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Abstract

Background and Objectives

Red flesh apple belongs to Malus niedzwetzkyana of Rosaceae family. It has high levels of
important phytochemicals like antioxidants, flavonoids and anthocyanins in its cortex, which, in
addition to attractiveness, is a source of benefit compound. The aim of the present investigation
was to optimize efficient protocols for micro propagation of red flesh apple in order to use the
results in future breeding strategies.

Materials and Methods

During the early spring, stem cuttings of growing red flesh apple trees were surface-sterilized in
70% ethanol and 50% sodium hypochlorite. Then, sterilized samples were placed in the test tubes
containing MS medium supplemented with 2 uM BAP. At the proliferation stage, interactive
effects of BAP (0, 2, 4, 6 uM) and GA; (0, 3, 6 uM) on various aspects of proliferation
(multiplication rate and vegetative growth characteristics such as number of produced shoots per
explant, shoots length, leaf numbers, and the fresh and dry weight of explants) were investigated.
At rooting stage, the effect of different concentrations of IBA or NAA (0, 1, 2, 3,4 uM) on the
percentage of rooting, number of roots per explant and length of roots were compared. At
acclimatization stage, the plantlets were transferred into pots with a volume of 200 ml containing
sterile compound at the greenhouse condition.

Results

The results showed that there was a significant difference between the effects of various
concentrations of BAP and GA; on micro propagation of red flesh apple. The best result in
proliferation (7.9 of axillary shoots after 8 months) was obtained from explants that were cultured
in the medium containing 4 uM BAP and 3 uM GA;. At rooting stage, the maximum rooting
percentage (85.2%) was obtained in the medium containing 3 uM IBA. In addition, rooted
explants from IBA treatments were successfully acclimatized (100%) in the greenhouse, but
rooted explants in NAA treatments were weak in acclimatized stage (40%).

Discussion
Measuring the growth rate is the major economic parameter for successful plant
production at in vitro conditions, which is usually characterized by the number of axillary
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shoots, number of regenerated leaves and increase in the length of shoots and fresh and
dry weight. We obtained the highest growth rate of red flesh apple in the culture medium
containing 4 uM of BAP. The efficiency of BAP as an important cytokinin in apple
proliferation has been reported in other studies as well. The results of the present
investigation showed that highest rooting percentage was obtained from culture medium
containing 3 pM of IBA. In addition, morphology of roots varied in callus formation and
longitudinal growth and the samples rooted in IBA treatments had stronger roots than the
rooted samples in NAA treatments. It seems that exposure to NAA instead of IBA
stimulates indirect organogenesis and produced undesirable side effects on roots, such as
callus formation, which can cause plantlets weakness during the period of acclimatization.

Keywords: Compatibility, Multiplication, Plant growth regulator, Rooting



¥ WAL L o ol P e alS Sl g

[ odih 958 4_11_3_»]

Plant Prod., 2020, 43(3), 337-348 ISSN (P): 2588-543X
DOI: 10.22055/ppd.2019.26409.1649 ISSN (E): 2588-5979

* . & — - . . P & - -
Ty Cngs o (SL 05 3y Cgr Cuils o (S 5ludng
¥ Lo (e s Y Vo . .
e Dol a5 57 Gl ST B i e 6 el Jelaliaes K BT s
(n.kazemi@1abrizu.ac.ir) ol ;! clows 3 el 3 olails (55,5158 oSy ¢ GLEL p ke byl (calis )17 (6 gl 1 J Guwo Ok 95
Ot 0l 3 el 5 o313 (55558 0dSCails ¢ Lol ke 03 8 (5Ll =
o\,»l‘C;‘o\ﬁlgg;))ufsjjj,ﬁﬁ‘,m)}f‘)gx\;fv

Onl g S Ol Rl €555 US" (658 555 5 0dSiin gy i )8 —F

WA/ YN 5y s WWAV/ VN0 1l 5 b

ol

I S5l 5 Siluding S b 9 Olox 5 olCLIIS b culs” oKLk 3T 53 17 Jlo 53 Sag3 oo
Dgliin S5 51 (g ol L alla3T s Lo &y gl o (032 § il (Sbra 353
2 (Y9507 9F F (a0 mhaw Hlgx 10) BAP 9 (1Y 909 Km0 # 9T ¢ jho geaw 4w 33) GA; ub ) (SONLS qaliid
gladsliyy Job Ay Ol digaiyy B 10 onddlel d5liy ) 9 &F g dlawi folls (5597 » Laliso Sais>
5 gm0 3 35 dew Ly B0Lc Sols” 5o LB 53 339576 & yguody B ilo3T .09 bAigas 3y <Kis- 9 5 0939
(Y909, F 9T & ) ho zxlaw g=9 39) IBA (S ) (SO pubitd Lilizko SCLaE p3T (picrods b 5
S39T 1 (813 om0 5@ M gy ARl sy (154he) 2 (Y9095 F 9T ¥ ) (o b 83 53) NAA 9
GA; 3¥909 5w 4w 9 BAP 3¥909 K slex (S9lo Cuis” daomo 50 (4 A [digai /45 Lo 3 5 Slusi Y/4)
s 58 S yTgdthae L (a9 R S S slod 4 Caumd slowd (33 0 WIS LS oMot .oTwdd
T 018 O digei p ) U 9 § 0399 LAy )y Jeb dby Ol 5 g 3o ol w9 3390 Dlao
= o e A Cdd b o134l 5 oyd AD/Y LIBA jY 09 5w dw (Sl /T MS s e 18 O
Vor) 33 3990 sbeus IBA (Sl (S slowi 53 ookl 3104k 5 LS 318 ULi (5 ) Hlw gl .09 2134l (Sl g
4w G9ls Cuis uomo 10 (T8 (Mo 30 Fo ) NAA (59l (S slosd 53 ol 5104l ) (Slddzals™ i (wwo s
883 (S 3 Al g0 30 F g ClgF Cuwr (S 9 DD 104l ) S o (9 F1HITIBA HY 909 Kao

ol by (Sldouiss” mulind (S 675l (2134895 (59T tlve3Igunds”

S ok Ol BlE ol 3 (2S5 e 0330535 oo

3 b4 pamie AE 0 s S o (Brown, 2012) Sl OLalE o 5o 5 (MaUIS) o oo 5
Olje S5 40 48"l pumila <8 s Malus . Ol auine g (6w o GbLie 45 ROSACEEE o5l L5
oD ¢ w5458 53 lew 5T 5 OlunST 5T (6L Syl 5 oesS g 8 (Comille et al., 2012) col

a8l 5 Gl g Sleys Lol s (ol Culde sl Il 9 d e ol s ot g a5 Cobcaw Sl


mailto:n.kazemi@tabrizu.ac.ir

v g S bos (g lang 0L, K0 Py *E.

305 (S Jolse plo 5 sy oS a5 (3
La ST .(Xu et al., 2008; Ballester et al., 2009)
AU o o Ll laacdi sy 53 gaiy sl )
.(Ballester et al. 2009; Hunt et al., 2011) .5
o Sl i oy 254k 53 STl o 55 258
I3l IBA) el Sl 85 550 ¥ et Juls
(NAA) dol oSl s 5 (IAA) dal oSl
GLCLE L5 o al s o § Do S Azs
i8S Lo 53 0 pnd 53 8 eV Sl g
Magyar-Tabori et De Klerk, 2002;) &lsis o3lazul
.(al., 2002; Modgil et al., 2009;

o (633555 Golwaig Oda b ass pl
i 55 o ik o 5 8 gl e 2t
5 alllan OLSGl (o 5 oDy 35 Ol st ia
Slayls s Jasia oS 5 SGEs Fll) (o
Slalllas o sas 53 ST gla islesT 5 >Nl
25k oalp JsS s 5 bt g (NS5 5

by w9y 9 3lg0

Rkl 9 (AL g0 dg

laastli o 3l a3 cpl 3 oslizel 550 ALE 5150
Er b S 555 B Ok s Aty o 3 5 Ol
JLE (G520 Sl g o god s 4 39 210 Ol g
O+ b o JS gn 5 oy Vo SIS JSUIL s
it Colgiys s TWeeN20 wds Sa Yo 5ad 5 o ys
5305533 L MS il S Lasma s ¢ il e T L
Oy 59,8 2 530 ST o jon 4 BAP Y a5 S
BUY s 5 jiams JET 2 130 SN 5 Sy S e
VP s 085 53,8 Sl a3 YFEY clas s,
Celwcin g WSl Cus L glliy, cela
Ly asin il g i £ Jie St
JHe 55 g oS 5 Oler L (st S Lo
Lus S

ol 60T Sl e sl leT
i bl Solas elS” = b IG5 oy 5ST6 05057

.(Mazza and Velioglu, 1992; Etherton, 2002) &...!
g Al 3L el se 4 o B0 (93L350 525
5 LS Lae p g ((JoHs S0 0, 50 s (4 gal sy
w3 amee Ll 5 0T (i oS (o By OLS 5
Tang et al.,, 2008; George et al., ) Ceul arwls

2008; Dobranszki and Da Silva, 2010; Jamshidi
slaaslis ) sl o caS 5 caS (et al., 2016

rl 5l Sl sl o Sl ST o
SLal e sp nls 5 S Bl Sl s ss 4y g an 55 el
Jafarkhani ) 3 ;4 o 5T o e 5 ST (S gl
(Kermani et al., 2008; Soni et al., 2011

Murashige and ) MS s, &iS™ Lasee 1 oslazal
slacs ) el 63Ul sl - (Skoog, 1962
Soni et al, 2011; ) cC—wles sy b
.(Mohamadzadeh Moghadam and Hamidi, 2017

Gty oS o3 DS 5 o e S sl
=S Gl bl ol s 4 45 dner o 93L35155 02
Loon 53 Lo e 5 2500 (0 00 5 La S
Jafarkhani ) Jled s eslaul (g3l 5, CiS
Slagass s (Kermani et al., 2008; Soni et al., 2011
L (BAP) (55 sl o 5 5l oaliil 4 Cl ool
2 olbe s G 53,8 e Y U /D slac kil
s o laasly 5 pLS,1l aems cab (oabsl )
ity BAP N pas Sa ¥ 03, 58 4 Jlie gl e
MMI111 51, (a5 gas p yas-Li 3y 5y F/A) a5 5 sl
NG PPNE P o2l Y58 Se ¥l 565 S slowl
93 (4 gai a3 #) (5T s op s OS e
Jafarkhani kermani et al., 2008; ), MM106
33 (GA) dul ¢S o> si> .(Ciiccoti et al., 2009
53 SRS 6 S Sl (S S e S 5
Ot s S (618 5 5 Sl a5 Job s
Sb iy 5 58T 0 03 8550 45 GAg s BAP ke
Jafarkhani Kermani et al., ) &l osls L g gai 5 5

.(2008; Soni et al., 2011

Aoy dsle gosle a8 oliads s Culdse


javascript:void(0);

FE WAL L o ol P e alS Sl g

sl (S 035 (6 =S 05is) g ks (5,8 051
4 (sdel8 lacSTh ys odd gy dtns LAk sad 5y
31,8 mla a5 80 slas b 05T 55 Celu FA Soke
- - A B (-
.biww)yw}.\.&s;)‘ﬁ
ity d> o Siluding

C}J,a;\w)ﬂyupgw\éuﬂuﬂ
63&@&5@)3(%&)}—&“)“‘
=ity o el s A6 5 VY MS slacSa
)IBA&L&&MJ&LAOL;N_MJ}JLAM}»JJ:{J
)L«{)MQ)&&_‘}L&:&»@)J&JANAA
Ssaises g aladT B s 53 ding Y ses See
Sds s bk pai )y Sl S oy ,b 5 28 S 18
o LaaSsain ) e 8 815 (SO0 5 i oS
a‘))JLfLQu\_ﬁn)dU‘)JO}A)}AAEBMSMf%N
Jrize SOU Csle iy Sl Cele VP 65
A ulrdse g oliads ) L s cda ada Cas LU
23 el il g sty I b Sl 5 slin log
W23 8 518 e 3050 A
‘S)l?}lud’}o

\Y ijlgs»ug,mfm.\;)u@)swjgb
ubMJBLJ\\\MMoM&F‘JL»%)MU
A dgds i Cosb) 3 S0 mu U oler e a
3 F Sl a3 YP LYY o sles b 61 5 as s
7 )}J}Mw@a}b)ckdnwcw;ﬂ}
mJQ{A}bdljougf)Moabﬂ\fsz
L0l o s b S 15 el 5 ol s

A faze $S Sl 2 5 g 5SS

Sylane SLS 5 g cble S )y Jols b, oST6
Y o) i e 3 GAG ol iy oS ki 31
P3P Y o) b sl 53 BAP 5 (Y505 S 75
Sl a3 KA LS e (Ve S
13 Jlasd 2 555 0l ST 4 gad s gy o leST
B s (ol ey i sl il T g LSS aw
AU e sy Dy oy alai SLS b
SYY c,&_.p)ck..»@ﬁlBAql:&uLghg;lélb
FoY A i) mhaw gy 53 NAA 5 (Y505 S ¥
Ssaises g coibesT BB a5 (Y ses S
3050 A5 a3 Lasles S1eSS ity s oS
258 N E
297 5 A 50 Silodng

Sl WY D3 asai sy 03T 5 cadsl 255 51 g
3BAP Colies glac bl L gui Lgl.m.x:.:fr.:ﬁﬁ 3l
3550 MS L iS Lases 53 (GA) ¢S !
OV Jade) &5 8 15 alin 5 gy p

o gliylay by e slaaind) O iSO b s )
A3 iy gim (el i (s b g e Sl
Gles L iy BUT s Ladi gai 35 63l o b ook ol
iy Lol V8 (6555 0593 5 31 8 sl aomys YEE)
Jie (Sl Cslw Cia g S s Y e us U
iy ol ol oy 350 Slio Sws £
nSsai ) b (80 iz 53 ok b S5
oSt 5 5 055 5 a3 S sl Kl
g olT s 5l enie ide Slgml 53 Wk el

Lol 5 LacS ) 055 (iS5l L wis St

Jor O i Lajled plad )3 4 saiyyy o

Table 1. The plant growth regulators treatments of proliferation stage

Treatments BAP (um) GA3 (um) Treatments BAP (um) GA3 (um)
T1 0 0 T7 4 0
T2 0 3 T8 4 3
T3 0 6 T9 4 6
T4 2 0 T10 6 0
T5 2 3 T11 6 3
T6 2 6 T12 6 6
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Table 2. The effect of plant growth regulators treatments on proliferation of shoots and growth

factors of red flesh apple after the eighth weeks

PGRs Treatments

Fresh weight Dry weight Shoots number Length of explants Leaves number

(mg) (mg) /explant (mm) /explant
T1: BAP 0 uM, GA;0 uM 142° 31.06° 1.41° 21.33° 3.55°
T2: BAPO pum, GAg3 uM 172° 23.30° 1.85° 41 7.44%
T3: BAPO pm, GAs6 uM 116¢ 22.17° 2.30° 36.33" 6.11%
T4: BAP2 pm, GA; OpM 651° 85.43° 1.21° 42.66° 9.88°
T5: BAP2 pum, GA; 3uM 436 66.63 ¢ 5.55° 32° 9.33°
T6: BAP2 um, GAz6 uM 662° 88.63° 5.88" 34° 12.22°
T7: BAP4 pm, GA; 0uM 872" 107.53" 455" 35° 13.33°
T8: BAP4 pm, GAs3 uM 844° 113.20® 7.99% 38 41.11°
T9: BAP4 pm, GAs6 uM 1145%® 117.33* 7.88° 40.33™ 37.77°
T10: BAP6 um, GA;0 uM 996° 119.33° 2.88° 46° 13.33°
T11: BAP6 um, GA; 3uM 1448° 125° 5.66" 28.33% 27.22°
T12: BAP6 pum, GA36 UM 561% 76.33° 4.11b° 56.33° 18.88"
LSD 214 18.86 0.45 2.22 1.82

* Different letters show significant differences.

Calises glac Ll ol ogdle ol 4 T 1 5 os
Gl e Dy soin (mljads ) CiS Lo ;5 NAA
basyein, 200 edbidd 5 laaty, b (P</00)
clac ble sl slajles 554 0ls 4l 3 j_.;l? ol
Sty Jsb g 3law ¢ gliad 5 oy 5 IBA Caliine
S inn Doy sty (A gal iy ot p3 e b 5
aslie . 8ls 5 3 IBA lajles 5t cou (P <e/0Y)
Ao s oy e 313 OLES oy 1 350 sla s 5SB o Sis
S ajles lad gai sy 53 (Ao s AO/Y) ol jals
S o i ol s adaline IBA )Y 50 5 Koo 4w
33 Lo e pei o) a3 ol JS a5 4ty
(45 g sy /4ty S5 FA)NAA Y5y S
OV MM) Laaiy ; Jsb op 2iw Colgi s 5 T
L Jeol IBA Y ga 5,0 S (o5l slajles o
IBA ¢ slajT 5550 oS 35 5% O 2 (O )
slac bale ;5 959 NAA I s lie alyy Wl 6l
93 it ity s Ao ys (NAA S IBA 5l 4t
Sis o5 om) edle Al ol IBA Lo jlas
ol 3 Jsb iy 5 IS S5 Ol g Blowd 5l baads
a8 GlalE 5 sy Sgline SusS L5las 5
Slaaly ) s g ol Hlaaly ) IBA 5l slajles
sdid 5 laals ) S Jlmys Anils (6 (68 9 e dd
kS 53,5 5305 S s NAA (glajlas s

(83T m o o 53 0dig S ojll Slie L)l
GlaciS Lo )3 (6551 5 Olje o iden 315 0L
2 s omloeul o2 BAP Nges Ko F ool
Saito and ) ol sueTomwsa 55 6 5 Sl i
.(Suzuki, 1999; Dobranszki and Da Silva, 2010
resdhe Gles () 53 0dd 2S5 Sladisai sy riopen
S 13 ey W5 Kol o i 03 Ll
FC R PR NS P XU USRI [
St U5 &8 olasles (s o OLis jal ol s g
by hls S s cdsyls A e Li g a5 s
Josb Ol & ten (gl las & S 6 iy 59
S o ol namalS (sl 1) i O

S Wl ol s 58,8 s L ol
Ay e Dl 4005 55 R opl (o oS by
P ool MS i8S Laes dadisai o) 6051 1 5 (o295
e (T8) GAy Nyes Sty BAP N0y S
Sy bls e St o 05T 8 S
oSO s b slad ol )3 el B iS lads ey
5505358 sl w5 ¢ 5 o 5Y0
Y Jgds) Lsls Ol 1y ¢S
S134a ) do> g0 (Silwaing

23 edddd 5 gloaaiy ) Sl ols QL L
Sl e ) o NAA (g5l (sl slesd (Sladi gl )
oS a5 ol Calite o bl S o (P <e/rY)



. S S Laes (gl 01Sen 5 LIS YEE

100
20 a
280
J0
o
8\, 60
IS
50
§ b . b
g b
<3 30 c
5
o 20 C
x
N %
0
g g g ) ) g
2 = = 2 2 2
= = = p= = =
6_
5 ] a
4_
o
o
e 3 1
5] ab
g oo
2 . = b =
C C
NE— - - NN
= ) ) ) ) E ) ) )
E = = = = = = = =
0 2 % % z 2 %
&) = = - s A A A A
40 -
35 a
30
E 25
B 20 7 b b
o
J be
'B 15 be
ey
= 104 ¢
c
(6]
_I 5_§
0_ — — — — — — — —
= — (=1 (51 -+ — (=] o -+
5 < < < =
[=a] [=a] [=a] [=a]
i 3 ¢ i 3 @ & & ¢

Figure 1. Effects of PGRs treatments on rooting aspects of red flesh apple at the end of eighth weeks.
(a): Rooted explants percentage per treatment, (b): The average number of roots produced per
explant, (c): The average of roots length per explants (different letters show significant differences)
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Figure 2. fruit of red flesh apple, Figure (a), Proliferation stage of explants (b), A rooted explant in
NAA treatments (c), A rooted explant in IBA treatments (d), Some adapted examples in the
greenhouse (e)
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