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Due to their mutualistic relationship with plant pests, the Argentine ant is considered a major pest in subtrop-
ical fruit orchards and vineyards. Besides insecticide sprays, liquid baiting has been demonstrated as an effec-
tive method to suppress the Argentine ant populations. To improve the economic feasibility of liquid baiting,
hydrogel materials have been recently tested as a carrier for liquid baits containing various insecticidal active
ingredients. Here, we tested boric acid as a toxicant in the aqueous sugar bait delivered in a biodegradable cal-
cium alginate hydrogel. Laboratory tests demonstrated that boric acid (1%) liquid bait incorporated in the cal-
cium alginate hydrogel effectively killed Argentine ant workers. Potassium sorbate (0.25%) added to the liquid
bait as a preservative did not impact the ef cacy of boric acid even though it signi cantly reduced the degree
of swelling of the hydrogel beads in the bait solution. Testing with 2-month-old bait suggested that long-term
storage might impact bait ef cacy even with potassium sorbate preservative.
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Introduction biodegradable calcium alginate (Tay et al. 2017). However, most of
these efforts used thiamethoxam as a bait toxicant (Boser et al. 2014,
Buczkowski et al. 2014, Rust et al. 2015, Tay et al. 2017, McCalla
et al. 2020).

Boric acid has been extensively tested as an active ingredient for
ant baits (Klotz et al. 1998, Rust et al. 2004, Greenberg et al. 2006).
Useful features of boric acid for baiting include being soluble at low
concentrations in water and having delayed activity when ingested
by ants (Klotz et al. 1997). Also, boric acid used at insecticidal levels
is considered nontoxic to noninsect invertebrates and vertebrates
(US EPA 1993). When used in bait stations, boric acid can be used
in organic agricultural settings (Greenberg et al. 2006). Cooper et
al. (2019) tested 0.5% boric acid liquid baits in synthetic polyacryl-
amide hydrogel to suppress Argentine ants in California vineyards.
Boric acid bait in calcium alginate hydrogel has been tested in urban
residential settings (Choe et al. 2021), but not in agricultural settings.

This laboratory study examined the following to determine the
composition of the calcium alginate hydrogel bait with boric acid
fora eld test. First, boric acid samples from two different suppliers,
U.S. Borax Inc. (Boron, CA) and Sigma-Aldrich (St. Louis, MO),

In subtropical fruit orchards and vineyards, Argentine ants
Linepithema humile (Mayr) tend honeydew-producing hemipteran
pests and prevent their natural predators from attacking them
(Tillberg et al. 2007), hindering biological control (Buckley 1987).
Hence, managing Argentine ants is an important part of the in-
tegrated pest management (IPM) of honeydew-producing pests.
Argentine ant control in agriculture often requires chemical options
(Klotz et al. 2003, Silverman and Brightwell 2008). Due to concerns
associated with spray insecticides (e.g., environmental contamina-
tion and nontarget impact) (John and Shaike 2015), liquid baiting
has been explored as an alternative strategy to control Argentine
ants (Rust et al. 2000, Gore and Schal 2004, Daane et al. 2006,
Cooper et al. 2008).

However, conventional liquid baiting necessitates the use of
bait stations, a nancial hindrance on liquid baiting at larger
scales (Daane et al. 2008). Accordingly, hydrogel compounds were
tested as a carrier of liquid bait. Different hydrogel compounds
have been tested, initially synthetic polyacrylamide (Boser et al.
2014, Buczkowski et al. 2014, Rust et al. 2015), and more recently,
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were compared. Since Sigma-Aldrich was the source of boric acid in
a previous hydrogel trial (Choe et al. 2021), the comparative study
was necessary to ensure the boric acid from a new source was com-
parable. Secondly, the current study tested if potassium sorbate, a
preservative, had any impact on the ef cacy of the boric acid hy-
drogel bait. The addition of a preservative in the bait was necessary
for real-world applications, where the manufactured bait may need
to be stored for some time before being applied in the eld (Qin et
al. 2017). Current study also quanti ed how the swelling of the hy-
drogel was affected by these two different solutes (i.e., boric acid and
potassium sorbate) (Golmohamadi and Wilkinson 2013). Finally, the
current study tested if long-term storage of the bait impacted bait
ef cacy.

Materials and Methods

Experimental Colony

Argentine ants were collected from the eld and kept in labora-
tory conditions following methods described in Welzel and Choe
(2016). Clear plastic cups were used as colony containers for ex-
periment. Details of experimental colony design are provided in
Fig. 1.

Ants from the stock colony were placed into a plastic box
containing several 5-cm sections of vinyl tubing (8 mm ID, 11mm
OD). Once the ants (queens, brood, and workers) aggregated in
these transfer tubing sections, each of the transfer tubing sections
was emptied into a colony container. This process prepared many
colony fractions of comparable sizes and compositions quickly. For
example, the average worker count per experimental colony was
479 — 10 (mean — SEM, n = 90). Visual inspection ensured that each
experimental colony had at least one queen. After setting up the
experimental colonies, 50 L of 25% (wt/vol) sucrose water was

Fig. 1. Experimental colony. Clear 473-mL plastic cups (PK16S-C; Frabri-Kal,
Kalamazoo, MI) were used as A) colony containers, B) A 7-cm section of clear
vinyl tubing (8 mm ID, 11 mm OD, Tygon, Saint-Gobains Performance Plastics,
Akron, OH), C) tted with a 2-mL vial (Agilent, Santa Clara, CA) containing
deionized water and a 2.5-cm cotton wick plug (Absorbal, Wheat Ridge, CO)
served as a nest tubing. The nest tubing was af xed to the interior of the
colony container by attaching the bottom of the vial to the inner surface using
hot glue.

provided per colony. The colonies were tested with hydrogel baits
on the third day.

Bait Preparation

For comparison, several different bait solutions with 25% (wt/vol)
sucrose were prepared. Boric acid samples from two different sources,
Technical Powder Optibor (>99.9%) (U.S. Borax Inc., Boron, CA)
[BA(O)], and Boric Acid ReagentPlus ( 99.5%) (Sigma-Aldrich, St.
Louis, MO) [BA(S)], were included in the experimental design. A
representative preservative, potassium sorbate ReagentPlus (99%)
(PS) (Sigma-Aldrich), was also included. Overall, the treatments
tested were BA(O), BA(O) + PS, BA(S), and BA(S) + PS in sucrose
solution. Sucrose only (C) or sucrose with potassium sorbate (C +
PS) were included as controls. Concentrations for BA and PS were 1
and 0.25 % (wt/vol), respectively.

Calcium alginate hydrogel beads were produced via the methods
described by Tay et al. (2017). The hydrogel beads were soaked in
a bait solution to prepare the hydrogel bait (a process referred to
as conditioning ). For each treatment, 100 ml of conditioning so-
lution was used to soak 5 hydrogel beads (approximately 0.3 ml).
Since the amount of conditioning solution was much larger than the
amount of water in the initial hydrogel beads, any dilution factor
was considered negligible. The hydrogel beads were kept in the bait
solution for 3 days (at 4 C) until testing. All solutions were prepared
with deionized water.

Swelling Analysis

Degree of swelling of hydrogel beads over the conditioning process
was measured by weighing a same set of 5 hydrogel beads before
conditioning (initial weight) and after conditioning ( nal weight).
Since the initial weight values were highly uniform, nal weights
were compared between different treatments. This experiment was
replicated 15 times.

Ef cacyTest

Immediately before treatments, all dead ants were removed from the
experimental colonies. The hydrogel baits (2 3 beads) were provided
in a small cup (lid from 1.5-mL centrifuge tube, Sigma-Aldrich)
placed at the bottom of the experimental colony. As the hydrogel
baits lost moisture over time, they were rehydrated with 0.1 ml of
deionized water every other day until the end of the experiment.
Experiments were replicated either 11 (for treatments with PS) or 15
(treatments without PS) times.

Table 1. Swelling of ve hydrogel beads when conditioned in dif-
ferent bait solutions with different combinations of boric acid (BA)
and potassium sorbate (PS) preservative. Details on treatments
are provided in the text. All values are mean — SEM. For the nal
weight column, different letters represent groups with signi cant
differences (ANOVA with Tukeys HSD; = 0.05). Percent change
was calculated by ( nal wt initial wt)/initial wt 100

Initial Percent

Treatment wt (g, n = 90) Final wt (g, n = 15) change (%)
BA(O) 1.20-0.01a 287
BA(O) + PS 0.86 — 0.01b 177
BA(S) 1.00 - 0.02¢ 223
BA(S) + PS 0.31-0.00 0.80 — 0.01d 158
C 1.90 - 0.02e 513
C+PS 0.88-0.01b 184
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