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Abstract
Background and Objectives
The Agonoscena pistaciae Burckhardt & Lauterer (Hem.: Psyllidae), commonly known as the
pistachio psyllid, is a major pest that infests pistachio trees. As the population of this pest increases,
this leads to a significant decline in both the quality and the yield of the pistachio harvest. Over the
past few years, various types of sulfur have been commonly used to control pests. The common
green lacewing, Chrysoperla carnea (Stephens) is a cosmopolitan polyphagous predator, attacking
various pests, including eggs and nymphs of the common pistachio psylla. This study aimed to
evaluate the effectiveness of three concentrations (1500, 2500, and 4000 ppm) of a commercially
available sulfur formulation (WPgo%) on C. carnea, which is one of the most important natural
enemies in pistachio orchards.
Materials and Methods
The green lacewing eggs and larvae, collected from pistachio orchards in Yazd, were treated with
sulfur using both the dipping method for two days-old eggs and the residual dry-on-glass plate
method for larvae. The study was conducted under laboratory conditions at 26 + 2 °C, 65 + 5%
relative humidity (RH), and a photoperiod of 16:8 h (L: D). Several parameters were measured
such as mortality rate, developmental time of the immature stages of the green lacewing, adult
longevity, and fecundity. The fertility life table data were analyzed using the TWO-SEX MS Chart
2024 software. A one-way analysis of variance (ANOVA) with a post-hoc Tukey test was
conducted to statistically assess the mean percentage of formation across different biological stages
and the pre-adult mortality rate data, using SPSS version 27.00. Normality was tested using a non-
parametric test, Kolmogorov-Smirnov test.
Results
The results revealed that the mortality rates of the green lacewing's immature stages in the
treatments (4000, 2500, and 1500 ppm) and the control group were 69.2 + 0.8, 58.9 + 1.1, 43.7 +
2.4,and 14.4% + 1.1, respectively. A significant difference was observed between the control group
and the treatments at the 5% significance level. All concentrations resulted in a significant decrease



in oviposition period, total fecundity, longevity, and total life span compared with control.
Maximum and minimum mean lifespans of C. carnea individuals were observed in the untreated
group and a concentration of 4000 ppm of sulfur. Additionally, the net reproduction rate (R,) was
6.1 £ 1.4, 127 + 2.7, 29.2 + 5.7, and 61.2 £ 7.3 offspring per individual, while the gross
reproduction rate (GRR) was 23.6 = 3.9, 36.4 + 5.9, 59.03 £ 9.8, and 81.1 + 8.4 offspring per
individual, in the treatments (4000 ppm, 2500 ppm, and 1500 ppm) and the control group,
respectively. The mean generation time (T) was 43.9 +0.6,44.2£0.4,47.23 £ 1.1,and 46.6 £ 0.8
days, and the finite rate of population increase (A) was 1.05 £ 0.01, 1.07 £ 0.01, 1.097 + 0.006, and
1.12 £ 0.04 day-! across the treatments and the control group, respectively. The highest values were
observed in the control group, whereas the lowest ones were recorded in the 4000-ppm sulfur
treatment. A significant difference was noted between the control group and the treatments at the
5% significance level.

Discussion

The adaptability of pesticides with biological agents is one of the major concerns of IPM
practitioners. Hence, it is essential to have necessary information about the action mode of
pesticides on non-target insects. Furthermore, finding efficient biological control agents is
considered the first step in developing biological control programs. Therefore, the effects of a
commercially available sulfur formulation (WPso%) on C. carnea were discussed to design
integrated management programs. The results of this laboratory study demonstrated that sulfur
application negatively affects the efficiency of C. carnea, significantly reducing its population. If
these findings are confirmed under field conditions, adjustments in the method and timing of sulfur
application in integrated pest management (IPM) programs will be necessary to avoid disrupting
the sensitive stages of this predator.
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Table 1. Duration of different developmental stages (Meant SE) of Chrysoperla carnea in different

concentrations of sulfur and control

Life-history parameter Sex Treatments
yp Control 1500 ppm 2500 ppm 4000 ppm
Incubation period (days) Male 4.44+0.1° 457+0.11° 4.59+0.17®® 4.82+0.15°
Female  4.49+0.1° 454+0.12° 4.85+0.15%  4.82+0.15%
Larvae duration (days) Male 8.63+0.12>  8.81+0.15° 10.58+0.21* 11.53+0.3%
Female  9.13+0.15°  9.25+0.18° 11.65+0.23% 12+0.24°
Pupae duration (days) Male 8.96+0.15°  9+0.15% 9.41+0.21*  9.94+0.162
Female  8.63+0.15°  8.46+0.16° 9.65+0.22% 9.5+0.212
Pre-adult period (days)  Male 22.06+0.2°  22.38+0.22° 24.+059%  25.29+0.38?
Female  22.12+40.12° 22.5+0.26° 26.15+0.13% 26.3+0.42?
Adult longevity (days)  Male 25.03+0.79° 25.28+1.03* 19.64+0.39" 18.65+0.45"
Female  28.84+0.59% 28.7#0.72% 20.55+0.39° 20.8+0.34°
Total life span (days) Male 47.140.84%  47.7+#1.01%  44.2+0.4° 43.94+0.55°
Female  50.9+57° 50.95+0.73% 46.7+0.57° 47.1+0.46°

Different letters in each row indicate a significant difference between treatments (Paired bootstrap test, P<0.05)

4- One-way ANOVA
5- Tukey Test

1- Kolmogorov-Smirnov
2- Levene's Test
3- Homogeneity of variance
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Table 2. The mean (xSE) percentage of formation of different biological stages, pre-adult mortality rate and sex ratio of Chrysoperla carnea in different
concentrations of sulfur and control

Population parameters Treatments

Control 1500 ppm 2500 ppm 4000 ppm
Egg hatching % 94.4+1.1° 90.0+2.04% 84.4+1.1° 70.8+0.8¢
Pupa formation% 87.8+1.18 70.0+2.1° 55.6+1.2° 44.2+1.6°
Emergence of adults% 85.6+1.2° 56.2+2.4° 41.1+1.1° 30.8+0.83¢
Pre-adult mortality rate % 14.4+1.1¢ 43.7+2.4° 58.9+1.1° 69.2+0.8°
Emergence of females% 45.6+1.1° 30.0+2.04° 22.2+1.1° 16.7+1.4°
Emergence of males% 40.0£1.9% 26.25+1.25° 18.9+1.1° 14.2+0.83°
Sex ratio (F/M) 1.14+0.06" 1.14+0.048 1.19+0.12 1.2+0.14

Different letters in each row indicate a significant difference between treatments t (P < 0.05) (Tukey post-hoc test after
analysis of variance). ns: No significant

Al g 0§95 Lalise Sl dalé 10 (Hm Slas uSilkeo) Chrysoperla carnea «jw (&399b (&395b - s 3 J9da Sl B -F Jous
Table 3. The Mean (+ SE) of parameters of fertility life table of Chrysoperla carnea in different concentrations of sulfur and control

Population growth parameters Treatments Unit
Control 1500 ppm 2500 ppm 4000 ppm

Gross reproduction rate (GRR) ~ 81.15+#8.42%  59.03+9.84°  36.42+45.92° 23.59+3.91¢ offspring/female/generation
Net reproductive rate (Ro) 61.22+7.3? 29.25+5.7° 12.7+2.67°¢ 6.1+1.4¢ offspring/female/generation
Intrinsic rate of increase (r) 0.11+0.032 0.09+0.006°  0.068+0.01¢ 0.05+0.01¢ day*

Finite rate of increase (1) 1.12+0.04®  1.09740.006° 1.07+0.01°  1.05+0.01¢ day™

Mean generation time (T) 46.64+0.8%  47.23+1.1*  44.23+0.4°  43.94+0.6° days

Oviposition period 23.17+0.525% 23.85+0.77%  15.33+0.255" 15.11+0.34° days

Fecundity 134.4+4.84%  97.5+24° 57.15+4.46° 36.6+3.57% eggs

Different letters in each row indicate a significant difference between treatments (Paired bootstrap test, P <0.05)



oo 659 6550k — s sl il 3 5 8 5 0dd o 5 o Chale LT 0LSen 5 55k (s e

Sligper pa b il ol o la ot i 5 ) (633
V"'}YO" LSLAJMJJQWJ_%@\:J;}‘L‘“‘}!JJB

,@‘B}ﬁ&j)y 41"}")5(";9’:;93:

-
ey 33 b Oleds L ESET e 51 oL
Desneux etal., ) cul 6555 5 pr s ool (BT 2y e
Clibmn (Sla0 5o g0 3 3l e3linel 228 4 e 5 1 (2007
Alingjad & ) wwy L 5 Jows J x5 gl 555
o) Care J S 55w 6,506 285 5 (Alingjad, 2018
0T 26 5358 SsS Ol 5 pole o 23T

Ll Cod S5 ol 6os0b i) Slhdminl b

A plowil A8 LT

Survivorship (Ix)

Yy

C. o s (o al o 05 S 2 (Bg) (S5 4 ol
3355 el Frov 5 Y00 slajles s carnea
do o 53 S5 4 deel sl ot 3ls 0lis ¥ IS s dals
B 5 dali 5 Frer (YO A0 el 3 oS
33 Gas B s YAV OVIA 5N 53 oy FYA YYD YD
YY QXYY Y Laosle 55 Gy YF/A 5 YY (YA/FA OFY/FA o i
odd S e,y YEIF oYY YY/Y VIS a4 5 e, ¥
baslas 53 (653 (S5 oo ples 53 (S5 a0 il ol
50l B8 Ly ol atdls o guses 28 dals 4 o
W3l Al (S 4 el S OB
Jlzl Olan b S) (g5 Sl oo (sl o o= o 1
Ol Y IS 55 X o B ]l e 1o W20 036 5 5 (sl

LMW 5 Comezr )3 350 55 Jds 4l ol osls

—@— Control

—@— 1500 ppm
2500 ppm
4000 ppm

(6]

—@— Control

—@— 1500 ppm
2500 ppm
4000 ppm

H

w

N

[

40 50 60

Age (day)

Age-specific fertility (mx)

o

‘&
1)

40 50 60

Age (day)

dall 98 F¢F il slacdalé yo Chrysoperla carnea « jw (55939 (Mx) cow 059 83956 9 (Ix) cow 0529 sl &5 -1 <&
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