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CHANGES IN SOIL PROPERTIES IN A CENTRAL PLAINS RANGELAND
SOIL AFTER 3, 20, AND 60 YEARS OF CULTIVATION!

R. A. BOWMAN,” J. D. REEDER,® and R. W. LOBER’®

Cultivation of native rangeland gener-
ally leads to a reduction in its organic C
and N. However, most studies comparing
duration of cultivation to organic matter
changes are usually confounded by differ-
ences in soil type and/or management prac-
tices or are restricted to comparisons of a
single long-term cultivation period with an
adjacent rangeland site. Our study was
conducted to determine short- and long-
term changes in soil properties due to cul-
tivation where major influences from soil
type and management were minimal. Four

. contiguous sites where cultivation had o¢-

curred for 0; 3, 20, or 60 years were sam-
pled. Soil samples were analyzed: for total
‘and. labile organic C, N; and P concentra-
tions and for selected physical and chemi-
cal properties. Increasing years of culti-
vation resulted in decreasing silt content
of the soil surface and a decrease in depth
to lime. After 60 years of cultivation, total
soil organlc C, N, and P had declined by
55-63% in the surface 15 em, but about
half of this loss occurred during the first 3
years of cultivation. In comparison, the
labile fractions of the organic C and N
declined by 67-72%- after 60 years; but
over 80% of labile C loss and more than
60% of the labile N loss occurred during
the first 3 years of cultivation. Although
half of the total decline in P came from the
organic P pool, this decline represented
about a 60% decrease in the organic P level
in the first 3 years. The proportion of or-
ganic C in labile form declined after 3
years of cultivation but thereafter. in-
creased to a proportion comparable to the
adjacent rangeland condition. The propor-
tion of organic N in labile form was not
significantly affected by cultivation, The
data indicate that this sandy soil is highly
susceptlble to organic matter decomposi-
tion w1th cultlvatlon
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The effects of cropping virgin or rangeland
sites on soil nutrient content have been docu-
mented in the Great Plains since 1910 when
Stewart and Hirst (1914) reported changes in
soil N content as a.consequence of dryland
wheat farming. Two decades later, Salter and
Green (1933) showed that losses of soil N were
least with rotations containing a legumeé and
greatest with continuous row crops. These re-
searchers developed quantitative equations for
N losses which were later modified by Jenny
(1941) who introduced a factor: for annual N
additions.  Although early results were mixed
regarding losses or gains in organic matter die’
to cropping, generally losses of 25 to 40% have
been documented (Russel 1929; Newton et al.
1945). Haas et al. (1957) summarized the bulk
of the early work on C and N changes for 24
dryland research stations in the Great Plains
and reported losses of 24 to 60% (average =
39%) of total soil N on soils cropped 30 to 43
years. Subsequent studies have reported similar
levels of organic C and N losses with cultivation
on the Great Plams (Bauer and Black 1981;
Aguilar et al. 1988).

With the advent of conservation tlllage de-
terioration of soil properties (Blevms et'al. 1984)
and losses in nutrients have been essentially
reversed (Blevins et al. 1977; Doran 1980; Black
and Siddoway -1979; Greb 1979). Lamb et al.
(1985) evaluated wheat-fallow tillage systems
for N changes in western Nebraska fields culti-
vated for 12 years and found decreasmg losses
as the level of clean tillage decreased. Janzen
(1987) reported decreased losses of orgamc mat-
ter with decreasing frequency of fallow in the
cropping system for Canadian Chernozemic
soils. However, in areas where conventional ‘or
clean tillage predominate, losses of soil, water,
and nutrients have continued to be appreciable
(Campbell and Souster 1982; Dick 1983; Hill
and Blevins 1973).

Losses of soil organic matter with the use of
clean-till cultivation result from mcreased ex-
posure to losses by wind and water erosion and
from enhanced organic matter decomposition
through mixing, increased aeration, and other
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.factors. Thus, the length of cultivation signifi-
cantly effects the quality and quantity of 11
organic matter. However, stud.les com
ration of cultivation with orgam

changes usually have been confounded by, Q,fferj _ til
ences in soil type and management practxces or”

have been restricted to comparisons of 4 single
long-term cultivation. period with a.rangeland

site (Bauer and Black 1981). Addltxonally, al-

though research conducted during the past 6Q

years has provided valuable mformatxon about.

the degradation of soil organic matter, w1th cul-
tivation, most of these investigations have been

concerned with total losses of organic matter as
measured by changes in total C, N, or P .con-.

tents, and little is known about changes in the
labile fraction of the organic matter. The objec-
tives of this study were to document short- and
long-term changes over time in selected soil
physical and chemical properties and in-total
and labile organic C, N, and P concentrations
resulting from cultivation where major influ-
ences from soil type and management were min-
imal. .
MATERIALS AND METHODS

Field description and sampling
The study site was located in Weld County in

northeast Colorado near the town of Grover.

Average precipitation for the area is about 330
mm. Frost-free period averages 135 days, with
an average daily minimum temperature of 9°C
and an average daily maximum of 26°C. The
study site was located on a relatively flat (<3%
slope) area mapped as an Ascalon sandy loam
(aridic Argiustoll), one of the predommant series
of the Central Great Plains.

Four contlguous sites, one native rangeland
site, and three cultivated sites were selected in
1986. These sites were either adjacent to one
another or divided by a county road; maximum
distance separating the sites was 1600 m. The
rangeland site (zero time of cultivation) is typi-
cal short-grass prairie steppe and had been heav-
ily grazed. Predominant species were blue grama
(Bouteloua gracilis) and Buffalo grass (Buchole
dactyloides), with pockets of western wheatgrass
(Agropyron smithii), cheatgrass (Bromus tecto-
rum), and pricklypear cacti (Opuntia polyacan-
tha). The three cultivated areas had been under
cultivation since 1983 (3 years of cultivation),
1966 (20 years of cultivation), and 1926 (60 years
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of cultivation). While farming history prior to

‘1966 was diverse (wheat, beans, potatoes), the
‘dre has been essentially in clean-till dryland
- :wheat-fallow rotations for the last 25 years. Fer-

tilizer was rarely applied to the cropland and
when applied was usually N only. The last re-
corded application of fertilizer to the cultivated
sites was in 1983. Average wheat yields in 1986
were about 2700 kg hectare™ for the 3-year site
and about 1500 kg hectare™ for the 20-year site.
Yield informatioh for the 60-yedr sité was not
known definitely except that it was lower than
the 20-year site. In companson, average yield
for the area (northeast Colorado) in 1986 was
about 1750 kg hectare™!. Both the 20- and 60-
year fields were put into the Conservation Re-
serve Program (CRP) in 1987,
Soil samples were collected in September;

1986. All samples from the three cropped sites

" were taken from fallowed sreas: Each site was

at least 64 hectares (800 > 800 m) in size. Field
sampling consisted of three replications spaced
approximately 300 m from one another. At each
replication location | three subsamples were
taken at least 20 m apart and composited. Be-
cause the main objective of the study was to
assess physical and chemical changes resulting
from surface perturbations (i.e., cultivation and
wind erosion), samples were taken only at two
depths: 0 to 15 cm (the approximate plow layer)
and 15 to 30 ¢m. Data below 30-cm depth were
collected to document solum depth and depth to
free lime only. ‘

Soil samples were brought back to the labo-
ratory and air-dried for 1 week. Visible plant
material (crop residues and roots) was hand-
picked from the soil samples before they were
ground to pass through a 2-mm sieve and stored
at room temperature for physical, chemical, and
biological analyses.

Laboratory analyses

Selected physical and chemical soil properties
of the four sites are presented in Table 1. Soil
pH was determined on a 1:1 soil to distilled
water mixture (McLean 1982). Primary particle
size analysis was determined by a hydrometer
method slightly modified from Gee and Bauder
(1986) and bulk density by a single-cylinder core
method (Blake and Hartge 1986). Cation ex-
change capacity was determined by Na satura-
tion (Rhoades 1982). Soil water content at
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TABLE 1
Selected physical and chemical properties of a rangeland site and three adjacent cultivated sites
Water'content at: Cati
Length of  Depth to Depth pH . Bulkden- —— ation ex-
cultivation lime sampled (1:1) Sand  Silt  Clay sity -0.03 -15 chang‘e ca-
: MPa MPa pacity
y ' ' cm % Mg-m™ kg-kg;‘ cmol,-kh"r_
0 50-65 0-15 7.1 63 23 14 1.54 0.130 0.070 . 14.2
15-30 75 67 18 15 1.55 0.130 0.070 17.5
3 50-66 0-15 6.4 71 .. 15 14 140 0.070 0.070 - 8.8
15-30 . 7.2 73 14 13 1.60 0.090 0.065 11.6
20 20-55 0-15 6.9 71 16 13 1.50 0.101 0.065 9.4
15-30 7.2 67 16 17 1.62 0.095 0.065 9.2
60 5-50 0-15 6.7 79 9 12 1.51 0.087 0.055 7.6
17 . 165 0.085 0.055 121

15-30 7.2 s 12

—0.033 and —1.5 MPa (megapascals) were de-
termined by the pressure cell method (Klute
1986). Total organic C was determmed by the
Wakley Black method adapted for spectropho-
tometric determmatlon (Slms and. Haby 1971).
This colorimetric method.was previously tested
agamst dry combustion for a similar Ascalon
soil series and yielded greater than 90% of com-
bustion C values. Soil carbohydrate was ex-
tracted by a procedure similar to that of Chesh-
ire (1979). Sugars- were quantified by the an--
throne procedure (Brink et al. 1960). Total soil
N was determined by the standard Kjeldahl
procedure described by Bremner and Mulvaney
(1982), and mineral N (NH,-N and NO,-N) were
determined by KCl extraction and colorimetric
analyses of the extracts with a Lachat* Auto-
mated Ion analyzer. Total P was determined by
a H,SO./H,O,,/HF digestion method (Bowman
1988), total organic P by an ignition procedure
(Saunders and Williams 1955), and labile P by
bicarbonate extraction (Olsen et al. 1954).

An aerobic mcubatlon procedure was used to
determine the potential of each soil to mineral-
ize organic C and N. The incubation unit con-
sisted of a tightly closed 0.95 L Mason* jar which
contained (1) a 15-g soil sample in a 125-mL
Erlenmeyer flask, wetted with distilled water to
soil water content corresponding to —0.33 MPa
soil water potential and (2) a small vial contain-
ing 6 mL of 0.5 M NaOH used to evaluate CO.
production. Samples were incubated at 30°C for
21 days. Periodically throughout the incubation
period (every 3 to 7 days), the jars were opened
for approximately 5 minutes to aerate the jar

* Trade names are included only for the benefit of
the reader and do: not constitute any preferential en-
dorsement by the USDA over similar products on the
market. !

and replenish the soil water content.if needed.
The base traps used to evaluate CO, production
were replaced at 3-, 7-, 14-, and 21-day intervals. .
At.the end of a 21-day incubation period, trip-
licate soil samples were analyzed for NH,-N and
NO;-N contents by extraction with 2 M KCl in
a 1:5 ratio soil:liquid mixture. The KCI extracts
were analyzed colorimetrically for NH,-N and
NOs-N contents with a Lachat* Automated Ion
analyzer. Carbon dioxide production was meas-
ured by adding BaCl;. to the NaQH traps and
tltratmg the excess base with standardized HCL

Statt.st;cal analyses k

The possibility of locating. other s1tes w1th
similar cultivation periods and soil characteris-
tics in close proximity with one another is vir-
tually impossible. Therefore, for- interpretation.
of the data in this study, the four lengths of
cultivation were compared by treating the three
composite samples as replicates within each site.

- This can be considered a statistically valid test-

ing approach in lieu of “true” replications be-
cause the 300-m sampling distance between rep-
lications was. sufficient to ensure an adequate
variation estimation within each site: Analysis
of variance and Tukey’s honest significant dif-
ference (HSD) test were used to compare signif-
icant differences in soil properties to length of
cultivation. Given the study design, the Tukey’s
comparison was selected because of its conserv-
ative nature in determining significant differ-
ences among treatment means. Depth  was
treated as a repeated measures effect. The use
of regression techniques was explored and dis-
counted because too few cultivation times were
examined to evaluate the curvilinear function
accurately. Application of regression with four
cultivation times would have been appropriate
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in this case only if a general linear respons ‘had
been obtamed : o

RESULTS AND DISCUSSION

Increasing years of cultivation resulted N7
increasing sand (+16%) and decreasing silt-
(—=14%) contents of the soil surface (0 to 15:cm)
(Table 1). Since the sites were relatxvely flat,

- this decrease in fine materials is not.likely due
to water erosion. More likely, wind’ erosion by
the frequent winds of the Plains has caused the
bulk of the loss of fine materials. These data 6h
the loss of fine materials are also consistent with
the reduction of water holding capacity in the
cultivated sites compared to the rangeland site.
The reduction in cation éxchange capacity ‘with
cultivation is primarily due to losses of organic
matter and silt since declines in- the clay cOntent
w1th cultxvatlon were muumal e =

Surface sod C, N, and P propertws

Cultivation resulted in rapid declines in soil
organic C and N concentrations in'the surface
15 cm (Table 2). After 60 years of cultivation,
total soil organic C concentration had declined
by 62%; but over half of this loss occurred daring
the first 3.years of cultivation. The decline in
the labile fractions of the organic C, as measured
by carbohydrate concentration and mineralized
CO,-C, ‘was even -more rapid. Carbohydrate-C
declined by 67% after 3 years of cultivation and
remained relatively stable with additional years
of cultivation. Mineralized CO,-C concentration’
had declined by 72% after 60 yéars of cultiva-.
tion,; but 87% of this decline occurred during the
first 3 years. Soil organic N concentration de-
clined by 55% after 60 years of cultivation, with
over half of this loss occurring during the first 3
yeats of cultivation: The decline in the labile
fraction of soil organic N was more rapid and

'Sduster (1982) and Janzen (1987) also reported
' Hl proportxonately higher losses of labile organic
-matter-than losses of total organic matter as a

roportionately larger than the decline in total
ii¢-N but was not as rapid as the decline in
&:]abile:fraction of organic C. Campbell and

result: of long-term wheat-fallow cultivation.
Dalal and Henry (1988), however, reported that
carbohydrate-C did not show any higher rate of
decomposxtlon than total organic C in Austra-
lian soils under continuous cultivation and cer-
eal cropping for.20 years.

"The magmtudes of loss over the 60-year cul-
tivation period in total organic C (62%) and N
(55%) concertration ‘were Substantlally hxgher'
for this Ascalon sandy loam soil than the aver-
age losses found by Haas et al. (1957) (42 and
39%;- respectively) “and ‘by ' Bauer and Black
(1981) (38 and 33%, respectively). Moreover, the
initial rates of loss were more rapid than previ-
ously reported (Haas et al. 1957). However, the
magnitudes and rates of loss of both total and
labile forms of C and N after 3 years of cultiva-
tion are in agreement with the results of Woods
and Schumar (1988) who evaluated changes in
an Ascalon sandy loam soil after 1 year'of cul-
tivation. These scientists reported that after
only 1 year of cultivation, declines of 14%, 62%;
18%, and 51% were found in the total organic
C, mineralized C, total organic N, and mineral-
ized N contents, respectively. The low clay con-
tent of this sandy loam soil may be an important
factor in the magnitiide of organic matter loss
with cultivation because clay is thought to pro-
tect organic matter from decomposition. (Van
Veen arid Paul 1979). Others have reported
greater losses ‘of organic matter from ¢oarse
textured soils than from medium or fine textured
soils (Campbell and Souster 1982; Aguilar et al
1988).

TABLE 2 . o
Carbon, N, and P properties of the surface 15 cm of a rangeland and three adjacent cultivated sites _

Total

Length of Organic' Carbohydrate Mineralized Kjeldahi NH,” NO,~ Mineralized Total . NaHCO,
cultivation.  C c - €O, C N N N N P °’5;“‘° Pi
y kg-m™ . g-m‘ra .
0 15.7a* 1.8a 0.875a 1.79a 3.9a 8.5¢ 55.0a 479a 163a 21.1
3 9.4b 0.6be 0.325b 1.19b 2.8b 44.4a 31.5b 377  99%b 19.2a
20 8.6b 0.9b 0.357b 1.11b 1.9be _24.8b 34.5b 336b  86bc 21.8b
60 5.9¢ 0.5¢ 0.245b 0.80c 1.8b¢ 19.2b 18.0b 281c  60c 9.1b

Propefties in each column followed by the same letter are not significantly different at the 5% level (HSD). .
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The loss of total soil P from the surface 15
cm was less rapid than the losses of C and N,
with only a 21% decline after 3 years of culti-
vation and a 41% decline after 60 years (Table
2). However, in the first 3 years, over 80% of the
total P lost came from the organic P pool. These
results were consistent with the labile bicarbon-
ate-Pi results, which showed no change the first
3 years due to the concurrent processes of plant
P uptake and organic P mineralization. Over the
next 17 years (years 3 to 20) the major- decline
in P came from the mineral P, and again this
was reflected in a 37% drop in bicarbonate in-
organic P. Generally, losses of total soil organic
P were similar to organic C and N losses. Ap-
proximately half of the total amount of P lost
from the surface 15 cm of the soil profile during
60 years of cultivation was organic P even
though organic P originally represented only
about one third of the total soil P. These results
are consistent with the conclusions of Dormaar
(1972) who reported a greater depletion in or-
ganic than inorganic P with cultivation, and
found that the dépletion in organic P coincided
better with plant P uptake. The levels of labile
P (as measured by NaHCO; extractable inor-
ganic P in the soxl) showed sxgmﬁCant dechnes
only after 20 years. '

Subsurface soil C, N, and P properties

" Declines in soil organic C, N, and P concen-
trations with cultivation were in general less
~severe and less rapid in the 15- to 30-cm profile
compared with the surface 15-cm profile, al-
though the trends were similar (Table 3). For
the first 3 years of cultivation, the decline in P
camé primarily from the organic P pool. This
decline was as large in magmtude as that found
in the top 15 cm. For this lower depth the
bicarbonate values did not change apprecmbly
durmg the entlre 60 years. Total organic P'was
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the only parameter higher in the 15- to 30-cm
depth than in the surface 15 cm for all 4 culti-
vation periods. After 20 years of cultivation, the
organic N, total P, and total organic P contents
of the surface 15 cm were lower than in the 15-
to 30-cm depth. These reductions in the N and
P concentrations of the surface 15-cm profile
are assumed to be pnmanly diie to enhanced
mineralization and depletion of the surface layer
by erosion and mixing of the surface and sub-
surface soil by plowing. Since the concentration
of organic P in the native soil is naturally lower
in the surface 15-cm profile than in the 15- to
30-cm depth, natural distribution may account
for some of the variation in organic P concen-
tration in the proﬁle However, declines in the
P concentration of the surface may also be due
in part to movement of organic P from the
surface 15 cm to the 15- to 30-cm depth (Han-
napel et al. 1964).

. G N, andPratws

The effects of length of cultwatxgq ou the
proportions of soil organi¢ matter.in:Jabile forms:
and on C/N and C/P rat;gs are-presented. in’

of orgamc C in labile form decl' ed after 3: years
of cultlvatlon but thereafter i mc:ease -to- &pro—,

d1t10n.,The proportion of org'
form was not sxgmﬁcantly affec ¢

total orgamc P relative to. new: Iabll.e Qrgamg R
inputs. Cultivation narrowed the C/N:ratia:hut
did not significantly affect. the C/P; ratio.. The:
data indicate that.although the loss of organic:.
C exceeded that of orgamc N, it paralleled that
of organic P.

The effects of cultwatlon on the orgamc mata

TABLE 3
Subsurfcce (15- to 30-cm depth) C N and P propemes of a rangeland and three adjacent | cultwated sztes

- - Total .
Length of Organic Mmera.hzed Kjeldahl NH4 NO,~ Mineralized Total . - NaHCO.
cultivation ¢ Curbohydrate oo oo N N p omEmic
y kg.m™ g-m™
0 10.5a* 0.85a 0.436a © . 1.33 2.6 500 30.5a 465a 191a 5.6
3  90b 0.62bc 0.234b 1.20 19 20.2a 26.9a 387b 125b 7.8
20 8.1be 0.73ab 0.134b 1.25 1.6 17.2& - 12.2b 379b  120b 7.3
,60 T11c 0.53¢ 0. 132b 1.07 1. 7 12.4b 13.2b 345b 102b 4.8

* Properhee in each column followed by the same letter are not significantly different at the 5% level (HSD).
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Efféct of length of cultivation on.:the

Lesgth of MmerahzedC A Mineralized C
cultivation 0‘3‘;"“ C C/N 167/ Mmeral;zed N %
y ; )
0 5.4a* 8.9a 96.5 15.9
3 3.5b "~ 8.1b 96.4 -10.7
20 4.2ab 79bc . 1005 104
60 _4.2ab. 7.5c - 96.4 144
0 4.1a* 81 . 568 142
3 2.6ab 76 726 87
20 17 66 674 12
60 1.9b " 6"7 o 700' 102
» Numbers w1thm a column and mcrement followed by the same letter are. not srgmﬁcantly
drfferent at the 5% level (HSD) .

N in labile form declined with cultivf ion

The narrowing of C/N ratios with'cultiv
as well as’ the 'declines in the proportions:
organic C and N in labile form, have been
viously reported for soils of the Great P
(Hass et:al. 1957; Campbell and Souster 19
and Woods and Schuman 1988). However, 6
ers have reported conflicting trends. Campbell
(1978) and Dalal and Mayer (1986) have ré:*
ported conflicting trends in C/N ratios with'
cultivation of different soils, and Schimel et al.”
(1985) reported that cultivation did not affect -
the proportion of organic C in’labile form ‘but
did result in an increase in the propottion of
organic ‘N in labile form in cropland toposequ-
ences in North Dakota. The effect of cultivation
on the organic matter properties of a soil de-
pends on such factors as the original thickness
of the A horizon and its original organic matter
concentration, the susceptability of the site to
erosion, and the type and intensity of cultivation
practices which enhance organic matter miner-
alization and mix lower horizons of the profile
into the surface horizon. Thus, the variations in
the effects of cultivation on the soil organic
matter properties in the studies cited above are
reflected in the variations in site conditions
among the studies.

SUMMARY '

Although research conducted dunng the past
60 ‘years has provrded valuable mformatron

-about the degradatron of soil organic matter with

cultwatxon, most. of these studies have been
limited to comparisons of rangeland srtes thh
s that. have been cultivated for a smgle penod_

‘of time, and most have not evaluated the losses

of labile forms of organic matter. but rather have
evaluated only total losses. This study was con-
ducted to evaluate short- and long-térm ¢hanges
in selected physical and chemrcal properties and
,and labile organic C“ N, and P concen-
nis resulting from clean-till cultivation of
fon sandy loarn sorl Th: study showed

than declines m total orgamc N and C 3) the
magnitudes of organic C and N losses due to
cultivation were higher and the initial rates of
loss more rapid than has been previously re-

ported for other Great Plajns soils, and (4) a
high percentage of the short-term loss (3 years)
in P occurred from the organic P pool.
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