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ABSTRACT 

Soil applied chemical preemergence herbicides have become very 

important for weed control in ornamental crops, turf and landscape 

plantings. Considerable research has been directed toward these 

compounds and this study attempts to review that material. 

Compounds explored include benefin N-butyl-N-ethyl-2,6-dinitro-

4-(trifluoromethyl)benzenamine, oryzalin 4-(dipropylamino)-

3,5-dinitrobenzenesulfonamide, pendimethalin £l-(1-ethylpropyl)-

3,4-dimethyl-2,6-dinitrobenzenamine, trifluralin 2,6-dinitro-

N.N-dipropyl-4-(trifluoromethyl)benzenamine, napropamide 

N,N-diethyl-2-(1 -naphthalenyloxy)propanamide, chloramben 

3-amino-2,5-dichlorobenzoic acid, DCPA dimethyl 

tetrachloroterephthalate, siduron N-(2-methylcyclohexyl)-

N-phenylurea, simazine 6-chloro-N,N-diethyl-1,2,5-triazine-

2,4-diamine, bensulide Q,Q-bis(methylethyl)£- [2-[(phenylsulfonyl) 

amino]ethyl]phosphorodithioate, and oxadiazon 3-[2,4-dichloro-

5-O-methylethoxyJphenylJ-S-O.I-dimethylethyO-I.S^-oxadiazol-

2-(3hl)-one. 

vi 



The Herbicide Residue Question 

The current extensive use of organic compounds as herbicides 

evolved just after World War 11^7). Chemical pesticides were viewed 

as the panacea that would solve a majority of agricultural 

production's ills and allow for tremendous increases in production and 

efficiency. In many respects agricultural chemicals have achieved 

just that, but our experiences have proven that many adverse 

conditions occurred along with the successes. The problems were 

magnified by the ease and rapidity with which pesticides were 

accepted and replaced many beneficial horticultural practices, thus, 

placing even more dependence upon the limited number of alternatives 

represented by these compounds. Current trends appear to be toward 

reduction of the past dramatic use increases, as well as more 

controlled use of these chemicals,̂ ) although it is certain that our 

current levels of crop production would be impossible without them. 

Other alternatives such as integrated management and biologically 

engineered solutions are, however, being explored and developed and 

may result in major production increases much like we saw with the 

advent of organic pesticides. The immediate reality, however, 

remains that we are currently dependent upon chemical pesticides. 

This is especially true when examining preemergence herbicides used 

in ornamental crops, turf and landscapes. The desire for a nearly 
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weed-free environment in these ornamentals and, the much higher 

costs of labor to achieve the same results, will force the continued 

heavy reliance upon preemergence herbicides as long as they are 

relatively safe and effective, cost efficient and not regulated out of 

use. 

Ever increasing regulation and safety concerns, some 

ineffectiveness or resistance, and a desire to reduce costs, have 

stimulated use reduction and have encouraged numerous studies 

related to levels of pesticide residues and their metabolites that 

remain in the soil and in other portions of the environment. Major 

improvements in residue determination techniques, now routinely 

allowing accuracy to parts per million,(9)(67)have been used to 

explore, at increasing costs, these public fears and occasional 

paranoia. Also occasionally in the past, improving technology and 

knowledge have proven some compounds to be unacceptably dangerous 

despite previous opinions to the contrary by some knowledgable 

pesticide experts. The danger however, in allowing complete removal 

from usage, or extremely limited usage, of some compounds based 

upon fear, political pressure and sometimes circumstantial research 

evidence is that our arsenal of useful compounds, or "tools", will be 

depleted even further, with little hope for new compounds unless they 

are first proven useful and profitable on major agricultural crops like 

soybeans (Glycine max^ or corn (Zea mays). The tremendous costs of 

improving required technology, and liability concerns related to 

development, force these economic limitations^*2). Also, the current 



economic status of traditional agriculture in the United States of 

America will have significant negative impact upon decisions to 

develop and release any new agricultural pesticides, although foreign 

markets may help by continuing to expand their pesticide use. 

One of the possibly helpful solutions offered by preemergence 

herbicide residue research is the potential for reduced costs by 

determining how to use less herbicide more efficiently. For example, 

if determinations can be made about how to utilize the compounds so 

that they degrade more slowly in ornamentals, then added savings 

through reduced usage may be possible. However, as with all complex 

scientific interrelationships, one solution may exasperate other 

problems. The reduced or delayed breakdown may contribute to other 

problems such as longer environmental contamination, danger to 

successive plantings, and long-term selection of resistant weed 

species. The balance between the longest reasonable persistence of 

phytotoxic portions (for short-term economic reasons) and 

degradation (to prevent the previously mentioned problems and 

others) is therefore even more important and it's determination is 

based upon residue research. 

All of the above mentioned factors, and many others, point 

toward continued research related to the fate of preemergence 

herbicides after they are applied to the soil. Many factors are 

involved in these questions and most of them will be covered in 

subsequent chapters. 



The primary objective of this thesis is to utilize current 

research to extensively explore important questions involved with 

persistence and residue of the major preemergence herbicides 

currently used in ornamental crops, turf and landscapes. Within this 

primary objective several supportive sub-objectives will be covered 

including the differences between ornamental agriculture and 

traditional field crop agriculture with relation to preemergence 

herbicides. Exploration of the general factors involved in 

preemergence herbicide persistence and degradation in ornamentals 

will be covered as will specific factors about each of the major 

compounds used in ornamental crops, turf and landscapes. 

Finally, this study will recommend future research to clarify answers 

to questions that will both help us improve the economics of usage 

and help enlighten us to procedures that will reduce both long and 

short term risks associated with the herbicide residue question. 



Preemergence Herbicide Soil Residuals Related to Ornamental 
Crop, Turf and Landscape Weed Control versus Traditional 

Agricultural Field Crop and Orchard Weed Control 

As was indicated in Chapter 1, most preemergence herbicide 

development was initially undertaken for a few major agricultural 

crops. Development for use in ornamentals generally tended to be 

secondary. There are some very basic differences between 

ornamentals and traditional field crops relating to preemergence 

herbicide use and residues and, these will be covered in this chapter. 

One major difference is the acceptable levels of weed 

infestations. Traditionally a "good farmer" aimed for 100% weed 

control. Research, undertaken to determine economic threshold levels 

for major crops, has indicated that some levels of weed infestation 

are acceptable without significantly reducing yields. Unfortunately 

however, the complex variables involved often make the use of 

economic threshold models impractical^1), although research is 

continuing and progress is likely, especially with field crops. These 

lower levels of weed control could result in significant cost 

reduction, due to the relative ease of achieving 80-90% control as 

compared to the often tremendously higher expense, in labor and 

herbicides, to maintain 100% control. The situation is quite different, 
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however, in ornamentals where just a few weeds can destroy the 

desired esthetics. Some weed infestation is acceptable in container 

or field-raised ornamentals grown for sale but generally, these must 

be nearly "weed free" by the time they are sold. The more costly weed 

control in ornamentals is acceptable because of the higher monitary 

value of the crop per square foot, as compared with field crops, and a 

willingness by property owner or grower to spend more per unit area 

on chemicals and labor to achieve the desired control.The net result 

of this difference is often a higher concentration of preemergence 

herbicide in the soil around ornamentals, with fewer periods of 

reduced residue levels, as we would find between crop rotations in 

field crops. The long-term, high residue level of a limited number of 

preemergence herbicides used in ornamentals, often results in 

selection for resistant annual and perennial weeds, much like we 

would observe in perennial field crops like orchards or, where crop 

rotations only include one or two crops^7). 

Another important difference between field crops and 

ornamentals is the amount of biomass removal. Plant materials often 

absorb herbicides in varying amounts depending on a variety of 

factors, and when crops are removed, a portion of the herbicide often 

is removed with thenr^77). Generally, field crops are removed at least 

annually while in ornamentals, except for turf, biomass removal is 

relatively insignificant and is mostly limited to pruning, leafdrop, 

specimen death, and weed removal. And, ornamentals in landscapes 



often have less root preemergence herbicide uptake resulting from 

deeper root systems avoiding most contact with the soil herbicides. 

These differences in biomass removal may effect residue levels in 

the soil. 

Regarding turf, the thatch build-up from dying leaf blades can 

markedly raise the organic matter content on the surface of 

underlying soil especially, when compared to field crop soil. This high 

level of soil organic matter can significantly influence herbicide 

persistence in a variety of ways^^6^8^relating to soil pH 

changes, microbe count,^ herbicide binding, and other factors. 

Application of plant nutrients, or fertilizer and other soil 

amendments, like sulfur, wetting agents, and others is generally much 

higher in ornamentals than in field crops and may significantly affect 

soil herbicide persistence. Examples of such effects might include 

soil pH changes influenced by this heavier fertilizer and amendment 

application^2®) and incorporation which in turn can affect herbicide 

persistence, degradation and binding to soil particles. 

Types of irrigation influence soil moisture levels and 

subsequent herbicide degradation and dissipation^6^®2). Variations 

do exist, although examples of the major irrigation methods 

(sprinkler, flood, drip and natural rainfall) can be found in both 

categories. Ornamental irrigation does tend to be more frequent and 

with cleaner, lower weed seed content water and, in some areas of 

the landscape, it may even be nonexistant other than natural rainfall. 

And, as indicated earlier in this chapter, herbicide soil residues lost 



through plant uptake can be affected by rates of future weed 

infestations related to seeds introduced by the irrigation water. 

Another common rationale for higher total application rates 

and frequencies, and therefore residues in ornamental landscapes, is 

the need for preventive weed control. Often commercial property 

owners and managers require chemical weed control to avoid terrain 

damage often associated with mechanical and/or human labor weed 

control. And, for the same reason, most ornamental preemergence 

herbicides are water incorporated as opposed to mechanically 

incorporated, the method most commonly used in field crops. 

Application methods, as related to soil herbicide residue levels, will 

be covered in Chapter 5. 

Finally, ornamentals are more often associated with urban, or 

populated settings than are field crops and, in the urban setting 

higher population density may affect herbicide residues in a 

multitude of ways. For example, splashing from swimming pools, 

landscape ponds, air conditioner units, or roof drainage may direct 

water to the herbicide treated soil, possibly affecting degradation. 

Shading by structures or large trees may also affect 

photodecomposition and, pet fecal material and urine may influence 

soil herbicide residue levels. 



Soil and Non-Soil Factors Influencing Degradation and 
Residues of Soil-Applied Preemergence Herbicides 

Soil Factors 

The factors and environmental conditions that contribute to 

soil persistence of herbicides, as opposed to soil degradation and 

deactivation, are quite numerous and often overlap in complex 

interrelationships. The complexity of these interactions is 

compounded when all the soil chemical and environmental 

possibilities related to preemergence herbicides in soil, are taken 

into account. This paper limits investigations to several 

preemergence herbicides commonly used in ornamentals. This chapter, 

without concentrating on specific herbicides, will explore many of 

the general factors influencing the fate of herbicides in the soil 

environment. One of the most important factors relating to 

inactivation of herbicides in the soil is the process of 

adsorption.(14)(^)(82) Adsorption occurs when herbicides, and other 

ions and molecules as well, are attracted to soil constituents, 

primarily clay and organic matter^77^®^^8®)based upon, but not 

limited to, positive and negative charge attraction. The clay and 

humus colloidal portions of the soil are primarily negative in charge, 
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although some positive adsorptive sites occur, especially in 

humus,(21Wid therefore primarily attract positively charged ions 

(cations) or positively charged portions of molecules (dipolar 

molecules, protons, etc.). The strength of adsorption can vary 

considerably depending upon the strength of the positive to negative 

attraction. This attraction may result in multiple ions or molecules 

at each reactive site as the soil constituents tend toward an 

electrical equilibrium. For example, a clay particle with a 

strongly negative charge at an adsorptive site (each clay or humus 

particle may contain many adsorptive sites) may directly bond with a 

cation of only moderate positive charge. The net electrical charge 

after the bonding is still somewhat negative and, another positively 

charged portion of a molecule may also bond at that site although, the 

secondary bonding generally is much weaker than the primary bond. 

Other factors beside electrical charge are involved with soil 

adsorption of herbicides although, the strongest of these bonds tend 

to be based upon charge. 

Adsorbed herbicides are often, but not always, phytotoxicly 

inactivated. Various factors can influence cation or anion exchange 

and, some adsorbed herbicides may move back into soil solution 

(desorption) and subsequently into vapor phases^77^where they may 

have herbicidal activity, degrade, vaporize away or, be affected by 

other variables that reduce their persistence in the soil.(1^Quite 

often adsorption by clay, and particularly humus, account for 

relatively permanent adsorption until the herbicide degrades, and 



sometimes even degraded metabolites remain bonded. An interesting 

contrast sometimes occurs when adsorption is primarily responsible 

for inactivation of herbicidal compounds in the soil,(79)and for 

increased persistence of the herbicide in the soil, due to soil particle 

protective bonding.(73)(7®)Also, soil applied herbicides may 

encounter weaker soil adsorption due to absorptive sites that were 

partially filled by previous herbicide applications and their 

metabolites/71)Lower necessary application rates for future 

adequate weed control might be the result. 

Other factors may contribute to adsorption and herbicide 

persistence in the soil depending upon conditions. Primary among 

these are soil physical factors including texture, structure, soil 

mineral portion make-up, pore space and aeration and, as discussed 

earlier, existing soil organic matter. 

Soil texture is generally the second most important soil factor, 

after soil organic matter content, that affects adsorption. Soil 

texture can achieve primary importance in low organic matter soils, 

often found in arid regions of the earth. Decreasing herbicide 

adsorptive capacity is usually associated with increasing soil 

particle size^3^44^although, exceptions have been 

found.(23)(32)(34)(46)(66)Smaller particles represent more surface 

area, per given volume, and therefore, more adsorptive sites. Clay has 

substantially more surface area, per volume, than any other soil 

mineral constituent, so it's percent in the soil is usually quite 

important to adsorption/33^46) 



Soil structure is related to pore space which, in turn, 

influences soil aeration, drainage, and water content and capillary 

movement. Loose, porous soil structures allow more water, and 

therefore leached herbicide, to move downward. Soil water also has 

other effects on herbicide persistence which will be discussed later 

in this chapter. Porous, open soil also creates less barrier to soil 

gaseous herbicide vapors, which may move toward the surface and out 

of the soil, or into plant structures like roots and shoots. Even minor 

decreases in air-filled soil pore spaces can markedly reduce vapor 

diffusion through the soil.(10)Soil structure and pore spaces also 

influence soil oxygen content, which may influence soil chemical and 

biological reactions that affect herbicides. Clays are often an 

important factor in herbicide adsorption and variations in clay type 

can affect variations in adsorption reactions. Specifically, variations 

in structural and chemical composition may cause tightly bound 

particles that occupy many of the adsorptive sites that applied 

herbicides would otherwise occupy. The clay's chemical composition 

influences this tight self bonding, as well as directly influencing the 

number of possible chemical reactions with herbicides/33^4®) 

Soil organic matter and particularly humus, is an extremely 

important, if not the most important, factor influencing soil 

herbicide adsorption^1 ®)(21 )(23)(34)(62)and can heavily influence 

microbial activity(36)and pH. Both pH and soil microbial activity are 

also important adsorption and degradation factors. Type of organic 

matter may also influence adsorption and degradation/81) especially 



when overall soil organic matter levels are low.(^Some soil humus 

constituents, important in providing reactive sites, include carboxyl 

groups, amino groups, and phenolic hydroxyl and alcohol hydroxyl 

groups.(21)Organic matter content of soil may influence the 

seemingly contradictory effects that increase soil herbicide 

residuals and persistence through bonding,(73)(77)while increasing 

rates of herbicide degradation by encouraging microbial buildup. 

Soil microorganisms are generally considered to be the most 

important variable responsible for degradation of organic herbicides 

in the soi|(36^44'aithough, soil adsorption may protect the 

herbicides from microbial degradation or metabolism, and often, from 

plant uptake. The organic matter bound herbicides may also act as 

storage reservoirs that release herbicides into soil solution. 

However, once in solution the herbicides are much more susceptible 

to microbial degradation, volatilization, and leaching losses. 

Generally, soil organic matter both adsorbs herbicides and encourages 

microbial degradation so, often higher preemergence herbicide 

application rates are necessary in high organic matter content 

soils/32^Herbicide persistence and toxicity are generally longer in 

low organic matter soils(63)due to less adsorption and microbial 

degradation. 

Soil moisture is another potentially important soil herbicide 

degradation and loss factor^21 )(29)(56)(77)and can be, for 

purposes of this paper, described by three terms. Free water is 
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usually associated with flooded or saturated soils, capillary water 

with soil at field capacity and hygroscopic water with small, 

sometimes molecule thin, water layers that are unavailable to plant 

roots due to tight bonding with soil particles.^Soil moisture 

content, increasing to the field capacity level and slightly beyond, is 

generally considered advantageous for aerobic microbial development 

which, as mentioned earlier, is usually quite important in herbicide 

degradation. Increasing beyond field capacity to saturated soil 

conditions often encourages anaerobic soil microorganisms 

which generally are not as important in herbicide degradation. 

However, several studies have demonstrated greatest microbial 

degradation of some herbicides under anaerobic conditions/25^59) 

Soil water also influences possible major herbicide volatilization 

losses. Water is a dipolar molecule often replacing herbicide 

molecules at soil adsorptive sites (desorption). These displaced 

herbicides enter the soil solution and are free to move in any 

direction the water travels. If evaporative conditions move the water 

solution upward, increased atmospheric volatilization of the 

herbicide may occur/77)as well as increased absorption by plants if 

the solution moves into the root and shoot zones. Soil moisture 

content and evaporation may also indirectly affect soil chemical 

reactions and microorganisms by influencing soil temperatures. 

Movement of soil moisture in any direction is correctly termed 

leaching(24)although, this term commonly applies only to downward 

movement of soil solutions. Many soil preemergence herbicides are 



resistant to leaching^49^56) primarily due to their strong soil 

adsorptive qualities and, to a much lesser degree.to their 

solubility/^Deep herbicide leaching may direct them downward into 

soil where microbial activity, oxygen and temperatures are reduced, 

thus increasing persistence.^4^ dry soils containing only 

hygroscopic water, adsorption and herbicide crystallization reduce 

herbicide loss.^"W®^^®) 

pH is another edaphic condition that may influence herbicide 

adsorption and biological or chemical degradation. pH is the acidity or 

alkalinity of the soil depending upon the relative balance of H+ and 

Al^+ ions to OH" ions, in soil solution. Soil pH primarily affects 

herbicide losses by influencing adsorption. The pH of soil may directly 

change the net electrical charge of the herbicide, causing stronger or 

weaker adsorption.^21 ^Soil pH values above or below herbicide pK 

values may cause herbicide protonation (proton loss or gain), thus 

influencing their adsorptive qualities.(76)Soil pH may also affect soil 

adsorptive qualities. Very acidic soils tend to tightly bond hydrogen 

(H+) ions at negative adsorptive sites, making it very hard for 

herbicide cation exchange to occur. (40)Occassionally chemical 

makeup of the herbicide influences this because increasingly acidic 

conditions often increases herbicide adsorption.^3) 

pH may affect chemical degradation of some herbicides, 

through processes like chemical hydrolysis.(39)Microbial populations, 

already stated in this paper as being very important in herbicide 

degradation, are also heavily affected by pH.(44)(76)Soil acidity of 



alkalinity also may indirectly influence herbicide residues and 

degradation by affecting soil properties, like structure. (7^For 

example, alkaline soils irrigated with relatively salty water, may 

become very water impermeable. This condition can, as previously 

explored in this chapter, affect water movement, and thus herbicide 

adsorption and degradation. Most preemergence herbicides tend to be 

most effective at soil pH 5.5 to 7.5(32)(64)given that other factors 

are also conducive. 

Organisms in the soil differ in complexity from 

microorganisms to small mammals. However, the most important soil 

organisms involved with herbicide degradation, and usually the most 

important overall degradation pathway as well,(44)(77)are the 

microorganisms, which primarily include bacteria and fungi. The 

Actinomycetes, third intermediary bacteria group with fungi-like 

mycelium, may also be involved.^Bacteria are generally the most 

numerous soil organisms involved in herbicide degradation. However, 

bacteria and Actinomycetes tend to favor basic soils, while fungi are 

more predominant as herbicide interactors in acidic soils. Soil 

microorganism degradation of herbicides is enzymatic.̂ 13) Depending 

upon which microorganisms are involved, the enzyme reactions are 

either internal to the microorganisms or external as a result of 

secreted enzymes.^13) As expected, which microorganisms involved in 

the enzymatic reactions is dependent upon herbicide types and 

influenced by the soil environment. Non-phytotoxic metabolites may 

be the result of microorganism internal enzymatic reactions with 



absorbed herbicides.^51) 

Soil microorganisms, again depending upon type, may degrade 

herbicides actively or passively. Active degradation involves 

utilization of the herbicide as a nutritional carbon (C) and/or nitrogen 

(N) source^), although often in the edaphic environment other, more 

easily obtained, carbon/nitrogen (C/N) sources are available. Passive 

degradation or metabolism occurs when microorganism released 

enzymes degrade the herbicides or, when the microorganisms 

co-metabolize the herbicide while utilizing other C/N nutritional 

sources. Some herbicides encourage development of microbial 

populations(12W®)(44)(71)and this often leads, under favorable 

conditions, to more rapid microbial degradation of future herbicidal 

applications. However, some herbicides may actually supress specific 

microbial populations(12)(4®W have no affect at all.(4®)Soil 

depth is also important because microbial activity decreases as soil 

depth increases.(33)lmportant factors that encourage herbicide 

microbial adsorption and degradation are those that favor microbial 

metabolism and division including soil moisture, temperature, 

aeration, pH and organic matter (microorganism nutrient 

levels).'(6) (33) 

Soil moisture is very important in microorganism activity. Low 

moisture levels inhibit almost all soil microbes. Soil saturation, and 

moisture levels beyond for any period of time, discourage soil 

aeration and inhibit oxygen using aerobic bacteria, which are those 

primarily involved in herbicide inactivation and 



degradation.(25)Saturated soil conditions favor the less important 

anaerobic microorganisms although, they may be important in 

degradation of dinitroaniline herbicides like 

trifluralin.(6)@3)(59)According to Anderson,^Hhe ideal soil 

moisture content for most soil microorganisms involved in herbicide 

degradation is 50 to 100 % of field capacity, with good aeration. 

Soil temperature is also an important consideration in 

microorganism activity with an optimum of about 27° to 35°C 

(6)(44)a|tf10Ughi improper moisture content will inhibit 

microorganisms even under proper temperature conditions, and vice 

versa.^4)Soil temperature also influences other herbicide loss 

processes. For example, increasing temperature increases herbicide 

vapor pressure, thus contributing to volatilization if soil moisture 

levels are correct.^®^77^7®) 

Soil organic matter content is also very important because it 

provides microorganism nutritional sources. Increasing the organic 

matter content of soil can tremendously encourage microorganism 

populations and activity.^^44^77^Organic matter may also affect 

retention of soil moisture and provide aeration influencing structure, 

which both influence microbial development. Soil pH may be lowered 

also by organic matter. Low soil pH can inhibit many herbicide 

degrading soil bacteria.^) 



Non-Soil Initiated Factors 

By influencing soil conditions, several factors may directly or 

indirectly affect herbicide degradation and persistence in the soil. 

Specific properties of herbicides including chemical stability related 

to non-biological decomposition, vapor pressure, and solubility in 

water, may be involved. Chemical degradation of herbicides often 

occurs(29)(33)(39)(48)(77)under specific conditions, and may be the 

most important pathway of decomposition.^6^6^This 

decomposition, or inactivation, may involve processes like hydrolysis, 

oxidation, and reduction, depending again upon soil conditions and the 

specific herbicide's chemical structure and properties/33) 

Water solubility of a herbicide may also be involved in it's 

persistence. Low water solubility herbicides tend to adsorb more 

easily, and desorb less easily, from soil colloids than do highly 

soluble herbicides/1 Herbicide water solubility may also be 

indicated by it's melting range. Compounds with higher melting ranges 

tend to require higher energy levels in solution to disrupt their 

crystalline structure. Therefore, solubility tends to decrease as 

melting point increases.(^Increasing solubilities of compounds 

increase their likelihood of diffusing into soil water although, soil 

adsorption can strongly limit this. Herbicides in solution are more 

susceptible to microbial decomposition and they may be leached out 

of the weed control zone, or move to the surface where atmospheric 



volatilization can occur. Increasing the amount of non-adsorbed 

herbicide in solution usually increases volatilization(77)due to this 

capillary solution movement to the soil surface. A dynamic 

equilibrium exists, depending upon soil environmental conditions, 

between adsorbed herbicides, herbicides in solution, and herbicides in 

vapor phased77)In this respect, higher soil water content may also 

increases herbicide volatilization.(21)(75)(79) Therefore, any factors 

that increase soil adsorptive capacity (like organic matter or clay 

colloids) may reduce volatilization. Vapor phase and vapor flux are 

the form in which herbicide molecules in a gaseous state (vapor 

phase), move through the soil pore spaces (vapor flux). Volatilization 

occurs when these molecules disperse into the atmosphere and is the 

primary method by which herbicides move from the soil into that 

portion of the environment.^^^^^Each preemergence herbicide has 

it's own specific vapor pressure and may diffuse through soil pore 

spaces without being in solution although, the vapor phase of the 

compound may be influenced by soil moisture levels^11^33^and 

temperature.^ ̂ Dryer soil has fewer water molecules competing 

with herbicides for adsorptive sites so, volatilization often 

diminishes under these conditions by creating more of a herbicide 

flux barrier. Increasing soil compaction or bulk density can also 

reduce vapor diffusion through the soil/1 ̂ Standing water on the 

surface of flooded soils may also act as a barrier to 

volatilization/83) 

By changing the edaphic environment, soil fertilizers and 



conditioners may influence soil herbicide degradation, persistence, 

dissipation and adsorption. Plant nutrients, added in the form of 

fertilizers, often have some effect but the mechanisms by which this 

occurs have not yet been fully researched. However, currently it is 

believed that indirectly fertilizers, especially nitrogen fertilizers, 

provide nutritional sources for herbicide degrading 

microorganisms(74W herbicide absorbing plants. Addition of soil 

fertilizers may also increase herbicide phytotoxicity.^33feut, this 

may result from fertilizer induced production of young, more 

herbicide susceptible plant growth and not necessarily from a direct 

chemical influence on the herbicide or, indirectly through a chemical 

effect on the soil environment. Fertilizers may also influence soil 

pH(77)which, as discussed earlier, influences herbicide degradation 

and adsorption through various mechanisms. 

Increasing soil organic matter content can encourage the 

herbicide/organic matter interactions^^^^^^discussed 

earlier, although type of organic matter added may also be 

significant.(33)(81)Organic matter is sometimes added to soil to help 

lower the soil pH. Other pH influencing conditioners, like sulfur or 

lime, may produce important herbicide degrading conditions by 

changing soil pH and/or by influencing ionic exchange and adsorption. 

Herbicide mix adjuvants, or herbicide mix combinations may also 

produce a variety of interactions,'(70)depending upon the chemical and 

physical properties of the compounds and the soil environment in 

which they are applied. 



Photodecomposition is the process whereby light energy (our 

interests are directed toward that produced by the sun), primarily in 

the ultraviolet (UV) range, breaks or forms new herbicide chemical 

bonds thus, changing the herbicides form. Most compounds used as 

herbicides very stongly absorb this ultraviolet portion of the light 

spectrum^1 ̂ although, some are not heavily affected by 

photodecomposition.(^Prevention of photodecomposition is one of 

the primary reasons, along with reducing volatilization and placement 

of the herbicide in the soil germinating weed zone, for soil 

incorporation of preemergence herbicides. The soil acts as a physical 

barrier protecting the herbicides from photoinactivation, although 

some photodegradation products may also have herbicidal 

properties.^®)Soil adsorption is also important in reducing 

preemergence herbicide susceptibility to photodecomposition.^^As 

expected, photodecomposition is more of a factor in hot, arid 

climates where the sun's energy may be quite intense, especially 

during the hotter summer months. 

Erosion, by both water and wind movement, may influence 

preemergence herbicide degradation although, effects are generally 

minor. An exception might be in the landscape environment where 

herbicide and soil removing drainage water, is directed down rather 

narrow routes, producing heavy erosion. Most soil herbicides lost by 

wind or water erosion do so in association with soil 

particles.^°^8^Erosion caused movement of soil adsorbed 

herbicides obviously does not necessarily result in immediate 



degradation of the compound although, exposure to factors (moisture, 

photodecomposition, volatilization, etc.) that influence decomposition 

and loss may be more immediate and, of course, the herbicide is 

moved out of the zone where weed control is desired. Generally, 

losses of only the more volatile herbicides are affected by strong air 

movement across the soil surface although, herbicides can be removed 

on eroded soil particles. Volatilization losses are affected by soil 

moisture levels@3) and other factors. 



Horticultural Practices Influencing Persistence of Soil 
Applied Preemergence Herbicides 

Turf, landscapes, and ornamental crops are divisions of plant 

production that vary considerably from that of traditional 

agricultural crops. This chapter preposes to describe some of the 

relatively unique conditions and horticultural practices that are found 

and utilized in ornamentals and that affect preemergence herbicide 

persistence, degradation and inactivation. 

Basic irrigation forms are often similiar to those used in food 

and fiber crop production although, frequencies of irrigation are 

usually greater in ornamentals. More frequent irrigation often creates 

shorter wet/dry intervals which, in turn, speed up microbial action, 

soil solution capillary movement to the surface, volatilization, 

leaching, and other processes associated with soil herbicide 

decomposition. Higher soil moisture levels associated with more 

frequent irrigation should have marked influence, particularly by 

encouraging soil microorganisms. In some established landscapes very 

little irrigation other than natural rainfall is utilized so, in a dry 

year increased persistence, influenced by soil mineral and organic 

colloids, might be expected. In years with plenty, but not excessive, 

amounts of rainfall we would expect degradation processes to 

accelerate. 
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Flood, sprinkler, and to a lesser degree, drip and trickle 

irrigation are the basic irrigation methods most frequently used in 

ornamentals. Flood irrigation generally is used to apply large amounts 

of water at relatively infrequent intervals. It would be expected to 

produce heavier losses through leaching and volatilization during 

periods of heavy moisture, and greater losses due to adsorption during 

dry periods. Conversely, sprinkler irrigation is generally used to apply 

frequent, light applications of water. This encourages vaporization 

and photodecomposition losses, due to the rapid evaporative drying of 

the relatively shallow soil moisture which brings herbicides to the 

surface. Microbial populations involved, but not limited to those 

involved in herbicide degradation, would also be encouraged by the 

frequent applications of moisture, given that other conditions (like 

temperature) are correct. Conditions similiar to those found with 

flood irrigation could, of course, be created with sprinkler irrigation 

by saturating the soil with long irrigation cycles or, with short 

cycles in rapid succession, depending upon the soil s infiltration rate. 

Drip and trickle irrigation methods tend to wet relatively small 

areas around plant roots and generally, depending upon soil texture 

and other adsorptive factors, concentrate the herbicide near the 

perimeters of the wetted zones.(24)Herbicide movement to wetted 

perimeters is more likely in coarse textured soils than fine textured 

soils, where very little movement may occur. (24)Drip irrigation, 

which is basically a form of sub-irrigation, encourages water (with 

herbicides in solution) evaporative movement to the soil 



surface(24)(33)where volatilization and photodecomposition losses 

are likely to be greatest.^3^Drip irrigation in the landscape is the 

definitive example of preemergence herbicide application over an area 

in which only a small percentage of the soil receives regular water 

application. This same effect may also occur, although usually to a 

lesser degree, in landscapes that utilize flood or sprinkler irrigation; 

particularly in arid regions where rainfall does not regularly wet soil 

areas that contain no plant materials. Under these conditions more 

rapid losses, including decomposition, would be expected in the 

landscape areas that are regularly irrigated and, differences 

probably would be much greater in arid regions where rainfall often 

occurs when soil temperatures do not favor herbicide degradationZ27) 

Preemergence herbicide application and incorporation 

techniques, rate, and formulation can all influence persistence. Most 

preemergence herbicides used in ornamentals are applied at the soil 

surface, mainly as a liquid spray, but sometimes as broadcast 

granules, and then water incorporated, if incorporated at all. Because 

many herbicides popular for use in ornamentals are applied to the soil 

surface they are more susceptible to volatilization(77)and 

photodecomposition unless they are quickly incorporated into the 

protective soil. Water incorporation is the preferred method for 

existing turf, landscape plantings, and container stock because it 

minimally disturbs the soil surface. Relatively quick application of 

sufficient quantities of water is critical for many of these common 

herbicides to carry the herbicide down to the proper soil depth. Heavy 



photodecomposition and volatilization losses are often the result of 

incorporation delays. Some herbicides, like trifluralin, that require 

mechanical incorporation are mainly used during landscape 

installation or in large, open landscape areas. Increasingly deeper 

incorporation of these materials tends to reduce volatilization 

losses(47)(®®)although, some herbicides with low volatilization 

rates are not affected Z47) 

Soil persistence of preemergence herbicides may also be 

strongly affected by application rates.Heavy rates generally 

increase the time necessary to reduce overall herbicide levels below 

the phytotoxic residue levels.(8)C4)(33)(44)pOSsibIe explanations 

might be that soil microorganisms may be inhibited by the high levels 

of herbicide.Photodecomposition extent and rate has also been 

shown to be affected by herbicide application rates.(59) 

A large variety of herbicide formulations are available but, this 

paper is concerned only with those that are applied as liquids or as 

dry granulars. Granular formulations usually contain the herbicide 

active ingredient in combination with relatively large particles of 

some herbicidally inert material. Granular formulations tend to 

volatilize much less than liquid applied herbicides,'(77)although some 

materials with low volatilization rates exhibit no major differences 

between formulations.(58)Granular formulation herbicide microbial 

degradation would also be expected to be much slower than liquid 

herbicide degradation because, the relatively large granular particle 

size would provide much less total surface area for microbial attack. 



Generally, environmental conditions that favor plant growth 

also favor microorganism development. Soil moisture, temperature, 

nutrient levels, pH and soil oxygen levels can be important. Several 

horticultural practices including aeration, cultivation, raking and 

dethatching all tend to aerate the soil as well as dry it's surface. 

Herbicide degrading microorganisms are encouraged by these 

conditions^and may become more active. Cultivation may also bring 

incorporated herbicides to the soil surface where photodecomposition 

and volatilization may occur. By helping to dry the soil surface, 

cultivation, raking, aeration and dethatching may encourage capillary 

movement of herbicide containing water upward, again to be affected 

by volatilization and photodecomposition/19h"urf thatch has been 

shown to encourage herbicide degrading microorganisms.^^lt's 

removal by dethatching may reduce microbial degradation and also 

remove much of the original herbicide, that was applied and adsorbed 

on the thatch layer. 

Plant absorption, by both desirable plants and weeds, is another 

pathway for soil preemergence herbicide loss/77^®7^Many of the 

compounds used as weed preemergence herbicides in ornamentals 

have limited, or no, plant mobility or transport.^Therefore, 

procedures like turf mowing or manual and mechanical weed removal 

will result in very little removal of herbicides from the soil, because 

most of the herbicides will not be in these plant parts. If absorption 

and transport of the herbicide into plants does occur, the plants 

themselves may metabolize or inactivate the compound through 



various chemical reactions,(40)thus reducing soil residuals. Most 

weeds controlled by preemergence herbicides are never removed from 

the soil and microbial degradation of them would be expected, along 

with microbial degradation of their absorbed herbicides. 

Repeated use of the same preemergence herbicides, over 

several growing seasons, can result in selection of tolerant weed 

species along with possible selection of resistant weed 

biotypes.(7)(40)As a result, rates of herbicide application are 

commonly increased when adequate weed control is not achieved. 

Higher rates, as discussed earlier in this chapter, may result in 

increased residuals. 



Preemergence Herbicides Used 
in Ornamental Crops, Turf and Landscape Plantings 

Currently, there are approximately eleven compounds commonly 

used as preemergence herbicides in ormanental crops, turf and 

landscape plantings. This paper will divide the eleven compounds into 

- seven basic groups, which are as follows: 

Dinitroanilines 

Benefin H-butyl-N-ethyl-2,6-dinitro-4-(trifluoromethyl) 

benzenamine 

Oryzalin 4-(dipropylamino)-3,5-dinitrobenzenesulfonamide 

Pendimethalin i£-(1 -ethylpropyl)-3,4-dimethyl-2,6-

dinitrobenzenamine 

Trifluralin 2,6-dinitro-£J,N-dipropyl-4-(trifluoromethyl) 

benzenamine 

Amides 

Napropamide ft,H-diethyl-2-(1 -naphthalenyloxy)propanamide 

Benzoic Acids 

Chloramben 3-amino-2,5-dichlorobenzoic acid 
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Phthalic Acids 

DCPA dimethyl tetrachloroterephthalate 

Substituted Ureas 

Siduron M-(2-methylcyclohexyl)-N-phenylurea 

Diamino-s-Triazines 

Simazine 6-chloro-&N-diethyl-1,3,5-tria2ine-2,4-diamine 

Others 

Bensulide Q.-bis(methylethyl) S-[2-[(phenylsulfonyl)amino]ethyl] 

phosphorodithioate 

Oxadiazon 3-[2,4-dichloro-5-(1-methylethoxy)phenyl]-5-(1, 

1 -dimethylethyl)-1,3,4-oxadiazol-2-(3Jd)-one 

The dinitroanilines are a large group of herbicidal compounds 

that in pure form are generally low water solubility yellow-orange 

crystalline solids. They are not translocated into higher plants in 

significant amounts but, amounts that are translocated tend to be 

degraded. Therefore, removal of plant materials by operations like 

turf mowing, will not remove any significant amounts of these 

herbicides. Dinitroanilines are decomposed under anaerobic and 

aerobic conditions, possibly involving a variety of reactions which 

may include dealkylation, reduction, oxidation, hydrolysis and 

cyclization.(61)(63)The dinitroanilines are also subject to losses by 



photodecomposition and volatilization although, some rather large 

variations exist between the specific compounds. 

Benefin 

Trade Name: Balan® 

Solubility in water: Less than 1 ppm at 25°C 

Vapor Pressure: 3.89 xlO'^mm Hg at 30°C 

Melting Range: 65-66.5°C 

Formulations: Granular for turf 

Uses: Most annual weed grasses and many annual broadleaf weeds in 

established turf 

The major loss and degradation pathway for benefin in the soil 

is microorganism induced.^^Under aerobic conditions, oxidative 

dealkylation appears to be the major degradation route/61 ̂ Under 

anaerobic conditions reduction of the nitro groups probably is the 

major pathway/61 ̂ Some studies found anaerobic biological 

degradation to be more important than aerobic microbial 

degradation/33)l_ike most other preemergence herbicides, benefin's 

microbial exposure and degradation decrease as soil depth 

increases/33^4®) 

Benefin is often strongly adsorbed on soil colloids^40) 

particularly, the organic colloids/86)ciay particles play a relatively 

insignificant role/34)This strong adsorptive ability makes benefin 

relatively resistant to leaching and can help reduce volatilization 



losses. 

The relatively high vapor pressure of benefin indicates 

volatilization can be a major loss pathway. Increasing soil moisture 

may also increase volatilization although, to what degree, is not yet 

adaquately determined. Formulation (either liquid or granular) appears 

to have no significant affect on volatilization although, as soil 

moisture increases, volatilization, from either formulation, appears 

to increase.^®)|3enefin may also be quite susceptible to 

photodecomposition losses^^although, distinguishing these from 

volatilization and thermal degradation losses is difficuIt. 

Generally losses are much greater from volatilization than from 

photodecomposition. Under most environmental conditions both loss 

pathways can be retarded by herbicide incorporation within two to 

three days of application. 

Orvzalin 

Trade Name: Surflan® 

Solubility in Water: 2.5 ppm at 25°C 

Vapor Pressure: 1 x10"7mm Hg at 30°C 

Melting Range: 141-142°C 

Formulations: Flowable liquid 

Uses: Annual weed grasses and several annual broadleaf weeds in 

established ornamentals and turf 



Oryzalin is a very popular preemergence herbicide used in 

ormanentals and more recently in turf. Studies indicate that 

microorganisms are important in oryzalin degradation and binding in 

the soil.(50)(51)Microbial degradation of oryzalin has also been 

demonstrated as following the typical microbial population lag as 

populations increase to levels high enough to significantly degrade, 

and bind the herbicide. (^Most degradation products of oryzalin 

become non-extractable, soil-bound, residues associated with the 

soil organic fractions.(50)Several oryzalin degradation products have 

been identified and, variations in their production may be aerobically 

or anaerobically induced.(26)Degradation appears to occur more 

rapidly under aerobic conditions although, soil conditions approaching 

flooding may actually reduce herbicide losses,(^indicating possible 

volatilization involvement. 

Of the four dinitroaniline herbicides examined in this paper, 

oryzalin is least prone to volatilization losses. This may relate to it's 

lower vapor pressure.^^Oryzalin is also less prone to 

photodecomposition than the other mentioned dinitroanilines and 

incorporation is usually not necessary until several days after 

application although, this lag period is somewhat shorter in hot, dry 

climates. 

Oryzalin is resistant to leaching(40)(41)(49)but, large amounts 

of soil moisture can accelerate other residue loss routes. Higher plant 

absorption and translocation of oryzalin also appears to be 

limited.^4®) 



Cultivation of oryzalin treated soil has been demonstrated to 

increase, not decrease, phytotoxicity^40) indicating that cultivation 

more rapidly reduces herbicide residues. 

Pendimethalin 

Trade Name: Prowl® 

Solubility in water: 0.5 ppm at 23°C 

Vapor Pressure: 3.0 x10"^mm Hg at25°C 

Melting Range: 54-58°C 

Formulations: Emulsifiable concentrate and wettable powder 

Uses: Most annual weed grasses and many annual broadleaf weeds in 

turf 

Pendimethalin is another dinitroaniline herbicide sharing many 

of the degradation generalities associated with this group. It is 

strongly adsorbed to both organic matter and clay, thus making it very 

resistant to leaching/40)Water application, which creates 

flooded/dry cycles, does however, increase pendimethalin 

losses,(®)(64)indicating that water incorporation may reduce, rather 

than extend, herbicide residuals/64) Volatilization is probably not 

responsible for this increase due to the low volatility of 

pendimethalin at all moisture levels/67^Conflicting reports seem to 

indicate that microbial degradation of pendimethalin, unlike other 

dinitrianiline herbicides, may not be an important loss 

route.(4®)(®^Soil microorganisms may be important however, in 



pendimethalin binding to soil organic colloids. Photodecomposition 

and sunlight influenced thermal decomposition are most likely the 

major loss routes under alternate flood/dry conditions. 

Explanations for the major photodecomposition losses may include 

soil solution capillary movement to the surface or, the herbicide 

being made more susceptible to photodecomposition, by moisture 

weakened, herbicide chemical bonds. 

Pendimethalin degradation tends to increase with increasing 

temperature.(8)(88)Soil texture, within the mineral portion of the 

soil, appears to influence pendimethalin degradation very 

little.(88)Organic matter is the soil constituent most important in 

the herbicide's degradation. 

Minimal pendimethalin transport in higher plants occurs 

although, small amounts that are transported are degraded.^40) 

Trifluralin 

Trade Name: Treflan® 

Solubility in water: Less than 1 ppm at 27°C 

Vapor Pressure: 1.99 x10"4mm Hg at 29.5°C 

Melting Range: 48.5-49°C 

Formulations: Emulsifiable concentrate and granular 

Uses: Annual and some perennial weed grasses and some broadleaf 

weeds in established ornamentals 



Although trifluralin is molecularly quite similiar to benefin, 

the differences in vapor pressure (1.99 x10"4mm Hg at 29.5°C and 

3.89 x10'5mm Hg at 30°C for trifluralin and benefin respectively), 

and melting range (48.5-49°C for trifluralin and 65-66.5°C for 

benefin), are indicative of major physical differences that even minor 

variations in molecular organization can cause. 

Like benefin, trifluralin is very strongly adsorbed on soil 

constituents, particularly organic matter, and resists 

leaching.(^However, trifluralin surface volatilization and 

photodecomposition is much greater than benefin during the first few 

hours after application.(40)Trifluralin incorporation usually must 

occur within the first day of application to prevent major losses into 

the atmosphere, especially under warm to hot, and moist, soil 

conditions.(4^Moist soil can accelerate trifluralin 

volatilization(75)although flooding tends to greatly reduce or 

eliminate it.However, other degradation factors may increase in 

importance under flooded conditions. Once trifluralin is incorporated, 

low soil moisture tends to reduce it's vaporization/31) 

Like the other dinitroaniline herbicides, trifluralin may degrade 

under both aerobic and anaerobic conditions^56^61^although, research 

results conflict as to whether microbial or non-microbial degradation 

is most important.(56)(59)(66)par|<a ancj Tepe(56)fe|t that uncjer 

anaerobic conditions chemical degradation was more important. Other 

researchers also found that trifluralin degradation occurs in the 

following order: Moist Anaerobic > Flooded Anaerobic > Moist 



Aerobic(59)given that other environmental factors are similiar. 

Specific trifluralin metabolizing microorganisms have been 

identified^ 2)(16)as we|| as trifluralin inhibited soil 

microorganisms(12)(55)although, it is unclear to what extent these 

microorganisms are important in residue reduction. Application rates 

may also heavily influence microorganism populations and thus 

herbicide residuals. Higher than label recommended application rates 

tend to inhibit microorganisms/48) 

Conflicting reports exploring the effects of soil type upon 

trifluralin adsorption and degradation also appear but, most research 

indicates that trifluralin, unlike most other soil preemergence 

herbicides, is not strongly adsorbed (and thus inactivated) or, is it's 

persistence influenced by soil clay content.^ ̂ ^®^®^^)However, 

clay content may increase in importance as soil organic matter 

content decreases/35^Soil organic matter was found to be an 

extremely important trifluralin adsorptive and degradation 

factor.(30)(62)(63)(66)Trifluralin's behavior as a non-ionic compound, 

strongly influenced by cation exchange capacity under van der Waal's 

forces, may partially explain this/71)ln fact, trifluralin is not 

recommended for use on soils with an organic matter content higher 

than 10 %.(40)The effect of organic matter on trifluralin degradation 

is probably indirect by encouraging microorganism populations. 

Greatest degradation appears to occur with increased organic matter 

content under anaerobic conditions/59) 

Soil pH is interrelated with soil microorganisms and organic 



matter content and may also significantly influence trifluralin 

persistence. Acidic conditions tend to increase persistence of 

trifluralin phytotoxic residue levels/66)As soil acidity increases 

H+ion bonding strength at soil particle adsorptive sites increases, 

thus reducing adsorptive sites for the less competitive trifluralin 

molecules. Therefore, increasing soil acidity leaves more trifluralin 

in an non-bound phytotoxic state. 

Cultivation of trifluralin treated soil may also reduce 

persistence,(27)probably by encouraging capillary movement of soil 

solution to the surface. Volatilization and photodecomposition then 

may occur, especially when conditions are hot and dry/1 ̂ Increasing 

soil temperature also accelerates trifluralin degradation^14^27) 

although, accelerated microbial degradation may be the cause. 

Some trifluralin photodegradation products have phytotoxic 

effect/4®) These could potentially be related to trifluralin soil 

residuals and persistence, at least until further degraded to 

non-phytotoxic mineralized products. 

Napropamide 

Trade Name: Devrinol® 

Solubility in water: 73 ppm at 20°C 

Vapor Pressure: 0.004 um at 25°C 

Melting Range: 74.8-75.5°C 

Formulations: Wettable powder and emulsifiable concentrate 



Uses: Most annual weed grasses and some annual broadleaf weeds in 

ornamental plantings and container stock 

Napropamide is an amide herbicide but, unlike most amides, it is 

very resistant to leaching,(37)even under high rainfall conditions/65) 

Sand does appear to allow greater leaching than finer textured 

soils(24)(®5)and, organic matter appears to be much more important 

than clay in soil herbicide adsorptionZ23) 

Photodecomposition loss of napropamide is probably quite small^72) 

although, research conflicts on this point.(^Microbial degradation is 

usually a much greater route for loss(23)although, it can be relatively 

slow/4®)Napropamide degradation (probably microbial) also appears 

to be concentration dependent with much shorter half-lives for lower 

application rates although, soil temperature and moisture appear to 

be more important factors in degradation than do soil type and initial 

applied concentrations/23)This is obviously what we would expect 

with a herbicide that is primarily microbiologically degraded. 

Napropamide has also been shown to be easily absorbed and 

translocated by some higher plants and it is often metabolized by 

higher plants into water soluble compounds/4®)Napropamide has one 

of the longest half-lives of any of the preemergence herbicides used 

in ornamentals/77) 



Chloramben 

Trade Name: Amiben® 

Solubility in water: 700 ppm at 25°C 

Vapor Pressure: 7 x10"3mm Hg at 100°C 

Melting Range: 200-201 °C 

Formulations: Granular, emulsifiable concentrates and aqueous 

solution 

Uses: In a variety of ornamentals for annual weed grasses and annual 

broadleaf weeds 

Very little research has been conducted on chloramben 

although, some information sources do exist. Chloramben is available 

in several forms that vary in their rates of volatility and soil 

movement. For example, the salt and amide forms are more easily 

leached than is the methyl ester form.(22)The butoxyethyl ester form 

is resistant to leaching due to it's high adsorption to soil 

particles.(22)"This strong soil adsorption may also significantly 

reduce phytotoxic effects. Organic matter is probably the most 

important adsorptive soil factor.'(22)Detoxification of chloramben in 

high organic matter soil does not appear to be pH 

influenced.(^Conditions favoring microbial activity favor 

decomposition and the soil microorganisms may be involved in 

hydrolizing and adsorbing the compound.(22)persistence should be 

greatest with the butoxyethyl ester form in dry, high organic matter 

soils, and lowest with the salt form, in sandy moist soil receiving 



lots of irrigation or rain/22) 

Chloramben is highly susceptible to photodecomposition, a 

process which accelerates when the herbicide is applied to dry soil 

surfaces/22) Volatilization losses are usually greater with liquid as 

oppossedto granular forms/21) 

Chloramben appears to be readily absorbed by roots, leaves, and 

seeds but very little higher plant translocation occurs/40) 

Translocated amounts probably form a conjugate with glucose/40) 

PC PA 

Trade Name: Dacthal® 

Solubility in water: 0.5 ppm at 25°C 

Vapor Pressure: 0.01 mm Hg at 40°C 

Melting Range: 360-370°C (decomposition) 

Formulations: Wettable powder, granular, and flowable liquid 

Uses: Most annual weed grasses and some annual broadleaf weeds in 

turf, nursery stock and established ornamentals 

DCPA is one of the most established preemergence herbicides 

used in ornamentals and is still quite popular, probably due to it's 

safety among desirable plants, combined with it's relatively effective 

weed control when properly used. It leaches very little in any soil 

type and it is particularly well adsorbed to soil organic matter 

constituents/40)^45) Microorganism degradation appears to be the 

major route of loss through dealkylation reactions although, chemical 



degradation may also occur.(4^)(45)Andf as would be expected for 

herbicides that are primarily degraded by soil microorganisms, soil 

organic matter, and particularly turf thatch, may accelerate the 

process. A variety of microorganisms have been shown to utilize 

DCPA as a carbon source/22) 

DCPA applied to the soil does not appear to be heavily 

volatilized/22^ 

Siduron 

Trade Name: Tupersan® 

Soluability in water: 18 ppm at 25°C 

Vapor Pressure: Less than 8 x10"4mm Hg at 100°C 

Melting Range: 133-138°C 

Formulations: Wettable powder and in combination with fertilizers 

and insecticides 

Uses: Annual weed grasses, except bluearass Poa annua in turf-

most turfgrass, including seed, is tolerant except bermudagrass 

Cvnodon sp. and bentgrass Aarostis palustris 

Siduron is resistant to leaching in most soils although, as 

expected, leaching is slightly greater in coarse textured soils low in 

clay and organic matter, than in finer textured soils.^^22^®®^Water 

incorporated siduron tends to stay in the top inch of the soil/®) 

Photodecomposition is usually not a factor in siduron loss 

except under very hot and dry environmental conditions/®)^) 



Volatilization and chemical decomposition loss are also reported as 

being quite minimal/6^9) 

Soil microorganisms are responsible for the major degradation 

pathway.^^Siduron, and some of ifs metabolites, have been shown to 

supress some soil microorganisms^^but, other microorganisms 

tentatively identified as belonging to the Pseudomonas sp. bacteria 

group and the Fungi imperfecti fungus group, have been demonstrated 

in laboratory tests, to utilize siduron as their sole carbon 

source.^Siduron, like many other preemergence herbicides, should 

therefore degrade more rapidly under conditions favoring microbial 

activity. 

Siduron appears to be easily absorbed by roots of higher plants 

and translocated upward into other plant parts^1 ®)(22)so, weed 

removal or turf mowing for example, may ultimately remove it from 

soil. 

Simazine 

Trade Name: Princep® 

Solubility in water: 3.5 ppm at 20°C 

Vapor Pressure: 6.1 x10"9mm Hg at 20°C 

Melting Range: 225-227°C 

Formulations: Wettable powder, flowable liquid, granular and 

dispersible granular 



Uses: Annual weed grasses and annual broadleaf weeds in established 

bermudagrass and some established ornamentals and, as a 

sterilant 

Simazine is one of the oldest triazine herbicides and has been 

widely used for many years. It is generally resistant to leaching in 

most soils, primarily due to it's strong adsorptive qualities, and not 

to it's low solubility, as was originally believed^4®^^Simazine is 

reversibly adsorbed by both organic and clay soil colloids although, 

the soil organic fraction plays the largest role.(40)|n fact, one study 

indicated that in soil containing more than 30% organic matter, 

adsorption was great enough to eliminate all undissolved herbicide, 

after the initial equalibrium was reached, at a 3 kg/ha application 

rate.(53)Simazine is a weakly basic compound so soil adsorption 

should be strongest in a low pH, acidic soil.(42)Phytotoxicity should 

be greatest in high pH soils^42) due to poor adsorption. Increasing soil 

organic matter and clay content tend to reduce phytotoxicity,(4^)by 

increasing adsorption. 

Non-microbial or chemical degradation may be the most 

important means of simazine decomposition. Non-biological 

breakdown appears to be greatest at low pH and persistence longest 

at high pH, or alkaline conditions. (39)(42)Simazine may owe it's long 

persistence to it's highly degradation resistant aromatic ring 

structure.(44)"The molecular side chains are more easily degraded and 



their bonds are the first to be broken. Hydroxysimazine is probably 

the major non-biological degradation product of simazine in soil and, 

it is very resistant to further degradation/39) Adsorption to soil clay 

particles may protect the simazine from this chemical 

hydrolysis/3^) Hydroxysimazine is a non-phytotoxic metabolite and 

often becomes part of the soil humus fraction. Conditions favoring 

microbial decomposition include high soil pH, moisture, organic 

matter content, and temperature/^°)(78)Nitrogen fertilizer 

application may also encourage simazine decomposing 

microorganisms/74) 

Simazine also appears to be readily absorbed by many higher 

plant roots and subsequently transported throughout the plant/40) 

Phytotoxic selectivity by higher plants probably is based upon the 

species ability to rapidly decompose the compound/40)Those that do 

not rapidly decompose the absorbed herbicide tend to exhibit simazine 

induced, phytotoxic damage/40) 

Bensulide 

Trade Names: Betasan®, Prefar® 

Solubility in water: 25 ppm at 34.4°C 

Vapor Pressure: Less than 133 uPa at 20°C 

Melting Range: 34.4°C (liquid or crystalline solid in pure form) 

200°C (decomposes) 

Formulations: Emulsifiable concentrate and granular 



Uses: Annual weed grasses and some annual broadleaf weeds in 

established turf, dichondra Dichondra repens. flowers, 

ornamentals and groundcovers 

Bensulide is a relatively long lasting preemergence 

herbicide(4®)(47)and is very resistant to leaching/4®)Increasing 

amounts of soil organic matter, clay, and pH all contribute to 

bensulide adsorption and phytotoxicity reduction/46)Conversely, 

increasing soil pH and decreasing organic matter and clay content 

increase the compounds phytotoxicity/4^High organic matter 

ornamental soil media can, in fact, completely inactivate the 

herbicide/4®^ 

Bensulide volatility is less than trifluralin and depth of soil 

incorporation does not appear to have an affect/47) Very little, if 

any, bensulide appears to be translocated from roots to leaves in 

higher plants although, degradation of translocated amounts does 

occur/4®) 

Oxadiazon 

Trade Name: Ronstar® 

Solubility in water: About 0.7 ppm at 20°C 

Vapor Pressure: 10~®mm Hg at 20°C 

Melting Point: 90°C 

Formulations: Granular, emulsifiable concentrate, wettable powder 

and flowable liquid 



Uses: Annual weed grasses and annual broadleaf weeds in turf and 

ornamentals 

Oxadiazon is a relatively new compound, introduced in 1969, 

and is gaining prominence in the ornamental industry. It is a white 

crystalline powder in pure form and is rapidly and strongly adsorbed 

to soil colloids, particularly organic matter^) (4)altho ugh, it may be 

somewhat more mobile in coarser textured, low organic matter, 

soils/3)Type of organic matter may also influence oxadiazon soil 

movement and leaching. Whitcomb and Boyer(81)found that oxadiazon 

leached more readily from soil media containing peat moss than it did 

from media containing ground pine bark. Oxadiazon degrades under 

both moist and flooded soil conditions although, types of metabolites 

produced may vary among the different soil moisture levels/4) 

Oxadiazon metabolites appeared to be adsorbed mostly by the fulvic 

acid soil organic matter fraction, under moist conditions, and evenly 

by all soil organic matter fractions, under flooded conditions/4) 

Oxadiazon usually degrades slowly, probably due to it's low water 

solubility and the lack of any easily metabolized side groups on the 

molecule/4)As expected, degradation, as well as adsorption, is 

greatest in high organic matter soils/4) 

Effects of photodecomposition are currently unclear. Oxadiazon 

also appears to be heavily metabolized by aquatic biosystems, if it 

leaches into that portion of the environment/2) 



Conclusion 

This research paper attempts to identify and describe many of 

the factors that affect soil persistence of eleven preemergence 

herbicides. As became evident in the text, many interrelated factors 

are involved and, edaphic and other environmental conditions at each 

individual location must be considered when attempting to accurately 

determine how long, and at what levels a particular herbicide will 

persist. Large amounts of research, but not enough, has been directed 

toward isolating these individual variables or factors, while very 

little research has been directed toward integrating them into 

accurate, granated complex, prediction models. Understandably, these 

complex prediction models cannot be developed before the individual 

factors are well explored and understood. However, when one variable 

is determinate upon one or more other variables, piecing together 

results from individually determined factors often loses much 

credibility. 

Another problem is that often economics prohibit even some of 

the fundamental research on compounds that are not likely to capture 

a large part of the future market share. However, increasingly 

extensive federal and state regulations require significant research 
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data before the new herbicides can be released for commercial or 

home use. Older compounds like chloramben and, newer ones like 

oxadiazon still have several large gaps in available data relating to 

their soil persistence, particularly in an ornamental environment. 

Computer assisted residue predictions could help future 

determinations of preemergence herbicide soil residue levels. The 

ability to easily "plug" variables into a computer program would go a 

long way toward allowing practical field application of residue 

prediction models. Obviously, before accurate kinetic models can be 

developed considerable research needs to be directed toward 

collecting residue data under as many different environmental 

conditions as possible. Worldwide collective efforts would be 

complex and expensive to organize and conduct but might be the 

answer. A special challenge with this approach would be to 

standardize procedures so that comparable results could be developed. 

The studies should also allow for as many environmental variation 

combinations as possible. Laboratory research, under controlled 

conditions, would be helpful in piecing information together but, 

results often are not applicable to environmental conditions found in 

edaphic systems. 

Continual refinements in residue measuring techniques could 

prove helpful in determining soil herbicide metabolites and 

degradation products that cannot be accurately measured, if at all, by 

current techniques. Parts per billion measuring accuracies might 

provide many more collective puzzle parts as to the eventual fate of 



preemergence herbicides in the environment. Despite all of the 

research that has been conducted, we are still uncertain what exactly 

happens to all these herbicide residue and degradation products. We do 

know that crop phytotoxic levels do diminish over relatively short 

times but, very little has been determined about the remaining bound 

and non-bound residues. Future land use for ornamental growing is not 

endangered but, what about other long term problems, particularly in 

the high human contact urban environment in which so many of the 

"ornamental" preemergence herbicides are used? 

And finally, these soil preemergence herbicides are continually 

becoming more expensive. From a short term marketing sense 

research leading to reduced usage is not attractive but, it may be 

necessary to economically allow future use of these chemical tools. 

Research directed toward extended herbicide phytotoxic residual 

levels, in combination with other cultural and environmental 

manipulations, could prove to be very valuable in the long term. 
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