
Grazed stubble height along the greenline as a water quality indicator
by Robert Joseph Finck

A thesis submitted in partial fulfillment of the requirements for the degree of Master of Science in
Animal and Range Sciences
Montana State University
© Copyright by Robert Joseph Finck (2003)

Abstract:
Two Montana ranches were chosen to evaluate the effects of grazed stubble height on water quality.
Within each ranch, the study was replicated with three pastures. Using a 7.5 cm stubble height as an
indicator, cattle were moved to the next pasture. Black Angus yearling heifers were used on each ranch
with a stock density of 10 heifers per hectare. Cattle went on both ranches the first week of July. Water
samples were taken at the upper and lower fence lines of each pasture to obtain a direct measure of
cattle impact. Water quality parameters measured were fecal coliform, nitrate, orthophosphate, pH,
temperature and suspended sediment.

Grazing a greenline to a 7.5 cm stubble height had no effect on nitrate, pH, temperature, and suspended
sediment in 1999 and 2000. Fecal coliform and orthophosphate levels at the Bandy and Bair Ranches
were significantly higher in grazed stream reaches in 1999 and at the Bair Ranch in 2000.

Stream temperature was not different between grazed and ungrazed reaches at either ranch, however,
temperature and fecal coliform levels were highly correlated at the Bair Ranch. At the Bandy Ranch,
stream temperature levels were not correlated with fecal coliform counts. Some other parameter not
tested caused the increased fecal coliform levels during the grazing periods.

On the Bair Ranch, depressed stream flow due to drought probably influenced the elevated water
temperatures.

Even though cattle use was associated with elevated fecal coliform levels, stubble height and days in
pasture did not account for the change. Furthermore, state standards for fecal coliform were seldom
exceeded when flows were high and water temperature <18 degrees C. Stubble height standards appear
to be poor indicators of the impact of cattle grazing on water quality.  
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ABSTRACT

Two Montana ranches were chosen to evaluate the effects of grazed stubble height on 
water quality. Within each ranch, the study was replicated with tlrree pastures. Using a 
7.5 cm stubble height as an indicator, cattle were moved to the next pasture. Black 
Angus yearling heifers were used on each ranch with a stock density of 10 heifers per 
hectare. Cattle went on both ranches the first week of July. Water samples were taken at 
the upper and lower fence lines of each pasture to obtain a direct measure of cattle 
impact. Water quality parameters measured were fecal coliform, nitrate, ortho
phosphate, pH, temperature and suspended sediment.

Grazing a greenline to a 7.5 cm stubble height had no effect on nitrate, pH, 
temperature, and suspended sediment in 1999 and 2000. Fecal coliform and ortho
phosphate levels at the Bandy and Bair Ranches were significantly higher in grazed 
stream reaches in 1999 and at the Bair Ranch in 2000.

Stream temperature was not different between grazed and ungrazed reaches at either 
ranch, however, temperature and fecal coliform levels were highly correlated at the Bair 
Ranch. At the Bandy Ranch, stream temperature levels were not correlated with fecal 
coliform counts. Some other parameter not tested caused the increased fecal coliform 
levels during the grazing periods.

On the Bair Ranch, depressed stream flow due to drought probably influenced the 
elevated water temperatures.

Even though cattle use was associated with elevated fecal coliform levels, stubble 
height and days in pasture did not account for the change. Furthermore, state standards 
for fecal coliform were seldom exceeded when flows were high and water temperature 
<18 degrees C. Stubble height standards appear to be poor indicators of the impact of 
cattle grazing on water quality. ■ •
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CHAPTER I 

INTRODUCTION

Numerous management decisions and policies have been made regarding grazing 

practices along streams to protect water quality (Hall and Bryant 1995, Beaverhead N.F. 

1997). Montana has a prescribed grazing standard to protect and enhance water quality, 

soil, plant communities, and other rangeland resources on private property (Lee- 

Campbell et ah 1999). To improve riparian areas and enhance water quality on National 

Forest lands, the USDA Forest Service adopted stubble height standards of 7.5 to 10 cm 

to assure sediment entrapment before it enters the stream (Clary and Webster 1989, Hall 

and Bryant 1995). This policy is supported by a laboratory study conducted by Abt et al. 

(1994) that indicated that the optimum stubble height to collect sediment and rebuild 

banks is 7.5 cm. However, a review by Belsky et al. (1999) said that grazing has led to 

increased sediment load to receiving streams. This is in direct contradiction to 

recommendations by Clary and Webster (1989) that 10 to 25 cm of “residual stubble” is 

needed to maintain plant health and filter sediment. Hall and Bryant (1995) reported that 

7.5 cm stubble height would indicate when key species would be grazed too much to 

recover. Montana prescribed grazing standards allow for a sufficient stubble height to 

remain following grazing, but call for that remainder to be along the greenline. In 

contrast to these recommendations, Skinner (1998) claimed that stubble height made no 

difference in the improvement of water quality. These studies all have the same goal of 

improving stream water quality, but lead to confusion over the actual techniques to



2

follow to limit the impacts of grazing to riparian areas. Confusion is heightened because 

all but one of the reports (Abt et ah 1994) are based on field observation and professional 

opinion. According to Tiedemann et al. (1989), there was no apparent relationship
V,

between cattle grazing, or the intensity of grazing management and water quality. In 

most cases, stocking rates were too low to detect any kind of a response. They found that 

sampling was generally not frequent enough to allow for any comparisons. On a spring 

creek in Wyoming, two separate studies were done on the same creek two years apart. 

Both studies looking at stubble heights, each found different results on how sediment and 

contaminates could be filtered out (Rumsey 1996, Grey et al. 1997). Rhodes et al. (1995) 

found that separate reaches within the same stream would react differently to the same 

grazing treatment. Does stubble height indeed help to improve water quality or are 

results location dependent, and can they be reproduced in other areas? With these 

questions in mind, the goal was to expand the scientifically derived information base on 

stubble height criteria for the protection of water quality on grazing lands.

To evaluate the effects of grazed stubble height on water quality I compared a 7.5 cm 

stubble height, replicated three times on two separate ranches and streams. This was 

done to evaluate the interaction between streams in different geographic locations and the 

grazing treatment.



CHAPTER 2

LITERATURE REVIEW

Witliin recent years, livestock grazing in riparian zones has become a much-debated 

topic. Until roughly the 1980’s, riparian areas were often set aside as hold over or waste 

areas for livestock (Beetle 1956, Kauffinan and Krueger 1984). Because of the lush 

vegetation and excess water, cattle congregated in these areas for long periods of time 

and began to negatively impact them. Consequently new management ideas and grazing 

strategies were needed to improve the riparian zones that were grazed by livestock. 

However, early decisions on grazing management were often drawn from years of 

experience, rather than scientific data. In an effort to inform managers about the 

scientific information base, Kauffman and Krueger (1984) published a review on 

livestock impacts to riparian ecosystems. They concluded that proper management of 

these fragile riparian zones would decrease stream bank erosion (Duff 1979), increase 

forage production, and increase wildlife habitat (Duff 1979). A recent survey of 

livestock influences along stream systems concluded that cattle have destroyed most of 

the riparian areas in the western U.S. (Belsky et al. 1999). These two separate reviews 

spanning 15 years show that the effects or management of cattle in riparian zones still are 

not well understood or substantiated by the small scientific data base. Or at least the 

conclusions they contain are not drawn from replicated studies. The literature of range 

management and specific information related to livestock and riparian zones is a



controversial subject (CBrothers 1977). Consequently, opinion takes precedence over 

what little research data has been developed and documented.

Livestock managers continue to be questioned about the effects of grazing riparian 

areas and how this may affect the water quality of the streams. One source of 

controversy is the level or amount of grazing (utilization) to be allowed in riparian areas. 

Utilization levels or stubble heights of riparian vegetation are thought to be an important 

tool to understand the impacts and health of riparian ecosystems. Many managers feel 

that a higher stubble height along the stream edge will improve or protect water quality 

(Beaverhead N.F. 1997). Most of the research done has conflicting opinions, results, or 

personal experiences.

Stubble height is currently being explored as a possible management tool to be used 

to determine when to move livestock and to set grazing limits to protect streamsides and 

water quality. Management decisions and policy have been made regarding the height of 

grazed stubble along streams to .protect water quality (Beaverhead N.F. 1997). Stubble 

height is usually determined by an average height from transects placed along the stream 

(Clary and Leininger 2000).

Flail and Bryant (1995) recommended moving livestock from riparian pastures when 

a 7.5 cm key forage species stubble height was attained to relieve grazing pressure on 

browse species. This was based on observations of excessive grazing and browsing when 

stubble height was reduced below 7.5 cm.
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Some researchers (Abt et al. 1994) have also suggested that grazing vegetation on 

stream banks to a specific stubble height may be a management tool to help rebuild banks 

and collect new sediment for riparian vegetation establishment

These recommendations were bolstered by results from cropland studies like those of 

Daniels and Gilliam (1996) and Fajardo et al. (2001) that reported substantial reductions 

in sediment transport and nitrates through implementation of vegetated filter strips. 

However, very few of the filter strip studies have focused on grazing management.

Grazed stubble increases channel roughness along the banks and dissipates stream 

energy sufficiently to cause sediment deposition (DeBano and Heede 1987, DeBano and 

Sclnnidt 1989). A laboratory study conducted by Abt et al. (1994) indicated that the 

optimum stubble height to collect sediment and rebuild banks was 7.5 cm. Once the 

stubble was short enough to become rigid and not lay over, the flow resistance increased 

sufficiently to initiate sediment deposition. Rumsey (1996) found that vegetation filtered 

sediment from a Wyoming spring creek, but that stubble height did not affect sediment 

deposition. A 7.5 cm stubble filtered at least as much sediment or more than the 22.5 cm 

stubble height. However, Grey et al. (1997) found that the shorter stubble stopped and 

held sediment on the same stream under high flood levels. Tall vegetation along the 

banks helps protect banks by slowing down erosion (Chow 1959). This is because when 

stream discharge exceeds bank full, tall grass lies down in the direction of flow. Little 

erosion then occurs but there is also insufficient friction to increase sediment deposition 

to further rebuild banks (Haan and Barfield 1978). Like Chow (1959), Grey et al. (1997)
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found that taller vegetation was essential to hold the captured sediment and protect''new 

banks when the large flood events occurred.

In contrast to these studies, Belslcy et al. (1999) concluded that grazing has led to 

increased sediment loading to receiving streams without regard to stubble heights.

Meehan and Platts (1978) stated livestock affect riparian areas directly by trampling 

and altering runoff and sediment loads. The general consensus is “if livestock are 

excluded from all or most of the watershed, recovery of channel morphology is more 

likely” (Kondolf 1993). These disparate accounts in the literature lead to confusion over 

the impacts of grazing in riparian areas.

For example, to improve riparian areas and enhance water quality, the USDA Forest 

Service adopted stubble height standards of 10 to 15 cm (Clary and Webster 1989) to 

assure sediment entrapment before it enters the stream (Clary and Webster 1989, Hall and 

Bryant 1995). Unlike Clary and Webster (1989), the stubble height recommended by 

Hall and Bryant (1995) is supported by a laboratory study conducted by Abt et al. (1994) 

that indicated that the optimum stubble height to collect sediment and rebuild banks is 7.5 

cm. This is in direct contradiction to recommendations by Clary and Webster (1989) that 

10 to 15 cm of “residual stubble” is needed to maintain plant health and filter sediment. 

Hall and Bryant (1995) contradicted the former standard by pointing out that the 7.5 cm 

stubble height is tolerable and once the height was reached, key species would be grazed 

harder. Clary and Leininger (2000) recommended a 10 cm stubble height for the best 

compromise in most situations.

S
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Grazing Systems

In addition to the confusion over stubble height, natural resource management 

literature also contains conflicting arguments over whether or not livestock grazing is 

destructive to riparian ecosystems (Davis 1982). It has been well documented that 

continuous heavy grazing by livestock can lead to severe riparian damage (Chaney et al. 

1990, Platts 1982). Under continuous grazing, cattle may lomige all day within the 

riparian zone and on banks of the stream. Many management plans have been designed 

to overcome this behavior and lessen impacts by livestock. In a review by Kauffman and 

Krueger (1984), rest-rotation schemes and/or specialized grazing schemes were reported 

to be more beneficial and have fewer impacts than continuous yearlong grazing. 

Kauffman (1982) found that the use of specialized grazing systems (such as rest rotation, - 

deferred rotation, riparian pasture, seasonal riparian grazing, short duration/high intensity 

grazing and corridor fencing) improved livestock production and increased riparian plant 

vigor and productivity, and produced minimal soil disturbance.

While many management plans have been devised to benefit riparian zones, they 

should be used correctly and for specific sites. Davis (1982) found that a rest-rotation 

system was a cost effective and successful method for riparian rehabilitation. Rest- 

rotation plans allow rest periods for riparian vegetation to recover from past grazing 

utilization by allowing cattle grazing on all but one pasture each year. The disadvantage 

of such plans is that livestock graze the riparian area within the pasture continuously until 

moved to a new pasture. This continuous use can lead to degraded stream banks which in
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turn can decrease water quality from erosion. In addition, rest-rotation grazing cannot be 

implemented without aggressive management (Platts and Nelson 1985a), and streamside 

habitats should be identified as separate management units to handle the increased, 

concentrated effects of livestock grazing (Platts 1979) even though livestock may be 

there for a shorter amount of time.
I

Deferred rotation:

Deferred rotation is used to give vegetation longer recovery time by shifting the 

season of use so livestock do not always enter pastures at the same time each year. 

Myers and Swanson (1995) found that using deferred rotation grazing in three central 

Nevada streams improved the aquatic habitat and riparian areas. Using deferred rotation 

helps with livestock distribution and helps control the utilization of pastures. Drawbacks 

include the need for fencing which can be expensive and moving cattle which is time- 

consuming, when the stream banks are most susceptible to damage in the spring from 

grazing (Marlow and Pogacnik 1985). Skimier et al. (1984) compared continuous 

grazing to deferred rotation, and found that fecal coliform concentrations were 

significantly greater in the deferred rotation. But at the same time, Myers and Swanson 

(1995) found that deferred rotation grazing helped the improvement of aquatic and 

riparian habitats.
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Riparian pasture:

The riparian pasture concept has been a successful tool for riparian grazing management 

(Platts and Nelson 1985b). The riparian pasture consists of fencing off a large enough 

area to make a pasture of the entire riparian zone. Cattle are not allowed access to the 

stream until conditions are conducive to promoting riparian health (dry banks, maturing 

vegetation). Stocking rates need to be managed to avoid over grazing and browsing of 

riparian shrubby vegetation (Hall and Bryant 1995).

Within a management design, more than one concept may be used. For example, 

short duration/high intensity grazing can be used in conjunction with the riparian pasture 

concept. Short duration/high intensity grazing is grazing larger numbers of livestock in a 

smaller area for shorter amounts of time (Voisin 1959, Savory 1980). The vegetation is 

grazed evenly because the livestock cannot be as selective. Cattle may be in a pasture for 

hours to days before being moved to another, and the vegetation is grazed just once in a 

season and left to recover the rest of the year. Advantages of this approach are the short 

amount of time in pastures, which limits the time animals have access to the banks and 

riparian vegetation. Disadvantages are that cattle need to be monitored closely and 

moved often. No research data has been published to show if water quality was improved 

under this grazing plan.

Timing:

The timing of grazing seems to influence bank stability (Marlow et al. 1987) and 

utilization of streamside vegetation (Platts and Nelson 1985a). Seasonal grazing was 

designed to use this concept, and graze areas when the least amount of impact may occur.
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Grazing riparian zones during the cooler part of the grazing season should lessen impacts 

made by livestock (Bryant 1982) because cattle seem to avoid certain streamside riparian 

areas during periods when the soils and vegetation are wet and or cold (Platts 1982). 

However, livestock that spend large amounts of time along the banks may increase the 

sediment load to a stream. Kauffman et al. (1983) during late season grazing, with a 

stocking rate of approximately 1.5 ha/AUM, measured significantly larger amounts of 

lost stream bantes in grazed areas, when compared to the banks of the stream in ungrazed 

areas in northeastern Oregon. In contrast, Jolmson et al. (1978) found no difference 

between grazed areas and ungrazed areas when measuring the amount of sediment 

released into the stream. However, there was a significant increase of sediment after 

cattle were removed from the pasture most likely from rain showers and overland 

movement of detached soil particles. Banlc trampling damage is the largest concern 

before the riparian zones and banks dry out. Marlow et al. (1989) found that grazing 

should be scheduled for periods when stream discharge is low and banks are relatively 

dry to reduce negative impacts. This will help to. reduce erosion and suspended sediment 

in the streams. The size of sediment particles also makes a difference. According to 

PIowell et al. (1996) fecal coliform numbers dropped as the sediment particles size 

became smaller and the temperature decreased. Grazing plans, which incorporate these 

ideas, may defer grazing or rest these areas until the banks are dry enough to handle the 

pressure of herbivores, and should reduce sediment input to streams with a corresponding

decline in fecal coliform.
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Fencing:

Fencing off stream reaches to prohibit use by livestock continues to be a popular 

solution to cattle impacts in riparian zones. Research shows that riparian habitat 

improves quickly when fenced to exclude livestock (Duff 1979), but it is generally not 

economically feasible to fence off every streamside corridor (Platts and Wagstaff 1984). 

The advantages of fenced exclosures are that no use by domestic livestock is allowed in 

or near the creek banks. This should protect bank stability and water quality. The 

disadvantages are that wildlife can still enter these areas and may be destructive. 

However, work done by Gross and Knight (2000) found that exclosures less than 4 

hectares made a difference in the amount of use by grazing wildlife. Therefore, fencing 

appears to have many advantages to help maintain bank stability, increase stubble height 

and improve water quality under livestock and wildlife grazing. Tlirough such 

management practices, the vegetation response is important to understand and manage 

correctly.

Others have also found that through grazing, vegetation productivity can be improved 

(Heitschmidt 1990). Research has shown that grazing can help to collect sediment, 

rebuild banks, and start new propagules growing (Grey et al. 1997, Abt et al. 1994, 

Rumsey 1996) which can enhance a riparian zone and increase vegetation.

In areas historically grazed by native herbivores, grazing may be beneficial for plant 

community health. Clary and Webster (1989) found that the accumulation of litter over- 

several years retards the vegetation and herbage production in wet meadow areas. 

Grazing these riparian areas could have beneficial effects like that in prairie regions.
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where grazing is reported to be beneficial in breaking up dense, rank vegetation near 

wetlands (Weller 1996). Clary and Webster (1989) indicate that cattle can improve areas 

with old decadent vegetation by grazing. With reduced tire frequency, livestock may be 

the best solution to revive areas of decadent plant growth. Proper management (i.e., 

timing, grazing management, etc.) will protect banks and riparian zones to enhance 

fisheries, wildlife, and livestock uses (Marcuson 1977). But few management plans or 

strategies provide target stubble heights for the improvement of the water quality.

Most of the reports on the effects of cattle grazing on riparian zones compared 

continuous grazing verses non-grazed (Rhine 1988, Leege et al. 1979). This comparison 

was an example of two extremes; whereas many grazing practices are between these 

extremes. Furthermore, many of the study citations are based on anecdotal or results 

from non-scientific trials. It is also hard to distinguish science from opinion in the 

literature (Kauffman and Krueger 1984) because so many studies quoted do not have 

replicated data. Consequently, little is known on how the different grazing techniques 

affect water quality or give any directions on how to manage livestock.

Effects of grazing management parameters on water quality 

Livestock grazing presents a possible source of pollution to streams draining 

rangeland watersheds. As greater numbers of people use these rangelands for 

recreational purposes, particularly National Forests and Bureau of Land Management 

lands, the character and magnitude of this pollution becomes of increasing importance 

(Darling 1973). Because of increased recreational use of the nation’s watersheds, 

governmental agencies have stepped in to control water quality in all rivers and streams.

r
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One such example is a maximum contaminant limit of 10 mg/L nitrate-N for human 

drinking water set by the EPA (USEPA 1989). At present, national ortho-phosphate 

standards have not been established for the control of fresh water eutrophication. A 

standard of 1000 Colony Forming Units (CFU) /100 ml of fecal bacteria for secondary 

water contact has been established (USEPA 1986). In Montana the fecal coliform limit is 

200 organisms /100 ml in water over 15.6 degrees C. Water quality parameters of 

interest in this paper include nitrate, ortho-phosphate, fecal coliform (FC), temperature 

and sediment because these are the parameters of most concern for the public.

Livestock grazing in riparian areas or along streams may greatly increase the chances 

of pollutants moving into the stream. A study by Trlica et al. (1999) showed that a single 

heavy grazing event increased runoff rates by 70 percent in a montane riparian 

ecosystem. Manure and urine deposited during heavy grazing significantly increased the 

concentrations of nitrate, phosphate, and fecal coliform in runoff as compared with their 

concentration in runoff from ungrazed control plots.

Buffer strips:

Management using buffer strips along streams has gained the most success and 

popularity in agricultural areas. The buffer strips leave longer stubble heights along 

streamsides at various distances from the stream. The buffer strips intercept the raindrops 

and also slow down the surface runoff. The grass then limits the amount of detachment 

and overland movement of soil particles to decrease erosion (Cooper et al. 1987). 

Reduction in soil movement is important because dislodged soil particles help transport 

particles such as fecal coliform and other nutrients that move down a stream system.
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Therefore, erosion can be a major contribution to the degradation of the stream system 

(Osborne and Kovacic 1993).

Fecal COIiform:

The presence of livestock in riparian areas tends to decrease the water quality of the 

stream. Direct deposition of feces into a stream causes bacterial contamination. Gary et 

al. (1983) found that the levels of fecal coliform depended on the stock density, but 

Dixon et al. (1979) after a one-year study found that stocking rate had little influence. 

Tiedeman et al. (1989) reported that most samples are not taken frequently enough to 

allow for comparisons. After cattle are removed from a pasture, fecal coliform counts 

may remain high for months (Jawson et al. 1982) even though other literature suggests 

that bacterial pathogens do not persist for extended periods after fecal deposition (Elliott 

and Ellis 1977). Stephenson and Street (1978) found that fecal coliform counts could 

persist up to three months after the removal of cattle. In a study by Gary et al. (1983) 

grazing increased fecal coliform organism counts by up to 10 fold. Others have 

demonstrated that as grazing intensity increases, fecal coliform counts in the stream also 

increase with cattle still in the pasture (Buckhouse and Gifford 1976, Jolmson et al. 

1978). But once cattle were removed, both the fecal coliform and fecal streptococci 

bacterial counts dropped dramatically within nine days to a statistically non-significant 

level. The exact cause of prolonged existence of these organisms in stream systems has 

gone unexplained (Sherer et al. 1988).



Biskie et al. (1988) reported that the majority of bacteria in fecal matter deposited 

into a stream settle to the bottom where they are available for re-suspension. This 

research showed that over 95 percent of these organisms settle to the bottom and a large 

fraction die while buried in the sediment. They reported that one animal defecation 

increases the fecal coIiform concentration by approximately two fecal coliform per 100 

ml. Van Donsel and Geldreich (1971) found that river sediment could contain 100 to 

1000 times more fecal coliform per unit volume than overlaying water. However, fecal 

coliform in sediment had a 90% die off after seven days. Wildlife are also found to 

deposit and resuspend bottom microorganisms in the sediment when drinking or crossing 

the stream (Sherer et al. 1988) and can be contributors to the total fecal coliform in a 

watershed (.Tawson et al. 1982). However, direct fecal deposition is not the only pathway 

for fecal coliform to enter the water column.

It has been suggested that high numbers of fecal coliform can survive up to 30 days 

inside feces deposited throughout the pasture (Thelin and Gifford 1983). This study 

showed that feces less than five days old had FC counts on the order of millions per 100 

ml of water while 30-day old feces contained about 40,000 FC per 100 ml of water. 

Greater periods of survival are reported by Backhouse and Gifford (1976), with viable 

fecal coliform in feces for at least one grazing season after deposition.

T emperature:

Stream temperature is a major concern for both water quality and fisheries. Shade 

from riparian vegetation overhanging aquatic communities provides cooler in-stream 

temperatures (Swanson et al. 19.82). Thus, the removal of vegetation may cause an

15
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increase in water temperatures with subsequent decreases in levels of dissolved oxygen 

(Brown 1983). Larson and Larson (1996) disagreed with this theory. They found that 

watershed attributes such as air mass characteristics, elevation gradient, adiabatic rate, 

channel (water) width and depth, water velocity, surrounding landscape, and interflow 

inputs all influence water temperature and can be of equal or greater importance to stream 

temperature than vegetation shade. Fish species within the rithron (faster currents, 

coarser substrates, allochthonous sources) regions need cooler more highly oxygenated 

waters than fishes of the potamon (slower currents, finer substrates, autochthonous 

sources) where there is greater variety of size, depth and flow of the larger river systems 

(Bayley and Li 1992). Van Velson (1979) on a creek in Nebraska found that mean 

temperatures dropped from 24 degrees C to 22 degrees C after livestock were removed 

for one year.

Stubble height:

Stubble height seems to have an effect on the amount of sediment released into the 

stream. Livestock will graze an increasing amount of riparian vegetation along the 

streamside as the stubble height further from banks is reduced (Clary and Leininger 

2000). As stubble heights decrease, along with a decrease in organic matter, the intake 

rate of livestock decreases and animal performance decreases (Redmon et al. 1995, Ellis 

et al. 1984). The number of animals searching for higher quality forage along the 

streamsides will increase and this can help to decrease water quality (Wright et al. 1990,

Bailey et al. 1996).
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So through all the literature cited and laiowledge learned, still no management 

decisions were discussed to help managing livestock, or improve water quality. Few 

criteria have been established for the management of cattle on grazing lands to protect 

water quality. The criteria that are available address the control of cattle grazing impact 

on riparian vegetation. But at what point in the grazing management, season of use, or 

the utilization of vegetation do negative changes in water quality occur. At what point 

does all the methodology help to improve the water quality. The greenline concept is yet 

another approach of managing cattle utilization to achieve water quality improvement. 

The use of stubble heights to improve water quality has not yet been justified, so I 

decided that many questions on grazed stubble height and water quality needed to be 

addressed. The goal of this study was to evaluate the effectiveness of a 7.5 cm grazed 

stubble height on controlling cattle impacts to water quality at two different geographic 

locations in Montana. Based on the literature I hypothesized:

Hypothesis I :

Ho: Grazing to a 7.5 cm stubble height does not change water quality from ungrazed 
conditions.

Ha: Grazing to a 7.5 cm stubble height does change water quality from ungrazed 
conditions.

Hypothesis 2:

Ho: There is no difference between geologic regions A & B when stubble height is 
used as a grazing criteria. (A= Bandy Ranch, B= Bair Ranch)

Ha: There are differences between geologic regions A & B when stubble height is 
used as a grazing criteria. (A= Bandy Ranch, B= Bair Ranch)
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MATERIALS AND METHODS

Two separate ranches across the state of Montana were used (Bandy-west central 

Montana and the Bair-south central Montana) in this study (Fig. I) because of the 

variability within and between streams documented by Rliodes et al. (1995). The Bandy 

Rcvneh is a jointly owned research ranch for Montana State University and the University 

of Montana. Cottonwood Creek flows through the middle of the ranch draining a heavily 

glaciated landscape. Because of the presence of large amounts of glaciated cobble, a 

large sub-irrigated riparian zone exists on each side of Cottonwood Creek. The dominant 

vegetation in the area is a geyer willow (Salix geyerana) community type (Hansen et al. 

1995). The pastures are dominated by tall graminiods like timothy (Phleum pratense), 

bromegrass (Bromus spp.) and beaked sedge (Carex urticulata). The Bair Ranch is a 

working ranch owned by the Alberta Bair Foundation. The South Fork of the 

Musselshell River flows through a non-glaciated sandstone substrate within a cottonwood 

(Populus deltoicles) habitat type/mountain brome {Bromus carinatus) community type 

(Hansen et al. 1995). Herbaceous vegetation along the South Fork is mostly mountain 

brome and beaked sedge.

At each ranch, three pastures that averaged 4 to 6 hectares in size with the stream 

running down the middle were constructed to serve as replicates. The values that are 

reported are for the entire grazing period in each pasture. It must be emphasized that 

pastures not day of sampling were the replication. I used enough cattle to achieve a

CHAPTER 3
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density of 10 heifers per hectare. Black Angus yearling heifers were used on both 

ranches and began grazing the first week of July both in 1999 and 2000. Grazing always 

began on the lowest downstream pasture, and moved upstream to the next pasture to not 

interfere with the water quality measure in the grazed pasture (Fig. 2). Permanently 

marked transects 30 in in length were placed along the stream running parallel to the 

channel on just one side in each pasture. Transects were placed on one side of the stream 

because the opposite side was covered in dense willows. The transects were used to 

monitor grazed stubble height along the greenline so that cattle could be moved at the 

target height. The green line defined by Winward (2000) is the first perennial vegetation 

that forms a lineal grouping of community types on or near the water’s edge. It most 

often occurs at or slightly below the bankful stage.

^Bair R anch

Fig. I. Grazing locations used in 1999 and 2000. Bandy Ranch is located in the 
glaciated portion of western Montana, while the Bair Ranch is located in 
unglaciated south central Montana.

Before cattle entered the pasture, 100 stubble height measurements were taken at 0.3 

m intervals along the greenline transect. Once cattle were moved into the pasture, stubble 

height measurements were taken at the same interval every four days along the transect.
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Stubble height measurements were taken every 30 cm to total 100 hits per pasture. When 

the target height of 7.5 cm was achieved, cattle were moved upstream to the next pasture. 

Water quality samples were taken at the downstream and upstream fence lines on the 

same days stubble height was measured. A grab sample from within the water column 

was collected and placed into specifically labeled, sterilized bottles throughout the study. 

A standard mercury thermometer was used to detect water temperature near the stream 

bottom immediately following water sample collection. Stream pH was measured on site 

with an electronic meter. Water quality parameters measured included fecal coliform, 

nitrate, ortho-phosphate, temperature, pH and suspended sediment. Water samples were 

submitted to the Montana Environmental Laboratory in Kalispell, Montana for fecal 

coliform, nitrate and ortho-phosphate analysis following Clesceri et al. (1998).

Table I. Bandy and Bair Ranches with cow days in pasture and the number of sample 
days per pasture.

B a n d y  R a n c h
1 9 9 9 2 0 0 0

P a s tu re D a ys  in p a s tu re s #  o f d a ys  H 20 D a ys  in p a s tu re s #  o f  d a y s  H 20
s a m p le s  ta ke n s a m p le s  ta k e n

1 12 3 14 4

2 8 3 12 4

3 14 4 8 3

B a ir  R a n c h
1 9 9 9 2 0 0 0

P a s tu re D a ys  in p a s tu re s #  o f d a ys  H 20 D a ys  in p a s tu re s #  o f d a y s  H 20
s a m p le s  ta ke n s a m p le s  ta ke n

1 16 5 7 3

2 8 3 4 2

3 19 5 ' 4 2
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Suspended sediment was measured by collecting 100 ml of water from within the 

stream’s water column and placing the samples in an Imhoff cone (personal contact 

Bridger Plant Materials Center) for measurements within a two-week period of 

collection.

Pasture 2 Pasture 3Pasture I

Fig 2. Design of experimental pastures at the Bandy and Bair Ranches. Pastures served 
as the replicates. Stream (low is indicated by arrows, and green line designated in bold. 
Values from the upstream pasture boundary represented ungrazed conditions.

Direct comparisons were made between water quality differences from the upper 

fence (ungrazed) and the lower fence (grazed) values for fecal coIiform, nitrate, ortho

phosphate, temperature, pH and sediment levels. A signed rank test was used for 

evaluating the seasonal water quality differences for the grazed and ungrazed locations. 

A signed rank test was necessary because of extreme fecal coIi form levels during some 

sample periods.

Simple linear regression was then used to compare the water quality parameters to 

stubble height, days in pasture, stream flow volume, and the temperature of the water 

column. All statistical results were declared significant at the P<0.10 level.
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CHAPTER 4 

RESULTS

Climate Conditions and StreamHow

1999 and 2000 were drier than normal. Precipitation at the Bandy Ranch in 1999 was 

254.5 mm and in 2000 was 169 mm with the 25-year average being 333.2 mm. At the 

weather station for Martinsdale, Montana, precipitation levels for 1999 were 275 mm and 

225 mm for 2000. The 25-year average was 326.5 mm (Montana Ag. Stats 2001).

During the grazing months of July and August, the Bandy Ranch was 77% below 

average in precipitation in 1999 and 63% below in 2000. In 1999 accumulated 

precipitation by July was 150 mm and in 2000, the accumulated precipitation was 123 

mm. The 25 year accumulated precipitation by July was 194 mm.

Stream Flow - Cottonwood Creek

Fig. 3. Stream flow measured on Cottonwood Creek, Bandy Ranch Ovando, Montana in 
1999 and 2000.

Stream flows over the two years reflected the dry conditions. The Bandy Ranch had a

stream gage on Cottonwood Creek to record flow. Records indicate that stream flows
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dropped below 0.7 CMS in mid-August of 1999, however the flows were below this level 

in early .Iuly of 2000 (Fig. 3). The Bair Ranch did not have a gage on the South Fork of 

the Musselshell so data from the closest gaging station at Harlowton was used for the 

analyses.

Stream Flow- M usselshell River in Harlowton

Fig. 4. Stream flow on the Musselshell River, Harlowton, Montana in 
1999 and 2000. Harlowton is 36 km downstream from the Bair Ranch.

While this station does not precisely represent the Martinsdale site because of the 

influence of the North Fork of the Musselshell River, the information still shows a 

reduction in flow on the Musselshell over the two years of the study (Fig. 4). At both 

ranches, stream flow was below normal both years, and in 2000 water levels were very 

low.

Stream temperature is a problem because of the reduction in stream flows. Once 

water temperature exceeds 15.6 degrees C (60 degrees F) for streams in Montana, fecal 

coliform levels above 200 organisms/100 ml are considered a health risk. Water 

temperatures in Cottonwood Creek at the Bandy Ranch in both 1999 and 2000 never
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exceeded 15.6 degrees C (Appendix A. Fig. 12 and 17). However, at the Bair Ranch in 

1999, ten out of twelve water samples taken equaled or exceeded the 15.6 degree C 

standard (Appendix A. Fig. 21). In 2000, the Bair Ranch exceeded 15.6 degrees C for all 

five sample periods during the grazing season (Appendix A. Fig. 24). Under the 

Montana standard, the Bandy Ranch would be considered a cold water stream with little 

concern about FC levels. In contrast, the Bair Ranch would be considered a warm water 

stream and FC levels above 200 organisms/100 ml would have to be addressed.

Water Quality changes in Grazed and Ungrazed Pastures

Tln-OUgh use of a signed rank test, only fecal coliform counts and ortho-phosphate 

levels were found to be significantly different under grazing (Table 2). Fecal coliform 

counts differed significantly between grazed and ungrazed pastures at both ranches in 

1999, and at the Bair Ranch in 2000 (Table 2).

Table 2. Summary of statistical analyses using the signed rank test for stream water 
quality changes in 1999 and 2000 under a 7.5 cm grazed stubble height standard.

Fecal Coliform Ortho-phosphate Nitrate
Bandy Bair Bandy Bair Bandy Bair

1999 Sig Sig NS NS NS NS

2000 NS Sig Sig Sig NS NS

Year effect NS Sig NS NS NS NS

pH Temperature Sediment
Bandy Bair Bandy Bair Bandy Bair

1999 NS NS NS NS NS NS

2000 NS NS NS NS NS NS

Year effect NS NS NS NS NS NS
NS=non-significant Sig=significant difference
Differences are between grazed and non grazed pastures (P<0.10)
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In 1999 all fecal coliform levels were below the 200 organisms/100 ml standard (Table 

3). In 2000, mean fecal coliform counts in the South Fork of the Musselshell below 

grazed pastures were excessively high.

Replications (pastures) at the Bandy Ranch in 1999 were not significantly different in 

regard to fecal coliform (P=0.80), ortho-phosphate (P=ORS), nitrate (P=OTb) or pH 

(P=0.99) levels. At the Bair Ranch in 1999, fecal coliform (P=0.62) was not different 

among pastures.

Table 3. Mean fecal coliform and ortho-phosphate levels at Bandy and Bair Ranches. All comparisons significant at 
P=0.10.

Fecal Coliform Ortho-phosphate
Bandv Ranch Bair Ranch Bandv Ranch Bair Ranch

un grazed grazed
27 51

un grazed 
69

grazed
118

ungrazed grazed Li n grazed grazed

1999 org/lOOml org/1 OOmI org/1 OOrnI org/1 OOrnl ns ns ns ns

199 41024
2000 ns ns org/1 OOrnl org/1 OOrnl lOlpg/l 96pg/L 165pg/L 127pg/L

In year 2000, the replications (pastures) at the Bandy Ranch were non significant

for fecal coliform (P=0.81), ortho-phosphate (P=0.37), nitrate (P=OT4) and pH (P=0.41). 

During the same year at the Bair Ranch, fecal coliform (P=0.01) and nitrate (PO .01) did 

have a pasture effect, whereas ortho-phosphate (P=0.40), and pH (P=0.64) did not.

1999 Data

During the first year of grazing, fecal coliform differences between ungrazed and 

grazed stream sections were significant at both ranches (Table 2). Fecal coliform counts 

were significantly different (P=0.03) at the Bandy Ranch (Table 2), while all other
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measured parameters such as nitrate (P=l .0), ortho-phosphate (P=0.64), pH (P=0.83), and 

temperature (P=0.80) were not significant.

When looking at Bandy fecal coliform levels in 1999, no samples came close to state 

standards. There was, however, considerable variability among ungrazed samples 

ranging from 5 to 72 org/100 ml in the water column (Fig. 5).

B andy  Feca l  Coliforni - 1999

7V(V'/J 7/14 W 7 /IiV W 7/22/‘M 7/2IV99 7/.VU1J-J 8/.V‘J9

Dates

Fig.5. Fecal coIiform counts in Cottonwood Creek during grazing at the 
Bandy Ranch in 1999.

Suspended sediment was measured at the same time as all other samples on both 

ranches at the up and downstream fencelines. However, no measurable suspended 

sediment was ever collected from either water column on the Bandy or the Bair Ranches.

After using the signed rank test to identify which parameters were significant, a 

simple linear regression analyses were computed to determine which management tools 

(stubble height, days in pasture, or stream temperature) were most closely related to fecal 

coIi form and ortho-phosphate levels. Only significant effects (Table 2) were run through 

the regression analysis. The differences between ungrazed and grazed fecal colifomi and 

ortho-phosphate levels were run against the stubble height average taken for that pasture
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on the same day that water quality samples were collected. The differences were also 

regressed against the number of days cattle were in the pasture, and the stream 

temperature for the same day samples were taken.

T a b le  4. S u m m a riz a tio n  o f re g re s s io n  a n a ly s is  o f s ig n if ic a n t e ffe c ts  re p o r te d  in T a b le  3. 
S im p le  lin e a r re g re s s io n  w a s  used . N o n -s ig n if ic a n t 

e ffe c ts  w e re  no t a n a lyze d .

F e ca l C o lifo rm  -v s - S tu b b le  Mt D ays  in P a s tu re
S tre a m

T e m p e ra tu re

B a n d y R 2 P -v a lu e R 2 P -v a lu e R 2 P -v a lu e

1999 0 .23 0 2 8 0 .25 0 .2 5 0 .33 0 .1 8

B a ir

1999 0 0 .99 0 .02 0 .72 0.41 0 .0 8

2 0 0 0 0 .03 0 .77 0 .15 0 .52 0 .85 0 .0 2

O rth o -p h o s p h a te  v s - S tu b b le  H t D ays  in P a s tu re
S tre a m

T e m p e ra tu re

B a n d y R 2 P -v a lu e R 2 P -v a lu e R 2 P -v a lu e

2 0 0 0 0 .06 0 .55 0.31 0 .1 5 0 .28 0 .1 8

B a ir

2 0 0 0 0 .79 0 .04 0 .36 0 .2 8 0 .02 0.81

T h e  d iffe re n c e  o f fe c a l c o lifo rm  and  o r th o -p h o s p h a te  n u m b e rs  w e re  d e r iv e d  by s u b tra c tin g

d o w n s tre a m  (g ra z e d ) s a m p le s  fro m  th e  u p s tre a m  (u n g ra z e d ) fe n c e lin e . T h e  d iffe re n c e

w a s  th e n  c o m p a re d  to  s tu b b le  he igh t, d a y s  in p a s tu re  and  s tre a m  te m p e ra tu re  fo r  the  

s a m e  d a te s  as  th e  w a te r  q u a lity  s a m p le s  w e re  c o lle c te d .

When looking at the regression analysis values, for Bandy Ranch fecal coliform in 1999 

(Table 4), it was apparent that stubble height was not significantly correlated (P=0.28), 

nor was the number of days livestock were in a pasture (P=O.25) or stream temperature 

(P=0.18).

Water quality patterns on the Bair Ranch in 1999 were similar to those on the Bandy. 

Fecal coliform increases were significant (P=0.05), with no significant increases in ortho

phosphate (P=0.76), nitrate (P=0.68), pH (P=0.44) or temperature (P=O.85) (Table 2). 

Here only one sample (Fig. 6) exceeded the state standard of 200organisms/100 ml, and



28

after this sample there seemed to be a trend downward in fecal coliform levels.

For the Bair Ranch in 1999, had the regression analysis indicated that fecal coIiform 

was unrelated to stubble height (P=O.99), and the number of days that livestock were in 

the pasture (P=0.72). I lowever, the relationship between stream temperature and fecal 

coIiform was significant (P=0.08).

B a ir  F e c a l  C o lifo rm  1 9 9 9

® grazed

Date  s

Fig. 6. Fecal coliform counts in the South Fork of the Musselshell 
River at the Bair Ranch in 1999.

2000 Data

As in 1999, data from individual ranches were evaluated using a signed rank test 

(Table 2). During the second year of the study, the Bandy Ranch had a significant 

difference in ortho-phosphate (P=0.08) between ungrazed and grazed reaches (Table 2), 

but not in fecal coliform (P=0.65), nitrate (P=0.63) or temperature (P=1.0). Ortho

phosphate levels seemed to stay relatively constant throughout the grazing period (Fig.
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I). However, samples on the downstream side (grazed) had lower ortho-phosphate levels 

than those on the upstream (ungrazed) sites.

Bandy Ortho-Phosphate - 2000

□  grazed 
■  m !grazed

7/5/2000 7/7/2000 7/11/2000 7/19/2000 7/23/2000 7/27/2000 7/31/2000 8/4/2000

Dates

Fig. 7. Ortho-phosphate concentrations in Cottonwood Creek at the Bandy Ranch 
2000.

In 2000 at the Bair Ranch, there appeared to be little difference in ortho

phosphate levels between grazed and ungrazed reaches (Fig. 8) and substantiated 

differences in fecal coliform levels (Fig. 9).

I% 0

I R a n c h  O i l h o - P h o i p h a l e  2 0 0 0

7 / 25/2000

Fig. 8. Ortho-phosphate concentrations in the South Fork of the Musselshell 
River at the Bair Ranch 2000.
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When comparing the three significant measurements in 2000 through regression 

analysis, Bandy Ranch ortho-phosphate was not significantly related with stubble height 

(0=0.55), days in pasture (0=0.15) or stream temperature (0=0.18).

At the Bair Ranch, ortho-phosphate (0=0.06) was less in grazed pastures, fecal 

coIiform was greater (0=0.06), but nitrate (0=0.81) and stream temperature (0=0.75) did 

not differ between grazed and ungrazed treatments (Table 2).

Regression analysis for the Bair Ranch 2000 data indicated fecal coIiform and 

stubble height were unrelated (0=0.77), as were fecal coIiform and days in pasture 

(0=0.52). However, stream temperature (0=0.02) was again significant and thought to be 

caused by the low flow amounts in the stream. Ortho-phosphate levels for Bair 2000 

were significantly related (0=0.04) to stubble height, but not days in pasture (0=0.28) or 

stream temperature (0=0.81).

B a ir  F e c a l  C o li fo rm  2 0 0 0

E lg iazed

■  ungrazed

Fig. 9. Fecal coliform concentrations in the South Fork of the Musselshell River
at the Bair Ranch 2000. On 7/13/2000 the amount actually equaled 4 1,000 
org/lOOml, but this actual value would distort the graph.

Temperature of the Musselshell both years was indicative of a warm water stream 

(>16.6 degee C). This could most likely be attributed to the extreme dewatering of the
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Musselshell due to irrigation. Consequently, flows may be a major indicator of fecal 

coliform increases.

Comparison of 1999 and 2000 data

With the year 2000 being much drier than 1999, fecal coliform counts at the Ban- 

Ranch were significantly higher (P=0.02) than the previous year. In 1999, the Bail- 

Ranch fecal coliform levels were significantly higher (P=0.07) than those at the Bandy 

Ranch and in 2000 the difference between the two ranches was again significant 

(PO .01). With lower flow and drier conditions in 2000, it stands to reason that fecal 

coliform concentration would increase within the study reach of the Musselshell.
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CHAPTER 5 

DISCUSSION

Grazing to a 7.5 cm stubble height did not degrade the water quality at either of 

the ranches in Montana. Thus, the new concept of looking at specific stubble height 

along the greenline to protect water quality did hold true, even when there were 

significant changes in fecal coliform and ortho-phosphate levels in grazed pastures.

Except for ortho-phosphate at the Bair Ranch in 2000, stubble height was found to have 

no effect on the water quality parameters monitored during the course of this study (Table 

2).

While fecal coliform changed significantly during this study, the 1999 fecal 

coliform levels only exceeded the Montana standard (200org/100ml) once during the 

grazing season and then only on the Bair Ranch. However, in 2000, the state standard 

was exceeded in all grazed pastures at the Bair Ranch. It is important to note that 2 out of 

5 fecal coliform samples in the ungrazed pastures on the Bair Ranch also exceeded the 

state standard.

Ortho-phosphate levels in grazed and ungrazed pastures differed significantly 

(PO. 10) on both ranches in 2000. Review of biweekly ortho-phosphate levels (Fig. 7 

and 8) reveals a consistent pattern; ungrazed leyels were higher than those taken in 

pastures being grazed, except for a single measure on 7/19/2000 at the Bandy Ranch.

The apparent improvement is difficult to explain but could be due to rapid incorporation 

of ortho-phosphate in stream sediments of grazed pastures.



Nitrate levels were never elevated under livestock grazing in this study. The 

Montana standard for nitrate of <10 ppm for drinking water and 100 ppm for stock water 

(Montana Surface Water Quality Standards nda) were never exceeded during this study. 

This compares favorably to what Tiedemann et al. (1989) found in Oregon.

Days cattle were in the pasture had no bearing on fecal coIiform levels (Table 4) 

but temperature was correlated to elevated fecal coliform at the Bair Ranch in 1999 and 

2000. Consequently, the findings of this study show that the primary effect cattle had on 

water quality was to elevate fecal coliform levels. Higher stream temperatures caused by 

lower stream flows (Fig. 3 and 4) possibly enhanced bacterial growth in surface waters of 

the grazed pastures.

Even though there was no difference in stream temperature from downstream 

fenceline (grazed) to upstream fenceline (ungrazed) at the Bair Ranch (Table 2), some 

other parameter such as reduced flow or exposed soil may have been the cause of the 

significant relationship between stream temperature and fecal coliform (Table 4). 

However, this relationship is the same as that noted by Howell et al. (1996). Bandy 

Ranch water quality relationships appeared unaffected by stream temperature. Depressed 

flow levels measured at the Bandy Ranch gaging station were also evaluated as a 

potential cause for higher fecal coliform counts and the results showed that discharge in 

Cottonwood Creek had little effect on the fecal coliform levels in 1999 or the ortho

phosphate levels in 2000 (Table 4). Hence, at the Bandy Ranch, other parameters need to 

be studied to know the cause of the significant increases in fecal coliform in 1999 and 

ortho-phosphate in 2000, while at the Bair Ranch the only related parameter through the
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regression tests was the stream temperature. The lack of grazing effects on stream 

temperatures in this study contradict the improvements in water temperature following 

cattle removal as reported by Van Velson (1979). The stream temperature at the Bandy 

Ranch never exceeded 15.6 degrees C in either year. Stream temperature at the Bail- 

Ranch averaged 17.8 degrees C in 1999 and 18.9 degrees C in 2000 during the grazing 

season. The Bandy Ranch averaged 11.1 degrees C in 1999 and 10.6 degrees C in 2000 

for the grazing season. Differences between grazed and ungrazed reaches of the same 

streams at the Bandy and Bair Ranches were never significant (Table 2).

The glaciated topography may provide more groundwater in flows on 

Cottonwood Creek at the Bandy Ranch than on the unglaciated South Fork of the 

Musselshell River at the Bair Ranch. Consequently, greater groundwater exchange with 

surface waters would have kept water temperatures low at the Bandy Ranch. Following 

the arguments of Howell (1996) this could explain lower fecal co liform levels in 1999 

and 2000 at the Bandy Ranch than at the Bair Ranch.

Without a stream gage at the Bair Ranch, it was difficult to evaluate stream flow 

as a cause for elevated fecal coliform levels, but the South Fork of the Musselshell River 

can be assumed to react the same as mountain streams where irrigation draws down water 

levels in the summer months. This idea is backed up by other studies (Morrison and Fair 

1966, Kunkle and Meiman 1967, Kunkle and Meiman 1968 and Skimier et al. 1974) in 

which fecal coliform and fecal streptococci were at the highest levels in late summer.

With lower discharge, water temperature increased because of less water volume and 

quicker wanning. Even though discharge and stream temperature may interact, further
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research on grazing levels and water temperature Is necessary. The Interesting fact is that 

these two study sites were grazed intensively and even with the increased pressure, no 

relationship between stubble height on the greenline other than ortho-phosphate at the 

Bair Ranch in 2000 or days livestock spent in the pasture and water quality was detected. 

It is important to note, however, that several of the original reports discussing the use of a 

7.5 cm grazed stubble criterion (Hall and Bryant 1995, Abt el al. 1994) based their 

recommendations on observations in plant communities dominated by the low growing 

Kentucky bluegrass {Poa pratensis). Taller graminoids, timothy, orchardgrass, beaked 

sedge and Nebraska sedge, dominated the greenline along Cottonwood Creek, and the 

South Fork of the Musselshell. Hence a 7.5 cm stubble would have removed less plant 

materia] from a Kentucky bluegrass dominated riparian zone than on sites like those on 

the Bair and Bandy Ranches. This suggests that it is important to consider the plant 

community to be grazed before applying a stubble height standard along a greenline. 

Stream flow may end up being the major consideration when pi aiming livestock grazing 

because low flows can lead to higher stream temperatures and ultimately elevated fecal 

coliform levels. Nonetheless, current recommendations look at health of riparian zone 

and vegetation, but rarely address water quality. Current recommendations (Clary and 

Leininger 2000, Clary et al. 1989, Hall and Bryant 1995) are based on the concept that 

increased attention to the amount of forage removal as a prescribed management tool will 

improve water quality. This study found that a vegetation attribute such as a fixed stubble 

height standard on the greenline does little to improve water quality. Additionally, 

grazing had no effects on stream temperature. These findings differ with those of Rliodes
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et al. (1995) because water quality on two separate geographic areas was affected by 

grazing in a similar fashion. However, the study by Rlrodes et al. (1995) only addressed 

bank stability not water quality. This suggests that the relationship between bank 

trampling, more exposed soil, and water temperature should be investigated.
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CHAPTER 6 

CONCLUSION

A grazing standard of a 7.5 cm stubble height on the greenline generally had no effect 

on water quality (fecal coliform, ortho-phosphate, nitrate, pH, temperature and sediment) 

on the two study streams in Montana. Nitrate levels were not elevated by livestock 

grazing at either ranch, and remained well below the state standards. Stream temperature, 

pH, and sediment levels were not impacted in any way by livestock grazing to a 7.5 cm 

greenline stubble height. Even though fecal coliform was elevated by grazing at the 

Bandy and Bair Ranches in 1999 and at the Bair Ranch in 2000, neither stubble height 

nor cattle days in pasture was related to the change.

At the Bandy Ranch, water temperature was not related to elevated ortho-phosphate 

or fecal coliform, but on the Bair Ranch, stream temperature was significantly related to 

increased fecal coliform numbers. Irrigation withdrawals that increased stream 

temperature may have been more responsible for elevated fecal coliform levels than 

livestock grazing.

Several authors (Belsky et al. 1999, Duff 1979, Carothers 1977) have suggested that 

grazing livestock may he the primary cause of non point source pollution on western 

rangelands. This may be true in some areas, but under heavy grazing at two locations in 

Montana, only fecal coliform and ortho-phosphate were affected by cattle. The issues of 

recreation, summer homes, and wildlife on western rangelands should also be examined 

to determine their effects on water quality. An entire watershed needs to be taken into
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account and not just a single user. This study shows that stubble height is not a good 

indicator of water quality on grazing lands. Stream discharge and temperature appear to 

be more reliable indicators of grazing impacts to water quality than stubble height. It is 

apparent from this study that during drought conditions or on streams with high irrigation 

withdrawals, livestock grazing could lead to unacceptable levels of fecal coIiform. With 

this understanding, managers could utilize off-stream water or pasture deferment to limit 

water quality degradation on grazing lands.
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Bandy Nitrate 1999

Ekliazed 

■ nongrazed

7/10/99 7/14/99 7/18/99 7/22/99 7/26/99 7/30/99 8/3/99

Fig. IO. Non-significant nitrate concentrations in Cottonwood creek at the Bandy Ranch 1999.

BandyOrlho-Phosphate 1999

Qgrazed

7/6/1999 7/10/1999 7/14/1999 7/18/1999 7/22/1999 7/26/1999 7/30/1999 8/3/1999

Dates

Fig. 11. Non-significant ortho-phosphate concentrations in Cottonwood Creek at the Bandy Ranch
1999.
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Bandy Ranch Tem perature 1999

7/14/99 7/22/99 7/26/99 8/3/99

Dgrazed 
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Fig. 12. Non-significant temperature in Cottonwood Creek at the Bandy Ranch 1999.

pH 1999 B andy R anch
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Rig. 13. Non-significant pH in Cottonwood creek at the Bandy Ranch 1999.
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Bandy Nitrate 2000
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rig. 14. Non-significant nitrate concentrations in Cottonwood Creek at the Bandy Ranch 2000.

Bandy pH 2000
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Fig. 15. Non-significant pi I concentrations in Cottonwood Creek at the Bandy Ranch 2000.
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Bandy 2000 Fecal Coliform
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Fig. 16. Non-significant fecal coIiform concentrations in Cottonwood Creek at the Bandy Ranch
2000 .

Bandy R anch T em peratu re  2000
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Fig. 17. Non-significant temperature in Cottonwood Creek at the Bandy Ranch 2000.
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Bair 1999 O rth o -P h o sp h a te
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/ / / / / / / / / / /

Fig 18. Non-significant ortho-phosphate concentrations in the South Fork ol'tlie Musselshell River at
the Bair Ranch 1999.

B air 1999 N itra te
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Fig. 19. Non-significant nitrate concentrations in the South Fork of the Musselshell River at the Bair
Ranch 1999.
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Bair 1999 pH

□ grazed 
■ ungrazed

Fig. 20. Non-significant pi I concentrations in the South Fork of the Musselshell River at the Bair
Ranch 1999.

Bair Ranch Temperature 1999
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Fig. 2 1. Non-significant temperature in the South Fork of the Musselshell River at the Bair Ranch 1999.
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Bair 2000 Nitrate
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Fig. 22. Non-significant nitrate concentrations in the South Fork of the Musselshell River at the Bair
Ranch 2000.

Bair pH 2000

7/10/00 7/14/00 7/18/00 7/22/00
Dates

Fig 23. Non-significant pi I concentrations in the South Fork of the Musselshell River at the Bair Ranch
2000 .



54

Bair Ranch Temperature 2000
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Iiu.. 24. Non-significant temperature in the South Fork of the Musselsliell River at the Bair Ranch
2000 .
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