Late-summer infiltration as affected by
cropping and grazing management of
winter-wheat pastures
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Abstract: Agricultural practices that incorporate grazed winter wheat and associated summer
managemient are vital to the rural cconomy of the southern Great Plains. In regions where

high intensity, late summer storms can oceur, limited information exists about the impact of

these practices, including summer fallow and dual-cropping summer fields. on infiltranon.
This study was designed to determine the effects of two winter wheat management strategies:
winter wheat with summer fallow and winter wheat with summer legumes simultancously
with two grazing treatments {grazed and ungrazed) on steady-state infiltration rates. Four
pastures were planted in conservation winter wheat (Trincunt acstivinn L) and grazed over
winter when possible tfrom November to March and graze-out trom March to May from
1998 to 2002, A dual-cropping management strategy that incorporated smmmer leguines,
Korean Lespedeza (Lespedeza stipulacca Maximy and Soybean {Glycine max). was replicated on
two of the pastures, while the other two pastures wtilized summer fallow. A raintall simula-
tor calibrated o represent late sunmmer, high intensity (1.67 mm/mim) sumimer storms wis
used to determine the parameters: time to achieve steady-state conditions (Tss). steady-state
infiltration ($81) rates, and percent of applied ramfall infiltrated ar steady-state conditions
(ss). These parameters were shown to be significantly (P < 0.10) impacted by the grazing
practices in all instances and the management practices associated with winter wheat in some
cases. Grazed winter wheat utilizing sunnner fallow had the lowest infiltration rate wich 0.91
mm/min along with the shortest Tss (19 min) and the lowest Y%ss (56%). Grazed summer
legumes and ungrazed summer fallow displayed similar infiltration parameters (85I = 1.47
and 1.33 mm/min, Tss — 28 and 30 min. Y%ss = 81% and 81%. respectively) and ungrazed
summer Jegumes had the least impact to the infiltration with a SSI rate of 1.59 mm/min, Tss
of 37 min and %ss of 88%. Understanding the mechanism of interaction between late sunmimer
storms and sumnmer management practices will lead to formulation of larger scale mitigation
strategics to reduce crosion and enhance caprure of precipitation and runoft.

Key words: lcgumes—livestock grazing-steady—state infiltration  summer fallow—winter
wheat

The southern Great Plains is an impor-
tant region for both cow/calf and stocker
cattle operations. Stocker cattle from farms

1.5 million stocker cattle graze wheat pas-
tures covering 1.2 million ha (2.97 million
ac) in Oklahoma alone (Redmon ct al. 1995:

throughout the southcast Umted States are
shipped to the Great Plains to graze warm
and cool scason grasses before finishing on
grain in feedlots in western Texas, Oklahoma
or Kansas (figure 1) (Peel 2003). An impor-
tant part of this activity involves grazing
annual winter wheat from mid-November
until graze-out in early-May. Livestock
production is econonmcally important to this
region where, for example, approximately

Krenzer et al. 1996).

Stocker grazing activity, such as tram-
pling. defoliation, defecation and urination,
can have detrimental effects on soil prop-
ertics, including  decreased  infiltration
(Van Haveren 1983; Danicl et al. 2002).
Infiltration rates on fescue grasslands in the
foothills of Alberta, Canada were found to
decline following short-term, intense peri-
ods of grazing (Naceth and Chanasyk 1995,

1996). Further, detrimental effects ot grazing
may become more significant durmg peri-
ods of drought or winter dormancy (Warren
et al. 1986). Saleem and Mwendera (1997)
demomstrated that heavy grazing signifi-
cantly reduced water nfiltration of ploughed
soils which had been exposed to heavy tram-
pling by hvestock. However, results from
some studies demonstrate that grazing 1s not
as detrimental to soil hydraulic properues
as originally thought. In a raimfall simulator
study, Beukes and Cowling {2003) found
an increase in the steadv-state intilration
rate and cumulative miiltration for grazed
pastures, probably caused by the fragmenta-
tion of soil crusts compared to control sites,
but this mcrease was absent tor a sccond
rain event. Wheeler et al. 2002} found that
infileration rates quickly declined in response
to grazing, but returned to ungrazed levels
within one vear, suggesting tull hvdrologic
recovery possibly related to frequent treeze-
thaw events and high organie matter i the
soils. Hiernaux et al. {1999) ascertamed thar
soil infiltradon slightly increased with mod-
crate grazing but decreased at Ingher stocking
rates. Krzic et al. (1999) found that the rate
of water infiltration was not attected by long-
term grazing and torage seeding n lodgepole
pine plantations in Briush Columbia. In a
typic Natraquoll soil m Argentina, Taboada
and {1988)
long-term damage to soil propertics due to

Lavado found no severe or
livestock grazing.

Changes i infiltration characteristics have
also been associated with fallow conditions,
but this information 1s limited. Shaver et al.
(2002) examined dry land no-till manage-
ment in castern Colorado and demonstrated
a loss of infiltration capacity in pastures
utilizing fallow practices. To improve infil-
tration after summer fallow, deep ripping the
field before planting fall wheat was shown to
be cttective (Schillinger and Wilking 1997).
No-till practices conserved more water dur-
ing fallow periods but did not contribute to a
consistent increase of infilration (Christensen
ct al. 1994).

It is tempting to increase stocker produc-
tion by incorporating summer grazing of
warm scason grasses into winter wheat man-
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Figure 1
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Study site and extent of the winter wheat belt and beef feedlots used for stocker finishing in the

Grazinglands Research Laboratory ;,mmlmi-.

Notes: Stocker calves are born and weaned in the southeastern USA and shipped west. Because |
of the proximity of feedlots, in which 85% of the nation’s beef is finished on, winter wheat grazing
plays a major role in the Oklahoma economy and the nation’s beef.
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agement practices; however, problems may
arise. Summer fallow management prac-
tices, in which herbicide is used, represent a
low-risk, water-conservative strategy com-
monly used in the southern Great Plains.
Precipitation is harvested as infiltration and
retained in the soil profile. In the absence of
living plants, evapotranspirative processes are
greatly reduced and stored soil water is avail-
able for wheat planted in the fall. The use of
double-cropping with summer legumes is a
more water-aggressive management strategy
which involves a higher risk. Precipitation,
harvested by infiltration and stored as soil
water, 1s not saved but is utilized to grow a
second crop. This increases the risk of dimin-
ished soil water reserves in the fall, thus
impacting winter wheat establishment.

The objective of this project is to examine
changes in steady-state infiltration param-
eters on winter wheat pasture, which utilizes
various management practices,
including summer fallow and double crop-
ping and livestock grazing treatments. The
parameters include time to achieve steady-
state conditions (Tss), steady-state infiltration
(SSI) rate, and percent of applied rainfall
infiltrated at steady-state conditions (%ss).

summer

Methods and Materials
Study Site. The research was conducted at the
Grazinglands Research Laboratory (GRL) of
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the USDA Agricultural Research Service
near El Reno, Oklahoma (figure 1) within
the Red Prairies region in the southern
Great Plains of Kansas, Oklahoma and Texas
where winter wheat production is prevalent.
Annual rainfall between 1971 through 2000
averaged 74 cm (29 in) with a recorded max-
imum rainfall of 120.7 ¢m (47.5 in) and a
minimum of 60.2 cm (23.7 in). Precipitation
records for the previous twenty years show
that annual rainfall is seasonally distributed
as follows: 10.5% in the winter, 31.6% in the
spring, 32.0% in the summer, and 25.5% in
the fall. Summer rainfall can be received in
short but intense storm events.

Four, 1.6 ha (4 ac) pastures, which are part
of several established experimental water-
sheds constructed in 1976, were used for this
study (Daniel 2001). The pastures, with a
slope gradient of three to 5%, are situated on
the Renfrow-Kirkland soil map unit (fine,
mixed, thermic Udertic Paleustoll; mean-
particle size distribution—loam: 37.5% sand,
40% silt, and 22.5% clay). Renfrow soils are
typically found on crests and side-slopes, and
are well drained (Fisher and Swafford 1976).
They develop on residuum originating from
calcareous shale material. Kirkland soils are
found chiefly on crests and are moderately
well-drained, formed from the underlying
shale parent material. Permeability of all these
soils is slow (0.25 mm/min to 0.83 mm/min)

(NRCS 1999; Fisher and Swaftord 1976).

Initial preparation by moldboard plow
and repeated disking for all four pastures was
completed in the fall of 1997. All subsequent
planting was done utilizing no-till practices
(no-till drill of wheat). Beginning in the fall
of 1998, a practice of winter grazing and
spring graze-out of winter wheat (Triticum
aestivum L.) was applied to all pastures.

This study incorporates two summer
management strategies as part of a livestock
incorporating  grazed
winter wheat: fallow (SF) and
dual-cropping with summer legumes (SL);
and two livestock treatments: grazed and
ungrazed. The SL used are Korean Lespedeza
(Lespedeza stipulacca Maxim) and Soybean
(Glycine max). The two summer management
practices, SF and SL, were replicated within
the four pastures, with Korean Lespedeza
used in the 2000 and 2001 rotation and soy-
beans in 2002. Both Korean Lespedeza and
soybeans have a central tap root which should
behave hydrologically similar and should not
produce different infiltration characteris-
tics. Two, five by five meter exclosures were
established on each pasture to restrict live-
stock grazing and used as ungrazed control

production  system

summer

management sites.

The stocker cattle were removed after
graze-out in May. On the SF pastures all
remaining live vegetation was killed by
spraying Glyphosate (1.1 kg/ha). Afterward,
the SF pastures had the remaining resi-
due mowed to the uniform height of 15 to
20 cm (6 to 8 in). If needed, spraying was
repeated to maintain fallow conditions until
late September or early October when wheat
was planted.

Pastures utilizing SL had seed broadcasted
into the non-fallow pastures in early March.
Because stocker cattle were still grazing the
pastures, the seed was worked into the soil
by hoof action. Similar to the SF manage-
ment practice, the stockers were allowed
to graze until May and then removed. The
SL continued to grow until mid-July when
stockers were reintroduced onto the pas-
tures. This second grazing period typically
lasted from mid-July to mid-September.
After the stockers were removed, the fields
were prepared for planting for the next cycle
of winter wheat.

Grazing Treatment. Stocker calves weigh-
ing 230 kg (500 Ibs) were typically placed
on the pastures during the first week of
December if forage supplies were adequate.



Additional stockers were used to increase
grazing density in early March and were
allowed to graze until May and spring graze-
out was completed (table 1). The calves
weighed approximately 295 kg (650 Ibs)
after graze-out. However, if forage was inad-
equate, grazing was terminated early during
the winter, but spring grazing resumed in
early March. Spring graze-out stocking den-
sity was dictated by available forage (70 to
80% utilization).

Rainfall Simulation. A rainfall simulator
was used to determine how management
practices and grazing affected infiltration.
The simulator was a solenoid-operated,
fixed multi-nozzle field unit (Miller 1987)
attached to a lightweight, portable A-frame
constructed from welded aluminum tubing.
To provide uniform spray distribution during
a simulation, extendable legs on the A-frame
permitted the spray nozzles (30 WSQ;
wide angle square spray, 104° spray angle,
Spraying Systems Co., Wheaton, Illinois) to
be elevated to a height of 3 m above the
soil surface. Heavy canvas tarps completely
enclosed the unit to minimize wind effects
on spray patterns. Three square-spray noz-
zles, spaced 1 m apart, were mounted to
spray downward onto the study plot. The
interval of spray time on the plots was con-
trolled by use of a variable-speed electric
motor with a cam, which dictated the length
of spray time and micro switches which
activated the spray nozzles (Miller 1987).
Water for the simulations (table 2) was
hauled to the site using a water trailer with
an 1890 liter (500 gal) capacity.

Prior to each simulation run, a hand-
pushed mower was used to cut the vegetation
and residue to a uniform height of 5 cm
(2 in),and cut residue was then hand removed
to minimize the impact on the ground
surface. This was done to reduce the impact
of varying amounts and heights of vegeta-
tion on rainfall delivery and allow the rain
to fall on a uniformly-prepared ground sur-
face for better comparisons between plots.
Rectangular steel frames (1.5 m X 3 m) with
flume attached at downslope end) were set
into the soil to a depth of 8 cm (3 in) with
long end parallel to the slope. Surface flow
collected in the flume was transferred to a
large plastic storage container by a bilge
pump. A pressure transducer was used to
measure the water level in the storage con-
tainer during a simulation. Measurements
were transmitted and recorded in millivolts

Table 1
Total grazing days for winter wheat and summer legumes of the water resources and erosion
watersheds during 1998 through 2002.
Number of grazing days
Fallow Legume
Grazing season Management Rep 1 Rep 2 Rep1 Rep 2
Fall 1998 to summer 1999 Winter wheat 135 135 135 135
Legumes — - 34 34
Fall 1999 to summer 2000 Winter wheat 60 60 60 60
Legumes - — 0 0
Fall 2000 to summer 2001 Winter wheat 45 41 49 49
Legumes — — 16 0
Fall 2001 to summer 2002 Winter wheat 42 35 39 42
{
Legumes — - 21 21
L - _ ]
Table 2
Averaged water analysis of water used in rainfall simulator.
2000 2001 2002
Average Std dev. Average Stddev. Average Stddev.
| pH 8.29 0.13 8.28 0.10 8.71 0.26
Conductivity (mhos/cm) 1264 22 982 53 1209 46 |
Total dissolved solids (mg/L) 842 14 656 36 810 31 |
Note: Samples were collected from sample cups in the plots during simulations.

Table 3

Average monthly soil water content (vol. %) for September during 2000, 2001, and 2002 at Fort
Reno Mesonet site for depths of 5, 25, 60, and 75 cm.

2000 2001 2002 1
Depth (cm) Average Std dev. Average Std dev. Average Std dev. |
5 3.82 0.03 2.16 0.30 2.20 0.52
25 3.86 0.03 2.03 0.27 2.04 0.39
* 60 3.70 0.03 3.67 0.03 2.84 1.00
75 3.67 0.04 3.68 0.01 3.24 0.55

using a Campbell-Scientific (Logan, Utah)
CR-10 data logger interfaced to a laptop
computer via RS-232 cable. Millivolt read-
ings were converted to water volumes (1)
using a conversion equation calibrated for the
equipment. Overall rainfall intensity of each
run was calculated using four 13.5 cm (5.3
in) diameter collection containers installed at
predetermined positions within the frames
and volumes measured after the simulation.
The plots were not pre-wetted. Antecedent
soil water content were obtained from heat
dissipation matric potential soil water sen-
sors (model 229-L, Campbell-Scientific;
Reece 1996) associated with the Oklahoma
Mesonet site situated on native rangeland at
the GRL (table 3).

The rainfall simulator was designed to

apply water at a predetermined intensity.
This rainfall intensity is based on breakpoint
precipitation records collected from rain
gages at the GRL at El Reno, Oklahoma,
and simulates the intense (range: 1.6 to
2.45 mm/min), short duration (range: 15 to
45 min) storms which occur in the south-
ern Great Plains during late summer. Initial
rainfall calibration was determined using 36
rainfall collection containers placed in a four
by nine grid within the 1.5 m x 3 m plot
frame. Average intensity and spray distribu-
tion was determined by thirteen, 15-minute
calibration runs. The nozzle had spray pres-
sure of 30 kPa. All three nozzles used a 2.5
second cycle but each nozzle would spray
in sequence, spraying for 1.9 seconds and
switching off for 0.6 seconds until the begin-
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ning of the next cycle (Daniel et al. 2006).
An average rainfall intensity of 1.67 mm/
min (10.0 cm/hr) (standard deviation 0.08
mm/min) was determined. Rainfall simula-
tions were conducted in September of 2000,
2001 and 2002, after cattle were removed
from the SL pastures and the SF pastures had
been in fallow for several months, but prior
to fall planting. The simulations typically
lasted between 35 to 45 minutes, but occa-
sionally a simulation run could last longer.
In the field, Tss were ascertained when the
runoft flow became constant. SSI rates were
calculated by determining the time when
Tss were achieved and then averaging the
following ten minutes of measurements.

Statistical Treatment. The four pastures
were equally divided among the SF and
SL management and within each pasture
were two exclosures to allow the grazed-
ungrazed treatment. The study was done
over three years (2000 to 2002) to provide a
2 X 2 % 3 sampling matrix. Each exclosure
is associated with a grazed and ungrazed
paired plot using a side-by-side positioning
(figure 2). Plots were situated two to three
meters apart. This side-by-side placement
of plots provided a means to compare
infiltration rates from grazed and ungrazed
treatments for a given management prac-
tice. The paired plots provided a strategy to
reduce the eftects of variability caused by soil
type, vegetation cover, and landscape posi-
tion between the pastures.

Measurements  (SSI,  Tss, and  %ss)
underwent a data transformation process
(log10(y+1)). Data were analyzed within a
replicated (n = 4), completely randomized,
split plot design with main effects being agri-
cultural management and grazing treatments
in the split plot (Sokal and Rohlf 1995).
Replicates used in this analysis were paired
plots of individual pastures and the years of
the simulations were the block effects. This
allowed the effects of time and space to be
encompassed within the effects and error
terms. A least squares difference (LSD) pro-
cedure was used to test for differences in
main and interaction effects, using oo = 0.10
as the level of significance.

Results and Discussion

After each simulation was completed and the
infiltration data were evaluated, the steady-
state parameters were determined. ANOVA
results for the experiment are given in tables
4,5,and 6.
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Figure 2 ’
Layout of pasture management practice and exclosures on each pasture.
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LNote: Each exclosure has a grazed and ungrazed paired plot for rainulator simulation. ‘

The length of time to reach Tss was found
to be significantly different for grazing treat-
ments but not for the management practices
(SF vs. SL), the block effects (years), or the
treatment and management practice inter-
action (table 4). Comparison of overall
ungrazed and grazed treatments shows that
grazing impacts the length of time the soil
surface achieves saturated conditions (33 vs.
23 minutes for the ungrazed and grazed,
respectively; table 7). The greatest length
of time to achieve steady-state conditions
of the different strategies was the ungrazed
SL (table 7). Conversely, plots with grazed
SF practice reached their steady-state infil-
tration rate at 19 minutes. The remaining

two practices achieved steady-state infiltra-
tion at 30 minutes for the ungrazed SF and
28 minutes for the grazed SL. Comparison of
Tss across years indicate that 2000 and 2001
were 31 and 32 min, respectively, while,
2002 decreased to 22 minutes.

An approach to compare the different
management and treatments on infiltration
was to determine the %ss. Results of the
ANOVA showed a highly significant differ-
ence for the grazing treatment for the %ss
(table 5). Comparison of the %ss for the
overall treatments shows that the ungrazed
treatment retained 84% of the applied rain-
fall as infiltration while 68% of the applied
rainfall was infiltrated for the grazed treat-



Table 4
Analysis of variance model response of Tss.
Source df Type I SS mMS F P Note |
|
Main plots ‘
Blocks (years) 2 0.2355 0.11775 2.0786 0.3248 NS
Management (M) 1 0.1915 0.19153 3.3810 0.2073 NS
Main plot error 2 0.1133 0.05665 — —
Treatment (T) 1 0.3094 0.30939 32.0428 0.0000
(M) " (M) 1 0.0140 0.01402 1.4523 0.2352 NS
Error 40 0.3862 0.00965 — - l
Total 47 0.8637 0.12339 12.7797 0.0000 1
Notes: R? = SSmodel/SStotal = 0.69. Significance levels are indicated from significant (*) to ‘
highly significant ("*"); NS = not significant.
| Tables ‘
Analysis of variance model response of %ss.
Source df Type | SS MS F P Note ‘
Main plots
Blocks (years) 2 0.0126 0.0063 2.3699 0.2967 NS 1
Management (M) 1 0.1305 0.1305 49.1456 0.0197
Main plot error 2 0.0053 0.0027
Treatment (T) 1 0.1282 0.1282 15.2408 0.0004
(M) (M) 1 0.0601 0.0601 7.1468 0.0108 h
Error 40 0.3365 0.0084 — —
Total 47 0.6733
Notes: RZ = SSmodel/SStotal = 0.50. Significance levels are indicated from significant (") to
highly significant ("""); NS = not significant. ‘
Table 6
Analysis of variance model response of SS rates.
Source df Type | SS MS F P Note
Main plots
j Blocks (years) 2 0.0551 0.0275 45115 0.1814 NS
Management (M) 1 0.0753 0.0753 12.3388 0.0724 N
Main plot error 2 0.0122 0.0061
Treatment (T) 4. 0.0380 0.0380 8.8580 0.0049 o
(M) " (M) 1 0.0119 0:0119 2.7686 0.1039 NS
Error 40 0.1717 0.0043 — -
Total a7 0.3643

highly significant (""""); NS = not significant.

Notes: R = SSmodel/SStotal = 0.53. Significance levels are indicated from significant (*) to

ment (table 7). A significant difference level
was found for the management practice and
for the interaction between the manage-
ment and grazing treatment (P = 0.0197
and P = 0.0108, respectively). The %ss for
the overall management practice indicates
that SL management practice had 84% of
the rainfall retained as infiltration and the SF
practice infiltrated 68% of the applied rainfall
(table 7). Further scrutiny of the interaction

between the treatments and management
practices indicate the plots incorporating
the ungrazed SL practice infiltrated 88% of
the applied rainfall at steady-state condi-
tions. This was the greatest percent infiltrated
rainfall of the combined treatment and man-
agement practices (table 7). However, plots
utilizing the grazed SF practice infiltrated
an averaged 56% of the applied rainfall at
steady-state conditions. The remaining two

strategies, ungrazed SF and grazed SL infil-
trated 81% at steady-state conditions. While
overall fallow conditions had a lower %ss
than the SL practices, a significant decrease
in %ss was found with grazed conditions,
suggesting that livestock activity impacts the
quantity of rainfall infiltration.

Both the grazing treatment and the man-
agement practice are found to significantly
impact the SSI rates. However, no signifi-
cance was found between the management
and grazing interactions (table 6). The over-
all impact of livestock grazing treatment on
both management practices suggests an 18%
reduction SSI between the ungrazed and
grazed treatments (1.46 vs. 1.19 mm/min,
The management
practices impact on SSI show that a 26%
reduction in between the SL and SF (1.52
vs. 1.12 mm/min, respectively). Even though
the SSI rate between the treatment and man-

respectively). summer

agement interactions was not significant
(P> 0.1), it is considered close enough to
discuss the results (P = 0.1039). Of the agri-
cultural practices, the ungrazed SL had the
highest averaged steady-state infiltration rate
(1.59 mm/min) compared to the remaining
treatments (table 7). Grazed SL and ungrazed
SF treatment combinations followed with the
second and third highest SSI (1.47 and 1.33
mm/min, respectively). Grazed SF generated
the lowest values of the study (0.91 mm/
min). Averaged steady-state infiltration rate
for 2000 (1.59 mm/min) was significantly
higher than the two other years, respectively
(2001, 1.17 mm/min; 2002, 1.21 mm/min).
The reason for this difference is suspected to
be caused by continued settling and compac-
tion after the pastures were deep moldboard
plowed in 1997.This increased settling would
lead to decrease infiltration.

Two forage legumes were used in this
experiment: Korean Lespedeza and soy-
beans. These pastures have multi-users and
the summer forage was changed to soybeans
after two years to fulfill other research obli-
gations. Both of these forage legumes have
a similar tap root system and are believed
to cause similar soil hydrological behavior.
Using a means comparison test (LSD), no
significant difference between the means of
infiltration rates for the two forage legumes
(SSI Lespedeza = 1.38 mm/min and SSI
soy bean = 1.21 mm/min) was found, thus
supporting the assumption that both the
forage legumes caused the soil to behave
hydrologically similar.
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Averaged values for the measured parameters SSI, Tss, and %ss. |

‘ SSI Tss %SS
Agricultural practice Treatment (mm/min) (min) (percent) |
Both practices Ungrazed 1.46 33a 84a
| Grazed 1.19 23b 68b |
SL Both treatments 1.52a 32 84a
| SF Both treatments 1.12b 24 68b
SL Ungrazed 1.59 37 88a ‘
Grazed 1.47 28 81a
| SF Ungrazed 1.33 30 81a |
Grazed 0.91 19 56b

| Note: The "a” and “b" indicate comparison between LSD means. |

In gencral terms within a given crop-
managenment system, higher infileration rates
were tound tor the ungrazed weatments
compared to the grazed treatment. The
ungrazed SL had higher infiltration rates
than the grazed SL. and ungrazed SF had a
higher infiltration rate than the grazed SE
Earlier compaction research show that com-
paction levels decreased over winter (2638
MPa compared to 1991 MPa— a 25% reduc-
ton) probably due to increased precipitation
and  decreased  evapotranspiration  (Daniel
and Phillips 2000). Based on these findings,
the differing infiltration rates are believed to
be temporary. Other rescarchers found that
changes in infilravon with crop manage-
ment and grazing practices are a temporary
phenomenon (Wheeler et al. 2002; Beukes
and Cowling 2003; Krzic et al. 1999; and
Taboada and Lavado 1988).

Comparison  of the %ss parameters
between the management  practices  and
treatment suggests that a lower %iss indicate
a possible greater impact from soil scaling or
crusting. Conversely, a greater Yss, as found
with the legume forage, suggests less impact
from soil sealing and crusting. Literature dis-
cussions where infiltration and legumes have
been studied show that decaving plant roots
can serve as preferential flow paths. Alfalfa,
another plant with deep tap roots rescarched
in leaching columns at three stages of root
decay, was found to have greater movement
of water from preferential flow occurring in
columns with roots than without roots (Zins
ct al. 1991). Mirtchell et al. (1995) examined
two crops with sharply contrasting root sys-
tems, alfalfa and wheat, and found tap roots
in alfalfa produced stable macropores while
wheat with its fine, fibrous roots, produced
no such macropores. Likewise, Meek ct
al. (1990) found that cotton used in a no-
ull rotation produced high infilration rates
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probably as preferendal flow through mac-
ropores. Based on literature  findings and
observations found i this study. the grazing
treatment significantly impacts the measured
mhltration parameters. The presence of the
SLapparently decreases the nmpact ot sur-
face sealing and promotes water movement
as infiltration. At the time of the rainfall
simulations the vegetation was dead, but the
remaining stalks and roots may provide con-
duits for preferential tlow through the soil
surtace. Because minimal tll/no-ull practices
were used for this project. plowing did not
destroy the existing root systenn, and the root
structures for both wheat and legumes are
still undisturbed. The management incorpo-
rating S (grazed and ungrazed) had a greater
infiltration rate than the ST strategy (table 7)
because ot the probable combined effects of
wheat and legume roots and residue.

In the southern Great Plains region. the SF
Mmanagement practice 1s a conventional water
conservation technique. Loss of soil water by
evapotranspiration is restricted by eliminating
all live vegetation. Accumulated soil water
collected tfrom spring and carly summer rains
is stored over the suniner and later harvested
by wheat during fall (Thomas et al. 1995;
Unger, 1994). However, this practice is not
as cffective in promoting infiltration to sup-
plement soil water reserves (Pannkuk et al.
1997), particularly when winter and spring
grazing is included. Water is collected before
a soil crust can form. During the summer,
without growing vegctation and a soil crust
scaling the ground surface, soil water is not
lost to evapotranspiration. Fowever, while
the soil crust restricts evapotranspiration, it
also restricts infiltration from summer storms
and rainfall is lost as runoff (Christensen et
al. 1994). Planting a summer crop, such as
legumes, is considered an aggressive water-
use practice, where soil water is being

harvested as a warm season grass rather than
allowed 1o accumulate for fall planting,
Badaruddin and Meyer (1989) examined the
water use cfficiency (WUE}, and <ol water
depletion pattern of four grain legumes and
three torage legumes in the northern Great
Plains. They found that cumulative water
depletion during June to September by for-
age legumes was found to be 63 mm greater
than a fallow check. This was associated with
their longer growing season and higher dry
matter production.
The  ungrazed  winter  wheat-summer
forage legumes management indicates that
greater infiltration is occurring and  late
summier rain has a greater chance of being
captured as infiltration, while fallow is effec-
uve at conserving water already present in
the soil profile. If a rancher or farmer had
prior knowledge of the likehihood of rain
going nto a summer. this information could
used to an economic advantage. I a dry sum-
mer 1s torecasted, then a fallow management
practice would be the best choice because
soll water will be needed for fall wheat
planting. If a wetter sununer is expected.
then a dual cropping management could be
successtul because sununer rains could intil-
trate easier and replace the soil water used
by the summer crop. To promote infilira-
ton, any managenient practice to break up
the surface crust or rough up the ground
surface to form micro-depressions, such as
chiseling or disking can promote mfileration.
If a cooler summer with occasional rainfall is
expected, then a dual-cropping with SL may
be appropriate and successtul. A surface crust
may not be as developed and the deeper root
system will provide increased infiltration.

Summary and Conclusions

Grazing treatments and summer manage-
ment practices assoclated with no-ull are
found to influence late swmmer infiltra-
tion rates. Results indicate that the grazing
treatment has the greatest impact on steady-
state infiltration rates, but SF conditions
also influence infiltration. Summer fallow, a
management practice typically used in the
Southern Great Plains, is documented as
effective at retaining water already in the soil.
Due to decreased infileration rates associated
with the fallow practice within grazed win-
ter wheat pastures, it is not likely that much
rainfall will be captured through infiltration
and supplementing stored soil water.
whether  Korean

Sumimer  legumes,



Lespedeza or soybeans, with their deceper
tap roots, may increase miiltration rates. But
these methods can only be successtul it there

is adequare precipitation to offset the use of

soil water by the legumes.

The addition of SL to increase beef pro-
duction 1s a high risk management practice
using soil water which may be needed for fall
planting. Currently research is underway to
provide farmers with climate information so
that choices of management practice can be
made at a lower cconomic risk. It is advanta-
geous to capture as much late summer rainfall
as possible. To increase the chance of captur-
ing rainfall from sunmumer storms, crop restdue
with the stalks and root structure lett mtact
can possibly increase infiltration as preferen-
tial flow, but this may not be enough to do
an cffective job. Breaking up the soil surface
by disking or chiseling atter graze-out may
increase surface roughness ot a ficld and pro-
vide micro topographic depressions in which
to capture rainfall and promote infiltration
during the first rain event following tillage.

References

Badaruddim, Mo and DWW Mever 1959 Water use by
legumes and s cfteet on sotl water status, Crop Science
200531212-1210

Benkes, PCand IROML Cowling, 2003 Non-scleetive graz-

g mpacts on sorl-properties o the: Naima: Karoo

Journal of Range Managemerit 5¢
NB, TL.

Infiluauor charactensnes under no-ull and clean-ull

Chnstensen. Jones, and
wegation. Soal Science: Society ot America Journal
5%:1495- 1500,

Damel, LA 2001, The water resouzces and erosion watersheds
Fort Reno, Oklahoma. GRT 1-010 El Reno. OK:
USDA-ARS Graomglands Research Taboratory. 8 p

Damel, J AL and Phillips, WA 2000 Iimpact of grazng
arategies on soil compaction. Amerean Sociery of
Agricultural Engmeers. Paper No, 00-2146.12

Damel. LA KN, Poter, W Altom. H. Aloe, and R,
Stevens, 2002, Tong-term grazing density impacts on
soll compaction. Transactions of the Amencan Society
ot Agricultural Engineers 45(6) 1911-1915

Damel. AL W Plhallips, and B Northup. 2006, Influence of
summer nanagenient pracuces of grazed wheat pastures
on runoft, sediment, and nutrient losses. Transacnons
of the Amencan Socety of Agricultural Engineers
49(2):349 355,

Fisher, C.ELand B, Swafford. 1976, Soil survey of Canadian
County, Oklahoma. USDA-S0il Conservation Service 04,

Fhernaux. P. Gl Bielders, C. Valenun, A, Banono, and
S Fernandez-Ravera, 1999, Eftects of livestock graz-
ing on physical and chemical properties of sandy sls
in Sahelian rangelands. Journal of Arid Environment
41(3):231-245.

Krenzer., E.G. Jr., AR. Tarrant, 1], Bernardo, and G.W.
Horn. 1996. An cconomic evaluanon of wheat culti-
vars based on grain and forage production. Journal of
Production Agriculture 9(1):66-73.

Kraic, M., R_.E Newman, K. Broersma, and A A. Bomke.
1999. Sorl compaction of forest plantauons of inte-

nor Brindh Columbia Journal of Range Management
532065:671-677,
Meek, BDLWIR. DeTar, 1 Rolph, E R Recheland 1M

Carter. 1990 Intiltranon rate as affecied byan altalta and

no-nll cotton croppmg systenn. Sotl Soence Soaety ot
America Jourtal 54:2) 505 508

Miller, WP 1987
an ramtal smulator. Senl Saence of America Joural
S1.832-534

Mitchellb ARG TR Ellawo ad B Meek, 19950 Bttt

of oot systems on preterental dow i swelling soils

A solenowd-operated. varsable mten

Comezunicanons m Sal Scienee and Plist Analvos
204157 16 2633-2600

Nacth. M A nd DS Chasaa k1993 Grazimg eifccs on
conl swater m Alberta tootlells tescue grasslimds Joonrnal
of Runge Managemerst 187305325334

Nacth, MLA L and DS Chanasyks 1996 Rusott and seds
ment vield unde a0 toothls fescie grasslngds of
Alberta Water Resowces Bullenn 3205589 96

NROS 1999 Sonl sarvey o1 Canadian Couney, Oklahoma

USDA-NRCS, Oklahoima

Okixhoma

Supplemental Manusenpt
Staconand

Agricultural - Exponn
Conservanon Commssion,
Peei, 128, 20008 Beet catte grasong and backgroundmg,

1 Chaes Food Ammal Practce,

programs. Veteriin
Florida 19:303-3%5
Panokak, DO R Papendick, and K B Saxtors. 1997

Fallow munagomen: o

Sects on ol water storage and

wheat viclds o the Pacitic Northwest. Agrononn
Journal 89-3%6-391
Redmor, LA, GW Horn, EG and D).

Bernardo 1993 A review of hvestock grazmg and

Krenzer, Jr.

wheat gram vield: Boom ar bust? onomy Journal
N7137-147

Recce. CFE 1996, Evaluation of a hne heat dissipation sensor
tor mueasunng sotl matrie potenual Sod Saience Socery
of Amerea Journal 11022410628

Saleem. MCA A and ELL Muaenderas 1997 Infiltration rates,
surtace runott, and soil Toss as imtluenced by yrazing pres-
sure i the Ethopran mghlands, Soil Use Management
13:29 33

Schillinger, WE, and DE. Wilkins, 1997, Deep nipping fall
planted wheat after fallow 1o unprove mtilranon and
reduce croston, Journal of Soil and Water Conservavion
52:198-202

Shaver, TM, G.A. Peterson, LG Aluga, DG Westfall, BA
Sherrad, d G Dunn, 2002, Surface soil physical prop
erties atter twelve vears of drvland no-oll management.
Sanl Serence of Amernica Journal 66:1296-1303

Sokal, RUR..and Ef. Rohlf 1995 Biomeuy. 3rd ed. Now
York: W H . Freeman and Company, 887,

Taboada, MUAL and RS, Lavado, 1988 Grazing etfects of the
bulk density in a Natraquoll of the flooding pampa of
Argentina, Journal of Range Management 41:500.503

Thomas. G A., G. Gibson, R.G.H. Nielsen. WD, Marnn, and
B.J. Radford. 1995, Effects of ullage. stubble, gypsum. and
nitrogen fertithzer on cereal cropping on a red-brown
carth m south west Queensland. Australia Journal of
Experimental Agriculture 35:997 -1008.

Unger. PA. 1994, Tillage effects on dryland whear and
sorghum  production 1 the southern Grear Plains.
Agronomy journal 86:310-314

Van Haveren, B.P 1983, Soil bulk densiey as influenced by
grazing intensity and soil type on a shortgrass prairie site.
Journal of Range Management 38:586-588.

Warren., S .. W.H. Blackburn, and C.A. Taylor, Jr. 1986
Effects of scason and stage of rotation cycle on hydro-
logic condition of rangeland under intensive rotaton
grazing. Journal of Range Management 39:486 491

Wheeler, MLA., M. Trhea, G.W. Frasier, and J D, Reeder

2002, Scasonal grazing atfects soil phvaical properies

of 4 montne mpanian commumy, Journal of Range

Management 35(1149-50,
Zims, AL DI Wyse, and WO Koskinen., 1991, Effect of
alalta (Mediago sanrad roots o movement ot atrazine

and alachlor through sol. Weed Scaence. 39:23°262-269

[_ MAR | APR 2007

VOLUME 62, NUMBER 2

109



