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Figure 1. Soil from 10 x 12-inch areas were sampled from walnut 
orchards. The soil from the top 2 inches, 2–4 inches, and 4–6 
inches were collected. Credit: Jhalendra Rijal, UC IPM
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The walnut husk fly, Rhagoletis completa (Diptera: Tephritidae), 
is about the size of a house fly. Walnut is the primary host of this 
insect, although there have been reports of an occasional attack 
to peach trees that are near walnuts. The walnut husk fly has been 
an increasing problem in several walnut growing areas in California. 
Female flies lay eggs underneath the walnut husk, and the larvae 
(technically “maggots”) feed in groups on the husk. Early season 
damage results in shriveling and darkening of the kernels, with the 
increased potential for mold growth. Late season infestation causes 
little kernel damage, although it may stain the shell and makes the 
husk removal process difficult. Walnut orchards or trees near a 
river or in proximity to black walnut trees are known to be at risk. 
The husk fly can attack all major varieties of walnuts, including the 
less-susceptible variety Chandler. The most susceptible varieties are 
Eureka, Payne, Hartley, Serr, and Tulare. 

The husk fly overwinters as a pupa in the soil and emerges as 
an adult during the summer from June through September in 
the Central Valley. The flies are attracted to yellow sticky traps 
supercharged with ammonium carbonate as they search for the 
nitrogen-based food source that is critical for the development of 
their eggs and thereby, egg laying. After feeding on the husk for 
a few weeks, mature larvae drop to the ground, settle, and pupate 
there. 

Current husk fly control is primarily dependent on multiple 
insecticide sprays to cover the entire fly emergence period, and 
that begins as soon as a single fly is captured in a trap. We have a 
limited understanding of the overwintering biology of the walnut 
husk fly in the soil, and therefore, in this study, we explored one of 
the basic questions related to the overwintering biology of this fly: 
what is the depth of husk fly pupation in the soil? This information is 
critical in understanding the behavior of husk fly overwintering and 
emergence, and implementing effective IPM-based management.

Methods for pupal recovery from the soil. We developed a 
technique (dry and wet sieving technique) to recover pupae 
from the soil. The study was conducted in two orchards (varieties 
Chandler and Eureka) in 2017 and two orchards (variety Chandler) 
in 2018 covering San Joaquin and Stanislaus counties, respectively. 
In each orchard, four soil samples were collected from each of four 
adjacent trees in a square pattern. Samples were taken from a 10 
x 12-inch area from three soil depths (<2 inches, 2-4 inches, >4-6 
inches) (Fig. 1). 
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Figure 2. Soil sample processing for the extraction of walnut husk fly pupae from the soil samples. Credit: Jhalendra Rijal, UC IPM

The samples were then subsampled to fill an aluminum foil pan (size: 
32.3 x 22.8 x 4.6 cm = 3388 cubic cm) and the soil was processed 
to recover the husk fly pupae. For soil processing, we conducted 
a 1) dry-sieving technique, and 2) flotation technique, but neither 
of them worked. In the end, we developed the dry and wet sieving 
method. In this method, we assembled two separate wooden 
frames (Fig. 2A) with two screen sizes (big: 5 x 5 mm; small: 2 x 2 
mm). The soil was first dry-sieved using the big screen (Fig. 2A) to 
remove objects like pebbles and leaf pieces. This was followed by 
a wet sieving using the small screen (Fig. 2B). In the wet sieving, a 
gentle flow of water into the sieve facilitates the drainage of the soil, 
but not the husk fly pupae (Fig. 2B–C). The number of the pupae 
recovered from each sampling depth was used to compare the 
relative abundance of the overwintering husk fly pupae in different 
layers of the soil. 

Results. We recovered a total of 28, 20, 16, and 11 pupae each 
from the four sites: Lodi 1, Lodi 2, Oakdale 1, and Oakdale 2, 
respectively (Lodi in San Joaquin County and Oakdale in Stanislaus 
County). We observed a trend of reduced number of overwintering 
pupae with increasing soil depth (Fig. 3). From the 2017 sites 
combined, the average number of pupae (0.94 pupae/subsample) 
recovered from top 2 inches of soil was significantly greater than 
the average number of pupae found from 2–4 inches (0.34 pupae/
subsample), and >4–6 inches (0.22 pupae/subsample) (Fig. 4). In 
combined data from the 2018 sites, the average number of pupae 
recovered from top 2 inches of soil (0.56 pupae/subsample) was not 
statistically different from 2–4 inches (0.19 pupae/subsample) but 
was different from >4–6 inches (0.09 pupae/subsample) (Fig. 4). 

Figure 3. Mean number of walnut husk fly pupae per subsample 
(i.e., 3388 cubic cm of soil) from the soil across four orchards in 
San Joaquin (Lodi) and Stanislaus (Oakdale) counties, 2017–18.

Figure 4. Mean number of walnut husk fly pupae per subsample 
(i.e., 3388 cubic cm of soil) from walnut orchards in 2017 and 
2018. Bars represented by different letters within the same year 
are statistically significant (P<0.05).



The overall husk fly abundance was higher in 2017 compared to 
2018, although this could have been individual orchard pressure and 
not necessarily the year effect. Based on combined pupae recovery 
data from 4 sites, the pupal distribution across three soil depths—
top 2 inches, 2–4 inches, and >4–6 inches—were 64.5%, 23.1%, 
and 12.4%, respectively (Fig. 5).

Conclusion. Using this new pupal recovery technique, overall, we 
found that the majority of the husk fly pupae (65%) overwinter 
within the top two inches of the soil, and about 88% within the top 
four inches. Knowing the depth of pupation is crucial to explore 
new methods of husk fly control in walnut orchards. Some potential 
management options include the winter application of microbial or 
other conventional insecticides targeting the larvae or pupae in the 
soil and cultural practices such as discing. Further work is needed to 
test the effectiveness of these potential options to control walnut 
husk fly by targeting the overwintering pupae in walnut orchards. 
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Figure 5. Mean percent walnut husk fly pupal distribution among 
three depths of the soil taken from four walnut orchards.


