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Mating disruption for control of navel orangeworm. 

Contact: Chuck Burks, Charles.Burks@ars.usda.gov, 559-596-2757 

The navel orangeworm, a moth larva, is the principal pest of California al-
mond and pistachio, and an important pest of walnut in California. Use of 
semiochemicals (odor molecules used as biological signals) is improving 
the options available for management of this important pest of very valua-
ble crops. Over the last 15 years, Dr. Chuck Burks, in the Crop Protection 
and Quality (CPQ) Research Unit, has worked with collaborators and stake-
holders to develop and improve mating disruption and monitoring tech-
niques in order to improve control of the navel orangeworm, while reduc-
ing impact on people and the environment. 

Mating disruption controls moth pests by preventing males from finding and 
mating with females. The females produce a pheromone that allows males to lo-
cate them. Mating disruption works by releasing pheromone to interfere with the 
moths finding each other. The pheromone released by mating disruption dispens-
ers over an entire night amounts to around 1 part per billion in the air over an or-
chard, and that is several orders of magnitude greater than the amount of phero-
mone produced by females. These minute amounts of pheromone profoundly 
affect the behavior of male moths, either leading them to the female emitting the 
pheromone, or preventing the males from finding and fertilizing females. Like 
most other pheromones used to control moths, the navel orangeworm mating 
disruption formulation uses one of a group of compounds referred to as “straight-
chain lepidopteran pheromone”. These are classified by the U.S. EPA as “generally 
regarded as safe”. Mating disruption formulations are nonetheless regulated as 
pesticides in California, and demonstration of effectiveness is required for regis-
tration. 

The part of the navel orangeworm pheromone used for mating disruption was 
discovered by previous USDA-ARS researchers around 1980, and field work was 
undertaken shortly thereafter. It became apparent that, although the single 
known component was not sufficient to attract males to a lure, it did show some 
promise for mating disruption. However, its use for control of navel orangeworm 
was not practical as that time due to limitations in the dispenser technology, as 
well as the instability of the pheromone molecule itself. These technical challeng-
es were later overcome when a timed aerosol release device was developed. This 
device allowed the pheromone molecule to be kept in a liquid solvent rather than 
in a solid matrix, and released into the atmosphere when needed. 

Research Highlight 
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Burks began working with mating disruption as an experimental technology for control of navel orangeworm in figs 
shortly after 2000. Soon afterward, he began to collaborate with private industry scientists to continue in these efforts 
in almond and pistachio. Work in the early to mid-2000s demonstrated that aerosol mating disruption for navel or-
angeworm is effective, and allowed registration of this technology in 2007. 

In 2008 a group of CPQ scientists, including Burks, received a five year Area-Wide IPM 
grant for navel orangeworm pest management. Work under this project in western Fres-
no County showed that mating disruption could be effective even in almond orchards 
with high navel orangeworm abundance. Data from Kern County showed that reduction 
of navel orangeworm damage when both insecticides and mating disruption were used 
together was additive, and possibly synergistic. An economic analysis of data from the 
five-year project showed that, given the treatment costs and price structure at that time, 
use of mating disruption was economically beneficial in three out of the five years. 

Advances were made in the navel orangeworm formulation during the same period. An attractive blend was first iden-
tified in 2005, with improved characterization following in 2010. Burks collaborated in tests examining an attractive 
blend for mating disruption and in tests leading to release of a pheromone lure in 2013. Previous studies had been 
done using traps baited with unmated females as a pheromone source. The mating disruption tests indicated that use 
of a more complete blend might improve disruption of the ability of males to locate females. Current regulations, how-
ever, favor straight-chain lepidopteran pheromones over the longer hydrocarbon compounds that are part of an attrac-
tive navel orangeworm pheromone. It therefore seems likely that, for the foreseeable future, mating disruption will 
continue to use only the single pheromone compound that was first identified. 

Another line of research examined methods of monitoring in the presence of mating disruption. A chemical called phe-
nyl propionate offers an alternative for monitoring navel orangeworm in the presence of mating disruption. This 
attractant was identified in a mass screening study in the 1960s, and its ecological relevance to the navel orangeworm 
is unknown. Phenyl propionate attracts navel orangeworm adults more effectively than the almond meal bait in egg 
traps. After a commercial pheromone lure became available, it became evident that, in the presence of mating disrup-
tion, pheromone lures synergized the effectiveness of phenyl propionate as a monitoring bait. This was surprising, since 
pheromone lures by themselves are ineffective in the presence of mating disruption. It is also fortuitous, since other 
studies in which Burks has collaborated have demonstrated that mating disruption for navel orangeworm suppresses 
pheromone traps a mile or more away from treated fields, even though crop protection only extends for yards from 
the mating disruption dispenser. 

Since Burks began research on navel orangeworm mating disruption in the early 2000s, 
the nut crops have collectively expanded nearly 2-fold in acreage, and 6-fold in value. The 
approximately 150,000 acres under navel orangeworm mating disruption form about 10% 
of the acreage of the almond and pistachio crops. Thus, while this practice is well estab-
lished, there is also room for further expansion of this environmentally friendly pest man-
agement technique. Burks’ current research is examining ways of making the present 
mating disruption practices more economical. Another research area is examining mating 
disruption using solid dispensers. This would be particularly beneficial to organic agricul-
ture since, unlike some other insects, the navel orangeworm pheromone isn’t compatible 
with solvents that are compatible with organic regulations. The very strong flight capacity 
of the navel orangeworm makes an area-wide approach particularly beneficial for this 
insect.  One possibility for expanding use of an area-wide approach is to examine the pos-
sibility of combining sterile insect technique (SIT) and mating disruption to determine if 
these techniques are additive or synergistic as was the case for mating disruption and 
insecticide treatment.    
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Research Updates 

Application of droplet digital 
PCR for quantitative detection 
of Spiroplasma citri in com-
parison with real time PCR 

Submitted to: PLoS One 

Authors: Y. Maheshwari, V. 
Selvaraj, S. Hajeri, R. Yokomi 

Citrus stubborn disease (CSD) is caused by the bacterium 
Spiroplasma citri and is transmitted plant to plant by 
leafhopper vectors. CSD induces leaf chlorosis, stunting, 
off-shaped fruit, premature fruit drop, and yield reduction. 
This research was conducted to develop a precise method 
to measure the population of S. citri to determine limits of 
accurate detection. Two diagnostic procedures were com-
pared: real time polymerase chain reaction (qPCR) and 
droplet digital PCR (ddPCR). qPCR is the current technolo-
gy for S. citri detection. ddPCR is a unique approach to 
measure the absolute copy number of nucleic acid targets 
without the need for external standards. Two S. citri gene 
targets were examined: spiralin, a single copy gene, and a 
S. citri multicopy prophase gene, ORF1. Results indicated 
that ddPCR was more robust and accurate than qPCR, and 
detectable levels of pathogen were higher in fruit columel-
la than in leaf petioles. Detection was more reliable and 
sensitive with less variation using the ORF1 vs. spiralin pri-
mers due to a higher copy number of targets in the sam-
ple. 

Contact:  Ray Yokomi, Ray.Yokomi@ars.usda.gov, (559) 
596-2990 
 

S1, a new Citrus tristeza virus genotype 
identified in California 

Submitted to:  Journal of General Virology 

Authors:  R. Yokomi, V. Selvaraj, Y. Ma-
heshwari, M. Chiumenti, M. Saponari, A. 
Giampetruzzi, Z. Weng, Z. Xiong, S. Hajeri 

Citrus tristeza virus (CTV) is the most important virus 
affecting citrus. Infection of citrus grown on sour orange 
rootstock by certain strains of CTV is lethal. Citrus indus-
tries in many regions (e.g., Brazil, Peru, Venezuela, Austral-
ia, Spain, and Southern California) were decimated by CTV 
in the early-to-mid 1900’s. In addition to viral strains, sus-

ceptibility to CTV is affected by the citrus scion cultivar. 
The most virulent CTV strains cause stem pitting 
(regardless of rootstock) and react with the monoclonal 
antibody, MCA13. Recently, an MCA13-positive CTV strain 
(S1) isolated in California was shown to cause mild disease. 
A unique portion of the genome was used to develop a 
marker assay to rapidly identify S1 genotype isolates. Anal-
ysis of the worldwide database of CTV isolates revealed 
that putative S1-like CTV isolates occur in many countries. 
This new information is important for regulatory programs 
using MCA13 to screen for virulent strains of CTV. The use 
of the S1 marker probe can be used to rapidly characterize 
MCA13-reative isolates that are mild and, therefore, of 
lower priority for eradication. 

Contact:  Ray Yokomi, Ray.Yokomi@ars.usda.gov, (559) 
596-2990 
 

‘Hass’ avocado quality as 
influenced by temperature 
and ethylene prior to and 
during final ripening 

Submitted to: Postharvest 
Biology and Technology 

Authors: M. Arpaia, S. Col-
lin, J. Sievert, D. Obenland 

Avocados are often held commercially for short periods at 
relatively high temperatures immediately after harvest but 
the effect on quality was not known. To address this ques-
tion, avocados were harvested at five different times dur-
ing the commercial season and held at 20, 25, 30, or 35°C 
for 24 or 48 hours prior to storage and final ripening. Re-
sults showed that even a 24-hour exposure to 25°C or 
above inhibited ripening and caused more decay to occur. 
Temperature during final ripening was also shown to be 
important as when 20°C was exceeded discoloration of the 
flesh became evident, although flavor was found to be rel-
atively insensitive to ripening temperature up to 25°C. Re-
sults from this study provide guidelines to the avocado 
industry for temperatures immediately after harvest and 
during final ripening that will ensure optimum avocado 
quality. 

Contact:  Dave Obenland, David.Obenland@ars.usda.gov, 
(559) 596-2990 
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Fruit quality of pomegranate grown in 
arid environment and irrigated with sa-
line water 

Submitted to:  Sustainable Water Re-
sources Management 

Authors:  T. Centofanti, G. Banuelos, C. 
Wallis 

In arid regions, utilizing saline soils and waters naturally 
rich in trace elements requires identifying new crops for 
sustaining crop production under poor growing conditions. 
Poor quality water produced from such soils can be uti-
lized to grow specialty crops, e.g., pomegranates that are 
specifically selected for tolerance to high salt and boron 
(B). The goal of this micro-plot field study was to evaluate 
the physiological responses related to nutritional quality in 
fruit from one-year old pomegranate trees irrigated for 
three years with typical poor quality water found in the 
western San Joaquin Valley of California. Results from this 
study showed that the young pomegranate trees tolerated 
irrigation with poor water quality at various salinity levels 
for three years. Under the adverse growing conditions, 
fruit were generally smaller than fruit collected from pom-
egranate trees irrigated with good quality water. The juice 
produced from fruit collected from trees irrigated with 
poor quality water contained selenium, as well as higher 
concentrations of nutrients, including antioxidant phenolic 
compounds. The production of nutrient-enriched pome-
granate fruit juice may represent higher market value crop 
product by using poor quality water as a source of irriga-
tion. Longer term studies (beyond 3 years) are, however, 
necessary to determine if the nutritional effect in pome-
granate juice is further enhanced with longer use of poor 
quality waters and importantly, if the soil quality is still 
able to sustain growth of pomegranate trees. 

Contact:  Gary Bañuelos , Gary.Banuelos@ars.usda.gov, 
(559) 596-2851 
 

Interrelation of mating, flight, and 
fecundity in navel orangeworm 
(Lepidoptera: Pyralidae) females 

Submitted to: Entomologia Experi-
mentalis et Applicata  

Authors: A. Rovnyack, C. Burks, A. 
Grassman, T. Sappington 

The navel orangeworm is a key pest in almond and pista-
chio, crops worth >$5 billion in pre-processed form. A sub-

stantial dispersal capacity has been documented for the 
navel orangeworm and is important to its pest potential, 
but interactions between flight and reproduction are not 
well understood. A flight mill experiment found that un-
mated females flew later in the night, and for shorter 
times and distances, compared to mated females. There 
was no evidence that moths that flew more laid fewer 
eggs. These data indicate that navel orangeworm females 
probably do not disperse far prior to first mating, and that 
subsequent flight does not greatly diminish the number of 
eggs laid. These data will help pest management research 
and extension personnel refine mating disruption and 
monitoring systems for control of this important pest. 

Contact:  Charles Burks, Charles.Burks@ars.usda.gov, 
(559) 596-2757 
 

A Type 3 prophage of “Candidatus 
Liberibacter asiaticus” carrying a 
restriction-modification system 

Submitted to: Molecular Plant-
Microbe Interactions 

Authors:  Z. Zheng, M. Bao, F. Wu, 
C. Van Horn, J. Chen, X. Deng 

“Candidatus Liberibacter asiaticus” is a non-culturable bac-
terial pathogen of citrus Huanglongbing (HLB, yellow shoot 
disease, also known as citrus greening disease), a highly 
destructive disease currently threatening the citrus indus-
try around the world. Recent studies have shown that the 
HLB pathogen has two phages or bacterial viruses. The 
phages could destroy the HLB pathogen but also could 
bring in genes to enhance virulence of the pathogen. 
Therefore, phages are important issues in HLB research. 
The objective of this study was to search for new phages 
of the HLB pathogen through a next generation sequenc-
ing (NGS) approach and analyses of a large collection of 
HLB pathogen samples. A total of 523 HLB DNA samples 
collected from southern China during 2013 and 2016 were 
studied. A new phage, called P-JXGC-3, was found and ana-
lyzed. The phage carried a unique bacterial defense sys-
tem, called restriction-modification system, which could 
be used to enhance pathogen survival under field condi-
tion. The new phage information facilitates our under-
standing of phage biology of the HLB pathogen that will 
help to formulate new HLB management strategies. 

Contact:  Jianchi Chen, Jianchi.Chen@ars.usda.gov, (559) 
596-2924 
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Characterization of host plant 
resistance to zebra chip disease 
from species-derived potato 
genotypes and the identifica-
tion of new sources of zebra 
chip resistance 

Submitted to: Phytopathology 

Authors: R. Mahnaz, R. Novy, C. Wallis, A. Rashed 

Zebra chip disease (ZC), caused by ‘Candidatus Liberibacter 
solanacearum’(Lso), is a major threat to potato production 
in North America, Central America, and New Zealand. Long
-term management requires the use of Lso-infection toler-
ant or resistant potato cultivars, although none are yet 
commercially available. This study assessed 11 potato-
breeding lines for relative expression of tolerance and re-
sistance, as measured by reduced symptom development 
or Lso titers, respectively, compared to a highly susceptible 
commercial cultivar Russet Burbank. Three of these breed-
ing lines, all with the A07781 background, had relatively 
lower symptom expression and lower Lso titers than Rus-
set Burbank. Therefore, these could be used to impart in-
creased ZC resistance in future potato cultivars. 

Contact:  Chris Wallis, Christopher.Wallis@ars.usda.gov, 
(559) 596-2805 
 

Association of promising 
germplasm exhibiting tol-
erance to psyllids, aphids, 
and zebra chip disease 
with foliar host chemistry 

Submitted to: Journal of 
Economic Entomology 

Authors: S. Prager, C. Wallis, M. Jones, R. Novy, J. Trum-
ble 

Zebra chip disease, caused by “Candidatus Liberibacter 
solanacearum” and spread by the potato psyllid Bacteri-
cera cockerelli, is a major threat to potato production 
worldwide. Long term, sustainable management requires 
the development of new potato cultivars that resist patho-
gen infection, insect vectors, or both. This study assessed 
the ability of promising breeding lines to resist psyllids 
and, for comparison, aphids. It also measured compound 
levels that could affect plant-insect interactions in the 
same breeding lines and compared observations with 
those in the commercial cultivar Atlantic. Although breed-
ing lines possessed greater levels of alkaloids, phenolics, 

and terpenoids, all of which could negatively affect insect 
feeding, only insect reproduction was reduced in the 
breeding lines compared to the Atlantic controls. Regard-
less, reductions in insect vector reproduction when cou-
pled with pathogen resistance will make such breeding 
lines useful in developing ZC-resistant cultivars. 

Contact:  Chris Wallis, Christopher.Wallis@ars.usda.gov, 
(559) 596-2805 
 

Characterization of physiological and molecular processes 
associated with potato response to Zebra chip disease 

Submitted to: Horticulture Research 

Authors: C. Nwugo, V. Sengoda, L. Tian, H. Lin 

Potato is the most important non-grain crop in the world, 
and its production is threatened by zebra chip (ZC) disease 
caused by the insect-transmissible bacterium ‘Candidatus 
Liberibacter solanacearum’ (Lso). In this study, molecular 
and physiological analyses were applied to identify molec-
ular processes associated with host plant responses to Lso 
infection. To achieve this, gene expression and nutrient 
concentrations in above ground (AG) and below ground 
(BG) tissues of healthy and Lso-infected potato plants 
were investigated. In general, results suggest that ZC dis-
ease development involves a reprogramming of the gene 
regulatory processes in AG tissues into acting like BG tis-
sues as well as poor utilization of energy resources charac-
teristic of a broad indiscriminate increase in gene and pro-
tein expression and nutrient accumulation despite limiting 
photosynthesis. Results from this study revealed novel 
insights into molecular and physiological aspects associat-
ed with potatoes to Lso infection.  

Contact:  Hong Lin, Hong.Lin@ars.usda.gov, (559) 596-
2933 

Subscribe or unsubscribe to the SJVASC Update or read past 
Updates at: 
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