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Abstract: Onion thrips, Thrips tabaci (Lindeman), is a major pest of dry bulb onion throughout the US
and across the world. Yield and quality damage from thrips feeding and the expense of insecticides
used for thrips management have jeopardized profitable and sustainable onion production. To
improve approaches to thrips management, researchers in multiple US onion-producing regions
developed novel, integrated pest management (IPM)-based strategies employing threshold-based
insecticide treatments and reduced fertilization practices. The purpose of this study was to estimate
the benefits from public investment in research to develop IPM-based onion thrips management
techniques using a cost-benefit analysis. Benefits were extended over a 20-year timespan and were
measured by reduced insecticide and fertilizer costs. The estimated net present value of benefits
from improved pest management tactics will depend on the adoption and use of novel approaches to
management. Using a scenario that assumes a maximum adoption rate of 58%, the estimated net
present value of the research is $15.91 million, the benefit—cost ratio is 4.00, and the internal rate of
return is 32%. Assuming a scenario with a maximum adoption rate of 29%, the estimated net present
value of the research is $8.3 million, the benefit—cost ratio is 3.34, and the internal rate of return is 24%.
Even when estimated assuming conservative adoption scenarios, results indicate a healthy return on
investment in research to develop and refine new approaches to manage onion thrips and optimize
dry bulb onion production.

Keywords: innovative onion management; economic impact of onion research; ROI agricultural
research; action thresholds; fertilizer reduction

1. Introduction
1.1. Onion Pests, Production, and Marketing

Onion thrips, Thrips tabaci (Lindeman), is a tiny, slender-bodied insect that has piercing-
sucking mouthparts that attack onion and can transmit Iris yellow spot virus (IYSV) [1,2].
Thrips feeding and IYSV infection reduce the photosynthetic capacity of the plant [3],
which results in reduced bulb size [4,5] and damages onion storage quality [6]. Thrips
feeding also predisposes onion plants to fungal and bacterial diseases [2]. The level of
economic damage from thrips feeding and IYSV varies, but severe epidemics can result in
complete crop loss [7,8]. Persistent pressure from onion thrips, IYSV, and circumstances
associated with COVID-19 pandemic-related market disruptions have intensified the need
for managerial tactics that can improve the profitability and sustainability of US dry bulb
onion production.

Onion production in the US is characterized by a large capital outlay and is labor- and
input-intensive [9,10]. The magnitude of investment required for onion production creates a
high level of risk, providing an incentive to employ judicious thrips management strategies
to protect the quality and marketability of the crop. In recent production cycles, the level
of risk has become more pronounced because of price volatility in key inputs, including
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fertilizers and insecticides. The rise in average national prices reported by the United States
Department of Agriculture (USDA) prices paid index highlights the magnitude of price
fluctuations. The aggregate fertilizer category, which includes nitrogen, mixed fertilizer,
potash, and phosphate rose 89% from February 2020 to February 2022; insecticide prices
rose 13% over the same timeframe [11,12].

The challenges of profitable onion production are not limited to input price risk. A
high degree of market price risk has also jeopardized the ability to re-coup investment in
onion crops. Growers in the largest western US onion-producing regions such as Idaho,
Oregon, and Washington often tailor production practices to achieve larger onion bulb
sizes because of price premiums [13] and marketability to the food service sector. However,
the marketability of larger bulb sizes depends heavily on consumer tastes and preferences
for food away from home (FAFH) driving restaurant demand for onions, a key linkage
disrupted by the COVID-19 pandemic. Previous studies [14] have documented the impact
of the pandemic on FAFH expenditure and visits to restaurants. Compared to the same
timeframe in the previous year, a 29% reduction in average total dollars spent on FAFH in
March through May of 2020 was estimated. Restaurant transactions during the week of 24
March 2020 were estimated to be 37% lower than the number of transactions reported for the
same week in the previous year. During the week of 12 April 2020, restaurant transactions
dropped by 47% compared to the same week in 2019. By the last week of December 2020,
restaurant transactions were still 11% below the level of transactions recorded during the
same timeframe in the previous year [14]. Since 40% of US onion production is estimated
to be marketed to restaurants [15], the impact of the pandemic on FAFH expenditures and
restaurant visits had a pronounced impact on onion markets.

Analysis of weekly shipping point price data [16] in March of 2020 further quantifies
the impact of the pandemic on the marketability of ample supplies of valuable large-sized
onions from the western US. Colossal-sized yellow onions produced in the 2019 crop cycle
that were stored and shipped from the Columbia Basin growing region of Washington
and Oregon during the height of pandemic shutdowns were priced between $2.04 and
$2.95 per 22.68 kg sack lower than those shipped at the same time in the previous year.
Super Colossal-sized bulbs from the Idaho and Eastern Oregon onion growing region
shipped during the last weeks of March 2020 were priced between $2.49 and $2.95 per
22.68 kg sack lower than those shipped in the same timeframe in the previous year. Larger-
sized bulbs produced during the 2020 crop cycle that were stored and shipped from the
western US throughout 2020 and 2021 were also impacted by lower pricing throughout
the marketing year compared to non-COVID-19 circumstances [16]. In the western US,
the 2021 production cycle did not provide an opportunity for producers to rebound from
market disruptions. Haze from western wildfires and hot growing conditions contributed
to bulb yields that were 25-30% lower than those recorded in the 2020 production cycle,
which further exacerbated the financial challenges of onion production [17,18].

Onion production systems across the US and worldwide are characterized by diverse
and unique growing conditions that are influenced by region-specific climate conditions
and soil properties, yet the development of more economical and sustainable strategies
for thrips management has represented a unified and ongoing research need [9,19-26]. In
the US, the primary tool for thrips management in major onion-growing regions has been
the use of multiple insecticides typically applied on a calendar-based schedule. Costs for
season-long insecticide application programs for the management of thrips will vary, but
typical spray regimes have been estimated to range from $469 to $815 per hectare [25,27,28].

In addition to expense, thrips management is challenged by evolving tolerance and
resistance to classes of insecticides [27-34]. Utilization of action-based thresholds is one
technique that may slow the development of resistance and reduce costs. The action
threshold for onion thrips is defined by the number of thrips per plant that will cause
economic damage if managerial action is not taken [35]. When action thresholds are
used, insecticide applications are not executed until thrips populations reach or exceed the
threshold, creating the potential to reduce the overall number of insecticide applications
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needed to protect the crop throughout the season. The need to develop more holistic,
integrated approaches to management has also motivated the exploration of an improved
understanding of the interaction between fertilization practices and thrips populations.
However, the impact of different fertilization strategies has been mixed depending on the
production region [24,36-38].

1.2. Field Research

As part of an integrated project to address the most serious pests and diseases threaten-
ing the US allium industry, researchers in major onion-growing regions sought to determine
if concomitant strategies employing action threshold-based insecticide treatments and re-
duced fertilization could improve the management of thrips without affecting the yield of
dry bulb onions. Field studies were conducted over three years (2019-2021) in Malheur
County, Oregon, and throughout western and central New York. Results from Malheur
County are assumed to be applicable to other major onion growing regions in western US
because of similarities in climate and thrips management techniques [8,39].

Field studies conducted in Malheur County, Oregon, produced varying results per-
taining to best management practices for delivering insecticide applications. In 2019, there
was a lack of thrips damage, which may have been caused by an uncharacteristically cool
and wet spring [40]. The lack of early-season thrips, and damage in general, inhibited the
ability to draw accurate conclusions regarding optimal insecticide use in 2019 [41]. Results
from 2020 provided evidence to support the use of action-based thresholds to optimize
profit [42] and yield of bulbs grading in the super colossal and colossal size classes [43].
Using action-based thresholds also resulted in one less application of insecticide being
made compared to a calendar-based insecticide application program [43].

In 2021, the greatest total marketable yield and profit were achieved using a calendar-
based insecticide application schedule [42]; however, the calendar-based program did
not produce the greatest yield of bulbs grading in the larger colossal and super colossal
size classes [41]. Even though profit was maximized from the greater overall marketable
yield achieved by the calendar-based application program, the higher profit was driven by
uncharacteristically high prices for the jumbo-size class [16]. Since the value of individual
size classes will vary from year to year, the profit achieved from the threshold-based
program could have outperformed the profit achieved from the calendar-based program
under more typical market conditions. In 2021, the use of action-based thresholds resulted
in two fewer applications of insecticides compared to the calendar-based program [41].

Data from 2020 and 2021 supported the use of action-based thresholds as an effective
technique for thrips management, but reductions in the number of insecticide applications
varied. In order to avoid overestimation of the benefits achieved from employing action
threshold-based thrips management tactics, benefits are estimated based on the assumption
of reducing the number of insecticide applications by one. The results of nitrogen fertiliza-
tion practices were conclusive across all years of the study. Rates of fertilization were not
found to impact onion thrips populations [41]. Standard fertilizer programs based on soil
and tissue tests outperformed reduced fertilization programs, optimizing profit in all years
of the study [42].

Research from New York [38] indicated the concomitant strategy of reductions in
fertilizer and the use of action-based thresholds for the execution of spray applications as
an effective managerial tactic for more profitable production of dry bulb onions. Results
were consistent across all three years of the study and suggested an average reduction of
2.3 insecticide applications per season could be achieved if threshold-based application
methods were used. The ability to reduce insecticide applications by a greater number in
New York onion-growing regions compared to western regions was expected because of
differences in climate and overall thrips and virus pressure. Like the research conducted in
the western US, fertilizer rates did not impact thrips populations; however, in the eastern
US, the yield was not impacted by a reduction in fertilizer use. The lack of yield response
to a reduction in fertilizer may be attributable to the rich muck soils characteristic of New
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York onion-producing regions. Results from field studies indicate growers in New York
could reduce nitrogen, phosphorous, and potassium fertilizer use by 43%, 36%, and 60%,
respectively, without impacting yield [38]. To evaluate the return on public investment in
the development and use of novel approaches to the management of dry bulb onions, a
cost-benefit analysis was conducted.

1.3. Objective

The ability to make more informed decisions regarding the necessity of fertilizer
use and the execution and timing of insecticide applications targeting onion thrips could
improve the sustainability and profitability of onion production systems across the US.
The objective of this study was to analyze returns to society from public investment in
agricultural research resulting from the development of novel IPM-based approaches to
manage onion thrips in dry bulb onions. The benefit—cost ratio, net present value, and
internal rate of return (IRR) were used as metrics for evaluation. The analysis estimated
benefits that could be achieved through a reduction in the use of synthetic fertilizers and
insecticides in onion-growing regions of New York, and reductions in insecticide use in
major onion-growing regions of the western US, including the Treasure Valley region
of western Idaho and eastern Oregon, and the Columbia Basin onion growing region of
Washington and Oregon.

1.4. Previous Studies

Cost-benefit analyses can be used to evaluate alternative investments by comparing
different flows of costs against projected benefits over a specific period [44]. Cost-benefit
analysis of IPM for a variety of crops, research protocols, and timeframes are documented
in the domestic and international agricultural sectors. An important contribution to the
literature [45] considers how returns to investment in IPM research could differ depending
on the level of stakeholder collaboration. When evaluating the adoption of IPM-based spray
application programs to replace calendar-based spray application schedules in mango pro-
duction, public—private partnerships were found to be especially important for garnering
the adoption of IPM-based practices and maximizing returns from investment. The analy-
sis addressed a key factor for consideration when projecting the adoption of IPM-based
approaches to management, but narrowly defined public-private partnership by only
considering monetary investment as a research contribution [45]. As a result, the impact of
the important contributions of in-kind investments in research, such as time or space, were
omitted from consideration in the IPM adoption process.

Another important aspect of investment in agricultural research involves the evalua-
tion of the feasibility of positive returns when long-run investments for the development of
IPM practices are required [46]. Consideration of the length of time required to develop
IPM-based approaches for challenging and evolving pests offers critical insight as to how
the monetary investment required to revise IPM recommendations impacts overall returns.
In the case of leaf beetles, the investment in research exceeded a 30-year timespan yet still
produced a positive result, yielding an internal rate of return of 7.5% [46].

In the US, no research has been conducted to estimate returns on investment in IPM
and novel approaches to the management of onion crops. However, investment in IPM
and improved management practices for potatoes, a crop similar in capital and input
intensiveness [9], has been evaluated. The economic impacts of investments in breeding
and genetics that would reduce pesticide use were estimated by employing an ex-ante
cost-benefit analysis. Return from investment in the Pacific Northwest potato variety
development program was estimated to be 35% [47]. Returns from investment in IPM
decision support tools for potato psyllid management in the Pacific Northwest states of
Idaho, Oregon, and Washington have also been evaluated [48]. The benefits of decision
support tools were estimated based only on reduction in the use of spirotetramat, an active
ingredient commonly applied for the management of psyllids. The estimated internal rate
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of return was dependent on the adoption rate and was projected to range between 8% and
14% [48].

2. Materials and Methods

The costs and benefits of the research were evaluated at the farmer level, the institution
level, and from the perspective of society over time using assessment guidelines for eco-
nomic evaluation of IPM projects as a framework [44]. The net present value, benefit—cost
ratio, and internal rate of return were used as evaluation metrics. Consistent with previous
studies on the adoption of agricultural innovations in high-value vegetable crops [47,49,50],
the estimated benefits will be probabilistic because they depend on the successful adoption
of new approaches to management.

Mathematical Model

The methodology used in previous research [48] was employed for the estimation of
the gross annual benefits resulting from fewer insecticide applications and reductions in
the use of synthetic fertilizers.

The benefits per hectare were summed over all hectares currently treated with insecti-

cides and fertilizer as: N N '
Y (Bir) = Ly Hi' (1) + HY () M)

Where

Bj+ = the dollar value of benefits achieved from reducing the number of insecticide
applications and fertilizers in the jth region in year t.

H ]i = hectares currently treated with insecticides in the jth region

I = net decrease in insecticide costs ($/hectare) due to the adoption of threshold-based
spray application programs

j = the regions considered in the study

H ]f = hectares currently treated with fertilizer in the jth region

F =net decrease in fertilizer costs ($/hectare) due to adoption of new fertilization practices

The gross annual benefit §; is probabilistic since it depends on the probability of the
rate of adoption P(Ay). We define the expected value of B,

Y E(Bi) = Yy s BieP(AR) @)

Where:
k = the period when the benefits are achieved
= the total duration of time over which benefits are accrued in region j
To estimate the net present value (NPV) of the flow of benefits, we discount the right
side of Equation (2)

(Ax)

Y PE(B) = Y 12” é ”P o (3)

Where PE(Bj;) is the present value of the expected dollar value of benefits achieved from
reducing insecticide and fertilizer applications in the jth region in year t. The social discount
rate is represented by r; we apply a rate of 2.5%. This is the risk-free rate reported for
20-year bonds by the Office of Management and Budget for use in cost-benefit analysis of
federal programs [51]. The adoption rate used is discussed in the Results Section.

The flow of costs resulting from the development of IPM is represented as

Ce =Y 1 o(Di+Mi+0y) 4)

Cy represents the total costs required to research and develop IPM approaches for the
management of dry bulb onions, maintain extension and outreach activities, and implement
new management tactics on the farm. D; is the direct cost of conducting field research to
develop and refine new approaches for the management of thrips. M; is the cost required
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to maintain extension and outreach activities in support of IPM-based thrips management
strategies. O; is the operational cost required to implement IPM-based approaches to
management on the farm.

The net present value of the expected flow of gross annual benefits is estimated by
subtracting the costs estimated in Equation (4) from the benefits in Equation (3)

Yo PE(Bi) = Yy Yl E(Bj) = G/ (L+7)* 5)

The internal rate of return (IRR) is found by solving the following equation:

i { (E(Br) = Cu) /(1 + IRR)* | =0 ©)

3. Results and Discussion
3.1. Adoption of Agricultural Innovations

Adoption of agricultural innovations can be impacted by multiple factors such as
the type of innovation or economic forces [52], and a variety of techniques can be used
to estimate the adoption and diffusion patterns of new agricultural practices. Producer
surveys are straightforward and widely used techniques for the estimation of the adoption
of innovations in agriculture [53]. However, one of the key limitations of survey-based
approaches to assessing adoption is a potential lack of familiarity with the new practice [54].
The specific practices evaluated in this analysis have only been field-tested in three crop
cycles and pandemic precautions in the early years of the study limited usual face-to-face
outreach activities such as field days that would assist in enhancing grower awareness of
new approaches to management. As a result, we assumed limited awareness of the new
practices and expected limited success from the use of survey methodology.

The technique broadly referred to as the historical trends approach [55] projects
the adoption of a new agricultural innovation based on past adoption rates of similar
innovations. However, the success of the historical trends approach is dependent on the
availability of relevant data [56]. In the case of dry bulb onions, time series data on a
national scale pertaining to the adoption of new innovative approaches to management
are limited. USDA pest management surveys that would improve understanding of the
diffusion of IPM-based practices are reported as an aggregate measure that encompasses
22 vegetable crops [57]. As a result, the ability to draw inferences regarding the adoption
and diffusion of new approaches to management specific to onion crops is difficult.

To account for data limitations, we modeled the adoption of new managerial tactics
for dry bulb onions by combining the Bass diffusion model with recent data documenting
the adoption of similar pest management strategies [25]. Previous research indicated that
the Bass model can be successfully applied in agricultural settings [48,58,59] and Bass-type
modeling can be a flexible, mathematically robust method for estimating sigmoid-shaped
curves [60].

The basic equation takes the form:

n(t) = (p+qN(#))(m — N(t))

Where:

n(t) = percent of adopters during time t

p = coefficient of innovation

q = coefficient of imitation

N(t) = ;‘:0 n(j) percent of adopters at time t

m = maximum adoption rate

The exact innovation or imitation parameters for the adoption of new management
practices in onions are not known. However, previous researchers [48] have successfully
utilized averages to estimate innovation and imitation parameters when the availability
of data was limited. Consequently, the average values for the coefficients of innovation



Horticulturae 2023, 9, 1219

7 of 14

and imitation reported in a meta-analysis of 213 sets of diffusion models examining a
variety of innovations were used as proxies [61]. The average value for the coefficient
of innovation was 0.03; the average value for the coefficient of imitation reported in
the same study was 0.38. Both parameters are important because the adoption of IPM
practices will be driven by innovators and imitators. Innovators will adopt new production
practices due to external influence from sources such as extension, while imitators will
adopt an agricultural innovation as a result of farmer-to-farmer communication [59]. The
simplifying assumptions subject the estimates to error because the average parameters may
not accurately capture the unique factors contributing to the adoption of new approaches
to the management of dry bulb onions.

Adoption is assumed to begin at the time the new practice or technology would
be available for use 55]. Our model assumes growers could begin using action-based
thresholds and reducing fertilizer applications in the year 2022. In scenario I, adoption
is assumed to begin at 1% in 2022 and reaches a maximum adoption rate of 58% in the
year 2041 (Table 1). The maximum adoption rate is taken from previous research that
evaluated the adoption of insecticide resistance management practices (IRM) in dry bulb
onions [25]. While the adoption of IRM practices does not establish the adoption and use
of action-based thresholds or reduced fertilization practices, in the absence of any other
data, it does provide a reasonable proxy for estimation. We applied this scenario to all
regions considered in the analysis. A sensitivity analysis was performed to allow for the
evaluation of a less optimistic adoption scenario. Scenario II assumes that adoption begins
at 1% in 2022 and reaches a maximum adoption rate of 29% in 2041, half of the adoption
rate estimated in Scenario I (Table 1).

Table 1. Projected adoption profile scenarios.

Projected Adoption Profile Projected Adoption Profile

Year (%) Scenario I (%) Scenario II
2022 1% 1%
2023 3% 2%
2024 6% 4%
2025 9% 6%
2026 14% 8%
2027 19% 11%
2028 25% 14%
2029 32% 17%
2030 38% 20%
2031 43% 23%
2032 48% 25%
2033 51% 26%
2034 54% 27%
2035 55% 28%
2036 56% 28%
2037 57% 29%
2038 57% 29%
2039 58% 29%
2040 58% 29%

2041 58% 29%
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3.2. Estimation of Baseline Hectares Treated with Insecticides and Fertilizer

Baseline estimates of the number of hectares treated with insecticides in major onion-
growing regions in the western US and New York are calculated using the USDA chemical
use survey for onions and USDA estimates of area planted. In the western US states
of Oregon and Washington, 100% of planted hectares were reported to be treated with
insecticides [62]. Since the chemical use survey for onions was not conducted in Idaho
and the major dry bulb onion-growing region in the state is adjacent to Oregon’s major
onion-growing region, we assume the estimates reported for Oregon are an accurate proxy
for Idaho. As a result, 100% of planted hectares in Idaho are assumed to be treated with
insecticides. The chemical use survey for New York indicates that 98% of onion hectares
were reported to be treated with insecticides [62]. The USDA data did not consistently
report the number of applications of each active ingredient assessed in the survey for all
states of interest. As a result of limited reporting, we rely on previous research to provide
perspective on the frequency of thrips-targeted insecticide applications. Regardless of
region, estimates suggest between five and nine insecticide applications are typically used
to manage thrips in a typical growing season [39,63,64].

Baseline estimates of the number of hectares treated with nitrogen, phosphorous,
and potassium fertilizers in New York onion-growing regions are calculated using the
USDA fertilizer use survey for onions and USDA estimates of area planted. Fertilizer use
was not reported in 2020, thus data reported in 2018 were used as a proxy. An estimated
99% of planted hectares were treated with nitrogen-, phosphorous-, and potassium-based
fertilizers in 2018 [65]. When data for hectares treated were combined with data for planted
hectares, a total of 3125 hectares of New York onions were estimated to be treated with
fertilizer. Baseline estimates of the number of hectares treated with fertilizer in western US
onion-growing regions were omitted based on the assumption that reduced fertilization
practices would not be adopted in the region. Research results suggested that reductions in
fertilizer use could jeopardize yield of valuable large-sized onion bulbs in the western US,
reducing overall profit [42].

3.3. Estimation of Gross Annual Benefits

An example from 2022 illustrates how the gross annual benefits are calculated. A total
of 21,448.37 hectares were estimated to be treated with insecticides in the major dry bulb
onion-growing regions located in western US. If one insecticide application [43] valued at
the three-year average price of $89.06 per hectare [10,66,67] is eliminated on 1% of hectares
currently treated with insecticides, $19,101.20 in benefits would be achieved. In New York,
a total of 3093.42 hectares of dry bulb onions were estimated to be treated with insecticides.
If an average of 2.3 insecticide applications [38] with an estimated three-year average price
of $204.83 per hectare are eliminated on 1% of New York hectares currently treated with
insecticides, an estimated $6336.26 in benefits would be achieved.

No benefits from reductions in fertilizer were assumed to be achieved in onion-
growing regions located in the western US. However, in New York, additional benefits from
the dollar value of savings from reducing nitrogen, phosphorous, and potassium fertilizer
applications would accrue. A total of 3125 hectares of dry bulb onions were estimated to
be treated with the three key fertilizer components used in New York onion production.
The three-year average prices of nitrogen, phosphorous, and potassium fertilizers were
estimated to be $1.20, $1.30, and $0.97 per kilogram, respectively [10,66,67]. The maximum
recommended rates for nitrogen, phosphorus, and potassium fertilizers required to produce
onions in New York are 140 kg per hectare, 168 kg per hectare, and 168 kg per hectare,
respectively. If an average of 60 kg of nitrogen per hectare was eliminated (43% reduction),
the estimated savings would be $71 per hectare. If an average of 61 kg of phosphorous per
hectare was eliminated (36% reduction), the estimated savings would be $79 per hectare.
Eliminating the use of 100 kg of potassium per hectare (60% reduction) would result in
savings of $87 per hectare. The combined savings from a reduction in the use of nitrogen,
phosphorous, and potassium fertilizers would total $236.92 per hectare. If fertilizer use val-
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ued at $236.92 per hectare is eliminated on 1% of New York hectares currently treated with
each key fertilizer component, an estimated $7413.12 in benefits would be achieved. The
benefits from reductions in input use in each US onion-producing region would combine
for a total gross annual benefit of $32,850.58 in 2022 (Table 2). The gross annual benefits

are expected to expand each year as more growers adopt new approaches to management.

If the projected adoption rates in scenario I are achieved, gross annual benefits would
exceed $1.9 million annually by the year 2041. If the adoption rates projected in Scenario II
(Table 3) are achieved, the gross annual benefits would accrue to $951,230.18 by the year
2041 (Table 3).

Table 2. Estimated costs and benefits of novel IPM-based approaches to onion thrips management:

scenario I.
Year Direct Cost Maintenance Operational Total Cost Gross An'n ual Net Benefits
Cost Cost Benefit
2018 $125,096.00 $125,096.00 $0.00 —$125,096.00
2019 $172,947.00 $172,947.00 $0.00 —$172,947.00
2020 $186,422.00 $186,422.00 $0.00 —$186,422.00
2021 $126,952.00 $126,952.00 $0.00 —$126,952.00
2022 $20,000.00 $6450.50 $26,450.50 $32,850.58 $6400.08
2023 $20,000.00 $19,889.78 $39,889.78 $101,293.08 $61,403.29
2024 $20,000.00 $37,673.27 $57,673.27 $191,859.36 $134,186.09
2025 $20,000.00 $60,641.23 $80,641.23 $308,828.76 $228,187.53
2026 $20,000.00 $89,354.47 $109,354.47 $455,057.20 $345,702.73
2027 $20,000.00 $123,742.89 $143,742.89 $630,187.77 $486,444.88
2028 $20,000.00 $162,724.18 $182,724.18 $828,708.53 $645,984.35
2029 $20,000.00 $204,006.83 $224,006.83 $1,038,949.48 $814,942.65
2030 $20,000.00 $244,361.20 $264,361.20 $1,244,462.97 $980,101.76
2031 $20,000.00 $280,462.06 $300,462.06 $1,428,314.50 $1,127,852.44
2032 $20,000.00 $309,954.33 $329,954.33 $1,578,510.36 $1,248,556.02
2033 $20,000.00 $332,082.93 $352,082.93 $1,691,205.09 $1,339,122.16
2034 $20,000.00 $347,526.21 $367,526.21 $1,769,853.34 $1,402,327.14
2035 $20,000.00 $357,714.54 $377,714.54 $1,821,739.65 $1,444,025.11
2036 $20,000.00 $364,170.80 $384,170.80 $1,854,619.61 $1,470,448.80
2037 $20,000.00 $368,152.94 $388,152.94 $1,874,899.52 $1,486,746.58
2038 $20,000.00 $370,566.85 $390,566.85 $1,887,192.88 $1,496,626.03
2039 $20,000.00 $372,014.44 $392,014.44 $1,894,565.07 $1,502,550.62
2040 $20,000.00 $372,876.87 $392,876.87 $1,898,957.16 $1,506,080.29
2041 $20,000.00 $373,388.65 $393,388.65 $1,901,563.51 $1,508,174.86
Total $611,417.00 $400,000.00 $4,797,754.99 $5,809,171.99 $24,433,618.41 $18,624,446.43
IRR 32%
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Table 3. Estimated costs and benefits of novel IPM-based approaches to onion thrips management:
scenario II.

Maintenance Operational Gross Annual

Year Direct Cost Cost Cost Total Cost Benefit Net Benefits
2018 $125,096.00 $125,096.00 $0.00 ($125,096.00)
2019 $172,947.00 $172,947.00 $0.00 ($172,947.00)
2020 $186,422.00 $186,422.00 $0.00 ($186,422.00)
2021 $126,952.00 $126,952.00 $0.00 ($126,952.00)
2022 $20,000.00 $6450.50 $26,450.50 $32,850.58 $6400.08

2023 $20,000.00 $14,235.59 $34,235.59 $72,497.84 $38,262.26

2024 $20,000.00 $24,418.31 $44,418.31 $124,355.61 $79,937.29

2025 $20,000.00 $37,365.44 $57,365.44 $190,291.67 $132,926.23
2026 $20,000.00 $53,219.10 $73,219.10 $271,029.94 $197,810.84
2027 $20,000.00 $71,704.29 $91,704.29 $365,169.79 $273,465.50
2028 $20,000.00 $91,968.35 $111,968.35 $468,368.96 $356,400.61
2029 $20,000.00 $112,587.39 $132,587.39 $573,375.95 $440,788.56
2030 $20,000.00 $131,855.24 $151,855.24 $671,501.69 $519,646.45
2031 $20,000.00 $148,299.25 $168,299.25 $755,246.41 $586,947.16
2032 $20,000.00 $161,140.35 $181,140.35 $820,642.53 $639,502.18
2033 $20,000.00 $170,404.03 $190,404.03 $867,819.88 $677,415.85
2034 $20,000.00 $176,670.97 $196,670.97 $899,735.63 $703,064.66
2035 $20,000.00 $180,712.88 $200,712.88 $920,319.92 $719,607.04
2036 $20,000.00 $183,235.09 $203,235.09 $933,164.84 $729,929.75
2037 $20,000.00 $184,775.36 $204,775.36 $941,009.00 $736,233.64
2038 $20,000.00 $185,703.26 $205,703.26 $945,734.55 $740,031.29
2039 $20,000.00 $186,257.61 $206,257.61 $948,557.66 $742,300.06
2040 $20,000.00 $186,587.11 $206,587.11 $950,235.74 $743,648.63
2041 $20,000.00 $186,782.38 $206,782.38 $951,230.18 $744,447.80
Total $611,417.00 $400,000.00 $2,494,372.48 $3,505,789.48 $12,703,138.36 $9,197,348.88

IRR 24%

3.4. Research Costs

The direct costs corresponding to the field research and data analysis required to eval-
uate the new approaches to thrips management were estimated to be $125,096 in year one,
$172,947 in year two, $186,422 in year three, and $126,952 in year four. The cost to maintain
extension outreach programs, support farm field days, refine approaches to novel IPM-
based practices, and disseminate information to stakeholders was estimated to be $20,000
per year (Tables 2 and 3). Farmers would incur increased operational costs to implement
new approaches to thrips management and fertilization practices (Tables 2 and 3). Scouting
for pests is a practice that has been documented to be widely used in vegetable crops [57];
however, we assume that those who adopt threshold-based management practices would
monitor crops more intensively. The additional costs associated with increased scouting
efforts are derived from adjusting estimates of willingness to pay for scouting reported
in previous research [25] and are estimated to be $24.71 per hectare. Additionally, we
assume that New York growers adopting reduced fertilization practices would engage in
more judicious soil nutrition monitoring and allocate $12.36 per hectare [67] to implement
additional soil tests.
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3.5. Limitations of the Analysis

The gross annual benefits of novel approaches to manage onion thrips and optimize
dry bulb onion production are estimated using the assumption that the use of action-based
thresholds could facilitate a reduction in insecticide application in onion-growing regions
of the western US. In the eastern US, benefits are estimated based on the assumption of
reduced insecticide applications and fertilizer use. The adoption profiles estimated in
this analysis were scenario-based. The most optimistic adoption scenario assumed that
adoption began at 1% and reached a maximum adoption rate of 58%. The second scenario
was more conservative, assuming that adoption began at 1% and reached a maximum
adoption rate of 29%. The use of different adoption scenarios would result in different
evaluation outcomes.

The actual coefficients of innovation and imitation for the adoption of novel ap-
proaches to dry bulb onion management are not known. The use of the averages of the
coefficients of innovation and imitation as proxies for adoption also subjects the estimates
to error. Further, we do not know how public—private partnerships in the form of in-kind
contributions such as the provision of land by commercial onion growers for conducting
field research in New York impact the coefficient of imitation. It is possible that such in-kind
contributions will improve the adoption and diffusion of public research, enhancing returns
to society. This analysis assumed that maintenance costs were constant; however, changes
associated with staff salaries or operating budgets would alter evaluation outcomes. The
benefits of the adoption of new approaches to onion thrips management and optimization
of dry bulb onion production are estimated to span 20 years; however, spreading the
benefits over a different period would also change the evaluation metrics.

The estimation of benefits was based only on the value of reductions in fertilizer and
insecticide use. Benefits from changes in yields or quality resulting from the adoption
of new management approaches in dry bulb onions were not considered in the analysis.
However, the assumption of no change in yields or quality could lead to underestimation
of the benefits of utilization of action-based thresholds for insecticide applications because
the ability to better time applications of insecticides could improve yields. Our analysis
also used historical three-year average prices to estimate the dollar value of benefits from
reductions in input use. However, this approach could have led to an underestimation of
benefits due to the rapid rise in farm input costs [12].

4. Conclusions

We performed a cost-benefit analysis of novel, [IPM-based approaches to onion thrips
management in major dry bulb onion-growing regions across the US. In our model, benefits
were measured by the dollar value of savings resulting from reductions in fertilizer and in-
secticide use. The results of our analysis highlight the potential impact of new management
tactics that could reduce fertilizer use and improve the ability to make informed decisions
regarding the timing and execution of insecticide applications through the utilization of
action-based thresholds. Using a scenario that assumed a maximum adoption rate of
58%, the estimated net present value of the research was estimated to be $15.91 million,
the benefit—cost ratio was estimated to be 4.00, and the internal rate of return was 32%.
Assuming a scenario with a maximum adoption rate of 29%, the estimated net present
value of the research was $8.3 million, the benefit—cost ratio was 3.34, and the internal rate
of return was 24%. Even when conservatively estimated, investment in research to develop
and refine new approaches to manage onion thrips and optimize dry bulb onion production
illustrated a healthy return on public investment in research. Future research after sufficient
time has elapsed is needed to evaluate the actual adoption of new production practices
and to identify any barriers to the adoption of new practices. Additional research is also
required to improve understanding of how public-private partnerships in the form of
in-kind contributions such as land for conducting field trials impact the adoption of new
agricultural practices.



Horticulturae 2023, 9, 1219 12 of 14

Author Contributions: Conceptualization of the project, G.G.; methodology, G.G., S.R. and B.A.N;
data acquisition, S.R. and B.A.N.; formal analysis, G.G.; writing—original draft preparation, G.G;
writing—review and editing, G.G., S.R. and B.A.N.; funding acquisition, G.G., S.R. and B.A.N. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the United States Department of Agriculture National Institute
of Food and Agriculture Specialty Crop Research Initiative, grant number 2018-51181-28435. The
APC was funded by B.A.N.

Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Diaz-Montano, J.; Fuchs, M.; Nault, B.A.; Fail, J.; Shelton, A.M. Onion thrips (Thysanoptera: Thripidae): A global pest of
increasing concern in onion. J. Econ. Entomol. 2011, 104, 1-13. [CrossRef] [PubMed]

2. Gill, HK; Garg, H.; Gill, A K,; Gillett-Kaufman, J.L.; Nault, B.A. Onion thrips (Thysanoptera: Thripidae) biology, ecology, and
management in onion production systems. J. Integr. Pest Manag. 2015, 6, 6. [CrossRef]

3.  Dai, Y;; Shao, M.; Hannaway, D.; Wang, L.; Liang, J.; Hu, L.; Lu, H. Effect of Thrips tabaci on anatomical features, photosynthetic
characteristics and chlorophyll fluorescence of Hypericum sampsonii Leaves. Crop Prot. 2009, 28, 327-332. [CrossRef]

4. Kendall, D.M.; Capinera, J.L. Susceptibility of onion growth stages to onion thrips (Thysanoptera: Thripidae) damage and
mechanical defoliation. Environ. Entomol. 1987, 16, 859-863. [CrossRef]

5. Diaz-Montano, J.; Fuchs, M.; Nault, B.A.; Shelton, A.M. Evaluation of onion cultivars for resistance to onion thrips (Thysanoptera:
Thripidae) and Iris Yellow Spot Virus. J. Econ. Entomol. 2010, 103, 925-937. [CrossRef] [PubMed]

6. Mayer, D.; Lunden, J.; Rathbone, L. Evaluation of insecticides for Thrips tabaci (Thysanoptera: Thripidae) and effects of thrips on
bulb onions. . Econ. Entomol. 1987, 80, 930-932. [CrossRef]

7. Pozzer, L.; Bezerra, L; Kormelink, R.; Prins, M.; Peters, D.; Resende, R.d.O.; De Avila, A. Characterization of a Tospovirus isolate
of Iris Yellow Spot Virus associated with a disease in onion Fields in Brazil. Plant Dis. 1999, 83, 345-350. [CrossRef]

8.  Reitz, S.R. Onion thrips (Thysanoptera: Thripidae) and their management in the Treasure Valley of the Pacific Northwest. Fla.
Entomol. 2014, 97, 349-354. [CrossRef]

9. Alyokhin, A.; Nault, B.; Brown, B. Soil conservation practices for insect pest management in highly disturbed agroecosystems—A
review. Entomol. Exp. Appl. 2020, 168, 7-27. [CrossRef]

10. Greenway, G. Onion Cost of Production in Eastern Oregon and Idaho. 2021. Available online: https:/ /agsci.oregonstate.edu/
mes/article/cost-onion-production-eastern-oregon-and-idaho (accessed on 3 October 2023).

11.  United States Department of Agriculture National Agricultural Statistics Service. Agricultural Prices. 2020. Available online:
https://downloads.usda.library.cornell.edu/usdaesmis/files /c821gj76b / {t849819d /nk322z422 / agpr0320.pdf (accessed on 3
October 2023).

12.  United States Department of Agriculture National Agricultural Statistics Service. Agricultural Prices. 2022. Available online:
http:/ /www.nass.usda.gov/Publications/Todays_Reports/reports/agpr0322.pdf (accessed on 3 October 2023).

13.  Shock, C.C.; Feibert, E.B.; Saunders, L.D. Onion response to drip irrigation intensity and emitter flow rate. HortTechnology 2005,
15, 652-659. [CrossRef]

14. Marchesi, K.; McLaughlin, PW. COVID-19 Working Paper: The Impact of the COVID-19 Pandemic on Food-away-from-Home
Spending. 2022. Available online: https://www.ers.usda.gov/webdocs/publications /103455 /ap-100.pdf?v=350 (accessed on
3 October 2023).

15. Ellison, B.; Kalaitzandonakes, M. Food Waste and COVID-19: Impacts along the Supply Chain. 2022. Available online:
https:/ /farmdocdaily.illinois.edu/2020/09/food-waste-and-covid-19-impacts-along-the-supply-chain.html (accessed on
3 October 2023).

16. United States Department of Agriculture Agricultural Marketing Service. Specialty Crop Custom Reports. 2022. Available online:
https:/ /www.marketnews.usda.gov/mnp/fv-report-config-step1?type=shipPrice (accessed on 3 October 2023).

17.  Feibert, E.B.; Shock, C.; Reitz, S.; Rivera, A.; Weiland, K. 2021 Onion Variety Trials. 2022. Available online: https://agsci.
oregonstate.edu/system/files/bonionvarieties2021_6june2022.pdf (accessed on 3 October 2023).

18. Feibert, E.B.; Shock, C.; Reitz, S.; Rivera, A.; Wieland, K. Performance of onion cultivars in the Treasure Valley of Eastern Oregon
and Southwestern Idaho in 2010-20. HortTechnology 2022, 32, 435-446. [CrossRef]

19. Rueda, A.; Badenes-Perez, F.R.; Shelton, A.M. Developing economic thresholds for onion thrips in Honduras. Crop Prot. 2007, 26,
1099-1107. [CrossRef]

20. Waiganjo, M.M,; Gitonga, L.M.; Mueke, J. Effects of weather on thrips population dynamics and its implications on the thrips
pest management. Afr. J. Hortic. Sci. 2008, 1, 82-90.

21. Schwartz, H.F,; Alston, D.; Alwang, J.; Bartolo, M.; Blunt, T.; Boateng, C.O.; Bunn, B.; Cramer, C.S.; Cranshaw, W.; Davidson, J.

Onion IPM pipe: A coordinated effort to improve the management of onion thrips and Iris Yellow Spot Virus for the US onion
industry. Plant Health Prog. 2014, 15, 172-183. [CrossRef]


https://doi.org/10.1603/EC10269
https://www.ncbi.nlm.nih.gov/pubmed/21404832
https://doi.org/10.1093/jipm/pmv006
https://doi.org/10.1016/j.cropro.2008.11.012
https://doi.org/10.1093/ee/16.4.859
https://doi.org/10.1603/EC09263
https://www.ncbi.nlm.nih.gov/pubmed/20568640
https://doi.org/10.1093/jee/80.4.930
https://doi.org/10.1094/PDIS.1999.83.4.345
https://doi.org/10.1653/024.097.0202
https://doi.org/10.1111/eea.12863
https://agsci.oregonstate.edu/mes/article/cost-onion-production-eastern-oregon-and-idaho
https://agsci.oregonstate.edu/mes/article/cost-onion-production-eastern-oregon-and-idaho
https://downloads.usda.library.cornell.edu/usdaesmis/files/c821gj76b/ft849819d/nk322z422/agpr0320.pdf
http://www.nass.usda.gov/Publications/Todays_Reports/reports/agpr0322.pdf
https://doi.org/10.21273/HORTTECH.15.3.0652
https://www.ers.usda.gov/webdocs/publications/103455/ap-100.pdf?v=350
https://farmdocdaily.illinois.edu/2020/09/food-waste-and-covid-19-impacts-along-the-supply-chain.html
https://www.marketnews.usda.gov/mnp/fv-report-config-step1?type=shipPrice
https://agsci.oregonstate.edu/system/files/bonionvarieties2021_6june2022.pdf
https://agsci.oregonstate.edu/system/files/bonionvarieties2021_6june2022.pdf
https://doi.org/10.21273/HORTTECH05061-22
https://doi.org/10.1016/j.cropro.2006.10.002
https://doi.org/10.1094/PHP-FE-14-0026

Horticulturae 2023, 9, 1219 13 of 14

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44.

45.

46.

47.

48.

49.

Devi, M.S.; Roy, K. Comparable study on different coloured sticky traps for catching of onion thrips, Thrips tabaci Lindeman.
J. Entomol. Zool. Stud. 2017, 5, 669-671.

Birithia, R.; Subramanian, S.; Muthomi, J.; Narla, R. Seasonal dynamics and alternate hosts of thrips transmitted Iris Yellow Spot
Virus in Kenya. Afr. Crop Sci. ]. 2018, 26, 365-376. [CrossRef]

Leach, A ; Reiners, S.; Fuchs, M.; Nault, B. Evaluating integrated pest management tactics for onion thrips and pathogens they
transmit to onion. Agric. Ecosyst. Environ. 2017, 250, 89-101. [CrossRef]

Leach, A.B.; Hoepting, C.A.; Nault, B.A. Grower adoption of insecticide resistance management practices increase with Extension-
based program. Pest Manag. Sci. 2019, 75, 515-526. [CrossRef]

Shahabeddin Nourbakhsh, S.; Cramer, C.S. Onion germplasm possesses lower early season thrips numbers. Horticulturae 2022, 8, 123.
[CrossRef]

Shelton, A.; Zhao, ].-Z.; Nault, B.; Plate, ].; Musser, F.; Larentzaki, E. Patterns of insecticide resistance in onion thrips (Thysanoptera:
Thripidae) in onion Fields in New York. J. Econ. Entomol. 2006, 99, 1798-1804. [CrossRef]

Jensen, L. Insecticide Trials for Onion Thrips (Thrips tabaci). 2006. Available online: https://agsci.oregonstate.edu/sites /agscid7
/files/malheur /attachments/ar/2005-13-OnionThripsInsecticideTrials.pdf (accessed on 3 October 2023).

Jensen, L. Insecticide Efficacy Trial for Thrips Control in Dry Bulb Onions. 2007. Available online: https://agsci.oregonstate.edu/
article/insecticide-efficacy-trial-thrips-control-dry-bulb-onions (accessed on 3 October 2023).

Herron, G.A.; James, T.M.; Rophail, J.; Mo, J. Australian populations of onion thrips, Thrips tabaci Lindeman (Thysanoptera:
Thripidae), Are Resistant to Some Insecticides Used for Their Control. Aust. |. Entomol. 2008, 47, 361-364. [CrossRef]

Foster, S.P.; Gorman, K.; Denholm, I. English field samples of Thrips tabaci show strong and ubiquitous resistance to deltamethrin.
Pest Manag. Sci. 2010, 66, 861-864. [CrossRef]

Aizawa, M.; Watanabe, T.; Kumano, A.; Miyatake, T.; Sonoda, S. Cypermethrin resistance and reproductive types in onion thrips,
Thrips tabaci (Thysanoptera: Thripidae). J. Pestic. Sci. 2016, 41, 167-170. [CrossRef] [PubMed]

Adesanya, A.W.; Waters, T.D.; Lavine, M.D.; Walsh, D.B.; Lavine, L.C.; Zhu, E. Multiple insecticide resistance in onion thrips
populations from Western USA. Pestic. Biochem. Physiol. 2020, 165, 104553. [CrossRef] [PubMed]

Reitz, S.R.; Chitturi, A.; Trenkel, I.; Weiland, K.; Feibert, E.B.; Rivera, A. Thrips Insecticide Rotation Trial Report 2020. 2021.
Available online: https://agsci.oregonstate.edu/system/files/mthrips_insecticide_rotation_trial_report_2020.pdf (accessed on
3 October 2023).

Nault, B.A.; Shelton, A.M. Impact of insecticide efficacy on developing action thresholds for pest management: A case study of
onion thrips (Thysanoptera: Thripidae) on onion. J. Econ. Entomol. 2010, 103, 1315-1326. [CrossRef] [PubMed]

Malik, M.; Nawaz, M.; Ellington, J.; Sanderson, R.; El-Heneidy, A. Effect of different nitrogen regimes on onion thrips, Thrips
tabaci Lindemann, on onions, Allium Cepa L. Southwest. Entomol. 2009, 34, 219-225. [CrossRef]

Buckland, K.; Reeve, J.; Alston, D.; Nischwitz, C.; Drost, D. Effects of nitrogen fertility and crop rotation on onion growth and
yield, thrips densities, Iris Yellow Spot Virus and soil properties. Agric. Ecosyst. Environ. 2013, 177, 63-74. [CrossRef]

Regan, K.H.; Nault, B.A. Impact of reducing synthetic chemical inputs on pest and disease management in commercial onion
production systems. Agronomy 2022, 12, 1292. [CrossRef]

Waters, T.D.; Walsh, D.B. Thrips Control on Dry Bulb Onions. 2011. Available online: https://ir.library.oregonstate.edu/
downloads/z890rw32w (accessed on 3 October 2023).

Reitz, S.R. Monitoring Onion Pests across the Treasure Valley 2019. 2020. Available online: https://agsci.oregonstate.edu/
system/files /kreitz_2019_onion_pest_monitoring_report03june2020.pdf (accessed on 3 October 2023).

Reitz, S.R.; Chitturi, A.; Feibert, E.B.; Trenkel, I.; Rose, H. Management of Onion Thrips with Threshold-Based Insecticide
Applications and Reduced Nitrogen Fertility. 2023. Available online: https://agsci.oregonstate.edu/system/files/i-ipm3
yearreport_lb.pdf (accessed on 3 October 2023).

Greenway, G. Economics of Onion IPM. 2022. Available online: https:/ /www.pnva.org (accessed on 3 October 2023).

Chitturi, A.; Fiebert, E.B.; Weiland, K.; Trenkel, I; Rivera, A.; Reitz, S. Management of Onion Thrips with Threshold-Based
Insecticide Applications and Reduced Nitrogen Fertility. 2021. Available online: https:/ /agsci.oregonstate.edu/system /files/r_
ipm_report_2020.pdf (accessed on 3 October 2023).

Fleischer, G.; Jungbluth, E.; Waibel, H.; Zadoks, J. A Field Practitioner’s Guide to Economic Evaluation of IPM; Pesticide Policy Project
Publication in cooperation with Food and Agriculture Organization; University of Hannover, Germany Publication Series No 9;
University of Hannover: Hannover, Germany, 1999.

Preciados, L.S.; Hall, D. Assessing the economic potential of public-private partnerships (PPS): An ex-ante cost-benefit analysis
for agricultural R&D in southern Philippines. . Educ. Hum. Resour. Dev. JEHRD 2016, 4, 1-13.

Cameron, N.; Wardlaw, T.; Venn, T.; Carnegie, A.; Lawson, S. Costs and benefits of a leaf beetle Integrated Pest Management
(IPM) program II. Cost-Benefit Analysis. Aust. For. 2018, 81, 53-59. [CrossRef]

Araji, A.; Love, S. The economic impact of investment in the pacific northwest potato variety development program. Am. . Potato
Res. 2002, 79, 411-420. [CrossRef]

Greenway, G.A.; Asiseh, F; Quaicoe, O. A cost benefit analysis of IPM decision support tools for potato psyllids in Idaho, Oregon,
and Washington. Am. J. Potato Res. 2021, 98, 122-129. [CrossRef]

Guenthner, J.; Araji, A.; Marida, K. Benefits of Public Investment in Potato Biotechnology for Developing Countries. Appl.
Biotechnol. Food Sci. Policy 2004, 1, 235-242.


https://doi.org/10.4314/acsj.v26i3.3
https://doi.org/10.1016/j.agee.2017.08.031
https://doi.org/10.1002/ps.5150
https://doi.org/10.3390/horticulturae8020123
https://doi.org/10.1093/jee/99.5.1798
https://agsci.oregonstate.edu/sites/agscid7/files/malheur/attachments/ar/2005-13-OnionThripsInsecticideTrials.pdf
https://agsci.oregonstate.edu/sites/agscid7/files/malheur/attachments/ar/2005-13-OnionThripsInsecticideTrials.pdf
https://agsci.oregonstate.edu/article/insecticide-efficacy-trial-thrips-control-dry-bulb-onions
https://agsci.oregonstate.edu/article/insecticide-efficacy-trial-thrips-control-dry-bulb-onions
https://doi.org/10.1111/j.1440-6055.2008.00669.x
https://doi.org/10.1002/ps.1953
https://doi.org/10.1584/jpestics.D16-049
https://www.ncbi.nlm.nih.gov/pubmed/30363107
https://doi.org/10.1016/j.pestbp.2020.104553
https://www.ncbi.nlm.nih.gov/pubmed/32359535
https://agsci.oregonstate.edu/system/files/mthrips_insecticide_rotation_trial_report_2020.pdf
https://doi.org/10.1603/EC10096
https://www.ncbi.nlm.nih.gov/pubmed/20857743
https://doi.org/10.3958/059.034.0303
https://doi.org/10.1016/j.agee.2013.06.005
https://doi.org/10.3390/agronomy12061292
https://ir.library.oregonstate.edu/downloads/z890rw32w
https://ir.library.oregonstate.edu/downloads/z890rw32w
https://agsci.oregonstate.edu/system/files/kreitz_2019_onion_pest_monitoring_report03june2020.pdf
https://agsci.oregonstate.edu/system/files/kreitz_2019_onion_pest_monitoring_report03june2020.pdf
https://agsci.oregonstate.edu/system/files/i-ipm3yearreport_lb.pdf
https://agsci.oregonstate.edu/system/files/i-ipm3yearreport_lb.pdf
https://www.pnva.org
https://agsci.oregonstate.edu/system/files/r_ipm_report_2020.pdf
https://agsci.oregonstate.edu/system/files/r_ipm_report_2020.pdf
https://doi.org/10.1080/00049158.2018.1427415
https://doi.org/10.1007/BF02871686
https://doi.org/10.1007/s12230-021-09823-6

Horticulturae 2023, 9, 1219 14 of 14

50.

51.

52.

53.

54.
55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Fernandez-Cornejo, ]. The Microeconomic Impact of Ipm Adoption: Theory and Application. Agric. Resour. Econ. Rev. 1996, 25,
149-160. [CrossRef]

United States Office of Management and Budget 2022 Discount Rates for OMB. 2022. Available online: https://www.whitehouse.
gov/wp-content/uploads/2022/06/M-22-13-Discount-Rates.pdf (accessed on 3 October 2023).

Sunding, D.; Zilberman, D. The agricultural innovation process: Research and technology adoption in a changing agricultural
sector. Handb. Agric. Econ. 2001, 1, 207-261.

Pierpaoli, E.; Carli, G.; Pignatti, E.; Canavari, M. Drivers of precision agriculture technologies adoption: A literature review.
Procedia Technol. 2013, 8, 61-69. [CrossRef]

Dearing, ] W.; Meyer, G. An exploratory tool for predicting adoption decisions. Sci. Commun. 1994, 16, 43-57. [CrossRef]
Kuehne, G.; Llewellyn, R.; Pannell, D.]J.; Wilkinson, R.; Dolling, P.; Ouzman, J.; Ewing, M. Predicting farmer uptake of new
agricultural practices: A tool for research, extension and policy. Agric. Syst. 2017, 156, 115-125. [CrossRef]

Langley, D.J.; Pals, N.; Ortt, ].R. Adoption of behaviour: Predicting success for major innovations. Eur. J. Innov. Manag. 2005, 8, 56-78.
[CrossRef]

United States Department of Agriculture National Agricultural Statistics Service. Pest Management Vegetable Totals. 2021.
Available online: https:/ /quickstats.nass.usda.gov /results /40E88340-0731-365E-A171-4936E44EBC74#81FD9D2E-BE61-3817
-BF3F-A3086DEBFF1D (accessed on 3 October 2023).

Sneddon, J.; Soutar, G.; Mazzarol, T. Modelling the faddish, fashionable and efficient diffusion of Agricultural Technologies: A
case study of the diffusion of wool testing technology in Australia. Technol. Forecast. Soc. Chang. 2011, 78, 468—480. [CrossRef]
McRoberts, N.; Franke, A. A Diffusion Model for the Adoption of Agricultural Innovations in Structured Adopting Populations.
2008. Available online: https://ageconsearch.umn.edu/record/61117/files/ WK29_MacRoberts.pdf (accessed on 3 October 2023).
Parker, PM. Aggregate diffusion forecasting models in marketing: A critical review. Int. J. Forecast. 1994, 10, 353-380. [CrossRef]
Sultan, E; Farley, ].U.; Lehmann, D.R. A meta-analysis of applications of diffusion models. J. Mark. Res. 1990, 27, 70-77. [CrossRef]
United States Department of Agriculture National Agricultural Statistics Service. 2020 Vegetable Chemical Use Survey. Avail-
able online: https:/ /www.nass.usda.gov/Data_and_Statistics/Pre-Defined_Queries/2020_Vegetables/index.php (accessed on
3 October 2023).

Shock, C.C.; Feibert, E.; Jensen, L.; Mohan, S.K.; Saunders, L.D. Onion variety response to Iris Yellow Spot Virus. HortTechnology
2008, 18, 539-544. [CrossRef]

Nault, B.A.; Huseth, A.S. Evaluating an action threshold-based insecticide program on onion cultivars varying in resistance to
onion thrips (Thysanoptera: Thripidae). J. Econ. Entomol. 2016, 109, 1772-1778. [CrossRef]

United States Department of Agriculture National Agricultural Statistics Service. Fertilizer Use Dry Onions. 2018. Available
online: https://quickstats.nass.usda.gov/results/7E5D555A-D61B-398C-9980-EE233C3FA194#BBB1A704-EF3F-3156-9AC8-D1
E4015218F8 (accessed on 3 October 2023).

Greenway, G. Onion Cost of Production in Eastern Oregon and Idaho. 2019. Available online: https://extension.oregonstate.edu/
sites/default/files/documents /33601 / onion-cost-production-dialogue.pdf (accessed on 3 October 2023).

Greenway, G. Onion Cost of Production in Eastern Oregon and Idaho. 2020. Available online: https:/ /agsci.oregonstate.edu/
mes/article/cost-onion-production-eastern-oregon-and-idaho (accessed on 3 October 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1017/S1068280500007814
https://www.whitehouse.gov/wp-content/uploads/2022/06/M-22-13-Discount-Rates.pdf
https://www.whitehouse.gov/wp-content/uploads/2022/06/M-22-13-Discount-Rates.pdf
https://doi.org/10.1016/j.protcy.2013.11.010
https://doi.org/10.1177/0164025994016001003
https://doi.org/10.1016/j.agsy.2017.06.007
https://doi.org/10.1108/14601060510578574
https://quickstats.nass.usda.gov/results/40E88340-0731-365E-A171-4936E44EBC74#81FD9D2E-BE61-3817-BF3F-A3086DEBFF1D
https://quickstats.nass.usda.gov/results/40E88340-0731-365E-A171-4936E44EBC74#81FD9D2E-BE61-3817-BF3F-A3086DEBFF1D
https://doi.org/10.1016/j.techfore.2010.06.005
https://ageconsearch.umn.edu/record/61117/files/WK29_MacRoberts.pdf
https://doi.org/10.1016/0169-2070(94)90013-2
https://doi.org/10.1177/002224379002700107
https://www.nass.usda.gov/Data_and_Statistics/Pre-Defined_Queries/2020_Vegetables/index.php
https://doi.org/10.21273/HORTTECH.18.3.539
https://doi.org/10.1093/jee/tow112
https://quickstats.nass.usda.gov/results/7E5D555A-D61B-398C-9980-EE233C3FA194#BBB1A704-EF3F-3156-9AC8-D1E4015218F8
https://quickstats.nass.usda.gov/results/7E5D555A-D61B-398C-9980-EE233C3FA194#BBB1A704-EF3F-3156-9AC8-D1E4015218F8
https://extension.oregonstate.edu/sites/default/files/documents/33601/onion-cost-production-dialogue.pdf
https://extension.oregonstate.edu/sites/default/files/documents/33601/onion-cost-production-dialogue.pdf
https://agsci.oregonstate.edu/mes/article/cost-onion-production-eastern-oregon-and-idaho
https://agsci.oregonstate.edu/mes/article/cost-onion-production-eastern-oregon-and-idaho

	Introduction 
	Onion Pests, Production, and Marketing 
	Field Research 
	Objective 
	Previous Studies 

	Materials and Methods 
	Results and Discussion 
	Adoption of Agricultural Innovations 
	Estimation of Baseline Hectares Treated with Insecticides and Fertilizer 
	Estimation of Gross Annual Benefits 
	Research Costs 
	Limitations of the Analysis 

	Conclusions 
	References

