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Fig. 3. Placement of manure within simulated grazed plots. Filled circles indicate manure
deposits; the nearest number near a filled circle indicates the experimental week on which the
manure was deposited.



Table 2. Properties of cattle manure.

Parameter Mean! SD?
------------- mg/kg -------------

HO 814,800 23,200
Total N 22,500 3,600
P 5,840 1,890
K 3,400 1,640
Cu 36 21
Zn 114 41

! Mean of 12 samples
? Standard deviation

The rotational grazing strategy was simulated by applying 5.6 kg manure/plot as 4 1.4-kg
deposits once each four weeks. The locations of the manure deposits were the same as for the
simulated conventional grazing strategy. The only difference in the simulated conventional and
rotational grazing strategies was, then, the timing of application of manure deposits, since the
amounts deposited arid the locations of those deposits were the same as for the simu-lated
conventional grazing strategy. |

At 4, 8 and 12 weeks following the beginning of manure deposition, simulated rainfall
was applied to all nine plots. The simulated rainfall intensity was 50 mm/hr, maintained until 0.5
hr runoff had occurred from each plot. Total rainfall duration therefore generally differed
between plots, but runoff duration was constant. Runoff was sampled (approximately 1 L sample
size) at 2, 4, 6, 8, 16, 24 and 30 min after the beginning of runoff. The time required to collect
each sample was recorded to enable calculation of runoff rates. The runoff samples were then

prepared and analyzed as described previously. The effects of the experimental variables
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(grazing strategy and grazing duration) on concentrations and mass transport of analysis
parameters were determined through analysis of variance (ANOVA).
Objective 2

This objective was accomplished in September, 1996 using three of the longer (30.5 m)
plots described previously. The upper 12.2 m of each plot served as a simulated grazed area, as
indicated in Fig. 2, while the remaining 18.3 m served as a buffer strip. In contrast to the random
application of manure in Objective 1, the manure (total of 13.6 kg/plot) was applied only to the
lower 1 m of the 12.2 m-long simulated grazed area. The rationale for this approach was that our
data from the first objective suggested that incoming N and P concentrations might be
insufficient to enable an accurate assessment of buffer strip performance if the manure were
randomly applied within the simulated grazed area. Applying the manure only to the bottom of
the simulated grazed area would promote measurable incoming pollutant concentrations and
cause the data on buffer strip performance to be conserva‘;ive, reflective of a near-worst case
scenario.

Simulated rainfall was applied to each entire plot at 100 mm/hr until 1 hr of runoff had
occurred. The relatively high simulated rainfall intensity was selected after a practice ekperiment
indicated a very high infiltration capacity of the plots. Runoff samples were collected at 0, 6.1,
12.2 and 18.3 m down-slope of the simulated grazed area two minutes following the beginning of
runoff and at 10-minute intervals thereafter. The samples were prepared and analyzed as
described earlier for Objective 1. For this objective, then, the treatment variable was buffer strip

length (with levels of 0, 6.1, 12.2 and 18.3 m) with three replications of each variable.
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RESULTS AND DISCUSSION
Objective 1

Table 3 lists mean runoff concentrations of the analysis parameters. In general,
concentrations of analysis parameters were significantly (p<0.10) affected by both grazing
treatment and grazing duration. The exception was PO,-P, which was significantly affected only
by grazing duration (the data for PO,-P concentrations in Table 3 are averaged across grazing
treatments). In the cases of NO;-N (p=0.01) and NH,-N (p<0.001), the interaction between
grazing treatment and duration was also significant.

The results with regard to soluble nutrients are similar to findings from other studies, in
that concentrations are generally similar to background levels (i.e., concentrations measured for
the control plots). There is also no consistent correlation between mean concentrations and
either grazing treatment or duration. For example PO,-P concentrations increased with grazing
duration and did not depend on grazing treatment, while NO,-N concentrations decreased with
grazing duration and were highest for the CG grazing treatment. Except for the atypically high
NH,-N concentrations on the control plots at 12 weeks after initiation of grazing, there would be
no effect of either grazing treatment or duration on runoff NH,-N concentrations. In contrast,
runoff concentrations of FC were significantly greater for the manure-treated plots than for the
control plots, typically differing by two orders of magnitude. The concentration findings thus
corroborate those reported previously, in that grazing effects on runoff quality were more evident

in terms of microbiological water quality parameters than in chemical or physical parameters.
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Table 3. Flow-weighted mean runoff concentrations of analysis parameters.

Parameter/ Grazing Duration
QGrazing
Treatment'
4 Weeks 8 Weeks 12 Weeks
——— mg/L
NO,-N?
X 0.55 0.42 ' 0.15
CcG 0.66 0.41 0.28
RG 0.39 0.33 0.27
NH,-N*
X 0.30 0.51 2.03
CG 0.36 0.53 0.39
RG 0.22 0.62 0.39
TKN?
X 1.44 1.87 1.80
CG 1.77 - 224 2.10
RG 2.16 3.99 2.56
PO,-P’ 0.36 0.84 0.95
cfi/100 mL -
FC*
X 7.8x 10° 3.9x 10 1.1x 10
CG 3.6 x 10° 1.1 x10* 3.4x10°
RG 1.2 x 10° L1 x10° 4.4 x10°

! X is control (no grazing), CG is conventional grazing and RG is rotational
grazing.

. % Arithmetic mean of three samples.

* Arithmetic mean of nine samples (averaged across grazing treatments).

* Geometric mean of three samples.
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Runoff mass transport of nutrients is given in Table 4. One of the most noteworthy
findings was that mass transport was quite low, usually only a few g/ha. Analysis of variance
indicated différences due to both grazing treatment and duration, as was the case for
concentrations. It is also apparent from Table 4 that mass transport was highest for the rotational
grazing treatment, and that values of mass transport were higher for the longer grazing durations.
These results, however, are attributed entirely to plot-to-plot differences in runoff. Table 4 also
reports values of Soil Conservation Service (1972) curve number parameter (CN), separated
according to grazing treatment and duration. The value of CN is a measure of the soil’s
propensity to contribute runoff. Higher values indicate greater runoff, all other factors being
equal. Values of CN were also found during ANOVA to be dependent on both grazing treatment
and duration. As indicated in Table 4, CN values were generally greater for the rotationally
grazed plots and higher for the longest duration than others. This finding mirrors the mass
transport results. Since concentrations generally demonstrated no clear association with grazing
treatment or duration, and since mass transport is the product of concentration and runoff, the
mass transport results must necessarily be strongly associated with the runoff results.

It is reasonable to ask now why the values of CN varied acéording to grazing treatment
and duration. Differences in CN, in other words to runoff characteristics, are attributed to
inherent spatial variability in soil hydraulic properties and soil moisture. The plots used and
assigned to the v_arious treatments were selected randomly, so no bias in that regard was present.
It is also unlikely that the manure itself significantly affected thé hydraulic properties. Only a
few percent of plot area would have been covered by manure, even at the end of the experiment.
Also, as shown in Table 4, there is again no clear relationship between CN and grazing treatment

or duration, except that the rotationally grazed plots generally had higher CN values.
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Table 4. Mean' mass transport and runoff curve numbers.

Parameter/ Grazing Duration
Grazing
Treatment”
4 Weeks 8 Weeks 12 Weeks
CN
X 40.6 52.9 56.6
CG 31.7 39.8 78.5
RG 74.2 62.5 77.8
g/ha
NO;-N
X 5.8 53 4.4
CG 10.2 4.3 29.1
-RG 19.0 12.6 29.7
NH;-N
X 3.1 7.4 61.3
CG 5.8 5.7 42.6
RG 10.6 22.2 34.1
TKN
X 15.3 23.6 61.4
CG 28.6 30.5 230.9
RG 105.7 ' 147.2 ©256.0
PO,-P
X 4.0 10.5 221
CG 6.2 94 114.4
RG 8.1 45.5 124.1

! Arithmetic mean of three samples.
2 X is control (no grazing), CG is conventional grazing and RG is rotational
grazing.
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We therefore conclude that nutrient transport was not appreciably affected by grazing treatment
or duration. Rather, in the absence of a treatment variable effect on runoff concentrations, the
mass transport results were dominated by runoff amounts.

Objective 2.

The buffer strips had no effect on concentrations or transport of NO,-N or NH,-N. Mean
runoff concentrations of NO3-N and NH3-N were 0.20 and 0.65 mg/L with standard deviations
of 0.09 and 0.23 mg/L, respectively.. Mean runoff transport of NO;-N and NH;-N was 178 and
621 mg with standard deviations of 119 and 339 mg, respectively. The buffer strips had a very
significant effect (p<0.001), however, on concentrations of TKN, PO,-P, TSS and FC in runoff.
The buffer strips reduced (approximately 70 to100%) the concentration of each of these
parameters and removed high proportions (approximately 70-80% for TKN, P(j4-P and TSS) of
the incoming mass. The effects of the buffers on TKN, PO,-P and TSS runoff concentrations arc
shown in Figs. 4-6, while the effects on transport are given in Figs. 7-9. The effects of the buffer
strips on runoff FC concentrations are not depicted, because no FC was detected in runoff for
buffer strips of 6.1 m and greater, even though the geometric mean incoming FC concentration
was 1.85 x 10° ¢fu/100 mL.

Tt should be noted that Figs. 4-6 indicate somewhat elevated concentrations of TKN, PO*-
P and TSS entering the buffer strips; i.e., leaving the manure-treated portion of the plot. As
pointed out earlier, the application of the manure to the manure-treated portions of the plots was
specifically intended to promote relativély high runoff concentrations of manure concentrations
entering the buffer strip. The reason, as stated previously, was to ensure that the results would

enable an assessment of those buffer strips’ effectiveness with regard to removing cattle manure
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Figure 4. Mean runoff total Kjeldahl nitrogen concentration as a function of buffer strip length.
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constituents from incoming runoff. The reason was not to replicate concentrations that might be
reasonably expected in runoff from a grazed pasture. The results of the first objective of this
study are better suited to the question of reasonably-expected concentrations, and Table 3 shows
that they are much lower than those given in Figs. 4-6.

Only the first 6.1 m of the buffer strips were responsible for the improvements in runoff
‘ quality that were observed. Means separation indicated that incoming concentrations and
transport of TKN, PO4-P, TSS were significantly greater than those measured at buffer strip
lengths of 6.1 and greater, but that there was no significant change in concentration or transport
beyond a buffer strip length of 6.1 m.

The buffer strips performed better than expected, especially with regardrto removal of
bacteria in incoming runoff. One of the reasons for the good performance is most likely related
to the infiltration capacity of the buffer strips. The proportion of simulated rainfall that
infiltrated the plots was quite high, averaging 3.3%. In the introductory section of this report, it
was noted that infiltration can be one of the most important factors in determining buffer strip
performance for grassed pollutant source areas (e.g., pasture). Overcash et al. (1981) and
Edwards et al. (1996) have clearly demonstrated how a relatively high proportion of infiltrating
rainfall translates directly into relatively high purification of incoming runoff. While buffer
strips on less permeable soils might not perform as well as those of this; study, the data of this
report indicate that buffer strips can perform quite well, even with regard to bacteria removal, on
soils with high infiltration rates. Another reason for the good performance of the buffer strips 18
likely the length of the strips relative to the characteristics of the pollutant source area. A longer

or more runoff-prone (e.g., cropland) poliutant source area would have generated more runoff,
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and buffer strip performance decreases with incoming amount of runoff (Overcash et al., 1981;

Edwards et al., 1996).
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SUMMARY AND CONCLUSIONS

This study assessed the effects of cattle grazing strategy (control, conventional grazing
and rotational grazing) and grazing duration on runoff quality with respect to N, P and FC. The
study also evaluated the performance of grassed buffer strips in improving the quality of runoff
from areas having cattle manure applied. The grazed pasture was simulated by plots established
in Kentucky 31 “tall” fescue and having beef cattle manure applied. The runoff was caused by
application of simulated rainfall.

Runoff N and P concentrations demonstrated no consistent dependence on either grazing
strategy or grazing duration and were not substantially different from those measured for the
control plots. Runoff concentrations of FC for the simulated grazed plots were higher than from
control plots but did not depend on whether conventional or rotational grazing was being
simulated. These findings suggest that when manure deposition within a grazed field is random,
runoff transport of nutrients from may not be significantly greater than for background
conditions of similar soils and vegetation. The findings corroborate earlier findings in that runoff
quality in terms of bacteria content might be more difficult to address than in terms of nutrient
content.

The buffer strips performed well in removing incoming nutrients, solids and FC. The
good performance of the buffer strips is attributed to high infiltration rates of the experimental
plots and to the fact that the buffer strips were not dominated by high incoming nmqff. It is
likely that the buffer strips could have been shortened substantially without seriously diminishing
buffer strip performance, in view of the infiltration characteristics of the plots. The findings
indicate that if reductions in nutrient, solids and bacteria transport in runoff from grazed pasture -

are desired (assuming they are significantly greater than background levels), then buffer strips
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can be effective in helping meet this goal. The performance of a buffer strip would depend on
several factors (e.g., soil, incoming runoff amount, and incoming concentrations), but it 1s
possible to achieve very high proportions of pollutant removal with this relatively Jow-cost and

low-maintenance practice.
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