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Enhancing the Quality, Utility, Sustainability and Environmental Impact of Western 
and Long-Staple Cotton through Improvements in Harvesting, Processing, and 
Utilization 
 
Southwestern Cotton Ginning Research Laboratory, Las Cruces, NM 
Project Number: 3050-41000-009-00-D 
Lead Scientist: Derek Whitelock 
Team Members: Paul Funk, Ed Hughs, Carlos Armijo 
 
Burning issue resolved. In 2009, the U.S. Occupational Safety and Health Administration 
(OSHA) began developing a comprehensive mandatory combustible dust standard for 
general industry. The National Fire Protection Association defines combustible dust as 
“a finely divided combustible particulate solid that presents a flash fire or explosion 

hazard when suspended in air or the process-specific 
oxidizing medium over a range of concentrations”. 
While some agricultural industries like sugar and grain 
handling facilities could constitute combustible dust 
hazards and have been subject to rules on dusts for many 
years, other agricultural processors like cotton gins or 
almond huller plants have had no issues with dust fires 
or explosions. Agricultural processors that do not handle 
combustible dusts could request exemption from the 

general industry rule. At the request of the National Cotton Council (NCC), ARS 
researchers in Mesilla Park, NM, collaborated on a study to determine the combustibility 
of cotton gin dust. Later, the Western Ag Processors Association (WAPA) requested that 
the ARS researchers again conduct tests to determine the combustibility of almond huller 
dust. These tests showed that cotton gin dust and almond huller dust collected in facility 
interiors were not combustible and therefore not an explosion hazard, and have scientific 
grounds to request exemption from the general rule. These results were submitted to a 
peer-reviewed journal and should enable the NCC 
and WAPA to keep cotton gin and almond huller 
dusts from being classed as combustible. In turn, this 
would allow cotton gins to keep their normal 
housekeeping practices, clear the way for 
construction of new almond huller plants to serve this 
growing sector of agriculture, and all the while save 
many thousands of dollars for explosion suppression 
hardware and practices. 



 

TEXAS 
 
Conservation, Genetic Analyses, and Utilization of Cotton Genetic Resources 

 
Crop Germplasm Research Unit, College Station, TX 
Project Number:  3091-21000-037-00D 

Lead Scientist:  Richard Percy 
Team Members:  James Frelichowski, Lori Hinze, John Yu 
 
National Cotton Germplasm Collection (NCGC) descriptor data and digital images 
were posted online to CottonGen database. The online depiction of a germplasm 
collection is critical to maximize the utility to the plant breeders and researchers of cotton. 
Otherwise, it is just a random collection of seed. ARS researchers at College Station, TX, 
in cooperation with database managers of CottonGen (www.cottongen.org) at 
Washington State University, standardized morphological descriptors for the germplasm 

collection, created a visual 
descriptor key, and 
downloaded all descriptor 
data obtained since 2006. 
Descriptor data obtained prior 
to 2006 were transformed to 
the new standardized 
descriptor categories. The 
dataset covers more than half 
of the NCGC and has evolved 
to the extent that users have 
more accurately created 
subsets of the NCGC for their 
research or breeding purposes 

and greatly reduced the size of seed orders. Gaps in this dataset more clearly prioritize 
future seed increases and characterizations of the NCGC. 
 
Collecting and GPS tracking a wild Gossypium in Arizona. Genetic diversity for 
desirable traits such as disease or insect resistance 
often resides in wild relatives of cultivated species. 
With genetic advances, this diversity has become 
increasing accessible for use in the improvement of 
cultivated species. Therefore, it is important to collect 
and preserve the diversity of these wild relatives. A 
collection trip to Arizona in 2016 resulted in thirty-
seven populations of G. thurberi, a wild relative of 
cotton, being identified, their locations being 



recorded with GPS coordinates, and seed harvested 
from 27 of them. The representation of the genetic 
diversity of this species in the NCGC is greatly 
improved, and the GPS locations will enable 
monitoring of native populations for in situ 
conservation. This information will also update the 
Crop Wild Relative Database collaborative research 
by USDA-ARS scientists in the National Plant 
Germplasm System. 

 
Determination of the molecular diversity of the two commercial species of cotton in 
the US National Cotton Germplasm Collection. To be effective sources of variability for 
genetic improvement, germplasm collections must be genetically well-characterized. 
Knowledge of the structure of diversity within a collection also is necessary for its 
efficient and effective conservation and maintenance. ARS researchers at College Station, 
TX, New Orleans, LA, and Stoneville, MS, along with collaborators from Cornell 
University, systematically characterized the two commercial tetraploid species within the 
National Cotton Germplasm Collection and identified sources of genetic variation 
between and within the two species. Some samples were characterized as being 
intermediate between the two species, indicating interbreeding. More wild than 
cultivated samples had indicators of introgression. The use of molecular markers to 
characterize the National Cotton Germplasm Collection will allow the curator to 
efficiently and effectively increase and preserve the diversity of the Collection, while 
maintaining the purity of its individual lines. Characterization of the Collection with 
molecular markers also allows breeders and geneticists to make more informed choices 
in their improvement efforts, resulting in superior cotton varieties and products for the 
consumer. 
 
Developing Genomic and Genetic Tools for Exploiting Cotton Genetic Variation 
 
Crop Germplasm Research Unit, College Station, TX 
Project Number:  3091-21000-038-00D 
Lead Scientist:  Richard Percy 
Team Members:  John Yu, Lori Hinze, James Frelichowski 
 
Fine-mapping of a dominant glandless gene in cotton. Cottonseed is an excellent 
nutritional source of oil and protein, but its utilization is limited by the presence of 
pigment glands containing toxic gossypol. ARS researchers at College Station, TX, 
working in collaboration with cooperators at the Institute of Cotton Research in Anyang, 
China, mapped a dominant glandless gene Gl2e to chromosome 12. One candidate gene 
was identified encoding an MYC transcription factor that likely serves as a vital positive 
regulator in the production of pigment glands. Sequence and expression analysis of the 
gene showed a protein product present in glanded plants while almost absent in 



glandless plants. This accomplishment indicates that manipulation of the Gl2e gene with 
a tissue-specific promoter could effectively inhibit the formation of pigment glands in 
cottonseed. As the most important pigment gland-related gene identified in cotton, it 
would facilitate research on the glandless trait, cotton MYC proteins, and low-gossypol 
cotton breeding. 
 
Map-based cloning of a recessive gene for virescent leaf expression in cotton. 
Virescence (yellow leaf color) is a recognizable mutant phenotype in the early 
development of cotton, and it is useful for research on chloroplast development and 
photosynthesis as well as heterosis exploitation in cotton. ARS researchers at College 
Station, TX, working in collaboration with the Institute of Cotton Research in Anyang, 
China, mapped the virescent-1 gene to a 20 kb interval on cotton chromosome 20. One 
candidate gene was identified with four SNPs between parents. Of these SNPs, the one 
positioned at 1,082 bp caused an amino acid residue change from Arg to Lys. The relative 
expression level of the candidate gene in virescent plants was significantly lower than 
that in normal plants. Nullification of the gene (GhRVL) by virus-induced gene silencing 
in cotton caused the leaf color of normal green plants to turn yellow. GhRVL is the first 
virescent gene cloned via genome mapping in cotton, which will facilitate research on 
virescent formation and will be useful in breeding of hybrid cottons. 
 
Comparative analysis of genome-wide divergence for Upland cotton and Sea Island 
cotton. Among the most remarkable stories in crop domestication is the origin of 
cultivated cotton. Understanding cotton evolution, domestication, and genetic diversity, 
especially in the two major cultivated species, is essential for cotton improvement. ARS 
researchers at College Station, TX, working with cooperators at West Virginia State 
University, Brigham Young University, and the University of Georgia, developed and 
used over 10,000 SNP markers to characterize genetic diversity among 440 Upland 
cottons and 219 Sea Island cottons of widespread origin. The demographic history, 
genomic architecture, and domestication process of these natural cotton populations 
were clarified in great detail. This study explored at a new level of resolution how 
breeding histories and selective pressures shaped the gene pools of the two cotton 
species. It provided strong evidence for comparable patterns of evolution in the 
domestication process of the two species in which common SNP markers were identified 
for a set of seedling root traits. The results shed light on the potential for breeders to apply 
these techniques to identify and incorporate other useful genes for crop improvement.  
 
Development, genetic mapping and QTL association of cotton PHYA, PHYB, and HY5-
specific CAPS and dCAPS markers. DNA markers derived from genes of interest are 
valuable in molecular breeding of crop plants. The number of available gene-based 
markers is small for cotton due to its polyploidy. ARS researchers at College Station, TX, 



working with cooperators at the Uzbek 
Academy of Sciences and Texas A&M 
University, developed and mapped three gene-
based markers from phytochrome and flowering 
genes in cotton. The association of these gene-
based markers to fiber quality and other cotton 
traits was also demonstrated. The new markers 
are of particular value to differentiate DNA 
polymorphisms from a single subgenome of 
polyploid species, giving an opportunity to 
analyze a polyploid as a diploid genotype. These 
gene-based markers will be highly useful for 
marker-assisted selection programs to breed 
superior cotton cultivars by introgression of 

phytochrome and flowering genes among different cotton species. 
 
TAL effector-mediated induction of a SWEET sugar transporter confers susceptibility 
to bacterial blight of cotton. Bacterial blight is one of the most destructive diseases in 
cotton, and it causes significant yield losses. Currently, our understanding of the 
molecular mechanism of host-pathogen interactions in cotton bacterial blight is limited. 
ARS researchers at College Station, TX, working 
with cooperators at Texas A&M University and 
Cornell University, sequenced two disease-
causing bacterial strain genomes and analyzed all 
transcription activator-like (TAL) effector genes in 
the bacterial genomes. Using the Upland cotton 
genome sequence, we identified a cotton gene 
named GhSWEET10 that is induced by a bacterial 
avirulence gene. Induction of this gene was 
substantially reduced in bacterial blight resistant 
cotton carrying the resistance gene. Identification 
of sugar-transporting GhSWEETs as major 
bacterial blight susceptibility genes and a novel resistance mechanism to the disease 
represents an important advance in molecular understanding of bacterial blight and its 
resistance in cotton. The new knowledge will facilitate the strategic development of 
durable, broad-spectrum resistance to the disease in cotton production. 
 
Cotton Disease Management Strategies for Sustainable Cotton Production 
 
Insect Control and Cotton Disease Research Unit, College Station, TX 
Project Number: 3091-22000-031-00D 
Lead Scientist: Alois Bell 
Team Members: Jesus Esquivel, Jinggao Liu, Enrique Medrano  



 
Release of nematode-resistant cotton lines.  Among cotton pests, root-knot and reniform 
nematodes cause the greatest yield losses in cotton (ca. 4% of potential yield).  The 

nematodes also act synergistically to 
increase the severity of seedling diseases 
and Fusarium wilt.  ARS scientists at 
College Station, TX, jointly with Cotton 
Incorporated and Texas A&M AgriLife 
Research, released eight new nematode-
resistant germplasm lines.  All eight lines 
are resistant to the reniform nematode 
and five are also resistant to the root-knot 
nematode.  The lines have elite 

agronomic performance and will be valuable to plant breeders for developing resistance 
to pests and diseases.  
 
Genetic diversity, virulence, and Meloidogyne incognita interactions of Fusarium 
oxysporum isolates causing cotton wilt in Georgia. Locally severe outbreaks of 
Fusarium wilt of cotton in South Georgia raised concerns about the genotypes of the 
causal pathogen, Fusarium oxysporum f. sp. vasinfectum.   ARS scientists at College Station, 
TX, in collaboration with Cotton Incorporated and the University of Georgia, conducted 
vegetative complementation tests and DNA sequence analysis of more than 500 isolates 
obtained from 107 wilted plants collected in five counties.  The researchers identified 
eight vegetative complementation groups (VCG) with VCG01117B and 01121 occurring 
in 66% of the infected plants.  The newly recognized VCG01121 was the major VCG in 
Berrien County, the center of the outbreaks.  All 8 VCGs caused diseases in a stem-
puncture assay, but not in a soil-infestation assay.  Soil-infestation with Meloidogyne 
incognita race 3 (root-knot nematode) alone also failed to cause significant disease.  When 
co-inoculated with M. incognita race 3, all VCGs caused moderate to severe wilt. 
Therefore, the VCGs identified in this study belong to the vascular competent pathotype, 
and should pose similar threats to cotton cultivars in the presence of the root-knot 
nematode.  These findings form the basis to use nematode-
resistant cultivars to control the Fusarium wilt in Georgia.  
The feasibility of this control measure will be tested in 
collaboration with Georgia scientists.  
 
Induction of terpenoid phytoalexins in resistant and 
susceptible cottons in response to infection by Fusarium 
oxysporum f. sp. vasinfectum race 4.  Since 2002, the cotton 
industry has been particularly concerned about a highly 
virulent strain of Fusarium oxysporum f. sp. vasinfectum race 4 
(CA race 4) that was identified for the first time in the western 
hemisphere in California.  The G. barbadense L. cotton cultivars 



‘Seabrook Sea Island 12B2’ (‘SBSI’) and ‘Pima S-6’ are resistant to CA Fov-4, whereas 
‘Pima S-7’ is highly susceptible.  ARS scientists at College Station, TX, monitored the 
accumulation of antimicrobial terpenoids (i.e., phytoalexins) in inoculated plant stem 
tissue to determine the speed of active defense reactions.  The accumulation of defense 
terpenoids was faster in resistant ‘SBSI’ compared to resistant ‘Pima S-6’ or susceptible 
‘Pima S-7’, suggesting early recognition plays a significant role in the resistance of ‘SBSI’, 
but not in ‘Pima S-6’.  Further, the resistance mechanisms in ‘SBSI’ and ‘Pima S-6’ 
probably differ.  These findings highlight the importance of developing molecular 
markers for ‘SBSI’ resistance and pyramiding the markers with the known “Pima S-6’ 
resistance markers to further enhance resistance to CA race 4. 
 
Capacity of the brown stink bug to vector boll rot pathogens.  In 1999, significant yield 
losses were reported in South Carolina from a previously unobserved seed and boll rot; 
to date, the malady has spread to other southeastern states with yield losses as high as 
15% in some fields.  Cotton boll fruiting structures are vulnerable to infection during early 
developmental stages and can develop rot without exhibiting external symptoms.  

Previously, scientists at 
College Station, TX, 
established that 
pathogenic strains of 
Pantoea agglomerans, along 
with other opportunistic 
bacteria, can cause an 
inner boll disease and are 
transmitted by the 
southern green stink bug 
(Nezara viridula) that feeds 
via a piercing-sucking 

mechanism.  Using the cotton pathogen-insect transmission model developed for the 
southern green stink bug, Unit scientists unequivocally demonstrated the capacity of the 
brown stink bug (Euschistus servus) to also vector a disease agent that results in boll rot 
(Panel C).  Notably, bolls fed upon by stink bugs that do not carry a boll rotting agent 
tolerate the puncture trauma (Panels A and B).  Together with the N. viridula work, the 
research adds critical knowledge to understanding the vector-borne boll rot paradigm.  
In practical terms, the results provide producers with knowledge to economically 
manage stink bugs only if they are harboring a pathogen. 
 
Detection and Biologically Based Management of Row Crop Pests Concurrent with 
Boll Weevil Eradication 
 
Insect Control and Cotton Disease Research Unit, College Station, TX 
Project Number: 3091-22000-029-00D 
Lead Scientist: John Westbrook 



Team Members: Jesus Esquivel, Ron Nachman, Charles Suh 
 
Modeling pest migration pathways.  The fall armyworm is a 
highly mobile insect pest of multiple crops that migrates 
northward each spring from subtropical winter-breeding regions 
to temperate cropping regions.  ARS scientists at College Station, 
TX, and Gainesville, FL, working with a collaborator from 
Pennsylvania State University, simulated multi-generational 
migratory flights of fall armyworm moths from two distinct 
winter-breeding sources (Texas and Florida).  The scientists 
identified regions dominated by each immigration source as well 
as regions of mixed immigrant populations.  This work advances 
risk assessment of source areas and migration pathways of the fall 
armyworm and potentially other migratory pests, which will lead to improved 
management strategies for migratory populations including those that may introduce 
insecticidal resistance traits. 
 
Improved boll weevil detection.  The Boll Weevil Eradication Program has eliminated 
the boll weevil from all cotton production areas in the United States, with the exception 
of the southernmost areas of Texas.  The ability to detect and monitor boll weevil 
populations with pheromone traps is largely responsible for this extraordinary 
accomplishment.  However, the inconsistent performance of pheromone traps during the 
past several years has hindered eradication progress in South Texas.  ARS scientists at 

College Station, TX, the sole remaining ARS 
program that supports boll weevil eradication, 
developed a longer-lasting and more attractive 
pheromone lure through a Cooperative 
Research and Development Agreement with a 
commercial partner.  The ARS scientists also 
demonstrated that the current replacement 
interval of kill strips, which are used in traps to 
reduce predation of captured weevils and 
incidence of weevil escape, was too long.  Based 
on this finding, the eradication programs in 

Texas and Mexico have reduced the replacement interval of kill strips from four to two 
weeks.  
 
Remote identification of potential boll weevil habitats.  Boll weevil eradication 
progress in South Texas has been hindered by the subtropical climate which supports 
year-round growth of cotton.    Regrowth of plants following harvest and plants arising 
from unharvested seed support reproduction and sustain weevils beyond the production 



season. Thus, timely detection and elimination 
of such plants are critical for eradication success.  
ARS scientists at College Station, TX, including 
a scientist from Project Number 3091-2200-032-
00D, developed a technique to analyze high-
altitude images to remotely identify cotton 
plants that may harbor weevils.  This technique 
is currently being evaluated by the Texas Boll 
Weevil Eradication Foundation to identify 
volunteer and regrowth plants in the Texas 
Winter Garden production area, which has recently been re-infested with boll weevils.   
 
Neuropeptides of the boll weevil.  Eradication programs against the boll weevil rely 
exclusively on applications of ULV malathion to control boll weevils.  However, the 
potential development of insecticide resistance as well as human health and 
environmental concerns regarding the use of malathion have prompted researchers to 
identify or develop alternate control strategies.  One novel approach may involve 
manipulation of the weevil’s neuropeptide hormone system, which regulates critical life 
functions such as water balance, ecdysis, reproduction, pheromone production, and 
feeding.   ARS scientists at College Station, TX, in collaboration with German researchers 

from the University of Cologne, identified 
the structures of members of the CAP2b and 
PK classes of neuropeptides.  The CAP2b and 
PK neuropeptides specifically regulate 
aspects of water balance, desiccation 
survival, cold tolerance, development, 
feeding, and digestion.  Knowledge of these 
native neuropeptides and their role in 
regulating critical life processes of the boll 
weevil is paramount to the development of 
neuropeptide mimics or non-peptide 
compounds that can disrupt life processes of 
these cotton pests. 

 
Increased bollworm larval feeding on cotton plants with RNAi construct that blocks 
gossypol-related terpenoid synthesis.  Glanded cotton plants are more resistant than 
their glandless counterparts to insect pests.  This resistance has been mainly attributed to 
the presence of terpenoids (e.g., gossypol) in the glands, which also contain other 
essential oils.  ARS scientists at College Station, TX, including scientists from Project 
Number 3091-22000-031-00D, identified a cytochrome P450 gene that regulates synthesis 
of these terpenoids.  Downregulation of this gene via RNAi resulted in a 90% reduction 
in overall levels of these terpenoids in leaves without reducing the number of glands or 



levels of other terpene volatiles.  
Bollworm larvae fed leaves or squares 
from these RNAi plants weighed 
significantly more than those fed leaves 
or squares from their respective wild-
type plants, suggesting larvae fed more 
readily on the RNAi plants.  Although 
this effect would be counterproductive 
from a pest management standpoint, the 
results unequivocally demonstrate the 
importance of these terpenoids in insect 
resistance.  Efforts are underway to 
increase expression of this gene in plants 
to potentially increase terpenoid production in glands and, subsequently, enhance cotton 
resistance to insects. 
 
Identification of new host plant species and late-season reproductive physiological 
status associated with southern green stink bugs.  Southern green stink bugs and related 
species continue to plague cotton producers.  ARS scientists at College Station, TX, 
identified 12 previously unreported plant species that supported southern green stink 
bug reproduction.  Further, examination of the female reproductive system indicated that 
the occurrence of the “black-spotted condition”, presumably a necrotic egg or egg 
undergoing resorption, could be potentially used as an indicator for detecting adults 
preparing for the overwintering period.  Collectively, identification of new host plant 

species and diagnostic features 
such as the “black-spotted 
condition” contribute to our 
understanding of seasonal 
reproductive phenology and host 
plants that may be exploited by 
the stink bug. 

 
Aerial Application Technology for Sustainable Crop Production 
 
Aerial Application Technology Research Unit, College Station, TX 
Project Number: 3091-22000-032-00D 

Lead Scientist: Clint Hoffmann 
Team Members: Brad Fritz, Dan Martin, Chenghai Yang. 
 
Site-specific Topguard application based on aerial imagery for effective management 
of cotton root rot. Cotton root rot tends to occur in the same general areas within fields 
in recurring years, so site-specific application of fungicide only to the infected areas can 
be more effective and economical than uniform application. This study demonstrated 



how site-specific fungicide application can be implemented using historical aerial 
imagery and variable rate technology. Procedures were developed for creating binary 
prescription maps from historical aerial 
imagery. Two different variable rate liquid 
control systems were adapted to existing 
cotton planters for site-specific fungicide 
application at planting in two cotton growing 
regions in Texas. Preliminary results showed 
that the variable rate systems performed well 
and site-specific fungicide treatments 
effectively controlled cotton root rot. This 
research provides producers, crop 
consultants and extension personnel with 
useful information and assurance that site 
specific fungicide application based on 
historical aerial imagery will be a cost-
effective and environmentally-friendly 
approach to effective control of cotton root 
rot. 
 
Evaluation of consumer-grade cameras for aerial application. Consumer-grade cameras 
have been increasingly used in scientific research and remote sensing applications 
because of their low cost and ease of use. ARS scientists at College Station, TX, assembled 
two imaging systems consisting of consumer-grade cameras for use on agricultural 
aircraft. They evaluated imagery acquired by the systems over a large cropping area for 
crop identification and assessment and compared different image mosaicking techniques 
for image stitching. Image classification and accuracy assessment showed that both 
normal color and near-infrared imagery acquired by the systems was useful for crop 
identification and crop growth assessment.  This system has been used in studies 
involving cotton and corn.  The results from this study have provided useful information 
for aerial applicators and other remote sensing practitioners on the use of consumer-
grade cameras. Over 20 aerial applicators have shown strong interests in assembling and 
using these cameras in their operations. 
 
Early identification of cotton fields using mosaicked aerial multispectral imagery.  
Early identification of cotton fields is important for advancing boll weevil eradication 
progress and reducing the risk of reinfestation. Remote sensing has long been used for 
crop identification, but limited work has been reported on early identification of cotton 
fields. This study evaluate aerial imagery for identifying cotton fields before cotton plants 
start to bloom. Aerial color and near-infrared images taken over an 8 km by 12 km 
cropping area were mosaicked and then classified into different crops and cover types 
using image classification techniques. Results showed that classification maps were able 
to correctly identify over 90% of the cotton areas. The methodologies presented in this 



study will be useful for boll weevil eradication program managers to quickly and 
efficiently identify cotton fields at relatively early growth stages using mosaicked aerial 
imagery. 
 
Enhancing the Profitability and Sustainability of Upland Cotton, Cottonseed, and 
Agricultural Byproducts through Improvements in Pre- and Post-Harvest Processing 
 
Cotton Production and Processing Research Unit, Lubbock, TX 
Project Number: 3096-21410-008-00-D 
Lead Scientist: Greg Holt 
Team Members: Mathew Pelletier, John Wanjura 
 
Significant activities that support special target populations.  Under agreement number 
0000054984, Opportunities for Higher Education and Research Experience in Renewable 
Energy and Water Quality to Enable STEM Hispanic Leaders, three engineering student 
interns and four students transferring to UTSA from community colleges were mentored 

while working on three distinct design projects 
involving the development and testing of new 
processing and measuring techniques for 
cottonseed delinting, ginning of breeder samples, 
and moisture measurement of seed cotton. Students 
designed, built, and evaluated equipment, analyzed 
results, and worked on a manuscript for 
publication. This activity is helping train the next 
generation of research scientist/engineers with 
practical hands-on experience. In conjunction with 

National Cotton Ginners Association, a school, known as Gin School, is conducted every 
year. This year the school had 142 students. The school is hosted, coordinated, and taught 
by the engineers of this research unit. The school teaches and trains industry partners, a 
majority of which are Hispanic, in gin safety, electricity, hydraulics, maintenance, 
pneumatics, waste collection and disposal, cottonseed handling and storage. There are 
four levels offered, Level 1 – 3 and Continuing Education. Since a majority of employees 
working in cotton gins are Hispanic, the certification test is offered (read) in Spanish as 
well as English. The training and testing are vital components of the requirements for 
national certification as a Certified Ginner. 
 
Enhancing Plant Resistance to Water-Deficit and Thermal Stresses in Economically 
Important Crops 
 
Plant Stress and Germplasm Development Research Unit, Lubbock, TX 
Project Number:  3096-21000-019-00-D 
Lead Scientist: Paxton Payton 



Team Members:  John Burke, Mauricio Ulloa, James Mahan, Junping Chen, Yves 
Emendack   
 
Pollen sensitivity to low humidity can limit natural outcrossing.  Adventitious presence 
is defined as the unintended presence of unwanted biotechnology traits in a seed 
lot.  With the majority of U.S. commercial cotton 
cultivars containing proprietary technologies, 
todays’ cotton breeders must be careful to ensure 
that the company technologies do not find their way 
into public cultivars under development.  The 
current study evaluated the genetic diversity in the 
ability of mature cotton pollen to move to 
neighboring cotton plants.  Six cotton cultivars were 
studied because of their identified differences in 
pollen humidity sensitivity.  Differences in 
outcrossing of 5 to 15% were observed under both 
irrigated and dryland production systems.  Year to 
year variability was larger that genetic differences 
within a year.  The lowest levels of outcrossing were 
observed for cotton cultivars having pollen with the 
greatest sensitivity to low humidity.  The results 
suggest that the pollen desiccation in response to low humidity could be used to reduce 
the amount of cotton outcrossing in the natural environment.  Additionally, cultivars 
with pollen resistant to drying out under low humidity could be used to enhance 
outcrossing in the development of hybrid cotton. 
 
Registration of five Pima cotton germplasm lines (Pima SJ-FR05– Pima SJ-FR09) with 
improved resistance to Fusarium Wilt Race 4 and good lint yield and fiber quality.  
Cotton breeders continue to need alternative sources of cotton breeding lines for 
improving Fusarium wilt (FOV race 4) resistance in Pima cotton in California. FOV race 
4 is a fungus that has impacted cotton yields in the San Joaquin Valley (SJV) for the last 
12 years. For this purpose, the Agricultural Research Service, United States Department 
of Agriculture and University of California announced the release of five Pima cotton 
germplasm lines: Pima SJ-FR05, Pima SJ-FR06, Pima SJ-FR07, Pima SJ-FR08, and Pima SJ-
FR09.  These lines possess good resistance to FOV race 4, and good lint yield and fiber 
quality characteristics such as fiber fineness, length, and strength. Pima SJ-FR05-FR09 
series originated from the cross of germplasm lines, Pima S-6 and 89590. Pima-S6 
possesses a major gene(s) for FOV race 4 resistance. The SJ-FR05-FR09 lines showed good 
resistance to FOV race 4, compared to the resistant and susceptible checks, and parental 
lines. In addition, field experimental data revealed that the Pima SJ-FR05-FR09 series 



showed good 
fiber quality 
traits (length, 
strength, and 
fineness) when 
compared to the 
SJV Pima cotton 
standard of 
California. The 
SJ-FR05-FR09 
series will help 
to speed efforts 
to broaden the 
genetic base, 
which is critical 
to the success 
and future of 
the Pima cotton 
industry. 
 
SNP marker discovery in Pima cotton (Gossypium barbadense L.) leaf transcriptomes.  
With the decrease in sequence cost by the new generation of DNA or RNA (cDNA) 
sequencing technology, it is becoming possible to obtain large amounts of sequence 
information for identifying differences among cottons and directly mapping genes 
responsible for important traits. These differences among cottons are revealed by 
differently expressed genes and single nucleotide polymorphic (SNP) - molecular 
markers or biomarkers. Plant breeders find these biomarkers useful as a selection tool in 
monitoring alien genome introgression in cotton breeding programs. As an initial step to 
explore the known narrow genetic diversity and to discover SNP-biomarkers for marker 
assisted breeding within Pima cotton, leaf cDNA from 25 day plants of three diverse 
cottons [Pima-S6 (PS6), Pima-S7 (PS7), and Pima 3-79 (P3-79)] were sequenced. 
Differential gene expression analysis between PS6 vs. PS7, PS6 vs. P3-79, and PS7 vs. P3-
79 cottons resulted in 5,080; 5,738; and 5,399 differential sequences with greater than two 
fold change, respectively. These differentially expressed genes representing major 
metabolic pathways might explain the gene pool diversity of these Pima genotypes. 
Additionally, more than 10,000 single SNPs were identified between the cotton types. 
Differentially expressed genes identified in this study will help us to advance applied 
genomic research in cotton. The SNP-biomarkers can be utilized for characterizing 
genetic diversity, genotyping, and eventually in breeding through marker-assisted 
selection. 
 



Analysis of root-knot nematode and fusarium wilt disease resistance in cotton 
(Gossypium spp.) using chromosome substitution lines from two alien species.  
Diseases caused by nematodes such as root-knot nematode (RKN) and caused by fungi 
such as Fusarium (FOV races 1 and 4) represent expanding threats to cotton production. 
Resistant cultivars are highly effective in preventing crop loss from RKN and FOV 
infection, economically important diseases in cotton. To identify a new resource of cotton 

types resistant to these two pests and favorable 
genes associated with nematode and fungal 
disease resistance traits, a series of cotton 
chromosome substitution (CS) lines were used 
in this study. RKN and FOV greenhouse and 
infested field evaluations identified CS lines 
with improved resistance. CS lines carrying 
small alien chromosome segments with 
favorable gene-alleles could be used for effective 
introgression of stress and disease resistance or 
many other desirable traits by targeting gene 
interactions and reducing barrier effects. 

Molecular marker analyses validated regions on cotton chromosomes 11, 16, and 17 
harboring RKN, FOV race 1, and FOV race 4 resistance genes, respectively. Also, analyses 
from this study demonstrated the value of these cotton CS lines as both a germplasm 
resource for breeding programs and as a powerful genetic analysis tool for determining 
gene effects for disease resistance. 
 
Ectopic expression of two AREB/ABF orthologs increase dehydration tolerance in 
cotton (Gossypium hirsutum). Plants have evolved complex molecular, cellular, and 
physiological mechanisms to respond to environmental stresses (e.g., dehydration) in 
order to survive periods of adversity. These mechanisms include signaling pathways, like 
those activated by the plant hormone abscisic acid (ABA), and stress-responsive gene 
families. However, these mechanisms necessarily reallocate resources away from growth 
and reproduction, and ectopic expression often results in decreased yields. We generated 
several transgenic cotton lines that ectopically express Arabidopsis ABF3 (AtABF3) and 
an AREB/ABF ortholog from G. hirsutum (GhABF). Through comparative phenotypic 
and physiological analyses, we analyzed the dehydration resilience and developmental 
characteristics of these plants in an attempt to determine the combination that maximizes 
dehydration tolerance and minimizes developmental delays. Our results indicate over-
expression of the GhABF homolog in G. hirsutum substantially increases dehydration 
resilience, while minimizing developmental delays, as compared to the AtABF3 over-
expressing transgenic lines. This study demonstrates the utility of employing the GhABF 
gene for engineering drought tolerance and will be the foundation for future field studies 
in drought-prone production regions.  
 



Toward Coalescing Gene Expression and Function with QTLs of Water-Deficit Stress 
in Cotton. Although cotton (Gossypium spp.) exhibits moderately high tolerance during 
vegetative development, water-deficit stress is one of the major limiting factors in its 
production.  Advancements in genome mapping and functional genomics provide a 
powerful resource for the genetic dissection of abiotic stress tolerance in crop plants.  
Large-scale genome projects have generated a mass of knowledge regarding the 
structural organization and function of stress-responsive genes in plants.  Searchable 
databases and analytic tools available to the research community offer the capacity to 
query these data.  These comparative tools from related fields enable the identification of 
genes and gene products, and may 
reveal functional relationships between 
a genotype and observed phenotype.  
Hence, there is an opportunity to make 
direct and meaningful comparisons 
from data generated by both structural 
and functional approaches to provide 
solutions for crop improvement. We 
identified cotton genes implicated in 
water-deficit stress by integrating 
information generated by both structural 
and functional genomics research.  This 
research examined the utility of genome 
sequence information as a means to link 
functional gene expression and structural quantitative trait data. Forty-four genes that 
appear to be functional orthologs of genes associated with stress tolerance responses, 
differentially expressed in response to water deficit treatment, and mapped within a QTL 
likelihood interval were identified as candidate genes.  This approach provides a strategy 
for combinatorial genomic analyses to identify candidate genes that will be useful tool 
for genetic optimization of fiber productivity and quality under water-limited conditions. 
 
Overexpression of the rice SUMO E3 ligase gene OsSIZ1 in cotton enhances drought 
and heat tolerance, and substantially improves fiber yields in the field under reduced 
irrigation and rainfed conditions. Abiotic stresses, drought and heat in particular, cause 
huge losses in crop productivity worldwide. Global climate change in terms of the rise in 
atmospheric temperature and infrequent rainfall patterns will further hinder sustainable 
agricultural crop production. Drought and heat stresses often occur simultaneously in 
nature and the adverse effects of these two stresses are often more severe than the stress 
confered by these stresses alone. In August 2000, loss of more than $4.2 billion revenue 
occurred in the United States due to the combined effects of heat and drought stresses. 
We generated transgenic cotton plants over-expressing the a regulatory gene from rice 
called SIZ1 that showed significant improvements in heat and drought tolerance under 
field conditions. Transgenic plants showed significant increases in total plant biomass 



and fiber yield. This study demonstrates the utility of the SIZ1 gene in engineering multi-
stress tolerance for yield improvement. 
 
Warming alters the positive impact of elevated CO2 concentration on cotton growth 
and physiology during soil water deficit. Rising CO2 concentration ([CO2]), warming, 
and altered precipitation may have significant impacts on the physiology and yield of 
cotton (Gossypium hirsutum L.). Current climate projections indicate that the U.S. 
Southern Great Plains will experience more frequent heatwaves, greater variability in 
rainfall, and an increase in the intensity of droughts. Compounding these problems is the 

decline in availablity of water for 
irrigation from increased urban use and 
declining aquifers and reservoirs. Thus, 
maximizing water use efficiency (WUE) 
at all scales is crucial in cotton farming 
systems, especially during drought 
periods when water for irrigation is 
scarce. While deficit irrigation and 
dryland cotton production is a key 
feature of many production systems 
worldwide, it remains generally unclear 
how soil water deficit impacts cotton 

response to the interactive effects of elevated [CO2] and temperature. Given the on-going 
and projected changes in climate, it is important to understand how rising [CO2], 
temperature, and drought will affect cotton production through impacts on plant growth, 
physiology, water use, and WUE. 
 
We investigated the interactive effects of elevated [CO2], warming and soil water deficit 
on biomass production, leaf level physiological responses, and whole plant water use and 
efficiency in cotton.  Our work showed that cotton growth under elevated [CO2] increased 
and was correlated with increased photosynthesis and higher WUE. However, those 
responses were not evident under elevated temperatures. While elevated [CO2] may 
provide some positive growth and physiological benefits to cotton at ambient 
temperatures if sufficient water is available, [CO2] will not mitigate the negative effects 
of rising temperature on cotton growth and physiology in future environments and could 
potentially result in increased total water use by the crop. 
 
 


