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ABSTRACT 

 
Irrigated hay meadows are an integral, but often under-performing component of 

livestock operations in western rangeland ecosystems. Flood irrigation resulting in 
seasonal saturation, high elevation, and cool temperatures common to these systems 
result in concentration of organic materials near the soil surface, constraining nitrogen 
cycling, forage productivity and diversity. Improved understanding of nutrient cycling, 
soil organic matter processes, and ecosystem services of irrigated hay meadows, as 
impacted by management, is necessary for improving long-term sustainable production. 
The goal of this study is to develop process-level understanding in support of 
management that improves soil health, biodiversity, and productivity of irrigated 
meadows by sampling four meadow systems in Wyoming and Colorado. At each site, 
three management scenarios are being compared: fertilized and irrigated meadows, 
unfertilized and irrigated meadows, and unfertilized and unirrigated rangeland, all on the 
same soil series. Carbon and nitrogen dynamics are being monitored by sampling the O 
and A horizons of meadow soils, and the A horizon of rangeland soils. Samples taken in 
spring and summer of 2021 were analyzed for potentially mineralizable carbon, 
potentially mineralizable nitrogen, total organic carbon, total nitrogen, microbial biomass 
carbon, and microbial biomass nitrogen. Results support the hypothesis that carbon and 
nitrogen dynamics predominate in the O-horizon, with relatively little activity in the A-
horizon directly below. Although meadow soils store large amounts of carbon and 
nitrogen in the O-horizon, this does not translate to mineralization levels that support 
adequate forage yields in the field, due to limited microbial activity during periods of 
continuous saturation. 
 

INTRODUCTION 
 
 High-elevation hay meadows are integral to the success of ranching operations 
in the Intermountain West, as they provide critical winter forage for livestock production. 
Stockpiling adequate stores of hay to overwinter breeding stock and reduce risk of 
future drought requires ranchers to make management decisions to balance productivity 
with input costs and productive acres (Taylor et al., 1985). Traditionally, use of nitrogen 
fertilizer has been one tactic to produce adequate yields in a system where water 
management and shortened growing season limit productive capacity. 



 The dependence on nitrogen fertilizer in meadows is somewhat paradoxical 
considering meadows have an O-horizon at the soil surface containing as much as 
1,120-2,464 kg N/ha (Siemer, 1979). This O-horizon develops in meadows as a result of 
repeated low-efficiency flood-irrigation methods that leave the soil saturated for 6-8 
weeks in the growing season (Peck and Lovvorn, 2001). Combined with this, the cold, 
high-elevation climate in which meadows are found means the soil microbial community 
has reduced ability to mineralize organic matter for forage production. 
 With the reoccurrence of drought, increased forage prices, and recently doubled 
fertilizer prices, ranchers must utilize sustainable management practices to increase 
productivity of meadow forage systems. Therefore, the objective of this study is to 
describe soil properties and soil organic matter (SOM) processes that affect nitrogen 
availability in order to leverage management tactics that make nitrogen more available 
for sustainable forage production in meadows. 
 

MATERIALS AND METHODS 
 
 In spring of 2021, we identified four meadow systems in southern Wyoming and 
northern Colorado that met the requirements of flood irrigation and elevation greater 
than 1,980 m. At each meadow system, we further identified three management areas, 
all on the same soil series: 1) long-term fertilized, irrigated meadow, 2) long-term 
unfertilized, irrigated meadow, and 3) unfertilized, unirrigated natural rangeland. Three 
plots were randomly established at each management area for repeated sampling.  
 Samples were taken in spring 2021, following thaw, and summer 2021, one week 
prior to hay harvest. In meadows, samples were taken from both the O-horizon (0-5 cm) 
and the A-horizon directly below (5-15 cm). Because an O-horizon does not exist in the 
rangeland soils, only the A-horizon was sampled (0-10 cm). Samples were put on ice 
and transferred to the lab where they were analyzed for potentially mineralizable 
nitrogen (PMN), potentially mineralizable carbon (PMC), microbial biomass carbon 
(MBC), microbial biomass nitrogen (MBN), total organic carbon (TOC), and total 
nitrogen (TN). PMN was analyzed using a 2-week anaerobic incubation followed by 
colorimetric NH4+ analysis (Waring and Bremner, 1964). PMC was analyzed using a 2-
week aerobic incubation analyzed for CO2 evolution (Zibilski, 1994). MBC and MBN 
were determined using the fumigation method followed by extraction in 0.5M K2SO4 
and combustion analysis (Horwath and Paul, 1994). TOC and TN were determined 
using combustion analysis.  
 Statistical analysis was performed using R 4.1.1. For all soil analyses, an 
ANOVA was performed with soil horizon, management area, ranch, and sampling date 
as factors. If sampling date was a significant factor, it was removed from the model and 
sampling times were analyzed separately. Significance was set at α=0.1, as this is an 
observational study. Following a significant factor or interaction in the ANOVA, means 
were separated using Tukey’s HSD. 
 
 



RESULTS AND DISCUSSION 
 Decades of continuous flood irrigation has resulted in the development of a 3-5 
cm O-horizon at the surface of meadow soils (Lewis, 1957). Statistical analysis confirms 
that the O-horizon significantly affects C and N cycling in meadows, as horizon was a 
highly significant (P<0.0001) model factor for all soil analyses for both spring and 
summer samplings (Table 1).  Meadow soils store large amounts of C and N in the O-
horizon, with relatively little C and N in the A-horizon directly below (Table 2, spring 
sampling & Table 3, summer sampling). This is also true for labile C, N, and microbial 
biomass (MBC & MBN), where a majority of C and N cycling appears to be occurring in 
the O-horizon with relatively little activity in the A-horizon for both spring and summer 

samplings (Table 2 & 
3). A potential reason 
for the lack of activity 
in the A-horizon is the 
effect of flood-
irrigation on species 
composition. Long 
periods of soil 
saturation common to 
meadows have been 
shown to favor 
rhizomatous grasses 
with shallow root 

systems, reducing the amount of organic matter in the A-horizon compared with 
unirrigated rangeland soils (Table 2 & 3) (Rumburg and Sawyer, 1965).  
 In the field, it appears mineralization of C and N is limited, as unfertilized forage 
yields in meadows are commonly low, ranging from 1,700-2,800 kg/ha annually 
(Rumburg and Siemer, 1975). This is somewhat surprising, considering the C:N ratio of 
the O-horizon does not exceed 15:1. Our results support that, in ideal conditions, the 
microbial community is never limited by substrate quality and can mineralize large 
amounts of C and N in the lab. The reason for the disconnect in meadow nutrient 
cycling appears to be a result of soil climate. Meadows commonly exist at elevations > 
1,980-m, where growing seasons are short and soils remain cold or frozen for long 
periods of time. When temperatures increase in spring and summer, saturated 
conditions, as a result of continuous flood irrigation, reduce the ability of the microbial 
community to mineralize OM (Bossio and Scow, 1995). Considering the need for 
increased sustainability of western forage systems, ranchers would benefit from 
improved nitrogen mineralization to support yields without excess dependence on 
synthetic fertilizer. Research that examines methods to stimulate N mineralization in the 
field will be critical for improved sustainability of meadows in the future. 
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