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Using Management Intensive Grazing for Adapting to and Mitigating
Climate Change
ABSTRACT
Land management can significantly impact whether soils are carbon sources or sinks.
Furthermore, even small changes to carbon dynamics across vast areas have the ability
to influence atmospheric greenhouse gases, and therefore the future global climate.
Rangelands compose up to half of Earth’s land base and provide us with necessary
ecological goods and services which may be highly impacted by grazing management
practices. These impacts must be better researched to inform management decisions
that facilitate adaptation to and mitigation of climate change in the future. Based on the
comparison between intensively managed (IM) and extensively managed (EM) pastures
at six separate ranch operations located in the British Columbia Interior, intensive
management was supported as an improved adaptive management practice to increase
carbon levels found in the soil and decrease soil compaction in the 0-10 cm depth
range. Total carbon (TC) was found to be 28% greater under IM and organic carbon
(SOC) averaged 13% greater when compared to EM. Soil carbon varied significantly by
depth and management, with greatest TC and SOC levels occurring closest to the soil
surface (0-10 cm). TC was found to be significantly greater under IM practices in deeper
soil depths (10-30cm) when compared to EM suggesting a greater carbon sequestration
potential under IM. Mean bulk density under IM was 0.557 g/cm3 ±0.03 and was 0.699
g/cm3 ±0.045 for EM. Intensive management may therefore be a viable strategy for
climate change mitigation if land use changes occur on a large scale. Other co-benefits
associated with greater soil carbon can provide subsequent climate adaptation benefits
including soil moisture retention, erosion control and species biodiversity. The ability to
have science-based support for future land management is important for local food
security and environmental sustainability.
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INTRODUCTION
The global climate is changing as a result of human activities and this change
threatens the sustainability of our species (IPCC 2014; Follett et al. 2001). To combat
this, we must reduce atmospheric greenhouse gas (GHG) concentrations and improve
our adaptability to an uncertain climatic future. Cumulative carbon dioxide (CO2) levels
have been identified by the IPCC (2014) as the key determinant of future global
temperature increase. IPCC predictions include an expected increase in frequency of
severe and often untimely weather events such as flooding and drought (IPCC 2014).
Actions to reduce atmospheric CO2 levels must be taken to help reduce the intensity
and severity of future climatic changes (IPCC 2014).
Carbon is dynamic, and continually cycling between the earth’s surface and the
atmosphere (Janzen 2015; Lehmann and Kleber 2015). In addition to fossil fuel
consumption releasing GHG’s, historical land and soil mismanagement has led to the
flow of up to two thirds (30-40 tons/ha) of soil organic carbon (SOC) from cultivated soils
back into the atmosphere (Lal 2004). By increasing rates of plant productivity (growth)
and/or slowing the return of stored carbon (C) into the atmosphere, rates of carbon
sequestration can be increased (IPCC 2007). Plants are able to capture CO2 from the
air and produce living tissue which ties up the carbon for a period of time (Follett et al.
2001; Schuman et al. 2002). As plants undergo their own cycles of growing and
senescing, old plant material assumes the form of carbon-rich organic matter (OM)
(Follett et al. 2001).
In this study, we focus on carbon sequestration that results from increasing the
amount and residence time of carbon stored below ground. When it comes to climate
change mitigation strategies, carbon sequestration through improved land management
is viewed as one of the most economically viable approaches, and can be accompanied
by several co-benefits such as increased plant productivity, soil water holding capacity
and nutrient cycling, as well as decreased erosion (Paustian et al. 1997; FAO 2010;
Silver et al. 2010; Follett et al. 2001; Briske 2011). By increasing the amount of carbon
sequestered, the resilience and adaptability of ecosystems can be improved, and thus
continue to sustain livelihoods that depend on those ecosystems (Tennigkeit and Wilkes
2008).
4

The IPCC (2007) has outlined several actions that can be made to help mitigate
and adapt to climate change (mitigation and adaptation occurring simultaneously and
interacting); one of these actions being improved land management (Smith et al. 2007).
According to the IPCC (2007), “enhancing removals” of carbon from the atmosphere
through improved management is recognized as one of three climate change mitigation
strategies within the agricultural sector (the others are ‘reducing’ and ‘avoiding’
emissions) (Smith et al. 2007). Furthermore, a meta-analysis by Conant et al. (2001)
found 74% of studies showed increased carbon (C) concentrations from improved
management. Since rangelands cover up to half of the global land area, even a small
change in soil carbon across these ecosystems would equate to a large impact on
global GHG budgets (FAO 2010; Follett et al. 2001).
The need for more research on the impacts that changing land management
have on carbon sequestration has been identified by the Food and Agriculture
Organization of the United States ([FAO] 2010) and others (Conant et al. 2003);
specifically making reference to differences between intensive and extensive grazing
management. Existing studies tend to focus on the presence/absence of grazing, or
grazing intensity (stocking rate) rather than the intensity of management. The results
presented are often contradictory, indicating that grazing either increases, decreases, or
has no significant impact on soil carbon (Zhou et al. 2016; Wang et al. 2014; Briske
2011; Reeder and Schuman 2002 Holechek et al. 2000). Unfortunately, many of these
discrepancies are due not only to differences in local environmental and climatic
conditions, but variation in sampling methodologies (Reeder and Schuman 2002). In
this study soil sampling and analysis is accompanied by indirect methods proposed as a
means of inferring soil carbon; these are based on remote sensing (Tennigkeit and
Wilkes 2008) and plant community (Breulmann et al. 2012). By testing these methods
we can hopefully provide support for a standard method of soil carbon estimation that
reduces sampling and analysis costs as well as soil disturbance. This has the potential
to improve the consistency and feasibility of carbon measurement and monitoring
(Tennigkeit and Wilkes 2008)
Using traditional soil sampling methods, plant community composition and
remote sensing via multispectral radiometry, we researched assessed soil carbon at six
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cattle ranching operations in the Central Interior of BC; specifically focusing on the
comparison between intensively managed (IM) and extensively managed (EM) pastures
and how this impacts climate change adaptation and mitigation. IM – often referred to
as management-intensive grazing (MiG) – is the frequent, planned movement of cattle
between relatively small pastures or paddocks, and may be accompanied by inputs
such as irrigation, soil amendments, and seed, to increase vegetation productivity
(Conant et al. 2003; Gerrish 2004). The presence of a relatively high number of
livestock in a small area for a short period of time (under IM) is believed to more evenly
distribute grazing impacts and nutrients from animal waste (Conant et al. 2003; Gerrish
2004). Increased productivity and compensatory growth of forage crops are additional
benefits said to result from IM, which can directly influence the amount of plant-derived
C additions to the soil (Conant et al. 2003; Gerrish 2004). Traditional extensively
managed pastures are generally much larger in size and cattle are rotated to new
pastures less often. While it is feasible that the same number of cattle may be used in
both management systems, there is a clear difference in the timing and intensity of
grazing between IM and EM grazing. We extend the findings of our study, as well as the
results from structured interviews with the ranching participants, to develop adaptive
management strategies for British Columbia ranchers in response to climate change.
Objectives
Our primary objective was to test whether there were differences in soil carbon
between IM and EM pastures, and whether IM was an effective adaptive management
practice in response to climate change. Ideally, this information can then be used to
provide recommendations for local cattle producers to help improve the social,
environmental and economic sustainability of ranching in BC. To achieve this, we
quantified soil carbon levels at six ranch operations and related it to historical grazing
practices and other factors that may influence soil carbon content. Our secondary
objective was to determine the efficacy of other variables (NDVI, moisture content and
species diversity) for inferring soil carbon levels. Previous studies have found strong
relationships between these influential factors and soil carbon levels and developed
models for predicting soil carbon without disturbing the soils to obtain a sample (Kunkel
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et al 2011, ETC). However, there is the need for a greater understanding of how level of
management intensity plays into the equation.
We hypothesized that soil total carbon, measured as the percentage of elemental
carbon, and soil organic carbon, measured through loss on ignition, will be greater
under intensive management practices when compared to extensive management
practices. Intensive management is predicted to be a management tool that can lead to
optimal carbon sequestration in BC ranch lands. This hypothesis is based primarily on
the potential increase of subterranean carbon storage via improvements in plant
productivity and avoidance of overgrazing and soil disturbance (Conant et al. 2001;
Harrower et al. 2012). Furthermore, we expect that indirect methods of predicting soil
carbon (NDVI, moisture content and species diversity) will exhibit a significant
relationship with soil carbon, but the extent of this influence may vary depending on
management.
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METHODS
We determined the amount of soil carbon by collecting soil samples from
differentially managed pastures (IM and EM) and then compared total carbon (TC) and
organic carbon (SOC) between management types. We also related soil carbon values
with plant community data and NDVI to determine whether these methods could be
used as a surrogate for direct measurement of soil C.
Study Sites
Six cattle ranch operations were examined in this study; all lie within the southern
half of British Columbia’s interior region. Five of the ranch operations were located in
the Cariboo-Chilcotin, with the closest urban centre being Williams Lake (Figure 1) and
the remaining ranch -Ranch 6- was closest to Kamloops (Figure 1) in the ThompsonNicola region. Ranch 2 was added to the sampling regime in 2014 and therefore was
not sampled in 2013. All ranches implemented both IM and EM on their properties for
comparison. Cattle were moved from one IM paddock to the next 2-7 times per week
depending on size and number of cattle in the herd. EM pastures were grazed over
longer time frames (week to months), were larger in size, and in some cases were also
hayed 1-3 times per year.
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Figure 1. Locations of six study sites (ranches) within the BC Interior.
In the description of each ranch, the Biogeoclimatic Ecosystem Classification
(BEC) system is used, which is used in British Columba to group ecologically similar site
based on climate, soils and vegetation (Pojar et al. 1987). This system is a valuable
resource for both scientific research as well as informing land and resource
management activities.

RANCH 1
Ranch 1 (Figure 1) was in the Sub-Boreal Spruce (SBSmh) BEC zone, with the
land cleared of trees for hayfields and grazing land. The mean annual precipitation
(MAP) was approximately 613.5 mm (Table 1). The ranch was not irrigated. The ranch
covered an area of approximately 260 hectares containing a mixture of grazing land and
hayfields, as well as a mixed land-use system of harvestable timber and forage known
as silvopasture. The dominant plant species were Kentucky bluegrass (Poa pratensis),
orchardgrass (Dactylis glomerata), reed canary grass (Phalaris arundinacea) and alfalfa
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(Medicago sativa). Intensive management practices began at this ranch in 2008 and a
total of 60 cow/calf pairs were stocked in 2014.
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Table 1. Study site information. Weather data based on 1981-2010 Canadian climate normals from Environment Canada.

Ranch

Latitude

Longitude

BEC

Area
(ha)

# of cattle
(cow+calf)

MAP
(mm)

MAT
(°C)

1

52°32'14.3"N

121°55'49.6"W

SBSmh

260

60

613.5

4.8

Year IM
began

Dominant forage species

2008

Poa pratensis, Dactylis glomerata, Phalaris
arundinacea, Medicago sativa

2

52°21'11.2"N

121°25'39.1"W

SBSdw

740

120

613.5

4.8

2001

Poa pratensis, Phleum pratense, Dactylis
glomerata, Phalaris arundinacea, Trifolium
ssp.

3

52°05'38.7"N

123°38'38.5"W

IDFxm

2020

340 + 100

366.9

3.2

2012

heifers
4

52°02'43.3"N

121°54'22.9"W

IDFxm

400

250

Poa pratensis, Phleum pretense, Trifolium
ssp.

450.7

4.5

2009

Poa pratensis, Phleum pratense, Phalaris
arundinacea, Medicago sativa

5

51°54'48.4"N

122°19'12.3"W

BGxw

730

50 + 90

450.7

4.5

2010

steers
6

50°15'18.1"N

120°27'12.0"W

BGxw

6000

750

Poa pratensis, Dactylis glomerata, Bromus
inermis, Medicago sativa

321.1

7.8

1990

Poa pratensis, Dactylis glomerata Elymus
repens, Pseudoroegneria spicata

RANCH 2
Ranch 2 (Figure 1) was located within the Sub-Boreal Spruce (SBSdw) BEC
zone and was historically cleared of trees to make way for hayfields and pastures. The
MAP was 613.5 mm (Table 1), and the ranch was not irrigated. The ranch was a
mixture of grazing land and hayfields, and had been practicing MiG since roughly 2001.
Dominant plant species were Kentucky bluegrass (Poa pratensis), timothy (Phleum
pratense), orchardgrass (Dactylis glomerata), reed canary grass (Phalaris arundinacea)
and clover (Trifolium ssp.). The ranch covered an area of about 740 hectares in total
(half of which is forested) and was stocked with approximately 120 cow/calf pairs in
2016.

RANCH 3
This ranch (Figure 1) lies within the Interior Douglas Fir (IDFxm) BEC zone and
had a MAP of 366.9 mm (Table 1). The ranch had a mixture of irrigated hayfields and
grazing land with MiG beginning in 2012. The ranch consisted of approximately 2020
hectares of deeded land consisting of low-lying meadows and drier rangeland on the
hillslopes. This ranch also leased about 200 hectares of crown rangeland. Dominant
plant species were Kentucky bluegrass (Poa pratensis), timothy (Phleum pratense) and
clover (Trifolium ssp.). In 2014 the herd consisted of approximately 340 cow/calf pairs
and 100 replacement heifers.

RANCH 4
This ranch (Figure 1) was in the Interior Douglas Fir (IDFxm) BEC zone and had
a MAP of 450.7 mm (Table 1). The ranch was primarily flood-irrigated using a network
of ditches, and areas not receiving irrigation were composed of dryland adapted plant
species. The ranch was approximately 400 hectares in size, with range composed of a
mixture of open meadows and forest. Dominant plant species were Kentucky bluegrass
(Poa pratensis), timothy (Phleum pratense), reed canary grass (Phalaris arundinacea)
and alfalfa (Medicago sativa). At the time of the study, this ranch did not operate
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hayfields, only cattle grazing, and had been practicing MiG since 2009. In 2014, the
herd consisted of approximately 250 cow/calf pairs.

RANCH 5
This ranch (Figure 1) lies within the Bunchgrass (BGxw) BEC zone and had a
MAP of 450.7 mm (Table 1). The ranch was approximately 730 hectares which includes
pivot-irrigated hayfields and grazing land as well as arid rangelands. Dominant plant
species under the irrigated pivots were Kentucky bluegrass (Poa pratensis),
orchardgrass (Dactylis glomerata), smooth brome (Bromus inermis) and alfalfa
(Medicago sativa). At this ranch, they had been practicing MiG since 2010. In 2013, the
ranch was operating about 90 steers and 50 cow/calf pairs on their irrigated MiG
pastures.

RANCH 6
This ranch (Figure 1) was in the Bunchgrass (BGxw) BEC zone and had a MAP
of 321.1 mm (Table 1). The ranch contained a mixture of irrigated meadows in the
valley bottom, with native plant communities stretching up the drier hillslopes. Dominant
plant species of the low-lying meadows were Kentucky bluegrass (Poa pratensis),
orchardgrass (Dactylis glomerata) and quackgrass (Elymus repens), while the arid
upland areas were dominated by bluebunch wheatgrass (Pseudoroegneria spicata). At
this ranch, they practiced a form of intensive management referred to as both “planned
grazing” and “holistic management” since roughly 1990. The ranch consisted of
approximately 6000 hectares of deeded pastureland and semi-arid upland range. In
2014 the herd consisted of approximately 750 cow/calf equivalents.

The ranch sites chosen for this study were selected specifically because they
represented sites within the BC Interior that are currently managed both intensively and
extensively. Amongst these ranches there was diversity in seasonal moisture regimes
and other climatic variables. Specifically, conditions tended to be much drier during the
growing season in the sites that lied south or west of Williams Lake (Ranches 3, 4, 5
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and 6), whereas east of Williams Lake (Ranches 1 and 2) received more moisture.
Although ranch sites exhibited a variety of conditions, standardized methodologies were
used for developing strict soil sampling protocols which were replicated at each of the
study ranches so that comparisons between management systems could be made
within ranch sites as well as across ranch sites.
Soil sampling
Accounting for the spatial variability inherent in soils of the British Columbian
interior, sampling occurred at multiple sites within the region. At each ranch, a minimum
of 3 sampling transects were replicated for each management type (IM and EM).
Sampling occurred in the same areas for four consecutive years (2013 – 2016) to better
account for temporal variability in measurements caused by annual differences in
environmental conditions. Although soil cores from sampling transects were the primary
source of data used in this study, they were complemented with soil pit sampling in
2014 to better characterize soil parameters according to the Canadian system of soil
classification (National Research Council of Canada [NRC] 1998).
A minimum of five 30 cm deep soil cores were taken from each 50 meter
transect. The start point and orientation of each transect was randomly located within a
pasture in 2013 and then replicated in the same general area - not overlapping- in 2014,
2015, and 2016. Core sampling for soil carbon and bulk density were separated by 10
cm intervals to a depth of 30 cm (Breulmann et al. 2012). Soil carbon samples were
taken from the sidewall of cores excavated with an earth auger.
In 2014, soil pits were excavated to a depth of 50 cm in one IM and one EM
pasture at each of the six ranches using hand tools. Field sheets based on those found
in Soils Illustrated (Watson 2009) were used to identify soil horizons, texture, coarse
fragment content and secondary carbonates and photographs were taken with a ruler
for scaling purposes. Soil samples were then collected in 5 cm intervals from 0 cm to 50
cm and later analyzed for carbon content. This facilitated observation at a finer scale
than soil core samples (10 cm intervals) and to deeper soil layers (compared to 30 cm
max. depth).
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Soil Analysis
Carbon and bulk density values for individual soil cores from each transect were
pooled by depth so that each transect possessed a single value for each depth interval.
Samples from both years were not pooled but regarded as separate samples. This
allowed us to test for annual variability in soil dynamics, and account for annual
variability inherent in soil carbon dynamics. Not all variables were collected during both
years, including NDVI, plant species richness/diversity and soil bulk density.

Total Carbon % (TC)
Soil carbon samples were air-dried, sieved and stored in Ziploc plastic bags.
Sieving was performed using a “Laboratory test sieve” (ASTME 11) Endecotts Ltd.,
London, England with an aperture of 355 µm (mesh #45). Samples were then analyzed
using an automated elemental analyzer (EA) (CE-440 Elemental Analyzer, Exeter
Analytical Inc., North Chelmsford, MA) for total % carbon content. Subsamples were
weighed to the nearest thousandth of a milligram between 10-20 mg and were handled
with sterilized metal utensils to avoid contact with oils from human skin or other soil
samples.

Soil Organic Carbon % (SOC)
SOC was determined based on loss on ignition (LOI) methods (Wang et al.
2011). Soil samples were weighed before and after being placed in a muffle furnace
(Barnstad Thermolyne 62700 Furnace, Barnstad International, 2555 Kerper Boulevard,
Dubuque, Iowa, USA. Model #: F62735) to burn off organic matter (Wang et al. 2011).
Soil samples in aluminum weigh boats were dried at 105°C for 12-16 hours (Wang et al.
2011) in a drying oven (Yamato Constant Temperature Oven, DKN812, Yamato
Scientific Co. Ltd. Lot#: 44400341). Samples were then removed from the oven and
placed in a desiccator to cool for a minimum of 1 hour prior to obtaining the sample dry
weight with an analytical scale. The cooled and dried samples were placed in a muffle
furnace set to 500°C for 5 hours and returned to the desiccator for a minimum of 1 hour
prior to measuring the mass after ignition (Wang et al. 2011). Methodology regarding
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duration of ignition varies greatly in the literature (Mattheissen et al. 2005), and was
reduced from 12 hours to 5 hours to ensure that only organic carbon was combusted.
Soil organic matter (SOM) was calculated as the weight lost between 105°C and
500°C using the following formula:
𝑺𝑶𝑴𝑳𝑶𝑰(𝒈𝒌𝒈!𝟏 ) =

𝑾𝒆𝒊𝒈𝒉𝒕𝟏𝟎𝟓𝑪 ! 𝑾𝒆𝒊𝒈𝒉𝒕 𝟓𝟎𝟎𝑪
×𝟏𝟎𝟎
𝑾𝒆𝒊𝒈𝒉𝒕𝟏𝟎𝟓𝑪

After determining the SOM, soil organic carbon (SOC) was determined by
dividing SOM by a conversion factor of 2 as described by Pribyl (2010).

Bulk Density
Bulk density (BD) samples were collected once during this two-year study.
Samples were taken from a minimum of two soil cores per transect and separated by
depth interval (0-10 cm, 10-20 cm and 20-30 cm). Samples were weighed prior to drying
and then transferred into paper bags. The bags were then placed in a drying oven at
70°C for a minimum of four days (96 hours). This method was based on the
‘compromise’ between the air dry method and the damaging effects of 105°C method as
described by the Canadian Society of Soil Science (2008, p.68). Samples were weighed
dry and then sieved to remove rocks and material ≥2 mm in diameter (Canadian Society
of Soil Science 2008, p.54). Soil was weighed again once sieved and bulk density was
calculated based on the mass to volume ratio (Conant et al. 2003) and corrected using
a standard rock density of 2.7 g/cm3.

Carbon Stocks and Sequestration Rates
TC and SOC stocks (t C ha-1) were calculated by multiplying soil bulk density by
% carbon values (TC or SOC). This allowed for spatial scaling of results and facilitated
comparisons with similar studies (Conant et al. 2001; Conant et al. 2003). However, as
highlighted by Henderson et al. (2004), the accuracy of any comparisons between
carbon stocks is sacrificed when significant differences in bulk density exist (Henderson
et al. 2004). Furthermore, assessing carbon stocks diminished our dataset by half, since
16

bulk density samples were only collected during one field season, and it would not have
been appropriate to assume bulk density remained static between sampling years. For
these reasons, focus should remain on the comparison of % carbon (TC or SOC) rather
than carbon stocks, since these values were independent of any density differences by
soil depth or grazing management (Henderson et al. 2004). The same applies for
carbon sequestration rate (t C ha-1 yr-1) which was calculated by dividing the difference
in carbon stocks between IM and EM type by the number of years since pastures were
converted to intensive management (Conant et al. 2003).
Multispectral Radiometry (MSR)
In 2014, soil carbon sampling was accompanied measurements of spectral
reflectance using a DLC Multispectral Radiometer (MSR16R, CROPSCAN Inc.) -or
MSR. Prior to any mechanical disturbance, every soil core location was measured with
an MSR reading as well as an estimate of relative plant species cover (%). All
operational specifications were followed according to the MSR User’s Manual and MSR
Reflectance data from readings were converted into Normalized Difference Vegetation
Index (NDVI) values using the following equation:

𝑵𝑫𝑽𝑰 =

𝑵𝑰𝑹 − 𝑹𝑬𝑫
𝑵𝑰𝑹 + 𝑹𝑬𝑫

Where NIR are reflectance values for wavelengths within the near infrared
spectrum and RED are the reflectance values for wavelengths within the red light
spectrum (Pers. Comm. Del Nantt). Or:
𝑵𝑫𝑽𝑰 =

%𝑹𝑭𝑳 𝟖𝟑𝟎 − %𝑹𝑭𝑳 𝟔𝟓𝟎
%𝑹𝑭𝑳 𝟖𝟑𝟎 + %𝑹𝑭𝑳 𝟔𝟓𝟎

Where %RFL are the output reflectance values from the MSR for wavelength
bands of 650 and 830 nm (pers. comm. Del Nantt, Cropscan, Inc.).
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Vegetation Sampling
For each transect, soil sampling was accompanied by visual estimates of plant
species relative percent cover (the sum of which equals 100%) at a landscape-level, as
well as within a 50 cm by 50 cm quadrat where each soil core was later excavated.
species diversity was calculated using the landscape-level cover estimates (to account
for a larger diversity of species) and based on the Shannon Diversity Index, which
accounts not only for the number of species present (species richness), but also the
relative proportion of each species to one another (Shannon and Weaver 1949).
Statistical Analysis
The statistical software package ‘R’ was used to conduct analysis of variance
(ANOVA) as well as regression analyses. The significance threshold was set at α=0.05.
Initial trends in the data were observed using mean data calculated for each depth (010, 10-20 and 20-30 cm) by transect.
For the ANOVA tests, average values by depth for each transect were used to
avoid pseudoreplication (if each core was considered a true replicate). The data often
required a log transformation to meet the assumption of a normal distribution and the
default log function (natural logarithm) was implemented in ‘R’ software. 2-way ANOVA
was used to evaluate the effects of depth and management on total carbon as well as
organic carbon. Because depth can have such a significant impact on both BD and
carbon content, data were also separated by depth prior to individual ANOVA within
each interval. This allowed for better isolation of the depths in which the treatment
(management) had an effect.
Regression analysis was also used to determine the relationship between carbon
and NDVI, moisture and species diversity; specifically whether these variables are
effective at predicting carbon levels. Since soil carbon values were separated by depth,
only values belonging to the top 10 cm depth interval were used for comparison with
NDVI, as this depth was the most consistently measured (samples from deeper layers
weren’t always obtainable) and most likely to show a relationship with remotely sensed
surface measurements.
18

To compare carbon samples (TC and SOC) between sampling years Welch 2
sample t-tests were conducted. However, differences between years were expected to
be minimal in relation to the differences in carbon between depth intervals or
management type. To account for this, data were separated by depth and management
to ensure that these influential variables would not mask any observable differences
between sampling years. When necessary, data were also transformed using the ‘log’
function in R (natural logarithm) to better fit a normal distribution.
Soil pit data were averaged across all ranches based on management type (EM
or IM) by depth. A paired t-test was then conducted to see whether there was a
significant difference in carbon by management type. Justification for pairing this t-test is
based on spatial correlation in terms of soil depth.
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RESULTS
Soil Carbon
There were no significant difference detected in soil carbon (TC and SOC)
between sampling years. P-values for paired comparison t-tests (separated by depth
and management) were all above the α=0.05 threshold.
There was a significant difference between both TC and SOC by depth (Table 2).
The difference between TC by management was also significant, while SOC exhibited a
significant trend by management (Table 2). No significant interactions were detected
between depth and management for TC or SOC (Table 2).
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Table 2. Summary table for two 2-way ANOVA’s. The first ANOVA examined the relationship between total carbon the
factors ‘depth’ and ‘management’. The second compared these same factors with organic carbon (dependent variable). df
is degrees of freedom, SS is sum of squares, MS is the mean squared, F is F-statistic and p is P-value. Bold values are
significant (p < 0.05).
Total Carbon

Organic Carbon

df

SS

MS

F

p

SS

MS

F

p

Depth

2

28.741

14.370

69.145

<0.001

18.519

9.259

39.146

<0.001

Management

1

3.877

3.877

18.656

<0.001

0.812

0.812

3.432

0.065

Depth x Management

2

0.416

0.208

1.001

0.369

0.186

0.928

0.392

0.676

Residuals

206

42.813

0.208

48.725

0.237

Grouping all depths potentially inflated the variance, making it harder to detect a
true difference in SOC. Further analyses were conducted after data were separated by
depth interval (Table 3). Significant differences in TC by management were only
observed in deeper soil layers (10-20 cm and 20-30 cm), with higher carbon values in
IM pastures according to post-hoc Tukey HSD testing. SOC only exhibited a possible
trend (p=0.063) of greater carbon in the 10-20 cm soil layer under IM (Table 3).
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Table 3. Summary of six individual 1-way ANOVA’s for carbon (either TC or SOC) by management when each depth
range was analyzed separately. df is degrees of freedom, SS is sum of squares, MS is the mean squared, F is F-statistic
and p is P-value. Bold values are significant (p < 0.05).
TOTAL CARBON
Depth

df

SS

MS

F

p

SS

MS

F

p

0-10

1

0.475

0.475

1.888

0.174

0.099

0.099

0.370

0.545

75

18.871

0.252

20.096

0.268

1

2.299

2.299

0.750

0.750

3.572

0.063

68

12.238

0.180

14.269

0.210

1

0.152

0.152

0.149

0.149

0.652

0.4224

63

11.705

0.186

14.360

0.228

Residuals
10-20

Residuals
20-30

Residuals

ORGANIC CARBON

12.777

8.174

>0.001

0.006

There was a strong inverse relationship observed in carbon by depth, with
carbon levels highest near the soil surface (0-10 cm) and decreasing into deeper layers
(Figure 2). This trend was observed for both management types compared (IM and
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Figure 2. Total Carbon (TC) and Soil Organic Carbon (SOC) percentage by depth
interval. P-values (p) represent statistical significance based on ANOVA. Lettering
distinguishes significantly different means based on the results of Tukey HSD tests.
Error bars illustrate sample variability by showing the largest and smallest observations
less than 1.5 times the interquartile range from upper and lower quartiles.
A significant difference was found between management types for TC, and a
significant trend existed by management for SOC (Figure 3). This single factor ANOVA
coincides with our previous results from two factor ANOVA by depth and management.
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p<0.001*
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Figure 3. Total Carbon (TC) and Organic Carbon (SOC) percentages by management.
P-values (p) represent statistical significance based on ANOVA. Error bars illustrate
sample variability by showing the largest and smallest observations less than 1.5 times
the interquartile range from upper and lower quartiles.

Soil pit TC was significantly different between management types (p=0.001) as
well as depth interval (p<0.001) and neither variable showed evidence of interactions by
ranch site. There was no significant differences between ranch sites when combined in
two factor ANOVA’s with either management (p=0.532) or depth (p=0.442).
When data from all ranches were grouped and the factors of depth and
management considered, a significant difference was detected from paired t-testing (t =
4.8923, df = 9, p-value <0.001). Based on the figure below, intensively managed
pastures exhibited a pattern of greater total carbon when compared to extensively
managed ones (Figure 4). The difference between curves decreases and eventually
disappears when depths of 50 cm below the soil surface is attained (Figure 4).
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Figure 4. Mean total carbon by depth and management across all study sites. Results
of Welch 2-sample t-test displayed indicates a significant difference (p<0.001) between
data by management type (Intensive -IM- and Extensive -EM-). Error bars represent
standard error (SE) values.
Soil Bulk Density (BD)
Significant variation was detected in BD by depth (Figure 5; Table 4). Post-hoc
Tukey HSD testing supported that the BD of 0-10 cm was significantly less than 10-20
cm, which was significantly less than 20-30 cm (p<0.001).
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*p<0.001
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Figure 5. Soil bulk density (BD) by depth interval (0-10 cm, 10-20 cm, 20-30 cm). Pvalues represent statistical significance based on ANOVA. Bars sharing the same
letters are not significantly different (Tukey’s HSD). Error bars illustrate sample
variability by showing the largest and smallest observations less than 1.5 times the
interquartile range from upper and lower quartiles.
Soil BD also varied by management (Table 4). Post-hoc Tukey testing showed
that BD of EM pastures was greater than that of IM pastures.
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Table 4. 2-way ANOVA summary table for Bulk Density by depth and management. df
is degrees of freedom, SS is sum of squares, MS is the mean squared, F is F-statistic
and p is P-value. Bold values are significant (p < 0.05).
Bulk Density
df

SS

MS

F

p

Depth

2

9.454

4.727

134.507

<0.001

Management

1

0.208

0.208

5.921

0.017

Depth x Management

2

0.071

0.035

1.007

0.369

Residuals

101

3.549

0.035

Although the 2-way ANOVA for BD by depth and management showed no
significant interaction between the two factors (p=0.369) it was expected that a
difference may be detected if data for each depth were manually separated prior to
analysis by management type. After data were separated by depth and subject to
ANOVA by with management as the only factor, a significant difference was detected
for the 0-10 cm depth interval, with mean BD for IM at 0.557 g/cm3 ±0.03 and mean BD
for EM at 0.699 g/cm3 ±0.045. The top 10 cm of soil are most likely to be impacted by
soil compaction resulting from varied management practices, and in this case, post-hoc
Tukey HSD results supported that EM pastures were more compact in the 0-10 cm soil
depth interval. Deeper soil layers (10-20 cm and 20-30 cm) were statistically similar (
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Table 5).
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Table 5. Summary of 3 individual ANOVA’s for bulk density by management type with
data separated by depth interval (0-10, 10-20, 20-30). df is degrees of freedom, SS is
sum of squares, MS is the mean squared, F is F-statistic and p is P-value. Bold values
are significant (p < 0.05).
BULK DENSITY
Depth

df

SS

MS

F

p

0-10

1

0.211

0.211

5.836

0.020

40

1.446

0.036

1

0.039

0.039

1.753

0.195

33

0.727

0.022

1

0.002

0.002

0.169

0.684

28

0.474

0.017

Residuals
10-20
Residuals
20-30
Residuals

Carbon Stocks
There was no significant relationship detected between TC stocks and depth, but
there was a difference by management (
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Table 6). There was also a significant interaction between depth and
management (
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Table 6). Post-hoc Tukey HSD testing revealed that TC stocks for the 20-30 cm
depth interval tended to be greater under intensive management than extensive
management (p=0.071). No significant relationships between SOC and either depth or
management were detected.

32

Table 6. 2-way ANOVA summary table for TC Stocks by depth and management. df is
degrees of freedom, SS is sum of squares, MS is the mean squared, F is F-statistic and
p is P-value. Bold values are significant (p < 0.05).

TC Stocks
df

SS

MS

F

p

Depth

2

0.702

0.351

1.772

0.175

Management

1

1.538

1.538

7.764

0.006

Depth x Management

2

1.236

0.618

3.120

0.048

Residuals

101

20.013 0.198

TC stocks averaged 5.8 t/ha (26%) greater under IM compared with EM. Mean
TC stocks for IM pastures were 27.92 t/ha while EM pastures were 22.11 t/ha. Mean
SOC stocks for IM pastures were 30.44 t/ha while EM pastures were 26.90 t/ha. The
estimated difference in carbon sequestration rate by management (and weighted by
number of years practicing IM) across all six study sites was approximately 6.3 t C ha-1
yr-1 (TC) and 3.8 t C ha-1 yr-1 (SOC) (

33

Table 7).
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Table 7. Total Carbon (TC) and soil organic carbon (SOC) sequestration potential
across all six study sites under IM practices. Sequestration potential was calculated by
dividing the difference between carbon stocks for each management type by the
number of years under new management practices (IM). Mean values for all three soil
depth intervals were added together to produce values in this table.
Ranch #

t TC ha-1 yr-1

t SOC ha-1 yr-1

1

12.987

6.798

2

9.094

4.983

3

3.333

1.617

4

8.850

6.783

5

0.204

-0.231

6

3.161

2.764

Mean

6.272

3.786

Soil Carbon and NDVI
NDVI explained 42% of the variation in TC and 30% of the variation in SOC
under intensive management practices (Figure 6; Figure 7); whereas NDVI only
explained 7% and 8% of the variation in TC and SOC, respectively, in extensively
managed pastures (not shown).
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Figure 6. Regression for the natural logarithm of total carbon % as a function of NDVI
under intensive management
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Figure 7. Regression for the natural logarithm of organic carbon % as a function of
NDVI under intensive management
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Carbon and Moisture Content
Under intensive management, moisture content (MC) explained 15% of the
variation in TC (Figure 12), but there was no relationship between MC and SOC
(p=0.1498). Under Extensive Management, MC explained 26% of the variation in TC

1.5
1.0
0.5

log(TC%)

2.0

2.5

and 17% of the variation in SOC (Figure 14; Figure 15).

p<0.001*

0.0

Adj R-squared=0.1469

-3.0

-2.5

-2.0

-1.5

-1.0

-0.5

log(MC%)
Figure 8. Regression for the natural logarithm of moisture content % as a predictor of
total carbon % under intensive management.
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Figure 9. Regression for the natural logarithm of moisture content % as a predictor of
total carbon % under extensive management.
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Figure 10. Regression for the natural logarithm of moisture content % as a predictor of
organic carbon % under extensive management.
Species Diversity
Based on regression analyses, species diversity was not an effective predictor of
soil carbon under either form of management examined in this study.
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DISCUSSION
Soil Carbon (%)
Soil carbon did not vary significantly between years, or by ranch location. This
supported the grouping of data by years and from all 6 study sites to increase the power
of statistical results and reduce any impacts resulting from annual variations in soil
carbon due to environmental conditions.
Similar to previous soil studies, our results indicated that TC and SOC were
greatest at the soil surface and decreased with depth (Conant et al. 2001; Conant et al.
2003; Ziter and MacDougall 2014). Intensively managed pastures were found to have
significantly higher TC and SOC compared with extensively managed pastures. On
average, IM pastures had 28% greater TC and 13% greater SOC. This difference refers
to the percentage increase in carbon that may be attained through shifting management
practices, as a means of comparison with similar studies, and does not refer to the
actual % carbon (TC or SOC) of the soils themselves.
Similarly, the results of Conant et al. (2003) found average SOC to be 22%
greater in intensively managed pastures. However, it should be noted that this
percentage is based on their results for SOC stocks, while ours are % carbon values.
While our results for carbon stocks can be compared with other studies, the
comparisons we make based on % carbon are more robust, as they are free from the
influence of variable bulk density measurements used in the calculation of carbon
stocks.
Contrary to our results, Ward et al. (2016) found intensive management to be
associated with lower soil carbon levels than extensive management. Upon further
examination however, it is evident that their definition of ‘intensive management’ was
quite different from our own. The IM pastures in our study were generally managed in a
holistic way, forgoing the use of chemical fertilizers in exchange for more natural forms
of fertilization through animal waste and hoof action/mulching of residual plant material.
Furthermore, the use of heavy machinery to harvest forage also tended to be replaced
with simply allowing animals to harvest forage crops. Other IM characteristics employed
by cattle producers in our study included no till land use, efforts to improve species
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biodiversity, and irrigation to improve plant productivity. In contrast, Ward et al. (2016)
considered intensive management to be much the opposite; use of chemical fertilizers,
cutting grass with haying equipment, tilling, ploughing and seeding with only a few, fastgrowing forage species. Thus, the results of Ward et al. (2016) were similar to our
study, but appeared to be different based on varying definitions of what constitutes
intensive management. A significant challenge faced when interpreting existing
literature can often be lack of consistency in defining terms, methodology used, and
units of measurement being reported.
Sampling carbon from various soil depths allowed us to observe relative
differences in carbon within the soil profile and make inferences about carbon
sequestration. Decomposition tends to be reduced in deeper soil layers since there are
fewer essential resources for decomposers, resulting in less biological activity and
subsequent release of CO2 back into the atmosphere (Chabbi et al. 2009; Silver et al.
2010). Since TC % was found to be significantly greater in IM pastures for the 10-20 cm
and 20-30 cm depth intervals, improved levels of sequestration under IM were therefore
supported.
Because there was no significant interaction detected between depth and
management, we can consider their effects to be additive. The greatest carbon values
can be expected under intensive management, in the most shallow depth layer (0-10
cm) and the lowest carbon values can be expected under extensive management in the
deepest soil layer (20-30 cm).
Soil pit data further supported the hypothesis of greater carbon under IM, though
the differences between management gradually disappeared around 50 cm. Soil pits
ultimately provided more detailed understanding of soil carbon change with depth
compared with soil cores, since samples were taken in 5 cm increments to a depth of 50
cm. Conversely, replication was much more thorough for soil cores; each study site
having a minimum of 3 transects per management, with at least 5 representative cores
per transect. This compared with only one soil pit per management type at each ranch
location. This limitation was primarily because excavation of soil pits was highly invasive
as well as labour-intensive. However, when carbon results from pits across all ranches
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were combined and compared by management type, the results quite clearly indicated a
trend of greater carbon under intensive management.
Other characterization of soil properties was largely observational, though still
directly related to comparison of soil carbon. In all cases, differences in soil properties
were visibly apparent upon excavation (Figure 11; Figure 12).

Figure 11. Soil profile (left) extracted from a pit (right) in an intensively managed
pasture at Ranch 6.

43

Figure 12. Soil profile (left) extracted from a pit (right) in an extensively managed
pasture at Ranch 6.
Other parameters were also used to better characterize differences in soils. For
instance, soil texture can have a large impact on carbon levels, and so can secondary
(inorganic) carbonates. Both these soil characteristics were tested for as part of the
evaluation procedure, but not included in in statistical analyses. The focus of which was
placed on our carbon data, since our analysis techniques allowed for both inorganic and
organic forms to be considered.
Bulk Density
Similar to previous studies (Ingram et al. 2008), and as one would expect, we
found bulk density increased with soil depth. Comparing between management
revealed, however, that soils in the 0-10 cm depth interval were more compact in
extensively managed pastures than IM ones. Soil compaction equates to less pore
space, which is an important factor influencing soil health, since it facilitates the flow of
water and nutrients through the soil, and provides conditions for healthy growth of both
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soil fauna and plant roots (Wolf and Snyder 2003). Since evidence from this study
suggests an association between IM practices and decreased surface soil compaction,
this form of management may be a means of improving water infiltration and promoting
healthy soil development alongside microorganisms and plant roots.
Carbon Stocks
Pastures under intensive management had significantly greater TC stocks when
compared to extensively managed pastures. TC stocks averaged 5.8 t/ha (26%) greater
under IM compared with EM and this relationship was found to be statistically
significant. Although, SOC stocks averaged 3.5 t/ha (13%) greater under IM, the
difference was not significant based on analysis of variance results. It is likely that
significant differences could have been masked by variation resulting from variable soil
bulk densities used in calculation of carbon stocks.
Calculation of carbon stocks facilitated comparison of our results with those of
similar studies, but the potential for varying bulk densities to influence carbon stock
values should not be overlooked. Our results were similar to those of Conant et al.
(2003) who found total SOC to be 8.4 t/ha (22%) greater in IM pastures compared with
extensively managed areas.
The estimated difference in carbon sequestration rate by management (and
weighted by number of years practicing IM) across all six study sites was approximately
6.3 t C ha-1 yr-1 (TC) and 3.8 t C ha-1 yr-1 (SOC). Conant et al. (2003) found the average
‘treatment duration-weighted’ estimate for rate of carbon sequestration to be 0.41 t C
ha-1 yr-1 (SOC) under IM, with the highest rates observed being 2.9 and 2.7 t C ha-1 yr-1.
Our estimated rates of carbon sequestration increase are generally higher than those
reported in similar studies (Wang et al. 2014; Ingram et al. 2008; Tennigkeit and Wilkes
2008; Lal 2004; Conant et al. 2003; Schumann et al. 2001). We attribute this largely to
the way in which carbon sequestration potential was calculated. Most of the IM pastures
sampled had been converted from IM relatively recently (<10 years). As supported by
previous studies (Conant et al. 2003; Schumann et al. 2002; Conant et al 2001), the
highest rates of carbon sequestration are associated with more recent shifts to IM
practices, prior to the rate of increase leveling out, and eventually stagnating.
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It should also be noted that the research of Conant et al. (2003) reported carbon
stocks (and annual sequestration potential) based on carbon data to a depth of 50 cm,
while this study assessed only the top 30 cm layer of soil. Based on this, our results
might be expected to be lower than those of Conant et al. The fact that our calculated
carbon stocks were higher despite having assessed only shallower soil layers is likely
due to the contrast between IM and EM pastures observed at our study sites. Annual
precipitation at our sites was roughly half that of the study sites in Conant et al. (2003),
and irrigation was likely not used. At our study sites however, irrigation was often (but
not always) used in IM pastures and sometimes not used in EM pastures, and a
noticeable contrast between plant species composition and productivity levels between
pastures under different management was often observed. This is also believed to have
influenced the great difference in soil carbon levels observed between management
types.
The potential for increasing carbon sequestration is greatest in pastures with
lower initial carbon (FAO 2010; Jones and Donnelly 2004; Conant et al. 2003). This is
because pastures that already sequester larger amounts of carbon require greater effort
for a potentially smaller increase. Since this study has found a trend of significantly
lower carbon levels in extensively managed pastures (compared to intensively managed
ones) it is suggested that the greatest increase in carbon sequestration may be
obtained by converting these pastures to more intensive management practices.
Additionally, by continuing intensive management in already converted pastures may
continue to increase or maintain higher levels of soil carbon.
Predictive Methods
The results of regression analyses comparing carbon with some of our predictive
variables suggest that remote sensing could be used in the future to infer soil carbon
levels in IM pastures.

NDVI
Similar to previous studies, our results showed a significant relationship between
NDVI and soil carbon. Kunkel et al. 2011 found NDVI to be the strongest positively
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correlated indicator of soil carbon, explaining 54% of the variation (based on R2), while
our results showed that NDVI explained 42% of variation in TC (and 30% of variation in
SOC) under intensive management. However, our results were not effective predictors
of soil carbon under extensive management, highlighting the importance of considering
other influential factors in making predictions. Other factors such as aspect and
elevation/moisture can influence soil carbon at a significant level. Kunkel et al. (2011)
found North-facing slopes had up to five times greater soil carbon than South-facing
ones, and carbon at the top of their observed elevation/moisture gradient was as much
as ten times greater than at the bottom.
NDVI has the ability to infer plant productivity, which has been shown to be
linked with soil carbon (Kunkel et al 2011). Additional studies should be conducted to
refine the link between NDVI and soil carbon before it is used for predictive purposes.
Studies should make reference to influencing factors such as time of year in relation to
the growing season and any prior defoliation events during the growing season.

Moisture Content
Significant relationships existed between MC and soil carbon, except in the case
of SOC under IM. Moisture is generally the limiting resource for plant growth in arid
environments (Ingram et al. 2008). In these areas, greater moisture has been linked
with increased plant productivity and subsequently, soil carbon (Lal 2004). Although the
relationships observed from our data are not enough to predict soil carbon levels from
moisture content alone, these methods could be improved through controlled,
manipulated studies that isolate the effect of soil moisture on carbon levels.
The conditions observed in this study were highly variable throughout and within
study sites. Influential variables such as plant species (native and/or agronomic), natural
moisture vs. irrigation, historical land use, etc. all make it more difficult to draw
conclusions about the influence of any one variable on soil carbon, never mind
predicting carbon based on any one of these variables.
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Species Diversity
Our study failed to find a significant relationship between species diversity and
soil carbon, but other studies found support for a positive relationship (Lal 2004). It is
possible that we could not detect differences in plant diversity because our study lacked
controlled manipulations. The focus of our research was on the effects of management
on soil carbon, and it was difficult to detect differences based on plant species due to
the other dependent variables.
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CLIMATE CHANGE ADAPTATION AND MITIGATION
The ability of ranchers to adapt to, and mitigate the effects of climate variability in
the future is important for local food security and environmental sustainability.
Improvements in soil carbon storage result in reductions in the volume of greenhouse
gases (primarily CO2) in the atmosphere (Lal 2004). As a result, carbon crediting
programs can be developed to help encourage practices that sequester carbon in the
soil (Lal 2004). Adaptation to climatic changes can come in the form of improved ability
to cope with drought conditions as well as high precipitation events by increasing the
moisture retention, stability and structure of soils. This is largely due to increased
organic material in the soil, as well as improved plant cover and rooting (Lal 2004).
A rangeland’s resilience to climate change is very difficult to place a monetary
value on, which can be problematic since funding agencies and agricultural producers
must often make decisions based on cost-benefit analysis using dollar values.
Furthermore, when it comes to climate change mitigation strategies, it is important to
ensure that gains in soil carbon -resulting from changes in management- are not
accompanied by increases in other GHG’s such as methane (FAO 2010).
Sustainable land management practices should be informed by research and
backed by scientific results. However, the capacity of decision makers to implement
subsequent changes will influence overall feasibility of improved practices. In the case
of grazing management, ranchers themselves are able to offer first-hand information
from their own experiences (trial-and-error) and are in-touch with the land they manage.
Ranchers observe the land responding to input variables and environmental factors
year to year, season to season and often day to day, and can therefore provide
operational insight and practical anecdotal knowledge to others in a similar situation.
In this study, it was important to develop a good relationship with the voluntary
participants, understand historical land management practices, as well as their
observations and views regarding their newly-adopted grazing management practices.
This was best achieved through in-person, semi-structured interviews.
Interviews at all five ranches showed consensus on the observation that
Intensive Management (IM) led to significant improvements in the biological activity of
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soils and is therefore a good adaptive management strategy for climate change.
Specifically, observations such as “thicker soils”, and a greater presence of
invertebrates (worms, dung beetles, etc.); in general, that “more life can be found in the
soil”. In many cases, ranchers believe that soil biological activity has benefitted from the
lack of chemical fertilizer use, as well as antibiotics/parasite drugs such as IVOMEC®.
One rancher also indicated that soils are noticeably more porous (even over the
timespan of a single year), and the pigtails for portable electric fencing have become
easier to drive into the soil.
Some ranchers have also noticed a decrease in soil erosion and more (thicker)
cover of grasses and forbs (clover, alfalfa, etc.). In terms of perceptions regarding
carbon sequestration, responses were slightly more variable. It was indicated that since
productivity appears to have increased, one would expect carbon storage to follow suit,
though they would like me to provide scientific evidence of this. It was also suggested
that carbon sequestration may not be increasing at all, due to compensatory effects
through increased decomposition rates occurring under the current management
practices.
Two very common strategies being used are to leave generous amounts of
residual plant matter, and to ensure adequate plant recovery. The first strategy
generally depends on only grazing the top 1/3 (and in some cases top 1/2) of plants. In
general, it seems as though the top 1/3 is both highly palatable to livestock, and the
remaining vegetation (residual) can be worked into the ground by hooves. This ‘mulch
cover’ is credited with promoting both water retention and biological (microbial) activity.
Furthermore, this method is a means of keeping plants in their vegetative stage (stage
2) which is believed to be the stage of maximum plant growth and productivity. The
second strategy of ensuring adequate plant recovery recognizes that plant health is
better off when they aren’t re-grazed before having a chance to recover.
Several benefits of intensive management improve a rancher’s ability to cope in a
changing climate were communicated during rancher interviews. All six ranches believe
that this type of management is a practical tool for controlling the spread and vigour of
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invasive plant species, since cattle are concentrated in an area and will graze all plants
equally (rather than avoiding less palatable species, which are often the invasive ones).
All six ranchers believe that the benefits to soil health including increased organic
matter help the soil hold onto moisture longer, “like a sponge”. One rancher stated that
they would “cope better than their neighbours in a drought year”, and this sentiment was
shared by the other ranchers in this study.
Improvements to plant (and sometimes animal) biodiversity are also supported
by all ranchers in this study. Biodiversity is widely accepted to help maintain healthy,
productive ecosystems during climatic changes, because while some species may not
be able to cope with the change, the diverse community is likely to possess some that
will.
The flexibility of electric fencing, and actively managing cattle on a daily basis
was also identified to be an adaptation strategy, since a rancher is able to adapt his or
her practices based on conditions which vary from one year to the next (weather
patterns, pest outbreaks, economic variables, etc.).

Additional Insight
•

It’s important to adapt your practices to ones that make logical sense. For

example, if you calve later in the year, you don’t have to feed high value hay in winter.
•

Beef production should take a “value chain approach” not just a “production chain

approach”. Every person needs to make money in this system, though in the more
traditional system, all profits seem to go to the retailer now, and very little goes to the
producer unless you can market the value of your product, or even get it to retail on
your own.
•

Holistic management depends on an understanding that everything is connected

and changing one thing affects other things.
•

Biological decomposition occurs at the soil surface and chemical decomposition

(oxidation) occurs with standing litter.
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•

A lot of government subsidies are currently directed at things that don’t address

the ‘root of problems’ (subsidies for fuel, pesticides, etc. rather than improved methods).
•

A rancher needs to “fit the enterprise to the land, not the land to the enterprise”.

In other words, it’s important that we understand the capabilities of the land, and adapt
our practices to reflect these capabilities, rather than imposing our own preconceived
notions of what we want our business to look like.

CONCLUSION
Rangelands possess great potential for belowground storage of carbon.
Tennigkeit and Wilkes (2008) estimated that improved rangeland management has the
biophysical potential to sequester 1.3 - 2Gt CO2 eq worldwide to 2030 (UNFCCC). Since
atmospheric carbon dioxide is the most abundant greenhouse gas, capturing and
storing it in the soil may help mitigate climate change. In other words, our rangelands
offer promise and hope; but it requires improving the way we manage them. Improving
the management of these ecosystems is a win-win scenario, as it can result in
subsequent benefits to productivity, biodiversity, invasive species and erosion control
(Paustian et al. 1997; FAO 2010; Silver et al. 2010) which are also assets when it
comes to climatic change adaptation (IPCC 2014).
The main purpose of this research was to test whether the adoption of intensive
management practices might be used as a tool to mitigate climate change through soil
carbon sequestration and adapt to climate change by creating more resilient
ecosystems alongside domestic grazing animals. Our research provided evidence
supporting these hypotheses, as soil carbon was found to be significantly greater under
intensive management practices. In particular, the higher levels of carbon found in
deeper and more stable soil layers mean it could be more effectively sequestered
(Chabbi et al. 2009). Finally, because pastures with lower initial carbon are known to
have the greatest potential for improved carbon sequestration, adoption of more
intensive management practices in extensively managed pastures can produce
significant results. This information can serve as a valuable asset to BC’s ranch
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managers trying to improve carbon sequestration and other ecosystem services
associated with healthier soils.
This study also tested whether remote sensing methods or vegetation community
could be used to infer soil carbon levels for more feasible widespread application of soil
carbon estimates. Our findings showed a notable relationship between TC and NDVI,
though more precise work can be pursued in the future to improve predictions based on
this method.

Future Research
In addition to improving methods of soil carbon prediction with remote sensing
and plant community composition, manipulated grazing trials should be undertaken to
control for all variables other than the treatment to isolate the effects of grazing
management alone. Furthermore, these trials should include specific examination of IM
on drylands in the BC interior, since they compose much of the grazed lands. It is not
likely feasible to irrigate or even fence these expansive areas in the way that IMpastures tend to be equipped with. However, if the results coincide with those from this
study (comparing the effects of grazing management on soil carbon), and feasible
methods for implementation can be recommended, the implications would be
monumental. For one thing, much of these arid landscapes possess significant potential
for large increases in soil carbon (due to historical land degradation or simply moisture
limitations to plant productivity) and second, the areas are vast, which further adds to
the potential effects towards climate change mitigation through carbon sequestration.
When planning and research are used to inform better management decisions,
grazing can result in improvements to ecosystem services such as biodiversity, soil
moisture retention, carbon sequestration and forage production (Conant et al. 2001;
Conant et al. 2003; FAO 2010; Harrower et al. 2012; Ziter and MacDougall 2013).
These benefits of good grazing management ought not to be ignored, and should be
supported and implemented when suitable conditions exist. In the face of a changing
climate, improvements to these ecosystem services would equate to greater adaptability
for BC ranches.
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Outreach and Education
A main component of the research was outreach to the community. Information and
feedback was provided to local ranchers about different grazing management practices
and the benefits that may result from improving the way we manage our lands.
Throughout the life of this research project, education and outreach have played a
significant role. There have been several poster presentations, informational workshops
and tri-fold brochures have been distributed.
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