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Background 

In-field winter feeding systems such as bale grazing add a significant amount of nutrients to a site 
through urine, manure and feed residue. This project was designed to determine how bale grazing 
impacts soil, water and forage quality/productivity. This includes assessing how bale grazing impacts two 
of the most important ecological processes (the nutrient cycle and the hydrologic cycle) and how they 
respond to increased nutrient and residue loading from a feeding practice that exceeds AAFC and 
provincial recommendations (AARD 2013).  When the project was developed it was hoped that 
increased nutrient loading combined with other benefits from bale grazing would improve pasture 
health including increased forage productivity, nutrient cycling, increased organic matter and soil 
moisture retention. These improvements in pasture health may also allow producers to better adapt to 
climate variability by increasing carbon capture while limiting the use of synthetic fertilizers by reducing 
on farm nutrient losses.   

The objectives of this project were to: 

• Determine the effects of a two-in-three year bale grazing rotation and associated nutrient 
loading on soil (including carbon capture), forage yield and forage quality of two Alberta 
pastures 

• Monitor and compare soil moisture and temperature regimes of winter bale grazed sites 
and non-winter grazed sites 

• Determine the effects of a two-in-three year bale grazing rotation on nutrient migration into 
a local shallow groundwater system 

• Assess potential for optical sensors (drones and quad-mounted sensors) to estimate forage 
biomass and carbon capture 

This project report is divided into the following sections:  

1. Project Summary 
2. Revised recommendations on bale grazing return rates that can be incorporated into the 

existing AARD publication “Wintering Site Assessment and Design Tool” (AARD 2013).  
3. New recommendation for incorporating a risk assessment on potential groundwater 

impacts from increased nutrient loading in the AARD publication “Wintering Site 
Assessment and Design Tool” (AARD 2013)  

4. An improved in-field winter feeding calculator that incorporates the economic components 
of bale grazing with the information being developed in AAFC Lacombe for other in-field 
winter feeding practices (swath, corn and stockpile grazing) 

5. Factsheets and field days/presentations that highlight the results of this project 
6. The development of a tool that allows optical sensor equipment (NDVI) to measure field 

biomass and carbon capture 
7. Appendix A which contains detailed 2017 project data. 

 



 

 

 

Project Summary  



1.0 Introduction 
Bale grazing systems add a significant amount of nutrients to a site through urine, manure and feed 
residue. Past research has led to recommendations that winter feeding should be restricted to a one-in-
five year bale grazing rotation in an individual pasture and that bale spacing should be at least 12.5 
meters (m) (Haak 2011, AARD 2013) to avoid excessive soil nutrient loading. Other studies, suggest that 
these recommended rates are too low for some Luvisolic and Chernozemic soils where responses to 
grazing and nutrient (manure and urine) deposition at the current recommended bale density and 
pasture rotation are not creating excessive concentrations of nitrogen (N) and phosphorus (P) in the soil 
(Cade-Menun 2014,  personal communication; Bruhjell et al. 2017). In Bruhjell et al. (2017), nutrient 
levels immediate to individual bales were not excessively high in the year following bale grazing. 
Phosphorus (P) and potassium (K) fell below baseline values two to three years following bale grazing 
while nitrogen displayed mixed results but still remained well below any nutrient threshold. Nutrient 
levels around the peripheral zone, approximately five meters from bale center were largely unaffected 
or only slightly affected.  

In most cases, the recommended spacing of 12.5 meters creates an uneven nutrient distribution 
resulting in a pattern of high forage production where the grazed bales were located and low forage 
production spots in the spaces between bales. Bruhjell et al. (2017) found that production in the spaces 
between bales was 30 to 80 percent lower than where the bales were located. This trend continued into 
the fourth year following bale grazing where bale locations were still producing up to 40 percent more 
forage than the spaces between the bales.  It was hypothesized that an additional bale grazing 
treatment offset to the original 12.5 m spacing would provide an even distribution of soil nutrients 
resulting in increased and consistent forage production/quality throughout the pasture. Bruhjell et al. 
(2017) suggested that the areas between the original bale grazing treatments, which were at least 100 
m2, could easily accommodate an additional individual bale without greatly impacting the nutrient load 
resulting from the previous bale grazing treatment.  

Our project sites were bale grazed to determine the effects of a two-in-three year bale grazing rotation 
and associated nutrient loading on soil (including carbon capture), forage (production and quality) and 
water quality. Both sites were bale grazed in 2012/13 (Treatment A) and in 2014/15 (Treatment B) 
resulting in a two-in-three year bale grazing rotation.  In Treatment B, the bales were placed in the (100 
m2) spaces left between the bales of Treatment A which created an offset grid of treatments (Figure 
1.1). The influence of Treatment A on Treatment B is dependent on the variability of the spread of 
manure and residue. Our observations were made keeping in mind that Treatment A may have an effect 
on Treatment B depending on factors such as the overall spread of residue (distance and thickness) and 
the associated nutrient load that would vary with the footprint of the residue. 



 
Figure 1-1: Schematic of the influence of Treatment A on Treatment B and the placement of the study grid 

Building from positive outcomes observed in Bruhjell et al. (2017), this project also tested technology 
options for tracking forage growth and assessed their potential as management tools for producers. The 
ability to monitor and track soil and forage parameters on pastures utilized for these winter feeding 
systems can assist in the sustainable management of these lands. This is especially important as soil 
sampling can lead to erratic results due to manure and urine hotspots, topography and soil type. The 
cost and effort required to obtain reasonable estimates from soil analysis is also often too high for 
producers. Forage response could be a more reliable indicator of soil condition, and tracking forage 
growth and growth distribution may allow the producer to assess their pasture nutrient deficiencies and 
provide a tool for future pasture improvements including using other extensive winter feeding practices. 
Numerous studies including Mkhabela et al. (2011), Pittman et al. (2015), Richardson (2013), Young 
(2017), personal communication,  have successively used NDVI and/or sonar equipment for yield 
predictions under a range of soil, temperature and moisture conditions. 

2.0 Forage 
2.1 Forage Methodology 
Forage productivity and quality were measured several times in each of 2015, 2016 and 2017 on 
locations where bale grazing occurred on a two-in-three year rotation. In 2015, this evaluation was 
limited to two bales at each of two different Alberta locations. The Caroline site was located on an 
Orthic Grey Luvisol while the Vermilion site was located on a thin Black Chernozem. An additional eight 
bale sites from Treatment B were sampled at both Caroline and Vermilion to increase the power of 
analysis.  Treatment A bale locations were compared to Treatment B bale locations (offset from 
Treatment A) to determine if a two-in-three year bale grazing rotation would result in a pasture with 
consistent forage productivity and quality throughout. Foraging harvest times (clipping) were selected 
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based on a balance of peak forage quality/production and pasture management (i.e., prior to grazing 
taking place). 
 
In 2015, vegetation clippings were taken at the Caroline site on May 26, July 14 and September 1 and on 
June 25 and September 2 at the Vermilion site. The samples were dried and weighed at the AAFC 
Lacombe Research Station and sent to Nutrilytical for analysis. Samples were analyzed, using standard 
methods, for Dry Matter, Crude Protein (CP), Soluble Protein, Acid Detergent Fiber (ADF), Neutral 
Detergent Fiber (NDF), lignin, starch, Water Soluble Carbs, ESC (simple sugars), Total Digestible 
Nutrients, Calcium (Ca), P, Magnesium (Mg), K, Sulphur (S), Carbon (C).  
 
In 2016, vegetation clippings were taken at the Caroline site on May 25, July 25 and September 1 and on 
May 26, June 23 and August 31 at the Vermilion site. Samples from July 25 (Caroline) and June 23 
(Vermilion) were sent to Nutrilytical for analysis. During the final year of the project (2017), vegetation 
clippings were taken at the Caroline site on June 1, July 10 and September 7 and on July 17 and 
September 6 at the Vermilion site with the July 10 (Caroline) and July 17 (Vermilion) samples being 
submitted to Nutrilytical for analysis. 
 
2.2 Forage Production 
2.2.1 Caroline 
As expected, bale residue restricted early season forage growth in 2015 (Table 2-1). By July however, 
yields for Treatment B Bale 1 were substantially higher than for Treatment A (>23%). Treatment B Bale 2 
however showed no difference. By end of summer, both Treatment B bales had significantly higher 
yields, 43% and 54% respectively. 

In 2016, yields for Treatment B were substantially higher than Treatment A throughout the growing 
season. Treatment B Bale 1 produced 27% (May) and 29% (July, September) more dry matter than non-
impacted areas while Treatment B Bale 2  produced, 70% (May), 53% (July) and 39 % (September) more 
dry matter. 

 
Table 2-1. 2015 Caroline forage productivity comparisons. 
Date Bale 1 Bale 2 

Treatment A (kg/ha) Treatment B (kg/ha) Treatment A (kg/ha) Treatment B (kg/ha) 

25-May-15 976 250 931 244 

14-Jul-15 2918 3596 1933 1910 

01-Sep-15 1905 2725 1310 2019 

 

Eight bales added from Treatment B allowed statistical analysis to be completed. In both 2016 and 2017, 
standard paired T-tests were completed for all the production and forage quality data. Production on 
the 2014/15 bale locations (Treatment B) were significantly greater (Table 2-2) throughout 2016. For 
example, forage production averaged 2271kg/ha (ranging from 1320 to 5178 kg/ha) for Treatment A 
bale locations compared to 3793 kg/ha (ranging from 932 to 6248 kg/ha) for Treatment B bale locations.  



 

Table 2-2. 2016 Caroline forage productivity comparisons. 

Date Treatment A (kg/ha) Treatment B (kg/ha) Significance 

25-May-16 1693 2748 0.000270941 

25-Jul-16 2165 4168 9.45686E-05 

01-Sep-16 2957 4463 0.001936753 

Season 2271 3793 1.42324E-09 

 

This trend continued into 2017 with yields for both Treatment B bales being substantially higher than 
Treatment A. Bale 1 Treatment B produced 58% (June), 39% (July) and 63% (September) more dry 
matter than Treatment A while Bale 2 Treatment B produced 56% (June), 49% (July) and 61% 
(September) more dry matter. Statistical analysis of all ten bales showed that Treatment B production 
was again statistically higher (P<0.05) than Treatment A (Table 2-3). This continued through the 2016 
and 2017 growing seasons until the final productivity survey in September 7th, 2017, when the 
difference was no longer significant. 

 

Table 2-3. 2017 Caroline forage productivity comparisons. 

Date Treatment A (kg/ha) Treatment B (kg/ha) Significance 

01-Jun-17 2178 4182 6.84992E-07 

03-Jul-17 4668 8237 8.12E-04 

07-Sep-17 2510 3159 0.066073801 

Season 3119 5192 1.25E-06 

 
2.2.2 Vermilion 
In 2015, the first year following grazing in 2014/15, the residue in the early season negatively affected 
Treatment B Bale 1 with mid-June yields being 53% lower (Table 2-4). By late summer Treatment B Bale 
1 produced 47% more forage than Treatment A. However, Bale 2 mid-June yield was similar between 
both treatments with Treatment B Bale 2 forage yields being approximately 13% higher. By September 
however, Treatment B Bale 2 was producing 88% more forage. 

 
Table 2-4. 2015 Vermilion forage productivity comparisons. 
Date Bale 1 Bale 2 

Treatment A (kg/ha) Treatment B (kg/ha) Treatment A (kg/ha) Treatment B (kg/ha) 

25-June-15 591 313 698 789 

02-Sep-15 1475 2169 924 1736 

 

By 2016, a substantial change in forage production occurred. As with the Caroline site, yield for 
Treatment B Bale 1 and 2 were substantially higher than Treatment A throughout the growing season. 
Treatment B Bale 1 produced 69% (May), 13% (June) and 18% (August) more dry matter than Treatment 



A while Treatment B Bale 2 produced, 39% (May), 35% (July) and 38% (September) more dry matter. It 
should be noted that during 2016, Richardson’s ground squirrels established an extensive colony in and 
around Bale 1.  

As with the Caroline site, eight additional bales sites were established to determine if statistical 
differences existed between Treatment B and Treatment A. A standard paired T-test was completed for 
all the production data and all values were found to be statistically different for all dates. Forage 
production on Treatment B bale locations was significantly higher (average 2574 kg/ha, ranging from 
789 to 3355 kg/ha) that Treatment A (average 1557 kg/ha ranging from 978 to 6181 kg/ha) (Table 2-5). 

 

Table 2-5. 2016 Vermilion forage productivity comparisons. 

Date Treatment A (kg/ha) Treatment B (kg/ha) Significance 

26-May-16 1053 1850 0.000851437 

23-Jun-16 1727 2580 0.021306696 

31-Aug-16 1891 3292 0.006675629 

Season 1557 2574 3.42477E-06 

 

The trend established in late 2015 continued into 2017, the third growing season following 2014/15 bale 
grazing (Table 2-6). Forage production continued to be substantially higher for Treatment B than 
Treatment A. Treatment B Bale 1 produced 26% (July) and 28% (September) more dry matter than 
Treatment A. The amount of dry matter produced around Bale 2 was almost equal in July (less than a 
one percent difference). By September however, Treatment B Bale 2 had 11% more dry matter. The 
Richardson’s ground squirrel colony continued to flourish in in and around the Bale 1 site.  

A statistical analysis of the production data for all ten bales found Treatment B forage production to be 
significantly greater throughout the entire growing season compared to Treatment A. Forage production 
averaged 3876 kg/ha ranging from 2587 to 6024 kg/ha for Treatment A and averaged 5314 kg/ha, 
ranging from 2587 to 8062 kg/ha for Treatment B.   

 
Table 2-6. 2017 Vermilion forage productivity comparisons. 
Date Treatment A (kg/ha) Treatment B (kg/ha) Significance 

19-Jul-17 4154 5349 0.038688658 

06-Sep-17 3599 5278 0.002213708 

Season 3876 5314 0.000202296 

 
2.2.3 Summary 
Forage productivity was significantly higher (P<0.05) for Treatment B on both soil types during the 2016 
and 2017 growing seasons. The only exception occurred in 2017 on the Caroline site (07-Sep-17) where 
while Treatment B still out-produced Treatment A, the difference was not significant (P>0.05). Contrary 
to our hypothesis, the two-in-three year bale grazing sessions did not result in uniform forage 
production throughout either pasture.    



2.3 Forage Quality 
2.3.1 Caroline 
Forage quality analysis in 2015 was restricted to two bale sites and the spaces around them. Both bales 
(and adjacent areas) were sampled on May 25, July 14 and September 1, 2015. Bale 1 was grazed in late 
2014 (early season) and Bale 2 was grazed in early April (late season). 

A comparison between Treatments A and B throughout the first growing season found an inconsistent 
effect on forage quality. All tables for this comparison can be found in previous interim reports and 2017 
data is located in Appendix A. Crude protein (CP) varied throughout the season with the only consistent 
month being July where Treatment B Bales 1 and 2 had greater crude protein than Treatment A.  The 
percent TDN was inconsistent between bales. Neutral digestible fibre (NDF) levels were more consistent 
with Treatment B having lower percentages of NDF in both July and September and thus would be 
classified as higher quality forages, albeit slightly, during these periods.   For minerals, P, S and K were all 
greater for Treatment B. Calcium (Ca) and Mg were inconsistent between months and treatments.  

Table 2-7 displays the July 14, 2015 differences between the treatments. While the CP between 
treatments was similar, the high digestibility (low NDF) for Treatment B makes it higher quality forage. 
The low TDN of this treatment however narrows the quality gap between the treatments.  

 
Table 2-7. 2015 Caroline forage quality comparisons of two bale locations. 

2015 Forage Quality Analysis Treatment A (kg/ha) Treatment B (kg/ha) 

CP 15 15 

NDF 62 51 

ADF 37 32 

TDN 59 48 

Ca 0.49 0.36 

P 0.28 0.27 

K 2.18 2.37 

S 0.23 0.22 

Mg 0.26 0.19 

 

As discussed, an additional eight bales were added to the project design in 2016 for statistical purposes. 
These additional sample locations had only one forage quality analysis taken in 2016 (July 25, 2016) and 
2017 (July 10, 2017). In July 2016 (Table 2-8), the difference in CP was significant with Treatment B being 
higher when compared to Treatment A. Phosphorous and K were also significantly higher with only Ca 
being significantly higher in areas for Treatment A .  

In 2017 (Table 2-9), CP, P and K levels for Treatment B remained significantly higher. In addition to 
these, S was now significantly higher for Treatment B.  Anti-digestibility factors like NDF were lower for 
Treatment A.  Calcium continued to be significantly greater and Mg was also significantly higher for 
Treatment A.  From a forage quality perspective however, both treatments are considered to be very 
similar.  



Table 2-8. 2016 Caroline forage quality comparisons of ten bale locations. 
2016 Forage Quality Analysis Treatment A (kg/ha) Treatment B (kg/ha) Significance 

CP 14 20 6.64E-05 

NDF 65 66 0.278499 

ADF 38 37 0.072146 

TDN 56 54 0.188618 

Ca 0.60 0.37 0.002807 

P 0.30 0.38 0.008076 

K 2.02 2.95 0.000892 

S 0.24 0.31 0.076177 

Mg 0.23 0.19 0.076177 

 
Table 2-9. 2017 Caroline forage quality comparisons of ten bale locations. 
2017 Forage Quality Analysis Treatment A (kg/ha) Treatment B (kg/ha) Significance 

CP 13 15 0.027812 

NDF 63 67 0.001676 

ADF 38 41 3.17E-05 

TDN 57 55 0.247533 

Ca 0.63 0.46 0.000162 

P 0.03 0.26 0.231488 

K 1.84 2.15 0.033389 

S 0.21 0.25 0.076177 

Mg 0.26 0.17 0.000908 

 
2.3.2 Vermilion 
As with the Caroline location, forage quality analysis in 2015 was restricted to two bale sites and the 
spaces around them. Both bales (and adjacent areas) were sampled on June 25th and September 2, 
2015. Bale 1 was grazed in late 2014 (early season) and Bale 2 was grazed in March (late season). 

A comparison between bale grazing treatments throughout the first growing season found CP to be 
consistently higher for Treatment B while TDN was consistently lower on these sites than for Treatment 
A. Percent NDF was lower during both sampling periods for Treatment A Bale 2 but consistent between 
both treatments for Bale 1. Overall, forage quality was consistent throughout the pasture. For minerals, 
only Mg showed a consistent pattern for Treatment B which had the highest Mg concentrations.  Tables 
for each parameter can be found in Appendix A. (Table 2-10) 

Forage analysis for 2016 and 2017 was conducted on clips taken on June 23 and July 17th, respectively. 
The June 23, 2016 analysis found CP, TDN and K (Table 2-11) all to be significantly higher for Treatment 
B. There were no significant differences between the other parameters. By 2017 (Table 2-12) however, 
there were no significant differences between treatment.   

 



Table 2-10. 2015 Vermilion forage quality comparisons of two bale locations. 

2015 Forage Quality Analysis Treatment A (kg/ha) Treatment B (kg/ha) 

CP 19 22 

NDF 61 61 

ADF 39 41 

TDN 52 51 

Ca 0.64 0.68 

P 0.31 0.33 

K 2.22 2.42 

S 0.28 0.30 

Mg 0.23 0.23 

 

 
Table 2-11. 2016 Vermilion forage quality comparisons of ten bale locations. 
2016 Forage Quality Analysis Treatment A (kg/ha) Treatment B (kg/ha) Significance 

CP 18 21 0.016749171 

NDF 65 65 0.897426782 

ADF 35 35 0.667422729 

TDN 59 57 0.023963658 

Ca 0.34 0.36 0.824271265 

P 0.33 0.36 0.09859475 

K 2.60 3.05 0.005157241 

S 0.27 0.30 0.076176861 

Mg 0.18 0.17 0.588067413 

 
 

Table 2-12. 2017 Vermilion forage quality comparisons of ten bale locations. 
2017 Forage Quality Analysis Treatment B (kg/ha) Treatment A (kg/ha) Significance 

CP 18 17 0.468005263 

NDF 64 63 0.446231404 

ADF 39 38 0.327082613 

TDN 56 57 0.186814903 

Ca 0.43 0.52 0.098481642 

P 0.29 0.29 0.981791818 

K 2.49 2.44 0.762493879 

S 0.29 0.27 0.076176861 

Mg 0.21 0.20 0.800947261 

 
2.3.3 Summary 
Crude protein was the only forage quality parameter that was consistent between treatments, bales, 
sampling date and site location. For most sampling periods, crude protein was significantly higher for 



Treatment B compared to Treatment A. Some mineral levels were also consistent between locations, 
bales, and treatments.  

The increases in K and reductions in Ca and Mg for Treatment B are important as this may increase the 
risk of grass tetany on sites with a two-in-three year bale grazing rotation. For example, the K/(Ca+Mg) 
charge ratio for Treatment B in 2016 was 5.4 for the Caroline site and 5.8 for the Vermilion site (Table 2-
13). These levels are high considering that grass tetany effects can occur at levels exceeding 2.2. This 
may explain anecdotal evidence where cattle have been observed avoiding or alternating between the 
lush forage associated with the bale locations and areas between the bales during the first year 
following bale grazing. Our data suggests that this risk continues into the second year.  

 
 

 

2.4 Conclusion 
Figure 2-1 is a composite aerial photograph taken in July 2016 and shows how bale grazing impacts 
forage growth. The southern half was bale grazed in 2013/14 and shows a distinct growth pattern 
resulting from the 12.5 m bale spacing. The northern half represents our study area and Treatments A 
(bale grazed in 2012/13) and B (bale grazed in 2014/15). While the two treatments appear to have 
resulted in greater forage growth uniformity, our data suggests that forage production is significantly 
greater on the areas impacted by the most recent bale grazing event regardless if it had been bale 
grazed already. This effect can continue for at least two years following the most recent treatment.   

 
Figure 2-1: Composite aerial photo (July 22, 2016) of study area (north half) showing growth patterns around bale placements. For scale the bale 
spacing in the south half is approximately 12.5 metres. 
  

Table 2-13. 2017 K/(Ca+Mg) charge ratio’s based on location and year. 

K/(Ca+Mg) 
charge ratio 

Caroline Vermilion 

Treatment A Treatment B Treatment A Treatment B 

2015 2.9 4.3 2.6 2.7 

2016 2.0 5.4 5.0 5.8 

2017 2.1 3.4 3.6 3.9 



3.0 Soil Fertility 
3.1 Methodology 

Two bale sites at each of the two project locations (Vermilion and Caroline) were subject to a two-in-
three year bale grazing rotation (winter 2012/13 and winter 2014/15). Soil nutrient concentrations 
were tracked through annual soil sampling (late season, post forage dormancy) and subsequent 
laboratory analysis. Soil fertility results were compared to baseline data collected in 2011 (Caroline) 
and 2016 (Vermilion). Caroline baseline samples were collected as a part of a previous project from 
two separate sites within 200 metres to the north of the current project site. Data was derived from 
composite samples collected from similar geographic settings to the current study bales (Treatment 
B). The 2016 Vermilion baseline samples were collected east of the study bales, within the same 
pasture and outside the bale grazed area. 

Soil samples were collected at both sites at 0–15 cm and at 15–60 cm. Samples were collected for 
each grid cell for both bales at both sites (25 cells per bale) for a total of 200 samples. All samples 
were sent to Agvise Laboratories. Samples were analyzed for pH, Salts and Nitrate (N) for both the 0–
15 cm and 15–60 cm samples and for P, K, C, Mg, Sodium (Na) and CEC for the 0–15 cm samples. 

In 2016 and 2017, soil samples from eight random bales sites were taken for both Caroline and 
Vermilion. These sites were the same as the ones discussed in Section 2.0. Four samples were 
collected per bale with 0–15 cm and 15–60 cm samples taken from both the inner (Treatment B) bale 
and outer treatment (Treatment A) for a total of 64 samples. These samples were analysed for the 
same parameters as the previous samples with the addition of soil Carbon. 

For N, P and K in both soil types, Alberta Agriculture and Forestry’s, Fertilizing Grass for Hay and Pasture 
factsheet (2005) was used to determine whether excessive nutrient loading had occurred. The factsheet 
provides recommendation on fertilization based on soil test results. The values in Table 3-1, which 
represent the soil test levels at which fertilizer is not recommended, have been used as a threshold for 
possible high nutrient loads for this report.  

 

Table 3-1. Nutrient thresholds, Alberta Agriculture and Forestry (2005) 

Soil Type N (ppm) P (ppm) K (ppm) 

Thin Black 50 40 112 

Grey Wooded 55 40 112 
ppm=parts per million 

3.2 Results 

3.2.1 Caroline 
3.2.1.1 Nitrogen (N)  
Nitrogen increased to above baseline values in 2015 Bale 1 and Bale 2, Treatment A and B followed by a 
decrease in 2016 and 2017 down to baseline or near baseline values.  In 2015, Bale 2, Treatment B 
showed a marked increase in N at 0-15 cm (high values of 19 and 39 with a median of 0.5 parts per 



million (ppm)) while Treatment A showed a slight increase (Figure 3-1) and little or no increase at 15-60 
cm (not shown). Nitrogen levels were back down to or near baseline levels by 2017 with the exception 
of Treatment B Bale 2 where a single high value (30.5 ppm with a median value of 0.5) produced a high 
average concentration value. This could be considered an indication of either a high overall average or a 
result of random sampling over a hotspot (e.g., urine spot). Average and individual N levels remained 
low in all years for both bales. The 50 ppm threshold displayed in Figure 3-1 clearly shows the N deficit 
in the Caroline soils.  

 
 Figure 3-1: Nitrate shallow soil reaction to bale grazing 
 
3.2.1.2 Phosphorus (P) 
Phosphorus concentrations for Bale 1 and 2 were similar with all values less than baseline in 2015, 
2016 and 2017 (Figure 3-2). All P levels varied slightly from 2014 to 2016 followed by an increase in 
2017. This may be an indicator that P, which is not as active as N, had been slow to release into the 
mineral soil.  

The two-in-three year bale grazing rotation did not result in phosphorus accumulations above the 40 
ppm mark where phosphorus additions are recommended (Alberta Agriculture and Forestry 2005). 
Individual phosphorus concentrations ranged from a low of five to a high of 42 ppm. The 40 ppm 
threshold displayed in Figure 3-2 shows the P deficit in the Caroline soils.  
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Figure 3-2: Phosphorus shallow soil reaction to bale grazing 

3.2.1.3 Potassium (K) 
Baseline levels of K in the soil were higher than our threshold of 112 ppm (Figure 3-3). The key for K 
then was to determine whether any increases were mitigated over time. While Treatment A was not 
greatly affected by Treatment B, Treatment B showed high percentage increases especially at Bale 2. 
The highest K levels for both bales occurred in 2017 (at the end of the project) so there is no way to 
determine if/or when levels will decrease. 

While it is unclear what caused this late increase of K, there are one or two high values that 
increased the average value. These individual samples may have just hit a hot spot that was not 
encountered within the other grid cells. For example, individual values as high as 989 ppm were 
measured. This was well above the average and much higher than the 112 ppm value used to assess 
whether nutrient loading was taking place. 
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Figure 3-3: Potassium shallow soil reaction to bale grazing 

3.2.1.4 Calcium (Ca) and Magnesium (Mg)  
Calcium and magnesium concentrations for Bales 1 and 2 had similar reactions to bale grazing. Project 
data suggests that nutrient loading as a result of winter bale grazing does not affect soil Ca or Mg levels 
in the same way as N, P, and K. Calcium and Mg were being added through the introduction of manure 
to the site, but the manure from the 2014/15 bale grazing may not have completely broken down until 
2016 when increases in Ca and Mg were observed. Thus, increases in 2016 could have been the result of 
further manure breakdown.  

3.2.1.5 pH 
No correlation between pH was found. The pH of acidic soils seen at the Caroline site was expected to 
move towards the neutral value of pH 7.0 with the addition of Na, Ca and Mg through manure, but this 
was not observed.  

3.2.1.6 Salts 
Treatment B salt levels were above baseline levels for both the 0-15 cm and 15-60 cm soil from 2015 to 
2017. This is a good indicator that infiltration was occurring and that the deeper soils of Treatment B 
were being affected. Treatment A salts were relatively stable with the exception of the 0-15 cm soil at 
Bale 1 in 2016. This high value may have been due to a urine spot. 

3.2.2 Vermillion 
3.2.2.1 Nitrogen (N) 
Nitrogen for both bales and treatments (Figure 3-4) in 2015 was higher than baseline with the greatest 
effect of the 2014/15 bale grazing seen for Treatment B. This was followed by a decrease in 2016 and 
in 2017 the N levels remained low.  
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The exception in 2017 was for Treatment B Bale 1 which had a large increase due to a single individual 
reading of 58.5 ppm (median value = 1.0 ppm). These single high values may be due to a urine spot. 
The average concentrations of N remained well below threshold values throughout the project. 

 
Figure 3-4: Nitrate shallow soil reaction to bale grazing 

The response of N for the 15-60 cm soil was similar to the topsoil. One exception was a high average 
for Treatment B Bale 2 in 2016 which was affected by a high individual value of 61.5 ppm (median 
value = 0.5 ppm). Another exception was for Treatment B Bale 1 in 2017 which was affected by a 
value of 62.5 ppm (median value = 0.5 ppm). 

According to Alberta Agriculture and Forestry (2005), these values would still warrant additional 
fertilizer for mixed grass pasture and the 50 ppm threshold displayed in Figure 3-4 shows the N deficit in 
the Vermilion soils.  

3.2.2.2 Phosphorus (P) 
The levels of P in the soils of Bale 1 reacted differently than Bale 2 (Figure 3-5). In Bale 1, nutrient 
loading created an immediate increase in P while Bale 2 did not display an increase until 2017 (the third 
year post-bale grazing). These differing results could be explained by a potential overlap of the 2012/13 
bale grazing effects (which would be expected to see P mobilization in 2015) on Bale 1, Treatment B 
resulting in the elevated levels observed in 2015 and 2016. Phosphorus levels in the pasture were low 
overall, ranging individually from two to 29 ppm and those values along with the 40 ppm threshold 
displayed in Figure 3-5 indicates the Vermilion soils have a deficit of N.  
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Figure 3-5: Phosphorus shallow soil reaction to bale grazing 

3.2.2.3 Potassium (K) 
Baseline K was well above the 112 ppm threshold and increased post-bale grazing through to 2016 
followed by a decrease in 2017 (Figure 3-6). This observed effect was greater for Bale 1 than Bale 2. 
Although the decrease in 2017 was not observed in Caroline, it is encouraging that Vermilion K levels 
had dropped by year three. Levels remained above baseline levels, with concentrations ranging from 
122 to 891 ppm. The high value of 891 ppm was observed in 2014 for Treatment A Bale 2. This could 
indicate that 2012/13 bale grazing still had a lag effect, an accumulation of manure resulting from 
2014/15 bale grazing, or both. 
 

 
Figure 3-6: Potassium shallow soil reaction to bale grazing 
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3.2.2.4 Calcium (Ca) and Magnesium (Mg) 
Bale 1 Ca reacted similarly to Mg for Treatments A and B. The same is true for Bale 2 but there is a 
difference between Bale 1 and 2 Most notably there is an increase in Ca and Mg for Bale 1 in 2014 for 
Treatment and Treatment B. For 2015, 2016 and 2017, however, both Ca and Mg remain relatively 
stable.  

The minor fluctuations seen for Ca and Mg for 2015 and later may be due to a slow release from manure 
decomposition but the fluctuations for Mg are less than 10% and may be due to random variation from 
sampling. Additional study is required to determine the effects of bale grazing on Ca and Mg. 

Project data suggests that nutrient loading from bale grazing does not affect Ca or Mg levels in the same 
way as N, P, and K. As Ca and Mg were being added through the introduction of manure to the site, it is 
most likely that the manure from 2014/15 bale grazing had not completely broken down in 2015. Any 
increases in 2016 could have been caused by manure decomposition.  

3.2.2.5 pH 
Regardless of bale or soil depth, pH values in 2015, 2016 and 2017 did not change appreciably. 

3.2.2.6 Salts 
Treatment B Bale 1 salt levels for 0-15 cm soils decreased steadily over all three years while increasing in 
15-60 cm soils. This increase may be due to water infiltration resulting in salts being leached deeper into 
the soil profile.  

3.3 Statistical Analysis 

Sixteen additional sites (eight in Caroline and eight in Vermilion) were established, sampled and 
analysed in 2016 and again in 2017. The purpose was to obtain a dataset that allowed us to determine if 
statistical differences existed between Treatments A and B. These additional sites were also analysed for 
soil carbon. A standard paired T-test was completed for N, P, K and Total Carbon (TC) data. 

3.3.1 Caroline  
No analyses were done for P 15-60 cm, K 15-60 cm or TC (both depths) for Bale 1 or 2 and therefore 
statistical analyses in Tables 3-2 through 3-5 use only data from Bales 3 to 10 for those parameters. In 
2016, K was the only parameter that was statistically different between Treatments A and B. This 
difference was observed at both depths (Table 3-2). At 0-15 cm, Treatment B had a significantly greater 
concentration of K (more than 2 times) than Treatment A. Treatment B, K concentrations remained 
significantly higher at 15-60 cm.  

In 2016, TC averaged 1.98% with individual values ranging from 1.5 to 2.5% for Treatment B and 
averaged 2.16% and ranged from 1.8 to 3.0% for Treatment A. By 2017, TC was the only parameter that 
showed a statistical difference (Table 3-3). While interesting, the limited dataset prohibits linking 
increased carbon to bale grazing. In 2017, TC averaged 2.44% and 2.28% for Treatment B and A 
respectively. 



Table 3-2. Caroline 2016, statistical significance between Treatments A and B 

Soil Fertility Treatment A Treatment B Difference Significance 

N 0-15 cm 0.6 2.9 2.3 0.156 
N 15-60 cm 0.6 5.7 5.1 0.337 

P 0-15 cm 16.5 14.7 -1.8 0.132 

P 15-60 cm 9.9 10.8 0.9 0.490 
K 0-15 cm 180.7 565.6 385.0 0.014 

K 15-60 cm 123.6 193.4 69.8 0.017 
TC 0-15 cm 2.2 2.0 -0.2 0.454 

TC 15-60 cm 2.1 1.9 -0.2 0.419 
 

Table 3-3. Caroline 2017, statistical significance between Treatments A and B 

Soil Fertility Treatment A Treatment B Difference Significance 

N 0-15 cm 0.6 1.1 0.6 0.137 
N 15-60 cm 0.5 1.8 1.3 0.153 

P 0-15 cm 17.5 16.1 -1.4 0.324 
P 15-60 cm 12.5 12.1 -0.4 0.807 

K 0-15 cm 206.3 293.6 87.3 0.181 
K 15-60 cm 165.8 159.1 -6.6 0.882 
TC 0-15 cm 2.3 2.4 0.2 0.048 

TC 15-60 cm 0.7 0.9 0.2 0.025 

 
Vermilion 
No statistically significant results were seen at the Vermilion site for either 2016 or 2017 (Tables 3-4, 3-
5). Average values for Treatment B were all greater than Treatment A. For 2016, average TC was 2.68% 
and individual values ranged from 1.7 to 4.1% for Treatment B and 2.5% average ranging from 1.9 to 
3.5% for Treatment A.  
 

Table 3-4. Vermilion 2016, statistical significance between Treatments A and B 

Soil Fertility Treatment A Treatment B Difference Significance 

N 0-15 cm 0.8 1.0 0.3 0.159 
N 15-60 cm 0.7 5.6 4.9 0.177 

P 0-15 cm 5.1 7.0 1.9 0.282 
P 15-60 cm 2.4 3.4 1.0 0.296 

K 0-15 cm 495.5 576.0 80.5 0.368 
K 15-60 cm 245.8 248.1 2.4 0.956 
TC 0-15 cm 2.5 2.7 0.2 0.389 

TC 15-60 cm 2.5 2.6 0.2 0.489 
 

3.3 Discussion 

Figure 2-1 shows that the standard 12.5 metre bale spacing produced uneven forage growth when 
compared to the offset grazing treatment (Treatments A and B) of this project. It is unknown whether 
this is due to nutrient, moisture or temperature effects on the soil or other unknown factors. The 
composite aerial photograph from July 2016 shows three grazing periods which resulted in two different 



treatments. The southern half, grazed in 2013/14, and the resulting growth pattern clearly shows the 
12.5 metre bale spacing. The northern half is our study area and shows the visual effects of bale grazing 
in 2012/13 (Treatment A) and 2014/15 (Treatment B). The effects of Treatment B on forage growth in 
the northern half are visible as darker green, evenly spaced circles. The increased amount of green 
throughout the pasture is due to both treatments with the effects of bale grazing in 2012/13 faint and 
obscured by the more recent treatment.   

 

Table 3-5. Vermilion 2017, statistical significance between Treatment A and B 

Soil Fertility Treatment A Treatment B Difference Significance 

N 0-15 cm 4.5 2.4 -2.1 0.575 
N 15-60 cm 1.6 2.6 1.1 0.419 

P 0-15 cm 7.2 9.4 2.2 0.535 
P 15-60 cm 3.6 4.0 0.4 0.685 

K 0-15 cm 401.9 462.6 60.7 0.454 
K 15-60 cm 199.9 267.8 67.9 0.246 
TC 0-15 cm 2.8 2.8 0.0 0.955 

TC 15-60 cm 1.4 1.5 0.0 0.777 
 

Another difference between the two treatments is that the radius of influence of the 2013/14 bales is 
approximately 2.25 metres while the radius for Treatment B is 3.25 metres. The significance of this 
difference is that the spread of nutrients was variable and likely influenced by winter conditions 
including snowpack and soil temperatures. 

3.4 Conclusion 
The Caroline site was able to accommodate a two-in-three year bale grazing rotation for most 
parameters. The exception was the high levels of K for Treatment B.  Baseline K at the Vermilion site was 
also high with significant increases occurring for Treatment A Bale 1 and a moderate increase for Bale 2. 
The Vermilion K values however, decreased in 2017 which may indicate that K levels could reduce over 
time. 

Our data suggests the influence of nutrient loading from Treatments A and B at both sites had a limited 
radius from where the bales were placed. In addition, other than the K levels, the average levels of the 
other parameters did not become excessively high even in the most highly impacted areas. This suggests 
that these sites can accommodate a two-in-three year bale grazing rotation without excessive soil 
nutrient accumulations occurring. As expected, it also indicates that you can create a more even 
distribution of nutrients through a closer spacing of bales and/or a more precise pattern of bale 
placement. The significant increase of soil C observed at the Caroline location was interesting and 
warrants future research. 

  



4.0 Soil Temperature and Moisture 
4.1 Methodology 
Forage and manure residues left by bale grazing create a layer of organic material. This layer varies in 
thickness and composition depending on forage type/quality, stocking rate, grazing management, snow 
depths, cattle behaviour etc. all of which may affect soil temperature and moisture variability. Bale 
instrumentation consisted of burying a network of loggers, soil temperature and moisture monitors 
prior to bale grazing in 2014/15.  

Each site was grazed in the winter of 2012/13 (Treatment A) and again in the winter of 2014/15 
(Treatment B) creating a two-in-three year bale grazing rotation for the project. Four bales from the 
2014/15 bale grazing (two at Caroline and two at Vermilion) were instrumented with each location 
having one bale that was grazed in late December/early January and another grazed in late March/early 
April. This enabled us to observe if grazing time had an impact on these two physical soil parameters. 

 
 

 
Figure 4-1: May 26, 2015 photograph of residue/organic material from the previous winter’s grazing. 

Instrumentation was designed to not affect cattle grazing behaviour and included three Decagon EM50 
Digital Data loggers, two Decagon RT-1 Soil Temperature Sensors set at 8 cm (3 in.) and 23 cm (9 in.) and 
three Decagon EC-5 Soil Moisture Sensors (measuring volumetric water content) set at 8 cm (3 in.), 23 
cm (9 in.) and 46 cm (18 in.) at bale centre, at 2.4 m (eight feet) and 4.6 m (fifteen feet) from bale 
centre. A control was also set up at each site, with a single logger, two temperature sensors and three 
soil sensors at the same depths described above. Soil moisture and temperature data for 2014 (starting 
July 29th), 2015, 2016 and 2017 (ending September 7th) exists for all bales (with the exception of 
logger/sensor malfunctions) and the control at both locations.  

4.2 Results 
4.2.1 Bale Residue 
The residue left after grazing and the additional forage growth that replaced the residue over time was 
projected to have an effect on both soil temperature and moisture. Residue thickness was measured at 
both project locations for Treatment B, Bales 1 and 2 at 15 cm (0.5 ft) intervals from bale centre out to 



4.6 m (15 ft) along the same line that the soil moisture and temperature sensors were set. These 
measurements occurred on May 26, 2015 (Caroline) and June 24, 2015 (Vermillion). At Caroline, there 
was no residue at the 4.6 m distance (Figure 4-2). This suggests that there is no residue remaining from 
2012/13 bale grazing treatment (Treatment A). The residue from 2012/13 bale grazing had most likely 
been incorporated into the soil within three years after it was deposited. At Vermilion, the measureable 
residue extended to a greater distance and there was still measureable residue for Bale 2 at 4.6 m 
(Figure 4-3) suggesting that some of the residue from the 2012/13 treatment had not completely broken 
down. 

 
Figure 4-2: Caroline, May 26, 2015 residue thickness from the previous winter’s grazing. 

 
Figure 4-3: Vermilion, June 24, 2015 residue thickness from the previous winter’s grazing. 

4.2.2 Soil Temperature 
Temperature plays an important role in germination, plant growth, microbial diversity and activity 
among others. For example, Alberta Agriculture and Food (2007) indicates that a temperature between 
25 and 40 °C is optimal for decomposer microbes. AAFC (1973) found that microbial growth was 
greatest when temperatures were less variable with greater diurnal fluctuations of soil temperature 
resulting in lower rates of bacterial growth. Lamb et al. (2014) described nitrification as slowing down 
below 10 °C while Mengel and Diaz (2013) indicated that optimal nitrification temperatures occurred 
between 24 and 29 °C. Overall, research suggests that soil temperatures play an important role in the 
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breakdown and incorporation of organic matter into the soil with temperatures greater than 25 °C 
appearing to be optimal for decomposer microbes.  

The highest soil temperatures recorded for this project were at 8 cm depth. Here temperatures of 24 °C 
were observed for the Caroline control and 25 °C for Vermilion Bale 2 at 4.6 m. The June, July and 
August maximum average temperatures for all sensors were less than 16.9 °C for Caroline and 19.0 °C 
for Vermilion. While these temperatures are lower than what the literature suggests as optimal, it 
should be noted that these are not surface/near surface temperatures as project soil temperatures were 
taken at and below 8 cm from soil surface.  

4.2.1.1 Caroline 
The 8 cm soil temperature data for bale centre, 2.4 m and 4.6 m showed a trend towards cooler 
temperatures from 2015 to 2017 for both bales. A single exception is for Bale 2 at 2.4 m where the 2017 
average temperature was greater than 2016. This indicates that the residue and growth associated with 
bale grazing has resulted in lower soil temperatures for the term of the project. The temperatures at the 
control site were similar for all four years. 

Because 2014/15 bale grazing caused lower soil temperatures (initially due to residue and through to 
2017, due to forage growth), the same temperature reducing effects (due to increased forage growth) 
from 2012/13 bale grazing were expected to have an effect on Treatment B at 4.6 m. This was observed 
for Bale 2 in 2014 (pre-grazing) where the average temperature of 14.5 °C was lowest of any of the 
values for both bales. There was no 2014 data for Bale 1 at 4.6 m. These results warrant more study to 
determine the extent of the effect on soil temperature both laterally and temporally. 

 

Table 4-1. June/July/August Average Soil Temperatures (°C) at 8 cm depth compared to 2015 Residue Thickness 

Caroline   
Control 

Bale 1 Bale 2 

Year Air Bale ctr. 2.4 m 4.6 m Bale ctr. 2.4 m 4.6 m 

2014 15.3 16.4 15.9 15.6 - 15.1 15.4 14.5 

2015 15.3 16.3 14.5 13.7 15.2 15.1 14.0 13.3 

2016 14.9 16.9 11.7 13.3 13.7 13.1 13.6 12.7 

2017 15.3 16.4 9.7 12.5 11.0 12.0 14.7 11.7 

  

Residue Thickness (cm) 0.0 8.8 2.8 0.0 5.6 4.5 0.0 
 
Our data (not shown) suggests that diurnal soil temperature variability at 8 cm depth for all three years 
at all sensors distances (bale centre, 2.4 m and 4.6 m) was not significantly affected by bale grazing 
(residue thickness and/or growth) with widest diurnal temperature fluctuations occurring at all 8 cm 
sensors in June and July when day length was the greatest. 

4.2.1.2 Vermilion 
As with Caroline, the Bale 1, 8 cm soil temperature for bale centre, 2.4 m and 4.6 m (from bale centre) 
showed a decrease from 2015 to 2017 (2014 data collection did not start until September 2014). Bale 2 



for bale centre and 2.4 m (from bale centre)  provided no definitive observations on soil temperature 
but at 4.6 m (from bale centre, where there was still residue in2015) soil temperatures at 8 cm 
decreased from 2015 to 2017.  There was a slight decrease in the control for the 23 cm depth (8 cm 
depth data was not usable). 

 

Table 4-2. June/July/August Average Soil Temperatures (°C) at 8 cm depth compared to 2015 Residue Thickness 

Vermilion 
Control at 

23 cm 

Bale 1 Bale 2 

Year Air Bale ctr. 2.4 m 4.6 m Bale ctr. 2.4 m 4.6 m 

2014 - - - - - - - - 

2015 15.8 18.8 16.9 16.1 16.8 13.4 - 17.4 

2016 15.8 18.1 15.8 14.6 15.9 15.0 16.9 15.7 

2017 15.4 17.4 14.3 12.5 14.5 15.1 19.0 15.4 

 
Residue Thickness (cm) 0.0 3.6 3.8 0.0 6.4 3.0 1.3 

 
4.2.3 Soil Moisture 
Soil moisture was expected to be consistent throughout both pastures due the deposition of 
residue/litter and increases in production resulting from bale grazing both locations twice in three years.  
Moreover, it was expected that the effects of 2012/13 bale grazing would cause the 4.6 m (from bale 
centre) data to be similar to Treatment B (2.4 m and bale centre) data as they were both affected by 
residue deposition and growth. The control data where there was no residue deposition was expected 
to be different from both treatments. 

For both Caroline bales the residue thickness was variable along the transect where it was measured 
(Figure 4.2) and in both cases the general trend was thickest a bale centre reducing to zero thickness 
inside of the 4.6 m mark. Caroline Bale 1 had a sharp decrease in thickness (5 cm to 0 cm) from 3.35 to 
3.81 m (from bale centre). At Bale 2 the decrease was in thickness from 6.75 to 0 cm was between 2.59 
and 3.05 m. 

At Vermilion the greatest residue thicknesses were at about 1 metre (from bale centre) for Bale 1 and 
about 0.5 metres for Bale 2. Residue thickness was low at around 2 metres and increased again at 3.35 
metres for both bales. Vermilion Bale 1 residue thickness decreased (9.1 cm to 0.6 cm) between 3.35 
and 3.96 m and Bale 2 residue thickness decreased (7.6 cm to 2.5 cm) between 3.35 and 3.81 m. It is not 
known whether the remaining thin residue at the outer edges of Treatment B (both bales) is from 
Treatment B or Treatment A. 

A series of graphs (not shown) was created for 2015, 2016 and 2017, spanning May, June, July and 
August to evaluate soil moisture data for all bales at both sites. These graphs highlight soil moisture 
during the growing season when it is most critical for plant growth. Precipitation data was included and 
graphed against the three different sensor depths (8, 23, and 46 cm) to show the relationship between 
precipitation events and soil moisture.  



4.2.2.1 Caroline 
The reaction of soil moisture to precipitation events was similar for all sensors regardless of treatment 
(including control), depth and distance from bale centre. Smaller precipitation events did not always 
have a measureable effect while significant events created a sharp increase in soil moisture followed by 
a gradual decrease. There was little or no change in soil moisture over the winter with soil moisture 
levels going into the winter being carried into the spring.  These observations occurred for all sensor 
arrays for Bales 1 and 2 and for the control, regardless of soil moisture levels (moderate in 2015, high in 
2016 and low in 2017). 

Moisture 8 cm 
For soil moisture at 8 cm, there were a few observations that can be attributed to a known physical 
parameter/condition. The control, which was not affected by residue, had the highest soil moisture 
overall suggesting that the residue and later the increased forage growth had a negative effect on soil 
moisture. Soil moisture levels for Bale 1, Treatment B in 2015 did not change appreciably or react to 
precipitation events until mid-July. This may be due to the thick residue cover (Figure 4.2) that could 
have trapped moisture (slowing of snow melt), reducing the release of water causing a reduction in 
infiltration and increased evaporation as temperature increased. 

Soil moisture for Bale 1 was stable in 2015, especially early in the season under residue dominated 
conditions. Bale 2 early 2015 soil moisture data was unreliable. Later in the season however, it displayed 
a greater reaction to precipitation than Bale 1, possibly due to a thinner residue cover. In July and 
August 2016, all sensors were reacting to most precipitation events (even some smaller ones). Soil 
moisture levels for both bales appeared to be saturated with a series of precipitation events not 
resulting in increased soil moisture. Overall, relative soil moisture for the control (no residue) was higher 
than all bales at all distances from bale centre. The soil moisture at bale centre (greatest residue) was 
also lowest or second lowest for the project duration. This was opposite to the pre-project predictions of 
positive effects of residue on soil moisture. Late season growth at some Treatment B areas can be seen 
in Figure 4-1 taken during the dry summer of 2017. 

 
Figure 4-1: Composite drone imagery, Caroline, September 7, 2017  

Moisture 23 cm 
There was a low level of fluctuation in soil moisture for all sensors from May to mid-July, 2015 with 
Treatment B having the least variation. While residue may have had an effect, sensor depth may have 



also contributed to these effects. Soil moisture for the control and 4.6 m from bale centre was the 
highest overall.  After mid-August 2015 the soil moisture for the bale centre was lowest or second 
lowest. This could be attributed to high forage production and corresponding greater water 
requirements for plant growth and increased evapotranspiration rates. Soil moisture at bale centre, 2.4 
m and 4.6 m responded in a similar way for the very dry period observed in the summer of 2017. Soil 
moisture readings all converged at the same low level by early July 2017 with the control remaining 
wetter throughout the entire period.  

Moisture 46 cm 
As expected, reactions to events at this depth were smaller than observed at either 8 or 24 cm with 
some moderate events not even being observed at this depth. The reaction at 46 cm was greatest in July 
and August, 2016 when the soils at shallower depths were at their greatest moisture levels and 
infiltration was occurring. Soil moisture in 2017 started out above normal (for the term of the project) 
and then decreased throughout the entire season. There is no evidence that either the residue 
dominated or high forage production periods of the project had a significant effect on soil moisture 
levels deep into the soil profile. 

4.2.2.2 Vermilion 
The reaction to precipitation events was similar for all treatments (including control) at 8 and 24 cm for 
all years at all distances from bale centre. As expected, this was not the case at 46 cm where only the 
largest precipitation events had measureable effects. 

Moisture 8 cm 
In mid-June 2015, the Bale 1 bale centre and 2.4 m (from bale centre) sensors were reacting to 
precipitation events and thus it appears that the bale residue did not influence infiltration rates like it 
did at the Caroline site. For Bale 1 at 8 cm, soil moisture was the highest at 2.4 m (from bale centre) and 
second highest at bale centre for all three years. This suggests that while residue may have negatively 
influenced soil moisture at the Caroline site, it may have had a positive influence at the Vermilion site. 
The lack of replication however prevents us from determining any possible causes/relationships of the 
differences displayed at each location. Missing data, especially in 2015 did not allow for an observation 
for Bale 2. 

Moisture 23 cm 
The reactions to precipitation events were less than those observed at 8 cm with some moderate 
precipitation events not reaching this depth. In 2015 and the first half of the 2016 growing season, bale 
centre and 2.4 moisture was highest for Bale 1. The control had the highest soil moisture levels for the 
remainder of the project. For all three years, the moisture at 4.6 m (from bale centre) was the lowest. 
Missing data, especially in 2015 does not allow for any observations of Bale 2. 

Moisture 46 cm 
The Bale 1, 2.4 m (from bale centre) moisture levels were the highest, followed by bale centre for all 
three years until late July 2017 where bale centre soil moisture surpassed 2.4 m soil moisture. Bale 2 soil 



moisture levels at 4.6 m (from bale centre) were also high for all three years. Moisture at the control 
was lowest in all three years. 

 4.3 Conclusion 
Project soil temperature and moisture data originated from two different soil types and regions of 
Alberta. Weather conditions, feeding conditions and overall grazing management differed between the 
locations and within the sites. Other important factors including snow depth and feeding behaviour 
were not measured. These factors could have influenced manure, urine and residue deposition 
above/below the snow, between layers of snow or post bale grazing. The early and late feeding times 
for both sites were compared to weather but there was too much short term variability in weather data 
to see any correlations between it and the measured parameters.  

Data collection also produced some challenges. Data from the bales was often contradictory and 
variability within the data often existed especially during and post precipitation events. Other problems 
resulted from sensor or data logger failures which resulted in long and short term anomalously low or 
high values or values that diverged from the other datasets (for example Vermilion Bale 2 soil 
temperature at 23 cm at 2.4 m from bale centre fluctuated between -10 and 272 °C from Sep 2014 to 
Apr 2015). This data was taken out of the dataset, noted in a table and subsequently not used in our 
analysis.  

Temperature 
Diurnal soil temperature fluctuation was not impacted by residue. Early on in the project, less 
fluctuation was seen and thought to be due to a change from residue dominated to higher forage 
production levels. Additional data however indicates that changes were due to other unknown factors. 
The effect of bale grazing on absolute soil temperature was an overall decrease in temperature of the 
soil for at least three years following bale grazing. 

Moisture 
Bale grazing and the associated residue had both positive and negative effects on soil moisture. At 
Caroline, the addition of residue and increased forage growth resulted in drier soils, possibly due to 
increased evapotranspiration rates. Precipitation events during the wettest period of the project (2016) 
affected all depths measured within the soil profile while only the largest events occurring during the 
driest project year (2017) produced an increase in soil moisture. Average atmospheric temperatures and 
wind speeds at Caroline were similar in all three years and as such did not appear to influence soil 
moisture. The relative soil moisture levels at Caroline for 2017 and for the previous two years appeared 
to be caused mainly by precipitation.   

At Vermilion, the bale center and 2.4 m (from bale centre) soil moisture levels at 8 cm and 23 cm 
reacted to precipitation events early in 2015. This was not observed at Caroline. In both 2015 and 2016 
the soil moisture at 8 cm and 23 cm for bale center and at 2.4 m (from bale centre) was highest or 
second highest throughout the growing season. In conclusion, there was no correlation between either 
location or between bales at each site that would allow any significant observations to be made.  

 



5.0 Water quality 
5.1 Methods 
Surface water and groundwater nutrient concentrations were monitored at locations in Alberta 
(Caroline and Vermilion) where bale grazing occurred two or three times within a five year cycle 
(Caroline – winters 2011/12, 2012/13 and 2014/15, Vermilion – winters 2012/13 and 2014/15).  The 
two sites provided a contrast in soil conditions, with one site representing a shallow till with coarser 
textured soils (Caroline site), and the other site representing deep till with finer textured soils 
(Vermilion site).  

At the Caroline site, two landscape depressions that collect snowmelt runoff were instrumented 
with a set of piezometers, one influenced by bale grazing (bale grazed depression) and one 
outside of any bale grazing influence (reference depression) (see Appendix A). The protective 
fencing around the first set of piezometers that were installed in the bale grazed depression 
failed sometime during the 2012/13 winter and the cattle broke the piezometers at the ground 
surface allowing surface water to flood the piezometers in spring 2013.  These piezometers were 
cleaned and sealed and a new set were installed in the fall of 2013 several meters away and 
slightly upslope from the initial set to avoid any potential contamination.  As a consequence, 
chemistry data do not exist for 2013.  

At the Vermilion site the snowmelt runoff from the bale grazing site collected in a wetland (see 
Appendix A). One set of piezometers was installed at the wetland edge. There is no reference 
location at the Vermilion site.  

Each spring, water samples were collected up to five times from the piezometers with single-use 
plastic bailers and grab samples were collected from ponded surface water when it existed at the 
sites.  All samples were sent for analysis to the Biogeochemical Laboratory in the Department of 
Biological Sciences at the University of Alberta.  Samples were analyzed, using standard methods, for 
total nitrogen (TN – surface water samples only) dissolved nitrogen (DN), nitrate+nitrite-nitrogen 
(NOx-N), ammonia-nitrogen (NH3-N), total phosphorus (TP – surface water samples only), dissolved 
phosphorus (DP) and dissolved organic carbon (DOC).  

Water levels in the deeper piezometers were recorded on hourly intervals by HOBO dataloggers and 
converted to elevations relative to ground level.  Manual water level readings were also taken 
whenever samples were collected. 

5.2 Results 
5.2.1 Caroline  
At both the piezometer nests, a temporary perched water table resulted in the spring of each year as 
surface water collected in the shallow depressions during snow melt. The water table lowered quickly 
after snowmelt, but on occasion responded to large precipitation events. The rate of water table 
lowering was slightly higher in the area outside the bale grazed area than inside (Figure 5-1) and in 
2016 there was no surface water in the depression outside the bale grazed area.  The hydraulic 
conductivity at both sites was measured to be 10-5 cm/sec, typical of loam and sandy loam soils. 



 
Figure 5-1: Water levels in the 2.5 m piezometers inside and outside the bale grazed area at the Caroline site. 

In the spring following bale grazing (e.g., spring 2013 and spring 2015) the average concentrations of 
total phosphorus (TP), total nitrogen (TN) and dissolved organic carbon (DOC) in the surface water of 
the landscape depression inside the bale grazed area ranged from double to more than 20 times 
greater than those found in the surface water outside of the bale grazed area (Table 5-1). In the 
spring following a winter in which no bale grazing occurred (e.g. 2014, 2016 or 2017) the average 
concentrations of these nutrients in the surface water of the bale grazed depression were much lower 
and were similar to those found in the depression outside the bale grazed area.  

 
Table 5-1.  Average concentrations (±SE) of total phosphorus, total nitrogen and dissolved organic carbon in the surface water 
depressions inside and outside the bale grazed area. 

 
2013 2014 2015 2016 2017 

In Out In Out In Out In Out In Out 

TP mg/L 2.9 
(0.9) 

1.2 
(0.1) 

0.2 (-
-) 

0.3 (-
-) 

7.9 
(3.4) 

0.9 
(0.1) 

1.8 
(0.01) --- 1.5 

(0.1) 
1.4 

(0.2) 

TN mg/L 14 
(3.8) 

2.1 
(0.1) 

1.0 (-
-) 

0.6 (-
-) 

49.9 
(37) 

2.2 
(0.5) 

3.2 
(0.1) --- 2.3 

(0.1) 
2.4 

(0.3) 

DOC mg/L 50.5 
(2.1) 

28.5 
(3.1) 

4.3 (-
-) 

6.5 (-
-) 

149 
(89) 

30.5 
(10) 

36.1 
(3.8) --- 19.9 

(2.6) 
23.8 
(2.4) 

Note: Shaded columns represent years in which bale grazing occurred. 
 
The average concentration of nutrients in the surface water of the depression outside the bale grazed 
area varied between 2013 and 2017; in particular concentrations in 2014 were low, about 20-30% of 
the concentrations in other years (Table 5-1). The variation may be related to differences in the 
amount of runoff and the timing and rate of melt. For example, in 2014 there was 131 mm of snow 
water equivalent  (SWE) prior to melt, whereas in the other years the SWE ranged from 27 to 75 mm 
(Figure 5-2). The large amount of SWE in 2014 may have diluted the nutrient concentrations in the 
runoff. 
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Figure 5-2: Annual cumulative snow water equivalent at the Caroline site, November 01-May 01. 

 

Averaged over the four year study period, the total dissolved nitrogen concentrations were higher in 
the piezometers of the bale grazed area than outside the area (Table 5-2). There were some 
differences between years in the concentrations and proportions of specific forms of nitrogen in the 
groundwater. The highest concentrations of dissolved organic nitrogen (DON) were found in the 
piezometers of the bale grazed area and for both piezometers, the highest value was recorded in 
2015, a year in which bale grazing occurred (Figure 5-3).   

 
Table 5-2.  Average groundwater nutrient concentrations (±SE) of the 
piezometers inside and outside of the bale grazing affected area, 2014-2017. 

 1-m Piezometer 2.5-m Piezometer 
Inside Outside Inside Outside 

TDN (mg/L) 2.37 
(0.8) 

0.94 
(0.3) 

2.20 
(0.7) 

0.74 
(0.2) 

DIN (mg/L) 0.22 
(0.03) 

0.12 
(0.08) 

1.21 
(0.8) 

0.02 
(0.02) 

DON (mg/L) 2.15 
(0.8) 

0.82 
(0.3) 

0.99 
(0.4) 

0.72 
 (0.2) 

DP (mg/L) 0.65 
(0.2) 

0.05 
(0.03) 

0.06 
(0.02) 

0.06 
(0.02) 

DOC (mg/L) 35.2 
(14) 

15.0 
(4.5) 

20.4 
(6.5) 

15.8 
(6.0) 
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Figure 5-3:  Dissolved organic nitrogen concentrations of the 1 m and 2.5 m piezometers inside and outside of the bale 
grazed area, 2014-2017. 

Dissolved inorganic nitrogen (DIN) was also highest in piezometers of the bale grazed area, 
particularly the 2.5 m piezometer (Figure 5-4). In this piezometer, the DIN was higher in a non-bale 
grazing year that followed a bale grazing year, likely reflecting conversion of organic nitrogen from the 
previous year. For example, the DIN was highest in 2014 and 2016, both years in which no bale 
grazing occurred but 2014 followed a double treatment (2012 and 2013) and 2016 followed a single 
treatment (2015). The very high values in 2014 probably reflect some accumulation from two 
previous years of bale grazing (2012 and 2013), but no data exists from 2013 to confirm this. The 
proportion of dissolved nitrogen that was in an inorganic form in the 2.5 m piezometers averaged 
43.5% in the bale grazed area and only 2.1% outside the bale grazed area over the four years of study.  

 
Figure 5-4:  Dissolved inorganic nitrogen concentrations of the 1m and 2.5 m piezometers inside and outside of the bale 
grazed area, 2014-2017. 

Dissolved phosphorus (DP) showed evidence of saturation in the bale grazed depression, with 
consistently higher concentrations in the 1 m piezometer inside the bale grazed area than outside the 

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5

2014 2015 2016 2017 2014 2015 2016 2017

No BG BG Year No BG No BG No BG BG Year No BG No BG

1-m Piezometer 2 5-m Piezometer

Di
ss

ol
ve

d 
O

rg
an

ic
 N

itr
og

en
 

(m
g/

L)
 

Inside Bale
Grazed Area

Outside
Bale Grazed
Area

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0

2014 2015 2016 2017 2014 2015 2016 2017

No BG BG Year No BG No BG No BG BG Year No BG No BG

1-m Piezometer 2.5-m Piezometer

Di
ss

ol
ve

d 
In

or
ga

ni
c 

N
itr

og
en

 
(m

g/
L)

 

Inside Bale
Grazed Area

Outside
Bale Grazed
Area



bale grazed area (Figure 5-5). There was no evidence of increased DP concentrations in the 2.5 m 
piezometer.  DP concentrations of the 1 m piezometer in the bale grazed area were approximately 5 
times higher in 2016 and 2017 than in 2014 and 2015, which suggests that available phosphorus in 
the soil may be increasing. These results are consistent with soil data collected at both sites. In spring 
2015 and 2017, soil samples were collected down to 1 m depth at both depressions and illustrate 
elevated concentrations in the bale grazed depression, with levels increasing over time in the top 15 
cm (Figure 5-6). 

 
Figure 5-5:  Dissolved phosphorus concentrations of the 1 m and 2.5 m piezometers inside and outside of the bale grazed 
area, 2014-2017. 

 
Figure 5-6:  Available phosphorus in the top 1 m of soil in the bale grazed and reference depressions. 

Over the four year project, the average concentrations of dissolved organic carbon (DOC) in the 
piezometers were higher in in the bale grazed area than outside the bale grazed area (Table 5-2).  The 
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highest concentrations occurred in 2015, a year when bale grazing occurred.  In that year the DOC 
concentration of the shallow piezometer in the bale grazed area (72.8 mg/L) was seven times that of 
the shallow piezometer outside of the bale grazed area, and in the deeper piezometers, the DOC 
concentration of the piezometer in the bale grazed area (37.6 mg/L) was more than double the 
concentration in the piezometer outside of the bale grazed area. In years in which no bale grazing 
occurred, there was little difference between sites in DOC concentrations.  

5.2.2 Vermilion  
The piezometers at the Vermilion site were always dry at the beginning of spring. The water table 
usually started to rise sometime after melt, peaked sometime in June or July then fell steadily, with the 
exception of a quick rise following a 74 mm rain event in July 2016 (Figure 5-7).  The hydraulic 
conductivity of the site was 10-6 cm/sec, typical of clay or clay loam soils. The elevation differences 
between the water levels of the 4 and 7 m piezometers indicate that water was moving downward to 
recharge groundwater. 

There is no reference site at Vermilion for comparison, therefore it is difficult to directly assess impact 
from bale grazing at this site; however comparisons to the Caroline site, and information from trends 
over time can provide some insight.  The TN concentration of the wetland ranged from 2.0-3.9 mg/L 
over the study period, which was much lower than the TN concentration of the bale grazed 
depression at Caroline following winters of bale grazing (14-50 mg/L), but similar to the 
concentrations recorded in years when no bale grazing occurred (1-3.2 mg/L). At Vermilion, the TN 
was highest in spring 2015, following the second winter of bale grazing. Similar to the bale grazed 
depression at Caroline, the TN appeared to be lower in years when bale grazing did not occur but the 
variability among years was high making it difficult to ascertain a clear trend (Table 5-3). 

 
Figure 5-7: Water levels of the 4.5 m and 7.0 m piezometers at the Vermilion project site.  
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Table 5-3.  Average concentrations (±SE) of total phosphorus, total nitrogen and dissolved 
organic carbon in the wetland at the Vermilion bale grazing site. 
 2013 2014 2015 2016 2017 

TP (mg/L) 0.7 (0.2) 1.2 (0.3) 0.8 (0.1) 1.3 (0.4) 1.1 (0.1) 

TN (mg/L) 2.7 (0.6) 2.0 (--) 3.9 (0.4) 3.1 (0.9) 2.5 (0.3) 

DOC (mg/L) 20.3 (2.9) 20.0 (2.3) 40.1 (7.4) 25.3 (0.3) 23.5 (1.6) 

Note: Shaded columns represent years in which bale grazing occurred. 

The TP concentrations of the Vermilion wetland ranged from 0.7 to 1.3 mg/L which was similar to the 
TP of the reference depression and the bale grazed depression at Caroline in years when no bale 
grazing occurred and much lower than the TP of the bale grazed depression in years following bale 
grazing. Spring TP concentrations of the wetland were lowest in the years when bale grazing occurred 
but the high variability makes it difficult to link the patterns to any effect of bale grazing, and the 
pattern is different from that of the bale grazed depression at the Caroline site.  The DOC 
concentration of the wetland ranged from 20-40 mg/L, similar to the DOC concentrations of the 
reference depression at Caroline; however, the highest value at the Vermilion wetland occurred in 
2015, corresponding to the second year of bale grazing.  There was less variability in the total SWE at 
the Vermilion site compared to the Caroline site and the annual patterns differed between the sites; 
the highest SWE at the Vermilion site occurred over the 2012/13 winter, and the lowest in the 
2016/17 winter (Figure 5-8). 

 
Figure 5-8: Annual cumulative snow water equivalent at the Vermilion site, November 01-May 01. 

The concentrations of nutrients in the piezometers at the Vermilion site were similar to the nutrient 
concentrations in the reference site piezometers at the Caroline site and generally followed a pattern 
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of decreasing concentrations with depth.  Dissolved nitrogen was highest in the 1 m piezometer, 
ranging from 1.2-2.3 mg/L over the four years. With the exception of 2013, the DN concentration in the 
4 m and 7 m piezometers was always less than 1 mg/L (Figure 5-9). The proportion of DN that was in the 
inorganic form was highest in the deepest piezometer (Figure 5-10).  

 
Figure 5-9:  Dissolved nitrogen concentrations of the piezometers at the Vermilion bale grazing study site, 2014-2017. 

 
Figure 5-10:  Dissolved inorganic nitrogen as a percentage of total dissolved nitrogen in the piezometers at the Vermilion bale 
grazing study site, 2014-2017. 

The average DP concentrations in the piezometers were highest in the shallow piezometer and lowest 
in the deepest piezometer (Figure 5-11), ranging from <0.01-0.09 mg/L through all years, which was 
equal to or less than those at the Caroline reference site. Similar to phosphorus, the DOC 
concentrations in the piezometers were highest in the shallow piezometer and generally decreased with 
depth (Figure 5-12).  Average DOC in the shallow piezometer ranged from 14.4-25.0 mg/L, similar to the 
concentrations found in the shallow piezometer at the reference site at Caroline. The average DOC 
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concentrations in the deepest piezometer at Vermilion ranged from 4.4-20 mg/L but were usually less 
than 10 mg/L.  

 
Figure 5-11:  Dissolved phosphorus concentrations of the piezometers at the Vermilion bale grazing study site, 2014-2017. 

 
Figure 5-12:  Dissolved organic carbon concentrations of the piezometers at the Vermilion bale grazing study site, 2014-2017. 

5.2.3 Summary 
The two project sites offered contrasting conditions to examine potential for movement of nutrients to 
shallow groundwater.  An initial field soil assessment suggested that both sites showed potential for 
downward movement of water, but conditions which differed between the sites included: soil texture, 
depth of till, and the frequency of bale grazing in the hydrologic contributing area. The results show a 
clear difference between the potential for downward nutrient movement at the two sites. The data 
indicate that at the more coarsely textured soils of the Caroline site there is evidence of nutrient 
leaching, in particular the inorganic forms of nitrogen, whereas there is no evidence of downward 
nutrient movement under the finer textured soils at the Vermilion site.  Evidence of elevated 
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phosphorus concentrations was also evident in the top meter of soil and the shallow piezometer at the 
Caroline site. The bale grazed depression at the Caroline site was exposed to runoff from bale grazing in 
three out of five years and the surface water in the depression had higher concentrations of nutrients 
than the surface water of the wetland at the Vermilion site, which was exposed to runoff from bale 
grazing in two out of five years.   

6.0 Assess potential for optical sensors to estimate forage biomass  
6.1 Methodology 
At both locations, in late May, mid-July, and early September of 2015, 2016, and 2017, Normalized 
difference vegetation index (NDVI) and sonar plant height data was collected over the entire pasture 
and NDVI and natural light imagery was captured by drone mounted camera. More precise NDVI 
readings were also taken at the bale grazed sites by walking over the sampling grids with a Trimble 
GreenSeeker® sensor in hand. Forage clippings (Section 2.0) and soil samples (Section 3.0) were used to 
correlate forage and soil parameters to NDVI and plant height. 

NDVI data was measured using an all-terrain vehicle (quad) mounted sensor (GreenSeeker®) which uses 
optical sensors to measure and quantify the variability found within the forage stand. The NDVI data 
was then captured by a Trimble Nomad 900GL hand held computer running Farm Works Mobile 
V.2012.03 software. Drones were used to acquire low altitude, high resolution imagery, specifically, 
near-infrared (NIR) and natural light imagery, allowing us to utilize the Image Analysis add-on in ArcGIS 
10.1 to calculate NDVI. Both NIR and color drone imagery captured during the 2015 growing season was 
found to be unusable for this project as it was not georeferenced and therefore unsuitable for GIS 
analysis. A drone upgrade allowed us to capture imagery suitable for stitching, proper geographic 
placement, and GIS analysis. 
 
Plant height data was collected by a quad mounted sonar unit. The sonar unit was a Pasture Reader 
system, custom made by the University of Missouri. The system consists of a sonar pulse 
emitter/receiver coupled with a DLI 8500P Vehicle Mount Computer for data collection and storage. It 
uses ultrasonic pulses to determine the distance from the sensor (which is at a fixed height) to the plant 
canopy, effectively giving us the height of the plant canopy. 
 
Forage clippings (Section 2.0) were compared to NDVI and sonar data to determine if a tool (model) 
could be developed that would allow the rapid calculation of forage production over an entire pasture. 
Regression analysis was performed on yield vs NDVI and yield vs plant height for each of the 25 cells at 
each bale site to determine if yield could be predicted, either by NDVI or plant height readings alone. A 
strong correlation would indicate that pasture-wide production could be accurately estimated from 
NDVI or plant heights. Soil samples were also collected and analyzed at the end of each growing season 
from each of the 25 cells at all four bale sites. This was done to determine if there was a significant 
statistical difference between soil parameters for Treatment A and Treatment B, as well as to determine 
if soil parameters correlated with NDVI. 
 
In 2016 and 2017, an additional eight bale sites (bales three to ten) were sampled at both locations. This 



provided the replication necessary for statistical comparisons of forage production with NDVI. Forage 
clippings were taken to represent both treatments at each additional bale site, as well as soil samples at 
the end of each growing season. GPS coordinates for the additional bales allowed us to go back to the 
2015 data and capture NDVI and plant height data for analysis, but not the soil parameters.  
  
6.2 Results 
6.2.1 Correlation between forage production and GreenSeeker® NDVI 
No significant correlation between forage production and GreenSeeker® NDVI values was found at either 
location. From the sixteen sampling events, the R squared value averaged only 0.10, and ranged from 
4.68E-05 to 0.49. Although one R squared value of 0.49 appeared to be promising, the second highest R 
squared value was only 0.21. By focussing only on mid-summer NDVI readings (maximum forage 
growth), the average R squared value increased to 0.17. 
 
No significant correlation between forage yield and drone obtained NDVI values was found. From the 
ten sampling events where drone NDVI data was captured, the R squared value averaged 0.13, and 
ranged from 0.0014 to 0.28. When only the mid-summer drone NDVI readings were used in the 
regression analysis, the average R squared value decreased to 0.12. 
 
6.2.2 Correlation between forage production and plant height 
Sonar derived plant height values throughout the project showed little correlation to forage production 
values. This can probably be attributed to the non-uniform, mixed forage characteristics of both 
locations. The variable plant canopy and associated plant structure associated with these pastures thus 
make it difficult to estimate forage biomass based on plant height alone. Over all sampling periods, R 
squared values averaged only 0.065, and ranged from 0.00069 to 0.21.  
 
6.2.3 Correlation between topsoil total carbon and GreenSeeker® NDVI 
Soil total carbon data from 2016 and 2017 were compared to 2016 and 2017 mid-summer GreenSeeker® 
NDVI values. A significant correlation was not found, with R squared values for both years combined 
averaging only 0.11. Values ranged from 0.048 to 0.26.  
 
6.2.4 Correlation between topsoil total carbon and plant height 
Topsoil total carbon data from 2016 and 2017 were compared to 2016 and 2017 mid-summer plant 
height measurements at the bale sites. None of the analyses showed a significant correlation between 
total carbon and mid-summer plant heights, with R squared values ranging from 8.15E-06 to 0.11 (0.056 
average).  
 
6.2.5 Correlation between soil nutrients (N, P, K) and GreenSeeker® NDVI 
Topsoil nutrient concentrations for N, P, and K at both sites were each compared to GreenSeeker® NDVI 
readings to determine if a significant correlation existed for any sampling period. Again, we used 
GreenSeeker® because the precision of the handheld sensor readings is better than the drone imagery. 
No consistent, significant correlations were found.  
 



Figure 6-1. Correlations between soil nutrient concentrations for N, P, and K and NDVI 
values at both sites. 

Nutrient Correlation to NDVI Low High Average 

N R squared - mid-summer NDVI only: 0.0009621 0.125 0.0459 

  R squared - all NDVI: 0.0009621 0.178 0.0683 

P R squared - mid-summer NDVI only: 0.0116335 0.217 0.0850 

  R squared - all NDVI: 0.0000326 0.474 0.109 

K R squared - mid-summer NDVI only: 0.0000895 0.223 0.0975 

  R squared - all NDVI: 0.0000895 0.223 0.0700 
 
6.3 Conclusions 
6.3.1 NDVI 
Past research has shown promising results using NDVI to estimate forage production in a mixed pasture 
scenario (Bruhjell et al. 2017). Bruhjell et al. (2017) generated R squared values greater than 0.70 with 
values greater than 0.90 being common. Additionally, Pittman et al. (2015) found that NDVI measured 
using the GreenSeeker® was most correlated to biomass (R = 0.75 − 0.62) for all spectral data examined 
in their mixed stand study. As such, it was determined that further investigation was warranted and that 
NDVI could be an accurate tool to predict forage yield when looking at a very specific time period and 
specific field.  
 
The results from this project contradict both Bruhjell et al. (2017) and Pittman et al. (2015). This project 
found that it was not feasible to create a tool solely utilizing NDVI to estimate forage production for the 
mixed forage stands used in this project. Clipping remains the most accurate way to measure forage 
production but it is costly and labour intensive. Future research is needed to find a faster, more efficient 
method of determining pasture productivity.  
 
NDVI maps such as the ones generated by this project could be used as a starting point to assess overall 
pasture health by identifying areas of lower production that could be targeted for rejuvenation by the 
producer. To get a general overview on a pasture-wide scale, NDVI imagery obtained by drone is 
comparable to the NDVI data derived by the GreenSeeker® but is significantly faster and less expensive 
to obtain. On a smaller scale, we found the GreenSeeker® NDVI to be more precise, and better suited for 
analysis in smaller geographic areas. 
 
Richardson (2013) found a high correlation between NDVI and soil carbon to the extent that grassland 
soil carbon prediction was possible based on NDVI. This warranted further research and thus we 
attempted to correlate GreenSeeker® NDVI with soil carbon data. Of the eleven sampling events, only 
two were noteworthy. Mid and late summer 2017 data from the Caroline site produced R squared 
values of 0.26 and 0.21 respectively. Based on these findings, we did not find a significant correlation 
between GreenSeeker® NDVI and soil carbon. 
 
6.3.2 Sonar 
Past research has suggested that using mobile sensor-based biomass estimation models could be an 



effective alternative to the traditional clipping method for rapid, accurate in-field biomass estimation in 
multiple species stands. For example in Pittman et al. (2015), one of the remote sensing strategies 
examined included using an ultrasonic sensor similar to the sonar pasture reader we tested. Results 
from their study indicated that quantification of only the canopy height with ultrasonic sensors (similar 
to our sonar pasture reader) could provide biomass estimation models equivalent to and/or more 
effective than those which include NDVI.  Research completed at the Lacombe Research and 
Development Centre to correlate plant height with forage production has also produced encouraging 
results (Young personal communication 2017). Their findings indicate a strong correlation (consistently R 
squared values of 0.90 and higher) between plant height and forage production. Although they are 
exclusively testing single variety stands, their results combined with Pittman et al. (2015) were 
promising enough to warrant further investigation into how plant height correlates to forage production 
in a mixed stand scenario.  
  
Based on the results of this project, it is not feasible to create a tool that solely utilizes plant height to 
estimate forage production of mixed forage stands. Despite promising findings in certain multiple 
species studies (Pittman et al. 2015) sonar is probably impractical in multispecies applications. 
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Revised recommendations on bale grazing return rates that can be incorporated into the existing 
AARD publication “Wintering Site Assessment and Design Tool” (AARD 2013). 
 
During 2011/12 a committee was initiated to develop a winter site assessment and design tool. This 
production and technical committee consisted of the following members: 
 
Agriculture and Agri-Food Canada (AAFC)  
Fiona Briody; Darren Bruhjell; Dale Evert; Dennis Lastuka; Perry Sawchuk  
Agricultural Research and Extension Council of Alberta (ARECA)  
Dianne Westerlund, Chinook Applied Research Association  
Alberta Agriculture and Rural Development  
Michelle McKinnon; Trevor Wallace; Karen Yakimishyn; Barry Yaremcio  
 
Bale grazing was addressed in the “Imported Feeds” section. In AARD (2013), imported feeds were 
defined as including bale grazing, unrolling or processing hay, and feeding silage. All of these practices 
were described as having a higher potential environmental risk than non-imported feeds. They were 
also described however as being able to “add nutrients on nutrient-deficient areas such as eroded hill 
tops or overgrazed pasture” (AARD 2013).    
 
Bale grazing return rates are address in the “Frequency of Use of Feeding Areas” section where it was 
recommended “that the feeding area within the wintering site be used less than once every three years 
to minimize the risk of nutrient accumulation and nutrient leaching and runoff losses”. 
 
Here are the revised recommendations for bale grazing return rates based on the observations of this 
project: 
1) For soils, it is recommended that successive years of bale grazing can occur on perennial pastures on 

Orthic Black Chernozems and Orthic Gray Luvisols provided: 
a) A two –in-three year return rate with proper bale placement does not create cumulative 

increases in nutrients but provides a more event distribution of nutrients. 
b) Bales are spaced at least 12.5 m apart 
c) Bales for the second treatment are offset from previous treatment. 
d) Soil testing shows that detrimental nutrient accumulation is not occurring. 

2) For Forages,  it is recommended that successive years of bale grazing can occur on perennial 
pastures: 
a) Forage quality analysis occurs to determine if increases in K and reductions in Ca and Mg have 

occurred to assess the risk of grass tetany.  
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New recommendation for incorporating a risk assessment on potential groundwater impacts from 
increased nutrient loading in the AARD publication “Wintering Site Assessment and Design Tool” 
(AARD 2013) 
 

The following recommendation for incorporating a risk assessment for potential groundwater impacts 
from a two in three year winter bale grazing rotation is based on observations from this project. 

For sites where runoff collects on-site in depression- focused recharge areas, the increased potential for 
contamination from winter bale grazing with higher return frequencies should be evaluated through a 
cumulative assessment of risk factors. Initially depth to groundwater and soil type could be used to 
classify risk as follows:  

 

Depth to 
Groundwater 

Soil Type Risk of 
Contamination 

< 25 feet All soils Very High 
25 – 50 feet Sandy/Gravelly Very High 

 Silty/Loam High 
 Clay Low 

50 – 100 feet Sandy/Gravelly Very High 
 Silty/Loam Medium 
 Clay Low 

> 100 feet Sandy/Gravelly High 
 Silty/Loam/Clay Low 

 

Further assessments for the medium to very high risk scenarios could focus on spatial 
characteristics and recommendations include: 

• Very High: Practice should be avoided at the site. 
• High: Practice should be avoided at the site if possible. If utilizing site, consider the 

percentage of the drainage basin of the depression that is utilized for bale grazing each year, 
and the proximity to nearby potable water wells. Practice should be avoided if wells are 
<300 m from depression.  Avoid utilizing more than 1/4 of the depression’s contributing 
drainage area each year. Decrease bale density to reduce potential nutrient loading.  

• Medium: Consider the percentage of the drainage basin of the depression that is utilized for 
bale grazing each year.  Avoid utilizing more than 1/2 of the depression’s contributing 
drainage area each year.  
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Bale Grazing Calculator 

An improved in-field winter feeding calculator was developed with the support of AAFC Lacombe. This 
calculator is in excel format and incorporates the economic components of bale grazing following the 
approach used in AAFC Lacombe in the development of a calculator for other in-field winter feeding 
practices (swath, corn and stockpile grazing) (Baron et al. unpublished).  

This calculator (Figure 1) allows the producer to adapt it to their operation and add detailed economic 
costs based on their equipment, wages, land base and location among other factors. It is recommended 
that additional testing be completed before this tool is released. The digital version is included with this 
report. 

 
Figure 1. Screenshot of new bale grazing calculator (Excel spreadsheet attached).  

  

Seed Species Rate Price Cost $/T delivered 125
kg/ha $/kg $/ha $/T delivered 110

Alfalfa 5 7.04 35.2
MB 5 5.46 27.3 Field 1 Field 1 Field 2

62.5 cows calves cows
Fertilizer formulation rate price cost Hay offered (kg/hd/d 17 8 17
crop 10 $/kg $/ha Waste (%) 20 25 20
Hay 15 N 0 1.2 0 Hay utilized (kg/hd/d 13.6 6 13.6

P2O5 0 1.2 0 Number of head 200 150 78
K2O 0 0.833 0 Days per feeding 5 5 3
S 0 0.68 0 Man hr per feeding 0.67 0.67 0.67
Total 0 vehicle hr per trip 0.33 0.33 0.33

Herbicide formulation L/ha $/L $/ha Days between checks 5 1 1
0 5 0.00 Time per check 0.75 0.75 0.5
0 25 0.00 String removal (hr/wk) 2.5 1 1

Feeding days 45 120 120
Cow-d/T hay 58.8 125.0 58.8

Total 0.00 Bedding frequency ** 3 3 999
Field 1 Hay yield (kg/ha) 8400 Straw bales for feeding period 0 0 0
Field 2 Hay yield (kg/ha) 9000 Straw bale wt (kg) 400 400 400
Fertilizer formulation rate price cost Cost/bale 20 20 20
crop kg/ha $/kg $/ha

Hay N 40 1.2 48
establishmenP2O5 30 1.2 36 Field 1 Field 2

K2O 30 0.833 24.99 Yardage ($/hd/d) Option 1 $ 0.39 0.76
S 0.68 0 Option 1 $  0.47
Total 108.99 Daily Cost ($/hd/d) Option 1 $ 1.05 1.41

Herbicide formulation L/ha $/L $/ha Option 1 $  0.79
glyphosate 1.5 7.95 11.93

Field 1 Field 2
Total 11.93 Daily Cost ($/hd/d) Option 1 $ 2.72 2.74

Option 1 $  1.58

** 1 = daily; 2 = every 2nd day; 3 = every 3rd day; If no bedding, enter "999" for frequency

ALBERTA BALE GRAZING CALCULATOR
Purchased Hay

Feeding and bedding practices

Field 1
Field 2

Grown Hay Variable inputs

Purchased Hay

Grown Hay Variable inputs
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Information from this project will be or was presented at the following events: 

Date Description 

2015/08/19 Presentation at Gentec Tour - Lacombe, AB 

2016/01/21 Presentation at Winter Feeding Workshop – Leduc County, AB 

2016/02/17 Presentations at 2016 Extended Winter Grazing Workshop – Lacombe, AB 

2016/01/31 to 
2016/02/02 

Two presentations at Society for Range Management (SRM) meeting – Corpus Christi, 
TX 

2017/07/24 to 
2017/07/26 

Presentation at Soil and Water Conservation Society - Louisville, KY 

2017/08/22 Two presentations at Gentec Tour - Lacombe, AB 

2018/02/01 Three presentations at Society for Range Management (SRM) meeting – Reno, NV 

 

The following five Draft factsheets are included: 

• Using bale grazing to optimize pasture productivity and quality 
• How bale grazing influences soil fertility 
• The effects of bale grazing on soil moisture and temperature 
• Water quality considerations when winter bale grazing 
• Using sensors to estimate forage biomass and soil carbon in a mixed perennial forage stand 

  



 

  
 
 
 
 
 
 
 

Using bale grazing to optimize pasture productivity 
and quality 
 
With support from the Alberta Crop Industry Development 
Fund (ACIDF), Agriculture and Agri-Food Canada (AAFC) 
initiated a study to determine if bale grazing twice in a 
three year period had any positive or negative effects on 
pasture productivity or quality. 
  
Two locations within Central Alberta were selected based 
on age of forage stand (old perennial pastures) and soil 
type (common soils where bale grazing is currently taking 
place).  Site one is located north of Caroline in the Dry 
Mixedwood Subregion of the Boreal Forest Natural Region on an Orthic Gray Luvisol while site two 
is located south of Vermilion in the Central Parkland Subregion of the Parkland Natural Region on a 
thin Black Chernozem. Bale grazing occurred on both locations in 2012/13 and again in 2014/15. 
Bale spacing for both treatments was 12.5 m (40 feet) with the second treatment offset from the 
first for better nutrient distribution. 
 

Following one bale grazing session, many 
pastures like the one on the left, display areas 
of greater growth where individual bales were 
located and lesser growth in between each bale 
(note the increased growth in the centre of the 
adjacent photo). This variability is caused by 
the non-uniform deposition of bale residue, 
manure and urine resulting in areas of higher 
production /quality (where bales were placed) 
and areas of lower production/quality (between 
bales).  
 

  
  



 

Key Findings  
Forage Productivity 
One of the project objectives was to even out forage 
production throughout our pastures by bale grazing 
twice in three years. Forage productivity however was 
significantly higher at both locations on areas where 
the 2014/15 bales were located. This increase in 
production started in the middle of the first growing 
season (June 2015) and continued until September of 
2017. Even though forage production of the most 
recent bale grazing treatment was significantly higher, 
the photo on the right does show less variability on the 
pasture grazed twice in three years (left) compared to 
a single bale grazing treatment (right).    
 
Forage Quality 
Crude protein was the only forage quality parameter that was consistent between treatments, bales, 
sampling date and site location. For most sampling periods, crude protein was significantly higher in 
forage growing on the 2014/15 bale locations. Some mineral levels were also consistent between 
locations, bales, and treatments.  
 
The increases in potassium (K) and reductions in calcium (Ca) and magnesium (Mg) in the forage 
growing on the 2014/15 bale locations however was concerning. For example, the K/(Ca+Mg) charge 
ratio for forage from 2014/15 bale locations in 2016 was 5.4 for the Caroline site and 5.8 for the 
Vermilion site. These levels are high considering that grass tetany effects can occur at levels 
exceeding 2.2. This may explain anecdotal evidence where cattle have been observed avoiding or 
alternating between the lush forage associated with the bale locations and areas between the bales 
during the first year following bale grazing. Our data suggests that this risk may continue into the 
second year. Forage quality testing should be considered if base grazing frequently on soils with high 
potassium levels.   
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How bale grazing effects soil nutrients 
 

With support from the Alberta Crop Industry Development 
Fund (ACIDF), Agriculture and Agri-Food Canada (AAFC) 
initiated a study to determine if bale grazing twice in a three 
year period had any positive or negative effects on soil 
nutrient levels. 
 
Two old perennial pasture sites in Central Alberta were 
selected for study. Site one is located north of Caroline in 
the Dry Mixedwood Subregion of the Boreal Forest Natural 
Region on an Orthic Gray Luvisol while site two is located 
south of Vermilion in the Central Parkland Subregion of the 
Parkland Natural Region on a thin Black Chernozem. 
 
Each site was bale grazed twice in three years (winter 
2012/13 and winter 2014/15). Bale spacing for both 
treatments was 12.5 m (40 feet) with the second treatment 
offset from the first for better nutrient distribution. Following 
the 2014/2015 bale grazing, we tracked various soil 
nutrient parameters including nitrogen, phosphorus and 
potassium at the two 2014/15 bale locations at each 
location (one grazed early season and one late season 
2014/2015). 
 
Photo 1 shows the residue distribution immediately 
following the 2014/15 bale grazing (January 2015). By 
May, 2015 (Photo 2), forage had begun growing 
through the residue and by August 2015 (Photo 3), 
forage production on the areas dominated by residue 
early in the year were out-producing the 2012/2013 bale 
locations. 

 

Photo 1 

Photo 2 

Photo 3 



 
Key Findings  
Soil tests in 2016/17 revealed that soils under the 2014/15 bale locations were 78% more fertile 
than the 2012/13 bale locations (bolded numbers in Table below). 
 

Soil Nutrients by Bale Grazing 
Year 
*Does not Include                     
Bale 1 or Bale 2 data 

Average Nutrient Values for Bales 1 - 10 
Caroline Vermilion 

baseline 2016 2017 baseline 2016 2017 
N Topsoil 2012/13 (ppm) 0.6 0.6 0.6 0.5 0.8 4.5 
N Topsoil 2014/15 (ppm) 0.6 2.9 1.1 0.5 1.0 2.4 
N Subsoil 2012/13 (ppm) 0.5 0.6 0.5 0.5 0.7 1.6 
N Subsoil 2014/15 (ppm) 0.5 5.7 1.8 0.5 5.6 2.6 
P Topsoil 2012/13 (ppm) 13.8 16.5 17.5 2.8 5.1 7.2 
P Topsoil 2014/15 (ppm) 13.8 14.7 16.1 2.8 7.0 9.4 
*P Subsoil 2012/13 (ppm) - 9.9 12.5 - 2.4 3.6 
*P Subsoil 2014/15 (ppm) - 10.8 12.1 - 3.4 4.0 
K Topsoil 2012/13 (ppm) 135 181 206 191 496 402 
K Topsoil 2014/15 (ppm) 135 566 294 191 576 463 
*K Subsoil 2012/13 (ppm) - 124 166 - 246 200 
*K Subsoil 2014/15 (ppm) - 193 159 - 248 268 
*TC Topsoil 2012/13 (%) - 2.16 2.28 - 2.50 2.76 
*TC Topsoil 2014/15 (%) - 1.98 2.44 - 2.68 2.75 
*TC Subsoil 2012/13 (%) - 0.58 0.71 - 1.15 1.43 
*TC Subsoil 2014/15 (%) - 0.55 0.91 - 1.45 1.48 

 
The soils at both locations were of low fertility. While improved by bale grazing, nitrogen and 
phosphorus levels remained low at both locations, regardless of when they were bale grazed. 
Baseline potassium levels were already high with bale grazing increasing them further. By 2017, 
Vermilion topsoil potassium values started to decline while Caroline levels continued to increase. 
By year three, nitrogen, phosphorus and potassium remained higher than baseline values thus 
proving that bale grazing can be used to improve soil fertility.   
 
Bale grazing increased average Total Carbon (TC) from 2016 to 2017 at both locations. The 
reaction of soil carbon to winter bale grazing still requires further research to determine if there are 
significant and long lasting effects. 
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How bale grazing effects soil nutrients 
 

With support from the Alberta Crop Industry Development 
Fund (ACIDF), Agriculture and Agri-Food Canada (AAFC) 
initiated a study to determine if bale grazing twice in a three 
year period had any positive or negative effects on soil 
nutrient levels. 
 
Two old perennial pasture sites in Central Alberta were 
selected for study. Site one is located north of Caroline in 
the Dry Mixedwood Subregion of the Boreal Forest Natural 
Region on an Orthic Gray Luvisol while site two is located 
south of Vermilion in the Central Parkland Subregion of the 
Parkland Natural Region on a thin Black Chernozem. 
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forage production on the areas dominated by residue 
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Key Findings  
Soil tests in 2016/17 revealed that soils under the 2014/15 bale locations were 78% more fertile 
than the 2012/13 bale locations (bolded numbers in Table below). 
 

Soil Nutrients by Bale Grazing 
Year 
*Does not Include                     
Bale 1 or Bale 2 data 

Average Nutrient Values for Bales 1 - 10 
Caroline Vermilion 

baseline 2016 2017 baseline 2016 2017 
N Topsoil 2012/13 (ppm) 0.6 0.6 0.6 0.5 0.8 4.5 
N Topsoil 2014/15 (ppm) 0.6 2.9 1.1 0.5 1.0 2.4 
N Subsoil 2012/13 (ppm) 0.5 0.6 0.5 0.5 0.7 1.6 
N Subsoil 2014/15 (ppm) 0.5 5.7 1.8 0.5 5.6 2.6 
P Topsoil 2012/13 (ppm) 13.8 16.5 17.5 2.8 5.1 7.2 
P Topsoil 2014/15 (ppm) 13.8 14.7 16.1 2.8 7.0 9.4 
*P Subsoil 2012/13 (ppm) - 9.9 12.5 - 2.4 3.6 
*P Subsoil 2014/15 (ppm) - 10.8 12.1 - 3.4 4.0 
K Topsoil 2012/13 (ppm) 135 181 206 191 496 402 
K Topsoil 2014/15 (ppm) 135 566 294 191 576 463 
*K Subsoil 2012/13 (ppm) - 124 166 - 246 200 
*K Subsoil 2014/15 (ppm) - 193 159 - 248 268 
*TC Topsoil 2012/13 (%) - 2.16 2.28 - 2.50 2.76 
*TC Topsoil 2014/15 (%) - 1.98 2.44 - 2.68 2.75 
*TC Subsoil 2012/13 (%) - 0.58 0.71 - 1.15 1.43 
*TC Subsoil 2014/15 (%) - 0.55 0.91 - 1.45 1.48 

 
The soils at both locations were of low fertility. While improved by bale grazing, nitrogen and 
phosphorus levels remained low at both locations, regardless of when they were bale grazed. 
Baseline potassium levels were already high with bale grazing increasing them further. By 2017, 
Vermilion topsoil potassium values started to decline while Caroline levels continued to increase. 
By year three, nitrogen, phosphorus and potassium remained higher than baseline values thus 
proving that bale grazing can be used to improve soil fertility.   
 
Bale grazing increased average Total Carbon (TC) from 2016 to 2017 at both locations. The 
reaction of soil carbon to winter bale grazing still requires further research to determine if there are 
significant and long lasting effects. 
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The effects of bale grazing residue on soil moisture 
and temperature 
 

With support from the Alberta Crop Industry Development 
Fund, Agriculture and Agri-Food Canada studied the 
effects of a two-in-three year bale grazing rotation on soil 
moisture and temperature. Two perennial pastures were 
selected for the project. The first location is north of 
Caroline on an Orthic Gray Luvisol while location two is 
south of Vermilion on a thin Black Chernozem. The 
adjacent photo shows the type of variability in residue 
expected following bale grazing. 
 

Bales were placed 40ft (12.5m) apart, bale grazed in 2012/13 and again in 2014/15. Bales for the 
2014/15 bale grazing treatment were offset between the 2012/13 bales. Two test bales were 
grazed at both locations with one bale being grazed early (Dec/Jan) and the other late season 
(Mar/Apr) over both winter seasons.  
 
Key Findings 

 
 
Residue 
Bale residue thickness was measured for each study bale at 0.5 foot (15 cm) intervals out to 15 feet 
(4.6 m) from bale centre (see graphs above). Residue cover was uneven in all cases but for Caroline 
it tended to decrease out from the centre, reducing to zero before the 15 foot (4.6 m) mark. Residue 
cover at Vermilion had the greatest thicknesses two or three feet (0.6 to 1 m) from centre and at 
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around 11 feet (3 m) from centre. It also extended out further, 14 and 15 feet (4.3 and 4.6 m) for Bale 
1 and 2 respectively. 
 
Soil Temperature 
Bale residue reduced soil temperatures for at least three years following bale grazing. While research 
indicates that this may be disadvantageous for microbes that break down litter and allow nutrients to 
enter the soil, our study found that residue was broken down rapidly and incorporated into the soil as 
quickly as two years post bale grazing. Note the graphs on page one showing no remaining residue 
at 15 feet (4.6m) from bale centre at Caroline and only a little remaining for Bale 2 at Vermilion where 
2012/13 bale residue would have occurred. Additional research has indicated that the breakdown of 
litter into the soil is faster when the daily soil temperature fluctuation is lower. Our study showed no 
difference in diurnal temperature fluctuation and therefore, no advantage or disadvantage was seen. 
 
Soil Moisture 
The residue cover along with increased forage growth resulted in drier soils at the Caroline location. 
This phenomenon was most likely caused by evapotranspiration and evaporation rates and 
decreased infiltration, initially due to bale residue and then due to increased forage growth above 
where the sensors were located. At Vermilion, the data from Bale 1 showed that the residue had a 
positive effect on soil moisture while the effects on Bale 2 were inconclusive due to missing data.    
Despite the variability in soil moisture and delayed forage growth due to residue, forage production 
on the areas impacted by the 2014/15 bale grazing treatment surpassed the 2012/13 bale locations 

by mid-summer in 2015 (first growing season post bale 
grazing). As indicated in the adjacent photo taken in 2016, 
this increase in production continues for the length of the 
project (3 years) as is evident in the greener circles of 
growth associated with bale placement. Note the project 
area (grazed 2012/13 and 2014/15) on the left while the 
right side was grazed in 2013/14. Additional research is 
required to better understand the relationship between 
bale grazing, soil temperature/moisture, residue, and 
forage production.   
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Water quality considerations when winter bale grazing 
 

With support from the Alberta Crop Industry 
Development Fund (ACIDF), Agriculture and Agri-
Food Canada (AAFC) initiated a study to determine if 
bale grazing the same location twice in a three year 
period had any positive or negative effects on pasture 
productivity and quality.  The project also monitored 
soil nutrients and water quality to assess 
environmental risks associated with high nutrient 
loading from the bales at the site.  This fact sheet 
highlights results from the water quality monitoring. 
 

 
Two old perennial pasture sites in Central Alberta 
were selected for study. One site was located north of 
Caroline in the Dry Mixedwood Subregion of the 
Boreal Forest Natural Region on an Orthic Gray 
Luvisol and the other site was located south of 
Vermilion in the Central Parkland Subregion of the 
Parkland Natural Region on a thin Black Chernozem. 
The Caroline soil is classified as a loam (top m:  47% 
sand, 15% clay) whereas the Vermilion soil is a clay 
loam (top m: 34% sand, 36% clay). 
 
The hydraulic conductivity of the till measured 10-5 cm/s at the Caroline site and 10-6 at the 
Vermilion site. Snowmelt runoff at both sites collected in ephemeral (Caroline) or semi-permanent 
(Vermilion) wetlands. 
 
Each site was bale grazed twice in three years (winter 2012/13 and winter 2014/15). Bale spacing for 
both treatments was 12.5 m (40 feet) with the second treatment offset from the first for better 
nutrient distribution. Nutrient concentrations were measured in surface runoff water and in shallow 
piezometers (maximum depth 7 m). 



Key Findings 
 
Nutrient concentrations in wetlands were elevated 
in the spring of the years immediately following 
winter bale grazing. Export of nutrients from the 
bale grazing fields to the wetlands ranged from 7-
25 kg N/ha and 1-4 kg P/ha and were up to 20 
times higher than the export from non-bale grazed 
areas. These loading rates were similar to other 
studies of winter grazing practices in 
Saskatchewan and Manitoba. 
 
The monitoring results showed a clear difference between the two sites in the potential for nutrient 
movement into shallow groundwater. The data indicated that at the more coarsely textured soils of 
the Caroline site there was evidence of inorganic nitrogen leaching whereas there was limited 
evidence of downward nitrogen movement under the finer textured soils at the Vermilion site.  
Elevated phosphorus concentrations were also evident in the top meter of soil at the Caroline site, 
and contributed to higher dissolved phosphorus in the shallow groundwater. 
 
Best Practices 
 
Siting to reduce the risk of runoff reaching other water bodies is important when implementing 
winter bale grazing. Sites where runoff is captured in temporary depressions and allowed to 
infiltrate are ideal; however nutrient buildup in those depressions could lead to increased soil 
phosphorus if the sites are used frequently. At sites with coarser grained soils, shallow groundwater 
can be impacted by rapid leaching of nitrogen and slow downward movement of phosphorus. The 
risk to groundwater can be mitigated by reducing the frequency with which bale grazing occurs at 
the same sites. Within a pasture, bale placement should be considered for subsequent treatments 
in different areas of the same pasture to ensure runoff from those treatments does not influence the 
same runoff collection / groundwater recharge area of previously bale-grazed tracts. 
 
Water quality considerations when winter bale grazing 
 
© Her Majesty the Queen in Right of Canada, represented by the Minister of Agriculture and Agri-Food (2017). 
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The development of a tool that allows 
optical sensor equipment (NDVI) to 
measure field biomass and carbon 

capture 



Pasture Production Predictor/Calculator 

Although the data collected for this project does not indicate or support any link between NDVI and 
forage yield, we envision that with the right equipment we may be able to develop a tool that would 
support producers in making quick and inexpensive evaluations of forage yield in mixed stand pastures. 

This calculator would allow the producer add spot values of NDVI and yield values (based on dried 
weight of forage clippings) to determine the overall yield of a pasture. It is recommended that additional 
research be completed with additional sensors to develop a system which could be used to create a tool 
like the one below (Excel spreadsheet attached).   

 

  

USER INPUT REQUIRED

Field 1  Yield (kg/ha) NDVI value
Sample 1 300 0.30
Sample 2 600 0.55
Sample 3 880 0.66
Sample 4 442 0.40 NDVI reading: PREDICTED YIELD (kg/ha):
Sample 5 648 0.46 0.67 1175
Sample 6 994 0.51
Sample 7 1589 0.77
Sample 8 3000 0.91 Accuracy will increase as number of samples increase.
Sample 9 1200 0.80
Sample 10 500 0.43
Average: 1015.30 0.58

Field 1 Correlation Facto 1753.54

Use samples that are representative of the area 
for which you are predicting yield.

To predict yield on entire pasture, enter average NDVI 
for the whole pasture into box below.

PASTURE PRODUCTION PREDICTOR

*Correlation Factor = Average Hay Yield/Average NDVI v

YIELD PREDICTION - based on spot NDVI reading 
anywhere on Field 1

Fill in sample yields and corresponding 
NDVI values



 

 

Appendix A 
2017 Field Report 

  



2017 Forage Activity Report:  

Methodology:  

Forage yield and quality is being monitored by taking a series of forage clippings at ten different bale 
locations at two existing study sites in Alberta where winter bale grazing has occurred in a two in three 
year cycle.  

2017-18 Activity 

In 2017, vegetation clippings were taken at the Caroline site on June 1, July 10 and September 7 and on 
July 17 and September 6 at the Vermilion site. The samples were dried and weighed at the AAFC 
Lacombe Research Station and the July 10 (Caroline) and July 17 (Vermilion) samples were sent for 
analysis to Agritrend in Calgary, AB. Samples were analyzed, using standard methods, for Dry Matter, 
Crude Protein, Soluble Protein, Acid Detergent Fiber, Neutral Detergent Fiber, Total Digestible Nutrients, 
Ca, P, Mg, K, S, C.  

2017-18 Results 

Caroline 

Productivity: 

Throughout the growing season, yield on areas impacted by bale one and two were substantially higher 
than 2012/13 treatment areas. Bale one impacted areas produced 58% (June), 39% (July) and 63% 
(September) more dry matter than non-impacted areas while bale two impacted areas produced 56% 
(June), 49% (July) and 61% (September) more dry matter. 

 Eight additional bales sites were established in order to determine if statistical differences existed 
between areas impacted by the 2014/15 bale grazing compared to the bale grazing that occurred in 
2012/13. A standard paired T-test was completed for all the production data and all values were found 
to be statistically different for all dates. Forage production averaged 2783 lbs/acre ranging from 918 to 
6199 lbs/acre on sites impacted by the 2012/13 treatment and averaged 4633 lbs/acre ranging from 
1482 to 11645 lbs/acre on 2014/15 bale sites.   

Forage Quality: 

Forage quality analysis was completed for the clippings that occurred on July 10, 2017. The following 
parameters were analyzed: Crude Protein (CP), Neutral Detergent Fiber (NDF), Acid Detergent Fiber 
(ADF), Total Digestible Nutrients (TDN), Calcium (Ca), Phosphorus (P), Potassium (K), Sulfur (S) and 
Magnesium (Mg). The results varied depending on parameter.  

For CP, bale sites impacted by the 2014/15 bale grazing episode had 23% more CP, seven percent more 
NDF, eight percent more ADF, 22% less Ca, eight percent less P, 16% more K, 20% more Sulfur and 37% 
less Mg compared to areas impacted by the 2012/2013 bale grazing season. TDN was similar for both 
areas. Differences in CP, NDF, ADF, Ca, K and Mg were all statistically significant. 



 

The K/(Ca+Mg) charge ratio found on the site affected by the 2014/15 bale grazing episode remains 
greater than the first bale grazing episode (2013/14 bales), 3.4compared to 2.1.     

Vermilion 

Productivity:  

A substantial change in forage production occurred at the Vermillion site when compared to the 2015 
growing season. As with the Caroline site, yield on areas impacted by bale was substantially higher than 
2012/13 treatment areas throughout the growing season. Bale one impacted areas produced 26% (July) 
and 28% (September) more dry matter than 2012/13 treatment areas. The amount of dry matter 
produced on areas in and around Bale 2 was almost equal in July (less than a one percent difference). By 
September however, the 2014/15 bale location (Bale 2) had 11% more dry matter. It should be noted 
that the Richardson’s ground squirrel colony continued to dominate the bale one site.  

Eight additional bales sites were established in order to determine if statistical differences existed 
between areas impacted by the 2014/15 bale grazing compared to the bale grazing that occurred in 
2012/13. A standard paired T-test was completed for all the production data and all values were found 
to be statistically different for all dates. Forage production averaged 3801 lbs/acre ranging from 1456 to 
6459 lbs/acre on sites impacted by the 2012/13 treatment and averaged 5227 lbs/acre, ranging from 
3154 to 8062 lbs/acre on 2014/15 bale sites.   

Forage Quality: 

Forage quality analysis was completed for the clippings that occurred on July 17, 2017. The following 
parameters were analyzed: Crude Protein (CP), Neutral Detergent Fiber (NDF), Acid Detergent Fiber 
(ADF), Total Digestible Nutrients (TDN), Calcium (Ca), Phosphorus (P), Potassium (K), Sulfur (S) and 
Magnesium (Mg). The results varied depending on parameter.  

No differences in any of the forage quality parameters were significantly different (P<0.05). The biggest 
difference between treatments was in the amount of Ca present in the forage where the initial 2012/13 
treatment had 18% more forage than the 2014/15 bale grazing episode. 

  



2017 Activity Report: Determining the effects of a two-in-three year bale grazing rotation and 
associated nutrient loading on soil, forage yield and forage quality of two Alberta pastures 

The purpose of this project was to determine the effects of a two-in-three year bale grazing rotation on 
soil fertility and to make recommendations on revisions to the AARD publication “Wintering Site 
Assessment and Design Tool” (AARD 2013) based on our findings. 

Methodology 

Two bale sites at each of the two study sites (Vermilion and Caroline) were bale grazed twice in three 
years (winter 2012/2013 and winter 2014/2015) and soil nutrient concentrations were tracked 
through annual soil sampling (in October, post forage dormancy) and subsequent laboratory analysis. 
Soil samples are compared to baseline values collected in 2011 and 2016 (for Caroline and Vermilion 
respectively). 

2017-18 Activity 

Soil samples were collected at both sites in late August of 2017 (The sites were sampled at this time 
to allow for the time required to do lab analyses). Two samples (one at 0–15 cm and one at 15–60 
cm) were collected for each grid cell for both bales on each of the two sites (25 cells per bale) for a 
total of 200 samples. All samples were sent to Agvise Laboratories. Samples were analyzed for pH, 
Salts & Nitrate (N) for both shallow and deep samples and for P (Olsen), K, Ca, Mg, Na and CEC for 
the 0–15 cm samples. 

Soil samples from eight random bales sites were taken for both Caroline and Vermilion in 2016 and in 
2017. There were four samples collected per site with 0–15 cm and 15–60 cm samples taken from 
both the inner (2014/2015 treatment impacted area) and outer (2012/2013 treatment area) bale for 
a total of 64 samples. These samples were analysed for the same parameters as the previous samples 
with the addition of soil Carbon. 

2017-18 Results  

Caroline 

In 2017 Nitrogen (N) levels were lower than the highs seen in 2015, most significantly for Treatment B. 
High values seen in 2017 can be attributed to a single high value, likely due to a urine spot. Phosphorus 
(P) levels were higher in 2017 likely doe to the slow release of P into the soil. Potassium (K) levels 
remained high into 2017 and were not showing any indication of decline three years after treatment B. 

Calcium (Ca) and Magnesium (Mg) concentrations were similar, decreasing into 2017 and there was no 
indication that Ca and Mg were having a neutralizing effect on pH.  Salt levels were steady or down for 
Bale one and increased for Bale 2 showing no similarities in response. 

The soil tests on additional sampling sites added for 2016 and 2017 showed a significant difference 



between Treatment A and Treatment B for K only (2016) and Total Carbon only (2017). 
 

Vermilion 

With the exception of an increase for Bale 1 in 2017 (due to a single very high value) 2017 N levels 
remained below 2015 levels. 

Values for P in 2017 were not consistent between bales with levels lower than 2016 for Bale 1 and 
higher than 2016 for Bale 2. Potassium levels were down in 2017 after peaking in 2016. 
 
2017 Ca and Mg levels were down from previous years with Bale 1 levels lower than the baseline. The 
addition of Ca and Mg to the soil had no discernible effect on pH. Slat concentrations were lower in 
2017. 

No statistically significant results were seen at the Vermilion site on the additional sampling sites. 

Conclusions 

Both the Caroline site and the Vermilion site would be able to accommodate a two-in-three year bale 
grazing rotation for most parameters. At both sites, because of the lack of influence of Treatment A on 
Treatment B, it is believed that the influence of significant nutrient loading has a limited radius out from 
where the bales were placed and that it is rare that the impacts of one bale reach a neighbouring bale’s 
zone of influence.  

  



2017 Activity Report: Monitoring and comparing soil moisture and temperature regimes of bale 
grazed sites and non- grazed sites 

Methodology 

Two bale sites at each of the study sites (Vermilion and Caroline) have been instrumented to monitor 
soil moisture and temperature. At each bale, temperature sensors were installed at 3” and 9” depths 
at three distances from the bale: bale centre (BC), eight feet (8) and fifteen feet (15). Soil moisture 
sensors were installed at 3”, 9” and 18” depths at BC, eight and fifteen feet from the bale. 

For all four bales, Caroline one and two and Vermilion one and two, moisture and temperature data for 
2014 (partial), 2015 and 2016 was collected. To show fluctuations throughout the growing season, the 
following graphs are based on weekly averages of the hourly data. The data gaps are the result of faulty 
loggers caused by flooding or condensation. Precautions were taken in late 2016 to lessen this 
phenomenon. 

Pre-treatment 2014 data is provided for the late growing season only as instrumentation was not in 
place for the early season. The 2015 data was heavily influenced by the residue/litter pack at BC and to a 
lesser extent at eight feet. There was little to no residue impact at fifteen feet for any of the bales. By 
2016, a large amount of the residue had been decomposed with previously residue dominated surface 
areas now being dominated by 2016 vegetation growth.  

2016-17 Activity 

Soil moisture and temperature data was monitored continuously until Early September 2017 when both 
sites were decommissioned.  

2016-17 Results 

Caroline and Vermilion Temperature 

Due to residue pack and/or forage growth soil temperatures at both sites decreased overall from 2017 
through to 2017. There was no indication of any effect on diurnal soil temperature fluctuation. The 
addition of 2017 data shows that there is an overall decrease in favourability to the microbes that 
break down plant material. 

Caroline and Vermilion Moisture 

The 2017 data from Caroline allowed us to see how the effects of a very dry period would affect our 
data. Overall, the addition of the 2017 data did not provide any definitive observations on soil 
moisture other than it can be positively or negatively affected by bale grazing, residue, and growth.  

  



2017 Activity Report:  Determining the effects of a two-in-three year bale grazing rotation on nutrient 
migration into a local shallow groundwater system 

The purpose of this project was to assess effects of repeated winter bale grazing treatments on nutrient 
migration into shallow groundwater systems. The anticipated deliverable is a recommendation for 
incorporating a risk assessment on potential groundwater impacts from increased nutrient loading in the 
AARD publication “Wintering Site Assessment and Design Tool” (AARD 2013). 

Groundwater nutrient concentrations and water table levels were monitored in shallow piezometers 
at two existing study sites in Alberta (Caroline and Vermilion) where winter bale grazing occurred 2 
or 3 times within a 5 year cycle (Caroline -winters 2011-12, 2012-13 and 2014-15, Vermilion – winters 
2012-13 and 2014-15).  The two sites provided a contrast in soil conditions, with one site 
representing a shallow till with coarser textured soils (Caroline site), and the other site representing 
deep till with finer textured soils (Vermilion site). 

 Site Description 

At the Caroline site, two landscape depressions that collect snowmelt runoff were instrumented 
with a set of piezometers, one influenced by bale-grazing (bale grazed depression) and one 
outside of any bale grazing influence (reference depression) (Figure 1). The protective fencing 
around the first set of piezometers that were installed in the bale grazed depression failed 
sometime during the 2012-13 winter and the cattle broke the piezometers at the ground surface 
allowing surface water to flood the piezometers in spring 2013.  These piezometers were cleaned 
and sealed and a new set were installed in the fall of 2013 several meters away and slightly 
upslope from the initial set to avoid any potential contamination.  As a consequence, chemistry 
data do not exist for 2013.  

At the Vermilion site the snowmelt runoff from the bale grazing site collected in a wetland 
(Figure 2). One set of piezometers was installed at the wetland edge. There is no reference 
location at the Vermilion site.  

2017 Activity 

In 2017, water samples were collected from the piezometers with single-use plastic bailers and grab 
samples were collected from ponded surface water at the sites.  All samples were sent for analysis to 
the Biogeochemical Laboratory in the Department of Biological Sciences at the University of Alberta.  
Samples were analyzed, using standard methods, for total nitrogen (TN – surface water samples only) 
dissolved nitrogen (DN), nitrate+nitrite-nitrogen (NOx-N), ammonia-nitrogen (NH3-N), total 
phosphorus (TP – surface water samples only), dissolved phosphorus (DP) and dissolved organic 
carbon (DOC). Water levels in the deeper piezometers were recorded on hourly intervals by HOBO 
dataloggers and converted to elevations relative to ground level.  Manual water level readings were 
also taken whenever samples were collected. 



 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1:  Schematic of Caroline Study Site. 

 

 

 

 

 

 

 

 

 

 

Figure 2:  Schematic of Vermilion Study Site 
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2017 Results 

Caroline Site 

The concentrations of nutrients in the surface water were similar inside the bale grazed area to those 
outside of the bale grazed area and generally an order of magnitude greater than the concentrations 
found in the 2.5 m piezometers.  In 2017 the ponded area that formed outside the bale grazed area 
was slightly upslope from the piezometers and as such the 1 m piezometer in the reference area did 
not have any water in it. Inside the bale-grazed area, the concentrations of nutrients in the 1 m 
piezometer were similar to the surface water.  There was some evidence of elevated concentrations 
of nitrogen in the 2.5 m piezometer inside the bale-grazed area, although the concentrations were 
low.  Water levels in the piezometers increased during melt and receded quickly (Figure 1). 

Vermilion  

In 2017 the nutrient concentrations of the wetland were similar to those of the ponded surface water 
at the bale grazed site and reference areas of the Caroline site. Similarly, the concentrations of 
nutrients in the 1 m piezometer at the Vermilion site were similar to the nutrient concentrations in 
the 1 m piezometer of the bale grazed area at the Caroline.   With the exception of nitrate-nitrogen, 
nutrient concentrations decreased with depth at the Vermilion site.  The nitrate concentration in the 
7 m piezometer at the Vermilion site was similar to that of the 2.5 m piezometer in the bale grazed 
area at the Caroline site.  The water levels in the piezometers began to rise at the end of April (Figure 
2). The water level of the 4.5 m piezometer rose more quickly and peaked earlier than the 7.0 m 
piezometer.  The elevation differences between the water levels of the 4 and 7 m piezometers 
indicate that water was moving downward to recharge groundwater. 

Table 1: Average nutrient concentrations in the ponded surface water, 1 m and 2.5 m piezometers 
inside (IN) and outside (OUT) the bale-grazed area 

Parameter 

Concentration (±SE) 

Surface Water 1 m Piezometer 2.5 m Piezometer 

IN OUT IN OUT IN OUT 

TN (mg/L) 2.3 (0.1) 2.4 (0.3) NA NA NA NA 

TP (mg/L) 1.5 (0.1) 1.4 (0.2) NA NA NA NA 

DN (mg/L) 1.9 (0.1) 2.3 (0.2) 1.9 (0.4) NA 0.7 (0.1) 0.5 (0.1) 

NOx-N (mg/L) 0.08 (0.07) 0.15 (0.11) 0.02 (0.01) NA 0.16 (0.06) 0.004 (0.003) 

NH3-N (mg/L) 0.20 (0.08) 0.31 (0.14) 0.27 (0.08) NA 0.005 (0.002) 0.001 (0.000) 

DP (mg/L)  1.4 (0.1) 1.3 (0.2) 1.0 (0.3) NA 0.05 (0.02) 0.04 (0.002) 

DOC (mg/L) 19.9 (2.6) 23.8 (2.4) 21.7 (4.6) NA 6.4 (1.3) 9.6 (1.3) 

 



 

Table 2: Average nutrient concentrations in the wetland, 1 m, 4.5 m and 7.0 m piezometers at the 
Vermilion site 

Parameter 
Concentration (±SE) 

Surface Water 1 m Piezometer 4.5 m Piezometer 7.0 m Piezometer 

TN 2.5 (0.3) NA NA NA 

TP 1.1 (0.1) NA NA NA 

DN 1.9 (0.1) 2.3 (0.2) 0.9 (0.1) 0.6 (0.08) 

NOx-N 0.06 (0.05) 0.03 (0.03) 0.04 (0.01) 0.14 (0.02) 

NH3-N 0.09 (0.06) 0.03 (0.002) 0.001 (0.000) 0.001 (0.000) 

DP 1.0 (0.02) 0.09 (0.01) 0.02 (0.002) 0.008 (0.001) 

DOC 23.5 (1.6) 22.4 (2.9) 16.1 (6.9) 6.6 (1.8) 

 

 

 

 

Figure 1: 2017 water levels in the ~2.5 m piezometers inside and outside the bale grazed area of the 
Caroline site 
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Figure 2: 2017 water levels in the 4.5 m and 7.0 m piezometers at the Vermilion site. 
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2017 Activity Report: remote sensing on bale grazed sites and non- grazed sites 

Methodology 
The data presented below, compares areas impacted by Treatment A with the areas impacted by 
Treatment B. Following the 2017 field season, all information was combined and forage production data 
(all years) was used to determine if optical sensors (drones and quad-mounted sensors) can be used to 
accurately estimate forage biomass. 
 
2017-18 Activity 
During 2017, NDVI readings, sonar plant height measurements, and drone aerial photographs were 
taken at the Caroline site on June 1, July 10, and September 7 and on July 19 and September 6 at the 
Vermilion site. More precise NDVI readings were also taken at the bale grazed sites by walking over the 
sampling grids with sensor (GreenSeeker®) in hand.  
 
2017-18 Results 
 
Caroline 
 

 
Color photo of the Caroline project site, taken by drone on July 10, 2017. Bale 1 and bale 2 sampling locations are shown, as 
well as the eight additional sampling locations introduced in 2016.  
 
NDVI – Bales 1 and 2 only: In early summer 2017, NDVI values at both bales were slightly higher than 
they were for the same time period in 2016. By mid-summer 2017, NDVI values were almost identical to 
NDVI values for mid-summer 2016. However, because of the dry conditions in the latter part of the 
summer, late summer 2017 NDVI values were low, down 46% and 53% from the year before for bale 
one and two respectively. 

 

NDVI – All bales: Early summer readings show higher NDVI values for Treatment B than for Treatment A 
for all bales except bales six and seven. The trend continued to mid-summer, where NDVI values were 
higher for Treatment B in seven out of the ten bales. Bale seven showed a higher NDVI reading for 
Treatment A, while bales five and six showed no difference in NDVI between the two treatments. Dry 



conditions prevailed in late summer, and NDVI values dropped substantially at all bale locations. Still, six 
of the ten bales showed higher NDVI values where Treatment B occurred. One bale showed no 
difference between the treatments, and three bales showed higher NDVI values where Treatment A 
occurred. 

 
 

  
NDVI values at the Caroline bale sites during the summer of 2017. 

 

 

 
GreenSeeker® NDVI map, Caroline site – July 10, 2017. 

 



 

 
Drone-derived NDVI map, Caroline site – July 10, 2017. 
 

 

Plant Height: Plant height at both bales was slightly lower in early summer when compared to 2016 
measurements, with Bale 1 and Bale 2 being very close to the same. The latter part of the summer was 
dry, resulting in a decrease in plant heights at both bale sites, as seen in Figure 1.2 below. Compared to 
2016 late summer plant heights, the 2017 late summer plant heights had decreased by 69% and 78% for 
bales 1 and 2 respectively. 

 

  

 
Plant height during the 2017 growing season at Caroline bale sites. 
 



 

 
Plant height map, Caroline site – July 10, 2017. 
 
 
Vermilion 
 

 
Photo taken by drone at the Vermilion site - July 19, 2017.      
 
NDVI: Early summer NDVI readings were not taken at the Vermilion site due to the pasture having been 
grazed during that time period. By mid-summer, values had risen to slightly higher levels (14% higher at 
both bales) than mid-summer 2016. By summer’s end, values had decreased substantially, probably due 
to lack of precipitation during the latter part of the summer. Bale 1 NDVI values in late summer were 
24% lower than mid-summer readings, while Bale 2 values were 16% lower than mid-summer. These 



late summer NDVI values are 22% and 13% respectively lower than bale one and bale two values for the 
same time period in 2016. 

 

 

 
 

                  

                                                         
Drone-derived NDVI map -July 19, 2017.                                 GreenSeeker® NDVI map - July 19, 2017. 



Plant Height: Early summer plant height readings could not be collected as the pasture was grazed 
during that time. Mid- summer plant height in 2017 was significantly lower at bale one than bale two, 
likely due to the significant crop damage from ground squirrel activity at the bale site. Plant height at 
bale one in mid-summer 2017 was 54% lower than mid-summer plant height in 2016. At Bale 2, plant 
height was only slightly (13%) lower in mid-summer 2017 than the same time in 2016. Plant height at 
both bale sites was lower in late summer 2017 than the same time period in 2016: Bale 1 was 20% lower 
and Bale 2 was 15% lower. This is likely due to reduced precipitation in the area during the latter part of 
summer 2017 when compared to 2016. 

 

 
Plant height during the 2017 growing season at Vermilion bale sites. 
 
 



 
Plant height at the Vermilion site – July 19, 2017. 
 
 

 
Caroline Statistics 
 

CAROLINE SITE 2015 2016 2017
EARLY MID LATE EARLY MID LATE EARLY MID LATE

GREENSEEKER NDVI
Regression (R2): YIELD VS NDVI 4.67973E-05 0.489584847 0.102158738 0.015087818 0.212451864 0.05272186 0.158000398 0.160958735 0.169231267
t-Test: Paired Two Sample for Means (P(T<=t) two-tail) 0.001269274 0.003022884 0.000104478 0.00028201 0.224720244 0.374110333 0.007109234 0.015690909 0.211502116

DRONE NDVI
Regression (R2): YIELD VS DRONE NDVI ND ND ND ND 0.109767046 0.05272186 0.217022543 0.049862297 0.154327785
t-Test: Paired Two Sample for Means (P(T<=t) two-tail) ND ND ND ND 0.091329944 0.043906592 0.003051903 0.234270267 0.34279677

SONAR PLANT HEIGHT
Regression (R2): YIELD VS PLANT HEIGHT 0.023116051 ND 0.139836697 0.009339306 ND 0.001287138 0.029975006 0.1126695 0.000816779
t-Test: Paired Two Sample for Means (P(T<=t) two-tail) 0.513718968 ND 0.550709171 0.777168954 ND 0.018072015 0.960488965 0.831824295 0.132222555

TOTAL CARBON CORRELATION TO NDVI
Regression (R2): TOPSOIL TOTAL CARBON VS. NDVI ND ND ND 0.010418364 0.048438046 0.021626433 0.0906022 0.257597856 0.211711959

TOTAL CARBON CORRELATION TO PLANT HEIGHT
Regression (R2): TOPSOIL TOTAL CARBON VS. PLANT HEIGHT ND ND ND 0.097363255 ND 0.019072564 0.412783285 0.053105289 0.668050328

N CORRELATION TO NDVI
Regression (R2): TOPSOIL N VS. NDVI ND ND ND 0.013797526 0.070308576 0.067377705 0.177607733 0.057107695 0.105756699

P CORRELATION TO NDVI
Regression (R2): TOPSOIL P VS. NDVI ND ND ND 3.25663E-05 0.011633502 0.473754717 0.003188053 0.217366573 0.021773434

K CORRELATION TO NDVI
Regression (R2): TOPSOIL K VS. NDVI ND ND ND 0.034051822 0.222663586 0.074803594 0.026688706 8.95445E-05 0.003646916

ND-NO DATA
SIGNIFICANT R squared >0.2 SIGNIFICANT P<=0.05
NOT SIGNIFICANT R squared <0.2 NOT SIGNIFICANT P>0.05
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Statistics summary for all data 
 
 
 

 

 

 

 

 

VERMILION SITE 2015 2016 2017
EARLY MID LATE EARLY MID LATE EARLY MID LATE

GREENSEEKER NDVI
Regression (R2): YIELD VS NDVI ND 0.046799061 0.000462713 0.059845123 0.024750716 0.020079762 ND 0.090897679 0.000325119
t-Test: Paired Two Sample for Means (P(T<=t) two-tail) ND 0.024996047 0.021854442 0.000345351 0.000485449 0.0008108 ND 0.019650058 0.550666707

DRONE NDVI
Regression (R2): YIELD VS DRONE NDVI ND ND ND 0.21232578 0.20074627 0.276258482 ND 0.001390236 0.003805172
t-Test: Paired Two Sample for Means (P(T<=t) two-tail) ND ND ND 0.555174157 0.009423541 0.000240865 ND 0.128787011 0.597845148

SONAR PLANT HEIGHT
Regression (R2): YIELD VS PLANT HEIGHT ND 0.005663426 0.147568292 0.21232578 0.126118223 0.047396755 ND 0.000694248 0.057486081
t-Test: Paired Two Sample for Means (P(T<=t) two-tail) ND 0.229228122 0.080085198 0.555174157 0.034532224 0.18553966 ND 0.570087255 0.373093154

TOTAL CARBON CORRELATION TO NDVI
Regression (R2): TOPSOIL TOTAL CARBON VS. NDVI ND ND ND 0.000399572 0.065380365 0.132594066 ND 0.069450852 0.060829097

TOTAL CARBON CORRELATION TO PLANT HEIGHT
Regression (R2): TOPSOIL TOTAL CARBON VS. PLANT HEIGHT ND ND ND 0.525247362 0.114770877 0.119531162 ND 8.15384E-06 0.000169452

N CORRELATION TO NDVI
Regression (R2): TOPSOIL N VS. NDVI ND ND ND 0.001817967 0.000962117 0.124742268 ND 0.055370201 0.076112919

P CORRELATION TO NDVI
Regression (R2): TOPSOIL P VS. NDVI ND ND ND 0.000106016 0.019904335 0.166476592 ND 0.091142036 0.193124063

K CORRELATION TO NDVI
Regression (R2): TOPSOIL K VS. NDVI ND ND ND 0.064462528 0.042990088 0.09190398 ND 0.12436467 0.084285489

ND-NO DATA
SIGNIFICANT R squared>0.2 SIGNIFICANT P<=0.05
NOT SIGNIFICANT R squared<0.2 NOT SIGNIFICANT P>0.05

BIOMASS PREDICTION - BOTH SITES COMBINED, MID-SUMMER ONLY: ALL SAMPLES: N CORRELATION TO NDVI, MID-SUMMER ONLY: ALL SAMPLES:
YIELD VS NDVI - R squared Average: 0.171 0.100 Average R squared: 0.0459 0.0683
YIELD VS DRONE NDVI - R squared Average: 0.116 0.128
YIELD VS PLANT HEIGHT - R squared Average: 0.061 0.065 P CORRELATION TO NDVI, MID-SUMMER ONLY:

Average R squared: 0.0850 0.109
TOTAL CARBON PREDICTION - BOTH SITES COMBINED, MID-SUMMER ONLY: ALL:
TOTAL CARBON VS NDVI - R squared average: 0.110 0.088 K CORRELATION TO NDVI, MID-SUMMER ONLY:
TOTAL CARBON VS PLANT HEIGHT - R squared average: 0.056 0.201 Average R squared: 0.0975 0.0700

No consistent, significant correlation between soil nutirents and NDVI.
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