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ABSTRACT 
 

 
 The random distribution of weeds provides an ideal situation for site-specific 

weed management (SSWM) with a light-activated weed-sensing sprayer (WSS).  

Computer-based decision support systems are capable of using weed density numbers to 

create herbicide recommendations.  The decision aid WebHADSSTM (Herbicide 

Application Decision Support System) provides the user with information such as 

estimated net return, yield loss, and treatment cost.    

 Field trials were established in 2005 and continued in 2006 to evaluate a 

conventional broadcast system; the use of the WSS in which spray under the hoods was 

variable (sensor-activated), while a continuous band was sprayed postemergence-directed 

(PDIR) at the crop row (VHCR); and the WSS where spray under the hoods and PDIR 

was variable (VHVR).  Treatments were duplicated in 2006; plus, the addition of a 

preplant incorporated (PPI) herbicide was also evaluated in each spray system.  

WebHADSSTM was used to determine a portion of the herbicides applied (based on 

herbicide efficacy and economics).   

 The broadcast applications were usually the most effective at controlling Palmer 

amaranth (Amaranthus palmeri S Wats.), silverleaf nightshade (Solanum elaeagnifolium 

Cav.), and Venice mallow (Hibiscus trionum L.) in both studies.  A PPI herbicide in 2006 

did not always improve control compared to where no PPI herbicide was used; however, 

this is likely due to high levels of weed pressure present in both test areas.  Cotton 

(Gossypium hirsutum L.) lint yields in broadcast applications were similar to the weed-
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free check in both years of the study.  No differences in peanut (Arachis hypogaea L.) 

yield were observed among treatments throughout the study.    

 Variable treatments (VHCR and VHVR) used less herbicide than the broadcast 

system in both years of the cotton trial and in 2005 of the peanut trial.  They often 

provided equivalent net returns (gross yield revenue less weed control cost) in cotton to 

the broadcast.  Net return in peanut was similar among treatments applied with the WSS 

and broadcast.  Although significant herbicide savings were observed when compared to 

a broadcast system, a reduction in weed control indicates the need for future 

improvements of this system. A SSWM program used in conjunction with 

WebHADSSTM certainly still has potential in cotton and peanut production systems in the 

Texas Southern High Plains.  
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CHAPTER I 
 

INTRODUCTION 

 

 The goal of weed management has changed over the past 10 to 20 years.  Today, 

the aim for many growers is geared more towards keeping the weed community below an 

unacceptable level rather than trying to achieve a completely weed-free condition 

(Bostrom and Fogelfors 2002).  In light of this, many weed populations continue to 

persist in agricultural fields.  Although several forms of weed management exist, the 

most prevalent method of weed control is the use of herbicides.  Herbicides are the 

largest pesticide class, which accounted for 60% of total kilograms of pesticide active 

ingredient used in 2001 (USDA 2005a). 

Cotton (Gossypium hirsutum L.) and peanut (Arachis hypogaea L.) are major 

agronomic crops in the southern United States, and herbicides are used on over 93 and 

94% of the crop hectares, respectively (USDA 2006b; 2005b).  One of the primary 

benefits of site-specific agricultural technologies is the potential to reduce the use of 

unnecessary inputs.  Furthermore, weed populations are generally not equally spaced 

within a field (Dieleman et al. 2000); thus, a widespread control strategy that applies 

herbicide to the total area may not be necessary.  Applying herbicides only where they 

are needed would reduce waste and input costs.  By increasing integrated pest 

management practices and site-specific weed management, pesticide use may be 

decreased significantly, improving grower profit and sustainability.  The need to reduce 

input costs has perhaps never been greater due to increased costs such as seed, 
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technology fees, fuel, and many herbicides.  Although commodity prices shift from year 

to year, producers will likely always feel the pressure to lower their production costs.  A 

practice that promotes a reduced amount of herbicide per application could have many 

benefits.  Conventional spraying systems are typically used to apply a single rate of 

herbicide or herbicide mixture over an entire field.  This has generally provided adequate 

weed control, but it results in significant herbicide waste.  In fact, there are indications 

that the widespread use of herbicides has merely altered the composition of weed 

communities, without leading to the eradication of a single weed species (Cousens and 

Mortimer 1995).  Weeds are often found in patches; therefore, site-specific management 

at the field level offers an opportunity to minimize ecological effects related to wasteful 

broadcast use of herbicides (Maxwell and Luschie 2005).   

A light-activated, weed-sensing sprayer (WSS) is available that can discretely 

detect and treat weeds, but cannot differentiate between weed and crop plants.  Therefore, 

the WSS sprayer can currently be used for weed control only in the area between crop 

rows. With slight modification, the WSS can spray weeds within the crop row when it 

detects weeds in the row middles.  Thus, the random distribution of the weeds can be 

used for real-time, site-specific management.  Additionally, this spray system can be 

linked to a data logger and differential global positioning system so that weeds can be 

sprayed and mapped simultaneously in real time.  This automated approach reduces the 

need for costly and time-consuming weed mapping that changes temporarily throughout 

the growing season.  The ability to control and map weed populations in real-time will 
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lead to better knowledge of the temporal and spatial relationships for some of the most 

important weeds in the High Plains of Texas.  

 In addition to weed-sensing sprayers, computer-based decision support systems 

have been developed to assist producers with herbicide recommendations based on 

various inputs.  One of these systems is HADSSTM (Herbicide Application Decision 

Support System), which has a web-based version called WebHADSSTM.  These systems 

provide recommendations based on field and crop characteristics, crop selling price, 

weed species density, and weed size.  Recommendations are ranked by net return, but 

they also provide the user with estimated yield loss, cost for a specific treatment, and 

herbicide rates and efficacy (Wilkerson et al. 1991).  The use of a site-specific weed 

management program can identify control options that may result in high net returns and 

reduced herbicide use. 
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CHAPTER II 

LITERATURE REVIEW 

 

Since the domestication of crops, pest management has been an important part of 

production agriculture.  In particular, weed management has always been a significant 

concern.  Whether it has been hand-hoeing, pulling weeds, using herbicides and 

machinery, or biological means, weed control has always been an important step towards 

successful crop production.   

Worldwide, the most common weed control practice is hand-weeding and hand-

hoeing.  In the United States the most widely used form of weed control involves the use 

of herbicides (Klingman 1978).  By 1975, 70 to 80% of cotton (Gossypium hirsutum L.) 

production in the southwest was treated with herbicides (Miller 1976).  In 2005, 93% of 

upland cotton planted in Texas received some type of herbicide application.  This is 

important considering that nearly 2.4 million hectares of cotton were planted, which was 

greater than any other state.  In fact, cotton production in Texas alone was valued at more 

than $1.7 billion in 2005.  Diuron, glyphosate, pendimethalin, and trifluralin were applied 

to 17, 53, 10, and 58% of the cotton production area, respectively (USDA 2006b).    

In 2004, 94% of Texas peanut (Arachis hypogaea L.) was treated with a 

herbicide.  Glyphosate, 2,4-DB, imazapic, and pendimethalin were applied to 24, 20, 29, 

and 46% of peanut hectares, respectively (USDA 2005b).  Many producers not only rely 

on postemergence (POST) herbicides, but on preplant incorporated (PPI) and 

preemergence (PRE) herbicides as well.  Culpepper and York (1998) found that typical 
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herbicide programs in cotton began with an application of two or more herbicides at 

planting, but most fields required POST applied herbicides for improved weed control.  It 

was also noted that in glyphosate-resistant cotton, glyphosate applied once did not 

adequately control most species, and cotton yield and net returns were less than that of 

standard herbicide programs.  The use of various combinations of PPI, PRE, and POST 

herbicides has provided sufficient weed control in cotton (Askew et al. 2002; Buchanan 

and Burns 1970; Burke et al. 2005; Culpepper and York 1998; Lyon et al. 2004; Murdock 

et al. 2004), and in peanut (Linker and Coble 1990; Scott et al. 2002).  Effective weed 

control is important to Texas peanut production.  The Texas peanut industry produced 

approximately 454 million kilograms from 105,300 hectares, and averaged over 4,300 

kg/ha, with a total crop value exceeding $162 million in 2005 (USDA 2006a). 

Another form of weed management often used in conjunction with herbicides is 

physical weed removal or mechanical tillage.  The most basic form of weed removal, 

hand-hoeing, is still practiced all over the world (Shaw 2005a).  The use of tillage 

combined with herbicides can be quite effective, and increase yields and profitability in 

peanut (Bridges et al. 1984; Hauser et al. 1973; Linker and Coble 1990), and cotton 

(Keeley and Thullen 1989; Snipes et al. 1984).  Conventional tillage, which involves 

covering or removing all previous crop residue, is still widely practiced in cotton and 

peanut.  It may include processes such as destroying of crop stalks in cotton, deep-tillage 

using a chisel plow, herbicide incorporation, listing beds for rotational crops, and 

cultivation for control of weeds (Keeling et al. 1989).  The different methods and 

intensity of tillage have evolved over the past decade.  Various forms of conservation 
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tillage are beginning to be utilized.  Conservation tillage decreases the amount and 

intensity of tillage on cropland.  It involves leaving some or most of the crop residue on 

the soil surface, and usually making fewer trips across the field.  Minimum-till, strip-till, 

and no-till have all been identified as aiding in maintaining water infiltration, conserving 

moisture, increasing organic matter and availability of soil nutrients (Baumhardt et al. 

1985; 1993; Licht and Al-Kaisi 2005; Reddy et al. 2003).  Tubbs and Gallaher (2005) 

reported that strip-tillage into rye (Secale cereale L.) stubble provided equal grass control 

to that of conventional tillage in peanut; however, conservation tillage may not always 

provide the same level of weed control as conventional tillage systems (Legere and 

Samson 2004; Wiatrak et al. 2005).  In 2005, 69% of cotton hectares in Texas had the 

crop residue either plowed down or removed and 41% of hectares were classified as 

using either minimum or no-till practices to manage pests (USDA 2006b).  Likewise, 

55% of peanut hectares had crop residue plowed or removed and 18% were no-till or 

minimum-till systems in 2004.  In addition, 85% of peanut hectares were cultivated for 

weed control (USDA 2005b).  Johnson et al. (2001) noted that in peanut-cotton rotations, 

intensity of weed control escalated in continuous reduced and minimum tillage systems.  

Therefore the use of herbicides or other management options is an important 

consideration where conservation tillage is practiced.  

Another method of weed management that is often less utilized than other 

methods is biological control.  The use of natural enemies to manage weed pressure has 

been shown to be quite effective.   These natural enemies may be diseases, fungi, or 

insects.  Frantzen et al. (2002) performed a study that examined the fungus Puccinia 
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lagenophorae and its control of common groundsel (Senecio vulgaris L.) in carrot 

(Daucus carota L.).  When establishment of epidemics was successful, P. lagenophorae 

was effective in controlling common groundsel.  The study also found that the addition of 

pendimethalin did not adversely affect spore germination, and thus a broader spectrum of 

weed control could be obtained.  Sheikh et al. (2001) studied the effect of the bacteria 

Pseudomonas syringae pv. tagetis on density of woollyleaf bursage (Ambrosia grayi A. 

Nels. Shinners), which is an important agronomic pest in cotton on the Texas South 

Plains.  Woollyleaf bursage was found to be susceptible to P. syringae pv. tagetis at all 

growth stages.  Furthermore, early-season applications were generally more effective 

than later applications in reducing weed density.   

Price et al. (2003) reported that Homorosoma chinensis Wagener (Coleoptera: 

Curculionidae) has potential of being a possible control option for mile-a-minute weed 

(Polygonum perfoliatum L.).  The puncturevine (Tribulus terrestris L.) seed weevil, 

Microlarinus lareynii (Jac. du Val), has been used as a biological control agent for 

pucturevine.  Rummel and Arnold (1992) reported that seed weevil populations appeared 

to be relatively abundant in the High and Rolling Plains and were in a state of resurgence.  

Boydston and Williams (2004) observed the effects of herbicides combined with the mite 

Aceria malherbae on field bindweed (Convolvulus arvensis L.) control.  This mite feeds 

on the field bindweed, resulting in formation of small galls and disrupts growth of leaf, 

stem, and bud tissue, which often results in stunted plants. 

Finally, a method of weed management that involves all or part of the previously 

mentioned methods is cultural control.  This control strategy involves such actions as 
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adjusting planting date, irrigation schedule, modifying tillage practice with herbicide 

application, adjusting chemical application schedule, and the selection of transgenic 

varieties.  Cultural control has shown to provide adequate weed control (Linker and 

Coble 1990).  In a study conducted by Brecke and Stephenson (2006), peanuts planted 

under strip-tillage conditions in twin-rows displayed greater control of common 

cocklebur (Xanthium strumarium L.) (94%) compared to single-row planting (84%).  

This control and greater yield suggest an advantage to planting in twin-rows.  Wilson and 

York (2005) reported narrow-row (38-cm spacings) cotton did not need additional 

herbicide applications at the 11-leaf stage as a result of excellent early-season weed 

control compared to 97-cm row systems.   

In Texas, 20% of cotton-producing farms practice adjusting planting/harvesting 

dates, 52% rotate crops, 42% choose a crop variety specific to pests present, and 15% 

choose specific planting locations to avoid certain pests (USDA 2006b).  Nationwide, 

those numbers are 25, 56, 58, and 22% respectively.  In 2004, 12% of peanut-producing 

farms in Texas adjusted planting or harvesting date to manage pests, 78% rotated crops, 

19% planted a crop variety based on its pest resistance, and 11% avoided pests by 

selecting planting locations.  These numbers compare to 19, 77, 37, and 12%, 

respectively, for all peanut-producing states (USDA 2005b).  It should be noted that these 

are pest control practices and not specifically weed control practices.  In general, cultural 

methods of weed control in Texas are similar to those being practiced throughout the 

United States. 
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The selection of weed management strategies in cotton and peanut production will 

depend on the weeds present.  This is due, in part, to the competitive nature of weeds.  In 

cotton, yield can be reduced dramatically if weeds are not controlled early in the season 

(Askew and Wilcut 1999; Buchanan and Burns 1970; Keeling and Abernathy 1989a).  

Weeds such as Palmer amaranth (Amaranthus palmeri S. Wats.) seek to attain soil 

nutrients, water, and sunlight as does the crop (Rowland et al. 1999).  Losses caused be 

weed competition have been assessed since the 1950’s (Shadbolt and Holm 1956).  

Etheridge et al. (1990) reported that silverleaf nightshade (Solanum elaeagnifolium Cav.), 

Russian thistle (Salasola iberica L.), pigweed (Amaranthus spp.), morningglory (Ipomea 

spp.), johnsongrass (Sorghum halepense L.), and common cocklebur competition with 

cotton resulted in yield reduction, decreased crop quality, increased costs as a result of 

control efforts, and decreased irrigation and water management efficiency.  In a study 

conducted near Lubbock, TX in 1999 and 2000, cotton not treated with a PPI, PRE, or 

POST herbicide was not harvestable due to weed competition from Palmer amaranth and 

devil’s-claw (Proboscidea louisianica Mill.) (Lyon et al. 2004).  Main et al. (2005) 

reported that lower peanut yield could be attributed to increased weed interference or 

delayed herbicide application to large weeds.  Furthermore, shading from weeds has also 

reduced peanut yield (Barbour et al. 1994).   

Production agriculture involves understanding the crop being grown, as well as 

the weeds present.  Successful weed management can be affected by a number of factors.  

An understanding of weed competitiveness, growth distribution (uniform or random), and 

growth habit (annual or perennial) can lead to more effective weed management 
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strategies.  The interaction of weeds with their crop environment can also play an 

important role in how best to manage them.  Weed populations are generally not equally 

spaced within a field.  This has been documented numerous times in recent years 

(Cardina et al. 1995, 1997; Clay et al. 1999; Dieleman et al. 2000; Johnson et al. 1995, 

1996; Mortensen et al. 1997).  Whether weed distribution is due to soil type, an increased 

seed bank, slope of the field, or lack of certain control measures, it is important to 

understand how the population can affect crop production.  Since weeds are generally not 

widespread across an entire field, a widespread control strategy may not be necessary.  

Today methods of weed control in cotton and peanuts vary; however, most involve 

utilization of herbicides. 

The majority of practices aimed at weed control today involve some type of 

herbicide application.  Preplant incorporated herbicides such as trifluralin and 

pendimethalin are used widely for control of early-season annual grass and small-seeded 

broadleaf weeds (Keeling and Abernathy 1989b).  Burke et al. (2005) found that systems 

involving trifluralin controlled Texas panicum (Panicum texanum Buckl.) at least 84%, 

those using trifluralin and glyphosate controlled common lambsquarters (Chenopodium 

album L.) at least 96%, and systems using trifluralin PPI followed by (fb) fluometuron 

PRE fb pyrithiobac POST controlled prickly sida (Sida spinosa L.) 89 to 100%.  In 1999 

and 2000, Lyon et al. (2004) noted that the addition of a PPI herbicide to POST HADSS 

(Herbicide Application Decision Support System) increased Palmer amaranth control.  

Lack of adequate nutsedge (Cyperus spp.) control by dinitroanaline herbicides such as 

ethalfluralin, pendimethalin, and trifluralin has led to a need for other soil applied 
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herbicides to provide early-season control (Dotray et al. 2001).  The use of POST 

herbicides is even more important in conservation tillage.  Herbicides applied POST such 

as 2,4-DB, imazapic, imazethapyr, acifluorfen, lactofen, diclosulam, paraquat, and 

bentazon are effective herbicides in peanut (Baughman et al. 2003; Clewis et al. 2001; 

Grichar 2002; Grichar et al. 2001; Lancaster et al. 2005; Main and Chapin 2006; Tubbs 

and Gallaher 2005; Wilcut et al. 2002).  Likewise glyphosate, glufosinate, and s-

metolachlor are excellent options used for weed control in cotton (Wilcut et al. 2005).  

Pyrithiobac and glyphosate programs have controlled morningglory species, velvetleaf 

(Abutilon theophrasti Medik.), devil’s-claw, and Amaranthus species (Askew et al. 2002; 

Batla et al. 2006; Dotray et al. 1996) in cotton.   

Glyphosate and glufosinate POST are being widely used in transgenic cotton.  

These herbicides provide a broad spectrum of weed control (both broadleaf and grasses), 

have virtually no restrictions for crop rotational plant-back, and have nominal toxicity 

towards animals and humans.  Moreover, these herbicides are often less expensive than 

others used in these same crops.  Approximately 1.4 million hectares of glyphosate-

resistant and approximately 118,000 hectares of glufosinate-resistant cotton were planted 

in Texas in 2005 (Dotray and Keeling 2006).  Similarly imadazolinones are a good option 

in peanut as they are tolerant to some herbicides in this chemical family.  In addition to 

transgenic crops, the manner in which herbicides are applied is also changing.  With an 

increase in the price of fuel and possibly the number of hectares under production, 

producers will seek to decrease the number of trips made across the field. 
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A need to reduce input costs while maintaining or improving yield and net return 

has led many producers to turn to precision agriculture.  The concept of precision 

agriculture is rather straightforward.  Although definitions vary, precision agriculture 

involves applying an input (pesticide, fertilizer, irrigation) only where it is needed.  As 

Stafford (2000) pointed out, precision agriculture gives us an alternative means of 

reducing and optimizing the use of agrochemicals.  Precision agriculture has been utilized 

in several facets of production agriculture.  Kutcher et al. (2005) used precision 

agriculture technologies to evaluate plant disease management in canola (Brassica napus 

L.).  Site-specific applications of nitrogen (N) fertilizer and fungicide were made to 

managements units defined by slope.  Results indicated that using slope to guide 

fungicide applications may be limited by environmental conditions and the disease pest 

characteristics.  Precision technologies have also been used for variable-rate applications 

of N fertilizer.  Studies were conducted in Lamesa, Texas to evaluate the effect of site-

specific irrigation and variable rates of N on cotton lint yields (Bronson et al. 2006).  

Although variable-rate irrigation had little effect on yield, variable-rate N fertilization 

resulted in more consistent yield response compared with plots not receiving N.  

Precision agriculture tools have also allowed for cost-effective measurement and 

mapping of grain yield over various landscapes (Bermudez and Mallarino 2002).   

The ability to only apply herbicide to weeds and not the entire area would prove 

to be advantageous.  Spot spraying, where a small area of weeds is targeted, may have 

been the first type of precision application.  Another early form of precision application 

was made with a rope-wick applicator.  This equipment uses a herbicide-soaked rope 
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hung from a toolbar carried by a tractor.  As the toolbar is moved across the field, the 

herbicide is transferred to weed leaves that are growing taller than the crop.  This method, 

however, does not always provide adequate control, although the idea is still a good one.  

As with the spot sprayer, being able to apply herbicide just where it is needed is the idea 

behind site-specific weed management (SSWM).  When a herbicide is only applied to the 

area where it is needed, a noticeable savings in chemical applied may be realized, thereby 

leading to a reduction in weed management costs (Swinton 2005).  Barroso et al. (2004) 

maintained that profitability of SSWM increased as the proportion of the field infested by 

weeds decreased.  When 64% of barley (Hordeum vulgare L.) fields were infested, 

SSWM was never profitable, which was attributed to expected yield, herbicide prices, 

and technology costs.  However, when only 30% of the field was infested, SSWM was 

clearly more economical than applying herbicide to an entire field (Barroso et al. 2004).  

In a four-year study evaluating herbicide savings using SSWM, Timmermann et al. 

(2003) reported an average of 54% herbicide could be saved. 

The equipment used for SSWM had evolved a long way from the rope-wick 

applicator.  Broadcast and hooded sprayers can now be fitted with optical sensors that can 

detect, identify, and send a signal that triggers a pulse of spray to the weeds (Brown and 

Noble 2005).  Technology also has obviously advanced in recent years.  Global 

positioning systems (GPS) and geographic information systems (GIS) have made it 

possible to locate and map weed patches in a field either before or during herbicide 

application (Goudy et al. 2001).  These weed maps can then be used for subsequent 

applications. 
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Another technological tool for producers and consultants are decision support 

systems (DSS).  A DSS has been defined as an interactive computer-based tool used by 

decision makers to help answer questions, solve problems, and support or refute 

conclusions (Shaw 2005b).  In production agriculture, there are many factors a producer 

must consider when managing weeds.  Areas such as crop and weed biological 

characteristics, herbicide efficacy, economics involved in weed control and crop 

production, and environmental considerations must all be taken into account (Berti et al. 

2003).  Various computer based DSS use these factors to aid in herbicide application 

decisions.  They also offer an easy way to examine potential economic benefits of a wide 

range of weed management treatments, something that can be extremely time-consuming 

otherwise (Bennett et al. 2003). 

One such DSS is GESTINF (gestao informacao - management information, or 

input).  This system was used in soybean (Glycine max L.) and wheat (Triticum aestivum 

L.) production in Italy.  GESTINF bases treatment suggestions not only on weed control, 

but economics and environmental affects as well.  In soybean, adoption of GESTINF 

suggestions reduced weed control costs with respect to traditional farm practices by as 

much as 36%.  Weed control was satisfactory, but not as effective as the traditional farm 

practices (Berti et al. 2003). 

Medlin and Shaw (2000) conducted a study in soybean using the DSS MSU-

HERB (an interactive computer program developed at North Carolina State University) 

and Mississippi HADSS (developed for use in Mississippi) to estimate net gain resulting 

from simulated herbicide applications.  Regardless of non-transgenic or glyphosate-
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tolerant crops, site-specific herbicide management resulting from the two DSS exhibited 

higher net gains than a broadcast-applied management system.  Thus, the potential 

savings by using a DSS in site-specific weed management are promising.  WeedSOFTR 

(formerly NebraskaHERB) is a DSS that was developed to assist producers and crop 

consultants with selections of optimal weed management strategies.  It consists of four 

different modules that report information such as maximum yield, net gain, soil maps, 

and a visual library of different weed species (Neeser et al. 2004).   

The decision aid HADSS, which was formally HERB (Wilkerson et al. 1991), has 

been evaluated in cotton.  Like GESTINF, HADSS suggestions are based on weed 

control provided by various herbicide recommendations.  It also evaluates potential crop 

loss resulting from weed competition and whether an application is justifiable 

economically.  Herbicide recommendations are ranked based on net return over weed 

control costs (Wilkerson et al. 1991).  Systems in glyphosate-resistant cotton based on 

HADSS recommendations provided 100% control of smooth pigweed (Amaranthus 

hybridus L.), and at least 98% control of Palmer amaranth and ivyleaf morningglory 

(Ipomoea hederacea L.) (Scott et al. 2001).  Systems that involved soil applied herbicides 

along with HADSS POST were similar in yield and net return to standard POST systems.  

Similarly, Lyon et al. (2004) reported that POST HADSS systems in glyphosate-resistant 

cotton controlled Palmer amaranth 100% when a PPI was used, but control decreased to 

81% without a PPI.  However, devil’s-claw control was not improved with the addition of 

a PPI herbicide.  Lint yield in POST HADSS systems was approximately 80 kg/ha less 

than standard weed management in 2000.  Net returns in HADSS systems were similar to 
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standard systems in 1999, but less when compared in 2000 (Lyon et al. 2004).  Similar 

results have been reported in peanut systems.  Systems utilizing HADSS 

recommendations displayed at least 72, 91, and 81% control of yellow nutsedge, ivyleaf 

morningglory, and large crabgrass (Digitaria sanguinalis L.), respectively.  Control was 

greater than in standard systems in many cases (Scott et al. 2002).  Yield in HADSS 

systems ranged from 1870 to 6340 kg/ha over two years and two locations.  The standard 

POST systems yielded between 0 and 6480 kg/ha.  Net return was equal to or greater in 

HADSS systems than in standard practices and total cost of herbicide and application was 

lower in only 8 of 28 comparisons with the standard system (Scott et al. 2002). 

Site-specific weed management has proven to reduce area sprayed with herbicide 

leading to savings in input costs.  Furthermore, use of various DSS has led to reduction in 

weed control costs, and increases in net return and weed control when compared to 

standard management systems.  Therefore, it is conceivable that SSWM using a DSS 

could be even more beneficial.  In 1998, a study was initiated that assessed such a 

situation.  Lamastus-Stanford and Shaw (2004) reported that when HADSS 

recommendations were generated for SSWM, 49% of the field received the “no 

treatment” recommendation, where as herbicide application in the rest was the most 

economical choice.  The SSWM displayed a net return greater than that of broadcast 

applications, averaging $13.91/ha and $11.63/ha more than broadcast systems in 1998 

and 1999, respectively.  However, input costs such as technology and sampling fees were 

not calculated into the net return (Lamastus-Stanford and Shaw 2004), and these inputs 

would certainly reduce net return.  Swinton (2005) noted that high costs of sampling for 
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weed populations, has drawn attention to sensor-based SSWM, thus allowing for on-the-

go application of herbicides as needed. 

Little research has been conducted to evaluate sensor-based SSWM with the use 

of a DSS.  This research described herein is focused on such a weed management system.  

The objectives were to: (1) evaluate weed control and herbicide use in a site-specific 

management system compared to a conventional broadcast system; (2) utilize and modify 

a decision support system (WebHADSSTM); and (3) evaluate weed population changes 

over time. 
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CHAPTER III 

MATERIALS AND METHODS 

 

Field experiments were established in 2005 at the Texas Agricultural Experiment 

Station in Halfway to evaluate site-specific weed management systems using 

WebHADSSTM (Herbicide Application Decision Support System).  The area in which 

these studies were conducted was out of production for several years, so weed seed 

numbers were quite high at the initiation of the study.  This was a major factor in the 

selection of this test location.  The cotton variety planted in both years of the study was 

Fibermax 960 BR (a glyphosate-tolerant variety containing the Bacillus thurengensis 

gene for insect resistance).  The peanut variety chosen was TAMSPAN 90, a short-season 

Spanish peanut variety developed by Texas A&M University.  The soil type in the test 

area is an Olton clay loam (fine, mixed, thermic Aridic Paleustolls) with less than 1.0% 

organic matter and pH of 7.4.  Cotton was planted on May 13, 2005 and May 17, 2006.  

Peanut was planted on May 17 both years.  Seeding rate for cotton and peanut was 14 to 

16 kg/ha and 84 to 95 kg/ha, respectively.  Aldicarb was applied in-furrow at 3.4 kg/ha in 

cotton, and inoculant (Mesorhizobium ciceri) was applied in-furrow at 6.2 to 7.8 kg/ha in 

peanut.  An application of acephate was made on June 6, 2006 in cotton for control of 

Western flower thrips (Frankliniella occidentalis).  Both crops were managed under 

minimum tillage conditions.   

Test areas received 410 and 366 mm of rainfall in 2005 and 2006, respectively, 

which is less than that of the 30-year average (Table 3.1).  Supplemental irrigations were 
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necessary throughout both growing seasons.  One furrow-irrigation of 60 to 80 mm was 

applied in June of 2005.  Test areas were irrigated four times (60 to 80 mm each) in 2006 

because of lack of rainfall. 

 The study is a randomized complete block design with four replications.  The 

field was set up on 102 cm rows, and each plot was 8 rows by 30 m.  In year two, plots 

were assigned the same treatment application method they received in year one of the 

study, which allowed evaluation of specific weed control system over years.  

WebHADSSTM was used to determine a portion of the herbicides applied in treatments 

based on herbicide efficacy and economics.  The systems evaluated for weed control and 

herbicide usage were: 

a) Commercial broadcast application using Texas Agricultural Experiment Station 

(TAES) recommendations.  No preplant incorporated (PPI) herbicide was applied 

throughout the duration of this study. 

b) Commercial broadcast application using WebHADSSTM recommendations.  No 

PPI herbicide was used in year one; however, a PPI was used in year two of the 

study. 

c) A weed-sensing hooded sprayer using WebHADSSTM recommendations, set to 

apply herbicide in row middles based on activation of weed sensors (variable 

under the hood, VH); and a constant band was applied post direct (PDIR) 

(continuous at the row, CR).  No PPI herbicides were applied throughout the 

duration of this study. 
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d) Also a VHCR application in which no PPI was used in year one, but was utilized 

in year two. 

e)  A weed-sensing hooded sprayer using WebHADSSTM recommendations set to 

apply herbicide in row middles and PDIR based on weed sensors (variable under 

the hood and at the row, VHVR).  No PPI herbicide was applied throughout the 

duration of this study. 

f) Also a VHVR application in which no PPI herbicide was used in year one; 

however, it was used in year two of the study.  

Weed control, herbicide usage, and yield from each system were compared to a weedy 

(non-treated) and weed-free control.   

 All treatments were applied using a sprayer volume of 94 L/ha at 193 kPa.  A 

tractor-mounted compressed-air sprayer with a 4-row broadcast boom was used for 

application of PPI herbicides and commercial broadcast POST treatments in both cotton 

and peanut.  A 4-row W3504 Wylie Spray ShieldTM directed sprayer (WYLIE 

Manufacturing Co., Petersburg, Texas 79250) was utilized for broadcast applications in 

cotton after the fourth to fifth true leaf stage to minimize crop injury.  Furthermore, a 4-

row light-activated, weed-sensing hooded sprayer (PatchenTM Model 650 WeedseekerR 

NTech Industries Inc. Ukiah, California 95482) was used to apply the herbicide based 

upon treatment.  The weed-sensing sprayer was modified to spray weeds within the crop 

row when weeds were detected in the row middles.   

Weed densities were recorded before each application for input data into 

WebHADSSTM (Tables 3.2-3.5).  Three to five weed counts were recorded from each plot 
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using 1 by 1 meter quadrats placed at random to determine weed species, densities, and 

size.  Weed counts by species were averaged per plot and per treatment.  These densities 

were used in the WebHADSSTM treatments to determine herbicide recommendations.  A 

weed map was created after each in-season application. 

No residual herbicides were used in the first year of this study, regardless of 

WebHADSSTM recommendations; however, some inputs in year two contained the use of 

residual herbicides.  Glyphosate at 0.84 kg ae/ha was applied in all cotton treatments and 

timings in 2005 (Table 3.6).  Trifluralin at 1.12 kg ai/ha was applied on April 13 and 

incorporated with a rolling-cultivator based upon treatment in 2006 (Table 3.7).  

Glyphosate at 0.84 kg/ha was applied in all treatments, except for the commercial 

broadcast application using WebHADSSTM, in which carfentrazone at 0.018 kg/ha was 

applied based on WebHADSSTM recommendations.  Metolachlor at 1.10 kg/ha was 

applied as a tank mixture with glyphosate on June 8 in all treatments.   

In peanut, 2,4-DB at 0.45 kg/ha plus paraquat at 0.28 kg/ha was applied in all 

treatments at the first two application timings in 2005 (June 7 and 17, Table 3.8).  

Lactofen at 0.22 kg/ha was used at the third timing on July 20 in all treatments.  

Acifluorfen at 0.28 kg/ha was applied at the last timing on August 18 in all treatments.  In 

2006, ethalfluralin at 1.05 kg/ha was applied on April 13 and incorporated with a rolling 

cultivator (Table 3.9).  At the first application on June 8, 2,4-DB at 0.45 kg/ha plus 

imazapic at 0.07 kg/ha were applied for all treatments.  For the July 13 timing, 2,4-DB 

alone was applied in the broadcast treatments and imazethapyr at 0.07 kg/ha was added 

as a tank mixture for all variable treatments.  At the final timing on August 9, lactofen at 
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0.22 kg/ha was used in all treatments.  Preemergence (PRE) herbicides will be introduced 

into a portion of the treatments for the final (third) year of the study in 2007. 

Yield and net return per treatment were determined.  Net return was calculated by 

subtracting total weed cost in each treatment from yield gross revenue.  Total weed costs 

included herbicide and application costs.  Equipment cost, repairs, and depreciation were 

not calculated, and would presumably affect final net return.  Although fuel, seed, 

irrigation, harvest, land rent, and labor costs were not included, they would be constant 

across treatments. Half of each plot was mechanically harvested both years, and samples 

were collected for ginning (cotton) and quality analysis.  Cotton was harvested on 

November 22 and October 23 in 2005 and 2006, respectively.  Lint quality grades were 

obtained with a High Volume Instrument at the Texas Tech International Textile Center 

in Lubbock.  Peanut plots were mechanically dug and inverted on October 7, 2005 and 

October 25 in 2006, and air-dried in the field.  Plots were harvested on October 20 in 

2005.  In 2006, peanut plots were harvested on October 30 as they were the previous 

year; however, only replications one and two were included in the analysis due to 

extensive pod feeding by pests in replications three and four.   

Data were analyzed in SAS version 9.1 using PROC MIXED (SAS 2003) for 

analysis of variance.  Blocks were considered as random effects and treatments were 

fixed effects.  The block effect was not of interest in these studies.  Percent weed control 

and herbicide use data were arcsine square root transformed before analysis for 

separation.  Means were separated using the “pdiff” function in SAS at the 5% level of 

probability.  Non-transformed weed control and herbicide use data are presented. 
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Table 3.1.  Rainfall distribution for 2005 and 2006.       
 
Month  Year  
 2005 2006  30-year Averagea  
                mm  
Jan       33      2   15 
Feb       26      5   16 
Mar       21    38   20 
Apr       14    26   39 
May       39    36   74 
Jun       34    21   78 
Jul       60    22   62 
Aug       101    60   60 
Sep       51    83   58 
Oct       30    43   44 
Nov       ---    ---    21 
Dec         1    30   19 
 
Total                410             366             506   
a According to the National Oceanic and Atmospheric Administration (NOAA 2007). 
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Table 3.2.  Weed densities prior to each application timing for cotton in 2005.   
Weed                                  Treatment b  
Speciesa Date    BC   VHCR            VHVR   
 density/m2    
AMAPA 6/6  16.4     4.1   12.1 
  7/18  45.8   29.2   27.0 
  8/10  40.7   17.6   23.3 
 
CONAR 6/6    0     0     0.8 
  7/18    0     0     0 
  8/10    0     0.3     0 
 
CYPES 6/6    0     0     0  
  7/18    0.1     0.6     1.0 
  8/10    0.1     0.1     0.4 
 
HELAN 6/6    0     0     0 
  7/18    0     0     0 
  8/10    0     0     0 
 
HELCI  6/6    0     0     0 
  7/18    0     0     0 
  8/10    0.2     0.8     0 
 
HIBTR 6/6    2.2     0.8   10.4 
  7/18    0.3     4.9     6.8  
  8/10    0     1.2     2.7   
a Abbreviations:  AMAPA, Palmer amaranth; CONAR, field bindweed; CYPES, yellow 
nutsedge; HELAN, annual sunflower; HELCI, Texas blueweed; HIBTR, Venice mallow. 
b BC – plots receiving broadcast applications of herbicide; VHCR – plots receiving 
variable-spray under hoods, continuous spray at row; VHVR – plots receiving variable-
spray under hoods and at the row. 
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Table 3.2. Continued. Weed densities prior to each application timing for cotton in 2005.  
Weed                                  Treatment b  
Speciesa Date    BC   VHCR            VHVR   
 density/m2    
PROLO 6/6    0     0     0 
  7/18    0     0     0.1 
  8/10    0     0     0 
 
SALIB  6/6    0     0     0.1 
  7/18    0.1     0.2     0.2 
  8/10    0     0.2     0 
 
SOLEL 6/6    0     2.3     0.4 
  7/18    1.8     1.5     0.5 
  8/10    0.6     0.5     0.2 
 
SOLRO 6/6    0     0.1     0 
  7/18    0     0.5     0.3 
  8/10    0     0.1     0.3 
 
SORHA 6/6    0.2     4.5     1.5 
  7/18    0     0.7     0.6 
  8/10    0     0.8     0.4   
a Abbreviations:  PROLO, devil’s-claw; SALIB, Russian thistle; SOLEL, silverleaf 
nightshade; SOLRO, buffalobur; SORHA, johnsongrass. 
b BC – plots receiving broadcast applications of herbicide; VHCR – plots receiving 
variable-spray under hoods, continuous spray at row; VHVR – plots receiving variable-
spray under hoods and at the row. 
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Table 3.3.  Weed densities prior to each application timing for cotton in 2006.   
                                              Treatment b  
Weed     VHCR  VHCR  VHVR  VHVR 
Speciesa          Date BC  no PPI  w/ PPI   no PPI   w/ PPI  
 density/m2    
AMAPA 6/6 2.3  41.8    2.7  49.1    3.2 
  6/27 0    4.7    0.8    5.5    2.1 
  8/3 0.5    1.4    0.2    3.0    0.9 
 
CONAR 6/6 0    0    0    0    0.6 
  6/27 0    0    0    0    0.4 
  8/3 0    0.7    0    0    0 
 
CYPES 6/6 0.6    0.1    0.1    0.1    1.1 
  6/27 0.4    0.1    0.3    0    1.0 
  8/3 0.1    0    0.3    0.1    0 
 
HELAN 6/6 0    0    0    0.1    0.1 
  6/27 0    0.1    0    0.1    0.5 
  8/3 0    0    0    0    0.2 
 
HELCI  6/6 0    0.8    0    0    0 
  6/27 0    2.1    0    0    0 
  8/3 0    0.8    0    0    0 
 
HIBTR 6/6 4.9  31.3    8.9  16.4  18.8 
  6/27 0.7  18.7    3.7    7.6    9.7 
  8/3 1.0    9.6    3.3    6.4    7.6  
a Abbreviations:  AMAPA, Palmer amaranth; CONAR, field bindweed; CYPES, yellow 
nutsedge; HELAN, annual sunflower; HELCI, Texas blueweed; HIBTR, Venice mallow. 
b BC – plots receiving a PPI followed by broadcast applications of herbicide; VHCR no 
PPI – plots receiving variable-spray under hoods, continuous spray at the row in which 
no PPI was used; VHCR w/ PPI – plots receiving a PPI followed by variable-spray under 
hoods, continuous spray at the row; VHVR no PPI – plots receiving variable-spray under 
hoods and at the row in which no PPI was used; VHVR w/ PPI – plots receiving a PPI 
followed by variable-spray under hoods and at the row. 
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Table 3.3. Continued. Weed densities prior to each application timing for cotton in 2006.  
                                              Treatment b  
Weed     VHCR  VHCR  VHVR  VHVR 
Speciesa          Date BC  no PPI  w/ PPI   no PPI   w/ PPI  
 density/m2    
PROLO 6/6 0    0.1    0    0    0 
  6/27 0    0    0    0    0 
  8/3 0    0    0    0    0 
 
SALIB  6/6 0.4    1.1    0.3    0.2    0.1 
  6/27 0.1    0.6    0.4    0.1    0.1 
  8/3 0    0.4    0.2    0.3    0 
 
SOLEL 6/6 0.1    0.4    0.4    1.0    0.1 
  6/27 0    0.1    0.2    0.3    0.2 
  8/3 0.3    0.3    0.1    0.2    0.2 
 
SOLRO 6/6 0.2    0.8    0.3    1.0    1.6 
  6/27 0    0.1    0.1    0.3    0.3 
  8/3 0    0.1    0.1    0    0.1 
 
SORHA 6/6 0    2.1    0.1    3.4    0.7 
  6/27 0    0.7    0.3    1.0    0.9 
  8/3 0    0.1    0.1    0.6    0.4  
a Abbreviations:  PROLO, devil’s-claw; SALIB, Russian thistle; SOLEL, silverleaf 
nightshade; SOLRO, buffalobur; SORHA, johnsongrass. 
b BC – plots receiving a PPI followed by broadcast applications of herbicide; VHCR no 
PPI – plots receiving variable-spray under hoods, continuous spray at the row in which 
no PPI was used; VHCR w/ PPI – plots receiving a PPI followed by variable-spray under 
hoods, continuous spray at the row; VHVR no PPI – plots receiving variable-spray under 
hoods and at the row in which no PPI was used; VHVR w/ PPI – plots receiving a PPI 
followed by variable-spray under hoods and at the row. 
. 
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Table 3.4.  Weed densities prior to each application timing for peanut in 2005.   
Weed                                  Treatment b  
Speciesa Date    BC   VHCR            VHVR   
 density/m2    
AMAPA 6/6    4.4     2.3     1.7 
  7/18  13.0   11.4   14.6 
  8/10    1.0     4.0     3.8 
 
CONAR 6/6    0     5.3     0.6 
  7/18    0.2     2.9     0.8 
  8/10    0     1.7     0 
 
CYPES 6/6    0.1     0     0 
  7/18    1.8     0.2     1.1 
  8/10    4.2     0     1.0 
 
HELAN 6/6    3.0     0.4     0.1 
  7/18    0     0.2     1.0 
  8/10    0     0.1     0.4 
 
HELCI  6/6    0     4.2     1.9 
  7/18    0.2     2.5     3.0 
  8/10    0.1     2.6     2.6 
 
HIBTR 6/6    1.2   10.6   14.7 
  7/18    0.8     1.3     0.9 
  8/10    1.5     4.3     3.9   
a Abbreviations:  AMAPA, Palmer amaranth; CONAR, field bindweed; CYPES, yellow 
nutsedge; HELAN, annual sunflower; HELCI, Texas blueweed; HIBTR, Venice mallow. 
b BC – plots receiving broadcast applications of herbicide; VHCR – plots receiving 
variable-spray under hoods, continuous spray at row; VHVR – plots receiving variable-
spray under hoods and at the row. 
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Table 3.4. Continued. Weed densities prior to each application timing for peanut in 2005.  
Weed                                  Treatment b  
Speciesa Date    BC   VHCR            VHVR   
 density/m2    
PROLO 6/6    0     0.2     0 
  7/18    0     0.3     0.3 
  8/10    0.3     0.4     0.1 
 
SALIB  6/6    0     0     0.1 
  7/18    0     0.1     0 
  8/10    0     0     0 
 
SOLEL 6/6    3.4     4.6     7.9 
  7/18    2.0     2.4     4.9 
  8/10    2.3     1.5     3.3 
 
SOLRO 6/6    0     0     0 
  7/18    0     0.2     0.3 
  8/10    0.2     0.3     0.2 
 
SORHA 6/6    0.6     3.9     0.9 
  7/18    0     0     0 
  8/10    0.2     0     0   
a Abbreviations:  PROLO, devil’s-claw; SALIB, Russian thistle; SOLEL, silverleaf 
nightshade; SOLRO, buffalobur; SORHA, johnsongrass. 
b BC – plots receiving broadcast applications of herbicide; VHCR – plots receiving 
variable-spray under hoods, continuous spray at row; VHVR – plots receiving variable-
spray under hoods and at the row. 
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Table 3.5.  Weed densities prior to each application timing for peanut in 2006.   
                                              Treatment b  
Weed     VHCR  VHCR  VHVR  VHVR 
Speciesa          Date BC  no PPI  w/ PPI   no PPI   w/ PPI  
 density/m2    
AMAPA 6/6 1.4  95.3    3.9  152.0    9.3 
  6/27 0.1    5.5    1.5    11.4    4.3 
  8/3 0.1    2.1    4.4      1.3    1.4 
 
CONAR 6/6 0.3    1.6    1.2      0    0.6 
  6/27 0    1.6    1.6      0    0.1 
  8/3 0    0.7    1.2      0    0 
 
CYPES 6/6 6.4    0.1    0.1      0.3    0.1 
  6/27 0.2    0.1    0      0.4    1.1 
  8/3 0.5    0    0      0    0.1 
 
HELAN 6/6 2.2    1.6    0.5      2.9    2.3 
  6/27 0    0.3    0.1      0.1    2.0 
  8/3 0    0.4    0.3      0.1    0.8 
 
HELCI  6/6 0.3    0.9    0.1      0    1.6 
  6/27 0.3    1.8    0.2      0.2    0.9 
  8/3 0    1.1    0.3      0.1    0.6 
 
HIBTR 6/6 3.1  50.7  25.8    21.3  35.9 
  6/27 2.2  33.2  13.1    18.8  19.3 
  8/3 0.4  15.3    9.4    10.8    8.8  
a Abbreviations:  AMAPA, Palmer amaranth; CONAR, field bindweed; CYPES, yellow 
nutsedge; HELAN, annual sunflower; HELCI, Texas blueweed; HIBTR, Venice mallow. 
b BC – plots receiving a PPI followed by broadcast applications of herbicide; VHCR no 
PPI – plots receiving variable-spray under hoods, continuous spray at the row in which 
no PPI was used; VHCR w/ PPI – plots receiving a PPI followed by variable-spray under 
hoods, continuous spray at the row; VHVR no PPI – plots receiving variable-spray under 
hoods and at the row in which no PPI was used; VHVR w/ PPI – plots receiving a PPI 
followed by variable-spray under hoods and at the row. 
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Table 3.5. Continued. Weed densities prior to each application timing for peanut in 2006.  
                                              Treatment b  
Weed     VHCR  VHCR  VHVR  VHVR 
Speciesa          Date BC  no PPI  w/ PPI   no PPI   w/ PPI  
 density/m2    
PROLO 6/6 0.6    0.3    0.1    0.5    0.5 
  6/27 0    0    0.2    0.1    0.2 
  8/3 0    0    0.1    0.1    0.2 
 
SALIB  6/6 0    0.3    0    0.6    0 
  6/27 0    0    0    0.1    0 
  8/3 0    0    0    0    0 
 
SOLEL 6/6 0.8    7.7    2.4    2.6    2.1 
  6/27 0.5    1.1    2.3    1.9    2.1 
  8/3 0.3    0.3    1.2    1.1    1.3 
 
SOLRO 6/6 0.1    0.2    0.8    0.6    1.2 
  6/27 0    0.2    0.1    0.1    0.4 
  8/3 0    0.3    0.2    0.1    0.9 
 
SORHA 6/6 0.2    1.9    2.1    2.2    0.3 
  6/27 0.1    0.7    0.4    1.7    0.3 
  8/3 0.2    0.3    0.3    0.9    0.3  
a Abbreviations:  PROLO, devil’s-claw; SALIB, Russian thistle; SOLEL, silverleaf 
nightshade; SOLRO, buffalobur; SORHA, johnsongrass. 
b BC – plots receiving a PPI followed by broadcast applications of herbicide; VHCR no 
PPI – plots receiving variable-spray under hoods, continuous spray at the row in which 
no PPI was used; VHCR w/ PPI – plots receiving a PPI followed by variable-spray under 
hoods, continuous spray at the row; VHVR no PPI – plots receiving variable-spray under 
hoods and at the row in which no PPI was used; VHVR w/ PPI – plots receiving a PPI 
followed by variable-spray under hoods and at the row. 
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Table 3.6.  Weed management systems for cotton in 2005.      
             Application     Cotton Growth 
Weed Management System a   Timing   Stage    
Broadcast 
 glyphosate b    Jun 7   2 leaf 
 glyphosate    Jun 17   4-5 leaf 
 glyphosate    Jul 20   12 leaf 
 glyphosate    Aug 18   18 leaf 
 
VHCR 
 glyphosate    Jun 7   2 leaf 
 glyphosate    Jun 17   4-5 leaf 
 glyphosate    Jul 20   12 leaf 
 glyphosate    Aug 18   18 leaf 
 
VHVR 
 glyphosate    Jun 7   2 leaf 
 glyphosate    Jun 17   4-5 leaf 
 glyphosate    Jul 20   12 leaf 
 glyphosate    Aug 18   18 leaf    
a Abbreviations:  VHCR, variable-spray under hoods, continuous spray at the row; 
VHVR, variable-spray under the hoods and at the row. 
b Glyphosate was applied at a rate of 0.84 kg ae/ha. 
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Table 3.7.  Weed management systems for cotton in 2006.      
              Application     Cotton Growth 
Weed Management System a  Rate  Timing   Stage   
             kg ae/ha 
Broadcast 

glyphosate +   0.84  Jun 8   3-4 leaf 
 metolachlor   1.10b         
 glyphosate   0.84  Jul 14   10-12 leaf 
 glyphosate   0.84  Aug 9   16 leaf 
 
Broadcast 
 trifluralin   1.12b  Apr 13     --- 

glyphosate +   0.84  Jun 8   3-4 leaf 
 metolachlor   1.10         
 carfentrazone   0.02b  Jul 14   10-12 leaf 
 glyphosate   0.84  Aug 9   16 leaf 
 
VHCR 

glyphosate +   0.84  Jun 8   3-4 leaf 
 metolachlor   1.10         
 glyphosate   0.84  Jul 14   10-12 leaf 
 glyphosate   0.84  Aug 9   16 leaf 
 
VHCR 
 trifluralin   1.12  Apr 13     --- 

glyphosate +   0.84  Jun 8   3-4 leaf 
 metolachlor   1.10         
 glyphosate   0.84  Jul 14   10-12 leaf 
 glyphosate   0.84  Aug 9   16 leaf   
a Abbreviations:  VHCR, variable-spray under hoods, continuous spray at the row; 
VHVR, variable-spray under the hoods and at the row. 
b kg ai/ha 
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Table 3.7. Continued. Weed management systems for cotton in 2006.    
              Application     Cotton Growth 
Weed Management System a  Rate  Timing   Stage   
             kg ae/ha 
VHVR 

glyphosate +   0.84  Jun 8   3-4 leaf 
 metolachlor   1.10b         
 glyphosate   0.84  Jul 14   10-12 leaf
 glyphosate   0.84  Aug 9   16 leaf 
  
VHVR 
 trifluralin   1.12b  Apr 13     --- 

glyphosate +   0.84  Jun 8   3-4 leaf 
 metolachlor   1.10         
 glyphosate   0.84  Jul 14   10-12 leaf
 glyphosate   0.84  Aug 9   16 leaf   
a Abbreviations:  VHCR, variable-spray under hoods, continuous spray at the row; 
VHVR, variable-spray under the hoods and at the row. 
b kg ai/ha 
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Table 3.8.  Weed management systems for peanut in 2005.      
              Application   Peanut Growth 
Weed Management System a  Rate  Timing           Stage   
    kg ai/ha               cm 
Broadcast 
 2,4-DB +   0.45  Jun 7     8 
 paraquat   0.28      
 2,4-DB  +   0.45  Jun 17   15 
 paraquat   0.28      
 lactofen   0.22  Jul 20   20 
 acifluorfen   0.28  Aug 18   33 
 
VHCR 
 2,4-DB +   0.45  Jun 7     8 
 paraquat   0.28      
 2,4-DB  +   0.45  Jun 17   15  
 paraquat   0.28      
 lactofen   0.22  Jul 20   20 
 acifluorfen   0.28  Aug 18   33 
 
VHVR 
 2,4-DB +   0.45  Jun 7     8 
 paraquat   0.28      
 2,4-DB  +   0.45  Jun 17   15  
 paraquat   0.28      
 lactofen   0.22  Jul 20   20 
 acifluorfen   0.28  Aug 18   33   
a Abbreviations:  VHCR, variable-spray under hoods, continuous spray at the row; 
VHVR, variable-spray under the hoods and at the row. 
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Table 3.9.  Weed management systems for peanut in 2006.      
              Application    Peanut Growth 
Weed Management System a  Rate  Timing             Stage   
             kg ai/ha      cm 
Broadcast 
 2,4-DB +   0.45  Jun 8    6-8 
 imazapic   0.07      
 2,4-DB    0.45  Jul 13   12-14  
 lactofen   0.22  Aug 9     25  
 
Broadcast 
 ethalfluralin   1.05  Apr 13      -- 

2,4-DB +   0.45  Jun 8     6-8  
 imazapic   0.07      
 2,4-DB    0.45  Jul 13   12-14 
 lactofen   0.22  Aug 9     25 
 
VHCR 
 2,4-DB +   0.45  Jun 8     6-8  
 imazapic   0.07     
 2,4-DB  +   0.45  Jul 13   12-14 
 imazthapyr   0.07     
 lactofen   0.22  Aug 9     25  
 
VHCR 
 ethalfluralin   1.05  Apr 13      -- 

2,4-DB +   0.45  Jun 8     6-8  
 imazapic   0.07     
 2,4-DB  +   0.45  Jul 13   12-14 
 imazthapyr   0.07     
 lactofen   0.22  Aug 9     25    
a Abbreviations:  VHCR, variable-spray under hoods, continuous spray at the row; 
VHVR, variable-spray under the hoods and at the row. 
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Table 3.9. Continued. Weed management systems for peanut in 2006.    
              Application    Peanut Growth 
Weed Management System a  Rate  Timing             Stage   
             kg ai/ha      cm 
VHVR 
 2,4-DB +   0.45  Jun 8    6-8 
 imazapic   0.07     
 2,4-DB  +   0.45  Jul 13   12-14 
 imazthapyr   0.07     
 lactofen   0.22  Aug 9     25 
 
VHVR 
 ethalfluralin   1.05  Apr 13      -- 

2,4-DB +   0.45  Jun 8     6-8 
 imazapic   0.07     
 2,4-DB  +   0.45  Jul 13   12-14 
 imazthapyr   0.07     
 lactofen   0.22  Aug 9     25  ______ 
a Abbreviations:  VHCR, variable-spray under hoods, continuous spray at the row; 
VHVR, variable-spray under the hoods and at the row. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

 

 These studies were conducted under minimum-tillage conditions in which soil 

disturbances occurred only when beds were listed or preplant herbicides were 

incorporated.  The test area was fallow for several years before the initiation of this test.  

A suspected high number of weed seeds in the soil was a major contributing factor used 

to select this location.  Although many weed species were present in the test area, only 

those that were consistent across all treatments will be discussed.  Because all weeds 

were not constant throughout both studies over two years, the idea of weeds being 

“patchy,” or random in distribution, was certainly confirmed. 

 

Weed Control 

 Weed densities were averaged across all plots in 2005 for each species and 

entered into the web-based Herbicide Application Decision Support System 

(WebHADSSTM) for herbicide recommendations.  Weed density by species for each 

treatment is shown for both crops in Table 3.2 and 3.4.  Weed densities by species were 

entered for each WebHADSSTM treatment in 2006 (Table 3.3 and 3.5).  Average weed 

size increased as the season progressed in both years.  The largest size from a range of 

sizes was chosen at each application so that weed competition estimates by 

WebHADSSTM might error towards over-estimation rather than under-estimation.  Also, 

herbicide recommendations would then be geared towards controlling the largest weed 
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size.  Weed sizes ranged from 2 to 10 cm at the initial application and 5 to 60 cm at the 

final application over both years.  Of the eleven weed species recorded in both studies, 

only Palmer amaranth, field bindweed, Texas blueweed (Helianthus ciliaris DC.), 

devil’s-claw, Russian thistle, and silverleaf nightshade were originally listed in the 

WebHADSSTM database.  WebHADSSTM upgrades have occurred during both years of 

this study.  Weed-free plots received herbicide applications and occasional hand-hoeings 

so yield potential could be determined.  Data were not averaged over years since plots 

were not re-randomized between years, and because a preplant incorporated (PPI) 

herbicide was added in year two to a portion of the treatments.  Therefore, treatment 

means were not combined across years to evaluate effect of treatment over time.  Each 

application was considered to be part of a continuous control strategy. 

 

Cotton.  The initial rating was made one month after the first herbicide application and 

two weeks after the second application.  Crop stage was recorded at each application 

(Table 3.6).  Two broadcast applications of glyphosate controlled Palmer amaranth 94%, 

which was greater than the control following the variable treatments (35 to 56%) 45 days 

after planting (DAP) (Table 4.1).  Three broadcast applications of glyphosate controlled 

Palmer amaranth 98% when evaluated 78 DAP.  This control was greater than the control 

achieved using the variable under hoods, continuous at row (VHCR) and the variable 

under hoods and at the row (VHVR) applications.  The VHCR applications controlled 

Palmer amaranth 90%, which was greater than the control achieved following the VHVR 

applications (75%).  Palmer amaranth was controlled 98% at the end of the season (107 
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DAP), following four broadcast applications.  Palmer amaranth control was less effective 

with variable applications (74 to 78%). 

 Once baseline weed populations were established using non-residual herbicides, 

the use of residual herbicides was allowed in year two of the study.  The use of a PPI 

herbicide is certainly widely used and important to many cotton producers.  Broadcast 

glyphosate and s-metolachlor postemergence (POST) controlled Palmer amaranth 99% in 

2006, regardless of a PPI herbicide 36 DAP (Table 4.1); Palmer amaranth control with all 

variable applications was less effective (78 to 89%).  Tank mixtures of glyphosate and s-

metolachlor applied broadcast have proved to provide good weed control in cotton 

systems (Wilcut et al. 2005).  Two weeks after a second herbicide application (71 DAP), 

the broadcast application without a PPI controlled Palmer amaranth 80%.  Palmer 

amaranth was controlled 100% with the PPI followed by (fb) broadcast treatment, which 

is similar to findings reported by Lyon et al. (2004).  A PPI application did not affect 

control within a variable system, but the VHCR with a PPI was more effective at 

controlling Palmer amaranth (93%) than the VHVR with a PPI (71%).  A final 

glyphosate application controlled Palmer amaranth >98% in broadcast systems, which 

were more effective than applications with the weed-sensing sprayer (<80%).  An end-of-

season observation 120 DAP indicated that Palmer amaranth was controlled at least 90% 

in the VHCR with a PPI (92%) and both broadcast systems (93 to 95%).  Only the PPI fb 

VHVR application did not control Palmer amaranth at least 80%. 

 Silverleaf nightshade was controlled 74% at 45 DAP following two broadcast 

glyphosate applications in 2005, and control increased to >97% at 78 and 107 DAP 
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following additional broadcast applications (Table 4.2).  Control was less effective in 

VHCR (53%) and VHVR applications (<35%).  By mid-season (78 DAP), VHCR 

applications provided similar silverleaf nightshade control (80%) to the broadcast 

treatment (97%); however, control following the VHVR application was <65%.  A final 

application of glyphosate controlled silverleaf nightshade 98, 83, and 65% following the 

broadcast, VHCR, and VHVR applications, respectively.  No differences in silverleaf 

nightshade control were observed among treatments in 2006 (Table 4.2).  Silverleaf 

nightshade control ranged from 64 to 85% by the end of the growing season (120 DAP).  

Lack of differences between treatments is likely a result of the effectiveness of the 

herbicides applied rather than the application method (Dotray and Keeling 1996). 

No differences in Venice mallow control at 45 and 78 DAP was observed among 

treatments in 2005 (Table 4.3).  End of season (107 DAP) Venice mallow control was 

98% in broadcast applications, which was greater than the control observed in VHCR and 

VHVR applications (<65%).  Venice mallow was controlled 88 to 93% and 79 to 89% 

following one and two broadcast applications of glyphosate, when evaluated 36 and 71 

DAP in 2006 (Table 4.3).  This control was greater than all variable applications (VHCR 

and VHVR).  The use of a PPI within a system (broadcast, VHCR, or VHVR) had no 

effect on control.  At two weeks after the final application of the season (98 DAP), 

broadcast systems were more effective at controlling Venice mallow.  The use of a PPI fb 

VHCR provided better control (64%) over VHCR without a PPI (39%), and this control 

was similar to the PPI fb broadcast treatment.  No difference was observed within the 

VHVR systems.  Venice mallow control with VHCR was 30% better with a PPI 
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compared to no PPI 120 DAP.  This improved control may not solely be due to the use of 

trifluralin since it generally has minimal activity on larger seeded broadleaf weeds; 

however, the trifluralin may have stunted or delayed emergence resulting in improved 

performance of POST herbicides. 

 

Peanut  The initial weed control observation took place one month after the first herbicide 

application and two weeks after the second application.  The broadcast applications 

controlled Palmer amaranth at least 92% at 45, 78, and 107 DAP (Table 4.4), which was 

more effective than the variable treatments (<70%).  The VHCR application was more 

effective at controlling Palmer amaranth (58%) compared to the VHVR treatment (23%). 

The VHCR and VHVR treatments did not provide the same level of Palmer amaranth 

control as the broadcast treatment at any observation date in 2005. 

 At 36 and 71 DAP, no differences in Palmer amaranth control were observed 

among treatments in 2006 (Table 4.4).  Residual herbicides such as ethalfluralin, 

imazapic, and imazthapyr were used.  Palmer amaranth control after the first two 

applications was similar to results by Baughman et al. (2003), who reported at least 80% 

control with combinations of 2,4-DB plus imazapic.  A final application of lactofen 

controlled Palmer amaranth 100% in the broadcast treatments, and 83% when a PPI was 

used in the VHCR system.  Palmer amaranth control was less effective in VHVR 

applications following a PPI (43%) when compared to other treatments utilizing a PPI 

herbicide, and no differences were observed within the variable treatments 98 DAP.  At 

the final observation before harvest (120 DAP), Palmer amaranth was controlled at least 
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95% with the broadcast treatments.  Less effective control was observed among the 

VHCR and VHVR plots (38 to 81%).  The VHCR following a PPI was the most effective 

at controlling Palmer amaranth among variable treatments (81%). 

Silverleaf nightshade control was greatest in broadcast systems, but control did 

not exceed 75% at 45 DAP in 2005 (Table 4.5).  No differences were observed in the 

variable systems 45 DAP.  Silverleaf nightshade control was improved to 91% at mid-

season (78 DAP) in the broadcast treatments, but only 50 to 68% in the variable 

treatments.  Variable applications of acifluorfen controlled silverleaf nightshade 25 to 

41% at 107 DAP, which was less effective than the broadcast application (83%). 

 No differences in silverleaf nightshade control (38 to 79%) were observed among 

treatments 36 and 71 DAP in 2006 (Table 4.5).  The final broadcast application of 

lactofen controlled silverleaf nightshade 60% when following a PPI, which was more 

effective than broadcast plots not receiving a PPI herbicide (31%).  No differences in 

silverleaf nightshade control were observed among the variable applications throughout 

2006.  Prior to harvest, silverleaf nightshade was controlled 29 to 67%, and no 

differences were observed among treatments. 

Venice mallow control (<60%) in 2005 was less than adequate season long with 

all treatments (Table 4.6).  No differences were observed among variable treatments in 

2006 at each observation date (Table 4.6).  Venice mallow was controlled 45 to 54% at 

36 DAP by broadcast applications of 2,4-DB plus imazapic.  At 71, 98, and 120 DAP, 

broadcast applications controlled Venice mallow more effectively (68 to 95%) than the 
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variable treatments (16 to 34%), and trends observed indicated that POST applications 

following a PPI increased Venice mallow control within a system. 

 Although minimum tillage operations have several positive benefits (Licht and 

Al-Kaisi 2005; Reddy et al. 2003), one potential drawback may be the lack of weed 

control that is provided by in-season cultivation.  Although not evaluated in this study, 

the combination of herbicides and tillage are an effective means of weed control in cotton 

(Keeley and Thullen 1989) and peanut (Bridges et al. 1984; Linker and Coble 1990).  

With no tillage occurring during the growing season, weed control in this system must be 

achieved with the WSS alone; therefore, an effective herbicide program is important. 

 

Herbicide Use 

 Herbicide use was determined by knowing the broadcast carrier volume and 

treated area.  Herbicide savings were determined by measuring the quantity of solution 

used in each plot and knowing how much solution would have been used in a broadcast 

application at 93.5 L/ha.  Herbicide use was determined for all POST applications, and 

does not include the PPI herbicides used in 2006. 

 

Cotton  Variable treatments used less herbicide than broadcast applications in both years 

of the study (Table 4.7).  Herbicide savings of 35 to 63% occurred with the VHCR and 

46 to 86% with the VHVR in 2005.  Both systems provided similar herbicide savings as 

reported by Timmerman et al. (2003), who reported an average of 54% herbicide could 

be saved.  At the first, second, and final application in 2005, the VHVR system used 18 
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to 29% less herbicide than the VHCR.  Herbicide use in both the VHCR and VHVR was 

similar at the third application timing.  It seemed that weeds not controlled by the initial 

applications, combined with new weed flushes, activated weed sensors more often at this 

third application timing and thus more herbicide was applied.  At the end of season, total 

herbicide use was calculated.  Both variable systems used less herbicide when compared 

to the broadcast treatment.  Herbicide savings of 49% were observed in the VHCR 

system.  The VHVR was even more effective because 68% herbicide savings was 

observed. 

 Herbicide use in the VHVR treatments ranged from 24 to 59% compared to the 

broadcast application at the first application timing in 2006.  The VHCR applications 

following a PPI used less herbicide (70%) than the VHCR with no PPI (90%) at the 

second herbicide application.  Herbicide use in the VHCR with no PPI ranged from 37 to 

90% over the course of the growing season.  Likewise, herbicide use ranged from 44 to 

75% for VHCR applications following a PPI.  This decrease in herbicide use in 2006 is 

most likely a result of early-season weed control from the PPI herbicide.  With less weed 

pressure, sensors would not activate as often and less herbicide would be applied.  Weed 

densities support this sparse weed pressure, with lower numbers observed in treatments 

receiving a PPI compared to those not receiving a PPI for weeds such as Palmer 

amaranth, Russian thistle, silverleaf nightshade, and johnsongrass (Table 3.3).  In VHVR 

applications with no PPI applied, herbicide use was similar throughout the season 

(approximately 60%).  Herbicide use ranged from 24 to 64% in VHVR applications 

following a PPI.  The use of a PPI herbicide did not affect POST applied herbicide use in 
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VHVR systems at any application timing.  Overall, variable systems saved at least 30% 

on herbicide solution applied compared to broadcast applications.  Total season herbicide 

use was not different within a system regardless of PPI; however, trends indicated that 

utilization of a PPI reduced POST herbicide use within a system.  Total season herbicide 

use in VHCR applications ranged from 65 to 70% compared to 51 to 60% in VHVR 

applications.   

 

Peanut  Herbicide use was less in variable systems (VHCR and VHVR) compared to the 

broadcast treatment at all application timings in 2005 (Table 4.8), and ranged from 50 to 

88% in VHCR applications and 30 to 81% in VHVR applications over the course of the 

growing season.  Total season herbicide use in the variable systems was similar and 

ranged from 55 to 67%. 

 Variable treatments not receiving a PPI used 59 to 98% as much herbicide as the 

broadcast treatment in 2006.  At the initial herbicide application timing, treatments 

applied to plots without the use of a PPI used similar amounts of herbicide compared to 

the broadcast treatment.  For VHCR applications following a PPI, 70 to 86% as much 

herbicide was used when compared to broadcast applications throughout the growing 

season.  The VHVR treatment following a PPI used 54 to 79% as much herbicide 

solution as the broadcast treatment.  Herbicide savings within application methods was 

similar regardless of PPI except in the VHVR systems at the initial application in June 

when the VHVR following a PPI saved 46% herbicide solution.  At the final two 

applications of the season, variable systems used less herbicide solution (59 to 90%) 
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compared to the broadcast application.  Overall, the VHCR without a PPI herbicide used 

similar amounts of herbicide (90%) as the broadcast.  All other herbicide applications 

saved 20 to 34% spray solution.  Ethalfluralin had no affect on POST applied herbicide 

use within a system, but the trend remained that a PPI application could decrease total 

season POST herbicide use.  Trends also indicated total season herbicide use increased 

from 2005 to 2006.  As lack of adequate weed control compounded, herbicide use 

increased.  Intensity of weed control has shown to increase over time in continuous 

reduced and minimum tillage systems (Johnson et al. 2001), which may result in more 

herbicide being used. 

 

Yield 

Cotton  Lint yield from plots in the broadcast and VHCR treatments were similar to the 

weed-free plots (Table 4.9).  Yields in the broadcast and VHCR treatments were 1397 

and 1384 kg/ha, respectively, and were greater than yield observed in the VHVR 

treatment (1008 kg/ha).  Yields in VHVR plots were similar to yield in the untreated 

control plots (918 kg/ha).  The reduced weed control and subsequent water use by weeds 

in this semi-arid climate was probably the reason for the decreased yield.  Weeds cause 

yield loss because of their competitive nature (Etheridge et al. 1990). 

All plots with no trifluralin produced similar yield to the weed-free treatment 

except the VHCR (750 kg/ha) and the untreated (567 kg/ha) in 2006.  Yield in the other 

treatments ranged from 843 to 1038 kg/ha.  The highest yield was observed in the 

broadcast plots that received a PPI herbicide application.  This study and others (Askew 
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and Wilcut 1999; Buchanan and Burns 1970; Keeling and Abernathy 1989a) have 

demonstrated the importance of early-season weed control by a PPI herbicide.  A greater 

yield could be expected if less weed competition occurs with the crop.  The use of a PPI 

within a system did not affect lint yield for 2006; however, a trend was observed that use 

of a PPI herbicide increased yield compared to no PPI. 

 

Peanut  Broadcast plots in 2005 produced 2415 kg/ha (Table 4.10).  This yield was 

similar to the weed-free check (2869 kg/ha). The VHCR and VHVR plots produced a 

similar yield (2176 and 2115 kg/ha) compared to the broadcast treatment, but were less 

than that of the weed-free check.  Untreated control plots produced similar yields (1896 

kg/ha) to variable plots, but yield was less than that recorded in broadcast plots.   

No differences in peanut yield were observed among treatments in 2006, and 

yields ranged from 1539 to 2481 kg/ha.  As with cotton, trends were observed that 

indicated the use of ethalfluralin PPI increased yield within each system.  Although weed 

control from applications made with the WSS was not always as effective as the 

broadcast treatments, yield was not adversely affected.  Even though yield differences 

were not observed in year two of this study, several years of reduced weed control in the 

variable treatments may need to take place before reduced yield is observed. 

 

Economic Comparisons 

Cotton  Differences in net return in 2005 mirrored the differences observed for yield 

(Table 4.9).  Net returns in the broadcast and VHCR treatments were similar, each 
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returning $1435 and $1421/ha, respectively.  Net return was less in the VHVR treatment 

($1006/ha). 

Net return over weed control costs was similar in 2006 to differences in yield.  

Net returns in the broadcast treatments ranged from $800 to $965/ha.  In the VHCR and 

VHVR treatments, net returns ranged from $663 to $751/ha and $787 to $812/ha, 

respectively.  Only the VHCR treatment without a PPI yielded less than the weed-free 

check.  Similarly, only the VHCR without a PPI produced a similar net return to the 

weedy check.  Variable treatments, using WebHADSSTM recommendations, were similar 

in net returns to the broadcast treatment not receiving a PPI, which followed weed 

specialist recommendations.  These results were similar to Scott et al. (2001), who 

reported systems that involved soil-applied herbicides along with HADSS POST were 

similar in yield and net return to standard POST systems.  No differences were observed 

within a system for net return.  As with weed control, herbicide use, and yield, a trend 

was observed for use of a PPI in any system to increase net return over not using a PPI 

herbicide. 

 

Peanut  Peanut yield gross revenue was calculated using a $.09/kg selling price.  In 2005, 

the greatest net return was observed in the broadcast treatment ($820/ha, Table 4.10).  

Net return was similar in the other treatments and ranged from $702 to $745/ha.  No 

differences were observed between the broadcast, VHCR, VHVR, and weed-check 

treatments.   
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 In 2006, no differences in net returns over weed control costs were observed.  

This finding is similar to other studies in which HADSS systems produced an equal net 

return to that of standard systems (Scott et al. 2002); however, there was a trend that 

suggested a PPI herbicide may increase net return within a system.  In both crops, site-

specific weed management systems provided similar net returns to the broadcast 

treatment. 

 

Weed Maps 

 Based on weed counts recorded prior to each herbicide application and weed 

maps created during each application, weed population changes over time were observed.  

At the first three herbicide applications in 2005, only plots utilizing the WSS had weed 

densities recorded.  At the final application, sensors were left on in all plots to record 

weed densities throughout the entire test area, and only treatments utilizing the WSS were 

actually sprayed.  A change (decrease) in weed density may be observed from the first 

application (Figure 4.1) to the second application (Figure 4.2) based on the reduced green 

color which indicates weed density.  At the July application, technical difficulties 

prohibited the entire test area from being mapped (Figure 4.3); however, the portion of 

the map that was created showed an increase in weed density from the prior herbicide 

application.  This is likely a result of the amount of time between herbicide applications.  

Only ten days passed between the initial two herbicide applications; however, 

approximately one month passed between the second and third herbicide applications.  

This trend of greater weed densities observed continued during the final herbicide 
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application (Figure 4.4).  The weed maps are consistant with weed densities observed 

before each herbicide application (Tables 3.2 and 3.4).  Several weeds exhibited a general 

increase in population density from June to July, and August densities were similar to 

those observed in July.   

 In the July and August weed maps in 2006, sensors remained on in all plots to 

record weed densities throughout.  The weed maps indicated a decrease in weed density 

from the June herbicide application (Figure 4.5) to the July herbicide application (Figure 

4.6).  This observation is supported by quantitive weed density information collected 

prior to each application (Tables 3.3 and 3.5).  Palmer amaranth and Venice mallow, 

which were some the most abundant weeds in the test area, decreased in density from the 

June observation to the July.  When comparing the July weed map to the August weed 

map (Figure 4.7), it seems that weed densities increased slightly in most plots; however, 

weed densities observed prior to the August herbicide application indicate most densities 

in the test areas remained similar or even decreased.   

 End of season weed map comparisons in the cotton study indicate changes in 

weed density.  Broadcast plots (1B, 1C, 3C, 4A, 6A, 6D, 8B, 8C) exhibited an increase in 

weed density from 2005 to 2006 based on an increase in green and black color in the 

weed maps (Figure 4.8).  This was also the case for plots receiving the VHVR treatment 

(2B, 2C, 4B, 4C, 5B, 5C, 7C, 7D).  Based on colored areas provided by the weed maps, 

plots receiving the VHCR treatment displayed similar or increased densities, in 2006 

compared to 2005.  The introduction of a PPI herbicide in 2006 did not seem to have an 

effect on weed density based on the weed maps created in cotton.   
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 End-of-season weed density in broadcast peanut plots (1B, 1C, 3D, 4D, 5B, 5C, 

7A, 7D) appears to have increased, or remained similar in 2006 compared to 2005 

(Figure 4.9).  Plots receiving a PPI herbicide application in 2006 followed by the VHCR 

treatment (2D, 3A, 6B, 7B) exhibited a decrease in weed density based on end of season 

weed maps from both years.  The variable plots not receiving a PPI (1A, 2C, 4A, 4B, 5A, 

6C, 7C, 8A) had similar weed densities in 2006 compared to 2005.  Weed densities in the 

VHVR treatment following a PPI (2B, 3B, 6D, 8C) displayed a similar or decreased weed 

density in 2006.   

 Although population observations before herbicide application did not always 

mirror weed maps created, the WSS was successful at creating weed maps in real-time.  

These weed maps could be used for future herbicide applications.  Use of the weed maps 

to determine weed density changes over time would most likely be more useful after 

several years of production.  Comparing maps from year one to year five would probably 

show greater differences than comparing year one to year two.  Although sensitivity of 

sensors was increased slightly from 2005 to 2006, observations prior to herbicide 

applications, and the weed maps created indicate a general increase in weed densities 

from year one of the study. 
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Table 4.1.  Effect of weed management system on Palmer amaranth control in cotton.a,b  
  Days after planting  

          2005       2006  
Treatment   45 78 107  36 71 98 120 
    ----------------------------%-------------------------------------- 
Broadcast (no PPI)  94a c 98a 98a  99a 80bc 98a 95a 
 
Broadcast (PPI 2006)  --- d --- ---  99a     100a    100a 93ab 
 
VHCR (no PPI)  56b 90b 78b  89b      78bc 80b 80bc 
 
VHCR (PPI 2006)  --- --- ---  89b 93ab 75b 92ab 
 
VHVR (no PPI)  35b 75c 74b  85b 86bc 77b 84ab 
 
VHVR (PPI 2006)  --- --- ---  78b 71c 70b 64c  
a Abbreviations:  PPI, preplant incorporated; VHCR, variable under the hood and 
continuous at the row; VHVR, variable under the hood and variable at the row. 
b Data were arcsine square root transformed before analysis for separation. 
c Treatment means within each observation date followed by the same lower case letter 
(a,b,c) are not significantly different (P=0.05) using “pdiff” function in SAS. 
d --- indicates data not available. 
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Table 4.2.  Effect of weed management system on silverleaf nightshade control in   
cotton.a,b

  Days after planting  
          2005       2006  

Treatment   45 78 107  36 71 98 120 
    ----------------------------%-------------------------------------- 
Broadcast (no PPI)  74a b 97a 98a  98a 60a 50a 65a 
 
Broadcast (PPI 2006)  --- c --- ---  90a 45a 58a 73a 
 
VHCR (no PPI)  53b 80ab 83b  40a 30a 55a 85a 
 
VHCR (PPI 2006)  --- --- ---  40a 73a 60a 70a 
 
VHVR (no PPI)  32c 64b 65c  10a 58a 40a 65a 
 
VHVR (PPI 2006)  --- --- ---  40a 43a 38a 64a  
a Abbreviations:  PPI, preplant incorporated; VHCR, variable under the hood and 
continuous at the row; VHVR, variable under the hood and variable at the row; LSD, 
least significant difference. 
b Data were arcsine square root transformed before analysis for separation. 
c Treatment means within each observation date followed by the same lower case letter 
(a,b,c) are not significantly different (P=0.05) using “pdiff” function in SAS. 
d --- indicates data not available. 
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Table 4.3.  Effect of weed management system on Venice mallow control in cotton.a,b  
  Days after planting  

          2005       2006  
Treatment   45 78 107  36 71 98 120 
    ----------------------------%-------------------------------------- 
Broadcast (no PPI)  --- c 89a b 98a  88a 79a 92a 95a 
 
Broadcast (PPI 2006)  --- --- ---  93a 89a 86ab 91a 
 
VHCR (no PPI)  18a  40a 49b  39b 29b 39d 38c 
 
VHCR (PPI 2006)  --- --- ---  46b 44b 64bc 68b 
 
VHVR (no PPI)  16a 52a 64b  36b 48b 49cd 50bc 
 
VHVR (PPI 2006)  --- --- ---  26b 21b 39d 46bc  
a Abbreviations:  PPI, preplant incorporated; VHCR, variable under the hood and 
continuous at the row; VHVR, variable under the hood and variable at the row; LSD, 
least significant difference. 
b Data were arcsine square root transformed before analysis for separation. 
c Treatment means within each observation date followed by the same lower case letter 
(a,b,c) are not significantly different (P=0.05) using “pdiff” function in SAS. 
d --- indicates data not available. 
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Table 4.4.  Effect of weed management system on Palmer amaranth control in peanut.a,b  
  Days after planting  

          2005       2006  
Treatment   45 78 107  36 71 98 120 
    ----------------------------%-------------------------------------- 
Broadcast (no PPI)           100a b 96a 92a  91a 96a     100a    100a  
 
Broadcast (PPI 2006)  --- c --- ---  93a     100a    100a 95a 
 
VHCR (no PPI)  19b 68b 58b  83a 78a 55bc 60c 
 
VHCR (PPI 2006)  --- --- ---  87a 88a 83ab 81b 
 
VHVR (no PPI)  31b 63b 23c  79a 75a 77bc 65c 
 
VHVR (PPI 2006)  --- --- ---  71a 78a 43c 38d  
a Abbreviations:  PPI, preplant incorporated; VHCR, variable under the hood and 
continuous at the row; VHVR, variable under the hood and variable at the row; LSD, 
least significant difference. 
b Data were arcsine square root transformed before analysis for separation. 
c Treatment means within each observation date followed by the same lower case letter 
(a,b,c) are not significantly different (P=0.05) using “pdiff” function in SAS. 
d --- indicates data not available. 
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Table 4.5.  Effect of weed management system on silverleaf nightshade control in   
peanut.a,b

  Days after planting  
          2005       2006  

Treatment   45 78 107  36 71 98 120 
    ----------------------------%-------------------------------------- 
Broadcast (no PPI)  73a b 91a 83a  79a 79a 31b 67a 
 
Broadcast (PPI 2006)  --- c --- ---  74a 61a 60a 68a 
 
VHCR (no PPI)  29b 68b 41b  54a 49a 26b 48a 
 
VHCR (PPI 2006)  --- --- ---  58a 48a 42ab 54a 
 
VHVR (no PPI)  26b 50b 25b  63a 38a 19b 43a 
 
VHVR (PPI 2006)  --- --- ---  66a 46a 14b 29a  
a Abbreviations:  PPI, preplant incorporated; VHCR, variable under the hood and 
continuous at the row; VHVR, variable under the hood and variable at the row; LSD, 
least significant difference. 
b Data were arcsine square root transformed before analysis for separation. 
c Treatment means within each observation date followed by the same lower case letter 
(a,b,c) are not significantly different (P=0.05) using “pdiff” function in SAS. 
d --- indicates data not available. 
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Table 4.6.  Effect of weed management system on Venice mallow control in peanut.a,b  
  Days after planting  

          2005       2006  
Treatment   45 78 107  36 71 98 120 
    ----------------------------%-------------------------------------- 
Broadcast (no PPI)  11a b 47a 56a  54a 68a 80a 85a 
 
Broadcast (PPI 2006)  --- c --- ---  45ab 95a 90a 93a 
 
VHCR (no PPI)    9a 27a 24b  13c 16b 16b 18b 
 
VHCR (PPI 2006)  --- --- ---  16c 21b 19b 26b 
 
VHVR (no PPI)    9a 16a 13b  21bc 16b 16b 15b 
 
VHVR (PPI 2006)  --- --- ---  13c 16b 31b 34b  
a Abbreviations:  PPI, preplant incorporated; VHCR, variable under the hood and 
continuous at the row; VHVR, variable under the hood and variable at the row; LSD, 
least significant difference. 
b Data were arcsine square root transformed before analysis for separation. 
c Treatment means within each observation date followed by the same lower case letter 
(a,b,c) are not significantly different (P=0.05) using “pdiff” function in SAS. 
d --- indicates data not available. 
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Table 4.7.  Postemergence herbicide use compared to broadcast for cotton in 2005 and 2006.a,b      
                                     Application dates  Total season use 
     2005              2006               2005          2006 
Treatment    6/7 6/17 7/20 8/17  6/8 7/14 8/9       
    -------------------------------------%------------------------------   ---------%--------- 
Broadcast    100ac 100a 100a 100a  100a 100a 100a   100a         100a 
  
VHCR (no PPI)    37b   43b   65b   60b    37b   90b   82b     51b           70b  
 
VHCR (PPI 2006)    --- d   ---   ---   ---    44b   70c   75b     ---           65b 
 
VHVR (no PPI)    18c   14c   54b   42c    59b   60c   61b     32c           60bc 
  
VHVR (PPI 2006)    ---   ---   ---   ---    24b   60c   64b     ---           51c  
a Abbreviations:  PPI, preplant incorporated; VHCR, variable under the hood and continuous at the row; VHVR, variable under 
the hood and variable at the row. 
b Data were arcsine square root transformed before analysis for separation. 
c Treatment means followed by the same lowercase letter (a,b,c) within each application date and total season use per year are 
not significantly different (P=0.05) using “pdiff” function in SAS. 
d --- indicates data not available. 
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Table 4.8.  Postemergence herbicide use compared to broadcast for peanut in 2005 and 2006.a,b      
                                     Application dates  Total season use 
     2005              2006               2005          2006 
Treatment    6/7 6/17 7/20 8/17  6/8 7/14 8/9       
    -------------------------------------%------------------------------   ---------%--------- 
Broadcast    100ac 100a 100a 100a  100a 100a 100a   100a         100a 
 
VHCR (no PPI)    64b   50b   64b   88b    93ab   80b   90b     67b           90ab 
 
VHCR (PPI 2006)    --- d   ---   --- ---    82bc   70bc   86bc     ---           80bc 
 
VHVR (no PPI)    55b   30c   53b   81b    98ab   59c   75c     55b           80bc 
 
VHVR (PPI 2006)    ---   ---   ---   ---    54c   63bc   79bc     ---           66c  
a Abbreviations:  PPI, preplant incorporated; VHCR, variable under the hood and continuous at the row; VHVR, variable under 
the hood and variable at the row. 
b Data were arcsine square root transformed before analysis for separation. 
c Treatment means followed by the same lowercase letter (a,b,c) within each application date and total season use per year are 
not significantly different (P=0.05) using “pdiff” function in SAS. 
d --- indicates data not available.
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Table 4.9.  Cotton lint yield and net return in 2005 and 2006.a     
             Yield          Net return c  
Treatment   2005   2006           2005           2006  
 ---------kg/ha---------  ----------$/ha---------  
Weed Free   1429a b    970ab            ----           ---- 
       
Broadcast (no PPI)  1397a    882abc          1435a          800abc 
 
Broadcast (PPI 2006)  ---- d  1038a            ----          965a 
 
VHCR (no PPI)  1384a    750c           1421a          663cd 
 
VHCR (PPI 2006)   ----    843bc            ----          751bcd 
 
VHVR (no PPI)  1008b    870abc          1006b          787abc 
 
VHVR (PPI 2006)  ----    903abc           ----          812abc 
 
Untreated (weedy check) 918b    567d           933b          588d  
a Abbreviations:  PPI, preplant incorporated; VHCR, variable under the hood and 
continuous at the row; VHVR, variable under the hood and variable at the row. 
b Treatment means within each column followed by the same lower case letter (a,b,c) are 
not significantly different (P=0.05) using “pdiff” function in SAS. 
c Gross revenue less total weed costs. 
d ---- indicates data not available. 
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Table 4.10.  Peanut yield and net return in 2005 and 2006.a      
             Yield          Net return c  
Treatment   2005   2006           2005           2006  
 ---------kg/ha---------  ----------$/ha---------  
Weed Free   2869a b  2344a            ----           ---- 
 
Broadcast (no PPI)  2415ab  2051a           820b           679a 
 
Broadcast (PPI 2006)  ---- d  2193a            ----           711a  
 
VHCR (no PPI)  2176bc  1735a           726b           514a 
 
VHCR (PPI 2006)  ----  2295a            ----           711a 
 
VHVR (no PPI)  2115bc  2036a           702b           633a 
 
VHVR (PPI 2006)  ----  2481a            ----           784a 
 
Untreated (weedy check) 1896c  1539a           745b           604a  
a Abbreviations:  PPI, preplant incorporated; VHCR, variable under the hood and 
continuous at the row; VHVR, variable under the hood and variable at the row; LSD, 
least significant difference. 
b Treatment means within each column followed by the same lower case letter (a,b,c) are 
not significantly different (P=0.05) using “pdiff” function in SAS. 
c Gross revenue less total weed costs. 
d ---- indicates data not available. 
 
 

 

 62

Texas Tech University, Adam Ford, May 2007



 

Figure 4.1.  Weed map created from weed sensors activated during June 7, 2005 

application (Left: cotton test area; Right: peanut test area). 
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Figure 4.2.  Weed map created from weed sensors activated during June 17, 2005 
application (Left: cotton test area; Right: peanut test area). 
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Figure 4.3.  Weed map created from weed sensors activated during July 20, 2005 
application (Left: cotton test area; Right: peanut test area). 
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 Figure 4.4.  Weed map created from weed sensors activated during August 18, 2005 
application (Left: cotton test area; Right: peanut test area). 
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Figure 4.5.  Weed map created from weed sensors activated during June 8, 2006 
application (Left: cotton test area; Right: peanut test area). 
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Figure 4.6.  Weed map created from weed sensors activated during July 14, 2006 
application (Left: cotton test area; Right: peanut test area). 
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Figure 4.7.  Weed map created from weed sensors activated during August 9, 2006 
application (Left: cotton test area; Right: peanut test area). 
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Figure 4.8.  End of season weed maps in cotton study (Left: 8/18/2005; Right: 8/9/2006). 
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Figure 4.9.  End of season weed maps in peanut study (Left: 8/18/2005; Right: 8/9/2006). 
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

 

 Usually, as the amount of applied herbicide solution in a system increased, so did 

the level of weed control in both crops.  While broadcast applications controlled weeds 

more effectively, the site-specific applications did reduce herbicide use in all cases in 

cotton.  Herbicide use in peanut was also reduced with site-specific applications.  Total 

season POST herbicide use was not affected by a PPI herbicide application in spring; 

however, trends suggest a possibility for POST applied herbicide savings within a system 

by using a PPI herbicide.   

 The broadcast applications were usually the most effective at controlling weeds in 

both studies.  The use of a PPI herbicide in 2006 did not always improve control 

compared to where no PPI herbicide was used; however, this is likely due to high levels 

of weed pressure present in both test areas.   

 Cotton lint yields in broadcast applications were similar to the weed-free check in 

both years of the study.  All treatments including a PPI herbicide also had similar yields 

to the weed-free check.  Although a PPI herbicide had no effect on yield within a system, 

a trend was observed that use of a PPI herbicide may increase yield.  This was also the 

case for net return.  Variable treatments provided equivalent net returns in 4 out of 6 

comparisons of treatments with the broadcast.  Peanut yield in broadcast treatments was 

always similar to that of the weed-free check, and treatments applied with the WSS 
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yielded similar to the broadcast treatments.  Net return among treatments was equivalent 

in all cases.     

 Herbicide savings, combined with similarities for net return, suggest that a 

SSWM program could be prove to be beneficial.  These results plus effective weed 

control, and similar yields to that of a broadcast system, are critical components to the 

success of a weed-sensing sprayer.  The importance of using a PPI herbicide in a weed 

control program was apparent from observed trends of improved weed control, and often 

increased yield, herbicide savings, and net return.  Preplant herbicides may be more 

important in site-specific situations where the potential for weed escapes may be greater.  

Although lack of weed control in some instances did not result in decreased yields or net 

return, it is difficult to quantify the long-term effect of reduced weed control over several 

growing seasons.   

 The use of WebHADSSTM with the WSS was an effective tool for herbicide 

recommendations.  Recommendations paralleled those of state weed control specialists.  

Overall, the computer-based program was quite effective, but continued modifications 

and updates will be necessary.  Additional weed species and crop stage at application are 

some possible additions to the field information page (Figure 5.1) that could improve the 

program.  In addition, updates such as herbicide registration and herbicide prices must be 

addressed at the start of each growing season.  Despite some slight modifications, 

WebHADSSTM is a tool that can assist producers, consultants, and applicators with 

herbicide recommendations in cotton and peanut.   
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An important part of successful weed management is the economics involved.  

Issues such as equipment costs are important to the overall weed control program.  At this 

time, a light-activated WSS costs less than $3,500 per row unit.  A hooded, lay-by 

sprayer costs less than $1,400 a row unit.  If a cotton producer sprays three applications 

of glyphosate ($15/ha + $10 application fee) over 400 hectares, and saves 40% herbicide 

at each application, an eight row WSS could pay for itself in less than three years.  Of 

course, issues such as equipment maintenance, repair, and operation may be more of an 

integral process to upkeep of such a sprayer. 

Weed maps were successfully created and can be a potential tool used by 

producers to evaluate shifts in weed densities over time.  Sensor based SSWM used in 

conjunction with WebHADSSTM certainly has potential for control of some of the major 

weeds in the Texas southern High Plains.  Similar yields and net return, combined with 

the added bonus of significant herbicide savings and weed maps, make this a promising 

choice for weed management in cotton and peanut systems.  Although significant 

herbicide savings were observed when compared to a broadcast system, the reduction in 

weed control indicates the need for future improvements of this system. 
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Figure 5.1.  Example of WebHADSSTM input data screen for cotton.   
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Table A1.  Effect of weed management system on johnsongrass control in cotton.a   
  Days after planting  

          2005       2006  
Treatment   45 78 107  36 71 98 120 
    ----------------------------%-------------------------------------- 
Broadcast (no PPI)  89a b 99a ---  50a 60 --- --- 
 
Broadcast (PPI 2006)  --- --- ---  --- --- --- --- 
 
VHCR (no PPI)  63b 83ab ---  20b 83 70a 65 
 
VHCR (PPI 2006)  --- --- ---  10bc --- 80ab 80 
 
VHVR (no PPI)  42c 73b ---  12bc 55 42b 56 
 
VHVR (PPI 2006)  --- --- ---    5c 30 32b 25  
LSD (P=.05)        NS  NS  
a Abbreviations:  PPI, preplant incorporated; VHCR, variable under the hood and 
continuous at the row; VHVR, variable under the hood and variable at the row; LSD, 
least significant difference. 
b Treatment means within each observation date followed by the same lower case letter 
(a,b,c) are not significantly different at LSD (P=.05). 
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Table A2.  Effect of weed management system on Russian thistle control in cotton.a  
  Days after planting  

          2005       2006  
Treatment   45 78 107  36 71 98 120 
    ----------------------------%-------------------------------------- 
Broadcast (no PPI)  --- --- ---  51a b 45      100a      100a 
 
Broadcast (PPI 2006)  --- --- ---  55a 45 30c   33b 
 
VHCR (no PPI)  19 66 ---    8b 35 60b   65b 
 
VHCR (PPI 2006)  --- --- ---    4b 21 41bc   38b 
 
VHVR (no PPI)  21 65 ---    9b 45 40bc   65b 
 
VHVR (PPI 2006)  --- --- ---    5b 38 37bc   58b  
LSD (P=.05)   NS NS    NS    
a Abbreviations:  PPI, preplant incorporated; VHCR, variable under the hood and 
continuous at the row; VHVR, variable under the hood and variable at the row; LSD, 
least significant difference. 
b Treatment means within each observation date followed by the same lower case letter 
(a,b,c) are not significantly different at LSD (P=.05). 
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Table A3.  Effect of weed management system on devil’s-claw control in peanut.a   
  Days after planting  

          2005       2006  
Treatment   45 78 107  36 71 98 120 
    ----------------------------%-------------------------------------- 
Broadcast (no PPI)  62a b 79a 79a  63ab --- --- ---  
 
Broadcast (PPI 2006)  --- --- ---  75a --- --- --- 
 
VHCR (no PPI)  15b 44b 37b  40bc 42 30a 28ab 
 
VHCR (PPI 2006)  --- --- ---  30bc 38 30a 30ab 
 
VHVR (no PPI)    9b 34b 12c  40bc 41 28ab 43a 
 
VHVR (PPI 2006)  --- --- ---  13c 21 13b 12b  
LSD (P=.05)        NS NS NS  
a Abbreviations:  PPI, preplant incorporated; VHCR, variable under the hood and 
continuous at the row; VHVR, variable under the hood and variable at the row; LSD, 
least significant difference. 
b Treatment means within each observation date followed by the same lower case letter 
(a,b,c) are not significantly different at LSD (P=.05). 
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