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Executive Summary

This study was initiated to examine night and dawn time applications as a practical alternative to the day
time spray application. Poor day time conditions, such as, hot and windy conditions with low humidity
and high rates of volatilization and photodegradation, among others, can greatly reduce herbicides’
efficacies. Because, producers rely on pesticides, especially under zero-tillage systems, any reduction in
herbicides’ efficacies can quickly diminish financial returns on their substantial investments. Financial
stakes could even be higher in Alberta due to our short growing seasons because about 70% of the
9,621,606 ha of land farmed for crops in the province is maintained with commercial herbicides. At a
cost of $10 - $20/ac depending on rates, farmers in Alberta collectively spend between $72-138/ac each
year on herbicides.

Our short growing seasons can often force growers to operate under less than the recommended
conditions because most crops have to be seeded and sprayed in a very short time frame. For the same
reason, waiting for the ideal conditions for spraying pesticides could cause significant economic and
environmental consequences. Therefore, producers are increasingly inclined to complete their spray
operations using night and/or dawn time applications. Because of cooler temperatures, less wind, higher
humidity and lower evaporation potential, night and dawn time applications are perceived to potentially
improve efficacy due to greater absorption while providing a feasible alternative to poor daytime
conditions. However, scientific research is limited and huge knowledge gaps exist in this area. There are
hardly any studies available which could provide producers with objective information and tools
necessary to make an informed choice and determine if night/dawn time applications could be used as
practical alternatives to the day time application. Therefore, this project was designed to determine if
there was a real potential for night or dawn time spraying. This study evaluated day (12-2pm), night
(12pm-1am) and early morning (4-5am) spray timings for preseed burndown (PSBD) and in-crop
herbicide applications. Specifically, the study tried to answer three questions, (a) Determine if applying
herbicides at night is a practical option for producers, (b) Generate unbiased data on the efficacy and
tolerance of night applications of herbicides and  (c) Uncover possible issues/complications associated
with night spraying.

Research plots were established at three locations across Alberta, Lethbridge, Bonnyville and Falher. In
preseed burndown (PSBD) trials, plots were sprayed at label-recommended and three quarter-label
rates with four herbicides, Prepass (Florasulam), Rounndup (Glyphosate), Aim (Carfentrazone) and Heat
(Saflufenacil) according to the experimental design using hand held sprayers equipped with two meter
booms and CO2 propellant at three different timings, day (12-2pm), night (12pm-1am) and early
morning (4-5am). In-crop trials plots were sprayed at three quarter-label rate with the herbicides,
Liberty (Glufosinate-ammonium), TM Muster + Select (Ethametsulfuron-methyl + Clethodim), Vantage™
Plus MAX Il (glyphosate), Odyssey (Imazamox, Imazethapyr), Select (Clethodim), OcTTain (fluroxypyr,
2,4-D LV ester), Everest (Flucarbazone-sodium), Axial + Infinity (Pinoxaden + Prasulfotole, bromoxynil)
and Barricade (Thifensulfuron, methyl, tribenuron methyl) depending on the target crop and
experimental design, using similar equipment and spray timing as mentioned above in the PSBD trials.

The major conclusions drawn from our study are:

e The herbicides in PSBD and in-crop trials performed most effectively when applied in the day
time (12-2 pm). Night time (12pm-1am) gave better results than the least effective Dawn time
(4-5 am). We saw a substantial advantage of Day and Night time applications over the Dawn
time application



e Although, Night time application performance was less often effective than Day time
application, it performed better more often than Dawn time and, therefore, it could be useful as
an alternate spray application timing when opportunities for Day time application are limited

e The results also suggest that moisture-stressed plants or a major rainfall event shortly after
herbicide application could also reduce efficacies potentially rendering the herbicides totally
ineffective, upsetting the performance patterns most often seen in our study

Since our study results showed a substantial advantage of both day and night time applications over the
dawn time application, night time application could be used as alternative spray application timing for
optimizing herbicide use in Alberta, particularly, when the opportunities for day time application are
limited. Because in a short growing season as in Alberta, application timing is very critical for optimal
herbicide performance, it is anticipated that the night time application of pesticides would significantly
expand the opportunity time window for the producers. It would help producers to avoid potential
economic and environmental consequences resulting from waiting for ideal conditions required for day
time application. It would also reduce economic losses from high application rates, unintended damage
to off target crops as well as environmental pollution of surface and subsurface water bodies. Relatively
calmer and cooler environmental conditions at night would be potentially favorable in limiting off target
drifts, reducing high evaporative losses and improving upon plant deposition and adsorption.

Our findings would greatly improve the producers’ options to select from when faced with difficult
choices about which pesticides to spray, how to spray and when to spray (e.g., a producer may select a
more effective herbicide if the danger of spray drift to adjacent crops is lower). It would also provide
producers with the opportunity of expanding the application acreage in same window of time and assist
the Alberta agri-food industry in enhancing public perception of its environmental stewardship. Our
study of comparative performance of day, night and dawn time applications of pesticides would help
producers to make informed decisions, especially on regional basis. Our study also filled the knowledge
gaps and provided producers with unbiased reliable information on efficacy and tolerance for common
herbicides sprayed on common crops in Alberta.
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1 Introduction

Producers rely on pesticides, especially under zero-tillage systems. Growers try to farm more acres using
the same equipment, and sometimes stretch the boundaries of recommended application conditions.
Timing is critical for optimal herbicide performance (Ramsey et al., 2005). Night spraying may provide a
feasible alternative to poor daytime conditions and could potentially improve efficacy due to greater
absorption. Growing seasons are short and most crops are seeded and sprayed in a very short time
frame. Weather conditions including temperature and wind speed can further limit ability to apply
pesticides at the correct time.

Applying pesticides in hot and windy conditions with low humidity causes spray droplets to evaporate
quickly on the leaf surface decreasing absorption time and potentially affecting efficacy (Ramsey et al.,
2005). Volatilization and photodegradation is also at its highest under these conditions (Mclnnes et al.,
2000). At night, evaporation potential is lower because of cooler temperatures, less wind and higher
humidity. Dew on the leaf cuticle may increase absorption of the pesticides through better cuticle
hydration time when plants are growing most actively.

Scientific research is limited in this area. Ramesy et al. (2005) noted that among environmental factors,
temperature and relative humidity have the biggest effect on herbicide uptake; however, broad
conclusions about the exact mechanisms for herbicide/species/humidity/temperature interactions are
difficult because of the scope required. While a study showed that paraquat was more effective at
controlling one weed species at 8pm than 2pm, another study showed it was more effective at
controlling different weed species at 9am and 3pm than 9pm or 3am (Fausey & Renner, 2001). The main
hazard is the potential for a temperature inversion. Inversions are most likely to happen at night when a
layer of cooler air is trapped near the earth’s surface. Under these conditions it is possible for fine
particles to be suspended in a layer above the ground and later deposited in a non-intended location.
Inversions may be less of a concern in windy regions and in the early spring compared to later summer
and fall.

Demonstration plots were established at the Farming Smarter Field School in 2011. Liberty, Glyphosate,
Solo and Gramoxone herbicides were sprayed on pea, barley and camelina (as weeds) during the day
and at night. Night spraying did not reduce efficacy and some plots showed slightly better visual control.
Dr. Bob Blackshaw (weed specialist with AAFC) and Don Boles (farmer in Three Hills, AB) lead the
module and discussed how the development of new technology like GPS and autosteer has aided
implementation. Boles noted he has been spraying at night for a number of years with little to no
adverse effects on his crops and at times saw improved efficacy. He also noted that in some situations
night spraying has allowed him to lower his water volumes.

1.1 Objectives

The main goal of the study is to provide detailed scientific information on the effects of night spraying
using herbicides currently registered in Alberta on common weeds and crops for the area. Objectives are
to: (a) determine if the application of herbicides at night is a practical option for producers, (b) generate
unbiased data on the efficacy and tolerance of night applications of herbicides and (c) uncover possible
issues/complications associated with night spraying.

1.2 Deliverables

This project was designed and delivered with producers, industry and other stakeholders in mind to: (a)



evaluate phytotoxicity (crop tolerance) and efficacy (weed control) of herbicides with differing modes of
action applied at various times of day (12-2pm, 12pm-1am and 4am-5am), (b) utilize long-term weather
records to determine average and annual variability in daytime and nighttime hours suitable for spraying
each week at different locations in Alberta, (c) calculate the increase in acres that could be sprayed in
“optimum” spray conditions per sprayer and (d) distribute information to growers via farming smarter
and partner associations’ magazine, newsletters, crop walks, tours, workshops/conferences, media,
websites (www.farmingsmarter.com, ropintheweb, www.areca.ab.ca) social media etc., which would
give them the tools necessary to make an informed choice.

This trial was designed to determine if there was real potential for night spraying. Should positive results
be found, a more comprehensive research program may be devised that includes multiple herbicide
rates, reduced water volumes and field scale testing.

2 Materials and Methods

2.1 Site Selection and Trial Setup

Research plots of slightly different sizes were established at three locations, 1.93 m x 6 m at the Farming
Smarter Association (FSA) site in Lethbridge, 1.14 m x 6 m at the Lakeland Agricultural Research
Association (LARA) site in Bonnyville and 1.37 m x 5 m at the Smoky Applied Research and
Demonstration Association (SARDA) in Falher, Alberta. All trials were designed as randomized split-plots
with four replicates. A total of 344 plots were set up under FSA, 96 plots in two preseed burndown
(PSBD) trials and 248 in 8 in-crop trials under 4 crops, LL-canola, RR- canola, peas and wheat. Four
in-crop trials were set up at LARA and SARDA with 2 trials each under two crops, LL-canola and wheat
with a total of 160 plots. Plots were sprayed using hand held sprayers equipped with two meter booms
and CO, propellant. Low drift nozzles were used at all locations to minimize drift. Herbicide labels were
consulted for rates and application timing and other considerations. Nozzles were spaced 50 cm apart
and held 50 cm above the canopy. Plot dimensions, number of rows, row spacing etc. were adjusted as
necessary to accommodate different seeding and spraying equipment.

2.2 Data Collection and Processing

2.2.1 Preseed Burndown (PSBD) Trials

The PSBD trial was conducted only at the FSA site in Lethbridge. It was a randomized split-plot design
with 4 replicates. The main plots were herbicides and the subplots were spray application timings. Plots
were sprayed at label-recommended and three quarter-label rates with four herbicides (Table 1),
Prepass (Florasulam), Rounndup (Glyphosate), Aim (Carfentrazone) and Heat(Saflufenacil) according to
the experimental design using hand held sprayers equipped with two meter booms and CO, propellant
at three different timings, day (12-2pm), night (12pm-1am) and early morning (4-5am).

Table 1. List of the herbicides used in the preseed burndown (PSBD) trials.

Herbicide Chemical Name | Group Activity
Trade Name

Prepass TM Florasulam group 4/9 | systemic
Rounndup Glyphosate group 9 systemic
Heat Saflufenacil group 14 contact
Aim Carfentrazone group 14 contact




Site selection included known weedy areas including both broad leaf and grassy weeds. If these sites
were not readily available, weeds were seeded to ensure an effective study. In order to ensure an
appropriate range of spray conditions, two trials were conducted with two spray application dates, an
early-season date and the most practiced (normal) date.

Environmental data were recorded before and after spray applications including air temperature, soil
temperature, wind speed and direction, relative humidity, cloud cover, and precipitation. Dew period
and evapotranspiration were also measured. Weed control ratings were conducted at 7 DAS (days after
spraying), 14 DAS and 21+ DAS. Weed biomass was taken as fresh weights from natural weed
infestations using four % m” quadrats at 21 DAS. The top 5 most prevalent weeds were noted for each
plot. Other data collection included growth stage, weeds present and pictures.

2.2.2 In-Crop Trials

In crop trial locations included FSA, Lethbridge; SARDA, Falher and LARA, Bonnyville, Alberta. These trials
were randomized split plots with herbicide as the main plot and spray timing as the sub plot. The three
spray timings were day (12-2pm), night (12pm-1am) and early morning (4-5am). Four trials were seeded
to barley/wheat, peas, LL-Canola and RR-Canola as early as possible and four additional trials were
seeded at a later date to ensure variations in spray conditions. For the same reason, two additional trials
were seeded to LL-Canola and RR-Canola on even a later (third) date at the FSA site in Lethbridge.
Seeding rates were 300 seeds m? for barley/wheat, 100 seeds m? for peas and 5lbs/ha for canola. Tame
oats (150 seeds m?) and tame mustard (50 seeds m?) were seeded across the plots in all trials to
simulate weeds.

Herbicides were selected based on the mode of action, activity, selectivity and use in Alberta (Table 2).
Trial plots were sprayed at three quarter-label rate with the herbicides, Liberty
(Glufosinate-ammonium), TM Muster + Select (Ethametsulfuron-methyl + Clethodim), Vantage™ Plus
MAX Il (glyphosate), Odyssey (Imazamox, Imazethapyr), Select (Clethodim), OcTTain (fluroxypyr, 2,4-D
LV ester), Everest  (Flucarbazone-sodium), Axial + Infinity (Pinoxaden + Prasulfotole, bromoxynil) and
Barricade (Thifensulfuron, methyl, tribenuron methyl) depending on the target crop and experimental
design, using similar equipment and spray timing as mentioned above in the PSBD trials.

The crop tolerance and weed control ratings were conducted at 7 - 10 DAS, 14 - 17 DAS and 21-28 DAS.
Crop and weed biomass were sampled as fresh weights using four % m?” quadrants around 21 DAS. Other
data collection included growth stage, weeds present, pictures and yield when possible. Environmental
data were also recorded before and after spray applications including air temperature, soil temperature,
wind speed and direction, relative humidity, cloud cover, and precipitation. Dew period and
evapotranspiration were also measured.

2.3 Data Analysis

Trials’ data were analysed with the PROC GLM procedure of SAS (SAS Institute Inc., Cary, NC) for ANOVA
to detect significant differences (p<0.1) among the treatment means. Treatment means with significant
differences were separated with the Tukey's Studentized Range (HSD) Test (p=0.1). Two indices, Efficacy
rating (ER) and Weed biomass ratio (WBR), were used for performance comparisons of the selected
herbicides. The ER is a visual rating system on the scale of 0 (Control) to 100, with 0 denoting no weed
control and 100 indicating a complete weed-eradication. The WBR was calculated as a percent ratio of
the weed biomass collected per unit area from each treatment with weed biomass per unit area from
the Control (WBR=100%).



Table 2. List of the herbicides used in the in-crop trials.

Herbicide Chemical
Crop |Trade Group  |Activity Target Weeds
Name

Name
Controls grasses in Canola, Flax, Field Peas, Lentils, Desi and Kabuli Chickpeas,
Dry Onions, Potatoes, Mustard, Soybeans, Seedling Alfalfa, Sunflower and Dry

Select Clethodim group 1 |systemic |Beans
http://www.cropscience.bayer.ca/~/media/Bayer%20CropScience/Country-Can

Peas jada-Internet/Products/Centurion/select label.ashx
Controls broadleaf as well as grassy weeds from Canola, Lentils, Field Peas and
Odyssey Imazamoyx, group 2 |systemic soybeans
Imazethapyr (https://agro.basf.ca/West/Products/Related Files/ODYSSEY%20DLX%20V2 Te
ch%20Sheet.pdf)
Control broadleaf weeds in wheat (spring, winter and durum), spring barley and
Thifensulfuron, oats not under seeded to legumes or grasses, and in certain grasses for forage

Barricade methyl, group 2 |systemic or seed production
tribenuron (http://www.dupont.ca/content/dam/dupont/products-and-services/crop-prot
methyl ection/cereals-protection/documents/cp PSD-18 29544-20140929-sib2014-20

48&2014-2126-BarricadeSG-Label-EN.pdf)
Flucarbazone-s partially |Controls grassy and broadleaf weeds

Everest . group 2 .

odium systemic |(http://www.uap.ca/products/documents/Everest2.0.pdf)
Controls broadleaf weeds including cleavers, kochia and wild buckwheat in
Wheat OcTTain fluroxypyr, group 4 partially [spring wheat, durum wheat, winter wheat and spring barley
2,4-D LV ester systemic |(http://msdssearch.dow.com/PublishedLiteratureDAS/dh 0901/0901b8038090
[Le2c.pdf?filepath=ca/pdfs/noreg/010-22282.pdf&fromPage=GetDoc)
Controls grassy weeds - Wild Oats, Green Foxtail, Yellow Foxtail, Barnyard Grass
. . |Volunteer Oats, Volunteer Canary seed and Proso Millet in Spring Wheat,
Pinoxaden+ |[group 1 |[systemic|, .

™ Axial + Winter Wheat and Barley .

Infinity (http://www.syngentafarm.ca/pdf/msds/Axial BIA 30431 en msds.pdf)
prasulfotole, |group |partially Broadleaf weeds in Wheat, Barley, Triticalg, Timothy (seed pr(?duction only)
bromoxynil 6/27 systemic (http://www.cropscience.bayer.ca/~/media/Bayer%20CropScience/Country-Ca

nada-Internet/Products/Infinity/Infinity%20-%20MSDS.ashx)
Controls grassy and broadleaf weeds in Canola varieties, Corn hybrids and
. Soybean varieties that are specially developed to be tolerant to glufosinate
. Glufosinate . . .

Liberty —ammonium |87UP 10|contact [ammonium (for example LibertyLink® seeds)
(http://www.cropscience.bayer.ca/~/media/Bayer%20CropScience/Country-Ca
nada-Internet/Products/Liberty%20150/liberty150 msds.ashx)

Canola Canola, Rapeseed, Condiment Mustard, Sunflower, Brassica Carinata,
LL Laurentian Rutabaga

™ Ethametsulfur group 2 |systemic |(http://www.dupont.ca/content/dam/dupont/products-and-services/crop-prot

Muster + |on-methyl + ection/oilseed-crop-protection/documents/cp PSD-42 23569-20140716-%20f

Select ont%20correction-Muster-Label-EN.pdf)

Clethodim group 1 |systemic| As above
Many annual and perennial grasses, broadleaf weeds, and woody brush and
Canola . _[trees
RR VPMIl glyphosate group 9 |systemic when applied as recommended by the manufacturer

(http://www.ivmexperts.ca/pdfs/Vantage Plus Max Il Label English.pdf)



http://www.cropscience.bayer.ca/~/media/Bayer%20CropScience/Country-Canada-Internet/Products/Centurion/select_label.ashx
http://www.cropscience.bayer.ca/~/media/Bayer%20CropScience/Country-Canada-Internet/Products/Centurion/select_label.ashx
https://agro.basf.ca/West/Products/Related_Files/ODYSSEY%20DLX%20V2_Tech%20Sheet.pdf
https://agro.basf.ca/West/Products/Related_Files/ODYSSEY%20DLX%20V2_Tech%20Sheet.pdf
http://www.dupont.ca/content/dam/dupont/products-and-services/crop-protection/cereals-protection/documents/cp_PSD-18_29544-20140929-sib2014-2048&2014-2126-BarricadeSG-Label-EN.pdf
http://www.dupont.ca/content/dam/dupont/products-and-services/crop-protection/cereals-protection/documents/cp_PSD-18_29544-20140929-sib2014-2048&2014-2126-BarricadeSG-Label-EN.pdf
http://www.dupont.ca/content/dam/dupont/products-and-services/crop-protection/cereals-protection/documents/cp_PSD-18_29544-20140929-sib2014-2048&2014-2126-BarricadeSG-Label-EN.pdf
http://www.uap.ca/products/documents/Everest2.0.pdf
http://msdssearch.dow.com/PublishedLiteratureDAS/dh_0901/0901b80380901e2c.pdf?filepath=ca/pdfs/noreg/010-22282.pdf&fromPage=GetDoc
http://msdssearch.dow.com/PublishedLiteratureDAS/dh_0901/0901b80380901e2c.pdf?filepath=ca/pdfs/noreg/010-22282.pdf&fromPage=GetDoc
http://www.syngentafarm.ca/pdf/msds/Axial_BIA_30431_en_msds.pdf
http://www.cropscience.bayer.ca/~/media/Bayer%20CropScience/Country-Canada-Internet/Products/Infinity/Infinity%20-%20MSDS.ashx
http://www.cropscience.bayer.ca/~/media/Bayer%20CropScience/Country-Canada-Internet/Products/Infinity/Infinity%20-%20MSDS.ashx
http://www.cropscience.bayer.ca/~/media/Bayer%20CropScience/Country-Canada-Internet/Products/Liberty%20150/liberty150_msds.ashx
http://www.cropscience.bayer.ca/~/media/Bayer%20CropScience/Country-Canada-Internet/Products/Liberty%20150/liberty150_msds.ashx
http://www.dupont.ca/content/dam/dupont/products-and-services/crop-protection/oilseed-crop-protection/documents/cp_PSD-42_23569-20140716-%20font%20correction-Muster-Label-EN.pdf
http://www.dupont.ca/content/dam/dupont/products-and-services/crop-protection/oilseed-crop-protection/documents/cp_PSD-42_23569-20140716-%20font%20correction-Muster-Label-EN.pdf
http://www.dupont.ca/content/dam/dupont/products-and-services/crop-protection/oilseed-crop-protection/documents/cp_PSD-42_23569-20140716-%20font%20correction-Muster-Label-EN.pdf
http://www.ivmexperts.ca/pdfs/Vantage_Plus_Max_II_Label_English.pdf

3 Results and Discussion

3.1 Preseed Burndown (PSBD) Trials

The preseed burndown (PSBD) trials were conducted only at the FSA site in Lethbridge, Alberta. Based
on the results from the three project years (2012-2014), we conclude that:

Tables 3, 4 and 5 present the analysis results for 2012, 2013 and 2014, respectively. Each table compares
the performance of the four selected herbicides with respect to the three distinct application timings,
Day (12-2pm), Night (12-1am) and Dawn (4-5am), in two PSBD trials conducted with two different spray
application dates, an early date and the most practiced (normal) date. Treatment means with the same
letter are not significantly different at a probability level of 0.1 (p<0.1).

Table 3, shows that ERs for both Day time and Night time applications ranked better than the Dawn time
application for 75% of the time (three of the four herbicides) in trial-1 and 100% of the time (all four
herbicides) in trial-2. Similarly, in 75% of the occurrences, WBRs for both Day and Night time
applications ranked better than the Dawn time application in both trials. In summary, Table 3 shows that
in majority of the instances in 2012, both Day time and Night time spray applications were more
effective than Dawn application.

Results were different, however, in 2013 compared to 2012, particularly in trial-1, where Dawn time
application ER and WBR ranked better than both Day and Night times in 75% of the instances (Table 4).
However, similar to the 2012 results, both ER and WBR for Day time application in trial-2 ranked better
than both Night and Dawn application times in 50% and 75% of the instances, respectively. From Table
4, it could be concluded that, while ER and WBR for the Dawn time application on the average scored
better than the Day and Night time applications in trial-1, results from trial-2 were similar to 2012
favoring the Day time application over the Night time and Dawn time applications.

Results from the two trials in 2014 (Table 5) were very similar to the two trials of 2012 (Table 3) and
trial-1in 2013 (Table 4). The ERs for both Day time and Night time applications ranked better than the
Dawn time application for 100% of the time (all four herbicides) in both trials. Similarly, WBRs for both
Day and Night time applications ranked better than the Dawn time application 75% of the time in both
trials. Based on the results listed in Table 3 it was concluded that on the average in about 88% of the
instances in 2014, both Day time and Night time spray applications were more effective than Dawn
application.

Table 6 shows a summary of the ER and WBR values from Tables 3, 4 and 5 for the Day time application.
It shows that on an average, PSBD with the Day time application of the selected herbicides was more
effective than the Dawn application in 75% of the instances when examined using ERs and about 67% of
the time based on the WBRs over the three years, 2012, 2013 and 2014. However, when averaged over
the two years with similar results, 2012 and 2014, the ERs and WBRs values increased from 75% and
67%, respectively, to 94% and 75%; which also indicated a substantial increase in the number of
instances in which PSBD with the Day time application of the selected herbicide performed better than
the Dawn time application. The PSBD Results similar to those noted in 2012 and 2014 showing the Day
time application being better than the Dawn time were also observed in a pilot project conducted as a
proof of concept prior to this study.



3.1.1 Influence of Prevailing Weather Conditions on PSBD Trials

Similarities between the herbicides’ performance patterns with respect to the application timings (Day,
Night and Dawn) between 2012 and 2014 trials and the absence of those patterns in the 2013 trials’
results could be attributed to the prevailing weather conditions at the time of herbicide application.
Several studies have reported a reduction in herbicide efficacy under both dry soil conditions and the
occurrence of a rainfall event shortly after a spray application (Anderson et al., 1994; Kudsk and
Kristensen, 1992; Johnson et al., 2004). Under dry conditions, low soil moisture could cause high
moisture stress in plants which could reduce translocation and hence the efficacy of the post-emergence
herbicides. Moisture stress can also result in changes in the plant form and structure, such as, leaf
rolling or thickening of cuticles possibly causing reduction in the amount of herbicide entering the plant.
Similarly, washing away of unadsorbed herbicide from the leaf surface by a rainfall event shortly after a
spray application could also reduce its efficacy.

Figures 1 through 3 compare daily instantaneous, accumulated and long term normal rainfall for April
and May in 2012, 2013 and 2014 at the Lethbridge Demo Farm, Lethbridge, Alberta. Figures 4 through 9
show hourly records of the instantaneous precipitation (mm), accumulated precipitation (mm), average
air temperature (degree C) and relative humidity (%)on the dates of the respective trials in 2012, 2013
and 2014 at the Lethbridge Demo Farm. A close examination of the weather data in 2013 clearly showed
that both moisture conditions, low soil moisture and rainfall event(s) shortly after the spray application
occurred around the dates of the trials- 1 and 2, respectively. As seen in Figures 2, only 24 mm of
precipitation had accumulated between April 1 and May 10, 2013, (52% below normal), indicating a very
dry period at the time of the herbicides’ application in trial-1 (May 9 and 10, 2013) compared to the 85
mm between April 1 and May 7 (79% above normal) in trial-1 in 2012 (Figure 1) and 60 mm between
April 1 and May 8 (23% above normal) for trial-1 in 2014 (Figure 3). Apparently, the impaired
performance of all four herbicides because of the dry conditions in trial-1, 2013, not only left WBRs very
close to Control (100%) indicating almost no weed kill, an increase in weed biomass compared to the
Control was noticed in at least two of the instances (Table 4) — indicating a total loss of herbicide
efficacy. In trial-2, 2013, with precipitation accumulation (43 mm) still 47% below normal, it was again
dry at the time of herbicides application between 27th and 28th May, 2013. Also, however, about 16
mm of rainfall occurred between May 28 and 29 (Figure 2). Apparently, because the weather conditions
as discussed above in 2013, rendered the herbicides almost totally ineffective in weed kill in trial-1 and
-2, their results could not match the herbicides’ performance patterns observed with respect to the
spray application timings in 2012 and 2014.

Table 7, shows a performance comparison of the four selected herbicides, and with respect to the three
distinct application timings, Day (12-2pm), Night (12-1am) and Dawn (4-5am), for the PSBD trials
presented earlier in Tables 3, 4 and 5 above. These results show that with the highest scoring ERs and
the lowest WBRs (except in trial-1, 2014) over the three project years, the Vantage Plus Max Il (VPMII)
herbicide was significantly (p<0.1) more effective than the other three selected herbicides examined in
our PSBD trials. Table 7, also shows that the Day time spray application was more effective than Night
and Dawn timings in two of the three years (66% of the time) in the trials sprayed on an early date and
for all three years (100% of the time) in the trials sprayed on normal (most practiced) dates during the
season. These results showing the Day time spray application being more effective than Night and Dawn
time applications also corroborate with the results presented in Tables 3 through 6 discussed above
while examining each of the selected herbicides separately.



3.2 In-Crop Trials

3.2.1 Data Analysis and Results for the FSA Site, Lethbridge
3.2.1.1 ProjectYear 2012

3.2.1.1.1 Prevailing Weather Conditions

Figure 10 shows the daily instantaneous, accumulated and long term normal rainfall from May 25 to July
31, 2012, at the FSA project site in Lethbridge, Alberta. The site had received nearly 16 mm of rainfall
during the last week of May, by the time trial-1 was treated on May 31 - June 1. By the time we treated
Trial-2 on June 21-22, the area had accumulated an additional rainfall of around 90 mm. A further
amount of 49 mm of rainfall had fell by the time we treated trial-3 on July 24-25, bringing the total
amount of rainfall above normal for that period. Because of the relatively wet conditions, we believe soil
moisture conditions prevented plant moisture-stress at any time. Figures 11, 12 and 13 also show that
there were no major rainfall events shortly after the treatment of the three trials.

3.2.1.1.2 Results

Tables 8 and 9 compare the ER and WBR means with respect to three distinct application timings for
seven selected herbicides applied on oats and mustard in four crops in 2012. As mentioned before,
there were three trials set up in 2012 with Trial-1 and -2 with four crops and Trial-3 with two crops. Each
trial was a split plot randomized design with herbicide as a main plot and spray application timing as
sub-plots. The three trials were treated separately on three different spray application dates, i.e., Trial-1
on May 31-June (an early season date), Trial-2 on June 21-22 (the most practiced date) and Trial-3 on
July 24-25 (a date relatively late in the season).

Summary in Table 8 for oats shows that in Trials -1 and -2, Day time application produced the highest ER
scores (57, 71) and the lowest WBRs (71, 75) in majority of the instances compared to the Night time
application ranking in the middle and Dawn time application scoring the lowest. However, Day time
application in Trial-3 scored lower than the Night time application that was still higher than Dawn time
application. Also, as seen in Table 9 for mustard, the Day time application showed the highest ER scores
in all three trials (100, 100, 100) compared to the Night time and Dawn time applications.

Tables 10 and 11 give the ANOVA results of the combined data from the three trials described in Tables
8 and 9 for oats and mustard weeds, respectively. Treatment means with the same letter are not
significantly different (p=0.1). Table 10 shows that herbicides, (TM Muster + Select, VPMII, Select and
TM Axial+Infinity) were the most effective in eradicating oats from Canola (LL), Canola (RR), Peas and
Wheat, respectively. These also had the highest ER scores and lowest WBRs compared to the Control
with the Day time application in 100% of the instances. We also had similar ANOVA results for mustard
(Table 11). The Day time application performed better in 100% of the instances compared to 50% and
0% for Night time and Dawn time applications, respectively, with respect to the ER scores.

The results from 2012 presented in Tables 8 and 9 clearly demonstrate that the selected herbicides were
most effective in eradicating oats and mustard weeds when applied in the Day time. The ANOVA results
given in Tables 10 and 11 also show that in 2012 the Day time application trials were the most
frequently effective spray timing for most of the selected herbicides used in eradicating oats and
mustard in the four crops examined.



3.2.1.2 Project Year 2013

3.2.1.2.1 Prevailing Weather Conditions

Figure 14 shows June 2013 daily instantaneous, accumulated and long term normal rainfall at the FSA
project site in Lethbridge, Alberta. The site received nearly 21 mm of rainfall during the first week of
June by the time we treated Trial-1 on June 5-6. An additional rainfall of around 52 mm accumulated by
June 17-18 when trial-2 was sprayed, bringing the total amount of rainfall above normal for that period.
Because of adequate rainfall, we expected that soil moisture conditions were good and the plants were
not under any moisture stress and actively growing. Figures 15 and 16 show that while there was no
major rainfall event shortly after the treatment of Trial-1, over 40 mm of rainfall fell in two major events
between June 17 and 18, within 6-8 hours of the Day time application in Trial-2.

3.2.1.2.2 Results

Tables 12 and 13 show the results from the two trials each set up for oats and mustard in 2013. We
treated Trial-1 June 5-6 and Trial-2 June 17-18. We set up all trials with the same experimental design,
herbicides and crops used in 2012. For oats in Trial-1, the Night time application performed better more
frequently than the Day time and Dawn time applications. The Dawn time application showed the
greatest frequency of effectiveness in WBR compared to the Night and Day time applications in Trial-2.
We noted similar results in the mustard trials (Table 11) with Dawn time application rarely doing better
than the other two timings (Table 12).

We suspect that the major rain events around the herbicide application time caused Trial-2 Day time
application results out of synchronization with 2013 Trail-1 results and majority results from 2012 trials.
As indicated before, Figure 16 shows that on June 17, 2013, Trials-2 received over 40 mm of high
intensity heavy rainfall in two events within 6-8 hours after the Day time herbicide application. Because
it was highly likely that the unadsorbed herbicides washed off the leaf surfaces, efficacy of the
herbicides rendered the Day time application ineffective compared to Night time and Dawn applications.
Also, because the rainfall events were apparently a weather anomaly, an objective comparison of
application timings was not possible. Therefore, we deemed data from Trials-2 in 2013 unreliable for
making any inferences and eliminated it from further statistical analysis.

Tables 14 and 15 list the ANOVA results of only Trial-1 (Tables 12 and 13) for oats and mustard,
respectively. Treatment means with the same letter are not significantly different (p=0.1). Table 14
shows that the herbicides, Liberty, VPMII, Select and TM Axial+Infinity, performed significantly better
than other herbicides in Canola (LL), Canola (RR), Peas and Wheat crops, respectively. It also shows that
the Day time and Night time applications were substantially more effective than the Dawn time
application in terms of both ER scores (75 and 75% versus 25%, respectively) and WBRs (50 and 100%
versus 0%, respectively). Table 15 shows similar ANOVA results from Trial-1 for mustard — the Day time
and Night time applications performed better, more often than the Dawn time application. Table 15 also
shows that while each of the single herbicide applied to Canola (LL), Canola (RR) and Peas crops was
significantly effective in destroying mustard weed, performance of TM Axial + Infinity herbicide among
the four herbicide applied to Wheat crop was significantly better compared to the Control than the
others - showing the highest ER scores and lowest WBR, as observed in the oats trials (Table 14) the
same year and both oats and mustard trials in 2012.



The results in 2013 listed in Tables 12 and 13 with treatment means and Tables 14 and 15 with ANOVA
outcome, clearly demonstrate consistent trends with 2012 showing that on the average the Day time
application performed better, more often than the Night time and Dawn time applications and the
Dawn time application performed best.

3.2.1.3 Project Year 2014

3.2.1.3.1 Prevailing Weather Conditions

Figure 17 shows the daily instantaneous, accumulated and long term normal rainfall for May and June
2014, at the FSA project site in Lethbridge, Alberta. The site received only 40 mm of rainfall during the
4-week period ending by June 3-4 when we treated Trial-1., which indicated a relatively prolonged dry
period immediately before Trial-1. However, an additional rainfall of around 150 mm fell by June 23-24
when we sprayed Trial-2, bringing the total amount of rainfall above normal for this period. There were
no major rainfall events shortly after the treatment of Trials -1 and -2 (Figures 18 and 19).

3.2.1.3.2 Results

Tables 16 and 17 list treatment means from the trials set up for oats and mustard in 2014. We treated
Trial-1 for both oats and mustard June 3-4 and Trial-2 June 23-24. We used the same set up as 2012 and
2013 for all trials. The results from Trial-1 for oats show that, in terms of the ER scores, the Night time
application was the most frequently (71% of the occurrences) effective application timing compared to
both Day time and Dawn time application (29% of the time). For the WBRs, however, the frequency of
the Dawn time application performing better exceeded those of the Day and Night time applications
(71% versus 14% and 29%, respectively). However, results from Trial-2 (Table 16) were quite opposite to
Trial-1, which indicated that in terms of the two indices, ERs and WBR, the Day time application
performed better more often than both Night and Dawn time applications. This result was also
consistent with the similar trends in majority of trials discussed before.

For mustard Trial-1 (Table 17), the Day time application scored better ERs than the other two timings
(57% versus 14% and 43%, respectively), but ranked between the Night and Dawn time application for
WBRs (43% versus 71% and 29%, receptively). In Trial- 2, however, the Day time application was the
most effective compared to the Night time and Dawn time applications in terms of both indices - ERs
and WBRs. These results, indicating that the Day time application performs better than other timings
most of the time, were consistent with Trial-2 for oats the same year and the majority of trials discussed
above.

Prevailing dry weather and low soil moisture conditions around the dates of the trial treatments may
explain the difference between the trends seen in the results of Trials-1 for oats and mustard in 2014
and the majority of trials discussed before. Figure 18 shows that the project site did not have any
significant rain until about 14 mm of rain fell between 4 and 6 pm June 2, i.e., less than 24 hours before
we applied herbicides in the Day time application (12-2 pm) June 3. However, the dry conditions ended
with an additional 150 mm of rainfall received over the next 20 days by the time we treated Trials-2 June
23-24, which would also cause substantial improvement in soil moisture conditions by that time.

It seemed quite possible that the low soil moisture conditions due to dry weather for over a month
might have also caused moisture stress in oats and mustard plants while slowing down and limiting
active growth. Although, plants can recover from moisture stress within 24 hours, it was very likely that
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by the time we applied the Day time application, the oats and mustard plants did not have enough time
after the rainfall to rehydrate and recover from moisture stress. As mentioned in the commentary on
the PSBD trials before, because high moisture stress in plants under dry conditions could reduce the
uptake and translocation of the post-emergence herbicides, the efficacy of the selected herbicides
applied between 12 -2 pm June 3 might have been reduced rendering them ineffective in the Day time
application. Because the dry weather conditions had possibly compromised the performance of the
herbicides in Trial-1 in 2014, we deem an objective comparison of the application timings and any
inferences hardly possible. For the same reason, we eliminated Trial-1 for oats and mustard in 2014
from further analysis.

Tables 18 and 19 give the ANOVA results of only Trial-2 for oats and mustard weeds. Treatment means
with the same letter are not significantly different (p=0.1). Table 18 for oats shows that the herbicide
blend TM Muster + Select, VPMII, Select and TM Axial+Infinity were the most effective herbicides in
Canola (LL), Canola (RR), Peas and Wheat crops, respectively. It also shows the Day time application with
the highest ER scores in 100% and the lowest WBRs with 75% of the instances, was the most frequently
effective herbicide application timing compared to the Night time and Dawn time applications. The
Night time placed second with ERs and WBRs better than the Dawn time application in 100 and 50% of
the instances. We also noted similar ANOVA results for mustard in Trial-1 as listed in Table 159. The Day
time and Night time applications performed better than the Dawn time application in 100% instances in
terms of both indices, ERs and WBRS. Table 19 also showed that while each of the single herbicide
applied to Canola (LL), Canola (RR) and Peas crops was significantly effective compared to Control,
performance of TM Axial + Infinity herbicide was significantly better than the others among the four
herbicides applied to Wheat crop - showing the highest ER scores and lowest WBR.

The results from Trials-2 in 2014 (Tables 16 through 19) were also similar to those discussed earlier and
clearly showed that the Day time application of the selected herbicides was the most effective
application timing compared to the Night time and Dawn time applications.

3.2.1.4 Results Summary, FSA, Lethbridge

Based on our three project years (2012-2014) results at the FSA project site discussed above, we
conclude:

e The selected herbicides for the crops studied at the FSA site performed most effectively when
applied in the Day time (12-2 pm). Night time (12pm-1am) gave better results than the least
effective Dawn time (4-5 am). We saw a substantial advantage of Day and Night time
applications over the Dawn time application.

e Although, Night time application performance was less often effective than Day time
application, it performed better more often than Dawn time and, therefore, it could be useful as
an alternate spray application timing when opportunities for Day time application are limited

o The results also suggest that moisture-stressed plants or a major rainfall event shortly after
herbicide application could also reduce efficacies potentially rendering the herbicides totally
ineffective, upsetting the performance patterns discussed above
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3.2.2 Data Analysis and Results for the SARDA, Falher, Alberta
3.2.2.1 ProjectYear 2012

3.2.2.1.1 Prevailing Weather Conditions

Figure 20 shows the daily instantaneous, accumulated and long term normal rainfall for June 2012 at the
Ballater weather station about 25 km south of the SARDA project site in Falher, Alberta. The site had
received around 90 mm of rainfall by June 20 when we treated Trial-1 with no additional rainfall by June
27 when we sprayed Trial-2. This indicated that soil moisture conditions were probably good and the
plants were not under moisture stress. Figures 21 and 22 also show that there were no significant
rainfall evens shortly after the treatment of the two trials.

3.2.2.1.2 Results

Tables 20 and 21 give treatment means from the trials set up for oats and mustard in 2012, respectively.
We treated Trials-1 for both oats and mustard June 20-21 and Trials-2 June 27-28. We conducted all
trials with the same set up as described under the FSA trials’ results. The results from both Trial-1 and -2
for oats (Table 20) show that in terms of the ER scores, the Day time application was the most
frequently (50 and 75% of the occurrences) effective application timing compared to both Night time
and Dawn time application (25 % of the time). For the WBRs, the frequency of the Day time application
also exceeded those of the Night and Dawn time applications (25% each) in Trial-1, but fell in the middle
of the Night time (75%) and Dawn time (25%) applications in Trial-2. On the average however, the Day
time application was the most often effective timing, followed by the Night time and Dawn last.

For mustard Trial-1 (Table 21), the Day time application scored ERs better than the other two timings in
both trials (80% versus 40% and 20%, respectively, and 60% versus 40% each, respectively). For WBRs
however, the Day time application exceeded the other timings in Trial-1 (80% versus 40% and 20%), but
ranked the same as the Night time (60%) in Trial-2 with both timings performing better than the Dawn
time application. In general, similar to results for oats discussed above, the Day time application was the
most effective application timing for mustard treatment.

Tables 22 and 23 give the ANOVA results of the two trials for oats and mustard described in Tables 20
and 21, respectively. Treatment means with the same letter are not significantly different (p=0.1). Table
22 for oats shows that the herbicide blends TM Muster + Select and TM Axial+Infinity were the most
effective herbicides in Canola (LL) and Wheat crops, respectively. It also shows the Day time application
with the highest ER scores in 100% of the instances exceeding the other two timings. However, for oats
they performed similar to Night time and Dawn time applications with respect to WBRs. For mustard
however, the ANOVA results in Table 23 indicate that the Day time application was the most effective in
100% of the instances compared to the Night time and Dawn time applications at 50% and 0%,
respectively for both indice - ERs and WBRs. Table 23 also shows that, as before for oats, TM
Axial+Infinity was most effective herbicide for mustard in Wheat crop.

These results, indicating that the Day time application performing better than other timings most of the
time, were also consistent with the majority of results from the Lethbridge FSA site trials discussed
above.
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3.2.2.2 ProjectYear 2013

3.2.2.2.1 Prevailing Weather Conditions

Figure 23 shows the daily instantaneous, accumulated and long term normal rainfall for June 2013 at the
Ballater weather station. In 2013, the project site received over twice as much rainfall (70 mm) between
June 1 and 22 when we treated Trial-1. An additional 27 mm fell between June 24 and 26 around the
time when we treated Trial-2 (Figure 24). As seen in Figure 24, no rain fell shortly after the spray
applications in Trial-1. However, Figure 25 shows that all 27 mm of rainfall occurred between 5 pm June
25 and 4 pm June 26, shortly after the Day time application (12-2pm) and through the Night time and
Dawn applications in Trial-2. Because the site received adequate rainfall in June, we believe the soil
moisture conditions were good and the plants were not moisture-stressed.

3.2.2.2.2 Results

Tables 24 and 25 list the treatment means for oats and mustard trials in 2013. We treated Trial-1 for
both oats and mustard June 22-23 and Trial-2 June 25-26. Researchers conducted all trials with the same
set up as described in 2012. The results for oats (Table24) show that in Trial-1 the Day time application
was similar to the Night time and exceeded the Dawn time for ER scores, but did better than both
timings in terms of the WBRs. However, the Dawn time application ranked better than the Day and
Night time applications in Trial-2 for ER and WBR (67% versus 33% each respectively). As discussed
before, the diminished performance of the Day time application in Trial-2 could be due to multiple
rainfall events starting around 4 pm, shortly after the spray application between 12-2 pm June 25. As
stated before, heavy rains shortly after herbicide application could reduce its efficacy by washing away
the unadsorbed portion from plant leaves. For mustard trials (Table 25), the performance of the Day
time with respect to ER scores and WBRs was very similar to the Night time application with both
exceeding the Dawn time performance in about 100% of the instances.

Tables 26 and 27 give the ANOVA results of the two trials for oats and mustard described in Tables 24
and 25, respectively. Treatment means with the same letter are not significantly different (p=0.1). Table
26 for oats shows that the herbicide blends TM Muster+Select and TM Axial+Infinity were the most
effective herbicides in Canola (LL) and Wheat crops, respectively. Furthermore, the table indicates that
except the Night time application performance for WBRs, the three application timings showed a similar
performance with respect to both indices, ERs and WBRs. For mustard however, the Day and Night time
applications were 100% more effective than the Dawn time application for ER scores, but only 50% of
the time for WBRs (Table 27). Barricade was the most effective herbicide on mustard in Wheat crop.

The results from 2013 as discussed above also indicated that, overall, the Day time application was the
most effective spray application timing for the selected herbicides and crops used in these trials. These
results were also consistent with the majority of trial results from 2012 from the same site as well as
from the FSA site in Lethbridge.

3.2.2.3 Project Year 2014

3.2.2.3.1 Prevailing Weather Conditions
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Figure 26 shows the daily instantaneous, accumulated and long term normal rainfall for June 2014 at the
Ballater weather station about 25 km south of the SARDA project site in Falher, Alberta. The site
received around 33 mm of rainfall by June 18 when we treated Trial-1 and an additional 10 mm by June
25 when we sprayed Trial-2. This indicates that the soil moisture conditions were fair and the plants
were not moisture-stressed. Figures 27 and 28 also show no major rainfall events shortly after the
treatment of the two trials.

3.2.2.3.2 Results

The treatment means for oats and mustard trials in 2014 are in Tables 28 and 29. We treated Trials-1 for
both oats and mustard June 18-19 and Trials-2 June 25-26. All trials used the same set up as the
previous two years. Table 28 for oats shows that in both trials, the Day time application performed
better than the Dawn time in 75% of the instances considering both indices - ER scores and WBRs. Dawn
time was more effective than the Day time only 25% of the time. As before, the Night time fell in the
middle of the two other timings with ER scores and WBRs of 25%, 50% and 75% in Trials -1 and -2. For
mustard trials (Table 29) also the Day time application was more effective than the other two timings in
most of the instances except for WBR in Trial-1.

Tables 30 and 31 give ANOVA results for oats and mustard described in Tables 28 and 29, receptively.
For oats (Table 30), both the Day and Night time applications were more effective than the Dawn time in
50% of the instances considering the two indices - ER scores and WBRs in both trials. However, the
Dawn time application was also better than the other two timings equally often at 50% of the time.
Furthermore, Liberty was the most effective herbicide on oats in Canola (LL). In mustard trials (Table 31),
the Day time application was better than the Dawn time in 100% of the instances and the Night time in
50% of the instances for ER scores. For WBRs, however, the Day time and Dawn time applications
performed better than each other equally often with the later exceeding the Night time application by
50%. The ANOVA results for mustard also showed that, as in oats, Axial+Infinity performed substantially
better on mustard than other herbicides in Wheat crop.

The results from 2014 also show that, as before, the Day time application was in general the most
effective spray application timing for the selected herbicides and crops used in these trials at the SARDA
site. Furthermore, these results showed similar patterns as the majority of trial results from previous
years at the same site and from the Lethbridge FSA site.

3.2.2.4 Results Summary, SARDA, Falher

For the three project years (2012-2014) discussed above, the SARDA site gave very similar conclusions to
the FSA site. However, these conclusions applied to only two crops, Canola (LL) and Wheat.

3.2.3 Data Analysis and Results for the LARA, Bonnyville, Alberta
3.2.3.1 ProjectYear 2012

3.2.3.1.1 Prevailing Weather Conditions

Figure 29 shows the daily instantaneous, accumulated and long term normal rainfall for June 2012 at
Dupre weather station about 15 km north of the LARA project site in Bonnyville, Alberta. The site
received around 30 mm of rainfall in last two weeks (May 25-June 7) when we treated Trial-1 June 7-8
with an additional 49 mm of rainfall by June 21 when we sprayed Trial-2. This indicates that the soil
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moisture conditions were good and plants were not under moisture stress. Figures 30 and 31 also show
no major rainfall evens shortly after the two trial treatments.

3.2.3.1.2 Results

The treatment means for oats and mustard trials in 2012 are in Tables 32 and 33. We treated Trials-1 for
both oats and mustard June 7-8 and Trials-2 June 21-22. We conducted all trials with the same set up as
the described for the FSA and SARDA project sites in Lethbridge and Falher. Table 32 for oats shows that
in Trial-1 the Day and Night time applications did not have any advantage over the Dawn time
application for both ER scores and WBRs. However, Trial-2 the Dawn time application was more
effective than the other two timings in 67% and 100% of the instances for ER scores and WBRs,
respectively. For mustard (Table 33), the Dawn time application performed better more often than the
Day and Night time applications for both indices, ER scores and WBRs. In Trial-2 however, only Day time
application did better more frequently than the Dawn time for ER scores, but all three timings
performed similar in terms of the WBRs.

Tables 34 and 35 contain the ANOVA results for oats and mustard described in Tables 32 and 33,
receptively. For oats (Table 34), both the Day and Night time applications did not have any advantage
over the Dawn time for ER scores. However, the Dawn time was more effective 100% of the time than
the two other timings in terms of WBRs. Furthermore, TM Muster+Select with respect to ER and TM
Axial+Infinity with respect to both ER and WBR, were the most effective herbicides on oats in Canola (LL)
and Wheat crops, respectively. For mustard trials (Table 35), the Day time application performed similar
to the Dawn time, but both timings were better than the Night time application in 50% of the instances.
The Liberty and TM Axial+Infinity were the most effective herbicides on mustard in Canola (LL) and
Wheat, respectively.

The results from 2012 at the LARA site could be described as mixed at best. The three application
timings did not show any advantage over each other for both oats and mustard. Apparently, the
performance patterns showing the Day time application performing most often superior to the other
two timings did not hold at LARA site in 2012. However, as before, herbicides TM Muster+Select and TM
Axial+Infinity turned out to be the most effective ones in Canola (LL) and Wheat, respectively.

3.2.3.2 Project Year 2013

3.2.3.2.1 Prevailing Weather Conditions

Figure 32 shows the daily instantaneous, accumulated and long term normal rainfall for June 2013 at the
Dupre weather station near Bonnyville, Alberta. The site received around 10 mm of rainfall in the two
weeks before we treated Trial-1 July 2-3 with an additional rainfall of 32 mm by July 14-15 when we
sprayed Trial-2. Adequate rainfall indicates that the soil moisture conditions were good and the plants
were actively growing. Figures 33 and 34 also show that there were no major rainfall events shortly after
we treated the two trials.

3.2.3.2.2 Results

Table 36 shows that for oats in Trial-1, the Day and Night time application had advantage over the Dawn
time for ER scores, but not for WBRs. However, the Dawn time application showed slight advantage over
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the other two timings in Trial-2 for ER. For mustard, however, both Day and Night time applications
were more effective than the Dawn time in all instances (Table 37).

Tables 38 and 39 give ANOVA results for oats and mustard described in Tables 36 and 37. For oats (Table
38), both the Day and Night time applications performed better than the Dawn time 50% and 100% of
time, respectively, for the ER scores in Trial-1. However, none of the application timings showed any
advantage over one another for WBRs. Liberty and TM Axial+Infinity were the most effective herbicides
on oats in Canola (LL) and Wheat crops, respectively. For mustard trials (Table 39), the Day and Night
time applications performed better than the Dawn time 100 and 50% of the instances, respectively, in
terms of ER scores and 100% of the time for WBRs. The Dawn time did not show any advantage over the
other two timings. The Liberty and TM Axial+Infinity were the most effective herbicides on mustard in
Canola (LL) and Wheat, respectively.

Similar to 2012, the 2013 results for oats at the LARA site could also be described as mixed at best.
However, results for mustard follow the same patterns, the Day and Night time applications having
advantage over the Dawn time, as seen most often at the FSA and SARDA sites. However, as before, TM
Axial+Infinity turned out to be the most effective herbicide on both oats and mustard in Wheat.

3.2.3.3 Project Year 2014

3.2.3.3.1 Prevailing Weather Conditions

Figure 35 shows the daily instantaneous, accumulated and long term normal rainfall for June and July
2014 at the Dupre weather station near Bonnyville, Alberta. The site received above average rainfall
through the entire period with over 55 mm of rainfall falling in the two weeks before we treated Trial-1
June 24-25. An additional 59 mm of rainfall occurred by July 14-15 when we sprayed Trial-2. Adequate
rainfall suggests good soil moisture conditions with the plants growing without moisture stress.
However, as Figures 36 and 37 show that there were no major rainfall events shortly after trials were
treated.

3.2.3.3.2 Results

Table 40 shows that for oats, the Day and Night time applications had an advantage over the Dawn time
for both indices, ER scores and WBRs, in most instances in both Trials -1 and -2. However for mustard,
both Day and Night time applications were more effective than the Dawn time in all instances (Table
41).

Tables 42 and 43 give the ANOVA results for oats and mustard described in Tables 40 and 41,
respectively. Similar to the results listed in Table 40, the ANOVA results in Table 42 for oats show that
none of the timings had any advantage over another, because all timings were effective in an equal
number of instances in terms of ER scores and WBRs. Table 42 further shows that Liberty and TM
Axial+Infinity were the most effective herbicides on oats in Canola (LL) and Wheat crops, respectively.

For mustard trials (Table 43), the Day and Night time applications performed better than the Dawn time
in 100% and 50% of the instances, respectively, in terms of ER scores and 100% of the time for WBRs.
The Dawn time did not show any advantage over the two other timings. The Liberty and TM
Axial+Infinity were the most effective herbicides on mustard in Canola (LL) and Wheat, respectively.
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The results for oats from 2014 at the LARA site were similar to 2012 and 2013 described as mixed at
best. However, results for mustard followed the same patterns as seen most often at the FSA and
SARDA sites with Day and Night time applications having frequent advantage over the Dawn time.
Similarly, as before, Liberty and TM Axial+Infinity turned out to be the most effective herbicide on oats
and mustard in Canola (LL) and Wheat, respectively.

3.2.3.4 Results Summary, LARA, Bonnyville

For the three project years (2012-2014) discussed above, the LARA site conclusions over the three
project years (2012-2014) were mixed at best. No distinct patterns of herbicide performances emerged
with respect to the three application timings. However, there were quite a few instances when the Day
and Night time applications showed clear advantage over the Dawn time application following the trend
consistently seen at the FSA and SARDA project sites in Lethbridge and Falher, Alberta.

3.3 Effect of Diurnal Leaf Movement on Herbicide Efficacy

In addition to some apparent weather conditions, such as, temperature inversions and heavy dew on
leaves (Enz et al., 2014), reduced interception of herbicides due to the vertical position of leaves at night
could also cause substantial decrease in herbicides’ efficacies at night and dawn, especially, in the
broadleaf weeds exhibiting diurnal leaf movement (Stopps et al., 2013; Mohr et al., 2007; Martinson et
al., 2005; Hartzler, 2003; Sellers et al., 2003; Martison et al., 2002; Norsworthy et al., 1999). In a study
examining the effect of the application time-of-day on glyphosate efficacy on velvetleaf, Mohr et al
(2007) indicated that leaf angle and time of application accounted for 82 and 18%, respectively, of the
biomass change. In a diurnal cycle, plants keep leaves horizontal relative to stem during the daylight
with the maximum leaf surface area exposed to the sunlight and fold them in vertical position parallel to
stem during the night. Accordingly, efficacy of an herbicide applied during the day time would be higher
because plants with the maximum leaf surface area exposed to the sunlight are more likely to intercept
greater amounts of herbicide during the day compared to the night application. However, the diurnal
leaf movement phenomenon is not as prevalent in grassy weeds (Mohr et al., 2007).

Our results at the FSA (Lethbridge) site also seemed in agreement with the aforementioned studies
showing the effect of diurnal leaf movement (day time effect) on the efficacies of the selected
herbicides used in our study. Table 44 shows that when the ER and WBR means were averaged over all
herbicides and crops for mustard, a broad leaf weed, the Day time application performed better than
the Night and/Dawn timing in all four site years. However, as seen in Table 45, for oats, a grassy weed,
the Day time application did better than the Night and/Dawn timing in 50 and 75% of the instances with
respect to the ER and WBR, respectively.

3.4 Conclusion

Result summaries for PSBD and in-crop trials for all the locations were presented above. However, the
major conclusions drawn from our study are given below:

o The herbicides in PSBD and in-crop trials performed most effectively when applied in the day
time (12-2 pm). Night time (12pm-1am) gave better results than the least effective Dawn time
(4-5 am). We saw a substantial advantage of Day and Night time applications over the Dawn
time application
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Although, Night time application performance was less often effective than Day time
application, it performed better more often than Dawn time and, therefore, it could be useful as
an alternate spray application timing when opportunities for Day time application are limited
The results also suggest that moisture-stressed plants or a major rainfall event shortly after
herbicide application could also reduce efficacies potentially rendering the herbicides totally
ineffective, upsetting the performance patterns most often seen in our study

4 Our Contribution to Emerging Agricultural Knowledge,
Agri-Extension, and Industry Welfare

Under the extension activities conducted during the three project years, study results were presented
on numerous field tours, crop walks, workshops/conferences and producers’ gatherings across the
province. The study results were also published in the Farming Smarter’s and our partner associations’
magazines, newsletters, electronic and social media, websites (www.farmingsmarter.com, ropintheweb,
www.areca.ab.ca) to provide producers tools necessary to make an informed choice. A list of the
pertinent extension activities is given below.

4.1 Yearly Extension Activities

4.1.1

4.1.2

The extension activities conducted in Year 1 (2012)

Farming Smarter Crop Walk; May 31, 2012 — Bob Blackshaw & Ken Coles presented the PSBD
trial (44 attendees)

Farming Smarter Crop Walk; June 7, 2012 — Ken Coles presented night spraying in-crop date 1
trial (36 attendees)

Farming Smarter/UFA staff tour; July 19, 2012 — Ken Coles presented the trial to 10 UFA staff
members

Farming Smarter/Ducks Unlimited Tour; July 26, 2012 — Ken Coles presented night spraying date
2 trial (47 attendees)

Alberta Wheat Commission Regional Meetings; November 16, 19, 21, 22 & 30, 2012 — Ken Coles
presented night spraying trial information (100 attendees)

Farming Smarter Conference; December 3 &4, 2012 — Ken Coles presented preliminary results
from night spraying trials (222 attendees)

The extension activities conducted in Year 2 (2013)

AgroPlus Sales & Service Meeting; February 7, 2013 — Ken Coles presented VRT project (35
attendees)

MNP Farm Management Group Meeting; February 19, 2013 — Ken Coles presented VRT project
(10 attendees)

Farming Smarter AGM; February 28, 2013 — Ken Coles presented night spraying trial (61
attendees)

Farming Smarter Crop Walk; May 30, 2013 — Ken Coles discussed the project (54 attendees)
Farming Smarter Crop Walk; June 6, 2013 — Ken Coles showed night spraying date 2 site (63
attendees)
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e SARDA discussed the project during an open house on July 10, 2013 (3 attendees) and July 12,
2012 (50 attendees)

e Farming Smarter AGM; February 28, 2013 — Ken Coles presented night spraying trial (61
attendees)

e Crop Walk; May 30, 2013 — Ken Coles discussed the project (54 attendees)

e Crop Walk; June 6, 2013 — Ken Coles showed night spraying date 2 site (63 attendees)

e Field School; June 25-27, 2013 — Ken Coles presented the study results (~ 300 attendees)

e SARDA discussed the project during an open house on July 10, 2013 (3 attendees)

e Farming Smarter Conference; December 3-4, 2013 (200 attendees from over 300 registrants)

4.1.3 The extension activities conducted in Year 3 (2014)

e Crop Walk; June 5, 2014 — Lethbridge, Ken Coles discussed the night spraying trials (30
attendees)

e Crop Walk; June 12, 2014 - Lethbridge, Ken Coles showed night spraying trial (35 attendees)

e Crop Walk; June 19, 2014 — Lethbridge Ken Coles shared key findings on night spraying (35
attendees)

e Field School; June 24-26, 2014 — Ken Coles presented the study results (over 250 attendees)

e Private tours; June 2014 — Ken Coles also presented the study results to the tours arranged on
the request of the producers and the industry; (over 50 attendees)

Farming Smarter with partner applied research associations will continue to communicate the findings
of this project to the producers and the agricultural industry via extension and government websites,
such as www.farmingsmarter.com, www.agric.gov.ab.ca, through talks and tours during Farming
Smarter Conference, Agronomy Update, Crop Walks, Diagnostic Field School, as well as from other
outlets including Farming Smarter magazine, Newsletters, social media and popular press. Farming
Smarter staff would also be available for advice upon request on one-to-one basis.

4.2 Training of highly qualified personnel

Staff from all three partnering organizations gained invaluable knowledge regarding the complicated
interactions between weather conditions and herbicide applications. Farmers and organizations are
keenly interested in this information and we have been invited to speak at dozens of production
meetings. Knowledge gained in included 2 PhDs, 2 masters, 6 degrees and 6 students across all
locations.

4.3 Benefits to the industry

4.3.1 Contributions to Alberta's Agriculture and Agri-Food Knowledge

Our study:

e Alleviats the paucity of information on the comparative performance of the day and night time
applications of pesticides and improve the ability of the producers to make informed decisions,
especially on regional basis

e Fills the knowledge gaps and provide producers with unbiased reliable information on efficacy
and tolerance for common herbicides sprayed on common crops in Alberta
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Updates background research and enhance existing knowledge on plant physiology, herbicide
mode-of-action and sprayer technology in relation to night spraying and provide further
awareness on determining application rates, selecting proper herbicide and reducing spray off
target drifts

Provides information about the general efficacy (weed control) and crop tolerance
(phytotoxicity) of herbicides sprayed at night and

Explores not only the effectiveness and economic viability of night time spraying of herbicides
per se, but also in the context of new practical opportunities arising from the widespread
adoption of GPS guidance technology, automatic steering control systems and live video feeds
to the cab of tractor currently being used in variable rate application technologies in precision
agriculture.

Benefits to Alberta's Agriculture and Agri-Food Industry

In a short growing season as in Alberta, application timing is very critical for optimal herbicide
performance. It is expected that the results of our study would help to:

4.3.3

Significantly expand the opportunity time window for the producers to avoid potential economic
and environmental consequences resulting from the waiting for ideal conditions required for
day time application

Reduce economic losses caused by high application rates, unintended damage to off target
crops as well as environmental pollution of surface and subsurface water bodies by taking
advantage of relatively calmer and cooler environmental conditions at night potentially
favorable in limiting off target drifts, reducing high evaporative losses and improving upon plant
deposition and adsorption

Greatly improve the producers’ options to select from when faced with difficult choices about
which pesticides to spray, how to spray and when to spray (e.g. a producer may select a more
effective herbicide if the danger of spray drift to adjacent crops is lower)

Provide the producers with the opportunity of expanding the application acreage in same
window of time and

Assist the Alberta agri-food industry in enhancing public perception of its environmental
stewardship

Benefits to the Environment - Reducing Alberta Agricultural Environmental
Footprint

Night time spraying would help in

Reducing the environmental footprint of agricultural industry in Alberta

Optimizing the total amounts pesticides used through improved efficacy, lower application
rates, lower water volumes, improved herbicide options, reduced off target drifts, less residual
herbicide and help in increasing plant uptake and reducing leakage to the environment
Alleviating detrimental effects on human and animal health, contamination of food products,
destruction of beneficial natural insects, contamination of ground and surface waters, loses of
off target crops and crop product, fishery losses as well as direct and indirect economic costs
associated with these impacts
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4.3.4 Potential Economic Impact on the Industry

There are over 9,621,606 ha of land farmed for crops in Alberta of which 6,623,945 ha are maintained
with commercial herbicides (Stats Canada 2006). At a cost of $10 - $20/ac (AAFC, 1997) depending on
rates, farmers in Alberta collectively spend between $72-138 each year on herbicides.

However, the return on this substantial investment could be greatly diminished by the declining
herbicides’ efficacies because the producers have to spray most crops in a very short time frame even
under poor day time application conditions, e.g., hot and windy conditions with low humidity, and high
rates of volatilization and photodegradation, among others. Therefore, waiting for ideal conditions
before spraying pesticides is a key problem facing producers and can often cause significant economic
and environmental consequences.

Because the results of our 3-year study at three project sites located across Alberta, showed a
substantial advantage of both Day and Night time applications over the Dawn time application,

Night time application could be used as an alternate spray application timing for optimizing herbicide
use in Alberta, particularly, when the opportunities for Day time application are limited. The night spray
application can save producers money and time by reducing the environmental impact of herbicides
through improved efficacy, lower application rates, lower water volumes, improved herbicide options,
lowered drift, less residual herbicide. At night, evaporation potential is lower because of cooler
temperatures, less wind and higher humidity. Dew on the leaf cuticle may also increase absorption of
the pesticides through better cuticle hydration time when plants are growing most actively.
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Figure 1. Daily instantaneous, accumulated and long term normal rainfall for April and May, 2012, at the Lethbridge Demo
Farm, Lethbridge, Alberta (AgroClimatic Information Services (ACIS), Government of Alberta:
http://agriculture.alberta.ca/acis/about.jsp).
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Figure 2. Daily instantaneous, accumulated and long term normal rainfall for April and May, 2013, at the Lethbridge Demo Farm
Lethbridge, Alberta (AgroClimatic Information Services (ACIS), Government of Alberta:
http://agriculture.alberta.ca/acis/about.jsp).
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Figure 3. Daily instantaneous, accumulated and long term normal rainfall for April and May, 2014, at the Lethbridge Demo Farm

Lethbridge, Alberta (AgroClimatic Information Services (ACIS), Government of Alberta:
http://agriculture.alberta.ca/acis/about.jsp).

Hourly Station Observations in Local Standard Time; Created April 29, 2015
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Figure 4. Hourly precipitation (mm), accumulated hourly precipitation (mm), average air temperature (degree C), relative

humidity (%) from May 5 to 9, 2012 at the Lethbridge Demo Farm, Lethbridge, Alberta (AgroClimatic Information Services
(ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The weather data correspond to trial-1,

spray-applied on May 7 between 12-2 pm (Day time) and on May 8 between 12pm-1am (Night) and 4-5am (Dawn).
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Figure 5. Hourly precipitation (mm), accumulated hourly precipitation (mm), average air temperature (degree C), relative
humidity (%) from May15 to 18, 2012 at the Lethbridge Demo Farm, Lethbridge, Alberta (AgroClimatic Information Services
(ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The weather data correspond to trial-2,
spray-applied on May 16 between 12-2 pm (Day time) and on May 17 between 12pm-1am (Night) and 4-5am (Dawn).
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Figure 6. Hourly precipitation (mm), accumulated hourly precipitation (mm), average air temperature (degree C), relative
humidity (%) from May 8 to 11, 2013 at the Lethbridge Demo Farm, Lethbridge, Alberta (AgroClimatic Information Services
(ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The weather data correspond to trial-1,
spray-applied on May 9 between 12-2 pm (Day time) and on May 10 between 12pm-1am (Night) and 4-5am (Dawn).
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Figure 7. Hourly precipitation (mm), accumulated hourly precipitation (mm), average air temperature (degree C), relative
humidity (%) from May 26 to 29, 2013 at the Lethbridge Demo Farm Lethbridge, Alberta (AgroClimatic Information Services
(ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The weather data correspond to trial-2,
spray-applied on May 27 between 12-2 pm (Day time) and on May 28 between 12pm-1am (Night) and 4-5am (Dawn).
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Figure 8. Hourly precipitation (mm), accumulated hourly precipitation (mm), average air temperature (degree C), relative
humidity (%) from May 7 to 10, 2014 at the Lethbridge Demo Farm, Lethbridge, Alberta (AgroClimatic Information Services
(ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The weather data correspond to trial-1,
spray-applied on May 8 between 12-2 pm (Day time) and on May 9 between 12pm-1am (Night) and 4-5am (Dawn).
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Figure 9. Hourly precipitation (mm), accumulated hourly precipitation (mm), average air temperature (degree C), relative

humidity (%) from May 13 to 16, 2014 at the Lethbridge Demo Farm, Lethbridge, Alberta (AgroClimatic Information Services

(ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The weather data correspond to trial-1,
spray-applied on May 14 between 12-2 pm (Day time) and on May 15 between 12pm-1am (Night) and 4-5am (Dawn).

Daily Station Observations; Created May 03, 2015

140
120
100

80

Frecipitation (mm)

40

20

24 -May-2012
27 -May-2012
30-May-2012
02-Jun-2012
05-Jun-2012
08-Jun-2012
11-Jun-2012
14-Jun-2012
17-Jun-2012
20-Jun-2012
23-Jun-2012
26-Jun-2012
29-Jun-2012
02-Jul-2012
05-Jul-2012
08-Jul-2012
11-Jul-2012
14-Jul-2012
17-Jul-2012
20-Jul-2012
23-Jul-2012
26-Jul-2012
29-Jul-2012

Date

01-Aug-2012

|+ Precip. Accumulated Lethbridge Demo Farm IMCIN B Precip.

Lethbridge Demo Farm IMCIN -o- Precip. Long Term Lethbridge Demao Farm IMCIN|

Figure 10. Daily instantaneous, accumulated and long term normal rainfall from May 25 to July 31, 2012, at the Farming

04-Aug-2012

Smarter project site (Lethbridge Demo Farm), Lethbridge, Alberta (AgroClimatic Information Services (ACIS), Government of

Alberta: http://agriculture.alberta.ca/acis/about.jsp).
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Figure 11. Hourly instantaneous and accumulated precipitation (mm), average air temperature (degree C) and relative
humidity (%) from May 30 to June 2, 2012 at the Farming Smarter project site (Lethbridge Demo Farm), Lethbridge, Alberta
(AgroClimatic Information Services (ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The weather
data correspond to trial-1, spray-applied on May 31 between 12-2 pm (Day time) and on June 1 between 12pm-1am (Night)
and 4-5am (Dawn).
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Figure 12. Hourly instantaneous and accumulated precipitation (mm), average air temperature (degree C) and relative
humidity (%) from June 20 to 23, 2012 at the Farming Smarter project site (Lethbridge Demo Farm), Lethbridge, Alberta
(AgroClimatic Information Services (ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The weather
data correspond to trial-2, spray-applied June 21 between 12-2 pm (Day time) and on June 22 between 12pm-1am (Night)
and 4-5am (Dawn).
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Figure 13. Hourly instantaneous and accumulated precipitation (mm), average air temperature (degree C) and relative
humidity (%) from July 23 to 26, 2012 at the Farming Smarter project site (Lethbridge Demo Farm), Lethbridge, Alberta
(AgroClimatic Information Services (ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The weather
data correspond to trial-3, spray-applied on July 24 between 12-2 pm (Day time) and on July 25 between 12pm-1am (Night)

and 4-5am (Dawn).

Daily Station Observations; Created May 03, 2015

160

140

120

100

Precipitation {mmj

40

20

31-May-2013
01-Jun-2013
02-Jun-2013
03-Jun-2013
04-Jun-2013
05-Jun-2013
06-Jun-2013
07-Jun-2013
08-Jun-2013
09-Jun-2013
10-Jun-2013
11-Jun-2013
12-Jun-2013
13-Jun-2013
14-Jun-2013
15-Jun-2013
16-Jun-2013
17-Jun-2013
18-Jun-2013

Date

19-Jun-2013

20-Jun-2013

21-Jun-2013

22-Jun-2013

23-Jun-2013

24-Jun-2013

25-Jun-2013

26-Jun-2013

27-Jun-2013

28-Jun-2013

29-Jun-2013

30-Jun-2013

01-Jul-2013

|+ Frecip. Accumulated Lethbridge Demo Farm IMCIM B Precip. Lethbridge Demo Farm IMCIM = Precip. Long Term Lethbridge Demo Farm IMCIN|

02-Jul-2013

Figure 14. Daily instantaneous, accumulated and long term normal rainfall for June 2013, at the Farming Smarter project site

(Lethbridge Demo Farm), Lethbridge, Alberta (AgroClimatic Information Services (ACIS), Government of Alberta:

http://agriculture.alberta.ca/acis/about.jsp).
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Figure 15. Hourly instantaneous and accumulated precipitation (mm), average air temperature (degree C) and relative
humidity (%) from June 4 to 7, 2013 at the Farming Smarter project site (Lethbridge Demo Farm), Lethbridge, Alberta
(AgroClimatic Information Services (ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The weather
data correspond to trial-1, spray-applied on June 5 between 12-2 pm (Day time) and on June 6 between 12pm-1am (Night)
and 4-5am (Dawn).
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Figure 16. Hourly instantaneous and accumulated precipitation (mm), average air temperature (degree C) and relative
humidity (%) from June 16 to 19, 2013 at the Farming Smarter project site (Lethbridge Demo Farm), Lethbridge, Alberta
(AgroClimatic Information Services (ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The weather
data correspond to trial-2, spray-applied on June 17 between 12-2 pm (Day time) and on June 18 between 12pm-1am (Night)
and 4-5am (Dawn).
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Figure 17. Daily instantaneous, accumulated and long term normal rainfall for May and June 2014, at the Farming Smarter
project site (Lethbridge Demo Farm), Lethbridge, Alberta (AgroClimatic Information Services (ACIS), Government of Alberta:
riculture.alberta.ca/acis/about.js
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Figure 18. Hourly instantaneous and accumulated precipitation (mm), average air temperature (degree C) and relative

humidity (%) from June 2 to 5, 2014 at the Farming Smarter project site (Lethbridge Demo Farm), Lethbridge, Alberta

(AgroClimatic Information Services (ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The weather

data correspond to trial-1, spray-applied on June 3 between 12-2 pm (Day time) and on June 4 between 12pm-1am (Night)
and 4-5am (Dawn).
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Figure 19. Hourly instantaneous and accumulated precipitation (mm), average air temperature (degree C) and relative

humidity (%) from June 22 to 26, 2014 at the Farming Smarter project site (Lethbridge Demo Farm), Lethbridge, Alberta
(AgroClimatic Information Services (ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The weather
data correspond to trial-2, spray-applied on June 23 between 12-2 pm (Day time) and on June 24 between 12pm-1am (Night)

and 4-5am (Dawn).
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Figure 20. Daily instantaneous, accumulated and long term normal rainfall for June 2012, at the Ballater weather station
about 25 km south of the SARDA project site, Falher, Alberta (AgroClimatic Information Services (ACIS), Government of

Alberta: http://agriculture.alberta.ca/acis/about.jsp).
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Figure 21. Hourly instantaneous and accumulated precipitation (mm), average air temperature (degree C) and relative
humidity (%) from June 19 to 22, 2012 at the Ballater weather station about 25 km south of the SARDA project site, Falher,
://agriculture.alberta.ca/acis/about.jsp). The
weather data correspond to trial-1, spray-applied on June 20 between 12-2 pm (Day time) and on June 21 between
12pm-1am (Night) and 4-5am (Dawn).
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Figure 22. Hourly instantaneous and accumulated precipitation (mm), average air temperature (degree C) and relative
humidity (%) from June 26 to 29, 2012 at the Ballater weather station about 25 km south of the SARDA project site, Falher,
Alberta (AgroClimatic Information Services (ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The
weather data correspond to trial-2, spray-applied on June 27 between 12-2 pm (Day time) and on June 28 between
12pm-1am (Night) and 4-5am (Dawn).
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Figure 23. Daily instantaneous, accumulated and long term normal rainfall for June 2013, at the Ballater weather station
about 25 km south of the SARDA project site, Falher, Alberta (AgroClimatic Information Services (ACIS), Government of

Alberta: http://agriculture.alberta.ca/acis/about.jsp).
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Figure 24. Hourly instantaneous and accumulated precipitation (mm), average air temperature (degree C) and relative
humidity (%) from June 21 to 24, 2013 at the Ballater weather station about 25 km south of the SARDA project site, Falher,
Alberta (AgroClimatic Information Services (ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The

weather data correspond to trial-1, spray-applied on June 22 between 12-2 pm (Day time) and on June 23 between

12pm-1am (Night) and 4-5am (Dawn).
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Figure 25. Hourly instantaneous and accumulated precipitation (mm), average air temperature (degree C) and relative
humidity (%) from June 24 to 27, 2013 at the Ballater weather station about 25 km south of the SARDA project site, Falher,

Alberta (AgroClimatic Information Services (ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The
weather data correspond to trial-2, spray-applied on June 25 between 12-2 pm (Day time) and on June 26 between

12pm-1am (Night) and 4-5am (Dawn).
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Figure 26. Daily instantaneous, accumulated and long term normal rainfall for June 2014, at the Ballater weather station
about 25 km south of the SARDA project site, Falher, Alberta (AgroClimatic Information Services (ACIS), Government of

Alberta: http://agriculture.alberta.ca/acis/about.jsp).
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Figure 27. Hourly instantaneous and accumulated precipitation (mm), average air temperature (degree C) and relative
humidity (%) from June 17 to 20, 2014 at the Ballater weather station about 25 km south of the SARDA project site, Falher,

Alberta (AgroClimatic Information Services (ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The
weather data correspond to trial-1, spray-applied on June 18 between 12-2 pm (Day time) and on June 19 between

12pm-1am (Night) and 4-5am (Dawn).
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Figure 28. Hourly instantaneous and accumulated precipitation (mm), average air temperature (degree C) and relative
humidity (%) from June 24 to 27, 2014 at the Ballater weather station about 25 km south of the SARDA project site, Falher,

Alberta (AgroClimatic Information Services (ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The
weather data correspond to trial-2, spray-applied on June 25 between 12-2 pm (Day time) and on June 26 between

12pm-1am (Night) and 4-5am (Dawn).


http://agriculture.alberta.ca/acis/about.jsp
http://agriculture.alberta.ca/acis/about.jsp

70

50

40

30

Precipitation {mm}

20

31-May-2012

01-Jun-2012

02-Jun-2012

03-Jun-2012

04-Jun-2012

05-Jun-2012

06-Jun-2012

07-Jun-2012

08-Jun-2012

35

Daily Station Observations; Created May 03, 2015

09-Jun-2012

10-Jun-2012

11-Jun-2012

12-Jun-2012

13-Jun-2012
14-Jun-2012
15-Jun-2012
16-Jun-2012
17-Jun-2012
18-Jun-2012
19-Jun-2012
20-Jun-2012
21-Jun-2012
22-Jun-2012
23-Jun-2012
24-Jun-2012
25-Jun-2012
26-Jun-2012
27-Jun-2012
28-Jun-2012
29-Jun-2012
30-Jun-2012
01-Jul-2012
02-Jul-2012

Date

|-¢- Precip. Accumulated Dupre ACGCM B Precip. Dupre AGCM -+ Precip. Long Term Dupre AGCMl

Figure 29. . Daily instantaneous, accumulated and long term normal rainfall for June 2012, at the Dupre AGCM weather
station about 15 km north of the LARA project site, Bonnyville, Alberta (AgroClimatic Information Services (ACIS),
Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp).
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Figure 30. Hourly instantaneous and accumulated precipitation (mm), average air temperature (degree C) and relative

humidity (%) from June 6 to 9, 2012 at Dupre AGCM weather station about 15 km north of the LARA project site, Bonnyuville,
Alberta (AgroClimatic Information Services (ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The
weather data correspond to trial-1, spray-applied on June 7 between 12-2 pm (Day time) and on June 8 between 12pm-1am
(Night) and 4-5am (Dawn).
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Figure 31. Hourly instantaneous and accumulated precipitation (mm), average air temperature (degree C) and relative

humidity (%) from June 20 to 23, 2012 at Dupre AGCM weather station about 15 km north of the LARA project site,

Bonnyville, Alberta (AgroClimatic Information Services (ACIS), Government of Alberta:
http://agriculture.alberta.ca/acis/about.jsp). The weather data correspond to trial-2, spray-applied on June 21 between 12-2
pm (Day time) and on June 22 between 12pm-1am (Night) and 4-5am (Dawn).
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Figure 32. Daily instantaneous, accumulated and long term normal rainfall for July 2013, at the Dupre AGCM weather station
about 15 km north of the LARA project site, Bonnyville, Alberta (AgroClimatic Information Services (ACIS), Government of
Alberta: http://agriculture.alberta.ca/acis/about.jsp).
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Figure 33. Hourly instantaneous and accumulated precipitation (mm), average air temperature (degree C) and relative
humidity (%) from July 1 to 4, 2013 at Dupre AGCM weather station about 15 km north of the LARA project site, Bonnyville,
Alberta (AgroClimatic Information Services (ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The
weather data correspond to trial-1, spray-applied on July 2 between 12-2 pm (Day time) and on July 3 between 12pm-lam
(Night) and 4-5am (Dawn).
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