Journal of Horticultural Science
Vol. 35, No.3, Fall 2021, P. 341-354
ISSN: 2008 - 4730

(323U gbio 3 pole) (SLtl pole & 185
YEI-YOF .o AFee 30l ¥ o)l YO wl
i Yook - FYY.iLLs

Lyl,5 55 (Pyrus communis L. cv. Natanz) © 5la® o3, oW adyyo 5 OalS A 8

Slasedd g s

YJ‘”: r.l; o.\:.-L» —*\J‘}' de‘A M)&.ﬁ
VYAV F/YY sl s G)U

WO/ oy e

2SS

lp aBle Giales] aw (ladd (9,5 bulys ps (Pyrus communis cv. Natanz) © sias” o8, M5 aciy ngs ol s g jelaie
5 IBA cy3b) aas Uiy, moasy, 5 (GAs 3 BAP &, 5b) aispo il (Fe-NAaEDDHA 5 BAP cl,ib) a3y (55l gt
MS x1.5 CaCl,. 2H;0, KH2PO4 and MgSOa. ) PMI S Lo 5 laaslis 1o 13 1l 4 _ssloss HelS )b 5,5 (NAA
Sl s Jeb 15, g (Wgei30,/ 5L 0/0+) 545 g9l FE-NAEDDHA 2 5y 5 o yiuo s BAP 2 41 5.5 e V0 (55> (TH20
il e ke ) bond e PMI S Lame 5,5 8o |y syt b (slacS y Fe-NQEDDHA § BAP iy clacale &5 g
el CobS Yl g () 4y 3 Glire 02Vl S s 8L (645 (sl FE-NGEDDHA 2 5, o5 Lo V0+ 05M BAP
AV) BAP i) 51050k Vb9 GAs 12 oS ke /0 s BAP 12 5y 25 Lo /0 g5l MS S lame 0935 0o dlginiiy 04 551
S35 Gk 3l il sladed (9)0 oadliz) Wil 1) pi yo sl dop> (VL 5 4 (803 FY) GAg 1) oS ke o) 5 (o)
S adiy) PMI S Lo 5 313 )8 s 5 (52 3 oS csleo Voo o4 e +) IBATNAA Jslowo 13 gy

Fe-NaEDDHA (yi yo S ¢ iy « 6301, 15l (gWo3lg

9 35) abajli, Blaal b oy jokey oME pii o ciS

el e iS baome GLS 5 b Sl g 5 (F900 5586 i
Cubge pae Ly g Codige dy oxie 45 3)1 D929 00 5 (Jare
bl cutS lase ol jlo (IS j5kar 390 i po )il
d‘).g U.J)...o- L.’./S L)».«.AS?.»JLO ‘M] W5ke (A, Lglzao.\:.:f rv«.‘a..u
2lS 1) 0AS ol 55 250 (Gl plunye Soi A ol
Orzen o9 (LS &gS igeiny plw & (K bl clile
i po AL LSl piws yo S'g (gilwlis lad 4 ] Seoe
el QA Cpgio ) (> il (San g S0 81 - ) 55

(Email: davarynej@um.ac.ir
DOI: 10.22067/jhs.2021.60797.0

1 guane Oy g5 — )

LYRUFY

Olnl 2 @M o L)l e j S il oS
e g ogse pi o (6 5 (&S Ologad Joa &S cl

Al yded LS Cwl ax gl 350 o Cwlio g0l Gy s
b aiolie ol gadsy <yu8 Jud 5l gy Olog s M5
il g Chlud (ol golaw 5 J1595 4l 59y 028 Loy (S
opl ) glign blS an e s (YA 5 YY) Ul 1 s
Sl slaccis gl y b"j &b s Jlois] & Glogas
)].)4_«») ‘(5;9).) dlibb.b)b)l) J»JJ) ‘)i.{.) d)b )l -A&f‘-;a MLA
Saold 3)lge 5l (il )3 9 Cmlodgs 3890 jibad (SIS (05
3bo315, () wlazdy 5l A (gloged Sy oad oy,

LS ade EMSe cpl p LlgT o (gl jA8 ke

slad (potign 5 SLEL pole 09)5 (535 Joarallf )b g sl i =Y 5 )
Mo Jua:)é o Kisly 56)')5‘..235 0aSisly Gaw


http://dx.doi.org/10.22067/jhs.2021.60797.0

YFoe 3l oF o lody (YO wl> (55 y9lins xsluo ) SLEL wyii YFY
8T 8 Siygles galus g pele) Slelb o g

u] l: )lg dw siﬁ.:.g.) Y. dl).) ..\.\o).)Y (NaClO) (o2 w)lf}u.b 9
Y sl PMI cusS lases 50 5 50 00l gubit s s il lode
Slasl by Las gladsls Wa s yiiwe BAP s p s )8 Lo
&9 (YA) PMI cuiS oo 4y aian ¥ 5l aw i Jled (slaasles
Y /b slacdale j> (Merck, CAS 1214-39-7) BAP (50,52
Sy 93 Jobd g po il Jiio yid S o Voe 9100
bass 53 5 B e oM glain 590 (soas i 5 Ldyaeu

p5 ko VB 5V o 0) BAP Gilises o il (gols MS cuiS
Merck, CAS 77- i) p p S o /0 5«1V ) GAz 5 () »
Merck, ) IBA l yu) p,S Jeo +/V colb clale adlsla, (06-5
55> F gl 00 CuiS (glapion yo 03 oS (CAS 133-32-4
Ay BB Jloy bty b 4y )] 5l dm 5 aS 03l )8 S5

(p o ol 3T) (saseidis

2 (el Y5l 5,5) oxd (6y9lp (sladudiyg)d slaasLs
£S5 ko V0+ s BAP 1) 1y 5.5 Lo ) g5l PMI ciS Lo
5 oolisl 3,50 34y, Lislej] (sl Fe-EDDHA )
gVeve Feow Veew lacdale Jold bajlog .cé)S L5 )y
55 o 9 5 NAA L 5 IBA | 1) 5 o5 Lo ¥ooe
S5 NAAY... + IBAY-++ o NAA)---+ IBA)--.
9 LI 0dy 58 oljd iy, Jolore j0 agB B Cde 4y eSS},
A5 Jite (LS A8 oS wlali (g CulS haee 4 (g
&b 2liade; Jslowe )3 (35 98 5l S b iy alao o
L 0oy iy (63508 yakay 1 ISl

ST 0,5 6Ll 1 s ccitS Lage pH cltylol olos 5
DIVE/Y 3905 5 () 5 p)5 A Merck, CAS 9002-18-0)
2 S Y lide & (Merck, CAS 57-50-1) ;5w s pulas
b GAs 5 M5l ok 5l IBA 5 BAP 13,5 eslis ol 2]
Jsy—l (MS® MCE syringe filter, 0.22 pm) 5, ylé
Celu VEIA 31,5 5l an o YFEY s, SGbT byl 5 .50
4l @y oy J909)See Te g8 ud > (alig)/ (Su)b
Dy W uu.w)sb L;wa\/ Ja.wy o u,ml.s

Solel LT g ouls cusd
o.\...fs 0}5)5& ujﬁ Sy ‘Lmt’j J9]o 9 °"\—“:’L5)91)'3 s dluss
Bl Jobxod s (g5l a3LS olas) gy by g 3LS Sy
i yo do)d das LS (sl y d9me gy (045 (sl

3355 ALl LIS jslas Lol (W) i3S iy g MolS' 4ty (slaonisS
5 o5l b oS (20 52 )5 e +11=10) (il i
055y by wir o S5l 2l Oy ol Collas 93 2
Loy gl ol Ao jia LS (ppimen 9 32y sl g M8 (o
S ) by o (00) byt b oS 5 5 1y Liste s
Sle s SO ol cwlar sl (W) oM ladisS wiww ye
PPN EVW: {H W BT (RN < I < PR O BN
Oy S, b +Fe o5 4 +Fe? p 5 5l ol wST cdlwg
oS s sonm et (sloTig g odimd S5 2 S ol riman
e (0F) ol 53 3)90 No i g oS i wgi )
ciS o Fe-NaEDDHA cuge 13U g ool mlie 150 cildllas
L L Fe-NaEDDHA .55163,S 555 1, ogse 51y dodieid a0
Slains 900 sl S 1) gy s NaEDTA gio (9
Fe- o) pSibe V0o ol i (AD 5 VF) oyl
i) sy el s 1 poS ke VI8 05y NaEDDHA
a5 olaws (FY) 09y g0 sk (Prunus empyrean 3) 15 4l
alsgs (5l stme yolay 4 LS 5 59 5 asld Jobo od b gyl
(f4) c8Ly sgu0 OHF 333 M5 4L, ,> Fe-NaEDDHA
V0+) Fe-NaEDDHA coze lysb (V) () Ked 5 (g85ks 55
Sl o e claaly (adad)y p () p pSke
o358 IS5 el ) g )5 e VI ol,am 4y (AZXMO)
3oL A [jasdy) S ogpo i3 )3 & Blato (25 &5 plox]
Sial B 53 o jo o 5 St > el o (oo 34y ) Al yo
cod aaldfy) (laded gy (poady) bl ladadgy 2b3jl
9 Wl ) 7 5 V) eaST Clale 5 295 (Y7) (o)) i 50
PVP a5l S yoce dlgo 1 oalawl (Fe 9 W ¥ ) 2oady) ol
05 518 0yl o (YA 5 YA VYY) PP333 i yel L

Gl jidai 68, MS laddiud (90 2Ud5l daurs (sbiwly jo
Jilize &3l @sLd gy5l, »» BAP x Fe-NaEDDHA iz
5 IBA &Il puized g wizye oyl GAs X BAP clale
85 B oy 2,90 S LE sy (m3ady) » NAA

W g, 9 g0

Oliale 3T) piias yo SS9 (J ) GlaleT) 4B (5597
3’ o) (@M o)l Jad slaas L g (slaails

Ol rb @lie 9 (65)9liS Cli>S S 50 (oM (9SS
g Slosds 4> )3 OADY (B ,5 a3 YOIYE) 59,0l o o
olStlojl & i3 Lyl )3 Ty 5 (gpglen (30 VYA glis)
LAS i dpaie (awgdyd ol SUEL pole 09,5 cdl S
a8 S Gl dop Ve Jobl b (xdaw Jstes sl da ladlgs



VYV Lk o8, (o5 ady j095 LS adgi g w55 9 015 5910

(8 ) JSs ¥/0F) BAP 1) 5 p)S e VO (g5l S Laa
5 (@ O S5 ¥/AQ) Fe-EDDHA 1) 5 o5 Los VO
Fe-EDDHA 1) 5 p)S. ke + + BAP ) 5 5,5 Lo oV/0
Fe-EDDHA yiJ s )5 Lo 10+ .05 ssmlin (B o) JSi5 /0+)
ol 45 c sl BAP goha s plos sl (5l sine Jol il
1y FE-EDDHA gy colile 1 50 5,5 o 10+ dn o
9ly a3l dlawi (b ) JSK) wisb o jibai oM 8L (g9
el (¥5) 8l Linlsdl BAP colale jaldl Ly M5 oas
Sosln sl BAP 3 oS e ) clale (oM cilies sl
Rubus ,c$5 5 » Fe-EDDHA coco 51.(YA) 391 cunlio a5
M3 (£2) OHF 333 ()5 auly 5 (5+ 5 \¥) o8; sk «(BA)
SIS o 13,5 G55 (BA) 2y 5 s e lor 5 )l
Yoo o gloj ain)S WJoi Iy gy (S sbasl s Rubus
Fe-EDDHA .15 43ls| Lo 4y Fe-NaEDTA ) 5, 4,5 Lo
Blue 3, cladsls o Sy 10 0,08 juw S5y dbul el (5505 1o

VF) oy iulsal ]y olS 1SS #35 ¢ J Crop
oxl®) Tr 9

(b)

-+ 03
o a
F S
~
A ~
. -~
9 -~
] g >
3 24 S
-
23
w B
-i?:
-—‘l bed
“d .........
0.
0 S0

Oalojl (sl (B3adyy 10> g i po CiS (gl 4Bl il
)5 8 lalef] ym g9y i ¥ 5l aw oljady,

IS5 2 b (CRD) (sl LIS 2o B 5 il plos

&l (e ¥) FE-EDDHA 5 (oo ¥) BAP .1l 5 15l o,

9> il il (e V) GAg 5 (g ¥) BAP (g ol

el 3T (sl (FF) SAS Jl3al 5 51wt 3UT 5256 e

Jlain] s 3 LSD yg0)] 51 e3litsl b o ySiles g 33, ol

W) dw.ulsbo EW-N) [

(J3) slule)l) aalit 5597 52
olazdl L;lm”:'.flé CRP e 5! u‘g" X LS)BTX. L5 olas
slaclale (56 cou ond (6y9lp a5 Li dluwi ool (o3b3jl5, 5
blize 314 (p <+/-4) Fe-EDDHA 4 (p <-/+1) BAP Gilise
2 ods syglp LS ol VL 85 B (p <o/-0) ]

BAP concentration
1l o= o= 15 (ma®)
b
b - A -~ be
-~ - - - -
m - -~ A
“be
bed
: od
100 150 200

Fe-EDDHA concentration (mg.I)
Fe-EDDHA clale

8 4514 (a) Fe-EDDHA BAP dilisw gbredile 15U o Pyrus communis cv. Natanz suwd gyl » gvas b slass -y JSS
1o ] g S » S9n s
(il 99,5 bl o 4 (b) BAPxFe-EDDHA

Figure 1- The effect of BAP and Fe-EDDHA concentrations (a) and BAPxFe-EDDHA interaction (b) on in vitro proliferated
shoot number of Pyrus communis cv. Natanz. (LSD, p<0.05)
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Figure 2- Pyrus communis cv. Natanz proliferated shoot length affected by BAP concentrations in vitro. (LSD, p<0.05)
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Figure 3- The effect of BAP and Fe-EDDHA concentrations (a) and BAPxFe-EDDHA interaction (b) on in vitro leaf number
production of Pyrus communis cv. Natanz. (LSD, p<0.05)
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Figure 4- Pyrus communis cv. Natanz shoot tip necrosis affected by BAP concentrations in vitro. (LSD, p<0.05)
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Table 1- The simple and interaction effects of BAP and GAs concentrations on survival plants (%) of Pyrus communis cv.
Natanz meristems in vitro

BAP clilé
BAP concentration
(mg.I")
05 1 15
GAs clil 01 36.00 ab 63.00a 0.00b 33.00 A
GAs concentration 05 81.00 a 0.00b 0.00b 27.00 A
(mg.I")
58.50 A 3150 AB 0.00B

235505 3u0y3 B sl o ;> LSD 9051 51 enlisl b (gl gixe glis (alite il 3l SogS Cgyn g o3k il il 5y g o) S yidie g (sl (slappSilo
Means with similar letters (capital for simple and small for interaction effects) have no significant differences based on LSD test
at p<0.05.
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Figure 5- The effect of BAP and Fe-EDDHA concentrations (a) and BAPxFe-EDDHA interaction (b) on in vitro vegetative
growth of Pyrus communis cv. Natanz. (LSD, p<0.05)
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Table 2- The effect of different concentrations of IBA and NAA on rooting of Pyrus communis cv. Natanz micro-shoots in

vitro

IBA NAA Rooting
1 BIN,

(mg.I*) %)
1000 - 00.00°
2000 - 33.34®
3000 - 66.67 ®
4000 - 66.67
- 1000 66.67 &

- 2000 1002

- 3000 1002

- 4000 1002

1000 1000 1002

2000 2000 1002

35 20 y3 O Jless] prdaw ;3 LSD (yg0jl 51 odlitel b (6ls xe gl Syt gy gyl (glaypuSilio
Means with similar letters have no significant differences based on LSD test at p< 0.05.
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Figure 6- Pyrus communis cv. Natanz in different stages of in vitro propagation: a) shoot proliferation in BAP at 1 mg.I"* + Fe-
EDDHA at 150 mg.I%, b) established meristem in medium containing BAP at 0.5 mg.It + GAsz at 0.5 mg.I"t + IBA at 0.1 mg.I**

after 4 weeks, ¢) Rooted shoot induced by 1000 mg.I* IBA+ 1000 mg.I"t NAA, d and e) Natanz plantlets after 6 weeks (in the
laboratory) and tree months (in the greenhouse) of adaptation, respectively.
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Introduction: Pyrus communis L. cv. Natanz is a popular pear cultivar in Iran because of its customer-friendly
attribute due to its excellent characteristics. Pear own-rooted plants has better traits such as high vigorous in
growth, low levels on tree losses and damaging by insects rather than grafted plants. Meristem culture widely used
for micropropagation, in vitro germplasm preservation, and virus eradication purposes in pear. As pear is belonged
to difficult-to-root fruit tree cultivars perhaps the rooting stage is the most important stage in propagation process,
yet most difficult phase during the in vitro propagation procedure. In vitro rooting of micro-cuts was varied by
genotypes (cultivars), type and concentration of auxin, the method of root induction and formation, different
additional materials such as PVP, polyamines, and so on. This study was aimed to investigate the effect of different
levels of BAP and Fe-EDDHA on shoot proliferation, BAP and GAs; on meristem establishment, and IBA and
NAA on micro-cut rooting of pear cv. Natanz in in vitro condition.

Materials and Methods: Vegetative buds were taken from current growth shoots of Pyrus communis cv.
Natanz from Pear collection orchard (25.36 E, 58.54 N, and ASL altitude 1380 m) of Agricultural and Natural
Resources Research and Education Centre of Semnan Province (Shahrood city). In the first experiment, new shoots
of active buds after 4 weeks grown in PMI medium (MS x1.5 CaCl,. 2H,0, KH,PO4 and MgSOa. 7H,0) + 1 mg.I
L BAP were transferred to PMI medium containing different levels of BAP (0.5, 1, 1.5 mg.I"") and Fe-EDDHA (0,
100, 150 and 200 mg.I"%). In the second experiment, meristems (containing two newest leaf primordia) was excited
from in vitro shoots and incubation on MS media containing BAP (0.5, 1, and 1.5 mg.I"!) and GAs (0.1 and 0.5
mg.I"Y) + 0.1 mg.I* IBA. Meristems were kept in dark for 4 days then were transferred to growth chamber with
photoperiod 16/8 hrs. light/dark. Different concentrations and combinations of two auxins were used for root
induction of micro-cuts in third experiment. 1000, 2000, 3000, and 4000 mg.I* of IBA or NAA and two
combination solutions of them (1000 IBA+1000 NAA, and 2000 IBA+2000 NAA, mg.I). Shoots were immersing
dip in solutions for 5 seconds then transfer to PGRs-free PMI medium and kept them to growth chamber. Data of
all experiments were analyzed according by completely randomized design (CRD) with five replications. BAP (3
levels) and Fe-EDDHA (4 levels) for experiment 1; BAP (3 levels) and GAs (2 levels) for experiment 2 were
considered as factorial. SAS (v. 9.1) was used for analysis and means were compared with LSD test at 5% of
probability level.

Results and Discussion: Proliferated shoot number was affected by BAP (p<0.01) and Fe-EDDHA (p<0.05)
concentrations and also interaction of them (p<0.05), while BAP (p<0.01) was caused elongation of proliferated
shoots and Fe-EDDHA had no effect. BAP (p<0.05), Fe-EDDHA (p<0.01) concentrations and BAPxFe-EDDHA
(p<0.01) interaction had significant effect on leaf production. Shoot tip necrosis was shown in shoots grown in all
media based on BAP concentration with different intensities (p<0.05). Vegetative growth was counted as a power
index of medium that in our experiment was under influence of BAP concentrations (p<0.01), Fe-EDDHA
(p<0.05) and BAPxFe-EDDHA interaction (p<0.05). Shoots were proliferated (5.50 shoot.explant) and elongated
in PMI medium containing 1.5 mg.I"t BAP with no Fe-NaEDDHA while the lower concentrations of both BAP
and Fe-NaEDDHA caused the higher mature leaf production. PMI media containing 1 mg.I"t BAP + 150 mg.I!
Fe-NaEDDHA is recommended for Natanz shoot proliferation because of the highest vegetative growth and
highest quality in proliferated shoots. MS medium with 0.5 mg.I"* BAP+ 0.5 mg.I'* GA; (81%) and 1 mg.I'* BAP
+0.1 mg.I"t GA3 (63%) had the highest meristem establishment, respectively. The established meristems naturally
grown in medium supplement with 0.5 mg.I* BAP + 0.5 mg.I* GA3+0.1 mg.I* IBA. Different types of auxin and
their concentrations had significantly effect on Natanz pear cultivar micro-cut rooting (p<0.05). NAA induced
rooting in lower concentrations while IBA had positive effect on rooting with concentration increasing. Micro-
cuts were rooted via quick dip in 1000+1000 mg.I"t (IBA+NAA) solution followed by incubation in PMI medium.
The rooted shoots well adapted to environmental condition.

Conclusion: Important steps of in vitro propagation of pear is optimized in this experiment. MS medium
containing 0.5 mg.I* BAP+0.5 mg.I"* GA3+0.1 mg.I"* IBA had suitable for meristem establishment. To produce in
vitro healthy proliferated shoots of pear cv. Natanz using PMI medium supplement with 1 mg.l"* BAP+150 mg.I*!
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Fe-NaEDDHA is recommended. Micro-cuts were rooted easily by quick immersion of the end of micro-cuts in
1000+1000 mg.I"* (IBA+NAA) solution for 5 seconds then incubation in PGRs-free medium.

Keywords: In vitro rooting, In vitro propagation, Meristem culture, Pear



