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Introduction

Pears have a high nutritional and economic value worldwide. One of the major problem in growing pear
cultivars is their late fertility on seed bases. To solve this problem, using asexual propagation methods can lead
to the production of root trees. Cuttings are commonly used for proliferation either softwood, semi-hardwood or
hardwood. Clonal propagation is considered proper in rapid propagation of shrubs and trees species.
Adventitious root formation in stem cuttings is a crucial physiological process for vegetative propagation of
many plant species. Rooting ability of tree species through stem cuttings is affected by several factors
particularly plant growth regulators. Rooting of pear stem cuttings is time consuming. Auxin is effective in
stimulating root formation on cuttings. The most widely used auxins in rooting of stem cuttings are indole-3-
butyric acid (IBA) and naphtaleneacetic acid (NAA). Of these two auxins, IBA is the most widely used root
promoting chemical, because it is nontoxic over a wide range of concentrations. Applied concentration is an
important factor. Typically, a concentration of 2000 to 4000 ppm will result in good rooting for most shrubs and
trees.

Materials and Methods

In this experiment, pear (Pyrus communis) was used as mother plants. Stem cuttings were used as plant
materials in this experiment. The effect of different levels of indolebutyric acid (IBA) and naphthalene acetic
acid (NAA) was studied on the rooting of pears in a factorial experiment based on a randomized complete block
design with 16 treatments and 4 replications. The experimental treatments included IBA and NAA at the rates of
0, 1000, 2000 or 4000 mg L. Rooting percentage, rooting time, root number, root length, root volume, plant
height, leaf number and fresh and dry weights of cuttings were measured after about 130 days.

Results and Discussion

The results showed that the highest rooting (3.56 per seedling) was observed in cuttings treated with 4000
mg L IBA. Also, the highest root number was obtained from the treatment of 1000 mg Lt NAA and 2000
mg L IBA with an average number of 0.16 roots per plant. According to the means comparison for the simple
effect of IBA on the rooting time, the highest rooting time was related to the application of 4000 mg L IBA.
The results revealed that plants treated with 4000 mg L' NAA and 2000 mg L IBA grew the longest roots.
Also, ANOVA showed that among the applied factors, only the simple effect of IBA was significant on root
volume. Means comparison for the simple effect of IBA on root volume showed that the highest was related to
the application of 2000 mg L* IBA. According to the means comparison for the interactive effect of IBA x NAA
on cutting fresh weight, the highest fresh weight was, on average, 8.36 g in plants treated with 4000 mg L™ NAA
and 2000 mg L IBA. As well, means comparison the effect of IBA x NAA on cutting dry weight showed that
the highest dry weight was 15.9 g related to the application of 4000 mg L™* NAA x 2000 mg L™ IBA. It was also
observed that 2000 mg L™* NAA x 1000 mg L IBA was related to the longest cutting with an average length of
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2.82 cm. Finally, plants treated with 4000 mg L™ NAA and 2000 mg L IBA produced the highest number of
leaves (15.9 g, on average). One of the effective factors in the success of vegetative propagation of plants with
stem cuttings, especially woody plants with hard-rooting stems, is the production of more roots in a short time.
Plant growth regulators, including auxins, play an important role in this regard. The effect of auxins on the
percentage and number of roots produced on stem cuttings has been shown by many researchers on various
plants, including plants with hard-rooting cuttings particularly in trees. The most widely used auxins in this
regard are IBA and NAA, respectively. The individual or combined effect of auxins for successful rooting
depends on a number of factors, including plant type, cuttings type, cuttings size, cuttings age, and the time of
year the cuttings were removed. In the present study, the combined effect of IBA and NAA had the greatest
effect on most of the measured traits.
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Slow 8,lowd 1BA NAA
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1 0 0
2 0 1000
3 0 2000
4 0 4000
5 1000 0
6 1000 1000
7 1000 2000
8 1000 4000
9 2000 0
10 2000 1000
11 2000 2000
12 2000 4000
13 4000 0
14 4000 1000
15 4000 2000
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Table 2— The ANOVA results for the effect of different levels of IBA and NAA on rooting percentage, rooting time, root
number and root length of Pyrus communis cv. ‘Bartlet’ cuttings

il iy aslio il an,s Ay, Job dudiy y dlaxs liaiy ol iy o yd
Source of variations df Root length  Root number  Rooting time  Rooting percentage
)‘,’S . 1 33.50m 0.645" 198.00™ 3.14m
Replication
ol Sy g 3 170.00™ 5.85™ 1180.00™ 785.00™
IBA (1)
Al Sl e 3 2.38™ 0.687™ 20.52™ 74.02"
NAA (N)
I xN 9 131.00™ 1.89™ 258.00" 111.20™
b= 30 26.70 0.268 94.30 11.90
Error
e - 13.04 3.56 12.80 9.11
C.V (%)

I gime BB 3gmg pae ™ 100 0 9 ) Jloin] paws y3 I3 xe BMS] dgzg iy T g
™ and *: Significant at the 1% and 5% of probability levels, respectively and ": Non-significant.
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Table 3— The effect of different levels of IBA on rooting percentage, rooting time, root number and root length of Pyrus
communis cv. ‘Bartlet’ cuttings

Sl S gy Jowial Ay, Job

Audiy y Bl iy oloj

i liadsy w3
1BA Root length Root number Rooting time Rooting percentage
(mg.I) (cm) (day) g pereenad
0 36.25b 13.58¢ 68.25¢ 30.75¢
1000 36.83b 14.75b 76.50b 32.66¢
2000 44.08a 15.25a 79.75b 39.33b
4000 41.50a 14.50b 87.75a 48.66a

Amd e Lo |y LSD (yge3 5l ookl b doyd & Jlois! o )3 I3 ixe W3] 293 g pie ygiw p 43 S yide g >
In each column, means with the similar letters are not significantly different at 5% of probability level based on LSD test..
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Table 4- The effect of different levels of NAA on rooting percentage, rooting time, root number and root length of Pyrus
communis cv. ‘Bartlet’ cuttings

sl Sl 5y Jgb

Audiy y 3l wljade; ol

s EULEPESE
NAA Root length Root number Rooting time Rooting percentage
(mg.I) (cm) (day) 9P 9
0 39.08a 14.25a 77.91a 37.00b
1000 39.66a 14.50a 74.66a 35.91b
2000 40.16a 14.83a 74.50a 37.00b
4000 39.75a 14.50a 75.16a 41.50a

Amd o 3L 1y LSD 905 5l okl b duoyd & Jloinl o )3 I3 ixe Ml dgmg pie ygiw y 55 S yidha Ly
In each column, means with the similar letters are not significantly different at 5% of probability level based on LSD test..
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Table 5- The interaction effect of the different levels of NAA xIBA on measured traits of Pyrus communis cv. ‘Bartlet’

cuttings
el Sy gl sl Sl QI b JE g s e, gl e, e
NAA x IBA Root length Root number Rooting time (day) Rooting percentage

(mg.I") (cm) g y gp g
loNo 35.60cdef 13.33¢g 91.00ab 20.33g
loN1000 39.00cde 13.33¢g 63.00ef 33.33ef
1oN2000 41.00bcd 14.00efg 71.00def 33.00ef
10N 4000 29.30f 13.66fg 74.66bcde 36.33de
11000No 39.00cde 14.33def 79.33bcd 30.33f
11000N100 31.30ef 15.33abc 96.66a 29.00f
11000N2000 37.30cdef 15.66ab 76.33bcde 33.33ef
11000N4000 39.60cde 13.66fg 65.66def 38.00de
12000No 32.60def 14.33def 64.66def 39.66¢d
12000N1000 48.60ab 16.00a 59.00f 36.66de
12000N2000 44.00abc 15.00bcd 74.00bcde 34.00def
12000N4000 51.00a 15.66ab 69.33def 47.00b
12000No 49.00ab 15.00bcd 91.33ab 57.66a
12000N1000 39.60cde 13.33¢g 80.00bcd 44.66bc
14000N2000 38.30cde 14.66cde 88.66abc 47.66b
14000N4000 39.00cde 15.00bcd 64.33def 44.66bc

Amd o 3L |y LSD 905 5l o3litl b doyd & Jloin! o )3 I3 ixe WSl 2929 pie ygiw p jd S yido g
In each column, means with the similar letters are not significantly different at 5% of probability level based on LSD test.
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Table 6- The ANOVA results forthe effect of different levels of IBA and NAA on root volume, fresh and dry weights, plantlet
height and leaf number of Pyrus communis cv. ‘Bartlet’ cuttings

Oyt @ile “?P— S g9 dlaad azals el aold S 59 aold 5 39 Ay y pSe
Source of &85! Leaf Plantlet Cutting dry Cutting fresh Root
variations df number height weight weight volume

o 1 0.5221 31,02 2417 31.90" 1,695

Replication

A...MJ‘ ;gv)ny J9.L._J‘| sk Kk ok * ok
3 5.82 315.00 30.02 472.00 5.065
IBA (1)
Al Sl e 0.972° 189.00" 5.54™ 39.70" 1,524
NAA (N)
I xN 9 4.156™ 480.00™ 6.841" 76.50™ 0.292m
= 30 0.885 54.20 2.87 12.06 0.629
Error
et - 13.03 1759 36.90 16.60 26.50
CV (%)

*

B i MB] 3g3g pae ™ 1030 ¢V Jlain] pdaw 0 o dxe BWS] 3g2g iy " g
™ and " Significant at the 1% and 5% of probability levels, respectively. "™ Non-significant.
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Table 7- The effect of different levels of IBA on root volume, fresh and dry weights, plantlet height and leaf number of Pyrus
communis cv. ‘Bartlet’ cuttings

SO g kW) 5 SLEA 55 o
L9t gy Sy dlaxs axals el )| aald 09 aold 5 039 ROOt duiy y x>
! ; . Cutting dry Cutting fresh
Leaf Plantlet height - : volume
IBA number (cm) weight weight (cm?)
(mg.I") (9) (9)
0 6.23b 40.75bc 2.73c 11.86¢ 2.24c
1000 7.45a 47.58a 4.06bc 21.73b 2.69bc
2000 7.33a 43.66ab 5.10ab 26.11a 3.30ab
4000 7.86a 35.41c 6.46a 23.57ab 3.70a

Amd o 3L 1y LSD (905 5l o3litnl b duoyd & Jloinl o )3 I3 xe Ml 293 g pie giw p ,d S yido g
In each column, means with the similar letters are not significantly different at 5% of probability level based on LSD test.

Table 8- The effect of different levels of NAA on root volume, fresh and dry weights, plantlet height and leaf number of Pyrus
communis cv. ‘Bartlet’ cuttings

NAA ! &ﬂ‘l*‘" oAb Sy olass wals glis,l ‘*“13 Sis &_)9 s [531) _ o
(mg.I) Leaf number ~ Plantlet height (cm) Cutting dry weight  Cutting fresh weight Root vogume

) (¢) (cm°)

0 6.85a 43.41a 4.12a 18.60b 2.56a

1000 7.50a 35.91b 4.25a 23.00a 3.05a

2000 7.15a 44.08a 5.60a 20.40ab 3.42a

4000 7.37a 44.00a 4.38a 21.30ab 2.90a

Amd e 3L 1y LSD (905 5l ookl b doyd & Jloin! o )3 I3 ixe M3l 293 g pie ygiw pr 43 S yide g >
In each column, means with the similar letters are not significantly different at 5% of probability level based on LSD test.
5 )l o oyl o S50 Slas 5 Slas K5 gala) Olis (s Sicasan
Slaw M w2 D 9) L)’i‘ )1 ‘..\..wl.:L;o LF")A"'“") suLb:LS
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Table 9— The effect of different levels of IBA xNAA on root volume, fresh and dry weight, plantlet height and leaf number of
Pyrus communis cv. ‘Bartlet’ cuttings

J U x 5 0 3 T P
A el RS S s mals gy B ok 7 092 o2
] Soslw! Cutting dry Cutting fresh
N i Leaf Plantlet height . . Root volume
IBA x NAA number (cm) weight weight (cm?)
(mg.I") (9) (9
loNo 4.46d 55.33efgh 1.53d 11.18f 1.83d
10N 1000 6.40c 68.66bcd 2.65cd 18.45e 2.50cd
10N 2000 7.63bc 64.33cdef 4.10bcd 11.01f 2.46¢d
10N 2000 6.43c 54.66efgh 2.65cd 6.73f 2.16cd
11000No 7.33bc 56.00efg 1.56d 19.66cde 2.50cd
11000N100 7.66bc 56.66defg 4.30bcd 23.98bcde 2.86bcd
11000N2000 7.53bc 82.33a 5.93b 24.33bcd 2.83bcd
11000N4000 7.26bc 75.33abc 4.46bc 18.95de 2.56¢d
12000No 7.76bc 66.33bcde 4.76bc 20.28cde 2.76bcd
12000N1000 7.63bc 54.66efgh 4.43bc 26.40b 3.03bcd
12000N2000 6.80bc 56.00efg 6.56ab 21.36bcde 3.96ab
12000N4000 9.93a 77.66b 9.15a 36.83a 3.46abc
l2000No 7.13bc 76.00abc 4.65bc 23.36bcde 3.16abc
12000N1000 8.30b 43.66h 5.13bc 23.16bcde 3.20abc
14000N2000 6.66¢ 53.66fgh 5.80b 25.00bc 4.43a
14000N4000 6.56¢ 48.33gh 5.78b 22.71bcde 4.03ab

Amd e 3L |, LSD yge5 5l ookl b doyd & Jloisl o )3 I3 ixe W] 393 g pie i b j3 S yidie g >
In each column, means with the similar letters are not significantly different at 5% of probability level based on LSD test.
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Table 10- The simple correlation between measured traits of rooted cuttings of Pyrus communis cv. ‘Bartlet’

sl y 2oy iy oloy Ay oluas ady) Job ady ) e aold 5 (39 aold SS9

’ - I ) wwls el S g 3laas
Rooting Rooting Root Root Root Cutting fresh Cutting dry Plantlet Leaf
percentage time (day) number length volume weight (g) weight (g) height (cm) number
(cm) (cm’)
wiliade) 2oy
Rooting 1
percentage
ity oloj
Rooting time 0.291° 1
(day)
iy 2o 0.215 0.06 1
Root number
) Jib 0.334° -0.009 0.286" 1
Root length (cm)
Ay p>
Root volume 0.393" 0.071 0.424" 0.174 1
(cm?)
RS RS
Cutting fresh 0.471" 0.18 0.600™ 0.387" 0.300" 1
weight (g)
Wl Sas g
Cutting dry 0.590™ 0.346" 0.293" 0.304" 0.265 0.761" 1
weight (g)
aalS elis)l
Plantlet height 0.113 -0.215 0.219 0.279 -0.044 0.156 0.206 1
(cm)
2 0519™ 0.056 0273 0.251 0.167 0.237 0520™ 0.266

Leaf number

*

Lo yd s g o> S Jlain] paw 3 b dxe caig a4 g
*and * Significant at the 1% and 5% probability levels, respectively.
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