2012 SUSTAINABLE LANDSCAPE MAINTENANCE PROJECT
Northern Arizona University, Flagstaff, Arizona USA
A Green Fund project in cooperation with Facility Services

Mission Statement
The purpose of the Sustainable Landscape Maintenance Project is to identify environsiremally
landscaping practices which will reduce or eliminate the need for chemical inputs on the NAU campus.
It seeks methods which are mpalluting, costeffectve, and result in an aesthetically pleasing

landscape that does not pose a health risk to students, faculty, staff, and visitors.

INTRODUCTION

The 2012 research season of the Sustainable Landscape Maintenance Project continued to test alternative methoc
of landscape maintenance for turf and rock mulch sites on the Northern Arizona University (NAU) Flagstaff
campus. These sites are under the oathe Grounds Department of Facility Services which utilizes a variety of
techniques to maintain athletic fields, lawns, flower beds, shrubs, and trees spread across approximately 650
acres. Five synthetic herbicideszallery 75 Dry FlowablePendulun AquaCapRoundup/Razor Pro, Lontrel

Turf and Ornamental, and Speedzone Southern Broadiaaf used on a regular basis throughout the growing

season due to a university requirement to keep grass and rock mulch arefeeveétthough Grounds uses

these herbicides according to manufacturerds r ecomme
pose human health risks and can negatively affect local ecosystems, including damage to soils and water (for
further information on the potentiahzards of these products, #ggpendix A: A LiteratureReview of Herbicide

Toxicityto Human.

In 2007, the university established a Learning and Enterprise Strategic Plan which included the goal of
fiStewardship and Sustainability of Pla¢eeeAppendix B: Eliminating Herbicide Use on the NAU Campus
Proposa). One strategy within this goal is for NAdtb be a model of environmentally responsible and

sustainable operations and educatiorThe elimination of potentially toxic herbicides is a critifiedt step

towards environmental responsibility and sustainability. The landscapes of NAU provide the perfect setting to
showcase alternative methods of lawn and garden maintenance and thus create an educational opportunity for
students, faculty, staffnd the general public. Since 2011, the Sustainable Landscape Maintenance Project
(SLM) has been testing ndgoxic landscape maintenance treatments, including the alidg of weeds in turf

and rock mulch areas, improving soil health through the ajgic of organicallyapproved amendments, and

introducing native types of turfgrass.



During the 2012 research season, SLM focused on improving soil health and the overall aesthetic appeal of the
sites. Literature review indicates that healthy soilésghme factor in creating healthy turf and reducing weeds.
Soil test results from 2011 indicated issues with high pH and low nitrogen cycling (among others), potentially
leading to unhealthy turf and an increase in weed invasion and reproduction @anfoonation on the results

of the 2011 research seasseeAppendix C: 2011 Sustainable Landscape Maintenance Pilot Prpject

Addressing these soil conditions may improve turf health, allowing the grass to outcompete weed species and
reduce the currently perceived need for chemical treatments.

Feedback from faculty, students, and others indicated that the visual impactitgsiveas of primary
importance: if the grass did nobk beautiful, there would be problems with continuing alternative practices. It

was therefore important to find ways to keep our sites looking good throughout the season.

Other research and activitie®re conducted during this season, including greenhouse experiments, soil fungal
analysis, a survey of university landscaping practices across the country, the implementation-effAdip@ind
the showing of the landscape herbicide fiimA C h e nactiom.| Re

For the purpose of this research, words such as fcl
which are not approved for organic application and may pose a risk to human and/or environmental health.

Wor ds su«h eamiicdantoegr nat i veo, and fAorganicd may be us
approved for organic application and can be considered to have minimal or no risk to human and/or

environmental health. Organic approval is based on listings produced by the Qfgterials Review Institute

(OMRI) found atwww.omri.org

2012 SITES
SITE: Eastburn Turf Control Site (EC)

Location: NE of Eastburn main entrance, bordered by Knoles Drive and Parking lot
Size:& 27,821 ft

SITE: Eastburn Turf Test Siteast(ET-E)
Location: SE of Eastburn main entrance, bordered by Knoles Drive
Size:d 15,°006 ft

SITE: Eastburn Turf Test Sité&/est(ET-W)
Location: SE of Eastburn main entrance, along side of building
Sizeed 3,665 ft

SITE: Knoles Turf Control Site (KC)
Location: East side of parking garage, north of test site, bordered by Riordan and Knoles Drive


http://www.omri.org/

Size:4 2,659 ft

SITE: Knoles Turf Test Site (KT)
Location: East side of parking garage, south of control site, by parking garage entrance
Size:81,727 ft

SITE: SBS Turf Control Site (SC)
Location: North of SBS western entrance, south of test site: triangular corner by sidewalk and parking lot
Size:4 710 ff

SITE: SBS Turf Test Site (ST)

Location: North of SBS western entranagext to parking lot
Size:d 4,362 ft

ROCK MULCH SITES

SITE: Clifford White Theatre Rock Mulch Test Sidorth (RCT-N)

Location: North border of walkway to Clifford White Theatre eartce off of Knoles Drive

Sizeed 1,857 ft

Site hasaduakayer weed barrieconsisting of dop layerof permeable woven plastic antbattom layerof
impermeable plastic shéaag.

NOTE: The south site (RG¥E) was lost to construction in early May

SITE: Union Rock Mulch Test SitBlorth (RUT-N)

Location: North of Union building (Knoles Drive side), along walll

Size:571 ft

Site hasaduatlayer weed barrieconsisting of dop layerof permeable woven plastic antbattom layerof
impermeable plagt shedng.

SITE: Union Rock Mulch Test Sit8outh(RUT-S)

Location: South of Union building (Knoles Drive side), along wall
Size:1,612 ft

Site has no weed barrier



MATERIALS AND METHODS
SOIL TESTING

Soil samples were collected from all ttekt and control sites in April 2012. Samples were collected by
cutting and lifting the sod layer and collecting soil from a depth of approximate6/iBches below the

sod layer. Samples were taken from B0 different areas on each site, dependimghe size of the site.
Each sitebds samples were mixed in a plastic buc
a plastic zipper bag and labeled. After collection, the bagged samples were immediately shipped to IAS
Laboratories in Phoenix AZ, f or anal ysis. Each site sample
included &ailablecalcium, magnesiumsodium, potassiumpitrate, phosphatesalinity, pH, freelime,

zinc, iron, manganese;opper,boron,and silfur
TEST SITE TREATMENTS

Corn duten meal (CGM) was applied to all turf test sites at a rate of 15 pounds per 1,000 square feet of
turf per application. Three applications were made over the course of the season, in April, August, and

October. The product was purchased from Wilkliis Agribusiness.

Pelletized sulfur was applied to KT and ST in October at a rate of 10 pounds per 1,000 square feet. The
Eastburn sites (EE and ETW) were not treated, since sulfur was applied to them in fall 2012. The

product was purchased from Plaigttural (vww.planetnatural.cojn

KT was completely overseeded and topdressed with compost in late July (for seed and compost
information, see beloweed Interventions

All turf test and control sites weeerated in early October.
DATA COLLECTION

Weed abundance and diversity and turf quality data were collected approximately every 14 days on all

sites. Methods were specific to the type of site.

Rock Mulch Sites Rock mulch sites were harwdeeded without the use of tools in order to protect the

weed barriers. All weeds were pulled and put in a bucket. Weeding activity was timed. After timing


http://www.planetnatural.com/

ended, the collected weeds were counted and identified. Notes weeaegarding weed locations and

any damage to weed barriers.

Turf Control Sites Turf control sites were transected using stiings spaced approximately 6 feet

apart. Transecting was timed. For weed abundance and diversity, individual plants wezd andn

identified from standing height. White clover was measured as square feet of cover usingra 12

square quadrat divided into 100 squares. Turf quality was assessed using the quadrat. Two assessment
were made per transect, whereby the reseamialked a random number of paces along the transect,
dropped the quadrat, recorded quality ratings, and then walked another random number of paces and
repeated the quadrat assessment. Quality was assessed according to percentlgaveedsd(2)

exposed soil/holeg3) thin/thatchy grass, and)t hi ck (fAi deal) grass. An o
following a scale of 1 through 10, wherebys the worst lawn condition ariD is the ideal lawn

condition.

Turf Test Sites Turf test sites weresaessed in two stage®rmalweeding and transectindNormal

weeding was designed to replicate the actions of a typical paid graworler. The start time was

recorded and then researchers walked the site with buckets and Alnes@Dog WeedHound Elite
weeding tools, pulling obvious weeds and placing them in the buckets. When the site appeared
sufficiently weeded, the end time was recorded. Weeds collected were counted and identified. During
normalweeding, white clover and other patidrming plantgsuch as spurge and black medic) and

dense, broad areas of dandelion and plantain seedlings were not removed.

After normalweeding and data recording was completed, the site was transected by the same methods
used for the control sites, including measgratover by square feet, counting and identifying other

patchforming plants, and making turf quality assessments.
WEED INTERVENTIONS

Patchforming plants, including white clover and plantain seedlings, cannot be adequately removed
using theWeedHoundool due to excessive turf damage. In order to assess other removal techniques,
single session weeding events were performed during June, July, August, and November. The sessions

were timed, but plant numbers were not recorded.



Where reseeding/overseediogc cur red, the seed was purchased fr
Landscaping (Flagstaff, AZ) and was produced by Granite Seed (Lehi, UT). L&lbaledn er 6 s Nat

AZ Turf Mk, it cSordtaaion sS wfieatgragdbFadini kr w a y avhe@tgrassi tvV eN dShieep
fescuei Ca n b ar dlue@raspaadfiyla c h i tgama \BHene eompost was applied, we used
Kell ogg NO6Rich Soil Enr i chi nvwich@asmpyahasdd frdmoHomeP | a n t

Depot (Flagstaff, AZ). This compost is certified by the Organatdvials Review Institute (OMRI).

ET-E: In late June and early July, three sessions of plantain removal were conducted using small hand
tools. In late July, other plantain patches were removed using small hand tools, and the area reseeded
and mulched wit compost. In early August, mixed clover/plantain patches were trimmed to ground

level with a string trimmer, and the area reseeded and mulched with compost. A final plantain removal

with small hand tools was done in November.

KT: In late May and midlune, black medic patches were removed uSiegdHoundand small hand
tools. In July, the three existing clover patches were dug out with a shovel, and the areas reseeded and

mulched with compost.

ST: In mid-July, the organic herbicidal spraBurnOut 2 was applied to three areas of clover. In late
July, black medic was removed usMéedHoundand small hand tools, and clover patches were either
dug out with a shovel or trimmed to ground level with a string trimmer. Clover removal areas were

reseede@nd mulched with compost.
SINGLE SESSION WEED COUNTS

In addition to these sessions, one special weed count was performederEEW, and ST in an

attempt to estimate the number of individual weeds (excluding clover) not counted/pulled during regular
daa collection. With the onset of the monsoons, plantain and dandelion seedlings in particular became
too numerous to pull without causing excessive turf damage. G &Id ETW, plantains were

estimated using an average number per quadrat: 25 f&r &d 151 23 (average = 19) for EW,

while dandelion, black medic, and other species were counted individually. On ST, the remaining

weeds were counted individually.

Note: For the purpose of data analysis, the size of each plot was rounded to thell¥¥asgsiare feet
for abundance and diversity: EC = 27,800-EF 15,000; ETW = 3,700; KC = 2,400; KT = 1,700; SC



= 700; and ST = 4,400. For weeding times, sizes were rounded to the nearest 1,000 square feet: EC =
28,000; ETE = 15,000; EFW = 3,700; KC= 2,400; KT = 1,700; SC = 700; and ST = 4,400.

MOWING

All turf test sites were mown from June to October using a-lwalkind mower to assess the effects of
taller grass on turf health and aesthetic quality. Height of cut varied from 3 to 4 inchesiciResea
guestions regarding height of cut wefEr how will the lawn look with taller gras§2) how frequently

do we need to mow;3) does the grass appear to be healthier when longe(4pace weeds more or
less obvious? The final cut in October wasdosd to 2.5 inches to allow sulfur and CGM applications

to have better soil contact.
ADDITIONAL RESEARCH

Greenhouse experimentsere conducted during the 2012 spring, summer, and fall semesters, in order
to examine the role of soil nutrients and weed pobidn. The initial spring study utilized grass seed

from the Grounds Department; swias the standard saikedin thecampusgreenhouseSamples were

four by four by two inches with two samples per variable. Two control samples were used: one was
wateed with tap water and one with reclaimed water (both of which are used on campus for irrigation)
Grass seed was introduced to all samples and watered daily. At the fourth week, plantain and dandelion
seeds were added to all test sampBaass and weed seeds were applied in comparable amounts but not
specifically measured. At the fifth week, nutrients were added: nitrogen (as ammonium aitrate)
phosphorus (as triple phosphate)potassium (as potassium sulfabe)a combination of alhree(see
Appendix D: 2012 Greenhouse Fertilizer CalculatigndNutrient levelsvere determined by

referencinghe Tilman studyy). At the seventh week, data was collected weekly for four weeks: the
total numberof individuals of each weed specidise overall visual aesthetic of the sample (relative to
lawns), and percent cover of plants versus soil. At the end of the data collection, all plants were
uniformly clipped at soil level Soil Plant Analysis Developmennit readinggSPAD)were taken on
theaverage of three different blades of grassthedhredeaves o plantain in ordeto measure

chlorophyll content (dandelion was not measured for SPAIE total weight of the grass and of the

weeds was also recorded.



The second study, conductedcimme summer and fall semesters, mo d
time of writing, the results of the second study are in the process of being araigzsidould be

available at the beginning of 2014

Fungal colonizationwas examined on turf rosamples from the Eastburn test and control sites. Ten

turf samples that included the root system were collected from EE, Bhd ETW and sent to the

Gehring Lab of Mycorrhizal Ecology on campus for analysis. Samples were tested for root colonization
by arbuscular mycorrhizal fungi (AMF) and dark septate endophytes. These organisms colonize plant
roots and increase the plantdéds absorption of so

during photosynthesis.
RESULTS

SOIL TESTING

Critical nutrients such as nitrate (nitrogen) and boron Veavdo very lowon all sites. Sulfur was
mediumto low on sites not treated with sulfur in 2011. Other nutrients tatgwto very high Except
for ET-W, all sites are alkaline with a pH above {T@blel).
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Table 1: 2012spring soil test results for turf site8ll elements in parts per million (ppm).
Levels: VL = very low, L = low, M = radium, VH = high, H = high



Soil pH was high (alkaline) on all sites except-WTwhich received the largest amount of elemental

sulfur in the fall of 201XFigures1 and 2) Ideal soil pH for turfgrasses is 5.07.0.
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10
Sulfur
9
8
)
§ 7
g 6
B 5
S}
c 4
3
S? 3
2
1
0
EC ET-E ET-W SC ST

Figure 2: Changes in pHdecreasedn sites tested ispring2011 and 2012Sulfur was applied in fall 2011.



ROCK MULCH SITES

Rock mulch sites averaged 3 minutes per 1,000 square feet foneaddhg Figure 3). Dominant

weed species were grasses, dandelion, and cheeseviguae ).
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Figure 3: 2012 weeding times fapnck mulch sites (in perseminutes).
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Figure 4: Weed abundance and diversity on 2012 rock mulch sii¢kerincludes clover, plantain, prickly lettuce, and
unknowns. Site size was rounded to nearest 100 square feet.
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TURF SITES

Hand-weeding Times
Average time for hangveeding {.e. normalweeding), for all turf test sites and over the entire season,

was 6 minutes per 1,000 square féaggres5, 6, 7,and3).
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Figure 5: ET-E normalweeding average time for one person: 1 hour 9 minutes.
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Figure 6: ET-W normalweeding average time for one person: 40 minutes.
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Figure 8: ST normalweeding average time for one person: 23 minutes.

Weed Abundance and Diversity
Dandelion, broadeaf plantain, and white clover were the most abundant weeds species on all turf sites
(Figures9 and10). Square footage of each site was rounded to the nearest 100 square fEguréor

9, the total number of plants counted for the season was divided by the hundred square footage of the

12



site @xample EC is 27,821 total square feet and had a total 2@h&elion count of 4,000; therefore
4,000 / 278 = 14.4 dandelion per 100 square feet).
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Figure 9: Dominant weed species on turf sites (excluding closieowing total number of plants
counted during 2012 season. Doesindude numbers from single session weed counts.

For Figure 1Q the total square feet of clover for the 2012 season was averaged and divided by the
hundred square footage of the site (example: ECavtlageclover was 700.7 square feet divided by
278 = 2.5 square feet).
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Figure 10: Average clover cover on turf sites (per 100 square feet of turf).
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Turf Quality
Turf quality was rated on a scale of 10 for overall aesthetiappeal Figure 11). Higher turf quality

may be correlated with lower weed abundance, although it is not abdéigues(12).
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Figure 11: Turf quality rating according to aesthetic appeal.

For Figure 12 theAverage Weedsere calculated by averaging each weed species (excluding clover),
adding the averages together to gtital weed averageand then dividing the total average by the
hundred square footage of the séggmple EC had a 2012 season average of 333.3alamd 103.5
medic, 156.0 plantain, and 13.8 other fdotl average weed counf 606.6, which is then divided by
the hundred square footage = 606.6 / 278 = 2.2 weeds per 100 square feet).
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Figure 12: Comparing total averagarf quality rating with total average weed abundance
(excluding clover). Quality ratings onld 10 scale, withl being the worst lawn ant being ideal.
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Turf quality was also assessed by percent cover of thick (igeseds versus thin/thatchy grass, weeds, or
exposed soilKigure 13).
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Figure 13: Average percent cover measurements on turf sites.
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Weed Interventions
Digging: In July, three white clover patches on KT were dug out with a shovel, reseeded with turf mix,
and mulched with compost. In August, only one patch showed clover retufigngg 14). The other

two patches had only grass.

Figure 14: Grass dsblishing in clover removal area on KT (left), while a small amount of clover returns (right).

Two clover patches dug out on ST in July showed no clover return in Alggstd 15). These were

also reseeded with turf mix and topdressed with compost.

Figure 15: Clover removed in July on ST did not return by August. Grass completely filled in both areas.
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Line-trimming: A string trimmer was used to cut weeds to soil level, and the areas were reseeded with
turf mix and topdressed wittompost. Grass density increased, but some plantain seedlings and clover
reestablishedRigure 16).
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Figure 16: Grass filled in trimmed weed patch on-EJwhile some plantain seedlings and clover returned.

Organic spray: Clover and plantain sprayed \BitinOut 2showed some browning of the leaves but

were not otherwise affected.

Single Session Weed Counts
One special weed count was performed orREE ET-W, and ST in order to estimate the number of

individual weeds not pulled or counteBaple?2).

Site Date Plantain Dandelion Medic Other or Total
(average) Not
Named
ET-E 10/04/12 4625 145 26 4796
ET-W 10/05/12 665 56 721
ST 09/25/12 67 67

Table 2: Individual weeds left aftenormaland transect weeding (excluding clover).




Mowing
Mowing heights were raised toi 34 inches on turf test sites. Mowing times were recorded, and

decreased over the course of the seaBuies17 - 19). KT was mown 4imes and was not graphed.
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Figure 17: Mowing times for ETE.
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Figure 18: Mowing times for ETW.
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Figure 19: Mowing times for ST.

Mowing frequency varied with each site due to grass density. The Eastburn siesHEHEW) were
mown at 5 7 day intervals during monsoon season in order to keep the mower from clogging. ST was
mown at 10" 14 day intervals as grass density was lower due to irrigation issues. KT also had irrigation

issues.

ADDITIONAL RESEARCH

GreenhouseExperiments
Total average weight of the grass greatly exceeded the total average weight of theFigeeels D
and21). The mass was greatest for grass treated with the combination of nitrogen, phosphorus, and

potassium. The mass was greatest for waedsed with only nitrogen.
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Figure 20: Total average grass weight for all samples. Figure 21: Totalaverage weed weight for all samples.

Plantain abundance greatly exceeded dandelion abundance in all sdfigpiess(2 and23).
Dandelion abundance leveled off or decreased over time, while plantain abundance increased. The
potassiurronly treatment showed the lowest number of individuals in dandelion and had the lowest

numbers for a nutrient treatment in plantain (iswamparable to the controls).
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Figure 22: Average dandelion abundance over time. Figure 23: Average plantain abundance over time.

Chlorophyll measurements using a SPAD meter showed higher levels in grassplaaain with the

NPK treatment highest for botRigure 24). Measurements were not obtained for dandelion.
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Figure 24: Average SPAD measurements for all samples of grass and plantain.

Fungal Colonization

TheEastburn sites, EC, EE, and ETW, were tested for fungal colonization of turf root systems. For
arbuscular mycorrhizal fungi (AMF), EE and ETW showed 25.9% root colonization, whereas EC had
only 20.8%, and the ortail analysis showed statistical sifjcance(Table 3 For dark septate

endophytes, the percentages were almost exactly equal.

Control Test
Mean 20.8% 25.9%
Variance 37.511111 51.14736847
Observations 10 20
Hypothesized Mean 0
Difference
df 21
t Stat -2.0305226
P(T<=t) onetall 0.027579
t Critical onetail 1.7207429
P(T<=t) twotall 0.055158
t Critical two-tail 2.0796138

Table 3: Statistical results of fungal colonization assessment for Eastburn sites (AMF only)
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DISCUSSION
SOIL TESTING

Soil tests were completed in the spring of 2011 and of 2012 on all turf test and control sites. In 2011,
the Ardrey site$ AC, AT-N, and AT-Si were tested, but they were removed from research in 2012 due
to construction damage. The Knoles sit€8 and KT, were only tested in 2012. They will be retested

in the spring of 2013, and comparisons can be made at that time.

Test result changes froRD11 to 2012 may not be completely accurate due to differences in testing
methods between the Colorado Plateau research lab used in 2011 and IAS Laboratories used in 2012.
The numbers for nitrogen (as N potassium (K), phosphorus (P), and sodium (ka)example,

appear to be tooniformly different to be plausibla.é. 2012 numbers are consistently higher than 2011
on all sitesTable 4. Iron and sulfur were below detection level in 2011; those results may be due to
different analysis techniqueomparisons between 2012 and 2013 may be more accurate if IAS

Laboratories is used again in 2013.

Site pH Nitrate Phosphorus | Potassium Calcium Iron Sulfur
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

2011 2012 | 2011] 2012 | 2011 | 2012 | 2011 | 2012 | 2011 | 2012 | 2011 ] 2012 | 2011 | 2012
BC 1 771 74| 40| 58| 12 | 39 | 204 | 310 | 4296 | 3800 <11 | 110| <3 | 12
ETE | 79 | 74| 26| 64| 190 | 48 | 139 | 260 | 3300 3500| <11 | 170 | <3 | 25
ETW 1 771 70| 42| 72| 15 | 36 | 220 | 310 | 4310 | 4400| <11 | 160 | <3 | 21
SC | 78| 75| 13| 47| 14 | 23 | 171 | 210 | 2649 | 2500| <11| 62 | <3 | 8
ST 76 | 74| 48| 72| 15 | 30 | 176 | 220 | 4098 | 2000 <11 | 120 | <3

Table 4: Changes in soil test results from spring 2011 to spring 2012 (excluding Ardrey and Knoles sites).

Soil acidity/alkalinity: As stated above with reference to P, K, and Na, all sites showed a decrease in pH
from 2011 to 201ZFigure 1), but the numbers for pH may be valid due to similarities in testing

methods and equipmenthe two unhealthiest sites (based on visual assessment), KT and KC, had the
highest pH levels.The greatest changbstween 2011 and 20h2curred on EJE and ETW (Figure

2). Large amounts of sulfur were appliedthose sites fall 2011, and decreas&vere approximately

twice as large as what was seen on other sites. Sulfur is known to lower pH and was applied to test that

effect In fall 2012, KT and ST received sulfur applications. Spring 2013 soil test results may indicate
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whether or not the swir had a direct effect on pH if the levels for KT and ST are lower than the 2012

results.

Nitrogen: Nitrate levels werdow to very low which may indicate a lack of proper nitrogen cycling by
microorganisms in the sailable ). Nitrogen is a criticahutrient for turfgrass species. The sites KC,
KT, and SC had the lowest measurements and had the lowest turf deiglie(11). Corn gluten meal
(CGM) is source of nitrogen and may have elevated levels eg &id ETW. All test sites received

CGM in 2013; spring 2013 soil tests may indicate if those applications improved nitrogen cycling.

Potassium Potassium is another important nutrient for turf, but some research has indicated that it may
be linked to dandelion productign. Potassium levels wewery highon the Eastburn sites where

dandelion is prevalent.

Boron: Boron is a micronutrient which was found to bevéry lowlevels on all sites in spring 2012
(Table]). Boron was not tested for in 2011. Levedxe lowest on KT, KC, and SC. For ideal growth,
grass species need @8 ppm,), and soils with less than 10 ppm should be supplemejtédl of our

sites fall below 1 ppm

Although the details on its actions are still a bit of a mystgrigoronis considered vital to plant

gr owt h: Al Bor on] has been | inked to sugar trans
reproduction, water balance in plants, and calcium and phosphorus metakglisngrassland and
forage r e ssavwleed n meri@amrdevelopmepollination nodule formation in legumes

and translocation of sugars, starches, N, and P. A boron deficiency will become visibly apparent;
curled, wilted | eaves, di sc oy ®efieendy s mostoften seenkni n g

young, developing plants.

The boronto-c al ci um ratio can also be considered a go
inextricably linked in the metabolism of both plants and animals, and like so manyrtieeals,

should be in balance with one another... boron [should] be present in the soil at one part boron to 1,000
parts cal ci um, up to a t @aloloursifes testedery highfer per mi |
calcium (2500 4900 ppm) with ony slight variations from 2011 to 201Zgbles 1 and ¥
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ROCK MULCH SITES

Rock mulch sites were easily and quickly haveleded, since plants have little time to establish strong
root systems where weed barriers are in place. The most common weebtsinodrgrasses,
dandelions, and cheeseweed. Weeds were usually found along sidewalk edges and around plantings

where the weed barrier was not covering the soil.

There is a risk of chemical rurff from herbicidal sprays where impermeable weed barriergsae.
Most herbicides break down in the soil after application. With impermeable barriers, the chemicals are
washed out with rain events and can enter the watershed or flow intangeih vegetation. Hand

weeding removes this risk.

TURF TEST SITES

Note on corn gluten meal:In 2011, corn gluten meal (CGM) was applied in the spring primarily as a
pre-emergent natural herbicide and in the fall as a source of nitrogen fertilizer. ana20additional
application was done at the onset of monsoons tefbtlp act as a premergent for seeds germinating
with the increase in moisture. This redason application may not have been particularly effective
since CGM requires a drying period of at least two days in order to be effective. With rain activity an
irrigation, this drying period could not occur. There were also areas where the CGM did not spread
properly, in part due to the high grass, and unsightly piles were left behind on the lawns. A foul odor
was noted on EE after applicatiori it is uncetain if the odor was from the excess CGM, but it is
possible since we found evidence of odor problems in conjunction with CGM during our literature

review process.

Based on our results and findings, it is recommended that CGM be applied once in eaylsrspamce

in the late fall. In the spring, it should be applied while the grass is still somewhat dormant and is not
dense. In the fall, it should be applied after the final mowing, which should have a low height of cut so
the CGM can be more easily ovporated into the soil. At both times, the application must be watered

in, and then irrigation should be avoided for two days.

Hand-weeding Turf was handveeded in an average of 6 minutes per 1,000 square feet, and times
declined over the season exceptST Figures5, 6, 7, and8). The first spring weeding sessions took

additional time in order to remove the initial burst of growth. Times were shortest during the remainder
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of the spring drought, increased with the onset of monsoons, and therdedifall temperatures
dropped. The largest site (H) took the longest overall: the total size made walking it more time
consuming, and weed abundance, particularly plantain and dandelion, was high.

The WeedHound tool worked well for most situationg, dense areas of plantain seedlings could not be
removed without causing excessive turf damage due to the size of the hole that the tool leaves in the
ground. In some instances, dandelions were not completely removedsprduted in the hole (seen
during the subsequent weeding session). Overall, however, the WeedHound was easy to use and

removed weeds efficiently.

Weed Abundance and DiversityDominant weed species on all sites were dandelion, white clover, and
broadleaf plantain(Figures 9and10). Black medic was also prevalent, with lafgeer 1 square foot)
patches foun@dn ET-E and KT. Smaller medic plants were pulled with the WeedHound tool, but larger
groupings that formed patcheseded to be dug out with otheols to reduce turf damagdone on KT

and STi seeMaterials and Methods Weed Interventions

Plantain seedlings became difficult to remove with the onset of monsoons, particularlytowliere
dense patches occurreeiqure 5).

2 \ 2 St

Figure 25: Plantain seedlings (circled) form dense patches o EAugust)
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While attempts were made to keep an accurate count of the individual plants, the numbers became too
large to count within a reasonable time. The single session weed counts gave some idea of how many
plants were not accounted for during regular adatéecion sessions (sdResults’ Single Sessioweed
County. The plantain average on EHwas 4,625Table2). Numbers that high could not possibly be

counted/removed within the scope of this research season.

Clover cover was high on EE, ET-W, and ST Figure 10) and commonly formed large (10+ square
feet) areas. Removing such areas through the use of alternative herbicides or by manual removal

(digging) would greatly reduce the overall aesthetic quality of the lawn until grass reestablished.

Othercommony f ound weed species were |eafy spurge,
bindweed, and chickweed. Both spurge and chickweed foragtowing patches interspersed with
grass. These patches could only be removed by digging or herbicide. Chidkesrds well with the

turf and is probably not a problem from an aesthetic standpoint. Spurge may be more noticeable,

particularly along edges. Improving soil health and overseeding should reduce spurge populations.

Turf Quality: All turf test sites scored higher turf quality ratings when compared to the control sites
(Figure 11). The Eastburn test sites scored highest and had received treatments for two-deasbns
weeding, CGM, and sulfurwith no herbicidal spraying sin@)10. Lower weed abundance may be
correlated to higher turf qualityFigure 12) when clover is excluded. Clover abundance was very high

on ET-E, ET-W, and ST, but it also created an evenly green, dense cover which is aesthetically

appealing Figures26 and27).

‘«-.'

Figure 26: Clover on ETE in August
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The sites with the lowest quality rating also had the poorestfeoiigrf health (highest pH, lowest
nitrogen)and the greatest weed abundance: KC, & SC Table1 andFigures11 and12). By the

end of the season, quality was improving on KT, and it rated slightly higheKthamd SC

Overseeding created a denser grass cover, and CGM application may have further improved grass healtr
with theincrease in nitrogen. It is anticipated that KT will continue to improve in 2013 with its fall

2012 applications of sulfur and CGM.

Percent cover was measured on all sitégure 13) in order to compare amountswéeds exposed

soil, thin/thatchygrass andthick/idealgrassin each lawn. Test sites had the highest amourttaai
grassand the lowest amounts sbil. Weedamounts varied due to the large presence of clover on most
sites. ETE and EFW had the greatest amountstloick grass overaliwhich positively correlated with
their high turf quality ratings.

Weed Interventions Single sessions of weed removal were performed in order to address problem

areas that were not being sufficiently affected by regular weeding sessions. Three ctines patkT

(the only clover areas on the site) were dug out with a shovel in July. These areas were then overseeded
with a native turf mix and topdressed with compost. In August, only one patch showed some clover
return Figure 14), while the other twoantained only grass. Two clover patches on ST received similar
treatments in July and also showed no clover return in Aufigsire 15). While these treatments

appear to be highly effective, digging is very labor intensive and should be reservedh-foridridgy

areas where other treatments have failed.

A line-trimmer was used to cut weeds down to soil level, then the areas were overseeded and topdressed
with compost Figure 16). Weed seedlings emerged from the soil seed bank, but grass density also
increased. This treatment may be more successful if the trimming is followed by an organic herbicidal

spray before reseeding. If performed early in the season, it may reduce perennial weeds such as clover.

The organic herbicidal spraBurnOut 2 was teted on clover and mature plantains in July. Some

leaves turned brown, but the plants were not otherwise affected. Sprays may be more successful on suct
perennials if they are used at the beginning of the season when plants are coming out of dormancy:
damage to the new leaves would inhibit photosynthesis and potentially starve the plant. Repeated

applications may be necessary with westablished plants.
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KT Overseeding and Composthe entire KT site was overseeded and topdressed with compost in July,
due to the siteds poor soil quality and thin gr
cover had increased, and the overall visual aesthetic quality of the site had improved, particularly when

compared to the control site, KC (deigures28 and29for a sidewalk view of sites).

Figure 28: KC turf August 2012 Figure 29: KT turf August 2012

Newly-seeded grass looked healthy and formed a dense cover on KT compared to existing grass cover
on KC (Figures 3 and31). Corngluten meal and sulfur applications should further improve the soils to
favor turfgrass by increasing nitrogen and lowering pH. Evidence of these predicted results will be seen

through soil testing and visual assessments done in the spring of 2013.

ST LR LAY

Figure 31: KT turf August 2012

- N NI

Figure 30: KC turf August 2012
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Single Session Weed Count#s the growing season progressed, it became difficult to count and pull
every individual weed. Monsoons triggered a surge in plantain and dandelion seedlings, which could
not be removed without digging out large areas. In order to estimatgaheumber of weeds on a site,
single session weed counts were performed in September and OctobeEQfEEW, and ST Table

2). The count was not performed on KT as it had a low number of plantains (the most problematic

species to count) when compared toeothites, and no dense clusters of seedlings.

On ET-E, all dandelions and medics were counted individually. Plantains were estimated using a
guadrat with an average of 25 plants per square foot. AW HJlantains were estimated usingil33
plants peiquadrat (approximately 19 plants); other species were counted as individuals but not

identified. On ST, all species were counted as individuals but not identified.

Given the extremely large numbers of plantain (4,625 ofEglone), it would be very diffult to

remove all plants during the growing season without severely damaging the turf. The labor necessary
would also be difficult to implement. It is recommended that some percentage of plantain should be
tolerated until other removal methods are fauk@rtunately, plantains do not have showy flowers and
blend well with the turf. Larger, more noticeable individuals are easily removed with the WeedHound.
Plantain growth can also be indicative of compacted soil and low fertility (white clover alsatésd

low fertility) 5. Continuing to improve soil health and structure through amendments and regular

treatments such as aeration will reduce plantain as turfgrass becomes more vigorous.

Mowing: During the 2012 season, a wddkhind mower was usedh durf test sites in order to assess the
effects of taller grass on turf quality. The Grounds Departonsurdlly keeps grass heiglislow 2.5

inches Research has repeatedly shown that a grass heightbinBhes improves turf health and

guality: mosture is conserved, soil health improves, and weeds are better suppressed. Mowing times

were recorded, and decreased on all sites over the course of the Seps@s {71 19).

Mowing research questions:

(1) How will the lawn look with taller grassExcellent.

According to turf quality assessments, all test sites had higher quality ratings than the control sites
(Figures 1L and13). Cover on test sites appeared dense, evenly green, and hdadtihgompared to

the control sitegFigures 32 and3?3).
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Figure 32: EC with standard height of cut (August) Figure 33: ET-E with taller height of cut (August)

(2) How frequently do we need to mowReekly or less, depending on the site.

ET-E and ETW required mowing every b 7 days (to prevent mowéilure) once monsoons began
and increased grass growtS8T and KT had irrigation issues which reduced mowing neesls was
mown approximately every 10 14 days KT was mow four times over the entire seasdwice in the
springfor initial clearrup and twiceafter overseeding when grass health improved and density

increased.

The walkbehind mower had issues with grass density and excessive length, and frequently clogged and
stalled (Achokedo) if mowing was not frequent e
sites, which also required bagging on their initial mowing sessions. Wet grass also caused mower
choke, but it was often difficult to schedule mowing wiies grass was diy mowing was usually done

in the early morning shortly after the irrigation system had be active, and the sun had not yet dried the
grass. Monsoonal activity also added to this challenge. A riding, commegratd mower would be

mosteffective in preventing choke and perhaps reducing frequency.

(3) Does the grass appear to be healthier when lohgées.
Grass on turf test sites showed little thatch and appeared dense in overall cover. It had a deeper green

color and a wider blade dth than the grass on turf control siteg(res34 and35).
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Figure 34: Grass on EC (August) Figure 35: Grass on EE (August)

U

(4) Are weeds more or less obviou$Pey are less obvious.
Weeds such as plantain, which do have showy flowers and are fairly legvowing, were less obvious
on turf test sites where they blended well with the thicker gfagare 3). Plantains on the control

sites appeared brown, dry, and unsightly due to damage from herbicidal spray antbreeobvious in

the thinner grassHgure 37).

Figure 36: Plantain on EFE (August) Figure 37: Plantain on EC after herbicidal application
(August).

White clover forms dense patches in the turf and often has grasses mikdoMmerheads were visible

on both unsprayed test sites and sprayed control Bigasrés B and39), but the patches blended well
with the dense turf on test sitesdue tothetsird6 even col or Fgwe3d)consi stent
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Figr38: Iovern aer herbicidl applito (August) Fiur 39: Clover on ETE (August)

Overall, the test sitresponded well to the higher grass. During the dry spring period, the test sites
looked greener and had more consistant cover as the longer grass reduced evaporation and retained soil
moisture which can support grass growth. Weeds such as dandelipla@irash were difficult to see in

the taller grass, and large patches of clover blended well. Flower heads on dandelions and clover were
no more noticeable than those found on the control sites, indicating the herbicidal spraying had little
effecton thevisual aesthetic of the sites. People passing by, and others that the researchers came into
contact with, commented on the healthy, lush appearance of the test lawns.

ADDITIONAL RESEARCH:

Greenhouse experimentsThe grass exceeded both dandelion and plantain in total average mass
(weight) in all samplesHigures D and21). Since grass seed was planted four weeks before weed seeds
were planted, the higher mass may be attributed to the additional growth tseretinain the specific

effects of treatments. Grass seed and weed seed were also not carefully measured, and it is therefore
possible that more grass seed was applied then weed seed, leading to greater mass. In replicating this
experiment, all seeds shdube precisely measured.

Grass showed the greatest gain in mass in the NPK treatment, followed by rardgend

phosphoruonly (Figure 2). Weeds showed the greatest gain in mass in the nit@ygrireatment;

all other treatments were much lowedeclose in rangeHgure 21). In future research, it would be
important to measure plantain and dandelion separately, in order to make better comparisons between

the individual weed species and the grass.

32



Plantain was more abundant than dandelion igaatiples and increased over tirkrgg(ires 2 and23).
During Week 1, dandelion had the highest numbers in the nittoglgrireatment, but its numbers

dropped rapidly by Week 2. All samples either levelled off or decreased over time.

Based on the resultd the studies referenced for these experiments, it was anticipated that higher
potassium levels would increase dandelion produgtjorOur results showed that the potassimiy
samples had the lowest number of dandelions. For plantain, the potasdiutreatment had results

similar to the controls and lower than all other treatments.

Chlorophyll SPAD readings can be considered a general measurement of plant health as they indicate
how the plant is utilizing nitrogen. The grass had higher readiagslantain in all samples, and the
highest levels were found in the NPK and nitrogary treatmentsKigure 24). Since SPAD readings

for chlorophyll can relate to plant nitrogen levels, the results may indicate that the grass had better

success in incorporating the available nitrogen.

Fungal colonization: The turf on the Eastburn test and control sites weaeneed for fungal

colonization, since the presence of beneficial fungal colonies can be an indicator of soil health and
suitability for plant growth. The test sites showed a significantly higher level of colonization by
arbuscular mycorrhizal fungi (AMFyyhich provide increased nutrient uptake to the plants and can thus
improve plant growthTable 3. There was an equal abundance of dark septate endophytes on both the
test and control plots. While these fungi have been known to provide similar furagitims AMFs,

little is known about them otherwise. According to Catherine Gehring, director of the research lab, the
turf on the test sites had levels which werd D% lower than other grasses she has examined. This

may indicate that fungal colonizah should be promoted.

CONCLUSIONS AND RECOMMENDATIONS

A university must maintain attractive landscapes, but the maintenance practices carabd safe

effective as opposed to being potentially hazardous. Current practices at NAU utilize large amounts of
chemical herbicides which show increasing evidence of human health risks and environmental damage.
As a part of NAUOGs s umaintananteapbactites negd togoe atéred to reducan d s ¢

these risks and allow the campus to become a model of sustainability for the greater community.
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Nowadays, the subject of sustainability is found throughout the academic world in everything from
courseworko facilities management. Most universities have sustainability action plans which are
designed to reduce resource consumption and the production of waste materials. In January 2013, a
brief survey was sent out to 225 schools across the country intoraesess the sustainable landscaping
practices at other facilities. The schools were chosen from the College Sustainability Repgyt Card
The surveys were sent viengail to someone in facilities management/grounds if the address could be
located; dberwise, they were sent to the most appropriate address found, and we asked that the

guestions be forwarded to a knowledgeable individual.

Questiondor schools (for turf areas only athletic fields excluded)
1. Do you use chemical/synthetic herbicidesturf?

If YES: (A) Do you use spot treatments OR complete coverage (such-esprgent) OR both?

(B) How often do you treat?

2. What other weed suppression/removal techniques or products do you use?
3. Are you working to reduce chical herbicidal use over time?
4. Are you reducing turf areas to introduce lowwgintenance landscapes (such as rock mulch, native
plants, meadows, etc)?

5. What is your average mowing height, and how often is turf mowed?

Thirty-five responses were reged (for complete response information, 8ependix E School Survey
Responsgs Five of the schools usem chemical herbicides on tutftniversity of TexasUniversity of

Oregon Willamette UniversityOR), Florida State UniversityandGoucher CollegéMD). The

remaining 30 schools used herbicides in varying combinations and amounts, but most incorporated other
practices for weed reduction and were actively reducing chemical applications as well as removing turf

areas in favor of more sustainable lscape designg éble 5.
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Spot Complete . .
treatment | coverage Both Freq(;erncy Féﬁg#}ig? ReSJL#:mg 'rb\n\gev:/?r?; Mowing
OD y OD y (n=30) application inputs (n=35) height frequency
(n =30) (n =30) "~
(n =30)

5 24 21 1-4 times Yes =25 Yes =26 3inches | Weekly or
peryear less
of t en upto4 ried
neede inchesat 11 va Ietl
esp. spot schools greatly

Table 5. Turf maintenance practices at other universities/colleges in the United States.

Soil and turf health were emphasized at most schools: overseeding, topdressing with compost, applying
compost tea, regular aeration. Common alternative practices for weed control includecbeird)
and the use of organic products sucltc@®s gluten mal and vinegaibased sprays. In reducing turf
areas, many schools were introducing native plantings (shrubs, meadows, wildflowers), increasing wood

and rock mulch areas, and building rain gardens. Reducing irrigated areas was also common.

Additional resarch found other schools which have eliminated chemical herbicides on campus turf (or
on all campus landscapes): University of ColorddBoulder, DePaul (IL), Evergreen State (WA),

Harvard (MA), and Seattle University (WA). The University of Arizona ut3on has had great

success with organic turf management by improving soil microbial activity and is expanding its organic

areas (sehttp://www.safelaws.org/blog/2012/08/universkyf-arizonaembracesrganiclawn-carej.

One of the greatest issues regarding herbicide use is the level of knowledge the public has regarding
their safety. Information regarding herbicide hazards is not as prevalentnaariteting which

promotes the productsd supposed | AfhemitcaReacti@d i n b
addresses this issue and was shown on campus in April 2012 and February 2013. The film tells the story
herbicid

http://www.youtule.com/watch?v=dTcv@8NTA). At each showing, SLM gave out a short survey to

of one townds decision to ban chemical

each viewer in order to better assess public opinion of herbicide use on campus. The first side of the
survey page was to be completed prior to viewing the film, allowing uaugegpreexisting opinions of
herbicides. The second side of the survey page was to be completed after viewing the film to see if
opinions had changed. A section for additional comments was also included on each side. Survey
results indicated that thérh had a strong effect on viewers, and the information presented was

compelling enough to change most opinions in favor of reducing or eliminating herbicide use (see
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http://www.safelawns.org/blog/2012/08/university-of-arizona-embraces-organic-lawn-care/
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Appendices FandG: 2012/2013 Film Survey Resufts complete survey results). Increagpublic

knowledge may encourage more sustainable practices both on campus and in the community beyond.

Since 2011, the Sustainable Landscape Maintenance Project at NAU has been successful in improving
turf health and the aesthetic appeal of lawns bygusiternative, organicalgpproved methods of
maintenance. While it is hoped that research will continue into 2013 to continue to assess materials and

methods, some of our already tested protocols can be considered implementable across campus.
Our maint@ance recommendations:

1. Perform regular soil tests, and amend as needed. Lowering pH is critical to most areas of
campus. I nclude addressing micronutrients s
nitrogen, phosphorus, and potassium.

2. Developstrategies to improve soil microbial activity (beneficial bacteria and fungi).

3. Raise mowing height to 3 inches, particularly during spring drought. This will conserve soil
moisture and encourage turf growth to outcompete weeds.

4. Apply corn gluten meal inhe early spring and late fall. The product reduces weed seed
germination and provides an organic source of nitrogen fertikbéh turf grasses rely on.

5. Tolerate some weed species. Plantain does not have showy flowers, and the smaller plants are
not ndiceable in dense turf. White clover blends well with turfgrasses and, as a legume, fixes
nitrogen within the soil, creating natural fertilization. Because of these traits, clover was
originally included in all lawn seed mixtures until the chemical mactufers developing new
herbicides could not create a product that did not kill clover, too. Through extensive advertising,
these corporations created a mar ket for nAgr a

6. Handweed all rock mulch areas. It is fast and provides a more deatlyepleasing result than
leaving dead plants on the rocks after spray has been applied. Impermeable weed barriers are
highly effective, but they can create a+uoffi hazard with herbicides: the spray cannot soak

down into the underlying soil and may Wwashed into notarget areas or into the watershed.

Additional research neededThere are still many questions to answer in the quest for sustainable
landscape maintenance. More experimentation needs to be done with alternative weed suppression

treatmets. One spot spraurnOut 2 was tested in 2013, but other products exist which may prove
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more effective. The timing of application is also critical: perennial plants need to be sprayed as they
first emerge from dormancy. Annuals should be treate@s as they germinate. Sprays may be more
effective when used in conjunction with other methods such as digging-tritnmeing. Other

products, such as iron chelates, may also be useful.

Biological controls, such as bacteria and fungi, are becomorg available and deserve consideration.
The following were found through literature review and may be appropriate for NAWpendix H

Alternative Herbicides for Turfgrass and Organic Agriculfure

MBI 005has preand postemergent effects doroadleafweeds. It contains the herbicidal secretions of
the bacteriaStreptomyces acidiscabidsut there are no living bacteria in the product, so there is no risk

of spread to unintended areas.

Sclerotinia minor(SarritorTM) affects 37 species of tigrass weeds, but it is most effective at

controlling dandelion. Overseeding and high mow

Phoma macrostomia a fungus whiclkills weeds including dandeliomedic,clover, plantain,and
chickweed. It causes chlorosis (white growth) in the plant, which inhibits photosynth@sis. study
found 92% control of dandelions 84 days after application.

The pending results of the summer and fall 2012 sessions of greenhouse research may provide useable
information regarding soil nutrient levels and their effects on weed production. Additional greenhouse
research may prove useful as quality data becomes available. In literature reviews, it is repeatedly stated
that soil health is the key to healthy grass outaeting weeds. As we increase our understanding of

the influence of soil composition on grass and weed species, we will be able to adjust our maintenance

practices accordingly.

By reducing or eliminating chemical herbicide use on campus, NAU can crieesdtlaier environment

for students, faculty, staff, and visitors. Materials and methods are available which can maintain an
aestheticallypleasing landscape while being ceffective and easy to implement. As NAU strengthens
its commitment to sustainabpractices through facilities management, the greater Flagstaff community

will be positively impacted by the reduction in resource use and potentially hazardous inputs. Other
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schools across the country can look to NAU as a model of sustainability alesniem the protocols

found to be successful. Northern Arizona University can becdesdarin sustainability.
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A Literature Review of Herbicide Toxicity to Humans

Focusing on herbicides used on thElagstaff campus of Northern Arizona University
Erin Miller: Senior pursuing B.S. in Chemistry, Environmental Caucus, Northern Arizona University, Nov. 2012

Abstract

With the goal of reaching scientifically supported conclusions about the health effects of the five
herbicides used on Northern Arizona University:
span of several months. Scientific detaes, journals, and websites were searched through for relevant,
published, and peeeviewed studies. The methodologies and results of these studies were documented.
In conjunction with one another, the studies provide strong evidence of an assdigatiean exposure
to a majority of these herbicides and serious health problems.

Introduction

This literature searclvas conducted
as a project of the Sustainable
Environmental Practices Action Team of the
Environmental Caucusyith the intention of
collecting and summarizing scientific data
on the effects on humarhealth of the
herbicides used on Northern Arizona
Uni ver si affyé@awpusF | Rouhdup
Pro, Lontrel Turf and Ornamental,
Pendulum Aquacap, Speedzone Southern
Broadleaf, and Gallery 75 Dry Flowabldt
does not specifically address the possible
environmental hazards of these herbicides.

1T AMany

studi es review
Ontaio College show positive
associations between tumours and
pesticide exposure [ &
APrevious studi es ha
certain pesticides, such as [2,4
dichlorophenoxyacetic acid] and

related pesticides, as possible
precipitants of NofHodgki nds
Lymphoirta o[ é

nThe review team un
remarkable consistency of findings

of nervous system effects of
pesticide exposures. o

Although the debate concerning ber c i d e $t @vas also consistently seen that children

safetyrelated to human health is ongoing,
there is ample evidence of their toxicity.

In 2004, the Ontario College of
Family Physicians released d&terature
review e Pesticided elderaturi@

exposed to pesticides increasingly suffered
from various cancers, including Non
Ho d g k i nnipsoma Land Leukemia.
While the Ontario College reviewed studies
of numerous pesticides, not just those found

Reviews whi ch urges At hatonpedAUdkes redmpes, it rej

their exmsure to pesticideS wherever
possible, o0 for they
serious illnesses such as cancer,
reproductive problems and nelogical
di seases,
principle findings include:

! Herbicides are a sutategory of pesticides.

health effects across all brands of commonly
f osedn gestiBides rasdi ketbieites. | Hachk st

herbicide product is nmufactured with

potent ingredients that fulfill a similar task:
dmongTlld h e egadicating snwanted vegetation. A trend is
emerging that correlates the use of these
chemicals with human illness, and this
literature review is meant to shed light on
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the specific herbicies used on the NAU Ilnitially, thesofiBeyo
Flagstaff campus. website was used as a source of accumulated
Methodology studies relating to the toxicology of
pesticides. A number of these dealt with the

The research resources available herbicides specific to Northern Arizona
through the Northern Arizona University Uni ver sityds campus, and
Cline Library were extensively used, confirmed as peeareviewed sources. Also, a
including the following databases: CSA list of scientific terms with unknown
lllumina, ACS Publications, SciFinder, Web  definitions was compiled and Professor
of Science, and Wiley Online Library., Betty Brown of NAUOGs He
Specific chemical names were searched for faculty was consulted for their meanings so
within these databases and the searches were that each study could be understood more

refined, if possible, & include results thoroughly.

pertaining to toxicology. When utilizing the In order to cite each source used
SciFinder database, the Chemical Abstracts Within the report, the American Chemical
Service (CAS) registry numbefsfor the Society style of citation was used which

chemicals present in each of the five entails the following: Sources are listed
pesticides were obtained and used for numerically according to their order of
subsequent research. The lisbguced for appearance in the report under References;
each search was scoured for studies having in-text, they are labeled with said numbers
tittes and summaries focusing primarily on  in parentheses

the targeted herbicide; these studies were

then manually filtered through for definitive Results

conclusions concerning the herbicide,

positive or negative. Roundup Pro (Active ingredient:isopropyl
Additiond | vy, t he i Fi ndminelsaluaf glyphosate: 50.296) Non-

link was used from the Cline Library selective herbicide

website. This tool offered another route for The Occupational Safety and Health

the discovery of pertinent studies and Administration, or OSHA, according to its
information. Journals were sought out by standard 29 CFR 1910.1280 classified

inserting words into the search bar thatwere Roundup as Ah@maodacr fous. 0
contained within or ampleted the title of a Roundupds combustion is
scientific journal ( which .is a foxicogad. cTavd stgligd) B). A
journal was selected and its issues were connect an increased occurrence of the
examined for applicable studies and articles. cancer NorHod g ki n o6 s Ly mphoma
Google Scholar was also used to find studies exposure to glyphosate, both of which

by searching for specific chemicals as well conducted caseontrol studies consisting of

asthe markeed her bi ci des 6 caneenregistry menbers rand randomly
scientific studies simply could not be located selected people from the general populace.

for one herbicide, Gallery 75 Dry Flowable, Interviews performed by professionals were

its Material Safety Data Sheet provided an held to obtain herbicide use information

array of determined facts about the nature of from each participant. Another stud4)

its chemicals.

®A Bsuresthat the hazards of all chemicals produced

or imported arevaluated, and that information

2 CAS numbers are assigned to each chemical for concerning their hazards is transmitted to employers

ease of research concerning specific substances. and employees0 according to OSHAOGs
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