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Geohumus is a new, unique hybrid soil amendment made of polyacrylic acid, igneous 

rock flour, and quartz sand. It is biodegradable and is marketed to increase soil 

porosity, increase plant yield, and increase plant available water by up to 30%, all 

while using a low inclusion rate of only 1 – 2% volume/volume (v/v). The objective of 

this research was to evaluate uses of Geohumus in a turfgrass setting. Two field trials 

and one greenhouse trial were conducted between the summers of 2010, 2011, and 

2012. For the field incorporation study, Geohumus was mixed with USGA (United 

States Golf Association) specified sand and incorporated at a 1% v/v ratio into an 

existing perennial ryegrass stand maintained at two heights of cut using various 

incorporation machinery. Treatments included incorporation of Geohumus via an 

aerator, dethatcher, Graden, or simulated drill-and-fill. Daily light box pictures were 

analyzed using SigmaScan Pro software to compare percent green cover among 



 

 
treatments and to establish which plots were to receive irrigation. The readings 

showed significant differences among treatments in irrigation applications required 

to keep the turf green. The aeration treatment by itself was as effective as any 

treatment with Geohumus incorporation. Aeration provided a 35% reduction in 

irrigation applications on the 61 mm height of cut in 2011 and a 24% reduction in 

irrigation applications on the same height in 2012. The second field trial evaluated 

various soil amendments for use in divot repair mixes under full sun and partial shade 

conditions. In addition to differing microclimates, divots were further evaluated by 

receiving either one or two irrigation applications per day. Uniform divots with 

dimensions of 10.16 x 7.62 cm were created using a spring-loaded catapult with a 

hula-hoe attachment. Treatments applied consisted of combinations of United States 

Golf Association (USGA) specified sand and perennial ryegrass seed but differed 

according to soil amendments which were incorporated into the divot mixes based 

on volume (v/v). Soil amendments tested included Geohumus (1% v/v), Zeba (1% 

v/v), Axis (10% v/v), Lassenite ATS (10% v/v), Dakota Peat (10% v/v), Scotts EZ Seed 

(10% v/v), and Wondersoil (10% v/v). Weekly ratings were taken using light box 

pictures in conjunction with digital analysis software to measure percent green cover. 

Results indicated that microclimate and irrigation frequency affected the 

establishment of divot repair mixes more than the presence of soil amendments. A 

third trial comparing perennial ryegrass root masses grown in rooting boxes in a 

greenhouse showed major differences as influenced by placement of Geohumus 

within the soil profile. Geohumus influenced root mass in the upper 7.6 cm of the soil 

profile but no significant differences were found at lower depths. Geohumus 

incorporated at a 7.6 – 12.7 cm depth appeared to be the most influential depth for 

increasing root mass in the upper 7.6 cm of the profile.  
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CHARACTERIZATION OF GEOHUMUS FOR USE IN TURF 

CHAPTER 1 

GENERAL INTRODUCTION 

Water Shortages 

Population pressures along with depletion and contamination of traditional water 

supplies are straining the world’s water resources (Kenna and Horst, 1993). The 

demand for freshwater to meet agricultural, municipal, and industrial needs has 

increased more than 35-fold during the last three centuries, decreasing the allocation 

of water for non-food commodities such as turfgrass (Githinji et al., 2009). Within the 

United States, statistics reveal that by 2013, 36 out of the 50 States will experience 

water shortages and overall increased demand (Anfield, 2011). The desert southwest 

of the United States is a particular problem in the United States as it is among the 

fastest-growing areas, yet is an area with undeniable water supply and distribution 

problems (Beard and Kenna, 2008). There is no longer a significant relationship 

between population distribution and water availability, making water use efficiency a 

more prominent issue within the turfgrass industry (Anfield, 2011).   

With an estimated 50 million acres of maintained turfgrass worth an annual 

economic value of $40 billion in the United States, the turfgrass industry continues to 

thrive (Beard and Kenna, 2008); however, turfgrasses, including both newly laid sod 

and established lawns with associated landscape irrigation, are seen as a visible 

water user (Duff et al., 2009; Ervin and Koski, 1998). Irrigation issues are not the only 

problem facing the turfgrass industry. Kenna and Horst (1993) added that in addition 
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to water use, leachates and runoff water quality are prevalent issues associated with 

the industry.  

Benefits of Turfgrass 

Turfgrasses collect, hold, and clean water while enhancing subsequent groundwater 

recharge and contributing to transpiration cooling (Beard and Kenna, 2008). 

Turfgrasses also act as a buffer for pesticide and nutrient leaching by providing high 

levels of organic matter and associated microbial activity that serve to immobilize 

and degrade applied pesticides and nitrates (Beard and Kenna, 2008).  

In a study of the cooling effects of turfgrasses, Johns and Beard (1985) found that an 

economic comparison of the cooling capacity of a turf on a building versus the cost of 

irrigating the turf was in favor of irrigating the turf. It was evident that in comparison 

to bare soil, some energy savings could be garnered with an irrigated turf area 

surrounding a building (Johns and Beard, 1985).  

Drought Tolerant Turfgrasses 

The first step toward water conservation should be the selection of the correct 

turfgrass for the climate in which it is grown (Beard and Kenna, 2008). In water 

limited areas, one strategy to reduce turfgrass irrigation needs is to select drought 

resistant cultivars and species. Beard and Kenna (2008) point out that turfgrasses, 

especially those with rhizomes, can survive without water for several weeks or 

months with limited damage, depending on the air temperature. Water usage rates 

vary with species and cultivars, as documented by extensive research (Blankenship, 

2011; Aronson et al., 1987a; Beard and Kim, 1989; Fernandez and Love, 1993).  
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Drought Stress 

Drought stress affects visual quality, growth rate, ET rate, and recuperative ability of 

turfgrass following drought-induced dormancy (Beard, 1973; Aronson et al., 1987b). 

Drought resistance is a term that encompasses a range of mechanisms which allow 

plants to withstand periods of drought (Kenna and Horst, 1993). Drought resistance 

can also be defined as the ability of a plant to survive prolonged drought stress 

through drought avoidance, tolerance, and/or escape mechanisms (Githinji et al., 

2009). Githinji et al. (2009) add that the mechanisms for drought resistance involve 

physiological and structural adaptations, which allow plants to survive extended 

periods of limited water availability. By selecting turfgrass species and varieties 

having superior drought resistance adaptations, turfgrass managers can delay or 

postpone drought stress injury and the associated decline in turfgrass quality and 

function during extended periods of little or no water availability.  

Drought Tolerance and Avoidance 

Drought tolerance is defined as the ability of a turfgrass to tolerate a drought period 

and endure low tissue water deficits caused by drought (Gibeault et al., 1989; 

Carrow, 1996). A major component of drought avoidance is the development and 

maintenance of deep, extensive, and viable turfgrass root systems (Beard and Kenna, 

2008). Drought avoidance can further be defined as short-term survival adaptations 

of plants to avoid tissue damaging water deficits while growing in a drought 

environment favoring the development of water stress through development of a 

deep, viable root system, high root hair density, rolled leaf blades, thick cuticle or the 

ability to quickly form a thick  cuticle following water stress initiation, reduced leaf 

area, slow leaf extension rates, and leaf orientation and density that give high canopy 
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resistance or inherently low ET (Gibeault et al., 1989; Carrow, 1996). Other factors 

which contribute to drought avoidance are genetic based rooting depth and 

resistance to edaphic stresses such as low soil oxygen, adverse temperature, soil 

strength, salinity, adverse pH, and phytotoxic elements (Kenna and Horst, 1993).  

Species Specific Comparisons 

Water use rankings associated with cool-season turfgrasses under non-limiting soil 

moisture conditions have been reported as follows: tall fescue (Festuca arundinacea), 

Kentucky bluegrass (Poa pratensis), annual bluegrass (Poa annua  var. reptans), and 

creeping bentgrass (Agrostis stolonifera) as having the highest ET rates; rough 

bluegrass (Poa trivialis) and perennial ryegrass (Lolium perenne) as ranking 

intermediate; and chewings fescue (Festuca rubra subsp. tryachyphylla), hard fescue 

(Festuca brevipila), and red fescues (Festuca rubra subsp. rubra) as having the lowest 

ET rates (Aronson et al., 1987a; Beard and Kim, 1989; Fernandez and Love, 1993).  

In a study of water use characteristics of ten newly established cool-season 

turfgrasses, Blankenship (2011) noted similar results to previous findings; however, 

results also indicated that  perennial ryegrass was more drought tolerant than every 

species tested except tall fescue. Because Blankenship (2011) tested newly 

established turfgrasses, it was speculated that perennial ryegrass performed well due 

to its quick maturation compared to the other species tested.    

Environmental Factors Controlling Turfgrass Irrigation Needs 

Water use of turfgrasses is influenced by environmental factors such as temperature, 

wind, solar radiation, relative humidity, soil texture, and soil moisture. Beard (1973) 

defines turfgrass water use as the total amount of water required for growth plus the 
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amount of water lost through evapotranspiration (ET) per unit time. In addition, ET 

can be defined as the sum of soil evaporation and plant transpiration (Beard, 1973). 

Although stomata comprise only 1% of the total leaf blade surface area, they serve as 

key sites for transpiration and thus are of interest in reducing water loss (Green et al., 

1990). Overall, cool-season turfgrasses may consume 3-8 mm of water per day 

(Beard and Kenna, 2008).  

Cultural Factors Controlling Turfgrass Irrigation Needs 

Mowing height and frequency, nutrition, and irrigation are primary cultural practices 

that directly impact vertical elongation rate, leaf surface area, canopy resistance, 

rooting characteristics, and resultant water use (Beard and Kenna, 2008).  

Irrigation Practices to reduce Water Use in Turfgrass 

Irrigation is one of the primary management practices performed on turfgrass swards 

to insure the desired growth, development, and recuperative ability of turfgrass 

plants (Meyer and Gibeault, 1987). Anfield (2011) adds that there are four 

components to irrigation efficiency: Apply water as uniformly as possible, make sure 

irrigation precipitation rate is less than soil infiltration rate, irrigate to bring root zone 

to field capacity, and make sure that the distribution of applied water is uniform.  

Deficit Irrigation 

Deficit irrigation is the practice of deliberate under-irrigation of a plant to below its 

maximum potential water demand, resulting in overall water savings and increases in 

water use efficiency (Feldhake et al., 1984; Dacosta and Huang, 2006b). Reductions in 

water use or increases in water use efficiency are important drought avoidance 
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strategies which allow for continued growth and survival of plants during periods of 

restricted water availability (Dacosta and Huang, 2006a). It is true that turfgrasses 

can survive on much lower amounts of water than most people realize (Beard and 

Kenna, 2008). It is possible to keep a functioning stand of turfgrass with good visual 

quality while under irrigating on purpose. Kneebone and Pepper (1984) add that 

under restricted irrigation or limiting soil moisture conditions, turfgrasses may use 

significantly less water compared with well-irrigated plants. Additionally, the proper 

use of a deficit irrigation strategy, either through decreased irrigation quantity or 

irrigation frequency, has also been found to promote plant tolerance to subsequent 

severe drought stress associated with increased root growth or enhanced osmotic 

adjustment (Beard, 1973; Jiang and Huang, 2001).  

Dormancy 

It is possible to allow certain turfgrasses to go dormant in low-maintenance areas as 

doing so can result in significant water savings without loss of turfgrass (Beard and 

Kenna, 2008). Dormant turfgrass plants have limited or no transpired water loss, and 

thus have low water usage. Beard and Kenna (2008) point out that although the 

leaves of dormant turfgrass may turn brown in response to a water deficit, the 

growing points in the stem will remain alive. 

Soils and Soil Texture 

Soil properties affect plant growth and influence the utilization and maintenance of 

turf areas (Waddington, 1992). Letey et al. (1966) notes that soil provides an 

important role as it acts as a medium for good root growth and that plants with good 

root systems are generally more vigorous and tolerant of adverse environmental 

conditions. Extensive root systems allow plants to access a larger feeding zone for 
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nutrients and water (Letey et al., 1966). If soils do not meet suitable criteria for turf 

cover, the properties of the soil may be altered by the addition of chemical and 

physical amendments, the use of various cultivation and construction techniques, or 

a combination of these methods (Waddington, 1992). 

Sand Size 

A typical profile under turfgrass when little soil disturbance has occurred consists of 

organic (O) horizons at the surface, the Ap horizon (plow layer), and undisturbed B 

horizon (subsoil) beneath the Ap (Waddington, 1992). In golf and on most athletic 

fields, soil disturbance has made sand based soils the soil of choice. Properly chosen 

sands for golf green and athletic field construction will undergo less compaction than 

native soils, but may have poor water-holding capacity and a low cation exchange 

capacity (Joo et al., 2001; Bigelow et al., 2000). Adams (2008) points out that the 

three key issues with sand based soils are lack of physical stability to disruption by 

wear, poor nutrient retention, and a very narrow range of soil moisture tension over 

which available water is released. Nus et al. (1991) add that the amount of reserve 

moisture held in the turfgrass rootzone depends primarily on the soil texture, 

effective rooting depth of the turfgrass species, and the presence of any perched 

water table or drainage barrier. 

Soil Textural Differences 

Textural differences in soil or differences in sand sizes certainly have an impact on 

soil physical characteristics. Bigelow et al. (2000) point out that fine sand contains 

almost 20% less macropores than either medium or coarse sand and has much more 

capillary water retention. Murphy (2007) notes that the range of properties 
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described in the United States Golf Association (USGA) sand specification guidelines 

is large enough to provide a notable range in the behavior of the rootzone.  

In a study performed in (2000), Hannaford and Baker found that sand type had 

significant effects on soil properties and root development. Rooting was deeper in 

mixes containing medium-coarse sand and those mixes also had lower penetration 

resistance and contained a greater volume of macropores. As for adding 

amendments to sand, Guertal and Waltz (2008) found that sand selection is as 

important as the amendment itself.  

Thatch 

Thatch serves as an important environmental buffer, intercepting and cycling 

nitrogen fertility and preventing a large portion of the nitrogen from reaching the soil 

(Miltner et al., 1996). It is the thatch-mat layer above the rootzone that reduces 

water infiltration and increases water retention at the surface of putting greens, not 

the underlying rootzone. A rootzone of 100% sand that does not become “amended” 

over time will continue to have very low (too low) water and nutrient retention 

(Murphy, 2007). Increased water use efficiency is evident when thatch is maintained 

at acceptable depths and not allowed to dry out (Gibeault et al., 1989).  

In their investigation of potential changes of physical properties in sand-based root 

zones over a seven year period, Devaney et al. (2007) found that accumulation of an 

organic matter mat layer above the amended sand root zones had greater influence 

on water retention and flow than the underlying root zone mixtures. Devaney et al., 

(2007) concluded that observed physical performance and quality of putting greens 

over time will likely be due to mat layer development and management rather than 

deleterious changes in the root zone profile.  
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The thickness of the organic thatch layer depends on the age of the turf, the species, 

and cultivar of grass, plus various environmental and management factors 

(Waddington, 1992). Irrespective of the sand-amendment combination, once the turf 

sward is established and a thatch layer forms, the thatch layer will become the 

limiting factor in the infiltration rate. It is therefore important to initiate an early 

program of topdressing and cultivation to maintain the infiltration rate (Robinson 

and Neylan, 2001). Gibeault et al. (1989) add that a deep thatch layer, if hydrophobic, 

reduces or eliminates water infiltration into the turfgrass profile leading to inefficient 

water use. It is throughout the turf establishment phase and during the first two post 

establishment years that amendments have their greatest benefit. The reason for 

this is that the problems with sand rootzones diminish naturally due to the buildup of 

native organic matter in the rootzone. This ‘new’ organic matter is dynamic in terms 

of turnover of carbon and nitrogen and the residual organic matter also acts as a 

reservoir for nitrogen which is held more stably in the rootzone (Adams, 2008). 

Construction 

A successful construction cannot fully be verified until some years after construction 

(Blomback et al., 2009). For golf course construction, peat or compost is often mixed 

with sand to improve water and nutrient holding abilities. The cost savings in 

construction associated with not blending an amendment into the sand is typically 

the primary justification used by advocates for straight-sand construction (Murphy, 

2007). While new construction emphasizes sand and amendment use, older greens 

can be modified over time through regular top-dressing and aerification routines. 

Many “push-up” greens that have been aerated and top-dressed for numerous years 

have developed as much as 6 inches of an improved rootzone over the original soil 

profile. This improved rootzone in the uppermost profile is generally much closer to 
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current USGA construction mix guidelines than the original underlying soil base 

(Murphy, 2007).  

A study by Devaney et al. (2007) investigated potential changes of physical properties 

in sand-based root zones over a seven year period. Their research focused on eight 

sand based root zones varying in amendment (peat, inorganic and loam) seeded to L-

93 creeping bentgrass. At the end of seven years of observations, turf quality was 

observed to generally be better on amended root zones compared to straight sand 

mixtures (Devaney et al., 2007).  

Compaction 

Compaction negatively affects turfgrass growth by slowing root penetration, slowing 

water and oxygen penetration and diffusion, and preventing roots access to nutrients 

(Baker and Richards, 1993; Unger and Kaspar, 1994; Agnew and Carrow 1985). Unger 

and Kaspar (1994) emphasize that complex inter-relationships exist between 

compaction, bulk density, soil strength, water content, aeration, root growth, and 

plant growth and yield.  

Rimmer (1979) examined the effect of compaction by comparing root growth of 

Lolium perenne L. in colliery spoil soils at various bulk densities, observing that root 

growth was shallower and less dense on plots with higher compaction. Carrow (1980) 

simulated three intensities of compaction on soil plots with three types of turfgrass. 

Increased levels of compaction were found to cause deterioration of roots. 

Additionally, rooting on tall fescue (Festuca arundinacea L.) declined at the highest 

level of compaction while the most significant effect on perennial ryegrass (Lolium 

perenne) plots was at the moderate level of compaction because of an increased 

shoot density response which resulted in reduced root growth (Carrow, 1980).  
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Agnew and Carrow (1985) investigated root responses to soil compaction and 

moisture stress preconditioning and their effects on water use of Kentucky bluegrass.  

Long term compaction increased root weights in the upper 5 cm of the soil profile 

and decreased root weights in the lower 10 to 20 cm of the soil profile.  

In an effort to simulate real life stresses from golfer’s foot traffic, Carlson et al. (1998) 

constructed a 175 pound roller with golf spikes attached to the roller and simulated 

traffic to 43,000 rounds per year. Putting greens constructed with peat suffered 

greater losses in quality from wear than did putting greens constructed with rice 

hulls, isolite, or no amendment (Carlson et al., 1998).  

Soils with low bulk densities are well aerated and provide little resistance to root 

penetration (Wilkinson and Duff, 1972). Compaction influences soil bulk density, 

strength, aeration, and water relationships, which in turn affect plant growth (Sills 

and Carrow, 1983).  Compactive pressure of vehicular and foot traffic reduces 

aeration, increases bulk density, increases soil strength, and changes pore size 

distribution; resulting in reduced shoot growth, root growth, and overall quality of 

the turfgrass (Carrow, 1980; O’Neil and Carrow, 1982; Sills and Carrow, 1983). In a 

study comparing the root growth of Poa annua, Poa pratensis, and Poa Agrostis 

palustris under soil compaction, Wilkinson and Duff (1972) found that root growth of 

each grass decreased with depth at all bulk densities. Carrow (1980) reported that 

visual quality and percent turf cover declined for Lolium perenne, Festuca 

arundinacea, and Poa pratensis as compaction stress increased. Additionally, Carrow 

(1980) reported that eight months after compaction ceased, Kentucky bluegrass and 

tall fescue both still exhibited signs of reduced visual quality and percent cover.  
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Compaction can have different effects on different species of turfgrasses. Carrow 

(1980) found that shoot density, verdure, and root growth were all affected by 

compaction but responses differed depending on species. Kentucky bluegrass had 

decreased verdure, shoot density, and root growth while tall fescue had decreased 

verdure. Perennial ryegrass showed only a slight decrease in root weight as a cause 

of compaction. 

Compaction and Rooting Interaction 

Development of a root system in excess of its minimum or normal requirements is 

desirable to provide access to a larger volume of soil for absorption of water and 

nutrients (Ralston and Daniel, 1972). Within a single turfgrass variety, root 

development depends on the rate of oxygen diffusion within the root zone, air and 

soil temperature, and the effect of fertilizing and clipping removal practices on the 

carbohydrate reserves of the root system (Ralston and Daniel, 1972). Deep, extensive 

root systems are seen as an important trait in turfgrasses because they act as a 

mechanism of drought avoidance (White et al., 1993; Carrow, 1996; Qian et al., 1997, 

Jiang and Huang, 2001). It is generally recognizable that roots play an important part 

in the growth of higher plants, since they serve as anchoring organisms, repositories 

of food reserves, occasionally as organs of propagation, and regularly as absorbing 

organisms (Sprague, 1933). Sprague (1933) points out that since the roots of plants 

must actually occupy the various soil depths to obtain the moisture and nutrients 

contained in the soil, the ability of the root systems to invade and permeate to 

several depths is of extreme importance. Unger and Kaspar (1994) note that compact 

horizons that impede root growth may be naturally dense horizons or results from 

the forces applied to soil by implements or animals. Veihmeyer and Hendrickson 
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(1948) showed that increases in soil bulk density reduced root growth even when soil 

aeration was good.  

Amendments to Improve Soil 

Soil modification for turfgrass is the addition of soil amendments for alteration of 

physical, chemical, and biological soil properties (Waddington, 1992; McCoy, 2011). 

Increasing the amount of water available in the turfgrass root zone can be extremely 

important in non-irrigated sites, in very coarse-textured, droughty soils, or in sand-

based rootzones (Nus et al., 1991). Soil modification of sandy soil is especially 

common in the turfgrass industry. Horn (1969) noted that the objectives of adding 

soil amendments to sandy soil include slowing down the water infiltration rate, 

increasing the capacity of sandy soil to hold water and fertilizers, and to provide a 

better root environment for turfgrass roots. By increasing the amount of available 

moisture in the rootzone, the length of the irrigation interval (number of days 

between irrigations) can be lengthened (Nus et al. 1991).  

Soil amendments can be defined as any additive placed directly into the soil profile 

(McCoy, 2011). Amendments to improve the rooting media of golf greens have been 

tested since 1916 (Hurdzan, 1985). White (2009) cited that Turface, the brand name 

of a type of calcined clay, was used by many superintendents as far back as the mid 

to late 1960s. Most often, amendments are included in a root zone mix to increase 

water and nutrient retention (McCoy, 2011).  

Organic Soil Amendments  

The most commonly employed organic amendments are generally characterized by 

either native peats or composts (McCoy, 2011). In the turfgrass industry, peat is by 
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far the most widely used organic amendment and is used extensively in sand 

mixtures (Petrovic et al., 1997). Petrovic et al. (1997) add that the advantages of an 

organic amendment in sand such as peat are: increased water retention, increased 

nutrient retention (increased cation exchange capacity), and some pesticide binding. 

There are many uses for peats or composts and both have many similarities. Peats 

accumulate in permanently waterlogged wetland sites from the senescent tissues of 

either moss (usually Sphagnum spp.) or reeds especially Phragmites australis 

together with sedges and other species (Adams, 2008). Adams (2008) points out that 

decomposition and humification is slow because of anaerobic conditions and 

therefore peats typically contain a predominance of fibrous material derived from 

the species of origin. Moss peats are not biologically active in their natural 

environment, but when dried, shredded and supplied with nutrients they are 

decomposed and humified slowly by bacteria and fungi (Adams, 2008). Specifically, 

sedge peats are more variable in organic matter content than moss peats and are 

therefore less predictable in their effect as amendments, while moss peats vary to 

some extent but are reasonably consistent from a specific supply source (Adams, 

2008). 

The benefits of adding organic matter to most any soil are numerous. Bigelow et al. 

(2000) note that organic matter does an excellent job of enhancing soil structure by 

improving aggregation and can be an excellent substrate for microbial growth. Peat 

and composts added to sand have been shown to reduce soil bulk density, improve 

aeration, allow media to retain more plant-available water, and ultimately improve 

turfgrass health (Waltz and McCarty, 2000; Bigelow et al., 2000). McCoy (2011) 

verifies that organic matter content is the most important characteristic of organic 

amendments for use in a root zone mix because most organic matter can hold 
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several times its weight in water. Organic matter is also very important in coarse-

textured soils because it can tremendously improve moisture retention (McCoy, 

1992) and improve the resiliency of soils to withstand traffic (Bigelow et al., 2000). 

Soil Degradation 

Even in the presence of suitable and sufficient soil materials, soil degradation 

practices such as excavation, stockpiling, and soil replacement are inevitable 

consequences of modern landscape construction that can lead to a deterioration of 

native soil (McCoy, 1998). McCoy (1998) adds that a convenient and common 

remedy for unsuitable and limited soil materials at a site is importing topsoil. The 

topsoil is often a combination of native soil mixed with sand or organic amendments 

in order to achieve a soil with good physical characteristics.  

McCoy (1998) examined the effects of soil mix formulations on soil properties and 

turf establishment, specifically, just the early stages of turf establishment. The goal of 

the study was to provide guidelines for blending lower-cost soil materials for use in 

urban landscaping. McCoy (1998) found that native soils having fine textures and low 

organic matter contents required modification to improve water and nutrient 

retention, reduce soil compressibility, and increase air filled porosity and 

permeability. Increasing the organic matter content of all soil-sand combinations 

resulted in improved water and nutrient retention, but diminishing returns for 

incremental peat additions at high organic matter contents. Increasing both sand and 

organic matter at low levels of either served to reduce soil compressibility and to 

increase air filled porosity and permeability. The best soil for perennial ryegrass 

establishment was identified as having a sandy loam or sandy clay loam texture of 

about 65% sand and an organic matter content of roughly 8% (McCoy, 1998).  
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Peat Effects on Cation Exchange Capacity and Nutrient Leaching 

Sands are noted for having very low cation exchange capacities. Thus, they contain 

relatively small amounts of calcium, magnesium, and potassium ions, and allow for 

rather high leaching rates of these nutrients. Peat is very effective in increasing soil 

retention of calcium and magnesium, but considerably less so for potassium (Kussow, 

1987). Besides peat, all organic materials provide some physical and chemical 

buffering capacity to sand-based rootzones to assist in the establishment and 

maintenance of turfgrass (McCoy, 1992). In the game of golf, most sand-based golf 

greens are amended with stabilized organic matter, such as sphagnum peat, to 

improve nutrient and water retention (Bigelow et al., 2001b). Bigelow et al. (2000) 

add that organic matter may have moderate nutrient-holding capacities, depending 

on soil pH.  Peat has very high pH buffering action, retains calcium, magnesium, and 

potassium in exchangeable forms, and has the capacity to form chemical complexes 

with certain micronutrients. Kussow (1987) adds that peat further affects turfgrass 

nutrition through formation of chemical complexes with copper, iron, manganese, 

and zinc. Complexation of these nutrients generally reduces their plant availability, 

and becomes more extensive as soil pH rises to 7.0 or above (Kussow, 1987). Because 

of the very high pH buffering capacity of peat, the pH of the peat determines the 

initial pH of sand-peat mixtures (Kussow, 1987). Mixtures containing both sand and 

peat may initially have pH values anywhere from 3.1 to about 7.6. McCoy (2011) adds 

that when considering native peats, greater CEC values are observed for the organic 

amendments having the greater organic matter content. With composts, however, 

such a relation is not so clear and CEC values appear to be generally independent of 

organic matter content (McCoy, 2011). 
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In a study by Cook and Baker (1998), the researchers noted that the pH of non-peat 

root zones was far greater than the pH of peat amended root zones (6.5-8.4 

compared to 4.6, respectively for 70:30 v/v mixes) and this was identified as a 

possible disadvantage for some non-peat products compared to peat.  

Peat Effects on Plant Available Water 

McCoy (1992) found that both Canadian sphagnum peat and compost retained water 

within organic matter pores well beyond the amount available to the plant. Michigan 

sphagnum peat, reed-sedge peat, and Ohio muck peat soil retained water within 

organic pores that were more available to the plant, suggesting that organic sources 

with fiber greater than 45% may be excessively coarse and much of the water 

retained relatively unavailable for use by the plant (McCoy, 1992). 

Peat Establishment Effects 

Most research regarding peat establishment effects specifically targets the use of 

peat for golf courses (Waltz and McCarty, 2000; Murphy et al., 2004b; Robinson and 

Neylan, 2001). Research performed by Waltz and McCarty (2000) indicated that peat-

amended sand allowed bentgrass to establish three months sooner than sand plots 

amended with either ceramic clay or diatomaceous earth. A study by Murphy et al. 

(2004b) looking at turfgrass establishment on amended sand root zones found that 

the most consistent and best treatments belonged to the organic amended plots at 

higher amendment rates including 20% compost, 20% sphagnum peat, 10% reed 

sedge peat and 20% Irish peat mixes.  Robinson and Neylan (2001) studied three sand 

types (medium, washed; manufactured; and medium-fine) mixed individually by 

volume with six different soil amendments including sterilized fowl manure (at 2.5 

percent by volume), Canadian sphagnum peat moss (10 percent), composted pine 
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bark (10 percent), clinoptilolite zeolite with a particle size range of 0.25 to 0.5 

millimeters (5 percent) or porous ceramic beads (10 percent). Contrary to other 

published studies, Robinson and Neylan (2001) found that none of the amendments 

had a significant effect on emergence but it was observed that peat moss, pine bark 

and porous ceramic beads provided a significant increase in the capillary porosity. 

Peat Incorporation into Sand 

Sand is commonly used to construct putting green rootzones and is often amended 

with organic amendments, such as peat or soil containing silt and clay to improve 

physical and nutrient properties for turf (Murphy et al., 2004a). Rates of organic 

amendment incorporation into soil generally range from 0 – 20% by volume (McCoy, 

1992). Reed sedge peat moss and sphagnum peat moss are the most common 

amendments used with sand in putting green construction (Waddington, 1992). 

Kussow (1987) and McCoy (1992) add that peat has been widely studied and used as 

an organic amendment to sand in the construction of golf putting green root zones. 

Additionally, peat is identified by the USGA as the preferred organic component to be 

used with sand for golf green rootzones (Hummel 1993).  

The benefits of using peat as a soil amendment include reduced soil bulk density, 

improved rootzone aeration, increased soil moisture retention, gradual release of 

plant-available water, and improved turfgrass germination (Letey et al., 1966; McCoy, 

1992; Juncker and Madison, 1967; Bigelow et al., 1999). Most research on organic 

amendments such as peat has focused on peats ability to increase the water and 

nutrient retention of sands (Baker 1984, Kussow 1987, McCoy 1992). Carlson et al. 

(1998) found that amending sand with peat can increase the amount of water 

retained in the root zone by as much as 1.52 cm. Additionally, peat amended root 
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zones have been shown to increase the macro-porosity of the soil (Hannaford and 

Baker, 2000). 

Environmental Concerns with Peat 

Because of the environmental concerns regarding peat extraction, there may be 

pressure to reduce the usage of peat on golf courses (Cook and Baker, 1998). 

Continually harvesting large quantities of peat moss is not a sustainable process as 

peat is a naturally occurring re-source and the supply is limited (Soldat et al., 2009; 

Waltz Jr. et al., 2003). Cook and Baker (1998) add that replacing peat will only be 

viable if ecologically-sustainable alternatives to peat are found.  

Environmental concerns with peat extraction are not the only issues confronting the 

use of peat as a soil amendment. Sphagnum peat moss is biologically unstable in 

warm, humid climates (Sartain, 1995). Additionally, peat is a food and energy source 

for microorganisms; therefore it decomposes and may eventually lose its desirable 

characteristics (Kussow, 1987; Huang and Petrovic, 1995). Bigelow et al. (2001a) add 

that the gradual decomposition of peat may adversely affect rootzone percolation 

rates. Guertal (2002) thinks that peat will inevitably be replaced by renewable 

organic materials and/or inorganic materials having improved physiochemical 

resiliency. 

In investigating potential changes of physical properties in sand-based root zones 

over a seven year period, Devaney et al. (2007) noted that 4:1 mixtures of sand and 

sphagnum peat moss caused a dramatic loss in turf quality during the month of 

August because of excess water retention held at the surface caused by greater 

water capillary porosity in the mat layer.  
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Compost 

Composts are fermented organic residues and wastes of predominantly plant origin 

that can vary in physical characteristics, chemical constitution, and microbiology 

(Adams, 2008). Murphy (2007) adds that high-quality composts for amending sand 

rootzones are produced by aerobic decomposition of organic matter and should be 

mature, stable, and weed free. Composts can confer as good of benefits as peat to 

the water relations of rootzones while providing better nutrient supply 

characteristics (Adams, 2008). While composts are acknowledged to provide many 

benefits, the quality and consistency of composts can vary widely, presenting a 

significant challenge when selecting composts. The physical, chemical, and biological 

qualities of compost will vary depending on the source material (feedstock) as well as 

the composting process itself (Murphy, 2007). Before non-peat organic amendments 

can be considered as a viable alternative to peat for use in sand dominated root 

zones, the consistency of the source would have to be examined and the material 

would have to be relatively uniform from one batch to another (Cook and Baker, 

1998).  

Compost versus Peat 

Organic matter content values exceeding 80% by weight for native peats generally 

corresponds with greater quality material; however, composts have been 

successfully used in root zones when the compost material has organic matter 

content as low as 65% by weight (McCoy, 2011). Bigelow et al. (2000) add that if an 

organic material is used for soil modification, it is important to use well-decomposed 

materials because they are more stable and less likely to negatively impact the soil 

physical properties.  
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Most organic materials are added to root zones for their nutrient retention 

properties (McCoy, 2011). Murphy (2007) found that composts evaluated in trials 

generally improved soil fertility, particularly phosphorus and micronutrient content; 

additionally, turf performance on 90:10 (v/v) sand-compost mix was as good or 

better than sand-peat mixes, and hand-watering needs were similar to 90:10 (v/v) 

sand-peat mixes. Markham et al. (1998) determined that turfgrass grown in sand-

based rootzone mixes amended with biosolid compost established more quickly, 

yielded significantly deeper roots, and improved color when compared to turf grown 

in peat-amended rootzone mixes. 

Soil as an Amendment in Sand 

Sand can be amended with a finer-textured soil to subtly increase the organic matter 

and fine particle size content of a mix, which is intended to improve nutrient and 

water retention (Murphy, 2007). Companies have even marketed organic rich soils 

such as ‘Fensoil’, which is marketed in the United Kingdom for use as an amendment 

for sand rootzones (Adams, 2008; Hannaford and Baker, 2000). McCoy (2011) adds 

that root zone response to amendments is generally influenced by texture, 

uniformity and the amounts of silt and clay of the amended sand. Thus, fine to 

medium textured sand exhibit a lesser response to added amendments whereas 

medium to coarse textured sand exhibit a greater response. A major drawback to 

organic rich soils is that they can clog sand pores. Rich soils can contain more 

humified organic matter than peats and are more likely to contain water dispersible 

material that is mobile within a sand matrix, thereby adding to the potential for 

clogged pores (Adams, 2008).  
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While soil can be used as an amendment in sand rootzones, research has shown that 

other products outperform it (Hannaford and Baker, 2000; Murphy, 2007). In a study 

examining the effect of rootzone composition and compaction on root development 

in sand-dominated golf green profiles, Hannaford and Baker (2000) found that root 

depth in fensoil-amended rootzones was approximately 5% deeper than the topsoil-

amended rootzones whilst rooting in peat-amended rootzones was 15% deeper. 

While rooting was shallowest in soil-amended rootzones, another drawback to soil-

amended rootzones was that they also had the highest levels of penetration 

resistance and bulk density (Hannaford and Baker, 2000). Bulk density is more 

commonly used as an indicator of mechanical impedance to rooting, but it also 

reflects the porosity of the material. The total volume of macropores was highest in 

the peat-amended rootzones, soil-amended rootzones were intermediate, whilst 

macroporosity was lowest in fensoil-amended rootzones. Hannaford and Baker 

(2000) add that the lower macroporosity in fensoil-amended rootzones may explain 

why rooting was significantly shallower relative to rooting in rootzones amended 

with peat. The pore structure in peat amended rootzones would have been more 

conducive to root growth and the lower water holding capacity would have 

encouraged the roots to penetrate deeper into the growing medium (Hannaford and 

Baker, 2000).  

Research by Murphy (2007) noted similarities to previous work done with soil 

incorporation into sand in that sand-loam mixes were effective at improving nutrient 

retention and turf quality; however, no improvements were observed for water 

availability by amending sand with loam (Murphy, 2007). In addition, amending sand 

with excessive amounts of loam (too much silt and clay) resulted in a more 
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compacted rootzone and turf that was very sensitive to drought stress (Murphy, 

2007).  

Biochar  

Biochar is created by using the process of fast pyrolysis that heats biomass (Such as 

switchgrass) to 500 C in a matter of a few seconds resulting in three co-products: 

biochar, bio-oil and syngas. Biochar is very resistant to decomposition and, when 

mixed with soils, it increases nutrient retention because of its high relative cation 

exchange capacity (Brockhoff and Christians, 2011). Brockhoff and Christians (2011) 

add that Biochar increases available water-holding capacity and water retention 

when mixed with sand.  

In a study testing switchgrass biochar as a soil amendment in sand-based rootzones, 

Brockhoff and Christians (2011) found that the rooting depth of creeping bentgrass 

was excellent until biochar exceeded 10% of the rootzone mixture. Phosphorus and 

potassium levels in the root zones also increased with increasing levels of biochar, 

indicating that biochar has the potential to contribute available nutrients to the turf. 

In addition, Nitrate and ammonium leaching decreased with increasing biochar levels 

in the sand media (Brockhoff and Christians, 2011). 

Humic Substances  

Humic substances are often used as an amendment in putting greens to improve turf 

health, but little is known regarding their effects on soil moisture retention (Van Dyke 

et al., 2008). In a study testing humic substances effect on moisture retention and 

phosphorus uptake in intermountain west putting greens, Van Dyke et al. (2008) 

noted that humic substances did not have any substantial effect on the water holding 
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capacity in sand putting greens, or the tissue concentration of phosphorous in 

creeping bentgrass. 

Inorganic Soil Amendments  

Inorganic materials are derived from large, naturally occurring mineral deposits and 

are generally mined from the ground (Bigelow et al., 2000). McCoy (2011) adds that 

inorganic amendments are sand sized, roughly spherical mineral particles that, unlike 

sand, also contain internal porosity. Some of the characteristics of these products 

that potentially make them desirable for improving the properties of sands are a 

large internal porosity that results in water retention, a uniform particle size 

distribution that allows them to be easily incorporated, and high cation exchange 

capacity that retains nutrients (Bigelow et al., 2000). 

Inorganic Amendment Products 

Inorganic amendments are manufactured to different specifications and can vary 

according to particle size and particle uniformity. McCoy (2011) states that of the 

most common inorganic soil amendments, Profile is very uniform and most closely 

matches the texture of typical root zone sand (McCoy, 2011). In addition, greens 

grade Axis contains 81% of the particles in the coarse and very coarse size classes 

with most of the remainder in the medium class, Profile contains 99% of particles in 

the medium and coarse size classes, and Ecolite contains 86% of particles in the 

medium and coarse size classes with most of the remainder in the fine class. Bigelow 

et al. (2000) add that some of the more commonly used products include: calcined 

clays, porous ceramics, expanded shale, diatomaceous earth, and zeolites.  McCoy 

(2011) states that there are three major classes of inorganic amendments including 
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calcined clay products such as Profile, clinoptilolite zeoline products such as Ecolite, 

and diatomaceous earth products such as Axis.  

Zeolites 

Zeolites are a newer class of amendments widely used for turfgrass rootzones 

(Bigelow et al., 2000). Zeolites are porous crystalline alumino-silicates with pore 

systems that are large enough to permit diffusion of ions and small molecules 

(Adams, 2008). They are tremendous absorbers and have long been used for 

removing pollutants in industrial processes and the environment in general (Bigelow 

et al., 2000; Toma, 2007). The use of these minerals in turf has become popular 

because they have a strong affinity for cations (Bigelow et al., 2000; Toma, 2007). 

Bigelow et al. (2000) add that zeolites do have internal porosity and hold significant 

amounts of moisture, but generally do not retain as much moisture as clay-based 

products. 

Calcined Clays 

Calcined clay is a general term that is used to refer to heat treated clay that is 

crushed, dried and sized to meet the particular needs of an industry (Minner et al., 

1997). Calcined clays, also marketed as porous ceramics, are products that have been 

heat treated at very high temperature (1000-1800 degrees F) (Bigelow et al., 2000; 

White, 2009; Minner et al., 1997). The heating process increases the structural 

integrity of the particles and allows them to retain their chemical properties (Bigelow 

et al., 2000; Toma, 2007). Once calcined, most products are often screened to a 

uniform particle size, making them well sized for use in putting green rootzones.  
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White (2009) notes that the early calcined clays were not processed well and their 

stability or structure was not permanent, causing severe damage in some of the 

putting greens that had calcined clays added to the soil profile. Since these products 

are clays by nature, they also have a very high inherent moisture-holding capacity 

(Bigelow et al., 2000). This high moisture retention is the result of many small 

internal pores. Another benefit of these clay-based minerals is that because they are 

clays, they have some nutrient-holding capacity, particular for cations like the 

ammonium ion (Bigelow et al., 2000). Waddington (1992) adds that calcined clays are 

often composed of montmorillonite attapulgite clays that in their native form exhibit 

moderate to high cation exchange capacities. Calcined clays have been shown to 

increase porosity, infiltration, and water holding capacity, but decrease available 

water (Minner et al., 1997). While calcined clays have been reported to increase 

capillary porosity and moisture retention, most of the water is held at high tension 

and is unavailable for plant use (Smalley et al., 1962; Horn 1970).  

Diatomaceous Earth 

Diatomaceous earth is a material that has been mined from deposits of diatom shells 

that have a high degree of internal pore space (Bigelow et al., 2000; Toma, 2007; 

Waddinton, 1992). Diatoms are one-celled ocean organisms whose cell walls consist 

of interlocking parts and valves containing silica (Bigelow et al., 2000). Bigelow et al. 

(2000) note that the skeletons of these diatoms have a high degree of internal pore 

structure, and thus, like the clays, retain significant quantities of water.   

Inorganic Amendment Comparison 

Inorganic amendments show an interesting dichotomy in that diatomaceous earth 

materials provide a much greater contribution to water retention than clinoptile 
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zeolite; whereas clinoptile zeolite materials provide a much greater nutrient 

retention contribution than diatomaceous earth. Calcined clay materials are 

generally intermediate on both measures (McCoy, 2011). McCoy (2011) notes that  

because calcined clay exhibits similar capillary porosity and surface water content 

values to diatomaceous earth, at equal volume rates, and similar cation exchange 

capacity values to sphagnum peat moss, also at equal volume rates, this inorganic 

amendment would be the preferred choice (McCoy, 2011). 

McCoy and Stehouwer (1998) studied the performance of three inorganic 

amendments (a calcined clay, and two diatomaceous earth amendments) when 

added to high sand based root zone mixes. All internally porous inorganic 

amendments retained water in the internal porosity; however, diatomaceous earth 

products retained a larger amount internally than calcined clay. The diatomaceous 

earth products also released more water from the internal pore space at slightly less 

negative pressure heads than calcined clay (McCoy and Stehouwer, 1998).  

Petrovic et al. (1997) evaluated the physical stability of several natural zeolites 

(clinoptilolite), calcine clay, and calcine diatomite with simulated weathering and 

traffic. Petrovic et al. (1997) found that natural zeolites broke down in the range of 2-

12%, indicating that they were relatively stable to weathering forces. Profile (Calcine 

clay) and Axis (Calcine diatomite) were slightly more stable to weathering than the 

natural zeolite products at 6 and 6% respectively (Petrovic et al., 1997).  

Effects of Inorganic Amendments on Soil Properties 

The ability of inorganic amendments to reduce a soil’s bulk density while increasing 

its cation exchange capacity has been well documented (Bigelow et al., 2001a; 

Bigelow et al., 2004; Li et al., 2000; Goodall et al., 2005; Waltz et al., 2003). Waltz Jr. 
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et al. (2003) found that bulk density was reduced and total porosity was increased in 

three mixtures of sand containing sphagnum peat moss, calcined clay, or 

diatomaceous earth. Goodall et al. (2005) found that increasing the rate of calcined 

clay decreased bulk density and shear strengths, and increased saturated hydraulic 

conductivity of baseball infield skins.  

Inorganic Amendment Effects on Plant Available Water and Soil Water Holding 
Capacity 

Internally porous inorganic amendments such as Axis and Profile have been 

marketed for their internal porosity and mineralogy that are thought to improve 

turfgrass growth by improving water and nutrient retention in high sand rootzones 

(McCoy and Stehouwer, 1998). Murphy (2007) points out that the internal pores of 

inorganic amendments increase effective surface area within the rootzone and are 

small enough to retain water against the pull of gravity. While internally porous 

inorganic amendments have been shown to increase the water holding capacity of 

high sand content root zone mixes, Curtis and Claassen (2008) report that there is 

conflicting data on the influence of inorganic soil amendments on plant available 

water. Hummel (1993) showed that a portion of the water held by internally porous 

inorganic amendments is held under high soil water tensions and is therefore 

unavailable for plant use. McCoy and Stehouwer (1998) studied the water release 

curves of inorganic amendments and sand mixtures from saturation to ~ -10000 J kg 

–1. They found a bimodal distribution of water release, where water held between 

sand and inorganic amendment particles was released between saturation and ~ -3 J 

kg –1. Water held within the inorganic amendment particles began to be released at 

a matric potential of -12.6 J kg, but did not begin to release appreciable water until a 

matric potential of -53 J kg–1. 
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Effects of Inorganic Amendments on Cation Exchange Capacity 

Unlike organic amendments, inorganic amendments are selective for mono-valent 

cations on the exchange sites, thereby making inorganic amendments superior in 

retaining the nutrient cations of ammonium and potassium (McCoy, 2011; Guertel 

and Waltz, 2008). Murphy (2007) states that when compared to other inorganic 

amendments, zeolites generally have the greatest cation exchange capacity.  

In a study of the water and nutrient retention properties of inorganic amendments in 

high content sand root zones, McCoy and Stehouwer (1998) noted that only calcined 

clay contained sufficient CEC to translate the selectivity for potassium versus calcium 

exchange sites into a potassium retention response. It must be noted however that 

McCoy and Stehouwer (1998) only tested a diatomaceous earth and a calcined clay 

with different sized sand particles, therefore the experiment did not contain zeolites. 

Inorganic versus Organic Soil Amendments 

Peat continues to be the most widely used amendment for sand-based rootzone 

construction; however, a number of materials have been proposed and used over the 

years as a replacement for peat in sand-based rootzones (Murphy, 2007). Inorganic 

amendments have a clear advantage over peat in that they do not decompose, and 

are very dry and flowable, making blending much easier and more consistent 

(Murphy, 2007). While inorganic amendments clearly have an advantage in that they 

do not decompose and are manufactured well, they are also expensive (Bigelow et 

al., 2000). For an 18-hole putting green renovation, it is not uncommon for inorganic 

amendments to add as much as $100,000 compared to the cost of peat moss (White, 

2009). Soldet et al. (2009) note that the inorganic amendments used in their study 

cost 7-11 times more than the sphagnum peat per unit volume.  
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Researchers who have focused on the comparison of organic amendments versus 

inorganic amendments often find that the results favor organic amendments 

(Bigelow et al., 2000; Joo et al., 2001; Waltz Jr. et al., 2003; Carlson et al., 1998; 

Hannaford and Baker, 2000; Neylan and Robinson, 1997; Letey et al., 1966). Waltz Jr. 

et al. (2003) measured free drainage of three different soil profiles containing sand 

and either calcined clay, diatomaceous earth, or Canadian sphagnum peat moss and 

found that at a 15% (v/v) ratio of sand to amendment, Canadian sphagnum peat held 

significantly more water than either of the inorganic mixtures. Minner et al. (1997) 

compared the use of Profile porous ceramic clay in a topdressing blend to a 

topdressing blend of sand and peat and found that no advantages were present by 

using porous ceramic clay as a substitute for peat. Guertel and Waltz (2008) 

researched sand and sphagnum peat moss greens mix compared to inorganic 

amendments and found that inorganic amendments were no less likely to provide 

highly significant benefits; however, when water retention was studied, mixtures 

with peat often had better water retention than greens mixes containing inorganic 

amendments. 

In a study where rootzone amendments were blended with sand at an 80:20 (v/v) 

sand:amendment ratio, Carlson et al. (1998) found that the amount of water retained 

in the root zone actually decreased by the addition of Isolite and rice hulls. 

Additionally, Carlson et al. (1998) noted that the amendment influence extended 

through the grow-in season and continued to influence turf for the first six years of 

the life of the green. 

In an extensive study of sand profiles varying in amendments, Murphy et al. (2004b) 

found that mixtures with 20% loam had water retention capacity similar to the 20% 

sphagnum and 10% reed sedge mixes.  Turf performance suggested that compaction 
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(low air-filled porosity and K) was producing some stress on the 20% loam plots, yet 

the plots were not failing (Murphy et al., 2004b). Mixes with higher CEC also 

improved turf performance during grow-in.   Low water retention potential in a mix 

with high CEC (high relative to sand-based mixes) offset this advantage as irrigation 

and fertilization objectives shifted away from establishment toward a maintenance 

goal (Murphy et al., 2004b). Adequate turf establishment was observed on most 

mixes with inorganic amendments (exception Greenschoice).  However, more 

consistent and higher levels of turf performance were observed on rootzones 

amended with organic amendments. Sand amended with a kaolin-cellulose recycled 

paper product (Kaofin) produced highly variable turf performance, yet the longer 

term turf response was very positive. Thus, the product could have potential if 

problems at early establishment can be overcome (Murphy et al., 2004b). 

Joo et al. (2001) evaluated various soil amendments including organic amendments 

such as hypnum peat moss, Dakota reed sedge peat, and Irish peat moss, as well as 

inorganic amendments including Axis (diatomaceous earth), Profile (porous ceramic 

clay), Flex-a-Clay (polymer coated sand), and Bio-ceramic (ceramic material) while 

evaluating each amendments ability to affect the growth of creeping bentgrass 

‘Crenshaw’ grown on a sand-based soil profile under stressed and unstressed 

conditions. Joo et al. (2001) concluded that the organic amendments improved visual 

quality, clipping yield, and root growth in both stressed and unstressed conditions, 

with Dakota reed sedge peat being the most effective out of the organic 

amendments. The inorganic amendments did not improve clipping yield or root 

growth in unstressed conditions; however, under water-stressed conditions all 

inorganic amendments except Profile increased clipping yield by 72 to 136% (Joo et 

al., 2001). Overall, the most effective treatments under high-temperature stress were 
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Axis among the inorganic soil amendments and Dakota peat among the organic soil 

amendments. Joo et al. (2001) added that inorganic amendments were generally less 

effective as soil amendments than organic soil amendments were on bentgrass 

growth, visual rating, and clipping yield under unstressed, moisture-stressed, or low 

nitrogen stressed growing environments.  

Additional research performed by Letey et al. (1966) measured oxygen diffusion rate 

values of soils incorporated with peat, calcined clay, or lignified redwood 

amendments. Letey et al. (1966) found that oxygen diffusion rates were lowest for 

unamended soil, next lowest for peat amended soil, and then highest for soils 

amended with calcined clays or lignified redwood. Work by Neylan and Robinson 

(1997) tested amendments for turfgrass construction. Results showed that peat 

moss, pinebark, and porous ceramic beads were the most effective in increasing 

moisture retention, while zeolites improved potassium retention. Medium-fine sand 

was the most susceptible to compaction while under heavy use the manufactured 

sand amended with peat moss could be expected to provide the best growing 

medium (Neylan and Robinson, 1997). In addition to earlier work, Robinson and 

Neylan (2001) studied six different soil amendments among organic and inorganic 

materials and their influence turf performance. Results showed that Zeolite was the 

only treatment that substantially increased potassium retention. 

Polymers 

Polymers can include starch-grafted copolymers, cross-linked polyacrylamides, and 

polyacrylates (Polhemus, 1992). Starch-grafted copolymers have the shortest life 

span, with a typical range of one month to one year, while typical life spans quoted 

for cross-linked polyacrylamides are 5 to 10 years, and polyacrylates and associated 
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copolymers are thought to last from 2 to 5 years. The life spans are approximations 

and greatly depend on soil conditions (Polhemus, 1992). Polhemus (1992) adds that 

such rapid decay of the starch-grafted copolymers is a result of the starch chains that 

make up its structure being easily digested by soil microbes. 

Benefits of Polymers 

Polymers are acknowledged to have benefits to plant available water, water holding 

capacity, and soil physical properties (Polhemus, 1992; McCoy, 2011; Wofford and 

Ellefson, 1990; Azzam, 1980). Depending upon the manufacturing process, water-

absorbing polymers can absorb hundreds of times their weight in water and up to 95 

percent or more that water can be released to growing plants (Azzam, 1980). 

Wofford and Ellefson (1990) acknowledge that one pound of cross-linked 

polyacrylamide will absorb and hold up to 48 gallons of water for plant uptake. By 

increasing the water holding capacity of the soils, polymers are able to extend 

irrigation intervals (Polhemus, 1992).  

When polymers are incorporated into a soil, they increase the effective water holding 

capacity of the root zone. They do this by acting like miniature reservoirs that plants 

can draw from as they need water for transpiration (Polhemus, 1992; Wofford and 

Ellefson, 1990). Soil polymers also affect soil structure. The expansion and 

contraction of the polymer while in the soil has been reported to cause greater soil 

fracturing and possible reduction in compaction (Polhemus, 1992). 

Problems with Polymers 

Polymers are a problem in that they swell to mechanically weak bodies within the 

soil. The swelling can cause the ground to heave, and subsequent foot and vehicle 
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traffic result in a very uneven surface (McCoy, 2011). High rates of water-absorbing 

polymers can be detrimental, resulting in loss of turf density (Nus et al. 1991). 

Polymers can differ substantially from a laboratory setting to a field setting. Polymers 

drastically decrease in absorption ability when either the soil is saline or the water 

being absorbed contains cations such as Calcium (Polhemus, 1992; McCoy, 2011; 

Wofford and Ellefson, 1990). Polhemus (1992) adds that in typical irrigation water, 

the absorption of a common cross-linked polyacrylamide will be around 80 to 200 

times its weight in water. This is compared to laboratory test results showing 

absorption of 600 times its weight of water when deionized water is used. 

USGA Putting Green Specifications 

USGA putting greens have been a driving force for soil amendment testing. The 

USGA's method of putting green construction has served as the industry standard for 

building greens since it was introduced in 1960 (Moore, 2004). Moore (2004) adds 

that since 1993, more than $1 million of USGA sponsored research efforts have been 

undertaken in the United States and abroad to look at putting green construction 

methods. As of 2004, Eighteen separate projects have received funding on a variety 

of issues such as: slope of greens, water movement in USGA and California profiles, 

engineering characteristics of sand rootzones, the impact of inorganic and organic 

amendments, environmental impacts of sand-based greens, the status of 

microorganisms in sand-based greens and in fumigated rootzones, and testing 

protocol for physical soil testing (Moore, 2004). 
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2004 USGA Putting Green Construction Specifications 

USGA putting green construction specifications were first introduced in 1960 and 

have been constantly revised since then. The latest putting green construction 

guidelines were published in 2004. Construction techniques and new scientific 

information resulting from turfgrass research are crucial for meeting the increasing 

demands on modern putting greens (Moore, 2004). Construction can be broken 

down into seven steps: The subgrade; drainage; gravel and intermediate; the 

rootzone mixture; top mix covering including placement, firming, and smoothing; 

seed bed preparation; and fertilizing (USGA, 2004). 

Subgrade 

USGA construction guidelines specify that the slope of the subgrade should conform 

to the general slope of the finished grade (USGA, 2004). The subgrade should be 

established approximately 400 mm below the proposed surface grade and 450 to 500 

mm when an intermediate layer is necessary. The subgrade should be thoroughly 

compacted to prevent further settling. The USGA (2004) adds that if the subsoil is 

unstable, geotextile fabrics may be used as a barrier between the subsoil and the 

gravel blanket.  

Drainage 

A subsurface drainage system is required in USGA greens (USGA, 2004). The pattern 

of drainage pipes should be designed so that the main drain(s) is placed along the 

line of maximum fall, and laterals are installed at an angle across the slope of the 

subgrade, allowing a natural fall to the main. Lateral drains should be spaced not 

more than 5 m apart and extended to the perimeter of the green. Laterals should 
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also be placed in water-collecting depressions if they exist. At the low end of the 

gradient, where the main drain exits the green, drainage pipe should be placed along 

the perimeter of the green, extending to the ends of the first set of laterals. Drainage 

pipe should be perforated plastic with a minimum diameter of 100 mm. As an 

alternative to round pipe placed in a trench, flat pipe placed directly on the prepared 

subgrade may be employed. Rational combinations of round and flat pipe may be 

employed within a greens drainage system. All other guidelines for drainage system 

installation should apply for this alternative construction method (USGA, 2004). 

Gravel and Intermediate  

The entire subgrade must be covered with a layer of clean, washed, crushed stone or 

pea gravel to a minimum thickness of 100 mm, conforming to the proposed final 

surface grade to a tolerance of plus or minus 2.54 cm. Soft limestones, sandstones, or 

shales are not acceptable. The need for an intermediate layer is based on the particle 

size distribution of the root zone mix relative to that of the gravel. When properly 

sized gravel is available, the intermediate layer is not necessary. If the properly sized 

gravel cannot be found, an intermediate layer must be used (USGA, 2004). 

The Root Zone Mixture  

The sand used in a USGA root zone mix must be selected so that the particle size 

distribution is as follows: Very coarse sand (1.0 -2.0 mm) shall not be more than 10% 

of the total particles in this range; Coarse sand (0.5 – 1.0 mm) and medium sand 

(0.25 -0.5 mm) must have 60% of the particles in this range; no more than 20% will 

be fine sand (0.15 -0.25 mm); no more than 5% of particles are allowed for very fine 

sand (0.05 – 0.15 mm); no more than 5% silt (0.002 -0.05 mm) is allowed; no more 
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than 3% clay (less than 0.002 mm) is allowed; and total fines (very fine sand and silt 

and clay) must be less than or equal to 10% (USGA, 2004). 

Organic Amendment Selection in USGA Greens 

Soil can be used in the root zone mix; however, soil must have a minimum sand 

content of 60%, and a clay content of 5% to 20% (USGA, 2004). If selected, peats 

must have a minimum organic matter content of 85% by weight. Other organic 

sources such as rice hulls, finely ground bark, sawdust, or other organic waste 

products are acceptable if composted through a thermophilic stage, to a mesophilic 

stabilization phase, and with the approval of the soil physical testing laboratory. 

Composts must be aged for at least one year. Rootzone mixes with compost as the 

organic amendment must meet the physical properties as defined by the USGA 

(USGA, 2004). 

Inorganic Amendment Selection in USGA Greens 

The USGA (2004) states that porous inorganic amendments such as calcined clays, 

calcined diatomites, and zeolites may be used in place of or in conjunction with peat 

in root zone mixes, provided that the particle size and performance criteria of the mix 

are met. Any inorganic amendment must be incorporated throughout the full 300 

mm depth of the root zone mixture. Polyacrylamides and reinforcement materials 

are not recommended (USGA, 2004).  
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Physical Properties of the Rootzone Mix  

The USGA (2004) recommends that the total air porosity of the rootzone mix fall into 

the 35% – 55% range. Air-filled porosity must fall into the 15% - 30% range, while 

capillary porosity must reside in the 15% - 25% range. Saturated hydraulic 

conductivity must exceed 150 mm per hour. 

Top Mix Covering, Placement, Smoothing, and Firming  

The thoroughly mixed root zone material must be placed on the green site and 

firmed to a uniform depth of 300 mm, with a tolerance of ± 25 mm (USGA, 2004).  

Seed Bed Preparation  

The USGA (2004) recommends that sterilization of the root zone mix by fumigation 

should be decided on a case by case basis, depending on regional factors. Fumigation 

always should be performed in areas prone to severe nematode problems, in areas 

with severe weedy grass or nutsedge problems, and when root zone mixes contain 

unsterilized soil (USGA, 2004).  

USGA Putting Green Research 

In a comparison of water drainage and storage in putting greens built using airfield 

systems and USGA methods of construction, considerably greater water tensions 

developed at the bottom of rootzones in standard USGA gravel based greens 

compared to Airfield Systems greens (McInnes and Thomas, 2009). McInnes and 

Thomas (2009) also found that considerably lower water contents were observed in 

standard USGA greens compared to Airfield Systems greens. Additionally, Airfield 
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Systems greens held about 12 mm more water in the rootzone than the standard 

USGA greens, or about three days more water for the grass to utilize (McInnes and 

Thomas, 2009). 

In studying the drainage effects of USGA greens, McCoy (1996) noted that after 

rainfall stopped, drainage from the USGA greens slowed substantially since the 

cumulative outflow curve quickly became almost flat. The USGA rootzones without 

the gravel layer, on the other hand, showed continued drainage although at a slower 

rate than during rain application. The much lower cumulative outflow after 48 hours 

from the low permeability USGA rootzone without the gravel layer was the result of 

the infiltration rate being less than the rainfall rate. The excess rainfall occurred as 

runoff and did not enter the soil profile (McCoy, 1996). 

In a study conducted to enhance understanding of the extent to which root zone mix 

composition and the absence of the intermediate sand layer modify water retention, 

the percolation rate, and capillary rise of simulated putting greens, Rappold (1998) 

found that the amount and type of organic amendment used in putting green root 

zone mixes can markedly affect their moisture relations. Increasing the organic 

matter content from 1.2 to 3.3% increased the amount of water retained by 30% or 

more, reduced percolation rates by 50% or more, and increased the height of water 

capillary rise by approximately 65%. Rappold (1998) noted that leaving out the 

intermediate sand layer in USGA putting greens increased water retention by 25% or 

more, increased percolation rates by 12 to 30%, and increased water capillary rise by 

27 to 33%. 
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Uses of Soil Amendments 

Soil amendments can be incorporated into existing soil profiles, added to soil mixes 

during landscape construction, added as a topdressing product, or used at the soil 

surface for establishment purposes (White, 2009; Guertel and Waltz, 2008; Colbaugh 

et al., 2005). The most common use of soil amendments in the game of golf is for 

putting green construction as documented by USGA guidelines (USGA, 2004). Carlson 

et al. (1998) note that moisture is the single most important influence on putting 

green quality. Organic matter strongly influences moisture retention, and therefore, 

putting green quality (Carlson et al., 1998). Guertel and Waltz (2008) add that 

reasons for the incorporation of amendments vary, ranging from improvement in the 

holding capacity of plant-available water to increases in nutrient retention. 

Soil Amendment Incorporation during Construction 

During the twentieth century, as interest in the game of golf expanded, golf courses 

were built in locations lacking sandy, infertile soil more native to traditional links 

style golf. Thus, the need arose for specifications to guide the construction of 

rootzones that were suitable for the game of golf (Murphy, 2007). The USGA Green 

Section first published guidelines on rootzone construction in 1960 and since then, 

the most widely accepted method of putting green construction has specified a high 

sand content rootzone (USGA, 1960; Murphy, 2007). Sand is naturally well suited for 

high-traffic areas like putting greens because it resists compaction, drains quickly, 

and maintains good aeration properties; however it does have limitations, most 

importantly poor water retention and nutrient retention (Bigelow et al., 2000; 

Bigelow et al., 2001b). The selection of amendment(s) for a sand mix varies 

throughout the United States and other parts of the world, and it is often based on 
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the biases of individuals involved in the design, construction, and future 

management of new or rebuilt putting greens (Murphy, 2007). 

In order to construct better putting greens, substantial research has been done with 

the selection of sand size, plus soil media in combination with soil amendments and 

the influence they have on golf course putting greens (Bigelow et al., 2001a; McCoy 

et al., 2007; Murphy, 2007). Bigelow et al. (2001a) found that amending medium-

coarse sized sand with sphagnum peat moss and inorganic amendments had 

significant beneficial effects on turfgrass establishment and visual quality ratings. In 

examining sand texture size and root zone amendment effects on soil water fate, 

McCoy et al., (2007) noted that adding 10% peat or 10% soil to a 90% sand mixture 

by volume increased overall water retention, reduced saturated hydraulic 

conductivity, and had greater root zone water contents; however, the sand and 

amendment treatments had little consistent effect on turfgrass response as judged 

by actual ET and rooting measurements. Murphy (2007) found that after 9 years of 

evaluation, turf performance on 100% sand plots frequently was poorer than turf 

grown on sand-peat rootzones. Additionally, hand-watering needs were sometimes 

greater on 100% sand rootzones that sand-peat rootzones (Murphy, 2007). 

Topdressing Incorporation of Soil Amendments 

While work done with soil amendments during construction has shown positive 

results from adding amendments to sand, research undertaken in regards to 

topdressing soil amendments into existing soil profiles has had limited success 

(Minner et al., 1997; Guertel and Waltz, 2008; Li et al., 2008). Guertel and Waltz 

(2008) examined amendments for remediation in putting greens and found that the 

incorporation of amendments in aerification holes showed no benefits. Li et al. 
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(2008) studied localized dry spots and other problems related to slope with the 

objective of the study being to evaluate the effectiveness of inorganic soil 

amendments in controlling localized dry spots on a sloped research green. Li et al. 

(2008) noted that no overall benefits were found from applying inorganic 

amendments compared to peat as topdressing to prevent dry spot problems.  

Contrary to other published literature, Minner et al. (1997) had success from top-

dressing porous ceramic clay into a sand based green. Minner et al. (1997) studied a 

sand based green that was top-dressed with Profile porous ceramic clay to determine 

the effect on turf quality, water infiltration, and incidence of localized dry spot. 

Compared to sand/peat top-dressing, Profile porous ceramic clay substantially 

reduced the incidence of localized dry spot and facilitated turf recovery. Minner et al. 

(1997) suggest that reduced surface and soil temperatures associated with Profile 

porous ceramic clay may be due to an effect on higher water holding and greater 

specific heat capacity (Minner et al., 1997).  

Athletic Field Incorporation 

Negative effects resulting from increased use of athletic fields includes reduced 

turfgrass cover, increased compaction, and decreased infiltration rates. Increased 

usage of athletic fields often results in unsafe, even unplayable conditions (Follis et 

al., 2009).  

Follis et al. (2009) studied sand rootzones and compared a range of soil-sand root 

zone mixtures amended with calcined clay and zeolite relative to surface traction, 

hardness, infiltration and turf quality responses. Root zone treatments included 90% 

sand mixed with 10% peat, 100% soil, and 100% sand. A range of sand/calcined 

clay/soil mixes (85/10/5, 85/5/10, 80/10/10, and 70/15/15 by volume), and a range 
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of sand/zeolite/soil mixes (85/10/5, 85/5/10, 80/10/10, and 70/15/15 by volume) 

were tested. An evaluation of surface hardness, traction, infiltration and turfgrass 

quality for soil/sand/compost root zones during the nonplay establishment phase of 

a Kentucky bluegrass field found few differences in surface hardness or traction. 

Infiltration rates were higher for the 90% sand-10% peat and 100% sand treatments 

(26.7 cm/hr average) compared to the other treatments. Recommendations from 

this study suggest that appropriate playability of athletic fields can occur with sand-

soil mixes amended with calcined clay or zeolite (Follis et al., 2009). 

Baseball Infield Incorporation 

Two important properties of any playing surface are its ability to absorb the energy 

generated upon impact (surface hardness) and the level of traction it provides to the 

athlete during play (Brosnan et al., 2009). The skinned portions of baseball and 

softball infields vary widely with respect to soil texture, applied amendments and 

conditioners, and water management (Goodall et al., 2005). Normal maintenance 

practices of baseball infields include surface scarification, soil moisture management 

through irrigation and tarping, as well as the addition of soil conditioners like calcined 

clay (Brosnan et al., 2009). Generally, recommendations for construction materials 

and maintenance practices of baseball and softball infields have not been based on 

extensive research, but rather on the sports turf manager’s preferences and 

experience, or marketing efforts that promote particular amendments or products 

(Goodall et al., 2005). 

Infield Skin Incorporation 

Soil amendments such as calcined clay are often applied to basepath surfaces as top-

dressing to create a uniform color and to keep the surface loose but firm when 
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players slide. Soil amendments are also used to manage soil moisture content 

(Puhalla et al., 2003). Proper moisture levels of skinned infields require sports field 

managers to adapt infield water management according to soil particle size, particle 

configuration, and amount of soil and type of amendments. Soil amendments and 

the soil particle size affect the saturated hydraulic conductivity (Ksat) of soils (Brady 

and Weil, 2002).  

McCoy and Stehouwer (1998) determined that amendment uniformity and particle 

size contribute to Ksat and bulk soil water retention for root zone mixes. In a study 

conducted on cricket pitches, Baker et al. (2001) note that a small variability in soil 

moisture or bulk density, especially closer to the surface, may have the potential to 

change the overall surface playability, such as: ball rebound, ball pace, and surface 

hardness of the pitch. Furthermore, Stewart and Adams (1968) noted that the 

playing characteristics of a cricket pitch were a function of only the top 25 mm of the 

soil. Goodall et al. (2005) studied ball response and traction of skinned infields 

amended with calcined clay at varying soil moisture contents and found that surface 

hardness increased more with coarse-textured soils and increasing calcined clay rate, 

but decreased more with fine-textured soils and increasing soil moisture. 

Additionally, Goodall et al. (2005) found that increasing the rate of calcined clay 

decreased bulk density and shear strengths, and increased saturated hydraulic 

conductivity.  

Brosnan et al. (2009) conducted an experiment to determine the effects of varying 

surface characteristics on the hardness and traction of non-turfed basepaths, natural 

turfgrass (poa pratensis L.) and synthetic turf surfaces used for baseball. Brosnan et 

al. (2009) found that topdressing with a calcined clay had no effect on surface 

hardness or linear traction, but reduced rotational traction values.  
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Amendment Incorporation on Horse Racecourses 

Horse racecourses are constructed on the full range of soil textures, from sand to 

heavy clays with the performance of the turf surface being greatly affected by the 

soil water content. The overall performance of a racecourse is considered ideal when 

it provides good traction, high shock absorbency and minimal surface deformation 

(Magni et al., 2005). 

In a trial designed to study the influence of pipe drainage and topsoil amendment 

consisting of sand or compost on horse racecourse turf, Magni et al. (2005) found 

that the topsoil amendment with compost resulted in a better ground cover and 

quality while topsoil modification with sand reduced hoof mark depth and improved 

water infiltration rate. Compost incorporation resulted in higher soil water content 

and thatch accumulation appeared to be increased by the use of the organic 

amendments. Pipe drainage did not appear to significantly affect the quality of the 

turf either when installed in control soil or in conjunction with modified topsoil 

(Magni et al., 2005). While compost did enhance the topsoil quality, soil modification 

with sand and drainage appeared to be the most reliable tools for horse racecourse 

construction since they improved water infiltration and bearing capacity for the 

surface and reduced that plasticity of the soil underneath the topsoil layer.  

Soil Amendment Use for Improved Survival of Roadside Grasses 

Brown and Gorres (2011) evaluated the effects of improved cultivars, salt tolerance, 

and organic matter amendments on perennial grass survival along two highways in 

Rhode Island. The amendments tested were processed biosolids and composted yard 

waste, each applied in a 50:50 mixture by volume with existing roadside soil; plain 

soil was included as a control. Brown and Gorres (2011) found that a one-time 
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application of organic matter significantly improved turfgrass cover for the entire 2-

year study. Results showed that biosolids had a significantly greater effect than yard 

waste compost. Overall, soil amendment was more effective at promoting survival 

than either improved genetics or salt tolerance of turfgrasses. Establishment, vertical 

growth, and persistence of vegetation cover were significantly improved by the 

addition of organic matter, particularly biosolids. In Summer 2009 (the second 

growing season), turf cover exceeded 50% in the biosolids plots but was below 20% 

in the plain soil plots with complete loss of cover in the plain soil plots at one location 

(Brown and Gorres, 2011). 

Core Cultivation Effects on Rooting and Soil Physical Characteristics 

Core cultivation is extensively used to improve soil conditions and turf quality on 

heavily trafficked turf sites (Murphy et al., 1993). Core cultivation is also known as 

aeration and has been shown to increase water infiltration, plus root growth and 

depth, while also often increasing turfgrass density. On golf putting greens, core 

cultivation is generally performed with vertical operating hollow tine units which 

selectively remove soil cores from the turf with the primary objective being to 

alleviate soil compaction (Murphy et al., 1993). In addition to hollow tine cultivation, 

cultivation with solid tines has gained popularity because it causes less disruption of 

the turf surface than hollow tines do and there is decreased equipment and labor 

costs associated with the maintenance practice; however, severe compaction at the 

bottom of the cultivation zone is a major criticism of solid tine cultivation (Murphy et 

al., 1993).  

Carrow et al. (1987) reported that core cultivation improved turf quality. A more 

extensive study by Murphy et al. (1993) found that soil porosity, conductivity, and 
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infiltration data showed that the benefits of cultivation require a long term program 

and involves transient responses such as soil strength reduction. Even though soil 

porosity and water conductivity data suggested that a cultivation pan was 

developing, soil strength data did not reveal that increased soil strength at the 

bottom of the cultivation zone was existent compared to non-cultivated plots 

(Murphy et al., 1993).  

Soil Amendment Influence on Establishment of Turfgrasses and Sod 

Soil amendments have long been used to influence turfgrass seed establishment. 

Quick establishment of turfgrasses is important for golf courses as it can affect the 

initial generation of revenue and amount of play (Murphy et al., 2004b). Significant 

research has been done in relation to soil amendment influence on turfgrass 

establishment (Murphy et al., 2004b; Linde and Hepner, 2005; Waltz and McCarty, 

2000; Duff et al., 2009; Leinauer and Makk, 2007). Linde and Hepner (2005) tested 

turfgrass seed and sod establishment on soil amended with biosolid compost. Results 

indicated that a 5.08 cm to 7.62 cm depth of compost and soil worked well for 

establishment. In addition, Linde and Hepner (2005) found that high salinity and 

excessive ammonium nitrogen levels in the compost-amended soil at the time of 

establishment caused a 2 to 3 week delay in seed and sod establishment. After the 2 

to 3 weeks, the compost-amended plots outperformed the one-time fertilized plots 

in turfgrass density (Linde and Hepner, 2005). Murphy et al. (2004b) noted that more 

consistent and higher levels of turf performance were observed on rootzones 

amended with organic amendments. Research performed by Waltz and McCarty 

(2000) indicated that peat-amended sand allowed bentgrass to establish three 

months sooner than sand plots amended with either ceramic clay or diatomaceous 

earth. 
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An extensive study performed by Leinauer and Makk (2007) investigated whether 

greens type, irrigation type, and/or rootzone type affected turfgrass establishment 

and irrigation water use on golf greens in the desert Southwest. The authors’ looked 

at establishment on sprinkler-irrigated USGA greens, sub-surface drip-irrigated USGA 

type greens, sprinkler-irrigated California style greens, and sub-irrigated straight sand 

greens. When data was analyzed separately for each amendment, sprinkler-irrigated 

USGA greens and sub-irrigated greens established faster on standard rootzones than 

drip-irrigated USGA greens and sprinkler-irrigated California greens (Leinauer and 

Makk, 2007). Sprinkler-irrigated California style greens and sub-irrigated greens had 

the fastest establishment on the urea-formaldehyde polymer rootzones while 

subsurface drip and sprinkler-irrigated USGA greens showed the slowest 

establishment on urea-formaldehyde polymer rootzones (Leinauer and Makk, 2007). 

Despite having received the highest quantities of irrigation water, subsurface-drip 

irrigated plots established the slowest. Capillary rise in the sandy rootzone may not 

have provided enough water to the seedlings at the surface (Leinauer and Makk, 

2007). 

Products are currently being marketed to enhance the establishment of newly-laid 

turf sod (Duff et al., 2009). Research performed by Duff et al. (2009) evaluated 12 

rootzone amendments to improve soil moisture relations under newly laid sod; 

however, no descriptions of soil amendments tested were reported in the paper. 

Results showed that there was no benefit to turf establishment when using soil 

amendment products if the soil already had good water-holding capacity. Turf 

establishment was more responsive to products at higher application rates but the 

higher rates also increased the risk of surface stability problems (Duff et al., 2009). 
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Micro-Environmental Effects on Rooting During Turf Establishment 

Murphy et al. (2001) evaluated turf establishment in two microenvironments in 

conjunction with five sand size distributions and found that microenvironment had a 

subtle but inconsistent effect on turf establishment. Murphy et al. (2001) noted that 

the location of putting greens most likely had a greater effect on root development 

than shoot development during the grow-in establishment phase of turfgrass 

maintenance. Similarly, Murphy et al. (2005) evaluated different sand rootzone 

mixtures varying in amendment (fine loam, peat, clinoptilolite, and porous ceramic 

clay) and studied various micro-environmental effects on rooting during 

establishment.  Results proved that no root zone treatment offset the detrimental 

effects of microenvironment on rooting during establishment (Murphy et al., 2005). 

Divot Repair 

The impact of a golf club during a stroke, especially an iron, typically results in the 

displacement of an area of turf and soil, leaving a scar in the turf that is commonly 

referred to as a divot (Fry et al., 2008). As divots often result from a golfer’s attempt 

to strike a golf ball, divots are prevalent on fairways, tees, and driving ranges (Trappe 

et al., 2012). For practice range tees established with cool-season turfgrasses, such  

as creeping bentgrass or Kentucky bluegrass, late July and early August usually mark 

the time when golfers complain about excessive divots. Heavy play combined with 

stressful midsummer conditions leaves little opportunity for seedling establishment 

or regenerative growth of surrounding turf into divots (McClellan, 2012).  

While divots come in all sizes, the average iron shot is believed to remove a divot 

approximately 7.62 cm wide by 16.51 cm long. After just 30 shots (a small bucket of 

balls at most golf facilities), approximately 0.45 square m of turf are removed, given a 
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typical practice routine (McClellan, 2012). In addition to being disruptive for turfgrass 

maintenance, divot repair is expensive. In the year 2000, University of Illinois turf 

researchers conducted a survey of golf courses in the Chicago area (Schmitz et al., 

2005). 71 golf courses responded to the survey with budgets ranging from less than 

$250,000 to more than $750,000 a year. Respondents reportedly spent an average of 

$3,671 to repair divots on course tees, $4,240 on fairways and $3,353 on range tees 

(Schmitz et al., 2005). With divots being expensive to repair and also having the 

capability of removing excessive amounts of turf, the ability of turfgrasses to recover 

from divot injury is an important research area and the use of appropriate grasses 

and cultural practices in areas where damage is severe can be an important 

component of managing a golf course facility (Fry et al., 2008).  

Published research on divot recovery is scarce. Carey and Gunn (2000) evaluated the 

effectiveness of various divot repair mixtures both in regards to the recovery of the 

divot scars and visual estimates of turfgrass cover. Treatments included sand and soil 

combinations with added compost, peat, or fine clay with and without seed for a 

total of 17 treatments. Divot mixtures that contained seed consistently 

outperformed mixtures without seed in speed of regrowth. Carey and Gunn (2000) 

also noted that an important factor was the presence of compost, which significantly 

improved the performance of mixtures which contained it.  Compost was so effective 

that several 100% compost mixtures without seed performed better than some of 

the mixtures with seed (Carey and Gunn, 2000). In a similar study to Carey and Gunn 

(2000), Schmitz et al. (2005) evaluated divot recovery under the influence of soil 

amendments and used digital image analysis with Adobe Photoshop and IPLab 

software to determine the percentage of green pixels (seedling turf) to other pixels 

(bare ground). Two turf species were studied (L-93 creeping bentgrass and Midnight 
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Kentucky bluegrass) in mixes containing various ratios of sand, compost, and soil. 

Results showed that L-93 creeping bentgrass in mixes containing 80% sand or higher 

had the slowest recovery rate; however, there were no statistically significant 

differences among repair mixes for the Kentucky bluegrass study. Cultivars did not 

appear to have much impact on divot recovery and overall there was a great amount 

of variability in the research (Schmitz et al., 2005). 

Digital Image Analysis  

The most commonly used technique for estimating turfgrass cover or rate of spread 

in turfgrass establishment studies involves frequent, subjective ratings taken by 

trained evaluators. Although relevant information can be gained from these types of 

studies, the resultant data can be variable and difficult to reproduce by other 

investigators (Richardson et al. 2001). Software named SigmaScan Pro (v. 5.0, SPSS, 
Inc., Chicago, IL 60611) now allows users to search a digital image for a specific color 

or a range of color tones (Richardson et al., 2001). Preliminary work with similar 

images indicated that a hue range from 57 to 107 and a saturation range from 0 to 

100 would selectively identify green leaves in the images. Richardson et al. (2001) 

agree through the use of Digital Image Analysis (DIA), individual raters can 

independently evaluate studies without introducing bias or evaluator variability in 

the results. Digital image analysis gives researchers the ability to collect more 

extensive, quantitative data in many types of studies including drought and divot 

repair studies. 

Richardson et al. (2001) evaluated different turfgrass cover estimating techniques. 

Digital Image Analysis (DIA) of turfgrass cover was compared to subjective analysis 

(SA) and line- intersect analysis (LIA) methods for estimating cover in eight plots of 
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zoysiagrass (Zoysia japonica Steudel). The mean variance of percent cover 

determined by DIA (0.65) was significantly lower than SA (99.12) or LIA (13.18). 

Digital image analysis proved to be an effective means of determining turfgrass 

cover, producing both accurate and reproducible data (Richardson et al. 2001).  

Digital Image Analysis and Methodology of Ratings for Divot Repair 

In recent years, research regarding divot recovery has focused on the process of divot 

analysis and divot making techniques rather than soil amendment effectiveness for 

promoting seed germination (Karcher et al., 2005; Fry et al., 2008; Williams et al., 

2011; Trappe et al., 2012).  

Karcher et al. (2005) monitored recovery for divots by collecting digital images 

semiweekly, beginning on the day of injury and continuing until full recovery was 

reached. A red metal frame with a 10-by-15-cm opening was placed around each 

divot when collecting images so that for every divot, the same area of turf was 

measured each time an image was collected. The frame interior of each image was 

analyzed for percent green turf cover using SigmaScan Pro software. Williams et al. 

(2011) took divot analysis a step further by solely focusing on the analysis aspect of 

divot recovery. The reasoning for the research performed by Williams et al. (2005) 

was that the authors’ had found it difficult to assess recovery results with digital 

imaging analysis because of a large amount of variability in the turfgrass surrounding 

the divot. As a result, Williams et al. (2011) used colored sand to backfill divots with 

the goal of allowing the software to more easily recognize the difference between 

the turf area and the divot area. Results from both Karcher et al. (2005) and Williams 

et al. (2011) indicated that DIA used in conjunction with either colored sand or a 

frame worked well for percent cover analysis of divot repair.  



53 

 

 

Additional research by Trappe et al. (2012) quantified divot size, type, and severity of 

divots in warm-season turf as influenced by golf club selection and golfer. Divot 

severity and volume varied by club, with lofted wedges creating the largest divots. 

Severity and volume of divots varied by golfer, but there were no correlations 

between measurements and golfer ability (handicap). The average size of each divot 

was calculated as 51.2 cm squared, or approximately 5 cm by 10.15 cm.  

The accepted process of making divots for research purposes is to create gouges 

representative of actual golf club injury and to monitor the rate of turf recovery from 

injury (Fry et al., 2008). Research performed by Fry et al. (2008) evaluated different 

divot making devices and utilized digital image analysis (DIA) to more rapidly monitor 

recovery from divot injury. Divot making devices tested consisted of a motorized 

divot-making device developed at the University of Arkansas (ARK) from a standard 

lawn edger with a 3.5 hp gasoline engine, a device from Michigan State University 

(MSU) utilizing a hand-operated lever to move a cutting blade through an arc similar 

to that made by a golf club, and also a device from Oklahoma State University (OSU) 

which used a similar principle to the Michigan State University machine, except that 

the cutting device was engaged by using a foot lever. When comparing the length of 

the simulated divots, the ARK and the MSU devices were of similar uniformity, and 

both produced significantly more uniform divots than the OSU device on all three 

species. In addition, the motorized prototype from the University of Arkansas created 

divots at a rate of more than 300 per hour with little physical stress to the operator. 

In comparison, the same operator could only make about 60 divots per hour using 

either of the other two machines (Fry et al., 2008). 
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Future Research 

There has been a substantial amount of research performed regarding soil 

amendment use in putting green rootzone mixes.  While putting greens have 

benefited from the inclusion of soil amendments, there may be other uses for soil 

amendments including the addition of soil amendments to soil profiles through core 

cultivation, the inclusion of soil amendments for divot mixes and sod establishment, 

and the inclusion of soil amendments through other construction methods.   

Most research regarding soil amendments has evaluated organic and inorganic soil 

amendments. In addition, most research has concluded that polymers are hard to 

incorporate and swell to mechanically weak bodies within the soil. While soil 

amendments like peat moss, compost, and diatomaceous earth provide many 

substantial benefits for soil and plants alike, they lack the tremendous water holding 

capacity of polymers.  

Geohumus has won numerous environmental awards in Europe and has only recently 

been made available in the United States. Research involving Geohumus uses in the 

turfgrass industry has never been performed. As a new, hybrid soil amendment that 

shows promise for reducing water use while increasing plant yield, it is easy to see 

the need for the following research and the impacts the data and results will have on 

the overall success of sustainable turfgrass management.   
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CHAPTER 2 

WATER USE OF PERENNIAL RYEGRASS AS INFLUENCED BY INCORPORATION OF 
GEOHUMUS INTO A MATURE TURFGRASS LAWN 

 

Abstract 

Geohumus is a new and unique hybrid soil amendment consisting of polyacrylic acid, 

igneous rock flour, and quartz sand. It is biodegradable and is marketed to increase 

soil porosity, increase plant yield, and increase plant available water by up to 30%, all 

while using a low inclusion rate of only 1 – 2% volume/volume (v/v). It was 

hypothesized that Geohumus application in conjunction with cultural maintenance 

practices such as aeration might extend irrigation application intervals of an existing 

turfgrass lawn. Geohumus was mixed with USGA (United States Golf Association) 

specified sand and incorporated at a 1% v/v ratio into an existing perennial ryegrass 

stand maintained at two heights of cut using various incorporation machinery. 

Treatments included the incorporation of Geohumus via an aerator, dethatcher, 

Graden, or simulated drill-and-fill. Additionally, two other treatments including an 

untreated control treatment and an aeration treatment followed by sand topdressing 

without Geohumus were also studied. Daily light box pictures were analyzed using 

SigmaScan Pro software to compare percent green cover among treatments and to 

establish which plots were to receive irrigation. Varied irrigation application amounts 

were applied to maintain the standard quality level of 75% green cover and the 

readings showed significant differences among treatments for irrigation applications 

required to keep the turf green. The aeration treatment by itself was as effective as 

any treatment with Geohumus incorporation. Aeration provided a 35% reduction in 
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irrigation applications on the 61 mm height of cut in 2011 and a 24% reduction in 

irrigation applications on the same height in 2012. Aeration was less effective on the 

16 mm height of cut in both years compared to the higher height of cut. This 

research demonstrated that core cultivation can extend irrigation intervals and help 

with turf water conservation. 

Introduction 

Soil modification for turfgrass is the addition of soil amendments for the alteration of 

physical, chemical, and biological soil properties (Waddington, 1992; McCoy, 2011). 

Soil amendments are further defined as any additive placed directly into the soil 

profile (McCoy, 2011). Amendments are commonly included in root zone mixtures to 

increase soil water and nutrient retention capacities, decrease the water infiltration 

rate, and provide a better environment for turfgrass root growth (Horn, 1969). 

Specifically, most soil amendments have the ability to increase the amount of 

available moisture in the rootzone and thus increase the interval between irrigation 

applications (Nus et al. 1991).  

Soil amendments for use in turfgrass have been historically used in sand-based soil 

profiles and have been tested to improve the rooting media of golf course putting 

greens since 1916 (Hurdzan, 1985). Amendments began to gain popularity in the mid 

to late 1960s when Turface, the brand name of a type of calcined clay, was used by 

many superintendents (White, 2009). The United States Golf Association (USGA) 

Greens Section Agronomists further helped soil amendments gain popularity when 

the USGA released the first set of putting green construction specifications in 1960 

(Moore, 2004). The primary sand content in USGA greens provides good drainage, 

compaction resistance and aeration for root growth, but can be inefficient at 
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retaining adequate moisture and nutrients for turfgrass growth. Therefore, organic 

and inorganic amendments are possible tools for maximizing plant-available water 

and nutrient retention (Waltz and McCarty, 2000). Subsequent editions of the putting 

green construction methods now recognize many organic soil amendments, inorganic 

amendments, and soil as beneficial additions to sand-based root zone mixtures for 

putting greens; however, polyacrylamides and reinforcement materials are not 

recommended (USGA, 2004).  

Most research on soil amendment and root zone interactions have focused on either 

the addition of organic soil amendments such as peat moss and compost, or 

inorganic soil amendments such as calcined clay, clinoptile zeolite, and diatomaceous 

earth products. Little focus has been given to products such as polymers which can 

include starch-grafted co-polymers, cross-linked polyacrylamides, and polyacrylates 

(Polhemus, 1992). Polymers are known to provide benefits such as increased plant 

water availability, increased soil water holding capacity, and improved soil physical 

properties (Polhemus, 1992; McCoy, 2011; Wofford and Ellefson, 1990). Depending 

upon the manufacturing process, water-absorbing polymers can absorb hundreds of 

times their weight in water. Polymers have been shown to improve the water holding 

capacity of the soil and extend irrigation intervals (Polhemus, 1992; Wofford and 

Ellefson, 1990). They also affect soil structure as the expansion and contraction of the 

polymer while in the soil has been reported to cause greater soil fracturing and 

possible reduction in compaction (Polhemus, 1992).  

Polymers have been shown to be beneficial but can also be problematic because they 

swell in the presence of moisture into mechanically weak bodies within the soil. The 

swelling can cause the ground to heave, and subsequent foot and vehicle traffic can 

result in a very uneven surface (McCoy, 2011). Additionally, high rates of water-
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absorbing polymers have been shown to be detrimental to turfgrass, resulting in loss 

of turf density (Nus et al. 1991). The efficacy of polymers can also be contingent on 

site conditions. Polymers drastically decrease in absorption ability when either the 

soil is saline or the water being absorbed contains cations such as calcium (Polhemus, 

1992; McCoy, 2011; Wofford and Ellefson, 1990). Polhemus (1992) adds that in 

typical irrigation water, the absorption of a common cross-linked polyacrylamide will 

be around 80 to 200 times its weight in water. This is compared to laboratory test 

results showing absorption of 600 times its weight of water when deionized water is 

used. 

While traditional polymers can include starch-grafted co-polymers, cross-linked 

polyacrylamides, and polyacrylates, a new soil amendment called Geohumus differs 

from the above mentioned polymers. Geohumus is a new hybrid soil amendment 

that was developed in Germany. It is unique in that it contains both organic and 

inorganic components and behaves like a polymer, yet is more structurally stable. 

The defining ingredients of Geohumus include water, igneous rock flour, quartz sand, 

and polyacrylic acid. It is biodegradable, and is marketed to increase soil porosity, 

increase plant yield, and increase plant available water by up to 30%, all while using a 

low inclusion rate of only 1 – 2% volume/volume.  

The goal of this research was to evaluate the incorporation of Geohumus into an 

existing native soil profile with high clay content in order to see if Geohumus would 

impact total irrigation applications over the summer. In addition, it was desired that 

Geohumus be tested in a native soil with high clay content because most home lawns 

in the Pacific Northwest contain high amounts of clay. Because Geohumus is a new 

product, another objective of this research was to evaluate machinery capable of 

incorporating Geohumus into a soil profile. Previous research regarding the benefits 
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of inorganic soil amendment incorporation via topdressing is conflicting (Minner et 

al., 1997; Guertal and Waltz, 2008; Richardson and Karcher, 2001). Based on previous 

research, it was hypothesized that the addition of Geohumus would not extend turf 

irrigation intervals in a native soil with high clay content; however, it was believed 

that Geohumus application in conjunction with cultural maintenance practices such 

as aeration might extend irrigation intervals.  

Materials and Methods 

The research plot area (12 m x 25 m) is located on the 2.83 hectare turfgrass research 

parcel at the OSU Lewis-Brown Horticulture Farm (44° 33’ 4” latitude and 123° 12’ 

51” longitude) in Corvallis, OR. The native soil plot consists of a Chehalis and Malabon 

silty clay loam with a pH of 6.3. Preliminary soil test results indicate no fertility 

gradient and adequate potassium and phosphorous levels. 

During the fall of 2010, the existing transitional climax lawn consisting of perennial 

ryegrass (Lolium perenne), colonial bentgrass (Agrostis capillaris), and annual 

bluegrass (Poa annua) was treated twice with glyphosate (N-phosphonomethyl-

glycine) herbicide at a 2% solution one week apart to kill the existing plant 

vegetation. When the existing turfgrass was fully necrotic, the area was mown to a 

height of 1.6 cm and all foliage and debris were removed. A dethatcher was used to 

remove the remaining organic matter and help prepare the seed bed. No grading was 

needed as the site had been previously graded to a (~1-2%) slope. The site retained 

adequate surface drainage throughout the plot area with no negative impacts to soil 

structure through the site preparation process. 

The site was seeded with SR-4100 perennial ryegrass (Lolium perenne) developed by 

Seed Research of Oregon on September 25, 2010 at a seeding rate of 391.4 kg/ha. 
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The particular cultivar was chosen for two reasons: 1) it was desirable to use a 

perennial ryegrass that was not an improved drought tolerant cultivar, and 2) a 

cultivar that was not bred for spreading characteristics.  

The area was allowed to grow-in through the fall, winter, and spring of 2010/2011 

before the first years data was collected. Plots were maintained at a height of 51 mm 

through the winters of 2010/2011 and 2011/2012 in order to keep annual bluegrass 

encroachment to a minimum. Prograss (ethofumesate) applications were made from 

November through March during the winter of 2010/2011 to prevent annual 

bluegrass contamination. No applications of Prograss were made during the second 

year through the winter of 2010/2011. Once established and actively growing during 

the spring, the heights of cut for the area were divided into 16 mm and 51 mm 

respectively in order to be representative of a golf course fairway (16 mm) and a 

home lawn or golf course rough (51 mm). 

Upon completion of overwintering and once the turf was actively growing, the plot 

area was marked using string lines and Scythe (pelargonic acid) at a 10% solution. 

Each plot measured 1 m x 4 m. The unique longer length and narrow width of each 

plot allowed for better equipment operation. Starting and stopping the machinery 

outside the plots enabled the machines to work at optimum performance within 

each experimental unit. Additionally, 0.33 m of space was left between each plot as a 

buffer area for irrigation purposes. 

The experiment was characterized by six treatments in a randomized complete block 

design with three replications for each treatment. Treatments differed by the 

equipment used to incorporate Geohumus into the soil profile. Equipment used for 

the treatments included an aerator, a dethatcher, a Graden, and a drill-and-fill that 
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was simulated by hand. The aerator was a John Deere Aercore 800 and was set to 

remove cores at 5.12 x 5.12 cm spacing with 1.6 cm diameter tines. A Ryan Ren-o-

thin Power Rake was used as a dethatching machine and was set to the maximum 

depth of 0.64 cm. The maximum depth was the deepest attainable depth the 

machine could produce without adversely bogging the engine down. A Graden CSI 

Contour Sand Injection unit with an attached hopper was able to reach a 5.12 cm 

depth while essentially acting as a bigger version of the Ryan Ren-o-thin. The 

manually simulated drill-and-fill occurred by using a standard 42 cm soil probe. 

Actual drill-and-fill machines are significantly larger than the plot sizes and are 

designed to be mounted onto tractors. The goal for the simulation was to apply the 

same core spacing and depth dimensions on a smaller scale. The probe had an inside 

diameter of 1.92 cm and was used at a 15.24 x 15.24 cm spacing while maintained at 

a 15.24 cm depth.  

Geohumus was applied to all treatments that were designated for Geohumus at the 

same 1% v/v ratio with sand. The exception was for the untreated control (no 

Geohumus or sand) and for the aeration only treatments (sand but no Geohumus) 

(Table 2.1). Sand and Geohumus mixtures applied following equipment use 

depended on the treatment. For aeration treatments, sand or the combination of 

Geohumus and sand were applied manually at a rate of 0.024 m³. The mixture was 

then raked and brushed into the soil canopy. The same method and distribution rate 

of 0.024 m³ was applied for the dethatching treatment as well. The Graden had its 

own attached hopper and dropped the sand and Geohumus mixture into the grooves 

the machine created in the soil profile. The simulated drill and fill had the Geohumus 

mixture placed into each hole manually by use of a funnel and graduated cylinder.  
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Table 2.1 List of treatments 

 Geohumus Incorporation Treatments 

1. Untreated Control 

   2. Aeration 

  3. Aeration + Geohumus 

 4. Renothin + Geohumus 

 5. Drill/Fill + Geohumus 

 6. Graden + Geohumus 

  
 

Each turf area mowed under the different height of cut (16 mm vs. 51 mm) was 

considered to be separate from the other and was treated as a different experiment 

altogether. Because height of cut was not treated as a factor, for statistical analysis, 

treatments were subjected to one way analysis of variance (ANOVA) and means were 

separated using LSD (alpha = .05). Both research areas contained a total of six 

treatments with three replications for a total of 18 experimental units for each height 

of cut. The same plot map and research area was used for both year one and year 

two to evaluate if a cumulative effect occurred over time from the respective 

treatments (Figure 2.1).  

Treatments were applied on 2 May 2011 and 1 May 2012. All plots were allowed to 

recover from the mechanical wear utilizing normal springtime precipitation before 

evaluation of percent green cover began on 6 July 2011 and 9 July 2012. No 

automatic irrigation was used to re-establish worn areas prior to readings being 

taken in the summer. Once treatments were applied during the spring, all plots, 
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regardless of mowing height were mowed three times per week (M, W, and F). The 

plots maintained at 51 mm were mowed in the morning with a striping, rear-roller 

driven rotary mower (Hayter 56 model Seago International); while the plots 

maintained at 16 mm were mowed with a striping, rear-roller driven reel mower 

commonly used on golf course tees, approaches, and greens (Toro Greensmaster 

1000). Both heights of cut received monthly fertilizer applications on the first of each 

month of 107.64 kg N/ha with a granular Andersons 18-9-18 Contec DG (1.90% 

Ammoniacal N, 6.90% Urea N, 5.4% WSN, and 3.8% WIN). 

 

Figure 2.1 Incorporation plot area for both years. 

Plots were evaluated daily for percent green cover between 800h and 1000h using 

pictures taken from a light box. Two light box pictures were taken per plot from 
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randomly placed light box outlines. Pictures were taken from the same outline for 

the duration of each of the trials, thereby maintaining that the same piece of turf was 

analyzed each day. Pictures were analyzed for percent green cover using SigmaScan 

Pro software (SPSS, 1998). A threshold of 75% green cover was used to determine 

irrigation needs for plots each day. 75% green cover was chosen as the threshold 

because the turfgrass exhibited drought stress but was still an adequately green, 

functioning turf at 75% green cover. Once the percent green cover of a plot rated 

below the threshold number, irrigation was applied by hand at a rate of 7.62 mm 

through a Precision™ Rainbow low flow nozzle equipped to deliver 37-53 LPM 

attached to a flow and batch meter. This amount of water was used because the 

intent was to deliver enough water to allow for adequate recharging of the various 

root-zones without run-off occurring outside of the plots. In addition to daily light 

box pictures, volumetric water content (VWC) readings were taken in conjunction 

with the pictures using the TDR soil moisture probe (data not shown). The trial ran 

for 56 days in 2011 and for 55 days in 2012 in an attempt to gather as much data as 

possible during the dry summer months of July, August, and September. 

Results and Discussion 

In both 2011 and 2012 trial years, there was a significant difference between 

irrigation frequencies across all treatments. The 16 mm height of cut behaved 

markedly different than the 51 mm height of cut in regards to irrigation application 

frequency; however the treatments performed similarly when compared to the 51 

mm height of cut. In 2011, the 16 mm height of cut showed significant differences in 

water frequency among treatments (One-way ANOVA, p-value < 0.05, degrees of 

freedom = 10); while the trial in 2012 at the same height of cut showed similar 

results (One-way ANOVA, p-value < 0.05, degrees of freedom = 10). In 2011, the 51 
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mm height of cut showed significant differences in irrigation frequency among 

treatments (One-way ANOVA, p-value < 0.05, degrees of freedom = 10); while the 

trial in 2012 at the same height of cut showed similar results (One-way ANOVA, p-

value < 0.05, degrees of freedom = 10). Total irrigation applications are provided in 

figures 2.2 and 2.3. Days between irrigation intervals were also calculated and can be 

found in figures 2.4 and 2.5. 

 

Figure 2.2 Total irrigation applications for the 16 mm height of cut in 2011 and 2012. 
Total number of irrigation applications required to maintain existing quality perennial 
ryegrass turf plots at a 16 mm height of cut in 2011 and 2012 given different 
methods of Geohumus applications. Treatments included: 1. Untreated Control = 
native silty clay loam soil with no Geohumus; 2. Aeration = core aerated native soil at 
5.08 x 5.08 cm spacing with 1.6 cm diameter tines and topdressed with USGA 
specified sand; 3. Aeration + Geohumus = core aerated native soil at 5.12 x 5.12 cm 
spacing with 1.6 cm diameter tines and topdressed with USGA specified sand mixed 
with Geohumus; 4. Renothin + Geohumus = dethatched native soil to a depth of 0.64 
cm and topdressed with USGA specified sand mixed with Geohumus; 5. Drill/Fill + 
Geohumus = used a soil probe to drill cores out of native soil and back filled holes 
with a USGA specified sand mixed with Geohumus; 6. Graden + Geohumus =      
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Figure 2.2 (Continued) simultaneously dethatched the native soil while incorporating 
a USGA specified sand mixed with Geohumus to a depth of 5.12 cm using a Graden 
CSI Contour Sand Injection unit with an attached hopper. In all treatments Geohumus 
was allpied at a rate of 0.024 m³.  

 

Figure 2.3 Total irrigation applications for the 51 mm height of cut in 2011 and 2012. 
Total number of irrigation applications required to maintain existing quality perennial 
ryegrass turf plots at a 51 mm height of cut in 2011 and 2012 given different 
methods of Geohumus applications. Treatments included: 1. Untreated Control = 
native silty clay loam soil with no Geohumus; 2. Aeration = core aerated native soil at 
5.08 x 5.08 cm spacing with 1.6 cm diameter tines and topdressed with USGA 
specified sand; 3. Aeration + Geohumus = Core aerated native soil at 5.12 x 5.12 cm 
spacing with 1.6 cm diameter tines and topdressed with USGA specified sand mixed 
with Geohumus; 4. Renothin + Geohumus = Dethatched native soil to a depth of 0.64 
cm and topdressed with USGA specified sand mixed with Geohumus; 5. Drill/Fill + 
Geohumus = Used a soil probe to drill cores out of native soil and back filled holes 
with a USGA specified sand mixed with Geohumus; 6. Graden + Geohumus = 
Simultaneously dethatched the native soil while incorporating a USGA specified sand 
mixed with Geohumus to a depth of 5.12 cm using a Graden CSI Contour Sand 
Injection unit with an attached hopper. In all treatments Geohumus was allpied at a 
rate of 0.024 m³.  
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Figure 2.4 Days in between irrigation inputs for the 16 mm height of cut in 2011 and 
2012. Days in between irrigation inputs required to maintain existing quality 
perennial ryegrass turf plots at a 16 mm height of cut in 2011 and 2012 given 
different methods of Geohumus applications. Treatments included: 1. Untreated 
Control = native silty clay loam soil with no Geohumus; 2. Aeration = core aerated 
native soil at 5.08 x 5.08 cm spacing with 1.6 cm diameter tines and topdressed with 
USGA specified sand; 3. Aeration + Geohumus = Core aerated native soil at 5.12 x 
5.12 cm spacing with 1.6 cm diameter tines and topdressed with USGA specified sand 
mixed with Geohumus; 4. Renothin + Geohumus = Dethatched native soil to a depth 
of 0.64 cm and topdressed with USGA specified sand mixed with Geohumus; 5. 
Drill/Fill + Geohumus = Used a soil probe to drill cores out of native soil and back 
filled holes with a USGA specified sand mixed with Geohumus; 6. Graden + 
Geohumus = Simultaneously dethatched the native soil while incorporating a USGA 
specified sand mixed with Geohumus to a depth of 5.12 cm using a Graden CSI 
Contour Sand Injection unit with an attached hopper. In all treatments Geohumus 
was allpied at a rate of 0.024 m³.  
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Figure 2.5 Days in between irrigation inputs for the 51 mm height of cut in 2011 and 
2012. Days in between irrigation inputs required to maintain existing quality 
perennial ryegrass turf plots at a 51 mm height of cut in 2011 and 2012 given 
different methods of Geohumus applications. Treatments included: 1. Untreated 
Control = native silty clay loam soil with no Geohumus; 2. Aeration = core aerated 
native soil at 5.08 x 5.08 cm spacing with 1.6 cm diameter tines and topdressed with 
USGA specified sand; 3. Aeration + Geohumus = Core aerated native soil at 5.12 x 
5.12 cm spacing with 1.6 cm diameter tines and topdressed with USGA specified sand 
mixed with Geohumus; 4. Renothin + Geohumus = Dethatched native soil to a depth 
of 0.64 cm and topdressed with USGA specified sand mixed with Geohumus; 5. 
Drill/Fill + Geohumus = Used a soil probe to drill cores out of native soil and back 
filled holes with a USGA specified sand mixed with Geohumus; 6. Graden + 
Geohumus = Simultaneously dethatched the native soil while incorporating a USGA 
specified sand mixed with Geohumus to a depth of 5.12 cm using a Graden CSI 
Contour Sand Injection unit with an attached hopper. In all treatments Geohumus 
was allpied at a rate of 0.024 m³. 
 

Based on the datum from both 2011 and 2012, there was conclusive evidence that 

aeration and aeration combined with Geohumus provided similar benefits for the 

reduction of irrigation frequency. It appeared that any benefits described in this 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

2011 2012

D
a

y
s 

B
e

tw
e

e
n

 A
p

p
li

ca
ti

o
n

s 

Year 

Control

Aeration

Aer.+Geo.

Renothin

Drill/Fill

Graden



69 

 

 

study resulted from the equipment used and not from the Geohumus applications. 

That Geohumus did not provide added benefits for water conservation is not 

surprising considering previous research performed involving amendment 

incorporation into putting greens via aeration and topdressing showed similar 

results. Inorganic soil amendments such as diatomaceous earth and calcined clay 

have been successfully incorporated via aeration holes with mixed success (White, 

2009). Minner et al. (1997) found that topdressing with Profile porous ceramic clay 

substantially reduced the incidence of dry spot and facilitated turf recovery on a 

mature ‘Penncross’ creeping bentgrass (Agrostis stolonifera L.) putting green. While 

Minner et al. (1997) found benefits to topdressing with a porous ceramic clay, 

Richardson and Karcher (2001) found that incorporation of zeolites, calcined clays, 

and diatomaceous earth on bentgrass greens (palustris Hud.) provided no added 

benefits for turf recovery following aerification. Research performed by Guertal and 

Waltz (2008) found similarities to research performed by Richardson and Karcher 

(2001) when they showed that incorporation of porous ceramic clays, clinoptilolite 

zolite clay, and diatomaceous earth in aeration holes on bermudagrass putting 

greens had no added benefits in infiltration, nutrient-holding capacity, or turf 

performance in relation to shoot density and root mass. 

There are obvious benefits in relation to water use following hollow tine aeration in 

the spring. Aeration increases water infiltration, root growth and depth, while often 

increasing turfgrass density. Alleviation of soil compaction is the primary objective of 

core cultivation (Murphy et al., 1993). In a study of physical properties of different 

turfgrass soils as influenced by aeration treatments, Pramaβing et al. (2009) found 

that aeration treatments in some cases caused an increase in total porosity, 

particularly of large soil pores, and a reduction in soil bulk density with little 
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improvements in air permeability.  It makes sense that creating better growing 

conditions by altering the soil profile can theoretically help plants have better access 

to soil-water.  

Results from both years showed the same treatment effects on irrigation frequency; 

however discrepancies in total irrigation applications can be noted for the 16 mm 

height of cut. Irrigation frequency was much higher for the 16 mm height of cut 

during the summer of 2012 than it was during the summer of 2011. Two factors can 

be attributed to the higher irrigation needs in 2012, specifically, slightly higher overall 

temperatures and ET rates in 2012 (Figure 2.6) and the contamination of the lawn 

area with annual bluegrass (Poa annua). Figure 2.5 shows the ET reference points in 

mm at the trial site for both years. The summer of 2011 had an abnormally low daily 

high mean temperature; however, ET rates measured on-site were almost identical 

for both years. Most likely, it was annual bluegrass contamination on the site which 

occurred between the two trials that had a huge impact on turf water use for the 16 

mm height of cut. Annual bluegrass is a common contaminant when perennial 

ryegrass is mowed at excessively low heights of cut in the Pacific Northwest. 

Perennial ryegrass mowed at 51 mm was able to compete well with annual bluegrass 

and consequently during 2012 the 51 mm height of cut had less than 5% annual 

bluegrass in the stand; however, for 2012 plots grown at 16 mm contained an 

average of 30% annual bluegrass. The presence of annual bluegrass was significant 

because previous research performed at Oregon State University found that annual 

bluegrass mowed three times per week at a 16 mm height of cut required irrigation 

inputs of 7.62 mm every 1 to 2 days, whereas perennial ryegrass required the same 

inputs every 3 to 4 days (Blankenship, 2010). Daily data readings in 2012 using 

SigmaScan Pro software showed that irrigation applications were definitely 
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influenced by the presence of annual bluegrass; however, annual bluegrass grew 

randomly and treatments were not affected as compared to 2011.  

 

Figure 2.6 Reference ET for 2011 and 2012. 
 
Observations were made in the summer of 2010 in regards to pieces of equipment 

that would be suitable for Geohumus incorporation into a mature turfgrass lawn. 

Based on observations, selected equipment for the trial included an aerator, 

dethatcher, Graden, and a simulated drill-and-fill machine. The selected equipment 

was chosen either because they were readily convenient for use by homeowners 

(aerator and dethatching units) or because they showed promise in delivering 

Geohumus deeper into the soil profile (Graden and drill-and-fill). Additionally, Dryject 

aeration was also evaluated for Geohumus incorporation; however the Dryject 

machine, while very effective at incorporating inorganic soil amendments such as 

diatomaceous earth into existing lawns, was not effective with Geohumus because of 
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Geohumus’ tendency to expand with water contact. After two years of evaluation, it 

was evident that for ease of operations, a drill-and-fill machine or Graden was the 

most effective at placing Geohumus into the soil profile. 

Conclusion 

The incorporation of Geohumus into an existing lawn provided no benefits in regards 

to extending irrigation intervals or reducing total water usage by the turfgrass. While 

Geohumus provided no added benefits, hollow tine aeration with 1.59 cm diameter 

tines at 5.08 x 5.08 cm spacing reduced total irrigation applications in both heights of 

cut by approximately 25%. It was also concluded that for ease of Geohumus 

incorporation, future applications with either a Graden CSI Contour Sand Injection 

unit or drill-and-fill machine would be the most likely method to incorporate 

Geohumus deep into the soil profile. Geohumus may be best suited for use in sand 

dominated systems such as golf courses and athletic fields due to its excellent water 

holding capacity. Further research must be conducted with Geohumus in field trials 

to determine its potential use in other turfgrass settings.  
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CHAPTER 3 

SOIL AMENDMENT IMPACT ON RECOVERY RATE OF DIVOTS GROWN IN DIFFERING 
MICROCLIMATES AND IRRIGATION REGIMES 

Abstract 

Field experiments were conducted in 2011 and 2012 to evaluate various soil 

amendments for use in divot repair mixes. Four separate trials assessed divot 

recovery under full sun and partial shade conditions, and under different irrigation 

regimes. Uniform divots with dimensions of 10.16 x 7.62 cm were created using a 

spring-loaded catapult with a hula-hoe attachment. Divots received combinations of 

United States Golf Association (USGA) specified sand and perennial ryegrass seed. 

Treatments differed according to the soil amendments incorporated into the divot 

mixes. Soil amendments were chosen according to industry standards. Soil 

amendments tested included Geohumus (5% v/v), Zeba (1% v/v), Axis (10% v/v), 

Lassenite ATS (10% v/v), Dakota Peat (10% v/v), Scotts EZ Seed (10% v/v), and 

Wondersoil (10% v/v). Weekly ratings were taken using light-box pictures in 

conjunction with digital analysis software to measure percent green cover of the 

turfgrass. Results indicated that microclimate and irrigation frequency affected the 

establishment of divot repair mixes more than the presence of soil amendments. 

Divots repaired in both microclimates while receiving irrigation once per day had 

inadequate recovery.  Divots repaired in both microclimates while receiving irrigation 

applications twice daily had good establishment after 8 weeks; however, sand and 

seed alone were generally as acceptable as treatments including soil amendments 

provided divots were irrigated twice daily.   
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Introduction 

Divots can be defined as a void left in the turfgrass canopy. In the game of golf, divots 

are often the result of a golfer’s attempt to strike a golf ball (Trappe et al., 2012) and 

are most commonly observed on driving ranges, fairway turf, and on par 3 tees, 

where shorter shots are routinely made with irons (Fry et al., 2008). Divots are 

problematic on golf courses in that they affect both the playability and the aesthetics 

of the turfgrass, adding to the overall maintenance costs. For golf courses having 

cool-season turfgrasses such as creeping bentgrass (Agrostis stolonifera) or Kentucky 

bluegrass (Poa pratensis), late July and early August usually mark the time when 

golfers complain about excessive divots (McClellan, 2012). For golf courses in the 

Pacific Northwest, divots can be difficult to repair because fairways and tee’s are 

often seeded with perennial ryegrass (Lolium perenne) and then transition to annual 

bluegrass (Poa annua), making re-establishment of divots via stolons or rhizomes 

non-existent.  

Traditionally, divots in cool-season climates receive a divot mix to help facilitate turf 

regeneration and establishment. Mixes vary depending on the time of year and the 

specific golf course but often contain United States Golf Association (USGA) specified 

sand, grass seed, and soil amendments such as peat moss or compost. Divots take 

significant labor, time, and money to repair. In 2001, University of Illinois researchers 

conducted a survey of 71 golf courses in the Chicago area. The respondents spent an 

average of $3,671 for labor and materials to repair divots on golf course tees, $4,240 

on fairways and $3,353 on range tees (Schmitz et al., 2005). Because of the cost of 

labor and materials, it is important for golf course superintendents to use divot mix 

components that result in germination as quickly as possible. For the Pacific 

Northwest region, many golf course superintendents use perennial ryegrass seed 
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because of its fast germination tendency; however, heavy play combined with 

stressful midsummer conditions leaves little opportunity for seedling establishment 

or regenerative growth of surrounding turf into divots (McClellan, 2012). 

Soil amendments are defined as any additive placed directly into the soil profile 

(McCoy, 2011). Amendments are commonly included in root zone mixtures to 

increase soil water and nutrient retention capacities, decrease the water infiltration 

rate, and provide a better environment for turfgrass root growth (Horn, 1969). 

Research has shown that soil amendments provide variable benefits when included 

in rootzone mixes that may or may not help seed to germinate and reach maturity 

faster (Bigelow et al., 2001; McCoy, 1998; Murphy et al., 2004; Waltz and McCarty, 

2000; Robinson and Neylan, 2001). Waltz and McCarty (2000) found that peat-

amended sand allowed bentgrass to establish three months sooner than sand plots 

amended with either ceramic clay or diatomaceous earth. A study by Murphy et al. 

(2004) looking at turfgrass establishment on amended sand root zones found that 

the most consistent and best treatments belonged to the organic amended plots at 

higher amendment rates including 20% compost, 20% sphagnum peat, 10% reed 

sedge peat and 20% Irish peat mixes. McCoy (1998) examined the effects of soil mix 

formulations on soil properties and turf establishment and found that increasing the 

organic matter content of all soil-sand combinations resulted in improved water and 

nutrient retention, but diminishing returns for incremental peat additions with high 

organic matter contents. The best soil for perennial ryegrass establishment was 

identified as having a sandy loam or sandy clay loam texture of about 65% sand and 

an organic matter content of roughly 8% (McCoy, 1998). Bigelow et al. (2001) noted 

that amending medium-coarse sized sand with sphagnum peat moss and inorganic 

amendments had significant beneficial effects on turfgrass establishment and visual 
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quality ratings. Robinson and Neylan (2001) studied three sand types mixed 

individually by volume with six different soil amendments and in contrast to other 

studies, found that none of the amendments had a significant effect on emergence.  

Few studies have been done specifically testing soil amendment effects on divot 

recovery. The research that has been performed often looked at mixtures containing 

organic soil amendments such as peat moss or compost. Carey and Gunn (2000) 

evaluated the effectiveness of various divot repair mixtures both in regards to the 

recovery of the divot scars based on scar size and visual estimates of turfgrass cover. 

Treatments included sand and soil combinations with added compost, peat, or fine 

clay with and without seed. Results indicated that mixtures containing seed 

consistently outperformed those without seed in speed of regrowth, while mixtures 

containing compost significantly improved the performance of mixtures which 

contained it. Schmitz et al. (2005) evaluated eight different divot repair mixes at a 

rate of 5% seed to 95% mix (by volume) using either L-93 creeping bentgrass or 

Midnight Kentucky bluegrass. Divot mixes contained sand, compost, and soil in eight 

different ratios by volume. Schmitz et al. (2005) had great variability among 

treatments in the results; however, the authors found that mixes contain 80% sand, 

10% compost, and 10% soil provided the best germination. 

Geohumus is a new hybrid soil amendment that was developed in Germany. It is 

unique in that it contains both organic and inorganic components and behaves like a 

polymer, yet is more structurally stable. The defining ingredients of Geohumus 

include water, igneous rock flour, quartz sand, and polyacrylic acid. It is 

biodegradable, and is marketed to increase soil porosity, increase plant yield, and 

increase plant available water by up to 30%, all while using a low inclusion rate of 

only 1 – 2% volume/volume.  
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The goal of this research was to evaluate Geohumus as an additional component to 

divot repair mixes. Objectives of the study included evaluating Geohumus, along with 

other classes of soil amendments grown in differing microenvironments under two 

irrigation regimes. Geohumus is marketed to increase plant available water; 

therefore it was hypothesized that the inclusion of Geohumus in divot repair mixes 

would allow turfgrass managers to use less water while still helping to facilitate 

adequate seed germination and establishment. 

Materials and Methods 

Four separate divot research trials took place on the tee box of the 2.83 hectare 

turfgrass research parcel at the OSU Lewis-Brown Horticulture Farm (44° 33’ 4” 

latitude and 123° 12’ 51” longitude) in Corvallis, OR during the summers of 2010, 

2011, and 2012. The original trial during the summer of 2010 took place on a climax 

tee box consisting of native grasses (Poa annua, Agrostis cappillaris, Agrostis 

stolonifera) common on older tee boxes and fairways of golf courses in the 

northwest. The decision to renovate the original push-up tee box was made in 2011 

because a uniform monostand of turfgrass was desired for rating purposes. During 

2010, ratings on the research plots were difficult due to the presence of different 

grasses, in particular creeping bentgrass (Agrostis stolonifera). The spreading 

stoloniferous growth habit of the creeping bentgrass within the tee box 

contaminated plots and led to inconsistent ratings within treatments. Because of the 

inconsistent ratings, data from 2010 was thrown out. For purposes of this report, 

only results from 2011 and 2012 are reported. 

During April of 2011, the original tee box area was treated with glyphosate (N-

phosphonomethyl-glycine) herbicide at a 2% solution to kill all existing vegetation. 
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Once all vegetation was killed, the surface was stripped of sod and renovated using 

10.16 cm of USGA spec sand over the native Chehalis and Malbon silty clay loam soil. 

Equipment was used to give the site a light grade (~1-2%) and smooth surface. The 

cultivar SR-4100 perennial ryegrass developed by Seed Research of Oregon was 

chosen to be planted because of its desirable bunch type growth habit. Upon 

establishment, the site was fertilized with 98 kg N/ha of ammonium sulfate to help 

with the grow-in process. The site was originally mowed at 19 mm and then was 

incrementally taken down to its normal mowing height of 16 mm. Throughout the 

growing seasons of 2011 and 2012 (April-October), the site was mowed with a 

striping, rear-roller driven reel mower three times per week. In addition, for both 

2011 and 2012, monthly fertilizer applications were made on the first of each month 

from April through October with 49 kg N/ha of a granular Andersons 18-9-18 Contec 

DG (1.90% Ammoniacal N, 6.90% Urea N, 5.4% WSN, and 3.8% WIN). Prograss 

(ethofumesate) applications were made during the winter months between the 

growing seasons of 2011 and 2012 to keep Poa annua encroachment to a minimum.  

Divots were created using a divot making machine designed by Dr. Jason Kruse at the 

University of Florida. The machine was built in Florida and then shipped to the Lewis-

Brown Horticultural Farm where it was used in each trial during 2011 and 2012. The 

machine is characterized by a spring-loaded, hula-hoe attachment that is on a central 

pivot. The machine is essentially an upside down catapult that consistently creates 

uniform divots measuring approximately 10.16 x 7.62 cm (Figure 3.1).  



81 

 

 

Figure 3.1 Divot machine. 

The four experiments were characterized by ten (eleven in 2012) different divot 

mixes used as treatments in a randomized complete block design (Table 3.1). All 

treatments included USGA specification sand and most treatments contained soil 

amendments and grass seed. Different soil amendments including Geohumus, 

Dakota Peat, Zeba, Axis, Lassenite ATS, Wondersoil, and Scotts EZ-Seed were chosen 

due to their different physical and chemical properties, as well as water-holding 

ability. In 2012, an additional treatment with pre-germinated ryegrass was included 

based on reports given by USGA Greens Section Agronomists and local golf courses 

using pre-germinated ryegrass seed. The method for creating pre-germinated 

ryegrass seed included placing seed in a bucket of water for 24 hours, draining the 

bucket and then letting the seed sit for 48 hours. 
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Table 3.1 List of divot treatments. 

       
1.      Check-Straight Sand 

   
2.      Sand/Seed 

  
  

3.      Sand/Geohumus/Seed 5% V 

  
4.      Sand/Dakota Peat/Seed 10% V 

 
5.      Sand/Geohumus/Dakota Peat/Seed 5% 10% V 

6.      Sand/Zeba/Seed 5% V 

  
7.      Sand/Wondersoil/Seed 10% V 

  
8.      Sand/Lassonite/Seed 10% V 

  
9.      Sand/Axis/Seed 10% V 

  
10.    Sand/Scotts EZseed/Seed 10% V 

 
11.    Sand/Pre-germinated Seed* 

  
*The sand and pre-germinated ryegrass seed treatment was performed only during 
the 2012 season. 
 
 
Each of the four separate divot trials contained the same treatments but differed by 

irrigation frequency and growing environment. Two trials were grown in full sun and 

were differentiated only by irrigation frequency. Two additional trials were grown in 

an environment that received morning shade until approximately 1000h to 1030h 

and again were differentiated only by irrigation frequency (Figure 3.2). All four trials 

received the same scheduled daily irrigation during the early morning hours based on 

80% evapotranspiration (ET) with an automated irrigation system utilizing Rainbird 

5000 series rotor heads. Two additional trials (one in each of the full-sun and 

morning-shade growing environments) received an afternoon syringe by hand at 
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precisely 1400h. The goal of the afternoon syringe was to moisten the seed in the 

divots without flooding each divot plot with excess water.  

Figure 3.2 Research tee-box with divots repaired in full sun (foreground) and partial 
shade (background). 

The first replication of each of the four trials began on 26 July 2011 and on 16 July 

2012 respectively. Plots measuring 10.16 x 7.62 cm were created using Scythe 

(pelargonic acid) at a 10% solution sprayed along string lines. Divots were established 

within each plot using the divot machine and then filled in randomly with treatments 

according to the plot map. Soil amendments and seed were mixed with sand and 

placed into plastic zip-lock bags one day prior to establishment of the trials. SR-4100 

seed was used at the equivalent rate of 585.9 kg/ha for each individual divot. Soil 

amendments were added to each sand mix on a volume to volume (v/v) basis. The 
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volume added for each amendment differed according to manufacturer’s 

recommendations and observations by the research staff.  Each of the four trials 

were repeated four and six weeks after the initial trial date, allowing ratings and 

observations to be made on a broader scope throughout the late summer and early 

fall.  

Eight sets of light box pictures were taken weekly starting one week after each 

initiation date. Trials were set up so that the light box could fit 3 divots into every 

picture. Prior to using SigmaScan Pro software to analyze percent green cover, divots 

were cropped from light box pictures along the Scythe lines using the cropping 

feature of SigmaScan Pro. Once divots were cropped, SigmaScan Pro was used to 

analyze percent green cover.  Percent green cover means of all treatments were 

subjected to one way analysis of variance (ANOVA) and means were separated using 

Fisher’s Protected LSD (alpha = .05).  

Results and Discussion 

Although trials were analyzed separately for statistical purposes, presentations of 

figures with side-by-side comparisons of data provide stark contrasts for divot 

recovery under differing microclimates and irrigation regimes (Figures 3.3 – 3.10). 

Additionally, although all trials were repeated 3 times during both 2011 and 2012, 

data presented here only contains the first study of each year, as additional studies 

throughout the summers showed no changes in significant differences among 

treatments or differences in divot recovery related to seasonal weather changes. 
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Figure 3.3 Percent green cover for divots repaired with different soil amendments in 
full sun after 4 weeks of evaluation in 2011. Treatments included: 1. Untreated 
Control = USGA specified sand; 2. Sand + Seed = USGA specified sand + perennial 
ryegrass seed; 3. Geohumus = USGA specified sand mixed with 5% v/v Geohumus and 
perennial ryegrass seed; 4. Dakota Peat = USGA specified sand mixed with 10% v/v 
Dakota Peat and perennial ryegrass seed; 5. Geohumus + Dakota Peat = USGA 
specified sand mixed with 5% v/v Geohumus and 10% v/v Dakota Peat and perennial 
ryegrass seed; 6. Zeba = USGA specified sand mixed with 1% v/v Zeba and perennial 
ryegrass seed; 7. Wondersoil = USGA specified sand mixed with 10% v/v Wondersoil 
and perennial ryegrass seed; 8. Lassenite = USGA specified sand mixed with 10% v/v 
Lassenite and perennial ryegrass seed; 9. Axis = USGA specified sand mixed with 10% 
v/v Axis and perennial ryegrass seed; 10. Scotts EZ Seed = USGA specified sand mixed 
with 10% v/v Scotts EZ Seed and perennial ryegrass seed. Values represent means of 
percent green cover for divots repaired while receiving one or two irrigation 
applications per day. 
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Figure 3.4 Percent green cover for divots repaired with different soil amendments in 
full sun after 4 weeks of evaluation in 2012. Treatments included: 1. Untreated 
Control = USGA specified sand; 2. Sand + Seed = USGA specified sand + perennial 
ryegrass seed; 3. Geohumus = USGA specified sand mixed with 5% v/v Geohumus and 
perennial ryegrass seed; 4. Dakota Peat = USGA specified sand mixed with 10% v/v 
Dakota Peat and perennial ryegrass seed; 5. Geohumus + Dakota Peat = USGA 
specified sand mixed with 5% v/v Geohumus and 10% v/v Dakota Peat and perennial 
ryegrass seed; 6. Zeba = USGA specified sand mixed with 1% v/v Zeba and perennial 
ryegrass seed; 7. Wondersoil = USGA specified sand mixed with 10% v/v Wondersoil 
and perennial ryegrass seed; 8. Lassenite = USGA specified sand mixed with 10% v/v 
Lassenite and perennial ryegrass seed; 9. Axis = USGA specified sand mixed with 10% 
v/v Axis and perennial ryegrass seed; 10. Scotts EZ Seed = USGA specified sand mixed 
with 10% v/v Scotts EZ Seed and perennial ryegrass seed; 11. Sand + Pre-germinated 
Seed = USGA specified sand + pre-germinated perennial ryegrass seed.  Values 
represent means of percent green cover for divots repaired while receiving one or 
two irrigation applications per day. 
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Figure 3.5 Percent green cover for divots repaired with different soil amendments in 
partially shaded conditions after 4 weeks of evaluation in 2011. Treatments included: 
1. Untreated Control = USGA specified sand; 2. Sand + Seed = USGA specified sand + 
perennial ryegrass seed; 3. Geohumus = USGA specified sand mixed with 5% v/v 
Geohumus and perennial ryegrass seed; 4. Dakota Peat = USGA specified sand mixed 
with 10% v/v Dakota Peat and perennial ryegrass seed; 5. Geohumus + Dakota Peat = 
USGA specified sand mixed with 5% v/v Geohumus and 10% v/v Dakota Peat and 
perennial ryegrass seed; 6. Zeba = USGA specified sand mixed with 1% v/v Zeba and 
perennial ryegrass seed; 7. Wondersoil = USGA specified sand mixed with 10% v/v 
Wondersoil and perennial ryegrass seed; 8. Lassenite = USGA specified sand mixed 
with 10% v/v Lassenite and perennial ryegrass seed; 9. Axis = USGA specified sand 
mixed with 10% v/v Axis and perennial ryegrass seed; 10. Scotts EZ Seed = USGA 
specified sand mixed with 10% v/v Scotts EZ Seed and perennial ryegrass seed. 
Values represent means of percent green cover for divots repaired while receiving 
one or two irrigation applications per day. 
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Figure 3.6 Percent green cover for divots repaired with different soil amendments in 
partially shaded conditions after 4 weeks of evaluation in 2012. Treatments included: 
1. Untreated Control = USGA specified sand; 2. Sand + Seed = USGA specified sand + 
perennial ryegrass seed; 3. Geohumus = USGA specified sand mixed with 5% v/v 
Geohumus and perennial ryegrass seed; 4. Dakota Peat = USGA specified sand mixed 
with 10% v/v Dakota Peat and perennial ryegrass seed; 5. Geohumus + Dakota Peat = 
USGA specified sand mixed with 5% v/v Geohumus and 10% v/v Dakota Peat and 
perennial ryegrass seed; 6. Zeba = USGA specified sand mixed with 1% v/v Zeba and 
perennial ryegrass seed; 7. Wondersoil = USGA specified sand mixed with 10% v/v 
Wondersoil and perennial ryegrass seed; 8. Lassenite = USGA specified sand mixed 
with 10% v/v Lassenite and perennial ryegrass seed; 9. Axis = USGA specified sand 
mixed with 10% v/v Axis and perennial ryegrass seed; 10. Scotts EZ Seed = USGA 
specified sand mixed with 10% v/v Scotts EZ Seed and perennial ryegrass seed; 11. 
Sand + Pre-germinated Seed = USGA specified sand + pre-germinated perennial 
ryegrass seed. Values represent means of percent green cover for divots repaired 
while receiving one or two irrigation applications per day. 
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Figure 3.7 Percent green cover for divots repaired with different soil amendments in 
full sun conditions after 8 weeks of evaluation in 2011. Treatments included: 1. 
Untreated Control = USGA specified sand; 2. Sand + Seed = USGA specified sand + 
perennial ryegrass seed; 3. Geohumus = USGA specified sand mixed with 5% v/v 
Geohumus and perennial ryegrass seed; 4. Dakota Peat = USGA specified sand mixed 
with 10% v/v Dakota Peat and perennial ryegrass seed; 5. Geohumus + Dakota Peat = 
USGA specified sand mixed with 5% v/v Geohumus and 10% v/v Dakota Peat and 
perennial ryegrass seed; 6. Zeba = USGA specified sand mixed with 1% v/v Zeba and 
perennial ryegrass seed; 7. Wondersoil = USGA specified sand mixed with 10% v/v 
Wondersoil and perennial ryegrass seed; 8. Lassenite = USGA specified sand mixed 
with 10% v/v Lassenite and perennial ryegrass seed; 9. Axis = USGA specified sand 
mixed with 10% v/v Axis and perennial ryegrass seed; 10. Scotts EZ Seed = USGA 
specified sand mixed with 10% v/v Scotts EZ Seed and perennial ryegrass seed. 
Values represent means of percent green cover for divots repaired while receiving 
one or two irrigation applications per day. 
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Figure 3.8 Percent green cover for divots repaired with different soil amendments in 
full sun conditions after 8 weeks of evaluation in 2012. Treatments included: 1. 
Untreated Control = USGA specified sand; 2. Sand + Seed = USGA specified sand + 
perennial ryegrass seed; 3. Geohumus = USGA specified sand mixed with 5% v/v 
Geohumus and perennial ryegrass seed; 4. Dakota Peat = USGA specified sand mixed 
with 10% v/v Dakota Peat and perennial ryegrass seed; 5. Geohumus + Dakota Peat = 
USGA specified sand mixed with 5% v/v Geohumus and 10% v/v Dakota Peat and 
perennial ryegrass seed; 6. Zeba = USGA specified sand mixed with 1% v/v Zeba and 
perennial ryegrass seed; 7. Wondersoil = USGA specified sand mixed with 10% v/v 
Wondersoil and perennial ryegrass seed; 8. Lassenite = USGA specified sand mixed 
with 10% v/v Lassenite and perennial ryegrass seed; 9. Axis = USGA specified sand 
mixed with 10% v/v Axis and perennial ryegrass seed; 10. Scotts EZ Seed = USGA 
specified sand mixed with 10% v/v Scotts EZ Seed and perennial ryegrass seed; 11. 
Sand + Pre-germinated Seed = USGA specified sand + pre-germinated perennial 
ryegrass seed. Values represent means of percent green cover for divots repaired 
while receiving one or two irrigation applications per day. 
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Figure 3.9 Percent green cover for divots repaired with different soil amendments in 
partially shaded conditions after 8 weeks of evaluation in 2011. Treatments included: 
1. Untreated Control = USGA specified sand; 2. Sand + Seed = USGA specified sand + 
perennial ryegrass seed; 3. Geohumus = USGA specified sand mixed with 5% v/v 
Geohumus and perennial ryegrass seed; 4. Dakota Peat = USGA specified sand mixed 
with 10% v/v Dakota Peat and perennial ryegrass seed; 5. Geohumus + Dakota Peat = 
USGA specified sand mixed with 5% v/v Geohumus and 10% v/v Dakota Peat and 
perennial ryegrass seed; 6. Zeba = USGA specified sand mixed with 1% v/v Zeba and 
perennial ryegrass seed; 7. Wondersoil = USGA specified sand mixed with 10% v/v 
Wondersoil and perennial ryegrass seed; 8. Lassenite = USGA specified sand mixed 
with 10% v/v Lassenite and perennial ryegrass seed; 9. Axis = USGA specified sand 
mixed with 10% v/v Axis and perennial ryegrass seed; 10. Scotts EZ Seed = USGA 
specified sand mixed with 10% v/v Scotts EZ Seed and perennial ryegrass seed. 
Values represent means of percent green cover for divots repaired while receiving 
one or two irrigation applications per day. 
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Figure 3.10 Percent green cover for divots repaired with different soil amendments in 
partially shaded conditions after 8 weeks of evaluation in 2012. Treatments included: 
1. Untreated Control = USGA specified sand; 2. Sand + Seed = USGA specified sand + 
perennial ryegrass seed; 3. Geohumus = USGA specified sand mixed with 5% v/v 
Geohumus and perennial ryegrass seed; 4. Dakota Peat = USGA specified sand mixed 
with 10% v/v Dakota Peat and perennial ryegrass seed; 5. Geohumus + Dakota Peat = 
USGA specified sand mixed with 5% v/v Geohumus and 10% v/v Dakota Peat and 
perennial ryegrass seed; 6. Zeba = USGA specified sand mixed with 1% v/v Zeba and 
perennial ryegrass seed; 7. Wondersoil = USGA specified sand mixed with 10% v/v 
Wondersoil and perennial ryegrass seed; 8. Lassenite = USGA specified sand mixed 
with 10% v/v Lassenite and perennial ryegrass seed; 9. Axis = USGA specified sand 
mixed with 10% v/v Axis and perennial ryegrass seed; 10. Scotts EZ Seed = USGA 
specified sand mixed with 10% v/v Scotts EZ Seed and perennial ryegrass seed; 11. 
Sand + Pre-germinated Seed = USGA specified sand + pre-germinated perennial 
ryegrass seed. Values represent means of percent green cover for divots repaired 
while receiving one or two irrigation applications per day. 
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In most trial replications, divot recovery rated at 4 weeks proved either inconsistent 

among treatments or irrelevant because of the lack of percent green cover present. 

During 2011, divots in full sun receiving one irrigation cycle per day showed no 

significant differences among any of the treatments at the 4 week rating interval 

(One-way ANOVA, p-value = 0.5916, degrees of freedom = 18) (Figure 3.3). While 

overall percent green cover was greatly increased over the divots irrigated once daily, 

divots in full sun receiving two irrigation cycles per day had no significant differences 

among treatments at the 4 week rating interval (One-way ANOVA, p-value = 0.2246, 

degrees of freedom = 18) (Figure 3.3). During 2012, divots in full sun  receiving one 

irrigation cycle per day showed no significant differences among treatments at the 4 

week rating interval (One-way ANOVA, p-value = 0.2739, degrees of freedom = 20); 

while divots in full sun receiving two irrigation cycles per day had significant 

differences among treatments at the 4 week rating interval (One-way ANOVA, p-

value < 0.0001, degrees of freedom = 20) (Figure 3.4). For divots in partial shade, 

most treatments showed significant differences earlier in the rating period. During 

2011, divots in partial shade receiving one irrigation application showed no 

significance differences among treatments at the 4 week rating interval (One-way 

ANOVA, p-value = 0.3693, degrees of freedom = 18), while divots in partial shade 

receiving two irrigation applications had significant differences at the 4 week rating 

interval (One-way ANOVA, p-value = 0.005, degrees of freedom = 18) (Figure 3.5). In 

2012, divots in partial shade receiving one irrigation application had significant 

differences among treatments at the 4 week rating interval (One-way ANOVA, p-

value < 0.05, degrees of freedom = 20) while divots receiving two irrigation 

applications had significant differences among treatments at the 4 week rating 

interval (One-way ANOVA, p-value < 0.0001, degrees of freedom = 20) (Figure 3.6).  
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In general, divot recovery was much better when rated after 8 weeks. During 2011, 

divots in full sun receiving one irrigation cycle per day showed significant differences 

among treatments (One-way ANOVA, p-value = 0.0311, degrees of freedom = 18). 

Divots in full sun receiving two irrigation cycles per day had significant interactions 

among treatments (One-way ANOVA, p-value = 0.0028, degrees of freedom = 18) at 

the 8 week rating interval (Figure 3.7). In 2012, divots in full sun receiving one 

irrigation cycle per day showed no significant differences among treatments at the 8 

week rating interval (One-way ANOVA, p-value = 0.3714, degrees of freedom = 20); 

while divots in full sun receiving two irrigation cycles per day had significant 

differences among treatments after 8 weeks (One-way ANOVA, p-value < 0.0001, 

degrees of freedom = 20) (Figure 3.8). For divots grown in partial shade and receiving 

one irrigation application daily in 2011, divot recovery showed significance 

differences among treatments at 8 weeks (One-way ANOVA, p-value = 0.0027, 

degrees of freedom = 18) and had significant differences among treatments for 

divots receiving two irrigation applications daily (One-way ANOVA, p-value = 0.005, 

degrees of freedom = 18) (Figure 3.9). During 2012, divots repaired in partial shade 

receiving one irrigation application showed no significant differences among 

treatments at 8 weeks (One-way ANOVA, p-value = 0.0552, degrees of freedom = 20). 

Divots receiving two irrigation applications showed significant differences among 

treatments at the 8 week rating interval (One-way ANOVA, p-value < 0.0001, degrees 

of freedom = 20) (Figure 3.10). 

Based on results from 2011 and 2012, there was conclusive evidence that divots 

recovered differently depending on microclimate and irrigation regime. While it was 

evident that irrigation and shade were important for repair, differences among 

treatments were not always consistent among trials. Variability among treatments 
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was expected as previous research showed the same inconsistencies among 

treatments for divot recovery (Schmitz et al., 2005). Overall, data collected from both 

years suggested that divots in full sun require more than one irrigation application 

per day as divots receiving irrigation once per day had an overall percent green cover 

of 15.2% compared to 59.7% for divots receiving irrigation twice daily. Divots 

repaired under full sun in 2012 followed similar trends as divots receiving one 

irrigation application per day had an overall percent green cover of 34.2% compared 

to 57.5% for divots receiving irrigation twice daily. Partial shade increased percent 

green cover for all divots regardless of irrigation frequency. Divots in partial shade in 

2011 irrigated once daily had 39.6% green cover compared to 72.1% green cover for 

divots in shade irrigated twice daily. Results in 2012 were similar as divots receiving 

one irrigation application per day had percent green cover ratings of 49% while 

divots receiving two irrigation applications per day had 66.2% green cover. 

The results indicate that divot recovery depends more on irrigation frequency and 

microclimate than the addition of soil amendments in divot mixes. The inclusion of 

Geohumus in divot mixes provided similar results compared to other soil amendment 

treatments. Treatments that did not perform well included mixes containing Zeba 

and mixes containing only sand (without seed). Zeba is a corn-starch based polymer 

which swells rapidly when exposed to water. During the trials, it was observed that 

Zeba performed well for 2 to 3 days but then turned into a hydrophobic mixture not 

conducive for seed germination.  

The threshold for determining divot maturity was 60% green cover and it generally 

took 6 to 8 weeks for divots to reach maturity. The length of time it took for divots to 

reach maturity was surprising and may have been because the seeding rate was 

lower than what superintendents typically use. While the seeding rate may have 
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been low compared to some golf course rates, the seeding rate used was much 

higher than the traditional perennial ryegrass establishment rates of 234.4 kg/ha to 

390 kg/ha.  

Results from both years followed similar trends in relation to divot recovery among 

the different trials based on irrigation frequency and microclimate but data from 

2012 had more treatment variability for divots under one irrigation application per 

day (Figures 3.4, 3.6, 3.8, and 3.10). The fact that divots in 2012 while receiving one 

irrigation cycle daily recovered better than the same divots grown in 2011 cannot be 

attributed towards climatic conditions (Figure 3.11) as overall reference ET was 

slightly higher in 2012 (3.7 mm for 2012 compared to 3.6 mm in 2011). It is possible 

that many of the treatments tested would perform better under milder temperate 

conditions in the spring or fall. Summers in Oregon are warm and during 2012, 

temperatures often reached 32° to 35° C.  

 

Figure 3.11 Reference ET at the Lewis-Brown Farm for both 2011 and 2012. 
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Organic matter such as peat moss or compost has been shown to improve 

establishment of turfgrasses partly because they hold more water at the soil surface 

(Waltz and McCarty, 2000; Carlson et al., 1998). Based on reports from previous 

studies, it was interesting that treatments containing organic matter such as Dakota 

Peat, Wondersoil, and Scotts EZ Seed generally provided inadequate germination 

when compared to treatments containing no organic matter. Treatments containing 

Geohumus and Zeba also provided no added benefits while receiving irrigation twice 

daily and provided inadequate establishment when irrigated once daily. The 

ineptitude of Geohumus and Zeba to provide better germination under reduced 

irrigation was surprising considering both products are able to hold many times their 

weight in water. Treatments containing inorganic soil amendments including Axis and 

Lassenite ATS provided similar results to the organic amendments but no treatments 

were able to produce adequate germination under reduced irrigation. In 2012, pre-

germinated ryegrass seed provided no additional benefits when compared to sand 

and seed alone.  

Conclusion 

The inclusion of soil amendments in divot repair mixes had no added benefits for 

turfgrass establishment provided that divots were irrigated twice per day. Soil 

amendments included in divot mixes receiving one irrigation application per day 

generally had better percent green cover than sand and seed alone; however, 

percent green cover was very low and unacceptable for divot repair. Growing 

environments had slight effects on divot establishment but no changes in treatment 

variation occurred for divots repaired in full sun or partial shade. The inclusion of 

Geohumus in divot repair mixtures did not show potential for helping turfgrass 
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managers use less water. It is possible that Geohumus and other soil amendments 

would perform better in the spring or fall under more ideal growing conditions. 

Further research must be conducted with Geohumus in field trials to determine its 

potential use in other turfgrass settings. 
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CHAPTER 4 

ROOT ZONE CHARACTERISTICS OF PERENNIAL RYEGRASS AS INFLUENCED BY 
GEOHUMUS IN A SAND-BASED SOIL PROFILE 

Abstract 

Geohumus is a new, unique hybrid soil amendment consisting of polyacrylic acid, 

igneous rock flour, and quartz sand. Geohumus is biodegradable, and is marketed to 

increase soil porosity, increase plant yield, and increase plant available water by up 

to 30%, all while using a low inclusion rate of only 1 – 2% volume/volume. A 

comparison of perennial ryegrass root masses grown in rooting boxes in a 

greenhouse showed major differences as influenced by placement of Geohumus 

within the soil profile. Geohumus influenced root mass in the upper 7.6 cm of the soil 

profile but no significant differences were found at lower depths. Geohumus 

incorporated at a 7.6 – 12.7 cm depth appeared to be the most influential depth for 

increasing root mass in the upper 7.6 cm of the profile. This research suggests that 

incorporating Geohumus in a sand-based soil profile can have a positive influence on 

cool-season turfgrass rooting characteristics.  

Introduction 

Deep, extensive root systems are a desirable trait for turfgrasses as the depth of root 

penetration directly affects the growth and quality of the turf by controlling access to 

soil water and nutrients (Hannaford and Baker, 2000). Access to soil water is 

especially critical during times of stress to the plant due to environmental stresses or 

during periods where deficit irrigation strategies are desirable. Roots are very 
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important for turfgrass survival during times of stress because they act as a 

mechanism of drought avoidance (Carrow, 1996; Jiang and Huang, 2001). 

To maximize root growth, a balanced soil-water-air environment must exist (Bigelow 

et al., 2001). Since 1960, when the USGA released the first specifications for golf 

putting green construction techniques (USGA Greens Section Staff, 1960), sand-based 

root zones have become common place in the golf and sports turf industries. Sand-

based root zones are well suited for putting greens as they maintain air-filled pore 

space, resist compaction, and provide excellent drainage (USGA Greens Section Staff, 

2004). Turfgrass roots flourish in sand-based root zones as long as nitrogen and 

irrigation requirements are met; however, sand-based root zones have historically 

had issues with lack of physical stability caused by wear, poor nutrient retention, and 

a very narrow range of soil moisture tension over which available water is released 

(Adams, 2008). To help create the ideal root zone mixture, research has investigated 

the use of different sized sand particles and the inclusion of soil amendments in the 

root zone mixture. The addition of organic or inorganic amendments into a root zone 

mixture can affect soil properties and reduce soil compaction and leaching, while 

increasing plant available water and nutrient holding capacity (Waltz Jr. et al., 2003). 

Research has shown that sand size can have significant effects on root development 

as rooting has been shown to be deeper in root zone mixes containing medium-

coarse sand (Hannaford and Baker, 2000). Other research has shown that sand size 

selection is as important as the amendment itself in creating the ideal putting green 

(Bigelow et al., 2004; Waltz Jr. et al., 2003; Guertal and Waltz, 2008.). 

Soil modification for turfgrass includes the addition of soil amendments for alteration 

of physical, chemical, and biological soil properties (Waddington, 1992; McCoy, 

2011). Objectives of adding soil amendments to sandy soils include slowing down the 
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water infiltration rate, increasing the capacity of sandy soil to hold water and 

nutrients, and to provide a better root environment for turfgrass roots (Horn, 1969). 

Increasing the amount of water available in the turfgrass root zone can be extremely 

important in non-irrigated sites, in very coarse-textured, droughty soils, or in sand-

based root zones (Nus et al., 1991). Soil amendments can be very beneficial because 

by increasing the amount of available moisture in the root zone, the length of the 

irrigation interval (number of days between irrigations) can be lengthened (Nus et al. 

1991). 

Most research on soil amendment and root zone interactions have focused on either 

the addition of organic soil amendments such as peat moss and compost, or 

inorganic soil amendments such as calcined clay, clinoptile zeolite, and diatomaceous 

earth products. Little focus has been given to products such as polymers. Polymers 

can include starch-grafted copolymers, cross-linked polyacrylamides, and 

polyacrylates (Polhemus, 1992). Polymers are acknowledged to have benefits to 

plant available water, soil water holding capacity, and soil physical properties 

(Polhemus, 1992; McCoy, 2011; Wofford and Ellefson, 1990). Depending upon the 

manufacturing process, water-absorbing polymers can absorb hundreds of times 

their weight in water. Polymers have been shown to improve the water holding 

capacity of the soil and extend irrigation intervals (Polhemus, 1992; Wofford and 

Ellefson, 1990). Polymers also affect soil structure as the expansion and contraction 

of the polymer while in the soil has been reported to cause greater soil fracturing and 

possible reduction in compaction (Polhemus, 1992). 

While they have been shown to be beneficial, polymers can be problematic in that 

they swell in the presence of soil moisture into mechanically weak bodies within the 

soil. The swelling can cause the ground to heave, and subsequent foot and vehicle 
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traffic can result in a very uneven surface (McCoy, 2011). Additionally, high 

application rates of water-absorbing polymers have been shown to be detrimental to 

turfgrass, resulting in loss of turf density (Nus et al. 1991). In addition, polymers 

drastically decrease their absorption ability when either the soil is saline or the water 

being absorbed contains cations such as calcium (Polhemus, 1992; McCoy, 2011; 

Wofford and Ellefson, 1990). Polhemus (1992) adds that in typical irrigation water, 

the absorption of a common cross-linked polyacrylamide will be around 80 to 200 

times its weight in water. This is compared to laboratory test results showing 

absorption of 600 times its weight of water when deionized water is used. 

Geohumus is a new hybrid soil amendment that was developed in Germany. It is 

unique in that it contains both organic and inorganic components and behaves like a 

polymer, yet is more structurally stable. The defining ingredients of Geohumus 

include water, igneous rock flour, quartz sand, and polyacrylic acid. It is 

biodegradable, and is marketed to increase soil porosity, increase plant yield, and 

increase plant available water by up to 30%, all while using a low inclusion rate of 

only 1 – 2% volume/volume.  

The goal of this research was to evaluate and document root growth and 

development of perennial ryegrass grown in a greenhouse setting as influenced by 

Geohumus placement within the soil profile. Previous studies have found that certain 

soil amendments can impact soil properties, plant available water, and establishment 

of turfgrasses; however, there has never been any documented research evaluating 

Geohumus in a turf system, or polymers in general and their effects on rooting 

characteristics of turfgrass grown in a sand based rootzone. 
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Materials and Methods 

Greenhouse and laboratory work took place in the west greenhouses on the Oregon 

State University campus (44° 34’ 1” latitude and 123° 16’ 55” longitude) in Corvallis, 

OR in 2010 and 2012. Handmade rooting boxes were used in a controlled greenhouse 

setting in order to evaluate Geohumus’ impact on rooting media grown in specified 

United States Golf Association (USGA) sized sand.  

Plots were contained to individual rooting boxes. Rooting boxes were constructed of 

wood on three sides, with a viewing window made of plexiglass inserted onto the 

remaining side. Turf was grown in an area that measured 17.78 cm x 3.81 cm, while 

the total depth of each box totaled 45.72 cm. A shield covered the plexiglass 

windows which allowed full viewing of the 45.72 cm soil profile.  

The experiment was characterized by seven treatments of different arrangements of 

Geohumus incorporated at varying depths and spacings (Table 4.1). All treatments 

were mixed with sand at a 1% v/v incorporation rate. Treatments were replicated 

three times necessitating the requirement for twenty-one rooting boxes (Figure 4.1). 

All treatments were isolated to individual rooting boxes.  

Geohumus particles were neither screened for size nor air dried. Particles were taken 

directly out of the container and applied at a 1% volume/volume (v/v) basis. This was 

most easily done by using a graduated cylinder and calculating each treatment 

separately. Total mass of the added Geohumus depended on the treatment. 

Treatments 2, 3, and 4 received 1.5 grams of Geohumus; while treatments 5, 6, and 7 

differed in the amount of product added according to the depth of the amended 

sand section. 
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Table 4.1  List of treatments according to Geohumus placement  

  Trt. Geohumus Depth and Width of Placement  

1 Untreated Control (Straight Sand) 

2 
Top 15.24 cm Sand – 5.08 cm Sand Amended With Geohumus (1%) – 
Remainder Sand 

3 
Top 7.62 cm Sand – 5.08 cm Sand Amended With Geohumus (1%) – 
Remainder Sand 

4 
Top 2.54 cm Sand – 5.08 cm Sand Amended With Geohumus (1%) – 
Remainder Sand 

5 Top 2.54 cm Sand Amended With Geohumus (1%) – Remainder Sand 

6 Top 7.62 cm Sand Amended With Geohumus (1%) – Remainder Sand 

7 Top 15.24 cm Sand Amended With Geohumus (1%) – Remainder Sand 

 

Figure 4.1 Rooting boxes in the greenhouse 
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The turfgrass was allowed to grow for 90 days, with the goal that the turfgrass could 

reach a more mature stage before harvesting. After 90 days, the profile was cut into 

7.62 cm sections. Sections were taken down until a depth of 38.1 cm was reached. 

Per repetition, five 7.62 cm sections were taken in order to document root mass at 

different depths of the profile. After separating, each section was placed in a paper 

bag and allowed to dry. After drying for five days, the bulk of the sand was separated 

from each root mass section. The roots were air dried for 21 additional days, after 

which the remaining sand and dried Geohumus was carefully separated from the 

roots. Separation occurred via screening for roots and carefully crushing Geohumus 

particles to expose roots that had become intertwined. Once separated from both 

sand and Geohumus, roots were weighed according to each depth.  

Construction of the soil profile involved overcoming the natural settling process of 

sand. Pure USGA specified and screened sand was used as the soil medium in 

conjunction with different depths and spacings of Geohumus. Layers of sand were 

added in 15.24 cm segments to help with settling. 15.24 cm segments of sand were 

added three times to equal the overall 45.72 cm of space that was available in the 

rooting boxes. After every 15.24 cm segment was added, 300 mL of water was slowly 

poured into each rooting box to ensure adequate settling and stability. At no point 

was sand forced by hand or compressed by any means other than the addition of 

water.  

The trial was initiated on March 26, 2010, replicated on November 15, 2010, and 

replicated a third time on February 20, 2012. “Silver Dollar” perennial ryegrass 

(Lolium perenne) was used as the turf cultivar and species. This cultivar was selected 

because it had been used in other drought trials at Oregon State University and 

performed adequately each time. Plots were seeded at a rate of 391.4 kg/ha to 
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ensure adequate coverage and growth. Irrigation was applied daily by hand using a 

graduated cylinder at a rate of 0.635 cm up until 28 days after initiation; after which 

irrigation occurred every other day using the same rate of 0.635 cm.  All plots were 

mowed two weeks after seeding and afterwards were trimmed three days a week 

using scissors at a height of 3.12 cm. The treatments were not fertilized until the fifth 

week after seeding as one goal of the research was to determine the effect of 

Geohumus on the initial growth of the roots without introducing other nutrients. 

After five weeks, the treatments were fertilized using a 28-5-18 blend of Anderson’s 

synthetic fertilizer (4.3% Nitrate N, 23.7% Urea N) during the fifth, seventh, and ninth 

weeks of the trial. A rate of 107.64 kg/ha of fertilizer was applied per application.  

The trial was analyzed using a factorial treatment structure (7 amendments X 5 

depths) and laid out as a randomized complete block design. Treatments were 

subjected to analysis of variance (ANOVA) and means were separated using LSD 

(alpha = .05).  

Results and Discussion 

The placement of Geohumus within a sand-based soil profile had a significant effect 

on the rooting characteristics of perennial ryegrass. In all trial replications, there was 

a significant difference between root mass at different depths across all treatments 

as roots progressively lost mass deeper in the soil profile; however this was to be 

expected as a function of normal root growth, as the roots of most cool-season 

turfgrasses are predominantly found in the upper 15.2 cm of the soil profile. In 2010 

and 2012, there was an interaction between treatment and depth which resulted 

because the 0 – 7.6 cm depth had significant differences between treatments 
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whereas the other depths had no significant differences. Therefore for the remainder 

of the discussion, we are only focusing on the 0 – 7.6 cm depth for each treatment. 

For 2010, treatment 3 (Geohumus placed at 7.62 – 12.7 cm depth) produced more 

roots than any other treatment at the 0 – 7.6 cm depth. A significant interaction 

occurred between treatments and rooting depth at 0 – 7.6 cm (One-way ANOVA, p-

value < 0.0001, degrees of freedom = 24); however, no significant interactions 

occurred for any of the treatments at depths between 7.6 – 38.1 cm (One-way 

ANOVA, p-value = 0.3903, degrees of freedom = 18). Data from 2012 behaved 

differently but interactions between treatments and rooting depth were still 

significant at the 0 – 7.6 cm depth (One-way ANOVA, p-value < 0.01, degrees of 

freedom = 24). The second replication completed at the end of 2010 is not reported 

due to the poor growing environment during the winter and disease of the perennial 

ryegrass. Total root mass values for all treatments are available and can be found in 

Figures 4.2 and 4.3.  

When comparing the root masses of the different treatments, several points of 

interest stood out. For 2010, treatments 2 and 3 had significantly more rooting mass 

on average than any of the other 5 treatments, as well more root mass in the upper 

7.6 cm of the soil profile. Total root mass for 2012 was altogether lower than root 

mass from 2010 and treatment 6 had more roots than any other treatment. Root 

mass from the upper 7.6 cm of the soil profile for 2010 and 2012 are reported in 

figures 4.4 and 4.5.  
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Figure 4.2 Total root mass in 2010 represented by depth. Treatments included: 1. 
Untreated control - straight sand; 2. Top 15.24 cm sand – 5.08 cm sand amended 
with Geohumus (1%) – remainder sand; 3. Top 7.62 cm sand – 5.08 cm sand 
amended with Geohumus (1%) – remainder sand; 4. Top 2.54 cm sand – 5.08 cm 
sand amended with Geohumus (1%) – remainder sand; 5. Top 2.54 cm sand amended 
with Geohumus (1%) – remainder sand; 6. Top 7.62 cm sand amended with 
Geohumus (1%) – remainder sand; 7. Top 15.24 cm sand amended with Geohumus 
(1%) – remainder sand. Values represent means of root mass of individual treatments 
across increased soil depths. 
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Figure 4.3 Total root mass in 2012 represented by depth. Treatments included: 1. 
Untreated control - straight sand; 2. Top 15.24 cm sand – 5.08 cm sand amended 
with Geohumus (1%) – remainder sand; 3. Top 7.62 cm sand – 5.08 cm sand 
amended with Geohumus (1%) – remainder sand; 4. Top 2.54 cm sand – 5.08 cm 
sand amended with Geohumus (1%) – remainder sand; 5. Top 2.54 cm sand amended 
with Geohumus (1%) – remainder sand; 6. Top 7.62 cm sand amended with 
Geohumus (1%) – remainder sand; 7. Top 15.24 cm sand amended with Geohumus 
(1%) – remainder sand. Values represent means of root mass of individual treatments 
across increased soil depths. 
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Figure 4.4 0 – 7.6 cm root mass in 2010. Treatments included: 1. Untreated control - 
straight sand; 2. Top 15.24 cm sand – 5.08 cm sand amended with Geohumus (1%) – 
remainder sand; 3. Top 7.62 cm sand – 5.08 cm sand amended with Geohumus (1%) 
– remainder sand; 4. Top 2.54 cm sand – 5.08 cm sand amended with Geohumus 
(1%) – remainder sand; 5. Top 2.54 cm sand amended with Geohumus (1%) – 
remainder sand; 6. Top 7.62 cm sand amended with Geohumus (1%) – remainder 
sand; 7. Top 15.24 cm sand amended with Geohumus (1%) – remainder sand. Values 
represent means of root mass of individual treatments only at the 0 – 7.6 cm depth. 
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Figure 4.5 0 – 7.6 cm root mass in 2012. Treatments included: 1. Untreated control - 
straight sand; 2. Top 15.24 cm sand – 5.08 cm sand amended with Geohumus (1%) – 
remainder sand; 3. Top 7.62 cm sand – 5.08 cm sand amended with Geohumus (1%) 
– remainder sand; 4. Top 2.54 cm sand – 5.08 cm sand amended with Geohumus 
(1%) – remainder sand; 5. Top 2.54 cm sand amended with Geohumus (1%) – 
remainder sand; 6. Top 7.62 cm sand amended with Geohumus (1%) – remainder 
sand; 7. Top 15.24 cm sand amended with Geohumus (1%) – remainder sand. Values 
represent means of root mass of individual treatments only at the 0 – 7.6 cm depth. 
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deepest rooting was associated with peat-amended root zones, presumably because 

peat had the lowest bulk densities and highest volume of macropores of the 

amendments tested (Hannaford and Baker, 2000). Geohumus is marketed to increase 

pore space and lower soil bulk density so it is possible that Geohumus could affect 

root zones by altering soil characteristics.  

While treatments 2 and 3 showed potential for increasing the overall root mass of 

perennial ryegrass, treatments 6 and 7 did very little to increase root mass. Both 

treatments had great visual ratings, had the most Geohumus present, yet often had 

the smallest quantities of root mass out of all treatments. Previous research has 

shown that some soil amendments can reduce rooting at high incorporation rates. 

Murphy et al. (2004) found that higher amendment rates of loam and peat in the 

rootzone mix decreased the total root mass to the point that the high amendment 

rates of sphagnum, reed sedge peats, and loam had considerably lower total root 

mass than unamended sand. It was also reported that there was a relationship of 

lower root mass with mixes having greater water storage, yet these mixes also 

consistently produced high turf quality (Murphy et al., 2004). Brockhoff and 

Christians (2011) confirmed the findings of Murphy et al. by noting that the rooting 

depth of creeping bentgrass was excellent until biochar exceeded 10% of the root 

zone mixture, after which rooting depth was not as good. It is possible that using 

Geohumus at different rates could affect root zone composition; however, unlike 

other amendments previously studied, Geohumus exhibits certain characteristics of 

soil polymers and the negative effects attributed towards polymers such as ground 

heave. 
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Conclusion 

Geohumus affected root mass at the top 7.6 cm of the soil profile. Results from 2010 

suggested incorporating Geohumus at a 7.6 -12.7 cm depth could increase the 

amount of roots present; however repeating the experiment did not show depth to 

be as effective as it was in 2010. Geohumus shows potential for the turfgrass 

industry. It may be best suited for use in sand dominated systems such as golf 

courses and athletic fields because of its excellent water holding capacity. Further 

research must be conducted with Geohumus in field trials to determine its potential 

use in a turfgrass setting.  
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CHAPTER 5 

GENERAL CONCLUSION 

Research regarding potential water saving technology such as Geohumus is beneficial 

for turfgrass managers given the current political and environmental climate 

regarding water use. Information collected from this research will help turfgrass 

professionals see added benefits to core cultivation and will help golf course 

superintendents understand more about the irrigation required to repair divots 

during the summer. Most of all, this research is important because work relating 

Geohumus to the turfgrass industry is unprecedented. Data collected from this 

research will serve as a foundation for other research projects regarding Geohumus 

use.  

The incorporation of Geohumus into an existing lawn provided no benefits in regards 

to extending irrigation intervals or reducing total water usage by the turfgrass; 

however, hollow tine aeration with 1.59 cm diameter tines at 5.08 x 5.08 cm spacing 

reduced total irrigation applications by approximately 25%. It was also concluded 

that for ease of Geohumus incorporation, future applications with either a Graden 

CSI Contour Sand Injection unit or drill-and-fill machine would be the most likely 

method to incorporate Geohumus deep into the soil profile.  

The inclusion of soil amendments in divot repair mixes had no added benefits for 

turfgrass establishment provided that divots were irrigated twice per day. Growing 

environments had slight effects on divot establishment but no changes in treatment 

variation occurred for divots repaired in full sun or partial shade. The inclusion of 

Geohumus in divot repair mixtures did not show potential for helping turfgrass 

managers use less water.  
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The inclusion of Geohumus during construction of sand rootzones showed potential. 

Geohumus impacted rooting depth, specifically the top 7.6 cm of roots. Datum from 

2010 suggested incorporating Geohumus at a 7.6 -12.7 cm depth could increase total 

rooting; however replicating the experiment did not show depth to be as effective as 

it was in 2010.  

Geohumus shows potential for future use within the turfgrass industry. It may be 

best suited for use during the construction of sand dominated systems such as golf 

courses and athletic fields because of its excellent water holding capacity. Further 

research must be conducted with Geohumus in field trials to determine its potential 

use in other turfgrass settings.  
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