- 'r'.l""""-\.

wa

% |.-- A
e A
B ol ot o o

YT i ke ooles

o lan Gl g

Tetrawychus wriicar Koch (Aenri: 51480 83 -d bl | o § plae Cog Lill__:ﬂ'lll’hﬂju ety S 1...1"5 =t
- oSl | o2 8 Purseoli vadgardy L. bagd pdly 2 88 Tetranyehidac)

_‘_,l.!._,:-th :J-__'_II._-.U.;-_.-.'F- rﬁ..l'-lJ.iil_'itaﬂ_,.JL-J-}fﬂth

{ Frimfenrvdes vapeardoram (Hemiptera: Aley rodidar) ) 85l Lbiia (583 o300 ol = WSlal ool i

- 1 O e 3T Sl 2 52
J'Eu’-—n \_'F'""I gl ke g 'c:.h— ;.:--'J-H-u--‘jj'f U;ﬁﬂnﬂ-._i#';d#;—-ﬁr '}r‘;'rﬁ

|jlf W5 83 Mrevicorrme brassicae L. (Hem.: Aphididach n.|.f' e A o5kl s 5 Pl el
- ea s oy ( Brassien mapus L)

LR P Y e

ST S gl 58 e 58 & 39 p Neosclidus callformicis {Acari: Phytoselidac) #7000 4 Tl 4ulie

Ll

=T DT T v TR L O VO - =T 1 i K e Y Sl S BT R TLNCE L -L LN T g Ty )
aAl Melnidagyae jwvanica-

Sty Pl 4 n = tin b g nme - ST

AL e e § Tl laer o= b (Crocum sativas 1) O ha 33 o g BB (Sl a8 il (8 iy VS s

SR L

Pl el e | ety Ol 33 (Rumimculns arvessls 1) o9 09T 300 (salaul | s g
1Y bl it 33 fBnmeica mapes)

Aot e o F el T a el




ol 2! by chls b gy 4 i

(5359US @l g poke)
YFOYY YV/YeND
So9Ld 9 Oliasi (pale 5159 31 Oolos (g — (e 450 9 dlg g osked b
AZATIAR FAIE/N
1£+0 Ol Y oslod e o>

WAL AL i T ol 5 " g h— sode" a0 (51510 Db 4 4T A FAA Sl 5T Cie O 5139 dgan (wlul
WDgd (oo yuiin 9 Pl (Jlo 33 o ko £) dolihad 3590 4 b i g

dgte owgd b olKiils = OB Sl et 0k — sl
Aghn w335 &5l —da\:f S sl —sll

gl 9> o sls— I sle Gale psle -l
018 o8sils — S (65 5SS 5 5 (65 s Lol
At 53 p o8l = ALE s (g 5ley — L0
Ol oo S i oy = ALE ol (65l — 30l
52 oils = A (650 58 -3k

dghn o933 oSN = (55,5LaST pwlid o ho — LIS
IS ol = ki 6 =kl

dgha gz oKiils - 5 @l Cale g le —sled

dgba g3 o3 — 5 a sla Lale pske =3t
Olgins! _gmins oK ils = AE i (g Loy —sbiul
Ol pas Sy o215 = ALE ol (6l =3k
Agi owgs 2 & sls — 53S0 i — skl
O o&sils = (5558 owlid ot — sl

Oledal o o8tils = LS S5 5 A 5 - Ll
gl g p o5 — (65558 pulid o tem sl
dghn g3 oils = alE (6315 4 5 (655 555 5m - bl
2558 (S 5AE Dliiond s o = 253, 5L
Ol fal dogs oasls = (LS ks oy p 9=l
Aghn w3 b & sls - uAL:? s g slew —sll
gt (o33 o8tils = LS Lalh g gLl
L) — 550507 (65 olilom ol o i — 5L
ARG = D gt (5545 - G

4S5 ool S 55T o8l AlE kit (g5l

S e e mSe (65551287 o e yta =65 55 Sn 5 ALE s (T - L1

e (T AE it Ty iy Dot ) A0 = ALl (6l -5l

OV-FAVAVEY: : plod
https;/fjpp.um.ac.ir :oeb _waT

g 6»:):)5 a@i.}‘:
ooy s Lo,

b Bolo e

r.:h\ﬂ‘ (tuys (633!
e ol
olesish Sl
2l e o

ad) e (ol

P RSN
e el

e e ¢ e L3y
Pl e b
Az ey s ol
O i stel (Bl
Lo e () 50

G e 1S

Sl eem S

= S (8
ol eol5 s

N T sl
S (plie Gl dge
e Q9 80

55wl Sl

DT ¢ Jeamen A1
e om0

Ly o I

BlwlS 55,5 10s

T
LS

g S Cd Slas!

SNI g Baki (($550LEST ol gy 4,25 B3 pale D5 s (65558 0dSTas cdgtia s 3 o1 ey e5315T Oliks g 1 SIS

NYVO
COV-FAA FEOF 1 oyal

iPP1@um.ac.ir : Ség yI S

Wl 00 Ay lod fols” o &3 yg00 4 NEPS://JPP.UM.AC.IT Calws 38 0 slods ! Yo


mailto:jpp1@um.ac.ir
https://jpp.um.ac.ir/

oYa

Of)

bod

ory

oM

040

2\Y

Tetranychus urticae Koch (Acari: «S/4 98 5 )64 w3 slgo Cg (2L 3L 9 (006 SBSSgng gy S 9 )§l§ eIy
Sl tul 4 5o (Phaseolus vulgaris L.) ligt w83 _su (59 Tetranychidae)

S 5y mh G polme i e ol - WL ol e

P& LT Bl 5 (Trialeurodes vaporariorum (Hemiptera: Aleyrodidae)) 4ibus”™ <Sbawu (593 (2910 oL gy (pilwl I i1
oy (ool 25 = Sl 155 = o ol Aazs =63 L5 s = (gl — 5 55LS o

Jog 0 8 5 (Brassica napus L.) 13557 (595 Brevicoryne brassicae L. (Hem.: Aphididae) plS™ s0g0 4l (solaidl Ol ) gebaw dulmo
9 =08 e

B 08 F Wiz (895 4dl g9 » Neoseiulus californicus (Acari: Phytoseiidae) &yl 5™ (o Tl 4w lio

S mr

Meloidogyne (S5 4o g5 i gily 38 (213 olow B Ll gl 58 s logiy gl (S TA> 51 (8310 OlgF (wi p
javanica-

o5l Sl ool —puie Jbu dge Cenae = JLAT Slige

S0 9 JT a4l Sags 5 9 b (Crocussativus L.) Ol jée ) 38 D yao b S ST ile (S gy WS )y

Inrle A

Obuds™ Ol 50 (Brassica napus) (35 cely) aus b 1)de <Gl 5 (Ranunculus arvensis L.) a9 T o Sl (g
A6 i- o 8 peals 4T - b 4l e






Iranian Plant Protection Research
https://jpp.um.ac.ir

At

Research Article
Vol. 40, No. 2, 2026, p. 527-538

Study of the Effect of some Fungal and Bacterial Probiotics for Biological
Control of the Two-Spotted Spider Mite, Tetranychus urticae Koch (Acari:
Tetranychidae), on Six Bean (Phaseolus vulgaris L.) Cultivars under Greenhouse
Conditions

A. A. Kazemi"®%, N. Moeini Naghadeh"='¥*, A, Hosseininia"='?*, R. Sharifi''*

1- Department of Plant Protection, Faculty of Agriculture, Razi University, Kermanshah, Iran

2- Technology and Production Management of Ornamental Plants Research Center (OPRC), Horticultural Sciences
Research Institute (HSRI), Agricultural Research, Education and Extension Organization (AREEO), Mahallat, Iran

(*- Corresponding author's Email: moeeny@razi.ac.ir, a.hosseininia@areeo.ac.ir, )

How to cite this article:

Kazemi, A. A., Moeini Naghadeh, N., Hosseininia, A., & Sharifi, R. (2026). Study
of the effect of some fungal and bacterial probiotics for biological control of the
two-spotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae), on six
bean (Phaseolus vulgaris L.) cultivars under greenhouse conditions. Iranian Plant
Protection Research, 40(2), 527-538. (In Persian).
https://doi.org/10.22067/JPP.2026.97029.1269

Received: 20-12-2025
Revised: 06-05-2026
Accepted: 26-05-2026
Available Online: 22-06-2026

Introduction

The two-spotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae), is one of the most damaging
pests of beans (Phaseolus vulgaris L.). As Iran's climate changes to warmer and drier conditions in most parts of
Iran, the prevalence of small sucking pests, including spider mites, has increased. While the main method of
controlling T. urticae is the use of chemical acaricides, the rapid growth and high reproductive rate of spider
mites leads to the rapid development of resistance to most chemical pesticides. Also, chemical acaricides used to
control spider mites can be harmful to human health and the environment. However, tolerant varieties and plant
growth-promoting rhizobacteria (PGPR) and arbuscular mycorrhizal fungi (AMF) can reduce mite populations
by enhancing growth and the production of secondary metabolites. The effects of six bean varieties, along with
the impact of three probiotics: Biofarm, Bioguard, ProBio96 (water as a control), and the interactions of these
factors, were evaluated in the biological suppression of spider mite populations.

Materials and Methods

Three probiotics (Bioguard at a 0.5% concentration containing (Propagule g 1076) Trichoderma harzianum
and (CFU g 1077) Bacillus velezensis along with 5% humic acid; Biofarm at a 4% concentration containing
(CFU ml! 2x10"7) of each of the three bacteria Azotobacter sp., Pseudomonas sp., and Azospirillum sp. in equal
proportions; and Probio96 at a 2% concentration containing (CFU g* 1078) Bacillus velezensis from the
Naturalist Biotechnology Company as PGPR and AMF, and (water as control), as well as two kidney bean
varieties (local Khomein and Kousha), two white bean varieties (Shokufa and Dorsa), and two red bean varieties
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(YYaghoot and Ofogh), and the control treatment (local Khomein, Khoshderi kidney bean breeding bank) were
tested. The experiments were conducted in a factorial split-plot design (variety as the main factor and probiotics
as the sub-factor) within a completely randomized design with 24 treatments and three replications, totaling 360
pots. Inoculation was performed using Khoshderi bean leaves containing (15 female mites). Counting of the
different mite stages continued for up to 6 weeks.

Results and Discussion

Analysis of variance of the data showed that bean varieties, three probiotic combinations, and sampling time,
as well as the interaction effect of variety x probiotic combination, were significant at the 99% confidence level.
Mean comparison showed that the varieties Ofogh, Yaghout, and Dorsa had fewer mite populations compared to
the local varieties Khomain, Shokoufa, and Kousha. The Bioguard treatment on the Kousha and Ofogh varieties
resulted in the lowest numbers of adult mites in Kousha (6.61 + 0.91), nymphs in Ofogh (10.61 £ 1.65), and eggs
in Ofogh (21 £ 3.64). Bioguard on the Yaghout variety had the lowest number of adult mites (6.72 + 0.94) after
Kousha. The Biofarm combination had the lowest adult mite population on the Ofogh cultivar (7.89 + 1.32).

Conclusion

The effect of cultivar on pest population indicates the existence of differences in tolerance or induced
resistance of different cultivars to T. urticae mites. The effect of the biological agent on the mite population
suggests that probiotic substances can play an effective role in reducing mite density. The interactions of
probiotics varied among different bean cultivars; for instance, some bean cultivars such as Ofogh, Yaqut, and
Dorsa had fewer mites compared to other cultivars. The interaction of Biogard on cultivars like Ofogh, Yaqut,
and Dorsa caused the greatest reduction in population, while ProBio 95 and the local Khomein cultivar had the
least effect on population reduction. Therefore, some beneficial soil bacteria and fungi, while stimulating plant
growth, prevent the growth and reproduction of two-spotted spider mites. The presence of T. harzianum fungus,
B. velezensis bacteria and humic acid by strengthening beans, induces resistance and reduces spider mite feeding
pressure. And Biofarm, which contains resistance-inducing Bacillus, reduces the susceptibility of beans to spider
mite feeding by increasing the activity of defense enzymes. The results show that the use of Bioguard and
Biofarm can be used as part of an integrated pest management program to reduce spider mite damage in
beans. The use of probiotics along with variety selection is an effective approach in sustainable pest
management. According to the results of this study, the Koosha variety inoculated with Bioguard probiotic is
recommended for biological control of spider mite populations.

Keywords: Bean, Population growth, Probiotic, Spider mite, Variety
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Table 1- Analysis of variance of the effects of different biological factors on the abundance of life stages of two-spotted spider
mite (Tetranychus urticae) on six bean varieties

SOV df Adult mean squares Egg mean squares Larve and nymph mean squares
Variety 5 2195.62** 31480.27** 9708.24**
Biological agent 3 4849.39** 30750.69** 16076.84**
Variety x biological agent 15 36.35** 501.65** 166.82**
Error a 48 9.71 94.49 47.64
Sampling date 5 8530.00** 87586.58** 34321.19**
Date x variety 25 320.74** 2510.93** 1055.61**
Date x biological agent 15 610.75** 2411.21*%* 2450.23**
Date x variety x biological agent 75 33.10** 127.84** 120.55**
Date x replicate 10 11.81* 47.42ns 23.88ns
Error b 230 6.21 55.06 21.01
CV (%) - 17.39 14.17 15.11

*and **: indicate significance at the 0.05 and 0.01 probability levels, respectively; ns: not significant.
Experimental design: factorial split-plot in time (o = 0.01, p < 0.01).
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Figure 1- Number of adult two-spotted spider mites (T. urticae) on different bean cultivars under the effect of various
biological factors (MSD": Tukey, a=0.05)
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Figure 2- Number of two-spotted spider mite (T. urticae) eggs on different bean cultivars under the influence of various biological
factors (MSD: Tukey, 0=0.05)
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Figure 3- Number of two-spotted spider mite (T. urticae) nymphs (larvae, first nymphal instar and second nymphal instar) on

different bean varieties under the influence of various biological factors (MSD: Tukey, ¢d=0.05): Minimum Significant
Difference
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Table 2- Average population plus and minus the standard error of egg, larva and Nymph, and adult stages of the spider mite
T. urticae six weeks after treatment with three different compounds on six bean cultivars

Cultivar (treatment) Yaghout Shekoofa Ofogh Koosha  Mahalli-e Khomein Dorsa
Adult
Biofarm 9/44+ 1/A7TM™  13/61+2/219  7/89+ 1/32"  9/78+ 1/69N 19/28+ 3/3% 8/78+ 1/54M
Bioguard 6/72+ 0/94M  10/72+ 1/83% 6/78+ 1/17M  6/61+ 0/91! 20/61+ 4/04¢cde 7+ 1/15N
Probio 96 9/06+ 1/42M  13/67+ 2/38 8+ 1/2n 9/33+ 1/46M 21/61+ 3/57¢ 8/72+ 1/37M
Control 23/89+ 3/72%  27+5/17°  17/06+ 2/8°F 21/39+ 4/27% 36/83+ 7/48° 19/56+ 3/63%
Larval and Nymphal stages

Biofarm 20/44+ 3/03K 35+ 5/560"  11/5+ 1/74™ 27/61+ 4/17"1  42/72+ 6/73%%F  15/61+ 2/32'm
Bioguard 16/44+ 2/46K™ 25/22+ 3/77i% 10/61+ 1/65™ 23/61+ 3/751  32/17+ 4/679 11/06+ 1/59™
Probio 96 22/89+ 3/58K 35/56+ 5/45°fh 16+ 2/54'™  28/22+ 4/4N A7/78+ 7/770¢  18/17+ 2/79KIm
Control 44/06+ 7/15%%€ 53/61+ 10/72P 29/28+ 5/08" 49/17+ 8/14% 71/83+ 14/42 39/39+ 6/79%f
Egg stage

Biofarm 44/33+ 6/65% 60/11+ 8/98°% 24/11+ 4/14M 53/44+ 8/72%F  90/17+ 13/78 29/61+ 4/69N
Bioguard 26/39+ 3/83"  43/94+ 6/781 21+ 3/64" 34/61+5/019"  60/11+ 9/65° 24/22+ 3/68M
Probio 96 33/28+ 5/069" 60/78+ 9/95%¢ 33/78+ 5/599" 47/94+ 7/39¢f 87/56+ 13° 28/5+ 4/36M
Control 65/06+ 9/47°¢ 92/22+ 13/43° 53+ 8/62%f  72/28+ 10/6° 113/56+ 16/36 57+ 9/23%

* In each column of any life stage of the mite (adult, nymph (L and N1, N2), and egg), the differences between means that share at
least one common letter are not statistically significant (Tukey, 0=0.05)
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Introduction,

The greenhouse whitefly (Trialeurodes vaporariorum Westwood (Hemiptera: Aleyrodidae)) is causing
significant damage to both field and greenhouse plants worldwide. This pest cause both direct and indirect
damage by feeding on plant sap, transmitting plant viruses and secreting honeydew on the leaf surface. The
honeydew stimulates the growth of sooty mold fungi that can cover the leaf surface, reducing photosynthesis and
contaminating crop products. This polyphagous insect feed on more than 850 plant species, those reflects its
significant adaptability to various conditions and represents a serious threat to sustainable agricultural products.
Due to the adverse consequences and destructive impacts resulting from using chemical insecticides, the
identification and introduction of safer alternatives, especially within the framework of integrated pest
management (IPM) programs, is very important. The most suitable strategy for controlling this pest is the
integrated use of both biological and essential plant oils methods. The present study was carried out with the aim
of reducing reliance on chemical insecticides, preventing pest resistance, and minimizing environmental hazards.
In this study, the repellency or antifeedant effects of plant essential oils and their influence on the populations of
the T.vaporariorum were evaluated under laboratory conditions (27 + 5 °C, 60 + 10% RH and natural light).

Materials and Methods

Plants Studied: Thymus daenensis (Celak), Matricaria chamomilla L., Achillea millefolium L., Menta
piperita L. and Rosmarinus officinalis L., were obtained from the medicinal plant farms of the Agricultural and
Natural Resources Research and Education Center of Isfahan Province in June 2023. T. daenensis identified by

@ @ Authors retain the copyright. This is an open access article distributed under Creative Commons Attribution
BT 4.0 International License (CC BY 4.0)

https://doi.org/10.22067/jpp.2026.95864.1256



https://jpp.um.ac.ir/
https://orcid.org/0000-0003-1682-1295
https://orcid.org/0000-0002-5819-7147
https://orcid.org/0000-0002-8949-3096
https://orcid.org/0000-0002-0325-4263
mailto:h.vahedi@razi.ac.ir
https://doi.org/
https://doi.org/10.22067/jpp.2026.95864.1256
https://doi.org/10.22067/jpp.2026.95864.1256
https://doi.org/10.22067/jpp.2026.95864.1256
https://jpp.um.ac.ir/

VP20 lausli ¥ o lols Fr wla (((659LiS 2obuo g pole) oyl ! LS cblis by jingi OY .

herbarium code 18122, M. chamomilla by 18123, A. millefolium by 18124, M. piperita by 18121, and R.
officinalis by 18125.

Host plant: In this study, the eggplant plant, Solanum melongena L. (Solanaceae) (Commercial cultivar
Lango) was used as the host plant for the greenhouse whitefly. The host plants, S. melongena, were planted and
maintained under identical conditions with a temperature of 27+5 °C, relative humidity of 60+£10%, and
exposure to natural light.

The infested leaves containing nymphs and pupal stages were collected from commercial greenhouses and
kept in growth chambers at a temperature of 25 + 2 °C, relative humidity of 65 + 5%, and a photoperiod of 8:16
(light:dark) until reaching the adult stage. Following the emergence of adults, both male and female insects were
introduced onto host plants to initiate colonies. Extraction of essential oils from the studied plants: First, the
plants were dried in shaded areas equipped with ventilation. Then, the dried plants were ground and the essential
oils were extracted using a Clevenger machine. Essential oils extracted from five medicinal plants, including T.
daenensis, at concentrations of 16, 31, 62.5, 125, and 250 ppm; M. chamomilla and M. piperita at concentrations
of 81.25, 162.5, 325, 750, and 1500 ppm; A. millefolium at concentrations of 125, 250, 500, 1000, and 2000
ppm; and R. officinalis at concentrations of 162.5, 325, 750, 1500, and 3000 ppm, were evaluated. When
eggplants plants reached the 3-4 leaf stage, essential oils at five concentrations, already determined by
preliminary tests, were applied via foliar spraying on the leaves of eggplants, including untreated control only
sprayed by distilled water + 2% Tween 80. The treated pots were then transferred into an infested greenhouse
where host plants contained at least 100 adult whiteflies. The pots were arranged in five treatments with four
plants per treatment, replicated four times, in a completely randomized design, ensuring approximately equal
distance from the sources of infestation. The number of insects attracted to each pot was counted after 24 and 48
hours. After 48 hours, the pots were transferred to a separate chamber isolated from any further whitefly
infestation. Over a period of 30—40 days, the pots were examined weekly to monitor and record the development
of different life stages of the whitefly. Data analysis of the impact of essential oils of five medicinal plants on
feeding and population changes of greenhouse whiteflies. Initially, the collected data were transformed with
Vx+1, then variance analysis was performed using SPSS19.0.0 program, and comparisons and grouping of
means were compared using Duncan's multiple range test at a probability level of five percent.

Results and Discussion

Yarrow (Achillea millefolium) at concentration of 125 ppm exhibited the lowest repellency with the highest
attraction of the whitefly population at 24 hours (126.25 + 23.33) and 48 hours (133 + 23.42) after essential oil
treatment, while Chamomile (Matricaria chamomilla) showed the highest repellency with the lowest insect
attraction at 24 hours (4.75 + 2.05) and 48 hours (7.75 £ 2.09) at concentration of 1500 ppm. The repellency of
essential oils were positively correlated with concentration, such that increasing concentrations in the most cases
reduced the insect population and enhanced repellency. The whitefly population varied significantly during the
first week (F = 2.983, df = 25, p = 0.0001) and the second week (F = 3.107, df = 25, p = 0.0001), whereas no
significant differences were observed in the third (F = 0.986, df = 25, p = 0.493) and fourth weeks (F = 1.246, df
= 25, p = 0.228). Based on the findings, Chamomile essential oil at concentrations of 750 ppm and higher,
Thyme at 125 ppm and higher, Yarrow at 250 ppm and higher, Peppermint at concentration of 750 ppm and
higher, and Rosemary at concentration of 1500 ppm and higher could effectively act as repellents to protect
greenhouse eggplants against T. vaporariorum. Several studies have also evaluated the insecticidal activity of
other plant essential oils against various pests, with the differences in results mainly attributable to pest species,
type of extract, and experimental timing. Collectively, the previous studies indicated that the essential oils used
in the present study could serve as potential alternatives for the development of natural insecticides.

Conclusion

Findings are promising in development of safe botanicals; however, it would require confirmation of their
positive field result.

Keywords: Botanical insecticides, Ecofriendly pesticides, Insect control, IPM, Sustainable agriculture
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Table 1- Mean comparison of repellency effect of five plant essential oils on adult of Trialeurodes vaporariorum after 24 & 48

Hours

Plant essential oil

Concentration (ppm) 24 Hours (No. of white flies/plant)

48 Hours (No. of white flies/plant)

16 27.50+9.53¢ 40.25+4.87bcd
31.25 37+8.50°¢ 60+14.31Pcd
Thymus daenensis 62.5 43.75+4.90° 55.25+13.81bd
125 34.25+£11.08¢c 47.75+13.72bcd
250 14+3.39¢ 25.50+7.770cd
81.25 56.50+6.33° 63.75+8.97bcd
162.5 38.25+5.39¢ 59.25+4.620cd
Matricaria chamomilla 325 48,75+7.54° 63.259.65b
750 41.5+13.25° 54.25+19.46b¢
1500 4.75+2.05° 7.75+2,09bcd
125 126.25+33.232 133+23.422
250 26.25+8.08°¢ 45+20.050cd
Achilla millefolium 500 22.25+9.80° 34.25+15.84bcd
1000 31.75+8.75°¢ 35.25+8.071bcd
2000 15.50+9.50° 19+11.70bcd
81.25 57.25+30.86" 67.5+280¢
162.5 26.25+10.98¢ 35.25+11,19bcd
Menta piperita 325 44+12.89% 73+28.40%°
750 35.50+11.32°¢ 45,50+11.02bcd
1500 24.75+6.01° 36.50+13.32bcd
162.5 27.25+6.32¢ 32.25+9.67bcd
325 41.50+17.75¢ 69.25+29.46
Rosmarinus officinalis 750 55.50+16.07° 57.50+12,830cd
1500 21.50+5.63¢ 35.50+10.14bcd
3000 20.75+5.45°¢ 30.75+8.04bcd
Control 93.60+37.53% 81+25.98°

S5 (65 ime MBSy g0l +/+ 0 Jlaie prla > (gylol Hai I A asliie By (sl gt Sy 50 &S oolael
* Means followed by the same letters in each column are not significantly different (Dunkan test, P<0.05).
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Oll58l o i ped dan 40 A adaliie (sLS y o )3 oy
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Table 2- Mean comparison (xSE) of population dynamics of Trialeurodes vaporariorum on eggplant after spraying by five
plant essential oils

R Concentration First week Second week (No. Third wee_k Fourth wegk
Plant essential oil o . (No. of white (No. of white
(ppm) (No. of white flies/leaf)  of white flies/plant) flies/plant) flies/plant)
Thymus daenensis 16 281.25 +45,89abcdefg 350 +89.570d 110.5 +60.95° 642.75 +£322.11%¢
31.25 289.5 +54,2abedefy 309.25 +100.46% 386.5 +120.92% 821 +282 443
62.5 276.75 +42,013bcdefq 84.75 +£11.33¢ 4575 £21.20° 249 +96.01°¢
125 275.75 +54,5482bcdefy 107 +28.68¢ 430.75 +233.37%® 1366.5 £387.42
250 237.75 +50.31bcdefy 188 +47.40¢ 670.75 +£518.29% 1062.5 +853.642¢
Matricaria chamomilla 81.25 385.50 +35.18% 249.75 +74.79 265 +176.10° 311.75 +£151.06"
162.5 247.5 +68.61bc0ef 149.25 +35.40¢ 321 +169.18° 141.5+50.92¢
325 348 +2,732bcd 247.50 +97.58 291.50 +155.42° 716.75 £147.53%¢
750 181 +43.640cdefy 152 +44.61¢ 668.75 +300.77% 197 £92.41¢
1500 50.25 +23.979 89 +70.94¢ 652.75 +524.53% 271.75 +£159.39%
Achilla millefolium 125 370.50 +123/823bc 757.25 £95.972 1057.5 £390.17% 692.5 +267.75%¢
250 104.25 +69¢f0 276.25 +110.48% 211 £124.8° 725.5 +407.823¢
500 135.75 45,1504 240.75 +137.12% 629.25 +206.78% 365.25 +214.57%
1000 119 +40.55%f 252.25 +125.05% 341.25 +£125.47° 1004.25 +363.11°%¢
2000 88.75 +25.65M 151.25 +86.67¢ 382.25 +349.59% 811.75 +310.24%¢
Menta piperita 81.25 326.75 +152,2430cdef 732.5 +308.77% 916.25 +431.54% 791.25 +309.032%¢
162.5 53.25 +31.169 359.25 +119.32° 308 +131.39° 981.5 +363.67%¢
325 170.25 +71.93bcdefg 218.52 +98.76% 620 £194.37%® 543.25 +182.62%¢
750 336 +184 5720cde 198.50 +63.30¢ 1460.25 +868.332 835.5 +190.193¢
1500 86.25 +21.281 192.75 +43.02¢ 440.75 +251.78%® 1188.75 +330.33%
Rosmarinus officinalis 162.5 124 +34.61%f9 643 £321.15%°¢ 433 +245.27® 537.75 +127.192c
325 169.75 +99,75bcdefg 166.75 +62.219 503 +323.62%® 300 +156.7%
750 183 +27.520cdefg 259.5 +79.55% 353.50 +82.59° 640.75 +164.842¢
1500 130.25 +36.43¢df 214.5 +58.22¢ 347.75 +224.45P 664.5 +297.473¢
3000 230.5 +68.05b0def 123.25 +32.06¢ 379.25 +355,29% 706.5 +306.917°
Control 501 +50.822 869 +198.972 970.83 +£308.71% 885.5 +293.26%°¢

)5 6l ime ST (S33 g0l o/ Jlais] s 53 (g ybol a5 sz sl g > syl gt Sy o 45 (olusl

* Means followed by the same letters in each column are not significantly different (Dunkan test, P<0.05).
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Introduction

The increasing of the population of the cabbage aphid (Brevicoryne brassicae L.) in the rapeseed fields of
West Azerbaijan province is attributed to various factors, including recent droughts. Determining the Economic
Injury Level (EIL) is essential to prevent excessive pesticide use in the rapeseed fields. This research was
conducted to estimate the Economic Injury Level (EIL) using a randomized complete block design with four
replications on the Hydromel cultivar under eight treatments during the 2017-2018 years in West Azerbaijan
province. The treatments were applied to achieve different levels of natural infestation by the cabbage aphid
population and consisted of: Treatment 1 (seven weekly sprays from the beginning of stem elongation, to ensure
pest absence); Treatment 2 (six sprays after beginning of stem elongation); Treatment 3 (five sprays after
beginning of stem elongation); Treatment 4 (four sprays after beginning og stem elongation); Treatment 5 (three
sprays after brining of stem elongation); Treatment 6 (two sprays after beginning of stem elongation); Treatment
7 (one spray after beginning of stem elongation); and Treatment 8 (full pest presence, no insecticide, water spray
only). In these treatments, imidacloprid SC35% was applied at a rate of 2 per 1000.The mean aphid count per 10
cm of flowering stem, rapeseed yield, and thousand-seed weight were categorized using Duncan's test across the
treatments, and the relationship between the mean aphid count and yield per square meter was calculated. The
thousand-seed weight per square meter of rapeseed and the damage per aphid were also determined. The results
indicated that the mean Economic Injury Level (EIL) of the cabbage aphid in West Azerbaijan province for the
Hydromel cultivar during 2017-2018 and 2018-2019 was 19.4 and 25.2 aphids per 10 centimeters of flowering
stem, respectively. The Economic Threshold (ET) of the pest was calculated as 14.5 and 18.9 aphids per 10
centimeters of flowering stem, respectively.

Materials and Methods
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This study was conducted in Boukan, West Azerbaijan province, using a randomized complete block design
(RCBD) with eight treatments and four replications on autumn-sown rapeseed, cultivar Hydromel, during the
2016-2017 and 2017-2018 years. The dimensions of the experimental plots were2 x 10 m, distances between
plots and replicates were planted at least 5 and 10 m, respectively. The amount of fertilizer application was based
on soil test and the number of irrigation times on the basis of custom The treatments were applied to achieve
different levels of natural infestation by the cabbage aphid (Brevicoryne brassicae) population and consisted of:
Treatment 1 (seven weekly sprays from the beginning of stem elongation, to ensure pest absence); Treatment 2
(six sprays starting one week after stem elongation); Treatment 3 (five sprays starting two weeks after stem
elongation); Treatment 4 (four sprays starting three weeks after stem elongation); Treatment 5 (three sprays
starting four weeks after stem elongation); Treatment 6 (two sprays starting five weeks after stem elongation);
Treatment 7 (one spray six weeks after stem elongation); and Treatment 8 (full pest presence, no insecticide,
water spray only (Obopile, 2006). Five plants were randomly selected from each plot. On each plant, a 10 cm

section of the flowering stem was considered, and the number of adult aphids and nymphs on them was counted
and recorded one day before the first spray in each treatment (Aslam et al., 2005). Seed yield value and
thousand-seed weight were measured for all treatments after harvesting the entire crop of each plot. Data were
analyzed using analysis of variance (ANOVA) in SAS software version 9.1 (SAS Institute, 2003) and grouped
using Duncan's test. Regression equations were derived for the relationships between crop yield (Y) and the
number of aphids per plant (X), and between the number of aphids per plant (X) and percentage of damage
(%Y). The Economic Injury Level (EIL), defined as the number of aphids per plant that causes economic

damage, was calculated using the formula (Pedigo et al., 1986): EIL = C / (V x | x D x K). Since separating

injury (1) and damage (D) for sucking insects like aphids is difficult, the slope of the regression line (b) was
considered to represent the damage per insect, i.e., b =1 x D (Pedigo and Rice, 2009).

Results and Discussion

The Economic Injury Level (EIL) of cabbage aphid in West Azerbaijan during the 2016-2017 and 2017-2018
years was 19.38 and 25.23 aphids per 10 centimeters of flowering stem respectively. The variation in the EIL
between two years can be attributed to differences in pest control costs (Filho et al., 2024), the marketing value
of the crop (Vayssiéres et al., 2009) and damage potential of the aphid in each respective year. The findings of
this study align with the results reported by Khajehzadeh and Hasanimoghaddam (2009), where the EIL for the
mustard aphid in the Behbahan region was 7.53 and 2.49 centimeters of infested flowering stem per square meter
during the 2004-2005 and 2005-2006 years, respectively. As noted by these researchers, fluctuations in the EIL
can result from several factors, including the pest type and species, climate, crop type and cultivar, growth stage,
agronomic practices (such as planting date), and particularly the market value of the product and management
costs.

Conclussion

The estimated Economic Injury Levels (EIL) of 19.4 and 25.2 aphids per 10 cm of flowering stem for the
Hydromel cultivar in West Azerbaijan province provide a critical quantitative basis for integrated pest
management (IPM) in rapeseed. The corresponding Economic Thresholds (ET) of 14.5 and 18.9 aphids offer a
practical intervention point to prevent yield loss while minimizing unnecessary insecticide applications. Given
the dynamic nature of EIL, which is influenced by market prices, control costs, and environmental conditions,
region-specific and cultivar-specific calculations are essential for sustainable pest management. These findings
support national policies aimed at reducing pesticide use and promote more economically and ecologically sound
decision-making in rapeseed production systems.

Keywords: Damage, Economic threshold, Injury, Integrated pest management, Yield loss
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Table 1- Comparison of mean number of cabbage aphid counts steam™, yield m2 and 1000 grain weight in different
treatments of rapeseed cultivar Hydromel in West Azarbaijan province -2016-2017

Treatments Number of aphids plant?  Yield m?(g)  1000-grain weight (g)
1 0.00£0.0 ™ 367.8+15.992 5.09+0.09?
2 35.75+10.77 ¢ 340.8+6.222 4.88+0.22
3 60.05+7.64 % 308.4+8.85% 4,58+0.36"
4 124.75+13.9 9 285.6+18.47" 3.90+0.21°¢
5 202.5%17.16 ¢ 271.2411.17% 3.79£0.09°¢
6 276.0+15.22 P 259.8+15.694 3.44+0.15¢
7 353.75+10.78° 253.08+18.834¢ 2.88+0.09¢
8 370.05+£17.88% 205.2+18.614 2.63+0.09¢
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* Means followed by the same letter in each column are not significantly different (P<0.05)
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Table 2- Comparison of mean number of cabbage aphid counts 10 centimeters™ of flowering stem, yield m2 and 1000 grain
weight in different treatments of rapeseed cultivar Hydromel in West Azarbaijan province - 2017-2018

Treatments  Number of aphids plant? Yield m(g) 1000-grain weight (g)
1 0.00+0.0 ¢ 358.8+17.61° 5.98+0.09?
2 28.0 £7.90 % 351.0+15.22° 5.6+0.11°
3 75.5+10.22 336.6+11.25% 5.03+0.22°
4 107.75+15.11 ¢ 313.26+15.47% 4.31+0.08°¢
5 202.25+27.16 ¢ 299.44+19.14% 4.19+0.1°
6 235.5+23.79° 285.6+11.65% 4.14+0.18¢
7 302.5+17.452 270.10+18.25% 3.310.22¢%
8 365.25+20.35 2 252.82+16.8° 3.07+0.03¢
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* Means followed by the same letter in each column are not significantly different (P<0.05)
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Figure 1- Regression relationship between cabbage aphid counts / plant and seed yield (g m) on rapeseed (cv. Hydromel) in
West Azerbaijan province in 2016-2017
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Table 3- The economic injury level (EIL) of cabbage aphid on rapeseed (cv. Hydermel) in West Azarbaijan 2016-2017

Average number of cabbage aphids

Average plant

Damage EIL (Average number of cabbage

Treatment per 10 cm of canola stem @ i;llzlri'l) percentage aphids cm™ of flowering stem)

1 0 6.13 0

2 35 5.68 7.34
3 60.5 5.14 16.15
4 124.75 4.76 22.35
5 202.5 4.52 26.26
6 276 4.33 29.36
7 353.75 4.23 31.0
8 370.5 3.42 42.95

19.38
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Table 4- The economic injury level (EIL) of cabbage aphid on rapeseed (cv. Hydermel) in West Azarbaijan 2017-2018

Average plant

Average number of cabbage aphids ; Damage EIL (Average number of cabbage
Treatment p?er 10 cm of canola s%emp @ ZJIIZI:t'l) percentgatge aphids cm™ of flowering stem)

1 0 5.98 0

2 28 5.85 2.17
3 75.5 5.61 6.18
4 107.75 5.22 12.70
5 202.25 4.99 16.55
6 235.5 4.76 20.40
7 302.5 4.50 24.74
8 365.25 4.21 29.59
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Introduction

The predatory mite Neoseiulus californicus (McGregor) is an effective predator for the control of many pests,
especially in greenhouses. Evaluation of mass rearing of biological agents has several objectives and strategies,

and predator quality control plays a key role in the use of these biological agents. Pollen can be used as an
available food source for the rearing and mass production of phytoseiid mites. The nutritional value of pollen
varies between plant species. In this study, the efficiency of the predatory mites reared on several plant pollens
(corn, palm, sunflower, and walnut pollen) and different developmental stages of the storage mite Tyrophagus
putrescentiae (Schrank) (Acari: Acaridae) was investigated. Evaluate the effectiveness of the predatory mites, it

is necessary to examine characteristics such as host preference, predation rate, and functional response.

Material & Methods

The female predatory mites N. californicus from the rearing colonies were placed on strawberry leaf discs (2
x 2 c¢m?) with 50-60 spider mite eggs and the number of spider mite eggs after 24 hours was counted. The
predation rate of the predatory mites reared on tested pollen and storage mites for one, five, and 20 generations
from Tetranychus urticae Koch (Acari: Trtranychidae) eggs was compared. In another test, the predation rate of
individuals reared on tested pollen from different life stages of the two-spotted spider mite was compared. The
host preference of the populations of different life stages of the two-spotted spider mite were also investigated.
The Manley method was used to determine the host preference of the predatory mite. The functional response of
three-day old mated female from the rearing colonies feeding on densities of T. urticae eggs (2, 4, 8, 16, 32, 45,
60 and 70) was studied on strawberry leaves. These tests were conducted under laboratory condition (27+1°C,
16L.: 8D photoperiod and 70-80% RH).

Results & Discussion

The results showed that the duration of rearing of the predatory mite had no significant effect on the
predation rate. The lowest predation rate of spider mite nymphs and adults was reported for individuals reared on

@ @ Authors retain the copyright. This is an open access article distributed under Creative Commons Attribution
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sunflower pollen. Among prey life stages, adults in reared populations of N. californicus mites showed a greater
preference for protonymphs, while no differences were observed between populations. The handling time among

the tested populations was different, and the shortest time for the predatory mites reared on sunflower pollen and
corn pollen. There is a significant difference in the predation rate of predatory mites on eggs, nymphs and adults

of spider mites. The highest predation rate is on spider mites nymphs. The presence of pollen in the rearing
containers has caused a significant difference in the predation rate of predatory mites on two-spotted spider mite
eggs. The calculated Manley 3 index of predatory mite populations on different life stages of spider mites is
significant. The functional response of the predatory mite on sunflower pollen, palm pollen, walnut pollen
populations exhibited type IT and on the spider mites and corn pollen populations exhibited type I1I. The Rogers
equation was used to determine the statistics of attack coefficient (a, b) and handling time (Tn). The attack
coefficient for the predatory mite N. californicus reared on sunflower pollen, palm pollen and walnut pollen was
estimated to be 0.057+0.020, 0.180+0.017 and 0.077%£0.023, respectively. The handling time and attack
coefficient (b) for populations of predatory mites N. californicus reared on corn pollen and two-spotted spider
mite eggs were estimated to be (1.360+0.220 h and 0.100+£0.090) and (2.370+0.210 h and 0.170£0.010),
respectively. Using the combined equation, the functional response statistics were compared and it was found
that the handling time of predatory mites in different rearings was significantly different from each other. The

shortest time for a predatory mite to reach prey is in mites reared on sunflower pollen and corn pollen.

Conclusion

The time to reach prey varies among the populations tested, and the shortest time for the predatory mites to
reach prey is in mites reared on sunflower pollen and corn pollen. The use of walnut pollen and palm pollen in
addition to different life stages of the storage mite T. putrescentiae is suitable for mass and semi-mass rearing of
the predatory mite N. californicus. The efficiency of reared mites in terms of predation rate from preferred prey
was also better in populations reared on walnut pollen or palm pollen with storage mites than in other cases
studied, and their use is recommended for rearing predatory mites. The use of walnut and palm pollen with
different life stages of the storage mite T. putrescentiae is suitable for mass and semi-mass rearing of N.
californicus. The efficiency of reared mites in terms of predation rate from preferred prey was also better in
populations reared on walnut pollen or palm pollen with storage mites than in other cases studied, and their use
is recommended for rearing predatory mites.

Keywords: Functional response, Host preference, Mass rearing, Predation rate, Storage mite
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3 GBI b Hlae 1 Bhe sla )30 51 S californicus
Mt ol cales 5 S5 cal (gille, L o conl laailsds
4 Tarsonemidae (Tetranychidae cLaoslgls codl laas
.(Tanigoshi, 1982) 1i aalss (£330 <SS s 5
bl& > 0358 Sasly lyls N californicus 5,6 a8
McMurtry & ) ol (slesl o se (lomgcl ;5 09 g Lis caliseo

Aodko
S ades 51,5 (6559l &Y guammo 51 oYL Aoy 4Vl
495 L. (Norbakhesh, 2023) 556 0 Jozio 1) (g3b; ©loss
Ce glie S jlosliiwl (e Cumex (1938139, iuljél 4
S (Eaite Gy e 5 4 (6y98 9 Y 1 (el

S 508 DS s 3o (555318 gl sl Do 2 -

Ot Ol «s520WS s 5 5 ool el Olajle (5287

(Email: ma.rezaie@areeo.ac.ir 1 phens oukins i — )
https://doi.org/10.22067/JPP.2026.96230.1260


https://jpp.um.ac.ir/
mailto:ma.rezaie@areeo.ac.ir
https://doi.org/10.22067/JPP.2026.96230.1260

1Fed Ll oF o Loy Fo adr (63,5l @sbuo 3 pale) ()l ! (LS cblis s ibgs  OFA

4 SJ 93 o5yl 4S) (5 (e Sl a8l b9 S laas
B ainlie g (cwyp 250 (L JiSTy 5 Sljme ey (]
SLadsS (g S lio (238 @25 Caleg ) g Slab S

el ok e g S b 5 IS5

W sg; 9 319
Olie obsS Cudls

Grolw npBy Lo oS 51 T. urticae 4 ogal 95 sly
s9d0 cdls b eolawwl (Phaseolus vulgaris L. (Fabaceae))
Sl ol 3V @Y Sty olecay g Sl I (bgbe
bSO 9o (g e Bl Cdn yhaB g yie Sl VY gl 4,
A YWY Sled byl b o by, SBU bl cuwsls
el VP 6y blyd b g a0 pd FO £ 0 s oo 9 ugmdes
(Ca0 395 Ly olyan) alisy el g (S ol A iy,
plas y> Lo ylals csls o o5)b S’ IS ds jglaiady .00 plos]
i Sl )5 Lol S ©gots Gisleil 090 Jsb
Lugls o8y (53055 oS 1 olS 59y 55 5,508 a5 LS
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WA 0ald 18 ViV en) Cowd 4 yd 00 g pAS

Tyrophagus (Acari:

SIS S iy 95
-8 oB8ilesl yg5lise,; ,» N. californicus ,5,5 s ass
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Tablel- Predation rate of the predatory mite N. californicus reared on corn, date, walnut and sunflower pollen with stored
mite T. putrescentiae during one, five and 20 generations of two-spotted spider mite eggs

Reared on The first generation  The 5™ generation  The 20™ generation
Corn pollen 14.10+0.93*" 13.80+0.592 13.20+1.01°
Date palm pollen 15.50+0792 14.30+0.792 13.70+0.492
Walnut pollen 15.60+0.482 13.70+0.76 2 16.30+0.612
Sunflower pollen 14.20+1.022 14.50+0.52? 13.02+1.032

* Similar letters indicate no significant difference at the 95% level.
1 Degrees of freedom for ANOVA=84
sl 720 Jlozn | grdas )3 Jo xe BMuS pus oximd ()Lis aylie g
AF = ANOVA 5051 (ol5T a5y
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Table 2-Predation rate of the predatory mite N. californicus reared on corn, date, walnut and sunflower pollen with stored
mite T. putrescentiae from eggs, first instar nymphs and adults of the two-spotted spider mite

Predation rate on egg of T.

Predation rate on nymph of T.  Predation rate on adults of T.

Reared on - : .
urtica urtica urtica
Corn pollen + T. putrescentiae 7.24+0.70 b 10.41+0.99% 2.23+0.40°¢
Date pollen + T. putrescentiae 8.06+0.75° 10.41+0.992 3.00£0.00¢
Walnut pollen + T. b a c
putrescentiae 7.21+0.34 9.00£0.00 4.33+0.171
Sunflower pollen +T. 5.52:40.55" 8.44£0.17° 1.77+0.33¢

putrescentiae

* Different letters indicate significant difference at the 95% level.
1 Degrees of freedom for ANOVA=30
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Lot LOVF/WENF Lo o WE-/ 220 s, 5oLl
(P<elon) sools plis 1y (oyls dme MBI (5,15 S b o s
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20,5 b 8 o jo i (o) xe OS] alS
sanliie (5l sine M| 2L (sood)S 1 otilof] slas sy
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03,5 Lol dudes Cjao jo )50 4 (6,5, 185 500 a5 0>
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Table 3-Predation rate of the predatory mite N. californicus reared on corn, date, walnut and sunflower pollen pollen with
stored mite T. putrescentiae from eggs, of the two-spotted spider mite in the presence or absence of pollen

Two-spotted spider

Corn pollen Walnut pollen Date pollen Sunflower pollen mite
The %rgﬁggce of  1474+0.94° 15.24+1.052 14.17+1.042 13.00£0.95 10.000.95
Absence of pollen 9.00+1.462 8.19+0.992 8.28+0.802 8.00+0.928

Different letters indicate significant difference at the 95% level.
+ Degrees of freedom for ANOVA=80
ol 720 Jloin] gl )3 )b ixe GBS sy (LS calisce 39>
A+ SANOVA (505 (o3lil 4y
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Table 4- Comparison of pollen presence on predation rates of N. californicus mite populations reared on several plant pollens
with stored mite T. putrescentiae,

Reared on The presence of pollen  Absence of pollen
Corn pollen 9.00+1.46" 14.374+0.942
Date palm pollen 8.28+0.80° 14.17+1.042
Walnut pollen 8.19+0.99° 15.24+1.052
Sun flower pollen 7.12+0.89 ° 13.50+1.50 @

Different letters indicate significant difference at the 95% level.
T Degrees of freedom for ANOVA=51
sl 720 Jloin] gl )3 )l ixe BMS sy (LS Calisee 39>
0Y SANOVA 50l (o3l any

(P<e/e) oy L 1y gyl gme M) (0S5 b ot j calisen
2 ol g oS e 0g9m oS (e sl (a3LS (B Jgi2)
S mme M3 Foa K L )50 aus calises slacures

Bl ol 8l S o 0)9 055 Jale (Sl i ) cudlis
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Sl s
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Jole sl padls (slasd 93 (5,0 487 (g9 4L gy 5SS
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Table 5-The Manly’s f index of different populations of female predatory mites N. californicus reared on different plant
pollens with stored mite T. putrescentiae

Manly’s p index of T. urticae Manly’s p index of T. urticae Manly’s p index of T. urticae

Reared on
eggs nymph adults
Corn pollen 0.42+0.042 0.44+0.042 0.13+0.03°
Date pollen 0.42+0.042 0.48+0.042 0.09+0.004°
Walnut pollen 0.38+0.01° 0.47+0.022 0.15+0.02°
Sunflower pollen 0.32+0.01° 0.51+0.022 0.17+0.02¢
Tetranychus 0.42+0.01° 0.55+0.022 0.11+0.02°
urticae

Different letters indicate significant difference at the 95% level.
T Degrees of freedom for ANOVA=36
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Table 6- Logistic regression analysis of the proportion of prey eaten (egg of two-spotted spider mite) by the predatory mite N.
californicus (Ne/No) fed with different pollens and stored mite T. putrescentiae to determine the type of functional response

Reared on Cofficient Estimate SE Chi-squared value P value
Constant 3.81 0.63 38.17 0.0001
Sunflower pollen + T. Linear -0.11 0.05 4.26 0.039
urticae Quadratic 0.001 0.001 1.01 0.315
Constant 5.09 1.43 12.59 0.004
Date pollen + T. Linear -0.225 0.20 1.23 0.267
urticae .
Quadratic 0.0037 0.009 0.15 0.969
Constant 477 0.88 29.47 0.001
Wa'”‘fjt rfi‘égg” T Linear -0.47 0.124 14.34 0.0002
Quadratic 0.023 0.055 18.40 0.0001
Corn pollen + T Constant 1.72 0.54 10.18 0.001
uprticae ' Linear 0.079 0.086 0.851 0.46
Quadratic 0.001 0.0004 2.60 0.11
Constant 2.004 0.34 34.59 0.001
. Linear 0.02 0.19 1.15 0.28
T. urticae 0.38
Quadratic 0.001 0.01 1.10
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Table 7- Estimated values of attack coefficient and handling time by Rogers model for predatory mite N. californicus on the
egg of two-spotted spider mite in case of feeding on sunflower, corn, date and walnut pollens and stored mite T. putrescentiae

Attack coefficient (a) ()

Handling time (Tn)

Reared on (h?) (h)
Approximate (lower- upper) Approximate (lower- upper)
Sunflower pollen + T. putrescentiae (()00655300% (%52%)15) gg)
Date pollen + T. putrescentiae (()olgf %%%); (%%2118 502)
Walnut pollen + T. putrescentiae (%%Zig 3303) (tgéif 3;1)
. 0.10+0.09 1.02+0.14
Corn pollen + T. putrescentiae (0.01-0.85) (0.58-1.52)
T urticae 0.17+0.01 1.36+0.22
' (0.10-0.45) (0.22-2.02)
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Figure 1- Functional response of the predatory mite, N. californicus on the egg of two-spotted spider mite in case of feeding
on sunflower, corn, date and walnut pollens and stored mite T. putrescentiae
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Table 8- Calculated values of Da, Dt statistics to compare the attack coefficient and handling time of predatory mite N.
californicus in case of feeding on sunflower, corn, date and walnut pollens and stored mite T. putrescentiae

Approximate (95%)

Pollen Cofficient Estimate  SE Lower Upper

Sunflower pollen- date pollen DD; (()) (?4167 883?1 81}13 8(2)22
Sunflower pollen- walnut pollen DD; 88(2)‘11 882; 8%? %11%73
Date pollen-walnut pollen DDTah -(()) (?9?53 822; :8%33 _%0277%
swrmicmpoten 0 3EL S 239 0%

99555 9 o7 ,U &5 ()10, S0LAT (o & yd gl0d,5 g, A8l iy N. californicus s 5,8y (6,5,100 (o slad ) (1WSile- Joi>
T. urticae n53 mako sWeST,5 4> T. putrescentiae g,lil &5

Table 9- Mean (£SE) of predation rate per individual of the predatory mite N. californicus reared on corn, date, walnut and
sunflower pollen stored mite T. putrescentiae on egg of Tetranychus urticae

Density of Reared on
prey Date pollen +T. Walnut pollen +T. Corn pollen +T. Sunflower pollen + T. T urticae
putrescentiae putrescentiae putrescentiae putrescentiae )

2 1.9+0.012 1.8+0.022 1.50+0.022 1.8+0.022 1.70+0.022
4 3.8+0.01° 3.4%0.02° 3.40+0.042 3.80+0.01° 3.70+0.02°
8 7.410.082 6.60+0.07° 7.20£0.072 7.10+0.092 6.40+0.09°
16 13+0.062 11.70+0.08¢ 10.5+1.19° 12.80+0.07° 12.60+0.08°
32 20.1+0.02° 20.70+0.23° 19.70+0.19° 21.8+0.36" 28.70+0.172
45 20.8+0.16° 24.70+0.142 23.50+0.262 23.50+0.292 24.20+0.15%
60 14.50+0.02¢ 23.30+0.162 13.2+0.56° 17.70+0.31° 16+0.17°
70 17.30+0.01° 25.50+0.21° 27.1+0.47° 22.20+0.22° 24.10+0.26°

* Means within a row followed by same letter were not significantly different (a=5%).
T Degrees of freedom for ANOVA=42
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Introduction

The root-knot nematode has proliferated significantly because of its ease of transmission through infected
seedlings and contaminated soil. Species of the genus Meloidogyne are highly destructive due to their rapid
reproduction rate and broad host range, making their control particularly challenging. Given the risks and
limitations associated with chemical control, alternative management strategies have attracted increasing
attention. Nowadays, the use of chemical pesticides for controlling plant diseases is recommended to be
combined with biocontrol agents. Bioactive compounds derived from Streptomyces exhibit a wide spectrum of
chemical diversity and have been shown to cause mortality of second-stage juveniles (J2), reduce egg hatching,
decrease nematode populations in soil, and mitigate pathogenicity indices of root-knot nematodes. Moreover, the
previous research also revealed that the metabolites produced by Streptomyces species are effective in
controlling root-knot nematodes and improving plant growth indices.

Materials and Methods

Streptomyces isolates were obtained from the soils of healthy tomato (Meloidogyne javanica) and eggplant
plants in Khorasan Razavi province. The biocontrol potential of these isolates against root-knot nematodes was
first assessed under in vitro conditions. The hatching rate of eggs was assessed at 24, 48, 72, and 120 hours.
Additionally, larval mortality was evaluated at three-time intervals including 24, 48, and 72 hours. Their growth-
promoting features consisting of auxin, ACC deaminase production, phosphate solubilization) and antagonistic
properties (siderophores and chitinase) were also evaluated in the laboratory assays. The most effective
biocontrol isolates were subsequently tested in greenhouse experiments to determine their impact on reducing
pathogenicity indices of Meloidogyne javanica and improving tomato growth parameters. All tests were
conducted twice with a minimum of three replicates. For statistical analysis, one-way analysis of variance
(ANOVA) was employed. Means were compared using Duncan's multiple range test, and values at the five
percent level were considered statistically significant. Molecular identification of the selected biocontrol isolates
was performed based on 16S rDNA sequencing, and phylogenetic analysis was carried out to assess their
relatedness to reference strains. The phylogenetic tree was constructed with a bootstrap value of 1000 replicates
using the neighbor-joining method.
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Results and Discussion

In vitro bioassays revealed that among the 18 Streptomyces isolates tested, strains BAD, ANA, and S116
caused the greatest reduction in egg hatching and second-stage juvenile mortality compared with the nematode-
infected control. The BAD isolate, obtained from the soil of eggplant in Bojan—Neyshabur, exhibited
significantly higher levels of phosphate solubilization (1.43 mm), indole-3-acetic acid production (36.4 pg mL"
1), and ACC deaminase activity (1.38 pmol mL1) than the uninoculated control and other isolates. In laboratory
tests, after 72 hours, isolates S116 and BAD inhibited egg hatching by 37.1% and 38.5%, respectively, compared
to the nematode control. Larval mortality rates for these two isolates reached 100% and 65.67%, respectively.
Based on laboratory results, including their effects on nematode suppression, plant growth-promoting traits, and
chitinase activity, five isolates (BAD, ANA, GHR, S104, and S116) were selected for greenhouse evaluation.
Under greenhouse conditions, In the treatment of nematode + isolate BAD, the number of galls and egg masses
on the roots decreased by 19.6% and 35.4%, respectively, compared to the control. The number of larvae in the
pot soil of this treatment was estimated to be half that of the control pot. Individually and in the presence of the
nematode, isolate BAD positively influenced the growth parameters of tomato plants compared to both healthy
and infected controls. In the nematode + BAD isolate treatment, the fresh weight of the shoot and root increased
by 21.4% and 27.5%, respectively, compared to the nematode-infected control. Furthermore, the shoot and root
length in the individual BAD isolate treatment showed the highest values of 46.50 cm and 16.30 cm,
respectively, compared to the healthy control. Although this difference was not statistically significant at the five
percent level compared to the ANA isolate, an increase in shoot length (43%) and root length (17.9%) was
observed in plants infected with nematodes in the presence of the BAD isolate compared to the infected control.
Phylogenetic analysis based on 16S rDNA sequencing revealed that isolate BAD clustered together with S.
carpaticus and S. harbinensis within the same group.

Conclusion

Based on the nematicidal activity of isolate BAD under laboratory conditions, its ability to produce plant
growth-promoting metabolites, and its effectiveness in enhancing tomato growth parameters while reducing
nematode pathogenicity indices (egg masses, galls, and J2 populations) in greenhouse experiments, isolate BAD
appears to be the most effective biocontrol candidate. It represents a promising option for further field
evaluations and potential use in integrated management of root-knot nematodes.

Keywords: Actinomycetes, Nematicidal activity, Root-knot nematode, 16s rDNA
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Figure 1- a) Reduction in hatching percentage of root-knot nematode eggs of Meloidogyne javanica treated with different
isolates of Streptomyces sp. in the laboratory after 24, 48, 72 and 120 h. b) Larval mortality percentage after 24, 48 and 72 h.
Results are the average of three replicates and error bars indicate standard error of the mean (SE). Different letters indicate

significant differences for each treatment, calculated by analysis of variance (ANOVA) and Duncan's multiple range test at
the 5% level.






