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Chapter 3. Research Methods 
 

Runoff release plots were used to study ortho-P, PP, and TP concentrations in and mass 

losses via runoff from stocking rates commonly used by grazing dairies (low, high, and a 

no-grazing control) and two common types of forage (orchardgrass and broadleaf forage). 

A series of six rainfall simulations were conducted from 18 June to 11 September 2003 in 

order to generate runoff from the release plots. Runoff was collected and analyzed for 

ortho-P, PP, and TP. Total suspended solids in runoff were also analyzed. Soil samples 

taken prior to and at the completion of the study were analyzed to determine changes in 

soil total phosphorus. Forage that was cut from the runoff release plots was dried and 

weighed to determine dry biomass yields from each plot. Samples of the forage were 

analyzed to determine forage macro-mineral concentrations. 

3.1. Treatments 

Three stocking rate treatments were simulated on the runoff release plots planted in two 

forage treatments. The stocking rate treatments were low and high stocking rates; no 

stocking rate served as the control. The two forage treatments were orchardgrass 

(Dactylis glomerata) and broadleaf forage, which consisted of buckhorn plantain 

(Plantago lanceolata), red clover (Trifolium pratense), and alfalfa (Medicago sativa). 

The three stocking rate treatments and two forage treatments had four replicates for a 

total of 24 (3 stocking rate treatments × 2 forage treatments × 4 replications) runoff 

release plots. Table 3-1 lists the stocking rate and forage treatments and the stocking rate 

× forage interactions that were studied. 

 

According to the original study plan, the two forage treatments were alfalfa and 

orchardgrass. However, the runoff release plots planted in alfalfa were poorly established 

due to the high amount of rainfall that occurred between planting on April 2, 2003 and 

the beginning of the experiment series on June 18, 2003. Seed from the native pasture 

stand was in abundance due to the lack of rainfall to germinate the seed in previous years. 

As a result, a variety of broadleaf forage species, which could not be selectively removed 
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from the runoff release plots, volunteered in the plot area. These species were all 

broadleaf forages used for grazing; therefore, treatment classification was changed from 

 

Table 3-1. Stocking rate and forage treatments and stocking rate × forage 

interactions used in this study. 

Treatment or Interaction Abbreviation 

Grazing Stocking Rate  

Control Grazing CG 

Low Stocking Rate Grazing LG 

High Stocking Rate Grazing HG 

Forage  

Broadleaf Forage B 

Orchardgrass O 

Grazing Stocking Rate × Forage  

Control Grazing × Broadleaf CGB 

Control Grazing × Orchardgrass CGO 

Low Stocking Rate Grazing × Broadleaf LGB 

Low Stocking Rate Grazing × Orchardgrass LGO 

High Stocking Rate Grazing × Broadleaf HGB 

High Stocking Rate Grazing × Orchardgrass HGO 

 

alfalfa to broadleaf forage. The broadleaf forage plots consisted of an average of 60 

percent buckhorn plantain, 20 percent red clover, 15 percent alfalfa, and 5 percent other 

pasture species. In contrast to the alfalfa, orchardgrass was well-established in the runoff 

release plots by the beginning of the experimental trials. Orchardgrass plots consisted of 

an average of 75 percent orchardgrass, 20 percent buckhorn plantain, and 5 percent other 

pasture species.  
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3.2. Site Description and Preparation 

This study was conducted at the Department of Biological Systems Engineering (BSE) 

Research Farm located in Blacksburg, VA. A 33-m by 21-m site was established at the 

farm for the installation of runoff release plots. A soil survey of the site indicated the 

presence of Berks-Lowell-Rayne, Duffield-Ernest, Groseclose, and Poplimento soils 

(USDA, 1985). The site was previously managed for hay production and was last 

fertilized in spring 2002 at a rate of 78.5 kg NH4NO3 ha-1 (70 lb NH4NO3 ac-1) (split 

application), 67.25 kg P2O5 ha-1 (60 lb P2O5 ac-1), and 106.5 kg K2O ha-1 (95 lb K2O ac-1). 

Lime was last applied to the site in fall 2001 at a rate of 2802 kg ha-1 (2500 lb ac-1). 

 

The research site was sprayed with Roundup® on 22 March 2003 to kill the native forage 

crop. On the same day, soil samples were collected from random locations in the research 

site, combined into two composite samples, and sent to the Virginia Tech Forage 

Analysis Laboratory to determine fertilizer application rates for the forages planted for 

this study. Two weeks after Roundup® application, the native forage was sufficiently 

killed to allow for the layout and installation of runoff release plots. The site was divided 

into four, 2.13-m wide rows that were set 1-m apart from each other (Figure 3-1). Each 

row was roto-tilled to prepare the seedbed and then subdivided into ten, 2.13-m by 2.13-

m runoff release plots. Each plot was separated from the adjacent plot by 1 m. A total of 

40 plots were constructed, 16 of which were used for another study.   

 

All plots were seeded with either orchardgrass or alfalfa on 2 April 2003 and fertilized 

according to soil test recommendations. Twenty plots were broadcast seeded with 

orchardgrass at a rate of 28 kg ha-1 and fertilized at a rate of 179 kg P2O5 ha-1 and 45 kg 

NH4NO3 ha-1. Twenty plots were broadcast seeded with alfalfa at the rate of 28 kg/ha and 

fertilized at a rate of 179 kg P2O5 ha-1 and limed with 4485 kg ha-1. A cultipacker was 

used to compact the seedbed after seeding. The plots were irrigated from 7 April 2003 to 

16 May 2003 to ensure adequate seed germination and forage establishment. 

 



 18

 

 

 

 

 

 

 

 

Figure 3-1: Overhead representation of plot layout of runoff release plots used in 
this study*          

*Shaded plots were used for this study. Other plots were used for another research project. 

 

3.3. Runoff Release Plots 

Runoff release plots were installed according to the guidelines in the Protocol of the 

National Project for Simulated Rainfall-Surface Runoff Studies (2001). A survey of the 

research site was conducted to determine the most probable direction of runoff flow from 

each plot. A three-sided, 2-m square, steel border was installed around each plot to 
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prevent the entry of runoff from adjacent plots. Collection flumes constructed from 

stainless steel sheet metal were attached to the down-slope side of each border. A flume 

directed runoff into a subsurface collection chamber by means of a hose attached to the 

drain on the front of the flume (Figure 3-2). Plastic, 19.4-L buckets were placed in each 

subsurface collection chambers to collect runoff. Plots were re-surveyed to determine the 

average percent slope on a plot-by-plot basis. Treatments were assigned to plots using a 

randomization procedure in SAS (1990). 
 

    

 

 

 

Figure 3-2. (a) Plan view and (b) photograph of a runoff release plot. 
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Table 3-2. Average percent slope of runoff release plots. 

Plot 

Average 

Slope (%) Plot 

Average 

Slope (%) Plot 

Average 

Slope (%) 

CGB1 3.5 LGB1 2.5 HGB1 1.0 

CGB2 3.5 LGB2 2.0 HGB2 3.0 

CGB3 5.5 LGB3 8.0 HGB3 6.5 

CGB4 7.5 LGB4 5.5 HGB4 6.0 

CGO1 3.5 LGO1 1.5 HGO1 3.5 

CGO2 2.0 LGO2 3.0 HGO2 1.5 

CGO3 8.0 LGO3 6.5 HGO3 4.0 

CGO4 5.5 LGO4 7.5 HGO4 5.0 

 

3.4. Manure Supply 

Manure that was applied to simulate stocking rate on the runoff release plots was 

obtained from the Hudson Dairy Farm located in Dublin, Va. This farm is a seasonal, 

rotational grazing dairy; this study attempted to simulate the management techniques 

used by this farm. For this study, manure was collected from the farm�s �manure pad� 

where manure from the milking parlor holding area is stored. No milk or wash residue 

was mixed in with the manure stored on the pad. The manure collected from the farm was 

stored in a 213-L barrel and stored in a cool area at the BSE research farm. A sample of 

the manure was sent to Agriculture Service Laboratory at Clemson University for 

analysis (Table 3.3). Detailed manure analysis is located in Appendix C. 
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Table 3-3. Manure constituent analysis. 
Constituent Proportion Lbs per 1000 gal 

Ammonia N 0.103% 8.60 

Organic N 0.267% 27.2 

Nitrate N 3.37 ppm 0.0300 

Incorporated N  20.2 

Surface available N  17.6 

P2O5 0.271 22.6 

K2O 0.468 39.09 

3.5. Grazing Simulation 

This experiment was comprised of three 1-day simulated grazing periods with a 28-day 

rest period between each grazing period to allow for forage regrowth. This cycle is 

typical of the regrowth pattern and management strategy used for orchardgrass and 

alfalfa. Grazing was simulated on the day before rainfall simulation series 1, 3, and 5 

were conducted using pruning shears to cut the forage to a target height of 7.62 to 15.2 

cm. Forage clippings were collected in paper bags, weighed, and oven-dried. Each bag 

was then re-weighed to determine the dry-matter yield from each plot. Grab samples of 

clippings were collected from each plot, combined into a composite sample, and sent to 

the Virginia Tech Forage Testing Laboratory for macro-mineral analysis. 
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3.6. Grazing Stocking Rates 
Stocking rates were based on a hypothetical 40.5 ha dairy farm with a �low� stocking rate 

of 1 AU ha-1 and a �high� stocking rate of 2.5 AU ha-1. A manure production rate of 

0.038 m3 AU-1 d-1 was selected based on recommendations from the Animal Waste 

Management Field Handbook (1999). Manure application was adjusted to account for a 

16-h per day grazing period on the grazing paddocks. A 28-d grazing cycle was selected 

to represent the typical management strategy used for orchardgrass and alfalfa pastures. 

A manure application rate of 15 mL plot-1 for the low stocking rate and 38 mL plot-1 for 

the high stocking rate were calculated using the following equation (Ball et al, 2002): 

 MPPASRAR **=  (3.1) 

where, 

 AR = application rate of manure, m3 ha-1;    

 SR = stocking rate (AU ha-1); 

 PA = paddock/plot area (ha); 

 MP = manure production per AU per day (m3 ha-1 d-1). 

 

The manure was randomly applied to runoff release plots with a drop method on the same 

dates that simulated grazing occurred. 

3.7. Rainfall Simulations and Runoff Collection 

A Tlaloc 3000 Rainfall Simulator was used to generate runoff from the release plots to 

obtain ortho-P, PP and TP concentrations in and mass losses via runoff (Figure 3-3). The 

procedure for the rainfall simulator was conducted according to the Protocol of the 

National Project for Simulated Rainfall-Surface Studies (2001), which requires an 

average rainfall intensity of 70mm h-1. The simulator had one TeeJet TM ½ HH-

SS50WSQ nozzle placed in the center of the simulator at a height of 305 cm (10 ft) above 

the soil surface. Polyethylene tarps were attached to the top and sides of the simulator 

frame to form a windscreen in order to keep the simulated rainfall from falling onto 

adjacent plots. Five, 150-mL rain gauges were placed in an X-formation on each plot to 

determine rainfall uniformity. One gauge was placed in the center of the plot; the other 
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four were placed such that they were 60 cm from two intersecting sides of the closest 

corner.  

 

 
 

Figure 3-3. (a) Drawing of the Tlaloc 3000 Rainfall Simulator with dimensions and (b) 
photograph of the simulator in the field. 

 

Dates on which rainfall simulations occurred are listed in Table 3-4. Rainfall simulations 

were conducted until 30-min of runoff from the release plots was captured by the bucket 

in the underground collection chamber. At 30 min, the bucket was removed and replaced 

with another to capture any remaining runoff. The bucket containing the first 30 min of 

runoff was weighed to determine the average runoff flow rate. A 250-mL grab sample of 

runoff was collected and placed in a cooler before being delivered to the BSE Water 

Quality Laboratory for analysis. The bucket containing the runoff that occurred after the 

first 30 min was also weighed. The time to the start of runoff and the time for runoff to 

cease after the simulated rainfall ended were recorded. Natural runoff was to be collected, 

weighed, and sampled for laboratory analysis according to the original study plan. 

However, this was not possible due to the large amount of natural rainfall that occurred 

during the study period.   

 

(a) (b)
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Table 3-4:  Rainfall Simulation Dates by Plot 

Plot ID Rainfall Series         
  1 2 3 4 5 6 
CGA1 6/23/2003 7/15/2003 7/22/2003 8/11/2003 8/18/2003 9/9/2003 
CGA2 6/23/2003 7/15/2003 7/22/2003 8/11/2003 8/18/2003 9/9/2003 
CGA3 6/24/2003 7/14/2003 7/21/2003 8/11/2003 8/18/2003 9/9/2003 
CGA4 6/24/2003 7/14/2003 7/21/2003 8/11/2003 8/18/2003 9/9/2003 
CGO1 6/18/2003 7/9/2003 7/16/2003 8/6/2003 8/14/2003 9/5/2003 
CGO2 6/18/2003 7/9/2003 7/17/2003 8/6/2003 8/14/2003 9/3/2003 
CGO3 6/19/2003 7/10/2003 7/17/2003 8/6/2003 8/14/2003 9/3/2003 
CGO4 6/19/2003 7/10/2003 7/17/2003 8/6/2003 8/14/2003 9/4/2003 
HGA1 6/25/2003 7/15/2003 7/22/2003 8/12/2003 8/20/2003 9/11/2003 
HGA2 6/24/2003 7/15/2003 7/22/2003 8/12/2003 8/20/2003 9/10/2003 
HGA3 6/24/2003 7/16/2003 7/23/2003 8/13/2003 8/19/2003 9/10/2003 
HGA4 6/24/2003 7/16/2003 7/23/2003 8/13/2003 8/19/2003 9/10/2003 
HGO1 6/20/2003 7/11/2003 7/18/2003 8/7/2003 8/15/2003 9/5/2003 
HGO2 6/20/2003 7/11/2003 7/18/2003 8/7/2003 8/15/2003 9/5/2003 
HGO3 6/20/2003 7/11/2003 7/18/2003 8/7/2003 8/15/2003 9/8/2003 
HGO4 6/20/2003 7/10/2003 7/18/2003 8/7/2003 8/15/2003 9/8/2003 
LGA1 6/25/2003 7/15/2003 7/22/2003 8/12/2003 8/20/2003 9/11/2003 
LGA2 6/24/2003 7/15/2003 7/22/2003 8/12/2003 8/20/2003 9/11/2003 
LGA3 6/24/2003 7/16/2003 7/23/2003 8/13/2003 8/19/2003 9/10/2003 
LGA4 6/24/2003 7/16/2003 7/23/2003 8/13/2003 8/19/2003 9/10/2003 
LGO1 6/20/2003 7/11/2003 7/18/2003 8/7/2003 8/15/2003 9/5/2003 
LGO2 6/20/2003 7/11/2003 7/18/2003 8/7/2003 8/15/2003 9/5/2003 
LGO3 6/20/2003 7/11/2003 7/18/2003 8/7/2003 8/15/2003 9/8/2003 
LGO4 6/20/2003 7/10/2003 7/18/2003 8/7/2003 8/15/2003 9/8/2003 

 

Determination of plot series order was determined by the maturity of the stands. The 

orchardgrass stands were ready for simulations before the alfalfa plots. Plots were run 

randomly for the first series and this order was maintained for all other series. This was 

done in keeping with simulating the proper conditions for grazing in the MIG simulation. 

However, confounding associated with changes in soil saturation due to the lack of 

control for natural rainfall events was introduced. 

3.8. Laboratory Analyses of Runoff 
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Grab samples of runoff were stored in a cooler at 4 oC until ortho-P, TP, and total 

suspended solids (TSS) analyses could be performed. Samples were filtered using 0.45-

µm filter to obtain filtrate for the ortho-P test. The Hach spectrophotometer, ascorbic acid 

method as PO4 � P was used to determine ortho-P (<0.45) (Method 8048 for low range 

and 8114 for high range). Total P in the runoff was tested using the acid persulfate 

digestion method of Hach (Method 8190 for low range and 10127 for high range). 

Particulate P in the runoff was calculated by subtracting ortho-P from TP. Total 

suspended solids were tested using the EPA 160.2 / SM 2540 D method for a vacuum 

system (Clesceri at al., 1998). 

3.9. Simulated Rainfall Uniformity Analysis 

A uniformity coefficient (UC) was utilized to determine whether the simulated rainfall 

was evenly distributed over plots using the following equation: 

y
x−= 1 UC         (3.2)  

where, 

UC =  Uniformity Coefficient 

x = avg. absolute deviation depth from mean rainfall 

y = average rainfall. 

 

Uniformity coefficients for the simulations are listed in Appendix: E. 

 

3.10 Statistical Analyses of Data 
This experiment was set up as a randomized complete block with factorial design. 

Statistical analysis of data was performed using SAS (1990).  Runoff data was analyzed 

using the PROC MIXED procedure of SAS (1990) for forage and manure treatment 

effects on runoff depth. Water sample mass and concentration levels of ortho-P, PP, TP, 

and TSS were all analyzed for forage and manure treatment effects and for contrasts 

between grazed and un-grazed series. Least square means (LSM) for these data were 

compared using Fisher�s Least Significant Difference (LSD).   
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Soil and forage samples were analyzed with the PROC GLM procedure of SAS (1990) 

for forage and manure treatment effects on soil P levels and forage mineral-P levels.   


