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ABSTRACT 
 

Grazing cattle may be managed in such a way to improve the productive capacity and/or health 
of the land that supports them. This study assessed and continues to assess the soil health and 
productivity of a certified organic ranch pasture under a variety of grazing and fertility treatments. Two 
different strategies of planned grazing management are being used, differing by the density and timing 
of grazing cattle. These strategies represent a sustainable low-density stocking rate, and a very high 
density but brief stocking approach. These two grazing strategies are overlaid with four soil fertility 
treatments to address pre-existing fertility limitations. The fertility treatments are: none (control), 
organic P and S (at rates recommended by soil analysis), supplemental manure, and compost tea. 

The two factors in this study, grazing management and fertility management, address two of the 
FY15 BIOAg priorities: 
• Biologically-intensive and organic approaches to sustainable management of soil quality -  
• Novel approaches to weed, disease, pest and/or fertility management that transcend traditional 
conventional or organic approaches. 
 The study site was established in 2015. Initial soil and plant communities were assessed. High 
and low density grazing and the fertility treatments have been applied in 2015 and 2016. Forage 
productivity and quality, and soil fertility and biological activity were analyzed in 2016. Forage 
production will be assessed annually going forward, with a full repeated forage and soil analysis in 2019. 
 
 

PROJECT DESCRIPTION 
 
This study assessed the soil health and productivity of a certified organic ranch pasture under a variety 
of grazing and fertility treatments. The project sought to refine and spread a management system that 
supports an effective nutrient cycle and plant community which is regenerative. This research examined 
the effects of low dose fertilization and high density planned “mob” grazing on forage and soil quality 
through replicated research. Two different strategies of planned grazing management were used, 
differing by the density and timing of grazing cattle. These strategies represent a sustainable low-density 
stocking rate, and a very high density (>100,000 lbs cattle per acre) but brief stocking approach. These 
two grazing strategies were overlaid with four soil fertility treatments to address pre-existing fertility 
limitations in an irrigated pasture. Three methods of soil nutrient supplementation were compared to 
control (no fertility supplement): partially-aged manure, organic-allowed forms of phosphorus and sulfur 
fertilizers, and non-aerated compost tea. The result metrics include:  
1) traditional soil testing for macro- and micronutrient levels, pH, C, and other chemical measures;  
2) soil microbial biomass and labile carbon;  
3) plant species composition by weight and canopy cover, focusing on invasive annual grasses and forbs 
which often increase in response to an increase in soil N;  
4) and total above-ground biomass production (yield). 

 



OUTPUTS 
Work Completed:  

In 2015 the study site was established, initial plant and soil characterization completed, and 
grazing and fertility treatments were applied.  
 In 2016 grazing and fertility treatments were applied again. Forage production and protein 
content were determined. Soil analyses at 0-6, 6-12, and 12-18 inches included organic matter, soluble 
carbon and nitrogen, microbial dehydrogenase activity, and microbial biomass. 

This was intended to be a 5-year study, or possibly longer if warranted. Soil changes were not 
expected in a 12-month timeframe from treatment to measurement, but results to date are reported 
here. 
 
Soil Characterization 
Soils in the field are a gravelly silt loam, with a significant phosphorus deficit (Table 1). Total organic 
matter and microbial activity (dehydrogenase enzyme or DH) show substantially more total and active 
organic carbon at 0-15 cm compared to 15-30 cm.  Below 45 cm, high rock content prohibits consistent 
soil sampling. Analysis of 2016 soil samples of each plot are underway. 
 
Table 1. Baseline soil analyses in each block of study area. 

  DH Activity P K B Zn Mn Cu Fe Ca Mg Na pH EC OM 

  ug TPF /g /h ---------------- mg / kg ---------------- - meq / 100 g -  mmho % 
Block 1, 0-15 cm 2.7 8 227 0.2 1.3 1.5 0.5 33 8.4 3.8 0.2 7 0.1 3.3 

15-30 cm  1.5 5 183 0.1 0.6 0.9 0.4 24 8.3 3.5 0.3 7.2 0.1 2.1 
Block 2, 0-15 cm 2.7 11 300 0.2 1.4 1.3 0.5 26 9.6 4.3 0.1 7 0.1 3.3 

15-30 cm  1.3 6 182 0.2 0.7 1.4 0.4 31 7.9 3.4 0.2 7.2 0.1 1.8 
Block 3, 0-15 cm 2.8 9 372 0.2 1.3 1.3 0.5 24 9 4 0.2 7.2 0.1 3.3 

15-30 cm  1.6 6 188 0.1 0.6 1.4 0.5 19 8.3 3.8 0.2 7.1 0.1 1.6 
Block 4, 0-15 cm 2.8 6 266 0.2 1.2 1 0.4 23 8.4 3.7 0.2 7 0.1 3.4 

15-30 cm  1.5 4 182 0.1 0.7 1.2 0.5 21 8.6 3.8 0.2 7.2 0.1 1.9 
 
Plant Characterization 
Plant species composition was evaluated in June 2015 prior to grazing treatments. Species composition 
pre-grazing in 2015, the initial grazing treatment, was clearly driven by soil type and moisture, with drier 
soil to the east and more mesic soil to the west near a wetland. Species present at that point in time, 
most of which were present in most plots, included the following categories and species: 
 

Table 2. Plant species present in study area, pre-treatment. (N) = native 
Perennial grasses Annual grasses Desirable forbs Invasive forbs 
Western wheatgrass (N) Cheatgrass Clover Dandelion 
Meadow foxtail Ventenata Alfalfa China lettuce 
Tall fescue Annual oats Western yarrow (N) Tumble mustard 
Sandberg bluegrass (N) Bulbous bluegrass American vetch (N) Dock 
Smooth brome Japanese brome  Scentless mayweed 
Orchardgrass   Western salsify 
   Cinquefoil 
   Lambsear 
   Pigweed 
   Musk thistle 



 
 
Toward the east side of the plot area, cheatgrass and drought-tolerant annual forbs dominated with remnant 
perennial grasses. Toward the west side of the plot area, perennial grass and mesic pasture forbs dominated. 
Cheatgrass generally declined following this E-W soil moisture gradient as did tumble mustard, which was quite 
abundant in 2015. Dominant species by weight were primarily western wheatgrass, tumble mustard, cheatgrass, 
and alfalfa. 
 
Grazing treatments 
2015: High density grazing was applied to HD plots July 7-9 with 140 Animal Units. This created a stock density of 
140,000 pounds of herbivore per acre, since the high density plots are 1 acre. Grazing period duration in each 
individual high density treatment strip was 3-6 hours. A target utilization level was used by the operator as a 
“trigger” for when to move animals to the next strip. 
2016: 119 Animal Units (1000-lb equivalent) went into HD plots on June 13. Western wheatgrass, the dominant 
perennial grass, was at anthesis to soft dough stage in phenological development. Cheatgrass was fully mature 
and at seed shatter. Animals were in the first (northernmost) strip for 6 hours. Maurice reported that the 
previous year the same strip only held them for 3 hours, based on target utilization.  In 2016 he used more of a 
behavioral trigger – after 6 hours he removed the next fence and allowed free-choice movement into the next 
paddock. Stock density was 119,000 lbs/ac this year and Maurice hoped for more trampling than 2015. Western 
wheatgrass was very uniformly grazed to a height of ~6-10 inches (see Figure 1). Cheatgrass had gone to seed a 
few weeks prior to grazing and was not consumed.  
 

 
 
Soil fertility treatments 
Treatments were applied in July 2015 and May 2016. Soil amendment rates were determined according to initial 
soil analyses and Mahler, 2005 (CIS 853). Mineral and manure treatments supplied 10 lb/acre S and 23 lb P2O5 in 
2015, and 20 lb/acre S and 46 lb P2O5 in 2016. Compost tea supplied approximately 10% of this nutrient content. 
Organic-allowed gypsum and bonemeal were broadcast applied in the mineral treatment. Manure was obtained 
from a recent on-ranch stockpile and analyzed. Compost tea was made with on-ranch cattle manure compost 

Figure 1. Residual 
following 2016 high 
density grazing 
treatment in one 
paddock was greater 
than 1000 lbs/ac, 
leaving plenty of leaf 
area for recovery from 
active photosynthesis. 
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(nutrients analyzed) in 1:10 mass ratio (wet weight basis) with water, steeped 24 hr. Liquid was strained and 
sprayed onto pasture areas at 25 gal/acre (2015) and 60 gal/acre (2016).  
 
Forage yield 
Plant biomass was sampled in each plot June 9, 2016, days before the first 2016 grazing period. Both green 
(fresh) weight and dry weights were recorded. Although only one fertility treatment and one grazing period had 
been applied to the plots, the benefits of fertility treatments were becoming evident. In both high and low 
density grazing, areas treated with manure tea produced more green or dry matter than unfertilized areas. 
Mineral (organic allowed) and manure treatments also produced more dry biomass in the high density grazed 
area but not in low density or in green matter measures. 
 
Table 3. Forage biomass on June 9, 2016. 

Grazing Fertility 
Green Matter 

Lb/acre 
Dry Matter 

Lb/acre 
High None 3472 a 828 a 
High Mineral 3856 ab 1115 bc 
High Tea 4113 b 1091 bc 
High Manure 4153 ab 1081 bc 
Low None 3213 a 944 b 
Low Mineral 3870 ab 955 abc 
Low Tea 4409 b  1169 c 
Low Manure 3930 ab 961 bc 

 
Plant Community changes 
Following the 2016 grazing treatment, tumble mustard was almost non-existent, whereas tumble mustard was 
in the top four species by weight in 2015. Tall fescue and western wheatgrass were the dominant perennial 
grasses June 2016; tall fescue was almost non-existent in 2015. There was very little bare ground in any of the 
plots in Year 2. Cheatgrass was still present but not dominant. Litter cover post-grazing was significantly higher 
than post-graze in 2015.  

 
Despite the similarity in stock density from 2015 to 2016, the trample-to-graze ratio appeared higher in 2016. 
This was perhaps due to a shift in species composition away from tumble mustard and other weedy forbs, which 
are quite persistent once mature, toward more grasses. Further, regrowth in 2015 after the grazing treatment 

Figure 2. July 2016 
pasture composition 
included much annual 
mustard and downy 
brome/cheatgrass. At 
100,000 lbs/acre stock 
density, the trample-to-
graze ratio was lower 
than desired. 
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would have been primarily perennial grass since the annuals had completed their life cycle at the time of 
grazing, so whatever residual standing material from 2015 was on site going into spring 2016 was grass and 
more prone to trampling by animals looking for green material.  

 
 
 
 
Publications, Handouts, Other Text & Web Products 

Fact sheets on pasture amendment and grazing are still planned but cannot be written until results are 
firmer. The key change predicted by the research hypothesis is soil microbial activity increase and this was 
not expected to change inside a 2-year grant cycle. Preliminary results indicate that high stock density 
does make a difference in soil health and forage yield; further, that high stock density with long recovery 
periods combined with soil amendments improves measurable indicators of soil health. However, 
canonizing this partially tested hypothesis would be premature and would lack necessary detail for good 
guidance to farmers and ranchers. 

 
Outreach & Education Activities: 
CSANR 2015 summer tour/meeting held at Lazy R Ranch (July 30) – audience was mainly Center stakeholders and 
agricultural researchers. Roots of Resilience, formerly the PNW Center for Holistic Management, held a one-day 
ecosystem monitoring workshop at the Lazy R – audience was livestock farmers. Both meetings promoted the 
research effort and scientific basis for the research hypothesis, since meaningful results will accumulate over the 
upcoming years. 
 
Carpenter-Boggs and Crosby presented an eOrganic webinar (Nov 4, 2015) on compost tea with 391 attendees. 
 

Figure 3. 2016 grazing 
achieved higher 
trampling, i.e., a larger 
proportion of stems and 
leaves laid on top of the 
soil, increasing soil cover.  
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Ranch monitoring field course at Lazy R (June 21-22) with Roots of Resilience, 10 attendees. Monitoring course 
syllabus included research field observations and discussion of how plant community attributes might change in 
response to various environmental variables, especially grazing management.  

 
Tilth Conference 2016 session on dryland grazing with 35 attendees; content included effects of stock density and 
length of grazing and recovery periods on soil health attributes. 

 
Carpenter-Boggs presented on “Pathways to Soil Health” in Douglas County, WA. This has helped to enlist growers 
into additional grazing trials in that area, managed by the Okanogan Conservation District. 

 

IMPACTS  
• Short-Term: Significantly greater awareness of pasture fertility concepts and the role of soil 

microorganisms in mediating nutrient availability. Researchers expect to learn over the next 3-5 years 
whether an additive or synergistic relationship exists between high-density grazing and organic fertility 
treatments. Pastured land commonly suffers from low soil nutrient levels and consequent low 
productivity. These conditions, combined with poor grazing management which inhibits full expression of 
the plant community, result in a relatively unproductive land base for commercial cattle production. 
During this study and related outreach, researchers and ranchers will gain knowledge and improve overall 
management of nutrient cycling for long-term pasture productivity. 

• Intermediate-Term: Increased understanding of how grazing variables (duration of grazing bout, timing of 
grazing relative to plant phenology and season, animal density within paddock, frequency of grazing 
events, length of recovery period within plant growing season) affect the ratio of trampling to grazing 
(which relates directly to soil cover), severity of defoliation (how much of the plant is removed). Improving 
productivity of pastures through means other than synthetic fertilizer, which is already viewed as 
prohibitively expensive by livestock producers, could significantly increase the profitability of livestock 
production. Washington livestock producers, at least early adopters, if presented with a low-cost method 
of enhancing soil fertility and pasture production, will implement on a small scale to test the concept on 
their own, likely in the first growing season following publication and promotion of the research results. 
This research will have applicability to crop farmers as well. 

• Long-Term: Throughout the Pacific Northwest there is increasing interest in integrating livestock with 
cropping systems. This is driven, in part, by volatile petroleum prices and the direct effects on synthetic 
fertilizer input costs for crop farmers; integration is motivated also by increasing awareness of the 
importance of soil health for water-holding capacity, nutrient availability, and soil conservation (avoiding 
erosion). Success in this project could prompt, within 5-10 years, a shift toward management that 1) 
optimizes profit rather than maximizing yield, 2) conserves nutrients through low-input application, and 
3) utilizes alternative nutrient sources and methods that enhance nutrient availability using verified 
promoters of soil health, and 4) integrates livestock with crop production for improved long-term 
agroecosystem sustainability. 
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Catherine Crosby, Michael Lege 
 
RECOMMENDATIONS FOR FUTURE RESEARCH 



Studies such as this one are needed at multiple locations and agroecological zones. There is currently a 
significant rift between many ranchers and many researchers concerning the value of livestock rotation and 
“mob” grazing. Similarly there is little acknowledgement of direct soil and plant fertility management in popular 
ranching literature. Compost or manure teas as fertilizer are very poorly understood. Transdisciplinary projects 
that engage ranchers with researchers have the best chance of finding agreement and creating lasting dialog. 


