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Abstract

Background and Objectives

GF677 is a widely used rootstock for peach, nectarine and almond. It is vigourous and adapts
well to limestone soils and drought. Due to low efficiency of propagation trough cutting, tissue
culture is a good and fast method for propagation of disease-free plants of GF677. In vitro
multiplication efficiency in GF677 is widely dependent on the type of culture medium and
growth regulators. Therefore, the aim of this study was to determine the conditions required to
optimize micropropagation methods for GF677 rootstock from nodal explants.

Materials and Methods

This experiment was conducted during 2015 at the laboratory of plant tissue culture at
Agricultural and Natural Resources Research Center of Kermanshah, using a factorial in a
completely randomized design with three replications. Sterile nodal explants were cultured onto
different media of MS, WPM and B5 supplemented with benzyl adenine (BA) at concentrations
of 0.25, 0.5, 1, 2 and 4 mg/L and indole-3-butyric acid (IBA) at concentrations of 0, 0.1, 0.25 and
0.5 mg/L. Elongated shoots of GF677 were cultured on MS medium supplemented with 0.25, 0.5,
1.0 and 2.0 mg/l IBA and 0.0, 0.1, 0.2 and 0.5 mg/l BA for rooting. Factorial analysis of variance
was carried out and differences between means were scored with LSD tests.

Results

The effect of different culture media (MS, B5 and WPM) and plant growth regulators (BA and
IBA) on a number of shoots per proliferated explant of GF677 proved that the highest rate of
adventitious shoot initiation, percentage of egeneration, shoot length and diameter, number and
length of nodal, leaf number and multiplication was obtained in MS medium containing 1 mg/I
BA + 0.5 mg/l IBA. Cytokinin stimulates the initiation and activity of axillary meristems, which
result in shoot formation. This study showed that the number of shoots increased as concentration
of BA increased to a certain amount. As concentration of BA increased to 1 mg/l, the number of
shoots increased, too. It seems that there is a positive correlation between concentration of BA
and the number of shoots to a certain concentration of BA. At concentrations higher than 1 mg/|
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BA the number of shoots increased. One of the possible reasons can be the reductive effect of
higher concentrations of BA. Apparently, a certain amount of BA is required to obtain the best
effect. Higher concentrations of BA cause formation of high amount of callus, which is not
appropriate in tissue culture. The results of this experiment confirmed the positive influence of
the growth regulator on the number of roots per shootlet. Among the various plant growth
regulators used, the highest rate of rooting (33%) and the number of roots per shootlet (1.62)
were obtained on MS medium containing 1.0 mg/l IBA and 0.5 mg/l BA. The concentration of
auxin during rooting period strongly influenced the quality of root system during the rooting
period. Rooted plants were transferred to a combination of terrestrial environments, including
perlite, sand and soil in the ratio of 1: 2: 1, respectively. Among rooted plantlets that were
acclimatized and transferred to the potting mix successfully, 90% survived and grew naturally
after strengthening and transferring to the soil.

Discussion

The shoot multiplications are influenced by the media and growth regulators. The MS medium
gave the best results for the proliferation of cultures from explant among the tested media (MS,
B5 and WPM). Growth regulators compounds have significant effects on different traits and
these changes depend on type and concentration of hormone. Both cytokinin and auxins are
important in micropropagation for GF677 rootstock.
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Table 1. Analysis of variance of the effect of culture medium and growth regulators on diffrent traits

of shoot in GF677 rootstock

Mean squares

S.0.V. df Regeneration Percentage of Shoot Shoot | h Shoot Leaf
rate regeneration  number oot lengt diameter number
Culture medium (A) 2 745097  3035.71" 0.65" 588.92" 31477  299.107
B (IBA) 3 13.58"™ 81.19" 1.93” 120.84™ 1.67° 126.11"
BxA 6 13.67" 3116.79" 1.40 116.52" 1.90° 119.75™
C (BA) 4 10.05™ 1559.67"" 0.79" 20.217 0.30" 22.327
CxA 8 9.74" 838.16" 0.79” 22.84" 0.35° 22.42"
CxB 12 8.89" 1192.89" 0.83" 54.52"" 0.70° 65.52""
CxBxA 24 7.97" 1078.47" 0.81" 38.34" 0.75° 42.06™
Error 120  0.45 107.61 0.07 0.79 0.09 0.51
C.V. (%) 5.36 12.36 12.14 13.02 14.60 8.40
**and *: Significant at 1% and 5% level respectively ns: non significant.
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Table 2. Mean comparison of the effect of culture medium and growth regulators on regeneration

rate and percentage in GF677 rootstock

Regeneration rate (days)

Percentage of regeneration

Growth Regulators (mg/L)

Type of culture medium

Type of culture medium

Auxin (IBA) Cytokinin(BA) B5 MS WPM B5 MS WPM
0.25 17.33° 9.33™ 14.67% 66.66™ 66.66™ 100.00°
0.5 17.00®  9.00™ 15.33¢" 44,44 77.77°  100.00
0 1 8.00“™  8.00™  15.33°" 81.11%°  100.00°  100.00°
2 1467  7.66™ 14.33" 55,55 77.77°°  100.00°
4 14.33" 9.66™ 14.67° 100.00°  96.67*  100.00
0.25 9.00™ 8.66'™ 14.33" 100.00°  77.77°°  33.33¢
0.5 11.00" 9.33 15.33°" 100.00°  69.99°®  100.00
0.1 1 8.00“™  9.00 14.67% 100.00°  100.00°  55.55
2 16.67*°  8.00™  15.33% 100.00°  100.00*%  77.77°
4 15.33°7  8.66'™ 14.33' 77.77°°  100.00°  88.89%°
0.25 16.33*®  9.00™ 14.33" 100.00°  88.89%°  100.00
0.5 16.33%%  8.33™ 14.33" 100.00°  100.00°  44.44™
0.25 1 15.00%"  8.66'™ 15.00%" 77.77°°  88.89%°  44.44™
2 15.67°7  8.66'™ 15.67°" 44.44™ 100.00°  44.44™
4 15.67°7  8.66'™ 16.00*¢ 100.00°  100.00°  100.00
0.25 16.33*%  8.33'™ 15.67°7 77.77°°  88.89%°  33.33¢
0.5 10.67"  8.00“™  15.67"" 100.00°  100.00°  44.44™
0.5 1 15.00%"  7.33" 15.33°" 100.00°  100.00°  55.55%
2 15.00%"  8.33'™ 15.00%" 100.00°  77.77°°  100.00
4 12.67¢ 7.33" 16.00%¢ 88.89™¢  88.89*°  100.00°

In columns of each trait, means with the same letters are not significantly different among treatments at the levels of 5%.
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Figure 1. Effect of MS medium and growth regulators on shoot and rooting in GF677; a) MS medium
containing 1 mg/L BA and 0.5 mg/L. IBA on the number of shoot in GF677. b) MS medium with 1 mg/L
BA and 0.5 mg/L IBA. on rooting B) MS medium in combination with 1 mg/L IBA on rooting

Table 3. Mean comparison of the effect of culture medium and growth regulators on shoot number

and shoot length in GF677

Growth Regulators (mg/L)

Shoot number

Shoot length (mm)

Type of culture medium

Type of culture medium

Auxin (IBA) Cytokinin(BA) B5 MS WPM B5 MS WPM
0.25 1.00% 1.00% 1.00% 2.93"7  10.00"  1.877
0.5 1.00°¢" 0.33¢ 1.33%" 2.53%% 4410 10.33°"
0 1 1.00°¢" 1.00°f 1.00¢ 1.43? 6.00° 7.200
2 1.00°f 1.129%f 1.200%f 2339 1367 12.00%
4 1.33¢f 1.00°f 1.33¢f 2.80"%  14.83° 10.07™"
0.25 1.00° 1.00°f 1.22%f 410"  4.30°% 8.679"
0.5 1.220f 1.00°f 2.00° 2,732 4.40™" 5.43"
0.1 1 1.00° 1.00°f 1.00° 3.33"%2  4.00% 1.17*
2 1.17°%f 1.129%f 1.12%f 3777 5.40" 8.40M
4 1.11% 1.11% 1.11% 527™  7.40% 4.90™
0.25 0.89" 1.00°" 1.119% 277" 5.10™ 9.60™
0.5 1.33°f 1.00° 1.00° 3.80"Y 593 4.53™"
0.25 1 1.220%f 1.00°" 1.55%¢ 427V 10.93% 6.40K™
2 1.00° 1.129%f 1.22%f 410" 7.33% 6.20%"
4 1.00° 1.33¢f 1.22%f 5.13™  13.33% 11.27¢
0.25 1.00° 1.33¢f 1.00°f 4.13°*  19.33° 3.00%7
0.5 1.00° 1.89" 1.67° 7.33k 19.33° 5.87%4
0.5 1 1.12%f 4.99° 1.22%f 3.507  26.83° 7.73%
2 1.00°" 1.00°" 1.11% 4.23°%  473™¢ 5.10™"
4 1.44°f 1.33%" 1.55°T 2.20% 10.67¢ 9.40™

In columns of each trait, means with the same letters are not significantly different among treatments at the levels of 5%.

oS eV UBE i8S Lama 55 sBA 2 530 5 s
d}&)ﬁybo)h&ud}bdﬁchA}:})a
35 s Balapour et al. (2019) ol L as™ (¢

Mohamadzadeh Moghadam and Hamidi (2017)

)JMSJ@)JU@)L@UJ}EJJ@JS

oyl Job
it S 313 0L e gl L
Q#})JMS&L-&{J@?M)JL&G)WL@JP
IBAJJi“JJfJS/gS‘l?‘./bﬁBAJ;‘..JJJCJS/LﬁJ?‘\
'/Yawchpr%w)JLrS}Mu



Y¥q AR Olals oY oyles FY Al ¢ alS Sl 5

o aS el L IS 51 6 5V e (51,515 WPM cis
sl 3l oslial 5 JUaSH ¢ glde 3y ol lge e
Karimi etal., ) 554 o ol Camds iy 4 peie gdke
53 edtodalin o ta 35S ¢l 1y esdle (2005
Jemily 5155 5 VL A0 IS ke Cde 4 bao st i
s aS Sladss Cwl WPM S Lses ol (6 el
03 San aly 53 S1akS 03> S JSS s 5 i 5 te
Slaid 055 glaan dlo i) Slio 535 HE
b bl et QL i8S Jams (55 OT 4t 457 o ol
ol S8 Lo Ol siea w i S 5 60T op e
.(Khodaei Chegini et al., 2011) cul o3
o ksl 50 &5 p Slowy

S o by 45 513 0L ba 0 S0be dglie gl
3BA 2 53 0,8 e VLMS S b 13 5,
238 ol o S 5 IBA ) 50,8 e /0
Y 3BA 2 55,8 e ) LWPM CiS oo
(Fdsds) eTewsas IBA 2 j5 0, 8 L
5,55 3L 5, 4 Channuntapipat et al. (2003)
MS S Laomn 53 15 &8y slad o s gl — ko
03 08 e 65 1 ey ool s S 201 F
O gladed Ll 548 0 8 sl il Sl BA
Iskalan (2008) .(Kamali et al., 2006) s> JLisa 1,
=S 5 5 oS 4 BA Calis oLl Sletal
Job 03U 55 plat olsls 35 ¢l IAA + BA
S oylastls Sl (b 305 15 )y 5y e
AeTowsay BA 2 5368 Lo Y LMS i8S Lws
S Lasa 165 i 50 8 Sln o b Js
L yoen S 1 ol BA 2 550 8 eV LMS
AL oo Gl ol
EBLESERST

A1aS des e Ol (O Jsulr) il ols 4 2 gl
5 (IBA) (ST ) glaodisS i ¢ ool sla, 5576
Sl awn 65y La0T w blaze 1 5 (BA) S s

A ngbk}i”-\‘.o)bi{!.c]a.—:).} &‘)4.2..;)

A2 e S eV sBA 2 e 8 S\ LS 5
EelBA S lagas g Lass S 55 IBA
YU Cnd S Ol 255 (s s 1
3 p e LaaalS 0a s o b 52 IBA L BA
.w\ujemvrﬁxty,;w\,;séuw
OLaLS (slacins 033 Ay 53 Ll oa oS Lo
S 5 ¢ 55 (Pilar and Marin, 2005) Ll i 5a 5l
CiS Gla boses 35 Oz oIE jolis 1 Lan
S oS polie ol O5Lize BE 5 MS WPM
o P e 5 s TS 5k O e
Odd 5,y e yls ol ol O glite La o
2yl s A Gl o e leaalS
S Gysbaesyls ol olie L anllls 54 anlllas
e LaOT e 5 655 5 ol ol 358 &
Nazarymoghaddam and Yadollahi (2012) .c—.!
MS Lo 1l J5b (i 03557 Cowsas ol 53
Tatarivernosafadarani et al. (2012) .45 S sslewal
51 oLzl L GFAVY ls dtud Ol y5 gy 4l 5L s
Bl ki MS i8S lalaes 53 (slaied 0555 )
S ool C”L’ sl 418 oLl s, 50 Knop s WPM
GFAVY (o gy anl 45 ol OLis i8S Laoes o
MS S oo y5 1) 4ol Jsb 5 sldw o i
L3 S A 5 adl o
ol jlab

23 Laos sl 7 515005 b ke anlie gl
/0 3BA 2l 550 8 Ja ) Lolea MS iS Lo
sz alsly ks o 2 5 IBA 2 s S L
LBA (G558 S 5 LWPM L )3 oLt L
oS e /) CLl LIBA 5 1 s e S ke ) il
Wsls jolamstl s a1y oyl la Jad o 28 2 s
OLS 5 5 CiS Lo ¢ g ool O gl (F gt
Fieedddd g glaolstls 8 Bl e s sn
23 oble CBlE ol L e B A il
Loos 5 o0 ol 6 e S 205 (gla Lo



-JJ«:)‘_;LA.:..\;SVTE'J} C,.&f.]a.*:u ty J.'v" IQ‘J&.«.&:} 45\5.3]? YO«

Table 4. Mean comparison of the effect of culture medium and growth regulators on shoot diameter
and leaf number in GF677

Growth Regulators (mg/L)

Shoot diameter (mm)
Type of culture medium

Leaf number per shoot
Type of culture medium

Auxin (IBA) Cytokinin(BA) B5 MS WPM B5 MS WPM
0.25 156™  3.10% 1.30% 472" 9.66™ 3.667
0.5 1.40™ 1.77% 2.239™m 4.66"%  5.33%7 11.66°
0 1 1.03"* 2.80%9 1.67%% 2.44* 6.00""  8.11"°

2 1.27%* 3.43¢ 2.03" 5.00"% 15.11%  13.89%
4 1.40™ 3.30¢ 2.10™P 51147 15.88¢ 12.11
0.25 1.179° 2.13mM° 1.87 7.33™" 3.10 10.89%"
0.5 1.33% 2.30 1.53%* 489" 422" 7.44™

0.1 1 1.70%V 2.209" 0.90% 5.77%% 3.67* 2537
2 1.63"W 2.43% 1.77%Y 6.55°¢ 7.66™%  10.11™
4 1.90" 2.70%" 1.27"* g8.22k" 7.66™%  7.66™¢
0.25 1.60™ 227" 2.00"° 5.55%Y 5.78%% 11.009"
0.5 1.73%Y 2.43% 123" 6.22% 7.22™ 7.22™

0.25 1 1.56™ 297  1.70%Y 6.55""  11.33gh  8.33""
2 1.931 2.67% 1.43%% 6.224v  8.33k" 9.22M
4 2.03" 3.30% 2.00%* 7.89'P 13.55°"  14.55%¢
0.25 1.70%Y 4.17° 1.37%% 6.66°" 20.00° 4.78"*
0.5 2.10™" 4.10° 1.43%* 9.89" 21.33° 7.10"°

0.5 1 1.477* 4.83° 1.83" 6.11™  27.55% 9.22M
2 1.73%Y 2.23%M 1477 7.22™ 5.44"7 8.11"°
4 1.43%* 2.90%%"  2.07™¢ 4339%  91pM 12.00¢

In columns of each trait, means with the same letters are not significantly different among treatments at the levels of 5%.

Table 5. Analysis of variance the effect of growth regulator on diffrent traits of rooting in GF677 rootstock
SOV df Mean squares

Root number Root length Root diameter Rooting percentage
(IBA) A 3 0.76 " 1.88" 0.62" 325.18"
(BA)B 3 1.417 0.86" 1.02" 325.18"
BxA 9 0.62" 0.68™ 214" 184.02"
Error 32 0.006 0.001 0.092 0.063
C.V. (%) 19.97 9.86 22.54 4.04

** and *: Significant at 1% and 5% level respectively ns: non significant.
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Table 6. Mean comparison the effect of growth regulators on rooting characteristics in GF677 rootstock

Growth regulators (mg/L)

Rooting characteristics

Cytokinin (BA)  Auxin (IBA) Rooting percentage Root number Root length (cm) Root diameter (mm)

0.25 0° 0° of ¢

0 0.5 0° 0° of 0¢
1 11° 0.57¢ 1.33° 0.44

2 0° 0° of 0¢

0.25 0° 0° of 0¢

01 0.5 0° i 0° ; of | 0¢
' 1 11 0.57 1.50 0.41°

2 0° 0° of o¢

0.25 0° 0° of o¢
0.2 0.5 11° 0.83° 0.34° 0.54°

' 1 0° 0° of 0¢
2 11° 0.57¢ 0.70° 0.57°
0.25 11° 0.57¢ 0.50° 0.54°

05 0.5 0° 0° of 0¢
: 1 33° 1.62° 1.93 0.78
2 11° 1.27° 0.55¢ 0.49™

In each column, means with the same letters are not significantly different among treatments at the levels of 5%.
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