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Water Quality Questions

• What is the quality of runoff from irrigated pasture?

• How does pasture management effect runoff water quality?

• If there is a problem, what management could fix it?



• Microbial pollutants – E. coli and fecal coliforms

Water Quality Concerns

Human illness due to ingestion of 
waterborne fecal pathogens



• Microbial pollutants – E. coli and fecal coliforms
• Nutrients – nitrogen and phosphorus

Water Quality Concerns

Eutrophication (low O2) due to 
excessive nutrients and temperatures

Human illness due to ingestion of 
waterborne fecal pathogens



• Microbial pollutants – E. coli and fecal coliforms
• Nutrients – nitrogen and phosphorus
• Sediment – erosion, fish habitat

Water Quality Concerns

Sediment in spawning gravels and rearing pools for trout, steelhead, salmon



Research Address the Questions 

• Surveys of water quality on 
and off pastures.

• Water quality response to 
grazing and irrigation 
management.

• Vegetative buffers and 
wetlands as tail-water 
filters.



Stream diversion based irrigated meadows and pastures

1. Diversion

3. Return

2. Flood-irrigated pasture



Irrigated
pasture

Irrigated
pasture

Ranch A

Ranch B

Classic above v. below monitoring

Sample water weekly for 
microbial, nutrient, and sediment 
concentrations during irrigation 
season 



Survey of 10 Irrigated Meadow Systems

 Consistently	find	nutrient	concentrations	in	pasture	
and	rangeland	runoff	to	be	well	below	levels	of	concern

 Most	irrigated	pastures	and	meadow	systems	are	sinks	
for	N	and	P,	as	well	as	sediment

Tail-Water Goal
Phosphate (PO4) 0.02 <0.05
Nitrate (NO3) 0.04 <0.30

Phosphorus and Nitrogen in Tail-Water (ppm)



rangelands.ucdavis.edu/ipnmp



Fecal	Indicator	Bacteria

Bacteria that	when	present	in water	indicate the		
presence	of	fecal	material	and	pathogens.

C.	parvum SalmonellaE.	Coli	O157:H7

Fecal	coliforms
Indicator	E.	coli
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Indicator	E.	coli:

1,000,000+	per	gm	feces

Indicator	E.	coli in	beef	Cattle

E. coli on a lettuce leaf 



E. coli O157:H7                
Feral pig 10/200    (5%)
Coyote 2/95       (2%)
Am. crow 5/93       (5%)
Cowbird 2/60       (3%)
Rabbit 0/108     (0%)
Skunk 0/63       (0%)
Tule elk  3/150     (2%)
Deer 0/447     (0%)
Rodents      2/1043  (0.2%)

Prevalence of E. coli O157:H7 Wildlife and Beef Cattle 
CA Central Coast, 2008-10

Beef cattle 68/2715  (2.5%)



Irrigated
pasture

Irrigated
pasture 52 cfu/100 ml

1,116 cfu/100 ml
1,303 cfu/100 ml

Ranch A

Ranch B

Example Indicator E. coli results

WQ standards range from

100 to 235 cfu/100 ml



Stream E. coli
1 -1036
2 -233
3 -182
4 10
5 11
6 12
7 21
8 88
9 230
10 1064

Change: below - above

Sink

Source

No 
change



Why does one pasture increase 
concentrations, while another does not?

1. Measure management 

differences (grazing, etc.).

2. Measure site specific 

factors (streamflow, etc.)

3. Analyze to determine 

associations between 

management and water 

quality.

WQ problems

Few WQ problems



Irrigation Application Rate – Runoff Rate

0

20

40

60

80

100

0.000 0.005 0.010 0.015 0.020 0.025

Irrigation Application Rate (cfs/ac)

E.
 c

ol
i (

cf
u/

10
0m

L)

upstream downstream

Higher runoff rates = greater transport



Cattle Stocking Density (AU = 1 cow)
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High stock density = more fecal 
loading and mobilization by 
hoof disturbance
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Rotational Grazing and Diversion Rate
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Rotate cattle out before irrigation

Reduce withdrawal 



• Do wetlands filter runoff 
from pastures?

• Opportunity to filter 
water from multiple 
pastures, or at the end 
of a series of ranches?

Filtering Tail-Water



Effectiveness is dependent on flow 
dispersion, infiltration, and residence time

Functioning Wetland
Channelized Wetland
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Reduction of Pollutants due to Wetland
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E. coli Reduction by Wetland



Summary

• “Source” pasture characteristics:

– high runoff rates

– high stocking rates

– grazing during irrigation

– discharge to low flow streams



Summary

• Management solutions: 

– moderate stocking rates

– rotate grazing relative to irrigation

– reduce runoff rates

– improve delivery to reduce diversion

– wetland, buffer, tail-water pasture



rangelands.ucdavis.edu






