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The influence of water hardness and pH on the toxicity of insecticides on Bemisia tabaci
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Abstract

Water hardness and acidity are the important properties that can influence the performance of pesticides. The effect of water hardness
and pH on the efficacy of insecticides on second instar nymph of Bemisia tabaci was determined by leaf dip method. In the first experiment,
well water samples at 1869, 645, and 265 mg L™ hardness, standard, and deionized water with malathion, acetamiprid, and spiromesifen used
for bioassay. In another experiment, the effect of water pH at four levels 4, 6, 7, 9 on the toxicity of the above three insecticides was
investigated. Increasing water hardness reduced the performance of the experimental insecticides. LCso values showed that the toxicity of
malathion, acetamiprid, and spiromesifen was 40, 157, and 84 times less in water with 1869 mg L™ hardness than deionized water. The
efficiency of malathion, acetamiprid, and spiromesifen was 13, 65, and 39 times less in water with 645 ppm hardness than deionized water.
Pesticides were less effective at pH 9 compared to other pH levels. Malathion efficacy was 11.41 and 7.16 times better when it was diluted in
water with pH 6 and 7 than pH 9. Acetamiprid provided 10.72 and 5.89 times greater toxicity when applied at pH 7 and 6 respectively than
water with pH 9. Spiromesifen in deionized water with pH 7 and 6 has exhibited 5.51 and 3.82 times better efficacy compared to the water at
the pH level of 9. Overall, the performance of insecticides reduced at hardness levels above 265 ppm and in alkaline pH.
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Table 1. Physicochemical properties of water samples used for bioassay.

oH EC DS Ca Mg TH
water (us/cm) (mg L™ (mg L™ (mg L™ (mg CaCO,L™Y)
2 1 2 1 2 1 2 1 2 1 2
Wy 7 75 7330 7060 5200 4589 310 320 248 260 1794.84 1869.2
Wy 7.6 7.7 2990 2900 1950 1885 95 79 110 109 689.97 645.97
W3 7.6 7.8 997 960 650 624 71 75 23 19 271.95 265.48
sw 6.3 185 120 403 - 139 342 -
di 7 0.056 0.036 0 - 0 - 0 -

1, 2: first (9/7/2019) and second (9/10/2019) sampling,

pH: Acidity, EC: Electrical Conductivity, TDS: Total Dissolved Solids, TH: Total hardness, sw: standard water di: deionized water
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Table 2. Probit analysis of water hardness effect on the efficacy of insecticides on 2" instar nymph of Bemisia tabaci.

Insecticide Water In(srf;: ts (:;;i?) (95% CL) (Silgpée; (é(;) Het;r;g(g:enty
wp 360 68.57 (10.65-98.43) 2.43(+0.85) 1.33(13) 0.1
W, 360 28.36 (5.6-39.59) 2.02(x0.7) 1.66(13) 0.13
Acetamiprid W3 360 18.88 2.2(+0.64) 1.52(13) 0.12
swW 360 2.96 (0.33-5.3) 1.66(+0.51) 1.13(13) 0.087
di 360 0.44 (0.01-1.2) 0.92(+0.27) 2.1(13) 0.16
Wy 360 39.79 (11.77-52.05) 3.52(0.98) 1.15(13) 0.089
W, 360 18.66 (4.5-25.31) 3.28(+0.87) 1.88(13) 0.14
Spiromesifen W3 360 8.72 (1.31-13.1) 2.33(+0.78) 1.07(13) 0.082
swW 360 3.82 (0.8-6.26) 1.75(+0.48) 3.32(13) 0.26
di 360 0.47 (0.01-1.34) 0.88(+0.26) 2.1(13) 0.16
Wi 360 64.02 (12.74-95.82) 1.57(x0.51) 1.64(13) 0.13
W, 360 20.74 (1.22-35.7) 1.31(+0.47) 1.83(13) 0.14
Malathion W3 360 12.65 (2.7-20.53) 1.53(+0.43) 1.99 (13) 0.16
swW 360 5.23 (0.66-9.76) 1.39(+0.39) 3.17(13) 0.25
di 360 157 (0.1-3.75) 0.93(+0.25) 2.55(13) 0.19

w1, Wo, W well water with 1869, 645, 265 ppm hardness respectively sw: standard water di: deionized water.
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Table 3. Lethal dose ratio (LDR) of insecticide LCsg values.in water samples.

Water Acetamiprid Spiromesifen Malathion
Ratio LDR Limits(0.95) sig LDR Limits(0.95) sig LDR Limits(0.95) sig
Wi, 2.42 (1.1-5.48) * 2.13 (1.09-4.16) * 3.08 (1.02-9.35) *
Wi/ws 3.63 (1.66-7.93) * 456 (2.05-10.17) * 5.06 (1.91-13.43) *
Wa/sw 23.2 (7.7-69.93) * 10.42 (4.35-25) * 12.24 (3.85-38.85) *
w,/di 157.34 (28.8-259.63) * 84.92 (15.42-167.57) * 40.8 (9.37-177.62) *
Wa/Ws 15 (0.72-3.14) ns 2.14 (0.93-4.94) ns 1.64 (0.51-5.27) ns
WalSw 9.6 (3.3-28.05) * 4.89 (1.97-12.12) * 3.96 (1.06-14.86) *
w,/di 65.1 (12.15-148.57) * 39.84 (7.11-123.13) * 13.22 (2.66-65.77) *
Walsw 6.4 (2.25-18.17) * 2.3 (0.83-6.26) ns 242 (0.72-8.13) ns
wa/di 4333 (8.23-98.1) * 18.61 (3.14-71/18) * 8.06 (1.77-36.74) *
swidi 6.8 (1.1-42.47) * 8.15 (1.33-49.88) * 3.33 (0.65-17.14) ns
Wi, W, Ws: well water with hardness 1869, 645, 265 ppm respectively sw: Standard water di: Deionized water.
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Fig 1. LCs values of insecticides at different hardness (a) and pH levels (b).

w1, Wo, Wa: well water with 1869, 645, 265 mg/L hardness respectively sw: standard water di: deionized water.
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Table 4. Linear regression water hardness vs experimental
insecticides LCso.

Insecticide equation R-square  Adj R-square
Acetamiprid Y=1.62+0.036 X 0.94 091
Spiromesifen  Y=1.09+0.021 X 0.96 0.94
Malathion Y=-0.41+0.034 X 0.98 0.97

Y: LC50, X: water hardness levels
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Table 5. Probit analysis of water pH effect on the efficacy of insecticides on 2" instar nymph of Bemisia tabaci.

Insecticide pH Insects (n) LCso (ppm) (95%CL) Slope (+SE) 272 (df) Heterogeneity Factor
4 360 36.3 (18.18-42.53) 5.5(+0.8) 2.11(13) 0.16
Acetamiprid 6 360 8.91 (2.32-12.3) 3.06(+0.98) 2.55(13) 0.19
7 360 4.88 (0.31-8.08) 2.12(x0.76) 2.7(13) 0.21
9 360 52.43 (27.16-60) 5.98(%1.06) 1.48(13) 0.16
4 360 21.61 (7.29-27.05) 3.89(x0.31) 2.23(13) 0.17
Spiromesifen 6 360 10.26 (3.61-13.44) 3.14(x0.97) 1.87(13) 0.14
7 360 712 (2.82-9.39) 3.38(+0.96) 2.19(13) 0.16
9 360 39.23 (19.25-46.72) 4.05(+0.87) 2.4(13) 0.18
4 360 30.1 (5.51-42.21) 1.93(+0.68) 1.01(13) 0.084
Malathion 6 360 4.82 (0.47-8.48) 1.78(+0.57) 3.27(13) 0.25
7 360 7.68 (1.09-12.53) 1.82(0.59) 2.3(13) 0.17
9 360 54.98 (22.32-67.48) 2.01(+0.35) 1.77(13) 0.14
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Table 6. Lethal dose ratio (LDR) of insecticide LCs, values at
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different pH levels.

Insecticide pH Ratio LDR Limits (0.95) sig
4/9 1.44 1.04-2.03 *

6/9 5.89 3.33-10.38 *

Acetamiprid 7/9 10.72 4.43-26 *
6/4 408 2373 *

7/4 7.43 3.04-18.17 *

6/7 1.82 0.67-4.97 ns

4/9 1.81 1.14-2.88 *

6/9 3.82 2.28-6.39 *

Spiromesifen 7/9 5.51 3.3-9.19 *
6/4 2.11 1.11-3.71 *

7/4 3.03 1.72-5.33 *

6/7 1.45 0.78-2.64 ns

4/9 1.83 0.95-35 ns

6/9 11.41 4.31-30.17 *

Malathion 7/9 7.16 3.05-16.82 *
6/4 6.25 2.14-18.21 *

7/4 3.92 1.5-10.27 *

6/7 1.6 0.48-5.31 ns




"W

At e M il b e glaoy S 0 g S 0e
J s 56 (Babczinski and Arthur, 2005). Spd o o3 ple
e s L O3St o1 S sl Sl s S
4,k 3 b 45 (Doherty 2018, SPEX Certipreb, 2017) !
A g 0S| losl @S1L Ll s rﬁ..ls 05518 ol &Sl
(Madsen et al., 1978; Talen et al., 1995) Jas J.&M.;

WAz gy Ol Ad et e s s
YOV i 5 plaie T L gl o 1t S e
4313 o s E b s e ST 1 1) 0 S L
A5 S i8S K0 pdiss (Soltani et al., 2011) cul
r.:_..lSLgLAQﬁS‘S S>> g.j); Sy SSide o8
Dandelion (Taraxacum ;,—a slacile 3, I (-
4.les 4> Broadleaf Plantain (Plantago major)  officinale)
ol 4l ialS glabde |6 s ba o e O L
2535 Sk o e U 50 58 sl sl
83 4 w_,-”m_wisj\,:ﬁsoi S50 Ll el
.(Patton et al., 2016) ...

Cj.\a_,ﬂ oo La JSe b ol 0L g oyl C,Lb
S 555 5sline 3 Shas Of andewl il
IS go S S S B L ol sl 3 ezl
Dy 5 o e2La 35 ol ol 5 038 ek (ES 3]
(Nalewaja et al., 1991; =l ,1AS 35U (Gua oK bray
Hajmohamadnia Ghalibaf et al., 2016)

SalS il b O s 28 i an i llS
05 i 055V 535 Shae S el
VsV andwl 53 0s5Vle i sdalin S a g ool
L oaolie )5 5,0 2SS =l VAT 5V V8 (5 Sa
ol 4wl bl sl 0L 4 i b J gl
ol il e Sl S i ol Sles
s Wolfe et al., (1977) ol id>s Cl—“ (- Cana o=
o= S e ciilke Dyguda Kazimierowicz et al., (2014)

L ool Jaroee 53 055Vs ol A3 S 55 s

VRO s ) oyled A Wl alE sla s lew 5 ST

(Motekaitis and Martell 1985, Thelen et al. 1995) Aa>
g Glaslis aw B8 S 1S Ko ol Kaays,
NS 52,5 03mST eyl 035,55 Ol Sl oS 051 I
.(Subramaniam and J_sls s Iy olsansd O35St 95 5
b 1y S IS J 5 S 50 La L ol Hoggard, 1988)
Ll o A O GLlS a3 5035 Jlad

Jos b S sn 00 b ol e 3 0550
o JeeS s oden 05,8 0581 (Sl s e STy 5550
S Sl 252 05557 (s 0l Juale (635 0 yand
a ki 3 b (Dyguda-Kazimierowicz et al., 2014) J_a> -
Sl el s S J 5 SUsn L oS (i Sn
md..,LS 0 55LS (Madsen et al., 1978; Talen et al., 1995)
LS 13 el e L glls O3St L Wls s

53 LYY 570/ VOV s Sy sliud oIS
Y0 580 M o Lo Ol i ey s O
SOV S ot o e 3 2 S
e U acaglin s sjliiliad O S5 6 3 ,Sas ol VE
Ol Lo of 3 el ol By 5 O 4 o
3 O3S @) s o (2S1s O slad 5 g b AenS 55000
S35 St 53 (55 0 S e oS soden 055
Cmd Sl 255 0550 o1 5 ol Jate Wy 5 olid
4 ki 3 b (Huan et al., 2016; Todey et al., 2018) 4_a>
0 551 (Madsen et al., 1978; Talen et al., 1995) od_ 451 )|
Sl 5 35 0 Jate e b Ghils O3S 51 4 oS
SalS O e S Las e 1SS B Ssl- 05l
el U,Sg_a.ef 5 Shas

AL/ 050505 O 5lodd 4 sl 55 sy sl
388 N /8 sylabead OF 53 imean ol 2 VAL 5 FUA
S 2l slaas el L avglie 53 (52 IS L YT
05,5 2l DL ;) e S e YN0 5180 MANY s
Assds Ol 3 e ol J ST pe Sl 3 (5l
Stk sy OF 5l g s oo LS5 15 Il S e 5 0



Bemisia tabaci an Sbusiw (s, b iS0 bo G O &bl 5 Fow 56 01,00 5 o, 1Y

50N e dag 5 035 Mol om Of s ol sl
Sl s glasdllas 53 (SPEX CertiPrep, 2017) .l azils
£ 51 ppmm & anded b ke OF 3 pdn g ol 385 oy
Vot @ anteul 53 oS5 ol es aad Sl 032V
e She it 8 a il 55, VY/0 54V OV 5 Sa
SIS 3l s e i Sa b 5 Al 53 e g ol

(Mate et al., 2015) el axild SIboiw (55, (’fy

S S 4o
O Qs g.j): s i8S i sl OLLS Lol anlllas
Lol als sy Sbddws o) 50 S35 S Fosllas oL
A a8 e 1S i e ;.j e ch.w sl 58
e Sz 0La S el 5ol (S5 sosles bl
b iSe i 2D 2alS g 1l e S e e SV
g oS Pl sl 5 il =5 el 53 1 5 et
N andeal 55 0sVle s, S el Ol ciS s
Ol (5 g 2 Slas Voan el 55 s s ool 5 4 3 poli
SUIE WUV [ VIS WP RO NES P S O (al_(ua 03 ol by cdsls
ol el 35 la iSe phm igy Sdlad g o

C_,.w‘ ‘5)‘3‘/.«9 ;.J.>u““ 5

6)‘}<~"L;""
D 3 e Ol S s b il 5 (5505l

Sad e Slayds g S5 s SUG! Osls ) 3

References

ALTLAND, J. 2010. Water quality affects herbicide efficacy.
http://oregonstate edu/dept/ nursery weeds/ feature

articles/spray tank/spray tank htm.

del 5 S s iy foa oL anal
53 Y yeme STy )l e B el 5 s
Sl 3 055V s Shas das o 5 6 phed (sla S0 i
s S e 3 S Y 5T L gl 53 8 andul L
53 s il o sl andenl b ol Lo 53 05Vl
Al e Gl S ST ol ol sl sodes baslis
(Wolfe et al., 1977)

VIAY 5V 0VY 058505 OV andeul 53 U o sl
Sl OLL s fant 54 amdnl g i S il
53 Sl 5 gLl antal U O s bl 5 Shee
Gl b zals o a4 sy oy ot anded b alis
s Huan et al., (2016) <lallas L Cnl_u o=l il Al
A ol s A5 S 55158 45 Todey et al., (2018)
s sl Gl es sl LS 550 o el
s OH 0551 (VL clale b T Jaes 3 oy olid
H0" 055LS VL cbale (g5l T b anglie 55 (6 2ty
JeeS55dp 05,5 (gader Cod5 4SS L5 ol sl
L amglis 55 CaN G855 b @ J3 S5 Jule G Ol sea
SMean SSly ol Ol 5 ol il ey ssdes O
2513 5k (6 S (55

SOLS RR T 5 0/0) eV andenl 53 (e s e
Lo il 59 ana ol U acslis js (s sosllas
Gb i sdalin he g el Cves 53 S VLT anal
35S O amy S 5V aydead 5 iSe o ol ol
Ll s ey el ol il Sl 655 S5
“SSosba pd 4 Skl 5 (S5 Sl S e ol 2l

als 3550 5N S St 58 wdend 33 O jes 4as

AZADVAR, M. 2015. Management of tomato yellow leaf
curl virus (TYLCV) disease in greenhouses of

Southern Kerman. Final report of Agricultural


http://oregonstate/

"y

Research and Education center of Southern Kerman.
28 pp. (In Persian with English summary), 53914.

BABCZINSKI, P. and E.L. ARTHUR, 2005. Environmental
fate of spiromesifen (Oberon). Planzenschutz-
Nachrichten Bayer, NO. 58: 371-390.

BASIRAT, M., M.R. TAJ BAKHSH, J. HOSSEINI FARD
and M. HEIDARI, 2007. Effect of the water quality
on the emulsion stability of the common pesticides in
pistachio orchards of Kerman province. Agricultural
Research and Education Organization Scientific
Information and Documentation Centre Agricultural.
http://agrisis.areo.ir.

COLLABORATIVE INTERNATIONAL PESTICIDES
ANALYTICAL COUNCIL (CIPAC), 2016.
Specifications for pesticides: a training manual,
Participant’s guide trial. https://www.cipac.org.

CUTHBERTSON, A.G.S., LF. BLACKBURN and P.
NORTHING, 2009. Leaf dipping as an
environmental screening measure to test chemical
efficacy against Bemisia tabaci on poinsettia plants.
International Journal of Environmental Science and
Technology, NO. 6 (3): 347-352.

DEVKOTA, P., D. SPAUNHORST and W.G. JOHNSON,
2016. Influence of carrier water pH, hardness, foliar
fertilizer, and ammonium sulfate on mesotrione
efficacy. Weed Technology, NO. 30(3): 617-628.

DEVKOTA, P and W.G. JOHNSON, 2019. Influence of
carrier water pH, foliar fertilizer and ammonium
sulfate on 2, 4-D and premixed 2, 4-D plus
glyphosate efficacy. Weed Technology, No. 31: 878-
887.

DOHERTY, M. 2018. Spiromesifen. United States
Environmental Protection Agency, USA. www.
fao.org.

DYGUDA KAZIMIEROWICZ, E., S. ROSZAK and A.
SOKALSKI, 2014. Alkaline hydrolysis  of
organophosphorus pesticides: The dependence of the
reaction mechanism on the incoming group
conformation. The Journal of Physical Chemistry,
NO. 118 (26): 7277-7289.

VRO s ) oyled A Wl alE sla s lew 5 ST

FISHEL, F.M. and J.A. FERRELL, 2010. Water pH and the
effectiveness of pesticides. University of Florida.
http://edis.ifas.ufl.edu/pi193.

FISHER, S.W. 1991. Changes in the toxicity of three
pesticides as the function of environmental pH and
temperature. Bulletin of Environmental
Contamination and Toxicology, NO. 46: 197-202.

GEEFREY, M., TW. SIMMONS, B.L. KERANS and B.
SMITH, 1997. Relative acute effects of low pH and
high iron on the hatching and survival of the water
mite, Arrenurus manubriator and the aquatic insect,
Chironomus riparius. Environmental Toxicology and
Chemistry, NO. 16 (10): 2144-2150.

GUZSVANY, V., J. CSANADI, and F. GAAL, 2006. NMR
Study of the Influence of pH on the Persistence of
Some Neonicotinoids in Water. Acta Chimica
Slovenica, NO. 53: 52-57.

HAJMOHAMMADNIA GHALIBAF, K., M.H. RASHED
MOHASSEL, M. NASSIRI MAHALLATI, and E.
ZAND, 2016. The investigation of pH variation of
water in spray tank on glyphosate and nicosulfuron
performance on barnyard grass and velvetleaf control.
Journal of Plant Protection, NO. 29 (4): 531-539 (in
Persian with English summary).

HEIDARI, A., M.R. TAJBAKHSH and M. NAJAFI, 2019.
Investigation on the effects of water quality on
quality control indexes of some pesticide
formulations. Final report of Iranian Research
Institute of Plant Protection (in Persian with English
summary). 56281.

HOSSEININAVEH, V. and M. GHADAMYARI, 2013.
Principles and concepts of experimental methods in
insect biochemistry, physiology and toxicology.
University of Tehran Press, 2™ edition, 577pp.

HUAN, S., C. ZHANG, X. LUO, R. CHEN and G. LIANG,
2016. Theoretical studies on the hydrolysis
mechanism of acetamiprid. Theoretical Chemistry
Accounts, NO. 135 (3): 1-11.

IRAC, 2016. Susceptibility test methods series for nymphs
and eggs of Bemisia tabaci, Method NO. 016.

www.irac-online.org.


http://agrisis.areo.ir./
http://edis.ifas.ufl.edu/pi193

Bemisia tabaci an Sbusiw (s, b iS0 bo G O &bl 5 Fow 56 01,00 5 o, ¥

KACHILLI, F. 2005. Study on bhioechology of cotton
whitefly and the effect of current paratitoides on it in
Ahvaz. Ph.D. Thesis, University of Shahid Chamran
Ahvaz, 155 pp. (In Persian with English summary).

KONTSEDALOV, S., Y. GOTTLIEB,, I. ISHAAYA., R.
NAUEN., R. HOROWITZC., and M. GHANIMA,
2009. Toxicity of spiromesifen to the developmental
stages of Bemisia tabaci biotype B. Society of
Chemical Industry. Pest Management Science, NO.
65: 5-13.

LEORA SOFTWARE, 2007. Polo-Plus: a user’s guide to
probit or logit analysis, version 2.0. LeOra Software
Company Petaluma.

MADSEN, H.E.L., H.H. CHRISTENSEN and C. GONLIEB
PETERSEN, 1978. Stability constants of copper,
zinc, calcium, magnesium, manganese, complexes of
N-(phosphonomethyl) glycine (glyphosate). Acta
Chemica Scandinavica, NO. 32: 79-83.

MATE, CJ., I. MUKHERJEE and SH. KUMAR, 2015.
Persistence of spiromesifen in soil: influence of
moisture, light, pH, and organic amendment.
Environmental Monitoring and Assessment Journal,
NO. 187(7).

MC KENZIE, C and V. PALMER, 2014. Chemical class
rotations for control of Bemisia tabaci (Hemiptera:
Aleyrodidae) on poinsettia and their effect on cryptic
species population composition. Pest Management
Science, NO. 70 (10): 1573-1587.

MCKIE, P and W.S. JOHNSON, 2014. Water pH and its
effect on pesticides stability. University of Nevada
Cooperative Extension, Fact Sheet FS-02-36.

MOTEKAITIS, RJ. and A.E. MARTELL, 1985. Metal
chelate formation by N-phosphonomethyl glycine and
related ligands. Journal of Coordination Chemistry,
NO. 14 (2): 139-149.

NALEWAJA, J.D., Z. WOZNICA and R. MATYSIAK,
1991. 2, 4-D amine antagonism by salts. Weed
Technology, NO. 5: 873-880.

NAUEN, R., U. RECKMANN, J. THOMZIK and W.
THIELERT, 2008. Biological profile of spirotetramat
(Movento) a new two-way systemic (ambimobile)

insecticide against sucking pest species. Bayer Crop
Science Journal, NO. 61 (2): 251-277.

ODERO, D.C. 2011. Impact of water quality on herbicide
efficacy. http:// erec. ifas. ufl.edu/weeds/ pdf docs/
Accessed October 2012.

PATTON, AJ., D.\V. WEISENBERGER and W.G.
JOHNSON, 2016. Divalent cations in spray water
influence 2, 4-D efficacy on Dandelion (Taraxacum
officinale) and Broadleaf Plantain (Plantago major).
Weed Technology, NO. 30 (2): 431-440.

PEREIRA PRADO, E., D. ARAUJO and C.G. RAETANO,
2011. Effects of water hardness and pH in acaricide
spray solutions on the control of Brevipalpus
phoenicis on sweet orange fruit. Bragantia Campinas,
NO. 70 (2): 389-396.

PRATT, D., J. KELLS and D. PENNER, 2003. Substitutes
for ammonium sulfate as additives with glyphosate
and glufosinate. Weed Technology, NO. 17 (3): 576-
581.

RIDEN, B and K. RICHARDS, 2013. The impact of water
quality on pesticide performance, the little factor that
makes a big difference. Penn State Extension
Pesticide Education Program, from
extension.psu.edu/ pested.

ROBERTSON, J.L., M.M. JONES., E. OLGUIN and B.
ALBERTS, 2017. Bioassay with Arthropods. 3 rd
Edition, CRC Press, 212 pp.

ROSKAMP, J.M., R.F. TURCO, M. BISCHOFF and W.G.
JOHNSON, 2013. The influence of carrier water pH
and hardness on saflufenacil efficacy and solubility.
Weed Technology, NO. 27(3): 527-533.

SEQUEIRA, R.V and S.E. NARANJO, 2008. Sampling and
management of Bemisia tabaci (biotype B) in
Australian cotton. Crop protection, NO. 27 (9): 1262-
1268.

SMITH, H.A.,, C.A. NAGLE., C.A. MACVEAN, and C.
MCKENZIE, 2016. Susceptibility of Bemisia tabaci
to imidacloprid, thiamethoxam, dinotefuran and
flupyradifurone in south Florida. Insects, NO. 57(7),
from www.mdpi.com/journal/insects.

SOLTANI, N., R.E. NURSE, E. DARREN, D.E ROBINSON
and P.H. SIKKEMA, 2011. Effect of ammonium


http://www.mdpi.com/journal/insects

"o

sulfate and water hardness on glyphosate and
glufosinate activity in corn. Canadian Journal Plant
Science, NO. 91 (6): 1053-1059.

SPEX CERTIPREP, Pesticide Technical Note, 2017.
Spiromesifen summary. www.SPEXEurope.com.

SUBRAMANIAM, V and P.E. HOGGARD, 1988. Metal
complexes of glyphosate. Journal of Agricultural and
Food Chemistry, NO. 36 (6): 1326-1329.

TALEBI JAHROMI, K.H. 2011. Pesticides Toxicology. 5"
edition, Tehran University Press. 507pp.

THELEN, K., E. JACKSON and D. PENNER, 1995. The
basis for the hard-water antagonism of glyphosate
activity. Weed Science, NO. 43 (4): 541-548.

TODEY, S., AM. FALLON and W. ARNOLD, 2018.
Neonicotinoid insecticide hydrolysis and photolysis:
Rates and residual toxicity. Environmental
Toxicology and Chemistry, NO. 37(11): 2797-28009.

THUYET, D.Q., H. WATANABE and J. Ok, 2013. Effect of
pH on the degradation of imidacloprid and fipronil in
paddy water. Journal of Pesticides Science, NO. 38
(4): 223-227.

VRO s ) oyled A Wl alE sla s lew 5 ST

WHITFORD, F. 2009. The impact of water quality on
pesticide performance. Purdue University Press, 320
pp. http://www.ppp.purdue.edu/pubs/PP-86.pdf.

WOLF, L., J. ZEPP, J. GORDON and D. CLINE, 1977.
Kinetics of chemical degradation of Malathion in
water. Environmental Research Laboratory, U.S
Environmental Protection Agency, Athens, Ga.
30601.

YUXIAN, H.E., Z. JIANWEI and W.U. DONGDONG,
2011. Sublethal effects of imidacloprid on Bemisia
tabaci (Hemiptera: Aleyrodidae) under laboratory
conditions. Journal of Economic Entomology, NO.
104: 833-838.

YEGANEH, M. 2016. Registered pesticides in Iran. Plant
Protection Organization, 56 pp. 63295.


http://www.ppp.purdue.edu/pubs/PPP-86.pdf

