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lege of Tropical Agriculture and Human Resources, 1955 East-West Road, Honolulu, HI 96822

Abstract. Hypothenemus hampei (Ferrari) (Coleoptera: Curculionidae) is the pri-
mary insect pest of coffee in the Hawaiian Islands. Management recommendations 
for H. hampei are established, but it is unknown whether applications of Beauveria 
bassiana (Balsamo-Crivelli) strain GHA are effective on extremely small farm 
plots when surrounded by unmanaged coffee. In addition, some Hawai̒ i coffee 
farmers that use other farm management products have anecdotally noted effects on 
H. hampei. A field experiment using three-tree plots was established to determine 
if H. hampei suppression with B. bassiana can be achieved on small scales with 
unmanaged and feral coffee nearby, and if the untested mineral-based fertilizer 
product, BAM-FX®, in use by some coffee farmers for H. hampei management, 
was associated with reduced infestation relative to control. Significant differences 
were found between water-, B. bassiana-, and BAM-FX®-treated plots, however 
B. bassiana treatment resulted in the lowest coffee cherry infestation (31.1%) and 
bean damage (10.8%). Although damage was not below economically viable levels, 
B. bassiana suppressed H. hampei in small plots.
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	 Of the at least 150 insect species found 
on coffee in Hawai̒ i (LeMay et al. 2022), 
the coffee berry borer, Hypothenemus 
hampei (Ferrari) (Coleoptera: Curculioni-
dae), is the insect pest of primary concern 
(Johnson et al. 2020). Coffee is farmed ex-
tensively on all the main Hawaiian Islands, 
and H. hampei management is imperative 
to keep economic damage at acceptable 
levels. Widely in use by coffee farmers, 
and recommended by Kawabata et al. 
(2013, 2015, 2017, 2020) as the foundation 
of H. hampei management in Hawaiʻi, 

products containing Beauveria bassi-
ana (Balsamo-Crivelli) (Hypocreales: 
Cordycipitaceae) strain GHA are effective 
at suppressing H. hampei populations 
alongside other integrated pest manage-
ment tactics such as efficient harvesting 
(Aristizabal et al. 2023), farm sanitation, 
pruning, and monitoring. Integrated pest 
management programs similar to those 
in Hawaiʻi that utilize B. bassiana are 
common in Columbia (Moreno-Ramírez  
et al. 2026), Puerto Rico (Marino et al. 
2017), and other growing regions (e.g., 
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Haraprasad et al. 2010). Further, Greco et 
al. (2018) found that commercial applica-
tions of B. bassiana can be important in H. 
hampei integrated pest management pro-
grams. Although B. bassiana products are 
effective at the whole farm scale, questions 
remain about the minimum spatial scale 
at which B. bassiana remains effective 
under intense pest immigration from sur-
rounding infested areas, and if that high 
pressure prevents control. For example, in 
the extreme case, can a single tree among 
a sea of infested trees be protected from 
H. hampei with B. bassiana treatments 
and the other integrated tactics? Messing 
(2012) and Johnson and Manoukis (2020) 
identified feral coffee, growing wild in the 
landscape, unmanaged, and abandoned 
farms in Hawai‘i as potential reservoirs 
for H. hampei. Can products containing 
B. bassiana protect from high H. hampei 
pressure originating from nearby man-
aged, unmanaged, and feral coffee? 
	 Additionally, despite anecdotal claims 
from some coffee farmers (Shriner 2015), 
no replicated field studies have evaluated 
BAM-FX® (a copper sulfate pentahydrate 
– 2.1% and zinc sulfate – 6.9% mineral 
solution from Zero Gravity Solutions®)  
(herinafter BAM-FX) for H. hampei 
suppression—is B. bassiana equally or 
more effective at managing H. hampei 
as BAM-FX? Carruthers (2014) claimed 
that BAM-FX improves a plant’s stress 
responses by aiding mineral ion movement 
within the plant; it is intended as a soil 
amendment. Patel et al. (2022) and Seal 
et al. (2019) reported that whitefly and 
thrips populations on tomatoes treated 
with BAM-FX were lower than on plants 
with normal fertilization, perhaps due to 
changes in nitrogen content making the 
plants less hospitable to the pests. 
	 In the current study, we established a 
season-long, small-plot field trial to com-
pare sprays of BAM-FX, the B. bassiana 
product BotaniGard® ES (hereinafter, 

BotaniGard) and a water control on H. 
hampei infestation in coffee cherries and 
coffee bean damage levels at harvest. The 
farm followed the management recom-
mendations of Kawabata et al. (2015), 
and the only independent variable under 
study was spray treatment. With this 
study we endeavored to determine: 1) if 
BAM-FX suppresses H. hampei and if 
so, how it compared with B. bassiana, 
and 2) if B. bassiana can significantly 
protect individual trees from H. hampei 
attack when surrounded by unmanaged 
and unsprayed trees. Though sprays of 
BAM-FX, BotaniGard, and water were 
the only tested treatments, the proximity 
of feral and unmanaged coffee to experi-
ment plots allowed for exploration of the 
effectiveness of H. hampei management 
on very small scales, where immigration 
of H. hampei may be considerable. We 
hypothesized that compared to control 
plots, applications of BAM-FX would 
have no impact on H. hampei infestation, 
and that BotaniGard applications would 
reduce crop losses, but not below proces-
sor tolerances due to the proximity of feral 
and unmanaged trees.

Methods
	 A field experiment was conducted com-
paring two H. hampei management tactics 
and a control treatment. Because one of 
the treatments was being tested off-label, 
this experiment could not be performed 
on a commercial farm without crop de-
struction and permitting. The experiment 
location was a non-irrigated research 
farm, located in Kainaliu, Hawai̒ i island 
at the University of Hawaiʻi Kona Re-
search Station (79-7381 Mamalahoa Hwy, 
Kealakekua, HI - 19.533, –155.926). The 
experiment field was managed by authors 
RTC, STN, AMK, and a farm manager for 
pruning and fertilization, but during this 
study, the only direct pest control mea-
sures used were those tested herein. The 
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Figure 1. Map of coffee trees and surrounding vegetation types (not to scale) used 
in this study. Trees marked “x” were ‘Kona Typica’ coffee trees (Coffea arabica) in 
second or third-year production, blank rows were first-year non-bearing trees, “o” 
were other cultivated coffee varieties. Blue marked trees were water-treated controls, 
orange-marked trees were BAM-FX®-treated, and gold-marked trees were BotaniGard® 
ES (Beauveria bassiana)-treated. 

trees in the rest of the field were similarly 
managed for pests to surrounding feral/
unmanaged coffee. The field consisted 
of ‘Kona Typica’ coffee trees (Coffea 
arabica L. (Gentianales: Rubiaceae)) in 
a 1.8 m x 1.8 m (6 ft x 6 ft) spacing that 
had previously been stump-pruned by 
row in a three-year cycle. Rows one year 
after pruning were not bearing. The field 
was surrounded by feral and unmanaged 
coffee and other crop plants (Figure 1).
	 Due to limitations in available and 
appropriate plots for this experiment, 
we used a randomized complete block 

design with two blocks. Treatment plots 
contained three healthy trees each in a 
cluster, and not on the edge of the field. 
Treated coffee tree cluster locations were 
randomly selected from coffee trees in 
the second and third year of the stump 
pruning cycle (first and second year of 
production) in the 0.1 ha (0.25 ac) field 
(Fig. 1). In “Block A” most trees were 
in first year production, while in “Block 
B” most were in second year production. 
Second year producing trees have higher 
production. Due to the proximity of the 
plots, physical barriers were erected to 
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Figure 2. A project technician applying the treatments with a pump sprayer to three-
tree plots used in this study with physical barriers erected to prevent overspray.

prevent overspray contamination between 
plots (Fig. 2). Barriers were constructed 
using 1.2 m (4 ft) rebar pounded 0.6 m 
(2 ft) into the ground, 2.44 m (8 ft) metal 
conduit poles slipped over the rebar, and 
ca. 3 m2 (10 ft2) tarps attached to the top 
and bottom of the conduit. The physical 
barriers were removed after each spray 
was administered. 
	 On May 28, 2015, an in-tree pre-
treatment infestation assessment was 
conducted using the sampling techniques 
outlined in Kawabata et al. (2015). Each of 
the 18 coffee trees used in this study had 
one branch randomly selected and the cof-
fee cherries on that branch were counted, 
but not removed. On the same branches, 
the number of coffee cherries with visible 

H. hampei infestation and the number of 
cherries with visible B. bassiana sporula-
tion was recorded. 
	 Beginning June 1, 2015, the week after 
the pre-treatment sample, the trees were 
sprayed with one of three treatments: 1) 
the plant nutritional supplement BAM-
FX (Zero Gravity Solutions 190 NW 
Spanish River Blvd. Boca Raton, FL 
33431), 2) the insecticide BotaniGard (B. 
bassiana Strain GHA - Mycoinsecticide 
in a liquid emulsifiable suspension) (Certis 
USA LLC, 9145 Guilford Road, Suite 175 
Columbia, MD 21046) with Widespread 
Max® surfactant (Loveland Products Inc., 
PO Box 1286 Greeley, CO 80632-1286), 
or 3) a water-sprayed control. Label rates 
and recommended intervals were followed 
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for both test compounds. The treatments 
consisted of A) 12.5 ml/L (47.32 ml/gal – 
11.69 L/ha) BAM-FX sprayed every two 
weeks, B) 5 ml/L (18.93 ml/gal – 4.67 L/
ha) BotaniGard with 0.78 ml/L (2.95 ml/
ga - 0.72 L/ha) Widespread Max® sprayed 
every four weeks, and C) water (control) 
sprayed every two weeks to match the 
more frequent interval needed for BAM-
FX. At treatment, trees were sprayed 
using separate 9.5 L (2.5 gal) handheld 
pump sprayers (Gilmour® 140 Corum Rd 
Excelsior Springs, MO 64024) with the as-
signed treatment until wet but not runoff. 
The BAM-FX and water treatments were 
applied 13 times over the course of the 
June 1, 2015 – Nov 23, 2015 experiment, 
while BotaniGard was applied 7 times. 
	 The descriptions of the stages and 
terminology of coffee fruit from Curtiss 
(2023a) were used to define the differ-
ences between coffee berries, cherries, and 
beans. To further define and clarify how 
H. hampei used C. arabica in this study, 
coffee cherries were defined as infested/
uninfested, and coffee beans were defined 
as damaged/undamaged. Beginning in 
September 2015, as coffee ripened, berries 
were harvested from each treatment tree 
into separate plastic zip sealing bags and 
evaluated in the laboratory for 1) per tree 
harvest weight, 2) total number of cherry 
harvested per tree, 3) number of uninfest-
ed cherry per tree, 4) number of infested 
cherry per tree, and 5) number of damaged 
beans from each tree. These variables 
were subsequently used to calculate the 
indices 6) percentage of infested cherries 
(infested cherries per total cherries), 7) 
percentage of damaged beans (number 
of damaged beans per total beans, where 
each cherry has two beans), and 8) number 
of damaged beans per infested cherry. 
These evaluation criteria represent the va-
riety of methods that are used to evaluate 
cherry being sold on the open market by 
Hawai̒ i coffee farmers. The treated coffee 

trees were harvested five times during the 
season at three-week intervals to simulate 
typical farming practices in Hawai̒ i. The 
cumulative, season-long results from each 
three-tree plot were evaluated to deter-
mine “end-of-season” treatment effects. 
To further assess H. hampei suppression 
in small plots by the spray treatments, at 
final harvest an in-tree assessment of H. 
hampei infestation levels in feral trees 
was conducted on five randomly selected 
coffee trees in the surrounding feral and 
unmanaged areas using the sampling 
techniques outlined in Kawabata et al. 
(2013, 2015, 2017, 2020), and previously 
described for the pre-treatment sample. 
However, for the feral infestation assess-
ment, only the total number of berries 
and total number with H. hampei damage 
was recorded from one branch per tree; B. 
bassiana sporulation was not recorded. 
The cultivated coffee trees in the field not 
used for this experiment were not evalu-
ated, but were assumed to be represented 
by the control trees.
	 Data Analysis. Because available bear-
ing coffee trees suitable for this study were 
limited, replication was constrained to two 
blocks. Consequently, this study was de-
signed as an applied field evaluation under 
realistic Hawai‘i coffee production condi-
tions rather than a large-scale efficacy 
trial. Statistical tests were conducted in R 
(R Core Team, 2024) using the summary() 
function on models constructed with the 
aov() function. No data transformations 
were conducted; each model’s residuals 
were distributed normally according to 
inspection of qqplots generated using the 
qqnorm() function and nonsignificant 
P values (all > 0.4) from Shapiro-Wilk 
tests done with the shapiro.test() function. 
Two-way ANOVA was conducted for the 
five season-long measurements and three 
indices. Each of these response variables 
was first summarized to an average among 
the three trees in a plot for analysis. Ex-
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planatory variables were treatment (water 
control, BotaniGard, and BAM-FX) and 
blocks. Blocks were chosen according to 
being on the same pruning cycle and were 
analyzed as fixed effects due to pruning 
cycle differences. If the treatment effect 
was significant (P < 0.05) in a model, 
Tukey’s test was conducted for separation 
using the TukeyHSD() function. Because 
only two blocks were available, statistical 
inference should be interpreted cautiously, 
and results are intended to demonstrate 
relative treatment performance rather than 
precise effect sizes.

Results
	 Prior to treatment applications, there 
were no significant differences in percent-
age H. hampei infestation between the 
treatments’ plot assignments (Table 1, Fig. 
3a). There was some scarce natural pres-
ence of B. bassiana spores: spores were 
present on one cherry of a BotaniGard tree 
and one cherry of a water control tree on 
the upper side of Block A.
	 Significant variation in some response 
variables was explained by blocks. Two-
way ANOVAs indicated that the two 
blocks significantly differed in number 
of cherries per tree, number of infested 
cherries per tree, percentage of infested 
cherries, and number of damaged beans 
per infested cherry (Table 2).
	 Treatment effects were significant in 
most response variables, including the 
number of cherries per tree, number of 
uninfested cherries per tree, number of 
infested cherries per tree, percentage of 
cherries infested, number of damaged 
beans per tree, percentage of beans dam-
aged, and number of damaged beans per 
infested cherry (Table 1). Treatment ef-
fects on the number of uninfested cherries 
were marginally significant, and harvest 
weight per tree did not differ among 
treatments (Table 1). The proportion of 
cherries infested by H. hampei differed 

among treatments. Trees treated with 
BotaniGard had the lowest infestation, 
followed by BAM-FX-treated trees, while 
water-treated control trees exhibited the 
highest infestation. Patterns in bean dam-
age mirrored cherry infestation levels. 
BotaniGard-treated trees sustained the 
lowest proportion of damaged beans, 
compared with BAM-FX-treated trees, 
and water-treated controls. 
	 Treatment separation with Tukey’s test 
indicated substantially reduced H. hampei 
damage from both products tested relative 
to the control, with superior outcomes by 
BotaniGard. At harvest, water-treated 
control trees had more cherries than 
BAM-FX-treated trees which had more 
than BotaniGard-treated trees (Fig. 4a). 
However, the number of uninfested cher-
ries did not differ significantly among 
treatments (Table 1). Compared with the 
control trees, BotaniGard-treated trees 
had a lower percentage of infested cherries 
(Fig. 3b), fewer total infested cherries (Fig. 
4b), a lower percentage of damaged beans 
(Fig. 3c), and fewer damaged beans per 
infested cherry (Fig. 4c). Although BAM-
FX-treated trees also had a lower percent-
age of infested cherries compared with 
the control (Fig. 3b), it was significantly 
greater than BotaniGard-treated trees 
(Fig. 3b). The percentage damaged beans 
for BAM-FX trees was consistently lower 
than the water control and significantly 
higher than the BotaniGard treatment 
(Fig. 3c). Finally, the number of damaged 
beans per infested cherry was higher for 
trees treated with BAM-FX than those 
treated with BotaniGard (Fig. 4c).
	 There was no significant treatment ef-
fect on season-long harvest weight and the 
mean harvest weight, 5.57 ± 0.47 kg per 
tree, across treatments (Table 1).
	 Feral and unmanaged coffee trees 
surrounding the experimental plots were 
found to have ca. 75% H. hampei-infested 
cherries at the end of the season, demon-
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Table 1. Hypothenemous hampei (Ferrari) damage to coffee in Hawai‘i following ap-
plications of BotaniGard® ES, BAM-FX®, or water treatment: 1) pretreatment infesta-
tion ± standard deviation, and 2) five measures and three indices at harvest. Significant 
differences in treatment as indicated by Tukey HSD test are indicated by lowercase 
lettering next to values.

Table 2. Block effects on Hypothenemous hampei damage to coffee in Hawai‘i follow-
ing applications of BotaniGard® ES, BAM-FX®, or water: treatment 1) pretreatment 
infestation, and 2) five measures and three indices at harvest. Significant differences 
in treatment as indicated by Tukey HSD test are indicated by lowercase lettering next 
to values.

strating the effect of the treatments on H. 
hampei infestation – B. bassiana-treated 
trees had ca. 31% infestation and BAM-
FX-treated trees had ca. 50% infestation.

Discussion
	 This study demonstrates that B. bassi-
ana can suppress H. hampei even at the 
extremely small scale we tested under 

BotaniGard

-

BAM-FX
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Figure 3. Hypothenemus hampei (Ferrari) cherry infestation pre-treatment (A), post 
treatment at harvest (B), and bean damage at harvest (C) in coffee (Coffea arabica 
‘Kona Typica’) sprayed with BAM-FX®, BotaniGard® ES, or a water control (n=2 
blocks). Within evaluation criteria, significant differences in treatment as indicated by 
Tukey HSD test are indicated by lowercase lettering next to values. 
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Figure 4. The total number of Coffea arabica ‘Kona Typica’ cherry harvested from 
each block (A), Hypothenemus hampei (Ferrari)-infested cherry (B), and H. hampei-
damaged beans per infested cherry (C), sprayed with BAM-FX®, BotaniGard® ES, 
or a water control (n=2 blocks). Within evaluation criteria, significant differences in 
treatment in treatment as indicated by Tukey HSD test are indicated by lowercase let-
tering next to values. 
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extreme immigration pressure. Our 
original hypotheses were partly rejected 
and partly supported. Counter to our first 
hypothesis, BAM-FX did affect H. hampei 
infestation. Likewise, our second hypoth-
esis was supported: BotaniGard reduced 
infestation and damage to beans, but the 
reduction was not to levels below proces-
sor tolerances. For coffee cherries, both 
BotaniGard and BAM-FX significantly 
reduced H. hampei cherry infestation 
compared with the control, but Botani-
Gard had the lowest infestation level. In 
addition, labor costs for applications of 
BotaniGard are estimated to be half that 
of BAM-FX due to half the number of 
applications, so BotaniGard would have 
provided a coffee farmer with the highest 
net return among the treatments. However, 
farmers also need to consider the cost 
and efficacy of the product they choose 
to apply. The levels of protection from 
BotaniGard found in the current study 
are remarkable considering the high pest 
pressure in trees surrounding our three-
tree plots, suggesting that this tactic can be 
effective for small-scale farmers. Control 
plots representing the rest of the field, with 
71.5% cherry infestation, conformed to 
levels observed in the surrounding feral 
coffee trees (ca. 75% cherry infestation), 
far above levels acceptable by farmers 
and processors. Typically, processors ac-
cept infestation levels below 5–10%. In 
contrast, Johnson and Manoukis (2020) 
found lower infestation levels in feral sites 
than the current study, but similarly high 
infestation in poorly managed farms. The 
high infestation levels in untreated and 
feral trees represent a worst-case scenario 
for managing H. hampei in small plots, 
yet infestation was reduced on treated 
trees. Because sprays were the only pest 
management tactic performed during 
this field trial, infestation is expected to 
be lower when BotaniGard is used along-
side other H. hampei interventions in an 

integrated pest management program 
that includes scouting, precise timing of 
sprays, pruning, strip picking, sanitation, 
removal of unmanaged and feral coffee, 
other insecticidal products, short har-
vest intervals, and release of generalist 
biological control agents such as the flat 
bark beetles Cathartus quadricollis and 
Leptophloeus sp. (Follet et al. 2016, Sim 
et al. 2016, Kawabata et al., 2020).
	 Although the blocks used in this study 
were in the same farm, we did observe 
some differences between them at harvest 
which are consistent with the stage in the 
pruning cycle; Block B, which contained 
more second-year production trees than 
Block A, consistently had higher numbers 
of cherries. Because bean number was 
evaluated by destructive sampling at the 
end of the study, and we did not count all 
the beans on the trees at the beginning of 
the study, we were not able to measure if 
the difference was due to fruit set or fruit 
drop. Harvest weights were higher but the 
difference was not significant; we suspect 
that the small sample size contributed 
to a magnified impact from tree-to-tree 
variation in rootstocks, nutrition, shade, 
etc. This variation is also reflected in the 
lack of significant differences in harvest 
weights for treatments. Likewise, higher 
numbers of cherries on control trees may 
be from unknown sources of within-field 
or tree-to-tree variation.
	 In the current study, beans were dam-
aged at a lower rate than cherries were 
infested. There are typically two beans 
in each cherry, but we found that the fruit 
could be infested with only one, or even 
no beans having been damaged. Bean 
damage in BotaniGard treated plots in 
this study was maintained at 11% while 
control trees exceeded 37%. Patterns of 
damage suggest that BotaniGard may 
have protected the crop because of the 
high primary and secondary transmission 
rates of the B. bassiana pathogen follow-
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ing sprays, as described in Wraight et al. 
(2021). Studies have found epizootics of 
naturally occurring B. bassiana rare in 
most plant-insect systems; however, due to 
features of the pest and environment, they 
are remarkably common in H. hampei in 
Hawai̒ i coffee (Wraight et al. 2018). For 
example, in relation to environmental 
differences, Greco et al. (2018) found 
differences in H. hampei infection with 
B. bassiana across an elevation gradient. 
However, it is this high sensitivity to B. 
bassiana that contributes to effective use 
of commercial products with this patho-
gen. Because there were not significant 
differences in the number of attempted 
entries by H. hampei into coffee cherries 
(number of infested cherries) treated with 
BotaniGard and BAM-FX, but there were 
significantly fewer damaged beans per in-
fested cherry when the trees were treated 
with BotaniGard, pathogen-killed beetles 
may have provided a B. bassiana source 
that reduced further pest-caused damage 
to other beans. Not only did BotaniGard 
protect cherries from infestation, but it 
also protected more beans from damage 
within those infested cherries. Similarly, 
other studies have shown that field-scale 
treatment with several different B. bassi-
ana strains can reduce damage from H. 
hampei (e.g., Haraprasad et al. 2001, Cruz 
et al. 2006, Vera et al. 2011, Greco et al. 
2018, Hollingsworth et al. 2020, Bayman 
et al. 2021).
	 In BAM-FX treated trees, H. hampei 
bean infestation levels averaged nearly 
24%. Although better than the control, 
damage levels this high, well above 
economic thresholds, are unacceptable 
to farmers and processors. These high 
damage levels suggest BAM-FX is not 
an effective stand-alone H. hampei man-
agement tactic on Hawai̒ i coffee farms 
with pressure from feral and unmanaged 
coffee nearby. Any indirect effects appear 
insufficient for practical management. 

However, since a measurable reduction 
in percentage of infested cherry from this 
product was found, more study is war-
ranted, especially if such control is a side 
benefit from fertilizer application. Perhaps 
future studies will explore synergistic 
effects of BAM-FX with other manage-
ment techniques and abiotic conditions 
such as those which Wraight et al. (2018) 
described as suboptimal for B. bassiana 
transmission. 
	 The current study was not without limi-
tations; this was a constrained, exploratory 
field experiment that was performed on a 
single research farm in a single season. 
There was limited replication due to the 
availability of plots that could receive the 
experimental applications. No mecha-
nistic measurements (i.e., plant nutri-
tion, CBB mortality timing, etc…) were 
taken. We were unable to elucidate the 
mechanism by which BAM FX may sup-
press H. hampei, nor if the findings were 
reproduceable and scalable. A feature of 
this study was the small plot sizes that 
were tested, but the small plots also limit 
the study due to the possibility for high 
stochasticity among plots. However, the 
experiment was performed under realistic 
conditions for historical small farm plots 
in Hawaii, and the effect of spraying B. 
bassiana on H. hampei in small plots 
compared to surrounding unsprayed areas 
was striking. 
	 The value of utilized coffee cherry 
production in Hawaiʻi (ca. 2,800 ha) is 
estimated at $54.3 million (HDOA, 2020). 
Pest management cost are high and the 
margins for loss are low (Woodill et al., 
2014. In a study of farms by Hollingsworth 
et al. (2020) with slightly higher per 
hectare annual coffee values, B. bassiana 
sprays cost as much as 8.6% of revenues. 
However, without sprays, the negative 
impact on revenues and profits would 
have been greater. Proportionally, small 
farms invest more in pest management 
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(Woodill et al. 2014), but they previously 
had little information on the effectiveness 
of H. hampei sprays in smaller operations. 
Wraight et al. (2021, 2022) report that 
on farms ranging from 0.35 to 1.39 ha 
BotaniGard sprays infected ca. 25% of 
H. hampei embedded in coffee cherries 
and 30–40% of free-living individuals. 
However, Hollingsworth et al. (2020) 
concluded that sprays on farms 1 to 8 ha in 
area, either on a calendar-timed program 
or reactive to thresholds, did not prevent 
economic losses, and that average H. 
hampei-caused defects exceeded 5% of 
the processed coffee from these small- to 
medium-sized farms. Confounding these 
findings may have been inadequate use 
of other management tactics including 
sanitation and spray timing. Apparently, 
suppressing H. hampei bean damage be-
low 5% on small- to medium-sized farms 
requires great effort; in our small plots, 
bean damage in our most effective treat-
ment exceeded 10% and was thus above 
thresholds accepted by processors for 
maximum payments.
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