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Were the Scholars of Islamic Arab Civilization Pioneers in the
Foundation of Robotics?
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Abstract:

In recent decades, humanity has witnessed major transformations due to new
technologies, such as robotics, nanotechnology, artificial intelligence, big data analytics and
others. Robotics is one of the advanced technologies that has changed the course of human life,
providing greater comfort and well-being, enabling the completion of many tasks with ease,
precision, and excellence.

The aim of this study, which uses Arabic and non-Arabic references, both ancient and
modern, is to demonstrate how the scholars of Islamic Arab civilization were pioneers in laying
the foundations for robotics, thanks to the "Science of Devices" ("lIIm al-Hiyal™) or "Science of
Machines" which seeks to use ingenuity in place of strength, intellect instead of muscles, and
machines instead of the human body.

Through this research, we have concluded that the scholars of Islamic Arab civilization,
such as the Banu Musa brothers and Badi' al-Zaman al-Jazari, who excelled in designing and
constructing many automatic machines (including the robot) were pioneers in establishing the
science of robotics, which remained an Arab field for more than four centuries.

Keywords: Islamic civilization, Science of devices, Banu Musa, Al-Jazari, Robotics.
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Pseudomonas < sl sl dagliall (culall g Spiad ¢ casindl Jolanll 1A alifal) clalst)

Abstract

This study aims to conduct a comprehensive genomic analysis of a
rhizobacterium to identify genes associated with plant growth promotion and
biological control of pathogens, which are major contributors to global food
security challenges. In this study, a bacterial strain, designated S1 and isolated from
the roots of tomato plants, was analyzed. Molecular taxonomic evaluation through
the TYGS platform established the genetic proximity of strain S1 to Pseudomonas
putida. The subsequent genomic analysis of S1 was performed through multi-level
bioinformatics approaches. Initially, gene functions were categorized using RAST-
Server to study clusters of orthologous groups (COG), followed by detailed gene
annotation via Prokka to identify genes involved in plant growth and pathogen
resistance. The antiSMASH tool was further employed to identify gene clusters
related to secondary metabolite biosynthesis. The genomic data revealed a relatively
high frequency of genes involved in stress response, phosphorus metabolism, and
iron acquisition, along with genes controlling motility and chemotaxis. Nitrogen
fixation genes encoding nitrogenase were also present, alongside genes associated
with inorganic phosphorus solubilization. Additionally, siderophore-related genes
and genes encoding for volatile organic compounds (VOCs) were identified, which
play crucial roles in root development, enhanced disease resistance, and improved
drought tolerance. Stress tolerance genes, such as bet A and bet B, essential for
synthesizing glycine-betaine, and antioxidant enzyme genes like superoxide
dismutase (SOD), peroxidase (POX), and catalase (CAT), were also detected,
highlighting their importance in mitigating plant oxidative stress. Furthermore,
gene clusters responsible for secondary metabolite production, including non-
ribosomal peptide synthetase (NRPS) and bacteriocins, were identified,
underscoring their potential antimicrobial properties against plant pathogens. These
findings collectively emphasize the promising role of strain S1 in promoting plant
growth and resilience against environmental stressors and pathogens.

Keywords: Genomic analysis, Plant growth promotion, Biological resistance,
Pseudomonas
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«Bacillus «Klebsiella < Azotobacter « Azospirillum Ji 483l e 3 Mesorhizobium
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A e s AV 50uSY) Clalias Jalis Juady algadl cibilal) daslia 3y5e5 A il Kol
(Kumar et al., 2020)

iy cliall aal G chpia Wil capua Jidad ehal Al ol Cingias
Hsise Aupula dunay sl Alafiul digpadlly dypall hlea¥) Jeady PGPR Gailady
sl Jatl LalT sadinay

19



Gl gall 3} jaal) Wuailad co Uiay 4y dal) Lyl (e Al in Silico Jalsh agiad) Jidas
B e g dige edlsa Jsaidl) Ciua

Materials and methods (&l kllg dgall .2
daasial) clgal) (1.2
: NCBI (National Center for Biotechnology Information) (s sty a8 gall

e 4] Jpmal (S 25 cisall Hmslonl) lagheall (S) il sgnall (i adse 5
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Al Jals maall a4 ¢ls tBacterioferritin o
Aaadtidl paall NS o iFerric-pseudobactin s Ferri-bacillibactin
el 35 8 aaly tFerrochelatase o
Apal) Gllel) e e s sl Jhall ddee 8 clis 5SOU JBUS Josy (Ferredoxin o
lall apaall s Lalal) 8 4yl Lalia) 1) ST ADL agim 3 climll oda 5)35 i
aasal)l Al aUaill daa A agans Sl gad e §)an Les cCaniaal)
daslondl Al b Aiaia) clindl 5.4.3
&Js Gl giag il Baraie Al lSpe il gl 3 jaal) dyydall Loyl
Wl Lo ST ADla agis 8 il bae s 20 a8y A8kl alpeY) Gl daglia
Tl e e slsall Aa8lSall Jlas sl LSy

CSp gy cOmngyuedl wibe z) 4 aalw (Hydrogen cyanide synthase
Ll dapall 2l 8 el Gilie sai pian Of oS @lphaill slias ol

& ol Lae ddphll WIAN ghaa @l aal (asl) Jlas e Jasy :Chitinase  »
el Ol ylaall A8

Glee @bl Sleldy e Him lae clidigpll Jas 4 aal ary) (Protease o
Al lisig  Jilas Gl e b

Las ¢ palye¥) am Cancaall cilall Blaall jié g e ST ADLW 3508 e cliall s3a J
ey 3 Hnsl ol AadS el B 232 e ladga Lelany
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S1 asiss B sl L) e Ugpwall Ll cleganal) 5.3
asia A (Clusters) dym Clesane 320 29a5 aNtiISMASH  Aslasbeall 318V cuaig
LS pe 7 ) Aple) ) Al Gile ganal) 038 i L (4) JSE 8 mnse s WS ¢ STADL
Jie cigaglond) clidall 8 dealuadl o ADLW 238 58 e m lee chage Ayl dpal

Ll dana Ceads dasl snll AadlSAl)

m antibiotics & Secondary Metabolite Analysis SHell

SMASH Version 4.1.0 @ ® @ @
| ;

Select Gene Cluster:

4 Overview oeoo b

Identified secondary metabolite clusters

Cluster Type From To Most similar known cluster MIBIG BGC-ID
The following clusters are from record NC_021505.1:

Cluster 1 Nrps 1400979 1477790 -

Cluster 2 Nrps 1743841 1796794 -

Cluster 3 Bacteriocin 3458456 3469289 -

Cluster 4 Bacteriocin 3877300 3888133 -

ANtISMASH 3130 ddaulss ST asia Jals Ll cilliiusad] Ja5 ) dyiad) cilesanad) e i<l (4)JSal)
Gl LS ) B aeadt 38 ST ADL agia e s Glegana 35a (4) JSA elay
FJie dala 40303
G Lplall il (e 4lall degtie degana a5 (NRPS): daagiss S clagud) o
lae Ailill (oa)ye¥) il solicaddl Adeldll Wyl e odxie doaglen ddadsl ol
ALl dsall dacly LS HaS W5 e Hm
sans it Al Gl dBle e @l 228 a3 (Bacteriocing): cliwug A<l o
20 e (ssind i S (o leser i s 055 ks JSs 80 £ 159
A pel) 23 SN iy e eladll e Loy jaciiy clisel Laes 60 )
AadlSall 8 dege lSe ) 8 ST ADL clalSe) ) diad) Cilesanall 038 3gas
Alal) laall d sae Le JalgaS Lgalatind 53my Lea cmslgall
Discussion:gliill 4&8lia .4
a0 Gl cilalia) dab et ) Ayl Calsall e e ly3lls A a1 ey
o) iy iy aeall o130) e Aalfinay 38 Gl ig ) S 081 i e
Clantl Agalsal alad ol Cagdl i a3 ) Laltiasy b o)) gl Gaady el
Al eadis cioaliall il yills o8 petusall Aald) 33030 e daslil)
S DA e el 51 358 G bysme sy (PGPR) il sl ) jeall Lyl Cank
PGPR i 488 juit il 520 e Copeill 5 a5 Al Ally clilall lgadii 3l 5a0a])
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¢ (IAA)elinub-3-Jony) (e Jie Aslll Cligased) did § z) (1) lede el sad
Lall A8 Anl) QIS daglie (2) pllaiall DlSally ¢Galils (Ol dandly (il
5Ll Jie) clppladll cliga Jlad A el cdygal) laliad) 2 ) Gk oo dilal pahol
L) (4) sl Gl it (3) ¢dapaall Ll ¢ (HON) sl Gangynells (LS5 3-1 4
[(Dif et al., 2021) a5l Aygeall Ja gicall (s (5) 45y cilidially el i il
) Aadiiall Laldy cclill el 8 jmall Lpaill e aaell 4 ACC deaminase asyi) aalsi
238 agudd . (Toklikishvili et al., 2010; Saleem et al., 2018) Pseudomonas s Bacillus _uia
Al jealiall ey (Giliall e Aaill) asraall Jead e clilal) 508 et & LyaSl)
e ACC deaminase apil z) of calaadl il (e Asball GaleY) Glias iaglally
e Al bgpal) (i b S S aale o peill 555l il 8 Jspasall cadl e el
Ay ¢ (Grichko et al.,, 2001; Tavares et al., 2018) dalledll e el 45 dalladl) calilul)
Lae cai¥) 138 z W) e Jyseall (pall e gsiad ST ADLW o dmall cdlaill ekl
. Alietal (2014) 2 xao Sl
S Amdipall hall Glay e i) Sl dags S bad el sleaY) JSa
Cllens Cipa 3 bl Jals i Dol sl 13 iy Al Cighiy coliall aily cindail
o gl pmisie Apa gy b Gl as all el i€ ) s Lee caushl
A s oS ) Glleall DA bays all 55all o3 JSES e e iy )
Casall Aglaa 3 .(Sachdev et al., 2020) Lishyals Lola Uali Coy o (S A Jngiall dais
Dsiall e Aaalill Sl e aally algal!) dadlKa Adaly bl bl ¢yl ccilaatl) 38 as
Jady 3ylall Lyl (e Caidss syall sdall aslis Al 5uSY) ol 2 W) Glld & Ly sl
Clap) e Aesie Aesane zl ab Cua 308U sladl MUl Cij g elis il
SlaSgully ¢ (SOD) bisanss sl jrsw Jia 3208 3aliae eyl Loty (e el sl
WAl Tea b s i )« (PPOS) jlassl sl ¢ (CAT) S, «(POXS)
@53 ST ADL) off dyiall coUlanll ¢uiS 38 (Amil-Ruiz et al., 2011; Thakker et al., 2013).
& Wl 1) ity Lee 320U saliaal) lSHalls cilai¥) (e el ain Al Gl ysall e
ageall il cant Aalal) LAY Cge daglia
Opmendy Sl s 308 Al Uil (s LeDIA (o Al 41 2800 Cliga gl ) e
Uaes iy . (Khamna et al., 2009; Goudjal et al., 2013) s3all laiuly Headl byl cillee
L-tryptophan <Y dai iy (ailill dmlal) i€ V) e by (1AA) dliand-3- Jyuy)
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Jie (i€l glof e amadl el . (Ruanpanun et al, 2010) sl dal s 3
s 3l ¢ ol by cpat Gyl e lall sad jay Lae ¢ [AAZ W) e 35580 <Streptomyces
(Aldesuquy et al., 1998; Tokala et al., 2002; El-Tarabily et al., <alall sl (55 32k ¢ ysaall
JAA ) 8 bl cilay) il Gl sae o gm0 ST ADL o Gl 5 84 2008).

Jie GlagiYls cdpaall Ls\jﬂb ¢ (HON)asibie onsyuell 39ns duaal Glal) e 20 Caag
Gliee AadlSe 8 bty by LSl o3 caali Cum ¢ PGPRENDLL & SllisSollly Las)
t\}a\ sz o gL O N Loalpey ) Aadla }A.J‘ DS (B e “lae cabiadl aolall yal ey
st b aaly 53y cclpladll bliaa [liia 1 3e 3 53 ¢ HONGS ol (i€ dpiall Lyl
.Fusarium (Passari et al., 2018; Abdallah et al., 2016) Jie 48l (alye¥) lisea (g 2paall
sty AT i 3 o3y el gl e Jgpasall (all ST ADL eDlal e Ly il
o Ll il s (@855 . Pseudomonas fluorescens (Michelsen, 2012) e 4ygall 4adlSall
.Gamalero et al. (2010) Liu et al. (2016) gl

LSl aeld Cun sl Gahadl) il aslie 8 leuls D Gpuaall Ll Cals
(Verma et al., 2011; 4l (e woall Jlasial Je cbilall Lnaad) Ll ll daniall 4553
O Ugsaall Gliall diay o @i 23 ddial) @O &5 JMA (e .Sadeghi et al., 2012)
. STADL & sl Jadl gl o L)

Lagisll e Slafiall e desiie dogane (B35 o A L Gilegane a0 o5 LS
055 L Wle . (Cane et al, 1999) dajedl ciliyhill ciliae dald chaglyy ddadill (NRPS)
Ji e clafidl o3 5 el by g Conays lenS 5 8 Baine daagill 2 s
(Cheng et al., 2002; Horwood et al., 2004) <iluaslls i oSV Jie sl 8 i 3ads Bl
S cilagiadl Aala psloae Lad i 3 dpdally dpad) G50 dal S qu\ﬁx\ el LS,
DL Gl Ll o3a b ad) llagi e ae 8L Lo sas ¢ (Blunt et al,, 2007, 2008) Zsas sl
- (NRPS).as sl e clafiod) (385 8 <DL B e gama o Leilesiin (55 ST
Conclusion: 4edal

g bl gad ja3at A aged Al Gluall e p2all ST OADLL @Bl il jelas
L e symll ) A8leaY Al dasles Ciliad) Jie dygall e colaleaY) dasliag cciliial)
dilis Ge )3l Jlae 2oty gsn 2lenS DL 038 alasinl (e 13280 Cilia yaall AndlSas
ALY Aadly L Gl QS Tl Lol Jaaladll all el s 3l e
el il ddlal) Bl i dald dgydall clud) Jie dbbes cilalladl

29



Gl gall 3} jaal) Wuailad co Uiay 4y dal) Lyl (e Al in Silico Jalsh agiad) Jidas
B e g dige edlsa Jsaidl) Ciua

Reférences :galal)

1. Abdallah, R. A. B., Mokni-Tlili, S., Nefzi, A., Jabnoun-Khiareddine, H., & Daami-
Remadi, M. (2016). Biocontrol of Fusarium wilt and growth promotion of tomato
plants using endophytic bacteria isolated from Nicotiana glauca organs. Biological
control, 97, 80-88.

2. Aldesuquy HS, Mansour FA, Abo-Hamed SA (1998). Effect of the culture filtrates
of Streptomyceson growth and productivity of wheat plants. Folia Microbiol
43:465-470.

3. Ali, S., Charles, T. C., & Glick, B. R. (2014). Amelioration of high salinity stress
damage by plant growth-promoting bacterial endophytes that contain ACC
deaminase. Plant Physiology and Biochemistry, 80, 160-167.

4. Amil-Ruiz, F., Blanco-Portales, R., Munoz-Blanco, J., & Caballero, J. L. (2011).
The strawberry plant defense mechanism: a molecular review. Plant and Cell
Physiology, 52(11), 1873-1903.

5. Aziz, R. K., Bartels, D., Best, A. A., DeJongh, M., Disz, T., Edwards, R. A,, ... &
Zagnitko, O. (2008). The RAST Server: rapid annotations using subsystems
technology. BMC genomics, 9(1), 1-15.

6. Basu, A., Prasad, P., Das, S. N., Kalam, S., Sayyed, R. Z., Reddy, M. S., & El Enshasy, H.
(2021). Plant growth promoting rhizobacteria (PGPR) as green bioinoculants: recent
developments, constraints, and prospects. Sustainability, 13(3), 1140.

7. Blunt, J. W., Copp, B. R., Hu, W. P., Munro, M. H., Northcote, P. T., & Prinsep, M.
R. (2007). Marine natural products. Natural product reports, 24(1), 31-86.

8. Blunt, J. W., Copp, B. R., Hu, W. P., Munro, M. H., Northcote, P. T., & Prinsep, M.
R. (2008). Marine natural products. Natural product reports, 25(1), 35-94.

9. Cane, D. E., & Walsh, C. T. (1999). The parallel and convergent universes of
polyketide synthases and nonribosomal peptide synthetases. Chemistry & biology,
6(12), R319-R325.

10.  Cheng, Y. Q., Tang, G. L., & Shen, B. (2002). Identification and localization of the
gene cluster encoding biosynthesis of the antitumor macrolactam leinamycin in
Streptomyces atroolivaceus S-140. Journal of bacteriology, 184(24), 7013-7024.

11. Dif, G., Belaouni, H. A., Goudjal, Y., Yekkour, A., Djemouai, N., & Zitouni, A.
(2021). Potential for plant growth promotion of Kocuria arsenatis Strain ST19 on
tomato under salt stress conditions. South African Journal of Botany, 138, 94-104.

12.  Dif, G., Belaouni, H. A., Yekkour, A., Goudjal, Y., Djemouai, N., Penidzova,
E., ... & Zitouni, A. (2022). Performance of halotolerant bacteria associated with
Sahara-inhabiting halophytes Atriplex halimus L. and Lygeum spartum L.
ameliorate tomato plant growth and tolerance to saline stress: from selective
isolation to genomic analysis of potential determinants. World Journal of
Microbiology and Biotechnology, 38(1), 16.

13.  Dif, G. and Zitouni, A. (2023). Revealing of potential plant growth-enhancing traits
through in silico genomic analysis of Bacillus rhizoplanae CIP111899. The Scientific
Journal of King Faisal University: Basic and Applied Sciences, 24(1), 34-40.

14.  El-Tarabily KA (2008) Promotion of tomato (Lycopersicon esculentum Mill)
plant growth by rhizosphere competent 1l-aminocyclo-propane-1-carboxylic acid
deaminase-producing streptomycete actinomycetes. Plant Soil 308:161-174.

30



Gl gall 3} jaal) Wuailad co Uiay 4y dal) Lyl (e Al in Silico Jalsh agiad) Jidas
B e g dige edlsa Jsaidl) Ciua

15. Gamalero, E., Berta, G., Massa, N., Glick, B. R., & Lingua, G. (2010).
Interactions between Pseudomonas putida UW4 and Gigaspora rosea BEG9 and
their consequences for the growth of cucumber under salt-stress conditions. Journal
of applied microbiology, 108(1), 236-245.

16. Goswami, D., Thakker, J. N., & Dhandhukia, P. C. (2016). Portraying
mechanics of plant growth promoting rhizobacteria (PGPR): A review. Cogent
Food & Agriculture, 2(1), 1127500.

17.  Goudjal, Y., Toumatia, O., Sabaou, N., Barakate, M., Mathieu, F., & Zitouni,
A. (2013). Endophytic actinomycetes from spontaneous plants of Algerian Sahara:
Indole-3-acetic acid production and tomato plants-growth-promoting activity.World
Journal of Microbiology and Biotechnology, 29,1821-1829.

18.  Grichko, V. P., & Glick, B. R. (2001). Amelioration of flooding stress by ACC
deaminase-containingplant growth-promoting bacteria. Plant Physiology and
Biochemistry, 39(1), 11-17.

19. Hayyan, M., Hashim, M. A., & AlNashef, I. M. (2016). Superoxide ion:
generation and chemical implications. Chemical reviews, 116(5), 3029-3085.

20. Horwood PF, Burgess GW, Oakey HJ (2004) Evidence for nonribosomal
peptide synthetase production of cereulide (the emetic toxin) in Bacillus cereus.
FEMS Microbiol Lett 236:319-324.

21. Khamna, S., Yokota, A., & Lumyong, S. (2009). Actinomycetes isolated from
medicinal plant rhizosphere soils: diversity and screening of antifungal compounds,
indole-3-acetic acid and siderophore production. World Journal of Microbiology
and Biotechnology, 25(4), 649-655.

22.  Kumar, A., Kumar, R., Kumari, M., & Goldar, S. (2020). Enhancement of plant
growth by using PGPR for a sustainable agriculture: a review. Int. J. Curr.
Microbiol. Appl. Sci, 9, 152-165.

23.  Liu, W., Wang, Q., Hou, J., Tu, C., Luo, Y., & Christie, P. (2016). Whole
genome analysis of halotolerant and alkalotolerant plant growth-promoting
rhizobacterium Klebsiella sp. D5A. Scientific reports, 6(1), 1-10.

24.  Meier-Kolthoff, J. P., & Goker, M. (2019). TYGS is an automated high-
throughput platform for state-of-the-art genome-based taxonomy. Nature
communications, 10(1), 2182.

25.  Michelsen, C. F., & Stougaard, P. (2012). Hydrogen cyanide synthesis and
antifungal activity of the biocontrol strain Pseudomonas fluorescens In5 from
Greenland is highly dependent on growth medium. Canadian Journal of
Microbiology, 58(4), 381-390.

26. Passari, A. K., Lalsiamthari, P. C., Leo, V. V., Mishra, V. K., Yadav, M. K.,
Gupta, V. K., & Singh, B. P. (2018). Biocontrol of Fusarium wilt of Capsicum
annuum by rhizospheric bacteria isolated from turmeric endowed with plant growth
promotion and disease suppression potential. European Journal of Plant Pathology,
150(4), 831-846.

27. Richter, C., Dirks, M. E., Gronover, C. S., Prifer, D., & Moerschbacher, B. M.
(2012). Silencing and heterologous expression of ppo-2 indicate a specific function
of a single polyphenol oxidase isoform in resistance of dandelion (Taraxacum

31



Gl gall 3} jaal) Wuailad co Uiay 4y dal) Lyl (e Al in Silico Jalsh agiad) Jidas
B e g dige edlsa Jsaidl) Ciua

officinale) against Pseudomonas syringae pv. tomato. Molecular plant-microbe
interactions, 25(2), 200-210.

28. Ruanpanun P, Tangchitsomkid N, Hyde KD, Lumyong S (2010).
Actinomycetes and fungi isolated from plant-parasitic nematode infested soils:
screening of the effective biocontrol potential, indole-3-acetic acid and siderophore
production. World J Microbiol Biotechnol 26:1569-1578.

29.  Sachdev, S., Ansari, S. A., Ansari, M. |, Fujita, M., & Hasanuzzaman, M.
(2021). Abiotic stress and reactive oxygen species: Generation, signaling, and
defense mechanisms. Antioxidants, 10(2), 277.

30.  Sadeghi, A., Karimi, E., Dahaji, P. A., Javid, M. G., Dalvand, Y., & Askari, H.
(2012). Plant growth promoting activity of an auxin and siderophore producing
isolate of Streptomyces under saline soil conditions. World Journal of Microbiology
and Biotechnology, 28(4), 1503-1509.

31. Saleem, A. R., Brunetti, C., Khalid, A., Della Rocca, G., Raio, A., Emiliani, G.,

. & Centritto, M. (2018). Drought response of Mucuna pruriens (L.) DC.
inoculated with ACC deaminase and IAA producing rhizobacteria. PL0S One,
13(2), e0191218.

32.  Sapak Z, Meon S, Zam A (2008). Effect of endophytic bacteria on growth and
suppression of Ganoderma infection in oil palm. Int J Agric Biol 10:127-132.

33.  Seemann, T. (2014). Prokka: rapid prokaryotic genome annotation.
Bioinformatics, 30(14), 2068-20609.

34.  Tavares, M. J., Nascimento, F. X., Glick, B. R., & Rossi, M. J. (2018). The
expression of an exogenous ACC deaminase by the endophyte Serratia grimesii
BXF 1 promotes the early nodulation and growth of common bean. Letters in
applied microbiology, 66(3), 252-259.

35.  Thakker, J. N., Patel, S., & Dhandhukia, P. C. (2013). Induction of defense-related
enzymes in banana plants: Effect of live and dead pathogenic strain of Fusarium
oxysporum f. sp. cubense. International Scholarly Research Notices, 2013.

36. Tokala RK, Strap JL, Jung CM, Crawford DL, Salove MH, Deobald LA, Bailey
JF, Morra MJ (2002). Novel plant-microbe rhizo-sphere interaction involving
Streptomyces lydicus WYEC108 and the pea plant (Pisum sativum). App Environ
Microbiol 68:2161-2171.

37.  Toklikishvili, N., Dandurishvili, N., Vainstein, A., Tediashvili, M.,
Giorgobiani, N., Lurie, S., ... & Chernin, L. (2010). Inhibitory effect of ACC
deaminase-producing bacteria on crown gall formation in tomato plants infected by
Agrobacterium tumefaciens or A. vitis. Plant Pathology, 59(6), 1023-1030.

38. Verma, V. C., Singh, S. K., & Prakash, S. (2011). Bio-control and plant growth
promotion potential of siderophore producing endophytic Streptomyces from
Azadirachta indica A. Juss. Journal of basic microbiology, 51(5), 550-556.

39.  Weber, T., Blin, K., Duddela, S., Krug, D., Kim, H. U., Bruccoleri, R., ... &
Medema, M. H. (2015). antiSMASH 3.0—a comprehensive resource for the
genome mining of biosynthetic gene clusters. Nucleic acids research, 43(W1),
W237-W243.

32



40 33 :ua < 2024~ 08 :aml) 1] daala Laglgisilly aghll Aaa

Cilidal AUl g giadd) 7 LYY apdl Ao Jalaie) §ysual) 7Ll clinh asaas
Sl ghalia
Design Small Wind Turbine Based On Energy Production For
Various Installation Region

& daaa chalaa
Debbache Mohammed

lCentre de Developpement des Energies Renouvelables BP. 62 Route de I'Observatoire Bouzareah 16340

m.debbache@cder.dz«( sf3al)

2024/ ypagd ; padl) oy 2024/12/15:J &) g 2024/10/02 : v ) fm

oadlall

Ghlia 4 A8kl #15) 8 S (st Cargy paall Sysa ) Gl asena Gl 138 Jsliy
obas s aaglly A8l e atlal) salyy Jh 3L Adaugsie ) Aaddie £l deju ) Adlde S5
QBlade zsliy e il ading 3l ST spmin 2Ly Gl ek ) dalall 50 cassial) &3l
NACA2410 g5 (e dilide 4€0alipy alalie alainly iy s Clas apenas dlsel) bl Jlail
sinll Y )s Al Jsat e li€ Cum (e ilapanaill o3a elaf aui 53 .NACA2420 5 NACA2415 4
panat Jumdl 228 Cum el SSY) 58 NACA2410pduital) cld 3,0l apanas of geilial) < jglal 43Ul
o Aaidie ) Aeje ld bl 8 )il ) alesy s )N Ayslys 5l ais dam (e
Al g ) e (3as
Al ¢ andl ¢ Rila lsall il (Salin o Ll 1 Aalital) cilalsl)

Abstract:

This research focuses on the design of small wind turbines aimed at improving energy
production efficiency in various installation regions with low to medium wind speeds. With
the increasing demand for energy and the shift towards renewable energy sources, there is a
growing need to develop more efficient small wind turbines. The study utilizes the QBlade
software for aerodynamic analysis and the design of turbine blades using different airfoil
profiles, including NACA2410, NACA2415, and NACA2420. The performance of these
designs was evaluated in terms of energy conversion efficiency and annual energy production.
The results showed that the NACA2410 blade design is the most efficient, offering the best
performance in terms of chord distribution and twist angle, making it the most suitable for
environments with low wind speeds, while achieving the highest annual energy output.

Key words: Wind, aerodynamics, blade, rotor, power, drag, lift.
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Introduction : Jaal)

cgsial) agisll Dl (e daalil) Al lailly Al e allad) Callal) a5 Jl b
Al adg s Jsaill 8 dgygpn ol Ak Al coasid) Al alas el
Yy AASH) Cun g Aglled saaaiall A8l jaliae SST e saaly ~ LN A8ls e Al il
'REN21 i il Udhs. a8 pse ye cilisinnn ) 2Ll 28UAY S5l dsallad) 5yail) ciliay Cam
lila) (e %86 sa3aall ddllall i< 2024 alad s2askal) A8Uall Lpallall Aa iy (gsiual Joa
Cilileg) Q&5 5 Ll Ails 4l G2 gysmall sal) uSay Lae 2023 ale b Al 50l
2l o P IRENA saaxiall 43Ual 43dsall AUS 5l sl S, & liadl sl sausilly 258100 caylal)
Chletialy Al i€ liad ) Aalal Hin lee caliad) Calaal) Gaasl Ll s L))
Glizgss I3 Y sl # Ll Sl skl A Sl anfill e a2yl o Uil I 5 jaiie
SRl 8 duala Lt 508 L iy Las 1S (S 5)5hae e (SSWTS) syl 215
/ Amitiae 2 by de s )

Cailgad) Cpnt (PIA e Bppial) 2Ll il 5 elals apanal Cpnd Gluball (o sl <ol
iy s e dahad ala) Ll dba 09AT 5 YOLIU B Cus A Al
Saaliaall 2 13Y) 508 < cpuead o Sy 208 A JAET G 1 jedaly ¢ NACA 4415 sl
dasi A Bpsaall Z Ll Gl 55 3 S H3ry Les BAGN (giue o o lsedl Clalgy JilS5 Bk (e
Aasiuly el pall alalie e yaell sty 5 AT 5 *Suresh. A o LS dmisiall jals) 265 xe
<3 388 o ) saliy ((HAWTS) 38 jsadl <l sysaall 7 L)) il il QBlade gl
Gl Al Al Lelany Lo che pual) Aimitial) 2 Ll culiplad 3 Allad Y1 il SD7080 pdaidl)
WSaaliny dpngie pladiuly dlals duly oAl SYossH. W gl «Jidl 5 Ag)l hid)
g1l Juzmil a0 4412 NACA 3,23l (f saass bpiall 7Ll i il (CFD) dgbusal) ) sl
il il dpaal o g guall cluall 38 cilalus ol . lsall Uil a8y il 88 (g g 15l Bae
e LS 50l s ABlal) Tl puail lsal) alaafy el gl adalia

g leds Dy 380 Jsh o oliN1 Al as el il ol il Gl
BB ) a3 o)) Al sl Tumgie sk Al Al il Lo Ll il
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Abstract

Salt-water bodies are (Sebkhas and chotts) from continental aquatic realm located in
desert climate with very hot summer where temperature can reach 50°c and can drop below
zero in December and January. The Lake filling process starts from October till November to
reach its maximum in January. With increasing temperature during the month of March, Salt
water undergoes evaporation, which increases towards high temperatures until more than 80%
of it evaporates while the remaining infiltrates through the interspaces in the layers of the
bottom of the lake producing evaporate series. It is generally dominated by sodium chloride
salt; gypsum is also deposited magnesium salts, sulfate, and potassium salt... At the end of the
cycle, some lithium salts are precipitated, which remains in the liquid state until the advanced
stages of evaporation.

These salts are economically promising and they need to be taken into account because
they are environmentally friendly and renewable resource as well as it does not require energy
for its extraction.

Sabkhas and chotts are fragile environment and environmentally endangered because
these lakes which attracts large amounts of polluted water and solids, Therefore, it must be
taken care of and deeply studied in order to find economic alternatives after the depletion of
fossil wealth.

This study is a summary of a series of research conducted in the northeastern Sahara over
the past years, using the usual field and laboratory methods applied in such studies. We have
proven the presence of a significant and promising salt wealth for an alternative economy. For
instance, table salt alone can yield more than 2 million tons annually, based on the mass output in
ChottMarouane.

Key words: geochemistry, evaporiticsalt, water balance, lithium
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Abstract:

This experimental work describes our work on spectrometric measurements (spectral
responses) and measurement of the sensitivity of solar radiation by simulating the solar

radiation from a powered lamp on commercial light-emitting diodes of different colors
(LEDs). The first experiment was carried out at the electronics department in University of
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USTHB Bab Ezzouar (Laboratory of thin layers), which has a measurement bench allowing
the relative spectral representation of the photo of the detector noted Vphot (1) .

In addition, at ENS Kouba in the LSIC laboratory, a second work has also allowed us to
set up a device which measures the sensitivity of different LEDs radiated by the lamp as a
function of the illumination power of a light source by using a luxmeter according to the
voltage across the light emitting diodes (LEDs).

Recent developments in the field of light source technologies have opened up new
perspectives for durable and highly efficient light sources in the form of LEDs (Light
Emitting Diodes) for lighting greenhouses.

The introduction of LEDs makes it possible to reduce the cost of producing
vegetables in the long term (several years), thanks to the high-energy efficiency of LEDs,
their low cost of maintenance

Key words: LEDs; Detector ; Effect; Spectral; Radiation; Sensibility
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Abstract
The objective of this study was to determine the main constituents of the

essential oil extracted from Brocchia cinerea through hydrodistillation and explore its
potential for wound healing and pain relief in living organisms. The essential oil was
found to contain several compounds, including thujone, santolina triene, camphor, and
1,8 cineol. Mice with induced wounds were treated with the essential oil through
topical application, which led to a significantly accelerated wound healing and repair
rate of 88.1 £ 1.1%. In addition, the analgesic activity of the essential oil was
evaluated by administering intraperitoneal injections of acetic acid to mice. The results
demonstrated that the Brocchia cinerea essential oil, administered at a dosage of 400
mg/kg, strongly inhibited pain, with a pain inhibition percentage of 98.78%. These
findings suggest that the essential oil of Brocchia cinerea contains bioactive
compounds that may have synergistic effects, making it a promising source for
therapeutic purposes in pain relief and wound healing. It is possible that Brocchia
cinerea could serve as a substitute for synthetic analgesic compounds and wound
treatment medications in the future.

Keywords: wound healing, analgesic, Brocchia cinerea, essential oil.
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Abstract:

The goal of this work is to study the existence of solution to a boundary
value problem depends a Caputo fractional derivative, with the second term for
this fractional differential equation is non linear, and associated with a suitable
condition. Using a variational method , which guarentees a solution of our
problem in a reflexive, separable and Banach space.

Key words: Fractional differential equation, Existence, variational method,
Caputo’s derivative, Existence, homogenous conditions.
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