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Navel orangeworm (Amyelois transitella) 
has been a very important insect pest in 

California nut production, inflicting consider-
able economic damage to major nut crops, like 
almonds, pistachios, and walnuts. In addition 
to the direct yield and quality reduction, feed-
ing by navel orangeworm on nuts increases the 
risk of aflatoxin contamination in marketed 
nuts. Current management practices for navel 
orangeworm primarily depend on insecticide 
spray and removal of mummy nuts from the 
trees and ground before navel orangeworm 
adults begin their flight in the spring time. 
Based on previous studies and experiences, the 
sole use of insecticide does not provide a de-
sirable control for navel orangeworm. Also, the 
increased evidence of navel orangeworm gain-
ing resistance to some of the commonly used 
pyrethroids in the southern San Joaquin Valley 
has added complexity in pest management 
programs. Research and demonstration trials 
in the recent decade have shown that phero-
mone-based mating disruption can effectively 
be implemented as part of the IPM program to 
reduce navel orangeworm and crop damage, 
and this evidence led to the development and 
registration of mating disruption products to 
use in nut crops. 

Mating 
Disruption: 

An Effective IPM Tool 
for Navel Orangeworm 
Management in Nut Crops 

     Currently, there are two aerosol-based 
mating disruption products (NOW Puff-
ers® by Suterra, and Semios NOW Plus® by 
Semios) available in the market; however, 
more products, including different formu-
lations, are under development and in the 
process of registration. In aerosol products, 
the pheromone-filled can dispenses its 
contents at a fixed time interval into the 
orchard to disrupt the mating behavior of 
navel orangeworm. The pheromone that 
is utilized in the navel orangeworm mat-
ing disruption product is a non-attractive 
component of the pheromone blend. The 
advantages of using mating disruption 
products are: 1) highly selective to control 
the target insect pest, 2) negligible health 
and environment-related effects with no 
residues, 3) minimal interference with 
other orchard practices such as irrigation 
scheduling, re-entry interval, etc., and 4) 
well-fit into the integrated approach of pest 
management.

What is pheromone mating disruption?  

     Pheromone is the chemical produced 
(secreted by the external glands) by a 
species of insect that is used to communi-
cate with the members of the same species. 
There are several types of pheromone, but 
the particular one involved in reproduc-
tion and mating is the sex pheromone. 
By utilizing an exact copy of or a portion 
of the insect pheromone blend, the regu-
lar intra-species communication can be 
manipulated and exploited to our benefit 
(e.g., pest management). In mating disrup-
tion, scientists use this strategy to disrupt 
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male-female communication. Thus, 
normal mate-finding is prevented or 
delayed, which results in a reduction in 
overall insect pest population and crop 
damage. The female-produced phero-
mone has been exploited for the devel-
opment of a mating disruption strategy 
for several insect pests; most them are 
a variety of lepidopteran insects.

How does mating disruption work?  

     There are several schools of thought 
about how mating disruption actually 
works. The mechanism for mating 
disruption is a complex phenomenon, 
and it varies with the insect species un-
der test, their physiological and behav-
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ioral conditions, and other external 
factors. Under normal circumstances, 
female moths release pheromones as 
the indicator of their reproduction 
receptivity. Male moths pick up the 
signal from the pheromone plume 
and follow the trail to find the source 
(in this case, a female moth) and mat-
ing occurs. Under mating disruption, 
due to the presence and abundance 
of synthetic pheromones coming out 
from the dispensers/products, the 
mate-finding process is disrupted.
     Broadly, there are two modes 
of action (i.e. principles) of mat-
ing disruption. The first one is the 
‘non-competitive attraction’ in which 
the sensory system of male moths is 
impaired by the pheromone released 
from the mating disruption dispens-
er. Consequently, males are no longer 
able to find females at all (i.e., no 
mating) or early enough (i.e., de-
layed mating) for mating. The other 
mechanism of mating disruption 
is called ‘competitive attraction’ in 
which male moths compete with the 
pheromone plumes generated by the 
mating disruption dispensers during 
the mate-finding process. In this case, 
the sensory system of the male moth 
is not impaired, and thus they are 
readily capable of responding to the 
pheromones. Under the competitive 
mechanism, there are female-pro-
duced and dispenser-
generated pheromone trails in the 
orchard, and male moths will likely 
follows the false trails (because there 
are so many of them) that are not 
actually produced by female moths. 
These two broad mechanisms may 
occur simultaneously, or they can be 
mutually exclusive depending on the 
insect species and other conditions. 

What are the other factors that 
may affect the success of the mat-
ing disruption?

1. Size of the orchard: the 
bigger the orchard, the better the 
performance of the mating disruption 
products, given other conditions are 
equal. This is more applicable for 
aerosol-based dispensers than the 
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high-density dispenser types (i.e. twist 
ties, MESO).

2. Shape of the orchard block: 
Irregular-shaped orchards will not get 
uniform distribution of the phero-
mone within the orchard, and this will 
increase the chances of having areas 
where mating can still occur. Square 
or rectangular sized blocks are desir-
able for better effectiveness of mating 
disruption.

3. Topography of the land: Un-
dulated topography (e.g. with steep 
slopes) may result in uneven dis-
tribution of the pheromone within 
the orchard, leading to insufficient 
amounts of pheromone in pockets of 
the orchard where mating disruption is 
not happening. 

4. Intensity and direction of the 
wind: Since pheromone molecules are 
dispersed by the wind, high-velocity wind 
is likely to carry the pheromone a long 
distance. Also, wind takes pheromone to 
the downwind side of the orchard, leaving 
the upwind side without enough to 
prevent mating. So, wind direction should 
be taken into consideration during the in-
stallation of the dispensers in the orchard. 
More dispensers at the upwind side helps 
to offset the gap.  

5. Neighboring orchards: There is 
always the chance that mated females 
can migrate to the disrupted orchards 
and lay their eggs, although the signif-

Scientifically proven to reduce
female NOW populations and 
damage with Mass Trapping
and Monitoring.

icance of that migration has not been 
quantified in several conditions. If 
possible, it is beneficial to implement 
areawide mating disruption especially 
for the insect such as navel orange-
worm, which likely have a resident 
population in most of the orchards in 
the Central Valley. 

6. Pest pressure: Mating disruption 
should not be considered as the stand-
alone tactic in an orchard with high 
insect density. Under high pest pres-
sure, despite any mating disruption, 
there is a great chance that mating is 
still occurring within the orchard. The 
first year or two, insecticidal control 
is recommended in mating disrupted 
plots. After that, the mating disruption 
itself can keep the pest populations 
below the desirable level. Of course, 
this depends on orchard conditions, 
the grower’s damage threshold, and 
other factors.

How Can Mating Disruption Be a 
Part of the IPM Program for Navel 
Orangeworm?

     Mating disruption has been increas-
ingly popular, and, based on feedback 
from growers and PCAs, this tactic is 
working well in combination with oth-
er control strategies for navel orange-
worm in nut crops. Despite the success 
and increase use of mating disruption 
products, this method itself should not 
be taken as a replacement for cultural 
control methods such as winter sani-
tation (i.e., removal and destroy of the 
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tree and ground mummy nuts in the 
winter) and early harvest that we have 
in place. Mating disruption does not 
directly kill the navel orangeworm lar-
vae, rather help to keep the population 
below a certain level by preventing or 
delaying mating. The orchard with the 
history of high navel orangeworm ac-
tivity and nut damage, mating disrup-
tion should be one of the components 
of the pest management program, at 
least for initial years. Also, depending 
on the size, shape, and proximity to 
other orchards, insecticide treatment 
in mating disrupted orchards might 
be necessary for areas of the orchard 
where mating disruption may be fail-
ing due to immigrating moths or due 
to other orchard-related factors. 
     Growers and PCAs need to be vigi-
lant about the changes in insect popu-
lation in the orchard and if necessary, 
use insecticides to address unexpected 
situations. In any orchard with navel 
orangeworm mating disruption, use 
of the pheromone trap is strongly 
recommended to evaluate whether the 
mating disruption product is working 
or not. Negligible moth counts to com-
plete trap shut-down is expected if the 
mating disruption is working. There 
should not be confusion about the fact 
that trap shut-down does not automat-
ically translate to damage reduction. 
With a clear understanding of the 
basics of mating disruption principles 
and associated factors for implemen-
tation, mating disruption can serve as 
an effective tool for integrated man-
agement of navel orangeworm in nut 
crops.  

Comments about this article? We want 
to hear from you. Feel free to email us at 
article@jcsmarketinginc.com
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