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Abstract

Background and objectives: The gypsy moth, Lymantria dispar L., is one of the most
significant pests of forest and orchard trees, feeding on a wide range of tree and shrub species.
Larval feeding on tree leaves is a common occurrence that severely impacts tree growth and
productivity. Even if infested trees do not die, they experience significant reductions in growth
and yield in subsequent years, leading to irreversible damage. Chemical control poses serious
risks, including the destruction of natural enemies, pest resistance, secondary pest outbreaks,
and environmental pollution. Therefore, this study aimed to evaluate the efficacy of botanical
pesticides Neemarin and Matrine, in combination with the microbial pesticide Bacillus
thuringiensis subsp. kurstaki (Btk), for controlling L. dispar larvae.

Methodology: Egg masses of L. dispar were collected from infested black poplar (Populus
nigra L.) trees on the Nazloo campus of Urmia University in 2023 and reared on fresh poplar
leaves in a growth chamber. The leaves were replaced daily with fresh ones. The microbial
pesticide used was the commercial formulation Belthirul, based on Btk (Problet, Madrid,
Spain). Neemarin (Neemarin EC15%) is an Azadirachta indica Juss A. extract containing
azadirachtin, manufactured in India and procured from the Iranian Research Institute of Plant
Protection. Matrine (brand name: Rui Agro) is a contact and oral insecticide derived from
Sophora flavescens Ait., produced in China under the supervision of Ecocert France. Bioassay
experiments were conducted to assess the effects of Neemarin, Matrine, and Btk individually
and in combination on second and third instar larvae. Additionally, the impact of sublethal
concentrations (LC25) of these compounds on pest metamorphosis (larval-to-pupal and pupal-
to-adult transformation) was evaluated under laboratory conditions using a germinator (27+2
°C, 65+5% relative humidity). The effectiveness of recommended concentrations was also
tested on third instar larvae under field conditions.

Results: Probit analysis of different concentrations of Neemarin (150.00, 267.50, 385.00,
502.50, 620.00 ppm), Matrine (22.50, 38.25, 54.00, 69.75, 85.50 ppm), and Btk (300.00,
712.50, 1125.00, 1537.50, 1950.00 ppm) after 24 and 48 hours showed that Matrine had higher
toxicity (lower LC50) than Neemarin and Btk. The combined treatments demonstrated
significant differences (P<0.05), with the Neemarin+Matrine+Btk mixture causing the highest
larval mortality after 72 hours in both instars. Under field conditions, the highest third instar
larval mortality was observed in the Neemarin+Matrine treatment, followed by Matrine+Btk.
Evaluating sublethal concentrations of Neemarin (136.94 ppm), Matrine (15.92 ppm), and Btk
(302.75 ppm) on larval metamorphosis revealed that Neemarin had the highest inhibitory effect
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on larval transformation to pupae and pupal development into adults.

Conclusion: Given the limitations and adverse effects of chemical pesticides, the use of
biological and botanical alternatives for pest control is essential. The results of this study
demonstrated that these biological compounds, both individually and in combination,
effectively control L. dispar larvae under laboratory and field conditions. Additionally,
sublethal concentrations significantly disrupted the pest’s life cycle. Therefore, these bio-
insecticides, particularly in combination, can be recommended as effective alternatives for
managing L. dispar larvae and similar pests in forests and orchards.
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Figure 1. Gypsy moth pest collection area and conducting field experiments



vy

1wl b ay pba oy o 4 sadsles S,
ag shiean Wl oo &S (s e sle V/0 gl s
Jite g oad ssiliy 58] 65 by s Fhos—
B e P RO TIPS R T R VR
Lo, UL 4 Latss i ra o JBe (36 4
2233 POED s Cusby 5 mgmeedes a0 YVEY (gles
sl Ol ol 3 cela FA 5 Y cndS L s Ja
Al s holed Dlas 5o e s ekis ey
iS5l o é’j D b K 0emy L aS ey )Y
ol o was il es e Kosg i el an 5o 43l 0

el IS Y s ekl bl

Bth s 55\ 5 RSy b o il 5 oules Bl U
P 9P O slsY sl

9 il LCos 5 LCsp pums e S 51 Ay
o 5293 o s Y ) ! okl b5l ol
OS5 5l Sp polie (i, ol e s SLs)
b heaw 5 oslazl b sdalcwsay LCos 5 LCsp ol
LCs cnsl LCsp Jolo o)l &ysoa 5 Ao
‘Q—.'.ju LCys + Q-.'.)\-“-r" LCys ‘6,{‘5\% LCso 60-.’.1\@.3
LCos + n sl LCos 5 8L LCos + sl LCos
(obsn do s St Jliie O) asls sl ol an 40 (5 5L
oxlitl (g9, o 5 3 e S0 LN Aw 3 Lles »
2ol ekl U Sl Job ml e a2
s S el cell VY 5 YA I smy S5

Btk s SGL 5 Koo b 5l 5 uoles B3l U
e Llod o e e Y )
saiaoy okl 51 nbsl Gl bl o,
LU ocssia sl s coles Btk) eslinls ;50 LS 5
wolp s Ks Ll o s Ll e Y0 skl
Loy 5 ag G ol o (Blse dons Kol en
D3 Ayo 50 K Sa omsS SAI Y e e
Vg P N S N S PRT R O | SN RISPR LSY

Yoooles XY e ol gl s WS cBlim 5 Colam Olido ke 4,25

o5 o ealiuls 5o sla S i

Gl G se b il 5o ealiials ) e g S
Belthirul .U 4 (Wettable powder) oxss 5 55
B. thuriugiensis subsp. 4L, 32000 1U/mg
g dle cly eS8 s 5 Wl a8 o s kurstaki
s,Las (Neemarin EC15%) . les aLS 25, 2
cale gl ol oS5 gs Alindica Lz > alS
w5528 S el Olidos ande 51 48 ol ol
S0 3 Sl Gladmas J1 bl ol (156 2 0
(Kumar et al., 2005) 5,15 st ol e glulea s
=S 2>~ (Rui Agro) ﬁ;ﬁ S ol b Ly sk
P at; oslae byl s sl alS s el
S B 5 e 9aS el S, flavescens oLl
S 5 e i 5 1 oS Cl a5 Ecocert
Slawe awg s3,5l 5 cpl gt DBl S 0 e
Lol o SSE sbeas 5 sslal sl Malen
(Amirfanak et al., 2023) ¢l suz 4,5

HRalsT Byl s e sbiles]
Slado ol &l n pow 5 p03 GLLLY o) (e
2520

sl sl sbonlbsl apme K b Il
VO-Y0) Slam 5 Jilas sazaS slachle o5 ,slcwsa
5 e SLaY o wslinals;pe sl iSesl (ao)s
el bl s el el Ol ) aly, p e
bl i, 8 @0 el bl Jols
YA/ -+ XEV/O- N0/ ol slackle
OF/ o XA/YO XY/O+ cpile FYo/ev 5 0-Y/0-
NAY/O- Xee/ee oSG 5 AO/O. 5 £A/VD
2 mni pls A0/ e 5 NOFV/O- ANYO/
i ol S, oK1 (Robertson et al., 2007)
SS ol pra Leble 51 2 50 asb Y Sae 4 pio
Sae 4 o8alsl Il s 5o 5 s sabse ol Ao
PRI STE WS CVNE SIPR RV CIPVICI



... Bacillus thuringiensis subsp. kurstaki s sy s

br&b‘;‘,&u ‘\.L’>f J“"\"‘u"""’“'h‘”‘;""*““d))y

Wasls Jdo sy 525

b ool SLlS b 6 o plEnlisT sl e
Kk v g4 ;2 SPSS ver 22 515l 5 51 eslic]
slaosls W&aslesl 5o b aSesl Sawas cpon ) shiten
a2 Opl dsles b ol 5o bas,Y esS 5l Jols
4l LCos 5 LCsp alis }.:-’UT Sy 425 o)
.(Abbott, 1925) (\ alsles) 4z

YvY

S b by Ll Ll paaSes 5w
25 oYY Sld a s sl e O, )l
851 o5 s s lalas pom o 5,V Ve LSS
a0 Cid 5 Aw oS5 5l dm LY S e s sailay,

A ol Sl anglin 5 2ole

CJT w:;: 3 (LCys) o.,\.i.&.().lj chle J;JL"

N oszl Sl o) o o b)Y bl el s
sansS 5 chle o azt) o S obla g_;\.h;fj
b)) wle Sl o ey 2Scsl aw » (LCo)

Ao o Jods ol 5 058 win (i of 4 awsil

Sl ol — sele olis

(V) dsles

Bl 3f soss = (

aals ol

LY ) sdsas)

$ss Btk sSU 5 il sl B3 b
02U Sledy ol Wl 23 o oY

sobes bl b T a5l Jols s
LCso(Bt) LCso(M) c;e.j'u LCso(N)
[LC,5(N)+LC,s5(Bt) (LCy5(N)+LCy5(M)
o Y o, wals s 5 LCos(M)+LCos(BE)
9 FA Y Sl am cja sl d\e[,..ﬁa_.j\ wly  poo
ot w53 A0 plipabl mh s ol pla cele VY
Fo, 1467.56; ) 5,05 35ms )b sine sl b, les
Fo ) s (Fs 1=77.33; P=0.001) .(P=0.001
Y JX2) (14=106.00; P=0.001

) X 100

st 5 chle ,—0\4 ol g SLool Gl
Ao o b e mis 4 oY W e b ), (LCos)
oY G oleS s sl 51y a8 o i 4 S s
sl b Guloly a2 5l ese s pe0 e
S5 05l 5l bSle anlie sl 5 (ANOVA)
A es b

Gl sbelle Ul Jole coyy ae

052U Blpty ol &l s 5 po e oY o)
LC50 4 A L, RV W Ajb\ Y 9 \ Lg\.hdj.,\:- B
S5 ol s S 5 S b 2Sesl 5l ol
Gl BtK 6 8L 5 cpolas 4 Cond (65t Capane



YVo Yu)\A.:‘YY,\,\?‘Qlﬂ\é‘lﬁjtgii;?gb\.aaj@.bgw;s@chf:_‘.

VY ) ar 52U Gl ol &ls s 05 o sLsLY s Bk 5 o 5l o oles A0 i SaxdS Sl G p e =\ Jsas
PRl Ll s s colu FA 5

Table 1. Probit analysis of Neemarin®, Matrine® and Btk insecticides on second instar larvae of Lymantria
dispar after 24 and 48 hours under laboratory conditions

Treatment Con.* Time (h) Slope+SE Intercept X2 (df) LC,5 (95% CLs**) LCsy (95% CLs)

(ppm)
Neemarin 150.00 24 179+ 0.51 0.239 1.542 (3) 191.70 456.46
267.50 (80.33-263.08) (349.37-741.12)
385.00
502.50 48 244 +0.51 -0.891 2.537 (3) 136.94 258.70
620.00 (69.87-186.78) (190.97-316.84)
Control
Matrine 22.50 24 1.63 +0.52 2177 0.663 (3) 20.85 54.09
38.25 (4.52-31.34) (39.06-83.98)
54.00
69.75 48 2.37 £0.55 1.478 2.981 (3) 15.92 30.67
85.50 (6.36-23.13) (19.94-38.41)
Control
Btk 300.00 24 1.68+0.41 -0.260 1.30 (3) 539.44 1360.83
712.50 (269.29-746.70) (1018.81- 2147.83)
1125.00
1537.50 48 1.86 +0.39 -0.296 2.33(3) 302.75 696.95
1950.00 (131.22- 448.21) (480.58- 907.10)
Control

**Confidence limits
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Table 2. Probit analysis of Neemarin®, Matrine® and Btk insecticides on third instar larvae of Lymantria dispar
after 24 and 48 hours under laboratory conditions
Treatment Con. Time (h) Slope£tSE Intercept X (df) LCy5 (95% CLs) LCsy (95% CLs)

(ppm)
Neemarin 150.00 24 1.67 £0.52 0.339 0.319 (3) 243.23 616.15
267.50 (109.64-328.06) (448.79-1590.73)
385.00
502.50 48 241+ 0.52 -1.073 1.780 (3) 175.36 334.39
620.00 (99.91-229.15) (265.21-414.31)
Control
Matrine 22.50 24 1.47+0.53 2.278 1.041 (3) 24.96 72.07
38.25 (4.26-36.88) (52.08-202.81)
54.00
69.75 48 1.93+0.53 1.984 2.407 (3) 16.47 36.90
85.50 (4.61-25.13) (23.45-47.34)
Control
Btk 300.00 24 1.87+ 0.47 -1.175 0.556 (3) 886.44 2037.41
712.50 (580.06-1167.67)  (1494.57- 4082.74)
1125.00
1537.50 48 1.85+ 0.39 -0.369 1.970 (3) 340.13 785.94
1950.00 (154.87- 493.50) (561.23- 1025.03)

Control
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Figure 2. Means comparison of combination effect of Neemarin®, Matrine® and Btk on second instar larvae of
Lymantria dispar under laboratory conditions. Means with similar letters are in the same statistical group at 5%
probability level (Tukey test).
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Figure 3. Means comparison of combination effect of Neemarin®, Matrine® and Brk on third instar larvae of
Lymantria dispar under laboratory conditions. Means with similar letters are in the same statistical group at 5%
probability level (Tukey test).
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Table 3. Mean comparison of treatments against 3" larval instar of Lymantria dispar by Tukey test at one, three
and seven DAT under field conditions (P=0.05)

Treatment (DAT) (Percentage mortality & SE) )
1 3 7

Neemarin 30.00+2.00°¢ 46.67+3.80° 73.33+4.25™
Matrine 53.33+3.75% 70.0045.50% 86.67+5.80%
Btk 26.67+1.45¢ 43.33+4.00° 60.00+4.00°
Btk+Neemarin 43.33+3.02¢ 56.67+4.85% 73.3345.55"
Btk+Matrine 60.00+4.40% 76.67+6.20% 93.33+6.60°
Neemarin+Matrine 70.00+5.11° 86.67+6.50° 100.00+0.00?
Control 13.33+0.36° 20.00+0.41° 33.33+0.53¢

Fo.12 64.000 61.000 36.377

P 0.001 0.001 0.001

*Day after treatment
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Figure 4. Means comparison of effect sublethal dose of Neemarin®, Matrine® and Btk insecticides on conversion
rate of larval to pupal and pupal to adult stages of Lymantria dispar under laboratory conditions. Means with
similar letters are in the same statistical group at 5% probability level (Tukey test).
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