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Prescribed fire increases forage mineral content in grazed rangeland 
Megan R. WanchukA, Devan Allen McGranahanB,* , Kevin K. SedivecC, Kendall C. SwansonD and  
Torre J. HovickA  

ABSTRACT 

Background. Sustainable rangeland management balances production and conservation. While a 
broad literature describesthe conservation benefits of prescribed fire, benefits for livestock 
production have emerged more slowly. Mineral nutrition is important for livestock health and 
performance, but the impact of prescribed fire on mineral concentration of forages, especially in 
the northern US Great Plains, remains unknown. Aims. We investigated how burning affects the 
mineral concentration of forage early and late in the growing season. Methods. Data were 
collected on mixed-grass prairie in south-central North Dakota, USA. Vegetation was clipped 
from recently burned, 1 year post-fire, 2 years post-fire, and not-yet-burned patches at the same 
sampling points in spring and late summer. Samples were analysed for calcium, phosphorus, 
magnesium, potassium, copper, iron, manganese, and zinc concentration. Key results. Burning 
increased forage mineral concentration across most minerals. Phosphorous, potassium, copper 
and zinc were higher in burned areas in late spring and summer; calcium, magnesium and 
manganese were only higher during the late summer; Late-season iron levels increased with 
time since fire. Conclusions. Prescribed fire has a positive effect on forage mineral content. 
Implications. Prescribed fire has the potential to reduce mineral supplementation costs and 
improve cow performance.  

Keywords: beef cattle, fire-grazing interaction, forage nutritive value, grassland fire 
management, livestock nutrition, mixed-grass prairie, pyric herbivory, rangeland management. 

Introduction 

Rangelands are globally-ubiquitous examples of open ecosystems that have evolved 
under the top-down control of disturbance regimes, which commonly include fire and 
grazing (Bond 2022). Interactions between fire and grazing often create pyrodiversity, 
which is define as a heterogeneous landscape where heterogeneity initiated by spatially- 
patchy fire is maintained by focal grazing in burned patches (Archibald et al. 2005;  
Fuhlendorf et al. 2017). At the broad landscape scale, this diversity in landscape pattern 
and vegetation structure maintains biodiversity through the provision of habitat niches 
and other necessary resources within fine-scale patches (McGranahan et al. 2013;  
McGranahan and Wonkka 2021). 

Although fire–grazer interactions characterised pre-colonial landscapes with native 
herbivores and natural and/or indigenous burning, the patterns can be re-created in 
modern landscapes with spatially-patchy prescribed fire in grazed rangeland (Fuhlendorf 
and Engle 2004; McGranahan and Kirkman 2013). Patch-burning concentrates grazer 
activity in recently-burned patches within larger pastures, creating spatial heterogeneity 
that enhances ecosystem functioning and biodiversity (Fuhlendorf et al. 2017). 
Meanwhile, low-quality forage in unburned areas generally deters grazers, allowing 
aboveground vegetation to accumulate and provide dense litter and other resources 
that benefit biodiversity (McGranahan et al. 2012, 2013). 

Accruing evidence indicates fire can also enhance livestock production, which has 
important implications for fire management in grazed ecosystems. Following fire, forage 
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is high in crude protein and low in acid detergent fibre and 
neutral detergent fibre (Dufek et al. 2014; Spiess et al. 2024;  
Wanchuk et al. 2024). Although burning aboveground plant 
biomass reduces overall forage availability, the high quality 
of the regrowth maintains or even increases livestock weight 
gains in both mesic and semi-arid grasslands (Spiess et al. 
2020, 2024; Wanchuk et al. 2024). Although most reports on 
burning benefits come from prescribed fire studies, addi-
tional research confirms that forage resources recover 
quickly after wildfire, and can support grazing shortly after 
being burned (Gates et al. 2017; Kral-O’Brien et al. 2020;  
Williams et al. 2022). Understanding fire impacts on forage 
is especially important in grassland-dominated regions such 
as the north-western Great Plains where commercial live-
stock grazing is the primary land use and wildfire frequency 
on public grazing lands is increasing (McGranahan and 
Wonkka 2024). 

Often overlooked in fire × grazing research is forage 
mineral nutrition, which is an important consideration to 
enhance livestock reproduction, health, and growth, and main-
tain ranch sustainability (Greene 2000; Suttle 2010). To our 
knowledge, there are no published data on whether prescribed 
burning has a positive or negative effect on forage mineral 
concentration. Several minerals are essential for cattle, includ-
ing the macro-minerals calcium, magnesium, phosphorus, 
potassium, sodium, chlorine, and sulfur; and the trace or 
micro-minerals chromium, cobalt, copper, iodine, iron, man-
ganese, molybdenum, nickel, selenium, and zinc (NASEM 
2016). However, the extensively-managed rangelands that 
comprise most ranching operations are not always able to 
satisfy the mineral requirements of grazing cattle throughout 
the grazing season, decreasing forage utilisation and perform-
ance (McDowell 1996; Arthington and Ranches 2021). In 
particular, phosphorous, magnesium, copper, zinc, manga-
nese, cobalt, selenium, and iodine concentrations are often 
deficient for cattle (Greene 2000; Suttle 2010; Arthington 
and Ranches 2021). Free-choice mineral supplementation 
can be used to meet grazing livestock requirements, but this 
adds cost to production and individual animal intake can be 
variable (Greene 2000). 

Mineral concentration of forage can vary spatially and 
temporally because rangeland plant communities and soils 
are often variable. Precipitation is also a factor, with many 
mineral concentrations increasing during drought and 
essentially being diluted in plant tissues when rainfall 
exceeds average (Grings et al. 1996; Ganskopp and 
Bohnert 2003). As plants use their roots to take up plant- 
available minerals via aqueous solution in the soil, forage 
mineral concentrations are generally a reflection of the 
amount of absorbable minerals in the soil (Suttle 2010). 
Furthermore, soil pH can influence plant mineral uptake, 
with pH values above six increasing molybdenum, and 
decreasing manganese and cobalt uptake (Suttle 2010). 
Over the grazing season, forage mineral concentration usu-
ally decreases with maturation for phosphorus, potassium, 

zinc, copper, manganese, and iron since plant maturity 
causes dilution and translocation of minerals to roots 
(McDowell 1996; Suttle 2010). Conversely, calcium and 
magnesium concentration usually increase as the grazing 
season progresses as forage matures and accumulated min-
erals are less diluted in plant tissue (Metson and Saunders 
1978; Ganskopp and Bohnert 2003). 

Limited studies have examined fire effects on forage 
mineral concentration, with contradicting results (Umoh 
et al. 1982; Van de Vijver et al. 1999; Anderson et al. 
2007; Eby et al. 2014; Vermeire et al. 2020). Although the 
majority of work has found some minerals to increase in 
recently burned forage, there is a lack of consistency as to 
which minerals are impacted by fire (Van de Vijver et al. 
1999; Anderson et al. 2007; Eby et al. 2014; Vermeire et al. 
2020). Much of this variability can likely be attributed to 
different soil mineral concentration, prescribed fire timing, 
and differences in plant community composition; mineral 
concentration is typically greater in legumes and forbs than 
in grasses, with species-level differences within plant fami-
lies (Grings et al. 1996; Ganskopp and Bohnert 2003; Suttle 
2010). The short duration of forage mineral increase is the 
one aspect consistent between studies, with forage mineral 
concentration returning to unburned levels by a few months 
post-fire (Van de Vijver et al. 1999; Eby et al. 2014; Vermeire 
et al. 2020). 

The lack of consistent outcomes in the limited studies 
examining forage minerals under prescribed fire compli-
cates managers’ ability to ensure proper mineral nutrition 
of livestock grazing post-fire rangeland. We determined 
whether prescribed fire impacts several forage minerals 
that are important to beef cattle nutrition. Our objectives 
were to: (1) determine if prescribed fire increases mineral 
concentration of forage in rangeland pastures; and (2) ascer-
tain if forage after prescribed fire will better meet recom-
mendations for beef cattle. We hypothesised that post-fire 
regrowth in patches following spring fire would have 
greater mineral concentrations than forage in unburned 
patches, and that this increase would be short-term, lasting 
the first 3 months of the grazing season. We also expect that 
forage in recently burned patches will be closer to meeting 
the requirements of grazing beef cows. 

Materials and methods 

Study location & design 

We conducted this study at the North Dakota State 
University Central Grasslands Research Extension Centre 
in south-central North Dakota, USA (46°45′N, 99°28′W). 
The climate is characterised as temperate, with a previous 
30-year average growing season precipitation of 333 mm 
and air temperature 17°C. During the 2017–2020 study 
period, growing season precipitation averaged 339 mm 
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(range, 212–447 mm) and air temperature averaged 17°C 
(range, 16–18°C) (NDAWN 2023). A drought occurred in 
2017 when seasonal rainfall was 27% below average (Spiess 
et al. 2020). 

Vegetation in the region is typical northern mixed-grass 
prairie. Herbaceous cover of the study pastures consists 
primarily of Kentucky bluegrass (Poa pratensis L.), smooth 
brome (Bromus inermis L.), western wheatgrass (Pascopyron 
smithii [Rydb] À. Löve), and little bluestem (Schizachyrium 
scoparium [Michx] Nash.). Study pastures had low dis-
similarity in vegetation composition and each expressed 
increasing native species dominance over the course of the 
study period (Duquette et al. 2022). Soils were consisted of 
the Zahl-Williams-Zahill complex and Zahl-Max-Bowbells 
loams (NRCS 2023). Prior to this research, there are no 
records or knowledge of fire within the study pastures for 
at least several decades, if ever, since Euro-American settle-
ment approximately a century ago. 

We conducted this study on three replicate pastures 
(experimental units) managed with patch-burn grazing. 
Commercial crossbred Angus cow-calf pairs (Bos taurus) 
grazed each of the three 65 ha patch-burn pastures from 
mid-May to mid/late-October at a stocking rate of 
0.5–0.6 ha Animal Unit (454 kg) per month. These pastures 
underwent a spring burning treatment (April–May; see 
Supplementary Table S1) where a quarter (~16 ha) of the 
pasture was burned each spring, creating a 4-year fire return 
interval (Fig. S1). Patches classified as ‘recently burned’ 
were those that received a fire treatment in the spring of 
the sampling year. Fire spread covered 80–100% of intended 
burn areas and spread at an average rate of 2.4 m min−1; 
50% of soil surface temperatures fell between 50 and 250°C 
(McGranahan et al. 2023). 

Data collection and analysis 

Forage sampling occurred from 2017 to 2020 and began 
3–6 weeks after spring burns, from late spring (May) to late 
summer (September), which corresponded to when cattle 
started the grazing season and within a month of the end of 
the grazing season. To minimise variability in mineral con-
centration due to inherent differences in soil, we only 
selected clipping points from the widespread thin-loamy 
ecological site (Sedivec et al. 2021), which was the domi-
nant site (53–73%) in each of the three study pastures. 

We clipped forage samples from patches along a chron-
osequence of four fire histories: (1) yet to be burned; 
recently burned, 1 year since fire; and (4) 2 years since 
fire (Table S2). Observational units consisted of digitally 
geo-referenced sampling points, which remained the same 
for the duration of the study. Each sample point was sam-
pled in each year throughout the study, each year being 
reassigned into a longer time-since-fire category. Because 
the number of points per patch varied with the proportion-
ate area of the thin-loamy site, and changed as patches 

proceeded through the time-since-fire chronosequence 
(Fig. S1), the number of observational units for each treat-
ment in each year varied between 13 and 43. 

We clipped standing live and dead plant material from a 
25 × 25 cm frame, 3 cm above the soil surface to minimise 
contamination from soil and litter. The clipped standing 
material from each quadrat comprised the samples used 
for analysis. This forage clipping method simulated feeding 
station forage removal by bulk grazers (feeding station, the 
area immediately available to a grazing animal; WallisDeVries 
et al. 1998). After clipping, we dried samples for 48 h at 60°C 
in a forced air oven, then ground samples with a Willey Mill 
(Model 4, Thomas Scientific, Swedesboro, NJ, USA) using a 
1-mm screen; ground samples were stored in plastic bags 
ahead of chemical analysis. We analysed samples for calcium 
(Ca), phosphorous (P), magnesium (Mg), potassium (K), 
copper (Cu), iron (Fe), manganese (Mn), and zinc (Zn) using 
atomic absorption spectrophotometry (AOAC 2010). 

Finally, we compared our forage mineral concentration in 
pastures to recommended levels of forage mineral concen-
trations. Forage mineral concentration recommendations 
were based on the average animal grazing the study pas-
tures: an April calving, 572 kg cow with 8 kg/day peak milk 
production and 40 kg calf birth weight (NASEM 2016). For 
Ca, P, K, and Mg, we compared observed early season values 
to recommended mineral levels for lactating beef cows, and 
late season values were compared to general beef cow rec-
ommendations (NASEM 2016). For Cu, Zn, Fe, and Mn, we 
considered general season-long beef cow mineral recom-
mendations (NASEM 2016). 

Statistical analysis 

All data were analysed in the R statistical environment 
(R Core Team 2019) using procedures robust to unbalanced 
sample sizes due to variability in observational units within 
the three replicate pastures. We compared mineral concen-
tration between seasons and across a time since fire gradient 
using linear mixed-effect models using the ‘lmer’ function 
from the lme4 package (Bates et al. 2015). To account for 
non-independence due to repeated measurements and the 
hierarchical nestedness of patches within the three experi-
mental units, we modelled pasture and year as crossed 
random effects. We developed model sets, which included 
a null model, time since fire only, season only, and time 
since fire with season as an additive and as an interaction. 
We then ranked candidate models using Akaike information 
criterion (AIC). We considered models with ΔAICc ≤ 2 to 
have the same explanatory power (Burnham and Anderson 
2004). To get pairwise comparisons between time since fire, 
season or time since fire and season we used ‘emmeans’ 
function from the emmeans package. 

To determine dissimilarity between treatments, we used 
principal component analysis (PCA) in the vegan package 
(Oksanen et al. 2016) on scaled data. We then conducted 
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post hoc pairwise comparisons using vegan’s ‘envfit’ (permu-
tations = 199) to determine if there were differences 
between treatments, years, and sampling periods. We incor-
porated pasture and year as a random effect (strata) within 
‘envfit’ to account for repeated sampling and pasture differ-
ences. Pairwise comparisons of multivariate analysis were 
done using ‘pairwise.factorfit’ from RVAideMemoire (per-
mutations = 199), with variability from pasture and year 
accounted for as a random effect (Hervé 2018). We consid-
ered results to be significant for all analyses at α ≤ 0.05. 

Results 

With the exception of iron (Fe), almost all minerals tested 
showed a difference between recently burned and not- 
recently burned patches in at least one sampling period 
(Fig. 1). Regression models including interaction terms 
between time since fire and sampling season had the best fit 
for all minerals except phosphorous, indicating statistically- 
significant seasonal patterns for those minerals. In general, 
forage in recently burned patches best met recommended 
mineral intake levels based on NASEM (2016) (Fig. 1). 

Calcium (Ca) did not differ among any patches early in 
the grazing season (P > 0.05), but was greater in the 

recently burned patches than all other patches (recently 
burned vs 1-year-since-fire, t = 4.08, P < 0.001; burned 
vs 2-years-since-fire, t = 5.03, P < 0.001; recently burned 
vs not yet burned, t = 6.98, P < 0.001). Ca was consistently 
above late season beef cattle recommendations, and either 
at or above recommendations for early season lactat-
ing cows. 

Early in the season, copper (Cu) concentration was not 
different between recently burned and 1-year-since fire 
patches (recently burned vs 1-year-since-fire, t = 2.0, 
P = 0.19), but both previously-burned patches had more Cu 
than the longest interval and not yet burned patches (recently 
burned vs 2-years-since-fire, t = 5.8, P = < 0.001; 1-year- 
since-fire vs 2-years-since-fire, t = 3.93, P < 0.001; recently 
burned vs not yet burned, t = 5.68, P < 0.001; 1-year-since- 
fire vs not yet burned, t = 3.12, P = 0.01). But late in the 
season, Cu was only greater in recently burned and 2-years- 
since-fire patches than not yet burned patches (recently vs not 
yet burned: t = 5.08, P < 0.0001; 2-years-since-fire vs not yet 
burned: t = 3.02, P < 0.02). Cu concentration was consis-
tently below season-long recommendations, although Cu was 
often twice as concentrated in the recently burned patch than 
not yet burned patches. 

Early in the season, potassium (K) levels were signifi-
cantly different among several patch types. Not only was K 
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higher in recently burned than all other patches (recently 
burned vs 1-year-since-fire: t = 2.76, P = 0.03; recently 
burned vs 2-years-since-fire, t = 4.81, P < 0.001; recently 
burned vs not yet burned, t = 10.08, P < 0.001), but 
patches burned 1 and 2 years ago had more K than not yet 
burned patches (1-year-since-fire vs not yet burned, 
t = 6.37, P < 0.001; 2-years-since-fire vs not yet burned, 
t = 3.19, P < 0.02). By the late season sampling, K was only 
significantly higher in recently burned patches (recently 
burned vs 1-year-since-fire, t = 4.6, P < 0.001; recently 
burned vs 2-years-since-fire, t = 3.73, P = 0.001; recently 
burned vs not yet burned, t = 7.28, P < 0.001). Early 
season K concentrations across all treatments exceeded rec-
ommendations, but late in the season only recently burned 
patches had K concentration above recommended levels. 

Magnesium (Mg) was not different between any time 
since fire patches early in the grazing season, but as with 
Ca, Mg concentration was greater in the recently burned 
patch than all other patches by late grazing season sampling 
(recently burned vs 1-year-since-fire, t = 4.78, P < 0.001; 
recently burned vs 2-years-since-fire, t = 4.94, P < 0.001; 
recently burned vs not yet burned, t = 7.2, P < 0.001). Mg 
was consistently below recommended levels in all patches. 

Manganese (Mn) concentration did not differ among 
patches early in the season, but late in the season Mn was 
greater in recently burned and 1-year-since-fire patches than 
the not yet burned (recently burned vs not yet burned, 
t = 2.72, P = 0.04; 1-year-since-fire vs not yet burned, 
t = 3.67, P = 0.002). All patches exceeded Mn 
recommendations. 

Phosphorous (P) concentration was greater in recently 
burned patches than all other patches during both early and 
late season sampling (recently burned vs 1-year-since-fire, 
t = 3.7, P = 0.001; recently burned vs 2-years-since-fire, 
t = 4.46, P < 0.001; recently burned vs not yet burned, 

t = 8.59, P < 0.001). All patches that had been previously 
burned exceeded early season lactating cow recommenda-
tions for P, while all samples exceeded recommendations 
late in the season. 

Early in the season, zinc (Zn) was greater in recently 
burned patches than unburned patches (recently burned vs 
not yet burned, t = 3.43, P = 0.004), and by the end of the 
season, zinc in recently burned patches exceeded all other 
patches (recently burned vs 1-year-since-fire, t = 5.23, 
P < 0.001; recently burned vs 2-years-since-fire, t = 5.17, 
P < 0.001; recently burned vs not yet burned, t = 8.9, 
P < 0.001). Only the most recently burned patches met 
requirements for Zn. 

The PCA showed clusters of different time since fire 
groups, with calcium, zinc, magnesium, manganese, copper, 
phosphorous, and potassium more strongly associated with 
recently burned patches than those that had not yet been 
burned (Fig. 2). The first three axes explained 70% of varia-
tion in forage mineral concentration. Values along PCA Axis 
1 (32% of variation) and PCA Axis 2 (24% of variation) 
fairly equally associated with all minerals. However, iron 
was not associated with PCA Axis 1 and is likely responsible 
for much of the variability. Time since fire (r2 = 0.13, 
P = 0.005) and season (r2 = 0.25, P = 0.005) were each 
significantly correlated with variability within the PCA. 
While year was a statistically significant term, it had very 
low correlation with variation in the PCA (r2 = 0.05, 
P = 0.005). In pairwise tests, forage mineral concentration 
of patches between the 1- and 2-years-since-fire measure-
ments were not significantly different from each other 
(P = 0.13), while all other patches were significantly differ-
ent (P = 0.012). Pairwise comparisons also indicated that 
2017 was significantly different than all other years of 
sampling (P = 0.02), which were not different from each 
other. 
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Discussion 

Patch-burning generally increased forage mineral concen-
tration in recently burned patches for the extent of the 
grazing season, creating a potential benefit for use of burned 
grazing lands. Most of the eight minerals tested exceeded 
forage mineral concentration recommendations for beef cattle 
nutrition throughout the grazing season on recently burned 
patches. While unlikely to eliminate the added cost of mineral 
supplementation for cattle grazing in extensively-managed 
grassland, livestock producers might find burning patches 
within pastures can simultaneously reduce input costs and 
enhance conservation outcomes. Likewise, leasees of public 
grazing lands affected by wildfire might also realise potential 
benefits to livestock within burned allotments, assuming 
stocking is otherwise determined to be appropriate. 

The higher forage mineral concentrations observed here 
are likely due to the combined interaction of fire and graz-
ing implemented in patch-burn grazing, rather than fire 
alone. While most studies have found some minerals to 
increase with fire, specific mineral responses vary among 
studies and fire effects are generally limited to the first 
3 months after burning in east Africa (Van de Vijver et al. 
1999; Eby et al. 2014). For example, some studies reported 
greater forage calcium concentrations following fire (Eby 
et al. 2014; Vermeire et al. 2020), while another study 
reported that not only did calcium increase, but the increase 
persisted longer than other minerals (Van de Vijver et al. 
1999). However, in our study, all minerals except iron were 
highest in the most recently-burned patch 5 months after 
spring burns. Furthermore, in the spring following fires, 
copper, potassium, and manganese remained higher in 
patches 1 year after burning compared with patches that 
had not yet been burned. This indicates that patch-burning 
sustains some mineral increases beyond the first grazing 
season post-fire. Higher mineral levels have been attributed 
to younger plant tissue, greater leaf to stem ratio, and higher 
concentration due to the low biomass of post-fire vegetation 
(Van de Vijver et al. 1999). Therefore, differences in the 
duration of mineral increase between our study and previous 
research are likely due to continued attraction and grazing of 
the recent burn patch, which delays plant maturity. 

In addition to the general fire effect, we observed sea-
sonal changes in forage mineral concentrations (Fig. 1). 
Similar seasonal patterns were observed in a rotational 
stocking study, in which seasonal mineral fluctuations 
persisted even though forage remained in an immature 
state (Kappel et al. 1985). Seasonal differences in forage 
minerals with fire have not been well established in previous 
research (Van de Vijver et al. 1999; Anderson et al. 2007;  
Eby et al. 2014; Vermeire et al. 2020), but were apparent in 
all minerals we measured. The same factors that affect 
grassland mineral concentration such as plant species, soil 
characteristics, precipitation, and maturity also influence 
mineral concentration in grassland managed with fire 

(Suttle 2010; Arthington and Ranches 2021). Although for-
age mineral concentration in our study was highest in 
recently burned patches, phosphorous, potassium and cop-
per still declined as expected in forage managed without fire 
(Metson and Saunders 1978; Suttle 2010). While zinc is 
expected to decline as the grazing season advances, we 
only observed this trend in areas that had not been burned, 
with patches that received fire increasing over the course of 
the grazing season. 

Mineral concentration in recently burned patches was 
generally adequate to meet recommended levels of calcium, 
phosphorous, potassium, zinc, iron, and manganese for 
lactating cows (NASEM 2016). Calcium, phosphorous, 
magnesium, and potassium recommendations are dependent 
upon cow size, physiological state, and milk production 
(NASEM 2016); therefore, so requirements will vary between 
individual animals and throughout the grazing season. 
However, plant tissue containing recommended mineral lev-
els does not indicate that animal requirements are actually 
being met (Suttle 2010). Factors such as the location of the 
mineral in the plant, chemical form, and mineral interactions 
all influence bioavailability (i.e. accessibility, absorbability, 
retainability, functionality) of minerals, thereby modulating 
the capacity of minerals in forage to actually satisfy require-
ments (Suttle 2010). Conversely, even if forage mineral con-
centration does not meet requirements, it does not necessarily 
mean animals will be deficient (Arthington and Ranches 
2021). Cattle can often withstand short periods of dietary 
mineral inadequacy because bones, blood, and liver provide 
a substantial pool of minerals to draw from when needed 
(Spears and Weiss 2014; Arthington and Ranches 2021). 

Mineral ratios are an important consideration when 
determining cattle mineral requirements since many miner-
als interact with each other. Calcium to phosphorous ratios 
between 1:1 and 7:1 are considered to produce similar cattle 
performance (NASEM 2016). Early grazing and late summer 
calcium to phosphorous ratios were within the recommen-
dations at 1.2:1 and 5:1 in our study. Ratios of potassium to 
calcium plus magnesium are important to consider in early 
grazing season for the prevention of grass tetany, with inci-
dence of disease increasing linearly above 2.2:1 ratio (Kemp 
and t’ Hart 1957; Suttle 2010). In our recently burned patch, 
the tetany ratio is 4:1, potentially increasing the likelihood 
of grass tetany occurrence in cows. As a result, mineral 
supplementation to cattle grazing patch-burn pastures may 
still be required to adequately meet requirements and pre-
vent mineral-related disease. 

Copper levels were consistently below recommendations 
(NASEM 2016), and the higher concentration of copper 
following fire might not be sufficient to overcome antago-
nistic interactions with molybdenum, sulfur, and zinc (Suttle 
2010). Zinc concentrations were high in the recently burned 
patch, especially late in the grazing season, and since both 
minerals use the same absorption sites in the animal, copper 
absorption is likely to be impaired (Suttle 2010). Other 
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studies have also found increases in sulfur with prescribed 
fire compared to control plots, which further indicates 
bioavailability of copper is likely decreased with patch- 
burning (Vermeire et al. 2020). Drinking water can also be 
high in sulfur, reducing copper concentration in beef cattle 
(Smart et al. 1986; Penner et al. 2020). While we did not 
measure molybdenum concentration of forage, a previous 
study at the same location found forage molybdenum in con-
tinuous grazing pastures to be below maximum recommended 
intake levels (McCarthy et al. 2021). To our knowledge, no 
previous work has examined fire’s impact on molybdenum, 
but levels reported by McCarthy et al. (2021) in the absence of 
burning would be high enough to impair copper absorption 
due to low copper levels (Paterson and Engle 2005). 

Lower amounts of fibrous forage components in recently 
burned patches might provide additional benefits for min-
eral absorption in livestock. Recently burned patches are 
lower in acid detergent fibre, which includes lignin and 
cellulose, than other patches (Dufek et al. 2014; Gullap 
et al. 2018; Wanchuk et al. 2024). Lignin and cellulose 
often form clusters, bound by minerals, which reduces the 
absorbability of these minerals (Moreira et al. 2013). 
Therefore, fire could both increase mineral concentration 
and absorption of those minerals via decreasing acid deter-
gent fibre in forage from recently burned patches. 

Precipitation plays a strong role in mineral concentration 
patterns and differences between mineral concentrations in 
2017 and subsequent years (data not shown) is likely attrib-
utable to a drought during the 2017 grazing season (Lalman 
and McMurphy 2009; Suttle 2010; Spiess et al. 2020). 
Drought can increase forage mineral concentration for 
most minerals, while above average precipitation years 
tend to decrease forage mineral concentrations (Grings 
et al. 1996; Ganskopp and Bohnert 2003). In 2019, the 
study area had above average growing season precipitation 
that did not appear to affect forage mineral concentrations 
relative to 2018, which had average precipitation. All pre-
vious studies cited here evaluated mineral concentration for 
just one or two growing seasons. Some of the mineral con-
centration variability seen with previous studies is likely due 
to variable precipitation patterns, and timing of fire in rela-
tion to wet or dry seasons over short study durations (Van de 
Vijver et al. 1999; Eby et al. 2014; Vermeire et al. 2020). 

Soil pH can directly influence mineral uptake by plants 
(Suttle 2010) and might interact with plant uptake in our 
grasslands. Immediate increases of soil pH are a common 
fire effect, as heating-induced mineralisation releases cat-
ions into the soil (McGranahan and Wonkka 2021). While 
we did not measure soil pH in our sampling, a concurrent 
study conducted on the same burned areas we report on 
here found post-fire soil pH ranged from 6.2 to 7.2 (Gerhard 
et al. 2022). At similar soil pH, Suttle (2010) reported lower 
manganese and zinc concentrations than under lower pH. 
But we found higher forage manganese and zinc concentra-
tions in samples from the recently-burned patches in our 

study. Given that Gerhard et al. (2022) reported no differ-
ence between pH across burned and unburned areas, pH was 
likely not affected by fire, and as such the higher mineral 
concentrations observed here are likely more attributable to 
altered plant physiology, morphology, and/or phenology 
than to soil pH (Van de Vijver et al. 1999). 

This study provides a basis for understanding forage min-
eral concentrations when grazing patch-burned pastures; how-
ever, gaps are apparent in current literature. While prescribed 
fire increased forage mineral concentration, further research 
is needed to determine if these differences are also apparent 
within the cattle themselves. Differences between patch- 
burning and other grazing strategies should also be explored 
to further determine how grazing management impacts forage 
mineral concentrations. Because of potential trace mineral 
antagonistic effects between copper, sulfur, and molybdenum, 
future research should include these minerals in analysis to 
provide a better understanding of how patch-burning alters 
mineral concentration requirements. Vitamin and mineral 
supplementation of cattle often coincide, but to our knowl-
edge, there are no published studies examining the effects of 
forage vitamin concentration with prescribed fire, which 
could be another potential avenue for future research. 

Conclusions 

Our study suggests that fire increases the mineral concen-
tration of grassland forage. Furthermore, when prescribed 
patch burning is applied at least once a year, an area is 
created with forage regrowth in each grazing season follow-
ing the fire. Patch burning could thus potentially sustain 
mineral concentrations for longer periods than fire alone, 
due to delaying forage maturity. While mineral concentra-
tions varied between the beginning and end of grazing 
sampling, the recently burned patch was above recommen-
dations except for copper and early season magnesium. 
Supplementation is still likely necessary to ensure adequate 
copper and prevent grass tetany in the early grazing season 
due to low magnesium concentrations. Greater forage min-
eral concentration in recently burned areas has the potential 
to reduce producer mineral supplementation costs and 
increase cow performance, which is a benefit to livestock 
production following both prescribed fire and wildfire in 
fire-prone, extensively-managed grazing lands. 

Supplementary material 

Supplementary material is available online. 
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