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ABSTRACT 
The purpose of this study was to evaluate the effect of plant and species growth regulators 
on the rooting of Magnolia’s cuttings. For this purpose, this study is done in a form of a 
factorial experiment based on completely randomized design with three factors, the first 
factor consisted of 2 species of magnolia (white and purple), the second factor IBA 
hormones in 4 level of (0, 2000, 4000 and 6000 mg per liter) and the third level NAA 
hormones in 4 level of (0, 2000, 4000 and 6000 mg per liter) in 3 repeats and in 96 
experimental plots. The measured traits were root length and length of the longest root, 
number of rooted cuttings (rooted cuttings percent), root number, dry weight and wet 
weight. Results of variance analysis showed that the simple effect of different treatments 
on the measured traits at 1 or 5% was statistically significant. The comparison of data 
showed that the white species has higher rooting than purple species. The effect of plant 
growth regulators showed that the treatment with 2000 mg per liter indole butyric acid 
(IBA) and 2000 mg per liter naphthalene acetic acid (NAA) and interaction between these 
two treatments increase the percentage of rooting, the longest root length, number of 
roots, dry weight and wet weight. 
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INTRODUCTION 

 

 Magnolia with the scientific name of Magnolia soulangiana is from Magnoliaceae family. Magnolia flowers 

are single, large, white-pink or light yellow and have a decorative aspect. They usually start flowering from the 

second or third year after planting. Its flowering period is in early spring and for one to three months. The plant 

grows in moist and neutral soil and tropical and semi-tropical climates (Lee, 1999). 

 Rooting success depends on many factors. One of the most important factors is plant growth regulators. 

Nowadays, the application of plant growth regulators is further developed. Lack of these compounds reduces 

water absorption efficiency and plant wilting and reduces the size of cells and organs such as leaves 

(Khoshkhoy, 2010; Shirzad et al., 2012). In growth increasing, desirable features of rootstock such as flower 

color, plant size, leaf shape, resistance to environmental stress and resistance to pests and plant disease can be 

easily transferred to the next generation and the scattering characteristics can be avoided (Hartmann et al., 

1997).  

 Auxin is one of the most important plant growth regulators that influence the rooting cuttings speed. Plants 

produce natural auxin in the branches and young leaves, but artificial auxin must be applied to have better 

rooting. Natural auxins are more sensitive to auxin-degrading enzymes than artificial auxin (Stephanie and 

Vodnik, 2007). Auxins have a significant impact in cuttings’ rooting, initiation, growth and yield of rooted 

cuttings and the lack of using it can cause problems in the proliferation of non-sexual spore (Fathi and 

Esmaeelpour, 2000). In evaluating the rooting of hybrid half-wood cuttings of "Peach × Almond" in fog jet 

condition, it was found that treatment with growth regulators increases the amount of root in cuttings (Alizadeh 

and Gregorian, 2001). Farrokhzad et al. (2004) examined the effects of indole butyric acid and polyacrylamide 

gel in the substrates for rooting cuttings of purple Magnolia and found that using indole butyric acid increases 
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the rooting cuttings percentage compared to the control. Taghvai et al. (2012) found that the number of rooting 

is significantly affected by the interaction between the type of root cuttings and plant growth regulators and its 

moderate concentrations have a positive effect on the number of roots. This experiment was performed to study 

the effect of two types of auxin (NAA and IBA) on rooting the two species of winter Magnolia. 

 

MATERIALS AND METHODS 

 

 An experiment was performed in order to investigate the possibility of rooting the two species of Magnolia 

(purple and white) using trial rooting hormone in a greenhouse in Mazandaran in the fall of 92, in Nowshahr 

city in an environmental conditions with 60 to 70% humidity and a temperature of 20 to 22 °C. This experiment 

was conducted with 3 factors (4×4×2) based on completely randomized design in 3 replications. Each 

experimental plot includes 2 plastic transplanting cuttings in pots and generally, 192 cuttings consisted of two 

species of magnolia shrubs was tested. The first factor consisted of two species of magnolia (purple and white), 

the second factor was IBA hormone with concentrations of (a1 = 0, a2 = 2000, a3 = 4000 and a4 = 6000 mg per 

liter) and the third factor was the NAA hormone in 4 levels of (b1 = 0, b2 = 2000, b3 = 4000, b4 = 6000 mg per 

liter). Hormonal treatments applied in this experiment for 10 seconds at the bottom of the cuttings were seeded 

in the culture medium. The studied traits were root length and length of the longest root, number of rooted 

cuttings (rooted cuttings percent), root number, root dry and wet weight. Plant samples were dried at 105 °C for 

24 hours to measure the percentage of dry matter and then the samples were measured with a digital scale.SPSS 

and MSTATC statistical software were used to analyze the data and comparison of the average of treatments’ 

effect were performed using Duncan method. 

 

RESULTS AND DISCUSSIONS 

 

 Results of variance analysis showed that the effects of species, IBA, NAA were statistically significant on 

rooting percentage, but there was no significant interaction between treatments (Table 1). Comparison of the 

means showed that among the tested species the white species with 41% was the best treatment compared to 

purple species (34%). The effect of IBA on rooting showed that treatment of 2000 mg per liter IBA with 46% 

compared to those without hormones (29%) had the highest percentage of rooting. Between different levels of 

NAA, 2,000 and 4,000 mg per liter treatment increased the percentage of rooting respectively 37 and 32% 

compared to the treatment without hormone (21%) about 15 to 17 percent (Table 2). Griffin et al (1999) 

reported that using IBA and NAA with concentrations of 0.25 to 0.50 in Magnolia Santa Rosa improves the 

speed of rooting, rooting percentage, the number of roots and rooting power. Hashemabadi and Sedaghat Hour 

(2006) stated 4000 mg per liter IBA and NAA 2,000 mg per liter treatment as the most effective treatments in 

the percentage of rooting cuttings in Camellia.  

 Results of the variance analysis showed that the effects of IBA and NAA at 1% statistical level and 

interaction of "variety × IBA" at 5% statistical level were significance on root length (Table 2). Comparison of 

the means of the data show that among the different treatments of IBA, treatment of 2,000 mg per liter with 7.8 

cm compared to the treatment without hormone (2.4 cm) increased more than 5.1 times the length of roots. NAA 

effect on root growth showed that the treatment of 2,000 mg per liter (4.7 cm) was a better treatment than the 

treatment without hormone (2.7 cm). Interaction of "variety × IBA" showed that among all treatments, "white 

species × 2000 mg per liter IBA" (1.8 cm) and "white species × 4000 mg l IBA" (5.6 cm) were better than other 

treatments. 

 Results of the variance analysis showed that the effect of IBA, interaction "variety × IBA" and interaction 

"variety × NAA" at 1% statistical level and interaction "IBA × NAA" at 5% statistical level were significant on 

the length of the longest root (Table 1). Comparison of the averages of data on the impact of the variety on the 

length of longest root shows that white species (9.2 cm) was better than purple species (7.2 cm), respectively. 

The effect of IBA on root length showed that treatment of 2,000 mg per liter (9.8 cm) increased 8.1 cm root 

length compared to those without hormones (8 cm) of 1.8 cm. Interaction of "variety × IBA" showed that white 

species treatment with 2000 and 4000 mg per liter respectively, 9.7 and 8 cm increased the root length, between 

15 and 20 percent than the treatment without hormone (6.7 cm). Interaction of "variety × NAA" showed that the 

treatment with 2000 mg per liter and white species with 2,000 mg per liter and purple species with 2,000 mg per 

liter were the best treatments respectively with 7.5 and 8 cm. Interaction of "IBA × NAA" showed that 2000 mg 

per liter IBA with 2000 and 4000 mg per liter NAA respectively with 9.1 and 9.2 cm more than the treatment 

without hormone 5.2 cm approximately 1.8 times increased the length of root (Table 2 to 6). Habibi Koutanahi 

(2010) reported that application of the two types of auxin NAA and IBA not only increases the rooting, but also 

increases the root length, growing new aerial parts and in consequence increase the performance of the plant. 

Hashemabadi and Sedaghat Hour (2006) in evaluating the effect of artificial auxin IBA and NAA on rooting 

cuttings Camellia Bushes stated that the average length of roots among different levels of IBA treatment, 

treatment of 4000 with mg per liter with 27.30 mm was superior to other treatments. 
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 Results of the variance analysis showed that the effect of IBA and NAA at 1% statistical level and triple 

effect of treatments on the number of roots in 5% statistical level were significant (Table 1). The comparison of 

averages showed that the white species with 2.6 roots has more roots than purple species with 1.8 roots. 

Between different levels of IBA, treatment of 2000 mg per liter and 4000 mg per liter were the best treatments 

with 3.4 and 2.5 roots. Between different levels of NAA, treatment of 2000 mg per liter with 3.3 roots caused 

increasing 1.1 roots compared to without hormone treatment (2.2 roots). The triple effect of treatments white 

species treatment and 2000 mg per liter IBA with 2000 mg per liter NAA with 3.6 roots than the treatment 

without hormone (1.9 roots) leads to a doubling of the number of roots. Also, white species in the interactions 

was better than yellow and its interactions with IBA were completely positive (Table 2 to 6). Improving the 

percentage of rooting by auxin cause increasing the functional properties associated with rooting, such as 

biomass, growing aerial parts, length and number of root that were reported by Habibi Koutanahi (2010). 

Paklolzak et al. (2005) found that using IBA and NAA hormones with concentrations in the range of 50 to 500 

milligrams per liter cause creating better roots and the amount of root formation depends on the type and 

concentration of auxin and application method of hormone which ultimately cause improving or failure in 

rooting that agrees with the results. 

 Results of variance analysis showed that the effect of IBA, NAA variety and triple interaction of "variety × 

IBA × NAA" was significant on wet weight of Magnolia roots at 1% statistical level and the interaction of 

"variety × IBA", " variety × NAA", "IBA × NAA" at 5% statistical level (Table 1). Comparison of the averages 

of data about the impact of the wet weight of roots showed that the white species with 3.4 g increase the wet 

weight about twice compared to purple species with 1.6 g. Between different levels of IBA, treatment of 2,000 

mg per liter with 3.7 g had a greater wet weight compared to the treatment without hormone (1.1 g). Between 

different levels of NAA, treatment of 2,000 mg per liter with 2.8 g had a greater wet weight compared to the 

treatment without hormone (1.4 g). Interaction of "variety × IBA" showed that white species treatment with 

2000 and 4000 mg per liter with 3.6 and 2.9 g were the highest wet weight of roots. Interaction of "variety × 

NAA" showed that white species with 2000 mg per liter with 4.4 g and purple species with 2000 mg per liter 

with 5.7 g increased the wet weight about 3.5 to 4.2 g compared to the treatment without hormone (1.8 g). 

Interaction of "IBA × NAA" showed that treatment of 2,000 mg per liter IBA with 2000 mg per liter NAA with 

1.5 increased the wet weight compared to without hormone treatment (1.2 g). Between different levels of triple 

interaction of treatments showed that the white species with 2000 mg per liter IBA and 2000 and 3000 mg per 

liter NAA were the best treatments with 3.9 and 4.1 g respectively and increased the wet weight about 1.8 to 2g 

compared to the treatment without hormone (2.1). Nadafian et al (2013) obtained the weight of roots at a 

concentration of 2000 ppm IBA with the average of 0.89 in the study of a variety of culture and different 

concentrations of IBA on rooting of roses. 

 Results of the variance analysis showed that the effect of the variety and interaction of "variety × NAA" and 

"IBA × NAA" at the 1% statistical level was significant on the dry weight of root and the single impact of IBA 

and NAA at the 5% statistical level was significant on the dry weight of root (Table 1). The comparison of the 

averages showed that among the different level of white species with 0.49 g increased the dry weight more 

compared to the purple species with 0.38 g. The effect of "IBA × NAA" showed that between different levels of 

IBA, the treatment of 2000 mg per liter with 0.51 g and between different levels of NAA, the treatment of 2000 

mg per liter with 0.68 g were the best treatments. Interaction of "variety × NAA" showed that the white species 

with 2000 and 4000 mg per liter increased the dry weight with 0.5 and 0.47 g respectively more that the 

treatment without hormone (0.21 g). Interaction of "IBA × NAA" showed that the treatment of 2000 mg per liter 

IBA with 2000 mg per liter NAA with 0.66 g increased the dry weight about 4 times more compared to the 

treatment without hormone (0.19 g) (Table 2 to 5). Hashemabadi and Sedaghat Hoor (2006) in evaluating the 

effect of artificial auxin IBA and NAA on rooting the cuttings of Camellia Bushes stated that between the 

effective treatments on the percentage of root dry matter, the treatment of 4000 mg per liter IBA, with the 

average of 3.2 percent dry matter was the best treatment. Research results show that auxins improve the root dry 

weight and increasing the concentrations of IBA increases the root dry weight (Moallemi, 2001).  

 
Table 1: Variance analysis of the effect of variety and plant growth regulators on rooting the cuttings of Magnolia. 

Sources of change Degrees of 

freedom 

Rooting Root 

length 

Highest root 

length 

Number of 

roots 

Wet 

weight 

Dry 

weight 

Variety( V) 1 **896/141 ns614/2 **712/26 **443/29 **076/5 **572/14 

Indole butyric acid( I ) 3 **277/231 **122/9 **579/2 **866/16 **721/4 *575/9 

VI 3 ns171/14 *197/22 **337/2 ns579/1 *473/0 ns610/0 

NAA( N ) 3 **291/220 **292/8 ns219/0 **221/148 **310/14 *473/7 

VN 3 ns521/10 ns647/12 **042/21 ns742/0 *998/0 **421/98 

IN 9 ns984/0 ns822/2 *921/4 ns763/0 *789/1 **326/15 

VIN 9 ns349/4 ns249/1 ns961/0 *472/6 **242/8 ns149/0 

Error 62 782/41 789/3 984/0 921/1 113/0 1/2 

Coefficient of 

Variation )%( 

 110/0 25/14 99/15 42/21 86/9 41/7 

 NS: non-significant difference ** significant difference at the 1% level, and * significant difference at 5% level 
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Table 2: Comparison of the impacts of different levels of IBA and NAA on the measured characteristics of Magnolia 

Treatments Rooting 

)%( 

Root length 

(cm )

Highest root length 

(cm )

Number of 

roots 

Wet weight 

(g )

Dry weight 

(g )

White species (V1) a41 a5/3 a2/9 a6/2 a4/3 a49/0 

Purple species (V2) b24 a7/2 a2/7 b8/1 b6/1 b38/0 

Without hormone (0) c29 b2/4 a8 c9/1 c1/1 b19/0 

IBA 2000 mg per 
liter 

a46 a8/7 a8/9 a4/3 a7/3 a51/0 

IBA 4000 mg per 

liter 

b35 a3/6 b4/7 b5/2 b9/2 a45/0 

IBA 6000 mg per 
liter 

c27 b9/3 b5/6 c7/1 c99/0 c16/0 

Without hormone (0) b21 b7/2 a2/9 b2/2 b4/1 b22/0 

NAA 2000 mg per 

liter 

a37 a4/7 a5/9 a3/3 a8/2 a68/0 

NAA 4000 mg per 
liter 

a32 a1/5 a7/9 b9/2 b6/1 a61/0 

NAA 6000 mg per 

liter 

c14 b9/2 a9/8 b1/2 b2/1 b19/0 

 Common letters in each column indicate the significant difference at 1% and 5% on the Lsd test 
 
Table 3: Comparison of the interaction of "variety × IBA" on the measured properties of Magnolia. 

Treatments Rooting )%( Root length (cm ) Highest root length (cm ) Number of roots Wet weight( g ) Dry weight( g )

V1 I1 a39 b2/3 c7/6 a5/1 bc6/1 a35/0 

V1 I2 a45 a1/8 a7/9 a8/2 a6/3 a39/0 

V1 I3 a43 a5/6 b8 a9/1 b9/2 a37/0 

V1 I4 a44 b4/3 c3/6 a8/1 b5/2 a31/0 

V2 I1 a38 b8/3 c8/6 a4/2 b8/2 a44/0 

V2 I2 a43 c4/2 d9/5 a1/3 c3/1 a41/0 

V2 I3 a41 c7/2 d7/5 a7/1 d1/1 a39/0 

V2 I4 a40 b1/3 d8/5 a4/2 bc7/1 a32/0 

V1, white species; V2, purple species; I1, without hormone; I2, 2000 mg per liter IBA; I3, 4000 mg per liter IBA; I4, 6000 mg per liter of 

IBA. 

 
Table 4: Comparison of the interaction of "variety × NAA" on the measured properties of Magnolia 

Treatments Rooting )%( Root length (cm ) Highest root length (cm ) Number of roots Wet weight( g ) Dry weight( g )

V1N1 a29 a6/2 bc9/5 a9/1 d8/1 c21/0 

V1N2 a40 a1/4 a5/7 a8/2 b4/4 a50/0 

V1N3 a35 a7/2 d1/5 a7/2 cd3/2 ab47/0 

V1N4 a30 a4/3 b2/6 a2/2 c4/3 b34/0 

V2N1 a26 a3 b3/6 a4/2 d9/1 c25/0 

V2N2 a32 a3 a8 a8/1 a7/5 a58/0 

V2N3 a34 a9/2 b2/6 a6/2 e4/1 d18/0 

V2N4 a33 a3/3 c5/5 a6/1 e5/1 d17/0 

 V1, white species; V2, purple species; I1, without hormone; I2, 2000 mg per liter NAA; I3, 4000 mg per liter NAA; I4, 6000 mg per 
liter of NAA. 

 

Table 5: Comparison of the interaction of "IBA × NAA" on the measured properties of Magnolia 

Treatments Rooting)%(  Root length (cm ) Highest root length (cm ) Number of roots Wet weight( g ) Dry weight( g )

I1N1 a23 a8/3 d2/5 a3/2 g2/1 f19/0 

I1N2 a26 a1/4 c9/5 a9/2 ef6/1 bc41/0 

I1N3 a27 a4 b6/7 a4/2 d7/2 cd30/0 

I1N4 a29 a5/3 c4/6 a1/2 e8/1 d26/0 

I2N1 a29 a7/3 c7/5 a1/2 e9/1 c33/0 

I2N2 a35 a5/4 a2/9 a5/3 a1/5 a66/0 

I2N3 a32 a4/4 a1/9 a4/3 a8/4 a64/0 

I2N4 a30 a1/4 b7/7 a2/3 b4/3 d26/0 

I3N1 a30 a2/4 ab5/8 a2/2 b5/3 d28/0 

I3N2 a24 a9/3 a8/8 a6/1 b9/3 b44/0 

I3N3 a35 a2/3 b1/7 a1/2 bc2/3 c35/0 

I3N4 a25 a4 b4/7 a3 de2 b49/0 

I4N1 a29 a8/2 c4/6 a8/1 b4/3 b47/0 

I4N2 a26 a6/3 e9/4 a1/2 ef5/1 e22/0 

I4N3 a28 a3/3 e8/4 a7/1 c5/2 e22/0 

I4N4 a25 a3 d1/5 a4/1 ef4/1 f20/0 

 I1, without hormones; I2, 2000 mg per liter IBA; I3, 4000 mg per liter IBA; I4, 6000 mg per liter IBA; N1, without hormones; N2, 

2000 mg per liter NAA; N3, 4000 mg per liter NAA; N4, 6000 mg per liter NAA. 

 
Table 6: Comparison of the triple interaction of "variety × IBA × NAA" on the measured properties of Magnolia 

Treatments Rooting)%(  Root length (cm ) Highest root length (cm ) Number of roots Wet weight( g ) Dry weight( g )

V1 I1N1 34a 4/4 a 9/8 a 9/1 b 1/2 bc 37/0 a 

V1I1N2 39a 9/3 a 7/8 a 2/2 ab 4/2 b 38/0 a 
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V1 I1N3 40a 2/5 a 8/7 a 7/2 ab 7/2 b 28/0 a 

V1I1N4 33a 6/5 a 8/8 a 5/2 ab 5/1 cd 28/0 a 

V1I2N1 29a 8/3 a 2/9 a 5/1 c 5/1 cd 25/0 a 

V1I2N2 45a 9/5 a 8/9 a 6/3 a 9/3 a 49/0 a 

V1I2N3 46a 4/6 a 9/9 a 3/3 a 1/4 a 47/0 a 

V1I2N4 35a 4/5 a 7/7 a 6/1 c 4/1 d 32/0 a 

V1I3N1 37a 7/5 a 1/8 a 4/1 c 4/3 a 29/0 a 

V1I3N2 35a 8/5 a 3/8 a 3/2 ab 8/2 b 44/0 a 

V1I3N3 42a 2/4 a 2/7 a 5/2 ab 5/1 cd 27/0 a 

V1I3N4 40a 4/5 a 9a 8/2 ab 5/2 b 48/0 a 

V1I4N1 27a 4/3 a 9/8 a 4/2 ab 3/1 d 31/0 a 

V1I4N2 42a 5/5 a 9/8 a 2/2 ab 2/2 bc 49/0 a 

V1I4N3 31a 7/2 a 9/7 a 7/1 b 3/2 b 26/0 a 

V1I4N4 40a 5/4 a 4/8 a 3/2 ab 6/1 c 19/0 a 

V2I1N1 34a 1/4 a 4/8 a 7/1 b 1/1 e 33/0 a 

V2I1N2 36a 9/3 a 5/7 a 6/2 ab 5/1 cd 32/0 a 

V2I1N3 29a 8/4 a 3/9 a 8/2 ab 3/1 d 42/0 a 

V2I1N4 30a 7/6 a 9/8 a 1/3 a 6/1 c 51/0 a 

V2I2N1 45a 1/7 a 4/9 a 4/3 a 2/2 bc 49/0 a 

V2I2N2 44a 9/2 a 8/9 a 2/3 a 7/3 a 41/0 a 

V2I2N3 40a 5a 7/8 a 1/3 a 5/3 a 25/0 a 

V2I2N4 42a 6/3 a 6/7 a 7/2 ab 3/3 a 39/0 a 

V2I3N1 46a 2/6 a 5/8 a 7/2 ab 2bc 45/0 a 

V2I3N2 46a 4/6 a 8/8 a 9/2 ab 2/3 a 47/0 a 

V2I3N3 36a 9/4 a 8/7 a 9/1 b 1/2 bc 35/0 a 

V2I3N4 38a 8/3 a 3/7 a 9/1 b 9/2 a 37/0 a 

V2I4N1 35a 7/4 a 4/8 a 2/2 ab 7/2 a 29/0 a 

V2I4N2 39a 4/3 a 7/7 a 8/1 b 2/3 a 46/0 a 

V2I4N3 29a 4/4 a 4/8 a 7/1 b 7/1 c 34/0 a 

V2I4N4 35a 7/3 a 2/8 a 1/2 ab 6/1 c 48/0 a 

 

 I1, without hormones; I2, 2000 mg per liter IBA; I3, 4000 mg per liter IBA; I4, 6000 mg per liter IBA; N1, 

without hormones; N2, 2000 mg per liter NAA; N3, 4000 mg per liter NAA; N4, 6000 mg per liter NAA. 

 The results of the plant growth regulators effects on Magnolia showed that the treatment with 2000 mg per 

liter indole butyric acid (IBA) and 2,000 mg per liter of naphthalene acetic acid (NAA) and interaction between 

these two treatments increase the percentage of rooting, longest length of root, number of root, wet weight and 

dry weight. Thus, according to the results of this experiment, IBA and NAA treatment with concentration of 

2,000 mg per liter for rooting the ornamental shrubs of Magnolia are recommended. 
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