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Figure 1. Number of papers published in the nanotechnology
field during the period 2001-2010 (Singh et al., 2016).
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Table 1. Biosynthesis of silver nanoparticles using different plant parts.

Glagwall ana il L&Y )
s fleatll gyl (Sagil) 400 ALdd e 38l Plant common Cldll alad) o)
Reference Synthesize conditions  NPs size (hm) Plant's part name Scientific name
Danbature et al., 2020 230 ¢« °80 Badaa yé BETS iyl Jaasl) Borassus aethiopum Mart
80°C, 30 min. Not determined Roots African fan palm
Barman et al., 2020 Ls 3.5 ¢ °60 20.4 BEATN Juai ) Zingiber officinale L.
60°C, 3.5 hours Roots Ginger
Bin-Jumah et al., 2020 225 a8 431l 5, s 52.4+3.6 s sadll/ i gdl) Beta vulgaris L.
Room temp., 25 min. Roots Beet
Dawodu et al., 2019 L5 <48 42l 5, s ~25 E™ L Sl Vigna anguiculata L.
Room temp., 5 hours Stems Cowpea
Balasubramanian et al., 2019 L 2 cdd jall 35 s 10-20 M Cransld) Jasminum auriculatum Vahl
Room temp., 2 hours Stems Jasmin
Jebril & Dridi 2020 210 Ad all s ) s 18- 30 &l CA ) Melia azedarach L.
Room temp., 10 min. Leaves Chinaberry
Shaikh et al., 2020 L 4 el ¢ uia 20-50 B Jsalall Cascuta reflexa Roxb
Sun light, 4 hours Floweﬁrs Dodder
Bindhu et al., 2020 330 et ¢ gua 8 B! Obaadl caid Moringa oleifera Lam.
Sun light, 30 min. Floweﬁrs Horseraddish
Kanniah et al., 2020 330 ¢t ¢ puia 90 B =l Lac Aerva lanata L.
Sun light, 30 min. Flowers Knotgrass
Odeniyi et al., 2020 s 72 224 ¢uaidll ¢ gaia 12 Ol LAY Al Nauclea Latifolia Smith
Sun light, 24-72 hours Fruits African peach
Mohseni et al., 2020 B30 ¢ guadill ¢ gua 19-54 s olall Punica granatum L.
Sun light, 30 sec. Seeds Pomegranate
Gomathi et al., 2020 s 2 ¢ 045 20-52 Dlaill g8 SN i Tamarindus indica L.
45°C, 2 hours Fruit's peel Tamarind
Soto et al., 2019 220 ¢« °90 50 -5 Olaill g8 Jlas ) Citrus sinensis L.
90°C, 20 min. Fruit's peel Orange
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Table 2. Biosynthesis of gold nanoparticles using different plant parts.

Clagwadl aaa
g g3t Al gl Ll ALl and)
za orleatl) g 8 (sl Plant's  Plant common alll alel) anid)
Reference Synthesis conditions NPs size (hm)  part name Scientific name
Zhang et al., 2020a Ailelu gy caDall 8 ¢dd jall 5 ) ja 60-20 s Lo 58l Euphorbia fischeriana
Room temp., in dark, few hours Roots Spurge
Wang et al., 2017 i@y )5 20 -5 s T Cibotium barometz L.
25 minutes Roots Woolly fern
Poojary et al., 2016 o °80 22 BELN aibge s 0yl Mammea suriga Buch.-Ham
80°C Roots gl LYl
‘ Ceylon ironwood
Vijayan et al., 2019 Wl 30 gy Saa 50 -20 Gl Judl) and Liaa Bauhinia purpurea L.
Microwave, 30 sec. Leaves Camel's foot
Dudhane et al., 2019 4381 15 ddjall syl ya 30-15 Gl Uigayl Terminalia arjuna Roxb
Room temperature Leavgs Arjun tree
Dobrucka et al., 2020 ielu 24 ¢« °80 10 B L gin Betonica officinalis L.
80°C, 24 hours Flowers common hedgenettle
Chokkalingam et al., 2019 i3 75 ¢ °80 100-20 Ol simall g2l Lycium chinense Mill

80°C, 75 seconds

Fruits Chinese wolfberry

.(Vijayakumar et al., 2015) (Plectranthus amboinicus) k1l
o Ak clalind) alaaiud Jsa Slubal) aal 3 Jgas paass
2020 —2018 55l Pha (gpilil) elijl) sl gt

(Raphanus sativus L.) Ja&ll )53 (2020) Liu et al. axasiul
Badd apley Hhaie sla (B aklad 5 aiaday Hdal) Cadad 8 Cus
0.1) il e S Jolae 5o da 50 53 5 4ads 30
il po B8 B8 Jadll gia Galiies 4l Chunly (S5
Dpea iy s ) JSE s 0 "800 die gpaially sail)
Db (KA dug € @il 2l Slas of 38U g 51 jgadl)
@Al Ly Gy Dl b dadines sl 40 25 sgas b
Ol Dlals (gmg Gl aliine aladial & (sl b Cua
& G (@il wusl Cilasa auiea & (Ocimum basilicum L.)
£10 sl 2 clgia (hsmnma Sagad QB 3 A5l a1 ik
S shie sle Jo 100 N oan e S dabiad) ehal) Gsase (1e
hally madiilly 2yall ey ¢ ficls 8aal G 80 Hha e lgidus
S slae e da 230 Bilia) s Sl palinl (S5l
ve Sl paldiuell ge de 100 A 5/dse 0.2 <zl <Bla
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(Aspalathus linearis) (usus9dl «(Gawade et al., 2017)
(Azadirachta indica) <a,03) G&ysl «(Diallo et al., 2015)
(Artocarpus gomezianus) «(Elumalai et al., 2015)
(Moringa oleifera) lissdl &hsl «(Suresh et al., 2015)
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Table 3. Biosynthesis of zinc oxide nanoparticles using different plant parts.

Glagwall ana
4
TN il Ci g B (Sasil) Sl eall bl ailEl aud) lll alad) o)
Reference Synthesis conditions NPs size (hm) Plant's part Common name Scientific name
Shaik et al., 2020 iclu 2 «(1°60 80-65 BTN sl A 3e e <l Sphagneticola trilobata L.
60°C, 2 hours Roots Singapore daisy
Liu et al., 2020 o °80 40-25 BTN Jadll Raphanus sativus L.
80°C Roots Radish
Prachi & Negi 2019 438y 10 «+°60 81.5 M R RUENh: Premna barbata Wall
60°C, 10 min. Stems Bearded premna
Irshad et al., 2020 w25 40-30 3 sl Olas i Ocimum basilicum L.
25°C Leaves Basil
Shreema et al., 2020 iclu ] 21.19 3 sl Ay yall Salvia officinalis L.
1 hour Leaves Sage
Rafique et al., 2020 el 2 (060 78-64 18T L) saalidl Syzygium cumini L.
60°C, 2 hours Leaves Black plum
Karpagavinayagam & a4 e 100-30 Sl ol Al Avicennia marina Forssk
Vedhi 2019 Not described Flowers Mangrove
Awwad et al., 2020 iclu 2 «°80 -70 18-5 DL oudailll Ailanthus altissima Mill
70-80°C, 2 hours Fruits Tree of heaven
Sorbiunetal., 2018 3l aic culaia & Aol 4 <060 34 Ol okaiad) Quercus robur L.
Salll UV gla yuiaal) Fruits Oak
60 °C for 4 hours followed by
room temp. overnight
Abdullah et al., 2020 iclu 3 (060 80-30 Dl g8 A Al 5 sall Musa acuminate Colla
60°C, 3 hours Fruit's peel Dwarf banana
Khan et al., 2019 ielu 3 <60 25-20 il & i) oudie Costus woodsonii Maas
60°C, 3 hours Bulbs Indian head ginger

«Bordbar et al., 2017) (Rheum palmatum) gl sda
(Manjari et al., 2017) (Aglaia elacagnoidea) ) (aliiue
.(Jadhav et al., 2018) (Malus domestica) 7 &l &l (aliiue
Gl Slaliiug alasin) Jea cluhall Goal N 4 Joan
Cagylag (goilil) (pulail) 2l aatl blall ey sl U

Al Glasall aasg lgaial

Gliia s — (GA] Ligil dgaa dalsly geilil) aaad) ]
ey sVl duags (ol ol Lglll sl ]
o LS laaY Lgdhal WIAY e cldlall qungy cAdllll daa)
sl Sl (e asand) Al o) yolai dasia B sl
paldivdl aadiul L(Iv et al,, 2015) (whliaall Gyl ygeailly
FesOsNPs auail Chromolaena odorata sl Sl
ciidy elll edall clué ((Nnadozie & Ajibade, 2020)
Jo 50 U siadl (hsmnme o § 5 il oz 14 5aad uadly
ae dcle 2 52 0 85 Bl die gl pdad g hie el
Sl Hhall diayaiy paliiuall mudfi @ & ¢ i) @ljal)
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Table 4. Biosynthesis of copper oxide nanoparticles using different plant parts.

Glagwadl aaa
sl el g jka (Fasil) Lsilil)  ALdl e3ad) clall ALl el clall alal) an)
Reference Synthesis conditions NPs size (hm)  Plant part Common name Scientific name
Awwad & Amer diclu g dd all s ) s 20 EBY oebaily) - Jall s 3350 Ailanthus altissima
2020 Room temp., 4 hours Leaves Tree of heaven
Mari et al., 2020 dandiy (58 4ad) EVORS KBy el el Catharanthus roseus
UV light Not determined Leaves Rose periwinkle
Nordin & 438y 60 8.4 1By BN Murraya koenigii
Shamsuddin, 2019 60 min. Leaves Curry
Gebremedhn et al., 488y 6 ¢ °60 -50 Qaa pé 18T lal) Catha edulis
2019 50-60°C, 6 min. Not determined  Leaves Khat
Singh et al., 2019 delu 4 s °60 6-2 3 sl 38 4all Psidium guajava
60°C, 4 hours Leaves Guava
Sorbiun et al., 2018 e cpadll o e all e 40 DL o) Quercus robur
dclu 4 304 (1w °500 Fruits Oak
Boiling the mixture then heating
at 500 °C for 4 hours
Sukumar et al., 2020 Glels 7 13.07 BEN Lale Il el gualall Caesalpinia bonducella
7 hours Seeds Bonduc nut
Buazar et al., 2019 iclu ] ¢ 925 22415 BENY s bl il Triticum aestivum
25°C, 1 hour Seeds Bread wheat

sl (Cucurbita pepo L) Lussll jsdd Jlall aliiull
.(Abisharani et al., 2019) &5l aguliall 20Kl Glawea

Ll i) dadl<a B Augilil) agall aladiul
Gz palssl dalse ST e Lgelgl 281K duel) 3l lsY) o
S (g apS dpaliai) Jlud ) 535 Lae ¢ =)l g Ul
(Ingale & Chaudhari, 2013) sallall 3130 a1 e Tyl oy
Sl alasiad I sephall bl @) sda e sylanaly .
ohans Al el & s g (gslasSll Laall il duc) 3
Ll Clana) 2lasiY Tk (Purohit et al., 2019) Lgishs oLl
pend A cdalall Claall e 8 15710 J& Gukd Jaea
«(Kah & Hofmann, 2014) Ay gabaidl o2 dagilill lanall
sl Clasall el 2 3Y) Jeas of 2026 ple Jslas pdgg
o2 bl 50 ) Gl Jlaaly ¢l 10000 ) dsisedl)
.(Ovais et al., 2018)

GBI o Y] AailSe Jlae (8 Lsill) Ssall plasinl ae
LS dga (o ) ALl 8 Ssall el Jlas oy Ly 5224
daslia YOl S il Sl sl 3 @iV e Gy
Gl Glae OB . (EI-Argawy et al., 2017) de pus dsgan
Jie) dgme e /5 Shalsd) Jie dgne i e dagilil
LS Shse Jadi clpaa) Jie dahiie JIKEG (Cplaal) 20
(OLsdl Aimca Andall clig<all daualgll Gl Al Lyl
Slgall Llaad) iyl )Big sl A2 yhay Lgia Alladl) Sgall Ul

gpall (s 5y Ll Galiisal) 1)y 5L i

S Bl paal) asl Gl I8 Bagd (o 70 s e
Glasall o Sg 51 jeadll Hpea iy aaly delu Gont
LS il 18.6-5.6 asas & laalasf ¢ J<al) dug S il daslil
Dl Sl paliiedl (2020) Rostamizadeh et al. sy
paal) asl Gl ganail (Cornus mas L) g ys¥) Ll
g S Anill) ol IS (Apalily A sy Algas Ay il
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Figure 2. Diagram showing the different mechanisms of
how nanoparticles act as an antifungal agents that lead to cell
death (Rai et al., 2018).
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Figure 3. Control effect of the AgNPs on Nicotiana
glutinosa, (a) represents the control, treated only with TMV
inoculum, whereas (b) treated with AgNPs first and then
inoculated with TMV. Control shows maximum number of
TMV local lesions but the treated plant shows significant
reduction in TMV local lesions (Ahsan, 2020)
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Abstract

Alloosh, M. T. 2020. Biosynthesis of nanoparticles and their applications for the control of agricultural pests: A review.
Arab Journal of Plant Protection, 38(4): 267-280.

Nanotechnology is one of the modern technologies used recently in many fields, including agriculture. Nanoparticles are synthesized in
many ways, including the biological method, which is an easy, fast, inexpensive and environmentally safe method and depends on using
microorganisms or plant extracts. This review addresses the most recent studies on biosynthesis of metal nanoparticles using plant extracts.
Extracts of different plant parts (roots, stems, leaves, fruits, fruit peels, seeds) are used to produce nanoparticles for many minerals, the most
important of which are silver and gold and oxides of some minerals such as zinc oxide (ZnO), copper oxide (CuO), ferric oxide (Fe3Os), in
addition to other metals oxides. The review also covers some examples of using metallic nano-materials in controlling agricultural pests
(bacteria, fungi, nematodes, viruses and insects).
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