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Abstract

Cheatgrass (Bromus tectorum) has established itself as a prolific invader across the rangelands of the
western United States, resulting in an abundance of fine fuel and an increased wildfire frequency. The
increased frequency of fires has led to a significant reduction in native vegetation, causing degradation of
wildlife habitat, forage availability, and other ecosystem services. To address this destructive wildfire cycle,
cattle can be utilized to reduce cheatgrass fuel loads and mitigate cheatgrass dominance through targeted
grazing. Concurrently, livestock may be used as vectors for the dispersal of desired rangeland plant species
seeds through faecal seeding. Many seeds of interest are susceptible to microbial degradation in the rumen,
which is why our study aimed to utilize in situ methods to evaluate the effects that seed coat enhancements
have on the viability of seed germination post ruminal fermentation. Four target species, Indian ricegrass
(Achnatherum hymenoides), crested wheatgrass (Agropyron cristatum), bottlebrush squirreltail (Elymus
elymoides), and bluebunch wheatgrass (Pseudoroegneria spicata), were coated with either
Polyvinylpyrrolidone (PVP) or PVP + ethyl cellulose (Ethocel). The seeds were subjected to ruminal
fermentation for 0, 6, 12, 24, 36, 48, 96 hours, after which, the seeds were placed into petri dishes and
germination was monitored for five weeks. PVP and PVP + Ethocel coating treatments resulted in decreased
germination rates for the 0-hour treatment across all species except Indian ricegrass. However, coated seeds
exhibited greater resistance to microbial degradation through time. The exception to this was Indian
ricegrass, which exhibited an increase in germination through time for PVP and control groups.
Additionally, coated crested wheatgrass seeds were incubated in vitro for 48 hours and incorporated into
faecal pats of varying depths to examine emergence. Emergence in faecal material was notable for the PVP
+ Ethocel group, indicating its potential to protect seeds under harsh environmental conditions.
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Introduction

Rangeland ecosystems are essential for maintaining biodiversity, supporting livestock grazing, and
providing ecosystem services such as carbon sequestration and water filtration. Despite their importance,
these ecosystems are under increasing pressure from a variety of anthropogenic and natural factors,
including habitat fragmentation, altered fire regimes, and the proliferation of invasive plant species
(Baughman et al., 2022; Whisenant, 1989). Among these threats, the introduction and dominance of
invasive grasses such as cheatgrass (Bromus tectorum) pose significant challenges, transforming native
rangelands and exacerbating wildfire frequencies. As vegetative diversity declines, ecosystem resilience
weakens, leading to cascading effects on trophic dynamics and ecosystem functions (Pace et al., 1999;
Quijas et al., 2010).

The loss of plant community diversity in western rangelands, particularly within sagebrush steppe
environments, has prompted land managers and researchers to investigate innovative methods to restore
these ecosystems. Healthy rangelands depend on diverse plant communities with functional traits that
enable them to adapt to challenging and fluctuating environmental conditions (McCann, 2000; Baughman
et al., 2022). Restoration practices often aim to bolster this functional diversity, which enhances ecosystem
resistance and adaptability to disturbances.

Restoration efforts in the western United States date back over a century, but harsh environmental
conditions and logistical constraints make these efforts costly and often ineffective. Traditional reseeding
methods face low success rates due to factors like poor seed-soil contact, water scarcity, and competition
with invasive species (Monsen & MacArthur, 1995; Svejcar & Kildisheva, 2017). In recent years, seed
coating technology has emerged as a promising solution to improve restoration outcomes. By applying
physical, chemical, or biological enhancements to seeds, seed coating technologies can improve seedling
establishment, viability, and resistance to environmental stressors (Davies et al., 2018; Pedrini et al., 2020).
For example, surfactants added to seeds reduce soil-water repellency, enhancing water availability at the
seed microsite, while coatings with abscisic acid (ABA) delay germination to align with favourable
conditions (Madsen et al., 2014; Richardson et al., 2019).

The application of seed coating technologies in rangelands presents a dual opportunity: to improve the
establishment of desirable native species and to suppress the dominance of invasive grasses. For example,
effective reseeding with perennial grasses can reduce cheatgrass density, thereby altering fire regimes and
restoring wildlife habitat (Francis & Pyke, 1996; Whisenant, 1989). Targeted grazing strategies further
support this effort by reducing cheatgrass seed banks and fine fuels while avoiding harm to beneficial
vegetation (Clark et al., 2023; Perryman et al., 2020). Grazing also presents a unique opportunity to leverage
natural seed dispersal mechanisms through endozoochory—the spread of seeds via livestock or wildlife
excrement (Teichman et al., 2013).

Faecal seeding, where seeds are dispersed in livestock faeces, is a low-impact restoration method that
capitalizes on natural trophic interactions. While this approach minimizes mechanical disturbance to the
soil, the digestive processes of ruminants can reduce seed viability, particularly for invasive species like
cheatgrass (Holton et al., 2024). This challenge necessitates innovative solutions, such as hydrophobic seed
coatings, to protect seeds during digestion and improve their establishment post-dispersal (Qoism et al.,
2024; Sashi et al., 2019).

This study investigates the potential of hydrophobic seed coatings, specifically Polyvinylpyrrolidone (PVP)
and PVP combined with ethyl cellulose (PVP + Ethocel), to protect seeds during ruminal digestion. Our
objectives were to evaluate germination and emergence rates of coated seeds post-digestion and assess their
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viability under simulated rangeland conditions. We hypothesize that hydrophobic coatings will enhance
seed protection during digestion and improve seedling establishment in faecal seeding applications.

Methods

In Situ Ruminal Incubation

Six rumen-cannulated Angus X Hereford steers (610 = 54.5 kg) were fed a grain-hay diet and used to
evaluate the effects of seed coatings on the viability of crested wheatgrass (Agropyron cristatum),
bluebunch wheatgrass (Pseudoroegneria spicata), bottlebrush squirreltail (Elymus elymoides), and Indian
ricegrass (Achnatherum hymenoides). Seeds were coated with PVP, PVP + Ethocel, or left uncoated as
controls. Seed samples were placed in heat-sealed nylon bags and incubated in the rumen for varying
durations (0, 6, 12, 24, 48, and 96 hours). Bags were removed at designated time points and prepared for
enzymatic digestion simulations.

In Vitro Abomasum Incubation

After ruminal incubation, seeds were subjected to in vitro digestion to simulate passage through the
abomasum. This process involved incubating seeds in a solution of rumen fluid, pepsin, and hydrochloric
acid at 39°C for three hours. The treated seeds were then rinsed and prepared for germination trials in sterile
petri dishes.

Germination Trial

Fifty seeds from each treatment group (species, coating, and incubation time) were placed in sterile petri
dishes with blotting paper for moisture retention. Dishes were incubated at 20°C with a 12-hour photoperiod
and monitored for germination every five days over five weeks. Germination was defined by the emergence
of a 2-mm radicle.

Faecal Emergence Trial

Seeds incubated for 48 hours in the rumen were mixed into homogenized faecal material at depths of 1.3,
2.5, and 3.8 cm in greenhouse conditions. Emergence was monitored over ten weeks, beginning with five
weeks of water restriction followed by watering every three days. Seedling counts were recorded every ten
days.

Statistical Analysis

Generalized linear mixed models were used to analyse the effects of seed coatings, ruminal incubation time,
and faecal depth on germination and emergence. Statistical significance was set at P < 0.05, with trends
noted between P < 0.1 and P > 0.05.

Results

Germination Post-Incubation

Germination rates decreased as ruminal incubation time increased for all species (Figure 1). PVP + Ethocel
coatings significantly improved germination for crested wheatgrass and bottlebrush squirreltail after
extended incubation times, while Indian ricegrass performed poorly with this coating. Notably, Indian
ricegrass treated with PVP maintained germination rates similar to the control group, with a slight increase
at 24 hours of incubation (Figure 2).

Faecal Emergence
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Seedling emergence varied significantly by faecal depth and coating type. Control seeds exhibited the
highest emergence at shallow depths (1.3 cm), while PVP + Ethocel coatings outperformed at deeper levels
(2.5 and 3.8 cm). Deeper faecal deposits provided better moisture retention, supporting greater emergence
rates across treatments (Figure 3).

Discussion [Conclusions/Implications]

Our findings reveal that seed coatings, particularly PVP + Ethocel, can enhance the viability of certain
rangeland species during ruminal fermentation. Species-specific responses indicate the importance of
tailoring coatings to match seed morphology and dormancy characteristics. For example, Indian ricegrass,
which relies on dormancy to regulate germination, exhibited poor performance with PVP + Ethocel
coatings, likely due to the coating's interference with dormancy-breaking mechanisms.

The faecal emergence trial highlights the importance of environmental conditions, such as faecal depth, in
seedling establishment. Deeper faecal deposits mitigated moisture loss and crusting, creating favourable
conditions for emergence. However, the reduced performance of PVP-coated seeds at shallow depths
underscores the need for further refinement of coating formulations to maximize their applicability across
diverse rangeland environments.

This study demonstrates the potential of seed coatings to enhance restoration efforts through faecal seeding.
PVP + Ethocel coatings showed promise for improving seed viability and emergence under harsh
conditions, making them a viable tool for restoring degraded rangelands. However, further research is
needed to optimize coatings for a broader range of species and field conditions. Tailoring coating
technologies to the specific ecological and operational contexts of restoration projects will be essential for
maximizing their impact.
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Figure 1. The evaluation of the germination potential of rangeland seed species coated with either
polyvinylpyrrolidone (PVP), PVP + Ethocel, or control, after exposure to in situ ruminal fermentation
through time (in hours) followed by 3 hours of in vitro abomasal enzymatic digestion. The final

germination is expressed as a percentage of total seeds examined.
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Figure 2. An examination of germination rates through time (in hours) for rangeland seed species coated
with polyvinylpyrrolidone (PVP), PVP + Ethocel, and a control group. Seeds were incubated in the
rumen, followed by 3 hours of in vitro abomasal enzymatic digestion.
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Crested Wheatgrass Emergence in Varying Fecal Depths
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Figure 3. The evaluation of crested wheatgrass (Agropyron cristatum) emergence in faccal material
substrate at varying depths (1.3 cm, 2.5 cm, and 3.8 c¢cm) after seeds were coated with
Polyvinylpyrrolidone (PVP), PVP + Ethocel (PVP + E), or control, and subjected to 48 hours of in vitro
ruminal fermentation paired with 3 hours of in vitro abomasal enzymatic digestion. Emergence was
determined by above surface expression of vegetative material.
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