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Abstract: [ Objective ]Imidacloprid, a new type of neonicotinoid insecticide with high pest control efficiency, is widely used in
recent years. As this chemical insecticide has a long residual period (about 25 days), it is necessary to evaluate risks it might pose
to beneficial microbes in the soils. [ Method ] Solid and liquid incubations were carried out simultaneously to investigate effects
of the insecticide on growth, reproduction, and phosphorus (P)dissolving capacity of inorganic phosphate-solubilizing bacteria
(IPSB), such as Burkholderia Yabunchi B05, BO7 and B09, relative to concentrations of imidacloprid (0, 5, 10, and 20 mg-L™).
[ Results] Imidacloprid inhibited to a varying extent the growth and reproduction of all the three strains of IPSB, with the
diameter of bacterial colonies decreased by 39.81%~55.45% in solid incubation. The tested bacteria varied in solubilization of
tricalcium phosphate in response to imidacloprid. B09 was lowered in diameter of P-dissolving halos and index in the presence of
imidacloprid, but B05 and B07 behaved otherwise, with the diameter of P-dissolving halos and index reaching as high as 9.72% ~

19.44% and 40.69%~106.94%, respectively. In liquid incubations, imidacloprid also inhibited growth and reproduction of the
three strains of IPSB, with the bacterial density decreased by 49.87%~65.28% in culture solutions. P solubilization capacibility
of the bacterial strains varied with imidacloprid concentrations. Imidacloprid, regardless of concentration, stimulated P
solubilization of B0S5. P solubilization of BO7 varied in solutions low or mediumin concentration of imidacloprid, but increased in
those high in imidacloprid concentrations compared with CK (without imidacloprid). B09 showed a similar tread to B07 in
variation of P dissolving capacity in solutions low in imidacloprid concentrations, while it decreased greatly in solution medium
or high in imidacloprid concentrations. All the three strains of bacteria were able to excrete protons, oxalate, and citrate. Oxalate
and citrate accounted for 67.65%~83.28% of the total organic acids excreted. In addition, acetate was detected in culture solution
with BO5 and B07, malate with B09, and succinate with BO7. Excretion of the organic acids was affected by not only imidacloprid
concentration, but also strain of bacteria and type of organic acid. Furthermore, imidacloprid inhibited bacterial proton secretion
by a varying degrees. The amount of P dissolved from tricalcium phosphate was positively related to the excretion of total organic
acids (» = 0.876, P < 0.05, n = 12) and to that of protons (» = 0.823, P < 0.05, n = 12) as well. [ Conclusion] It could be
concluded that imidacloprid inhibites growth and reproduction of the IPSB by a varying degree in the soil, thus affecting the
effects of the bacterial excreting organic acids and protons, and hence the effect of promoting or inhibiting and P solubilization.
So in pest controlling application of a large amount of imidacloprid could influence the activities, numbers, and functions of IPSB
to a various extent, depending on type of the soil and group of IPSB.

Key words: Imidacloprid; Inorganic phosphate-solubilizing bacteria; Phosphorus solubilization
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1 7E ) [ A SR Ak B, 3 Bk IPSB YA KAR DRI i el

Fig. 1 Growth and P solubilization halos of three IPSB strains on solid culture media containing imidaclopri

F 1 EFEFREAL RIS IPSB £ KA BH ST

Table 1  Growth of inorganic phosphate-solubilizing bacteria and P solubilization in response to imidacloprid in solid culture

bt e B B2 B AR e B
Btk TR
Imidacloprid concentration Bacterial colony diameter Transparent ring diameter
Strain P dissolving index
/ (mg-L™") /em /em
BOS 0 1.01£0.10b 2.16+0.21cd 3.17+0.31e
5 0.8140.03¢ 2.2440.20c 3.7740.15¢cd
10 0.70+0.11cde 2.37+0.06bc 4.46+0.55b
20 0.45+0.03fg 2.58+0.18a 6.56+0.34a
B07 0 0.60£0.08de 1.65+0.23de 3.74+0.73cd
5 0.7240.03cd 1.54+0.14fg 3.15+0.14¢
10 0.5740.05¢f 1.40+0.07fg 3.46+0.11de
20 0.44+0.04g 1.514+0.23fg 4.43+0.39b
B09 0 1.03+0.09b 2.10+0.04cd 3.2240.15de
5 1.21£0.04a 2.56+0.13ab 3.32+0.15de
10 0.7340.04cd 1.614+0.20ef 3.16£0.13¢
20 0.6240.08de 1.16+0.14¢g 2.8740.09f

R, A ARE/NG PR FRIRZE S 5.3 (P <0.05), TE. Note: Means+standard deviations followed by different lowercase
letters in each column are significantly different at P < 0.05 level. The same below.
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above the bars indicate significant difference among fungal strains and among imidacloprid concentrations at 0.05 level, respectively.

K2 e EEFREE R, LMo TPSB ik (52

Fig. 2 Variation of the number of inorganic phosphate-solubilizing bacteria in liquid culture media with imidacloprid concentrations spikeds

2.2 MEAMRT IPSB 4 i AHEET H B0 LTI EER N &, BO5., BO7 Al BO9 HYF-14

HH % 2 AT, a0 AR Y AT 43 WA A 22 R A WM 1.01, 1.29 Fl 1.45 mmol- L™, 7EH; 2
FrEIR , —H A TR A VLR /3 W S Y 67.65%, HOIAIHE Sk, BEVER EEER S, X BO7 F1 BO9 43 AR
il 83.28%. {HAFHEMSE, IPSB WA HLER  BRAGIDEIMEHIIESE ; (EXF BOS AVEFNIAE, Rk
AT A 50 DA TR AR AR R b AN TR T A T 2 5 ORI R R R, 43I R Y R R TG, f K

2 IPSB EFRPHENERF HIRE

Table 2 Organic acid and proton concentrations in the culture solutions with IPSB inoculation

M H oI ) . i b
N HR P Zm R SEHR
RS Imidacloprid H"
Oxalate Citrate Acetate Malate Butylate
Strain concentration / ( umole’] )
/ (mmol-L™") /(mmol'L") /(mmol'L") /(mmol-L") / (mmol-L™")
/ (mg-L™")
0 0.87+0.05f 0.40+0.01c 1.18+0.11a ND ND 13.25+0.93h
5 0.95+0.04ef 0.39+0.01c 1.22+0.05a ND ND 17.73+£1.26h
BO5
10 1.04+0.05¢ 0.40+0.03¢ 1.15+0.13a ND ND 19.63+1.27h
20 1.18+0.06d 0.39+0.04¢ 1.15+0.05a ND ND 29.95+2.48¢
0 1.60+0.06b 0.69+0.035b 0.77+0.03b ND 0.65+0.03a 391.4+8.2b
5 1.29+0.08cd 0.74+0.02a 0.74+0.06b ND 0.64+0.02a 416.3£3.9a
B07
10 1.32+0.09¢ 0.75+0.04a 0.80+0.02b ND 0.64+0.02a 379.3+8.3¢
20 0.96+0.06¢f 0.75+0.03a 0.82+0.03b ND 0.65+0.05a 370.9+5.0c
0 1.80+0.05a 0.21+0.02d ND 48.83+£7.01a ND 197.5+6.6d
B09
5 1.78+0.03a 0.17+0.03de ND 35.37+£2.95b ND 202.3+6.5d
10 1.29+0.07cd 0.13+0.01e ND 27.71£1.97¢ ND 157.2+5.4¢
20 0.94+0.04ef 0.08+0.02f ND 15.65+1.58d ND 137.9+7.2f

. ND E/RAK L Note: ND, not detected
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Cay (PO, ) » MW 43 ) 5 A HLER FIH 53 M S 5
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Influence of imidacloprid on the amount of phosphorus dissolved by IPSB grown in culture solution
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AHURRATH 7330 8 2 B R AE IR (rpnm =
0.876**, rums =0.823%, n=12, **P<0.01, *P<
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