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Chapter 5. Summary and Conclusions 

 

Manure treatment had no significant (p > 0.05) affect on TP or ortho-P mass or 

concentration losses. Statistical analysis indicated that PP mass and concentration losses 

were significantly (p < 0.05) higher for the high manure density; however, this was a 

result of dramatically higher PP losses in Series 1 for the high manure density. When 

considering the time interaction, the results clearly demonstrate that the unusual high PP 

rate from Series 1contributed to the statistical differences observed in TP. Statistical 

analysis of the data, excluding the outlier values from Series 1, indicated no significant (p 

> 0.05) difference between manure treatments for subsequent series. The high PP losses 

in Series 1 were likely due to installation of the runoff release plot borders, associated 

soil disturbance, and the sparse ground cover in the early season. As the soil that was 

disturbed during border installation allowed settling in over a two week period, this PP 

loss was corrected. Establishment of the grass stands further reduced the potential for PP 

loss as the ratio of bare ground to plant cover was reduced.  Losses of PP from the high 

manure density were significantly higher than from all other manure treatments in all 

series, which suggests that installation of these plots may have resulted in excessive soil 

disturbance. This is further demonstrated by the decline of TSS losses after Series 1.  

 

Forage treatments had a significantly (p < 0.05) lower TP mass loss for the orchardgrass 

treatment. However, no significant (p > 0.05) effect was found between forage treatments 

for PP and ortho-P mass losses or for any concentration losses. The mass losses for TP 

were highest during Series 1 and significantly (p < 0.05) higher during Series 1 than 
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during Series 2, 4 and 6. This is likely due to the soil disturbance from the plot border 

installations just prior to series 1. Mass losses of PP were significantly (p < 0.05) higher 

during Series 1 than during all other series. The combination of these unusually high 

mass losses coupled with ortho-P losses in Series 1 contribute to the significant (p < 0.05) 

difference in mass losses for overall TP. 

 

Patterns of P losses over the simulation season indicate how establishment and growth 

height affect forage losses. The effect of the establishment stage of the forage stand is 

demonstrated by the increase in forage mass removal over the simulation season and the 

higher removal mass of orchardgrass observed in grazing simulation series 1. Excluding 

outlier values of losses from Series 1 that were influenced by installation soil disturbance, 

the orchardgrass treatments fall into a cyclical pattern of P loss consistent with the forage 

height associated with the management practice. Losses were highest when forage was 

cut during grazing simulations and canopy height was low. Regrowth simulations 

indicate a trend of lower losses for TP. The faster establishment of the orchardgrass 

stand, in comparison to broadleaf forage, and steady P loss values indicated that 

orchardgrass forage may have controlled P losses earlier in the season. Analysis of ortho-

P and PP indicate that, over time, the orchardgrass steadied ortho-P losses earlier in the 

season while broadleaf treatments demonstrated a steady increase in ortho-P loss up until 

Series 5. This lends support to the conclusion that the faster establishment of 

orchardgrass and stand growth control ortho-P losses more effectively earlier in the 

establishment season. However, the inability of the broadleaf treatment to level out ortho-

P losses until the late season indicates that it is not as effective in the establishment year 
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in controlling ortho-P loss in runoff. Losses of PP were not significantly (p > 0.05) 

different for the forage treatment, and indicate that PP is not affected by the 

establishment stage of the forage stand.  

 

Contrasts between rainfall simulation series where grazing occurred and where forage 

was not cut indicate that the forage height did control losses of ortho-P, PP, TP and TSS.  

Losses were consistently lower in the ungrazed simulations when forage was at its target 

regrowth height.  The lack of a significant contrast on the runoff amounts lost indicates 

that the forage was effective in preventing rainfall impact from dislodging soil particles 

from the surface and acted as a sufficient filter for removing P constituents and TSS from 

runoff.  The significant contrast between the first grazed period and the second shows 

how the soil disturbance before series 1 and the early stage of establishment contributed 

to the higher losses observed in series 1.   

 

The results of this study indicate that livestock producers wanting to control nutrient 

losses from grazing lands should consider the potential of the forages they select and the 

location of those forages in their grazing system.  The observed reduction of nutrient 

losses from the orchardgrass early in the season suggests that the forage is a good 

selection for a producer wishing to control nutrient losses early in the season in runoff 

prone areas.  The slower establishment of the broadleaf forage and its inability to control 

nutrient losses early in the season suggest that it may be best utilized in areas with low 

runoff potential to minimize nutrient losses to streams.  Further study is recommended to 
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determine the long term effects of these forage types on nutrient losses to runoff in more 

mature, established stands. 

 
 
Recommendations for Future Study 

Due to the nature of this study, long term effects of forage stand establishment could not 

be determined. Therefore, the following recommendations for further study are listed as 

follows: 

! Provide an acclimation period of one to two weeks between plot border installation 

and rainfall simulations to allow soil disturbances to settle and not influence runoff 

concentrations. 

! Install plot borders so as to reduce soil disturbance and modify runoff collection pans 

to reduce the need for soil disturbance when installing the collection setup.  

! Maintain and conduct rainfall simulation studies on forage plots for consecutive 

seasons after establishment to track trends in P losses over time as the forage stand 

establishes and matures. 

! Simulate cattle traffic on the MIG runoff release plots to better reflect real world 

conditions on the plots. 

! Incorporate a study of root development in the forage stand to determine the effect of 

the root zone establishment on P uptake and utilization over consecutive seasons.   


