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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 environmentally-friendly 

landscaping practices which will reduce or eliminate the need for chemical inputs on the NAU campus.  

It seeks methods which are non-polluting, cost-effective, 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 methods 

of landscape maintenance for turf and rock mulch sites on the Northern Arizona University (NAU) Flagstaff 

campus.  These sites are under the care of the 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 herbicides -- Gallery 75 Dry Flowable, Pendulum AquaCap, Roundup/Razor Pro, Lontrel 

Turf and Ornamental, and Speedzone Southern Broadleaf -- are used on a regular basis throughout the growing 

season due to a university requirement to keep grass and rock mulch areas weed-free.  Although Grounds uses 

these herbicides according to manufacturerôs recommendations, there is increasing evidence that these chemicals 

pose human health risks and can negatively affect local ecosystems, including damage to soils and water (for 

further information on the potential hazards of these products, see Appendix A: A Literature Review of Herbicide 

Toxicity to Humans).   

In 2007, the university established a Learning and Enterprise Strategic Plan which included the goal of 

ñStewardship and Sustainability of Placeò (see Appendix B: Eliminating Herbicide Use on the NAU Campus - 

Proposal).  One strategy within this goal is for NAU άto be a model of environmentally responsible and 

sustainable operations and educationò.  The elimination of potentially toxic herbicides is a critical first 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, staff, and the general public.  Since 2011, the Sustainable Landscape Maintenance Project 

(SLM) has been testing non-toxic landscape maintenance treatments, including the hand-pulling of weeds in turf 

and rock mulch areas, improving soil health through the application of organically-approved amendments, and 

introducing native types of turfgrass.   
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During the 2012 research season, SLM focused on improving soil health and the overall aesthetic appeal of the 

sites.  Literature review indicates that healthy soil is the prime 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 (for more information on the results 

of the 2011 research season, see Appendix C: 2011 Sustainable Landscape Maintenance Pilot Project).  

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 impact of the sites was of primary 

importance: if the grass did not look 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 activities were conducted during this season, including greenhouse experiments, soil fungal 

analysis, a survey of university landscaping practices across the country, the implementation of Adopt-a-Plot, and 

the showing of the landscape herbicide film, ñA Chemical Reactionò.  

For the purpose of this research, words such as ñchemicalò and ñtraditionalò may be used to designate products 

which are not approved for organic application and may pose a risk to human and/or environmental health.  

Words such as ñnon-chemicalò, ñalternativeò, and ñorganicò may be used to designate products which are 

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 Organic Materials Review Institute 

(OMRI) found at www.omri.org. 

2012 SITES 

SITE: Eastburn Turf Control Site (EC) 

Location: NE of Eastburn main entrance, bordered by Knoles Drive and Parking lot 

Size: å 27,821 ft
2
 

 

SITE:  Eastburn Turf Test Site East (ET-E) 

Location: SE of Eastburn main entrance, bordered by Knoles Drive 

Size: å 15,006 ft
2 

 

SITE: Eastburn Turf Test Site West (ET-W) 

Location: SE of Eastburn main entrance, along side of building 

Size: å 3,665 ft
2 

 

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/
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Size: å 2,659 ft
2
 

 

SITE:  Knoles Turf Test Site (KT) 

Location:  East side of parking garage, south of control site, by parking garage entrance 

Size: å 1,727 ft
2
 

 

SITE: SBS Turf Control Site (SC) 

Location: North of SBS western entrance, south of test site: triangular corner by sidewalk and parking lot 

Size: å 710 ft
2
 

 

SITE:  SBS Turf Test Site (ST) 

Location: North of SBS western entrance, next to parking lot 

Size: å 4,362 ft
2  

ROCK MULCH SITES  

 

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

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

Size: å 1,657 ft
2
 

Site has a dual-layer weed barrier consisting of a top layer of permeable woven plastic and a bottom layer of 

impermeable plastic sheeting. 

NOTE: The south site (RCT-S) was lost to construction in early May 

 

SITE: Union Rock Mulch Test Site North (RUT-N) 

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

Size: 571 ft
2 
 

Site has a dual-layer weed barrier consisting of a top layer of permeable woven plastic and a bottom layer of 

impermeable plastic sheeting.  

 

SITE:  Union Rock Mulch Test Site South (RUT-S) 

Location: South of Union building (Knoles Drive side), along wall  

Size: 1,612 ft
2 
 

Site has no weed barrier 
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MATERIALS AND METHODS  

SOIL TESTING 

Soil samples were collected from all turf test and control sites in April 2012.  Samples were collected by 

cutting and lifting the sod layer and collecting soil from a depth of approximately 3 ï 6 inches below the 

sod layer.  Samples were taken from 5 ï 10 different areas on each site, depending on the size of the site.  

Each siteôs samples were mixed in a plastic bucket and then approximately one cup of soil was placed in 

a plastic zipper bag and labeled.  After collection, the bagged samples were immediately shipped to IAS 

Laboratories in Phoenix, AZ, for analysis.  Each site sample received a ñComplete Soil Testò, which 

included available calcium, magnesium, sodium, potassium, nitrate, phosphate, salinity, pH, free lime, 

zinc, iron, manganese, copper, boron, and sulfur 

TEST SITE TREATMENTS 

Corn gluten 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 Wilbur-Ellis 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 (ET-E and ET-W) were not treated, since sulfur was applied to them in fall 2012.  The 

product was purchased from Planet Natural (www.planetnatural.com).  

KT was completely overseeded and topdressed with compost in late July (for seed and compost 

information, see below: Weed Interventions). 

All turf test and control sites were aerated 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 hand-weeded 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/
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ended, the collected weeds were counted and identified.  Notes were made regarding weed locations and 

any damage to weed barriers. 

Turf Control Sites: Turf control sites were transected using string-lines spaced approximately 6 feet 

apart.  Transecting was timed.  For weed abundance and diversity, individual plants were counted and 

identified from standing height.  White clover was measured as square feet of cover using a 12-inch 

square quadrat divided into 100 squares.  Turf quality was assessed using the quadrat.  Two assessments 

were made per transect, whereby the researcher walked 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 percent cover of (1) weeds, (2) 

exposed soil/holes, (3) thin/thatchy grass, and (4) thick (ñideal) grass.  An overall rating was also given 

following a scale of 1 through 10, whereby 1 is the worst lawn condition and 10 is the ideal lawn 

condition.   

Turf Test Sites:  Turf test sites were assessed in two stages: normal weeding and transecting.  Normal 

weeding was designed to replicate the actions of a typical paid grounds-worker.  The start time was 

recorded and then researchers walked the site with buckets and Ames® HoundDog 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 

normal weeding, white clover and other patch-forming plants (such as spurge and black medic) and 

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

After normal weeding and data recording was completed, the site was transected by the same methods 

used for the control sites, including measuring clover by square feet, counting and identifying other 

patch-forming plants, and making turf quality assessments.   

WEED INTERVENTIONS 

Patch-forming plants, including white clover and plantain seedlings, cannot be adequately removed 

using the WeedHound tool 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. 
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Where reseeding/overseeding occurred, the seed was purchased from Warnerôs Nursery and 

Landscaping (Flagstaff, AZ) and was produced by Granite Seed (Lehi, UT).  Labeled Warnerôs Native 

AZ Turf Mix, it contains ñSodarò Streambank wheatgrass, ñFairwayò Crested wheatgrass, ñVNSò Sheep 

fescue, ñCanbarò Canary bluegrass, and ñHachitaò Blue grama.  Where compost was applied, we used 

Kellogg NôRich Soil Enriching Compost for Planting and Mulching which was purchased from Home 

Depot (Flagstaff, AZ).  This compost is certified by the Organic Materials 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 with 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 mid-June, black medic patches were removed using WeedHounds and 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 spray, BurnOut 2, was applied to three areas of clover.  In late 

July, black medic was removed using WeedHounds and 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 

reseeded and mulched with compost. 

SINGLE SESSION WEED COUNTS 

In addition to these sessions, one special weed count was performed on ET-E, ET-W, and ST in an 

attempt to estimate the number of individual weeds (excluding clover) not counted/pulled during regular 

data collection.  With the onset of the monsoons, plantain and dandelion seedlings in particular became 

too numerous to pull without causing excessive turf damage.  On ET-E and ET-W, plantains were 

estimated using an average number per quadrat: 25 for ET-E and 15 ï 23 (average = 19) for ET-W; 

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 the nearest 100 square feet 

for abundance and diversity: EC = 27,800; ET-E = 15,000; ET-W = 3,700; KC = 2,400; KT = 1,700; SC 
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= 700; and ST = 4,400.  For weeding times, sizes were rounded to the nearest 1,000 square feet: EC = 

28,000; ET-E = 15,000; ET-W = 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 walk-behind mower to assess the effects of 

taller grass on turf health and aesthetic quality.  Height of cut varied from 3 to 4 inches.  Research 

questions regarding height of cut were: (1) how will the lawn look with taller grass, (2) how frequently 

do we need to mow, (3) does the grass appear to be healthier when longer, and (4) are weeds more or 

less obvious?  The final cut in October was lowered to 2.5 inches to allow sulfur and CGM applications 

to have better soil contact. 

ADDITIONAL RESEARCH 

Greenhouse experiments were conducted during the 2012 spring, summer, and fall  semesters, in order 

to examine the role of soil nutrients and weed production.  The initial spring study utilized grass seed 

from the Grounds Department; soil was the standard soil used in the campus greenhouse. Samples were 

four by four by two inches with two samples per variable.  Two control samples were used: one was 

watered 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 samples. Grass and weed seeds were applied in comparable amounts but not 

specifically measured.  At the fifth week, nutrients were added: nitrogen (as ammonium nitrate) or 

phosphorus (as triple phosphate) or potassium (as potassium sulfate) or a combination of all three (see 

Appendix D: 2012 Greenhouse Fertilizer Calculations).  Nutrient levels were determined by 

referencing the Tilman study (1).  At the seventh week, data was collected weekly for four weeks: the 

total number of individuals of each weed species, the 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 Development unit readings (SPAD) were taken on 

the average of three different blades of grass and the three leaves on plantain in order to measure 

chlorophyll content (dandelion was not measured for SPAD).  The total weight of the grass and of the 

weeds was also recorded.  
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The second study, conducted in the summer and fall semesters, modified the first studyôs protocols.  At 

time of writing, the results of the second study are in the process of being analyzed and should be 

available at the beginning of 2014. 

Fungal colonization was examined on turf root samples from the Eastburn test and control sites.  Ten 

turf samples that included the root system were collected from EC, ET-E, and ET-W 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 plantôs absorption of soil nutrients in exchange for sugars produced by the plants 

during photosynthesis. 

RESULTS 

SOIL TESTING 

Critical nutrients such as nitrate (nitrogen) and boron were low to very low on all sites.  Sulfur was 

medium to low on sites not treated with sulfur in 2011.  Other nutrients rated high to very high.  Except 

for ET-W, all sites are alkaline with a pH above 7.0 (Table 1). 

           
          Table 1: 2012 spring soil test results for turf sites. All elements in parts per million (ppm).   

             Levels: VL = very low, L = low, M = medium, VH = high, H = high 
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39.0 

H 
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VH 
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VH 12 M 57 L 
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VH 

30.0 
VH 

22.7 
VH 

0.13 
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Soil pH was high (alkaline) on all sites except ET-W which received the largest amount of elemental 

sulfur in the fall of 2011 (Figures 1 and 2).  Ideal soil pH for turfgrasses is 5.0 ï 7.0. 

                             

 

 

 

 

 

 

 

          
                       Figure 1: Comparing soil acidity/alkalinity (based on pH) on sites tested in spring 2011 and 2012. 

 

         
                    Figure 2: Changes in pH (decrease) on sites tested in spring 2011 and 2012.  Sulfur was applied in fall 2011. 
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ROCK MULCH SITES 

Rock mulch sites averaged 3 minutes per 1,000 square feet for hand-weeding (Figure 3).  Dominant 

weed species were grasses, dandelion, and cheeseweed (Figure 4). 

 

       Figure 3: 2012 weeding times for rock mulch sites (in person-minutes). 

 

      Figure 4: Weed abundance and diversity on 2012 rock mulch sites.  Other includes clover, plantain, prickly lettuce, and     

         unknowns.  Site size was rounded to nearest 100 square feet. 

 

0

1

2

3

4

5

6

7

8

9

10

M
in

u
te

s
 p

e
r 

1
,0

0
0
 s

q
u

a
re

 f
e

e
t

 

RCT-N

RUT-N

RUT-S

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Grass Dandelion Cheeseweed Pigweed Other

A
v
e

ra
g
e

 p
la

n
ts

 p
e

r 1
0
0
 s

q
u

a
re

 fe
e

t 

RCT-N

RUT-N

RUT-S



11 
 

TURF SITES 

Hand-weeding Times 

Average time for hand-weeding (i.e. normal weeding), for all turf test sites and over the entire season, 

was 6 minutes per 1,000 square feet (Figures 5, 6, 7, and 8). 

 

           Figure 5: ET-E normal weeding average time for one person: 1 hour 9 minutes. 

 

 

           Figure 6: ET-W normal weeding average time for one person: 40 minutes. 
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            Figure 7: KT normal weeding average time for one person: 22 minutes. 

 

 

            Figure 8: ST normal weeding average time for one person: 23 minutes. 

 

Weed Abundance and Diversity 
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site (example: EC is 27,821 total square feet and had a total 2012 dandelion count of 4,000; therefore 

4,000 / 278 = 14.4 dandelion per 100 square feet). 

 

                          Figure 9: Dominant weed species on turf sites (excluding clover) showing total number of plants     

   counted during 2012 season.  Does not include numbers from single session weed counts. 

 

For Figure 10, the total square feet of clover for the 2012 season was averaged and divided by the 

hundred square footage of the site (example: EC total average clover was 700.7 square feet divided by 

278 = 2.5 square feet). 

 

                             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 1 ï 10 for overall aesthetic appeal (Figure 11).  Higher turf quality 

may be correlated with lower weed abundance, although it is not absolute (Figure 12). 

 

                            Figure 11: Turf quality rating according to aesthetic appeal. 

For Figure 12, the Average Weeds were calculated by averaging each weed species (excluding clover), 

adding the averages together to get a total weed average, and then dividing the total average by the 

hundred square footage of the site (example: EC had a 2012 season average of 333.3 dandelion, 103.5 

medic, 156.0 plantain, and 13.8 other for a total average weed count of 606.6, which is then divided by 

the hundred square footage = 606.6 / 278 = 2.2 weeds per 100 square feet). 

 

                            Figure 12: Comparing total average turf quality rating with total average weed abundance                

             (excluding clover). Quality ratings on a 1 ï 10 scale, with 1 being the worst lawn and 10 being ideal. 
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Turf quality was also assessed by percent cover of thick (ideal) grass versus thin/thatchy grass, weeds, or 

exposed soil (Figure 13). 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: Average percent cover measurements on turf sites. 

 

5% 
7% 

41% 

47% 

EC 

Soil
Weeds
Thin/Thatchy
Thick

1% 

12% 

12% 

75% 

ET-E 

Soil
Weeds
Thin/Thatchy
Thick

10% 
9% 

60% 

21% 
KC 

Soil

Weeds

Thin/Thatchy

Thick

9% 

9% 

54% 

28% 

KT 

Soil
Weeds
Thin/Thatchy
Thick

8% 

12% 

46% 

34% 

ST 

Soil

Weeds

Thin/Thatchy

Thick

10% 
8% 

56% 

26% 

SC 

Soil

Weeds

Thin/Thatchy

Thick

1% 3% 

22% 

74% 

ET-W 

Soil
Weeds
Thin/Thatchy
Thick



16 
 

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 returning (Figure 14).  The other 

two patches had only grass. 

 

       Figure 14:  Grass establishing 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 August (Figure 15).  These were 

also reseeded with turf mix and topdressed with compost. 

 

 

Mowing Times 

 

 

 

 

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 with compost.  Grass density increased, but some plantain seedlings and clover 

reestablished (Figure 16). 

 

              Figure 16:  Grass filled in trimmed weed patch on ET-E, while some plantain seedlings and clover returned. 

 

Organic spray:  Clover and plantain sprayed with BurnOut 2 showed some browning of the leaves but 

were not otherwise affected. 

 

Single Session Weed Counts 

One special weed count was performed on ET-E, ET-W, and ST in order to estimate the number of 

individual weeds not pulled or counted (Table 2). 

Site Date Plantain 

(average) 

Dandelion Medic Other or 

Not 

Named 

Total 

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 after normal and transect weeding (excluding clover). 
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Mowing 

Mowing heights were raised to 3 ï 4 inches on turf test sites.  Mowing times were recorded, and 

decreased over the course of the season (Figures 17 - 19).  KT was mown 4 times and was not graphed. 

 

       Figure 17: Mowing times for ET-E. 

 

 

       Figure 18:  Mowing times for ET-W. 
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         Figure 19:   Mowing times for ST. 

 

Mowing frequency varied with each site due to grass density.  The Eastburn sites (ET-E, ET-W) were 

mown at 5 ï 7 day intervals during monsoon season in order to keep the mower from clogging.  ST was 

mown at 10 ï 14 day intervals as grass density was lower due to irrigation issues.  KT also had irrigation 

issues. 

 

ADDITIONAL RESEARCH 

Greenhouse Experiments 

Total average weight of the grass greatly exceeded the total average weight of the weeds (Figures 20 

and 21).  The mass was greatest for grass treated with the combination of nitrogen, phosphorus, and 

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

 

Plantain abundance greatly exceeded dandelion abundance in all samples (Figures 22 and 23).  

Dandelion abundance leveled off or decreased over time, while plantain abundance increased.  The 

potassium-only treatment showed the lowest number of individuals in dandelion and had the lowest 

numbers for a nutrient treatment in plantain (it was comparable to the controls). 

 

 

 

 

 

 

 

 

 

 
 Figure 22:  Average dandelion abundance over time.                       Figure 23:  Average plantain abundance over time. 

 

 

Chlorophyll measurements using a SPAD meter showed higher levels in grass than in plantain, with the 

NPK treatment highest for both (Figure 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 

The Eastburn sites, EC, ET-E, and ET-W, were tested for fungal colonization of turf root systems.  For 

arbuscular mycorrhizal fungi (AMF), ET-E and ET-W showed 25.9% root colonization, whereas EC had 

only 20.8%, and the one-tail analysis showed statistical significance (Table 3)   For dark septate 

endophytes, the percentages were almost exactly equal.   

  Control Test 

Mean 20.8% 25.9% 

Variance 37.511111 51.14736842 

Observations 10 20 

Hypothesized Mean 

Difference 

0  

df 21  

t Stat -2.0305226  

P(T<=t) one-tail 0.027579  

t Critical one-tail 1.7207429  

P(T<=t) two-tail 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 sites ï AC, AT-N, and AT-S ï were tested, but they were removed from research in 2012 due 

to construction damage.  The Knoles sites, KC 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 from 2011 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 NO3-), potassium (K), phosphorus (P), and sodium (Na), for example, 

appear to be too uniformly different to be plausible (i.e. 2012 numbers are consistently higher than 2011 

on all sites) (Table 4).  Iron and sulfur were below detection level in 2011; those results may be due to 

different analysis techniques.  Comparisons between 2012 and 2013 may be more accurate if IAS 

Laboratories is used again in 2013. 

Site pH Nitrate 
(ppm) 

Phosphorus 
(ppm) 

Potassium 
(ppm) 

Calcium 
(ppm) 

Iron  
(ppm) 

Sulfur 
(ppm) 

 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 

EC 
7.7 7.4 4.0 5.8  12 39  204 310  4296 3800  <11 110  <3 12  

ET-E 
7.9 7.4 2.6 6.4  19 48  139 260  3300 3500  <11 170  <3 25  

ET-W 
7.7 7.0 4.2 7.2  15 36  220 310  4310 4400  <11 160  <3 21  

SC 
7.8 7.5 1.3 4.7  14 23  171 210 2649 2500  <11 62  <3 8  

ST 
7.6 7.4 4.8 7.2  15 30  176 220  4098 2900  <11 120  <3 9  

 

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 2012 (Figure 1), but the numbers for pH may be valid due to similarities in testing 

methods and equipment.  The two unhealthiest sites (based on visual assessment), KT and KC, had the 

highest pH levels.  The greatest changes between 2011 and 2012 occurred on ET-E and ET-W (Figure 

2).  Large amounts of sulfur were applied to those sites in fall 2011, and decreases were 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 sulfur had a direct effect on pH if the levels for KT and ST are lower than the 2012 

results. 

Nitrogen: Nitrate levels were low to very low, which may indicate a lack of proper nitrogen cycling by 

microorganisms in the soil (Table 1).  Nitrogen is a critical nutrient for turfgrass species.  The sites KC, 

KT, and SC had the lowest measurements and had the lowest turf quality (Figure 11).  Corn gluten meal 

(CGM) is source of nitrogen and may have elevated levels on ET-E and ET-W.  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 production (1).  Potassium levels were very high on the Eastburn sites where 

dandelion is prevalent. 

Boron:  Boron is a micronutrient which was found to be in very low levels on all sites in spring 2012 

(Table1).  Boron was not tested for in 2011.  Levels were lowest on KT, KC, and SC.  For ideal growth, 

grass species need 6 ï 18 ppm (2), and soils with less than 10 ppm should be supplemented (3). All of our 

sites fall below 1 ppm.  

 Although the details on its actions are still a bit of a mystery (2), boron is considered vital to plant 

growth: ñ[Boron] has been linked to sugar translocation, protein synthesis, cell wall development, plant 

reproduction, water balance in plants, and calcium and phosphorus metabolism.ò(3)  In grassland and 

forage research: ñBoron is involved in meristem development, pollination, nodule formation in legumes, 

and translocation of sugars, starches, N, and P.  A boron deficiency will become visibly apparent; 

curled, wilted leaves, discoloration, cracking fruits, tubers, or roots.ò (2)  Deficiency is most often seen in 

young, developing plants (3).   

The boron-to-calcium ratio can also be considered a good point of reference: ñBoron and Calcium are 

inextricably linked in the metabolism of both plants and animals, and like so many other minerals, 

should be in balance with one another... boron [should] be present in the soil at one part boron to 1,000 

parts calcium, up to a total of 4 parts per million of boron.ò 
(4)

 All of our sites tested very high for 

calcium (2500 - 4900 ppm) with only slight variations from 2011 to 2012 (Tables 1 and 4).   
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ROCK MULCH SITES 

 Rock mulch sites were easily and quickly hand-weeded, since plants have little time to establish strong 

root systems where weed barriers are in place.  The most common weeds were bunch grasses, 

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 run-off from herbicidal sprays where impermeable weed barriers are used.  

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 into non-target 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.  In 2012, an additional 

application was done at the onset of monsoons to hopefully act as a pre-emergent for seeds germinating 

with the increase in moisture.  This mid-season 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 and 

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 ET-E after application ï it is uncertain 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 early spring and once 

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 incorporated 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 hand-weeded in an average of 6 minutes per 1,000 square feet, and times 

declined over the season except on ST (Figures 5, 6, 7, and 8).   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 then declined as fall temperatures 

dropped.  The largest site (ET-E) 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 situations, but 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 removed and re-sprouted in the hole (seen 

during the subsequent weeding session).  Overall, however, the WeedHound was easy to use and 

removed weeds efficiently. 

Weed Abundance and Diversity:  Dominant weed species on all sites were dandelion, white clover, and 

broad-leaf plantain (Figures 9 and 10).  Black medic was also prevalent, with large (over 1 square foot) 

patches found on ET-E and KT.  Smaller medic plants were pulled with the WeedHound tool, but larger 

groupings that formed patches needed to be dug out with other tools to reduce turf damage (done on KT 

and ST ï see Materials and Methods ï Weed Interventions).  

Plantain seedlings became difficult to remove with the onset of monsoons, particularly on ET-E where 

dense patches occurred (Figure 25).   

 

 

 

 

 

 

 

 

             Figure 25:  Plantain seedlings (circled) form dense patches on ET-E (August) 
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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 data-collection sessions (see Results ï Single Session Weed 

Counts).  The plantain average on ET-E was 4,625 (Table 2).  Numbers that high could not possibly be 

counted/removed within the scope of this research season. 

Clover cover was high on ET-E, 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. 

Other commonly found weed species were leafy spurge, prickly lettuce, goatôs beard, cheeseweed, 

bindweed, and chickweed.  Both spurge and chickweed form low-growing patches interspersed with 

grass.  These patches could only be removed by digging or herbicide.  Chickweed blends 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 seasons - hand-

weeding, CGM, and sulfur - with no herbicidal spraying since 2010.  Lower weed abundance may be 

correlated to higher turf quality (Figure 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 (Figures 26 and 27). 

 

 

 

 

 

 

Figure 26: Clover on ET-E in August             Figure 27: Clover on ET-W in August 
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The sites with the lowest quality rating also had the poorest soils for turf health (highest pH, lowest 

nitrogen) and the greatest weed abundance: KC, KT, and SC (Table 1 and Figures 11 and 12).  By the 

end of the season, quality was improving on KT, and it rated slightly higher than KC and SC.  

Overseeding created a denser grass cover, and CGM application may have further improved grass health 

with the increase 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 sites (Figure 13) in order to compare amounts of weeds, exposed 

soil, thin/thatchy grass, and thick/ideal grass in each lawn.  Test sites had the highest amounts of thick 

grass and the lowest amounts of soil.  Weed amounts varied due to the large presence of clover on most 

sites.  ET-E and ET-W had the greatest amounts of thick grass overall, which 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 clover patches on KT 

(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 two contained only grass.  Two clover patches on ST received similar 

treatments in July and also showed no clover return in August (Figure 15).  While these treatments 

appear to be highly effective, digging is very labor intensive and should be reserved for high-priority 

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 spray, BurnOut 2, was tested on clover and mature plantains in July.  Some 

leaves turned brown, but the plants were not otherwise affected.  Sprays may be more successful on such 

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 well-established plants. 
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KT Overseeding and Compost: The entire KT site was overseeded and topdressed with compost in July, 

due to the siteôs poor soil quality and thin grass cover.  By August, it appeared that grass density and 

cover had increased, and the overall visual aesthetic quality of the site had improved, particularly when 

compared to the control site, KC (see Figures 28 and 29 for 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 30 and 31).  Corn gluten 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.  

 

 

 

 

 

 

 

 

 

 

Figure 30: KC turf August 2012               Figure 31: KT turf August 2012 
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Single Session Weed Counts:  As 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 estimate the total number of weeds on a site, 

single session weed counts were performed in September and October on ET-E, ET-W, 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 to other sites, and no dense clusters of seedlings. 

On ET-E, all dandelions and medics were counted individually.  Plantains were estimated using a 

quadrat with an average of 25 plants per square foot.  On ET-W, plantains were estimated using 15 ï 23 

plants per quadrat (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 on ET-E alone), it would be very difficult 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 found.  Fortunately, 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 also indicates 

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 walk-behind mower was used on turf test sites in order to assess the 

effects of taller grass on turf quality.  The Grounds Department usually keeps grass heights below 2.5 

inches.  Research has repeatedly shown that a grass height of 3 - 4 inches improves turf health and 

quality: moisture is conserved, soil health improves, and weeds are better suppressed.  Mowing times 

were recorded, and decreased on all sites over the course of the season (Figures 17 ï 19). 

Mowing research questions: 

(1)  How will the lawn look with taller grass?  Excellent. 

According to turf quality assessments, all test sites had higher quality ratings than the control sites 

(Figures 11 and 13).  Cover on test sites appeared dense, evenly green, and healthy when compared to 

the control sites (Figures 32 and 33). 
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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 mow?  Weekly or less, depending on the site. 

ET-E and ET-W required mowing every 5 ï 7 days (to prevent mower failure) once monsoons began 

and increased grass growth.  ST and KT had irrigation issues which reduced mowing needs.  ST was 

mown approximately every 10 ï 14 days.  KT was mown four times over the entire season: twice in the 

spring for initial clean-up and twice after overseeding when grass health improved and density 

increased. 

The walk-behind mower had issues with grass density and excessive length, and frequently clogged and 

stalled (ñchokedò) if mowing was not frequent enough.  This was primarily a problem on the Eastburn 

sites, which also  required bagging on their initial mowing sessions.  Wet grass also caused mower 

choke, but it was often difficult to schedule mowing when the grass was dry ï 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, commercial-grade mower would be 

most effective in preventing choke and perhaps reducing frequency. 

(3)  Does the grass appear to be healthier when longer?  Yes. 

Grass on turf test sites showed little thatch and appeared dense in overall cover.  It had a deeper green 

color and a wider blade width than the grass on turf control sites (Figures 34 and 35). 
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Figure 34:  Grass on EC (August)        Figure 35:  Grass on ET-E (August) 

(4)  Are weeds more or less obvious?  They are less obvious. 

Weeds such as plantain, which do not have showy flowers and are fairly low-growing, were less obvious 

on turf test sites where they blended well with the thicker grass (Figure 36).  Plantains on the control 

sites appeared brown, dry, and unsightly due to damage from herbicidal spray and were more obvious in 

the thinner grass (Figure 37). 

 

 

 

 

 

 

 

Figure 36:  Plantain on ET-E (August)                             Figure 37:  Plantain on EC after herbicidal application  

                   (August). 

White clover forms dense patches in the turf and often has grasses mixed in.  Flowerheads were visible 

on both unsprayed test sites and sprayed control sites (Figures 38 and 39), but the patches blended well 

with the dense turf on test sites due to the turfsô even color and consistent cover (Figure 39). 
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Figure 38:  Clover on EC after herbicidal application (August)           Figure 39:  Clover on ET-E (August) 

Overall, the test sites responded 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 dandelion and plantain 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 

effect on the visual 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 experiments:  The grass exceeded both dandelion and plantain in total average mass 

(weight) in all samples (Figures 20 and 21).  Since grass seed was planted four weeks before weed seeds 

were planted, the higher mass may be attributed to the additional growth time rather than 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 should be precisely measured. 

Grass showed the greatest gain in mass in the NPK treatment, followed by nitrogen-only and 

phosphorus-only (Figure 20).  Weeds showed the greatest gain in mass in the nitrogen-only treatment; 

all other treatments  were much lower and close in range (Figure 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. 
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Plantain was more abundant than dandelion in all samples and increased over time (Figures 22 and 23).  

During Week 1, dandelion had the highest numbers in the nitrogen-only treatment, but its numbers 

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

Based on the results of the studies referenced for these experiments, it was anticipated that higher 

potassium levels would increase dandelion production (1).  Our results showed that the potassium-only 

samples had the lowest number of dandelions.  For plantain, the potassium-only treatment 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 readings than plantain in all samples, and the 

highest levels were found in the NPK and nitrogen-only treatments (Figure 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 were examined 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 (AMF), which provide increased nutrient uptake to the plants and can thus 

improve plant growth (Table 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 functions as the 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 were 10 ï 20% lower than other grasses she has examined.  This 

may indicate that fungal colonization should be promoted. 

 

CONCLUSIONS AND RECOMMENDATIONS  

A university must maintain attractive landscapes, but the maintenance practices can be safe and 

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 NAUôs sustainability goals, landscape maintenance practices need to be altered to reduce 

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 

coursework to 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 in order to assess the sustainable landscaping 

practices at other facilities.  The schools were chosen from the College Sustainability Report Card (6).  

The surveys were sent via e-mail to someone in facilities management/grounds if the address could be 

located; otherwise, they were sent to the most appropriate address found, and we asked that the 

questions be forwarded to a knowledgeable individual. 

Questions for schools (for turf areas only ï athletic fields excluded): 

1. Do you use chemical/synthetic herbicides on turf? 

    If YES: (A) Do you use spot treatments OR complete coverage (such as pre-emergent) 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 chemical herbicidal use over time? 

4. Are you reducing turf areas to introduce lower-maintenance 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 received (for complete response information, see Appendix E: School Survey 

Responses).  Five of the schools used no chemical herbicides on turf: University of Texas, University of 

Oregon, Willamette University (OR), Florida State University, and Goucher College (MD).  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 landscape designs (Table 5). 
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Spot 

treatment 
only  

(n = 30) 

Complete 

coverage 
only  

(n = 30) 

 

Both 
(n = 30) 

 

Frequency 

of 

application 

 

Reducing 

chemical 

inputs  
(n = 30) 

 

Reducing 

turf  

(n = 35) 

 

Average 

mowing 

height 

 

Mowing 
frequency 

5 24 21 1-4 times 

per year 

Yes = 25 Yes = 26 3 inches Weekly or 

less  

   often ñas 

neededò 
esp. spot 

  up to 4 

inches at 11 
schools 

 

varied 

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 included hand-weeding 

and the use of organic products such as corn gluten meal and vinegar-based 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 research found other schools which have eliminated chemical herbicides on campus turf (or 

on all campus landscapes): University of Colorado ï Boulder, DePaul (IL), Evergreen State (WA), 

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

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

areas (see http://www.safelawns.org/blog/2012/08/university-of-arizona-embraces-organic-lawn-care/).  

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 prevalent as the marketing which 

promotes the productsô supposed importance in beautiful landscaping.  The film, ñA Chemical Reactionò 

addresses this issue and was shown on campus in April 2012 and February 2013.  The film tells the story 

of one townôs decision to ban chemical herbicides from its landscape (see 

http://www.youtube.com/watch?v=dTcvO-o8NTA).  At each showing, SLM gave out a short survey to 

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 us to gauge pre-existing 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 the film 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 

http://www.safelawns.org/blog/2012/08/university-of-arizona-embraces-organic-lawn-care/
http://www.youtube.com/watch?v=dTcvO-o8NTA
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Appendices F and G: 2012/2013 Film Survey Results for complete survey results).  Increasing public 

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 by using alternative, organically-approved 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 maintenance recommendations: 

1. Perform regular soil tests, and amend as needed.  Lowering pH is critical to most areas of 

campus.  Include addressing micronutrients such as boron, not just the ñbig threeò of turf: 

nitrogen, phosphorus, and potassium. 

2. Develop strategies 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 in the early spring and late fall.  The product reduces weed seed 

germination and provides an organic source of nitrogen fertilizer which turf grasses rely on. 

5. Tolerate some weed species.  Plantain does not have showy flowers, and the smaller plants are 

not noticeable 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 manufacturers developing new 

herbicides could not create a product that did not kill clover, too.  Through extensive advertising, 

these corporations created a market for ñgrass onlyò lawns. 

6. Hand-weed all rock mulch areas.  It is fast and provides a more aesthetically-pleasing result than 

leaving dead plants on the rocks after spray has been applied.  Impermeable weed barriers are 

highly effective, but they can create a run-off hazard with herbicides: the spray cannot soak 

down into the underlying soil and may be washed into non-target areas or into the watershed. 

 

Additional research needed:  There are still many questions to answer in the quest for sustainable 

landscape maintenance.  More experimentation needs to be done with alternative weed suppression 

treatments.  One spot spray, BurnOut 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 treated as soon as they germinate.  Sprays may be more 

effective when used in conjunction with other methods such as digging or line-trimming.  Other 

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

Biological controls, such as bacteria and fungi, are becoming more available and deserve consideration.  

The following were found through literature review and may be appropriate for NAU (see Appendix H: 

Alternative Herbicides for Turfgrass and Organic Agriculture): 

MBI 005 has pre- and post-emergent effects on broadleaf weeds.  It contains the herbicidal secretions of 

the bacteria, Streptomyces acidiscabies, but 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 turfgrass weeds, but it is most effective at 

controlling dandelion. Overseeding and high mow heights help increase the productôs effectiveness.  

Phoma macrostoma is a fungus which kills weeds including dandelion, medic, clover, plantain, and 

chickweed.  It causes chlorosis (white growth) in the plant, which inhibits photosynthesis.  One 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 outcompeting 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 create a healthier environment 

for students, faculty, staff, and visitors.  Materials and methods are available which can maintain an 

aesthetically-pleasing landscape while being cost-effective and easy to implement.  As NAU strengthens 

its commitment to sustainable practices 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 and implement the protocols 

found to be successful.  Northern Arizona University can become a leader in sustainability. 

 

 

REFERENCES 
 

1. Tilman, E.A., Tilman, D., Crawley, M.J., and A.E. Johnston. 1999. Biological Weed Control via Nutrient 

Competition: Potassium Limitation of Dandelions. Ecological Applications, 9(1), pp. 103-111. 
 

2. Define and Discuss Micronutrients. National Forage & Grasslands Curriculum: 

http://forages.oregonstate.edu/nfgc/eo/onlineforagecurriculum/instructormaterials/availabletopics/fertiliza
tion/micronutrients 

 

3. Boron Deficiency in Putting Greens? The Campus Connection: 
http://archive.lib.msu.edu/tic/groot/article/1994sep9.pdf 

 
4. Boron: 1/1/10. Albrechtôs Animals: http://albrechtsanimals.typepad.com/my_weblog/2010/03/boron-

1110.html/ 

 
5. Weeds are Indicators of Soil Problems. The Lawn Institute: 

http://www.thelawninstitute.org/science/?C=186974 

 

6. The College Sustainability Report Card ï Report Card 201:  http://www.greenreportcard.org/report-

card-2011 
 

 

 

 

 

 

 

 

 

 

 

 

http://forages.oregonstate.edu/nfgc/eo/onlineforagecurriculum/instructormaterials/availabletopics/fertilization/micronutrients
http://forages.oregonstate.edu/nfgc/eo/onlineforagecurriculum/instructormaterials/availabletopics/fertilization/micronutrients
http://archive.lib.msu.edu/tic/groot/article/1994sep9.pdf
http://albrechtsanimals.typepad.com/my_weblog/2010/03/boron-1110.html/
http://albrechtsanimals.typepad.com/my_weblog/2010/03/boron-1110.html/
http://www.thelawninstitute.org/science/?C=186974
http://www.greenreportcard.org/report-card-2011
http://www.greenreportcard.org/report-card-2011


39 
 

2012 APPENDIX A 
 

A Literature Review of Herbicide Toxicity to Humans 
Focusing on herbicides used on the Flagstaff 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 Universityôs campus, this literature search was carried out over a 
span of several months.  Scientific databases, journals, and websites were searched through for relevant, 

published, and peer-reviewed studies.  The methodologies and results of these studies were documented.  
In conjunction with one another, the studies provide strong evidence of an association between exposure 

to a majority of these herbicides and serious health problems. 
 

Introduction  
 
 This literature search was conducted 

as a project of the Sustainable 
Environmental Practices Action Team of the 

Environmental Caucus, with the intention of 
collecting and summarizing scientific data 

on the effects on human health of  the 
herbicides used on Northern Arizona 

Universityôs Flagstaff campus:  Roundup 
Pro, Lontrel Turf and Ornamental, 

Pendulum Aquacap, Speedzone Southern 
Broadleaf, and Gallery 75 Dry Flowable.  It 

does not specifically address the possible 
environmental hazards of these herbicides. 

Although the debate concerning herbicidesô 
safety related to human health is ongoing, 

there is ample evidence of their toxicity. 
 In 2004, the Ontario College of 

Family Physicians released a literature 
review entitled ñPesticides Literature 

Reviewά which urges ñthat people reduce 

their exposure to pesticides
1

 wherever 
possible,ò for they found ñconsistent links to 

serious illnesses such as cancer, 
reproductive problems and neurological 

diseases, among othersò (1).  The reportôs 
principle findings include: 

 

                                                             
1 Herbicides are a sub-category of pesticides. 

¶ ñMany studies reviewed by the 
Ontario College show positive 

associations between tumours and 
pesticide exposure [é].ò 

¶ ñPrevious studies have pointed to 
certain pesticides, such as [2,4-

dichlorophenoxyacetic acid] and 
related pesticides, as possible 

precipitants of Non-Hodgkinôs 
Lymphoma [é].ò 

¶ ñThe review team uncovered a 

remarkable consistency of findings 
of nervous system effects of 

pesticide exposures.ò 
 

It was also consistently seen that children 
exposed to pesticides increasingly suffered 

from various cancers, including Non-
Hodgkinôs Lymphoma and Leukemia.  

While the Ontario College reviewed  studies 
of numerous pesticides,  not just those found 

on NAUôs campus, it reported negative 
health effects across all brands of commonly 

used pesticides and herbicides.  Each 
herbicide product is manufactured with 

potent ingredients that fulfill a similar task:  
eradicating unwanted 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 herbicides used on the NAU 
Flagstaff campus. 

Methodology 
 

 The research resources available 
through the Northern Arizona University 

Cline Library were extensively used, 
including the following databases:  CSA 

Illumina, ACS Publications, SciFinder, Web 
of Science, and Wiley Online Library.  

Specific chemical names were searched for 
within these databases and the searches were 

refined, if possible, to include results 
pertaining to toxicology.  When utilizing the 

SciFinder database, the Chemical Abstracts 
Service (CAS) registry numbers

2
 for the 

chemicals present in each of the five 
pesticides were obtained and used for 

subsequent research.  The list produced for 
each search was scoured for studies having 

titles and summaries focusing primarily on 
the targeted herbicide; these studies were 

then manually filtered through for definitive 
conclusions concerning the herbicide, 

positive or negative. 
 Additionally, the ñFind Journalsò 

link was used from the Cline Library 
website.  This tool offered another route for 

the discovery of pertinent studies and 
information.  Journals were sought out by 

inserting words into the search bar that were 
contained within or completed the title of a 

scientific journal (i.e. ñtoxicologyò).  A 
journal was selected and its issues were 

examined for applicable studies and articles.  
Google Scholar was also used to find studies 

by searching for specific chemicals as well 
as the marketed herbicidesô names.  When 

scientific studies simply could not be located 
for one herbicide, Gallery 75 Dry Flowable, 

its Material Safety Data Sheet provided an 
array of determined facts about the nature of 

its chemicals. 

                                                             
2 CAS numbers are assigned to each chemical for 
ease of research concerning specific substances. 

Initially, the ñBeyond Pesticidesò 
website was used as a source of accumulated 

studies relating to the toxicology of 
pesticides.  A number of these dealt with the 

herbicides specific to Northern Arizona 
Universityôs campus, and were cited once 

confirmed as peer-reviewed sources.  Also, a 
list of scientific terms with unknown 

definitions was compiled and Professor 
Betty Brown of NAUôs Health Sciences 

faculty was consulted for their meanings so 
that each study could be understood more 

thoroughly. 
In order to cite each source used 

within the report, the American Chemical 
Society style of citation was used which 

entails the following:  Sources are listed 
numerically according to their order of 

appearance in the report under References; 
in-text, they are labeled with said numbers 

in parentheses. 
 

Results 
 

Roundup Pro (Active ingredient: isopropyl 

amine salt of glyphosate: 50.2%) ï Non-

selective herbicide 
The Occupational Safety and Health 

Administration, or OSHA, according to its 
standard 29 CFR 1910.1200

3
, classified 

Roundup as ñhazardous.ò  A product of 
Roundupôs combustion is carbon monoxide, 

which is a toxic gas.  Two studies (2, 3) 
connect an increased occurrence of the 

cancer Non-Hodgkinôs Lymphoma with 
exposure to glyphosate, both of which 

conducted case-control studies consisting of 
cancer registry members and randomly-

selected people from the general populace.  
Interviews performed by professionals were 

held to obtain herbicide use information 
from each participant.  Another study (4) 

                                                             
3 ñEnsures that the hazards of all chemicals produced 

or imported are evaluated, and that information 

concerning their hazards is transmitted to employers 
and employees,ò according to OSHAôs website. 
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found that certain pesticides, including 
glyphosate, are ñsignificantly positively 

associated with current Rhinitis,ò or the 
inflammation of internal areas of the nose 

which may hinder sleep and the ability to 
learn.  The subjects of this study were over 

2,000 pesticide applicators from the 
Agricultural Health Study, and it was 

concluded that ñexposure to pesticides may 
increase the risk of rhinitis.ò 

An additional study (5) ñevaluated 
the toxicity of four glyphosate (G)-based 

herbicides in Roundup (R) formulationsò on 
human umbilical, embryonic, and placental 

cells:  ñAll [Roundup] formulations cause 
total cell death within 24 hours.ò  These 

scientists concluded that ñadjuvants
4

 in 
Roundup formulations are not inert,ò but are 

instead active.  Another study investigating 
the effects of glyphosate on human placental 

cells (6) found that it ï especially in the 
Roundup mixture ï is toxic to these 

placental cells ñwithin 18 hours with 
concentrations lower than those found with 

agricultural use.ò  They conclude that ñtoxic 
effects of Roundup, not just glyphosate, can 

be observed in mammals,ò and that ñthe 
presence of Roundup adjuvants enhances 

glyphosate bioavailability and/or 
bioaccumulation

5
.ò 

Another study (7), citing that 
ñcutaneous

6
 exposure to a glyphosate-

containing herbicide has been postulated as 
contributing to Parkinsonism,ò conducted an 

experiment in which rats were orally 
administered single doses of glyphosate and 

then tested through blood samples.  It was 
concluded that ñalthough the bioavailability 

was low, glyphosate and its metabolite 
AMPA

7
 were eliminated from plasma 

                                                             
4
 Drugs or other substances that enhance the activity 

of another. 
5 The accumulation within living organisms of toxic 

substances occurring in the environment. 
6 Relating to or involving the skin. 
7 Mimics AMPA receptor, which allows passage of 
calcium, sodium, and potassium. 

slowly and therefore would be diffused to 
target tissues to exert systemic effects.ò  

However, the authors also state, ñThe 
toxicokinetic

8
 characteristics of glyphosate 

identified in this study warrant further 
research on possible mechanisms of toxicity 

of this herbicide.ò  A different experiment 
(8) ñstudied the effect on cell cycle 

regulation of the widely used glyphosate-
containing pesticide Roundup,ò using ñsea 

urchin embryonic first divisions following 
fertilization, which are appropriate for the 

study of universal cell cycle regulation 
without interference with transcription.ò  It 

was shown that ñ0.8% Roundup (containing 
8 mM glyphosate) induces a delay in the 

kinetic of the first cell cleavage
9
 of sea 

urchin embryos,ò calling into question ñthe 

safety of glyphosate and Roundup on human 
health.ò 

The only study (9) found in the 
literature search that suggested Roundup 

presents no human health concern included 
studies ñperformed for regulatory purposes 

as well as published research reports.ò  This 
study was conducted on behalf of Monsanto 

ï Roundupôs manufacturer ï by Robert 
Kroes, Gary M. Williams and Ian C. 

Munroe.  According to the Aspartame 
Toxicity Info Center (10), Robert Kroes and 

Gary M. Williams ñjoined with Ian C. 
Munoe, the president of the Cantox Health 

Sciences International corporate advocacy 
group, to work with Monsanto to review its 

herbicide, glyphosateò (10). 

 

Lontrel Turf and Ornamental (Active 

ingredients: ñClopyralid MEA Saltò:  

40.9%; ñisopropanolò:  5.0%; ñethylene 

oxide, propylene oxide and di-sec-

butylphenol polymerò:  1.0%) ï broad-

spectrum herbicide for thistle control in 

vegetable cultivation 

                                                             
8 What rate a chemical will enter the body and what 

happens to it once it is in the body. 
9 Motion of the first cell separation. 


