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INTRODUCTION

The farm land in Kansas has been cultivated for a shorter
period of time than land in states to the east, and Kansas soils
are, on the whole, comparatively productive, The productivity
of these soils, however, has been reduced greatly because of
improper cropping systems and inadequate management which have
permitted nutrient loss, structural deterioration, and erosion.

High productivity of a soil implies that high yields can
be obtained in relation teo the labor required or to the cost of
production, Some soils differ in their productivity from one
crop to another, and may require different management practices
-for different crops. The management practices may include
tillage operaticns, application of fertilizers and/or lime,
'provision of satisfactory erosion-control techniques, drainage
and irrigation. Thus, management can influence soil productivity,
In most cases good soll management can counteract low soil
productivify.

Soil fertility is included in the concept of soil
productivity, but refers only to the content, balance, and
availability of the chemical compounds in the soil that are
necessary for plant growth,

Climate, soil depth, soil acidity, nutrient content,
slope, texture and susceptibility to erosion are some of the

characteristics that influence soil fertility, Since soil is



the result of the action of the environment on soil material,
each soil property, including soil fertility, is changed slowly
under natural conditions until it is in equilibrium with the
forces that destroy or deplete and those that build or renew,.
Under natural conditions the equilibrium state is usually
satisfactory for the growth of some types of plants, Under the
artificial conditions imposed by cultivation, however, it often
happens that soil conditrions are not satisfactory for the
production of optimum, or at least economical, crop yields,
Often soil management practices are developed and used in these
instances to increase the possibility of high-level crop
production,

The Soil Fertility Project, started in 1909 by L. E. Call
| on the Agronomy Farm, Kansas State University, Manhattan, Kansas,
has been a site for conducting investigations on the effect of
crop rotations and fertilizer practices upon crop yields and
upon the nitrogen and organic-carbon content of the soil. The
material presented in this thesis is but one of a series‘on these
investigations, It will present information on the effect of
management upon the available phosphorus, nitrogen, and organic
carbon content of the soil.

This project was located on the SE 4,8 acres of the NW
1/4 of the SE 1/4 and the SW 6 acres of the NE 1/4 of the SE
1/4 of S 1 T 108 R 7E., The area on which this experiment was
located has been under cultivation since 1864, During the time

from 1864 until this experiment was started in 1909, the land



was planted to corn and occasionally to oats or wheat., Alfalfa
had been grown on the eastern half of the experimental area, but
probably not on the western part,

The soil in this area has been called Geary silty clay
loam, The Geary series includes the well drained, moderately
dark colored, moderately fine textured, Reddish Prairie soils
which have developed on reddish-brown loess or loess-like
materials believed to be of post-lllinoian age, which overlie
old alluvium, Slopes are predominantly in the range of 2 to
6%. 1In the new classification scheme the Geary soil is classed
as a fine-silty, mixed, mesic, Udic Argiustoll.

Carbon and nitrogen may be lost from the soil in several
different ways: leaching, erosion, crop removal, oxidation and
volatilization, Phosphorus is lost mainly by crop removal and
by erosion, Cultivation tends to reduce soil permeability,
which in turn would reduce the amount of leaching, but would
increase the amount of runoff and erosion, The amount of
erosion that may be expected depends upon the cropping system,
aspect of the field, slope of field, and amount and kind of
tillage, Cultivation tends to lower the nitrogen and carbon
content of the soil by reducing the amounts of residues
returned to the soil and by increasing the rates of organic-
matter oxidation, With continued cultivation annual carbon and
nitrogen losses brought about by tillage usually become smaller,

During the experimental period, 1909 to 1968, the amount

of leaching was probably negligible on this site, The erosion



losses probably varied from time to time because of the crops
produced, changes in the yearly climate, and because of variable
slope over the experimental site. Net organic-matter losses
resulting from oxidation from 1958 to 1968 likely were low

because the land has been cultivated for about 100 years,



REVIEW OF LITERATURE

Many investigators have shown the effects of management
upon the fertility of the land, Brage et al. (3) report that

with a 20-ton application of manure the organic-carbon and

et

nitrogen contents of the soil can be increased by a considerable\\ )
amount, Ten- and 5-ton applications brought about corresponding \7
smaller increases, Adsorbed phosphorus of the soil was markedly
increased by manure while the acid-soluble phosphorus content
was raised by a smaller amount,

Haas et al. (6) reported that the total inorganic
‘phosphorus content of soil was not reduced by cropping without
manure, but that organic phosphorus was reduced an average of
35%, as compared to virgin sod, Manure applied in the rotation
increased inorganic phosphorus considerably, but did not reduce
the loss of organic phosphorus,

Pratt et al, data (22) showed that after 28 years of
cropping with citrus trees there were significant decreases in
soluble phosphorus in the soil to a depth of 36 inches, when the
plots received no phosphates,  Where the plots received
phosphates or manure, increases in soluble phosphorus were noted
even in the 24- to 36-inch soil layer. More than 60% of the

accumulated phosphorus from the application of phosphate or

organic materials was in the soil in the 0 to 6-inch depth



and more than 80% was in the soil in the 0 to 12-inch depth,
Very little phosphorus penetrated beyond 24 inches,

Owensby et al. (10) reported the organic matter content
of bromegrass sodland was not affected by 20 years of nitrogen
and phosphorus applications, However, phosphorus applications
did increase the amounts of available phosphorus through the
36~inch soil layer,

After 24 years of growing wheat (Triticum aestivum L,)
under various tillage and cropping practices in the Southwestern
Great Plains, Unger (12) found that differences in tillage
practices caused significant differences in soil organic matter
under a wheat-fallow, Values were highest under a delayed
stubble-mulch tillage system. Differences in soil organic
matter content due to tillage practices were not significant
under continuous wheat, but contents of continuous wheat plots
were higher than those of wheat-fallow plots with comparable
tillage. Total soil-nitrogen content was affected significantly
by the tillage practice used for the wheat-fallow also, but not
for the continuous wheat system, Nitrogen contents were also
higher on continuous wheat plots than on wheat-fallow plots with
comparable tillage treatments. Soil organic matter was closely
related to total soil nitrogen.

Haas et al. (5) stated that nitrogen losses varied from
24 to 60% of the original level after 30 to 43 years of cropping.
Organic carbon losses were similar to nitrogen losses, but

were slightly greater, They found that land which had been



continuously cropped to small grainé, or which had been cropped
alternately to small grains and fallow, lost much less nitrogen
than land which had been planted to row crops, Alternate small
grain and fallow land lost more nitrogen than that continuously
cropped to small grains at every location except one, With row
crops, however, the organic matter loss was greater under
alternate row crops and fallow than under continuous row crops,
at only 7 out of 13 locations,

Young et al., (l4) studied the effectiveness of various

e )

long=-time management practices in maintaining the fertility

¢
§
4

of Fargo clay and found soil organic-carbon and nitrogen contents i
declined 27% in the check plots and 20% in residue or manure \ !
plots. Phosphorus-treated plots suffered slightly greater loss \
than similar plots without phosphorus, Carbon to nitrogen ratio
 did not change,

Myers et al., (9) analyzed soil samples from the Hays,
Colby and Garden City branch agricultural experiment stations,
They reported a continuous decrease in soil nitrogen at these
stations, but found indications that the nitrogén content of
the soil tended to approach a state of equilibrium more or
lesé characteristic of a given cropping system and soil. They
also stated that there was a.definite relationship between the
ﬁropping system and losses of nitrogen and organic carbon,
Small grains produced the smallest losses while continuous row

crops, and alternate row crop and fallow produced the greatest

losses, Rotations including row crops and small grain produced



intermediate losses., The losses of both nitrogen and carbon
were also related to the original nitrogen and carbon contents
of the soil,

Van Bavel and Schaller (13) working on Marshall soil %}
found that changes in soil organic matter content were dependent |
upon cropping treatment as well as upon soil erosion, A corn, ;
oats, meadow rotation did not entirely maintain the seoil AE i
orgaﬁic matter, The decrease was very small, however, and j
probably was not significant, They also found that 11 years of |
* continuous alfalfa raised the soil organic matter content,
whereas 11 years of bluegrass did not,

Mazurak and Conrad (8) stated that it was necessary to 5

i
/

~use nitrogen fertilizer if the nitrogen content of Chestnut and f
1
Chernozem soils, used for grain production, was to be maintained,

The effect of nitrogen fertilizer on the total nitrogen content

\

of soil was evident in the 0- to 6-inch depth but not in the |
6~ to 12-inch depth, Total oxidizable organic matter content
showed the same trends as the total nitrogen content in the soil. /
Carbon to nitrogen ratio increased slighfly during the seven
years of cropping to cool-season grasses, Warm-season grasses
decreased carbon to nitrogen.ratio in a Brunizem soil,

Hobbs and Brown (7), reporting on the nitrogen and organic-;?

carbon content of soils in western Kansas, found that losses of

[

these constituents were related to the original soil content and (
to the cropping system, Losses were most rapid immediately /



after breaking the virgin sod and gradually became less with
continued cultivation, These authors found that the greatest
losses occurred under row-crop production, and the smallest

losses accompanied small-grain production,



EXPERIMENTAL PROCEDURE

Design

The Soil Fertility Project was laid out systematically,
with no previous investigations on the uniformity of the
nitrogen and organic-carbon content of the soil. This experiment
consisted originally of ten series, Of these ten, one series
was digcontinued in 1932, one in 19&0,.and four were dropped
in 1956, The present study deals with the remaining four
series, These series were arranged in two north and south
columns with a road between, They were numbered beginning on the
south with the odd-numbered series on the east side of the road
Vand the even numbers on the west side of the road, These
series originally were occupied by a lb6=-year rotation consisting
- of alfalfa for four years and a corn, corn, wheat sequence for
the remaining twelve years, This was changed in 1922 tc four
years of alfalfa and a corn, wheat, wheat sequence for twelve
years,

In 1968, within each of the series there remained seven
0,1l-acre plots parallel to the center road, The plots were
numbered beginning at the center road and proceeding both east
and west, Plots 2 and 5 received no special treatments and were
designated as check plots, The other plots received additions

of mineral fertilizers, manure, etc.
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Plot one received a treatment of fertilizer phosphorus,
Plot four was given a fertilizer treatment of phosphorus and
potassium, Phosphorus, potassium and nitrogen were added to
plot six. Plot three received rock phosphate plus a green-manure
crop preceding corn; while plot seven received phosphorus each
year plus 5 tons of manure on the aftermath of second-year
alfaifa and prior to plowing for corn, The various treatments
applied to the different plots are shown in Table 1. -

There were four replications of each fertilizer treatment

and eight replications of the check plot in the 16-year rotation,

Sampling

As listed in the annual Soil Fertility Project reports,
the first adequate scil sampling of these.plots was accomplished
in 1915, Later samplings were made in 1923, and in 1934, 1946,
and 1956, 1In 1968 a composite sample consisting of six cores
.from the surface to a depth of 6 2/3 inches was taken from each
plot with a sampling tube. Composite samples consisting of six
cores from 6 2/3 to 10, 10 to 13 1/3, 13 1/3 to 16 2/3, 16 2/3
to 20, and 20 to 36 inches were also téken from each plot, Care
was taken not to include the surféce residue in the samples,

These samples were oven dried and ground,

Chemical Analysis and Laboratory Procedures
In the laboratory, the 1968 composite samples were analyzed

for available phosphorus, total nitrogen and organic carbon,
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Table l.~-Fertilizer treatments for the plots in the l6-year

rotation, Manhattan, Kansas

Rate of Application

Plot Fertilizer Av, available
no, treatment Fertilizer, lbs/A nutrients applied
per vear, lbs/A
Alfalfa Corn Wheat N Po0g Ky0
1 Superphosphate* 190 75 80 17.4-
2 Check No fertilizer No nutrients
3 Rock phosphate,?
green manure 1500 1bs before corn 11,2
4 Superphosphate * 190 75 80 17.4
muriate of
potash T S0 50 40 33,0
5 Check No fertilizer No nutrients
6 Superphosphate * 190 75 80 17.4
Mur, of potash ¥ a0 50 40 33.0
Sodium nitrate § 240 110 80 19,1 -
7 Superphosphate,* 190 75 80 17.4
manure y 5 tons 5 tons 15,6 7.8- 15,6
% Superphosphate (0-16-0) changed to triple superphosphate
(0-45-0) in 1951,
+ Ground rock phosphate had a composition of approximately
30% total P205 with about 3% available P05,
t Muriate of potash (0-0-60),
§ Sodium nitrate (15-0-0) changed to ammonium nitrate
(33,.5-0-0) in 1946,
u Manure contained approximately 10 pounds of N, 5 pounds of

P205 and 10 pounds of K,0 per ton,
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The available phosphorus was‘determined by the Bray weak-
acid extraction method (4). The total nitrogen determination
followed the Gunning - Hibbard procedure (2, p. 32), modified
to reduce nitrates to ammonia. The organic carbon was
determined by Allison's modification of the Schollenberger
method (1) using chromic acid, The factor of 1,15 was used to
relate values obtained by this method to those obtained by the

dry combustion method,

Check Plots
As explained earlier two check plots were present in each
series of this experiment, The results of the analysis of these
two check plots were averaged and reported for the check
treatment in each series, Since the fertilizer treatments had
~only one plot for each series, using the average figure for the
check plots seemed reasonable, By this means the check plots

" were considered as one treatment in the statistical analysis,

Statistical Analysis

Where possible, statistical analyses'of'éxperimental
results were conducted, There is some doubt that the results
of this study are suited to statistical analyses: (a) the plots
were laid out in a geometric ﬁesign rather than at random, (b)
no analysis for soil phosphorus was made prior to 1968, (c)
carbon and nitrogen analyses of soil samples from these plots
were not made prior to 1915, In spite of these discrepancies it

seemed desirable to provide some indication of the significance



of the differences between treatments and so use was made of

statistical manipulation,

14



EXPERIMENTAL RESULTS

Phosphorus
Average available phosphorus of the soils on the
different treatments by depths are presented in Table 2, These
average values are in parts per million (Ppm). The available
phosphorus of each individual depth sample for each plot are

presented in the Appendix, Table 1,

Table 2,--Effect of treatment and soil depth on available
phosphorus content of a Geary silty clay loam

Available P (ppm)

Soil depth
(inches) Check P P+K N+P+K  Rock P Man + P

- 0-6 2/3 13.2 45,4 62,3 39,9 51,8 59.0

6 2/3-10 8,2 17.5 27.5 14,4 18,2 22,0
10-13 1/3 3.8 6.5 11,1 7.8 10,1 11,0
13 1/3-16 2/3 2.5 2.8 3.8 4,3 4,6 4,3
16 2/3-20 3.0 2,9 3.2 246 3,3 2.6
20-36 2.8 Jud 3.4 2,6 3.8 3.0
L,S.D, (p = 0,05) L 8.0

Table 2 shows conclusively that the available phosphorus
was highest in the plow layer (0 to 6 2/3 inches) and became
progressively lower with increasing depth to 20 inches. The

phosphorus content was nearly the same in the 20 to 36-inch
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layer as it was in the 16 2/3 to 20-inch layer, This reduction
in available phosphorus with depth was the same regardless of
solil treatment,

All additions of phosphorus significantly increased the
supply of available phosphorus. This was true not only in the
plow layer, where the phosphorus fertilizers were added, but
also in the 6 2/3- to 10-inch layer. Increases in the 10- to
13 2/3-inch layers are indicated also, but these were not large
enough to be statistically significant,

These data show that the rock phosphate and the manﬁre
and phosphate-treated plots, which received the largest additions
of phosphorus over the years, had very high levels of available
phosphorus, The nitrogen, phosphorus and potassium treatad
plots had the lowest values of the fertilized plots, The only
obvious explanation for this fact is that the complefte fertilizer

plots always produced larger yields than did the other plots,
These higher yielding crops probably removed larger supplies of
nutrients, including phosphorus, leaving smaller amounts in the
soil, No explanation can be offered for the very high content
of available phosphorus in the phosphorus and potassium treated
plots,

The results presented in Table 2 do not give tﬁe actual
amounts of available phosphorus in the soils of the various plots
because of variation in thickness of the depth samples, The
data in Table 3 which were calculated from those in Table 2,

give a better picture of the phosphorus contents to a depth of



17

36 inches, The actual amounts of phosphorus in the various
layers and in the whole profiles were calculated assuming that
the bulk density of the s0il was a uniform 2,000,000 pounds per

acre-6 2/3 inches.

Table 3.,--Effect of soil treatment and soil depth on the supply
of available phosphorus in a Geary silty clay loam

Available phosphorus (lbs/A)

Soil depth

_{inches) Check P P+K N+P+K _Rock P Man + P
0 to 6 2/3 26,5 90.8 124.6 79,8 103.6  118.0
6 2/3 to 10 8.2 17.5  27.5 14,4 18,2 22.0
10 to 13 1/3 3.8 6,5 11,1 7.8  10.1 11,0
13 1/3 to 16 2/3 2.5 2,8 3.8 4.3 4.6 4.3
16 2/3 to 20 3.0 2.9 3.2 2.6 3.3 2.6
20 to 36 13.4 15,8 16,3 12,5 18,2 14,4
0 to 36 57.4 136,3 186.5 121.4 158,0  172.3
L.S.D. (p = 0,05) 44,6

These data show clearly the diffefence in available
phosphorus in the different plots, ‘Major increases due to
fertilizer and manure applications are in the top 10 inches of
the profile, but slight diffefences are seen also in the 10

to 13 1/3-inch layer,

Nitrogen
Average 1968 soil-nitrogen contents in percent in the

various layvers in the different treatments are presented in
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Table 4, Actual nitrogen contents of each replicate for each

treatment and depth are given in the Appendix, Table 1.

Table 4,--Effect of treatment and depth on total soil nitrogen in
a Geary silty clay loam

Total N {(percent)

Soil depth
__(inches) Check P P+K N+P+K  Rock P Man + P
0-6 2/3 « 138 .138 139  ,140 «139 . 146

6 2/3-10 .126 .123 130 .,128 .133 . 126
10-13 1/3 .108 . 102 . 107 . 106 .110 . 107
13 1/3-16 2/3 «088 .080 . 091 .090 091 . 086
16 2/3-20 076 .072 .079 .074 076 .078
20-36 .062 .062 .066 ,060 .065 . 065
L.s.D. (p = 0.05) 0,006

Table 4 shows convincingly that the nitrogen contént was
highest in the plow layer (0 to 6 2/3 inches) and became
progressively lower with increasing depth, This change in .
nitrogen content with depth was the same regardless of the soil
treatment,

Differences in soil nitrogen content between treatments
were not significant, This was true not only in the surface
6 2/3 inches but also in the entire profile sampled, These data
show that the two plots which received nitrogen in fertilizer
or manure had the highest percent nitrogen in the surface 6 2/3

inches, The differences in content between these two treatments
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and the rest were not significant and differences did not carry
beyond the surface 6 2/3-inch scil layer, The only explanation
for this fact is that the nitrogen additions were of such-small
magnitude that the crops removed all of the nitrogen added,

The results presented in Table 4 do not give the actual
amounts of total nitrogen in the soils of the various plots
because of the variation in depth of the different samplings.
The data in Table 5, which were calculated from those in Table 4,
present a better picture of the nitrogen contents to a depth of
36 inches. The actual amounts of nitrogen in the various layers
and in the entire profiles were calculated assuming the bulk
density of the soil was a unifgrm 2,000,000 pounds per acre-

6 2/3 inches,

Table 5,--Effect of soil treatment and soil depth on the supply
of available nitrogen in a Geary silty clay loam

Total nitrogen (lbs/A)

Soil depth
(inches) Check P P+K N+P+K Rock P Man + P
0 to 6 2/3 2,750 2,760 2,780 2,800 2,780 2,920
6 2/3 to 10 1,260 1,230 1,300 1,280 1,330 1,260
10 to 13 1/3 1,085 1,020 1,070 1,060 1,100 1,070
13 1/3 to 15 2/3 880 800 910 900 910 860
16 2/3 to 20 755 720 790 740 760 780
20 to 36 2,976 2,976 3,168 2,880 3,120 3,120
0 to 35 5558 0,508 10,013 ©.650 10,000 10,010

L.s.D. (p = 0,05) 370
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The data in Table 5 show that there is little difference
between total nitrogen per acfe«36 inches in the check plot and
in the fertilized plots, even those receiv;ng additions of
nitregen, Maximum difference between the check plot and any
treated plot is only 322 pounds of nitrogen per acre-36 inches,
or 322 pounds per 108,000,000 pounds, or 0,003%, This is in
the order of the permissible analytical error in nitrogen
determination in the laboratory.

Table 6 contains data for the nitrogen content of the
surface 6 2/3 inches in each treatment in 1§15, 1934, 1946,
1956, and 1968, The actual nitrogen loss between 1915 and 1968
is also presented, as is the loss calculated as a percent of the
1915 content, Values for 1915 and 1934 were obtained from
project annual reports, Data for 1946 and 1956 were obtained
from M,S. theses by Dodgel and Fritschen2 respectively.

No statistical analysis of these data was possible
because in 1956 individual values for each replicate of each
treatment were not recorded, However, the data do show the
trend of nitrogen-content change over the yearé. Nitrogen
decreased rapidly through 1946, but between 1946 and 1968 the

content appeared to have become stabilized, There were no large

1Dodge, Darold A, The effect of longtime fertility
treatments on the nitrogen and carbon content of a Prairie
soil, Master's Thesis., Kansas State College. 1946,

2Fritschen, Leo J. Effect of crop rotation and fertilizer
treatment on the nitrogen and carbon content of a Prairie soil,
Master's Thesis, Kansas State College, 1957,



