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Effect of spraying with Boron and Iron on some
vegetative growth characteristics of two Soybean

cultivars under the Homs region conditions.
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Abbas ©

(1) Master's student, Department of Field Crops, Faculty of Agricultural
Engineering, University of Homs.
(2) Professor in the Department of Field Crops, Faculty of Agricultural
Engineering, University of Homs.
(3) Research Director at the General Commission for Scientific Agricultural
Research, Homs Research Center.
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Abstract:
The research was carried out during the agricultural season of 2024
in a private field in the village of Al-Duwair, northern Homs city, to
study the effect of spraying two soybean cultivars, Sb-337 and Sh-44
with different concentrations of iron chelates 0, 0.5, 0.75 g/L and
boron 0, 0.75, 1.5 g/L on some vegetative growth characteristics. The
experiment was designed according to a complete randomized block
design with split plots arranged with three replicates, where the
varieties were placed in the main plots, the boron spray treatment in
the split plots, and the iron spray treatment in the split- split plots.
The results showed an increase in the growth indicators values with
increasing the concentration of iron chelate spraying, and the 0.75 g/L
treatment achieved the best values in plant height 86.01 cm, first pod
height 10.07 cm, number of leaves per plant 34.62 leaves/plant, leaf
area 749.76 cm?/plant, plant fresh weight 123.48 g/plant, and plant
dry weight 22.51 g/plant. The studied growth indicators also increased
with increasing boron spray concentration, and the 1.5 g/L treatment
achieved the best values, which reached the previous indicators,
respectively: 86.31 cm, 9.73 cm, 33.01 leaves/plant, 713.74 cm?/plant,
116.45 g/plant,21.14 g/plant. The results also showed that the Sb-337
variety outperformed the Sb-44 variety in all studied traits except the
height of the first pod. As a result, the Sb-337 variety surpassed when
sprayed with iron chelates 0.75 g/L and boron 1.5 g/L, followed by
the Sh-337 variety when sprayed with iron chelates 0.50 g/L and
boron 1.5 g/L.
Keywords: Boron, Iron, Variety, Vegetative Growth, Soybean.
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rcla jiially claliiiay)

Alebeal) cing yaall Dty Gl 58550l ae g paall saill e ) -
el 3 V) e o Jif g eyl ccnlall g i) b Ll Juadl /g 0.75
86.01 :aijill e cald clall caladly ) ()hslls ¢ sl elanall daluss
22.51 (g 123.48 «ulfPan 749.76 «ilifdiys 34.62 cons 10.07 ¢ons
lgfe
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1.5 dalaall Cliing (y5 sl iV 3855 505 pe g paal) adll Cilyine casly -
dalie el 3 G5V aae o Jif g iyl el g iyl 3 al) Juadl glfe
9.73 ¢286.31 1l e il culall Calally cadayl) (305 ¢ )5l xbanaall
colgfs 2114 «fg 11645 2o 713,74 «lfid 55 33.01 can

iy ¢ Aag ) cliall a8 Sh-44 Canall e SB-337 Cunall s -
636.28-703.28 )5l hausall dalusas can 81.98 —84.37 il ¢ lis ) o8
sl e guinall (/g 18.01 -21.40 Glall ¢pslly el

Slfg 0.75 yaal)l edsy G35l vie SH-337 canall ) Alalaall gl Aniuly -
Ligeall oaslgi€s 850 aal aay s3lly cilall Galal) o8l 8 (Uil 1.5 0pppsally
Nile Yoana 43S

tY) A G b e f-ha

dcly) diey (aen dihic 8 Sh-44 Cuall e SH-337 Cuuall del)) dgliadl

Y 0.75 yaall Bl ()l Cangy 4K Adkaiall Gl dgliie G (8 il

S 15 Gasdly

o Yo

Saosdly s Al Al sy Jas Sl 36 L (2015) Glagm el ©
~120: (2)46— adhall de )V asdall Alsa. Lgeall Jgb o cilial gyt 3
135

Gtial gall Cilaa (g )ally 2aally (il 586 L (2014) saesall adal) o
salall ¢ L l)3l) aglall HLY) das. Glycine max (L) Merrill Lsall J5é o
(2) 2012

ot 8 el 1l il imncd 4850 S50 L (2010) 358 capmaadl o
c0a 9 L e dalay dely 3l LK L jiale Al . Lgeall il

o= 450. s Aaala lygiia L Cilall Jualas .(1990) gus 5ana (e °
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Ay s

o psanlislly LSl 55 gaosll il (2014) Spe Caes cdesa o
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gl Judlia, o gua gl daul yia¥1 Go 19401 daul 58

(Mulsant) Cryptolaemus montrouzieri sa=li

dyin gle Hyperaspis trifurcata (Schaeffer),

Dactylopius opuntiae dajeydll yLuall diad
da yaioll gkl sins

v ., Y s ooy e £ .
2558 Golay el Rl L) ¢l 2

g ¢ (biad ey 3l Aaalall Eysadl Aalall Aiel) colen Eigny 3S5e (V)
4\_\“)}“ (e ¢Caml) dmala ca.ﬁ:‘\)‘)l\ 4l el :‘7!15} ('n.ug (V)

gaidlal)
(Hemiptera: Dactylopius opuntiae (Cockerell) jlall 43, 585, da Can
44 A Opuntia ficus-indica Jlall Jsis 450 =l Dactylopiidae)
3l Ay I Cand) 138 Caan LY ) Gle 8ye JgY ledaad (e 8yead 58 DA
Ay amdl o Glia Aiadl ety Ay 35yt o Lgln o &5 (ppu ke
Cryptolaemus (s siall :Laas (Coleoptera: Coccinellidae) isuy! cilbaas
2 «Hyperaspis trifurcata (Schaeffer) _.)ii«lls montrouzieri (Mulsant)
Al leoall 0,8 5yt e Al sl e Lt sie 8l Al g5k
seluzaly %7+ Ayt Ayshay i Y1 s ie Alagiias Cigyl (eaa D. Opuntiae
i itall M lallys il Alle gl 8l 5y0a il cpelal LagyfAel o )
bl bl ¢ G (g1 exd) il cSlgiud C.montrouzieri - (s siall Al
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Cryptolaemus montrouzieri sl (3 (Ul ¢ cpe gil dul 5BY) 3l 4l )
450 8N Jluall 4,38 5 488 e Hyperaspis trifurcata (Schaeffer)s (Mulsant)
4 il dag Y cald Dactylopius opuntiae

Oo (il o) 38 VOTEA S YATTT Y LTY LYY VAT bl
(I yaall ciliyy cSlgn ) 38 H, trifurcata wsisel) Wi cAaSU daiaal) )laY)
AV LY VTEAY EET OYYLRY T E s Ul )l Bl )
C. usiball i1 milill pelal A A aliddl Sl e (gpll o)
Sl oy ol Bl Jama A H. trifurcata (s 5l e montrouzieri
Lol ) 8yl Zahil) Hlie Wl Y e el loaall 4,08 5y el Aakal
)lie dena s (e at )l AU bl )Yl ol & H. trifurcata G sl
& O sigall Al bl e Taghe ksl Lea C. montrouzieri s sisell g

Aysall laall Ll Cagh pe LSS (s205 Alial) g yhal)

« J—a «Dactylopius opuntiae i@l Hlall 4y, 58 :dsalidall clalsl)

Aol 1) 3. &S cHyperaspis trifurcata «Cryptolaemus montrouzieri

Potential predation of coccinellid spices
Cryptolaemus montrouzieri (Mulsant) and
Hyperaspis trifurcata (Schaeffer) on opuntia
cochineal scale insect Dactylopius opuntiae
(Cockerell) under laboratory conditions

Firas Assad! , Ziad Chikh-Khamis? and Mazen Bufaur?3

(1). General Commission for Scientific Agricultural Research,
Agricultural Research Center, Hama, Syria.

(2). Department of Plant Protection, Faculty of Agriculture, Al-Baa'th
University, Homs, Syria.

(3). General Commission for Scientific Agricultural Research,
Agricultural Research Center, Swedaa, Syria.
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ABSTRACT

Opuntia cochineal scale insect Dactylopius opuntiae (Cockerell)
(Hemiptera:Dactylopiidae) caused rapidly serious damage on cactus
Opuntia ficus-indica in Syria since its first record in 2019. This study was
carried out to investigate potential predation on different development
stages of two coccinellid beetles Cryptolaemus montrouzieri (Mulsant) and
Hyperaspis trifurcata (Schaeffer) (Coleoptera: Coccinellidae) that
recorded as predators on D. opuntiae in Syria, under laboratory conditions

at 26 C° ,60% RH and 14h light period. The results showed high potential

predation of larval and adult stage of both predators. The total number of
nymphs and adults of D. opuntiae consumed by 1%, 2",3™ 4™ instar larvae
and adult of C. montrouzieri was 17.82, 44.33, 130.62, 203.33 and 1534.87
specimens respectively. However, they were 10.24, 27.33, 49.46, 163.92
and 870.07 those of H. trifurcata. The results indicate higher daily
predation rate by larval and adult stages of C. montrouzieri beetle on mixed
development stages of cochinal scale compared with H. trifurcata beetle.
Considerable the voracious noticed by larval and adult stage of H.
trifurcata on different development stages of cochinal scale, despite of its
small size compared with C. montrouzieri. Field experiments should be
conducted to determine efficiency of both predators and their adaption
under Syrian local environment.

Keywords: Opuntia cochineal scale, Dactylopius opuntiae, cactus,
Cryptolaemus montrouzieri, Hyperaspis trifurcata, predation potential

Introduction deia .
& i SV g3 Opuntia ficus-indica (L.) Mill. (Sl o) Sluall 2y
& O e a8, e 435S (Caryophyllales 4 )y Cactaceae Al
GlasSall Ji (e allall Jga sayl5ie dpeal (o iS5 cilataally dyylaal) dakiall
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Cryptolaemus montrouzieri sl (3 (Ul ¢ cpe gil dul 5BY) 3l 4l )
450 8N Jluall 4,38 5 488 e Hyperaspis trifurcata (Schaeffer)s (Mulsant)
4 il dag Y cald Dactylopius opuntiae

Ay Cun iyl Bhall ilayyy Ciliall daglie e 4,8 Bl A5 clalaially
s Aalall GlhlidlS L Jaal) gAY clbilall gl i Y 3 Gl sl
Bl o Loma i Aalally el ) BHA) pemd b il 4 Dl Alall
Ll b Gl siaddl g dal) g sanally colall o LESH s Al aalslY S )
Stintzing Al o8 Jalel Lpada LS pay 4alaial b el Jayy a8y 5l
asil) zaal 435 ¢(Inglles et al., 2017, Fitiwy et al., 2016 and Carles, 2005)
Dactylopius opuntiae syl lall 43y38 5)-day dlaal) L) an laga
Spels lawgiall (msa laly 4 (Hemiptera: Dactylopiidae) (Cockerell)
A8V s Jia i &5 .Rico et al. 2017) (Mazzeo et al.,2019, (Jauslls 4Dl
&5 dyind) dakid) 8 (Y019 claengs pselig) Yo 4 ple s w85y J5Y
Casal Bypay chanld il Bean ddaldly sl (3l ) AL sl
dgag o dae Agles aUab 5y Gall oda i . jlall Gy e 50 el
paea ) ALY L) gl elael) Joas Gamy s o radi ole
o Lala g Canly (53l o((gra il Ll il aies) Lewlal 8 aalsiall cligo IS
Moran et al., 1982) Bouharroud et al., calw yidall (pa daelly cMlalaial) 4dle)
sl om Ay & <Y1 eqill 5, Zall s2a 2x3.(Mazzeo et al., 2019, 2016
o5t i) 35liac Galiaicl cilyysally GLY) 25 Eua Dactylopius (sl
Cauli Y Syl Jlad Cusny Bybean 3hlia # V) o jelaiy £3al) (lalia fdiiiy
clad) Zolll Lagin ) Aleill B sa55s (o ISy aniiiy & glaia s ¢
Bouharroud et al., %) + + ) sanall LY Jla 8 ) all doay of oS

.(Mazzeo et al., 2019, 2016 )
Cryptolaemus montrouzieri (Mulsant) s siall Lo (ylasall LIl 2
il Jlae 3 Wlasiud dygall ¢)aeY) ST a5 (Coleoptera: Coccinellidae)
(Kairo adall Gl AadlSal lga 16 e SSY Jao) ag calladl b 4yl dailSa)
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Ayl clyial) Aa8lSd 13490 Lle dyys ) Gesisall 138 J30) 5 et al., 2013)
(Hemiptera: Pseudococcidae ) planococcus (a8l <l wmeall (& Laa}
(Ul Fodis eal) (sl dalud) 8 il mend) e df s s citr
sl il gl elael) iy Al LEADU pe b o)US) g oY
Ol o 558 4ie Guite e 2] Lisin w Cam e 3l 3yl el
Sl axdl s Ay sleel Axg)l uitall (Y40 Y co3dlayy caladll) il aeall
AvA 00,87 ¢£,00 ), YY ilglgla lawgie iy s cahylly Callil ¢ G J5Y)
(Siddhapara et al., ~ ¢,0 4Ll oo o wigie dly s A il e ae
Aadlal) g 1500 A8 Bl e adtie Gugidall 138 (S (e a2l e <2013)
e Lasie aag 43 YY) «(Zhengiang et al., 2019) Pseudococcidae dl—ail
& Adall) dahidl 8 jliiall Jsia (8 4e il jloiall 49508 5y da il jant

,Babu and Azam, 1987) Jilgall saxia (uyide sed ¢(Aad & Claaliia) Ayysw
(Y VY oDy udadll Heidari and Copland, 1992

Hyperaspis trifurcata (Schaeffer) (uydall ‘él__...a‘\J\ Clagall el KAl e
Dlall 43,88 3y8a1 33he oanh g3 Led 2y Jllg (Coleoptera: Coccinellidae)
(S (I ) jaall za By leel dag)l uyisdlly ¢ D .opuntiae 4y il
el Jeaa §,0 5 V,V0 (), Vo ), Vilgdgh augie ady Ally alylly B
JsY Gusidall 138 a5 o(Rico et al. 2010) as ¥,0 2l Jsh hausgia gy cpa
Aol Jlall i syt o L YY) ale Gugiall dbial) b dyyse 55
(Y Y€ odlads anud) Biis gl ST 1S

H. 5 C. montrouzieri ¢y ssall 4 ) 8y) 5e Sl Ay ddlal) dufyall Caags
syl Aabadl) ol Gl 8 Ay piall Cagylall b Legie S auiy trifurcata
Cangs Alindl ol Taeas 4314l 35048 D . opuntiae dgpe sl lall 4y,
Al Gigol e Hlall Jgia b A0 dynl) Aadl<a) ol 8 Lealaii )
Vg ysadl ddal)
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Cryptolaemus montrouzieri sl (3 (Ul ¢ cpe gil dul 5BY) 3l 4l )
450 8N Jluall 4,38 5 488 e Hyperaspis trifurcata (Schaeffer)s (Mulsant)
4 il dag Y cald Dactylopius opuntiae

Materials and Methods 4dijlag ) sjga . ¥
Apdal Au gl Y
Apalall Cgall Aalall Aggd) pplae B Y YY 4 ise A Ayl oyl iyl
0. Jlall o dalws sl Sagnd & L (Asas ~(3—ied i) aall o A3l
e s clgd Banal) Al Adpe 3 A1 Y A panal 3 4w e ficus-indica
Apal) Hlall 45y 5yt Lbiadlly saall i ddkhie e sleall sl e sl
Y o) dadidl #1501 (368 Ailiad) & 1oY1 Camag L la skl Calidey D . opuntiae
(crawlers) 48 aiall J5¥) yeall cilyysal) Jisl 2y dbaall #1891 bl & el
(Luna Mathenge et al., 2009) lesle shailly saxally cilays Al ol #1583 1)
Dbsall 4,8 5yda las lua sl aea et al., 2018, Rico et al. 2016,
dahidl & luall Jsia (e C. montrouzieri gl lshl Calidal dlela 58l
dglie daplay H. trifurcata ssidall o Joandl & a4 o oelily) Adald)
G ) Gy (Gaal) i -Grdied (i) Apgial) dihial b leall Jis e
Gt 1Y) Gand s i) ) s 5 Jate (ileds slaie i3 3lia
JS ¢H. trifurcata s C. montrouzieri (psyidall (g)laally ¢ iagull ) &5 o3yl
Agbad) N e gl B85 481 Cljarivne (Gl DA e sas e
Lo yidy) B sl Ay .Y, ¥

H. trifurcata 5 C. montrouzieri (u—sidell 8,0 4yl jdY) e WSl 4 )y o
S el 3L sty sas e Sl (% Y1) Lagie JShdmy Yo sl
L (s Jaie il Slaia (pas) ¢ Ul anh ) S5 SL sl
Cumy s X sy Ll 21l e add gl W) (ga3 syl Galoaial
(il me A Yo (gl Jlaall G spda () Al Y1 Lgia SIS ausd
i iay alacYl Bl Gl Lag LIS @y da 0 5 U e Gl Vo
V3o laly A i Aughy % a1 B dayy o diala 8 Gl Y|
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gy A gl liyll U8 e Al AU asd) 2l eha) &5 Lasyfic L
& LS alall s LSy Gl qutisil uding Aala saas 3L Jlall oL
aaall Jaley #3wt¥) agla e slaieWU gpwjitall By jee IS0 Jind

D ead) Alen Jiag A pidall 8
(= H. trifurcata s C. montrouzieri ¢ féall Clalll dpu) 7Y e WSl du)ys 5
Jaie ileds slase sl wl ) lad #Y) (e Legd eh3all 5l pan DA
G Y o) Legie ST (S Yo ) Aadly Yo cdal 5 AlalS) ey dal) il s
Oo ok (593 Ay Glilghan) () saa e )8 JS iy (Guyite IS )83 ) 0
0)S3 Baladl asisily (D. opuntiae) 481 e dabisall sk 5)sa gslall sl
lgiln Algs Sing r—uidall SR U8 (e Al Al JlskaY) se g
) Aadldly A pl) (g)shay G idall SIST aalll 2)all ISH DALY Lassie Gl
Gy By e IS osall DLt w1 Jame caun LS (383U Aabiad)l )k

(Kaur and Virk, 2011) (s sall NS

Hhaay) Jalatlly ag il aranal LYY

Comeletely randomized blocks 48l giall 2K cile Uadl) avaaiy 4gjaill Cuaa
Cr—siball sl Dl W) Jaee Jale 5a5 One way anova aals Jale il
si—se xic Analayse of variance culill dalas HLia) alass uly g yadll
dale sa5 Two way anova culele Ll il Jalad aadind LS o, 0 ) dygindll
Ailan ) dlaill e )ja) & Cans clagin Ay A il jee daley uyitall jac

-Genstate 12 Sllall JSlaal) il maliy aladiul

Results and Discussion 4ddlially gliit) . v
AL shally 280 Slee) e aalgll 2l @Dt WY ugie Y)Y Jsanll

Ay S8y da Glally by e H. trifurcata s C. montrouzieri (il
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Cryptolaemus montrouzieri sl (3 (Ul ¢ cpe gil dul 5BY) 3l 4l )
450 8N Jluall 4,38 5 488 e Hyperaspis trifurcata (Schaeffer)s (Mulsant)
4 il dag Y cald Dactylopius opuntiae

Lghy ca¥U5)ha) Apdall g lall cat il 3345 D. opuntiae aedll sl
(psfAele 1 € 3ol %+ A

G ¢ 3Bl JY1 Ayl Hlae) cSlgiu) 3 C. montrouzieri ¢ sdell Ayuilly
Slo 38 YOYEAY S Yar FYONY LY CEE YT OVAY L ek ail
£,08 ¢ of rCialy el bae DA AV lshal Calite (e (dawssie) Janally (i il
Dee) I (2011) Kaur and Virk ass Led .ol e ag 00,0V 5 0,AT
A8 AL sk ahl) e ¢ S (JsY) C.omontrouzieri s yisall 48,
Phenacoccus asall ol 3y (e ddalide Hlacl o Leiias aie caslen
¢47,4¢ (Y4,A Ll (Hemiptera  Pseudococcidae) solenopsis
dag LS oGl llal aline (o caiigill e 253 YOAV,E 5 YVI, VY YY . Y
ablly il ¢ SBlle J¥1 A8, leedU skl sas of (2012) 25235 Ghulam
P. A8 Ghll 5 (he ddaline sl o 4%di vie agidall 1agl 250U sk
A i Ayshy %10 5 oaYAB A 3)ha Aapy e ddase e iyl d Solenopsis
il e as Av g AT Y 00,4 il 8 tapfie L VT be Ll

Bl ¢ SE IV Al el cSlgn ) a8 H. trifurcata el 4l
Glo 38 AV LV VTYLAY E4ET OYYPY O Y E Al sk g
saa PUa () Jsaall) Ay mall A8Y) skl Calide (g (bugia) Janally cagijill
olays RICO 2a5 Lad caiifill e agy £A,Y 51,47 ¢ F10 F (¥ rcaly ol
syl Js¥) yend) Glyea e anup DAy H. trifurcata gussad) of (Y41 1)
Jene A Lgie 353 0YAY Lansially dllgind 35 D. opuntiae dupessl) luall 4,58
Belaly A i dygh) %10 506V 0 Bha daps o Aag e Cagyla (S caila
reablly Bl ¢ S (g1 il slee S apal kil sas Chalyy camfiel ) Y
il e as AT P bl
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4 guad) A g Aue ) )3 a plad) el
08Ug jla L Guad 3053 Gl B

185 ag £A bugiadl H. trifurcata gsyidall AU skl 300 caly Al Pla
QL:JL\S\ e J:a_u}:m C}b.a &LI_JA (V ~\V) aj)..ajj Rameriz 5dag La & és:g
D. opuntiae a8l Hlall 4, 585, 8a e ghdad xie H. trifurcata (s yidall

Lasy £2-£0 G dpaasi Ayghay %0+ oa¥Y Biha dapy e dlaguime Cigyls b

C. Cp—wusiball ALY jghally &80 Jlac) (o afgl) )8 Mgl 1Y Jgaa
D. 43aAll jluall 4,48 §)dha clilly by ead H. trifurcatas montrouzieri
il cig Bl cuali (sd gulaall ciladyitlaugia) ghaill 3049 Opuntiae

(asyf/Aeta ¥ £ 85 Laly % + L Aygh) oa¥ 15 )))

ba

i sana Ll ARESITS LRSI el osiall
() skl
A 17.82+0.68
4.0040.1 C.
A Fpr0001, 0243011 53504 12241085 | oo
|.s.d=1.88
3.00£0.2 B 10.24+04  0.18+0.1  2.29+0.3  7.76+0.39 H.trifurcata
A 44.33+1.82
4.0040.1 C.
A Fpr0.001, 393:024 1140:060 2000188 , oo o
1.5.d=3.32
3'°°0i°'1 B 27.33+0.96 2204025 540+049  19.73+0.85 H.trifurcata
A130.62+4.7
454401 3 C.
5 Foroooy, | O0BHOBL 22626166 9892414 o e L
l.5.d=7.44
3'1550'1 B49.46+161 7.0040.35 13.77+0.81 28.69+1.78 H.trifurcata
A203.33+20.
5.83+0.1 43 21.92+1.2 C.
7 F pr<0.001, 8 SLUSELE | LAllREs s 4 montrouzieri
l.5.0=14.68
6.92+0.2 B 27.92+1.9 .
6 163.92+5.65 1 41.08+3.31 94.92+4.85 H.trifurcata
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Study of the effect of organic fertilization and pollination
with Trichoderma harzianum on some soil physical
properties and productivity. Zea mays L in the Hama

Region .

Abstract

An experiment was conducted inside a greenhouse in a
loamy soil at the Biological Control Department of the
Directorate of Agriculture and Agrarian Reform located in the
southern part of Hama city. Three treatments were used in the
research: plant compost CO (10 tons/ha), biofertilizer T
Trichoderma harzianum fungus (10 spores/ml/ha), and compost
.treatment with Trichoderma harzianum fungus (CO+T)

The cultivation was done with yellow corn, CASPER hybrid
.variety CASPER F1, and with five replicates

The aim of the research was to study the effect of organic
fertilizer and inoculation with Trichoderma harzianum fungus
on some physical and physico-hydrological properties of the
.soil planted with yellow corn and plant productivity

The results showed that the addition of both organic fertilizer
and Trichoderma fungus improved most of the physical
properties of the studied loamy soil, as an improvement was
observed in the stability of the soil structure, by increasing the
percentage of particles with diameters greater than 0.05 mm in
the soil compared to the individual addition of organic fertilizer
and the control without a significant difference between the
treatments. The soil disintegration rate also decreased
compared to the rest of the treatments and the Bulk density
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value decreased compared to the control only. Total porosity,
aerial porosity and soil organic matter content increased
significantly compared to the rest of the treatments.
Hygroscopic humidity also increased in the combined
treatment, while the permanent wilting point increased in the
individual addition of organic fertilizer.The soil's ability to
retain water at field capacity, available water and easy-to-use
water increased significantly in the combined treatment. The
wet weight of the plant without a root also increased when the
combined addition and there was a clear significant difference
compared to the rest of the treatments. As for the dry weight of
the plant without a root, the combined addition had a clear
significant effect compared to the control and there was no
significant difference compared to the organic fertilizer
treatment.

key word: Biofertilizer T. harzianum, organic fertilizer,
physical properties, Loamy soil
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1.33+0.28 | 60.93+1.10 | 42.82+1.19 | 25.68+0.89 | 59.96+0.53 | 40.04+0.53 C
b a a a b a
1.36+£0.32 | 58.62+0.9 | 45.22+1.40 | 27.56+0.88 | 60.69+0.13 | 39.04+0.4 CcO
b ab a a a b
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a b a a T
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Lo Jef ciing CO +T dlilas dic <)y 3 dggandl 30ld) (e Ay )
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23.48+1.02 b | 50.38+0.80 b | 1.29+0.02 a 2.6+0.2 a C

27.47+1.94 a | 56.37+0.64 a | 1.13+0.02b | 2.59:+0.01 a co

28.19+1.6 a | 57.14+0.82a | 1.1120.02b | 2.59+0.01a | CO+T
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ab ab ab a

12.55+1.22 | 18.73+1.82 | 29.67+1.47 | 10.94+0.39 | 6.57+0.13 a | CO+T
a a a a

Lo Jlaiag 2o Al ol CadiA) G haid Jgdll Adasy alidtg ¢ clall (he Ay adll

6¢ 3]ae 3850 1305 Galall (e 4530

77




wailadll o A Trichoderma harzianum o guililly g ganll Lacdl) 5 4
Blaa Allaia 8 o) jhuall) 3 M) dualii) g 4 Al 43l 3l

Ciady COHT Alebadd) of (4) o) Jsand) (e Jaadl laga dtial) Aol
Lwi el ciing Agliall Zand) e clL Blaay) e Lpl s
C %(28.18+0.97) <uls CO ikladl ae 4ijia <%(29.67:1.47)
Lugia gsima ()15 C 5 COHT (L g5ine (38 llia (IS5 %(26.920.57)
T. harzianum) 4l o s cudl & o (S 5.CO s CO+T
cole JSy elally Blaa¥) o 1g)as 435l lpalsa (o (g 4930 )
Ay Al el T, harzianumd) blis e ah (geanl) sladl 2925
Alelea prll ol e A lie Aglial) danadl vie o Ll Lalia) e 450 5,08 (p
[33] g iy 1305 40

S e )y COHT alabadll o (4) a8y Jsand) (e LoDl sz ) s lal)
e A)ae %o(18.73+1.82) daws el ciia g dug yaall A5l 8 - Liall ¢ Ll
sine 3 s S5 % (15.1620.76) C 5 % (17.46:1.34) calyy CO
058 o By 5.CO 5 CO+T o hasgia (s5ia (385 C 5 CO+T [y
O g 4yl ) T harzianum) 48l o)) sa o)

@sanll landl 35 cale S o Lall Blaia¥) e Lgiyais 48056l gala
o Al BB e A Julls Al T harzianumd) blas e a
1331 e i 105 4 Alelae pall ol e Al - e (S o Lally Laliia)

caly COHT Al o (4) a8y Jsanll (o LaaDls :ELY) Jgw £ Lal)

A el ciag Augyad) Al 4 saewyl Jew sl S o
Cs % (11.7x0.90) caly CO ae djlia % (12.55:1.22)
Lisia gsima (3335 CCO+T  ( gsima (338 Il S5 % (10.16+0.51)
T. harzianumd) a8la) o) s cwdl & o (Sayy «CO 5 CO+T (s

78



4 gaad) AW g Aue ) )3 o plad) Alebes
A G 3 gusAl alas 0 3l Ly

Sl Tl S0 LS AUl Ll £ (o 3l (gmimnnl) dlanad) 35ms A5l
& ETRAT R dalaa )yd\ t_l).\]\ & :LD\AA salaiy) Jew el :L\AS Cra A

.[33]
ol L) Gailadll ey 8 dpadl) CDlales 86 (5) ad) Jsaal)
S oy aldll dila oy | st Gy aldll by 0 Aalaall
alifg alifg
8.25+1.86 b 58.85+17.68 c c
12.41+2.42 a 94.55+20.09 b co
13.05+2.99 a 124.11+2.22 a CO+T

Gl sl o (5) @) dsaadl e i 13 gt AN bl dagll ¢y s
Gy el caly CO +T dldae de o) 3 i opn 53 @l
C, <lyfg (94.55:20.09) CO  po 4jlia « iy (124.11£2.22)
OsS dge COlalaall G goie (3P dgas e ¢ lifg (58.85+17.68)
ohd )5 (sradll paaaddl calajll (sl (8 dlaladl 30030 o208 )
13y Gl (60l goanall Holaiy saig Jalds 3alyy A& T. harzianum
e bl 550 e Sld el alially s lall (alisial b culall 446
By ¢ Sgaall Jhadilly il sy ST A1) Jiail) 3ab) PA (e saill jdal
lall a1l illy (B)sl) & sanall 4y o) A1SH 3L WL ¢A5lall il ga el

J13] e 3 13a
Gilall 390 ol (5) iy dsaad) e g 23 Qe B il dilad) ¢ 3
(13.052.99) cualys CO +T dlelas dic dad lef 3ia Hia (50053 el

79



wailadll o A Trichoderma harzianum o guililly g ganll Lacdl) 5 4
Blaa Allaia 8 o) jhuall) 3 M) dualii) g 4 Al 43l 3l

c clofg (8:25+1.86) C s wlfg (12.4122.42 ) COpa iijlia ¢ clifp
gsima @ g axcy C5C0 s C 5 CO +T  (hu (ssime (38 3525 g
susd Jde T harzianum hdll e A @y (gia5. CO 5 CO +T
Gilall sl 3345 5 sl g seaall gl ABSY 30l My ¢ bl pail

[13] g ol 13y il

Glalitiuy)-

harzianum ) jhiy gemsll slead) (o JSIAS i) ALY
e 0.05 oo ST lajUadl 3l clyal) A d 5045 ) Trichoderma

8 Lally (spamnll lowd) ilelaa ga (551 (38 25ns 05 Auil) b

Login (soima (38 Alia (IS5 clsal) daiy dgyallall 480K 4ol Cumeds) LS
.Trichoderma harzianum (gsal) asecills o suaSll & jidall aandill

28 L3 e A0)laally gsina (38 Slin G5 4805l Apalusalls S0 dalisall s
Slaudly (gpmnll sleud) EOlalae pe ARl (goiee 3B smg axey
Aygaal) 2alall (e 5l (ggina gl . Trichoderma harzianum gsall

LD alaall 3L a3l

Trichoderma ks gsanl) dlad) o S ASjkal) BLad o) o -

Akt dagis Ay sSug ymagl) Loshayll A e munls gsine i harzianum

s Lally 52068V Jgus o Lally Alinl) Zandl 50l Jang) Latyy Laass 3101 J50
80



4 gaad) AW g Aue ) )3 o plad) Alebes uaan dzala dlaa
A G 3 gusAl alas 0 3l Ly YoYo ale ¥ aml) £V alaall

o Ajlie Jansgie (s5ine (3h5 LA po Ajlially (ssina (38 lia (IS5 ~ial)
@sanl alend) D lalas

gmand) o) (pe JSAS isial) A3l die jda s bl gl ¢yl aly—
s 2)aall maly (g9ina (38 Alia S5 Trichoderma harzianum ki
Al S i ey clall Galall el O Al Wl Dbl 3L
Bl (seime (3 25ag ey LI aa 2Bl maaly (geine il AS 5
cgsanll sladl EDlelea 1o

Gla ytall—
Trichoderma harzianum hé o 45l (gsaall pendll e maiall -]
Al Al gyl Gailadl) ey st Caagy laalaie )y (ggaanll slaully

Wil saes T, harzianum 3 ss i ailes) cladls Sl e a2
LAdliAe Ay Cagyla B olsdll Adlisa Ayl Ll ailadll &

14 alnl) el

datially Lpmpadally &y puaall algall iany dleld Al 1(2005) oS8T ¢ All-1
A4S o)y dagylal . Juaalaall Lalily Ayl Cinadd b \gidlad g Lgilaaa g

1320 «asiad daala cde ]y 3l Luigl)

A )3l S o)) gi€a dag ) . (Zea mays L.) ¢hiall $)3) (e 458 YL

81



wailadll o A Trichoderma harzianum o guililly g ganll Lacdl) 5 4
Blaa Allaia 8 o) jhuall) 3 M) dualii) g 4 Al 43l 3l

Axigl) S ¢ Laxdl g3al) oY) ey o( 1992) aeal (g2yal-3
Agysaecala daala cdae)y )

u.aa_j (‘;.3.35:1 :(2013) Uﬁ‘ﬂ" ¢z 9 Jb:l CN\M ERES U BJLQ..\.\J\ 9 Jb.l ‘1.1_);_4
Gsard) Cag ks chad e hhiall )Ml e VDL daadldsall 5 Aaliy) Gl
Al ¢yt dasla Aaa . Sesamia cretica Sl 3,300 Gl Hlasy dmnlal)
35:(4) 222l cAanslsall aglall

oalsd (amy o dilide dypae Yl 46 :(1980) deal (a5

bl calany daala diely3l A ¢ piinle Al LAdaiall gaig dygl

dgganl) 3aen) (e Adlde cNVars ddln) ST :(2006) abac «g)sal-6
Aaal) Apuaigl) astell Curgdl drala Alae Lol iy A5l Camd Ay e
145-143 (a «(5) & «(28)

bl Gany e Aanglonll Aaslial) Ll (g3 1(2014) Olys ey =7
co)y5i€a dag yhal Ly e I Jalpdl Dla . Zea mays L 33 Gl
il Aihind daasla lally ekl agle 40

;);j\ c&l.\.ﬂ\ 4:13:3) :\JJJS\ :\_1}543 2(2007) e ‘?‘5““& 9 Jj.AM cBch —8

(Usume Aaiall 406 Y) Bygusy ppiaay = WY Ay sl Apuslidl) dicl el =9
[(2017) e [3866/

835 Baawyls Aysill Lsad 1(1987) Liie sl 5 5 ccay=10

had) Bpeadd) Anala ¢ galal) Cindly Jllall 4l

82



4 gaad) AW g Aue ) )3 o plad) Alebes uaan dzala dlaa
A G 3 gusAl alas 0 3l Ly YoYo ale ¥ aml) £V alaall

Ioaiill 400 cslany) and 1(2021) eyl #Sa¥ls del)l s )11

Agss ¢ Bled el 2oy Ao b3l 8l ¢ Jsall slaill
Referece:

12— Alexander, M. (1982): Soil microbiology Introduction.
2ed.New, York.

13- Altomare, C., Norvell, W. A., Bjorkham, I. and Harmall,
G.E. (1999): Solubilization of phosphate and Microntrients by
the plant growth promoting and bio control fungus Trichoderma
harzianum Rifai 1295-22. Appl Environ Microbiol 65: 2926—
2933.

14-Blake, G.R. Hartge, K.H. (1986): Bulk Dinsity.In:
Methods of Soil Analysis. Part 1, Physical Mineralogical
Methods,and ed, American Society of Agronomy,Ink and Soil

Science Society of America, Madison,Wis,pp.363-376.

15— Elliott, L.F., Lynch, J.M. and Papendick, R.I. (1996):
The microbial component of soil quality. In: Soil Biochemistry.
New York, pp.1-21

16- Enitan, F. A. and Oladej, O. S. (2016):
Spectrophotometric analysis of phosphate concentration in

agricultural soil samples and water samples using molybdenum

83



wailadll o A Trichoderma harzianum o guililly g ganll Lacdl) 5 4
Blaa Allaia 8 o) jhuall) 3 M) dualii) g 4 Al 43l 3l

blue method. Brazilian Journal of Biological Sciences, v. 3, no.
6, pp. 407-412

17- FAO. (2004): FAO Stat database results site Internet,
http://fao.org

18 — FAO. (2012): http.www.fao.org/site/567 /default.ancor.

19-Gandahl, R. (1952): Determination of grain size with
HhydrometerY. Proceedings of the Geological Society, volume.
74, Issue 4.

20 - Gupta, P. K. (2000): Soil, Plant, Water and Fertilizer

Analysis. Agrobios. India.

21-Harman, G.E., Kubicek, C.P. (1998): Trichoderma and
Gliocladium. Taylor & Francis, London, pp 278.

22-Harman, G.E. (2000): Myths and dogmas of biocontrol
change in perceptions Derived from research on Trichoderma
harzinum. Plant Disease,84(4)377-393.

23— Harman, G.E., Howell, C.R., Viterbo, A., Chet, 1.,
Lorito, M. (2004): Trichoderma species opportunistic, avirulent

plant symbionts. Nature Review Microbiology 2, 43-56.

24-Harman, G.E. (2006): Overview of mechanisms and uses

of Trichoderma spp. Phytopathology, 96: 190-194

84



4 gaad) AW g Aue ) )3 o plad) Alebes uaan dzala dlaa
A G 3 gusAl alas 0 3l Ly YoYo ale ¥ aml) £V alaall

25-Hermosa, R., Viterbo, A., Chet, I., Monte, E. (2012):

Plant-benefcial efects of Trichoderma and of its genes.
Microbiology ,158:17-25

26— Katatny, M.H. (2010): Enzyme production and nitrogen
fixation by free, immobilized and coimmobilized inoculants of
Trichoderma harzianum and Azospirillum brasilense and their
possible role in growth promotion of tomato. Food Technol
Biotechnol, 48:161-174.

27-Krause, M.S., Madden, L.V., Hoitink, H.A.J. (2001):
Effect of potting mix microbial carrying capacity on biological
control of Rhizoctonia damping-off of radish and Rhizoctonia
crown and root rot of poinsettia. Phytopathology, 91: 1116-
1123.

28- Kubicek, P.C., Harman, E.G. (2002): Trichoderma and
Gliocladium. Basic biology, taxonomy and genetics, Volume.

1:8-9.

29- Li, Y., Sun, R., Yu, J., Saravanakumar, K. and Chen,
J. (2016): Antagonistic and Biocontrol Potential of Trichoderma
asperellum ZJSX5003 Against the Maize Stalk Rot
Pathogen Fusarium graminearum. Indian Journal of

Microbiology, volume 56: 318-327

85


https://link.springer.com/article/10.1007/s12088-016-0581-9#auth-Yaqian-Li
https://link.springer.com/journal/12088
https://link.springer.com/journal/12088

aibadl) yars A Trichoderma harzianum o dlill g ¢ guandl sandll il A )
Blaa Allaia 8 o) jhuall) 3 M) dualii) g 4 Al 43l 3l

30— Lorito, M., Woo, S. L., Harman, G. E. , Monte, E.

(2010): Translational Research on Trichoderma: From Omics

to the Field. Annu, Rev., Phytopathol, 48; 1-19.

31- Mclaren, R.G., Cameron, K.C. (1990): Soil Science —
an introduction to the properties and management of New

Zealand soils. Chapter 5. Oxford University.

32— Okello, P. N., Petrovi, K., Kontz, B. and Mathew, F. M.
(2019): Eight Species of Fusarium Cause Root Rot of Corn
(Zea mays) in South Dakota. Plant health progress.
https: //apsjournals.apsnet.org/doi/full/10.1094/PHP-11-18~
0075-RS

33-Okoth,S.A., Okoth, P., Muya, E. (2009): Influence of soil
chemical and physical properties on occurrence of trichoderma
spp.in embu ,kenya. Tropical and Subtropical Agroecosystems,
Vol. 11, No 2.

34— Pankhurst, C.E., Hawke, B.G., Mcdonald, H.J., Kirkby,
C.A., Buckerfield, J.C., Michelsen, P., Obrien, K.A.,
Gupta, V. S. and Doube, B.M. (1995): Evaluation of soil
biological properties as potential bioindicators of soil health.
Australian Journal of Experimental Agriculture, 35: 1015-

1028.

86


file:///C:/Users/TECHNO%20GATE/Desktop/مشغول/سلسلة%20الهندسة%20الزراعية%20والتقانة%20الحيوية/32-%20Okello,%20P.%20N.,%20Petrovi,%20K.,%20Kontz,%20B.%20and%20Mathew,%20F.%20M.%20(2019):%20Eight%20Species%20of%20Fusarium%20Cause%20Root%20Rot%20of%20Corn%20(Zea%20mays)%20in%20South%20Dakota.%20Plant%20health%20progress.%20https:/apsjournals.apsnet.org/doi/full/10.1094/PHP-11-18-0075-RS33-Okoth
file:///C:/Users/TECHNO%20GATE/Desktop/مشغول/سلسلة%20الهندسة%20الزراعية%20والتقانة%20الحيوية/32-%20Okello,%20P.%20N.,%20Petrovi,%20K.,%20Kontz,%20B.%20and%20Mathew,%20F.%20M.%20(2019):%20Eight%20Species%20of%20Fusarium%20Cause%20Root%20Rot%20of%20Corn%20(Zea%20mays)%20in%20South%20Dakota.%20Plant%20health%20progress.%20https:/apsjournals.apsnet.org/doi/full/10.1094/PHP-11-18-0075-RS33-Okoth
file:///C:/Users/TECHNO%20GATE/Desktop/مشغول/سلسلة%20الهندسة%20الزراعية%20والتقانة%20الحيوية/32-%20Okello,%20P.%20N.,%20Petrovi,%20K.,%20Kontz,%20B.%20and%20Mathew,%20F.%20M.%20(2019):%20Eight%20Species%20of%20Fusarium%20Cause%20Root%20Rot%20of%20Corn%20(Zea%20mays)%20in%20South%20Dakota.%20Plant%20health%20progress.%20https:/apsjournals.apsnet.org/doi/full/10.1094/PHP-11-18-0075-RS33-Okoth
file:///C:/Users/TECHNO%20GATE/Desktop/مشغول/سلسلة%20الهندسة%20الزراعية%20والتقانة%20الحيوية/32-%20Okello,%20P.%20N.,%20Petrovi,%20K.,%20Kontz,%20B.%20and%20Mathew,%20F.%20M.%20(2019):%20Eight%20Species%20of%20Fusarium%20Cause%20Root%20Rot%20of%20Corn%20(Zea%20mays)%20in%20South%20Dakota.%20Plant%20health%20progress.%20https:/apsjournals.apsnet.org/doi/full/10.1094/PHP-11-18-0075-RS33-Okoth
file:///C:/Users/TECHNO%20GATE/Desktop/مشغول/سلسلة%20الهندسة%20الزراعية%20والتقانة%20الحيوية/32-%20Okello,%20P.%20N.,%20Petrovi,%20K.,%20Kontz,%20B.%20and%20Mathew,%20F.%20M.%20(2019):%20Eight%20Species%20of%20Fusarium%20Cause%20Root%20Rot%20of%20Corn%20(Zea%20mays)%20in%20South%20Dakota.%20Plant%20health%20progress.%20https:/apsjournals.apsnet.org/doi/full/10.1094/PHP-11-18-0075-RS33-Okoth
file:///C:/Users/TECHNO%20GATE/Desktop/مشغول/سلسلة%20الهندسة%20الزراعية%20والتقانة%20الحيوية/32-%20Okello,%20P.%20N.,%20Petrovi,%20K.,%20Kontz,%20B.%20and%20Mathew,%20F.%20M.%20(2019):%20Eight%20Species%20of%20Fusarium%20Cause%20Root%20Rot%20of%20Corn%20(Zea%20mays)%20in%20South%20Dakota.%20Plant%20health%20progress.%20https:/apsjournals.apsnet.org/doi/full/10.1094/PHP-11-18-0075-RS33-Okoth
https://www.revista.ccba.uady.mx/ojs/index.php/TSA/issue/view/10

4 gaad) AW g Aue ) )3 o plad) Alebes uaan dzala dlaa
A G 3 gusAl alas 0 3l Ly YoYo ale ¥ aml) £V alaall

35- Ramamoorthi, V. and Meena, S. (2018): Quantification
of Soil Organic Carbon — Comparison of Wet Oxidation and Dry
Combustion Methods. International Journal of Current
Microbiology and Applied Sciences, Volume. 7, Number 10:
2319-7706.

36— Ristanovic, D., Raemaekers, R.H. (2001): Mains (Zea
mays L.). In. Agriculture on Afrique Tropicale. Eds Greoking

Graphics, Bruxelles, Belgique, pp.44-69.

37- Smith, R. E. and Warrick, A. W. (2007): Soil water
relationships. Design and Operation of Farm Irrigation Systems,
2nd Edition.

38— Wagner, K., Apostolakis, A., Daliakopoulos, I., Tsanis,
I. (2016): Can Tomato Inoculation with Trichoderma
Compensate Yield and Soil Health Deficiency due to Soil
Salinity? Proceedings of the Egu General Assembly Conference

Abstracts, Vienna, Austria

https: //ui.adsabs.harvard.edu/abs/2016EGUGA..18.1007W/a

bstract

39- Xia, R., Cai, F., Pang, G., Shen, Q., Rong, L., Chen,
W. (2015): Solubilisation of Phosphate and Micronutrients

by Trichoderma harzianum and Its Relationship with the

87


https://ui.adsabs.harvard.edu/abs/2016EGUGA..18.1007W/abstract
https://ui.adsabs.harvard.edu/abs/2016EGUGA..18.1007W/abstract

wailadll o A Trichoderma harzianum o guililly g ganll Lacdl) 5 4
Blaa Allaia 8 o) jhuall) 3 M) dualii) g 4 Al 43l 3l

Promotion of Tomato Plant Growth. Plos one, 10 (6):

e0130081.

40- Yadav, R.L., Shukla, S.K., Suman, A., Singh, P.N.
(2009): Trichoderma inoculation and trash management effects
on soil microbial biomass, soil respiration, nutrient uptake and
yield of ratoon sugarcane under subtropical conditions. Biology

and Fertility of soils, 45:461-468.

41- Zhang, F., Huo, Y., Cobb, A. B., Luo, G., Zhou, J.,
Yang, G., Wilson, GW. T. and Zhang, Y. (2018):
Trichoderma Biofertilizer Links to Altered Soil Chemistry,
Altered Microbial Communities, and Improved Grassland

Biomass. Microbiol, Terrestrial Microbiology Volume. 9:109

88



aﬂjjﬂ‘h@‘j&:@\\)}‘e}hﬂm uaa daala dlaa
laa by 358 clia Yovoale ¥ axml) £V alaall

©9:1513 91411 ylad sis dogjlaaal] dogLdoll
il Jl 5l gal Fusarium oxysporum

Solanum tuberosum L.
e )3l Al Ads *agdd pliia La rlde clu Al
1) daals
¥ ol bl oo o gisal) )yl

tpaiddal)

Frateuria ) <ilall sl sjasal) LSl oo g 1ol Aaas 580 Al ) Cand) Caoa
aurantia,

Azotobacter chroococcum (AC, AT), Bacillus megaterium
Rhizobium ,Bacillus subtilis, Rhizobium phaseoli, Bacillus circulans,
@ (M3 (M2 M) 4 ciluase A6 (jaa de)se (leguminosarum
Laih oY) die ddlia)eD 1L eyl vie Zalaa) ae adill) 3ihk s L Alalaall
Alelaall 30a1)(D4 Aalul) B pegal) 4 dila) (D3 Laby) e dila) D2
hd 2 Spontaciia Ualadl cily ool dyjleall dagliall juas d ddels <Y
all sl Ll L€ a8 DA (e « Fusarium oxysporum 25 gadll
(3hsY) Oan S Qg oSN e (ssimally (lisig WSy D65 @i )5k
Gl (e Logy 45 2my (il e GhoY) sey cclal) g liy)) satll ulad e
b Jin 82021 alad Lyl 85 5all DA cuypal dlia Gyja0 (pana lly . jhadlly
AU Aladlae A I ESY Aalad) Al
& Aysina 5ol Ciia sanall LAY ae Al 8yl O aleall ) il ek
Alelas Cuia Mg NVl (any 4D3 Aaly) aese b AELaY) o Ll lgalies

89




Fusarium asulisdll b s 4 jigal) daglial) judad 4 4 Sl ciluasall aes 4ili
Solanum tuberosum L. &b/ <l s oxysporum

Gsime b ded el cilaef 8 L@l e Lo Gy (M3D4) Lbisall makil
@all il Glbhua e gsimally (g/ie 64.97) caly S Jdg )l
) Jumdl cidae§ LS (£ /3069 liis S ¢ 0.77 blids s c1.15 adss »5K)
(s 56.97) il Lo il ady Ll b GhsY) saes el g i) gy
Gliay A U 55l (sgin 3aly) ) A yaal) Lyl el L (ily/ddys 67.0
Agleal) dagliall it e das Lea Gl saey i) g i)y Aseall a5l
Fusarium oxysporum hill ce daslll Jadll (mhel cumis Sl ccolal

Al cbils e

Solanum ) UaUayl) (Jdgu sl (bl gl Fiiaa LA dialidall calalsy)

. Fusarium oxysporum «(tuberoseum

safal22@hotmail.comay ; su— B ¢y pi

LB ¢y daaly A3 Anigh) 4308 colpally Al agle and caslose Minf®*

Yaser.hammad@tishreen.edu.sy. .4 sw —

90



mailto:Yaser.hammad@tishreen.edu.sy

aﬂjjﬂ‘h@‘j&:@\\)}‘e}hﬂm uaa daala dlaa
laa by 358 clia Yovoale ¥ axml) £V alaall

The Influence of Some Bacterial Fertilizers on Stimulating
Systemic Resistance Against the Fungus Fusarium

Oxysporum in the Potato Plant (Solanum Tuberosum L.)

Abstract

The research aimed to study the effect of seven types of plant growth-
stimulating bacteria (Frateuria aurantia, Bacillus megaterium,
Azotobacter chroococcum (AC, AT), Rhizobium phaseoli, Bacillus
subtilis, Rhizobium leguminosarum, Bacillus circulans) distributed
within three bacterial enrichments (M1, M2, M3)

It was treated using four methods (soaking with addition at planting
onlyD1, addition at germination only D2, addition at ovulation D3,
addition at the previous three times D4) to determine the most
effective treatment in stimulating systemic resistance in the potato
plant Sponta variety against the Fusarium oxysporum fungus, by
estimating the amount of photosynthetic pigments (chlorophylla,
chlorophyllb, and carotenoids) and the chlorophyll content. aggregate
within the leaves, Based on growth (plant height and number of
leaves on the plant) 45 days after infection with the fungus. This is
part of a field experiment conducted during the spring season of 2021,
in a field belonging to the General Organization for Seed
Multiplication in Latakia Governorate.

The results showed that the tested parameters compared to the
infected control achieved a significant increase in most of them, with
the exception of the addition at the date of ovulation D3 in some
cases. The mixed pollination treatment (M3D4) achieved significant
superiority over the values, as it gave the highest value in the total
chlorophyll content amounting to (64.97 mg/g) and the content of
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photosynthetic pigments (chlorophyll a 1.15, chlorophyll b 0.77,
carotenoids 0.69 mg/g) and also gave the best results. Indicators of
plant height and number of leaves per plant were respectively (56.97
cm, 67.0 leaves/plant). The studied bacteria increased the total
chlorophyll content, photosynthetic pigments, plant height, and
number of leaves, which stimulated the plant's systemic resistance,
thus reducing the symptoms of wilt caused by the fungus Fusarium
oxysporum on potato plants.

Keywords: Bacterial growth promoters (PGPR), bacterial
biofertilizers, potato Solanum tuberoseum, growth, productivity.
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Synthesis of Zinc Oxide Nanoparticles Using
Pericarps Pomegranate Peel and Evaluation of their
Effect on some Vegetative Growth Traits of Two
Faba Bean Cultivars

Ali Abdulhamid Saleh®, Dr. Lina Mamdoh Alnaddaf®,
Prof. Dr. Ahmad Ali Mouhna®

ABSTRACT

The biosynthesis of nano zinc oxide was carried out at the
Biotechnology Center at Al-Baath University in 2021. The
nanoparticles were characterized using the ultraviolet visible
spectroscopy analysis (UV-vis) and the absorption peak was at a
wavelength of 366 nm. Fourier transform infrared (FT-IR) showed
that the active functional group related to Zn-O was within the
wavelength of 580 to 613cm™. The X-Ray diffraction (XRD) pattern
demonstrated low crystalline for nanoparticles with a size of 37 nm.
Scanning electron microscopy (SEM) revealed the dimensions of the
nanoparticles that ranged from 25-45 nm. The nanoparticles resulting
from the biosynthesis process and chemically prepared zinc oxide
nanoparticles were applied to study their effect on some growth
indicators of two faba bean varieties (Cypriot-Hama2). The
cultivation was carried out in the countryside of Safita area affiliated
to Tartous Governorate during the two agricultural seasons
2021/2022 and 2022/2023 using a randomized complete block design
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(R.C.B.D) and a split plot system with three replicates. It included
four treatments with nanoparticles, two by soaking seeds at a
concentration of 25ppm and two by foliar spraying at a concentration
of 50ppm during three stages of plant growth with biologically and
chemically prepared particles in addition to the control. The results
showed that the foliar spray treatment with chemically prepared zinc
oxide nanoparticles was superior in plant height and number of
branches/plant. The seed soaking treatment with chemically prepared
nanoparticles also showed superiority in leaf chlorophyll
concentration and leaf surface area compared to the untreated control.

Key Words: Biological synthesis — Zinc oxide nanoparticles
(ZnONPs) — Faba bean — Foliar spraying — Seeds soaking.

(1) PhD student. Dep. Field crops. Faculty of Agriculture. Al-Baath University. Syria.
(2) Dr. Dep. Field crops. Faculty of Agriculture. Al-Baath University. Syria.
(3) Prof. Dr. Dep. Field crops. Faculty of Agriculture. Al-Baath University. Syria.

121



s (b g o S (a1 B et et al il Ay I L3l g 5] lapeun e
sad) Jill (a Cpinal g padl) galll Cilina

14a8a —)

e ¥l A dpla) Lahdl cndl all Zaall il e gl A6 a0
Agall aa Led Jaladll o3y 3) ([1] Z8Ual) Jlaw Ay dpwriglly dudally doe)y )l Leta
d20 gl Ve =) o baalad gl S ca)ll

A laaslly Al ) Gk Lol 1) ) Clagenl) e €l Callal) s
Ailly o pumy Aniipel) WIS sl Lgilide G pill o cpudy Gl e
Gaal o ALy Al WLl el a3l s oSy el Ll
il dpnally el ey A5kl dpaeal Ayl Clopeal) gpiai il Hladiud
ety Al el Sl Jhe dinslpadl lead) Sagid Ay Gia
b3 Al Clapall sl Al Fhh el & L Ae )3l cDlailly Lol

3] el s Al il Ay (3

s 5y bl e Ll Clageal) (e dalid gl 2 5 5 i)
alkaloids sl Alled cilSpe o dslall claliiual olgal Tl (sl
OYsudllg tannins calwslilly steroids  chla g yidly flavonoids el @Ml
oda Syt Cua cdpmphll WSl e Wye s Terpenes «ilingilly Phenols
JalsaS Jaxi Cun Hghally o lallly STy achally ysaally Gsladls 35V clasial
Ananal) 400 Glapall juzaad dilee (8 dgsnll g o)) cOlelal ¢ byl )i

[4]

b ol e Tadle Thp om0 Sl (e dpaal) e lo )l 558 558 (g5t

clililly flavonoids cilangMilly j& jiae 4y dibidall dagledl ihad)

Ol 3 Galiie of ) sialdl Lals cdd gudll L€ all e aaells tannins
[5] (free radicals) sall 53l olad) aaje Jalis 4l

A 2l uaat b Aslal claliid) lgd cuasiul sue alus sl

& (Raphanus sativus) Jadl jsia Galiiue alasiul [6] 2l dua gglil
122



Lﬁg#\lﬁﬁﬂ\\glpb}\?#\m uaa daala dlaa
Uga daaf 0 dalaill Uil 0 mlla e YoYoale ¥ amll £V alaall

aans Aygeac s dyg S JISET 3 4pgl Glapas e Jios i sl dglee
Deals (sl ade il Cilasal) (L XRD Qs Ll ¢ iagils Yo—Yo o ol
N Cyels um Al 8 Gl Al aga g Alleie djf5a) lilay FT-IR Jias

.650 cm™ 5472 cm™!

Sl auSsl Gl st & (Musa acuminate) sdl yid [7] axiiul
A=Y on lealaal 5w daha JIKEL 4l sl Glawall colS gl
Dwaadl A daall o pH=12 daps o ) dubal) eda cplals ¢ jiesils
1510 cm™ 5 2926 3420 e (alaial aja sae FT-IR Jilas G «lasual

sl e sl Gle sanas C-H (O-H a5n 5 dasipe !

el Guae @l aliiie e slaieYU s ZNO-NPs Gl Ll [8] Juas
&8 e sl @l of XRD gl 38 sga Jidas (us o(Lemna minor)
sie abiel oalaial UV-vis Spuall Gildad) (das el « fiagilil 1.7 3las

- el 369 dage Jsha

siejll @bl Sl paliiead) alaaiul gl @il auSel clawa [9] jiaa
add Ll o 1shaY WS ¢ 5iagili 6.57.5 (s ool aass (Thymbra spicata L.)
A el ¥ dage Joba vie UVLVIS lea Cinda b aliaial

Go S 230 8 @ling daall LAY JC Al (gl yealiall (e clijll any
i b Lald g (o3 Cun Aslall DA e Aally Aslal) Caillgl)
coaleY) aim il daglias ¢ gl disally sl cliseed) e paally ¢ )
g )l (s ginnas 3auSO Baliadl) Cilagil) (sgine puniy Wl o JS

J10] dslad) daay) Jals

lalsine ol Cua (AAIRN Aadl) Cun e Jaalaall )5k 2l e Jodll sk 35
o sl dal ge Jsill ¢35 Ailal) salall (e 3S/abe YY =YV gyl o

ddla ol elpmd cllgind Al oysh Jal e o edall (8 dasind S ¢lpuadl) 4 8
123



s (b g o S (a1 B et et al il Ay I L3l g 5] lapeun e
sad) Jill (a Cpinal g padl) galll Cilina

Abaysall gl lagiley 2l Jl&l 4o )31 Gsall (e el (8 Jodll Sl Janys
[11] 4k Al ()Y (Heterdera avenae)

gradl)l sl Clia gl gl Gl 50wl [12] Les a8 duslys <yl
Aisine B8 deng (GO 3SI Aagl alastinaly ldg Jedl) (g Ay Sl Aay)Y
lial bagia JAef 60 Mg/L S5l dlebeall il i el yaall e elaall oy
A3l (gsina (g an(7884) sl planall dalue (a(98.33) il ¢ i)
LS cgpibaal) opila & Tan(4241) 5 au(75.96) Jans 2 amlilly 5800
S5 calall/e i) s Jdal daugie el 120, 180 mg/L oupS5l Jas

LBl Bl Alae sl e GlsY) 8 g5

(sl el anSyl) Jall e Ayl alsall 56 duhal dpan [13] e
el ¢ L)) 8 Ay sina 5alyy Gams (50 PPM) 55 gl @il o) il <Ll
o) Gyl 3815 e Ajlie Ayl Aaludly 3hsY) s cclall/e 81 e

Laa Ll

okl 4l Glijlly aaally Gyl baenl Jsill e calial 26 Llain dul 3
Cua ¢ pailly Al Gailiad e doriiual 45l saadl lagy) ) ) [14]
Sl g 2 g an (61.6) wlall ¢ L)) cilacal adl) el gl il slaw Jau
ipdl clal Aley §(120.2) s Al s @lalfei (8.2)  wlal
¢ 112.7 «\illfp57.7 (au58.4) Jam 2 aalally 4jlie cilallfz (49.8)
sl e clicall 3 (wlall/E39.6

e Ay ok DA Ay sal) e Al ol cdls LA AT A Ay
Sl iy Ayl Slagal) e (0.5, 1 g/L) cnSsi Gl alasiuly ¢llyg Jsal
alally 3)% 2l )y calall play) Glia 4 0.5 gL SAL bl G560
Sy ecilall/e @) aae cilaa 81 g/l S5l Alalaall i cpm b cdnslsal
[15] clall/apil dally Gl & sl e SPAD Jis K0

124



Lﬁg#\lﬁﬁﬂ\\glpb}\?#\m uaa daala dlaa
Uga daaf 0 dalaill Uil 0 mlla e YoYoale ¥ amll £V alaall

1Adan g Gaagl) &y e — Y

& Aeniiiall Clanally Bran) e De s s B oD Y1 IS Bal) o)
deg il laluall 8 ausill 408 o Lo legi 3 @) ) dndlSal) cillee
ws 3 B Ghla alag) OIS a8 L ey Sl hazs e 5508 axe can
e e plY) s Caiss o Lels e Gl osal dgygpeall cildaally il
OSar 4l [16] i 85 Aalls dpaal (5 A1 dgn o alid) 3 Asia 5alyy (Biaiy
DA e zEYL Gal A el o 53V aal) g 3lsall plasiad 501 55
fol Lo Al Al (e Caagd) IS Lia Gag eyl b Aaal) gl il alasi
Laglsy spamadl ZNO NPs dglll elijll Syl cilawes il dulpn —)
Optnal gpadll el Clia (a8 )l Glo)ll 300 )8 alaaiuly
laas Bpanal) Slasal) pae Letilias o Yolans (oomyd) Jsill oso
r&ad) @ihhg dga ¥
:ZNO NPg 49300 i3l syl lagwn judany —V-Y
13 B IE- ) ECIMER R

ldue & Cua o Jdsa z W) o Punica granatum gl JLd Je Jpasll &
Caddag sl G e (a6 1Y) ae daglal) 8880 aen 3 5 gy o Lally Lgdalaiig
8)35 Canpnal i LA Linda 3 calill Caliad) s g gand Baal uadl ¢ guia cin
clalig dalall Glayll 38 505 e 10 g 38T &5 calasiu¥) ol oyl & culaid
A 250 ml s alyy @50 B Dl gyl hadl el e 100 Ml a
& A s Aagie Aapa Ve=Te Hha Anpa e Adds 10 3aal mall) Lagddl) elyjas

(S sl Flaa S Al Bla dapn

3l iﬁgﬁq/qu Eann Lf_)sj"d‘ J).HS M‘),:\j C._\.Ji).i LB.)} &ub.\ JM‘ (Laﬂ' e:\
IS b iy cainn sloy A dras & ey Cilpe EDE Alaal) sale )y (35 )
) Aaalay Ay geall dlEH)

125



s (b g o S (a1 B et et al il Ay I L3l g 5] lapeun e
sad) Jill (a Cpinal g padl) galll Cilina

:ZN0 NPg gsilil) i}l suuS s (sgaal) yucaail—¥—)—¥

sl (e 100 ML 4 [Zn (NO3),.6H,0] clijll cljis <yl (40 2.97g 403 &
a$yyat a3 250 ML e hgyae 350 & (0.1mMOI/L) 2lelll &g Haddll
e 40 ML Akl S5 csie dapd Av s dagy e 48 Yo sad Luyhliae
Slo Sl paliiud) muay o Saas cdlpail) ae glapll il Sl Galitid)
E Jglaall sl ety il sl g (ulad

&5 o(KOH) asamlisll cilela alasinly j€T VY e Jadall (pH) dajs Jasis
Adds 10 5aal Addofsyen £ v e die (Sl Dkl Slea Aanlsy Gl Jual
)l g yiall Hlaiall Ll o (s AN sl (hige ity Cilpaal) Cined
Al Clapuadl JS& JLS) g dg5ie 4oy T Bha dapy Cluall Caial
.ZnO NPs

:ZnO NPg LJJL'\S\ Glasal) Ciuagi —Y-Y
oo 100ml 3 Llay ZnO NPg aylill clijll sl clagun e 0.2g 381
Gana iy Sgaall Glbaall Slens paall Gub o pabiaia¥) Guds ¢ shaiall o L)

o Al Gand 5 um 04,0 Juslidy Siagils £40=Yer o ol dage Job
ol Aaalay dygenl) A3l S 5

:(UV-Vis) Lijally Lipudid) (368 Al Cigha —V Y-

(FT-IR) 4u,68 Slga—Y-Y-¥
i A Cada Jysatl " Slea plasiuly Gilapall SLasl Jiaill ola)
Sler Gebll 5 cial) 3 53 gasall Al Cle gendd) 2ayy (FT-IR) 2 yenl)
4000-400 cm™" (yy ase 2355 Caad) daalay aglall L b 3sagall FT-IR

:(X-Ray diffraction) dsiwd) dadyi-v¥-y-v

126



Lﬁg#\lﬁﬁﬂ\\glpb}\?#\m uaa daala dlaa
Uga daaf 0 dalaill Uil 0 mlla e YoYoale ¥ amll £V alaall

OLEAY a2 g 1ol Calide (e alsall Claa il Ayl 2a2Y) A aadius
Alliy cgloll i aladiuly spmadl Ll )l Aol Glawa JG Jilady
A(20°-80°) g ¥ 45y xie A= 1.5401A ainge Joha g ladl plasinly

:(SEM) zalall g 5] jgaall—¢— Y-V

e B dage Leadine Augpndl Al plav kel G 5SN) Seadl e
pand & il 8 clal) slafy JS8 RS G ae Jelan il iy s
(SEM) 355N gaally mrasally bjumns 5l Ayl @bl a5l Cilagun
L Ghied & AN sall L B

Ae )3l G sadaady Apadl asenai —Y- ¥

syl Alsilaal Aa il Uidlis dalaie byl Al Ay 8 8 Aglan) 4yl o a8
(Alaugie 4y dyghyy Juine liars paal) mhs e 2 (AN El0)) o a8 Al
cpiilially plaadl G Leilalls cou Yo (Bany dalaie JSSy (g Al Da uds
LU 32anY) Ay (1) Jsaad) (b prainge sa LS gipall A3 Jiad o a) o3 LS

A2l 3 laa

Aol ahpa Ayl Lilsasdlly Al Gailadl) (V) Jgead

SlSaall Jalal PMM sale | QeS| cligS| .

cla ok Qo | s || e | Jud | e :}/’ EC | PH
% | % | % P 1 % % | Cacos,

YY [ OYY [ £ VN P YYATA L LYY | BT BT | e d ] e e | Y)Y

PRI B £ I R FARS A £ R RO IS RTINS FOe P Y IV

bl Cuaad Cus cAidid) adaill olay (R.C.B.D) ALISH 4l sdall cule Usil

A ileles (LilasSs Tnglon pumnall (ol il 2ol eDlleall Gl

Asially caaLall ALY L S0PPM 3855 (B)sll il (silales 25pPM 5855 )52l

el sladf lS ((Yolaa— o) Auhall  deaiiaall Glad 31 Ay e
127




s (b g o S (a1 B et et al il Ay I L3l g 5] lapeun e
sad) Jill (a Cpinal g padl) galll Cilina

e YO Ladll Jala el

gl otlly Lyl Aesdl) cilles Aagliag A3l okl judaad — ¢
Ll 8pumnall £yl 31 a5l sy el i ciiall DS ks o
ss saaly Aol badd il eLally Lealh 5 sl il «25PPM S5 LibasSs
2 LS datind) slilly sadl alye dagbia bl sais Joill sd cil) 4
Jsill Sl (3 o easl) die ()5 2adlles il (g Tue ) Aardl) Jlecly oLl
cgpadll sall Jalye (8 50PPM 3855 Asll) il aan sl ilasny cpiicall U
LAl Js ¢yl

Lalad) L) (e Lk Bpoanal) Ayl i)l Syl lapn o Jaanll &
sl V0 =0 e gl ey CilSy B dualall Eigaill

:‘L.UJAA.“ cﬁb.«i}d\ —-o-Y

:?M Q\.\.\]\ t\i})\ -

Oe Al Bl Jsha (Wl Bk oo da)ae Hlasey @lall gl Wkl S
c padY) gatll Alage Agles B bl A i A5l s (g5

g fide GhsY) & ddgsll) 585 -

ey G5l G G e 00+ 381 5y ([17] i camny 008
NN S S %A 5 5] e de Yo ae R sl alasialy
bl e malll Judby Je 0 a Jid) el anall Jasl ¢ G oyl
el Wy (B 0 saal Aadya) e (K Bl lea Ablus i)
Gilh) Slea Ablag Jiegli (1£€0= T1F) asall JIkY) Lo dpalaiaV)
Gff dlly ccag 1 Uiyl 44aS il 5 (Spectrophotometer) i sl
todlaleall (385

128



Lﬁg#\lﬁﬁﬂ\\glpb}\?#\m uaa daala dlaa
Uga daaf 0 dalaill Uil 0 mlla e YoYoale ¥ amll £V alaall

(a) W/VX\ . ./ (D645V,1q - D663H"V) = C‘)LL LD} \_.&.éJA i d:\s)}ls
(b) W/VX) ««« [ (Dgg3t, TA-Dias¥Y,2) = il s ¢ -ide o JiysiS

3aaal) dagall Joha die dnalaia¥) :D

(&) ol BhsY) ¢35 s W
o sl clansall dalus -

380 &5 G (18] g palAY) Alplay iy Joall Sl Jly) sk lebos
Gl Cimen @ ¢ sdall (e leiulatiy 58 IS (g DAY sk Jst s e
m Al dadd o) ey Gy (pranll Lguany (358 Caniagy gy Sl JS
Aalue o Ulas Gl Asbeddl DA ey chatll) ohmsll ol ()3 conen

sl G ol el Al (Tan) 25y st Ayl lassal

L*S/Z = ymal) i)l mlasall dalise
(§)aals @il Je 3LV g ikt
(7 1%) Al el dad dalise 1S
(&) sastsll ehpadll 330l (455 :Z
ralall/e 8 s -
2 hugie las o Cua QY] Alage Al die ddall o3 (uld o
el dadad S e Uilsie 33l il sydel o) e g 4
:4E8lial)g il ¢
1 il N Mgl Claswn Chmagig yudaad —V—¢
Sloll 8ya i aladiuly 4l Al gl ggall sl e Y5 S

LA}A;:\AJJC_DJM&J)“_\»:U\d&}@é@\u}ﬂ\ﬁu:\u})ﬂ‘o&@@‘)g\
(1) ISl KOH o saudlisall s Lo 48Lialy VY 1) PH Jaussll

129



an A i el AN Gl ) Bl i aladiialy 4 g3l eli Bl dpaS o) lagn ppedan
goladl Joll s biaal 5 yadll padll ciliea

saeluay dpaee Ll Glapen ) el Gligd glay) pall ypasill ey
Gbslally byl Glyae s Polyphenole Jgid gl Jie il 8 dlladll afsall
[19] dse) (mleally Cilisalilly

Lk ol il ganalld ciianal) il s daaye Jals2S flavonoids culag i) Jass
il Bl JUEnly ¢ ey Sasgg cdysilill Glapwall JS58 e 4 ghue Glay @Al
[20] Al Slapual) JSE iy sl ) JoiY) (e

(<)
el sl g ) A JS ) cad ) (1) (1) Jsal
2l Dl dlae aay 2l Blassall s ()

LS e s 32l ilalime 50 (5355 o Sy ol G cluhall (e aall ]
JiS 8 A LE) (e L Aile ganall il Qlas of LeiSa i panall Alae
(laisdal) (ol 208Dl i8I ey Blal) b & @all shal)
Gl pe Cldies J&I o 5308 A0S 1nel) ile sanas Ll Aot Alasiye

130



L,‘,,\;J\Lmui\.p\m”hﬂm e daala Uaa
Uga daaf 0 dilail) W 3 mlla e YoYo ale ¥ sl £V Alaall

Ll el JSE8 Loy 3 o DUl 590 agh 8 2oLy Sy (Ailide re
[20] &Yl apeaill Jalyas

S a sl Glagad UV dadill (358 4B Jpall Calall (V) JSAl) oasy
Jelatll aadi ¢ o)l (loyll 5 58 aliiie aladinly b st 5 ) 4yl
Y sl Cilapuall JS (e XBI sale Lmuind) G5 430 sl il
Gla die g SN f5al s o (SPR) adaudl (sa Pl oy 58l 25ag
cgasall Jshall (e e

SPECTRUM 488.8 nm -
6.000
4.500

3 .66808

1.568

0 .0608 : § :
280 250 300 3568

Peak: 366.86 wnwm 2.123
Al Gl a5l ilaguad UV daiidl (358 4B 35all Cadall (Y) Sl

R ol 5y 538 Aladiuly ajass il

200nm- Jiaall ana nge Joba vie Dpnedil) (368 AadY) e Jias
23875 (S Cum ¢ el P11 Aage Jsh die (alaia¥1 55,0 ekl 52 400nm
A il palaia¥) aladiuly ZNONPS cilaguad Glaill 558 Gy dapla
Gl sl gl (e s ySIYY 3)BY A0 A8l dagall Jsh ae GBl5h
891 Jid (e Aliles il e Jpuanll & ¢ Juasill

131



s (b g o S (a1 B et et al il Ay I L3l g 5] lapeun e
sad) Jill (a Cpinal g padl) galll Cilina

Gy b ge daalilly sase dase Jsh (s2e die maslill fas g NI A
Saesil YT dage Jsb die \gle Jsanll & Al dadl) o) ((SPR) mhadl 050320
cagladl W gy Ayl Gl a5l Cilaguad malill goall juzatll ) s

21T ae Ansil) o2a (3845

Caa jeday Tamf e r—Ee oae 8 A8 500l FT-IR Cada e Jpanll
AOTF,A (VTEEAA VTYTA (YAY 4,11 (44,79 dic 3o aad FT-IR
584.32 5 YT, ¢ AYY,99 OV YAQA (VYYoe, 08 (VYooY YA (1425.14

.cm™!

1%
1%\
\A/\ 2 ]
2 13

0 L | I 1 1 { '
4000 3000 000 1000 00
Wavenumber [tm-1)
[ Result of Peak Ficking |
No. Posticn  Intencdy No | Postion  Intensfy No.  Pastion Irtersdy No. Pozdion  Indenstty
1 244039 411 2/ 292068 7200 3 2l 675 4 233837 767
5 16303 628 6 16768 61,1 7 164493 580 8 162359 531
8 {393 523 a0 15f2es | E9@ U 143835 9B 12 s g5 g
13 135378° 14 14/ 122554 842 15 118311 792 16 107338 78
17 89288 954 18/ 'B52.362 934 19 763473 937 20 573999 a1 1
21 616145 N4 22584325 7,2 23 551542 863 24 518758 746
25 46938 60 2/ qsazas) ||| e o A2 194 u
[ = 4

Byai i aladiuly sl Ayl Gl 2l ilaad FT-IR (ol () JSil)
ESE RN

(N-H (C=C (C-H O-H 1555 I s aiall e yaall o (¥) ISl G,

3440.39 cm™ xie (alaidl ié FT-IR Cads g «C-O «C-N (C-C

el il LS ¢ sl Cilesana 35ay (M e 1345 <O—H abyll 3ga3 )

55 M cylils il 3 e Jd2 2920.66 cm™! xie Akl ¢ byl C-H

55 M CulS s 8 «C=C Al 2585 I 1676.8cm™" ;1644.98cm™ xic

132



Lﬁg#\lﬁﬁﬂ\\glpb}\?#\m uaa daala dlaa
Uga daaf 0 dalaill Uil 0 mlla e YoYoale ¥ amll £V alaall

lisaY] Glegena 35n5 iy 13as N=H dayy 35adl 25 1563.99cm™ e
phall e sendl 8 C-C dayll U 1425.14cm™" sic Gl agaiy AN
¢ 1353.78cm™! xie aliaial dad ) 4 phaall cilinadd C-N ddasyll asas 50l
Caee i ((gylaall DI C-O Aoyl agay e il 1225.540m ™! e daall Ll

[6_7] 0da g 9% &e :XA:\:\J\ PR

&) e 13 ZNO sas dhaiise 613cm7], 580cm ! nie (alaie) A )

Aot e Jpanll o5 il 3yl o 53l of o U5 s (Zn-O A
J6] e Al

o FT-IR (b mags ccnall 2 252 500 — 900 cm™ o Jladll
I e 4 Dl bl Gilepad) JS35 5 alu) 5l L) O-H dday)
s a5 3200-3500 em ! Gy aall b sl Sl Vg el ¢
[22] Al Olaguall jhi JalgaS l)
il s Adalae Gyl Glasual) ol (@AY aadll Calide o Z LB (Sayg
LYl Galall ge L8 Jusyll Clesena allian (gaY) clliiual
Agamall i) ae Loy JSEL S e Sl ally
3pasadl ZNONPs 45l Cilawall XRD dgiad) dasy) Jilas dagn <o)\l
leana Ofs Aagill) Cilasall bl A Aty ol plajll 8ya 8 Hlasinly
Al Gl sl Clapn ana ila 54(£) JSEN (Y) Jsaadl el Y S
:45Y) Debye—Scherrer dilas alasinly

D=KXA/Bcosb[7]
SalSH (1B o(1.5401A) Lisadl LY A 5a Jsha i ¢y ol K Cas
€10 35 435 5:0 (FWHM) 55,3 ol aall (ol 2ic

133



0ty (b Wl ani g (o A Gl ) Byl i aladiuly 4 g3ll) i3l dpaS g) Cilagaun jpudans
@) sl cpa Cpiiaal (5 padl) galll Ciliua
By i aladinly $ymall Ayl Gl 4kl Glapad XRD Jas (Y)Jsaal

e Gl

Intensity
) w
o o

=
o

0
10 20 30 40 50 60 70 80

2 theta
Synmnall L) 51 1T o] XRD L) 20391 el il (£) <l
@JBJ‘ uLan\ 'S)A'S J.n.ﬁﬁ e\.\;’.’\ub

s clial) sl i Al s SN eaall 8ysa (0) JSA g dyglil
38l o JSI5 25 Lea 330N Jlsn 5ld Jaws iy 25-450M ¢y 5155

134



LM\M@\J%GU}\@JM\M uaa daala dlaa
Uga daaf 0 dalaill Uil 0 mlla e Yove ale ¥ aml) £V alaall

Lo siay gyl JET agms o (s [23] s Lo e Aniill o (38155 Ay gilil) li3)l
Lol 8 Alaud g symnall 4yl Gl Al Claseal 42.870M 5)08 aaa

L6 =28 nm
H

L3 =30 nm

L5 = 25 nm
L2;36nm

by
L1=36nm

L4 = 45 nm

Ayl Gl A sl ilaguad (SEM) aslal) 35 7SN jeaally 3y50m (0) IS
D) Loyl 5y 88 alasiuly 5 sl

ar B Al B LSl ey o) adiy Byl Gl il Y-t
rJedll bl galll Cydisa

P cilll) £ - - Y- ¢
oy Alalaal) (s Aygina Gj8 3sas ) (7) Jsand) 3 s sall bl o)l
Uil Alalae s g ccDlabeall alef 3 aalal) ae d3jlie 35l iyl 2
S5 s (AT,2) o giay bl g 65 lef Lolas s pmad) il 20l cilapny
Glagually aiilly Laslsn spand) Clapnlly ol aiis sl (3l Dlalas
sl e Liba 5mndl

135



s (b g o S (a1 B et et al il Ay I L3l g 5] lapeun e
sad) Jill (a Cpinal g padl) galll Cilina

o Agill) B ps gl lasuny i) iy Al Gl Ll (Y) dgaad
(p) Cpaguaall Cnamugall Jasgially cladl) £ S50 b

b gia (B) ciiall
(A) | Yol | b

82.20 79.70  84.70 Laslon Bydanall dlijl) cilageuny acdl

80.90 78.90  82.90 LilasS §pdanall ) Cilageuny adil

82.70  79.70  85.70 Liaglom Bpanal) dlijll cilasway L)
83.90 80.20 87.60 LileasS §pcanal) Gli3l) cilagauns (il

(A) Aygili) clapunlly Alabaal)

72.10  72.80  71.40 (Aalaa (54 L&)
78.26  82.46 (B) Lauusia
A*B B A
LSD 0.05

10.850  4.850 7.670

(0bsin5) AnaeY) paleal) JSin 8 Gl 4y @A) jsall lld gy o) oS
(IAA) 2l JsalV1 s (sapp ) ) ool Lae caaae 3855 atilia) &5 Laxie
& &) Ll oy lud) Jsla 50l Lae LAY AUt 3 Lela 150 g5 53
bl ¢ Lyl 8 5al) Jsang cpdll ([14-15] sany Lo e Al oda i) bl
Lol il ey ve Jsdl)

Lo giay lld g dinall o3 Janssia b e pdal) Gpinall G Aygine (398 llia (S5 ol
Yolea Ciiall clilal ave (YAYT) 5 oumpedll Canall Ll aus (AY,£7) 0y
el Gl 3l blall Alalee die (ggine Jeli agag ) Lo bl eyl
el jumnd) (gl il (il Alebadll ooyl Cotcall il Clans Cua
o) il Yolaa Caiall il clins Gua & can (AY,T) clall gl e
cam (YY,A) 0)38 Jasigia (Alalas (450

136



L,J#\M@\JKF\J}\?JH\M uaa daala dlaa
Uga daaf 0 dalaill Uil 0 mlla e YoYoale ¥ amll £V alaall

/e @LoY) B Jabg sl S Y Y-t

Alie (gsina (38 25ms ) (£) Jsand) 8 L yaall CDLalaall o i el
Alalas dic (3hsY) 8 JgpslSU 5855005 e Jay 13y clalaall alef 8 aaLilly
G o Byl G 5 el a cBlalaa O elpn (gl il Sl bl
(V,01) déall o3gd Javsgia e f Lol bmaall cilapally sl i dlabes il
Glasaally 515 T gl Bpmnal) Cilapmanlly wlil) C0aleas o gia il ¢ fale
O e sl e g/ale (0,7Y = 1,70 — ) PA) Lol Laglsn spandl)
Sl s )Gy sy o Sy o fide (+,99) 0)d8 langie ol Ll Ja
LS5 50k My« pmill & lual aSp 3 Jas ) AaY) (alal) (S

[12-15] g0 ae dagill oda cuiddlgiy ccolall Gl aa

dda b Aysill il syl clapny ol @iy Ayl Gl 8G () Jgaad)
(8/8e) commasoral) Cpamusall baugially 3L sY) B Jdgslsl) 3858
Jaus gia (B) il
(A) Vol | o

1.38 1.23 1.54 L slon 8ydanall i3l Cilageuny adil
1.51 1.54 1.48 LilasS §ydanall i3l Cilageuny adil
1.35 1.47 1.23 Lia gl g Bpeanal) @il cilasns (il
1.33 1.02 1.64 LuiliasS §pcanall dlijl) cilaswas i)

-

(A) L5l clagually Alalaal)

0.99 1.00 0.98 (Adalea ¢y59) 2a L&)
1.25 1.37 (B) Jauusia
A*B B A
LSD .0

0.299 0.134  0.211

137



s (b g o S (a1 B et et al il Ay I L3l g 5] lapeun e
sad) Jill (a Cpinal g padl) galll Cilina

Ol (g paall cpdiall Jawsgia (g (gsine (38 agas pae Slasy) didaill (s
OIS L sl e Yol oamyill Ciiall e JSVE/ade (V,Y0 = ), 7V) D
el 4 daall s o gsina T dugpadl clalaally cpiiall oy Jelil
5l lagally ol ity Alabaall oacyail) Caiall Wlils Cilais Cum EDLLaal
Ll 5yanad) sl Cilapalls dlabeall Yolea Chia il gl 5 yanall
il LAl il Canal) il s s 3§ fade (V,08) 0)3 Jangia e

fee (43A) Lansiar BlsY) (8 Jig sl 5858

B8l rhaall Aalua- Y- Y-t

A5lie (gl b3l sl Ol oy Aysins T (0) Jsaad) b pilidl) ety
sl 2 Aleles lin G 8 T (YA££) 0p08 dansgia 8 Jas 3 aalilly
el D s (0F71,0) iy Javigie e Lol 5 pmaall 4yl Gl cilapusny
Cisiia ¢as (0 £Y) 038 Janigias Liaslon gycanal) Lsll) Claseanlly j5dll 4
Lavsie i ) Lolhas §pcmnal) Ayl Clapmaally S5l (351 Alelaa o el
Al Cilamalls )l (31l A5lia (gsina (3 2gng 52y ¢ s (£8)A,0) o)
S (£900,0) i ) Laglon 5pmnl

Osap (53585 (A aledl puaiadl o2 90 () ()l hansall dalie 3015 g2y Layys
LS eclall 485 daliaall 50l s 4850 LA ALY (gy5 el IAA sail
Glia o S0 5l sanly G Lol ) oadl ol Alalae 35 e 5SSy
53 o3 Lol (Sl Lo 31 (8 Jis sl 5855 R 3 48565 (gpuindl) sl
sang Lo g Aol oda bl (d)gl) Aalad) 5ol by culall & GlY1 e
[12-13]

138



L,J#\M@\JKF\J}\?JH\M uaa daala dlaa
Uga daaf 0 dalaill Uil 0 mlla e YoYoale ¥ amll £V alaall

Ao b Logill) i) sl clagay Lol @iy sl (i Ll (0) Jaad
("pe) Copmugstall Cpramgall uigialy (B) 5l pdasal) Aalisa
Do gia (B) ciial
(A) Yol |
5142.00 4684.00 5600.00  Lasisy spanall el cilapay adlll
5336.50 5436.00 5237.00  LulwasS Spanall elijl cilapuay adil)

4955.50 5085.00 4826.00  Laslswm spanall Sl cilaguay (il
4418.50 4002.00 4835.00  LiLasS spanall dlih cilaseas (i)

(A) Lgilil) cilagally Alalaal)

2844.00 2907.00 2781.00 (Alalea ¢y99) 2a L&)
4422.80 4655.80 (B) Jausia
A*B B A
LSD .95

825.000 368.900 583.400

Losgia (G Cpmg el Gadinall o Asine (395 2ga pie Slaal) Jiaill ekl

EDalaally g yaall piiall o Jelill S Lag ¢ )5l mlasall dalise dina

bl il S o leal) e daal) oda e ggine ST Aglill Clapally

08 husie el laglsn spmadl Ll ol Lapdpall il Caiall

Lo sial (aaLal) Alelaall e il Ciiall ulils i s 8 e (07 04)
S (YYAY) Y

reluil)/p 39 aas—g-v—¢

Gl sl (il dlebeal ggima 580 (1) Jsandl 8 Slaa) Jilanl) il ey
A i yall lal) i G ccDabeall e 3 aa LAl 405lie 4y il Glijl) s ]
clallfe i (0,7) il daall o3g) haugia lof Libas jumadl) (gldl) b5l sl
(2,+0) Lassia lnglpn pumaall (ool @bl 2l Aasfll bl 4l
syanall Ayl Cilapally Hsdl ity Alalaall llall i cn & cculallfe b

139



s (b g o S (a1 B et et al il Ay I L3l g 5] lapeun e
sad) Jill (a Cpinal g padl) galll Cilina

Gsina B sas 050 sl e (£,A0) 5 (£,97) o3 Jangie Libasy Laslon
&l s A el Y s of oS g1 dae 30l s ) can LIl 4l
A 13y i) &) ap Al cdla) Gaasivsall ) slidils sadll dani
Ol Aleles b 4l lagall 3855 8245 (68 o oSays g0 JSI) aaal)
S s G Gl (25ppm) sl adi dleles b agle & e (50pPM) )5l
Oo S sans Lo ae A lite Al o3 Cipla by godl JSl <l e Cigan

J12-15]

b Asil il byl clasny ol @iy Ayl Gl 8 (1) Jeaad)
(Ll/g ) Oaengaall Gpans gall Jan gially cilaill/p 491 aae ddia

b g (B) il

(A) Yol | (pasd
4.93 4.28 5.58 Laglom 8ydanall ) Cilageuny adil
4.85 4.05 5.65 LiilaasS B panall @lijl) cilageuny adill
5.05 4.25 5.85 L gl g Bpcanal) @il cilagmns (i)
5.30 4.82 5.78 LileasS Bpcanall i3l clasaay (i)

(A) Lyl cilagnlly Alalaal)

4.28 3.80 4.75 (Adalea ¢y59) 2a L&)
4.24 5.52 (B) Jauusia
A*B B A
LSD ¢.05

0.979 0.438  0.692
Canall Jas s oG el Cpdiall G (gsine (98 3gas @l e iy LS
Tossiey Yolon Ciiall e clly siie cilallfpsi (0,0) o)8 Jasia oamyidl
Omnspdall Gaitall G sl CBEAY) ) @y agey o (Sans cclallfe i (€, €)
On sine A1 Ll A [15] ae Aagll o il cdiuall sdgs (Blaiy Lo
el e g1 aaeg &5l 3kl

140



Lﬁg#\lﬁﬁﬂ\\glpb}\?#\m uaa daala dlaa
Uga daaf 0 dalaill Uil 0 mlla e YoYoale ¥ amll £V alaall

Load (gima il g 2l Cpuiially 4800 lapaally D lebaall G Jelll S
A sdpall ) Cainall @il s dia el el 8 daall s2a e
(2:A0) & Jominy i) e gl sse e Tl uimmall il Gl 20l
Lo sie 3 (Alalra (599 (3e) 2 LAD Yolea Ciiall il culi opa A eyl b

Llallfg b (Y,A) o)

rlalitiuy)

A3l 23Sl Clapn Dt )il Glol e 88 sladia) Al
Mse ol ) s e sl 8 Lelndii (Says Aial Al L35S Ayl
3yka

LilasS Bpumnall 4l Glijl) €l Clagny ysl) (i)l Gilalas Cliia
i3lie clallfe 4V sy Gl plil Ghea e IS dad Slef Laslsns
Laalall

#)sms (g5l sl 20l Al L) B (361 A B )oY 35 ol
LAl Alie (ggina Gpkas sl i 5 sl (L oS

o Laslons Lha spmadl Gl ilanally jsill o Ulalee iy
L Lall 4jlae (salall Jsil) ol 35l xdansall dalise diia

Mo dha g Yolea Caiall o Bsi oayill Jill Ciia gl
Gliall 48 4 guuall Cn dagine G dsns 030 e lallfp Y]
gyl

scluagilly cila yiial)
A€l lagny sl Gl dilelass il goladl Jadll Caia de)y) -
Caiall e aigal hla liila dilaie 8 Ul sl dyglil) ol

sl ydise (e el 8 Yolea

141



s (b g o S (a1 B et et al il Ay I L3l g 5] lapeun e
sad) Jill (a Cpinal g padl) galll Cilina

Chise o Ll Clasall Go (AT 3805 86 Ay o Jeadl dndia -

o sl g Byl Gl cblalee il L galadl Jsdll il Alally gl

oSy 53 aY) e peanall Langlsdypalls amglondl) liall (& s
sl s Al e Ll

142



LJ#\&SG‘SSUKFU}\?JH\M uaa daala dlaa
Uga daaf 0 dalaill Uil 0 mlla e YoYoale ¥ amll £V alaall

paball -V
NASROLLAHZADEH M, SAJADI SM, SAJJADI M, ISSAABADI

Z. 2019- An introduction to green nanotechnology. Interface

Science and Technology: Elsevier, Volume 28. Chapter 4,
Applications of nanotechnology in daily life, p. 113-143.
SALEM SS, FOUDA A. 2021 Green synthesis of metallic
nanoparticles and  their  prospective  biotechnological
applications: an overview, Biological Trace Element Research,
199(1), 344-370.

KANCHI S, AHMED S. (Eds.) 2018- Green metal

nanoparticles: synthesis, characterization and their applications.
John Wiley & Sons.

PANDIT C, ROY A, GHOTEKAR S, KHUSRO A, ISLAM MN,
EMRAN TB, et al. 2022 Biological agents for synthesis of

nanoparticles and their applications, Journal of King Saud
University—Science, 34(3), 101869.
RAHMANI AH, ALSAHLI MA, & ALMATROODI SA. 2017 Active

constituents of pomegranates (Punica granatum) as potential

candidates in the management of health through modulation of
biological activities, Pharmacognosy Journal, 9(5), 689-95.
LIU D, LIU L, YAO L, PENG X, LI'Y, JIANG T, & KUANG H.

2020 Synthesis of ZnO nanoparticles using radish root extract
for effective wound dressing agents for diabetic foot ulcers in
nursing care, Journal of Drug Delivery Science and Technology,

55, 101364.

143



s (b g o S (a1 B et et al il Ay I L3l g 5] lapeun e

sad) Jill (a Cpinal g padl) galll Cilina

7_

8_

9_

10-

11-

12-

13-

ABDULLAH FH, BAKAR NA, & BAKAR MA. 2020 Low
temperature biosynthesis of crystalline zinc oxide nanoparticles
from Musa acuminata peel extract for visible-light degradation
of methylene blue, Optik, 206, 164279.

DEL BUONO D, DI MICHELE A, COSTANTINO F, TREVISAN
M, LUCINI L. 2021 Biogenic ZnO nanoparticles synthesized
using a novel plant extract: Application to enhance physiological
and biochemical traits in maize, Nanomaterials, 11(5), 1270.

GUR T, MEYDAN |, SECKIN H, BEKMEZCI M, SEN F. 2022

Green synthesis, characterization and bioactivity of biogenic
zinc oxide nanoparticles, Environmental Research, 204,
111897.

RUDANI K, VISHAL P, KALAVATI P. 2018 The importance of

zinc in plant growth—A review, Int. Res. J. Nat. Appl. Sci, 5(2),
38-48.
LANDRY EJ, COYNE CJ, MCGEE RJ, and HU J. 2016

Adaptation of autumn-sown faba bean germplasm to
southeastern Washington, Agronomy Journal, 108(1), 301-
308.

MAHDI SA, & ABDULKAFOOR AH. 2024 EFFECT OF
SPRAYING NANO ZINC ON VEGETATIVE TRAITS OF SOME
FABA BEAN GENOTYPES, Sciences, 22(1), 613-624.
KAHLEL A, GHIDAN A, AL-ANTARY TA, ALSHOMALI I, &
ASOUFI H. 2020 Effects of nanotechnology liquid fertilizers on

144



LJ#\&SG‘SSUKFU}\?JH\M uaa daala dlaa
Uga daaf 0 dalaill Uil 0 mlla e YoYoale ¥ amll £V alaall

certain vegetative growth of broad bean ( Vicia fabaL.), Fresen.

Environ. Bull, 29(6), 4763-4768.
14- ALABADE A, AL-KHASHAB S, KAHLEL A. 2022 Response of

three broad bean varieties ( Vicia faba L.) to boron, iron, zinc
nano fertilizers, Revis Bionat,7(4), 37.

15- HASAN Al, ABDULKAFOOR AH, AAHMED Y, AL-FALAHI
ASI, & GHAFFOORI AT. 2023, December. The Effect of
Chelated Nano Zinc on Growth and Yield of Several Genotypes
of Faba Bean Vicia faba L, In IOP Conference Series: Earth
and Environmental Science, Vol. 1252, No. 1, p. 012036. IOP
Publishing.

16— NADERI MR, & DANESH-SHAHRAKI A. 2013 Nanofertilizers

and their roles in sustainable agriculture, International Journal
of Agriculture and Crop Sciences, 5(19), 2229-2232.
17- MACKINNEY G, 1941 Absorption of light by chlorophyll

solutions, Journal of biological chemistry, 140(2), 315-322.
18— NICOLA M, QABQALI R, 2018~ Changes in the productivity

indicators of faba bean crop using different farming systems of

agricultural soil in the western region of Homs Governorate,

Master thesis, Al-Baath University, Faculty of Agriculture, pp.
31-32 (In Arabic).

19-ALWASH A. 2020 The green synthesize of zinc oxide catalyst
using pomegranate peels extract for the photocatalytic
degradation of methylene blue dye, Baghdad Science Journal,

17(3), 0787-0787.

145



s (b g o S (a1 B et et al il Ay I L3l g 5] lapeun e
sad) Jill (a Cpinal g padl) galll Cilina

20- FLIEGER J, FLIEGER W, BAJ J, MACIEJEWSKI R. 2021

Antioxidants: Classification, natural sources, activity/capacity
measurements, and usefulness for the synthesis of
nanoparticles, Materials, 14(15), 4135.

21-EL-BELELY EF, FARAG MM, SAID HA, AMIN AS, AZAB E,
GOBOURI AA, et al. 2021 Green synthesis of zinc oxide
nanoparticles (ZnO-NPs) using Arthrospira platensis (Class:
Cyanophyceae) and evaluation of their biomedical activities,
Nanomaterials, 11(1), 95.

22— JIMENEZ-ROSADO M, GOMEZ-ZAVAGLIA A, GUERRERO
A, ROMERO A. 2022 Green synthesis of ZnO nanoparticles

using polyphenol extracts from pepper waste (Capsicum
annuum), Journal of Cleaner Production, 350, 131541.

23-HUSAIN WM, ARAAK JK, IBRAHIM OM. 2019 Green synthesis

of zinc oxide nanoparticles from (Punica granatum L)
pomegranate aqueous peel extract, The Iragi Journal of

Veterinary Medicine, 43(2), 6-14.

146



