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W. H. METZGER 

INTRODUCTION 

The soil-fertility field experiments of the main branch of the Kan- 
sas Agricultural Experiment Station involve comparisons of several 
cropping systems, and within the systems various lime, manure, and 
fertilizer treatments are provided. These experiments were begun 
in 1910. A study of the nitrogen and carbon of the soil of the 
various plats, after approximately 25 years of cropping, has been 
completed recently and is reported in this publication. 

The literature dealing with the broader aspects of this subject is 
so voluminous that no attempt a t  a comprehensive review will be 
made. Certain publications dealing with special phases of the sub- 
ject, will be cited in the appropriate succeeding paragraphs. Even 
with this restriction, many meritorious papers cannot be mentioned. 

EXPERIMENTAL METHODS 

At the time the plats were established in 1910, certain soil samples 
were taken; and nitrogen and organic carbon were determined. In- 
sufficient samples were taken, however, to make possible a satis- 
factory comparison of the original content of these constituents with 
that of the present. The plats were first adequately sampled, and 
nitrogen and carbon determined in 1915. They were sampled again 
during the period 1932-1934. Not all the plats were sampled the 
same season since it was desired, insofar as possible, to sample the 
soil of the various cropping systems while under the same crop. 
Twelve soil cores were systematically taken from each one-tenth 
acre plat, and composited to provide the sample representing the 
plat. Such samples were taken in sections to the following depths: 
0 - 62/3 inches, 62/3 - 20 inches, and 20 - 40 inches. Since the most 
active and the most easily changed organic matter is found in the 
0 - 62/3 inch layer, only the data relating to this layer will be dealt 
with here. 

The cropping systems include a 16-year rotation (alfalfa, four 
years and a corn, wheat, wheat rotation for 1 2  years); a three-year 
rotation (corn, soybeans, and wheat); continuous wheat; and con- 
tinuous alfalfa. Cowpeas were used in the three-year rotation in 
place of soybeans until 1929. In  the 16-year rotation, the 12-year 
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period was devoted to a corn, corn, wheat rotation until 1922, when 
a system of corn, wheat, wheat was substituted. I n  each of these 
cropping systems, there are four control plats in each series, except 
that in one series of the three-year rotation there are five such plats. 
There is included in the 16-year rotation one plat in each series 
which has Brome grass as the sod crop in place of alfalfa. I n  the 
three-year rotation, there is one plat in each series devoted to a corn, 
corn, wheat rotation, with no legume. Another plat in this series has 
a similar rotation, except tha t  a green manure crop of cowpeas is 
grown after each wheat crop.

All samples were taken from wheat stubble land except those from 
the continuous alfalfa experiment, and one of the four series of the 
16-year rotation, which was sampled under alfalfa sod. In  all the 
experiments involved in these studies, all crop growth was removed, 
leaving only stubble and roots as residues. 

Another experiment was utilized in order to study the effect of the 
alfalfa crop on nitrogen accretion. This experiment involved 26 
plats; nine were devoted to continuous wheat culture; and 17 were 
utilized for a study of the effect of varying the alfalfa cropping 
periods upon succeeding wheat crops and upon soil nitrogen. The 
alfalfa cropping periods varied from one to  nine years, and all ex- 
cept the one-year period were represented by duplicate plats. This 
experiment will be referred to in the succeeding pages as the 
“alfalfa-wheat” experiment. 

The experiments are all located on the same soil type;  namely, 
Derby silt loam. This soil is a moderately leached soil developed 
under a grass cover, and has a dark t o  very dark brown, loose, 
friable, and weakly granulated surface soil. The subsoil is reddish 
brown to bright reddish brown, moderately compact, with frag- 
mental structure. There is no CaCO3, above the 36-inch level. The 
land on which the experiments are located is gently rolling and 
erosion has caused some variability in the depth of the surface soil. 

The samples were digested for the nitrogen determinations ac- 
cording to the Gunning-Hibbard procedure, distilled into four per- 
cent boric acid, and titrated with N/7 H2SO4 in the presence of 
brom-cresol-green and methyl red. Carbon was determined by the 
Schollenberger method, using the procedure outlined by Allison (1).
Through the kindly cooperation of Dr.  H. G. Byers of the Bureau of 
Chemistry and Soils, a preliminary set of determinations was made 
to verify the factor 1.15 as reported by Allison to relate the values 
obtained by the Schollenberger method with those obtained by 
furnace combustion. A group of six samples analyzed in the labora- 
tory here by the Schollenberger method were submitted to Doctor 
Byers and analyzed in the laboratories in Washington, using the dry 
combustion procedure. The average factor relating the results was
in good agreement with Allison’s factor; and his procedure was 
therefore adopted in its entirety. Since the 1915 determinations 
were made by furnace combustion, and the required apparatus is no 
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longer available, i t  was felt the procedure outlined by Allison of- 
fered the best available means of obtaining results comparable with 
those obtained in 1915. 

EFFECTS OF CROPPING SYSTEMS 

In a previous publication ( 7 )  the effects of the four major crop- 
ping systems upon the soil’s nitrogen and carbon content, as mea- 
sured from four unfertilized plats devoted t o  each system, were 
presented. The carbon determinations have since been repeated, 
using the method proposed by Allison (1) in place of the wet com- 
bustion method (Methods of Anabysis, 2d edition, A. O.  A. C.) used 
i n  the previous work. The values presented a t  that time were com- 
parable among themselves but not comparable directly with those 
obtained from the samples analyzed in 1915 by the dry combustion 
method. Also, data from all the plats of each cropping system are 
now available and are summarized in Table I.

From the equation proposed by Salter and Green (11), Nt = NoKt

in which Nt, is the nitrogen or carbon after “t” years and No is the 
nitrogen or carbon a t  the beginning, “K” values were calculated for 
each cropping system. The “K” values for wheat and alfalfa in 
continuous culture were inserted into the equation for the 16-year 
rotation and a “K” value for corn thus obtained. Since “K” rep- 
resents the fraction of the nitrogen or carbon remaining after the 
equivalent of a single year of cropping, the difference between 100 
and the “K” values expressed as percent represents the annual per- 
centage loss or gain. The values thus obtained are listed in Table II.

The results presented in Tables I and II offer three rather clear 
indications; i. e., (1) alfalfa is not only soil conserving, but is dis- 
tinctly a soil-building crop, especially from the standpoint of nitro- 
gen; (2) wheat is soil depleting, but only moderately so; and (3) 
corn is decidedly soil depleting, being about two to three times as 
destructive of nitrogen and carbon as wheat or either of the two 
rotations. The destructive nature of the corn crop is probably 
accounted for by: (1) Leaching, while the plants are small and 
using little water from the land; (2) excessive aeration of the soil 
as a result of the intensive cultivation; and (3) greater erosion under 
the corn crop as compared to the close-planted crops. Of these 
factors, the latter is probably the most important under the condi- 
tions prevailing a t  Manhattan. 

It seems rather surprising that the three-year rotation of corn, 
soybeans, and wheat, should not have produced greater relative 
losses, particularly of nitrogen, than are shown. However, it will 
be noted tha t  there was less nitrogen in this soil in 1915 than in tha t  
of the 16-year rotation. It may be tha t  there was also less nitrogen 
in the three-year rotation soil in 1910, or tha t  this soil suffered a 
more rapid decline of nitrogen and carbon during the period 1910-
1915 than those under the other cropping systems. The same may 
be true, to some extent a t  least, of the values for the soil under con- 
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tinuous wheat. However, the soils of the continuous wheat experi- 
ment and of the continuous alfalfa experiment were very probably 
poorer in nitrogen and carbon a t  the beginning than those devoted 
to the rotations. 

The changes of nitrogen and carbon contents of the soil of each 
cropping system are supported by significant odds, except in the 
cases of the carbon changes for the continuous wheat and the con- 
tinuous alfalfa plats. Extensive variability accounted for the some- 
what low odds supporting the indicated carbon decline in the wheat 
plats. One of the four measurements of carbon change for the 
alfalfa plats was in reverse order from that  of the remaining three. 
The result is very low odds to  support the indicated change. This 
plat contained 40,200 pounds of organic carbon in 1915. 

The results are similar to those obtained by Salter and Green (11)
a t  the Ohio station. They found corn t o  be from two to three times 
as destructive of nitrogen and carbon as four other cropping systems 
studied. Smith, Brown, and Peevey (12) have also shown the de- 
structive effect of corn culture on soil nitrogen and organic matter. 

ALFALFA IN RELATION TO NITROGEN ACCRETION 

The continuous alfalfa experiment, and the “alfalfa-wheat” ex- 
periment offer an opportunity for a rather systematic study of the 
effect of the growth of alfalfa upon the nitrogen content of soil. I n  
Table II it was shown that, over a period of 19 years, alfalfa in un- 
fertilized plats increased the nitrogen of the soil a t  the rate of 0.71 
percent per year. Since few alfalfa stands survive tha t  long, the 
question arises as to the efficiency of the crop in increasing the nitro- 
gen content of the soil during a shorter period of growth. The soil 
of the continuous alfalfa experiment was sampled in 1923, in addi- 
tion to the 1915 and 1934 samplings, and the nitrogen data for the 
three samplings furnish some evidence bearing on this point. The 
data for all plats of the series are presented in Table III.

The data of Table III indicate tha t  alfalfa continued to  build u p  
the soil's supply of nitrogen throughout the 19-year period. There 
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are some discrepencies in the data which probably can not be satis- 
factorily explained; but in general there is a very definite indication 
tha t  accretion of nitrogen continued beyond the first eight years. 
The samples taken in 1923 were stored and not analyzed until 1934, 
which may account for some of the variability in the 1923 values. 

In  the “alfalfa-wheat” experiment, nitrogen was determined on 
soil samples taken from each plat a t  the time alfalfa was seeded and 
again when the alfalfa sod was broken. The resuIts from this ex- 
periment are set forth in Table IV. 
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All plats show an increase in nitrogen regardless of the length of 
the cropping period. The data, for some unknown reason, show 
rather high variability. This variability may be partially accounted 
for in tha t  the samples were not analyzed until from four to thirteen 
years after they were collected, depending on the length of the 
alfalfa cropping periods. In  general, however, the longer cropping 
periods show the greater increases. On a percentage basis, the aver- 
age increase for the shorter cropping periods (one to four years) 
was 4.66 percent. The corresponding value for the longer cropping 
periods (five to nine years) was 9.44 percent. 

An idea frequently encountered in agronomic literature of the past 
is that  legumes add little or no nitrogen to the soil unless the top 
growth is plowed under. The nitrogen used by the plant in its 
growth was believed to  come partly from the soil and partly from 
the atmosphere. That  which was taken from the atmosphere was 
believed to  be about equal to that  contained in the tops of the plants. 
If top growth was removed as hay, therefore, there was little or no 
addition to the soil. Data presented by Swanson and Latshaw (13)
from this station indicated tha t  alfalfa may not increase the nitro- 
gen content of the soil even though grown for fairly long periods of 
time. Greaves and Hirst (5) showed t h a t  alfalfa removed as hay 
did not increase the nitrogen content of plat soils a t  the Utah sta- 
tion. The nitrogen content of the soil when the crop was seeded 
probably has been the determining factor in most such experiments, 
for it is evident from data recorded in the literature that  it is on soils 
with low initial nitrogen contents tha t  alfalfa stores the largest 
quantities of nitrogen. Evidence bearing on this point is contained 
in Table III in tha t  plats 1  and 2, with relatively high initial nitro- 
gen contents, showed comparatively small gains in nitrogen during 
the period of 19  years, while the plats with lower initial quantities 
of nitrogen showed larger gains. I n  these experiments, all top 
growth was removed as hay. In  the process of curing and removing 
an alfalfa hay crop, there is always much loss of leaves. In  this 
way, there is an appreciable return of nitrogen to the soil. 

Also, recent investigations indicate that nitrogen may be excreted 
from the nodules of leguminous plants (6, 14, 16, 1 7 ) .  Whatever 
may be the means by which it is accomplished, it, appears quite evi- 
dent from the data in Tables III and IV tha t  alfalfa may add nitro- 
gen to the soil even though top growth is removed as hay. This is 
a matter of great importance to farmers since they may with con- 
fidence remove the valuable alfalfa hay crops and still benefit from 
the nitrogen storing ability of the crop, a t  least on soils in which 
nitrogen is deficient. It therefore appears that alfalfa should be 
grown on the poorest land on which a stand can be established with- 
out excessive cost, if maximum soil improvement is to be realized. 
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EXTENT AND DURATION OF THE EFFECT OF ALFALFA 
ON AVAILABLE NITROGEN 

Soil samples were collected each fall at  wheat-seeding time in the 
“alfalfa-wheat” experiment for determinations of nitrates. Since 
there were nine plats which were devoted to continuous wheat cul- 
ture, the effect of the alfalfa cropping periods upon nitrate accumu- 
lation could be measured by comparing the values for the alfalfa 
plats with those for the continuous wheat plats. However, direct
comparisons between plats cropped to alfalfa for different periods of 
time in this experiment were of limited value. Since all alfalfa plats 
were seeded at the same time but broken in different years, seasonal 
conditions made direct comparisons impracticable. For example, 
the nitrate data for the first year after three years of alfalfa were 
obtained in 1925; while the corresponding values for six years of 
alfalfa were obtained in 1928. It appeared best, therefore, to obtain 
the ratio of the nitrates for each plat previously cropped to alfalfa, 
and for each year, to the nitrates of the adjoining continuous wheat 
plat. Since every third plat, beginning with No. 2, was devoted to 
continuous wheat culture, there was a wheat plat bordering every 
plat which grew alfalfa during the period of the experiment. 

The nitrate values and the ratios are recorded in tables in the 
Appendix. The average ratios, however, are shown in Table V and 
the data are presented graphically in figure 1.

There is a great deal of variability in the nitrate data and, con- 
sequently, a corresponding variation in the ratios shown in Table V
and figure 1.  Such variation is natural since nitrate accumulation 
is affected by many factors, including temperature, moisture sup- 
ply, extent of leaching, time of sampling, etc. The extent of sea- 
sonal variation is indicated by the nitrate data for 1934, the fourth 
year after the nine-year-old alfalfa sod was broken, fifth year after 
breaking the eight-year-old sod, etc. In  that season, temperatures 
were exceedingly high and there was enough moisture in early- 
plowed land to insure nitrification. Furthermore, there was no 
leaching induced by early fall rains. Nitrate accumulation in tha t  
year was remarkably large. 

In  spite of some variations, the data indicate quite conclusively 
tha t  the residual effect of alfalfa declines to a rather low point dur- 
ing a period of about six years. I n  only one case was a ratio at- 
tained of 2 or more, and in only six cases was a ratio of 1.5 or more 
attained six years or longer after the alfalfa sod was broken. It is 
significant, however, that nearly all plats tended to maintain a ratio 
somewhat greater than 1.0 for eight or nine years after the alfalfa 
sod was broken. 

The longer periods of alfalfa cropping exhibited the same tend- 
ency as did the shorter periods; i. e . ,  a tendency toward a decline in 
residual effect upon nitrate-nitrogen formation in about six years. 
There is some evidence that cropping with alfalfa beyond three or 
four years may not add greatly to the soil's ability to accumulate 
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nitrate nitrogen. The writer has shown previously (8)  that  the resid- 
ual effect of two or more years of alfalfa cropping in this experi- 
ment was measurable in the succeeding wheat crops for a period of 
a t  least eight years. Such an  effect was evident in yield, in protein 
content, or in both. Mirimanian (9) reported that a “prolonged” 
period of alfalfa cropping in Armenia produced a pronounced effect 
on succeeding cotton crops for three years. After tha t  the effect 
declined rapidly. Nicol (10) presented data showing increased 
wheat yields over periods ranging from five to 12 years as a result 
of 20 years of previous alfalfa cropping. 

CARBON NITROGEN RATIOS 

The average carbon: nitrogen ratios of the unfertilized plats of 
the various cropping systems were calculated from the 1915 and 
1934 data. These values are recorded in Table VI.

There have been some alterations in the carbon: nitrogen ratios 
during the 19-year period. The ratio for the 16-year rotation was 
significantly widened. This may possibly be accounted for by the 
previously noted substitution of one year of wheat for one of corn 
in the rotation in 1922. The ratio for the three-year rotation was in- 
dicated to have narrowed somewhat but the change is of doubtful 
significance. The ratio for the soil under continuous wheat was 
widened slightly, but here the change is indicated to be of very 
questionable significance. The average ratio for soils under con- 
tinuous alfalfa is indicated to  have narrowed during the 19-year 
period. One of the four plats, however, showed a reverse trend and 
the difference of the means falls below the significant value. 

The only effect of soil treatments upon the C:N ratio worthy of  
mention is an apparent tendency of the green manure treatments in 
the continuous wheat experiment to narrow the ratio. (See Table 
IA in the appendix.) It will be pointed out later tha t  these plats 
tended to  conserve nitrogen more effectively than carbon. A com- 
parison of the ratios for the four cropping systems is recorded in 
Table VII.
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It will be noted tha t  there were significant differences between the 
ratios for each possible pair of cropping systems in 1915 except for 
the comparison of the three-year rotation with continuous alfalfa. 
In  1934, however, only the continuous wheat plats exhibited an 
average ratio appreciably different from the others. The continu- 
ous wheat plats also had the widest ratio in 1915. The effect of the 
lack of a legume in this cropping system is manifested in the carbon: 
nitrogen ratio. 

EFFECT OF FERTILIZERS, MANURE, AND LIME ON THE 
NITROGEN AND CARBON OF THE SOIL 

I n  each of the cropping systems under study, various com- 
mercial fertilizer, barnyard manure, and lime treatments were in- 
cluded. An attempt has been made to evaluate the effects of these 
treatments on the soil’s nitrogen and carbon. Since satisfactory 
data relating to nitrogen and carbon in the soil when the experi- 
ments were started are not available, some other means of evalua- 
tion was necessary. In  each of the series of plats devoted to the 
various cropping systems, every third plat, beginning with plat No.
2, is a control plat. The control plats seemed the best source of com- 
parison in the evaluation of the effects of the treatments. Conse- 
quently, the carbon and nitrogen values for the control plats were 
plotted and the corresponding values for the treated plats were 
read off from the straight lines connecting these points. The values 
so obtained were then compared with the actual values and the sur- 
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pluses or deficiencies, presumably attributable to the treatments, 
were thus determined. 

Such a treatment of the data involves the assumption that natural 
soil variation is progressively distributed from one control plat to 
another. Such an assumption is doubtless not always justifiable, 
but since every third plat was a control plat the assumption prob- 
ably approached fulfillment in large measure for most plats. The 
two end plats for each series were treated plats, and, since there 
was a control plat on only one side of each, and this control plat 
adjoined the treated plat, comparisons in these cases were made 
directly. Tha t  is, the values for plats 1 and 12, in a series of 12
plats, were compared with those for plats 2 and 11, respectirely. 
The results for the various series in the same rotation were averaged. 
Thus, the results for the 16-year rotation are averages for four 
plats for each treatment, those for the three-year rotation are 
averages for three plats, while in the case of the continuous wheat 
and continuous alfalfa experiments only single plats were available 
for study. 

The results obtained as outlined above are listed in Table VIII.
The original data from which they were obtained and details as to
treatments will be found in tables in the Appendix. In Table VIII 
and the succeeding discussion, plats showing more nitrogen or car- 
bon than the value obtained from the control or check plats are 
said to show a surplus; if less, a deficiency. 

There are numerous points of interest in the data recorded in 
Table VIII. In order to  discuss them adequately and without con- 
fusion, the results for each cropping system will be dealt with sep- 
arately. 

SIXTEEN-YEAR ROTATION 

All treatments resulted in a surplus of nitrogen over the checks, 
or control plats. In  only one case was a deficiency in carbon noted, 
and that was the plat receiving a complete fertilizer. The indicated 
deficit, however, (20 pounds) is very small. The plats treated with 
manure and lime showed the greatest surpluses; and lime is in- 
dicated to have been quite effective in maintaining a surplus of both 
nitrogen and carbon. This effect of manure and lime is probably 
the result of both increased crop growth on the plats receiving such 
treatment, and greater efficiency in the utilization of atmospheric 
nitrogen by the alfalfa bacteria in these plats. The plats upon 
which Brome grass (Byomus inermis) was substituted for alfalfa in 
the rotation and which receive manure treatment showed the sec- 
ond largest surplus of nitrogen, though the surplus of carbon was 
not so large. Green manure and rock phosphate treatment was not 
as effective, generally speaking, in maintaining nitrogen and carbon 
as manure treatments but compared very favorably with the manure 
and superphosphate treatment. The mineral fertilizers, unaccom- 
panied by any organic carriers, were least effective, and among these 
the complete fertilizer takes low rank. It is difficult to offer an ade- 
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quate explanation for this situation. Crowther (4) has reported 
similar results for plats fertilized with nitrogen in the continuous 
wheat series a t  the Woburn Experimental Station, but since the 
barley plats gave different results he attributed the results for the 
wheat plats to location of the unfertilized plats near a row of trees. 
It does not seem that positional effect could have accounted for the 
results in the Kansas experiments. Blair and Prince (3) reported 
losses of organic matter in plats under long continued treatments in 
all cases, except where manure and commercial fertilizers were used 
in combination. The rotation involved contained no legume. 

THREE-YEAR ROTATION 

The commercial fertilizer plats gave somewhat, erratic results. 
The superphosphate plus potash plats showed the largest surplus in 
nitrogen and the second largest in carbon. The complete fertilizer 
plats, in spite of a similar position with respect to the other plats in 
the series as in the 16-year rotation, showed an appreciable surplus 
of nitrogen and a small surplus of carbon. The potash plats ex- 
hibited a small deficiency but, since crops do not respond to potash 
fertilizer applied alone on this soil, the results are not surprising. 
The superphosphate plats are located a t  the ends of the series and 
have been slightly more eroded than other plats in this rotation. 
This may account for their failure to show a surplus of nitrogen, al- 
though they do show a surplus of carbon. The manure plats, which 
received the same total amounts of manure but applied differently, 
showed almost identical surpluses of nitrogen. Where the appli- 
cations were split, practically no surplus of carbon is indicated, 
while a fairly small surplus is recorded for the plats on which all 
manure was applied on corn. 

The corn, corn, and wheat rotation with no legume showed rel- 
atively large deficiencies of both nitrogen and carbon as compared 
to the rotation of corn, soybeans, and wheat, which occupies the 
major part of each of these series. In view of the destructive effect 
of corn culture upon nitrogen and carbon as compared to other crops 
and cropping systems involved, this result is to be expected. The 
green manure crop, in the form of cowpeas seeded after each wheat 
crop, maintained the nitrogen as compared to  the corn, soybeans, 
and wheat rotation, but a moderate deficiency in carbon is indi- 
cated. Where rock phosphate was applied with the green manure 
surpluses of nitrogen are recorded for both treatments while only 
the heavier rock-phosphated plat showed a surplus of carbon. 

In order to measure more directly the  effect of the green manure 
or green manure plus rock phosphate treatments, comparisons within 
the corn, corn, and wheat rotation should be made. When this is 
done we find that the insertion of a green manure crop alone main- 
tained a surplus of 116 pounds of nitrogen and 718 pounds of carbon 
as compared to the same rotation without the green manure. Simi- 
lar comparisons for the green manure and rock phosphate plats show 
surpluses of 175 and 155 pounds of nitrogen respectively for the plats 
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receiving 1,000 and 500 pounds of rock phosphate once in three 
years. For carbon, the corresponding values are 3,088 and 1,488. 
Thus, phosphorus treatments have aided in the maintainance of 
nitrogen and carbon. 

CONTINUOUS WHEAT

Among the plats fertilized with commercial fertilizers, the super- 
phosphate plat showed an appreciably larger amount of nitrogen 
but a slightly smaller amount of carbon than the control plats. 
However, this plat is so located that it has been somewhat affected 
by deposition of eroded soil from higher lying plats. The high 
nitrogen content may have arisen from this source. The super- 
phosphate and potash plat exhibited a negligible variation from the 
controls in both nitrogen and carbon, while potash alone showed 
sizeable decreases below the controls for each constitutent. This 
was found to be true also in the three-year rotation. The complete 
fertilizer plat had a higher nitrogen content and a greater amount 
of carbon, but the quantities are of negligible proportions. These 
results are similar to  those for the same treatment in the 16-year 
rotation. 

The plats receiving green manure or manure treatments all con- 
tained more nitrogen and carbon than the corresponding controls. 
The surplus of nitrogen for the manured plat is, however, of little 
or no consequence. It is interesting to note that  green manuring 
maintained nitrogen relatively more effectively than carbon while 
manure treatment had the opposite effect. In  the plat which was 
green manured but received no phosphorus or potash to balance the 
nitrogen furnished by the green manure, the surplus of nitrogen 
above the controls was rather marked while the corresponding value 
for carbon was appreciable but not, large. 

CONTINUOUS ALFALFA 

The available information indicates that  the soil of the continu- 
ous alfalfa experiment was the poorest of any of the four cropping 
systems when the experiments were started. This, together with the 
fact that the land in this experiment was kept under alfalfa sod 
continually, probably accounts for the more consistent and larger 
differences favoring the fertilized plats in this series than in the 
other cropping systems. Superphosphate, and superphosphate and 
potash treated plats contained considerably more nitrogen and 
carbon than the check plats. The differences in carbon were espe- 
cially marked. Potash alone, as in the other cropping systems, pro- 
duced no marked effect on either nitrogen or carbon. The complete 
fertilizer plat showed somewhat less nitrogen than the controls but 
more carbon. With respect to the nitrogen, at  least, this result is 
similar to that for the continuous wheat and the 16-year rotation. 

All the manure treated plats showed more nitrogen and carbon 
than the check plats. Both rock phosphate and lime apparently 
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aided in the conservation of nitrogen when each was applied with 
manure. Rock phosphate appears to have been especially efficacious 
in aiding in the storage of carbon in the soil. 

DIRECT E F F E C T  OF MANURE AND GREEN MANURE 
ON SOIL NITROGEN AND CARBON 

In  the preceding paragraphs it has been indicated tha t ,  in general, 
manure and green manure treatments resulted in more nitrogen and 
carbon in the soil than was found in the soil of the control plats. 
This influence of such treatments may be accounted for by either, 
or both, of two factors: First, the effect of the increased crop resi- 
dues, provided the treatment simulated crop growth; secondly, the 
gradual accumulation of residual nitrogen or carbon, or both, not 
utilized in crop production. An attempt has been made to  determine 
the amount of nitrogen and carbon residual from the treatments. In 
order to separate the two factors, the effect of the increase of crop 
residues in treated plats over that of the control plats had to be 
evaluated. To do this, it has been assumed that the nitrogen and 
carbon from crop residues, for any plat under consideration, is 
roughly proportional to the total dry matter production of the plat. 
Bear and Salter (2), Salter and Green (11) and the writer ( 7 )  have 
presented evidence supporting this assumption. 

The plats treated with superphosphate plus potash in all cropping 
systems showed increases in total dry-matter production when com- 
pared with the control plats. They also showed more nitrogen and 
carbon in the soil, except in the case of the continuous wheat experi- 
ment where a very small decrease in nitrogen was recorded. The in- 
creases of nitrogen and of carbon in the 16-year rotation are also 
small. Since no nitrogen or carbon was applied to these plats, any 
increase in the nitrogen or carbon content of the soil in 1934, as com- 
pared to the control plats, may be attributed to increased crop resi- 
dues. Accordingly, the excess nitrogen and carbon of the super- 
phosphate plus potash plats over the control plats of each cropping 
system was divided by the corresponding increase of dry matter pro- 
duced by such treatment. The results were expressed as pounds of 
nitrogen or carbon accumulated in the soil for each 100 pounds in- 
crease in dry matter produced. The values so obtained were applied 
to the dry matter increases produced by the various manure and 
green manure treatments. The nitrogen and carbon, presumably 
accumulated as a result of the increased crop residues resulting from 
the manure and green manure treatments, were then subtracted from 
the actual surplus of these elements over that contained in the soil 
of the control plats as determined by analysis. The remainders, if 
any, were assumed t o  be nitrogen and carbon residual from the ma- 
nure and green manure treatments. This method of evaluation is 
essentially the same as that used by White and Holben (15) .   The 
results are shown in Table IX. (Detailed plat treatments and total 
dry-matter data are given in the Appendix). 
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The figures indicating the pounds of nitrogen and carbon residual 
from the manure and green manure treatments are, on the whole, 
very small. I n  the three-year rotation, no nitrogen or carbon could 
be attributed directly to either of the manure treatments. The quan- 
tities indicated as residual from manure and green manure treat- 
ments in the 16-year rotation are quite small, but proportionately 
more nitrogen was conserved than carbon. Under continuous wheat, 
manure treatment left no significant quantity of nitrogen or carbon 
but all green manure treatments left appreciable nitrogen. Where 
supplemented with phosphorus or phosphorus and potash, green ma- 
nure left no residual carbon but where used alone considerable car- 
bon remained in the soil. Green manure treatment alone resulted 
in no increase in dry matter production in the continuous wheat ex- 
periment. Since wheat responds well t o  phosphorus in this experi- 
ment, i t  appears tha t  perhaps an unbalanced condition has been 
created in the soil of this plat, a shortage of phosphorus allowing 
nitrogen and, to a lesser extent, carbon from the green manure addi- 
tions to accumulate in the soil. I n  the  plats where the green manure 
was supplemented by phosphorus, or phosphorus and potash, rather 
large increases in dry matter were realized and much less nitrogen 
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and no carbon remained which could be attributed directly to the 
green manure. 

In  the continuous alfalfa experiment, no residual carbon is indi- 
cated from any of the manure treatments. A surplus of nitrogen, 
however, was left from each treatment. Rather large increases of 
dry matter were produced by these treatments and it appears that  
the high nitrogen content of the residues produced so narrow a car- 
bon:nitrogen ratio that  carbon was dissipated in the decay processes 
before all the nitrogen was utilized. 

The nitrogen in the soil, residual from the manure and green 
manure treatments, represents but a small part  of the nitrogen thus 
incorporated in the soil. Analyses of the manure applied were made 
each year for several years. In  these analyses, nitrogen was deter- 
mined, but determinations of carbon were not made. No data are 
available for the nitrogen content of the green manure, but the 
amount of dry matter incorporated was estimated with reasonable 
accuracy from results obtained from hoop samples harvested in 
certain years, and the nitrogen content of cowpea hay is available 
from various other sources. Using these various data, the total 
nitrogen incorporated in the soil through each manure and green 
manure treatment was calculated and the percentage of this nitrogen 
residual in the soil was estimated. The values thus obtained for 
the various treatments are listed in Table X. 

The percentage of the total nitrogen incorporated remaining in 
the soil is relatively small except, in the case of the green manure 
treatments in the soil under continuous wheat. The results for 
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manure are somewhat lower than those obtained by White and 
Holben (15) but fairly similar to those obtained by Salter and 
Green (11).

DISCUSSION 

In  interpreting the data presented in the preceding pages, em- 
phasis has been limited to fairly large differences produced by treat- 
ments .  Most of the data discussed are derived data rather than 
original results and certain assumptions are involved in the treat- 
ment of the data. The number of control plats is different in the 
different series, and in two cropping systems each fertilizer treat- 
ment is represented by only one plat. In  these two series, further- 
more, there is considerable variability in soil, as indicated by the 
data relating to total dry-matter production in the Appendix. For 
these reasons, no attempt has been made to establish limits of error 
for that part of the data dealing with the effects produced by soil 
treatments. 

The data suggest that there is a fairly definite nitrogen and car- 
bon level for a given soil type and climate, which is characteristic of 
the cropping system and the  tillage methods employed. The more 
cultivation of the soil involved in the cropping system, the lower is 
this level. In  other words, the greater the extent to which inter- 
tilled crops are introduced into the cropping system, the lower the 
nitrogen and carbon level falls. On the other hand, the larger the 
percentage of the crop cycle occupied by biennial or perennial 
legumes or sod crops, the higher will be this level. Use of fertilizers 
and lime, if they stimulate crop growth, particularly a legume crop, 
will maintain a higher level of nitrogen and carbon than that of soil 
not so treated. The same may be said of manure. If a legume is 
used as a green manure, supplemented, if needed, by phosphorus or 
phosphorus and potash, and subsequent crop growth is thereby 
stimulated, it may aid in maintaining a higher level of nitrogen 
though, apparently, not necessarily more carbon. 

If soil is very low in nitrogen and carbon, a good legume such as 
alfalfa may increase the quantity of these constituents in the soil 
even though top growth is regularly removed as hay. 

SUMMARY 

Nitrogen and organic carbon have been determined from samples 
recently taken from the soil fertility plats a t  the Kansas Agricul- 
tural Experiment Station. The plats were established in 1910. 
These plats were first adequately sampled and nitrogen and carbon 
determined in 1915. By comparison with the data obtained in 1915 
it was possible to establish rates of loss or gain for the period in- 
tervening between 1915 and the recent samplings. On this basis it 
was shown t h a t  a 16-year rotation, a three-year rotation, and con- 
tinuous wheat, produced fairly similar losses of nitrogen and car- 
bon. The 16-year rotation lost nitrogen more rapidly than the other 
two cropping systems, but the three-year rotation led in rate of loss 
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of carbon. Alfalfa grown continuously increased the soil’s supply 
of nitrogen and carbon at the rate of 0.71 percent and 0.43 percent 
per year, respectively. Calculated values for corn indicated that  
its culture dissipates these soil constituents a t  a rate two to three 
times as great as that of the rotations or continuous wheat. 

Alfalfa in continuous culture appeared to continue to add to the 
soil’s supply of nitrogen over a period of 19  years. I n  an experiment 
where alfalfa cropping periods varied from one to  nine years, there 
was some indication that  the average increase in nitrogen for plats 
cropped five to nine years was about twice tha t  for plats cropped 
for one to  four years. Alfalfa increased the nitrogen content of the 
soil in spite of the fact that  all top growth was regularly removed as 
hay. 

Studies of the nitrate content of wheat land previously cropped 
to alfalfa indicate a rather marked decline in nitrate accumulating 
capacity in about six years after breaking the alfalfa sod. This 
was true of alfalfa cropping periods up to  nine years, though the 
plats cropped to  alfalfa for the shorter periods declined to  lower 
levels. Residual effects in nitrate accumulating capacity were evi- 
dent, however, for eight years or more on all plats cropped to  
alfalfa for two years or longer. 

Continuous wheat culture maintained a wider carbon: nitrogen 
ratio in the soil than the rotations or continuous alfalfa. Within the 
continuous wheat experiment, green manuring tended to narrow the  
ratio. 

In  general, manure and green manure treatments maintained 
higher soil nitrogen and carbon levels than control plats. Com- 
mercial fertilizers tended to  produce similar results, but they were 
much less marked. In  most cases, the surplus of carbon in treated 
over untreated plats could apparently be accounted for by increased 
crop residues. Much or all of the nitrogen in most cases could be 
accounted for in like manner. A very notable exception was the 
green manure treatment in the continuous wheat experiment. Of 
the nitrogen calculated t o  have been applied in the manure and 
green manure treatments, the following portions were indicated to  
have remained in residual form in the soil: 16-year rotation, manure, 
10.6 percent; green manure and rock phosphate, 10 percent; con- 
tinuous wheat, manure, 1.4 percent; green manure, 70 percent; green 
manure plus K2SO4 plus superphosphate, 25 percent; green manure 
and rock phosphate, 21  percent; continuous alfalfa, manure (21/2

tons), 6.5 percent; manure (5 tons), 11 percent; and, manure and 
rock phosphate, 1 6  percent. In  the three-year rotation, no nitrogen 
or carbon could be attributed directly to the manure treatments. 
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Note:  P. 28 and 29 have no content, and are omitted.
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