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Abstract

Root-knot nematodes (Meloidogyne spp.) are important pathogens that cause damage to cucumber. Although the use of chemical
compounds is an effective method for controlling these nematodes, they impose high costs on producers and cause irreparable
damage to the environment. Therefore, biological control can be a good alternative to chemical compounds.. To investigate the
effect of biological control agents on cucumber root-knot nematode, red barberry (Berberis vulgaris) and peppermint (Mentha
piperita), and the bacteria Bacillus subtilis and B. cereus were used. In the laboratory, the effect of different concentrations of
aqueous and alcoholic extracts of the plants and different populations of the bacteria on egg hatching was evaluated. In the
greenhouse, the effect of dry powder of the above plants and bacteria on the growth indices of healthy and nematode-infected
cucumbers and the root knot nematode population indices was investigated. The results of laboratory studies showed an
inhibitory effect of plant extracts and biocontrol bacteria on egg hatching compared to the control. After 24 hours, highest
inhibition of egg hatching was observed in 10,000 mg/L of red barberry aqueous extract. Although increasing the concentration
of the extracts reduced egg hatching, in the case of peppermint aqueous extract, increasing the concentration from 5000 to 10000
mg/L increased egg hatching. The 107 cfu/ml concentration of B. cereus also reduced the percentage of egg hatching more than
the other used concentrations after 24 hours. The results of the greenhouse study three months after nematode inoculation
showed a significant effect of the application of the studied factors in increasing a number of cucumber growth indices and
change of root-knot nematode population indices. Although the application of red barberry dry powder significantly increased
the length and fresh weight of the stem in healthy and infected plants, but the difference in the rate of increase between the two
groups was not significant. The bacteria studied also had no significant effect on growth indices. The application of biological
control agents caused significant changes in a number of nematode population indices. The lowest average number of galls, egg
mass, and egg mass per gram of root were observed in the B. subtilis and peppermint dry powder treatments, and the lowest
reproductive factor and number of larvae per 100 grams of soil were observed in the peppermint dry powder and red barberry

treatments.
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Table 1. Variance analysis of unhatched eggs of Meloidogyne javanica caused by the application of different concentrations of

peppermint and red barberry extracts

Sources of variation

Plant 1
Extract

Concentration

Plant x concentration

Extract x concentration

Plant x extract x concentration
Error

Coefficient of variation

1
2
2
2
2

w

7

Degrees of freedom

Variance

24 h 72 h
21.6" 87.0n¢
30.3n¢ 1666 "
516%* 970*
215% 540*
252% 448*
130* 447*

193 725

5.6 7.3

*: Significant at 5% probability level
n.s: Non-significant

5 ald el AU g LT slaojlas calizee slaclale o, S 51 5L Meloidogyne javanica sois go 85 slaess ySile awslie ¥ Jouo

8 S5

Table 2. Mean comparison of unhatched eggs of Meloidogyne javanica caused by the application of different concentrations
of aqueous and alcoholic extracts of peppermint and red barberry

Treatment Time
Plant Extract Concentration 24 h 72 h
(mg/1)
0 76.5+1.9* 74 +3.82
Agueous 5000 89222 84.5+6.9*
P int 10000 87 +5.22 81.5+26%
eppermin 0 70.5+7.9° 66.5+2.6"
Alcoholic 5000 76 +8.6° 71.5+13.8°
10000 85.5+ 4.8 80+45%
0 72.5+9.3b 68.5 £ 5P
Aqueous 5000 82.5+8.1¢% 80+ 7.5
Red barberry 10000 89.5+7.1° 83.5+6.4%
0 74.5+3.2° 70 +5.4°
Alcoholic 5000 855+15% 80.5+7.7%
10000 89+ 6.23 83 +9.43

#*Values are mean + standard error. Values in the same column followed by different letter(s) are significantly different according to

LSD test at P < 0.05
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Table 3. Mean comparison of the inhibition percent of Meloidogyne javanica egg hatching due to the application of different

concentrations of the understudy bacteria

Treatment Time
Bacteria Concentration (cfu/ml) 24h 72h

0 83.5+1.3"° 795+4.7°
103 845+1.9° 79.7 £1.9°

Bacillus subtilis 108 88.3 425 833+ 6°
107 88.7+3.8° 84.0£4.82

0 78.3+ 6" 72.3£4.8°¢
Bacillus cereus 103 85.5+5.9° 78.3+1.7°
10° 89.3+5.3%® 84.3+4°
107 94.3+2.8° 86.3 +3.92

*Values are mean + standard error. Values in the same column followed by different letter(s) are significantly different according to

LSD test at P < 0.05

o Lo Jelge 5518 31 0 Meloidogyne javanica s3lss a5 0591 5 Wl slo )L sods; slo o3l wil)lg 45525 .F Jgue
Table 4. Variance analysis of the growth indices of healthy and infected cucumbers with Meloidogyne javanica caused by the

application of biocontrol agents.

Variance
Degrees Foliage Root
Sources of variation of Lenath Fresh Dry Lenath Fresh
freedom g weight weight 9 weight Dry weight (g)
(cm) (cm)
(9) (9) (9)
Biocontrol agent 4 151.8" 503.8" 235" 2.3ns 1.3n¢ 1.7ns
Nematode population 1 82.4"s 202.7" 2.6"¢ 3.5n¢ 23.9"¢ 16"
Biocontrol agent -~ x 4 13487 32587 79" 108" 113" 0.7
nematode population
Error 30 162.6 125.1 14.8 51.8 16.7 0.2
Coefficient of variation 6.9 3.9 3.8 5.7 4.8 2.4
*: Significant at 5% probability level
n.s: Non-significant
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Table 5. Mean comparison of growth indices of healthy and infected cucumbers with root-knot nematode Meloidogyne javanica,
caused by the use of biocontrol agents

Treatments Foliage Root
Length Fresh weight Dry weight Length Fresh weight  Dry weight
Nematode
(cm) Q) ) (cm) ) )
- 41£ 2.7 51.9+2.1° +0.5%10.9 295+4.7% +4.8°8.9 +0.8%3.3
Control
+ 40.6+85° 434 +13.6° 211.4£1.6 24+4.2% +3.5°6.2 +0.5°2.3
- 43 +4.2° 51.3+8.6° 74+ 23°¢ 22 +2.4° 12.6 +4° +162%4.4
B. subtilis
+ +8.4°35.7 36.5+11.6° 6.5+ 1.7 26.7+7.1% 134+ 122 +1.8°24
- 44 +79° 52.4+13.6"° 9.1+15° 26.2+25% +3.8°9.7 4.3+£23%
B. cereus
+ 41.7+ 8.6 56.3+7.7¢ b87+2.2 22.7+32" 13.1£3.1% +0.423.6
- +12.8°42 43.2+8.1° +29°.4 +4.6°235 6.3+4.3° b27+1.7
Peppermint
+ 36.3+4" 49.9 +54° +14°6.7 £23.7+2.8 b71+37 2.0+0.6"°
- 45+32® 50.0+10.7° 9.0+1.2° +7.2228.2 52+ 22°¢ +0.6°2.5

Red barberry
+ 50.7£1.9* 64.7£8.6% 9.3+1° 425.7+2.9 +3.4°8.4 2.3+09°

*Values are mean + standard error. Values in the same column followed by different letter(s) are significantly different according to
LSD test at P < 0.05

Meloidogyne javanica & o341 L3 5, S Hlae Jolse 0,15 51 jo o Fais, wled simesr slaadls (Sl awslic £ Jouo
Table 6. Mean comparison of population indices of root-knot nematode due to the application of biocontrol agents on cucumber
infected with Meloidogyne javanica

J2/100 g of

Treatment Gall/ 1 grofroot  Egg mass/1 gr of root  Egg/egg mass soil RF
Control 36.4t3.4 17.2£2.7° 1654+ 12.22 372.2+ 8?2 7.4+ 052
B. subtilis 43 +09° 2.31.2° 80.7 = 10.9° 175 + 10.4° 1.1 = 0.3°
B. cereus 10 £+ 2.5° 3+ 16° 85.2+ 8P 179 + 12.1° 1.3 £0.1°
Peppermint 43+ 17° 23 +0.9° 81.4+ 9.5° 1236+ 6.4° 0.6 £0.1°
Red barberry 55+ 24°¢ 3+18° 82.2+ 5.3 144+ 8.2°¢ 0.8 £0.1°

*Values are mean + standard error. Values in the same column followed by different letter(s) are significantly different according to
LSD test at P < 0.05



9 SInd I8

Aigad o gre el as wisls

lisee BYs 4 Wlgh o GLE i joey sial5dl il
el T 385 Sy & ygoty 53,5 o LsT o osls a5 aily
Sglis 039l 5wl sloyless slocnSibe o Jlocnl b
Sl gailesas SIS Ko o jle 4 .aid sy (g4l e
ol Jebs 35y sanlivo B ,55ie ol 3 52 50 B 5
oisliT 6l psY Sloj alold sgg pae 5l b Silgs o sl
0055 039l (o 5 (ALS gl y09: 05 (s 55 S S 5
sl wilel 4 olalS

38 e Syge AL A5 93 ol eolitul wix e
A Comns a8l Job jo Sl jmoldl cely ool e ol o
B. subtilis jleg jo adle Jsb od o pxe Jy ol wall
Qilgs oo a5 el 00 ooyl Hlals o el uals 5l oab
iy blpd Gezes Wl BB, colesl glallas I 26
IR o)L.Z:‘GL‘éQLB.S.B;J)o S J yo0ik ooy ol 3 S>
SluS 5 adgy 4,08 Bacillus iz sladiss iST S ol
5 Loy oS (AL slagge)se aboxr sl (il
Tsotetsi ) wgd (oo oL wl) Cacly a5 aiwn (b yuinS gip
(et al. 2022

Slsolass 59, (smyp 390 slas Ll eslil
slass (JB osloaws o & Fais; wiles g sl azli
395518 5 @50 00g8 jo 3 olawd ly, p,5 )0 (5T 00y
2 iy B eSln Gliee oy sy 51 Jroads
B. Jlei ;0 o)l (S 5 (aald) (s sloe Jole (9 Lo
30 059 008 dlawd (p yieS g o den 0 odwline subtilis
258> 5 (S ke Jole 9 jled )3 o 5 At 05
adgi b Bacillus juo calizes gladiss .ol oayo B. subtilis
(55 gy 28 Sl Lol g LojlicS wiile a3
Yang ) Ggd o ailes slag,¥ olaed jials ascs ;o g wiles
yeb a4 ]S en sl sSU 5 Gadss ol yo (et al. 2013
Clopss Slas 5 055 slransS Lo JI5 slaw glali=dle L3
Ole 4 50 Jieadgr ;9251 ases jo aisle rals 1, wiles
4o B.ocereus sboasgn 5l can cdl jialS g 1B
M. incognitaslag,y YL S celb ioloyl lulyo
.(Yinetal. 2021b) wsiloos

B. alisee (sla iy o (guiladns &l il puitiizes 5l ool
adgs (Kavitha et al. 2012) wles, s 5,155 |, subtilis
25 ) Wled pod (yw slag)Y ade p o o) lie

wBacillus g 5SU 4365 95 & il oy Yo

o)

Eol30 50 970 P S ady ) Wiled S lo g, SIS
sy Sl s isy 4 az g Yo Sl LS ade slaallls
e lag L oI aslio 5 gy (ol B bl e
oS b (n Sl lagty, plsie 4 (alS SLeS 5 5 (S
og lasles pl Copaw o

a B. cereus o B. subtilis b s Jlee slosiSL
Cooglin Al 5 29, wo SlS 5 ade oblg Jdo
S sl elie sloa 5 Gloie @ (lalS 5o Sott
i LS 5 odg b B subtilis 4565 .ailoas 7 5lae laasled
e 4 ol (Sidg e glae T s 9 ,Seas slaaiy
adgi b 50 B. cereus 4isS ol oo ladiles codlad 5 0,
39> 5l lasiles J5uS p (oplie D13 gl lac b
(Ayaz et al. 2023) ol ools yLis
posb S 5 (M. piperita) LJals glins el s o oS
(oS g s bS5 sl s 4 (B vulgaris)
lesls L5 355 3 s ont el Jlan 3 (Yl o
(9,500 o SIS egdle lalS l 5o ssrge DlaS S
2 gl Caglas wlS cls sl 555l S o0 b ailys oo
(Shekarabi et al. 2022) aias iol58l asles oo ol

ke LS 3 syrse a5 s LS s
Sdn it sleanlp o Pt Jlal BYs 5wl o
srSoslas Ghg) 90 9 oLS 99 G MAL 055 Gy 4 (e
£ a5 Cd,5 amml e o 1A oS snaline (gl Jre gl
wline Wiy, .Cuwl 00 diliie oL 90 10 g0 BLLS 3 C> 4
SIS H ploy Dol pas Wi (owy Gloj 90 0 @l
B3 oy 350 (AL slaojlas

SIS Llys )3 (o) Syge Sy e Jelse 008
2B s saspToilul s, slasls S s,
P og s Ble Jeb e obazls Jle lae 4 anils
slow QLS (59, jo 8 S5 S 39y )5 S s adl
o 4 S ke ol S92y o) a0 e S
3 8l Job (il cel o)lge yiinn o plalS Sas o
Job 5eSileo Gy &5 59706 4 0 ol g 03gll lalS
aals b aS 0g Sy Sias jog )l eolaiwl ey adle
90 o 4o glidl i sl o e oglas 039l g ol
Solas s e &9 20,5 caslice pllu g 0391 ol >
590 5l eolaiul jled 1o 5950 ol 38l .cuilad 3529 (5l Sre
aols b jeSie @olas Js w5 essline 5 gl Sis



YaoYv

otdshel 5 Wsn Mg L s Bl cereus S
Cel g 00,5 w1, JeS5eS iy (Bacillolysin)
Jecpl b .(Yinetal. 2021a) 05 co S5los S o g JHxads]

PR o gy VI RO S-E R P SRR KU | RSt K L g oW

5135wl

=.

SUGl (aeli gz 50 0,5 e olKtils (65,5La8 sl

References

Abdolmaleki M., Panjehke N., Bahramnejad S., Salari M.
& Abbasi S. 2007. Antifungal effects of extracts of
different parts of the sumac plant (Rhus coriaria) on
four plant pathogenic fungi. Agricultural Research:
Water, Soil and Plants in Agriculture 7(4), 121 - 131.

Abdel-Salam M., Ameen H.H., Soliman G.M., Elkelany
U., & Asar, A.M. 2018. Improving the nematicidal
potential of Bacillus amyloliquefaciens and
Lysinibacillus sphaericus against the root-knot
nematode Meloidogyne incognita using protoplast
fusion technique. Egyptian Journal of Biological Pest
Control 28, 1-6.

Akhiani A., Mojtahedi, H. & Naderi H. 1984. Species
and physiological races of root-knot nematodes in
Iran. Journal of Plant Diseases 20, 57-71.

Ann, Y.C. (2013). Screening for nematicidal activities of
Bacillus species against root knot nematode
(Meloidogyne  incognita).  American  Journal
Experimental Agriculture 3, 794-805.

Aydinli G. & Mennan S. 2016. Identification of root-knot
nematodes (Meloidogyne spp.) from greenhouses in
the Middle Black Sea region of Turkey. Turkish
Journal of Zoology 40(5), 675-685.

Ayaz M., Li C.H., Ali Q., Zhao W., Chi Y.K., Shafiq M.
& Zhao J.T. 2023. Bacterial and fungal biocontrol
agents for plant disease protection: Journey from lab
to field, current status, challenges, and global
perspectives. Molecules 28(18), 1-24.

Basyony A.G. & Abo-Zaid G.A. 2018. Biocontrol of the
root-knot nematode, Meloidogyne incognita, using an
eco-friendly formulation from Bacillus subtilis, lab.
and greenhouse studies. Egyptian Journal of
Biological Pest Control 28(87), 1-13.

De Freitas Silva, M., Campos, V. P., Barros, A.F., da
Silva, J.C.P., Pedroso, M.P., de Jesus Silva, F. &
Justino, J.C. 2020. Medicinal plant volatiles applied
against the root-knot nematode Meloidogyne
incognita. Crop Protection 130,
DOI.10.1016/j.cropro.2019.105057

YEV-YOV/ VFF [ ¥ oyl [ ) ado [ oyl ol swliiioiles

0592 0,Li1 3 90 sla ) gile alox I 030 Z 5 5l Canilos
( Basyony & Abo-Zaid 2018; Ruiz et al. 2014) <.l

as” wisls olas (Henry et al. 2011) )|, ¢ (520
asle calizee sloainend adei 4 ,0l8 B. subtilis ¢ ,:S1
s (Sufectins) o S8 5w (FENQYCINS) oy 58
Cel Jolw slae g 50 b aS ail oo (IUring) oy jgul
gl slacdplio md 5 2isd co wled ¥ S po g (0l
lopyl 5 bysdg)nm 5 Gl GlaSiigs Il Gezer
& 6L (nl Loy bajliS g sl n ulas Sidgyunn
Sl 00 51 5 il ansly swile ws 3l awlg s
(Hashem et al. 2019)

De Grisse, A.T. 1969. Redescription or modification of
some techniques used in the study of plant-parasitic
nematodes. Mededelingen Rijksfaculteit
Landbouwweteschappen Gent 34, 351- 369.

Dropkin, V.H. 1989. Introduction to plant nematology,
2nd edition. New York, Wiley.

Eisenback J.D. & Triantaphyllou H.H. 1991. Root-knot
nematodes Meloidogyne species and races. In Nickle
W.R. (Ed.), Manual of agricultural nematology (pp.
281-286). New York, Marcel Dekker.

Feyzi, A., Moghadam, E.M., Azizi, M., & Rouhani H.
2014. Inhibitory effects of essential oils of Allium
hirtifolium,  Salvia officinalis and Kelussia
odoratissima on Meloidogyne javanica and to extract
of their active substances.Journal of Plant
Protection 28, 220-225.

Gray E., Lee, K., Souleimanov A., Di Falco M., Zhou X.,
Ly, A. & Smith D. 2006. A novel bacteriocin, thuricin
17, produced by plant growth promoting
rhizobacteria strain Bacillus thuringiensis NEB17:
isolation and classification. Journal of Applied
Microbiology 100(3), 545-554.

Hashem A., Tabassum B. & Abd-Allah E.F. 2019.
Bacillus subtilis: A plant-growth  promoting
rhizobacterium that also impacts biotic stress. Saudi
Journal of Biological Sciences 26(6), 1291-1297.

Henry G., Deleu M., Jourdan E., Thonart P. & Ongena
M. 2011. The bacterial lipopeptide surfactin targets
the lipid fraction of the plant plasma membrane to
trigger  immune-related  responses.  Cellular
Microbiology 13, 1824-1837.

Hosseini  Shekarabi S.P., Shamsaie Mehrgan M.,
Ramezani F., Dawood M.A., Van Doan H.,
Moonmanee T., Abdul Hamid N.K. & Abdul Kari Z.
2022. Effect of dietary barberry fruit (Berberis
vulgaris) extract on immune function, antioxidant
capacity, antibacterial activity, and stress-related
gene expression of Siberian sturgeon (Acipenser
baerii). Aquaculture Reports 23, 1-11.

Hussey, R. & Barker K. 1973. Comparison of methods of
collecting inocula of Meloidogyne spp., including a


https://ejbpc.springeropen.com/articles/10.1186/s41938-018-0094-4#auth-Aymen_Ghnaam-Basyony-Aff1
javascript:;
https://ejbpc.springeropen.com/articles/10.1186/s41938-018-0094-4#auth-Aymen_Ghnaam-Basyony-Aff1
javascript:;
https://ejbpc.springeropen.com/
https://ejbpc.springeropen.com/
http://dx.doi.org/10.1016/j.cropro.2019.105057

9 SInd 28

new technique. Plant Disease Reporter 57, 1025-
1028.

Jepson S.B. 1987. Identification of root—knot nematodes
(Meloidogyne  species).  Wallingford, @ CAB
International.

Kavitha P., Jonathan E. & Nakkeeran S. 2012. Effects of
crude antibiotic of Bacillus subtilis on hatching of
eggs and mortality of juveniles of Meloidogyne
incognita. Nematologia Mediterranea 40, 203-206.

Kumar D., Kumar S., Singh J., Narender J., Rashmi J.,
Vashistha B.D. & Singh N. 2010. Free radical
scavenging and analgesic activities of Cucumis
sativus L. fruit extract. Journal of Young Pharmacists
2(4), 365-368.

Mankau R. 1980. Biological control of nematode pests
by natural enemies. Annual Review of
Phytopathology 18(1), 415-440.

Pavaraj M., Bakavathiappan G. & Baskaran S. 2012.
Evaluation of some plant extracts for their
nematicidal properties against root-knot nematode,
Meloidogyne incognita. Journal of Biopesticides 5,
106-110.

Peng D., LinJ., Huang Q., Zheng W., Liu G., Zheng J. &
Sun M. 2016. A novel metalloproteinase virulence
factor is involved in Bacillus thuringiensis
pathogenesis  in  nematodes and  insects.
Environmental Microbiology 18(3), 846-862.

Radwan M.A., Farrag S.A.A., Abu-Elamayem M.M. &
Ahmed N.S. 2012. Biological control of the root-knot
nematode, Meloidogyne incognita on tomato using
bioproducts of microbial origin. Applied Soil Ecology
56, 58-62.

Ruiz S.E., Cristobal A.J., Reyes R.A., Tun S.J., Garcia
R.A. & Pacheco A.J. 2014. In vitro antagonistic
activity of Bacillus subtilis strains isolated from soils
of the Yucatan peninsula against Macrophomina
phaseolina and Meloidogyne incognita. Phyton-
International Journal of Experimental Botany 83: 45-
47.

Trudgill D.L. & Blok V.C. 2001. Apomictic,
polyphagous root-knot nematodes: exceptionally

Bacillus g 5SU 465 95 &I il oy 2 YoA

successful and damaging biotrophic root pathogens.
Annual Review of Phytopathology 39, 53-77.

Tsotetsi, T., Nephali, L., Malebe, M. & Tugizimana, F.
2022. Bacillus for plant growth promotion and stress
resilience: what have we learned? Plants 11(19),
2482.

Wani, S.A., Naik, H.R., Wagay, J.A., Ganie, N.A,,
Mulla, M.Z. & Dar, B.N. (2022). Mentha: A review
on its bioactive compounds and potential health
benefits. Quality Assurance and Safety of Crops &
Foods 14(4), 154-168.

Wepuhkhulu M., Kimenju J., Anyango B., WachiraP., &
Kyallo G. 2011. Effect of soil fertility management
practices and Bacillus subtilis on plant parasitic
nematodes associated with common bean, Phaseolus
vulgaris. Tropical and Subtropical Agroecosystems
13(1), 27-34.

Yang J., Liang L., Li J. & Zhang K. 2013. Nematicidal
enzymes from microorganisms and their applications.
Applied Microbiology and Biotechnology 97, 7081—
7095.

Yin N, LiuR., Zhao J.L., Khan R A.A. & Li Y. 2021a.
Volatile organic compounds of Bacillus cereus strain
Bc-cm103 exhibit fumigation activity
against Meloidogyne  incognita. Plant  Disease
105(4), 904-911.

Yin, N., Zhao, J. L., Liu, R., Li, Y., Ling, J., Yang, Y. H.,
& Mao, Z. C. 2021b. Biocontrol efficacy of Bacillus
cereus strain  Bc-cm103 against Meloidogyne
incognita. Plant Disease 105(8), 2061-2070.

Zhang C.W., Huang D.Y., Riaz Rajoka M.S., Wu Y., He
ZD., Ye L, Wang Y., & Song X. 2024. The
antifungal effects of Berberine and its proposed
mechanism of action through CYP51 inhibition, as
predicted by molecular docking and binding analysis.
Molecules 29(21), 1-15.

Zheng, Z., Zheng, J., Zhang, Z., Peng, D. & Sun, M.
2016. Nematicidal spore-forming Bacilli share
similar virulence factors and mechanisms. Scientific
Reports 6(1), 31341.


https://www.sciencedirect.com/journal/applied-soil-ecology
https://www.sciencedirect.com/journal/applied-soil-ecology
https://www.sciencedirect.com/journal/applied-soil-ecology/vol/56/suppl/C

