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1.0 INTRODUCTION

Despite good intentions, it is common for walled, older hay fields and pastures to getritionally
depleted over time.Producers in the Bulkley Valley maximize their forage growth over the relatively
short growing season by adding soil nutrients tighthe application othemicalfertilizer and/or
livestockmanure Many of the local producers are managing multiple parcels of lanever,making

it difficult for them to economically rejuvenate their soil€hemicafertilizer costs have fluctuated
significantly over the last few yeawsften the price is high enough to be cegstohibitive for many
producers. As a result, local producers have expressed an inténaftterminingthe effecvenessof
manure applicationgor maintaining or enhancinfiprage productivityon older pastures The primary
purpose of this demonstration trial walkereforeto see if there is a visible difference in pasture
productivity when commercial fertilizer blends are compared with horse and cattle manure applications.
This trial focused o cattle (semisolidand solid) and horse manut®wever,many of the same
principles applyor the application of other livestock manures suctshsep, goat, poultry and hog

In addition to investigating how to best maintain prodwetipastures, this demonstration trial was
initiated to examinghe efficacy of manure use, includim@ys toreduceenvironmental riskandweed
infestation, and to compare the timing of fertilizer applications between spring and fall.

2.0 BACKGROUNONFORMATION

Throughout the Bulkley Valley, solid horse and cattle manures are often piled each year and left to
mature prior to spreading. These piles are then used to resuscitateusedl or nutrientpoor beef

cattle and horse pastures. Many of thed dairy farmersisohave liquid manure spreaders. Although
some producerg, particularly those in the dairy businegsegularlytest their soil, the purchase and use
of custom blend fertilizer igenerally lesprevalentthan that of the nitrogen base fertilizer (340-0-11).

Managing pastures tmaximizesoil healthand optimize forageyields means thafproducersneedto
obtain detailed knowledge about the nutrient composition of theoil and soil additives, particularly
fertilizer. Aninventoryof the pasturespecies compositioalso provides essential information about
plant nutrient requirements.

In contrast to crop fields, it is not alwagsonomically efficient tonaximize the productivity fopasture
forage. Money spermn maximiingforage growthis only wellspent if the increase in productivity is
properly utilized(e.g., if the stocking rates on a particular pasture @réficientto take advantage of the
increased available forageManagementonsiderationgor maximiing the econome efficency of
fertilizing pastures include

X Grazing management: how many animals per acre? Are the animals rotationally grazed, or do
they have access to the whole pasture? Rotational grazing is preferred as it more evenly
distributes the return of nuients to the soil through urine and manure deposition (Kelling
1999).

X Species composition: are there legumes in the pasture? Which are the dominant grass species?
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X Timing: when doetertilizingmake sense to maximize forage productivity?

2.1 Forage SpeciesComposition

Observingpasturespeciesomposition andistribution isanimportant component offertilizer
managemenplans, ashie anticipatednutrient requirementand response to fertilizer varies between
different forage speciesCool season grasseagh as orchardgrass and tall fescue can take udlia0
nitrogen per acre (Swinker 2009). Spedpscific nformation enables producers tetermine how
much nutrition will be removed from the soil each year, thus awvgjeénvironmental and cost issues
associated witlover-fertilization.

Typicallythe most productive grasspeciedn the pasturebenefit the most fronmstraightnitrogen
applications (Cuomo 2000%enerallym mixed gras¢egume pasturs, productivegrasses will tend to
out-compete the égumes such as alfalfa, clover and vetdth respect to uptake of both nitrogen and
phosphorugKelling 1999; Cuomo 2000).

Legumesare able to increase their available nitrogen throwgymbiotic or mutually beneficial,
relationship with Rhizobiurbacteria’. The plargrespond to the bacteria in its root hairs and cortical
cells by forming nodulesvhere nitrogen is fixed and thenavailable foplant uptake(Figurel). The

rate of nitrogen fixation is influenced by soil chemisindclimate (Brady 1990). The rate of nitrogen
fixation is reduced if nitrogen fertilizer is added to the soil (Brady 1990; Lindemann and Glover 2003).
Thus it is not necessarily recommeid® fertilize with nitrogen if the proportion of legumes in the
pasture exceeds 30 percent (Kelling 1998Ithough the host plant utilizes much of the nitrogen fixed

by theRhizobiunspp., nitrogen is returned to the soil for uptake by other forage sethrough the

death and decomposition of legume leaves, stems and r@dtelemann and Glover 2003)

Figurel. Alsikeclover (Trifolium
hybridum) with groups of nitrogen
fixing nodules evident throughout
root system.

! Rhizobiunbacteria are quite species specifi®hizobium melilotis the species that inoculates the alfalfa grovfe(ilotusspp.,Medicago
spp. andTrigonellaspp.). The cloverd ifoliumspp.) are inoculated bR. trifolii(Brady 1990).
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2.2 Timing of Fertilizer Application

Split fertilizer applications have been shown to improve pasture productivity more evenly over the
grazingseason. Generally, an application in late fall or early spring, one in early June and then another
in early Auguswill provide nutrients as they are required over the growsggison.It may not be

necessary to fertiie pastures in the springfdrageproductivity is sufficient for the anticipated grazing
pressure. Sufficient moisture and cool temperatures are required forsmidmer applications to be
effective as nitrogen volatizes at high ambient temperatucdgen the growth rate of most pasture

species slows down during tsgammermonths (Kelling 1999). In situations where the pasture has been
seeded with forage species that typically exhibit googmawth, fertilizing midsummer if conditions

permit may extend the grazing season.

One methoddogy for applying split applications is to divide théal amount of fertilizer to be applied
(ideally derived from the results of soil testing for each pasture) intth&@er acre applications. For
example, if the pasture requirements are 108 of ritrogen per year, then two applications of 50 lbs

per acre, one in early spring and the other in late summer/early fall is recommended (Cuomo 2000). If
more than two applications are required, another approach isitwe heavilyweight the spring and late
summer/early fall application® take advantage of higher soil moisture conditionghus if the
recommended total is 20 of N/acre, 60lbs could be applied in the early spring and again in the fall,
and the remaining 8 N/acre could be split intoato summer applications. Ideally, split application
timing and rates should be based on the soil and climate conditions, forage potential, and the grazing
management practiced by each producer (McKenzie 2005).

2.3 Nitrogen, Phosphorous & Potassium

Nitrogen(N) is quite mobile through the soil, particulaimyareas characterized kperiods ofheavy rain

or snowmelt An abundance of empirical evidence indiessignificant increases in crop productivity

when nitrogen is applied to the soil. Nitrogen has tireatest impact on the growth of the green
vegetative parts of the plant. This is most evident when chemical fertilizers are used, as the nitrogen is
in an inorganic form thgplants can take up immediatelyitrogen in different livestock manures is

present as ammonium nitrogen (WHN) and organic nitrogen (N@); only the ammonium form of

nitrogen is available for immediate uptake by plants (SAF 2006). In solid cattle manure, typically only
10% to 20% of the nitrogen is available right away, ttst iepresent as organic nitrogen (Schoertu

al. 2006).

Optimal levels of availablenpsphorugP)and potassiun{K)arealso critical tgplant growth and
longevity. In legumes, adequatsoil phosphorus and potassium promote winter hardiness and
increasedliseaseesistance (Barnhasdt al. 1997). Phosphorus is a key component of energy
transformation, genetic inheritance, and protein synthesiplants; it is instrumental in processes such
as photosynthesis, root growth, flowering and fruiting, and nitrogen fixation (Brady 1%80assium is
an enzyme activator; it is very mobile within plants, and is integral to transpiratidrphotosynthesis,
as well as other essential plant functiomsddy 1990).Soils deficient itboth phosphorus and

potassium will not respond as vigourously to additional nitrogen (Cuomo 2000)is Téss of a concern
in pasture situations, as approximately 85% of the phosphorous and potassium removed through
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gragng is returned as manure and urine (Kelling 199%er time, however, pastures that are
continually grazed (and not fertilized) may become deficiertliessential nutrients, particularly
nitrogen andphosphorus (Barnhast al. 1997). Legumeominated pastures utilize much higher
proportions of soil phosphorus and potassium than gid@sinated pastures.

2.4 Livestock Manure as Fertilizer

laAy3 tA0SaG201 YIydaNB Fa FSNIAEATSNI Oy 6S 2yS§
while simultaneouslyreducingchemical fertilizeexpenditures. Manure is generally categorized as
beingeither liquid (>90%) semisolid (80-90%)or solid(<80%Yased on moisture conterfEchoenauet

al.2006) Most nutrients and micronutrients essential toapk growth are found in the various livestock
manures, including: nitrogen, phosphorus, potassium, sulphur, copper, manganese, zinc, boron, calcium,
magnesium and iron (Schoenatial.2006). Although some of these nutrients and minerals are in a

form that may be taken up by plants immediately, a large proportion are present in an organic form that
only becomeavailable over time through the process of mineralizati@nil organisms synthesize

organic matter through an enzymatic process that resulthénformation d inorganic nutrients which

are then available to be taken up by plants @rd990). The organic componef manuress higher

in solid and semsolid manures Organic mattepromotes soil health and conserves soil moisture, as

well as ating as a longerm nutrientsource. Soils with a higher proportion of organic matter have
increased aggregate stability, and are thus less likely to be compacted when wet or during tilling (Brady
1990).

The nutrient composition of livestock manures ighly variable, both between species and within the
same species type. Itis dependent on individaahing protocolsmanurestorage systems, livestock
diets, and climate conditions (SAF 2008nalyzing the nutrient content of manure prior to spreaglis
the only way to ensure optimal soil health, forage productivity and economic effici€begeralpoints
about nutrient composition of livestock manure as follows

¢ nitrogen is the most abundamtutrient, a portion of which is available in a regdilsable form
as ammonium,

¢ the rate of available nitrogen is hard to predict in manures with higher organic nitrogen. The
mineralization rate is based @wil temperatureclimate, the ratio of bedding to manure, the
type of bedding (wood shavings can i nitrogen as it breaks down) and degree of manure
decomposition prior to spreadingcKenzie 20055choenatet al.2006),

e approximately 50% of the phosphorus in manure is available for uptake by plants immediately
upon application (Poon and Schmidt 2p1&lthough the amount of available phosphorus can
vary with the proportion of solids in the manure (Schoeeaal.2006),

e manure analyses from dairy, beef and swine productions in Saskatchewan showed that
phosphorus, sulphur, calcium and magnesium desgess moisture content increases (SAF
2006),

e thoroughly mixing liquid manures prior to spreading is important as about 75% of the
potassiumcan becontained in the liquid portion (SAF 200énhd
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¢ the majority of potassium in manure is immediately availdbleplant uptake (Schoenaet al.
2006).

Although the nutrient composition for livestock manures is highly variable, documented manure test
results for dairy, beef cattle, poultry, swine, horse and sheep manure are listeabial.

Tablel. Documentednutrient values for various livestock manures imperial units(Schmidt and Poon 201BAF 2006;
MAFRI 2009Lawseth2008).

Dairy (liquid)  Beef cattle Poultry (solid) Swine (solid) Horse (solid)  Sheep (solid)

Ib per 1000 (solid) Ib per ton Ib per ton Ib per ton Ib per ton
gal Ib per ton
Nitrogen 28 8.4 43.2 17 19 28
Phosphorus 6 4.2 25.6 9 6 9.6
Potassium 25 13.6 21.6 22 30 24
Sulphur 4 3 6 6 n/a n/a

*BC data are given when available. Sheep, swine (solid) and horse data are taken from work done in Saskktah&olzen,
and Colorado

Similar to most agriculture management systethgre are benefits and risks associated with manure
storage and useThe benefits, as outlined above, include the extensive list of nutrients contained in
manure that maintain plant health and increase productivityen manure is applied to the sofPrior

to mineraliation, the organic component of manure acts as a soil conditicaiding in the reduction of
moisture loss and increasing soil aggregate stability.

The risks or potential disadvantages of spreading livestock mamatisted below.

1. Low nutrient valueg manureslow in nutrients (as a result of improper storage or livestock diet)
reduce the economic efficiency of spreading and need to be spread on fields close to the
manure source

2. Leaching and/or runoff of manure into natural or manmade waterboditss is an
environmental hazardreated when manure is applied too heavily, if manure application is
followed by heavy rainfall events, or if manure is spread on frazesmowcoveredground

3. Nitrogen volatiliation creating gas emissions of ammonia and nitrousi@Xieading to odour
issues and increased greenhouse gas emissigokatilization can be reduced by using
spreading methods that integrate the manure into the soil as quickly as possible, and by
avoidingspreading manure ihot, arid climate conditions

4. Accumulation of phosphorusexcess phosphorus is an issue when there is potential for it to
move into a fresh body of water through the means of soil erosion, runoff or leaching. High
levels of phosphorus entering freshwater systeaigs in the trigger bthe eutrophicatior
procesqgPoon and Schmidt 2010).

2 Eutrophication (also known as cultural eutrophication) is the resulting process from the addition of excessive amounisnt$ Qut

particularly nitrogen and phosphorusinto fresh water courses. Algal species use the nutrients to rapidly multiply; as the bottom layers of the
algal mat die back, they fall to the bottom and start to decay. Bacteria and fungi that aid in the decomposition ofaleibfgmuently use all

the oxygen, compromising all of the other species living in the waterbody (Primack 1993). The end result is usudtiyrtodialfty, which

then compromises the water quality for domestic use.

Bulkley Valley Pasture Fertilization Trials 5



Pollution of water courses with phosphorus can be avoided by:

a. Testing manure and soils regularly to monitor phosphorus leaals$ reducing the
manureapplication ratewhennecessary to avoid excesscamulation,

b. Focusing manure applications on fields furthest away from any bodies of fresh water or

surface water, and

¢. Maintaining avegetatedbuffer of 30m or 100ft between edge of fields and fresh water
sources or surface watéPoon and Schmidt 201@Gnd,

5. Accumulation of potassiumsimilar to nitrogen, potassium is taken up by crop and forage
species in proportion to the amount that is available. High levedsitfpotassiumtherefore
result in high levels of potassium in crop and forage speciattle @gesting forage with greater

than 3.5percentpotassium are at a higher risk with respect to milk fever, displaced abomasums,

and calving issues (Schmidt and HugBesnes 2010).

The latter points; accumulation of phosphorus and potassigrarelisted as issues with manure
spreading ashese two nutrients often accumulaie the soil when the manurapplication rates based

on the nitrogen target. Similar problems would occur, however, when using chemical fertilizer without
first soil testing ® ensure that the correct nutrient levels are being applied.

2.5 Environmental Considerations

There is potential for pollution with the application of both chemical fertiszard manure. pplication
on snow, frozen or flooded ground, or application ptio heavy rainfall events can result in the
nutrients polluting ground and/or surface water by movement through the soil (leaching) or over the

soil (runoff). Overpplication of nutrients may have similar consequences, as well as increasing the risk

of nitrate poisoningor excessive potassium uptakelivestock.

Less obvious sources of pollution are becoming nafra concerras farms are surrounded by
residential developments, and with the increased public awareness of global climate chainge
pollution includes unacceptablemissionlevels of particulates (i.e., excessive dust), odour, and
greenhouse gases, particukacarbon dioxide and volatilized nitrogéammonig. Avoidinghe
application ofmanure or chemical fertilizer during hot, dry petgcanminimize this type of pollution.
Carbon dioxide is releasé&dm the soilwhen fields are tilled; managing soil health and considering
alternatives to tilling (e.g., ntll practices)help reducethe carbon footprintassociated with crp and
forage production

Air emissions may also be reduced by upgradiranurespreading equipmeniFigure2). The BC
Ministry of Agriculture has publishedbadzi NA Sy & al yI 3SYSyid ClF OGakKkSSi

Syi.

JFEAONI GAY3 al ydNB ! LILX AOFGA2Y 9l donddfS{ei Q 6Hnnpo ®

moisture content)uniformity of application]evel ofsoildisturbance anadtompaction potential crop
damage andost of equipment The tables from this Factsheet have been reproduced in Appéfadix
reference.
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Figure2. The Stine injector (made by Nuhn
Industries Ltd) is excellent at reducingnitrogen
lossesbut increases soil disturbance through
cultivation.

3.0 METHODS

When this demonstration trial was initiated in 2008t local producers volunteered to put land aside

for the two year durationAl and Rsalie Brandsma, owners BfantannaDairy Inc.located in the

Glentannaarea north of Smithers, and Reaad Joyce Dielemanom Thompson Creek Beef,cowcalf

and feeder operatiofocatedbetween Smithers and Houston. Although it was originally dediadied

G2 NBLIAOFGAZ2Yya 2F (GKS GNRIFE RSaAdy ¢g2dAZ R 0SS Aya
¢KS FNBF aSd FraARS F2NJ GKS GNRFE Fd 5ASESYFryQa gt
two replications within close proximityteach other.

At both sites dur fertilizertypes were applied each spring and falimake up eight different treatment
types:

e nitrogen/sulphur chemicafertilizer (34-0-0-11),

e custom blend chemicdeértilizer,

¢ horse manureand

e cattle manure (botHiquid and solid forms)Higure3).

The different treatments were chosen based on the application timing and tyfetdizers commonly
used throughout the Bulkley Valley. A control strip was included in each replication. Aviasfer
established between each treatment stripcluding the control.Initially, the layout was designed so
that the manure treatment strips and the corresponding buffers wemeh12 feetwide, and the
fertilizer strips were eight feewide with 16 footbuffer strips between themFor simplicity sakehts
layout design was changed for the Dieleman gieach treatment strip established at this site was 12
feet wide with 12 foot buffergstablished in between At both sites lhe length of eaclreatmert strip
was 100 feet.Full plot layout maps are included in Appenidlix

Bulkley Valley Pasture Fertilization Trials 7
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Figure3. Map of layout for Replication #1 at Brandsma sgeight treatment types were applied for two consecutive years.
Buffers are indicated by black vertical stripes.

The demonstration trial at the Brandsma site was in an old hay field that is now usgaistore; the

field is rotationally grazed. It receives liquid manure every year as it is close to the house and therefore
very accessible. Orchardgrass is the dominant forage, with some occurrence of brome, timothy, fescue,
alfalfa and clover. The alfa is patchy and grows primarily on the west side of the demonstration trial
area. There is a small draw running through the west side of both replications; the resulting higher soil
moisture alters the vegetation composition as there is a much higtegstion of brome, clover and

alfalfa in this part of the trial area.

In contrast the demonstration trial at th®ielemansite was established in a pasture which has been
seeded, but not for a very long timdhis site has not been fertilized within @ memory, except
from the manure and urine from grazing animalhe site is dominated by fescue, with sotimothy,
clover, vetchand orchardgraseccurringthroughout. ReneDieleman constructed a fende the first
yearto exclude their cattle fromtte trial area.

After the layout was completedwo compositesoil samples were taken for each replicatidn.each

case the composite was derived from samples taken to a depth of 6 inches (or 15 cm) using a random,
zigzagpattern. A soil probe was used tollect these baseline data. The samples were sent to Exova, a
laboratory out of Edmonton, AlbertaA basic soil nutrient test was conducted for each sampk-#S,

pH and EC)Phosphorus and potassium were analysed using the modified Kelowna method

Manure was sourced for the first fall applicatiQmlthough the cattle manure was available-site for

both locations, horse manure had to be transportedhe site from neighbouring farmsDue to the

nature of each of the producer operations, liquidttle manure was spread #te Brandsmasite, and

solid cattle manure athe Dieleman site Manure samples were collected in 2008 and sent to the lab for
analysis. These samples were unfortunately mistaken for soil samples at the lab, howstrer.

samples could not be tested propergnd additional samples were unavailable due to the onset of
winter, no nutrient data were availablf®r this report Book values for the three different livestock
manures have been used instead.

The resits of the soil sample analyses, including the flattilizer recommendations, wre sent to Norm
Dueck (Certified Crop Advisor) from Glen Dale Agra Servicas Mahderhoof.Mr. Dueckformulated
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two custom blendertilizers for each of the sites based on thesssultsg an optimal blend and a less
optimal but more affordable blend. The latter was chosen as the goal of this demonstration trial was to
be as realistic as possiblEertilizationapplicationrateswere then calculated for the custom and the
34-0-0-11fertilizer (Table2). The application rate for the 330-11 fertilizer wasdetermined by

matching the nitrogerapplication rate as recommended by Mr. Duecktfoe custom lend.

Table2. Chemicafertilizer application rates per strip for both plot sites.

Treatment Type Area (acres) Rate (Ibs/acre)
Brandsma Site Custom 0.018 180

34-0-0-11 0.018 132
DielemanSite Custom 0.0275 200

34-0-0-11 0.0275 147

The first set oEhemicafertilizer and manuregreatments were appliedo the fall trial stripson both
sitesin Octoberof 2008. Thesolidmanure was applied with boxspreaderin 2008 in subsequent
years, the solid manure at ¢hDieleman site was spread by shovel (out of the box of a pickup).

Work commencedgainearly next spring fertilizer applicaionsto the spring stripsvere completed in

May as soon as the ground was dry enotmhvoid soil compactionClippings were taken from each

strip onceduring the growing season. Frames made of rebar measuring one square foot were made by
NorthernMetals in Smithers. The frame was randomly placed in the strip, and all vegetation within the
frame clipped to about -3l inches above the grourtd simulate grazing Clippings were taken from the
Brandsma site on June 26, 2Q0®9e Dieleman site was
clipped on August 3, 200Figure4).

Clippings were removed from the bags and spread ou
to air dry. They were then fieagged and weighed.

Subsequent to clipping the Brandsma site was cut, ang
all of the forage baled. Finding a moveapableof
negotiaingthe rocky and hummocky ground at the
Dieleman site proved to be difficulinfortunately that
site was not mowed in 2009Three sets ophotos were
takenfor each replicatiorthroughout the2009growing
season; one in May/June, one ingust and the last in
October.

The fall commercial fertilizer applications were applied.
on October 28, 2009 Manure was alsappliedin _ :
October. Sourcinghorse manure for the Dieleman site
was problemati@sthe neighbour that had supplied it SRR
in the spring was unavailableAthough several other
people were contacted, they were either unavailable o

\

Figure4. Leah Sheffield clipping the 33-0-11 Fall
strip at the Dieleman site on August 3, 2009.
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they did not have aufficientsupdy of horse manure sttkpiled. As a result, only the cow manure was
spread at this sitén the fall of 2009

Although a tentative field day was planned for 208@k of precipitation limited thee-growth at the

Brandsma site after the strips were mowed. As a result thd €élaly was postponed until 2010.

Background information andreliminary results for the trial were presented at the Annual General
aSStAy3a 2F 020K GKS . dzAZ 1tSe x+-fttSe /IaGidftSYSyQa !
CI NXYSNEQ Ly athelsamdziedr. Ay | LINRE 2

Fertilizer spreading went more smoothly in the spring of 2010. Manure was spread at both sites in May;
chemical fertilizer was applied at the Brandsma site later in the season. At thisrptiettrial, both
the spring and fall triadtrips had received two applications of each type of fertilizer.

Similar to the previous year, clippings were taken from each strip, dried and weighed. The Brandsma
site was clipped on July 14, 2010; the Dieleman site was clipped on July 16, 201GttBryveight
was recorded. Photos were taken of each strip just prior to clipping.

Both sites were cut or mowed in 2010he foragewas baled at the Brandsnsite; the Dieleman site
was cut with a weedvacker. The clippingd the Dieleman sitavere left on the strips to dry and
decomposeas there was no practical way to remove them

Unfortunately although a field day was again tentatively planned for 2010 growing season, the following
difficulties were encountered:
o lack of consistency betweehe two sites with respect to visibility of results,
¢ the narrow window of opportunity in the spring to see the difference in growth between strips,
and
e growing conditions in the summer of 2010 were very hot and dry; there was very |itjeoreth
after thetwo sites were mowed.

The field daytentatively planned for the late summer/early fall of 20W&s again postponed until
June of 2011 Despite this seback, pogress and results to date were summarized and presented at the
{ YAGKSNE CI NAFNEOL. Ly adAddzis

In June of 2011, soil samples were taken for each strip using the shovel method and analyzed by Exova
in Alberta. Photos of each strip were also taken at this tinfdelong-awaitedfield day was held on

June 16, 201¢, it was advertisd well in advance to all of the stakeholder groups, and to the public
through the newspaper, email and posters at the local Feed Store. Approximately 15 ageptedg

the Brandsma site was visited first, and then the Dieleman Sitether extensiorefforts include the
development of a brochure (Appendi®) that will be circulated to the main agriculture groups in the
Bulkley Valley as opportunities arig@eg.,workshops/seminarsinnual General Meetings, through the
information booth at the Blkley ValleyC I NY SNBE)Q al NJ S
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4.0 RESULTS ANIDISCUSSION

Ealy in the trial, thee was a noticeable difference in the visuedultsbetweenthe two sites. In the
spring of 2009, théreatment strips that showed the mostisualresponseat the Brandsma sitevere
the two where chemicd fertilizer had beerappliedthe previous fallespecially the 34-0-11 fertilizer
blend Baseline soiflatafor the Brandsmaite indicated thatall soil nutrientsexceptnitrogenwere at
optimal or near optimal levelat the start of the trial. Tie nitrogen deficiencyvaslikelydue to: 1)the
regular movemenof nitrogen in the soil during fall rain and spring mmtents and 2) the removal of
nitrogen by grazing animals. Although there would have been some soil moveméstrifrogen
applied in the fall of 2008, there was clearly enough still available the following growing seanake
a difference to the vegetation in these treatment strips.

Overall, the difference between theeatment stripsin the spring of 200%vas more evident at the
Dieleman site. Thigsponsewas not surprising as baseline soil testing showed that this pasture was
very nutrient deficient.Vegetation in thestripstreated with chemical fertilizer the previous fataslush
and darker grenthan the control stripat this site. The visual increase iproductivity andoverallhealth
of the forage in the stripreated with manurewas even more noticeableThis wagarticularlytrue in

the strip wherethe horse manurdiad been applied fescue in this strip was not only greener, the
plants were also thicker and more robygigureb).

Figure5. Photos of strips with horse maure (spring strip on the left and fall strip on the right) at the Dieleman site. Photos
were taken on May 25, 2009, prior to spreading of spring manures. The grass in the fall strip is already showing improved
productivity with only one application of nanure.

The high organic matter in horse manure assists in maintaining soil moidtugdditionhorse manure
can be relatively high in both nitrogen and potassium. One book value fee In@anure reports it to
have 19b N/ton and 38b KO/ton (Lawset2008. Itwas interesting to note that although
macronutrientsin manure are not all available immediatethe vegetation response in this trial was
evident bythe next growing season.

As the 2009 growing season progressed, the weather tuhwtcnd dry relative to the normal climate
conditions for the Smithers ared.able3 below outlines the clinate conditions for July and August of
both 2009 and 2010, as well as the climate normals ferSmithersarea.

Bulkley Valley Pasture Fertilization Trials 11



Table3. Climate data for Station Smithers A including normals and historical data for July and August of 2009 and 2010
(Environment Canada 2011).

Normals 2009 2010
July August July August July August

Daily Average®C) 15 14.6 18.0 15.7 16.0 15.7
Standard Deviation 1.3 1.2 n/a n/a n/a n/a
Daily Max ¢C) 21.6 21.2 25.7 22.8 23.1 22.9
Daily Min €C) 8.4 7.9 10.2 8.5 8.9 8.5
Extreme Max {C) 34.6 35.2 36.0 32.3 32.2 32.7
Days with Max Temp  17.8 16.8 26 22 22 17
> 20C
Days with Max Temp 1.4 1.2 6 2 3 6
> 30C
Days with Max Temp 0 0.03 3 0 0 0
>35C
Rainfall (mm) 45.2 42.9 26.6 13.2 10.0 24.4*

*Number is based omcomplete data (August 28, 2010 record of rainfall is missing).

Prior to spreading ithe fall of 2009, he spring applicationsf the custom fertilizer and manungere
showing the best response at the Brandsma dtigfre6). The 2008 fall mnure application results at
the Dieleman sitavere comparable to théall and springhemical fertilizer applicationsBy the end of
the 2009 growing season, however, theresnatle visual result of the 2009 spring manure applications
at the Dieleman site The low moisture content of the manures, condawith low soil moisture may
have resulted in increased nitrogen volatilization and low organic matter mineralization rates

The spring of 2010 waglite wet andthe vegetationgrowth at both stes wasveryproductive. Similar
to the previousyear, the summerof 2010was
relatively hot and dry. Subsequently there was not
much regrowth observed after theiteswere

clipped and mowed. Overall, howevengt
vegetation in the strips with manure treatments
showed a much greater growth responseeavh
compared to 2009.This result is likelgue to
cumulative nutrient availability abe

mineralization othe organic matter portion of the
manureappliedthe previous yeameant these
nutrients were nowavailable to the plants in the
2010 growing seaso

At the Dieleman site hie spring applications of the
custom and 34-0-11 fertilizers were eviderty

the dark green colour of these strips when the trial
photos were taken in July of 2010. In general,
however, the fall applications of all treatment
types appeared to have thgreatest impact on

A R e s gy s
Figure6. Photo taken on June 12, 2009 showing the eff
of custom fertilizer applied in the spring.

Bulkley Valley Pasture Fertilization Trials 12



forage productivitybased on visual results).

4.1 Clipping Data Results

The clipping data for 2009 and 2010 have been summarized for the two sites in Higue8. As this
trial was intended for demonstrain purposespnly one set of clippingdata wascollectedeach year.

The bar graphthat follow should therefore be interpretettroadly as they are based amited data
Variability introduced through differences in soil nutrient composition, soil nuoéstind/or vegetation
throughout the sites difficult to differentiate from the effects of eadértilizer regime In addition,

some variability was introduced into the clipping data as the plots were not clipped on the same day
each year. The Brandsme was clipped two weeks later in the second growing season (2010); the
Dieleman site was clipped approximately two weeks earlier.

Observations noted frorthe clipping data resultare summarized below.

Brandsma Site

In both replications, théall horse and cattleananure treatment stripsvere the mostproductive
particularly inthe second year.

The clipping data for theontrol stripswas quite variablesoilanalyseglata forthese two strips
is much more comparabl€eT he variabilityobserved in e clipping datanay therefore be a
result of other factors such as soibisture and plant composition.

The datavariability observed in the contrakripswasconsistent to varying degreg¢lsroughout
the entiresite.

The clipping data results for theafl cattle strip correlate with the visual results noted at the
Field Day helih the springof 2011

Dieleman Site

The overall biomass production at the Dieleman site was much lower thtre@randsma site
Fescue, the dominant forage species at the &ighn sitewould not be expected to yield high
dry matter weights when compared with forage species such as orchardgrass and brome
With the exception of some spring applications, the majority of the fertilizer regimes inatease
forage productivity (i.e forage biomass was giier than in the control strip).

Forage biomasappeared to increasthe mostin the treatment strips withthe fall applications

of cattlemanure,horse manureand custom blendertilizer.

The spring horséreatment strips showed thdeast improvementn overall productivity

Bulkley Valley Pasture Fertilization Trials 13
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Figure7. Clipping data for two replications of the pasture fertilization demonstration trial locatedthé Brandsmasite. The
first set of data was collected on June 26, 2009; clipping was done on July 14, 2010 in the second year.
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Figure8. Clipping data for the pasture fertilizatio demonstration trial atthe Dielemansite. The 2009 data were collected on

August 3% the 2010 data were collected on July 16, 2010.
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4.2 Soil Analyses Results

Baseline and 2011 sahalysesesultsare summarizedh Table4. All of the treatment strips were
nitrogen deficient at the start and in 2011 after the end of the tribhis was anticipated at the
Brandsma site, as the vegetation was removed each gktire trial after the site was mowedThe total
Ib/acre of nitrogen for both control strips at éhBrandsmaite was reduced by at least half from 2008
when the baseline data were collecteth contrast,at the Dieleman sitéhe nitrogen in theforage
vegetation hadhe opportunity to be incorporated back into the sbibth years of the trial Although

still nitrogen deficient, rost treatment stripsat the Dieleman sitéwith the exception of the control and
the two with horse manure applied) showed laht increase irsoilnitrogenby 2011

Other points of interest in théinal soil results for this trial are summarized below.

Brandsma Site

e Thereare several instances where tR011 results for the individualeatment stripsare
noticeably differenfrom the baseline data taken collected in 2008. As there is little correlation
between the two replications (i.e., the results are not consisteithin the sametreatment
type), this is likely due t@atural variation in soiutrients and differences in vegetation
composition

e Theexception to the above point ihe result for sulphur in theattle manure treatmenstrips
the data results indicate thahe soil is being depleted of this nutrienfAsimilarresultwas
obsened for thecontrol strip in each replication Analyzinghe cattle manure would aid in
determining how to manage this deficiengyf the manure is low in sulphuthis issuecould be
resolved with the addition othemical fertilizer.Another consideratn is the proportion of
alfalfa in the field alfalfacan utilize twice the amount of soil sulphur as other forage species
(Saskatchewan BA 2009 as taken from CFI 2001).

e Some of the treatmenstrips at this sitehave soilrearing excessive levad$ phasphorus
(greater than60 ppm); the repeated manure applications on this pasture have resulted in the
soil being welsupplied with this nutrient It is recommendedo monitor this field through
regular soil testing, and reduce the manure applied to tieklfif the level of potassium
continues tomcrease (Poon and Schmidt 2010).

e Asexpected, the control stripwere lower in allsoil nutrients by the end of the trial.

Dieleman Site

e The 2011 soil results indicated that this site remarmsy phosphorusleficient, evenon the
strips where horsand cattle manure were applied.

e The spring applications of theustom blend and cattle manure increased soil potassorthat
both treatment stripswere in the optimum range bihe end of the trial.

e Amost all treatments either maintained or increaseie level ofsulphurin the soil.

o Differencesobservedbetweenthe 2011 result for thecontrol andthe baselinedata arelikely
due to natural variation and the fact thduringthe trial the site was not grazed or haested
for more than two years

Bulkley Valley Pasture Fertilization Trials 15



4.3 Field Day

The field day for this demonstration trial was held on June 15, 2011. After quite a wet spring, the
vegetation at both sites was very vigourous, making it difficult to differentiate betweetréagment

strips. Despite thisat the Brandsma sitthere was an obvious increaseforage productivity fothe fall
cattle and horse manure stripdncreased productivity was also observed (but to a slightly lesser extent)
for the falltreatment of thecustom blendertilizer. At the Dieleman site the fescue was much thicker
and darker green overatl the most visible results at this site were in the strips where the fall and
spring cattle manure had been applieBrome and orchardgrasa these treatment stripsvere starting

to become more prevalent thawas observedt the beginning of the trial.

The Field Day was a succeseveral of the producers that had been observing the progress of the trial
over the lasthree years attended and were very interested hetfinal outcome. Several of the local
dairy producers weralsoable toattend.

5.0 CONCLUSIONS ANIRECOMMENDATIONS

The goals and objectives established for this demonstration trial were realized by thé\ehdth sites

the productivity from the strip where cattle and horse manure were applied was equal or greater to the
chemically fertilized strips. Although tiregetation in the treatmenstrips with 340-0-11 fertilizer
performed well, particularly in the first yedt,was not as productivasthe vegetation in the custom
fertilized strips. n the fall34-0-0-11 treatment strip at the Brandsma sitsoil sulphurlevelsincreased
almost to the point of excess.

The results of the demonstration trial were definitely impacted by the weather. Bo@® and 2010
growing seasons were relatively hot and dry, limitinggrewth of the forage vegetation. This restricted
the ability to take more than one set of clippings; additional data would have aided in further
interpretation of the visual results.

At the end of the trial, both sites were still very nitrogen deficient; the Dieleman site was also very
deficient in phosphorus. If both sites are going to be used extensively then additional fertilizer is
required to get optimal pasture productivity. Meoptions are available at the Brandsma site as this
pasture is close to the house and readily accessible. It is likely that this pasture would benefit from both
custom blend and manure fertilizerif manure was applied every other year it would help fxélee
phosphorus from building up to excessive levels in the soil. Soil testing and applying a custom fertilizer
in the years between manure applications would help maintain soil nitrogen levels.

The Dieleman site is much more remote than the Brandsnea $it addition, the area that was used for
this trial is just a small area of a much bigger pasture. It is clearly not economically viable to put
chemical fertilizer on this pasture. The stocking rate on this pasture is generally quite low. Rotational
grazing may be one way of ensuring a more consistent deposition of manure and urine. Future
considerations for this pasture may include seeding more productive forage species that have better re
growth potential. The addition of legumes would also hekintain soil nitrogen levels.

Bulkley Valley Pasture Fertilization Trials 16



The producers that attended the field day were very interested to see the different results. Although
many of them spread manure as part of their farm management, this is done largely to reduce manure
stockpiling in concentitad livestock areas, rather than as part of a concrete nutrient management plan.
The fact that the manure had such a positive effect on the forage vegetation really emphasized that
using manure as a fertilizer can be one of the strategies they use wasethe productivity of their

farms, and ultimately improve their overall economic viability.
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Table4. Baseline and final saoéinalysesresults for both the Brandsma site (Sites 1A and 1B) and the Dieleman site (Site 2A). Soil tests were conducted by EX©OVA lab
Alberta. Cells highlighted in red inchte near excess levels. Cells highlighted in yellow indicate noticeable differences from baseline data collected in.200&sults for
both baseline data and 2011 data are included in Appendix IV.

Site  Nutrient Treatment
1A Baseline Custom Fall  Custom Spring 34-0-0-11 Fall 34-0-0-11 Spring Cattle Fall Cattle Spring Horse Fall Horse Spring Control
N Deficient Deficient Deficient Deficient Deficient Deficient Deficient Deficient Deficient Deficient
P Optimum (H) Marginal (H) = Marginal Optimum Optimum (H) Optimum Optimum Optimum (H)  Optimum (H) Optimum
K Marginal (H) Deficient (H)  Marginal (L) Optimum (L)  Marginal Marginal Marginal Optimum Optimum Marginal (L)
S Optimum (L) Marginal Optimum (L) Optimum (H) Optimum (L) Marginal Marginal Marginal Marginal Marginal
1B Baseline Custom Fall Custom Spring 34-0-0-11 Fall 34-0-0-11 Spring  Cattle Fall  Cattle Spring Horse Fall Horse Spring Control
N Deficient Deficient Deficient Deficient Deficient Deficient Deficient Deficient Deficient Deficient
P Optimum (H) Optimum (H) Optimum (H)  Optimum Optimum Optimum (L) Optimum (L) Optimum Optimum Optimum
K Marginal (H) Marginal (H)  Marginal Deficient Deficient Marginal (L) Marginal (L)  Marginal (L)  Marginal (L)  Marginal
S Optimum (L) Marginal (H)  Marginal (H) Marginal (H)  Optimum (L) Marginal Marginal Marginal (H)  Marginal (H)  Marginal
2A Baseline Custom Fall  Custom Spring 34-0-0-11 Fall 34-0-0-11 Spring Cattle Fall Cattle Spring Horse Fall Horse Spring Control
N Deficient Deficient Deficient Deficient Deficient Deficient Deficient Deficient Deficient Deficient
P Deficient Deficient Deficient Deficient Deficient Deficient Deficient Deficient Deficient Deficient
K Marginal Marginal (H) ~ Optimum (L) Marginal Marginal (H) Marginal (H) Optimum (L) Marginal (L)  Marginal Marginal (H)
S Marginal Marginal (H) | Optimum (L) Optimum (L) | Optimum (L) Optimum (L) = Marginal Marginal (H) = Optimum (H) Marginal (H)
Bulkley Valley Pasture Fertilization Trials 18
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6.1 Websites
Sheep 201: Nutrient Management on a Sheep Fatip://www.sheep101.info/201/nutrientmgt.html

Nuhnindustries Ltd.http://www.nuhn.ca/
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APPENDIXI. APPLICATIONMETHODSFORLIQUID AND SOLID MANURE (AS REPRODUCED
FROMBCMAL NUTRIENT MANAGEMENTFACTSHEETNO. 6).

Table 1 LIQUID MANURE APPLICATION METHODS (ORDER OF PREFERENCE )

Method Advantages Disadvantages
Sleighfoot e Jow ammonia (NHj3) loss o higher cost
or e maximizes fertilizer value of manure e slow application rate
Aerator with Dribble Bar o wider spreading window e crop damage
(attached to vacuum tanker) e minimizes (nitrous oxide) N,O release
e accurate placement
¢ uniform application
Low Trajectory Boom e low soil compaction e higher risk of run-off
(attached to hose reel) e low crop damage o shorter application window
e low N,O release
Injector e maximizes fertilizer value of manure e high N,O release
(attached to vacuum tanker) e accurate placement e only suitable for some soil and crop
o uniform application conditions
e cost

slow application rate
e short application window

Splash Plate ® low cost e s0il and crop compaction
(on vacuum tanker) e low N,O release e short application window
e high ammonia loss
e non-uniform application
Irrigation Gun e low cost e high risk of run-off
(attached to hose reel) o rapid application rate e short application window
e low N,O release e high ammonia loss
e high risk of pathogen, aerosol and odour

drift
non uniform application
e in accurate placement

NOTE:
e low trajectory booms on a tanker will result in higher compaction and slower application rates
e injector on a hose reel will have neutral compaction and a higher application rate

Table 2 SOLID MANURE APPLICATION METHODS ( ORDER OF PREFERENCE )
Method Advantages Disadvantages
Spinning Disks o high application rate e need dry manure
e accurate placement e high dust production
Flail Broadcast e can spread variable moisture content e poor placement
e low uniformity
Dump and Grade e cheap e poor uniformity
o difficult to control rate
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APPENDIXI|. PASTUREFERTILIZATION TRIAL LAYOUT DIAGRAMS FOBOTH THE

BRANDSMA ANDDIELEMAN SITES
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Manure Fertilization Demonstration Trials
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APPENDIXIII. BV PASTUREFERTILIZATION DEMONSTRATIONT RIALSBROCHURE

Conclusions & Recommendations
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Overview

Despite good intentions, it is common for well-used,
oikder hay fiekds and pastures to get mutritionally
depleted over time. This is partially resoived in the
Bulkley Valiey by the application of chemicsl ferti-
izer and/or livestock manure.

Chemical fertiizer may be cost-prohibitive for many

producers. As & result, there is an interest in deter-

mining the efficacy of manure epplications for main-
taining or enhancing forage productivity on older

Strip fertitzed with
cattie masure in the
spring -clppags
were taken fom
£ach treatmest type
In 2009 sad 2010.

The primary purposes of this trial
were:

= 0 Seeifthere is a visible Gifference in pasture
are compared with horse and cattie manure
applications,

« to compare the timing of fertilizer applications
between spring and fall, and

= to examine ways to reduce risk
when nsingmnuaslenilizer.

Fertilization Options in
the Bulkley Valley

Chemical Fertilizers
Custom blend fertilizers are formulsted based on soid

test results. Depending what goes into them, custom
biends may be more expensive to buy initially, but they
are more cost effective in the long run &s you only pay
for what you need.

Generic fertiizers (usually 34-0-0-11 for grass pestures)
are readily avai The most porse when
uSing this fertiizer s the immediste uptake of nitrogen.
The disedvantage to using this fertiizer is that it does

not ensure long-term soil heaith or increase the produc-

tivity of legume pastures.

Manure

L p an source of

nutrients and organic matter. It is most cost effective

when sourced from the same farm and applied on pas-
tures ciose to the manure source. Fall applications of
cattie and horse manure were the most effective treat-
ment type in this Demonstration Trial. Although only

some of the nutrients in manure are avadable for imme-
diate plant uptake, the high organic matter content pro-
vides & long- source of , helps to maintai
S0l moisture and improves soil titth.

p

Bulkley Valley Pasture Fertilization Trials

Demonstration Trial

Results

» Forage biomass noticeably increased in the
Strips with the fall applications of cattie and
horse manure, followed by the custom blend
chemical fertiizer;

+ Natural varistion in Soil nutrients end differ-
ences in vegetation was observed throughout
both sites used in the trial;

= Control strips {no fertilizer) were lower in il the
macronutrients st the end of the trial;

» Final Soil test results indicated that the dsiry
cattie manure used was likely low in sulphur;

* PhosphOrus wes nearing excessive levels in
SOME &reas on one Site due to long-term me-
nure applications. Regular Soil testing would
ensure thst the rate of manure epplied to this
field could be reducad if necessary; and

+ The majority of the fertilizer regimes increased
forage productivity, especially on the site thet
was very nutrient deficient.

Afieid day was held on Jene 15, 2011 5o local

tal results.
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APPENDIXIV. SOIL ANALYSES RESULTSITE 1A AND 1B ARE THE TWO REPLICAIDNS
AT THE BRANDSMA SITE STE 2A IS THEDIELEMAN SITE

— —r

From: FAXmaker To: na Sheffield Page: 11 Date: 2008-10-08 3:37:01 PM

Bodycot TR
COLe 537G SROUP
- Farm Soil Analysis
! 3ill To: Smithers Fammers Institute Grower Name: Lot Number: 646579
__Report To:  Smithers Farmers Institute Client's Sample Id: Report Number: 1156661
Bag 5000 Field id: Site 1A Date Received: Oct 03, 2008
Acres: 16 Disposal Date: Nov 02, 2008
Smithers, BC., Canada Legal Location: Report Date: Oct 08, 2008
VOJ 2NO Last Crop: Crop not provided Arrival Condition:
Agreement: 87693

§** | Ca | Mg | Fe | Cu | Zn B Mn =]

Deph | N* | P K

0°-6" | 9 | 56 171 ]| o | | Y 0.28 2856807_|
Excoss Alkaline | Very Toxic High
Oplirwm s Neutral Toxic Normal
Marginal Acidic Caution Low
Deficiant Very Acidic|  Good | Very Low

e
Total Hand Texture nfa BS nfa
bs/acre st s % Clay nls % Ca nfa Mg na Na na K nfa
na TEC nia Na nia
Estimated | 56 | 443 | 342 | 37 i
belacre Lime na BufferpH  nia £¢l. N Release  nfa

‘NeratoN  “Sulfate-S  n'a = not analysed
RECOMMENDATIONS FOR BALANCED CROP NUTRITION

Pasture - Grass
Macro-nutrients Yield N_ | Pos | ko0 | s
Growing Condition Tiac To be added {Ibs/acre
Excel 41 56 o 27 o
Average 27 31 0 17 0
Your Goal 0.0
Removal Rate (Seed/Total) 41 | 0/156 | 0/45 | 0/197 | 0/19
Micro-nutrients Iron Copper Zinc Boron | Mangs
To be added (lbs/ac) nia na nia nla na
RECEIVED
b
Comments: Intagrated Lend Managament Bursay
‘ OCT 08 2008
Baseline data Winistry of Agriculure and Lands
SMITHERS

Recommendations are based on general research consensus. They should not replace responsible judgement.

Bodycote tasting Group www.bacycate.com warw bocycotelesting com
72!7WMNW Edmonu\ AB - T6B 3J4 - Canacia - Tel +1 (780) 438-5522 ' Fax: +1 (T80) 433-0396
Years and Concit

Bulkley Valley Pasture Fertilization Trials




From: FAXmaker

To: na Sheffield Page: 11 Date: 2008-10-08 4:12:27 PM

Page 10of 1
.odycot TESTING SROUP
e Farm Soil Analysis
. =il To: Smithers Fammers Institute Grower Name: Lot Number: 646579
lwport To:  Smithers Farmers Institute Client's Sample ld: Report Number: 1156662
Bag 5000 Field Id: Site 18 Date Received: Oct 03, 2008
Acres: 16 Disposal Date: Nov 02, 2008
Smithers, BC., Canada Legal Location: Report Date: Oct 08, 2008
VO0J 2NO Last Crop: Crop not provided Arrival Condition:
Agreement: 87693
5 03
pH __|EC(dS/m)| OM(%) | Sample#
0*-8" 10 | 56 | 170 | 9 | [ 6.3 0.26 2856808 |
Excess Alkaline | Very Toxic High
Oplinem e Neutral Toxic Norms!
Marginsl Acidic Cautlon Low
Delicient Very Acidic|  Good Very Low
).
Total Texwre n'a Hand Texture nfa BS nla
21 111 | 341 | 18 — e
Ts/acre Send na % St nfa % Clay na % Ca nfa Mg na Na n/a K nia
" Ammonism nia TEC nfa Na v
Estmated | 4o | 111 | 341 | 38 |— L =
Lime n/a Buffer pH nia Est. N Relesse n'a
NirstoN  ~Sufete-S  nis = not analysed
3 RECOMMENDATIONS FOR BALANCED CROP NUTRITION
Pasture - Grass |
Macro-nutrients Yield N P20s | K20 S
Growing Condition Tiac To be added (lbs/acre)
Excellent 4.1 52 0 27
Average 2.7 26 0 17 0
Your Goal 00
Removal Rate (Seed/Total) 4.1 0/156 0/45 0/197 0/19
Micro-nutrients Iron Copper Zinc Boron | Mang
To be added (Ibs/ac) nla na n/a nla n/a
Comments:
Baseline data
“\g'f&'mw“ Bes
iregrated .
0cT 08 2008
aariouitune and u‘ﬁlﬁi

HinlSY 9 THERS

Recommendations are based on general research consensus. They should not replace responsible judgement.

Badycote Tasting Groap com W
7217 Roper Road NW - Edmonton - AB - TEB 3.4 - Canada - Tel: +1 (790) 4385522 - Fan: +1 (780) 4380366
Terms ardd Condifons.  www b i 2

com

Bulkley Valley Pasture Fertilization Trials



Baseline data

Recommendations are based on g

| research cor

Ministry of Agriculture and Land
i u | Yy
SMITHERS =

s. They should not replace responsible judgement.

From: FAXmaker To: na Sheffield Page: 111 Date: 2008-10-08 4:07.23 PM
Page 1of 1
-odycote TESTING GROUP
Farm Soil Analysis
-~ 8ill To: Smithers Farmers Institute Grower Name: Lot Number: 646579
Report To:  Smithers Farmers Institute Client's Sample Id: Report Number: 1156663
Bag 5000 Field |d: Site 2A Date Received: Oct 03, 2008
Acres: 16 Disposal Date: Nov 02, 2008
Smithers, BC., Canada Legal Location: Report Date: Oct 08, 2008
VOJ 2NO Last Crop: Crop not provided Arrival Condition;
Agreement: 87693
EC(dS/m)

00-6" | 3 | < [111] 4 6.2 0.12 2856809 |
Excess Alkaline | Very Toxic High
Optimem Neutrs! Toxic Normail

=
Margingl Acidic Caution Low
Daficient Very Acidic| Good Very Low
—
Towl Texwre n'a Hand Texture nfa BS na
Jba'acre 7 10 222 8 o Tt Yo st
Sand nfa % St nls % Clay na % Ca na Mg na Na nia K nia
Ammonium n' TE
Estimated i i o i a makg C na Na nla
Ba/acre Uime nia BufferpH  nia Es\ N Release  nia
Ntsle-N  “Sullsle-S s = 1ol ansiysec
RECOMMENDATIONS FOR BALANCED CROP NUTRITION
Pasture - Grass
Macro-nutrients Yield N P20s K20 )
Growing Condition Tiac To be added (Ibs/acre
Excalient 4.0 60 42 43 13
Average 26 33 35 31 8
Your Goal 0.0
Removal Rate (Seed/Total) 40 0/150 0/44 0/180 0/19
Micro-nutrients Iron Copper 2inc Boron | Manganese
To be added (lbs/ac) nfa n/a nfa n/a nfa
Comments:

Bodycols Tasting up .COm wwar

Terma and Concitl

Bulkley Valley Pasture Fertilization Trials

7217 Ropar Road NW - Edmonton - AB - TEB 34 - Canada - Tel: +1 (T80} 433-5522 « Fax: +1 (780) 438-0366
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zacvn Yo 41 (TR0 A8 BES Page 1 of 1

T Ropat Road MW +1 (T8 L3808
o xova

Edmonion, Alberts E
TES 3H, Carede W www eoeeLoom

Farm Soil Analysis

Bl To: Megan D'Acy Grower Name: Lot Numbes: a0a31s
Report To:  Megan DAy Client's Sampia Io: Report Mumner: 1445837
Fliedd Int: 1A CATTLE F Dale Recelved:  Jun 16, 2011
1B0ES Grantham Road Acres: Disposal Dale: Jul 18, 2011
Teliwa, BC., Canada Legal Location: Report Date: Jun 20, 2011
VU 2X2 Last Crop: Crop notprovided  Amival Condition:
AgQresmant 96766

Hand Texture nda B2 nmia
it ] Clay n's Cs mia Mg m's M nis K ms
] TEC mis M nis
BufferpH  ma Est N Reiease R'a CHFRao RS

RECOMMENDATIONS FOR BALAMCED CROP MUTRITION

Crog not provided

[Maco-nuirients Yieid W | Pos | ko [ s
[Growing Condifon To be aded {Ibs/acre

Excellent

Average

Your Goal

Remaval Rate [SeediTotal)
|Micro-nutrients o Copper nc Boron | Manganese
[To be added {Ibs/ac)

The crog: & not provided.

Call o reguest 3 oop-spectic recommendaion.

Recommendations are basad on general reseanth consensLs. They should not replace responsibie judgament.

Terrmm nd Condiorw:.  www. rove cafler rsconditormn

Bulkley Valley Pasture Fertilization Trials 29



= T &1 (o) 4385522
FIT Ropad Rload Ml . &1 PE) 438308
Edmonion, Alberts E

TES 3H, Carede W www eoeeLoom

Farm Soil Analysis

Szt B v s

Page 1 of 1

Exova ||||||

BN To: Megan CrAny Grower Name: Lot Rumber: 809315
Report To:  Megan DPAmy Client's Sampia id: Report Numier: 1445839
[Flieid i 1A CATTLE S Date Recelved: Jun 16, 2011
18065 Grantham Road ACTeE: Msposal Daie: Jul 16, 2041
Tellwa, BC., Canada Legal Location: Report Date Jun 20, 2011
WD Zx2 Last Crop: Crog not provided Amtval Condition:
Agresment 96766
pH
-8 5 M| ME| § B4 [ 372TE52
Abaine | Vevy Todc|  Hgh
|, Mewtrar Tamic Normai
Ackilc Cawdion Low
Very Ackc|  Good | Wery Low
.3
Hand Texture nda BE nma
st nla Clay na (=T ] Mg mE N3 na K ma
] TEC mia N3 na
BufferpH  nia Est N Reiease  nia CHNFRao na

RECOMMENDATIONS FOR BALAMCED CROP MUTRITION

Crog not provided

[Maco-nuirients Yieid W | Pos | ko [ s
[Growing Condifon To be aded {Ibs/acre

Excellent

Average

Your Goal

Remaval Rate [SeediTotal)
|Micro-nutrients o Copper nc Boron | Manganese
[To be added {Ibs/ac)

The crop 5 not provided.
Call o reguest 3 oop-spectic recommendaion.

Recommendations are basad on general reseanth consensLs. They should not replace responsibie judgament.

Terrmm nd Condiorw:.  www. rove cafler rsconditormn

Bulkley Valley Pasture Fertilization Trials



zacvn Yo 41 (TR0 A8 BES Page 1 of 1

T Ropat Road MW +1 (T8 L3808
o xova

Edmonion, Alberts E
TES 3H, Carede W www eoeeLoom

Farm Soil Analysis

Bl To: Megan D'Acy Grower Name: Lot Numbes: a0a31s
Report To:  Megan DAy Client's Sampia Io: Report Mumner: 1445802
Fliedd Int: 1A HORSE F Dale Recelved:  Jun 16, 2011
1B0ES Grantham Road Acres: Disposal Dale: Jul 18, 2011
Teliwa, BC., Canada Legal Location: Report Date: Jun 20, 2011
VU 2X2 Last Crop: Crop notprovided  Amival Condition:
AgQresmant 96766

Hand Texture nda B2 nmia
it ] Clay n's Cs mia Mg m's M nis K ms
] TEC mis M nis
BufferpH  ma Est N Reiease R'a CHFRao RS

RECOMMENDATIONS FOR BALAMCED CROP MUTRITION

Crog not provided

[Maco-nuirients Yieid W | Pos | ko [ s
[Growing Condifon To be aded {Ibs/acre

Excellent

Average

Your Goal

Remaval Rate [SeediTotal)
|Micro-nutrients o Copper nc Boron | Manganese
[To be added {Ibs/ac)

The crog: & not provided.

Call o reguest 3 oop-spectic recommendaion.

Recommendations are basad on general reseanth consensLs. They should not replace responsibie judgament.

Terrmm nd Condiorw:.  www. rove cafler rsconditormn

Bulkley Valley Pasture Fertilization Trials 31



zacvn Yo 41 (TR0 A8 BES Page 1 of 1

T Ropat Road MW +1 (T8 L3808
o xova

Edmonion, Alberts E
TES 3H, Carede W www eoeeLoom

Farm Soil Analysis

Bl To: Megan D'Acy Grower Name: Lot Numbes: a0a31s
Report To:  Megan DAy Client's Sampia Io: Report Mumner: 1445806
Fliedd Int: 1A HORSE 3 Dale Recelved:  Jun 16, 2011
1B0ES Grantham Road Acres: Disposal Dale: Jul 18, 2011
Teliwa, BC., Canada Legal Location: Report Date: Jun 20, 2011
VU 2X2 Last Crop: Crop notprovided  Amival Condition:
AgQresmant 96766

Excan
Opfirus
Marginal
Dwlchast:
Total Hand Texture nda B2 nmia
It ir ie0 T 1= —_— —_
Eand nia it - Clay nmla a3 nfa Mg n's M3 na K m'a
Extrmated Ammonium nia TEC ma Ma ma
It - 1= 53 ]
Lme ma BufferpH nia Est N Rsiease '3 CHFRalo na

RECOMMENDATIONS FOR BALAMCED CROP MUTRITION

Crog not provided
[Maco-nuirients Yieid W | Pos | ko [ s
[Growing Condifon To be aded {Ibs/acre

Excellent

Average

Your Goal

Remaval Rate [SeediTotal)
|Micro-nutrients o Copper nc Boron | Manganese
[To be added {Ibs/ac)

The crog: & not provided.

Call o reguest 3 oop-spectic recommendaion.

Recommendations are basad on general reseanth consensLs. They should not replace responsibie judgament.

Terrmm nd Condiorw:.  www. rove cafler rsconditormn

Bulkley Valley Pasture Fertilization Trials



zacvn Yo 41 (TR0 A8 BES Page 1 of 1

T Ropat Road MW +1 (T8 L3808
o xova

Edmonion, Alberts E
TES 3H, Carede W www eoeeLoom

Farm Soil Analysis

Bl To: Megan D'Acy Grower Name: Lot Numbes: a0a31s
Report To:  Megan DAy Client's Sampia Io: Report Mumner: 1445851
Fliedd Int: 1A CONTROL Dale Recelved:  Jun 16, 2011
1B0ES Grantham Road Acres: Disposal Dale: Jul 18, 2011
Teliwa, BC., Canada Legal Location: Report Date: Jun 20, 2011
VU 2X2 Last Crop: Crop notprovided  Amival Condition:
AgQresmant 96766

Hand Texture nda B2 nmia
it ] Clay n's Cs mia Mg m's M nis K ms
] TEC mis M nis
BufferpH  ma Est N Reiease R'a CHFRao RS

RECOMMENDATIONS FOR BALAMCED CROP MUTRITION

Crog not provided

[Maco-nuirients Yieid W | Pos | ko [ s
[Growing Condifon To be aded {Ibs/acre

Excellent

Average

Your Goal

Remaval Rate [SeediTotal)
|Micro-nutrients o Copper nc Boron | Manganese
[To be added {Ibs/ac)

The crog: & not provided.

Call o reguest 3 oop-spectic recommendaion.

Recommendations are basad on general reseanth consensLs. They should not replace responsibie judgament.

Terrmm nd Condiorw:.  www. rove cafler rsconditormn
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b rran s Page 1 of 1
F: 41 (TSI LA T
8 Smammm Exova I|||||

Exiren
FIT Ropad Rload Ml
Edmonion, Alberts
TES 3H, Carede

Farm Soil Analysis

B To: Megan DrAcy Grower Name: Lot Number: 09315
Report To:  Megan DhAmy Cllenf's Sampia Id: Report Numiber: 1445817
Flieid id: 1A CLISTOM 5 Date Received: Jun 16, 2011
18065 Grantham Road ACTeE: Msposal Daie: Jul 16, 2041
Teliwa, BC., Canada Legal Location: Report Date: Jun 20, 201
WD Zx2 Last Crop: Crog not provided Amtval Condition:
Agreemant  9ETEE
pepih | W | P | K [5 | ca[mg| Fe| culzn| B [ Mn| O |eeerl| pH [Eciosm)| oM | Sampes
o"-8 5 24 T4 5 B A7 IT2TBAS
Excum Abaine | Very Towic|  High
Optirum Meutral Tiamic Wormal
e
Mo pinal Ackiic Caution Low
et . Ve | oo | verycow
B le
Total Texure o Hand Texture a@ B3 nfa
14 | &3 [ 197 | 14
Inzincre sand mia St ma cmy A ca ma Mg R My ma K mis
Extiwaied Ammanium nia TEC mia Ma na
e | = || =
Lme  nia BufferpH  mia Est N Rsieaze s CMFalo A
e TSofeies  sies ol enelwed
RECOMMENDATIONS FOR BALANCED CROP NUTRITION
Cron not provided
[Maco-nuirients Yieid W | Pos | ko [ s
\Growing Conditon To be added (Ibe/acr
Excellent
AVErAQE
¥our Goal
Removal Rate (SeediTotal)
Pllt:m—rl.l]‘bl‘ls ron Copper |y = Bormon | Manganese
[To be added {Ibs/ac)
The crep b5 nat provided.

Call o reguest 3 oop-spectic recommendaion.

Comments:

Mislabelled at lalg, this sheet is theesults for 1A Custom Fall treatment strip

Recommendations are basad on general reseanth consensLs. They should not replace responsibie judgament.

Terrmm nd Condiorw:.  www. rove cafler rsconditormn
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Page 1 of 1

= T &1 (o) 4385522

FIT Ropad Rload Ml . &1 PE) 438308 E

Edmonion, Alberts E Ed i -1}

s §lmmemee Xova I||||

Farm Soil Analysis

B To: Megan DrAcy Grower Name: Lot Number: 09315

Report To:  Megan DhAmy Cllenf's Sampia Id: Report Numiber: 1445810

Fledd id: 1A CUSTOM 5 Dale Recelved: Jun 16, 2011

18065 Grantham Road ACTeE: Msposal Daie: Jul 16, 2041
Teliwa, BC., Canada Legal Location: Report Date: Jun 20, 201
WD Zx2 Last Crop: Crog not provided Amtval Condition:

Agreemant  9ETEE

LLeliz : m

pepth | | Pl kK5 | e mlr]lc]an] 6| w]| alwe] pi [eciemm| ompy | sampes
" -8 5 2 T3 -] &0 020 A7ITHAG
[ Alaine | very Todc|  High
Cptirum Newtral Tmic Normai
ke
Mo pinal Ackiic Caution Low
nbcient l Very Ackdc|  Good | WevyLow
I BEES BN b
Total Texure o Hand Texture a@ B3 nfa
14 | = | 2z | = —_— _—
Tosiacre Sand s St s Clay s na Mg nis M3 nia K mim
Estimated Ammanium s TEC nis M3 nia
= | 4 | 1= | M
Insfacre ume s BufferpH  ma Est M Rsieas= s CHRsio na

RECOMMENDATIONS FOR BALAMCED CROP MUTRITION

Crog not provided
[Maco-nuirients Yieid W | Pos | ko [ s
[Growing Condifon To be aded {Ibs/acre

Excellent

Average

Your Goal

Remaval Rate [SeediTotal)
|Micro-nutrients o Copper nc Boron | Manganese
[To be added {Ibs/ac)

The crog: & not provided.

Call o reguest 3 oop-spectic recommendaion.

Recommendations are basad on general reseanth consensLs. They should not replace responsibie judgament.

Terrmm nd Condiorw:.  www. rove cafler rsconditormn
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zacvn Yo 41 (TR0 A8 BES Page 1 of 1

T Ropat Road MW +1 (T8 L3808
o xova

Edmonion, Alberts E
TES 3H, Carede W www eoeeLoom

Farm Soil Analysis

Bl To: Megan D'Acy Grower Name: Lot Numbes: a0a31s
Report To:  Megan DAy Client's Sampia Io: Report Mumner: 1444004
Fliedd Int: 14 34-0D11F Dale Recelved:  Jun 16, 2011
1B0ES Grantham Road Acres: Disposal Dale: Jul 18, 2011
Teliwa, BC., Canada Legal Location: Report Date: Jun 20, 2011
VU 2X2 Last Crop: Crop notprovided  Amival Condition:
AgQresmant 96766

ey Acklic Gaood! Wiy Low

Hand Texture nda B2 nmia
it ] Clay n's Cs mia Mg m's M nis K ms
] TEC mis M nis
BufferpH  ma Est N Reiease R'a CHFRao RS

RECOMMENDATIONS FOR BALAMCED CROP MUTRITION

Crog not provided

[Maco-nuirients Yieid W | Pos | ko [ s
[Growing Condifon To be aded {Ibs/acre

Excellent

Average

Your Goal

Remaval Rate [SeediTotal)
|Micro-nutrients o Copper nc Boron | Manganese
[To be added {Ibs/ac)

The crog: & not provided.

Call o reguest 3 oop-spectic recommendaion.

Recommendations are basad on general reseanth consensLs. They should not replace responsibie judgament.

Terrmm nd Condiorw:.  www. rove cafler rsconditormn
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