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 ABSTRACT 

 

Rotylenchulus reniformis, the reniform nematode, is an increasingly important crop 

pest in Gossypium hirsutum, cotton. Cotton yields have suffered due to the increasing 

prevalence of this plant-parasitic nematode throughout the United States Cotton Belt. Two 

field trials were conducted at Damon, College Station, Wall, and Lubbock, Texas to 

evaluate the efficacy of genetic resistance and nematicides against reniform nematodes in 

cotton. Cotton cultivars in the genetic resistance trial included Meloidogyne incognita 

(southern root-knot nematode) and reniform nematode resistant genes and a nematode-

susceptible check, each with and without an application of fluopyram (199 g ha-1) and 

prothioconazole (199 g ha-1). The nematicide trial tested three different pesticide products. 

A granular in-furrow application of aldicarb 15G, a liquid in-furrow combination of 

fluopyram and prothioconazole, foliar-applied oxamyl and all applicable combinations of 

these treatments were applied to two cotton cultivars with differing genetic resistance.  

 In 2019, the reniform nematode resistant (REN) cultivar (PHY 443 W3FE) had 

26% greater lint yields than all other cultivars across the Wall and College Station sites. At 

Damon in 2019, PHY 443 W3FE was among the highest yielding cultivars, but was similar 

to some of the root-knot nematode resistant (RKN) cultivars. REN cultivars PHY 443 

W3FE and PHY 332 W3FE had the highest yields among all locations in 2020.  

Cultivar only impacted post-harvest nematode populations in 2020. PHY 332 

W3FE and DP 18R628NR B3XF (RKN) reduced reniform nematode populations by 45% 

compared to DP 1747NR B2XF (RKN) (P = 0.001). In the nematicide study, yield, 
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nematode populations, and economic return, were not impacted by the nematicide 

treatments or cultivar at Damon in 2019 (P > 0.05). In all other site-years combined, the 

combination of aldicarb and oxamyl increased yield by 14% compared to the untreated 

check (P = 0.0048). Aldicarb application increased partial net return $245.37 ha-1 (P = 

0.02) over the combination of [fluopyram and prothioconazole] and oxamyl (which was 

both expensive and ineffective). However, none of the nematicide treatments resulted in a 

net economic gain or loss compared to the untreated check. The findings of this study 

indicate genetic resistance is a more effective tool than nematicide applications to mitigate 

negative impacts of reniform nematodes in cotton.  
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CHAPTER I  

INTRODUCTION 

 

Phytoparasitic nematodes are responsible for greater cotton yield loss than any 

other cotton disease. The combination of nematodes and disease contributed to a 6.5% 

yield reduction across the Cotton Belt in 2019 with 4.28% of that loss attributed to plant 

parasitic nematodes. Reniform nematodes have become one of the most detrimental 

pests to cotton production, specifically accounting for an estimated yield loss of 42,864 

Mg (0.94% of total cotton production) across the United States Cotton Belt (Lawrence et 

al., 2020; United States Department of Agriculture National Statistics Service, 2020) 

with a projected cost to United States cotton growers of over $62 million in 2019.  

Effective tools are crucial to mitigate the damage caused by nematodes. This 

research focuses on two management options to reduce yield loss from reniform 

nematode infestations: nematicides and genetic resistance. Cotton cultivars with 

resistance specific to reniform nematode (commercially unavailable prior to 2021) are 

being developed and released by multiple commercial seed companies. Nematicides 

have also been used widely to suppress nematode populations but restrictions have been 

placed on certain products and few new products have been introduced to the market. 

Understanding the impact of new genetic resistance and available nematicide options is 

critical to optimize cotton production in the presence of reniform nematodes.  
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CHAPTER II  

LITERATURE REVIEW 

Reniform Nematodes 

Rotylenchulus reniformis, reniform nematodes were first described in Hawaii, 

described by Linford and Oliveira (1940), and are considered a subtropical species. The 

females’ bodies swell into a kidney shape during the reproductive stage, hence the name 

‘reniform’. The dispersion of the reniform nematode from 2000 to 2005 is described in 

depth by Robinson (2008). The infestations were reported most severe in Mississippi and 

Louisiana spreading outward to increase yield loss in Alabama, Arkansas, and Texas 

(Robinson, 2008). 

The ability of reniform nematodes to reproduce has been directly linked to soil 

texture and potential for infestation increases in finer-textured soils relative to other 

plant parasitic nematodes. Koenning et al. (1996) specify the Portsmouth series (a 

poorly-drained sandy loam) as one soil type well-suited for reniform nematode. It can be 

inferred that reniform nematodes thrive in finer-textured soils due to lack of competition 

from other species better adapted to courser-textured soils (Koenning et al., 1996). 

Although soil texture plays an important role in the ability of the reniform nematode to 

move and infect roots, they are also resilient to a wide range of soil temperatures.  This 

contributes to the nematodes successful capacity to overwinter in southern U.S. soils in 

temperatures as low as 10°C (Ayala and Ramirez, 1964; Robinson and Heald, 1989). 
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Lifecycle 

The lifecycle of this phytoparasitic nematode starts when it molts from the first 

juvenile stage (J1) to the second juvenile stage (J2) in the egg. Shedding of the original 

cuticle is facilitated by body contractions. During this time the stylet, along with other 

structures, begin to appear. The nematode uses its stylet to puncture through the egg wall 

at a rate of around 40 times per minute, then emerges its head followed by the posterior 

end of the body (Nakasono, 1973).  During the J2 stage, the nematode remains non-

parasitic (Robinson et al., 1997). 

Next, the vermiform nematode goes through three molting stages, each one 

represents a new juvenile classification. During the first molt outside of the egg, the 

nematode progresses from J2 to J3, it becomes less active and the stylet and esophageal 

structures lose prominence. After completing this molting process, a nematode with 

lesser length and body width arises. The cuticle remains visible, encapsulating the 

nematode, giving it the appearance of a sheath (Nakasono, 1973).   

The second molt after it leaves the egg mass, reveals a newly formed J4 

nematode. This juvenile has a thinner, more translucent, cuticle than the J3. The stylet 

has not reappeared but the oral structures progressively become more distinguishable. 

Like the molting before, the body length and width get smaller and the cuticle remains as 

another layer surrounding the nematodes body (Nakasono, 1973).   

During the final molt before the nematode progresses to an adult, the cuticle is 

sloughed off, and the stylet and esophageal structures become easily distinguishable 

(Nakasono, 1973). After the completion of the fourth molt (J4 to adult), the nematodes 
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are equally distributed by sex. The females are plant parasitic and the males do not feed 

(Ganji et al., 2013). 

Unlike some other genera, reniform nematodes are amphimictic and the males 

are needed for reproduction. The females reproduce fairly quickly, around 6-14 days 

after mating. After copulation, the females become sedentary semi-endoparasites that 

release between 60 to 200 eggs into a self-produced gelatinous matrix. The entire 

lifecycle can be completed fairly quickly, approximately three weeks, consequently 

permitting a surge in populations throughout the cotton growing season (Robinson, 

2008; Koenning et al., 2004). Most plant parasitic nematodes prefer moist soils but 

reniform nematodes are highly adapted to dry soils and can undergo anhydrobiosis 

(Womersley and Ching, 1988). Due to their ability to go dormant in drought conditions, 

this makes them extremely capable of overwintering as well as surviving in unfavorable 

conditions.  

Host Range 

The host range of reniform nematodes includes both monocots and dicots in 77 

plant families with several tropical species, and including fruits such as pineapples, 

apples, papaya, strawberries, and bananas (Ayala and Ramirez, 1964; Robinson et al., 

1997; Wubben et al., 2010). An expansive host list compiled by Robinson and 

colleagues (1997) includes plants grown around the United States; Abelmoschus 

esculentus (okra), Cicer arietinum (chickpea), Nicotiana tobacum (tobacco), Sesamum 

indicum (sesame), and Solanum tuberosum (potato). Ornamentals such as Bengonia 

semperflorens (wax begonia) and Euphorbia pulcherrima (poinsettia) and various 
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common weeds found in the southern United States, including: Abutilon theophrasti 

(velvetleaf), Amaranthus spinosus (spiny amaranth), Sida spinosa (prickly sida), Sorhum 

halepense (johnsongrass), Xanthium sp. (cocklebur) and Portulaca oleracea (common 

purslane). 

Symptoms 

Female reniform nematodes, infect cotton once growth reaches the immature 

fifth stage (Robinson, 2007). Symptoms from these infections include stunting due to 

decreased growth when the plant reaches three or four nodes. The leaves of the plant 

also become chlorotic or light green in color and wilted, and flowering is delayed. 

Although the best way to determine the species of nematodes present in the soil is to 

submit a soil sample to a diagnostic lab, a reniform nematode infestation may be 

determined by digging up suspected plants and observing the roots. The egg masses are 

gelatinous and soil will stick to them even after being shaken or washed.  Severity of 

these symptoms is dependent on prior stresses on the cotton, for example lack of water.  

Chemical Management  

Nematicides are commonly used to reduce the negative impact of nematodes on 

crops. Although there are numerous choices on the market, the efficacy of these products 

can be highly dependent on environmental factors such as soil moisture and soil 

temperature, making it difficult for growers to get consistent results year after year 

(Bromilow et al., 1980; Haydock et al., 2012; Wheeler et al., 2013; Faske and Brown, 

2019).  
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Aldicarb is a carbamate nematistat that disrupts the acetylcholinesterase enzyme 

inhibiting chemoreception that can be absorbed through the cuticle of the nematode. This 

causes the nematode to become disoriented at low concentrations and has the ability to 

hamper egg hatching and induce immotility at high concentrations (Haydock et al., 

2006; Ebone et al., 2019). The chemical also rapidly oxidizes and is broken down by the 

addition of water (Bromilow et al., 1980). Persistence and movement down the soil 

profile due to rainfall or irrigation differs depending on soil type (Coppedge et al., 1977). 

Although aldicarb has been shown to translocate into the leaves of plants for certain 

insect pest control, nematode control is a result of both contact and root absorption 

taking place in the soil (Steele and Hodges, 1975).  

Like aldicarb, oxamyl is also a carbamate with a similar mode of action 

(Haydock et al., 2006). It is also water soluble allowing it to leach easily. It takes one to 

two weeks for the initial rate of oxamyl to degrade by half, and degradation rate is 

inversely related to the amount of organic matter in the soil (Bromilow et al., 1980). 

Oxamyl is a foliar spray that is translocated from the leaf tissue to the root system of the 

plant. Multiple spray applications made at five day intervals reduced the number of 

nematodes found on root samples (Rich and Bird, 1973). 

Fluopyram is a fungicide with nematistatic activity and has been shown to reduce 

movement in reniform nematodes by 52% (Faske and Hurd, 2015). It has low water 

solubility and movement is dependent on both soil type and water. Finer texture soils do 

not allow as much movement through the soil profile, which can result in reduced 

efficacy of the product (Faske and Brown, 2019). Prothioconazole belongs to Group 3 
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fungicides (demethylation inhibitors) and has not been studied for its activity on 

nematodes.  

Genetic Resistance   

 Screening for reniform nematode resistance in Gossypium hirsutum (Upland 

cotton) began nearly 60 years ago. Screenings of accessions with possible resistance to 

reniform nematodes were conducted by multiple scientists. Results revealed  

inconsistencies in host status between studies, but when results were constant, the 

accessions were considered resistant to moderately resistant compared to a control (Yik 

and Birchfield, 1984; Robinson and Percival, 1997; Weaver et al., 2007). Host status can 

be classified using a scale Yik and Birchfield (1984) developed based on a percentage of 

egg production per gram of root. The assigned scale of resistance to moderate resistance 

is defined as supporting 11 to 40% of egg production compared to a susceptible cultivar 

(Yik and Birchfield, 1984). The combination of both variable results and the level of egg 

production encouraged scientists to look outside of the upland cotton germplasm for 

sources of resistance to introgress.  

Another species, G. longicalyx,  was classified as immune to reniform nematodes 

based on egg production (Yik and Birchfield, 1984). However, differences in ploidy 

level posed a major challenge when introgressing the resistance traits from G. longicalyx 

(diploid) into upland cultivars (allotetraploid). To use G. longicalyx as a source of 

resistance, triple species hybrids were developed in a multi-step process. First, a cross 

was made between a tetraploid and a diploid plant which resulted in an infertile triploid. 
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Next, the axillary buds were treated with colchicine to produce a fertile hexaploid  (Bell 

and Robinson, 2004).  

The HLA triple species, developed by Bell and Robinson (2004) was used in the 

progression of two progenies, LONREN-1 and LONREN-2. Initial results indicated 

reniform nematode suppression as high as 95% in the growth chamber and a range of 50 

to < 80% depending on field location. Although the lines were successful at lowering 

reniform populations, stunting and yield loss of between 30 to 40% were recorded when 

plants were grown in high nematode densities (Bell et al., 2014). The negative impact on 

growth and development can be attributed to over-expression of cell necrosis as a 

response to syncytia development in the root by the female reniform nematode (Sikkens 

et al., 2011). Concluding, LONREN breeding lines showed promise when grown in 

fields with low nematode populations but suffered when introduced to high populations  

(Bell and Robinson, 2004). 

 The ease of introgression between G. barbadense (Sea Island Cotton) and G. 

hirsutum based on ploidy level raised interest in using it as a source of resistance. 

Accessions within the G. barbadense species, including “Texas 110”, have been 

confirmed as highly resistant (Yik and Birchfield, 1984). Texas 110 was used as a source 

of resistance to release two germplasm lines TAM RKRNR-9 and TAM RKRNR-12 

(Starr et al., 2011). Both germplasm lines were described as resembling G. hirsutum 

although height and maturity length were higher than commercial upland cotton.  

Nematode reproduction on the germplasm lines were described as “intermediate” 

compared to the susceptible check in the greenhouse, however when moved to the field, 
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there were no differences in mid-season nematode populations among breeding lines 

(Starr et al., 2011). 

G. barbadense GB-713 was also identified as a source of resistance to reniform 

nematodes (Robinson et al., 2004). In this specific study, GB-713 and Texas 110 

suppressed nematode populations to 31% of the susceptible check (Deltapine 16).  

Numerous germplasm lines were developed using GB-713 as the source of resistance 

including BARBREN-713, M713 REN1, M713 REN2, and M713 REN5 (McCarty et 

al., 2013; Bell et al., 2015) . BARBREN-713 was evaluated across the cotton belt and 

resulted in inconsistent reniform nematode suppression, between 75 – 55%, and yield 

depending on location  (Bell et al., 2015).  Two of the cotton cultivars used in this study, 

PHY332 W3FE and PHY443 W3FE released by Corteva were bred using GB-713 as the 

source of resistance (McPherson, M, Personal Communication, 2021). 

Identification and integration of genetic resistance has been a valuable 

management option for other nematode species and in other crops. A study conducted in 

Iowa in 2013 showed soybean yields in Heterodera glycines, soybean cyst nematode, 

infested fields resulted in 5 to 50 percent higher yields, depending on location, in 

cultivars with soybean cyst nematode resistance genes compared to susceptible cultivars 

(Tylka et al., 2013).  
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Research Objectives 

 

I.  Assess the impact of various nematode resistant cotton cultivars on 

cotton development and yield in fields with known reniform nematode 

populations. 

II. Determine the effectiveness and the economic feasibility of chemical 

control on cotton development and yield in reniform nematode infested 

fields. 

III. Evaluate influence of resistant cotton cultivars and chemicals on reniform 

nematode populations. 
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CHAPTER III  

NEMATODE RESISTANCE IN COTTON 

 

Genetic resistance is a potential tool for managing reniform nematodes in cotton. 

Birchfield and Brister (1963) began work in the 1960’s to identify reniform nematode 

resistance in cotton. They screened 24 cotton cultivars to determine host status to 

reniform nematodes. Plant roots were examined to determine reproduction and infection 

rates. From there, the classification of several more cultivars was conducted by Yik and 

Birchfield (1984) including G. barbadense ‘Texas 110’ described as highly resistant. 

Cultivars and accessions were developed by introducing the resistant genes from G. 

barbadense into upland cotton (Starr et al., 2011). The mechanism of resistance in cotton 

with traits from G. barbadense was discovered by comparing cultivar TX 110 and 

accession GB 713 to a susceptible upland cultivar (DP16). The resistance genes were 

determined to aid mainly in early stages of cotton growth by slowing the development of 

nematodes from vermiform (newly attached) to swelling (body starting to enlarge). The 

detection of nematodes on the roots of the resistant cultivars was delayed by 1 day (9 

DAP) compared to the susceptible cultivar (8 DAP) leading to fewer nematodes 

associated with the resistant cultivars. By approximately 11 DAP, almost all of the 

vermiform nematodes on all plants were starting to enlarge. By 31 DAP, all three 

cultivars, supported females with egg masses, but the progression of development was 

slowed by the resistance genes (Stetina, 2015).  This reniform nematode resistance in 



 

12 

 

cotton is at the onset of commercial availability and warrants thorough assessment and 

comparison to chemical nematode control options. 

Prior to the recent introduction of reniform nematode resistance in modern cotton 

cultivars, one or two cultivars with root-knot nematode resistance (PHY 417WRF and 

PHY 427WRF) were thought to have some resistance against reniform nematodes 

compared to nematode-susceptible cultivars (Woodward and Wheeler, unpublished). 

Studies have been conducted on other crops regarding cross resistance between 

nematode species such as Heterodera glycines, soybean cyst nematode resistance in 

Glycine max, soybeans (Lee et al., 2015). Out of the 120 accessions with proven soybean 

cyst nematode resistance, 64 of them reduced the severity of galling from root-knot 

nematodes to their standards of “resistant”. Further, 24 out of the 64 accessions with 

resistance to root-knot nematodes also showed a reduced reproductive index of reniform 

nematodes compared to the susceptible cultivars.  

Cotton cultivars with reniform nematode resistance have recently become 

available for public testing and were included in this study. The objectives of this study 

were to: 1) compare growth and yield of cotton cultivars with reniform nematode 

resistance, root-knot nematode resistance, and no nematode resistance under reniform 

nematode pressure, 2) assess the influence of an in-furrow nematicide on cotton growth 

and yield relative to varying genetic resistance, and 3) quantify the effect of genetic 

resistance on reniform nematode populations.   
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Methods 

 

Field trials were conducted at four locations across Texas: Damon, College 

Station, and Wall (2019 and 2020), and Lubbock (2020). The distribution of locations 

across the state represent an array of soil types (Table 3.1) (USDA-NRCS, 2019). 

Irrigation varied across years and locations. Both years at the Damon were rain fed (non-

irrigated), tilled conventionally, planted on beds, and in a corn to cotton rotation. College 

Station was furrow irrigated, tilled conventionally, planted on beds, and was planted 

continuously to cotton. Wall in 2019 received deficit furrow irrigation, tilled 

conventionally, planted on beds, and in continuous cotton. In2020, Wall received ample 

sub-surface drip irrigation. The field was strip-tilled with corn residue on the surface 

from the previous years crop and was planted flat. At each site, a randomized complete 

block design with four replications was used. Plots were 4.1 meters wide, 12.2 meters 

long, consisting of four rows on 102-cm spacing, and cotton was planted at 106,251 

seeds ha-1
. Cotton cultivar treatments varied by year with six cultivars in 2019 and eight 

cultivars and breeding cultivars in 2020, comprising various levels of nematode 

resistance (Table 2.3). Each cultivar was planted with a split-plot application of 

fluopyram (199 g ha-1) and prothioconazole (199 g ha-1) (hereafter referred to as 

“nematicide treatment”) applied in-furrow at 994 mL ha-1. PHY 440 W3FE was planted 

as the susceptible check at Damon in 2019, however a more suitable susceptible cultivar 

(PHY 340 W3FE) was planted in College Station and Wall. All locations in 2020 were 

planted with the same cultivars with the susceptible check remaining PHY 340 W3FE.  
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In-season measurements generally included stand establishment (plants per 4 m2) 

(early season), plant height (80 and 100 DAP), and total nodes (end of season). Plant 

measurements were collected from the middle two rows, to avoid any border effect that 

may have occurred. Total nodes were not measured in Wall in 2020. All in-season 

growth measurements were not recorded at Lubbock.  

At all locations and site years, except Damon 2019, the middle two rows were 

harvested. Seed cotton weights were measured per harvest area and subsamples from 

each plot were collected to gin. Seed cotton samples from Damon and College Station 

(approximately 120 g) were weighed and ginned, to determine lint percentage. The 

harvesters used at Wall and Lubbock did not have a bur extractor, so samples from these 

sites were processed using the same methods, except approximately 160 g of bur cotton 

was weighed, de-burred by hand, weighed again, and then ginned. All samples were 

processed using the same twenty saw tabletop laboratory-scale gin.  

Soil samples were collected twice during the growing season, pre-plant and post-

harvest, to determine nematode populations. The pre-plant collection was done within a 

week of planting. The timing of the final sampling varied by site and field conditions 

(Table 3.1).  A composite of four samples was taken from each replication pre-plant and 

from each plot post-harvest. A shovel was angled towards the root zone to collect the 

soil sample from the area between 15-30 cm depth approximately.  

 Extractions were conducted using a combination of the methods described by 

USDA-ARS (Handoo and Ellington, 2017) and Whitehead and Hemming (1965).  This 

consisted of a PVC sieve layered over a plastic pan with one single-ply tissue placed into 
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the PVC sieve. Then 200 mL of soil was poured inside the PVC sieve followed by 250 

mL of water poured over the soil sample. The entire arrangement was placed inside a 

plastic bag and placed inside a cabinet at approximately 21°C for 48 hours. The 

nematodes moved from the soil, through the tissue and plastic sieve, into the pan. The 

water from the plastic pan was strained using a set of three metal sieves, with pore sizes 

of 250-µm, 45-µm, and 38-µm. The final sieve in the protocol from USDA was 45-µm. 

The finer sieve used in this study may have resulted in reduced nematode counts. 

 First, the PVC sieve and pie-pan was rinsed with water ten times into the sieves. 

Then the sieves with pore sizes of 230-µm and 43.2-µm were also rinsed ten times and 

set aside. Finally, the nematodes and soil particles that collected on the sieve with a pore 

size of 37-µm were washed to one side, then 15mL of water was used to rinse the slurry 

into a serrated petri dish for counting. A stereo microscope was used to identify and 

count only the reniform nematodes. 

Data were analyzed with SAS 9.4 using a mixed model analysis. Response 

variables from some locations were analyzed separately due to inconsistencies in cultivar 

or stand establishment. Response variables at Damon 2019 were analyzed separately 

because of differences in treatment. Yield at Wall 2020 was analyzed separately due to 

stand establishment. All other variables from College Station and Wall in 2019, and 

Damon, College Station, and Lubbock in 2020 were combined for analysis. Cultivars DP 

18R628 B3XF and DG 3651NR B2XF were excluded from the yield analysis at Wall in 

2020 due to insufficient stand establishment, so this site was analyzed separately.  
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Fixed effects included location, cultivar, nematicide, and all possible interactions. 

Block nested within location was treated as random. Power transformations were applied 

to post-harvest nematode populations and height at 80 and 100 DAP for the combined 

locations in 2020  to normalize data using the Box-Cox method (Box and Cox, 1964). 

 The Damon location in 2019 was analyzed separately as treatments were 

different from the other sites. Fixed effects included cultivar, nematicide, and the 

corresponding interaction, with block treated as random. Differences were identified at α 

= 0.05 and means were separated using Tukey’s HSD post-hoc means separation test. 

Post-harvest nematode populations were transformed using the Box-Cox method and all 

means were back-transformed for presentation. 
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Table 3.1. Soil series, nematode sampling, planting, and harvest dates of all reniform nematode locations in 2019 and 2020 

 Location  Soil series 2019 2020 

  

 

Pre-plant 

nematode 

sampling 
Plant Harvest 

Late-

season 

nematode 

sampling 

Pre-plant 

nematode 

sampling 
Plant Harvest 

Late-

season 

nematode 

sampling 

Damon  Lake Charles 

Clay 
22-Apr 22-Apr 12-Sept 28-Sept 15-Apr 15-Apr 1-Sept 5-Sept 

College Station  
Belk Clay 10-May 

14-

May 
24-Sept 25-Sept 16-Apr 21-Apr 18-Sept 22-Sept 

Wall  Angelo Clay 

Loam 
22-May 

27-

June 
25-Nov 26-Nov 26-May 27-May 11-Nov 12-Nov 

Lubbock  Acuff Loam 

and Olton 

Clay Loam 

- - - - - 20-May 2-Nov 17-Aug 
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Table 3.2. Monthly total precipitation in 2019 and 2020 and deviation from 30-year averages in Damon, College Station, Wall, and 

Lubbock, TX. 

 Damon    College Station   Wall   Lubbock 

Month 2019 2020  2019 2020  2019 2020  2019  2020 

 

----------------------------------------------------------------------------mm----------------------------------------------------

--------------- 

January 94 (7) 135 (48)  122 (37) 63 (-22) 
 

8 (-15) 28 (5) 
 

0 (-17) 9 (-7) 

February 55 (-4) 13 (-47)  53. (-14) 54 (-14) 
 

7 (-25) 44 (12) 
 

1 (-18) 13 (-6) 

March 15 (-64) 19 (-60)  32 (-58) 63 (-26) 
 

17 (-19) 79 (43) 
 

29 (3) 60 (34) 

April 47 (-49) 110 (13)  141 (74) 98 (31) 
 

76 (39) 43 (6) 
 

44 (11) 0.5 (-33) 

May 141 (28) 146 (34)  201 (91) 104 (-6) 
 

136 (61) 56 (-19) 
 

101 (36) 52 (-12) 

June 250 (131) 121 (2)  126 (30) 62 (-34) 
 

81 (23) 22 (-36) 
 

52 (-13) 47 (-18) 

July 43 (-51) 107 (12)  5 (-51) 70 (14)  34 (5) 25 (-5)  115 (66) 47 (-1) 

August 68 (-28) 39 (-57)  53 (-26) 15 (-64)  8 (-53) 47 (-15)  54 (9) 14 (-32) 

September 277 (175) 178 (77)  65 (-24) 97 (8)  7 (-61) 124 (56)  152 (89) 26 (-37) 

October 138 (34) 20 (-84)  78 (-44) 11 (-111)  13 (-47) 13 (-48)  28 (-9) 20 (-18) 

November 58 (-40) 100 (1)  32 (-51) 24 (-59)  29 (-0.4) 1 (-29)  27 (7) 2 (-18) 

December 25 (-61) 180 (94)  14 (-78) 117 (25)  33 (12) 27 (6)  17 (-2) 2 (-17) 

* Values in parenthesis show departure from 30-year average  

 

  



 

19 

 

 

Table 3.3. Cotton cultivars tested and corresponding resistance traits included in reniform evaluation trials at the Damon and College 

Station in 2019 and all locations (Damon, College Station, Wall, and Lubbock) in 2020.   

 

   

2019  2020  
 

Damon  College Station & Wall  All Locations  Nematode resistance 

-  PHY 340 W3FE  PHY 340 W3FE  Susceptible 

PHY 440 W3FE  PHY 440 W3FE  -  Root-knot 

PHY 480 W3FE  PHY 480 W3FE  PHY 480 W3FE  Root-knot 

PHY 443 W3FE  PHY 443 W3FE  PHY 443 W3FE  Reniform & Root-knot 

-  -  PHY 332 W3FE  Reniform & Root-knot 

DG 3651NR B2XF  DG 3651NR B2XF  DG 3651NR B2XF  Root-knot 

DP 1747NR B2XF  DP 1747NR B2XF  DP 1747NR B2XF  Root-knot 

DP 18R628 B3XF  DP 18R628 B3XF  DP 18R628 B3XF  Root-knot 

-  -  DP 2143NR B3XF  Reniform & Root-knot 

*Damon, College Station, Wall, and Lubbock 
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Results 

Site Conditions 

Average monthly temperatures were similar (within 1°C) to the 30-yr averages at 

each site. All average monthly precipitation totals compared to 30-yr averages are shown 

in Table 3.2. In 2019, the Damon site received 110% greater than normal precipitation in 

June, and May precipitation at College Station was 83% above normal. College Station, 

Wall, and Lubbock generally received below-normal precipitation throughout the 2020 

growing season. A notably heavy rainfall event occurred at Wall in 2020 one day after 

planting resulted in reduced stand establishment for all cultivars, but especially DP 

18R628 B3XF and DG 3651NR B2XF. Pre-season reniform nematode assays indicated 

41, .25, 26 nematodes (200 mL soil-1) at Damon, College Station, and Wall, respectively 

in 2019, and 34, 43, and 56 nematodes (200 mL soil-1) at Damon, College Station, and 

Wall, respectively in 2020.  

 

Damon 2019 

Yield was affected by cotton cultivar at Damon in 2019 (P = 0.001). PHY 443 

W3FE (reniform resistant), PHY 480 W3FE, DP 18R628 B3XF, and PHY 440 W3FE 

were all among the highest yielding (Figure 3.1). DG 3651NR B2FX and DP 1747NR 

B2XF (mean = 905 kg ha-1) yielded 533 kg ha-1 less than PHY 443 W3FE (mean = 1340 

kg ha-1). The addition of fluopyram and prothioconazole and the interaction between the 

chemical application and cultivar did not impact yield (P > 0.05).  
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Nematode populations were not affected by cultivar, the application of fluopyram 

and prothioconazole, nor the combination (P > 0.05). Cotton cultivar did impact stand 

establishment (plants per 4 m2), height at 80 DAP, and total nodes (Tables 3.4). Plant 

height at 100 DAP were different between both cultivar and the chemical application, 

where the application of fluopyram and prothioconazole increased plant height by 4.2 

cm. Total nodes were also different for the cultivar (P = 0.02), where DP 18R628 B3XF 

had two more nodes than PHY 480 W3FE, PHY 440 W3FE, and PHY 443 W3FE (Table 

3.5). The application of nematicide did not impact total nodes (P > 0.05) 

 

College Station and Wall Combined 2019 

Cotton yield was affected by location (P = 0.0001), cultivar (P = 0.0001), and the 

interaction between cultivar and location (P = 0.0008), across Wall and College Station 

in 2019.  Yields were nearly 10 times higher in College Station (mean = 1,749 kg ha-1) 

than Wall (mean = 180 kg ha-1). PHY 443 W3FE was the highest yielding cultivar 

(1,102 kg ha-1), producing 288 kg ha-1 more cotton, than PHY 340 W3FE (mean = 814 

kg ha-1) (Figure 3.1). The application of nematicide did not impact yield (P > 0.05). 

Nematode populations were not affected by cultivar or the application of 

chemicals (P > 0.05). Stand establishment was impacted by location, cultivar, and the 

interaction between location and cultivar (Table 3.4). Plant establishment averaged 32 

and 19 plants per 4 m2 for College Station and Wall, respectively. The PHY 443 W3FE 

resulted in more plants per 4 m2 than, PHY 340 W3FE, DP 1747NR B2XF, DP 18R628 

B3XF, and DG 3651NR B2XF (Table 3.5). Total nodes in most root-knot nematode 
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resistant (RKN) cultivars produced more nodes than PHY 340 W3FE and an interaction 

between location and cultivar was observed (Table 3.5). At both plant height timings, 

cultivar and location were influential where PHY 443 W3FE grew taller than PHY 340 

W3FE (Table 3.5). 

 

All Locations Combined 2020 

Yield was affected by cultivar for Damon, College Station, and Lubbock 

combined. PHY 443 W3FE and PHY 332 W3FE were the highest yielding (mean = 

1,209 kg ha-1), however PHY 332 W3FE yielded similarly to DP 2143NR B3XF (mean 

= 1,102 kg ha-1). The susceptible check yielded similarly to PHY 480 W3FE, DP 

1747NR B2XF, DP 18R628 B3XFB3XF (mean = 830 kg ha-1). DG 3651NR B2XF 

(mean = 574 kg ha-1) yielded the least in 2020 (Figure 3.2). The application of 

nematicide decreased yields by 5% compared to no treatment (P = 0.04). Location also 

affected cotton yield (P = 0.005) where College Station and Damon (mean = 993 kg ha-

1) yielded higher than Lubbock (mean = 773 kg ha-1). Then interaction between location 

and cultivar also impacted yield (P = 0.001). In Damon, PHY 443 W3FE, PHY 332 

W3FE, DP 2143NR B3XF, PHY 480 W3FE, and PHY 340 W3FE yielded higher than 

DG 3651NR B2XF (Table 3.6). In College Station, PHY 332 W3FE and DP 2143NR 

B3XF yielded higher than PHY 480 W3FE and all cultivars yielded higher than DG 

3651NR B2XF. In Lubbock, PHY 443 W3FE and PHY 332 W3FE yielded the highest, 

followed by DP 2143NR B3XF.  
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Cultivar impacted yield (P = 0.001) in Wall where PHY 332 W3FE and PHY 

443 W3FE yielded the greatest (mean = 3,246 kg ha-1) while PHY 443 W3FE yielded 

similarly as DP 2143NR B3XF (mean = 2,943 kg ha-1).  DP 2143NR B3XF yields were 

similar to PHY 480 W3FE, PHY 340 W3FE, and DP 1747NR B2XF (mean = 2,321 kg 

ha-1) (Figure 3.2).  The addition of nematicide did not impact yield (P > 0.05) at Wall in 

2020. 

Reniform nematode populations were impacted by cultivar (P = 0.005), location 

(P > 0.001), and the interaction between location and cultivar (P > 0.001). PHY 443 

W3FE (mean = 170 nematodes 200 mL-1 soil) suppressed nematode populations 

compared to PHY 480 W3FE and DP 1747NR B2XF (mean = 355 nematodes 200 mL-1 

soil) by approximately 52%. The application of fluopyram and prothioconazole did not 

impact nematode populations (P > 0.05) in 2020. 

Multiple in season growth measurements were impacted by the main effects as 

well as their interactions. Plant stands were impacted by location, cultivar, and the 

interaction between location and cultivar (Table 3.4). PHY 332 W3FE had greater 

emergence than DP 2143NR B3XF, DP 1747NR B3XF and DP 18R628 B3XF and DG 

3651NR B2XF (Table 3.5). Location, cultivar, the interaction between location and 

cultivar, and the interaction between location and nematicide all impacted height at 80 

DAP (Table 3.4). Plant heights fluctuated among cultivars, with PHY 443 W3FE and 

PHY 332 W3FE growing the tallest (Table 3.5). Plant height at 100 DAP was impacted 

by location, cultivar, and the interaction between location and cultivar (Table 3.4). PHY 

443 W3FE, DP 2143NR B3XF, DP 18R628 B3XF, DG 3651NR B2XF were the tallest 
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while PHY 480 W3FE and PHY 340 W3FE were the shortest (Table 3.5). Total nodes 

were impacted by location, cultivar, and the interaction between location and cultivar 

(Table 3.4). DP 18R628 B3XF, DG 3651NR B2XF, DP 2143 NR B3XF grew more 

nodes than PHY 340 W3FE and PHY 332 W3FE (Table 3.5). 
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Table 3.4. Significance of fixed effects for stand establishment (plants per 4 m2), height 80 days after planting (DAP), height 

100 DAP, and total nodes at Damon, College Station, Wall, and Lubbock, TX in 2019 and 2020. 

 

 

 

 

 

 

 

 

 

 

Source of 

variation 

Dependent variable 

Damon 2019  Combined 2019+  All locations combined 2020* 

 P H 1 H 2 T   P H 1 H 2 T   P H 1 H 2 T 

L† - - - -  0.0001 <.0001 <.0001 0.06  <.0001 0.001 0.01 0.02 

N 0.48 0.11 0.02 0.44  0.31 0.93 0.57 0.94  <.0001 <.0001 <.0001 0.26 

L x N - - - -  0.31 0.92 0.53 0.63  <.0001 <.0001 <.0001 0.88 

C 0.001 

<.000

1 

<.0001 0.02 

 

<.0001 <.0001 <.0001 <.0001 

 

0.91 0.32 0.61 <.000

1 

L x C - - - -  

0.01 0.09 0.06 0.001 

 

0.76 0.02 0.15 <.000

1 

C x N 0.98 0.51 0.319 0.86  0.36 0.93 0.79 0.12  0.29 1 0.59 0.49 

L x C x N - - - -   0.7 0.92 0.69 0.83   0.99 0.75 0.82 0.91 

+ College Station and Wall 

*Damon, College Station, and Wall 2020 

† L, location; N, nematicide; C, cultivar 

P, plants per 4 m2; H1, height 80 DAP (cm); H2, height 100 DAP (cm); T, total nodes 



 

26 

 

 

Table 3.5. Cotton cultivar effects on stand establishment (plants per 4 m2), height 80 days after planting (DAP), height 100 

DAP, and total nodes at Damon, College Station, Wall, and Lubbock, TX in 2019 and 2020. 

 

 

 

  

Cultivar Damon 2019   Combined 2019+   All locations combined 2020* 

 P H 1  H 2 T   P H 1  H 2 T   P H 1  H 2 T 

PHY 443 W3FE 53 a 99 a 101 a 19 b  34 a 85 a 89 a 19 c-e  34 ab 90 e 90 d 19 d-e 

PHY 332 W3FE - - - -  - - - -  39 a 81 de 80 bc 18 e 

DP 2143NR B3XF - - - -  - - - -  32 b 80 cd 87 cd 20 bc 

PHY 480 W3FE 47 a-c 73 c 80 c 19 b  28 a-c 72 bc 72 b 19 b-d  33 ab 66 a 69 a 19 cd 

PHY 440 W3FE 51 ab 75 c 81 bc 19 b  33 ab 64 c 70 b 19 de  - - - - 

PHY 340 W3FE - - - -  26 bc 71 bc 73 b 18 e  34 ab 68 ab 72 a 18 de 

DP 1747NR B2XF 39 c 88 b 95 a 19 ab  22 cd 79 ab 88 a 20 a-c  30 bc 70 ab 79 b 21 ab 

DP 18R628 B3XF 40 bc 88 b 94 a 20 a  21 cd 77 ab 82 a 20 ab  24 cd 75 b-d 82 b-d 22 a 

DG 3651NR B2XF 38 c 83 bc 92 ab 19 ab   15 d 75 b 83 a 21 a   23 d 73 a-c 83 b-d 21 ab 

+ College Station and Wall 

*Damon, College Station and Wall 2020 

 P, plants per 4 m2; H1, height 80 DAP (cm); H2, height 100 DAP (cm); T, total nodes                                           
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Figure 3.1. Left panel: cotton yield (kg ha-1) at Damon in 2019, right panel: cotton yield (kg ha-1) from College Station and 

Wall combined 2019. 
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Figure 3.2. Left panel: cotton yield (kg ha-1) from Damon, College Station and Lubbock 2020 combined, right panel: cotton 

yield (kg ha-1) from Wall 2020. 
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Table 3.6. Cotton yield (kg ha-1) from Damon, College Station, and Lubbock in 2020 

 Cultivar Damon College Station Lubbock 

 ------------------------------ kg ha-1 ------------------------------      
PHY 443 W3FE 1302 a 1154 abc 1310 a 

PHY 332 W3FE 1164 ab 1153 ab 1177 a 

DP 2143NR B3XF 1060 ab 1198 a 865 b 

PHY 480 W3FE 1061 ab 856 c 724 bc 

PHY 340 W3FE 1000 ab 939 abc 647 bcd 

DP 1747NR B2XF 896 bc 916 bc 558 cd 

DP 18R628 B3XF 969 bc 955 abc 440 d 

DG 3651NR B2XF 701 c 557 d 465 cd 
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Table 3.7. Pre-plant average nematode populations with standard deviation and cultivar impact on post-harvest nematode 

populations at Damon, College Station, Wall, and Lubbock, TX in 2019 and 2020. 

Cultivar Damon 2019   Combined 2019+   All locations combined 2020 

  A* B   A B   A B 

 ----------------------------------------------------------- 200 mL soil-1 ---------------------------------------------- 

Average 41 (27)   13 (17)   45 (25)  

PHY 443 W3FE  69 a   42 a  
 215 a-c 

PHY 332 W3FE  -  
 -  

 170 c 

DP 2143NR B3XF  -  
 -  

 203 a-c 

PHY 480 W3FE  83 a  
 43 a  

 329 ab 

PHY 440 W3FE  93 a  
 72 a  

 - 

PHY 340 W3FE  -  
 63 a  

 216 a-c 

DP 1747NR B2XF  76 a  
 58 a  

 380 a 

DP 18R628 B3XF  72 a  
 58 a  

 175 bc 

DG 3651NR B2XF   76 a     55 a     291 a-c 

+ College Station and Wall  

Damon, College Station, Wall, and [Lubbock (post-harvest)] 

*A, pre-plant ; B, post-harvest 

Values in parenthesis show departure from average 
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Discussion 

 

 Cultivar had the greatest impact on yield at all locations over both years. At the 

Damon location in 2019, the reniform nematode resistant (REN) cultivar (PHY 443 

W3FE) did not yield higher than most of the RKN cultivars. This lack of yield difference 

relative to the resistance traits warrants consideration of confounding abiotic factors, 

nematode pressure, or potential for cross resistance. Excessive rainfall at this site-year 

may have influenced plant growth and/or nematode activity in a way that diminished the 

ultimate effect of genetic resistance. Certain soybean accessions with soybean cyst 

nematode resistance have shown resistance to root-knot and reniform nematodes (Lee et 

al., 2015). However, in all other locations and years, the REN cultivars yielded among 

the top with the exception of Wall in 2020 where DP 2143NR B3XF yielded similarly to 

all of the RKN cultivars and the susceptible check. In a similar study conducted in the 

Tennessee valley PHY 332 W3FE increased yield by 1,895 kg ha-1 compared to PHY 

340 W3FE (Lawrence, 2020). Although the findings of this research show less drastic 

differences, they support the findings of similar work across the cotton belt.  

Common effects were also observed among yield and plant height. The cultivars 

with REN and RKN resistance were consistently among the tallest measured. As 

stunting is a common symptom of reniform nematode parasitism, we can draw linkage 

between nematode resistance suppressing infection rates during the growing season, 

taller cotton plants, and higher yields.  
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The negative effect nematicide had on yields in the combined sites in 2020 is not 

readily explained by the in-season growth measurements taken because they were not 

impacted by nematicide applications. Phytotoxicity due to fluopyram as a seed treatment 

has been documented in soybeans causing symptoms such as necrosis of plant tissue, 

although impacts on yield were not observed (Spinks et al., 2001). Other phytotoxicity 

symptoms include poor emergence, seedling death, stunting and poor plant development 

(Moorman, 2011). Although plant stand measurements would have detected poor 

germination and seedling death, measuring plant height earlier in the season may have 

detected possible early-season stunting. Root measurements were also not taken in this 

study. If root growth was inhibited by the application of fluopyram and prothioconazole 

compared to the untreated treatments, yields may have been affected.  

Although the resistance trait did not consistently affect post-harvest nematode 

populations, the observed reduction in nematodes with PHY 332 W3FE agrees with 

findings reported by Lawrence, K (2020) linking nematode population suppression with 

resistant genetics by 83% compared to the susceptible check. Eggs (g root-1) were 

reported in her research, which differs from the vermiform numbers reported in this 

study (Lawrence, 2020). This difference in measurement could account for the lack of 

nematode reduction measured in this study. The nematode populations reported in this 

study are also lower than other reports of vermiform reniform nematode populations 

which could be due to sample timing where nematode populations are highest during the 

growing season and start to decline after harvest. However, it is difficult to sample 

properly if soil moisture is inadequate. Also, dry conditions can result in more or the 
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population tied up in the egg stage, which was not extracted in these studies.   
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CHAPTER IV  

CHEMICAL CONTROL OF RENIFORM NEMATODES 

 

The application of nematicides is another method to manage reniform nematodes 

in cotton fields. A common issue with nematicides is the level of dependency these 

chemicals have on environmental factors, resulting in efficacy varying by year and 

location (Bromilow et al., 1980; Haydock et al., 2012; Wheeler et al., 2013; Faske and 

Brown, 2019). The combination of growing a resistant cultivar with the application of 

nematicides is recommended as long as it is economically feasible (Davis et al., 2009).  

Field trials were conducted to compare the efficacy of three nematicides and 

assess potential interaction with root-knot nematode resistance in reniform nematode 

infested fields. The objectives of this study were to 1) evaluate the efficacy of different 

nematicides on reniform nematode populations and cotton growth and yield, 2) evaluate 

the interaction between genetic root-knot nematode resistance and nematicides relative 

to cotton growth, yield, and nematode populations, and 3) determine potential return on 

investment for growers relative to product and application cost. 
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Methods  

The chemical trial was conducted at the same sites with the same experimental 

design, plot size and planting, sampling, and harvest methods as the genetic resistance 

trial (reference Chapter III methods). Treatments included: AGLOGIC 15G (active 

ingredient: aldicarb ([2-methyl-2-(methylthio) propionaldehyde 0- 

(methylcarbamoyl)oxime]) 15%) applied in-furrow at planting using granular insecticide 

boxes at 5.6 kg ha-1, Propulse (AI: fluopyram 17.4% and prothioconazole 17.4%) 

applied in-furrow at planting at 994 mL ha-1 using XR8002 EVS (Teejet, Glendale 

Heights, IL) nozzles perpendicular to the row, Vydate CLV (AI: oxamyl ([methyl N’N’-

dimethyl-N-[(methylcarbamoyl)oxy]-1-thioxamimidate]) 42%) foliar broadcasted at 

1108 mL ha-1 approximately 30 and 45 days after planting using nozzle type Q8003 

(Teejet) with spray volume ranging 122- 154 L ha-1 relative to site years, a combination 

of AGLOGIC 15G and Vydate CLV, and a combination of Propulse and Vydate CLV 

(Table 4.1). Two cotton cultivars were planted, one susceptible to nematodes (PHY 340 

W3FE/PHY 440 W3FE) and the other with resistance to root-knot nematodes (PHY 480 

W3FE). Each cultivar received all chemical treatments to determine how each chemical 

performed alone and in combination with a level of genetic nematode resistance. In 2019 

at Damon, PHY 440 W3FE was used as the susceptible check but the check was changed 

to PHY 340 W3FE at all other locations and years. In season growth factors, yield, , and 

nematode samples were collected in the same manner as the genetic resistance study. A 

partial net economic analysis was conducted using cotton lint value calculated using 
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Cotton Incorporated’s upland loan calculator, chemical cost, and estimated cost of 

application (Klose, 2020).  

Similar to the genetic resistance study, the data were analyzed using SAS 9.4. 

Fixed effects included cultivar, nematicide, and all possible interactions. Random effects 

were site-year and block nested within site-year. Total nodes and post-harvest nematode 

populations were transformed using a Box-Cox power transformation, then means were 

back-transformed for presentation (Box and Cox, 1964). Damon 2019 was analyzed 

separately. Fixed effects included cultivar, nematicide, and their interaction and block 

and the interaction between block and main fixed effects treated as random. Differences 

were identified at α = 0.05 and means were separated using Tukey’s HSD post-hoc 

means separation test. 

 

Results 

Precipitation and temperature data for the nematicide trial was the same as the 

genetic resistance trial as they were conducted at the same locations (reference Chapter 

III results). 

Damon 2019 

Neither yield nor nematode populations were impacted by nematicide treatment 

or cultivar (P > 0.05). The application of nematicides, cultivar, and the interaction 

between the two impacted plant height at 80 DAP (Tables 4.2). The application of 

aldicarb and oxamyl (82 cm) increased plant height by 10 cm compared to the untreated 

check (72 cm) (Table 4.3). Plant height at 100 DAP, plant emergence per 4 m2, and total 
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nodes were not impacted by the nematicide treatments or cultivar (Table 4.2). The use of 

nematicides showed no partial economic gain or loss compared to the untreated check, 

based on yield and loan value. 

All Other Locations Combined 

The application of nematicides increased yield (P = 0.005). The application of 

aldicarb and oxamyl increased yield by 187 kg ha-1 compared to the untreated check 

(Figure 4.1). Cultivar and the interaction of nematicides and cultivar did not impact yield 

(P > 0.05). Post-harvest reniform nematode populations were not impacted by 

nematicide treatment or cultivar (P > 0.05). 

The application of nematicides, cultivar, and the interaction between these two 

factors did not impact either plant height at either timing or stand establishment (Table 

4.2). Total nodes per plant was impacted by cultivar but not by nematicide applications 

nor their interaction. PHY 480 W3FE produced more nodes (20) than PHY 340 W3FE 

(18.5). Post-harvest reniform nematode populations were not impacted by nematicide 

treatment or cultivar. Nematicide treatment affected partial net return (Table 4.2). Based 

on lint value and costs, the application of aldicarb (mean= $2141.05 ha-1) increased net 

return by $254.37 ha-1 compared to the application of fluopyram and prothioconazole 

and oxamyl (mean = $1895.68 ha-1) (Figure 4.2). When compared to the untreated 

check, none of the nematicide treatments resulted in a net gain or loss 
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Table 4.1. Nematicide treatments, application rates, and cost including chemical price 

and average application costs across cultivars. 

Treatment Rate 
Cost ($ ha-1) 

(chemical + application†) 

Aldicarb 15G  5.6 kg ha-1 83.47 

Aldicarb 15G + Oxamyl  159.89 

Fluopyram and 

Prothioconazole 
993.9 mL ha-1 105.09 

Fluopyram and 

Prothioconazole + Oxamyl 
 181.50 

Oxamyl* 1108 mL ha-1 76.41 

Untreated Check (UTC)  0 

† Application cost according to 2020 Texas Agriculture Custom Rate Chart (Klose, 

2020) 

All aldicarb 15G and fluopyram + prothioconazole treatments were applied in-furrow 

at planting. 

*All oxamyl treatments were foliar broadcast at approximately 30 and 45 days after 

planting. 
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Table 4.2. Significance of fixed effects for stand establishments (plants per 4 m2), height 80 days after planting (DAP), height 

100 DAP, and total nodes PHY 440 W3FE/PHY 340 W3FE and PHY 480 at College Station, and Wall in 2019 and Damon, 

College Station, and Wall, TX 2020.  

  

Dependent variable Source of variation 

 Damon 2019   All site-years combined* 

  N† C C x N   N C C x N 

  ---------------------------------- P > F ---------------------------------- 

Plant stand 0.891 0.850 0.599 
 

0.897 0.602 0.385 

Height 80 DAP 0.032 0.986 0.713 
 

0.085 0.132 0.646 

Height 100 DAP 0.090 0.782 0.076 
 

0.919 0.070 0.624 

Total nodes 0.776 0.452 0.884 
 

0.505 <.0001 0.441 

Partial net return 0.452 0.259 0.611   0.019 0.104 0.969 

*College Station and Wall in 2019, and College Station, Damon, and Wall in 2020. 

† N, nematicide; C, cultivar. 
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Table 4.3. Nematicide treatment impact on plant height (80 days after planting, DAP) and economic analysis PHY 440 

W3FE/PHY 340 W3FE and PHY 480 for Damon, College Station, and Wall, TX in 2019 and 2020. 

Nematicide Treatment Dependent variables 

 Damon, 2019  All site-years combined* 

 Height 80 DAP  Partial net return+ 

 ---------- cm ----------  ---------- $ ha-1---------- 

Aldicarb 78.86 ab  2141.05 a 

Aldicarb + Oxamyl 81.57 a  2108.69 ab 

Fluopyram and prothioconazole 73.43 ab  1961.16 ab 

Fluopyram and prothioconazole + Oxamyl 73.54 ab  1895.68 b 

Oxamyl 71.20 ab  1995.36 ab 

UTC 72.51 b  1996.01 ab 

*College Station and Wall in 2019, and College Station, Damon, and Wall in 2020. 
+Partial net return = ((lint yield (kg ha-1)*1.43 kg -1 +(((lint yield/turnout) – lint yield)/2000) * $165.35 tonne-1)-cost  

Lint value calculated using the Cotton Loan Calculator (Cotton Incorporated, 2019, 2020) 

Cost equals the sum of chemical cost and application cost (Klose, 2020) 
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Figure 4.1. Cotton yield (kg ha-1) resulting from nematicide treatments: aldicarb (Ald), oxamyl, fluopyram and 

prothioconazole (FP), and the untreated check (UTC), at College Station and Wall 2019 and Damon, College Station, and Wall 

2020 combined. 
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Table 4.4. Nematicide treatment impact on post-harvest nematode populations and average with standard deviation on pre-

plant populations at Damon, College Station, and Wall, TX in 2019 and 2020.  

Nematicide treatment Damon 2019   Combined+ 

  A* B   A B 

 

---------------------------------------------- 200 mL soil-1 -----------------------------------

----------- 

Average 48 (27)   35 (37)  

Aldicarb  70 a   109 a 

Aldicarb + Oxamyl  65 a  
 118 a 

Fluopyram and prothioconazole  68 a  
 124 a 

Fluopyram and prothioconazole + 

Oxamyl 
 67 a 

 

 113 a 

Oxamyl  66 a  
 124 a 

UTC   68 a     145 a 

+ College Station and Wall in 2019, and College Station, Damon, and Wall in 2020. 

*A, pre-plant average ; B, post-harvest 
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Discussion 

The lack of yield differences between nematicide treatments in Damon 2019 

could be attributed to environmental factors. Above average rainfall in May and June 

accumulating 392 mm may have led to rapid degradation of the products, resulting in 

less efficacy against reniform nematodes (Bromilow et al., 1980; Haydock et al., 2012; 

Wheeler et al., 2013; Faske and Brown, 2019). The Lake Charles Clay series is 

moderately well drained with very slow permeability and has 45-60 % clay (National 

Cooperative Soil Survey, 2014). These factors coupled with above average rainfall likely 

resulted in the soil remaining saturated for longer periods of time.    

The impact nematicide application had on height 80 DAP was between oxamyl 

and the untreated check, but none of the other treatments. This could be attributed to 

application timing vs. product degradation, more favorable environmental conditions, 

and that oxamyl is absorbed and translocated within the plant (in contrast to the other 

nematicide treatments). The last application of oxamyl was the nearest nematicide 

treatment timing (35 days) to the first height measurements. Oxamyl generally 

suppresses stunting due to reniform nematodes for 7 to 14 days following application 

(Bromilow et al., 1980), so height differences detected at 80 DAP followed the peak 

activity of the product and dissipated by 100 DAP. 

A factor contributing to the lack of differences in nematode populations due to 

nematicide treatments could be sample timing. The efficacy of the aldicarb and oxamyl 

decrease as the growing season progresses (Harvey et al., 1978; Bromilow et al., 1980). 

Analyzing soils post-harvest may not have captured an earlier change in nematode 
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populations (Bromilow et al., 1980). Although end of season nematode populations were 

not impacted by nematicide applications, other studies have confirmed nematode 

suppression with aldicarb by 59% compared to the untreated check at 30 DAP 

(Schrimsher et al., 2014). Other treatment combinations in this study such as aldicarb 

and oxamyl have also been shown to reduce mid and late season reniform nematode 

populations (Lawrence and McLean, 2000). 

 The yield increase with the aldicarb and oxamyl treatment compared to the 

untreated check was not sufficient to offset the chemical and application costs and 

resulted in no partial economic gain or loss. The net increase from this treatment was 

$113 ha-1and the treatment cost was $159.89 ha-1. The added cost of the oxamyl 

application did not justify the observed yield increase relative to the untreated check. 

The application of aldicarb alone was more profitable than the application of fluopyram 

+ prothioconazole and oxamyl that did not benefit yield.  

 This work compared chemical applications with susceptible and RKN cultivars.  

As cultivars with specific REN resistance are released, growers have the option to 

combine this resistance with chemical applications. A study published in 2014 compared 

REN resistant to susceptible genotypes with and without the addition of nematicide 

treatments including in-furrow aldicarb (Schrimsher et al., 2014). They reported 

significant yield increases with nematicide applications across both REN and susceptible 

genotypes. Therefore, combining nematicides with genetic resistance warrants 

consideration and further investigation.   
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CHAPTER V  

CONCLUSION 

 

Reniform nematode resistant cotton cultivars have shown potential to preserve yield 

compared to cultivars with RKN resistance and those without nematode resistance in 

reniform nematode infested fields. In both years and all locations, the reniform nematode 

resistant cotton yielded among the top. Specifically, PHY 443 W3FE and PHY 332 

W3FE yielded higher than all other cultivars except at Damon in 2019. DP 2143NR 

B3XF also resulted in a 16% yield increase compared to the susceptible cultivar, 

although it was not as consistently among the highest yielding. This study did not result 

in drastic differences in nematode population suppression, although one cultivar with 

reniform resistance did reduce reniform nematode populations more effectively than 

cultivars with only RKN resistance. Among nematicide treatments, the application of 

aldicarb and oxamyl resulted in higher yields. However, observed yield increases were 

not great enough to benefit the producer economically. The findings of both studies 

combined show reniform nematode resistance in cotton is likely a more effective tool in 

nematode management than application of the nematicides tested. 
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