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Abstract: Aizricultu ral rac tic es hit Ili( orpoia egrazed winter %vI icat aid iss ci.l ed sui I ii I icr
iilaiiagcitieiit ire vital to the rural ecouoillV (If tile soiitlierii Great PLiiiis. Iii regions where
Inh iiiteiisit\. Lire suiiiilier stornis C,111 occur. limited nifriitation exists about the iiiipact (it
these pees. including sulilmuer tallow and dmm.il-croppiiig sunulier fields. oil iiiflltratn)ii.
Thi st I dv was designed to determine the efic N of two will ter w Ii eat lila Ii agei I tel It strategies

winter wheat with suiiuner fillosv and winter wheat with suiminier leiznnte s slillult:uieouslv

with two gra7mgtreatments (graied aid uugr.i7ed) o il ste.idv-state iiitiltratioii rates, Four

pastures \\eie planted Hi coliservation winter wheat Irirviuii anln'iull Li and ,.razed over
winter when possible from kovenilter to Much and graze_out froni Marchto Mac froni
1998 to 20()2. A (lual-cropping inanageilielit strate' that ntcorporated sunnner legtnnes.
Koremi I espedeza (1 .((J)((/CZ 1 tipulacra Mix liii) (ilL1 Sovbeait ( (/ycnii iiia.v) \vas replicated ott
two of die pastures, while tile other two p.istures utilized stunmner tallow. A rainfall so miumla-
tor calibrated to represent late 5011101cr, liii.tli intensity (1.67 111111, iiilii) suilliiier Storms was

used to determine the parameters: lime to achieve stead y -state conditions (Tss). ste,idv-st,ite

infiltration (SSI) rates, and percent O F applied rainfall infiltrated at steadv-state conditions
I hese paranleters were shown to be significantl y (P < (). I 0) nnpacted by the gra7mg

practices Ili all instances and the iiiatlagenlent practices associated with winter wheat ill soiiie

eases. (;nied winter wheat utilizing sunnner Ijllow had the lowest infiltration rate with 0.91
mni/nnil along with the shortest Tss (19 nnn) and the lowest %ss (56%). Gra7ed sunnner
legui lies ail(h ungrazed sun litter fillow displayed similar ill uIltr.i tion paratileters (SS I = 1.47
and 1.33 tiini/niin,Tss - 28 and 3() mm. %ss = l% and 1%, respectively) and tuigrazed
sunnier legntnes had the least impact to the infiltration with ;I rate of 1 , 59 ttuit/nnn.Tss

of 37 iiim n and %s,, of %. Ui iderstandn ig the niechanism of interaction between late soil otter
stori ns and so no i icr t na itage n en t practices will lead to formulation  of larger scale mitigationion
strategies to reduce erosion and enhance capture of precipita tioil al id no lofi'.
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The southern Great Plains is an impor-
tant region for both cow/calf and stocker
cattle operations. Stocker cattle From farms
throughout the southeast United States are
shipped to the Great Plains to graze warm
and cool season grasses before Iinishnig on
grain in feedlots in western Texas, Oklahoma
or Kansas (figure 1) (Peel 20(13). All impor-
tant part of this activity involves grazing
annual winter wheat fromii iiiid- ovei nber
until graze-out 111 early-May. livestock
production is economically important to this
region where, for example, approximately

1 .5 million stocker cattle graze wheat pas-
tures covering 1.2 million ha (2 . 1)7 million
ac) ill alone (Redmon et a). 11)1)5;
Kren7er et ill. 1996).

Stocker grazing activity, such as trani-
pl i 11g. defoliation. defecation and urination,
can have detrimental efkets oil 	prop-
erties, including decreased infiltration
(Vail I laveren 1983; Daniel et al. 2(102).
Infiltration rates oil fescue grasslands in the
foothills of Alberta, Canada were found to
decline following short-term, intense peri-
ods of grazing (Naeth and Chanasyk 1995,

1996). Further, detriniciltal ('IIects of gralnlg
iii,iv becottie niore sigmnficant during per-
ods of drought or winter dlrmllai ic y (\Varrcn
et il. 1980). Sal cciii and(I NI wet idera (1907)
(ieiliollstrate(i tli,it ileav\ gr.lzlilg sigilifi-
cantiv reduced svater ilitiltration otplonglted
sill Is w hi Ch 11,1d been exposed to hc,i cv trai ii -
pliiig by Iivetock. However. i'eslilts fioiii
sonic stu.hes dentoimstrmte that graznig iS 001

is detrnllellral to soil Ilvdralillc properties
is orlgniallv thought. In .i rainfall sntiiil,itor
studs'. lienkes and Cowln ig !'_2 0(6) tom id
an increase ni the steadv-si,ite nlfilti,ltioii
rate (lid cllilllil,itive nifiltration for gr.11ed
pastures. probably cauised b y tIme Ir,lgnlent,i-
loll of soil crlms cOil lp.lred to con triil sites.

but this lncre,lse sva ,ibsent tor a second
rim eveilt. Wheeler Q. ( i1 (2)1)12) totmnd that
infiltration rites (jIlickIs' (ieclmed Ili response
to gra 7 ii 1. 1)111 retl i ri ed to iii igrazed I eve Is
w i thi in (Inc year, suggest i rig full I mvdrologic
recovery possdlly related to freq lien t freeze-
tlm,lw events amid high orgainc flatter in the
soils. I hieriiaiix et .11. (10001 ,iscertanied that
soil intiltrat loll slightl y InIreased with nod-
crategra7illg but decreased It I iigher stock- Ill'

rates. Krzic et II. (1000) found that the mate
of water Ill liii r.l tioi i was not .i t fected b long-term 

gill i rig aild forage Seeding ill lodgepol c
pine plant.ltloils in British Colunlbia. In a
typic Natra(hu 1011 soil ill Argentina. I aboada
and Lavado (1988) f- Mind 110 severe or
long-term (1.110 age to soil pt' lpe rt ics doe to
livestock gr,iznig.

Clxi ilges iii ill 01 tra tmo ii c ha r,lc term stIes have
also lice]) associated with fallow Conditions,
hot this information 15 hill ii ted. Shaver et aI
(2002) exan I itled dry 1111d 110-till i I iailage-
nlettt ill e,lsterlt Colorado and (ienlomlsn'ated
a loss of infiltration  ca pacitv in pistu res
ii til izi i tg fallow prac t Ices, To improve infil -
tration after 5Un1 ii icr Oilluw. deep rippin g  the
field bcfbre planting, fIll wheat was shown to
lIe efi'ctive (Scillllltiger ,lti(1 Wilkins 11)97).
No-till practices conserved iltore water dur-
ing 01110w periods but did not contribute to a
consistent increase ofinfiltration (Christensen
et al. 1994).

It is tempting to increase stocker produc-
tion by incorporating summer graznlg of
svarmn season grasses into winter svheat mllan-
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Figure i
Study site and extent of the winter wheat belt and beef feedlots used for stocker finishing in the
United States.

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.

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. III 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, is not saved but is utilized to grow a
second crop.This increases the risk ofdimin-
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 summer 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).

Methods and Materiats
Study Site. The research was conducted at the
Grazinglands Research Laboratory (GRL) of

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-
inium rainfall of 120.7 cm (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, 320% 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 inni/min to 0.83 mm/mm)

(NRCS 1999; Fisher arid S\vafford 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 (7fiticum
acstii'nm L.) was applied to all pastures.

This study incorporates two summer
management strategies as part of a livestock
production system incorporating grazed
winter wheat: summer fallow (SF) and
dual-cropping with summer legumes (SL);
and two livestock treatments: grazed and
ungrazed.The SL used are Korean Lespedeza
(Lcs1x'dc.za stipulthi'a Maxim) and Soybean
(Glycinc 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 exciosures were
established on each pasture to restrict live-
stock grazing and used as ungrazed control
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.
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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 mad-
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).

Rainflul! Simulation. A rainfall simulator
was used to determine how management
practices and grazing affected infiltration.
The simulator was a solenoid-operated,
fixed niulti-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
he elevated to a height of 3 in above the
soil surf-ice. Heavy canvas tarps completely
enclosed the unit to minimize wind effects
on spray patterns. Three square-spray noz-
zles, spaced I in 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 lifer (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 in X 3 in) 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 
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 I	Rep 2	Rep 1	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

Table 2
Averaged water analysis of water used in rainfall simulator.

2000	 2001	 2002
Average Std dev. Average Std dev. Average Std dev.

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, 6o, and 75 cm.

2000	 2001	 2002

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)	apply water at a predetermined intensity.
CR-10 data logger interfaced to a laptop This rainfall intensity is based on breakpoint
computer via RS-232 cable. Millivolt read-	precipitation records collected from rain
ings were converted to water volumes (1) gages at the GRL at El Reno, Oklahoma,
using a conversion equation calibrated for the and simulates the intense (range: 1.6 to
equipment. Overall rainfall intensity of each 2.45 mm/mm), short duration (range: 15 to
run was calculated using four 13.5 cm (5.3 45 mm) storms which occur in the south-
in) diameter collection containers installed at ern Great Plains during late summer. Initial
predetermined positions within the frames rainfall calibration was determined using 36
and volumes measured after the simulation. rainfall collection containers placed in a four
The plots were not pre-wetted. Antecedent by nine grid within the 1.5 in 3 in plot
soil water content were obtained from heat frame. Average intensity and spray distribu-
dissipation matric potential soil water sen- tion was determined by thirteen, 15-minute
sors (model 229-L, Campbell-Scientific; calibration runs. The nozzle had spray pres-
Reece 1996) associated with the Oklahoma sure of 30 kPa. All three nozzles used a 2.5
Mesonet site situated on native rangeland at second cycle but each nozzle would spray
the GRL (table 3).	 in sequence, spraying for 1.9 seconds and

The rainfall simulator was designed to switching off for 0.6 seconds until the begin-

Depth (cm)	Average	Std dev.	Average	Std dev.	Average	Std dev.
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/	Paired plots

Exciosure

Ungrazed

II
1.5 m

I
E

LO

Grazed

Note: Each exciosure has a grazed and ungrazed paired plot for rainulator simulation

fling of the next cycle (Daniel et al. 2006).
An average rainfall intensity of 1.67 mm-
miii (10.0 cm/hr) (standard deviation 0.08
mm/mm) was deterimiied. 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 tall planting. The suiiulations typically
lasted between 35 to 45 minutes, but occa-
sionally a simulation run could last longer.
In the field, Tss were ascertained when the
runoff 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 exciosures to allow the grazed-
ungrazed treatment. The study was done
over three years (2000 to 2002) to provide a
2 X 2 X 3 sanupling 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 effects 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
(logl0(y+1)). Data were analyzed within a
replicated (ii 4), completely randomized,
split plot design with main effects being agri-
cultural managenient 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 siniulations 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 a	(1.1(1
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.

Fallow
1.6 ha

88 m

The length of time to reach Tss was found
to be significantly different for grazing treat-
nuents 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 tmie 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 3() 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 mm, 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
treatnwnt retained 84% of the applied rain-
fall as infiltration while 68% of the applied
rainfall was infiltrated for the grazed treat-

Figure 2
Layout of pasture management practice and exciosures on each pasture.

Pastures

Legume	Fallow	Legume
1.6 ha 	 1.6 ha	

L61
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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, uiigrazed 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 nun-
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 mipact 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/nun,
respectively). The summer management
practices impact on SSI show that a 26%
reduction in between the SL and SF (1.52
vs. 1.12  imu/min. respectively). Even though
the SSI rate between the treatment and man-
agemeiit interactions was not significant
(P > (.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/mm) 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/nun, respectively). Grazed SF generated
the lowest values of the study (0.91 nim/
mm). Averaged steady-state infiltration rate
for 2000 (1.59 mm/mm) was significantly
higher than the two other years, respectively
(2001,  1.17 nim/min; 2002, 1.21 mm/nun).
The reason for this difference is suspected to
be caused by continued settling and conipac-
tion after the pastures were deep moldboard
plowed in I 997.This increased settling would
lead to decrease infiltration.

Two forage legumes were used in this
experinient: 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 siniilar 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/nun and SSI
soy bean 1.21 mm/mm) was found, thus
supporting the assumption that both the
forage legumes caused the soil to behave
hydrologically similar.

Table 4
Analysis of variance model response of Tss.
Source	 df	Type I SS	MS	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
(T) * (M)	 1	0.0140	0.01402	1.4523	0.2352	NS
Error	 40	0.3862	0.00965	-	-
Total	 47	0.8637	0.12339	12.7797	0.0000
Notes: R 2 = SSmodel/SStotal = 0.69. Significance levels are indicated from significant ( ) to
highly significant(-' ); NS = not significant.

Table 5
Analysis of variance model response of %ss.
Source	 df	Type I SS	MS	F	P	Note

Main plots
Blocks (years)	2	0.0126	0.0063	2.3699	0.2967	NS
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
(T) * (M)	 1	0.0601	0.0601	7.1468	0.0108
Error	 40	0.3365	0.0084	-	-
Total	 47	0.6733
Notes: R 2 = SSmodel/SStotal = 0.50. Significance levels are indicated from significant 	to
highly significant (***); NS = not significant.

Table 6
Analysis of variance model response of 551 rates.
Source	 df	Type I SS	MS	F	P	Note

Main plots
Blocks (years)	2	0.0551	0.0275	4.5115	0.1814	NS
Management (M)	1	0.0753	0.0753	12.3388	0.0724
Main plot error	2	0.0122	0.0061

Treatment (T)	1	0.0380	0.0380	8.8580	0.0049
(T) (M)	 1	0.0119	0:0119	2.7686	0.1039	NS
Error	 40	0.1717	0.0043	-	-
Total	 47	0.3643
Notes: R 2 = SSmodel/SStotal = 0.53. Significance levels are indicated from significant () to
highly significant (*); NS = not significant.

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 ramfall
(table 7). Further scrutiny of the interaction
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Table
Averaged values for the measured parameters SSI, Tss, and %ss.

Agricultural practice	Treatment
Both practices	Ungrazed

Grazed
SL	 Both treatments
SF	 Both treatments
SL	 Unglazed

Grazed
SF	 Ungrazed

Grazed

In general teruis within a giveit crop-
tilan.igeiiiettt s5steiii, hi gher infiltration rates
were founditd for the itt tLtri7ed trca tnie ii N
con p:i red to the gr.i ied trea tlii eli t. The
uiii,raied SI. had higher infiltrationrates
thiaii the grazed SI ..attd ungrazed SF had
higher iii tilt ratioii rite tliati the grazed SF
Ri ri icr ci nit pie t I Ott researchit show that Coiti -
pa'ttoti levels decreased over wittier (2(i38
M Ri coinpa red to 9o) M Pt— a 25% redu c-
twit) probably due to increased prec pitdtioi i
and decreased evapotranspiration (Ii)a it ii.!
an ii Phillips 201)(1). Based oil these findings,
the differing infiltrationnoi i rates are believed to
he teinporar\ Other researchers found that
changes  iii infiltration \V1 tht crop ma it age-
mel it and grazin g practices are a ten ipora rv
phet iOti iei ion (Wheeler et al. 2002; lIeu kes
and Cowling 2003; Kriic et al. 1999: and
1'iboada and Lavado 1058).

Coniparison of the %ss part itieters
bet weeni the 111.11 iagei i teii t practices alld
treatnteilt suggests that -I %ss indicate
a possible greater lilipact front soil scaling or
crusting. Conversel y, a greater %ss, as found
with the legtiine forage, suggests less impact
from soil sealing and crusting. literature dis-
cussions where infiltration and legiintes have
been studied show that decaying plant roots
(-all as prefircntial flow paths. Alfalfa,
another plant with deep tap roots researched
in leaching columns at three stages of root
decay, was found to have greater nioventetit
Of water from preferential flow occurring in
columns with roots than without roots (Zins
et al. 1991). Mitchell et al. (1995) examined
two COS with sharply contrasting root sys-
tenis, alfalfa and wheat, and f'ound tap roots
10 alfalfa produced stable inacropores while
wheat with its fine, fibrous roots, produced
no sticit nlacropores. Likewise, Meek et
al, (1990) found that cotton used in ;I
 rotation produced high infiltration rates

SSI	Tss	%ss
(mm/mm)	(mm)	(percent)

1.46	33a	84a
1.19	23b	68b

1.52a	32	84a
1.12b	24	68b
1.59	37	88a
1.47	28	81a
1.33	30	81a
0.91	19	56b

probably as preferenti al flow through i iii a i.-
ropo es. Based oi i literature  fit tdu igs mid
observations t( )u id itt this sti id'. the grazing
treat ui ci it Significantly tni pacts tile n leasu red
infiltration parameters. The presence of tite
Si apparently decreases the nilpact of sur-
fice sealnig mid proitlotes water ntoveittettt
as infiltration. At the ttnie of the rainfall
sutti.tiatinns the vegetation was dead, but the
remaining stalks and roots tilar' provide con-
d tilts for prefe retinal flow through the soil
surface, Bec:iuse nnnuual till/till-till practices
were used for this project, plowing did not
destroy the cx isttng root svsteilt , and the root
str tic t u res for both wheat Alld I eigu n tes are
still undisturbed. I lie n lan.igel nen t i ilcorp( )-
rating SI . (grazed and ungr.ized) had a greater
in f'i I tratlo ii rate than the SF strate gy (table 7)
because of the probable (. oittbnted effects of
svhie,it and legume roots and residue.

In the southern Great Plains region, the SF
n tai lagent cut practice is -I water
conservation technique. loss of - soil water by
evapotranspiration is restricted by cli iii it iati ng
all live vegetation. Accumulated soil water
collected froi ii spring and early slot tiller rains
is stored over tile suninler and later harvested
by wheat during fall (Thomas et al. I 9i)5;
Unger, 1994). However, this practice is not
as efkctive in pronioting infiltration to sup-
plenient soil water reserves (Pannkuk et al.
1997), particularly when winter and spring
grazing is included, Water is collected before
a soil ('rust Call f'orn i. During  the sun inter,
Without growing vegetation and a soil crust
scalin g the ground surface, soil water is not
lost to evapotranspiration. I lowever, while
the soil crust restricts evapotranspiration, it
also restricts infiltration front sunimer stornis
and rainfall is lost as rinioff (Christensen et
al. 1994). Planting a summer crop, such as
legunies, is considered an aggressive water-
use practice, where soil water is being

harvested as a warili season grass rather than
allowed to icc (liii ulate for fail planting.
Iladaruddin and Meyer (1989)  ex:imined the
water use euficiencv (WLJF), and soil water
depletion pattern of fo i.t r graii i legul ties .0 oh
three forage I egu in es Ili the northern Gre,it
Plains.  Fl te found that cuiiiiu lative water
depiction during little to Septei tiller b for-
age legu i ics \\'as 0 )U nd to he 63 nil it greater
than .i filiosv clteck.Tltis was associated with
their longer gi'owlitg season and higher dry
niatter production.

The (It igra ved %%-Intel -  vh eat-sui 11101cr
0 r.lge I egu ni CS 111:11 i.lgen i ci it t nd i cites that
greater infiltration is occurring mid late
suilliltet' r:nn ills .i greater chalice of being
captured as infiltration, while fallow is ellec-
tive it cotiservlltg water alreailv pi'esent in
tile soil profile. If' a rancher or firn icr 11.1(1
prior knowledge  of the likelihood of ra in
going into a sunliller. this nifbrittation could
used to .11)  ecol 10111 iC advantage. I fa dr y S11111-
])let- is f'orec,isted, ti ll I .1 fill ow ttt,in agel lid It
practice would be the best choice because
soil water will be needed for fall wheat
pl:u itlilg. If' a wetter 5011111 er is expected,
hell a dual Cropping 111.1 nagel lid lit could be

successful because sni Ililier rains could infil-
trate	

I-
trite easier and replace the soil water used
by the Suillillier crop. 'lo promote ilifiltra-
(loll, any ill ai lagen il It practice to break up
the surface crust or rough up the gru)ulid
surface to fori II II iicro-depressi oils, such as
chiselin g or disking can prolilote lilfiltratioll.
ILi cooler si.11iinler \Vitll occasional t',ntifiii is
expected, t ie i 1 dual—cropping with SL lnav
be appropriate :Iliih suecessfhl. A surface crust
ltiav not be as developed and the deeper root
system will provide increased infiltration.

Summary and Conclusions
C;raznig treatments and suminer nlaliage-
ment practices associated with no-till are
found to i nfl uen ('C late sw 1111 icr infiltra-
tion rates. Results indicate that the grazing
treatment has the greatest impact oil

 Infiltration rates, but SF conditions
also influence Infiltration. Sulilmer fallow, a
nianagenient practice typically used Ili the
Southern Great Plains, is documented as
effective at retaining water already in the soil.
Due to decreased infiltration rates associated
with the fallow practice within grazed win-
ter wheat pastures, it is not likel y that niuicli
rainfall will be captured through infiltration
and supplementin g stored soil water.

Suiiiiner iegtniies, whether	Korean

Note: The 'a' and 'b' indicate comparison between LSD means.
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I .espedeia or soybeans, with their deeper
tap roots, ii i,iv increase ni tiltr,ition rates. But
these methods can only be successful it ' there
is adeipia te precipitation to offset the use of
soil water by the legumes.

I he addition of St., to Increase beef pro-
diiction is a high risk maiiagenient practice
tisi ne soil water which n iav be needed for fdl
plantin g . Currentiv research is underway to
provide farmers so itli donate uihrniation so
that c ho ices of nih Idgeil tent practice can be
made at a lower ec000ilhic risk. It is ,idvanta-
geons to capture Is niticli late silnuner rainthll
is possi bI e lo iiic rease ti ic chance of 'a ptu
ing raniIlli troni sitinnier storms, Crop residue
with the Stalks .1 nd root structci re left iiiia c
can possibly increase infiltration as preteren-
tial flow, but this iii,i' not he Clioligh to do
an effective job. BI-Caking tip the soil surfice
by cli ski ng or chiseling alter gr.1/c-out iii ay
iii crease Surface rougi in ess ()t ' -,l field mid pro-
vi de microro t O( graphic depressions ni so hid I

to capture rainfall and promote infiltration
durnig the first rain event fhllownig till.igc.
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