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Abstract

Biological methods are favorite for synthesis of nanoparticles because of environmental sustainability and cost
efficiency. Different types of bacteria have a large part in the synthesis of metallic nanoparticles, and nitrate
reductase enzyme, which catalyzes the reduction of nitrate to nitrite, can be produced by various species of
prokaryotes like Escherichia coli. Results of Chrome agar medium showed that Escherichia coli as green-blue
colonies, and the confirmation of bacterial identification was done by using VITEK-2 compact system.
Outcomes indicate that 37°C, pH 9.0 and 10 milli- Molar of solid silver nitrate considered the optimal conditions
for synthesis of silver nanoparticles. Color of Escherichia coli culture supernatant when mixed with silver nitrate
and glucose was changed from light yellow to dark brown after 24h incubation as a pre-confirmation of
synthesis of silver nanoparticles. Particle size analysis exhibited that silver nanoparticles size ranged from (10.3
to 86.0) nanometer in diameter, and the mean size is 40.2 nanometers, while Scanning electron microscope
showed less aggregation of silver nanoparticles with spherical particles. Fourier Transform Infrared analysis of
silver nanoparticles showed that strong bands were at 3398.57, 2966.52, 1348.24, 1045.42, 671.23 cm™ and
532.35 cm™ corresponds to OH-free, H-C-H, OH-bend resembling to phenol compounds, C-O, C-H and silver
nanoparticles bends. Amplification of nitrate reductase genes showed that napAl and napA2 genes were found in
100% and 98 % of testing isolates, respectively. From these results, it was obvious that bacterial enzyme can
apply in the reduction of metals and product nanomaterials in different environments, and this biosynthesis had

many advantages in biological and pharmaceutical applications.

Key words: Escherichia coli bacteria, silver nanoparticles synthesis, nitrate reductase genes.
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1. Introduction

E.coli is a gram-negative, rod shaped bacterium, facultative anaerobic, [1]. Usually E.coli forms a
beneficial symbiotic relationship through, its host and plays important roles in promoting, the
stability of the luminal flora and in maintaining normal intestinal homeostasis [2]. Virulent strains of
E.coli can cause a variety of diseases in human gastroenteritis, urinary tract infection and neonatal
meningitis .[3]

The microorganisms play a significant role in the handling of toxic metals through reduction of
metal ions and employment as interesting nanofactories [4]. Bacteria being prokaryotes have
survived the test of time in enriching ions synthesizing magnetite nanoparticles, reducing Ag into
metal particles, Biosynthesis of silver nanoparticles by E. coli occurred in the presence of Nitrate
reductase enzyme (NR) .[5]

Nitrate reductase an enzyme that converts nitrate to nitrite, [6]. According to the definitions,
enzymes are protein molecules which can produce by different Prokaryotes and Eukaryotes
(including bacteria, fungi and blue-green algae) [7]. Forming nanoparticles , Nitrate reductase is
located in the periplasm (Nap) [8]. The physiological role of Nap is acting as a mediated enzyme in
anaerobic respiration, a periplasmic nitrate reductase (Nap) contains four basic components in many
bacteria: napB, napA, napD nd napC, while the E.coli contains three additional genes: napF, napG
and napH [6]. The aim of this study was to detect the presence of periplasmic nitrate reductase

enzyme in E.coli during biosynthesis of silver nanoparticles from supernatants of this bacteria.

2. Experimental procedure
2.1 E. coli Isolates

Bacterial isolates obtained from the Microbiology laboratory in the Department of Biology at

Mustansiriyah University (Sixteen isolates from different clinical sources (wounds, urine, stool, blood
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and burns). Chroma agar medium and Vitek-2 system were used to confirm the characterization of

bacterial isolates.

2.2 Ag-Nps synthesis by using culture supernatant of E.coli
Bacterial supernatant mixed with 10 mM of silver nitrate (AgNOz) and 100 mM of glucose in 1:1:1

portion, according to method modified by [9].

2.3 Ag-Nanoparticles Characterization
2.3.1 Scanning Electron Microscope (SEM)
SEM (TESCAN-VEGA/USA) with resolution 3nm at 30 KV used to determine the aggregation and the

shape of Ag-Nps.

2.3.2 Particle size Distribution

Particle Sizing Software (Version 5.34) used to determine Ag-nanoparticles size.

2.3.3 Fourier Transform Infrared (FTIR) analysis
Silver nanoparticles (Ag-Nps) approved by FTIR -8400S (SHIMADZU) apparatus at a range of 4000
500 cm ™2,

2.4 Optimization of the Ag-Nps synthesis conditions

The effect of three variable parameters (AgNOs concentration, pH, and temperature), on the production
of Ag-NPs optimized by varying one parameter at a time, such as the substrate concentration (1, 5 and
10) mM of solid AgNO3, pH (3,5, 7, 9, and 11), and temperature, (27, 37, 47 and 57°C). Biosynthesis of

Ag-NP by E. coli occurs within the best condition of temperature, PH and concentration of AgNO3z [10].

2.5 Nitrate reductase genes amplification
2.5.1 Primer Design

The primer sequence of nitrate reductase genes of E.coli was designed according to software of National
Centre for Biotechnology Information (NCBI), and the accession no. of napAlwas (H6E2348/69)

(M.W.201pb), while napA2 was (H10407) (235pb) as in Table (1). They analyzed by primer-3 web
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(version 40.0) software, then the primers prepared according to the manufacturing companies

instructions (Alpha DNA).

Table (1): The oligonucleotide primer sets napAl and napA2 genes

Gene name Primer sequence Product size

F-ACGGTAAAGACCGTTTGACG

napAl 201bp
R- CGGCATAACCTTCCCAGATA

F-TGGAAAAAGCAGCGAAGAAT
napA2 235bp
R-ACCAGGTTGTTAGCCCACAC

2.5.2 DNA Extraction:

Bacterial DNA extraction was carried by using (Genomic DNA purification Kit (Wizard® Promega,
USA). Isolates inoculated on nutrient agar for 24hr at 37 °C, then harvested and suspended in 1 ml of LB
broth in Eppendrof tube and mixed gently. The extraction of genomic DNA was performed according to
the manufacturing of the company [11].
2.5.3 Polymerase chain reaction (PCR)

The primers diluted by adding nuclease free water according to the manufacture companies' information
(Advanced Scientific Bureau). The amplification performed in a thermal cycler (BioRad (T-100). For
amplification of napA gene, five micro liters of the DNA were mixed with a PCR mixture that composed
from 12.5 pul GoTaq Green Master Mix (2x), 1.5 pl from each primer of napAl gene and primer of

napA2 gene (10 uM concentration for each), then 4.5ul of nuclease free water to get final volume 25 pl.

2.5.4 Amplification reaction conditions

In the present study, 30 cycles of amplification used for napAl and napA2 Table [2]. The cycling

conditions applied according to [12] with modification.
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Table (2): PCR Thermo cycling condition napAl and napA2

Condition emperature Time No. of cycles
nitial Condition 94°C ]
4 min 1
) 94°C )
Denaturation 1 min 30
Annealing
60°C 30 Sec
Extension
72 °C 30 Sec
) ) 72°C ) 1
Final Extension 10 min

3. Results and Discussion
E.coli colonies appeared as green-blue on CHROM agar medium, Figure (1). And this result due to
the hydrolysis of chromogenic substrate including in the medium, which confirms appearance of
E.coli colonies according to manufacturer’s instructions. After that, positive isolates belong to E.coli

confirmed by using the VITEK-2 compact system.

Figure (1): E.coli on chrom agar, A- without supplement. B- with supplement

According to [13] showed that CHROM agar STEC improved significantly screening for STEC
compared to the conventional culture method with sorbitol-MacConkey agar, providing assistance,
based on its fluorescence property, with detection of STEC co-infections and enabling strain isolation

for further investigations, when required.
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3.1 Optimizations of the Ag-NP synthesis conditions

The silver ion reduction was examined at different temperature degrees (27, 37, 47 and 57) °C, and the
optimum temperature for reduction was 37°C; while the best substrate concentration was 10 mM of solid
AgNOs3, and the pH 9.0 was the best for synthesis of silver nanoparticles.

Results of reference [10] found that the maximum absorbance of the reaction mixture had increased from
20 to 70 °C, whereas it had decreased from 70 to 90 °C.

Reference [14] observe that the maximum absorbance had increased when pH increased from (6-12).
The results indicate that an alkaline pH favored for the formation of Ag-NPs, and showed that reduction
result of metallic ions is sensitive to the pH of a solution [15].

3.2 Biosynthesis of Ag-Nps

Color of reaction mixture (E.coli culture supernatant with silver nitrate and 10mM glucose) was changed
from light yellow to dark brown after 24h incubation. This result considered as pre-confirmation of Ag-

Nps synthesis comparing to control as shown in Figure (2).

Figure (2): Synthesis of Ag-Nps (a) control (silver nitrate), (b) culture supernatant of E.coli (c) mixture of silver nitrate with

bacterial supernatant and glucose

The strong color change suggests that the synthesis of silver nanoparticles could be better in adding of
glucose [16]. Also references [17 and 18] showed that glucose used as reducing agent because of the

encapsulation effect of glucose and trapping the Ag-NPs inside in glucose.
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3.3 Characterization of synthesized silver nanoparticles

3.3.1 SEM analysis

Silver- Nps morphological features were studied by SEM, and result shown in Figure (3). SEM analysis
showed that less aggregation of Ag-NPs with spherical particles, and the mean size is 40.2 nm.

SEMMAG: 21.84 ket SEMHV: 10.00 kv VEGAWTESCAN SEM MAG: 10.00 kx ~ SEM HV: 10.00 kV VEGAW TESCAN

Name: 1-5 WD: 15.79 mm 2ym { Name: 0-4 WD: 22.95 mm 5 pm
Date(midiy): 01/17/16 in U o v): 011716

Performance in naﬂnspacou

Figure (3): SEM pictures of biosynthesized Ag-NPs

The SEM was used to analyze shapes of nanoparticles, which synthesis by bacteria and showed that the
synthesized Ag-NPs are spherical in shape for E.coli and other types of bacteria like Pseudomonas
aeruginosa [19], Bacillus thuringiensis [20], and Deinococcus radiodurans [21].

3.3.2 Particle size analysis

Silver nanoparticles size ranged from (10.3 to 86.0) nm in diameter Figure (4). Size of Ag-NPs
synthesized could be attributed to different cell growth and metal incubation conditions [20].

20-0 - Mar 20, 2016 00:54:58
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Figure (4): Particle size analysis of biosynthesized Ag-Nps
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3.3.3 FT-IR analysis
The result of the FTIR spectrum for analysis Ag- nanoparticles synthesized by E.coli was shown in

Figure (5). It showed that strong bands at 3398.57 cm™ which corresponds to OH-free, 2966.52 cm*
corresponds to H-C-H, while band at 1348.24 cm™ corresponds to OH-bend resembling to phenol
compounds can possibly persuade the synthesis and stability of Ag-NPs. The band of 1045.42 cm™
corresponds to C-O Stretch, and the band at 671.23 cm™ corresponds to C-H stretching of phenyl ring of

substitution band, whereas the stretch for Ag-NPs established around 532.35 cm-L.

4000 3500 3000 2500 2000 1500 1000 500
NANO CENTER 1/cm

Figure (5): FTIR chart of biosynthesized Ag-Nps

Nitrogen atom may be involved in the binding of AgNPs, resulting in an absorbance decrease. Both N-H
and O-H bonds might have different mechanisms when absorbing AgNPs and lead ions. The
characteristic amide C-O stretching vibration was observed at 1617-1618 cm™. This band was also

affected, shifting its wave number to 1630— 1632 cm™* [22].

3.4 Nitrate reductase genes amplification
The results showed that napAl gene found in 100% of testing isolates and napA2 gene found in 98 %
of them, and amplified size of napAl gene was 235 bp, while 201 bp for the napA2 gene as in Figure (6).
Nitrate reductase in E.coli is a membrane-bound enzyme, this enzyme is the last enzyme in an electron-

transport chain enabling E.coli to use nitrate instead of oxygen as the terminal electron acceptor, and this
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enzyme permit the bacteria to derive a physiological benefit in the presence of low concentrations of

oxygen [23].

1000bp -~

800 bp

700 bp

600 bp Ry
500 bp g -
400 bp Aa—

(1) 235 bp

: iR I — {2) 201hp
S op me s e R W U W f—

300 pb

100 bp

Figure (6): Agarose gel electrophoresis for napAland napA2 gene. (1.5% agarose, 7V/cm, for 120 min) for napAl gene (1)
(amplified size 235 bp) and napA2 gene (2) (amplified size 201 bp) compared with (1000bp) DNA ladder.

These results were in agreement with [24] possessed napA gene, which reflects a release of
periplasmic nitrate reductase enzyme, and ref. [12] showed that napA gene found in 100% of
P.aeruginosa isolates. Studies have shown that in all the organisms that can synthesize silver
nanoparticles, nitrate reductase might be an integral part [25]. The two NAPs genes present may reflect

an adaptation of E.coli to deal with the different environmental conditions [26].

4. Conclusion

In this study silver nanoparticles were biologically synthesized using E. coli isolates which confirmed by
using CHROM agar and VITEK-2 compact system. Synthesis of Ag-Nps optimized on 37°C, pH 9.0 and
10 mM of solid AgNOzs. Biosynthesis of Ag-NPs by E.coli culture supernatant was confirmed by
changes from light yellow to dark brown after 24h incubation. Ag-NPs size ranged from (10.3 to 86.0)

nm, and the mean size is 40.2 nm with spherical particles by SEM. Nitrate reductase genes amplified and

showed that napAl gene found in 100%, while napA2 gene in 98 % of tested isolates.
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Abstract

This study was initiated to assess the efficacy of some organic acids individually or in an integration to
control Rhizoctonia rot root disease in cucumber caused by Rhizoctoniasolani .Under growth chamber
pathogenicity tests revealed all R. solani isolates were significantly reduced seed germination , among
othor fungus isolates RS2showed the highest reduced seed germination 26.7% compared with the
control treatment (without pathogenic fungus ) which reached to 100% . Results of laboratory study to
evaluate efficiency (Ascorbic acid , Humic acid and Citric acid ) in inhibition the growth of pathogen ,
results showed Ascorbic acid was the best among others when inhibited fungus growth on PDA medium
to 100% at 1500 mg / L concentration , whereas , Citric acid and Humic acid inhibited fungal growth to
94.07 and 89.26 % respectively in the same concentration .Results of growth chamber experiments
showed that combination treatment Ascorbic acid + Humic acid was the best decreased disease
incidence and severity to 3.33 and 2.67% respectively compared with control ( fungus only ) caused
83.33 and 76.67% respectively but not significai differences neither Ascorbic acid and Citric acid
treatment nor Ascorbic acid alone , besides , it increased plant fresh and dry weights compared to othor
combinations .Among othor treatment combinations Ascorbic acid+ Humic acid was the best when
increased protein content of plant up to 24.67% followed by Ascorbic acid + Citric acid 23.33% .
Whereas protein content of non organic acid treated healthy plant was to 13.37%, followed by Ascorbic

acid treatment alone then humic acid with citric acid where it was 22.93 and 21% respectively.

Key Word : Cucumber, Rhizoctoniasolani , Ascorbic acid , Humic acid , Citric acid ,Control .
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o gai G pdipag AN Ao 958 g A gdad] S il g Dl Sadig Dui adl B 4y pael) pdalas Y] LT Al ji4-2

Danal spad @ 3 colaiy Amala/he |yl 4S/aiie ol Gl el g Al el 3 Cigl it el o3 Cy
Aaine A 30 45 @3S 2 panal JS (8 s o 318 5 2al(0a ,5K0%01) pssall D) IS gl J laay dalna 4S50
U SCRDAE A o il apanail) Jaxiale 530 IS Aol 24 e dhaliss (i e aiiadll el 5 4885 20 524 3aa sally
0.05 Jidial (s sise e L.S.D. SUid) cuemy Liloan] iy g5 i) il Al (K1 5 e 3 gl 05 Alebas 12y

Y 0laladl) s jal i ¢

sl dlalee 4 5 ¢ g yaadl Shdll ddlal 5o (e 4,ad) ¢ (RS2 ) Rhizoctonia solani 3 jier (i yeall 45 ladl)
Allas 4 53 ¢« (C) Citric acid uaels Adlas 55 ¢« (H ) Humic acid  waslas Alles 44 53¢ (( A) Ascorbic acid
H+ A Gasla (e Il dlddes &y 55 ¢ RS2 + C paalay Aldas 4 5 « RS2 + H paalay dldas 455 ¢ RS2 + A adla,y
ldlae &y 1 a5 ¢ RS2 + CH H il (3o Jaiddy Alalae 4355 ¢ RS2+ C + A (sl (g Jauldy dlelae 4 5 « RS2 +
) daall Lol 53l 4 el Gaval / Je10 darers SiV/p2le1000 S b palea¥) Cipal | RS2 + Beltanol 2uab
ol 3 dd sl gaall d e Sleas (i jeall Shadll #l8) Conal Lty asiivial) dejal) Chaly Ciinald Giadl sall Led  ad
10 @l W Wy Caba JLA ) gdn pana¥) Cie g elld bl Al E3laall aaes A (005 7/ 005) % 1 4wt as) )5 e
a2 il Alelas 8 sl aes il das il Cilaas o ¢ dalall e s WS L s d jadl) dadlia o35 ¢ mnal IS0 53
acl 3l e Las 40 2 5% g senall Lo ba) 523 iy ¢ o) aans I o) Cipas sl Gial 4 siall asl

oS Ol 36 e oSl (oda el Jidall Jlesinly

ol Hsaall (sl = 3 il Haall (e e e g Sl saad) sl = 2 ¢ Al ) saadl (et OB =1 ¢ el 50 =0
34 45 gaall Al )8 &5 ey ¢ il Cige = 5 Gl oaclB (ki 0555 u ol (sl =4 ¢ Glad) sac B (55 (50
[16] ol ea LAY

(5x5 4l Ga ol aae )4+ L +(0X0 4 Gecl il e )

0 4 305
100%x dan el xda saiall @l ol axe = 4l sadll

Arthar Thomas co.Mileg Mill Standard ¢ 5 (e 4 s Aol s Gl g Lxada (31 )5V s ¢ e 5235 e
o et &5 Alalae JSI ) Sa3 a8 g5 (B 5Y) (G saase (e al 0.2 0552 /o33 dala fAc) )5l 4US/ (g S 5all sl —_—
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S im0 2l ) iy [17] oyl ey ol S0 adla Sl Akl iR il
sl sl o Jseanl) 5(6.25) dasadll e (A Ciom s il g siall Al i Juals (50 5[18] JIS 23y ke
[19] Bus¥) (4 o5 nll

A5V o all oLl Ll sl o panall dust 5 il o8 5 (ol ng el 5 Aall Cilall 5 (s 5Ll (3 (el 3 SIS
cAels 4852 ° (e B0 o)y An a (A Syl (Ll i g4l g ST G g g Adllall 4 Y

1Bl g giliil) -3

1 e ldly il pad) cndd) e -1-3

WS o kill Jall JSE 4 el (R, solaniobd) e ¥ e S aga el Joall gl o ekl
) doall By (B elandl (e Ay yladl) O peatusall Gl sl Can 33 Sle Ay el plua W1 aaa 5 L sl 4 pladl) il jantudl)
iy JSEN 5 yudise 5y 4y e Lalua) Y Gall aa) i g€ 38 5 <l janianall jae a0y il ()l (e &5 liie il 50
Gl padi dgay ge Ly Al L)y < o i€ e i aly anda s haill Jal) o genall Gandll jelal LeSe (5l
LOANS & jpae Sl i 4l a5 s ade pe g il o ol Ak 0 8 Aua s Jal s 5S35 g 8 Bhlie (8 daual
i gl ol 98 e SS) e Waed sial Aniling blue dasay < jall 4y jhadll Ja gl jnat dagii & jelal ¢ Ala )
Multinucleate ¢ 5 (e &Y Al R.solani & &Y =l s2a ¢ XS5 las dua gadall Y Jall 43/ 31 55 (6_4) oo
[15,14,13,12] 83 il ciliall go ciliall 13 5

vyl A il gd cilail AR solani sbdl gl jLii)-2-3

Ssima (3ol s LA ) sh il dpndy L gine Liadl G 3 dia jae i€ SN adll @Y e ol (1) Jsdn il i
) V) A sl 8 Lysine RS2 aljall o8 3 «100% el A il Al (Ll ¢ say) A5 laal) dlelaa e
038 5 g Lah Uil cllia (b Ll <l joly aal jal (o 3 )08 citdl La jlial) o5 (AGY Jall ol (e a2 ) e 26.7%
LA G Adpa e gl V) L858 8 iR solani shdll SY je () e fislll (e 2ae saa gle ae (36T Anmill
W8 (s stua My Sl COOEAY) I (s sl Y Sall G Al eIl 8 CaDERY) (o [21,20]
D5l it Gigan e A g asall Allaal) cilay 1Y) 2l g AU M a3l Aebualliy gl Lpa) S all
Dbl Al ja¥l s 508l aaas & 0 0 Wb Al Proteinase Pectinase ,Cellulase a») Leie s il (e Leaiag
.[22] R.solani
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Skl s il 4 Rhizoctoniasolani kil <Y je 5 :(1) Jses

<l % Al ey
66.7 RS1
26.7 RS2
333 RS3
100.0 Control
16.31 L.S.D(0.05)

GlySe g Jame Bl Jsoall B8, S o

Lpita R solani g peall sbdl pai 4 4 pinll ydlasy) dry 48l Lis) -3-3
4 puan) (aleadl dus g yaall 380 il die (i jaall jladll Japlll cas (g 4 sine SRS 2525 2 Jgaa bl @ ekl
Aol el % 0.0 5 k) Alalaay Luld @55l cila 5 Ciitric acid <« Humic acid < Ascorbic acid
G aall Jhaill gaidasii & il / aale 1500 51000 ¢ 500 &1 3,815 vie Ascorbic acid wads s LY
=il Ji Citric acid waels @i (s (8 ¢ 2l e 9% 100 585.92 545,55 Ll 4 shall i) Jaxa s 3
da Gl g B il e 25l 580 vie 31530 vie 9% 94,07 554,81 22,22 Ll qai b (5 s
1000 5 500 S\ il xie% 89.26 5 40.37 5 10.74 L yeall Lhill e Humic acid (s siasll (adlall Loyl
o paal) Sl gai Jand a5 3 sl 380 5l G dga yka ABe 3 sa g il i LS ¢ i) e i1/ a3l 15005
axle 1500 LS AL Ascorbic acid J) giasls Jleatinl die labiad] Jaad a5 il 5.0 ) @l 3ak 30 ol 35 Ll 3
Ascorbic gasla aladiul 2ie [10]5[23] o IS 49l daa 58 e i3l 038 ac 5 ¢ 9 100 dapdli A s Sua 511/

oaala Ll e alill Je PDA A3 sl e @y kil s Citric acid s Humic acid s acid

588 A (el Skl 3 Citric acid s Humic acid o J81 381 55 kil J330) e 3 Ascorbic acid
G d5m (s S[10] 0 Wedses W sad Al e Ul g A jall Clinsall gl 433U 4 al) Clleall LafieS Ll
e Gl Gleliy daid Jal =S Blery uaalall o) ol s Citric acid s Humic acid 81l kil Jeas
bl ol gai B 8Ll La il (I 2 5m 5 Lt Alall 581l ol sai 8 Lo il Anally el ¢ s alasin)
g ohil) Jall sai A8 je Ml g (i seall Hladll (5 slall sLaall M A L ili DA e
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PDA 230 bl (b (a paall i) gai b & guanll (alaa¥l 5 2(2)d s

Lill 0 () Boaniunall )l Jaae (A pala)) 58180 sl 2l
0.00 9.00 0 Ascorbic acid
45.55 4.90 500
85.92 1.26 1000
100 0.00 1500
0.00 9.00 0 Humic acid
10.74 8.03 500
40.37 5.36 1000
89.26 0.96 1500
0.00 9.00 0 Citric acid
22.22 7.00 500
54.81 4.06 1000
94.07 0.53 1500
4,69 =gl sl 0.42 = (adl all L.S.D(0.05)
5.42 =S ll 0.48 = S)_il
9.39 =dalill 0.84 = Jalull

S )l dare Sy Jsaall A a8 S

i APl gdad) e gy il il Lulia¥) bady i ads A 4y plnd) polasY) piry il -4-3
salll 48 g ki
& Bk 3 gy Lewladinl e Citric acid s Humic acid « Ascorbic acid 4 scasll (aleall awa & il
) 83 kar (apaall hailly 2 kall 3 slarll Alabaay Ll jall 325 Ao (s (8 (ajeall lailly 25 lall iSlalaal
s % 23.33 <« Humic acid6.67 s Ascorbic acid _asla dlalaa (& (s jall 305 Ao Can gl 3 31 (13 Jsoa
ada dlea bl d5 il e 9% 76.67 5 83.33 5kl dldlaay Luld sl e 9 18.33 ¢ 5.33
56.67<aly 3 G seall Hladll a3 jdiall 3lalaall (g (e (il B2 g A B (il A el Ascorbic acid
O (e paall Alal) sadig Al (B (mdd At JB Citric acid uasls Alalae G yelal WS il e 9% 5.33
Ascorbic acid (aela (o hlall dlalas cidsiiy | a5l e 96 28.33 536.67 il 5 AV 4y puanll [aleaY)
5 3.33 by Ally Aiaidie Gl iue () (ia el Bady dpud QWS ) il A ¢ el As8Se 8 + Humic acid
Ascorbic ildxs 5 Ascorbic acid + Citric acid o Lalall das e | sine Calias ol il 5 aliil) e % 2.67
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Humic acid + Citric ¢ halall dldlaa Leili 25 i) e 94 5,33 ¢ 5.0 56.67 « 6.67 <l Al 533 44 acid
Ascorbic acid + (asla o alall dldlae g a ¢ (1 IS5 ) Al e 9% 11.67 5 16.67 <l S5 acid
Lo caly (Al el okl 05l dare (8330 Slo) Lediiaty COlad) 48 e (a seall 2 Humic acid
Aliad alea¥loda o) (M sae Sl ja G LSl B o AY) O lalaal) 48 Ll il e il /22 1,71 5 9.83
. [24,8,7] Sl (al el Dlasss (3o el a8 e Allad

S 3l (s o pag V) B0k g gl A (B By gl alan¥) iy 5 : ((3) st

Llay) sail 0 FESTEA bl
0.00 0.00 Control
76.67 83.33 R. solani
0.00 0.00 Ascorbic acid
0.00 0.00 Humic acid
0.00 0.00 Citric acid
5.33 6.67 R. solani + Ascorbic acid
18.33 23.33 R. solani +Humic acid
28.33 36.67 R.solani+ Citric acid
2.67 3.33 R.solani + Ascorbic + Humic
5.00 6.67 R.solani +Ascorbic +Citric
11.67 16.67 R.solani+Humic+Citric
16.67 23.33 R.solani+ Beltanol
6.43 7.94 L.S.D(0.05)

815 (e Aatll) i) Clallal] Zaslgl) 3SY) il Qi Oy (o pal) el B slia b ) KUY1 mela 53 (05
Clall (8 2SUl A gliall ey 3V ddlad 50b ) o Jamy @) SuV) (adla ol [10] L) 238 | [23,11] dnda sell Clususall
Geob oo A jall Gl dgilae (8 el S Gaels ddlial 4S50S0 O jud By Catalase s Peroxidase <l yIS
Jra Lee ¢ Diaisall daglaally le 3l Lad W e 5 Glucanase s Chitinase <iley il dallad caal dagis CULAN gad (auead
Ale Loslia iai o iy 4l 3 5 sm sal) A1) ealiall (e 5aliied WeiliE 3005 o3 ey las |sel saii LY
Jiadll 33 ) e Slcad Apidall jaliall (alaiel 8 edall 3lS 300 ) ) g2 o) KW (aala o) | QY il pe3
3305 (B o5l 5 31sY) (B em sl S 5 Bl (B e Gl sSul) malal (eI LAl udy S5 | [25] sl
e Aslaall b oy 50 Lingl s lasliy 3 dluad) @l EY) 5) 4y 3 o 4180l 4000a)) pualiall g OA (e g0 3 3
calall (sl 8ol (o el S Gaalay Alabaall ) (5585 (A ) 25m 8 l 30uSY) (e G5V (A 0 sSiall Jid SIS
— lij iy ol all slea¥) QA opsr e Skl [27,26] sedll Gleliial aliia g0 Al S g addls s (pe peaall
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e Jany 43 LS [29,28,10] 5208V (e Cansdly sl pany g il iSIV) Ji a3 (8 Jas LA aludil 5 (i) Cliles

.l oLl 3eiS 3
I e i) il Al 8 Jladll o 50 I (s paall ladlly Al 505 5 A (i 8 Slan sag) el 550 (5 3m C (
Fet?, main€ Ayiaal jealiall (po Ll (s sina 53 Gyl e il s im yaall il ) (e lball 451301 e glaall b
Aa8ll) A58 A a) LS IS5 s qad (e Slmd L lial) ) ey 33 sty ZNn*2 Mn*2, B, Cu, N, P, K
[31,30] sl rommuall L) il Ao slia 325 e sl el (o (5315 2 i) Jslae A lladall 5 iledlIS 252 all

14 - Bkl ol
RSN PR

/¢

- L
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Dbl il (A sl s siaall e Ay guanll Galaal) 500 (2) JS

Ay sine By ) i alaal) gaen < jedil 31 Liliaa dual 5 cilS LA il 3 0 g yall A sial) Apail) Jara e cBlabeall 0 o
Cualy )5 (O e ki (553 00 ) 5 (R o pee k) A3 laal) ilalra ae & )le (12) S G5l g siall dil) Jaea (A
bl 3 g g clia s + &y ) S adla G Jalad) Alalea B G g ol A e ) iy s 8 ¢ il e 9% 6.40 5 13.37
Leiliy 9% 23.33 sy Al 5 <l i) + el ) sSul) Gadla o sl dldles o Ly sine alins ol 3l 5 9 24.67 il )

Al e 9% 21.00 522.93 il (Al el yidl + e s Gadka G i) ddalas 5 30 e &y ) Sl adla Aldlas
Dl s Gl ) (8 Jads IS (5 sime B35 O (A1 252 138 Lasal 5 IS ) S adla 0 (o3 | il (g Jaa Dy
) s Jod 5 ) sISI S 5 (A ) 31 sY1 (A O s ) 38 538305 (o0 () s g5l sSuY) Gladlag dlaleal)
ad o LS Lagly 3 5iluall aS) 38l gl 4y 55 alalall A0l juabial) 58 65 DA (e Ji gy sISH 38 5350l 5 3150 g
3 C el (3585 0 [28] 328 slian Sale o el 3208V e (31 5Y) (A Sl Jib g sl e dailaall i Lega T 50
& sina 33 ) (A 3 smHumic acid s Ll [32]43 Jio 5 e e G (5 ) SIS (5 sinall 824 ) dda b ) sSuY) Gadla
Ll d5iae daiill 024 el y Lol wia s Jid g ) IS i it e a1 o il 5 il Sl 5 Ainal) alea ) (e il
e Galaal) S Bl 35, A Alalaall i) 8 S (b5 ) IS0 0S80l 5 (8 (aaladl g0 ) 5aST 011 [30] 582
sl Jas A e e le Latll e pa (pe s Lee Al cila 3V (e 22 DS g halaisal )y Ae s e M, il Sl
st e Ulagd @ls (uaiy g KU 355 5180 S 33 31 LA il G315l e Ui, Humiic acid olasiud dseal [33] 515
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Abstract
Powder mixed electrical discharge machining (PMEDM) is a hybrid machining process
where a foreign powder suspended into a dielectric fluid for enhancing the capabilities of EDM. The
objective of this manuscript is to study the influence of input parameters like alumina (Al.O3) powder
concentration (0,10, and 20) g/, peak current (10,14, and 24) A, and pulse on time (50,75, and 100) us
High-speed steel (HSS) on the material removal rate (MRR), electrode wear rate (EWR) and the of M2
surface roughness (Ra). Response surface methodology (RSM), adopting a face-centered central
composite design (FCCD), has been conducted to design and analyses the experimental layout. The
experimental results were observed that Al>Os fine powder mixed with the transformer oil significantly
improved the MRR and reduces the EWR and Ra at various conditions. Maximum MRR was (0.49966
g/min) obtained when adding (20 g/l) Al>Os at peak current of (24 A) and pulse on (100 ps), minimum
EWR and Ra was (0.00092 g/min) and (3.669 um) respectively at concentration of (20 g/l), peak current

(10 A) and pulse on (100 ps).

Keywords: Electro-discharge machining (EDM), Powder-mixed dielectric, Response surface methodology,
Alumina fine powder, Surface roughness.
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1. Introduction

Electro-discharge machining is a widely used amongst nontraditional machining used for
processing small deep diameter hole and various complicated holes, die cavity with large components,
and other precision parts. The applications of this process increased due to its ability to machine
materials regardless of their hardness and its ability to produce geometrically complex shapes [1, 2].
Nevertheless, low machining efficiency and poor surface finish limits its additional applications [3].

Lately, EDM technology has developed significantly, and smooth surface can be obtained with
very small surface roughness such as a mirror by controlling the energy of the discharge pulse accurately
or by using powder mixed working fluids [4]. This process is called powder mixed electrical discharge
machining (PMEDM). Suitable materials in fine powder form like graphite, iron, aluminum, titanium,
silicon, copper, chromium or alumina, etc. are mixed in the dielectric fluid, which decreases the
insulating capability of the dielectric and raises the spark gap distance between the electrodes to
uniformly diffuse the electric discharge in all directions. As a result, the process becomes more effective
and thus improves MRR and surface quality [5-7]. Principle of PMEDM is shown in Figure (1) [8].

4— Servo feed mechanism

Dielectric fluid

Figure (1): Principle of PMEDM [8].

Extensive studies concerning the PMEDM and its optimization are available. Some of the most
relevant are listed a continuation. Erden and Bilgin (1980) [9] studied the Powder-mixed EDM
(PMEDM) for the first time, they studied the influence of carbon, aluminum, copper and iron powder
mixed in dielectric fluid and conducted improved machining rates and reduced time-lags because of the

—— powder
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particles in gap space and reducing insulation strength of dielectric. Yan and Chen (1993 and
1994) [10-12] examined the effect of addition silicon carbide and aluminum powders to dielectric in the
machining of Ti—-6Al-4V and SKD11. It has been found that the SR increases whereas the MRR
improve significantly Kansal et al. (2005 and 2007) [13, 14] studied the influence of silicon powder
mixed EDM on EN-31 tool steel and AISI D2 Die steel on machining rate. The results identify the most
important parameters to maximize material removal rate and minimize surface roughness. Assarzadeh
and Ghoreishi (2013) [15] demonstrated an attempt to model and optimize the machining parameters
effected in Aluminum oxide (Al203) powder-mixed dielectric using heat-treated CK45 die steel
workpiece and electrode of commercial copper. The experiments were Planned using (RSM). Three of
the main process parameters (discharge current, pulse-on time, and source voltage) were discussed on
MRR and Ra. The results are sets of optimal points that makes the MRR as high as possible and
maintain the Ra and all machining parameters in their specified ranges simultaneously. Rathi and Mane
(2014) [16] discussed the influence of machining Inconel-718 by powder mixed EDM. Selected
machining parameters were current, pulse on time, duty cycles and powder media (SiC, Al2O3, and C).
Optimization is carried out by (S/N) ratio analysis of taguchi method. (ANOVA) is used to present the
effect of process parameters on (MRR) and (TWR). The maximum MRR is obtained when used
Graphite as powder media at Ip of 18 A, Ton of 5 us, duty cycle of 85% and. Low TWR is attained at Ip
of 12 A, Ton of 20 ps, duty cycle of 90% and SiC as powder media. Tripathy and Tripathy (2017)
[17] tested the influence of current, powder concentration, gap voltage, pulse on time, and duty cycle on
MRR, Ra, recast layer thickness (RLT) and the micro-hardness (HVN) when machining H-11 die steel
during PMEDM. Taguchi method with orthogonal array of L27 was used to carry out the experiments
with SiC powder suspended in dielectric fluid. Results have shown that machining without addition
powder most cracks, pores, holes, and surface pits are found to occur with more non-uniform surfaces
which increase the SR however, when powder is mixed with the dielectric fluid, the surface texture
showed tremendous improvement due to increased MRR, reduced SR and RLT, improved HVN and
superior surface quality with less micro-crack. Bhaumik and Maity (2017) [18] made an attempt to
investigated the influence of SiC PMEDM for machining (AISI 304) stainless steel on Ra. RSM had
been adopted to design the experiments. It had been conducted that, the most suitable parametric
combination which produces the best value of Ra (6.7 um) was: Ip=4 A, Ton=50 ps, Cp=10 g/l, gap
voltage=65 V, and duty cycle=65%. Results had shown that Ip was the most significant factor for Ra and
with the increase of Cp the Ra decreased. Sahu et al. (2018) [19] found that Among the investigated
parameters (powder concentration, pulse-on time and peak current); peak current has performed as the

s | 3 (10— )
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greatest significant parameter followed by powder concentration. Results show when mixing 4g/l of SiC
powder into kerosene dielectric, at low energy input, has appeared beneficial for achieving maximum
material removal rate, and decreased surface roughness, surface crack density, as well as white layer
thickness. Sahu and Datta (2019) [20] conducted investigations of graphite PMEDM with various peak
current on the material removal rate and tool wear rate. Some of the topographical and morphology
features of the machined surface were also examined. The outcomes, as compared with the pure EDM,
are estimated to be capable of improving MRR, decreasing TWR, reducing surface finish, less micro-
hardness and residual stress at the machined surface and reduced severity of surface cracking as well as
intensity.

The aim of this study is to Investigate the influence of alumina powder-mixed dielectric on
MRR, EWR, and Ra using response surface methodology (RSM) to modeling and predict the process
performance by selecting different input machining parameters and Analyzed the responses by ANOVA
to find the most significant factors for each .

2. Experimental Work:
2.1 Machine tool

Experiments were done on a CHEMER EDM machine, which is placed at the University of
Technology / Baghdad, shown in Figure (2). The dimensions of the working tank of CHEMER EDM
machine, that contains the dielectric fluid, are (820x500x300) mm. A large amount of dielectric fluid
should be available to fill the working tank with these dimensions. Hence, a large amount of Al>Os fine
powder is required to get the desired amount of powder concentration within the dielectric fluid. So a
new tank with a capacity of 8 liters of the dielectric was developed to avoid this problem. Experiments
were performed in the new tank that filled of the transformer oil mixed with Al.O3 fine powder and
placed in the empty working tank. A small pump was placed inside the new tank to isolate the powder-
mixed internally in order to avoid deposition of the powder at the bottom of the tank or accumulating

overhead the dielectric surface.

- lzpa M 8
{10}—
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Figure (2): CHEMER EDM machine.
2.2 Workpiece material
high-speed steel (HSS) was used as the workpiece due to its high corrosion, In this work, M2
high strength and shock resistance, have a hardness of 62 HRC. The workpiece was made in square
specimens with dimensions (25 x 25 x 3) mm as shown in Figure (3). The workpiece’s chemical
composition was tested at the central organization for standardization and quality control \ Ministry of
Planning \ Iraq and according to ASTM E415 standard and the results are listed in Table (1).

2B,

Figure (3): The workpiece before machining.
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Table (1): Chemical composition of M2 high-speed steel (HSS).

| Element C%  Mo% Cu% Cr% Si%  S%  P%  Mn% |
Weight% 0855 583 0175 471 0305 <0.001 <0001 0.28

Element Ni%  Ti%  Al% W% Co% Sn% V%  Fe%
Weight % 014 <0.0005 <0005 573 0045 <0001 188  Rem.

2.3 Electrode material
The electrode material selected to carry out the experiments is copper with dimensional (75, 40 and 6)
mm, as shown in Figure (4). Table (2) gives the chemical composition of the copper electrode which

have been examined at the central organization for standardization and quality control \ Ministry of

Planning \ Iraq.

Figure (4): The copper electrode.

Table (2): Chemical composition of Cu electrode.

| Element zZn%  Pb% Sn% P% Mn% Fe% Ni% Si%  Cr%|

Weight % 0.0001 0.0005 0.0005 0.0001 0.0002 0.0091 0.0004 0.0373 0.0008
Element Al% S% As% Ag% Co% Bi% Cd% Sb% Cu%

Weight % 0.0024 0.0001 0.0001 0.0024 0.0004 0.0001 0.0001 0.0017 Rem.

2.4 Powder-mixed dielectric
Alumina (Al203) fine powder with a particle size of (0.9 ~ 1.2 um) and transformer oil were mixed

together to develop the powder suspended dielectric medium. Table (3) and Table (4) are shown the
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physical properties of dielectric fluid, that tested at production and metallurgy department laboratories,

and the thermo-physical properties of alumina powder respectively.

Table (3): Physical properties of transformer oil.

Density at 15°C  Viscosity at 23 °C Specific heat Boiling point Flash point
temperature temperature
0.850 (g/cm?) 28.01 (Pa.s) 1.63 (KJ=kg.K) 280 (°C) 140 (°C)

Table (4): Thermo-Physical properties of alumina powder [21].

Density Electrical resistivity ~Thermal conductivity
3.98 (g/cm®) 103 (uQ-cm) 25.1 (W/m-K)

3. Experimental Procedures

START

Workpiece = M2 HSS, Tool = Copper
Powder = Al2O3
Dielectric = Transformer oil

Measure initial and final weight of two electrodes before and
after machining by using the electronic weighing balance

Design the experimental
layout by RSM approach

Machine setup

Calculated the output
response MRR and EWR

- lzpa M 8
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A profilo-meter has been
used to measure (Ra)

Used ANOVA by Software / Minitab 17
to analysis the results

END

Figure (5) illustrate the flowchart of the experimental procedures.

The MRR and EWR was calculated by [16]:
Wie_er
T

Wiw_wa

(1) EWR = -

(2)MRR =

Where:

MRR = Material Removal Rate (g/min)

Wiw = The initial weight of the workpiece (g).
Wiy = The final weight of the workpiece (g).
EWR = Electrode Wear Rate (g/min)

Wie = The initial weight of the electrode (g).
Wse = The final weight of the electrode (g).

T = Machining time (min).

4. Design of the Experiment
RSM is an effective statistical and mathematical technique that finding a quantitative formula of
the relationship amongst the input and output parameters [22]. Three input parameters with three levels
for each parameter were selected in this study as shown in Table (5). Whereas Table (6) illustrate the
fixed input machining parameters. In order to conduct the experiments, face-centered central composite
design (FCCD) matrices contained from RSM approach have been employed. The experimental layout

and response result is giving in Table (7).
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Table (5): Machining Parameters and Levels.

Parameters Units Levels
-1 0 1
Powder concentration (Cp) g/l 0 10 20
Peak current (Ip) Amp 10 14 24
Pulse on time (Ton) psec 50 75 100

Table (6): Fixed input parameters.

Machining Parameters Fixed values
Workpiece polarity Negative
Electrode polarity Positive
Dielectric fluid Transformer oil + Al,O3 powder
High voltage 140V12A
S code 200
Servo feed 75 %
Working time 5.0 sec
Jumping distance 2.0 mm
Gap code 10
Gap distance 0.3125 mm
Depth of cut 1 mm

Table (7): Experimental layout and response result.

"Run Cp lIp Ton  MRR  EWR  Ra
order g/l Amp psec g/min g/min Hm
1 0 10 50 0.1829 0.00519 4.535
2 20 10 50 0.19378 0.00355 3.851
3 0 24 50 0.4258 0.095516 5.479
4 20 24 50 0.45353 0.068594 4.486
5 0 10 100 0.1918 0.001928 4.259
6 20 10 100 0.2307 0.000923 3.669
7 0 24 100 0.4173 0.04695 5.947
8 20 24 100 0.49966 0.035815 4.629

- X W ——Y e B
- lzpa M 8
{10
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9 0 14 75 0.2647 0.011824 4.931
10 20 14 75 0.2872 0.007699 4.036
11 10 10 75 0.2074 0.002908 4.213
12 10 24 75 0.489 0.04472 4.921
13 10 14 50 0.26185 0.009479 4.573
14 10 14 100 0.31355 0.001824 4.395
15 10 14 75 0.2773 0.008246 4.558
16 10 14 75 0.26943 0.008635 4.463
17 10 14 75 0.2801 0.007959 4.547
18 10 14 75 0.27371 0.008796 4.491
19 10 14 75 0.27514 0.00962 4.417
20 10 14 75 0.26857 0.008593 4.538

5. Results and discussion
Based on the experimental outcomes obtained from Table (7), The influence of the input
parameters (Cp), (Ip) and (Ton) on the three responses namely MRR, EWR and Ra were analyzed by
analyses of variance (ANOVA) from RSM approach using MINITAB 17 software. (ANOVA) was
conducted to test the significance of the model when the P-value is less than 0.05 (95 % of confidence
interval), then the model terms are statistically significant. Tables (8), (9) and (10) demonstrate results of

ANOVA for MRR, EWR and Ra respectively using backward elimination regression.

Table (8): Results of ANOVA backward elimination regression for MRR.

~ Source  DF  AdjSS  AdjMS  F-Value P-Value
Model 6 0.184024 0.030671 223.00 0.000
Linear 3 0.180188 0.060063 436.71 0.000
Concentration 1 0.003549 0.003549 25.80 0.000
Current 1 0.174812 0.174812 1271.03 0.000
pulse on 1 0.001827  0.001827 13.28 0.003
Square 1 0.000476  0.000476 3.46 0.086
concentration*concentration 1 0.000476 0.000476 3.46 0.086
2-Way Interaction 2 0.001384 0.000692 5.03 0.024
concentration*current 1 0.000530 0.000530 3.85 0.071

- lzpa M 8
{10}—
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concentration*pulse on 1 0.000854 0.000854 6.21 0.027
Error 13 0.001788 0.000138
Total 19 0.185812
Model Summary S R-sq R-sq(adj) R-sq(pred)
0.0117276 99.04% 98.59% 97.24%

Table (9): Results of ANOVA backward elimination regression for EWR.

Source DF Adj SS Adj MS F-Value P-Value
Model 7 0.12308 0.001758 86.31 0.000
3 0.008969 0.002990  146.76 0.000
1 0.000235 0.000235 11.54 0.005
1 0.007678 0.007678 376.92 0.000
1 0.001055 0.001055 51.81 0.000
Square 2 0.000588 0.000294 14.42 0.001
1
1
2
1
1

Linear

Concentration

Current

pulse on

concentration*concentration 0.000086 0.000086 4.22 0.063
0.000164 0.000164 8.03 0.015
0.000947 0.000474 23.24 0.000
0.000169 0.000169 8.32 0.014

0.000778 0.000778 38.17 0.000

current*current

2-Way Interaction

concentration*current

current*pulse on

Error 12 0.000244 0.000020
Total 19 0.12553
Model Summary S R-sq R-sq(adj) R-sq(pred)
0.0045134 98.05% 96.92% 89.15%

Table (10): Results of ANOVA backward elimination regression for Ra.

Source DF Adj SS Adj MS F-Value P-Value
Model 6 4.78393 0.79732 99.08 0.000
Linear 3 4.52206 1.50735 187.32 0.000
Concentration 1 2.08578 2.08578 259.20 0.000
Current 1 2.43542 2.43542 302.65 0.000

[[7) =
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pulse on 1 0.00086 0.00086 0.11 0.749
Square 1 0.05292 0.05292 6.58 0.024
current*current 1 0.05292 0.05292 6.58 0.024
2-Way Interaction 2 0.28732 0.14366 17.85 0.000
concentration*current 1 0.12977 0.12977 16.13 0.001
current*pulse on 1 0.15756 0.15756 19.58 0.001

Error 13 0.10461 0.00805

Total 19 4.88854
Model Summary S R-sq R-sq(adj) R-sq(pred)
0.0897048 97.86% 96.87% 90.20%

Equations (3), (4) and (5) represented the mathematical relation amongst input parameters and MRR,
EWR and Ra respectively which obtained from non-linear regression models by RSM method. These
equations are used to calculate the predicted values of MRR, EWR, and Ra.
MRR =0.0046-0.00117C, +0.017214 1, +0.000127Ton —0.000099C,, *C,, +0.000114C, * 1, @)
+0.000041C,, *Ton

EWR =—0.0372-0.000426 C,, +0.00250 | , +0.000528Ton +0.000052C, *C,, +0.0001841,*1,,

4
) —0.000065C,, * I, —0.000055 1, *Ton

Ra =3.887-0.01549C, +0.1207 1, —0.01302Ton —0.002691,*1, —0.001787C, * 1,
+0.0007881, *Ton
The surface plots, shown in Figure (6), and the main effects plots, shown in Figure (7), for MRR
bridge the gap observing that when the concentration of the alumina powder increased that help to
between the two electrodes, hence the MRR tends to improve. Also, MRR rises with the increased of
pulse on time, furthermore, this rises becomes more obvious when the peak current value increased, due
to the production of strong spark that generates higher temperature leading to melting and vaporization
of material and formation of craters on the workpiece. Consequently, this results in higher MRR. This

tendency is exactly corresponding with the results of Kung et al. [16].
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Figure (6): Surface plot of MRR versus the input parameter.

Main Effects Plot for MRR

Input parameters

concentration current pulse on

MRR
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Figure (7): Main effects plots for MRR.

From Figures (8) and (9) It was concluded that the EWR increases with the increase in powder
concentration, yet it is still better than conventional EDM i.e. when the powder concentration is 0 g/l.
This can be explained by the fact that when increased the concentration in dielectric media, the gap
voltage and insulating strength of the media reduced. This causes the early explosion by a short circuit in
the gap causing high EWR.

Furthermore, EWR seems to be decreased with increasing the pulse on. That’s because, at the
beginning of spark, the motion of the electrons overcomes the motion of the ions under the workpiece
where the amount of material removal from the workpiece is more than the electrode that leads to the

decrease of EWR.
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Conversely, EWR increases significantly with the increase in peak current. This obtains because
similar trend is detected by of high current produced a high spark that removing the electrode material
Rathi and Mane [18].
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Figure (8): Surface plot of EWR versus the input parameter.

Main Effects Plot for EWR
Input parameters

concentration current pulse on
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Figure (9): Main effects plots for EWR.
The effect of process parameters on Ra is given in Figures (10) and (11). It shows that even with
high peak current, the value of Ra keeps on reducing when powder concentration increased compared

with conventional EDM (0 g/l concentration). That’s due to the suspended powder particles lead to the

e T
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uniform dispersion of discharge energy in all directions, which results in shallow and small craters on
the machining surfaces resulting in less Ra.

On the other hand, the Ra increased with increasing the peak current. High current means rise in
temperature and more material melting and vaporize this leads to increase MRR and creates a rough
surface, same results observed at [8]. While no obvious effects on Ra shown when used different pulse

on.

Ra (um)

Ra (um)

o
Currem (A) <

| Concentration = 10 g/l |

Figure (10): Surface plot of Ra versus the input parameter.

Main Effects Plot for Ra
Input parameters

concentration current pulse on

524

4.0

Figure (11): Main effects plots for Ra.
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6. Conclusions
The conclusions drawn from this study are:
i.  PMEDM enhances the MRR, EWR, and Ra in comparison with conventional EDM.

ii.  For the best sitting of MRR powder concentration of (20 g/l), peak current of (24 A), and pulse-
on time of (100 ps) must be considered that yields the best value of MRR of (0.49966 g/min).

iii.  The best sitting for Minimum EWR and Ra was (0.00092 g/min) and (3.669 um) respectively
and obtained at concentration of (20 g/l), peak current (10 A) and pulse on (100 ps).

Iv.  Powder concentration (Cp), peak current (Ip), pulse on time (Ton), and the interaction effect of
powder concentration and pulse on time (CpxTon) were the significant effected terms on MRR.

v.  The most influential terms on EWR were found are the linear terms of (Cp), (Ip) and (Ton), the
quadratic term of (Ir?) as well as the interaction effect of (CexIp) and (IpxTon).

vi.  The affecting parameters on Ra were found to be the (Cp), (Ir), the second-order term of (15?) and

the 2-way interaction of (Cpxlp) and (IpxTon).

For this study powder concentration, peak current, and pulse-on time at different levels have
been investigated to evaluate the MRR, EWR, and Ra of Al>Os powder mixed dielectric in EDM.
For future recommendations, the researchers may study the influence of different powders in
Nanoscale, choosing an alternative range of the process parameters, and using other types of

dielectric fluid like tap water, distilled water, vegetable oil, etc.
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List of Abbreviations:
EDM Electrical Discharge Machining
PMEDM Powder Mixed Electrical Discharge Machining
HSS High Speed Steel
MRR Material Removal Rate
EWR Electrode Wear Rate
TWR Tool Wear Rate
Ra Surface Roughness
RSM Response Surface Methodology
HRC Rockwell Hardness
ANOVA Analysis Of Variance
Ip Peak Current
Ce Powder Concentration
Pon Pulse On Time
DF Degree of Freedom
Adj SS Adjusted Sums of Squares
Adj MS Adjusted Mean Squares
S Standard deviation
R-sq The determination coefficient
R-sq(adj) Adjusted determination coefficient
R-sq(pred) Predicted determination coefficient
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Abstract

This study was conducted to evaluate the biological effects and the antifeedant effect of pesticide
Oxymatrine 2.4% on the larval stage of cotton leaf worm Spodoptera littoralis when the second and
fourth instar larvae fed on food treated with concentration 0.5,0.75 and 1 ml.L™ of pesticide. The results
of second larvae instar showed the highest mortality percentage which reached 76% when 1 ml.L™ conc.
was used. The lowest mortality percentage was 28.3% at the conc. 0.5 ml.L™ The mortality percentage
reached 34.3% at 1 ml.L™ for fourth larvae instar. The results also indicated that the period of larvae
growth and pupae were prolonged and decrease in the rate of adult age and the number of eggs laid of
adults emerged from treated stages larvae. This study showed that Oxymatrine 2.4% had antifeedant
effect against cotton leaf worm and the second instar larvae were the most susceptible, the effect of the

pesticide was 70% for the second instar larvae while reached 29.9% for fourth instar larvae at ml.L™.

Key word: bio-insecticide, cotton leaf worm, Oxymatrine, alkaloids, plant extracts.
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Abstract

The study conducted in two fields planted with wheat crop Belong to the Department of Field Crops in
the College of Agriculture Engineering Sciences - University of Baghdad for the season of 2016-2017
one field in the College of Agriculture with an area of 140 m? and the other in the College of Physical
Education in Jadriya with an area of 360 m? and the two varieties Aba and ALftah of the first field
AbuGreeb and Al-tahdy to the second field. The results showed that the Population density and seasonal
presence of the Nymphs insects were higher than Aults of the same insect and all four varieties. The
results also indicated that the Population density of wheat thrips was in the second field higher than in
the first field,t he results of the Population density and food preferance of wheat to the insect that the
highest infection of the insect was in the varity of Abu Ghraib with 140 insect / plant while was the least
infection was in the Al-tahdy varity of 76 insects / plant..The results showed that the first appearance of
the wheat thrips and all varieties started in the last week of March and that the highest density was
reached in April in the fourth week of the year (Abu Ghraib and Al-tahdy) with 26 , 27 insects / plants
respectively, Density of number of insects per Aba and ALftah at the beginning of May with 25 , 31

insects / plants respectively

Key words: Wheat, Haplothrips tritici, varieties, Aba , ALftah, AbuGreeb, Al-tahdy.

Arab Researcher iD




ARID International Journal For Science and Technology (AIJST) VOL: 2, NO 4, December 2019

aliall

iy dmals — ey 3l Larigll ole LIS 6 Auliall Jaalaall ol el Auinl) Jgeanar (e 5530 Oolin b Al 5l el
& Amll A il LIS 8 Al Jis g 20 140 aisbuas Aol )3l Awxigd) asle IS 8 a5 Jis 1l 505 2017-2016 amssall
O ) Cama ) SN Jiall ganll 5 3 a2 sl s JsY) Jiall il 5 oL Lea Jis JSU i ) 535 20 360 ainlsa 5 4y polal)
Za)¥) Gl maeal s Leni 5 0l Uil (e Lgte o) cuil€ ddaial) (a3 5 pdia il ysal ane sall 2a il 5 Anaall Z8USY)
i gy o Jo¥) Jiall 8 Lie el U Jisd) b el ddaiall (e 55 el Lpoael) AEUSH (L IS il Casa gl 5
st ilS Alial J8) chaly Labyy il /5 s 140 Sl 3 e gl Cabiall A il 3 piall dlal el ol 3 dall S13al) Jaadil)
& sl b il CaliaV) A8lKly Adaiall Gy 5 pdiad ) seda J) of Lol i) chigy s il /5 e 76 iy 31 gaall Canuall
ot o) iial die il g gl b Ol el 8 il b pdall L) ciliag doae AU el oy I s e LAY
e Ay (B (il 5 ell) dial 3 p8all dpae 4K o) cialy e i) e <l /5 5da 27526 il A (ganill

Sl e i /5,82 31525 sy

agaillicuy e gle madlle ol «alia¥le Halothrips tritici adaiadl a5 ¢ 2aiall ; dualisal) LK)

L I e I

Arab Researcher iD




ARID International Journal For Science and Technology (AIJST) VOL: 2, NO 4, December 2019

Aadiall-1

salall dilall 5 ZLBY) A g de g ) dall Aalisall Cus e alladl g 31 all 8 (A 6Y) 435 5all Triticum aestivum L. adaisd) Jiss
o O Aand ol 15 e SSY oy 136 Jpmane s ) S jmdl (a9 25 pmis ) ad ) AL
ooyl ¢ Al b il I Jpmmnall 38 (30 Falesal 5305 Tonlil 3 [ 1] Al GlSus (e % 35 (yskins 3 40
OV YV ¢ Al gl 3ok s diSa s Baand 5 Cilaie s deglia Cilial (e LY 8 Apaall e sl Jlasinly @lld y alan 45 jlae
e sl d V) Gl sall aal Gl pall day ¢ [ 2] )23l 8 jlaiadll 32l 1 (38 5 ISl 30l ) oo Byl Fia s AailE I Y 3030350 8 sadl)
138 Galil o V) Al Gog s oLl A iS4 i)l 281 Jalse g5y Ball Jad b duald s ddaiall del 3
Gkl glal axe ) @lld (6 ey By [ 3] Aeatiall Joall 8 Aald ZUDU alladl (5 gieal) ae 4 lia Aaie J) Y J geanll

sl 138 Faalil 5 gai3al ) 8 13ane Sl 303 i oS ol il AadlSa Lga) (g ol 5 diad 5 J pemnal) e 3 palal

O el Aaliatll Jld G dege 28) 22y A Halothrips tritici daisdl (o 55 Leie 4 da Cld) s2ay ddaial) Clias
4 sl AVl e aidas (3 ce allal) (e 820w (3halia 35 yladl) GV (e raal 1M dae ) ) ) Jaaladl)

8-1 (e Lgama = ) i paall 3 s &l jdia sl ) Phlaeothripidae ¢! ‘;U..x.f\j\ o il dile ) Adaiad) G 50 gay

S AR A1 e 55 Ll ¢ Al 4 elall (el (e Ua) Aa e o) S &) gl Ll ¢ &k dda ol

el o Allal) 038 il ysia ld Adle 3 ) gan g ¢ JleaY) g Giiliall o Ghumy Lpalhas g Adline il e Alilall sda ) jda 2 6
Lgaamy 5 ¢ Ay 3 il 5 Agliad) Jaalaall Jie 4l il s Bac o @l pdialdl (e aal 5 & 55 a5 Of (S 3 sl 5 panadic Jile
6] A a5 Al paililall il e Waalae ) S) Cla 5 duala 31 < sal) Jals Liag) s &8sl <l saill 5 5l Y1 e 2 sy
Jaii g duzmdsiiall 5,0 ) cldy Aol Alall 5 ) jadl b halie G diad allell (e daad 5 shalie 8 Allell o34 o i) s
)iy dalaid) g saaall Al siuy) Aalaiall o Ay BY1) Ay oY) Adlaially (aigll) A8l Ashaidly saaad) Apdadll gl
Rasping- oalall (islal) & sill (e lgad o ) Jie dga Jlal) clicall 3 dale AVl 4o 40 ) 48 Alilall o8 gl 53l 4055 [7]
.[8] Sucking mouth part

A8 Al Lyl Leie allall el muan (85 pdall oda 05« [ 9 ] gl o lan b jdad g dage 48) Adaiall (i3 pdia 223
L[10] Losh L Jladk cbud (a5 slaall (3labiall

O Apalall & gall g el Hal) A8 g alaky o Aainl) Jsis alina 3 Adaiall Jgemna o W)yl 55 pdiall Liml o il ) s
s Cangd Canll 138 - ) 388 5yl o3a

M\wﬁ)ﬁﬁ}ﬂﬂwﬂ\dpﬁ\b\)ﬁl

5 piall Lnaal) ZAUKY i

Adnial) (e Calial day Y Adaial) G 555 pdal  S3ad) Juadil) 4 52 -3

Arab Researcher iD




ARID International Journal For Science and Technology (AIJST) VOL: 2, NO 4, December 2019

5 pdall el ddaial) cpe dalidall Caliall oda Aol 4L o) CaDA) 48 jea — 4

Jaadl 3l ag 3 ga -2

Jis 5 sty Aaals — Lol )3l Austigh asle 408 — Ainl) Jualadl) aud G jlat Jis g 2017-2016 amsal dlis 4y o8 b
R 3 5 ) S A 5 e Und A5 (RCBD) ALl il piall e Ul asana (38 5, dpialy Gy 1) S 33
Sl paa) Jlanindy Gidalaia (il a Ll jay 4o aill davadall 45l Al o35 Silty Clay Loam 4 e Ak 4
Ay Slas s M a5 a5 (Y arally L g o3 Rotovater 4l sal) cujlaall Jlastinls 43 il Caand s OGN o jhaall
(2.5%2) saly

50y el &G N Aaial) Jia and | U Jiall gandll 5 3 (o se gl g Jo¥1 Jiall il 5 el sa Jin JS) i o
Mae) lual Sgaall LI il 3355 Waaey ) Se JSI il dased @l g5 Lo sand cllial) cda) | gl JSI ) Sa 30

Al G 538 pda Sladls Cly ) s

& pdiad) paandd

Al S5 Ao 3l daigll asle A0S a8 dliadl) daiad) Gl (e ddaiadl (58 i Glalls G s Ciren Ol 2y
Halothrips tritici ksl G 5 & 5 dall (b ZUdl e Cabal ge 5 ) S 38 (e sl a3 2lakg dasls — Lyl )

: las Y/ Llx il

dalas [ 11]( System —SAS 2012) Statistical Analysis bas¥) zali ) Juasinls lele Jasiall clilull culls
Gl iy ¢ (RCBD) slizall LIS cileUadll avanad (385 45 pdall cliiall & ddlisadl Jal gall 5l 4l ol bl
. LSD (s sine 38 Ji) )il il siall (g 4y gindll

LGBl g gilidll- 3

Lo |l Leantigh 2 gle TS Jis & Abrisd) (g 47 5 pudia Cilihly g iy g gad Dpdsed) AL cileaa 1-3

( 1) Jal @M}AX\ ( ;L!\) JJY\ atall dhialdl wg_)z";).&; QLJ_)}Q ‘;A.\.n}d\ JJ;)S\}&.}JJ:J‘ 480l pasi C_‘atu Caaa gl
Joail Gloari e IS Doaaall LIS Candi ) 5 il A ) 9 B oalae) Caaly 31 1) e e il 1) g sal) 8 il 8 LAY
Quas;.\‘?Sua\gu‘)@_ﬁdeY|t;—\u‘}”@&l&\.ﬂ/:‘%)};20&“.\3113\&‘);\Ef%dﬁ\@&&ﬂﬁ)\é&b/&ﬁ)}; 16&\

conbe el e (S g ) (B4 5 T e B ()l 2y

Arab Researcher iD




ARID International Journal For Science and Technology (AIJST) VOL: 2, NO 4, December 2019

25 +

|

B

A022=1) 44

Ul ued JSY/

-
()

@ U ‘c_,g)};u
Lo ) )l duxigh) o le A4S Jia b ol Caea ddaiall G 555 i Cladly 5 Gl sad dpaned) 4601 ( 1) JSll
ol L) ands JSEI 8 daia sall (eb)) JY) caiiall Adaiad) a8 s Gl cans gall 2 5an sl 5 Agaaal) QBT 008 i85 i
e’sa@s/&ﬂglba\x_\asjg'a\)\A\J@&Q‘@\J}\EW\J\‘;ﬁauﬁmeQ\}dw\h\))zhd\}lalq\z;ﬁyoﬁ
b /Al 11 Saly 3 (5 AT 3 je Aaaall LgualS Caadl Hl 23 Gl ARl 10 ) Jeatl Gl el A Dpaaal) LSS Cuads )

cosbe e on SO e gt (80 il 3 el aay el o8 e el (e Y g )

J A A gl (adll) S Canall Adaiad) g 58 s il sl an sall 2 sa sl g Agaaall AAUSY 5008 A Ciaia
/@Jﬁz‘aalm\aﬂgliJ\S\)@..ZQA@!)K\&J.,\.«»‘Y\‘;Qiqﬁ&ﬂ.m}!\Q\JJM\Z.:;\JJBMJ)LSA&JAQSS?M@J\(2)
Gapsm 15 aly 3 (5 ) 5 e Lyaael) LS cani ) 3 il Ay s 10 ) o] Glassi e IO Lyaanl) LIS coanis ) o s

onbe gl e (S g g1 (A a5 e JB 1 el ary Caadill B Gale gl e Y0 @ s Bl /

e T e A Y

Arab Researcher iD




ARID International Journal For Science and Technology (AIJST) VOL: 2, NO 4, December 2019

16 -

|

14 -

™

58

12

2al)

10 -

dan

il ued JSY
I

LA UAR LSRN CAR G U GO U
'\,“\0 '»"’\0 'f"\Q Q“\Q '\,"’\Q '\?"\Q 'f’\g Q"’\Q QO’\Q

@ LW @ “wsl
Ao 30 Al sle S Jin 8 il Cia Aaial (s 58y il il pald Apasall 6LSI( 2) ISl
el ands JSA A daa sall (mdll) SUN Caiiall Adaiall (g 535 e LI o gall 3 ga 1) 5 Aganal) AAUSY jand il iy
il ARl 1 salac) Cialy 3 I3 el e aal Sl & sV 8 il 38 ALY O Ssmanall Aol ) sae I sha Lyl 83 5a 50 0S5
o il /AR 13 iy 3 (5 A1 8 pe yanall LGS a5 s /A3 5 ) el st el DA Hpoaal) LS a5

Glallll 3 Lie e cul€ Aaiall (a5 3 s il gad on sall 2ad gill 5 Zgaaall BUY o) (12,1) JSE Do) (G Laa it
bl a5 e ES SIS LIe () 5S5 clyy sadl a5 A O [12] oS3e aa (3 138 5 J oY) Jandl 8 il 5 ol duial

Lol ) Ly il) S Jin A Abrind] gy 47 5 pudia Cilihly g il g gad Dpdsed) AL cileaa 2-3

Cue sl Chia (8 Aau gal) UGN Jaa) 8 Adaiadl G 58 s Sl gad e gall 2 ga gl 5 Apanal) ZAESY a8 il Cisiia
5 salac) Cialy 313 e (e il g sl b il 38 e (s Jpmanall e 3 520 Jlsh 53550 (55 o] L) (3) JS
Ap00n]) LHUS Candli ) o 4l J5¥1 & gaa¥) (A Ol /A sa 20 ) deal Glosst el IS Boaaall LS Cuadi ) o3 i /4G ) 5a
gl (& /Ay T e Bl ) el amy Cuadll o5l 5ed (el )l & o) (8 Dl /Ay s 22 Gl ) (5,305 50

Coube gl (e G

-ln.-:-.-—-:- ~ —."---4—"\

Arab Researcher iD




ARID International Journal For Science and Technology (AIJST) VOL: 2, NO 4, December 2019

25 -
20 -
PE N
agaaal) 15 1
JY
i 10 -
um
il :
0 1 T T T T T T | T
A A A A A A A A A A
S S S S S < S S S S
3 3 N 3 3 N 3 3 3 3
oS oS S oS oS oS oS oS oS oS
N N o\ N N ) N N ) o
X NG EN CE o X
@ _)\ﬂ\

@ LW @ <Ll
gm0 g 01 S i 8 ) i il (55 i Al 5 sl Al GRS ¢ (3) Sl
Ol Cup e gl Ciia b A gl 1 Jia 3 i) (s i 5 pdim il e sal) 3 3 sl poaal) ALY 005 il iy
2 olae ) Cly 3 I3 e e aal g s 8 il 38 LY Gl J seanall de ) ) B Jlsh Ll 33 5m g0 OS5l Ll 4
Candii ) a3 ie (Ul IV g san¥) 8 Gl ARl (11611) A daail Gl el B8 dpaael) LS Cand )l o5 il /Aadly
G/ A0 2 e JB) () elld day Cuaddl) 8 Gl jed (0 ClA & gV 8l /4814 13 ) daall (5 )30 5 e dpaaall LS
I 13 JoS5 Lo e i 138 5 Ly asaas ) Jseanall Jgum 55350 al) Clla 2 LY lldy Guile Jed e JsY) g sas¥)
sodal S el o [ 12] o83 Lo e L) iy ¢ laat i Go iAW) g saus¥) (8 Anial) oo i 5 ,3a] AU el o SO

ole g Ay s e Al b ol il g

gyjow)@@(awg,agJP)M|w}s#@ulﬁuﬁ\‘;\U'AJ@M\JWL-,LGMMY\M&;,
:&AM)E\JA]\J)‘A\wd@\%@ﬂﬂ\a&dh&;&&\g‘ﬁ\w

3 ek e il g 8 s 8 ALaYT s 3asm e (5 o) il G 5 5y s () ((4) JSAN) il iy
Cinii ) i S 5mel) g s 6 ol ol (ot et 3 Rssanl) LS ek i figym 2 sl i
GA U_I\_u/g.g)};l‘;\ ﬂjdmm‘éu@wﬂwe‘}\&w&\@&b/%‘)};12&31;3‘@);‘3)4:\7\3.333‘@\35

onbe el e (AU £ saY)

-ln.-:-.-—-:- ~ —."---4—"\

Arab Researcher iD




ARID International Journal For Science and Technology (AIJST) VOL: 2, NO 4, December 2019

16 -

v 14

<12 4

3 10 -

F 8-

g &
4 .

i 2 |

3 0 . ; . . . . . . . .

I FFFSSS S SS \%Qo«\@o
o,\\’ %\’l«x 0)\'\?’ \b‘ \'\/\’ b‘\'\ib b‘\"ﬁ) \'1, \o, \'\/

@Jt\n

@ LW 'C'_al.:\)};“
Azl A il A Jis (A paal) Caia Aaial) (535 e Cladly s ) sad Agaaal) A0S - (4) Jal)

o A gl U Jial) i (ganll) () Caiall Aaial) (g 535y il ans sl 3 sl A RIS s il iy
salae] Gl 3 I3 e (e ol g sna¥) b Alal) iy Lail s J geanall Aoty 3 330 Ol sk Ll 53 5 g (S5 A L) s JS2)
Fgaaal) LS i ) o e Gl 5 U g g1 8 il ARILE Jadl s et UM Fnaall LS Ca ) 8 il /sl 1
osle e JsW1 g sl (& il /430l 3 ) Cudaddll &5 Glu el e a1 g s 8 il /430 14 ) daadl 5 A 5 e
A dsanall Jsaays 5l pall cila ja gl )Y @l g Clll gai aus ge (o (25 L b/ A2l T (e S8 ) «ﬂﬁhek“—u'aéii\e’i
Gis ¢ Ol e 0o Y g sl 8 Adaiadl (g 5 el BUES el ol YA 13 ] 580 Le ae (3 138 5 Ty 5 4auas

- ole e Al ot e Al & S Adaiall G 535 88 AUS e ) ol (112) 683 e e Ll

uﬁﬂ\@@&\uﬁw\w}o)ﬂ;ub)}ﬂwﬂ\h\}ﬂ\jﬂddﬂ\ﬂhﬁ\u\(43) "c)u:\d.\u\.a.qc_m“u
2l e S S LIE (65 il pall a5 s o [ 18] oS3 e 3 138 5 0 Jial) 8 gonlly sl pdinal
RGeS (|

lejo}mgﬂw/wf 3-3

Al 3ae Jlgh B3 ga g OS5 Al Ll (1) Json Asia gall Adaiall (g 535 pdal o sall 3 ga sl 5 Apaaal) RAUST 35 Cinia
IS Dl LIS il ) o3 Ul /5 pin 4 Caaly 3 I3 e (e ol 1) & san¥) el Catiall 8 Ala¥) ey Lail 5 J seanl)
(ot Dl /B e 31 Cialy 3 (5 A0 3 e Apaaal) LGS Cuadl ) o die il ) @ s (B s /3 p0a 25 () deal Gl el
D e Gl i) Jaes o Laiy 4ke ) g ) 8 i /50m 7 Gl amy Caadli) 5 Gule e Y g sansd)
Candl ) o3 i /5 e 1 Caly 3 I3 el e ol 1) & s 8 i) Catall Llall il Laiy il /5 ki 0 <y 3 e
25 ity 31 (5 A 5 pe Lpaaall LS Cunii ) o 4l gl ) & saul) (8 i /5 pdm 17 () Jaall st e YA Apaall LS
Jansy ol Loty Gl 55 (g A1 g 51 (3 Gl /5 pim 6 ) o] I3 amy Canimdil o5 Gl e Bulay g8 il / 5 5dm

[k T Sl 3 Gl el e A & ¥l (8w sl Caall la¥) Gl s (8 5 sl aal 65 (5) 4 Gl g Y
Jddauu...as;.a\(u c_\Lu/c)..n;SJ_ uﬂad\mdubdj}f\t}m‘!\d)\aum‘)@ud)\;ﬂnﬂ\@ﬁuﬂq)\yu\m

Arab Researcher iD




ARID International Journal For Science and Technology (AIJST) VOL: 2, NO 4, December 2019

e (el ) g sVl 8 o) Caa b AlaY) Gl s e Gule gl e G s il /8 pda 1 ) Jeal
Caadld ) of de SO g gal) 8 Sl /3 s 14 ) Jeall Gl el SIS dpnaall LH8ES i ) o5 il /6 s 3 iady 3
o) & i /5 ba 2 L Glld ey Cumidl) o die gl ) g sl 8 il /5 e 26 Cily 3 5 AL B pe dgaaell gl

CBopdall ol 68 gl pale el (e BN & ganY) Jai ol Laiy 4da G

Cyﬁi‘ﬁ\&w‘ﬁ\géols(gdﬂ\‘;‘g)'c}ﬂscﬁ.\\c;bi)@)&\dﬁmY\ﬁ\ﬁ;'&ﬁS&“.\;\;ﬁ&\Q\g\_u\).\]\QAGSSLAS
O b ydal AU o) (o [12] 0083 Lo g Lyl G5 ¢ lostt e (e AV g o) 8 Adaiall (55 5 el QS L
e et Ay (o et il 8 S i)

MYJuL»gJ)@I‘;S(uLﬂLJ}QQ)P)M\w;)ﬁﬁ)&ﬂ@\ﬂ\z\ﬂm\é‘ua)u%ﬂ\d}amutcma&y‘u&uﬂ]m}
%Mﬁhd\)ﬂ\wdw\z\ﬁweﬁ\n&dh:\ﬂ&An ;\_)_;‘L}A

/5 55a140 Sl 3 qyp s Ciiall b L RS e colS Alaiadl a5 5yl a5l 35m sl Apnaall TSI () am 5 LIS
Ssaslls dasaell AR ) Lo ity | s / 8y 76 oty 31 gaadl Cial) 3 Lo 3 piall 48 Un g) il Lai il
AL UGS bl (s s Ly JsY1 Jindl 8 Lebe 1 il 8 Led S o) cal€ Aaial) a5y (oo sl
e e IS0 ) il b e gy hal) dnlusall S 31 e 5 el Aabiaal) ) Lol (5 5o Ly s i) g STl 5 il 5 3 5l

L) Jasll

Glo 5 el (i WS [15-14 ] alladl Js0 alane & ddaiall Jganal 5508 Siled Cand G i) 5 s o)) Lyl i
L [16] Glyal b il Cibind

idaiall Gilical e aaiall s 555l oo sall 3 pa sl Faaal) ESH: (1) Jsaa

S LSD 4ei sl Cu e 5 il sl 24 b
s Jall
0 NS 0 0 0 0 14-3-17
0 NS 0 0 0 0 20-3-2017
15 4.81 3 7 1 4 27-3-2017
99 7.63 9 31 6 13 3-4-2017
67 7.05 12 27 10 18 10-4-2017
80 6.29 14 31 13 22 17-4-2017
95 7.16 26 27 17 25 24-4-2017
79 7.98 10 13 25 31 1-5-2-17
18 4.26 2 3 6 7 8-5-2017
1 NS 0 1 0 0 15-5-2017
414 23.62 76 140 /8 120 S
41.4 7.6 14 7.8 12 Jaxdl)
1107 ] e 6.85 7.94 9.61 7.42 LSD
( P<0.05)

Arab Researcher iD




ARID International Journal For Science and Technology (AIJST) VOL: 2, NO 4, December 2019

claliinuy) -4
A el i) a5 L 5 pial) il (pa Lt o) ol Adindl G 555 pdia il sal s sal) 25a 5l o — 1
) g el ) Ja) 8 clS ddainll G i 5 pdial daaal) ALY )2

8 L) cilia s Aynae QS el ()5 1) el e A & sV A GiliaY) QK1 Adaiall (g 55 el seds Jsl IS -3
Lain A gill o i /3 psia 27 526 a3 gaaill g cw e gl dbalaie al J g gual) (8 lust jed (A il Aaial) g
(sl e il /3 58 31 525 iy 3 (e e Ay 8 il g oLl dal B pdall Lnae AGS o) el

ﬁ\d&d\@@@ﬁ&ﬂ&%@\é&;\o\} M\wjzﬁyaﬁm\ﬁhwqd\&,_quumw@gd\@M\ag4
Ll /3 pia 76 Sl A gaadl) Conall 8 dlal J8) il Laiw il /3 pda 140 <aly 3y 2

& }AM\ FORL]

Slasyl Julsil) b SAS
Statistical Analysis System
Jalaill el (8 Janiny (5 i (38 I LSD
Ty ginall 3l (e ilaan!

4 gl e Undl) araad RCBD
(sliaal) ALlS) e Unilf)ALalSI)

¢ 2 Non- Significant N.S

e T

Arab Researcher iD




ARID International Journal For Science and Technology (AIJST) VOL: 2, NO 4, December 2019

:):L.al\

[1] CIMMYT,. CIMMYT Business Plan 2006-2010:" Tranlating the Vision of Seeds of Innovation into
a Vibrant Work Plan”, CIMMYT,Mexico.2016

A8 jall A 3l Alaa M calial) Jaaildy jill g J geanall 3 )00 " ¢ sranall aedd e g ane gl g (S galdl dna G 2]
28-1(2009) ( 2) 40

ol g L1358 pmnall 2l el 2l ) U Al V) s g il et e 31 il 2 yal) el 3]
(2003) fasadd) o sk a0 1 el

[4] T. Ozsisli," Population densities of wheat thrips, Haplothrips tritici Kurdjumov (Thysanoptera:

Phlaeothripidae on different wheat and barley cultivars in the province of Kahramanmaras", Turkey.
African Journal of Biotechnology,10 (2011)7063-7070.

[5] L.N. Zhichkina ,V.G.Kaplin, "The biology and ecology of and damage to plants by Haplothrips
tritici Kurd. (Thysanoptera) in the forest-steppe of the middle Volga area”. Entomol. Obozr, 80(4)
(2001) 830-842.

[6] T. Lewis," Thrips as crop pests" CAB.International walling Ford.(1997).740pp.

" Gl bus A (Insecta: Thysanoptera) Thripidae (e il Alilal Adiiat dul )0 "' (g3 gen #Udl ae ol se 7]
(2011) 235 dnala Aol N S yiveale Al

[8].L.A.,Mound, K. Minaei, "Australian insects of the Haplothrips lineage (Thysanoptera —
Phlaeothripinae” Journal of Natural History , 41(2007) 2919-2978.

[ 9].K.Minaei and L.A, Mound, "The Thysanoptera Haplothripini (Phlaeothripidae" of Iran). Journal of
Natural History, 42(2008) 2617-2658.

[10] K. Minaei, P. Azemayeshfard, L.A. Mound, "The southern Palaearctic genus Neoheegeria
redefinition and key to species”. Tijdschrift voor Entomologie :(Thysanoptera : Phlaeothripidae):
150(2007) 55-64.

[11] SAS.Statistical Analysis System, User's Guide. Statistical.

9.1" ed. Version SAS. Inst. Inc. Cary. N.C . USA. SAS.2012.StatisticalAnalysis System,Users
Guide.Version9.1ed.SAS.Inst.Inc.Cary.N.C.USA.(2012).

[12]A.L. Chugunov," Agrotechnical timing of tasks in plant protection " Zash. Rast. (Moskva),
10(1988) 51-52.

[13]K.Minaei, M. Aleosfoor,” A new species of Haplothrips from southern Iran (Thysanoptera,
Phlaeothripidae”. Zookeys, 275(2013) 91-99.

[14] R.H.Sammour, A.E.Z.Mustafa," Inheritance of resistance to loose smut ustilago tritici of wheat”,
Research and Review of Bioscience, 7, (2013). 19-26

- lzpa M 8
{10}—

Arab Researcher iD




ARID International Journal For Science and Technology (AIJST) VOL: 2, NO 4, December 2019

[15] E.A.Elagamey, Isozymes variation among and within accessions of Lathyrus sativus" ,Research
Reviews in BioSciences, 8(6), (2014) 228-236

[16]S.K.Khider, “Effects of organic fertilizers and wheat varieties on infestation by ,corn leaf
Aphid,Rhopalosiphum maidis and Wheat Thrips ,Haplothrips tritici and their predators”, Iragi Journal
of Agricultural Sciences, 49(1) (2018) 93-104

) ST =y

Arab Researcher iD




ARID International Journal For Science and Technology (AIJST) VOL: 2, NO 4, December 2019

sLUE

ARID Journals

ARID International Journal for Science and
Technology (AIJST)

Journal home page: http://arid.my/j/aijst

wloall nolell Janoll

ARDZ4

L o1 93601 5 o8R0 A0 530 oy 5 Al

¢ 2019 Jj\ Oji\fc 2 At 4 504l

Vegetable Farmers Behavior in Application Stages of New Agricultural Ideas

and its Relationship to Some Variables in the Area of Fayda-lraq

Wisam Yako Aziz! Salah Fahmi Shaba? Noura Suhil Ismaiel®

1-University of Mosul, Faculty of Fgricultural and Forestry- Department of Agricultural Extension-Iraq
2- University of Mosul, Faculty of Agricultural and Forestry- Department of Agricultural Economic-Iraq

3- University of Mosul, Faculty of Computer Science and Mathematics- Department of Statistics-Iraq

oy A8 g (3 ad) Bl Apali 8 Bagaad) due ) 311 LSEY) (gaadal Ja) ja A el o ) e o pla
&) _riall

3ol Jagas |51, 20Le agd 23ba e g8l alug

Gl Jia gall daals - colvail) Jas g ‘;cb)’l\ AL Y ?““"5 Ll g de ) ) 3l K (Jaa gall dadls -1
Glall - Jia gall dadls -‘;c\)j\ JMY\HEQ\.;UJ\J Aol )l Al ¢ Jia gall dadls -2
é\‘),d\_dm}d\:uul;-;wY\McQ%QJ\JQHM\EM\@Ssdm}d\:tul.;-:s

wisam.yako@yahoo.com
arid.my/0003-6205

- lzpa M 8
{10}—

Arab Researcher iD



mailto:wisam.yako@yahoo.com

ARID International Journal For Science and Technology (AIJST) VOL: 2, NO 4, December 2019

ARTICLE INFO

Article history:

Received 03/07/2019

Received in revised form 20/08/2019
Accepted 13/09/2019

Available online 15/12/2019

Abstract

The study is intended to identify the behavior of vegetable farmers in the application stages of new
agricultural ideas these stage are: the preparation stage, the stage of generating ideas, the stage of
collecting information, the verification stage, The questionnaire included all the farmers of the villages of
Fayda —Iraq district (500) farms belonging to the five villages. The randomized multi-stage sampling
method was used. The number of farmers surveyed in the research sample was 70. Some statistical
methods were used in the analysis and classification of data, such as mean, standard deviation, Pearson
correlation coefficient. The most important results in this study were the existence of a significant
correlation between the variables of level of education, the use of the Internet with all stages of
application of new agricultural ideas. The study recommended the establishment of training courses for
vegetable farmers in the cultivation of vegetable crops in order to provide them with new information

and skills production of vegetable farmers

Keywords: Behavior, Vegetable farmers, Application of agricultural ideas
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