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Abstract

The red imported fire ant, Solenopsis invicta, is a global invasive insect pest. Currently, chemical treatment is the primary meth-
od for fire ant control. However, most chemicals are unsuitable for environmentally sensitive areas, such as urban green spaces
and organic farms. Ammonia is the simplest pnictogen hydride and is more ecologically friendly in urban green spaces. To
screen green non-chemical control agents for S. invicta that can be used in urban green spaces, the efficacy of ammonia against
red imported fire ants was evaluated in combination with indoor and field trials. In this paper, the toxicity of ammonia on work-
ers and alates of S. invicta was tested under laboratory conditions. After 24 h treatment with 15.81 mg/L ammonia, the mortality
of workers, males, and female alates were 100%, 87.07%, and 97.41%, respectively. After 24 h treatment with 17.56 mg/L
ammonia, the mortality of both male and female alates is over 99.14%. In addition, the tolerance of alates to ammonia fumiga-
tion was much higher than workers. The field trials showed that the mortality of fire ant mounds and reduction rate of workers
were 60.83% and 54.36% after 14 d mound drench of 24.59 g/L ammonia treatment, respectively. This study provides a critical,
necessary, essential, vital, and theoretical basis for the use of ammonia for the control of crucial theoretical basis for the use of
ammonia to control S. invicta in urban greenfield habitats.
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Fig. 1 The nest of Solenopsis invicta in urban green spaces
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Fig. 2 Determination of ammonia fumigation toxicity test equipment for Solenopsis invicta
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Fig. 3 The nest of Solenopsis invicta after 7 days of mound drench
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1z FBXCH 2001312 FHWIH AT SGEIE, I SPSS 210147

FRRR, BREATE, R ANOVASTIE(E A Tukey 7L 95%
%EFF HTEFREMMT ; BAEATTME, {5 Kuskal-Walls 4535
BT

ZER59

21 FKIFLNWMERERF S

FKHLL ABHBESHURIFIT. ERKE, TEIRER
SR BN TR R LT KB T8 (F55=1852081, p<0.001). HEPEAEZESL
(F5=45381, p<0001) FiEis A FEBY (F5=662.30, p<0001) HIFZIEFE
TEHARESTIRE, PSREZKTHERIFNRATER. 5
OREARL, W RESKOIETINL KB TREZRS. 4R
WA 21581 my/LAY, 40 KT 80 B2 24 h e ZE T-ZIA £ 100%.
EREF KL SR TR A A FE ORI 14 A TS B R IR E
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Tab.1 Fumigation toxicity of ammonia on worker, male, and female alates
of Solenopsis invicta

SKRE/(mg/L) REFETE £ fREIRE /%
Ammonia concen- Corrected mortality rate + SE
tration Ty He A T e 4 2 T
7.03 11.21+0.34aA 0.87 +0aB 1.73 +1.05aB
8.78 33.62+£0.97bA  18.97+1.80bB  18.97+1.14bB
10.54 32.76+0.75bA  3624+2.72cA  43.11+1.67cA
12.30 62.93+1.44cA  50.00+1.64dA  56.90+2.09dA
14.05 89.66+1.18dB  74.14+2.47cA  73.28+2.14eA
15.81 100+ 0eB 87.07+0.87fA  97.41 £0.70fA
17.56 100 + 0cA 99.14+0.34fA  99.14 +0.34fA

& BARATHME AR A, RIDDNEFBATR ST AR AR 6k
ERTHFZTukey 0B £ 2 FHZF (p>005), FTKEFHATR—RKE
TR SAE R AT 5% Tukey b £ 2 54 £ % (p>0.05),

2.2 FKIFLL NIRRT
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F111.11%+070% ( Tukey test, £,,=0999, p=1000),
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$560.83% (x¥*=20144, di=5, p<0001),

KBS XL W T EORIRER IR AR, 2459 gl g K
= Ea’ﬂd (F=93737, p<0001) FIZ14d (£=112384, p<0001)
TR AR R 5750% F154.36%, BZ o FEAREANE,

Mﬁ?&a*ﬁ“‘“xﬂxﬁﬂkﬁwﬂ%m N, ERFPAFEIRAIEIR
FEAE 14 d IR BN D FEY =4 IR

3EREWIR

FKUREEE R, BRMR. BRI THEB. RRERE
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Tab. 2 Mortality of Solenopsis invicta mounds after mound drench with different concentrations of
ammonia

FAKRE/ (g/L)

WEFHERR /%

Mortality of fire ant mounds

Ammonia concentration

1d 3d 7d 14 d
1.39 0+0a 0+0b 0+0c 1.67+0.96¢
232 0+0a 2.50+0.16b 1.67+0.96bc 0+ 0bc
3.25 0+0a 18.33 +2.15ab 15.00 £2.15bc 23.33 £4.90bc
6.48 0+0a 17.50+0.16ab 18.33 £ 1.67abc 26.67 £+ 3.60ab
12.34 0.83+0.83a 19.17+0.83ab 22.50+2.50ab 35.83 £2.85ab
24.59 1.67+0.96a 23.33+2.36a 40.00+5.93a 60.83 £0.64a

o BARAPHME L ARAR L, FIFIFEATR K AMBUE L &R % Kruskal-Wallis #6540 £ 8 21

Z5 (p>005),

R3 AEKESUKEE TN THIRRER
Tab. 3 Reduction rate of Solenopsis invicta workers after mound drench with different concentrations
of ammonia

SAKRE/ (gL)

THURIRE /%

The reduction rate of fire ant workers

Ammonia concentration

1d 3d 7d 14d
1.39 3.50+1.48b -2.25+2.15d -1.50£1.08d 0.62+1.29¢
2.32 1.95+£0.3%9 -1.50£1.55d 0.62+1.45¢cd 1.09+1.33¢
3.25 9.60+1.89ab  12.35+2.98bc 13.51+2.78¢c 1.89+1.35¢
6.48 24.25+1.25a 6.53+1.28¢ 9.35+1.82¢ 4.99+1.38c
12.34 21.25+2.75a  20.25+2.85ab 35.50+2.15b 34.50+3.06b
24.59 15.65+4.55a  27.50+1.72a 57.50+3.23a 5436+3.52a

E o HAEATFIE L ARAR A, RINIE FEEATANE £ KB 6B i 2 R %% Kruskal-Wallis #4253,
Tukey #o3b £ 2 E M Z2 7 (p>0.05), H¥1 dBiéx %% Kruskal-Wallis#:%, 3d, 7 df=14 de955ia0%

% Tukey %%,

TEBZEANFITFRIAI00%; ERKREIR
1756 mg/L B, 4T KM 4 A S RN A 7
WA BRI 2UNEFLTE5K9914%, (2) BIRE
KK KBNS RYRETESTE
OREEKMIE. 2P HRkH, ~
BB S A EMATL KB R —25 A 52
MEX R, ARIE KL KBS B — B
BRI NES. EUR, D ABCIRR
ERKSHINE EtAER, EEEREL
MHEIR R K S MR S2 68 L MM A 7R
= 5 WA FE AN A TR R E R K
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EEA TR BAEARER ), %7
BAR. (3) LKW EKaRIH I SRR,
FARNLKBSETENBESE, MR
SMFATHE. RBEWIng S~ TR, 9
RRER MRS, BERRABRELNNLS
P, BERNAMERERAYE R St i),
FUKAPRIE LT TR R R AR T EREN
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BRENANT, BAREMNEEEN, BUF
RZ—HYSI TR, B AEEER
HARTHBRRE, FHiban kR85

Al
b
=

=

ST KB AN, AT K BEEA
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HZAMBENWERH FRIEE LD
B, fKEERERNELYE AFIMERR
KELN, THERIFLL BRI E. X
PRESRIERKRR, ERMHERAERRE
FEKELER, TTIABRHNHILL K BFEHL
B, TEESKRED2A50 gL RIRE
H76083%, THUSAMERIA436%. HEET
e, BKELESIBLENZANYIE
EREEANER, TARIN R L NEBSR
A B FEBABUS IR SRR, Motand 2™
RIER, TENEKEREARMEEIE
TIEMRMEE S HBUAMETENS
B8, FILEKEEIMAE XS A
BRRERENARENERERRAE
5, ORI A A R AR I XS ROKEIR
MERBX. SEAXUNFROEZERR
RENNLEY, REEMEE. LR
H4Es, ITBTERFE®T. CenZk®
REERKA, FRRREIR1S/ng/mLE
BE2ANhGE, TBIETRA100%, MEIRE
FEAF 1681 ng/MLEY, THHIILTERS B
XE100%. S®AKMEE, FREFREN
BEEM, BREAKTIUTE 100 ppm &KX
5 ESEU NI ASS ERKGE, WH
BARF NI THERKNY ; 5—F
H, SRKEEFEAPNIRENATERF
B, FREESIETMERS MR,
RS KRR EE S EAREFHTESR
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B, WEBANARABR T RE
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