
 

1 

WEED ECOLOGY AND MANAGEMENT IN FLORIDA POTATO (Solanum tuberosum 
L.) PRODUCTION 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

By 
 

CHRISTOPHER EDWARD ROUSE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
A THESIS PRESENTED TO THE GRADUATE SCHOOL 

OF THE UNIVERSITY OF FLORIDA IN PARTIAL FULFILLMENT 
OF THE REQUIREMENTS FOR THE DEGREE OF 

MASTER OF SCIENCE 
 

UNIVERSITY OF FLORIDA 
 

2013 



 

2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

© 2013 Christopher Edward Rouse 
 
 

 
  



 

3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

To my grandfathers 
 
 
 

 



 

4 

ACKNOWLEDGMENTS 

My master’s degree is a culmination of efforts not just by myself but also all of 

those people who have supported me throughout the process. I would like to thank my 

advisor Dr. Peter Dittmar for his encouragement, guidance, and the challenges he 

placed before me throughout my program. I also thank my committee members Dr. 

Lincoln Zotarelli and Dr. Greg MacDonald for their support and knowledge throughout 

all of my research. I greatly appreciate the guidance and help I have been given from all 

of the Weed Science faculty, staff, and students.  

 My biggest thanks go to my parents, family, and friends for supporting me and 

pushing me to keep moving forward to accomplish all of my goals. I thank Michelle Fehr 

for putting up with my stress and always being there for me no matter how difficult I 

became. Without the encouragement and assistance from Dr. Joshua Adkins, Charles 

Barrett, Christian Christensen, and Clint Hunnicutt I would not have found the direction I 

wanted to go with my career nor be in the position I am in today. I also want to thank 

Steve Greer and Robby Cox, two people who got me started and passionate about 

agriculture; without their mentoring I would have never started down this path and got to 

where I am today. 

 Finally, this thesis is dedicated to my grandfathers: Charles Neverovich, Delano 

Rouse, and Milton ‘Fig’ Newton; three men who placed family and country above all 

else and have done everything possible to get me to where I am today. Even if they are 

not with me, I know all three of them support me and will continue to support me in my 

future endeavors.  

  

 



 

5 

TABLE OF CONTENTS 
 
 page 

ACKNOWLEDGMENTS .................................................................................................. 4 

LIST OF TABLES ............................................................................................................ 7 

LIST OF ABBREVIATIONS ............................................................................................. 8 

ABSTRACT ..................................................................................................................... 9 

CHAPTER 

1 INTRODUCTION .................................................................................................... 11 

2 LITERATURE REVIEW .......................................................................................... 13 

Potato Production ................................................................................................... 13 
Sub-surface Seepage Irrigation .............................................................................. 15 

Weed Seedbank and Movement ............................................................................. 15 
Studying Weed Seedbanks ..................................................................................... 17 

Herbicides Use in Potato ........................................................................................ 18 
Herbicides of Interest .............................................................................................. 19 

Fomesafen ....................................................................................................... 19 
Imazosulfuron ................................................................................................... 20 

S-metolachlor ................................................................................................... 21 
Alternative Weed Management in Potato ......................................................... 22 

3 EFFECT OF WEEDS IN SEEPAGE IRRIGATION FURROWS ON WEED 
SEEDBANK IN POTATO (Solanum tuberosum L.) ................................................. 23 

Background ............................................................................................................. 23 
Materials and Methods............................................................................................ 25 

In-Field Weed Counts ....................................................................................... 26 
Seedbank Enumeration .................................................................................... 26 

Data analysis .................................................................................................... 27 
Results and Discussion........................................................................................... 28 

In-Field Weed Counts ....................................................................................... 28 
Seedbank Enumeration Weed Densities .......................................................... 29 

4 SEASON-LONG WEED CONTROL HERBICIDE PROGRAMS FOR FLORIDA 
POTATO PRODUCTION ........................................................................................ 41 

Background ............................................................................................................. 41 
Materials and Methods............................................................................................ 43 

Tolerance Study ............................................................................................... 44 
Control Study .................................................................................................... 45 



 

6 

Data analysis. ................................................................................................... 46 
Results and Discussion........................................................................................... 46 

Tolerance Study ............................................................................................... 46 
Control Study .................................................................................................... 47 

5 CONCLUSION ........................................................................................................ 53 

LIST OF REFERENCES ............................................................................................... 55 

BIOGRAPHICAL SKETCH ............................................................................................ 60 

 
 



 

7 

LIST OF TABLES 

Table  page 
 
3-1 The 5 most common weed species using in-field counts and seedbank 

enumeration in 4 potato (Solanum tuberosum L.) fields in Hastings, FL. ........... 34 

3-2 Effect of irrigation furrow and crop row on total number of weeds and weed 
species in a 30 cm x 30 cm quadrat using in-field counts. .................................. 35 

3-3 Effect of fields edge and distance (tier) on total number of weeds and weed 
species in a 30 cm x 30 cm quadrat using in- field counts. ................................. 36 

3-4 Effect of irrigation furrow and crop row on total seedbank weed density from 
a 1,869 cm3 soil core. ......................................................................................... 37 

3-5 Effect of field’s edge and distance (tiers) on seedbank weed density from a 
1,869 cm3 soil core. ............................................................................................ 38 

3-6 Effect of irrigation furrow and crop row on the adjusted weed seedbank 
density and adjusted species density. ................................................................ 39 

3-7 Effect of field’s edge and distance (tiers) on the adjusted weed seedbank 
density and adjusted species density. ................................................................ 40 

4-1 Effect of s-metolachlor and fomesafen followed by imazosulfuron on potato 
yield and tuber growth disorders in 2012 and 2013. ........................................... 50 

4-2 Effect of fomesafen and s-metolachlor followed by imazosulfuron in potato on 
weed control evaluation (%) for 2012 cropping season. ..................................... 51 

4-3 Effect of s-metolachlor and fomesafen followed by imazosulfuron in potato on 
large crabgrass control evaluation (%) for 2013 cropping season. ..................... 52 

 
 



 

8 

LIST OF ABBREVIATIONS 

cm centimeter 

COC crop oil concentrate 

DAT days after treatment 

m meter 

MSO methylated seed oil 

NIS nonionic surfactant 

POST postemergence 

PRE preemergence 

v/v volume for volume 

WAT weeks after treatment 

 

 

 

 



 

9 

Abstract of Thesis Presented to the Graduate School 
of the University of Florida in Partial Fulfillment of the 

Requirements for the Degree of Master of Science 
 

WEED ECOLOGY AND MANAGEMENT IN FLORIDA POTATO (Solanum tuberosum 
L.) PRODUCTION 

By 

Christopher Edward Rouse 

December 2013 

Chair: Peter J. Dittmar 
Major: Horticultural Sciences 
 

Two studies were conducted for the purpose of this thesis: the first investigated 

the movement of weeds in seepage irrigated potato fields and the second developed 

new herbicide programs for weed control in potato.  Sub- surface seepage irrigation is 

the primary means by which potato is irrigated in Florida. In 2012 and 2013, a study was 

conducted to quantify weed population distribution and movement from the irrigation 

furrows and the start of the crop row, into potato crop fields. In-field weed counts and 

greenhouse weed seedbank enumeration were used to quantify weed populations and 

seedbank densities of four commercial potato fields in Flagler County, FL. In- field weed 

populations were significantly higher at the irrigation furrow and first tier (beginning of 

the crop row) as compared to the crop rows and all other tiers. Seedbank densities had 

significantly more weeds than the in-field population counts and the pattern of 

distribution were more variable. A higher density of weed seeds was often located in the 

crop rows, not the field edges. In-field weed counts were similar to observations by 

producers and researchers.  However, in-field counts did not predict the weed seed 

distribution within the fields.  Adjusting seedbank enumeration to include only 
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agronomicaly important weeds resulted in a more accurate representation of in field 

weed populations.   

Experiments to evaluate potato tolerance and weed control of new season- long 

herbicide programs were conducted in 2012 and 2013 in Flagler County, Florida. Both 

experiments included fomesafen PRE, S-metolachlor PRE, and imazosulfuron POST; 

these three herbicides were applied alone and combined at varying rates for fourteen 

herbicide treatments. A grower standard (metribuzin + pendimethalin) and a nontreated 

control were also included. Potato crop tolerance trials were completed at the Florida 

Partnership for Water, Agriculture, and Community Sustainability at Hastings. Potato 

injury did not exceed 5% in either year and no effects on grade distribution or total yield 

were observed from any of the herbicides. Weed control studies were conducted at two 

on-farm locations. Differences in the weed species between years resulted in 

differences in weed control. In 2012, fomesafen f.b. imazosulfuron or S-metolachlor f.b. 

imazosulfuron had greater control of all species as compared to the nontreated control 

and the grower standard.  The POST application of imazosulfuron prolonged control 

following the PRE herbicides resulting in sustained weed control throughout the season.  

In 2013, fomesafen and S-metolachlor provided similar control of the large crabgrass, 

however, no additional control from imazosulfuron. An herbicide program, which 

includes S-metolachlor or fomesafen PRE, and imazosulfuron POST is important for 

season long control of susceptible weeds with excellent potato tolerance. 
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CHAPTER 1 
INTRODUCTION 

Potato production in Florida is located mainly in the Tri-County Agricultural Area 

(St. Johns, Putnam, and Flagler Counties). The TCAA has a naturally high water table 

and impermeable soil layer resulting in sub-surface seepage irrigation being the primary 

method to deliver water to the crops. Sub-surface seepage irrigation, or simply seepage 

irrigation, uses long irrigation furrows, which are the length of the field, to elevate the 

water table to the crop root zone, and is fairly unique to the state of Florida. These 

open, moist, and nutritionally rich irrigation furrows provide a habitat that has been 

observed to sustain large weed populations. Weeds that go unmanaged in agronomic 

fields can develop and disseminate seed or other propagules, contributing to weed 

competition and subsequent yield losses during a cropping season. Little research has 

been conducted to evaluate the effect of irrigation furrows on the weed ecology and 

distribution patterns within the crop rows. The first section of research presented in this 

thesis seeks to understand more about the weed population distributions within the 

seepage-irrigated potato fields. Results from this experiment help to provide more 

information on the distribution of weeds from unmanaged irrigation furrows and their 

effect on both in- field weed populations during the cropping season and the weed 

seedbank of these fields.  

Herbicides are the primary method of weed control in conventionally grown 

potato. Season- long herbicide programs use a combination of preemergence and 

postemergence herbicides to prevent weeds from competing early in crop growth and 

control weeds, which often cause interference later in the season. More recently 

developed herbicides with broader weed control spectrums have been made available 
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with the potential to greatly benefit potato producers. Most of these herbicides have not 

been evaluated for use in this system or in a weed control program designed to manage 

weed populations throughout the entire cropping season. The second section of this 

thesis focuses on evaluating weed control efficacy and crop tolerance to herbicide-

based programs incorporating new active ingredients. This research will provide potato 

growers with more effective herbicide based weed control programs throughout the 

cropping season and new methods to manage different weed species within their fields.  
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CHAPTER 2 
LITERATURE REVIEW 

Potato Production 

Cultivated potato (Solanum tuberosum L.), as it is known today, is a perennial of 

the Solanaceae family (Brosnan 2011). This family consists of other cultivated species 

including tomato (S. lycopersicum L.), pepper (Capsicum annuum L.), and eggplant (S. 

meolongema) as well as weedy species such as jimsonweed (Datura stramonium) and 

black nightshade (S. nigrum) (Encyclopedia Britannica 2012).  Members of the family 

are found in tropical regions of Latin America and less common in temperate areas, with 

about 50 species located in the United States and Canada combined. Indigenous 

people of the Andes region first cultivated potato for its hardiness, ability to grow in poor 

soil, survive frosts, and produce high yields (Brosnan 2011). Early colonists of the 

Americas in the 16th century used the potato throughout the coastal areas and it quickly 

became a part of the subsistence diet of the region. The potatoes adaptability along with 

its versatility has made it important in diets throughout the world. Potato is the 5th most 

produced commodity in the world, by tonnes, and the number one produced vegetable 

crop in 2010 (FAOSTAT 2012).  

Potato is a major vegetable crop, in production weight, with 15 percent of the 

sales receipts for vegetables in the United States (ERS USDA 2012).  The country 

produced about 18.3 million tons of potato, ranking 5th in world production in 2010 

(FAOSTAT 2012).  Growing areas in the United States are primarily in the Pacific 

Northwest, with Idaho and Washington leading in production (ERS USDA 2012).  Idaho 

is the number one producer with 30% of the U.S. production acreage at about 344,000 

acres of potatoes in 2012 (USDA NASS 2013).  About 90% of the U.S. potatoes are 
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planted in the spring and harvested in the fall; however, some areas plant in the winter 

and harvest in the spring, as is done in Florida (ERS USDA 2012, Pack et al. 2003). 

Florida ranks 12th nationally, in production, with about 4.04 million metric tons produced 

in 2012; ranking second only to California for spring production (USDA NASS 2013). 

Potato is grown throughout Florida with the primary growing region in the 

Hastings or Tri- County Agricultural Area (St. Johns, Flagler, and Putnam County). The 

Tri- County area accounted for 64% of Florida’s potato production in 2012 (USDA NASS 

2013). Potato is divided into two consumption categories: fresh and processing (ERS 

USDA 2012). Florida grown potato is primarily grown for processing, mainly chipping, 

dictating how it is grown and marketed. Two primary irrigation systems used in the state 

for potato production are overhead sprinkler and sub-surface seepage irrigation (Dukes 

et al. 2010).  

Tillage is used to help with land preparation in order to properly form beds. After 

planting, potatoes are allowed to grow for a period of 2-3 weeks and covered, in a 

process known as ‘dragging off’ or ‘boarding off’. This ensures the potato tubers are 

completely covered by the soil and not exposed to surface sunlight. Fertilization is 

typically applied pre-plant with subsequent side dressed application throughout the 

season, occurring at ‘boarding off’ (Zotarelli et al. 2012).  

A number of weeds impact Florida potato growers including common ragweed 

(Ambrosia artemisiifolia L.), amaranth species (Amaranthus spp.), bermudagrass 

(Cynodon dactylon L Pers.) and yellow nutsedge (Cyperus esculentus L.) (Rouse et al. 

2014). Weeds growing in direct competition with potato have the potential to impact 

potato tuber yield and quality (Hutchinson et al. 2011, Ciuberkis et al. 2007, Vangessell 
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and Renner 1990). A population of mixed weed species, which are able to compete for 

longer than 6 weeks without control, can significantly reduce tuber yield (Thakral et al. 

1989). After this 6-week period any weeds that emerge are generally suppressed by the 

growth of the established potato. Full season weed competition, without any control, has 

the potential to reduce tuber yield by as much as 54% (Nelson and Thoreson 1981). 

Sub-surface Seepage Irrigation 

Sub-surface seepage irrigation, or simply seepage irrigation, accounts for 44% of 

the irrigated land in Florida (Dukes et al. 2010).  Seepage irrigation is the primary 

source of potato field irrigation in the Hastings area. Crops including tomato, sweet 

corn, and bell pepper also grown utilizing this system (Dukes et al. 2010). This system 

uses the flow of a high volume of water with gradually sloping fields to raise the water 

table to the crop root zone (Locascio 2005). Potatoes are grown in beds with 16 raised 

crop rows, one furrow on each side, with neighboring beds sharing a furrow.  Due to the 

importance of field design, growers must grade the land with special equipment and skill 

to form the slope required for water movement. This system is inefficient and requires a 

lot of water, but growers prefer its low cost and ease of operation (Dukes et al. 2010).  

Weed Seedbank and Movement 

Weed species often occur in spatially aggregated or clumped areas within a 

production field (Marshall 1988). This aggregation can be due to soil factors, harvesting 

machinery, crop interactions, or herbicide efficacy (Rew and Cussans 1997). Within the 

field or at the field’s edge, weeds develop viable propagules such as seeds, tubers, 

rhizomes, and vegetative pieces that have the potential to form or contribute to a weed 

seedbank within a field (Benvenuti 1995, Biniak and Aldrich 1986, Rahman et al. 2001, 

Sutton et al. 2006). It is through weed seedbanks that weed populations often persist 
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and serve as the primary source of weed infestations, ensuring future problems in weed 

management (Benvenuti 1995, Rahman et al. 2001). Persistence of seeds in the 

seedbank may be encouraged under different soils environments or other topographic 

features, which favor seed storage (Bagavathiannan et al. 2011). Cultivation and tillage, 

may place the seeds within areas of the soil profile that encourage sustained viability 

within a system (Ball 1992).  

Weed movement is very prevalent within an agronomic system. Weeds move 

both vertically, within the soil profile, and horizontally, across the field, in response to 

abiotic and biotic factors within a system (Chambers and Macmahon 1994). Seed 

movement may occur by tillage equipment, manure, vehicles, and wildlife. Vertical 

movement of weed seed is movement within the soil profile. Weed seed germination 

and emergence occurs at a more shall depth in no- or minimal- tillage practices 

compared to conventional tillage (Buhler and Mester 1991, du Croix Sisson 2000). 

Given a specific tillage system and sampling period, Avena fatua, Triticum aestivum, 

Polygonum convolvulus, Setaris viridis, and Echinochloa crus-galli have similar depths 

of emergence within 1.2 cm of each other (du Croix Sissons et al. 2000). 

Horizontal weed seed movement is across a field surface. Grundy et al. (1999) 

found the use of different implements, a rotovator or power harrow, resulted in weed 

seed being distributed behind and beyond the point of impact. These primary tillage 

implements have the ability to increase certain annual weed species more rapidly within 

the seedbank (Ball and Miller 1990). Movement from hedgerows into the field was 

limited to the first 2.5 m of the field, only 30% of species in the hedgerow were found in 

the field (Marshal 1989). The impacts of field edges on other arable weed species and 
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environments have shown similar results (Colbach et al. 2000). Rahman et al. (2001) 

noted seedbank densities declined along crop rows, as a function of distance, of some 

weed species for some cases but not for all. 

Studying Weed Seedbanks 

Studying weed populations and seed densities within agricultural fields is often 

found to be “tedious and slow” (Rahman et al. 2001). Two types of studies have been 

considered for evaluating weed populations: seedbank enumeration and aboveground 

in- field weed counts. Cardina and Sparrow (1996) detail several seedbank enumeration 

methods including growing weeds from soil samples, sieving and identifying seed from 

soil samples, and growing weeds from intact soil cores. These methods were found to 

be unreliable due to the propagule densities not properly describing the problematic 

weeds seen in the fields.  

Alternative studies utilizing aboveground in-field weed counts have been useful in 

identifying and characterizing weed populations. Broadleaf weed species within North 

Carolina soybean (Glycine max) fields were identified as ‘patchy’ and thus could be 

managed according to the densities of the weeds within a given area of the field (Wiles 

et al. 1992).  The correlation of seedbank enumeration and in-field counts may be 

species dependent. A direct correlation between seedbank and in-field counts could be 

derived for Cardaria draba, however, a similar correlation could not be drawn for 

Hordeum murinum (Makarian et al. 2007). Amaranthus deflexus can be correlated in 

no- and conventional- tillage (Isaac and Guimaraes 2007). Seedbank and above ground 

counts could only be correlated in no-till production systems due to limited movement.  
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Herbicides Use in Potato 

To reduce the impact of weed competition, potato growers employ cultivation and 

herbicide applications to control weeds that are present within fields (Dittmar et al. 

2012). A typical weed management program for potato in Florida is cultivation before 

planting, a pre-emergence herbicide application after ‘boarding off’ before re-emergence 

of the crop, mid- row cultivations after ‘boarding off’, and post- emergent herbicide 

applications of herbicides (Stall and Sherman 1983).  Applying herbicides with 

cultivation weed control programs will impact crop yield more then cultivation treatments 

alone, increasing weed control (Mulder and Doll 1993).    

Potato production systems currently are limited in the availability of herbicides for 

application during the cropping season (Bailey et al. 2002). More herbicides are 

available for pre- emergence control than post- emergence in Florida potato (Zotarelli et 

al. 2012). Improper application timing or unfavorable environmental conditions can 

result in crop injury to potato and must be monitored to prevent yield loss. 

Sulfentrazone applications in potato have reduced populations of common 

lambsquarters (Chenopodium album) up to 98% when applied PRE at 110 to 280 g ha-1 

(Bailey et al. 2002). However, late application of sulfentrazone at the time of potato 

emergence resulted in crop injury from 60 to 86% depending on rate.  Sulfentrazone 

PRE, while low (58%), had similar control to metribuzin alone or metribuzin plus 

metolachlor. 

POST applications of rimsulfuron, metribuzin, and combinations of both, with 

combinations of different adjuvants were found to cause early season injury in potato 

(Hutchinson et al. 2004). Injury was characterized by reduced height, leaf malformation, 

and some chlorosis. Injury was greatest 2 weeks after treatment (WAT) but reduced to 
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less than 5% by row closure.  The use of adjuvants also caused injury; with methylated 

seed oil (MSO) and crop oil concentrate (COC) injuring the crop more than a non-ionic 

surfactant.  Tuber yield and quality was not affected by the early season injury.  

Environmental conditions can influence potato injury with different herbicide 

applications. Metribuzin alone under cloudy, cool, or wet conditions may result in potato 

injury (Hutchinson 2002). Hutchinson et al. (2004) found greater injury occurred when 

metribuzin was applied with either MSO  or COC on a cloudy day. Tonks et al. (2000) 

discussed the cool cloudy weather may have reduced potato tolerance to ethalfluralin 

and that further research should be conducted to determine the environmental effects 

on potato tolerance.  

Herbicides of Interest 

Fomesafen 

Fomesafen [5-[2-chloro-4-(trifluoromethyl)phenoxy]-N-(methylsulfonyl)-2-

nitrobenzamide] is a member of the diphenylether chemical family.  Diphenylethers 

inhibit the enzyme protoporphyrinogen oxidase and are commonly referred to as PPO 

Inhibitors (Senseman 2007). 

Fomesafen is registered in cotton, dry beans, potatoes, snap beans, and 

soybeans to control a range of weeds (Anonymous 2012). Fomesafen is primarily 

applied pre-emergence with limited POST activity, and used to control broadleaf weeds 

with some yellow nutsedge control.  POST application of fomesafen with a nonionic 

surfactant was able to increase control of common ragweed and hairy nightshade when 

applied at multiple growth stages of dry and edible pod beans (Bellinder et al. 2003). 

Multiple accessions of Palmer amaranth (Amaranthus palmeri) were controlled at least 

96% with fomesafen POST at 420 g ai ha-1 (Bond et al. 2006). Studies have indicated 
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good to excellent control of broadleaf weeds and complete control of Powell amaranth 

(Amaranthus powellii) and common purslane (Portulaca oleraceae) in cucumber 

(Cucumis sativus) (Peachey et al. 2012). Greater then 90% control of redroot pigweed 

(Amaranthus retroflexus), kochia (Kochia scoparia (L.) Roth), and common purslane 

was observed with fomesafen application at 210 g ha-1 in dry beans (Wilson 2005). 

Sulfentrazone, another PPO inhibitor, tolerance of potato and weed species is due to 

differential root absorption and uptake, which may be similar to that of fomesafen 

(Bailey et al., 2003). 

Imazosulfuron 

Imazosulfuron [2-chloro-N-[[(4,6-dimethoxy-2-pyrimidinyl)-amino] 

carbonyl]imidazo[1,2-a]pyridine-3-sulfonamide] is a member of the sulfonylurea 

herbicide family of chemicals (Sensemen 2007). These are more commonly known as 

ALS inhibiting herbicides.  This group of herbicides inhibit acetolactate synthase, 

ceasing production of branched chain amino acids (Sensemen 2007).  

Imazosulfuron is registered in other solanaceous crops including tomato and 

pepper (Felix and Boydston, 2010). It can be applied as both a PRE and POST 

herbicide, and has activity on a number of broadleaf species and yellow nutsedge with 

suppression of purple nutsedge (Cyperus rotundus L.) (Anonymous 2011). Rotational 

restrictions are required for leafy vegetables, cucurbits, and grain crops. Yellow 

nutsedge control with imazosulfuron in potato was found to be greatest with sequential 

applications, PRE followed by POST (450 g ai ha-`), with 90 to 100% control (Felix and 

Boydston 2010). This same study showed 100% control of common lambsquarters and 

Amaranthus ssp. regardless of application timing. Injury was observed 14 days after 

treatment (DAT) at one location in the study, however, the potato grew out of the injury 
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and it did not affect the yield. Greater weed control was observed when rainfall occurred 

within 10 days following PRE application of imazosulfuron, 70 mm in year one 

compared to 15 mm in year two (Riar and Norsworthy 2011). Application timing for 

specific weed species will have an effect on imazosulfuron efficacy. In bermudagrass 

turf, purple nutsedge control is greatest (91%) with sequential applications of 

imazosulfuron 3 weeks after initial application (Henry et al. 2012). Late POST 

applications made in drill seeded rice (Oryza sativa) was not effective at controlling 

texasweed (Caperonia palustris L.), four to five leaf stage, or hemp sesbania (Sesbania 

herbacea); an early POST (texasweed at two to three leaf stage) application had 

greater then 82% control of both species (Godora et al. 2012). 

S-metolachlor 

S- metolachlor [2-chloro-N-(2-ethyl-6-methylphenyl)-N-(2-methoxy-1-

methylethyl)acetamide] is a member of the chloroacetamide family. S-metolachlor works 

by inhibiting the biosynthesis of fatty acids, lipids, proteins, isoprenoids and flavonoids 

(Sensemen 2007). Collectively, the family is known as seedling or shoot inhibitors. It 

typically acts by inhibiting young developing shoots under the soil. 

S- metolachlor is registered for use in a number of agronomic crops, pod crops, 

and potato (Anonymous 2009). S-metolachlor can be applied as a PRE for control of 

annual grasses, some broadleaves, and yellow nutsedge control.  Studies evaluating 

the efficacy of S- metolachlor PRE found significant reductions of yellow nutsedge tuber 

production when halosulfuron plus dicamba is applied post in corn systems (Felix and 

Newberry 2012). Potato yield has been significantly reduced when sulfentrazone plus 

metolachlor, the less active isomer of S- metolachor, are applied at potato emergence 

(Bailey et al. 2002). 
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Alternative Weed Management in Potato 

Boydston and Vaughn (2002) evaluated five weed management systems in 

central Washington potato production to reduce herbicide inputs through different 

cultivation and cover crop usage. A fall cover crop of rye, with banded metribuzin 

application, and reservoir tillage helped to reduce PRE herbicide inputs by 66%, with 

tuber yields equivalent to that of standard herbicide treated plots. However, the use of 

rapeseed with cover crop and in season reservoir tillage decreased tuber yield up to 

30%.  

Using information from weed seedbank and current aboveground in-field weed 

populations, researchers and producers may be able to better predict seed movement 

and associated interference. This could allow for more appropriate integrated 

management measures to be taken. 

 



 

CHAPTER 3 
EFFECT OF WEEDS IN SEEPAGE IRRIGATION FURROWS ON WEED SEEDBANK 

IN POTATO (Solanum tuberosum L.) 

Background 

Florida produced over 400 thousand metric tons of potato in 2012, ranking 12th 

overall in US production (USDA NASS 2013). Fourteen thousand hectares were 

harvested in 2012 from across the state, with 64% grown in the Hastings or Tri- County 

Agricultural Area (TCAA) (USDA NASS 2013). The TCAA is in the northeastern part of 

the state and consists of St. Johns, Putnam, and Flagler counties. The primary form of 

irrigation in the region is subsurface seepage irrigation. 

Subsurface seepage irrigation or seepage irrigation is used on 44% of the 

irrigated acreage in Florida (Dukes et al. 2010). This method is used in combination with 

other types of irrigation or alone in tomato (Solanum lycopersicum L.), pepper 

(Capsicum annuum L.), strawberry (Fragaria ananassa), cabbage (Brassica oleracea), 

corn (Zea mays), and other crops grown throughout the state. This system uses the flow 

of a high volume of water with gradually sloping fields to raise the water table to the 

crop root zone (Locascio 2005). The crops are grown in beds with an irrigation furrow 

on both sides and a single irrigation furrow joining neighboring beds. The water moving 

through the soil profile encounters a hardpan, forcing the water to spread across the 

bed and through capillary action increases the water table. Overall, the design of the 

system is inefficient and requires large quantities of water, however, growers prefer the 

low cost and ease of operation (Dukes et al. 2010).  

Seepage irrigation furrows receive minimal to no weed management. The impact 

of these furrows on crop weed management and dynamics has not been investigated. 

However, the impact of weeds along a field’s edge has been extensively studied by 



 

24 

researchers in other cropping systems (Rahman et al. 2001, Benvenuti 2007, 

Devlaeminck et al. 2005). Weeds may move horizontally or vertically by a number of 

abiotic and biotic factors if given the means to do so and tend to be spatially aggregated 

or clumped within a production field (Chambers and Macmahon 1994; Marshall 1988). 

This aggregation can be due to soil environments, harvesting machinery, crop 

interactions, or herbicide efficacy (Rew and Cussans 1997).  

Weeds that develop viable propagules such as seeds, tubers, rhizomes, and 

vegetative pieces have the potential to develop or contribute to a weed seedbank within 

a field (Benvenuti 1995). Weed seedbanks serve as the primary source of weed 

infestations, ensuring future problems in weed management (Benvenuti 1995, Rahman 

et al. 2001). The same factors which contribute to weed aggregation and dissemination, 

such as cultivation and tillage, may place the seeds within areas of the soil profile, 

which encourage sustained viability within a system (Ball 1992).  

Studying weed populations and seed densities within agricultural fields is often 

found to be “tedious and slow” (Rahman et al. 2001). Two types of studies have been 

considered for evaluating weed populations: seedbank enumeration and aboveground 

in- field weed counts. Cardina and Sparrow (1996) detail several seedbank enumeration 

methods including growing soil samples, sieving and identifying seed from soil samples, 

and growing weeds from intact soil cores. These methods were found to be unreliable 

due to the propagule densities not properly describing the problems seen in the fields. 

Rahman et al. (2001) noted seedbank densities indicated a decline along crop rows due 

to clumping of the seeds together from either large plant source or a small group of 

plants aggregating together.  
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Alternative studies utilizing aboveground in-field weed counts have been useful in 

identifying and characterizing weed populations. Broadleaf weed species within North 

Carolina soybean fields (Glycine max) were identified as ‘patchy’ and thus could be 

managed according to the densities of the weeds within a given area of the field (Wiles 

et al. 1992). Using information from the seedbank and current aboveground in-field 

weed populations, researchers and producers may be able to better predict seed 

movement and associated interference. This could allow for more appropriate integrated 

management measures to be taken. 

Seepage irrigation results in cultural and pest management practices that are 

different than most other agronomic and horticultural crops. Irrigation furrows within crop 

fields provide a constant source of weed propagules, while weeds within the crop rows 

and field edges also have the potential to contribute to the seedbanks. An improved 

understanding of factors that affect the ability of a seed to persist in this environment 

may help reduce weed populations year after year (Taylor and Oliver 1997).  The 

objective of this study is to quantify the distribution of weed populations and movement 

in seepage irrigated fields from the irrigation furrows and start of the rows into potato 

crop rows.  

Materials and Methods 

Four fields, currently in potato production, using seepage irrigation within the 

Hastings area of Florida were sampled for weed populations and seedbank densities in 

2012. Fields were selected based on weed populations that were considered typical for 

seepage-irrigated systems. Three crop beds (3 replications) located next to each other 

within the center portion of each field were included for the experiment. A bed contained 

16 crop rows and an irrigation furrow on either side of the bed. Beds were grid sampled 
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(equidistantly spaced) for a total of sixty-three sampling sites within a replication. 

Sampling sites began at the irrigation furrow then 8 subsequent crop rows across the 

bed with 1.1 m intervals for 9.12 m for a total of 9 sampling sites. Sampling sites along 

the irrigation furrow and crop rows were sampled at 15.2 m intervals for 91.4 m, for a 

total of 7 sampling sites along the crop row. Weed densities at each of the sampling 

sites were determined using in-field weed counts and seedbank analysis. 

In-Field Weed Counts 

In-field populations were counted one time in the spring of 2012 early in the 

potato crop season prior to canopy closure. A 30 x 30 cm quadrat was placed at each 

sampling site and weeds were identified, by species, counted, and recorded for further 

analysis.  

Seedbank Enumeration 

Soil samples were collected from each sampling sites using a sampling tool with 

a diameter of 11.5 cm and a length of 18 cm, for a total volume of 1,869 cm3. Upon 

removal from the field, the soil was placed into a plastic bag, labeled, and refrigerated at 

4.4 C. Samples were kept in refrigeration for storage and cold stratification of the weed 

seeds. After a period of 5 weeks, samples were removed from cold storage and seeds 

were allowed to germinate under greenhouse conditions at the Plant Science Research 

and Education Center in Citra, FL. Individual samples were evenly distributed into three 

individual cells of a six-cell plastic tray, to a volume of 623 cm3 per cell. Samples were 

irrigated using automatic overhead irrigation with two 180-second irrigation events 

during the day to maintain soil moisture. Enumeration began three weeks after 

placement in the greenhouse, and bi-weekly there after for 10 weeks in the summer and 

fall of 2012.  Emerged weeds were identified by species, counted, and removed from 
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the cells. Following the first season of enumeration in 2012, soil samples were removed 

from the trays and placed in plastic bags and moved back into the refrigerated storage 

until the following year. In 2013, samples were returned to the greenhouse using the 

same method as previously described for 11 wk. Two enumeration periods were used to 

ensure emergence of warm and cool season weeds.  

Data Analysis  

In- field weed populations and seedbank density were analyzed with a general 

linear model and means separated using Duncan’s Multiple Range Test (P ≤ 0.05). In- 

field weed populations and greenhouse seedbank densities were analyzed separately. 

Weed densities were grouped according the row and corresponding tier, which are 

defined as sampling sites along the furrow and crop rows, were combined for row weed 

count and species means. Rows are identified as the irrigation furrow and potato rows 1 

through 8. Tiers are the mean of the irrigation furrow and crop rows at each of the 

distances from the field’s edge and identified as tiers 1 through 7. For in-field counts, 

total weed population is the cumulative number of weeds at a sampling site.  For 

seedbank enumeration, seedbank weed density is the total number of weeds that grew 

from the soil core from each sampling site.  For both in-field weed counts and seedbank 

densities, the total number of species for each sampling site was analyzed for all rows 

and tiers. Further analysis of the seedbank enumeration data included an  ‘adjusted 

weed density’ and an ‘adjusted species density’ which evaluated the seedbank density 

based on the presence of a species in the field. For example, if large crabgrass 

(Digitaria sanguinalis (L.) Scop.) was found in both the seedbank and the field studies, 

the weed densities for the seedbank were evaluated to determine if similar population 

trends were exhibited in the seedbank compared to the field. 
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Results and Discussion 

Due to differences between locations for all variables, each location was 

analyzed independently. Weed populations, seedbank densities, and number of species 

were included for all sampling sites. Data were analyzed without the irrigation furrow 

and first tier to limit variance created by the high weed populations and to determine the 

significance of the weed populations and densities within the planted crop rows. The 

result of removing the first row or tier did not affect the mean separation among crop 

rows (data not shown). A list of the 5 most abundant weed species at each of the 

locations for in-field weed populations and seedbank weed densities can be found in 

Table 3-1. The number of total species in the seedbank study was greater than the 

number of species for the in-field counts (Tables 3-4 through 3-7). 

In-Field Weed Counts 

Row effect. The irrigation furrow in all of the fields contained the highest total 

population of weeds as compared to all the crop rows (Table 3-2). Weed populations 

within the crop rows of fields B, C, and D, were not different. However, in field A, row 1 

had a greater weed population than row 6; all of the other rows were similar to crop 

rows 1 and 6.  Although this trend was also identified in field D, the furrow and crop 

rows had less than one weed. Irrigation furrow weed management and higher intensity 

cultural practices resulted in many evaluation sites within field D to have no weeds in 

either the furrow or crop rows. 

The greatest species diversity was in the irrigation furrow, similar to that of the 

weed populations (Table 3-2). Crop rows in fields A, B, and C were significantly different 

from each other but did not exceed 1.05 species.  In field A, rows 1 and 2 had more 

weed species than rows 7 & 8.  In field C, row 1 had more weed species than rows 2 
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through 8.  Again, in field D all the crops rows were similar, however, the furrow and 

crop rows had less than 1 species.   

Tier effect. The total weed population was higher at the first tier, or start of the 

row compared to all other tiers in fields A and B (Table 3-3). Total weed populations 

within the tiers of the inner part of the field were statistically similar to each other.  Field 

B and C did not have different weed populations among tiers.  Species diversity was 

greatest at tier 1 for all fields; in fields B and C the tiers within the field were all similar. 

Seedbank Enumeration Weed Densities 

Row effect. In field A, total weed densities were significantly higher for the 

irrigation furrow and first row within the bed at greater than 199 weeds for all of the 

sampling sites (Table 3-4). Rows 2 through 8 were highly variable with no consistency 

in means indicating no pattern to the weed distributions. In field C, the highest density 

(>122) was found in the sixth and eighth rows, but this was not different from the other 

crop rows.  The irrigation furrow, with 97 weeds, had significantly less weeds than rows 

6 and 8. Fields A, B, and C had the greatest species diversity within the irrigation 

furrow. Field D had a greater number of species in the first crop row however this was 

similar to the irrigation furrow and rows 3 through 6. 

Adjusted weed density is the exclusion of weed species not found in the in-field 

weed counts.  The adjusted weed density resulted in lower total weed populations within 

all of the fields (Table 3-6). The highest density of weeds was located at the irrigation 

furrow (27 plants) with all the crop rows having lower densities.  The lowest weed 

density was at rows 7 and 8, the farthest distance from the irrigation furrow, which was 

similar to all the crop rows.  Adjusted weed seed densities within Field B were not 

significant among the irrigation furrow and crop rows; the difference between the 
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original and adjusted densities was not as great as the other fields under evaluation. 

The greatest weed density in Field B was 150 weeds and only reduced to 79 weeds; all 

of the other fields were reduced by at least 90% following the removal of the non-

agronomically relevant weed species.   The similar species in field C and D had inverse 

trends of the original weed population.  The highest adjusted weed density was in the 

furrow and lowest density in row 8.  Row 8 was similar to rows 3 through 7 in field C and 

rows 2 through 7 in field D. The adjusted species density also resulted in the highest 

diversity within the irrigation furrow in fields B and C. However, both the irrigation furrow 

and the first crop row had the greatest density in fields A and D. 

Tier effect. In fields A and D, the greater total weed density was in tiers 2 to 6 

followed by tier 1 (Table 3-5). The first tier had a greater total weed density than the 

other tiers in fields B and C. In field B, the lowest weed density was in tier 4 and was 

similar to tiers 3 and 5. The highest species diversity for Fields A and C was at the 4 th 

tier, or 46 m from the start of the row; the lowest diversity was in the first tier for Field A 

and the last tier for Field D. Field B and C had similar results to the total weed density, 

and the highest diversity was in the first tier.  

Field B had no differences among tiers for adjusted weed densities (Table 3-7).  

Field A had a greater density of weeds in the inner tiers 4 through 6. After removing 

dissimilar species, the highest weed density in field A was tier 5, which was similar to 

tier 4 and 6.  Field D was similar, with rows 2 through 5 having the greatest density, but 

was similar to tiers 1 and 6. Field C followed a similar pattern to the in field weed 

population with the highest density at the first tier and the subsequent tiers being less. 

The adjusted species diversity in field A was not significant amongst the differing tiers. 
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Fields B and C did follow a similar trend to the in- field weed populations with the 

highest diversity at the first tier. Field D had less of a pattern to the seedbank 

distribution with the inner tiers having a greater species diversity then the other tiers but 

still similar to all but the last tier. 

Total in- field weed populations and species diversity were consist within all fields 

for both row and tier analysis, indicating that both the irrigation furrow and beginning of 

the crop rows have higher weed populations. Greater diversity of species was exhibited 

in areas that also had a larger population of weeds. The irrigation furrow, which contains 

higher concentrations of water, leached nutrients, and reduced potato crop competition, 

had a greater number of weeds and species. This soil environment is more suitable for 

sustaining problematic weeds than other areas with a competing crop or dryer 

conditions, such as the beginning of a crop row. Herbicide use may have resulted in 

reductions in the total species diversity within a crop row. Some herbicide may control a 

particular species but not all the weeds present within a sample site.  

Seedbank densities were highly variable and inconsistent among the different 

locations under evaluation, similar to other studies (Cardina and Sparrow 1996). Tiers in 

Field A and Field D and rows in Field C and Field D contained higher seed densities 

within the crop rows as compared to the more open and ideal environments in the 

irrigation furrow. Higher weed seed densities than in- field weed populations were also 

noted, especially in Field D, where the crop rows in the field had populations of less 

than one weed but the seedbank densities exceeded 250 weeds.  This is more than 

likely the result of herbicide use and an increased effort by the producer to reduce 

weeds with residual herbicides that suppress the growth of weeds in the crop rows. 
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Spatially aggregated ‘clumps’ in the irrigation furrow and crop rows 5 through 7 in Field 

B were identified by having higher populations with little to no distribution around them, 

much like other studies (Wiles et al. 1992). These clumps were not, however, found in 

the field study because herbicide use and crop competition within the crop rows 

reduced weed emergence and resulted in significantly lower populations than the 

irrigation furrow. While there was no distinct pattern of weed seed distribution by tillage 

implement or other mechanized means, this equipment may have still caused the 

uneven distribution and aggregation (Cousens et al. 2006). Current grower practices for 

site preparation include harrowing the field starting at one irrigation furrow and moving 

along the crop rows, back and forth approximately 3 times, until they have reached the 

irrigation furrow on the other side of the bed. Following this initial tillage they then make 

two more passes at a 45-degree angle across the bed. This mixing and movement of 

soil, and subsequently weed seed, would contribute to the disaggregated nature of the 

seedbank.  

Adjusting weed seedbank densities, which were variable, to the in-field weed 

populations, resulted in patterns of weed distribution that were more characteristic of the 

observations being made about seepage irrigated fields. This adjustment resulted in 

removal of a number of non- agronomically relevant weed species including winged 

waterprimrose or low falsepimpernel that are often controlled by herbicides or 

outcompeted by the potato. Most of these weeds originate from natural areas 

surrounding the fields or from areas deeper within the soil profile, which retained seed 

from the years preceding its agricultural use (Devlaeminck et al. 2004). Seedbanks 

without these non- agronomic weeds or with species similar to the in- field populations, 
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such as field B, may not require this adjustment. Use of this comparison is a much 

better predictor of in- field weed populations from seedbank enumeration techniques.  

The results of this study provide insight into the weed distributions of seepage 

irrigated potato fields within this area of Florida. In- field weed populations were 

consistent with what was being observed by both producers and researchers. Further 

examination into the weed seed distribution within the seedbank was less consistent. 

The seedbank is not the best predictor of in- field populations or of the prevalent weed 

distribution. It does, however, provide insight into all the possible weed populations 

present in the field, which is important when developing off-season management 

programs or in predicting the potential impact that reduced weed management may 

have. Seedbank densities only became of value following removal of the non-agronomic 

species and using the species identified in the field during the growing season. This 

study does not provide for alternative management strategies or describe patterns of 

yield reduction in the field due to weed competition. Further studies looking at specific 

equipment use or management within this system need to be conducted to better 

understand their impacts on weed seed distribution within the fields. Crop competition, 

herbicide use, or unfavorable environmental conditions could have contributed to this 

difference in weed density within the field. 



 

Table 3-1.  The 5 most common weed species using in-field counts and seedbank enumeration in 4 potato (Solanum 
tuberosum L.) fields in Hastings, FL. 

 Field A Field B Field C Field D 

In- field weed counts 

 yellow nutsedge 
     Cyperus esculentus 

Rumex sp. bermudagrass 
     Cynodon dactylon 

common ragweed 
     Ambrosia artemisiifolia 

 common ragweed 
     Ambrosia artemisiifolia 

yellow nutsedge 
     Cyperus esculentus 

Amaranthus sp. Amaranthus sp. 

 bermudagrass 
     Cynodon dactylon 

common ragweed 
     Ambrosia artemisiifolia 

Rumex sp.  

 Rumex sp. entireleaf morningglory 
     Ipomoea hederacea 

eclipta 
     Eclipta prostrata 

 

 Common cocklebur 
     Xanthium strumarium 

Solanum sp. grain sorghum 
     Sorghum bicolor 

 

Seedbank enumeration 

 low falsepimpernell 
     Lindernia dubia  

wandering cudweed 
     Gnaphalium pensylvanicum 

annual sedge 
     Cyperus compressus 

low falsepimpernell 
     Lindernia dubia 

 old world diamond-flower 
     Oldenlandia corymbosa 

oldfield toadflax 
     Nuttallanthus canadensis 

winged waterprimrose 
     Ludwigia decurrens  

winged waterprimrose 
     Ludwigia decurrens 
Walt. 

 crowfootgrass 
     Dactyloctenium aegyptium 

Florida pimpernel 
Anagallis pumila 

low falsepimpernell 
     Lindernia dubia 

old world diamond-flower 
     Oldenlandia corymbosa 

 winged waterprimrose 
     Ludwigia decurrens 

low falsepimpernell 
     Lindernia dubia  

old world diamond-flower 
     Oldenlandia corymbosa 

green kyllinga 
     Kyllinga brevifolia 

 Cyperus sp. winged waterprimrose 
     Ludwigia decurrens 

crowfootgrass 
     Dactyloctenium aegyptium 

annual sedge 
     Cyperus compressus 

a Weeds go in order from the most to least abundant in descending order within the field. 
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Table 3-2.  Effect of irrigation furrow and crop row on total number of weeds and weed species in a 30 cm x 30 cm 
quadrat using in-field counts. 

 Weed population  Total species 

Row Field A Field B Field C Field D 
 

Field A Field B Field C Field D 

Irrigation 
furrow 8.52 a a 14.95 a 7.29 a 0.14 a 

 
1.90 a 2.10 a 1.67 a 0.14 a 

1 1.81 b 2.57 b 1.19 b 0.00 b 
 

0.67 b 0.86 bc 0.71 b 0.00 b 

2 1.52 bc 2.57 b 0.86 b 0.00 b 
 

0.52 bc 1.05 b 0.38 c 0.00 b 

3 1.24 bc 1.76 b 0.86 b 0.05 b 
 

0.38 bcd 0.76 bc 0.29 c 0.05 b 

4 1.00 bc 1.52 b 1.24 b 0.05 b 
 

0.29 cd 0.81 bc 0.24 c 0.05 b 

5 1.11 bc 2.67 b 1.48 b 0.00 b 
 

0.43 bcd 1.00 b 0.24 c 0.00 b 

6 0.38 c 1.24 b 1.48 b 0.00 b 
 

0.24 cd 0.76 bc 0.19 c 0.00 b 

7 0.57 bc 0.91 b 1.29 b 0.00 b 
 

0.19 d 0.43 c 0.24 c 0.00 b 

8 0.62 bc 1.76 b 1.10 b 0.00 b 
 

0.19 d 0.62 bc 0.19 c 0.00 b 
a Values with the same letter are statistically similar to each other within the same column according to Duncan’s multiple 
range test (p≤0.05). 
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Table 3-3.  Effect of fields edge and distance (tier) on total number of weeds and weed species in a 30 cm x 30 cm 
quadrat using in- field counts. 

 Weed population   Total species 

Tier Field A Field B Field C Field D 
 

Field A Field B Field C Field D 

1 4.93 a a 3.07 a 6.93 a 0.07 a 
 

1.04 a 1.41 a 1.41 a 0.07 a 

2 0.85 b 2.11 a 1.19 b 0.00 a 
 

0.44 bc 0.89 b 0.44 b 0.00 a 

3 1.22 b 2.69 a 1.00 b 0.00 a 
 

0.41 bc 0.85 b 0.30 b 0.00 a 

4 1.15 b 3.37 a 0.81 b 0.07 a 
 

0.30 c 0.85 b 0.19 b 0.07 a 

5 1.56 b 2.74 a 1.52 b 0.04 a 
 

0.44 bc 0.67 b 0.33 b 0.04 a 

6 1.70 b 4.33 a 0.63 b 0.00 a 
 

0.59 b 0.89 b 0.26 b 0.00 a 

7 1.67 b 4.70 a 0.96 b 0.00 a 
 

0.52 bc 0.96 b 0.30 b 0.00 a 
a Values with the same letter are statistically similar to each other within the same column according to Duncan’s multiple 
range test (p≤0.05). 
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Table 3-4.  Effect of irrigation furrow and crop row on total seedbank weed density from a 1,869 cm3 soil core. 

 Total weed density  Total species density 

Row Field A Field B Field C Field D 
 

Field A Field B Field C Field D 

Irrigation 
furrow 203.67 a a 149.57 a 96.76 b 134.05 c  13.71 a 15.24 a 11.86 a 11.29 ab 

1 199.14 a 109.33 c 115.76 ab 251.05 b  13.38 a 13.05 b 10.76 a 12.10 a 

2 156.19 bc 109.38 c 107.71 ab 279.76 ab  10.05 b 12.19 bc 8.71 b 11.48 ab 

3 117.90 cd 104.71 c 109.19 ab 307.14 ab  8.57 c 11.24 cd 7.86 bc 11.48 ab 

4 165.05 b 115.14 c 116.67 ab 297.76 ab  10.14 b 10.95 cd 8.00 bc 11.71 ab 

5 133.33 bcd 135.86 ab 114.81 ab 316.57 ab  9.24 bc 10.95 cd 7.52 bc 11.14 ab 

6 158.67 b 120.86 bc 122.33 a 311.90 ab  9.33 bc 10.00 d 7.10 c 11.57 ab 

7 139.33 bcd 125.62 bc 117.05 ab 329.14 a  8.43 c 10.52 d 7.90 bc 10.52 b 

8 120.86 cd 114.48 c 123.62 a 335.90 a  8.76 bc 10.29 d 8.29 bc 10.52 b 
a Values with the same letter are statistically similar to each other within the same column according to Duncan’s multiple 
range test (p≤0.05). 
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Table 3-5.  Effect of field’s edge and distance (tiers) on seedbank weed density from a 1,869 cm3 soil core. 

 Total weed density  Total species density 

Distance Field A Field B Field C Field D 
 

Field A Field B Field C Field D 

1 88.19 b a 144.15 a 152.07 a 203.22 b  9.19 c 13.44 a 11.11 a 10.81 bc 

2 153.00 a 124.63 b 104.04 b 281.74 a  10.04 abc 12.22 ab 9.30 b 11.33 abc 

3 152.85 a 116.44 bc 109.59 b 293.89 a  9.96 bc 11.74 bc 8.78 bc 11.89 ab 

4 185.63 a 101.48 c 105.78 b 309.74 a  11.22 a 10.63 cd 7.89 cd 12.15 a 

5 171.22 a 114.07 bc 103.33 b 307.00 a  10.19 abc 10.78 cd 8.19 bcd 11.22 abc 

6 169.67 a 123.00 b 115.15 b 301.19 a  10.73 ab 11.97 bc 8.07 bcd 11.20 abc 

7 163.04 a 120.07 b 106.41 b 296.89 a  9.83 bc 10.25 d 7.25 d 10.50 c 
a Values with the same letter are statistically similar to each other within the same column according to Duncan’s multiple 
range test (p≤0.05). 
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Table 3-6.  Effect of irrigation furrow and crop row on the adjusted weed seedbank density and adjusted species density. 

 Adjusted weed densities  Adjusted species densities 

Row Field A Field B Field C Field D  Field A Field B Field C Field D 

Irrigation 
furrow 26.95 a a 78.43 a 17.33 a 9.43 a 

 
4.00 a 5.05 a 3.10 a 2.86 a 

1 11.05 b 62.67 a 5.95 b 8.33 ab  3.38 a 3.57 b 1.67 b 2.76 a 

2 4.29 c 65.19 a 2.24 c 7.05 ab  1.81 b 3.29 b 0.86 c 2.14 b 

3 3.43 c 60.67 a 1.29 c 7.10 ab  0.86 c 2.95 b 0.62 c 2.33 ab 

4 5.43 c 59.33 a 2.00 c 6.71 ab  1.76 b 3.05 b 0.86 c 1.95 b 

5 3.86 c 79.33 a 1.14 c 7.10 ab  1.62 bc 3.00 b 0.57 c 2.00 b 

6 4.00 c 69.10 a 0.71 c 7.33 ab  1.33 bc 2.86 b 0.43 c 2.05 b 

7 2.71 c 73.81 a 1.43 c 5.67 ab  1.00 bc 3.10 b 0.57 c 1.76 b 

8 3.10 c 61.67 a 2.10 c 5.14 b  1.98 bc 3.00 b 0.62 c 1.71 b 
a Values with the same letter are statistically similar to each other within the same column according to Duncan’s multiple 
range test (p≤0.05). 
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Table 3-7.  Effect of field’s edge and distance (tiers) on the adjusted weed seedbank density and adjusted species 
density. 

 Adjusted weed densities  Adjusted species densities 

Distance Field A Field B Field C Field D  Field A Field B Field C Field D 

1 5.96 b a 69.82 a 5.52 a 6.63 ab  1.78 a 3.59 ab 1.63 a 2.07 ab 

2 4.44 b 67.00 a 4.41 ab 7.96 a  1.70 a 3.44 abc 1.19 ab 2.19 ab 

3 6.00 b 64.52 a 3.82 ab 9.07 a  1.67 a 2.85 c 1.11 b 2.59 a 

4 8.89 ab 62.15 a 3.41 ab 8.11 a  2.30 a 3.00 bc 0.81 bc 2.33 a 

5 11.89 a 72.41 a 4.19 ab 7.59 a  2.30 a 3.30 abc 0.85 bc 2.07 ab 

6 7.93 ab 68.70 a 3.37 ab 6.26 ab  2.00 a 3.90 a 1.00 bc 2.20 ab 

7 4.96 b 70.00 a 1.89 b 4.04 b  1.54 a 3.04 bc 0.58 c 1.71 b 
a Values with the same letter are statistically similar to each other within the same column according to Duncan’s multiple 
range test (p≤0.05). 
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CHAPTER 4 

SEASON-LONG WEED CONTROL HERBICIDE PROGRAMS FOR FLORIDA 
POTATO PRODUCTION 

Background 

Potato (Solanum tuberosum L.) production is a valuable segment of Florida's 

agricultural production. Over 400,000 tons were produced in 2012, on over fourteen 

thousand hectares; Florida ranks 12th nationally for production weight (USDA NASS 

2013). Potato is grown in nearly all of the growing regions distributed throughout the 

state and approximately 64% of the potato production originates in the Hasting’s or Tri- 

County Agricultural Area (TCAA)(USDA NASS 2013). The TCAA is in the northeastern 

part of the state and consists of St. Johns, Putnam, and Flagler counties. Many crops 

are often used in rotation with potato including: cabbage (Brassica oleracea L. var. 

capitata), corn (Zea mays L.), cucurbits, and sorghum cover crop.  

A number of weeds impact Florida potato growers including common ragweed 

(Ambrosia artemisiifolia L.), pigweed species (Amaranthus spp.), bermudagrass 

(Cynodon dactylon L Pers.), and yellow nutsedge (Cyperus esculentus L.) (Rouse et al. 

2014). Weeds growing in direct competition with potato have the potential to impact 

potato tuber yield and quality (Hutchinson et al. 2011, Ciuberkis et al. 2007, Vangessell 

and Renner 1990). Weeds allowed to compete for longer than 6 weeks without control, 

can significantly reduce tuber yield (Thakral et al. 1989). Following this 6-week period, 

weeds that emerge are suppressed by the potato growth and will not impact total yield. 

Full season weed competition without any control has the potential to reduce tuber yield 

by as much as 54% (Nelson and Thoreson 1981). To reduce the impact of weed 

competition, potato growers employ cultivation and herbicide applications to control 
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weeds that are present within fields (Dittmar et al. 2012). A typical weed management 

program for potato in Florida is: cultivation before planting, a pre-emergence herbicide 

application after ‘boarding off’ and before re-emergence of the crop, mid- row 

cultivations after ‘boarding off’, and post- emergence herbicide applications of 

herbicides (Stall and Sherman 1983). ‘Boarding off’ or ‘drag off’ is a process in which 

the recently emerged potato plants are covered with soil to prevent tubers from being 

exposed to direct sunlight during development. Potato production systems are limited in 

the availability of herbicides for application during the cropping season and more 

herbicides are labeled for pre- emergence than post- emergence control in Florida 

(Bailey et al. 2002, Zotarelli et al. 2012).  

 Fomesafen is a soil applied preemergence herbicide with limited postemergence 

activity and controls broadleaf weeds with some yellow nutsedge control; it was labeled 

for use in the state for potato in 2012 (Anonymous 2012). Residual control of Powell 

amaranth (Amaranthus powellii S. Wats.) and common purslane (Portulaca oleraceae 

L.) has been documented in cucumber (Peachey et al. 2012).  Sicklepod (Senna 

obtusifolia (L.) H.S. Irwin & Barneby), Ipomoea species, and common cocklebur 

(Xanthium strumarium L.) control is not, however, increased with a fomesafen 

application followed by glyphosate as compared to a glyphosate only application 

(Stephenson et al. 2004).  

S- metolachlor is a soil applied PRE herbicide registered for use in a number of 

agronomic crops, pod crops, and potato for control of annual grasses, some 

broadleaves, and yellow nutsedge (Anonymous 2009).  S- metolachlor significantly 

reduced yellow nutsedge tuber production when followed by halosulfuron and dicamba 
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as compared to S- metolachlor alone (Felix and Newberry, 2012). Sulfentrazone+ 

metolachlor, the less active isomer of S- metolachlor, applied at emergence reduced 

total potato yield and redistributed the potato tuber grades resulting in a decrease of 

lower grade tubers and an increase of extra large ones (Bailey et al. 2002). Application 

of S- metolachlor and fomesafen co-applied as a preemergence treatment can has the 

potential to increase weed control in cucurbits from 69% to 95% (Peachey et al. 2012). 

Imazosulfuron can be applied both PRE and POST with activity on a number of 

broadleaf species and yellow nutsedge and suppression of purple nutsedge (Cyperus 

rotundus L.) (Anonymous 2011).  Purple nutsedge control increased (91%) when 

imazosulfuron at 0.56 kg ha-1 is applied every 3 weeks with sequential applications  

(Henry et al. 2012). Imazosulfuron at 450 to 560 g ha-1 provides similar control of yellow 

nutsedge and broadleaf weeds to current herbicides used in potato production; 

however, proper irrigation following application is required for adequate yellow nutsedge 

control (Felix and Boydston 2010). Rainfall occurring within 10 days of application 

increased yellow nutsedge control from ≤29% to over 99% (Riar and Norsworthy 2011).  

With so few herbicides available and limited control programs established for use 

in potato; new season long herbicide based control programs need to be evaluated for 

use in the unique soils, environment, and weed spectrum in Florida potato. The 

objective of this study is to evaluate the efficacy and tolerance of PRE and POST 

herbicides for use in a season-long herbicide program for Florida potato producers.  

Materials and Methods 

Separate studies were conducted to evaluate crop tolerance and weed control 

efficacy of PRE and POST herbicide treatments in potato in the spring of 2012 and 

2013. 
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Tolerance Study 

Studies were completed at the Florida Partnership for Water, Agriculture, and 

Community Sustainability Research Station in Hastings, FL on a Ellzey fine sand 

(sandy, siliceous, hyperthermic Arenic Endoqualdfs).  Treatments were arranged in a 

randomized complete block design with 4 replications. In 2012, plots were a single crop 

row and 6.1 m long. In 2013, plots were two rows wide (1 m) and 6.1 m long; one row 

was a nontreated border and the second row treated. ‘Atlantic’ potato were planted 

February 7, 2012 and February 1, 2013. The herbicide treatments are listed in the 

accompanying tables and the nontreated plots were kept weed free by hand weeding 

and hoeing when weeds were less than 7.6 cm tall. A grower standard herbicide 

program of pendimethalin + metribuzin was used to compare current practices to the 

herbicide programs under evaluation. PRE treatments were applied on March 2, 2012 

and March 1, 2013. Due to warm temperatures in 2012, the potato had reemerged after 

boarding off and before the PRE application. Emerged potatoes were recovered with 

soil prior to the PRE application. POST treatments were applied March 30, 2012 and 

April 15, 2013 when the potato was 30 cm tall. All POST treatments were applied with 

NIS at 0.1% v/v. All PRE and POST herbicides were applied with a CO2 pressurized 

backpack sprayers with 8004VS nozzles (TeeJet Technologies, Wheaton, IL) calibrated 

to deliver 280 L ha-1 of spray solution.  

Foliar injury to the potato was measured using a visual evaluation (0%= no injury, 

100%= complete plant death) weekly following PRE applications in the tolerance study. 

Potatoes were allowed to die naturally and whole plots were harvested for yield by 

grade and weight. Tubers were sorted by grade according to diameter and tubers 

identified as having growth disorders such as growth cracks, misshapen, green, or 
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rotten were sorted and analyzed separately. The grades used were C (1.27 cm- 3.81 

cm), B (3.81 cm- 4.76 cm), A1 (4.76 cm- 6.35 cm), A2 (6.35 cm- 8.38 cm), A3 (8.38 cm- 

10.16 cm), and A4 (>10.16  cm). Marketable yield was calculated as the total combined 

weight of the B to A4 grades (>3.81 cm). 

Control Study 

Weed control was evaluated in two different commercial fields operated by Blue 

Sky Farms, Elkton, FL, during 2012 and 2013.  Soil types were a Pomona fine sand 

(sandy, siliceous, hyperthermic Ultic Alaquods) and a Riviera fine sand (loamy, 

siliceous, active, hyperthermic Arenic Glossaqualfs) in 2012 and 2013, respectively. In 

2012, the dominant weeds were yellow nutsedge, common ragweed, and 

bermudagrass.  In 2013, the only weed present was large crabgrass (Digitaria 

sanguinalis L. Scop.). The experimental design was a randomized complete block 

design with four replications. Plots were 2 rows wide (1m between row spacing), the first 

row was a nontreated border and the second was treated. In 2012, plots were 9 m long 

and in 2013 plots were 6.1 m long. Herbicide treatments were the same as the 

tolerance study; however, the weeds remained in the nontreated plots.  PRE herbicides 

were applied following ‘boarding off’ on March 29, 2012 and April 15, 2013. POST 

herbicides were applied when the potato plants were approximately 30 cm tall on May 

3, 2012 and May 23, 2013. Applications were made using CO2 pressurized backpack 

sprayers with 8004VS nozzles (TeeJet Technologies, Wheaton, IL) calibrated to deliver 

280 L ha-1. Cultural management at all locations was consistent with University of 

Florida recommendations (Zotarelli et al. 2012). 
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Weed control of the treated plot area was visually assessed (0%= no control, 

100%= no weeds present) weekly following PRE application for the efficacy study. Plots 

were compared to that of the weedy non-treated control for assessment.   

Data analysis. 

 Crop injury, yield, and weed control were analyzed with a general linear model 

and means were separated using Fischer’s LSD (P ≤ 0.05). Orthogonal contrasts were 

used to separate means with statistical significance reported at P = 0.001, 0.05, and 

0.10. Both pairwise and non-pairwise orthogonal contrasts were used to compare 

groups of systems which are inherent in the design of the experiment and should be 

analyzed together to determine their significance against other groups of differing 

treatments (Swallow 1984).  

Results and Discussion 

Tolerance Study 

 Minimal potato injury was observed early in the season, however both years of 

the study experienced unusual weather conditions. Injury did not exceed 5% for any of 

the herbicides (data not shown).  In 2012, potato injury at 7 DAT (<5%) was observed in 

the tank mixture of fomesafen+ s- metolachlor+ metribuzin. Treatments containing 

fomesafen did show greater injury (<2%) than the non-treated control; this was a result 

of the early potato emergence as described previously. Leaf necrosis, malformation, 

and slight chlorosis were observed in plots with fomesafen injury in 2012. In 2013, injury 

at 21 DAT was observed from s- metolachlor alone at 1602 g ha-1 (<5%). This injury is 

attributable to the cool conditions exhibited in 2013 occurring just after application 

resulting in a slight stunting and malformation of the leaves. No injury was observed 

from 28 DAT until harvest for any of the herbicides. Potato tuber yield were not different 
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for herbicide treatments (Table 4-1). Growth disorders, which did occur, were not an 

effect of the treatment but of the weather conditions or cultural management, and are 

expected in this type of system.   

Control Study  

Differences in weed populations between the two experimental years required 

the data to be separated by year. In 2012, poor potato seed quality resulted in a poor 

crop stand and allowed for unusually high weed populations growing with little 

competition from the crop (Radosevich 1987). Treatments containing a PRE application 

had significantly greater yellow nutsedge control than the nontreated control and POST 

only treatments (Table 4-2).  Weed control at 35 DAT was highest in s- metolachlor + 

fomesafen tank mixture treatments (>5%) while not significantly different from the other 

treatments PRE herbicides. High weed densities and moderate to good control of the 

present species by the herbicides, as detailed in the label, is the cause for such low 

control at 35 DAT (Anonymous 2009, Anonymous 2012).  At 42 DAT or 7 days following 

the POST applications, increased weed control was observed as compared to the 

previous rating. Fomesafen at 561 g ha-1 f.b. imazosulfuron at 263 g ha-1 had the 

greatest control, while still unacceptably low (9%). At 62 DAT, all PRE alone treatments 

and the nontreated had significantly less weed control than imazosulfuron at either rate 

(<40%). Fomesafen at 280 g ha-1 fb. imazosulfuron and imazosulfuron alone (263 g ha-

1) had greater control, 80% and 78% respectively (Table 4-2). Fomesafen f.b. 

imazosulfuron had greater control at 62 DAT than s- metolachlor f.b. imazosulfuron. 

Orthogonal contrast indicated no difference between treatment with either s- 

metolachlor or fomesafen at 7 to 42 DAT. At 35 DAT, comparison between 

imazosulfuron alone and PRE f.b. imazosulfuron indicated an interaction (α=0.05), 
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demonstrating the residual control of the PRE application was greater than 

imazosulfuron alone which had not been treated with imazosulfuron yet. Contrasts 

between fomesafen alone and s- metolachlor alone or f.b. imazosulfuron had significant 

interactions (α=0.001). Imazosulfuron alone or preceded by a PRE herbicide was not 

different late in the season, indicating imazosulfuron as the primary herbicide controlling 

the weeds late in the season. Pendimethalin + metribuzin (grower standard) had similar 

control to the other PRE herbicides early in the growing season, 7 and 35 DAT, 

however, this was lower than a herbicide program including fomesafen or s-metolachlor 

f.b. imazosulfuron. 

In 2013, no weed emergence occurred at 7 DAT resulting in no comparison to 

the 2012 control study. At 14 DAT, fomesafen tank mixed with s- metolachlor provided 

the greatest control (100%) and similar to all the treatments that include a PRE 

herbicide except s-metolachlor alone at 1602 g ha-1 and fomesafen at 280 g ha-1 f.b. 

imazosulfuron (Table 4-3). The pendimethalin + metribuzin (grower standard) also had 

greater control (99%) than all other treatments. The application of imazosulfuron 

provided no benefit to large crabgrass control. At 56 DAT, no increase in large 

crabgrass control was observed by applying imazosulfuron, however, all treatments with 

a PRE application had significantly greater control then the imazosulfuron alone and 

weedy control (>65%). Contrasts at each of the rating dates only showed significance 

(α=0.001) for the imazosulfuron alone compared to PRE herbicide f.b. imazosulfuron; 

the PRE application was the only factor that controlled the weed populations.  

In this study, fomesafen and s- metolachlor applied as preemergence herbicides 

and imazosulfuron as a postemergence herbicide provided excellent crop tolerance with 
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no reduction in total yield.  Imazosulfuron alone and s-metolachlor crop tolerance is 

similar to other studies (Felix and Boydston 2010). Weed control was variable 

depending on weed species and potato population. Fomesafen followed by 

imazosulfuron provided good broad-spectrum control of susceptible weed species.  The 

use of either a tank mixture of multiple herbicides provided similar weed control to other 

treatments but no additional benefit as compared to other studies which indicated the 

co- application of fomesafen and s-metolachlor increased weed control (Peachey et al. 

2012). Season-long weed control under a mixed broadleaf, grass, and sedge population 

can only be achieved using both PRE and POST emergence applications.  Reductions 

in potato tuber yield from season long competition indicates a strong need for a PRE 

application for early season weed populations (Nelson and Thoreson 1981). The critical 

weed free period is 6 weeks in potato (Thakral et al. 1989). POST applications in this 

system are 6 weeks after planting, making it unnecessary to apply a postemergence 

herbicide to reduce competition with the potato. However, a POST herbicide would be 

necessary to reduce complications with digging equipment or reducing weed seed 

contributions to the weed seed bank (Benvenuti 2007).  The results of this study provide 

producers with alternative herbicides that include different modes of action and broader 

spectrum of controlled weed species with minimal impact on potato growth and yield.
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Table 4-1.  Effect of s-metolachlor and fomesafen followed by imazosulfuron on potato yield and tuber growth disorders in 
2012 and 2013. 

   Grade (kg)  Growth Disorders (kg) 

Herbicide Rate Timing C B A1 A2 A3 Mkt Yield  Green GCa MIS Rotten 

 g ha-1 
 kg plot-1 

Nontreated   0.22b 0.99 9.52 1.62 0.63 12.76   0.56 0.07 0 1.86 
Fomesafen 280 PRE 0.25 1.03 8.68 2.05 0.46 12.2   0.21 0.1 0 1.29 
Fomesafen 561 PRE 0.25 0.9 10.42 2.16 0.76 14.23   0.37 0.07 0.05 1.71 
S- metolachlor 1068 PRE 0.22 1.05 10.08 2.69 1.13 14.95   0.45 0.15 0.02 2.27 
S- metolachlor 1602 PRE 0.26 0.97 8.17 1.46 0.46 11.05   0.36 0.15 0.01 1.94 
Imazosulfuron 263 POST 0.19 1 9.75 2.29 0.68 13.71   0.29 0.13 0.05 1.21 
Imazosulfuron 315 POST 0.25 0.92 10.97 2.08 0.3 14.27   0.35 0.08 0.03 1.98 

Fomesafen f.b. imazosulfuron 
280 
263 

PRE  
POST 0.24 1.09 10.81 2.41 0.76 15.07 

  
0.28 0.1 0 1.95 

Fomesafen f.b. imazosulfuron 
561 
263 

PRE  
POST 0.26 1.22 9.87 1.86 0.5 13.44 

  
0.24 0.05 0 2.09 

S- metolachlor f.b. imazosulfuron 
1068 
263 

PRE  
POST 0.27 0.96 9.94 2.51 0.98 14.39 

  
0.5 0.22 0.1 2.05 

S- metolachlor f.b. imazosulfuron 
1602 
263 

PRE  
POST 0.2 0.93 8.46 2.17 0.98 12.54 

  
0.62 0.22 0 2.32 

Pendimethalin + metribuzin 
798 
210 

PRE  
PRE 0.15 0.96 10.17 2.57 1.1 14.79 

  
0.45 0.07 0.03 1.81 

Fomesafen + S-metolachlor + 
metribuzin 

280 
1182 
263 

PRE 
PRE 
PRE 0.26 0.97 11.04 2.39 1 15.4 

  

0.28 0.12 0.02 1.63 

Fomesafen + S- metolachlor 
280 
1068 

PRE  
PRE 0.26 0.79 8.82 2.43 1 13.03 

  
0.81 0.09 0.07 1.51 

a GC= growth cracks, MS= misshapen 
b Means with the same letter are statistically similar to each other within the same column using Fischer’s Protected LSD 
(p≤0.05).  
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Table 4-2.  Effect of fomesafen and s-metolachlor followed by imazosulfuron in potato on weed control evaluation (%) for 
2012 cropping season. 

   Weed Control 

Treatment Rate
 

Timing 7 35 42 62 

 g ha-1
  % 

     Nontreated    0 d 
a
 0  0 b 0 d 

     Fomesafen  280 PRE 9 cd 0  1 b 0 d 

     Fomesafen 561 PRE 58 a 4  1 b 0 d 

     S- metolachlor 1068 PRE 29 abcd 4  3 b 0 d 

     S- metolachlor 1602 PRE 13 d 1  0 b 0 d 

     Imazosulfuron 263 POST 0 d 0  4 b 78 a 

     Imazosulfuron 315 POST 0 d 0  4 b 40 c 

     Fomesafen fb. imazosulfuron 280 
263 

PRE  
POST 

15 cd 3  4 b 80 a 

     Fomesafen fb. imazosulfuron 561 
263 

PRE 
POST 

29 abcd 4  9 a 75 ab 

     S- metolachlor fb. imazosulfuron 1068 
263 

PRE  
POST 

26 abcd 1  1 b 54 bc 

     S- metolachlor fb. imazosulfuron 1602 
263 

PRE 
POST 

49 ab 5  4 b 50 c 

     Pendimethalin + metribuzin
b 

798 
210 

PRE 
PRE 

21 bcd 1  0 b 0 d 

     Fomesafen + S-metolachlor + metribuzin 280 
1182 
263 

PRE  
PRE 
PRE 

36 abc 5  1 b 0 d 

     Fomesafen+ S- metolachlor 280 
1068 

PRE 
PRE 

24 bcd 6  1 b 0 d 

Contrasts 

     Fomesafen vs. S- metolachlor    NS
c 

NS NS ** 

     Fomesafen alone vs. f.b. imazosulfuron   NS NS ** *** 

     S- metolachlor alone vs. f.b. imazosulfuron   NS NS NS *** 
     Imazosulfuron alone vs. following a PRE   ** ** NS NS 
     Grower standard vs. new program 

b 
  NS NS ** *** 

a Values with the same letter are statistically similar to each other within the same column according to Fisher’s Protected 
LSD (p≤0.05). 
b Grower standard contains pendimethalin + metribuzin PRE. 
c NS= not significant, ***≤0.001, **≤ 0.05,* ≤0.1. 



 

52 

Table 4-3.  Effect of s-metolachlor and fomesafen followed by imazosulfuron in potato on large crabgrass control 
evaluation (%) for 2013 cropping season. 

   Weed Control 
Treatment Rate

 
Timing 14 35 42 56 

 g ha-1
  ----------------------------------------------%------------------------------------- 

     Nontreated    0 d 
a 

0 c 0 d 0 d 
     Fomesafen  280 PRE 98 abc 95 ab 84 bc 73 bc 
     Fomesafen 561 PRE 96 abc 96 ab 94 abc 91 ab 
     S- metolachlor 1068 PRE 94 abc 100 a 99 a 94 ab 
     S- metolachlor 1602 PRE 93 bc 93 ab 88 abc 81 abc 
     Imazosulfuron 263 POST 0 d 0 c 0 d 1 d 
     Imazosulfuron 315 POST 0 d 0 c 0 d 0 d 
     Fomesafen fb. imazosulfuron 280 

263 
PRE  
POST 

91 c 89 b 80 c 65 c 

     Fomesafen fb. imazosulfuron 561 
263 

PRE 
POST 

94 abc 98 a 98 ab 96 ab 

     S- metolachlor fb. imazosulfuron 1068 
263 

PRE  
POST 

96 abc 100 a 100 a 99 a 

     S- metolachlor fb. imazosulfuron 1602 
263 

PRE 
POST 

96 abc 100 a 100 a 93 ab 

     Pendimethalin + metribuzin 798 
210 

PRE 
PRE 

99 ab 98 a 98 ab 96 ab 

     Fomesafen + S-metolachlor + metribuzin 280 
1182 
263 

PRE  
PRE 
PRE 

98 abc 98 a 94 abc 88 abc 

     Fomesafen+ S- metolachlor 280 
1068 

PRE 
PRE 

100 a 99 a 99 a 99 a 

   
Contrasts 
     Fomesafen vs. S- metolachlor    NS

c 

NS 
NS 
*** 
NS 

* * NS 
     Fomesafen alone vs. f.b. imazosulfuron   NS NS NS 
     S- metolachlor alone vs. f.b imazosulfuron   NS NS NS 
     Imazosulfuron alone vs. following a PRE   *** *** *** 
     Grower standard vs. new program

b 
  NS NS NS 

a Values with the same letter are statistically similar to each other within the same column according to Fisher’s Protected 
LSD (p≤0.05). 
b Grower standard contains pendimethalin + metribuzin PRE. 
c NS= not significant, ***≤0.001, **≤ 0.05,* ≤0.1. 
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CHAPTER 5 
CONCLUSION 

The objective of the first study was to determine the patterns of weed population 

distribution through in-field weed populations and seedbank densities.  Irrigation furrows 

contained the highest population of weeds. Those weeds were then disseminated into 

the crop rows as indicated by the in- field weed populations. In-field counts were much 

lower in the crop rows as compared to the irrigation furrow because crop competition 

reduced the availability of resources for the weeds to grow. Weed seedbank densities 

amongst the rows and tiers were highly variable and distributions were inconsistent 

within all of the fields. In fields A and D, the tiers of the inner portion of the field 

contained greater weed densities than the first tier; fields C and D had densities within 

the crop rows that were greater than the irrigation furrow. Field B lacked consistency 

overall with higher populations at both the irrigation furrow and the fifth crop row. 

‘Clumping’ of some species did occur within some of the more advantageous sites of 

the field, such as the irrigation furrow, however this was not consistent. The weed 

seedbank provided information on all possible weeds that could impact the potato fields 

if given the proper conditions, but did not provide information on how weeds are 

arranged in this type of production system. While it was not possible to directly correlate 

weed seedbank populations to in-field populations, the use of an adjusted weed 

seedbank density helped to determine species trends within the fields. Further research 

needs to be conducted to evaluate the effect of the distribution of in-field weed 

populations on other abiotic and biotic factors in this system; the results of this study will 

help determine problematic weed species in potato as well as the location of the higher 

density and more diverse weed populations within seepage irrigated fields.  
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The second study of this thesis was the development of new herbicide based 

season-long weed control programs. The use of fomesafen PRE, S-metolachlor PRE, 

and imazosulfuron POST had excellent potato tolerance, with no affect on the total 

marketable yield. Weed control efficacy was strongly dependent upon weed species. 

Overall, the greatest season long weed control was observed in the treatments 

containing either S- metolachlor or fomesafen PRE when followed by imazosulfuron 

POST. Both S- metolachlor and fomesafen had excellent residual control of weeds. For 

situations with a large diversity of weed species such as broadleaves, sedges, and/or 

grasses, fomesafen and S- metolachlor application provided excellent early season 

control. However, when grasses are the only or most abundant weed species, the 

application of S- metolachlor was better than the other treatments. Imazosulfuron POST 

was only controlling emerged broadleaf and sedge species; emerged grasses were not 

controlled. All of the programs performed significantly better then the grower standard or 

the nontreated control under a mixed population of weed species. The results of this 

study provide growers with alternative herbicides for controlling a broader weed species 

population and newer chemistries for preventing herbicide resistance development. 
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