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Abstract

Objective

Moringa oleifera L. belongs to the Moringaceae family and is known for its important medicinal
chemicals, including flavonoids, coumarins, quinones, phenolic compounds, and alkaloids. This
study focused on determining the best conditions for producing callus tissue from Moringa leaf
explants and analyzing the biochemical compounds in the resulting calluses.

Materials and methods

Leaf explants of the Moringa plant were cultured on the MS medium with various plant growth
regulators (Kin or BAP at 0, 0.1, and 0.5 mg/L) either alone or in combination with 2,4-D, NAA,
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or IBA (each at 0, 0.5, 1, 2, and 4 mg/L). The percentage of callus production, root, and shoot
formation, as well as the biochemical compounds (total flavonoid and anthocyanin contents) of
the resulting calli, were recorded after 4 weeks.

Results

This research revealed a significant difference between most hormonal treatments and the control
treatment regarding the percentage of callus tissue production, roots, and shoots derived from
callus tissue, as well as the fresh weight of the collected callus. The most effective hormonal
treatment for callus tissue production (100%) was observed with the MS medium supplemented
with 2 mg/L 2,4-D and 0.5 mg/L BAP. Also, the highest percentage of root production from callus
tissue (100%) was associated with MS medium containing 2 or 4 mg/L NAA and 0.5 mg/L BAP.
The MS medium supplemented with 1 mg/L NAA and 0.5 mg/L BAP exhibited the highest
percentage (30.53%) of shoot production from M. oleifera callus. Furthermore, there was a
significant difference among various treatments in terms of the biochemical compound contents
of the resulting callus.

Conclusions

Based on the findings, the use of plant hormones had a positive impact on callus tissue production,
as well as root and shoot production, and the biochemical characteristics of the Moringa plant.
The maximum fresh weight of the callus was attained by utilizing BAP and 2-4-D in the MS
medium. Enhancing the amount of flavonoid and anthocyanin in plant callus is crucial to boost
the antioxidant and anticancer properties. In this study, the highest levels of biochemical
compounds, particularly total flavonoid and anthocyanin content in the in vitro culture of M.
oleifera L., were associated with increased concentrations of Auxin and Cytokinin.

Keywords: Biochemical compounds, Callus tissue, Cytokinin, Moringa, Plant growth regulators.
Paper Type: Research Paper.

Citation: Noruzpour M, Asghari Zakaria R, Zare N, Ebrahimi HA, Parsa Khankandi H, Bourang
Sh (2024) Effect of plant growth regulators on callus production and organogenesis of
Moringa oleifera and the biochemical characteristics of the produced callus.
Agricultural Biotechnology Journal 16 (2), 1-24.

Agricultural Biotechnology Journal 16 (2), 1-24. DOI: 10.22103/jabh.2024.22765.1541
Received: December 21, 2023. Received in revised form: January 19, 2024.
Accepted: January 20, 2024. Published online: May 31, 2024.

Publisher: Faculty of Agriculture and Technology Institute of Plant

@@ Production, Shahid Bahonar University of Kerman-Iranian
Biotechnology Society.

© the authors

Y

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



:, & S29bS (5598 i gu Aloxo @. @
:/u/tv.’}',’,),:\./{l dl,/'/fwsih
i " TYYA—50e 1Sy 2SI UL TYYA-5Y+8 silo L i

Moringa ) Ky yg0 8LS 1136101 5 (213 wgllS 51 (AL oy GLooaiS pulaid Sl

Jols s wyllS' o lowdign Clwogasd g (oleifera L.

923939 O3 e

(Jud )l BLS 53 5 Ay 09,5 ¢ mub mlie g (65,5liS 0y ¢ Lud)l Bazte oISl ((659)5iSTan (655 (gozitily
m.noruzpuor@gmail.com :asbL), .

LS 550! Jgw,

.u‘).{l cth.))‘ ;65[5 k_itu)’ 9 J.:J?J 09; 3 ;""Jo... é{tﬁ 9 dj)sw DM‘.} c‘_;lﬁ.))‘ ’99?00.” bmb 5.)11.\0‘ _JW DM?} *

r-asghari@uma.ac.ir :asLLJ,

&)lj ot
allly L olpl (Jwdyl (ol K5 s A 05,5 b mlie g (g)liS auSil ( Jud)l sivee olKily bl
zarenasser@yahoo.com

o]l (i

aoblly ol syl STyl 0g)S  csilwgyls oaSiily (Jwd)l wsly o Sip pole olKiily bl
haliebrahimi@gmail.com

EESSBLw )b sols

N casblly ol (ool «sjoSoSlo)ls 09,5 cilwgls auiily (Jwd)l dnly (Kb pele oKl Lol
parsa@arums.ac.ir

K y9 lowws

)l (LS Sy g g 09)5 (b @lie 5 (655l oSy ()l Bhoee oKD (55leiSSan (5585 el

sh.bourang@gmail.com :asbL), .
AR ZARYA I VR VPSSV IR 23 ARYA NP IS IV Y o B HERCE TSRS CRAY 8 FRL VA I RN

oS
Ol 5 sl s 4 S eI Moringaceae sodlgls ;I so—ac (Moringa oleifera L ) Ko, 50 olS 180
Jo b (o plerd g SlS 5 (S0jlul g Bl g0 ol S sladigaiy) | ugllS L sy dinge llpd g

b )


https://orcid.org/0009-0003-3447-0035
https://orcid.org/0000-0002-1613-4455
https://orcid.org/0000-0002-6558-3273
https://orcid.org/0000-0001-8025-8279
https://orcid.org/0000-0001-6447-9899
https://orcid.org/0009-0008-6783-0072

BN,

(Ye-Y Ol oY 2 lows 3T a”b) S329LS (659955 g dloxo

by sloosisSmdats (g9le MS S bumo (59, i j90 olS Sy (sladigeify; wglS il W5 g gy 9 dlgo
2)IBALsNAALZ2A-D LSy p by b 4 (52 2 p)S (e /0 5 /) o) BAP L KiN dilises alS
S 5 g 2lon plal g ado) (ogllS Bl g5 duo )3 g Bl ctS () 2 p)S (o ¥ o V) /0 Gho sacdals > S
D1 b atin § IV ) G (lewgil (lgime 9 JS 1859M6 jlake) ol obondy

Gosleaz g8 5s e 9 LogS Bl o b olsm plil g ady) cwgllS Bl A o > il cal 5 U
Sl g aops il (Sgeyen Jlod it A Lt ()l sime SBT a0l o 9 (Sgey9n sl ST G 00
ez de BAP ) 35,5 Lo +/0 §2,4-D 2 555 LoV gols MS cuiS Lo 4y by o (o3 Vo) wollS
AP S TLY (sls MS slacuis Lo &) bapya (303 Vo) (it 368 oogllS 8L jl ady) ags o> s |
0 g NAA ) 5 pS ke ) s MS e a8 e e S e 5 BAP 1) 5 5,5 Lo +/0 3 NAA
Sy [olaid] 56 a1y (1oys Yo /0Y) Ko 50 olS (sla oglS diges 5 olon plisl adgs duoys iy BAP 2 36,5 Lo
A5 odmlie (gl gme OMB] Calidee (sl jloss o 8 Juols (sl wdllS olowdion GluS 5 lie Sl 5l cpinon

Orae® 5 s el g adey W (S 8l g e (LS clapygesen | elatul (ol @l i 16 S Aot
it oo 3 2-4-Dy BAP (cloys0y50 5l odlits | | a5 (gy5b 4 i Iy e 51 155590 b8 sliassh gm0 Sl s s
5 5936 Jlade (38l ¢ Sl s 5 Gl Sl T (ol il car ol sy LudlS 5050 (i ST MS
i pr9ad & (losd o OS5 (e oy 8 b g 3 &S ) i Coanl (LS Gl gl s 53]
332 olyad (S g 5 | SIS (LI L K 90 ol (glatindingyd cutS ) iibuagi] glgime 5 pU 4353508

sty e £oi

whosdsn Sluogas ¢ (Moringa oleifera L.) Kuyge olS oliplil 5 ol wsllS p (2lS ad) (slaosus las

Y- s(Y)\f’ ‘L;,‘,,ML;);J,;L% dlxo . Juol> Lgl.mu»}‘lf

Publisher: Faculty of Agriculture and Technology Institute of Plant

@ @@ Production, Shahid Bahonar University of Kerman-Iranian
Biotechnology Society.

© the authors

¢

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

5, ST,



RN,

YEY (o )Rod 9 591 59,90

Aodbo
olS oyl ol olKiwls 5L 0 MOringaceae (sedlgls 5l coae Moringa oleifera L . ole pb b K0 90 oS
Sy g ddiay 5l Al drw 95 slo eS| g ylms ,d (SaNT L AL 2016) 15 L o fliw ghin Jlods g i Cgin I bl
57 Sl TS il O Szl (KUEtE 2017) 35— oo ookl olié iils olsic 4 Ky g0 obS
Bhattacharya et al. ) sloas (3,155 5 (ololis olS () sladils (€5, 13 35290 phe sl > Sl dlon I TS glausl
o yorno Sy u|9~° 4 ol:f U’l 4 970 4 0Oy )Lo_wu_’ st)l.) lelz»duwc) 2 liu)yo ol:f ))5 L yaste ua|9> (2018
e C 9 B A)Ja.) LSJLQL)“AL"B 9 u;.).:w .)‘9.a )] )L.\))w u;u.uo u‘y.c LY o“:f L)Jl (|S|am et al 2021) | du.9)§ u.n]
b clyung S dles 5l 09l pae (plow—is LS5 ol Ko g0 oLS sla S, (Dhakad et al. 2019) 545 »
B (Al-Rath etal. 2023) 395 o 03l | (> Bas g o980t slacled (b yloyd g (s puSiin (ly olS oyl
3905 o,L—sl Glucomoringin 4 Moringin Niazimicin 4 g e oLS ol (og,h b))l ©luS 5 50
e blgd g 005 Aeld (35 Lgn s S8 LSS jl ealate | e e sla g, (Abdelsayed et al. 2021)
(Y oyl 5o hd Jiales yud rals des 51 LYo 4l hey cpl Jbb cpl b e e salitw] Ky g0 olS ol puisS
b gsSeo 5 g Slaclont Jo o & J S IS o g 35 (g (slacols’ 3l 31 55 (S5 55 L3
Syl s 4 38 sladad 3 alS plul 5 bl cuinS 4 by pyle 5 (6)gldcun s Horls b i & anlge oo dgaome
5 0db 18y dierdjy) cacuplio ags il 36 slacdglio Wai ( BLS pwMipy; clilis (S5 4 by ye NSt
ou whl )b (wollS Bl g g s po Lo Wygig (Sl Sladiler CulS oS 4 93 lodisS G (SW Bl s
2135 e wdllS il W (oabajli, Sled (gyglbie ) p e sla b, 3l edla ! (Gandji et al. 2018) el
b 4 4d M) 05l GlalS g oad (ol 34l 5l B (SeS) £ jop | Ble Sl s 0 5 ogllS 8L I (L2ljpl)
) BLS plul g cdl i S aliso sla by, 3,84 pa e sla Sig 5l .(Abdullah et al. 2019) Ll wJg5 1, (ol
Ol &S D505 o)l 01 o ‘_539.” oS glad o Jae byls 5l 5L clacadgiome poade a4 loi o (655)6STam Al
ilyogde alei o wald |y (U351 L gl slacudplio) Jlb w2 S8 5 el A Gl g 0l (Sl (al8i Lol

O bl gl Bgeifn) 4 lgie @ Blgie b S oo 5 (LS A5 ) eaiS bt CllE 5 g 4 s g5 L

I Palmitic acid
2 Stearic acid
3 Behenic Acid
4-Oleic acid

o

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

8, SN,



BN,

(Ye-Y Ol oY 2 lows 3T a”b) S329LS (659955 g dloxo

L5 oS pulas (Mustafa et al. 2021) sgu odlizw! o550 4uTs b 2lS claplil g 5 oljesy, o Sologw
5 1y e S5 & oS STy mizred 5 ok lod 9 85 5 e s oann alon S| ot sos slosialp oLS
oy o o piS g oy ST Wl e Lo | alS 0i  claoaSwubas (Phillips & Garda 2019) sules .o
Slais 3o Lt o JoSIse 5o b T clbseysmaid bS] . (Jamwal et al. 2018) < jeulinw! 5 ob!
GOmes & ) )l (i Bl (Sad g 5 Jsbows i 5557056 35558 90 polais alox ol gai 5 53
Ailen ot yo (sloplil g Bl goi g Ay )3 L job 4 45 Mt olb e yemas da S st (SCOMtECCE 2021
s Sle (AL sk pundi gl b oS gt (L et al. 2021) siwn j$ge @b cloplil g adyy ol il ],
P 28 ) gleoaS el 51 (MOK 2019) S o ol ) (Jobo j5ie 1> > sl 5 waliien » ybo & 1
9 Kin BAP (515 s alaeisS st 41 0lsi e Kinygo ol uS Lamo 3 (ogllS 8L a5 g o0latl 3590 (Lo
ab cii S o (Samarakoon & Kandegama 2020) sges o)ls | NAA 4 2,4-D (ABA dAA L ol oy S|
3 S S8l g sl Fseron slosd i 24D 1 3 S e Y olhen 4 BAP 2 5 05 Lo <0 g5l> MS
PeS eV s MS ciis by (Al-Hamidi et al. 2023a) 345 0 wgue M. Oleifera olS (clacsy age
e b B0 0lS S (sladigeiss) 3 uglS <8l Sl (sl S 5 0S50 0l 1) 3 S ke <10 9 2,4-D
oS Cuonl & 4> b g oplplu (Samarakoon & Kandegama 2020) sg e iS5l po—w atén 5l oS Wg
bl iy ol 5o el (LS sloaige 8l g CutS 090 350 15 SWISEM! (izpn 5 Slds5 5 (gl i 51 K50
g b 4y diad )1 olS pl Sy adigeiss) 1 ogllS b Mg p S gt 5 ] Cilisis aclale 5 g9 b o

285 )15 il 3590 ol (o peglS igad (yliosil 5 335N (lp0 s

L g, 9 390
byly 555 gl <ol adg cas (M. oleifera L.) K 50 oLS Sy sladisaifn) 1digod 3y Sl g dad
(k) e oty WS )3 ((Jgd5d (b jaed) liwjod sl 51 0 ag )yl diges | 4Bl a3 GlalS I eslaindng)
Noruzpuor et al. ) xaw  Ssaess | s S50 Jitie olKiisloj] & alio B odd (¢yglaes (sladiges b (g yglaos
2 ES e 18 5 oIV o) KN Glieo (alS 15, (slaosiiS olass (5> MS uiS Lo )3 (55,5 33 51 1 5 (2022
L (2 5 S ¥ 5V /0 o) 24D bS5 b 5 e 4 () 3 p5 oo 10 5 -/ i) BAP L (2]
@b g adye dw badigeifyy () 3 p)Sdeo ¥ 9 Y /0 i) IBA Ly (3 13 S ke ¥ 9V ) /0 i) NAA

Mo car cuinS e 69y p digesssy JS! 1w Bas LGOI (005 M1 b ¢3) oyt | O low o5 4iiB> O oo
h

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

5, ST,



RN,

YEY (o )Rod 9 591 59,90

Jo yd . Bab e oS Sl da YO slod b g lid gy 186 Wb, SBUI & digeiiny (g9l slacuinS oo ¢ willS il
b aidn o GBS S|y w5 S8l g 9 5) 2l il g Ay Mg Moy (S S0 (S AL Mg

xSe3lul sl 1S Adgighd (g S0 jIuil-Jo b (g8 AL (olond g Sl ga & (w0
2o )3 Ve posinagllin IS Joloe 5l yids Se YO+ ) .0 odliiwl yuis 8" L Chang et al. (2002) i, 5l JS AsggMe
b badiges o jolie g 08 Bl | o bbojla = pid e o Ve o Ol T by yd5)Si0 YO+ (0250 2)
Ccdale o3l | b e 565 3,0k | i A5 (5,505l 20550 YA e oo 5 yiesiby S | ol 5 jl o3lites |
3)90 iges 3 JS 1gigM (lise silowoS Sl g and (Jplie jd 3 S (oo Vev 980 VO iis) (i B8 iz
2 p)S e cons p 1569M8 Jlaie TE(CXV)IM oo 3 5l e3litw | b e .(Chang et al. 2002) cé,5 1,3 oslaze |
chle Cpugls el p)S 53 pS ke G 3538 (lie T Jgo 8l )3 03,5 arlons (uglS 2l p )5 S
sl (p)5 e gl 28L) diged ()5 Mg oslac 2o o Vil s 13 (i 5557 )5 (slee a3 A5939M0

A5 odlazw | Wagner (1979) sg, 5l (oS (sladiges cyiluw 5551 i (5,505 (sl 2 cpilow 95T (6 380 5101
b (6503l yiagil B+ 9o Jobo 13 g pogiby Sl ol jledlitwl b Jols ojluas ()9 ol jslaie (pl (sl
23,5 dusle YYe e e MIem™ 560l Coys g ATEDC Jgod 3l ookl b wiluwgil olsue yusw (Wagner 1979)
ol (gl QIS ol € g (D90l sl € DS (258 plp D el sas ke plp A 55 Jse b 0

5 4025 30 plosl 1S5 aw b (ala SelS bl 1 g JopgiSTB B o inlesl 2s ol 3200 g (ouialojl 250
5 plosl EXCEL 38l 5 51 oslil b b lagas usy 9 SPSS VET. 26 13815 5l oslisl b Waosls Jubxs

M. oleifera oL Sy sladigesssy 5l wollS il g 5l Jo b slaodly Judos g 3505 5l odal w5 & gols 3ub

0 Jlo oS 3L i 5 o Pl ey Mg S S a5 oy ) Jyi) S Ll 00 S
€9 o 4le 9> Blite 3l g (S gt Clale g £95 ST Bl g £ ST ot do ) Jlei] a5 g 4l e yobo
S 5353 A5 B S s M 521 £ 3 S 53 5505 €5 o M 1 ] GBI 5 ]
9 &5 piS g 5 pS] Cilisee (S BIE (e ale 9 Blite S b ot ao 3 ) Jleil aw 3 g )l e yobo 4

N8,S 15 i g e — ] 5 5 i g alim S| A 5 55 o Al A Wlite ] i g il

5 -Cuvette
3

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

8, SN,



BN,

(Ye-Y Ol oY 2 lows 3T a”b) S329LS (659955 g dloxo

2oy iy s )bine 8 A0l Jlez g 4sle dw sl g blite SISl plu (1 Jgiz) otel Cesd 4 gl 3 () Jgie)

sl ol 5 5 oedllS Mg

F039 945 10,0 31 (AL ) GLroniiS wlils ilisee LB g g9 WU Guil,lg 4 3o0 ) Jos
Sl wiand 930 baslpad 33 4 21534 9 (M. oleifera L.) K 590 oLS sdigeisy (wills

Table 1. Analysis of variance for the effects of different types and concentrations of plant
growth regulators on the callus production percentage and fresh weight in Moringa and its

regeneration under in vitro conditions

MS Olrspo (uSilo

KW PO

‘-"‘)“»ﬂ"g’.é““’ 4,..)3 0“5'"5 )SL")S '\993 M)b "\'3’95 M)b
Source of Variation K (2,%) oy 2 ELL
s3l;! . Root
df Fresh weight of Cal_lus production Shc_>ot
callus (gr) production (%) (%) production (%)
(A? oSl s 2 1.433™ 8380.40 ™ 28486.52 152.80 ™
Auxin type (A)
(B) cpuS1 cdale
Auxin 3 0.358 ™ 3032.86 ™ 66.82.34 ™ 100.39 ™
concentration (B)
() o 5om &9 1 0.393" 429.10 ™ 1479.38 370.77"
Cytokinin type (C)
(D) oS g clale
Cytokinin 1 1.072™ 6463.54 ™ 2249.89 121.02 ™
concentration (D)
AxB 6 0.053 ™ 294.80 ™ 450.83 ™ 95.06 ™
AxC 2 0.639 ™ 54220 ™ 634.78 ™ 112.13™
AxD 2 0.275™ 780.49 ™ 52.70 ™ 91.88 ™
BxC 3 0.010"™ 185.46 ™ 81.09 ™ 104.56 ™
BxD 3 0.082 ™ 59.81 ™ 55.85 ™ 42.37™
CxD 1 0.154 ™ 162.81" 1582.40 ™ 59.28 ™"
AxBxC 6 0.024 s 49.28 ™ 68.49 ™ 99.15 ™"
AxBxD 6 0.048 ™ 86.82 ™ 49.14 1 44.19™
AXCxD 2 0.137™ 130.37 " 829.14 ™ 4.44 s
BxCxD 3 0.011m™ 39.13 ™ 84.21™ 13.48 ™
AxXBxCxD 30 0.015™ 29.52 ™ 51.69 "™ 20.35™
Error 130 0.013 53.69 74.59 13.17
(333) et 3
(CV%) 20.83 14.60 26.82 18.13

ns, - and »: Non-significant and significant at 1 and 5 % level of probability, respectively

22l jles o o0litw] 3y50 (pewST Cilie slacdale g o5 Jas 5las ol Hlis (B g A=) JSS) laoals 1Sk duslio

Sosd (yglaer wlS bl 5ijg g Jols pwgllS il sy g5 oy (wlS il Mg do )3 4k 5l lajles ol
A

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

5, ST,



RN,

YEY (o )Rod 9 591 59,90

10l5 e o alop L Mg Lo ys 5 51 48l 4 ) 8 sl g lel 5 51 (I3 sine CEMS] S (glalayne
S 55 30> i By A) ISl Lol ol 3o 05 a1ali o ine ST igeson sloless 55T 5
24D 5 3 05 k¥ cigs MS CiS Lo 4 Lgeys (05 +IA0) o b ol (5 sk i 3 (0 2 VYY)
eSSk YoV b sl is b 5 (S90p9n o cnl O oIS F0ijs 9 el b Mg Aoy jlai g
oS 5 31 ool ol el 1t ol iio (gl sine OS] IBA 12 13 5,8 L ¥ (sl S Lasoms cyuin ot § 2,4-D
3ol 5iis 5 098 8l Ay a0 > (o] ciliseo (Soclale 5 bopppunST ) 35 sl b duslio )3 y5Sio Sgeyom
coclale 1 NAA jlosliul (izen (B g A=Y USE) ols (I3l ()l sixe sgbos K50 oS Sy cladigaisy; 3 1
il sy a5 ) g Mt 3,Shas IBA 5 2,8-D sy o (ciisin (sl s b a5 5 U 5 il ) Giln
bame (19,5 o 3l ool | cilises Gl g e ST g5 clpogdle 0 b gladsd (93 bl 3 o Sss 9 LogS
M. oleifera ol oas cuiS Sy sladigeiy 5l ol wollS b 5l ad) Mg Ao ps o (gl dme yobas MS al cuis’
MS 4l cus S e walds jlos b dwoslie )0 (5YL slacdale p joga s 4 ) NAA jl oolis 1 (A JSS ) 390 550
el jl adg) Mg so 5D (6l gxe yob 4 (S LS B by okia) 2,4-D L IBA dilise slacble gl
4 bgsye (1o 13 YAIY) K y50 0LS S5y (sladigaissy odllS il jl adis ) Wl duo o oyt 0 (iolidl ) o bs gl
355 3o 55 VL L) NAA 12 )3 58 o\ s i S oo 39 NAA 1) 13 5,5 o ¥ (gols MS s S Laoms
5 deo b osllS 5l alon pll asi fo 53 515 5] seysm (clbylog il 5 48ld lagi b do 3 VTV b olen plu
ST g als Jlasi o g LAY JS5) s sl ol sine OS] (el 5y Ll 55 iy 90 olS 5y cloisaif,
S5 Loy s oanlite Ky 90 olS LagllS L 51 alem Al ags s )3 Jai 1 oo sime BB 55 igoyen (clolag
s s M. oleifera ols &Sy cladisaiss, 5| Jols LoglS 5iosjs cnized 5 o) 5 Lol aalsm il 5 4ty (ogllS L
3 BAP i anlizl (B g A=Y S3) 395 cutsS Lasro (193 oS i 5l o0litw] 3)50 slaclalé g £95 15U cod ()l gime
g sy gl§ C8b g5 b0 )3 ()l gtme yob ) (e (SlagunSTL S5 3 by (2l ) S 3 oS e +/0 clale
528l Lo b awslie 3 1, M. oleifera ols Sy cladigais, 5l Jols wollS 559 cmapd 9 o 5l o ls 2lgn plul
Mo Ao 1 gl il Wy do (> cpgiow (B g A-YJSKS ) ol paaliél calisee slaclale 3 KN gols cus S lass
£S5 e <10 (sl MS b S bao 4 bgs o (a0 j5 £V 5 YOINY SO/N) iy & Juols il 1 olen plail 5 ady
b aglio ) (blises (st L S 5 0 b e &) S s Olyis 4 BAP jlosliiul fuzen 50 BAP 2

(B-YUS) by 8y ol 5535 s a5t b < K

q

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

8, SN,



BN,

(Ye-Y Ol oY 2 lows 3T 5)9.:) S329LS (659955 g dloxo

B Percentage of Callus production  EPercentage of root production B Percentage of shoot production

©
o

a

o)
S
W o

£

~
o

=

i

B

=

5

D
o

A++'

it

o

5%

5

i

£

o,
a1
o

B

T

5

R

it

S
o

=

£

A++

=

i
G5

w
o

o

T

B

s

o

=

5

T

++‘.

£

o0

it

N
o
=

£

T

B

A++'

T

R
T

i

=
o

B

s

,.
=

i
=

e

=

>

=
(SN SN

cde

o
2]

def bcd
fg of ef ef

ef

(25) Jol> oS 5 (339
o
D

o
~

9
0 J

6 (con®) i B ge NAM . SN B s

o
N

B

Slow

B
ol L 559 (B falp olail g dui ) (wgllS gl w0y (A (oS Cile g g9 1B LY S

Figure 1. Effect of type and concentration of auxin A) percentage of callus, root and shoot
production; B) Fresh weight of callus
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Figure 2. Effect of type and concentration of Cytokinin on percentage of callus, root and

shoot production (A) and fresh weight of callus (B)
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Figure 3. Auxin -Cytokinin type interaction effects on percentage of callus, root and shoot
production (A) and fresh weight of callus (B)
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Figure 4. Auxin-Cytokinin interaction in different concentrations: A, B and C) The

percentage of callus, root and shoot production (Respectively), D) Fresh weight of callus
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Table 2. Type and color of callus tissue obtained from M. oleifera explants in in vitro
Auxintype  Auxin concentration (mg/L)  Cytokinin type  Cytokinin concentration (mg/L) ~ Callus color  Callus type

_ _ _ _ Brown Soft
- - BAP 0.1 Brown Soft
- - BAP 05 Brown Soft
- - Kin 0.1 Brown Soft
- - Kin 05 Brown Soft
2,4-D 0.5 - - Brown Soft
1 - - Brown Soft
2 - - Brown Soft
4 - - Brown Soft
0.5 BAP 0.1 Brown Soft
1 BAP 0.1 Brown Soft
2 BAP 0.1 Brown Soft
4 BAP 0.1 Brown Soft
0.5 BAP 0.5 Brown Soft
1 BAP 0.5 Green Rough
2 BAP 0.5 Green Rough
4 BAP 0.5 Green Rough
0.5 Kin 0.1 Brown Soft
1 Kin 0.1 Green Rough
2 Kin 0.1 Green Rough
4 Kin 0.1 Green Rough
0.5 Kin 0.5 Brown Soft
1 Kin 0.5 Brown Soft
2 Kin 0.5 Brown Soft
Kin 0.5 Brown Soft
NAA 0.5 - - Brown Rough
1 - - Brown Rough
2 - - Brown Rough
4 - - Brown Rough
0.5 BAP 0.1 Brown Rough
1 BAP 0.1 Brown Rough
2 BAP 0.1 Brown Rough
4 BAP 0.1 Brown Rough
0.5 BAP 0.5 Brown Rough
1 BAP 0.5 Brown Rough
2 BAP 0.5 Brown Rough
4 BAP 0.5 Brown Rough
0.5 Kin 0.1 Brown Rough
1 Kin 0.1 Brown Rough
2 Kin 0.1 Brown Rough
4 Kin 0.1 Brown Rough
0.5 Kin 0.5 Brown Rough
1 Kin 0.5 Brown Rough
2 Kin 0.5 Brown Rough
Kin 0.5 Brown Rough
IBA 0.5 - - Brown Soft
1 - - Brown Soft
2 - - Brown Soft
4 - - Brown Soft
0.5 BAP 0.1 Brown Soft
1 BAP 0.1 Brown Soft
2 BAP 0.1 Brown Soft
4 BAP 0.1 Brown Soft
0.5 BAP 0.5 Brown Soft
1 BAP 0.5 Brown Soft
2 BAP 0.5 Brown Soft
4 BAP 0.5 Brown Soft
0.5 Kin 0.1 Brown Soft
1 Kin 0.1 Brown Soft
2 Kin 0.1 Brown Soft
4 Kin 0.1 Brown Soft
0.5 Kin 0.5 Brown Soft
1 Kin 0.5 Brown Soft
2 Kin 0.5 Brown Soft
4 Kin 0.5 Brown Soft
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Figure 5. Establishment and production of callus, root and shoot tissue from M. oleifera leaf
explants; A) establishment stage of culture medium MS+2 2,4-D+0.5 BAP, B and C)
production of callus tissue from culture medium MS+2 2,4-D+0.5 BAP and MS+1 2,4-D+
0.5 BAP (respectively), D and E) root production from callus tissue and culture medium
MS+2 NAA+0.5 BAP and MS+4 NAA+0.5 BAP (respectively), F, G and H) root and shoot
production from culture medium MS+1 NAA+0.5 BAP and MS+1 NAA+0.1 BAP and
MS+0.5 NAA+0.5 BAP (respectively). In the picture (The cross-sectional lines arrows
indicate the roots and the straight lines arrows indicate aerial parts obtained from the callus

of M. oleifera plant leaf explants)
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MS+0.5 NAA+0.1 cuiS baso 4 bgyye 3 (F/AY UMOL. g7 ol gl Jlade o yiin (Fgis) A5 oanlive (o)Ll
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Table 3. Mean squares of plant growth regulators effect on secondary metabolites of M.
oleifera callus samples under in vitro conditions

Sl Ske MS
Source of Variation 331 a0 SRPPE Q,‘;L,,J};;T
df Flavonoid Anthocyanin
thl.:§ Ju.iJ) aJ.;:Sr.:E.'J
regulators
o
50 0.001 0.09
Error
Ol e o o
e e - 9.03 9.56

CV (%)

=+ significant at 1 level of probability.

S el 483 15 el 5l gyl do g5 3590wl la Sl ) sieid)l gyl olS leie 4 M. Oleifera ol
Bl laie a4y o8 ol Bun gladigaisy) jl el Bl wlgs (aLS plil g cdl cliS S0l)E 5 ehe sl sla b, ]
4 2lS Ly laosusSdas (Islam et al. 2021) cul 43,5 )5 ang5 590 Hlas (Kiislo] (slo oy (gly dicdin
SIS P81 15 5 gei 1 g SMaeding, S Lulyd 5 o Ll 3 o 390 BB S5 (533 035
Bl by 9 g g Wl Coge LS Ab) claosiS sl lgie 4 la T o b piS g (Khan et al. 2020) >4 .0
Bl Wy 5 (LS sladigein) > ady Gl cage Fomb edls )3 bS] Ned o (LS ladigei) 5l (w8
2 55 S gt 29 0 Adyy Ay SalS cage ol o clle (Bl g Ggd e (LS Cdl cutS be )3 edllS
(Zaid 5550 (ladudygyd baslys 15 oalS (claisais, 5l LosllS ol i3, 5 lod plasl Llill Cvgo oyl celacdale
1 owdllS cal Wy cus dilisee alS w3, soniSpulats b vy p b« Al-Hamidi et al. (2023) et al. 2020)
2oy Voo 1y gl il adgy NAA & cons o455 5 2,4-D jl eslisl a5 1555 o M. Oleifera olS cladiges s,
a3 o il
VY
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Table 4. The effect of different plant growth regulators on the flavonoid and anthocyanin
contents in M. oleifera callus

LSJL" MS .:s .h:?u -'\c“fﬁyu U':‘L"“}:‘]
MS medium containin Flavonoid Anthocyanin
9 (mg Quercetin.gt) (umol.g)
MS (free) 0.018 be* 252fF
0.52,4-D + 0.1 BAP 0.009 ¢ 3.63 abe
12,4-D +0.1 BAP 0.025 abe 3.332d
0.52,4-D + 0.5 BAP 0.011 be 3.53 abe
12,4-D +0.5BAP 0.018 be 3.73%
0.52,4-D + 0.1 Kin 0.011 be 3.53 abe
12,4-D + 0.1 Kin 0.032 abc 3.23 b
0.52,4-D + 0.5 Kin 0.039 abc 3.03¢f
12,4-D +0.5Kin 0.039 abc 2.72¢f
0.5 NAA + 0.1 BAP 0.018 be 3.932
1 NAA + 0.1 BAP 0.018 b 3.73%®
0.5 NAA + 0.5 BAP 0.060 2 3.73%®
1 NAA + 0.5 BAP 0.046 ® 3.53 ac
0.5 NAA + 0.1 Kin 0.032 abc 2.92 def
1 NAA + 0.1 Kin 0.060 2 3.13 b
0.5 NAA + 0.5 Kin 0.039 abc 3,73
1 NAA + 0.5 Kin 0.025 abc 3.33ad
0.51BA + 0.1 BAP 0.032 abc 3.43ad
1I1BA + 0.1 BAP 0.046 ® 3.73%®
0.5I1BA + 0.5 BAP 0.060 2 3.63 e
1IBA + 0.5 BAP 0.046 ® 3.73®
0.5I1BA + 0.1 Kin 0.039 ¢ 3.13be
11BA + 0.1 Kin 0.046 3.13 b
0.5 IBA + 0.5 Kin 0.046 3,73
11BA +0.5Kin 0.061 @ 3.43ad

ol (DMRT) S5l (glatels win o903l do 3 0 Jlain o 3 ls ixe (gylo] GMS] oimd L5 (ygiw p )3 Coglisie gy ®

I35 305 (e 3, Skes 24D 1) 53 S (oo ¥ 5l eolitl 55 cilie SELIE (3 &5 13,5 o iz
Gl ) S Bl g do p> Soml glacdald b auglie 3 i) 3 p S e £ o ¥4 kS b (90 2,4-D ke
M. olS Calisee cladigessn, 5l wollS b a5 ol s EI-Banna (2018) .(Al-Hamidi et al. 2023a) ias
El-Banna ) sg yui o ()l dxe yobo 4 NAA l)ls e S lamo b duslie 3 2,4-D (g4ls e S e y> Oleifera
ole clas s ey ks > M. oleifera ol wgdlS 5059 oljee (o 50 b« Aspuria & Nieves (2011) (2018
(Nieves & 1S o 0gi 1y sV 559 b slawgdls cdb NAA 5 IAA L awslio ;3 2,4-D jl ool ol & 35,8
NAA (s 4 2,4-D jl okl Lo golis gubo 3,15 Lo imgis 5 odal Cawd 4 ol 4 (5l canliis 45 Aspuria 2011)
Al- imgsy cal o odel cod a4y gulis B 2 (A-Y JS5) w3 oo GaljBl s)losine ysbo 4 |y wgllS L sy
5 ool il Wy s coiS e oo 45 055,8 Lo Muslihatin et al. (2017) 4 Hussein et al. (2023)
YA
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Ay g il @8 e ellS il ags o sl KN g TDZ b awslio 1 (52 51 o5 be /0 cldale 13) BAP 5 osliul
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0 sl MS b e S Lo 3 1) M. Oleifera olS JosSsud sladigeis, | J—ols (5,5 </TV) LodllS 5050
Gd il oodlS c8l 5oe i 0 p)Ske ¥ gV B BAP cle (Il ouizen 0yl s 4 BAP 12 )3 25 Lo
Lo asuie b Gidgh )3 3, cdbllae gk cpl 3 Jeols ol b a8 (Oriabi 2016) sas o jials )5 /Y g +/VY
098 $0js ORI cage (LSl S 0 by e @) 5 0 p S ke /D @ N ) S g clle 18l &S
M. ol (sladigaiss jl ogllS C8l g Can (S90y9m slasd olyam 4y CndiS bae (20 (B-Y ) 2550 ool
2,4- 5 S g Olgie 4 515 L BAP ol jen s WPM g MS i oo 4 bgs o (slauind 9, L]y ,> Oleifera
S 5 opyiae &5 13,8 5,055 Riyathong et al. (2010) (yu>e» .(EI-Banna 2018) ._isl o oy oloie & D
Lo 4y by po M. Oleifera olS cladisaiss, 5l o1 oijg cr Yl SIS 5 (3o Vo) LogllS L sl e (Sgoypn
aS 16,8 ol Aspuria & Nieves (2011) (Riyathong et al. 2010) w5 b 2,4-D ol jo 4 BAP (4l)ls cuss’
PeSuke Y sl cuiS e SM. Oleifera Sy, gloaiseisy; il bol (10,3 1 +) LuglS dl sy o i
GBMS Lol oy cillas imgs oyl 40 sdel Cwd 4 gl b aS Wl o s 4 BAP 1) 355 Lo +/0 42,4-D
Cadigeis, il el il Wy do 3 NAA L S5 » Kin jleslits |45 3905 )35 Evan et al. (2017) b gols
a5 15,8 ol 55 Zheng et al. (2022) (Evan et al. 2017) aas o a8l 3o )5 Ve« 11, M. oleifera oL5 5,
24Dy 3 p 5 ke 10 (g5l cuiS Lo 4y by o M. OleITETA L9 g0 L 51 (ogllS 8l adgi a0 p> (2
M. oleifera ols ogls cél ;I Ll plil g 4y, Jgs (Zheng et al. 2022) 5o BAP y2J 15 )5 Lo /0 olyon 4
(Al-Hussein & s b 0 2,4-D (cols slacuis Lasme | 5l sme g st jlaws NAA 9ls MS ciiS lae
5 ooliwl 45" 15,8 Lo Evan et al. (2017) «jimgs cpl 5 odel s 4 gl b Liwlyon Almasoody 2023)
4 Cuui |y, M. oleifera oS sbs wollS aiges 15 1y olsn plul adgy 1 o)s NAA 1) 13 55 Lo ¥ o) slaclals
(Evan et al. 2017) o> o iol38l (o)l gre yobo 4 ,)Sos slacdale
@ IBA 3 2,4-DLalis o i) 5 pS ke ¥ oY clackale 3 NAA jlosliis 4558 jasio yo b Jiagh
3 ool 1L(A-Y JSKi ) amd o Lial38 1y M. Oleifera oS Sy aigeissy wgllS cdl 5l ady) Mo do jd (g3 xe yobo
olS 5l wellS il jl Jols alen plisl adss 5 sl KN g TDZ b dulio 5 yid )3 p)5 o ) g +/0 slacdale ;> BAP
RSk Va piS g cbile ol (Al-Hamidi et al. 2023b) sas o iol53l 6yl sxe b 4 M. Oleifera
Y4
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Sigi ol edel Cewd 4 ol alie (Zulalia & Tileye 2019) sad o ialS |y olga plil adgs o W1 -\l 12
Mg Kl BAP L oS5 3 NAA jl ssli !l M. oleifera o3 550 aul,é 5 15,5 ol Leljak et al. (2016)
S 55wy (Leljak-Levanic et al. 2016) aas o iol58l (o)l gxe yobo a0 1y Juols (sla ogllS diges 5l aiiy il
s NAA (gl cuiS Lo 4 by jo gladind (19, bulys )5 M. Oleifera ols ugls’ cdly jlaiiy) sy cae (S9e9n
Mo s coiS e oy oS 1535 oo Zhang et al. (2020) .(Al-Hamidi et al. 2023a) +_:b .. BAP
/0 g NAA ) 1555 LoV 9l MS e iS lae 4 bgyye M. Oleifera olS cladigesss, (wgl bl jlaio,
15y oS pulats b ), L Muslihatin et al. (2017) (Zhang et al. 2020) ¢l BAP 5 j3 2,8 Lo
55 5 ik oSl & widges 3135 M. Oleifera sl uglls aiges j1 2135k 2lid 3 il slaeiS e 5 (alS
Ssbs MS e S lae (49,0 M. Oleifera ols sbs oglls’ 4505 51 il 5 Lol sloadlw wisle o plus]
oS Lo plo 5 (Sgey9n cljlod o jl i () sine ysbo s BAP olan & NAA (2l 0 laosiSielas
ord o)l S ol 4 (gyloms calid imgh oyl ,d odel Cuw d 4 @l (Muslihatin et al. 2017) wi b o Lo |4l
deoyd Jlde i 1 NAAT0.S BAP g MS cuss lasme 45" 0 asuie Gimgh ol 50 0,1 (pdisee plo bawg
il g do yd op 3YL a8 ol Fatima et al. (2016) (C-¥ S ) cus | as b 1) (1o )3 Yo/0Y) olon plail W5
b S e oIV 9l MS e iS lise 4y bgs e M. OleifEra olS ogls slacdl wiges 5l (3o )> VASE) Llgn
SlS y 5 ASgeMs oSS b le ,» (Fatima et al. 2016) wi Lo NAA 1 )3 55 Lo +/0 ol yon &, BAP
Jds s can | S a5 05l by i g lawn ST 5T oled a5 s (dlons aslis LSy 5l bapslow o5l o  Joid
Slge cpl M3 390 4 (sloanlzs a8Me (Tungmunnithum et al. 2018) s_sb bl o131 (cla JUGol, Jlee (598 cullad
5 )l ) 29y bl Ll 5> Jshoo S GlacSiST 30,k 5l LS sl sk 5 siads 55l (LS liasd
S99 6) S sl loe 3,09) o (LS 0y slrositSipdats wble laee SLS 5 g (Jobo cdS Ll (gilodinge
53 943 5 p e Sl delse JI (S0 plgis 4 (LS A8 ) slresiS elas S e 0l 45l cplie g5 5 (Jobe 3
S ol olis b gl (Firoozi et al. 2019) sus’ o Jos a&islojl bylps 5 g olS JolS cuis )5 alS sla Jolo
etal. (FJgss) ©d,5 55 b pisS st o bayenS] clale o £o5 3L coo M. Oleifera ols slo wgllS ubuwgsl oline
Colled 5 ol Jib oS 1555536 opad & oo S50 LS 5 Mg (i oyt oS i 3 )5 Javed (2017)

P pS ke o100 g9l MS cus S e s Stevia rebaudiana (e ws 9,0 slacas S5 Sl 1 5T lages 3

(aved et al. 2017) 15 1)y BAP 2 5 5,8 Lo -/ s NAA 1z
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clsp PNl 5 4y 355 oS e A sy (S (slocsgeysn Sl eolitel ose] Sty ol b 506 S
BAP (sla 5090 5l oslitw] b a5 (gyob 4 cawlansls ol yon 4 ite &l 36 Ko j90 0bS slosd oo Gluogad s on o
5 e (Bl olss (nl3d Car 8l s gl 55 liee S 4 lgie MIS coiS lame )5 2-4-Dyg
Oty g Gimgsy )3 &S )l gl Sl (2LS (cloudlS ils 5 5 1353gM6 e (I3 lalS Sl jrs
ORI L S p50 olS (slatedng)d catS ) (sl (slyime g ol a55igM olie ogad & (oberdign Sl e
Calodgy ol ot (168 g g cpuS| cllale
=3 gy sl > (o Cales b ey (odyl Bioes oSl (—ingh pyme Cglas 3116 Rl

D9 g ()l
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