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New navel orangeworm sanitation standards
could reduce almond damage
by Bradley S. Higbee and Joel P. Siegel

The navel orangeworm (NOW), a primary pest of almonds and pistachios
in California, is controlled in part by
sanitation, with a current threshold
of two mummy nuts or fewer per
tree. However, almond and pistachio
acreage has increased dramatically
since the tree mummy threshold was
established. This study addresses
the impact of this expansion and the
possible need for a more stringent
standard. Beginning in 2002, the
Paramount Farming Company conducted a series of large-scale studies
reevaluating the current tree mummy
threshold in almond orchards, as well
as the impact of ground mummies

Sanitation practices in almond orchards can have a significant impact on insect pest damage.
Almond “mummies” remaining on the tree after harvest provide overwintering sites for navel
orangeworm, which then infests the new crop.

and proximity to pistachio orchards.
prises almost all pistachio plantings
threshold of 0.2 mummies per tree. In in California (see page 18). From 2003
to 2007, there has been unprecedented
addition, a new threshold for ground expansion in the acreage of both crops:
mummies of four per tree for ‘Non30% for almond and 31% for pistachio.
In 2005, the combined farm-gate
pareil’ almonds is supported in Kern
value
of almonds and pistachios was
County, although this needs to be
approximately $2.9 billion, according
validated in other regions. Proximity
to the Almond Board of California.
to pistachios was an important risk
These crops contribute substantially
factor for navel orangeworm damage to the U.S. export balance of trade.
Approximately 67% of the almond (ABC
of 2% or less in almonds. Likewise,
2006) and 49% of the pistachio crop
the influence of pistachios extended
was exported in 2005, according to the
3 miles from the center of the 10-acre California Pistachio Industry Annual
almond orchard sections in our exper- Report. Kern County had the single
greatest concentration of both crops in
iments to the margin of the nearest
2005, with 20% of total standing almond
pistachio orchard.
acres (131,400) and 31.9% of total standing pistachio acres (48,770) (NASS 2006).
lmond and pistachio plantings
Navel orangeworm (NOW), Amyelois
comprise more than 880,000 acres
transitella Walker (Wade 1961), is the
in the Central Valley (NASS 2006). Almajor pest of almonds and pistachios
monds account for about 83% and pisin California, and direct damage by
tachios for about 17% of these plantings this insect can exceed 30% in both
(730,000 and 153,000 acres, respectively). crops. During the late 1970s through
‘Nonpareil’ is the most popular almond the early 1980s, navel orangeworm
variety, comprising 37.7% of all standdevastated the almond crop, causing
ing acreage in 2006, and ‘Kerman’ com- average damage of 8.8% in 1978 (F.G.
The data supports a more stringent
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Zalom, personal communication). By
the late 1980s, average damage in almonds was reduced to approximately
4%, due to the efforts of researchers
at the U.S. Department of Agriculture
(USDA) (Curtis 1979) and the University
of California (Engle and Barnes 1983;
Zalom et al. 1984).
This reduction in navel orangeworm
damage was accomplished via a massive commitment to orchard sanitation,
using a threshold of no more than two
unharvested (mummy) nuts remaining
in each tree, along with early harvest of
the ‘Nonpareil’ crop and on-farm fumigation with insecticides after harvest
(UC IPM Online 2007). These practices
lowered damage by both reducing navel
orangeworm populations and removing nuts before they could become infested by the large populations of navel
orangeworm that occur from August
through September.
While the 4% damage level was satisfactory for approximately 20 years, both
food-quality standards and commodity
values are dynamic, and today there is
even less tolerance for damage. Since
2002, the almond industry’s average

Jack Kelly Clark

Navel orangeworm control can be achieved in almonds by careful orchard sanitation, early harvest of the ‘Nonpareil’ variety and postharvest
fumigation with insecticides. Clockwise from top left: a navel orangeworm adult; a fertile navel orangeworm egg laid on a mummy almond; a
hatched egg; and an almond mummy infested with navel orangeworm larvae.

damage goal for navel orangeworm has
been 2% or less. Factors contributing
to this current threshold include the
crop’s increased value and the association of kernel damage by navel orangeworm with aflatoxin contamination,
a major quality concern (Schatzki and
Ong 2001; ABC 2006). In addition, the
European Union — the largest market
for California almonds — has imposed
more-stringent import standards
that have lowered the allowable level
of aflatoxin B1 to 2 parts per billion
(OJEU 2007).
In order to reduce navel orangeworm damage and increase almond
quality, the Paramount Farming
Company initiated research in Kern
County in 2002 to evaluate the complex
interactions between current sanitation practices, orchard damage history
and proximity to an alternate navel
orangeworm host (pistachios). Using

pooled data from 2003 through 2006,
we report on how ‘Nonpareil’ kernel
damage is affected by numbers of both
tree and ground mummies, as well as
proximity to pistachios.
Post-sanitation studies

Between December 2002 and
February 2006, a series of long-term,
labor-intensive studies on mummy
abundance following sanitation was
conducted in ranches belonging to all
divisions of the Paramount Farming
Company in Kern County. More than
50 ranches were divided into 160-acre
blocks, which were then subdivided
into 40-acre plots, which in turn were
quartered into the 10-acre sections comprising our sample units.
Abundance of mummies. Between
January and mid-February, 2003
through 2006, we selected four adjacent
trees from each of two consecutive

rows (four ‘Nonpareil’ trees and four
pollinizer trees) in each 10-acre section. (Almonds are not self-compatible
and in order to achieve maximum
yield, ‘Nonpareil’ must be pollinated
by varieties other than itself. As a
consequence, any block of almonds
contains at least two different varieties.) Separate counts were made of nuts
on the ground and those remaining
in the trees. All of the fallen nuts from
outside the drip line (or berm) between
the eight trees were counted, and
nuts in the trees were knocked down
with bamboo poles (poling) and then
counted. The average number of mummies per tree was calculated for both
fallen nuts and nuts remaining in the
tree for every year of our study. A total
of 1,920 sections was used in this analysis, corresponding to 19,200 acres and
15,360 trees. In 2003 and 2004, all these
mummies were collected and dissected,
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and data for the 2 years were pooled
(233,821 ground mummies and 7,371
tree mummies).
Damage to kernels. In August and
early September, 2003 through 2006,
within 5 days of harvest, samples of 1,500
to 2,000 nuts were collected from these
same 10-acre sections by walking a diagonal transect and taking 50 to 100 nuts
at intervals of approximately 100 feet. A
total of 2,596,008 kernels was obtained
by a combination of hand-cracking and a
small hulling and shelling machine. All
kernels were examined using a lighted
3 × magnifier, by personnel trained to
identify common insect and cultural defects. On several occasions, subsamples
were sent to a Paramount processing
plant for independent grading, and the
processor grades were in agreement
with the laboratory grades.
Damage to kernels was scored and
descriptive statistics including mean,
standard deviation and pairwise correlations were calculated using JMP
software (v. 7.0.1, SAS Institute, Cary,
NC). In addition, relative risk, a statistic
commonly used in epidemiology to
evaluate the likelihood of a dichotomous outcome (one of two outcomes;
in this study the outcome of interest
was damage of at least 2%) was used to
compare damage differences between
the tree and ground mummies, and to
assess differences in kernel damage
by rounding the navel orangeworm
damage to the nearest tenth and then
contrasting all sections with damage of
2% or more with sections that had damage below this level (Kelsey et al. 1986).
Distance in feet was calculated from
the center of each almond section to the
margin of the nearest pistachio block
using ArcMap (ESRI, Redlands, CA)
and the Paramount Farming Company
GIS mapping database.
Damage higher in tree mummies

The average number of tree mummies was 0.7 (± 5.0 standard devia-

In order to properly sanitize
an almond orchard in Kern
County, it is essential to
remove mummies from the
trees and destroy them on
the ground.
tion [SD]) and the range was 0 to 69.7
per tree, while the average number of
ground mummies was 5.0 (± 5.3 SD)
and the range was 0 to 43.7 per tree. In
the pooled dataset for 2003 and 2004,
13.64% of tree mummies and 7.91%
of ground mummies collected were
infested with navel orangeworm. The
relative risk for tree-mummy compared
to ground-mummy infestation was 1.72
(Chi square = 277, P < 0.0001), indicating
that tree mummies were 1.72 times as
likely to be infested as ground mummies. This infestation disparity is likely
due to differential mortality between
navel orangeworm in trees and on the
ground, but we did not specifically
address this in our study. A similar
pattern exists in pistachios collected
in February (Siegel et al. 2008), but the
study did not specifically determine
causes of mortality. The average distance from the center of the almond
sections to the margin of the closest pistachio block was 8,600 feet (1.6 miles).
In this study, the average kernel damage per sample due to navel orangeworm
was 1.6% (± 2.3% SD) and the range was
0 to 20.8%. The standard deviation was
greater than the means for mummies
and kernel damage due to the inclusion
of sections with no navel orangeworm
damage and/or no mummies.
The correlations among these variables using the parametric statistic,
Pearson product moment coefficient (r),
are summarized in table 1. Tree mummies were the most strongly correlated
with navel orangeworm damage (0.46,
P < 0.00001), followed by ground mum-

TABLE 1. Correlations among ‘Nonpareil’ kernel damage by navel orangeworm (NOW),
mummies per tree and distance to nearest pistachio margin, 2003–2006

NOW damage
Tree mummies
Ground mummies
Distance
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NOW damage
1.00
0.46
0.23
−0.29

Tree mummies
0.46
1.00
0.39
−0.09
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Ground mummies
0.23
0.39
1.00
−0.06

Distance
−0.29
−0.09
−0.06
1.00

mies (0.23, P < 0.00001). There was a
negative correlation between navel orangeworm damage and distance to the
pistachio margin (−0.29, P < 0.00001),
indicating that damage decreased with
distance. Tree and ground mummies
were moderately correlated (0.39,
P < 0.00001), indicating that when tree
mummies were high in a section so
were ground mummies, but there was
considerable variation. Both tree and
ground mummies were negatively correlated with distance to the pistachio
margin (−0.09, P < 0.0001; −0.06, P <
0.005 respectively). These marginal
correlations are statistically significant
due to the large sample size, and they
indicate that there was a slight tendency for fewer mummies to be recovered closer to the pistachio margins.
Mummies and new crop damage
Tree mummies. Damage in the new
crop exceeded the 2% threshold when
there were 0.7 mummies or more per
tree in the winter (table 2), a reduction
of 65% from the current guideline.
However, further relative risk analysis
supports a more stringent threshold of
0.2 mummies per tree. When sections
containing 0.2 or more mummies per
tree were compared to sections that
had fewer than 0.2 mummies per tree,
the relative risk was 2.15 (Chi square
= 156, P < 0.0001), indicating that they
were 2.15 times as likely to have kernel
damage equal to or exceeding the 2%
threshold. In addition, other factors
beside the number of tree mummies

TABLE 2. Relationship between average numbers
of tree and ground mummies per tree and
‘Nonpareil’ kernel damage by navel orangeworm,
2003–2006
Tree mummies
avg. no./tree
0
0.01–0.49
0.5–0.69
0.7–0.79
0.8–1.75
≥ 1.76

Damage
%
1.63
1.22
1.57
2.32
3.53
7.85

Sections
no.
605
1,092
91
39
61
44

Ground mummies
avg. no./tree
0–4.9
4.91–7.9
7.91–8.9
8.91–9.0
≥ 9.1

%
1.39
1.57
1.72
2.78
2.72

no.
1,272
300
67
44
238

Proximity to pistachio

Damage caused by navel orangeworm decreased as distance to the
nearest pistachio margin increased
(fig. 1). The best fit was obtained using
this quadratic equation: % ‘Nonpareil’
kernel damage = 0.0265156 − 0.0000016
× distance + 0.00000000013 × (distance
− 8,889.8)2.
Although this equation is statistically significant (F ratio 112.3, P <
0.0001, r2 = 0.105) it does not account
for most of the variation, confirming
that other factors also play a role in
navel orangeworm damage. The relationship between damage and pistachio proximity declined with distance
and ceased somewhere between 14,000

and 15,000 feet (table
3). Navel orangeworm
damage was highest in
the almond sections that
were 0.25 mile or less
from pistachios; there
were 87 sections in this
class and 55.2% of them
had damage of 2% or
more. At a distance of
3 miles or more from
pistachios, there were
1,752 almond sections
and 26.7% of them had
damage of 2% or more.
In contrast to sections
inside the 3-mile limit,
those beyond 3 miles
(15,840 feet) were 25% to
50% less likely to have
damage that exceeded
the 2% threshold (data
not shown).

20
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Damage (%)

clearly influence navel orangeworm
damage, because in the sections that
lacked tree mummies, the average kernel damage was 1.6%.
Ground mummies. In this study,
the number of ground mummies per
tree was also related to damage in
the new crop (table 2). We found that
kernel damage exceeded the current
guideline of 2% when there were 8.9 or
more ground mummies per tree. Use
of the statistic relative risk indicated
that a more stringent threshold of four
ground mummies per tree is justified,
because sections containing four or
more mummies were 1.34 times more
likely to have kernel damage exceeding the 2% threshold than sections
with fewer than four mummies on the
ground (Chi square = 13.6, P < 0.0001).
There is currently no established
threshold for ground mummies. We
suggest using an average of four
ground mummies per tree for Kern
County. We did not establish causality in this study, and mummies on the
ground may harbor the overwintering
navel orangeworm population, serve
as a host for the first generation of the
new crop year, or both. What is clear
is that mummies on the ground were
more than 36 times as prevalent as
mummies in trees in the pooled dataset for 2003-2004, and these ground
mummies may contribute to navel orangeworm damage due to their abundance. In order to properly sanitize an
almond orchard in Kern County, it is
essential to remove mummies from the
trees and destroy them on the ground.
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Fig. 1. Relationship between percent navel orangeworm
damage and distance (feet) from center of almond block to
nearest pistachio margin.

there is a potential load of 1,200,000
to 1,800,000 almonds per acre before
harvest. Harvest operations and subMummy abundance. In order to
sequent sanitation must remove or
meet a new threshold of 2% or less
destroy 99.965% to 99.977% of these
kernel damage in Kern County, the
nuts in order to successfully meet the
average number of mummies should
challenge of sanitation to ensure 2%
be reduced to 0.2 per tree, and an additional threshold should be established or less kernel damage. Using these
of four ground mummies per tree after estimates, our current average sanitamummy destruction by flail mowing. In tion efficiency ranged from 99.953% to
99.969%. Economic analysis is needed
a 100-tree planting per acre, these new
to establish a cost-benefit relationship
standards correspond to 20 tree mumbetween more stringent sanitation
mies and 400 ground mummies per
and economic return, in order to enacre, leaving an acceptable total of 420
able growers to determine the optimal
or more nuts per acre.
amount of resources to devote to these
Sanitation. Assuming that an avpractices.
erage ‘Nonpareil’ almond tree in a
Pistachio proximity. Pistachios as
1-acre planting bears between 12,000
far away as 3 miles from the center of
and 18,000 nuts (UC 2006), and that
almond blocks may contribute to navel
the accompanying pollinizer varietorangeworm damage. Further research
ies bear the same number of nuts,
Reducing NOW damage to 2%

TABLE 3. Relationship between ‘Nonpareil’ kernel damage by navel orangeworm
and distance to nearest pistachio margin, 2004–2006
Distance
miles
≤ 0.25
≤ 0.50
≤ 1.00
≤ 1.50
≤ 2.00
≤ 2.50
≤ 3.00

Relative risk*
2.27†
2.15†
2.61†
3.29†
3.14†
2.18†
1.66‡

Damage ≥ 2%
%
55.2
48.5
45.2
39.4
33.6
28.6
26.7

Sections
no.
87
233
577
961
1,258
1,562
1,752

* Relative risk values > 1 indicate increased likelihood of navel orangeworm damage ≥ 2%.
† P < 0.0001.
‡ 0.005 > P > 0.001.
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is needed to develop a coordinated
strategy for managing this pest in both
crops, as well as to determine whether
additional measures are necessary to
manage almonds in proximity to pistachios. Initial studies on the extent of
navel orangeworm movement between
almonds and pistachios indicate that in
pistachios, male navel orangeworm can
move up to 1,100 yards in 1 day while
females moved up to 100 yards in 1 day
(Burks and Higbee 2006).
Conditions vary throughout the
growing regions of the Central Valley
and there are likely to be differences
that influence the factors identified in
the Kern County study. Therefore it is
essential to validate these findings in
other Central Valley areas. Collaborative
studies between USDA, UC, UCCE and
Paramount Farming Company researchers are under way as part of a newly
established areawide program for the
control of navel orangeworm in almonds, pistachios and walnuts.
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