumid con
ditions should be small in quantity. 

Loss of soil nitrogen from the plots receiving 
nitrogen fertilizer seems to be somewhat high
er than the check plots in proportion ,to the 
crop yield. These plots also had a loss of nitro
gen from the applied nitrogen fertilizer. Re-

.. ,duction in soil nitrogen on the nitrate ferti

. lized plots may likewise be attributed largely 
to crop removal. Additional loss of nitrogen in 
the applied nitrate fertilizer may be due to in
creased uptake of nitrate nitrogen by plants or 
possibly volatilization of the nitrogen in the 
nitrate fertilizer. 

It appears that the application of sodium 
nitrate fertilizer did not maintain the soil nit
rogen level, or that any accumulation of soil 

nitrogen resulted from synthesis of nitrates by 
soil microorganisms into organic nitrogen. 

Phosphorus Changes in the Soil. The analy
sis of the soil for total phosphorus from plots 
under different treatment from 1915 to 1939 
are given in Tables 5 and 6 and Fig. 4 and 5. 
These findings show a decline in the total 
phosphorus content of all plots where no phos
phorus fertilizer was applied. The average de
cline for all plots receiving no phosphorus fer
tilizer in terms of pounds per acre is 86 pounds 
for the surface soil O to 7 inches deep and 74 
pounds for the subsurface soil 7 to 14 inches 
deep. Although this decline in total phosphor
us appears to be small in quantity, neverthe
less, it does show that cropping reduces tl)e 
total quantity of phosphorus in the soil. The 
phosphorus which has been removed by crop
ping probably represents that portion of the 
total phosphorus which is the most readily 
available to plants. On a percentage basis, the 
surface soil of the plots receiving no phosphor
us fertilizer had an average loss of 6.2 percent 
phosphorus and the subsurface soil had an 
average loss of 6.5 percent phosphorus. These 
percentages are based on the phosphorus con
tent of the soil in 1915. 
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The loss of phosphorus revealed by chemi- nitrogen-treated plots had a highly signficant 
cal analysis in pounds per acre is approximate- greater rate of loss of phosphorus than the 
ly that which was calculated to be removed by other treated plots. The rate of phosphorus de
the crops during the same period. The calcu- pletion in subsurface soil was signficantly less 
lated amounts of phosphorus contained in where phosphorus was applied and where Pk
crops based on the recorded yields and average and K were applied together the rate of loss 
phosphorus composition are found in Table 7. was slower than for K alone or for P without 

The surface soil of all plots receiving phos- K. 
phorus fertilizer showed a significant gain in Results for available phosphorus in surface 
total phosphorus (Table 10). The average gain soil are presented in Table 8. The data in this 
in phosphorus for all phosphorus-fertilized table indicate that the trend of the available · 
plots was 57 pounds per acre. The subsurface phosphorus is downward on the untreated 
soil of the phosphorus fertilized plots had an plots and on those plots receiving fertilize/ 
average loss of 35 pounds per acre in compari- which did not include phosphorus. The phos
son to an average loss of 74 pounds per acre in phorus-treated plots show a definite upward 
the subsurface soil of the plots receiving no trend in available phosphorus content. 
phosphorus fertilizer. For some unexplained Analysis of the subsurface soil for available 
reason plot number 141 had an unusually high ph'osphorus is found in Table 9. Although the '· 
loss which may partially account for the available phosphorus content of the subsurface 
difference. soil is somewhat variable, the data seem to in='"' 

Analysis of variance data (Table 10) for the dicate a downward trend. 
effect of soil treatment on soil phosphorus Organic Matter Changes. The data on 
changes in subsurface soil indicates that the changes in the organic matter content of the 

190s rzza 1915 - 1922 ~ 1929 ~ 1939 i:::J 

N P K NP NK p K NKP 

FERTILIZERS APPLIED 

Fig. 4. Changes in the phosphorus content of the surface soil under different fertilizer treatment 
from 191; to 1939. 

Note: A-represents the average phosphorus content of all plots in 1908 before fertilizer was applied .. 
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Fig. 5. Changes in the phosphorus content of the subsurface soil under different fertilizer treatments 
from 1915 to 1939. 

surface soil of the variously treated plots are 
presented in Table 11 and Fig. 6. 

A study of the tables and figures pertaining 
to the changes in the organic matter content of 
surface soil reveals that all plots had significant 
losses in organic matter ranging from an aver
age of 14 .09 percent for the check plots to 
.16.79 percent for the NPK plots. In terms of 
tons per acre, this would be equal to 8.36 and 
10.54 tons, respectively, for the soil stratum to 
a depth of 7 inches. Average loss for all the 
variously treated plots was 14 .99 percent, or 
8.9 tons per acre, for the period from 1915 to 
1939. This is equivalent to an annual loss of 

,approximately 750 pounds of organic matter 
per acre. Fertilizer treatments had no signifi
cant effect on organic matter changes except 
for the interaction N x P x K. This interaction 
was significant. 

The organic matter losses from the surface 
soil are closely related in relative quantity or 
,percentage to the nitrogen changes, because 
most of the soil nitrogen exists in the o,rganic 
form. 

It appears from the analytical data on the 
surface soil that the application of mineral fer
tilizers alone without the return of additional 
organic matter other than the remaining stub
ble residues is not sufficient to retard the losses 
of organic matter which has occurred on these 
plots from 1915 to 1939. The consistent down
ward trend in the soil organic matter for each 
of the three sampling periods after 1915 indi
cates that the use of a crop rotation consisting 
of corn, wheat, barley, oats and a legume with 
or without fertilizer has not stabilized the or
ganic matter content of the soil at any definite 
point or level. This would indicate that further 
losses of organic matter from the soil would 
take place. The same statement would also 
apply to the soil nitrogen in these plots. 

Data obtained on the changes of the organic 
matter in subsurface soil from the plots are 
presented in Table 12 and Fig. 7. Most of these 
plots show slight gains in organic matter rang
ing from the average of .37 percent to 4.47, 
with the exception of the plots receiving NK, 
KP, and NPK fertilizer which showed very 
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Fig. 6. Changes in the organic matter content of the surface soil under di1Ierent fertilizer treatments 
from 1915 to 1939. 

Note: A-represents the average organic matter content of all plots before fertilizer was applied. 

slight losses. Changes in the organic matter 
content of subsurface soil from 1915 to 1939 
are not signficant and the effect of fertilizer 
treatment on organic matter (Table 13) also is 
not significant. These data indicate that the 
organic matter in the subsurface soil is not sub-

ject to pronounced changes in quantity as the 
result of cultivation and crop production. The' 
stability of the organic matter in the subsurface 
soil may be in part due to a reduced rate of 
bacterial decomposition, because this ~tratum 
is not disturbed by tillage operation. 

Summary and Conclusions 

An investigation was made of the nitrogen, 
phosphorus and organic matter changes from 
1915 to 1939 in the surface and subsurface soil 
of the soil fertility plots located on the Agron
omy Farm of the South Dakota Agricultural 
Experiment Station. The effect of fertilizer 
treatment and cropping on the progressive 
changes of these constituents was the principal 

object of this study. Composite samples of soil 
were taken from these plots in 1915, 1922, 
1929 and 1939. These samples were analyzed 
for nitrogen, phosphorus and organic matter. 
The results were treated statistically by the 
analysis of variance in order to aid in the in
terpretation of the findings. The results may 
be summarized as follows: 
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Fig. 7. Changes in the organic matter content of the subsurface soil under different fertilizer treatments 
from 1915 to 1939. 

1. The loss of nitrogen in surface soil from 
1915 to 1939 was highly significant. The aver-

• age loss of nitrogen from all plots was 16.9 
percent. Nitrogen changes in subsurface soil 
were small and statistically not signficant for 
the same period. Application of mineral fertil
izers including nitrogen did not help in the 
maintenance of the soil nitrogen level in the 
surface soil nor have a pronounced effect on 
the rate of nitrogen depletion. 

2. The surface soil of all plots which re-
> ceived no phosphorus fertilizer decreased in 

total phosphorus. Although the loss of total 
phosphorus from the plots which did not re
ceive phosphorus fertilizer was small and 
statistically not signficant, it does show that 
the trend is downward. Plots which received 

phosphorus fertilizer showed signficant gains 
in total phosphorus in the surface soil. Subsur
face soils showed decreases in total phosphor
us. Decreases were less in the subsurface soil 
where phosphorus fertilizer was applied. Sur
face soil of the plots receiving phosphorus fer
tilizer were distinctly higher in available 
phosphorus. 

3. The organic matter content of the surface 
soil of all the plots decreased significantly from 
1915 to 1939. The average loss from the sur
face soil for all plots was 14 .92 percent for the 
period. In general, fertilizer treatment had no 
significant effect on the changes in the organic 
matter content of the surface soil. Changes in 
the organic matter content of the subsurface 
soil were small and statistically not significant. 



10 South Dakota Experiment Station Technical Bulletin 4 l 
Literature Cited 

1. AssocIATioN OF OFFICIAL AGRICULTURAL 7. MuHR, C. R., SMITH, HENRY W., and 
CHEMISTS. Determination of total nitrogen WELDON, M. D. Influence of cropping, _. 
by Gunning-Hibbard method. Official and manure, and manure plus lime on ex-
Tentative Methods of A nalysis. Washing- change capacity, exchangeable calcium, ~ 
ton, D. C. Ed 4, 1940. (Page 4.) pH. oxidizable material, and nitrogen of a 

d P f fine-textured soil in eastern Nebraska, 
2. BLAIR, A. W., an RINcE, A. L. Some e - J Am S A 35 l07 114 1943 

f ects of long-continued manure, fertilizer, our. er. oc. gron., : - , · 
and lime treatment on the composition of 8. PEEVY, W. J., SMITH, F. B., and BROWN, P. 

Pp d ·1 N J A E St B 1 604 E. Effects of rotational and manurial treat-cro e soi s. . . gr. xp. a. u . , 
1936. ments for twenty years on the organic m'tlt-

ter, nitrogen, and phosphorus contents of 
3. D1cKMAN, S. R. and BRAY, R. H. Colori- Clarion and Webster soils. Jour. Amer. Soc. 

metric determination of phosphate. Jour. Agron., 32:739-753, 1940. 
Ind. Eng. Chem. Anal. Ed. 12:665-668, 9 S F B B p E d p W 1940. . MITH, . ., ROWN, . ., an EEVY, . 

J. Effect of long-continued treatment on the 
4. DETURK, E. E., BAUER, F. C., and SMITH, organic mfl,tter, nitrogen, and phosphorus 

L. H. Lessons from the Morrow Plots. Ill. content of Clarion loam: I. Continuous 
Agr. Exp. Sta. Bul. 300, 1927. · com. Iowa State College. Jour. Sci., 11:379- t:-

5. HUTTON, JosEPH GLADDEN, Thirty years of 395, 1937. 
soil fertility investigations in South Da- 10. TRuoG, E. The determination of readily 
kota. S. D. Agr. Exp. Sta. Bul. 325, 1938. available phosphorus of soils. Jour. Amer. , 

6. METZGER, W. H. Nitrogen and organic Soc. Agron., 22:874-882, 1930. 
carbon as affected by crops and cropping 11. WINTERS, ERIC, and SMITH, R. s. Deter-
systems. Jour. Amer. Soc. Agron., 28:228- mination of total carbon in soils. Jour. Ind. 
234, 1936. Eng. Chem. Anal. Ed., 1:202, 1929. 

Tables 
Table 1. Changes in Nitrogen Content o{ Surface Soil Table 2. Changes in Nitrogen Content of Subsurface 
0 to 7 Inches Deep in Variously Treated Plots from 1915 Soil 7 to 14 Inches Deep in Variously Treated Plots 

to 1939. from 1915 to 1939. 

Plot and Treatment % Nitrogen Plot and Treatment % Nitrogen 
Block 1 1915 1922 1929 1939 Block 1 1915 1922 1929 1939 

140 0 - ·- ······· .289 .271 .256 .255 140 0 ············ .159 .15,1 .133 .141 
141 N ·····--··· .311 . 282 .258 .237 141 N ............ .161 .164 .160 .155 ..( 

142 P --········ .283 .273 .257 .231 142 P ··········- .155 .158 .136 .143 
143 K --···-····· .282 .270 . 246 · .221 143 K ............ .159 .BB .129 .130 
144 0 ············ .272 . 250 .241 .219 144 0 ........ : ... .142 .151 .13-7 .130 
145 NP ···-····· .264 .255 .238 .229 145 NP ·····-··· .148 .150 .14'9 .136 
146 NK .......... .295 .266 .249 .230 146 NK ·····-··· .148 .163 .153 .'144 
H7 PK ····-··· .285 .260 . 250 .229 147 PK .......... .143 .1 43 .156 .m 
148 NPK ........ .312 .282 .273 .256 148 NPK ·--··· .169 .165 .165 .155 
149 0 ·-·- ···- -· .301 .284 .281 .255 149 O ··········- .166 .190 .•169 .178 

Block 2 Block 2 .. 
150 O ·····-·-·· .301 .301 .273 .279 150 O ·-·······- .181 .185 .188 .178 
151 N - - ·- - .325 .314 .298 .278 151 N - - ·- .193 .213 .192 .188 
152 P -·- ··- .320 .305 .292 .281 152 P ··--·-·· .190 .204 .'194 .192 
153 K -·-·-- .3,10 .291 .275 .268 153 K ·····--·· .179 .168 .180 .185 
154 0 ········-- .293 .286 .273 .253 154 O ··-·---· .162 .1 67 .165 .163 
155 NP ····-···· .304 .304 .280 .259 155 NP --·-··· .169 .181 .177 .•165 
156 NK -·-···· .293 .281 .273 .249 156NK -·-··· .168 .163 .174 .155 
157 PK -·- .288 .277 .269 .240 157 PK -········ .170 .161 .172 .155 ~ 

158 NPK ·-·-· .316 .299 .281 .253 158 NPK ··- ·-· .178 .158 .173 .185 
159 O --·- .302 .292 .279 .264 159 o ·-··-···· .181 .174 .179 .179 
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Table 3. A Comparison of Nitrogen Removed by Crops Table 5. Changes in Phosphorus Content of Surface Soil 
and Loss of Soil Nitrogen and Fertilizer Nitrogen from 0 to 7 Inches Deep in Variously Treated Plots from 
Variously Treated Plots from 1915 to 1939 Expressed 1915 to 1939. 

in Pounds per Acre. 
Plot and Treatment % Phosphorus 

Soil Block 1 1915 1922 1929 1939 
sf Soil nitro- nitrogen 

140 0 ------------ .0667 .0667 .0645 .0620 Nitrogen gen lost lost from Total Loss from 
Treat- removed from sur- subsur- soil nitro- applied 141 N ____________ .0690 .0685 .0690 .0625 
ment by crops face soil face soil gen loss fertilizer 

142 P --------- .0695 .0685 .0715 .0700 
o ____________ 654 786 78 864 14 3 K ---------- .0680 .0720 .0740 .0645 
N __________ ____ 727 1224 114 1338 1176 144 0 ----------- .0675 .0625 .0620 .0610 

145 NP __________ .0685 .0685 .0747 .0720 
P ------------ 820 918 100 1018 146 NK _______ .0760 .0760 .o700 .0695 
K ---------- 665 1034 238 1272 147 PK ______ .0735 .0712 .0725 .0735 

•NP ---------- 754 802 166 968 1176 · 148 NPK _______ .0795 .0795 .0760 .0802 

NK --------- 700 1092 178 1270 1176 149 0 ------------ .0695 .0685 .0667 .0635 

PK _________ 75 8 1046 254 1300 
Block 2 

15 0 0 ---------- .0660 .0660 .0625 .0635 NPK ________ 77 3 1194 78 1272 1176 151 N ___________ .0710 .0690 .0690 .0667 
152 P ------------ .0725 .0725 .0750 .0785 

Table 4. Analysis of Variance of Soil Nitrogen Changes1 
·153 K ____________ .0635 .0660 .0660 .0645 

r 154 0 ------------ .0685 .0667 .0645 .0670 
Mean 15 5 NP ---------- .0697 .0737 .0735 .0755 

i Degrees Mean square 15 6 NK _________ .0695 .0660 .0650 .0637 
of square for for sub- 157 PK _________ .0697 .0710 .0725 .0735 

Source of variation freedom surface soil surface soil 
15 8 NPK -------- .0695 .0710 .0695 .0720 

Rep. ----------------------------- 1 937,024 1,150,256 15 9 0 --------- .0650 .0622 .0620 .0600 

Years - ------------------------- 3 747,950t 22,540 
Reps. x years error (a) ______ 3 9,737 9,846 Table 6. Changes in Phosphorus Content of Subsurface 
N -------------------------------------- I 37,055 25,840 Soil 7 to 14 Inches Deep in Variously Treated Plots 

p ------------------------ 1 3,047 3,751 from 1915 to 1939. 

K ------------------------------- 1 62,374 118,852 Plot and Treatment % Phosphorus 

N x P -------------------------- 1 367 12,826 Block 1 1915 1922 1929 1939 

N X K ----------------------------· •l 30,626 16,706 140 0 -------- .0552 .0530 .0540 .0520 
p X K --------------------------- 1 55,820 29,156 141 N ______ .07-10 .0552 .0560 .0537 

N X p X K ------------------------ 1 281,428* 162,207 14 2 P ----------- .0580 .0555 .0530 .0530 
14 3 K -------- .0545 .0532 .0540 .0520 

Treatment x rep. error (b) 7 33,121 34,083 144 0 ------- .0532 .0525 .0545 .0532 
Treatment x years ___________ 21 3,156 7,091 145 NP _________ .0595 .0575 .0602 .0565 
Error ( c) ________________________ 21 3,510 4,896, 164 NK -------- .0570 .0565 .0537 .0520 

147 PK ______ .0580 .0570 .0990 .0550 
,. tHighly significant 148 NPK _____ .0625 .0575 .0590 .0582 

•significant 149 0 -------- .0565 .0595 .0595 .0565 
1The plots were not laid out in randomized order, but it is be- Block 2 lieved that the soil samples arc representative of treatment rath-
er than position. The average of the three check or no treatment 150 0 ------------ .0602 .0570 .0590 .0550 
plots were used in the analysis of variance. 151 N ----------- .0587 .0610 .0605 .0560 

152 P --------- .0555 .0592 .0590 .0587 
15 3 K --------- .0560 .0535 .0565 .0560 
154 0 ---------- .0587 .0530 .0590 .0530 
15 5 NP -------- .0565 .0570 .0620 .0560 
156 NK ----- .0515 .0552 .0570 .0530 
157 PK -------- .0570 .0530 . .. 0590 .0555 
158 NPK ____ .0602 .0587 .0602 .0600 
15 9 O --- ------- .0552 .0530 .0570 .0552 

• 
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Table 7. A Comparison of the Calculated Amount of 
Phosphorus Removed by Crops With the Average Gain 
or Loss of Soil Phosphorus as Found by Chemical Anal~ 

ysis of Variously Treated Plots from 1915 to 1939, 
Expressed in Pounds per Acre. 

Gain 
Gain or or loss from 

Soil 
treatment 

Phosphorus 
removed 
by crops 

loss from subsur- Total fain or 
surface soil face soil Jon from soil 

0 ------- 119 .4 
N ----------- 130.0 
P --------- 155.7 

K ---------· 118.0 
NP ------ 133.4 
NK ____ ,119.2 

PK ----- 139.9 
NPK _____ 134.0 

-88 
-108 
+66 

-24 

+94 
-124 

+38 
+32 

-46 
-200 
-18 
-14 
- 34 
-36 
-44 
-46 

-134 
-308 

+48 
-38 

+60 
-160 

-6 
-12 

Table 8. Changes in Available Phosphorus Content of 
Surface Soil O to 7 Inches Deep in Variously Treated 

Plots from 1922 to 1939. 

Plot and Treatment Available phosphorus in paru per million 
Block 1 1922 1929 1939 

140 0 --------- ----- 32.4 
141 N ------------- 35.2 
142 P ------------ 50.0 
143 K ----------- 39.2 
144 0 ------------- 33.6 
145 NP ------------- 50.4 
146 NK -------------- 31.6 
147 KP ------------ 44.8 
•148 NPK ------------- 56.8 
149 O -------------------- 32.6 
Block 2 

150 0 --------------- 36.8 
151 N -------------- 38.0 
152 P ---------------- 52.0 
153 K --------- 47 .6 
154 0 ---------------- 34.4 
155 NP - --------- • 
156 NK ---------------- 65.6 
157 KP ----------------- 33.6 
158 NPK ------------ 54.4 
,159 0 ------ --------- 68.0 

•sample not available 

36.0 
45.6 
76.8 
67.6 
37.6 
87.2 
43.0 
65.8 
64.4 
41.6 

25.2 
41.6 
68 .6 
39.6 
36.8 
• 
58.8 
32.6 
76.8 
58.0 

27.0 
25.6 
58.6 
28.0 
28.6 
70.4 
33.0 
69.0 
76.0 

• 

30.8 
31.4 
64.8 
32.4 
30.2 

• 
72.8 
38.4 
64.8 
59.6 

Table 9. Changes in Available Phosphorus Content of 
Subsurface Soil 7 to 14 Inches Deep in Variously 

Treated Plots from 1922 to 1939. 

Plot and Treatment Anilable phosphorus in parts per million 
B~dl Dll 029 DD 

140 0 ---------------- 24.0 
141 N ---------------- 22.8 
14 2 P -------------------- 3 0. 8 
14 3 K ---------------- 30.0 
144 0 --------------- 22.8 
145 NP -------------- 27.6 
146 NK ----------- 25.2 
147 KP ------------ 26.0 
148 NPK ------------ 29 .2 
149 0 ---------- ------ 26.8 
Block 2 

150 0 -------------- 20.0 
151 N --------------------- 30.0 
152 P ------------------ 34.4 
153 K -------------- 31.6 
154 0 ---------------- 31.0 
155 NP ---------------- • 

156 NK ------------- 24.0 
157 NP -------------- 23.6 
158 NPK ----------- 33.0 
159 0 --------------- 29.6 

•sample not available 

32.4 
38.0 
35.6 
38.0 
38.4 
42.4 
33.0 
26.6 
28.4 
29.2 

33.6 
32.6 
39.2 
34.8 
60.8 
• 
37.6 
26.0 
28.0 
34.8 

23.6 
21.0 
26.5 
24.5 
23.3 
29.7 
29.5 
30.0 
30.0 
22.0 

22.5 
20.5 
30.7 
30.0 
24.7 
• 
30.0 
22.0 
32.0 
33.5 

Table 10. Analysis of Variance of Total Soil Phosphorus 
Changes. 

Degrees Mean 
of square for 

Source of variation freedom surface soil 

Rep. ------------------------ 1 
Years ----------------- 3 
Yrs. x reps. error (a) __ 3 

N -------------------------- 1 
p --------------------- 1 
1C. ------------------------ 1 

4,067 
239 
75,1 

4,508 
44,448• 

2,775 
2,418 
1,646 
1,574 

Mean square 
for sub

surface soil 

582 
2,767 
2,324 
6,301t 
5,311 • 
1,671 

118 
478 

5,274• 

J 

N x P ------------------ 1 
N x K -------------- 1 
P x K ------------------ 1 
N x P x K -------------- 1 
Treat. x reps. error (b) __ 7 

70 
4,435 

955t 
244 

2,082 4 

Treat. x yrs. ______ ...:. ___________ 21 
Error ( c) _______________ .21 

•Significant 
tHighly si,nificant 

446 
66 

986 
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Table 11. Changes in Organic Matter Content of Sur
face Soil O to 7 Inches Deep in Variously Treated Plots 

from 1915 to 1939. 

Plot and Treatment 
Block 1 1915 

140 0 ------------ 5.82 
141 N -------------- 6.21 

14 2 P. ---------------- 5.55 
143 K ------------- 5.65 

144 0 ------------- 5.54 

145 NP ----------- 5.35 

14 6 NK ------------ 5. 78 
14 7 KP __________ 5.73 

148 NPK ---------- 6.36 

149 0 --------------- 6.18 
Block 2 

150 0 -------------- 6.16 
151 N ______________ 6.52 

152 P ---------------- 6.48 
153 K ------------- 5.90 
154 0 -------------- 5.92 
155 NP ------------ 5.96 
156 NK - -------- 5.96 
157 KP ___________ 5.91 
158 NPK -------- 6.21 

159 0 ------------- 6.03 

% Organic Matter 
1922 1929 

5.57 5.28 
5.78 5.45 
5.48 5.15 
5.47 5.09 
5.-17 4.89 
5.17 5.77 
5.45 5.08 
5.30 4.74 
5.84 5.83 
5.82 5.74 

6.12 5.94 
6.37 6.14 
6.35 6:13 
5.79 5.64 
5.74 5.52 
6.09 4.94 
5.82 5.71 
5.84 5.60 
5.98 5.68 
5.92 5.79 

1939 

4.87 
4.96 
4.70 
4.49 
4.39 
4.41 
4.65 
4.66 
5.27 
5.16 

5.58 
5.70 
5.89 , 

5.43 
5.16 
5.34 

I 5.16 
5.10 
5.19 
5.46 

Table 12. Changes in Organic Matter Content of Sub-
surface Soil 7 to 14 Inches Deep in Variously Treated 

Plots from 1915 to 1939. 

Plot and Treatment % Organic Matter 
Block 1 1915 1922 1929 1939 

140 0 ------------- 3.01 2.95 2.79 2.59 
1 4 1 N _____________ 3 .1 0 3.15 3.14 2.91 
142 P ---------------- 2.89 3.09 2.71 2.78 
143 K ------------- 2.81 2.93 2.52 2.44 
144 0 -------------- 2.63 2.86 2.73 2.48 
145 NP ------------ 2.80 2.93 2.87 2.62 
146 NK _______ _____ 2.94 3.06 3.14 2.77 
147 KP ____________ 2.87 2.99 2.04 2.70 
148 NPK __________ 3.10 3.19 3.26 2.9 1 
149 0 -------------- 3.08 3.68 3.44 3.65 
Block 2 

150 0 ------------- 3.29 3.58 3.64 3.67 
151 N ______ ________ 3 .5 3 4.17 4.08 3.90 
152 P ------------ 3.62 4.11 4.02 4.02 
153 K -------------- 3.24 3.14 3.61 3.70 
154 0 ------------- 3.15 3.09 3.2 1 3.18 
15 5 NP ____________ 3. H 3.63 3.52 3.31 
156 NK ____________ 3.09 3.06 3.56 3.09 
157 KP ____________ 3.04 3.03 3.34 3.00 
158 NPK ________ 3.36 3.08 3.58 3.53 
159 0 -------------- 3.13 3.25 3.75 3.49 

Table 13. Analysis of Variance of Soil Organic Matter 
Changes. 

Degrees 
of Mean square 

Source of Variation freedom for surface soil 

Reps. ------------------------- 1 
Years -~----------------------- 3 
Years x reps. error (a) 3 

N ------------------------------ 1 
p ---------------------------- 1 
K ------------------------------ 1 
N x P ------------------------ 1 
N x K --------------------- 1 
P x K ------------------------ 1 
N x P x K ----------------- 1 
Treat. x reps. error 

(b) ---------------------- 7 
Treat. x yrs. _______________ 21 
Error C _____________ ________ 21 

• Significant 

113,894,251 
79,342,444"" 
3,400,201 
5,057,438 

710,441 
10,918,897 
,},332,578 
9,024,765 

15,851,340 
36,070,541"" 

5,733,293 
•l,665,345 "" 

738,030 

Mean 
square for 

subsurface soil 

·157,884,735 
5,212,888 
5,734,868 
3,076,078 

119,284 
21,030,249 
5,824,378 
2,611,860 
2,790,153 

23,256,239 

6,876,817 
730,436 
699,788 
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