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ABsTRACT. The phaseout of methyl bromide in agricultural production due to its
adverse environmental impact has prompted specialty crop industry stakeholders to
seck alternative soilborne disease management practices in the United States.
Anaerobic soil disinfestation (ASD), recognized as a biological and environmentally
friendly alternative, is considered a promising practice for managing soilborne
pathogens, nematodes, and weeds. However, the economic feasibility of ASD in
strawberry (Fragaria X ananassa) production remains underinvestigated. This
study evaluated the economic viability of ASD using various application rates of
carbon and nitrogen fertilizer sources in open-field organic strawberry production.
Using field experiment data from production seasons 2022-23 and 2023-24 in
Citra, FL, USA, the economic analysis demonstrated that although ASD treatments
incur higher costs, the additional returns from increased yields of some treatments
can offset these costs. Using 1486.0 gal/acre of molasses as the carbon source and
4.2 tons/acre of Everlizer (a heat-processed chicken litter product) as the nitrogen
source in season 2022-23 produced the highest yield compared with the control
group that did not use ASD in production. The same treatment in season 2023-24
produced the fifth-highest yield. When averaging the yields from both seasons, the
same treatment still generated the highest added profit compared with the control
group. Sensitivity analysis identified yield as the primary determinant of profit.
Meanwhile, the profitability of strawberry production in treatment groups was
highly sensitive to fluctuations in both strawberry selling price and molasses price.
The findings of this study provide crucial information for strawberry producers to
determine the economic viability of using ASD in organic crop production systems.

risks to specialty crop production

S oilborne diseases pose significant
worldwide. Multiple pathogens,
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including fungi, nematodes, bacteria,
viruses, and protozoans, can cause se-
vere soilborne diseases and affect the
roots, stems, and vascular systems of
specialty crops (Abawi and Widmer
2000; Agrios 2005; Katan 2017). Soil-
borne diseases can bring substantial
economic loss to crop production by
decreasing yield and fruit quality (Blok
et al. 2000; Koike et al. 2003; Lucas
20006). According to the US Department
of Agriculture—Agricultural Research
Service (USDA-ARS 2022). Soilborne
diseases caused by fungal pathogens
alone can result in 10% to 20% vyield
losses. In addition, soilborne fungi that
may cause soilborne diseases can persist
in the soil for an extended period be-
cause of their resistant structures, such
as melanized mycelium, chlamydospores,
oospores, and sclerotia. For example,
chlamydospores may have thick walls to
protect fungi from unfavorable condi-
tions. As a result, managing soilborne

diseases becomes exceptionally chal-
lenging (Baysal-Gurel et al. 2012; Lucas
2000).

For years, specialty crop producers
in the United States have heavily relied
on chemical fumigants such as methyl
bromide to manage soilborne diseases
in crop production (Kubota et al. 2008;
Rosskopf et al. 2005, 2024). However,
due to methyl bromide’s negative im-
pact on the ozone layer, it is no lon-
ger available for producers to use, in
accordance with the Montreal Proto-
col signed by the United States and
182 other countries (Osteen 2003).
While efforts continue to seek alter-
native chemical fumigants, develop-
ing viable nonchemical approaches
to managing soilborne diseases to-
ward long-term sustainability is also
critical.

Among several emerging nonchem-
ical alternatives to control soilborne
pathogens in specialty crop production,
ASD has been identified by researchers
as a promising approach (Blok et al.
2000; Di Gioia et al. 2017; Lamers
et al. 2010; Rosskopf et al. 2020). As a
biologically based technology, ASD
uses readily decomposable carbon sour-
ces, such as molasses, rice bran, wheat
middlings, and cover crops, to provide
reliable carbon and nutrients and to
stimulate the growth of beneficial soil
microbes (Guo et al. 2018; Hewavi-
tharana et al. 2019; Ono-Raphel et al.
2025; Vincent et al. 2022). Before
planting, plastic film coverage, com-
bined with thorough irrigation to sat-
uration, is applied to effectively restrict
air exchange and sustain an anaerobic
environment in the soil. Decreased
available oxygen facilitates anaerobic
microbes to break down carbon sour-
ces, producing organic acids, volatiles,
and other by-products to suppress soil-
borne pathogens (Momma 2008; Panth
et al. 2020; Rosskopf et al. 2015; van
Agtmaal et al. 2015).

ASD has been proven effective in
managing soilborne diseases in open-
field and protected crop productions
(Blok et al. 2000; Shinmura et al.
1999). Extensive rescarch and field
trials on ASD have been conducted in
the United States (Butler et al. 2012,
2014; Di Gioia et al. 2016, 2017;
Donahoo et al. 2021; Rosskopf et al.
2014, 2020; Shi et al. 2019; Vincent
et al. 2024). For example, field trials
conducted in Florida have demon-
strated that ASD effectively controlled

Horflechnology + October 2025 35(5)

/0’ /9uU-Aq/sesua9l|/610 suowwooaAneald//:sdny (/0" #/ouU-Ag/sesuadl|/Bi0 suowwooaAlealo//:sdiy) asusol|
JN-AZ DD 9y} Japun pajngulsip ajoie ssaooe uado ue s siy] '$sa00y uadQ BIA 0Z-80-GZ0Z 18 /w09 Alojoejqnd poid-awnid-ylewlsyem-jpd-awiid//:sdpy wod peapeojumoq


mailto:zfgao@ufl.edu
mailto:zfgao@ufl.edu
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.21273/HORTTECH05631-25

various soilborne diseases across multi-
ple crops, including tomato (Solanum
lycopersicum), cucumber (Cucumis sati-
yus), bell pepper (Capsicum annuum),
eggplant (Solanum melongenn), and
strawberry (Fragavia x ananassy) (Butler
et al. 2012, 2014; Di Gioia et al. 2016,
2017; Guo et al. 2017; Rosskopf et al.
2014; Shennan et al. 2014). In addition
to disease control, ASD is effective in
promoting higher yields compared with
chemical soil fumigation in tomato pro-
duction (Di Gioia et al. 2016; Guo
et al. 2017; Paudel et al. 2020). The
same and additional research has shown
that ASD can suppress plant-parasitic
nematodes and weeds (Di Gioia et al.
2016; Guo et al. 2018; Singh et al.
2025; Vincent et al. 2024). As a non-
chemical tool, ASD also brings benefits
to organic production systems.

Many strawberry producers remain
hesitant to adopt ASD because of con-
cerns about the economic viability of
implementing this relatively new tech-
nique. First, although ASD can increase
crop production revenue by increasing
yield, it also incurs additional labor and
material costs and results in uncertainty
about profitability. Second, the eco-
nomic viability of ASD-based crop pro-
duction may largely depend on factors
such as production region, production
system, and crop type. Because ASD re-
quires a carbon source to initiate the
process, the cost of locally available car-
bon sources can greatly affect the net
returns of ASD-based crop production.
Also, the variation of market conditions
across crop types and regions can cause
producers to receive different revenue
gains from vyield increases in ASD-based
crop production. As a result, determin-
ing the economic impact of ASD on
crop production is of critical importance.

To our knowledge, most economic
analyses of ASD have focused on tomato
production (e.g., Donahoo et al. 2021;
Shi et al. 2019), and the economic im-
plications of ASD in strawberry produc-
tion are still unknown. To fill the gap
in the literature, this study investigates
the economic viability of ASD in or-
ganic strawberry production. Specifi-
cally, we analyzed the economics of
ASD implemented with different ap-
plication rates of carbon and nitrogen
fertilizer inputs in organic strawberry
production. Using 2-year field trial
data generated on an agricultural re-
search station in north central Florida
(Citra, FL, USA), we examined the
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extent to which ASD treatments with
five levels of carbon source rates and
five levels of nitrogen source rates af-
fected the economic outcomes of or-
ganic strawberry production compared
with organic strawberry production
without carbon and nitrogen sources.

Materials and methods

ExPERIMENTAL SETUP. Open-field
experiments of organic strawberry
production were established on USDA-
certified organic land at the Plant Sci-
ence Research and Education Unit of
the University of Florida in Citra, FL,
USA. The soil type at the research site
was Gainesville loamy sand (hyperther-
mic, coated Typic Quartzipsamments)
with 93.04% sand, 6.72% clay, 0.24%
silt, and an average soil organic matter
content of 0.7%. To ensure the robust-
ness of the experimental results, the ex-
periment was conducted during two
strawberry production seasons, that is,
2022-23 and 2023-24. Each field trial
followed a split-plot design with the
whole plot factor being the carbon
source (blackstrap molasses purchased
from Double S Liquid Feed, Inc.,
Danville, IL, USA) and the subplot
factor being the granular organic fer-
tilizer (Everlizer®, heat-treated chicken
litter, 3%N-3%P,05-3%K,0; Live Oak,
FL, USA). Five rates of molasses were
applied at 0, 371.5, 743.0, 1,114.5, and
1486.0 gal/acre and five rates of Everl-
izer were applied at 0, 2.1, 4.2, 6.4, and
8.5 tons/acre. The group that applied
no molasses and no Everlizer (0 gal/
acre molasses and 0 tons/acre Everlizer)
will be referred to as the control group
in later analysis. Although it did not ap-
ply any carbon and nitrogen sources, it
received the same ASD setup as all other
treatments, including sunn hemp (Cro-
talavia juncen) incorporation, soil prepa-
ration, totally impermeable film (TIF;
black on top) application, and irrigation
to saturation. Fach treatment combina-
tion was replicated four times, resulting
in 100 plots per experiment, with 25
treatment combinations per replicate,
and each subplot measuring 48 ft* with
30 strawberry plants. Each bed (whole
plot) was 110 ft in length and 3 ft in
width, with 5 ft buffers between plots.
The five beds in each replication were
on 5 ft spacing (from center to center),
and there was a 10 ft buffer between
the four replications.

As a common practice, sunn hemp
(Crotalaria juncen) was seeded in July

as a cover crop in rotation with straw-
berry production and was ended ~60 d
after planting. Termination involved
chopping the aboveground biomass
into ~5 cm pieces using a flail chop-
per (Model 5700; Hiniker Company,
Mankato, MN, USA), followed by in-
corporating the sunn hemp residues
into the soil to a depth of 10 cm us-
ing a rototiller. Soil preparation and
ASD treatment initiation occurred
within 7 to 8 d after sunn hemp resi-
due incorporation. In mid-September,
all ASD inputs (molasses and Everlizer)
were applied manually and incorporated
into the raised beds using a rototiller
before laying the TIF (black on top)
and installing two drip irrigation lines.
Two acre-inches of water was delivered
through the drip lines to saturate the
soil and initiate the ASD treatment.
The ASD treatment lasted for 21 d and
was ended by punching planting holes
through the TIF, allowing for gas ex-
change before strawberry transplanting.
The TIF film remained in place and
continued to be used for strawberry
production, with the drip lines serving
as in-season irrigation and fertigation
lines. Upon completion of the ASD
treatment, bare-root strawberry ‘Florida
Brilliance’ plants were transplanted in
double rows on each raised bed (30 plants
per subplot) in early October of both
years. Strawberry harvests started in
early December and ended in late April.
Ripe fruits were harvested twice a week
in each plot. After harvesting, the fruits
were evaluated and weighed based
on the USDA strawberry grade stand-
ards [US Department of Agriculture—
Agricultural Marketing Service (USDA-
AMS), 2006]. Fruits were considered
marketable if they were not overripe or
underdeveloped; free from decay, dis-
ease, or damage; and met minimum
size (10 g) and shape requirements,
making them suitable for sale in fresh
markets.

PARTIAL BUDGET ANALYSIS. We
used partial budget analysis to exam-
ine the impact of ASD on the overall
economic performance of organic straw-
berry production. Partial budget analysis
is a valuable tool to assess the effects of
farm management practice changes on
crop production’s economic outcomes
(Alimi and Manyong 2000; Sydorovych
et al. 2008). This method focuses exclu-
sively on resources that will be changed
by implementing a specific practice,
which leads to incremental costs and
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benefits in farm management. By com-
paring these added costs and returns,
producers can evaluate the potential
economic advantages of adopting new
technologies (Nian et al. 2022; Shi
etal. 2019).

In the case of ASD-based crop
production, added costs incurred by
additional materials and labor required
by ASD are considered negative effects.
Added economic returns associated
with yield increases are positive effects.
With the identified and aggregated pos-
itive and negative effects, producers can
determine the net benefits of adopting
ASD by subtracting the total costs from
the total benefits. The principal formu-
las used in partial budget analysis are
listed as follows. First, the formation of
the total cost is

TC = Preproduction cost
+ Production cost + Harvesting cost

+ Marketing cost, [1]

where TC represents the total cost, which
is the combined cost from different

stages of strawberry production. To
calculate the total revenue of strawberry
production, we used the following
formula:

TR =3%,P; x O, [2]

where TR ($/acre) is the total reve-
nue, ¢ denotes the week number in
the harvesting season, P; ($/1b) is the
average weekly shipping point price
for strawberries from 2019 to 2023 in
week z, and Q; (/b/acre) is the total
marketable yield in week z.

We used the weekly shipping
point price to calculate the strawberry
production revenue because the sell-
ing price of strawberry fluctuates over
the production season. The ASD
treatments may influence the straw-
berry yields at different harvest dates
and, thus, affect the production reve-
nue. In our experiment, we recorded
harvesting dates and the correspond-
ing marketable yield in each experi-
mental plot. For strawberry prices, we
collected Florida organic strawberry
daily shipping point prices from the

USDA-AMS (2023). To ensure our
analysis matched the actual market
scenario and considering strawberry
price fluctuations over the years, we ag-
gregated and calculated the average
weekly organic strawberry price in
the past 5 years (2019-23). We then
matched the weekly organic straw-
berry price with the harvesting dates
recorded from field production. The
average organic strawberry price for
week ¢ was calculated using the fol-
lowing formula:

p o Pa TPy s Pyt Py Py
t— >
5

3]

where P, denotes the organic straw-
berry selling price in week ¢ at year y.
Then, the net return of strawberry
production was derived by subtract-
ing total cost from total revenue:

Net return=TR — TC. [4]

To better assess the distribution of
economic returns, we calculated the
mean and standard deviations (SDs) of

Table 1. Two-year average costs of anaerobic soil disinfestation treatments in organic strawberry production in Citra, FL
(2022-23 and 2023-24 seasons).

Treatments Cost ($/acre)
Molasses  Everlizer Selling Organic
Container and certification Total

Treatment ID (gal/acre) (tons/acre) Molasses Everlizer Labor box marketing fee cost

MIF1! 0 0 0 0 2,562.68 1,804.13 820.06 46.13 5,232.99
MIF2! 0 2.1 0 847.59 3,172.40 2,036.25 925.57 52.06 7,033.88
MIF3! 0 42 0 1,695.18 3,697.30 2,405.78 1,093.54 61.51 8,953.30
MI1F4! 0 6.4 0 2,542.77 3,632.42 2,360.11 1,072.78 60.34 9,668.42
MIF5! 0 8.4 0 3,390.36 3,511.50 2,274.98 1,034.08 58.17 10,269.09
M2F1! 371.5 0 323.21 0 3481.16 2,209.97 1,004.53 56.50 7,075.37
M2F2! 371.5 2.1 323.21 847.59 4,096.02 2,445.71 1,111.69 62.53 8,886.74
M2F3! 371.5 4.2 32321 1,695.18 3,907.60 2,313.06 1,051.39 59.14 9,349.57
M2F4! 371.5 6.4 32321 2,542.77 3964.16 2,352.88 1,069.49 60.16 10,312.66
M2F5! 371.5 8.4 32321 3,390.36 3,840.69 2,265.96 1,029.98 57.94 10,908.13
M3F1! 743 0 646.41 0 3,605.67  2,297.62 1,044.37 58.75 7,652.82
M3E2! 743 2.1 646.41 847.59 3,964.56 2,353.16 1,069.62 60.17 8,941.50
M3E3! 743 4.2 646.41 1,695.18 3,397.22 1,953.76 888.07 49.95 8,630.60
M3F4! 743 6.4 646.41 2,542.77 3,533.70 2,049.83 931.74 52.41 9,756.87
M3F5! 743 8.4 646.41 3,390.36 3,871.69 2,287.78 1,039.90 58.49 11,294.64
M4F1! 1,114.5 0 969.62 0 3,741.06  2,392.94 1,087.70 61.18 8,252.49
M4F2! 1,114.5 2.1 969.62 847.59 3,67742 2,151.01 977.73 55.00 8,678.37
M4F3! 1,114.5 42 969.62 1,695.18 4,001.19 2,378.95 1,081.34 60.83 10,187.11
M4F4! 1,114.5 6.4 969.62 2,542.77 3,571.50 2,076.45 943.84 53.09 10,157.26
M4F5! 1,114.5 8.4 969.62 3,390.36 3,828.16 2,257.13 1,025.97 57.71 11,528.95
M5F1! 1,486 0 1,292.82 0 3,124.99 1,959.23 890.56 50.09 7,317.69
M5E2! 1,486 2.1 1,292.82 847.59 393157 2,329.93 1,059.06 59.57 9,520.54
M5EF3! 1,486 4.2 1,292.82 1,695.18 4,636.97 2,826.54 1,284.79 72.27 11,808.57
M5F4! 1,486 6.4 1,292.82 2,542.77 4,074.08 2,430.26 1,104.67 62.14 11,506.73
M5ES5! 1,486 8.4 1,292.82 3,390.36 4,121.93 2,463.95 1,119.98 63.00 12,452.03

"Treatment codes combine molasses application rates (M1-M5 representing 0, 371.5, 743.0, 1114.5, and 1486.0 gal/acre, respectively) and Everlizer application rates
(F1-F5 representing 0, 2.1, 4.2, 6.4, and 8.5 tons/acre, respectively). M1F1 represents the control group that received the same anaerobic soil disinfestation setup but
without molasses or Everlizer application.
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the added net returns for each treat-
ment relative to the control groups
(with the same ASD setup but no mo-
lasses or Everlizer sources) using data
from both experiments. Given the vari-
ation of the net returns observed over
the two production seasons, we calcu-
lated the coefficient of variation (CV)
of the added net returns for each treat-
ment relative to the control groups
to better understand the stability of eco-
nomic returns of ASD strawberry pro-
duction. The CV was calculated as the
ratio of the SD of the added net returns
to the mean of the added net returns. It
is commonly used as a measurement of
the relative dispersion of the data.
SENSITIVITY ANALYSIS. Following
studies such as Nian et al. (2022) and
Shi et al. (2019), we used sensitivity
analysis to examine how sensitive the
net return is to various underlying fac-
tors. The analysis is an essential method

to quantify the extent to which changes
in each factor can affect the overall
profitability of business operations
(Frey and Patil 2002; Rafiee et al. 2010;
Wei et al. 2020). In our study, we used
yield, strawberry price, and molasses
price as three key factors in strawberry
production that can lead to net return
variation. Strawberry yields are suscepti-
ble to changes in various production
factors, such as water availability, tem-
perature, and soil quality (Ariza et al.
2021; Madhavi et al. 2023; Natsheh
et al. 2015; Zareei et al. 2021). In ad-
dition, fresh-market strawberry prices
fluctuate constantly based on supply
and demand dynamics, seasonality, and
market competition (Samtani et al.
2019; Suh et al. 2017). As an impor-
tant input in ASD, molasses price is a
significant factor in the cost of straw-
berry production. Molasses prices can
fluctuate based on factors such as the
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choice of supplier, market conditions,
and the quantity ordered. It is important
for producers to monitor and manage
input expenses effectively.

We conducted two sensitivity analy-
ses to understand the eftect of variations
in each factor on strawberry production
profitability. The first sensitivity analysis
focused on the strawberry selling price
and strawberry yield on the net return of
strawberry production, whereas the sec-
ond examined the effect of strawberry
selling price and molasses price on the
profitability of strawberry production.
We focused the sensitivity analysis on
the treatment that resulted in the high-
est average yield in season 2022-23
and season 2023-24. The study used
the average organic strawberry shipping
point price (the price farmers received)
from 2019 to 2023 as the base price.
The base yield was the 2-year average
yield from our harvesting record for

€¢-eeS
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% Organization cost

Molasses cost

Selling and marketing cost
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Fig. 1. Two-year average cost breakdown of anaerobic soil disinfestation treatments in organic strawberry production in
Citra, FL (2022-23 and 2023-24 seasons). Treatment codes combine molasses application rates (M1-M5 representing 0,
371.5, 743.0, 1114.5, and 1486.0 gal /acre, respectively) and Everlizer application rates (F1-F5 representing 0, 2.1, 4.2,
6.4, and 8.5 tons/acre, respectively). M1F1 represents the control group that received the same anaerobic soil disinfestation
setup but without molasses or Everlizer application.
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each treatment. The base molasses
price was the market price. The fluc-
tuation was simulated by a 20% in-
crease or decrease based on the base
value of each factor (Donahoo et al.
2021; Shi et al. 2019).

Results and discussion

PRODUCTION COSTS, YIELDS, AND
ADDED NET RETURNS. Table 1 summa-
rizes the factors and associated aver-
age costs of key materials for each
treatment in the production years
2022-23 and 2023-24. For simplicity,
we only included the costs directly re-
lated to the ASD treatments, as our
goal is to determine whether the addi-
tional costs of ASD can be offset by the
added gross returns from the increased
yield when using different application
rates of carbon source (i.e., molasses)
and nitrogen fertilizer source (i.e.,

Yield (Ib/acre)

Everlizer) in ASD-based strawberry
production. All other costs remained
the same across the control (i.e., 0 gal/
acre molasses and 0 tons/acre Everl-
izer) and treatment groups (i.e., ASD-
based production with various applica-
tion rates of carbon and nitrogen fertil-
izer sources). The costs of molasses
and Everlizer were associated with the
ASD setup and varied based on differ-
ences in application rates. Labor, con-
tainer boxes, selling and marketing
expenses, and organic certification fees
were incurred during the crop harvest-
ing stage. These costs varied across
treatments because each treatment re-
sulted in different yields. Changes in
yield affected the amount of labor and
materials required for harvesting, pack-
ing, marketing, and selling, leading to
variations in total costs across treatment
groups. When calculating the labor
cost, we used the wage of $15/h

Average Marketable Yield
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according to the field’s local labor rate at
Citra, FL. This rate is slightly higher but
closely aligns with Florida’s Adverse Effect
Wage Rate at $14.77/h (US Depart-
ment of Labor 2024).

High application rates of molasses
and Everlizer significantly increased
production costs due to greater mate-
rial and labor requirements during the
ASD application process. Meanwhile,
these rates also required higher harvest-
ing and marketing expenses. This cost
increase was primarily attributed to
the additional labor needed to handle
and process the larger strawberry har-
vest volumes.

Figure 1 shows the year-by-year
production, harvesting, and market-
ing costs measured in $/acre directly
related to different ASD treatments
in the 2022-23 and 2023-24 straw-
berry production seasons. Production
costs can vary between years despite

Season
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Fig. 2. Year-by-year marketable yield of organic strawberry production under anaerobic soil disinfestation treatments with
varying carbon and nitrogen application rates in Citra, FL (2022-23 and 2023-24 seasons). Treatment codes combine
molasses application rates (M1-M5 representing 0, 371.5, 743.0, 1114.5, and 1486.0 gal/acre, respectively) and Everlizer
application rates (F1-F5 representing 0, 2.1, 4.2, 6.4, and 8.5 tons/acre, respectively). M1F1 represents the control group
that received the same anaerobic soil disinfestation setup but without molasses or Everlizer application.
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using identical methods and treat-
ments, as some of the costs are yield-
dependent. For example, container
box costs scale directly with production
volume. In general, the results from the
2022-23 and 2023-24 seasons indicated
similar trends. Higher molasses and
Everlizer application rates were associ-
ated with higher production costs in
ASD treatments. Meanwhile, it also in-
duced a higher cost for fruit harvesting
and marketing because the crop yield
tended to be higher when using a higher
molasses and nitrogen fertilizer appli-
cation rate in ASD. Producers need to
use additional labor and resources to
harvest and sell strawberries.

Figure 2 shows the year-by-year
accumulated vyield of each ASD treat-
ment over the 2022-23 and 2023-24
production seasons. In the field trial
conducted in the 2022-23 season,

higher application rates of molasses
and Everlizer generally resulted in higher
yields. Treatment M5F3 (i.e., 1486.0
gal /acre of molasses and 4.2 tons/acre
of Everlizer) resulted in the highest
average marketable yield with 15,842.17
Ib/acre. It almost doubled the yield of
the control group MI1F1 with 8135.31
Ib/acre. This increase in yield can be at-
tributed to the enhanced biological activity
promoted by the carbon source in the
soil, which can foster the growth of benefi-
cial microbes that contribute to the de-
composition of organic matter and the
suppression of soil pathogens (Lamers
et al. 2010; Meshram et al. 2024
Shennan et al. 2014). The combination of
carbon and nitrogen inputs likely created a
nutrient-rich environment that stimulated
plant growth, leading to higher yields.
The results from the field trial con-
ducted in the 2023-24 season showed

treatment effects on yield, although the
pattern differed from the previous
season's results. As Fig. 2 illustrates,
the overall yield for the second season
for all treatments was lower than that
in the first season. The difference can
be partly attributed to the variations in
environmental conditions and the dif-
ference in the accumulation of sunn
hemp biomass between the two grow-
ing seasons. Several studies have dem-
onstrated that the performance of ASD
can vary significantly depending on
environmental conditions such as soil
temperature, moisture, and soil type.
For example, Shennan et al. (2018)
found that ASD was more effective at
25°C than at 15 °C, highlighting the
role of air temperature in both patho-
gen suppression and shifts in microbial
communities. Rosskopf et al. (2015)
similarly noted that ASD efficacy is
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Fig. 3. Year-by-year gross returns and added returns of organic strawberry production under anaerobic soil disinfestation
treatments with varying carbon and nitrogen application rates in Citra, FL (2022-23 and 2023-24 seasons). Treatment
codes combine molasses application rates (M1-MS5 representing 0, 371.5, 743.0, 1114.5, and 1486.0 gal/acre,
respectively) and Everlizer application rates (F1-F5 representing 0, 2.1, 4.2, 6.4, and 8.5 tons/acre, respectively). M1F1
represents the control group that received the same anaerobic soil disinfestation setup but without molasses or Everlizer

application.
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influenced by soil type, with sandy
soils, due to their low buftering capac-
ity, more likely to exhibit strong pH
responses to ASD treatment or or-
ganic matter additions. The 2023-24
field trial was conducted in an adjacent
field to the 2022-23 trial to avoid re-
sidual effects from previous treat-
ments. Both fields had similar soil
phys1cal and chemical properties, mini-
mizing potential confounding effects re-
lated to soil type. However, seasonal
variation in soil temperature and rainfall
likely affected the extent of anaerobic
conditions achieved, which may partly
explain differences in treatment efficacy
between years. This highlights the im-
portance of external factors such as soil
properties and temperature in the eco-
nomic effectiveness of ASD in straw-
berry production. In the 2023-24
season, treatment M5F4 (i.e., 1486.0
gal /acre of molasses combined with 6.4

tons/acre of Everlizer) produced the
highest average marketable yield of
10,323 Ib/acre overall treatments.
Treatment M5F3 (i.e., 1486.0 gal/
acre of molasses combined with 4.2
tons/acre of Everlizer) that yielded the
highest marketable yield in the 2022-
23 season had the fifth-highest yield of
9853.59 Ib/acre in the 2023-24 seca-
son. However, in the 2023-24 season,
the average yields of the top five treat-
ments were very close, showing rela-
tively small differences in performance.
Figure 3 demonstrates the year-
by-year total gross and added returns
for the 2022-23 and 2023-24 strawberry
production seasons. The gross return
performance of each treatment fol-
lowed a pattern similar to yield be-
cause gross returns were calculated as
the product of price and total yield. In
the 2022-23 season, the gross return of
treatment M5F3 was the highest, at

$55,908.02 /acre, which was 95% more
than the gross return of MIF1 with
$28,733.21 /acre. The added returns
represent the gross return difference be-
tween each treatment and the control
group M1F1, where no molasses or ni-
trogen fertilizer was applied. In the
2022-23 season, all treatments gener-
ated higher gross returns than the con-
trol group. In the 2023-24 season, the
treatment M5F3 still performed relatively
well compared with other treatments but
did not reach its performance in the first
season. Some treatment groups in the sec-
ond season resulted in lower net returns
than the control group, as indicated by
the negative added returns in the figure.
PARTIAL BUDGET ANALYSIS OF
2022-23 anD 2023-24 TRIALS. Par-
tial budget analysis outlines the costs
and gross returns associated with al-
ternative inputs and outputs. In this

study, the increased or added costs of
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Fig. 4. Two-year average added gross returns, added costs, and partial budgets from anaerobic soil disinfestation treatments
compared with the control group in organic strawberry production in Citra, FL (2022-23 and 2023-24 seasons). Treatment
codes combine molasses application rates (M1-MS5 representing 0, 371.5, 743.0, 1114.5, and 1486.0 gal/acre, respectively)
and Everlizer application rates (F1-F5 representing 0, 2.1, 4.2, 6.4, and 8.5 tons/acre, respectively). M1F1 represents the
control group that received the same anaerobic soil disinfestation setup but without molasses or Everlizer application.
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Fig. 5. Year-by-year added gross returns, added costs, and added net returns from anaerobic soil disinfestation treatments
compared with the control group in organic strawberry production in Citra, FL (2022-23 and 2023-24 seasons). Treatment
codes combine molasses application rates (M1-Mb5 representing 0, 371.5, 743.0, 1114.5, and 1486.0 gal /acre, respectively)
and Everlizer application rates (F1-F5 representing 0, 2.1, 4.2, 6.4, and 8.5 tons/acre, respectively). M1F1 represents the
control group that received the same anaerobic soil disinfestation setup but without molasses or Everlizer application.

ASD treatments were attributed to ad-
ditional labor and the material cost
from molasses and Everlizer. On the
other hand, the extra gross return was
gained from higher marketable yields
and prices. Partial budget analysis allows
the comparison between the added re-
turns and added costs, which can help
producers determine whether a treat-
ment has the potential to generate
higher profits than the other.

To examine the overall economic
viability of ASD in organic strawberry
production, we took the average yield
across both seasons for each treatment
and used it to conduct the partial
budget analysis. Figure 4 shows the
result of partial budget analysis using
the average yield over two seasons. All
treatment groups achieved higher val-
ues for added returns than the control
group. Added costs increased as the
treatment application rate increased.

Horflechnology *+ October 2025 35(5)

The 2-year trial data showed that de-
spite the underperformance of some
ASD treatments in the 2023-24 sca-
son, most of the ASD treatments re-
sulted in higher net returns than the
control treatment. The top three treat-
ments were M5F3 (i.e., 1486.0 gal/
acre molasses and 4.2 tons/acre Everl-
izer), with $9012.35/acre additional
net return compared with the control
group; M2F2 (i.e., 371.5 gal /acre mo-
lasses and 2.1 tons/acre Everlizer),
with $5635.02 /acre additional net re-
turn compared with the control group;
and M4F1 (ie., 1114.5 gal/acre of
molasses combined with 0 tons/acre of
Everlizer), with $5392.17 /acre addi-
tional net return compared with the
control group.

Figure 5 presents the result of the
year-by-year partial budget analysis for
the two seasons. The added returns of
each treatment followed a pattern

similar to the yield. When a treatment
generates a higher yield than the con-
trol group, it creates higher gross re-
turns than the control group. For
added costs, all treatments required
additional labor and materials in pre-
planting because of the inclusion of
applying molasses and Everlizer in the
field as part of the ASD process. In ad-
dition, higher yields from treatments
that performed better than those of
the control group require additional la-
bor in the harvesting and packing stage.
The economic viability of ASD
strawberry production showed con-
siderable variation between the two
seasons. For partial budget analysis in
the 2022-23 season, treatment M5F3
showed promising economic viability,
with $18,646.87 /acre higher net re-
turns than the control group. Although
most combinations of molasses and

Everlizer gained higher profit than the
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Table 2. Mean, standard deviation (SD), and coefficient of variation (CV) of the
2-year average added net returns of anaerobic soil disinfestation treatments rela-
tive to the control group in organic strawberry production in Citra, FL (2022-23

and 2023-24 seasons).

Added Net Returns

Treatment ID Mean SD CcV
MI1E2! 1,664.14 5,182.14 3.11
MI1E3! 4.700.66 11,529.09 2.45
MI1F4! 4,069.17 9.707.28 2.39
MI1F5! 2.246.47 10,570.6 471
M2F1! 4.408.93 13,183.93 2.99
M2E2! 5,635.02 7,782.88 1.38
M2F3! 3,181.04 10,326.91 3.25
M2F4! 3,034.92 15,485.09 5.1

M2F5! 1,659.45 11,154.71 6.72
M3F1! 4.902.39 8,773.15 1.79
M3F2! 4204.3 9.836.05 2.34
MB3F3! —1,573.06 8,457.32 NAT
M3F4! —892.14 12,287.91 NAT
M3F5! 1,296.18 12,092.09 9.33
M4F1! 5,392.17 8,301.07 1.54
M4F2! 1,158.02 8,848.03 7.64
M4F3! 4223.09 9,515.66 2.25
M4F4! —1,966.43 10,259.69 NA
M4F5! 345.77 9,363.11 27.08
M5F1! 219.63 8,460.13 38.52
M5E2! 2.942.25 9,164.88 3.11
M5F3! 9,012.36 12,472.48 1.38
M5F4! 3,162.17 9.757.93 3.09
M5F5! 3,192.9 10,283.36 3.22

Treatment codes combine molasses application rates (M1-M5 representing 0, 371.5, 743.0, 1114.5, and
1486.0 gal/acre, respectively) and Everlizer application rates (F1-F5 representing 0, 2.1, 4.2, 6.4, and
8.5 tons/acre, respectively). M1F1 represents the control group that received the same anaerobic soil
disinfestation setup but without molasses or Everlizer application.

NA indicates that the CV was not calculated for treatments with negative mean added net returns.

control group, one treatment M4F4
failed to achieve this. Treatments that
generated yields close to the control
group could not cover the additional
costs incurred by the treatment through
added gross returns, leading to a
negative net return difference. In the
2022-23 season, treatment M4F4
(i.e., 1114.5 gal /acre molasses and 6.4
tons/acre Everlizer) resulted in a net
loss due to insufficient added returns.

However, in the 2023-24 season,
the ASD treatments performed worse
than those in the 2022-23 season be-
cause of the overall lower yield. The
low yields of ASD treatments in the sec-
ond season made it difficult for the in-
creased yield to generate enough
revenue to offset the additional costs,
leading to adverse partial budget out-
comes. In the 2023-24 season, almost
all ASD treatments resulted in lower net

income than the control, which indi-
cates significant economic uncertainty
associated with using ASD applications.
Table 2 presents the mean, SD,
and CV of added net returns from
strawberry production in ASD treat-
ment groups compared with the con-
trol group for both trials conducted in
the 2022-23 and 2023-24 seasons.
Organic strawberry production tends
to be susceptible to a variation in
added net return, which can incur po-
tential risks. Hence, assessing the sta-
bility of the added net return from the
four replications in the field trial is es-
sential. For treatments with negative
added net returns, evaluating their
stability is not very meaningful, so
we excluded the CV for those that
failed to produce positive added net re-
turns. As Table 2 indicates, under the
two two-season average yield, treat-
ment M5F3 had the highest average
added net return at $9012.36 with an
SD ot 12472.48 and a CV of 1.38. A
CV above one generally indicates high
variability. This suggests that the aver-
age profits from two seasons’ yield data
were volatile with extreme fluctuations,
highlighting the significant impact that
potential changes in agricultural varia-
bles could have on crop profitability.
Although treatment M5F3 exhibited a
CV above one, it was still more reliable
than other treatments with even higher
CVs. For instance, treatment M5F1
had a mean added net return of 219.63
but a CV of 38.52, indicating a signifi-
cantly high uncertainty in its net return.
Considering the mean and CV of net
return for different ASD treatments,
treatment M5F3 seemed to be the best
choice. Other ASD treatments with
low CVs were M2F2 (CV = 1.38),
M4F1 (CV = 1.54), and M3F1 (CV =
1.79). The three treatments with the

Table 3. Estimated 2-year average net return differences ($/acre) between anaerobic soil disinfestation treatment M5F3!
and the control group” in organic strawberry production in Citra, FL, under varying molasses and strawberry price scenar-

ios (2022-23 and 2023-24 seasons).

Strawberry price ($/1b)

Molasses price

($/gal) 2.05 2.73 3.42 4.1 4.79

0.52 3,472.83 6,649.93 9,827.02 13,004.12 16,181.20
0.70 3214.27 6,391.37 9,568.46 12,745.56 15,922.64
0.87 2,955.70 6,132.80 9,309.89 12,486.99 15,664.07
1.04 2,697.14 5.874.24 9,051.33 12,228.43 15,405.51
1.22 2,438.57 5,615.67 8,792.76 11,969.86 15,146.94

IM5F3 = 1486.0 gal/acre of molasses and 4.2 tons,/acre of Everlizer.
"The control group received the same anaerobic soil disinfestation setup but without molasses or Everlizer application.
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Table 4. Estimated 2-year average net return differences ($/ acre) between anaer-
obic soil disinfestation treatment M4F1' and the control group® in organic
strawberry production in Citra, FL, under varying strawberry yield and straw-
berry price scenarios (2022-23 and 2023-24 seasons).

Strawberry price ($/1b)

Yield (Ib/acre) 2.05 2.73 3.42 4.1 4.79

7,708.75 430486 —4,641.10 -4977.33 —5313.56 —5,649.81
10,278.33 —674.58 74585 216629  3,586.72  5,007.14
12,847.91 295570  6,132.80  9,309.89 12,486.99  15,664.08
15,417.49 6,585.99 11,519.75 16,453.51 21,387.27  26,321.02
17,987.07 1021626  16,906.69 23,597.12  30,287.54 36,977.96

IM5F3 = 1486.0 gal /acre of molasses and 4.2 tons,/acre of Everlizer.
"The control group received the same anacrobic soil disinfestation setup but without molasses or Everlizer application.

highest CVs were M5F1 (CV = 38.52),
M4F5 (CV = 27.08), and M3F5 (CV =
9.33).

In general, the profitability of the
treatments was subject to significant
variations across four replications over
2 years, indicating potential production
risk. Although treatment M5F3 dem-
onstrated promising added net returns
with lower variability than other treat-
ments, it was still subject to fluctuations
influenced by external factors. As a
result, producers need to carefully
evaluate potential risks associated
with high-performing ASD treatments
before implementation, even when such
treatments demonstrate promising
results in increasing strawberry yield
on average.

SENSITIVITY ANALYSIS. We con-
ducted the sensitivity analysis using the
average yield from both years of treatment
M5E3 because it generated the highest
2-year average net return. Table 3 presents
the sensitivity analysis of the net return
based on the average yield under varia-
tions in molasses and strawberry prices.
The base organic strawberry price was
$3.42/Ib, and the molasses price was
$0.87/ gal. We adjusted prices by a 20%
or 40% increase or decrease to mimic
potential market price fluctuation. Treat-
ment M5F3 created a positive relative
profit at base strawberry and molasses
prices compared with M1F1. Strawberry
production using ASD generated more
economic benefits when the selling price
of strawberries increased. However, if
the strawberry selling price dropped to
$2.05/1b, the difference in net returns
dramatically decreased to $2955.70 from
$9309.89, even with a constant molasses
price. This result shows that, at the cur-
rent yield level, the applicability of the
ASD treatment is highly susceptible to
extreme changes in strawberry selling
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price, regardless of molasses price. The re-
sults are consistent with previous findings,
such as Djidonou et al. (2013), Nian
et al. (2022), and Shi et al. (2019), who
showed that crop selling price is a signifi-
cant factor influencing profitability in
crop production.

Table 4 shows the sensitivity analy-
sis of the net return based on the aver-
age yield under changes in yield and
strawberry selling price. At the current
yield (15,842.17 Ib/acre), the net re-
turn of treatment M5F3 was $9309.89
higher than that of M1FI1 at a straw-
berry selling price of $3.42/1b. How-
ever, this additional net return decreased
significantly as the strawberry selling price
dropped. If the price fell to $2.05/1b,
the added net return was reduced to
$2955.70. In addition, when the yield
decreased by 20% to 10,278.33 Ib/acre,
the net income of the ASD treatment
was lower than that of the control if the
strawberry selling price dropped to
$2.05/1b. Our results suggest that
increased yield from ASD can offset
the profit loss caused by extreme straw-
berry price changes. However, the de-
crease in the yield of ASD production in
the second year significantly affected its
economic feasibility. Our findings
are consistent with the conclusions
from Shi et al. (2019), who stated
that higher crop prices enhance the
potential of ASD. However, the yield
from the ASD treatment must reach a
threshold to ensure its added profitability
compared with other potential practices.

Conclusions

Examining the economic viability
of organic strawberry production using
ASD is critical to determining whether
ASD can be a cost-effective alternative
soilborne disease management strategy
in crop production. In this study, we

conducted an economic analysis of 25
different combinations of the applica-
tion rates of molasses and nitrogen sour-
ces in organic strawberry production in
two seasons in north central Florida.
This study provides a critical foundation
for the continued exploration of ASD as
a viable tool in organic strawberry pro-
duction, offering producers a practical
solution for improving yields and profit-
ability while reducing reliance on syn-
thetic inputs. In addition to pathogen
suppression, ASD also may be effective
in controlling weeds during the straw-
berry production season. With Everlizer
applied at 4.2 tons/acre, regardless of
molasses application rate, the numbers
of nutsedge and broadleaf weeds were
significantly reduced in the 2022-23
season (Xu et al. 2023) compared with
other rates, further enhancing the value
of ASD as a chemical-free alternative for
soilborne disease and weed manage-
ment. However, it needs to be pointed
out that the costs of weed removal were
not considered in this study.

The results from these two growing
seasons suggest that organic strawberry
production vield using ASD depends on
the amount of molasses and nitrogen fer-
tilizer used in the ASD process. Aligning
with previous research on the economic
teasibility of ASD in different crops, our
partial budget analysis results suggest
that the additional gross return of crop
production using ASD can offset the ex-
tra costs when the appropriate amount
of carbon and nitrogen inputs are used.
Moreover, our sensitivity analysis high-
lights the importance of considering
market condition variabilities when as-
sessing the profitability of ASD. Yield is
a critical factor affecting the economic
feasibility of ASD. Also, the economic
outcomes of the treatments with higher
yields are susceptible to price changes in
strawberries and molasses. When ASD
leads to higher yield than control treat-
ments, and strawberry selling prices are
high, the difference in profit between
the treatment and control groups is
more substantial.

Because of the potential impacts
of weather and soil conditions, our
field experiment on ASD treatments
showed inconsistencies across the two
production seasons, with the 2023-24
season experiencing overall lower yields.
Future research can focus on further re-
fining the optimal rates of molasses and
nitrogen for different regions and grow-
ing conditions and identifying the key
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factors impacting crop yield perfor-
mance and ASD benefits. Meanwhile,
the effectiveness of ASD is highly de-
pendent on the availability of local car-
bon sources. In Florida, we focused
economic analysis on molasses as the
primary carbon source in ASD because
the state’s sugarcane industry can pro-
vide a reliable carbon source. Studies in
other regions may evaluate the eco-
nomic feasibility of ASD using alterna-
tive carbon sources from the area, such
as grape pomace or wheat middlings.
In addition, long-term studies in straw-
berry should be considered to assess
the robustness of ASD performance
across multiple growing seasons and lo-
cations, especially under different exter-
nal production factors, such as field soil
and weather conditions.
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