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Abstract
Magnolia biondii Pamp is an important ornamental tree species widely grown and used as a rootstock in the 
propagation of different Magnolia varieties. In the current studies, anatomical, physiological and endogenous 
hormones were studied to check the effect of IBA 750 mg/L on the adventitious rooting and to provide theoretical 
and technical support for the propagation of Magnolia biondii Pamp through stem cuttings. Two thousand stem 
cuttings were prepared and divided into two groups i.e., IBA treated cuttings and water control. For the evaluation of 
antioxidant enzyme activities, and endogenous hormones levels, samples were collected on the day of planting and 
each 5th day and further steps were carried out in the laboratory according to the protocols and proper precautions. 
For the anatomical observations, samples were collected on the 13th, 15th, and 17th day for IBA treated cuttings while 
21st, 23rd, and 25th day for control. Collected samples were preserved in the FAA solution and further observations 
were carried out in the laboratory. Anatomical observations showed that it took 13 days for the differentiation 
of root primordia to the appearance of young adventitious roots in IBA treated cuttings, while it took 21 days to 
develop primordia in the control. Antioxidant enzyme activities involved in ROS were significantly higher in the 
IBA treated cuttings compared to control. POD showed a peak on the 13th day before the emergence of roots in IBA 
treated cuttings while it showed a peak on the 21st day in the control. PPO showed a peak on the 21st day in the 
IBA treated cuttings while it showed a peak on the 29th day in the control. SOD showed a peak on the 17th day in 
IBA treated cuttings, while it showed a peak on the 25th day in the control. Exogenous application of IBA enhanced 
the endogenous IAA and GA3 levels compared to CK, while it reduced the levels of ABA continuously at the time of 
rooting and then increased gradually. Inclusively, our study suggests that IBA 750 mg/L is efficient for the rooting of 
Magnolia biondii Pamp cuttings, as it enhanced the process of antioxidant enzyme activities, endogenous hormones 
levels and reduced the time of root formation which is evident from the anatomical observations.

Keywords: Magnolia biondii Pamp, antioxidant enzyme activities, endogenous hormones, anatomical observations, 
adventitious rooting, stem cuttings.

Resumo
Magnolia biondii Pamp é uma importante espécie de árvore ornamental muito cultivada e utilizada como porta-
enxerto na propagação de diferentes variedades de Magnolia. Nos estudos atuais, hormônios anatômicos, fisiológicos 
e endógenos foram estudados para verificar o efeito do AIB na dose de 750 mg / L no enraizamento adventício e 
fornecer suporte teórico e técnico para a propagação de M. biondii Pamp por meio de estacas. Duas mil estacas 
foram preparadas e divididas em dois grupos, ou seja, tratadas com AIB e controle de água. Para a avaliação das 
atividades das enzimas antioxidantes e dos níveis de hormônios endógenos, as amostras foram coletadas no dia do 
plantio e a cada 5 dias, enquanto as demais etapas foram realizadas em laboratório de acordo com os protocolos e 
os devidos cuidados. Para as observações anatômicas, as amostras foram coletadas no 13º, 15º e 17º dias para estacas 
tratadas com AIB e no 21º, 23º e 25º dias para o controle. As amostras coletadas foram preservadas em solução FAA, 
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redox balance because their nutrition and water supply get 
lost while propagation through stem cuttings (Papadakis 
and Roubelakis-Angelakis, 2002). How to recover redox 
balance, increase antioxidant enzyme activities and enhance 
adventitious root formation are difficult for stem survival 
(De Klerk  et  al., 1999; Negishi  et  al., 2014). Exogenous 
hormones, such as auxins, contributes an important role 
in the formation of adventitious roots (Haissig 1974; 
Bellamine  et  al., 1998). Exogenous hormone treatment 
not only promotes adventitious root formation but also 
enhances the activity of polyphenol oxidase (PPO) and 
peroxidase (POD) activities and decreases the activity 
of IAAO. Kose et al. (2011) reported that several changes 
occur in the enzyme activities in the base of stem cuttings 
during the adventitious root formation and these changes 
are caused by auxins and enhance or inhibit adventitious 
root formation.

Peroxidases and polyphenols have a crucial role in 
the rooting of stem cuttings. Peroxidase and polyphenol 
activities catalyze the process of cell wall lignification 
and synthesize the phenoxyl radicals from the aromatic 
compound in apoplastic space (Fukuda and Komamine, 
1982; Takahama, 1997). Peroxidases and polyphenols 
activities increase continuously during the induction and 
initiation phases of adventitious rooting and decrease 
during the period of extension, while H2O2 and IAAO 
activity are opposite to the activity of peroxidases and 
polyphenols (Nag  et  al., 2001; Rout, 2006). Therefore, 
changes in peroxidases and polyphenols are suggested to 
evaluate, as these changes indicate biochemical changes for 
different stages of adventitious root formation (Moncousin 
and Gaspar, 1983; Kose et al., 2011).

Moreover, the effectiveness of adventitious rooting 
by cuttings can also be explained by various endogenous 
factors in which endogenous hormones have an important 
role. Plant endogenous hormones such as gibberellin 
(GA3), auxin (IAA) and abscisic acid (ABA) have important 
regulatory effects on plant growth and development. 
Auxin produces the response of growth at a distance 
from its location of synthesis, transport of IAA is cell 
to cell, generally in the vascular cambium, while the 
transport of IAA to the root involves phloem (Davies, 
2010). Besides other functions, endogenous auxin generally 
stimulates the root initiation in stem cuttings and also 
helps in the development and differentiation of branch 
roots (Davies, 2010). GA3 is the most commonly existing 

1. Introduction

Adventitious root formation is a complex developmental 
process regulated by several endogenous and exogenous 
factors (Leakey, 2004). Auxins perform a critical role in 
the early development and formation of adventitious 
roots by enhancing the initiation of root primordia by cell 
division (Fogaça and Fett-Neto, 2005). Auxins stimulate 
starch hydrolysis, nutrients, and sugars to the base of 
the cuttings (Das et al., 1997). During the process of cell 
division and transport of auxins, auxins play the main 
role through selective proteolysis and cell wall loosening 
with auxin binding protein 1 (ABP-1) and receptor protein 
transporting inhibitor response 1 (TIR-1) (Costa  et  al., 
2013). However, de novo root organogenesis is the process 
of adventitious root formation from the wounded or 
detached part of the parent plant. Usually, adventitious 
roots originate and develop from the outside or just next 
to the central core of vascular tissues. The development 
of adventitious roots in many easy to root plant species 
occurs from the phloem ray parenchyma cells. De novo root 
organogenesis depends on the plant cell to dedifferentiate 
and form a new root system. The dedifferentiation process 
is the ability of developed differentiated cells to enhance 
the initiation of cell division to form a new meristematic 
point. With the formation of meristematic point, a new 
root initial formation starts and ultimately fully developed 
root primordia develops in the cortex and phloem. Some 
plant species have a more pronounced dedifferentiation 
process than others and need some proper conditions 
for regeneration. However, IBA 750 mg/L is useful for 
the propagation of Magnolia biondii Pamp through stem 
cuttings (Khan et al., 2020) but it wasn’t proved by the 
anatomical studies and there was no proper research on 
the underlying science of adventitious root formation.

The adventitious root formation in the base of stem 
cuttings is a key developmental process in the growth 
and subsistence of cuttings which involves the initiation 
of several new meristematic capacities in different 
tissues of stem cuttings (Kaur  et  al., 2002). Enzymes 
regulating auxin metabolism represent an important 
factor that affects the formation of adventitious roots in 
almost all stages of rhizogenesis (Hartmann et al., 2002). 
The enzymatic activities in the rooting areas of cuttings 
provide an easy, fast and reliable means of evaluating 
cellular differentiation into the roots (Husen and Pal, 2007). 
Plants in the early stage bear oxidative stress and lose 

e outras observações foram realizadas em laboratório. Observações anatômicas mostraram a necessidade de 13 
dias para a diferenciação dos primórdios radiculares até o aparecimento de raízes adventícias jovens em estacas 
tratadas com AIB e de 21 dias para o desenvolvimento dos primórdios no controle. As atividades das enzimas 
antioxidantes envolvidas nas ROS foram significativamente maiores nas estacas tratadas com AIB em comparação 
com o controle. A POD apresentou pico no 13º dia antes da emergência das raízes nas estacas tratadas com AIB, 
enquanto no 21º dia apresentou pico no controle. A PPO teve pico no 21º dia nas estacas tratadas com AIB e no 29º 
dia no controle. A SOD apresentou pico no 17º dia nas estacas tratadas com AIB e no 25º dia no controle. A aplicação 
exógena de AIB aumentou os níveis endógenos de IAA e GA3 em relação ao controle, enquanto reduziu os níveis 
de ABA continuamente no momento do enraizamento e, em seguida, aumentou gradativamente. Inclusive, nosso 
estudo sugere que o AIB na dose de 750 mg / L é eficiente para o enraizamento de estacas de M. biondii Pamp, visto 
que potencializou o processo de atividades de enzimas antioxidantes e os níveis de hormônios endógenos, além 
de reduzir o tempo de formação de raízes, o que fica evidente nas observações anatômicas.

Palavras-chave: Magnolia biondii Pamp, atividades de enzimas antioxidantes, hormônios endógenos, observações 
anatômicas, enraizamento adventício, estacas caulinares.
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compound of the gibberellins family. Gibberellins are 
mostly synthesized from glyceraldehyde-3-phosphate by 
isopentenyl diphosphate in new developing young tissues 
(Davies, 2010). Gibberellins enhance cell division and cell 
elongation. ABA is generally known as an inhibitor and it 
is synthesized from the glyceraldehyde-3-phosphate by 
isopentenyl diphosphate and carotenoids in roots and leaves 
(Davies, 2010). ABA is transported by vascular bundles and 
functions in stomatal closure, prompts protein storage 
synthesis in seeds and inhibits shoot growth (Davies, 2010).

The study aims to provide theoretical and technical 
support for the rooting of Magnolia biondii Pamp through 
stem cuttings, to get an insight into the de novo root 
organogenesis through anatomical observation and to 
evaluate the physiological changes and endogenous 
hormones levels during the adventitious root formation.

2. Materials and Methods

2.1. Plant material and experiment site

The plant material of Magnolia biondii Pamp cuttings was 
obtained from the seven-year-old donor plants located at 
the Silviculture test station of Beijing Forestry University at 
Jiufeng, Beijing in late June 2019. All the cuttings were 20-
25 cm in length with two half leaves. The experiment was 
conducted in the greenhouse (temperature: 20oC – 30oC, 
relative humidity: about 80%) located near the test station. 
The geographical coordinates of the test station are 
40.3054” N and 116.05045” E (Figure 1). This area has a 
temperate humid monsoon climate zone with hot, variable 

rainy summers and dry cold winters. The average annual 
temperature is 12.5oC with an accumulating temperature of 
42oC, and the number of annual sunshine hours is 2662h.

2.2. Anatomical studies

For anatomical analysis of Magnolia biondii Pamp cuttings, 
the basal portion of the cuttings at about 1cm was collected 
on three-time points i.e., day of planting (DAP) 0 day, 15th 
day for the treatment and on 24th day for the control. At least 
12 samples were collected for each time point. The collected 
samples were fixed in FAA solution (70% ethanol, 5% glacial 
acetic, and 5% formaldehyde) and afterward treated samples 
with the protocol previously described by Lodama et al. (2016). 
Sections (8µm) were made by using g rotary microtome 
(Leica RM2255) and then stained with Safra-nin (1%) for 
15 minutes, followed by three times rinsed in deionized 
water to remove the excess stains from the slides, then 
dipped in fast-green solution (1%) for 10 seconds and again 
used deionized water three times for final rinse. At least 
12 cross-sections for a 1cm cutting base were selected for 
adventitious root primordium. All the sections were studied 
and photographed were taken by Olympus BX51 microscope. 
The software FV10-ASW 3.1 viewer (Olympus Support) was 
used to export photographs.

2.3. Measurement of antioxidant enzymes activities

For the evaluation of dynamic changes in the antioxidant 
enzyme activities (POD, PPO, SOD) during the rooting 
process of Magnolia biondii Pamp cuttings, about two 
thousand cuttings were prepared and treated with IBA 
750 mg/L and water (control). Prepared cuttings were 

Figure 1. Green point in the map shows the study area; Silviculture Test Station of Beijing Forestry University, Jiufeng Beijing, China.
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implanted in the soil beds and samples were collected 
randomly on the day of planting and each 5th day. Collected 
samples were rinsed with water and preserved at -80oC 
for further procedures. The experiment lasted for forty-
five days and a total of 12 days of samples were collected.

To measure the antioxidant enzymes, samples were 
ground with mortar and pestle using liquid nitrogen. 
About 0.5g of the ground sample was measured with 
three replicates and 5ml of 50 µmol/L phosphate buffer 
(pH 7.8) was added for enzyme extraction. The homogenate 
was centrifuged at 6000 rpm for 30 minutes at 4oC. 
The supernatant was kept as the enzyme assay and pellet 
were wasted.

POD activity was measured by following the protocol 
of Lu and Li (2012), in which 0.1 ml of enzyme extract 
was added to 3 mL of 25 µmol/L guaiacol and 0.2 mL of 
250 µmol/L 30% H2O2. Phosphate buffer was placed as 
blank control and absorbance was measured at 470 nm 
wavelength, immediately and after 3 minutes of reaction. 
One unit of POD was measured according to the following 
Equation 1.

470       
0.001    

A VPeroxidaseactivity
t Vs W

∆ ×
=

×∆ × ×
	 (1)

Equation.1: Here ∆A indicates the change in the absorbance 
of the reaction mixture (A4703min-A4700min), V indicates 
the total volume of sample extract, ∆t indicates the change 
in enzymatic reaction time, Vs indicates the volume of the 
sample taken for the determination, and W indicates the 
fresh weight of the sample.

PPO activity was measured by following the method of 
Yan et al. (2014) with modification. The reaction mixture 
consisted of 3 ml in which 0.5 ml of enzyme extract, 0.5 ml 
of 0.01µMol/L catechol, and 2 ml of 50 µmol/L phosphate 
buffer (pH 7.8). The control consisted of 2.5 ml phosphate 
buffer and 0.5 ml of catechol. Absorbance was measured 
at the wavelength of 410 nm immediately and again after 
2 minutes of reaction. PPO was measured according to the 
following Equation 2.

410         
0.01    

A VPolyphenol oxidaseactivity
t Vs W

∆ ×
=

×∆ × ×
	 (2)

Equation.2: Here ∆A indicates the change in the absorbance 
of the reaction mixture (A4102min-A4100min), V indicates 
the total volume of sample extract, ∆t indicates the change 
in enzymatic reaction time, Vs indicates the volume of the 
sample taken for the determination, and W indicates the 
fresh weight of the sample.

SOD enzymatic activity was measured according to the 
method of Li et al. (2000). Reaction solution to determine 
SOD consisted of 0.05 ml the enzyme extract, 0.3 ml of 
130 µmol/L methionine, 0.3 ml of 750 µmol/L nitrogen blue 
tetrazole (NBT), 0.3 ml of 100 µmol/L EDTA-Na2, 0.3 ml 
of 20 µmol/L riboflavin, 1.5 ml of 50 µmol/L phosphate 
buffer (pH 7.8), and 0.25 ml of distilled water. One control 
was also prepared without enzyme extract. The reaction 
solution was kept under the 4000 lx fluorescent light for 
20 minutes, whereas the control was kept under the dark. 

The reaction solution was then placed for 5 minutes in the 
dark to stop the reaction. Phosphate buffer was used as 
the blank control. The absorbance of the reaction solutions 
was measured at 560 nm wavelength. SOD activity was 
calculated according to the following Equation 3.

( )  
            

0.5      
Ack Ae V

Superoxidedismutaseactivity
Ack W Vt
− ×

=
× × ×

	 (3)

Equation.3: Here Ack indicates the absorbance of the 
spectrometer of the control, Ae indicates the absorbance of 
the spectrometer of the sample tube, V indicates the total 
volume of the sample, W indicates the fresh weight of the 
sample, and Vt indicates the amount of the sample used.

2.4 Determination of endogenous hormones

Cuttings implantation, samples preparation, collection, 
and time of samples collection were consistent with the 
antioxidant enzyme activities reported in the previous 
section 2.3. Samples were brought to the lab and ground 
in liquid nitrogen for further steps. The determination of 
endogenous hormones was done by following the protocol 
developed by Xiao et al. (2020) with some minor changes 
using high-performance liquid chromatography (HPLC).

3. Results

3.1. Anatomical observations

In comparison, the anatomical structure of the IBA 
750 mg/L treated cuttings showed the early emergence of root 
primordia compared to control (CK). The stem anatomy of 
Magnolia biondii Pamp was based on transverse sections that 
were made from the basal portion of the cuttings. To observe 
the actual differences between the control and IBA treated 
cuttings, both treatments were tested for anatomical analysis 
and there were no cellular activities observed on the first day 
after planting (Figure 2a). However, it took 12 days for the 
initiation of primordia in IBA treated cuttings (Figure 2b), the 
base of the cuttings started to enlarge to the outside of the 
periderm near the incision thickened slightly, swelled and 
formed small protrusions. On the 15th day after planting, 
very dense adventitious roots primordia were observed 
in the IBA treated cuttings (Figure 2c). Finally, transparent 
and white young adventitious roots emerged successively 
in all cuttings up to 17th day (Figure 2d), and after 45 days 
adventitious roots grew up to 5-6 cm (Figure 2e).

The stem of Magnolia biondii Pamp is composed of 
periderm (including skin debris), cortex and secondary 
vascular tissues from the outside to the inside. Anatomical 
differences indicated that early accumulation in the cambium 
zone triggered up the initial cell activation in IBA 750 mg/L 
treated cuttings, while in control, it was studied that cell 
activation occurred late and as a result, late adventitious 
rooting occurred. It took 21 days to develop the initiation of 
the first adventitious root primordia in control (Figure 3a), that 
continuously enlarged and fully matured adventitious root 
primordia were observed 25th day after planting (Figure 3b).
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Figure 2. Histological observation on the rooting of Magnolia biondii Pamp cuttings. (a) Cuttings without hormones treatment on the 0 
day, (b) cuttings treated with IBA, primordium initiation and cells elongation has started on the 12th day, arrows in the picture indicates 
the dedifferentiation and formation of meristematic areas (c) Cuttings treated with IBA, the primordia extension, root elongation and 
growth on the 15th day, Pr indicates root primordia, Vc indicates vascular cambium, P indicates pith, X indicates xylem, Ph indicates 
phloem, C indicates cortex and e indicates epidermis, (d) cuttings treated with IBA after 17 days, (e) cuttings treated with IBA after 45 days.

Figure 3. Histological observation on the rooting of Magnolia biondii Pamp cuttings. (a) Cuttings treated with control (Ck), arrow 
indicates the primordium initiation and cells elongation on the 21st day, (b) control treated cuttings, the primordia extension, root 
elongation and growth on the 25th day.
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3.2. Antioxidant enzyme activities

During the rooting process of Magnolia bindii Pamp, 
POD activity in IBA treated cuttings showed significant 
results (p≤0.05) and continuously increased and reached 
the peak value on the 13th day before the emergence of 
adventitious roots, which was significantly higher than the 
control-treated cuttings on the same day. After reaching a 
peak, it showed a zigzag trend. POD in water treated (CK) 
cuttings also showed significant results (p≤0.05). It also 
increased continuously and reached the peak value on 
the 21st day, which was also significantly higher than 
the IBA treated cuttings. Generally, IBA treated cuttings 
exhibited higher peroxidase activity values than CK treated 
cuttings (Figure 4).

Analysis of variance showed significant differences 
(p≤0.05) during the PPO enzymatic activity of IBA treated 
cuttings. It continuously increased and showed the peak 
value on the 21st day after the emergence of adventitious 
roots. After reaching its peak value it gradually decreased 
and showed up and downtrend. It was revealed that there 
were also significant differences in PPO enzymatic activity 
in water-treated cuttings. It peaked on the 29th day after 
the emergence of adventitious roots (Figure 4).

SOD activity in IBA treated cuttings significantly 
(p≤0.05) increased and peaked at 17th day on the day of 
root emergence and then decreased gradually. Control 
also showed the same trend and peaked on the 25th day 
and then decreased. However, SOD enzymatic activity in 
IBA treated cuttings showed significantly higher results 
than control (Figure 4).

3.3. Determination of endogenous hormones

During the root formation in the cuttings, different 
levels of endogenous hormones were studied on different 
days. Endogenous IAA levels were induced in the cuttings 
treated with exogenous IBA. IAA continuously increased 
and reached the peak on the 17th day after planting on 
the day of root emergence and thereafter it continuously 
decreased up to the control level on the last day after 
planting. The endogenous IAA level in the control was 
comparatively lower than the IBA treated cuttings. During 
the whole process of rooting in control, IAA showed a peak 
on the 25th day after planting (Figure 5).

Endogenous ABA levels in IBA treated cuttings 
significantly (p≤0.05) decreased and showed the low peak 
value on the 17th day after planting on the day of root 
emergence and then recovered up to the control level. 
A similar trend was found in control in which a low peak 
was observed on the 25th day after planting and then it 
continuously raised (Figure 5).

During the rooting of Magnolia biondii Pamp, IBA 
continuously induced the GA3 level to the 21st day after 
planting after the emergence of adventitious roots, and 
then afterward it gradually decreased. In the water-treated 
cuttings, GA3 remained almost stable up to the 9th day after 
planting and then it gradually increased and reached its 
peak on the 29th day after planting and afterward showed 
the continuous declined trend (Figure 5).

Figure 4. Changes in antioxidant enzyme activities during the 
rhizogenesis in stem cuttings of Magnolia biondii Pamp. The data 
are expressed as the mean ±SD.

Figure 5. Changes in endogenous hormones during rhizogenesis 
in stem cuttings of Magnolia biondii Pamp. The data are expressed 
as the mean ±SD.
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4. Discussion

Adventitious root formation is a complex process 
including morphological, biochemical and physiological 
changes (Kevers et al., 1997; Geiss et al., 2018). Exogenous 
application of plant growth regulators, especially auxins 
plays an essential role in the formation of adventitious root 
formation (Graves, 2002; Keeley et al., 2004). The science 
underlying the formation of adventitious root formation 
by the application of exogenous hormones has been 
widely investigated. The formation of the adventitious 
root at the basal portion of stem cuttings is an important 
developmental phenomenon in the survival and growth 
of cuttings which consists of the initiation of several new 
meristematic areas in different tissues of stem cuttings 
(Kaur et al., 2002). During the formation phase of root 
primordia, the first developed young root meristems 
become visible between the phloem and cortex on the 
12th day after planting in the IBA treated cuttings while 
the same phenomena occurred in the control on the 21st 
day after planting, consequently, it is an evident that IBA 
750mg/L is useful for the propagation of Magnolia biondii 
Pamp cuttings. The mature root primordia had developed 
on the 15th day in the IBA treated with a domed shaped 
differentiated root cap. Emergence of meristem and root 
primordium in 12 days is an evident to the similar findings 
of Hybrid aspin cuttings (Yan et al., 2017) and Eucalypts 
hybrid cuttings (Kilkenny  et  al., 2012) in which the 
primordia and root emergence were occurred up to 12 days.

IBA 750 mg/L treated cuttings showed a high number 
of enzymatic activities (POD, PPO, and SOD) compared 
to control which indicates the position of plant’s survival 
of both treated and control under the harsh conditions. 
Once the stems are cut from the parent plant, its nutrient 
and water supply are cut off. How to improve its stress 
resistance and reducing the time needed for root formation 
are critical for the survival of the cuttings. Antioxidant 
enzymes not only play an important role in a plant’s 
antioxidant defense (Almeselmani  et  al., 2006; Mayer, 
2006) but also affect the formation and development of 
adventitious roots (Sato et al., 1993; Naija et al., 2008; 
Geiss et al., 2009). In the present study, we found that 
the synthesis of these three enzymes varied among the 
stages of the adventitious root formation process. The peak 
activity of POD was observed at 13 days and 21st day for 
IBA treated and control cuttings respectively before the 
emergence of adventitious roots and then decreased 
gradually. The peak values at different days on both IBA 
and control might indicate that auxins and antioxidant 
enzyme activities have an important role in adventitious 
root formation.

The cell wall is an important defense barrier against 
pathogen invasion and expansion (Lewis and Yamamoto, 
1990). Increased lignin synthesis and extension 
accumulation facilitate cell wall formation and improve 
its strength (Jackson et al., 2001). Increased POD activity 
promotes the biosynthesis of lignin and phellem layer and 
promotes the production of iso-2-tyrosin in hydroxyproline-
rich glycoproteins (HRGP; extension) (Lewis and Yamamoto, 
1990; Passardi  et  al., 2005; Rout 2006). Therefore, a 
moderate reduction in POD-type enzyme activity could 

decrease cell wall strength and consequently promote cell 
division, expansion, and plant growth, whereas an increase 
in POD-type enzyme activity increases the resistance of cells 
to stress (Jackson et al., 2001; Nag et al., 2001; Syros et al.; 
2004). Our study determines that the POD activity steadily 
and gradually increased during the early stage of root 
formation. The increase in POD activity at the early stage 
facilitates scavenging for H2O2 molecules, increases cell 
wall strength, and subsequently increases resistance to 
stress. At a later stage, POD activity decreases, which in 
turn facilitates cell expansion and growth.

PPO promotes cell division, differentiation, as well as 
root primordia formation and development (Yilmaz et al., 
2003). PPO also accelerates the formation of IAA-phenolic 
compounds and consequently promotes adventitious root 
formation (Balakrishnamurthy and Rao, 1988; Nag et al., 
2001; Rout, 2006). The present study shows that PPO 
activity in IBA treated cuttings continuously increased 
and showed a peak on the 21st day, after the emergence of 
adventitious roots. Control treated cuttings also showed 
the peak value after the emergence of ARF on the 29th 
day, but the trend was not obvious and there was up and 
down during the whole process. The results indicate that 
auxins promote PPO activity and a continuous increase in 
PPO activity promotes ARF.

SOD catalyzes the dismutation of excess O2
- into 

O2 and H2O2, which can be further catalyzed by POD 
and other enzymes to form H2O and O2, and therefore 
prevent the cells from compositional, structural, as well 
as functional damages caused by free oxygen radicals 
(Bowler  et  al., 1992; Ueda  et  al., 2013). Increased SOD 
activity can improve the defense of the cuttings against 
stress by scavenging reactive oxygen (Zhao et al., 2013). 
Our studies show that the SOD activity of the cuttings 
treated with IBA 750 mg/L was significantly higher than 
control, indicating that exogenous hormone treatment 
increased the SOD activity of the cuttings. SOD activity 
in both control and IBA treated cuttings peaked after 
the emergence of adventitious roots and then decreased 
gradually. Before root formation, cuttings are exposed to 
stress, and SOD activity continuously increases, which in 
turn enhances the resistance of cuttings against stress 
(Zhang et al., 2017). After adventitious root emergence, 
the absorption function of the roots is recovered, thereby 
relieving the plant from stress, whereas SOD activity starts 
to decrease (Zhang et al., 2017).

Endogenous hormones produced from the axillary 
buds are transported basipetal down and are important 
in subsequent adventitious root formation at the base of 
stem cuttings (Hartmann et al., 2011). Adventitious root 
formation is closely controlled by the metabolism of 
endogenous hormones. IAA promotes the root formation 
while ABA inhibits the adventitious root formation 
(Zhao et al., 2013; Negishi et al., 2014). IAA is observed in 
the induction of new cambial regions and the initiation 
of cell division, loosening of cell wall through receptor 
protein transport inhibitor response 1, and auxin binding 
protein 1 (Haissig, 1970; Fogaça and Fett-Neto, 2005; 
Costa et al., 2013). The function of GA3 in adventitious root 
formation is still under discussion (Coleman and Greyson, 
1976; Guanli et al., 2001; Claeys et al., 2014). Synthesis of 
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auxin inhibitors and polar transport inhibitors inhibits the 
process of adventitious rooting (Koukourikou-Petridou and 
Bangerth, 1997; Ford et al., 2002; Negishi et al., 2014). ABA is 
not only involved in the inhabitation of synthesis and polar 
transportation of IAA but also stops the IAA release from the 
bound to free state and subsequently becomes the reason 
to inhibit the adventitious root formation (Pilet, 1975; Xu 
and Chen, 1989). Our study determines the different levels 
and trends of endogenous hormones in both IBA 750 mg/L 
and control. In the present study, almost similar trends 
were found in the endogenous hormones levels during 
the rooting of Magnolia biondii Pamp. Application of IBA 
exogenously promoted the endogenous IAA, GA3 levels 
and enhanced the catabolism level of ABA during the early 
stage of root formation. Inhibition of ABA and increase in 
the IAA level in the early days to root emergence helped 
the root formation and reduced the days of root formation 
compared to the control although similar trend was found 
in water treated cuttings (CK). Moreover, the peak values 
of endogenous IAA and GA3 were significantly higher in 
IBA treated cuttings than control. The results of our study 
demonstrate that the application of IBA 750 mg/L to the 
stem cuttings of Magnolia biondii Pamp not only reduced 
the time of root formation but also enhanced the level of 
endogenous hormones and accelerated the catabolism of 
ABA which consequently helped in root formation.

5. Conclusion

Our study elucidates the application of IBA 750mg/L best 
for its propagation through stem cuttings. The response of 
rooting due to the application of IBA 750 mg/L was clearly 
revealed in the anatomical changes. Exogenous application 
of IBA 750 mg/L enhanced antioxidant enzyme activities 
and endogenous IAA and GA3 levels, while reduced the 
level of ABA and consequently reduced the time of rooting.
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