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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 tingenditions, such as, hot and windy conditions with low humidity
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efficacies. Because, producers rety pesticides, especially under zdiltage systems, anreduction in
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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 cropsthe province is maintained with commercial herbicides. At a

cost of $10 $20/ac depending on rates, farmers in Alberta collectively spend betweerl $dac each

year on herbicides.

Our short growing seasons can often force growers to operate undsittan 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 consequenceshdrefore, 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 aregveed to potentially
improwe 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 availablehich 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 desigrdetermine if

there was a real potential for night or dawn time spraying. This study evaluated d2pii2 night
(12pm1am) and early morning {8am)spray timings for preseed budown (PSBD) and-grop

herbicide applications. Specifically, the studgd 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/complicasonmted

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-ta@selnmended and three quartdabel

rates with four herbiales, 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, dayZfgh), night (1pm-1am) and early

morning (45am). Incrop trials plots were sprayed at three quartabel rate with the herbicides,

Liberty (Glufosinateammonium), TM Muster + Select (Ethametsulfuddis § K&t b / f SGK2RA YO0 X
Plus MAX Il (glyphosate), Odyssey (amazx, Imazethapyr), Select (Clethodim), OcTTain (fluroxypyr,
2,4D LV ester), Everest (Flucarbazasoeium), 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:

1 The herbicides in PSBIDd incrop trials performed rost effectively when applied in the day
time (122 pm). Night time (12priam) 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



9 Although, Night time application performance was less oftéfactive 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

9 The results also suggest that moistigteessed 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 shed 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 opportunitiesifty 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 oppdunity 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 applicedies, 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, reducinghigh evaporative losses and improving upon plant deposition and adsorption.
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choices about which pesticides to spray, how to spray and when to spraya(prgducer may select a

more effective herbicide if the danger of spray drift to adjacent crops is lower). It wésddgeovide

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

the Alberta agrfood 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 stadiyledsthe 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 ##iage systems. Growers try tarm 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 daiyhe 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 aluléyply

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). Vlatilization 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 absorptibthe 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 bigges$tect 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 oneweed 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 tikélgppen at night when a
fre@SNI 2F 022t SNJIFANI Aa GNILIWSR ySFENI GKS SIFNIKQa
particles to be suspended in a layer above the ground and later deposited iniateaded location.
Inversions may be les$ 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 amglina (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 discusskehow 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 noten $baté situations

night spraying has allowed him to lower his water volumes.

1.1 Objectives

The main goal of the study is provide detailed scientific information on the effects of night spraying
using herbicides currently registered in Alberta on commoedgeand crops for the area. Objectives are
to: (a)determine ifthe appication ofherbicides at night is a practical option for produc€by generate
unbiased data on the efficacy and tolerance of night applications of herbiait&) uncover possild
issues/complications associated with night spraying

1.2 Deliverables

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



evaluate phytotoxicity (crop tolerance) and efficacy (weed control) of herbicidéssdiffering modes of
action applied at various times of day (2@m, 12pmlam and 4arrbam) (b) utilize longterm weather
records to determine average and annual variability in daytime and nighttime hours suitable for spraying
each week at different locains in Alberta(c)calculate the increase in acres that could be sprayed in
G2LIAYdzYé &LINT & Cad(dRdisiidut? yifarmatiis kol grdvididvia f&mihg smarter

'y R LI NIy S Ndadazing h@vsléttérg, erop svadks, tours, workstiopsferences, media,

websites (www.farmingsmarter.com, ropintheweb, www.areca.ab.ca) social medjaviich would

give them the tools necessary to make an informed choice.

This trialwasdesigned to determine if thervasreal 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 ar3¥ In x 5 m at the Smoky Applied Research and

Demonstration Association (SARDA) in Falher, Alberta. All trials were designed as randomipkdssplit
with four replicates. A total of 344 plots were set up under FSA, 96 plots ipreseed burndown
(PSBptrials and 248 in 8 harop trials under 4 crops, {danola, RRcanola, peas and wheat. Four

in-crop trials were set up at LARA and SARDA with 2 trials each under two croasolaLand wheat

with a total of 160 plots. Plots were sprayed using hand kptayers equipped with two meter booms

and CQpropellant. 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 held50 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 trialasconducted only athe FSA site in Lethbridgk wasa randomized spliplot design

with 4 replicatesThe main plots were herbicides and the subplots were spray application tinftugs.

were sprayed at labalkecommended and three quartdabel rates with four herbicide@ablel),

Prepass (Florasulam), Rounndup (Glyphosate), Aim (Carfentrazone) and Heat(Saflufenacil) according to
the experimental design using hand held sprayengigoed with two meter booms and G@ropellant

at three different timings, day (22pm), night (12prilam) and early morning {8am).

Tablel. 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 selectionncluded known weedy areas including both broad leaf and grassy wékitiese sites
were notreadily available, weedsere seeded to ensure an effective studg.order to ensure an
appropriate range of spray conditions, two trials were conducted with two sppglication dates, an
early-season date and the most practiced (normal) date.

Environmental datavere recorded before and after spray applications including air temperature, soil
temperature, wind speed and direction, relative humidity, cloud cover, ardipitation. Dew period
and evapotranspiratiomvere also measured. Weed control ratinggre conducted at 7 DAS (days after
spraying), 14 DAS and 21+ DAS. Weed biomastaken as fresh weights from natural weed
infestations using fou¥am? quadrats at21 DAS. The top 5 most prevalent weedsre noted foreach
plot. Other data collectioimcluded growth stage, weeds present and pictures.

2.2.2 In-Crop Trials

In crop trial locations includeFSALehbridge; SARDA, Falher and LARA, Bonnyville, Alddrese trials
wererandomized split plots with herbicide as the main plot and spray timing as the sub plot. The three
spray timingsvere day (122pm), night (12prritam) and early morning {8am). Four trialsvere seeded

to barley/wheat, peas, Canola andRRCanola as early as possible and four additional twale

seeded at a later date to ensure variations in spray conditiBasthe same reason, two additional trials
were seeded td_l-Canola and RRanolaon even a later (third) date at the FSA sitd_ethbridge.

Seeding ratesvere 300 seedsn? for barley/wheat, 100 seed®? for peas and 5Ibs/ha for canola. Tame
oats (150seedsm?) andtame mustard (50seedsm?) were seeded across the plots in all trials to

simulate weeds.

Herbicides were selectechbed orthe mode of action, activity, selectivity and use in Albdiable2).

Trial plots were sprayed at three quarikabel rate with the herbicides, Liberty

(Glufosinateammonium), TM Muster + Select (Ethametsulfudoi8 1 K& f b / f SGK2RAYUV I
MAX Il (glyphosate), Odyssey (Imazamox, Imazethapyr), Select (Clethodim), OcTTain (fluroXxypyr, 2,4
LV ester), Everest (Flucarbazesmelium), Axial + InfinitfPinoxaden + 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 andeed control ratings were conducted at 70 DAS, 14 17 DAS an@1-28 DAS.

Crop and weed biomass were sampled as fresh weights usingdméguadrants around 21 DAS. Other
data collection included growth stage, weeds present, pictures and yield wssilpe. 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 measute

2.3 Data Analysis

CNRAFfAaQ RI Gl theSPRBC GLW procedar€IMISAS laskitute Inc., Cary, N&)ANOVA

to detect significant differences (p<0.1) among the treatment means. Treatment means with significant
differences were separated with ¢Tukey's Studentized Range (HSD) {es@.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, withiGgoeo weed

control and 100 indicating a complete weedadication. 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%).



Table2. List of the herbicides used in the-erop trials.

Herbicide Chemical
Crop |Trade Group |Activity Target Weeds
Name

Name
Controlsgrassesn Canola, Flax, Field Peas, Lentils, Desi and Kabuli Chick
Dry Onions, Potatoes, Mustard, Soybeans, Seedling Alfalfa, Sunflower an

Select  |Clethodim group 1 |systemigBeans
http://www.cropscience.bayer.ca/~/media/Bayer%20CropScience/Cout

Peas adaInternet/Products/Centurion/select label.ashx
Controlsbroadleafas well agrasy weeds from Canola, Lentils, Field Peas
Odyssey Imazamox, group 2 systemicsoybeans
Imazethapyr (https://agro.basf.ca/West/Products/Related Files/ODYSSEY%20DLX%2
ch%20Sheet. piif
Controlbroadleafweeds in wheat (spring, winter and durum), spring barley
Thifensulfuror oats not under seeded to legumes or grasses, and in certain grasses for f

Barricade m_ethyl, group 2 systemicOr seed production .
tribenuron (http://www.dupont.ca/content/dam/dupont/productsand-servicestrop-prot
methyl ection/cerealsprotection/documents/cp PS8 2954420140929sib201420

48&20142126BarricadeS¢G abelEN. pdj
Flucarbazones partially [Controlsgrasy and broadleafweeds

Everest - group 2 g .

odium systemig(http://www.uap.ca/products/documents/Everest2.0.ppf
Controlsbroadleafweeds including cleavers, kochia and wild buckwheat in

Wheat OcTTain fluroxypyr, group 4 partially [spring wheat, durum wheat, winter wheat and spring barley

2,4D LV este systemig(http://msdssearch.dow.com/PublishedLiteratureDAS/dh _0901/0901b803
[Le2c.pdi?filepath=ca/pdfs/noreg/0102282.pdf&fromPage=GetDpc
Controlsgrassyweeds- Wild Oats, Green Foxtail, Yellow Fox@drnyard Gras

. . Volunteer Oats, Volunteer Canary seed and Proso Millet in Spring Wheat

Pinoxaden + [group 1 [systemiq,, .

™ 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, Tritic_ale, Timothy (seed p_roduction on
bromoxynil ' 6/27 systemic(http://www.cropsmence.b_ayer.ca_/~_/med|a/Baver%20CropSC|ence/CouﬁH

nadalnternet/Products/Infinity/Infinity%28@20MSDS.ashx
Controls grassyand broadleafweeds in Canola varieties, Corn hybrids and
. Soybean varieties that are specially developetie tolerant to glufosinate
. Glufosinate . . )

Liberty -ammonium _|9rouP 1dcontact jammonium (for example LibertyLink®eds)
(http://www.cropscience.bayer.ca/~/media/Bayer%20CropScience/Coudty
nadalnternet/Products/Liberty%20150/liberty150 msds.ayhx

Canola Canola, Rapeseed, Condiment Mustard, Sunflower, BraBsitaata,
LL Laurentian Rutabaga

™ Ethametsulfur group 2 |systemig(http://www.dupont.ca/content/dam/dupont/products-and-services/crogprot

Muster + [or-methyl + ection/oilseedcrop-protection/documents/cp PSB2 2356920140716%20f

Select ont%20correctiorMuster-LabelEN. pdj
Clethodim group 1 |systemiq As above

Manyannual andperennial grasses, broadleaf weeds, and woody brush ar
Canola . trees
RR VPMIl glyphosate |group 9 SyStemIthen applied as recommended by the manufacturer

(http://www.ivmexperts.ca/pdfs/Vantage Plus Max_IlI_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 theitE$A\Lsethbridge Alberta Based
on the results fronthe three project years (20:2014), we concludthat:

Tables3, 4 and5 present the analysis results for 2012, 2013 and 2014, respectively. Each table compares
the performance othe four selected herbicides with respect to the three distinct application timings,

Day (122pm), Night (12Lam) and Dawn (&am), in two PSBD trials conducted with two different spray
application datesanearlydate andthe most practicedr{ormal) date Treatment means with the same

letter are not significantly different at a probability level of 0.1 (p<0.1).

Table3, shows that ERs for both Day time and Night time apptinatranked better than the Dawn time
application for 75% of the time (three of the four herbicides) in iti@nd 100% of the time (all four
herbicides) in triaR. Similarly, in 75% of the occurrences, WBRs for both Day and Night time
applications ranke better than the Dawn time application in both trials. In summary, Takkeows that
in majority of the instances$n 2012, both Day time and Night time spray applicationsewaore

effective than Dawn application.

Results were differenhowever,in 2013 compared to 2012, particularly in trlglwhere Dawn time
application ER and WBR ranked better than both Day and Night times in 75% of the instance$.(Table
However, similar to the 2012 results, both ER and WBR for Day time applicationréidded 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 tiialresults from trial were similar to 2012

favoring the Day tim@application over the Night time and Dawn time applications.

Results from the two trials in 20X able5) were very similar to the two trials of 2012 (TaB)eand

trial-1 in 2013 Table4). The ERs for both Day time and Night time applications ranked bettethlean
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 listedTable3 it was concluded that on the average in about 88% of the
instances in 204, both Day time and Night time spray applications were more effective than Dawn
application.

Table6 shows a summary of the ER and WBR values from Tabklesd5 for the Day time application.

It shows that on an average, PSBD with the Day time application of the selectedideshivas 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& 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 Prev ailing Weather Conditions on PSBD Trials
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results cold 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 applicatAnderson 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 therpesience
herbicides. Moiture 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 thedaghce by a rainfall event shortly after a
spray application could also reduce its efficacy.

Figuresl 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. Fiuoegh 9

show tourly records ofthe instantaneougrecipitation (mm), accumulated precipitation (mm), aage

air temperature (degree C) amdlative humidity (%9n the dates of the respective trials iI022, 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 triall and 2, respectively. As seen in Figi@esnly 24 mm of

precipitation had accumulated between April 1 and May 10, 2013, (52% below normal), indicating a very
dryperiodt i GKS GAYS 2F (KS KISWMdy adhd R,261@pmparddo 350G A2y A Y
mm between April 1 and May 7 (79% above norrmatfial-1 in 2012 (Figur&) and 60 mm between

April 1 and May 8 (23% above normal) for tficgh 2014 (Figur8). Apparently, the impaired

performance of all four herbicides because of the dry condgim triat1l, 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 (Tdbleindicating 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 betweent@and 28h May, 2013. Als, however, about 16

mm of rainfall occurred between May 28 and 29 (Fige)reApparently, because the weather conditions

as discussed above in 2013, rendered the herbicidie®st totally ineffective in weed kit trial-1 and
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spray application timings in 2012 and 2014.

Table7, shows a prformance comparison of the foselectedherbicides, and with respect to the three
distinct application timings, Day (Zpm), Night (12Lam) and Dawn (Bam), forthe PSBDrials

presented earlieiin Tables3, 4 and5 above. These results show that with the highest scoring ERs and
the lowest WBRs (except in tra) 2014) over the three project years, tiantage Plus Max Il (VPMII)
herbicide was significantly (p<0.1) more effective than thesothree selected herbicides examined in
our PSBD trials. Tablealso shows that the Day time spray application was more effective than Night
and Dawn timings in two of thifiree 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 morevefteein Night and Dawn
time applications also corroborate with the results presented in Tabthsough6 discussed above

while examining each of the selected herbicides separately.



3.2 In-Crop Trials

3.2.1 Data Analysis and Results for the FSASite, Lethbridge
3.2.1.1 Project Year 2012

3.2.1.1.1 Prevailing Weather Conditions

Figurel0shows the dily instantaneous, accumulated and long term normal raififath May 25 to July
31,2012,at the FSA project site in Lethbridge, Albefithe sitehadreceived nearlyl6 mm of rairfall

during the last week of Mayy the time triatl was treated on May 31June 1By the time we treated
Triak2 on June 2422, the area had accumulated an additional rainfall of around 90 mm. A further
amount of 49 mm of rainfall had fell by the timee treatedtrial-3 on July 2425, bringing the total

amount of rainfall above normal for ¢ period. Because of the relatively wet conditions, we believe soil
moisture conditions prevented plant moistusgress at any time. Figurdd, 12and13also show that
there were no major rainfall events shortly after the treatment of the three trials.

3.2.1.1.2 Results

Tables8 and9 comparethe ER and WBR meawngh respect to three distinct application timindsr

seven selected herbicides applied on oats and mustard in four crd&is ih As mentioned before,

there were three trials set up iB012 with Triatl and-2 with four crops and Tri& with two cropsEach
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 sppplieation dates, i.e., Tridl

on May 31June (an early season date), F8adn June 222 (the most practiced date) and Triabn

July 2425 (a date relatively late in the season).

Summary inrable8 for oatsshowsthat in Trials1 and-2, Day time applicatioproduced the highest ER
scores (57, 71) and the lowest WBRs (71, 75) in majority of the instances comparedtghtteane
application ranking in the middiend Dawn time applicatioscoring the lowest. However, Day time
application in TriaB scored lower than the Night time application that was still higher than Dawn time
application. Also, as seen in TaBlor 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.

TableslOand11 give the ANOVA results of the combined data from the three trials described in Tables
8 and9 for oats and mustard weeds, respectively. Treatmewetams with the same letter are not
significantlydifferent (p=0.1) Table10 shows that herbicides;T(M Muster + Selec¥PMII, Select and

TM Axial+Infinity) were the most effective in eradicating oats from Canoladahgy)a (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
(Tablell). The Day time application performed better in 100% of the instances compared to 50% and
0% for Night time and Dawn time applications, respectiweith respect to the ER scores.

The results fom 2012 presented in Tabl8sand9 clearly demonstrate that the selected herbicidesre

most effective in eradicating oats and mustard weeds when applied in the Day time. The ANOVA results
given in Tablet0and11 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

Figurel4 shows June 2013aily instantaneous, accumulated and long term normal raiafzthe FSA

project site in LethbridgeAlberta The site received nearly 21 mm of rainfall during the first week of

June by the time we treated Triélon June %. An additional rainfall of around 52 mm accumulated by
June 1718 when trial2 was sprayed, bringing the total amount of rainéddbve 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. Figlisend 16 show that while there was no

major rainfall event shortly after the treatment of Trh| over 40 mm of rainfall fell in two major events
between June 17 and 18, within&hours of the Day time application in T+l

3.2.1.2.2 Results

Tablesl2 and13 showthe results from the two trials each set up for oats and mustard in 2013. We
treated Triall June 5 and Triak June 1718. We set up all trials with the same experimental design,
herbicides and crops used in 2012. For oatgi@-I, 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 applicationsan Trial
We noted similar results in the mustard trials (TakB with Dawn time application rarely doing better
than the other two timings (Tabl&2).

We suspect that thenajor rain eventaround the herbicide application time caused FédDay time
application results out of synchronization with 2013 Ftaibsults and majority results from 2012 trials.

As indicated before, Figute shows that on June 17, 2013, Tridlseceived over 40 mm of high

intensity heavy rainfall in two events within8hours after the Day time herbicide application. Because

it was highly likely that the unadsorbed herbicideasived 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
applicationtimings was not possible. Therefore, we deemed data from T2ials2013 unreliable for

making any inferences and eliminated it from further statistical analysis.

Tablesl4 and15list the ANOVA results of only Trila[Tables 2 and 13) for oats and mustard,

respectively. Treatment sans with the same letter are not significantly differé¢pt0.1) Table14

shows thathe herbicides, Liberty/PMII, 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 substitimore 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). Talileshows similar ANOVA results from Hidbr mustardg the Day time

and Night time applications performed better, more often than the Dawn time application. T&alalso
showsthat 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 wasrsficantly better compared to the Control than the

others- showing the highest ER scores and lowest WBR, as observed in the oaf$ it 4) the

same year and botbats and mustard trials in 2012



The results in 2013 listed Trablesl2 and 13 with treatment means and Tabldsl and 15 with ANOVA
outcome, clearly demonstrate consistent trends with 2012 showing that on the average the Day time
application performed better, moreften 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

Figurel7 shows the ddy instantaneous, accumulated and long term normal rainfall for May and June
2014, at the FSA project site in Lethbridge, Alberta. The site received@misn of rainfall during the
4-week period ending by Juned3when we treated Trial., which indicatd a relatively prolonged dry
period immediately before Tridl. However, an additional rainfall of around 150 mm fell by Jur243
when we sprayed Trid, bringing the total amount of rainfall above normal for this period. There were
no major rainfall egnts shortly after the treatment of Trial4 and-2 (Figured8and19).

3.2.1.3.2 Results

Tablesl6and17list treatment means from the trials set up for oats and mustard in 2014. We treated
Triakl for both oats and mustard Juned3and TriaR June 224. We used the same set up as 2012 and
2013 for all trials. The results from Triafor oats show thatni 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 timeapplication performing better exceeded those of the Day and Night time applications
(71% versus Bdand 29%, respectively). However, results from T2i@Tablel6) were qlite opposite to
Triakl, 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 fals discussed before.

For mustard Trial (Tablel7), the Day time application scored better ERs than the other two timings
(57% versus Pbdand 43%, respectivelybut ranked between the Night and Dawn time application for
WBRs (43% versus%hand 29%, receptively). In TH&l, however, the Day time application was the
most effective compared to the Night time and Dawn time applications in terms of both indides

and WBRs. These results, indicating that the Day time application performs better than other timings
most of the time, were consistent with Trialfor oats the same year and the majority of trials discussed
above.

Prevailing dry weather and low sailoisture conditions around the dates of the trial treatments may
explain the difference between the trends seen in the results of Ttidts oats and mustard in 2014

and the majority of trials discussed before. FigliBshows 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 applicati@@-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 treated2l fiate
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 moisturess$ 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 PSBlirials before, because high moisture stress in plants under dry conditions could reduce the
uptake and translocation of the pesimergence herbicides, the efficacy of the selected herbicides
applied between 122 pm June 3 might have been reduced rendgiinem ineffective in the Day time
application. Because the dry weather conditions had possibly compromised the performance of the
herbicides in Trial in 2014, we deem an objective comparison of the application timings and any
inferences hardly possiblE€or the same reason, we eliminated Tdfor oats and mustard in 2014

from further analysis.

Tablesl8and19give the ANOVA results of only Ti2alor oats and mustard weeds. Treatment means

with the same letter are not significantly different (p=0.1). Tdt8dor 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 apptication wit
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 betterttimaDavn time application in 100 ans0% of

the instances. We also noted similar ANOVA results for mustard iFlTaglisted in Tabl&59. The Day

time and Night time pplications performed better than the Dawn time application in 100% instances in
terms of both indices, ERs and WBRS. THb#so 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 crofshowing the highest ER scores and lowest WBR.

The results from Trial® in 2014 (Tables6 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 Dativne applications.

3.2.1.4 Results Summary, FSA, Lethbridge

Based on our three project years (202Q@14) results at the FSA project site discussed above, we
conclude:

1 The selected herbicides for the crops studied at the FSA site performed most effectively when
applied in the Day time (22 pm). Night time (12priam) gave better results than the least
effective Dawn time (4 am). We saw a substantial advantage of Day and Night time
applications over the Dawn time application.

1 Although, Night time application pfemmance 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

1 The results alssuggest that moisturestressed 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 Project Year 2012

3.2.2.1.1 Prevailing Weather Conditions

Figure20 shows the dily instantaneous, accumulated and long term normal rdiifida June2012 at the
Ballater weather station about 25 km south of the SARDA project site in Falher, Aldatsite had
received around 90 mm of rainfall by June 20 when we treated-ITwéth no additional rainfall by June
27 when we sprayed Tri@l This indicated that soil moisture conditions were probably good and the
plants were not under moisture stress. FiguPdsand22 also show that there were no significant
rainfall evens shortly after the treatment of the two trials.

3.2.2.1.2 Results

Tables20and21 give treatment means from the trials set up for oats and mustard in 2012, respectively.

We treated Trialdl for both oats and mustard June-2@ and Trial2 June 2728. We conducted all
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for oats (Tabl0) 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 frequenoy Dialy time application

also exceeded those of the Night and Dawn time applications (25% each) b, Dualfell in the middle

of the Night time (75%) and Dawn time (25%) applications inZri@h the average however, the Day

time application was thenost often effective timing, followed by the Night time and Dawn last.

For mustard Trial (Table21), the Day time application scored ERs better than the other tmints 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-Ir{80% versus 40% and 20%), but
ranked the same as the Night time (60%) iimA2 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.

Table22 and 23 give the ANOVA results of the two trials for oats and mustard described in Pébles
and?21, respectively. Treatment eans with the same letter are not significantly differ¢pt01). Table

22for 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 instangeeaxling 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 TaBindicate 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 indiceERs and WBRs. TaBalso 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 d¢ithhé@rgs most of the
time, were also consistent with the majority of results from the Lethbridgedit8#ials discussed
above.
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3.2.2.2 Project Year 2013

3.2.2.2.1 Prevailing Weather Conditions

Figure23 shows the dily instantaneous, accumulated and long term normal raifdallune2013 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 T+ialAn additional 27 mm fell between June 24 and 26 around the

time when we treated Tria (Figure24). As seen in Figu4, no rain fell shortly after the spray
applications in Trial. However, Figurg5shows that all 27 mm of rainfall occurredti@en 5 pm June

25 and 4 pm June 26, shortly after the Day time applicatior2(il) and through the Night time and

Dawn applications in Tri&l. Because the site received adequate rainfall in June, we believe the soil
moisture conditions were good and thptants were not moisturestressed.

3.2.2.2.2 Results

Table24 and25list the treatment means for oats and mustard trials in 2013. We treated-T ffiait

both oats andnustard June 223 and Trial June 2586. Researchers conducted all trials with the same
set up as described in 2012. The results for oats (2dpkhow that in Triel 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 Tri@for ER and WBR (67% versus 33% each respectively). As discussed
before, the diminished performance of the Day time application in -Prizduld be due to multiple

rainfall events starting around 4 pm, shortly after the spray application betweehd Jme 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 (TaBjethe 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.

Tables26 and 27 give the ANOVA results of the two trials for oats and mustard described in Bables

and 25, respectively. Treatment eans with the same letter are not significantly differéptQ1). 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, reispdctFurthermore, 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
applicaions were 100% more effective than the Dawn time application for ER scores, but only 50% of
the time for WBRs (Tabk). Barricade was the most effective herbiciderustard 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 coigtent with the majority of trial results from 2012 from the same site as well as

from the FSAite in Lethbridge.

3.2.2.3 Project Year 2014
3.2.2.3.1 Prevaling Weather Conditions

Figure26 shows the dily instantaneous, accumulated and long term normal raifdallune2014 at the
Ballater weather station about 25 km south of the SARDA project site in Falher, Aldextsite
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received around 33 mm of rainfall by June 18 when we treated-T@ad an additional 10 mm by June
25 when we sprayed Tri@l This indicates that the soil moisture conditions were fair and the plants
were not moisturestressed. Figure&7 and28 also show no major rainfall events shortly after the
treatment of the two trials.

3.2.2.3.2 Resuls

The treatment means for oats and mustard trials in 288 in Table28and29. We treated Triald for
both oats and mustard June 4I® and Trial2 June 286. All trials used the same set up as the
previous two years. TabRBfor oats showshat in both trials, the Day time application performed

better than the Dawn time in 75% of the instances considering both indiEBsscores and WBRs. Dawn
time was more effective than the Day time only 25% of the time. As before, the Night time fedl in t
middle of the two other timings with ER scores and WBRs of 25%, 50% and 75% ifh aneig. For
mustard trials (Tabl29) also the Day time application was more effective than the other two timings in
most of the instances except for WBR in Fiial

Tables30and 31 give ANOVA results for oats and mustard described in TaBlasd 29, receptively.

For oats (Tabl&0), both the Day and Night time applications were more effective than the Dawaitim
50% of the instances considering the two indieER 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 wathe most effective herbiciden oats in Canola (LL). inustard trials (Tablgl),

the Day time application was better than the Dawn time in 100% of the instances and the Night time in
50% of thenistances 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 infod@asinfinity 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 angsused 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 Ei8A

3.2.2.4 Results Summary, SARDA, Falher

For the three project years (2042014) 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 Project Year 2012

3.2.3.1.1 Prevaling Weather Conditions

Figure29 shows the dily instantaneous, accumulated and long term normal raifdalJune2012 at
Dupre weather stabn about 15 km north of the LARA project site in Bonnyville, Alb&He site
received around 30 mm of rainfall in last two weeks (Mayl@be 7) when we treated TridlJune 78
with an additional 49 mm of rainfall by June 21 when we sprayedJ.rilis indicates that the soil
moisture conditions were good and plants were not under moisture stress. Figdersl 31 also show
no major rainfall evens shortly after the two trial treatments.
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3.2.3.1.2 Results

The treatment means for oats and mustard trials in 28 in Table§2and33. We treated Triald for
both oats and mustard June&and Trial® June 2322. We conducted altials with the same set up as
the described for the FSA and SARDA project sites in Lethbridge and Falhe32Tabtats shows that
in Triatl the Day and Night timapplications did not have any advantage over the Dawn time
application for both ER scores and WBRs. However;2T'tiied 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 (Tab&S8), the Dawn time application performed better more often than the
Day and Night time applications for both indices, ER scores and WBRal2Zhowever, 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.

Tables34 and 35 contain the ANOVA results for oats and mustard described in TaBkmsd 33,

receptively. For oats (TabBl), both the Day and Night time applitats 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 HRMand
Axial+Infinity with respect tboth ER and WBR, were the most effective herbicides on oats in Canola (LL)
and Wheat crops, respectively. For mustard trials (TabJethe Day time application penfimed 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 @12 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 superthe other
two timings did not hold at LARA site in 2012. However, as before, herbidididduster+Select an@iM
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 Prevaling Weather Condtions

Figure32 shows the dily instantaneous, accumulated and long term normal raifdallune 2012t the
Dupre weather station near Bonnyville, Albertde site received around 10 mm of rainfall in the two
weeks before we treated Tridl July 23 with an additional rainfall of 32 mm by July-18 when we
sprayed TriaR. Adequate rainfall indicates that the soil moisture conditions were good and thésplan
were actively growing. Figur@3 and 34 also show that there were no major rdall events shortly after
we treated the two trials.
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3.2.3.2.2 Results

Table36 shows that for oats in Tridl, 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
the other two timings in Tria2 for ER. For mustard, however, both Day and Night time applications

were more effective than the Dawn time in all instan¢€able37).

Tables38 and 39 give ANOVA results for oats and mustard described in Tablasd 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 TtiaHowever, none of the application timings showed any
advantage over one another for WBRs. Liberty aNtdAxialinfinity were the most effective herbicides

on oats in Canola (LL) and Wheat crops, respectively. For mustard trials39)alihe Day and Night

time applications pedrmed 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 effetigrbicides 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 applichaoimsgy

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

Figue 35shows the dily instantaneous, accumulated and long term normal raifdalJuneand July
2014at the Dupre weather station near Bonnyville, Alberta. The siteieed above average rainfall
through the entire period with over 55 mm of rainfall falling in the two weeks before we treatedITrial
June 2425. An additional 59 mm of rainfall occurred by JulylB4vhen we sprayed Tridl Adequate
rainfall suggests gml soil moisture conditions with the plants growing without moisture stress.
However, as Figured6 and 37 showthat there were no major rainfall events shortly after trials were
treated.

3.2.3.3.2 Results

Table40 shows that for oats, the Day and Night timpplications had an advantage over the Dawn time
for both indices, ER scores and WBRs, in most instances in bothT'aints2. However for mustard,
both Day and Night time applications were more effective than the Dawn time in all instances (Table
41).

TablesA2 and43 give the ANOVA results for oats and mustard described in TéDkmsd41,
respectively. Similar to the results listed in Tadlethe ANOVA results in Tal2 for oats show that
none of the timings had any advantage over another, because all timings wecé\effa an equal
number of instances in terms of ER scores and WBRs. 4zhigher shows that Liberty an@M
Axial+Infinity were the most effective herbicides onoat Canola (LL) and Wheat crops, respectively.
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For mustard trials (Tabi3), 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 di not show any advantage over the two other timingke Liberty and TM

Axial+Infinity were the most effective herbicides on mustard in Canola (LL) and Wheat, respectively.

The results for oats from 2014 at the LARA site were similar to 2012 and 20t eess mixed at
best. However, results for mustard followed the same patterns as seen most often at the FSA and
SARDA sitegith Day and Night time applications having frequent advantage over the Dawn time.
Similarly, as before, Liberty and T™ial+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 (2032014) discussed above, the LARA site conclusions over the three
project years (201:22014) 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 ¢werDawn 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, tenmpeganversions and heavy dew on
leaves(Enz et al., 2014)educed interception of herbicides due to the vertical position of leaves at night
O2dz R Ffaz2 OFdza$S adzail yiathight aRiddmmBespactlly infihe K SNDH A OA R
broadleaf weeds exhibiting diurnal leaf movemer&tppps et al., 2013ohr et al., 2007Martinson et

al., 2005 Hartzler, 2003Sellers et al2003 Martison et al, 2002, Norsworthy et al., 1999)n a study
examiningthe effect of the application tim@f-day onglyphosate efficacy on velvetledflohr et al

(2007) indicated that leaf angle and time of application accounted for 82 and 18%, respectively, of the
biomass changén 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 surfaceaaexposed 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 wé@dasr et al., 2007)

Our results athe FSALethbridgg 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. Taldlé 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 yeakdowever, as seen in TallB, 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 sumraries for PSBD and-anop trials for all the locations were presented aboMewever the
major contusions drawn from our studgre given below
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1 The herbicides in PSBD anetiop trials performed most effectively when applied in the day
time (122 pm).Night time (12pralam) 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

1 Although, Night time application performance was less often effectia@ 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

1 The results also suggest that moistigteessed plats 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 tourscrop walks, workshops/conferencesy R LIN2 RdzOS NA Qthed | 1t KS NA y 3
province. The study results were also published i€ S CF N¥Ay 3 {YI NISNRa | yR 2 dzN
magazines, newsletters)ectronic and sociahedia, websites (www.farmingsmarter.com, ropintheweb,
www.areca.ab.cafo provide producersools necesary to make an informed choica list of the

pertinent extension activities is given below.

4.1 Yearly Extension Activities

4.1.1 The extension activi ties conducted in Year 1 (2012)

1 Farming Smarter Crop Walk; May 31, 2@1Bob Blackshaw & Ken Coles presentedRB&D
trial (44 attendees)

9 Farming Smarter Crop Walk; June 7, 20X2&n Coles presented night sprayingiop date 1
trial (36 attendees)

1 Farming Smarter/UFA staff tour; July 19, 2@Xen Coles presented the trial to 10 UFA staff
members

1 Farming Snmaer/Ducks Unlimited Tour; July 26, 20§ Xen Coles presented night spraying date
2 trial (47 attendees)

1 Alberta Wheat Commission Regional Meetings; November 16, 19, 21, 22 & 3@, RéhZoles
presented night spraying trial information (100 attendees)

1 Farming Smarter Conference; December 3 &4, 2062n Coles presented preliminary results
from night spraying trials (222 attendees)

4.1.2 The extension activi ties conducted in Year 2 (2013)

1 AgroPlus Sales & Service Meeting; February 7, 26 Coles preseed VRT project (35
attendees)

1 MNP Farm Management Group Meeting; February 19, 2048n Coles presented VRT project
(10 attendees)

1 Farming Smarter AGM; February 28, 2@X3n Coles presented night spraying trial (61
attendees)
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Farming Smarter Crop &lk; May 30, 2018 Ken Coles discussed the project (54 attendees)

Farming Smarter Crop Walk; June 6, 2@X&n Coles showed night spraying date 2 site (63

attendees)

1 SARDA discussed the project during an open house on July 10, 2013 (3 attendeely) Hhd Ju
2012 (50 attendees)

1 Farming Smarter AGM; February 28, 2QX3en Coles presented night spraying trial (61

attendees)

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

Crop Walk; June 6, 205Xen Coles showed night sprayuhate 2 site (63 attendees)

Field School; June 2, 2013 Ken Coles presented the study results (~ 300 attendees)

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

Farming Smarter Conference; Decembet, 2013 (200 attendeefrom over 300 registrants)

= =

= =4 =4 =4 =9

4.1.3 The extension activi ties conducted in Year 3 (2014)

1 Crop Walk; June 5, 20%4 ethbridge, Ken Coles discussed the night spraying trials (30
attendees)

1 Crop Walk; June 12, 20t4 ethbridge, Ken Coles showed night sprayirg] {85 attendees)

1 Crop Walk; June 19, 20t4 ethbridge Ken Coles shared key findings on night spraying (35
attendees)

9 Field School; June 26, 2014¢c Ken Coles presented the study results (over 250 attendees)

1 Private tours; June 201&Ken Coles also psented 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 antie 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 or@iome basis.

4.2 Training of highly qualified personnel

Staff from all three partnering orgaiions gained invaluable knowledge regarding the complicated
interactions between weather conditis and herbicide applicationBarmers and organizations are
keenly interested in this information and we have been invited to speakztns 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
1 AlleMvatsthe 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
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91 Fillsthe knowledge gaps and provide producers with unbiased reliable information on efficacy
and tolerance for common herbicides sprayed on common crops in Alberta

1 Updatesbackground 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

1 Providesinformation about the general efficacy (weed control) ammdp tolerance
(phytotoxicity) of herbicides sprayed at night and

1 Exploresnot 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.

4.3.2 Benefits to Alberta's Agriculture and Agri  -Food Indust ry

In a short growing season as in Alberta, application timing is very critical for optimal herbicide
performance. It is expected th#te results of our studyvould help to:

1 Significantly expand the opportunity time window for the producers to avoi@pil economic
and environmental consequences resulting from the waiting for ideal conditions required for
day time application

1 Reduce economic losses caused by high application rates, unintended damage to off target
crops as well as environmental polluti 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 asorption

T DNBFGt& AYLINRGS (GKS LINPRAZOSNBQ 2LJiAz2ya (2 asSts
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 adjacerdps is lower)

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

1 Assist the Alberta agfood industry in enhancing public perceptiofits environmental
stewardship

4.3.3 Benefits to the Environment z Reducing Alberta Agricultural Environmental
Footprint

Night time spraying would help in

1 Reducing the environmental footprint of agricultural industry in Alberta

1 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

91 Alleviating detrimental effects on human and animal health, contaminatidoad 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#2Mac (AAFC, 1997) depending on

rates, farmers in Alberta collectively spend betwee2-838 each year on herbicides.

However, the return on this substantial investment could be greatly diminished by the declining
KSNDbAOARSAaQ STFTAOFOASE 0SOlIdzaS GKS LINPBRdAdzOSNE KI @S
under poor day time applation 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 oftensigogicant economic

and environmental consequences.

Because the results of oury@ar 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 reduthe 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,ess 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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Daily Station Observations; Created April 30, 2015
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Figurel. Daily instantaneous, accumulated alohg 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.@/acis/about.jsp.
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Figure2. 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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Daily Station Observations; Created April 30, 2015
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Figure3. Daily instantaneous, accumulated and long term normal rainfall for April and May, 2014, at the Lethbridge Demo Farm
Lethbridge, Alberta (AgroClimatic Information 8ees (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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Figure4. Hourly precipitation (mm), accumulated hourly precipitation (mm), average air temperature (degree C), relative
humidity (%) from May 50 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-frjal
spray-applied on May 7 between 122 pm (Dg time) and on May 8 between 12prham (Night) and am (Dawn)



Hourly Station Observations in Local Standard Time; Created April 29, 2015
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Figureb. Hourly precipitation (mm), accumulated hourly precipitation (mm), average air temperature (degree C), relative
humidity (%) from May15 to 18, 2012 at thetlhbridge Demo Farm, Lethbridge, Alberta (AgroClimatic Information Services

(ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The weather data correspond-2o trial
sprayapplied on May 16 between 12 pm (Day time) and on May7 between 12prilam (Night) and bam (Dawn)
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Hourly Station Observations in Local Standard Time; Created April 29, 2015
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Figure6. Hourly precipitation (mm), accumulated hourly precipitation (mm), average air temperature (degree C), relative
humidity (%) from May 8 to 11, 2013 at the Lethbridge Defrarm, Lethbridge, Alberta (AgroClimatic Information Services
(ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The weather data correspond to-frjal
spray-applied on May 9 between 12 pm (Day time) and on May 10 between 12pbam (Night) and am (Dawn)
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Hourly Station Observations in Local Standard Time; Created April 29, 2015
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Figure7. 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 Lethbriddfgerta (AgroClimatic Information Services
(ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The weather data correspond to-fjal
spray-applied on May 27 between 12 pm (Day time) and on May 28 between 12pbam (Night) andd-5am (Dawn)
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Figure8. 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 (Agrat@ilnformation Services
(ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The weather data correspond to-frjal
spray-applied on May 8 between 12 pm (Day time) and on May 9 between 12ptam (Night) and am (Dawn)
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Hourly Station Observations in Local Standard Time; Created April 29, 2015
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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 InfoBeraiices
(ACIS), Government of Alberta: http://agriculture.alberta.ca/acis/about.jsp). The weather data correspond-19 trial
sprayapplied on May 14 between 12 pm (Day time) and on May 15 between 12ftam (Night) and 6am (Dawn)

Daily Station Observations; Created May 03, 2015
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Figurel0. Dally instantaneous, accumulated drlong term normal rainfall fromMay 25 to July 312012, atthe Farming
Smarter project site llethbridge Demo Fariy Lethbridge, Alberta (AgroClimatic Information Services (ACIS), Governofent
Alberta: http://agriculture.alberta.ca/acis/about.jsp).
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Hourly Station Observations in Local Standard Time; Created May 03, 2015
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Figurell. Hourly instantaneous and accumulated precipitation (mnayerage air temperature (degree @pd relative
humidity (%) from May 30 to June 2, 2082 the Farming Smarter project sitd_ethbridge Demo Farjn Lethbridge, Alberta
(AgroClimatic Information Services (ACIS), Government of Albdntp://agriculture.alberta.ca/acis/about.jsp). The weather
data correspond to triall, sprayapplied on May 31 between 12 pm (Day time) and on June 1 betwed2pm-1am (Night)
and 45am(Dawn).
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Figure12. Hourly instantaneous and accumulated precipitation (mnayerage air temperature (degree @pd relative

humidity (%) from June 20 to 23, 20E2 the Farming Smarter project sitd_éthbridge Demo Farin Lethbridge, Alberta

(AgroClimatic Information Service(ACIS), Government of Alberthattp://agriculture.alberta.ca/acis/about.jsp). The weather

data correspond to trial2, sprayapplied June 21 between 12 pm (Day time) and on June 22 betwe&@pm-lam (Night)

and 45am(Dawn).
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Figurel3. Hourly instantaneous and accumulated precipitation (mnayerage air temperature (degree @hd relative
humidity (%) from July 23 to 26, 2014 the Farming Smarter project sitd_éthbridge Demo Farin Lethbridge, Alberta
(AgroClimatic Information Services (ACIS), Government of Albdnttjp://agriculture.alberta.ca/acis/about.jsp). The weather
data correspond to trial3, spray-applied on July 24 between 12 pm (Day time) and on July 25 betwed2pm-1am (Night)
and 45am(Dawn).

Figurel4. Daily instantaneous, accumulated d@rlong term normal rainfall for June 201&tthe Farming Smarter priect site
(Lethbridge Demo Farin Lethbridge, Alberta (AgroClimatic Information Services (ACIS), Government of Alberta:
http://agriculture.alberta.ca/acis/about.jsp).
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